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RESUMO
SILVA, Nilma Santos. Estudo quimico e avaliagdo das atividades biologicas de
E.nummularium Peyr espécie vegetal endémica do Brasil. Dissertacdo (Mestrado)- Instituto
Multidisciplinar em Saude, Universidade Federal da Bahia, Vitéria da Conquista, 2024.

Erythroxylum nummularium Peyr ¢ uma espécie vegetal encontrada exclusivamente no Brasil
que apresenta substancias bioativas como epicatequina, quercetina, [B-amirina, lupeol,
palmitato de eritrodiol e [B-sitosterol. Essas substancias possuem acdo anti-inflamatoria,
antioxidante, analgésica, antidiabética, anticancer, antimicrobiana, anti-toxoplasmose e
hepatoprotetora. Este estudo objetivou ampliar o conhecimento sobre a composi¢do quimica e
as atividades bioldgicas dos diferentes orgaos da planta, incluindo folhas, galhos, casca do
caule e caule, a partir de extratos metanolicos e fracdes organicas obtidas por particdo em
solventes de polaridades crescentes (hexano, diclorometano, acetato de etila e butanol). Os
extratos e fracdes foram analisados quanto ao teor de fenodlicos, flavonoides e alcaloides
totais, bem como avaliados em ensaios de atividade antioxidante (DPPH, B-caroteno/acido
linolénico e fosfomolibdato), antimicrobiana (contra Staphylococcus aureus, Streptococcus
mutans € Streptococcus sobrinus), antinociceptiva (in vivo) e toxicidade (utilizando Artemia
salina e um modelo animal com camundongos). A triagem fitoquimica foi realizada por
cromatografia em camada delgada (CCD) e a composi¢do quimica caracterizada por
cromatografia gasosa acoplada a espectrometria de massas (CG - EM). No ensaio
antinociceptivo, a fracdo acetato de etila das folhas (ELEN) foi administrada oralmente em
camundongos Balb-C machos, nas doses de 6,25, 12,5, 25 e 50 mg/kg. Apds 60 minutos, os
animais receberam dcido acético 0,6% por via intraperitoneal, e o nimero de contor¢des
abdominais foi registrado. Os resultados indicaram teores significativos de fenodlicos e
flavonoides totais, além de menores concentragdes de alcaloides. A CCD revelou a presenca
de saponinas, taninos e esteroides, enquanto a analise por CG - EM identificou glicerol, acido
hexadecanoico, hexadecanoato de metila e acetato de lupeol como as principais substancias.
Entre os ensaios antioxidantes, as fragdes acetato de etila das folhas, galhos e casca do caule
destacaram-se pelos resultados mais expressivos. No teste antimicrobiano, as fracdes acetato
de etila e diclorometano das folhas mostraram eficacia contra S. aureus, enquanto as fragdes
hexanica e butandlica exibiram atividade contra S. mutans. Nenhuma amostra foi ativa contra
S. sobrinus. O ensaio de toxicidade em A. salina revelou toxicidade moderada a alta para os
extratos brutos e fracdes orgénicas, exceto para fragdo ELEN, considerada atoxica. A
atividade antinociceptiva dessa fracdo foi mais pronunciada na dose de 6,25 mg/kg, reduzindo
significativamente as contor¢des abdominais, sem sinais de toxicidade em camundongos apds
15 dias de analise com doses de até 2000 mg/kg. Esses resultados indicam que E.
nummularium ¢ uma fonte promissora de substancias bioativas, com potencial para o
desenvolvimento de novos farmacos.

Palavras-chave: Atividade antinociceptiva, atividade antioxidante, atividade antimicrobiana,
analise fitoquimica e toxicidade.



ABSTRACT

SILVA, Nilma Santos. Chemical study and evaluation of biological activities of Erythroxylum
nummularium Peyr, a plant species endemic to Brazil. Dissertacdo (Mestrado)- Instituto
Multidisciplinar em Saude, Universidade Federal da Bahia, Vitéria da Conquista, 2024.

Erythroxylum nummularium Peyr is a plant species found exclusively in Brazil that has
bioactive substances such as epicatechin, quercetin, f-amyrin, lupeol, erythrodiol palmitate
and [-sitosterol. These substances have anti-inflammatory, antioxidant, analgesic,
antidiabetic, anticancer, antimicrobial, anti-toxoplasmosis and hepatoprotective action. This
study aimed to expand the knowledge about the chemical composition and biological
activities of different plant organs, including leaves, branches, stem bark and stem, from
methanol extracts and organic fractions obtained by partitioning in solvents of increasing
polarities (hexane, dichloromethane, ethyl acetate and butanol). The extracts and fractions
were analyzed for phenolics, flavonoids and total alkaloid content, as well as evaluated in
antioxidant activity assays (DPPH, B-carotene/linolenic acid and phosphomolybdate),
antimicrobial activity (against Staphylococcus aureus, Streptococcus mutans and
Streptococcus sobrinus), antinociceptive (in vivo) and toxicity (using Artemia salina and an
animal model with mice). The phytochemical screening was performed by thin layer
chromatography (CCD) and the chemical composition was characterized by gas
chromatography coupled to mass spectrometry (GC-MS). In the antinociceptive assay, the
ethyl acetate fraction of the leaves (ELEN) was administered orally to male Balb-C mice at
doses of 6.25, 12.5, 25 and 50 mg/kg. After 60 minutes, the animals received 0.6% acetic acid
intraperitoneally, and the number of abdominal contortions was recorded. The results
indicated significant levels of phenolics and total flavonoids, as well as lower concentrations
of alkaloids. CCD revealed the presence of saponins, tannins, and steroids, while GC-EM
analysis identified glycerol, hexadecanoic acid, methyl hexadecanoate, and lupeol acetate as
the main substances. Among the antioxidant assays, the ethyl acetate fractions of the leaves,
twigs and bark of the stem stood out for the most expressive results. In the antimicrobial test,
the ethyl acetate and dichloromethane fractions of the leaves showed efficacy against
S.aureus, while the hexane and butanolic fractions exhibited activity against S.mutans. No
specimens were active against S.sobrinus. The toxicity test on A.salina revealed moderate to
high toxicity for crude extracts and organic fractions, except for the ELEN fraction, which
was considered non-toxic. The antinociceptive activity of this fraction was more pronounced
at a dose of 6.25 mg/kg, significantly reducing abdominal contortions, with no signs of
toxicity in mice after 15 days of analysis with doses up to 2000 mg/kg. These results indicate
that E.nummularium is a promising source of bioactive substances, with potential for the
development of new drugs.

Keywords: Antinociceptive activity, antioxidant activity, antimicrobial activity,
phytochemical analysis, and toxicity.
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1 INTRODUCAO

Os primordios da relagdo do homem com as plantas aduzem, sobretudo, a busca por
sobrevivéncia. Esse vinculo deu origem a Etnobotanica, ciéncia responsavel em compreender as
interacdes entre a espécie humana e os vegetais (ALI & QAISER, 2009). Precedente a esse
conceito, a palavra etnobotanica foi apresentada pelo Dr. John Willian Hershberger, em 1895,
definindo-a como parte da cultura de um povo (RAHMAN, et al,2018). Essa associagdo
exprime a dependéncia do ser humano ao reino vegetal, em razao do seu incessante emprego na
alimentacdo, nos cultos religiosos, ferramentas agricolas, e essencialmente na medicina popular.
Tais usos de plantas com finalidades terapéuticas acompanharam a histéria humana dos tempos
primitivos a contemporaneidade. Esse potencial curativo estd relacionado aos metabolitos
secundarios.

Esses metabolitos sd3o um conjunto de compostos quimicos, com uma estrutura
complexa, massa molecular reduzida, e por vezes sdo especificos nas espécies vegetais
(HARTMANN, 2007). A liberacdo dessas moléculas decorre por vezes, das adversidades locais
como temperaturas extremas, ataques por herbivoros, restrigdo hidrica e nutricional. Tais
circunstancias sdo denominadas de pressdes evolutivas (BEGON et al., 2008). Nesse cenario, o
ambiente estabelece forcas de selecao natural, podendo modificar os aspectos génicos dos
organismos (TOWNSEND et al, 2010). Essa mudanga pode ocasionar na produgdo de
moléculas proprias para a perpetuacdo das espécies. Nesse aspecto, 0s vegetais apresentam uma
alta sensibilidade as condi¢des ambientais, € por isso detém de um reservatorio de produtos
naturais, capazes de se tornarem a base para medicamentos farmacéuticos comerciais, assim
como fitoterapicos (LI et al., 2020). Tais constituintes sdo explorados pelo homem desde os
tempos mais remotos, na tentativa de obterem-se aplicagdes terap€uticas inéditas.

Essa relacio do homem com os vegetais possibilitou a descoberta de inUimeras
substancias com respostas farmacoldgicas. Tal relagdo floresceu também a partir do isolamento
dos primeiros compostos quimicos no final do século XVIII (ALMEIDA, 2011; PINTO et al.,
2002) e avangou com a purificacdo de outras substancias. Ainda nessa época foram isoladas
substancias importantes como a atropina, a quinina, a salicina, a emetina e a cocaina
(FERREIRA et al., 2019). Dentre esses, houve destaque para a cocaina, cuja popularidade
transcorreu-se pelo seu efeito estimulante no Sistema Nervoso Central (SNC). A principio,
utilizavam-se as folhas de Erythroxylum coca Lam no preparo de chas ou mascadas para
abrandar as consequéncias da altitude. Contudo, o emprego na producdo de drogas ilegais,
como a cocaina, também contribuiu para expandir o conhecimento mundial, acerca desse

alcaloide tropanico (SOUZA & LORENZI, 2012).
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De acordo com Bacchi (2007), os alcaloides tropanicos apresentam uma esterificagdo
do grupo hidroxila com dacidos aromaticos, relevantes para derivar os alcaloides mais
importantes para a industria farmacéutica. Estes alcaloides sdo a atropina e a cocaina,
encontrados em Solanaceae e Erythroxylaceae (Erythroxylum coca Lam e Erythroxylum
novogranatense (D. Morris) Hieron), respectivamente. A cocaina, em particular, atua como
estimulante no Sistema Nervoso Central, inibindo, por exemplo, o transporte de dopamina,
neurotransmissor ativo na coordenagdo motora (NASSAR & OUANOUNOU, 2020). A
principio, a descoberta desse alcaloide por Nieman em 1860, foi caracterizada por provocar
dorméncia na lingua. Isso revelou a propriedade anestésica local da cocaina. Mas essa
revelacdo ndo foi bem aceita no inicio. Por conseguinte, a aprovacao do uso da cocaina como
anestésico especifico, ocorreu apenas em 1884, quando a utilizaram pela primeira vez para
bloqueio do sistema nervoso. Esse potencial farmacoldgico despertou o interesse para
realizarem estudos em outras espécies do género Erythroxylum.

No tocante a existéncia de estudos sobre o potencial medicinal do género Erythoxylum,
pode ser considerado baixo, considerando a diversidade da familia, estimada em 250 espécies e
4 géneros. Quanto aos registros no Brasil, “ocorre apenas Erythroxylum, com cerca de 100
espécies” (SOUZA, LORENZI, 2012.p.352). Apesar desse cenario, alguns trabalhos relataram
os efeitos terapéuticos para determinadas espécies, como: 1) Erythroxylum vaciinifolium Mart é
afrodisiaco e tonico; 2) Erythroxylum ovalifolium Peyer possui atividade contra veneno de
serpentes, edemas, hemorragias e contém propriedades antifungicas; 3) Erythroxylum pervillei
Baill inibe o desenvolvimento de tumores e apresenta acdo citotoxica; 4) Erythroxylum
macrocarpum Schulz contém principios ativos antimicrobianos e agdo diurética; 5)
Erythroxylum caatingae Plowman tem agdo antifingica e antimicrobiana; 6) Erythroxylum
suberosum A.ST.-Hil contém substancias antidiarreicas, adstringentes, antireumatoides e
anestésicas; 7) Erythroxylum laurifolium Lam ¢ responsavel pela hidrélise da enzima amilase e
a-glicosidase (RESTREPO, et al., 2019). Embora esses estudos mostraram o potencial
nutricional e curativo dessas plantas, ainda had muitos vegetais desse género inexplorados.

Uma das espécies ¢ a Erythroxylum nummularium Peyr, que ndo possui registro do seu
nome popular na literatura. Esta planta pertence a familia Erythroxylaceae, e ¢ endémica do
Brasil. Sua distribuicdo restringe-se as regioes Nordeste e Sudeste do pais, nas areas
fitogeograficas da Caatinga e da Mata Atlantica (FLORA DO BRASIL, 2020). Além disso,
trata-se de um arbusto e possui 2,5 metros de altura (CONSERVA et al., 2006), apresentando
folhas membranéceas a coridceas, ovais ou elipticas, e flores isoladas ou em inflorescéncia.
Devido aos componentes com potencial farmacoldgico validado para diversas espécies do
género Erythroxylum, uma investigacdo aprofundada sobre FE. nummularium pode ser

promissora. Por exemplo, os componentes majoritarios reconhecidos até o momento para o
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género s3o os alcaloides tropanicos e flavonoides (YULIAN, L et al., 2022).

Em relacdo a composicao quimica da espécie E.nummularium, metab6litos nas folhas
como epicatequina, quercetina, B-amirina, lupeol, palmitato de eritrodiol e B sitosterol foram
identificados por Barreiros, A (2003) e Barreiros, M (2005). No primeiro trabalho, além do
isolamento e purificacdo, as substancias quercetina e epicatequina foram avaliadas quanto a
atividade antioxidante. Inclusive, o potencial dos compostos puros foi comparado com
antioxidantes ja reconhecidos, como o galato de n-propila, BHT e alfa tocoferol, utilizando-se
dois métodos: autooxidacdo do sistema f3- caroteno/acido linolénico e sequestro do radical livre
DPPH. Neste contexto, ambos os flavonoides apresentaram atividades antioxidantes
consideraveis. Em complemento ao primeiro estudo, Barreiros, M et al reconheceram novas
substancias, tais como f-amirina, lupeol, palmitato de eritrodiol e B sitosterol.

Logo, em virtude da riqueza de compostos existentes no género Erythroxylum, e a
composi¢do organica de E. nummularium, objetiva-se realizar neste trabalho, o estudo quimico
e avaliacdo das atividades bioldgicas da espécie. Através da parti¢do do extrato metandlico da
planta, obteve-se as fases organicas que foram submetidas a avaliagdo do teor de fenolicos e
flavonoides totais, além da atividade antioxidante, antimicrobiana (inclusive com bactérias
resistentes a antibidticos, como Staphylococcus aureus), acdo antinociceptiva e teste de

letalidade frente a Artemia salina Leach.
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2. REVISAO DE LITERATURA

2.1. Contextualizacdo do uso de plantas medicinais pelo homem: uma relagdo milenar

No aspecto curativo, a utilizagdo das plantas nos decursos arcaicos possui registro nas
sagradas escrituras € no Papiro de Ebers (PINTO et al., 2002). Nesse ultimo, datado de 1550,
encontram-se informagdes em torno da acdo terapéutica dos vegetais defronte as intimeras
enfermidades. Tantos conhecimentos estabelecidos em solo egipcio engendraram a origem da
percepgdo organizada da saude, porém em um nivel rudimentar. No entanto, essa compreensao
apesar de simples, expds a relevancia desse documento para fomentar as novas descobertas nos
séculos posteriores.

Ao avancar o conhecimento acerca da eficicia terapéutica dos vegetais, essa
compreensio foi difundida para as civilizagdes da Europa, Africa Setentrional, Asia ocidental e
a Populagdo Egipcia. Ao expandir a aplicagdo para terapia a partir de novos vegetais
descobertos, se inicializou o interesse pelo estudo dos principios bioativos. Esse advento ¢
atribuido ao fisico suico Paracelso, que realizou as primeiras extragdes de substancias quimicas
de origem vegetal, surgindo as primeiras nogdes sobre os principios bioativos ' (ALMEIDA,
2011).

Por outro lado, no territorio brasileiro, a génese do uso de plantas curativas tem como
referéncia os povos indigenas, africanos e europeus (ALMEIDA, 2011). Na perspectiva da
populacdo indigena, os nativos introduziram os vegetais no cotidiano, empregando-os em
especial, no tratamento de doencas, na cicatrizacdo de feridas e lesdes causadas por animais
peconhentos. Tais praticas foram difundidas para as novas gera¢des indigenas, e inspiraram os
portugueses no Periodo colonial. Segundo Fernandes (2004), os saberes medicinais dos povos
originarios associados as condutas jesuiticas, propagaram diversos conhecimentos na cura de
doengas.

A origem para o uso de plantas de origem africana no territorio brasileiro estd
relacionada, sobretudo as praticas religiosas (SILVA et al, 2016). Os africanos, trazidos a
forca ao Brasil sob o processo de escraviddo, trouxeram e propagaram o seu conhecimento
acerca de espécies vegetais com potencial terapéutico. Muitas plantas passaram a ser
consumidas através da religido afro-brasileira, onde os Babalorixas ou Yalorixas® portadores do
conhecimento etnomédico prescrevem o uso de folhas, raizes, sementes e cascas para fins
medicinais, banhos e rituais [...] (ALMEIDA, 2011).

Outras culturas também contribuiram para a expansdo do conhecimento das plantas

medicinais no Brasil, tais como a europeia e oriental. A presenga de europeus foi mais

! Produzido pelas plantas e conferem atividade terapéutica no organismo humano. Os bioativos incluem
carotenoides, fitoesterdis, fosfolipideos e polifentis (ALMEIDA, 2011).
% Sacerdote das religides afro-brasileiras, como Candomblé e Umbanda (SCORSOLINI-COMIN et al., 2020).
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acentuada nas regides Sul e Sudeste do pais, por isso as espécies vegetais como a erva-cidreira,
alecrim, erva-doce € o manjericdo adaptaram-se e difundiram na medicina e culinaria regionais
(ALMEIDA, 2011). No entanto, essas espécies logo se expandiram para o restante do pais. A
influéncia asiatica também contribuiu para a introducao de culturas vegetais, como o gengibre,
raiz forte, canela e cravinho-da-india. Portanto, diversas culturas influenciaram a chegada de

vegetais com potencial medicinal e a sua difusdo entre as comunidades no territorio brasileiro.

2.2 O territorio brasileiro e sua flora

O Brasil, localizado na América do Sul, se apresenta como um pais megadiverso,
segundo dados do Ministério do meio ambiente (2023). Com 8.510.417,771 Km? de 4rea e um
total de 203.080.756 de habitantes, conforme o Censo indicado pelo Instituto Brasileiro de
Geografia e Estatistica (IBGE, 2022), possui uma Biodiversidade estimada em 116.839
espécies de animais e 46.355 espécies de plantas. Esta diversidade bioldgica esta distribuida em
seis biomas. Essas unidades bioldgicas compreendem a Amazonia, a Caatinga, o Cerrado, o
Pantanal, a Mata Atlantica e o Pampa.

Segundo Townsend et al., (2010, p.143), os biomas sdo classificados como “ areas de
terra dominadas por vegetais com aspectos, formas e processos fisioldgicos caracteristicos
[...]". Estes fatores implicam numa diversidade de plantas, com distribuicdo singularizada no
territorio brasileiro. Por exemplo, na Amazonia tem ocorréncia de 13.056 espécies vegetais, na
Caatinga 4.963, o Cerrado com 12.829, Pantanal com 1.682 espécies da flora, Mata Atlantica
com 20.000 e os Pampas com 2.817, de acordo com o Sistema de informagdo sobre a
Biodiversidade brasileira (SiBBr, 2023).Tais ecossistemas se configuram com uma vegetacao
predominante em diferentes regides climaticas.

