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RESUMO

Hancornia speciosa Gomes, pertencente a familia Apocynaceae, € uma planta nativa do Brasil,
amplamente utilizada por comunidades tradicionais para o tratamento de diversas condigdes,
incluindo infec¢bes. Considerando o potencial terapéutico de H. speciosa, este estudo teve
como objetivos: 1) Caracterizar quimicamente os extratos etéreo (EEHS) e metandlico (MEHS)
da casca do caule de H. speciosa; 2) Investigar as atividades antifungica, antiviruléncia e
modificadora da acdo do fluconazol dos extratos; 3) Avaliar as atividades antibacteriana e
modificadora de farmacos de ambos 0s extratos contra bactérias patogénicas; 4) Avaliar a
atividade toxica dos extratos frente ao organismo modelo Drosophila melanogaster. Casca do
caule de H. speciosa foi coleta em uma area de protecdo ambiental da Chapada do Araripe,
Ceard, Brasil. Os extratos foram preparados usando os solventes n-hexano, éter sulfarico e
metanol, sendo os dois ultimos utilizados nas analises. Os extratos foram analisados
quimicamente por cromatografia liquida acoplada a espectrometria de massas (UPLC-MS-ESI-
QTOF) e por cromatografia gasosa acoplada a espectrometria de massas (GC-MS). Fenois e
flavonoides foram quantificados espectrofotometricamente. A atividade antifingica dos
extratos foi analisada tanto isoladamente quanto em combinacdo com o fluconazol, contra as
cepas de Candida albicans, Candida krusei e Candida tropicalis, usando o método de
microdiluicdo em caldo. Além disso, foi avaliada a capacidade dos extratos em inibir a transicao
morfoldgica para formas invasivas, como hifas e pseudohifas. A atividade antibacteriana foi
avaliada por meio de testes de concentracdo inibitéria minima (MIC) utilizando ensaio de
microdiluicdo seriada e de modificacdo de farmacos contra cepas bacterianas padrdo e
multirresistentes de Escherichia coli, Pseudomonas aeruginosa e Staphylococcus aureus. A
toxicidade dos extratos foi avaliada em D. melanogaster por meio de ensaios de ingestédo, com
monitoramento didrio da mortalidade ao longo de sete dias. Os resultados das analises
fitoquimicas revelaram a presenca de acidos graxos, triterpenoides, fitosterdis, fendlicos e
flavonoides em ambos os extratos. EEHS e MEHS apresentaram consideraveis concentragdes
de fendis (346,4 e 340,0 mg GAE/g, respectivamente) e flavonoides (7,6 e 6,9 mg QE/qg,
respectivamente). Além disso, foram reportados pela primeira vez para a espécie compostos
como &cido gluconico, cinchonina Ilb, isdmero da cinchonina Ib, isbmeros de hexosideo de
laricirresinol, acido hexacosanoico, acido lignocérico, acido triacontanoico e a-amirona.
Quanto a atividade antifungica, os extratos mostraram acdo intrinseca contra as espécies de
Candida e em combinacdo com fluconazol, potencializaram a acdo deste farmaco.
Adicionalmente, os extratos inibiram a transi¢cdo morfoldgica de formas invasivas de Candida
spp., reduzindo a formacdo de hifas e pseudohifas. Embora os extratos ndo tenham exibido
atividade antibacteriana intrinseca significativa contra E. coli, S. aureus e P. aeruginosa (MIC
> 512 pg/mL), eles foram capazes de modificar a atividade da gentamicina, eritromicina e
norfloxacina, potencializando, em particular, o efeito da gentamicina e eritromicina contra
cepas multirresistentes de P. aeruginosa e E. coli. Os testes de toxicidade em D. melanogaster
indicaram que os extratos ndo sdo toxicos em concentracdes clinicamente relevantes, sugerindo
um perfil de seguranca positivo. Este estudo oferece uma validagdo parcial do uso
etnofarmacoldgico de H. speciosa e destaca seu potencial como fonte de compostos bioativos
para o desenvolvimento de novos agentes terapéuticos.

Palavras-chave: Etnobotanica; Infeccbes; Mangabeira; Planta medicinal; Resisténcia

microbiana.



ABSTRACT

Hancornia speciosa Gomes, a member of the Apocynaceae family, is a plant native to Brazil
and widely used by traditional communities for treating various conditions, including
infections. Given the therapeutic potential of H. speciosa, this study aimed to 1) Chemically
characterize the ethereal (EEHS) and methanolic (MEHS) extracts of the stem bark of H.
speciosa; 2) Investigate the antifungal, antivirulence, and fluconazole-modifying activities of
these extracts; 3) Assess the antibacterial and drug-modifying activities of both extracts against
pathogenic bacteria; 4) Evaluate the toxicity of the extracts using the model organism
Drosophila melanogaster. The stem bark of H. speciosa was collected from an environmental
protection area in Chapada do Araripe, Ceara, Brazil. The extracts were prepared using n-
hexane, sulfuric ether, and methanol, with the latter two used for analyses. Chemical analysis
of the extracts was performed using liquid chromatography coupled with mass spectrometry
(UPLC-MS-ESI-QTOF) and gas chromatography coupled with mass spectrometry (GC-MS).
Phenols and flavonoids were quantified spectrophotometrically. The antifungal activity of the
extracts was tested both alone and in combination with fluconazole against Candida albicans,
Candida krusei, and Candida tropicalis strains using the broth microdilution method.
Additionally, the ability of the extracts to inhibit the morphological transition associated with
invasive forms, such as hyphae and pseudohyphae, were assessed. Antibacterial activity was
evaluated through minimum inhibitory concentration (MIC) tests using serial microdilution
assays and drug-modifying activity against standard and multidrug-resistant strains of
Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus. The toxicity of the
extracts was assessed in D. melanogaster through ingestion assays, with daily mortality
monitoring over seven days. Phytochemical analysis revealed the presence of fatty acids,
triterpenoids, phytosterols, phenolics, and flavonoids in both extracts. EEHS and MEHS
contained substantial concentrations of phenols (346.4 and 340.0 mg GAE/qg, respectively) and
flavonoids (7.6 and 6.9 mg QE/qg, respectively). Additionally, compounds such as glucuronic
acid, cinchonine llb, isomer of cinchonine Ib, isomers of lariciresinol hexoside, hexacosanoic
acid, lignoceric acid, triacontanoic acid, and a-amirone were reported for the first time in this
species. Regarding antifungal activity, the extracts exhibited intrinsic activity against Candida
species and, in combination with fluconazole, enhanced drug efficacy. Furthermore, the extracts
inhibited the morphological transition of invasive Candida forms, reducing the formation of
hyphae and pseudohyphae. Although the extracts did not show significant intrinsic antibacterial
activity against E. coli, S. aureus, and P. aeruginosa (MIC > 512 pg/mL), they were able to
modify the activity of gentamicin, erythromycin, and norfloxacin, particularly enhancing the
effects of gentamicin and erythromycin against multidrug-resistant strains of P. aeruginosa and
E. coli. Toxicity tests in D. melanogaster indicated that the extracts are not toxic at clinically
relevant concentrations, suggesting a favorable safety profile. This study provides partial
validation of the ethnopharmacological use of H. speciosa and highlights its potential as a
source of bioactive compounds for developing new therapeutic agents.

Keywords: Ethnobotany; Infections; Mangabeira; Medicinal plant; Microbial resistance.
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1 APRESENTACAO

O uso excessivo e indiscriminado de antimicrobianos tem promovido o surgimento de
microrganismos resistentes, como fungos e bactérias, resultando na ineficacia de medicamentos
convencionais e no prolongamento do tratamento dos pacientes, o que, em muitos casos, pode
levar ao Obito. Além disso, o desenvolvimento de novos medicamentos ndo consegue
acompanhar a rapida evolucdo da resisténcia dos microrganismos aos farmacos
antimicrobianos, agravando o problema e limitando as opc@es terapéuticas disponiveis.

Essa realidade é ainda mais alarmante em regides com acesso limitado a medicamentos,
como paises em desenvolvimento e areas remotas ou vulneraveis socioeconomicamente, onde
as populacgdes enfrentam dificuldades para acessar tratamentos convencionais. Nessas areas, as
plantas medicinais sdo uma alternativa viavel e acessivel, sendo amplamente utilizadas por
diversas comunidades tradicionais e locais para tratar varias enfermidades.