Situada na Regido Norte do pais, a Amazdnia perpassa cerca de nove nacdes, dentre as
quais além do Brasil, incluem a Bolivia, Colombia, Equador, Guiana, Peru, Venezuela,
Suriname e Guiana Francesa. Ademais, sua extensao territorial em solo brasileiro é estimada
em 4,2 milhdes de Km?, segundo dados estimados pelo Instituto Chico Mendes de Conservacao
da Biodiversidade (ICMBIO, 2021), e percorre nove estados. Mas toda essa vasta area nao teria
a mesma importancia, ndo fosse a abundante flora presente, determinante em especial do clima
Equatorial imido neste ambiente (MAGNUSSON et al., 2016). Essa configuracdo climatica
caracteriza-se por temperaturas elevadas e chuvas abundantes durante a maior parte do ano.
Com essas caracteristicas e detentora de vastas florestas, este bioma exerce uma influéncia
relevante sobre o clima das regides brasileiras € do mundo (MARENGO & ESPINOZA, 2016).
Com esses saberes, ¢ crucial mencionar outros ecossistemas, tal eminente a sua magnitude.

O Cerrado brasileiro, reconhecido como o segundo maior Bioma da América do Sul
(MINISTERIO DO MEIO AMBIENTE, 2023), dispde de uma area de 1.983.017 Km®. Tal
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extensao atravessa dez estados brasileiros. Assim, como o bioma amazonico, o Cerrado abriga
uma diversidade de plantas, com reconhecimento de 6.000 espécies nativas (ICMBIO, 2021).
Dentre essa abundancia vegetal, ha destaque para o seu emprego na medicina tradicional,
arborizagdo de centros urbanos, protecao do solo, alimentacdo da fauna local, fabricagdao de
cosméticos e producdo de alimentos (FONTES et al., 2016).Além da evidente importancia
floristica, o Cerrado ¢ banhado pelas trés maiores bacias hidrograficas do continente Sul-
Americano (LIMA & SILVA, 2005), que sustenta um potencial aquifero e favorece a sua
biodiversidade.

Outro biossistema de relevancia para o Brasil ¢ a Caatinga. A Caatinga ¢ um
ecossistema que abrange todos os estados da Regido Nordeste e Norte de Minas Gerais. Toda a
sua extensdo totaliza 862.818 Km?, correspondendo a 10% do territorio brasileiro
(MINISTERIO DO MEIO AMBIENTE, 2023). Mas apesar da sua dimensio, a Caatinga ¢ um
bioma estigmatizado, onde sua biodiversidade ¢ considerada com frequéncia como exigua
(MAGALHAES et al., 2020). Entretanto, essa biogenocenose dispde de uma flora diversa, que
apesar das restri¢des hidricas, abriga 6.000 espécies de plantas (GUSMAO et al., 2016). Nesse
sentido, a flora deste bioma possui importancia econdomica, em especial para agricultora
familiar, e também para a industria, abrangendo os setores farmacéuticos, cosméticos e
quimicos (ALBUQUERQUE, 2010). Vinculado ao aspecto medicinal e a sabedoria tradicional,
ainda em concordancia com Magalhdes (2020), as plantas dessa regido constituem uma
auténtica drogaria natural. Sao desses organismos fotossintetizantes que se originam varios
remédios caseiros, muito utilizados pela populagao local.

Uma vez apontada a relevancia da Caatinga, cabe mencionar também o ecossistema
natural Pampa. De ocorréncia restrita ao estado do Rio Grande do Sul, o Bioma Pampa ocupa
2% do territorio brasileiro (INSTITUTO BRASILEIRO DE FLORESTAS, 2020) e caracteriza-
se pela formagdo campestre, que envolve paisagens naturais diversas como serras e planicies,
morros € coxilhas. Além disso, esta unidade possui uma vegetacdo vasta em gramineas,
herbaceas e arvores. Por essa razdo, o Bioma é reconhecido como Patrimdnio cultural
associado a biodiversidade. Por exemplo, dentre as espécies floristicas intrinsecas nesse
ecossistema, ha proeminéncia para Algaborro (Prosopis algorobilla), e Nhandavai (Acacia
farnesiana). Entretanto, apesar de abrigar uma variabilidade de organismos tanto da flora,
quanto da fauna, o Pampa ¢ classificado como simples, quando contrastado aos demais biomas.
Entretanto, tal aspecto comum ndo diminui a sua importancia.

O ecossistema seguinte, reconhecido como Pantanal, também contribui para a
megadiversidade brasileira. O Pantanal representa um dos biomas mais distintos do territorio
brasileiro. Esse diferencial ocorre pela prevaléncia de planicies com maior inundacdo

permanente ja reconhecida no Planeta Terra (ALHO & SABINO, 2011). Mas apesar desse
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principal fator, o Pantanal abrange apenas 1,8% de area no Brasil (SOS PANTANAL, 2021),
com ocorréncia em particular nos estados de Mato Grosso e Mato Grosso do Sul. Embora este
ecossistema delimita-se as entidades federativas descritas, foi revelado tratar-se de uma
unidade bioldgica mais preservada do pais, estabelecendo assim uma profusdo de habitats,
importante para o abrigo de espécies da fauna e flora brasiliana (ALHO & SABINO, 2011).
Portanto, esta area geografica constitui uma das mais valiosas em biodiversidade, seguida por
outra de igual valor, a Mata Atlantica.

A Mata Atlantica caracteriza-se como o bioma mais heterogéneo do Brasil (Marques et
al., 2016). Isso inclui uma diversidade de vegetagdo, muito influenciada pelo clima. Segundo
dados da Fundacdo SOS Mata Atlantica 2024, quatro tipos principais de cobertura vegetal sdo
reconhecidos neste espago geografico, sendo eles: Floresta Ombrofila Densa, Floresta
Ombrofila Mista, Floresta Estacional e Florestas de Araucarias. Entretanto, esse bioma € o
mais destruido da nacdo (Fundagdo SOS Mata Atlantica, 2024). Ainda com respaldo nesta

Institui¢do, nessa Floresta restam apenas 24% de vegetacao nativa.

2.3. Angiospermas e a classificagdo do género Erythroxylum

As angiospermas sdo conhecidas popularmente como plantas com flores e equivale a
maior parte dos vegetais do mundo (RAVEN et al., 2011). Raven atribui essa diversidade a
evolucdo das pecas florais, sendo esse aprimoramento importante para a atragdo de insetos,
comprovados como principais agentes polinizadores (DUTRA et al., 2015). Por conseguinte,
estudos recentes, realizados por Folk et al., 2020 estimam a existéncia de ao menos 235.000
espécies reconhecidas como angiospermas.

Em complemento a Raven, Folk et al., 2020 relataram que essa abundancia
também esta associada a condigdes, tais como mudangas climaticas extremas nos habitats das
angiospermas (incluindo biomas frios e secos), resultando assim em adaptagdes morfologicas e
fisiologicas, necessarias para a sobrevivéncia do grupo ao longo do tempo.

Com relagdo as modificagdes nas angiospermas, Erikson 2014 atribuiu algumas razdes
associadas a variedade das espermatofitas. Por exemplo, o aumento das sementes e frutos
carnosos ha 80 milhdes de anos, resultou na atracdo de animais frugivoros, onde a refeigcdo
caracteriza-se pelo consumo principal de frutos carnosos, e na sequéncia dejetam ou regurgitam
o alimento, favorecendo assim a propagagdao de sementes numa variedade de ambientes
(VANDER WALL & BECK, 2012). Esse conjunto de caracteristicas constituem as
angiospermas como o grupo mais diverso em familias do Reino Plantae. Dentre essas familias

ha destaque para a Erythroxylaceae.
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De acordo com Souza & Lorenzi (2012), os vegetais agrupados em Erythroxylaceae
apresentam-se como arvores ou arbustos. Além disso, as folhas sdo dispostas de maneira
alterna ou espiralada, com estipulas intrapeciolares, formando ramentas especificas do género
Erythroxylum. Quanto aos 6rgdos reprodutivos, possuem inflorescéncia cimosa e reduzida a
uma Unica flor. Normalmente esse 6rgao na familia Erythroxylaceae ¢ pouco atraente, assim
como os seus frutos, do tipo drupa. Considerando a heterogeneidade peculiar desta linhagem, a
presente familia abriga quatro géneros, sendo Aneulophus Benth, Nectaropetalum Engl,
Pinacopodium Exell &Mendona e Erythroxylum Plowman Browne. No entanto, entre estes
géneros, apenas Erythroxylum tem registro em solo brasileiro e abrange também as demais
regides tropicais do planeta (PLOWMAN & HENSOLD, 2004).

Além disso, sdo conhecidas cerca de 250 espécies do género Erythroxylum, dentre as
quais 100 ocorrem no Brasil. Inclusive, Erythroxylum tornou-se uma unidade taxondmica
importante, em decorréncia da espécie Erythroxylum coca Lam (RESTREPO et al.,, 2019). Esta
planta ¢ origindria dos paises andinos, sendo as folhas consumidas na forma de chéas ou sdo
mascadas para aliviar os efeitos da altitude (REDMAN, 2011). A principio, esta pratica

promoveu o interesse em outras espécies do género Erythroxylum, com enfoque terapéutico.

2.4. A espécie Erythroxylum nummularium Peyr

Erythroxylum nummularium Peyr (figura 1) € uma espécie vegetal endémica do Brasil,
e pertence a familia Erythroxylaceae (SOUZA, LORENZI, 2012.p.352). No territério brasileiro
¢ encontrada nas regides Nordeste e Sudeste, nas areas fitogeograficas da Caatinga e Mata
Atlantica. Além disso, apresenta-se como arbusto, alcangando até 2,5m de altura (CONSERVA
et al., 2006).Sobre o nome popular da espécie, ndo ha registro na literatura. Ainda com respaldo
na designacdo de E. nummularium, ressalta-se a mudanca nominal do epiteto especifico
nummularia para nummularium, onde E. nummularia foi publicado pela primeira vez em 1878
(Reflora do Brasil, 2020). Na atualidade, a denominagdo taxondmica aceita ¢ E. nummularium
Peyr. Neste contexto, segundo o Codigo Internacional de Nomenclatura Botanica- Codigo de
Shenzhen (2018), trata-se de uma combina¢do nova, onde: “A combinacdo ¢ um nome novo
baseado em um nome legitimo previamente publicado e prové o epiteto final [...]”.

Quanto ao uso na medicina popular de E. nummularium, ndo hé relatos. Entretanto,
deve-se considerar a utilizacao de outros vegetais do género pela populacdo. A espécie E. coca,
por exemplo, tem uso na medicina tradicional (RESTREPO et al, 2019). Inclusive, ¢
reconhecido o emprego dessa planta pelo homem ha quase oito mil anos (DILLEHAY et al.,

2010). E comum ser usada como remédio pelas comunidades tradicionais ao buscarem efeitos
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gastrointestinais, cansaco fisico, tonturas e cefaleia (WEIL, 1981). Outra espécie de interesse
curativo € a E.vacciniifolium, conhecida popularmente como catuaba. Ainda de acordo com
Restrepo et al., 2019, esta planta ¢ utilizada sob a forma de chés, por apresentarem
propriedades tonicas e afrodisiacas. Em adi¢do, diversas aplicacdes na medicina popular tém
sido reconhecidas para espécies de Erythroxylum, como diurético, doengas venéreas,
reumatismo, infec¢des respiratdrias, amenorreia € hemorragia (OLIVEIRA ef al,, 2016; SILVA
etal.,2001).

Figura 1- Erythroxylum nummularium Peyr

Fonte: Nilma Santos (2021)

Com respaldo nas substidncias quimicas presentes em FE. nummularium, a
investigacao fitoquimica das folhas indicaram a presenga dos compostos como quercetina,
epicatequina, B-amirina, lupeol, palmitato de eritrodiol e B-sitosterol (BARREIROS et al.,
2003; BARREIROS et al., 2005). Esses constituintes quimicos sdo encontrados em abundancia
nas angiospermas, sendo a estrutura complexa dessas substancias responsaveis por acoes
biologicas importantes (YULIAN et al., 2022). A estrutura heterociclica dos flavonoides
originam vérias classes, como os flavondis, onde se encontram, por exemplo, a epicatequina e a

quercetina.
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A epicatequina ¢ um flavonoide natural, e sua estrutura constitui um mondomero
simples, substituido na posi¢cdo C-3 por uma hidroxila (CROZIER et al., 2009). E comum a
identificacdo desse composto em chas e frutos, como banana, péssego ¢ mac¢as (FARZAEI et
al., 2019). Sabe-se que essa substancia apresenta diversas agdes farmacoldgicas. Entre elas
pode reduzir doengas cardiacas (YANG, 2009) e diminuir processos inflamatorios (AL-
KHAYRI et al, 2022). Estudos reconheceram ainda, a acdo da epicatequina contra o virus
SARS-CoV-2 (LISKOVA et al., 2021). Em virtude do seu potencial biologico, a epicatequina &
eficaz principalmente como anti-inflamatério. Nesse aspecto, esse metabolito age sequestrando
os radicais livres, regulando as atividades celulares ligadas a inflamagdo e também inibe o
mecanismo do acido araquiddnico, responsavel pela producao de substancias inflamatodrias
(GARCIA-LAFUENTE et al., 2009).

Outro composto importante € a quercetina. A quercetina constitui um dos compostos
mais encontrados nos vegetais (AGHABABAEI & HADID, 2023; ZUANAZZI e
MONTANHA, 2007). Sao comuns em magas, agafrdo, alface, uva, tomate, cebola, couve e
vinho tinto. A abundancia desse metabdlito no reino vegetal engendrou diversos estudos
associados ao seu potencial curativo, incluindo atividade anti-inflamatéria, analgésica,
antioxidante, antidiabético- tipo 2, neuroprotecdo e doengas pulmonares obstrutivas (CHOI et
al., 2019). Dentre as propriedades medicinais da quercetina, hd destaque para o efeito anti-
inflamatério. Estudos mostraram a diminui¢do da inflamagdo em pacientes portadores de
doenca coronariana arterial, com melhora significativa na satide cardiaca (CHEKALINA ef al.,
2018). Nesse aspecto, a quercetina reduziu os niveis de citocinas como fator de necrose tumoral
(TNF- o), interleucina-1 B e interleucina 10. As citocinas sdo proteinas, liberadas em resposta a
acdo imune do organismo, necessarias para a eliminacdo de agentes infecciosos e também de
reparo (JARCZAC & NIERHAUS, 2022).

Outro metabdlito com acdes bioldgicas reconhecidas ¢ a B-amirina. A f-amirina ¢ um
“triterpenoide pentaciclico, com substituicdo na posi¢do 3beta por um grupo hidroxila [...]”.
(NATIONAL CENTER, 2024). Além disso, tal como a quercetina, B-amirina ¢ um dos
compostos mais encontrados nas angiospermas e também apresenta propriedades
farmacoldgicas. Os efeitos comprovados incluem atividade anti-toxoplasmose, (TRUJILLO et
al., 2024) e anti-leishmanicida (UKIL et al., 2005). Em adicdo, outro metabolito reconhecido
na literatura pelas suas propriedades medicinais € o Lupeol.

Classificado como um triterpenoide pentaciclico natural, o Lupeol ¢ um metabodlito
secundario encontrado em plantas como repolho branco, pimenta, pepino, tomate, azeitona e

manga (PUB CHEM, 2004). Reconhecido por suas propriedades curativas, esse metabolito
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tornou-se mundialmente conhecido, a saber: Agente anti-inflamatorio, atividade contra cancer,
diabetes, artrite, doengas cardiacas, renais e hepaticas (SALLEM, 2009). Dentre esses efeitos, o
potencial em processos de inflamagdo tem sido o mais estudado. Estudos abrangentes
mostraram esses efeitos inibitorios tanto em modelo in vitro, quanto in vivo. Por exemplo,
Fernandez et al., 2001 investigou a atividade anti-inflamatoria do Lupeol em aplicagao topica
sobre um edema em orelha de camundongo. Este estudo mostrou que a aplicagcdo topica de
Lupeol (0.5 ou 1 mg/ orelha) diminuiu o edema formado em 36,2% e 52%, respectivamente.
Além disso, ha diversos registros na literatura sobre o mecanismo de acdo do Lupeol nos
processos inflamatorios, e como modula as moléculas nos processos da inflamagao (LIMA et
al., 2007, NGUEMFO et al., 2009; SUDHAHAR et al., 2008).

Outro composto de importancia medicinal é o Palmitato de eritrodiol, um tipo de
triterpenoide, com dois grupos hidroxila (SANCHEZ-QUESADA et al., 2013). E encontrado
em abundancia em azeitonas e também nas espécies do género Erythroxylum, como E.leal-
costae Plowman, E.rimosum O.E.Schulz e E.passerinum Mart (YULIAN et al, 2022).
Ademais, no contexto terapéutico, esse metabolito destaca-se pela quantidade de estudos sobre
a sua bioatividade. Sanchez-Quesada et al., 2013 revisaram as diversas agdes deste composto
contra diferentes doencgas. Entre elas, antitumoral, anti-inflamatéria, antioxidante,
hepatoprotetiva, cardioprotetiva e antimicrobiana.

B-sitosterol € um composto de origem vegetal, e sua estrutura assemelha-se ao
colesterol (BOUIC et al., 1999). Tal como a B-amirina, esse metabolito esta presente em
abundancia nas angiospermas, em especial no género Erythroxylum. -amirina foi identificada,
por exemplo, nas raizes e caule de E. barbatum (SANTOS et al., 2006), e nas folhas das
espécies E. daphinites, E. rimosum, E. nummularia e E. passerinum (YULLIAN et al., 2022).
Adicionalmente algumas caracteristicas medicinais foram comprovadas para f-amirina. Dentre
elas, antioxidante, antimicrobiana, angiogénico e antidiabético (SAYEED et al.,2016).

2.5. Artemia salina Leach

Artemia salina Leach (figura 2) ¢ um microcrustaceo primitivo inserido na classe dos
artropodes (Familia Artemiidae, género Artemia), e € conhecido como camardo
(DUMITRASCU, 2011). Estes animais se apresentam em trés estagios basicos durante a vida:
Cistos, nauplios e adultos. A fase de cisto inclui ovos, que podem sobreviver por um longo
tempo. Os nauplios, por sua vez, compreendem o periodo larval, etapa posterior a fertilizagao
dos ovos (ONO et al., 2016). Portanto, dependendo das condigdes ambientais, incluindo a
disponibilidade de alimentos, por exemplo, os nauplios se tornardo adultos dentro de trés

semanas (CHEMLAL et al, 2017). Além disso, cada fase apresenta caracteristicas
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morfologicas proprias.

Figura 2- Individuos da Artemia salina
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Fonte: Obtida de DUMITRASCU, 2011.

Conforme as descrigdes feitas por Dumitrascu, 2011, a estrutura corporal da Artemia
salina ¢ constituida por cabega, torax e abdomen. Ademais, o dimorfismo sexual configura-se
em dessemelhangas fisicas entre machos e fémeas. Observam-se também algumas diferengas
corpdreas entre nauplios e os organismos adultos. Os nauplios possuem apenas um 6rgdo da
visdo, desenvolvendo mais um par de olhos quando adulto (NTUNGWE et al., 2020). Com
relagdo ao modo reprodutivo, a espécie alterna o ciclo de reproducdo entre oviparo e
ovoviviparo. Essa forma intercalada de reproducdo estd submetida as condigdes ambientais, ou
seja, em situacdes favoraveis a geragdo € ovovipara, sendo a fémea capaz de conter até 200
ovos no proprio corpo. Entretanto, em estados desfavoraveis, a proliferacao ¢ ovipara (ONO et
al., 2016). Assim, quando as condigdes ambientais sdo melhores, os cistos eclodem em
nauplios. Por conseguinte, as circunstancias ecossistémicas influenciam tanto na procriacao
desses organismos, quanto no seu modo de vida.

Artemia salina vive apenas em lagos e lagoas com alta salinidade, que varia entre 60 a
300 ppt, e podem ainda sobreviver também em ambientes com deficiéncia de oxigénio
(SAHNOUNI et al., 2017). Esse déficit inclui uma concentragdo minima de oxigénio para um
adulto cerca de 0,5 mg/L, e para nduplios 0,3 mg/L. Para complementar, estes animais no
estagio de cisto, conseguem sobreviver a varios periodos de seca, aguardando as condigdes do
ambiente tornarem-se aptas ao desenvolvimento e reproducdo. Mas, alguns fatores podem ser
letais, sobretudo na fase de cisto, e isso inclui temperaturas inferiores a 0°C e superiores a 40°C.