No Brasil, o uso de plantas medicinais tem uma longa tradicdo, sendo uma parte
essencial das praticas de saude em muitas regides do pais. Com uma vasta biodiversidade, o
pais possui uma rica variedade de plantas distribuidas em diferentes fitofisionomias, muitas das
quais tém propriedades terapéuticas utilizadas tanto na medicina tradicional quanto na moderna.
Entre as plantas, Hancornia speciosa Gomes (Apocynaceae), popularmente conhecida como
“mangabeira”, destaca-se por suas propriedades terapéuticas. Presente em vaérias regides do
Brasil, essa espécie € tradicionalmente utilizada no tratamento de diversas condicdes, incluindo
doencas infecciosas.

Hancornia speciosa possui uma ampla variedade de compostos bioativos que
contribuem para suas propriedades medicinais. Na casca do caule, por exemplo, foram
encontrados flavonoides, catequinas, proantocianidinas e taninos. O latex do tronco contém
flavonas, flavondis, flavanonas, além de taninos, acido cafeico e acido quinico. Nos frutos,
foram identificados L-bornesitol, os acidos quinico e clorogénico, rutina, terpenos e aldeidos.
As folhas apresentaram &cido protocatecuico, procianidinas dos tipos B e C, acido
cumaroilquinico, rutina, floretina, eriodictiol, quercetina, luteolina, apigenina e kaempferol.

Considerando o potencial terapéutico da casca do caule de H. speciosa, especialmente
no tratamento de doencas infecciosas, este estudo levantou a hipdtese de que os extratos da
casca do caule de H. speciosa apresentam propriedades antimicrobianas contra microrganismos
causadores de infeccdes, incluindo aquelas associadas a infec¢cdes nosocomiais, e que Seu uso
tradicional na medicina popular sugere uma baixa toxicidade. Desta forma, o objetivo deste

estudo foi caracterizar a composi¢do quimica dos extratos etéreo e metandélico da casca do caule
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de H. speciosa e avaliar as suas atividades antimicrobianas e modificadoras de drogas contra as
bactérias Escherichia coli, Staphylococcus aureus e Pseudomonas aeruginosa, bem como
contra os fungos Candida albicans, Candida krusei e Candida tropicalis. Além disso, buscou-

se investigar sua toxicidade frente ao organismo modelo Drosophila melanogaster.
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2 REFERENCIAL TEORICO

2.1 PLANTAS MEDICINAIS

O uso das plantas para fins terapéuticos é uma das praticas mais antigas da
humanidade, sendo parte dos conhecimentos populares de diversas culturas ao redor do
mundo. Registros histdricos datados de mais de 2 mil anos a.C. mostram que civilizagbes
antigas ja conheciam e utilizavam plantas para tratar doencas (Petrovska, 2012). Nas
Américas, registros arqueoldgicos indicam que os povos amerindios (indigenas sul-
americanos) utilizavam plantas como remédio ha mais de dez mil anos (Simdes et al.,
2017).

Ao longo da histéria, o conhecimento sobre as propriedades medicinais das
plantas tem sido transmitido de geracdo em geracdo, contribuindo para o alivio de
sintomas e para o tratamento de vérias condi¢fes de salde (Karahan et al., 2020). No
Brasil, 0 uso das plantas medicinais € uma pratica amplamente difundida nas tradicdes
culturais e nos sistemas de saude de diferentes grupos populacionais, como indigenas,
caicaras, quilombolas, seringueiros, rurais e outras comunidades tradicionais e locais.
Esse conhecimento acumulado ndo apenas mantém praticas de salde mais acessiveis e
adaptadas as condicdes locais, mas também oferece uma base valiosa para pesquisas
cientificas e o desenvolvimento de novos medicamentos (Atanasov et al., 2015;
Nascimento Magalhdes et al., 2019; Boccolini; Boccolini, 2020).