Mesmo assim, a Artemia salina ¢ uma espécie capaz de resistir quando em contato com agentes
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agressivos e seca extrema. Portanto, esses Crustaceos caracterizam-se como organismos
sensiveis a quaisquer alteragdes no seu habitat (DUMITRASCU, 2011).

Com énfase na elevada adaptabilidade da Artemia salina, esses organismos sio
adequados para as pesquisas sobre toxicidade. Aspectos como confiabilidade, ampla
distribuicdo geografica, manutencao simples em laboratério, ciclo de vida curto e namero
abundante de descendentes também revelam a sua ado¢do nos experimentos (NUNES et al.,
2006). Entretanto, alguns estudos ndo relatam uma boa correlagdo entre os ensaios de
toxicidade com Artemias e linhagens celulares (NTUNGWE et al., 2020; NUNES et al., 2006).
Esses autores explicam que os invertebrados por apresentarem um sistema organico primitivo
limita o uso em estudos sobre citotoxicidade em células de mamiferos. Mesmo assim, a
Artemia salina é uma espécie necessaria para fechar a lacuna entre os ensaios tradicionais in

vitro e pré-clinicos.
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3. Objetivos
3.1. Objetivo geral

Avaliar o teor de fendlicos, alcaloides e flavonoides totais, as atividades antioxidante,
antimicrobiana, antinociceptiva e letalidade frente a Artemia salina Leach dos extratos
metanolicos e fases organicas de E. nummularium.

3.2 Objetivos especificos

- Obter os extratos metandlicos e fragdes organicas a partir das folhas, galhos, casca do caule e
caule de E. nummularium.

- Determinar a presenca de metabolitos secundarios por Cromatografia em camada delgada
(CCD).

- Quantificar o teor de fendlicos (TPC), flavonoides totais (TFC) e alcaloides.

-Correlacionar os teores de TPC e TFC e as atividades antioxidantes.

-Identificar os compostos das fragcdes hexanicas e diclorometano por Cromatografia gasosa
acoplado a espectrometria de massas (CG-EM).

-Avaliar o potencial antioxidante dos extratos metandlicos e organicos através do sequestro de

radicais livres DPPH, sistema B-caroteno/acido linolénico e capacidade antioxidante total.
-Testar a atividade antimicrobiana dos extratos metanolicos e organicos contra Staphylococcus

aureus, Streptococcus mutans e Streptococcus sobrinus.

-Verificar a toxicidade dos extratos metanolicos e fases organicas através do ndmero de
nauplios sobreviventes de Artemia salina.

- Avaliar o potencial antinociceptivo da fracdo acetato de etila das folhas (ELEN) em
camundongos Balb C machos.
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4. Materiais € métodos

4.1. Obtencao dos extratos metanolicos por maceragao a partir das folhas, galhos, casca do

caule e caule de E.nummularium.

4.1.1. Material vegetal

A espécie botanica foi coletada na area rural de Brejo Novo (13°55°28.50”5 40°6°33
40”) em Jequié-Bahia. A coleta ocorreu sob a coordenagdo da curadora do Herbario da
Universidade Estadual do Sudoeste da Bahia-HUESB. Para realizar a colheita, a espécie
vegetal foi cadastrada no SisGen (Sistema Nacional de Gestdo do Patrimonio genético e do
conhecimento tradicional associado), sob o codigo de registro ASCS8EDD. Apds coleta, o
espécime foi encaminhado ao Herbario Prisco Bezerra (Fortaleza- Ceard) para confirmar a
identificacdo taxondmica. A espécie Erythroxylum nummularium foi comprovada pela botanica
Guadalupe Macedo. Apds identificagdo, uma exsicata foi depositada no HUESB sob o numero
14665.

4.1.2. Producdo dos extratos metanolicos de E.nummularium

O material vegetal, depois de seco a temperatura ambiente, foi submetido a
moagem até a pulverizagdo. Desse material triturado (815,8 g de folhas, 2,0 kg de galhos, 1,0
kg da casca do caule ¢ 920,0 g do caule) foram macerados em MeOH separadamente, por 10
extragdes consecutivas, por cerca de 48 h cada. O filtrado obtido foi reunido e concentrado sob
pressdo reduzida, gerando os extratos metanolicos das folhas (119,224 g), galhos (132,029 g),
casca do caule (212,408 g) e caule (70,812 g) (Figura 2).

Figura 3- Coleta e secagem de E.nummularium (A); Orgaos vegetais pulverizados (B); Maceragdo em
MeOH (C); Filtracdo (D); Filtrado concentrado sob pressdo reduzida (E); Extratos metandlicos vegetais

(F)
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Fonte: Adaptada de (Biorender; Obrian Victor, 2024).
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Os extratos metandlicos foram dissolvidos em MeOH/H,0O (7/3) e particionado entre
hexano, diclorometano, acetato de etila e butanol (Figura 3). Dando origem as fragdes
organicas: hexano, diclorometano, acetato de etila e butanol de cada 6rgdo (Tabela 1).

Figura 4- Fracionamento para obtencdo das fragdes organicas das folhas, galhos, casca do caule e caule
de E.nummularium. ACOEt: Fracdo acetato de etila; BuOH: Fragdo butanolica; DCM: Fragdo
diclorometanica; HEX: Fragdo hexanica

Material vegetal
seco e moido

Maceracio em MeOH por 10

dias
Extrat
xtrato Dissolucio em MeOH: H,O
MeOH
(7:3)
? ] " =
il 25 mL (MeOH)
DCcM |H,0 Remocio MeOH
100 mL diclorometano Aquosa | Particio com ACOEt

() (o) () [reon)

Particiio com hexano

| Particiio com butanol
m

Tabela 1- Massas das fases organicas obtidas pela particdo do extrato MeOH bruto das folhas, galhos,
casca do caule e caule de E.nummularium.

Fonte: Nilma Santos (2024)

Orgios vegetais Hexano Diclorometano Acetato de etila Butanol
(2 (€9) (€9) (2
Folhas HLEN DLEN ELEN BLEN
0,893 ¢ 1,453 g 15,241 ¢ 17,494 g
Galhos HBEN DBEN EBEN BBEN
2,783 ¢ 2,556 ¢ 27,968 g 2,316 ¢
Casca do caule HSBEN DSBEN ESBEN BSBEN
2,013 ¢ 0,968 g 51,205 g 26,942 g
Caule * DSEN ESEN BSEN
1,102 g 9,543 ¢ 52,000 g

* Fracdo ndo obtida
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4.2. Estudo fitoquimico dos extratos metanolicos e fases organicas
4.2.1. Triagem qualitativa

Os testes de prospecgdo fitoquimica das fases organicas obtidas a partir do extrato
MeOH das folhas, galhos, casca do caule e caule de E. nummularium foram realizados de
acordo com as metodologias descrita a seguir (4.2.2 — 4.2.6). Esses testes foram baseados na
visualizacdo colorimétrica e/ou formacéo de precipitados apds adicdo de reagentes especificos
para identificar as seguintes classes de metabolitos secundarios: alcaloides, flavonoides,
fendlicos, esteroides, saponinas e taninos. Os resultados qualitativos foram expressos como
presenca/reacdo positiva (+) e auséncia/reacao negativa (-) das classes de fitoquimicos.

4.2.2. Determinacgdo da presenca de alcaloides por Cromatografia em camada delgada (CCD)
As fases organicas foram dissolvidas em diclorometano separadamente, aplicados na
placa de silica gel e eluidos com uma mistura apropriada de solventes (Figura 5).

Figura 5- Representagcdo da cromatografia em camada delgada. Aplicagdo da amostra na placa (A);
Amostra em contato com a fase movel (B); Separagdo de compostos pela sua polaridade (C)
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Fonte: Adaptada de (Biorender; Darcy Knaack, 2013)

Apos a eluigdo da placa cromatografica, para a observacao dos alcaloides, foi borrifado

o reagente de Wagner (1 g de iodo e 10 g de iodeto de potassio em 100 mL de agua destilada)
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sobre a placa de silica gel. O aparecimento de manchas de coloragdo castanho-avermelhadas na

placa indicou a presenga de alcaloides (Farooq et al., 2022; Hussen e Endalew, 2023).

4.2.3. Determinagao de alcaloides pelo método de precipitagao
Cerca de 100 mg de cada fase organica foram dissolvidos em 5SmL de élcool etilico,
seguida da adicdo de 2 mL do reagente de Wagner. A formagdo de um precipitado de cor

marrom-avermelhado foi indicativa da presenca de alcaloides (Uddinez al., 2021).

4.2 4. Teste para flavonoides e fenolicos

Para a detec¢ao de flavonoides e substancias fenolicas, foi utilizado cloreto de aluminio
(1% em etanol). Apds a elui¢do da placa cromatografica com as fases organicas, o reagente foi
aplicado sobre a CCD. Em seguida, a placa foi observada em uma camara escura sob luz
ultravioleta. A formagdo de manchas fluorescentes de cor verde indicou a presenga de
flavonoides, enquanto a coloracdo azul fluorescente revelou a existéncia de substincias

fenolicas (Ahmad et al., 2023).

4.2.5. Teste para esteroides e triterpenos

Ap6s a eluicdo da placa cromatografica com as fases organicas a detec¢@o de esteroides
e triterpenos foi realizada pulverizando o reagente de Lieberman-Burchard (5 mL de anidrido
acético e 5 mL de 4cido sulfurico dissolvidos em 50 mL de etanol) sobre a placa de CCD. Apos
a aplicacdo do reagente, a placa foi aquecida em uma chapa aquecedora. O aparecimento de

manchas roxas indicou a presenca de esteroides (Almeida et al., 2019).

4.2.6. Teste para saponinas

O método colorimétrico com 4acido sulfurico foi empregado para a deteccdo de
saponinas, conforme descrito por Prabhavati ef al., (2016). Nesse método, uma aliquota de 5
mL de H>SOs foi adicionada a 50 mL de etanol e o volume final foi ajustado para 100 mL.
Ap0s a eluicdo da placa cromatografica com as fases organicas a detec¢do de saponinas foi
realizada borrifando o reagente sobre a placa de CCD. A presenga de saponinas foi indicada
pela formagao de uma coloracdo roxa berinjela apos aquecimento.
4.2.6. Teste para taninos e fenolicos

O reagente utilizado foi uma solugdo metandlica de FeCl; a 2% (Prabhavati et al.,
2016). A formagdao das manchas azuis ou verdes na placa de CCD indicou a presenca de

taninos e fenolicos.

4.3. Determinagdo do teor de alcaloides totais (TAT)
Para quantificar o TAT nas fases organicas, 10 mg das amostras foram pesadas e

diluidas em 1 mL de HCI 2 mol L™, seguido de filtraco conforme descrito por Shamsa et al.,
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(2008). O filtrado foi transferido para um funil de separa¢do ¢ lavado com 10 mL de
cloroférmio (3 vezes). O pH da fase aquosa foi ajustado para neutro com NaOH 0,1 mol L
Em seguida, 5 mL de solucdo tampéo fosfato (pH 4,7) e 5 mL de solucéo verde de bromocresol
(VBC - 0,025 mol L") foram adicionadas. A mistura foi agitada e o complexo formado foi
extraido com 2,5 mL de cloroférmio sob agitacdo vigorosa. A fase cloroférmica foi coletada
em um baldo volumétrico de 10 mL e completada com cloroférmio até o volume final. A
absorbancia desse complexo foi medida a 470 nm. Todas as amostras foram analisadas em
triplicata. Uma curva de calibracdo foi construida usando uma solucdo de sulfato de atropina a
0,25 mg mL™. Cada concentracdo utilizada na construcdo da curva foi tratada conforme
descrito para as amostras. Os resultados foram expressos como mg de equivalente de atropina
por grama do extrato (mg EA g'). Este ensaio foi realizado apenas nas fases organicas que
apresentaram resultado positivo no teste qualitativo para alcaloides.

4.4. Determinacao do teor de flavonoides totais (TFT)

O TFT foi quantificado por um ensaio colorimétrico usando o método do cloreto de
aluminio (Ghasemzadeh et al,.2015), com adaptagdes. Inicialmente, 4 mg de cada extrato ou
das fases organicas foram diluidos em metanol, para fornecer solugdes de concentracao entre
0,4 e 0,6 mg mL™. Em seguida, 1 mL das amostras foram transferidas, separadamente, para
tubos Falcon contendo 4 mL de &gua destilada, seguidos de adi¢do de 300 pl de NaNO,. As
amostras foram agitadas em vortex por 30 segundos. Posteriormente, foram adicionados 300 pl
de AICI3;, com nova agitacdo vigorosa por mais 30 segundos. Apos esse tempo, 2 mL de NaOH
1 mol L™ foram adicionados, e as amostras foram deixadas em repouso por 15 minutos antes da
leitura. As absorbancias das amostras foram medidas a 510 nm. Uma curva de calibragéo foi
preparada utilizando quercetina nas concentragbes de 150, 300, 450, 600 e 750 pg mL™,
seguindo a mesma metodologia empregada para as amostras. Todas as analises foram
realizadas em triplicata. O TFT foi calculado a partir da curva de calibracdo utilizando a
guercetina como padrdo. Os resultados foram expressos em miligramas equivalentes de

quercetina por grama de extrato (mg EQ-g™%).

4.5. Determinagdo do teor de fenodlicos totais (TPT)

O TPC nos extratos MeOH e nas fases organicas foi quantificado pelo método do Folin-
Ciocalteou, conforme descrito por Moreira et al., (2020) com adaptacdes. Para isso, uma
aliquota dos extratos/fases foi dissolvida em etanol 80% e transferida para um baldo
volumétrico de 10 mL para fornecer solugdes de concentragio entre 150 e 250 pg mL™. O meio

reacional foi preparado utilizando-se 0,1 mL da solucdo dos extratos/fases, 0,5 mL do reagente
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de Folin- Ciocalteou (10%) e 2,0 mL de carbonato de sodio (15%). Posteriormente, essa
mistura foi completada até o volume final de 10 mL com agua destilada. Apos uma hora de
reacdo, protegidas da luz, as absorbancias das amostras foram medidas a 760 nm, tendo como
branco o etanol e todos os reagentes, exceto o extrato/fase. Uma curva de calibracao foi
preparada utilizando 4cido galico nas concentragdes de 50, 75, 100, 125 e¢ 150 pg mL™,
seguindo a mesma metodologia das amostras. Todas as analises foram realizadas em triplicata.
A concentracdo de TPC foi calculada a partir de uma curva de calibracdo usando &cido galico
puro como padrdo. Os resultados foram expressos em miligramas equivalentes de &cido galico
por grama de extrato (mg EGA-g™).
4.6. Atividade antioxidante
4.6.1. Teste do radical livre DPPH

Os extratos brutos e as fases organicas de Erythroxylum nummularium foram
submetidos ao teste do sequestro do radical livre DPPH (2,2-difenil-1-picrilhidrazil) (Moreira
et al.,2019; Oriakhiet et al., 2014), com adaptacdes. Os extratos metanolicos foram preparados
nas concentracdes de 50, 100, 150, 200 e 250 ng mL'l, enquanto a solu¢ao de DPPH foi
preparada na concentragio de 40 pg mL™. Para cada concentracio dos extratos, foi preparado
um meio reacional, em triplicata, contendo 200 pL de extrato bruto ou das fases organicas, ou
metanol para o controle, mais 1800 pL da solugdo de DPPH. As amostras foram incubadas a
temperatura ambiente, protegidas da luz, por 30 minutos. Em seguida, as absorbancias foram
medidas a 515 nm em um espectrofotbmetro. A capacidade antioxidante dos extratos foi
avaliada pelo método do DPPH, seguindo a classificacdo de Brand-Williams et al. (1994), que
considera o CEsg em trés categorias: boa atividade quando o valor do CEsy do extrato for até
trés vezes maior que o padréo utilizado, média atividade se estiver entre trés e sete vezes acima

do CEs do padréo, e baixa atividade caso o CE50 seja sete vezes maior que o padréo utilizado.

4.6.2. Sistema B-caroteno/acido linolénico

O ensaio da atividade antioxidante usando o sistema pB-caroteno/acido linolénico foi
realizado de acordo com o método descrito por Moreira et al., (2019), com adaptagdes.
Inicialmente, 2,6 mg de B-caroteno foram dissolvidos em 2 mL de cloroférmio. Esta solucéo
foi transferida para um baldo volumétrico contendo 403 mg do emulsificador Tween 80 e 42,8
mg de &cido linolénico. O cloroférmio foi removido por evaporacdo rotativa, e em seguida
foram adicionados 200 mL de &gua destilada, com agitacéo vigorosa por 2 minutos para formar
uma emulsdo, que constitui 0 meio oxidante. Uma aliquota de 2,7 mL do meio oxidante foi
adicionada a uma cubeta contendo300 uL das amostras, em triplicata. Os extratos e as fases
foram preparados nas concentracdes de 50, 100, 150, 200 e 250 pg mL"! utilizando metanol
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como solvente. As absorbancias foram medidas a 470 nm imediatamente apds a mistura e,
posteriormente, as amostras foram incubadas em banho-maria a 50°C durante 1 hora para a
segunda leitura. O controle foi preparado com 2,7 mL do meio oxidante e 300 pL. de metanol.
Para a curva de calibragcdo, foi utilizado acido ascorbico nas mesmas concentragdes dos

extratos. A atividade antioxidante (AA) foi calculada usando a seguinte equagao:
AA = (DR¢ - DRA)/DR¢ % 100.

Onde, DRC é a taxa de degradacéo do controle (DRC = In (a/b)/60), e DRA é a taxa de
degradacdo na presenca da amostra (DRA = In (a/b)/60). Na equacgédo, "a" representa a
absorbancia inicial no tempo 0, e "b" a absorbancia apds 60 minutos. A concentracao eficiente,
quantidade de antioxidante necessaria para reduzir a porcentagem de inibicdo de oxidacdo em
50% (CEsp), foi calculada por regressdo linear, onde o eixo das abcissas representava a
concentracdo das amostras (ug mL™) ou as concentracdes do controle positivo (4cido

ascorbico) e o eixo das ordenadas representava a AA.

4.6.3. Capacidade antioxidante total (CAT)

A analise da CAT foi realizada pelo método do acido fosfomolibdato (Jan, et al., 2013;
Shah et al, 2013), com modificagdes. Os extratos, as fases organicas, e os padroes de
quercetina e acido gélico foram preparados nas concentragdes de 50, 100, 150, 200 e 250
ug/mL, utilizando metanol como solvente. Para cada concentracdo preparada, transferiu-se
uma aliquota de 0,25 mL para um tubo de ensaio, ao qual foram adicionados 2,5 mL da solucéao
reagente. A solucdo reagente era composta por acido sulfarico 0,6 M, fosfato de s6dio 28 mM e
molibdato de amdnia 4 mM. Os tubos de ensaio foram entdo tampados e incubados em banho-
maria a 90°C por 90 minutos. Apds a incubacdo, as amostras foram resfriadas a temperatura
ambiente. A absorbancia das amostras foi medida a 765 nm utilizando um espectrofotdmetro.
Todas as analises foram realizadas em triplicata. Inicialmente, foi calculado o percentual de
CAT das amostras, comparando-as ao 4cido ascorbico na concentracio de 200 pg mL™, que foi
considerado como 100 % (controle). A seguinte equacdo foi utilizada para calcular a
porcentagem de CAT:

% CAT = [(AbSamostra - AbSBranco)/ (AbScontrote = AbSBranco)] % 100.

Onde: Absamostra € @ absorbancia da amostra, AbSgrance € @ absorbancia do branco,
AbScontrole é @ absorbancia do acido ascorbico 200 pg mL™ (controle).

Os resultados da avaliagdo da CAT foram expressos como concentracdo eficiente
(CEsop), que é a quantidade de antioxidante necessaria para reduzir a porcentagem de inibigcdo
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de oxidacdo em 50%. A CEs foi calculada por regressao linear, onde o eixo das abcissas
representava a concentracdo das amostras (png/mL) ou as concentracdes dos padrdes
(quercetina e &cido gélico), e o eixo das ordenadas representava a % CAT.

4.6.4. Mapa de calor: Correlacdo do teor de fendlicos e flavonodides totais com ensaios
antioxidantes

O mapa de calor foi gerado usando o software GraphPad 8.0.1 (GraphPad software Inc.,
San Diego, CA, EUA). As correlagdes entre os teores de TPC e TFC e as atividades
antioxidantes (DPPH, B-caroteno e CAT) foram avaliadas por meio do coeficiente de Pearson
(r). Valores de p menores que 0,05 foram considerados estatisticamente significativos.

4.7. Andlise da composic¢do quimica por CG-EM

As fases hexanica e diclorometéanicas das folhas, galhos, casca do caule e caule de E.
nummularium foram analisadas por cromatografia gasosa acoplada a espectrometria de massas
(CG-EM). Antes de serem analisadas por CG-EM, as amostras foram submetidas a
derivatizacao por sililacdo (Aragon et al., 2017) com algumas adaptacdes. Para a derivatizacao,
3 mg de cada fase orgéanica foi pesada e acrescentou-se 60 pL de piridina. A esta solugéo, foi
adicionado 100 puL de uma mistura reacional de N,O-Bis(trimetilsilil)trifluoroacetamida
(BSTFA) contendo 1 % de trimetilclorosilano (TMCS). Essa mistura foi aquecida a 70° C por
30 minutos, permitindo a derivatizagdo completa das substéncias presentes. Em seguida, 1 uL
da mistura derivatizada foi injetado no sistema CG-EM. As andlises por CG-EM foram
realizadas utilizando coluna capilar de silica fundida Rtx-5MS (30 m; 0,25 mm de didmetro
interno; filme de 0,25 um) com hélio como gas de arraste. A temperatura do injetor foi mantida
a 290 °C. A programacao de temperatura do forno iniciou-se a 80 °C por 5 min, seguida de um
aumento para 285°C a uma taxa de 4°C/min, permanecendo em 285°C por 40 minutos. A
temperatura do detector foi ajustada para 200°C e a temperatura na interface do sistema CG-
EM foi mantida a 290°C. A varredura de massas foi realizada no intervalo de 35 a 600 m/z,
com a fonte de ions operando a 70 eV. A identificacdo dos compostos presentes nos extratos
foi realizada por comparacdo dos espectros de massas obtidos com aqueles disponiveis nos
bancos de dados do equipamento NIST 08, FFNSC1.3 e WILEY8.

4.8. Ensaios bioldgicos
4.8.1. Atividade antimicrobiana

4.8.1.1. Micro-organismos e cultivo
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Os micro-organismos utilizados neste estudo foram a cepa padrao resistente a oxacilina
Staphylococcus aureus ATCC 43300 INCQS 00306 e isolados clinicos de S. aureus 16A, 112,
92 e 29, coletados de dois hospitais publicos da cidade de Vitoria da Conquista-Bahia (Campos
et al., 2012). As cepas foram descongeladas (-80°C), incubadas durante 24 horas, a 37°C em
caldo BHI. As cepas de Streptococcus mutans ATCC 700610 e Streptococcus sobrinus foram
provenientes do Departamento de Farmacologia, Anestesiologia e Terapéutica da Faculdade de
Odontologia, UNICAMP (Universidade de Campinas, Piracicaba, Sdo Paulo). As cepas de
Streptococcus mutans ATCC 25175 utilizadas foram gentilmente cedidas pelo Instituto
Nacional de Controle de Qualidade em Saude (INCQS) - Fundagdo Oswaldo Cruz - Fiocruz
(Rio de Janeiro, RJ, Brasil). Essas cepas foram descongeladas (-80°C), incubadas durante 24
horas, a 37°C e 5% de CO, em caldo BHI com 1% glicose. Depois que as bactérias foram
desenvolvidas, determinou-se a concentra¢do inibitéria minima (CIM) e a concentracdo

bactericida minima (CBM).
4.8.3. Determinacdo da concentracdo inibitéria minima (CI1M)

A CIM foi determinada pela técnica de microdiluicdo em microplacas de 96 pocos. Os
indculos das cepas estudadas foram preparados com uma concentragcdo bacteriana final em
torno de 1-2 x 10® CFU/mL (escala de 0,5 McFarland). Esses inéculos foram diluidos em meio
caldo de infusdo de coracéo- cérebro (BHI) (Kasvi®) na proporcdo de 1:1000. Nas microplacas,
foram adicionados 190 pL do meio contendo o indculo (concentragéo final 1-2 x 10° CFU/mL)
em cada poco, juntamente com 10 uL das fases organicas de todos 0s 0Orgdos vegetais
estudados de E. nummularium. As concentracdes finais das fases organicas variaram de 1000 a
31,25 pug/mL, obtidas por diluicdo seriada em razdo de 2. As placas foram incubadas durante
24 horas, a 37°C e 5% de CO; (Rodrigues et al., 2020). Apds a incubacdo, foi realizada a
leitura visual para avaliagdo do crescimento, por meio da observagédo de turvagdo do meio e/ou
presenca de coldnias no fundo dos pocos. Nos po¢os onde ndo houve crescimento visual foram
adicionados 20 pL do corante resazurina (Sigma®©). Apds 20 minutos de incuba¢do com
resazurina, a auséncia de micro-organismos foi indicada pela cor azul, enquanto a cor rosa
revelou crescimento bacteriano (Palomino et al., 2002). A CIM foi definida como a menor
concentragdo que ndo apresentou crescimento bacteriano visivel, confirmado pela coloracdo

azul ap0s a adicdo de resazurina.

4.8.4. Determinacdo da concentracgdo bactericida minima (CBM)
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A determinacdo da CBM foi realizada a partir dos pogos que ndo apresentaram
crescimento bacteriano visivel no ensaio de CIM para as cepas avaliadas. Uma aliquota de 8 puL
de cada poco foi inoculada em placas com BHI &gar. Em seguida, as placas foram incubadas
em estufa a 37°C e 5% de CO, por 24 horas. Ap6s o periodo de incubacdo, foi realizada a
leitura visual das placas. A CBM foi definida como a menor concentracdo dos extratos que
causou a morte de 99,9% das células bacterianas, sendo identificada pela auséncia de

crescimento bacteriano visivel na superficie do agar (Yatsuda et al., 2005).

4.9.1. Teste de letalidade de Artemia salina Leach

Um ensaio de letalidade de A.salina foi realizado para verificar a toxicidade de extratos
metanolicos e fragbes organicas de E.nummularium. O teste foi conduzido conforme
metodologia descrita por Malfa et al., 2023, com algumas adaptac6es. Os ovos de A. salina
foram incubados em agua do mar artificial (3,2 g/L) sob iluminagdo continua de uma lampada
incandescente, mantendo a temperatura entre 24-26°C. Ap6s 24 horas, os cistos eclodiram,
liberando nauplios. Para o ensaio, dez larvas de A. salina recém-eclodidas foram transferidas
para tubos contendo agua do mar artificial e DMSO (1%), aos quais foram adicionadas
diferentes concentracdes do extrato, variando de 12,5 a 200 pg/mL. Cada concentragdo foi
avaliada em triplicata. Apds 24 horas de exposicdo, foi realizada a contagem dos nauplios
sobreviventes. Os resultados obtidos foram processados para calcular a DLsp (dose letal para
50% da populacdo testada) com um intervalo de confianca de 95%. Todos 0s experimentos
foram realizados em triplicata. A toxicidade das amostras foi classificada como: DLsg > 1000
ug/mL é atoxico, DLso entre 500 e 1000 ug/mL é fracamente toxico, DLs entre 100 e 500
ug/mL é moderadamente toxico, DLsp< 100 pug/mL é fortemente toxico (David et al., 2001;
Hamimed et al., 2018).
4.9.2. Atividade antinociceptiva
4.9.2.1. Animais

Camundongos Balb-C machos, pesando entre 25 e 30 g, foram mantidos no biotério da
Universidade Federal da Bahia (UFBA). Os animais foram alojados em caixas de polipropileno
e mantidos sob condig¢des controladas de luz (ciclo de 12 horas claro/escuro) e temperatura
média de 22 + 3°C. Eles tiveram acesso a agua e racdo. No dia do experimento, 0S
camundongos foram transferidos para o laboratério 30 minutos antes do inicio dos testes para
adaptacdo ao novo ambiente. Este experimento foi avaliado e aprovado pelo Comité de ética
em uso de animais (CEUA-IMS/CAT-UFBA) sob o nimero de protocolo 107/2022.

4.9.2.2. Teste de contor¢des abdominais induzidas por acido acético
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A fase organica ELEN foi avaliada no teste das contor¢des. Os camundongos foram
distribuidos em cinco grupos de seis animais cada. Os grupos em tratamento receberam doses
orais de 6,25, 12,5, 25 e 50 mg/kg de ELEN. O grupo controle recebeu apenas dgua. Sessenta
minutos apds a administracdo das doses, 0s animais receberam uma injecdo intraperitoneal de
acido acético (0,6%). O numero de contor¢cdes abdominais, seguidas de tor¢bes do tronco e
extensdo dos membros posteriores, foi registrado durante um periodo de 20 minutos (Moreira
etal., 2019).

4.9.3. Estudos de toxicidade aguda da fragdo ELEN

Para avaliar a toxicidade aguda da fracdo ELEN, o método DLs, foi empregado apds
administracdo oral de 2000 mg/kg. Seis animais foram utilizados no experimento: trés foram
tratados com a fracdo ELEN e trés serviram como grupo controle. Os animais foram
observados por 24 horas imediatamente apds o tratamento, seguido de monitoramento diario
por 15 dias para avaliar seu comportamento e condicéo fisica. As observacdes se concentraram
na deteccdo de sintomas como agresséo, tremores, paralisia e lesdes cutaneas. No dia 15, eles
foram eutanasiados apOs a anestesia. Amostras de sangue foram coletadas para analise
hematoldgica. Os parametros avaliados incluiram contagem total de leucdcitos, contagem
absoluta e relativa de linfécitos, contagem absoluta e relativa de eosinofilos, basofilos,
neutréfilos absolutos, concentracdo de hemoglobina, niveis de hematdcrito, contagem total de
hemécias, largura de distribuicdo plaquetaria, largura de distribuicdo de hemacias. Este estudo

seguiu a metodologia descrita por Simeonova et al.,2021, com adaptaces.

5. Analise estatistica

Nos testes realizados com camundongos, os resultados foram apresentados como média
+ desvio padrdo (D.P.) (n = 6 por grupo). As comparacdes estatisticas entre grupos foram
realizadas inicialmente utilizando analise de varidncia one-way (ANOVA), seguida pelo teste
de Bonferroni para comparagdes multiplas, empregando o software GraphPad Prism (PRISM
5.0; GraphPAD Software Inc., La Jolla, CA, USA). As diferencas estatisticas foram
consideradas significativas se p < 0,05. Para os ensaios de TAT, TFT, TPC e atividades
antioxidantes, os resultados foram expressos como a media de trés repeti¢des (n = 3) + D.P. As
analises estatisticas desses dados também seguiram a analise de variancia unidirecional
(ANOVA), seguida pelo teste de Tukey para comparagdes multiplas, utilizando o software
Statistica 13 (Stat-Soft Inc., Tulsa, OK, EUA). Consideraram-se estatisticamente significativos
os resultados com p < 0,05. Nos testes de toxicidade com A. salina, os valores de DL50 com



37

intervalo de confianca de 95% foram calculados utilizando o método probit de analise por meio

do software Microcal Origin 5.0 (Origin Lab Corporation, Northampton, MA, EUA).
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CAPITULO 1

Chemical Composition and Bioactive Potential of Erythroxylum nummularium Peyr:
Evaluation of Antioxidant, Antimicrobial, and Antinociceptive Properties

ABSTRACT

Erythroxylum nummularium Peyr is a plant species found exclusively in Brazil, containing
bioactive compounds such as epicatechin, quercetin, B-amyrin, lupeol, erythrodiol palmitate,
and p-sitosterol. These compounds exhibit anti-inflammatory, antioxidant, analgesic,
antidiabetic, anticancer, antimicrobial, anti-toxoplasmic, and hepatoprotective activities. This
study aimed to expand knowledge on the chemical composition and biological activities of
different plant organs, including leaves, branches, stem bark, and stem, from methanolic
extracts and organic fractions obtained through partitioning with solvents of increasing polarity
(hexane, dichloromethane, ethyl acetate, and butanol). The extracts and fractions were analyzed
for total phenolic, flavonoid, and alkaloid content, as well as assessed in antioxidant (DPPH, j-
carotene/linoleic acid, and phosphomolybdate), antimicrobial (against Staphylococcus aureus,
Streptococcus mutans, and Streptococcus sobrinus), antinociceptive (in vivo), and toxicity
(using Artemia salina and a mouse model) assays. Phytochemical screening was performed by
thin-layer chromatography (TLC), and chemical composition was characterized by gas
chromatography coupled with mass spectrometry (GC-MS). In the antinociceptive assay, the
ethyl acetate fraction of the leaves (ELEN) was orally administered to male Ba/b-C mice at
doses of 6.25, 12.5, 25, and 50 mg/kg. After 60 minutes, animals were administered 0.6%
acetic acid intraperitoneally, and abdominal writhing was recorded. The results showed
significant levels of total phenolics and flavonoids and lower concentrations of alkaloids. TLC
revealed the presence of saponins, tannins, and steroids, while GC-MS analysis identified
glycerol, hexadecanoic acid, methyl hexadecanoate, and lupeol acetate as the main compounds.
Among the antioxidant assays, the ethyl acetate fractions of the leaves, branches, and stem bark
showed the most significant results. In the antimicrobial test, the leaves' ethyl acetate and
dichloromethane fractions exhibited effectiveness against S. aureus, while the hexane and
butanol fractions showed activity against S. mutans. No sample was active against S. sobrinus.
The toxicity assay on A. salina showed moderate to high toxicity for the crude extracts and
organic fractions, except for the ELEN fraction, which was considered non-toxic. The
antinociceptive activity of this fraction was most pronounced at 6.25 mg/kg, significantly
reducing abdominal writhing without signs of toxicity in mice after 15 days of analysis at doses
up to 2000 mg/kg. These results indicate that E. nummularium is a promising source of
bioactive compounds with the potential for developing new drugs.

Keywords: Toxicity, phytochemical profiling, bioactivity screening, phenolic, flavonoids,
Artemia salina, and GC-MS.
1. Introduction
The predominance of metabolic diseases in the world is centuries old. These
physiological disorders are characterized by changes in mitochondria, organelles
responsible in particular for the production of ATP in cells (Bhatti et al., 2017). Such
conditions can decrease oxidative capacity and inhibit antioxidant activity (ROS) (Berra e
Menck, 2005).
The exacerbated increase in ROS can lead to pathophysiological states resulting from

oxidative stress. The central dysfunctions associated with this phenomenon include high
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blood pressure, hyperglycemia, abdominal obesity, dyslipidemia, Parkinson’s disease,
Alzheimer’s disease, cancer, and inflammation (Bhatti et al., 2017; Mancini et al., 2016;
Pugazhenthi et al, 2017; Reddy et al, 2012; Roy et al, 2015; Subramaniam e
Chesselet,2013).

Given the significant increase in the number of affected patients and the increasing
costs associated with healthcare, especially considering the growing pressure on the public
healthcare system, identifying new bioactives with minimal side effects becomes essential
(Guan et al., 2023). In this context, recent studies have highlighted the efficacy of species
of the genus Erythroxylum (Morais et al., 2022; Oliveira et al., 2016; Restrepo et al., 2019;
Yulian et al., 2022).

Among the various species with therapeutic properties, Erythroxylum nummularium
Peyr stands out. This plant belongs to a widely recognized genus for its medicinal
properties. The popularity of the genus Erythroxylum is due, in large part, to the millennial
use of the leaves of Erythroxylum coca Lam by the natives of South America. In this
context, they used this plant as a stimulant and source of well-being (Watson, 1983). The
genus Erythroxylum, the most significant of the Erythroxylaceae family, is distinguished by
its phytoconstituents (Yulian, et al., 2022). The main chemical compounds in this genus
include flavonoids, diterpenes, alkaloids, norisoprenoids, phenolics derivatives, steroids,
triterpenoids, and tannins (Oliveira et al., 2010; Yulian, et al, 2022). The diversity of
secondary metabolites in this genus encompasses substances important for agriculture
(Nathanson et al., 1993), industry, and medicine.

Phytochemical investigations of some species of the genus Erythroxylum have revealed
their pharmacological properties. For example, E. vacciniifolium Mart has tonic and
aphrodisiac characteristics (Zanolari et al., 2003), it is also helpful in cases of erectile
dysfunction and is active against the Human immunodeficiency virus (HIV). In addition,
this species has antimicrobial and cytotoxic action (Aguiar et al., 2012; Restrepo et al.,
2019). Several species of this genus showed multiple actions, including E. ovalifolium
Peyr, which neutralizes snake venom (Oliveira et al., 2016), reduces edema, controls
hemorrhages, and has antifungal action (Restrepo et al., 2019). Other plants, such as E.
suberosum A.St. Hill and E. laurifolium Lam, contain substances with anesthetic,
antioxidant, cytotoxic, antidiabetic, antihypertensive, antiviral, and antimicrobial properties
(Barros et al., 2017; Macedo et al., 2016; Oliveira et al., 2015; Restrepo et al., 2019). The
pharmacological actions of the species E. pervillei Baill. E.macrocarpum O.E Schulz and
E. caatingae Plowman were investigated. Studies have shown its effectiveness in treating
various conditions, including diabetes, neoplasms, tumors, and abdominal pain (Aguiar et
al., 2012; Silva et al., 2001). In addition, antimicrobial, antifungal, and antibiotic activities
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were found in E. macrocarpum and E. caatingae (Mahomoodally, et al., 2008).

Polyphenols are secondary metabolites with several well-established biological
activities (Panzella, 2023), they have been the subject of widespread interest due to their
antioxidant, antibacterial, anti-inflammatory, and anticancer potential (Martiniakova et al.,
2023). Specific studies, such as the one by Hirata et al. (2009), highlight the ability of
naringin, a type of polyphenol, to fight osteoporosis, showing an increase in the number
and size of osteoclasts in mice, in addition to increased bone mass.

In the context of oxidative stress, polyphenols have been recognized for their ability to
neutralize free radicals, which play a central role in the development of some
pathophysiology (Naoi et al., 2019). The elevation of the activity of antioxidant enzymes
and the suppression of ROS production are essential mechanisms by which polyphenols
exert their antioxidant effect, contributing to the prevention of cell damage. In addition,
evidence suggests that flavonoids, one of the main classes of polyphenols, may be effective
in preventing and treating neuroinflammatory disorders, as well as contributing to the
reduction of apoptosis and combating motor impairments (Kumar e Pandey, 2013).
Therefore, the recognition of new classes of flavonoids in plant species may be essential to
suppress other diseases and stimulate preclinical trials. Thus, the discovery of new classes
of flavonoids in plant species may represent a breakthrough in the development of
innovative therapies for various health conditions.