Embora o uso de plantas medicinais seja uma préatica ancestral, foi somente na
década de 1970 que a Organizacdo Mundial da Saude (OMS) passou a reconhecer sua
importancia nas préaticas tradicionais de salde e seu papel na satde global. Em 1978, a
Declaracdo de Alma-Ata, resultado da Conferéncia Internacional sobre Cuidados
Primarios de Saude, destacou a relevancia das plantas medicinais no combate a doengas,
especialmente em regides com acesso limitado a medicina convencional, e reforcou a
necessidade de politicas e regulamentacdes para o uso de plantas medicinais com eficacia
comprovada. Ainda na mesma década, a OMS langou o Programa de Medicina
Tradicional, com o objetivo de desenvolver politicas publicas e reconhecer as plantas
medicinais como um recurso valioso nas praticas de saude (Brasil, 2015).

No Brasil, as politicas publicas sobre plantas medicinais e fitoterapicos
comecaram a se consolidar na década de 1980, com o Programa de Pesquisa de Plantas

Medicinais, que buscava incentivar a pesquisa cientifica e o desenvolvimento de
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medicamentos fitoterapicos baseados no uso popular de plantas (Brasil, 2006). Em 2006,
foi criada a Politica Nacional de Préticas Integrativas e Complementares (PNPIC), que
incorporou terapias complementares ao Sistema Unico de Salde (SUS), incluindo o uso
de plantas medicinais (Brasil, 2015). No mesmo ano, o Ministério da Saude lancou a
Politica Nacional de Plantas Medicinais e Fitoterapicos (PNPMF) com o objetivo de
garantir 0 acesso seguro e o uso racional desses recursos pela populagdo. Um marco
importante foi a criacdo das Farmacias Vivas em 2010, que organizaram a gestdo, dentro
do SUS, de todo o processo, desde o cultivo até a dispensacao de plantas medicinais e
fitoterapicos, promovendo seu uso seguro (Cherobin et al., 2022).

Aproximadamente 40% dos medicamentos atuais, de acordo com a OMS, séo
derivados do conhecimento tradicional sobre as propriedades medicinais das plantas
(WHO, 2023). Cerca de 11% dos 252 medicamentos essenciais listados pela OMS sao
originados exclusivamente de plantas (Braga et al., 2021). As plantas sdo uma fonte rica
e diversificada de compostos bioativos, o que as torna fundamentais para a satde humana
e a produgdo de medicamentos. Entre esses compostos, destacam-se os polifendis,
terpenoides, alcaloides e flavonoides amplamente estudados por suas propriedades
medicinais (Riaz et al., 2023; Chaachouay; Zidane, 2024).

O Brasil, conhecido pela sua rica biodiversidade vegetal e heranca cultural
diversificada, desempenha um papel crucial na pesquisa com plantas medicinais. O pais
abriga uma enorme variedade de espécies vegetais distribuidas em diferentes
ecossistemas, muitas das quais possuem potencial para o desenvolvimento de novos
tratamentos terapéuticos. Dentro dessa diversidade, destacam-se espécies da familia
Apocynaceae, como Hancornia speciosa Gomes, Himatanthus drasticus (Mart.) Plumel
e Secondatia floribunda A.DC. Estas espécies apresentam propriedades bioldgicas e
farmacoldgicas promissoras, incluindo atividades antimicrobianas, anti-inflamatérias e
antioxidantes. Essas propriedades sdo atribuidas a presenca de compostos bioativos, que
desempenham um papel crucial no desenvolvimento de novos tratamentos para diversas
enfermidades (Dutra et al., 2016; Almeida et al., 2017; Ribeiro et al., 2017; Bhadane et
al., 2018; Ribeiro et al., 2018; Nunes et al., 2022).

2.2 APOCYNACEAE
Apocynaceae Juss. pertence a classe Magnoliopsida, ordem Gentianales, e
compreende cerca de 5.350 espécies distribuidas em 378 géneros (Endress et al., 2018).

A familia é amplamente distribuida em regides tropicais e subtropicais, com algumas
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espeécies adaptadas a ambientes temperados (Bhadane et al., 2018) (Figura 1). No Brasil,
Apocynaceae esta presente em todos os dominios fitogeogréficos, com 103 géneros e 993
espécies (Flora e Funga do Brasil, 2020). Taxonomicamente, a familia esta subdividida
em cinco subfamilias: Apocynoideae, Asclepiadoideae, Periplocoideae, Rauvolfioideae e
Secamonoideae (Endress et al., 2014; 2018).