Thus, even with the Ethnopharmacological importance of the genus Erythroxylum
already established, there are no studies on the medicinal potential of E. nummularium.
Therefore, the present study proposes to investigate the chemical composition and
biological activities of this species’ leaves, twigs, stem bark, and stem. The methanolic
extracts and organic phases were submitted to preliminary phytochemical analyses.
Chromatographic techniques such as thin-layer and gas chromatography coupled to mass
spectrometry were employed. In addition, antioxidant capacity assays, quantification of
phenolics and total flavonoids, evaluation of toxicity against Artemia salina Leach, and
investigation of antimicrobial and antinociceptive activities in animal models were
performed. This approach aims to fill the knowledge gap about this plant species and
provide perspectives on its therapeutic potential, thus contributing to developing new drugs
based on natural products.
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2. Materials and methods

2.1. General experimental procedures

The CG/EM-QP2010SE mass spectrometer (Shimadzu, Japan) was used for gas
chromatography analyses. All weighing operations were performed using the ATY224
analytical balance (Shimadzu, Japan). The reading of absorbances in the experiments was
conducted with the UV-vis spectrophotometer (Bel Photonics), and exposure to ultraviolet light
was performed in a dark room with an ultraviolet light source (Biotech). The sterilization
drying oven (Mulcan) was used for sterilization and drying processes, and centrifugation was
performed in the 32A Centrifuge (Rotofix). The homogenization of the samples was performed
with the vortex shaker (Kine), and the pH measurements were performed using the pH meter
(MS). Methanol, ethanol, dichloromethane, chloroform, ethyl acetate, hexane, and other
reagents were of analytical grade purchased from ACS Scientific, Exodus, and Synth (Brazil).
The analytical grade reagents DPPH, Folin-Ciocalteu, 3-carotene, Tween 80, and pyridine used
in the tests performed were purchased from Sigma-Aldrich (Germany). Aluminum chloride
was acquired from Neon (Brazil), while o bromocresol green, ascorbic acid, and acetic acid
were obtained from Dindmica (Brazil). Linolenic acid was purchased from C.L.A, Nature
Essential (Spain), and BHI Agar (Brain Heart Infusion Agar) was purchased from Kasvi
(Brazil). The reagents used in derivatization by silylation were pyridine acquired from
Dindmica  (Brazil), N, O-Bis (trimethylsilyl) trifluoroacetamine  (BSTFA),
trimethylchlorosilane (TMCS) (Sigma-Aldrich ®). The extracts and organic phases were
monitored by thin-layer chromatography (TLC) (silica gel 60, F»s4, Merck produced in Brazil)
and visualized as described in item 2.3. The eggs of Artemia salina were donated by the State
University of Southwest Bahia (UESB).

2.1.2. Collection and taxonomic identification of plant material

The botanical species was collected in the rural area of Brejo Novo (13°55°28.50”5
40°6°33 40”) in Jequié-Bahia. The collection took place under the coordination of the curator
of the Herbarium of the State University of Southwest Bahia - HUESB. The plant species was
registered in SisGen (National System for the Management of Genetic Heritage and Associated
Traditional Knowledge) to carry out the harvest under the registration code ASCSEDD. A
voucher specimen (14665) was deposited at the Herbarium HUESB.
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2.1.3. Preparation of extracts

After drying at room temperature, the plant material was grinded until pulverization.
The crushed material (815.836 g of leaves, 2.000 g of branches, 1.000g of Stem bark, and 920
g of stem) was macerated in MeOH separately for ten consecutive extractions for about 48 h
each. The filtrate obtained was gathered and concentrated under reduced pressure, generating
the methanolic extracts of the leaves (119.224 g; MLEN), branches (132.029 g; MBEN), stem
bark (212.408 g; MSBEN) e stem (70.812 g; MSEN). The methanolic extracts were dissolved
in MeOH/H,O (7:3) and partitioned between hexane, dichloromethane, ethyl acetate, and
butanol. They were giving rise to the organic phases of each organ (Table 1). Both the

methanolic extracts and the fractions were subjected to various tests.

Table 1.
Masses and codes of organic phases obtained by partitioning the crude MeOH extract of leaves,

branches, stem bark, and stem of E. nummularium

Hexane Dichloromethane Ethyl acetate Butanol
Plant organs
(9) (9) (9) (9)
Leaves HLEN DLEN ELEN BLEN
0.893 g 1.453 g 15.241 g 17.494 g
Branches HBEN DBEN EBEN BBEN
2.783 g 2.556 g 27.968 g 2.316¢g
Stem bark HSBEN DSBEN ESBEN BSBEN
2.013¢g 0.968 g 51.205¢ 26.942 g
* DSEN ESEN BSEN
Stem 1.102 g 9.543 g 52.000 g

* Fraction not obtained

2.2. Qualitative phytochemical screening

The phytochemical prospecting tests of the organic phases obtained from the methanol
extract of the leaves, branches, stem bark, and stem of E. nummularium were carried out
according to the methodologies described below. These tests were based on colorimetric
visualization and/or precipitate formation after adding specific reagents to identify the
following classes of secondary metabolites: alkaloids, flavonoids, phenolics, steroids, saponins,
and tannins. The qualitative results were expressed as presence/positive (+) and
absence/negative reaction (-) of the phytochemical classes.

2.2.1. Testing for alkaloids
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2.2.2. Thin layer Chromatography analysis (TLC)

The organic phases were dissolved in dichloromethane separately, applied to the silica
gel plate, and eluted with an appropriate mixture of solvents. After the elution of the
chromatographic plate, for the observation of alkaloids, the Wagner reagent (1 g of iodine and
10 g of potassium iodide in 100 mL of distilled water) was sprayed on the silica gel plate. The
appearance of reddish-brown spots on the plaque indicated the presence of alkaloids (Farooq et
al., 2022; Hussen e Endalew, 2023).

2.2.3. Determination of alkaloids by precipitation method

About 100 mg of each organic phase was dissolved in 5 mL of ethyl alcohol, and 2 mL
of Wagner’s reagent was added. The formation of a reddish-brown precipitate indicated the

presence of alkaloids (Uddin et al., 2021).
2.2.4. Testing for flavonoids and phenolics

Aluminum chloride (1% in ethanol) was used to detect flavonoids and phenolic
substances. After eluting the chromatographic plate with the organic phases, the reagent was
applied to the TLC. After that, the plaque was observed in the darkroom under ultraviolet light.
The formation of green fluorescent spots indicated the presence of flavonoids, while the

fluorescent blue stain revealed the existence of phenolic substances (Ahmad et al., 2023).
2.2.5. Testing for steroids and triterpenes

After the elution of the chromatographic plate with the organic phases, the detection of
steroids and triterpenes was performed by spraying the Lieberman-Burchard reagent (5 mL of
acetic anhydride and 5 mL of sulfuric acid dissolved in 50 mL of ethanol) on the TLC plate.
After applying the reagent, the plate was heated on a heating plate. The appearance of purple
spots indicated the presence of steroids (Almeida et al., 2019).

2.2.6. Testing for saponins

The colorimetric method with sulfuric acid was employed to detect saponins, as
Prabhavati et al., (2016) described. In this method, an aliquot of 5 mL of H.SO4 was added to
50 mL of ethanol, and the final volume was adjusted to 100 mL. After eluting the
chromatographic plate with the organic phases, saponins were detected by spraying the reagent
on the TLC plate. The presence of saponins was indicated by the formation of a purple

eggplant coloration after heating.
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2.2.7. Test for tannins and phenolics

The reagent used was a 2% methanolic solution of FeCl; (Prabhavati et al., 2016). The

formation of the blue or green spots on the TLC plate indicated the presence of tannins.

2.3. Determination of Total Alkaloid content (TAT)

To quantify TAT in the organic phases, 10 mg of samples were weighed and diluted in
1 mL de HCI 2 mol L, followed by filtration as described by Shamsa et al., (2008). The
filtrate was transferred to a separation funnel and washed with 10 mL of chloroform (3 times).
The pH of the aqueous phase was adjusted to neutral with 0.1 mol L™ NaOH. Then, 5 mL of
phosphate buffer solution (pH 4.7) and 5 mL of bromocresol green solution (VBC — 0.025 mol
L") were added. The mixture was stirred, and the complex formed was extracted with 2.5 mL
of chloroform under vigorous stirring. The chloroform phase was collected in a 10 mL
volumetric flask and supplemented with chloroform until the final volume. The absorbance of
this complex was measured at 470 nm. All samples were analyzed in triplicate. A calibration
curve was constructed using a 0.25 mg mL™ atropine sulfate solution. Each concentration used
in the construction of the curve was treated as described for the samples. The results were
expressed as mg of atropine equivalent per gram of the extract (mg EA g™). This assay was
performed only in the organic phases, presenting a positive result in the qualitative alkaloid

test.
2.3.1. Total flavonoid content (TFC)

TFC was quantified by a colorimetric assay using the aluminum chloride method
(Ghasemzadeh et al,.2015) with adaptations. Initially, 4 mg of each extract or organic phases
were diluted in methanol to provide solutions with a concentration between 0.4 and 0.6 mg mL"
! Then, 1 mL of the samples were transferred separately to Falcon tubes containing 4 mL of
distilled water, followed by the addition of 300 pl of NaNO,. The samples were vortexed for
30 seconds. Subsequently, 300 pl of AICI; were added, with vigorous stirring for another 30
seconds. After this time, 2 mL of NaOH 1 mol L' was added, and the samples were left to rest
for 15 minutes before reading. Samples absorbances were measured at 510 nm. A calibration
curve was prepared using quercetin at 200, 400, 600, 800, and 1000 ug mL™, following the
same methodology used for the samples. All analyses were performed in triplicate. The TFC
was calculated from the calibration curve using quercetin as standard. The results were

expressed in milligrams of quercetin equivalent per gram of extract (mg EQ-g™%).
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2.3.2. Total phenolic content (TPC)

The TPC in the MeOH extracts and organic phases was quantified by the Folin-
Ciocalteou method, as described by Moreira et al., (2020) with adaptations. An aliquot of the
extracts/phases was dissolved in 80% ethanol and transferred to a 10 mL volumetric flask to
provide concentration solutions between 150 and 250 pg mL™. The reaction medium was
prepared using 0.1 mL of the extracts/phases solution, 0.5 mL of Folin-Ciocalteou reagent
(10%), and 2.0 mL of sodium carbonate (15%). Subsequently, this mixture was completed to
the final volume of 10 mL with distilled water. After one hour of reaction, protected from light,
the absorbances of the samples were measured at 760 nm, with ethanol and all reagents except
the extract/phase as white. A calibration curve was prepared using gallic acid at concentrations
of 50, 75, 100, 125 ¢ 150 pg mL ™, following the same methodology as the samples. All
analyses were performed in triplicate. The TPC concentration was calculated using pure gallic
acid as a standard from a calibration curve. Results were expressed as milligram gallic acid

equivalents per gram of extract (mg EGA-g™).
2.4. Antioxidant activity
2.4.1. DPPH free radical sequestration test

The crude extracts and organic phases of Erythroxylum nummularium were submitted
to the DPPH (2, 2-difenil-1-picrilhidrazil) free radical scavenging test (Moreira et al., 2019;
Oriakhiet et al, 2014), with adaptations. The methanolic extracts were prepared at
concentrations of 50, 100, 150, 200, and 250 pg mL'l, while the DPPH solution was prepared
at 40 pg mL"'. For each concentration of the extracts, a reaction medium was prepared, in
triplicate, containing 200 pL of crude extract or organics phases, or methanol for control, plus
1800 uL of DPPH solution. The samples were incubated at room temperature, protected from
light, for 30 minutes. Next, absorbances were measured at 515 nm in a spectrophotometer. The
antioxidant capacity of the extracts was evaluated by the DPPH method, following the
classification of Brand-Williams et al. (1994), which considers ECs in three categories: good
activity when the ECs, value of the extract is up to three times higher than the standard used,
medium activity if it between three and seven times above the ECs of the standard, and low

activity if the ECs is seven times higher than the standard used.
2.4.2. p-carotene/linolenic acid system

The antioxidant activity assay using the [-carotene/ linolenic acid system was
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performed according to the method described by Moreira et al., (2019), with adaptations.
Initially, 2.6 mg of p-carotene was dissolved in 2 mL of chloroform. This solution was
transferred to a volumetric flask containing 403 mg of Tween 80 emulsifier and 42.8 mg of
linolenic acid. The chloroform was removed by rotary evaporation, and then 200 mL of
distilled water was added, with vigorous stirring for 2 minutes, to form an emulsion, which
constitutes the oxidizing medium. An aliquot of 2.7 mL of the oxidizing medium was added to
a cuvette containing 300 uL of the samples in triplicate. The extracts and phases were prepared
at 50, 100, 150, 200, and 250 pg mL-1 concentrations using methanol as solvent. Absorbances
were measured at 470 nm immediately after mixing, and subsequently, the samples were
incubated in a water bath at 50°C for 1 hour for the second reading. The control was prepared
with 2.7 mL of oxidizing medium and 300 uL of methanol. For the calibration curve, ascorbic
acid was used in the same concentrations as the extracts. Antioxidant activity (AA) was

calculated using the following equation:
AA = (DR¢ - DRA)/DR¢ % 100.

Where DRC is the rate of degradation of the control (DRC = In (a/b)/60), and DRA is
the rate of degradation in the presence of the sample (DRA = In (a/b)/60). In the equation, "a"
represents the initial absorbances at time 0, and "b" is the absorbance after 60 minutes. The
efficient concentration, the amount of antioxidant needed to reduce the percentage of oxidation
inhibition by 50% (ECso), was calculated by linear regression, where the abscissa axis
represented the sample concentration (ug mL™!) or the concentrations of the positive control
(ascorbic acid) and the ordinate axis represented the AA.

2.4.3. Total antioxidant capacity (TAC)

TAC analysis with modifications was performed using the phosphomolybdate method
(Jan et al,, 2013; Shah et al., 2013). The extracts, phases organics, and quercetin and gallic acid
patterns were prepared at concentrations of 50, 100, 150, 200 e 250 pg/mL, using methanol as
solvent. For each concentration prepared, an aliquot of 0.25 mL was transferred to a test tube,
to which 2.5 mL of the reagent solution was added. The reagent solution consisted of 0.6 M
sulfuric acid, 28 mM sodium phosphate, and four mM ammonium molybdate. The test tubes
were then capped and incubated in a water bath at 90°C for 90 minutes. After incubation, the
samples were cooled to room temperature. The absorbance of the samples was measured at 765
nm using a spectrophotometer. All analyses were performed in triplicate. Initially, the samples’
CAT percentage was calculated by comparing them to ascorbic acid at a concentration of 200
ng mL-1, considered 100 % (control). The following equation was used to calculate the
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percentage of TAC:
% CAT = [(AbSsampie — AbSwhite)/ (AbScontrol — ADSwhite)] * 100.

Where: Abs sample IS the absorbance of the sample, Abswhie is the absorbance of the
white, Abs control is the absorbance as ascorbic acid 200 pg mL™ (control).

The results of the TAC evaluation were expressed as efficient concentration (ECsp),
which is the amount of antioxidants needed to reduce the percentage of oxidation inhibition by
50%. ECso was calculated by linear regression, where the abscissa axis represented the
concentration of the samples (ug/mL) or the concentration of the standards (quercetin and
gallic acid), and the ordinate axis represented the % TAC.

2.4.4. Heat map: Correlation of total phenolic and flavonoid content with antioxidant assays

The heat map was generated using GraphPad 8.0.1 software (GraphPad Software Inc.,
San Diego, CA, USA). The correlations between TPC and TFC contents and antioxidant
activities (DPPH, B-carotene, and TAC) were evaluated using Pearson’s correlation coefficient

(7). P values lower than 0.05 were considered statistically significant.

2.5. Chemical composition analysis by GC/MS

The hexane and dichloromethane phases of the leaves, branches, stem bark, and stem of
E. nummularium were analyzed by gas chromatography coupled with mass spectrometry (GC-
MS). Before being analyzed by GC-MS, the samples were subjected to derivatization by
silylation (Aragon et al., 2017) with some adaptations. For derivatization, 3 mg of each organic
phase was weighed, and 60 uL of pyridine was added. To this solution, 100 uL of a reactive
mixture of N,O-Bis (trimethylsilyl) trifluoroacetamide (BSTFA) containing 1%
trimethylchlorosilane (TMCS) was added. This mixture was heated to 70° C for 30 minutes,
allowing complete derivatization of the substances present. Then, one pL of the derivatized
mix was injected into the GC-MS system. GC-MS analyses were performed using an Rtx-5MS
fused silica capillary column (30 m; 0.25 mm internal diameter; 0.25 um film) with helium as
carrier gas. The injector temperature was maintained at 290 °C. The oven temperature setting
started at 80 °C for 5 min, followed by an increase to 285°C at a rate of 4°C/min, remaining at
285°C for 40 minutes. The detector temperature was set to 200°C, and the temperature at the
GC-MS system interface was maintained at 290°C. Mass scanning was performed in the 35 to

600 m/z range, with the ion source operating at 70 eV. The compounds were identified in the
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extracts by comparing the mass spectra obtained with those available in the NIST 08,
FFNSC1.3 and WILEY8 databases.

2.6. Biological assays
2.6.1. Antimicrobial activity

2.6.2. Microorganisms and cultivation

The microorganisms used in this study were the standard resistant strain Staphylococcus
aureus ATCC 43300 INCQS 00306 (resistant to oxacillin) and clinical isolates of S. aureus
16A, 112, 92, and 29, collected from two public hospitals in the city of Vitdria da Conquista-
Bahia (Campos et al., 2012). The strains were thawed (-80°C) and incubated for 24 hours at
37°C in BHI broth. The strains of Streptococcus mutans ATCC 700610 and Streptococcus
sobrinus were obtained from the Department of Pharmacology, Anesthesiology and
Therapeutics of the School of Dentistry, UNICAMP (University of Campinas, Piracicaba, Sdo
Paulo). The strains of Streptococcus mutans ATCC 25175 used were kindly provided by the
National Institute for Quality Control in Health (INCQS) - Oswaldo Cruz Foundation- Fiocruz
(Rio de Janeiro, RJ, Brazil). These strains were thawed (-80°C), incubated for 24 hours at 37°C
and 5% of CO, in BHI broth with 1% glucose. After the bacteria were developed, the minimum
inhibitory concentration (CIM) and the minimum bactericidal concentration (CBM) were

determined.

2.6.3. Determination of the minimum inhibitory concentration (MIC)

The microdilution technique in 96-well microplates determined the MIC. The inoculum
of the studied strains was prepared with a final bacterial concentration of around 1-2 x 10°
CFU/mL (0.5 McFarland scale). These inoculums were diluted in heart-brain infusion broth
(BHI) medium (Kasvi®) at a ratio of 1:1000. In the microplates, 190 pL of the inoculum-
containing medium (final concentration 1-2 x 10° CFU/mL) were added to each well, along
with ten pL of the organic phases of all the plant organs of E. nummularium studied. The final
concentration of the organic phases ranged from 1000 to 31.25 pg/mL, obtained by serial
dilution in a ratio of 2. The plates were incubated for 24 hours at 37°C and 5% of CO,
(Rodrigues et al., 2020). After incubation, visual reading was performed to evaluate growth by
observing the turbidity of the medium and/or the presence of colonies at the bottom of the

wells. In wells without visual growth, 20 pL of the resazurina dye (Sigma®©) was added. After



56

20 minutes of incubation with resazurin, the absence of microorganisms was indicated by the
blue color, while the pink color revealed bacterial growth (Palomino et al., 2002). The MIC
was defined as the lowest concentration that did not show visible bacterial growth, confirmed
by the blue stain after adding resazurin.

2.6.4. Determination of the minimum bactericidal concentration (MBC)

MBC was determined from the wells that did not show visible bacterial growth in the
MIC assay for the strains evaluated. An eight pL aliquot from each well was inoculated into
plates with BHI agar. Then, the plates were incubated at 37°C and 5% CO, for 24 hours. After
the incubation period, the plates were visually read. MBC was defined as the lowest
concentration of extracts that caused the death of 99.9% of bacterial cells and was identified by

the absence of visible bacterial growth on the agar surface (Yatsuda et al., 2005).
2.7. Artemia salina Leach lethality test

A lethality assay of A. salina was performed to verify the toxicity of methanolic
extracts and organic fractions of E. nummularium. The test was conducted according to the
methodology described by Malfa et al., 2023, with some adaptations. The eggs of A. salina
were incubated in artificial seawater (3.2 g/L) under continuous illumination of an incandescent
lamp, keeping the temperature between 24-26°C. After 24 hours, the cysts hatched. For the
assay, ten newly hatched A. salina larvae were transferred to tubes containing artificial
seawater and DMSO (1%), to which different concentrations of the extract were added, ranging
from 12.5 to 200 pg/mL. Each concentration was evaluated in triplicate. After 24 hours of
exposure, the surviving nauplii were counted. The results were processed to calculate LDsg
(lethal dose for 50% of the tested population) with a 95% confidence interval. All experiments
were performed in triplicate. The toxicity of the samples was classified as follows: LDsy > 1000
ug/mL is nontoxic, LDz between 500 and 1000 pg/mL is weakly toxic, LDsy between 100 and
500 pg/mL é moderately toxic, LDsp< 100 ug/mL is strongly toxic (David et al., 2001;
Hamimed et al., 2018).