Figura 1. Riqueza e distribuicdo mundial das espécies de Apocynaceae
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Fonte: Ollerton et al. (2019). Com permisséo (Creative Commons CC BY).

Os representantes de Apocynaceae compreendem arvores, arbustos, trepadeiras
ou ervas, frequentemente com latex leitoso, que é uma das caracteristicas distintas da
familia. Suas folhas sdo simples, geralmente inteiras e opostas, e as inflorescéncias sao
multifloras, com flores raramente solitarias. As flores, bissexuais, possuem cinco pétalas
e cinco sépalas com coléteres internos, podendo assumir diferentes formas
(infundibuliforme, hipocrateriforme, campanulada, urceolada ou rotacea), com ou sem
corona. Os estames geralmente sdo cinco e 0 ovario é predominantemente apocarpico,
com dois carpelos (raramente até 5). Os frutos variam de foliculo a capsula, baga, drupa
ou samara, e as sementes podem ser nuas ou com diversas estruturas associadas como
arilos e fimbriadas ao longo da margem (Endress et al., 2018).

As especies de Apocynaceae possuem grande importancia econémica,
destacando-se pela producdo de madeira de alta qualidade, amplamente utilizada na
carpintaria, como observado no género Aspidosperma Mart. & Zucc. (Machate et al.,
2016). Além disso, muitas espécies dessa familia sdo populares na ornamentagdo, como

Allamanda cathartica L., Catharanthus roseus (L.) G. Don, Nerium oleander L. e
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Thevetia peruviana (Pers.) K. Schum. (Simdes et al., 2017; Anand et al., 2020). Alguns
representantes também possuem valor alimenticio, como Hancornia speciosa, cujos
frutos séo apreciados no Nordeste do Brasil, consumidos tanto in natura quanto na
preparacdo de diferentes receitas (Almeida et al., 2022). Além de aplicacGes econémicas
e ornamentais, as plantas dessa familia tém uso medicinal e na fitoterapia. Um exemplo
é Plumeria rubra L., cujas flores ornamentais e outras partes da planta s&o empregadas
no tratamento de asma, diabetes e problemas de pele (Bihani et al., 2021). No Brasil, 0
latex de H. drasticus é reconhecido por suas propriedades anti-inflamatorias, sendo
utilizado no tratamento de Ulceras, cancer, cicatrizacéo e inflamag6es em geral (Oliveira
etal., 2022). A casca de H. speciosa é usada em infusGes e extratos para tratar problemas
gastrointestinais, inflamacdes, infeccOes e na cicatrizacéo de feridas (Ribeiro et al., 2014;
Vieira; Sousa; Lemos, 2015; Penido et al., 2016).

Os representantes de Apocynaceae sdo conhecidos pela ampla diversidade de
compostos quimicos, incluindo alcaloides, esterdis, flavonoides, glicosideos, lignanas,
terpenos e compostos fenolicos simples, muitos dos quais apresentam importantes
propriedades medicinais (Bhadane et al., 2018). Um exemplo notavel sdo os alcaloides
anticancerigenos vimblastina e vincristina encontrados em Catharanthus G. Don (Kumar
et al., 2022). Essa diversidade quimica reflete na variedade de atividades bioldgicas e
farmacoldgicas dos representantes da familia, incluindo propriedades antioxidantes,
anticancerigenas, antidiabéticas, anticonvulsivantes, antimicrobianas, anti-inflamatdrias,
antimalaricas, anti-HIV, cardioprotetoras, cicatrizantes, gastroprotetoras e
hepatoprotetoras (Bhadane et al., 2018). As potencialidades biolédgicas e farmacoldgicas
de Apocynaceae tém despertado interesse na comunidade cientifica, tanto por sua eficécia
terapéutica quanto pelo potencial na descoberta de novos agentes para o tratamento de

diversas doencas (Anand et al., 2020).