2.8. Antinociceptive activity
2.8.1. Animals

Male Balb-C mice weighing 25 and 30 g were kept in the Federal University of Bahia
(UFBA) vivarium. The animals were housed in polypropylene boxes and kept under controlled

light conditions (12-hour light/dark cycle) and an average temperature of 22 + 3°C. They had
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access to water and feed. On the day of the experiment, the mice were transferred to the
laboratory 30 minutes before the start of the tests to adapt to the new environment. The Animal
Use Ethics Committee (CEUA-IMS/CAT-UFBA) evaluated and approved this experiment
under protocol 107/2022.

2.8.2. Acetic acid-induced abdominal contortions test

The ELEN phase was evaluated in the contortions. The mice were divided into five
groups of six animals each. The treatment groups received oral doses of 6.25, 12.5, 25, and 50
mg/kg of ELEN. The control group received only water. Sixty minutes after the doses were
administered, the animals received an intraperitoneal acetic acid injection (0.6%). The number
of abdominal contortions, followed by torso twists and hind limb extension, was recorded over
20 minutes (Moreira et al., 2019).

2.8.3. Acute toxicity studies of the ELEN fraction

To assess the acute toxicity of the ELEN fraction, the LDs, method was employed after
oral administration of 2000 mg/ kg. Six animals were used in the experiment: three were
treated with the ELEN fraction, and three served as the control group. The animals were
observed for 24 hours immediately after treatment, followed by daily monitoring for 15 days to
evaluate their behavior and physical condition. Observations focused on detecting symptoms
such as aggression, tremors, paralysis, and skin lesions. On day 15, they were euthanized after
anesthesia. Blood samples were collected for hematological analysis. Parameters evaluated
included total leukocyte count, absolute and relative lymphocyte count, absolute and relative
monocyte count, eosinophils, basophils, absolute neutrophils, hemoglobin concentration,
hematocrit levels, total red blood cell count, platelet distribution width, red blood cell
distribution width. This study followed the methodology described by Simeonova et al., 2021,

with adaptations.
2.9. Statistical analysis

In the tests performed with mice, the results were presented as mean + standard
deviation (S.D.) (n = 6 for group). Statistical comparisons between groups were initially
performed using one-way analysis of variance (ANOVA), followed by Bonferroni’s test for
multiple comparisons, using the GraphPad Prism software (PRISM 5.0; GraphPAD Software
Inc., La Jolla, CA, USA). Statistical differences were considered significant if p < 0.05. In the

toxicity experiment in mice (LDso), the results were expressed as mean + SD for six animals.
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Complete blood count data were treated using the GraphPad Prism software, using one-way
analysis of variance (ANOVA), followed by Tukey’s test. For the TAT, TFT, TPC, and
antioxidant activities assays, the results were expressed as the mean of three replicates (n = 3) £
S.D. Statistical analyses of these data also followed unidirectional analysis of variance
(ANOVA), followed by Tukey’s test for multiple comparisons, using the Statistica 13 software
(Stat-Soft Inc., Tulsa, OK, USA). Results with p < 0, 05 were considered statistically
significant. In the toxicity tests with A. salina, the LDsy values with a confidence interval of
95% were calculated using the probit analysis method using the Microcal Origin 5.0 software
(Origin Lab Corporation, Northampton, MA, USA).

3. Results
3.1. Phytochemical analysis
3.1.1. Qualitative screening

The preliminary phytochemical investigation was performed to recognize the presence
or absence of secondary metabolites in the fractions of leaves, branches, stem bark, and stem.
The screening revealed the presence of various substances, such as phenolics, flavonoids,
saponins, and tannins. However, there are some exceptions between the fractions (Table 1).
The presence of alkaloids in the fractions HLEN, DLEN, HBEN, HSBEN, DSBEN, and DSEN
was revealed by precipitation analysis. However, the analysis of TLC did not show the

existence of alkaloids.

Table 1
Qualitative phytochemical analysis of E. nummularium fractions

Fractions  Alkaloids Flavonoids  Phenolics  Saponins Steroids  Tannins

HLEN + - + + + +
DLEN + + 4 - - +
ELEN - + + - + +
BLEN - + + - + -
HBEN + + + + + +
DBEN - + . - - +
EBEN - + + - + +
BBEN - + + + + -

HSBEN

+
+
+
+
+
+
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DSBEN + + . - - +
ESBEN - + + ] ] N
BSBEN - + + + + -
DSEN + + . + + -
ESEN - + + ] ] N
BSEN - - + - + -

Abbreviations of fractions: HLEN, leaves hexane; DLEN, dichloromethane of leaves; ELEN, ethyl
acetate from leaves; BLEN, butanolic leaves; HBEN, branches hexane; DBEN, dichloromethane from
branches; EBEN, ethyl acetate from branches; BBEN, butanolic branches; HSBEN, stem bark hexane;
DSBEN, dichloromethane from the bark of the stem; ESBEN, ethyl acetate from stem bark; BSBEN,
butanolic bark stem; DSEN, stem dichloromethane; ESEN, ethyl acetate stem; BSEN, butanolic stem.

3.1.2. Quantitative screening
3.1.2.1. Determination of total alkaloid content (TAT)

Table 2 shows the amount of alkaloids in the phases of E.nummularium. The highest
levels of this metabolite were found in the HBEN, HSBEN, and DLEN fractions. The alkaloid
rates were 24.03 + 0.80, 23.12 + 0.90, and 22.67 + 0.88, respectively.

Table 2
Total alkaloid content (TAT) expressed in mg EA 9 of the various organs of E. nummularium

Extract, phases, and Leaves Branches Stem bark Stem
pattern /Plant organ mg EA g'+ DP* mgEAg'+DP* mgEAg'+DP* mgEA g'+ DP*

Hexane 18.78 + 0.42° 24.03+0.80° 23.12 +0.90*" #
Dichloromethane 22,67 +0.88"" # 21244063  20.03+0.22%
Ethyl acetate # # # #
Butanol 4 # # #

* The results are expressed as mean + Standard Deviation (n=3). Values followed by the same
letter showed no significant difference when comparing the values of the phases, p <0.05 (One-
way analysis of variance, followed by Tukey’s post-test). # It was not performed because the
extract presented a negative result in the qualitative test. mg EA g™ = atropine equivalent per

gram of the extract.

3.1.2.2. Determination of total phenolic content (TPC)
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The results for indicating total phenolics in plant extracts using the Folin-Ciocalteau
method are explicit in mg EAG g™ of gallic acid per gram of crude extract and organic phases

and are presented in Table 3.

Table 2
Total phenolic content (TPC) expressed in mg EAG g’ of the various organs of E.
nummularium

Extract, phases, and Leaves Branches Stem bark Stem
pattern /Plant organ ~ mg EAG g™+ DP* mgEAG g'+DP*  mgEAG g+ DP*  mgEAG g+ DP*

Crude

449.1+13.7" 796.9 + 26.2" 831.0 + 26.2'" 87.1£3.2°
Hexane 13.3+0.07° 0.0 0.0 #
Dichloromethane 35.2 + 1.5° 22.6+08° 183.9 + 6.3¢ 6.8+0.3
Ethy! acetate 854.3+29.9' 758.9 + 24.1' 958.9 + 23.9" 273.8+11.2°
Butanol 591.0 + 18.2¢ 217.3+7.2% 658.9 + 21.4" 247.6 +8.7%

* The results are expressed as mean * standard deviation (n=3). Values followed by the same letter
showed no significant difference when comparing the values of the crude extract and the phases, p<0.05
(One-way analysis of variance followed by Tukey’s post-test). For ANOVA evaluation, extracts that
did not present PCT were excluded. # Not performed EAG g™ = mg gallic acid equivalent per gram of

extract.

The extracts and organic fractions of E. nummularium have a high content of total
phenolics, except for some portions. For example, all organs of the hexane phase did not
present phenolics in their composition, except for the leaf (13.3 + 0.07). The low concentration
of phenolics was also observed for the crude stem extract (87.1 £ 3.2) and all plant structures of
the dichloromethane fraction, except for the stem bark (183. 9 = 6.3). On the other hand, the
most abundant fraction of total phenolics was ethyl acetate from the bark of the stem (958.9 +
23.9). Finally, the butanol fraction showed phenolic content for all organs, being more
abundant in the bark of the stem (658. 9 + 21. 4).

3.1.2.3. Determination of total flavonoid content (TFC)

The data obtained (Table 4) showed that the bark of the stem is the organ with the
highest flavonoid content, while the stem is the organ with the lowest content. All crude
extracts showed a high TFC except for the stem extract. In the results of the organic phases, the

ethyl acetate fraction presented the best results for all organs except for the stem, where the
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dichloromethane fraction obtained the best result. In the general evaluation of the results, the
best TFCs were obtained for ESBEN > MSBEN > MBEN > BSBEN.

Table 3
Total flavonoid content (TFR) expressed in EQ g-1 mg of the extracts of the various organs of
Erythroxylum nummularium

Extract, phases, and Leaves Branches Stem bark Stem
pattern /Plant organ mgEQ g+ DP* mgEQ g'+DP* mgEQg'+DP* mgEQ g'+ DP*

Crude 402.1+ 5.6° 557.1  13.4' 632.9 £ 13.9! 554 +1.7"°¢
Hexane 431+16 348 +1.0*° 37.9+1.8 #
Dichloromethane 85.8+3.1%° 43.8+1.4° 110.7 + 4.3° 745+ 1.8%¢
Ethyl acetate 512.9 + 18.0" 398.4 + 4.4° 764.4 + 18.6" 8.9+ 0.5°
Butanol 179.3 £ 4.4' 197.7£0.7' 542.3 + 15.8' 0.0

* The results are expressed as mean + Standard Deviation (n=3). Values followed by the same letter
showed no significant difference when comparing the values, p < 0.05 (One-way analysis of variance,
followed by Tukey’s post-test). For ANOVA evaluation, the extract that did not present TFR was
excluded. # It was not carried out. EQ g™ = mg quercetin equivalent per gram of the extract.

3.2. Antioxidant activity assays by DPPH, p-carotene/linolenic acid system, and total
antioxidant capacity (CAT)

3.2.1. DPPH

The results of the evaluation of the DPPH radical scavenging activity of the crude
extracts and the organic phases of the leaves, branches, stem bark, and stem of E.
nummularium are presented in Table 5. The values given represent the amount of the tested
sample required to reduce the initial concentration of the DPPH radical by 50%, known as
ECso. In this test, ascorbic acid was used as the standard. No plant organ stood out as the most
effective in all phases obtained. However, in general, the stem bark showed the best results.

Table 5
Results of antioxidant activity by DPPH test with the various organs of E. nummularium.
Extract, phases, and Leaves Branches Stem bark Stem
pattern /Plant organ ECsopg/mL + ECsopg/mL + ECsopg/mL + DP* ECsopg/mL +
DP* DP* DP*
Crude 825+35° 57.9+2.4° 38.6 +0.9° > 1000

Hexane > 1000 > 1000 > 1000 #
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Dichloromethane 867.3+ 16.1' 335.3+7.8" 128.4+2.5° > 1000
Ethyl acetate 64.4+ 2.5 23.0+0.9° 69.4 +1.8°° 170.3 + 6.3
Butanol 101.6 + 2.6° 213.5 +5.29 66.3 + 1.2 185.4 + 7.3
Ascorbic acid 33.2+0.2°

* Results are expressed as mean + Standard Deviation (n=3). Values followed by the same letter
showed no significant difference when comparing the values of the pattern and phases, p < 0.05 (One-
way analysis of variance, followed by Tukey’s post-test). Inactive extracts were excluded from
ANOVA evaluation. #Not carried out.

As shown in Table 5, all the organs studied showed antioxidant activity, but with some
exceptions among the fractions. For example, the hexane fraction was inactive for all organs.
All methanol extracts demonstrated an excellent ability to sequester DPPH, except the stem
extract. Among the organic phases, the ethyl acetate fraction showed the best results for all
organs, while the hexane fraction did not show antioxidant activity in the DPPH test. The best
ECso results were obtained for EBEN and MSBEN, which did not present a statistically
significant difference between them and the standard used in this trial. Subsequently, MBEN
presented an ECsg value that differed statistically from the two samples mentioned and from the
following samples: ELEN, BSBEN, and ESBEN, which did not differ statistically from each

other.

3.2.2. p-carotene/linolenic acid

The results of evaluating the extracts and organic phases of the E. nummularium organs
regarding the inhibition of oxidation in the B-carotene bleaching assay are presented in Table 6.
In this trial, ascorbic acid was also used as standard. In comparing the plant organs, the leaves
showed promising results, with the DLEN fraction standing out as the most effective,
indicating vigorous antioxidant activity. The BLEN and ELEN fractions also showed
significant activity. The branches exhibited an intermediate antioxidant activity, with more
significant variations than the leaves. The stem showed the lowest antioxidant activity among
the organs analyzed. Comparing the different fractions, the hexane fraction showed the highest
ECso values in all the organs tested, indicating low antioxidant activity. On the other hand, the
ethyl acetate fraction showed consistently good antioxidant activity in almost all organs except
the stem, standing out as one of the most promising fractions. The fractions DLEN, BLEN,
ESBEN, ELEN, MBEN, BSBEN, and EBEN exhibited the best ECsy values, with no
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statistically significant differences observed. This finding suggests that all these fractions
possess a comparable ability to inhibit B-carotene oxidation, demonstrating efficiency superior
to the standard used in this assay.

-Fl;gfulﬁses of antioxidant activity by p-carotene test with the various organs of E. nummularium.
Extract, phases, and e Leaves Branches Stem bark Stem
pattern /Plant organ SOB%/PL * ECsoglgD/lnL * ECsoglgD/lnL * ECSOB%/PL *

Crude 108.8+£6.3"%% 683 +4,0°0°¢ 113.7 £6.0°%¢  223.3+12.8%"
Hexane 266.6 + 10.2" 370.5+18.5' 961.1+63.3" #
Dichloromethane 422423 129.9 +1.3% 1459 + 2.3 143.4 + 2.6

Ethyl acetate 65.4+45°°°  902+6.4%0c9 5744310 4424 +21.9

Butanol 48.6 +2.4*° 243.4 +6.1°" 68.8 + 3.9%"¢¢ 195.9 + 2.3

Ascorbic acid 201.5 + 11.7%

* Results are expressed as mean + standard deviation (n=3). Values followed by the same letter showed
no significant difference when comparing the values of the pattern and phases, p < 0.05 (One-way

analysis of variance, followed by Tukey’s post-test). # It was not carried out.

3.2.3. Total antioxidant capacity (TAC)

The results of the evaluation of antioxidant activity by the TAC method are presented in
Table 7. Gallic acid and quercetin were used as standards in this trial. When we evaluated the
results about the plant organs, we noticed that for the more polar extracts, such as ethyl acetate
and butanol, the bark of the stem presented better results, and for the extracts of medium
polarity to low polarity, such as dichloromethane and hexane, the branches showed better
antioxidant capacity. Regarding crude extracts, MBEN had the best TAC. When we analyze
the results of the different fractions, we can see that the ethyl acetate fraction had superior
antioxidant capacity and that the hexane fraction had the worst TAC. The extract that presented
the best antioxidant capacity was BSBEN, with no statistical difference in the gallic acid
standard and a higher TAC than the other standard used quercetin. The extracts EBEN and
BSBEN showed antioxidant capacity similar to the quercetin standard at the confidence level

evaluated.
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Table 7
Result of antioxidant activity by the test of total antioxidant capacity (TAC) - complexation of

phosphomolybdenum with the various organs of E. nummularium

Extract, phases, and Leaves Branches Stem bark Stem
pattern /Plant organ  ECsoug/mL £ DP*  ECsopg/mL £ DP*  ECsoug/mL £ DP*  ECgopg/mL + DP*
Crude 159.8 + 4.3°¢ 154.8 + 7.0°° 181.9 £ 0.7%°T 462.8 +14.7
Hexane 469.9 + 24,5 250.7 + 6.8%" 3795+ 2.7 #
Dichloromethane 198.5 + 1.9° 170.3 £ 8.0%° 213.8 +3.0" 385.2 + 18.3'
Ethyl acetate 199.6 + 7.7°f 128.3 +1.2°¢ 61.8 £2.7° 393.6 +17.7'
Butanol 263.4 +8.3" 261.7 +5.4" 126.9 + 3.0°° 398.8 + 19.9'
Gallic acid 37.8+0.2°

Quercetin 110.3 +3.4°

* Results are expressed as mean + standard deviation (n=3). Values followed by the same letter showed
no significant difference when comparing the values of the pattern and phases, p < 0.05 (One-way

analysis of variance, followed by Tukey’s post-test). # It was not carried out.
3.3. Heat map: Correlation of total phenolic and flavonoid content with antioxidant assays

A Pearson correlation analysis was performed to understand the relationship between
the contents of total phenols (TPC) and total flavonoids (TFC) and their effects on antioxidant
activity, evaluated by the DPPH, B-carotene, and TAC assays. The results of this analysis are
presented through a heat map (Figure 1). The positive and negative correlations are indicated
by the colors red and blue, respectively, and the intensity of the colors is proportional to the
correlation coefficients. The analysis revealed strong or very strong and positive correlations
between TPC and TFC for all samples analyzed, except the correlation with the TFC of the
stem.

The most significant correlations were observed between stem bark TPC and stem bark
TFC (r = 0.9957, p < 0.0001); TPC of branches and TFC of branches (r = 0.9739, p < 0.05);
TPC of the branches and TFC of the leaves (r = 0.9726, p < 0.05). Regarding the correlations
between DPPH versus TPC/TFC, moderate, strong, very strong, and negative correlations were
observed, except for the correlation with the TFC of the plant stem. The most significant
correlations were observed between stem and stem TPC (r = 0.963, p < 0.05); DPPH of leaves
and TFC of stem bark (r = 0.9573, p < 0.05); DPPH of leaves and TPC of stem bark (r =
0.9453, p < 0.05).
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Weak, moderate, and strong correlations were observed, predominantly negative,
except the correlations with stem [B-carotene when we related the correlations between -
carotene versus TPC/TFC. The most relevant correlations were observed between B-carotene
from the stem bark and TPC from the stem bark; p-carotene of the branches and TFC of the
leaves and B-carotene of the branches and TPC of the branches with r of -0.7547, -0. 7416 and
-0.7370, respectively.

Regarding the correlations between TAC versus TPC/TFC, weak, moderate, and strong
correlations were observed, all negative. The most significant correlations were observed
between the stem bark's content (TAC) and the leaves' TPC. The TAC of the stem bark, its
TPC, and the TFC showed correlation coefficients of - 0.8803, - 0.8778, and - 0.8622,
respectively.
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Fig.1. Relationship between TPC and TFC and their effects on antioxidant activity by DPPH, B-
carotene, and TAC assays. Correlation coefficient: = 0.01 <r <=+ 0.10 Very weak, = 0.10 <r <+ 0.40
Weak, 0.40 <r <+ 0.70 Moderate, 0.70 <r < £ 0.90 Strong, 0.90 <r <+ 1.0 Very strongand r = £1.0
perfect.



3.4. Gas chromatography coupled to mass spectrometry (GC - MS)
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The GC/MS Postrun analysis Program was used to process the raw data for spectral

analysis. The compounds identified by GC/MS are listed in Table 9.

Table 9

Substances identified (% relative area) in the dichloromethane and hexane fractions.

Fractions Identified substances %Area M* Formula Rt
DLEN Glycerol 13.35 308 C3Hg03 14.055
Palmitic acid 851 328 CyH30, 35931
2,3-Dihydroxypropyl hexadecanoate 7.18 330 CygH30,  47.356
Linalool oxide 6.35 170  CygHy50, 17.981
Protocatechuic acid 1.25 370 C;H¢O4 30.703
Azelaic acid 094 332 CoH 160, 30.022
Glycerol-3-phosphate 0.90 460 C3HgOsP  29.665
Stearic acid 050 356 CygHz0,  40.309
HLEN Palmitic acid 23.67 328 CyHz,0,  35.931
Methyl octadecanoate 10 298 C19H350, 37.763
Elaidic acid 852 354 CygH30, 39.784
Methyl oleate 6.84 296 CyHy0O,  37.177
Methyl linoleate 6.36 294  CygH1.0, 37.022
Beta sitosterol 418 414 CaoHs50 60.531
Beta amyrin 3.12 498 C3oHs50 60.724
Lupeol acetate 181 468 C;Hs50, 61.846
Tetratriacontane 0.73 478 CaH7o 47.241
Tetracosane 0.73 338 Cy4Hx 45.363
2,3-Dihydroxypropyl hexadecanoate 0.64 330 CygH30,  47.356
Tetradecanoic acid 0.62 300 CyH,0O, 31.166
Methyl heptadecanoate 0.61 284  CygHz0,  35.455
Neophytadiene 051 278 CyoHss 30.819
Docosane 045 296 CooHug 43.401
Butyl hexadecanoate 043 312 C2oH400, 39.035
(6R)-6,10,14-trimethylpentadecan-2-one  0.22 268 CigH350 31.045
DBEN Glycerol 531 308 C3HgO3 14.055
Protocatechuic acid 275 370 C;H¢O4 30.703
Malic acid 263 134 C4HgO5 21.63
Glyceric acid 1.64 106 C3HgO4 16.488
Oxalic acid 147 90 C,H,0, 17.726
Succinic acid 0.99 118 C4HsO, 15.681
Propane-1,3-diol 098 76 C3Hg0, 14.112
4-Hydroxy-3-methoxybenzoic acid 0.56 168 CgHgO, 9.646
3-Hydroxypropanoic acid 043 90 C3HeO3 29.22
Palmitic acid 041 328 CyuH30, 35931
HBEN Methyl hexadecanoate 16.59 270  CyyHs0,  33.117
Lupeol acetate 1141 468 CgHs0, 61.846
Palmitic acid 9.99 328 C16H3,0, 35.931
Elaidic acid 8.36 354 CigH3.0, 39.784
Methyl linoleate 8.25 294  CygH30,  37.022
Beta sitosterol 6.22 414 CyoHs50 60.531
Methyl octadecanoate 5,81 298  CygHz0,  37.763
Germanicol 3.69 426 C3oHs500 60.259
Stigmasterol 1.67 484 CyoH4g0 59.286
Campesterol 1.33 400 CygH4g0 58.665
2,3-Dihydroxypropy! hexadecanoate 1.16 330 CygHs0,  47.356
Beta-amyrin 112 498 C3oHs50 60.724
Glyceryl monooleate 1.08 356  CyH404 50.39



Methyl heptadecanoate 0.99 284 CygH30,  35.455
Lupenone 0.65 424 C3oH4s0 61.021

Methyl tetracosanoate 0.86 382 CyuHs0,  49.719
Methyl docosanoate 033 354  CypHuO,  46.035
DSBEN Methyl octadecanoate 19.93 298 CyHz0O, 14.131
Methyl hexadecanoate 16.14 270 Cy7H.O,  33.117
Butane-1,3-diol 10.31 90 C4H10; 37.763

Acid (92)-Octadeca-9-enoico 9.27 354 Cy;Hp0,Si  39.75
Lupeol acetate 9.14 468 C3,Hs5,0, 61.846

Palmitic acid 760 328 CyH3z0, 35931
4-Hydroxy-3-methoxybenzoic acid 7.57 168 CgHgO4 29.22
Beta-sitosterol 6.21 414 CaoHs50 60.531

Methyl oleate 3.12 296  CygH30,  37.177

Methyl tetracosanoate 223 382 CxHs00,  49.719
Stigmasterol 1.98 484 CaoH4g0 59.286

Glycerol 193 308 C3HgO3 14.055
Protocatechuic acid 161 370 C;HgO,4 30.703
Gorgosterol 143 426 C3oHs5,0 60.924

Glyceryl monooleate 137 356  CyH4O4 50.39
Methyl docosanoate 132 354 CxHiO, 46.035
Campesterol 1.25 400 CygH4g0 58.665

Malic acid 1.06 134 C4Hs0s 21.63

Acid (112)-Octadeca-11-enoico 1.05 354 C,Hs;0,Si 39.876
Lupenone 0.98 424 C3gH4g0 61.021
Beta-amyrin 0.95 498 C3Hs500 60.724

Methyl heptadecanoate 095 284 CigHy0O,  35.455
2,3-Dihydroxypropyl hexadecanoate 056 330 CygHs0,  47.356
p-Hidroxybenzoic acid 056 138 C7Hg04 25.365
Butane-1, 2, 3,4-Tetrol 042 122 C4H104 22.405
HSBEN Methyl (E)-Octadec-11-enoate 2098 296 CygHz0,  37.213
Methyl hexadecanoate 16.14 270 Cy7Hz0, 33.117
Glyceryl monooleate 10.54 356 C,1H4004 50.39
Lupeol acetate 9.14 468 CgzHs50, 61.846
9,12-Octadecadienoic acid (Z,2) 8.69 294 Cy;gH30,  37.038
Palmitic acid 760 328 CyH30, 35931
Beta-Sitosterol 6.21 414 CyoHs500 60.531
9-Octadecenoic acid 3.12 296 C15H340, 37.297
Methyl octadecanoate 3.06 298 CygHz0,  37.763
Methyl tetracosanoate 223 382  CyHs0,  49.719
Stigmasterol 1.98 484 CaoH4g0 59.286

Methyl docosanoate 132 354  CyHuO,  46.035
Campesterol 1.25 400 CusH4O 58.665

67
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Lupenone 0.98 424 C3oH450 61.021
Beta-amyrin 0.95 498 C3oHs500 60.007

Methyl heptadecanoate 095 284  CigHz0,  35.455
7,10-Hexadecadienoic acid 092 266 CyHp0,  32.003
Propyl hexadecanoate 0.79 474 CyHs0,Si, 47.357
DSEN Elaidic acid 1593 354  CygHy0, 39.784
Methyl (E)-Octadec-11-enoate 9.25 296  CygHs0,  37.213
Beta-Sitosterol 759 414 CyoHs500 60.531

Methyl linoleate 751 294  CyoH30,  37.022

Palmitic acid 542 328 CyH30,  35.931

Methyl hexadecanoate 542 270 Cy7H30,  33.117
Glyceryl monooleate 201 356  CyH404 50.39
Lupeol acetate 1.79 468 CgpHs50, 61.846
Campesterol 1.70 400 CusH4gO 58.665

Methyl heptadecanoate 1.05 284  Cy3H30, 35.455
4-Hydroxy-3-methoxybenzoic acid 0.62 168 CgHgO, 29.22

The compounds in the derivatized extracts were identified based on their fragmentation
patterns observed in the mass spectra. They were compared to a database integrated into the
instrument (with over 90% similarity) and corroborated with literature data. Quantification was
performed by calculating the relative percentage of each peak area. Major compounds were
defined as those with the highest area percentages. The results revealed that palmitic acid,
glycerol, beta-sitosterol, methyl linoleate, methyl hexadecanoate, linoleic acid and lupeol
acetate were found in the leaves, branches, stem bark and stem.

The results revealed that the predominant compounds in the DLEN fraction were
glycerol (13.35%), palmitic acid (8.51%), and glyceryl palmitate (7.18%). In the HLEN
fraction, Palmitic acid (23.67%) and methyl hexadecanoate (16.58%) were the major
components. In the DBEN fraction, the predominant compounds were glycerol (5.31%),
methyl 3,4-dihydroxybenzoate (2.75%) and malic acid (2.63%), while the HBEN fraction
presented Methyl hexadecanoate (16.59%), Lupeol acetate (11.41%), Palmitic acid (9.99%), as
predominant compounds. In the DSBEN fraction, Methyl octadecanoate (19.93%), Methyl
hexadecanoate (16.14%), and Acid (9Z)-octadeca-9-enoic (9.27%) were identified as major
components. The HSBEN fraction presented as major components Methyl (E)-Octadec-11-
enoate (19.93%), Methyl hexadecanoate (16.14%) and Trimethylsilyl (9E)-9-Octadecenoate
(9.27%). In the DSEN fraction, the compounds that occupied the largest area were Elaidic acid
(15.93%), (11E)-Octadec-11-Methyl enoate (7.72%) and Beta-sitosterol (7.59).

3.5. Antimicrobial activity
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The antimicrobial activity assays performed with different extracts and fractions of E.
nummularium (Tables 10 and 11) were evaluated against Streptococcus mutans, Streptococcus
sobrinus, and Staphylococcus aureus (ATCC strains and clinical isolates). The results revealed
that while some fractions exhibited significant antimicrobial activity, others were inactive at
the tested concentrations.

For S. mutans, the MSBEN, DSBEN, and ESBEN fractions demonstrated notable
activity. The MSBEN fraction exhibited a 1000 pg/mL MIC against ATCC 700610 and ATCC
25175. Meanwhile, the DSBEN and ESBEN fractions showed MIC values of 500 pg/mL
against ATCC 700610 and 1000 pg/mL against ATCC 25175. However, none of the fractions
exhibited significant activity against S. sobrinus at the tested concentrations.

The results for S. aureus were more promising, particularly against clinical isolates. The
DLEN fraction displayed the highest efficacy, with an MIC of 62.5 pg/mL for isolates 29 and
92. Similarly, the ELEN and BLEN fractions showed comparable MIC values, reinforcing their
potential. The DBEN fraction also demonstrated a MIC of 62.5 pg/mL, albeit against isolate
16A. Other fractions, such as MLEN and HLEN, showed MIC values of 125 or 250 pug/mL
against isolates 29 and 92, indicating relevant antimicrobial potential. Fractions such as MBEN
(isolate 16A), DSBEN (ATCC, isolates 112 and 92), ESBEN (isolate 92), and BSBEN (isolate
112) also displayed promising antimicrobial activity, with MIC values of 500 pg/mL.

Overall, the crude methanolic extracts exhibited low antimicrobial activity. In contrast,
fractions obtained through partitioning with polar and non-polar solvents demonstrated higher
efficacy, particularly against S. aureus.

Table 10

Antimicrobial activity of methanolic extracts and fractions of E. nummularium.

S mutans ATCC 700610 S. mutansATCC 25175 S. sobrinus 6715
MIC MBC MIC MBC MIC MBC

(Hg/mL) (Hg/mL) (pg/mL) (Hg/mL) (Hg/mL) (Hg/mL)
MLEN # # 1000 # # #
DLEN # # # # # #
HLEN # # 1000 # # #
ELEN # # # # # #
BLEN 500 # # # # #
MBEN # # # # # #
DBEN # # # # # #
HBEN # # # # # #
EBEN # # # # # #
BBEN # # # # # #
MSBEN 1000 # 1000 # # #
DSBEN 500 # 1000 # # #
HSBEN # # # # # #
ESBEN 500 # 1000 # # #
BSBEN # # # # # #
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MSEN # # # # # #
DSEN # # # # # #
ESEN # # # # # #
BSEN # # # # # #

# There was no antimicrobial activity at the concentrations tested (31.25 to 1000 pg/mL)

Table 11
Antimicrobial activity oh methanolic extracts and fractions of E. nummularium

S. aureus ATCC Isolated 16 A Isolated 112 Isolated 29 Isolated 92

MIC MBC MIC MBC MIC MBC MIC  MBC MIC  MBC
(Mg/mL (pg/m  (ng/m  (pg/m  (ug/m  (ug/m  (pg/m  (ug/mL)  (ug/m  (pg/m
L L

) ) ) L) L) L) L) L) L)
MLEN # # # # # # 125 1000 125 1000
DLEN # # # # # # 62.5 1000 62.5 500
HLEN # # 1000 # # # 125 # 250 1000
ELEN # # # # # # 62.5 1000 62.5 500
BLEN # # # # # # 62.5 # 62.5 #
MBEN # # 500 # # # # # # #
DBEN # # 62.5 1000 # # # # # #
HBEN # # # # # # # # # #
EBEN # # # # # # # # # #
BBEN # # # # # # # # # #
MSBEN 1000 # # # 1000 # # # 1000 #
DSBEN 500 # # # 500 # # # 500 #
HSBEN # # # # # # # # # #
ESBEN 1000 # # # 1000 # # # 500 #
BSBEN # # # # 500 # # # # #
MSEN # # # # # # # # # #
DSEN # # # # # # # # # #
ESEN # # # # # # # # # #
BSEN # # # # # # # # # #

# There was no antimicrobial activity at the concentrations tested (31.25 to 1000 pg/mL).
3.6. Lethality for Artemia salina

The lethality evaluation against Artemia salina allowed for determining the LDsg
(median lethal dose) of methanolic extracts and fractions obtained from various organs of E.
nummularium. LDs, values (Table 12) were classified as highly active (LDsp < 100 pg/mL),
moderately active (LD50 between 100 and 500 pg/mL), weakly active (LDso between 501 and
1000 pg/mL), and inactive (LDsy > 1000 pg/mL), based on established literature criteria
(David et al., 2001; Hamimed et al., 2018).

The methanolic extracts exhibited moderate toxicity for branches (LDso = 91.24 pg/mL)
and weak toxicity for the stem bark, stems, and leaves, with LDsq values ranging from 227.3 to
466.2 pg/mL.

Hexane fractions demonstrated the highest toxicity among all tested fractions. They

were classified as highly active for branches and stem bark and moderately active for leaves,
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suggesting the presence of potent bioactive compounds in the nonpolar extracts. Similarly,
dichloromethane fractions displayed high activity for branches (LD50 = 94.77 pg/mL) and
stem bark (LDsp = 81.31 pg/mL). These fractions were moderately active for leaves and stems,
with LDs values of 178.8 pg/mL and 373 pg/mL, respectively.

Ethyl acetate fractions were classified as inactive for leaves but showed moderate
activity for other organs, with LDsy values ranging from 211.5 pg/mL (stem bark) to 355
pg/mL (stems). Butanolic fractions demonstrated moderate activity for the stem bark, branches,
and stems, with LDsp values ranging from 100.6 pg/mL to 479.3 pg/mL. This fraction
exhibited weak activity for leaves, with an LDs of 832.4 pg/mL.

These findings highlight the higher toxicity of nonpolar fractions than more polar ones,
particularly in the stem bark, indicating the significant role of lipophilic bioactive compounds

in the observed effects.

Table 12

Toxicity of methanolic extracts and fractions of E.nummularium.

Extract, phases and Leaves Branches Stem bark Stem
pattern /Plant organ LDsy pug/mL LDsy pug/mL LDsy pg/mL LDsy ug/mL
Methanolic extracts 466.2 91.24 227.3 254.8
Hexane 124.1 19.08 14.29 #
Dichloromethane 178.8 94.77 81.31 373
Ethyl acetate Inactive 306.2 2115 355
Butanol 832.4 300.7 100.6 479.3

# Not carried.
3.7. Effects of ELEN extract on acetic acid induced abdominal writions

The evaluation of the ELEN fraction's effects on the number of abdominal writhes
induced by 0.6% acetic acid is presented in Figure 2. The doses of 6.25, 12.5, and 25.0 pg/mL
of the ELEN fraction significantly reduced the number of writhes (p < 0.05) compared to the
control group, demonstrating notable antinociceptive efficacy at these concentrations. In
contrast, the 50 pg/mL dose, although showing a tendency toward reduction, did not exhibit a
statistically significant difference relative to the control. These findings suggest that the ELEN
fraction possesses antinociceptive activity at specific doses, with greater effectiveness observed

at lower tested concentrations.
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Fig.2. Effect of ELEN fraction treatment on acetic acid-induced nociceptive response. Animals were
treated with doses of 6.25, 12.5, 25, and 50 mg/kg. V: Vehicle (control group). * Indicates a significant

difference.

3.8. Acute Toxicity

No mortality was observed in any mouse treated with the ELEN fraction at a dose of
2000 mg/kg. Additionally, none of the animals exhibited clinical signs of toxicity, such as
tremors, paralysis, or skin lesions, during the 15-day observation period. At the end of the
study, all animals were euthanized, and blood samples were collected for a complete blood
count (CBC) analysis.

Table 13 presents the hematological parameters after 15 days of treatment, including
mean values, standard deviations, and reference ranges. No significant abnormalities were
observed in the white blood cell (WBC) count, red blood cell (RBC) count, or hemoglobin
(HGB) levels when compared to the control group. However, certain variations were noted
within the reference range. For example, lymphocyte percentage (LYM%) in the treated group
was slightly elevated, while hematocrit (HCT%) and mean platelet volume (MPV) showed
mild deviations from the control group values.

No macroscopic alterations were observed in the organs during necropsy, further

supporting the non-toxic profile of the ELEN fraction at the tested dose.



73

Table 13

Hematological parameters after 15 days of treatment with the ELEN fraction. Values are expressed as
mean * standard deviation (n = 6). Reference ranges are provided for comparison. Data were obtained
using an automated hematological analyzer.

Complete blood count Control ELEN Reference values
WBC x 10%/L 4.8 £0.62 2.8 £1.77 2.9-15.3
LYM x 10%/L 3.4 +0.56 2.8+1.58 2.6-13.5
MID x 10%/L 0.7+£0.04 0.2+0,08 up to 0.8
GRA x 10%/L 0.6 £0.03 0.37+£0,12 0.4-3.2

LYM % 716+£23 76.13 £ 6.67 63.7-90.1
MID % 155+1.2 9.8+3.77 10-20
GRA % 129+1.6 12,13+ 2.15 7.3-30.1
RBC 7.79+£0.3 7.23+£2.56 5.6-7.89
HGB 144+78 11.6 +3.96 14.5-16.9
HCT % 404+18 35.47 +12.52 36-46
MCV fl 469+1.2 49.2+£0.14 47.1-47.8
MCH pg 195+13 16.1 +0.37 16.0-23.1
MCHC g/L 325+54 32.9+0.70 32.4-32.8
RDW % 147+11 16.93+£0.25 11.0-15.5
PLT x 103/ 736 =159 669.33 +£178.17 100-1610
MPV fi 6.2+12 7.23+£0.31 3.8-6.2
PDW fl 7715 15.1+0.24 7-23

Abbreviations: WBC, White blood cell count; LYM, limphocytes; MID, cells include less frequently
occurring and rare cells correlating to monocytes; GRA, granulocytes; RBC, red blood cell count; HGB,
hemoglobin; HCT, hematocrit; MCV, mean corpuscular or cell volume; MCH, mean corpuscular or cell
hemoglobin; MCHC, mean corpuscular or cell hemoglobin concentration; RDW, red cell distribution

width; PLT, platelet count; MPV, mean platelet volume; PDW, platelet distribution width.
4. Discussion

In the present study, the antioxidant activity of plant extracts was evaluated by
correlating TPC/TFC to the DPPH, B-carotene/linolenic acid and total antioxidant capacity
(TAC) assays. In this analysis, the results of the antioxidant assays differed between the
fractions. For all organic phases analyzed, the hexane fraction, for example, showed the highest
ECsoin all the organs tested, indicating low antioxidant activity. The low antioxidant activity in
the hexane fractions indicates that the active compounds are likely to be polar, such as
phenolics and flavonoids, which are known for their antioxidant properties. This suggests that
the antioxidant compounds present in E.nummularium are more polar. This condition can be
attributed to the polarity of the elements, which is important in attracting free radicals (Carey et
al.,, 2011; Cordeiro et al., 2018; Floegel et al., 2011; Samec et al., 2021). In these
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circumstances, it is probable that the nonpolar character of hexane did not favour the extraction
of these components. However, the other fractions showed satisfactory action, but with some
differences between the organs. The dichloromethane fraction, for example, showed good
results in leaves and branches, but the activity was less pronounced in the bark of the stem and
stem. The ethyl acetate phase, in turn, consistently showed good antioxidant activity in all
organs, standing out as one of the most promising fractions. The butanolic fraction also showed
good results, especially in the leaves and bark of the stem, indicating the presence of significant
antioxidant compounds. These results demonstrate that while there is no single plant organ
with superior antioxidant activity in all fractions, the leaves and stem bark, in particular, exhibit
promising antioxidant potential. In addition, ascorbic acid showed an ECsy of 201.5 + 11.7
pg/mL, serving as a reference to evaluate the efficacy of extracts and fractions. Comparatively,
several fractions of leaves, branches and stem bark proved to be standard, especially the
dichloromethane and ethyl acetate fractions. The lower ECsg values in the leaves and stem bark,
for example, suggest that these organs are rich in antioxidant compounds. Therefore, these
results indicate that E.nummularium has a significant antioxidant potential, with variations
depending on the organ and fraction tested. The ethyl acetate and dichloromethane fractions, in
particular, have shown promise and deserve further investigation for the identification and
isolation of the active compounds.