2.2.1 Hancornia speciosa Gomes

Hancornia speciosa Gomes € taxonomicamente enquadrada na classe
Magnoliopsida, ordem Gentianales e familia Apocynaceae. O género monotipico € uma
homenagem ao boténico inglés Philip Hancorn, enquanto o epiteto especifico speciosa
deriva do latim e significa “bela”, “magnifica” ou “vistosa”. No Brasil, a espécie é
conhecida popularmente como “mangabeira”, ‘“mangava-mansa”, ‘“mangaba”,

“mangava” e “fruta de doente” (Ribeiro et al., 2014; Ribeiro et al., 2017; Smith, 2023).
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Hancornia speciosa é uma espécie nativa ndo endémica do Brasil encontrada em
todas as regides do pais nos dominios fitogeograficos Amazoénia, Caatinga, Cerrado e
Mata Atlantica (Flora e Funga do Brasil, 2024). Sua maior incidéncia é observada em
areas de Cerrado, nos Tabuleiros Costeiros e baixadas litordneas do Nordeste brasileiro
(Morais et al., 2023). A espécie geralmente se desenvolve em solos acidos, arenosos, de
baixa fertilidade e com baixo teor de matéria organica (Rodrigues et al., 2017). Além do
Brasil, sua presenca é registrada na Bolivia, Paraguai e Peru (Almeida et al., 2022).

Morfologicamente, os individuos de H. speciosa sdo arvores de porte médio,
variando de 4 a 10 metros de altura, que exsudam latex de coloracdo branca ou roseo-
palida. Suas folhas s@o simples, opostas, coridceas, podendo ser pilosas ou glabras, com
peciolos curtos. Os ramos sdo inclinados e numerosos, apresentando coloracéo violacea
quando jovens. As inflorescéncias do tipo dicasio ou cimeira contém de 1 a 7 flores
brancas, hermafroditas, e tém formato de campanula alongada (tubular). Seus frutos sdo
bagas globosas ou ovoides, com exocarpo amarelo ou esverdeado, podendo apresentar
manchas ou estrias avermelhadas (Figura 2). A polpa é carnoso-viscosa, contendo de 2 a
30 sementes discoides (Monachino, 1945; Almeida et al., 1998; Aguiar-Filho et al., 1998;
Lederman et al., 2000; Silva et al., 2011; Almeida et al., 2022).

Figura 2. Caracteristicas de Hancornia speciosa Gomes (Apocynaceae). (A) = Folhas;

(B) = Fruto; (C) = Caule e latex; (D) = Coleta do latex.
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Fonte: Silva et al., 2024.
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No que diz respeito ao seu sistema reprodutivo, H. speciosa é uma espécie
alégama, ou seja, apresenta autoincompatibilidade entre suas estruturas reprodutivas, o
que impede a autofecundacgdo. Dessa forma, a presenca de polinizadores é essencial para
viabilizar a fecundacéo cruzada e, consequentemente, a producdo de frutos (Collevatti et
al., 2016). A participacdo de visitantes florais diurnos e noturnos é fundamental neste
processo, especialmente abelhas (Euglossini e Centridini), borboletas (Nymphalidae e
Hesperiidae) e mariposas (Sphingidae). O aumento na frequéncia destes polinizadores
resulta em uma maior taxa de frutificacdo, além de frutos maiores e com mais sementes
(Darrault; Schlindwein, 2005).

O fruto de H. speciosa, conhecido como “mangaba”, deriva do termo tupi-guarani
“maguaba”, que significa “coisa boa de comer”. Esses frutos sdo altamente apreciados
pelo sabor agradavel e podem ser consumidos in natura ou utilizados na preparagédo de
sucos, doces, bolos, geleias, licores e sorvetes (Almeida et al., 2022). A mangaba também
se destaca por seu valor nutricional, sendo considerada uma fonte de vitamina C, além de
conter potassio, ferro e zinco e compostos bioativos, como carotenoides e compostos
fenolicos. A coleta e comercializacdo da mangaba e seus derivados representam uma
importante fonte de renda para muitas familias, especialmente da regido Nordeste do
Brasil (Oliveira; Aloufa, 2021).

O latex de H. speciosa é outro recurso valioso, extraido por cortes na casca do
caule. No Brasil, este latex foi historicamente utilizado por diferentes povos para a
producdo de bolas de futebol e para montagem de armadilhas para a captura de passaros
(Nimuendaja, 1956; Lévi-Strauss, 1975; Smith, 2023). Durante o auge da industria da
borracha, entre a segunda metade do século XIX e o inicio do século XX, o latex de H.
speciosa, conhecido no mercado internacional como “borracha de Pernambuco”, era
altamente valorizado (Wisniewski; Melo, 1982; Smith, 2023). Durante a Segunda Guerra
Mundial, sua exploracéo foi intensificada para a producdo de borracha, especialmente
quando as forgas japonesas interromperam o fornecimento de borracha natural
(proveniente de Hevea brasiliensis (Willd. ex A.Juss.) Mill.Arg.) das plantagcdes no
Sudeste Asiatico. Com a normalizagdo do fornecimento de borracha natural ap6s a guerra,
a exploragéo comercial do latex de H. speciosa foi reduzida, sendo seu uso concentrado
principalmente em suas propriedades medicinais (Smith, 2023).

Hancornia speciosa € listada entre as espécies nativas da flora brasileira com valor

econbmico atual ou potencial, sendo considerada uma prioridade para pesquisa e
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conservacao (Vieira; Camillo; Coradin, 2016). Apesar de sua importancia econdmica, €
considerada uma espécie subutilizada que pode contribuir para a seguranca alimentar,
especialmente devido ao seu valor nutricional (FAO, 2022).

Etnofarmacologicamente, as diferentes partes de H. speciosa sao utilizadas para
o tratamento de uma ampla variedade de enfermidades como doencas da pele, doengas
do sistema circulatério, doencas do sistema digestivo, doencas do sistema geniturinério,
doencas do sistema respiratorio, além de condi¢cBes enddcrinas, nutricionais e
metabolicas, oculares, do sistema reprodutor feminino, neoplasma, infeccles, pressao
alta, dores nas costas, fraturas, hernia abdominal, disturbios da menopausa e cicatrizagdo
de feridas (Ribeiro et al., 2014; Ferreira-Junior et al., 2015; Macédo et al., 2015; Vieira;
Sousa; Lemos, 2015; Ribeiro et al., 2017).

A casca do caule de H. speciosa é tradicionalmente usada para o tratamento de
Ulceras estomacais, dores de estbmago, gastrite, hérnia, cicatrizacdo de feridas, cancer,
infeccdo urinaria, doencas do sistema reprodutor feminino e infecgBes e inflamacgdes em
geral (Ribeiro et al., 2014; Vieira; Sousa; Lemos, 2015; Penido et al., 2016). O latex da
planta é empregado no tratamento de acne, verrugas, inflamacGes, diarreia, pancadas,
bursite, tuberculose, Ulceras e herpes (Silva Junior, 2004; Marinho et al., 2011). As folhas
sdo utilizadas no tratamento de hipertenséo e célicas (Silva Junior, 2004; Ferrdo et al.,
2014).

A eficacia de muitas dessas aplicacdes populares é corroborada por pesquisas
cientificas. Estudos demonstraram o0 potencial antioxidante, gastroprotetor e
antimicrobiano da casca do caule de H. speciosa (Costa et al., 2008; Moraes et al., 2008;
Penido et al., 2017). O latex apresentou efeitos angiogénico, citotdxico, anti-inflamatorio
e genotdxico (Marinho et al., 2011; Almeida et al., 2014; Ribeiro et al., 2016). As folhas
mostraram atividades antioxidante, antimicrobiana, anti-inflamatdria, cicatrizante,
vasodilatadora, anti-hipertensiva e hipoglicémica (Ferreira et al., 2007; Endringer et al.,
2009; Endringer et al., 2010; Pereira et al., 2015; Santos et al., 2016; Silva et al., 2016;
Santos et al., 2018; Barbosa et al., 2019; Neto et al., 2020). Por sua vez, os frutos exibiram
efeitos anti-inflamatério e antioxidante (Almeida et al., 2011; Dutra et al., 2017; Paula et
al., 2018; Bitencourt et al., 2019; Yamashita et al., 2020).