Regarding the correlation between TPC and TFC with antioxidant activities, the results
indicate a significant relationship between the contents of total phenols and total flavonoids and
the antioxidant activity of the different parts of the plants analyzed. These results showed a
strong negative interdependence for all plants structures, except for the stem where the
coefficient was positive in the correlations between DPPH and TFC, B-carotene and TPC, and
TAC and TPC. The results of the correlation between TAC and TPC/TFC suggest that ethyl
acetate fractions have a significant antioxidant potential, especially compared to the standards
used, reinforcing the viability of E.nummularium as a source of natural antioxidant compounds.
The correlation between the DPPH assay and the content of phenolics and total flavonoids was
negative for leaves, branches and bark stem. The negative correlation between DPPH and
TPC/TFC was expected, because the higher the phenolic content, the lower the ECs. The high
correlation between TPC and TFC can be attributed to the fact that both groups of phenolic
compounds share common biosynthetic pathways and often coexist in correlated proportions in
plant tissues. These correlations reinforce the importance of both types of compounds in
determining the antioxidant capacity of the samples. In addition, these data allowed us to
analyze a higher prevalence of phenolics than flavonoids in the leaves, branches, stem bark and
stem of the species Erythroxylum nummularium. However, this fact contrasted with the study
conducted by Barreiros et al., 2002, where the presence of flavonoids in the leaves was higher.
Both flavonoids and phenolics have antidiabetic, anticancer, anti-inflammatory, antimicrobial,
and protective effects against cardiovascular disease (Cianciosi et al., 2018; Lewandowska et
al., 2014; Perea e Teissedre, 2017). In relation to the present study, the presence of other
chemical constituents was also verified by means of gas chromatography coupled to GC/MS
mass spectrometry.

The extracts dichloromethane (leaves and stem) and hexane (leaves and stem) of
E.nummularium frequently showed palmitic acid and beta-sitosterol. Other constituents
identified by GC-MS were gallic acid with 6.62% in the DSBEN fraction and protocatechuic
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acid with 1.25% in the DLEN portion. These substances have proven anti-cancer, anti-
inflammatory, analgesic, and antioxidant effects (Bai et al., 2021; Semaming et al., 2015;
Zhang et al., 2021), its distribution in the aforementioned organs may have influenced the
differences observed in the DPPH, B-carotene, and CAT assays, especially in the fraction, with
values of ECsy of 42.2 pg/mL in the second, and ECs 198.5 in the third. These dissimilarities
may be caused by the way the extract is dissolved, an important step for the solubility of
phytoconstituents, especially antioxidants (Mohapatra et al., 2021).In this context, DLEN
metabolites in the B-carotene and TAC test were better dissolved. In addition, the composition
in each fraction interfered with the efficacy of the antioxidant experiments.

In addition to the chemical constitution of the fractions, the DPPH assay resulted in a
more significant antioxidant potential when compared to the other tests. This fact was observed
by the lower absorbance values in the spectrophotometer. It was also found that all extracts in
the DPPH assay have lower antioxidant activity in relation to the ascorbic acid standard, with
ECso of 33.2 pg/mL, except for the EBEN fraction with ECsy of 23 pg/mL. Regarding the
ELEN fraction of the present study, with ECso=64.4 pg/mL, a similiar result was found in the
study by Barreiros et al., 2003, where the ethyl acetate portion of E.nummularium leaves also
showed considerable antioxidant activity (ECs,=171.68). This potential is due to the number of
phenolic hydroxyls present in the extracts and available to donate hydrogen radicalar to the
radical (Barreiros et al., 2003). On the other hand, it was observed in the beta-carotene assay
that the hexane, methanolic extract fractions of the stem and butanolic portions of the stem and
branches showed lower action compared to the standard AA. In the total antioxidant capacity
(CAT), only the ESBEN fraction exhibited lower action in parallel to quercetin. Therefore,
despite these observations, the DPPH assay remains the most efficient. The ranking orders in
relation to the highest activity by the assays were: DPPH> B-carotene > CAT. In addition, the
highest efficiency for this experiment was also due to the use of lower concentrations of
extract, especially for EBEN with 25 pug/mL, stem bark methanol with 50 pg/mL and ELEN
with 75 pg/mL, required to sequester 50% DPPH. Among the amounts of extracts tested, the
ethyl acetate fraction of the Branches was the lowest to retain half of the free species, where it
was possible to reduce molecules with only 25 pg/mL of sample. In the other assays, a pattern
of concentrations varying between 50, 100, 150, 200 and 250 pg/mL was followed. On the
other hand, the phosphomolybdate (CAT) method showed the lowest elimination activity in all
fractions examined, compared to the DPPH and [B-carotene assays. Thus, in view of the
promising effects of the four plant structures, the antimicrobial action for each fraction was
investigated.

The antimicrobial activity of fractions from E. nummularium is likely associated with
bioactive compounds such as flavonoids, alkaloids, and fatty acids identified in the
phytochemical analyses. The notable effectiveness of the DLEN, ELEN, and BLEN fractions
against S. aureus suggests that polar compounds may be primarily responsible for the
antimicrobial activity observed against this pathogen. This finding is particularly significant as
S. aureus is a known agent of multidrug-resistant infections (Tang et al., 2019).

The absence of activity against S. sobrinus could be attributed to structural or metabolic
differences between the tested strains. In contrast, the moderate activity observed against S.
mutans indicates that specific fractions might be preventive agents in controlling dental caries.
This aligns with reports of antimicrobial activity from other Erythroxylum species, although
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variability across studies emphasizes the influence of chemical composition and extraction
methods (Wet, 2011; Loyola et al., 2020).

Interestingly, while the DLEN, ELEN, and BLEN fractions demonstrated a higher
abundance of phenolic compounds, flavonoids, tannins, and steroids, the hexane extract of
leaves (HLEN) exhibited activity despite a lower phenolic and flavonoid content. The tannins
present in this fraction may have influenced its efficacy, particularly against specific S. aureus
isolates, such as strains 29 and 92. Tannins are well-documented for their antibacterial
properties, including growth inhibition, biofilm prevention, and modulation of host cell
membranes to resist bacterial toxins (Nguyen et al., 2022; Pauter et al., 2020).

In the study by Loyola et al. (2020), the ethanolic extract of E. coca leaves
demonstrated antibacterial activity against S. mutans ATCC 25175. Similarly, our study
observed antibacterial activity against the same strain of S. mutans, corroborating the findings
of Loyola et al. (2020). However, when comparing our study with other species of the genus
Erythroxylum, it becomes evident that antibacterial activity is not always consistent. For
instance, Aguiar et al. (2012) reported no antimicrobial action in most fractions of E. caatingae
Plowman tested against S. aureus. In our study, it was S. sobrinus that showed resistance, with
its growth not affected by the extracts and fractions evaluated.

The relatively good results for some fractions' minimum inhibitory and bactericidal
concentrations indicate the need for further studies focused on purifying active compounds and
evaluating potential synergistic effects between the constituents. Furthermore, evaluations in
more complex biological models, such as biofilms, may provide valuable information on the
clinical potential of these extracts and fractions. The findings of this work highlight the
possibility of E. nummularium as a source of antimicrobial compounds, particularly for
clinically relevant pathogens such as S. aureus.

Another biological action investigated in this study involved the determination of the
harmful profile of E.nummularium, using the species Artemia salina as an in vitro model. The
toxic potential of the phases of E.nummularium was evaluated by the number of surviving
nauplii. In this bioassay, it is customary to handle crustaceans due to their increased sensitivity,
even in contact with mild levels of harmful substances and contaminants (Ntungwe et al.,
2020). Moreover, these organisms adapt well to laboratory conditions, which supports their
suitability for such studies.

In this work, hexane fractions exhibited the highest toxicity among the extracts and
fractions tested. These fractions were classified as highly or moderately toxic, with LD50
values ranging from 14.29 to 124.1 pug/mL, according to toxicity classifications by David et al.,
2001 and Hamimed et al., 2018. Low LDs values often indicate the presence of compounds
with antineoplastic properties, as there is a strong correlation between potent cytotoxic action
and low LD50 values (Spinelli et al., 2024; Rahamouz-Haghighi et al., 2024).

Rajabi et al., (2015) compared the A. salina bioassay with the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay in various cell lines to evaluate cytotoxicity.
They observed no statistically significant differences (P > 0.05) between the results of the two
methods. This suggests that the A. salina assay is a viable alternative to in vitro cell culture
assays, offering reduced cost advantages and faster toxicity screening. Our findings indicate
that the methanolic extracts and fractions of E. nummularium exhibited toxicity, except ELEN.
A previous study by Barreiros et al. (2007) demonstrated that the methanolic extract of the
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leaves and the diterpene 6a,11a-epoxy-14a-methoxy-ryanodane-1a,5p3,7p8,11p3,13B-pentaol
isolated from E. nummularium leaves showed no activity for the extract but significant activity
for the isolated diterpene (LDsp = 21.8 pg/mL).

Additionally, species of the Erythroxylum genus are known for their antiproliferative
and pro-apoptotic effects on cancer cells. For instance, Elias et al. (2016) reported that the
hexane extract of Erythroxylum daphnites inhibited the proliferation of oral squamous cell
carcinoma by 30%. Similarly, Filho et al. (2014) demonstrated that the diterpene 14-O-methyl-
ryanodanol isolated from Erythroxylum passerinum exhibited cytotoxic effects on astrocytes
and induced apoptosis, highlighting its potential as an anticancer agent. Other studies have
reported that Erythroxylum macrocalyx produced tropane alkaloids capable of inhibiting cell
proliferation in various cancer cell lines, including hepatocellular carcinoma and leukemia
strains (Junior et al., 2021). Notably, only one alkaloid was cytotoxic to all tested cell types.

Tropane alkaloids isolated from Erythroxylum species also demonstrated cytotoxicity
(Aguiar et al., 2012). For example, Catuabin B, a tropane alkaloid isolated from E. caatingae,
exhibited cytotoxicity against K562 (chronic myeloid leukemia) cells and induced apoptosis, as
observed through fluorescence microscopy (Brito et al., 2020). Similarly, erythrobezerrine C,
another alkaloid isolated from Erythroxylum bezerrae, showed moderate cytotoxicity against
HCT-116 (colon adenocarcinoma) and NCI-H460 (lung cancer) cell lines.

This evidence suggests that E. nummularium is a promising candidate for further
investigations of cytotoxic activity, given its potential to produce alkaloids and other bioactive
substances, such as flavonoids, which are known for their anticancer properties (Al-Khayri et
al., 2022; O’Neil et al., 2021; Shafabakhsh & Asemi, 2019). Isolation and structural elucidation
of the compounds present in E. nummularium are necessary to better understand its toxicity.
Furthermore, the LD50 of ELEN being greater than 1000 pg/mL indicates the potential safety
of this fraction for in vivo biological assays.

Regarding the analgesic effect of ELEN, this study represents the first in vivo
evaluation of the antinociceptive activity of an E. nummularium fraction using the acetic acid-
induced abdominal writhing test in mice. The writhing test induced by acetic acid is a widely
used method for assessing peripheral nociception and the potential antinociceptive properties of
compounds (Dai et al., 2021). The mechanism of action of acetic acid involves the stimulation
of nociceptors, sensory neurons that detect harmful chemical stimuli, triggering the release of
pro-inflammatory mediators such as prostaglandins and nitric oxide (Tracey et al., 2017).
These mediators activate pain perception, leading to protective behavioral responses.

The ELEN fraction exhibited significant antinociceptive activity, as demonstrated by a
substantial reduction in abdominal writhing in the acetic acid-induced test. Notably, the lowest
dose tested (6.25 mg/kg) achieved the most pronounced effect, reducing writhing by 63%,
compared to the intermediate doses of 12.5 mg/kg (56%) and 25 mg/kg (57%). In contrast, the
highest dose (50 mg/kg) did not exhibit a statistically significant difference compared to the
vehicle control. This inverse dose-response relationship might suggest the involvement of
receptor saturation or reduced bioavailability at higher doses, which warrants further
pharmacokinetic and mechanistic investigations.

Phytochemical analyses of E. nummularium leaves by Barreiros et al. (2003) identified
flavonoids such as epicatechin and quercetin, known for their well-established antinociceptive
and anti-inflammatory properties. Quifionez-Bastidas et al. (2017) further support these
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findings, showing that epicatechin's antinociceptive effects are mediated through the activation
of the NO-cyclic GMP-K* channel pathway, as well as serotonergic (5-HT1ang/1054) and
opioid (u/x/8) receptors. Quercetin, on the other hand, alleviates pain by modulating neuronal
excitability via mechanoreceptors and voltage-gated ion channels, inhibiting the Cox-2
pathway, and exerting both local anesthetic and anti-inflammatory effects, as demonstrated by
Takeda et al. (2024). These mechanisms are likely responsible for the observed antinociceptive
effects of the ELEN fraction, which align with reports of bioactive compounds inhibiting
inflammatory and nociceptive mediators (Itou et al., 2022; Lim et al., 2022).

Previous studies have also highlighted the role of phenolic compounds commonly
found in the genus Erythroxylum in modulating inflammatory responses (Restrepo et al., 2019).
The antinociceptive properties observed in this study align with these findings and further
support the potential of ELEN as a source of analgesic agents.

Moreover, the absence of statistical significance at the highest dose of 50 mg/kg could
reflect the activation of compensatory mechanisms or receptor desensitization, phenomena
described in pharmacological responses to high concentrations of bioactive compounds lead to
downregulation or saturation of their target receptors (Takeda et al., 2024).

In summary, the ELEN fraction demonstrates significant potential as a source of
antinociceptive agents, particularly due to the bioactivity of flavonoids such as epicatechin and
quercetin. These findings justify additional studies to explore its pharmacological applications
and contribute to developing novel analgesic therapies.

The acute toxicity assessment of the ELEN fraction, performed at a dose of 2000
mg/kg, revealed no mortality or overt clinical signs of toxicity in the treated mice. Throughout
the 15-day observation period, all animals maintained normal physical and behavioral
conditions, with no occurrences of tremors, paralysis, aggression, or skin lesions. These results
suggest that the ELEN fraction has a favorable safety profile at the tested dose.

Hematological analyses further substantiated these findings, as most parameters,
including white blood cell (WBC) count, red blood cell (RBC) count, and hemoglobin (HGB)
levels, were within or close to the reference ranges. However, slight deviations were observed
in some indices, such as a marginally elevated lymphocyte percentage (LYM%) and variations
in hematocrit (HCT%) and mean platelet volume (MPV). While these changes were
statistically insignificant, they highlight the importance of long-term studies to evaluate
potential cumulative or subtle systemic effects.

The absence of macroscopic organ alterations during necropsy corroborates the low
acute toxicity of the ELEN fraction. These findings align with prior studies on plant-derived
bioactive fractions, which often demonstrate low toxicity at moderate doses due to their natural
origin and selective bioactivity (Gupta et al., 2024). Despite the overall safety indicated by this
study, certain hematological parameters, such as reductions in granulocyte (GRA) counts and
alterations in red cell distribution width (RDW), warrant further investigation. These
observations may reflect transient physiological adjustments rather than direct toxic effects, but
their clinical relevance should be explored in chronic toxicity and mechanistic studies.

In conclusion, the ELEN fraction demonstrated no acute toxicity at a 2000 mg/kg dose,
supporting its potential as a safe candidate for therapeutic applications. Future studies should
focus on long-term toxicity evaluations and detailed pharmacological assessments to
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substantiate these findings and facilitate the development of the ELEN fraction as a promising
bioactive extract.

5. Conclusion

The chemical profile of the methanolic extracts and fractions derived from the leaves,
branches, stem bark, and stem of E. nummularium exhibited significant variation in phenolic
and flavonoid contents. These plant organs displayed diverse biological activities, including
antioxidant, antimicrobial, and toxicological effects. Among the fractions, ELEN exhibited the
highest total phenolic content (TPC) and total flavonoid content (TFC), contributing to its
enhanced antioxidant capacity, antimicrobial activity against Staphylococcus aureus strains,
and lower toxicity against Artemia salina. Furthermore, ELEN demonstrated antinociceptive
properties by reducing the number of contortions in mice, indicating its potential as an
analgesic agent. Toxicity assessment through the LDs test indicated that the ELEN fraction
exhibited a favorable safety profile, with a lethal dose estimated above 2000 mg/kg. This
suggests that ELEN may be safe for therapeutic applications at moderate doses, though further
fractionation and purification are necessary to identify additional bioactive constituents and to
clarify their specific mechanisms of action. In addition to ELEN, the EBEN and ESBEN
fractions showed promising antioxidant activity, which correlates strongly with their respective
phenolic and flavonoid content. Pearson’s correlation analysis further reinforced the significant
relationship between TPC and TFC with the antioxidant activities measured by DPPH, B-
carotene, and total antioxidant capacity (TAC) assays. Notably, plant samples with elevated
phenolic and flavonoid levels exhibited superior antioxidant performance, particularly the stem
bark and branches, suggesting that these parts are key sources of bioactive compounds. These
results highlight the potential of plant extracts rich in phenolic compounds and flavonoids as
valuable sources of natural antioxidants, with implications for their application in the food and
pharmaceutical industries. However, further research is required to explore these fractions' full
chemical diversity and deepen our understanding of their mechanisms of action.
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6. Consideracdes finais

Os extratos metanolicos e fases organicas das folhas, galhos, casca do caule e caule
foram obtidos seguindo as técnicas de fracionamento.

Os metabolitos secundarios das fragdes diclorometano e hexano das folhas, galhos,
casca do caule e caule foram identificados por Cromatografia gasosa acoplada a espectrometria
de massas.

Todos os orgdos vegetais se mostraram ricos em fenolicos e flavonoides, porém os
teores variaram entre os extratos e fragdes. Quanto ao teor de alcaloides, a quantidade ¢ menor,
quando comparado a proporg¢ao de fendlicos e flavonoides.

A investigacdo dos extratos e fracdes de E.nummularium revelou algumas atividades
antioxidantes, com destaque para as fragdes acetato de etila e diclorometano das folhas e da
casca do caule. Esses resultados sdo valiosos para futuras pesquisas sobre o potencial
antioxidante de E.nummularium e a possivel aplicagdo desses extratos em produtos
farmacéuticos e nutracéuticos.

Algumas fracdes exibiram atividade antimicrobiana significativa. Para S.mutans, as
fracoes MSBEN, DSBEN e ESBEN demonstraram atividade notavel. Para S.aureus a atividade
dos extratos foi mais promissora. Nenhuma das fra¢des exibiu atividade significativa contra
S.sobrinus.

Os extratos ¢ fragcdes demonstraram moderada a alta toxicidade contra Artemia salina.
As fracdes hexanicas demonstraram a maior toxicidade, sobretudo para os galhos e casca do
caule, e toxicidade moderada para as folhas. A fracdo acetato de etila foi considerada nao
toxica para as folhas e moderada toxicidade para os demais orgaos.

A fracdo ELEN possui atividade antinociceptiva em doses especificas, com maior
eficacia observada nas concentragdes testadas mais baixas.

A fracdo ELEN foi testada para avaliar a toxicidade na dose de 2000 mg/kg. A fracdo
ELEN ¢ segura na dose testada.