Em adicdo as atividades biologicas e farmacologicas relatadas, a composicéo
quimica de diferentes partes de H. speciosa tem sido objeto de estudos fitoquimicos
extensivos. Na casca do caule, foram identificados flavonoides, catequinas,

proantocianidinas e taninos, enquanto no latex do tronco foram encontradas flavonas,
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flavonois, flavanonas, taninos, &cido caféico e acido quinico (Moraes et al., 2008;
D’Abadia et al., 2020; Silva et al., 2024). Nos frutos foram detectados L-bornesitol, cido
quinico, &cido clorogénico, rutina, terpenos e aldeidos (Lima et al., 2015; Yamashita et
al., 2020). Nas folhas, foram identificados acido protocatecuico, procianidinas do tipo B
e C, acido cumaroilquinico, rutina, floretina, eriodictiol, quercetina, luteolina, apigenina
e kaempferol corroborando com as atividades bioldgicas e farmacoldgicas reconhecidas
(Bastos et al., 2017).

2.3 RESISTENCIA MICROBIANA

A descoberta da penicilina por Alexander Fleming em 1928, juntamente com sua
aplicacdo clinica na década de 1940, foi um marco na histéria da medicina, transformando
o tratamento de infec¢des bacterianas e salvando um grande namero de vidas. Contudo,
poucos anos apds essa descoberta, em 1945, ao receber o Prémio Nobel de Medicina ao
lado de Howard Florey e Ernst Boris Chain, Fleming alertou sobre o0s riscos associados
ao uso indiscriminado de antibi6ticos e ao surgimento de cepas bacterianas resistentes
(Magalhdées et al., 2021; Salam et al., 2023).

As preocupacOes de Fleming se mostraram relevantes com o passar do tempo, a
medida em que a resisténcia microbiana se tornou um problema crescente,
comprometendo a eficacia dos tratamentos antimicrobianos. Essa resisténcia ocorre
qguando microrganismos desenvolvem a habilidade de resistir aos efeitos de
medicamentos que anteriormente eram eficazes contra eles. Embora seja mais comum em
bactérias, a resisténcia também pode ocorrer em outros microrganismos, como fungos e
protozoarios (Chen et al., 2021; Salam et al., 2023). Os microrganismos resistentes sdo
frequentemente responsaveis por infec¢bes nosocomiais, ou seja, infeccdes adquiridas
durante a estadia em hospitais ou unidades de salde, impactando principalmente
pacientes vulneraveis devido a condi¢Bes de saude pré-existentes ou tratamentos médicos
invasivos (Khan; Baig; Mehboob, 2017).

A resisténcia microbiana foi considerada pela OMS uma das dez maiores ameacgas
a saude publica global, tornando-se a terceira principal causa de mortes no mundo
(Sharma et al., 2020; WHO, 2021). De acordo com a OMS, essa resisténcia resulta em
cerca de 700 mil mortes anuais globalmente, e se ndo for controlada, esse nimero pode
atingir 10 milhdes até 2050 (WHO, 2019). Em 2019, estima-se que a resisténcia
microbiana contribuiu para 4,95 milhdes de mortes, sendo diretamente responsavel por

aproximadamente 1,27 milhdo de dbitos no mundo. Os custos econdmicos associados a
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resisténcia microbiana sdo elevados, com estimativas indicando que, até 2050, os gastos
globais diretos e indiretos poderdo ultrapassar 1 trilhdo de ddlares, devido a tratamentos
prolongados e hospitalizagdes (WHO, 2023a).

Apesar do desenvolvimento de novos antibioticos ap6s a descoberta da penicilina,
que ampliou as opgdes terapéuticas, a utilizacdo inadequada desses medicamentos, como
a automedicacdo e o uso profilatico, tem contribuido para o aumento da resisténcia
microbiana, tornando urgente a busca por novas alternativas (Murugaiyan et al., 2022).
Neste cenario, pesquisadores estdo explorando novas estratégias, como 0 uso de
substancias derivadas de recursos naturais, apresentando-se como alternativas ou
complementos aos antibiéticos convencionais (Abdallah et al., 2023; Angelini et al.,
2024).

2.3.1 Fungos

Os fungos sdo organismos eucariontes e heterotréficos, podendo ser unicelulares
ou multicelulares, cujas formas podem variar de leveduras a fungos filamentosos. Eles
constituem um dos grupos mais diversificados da natureza, habitando diversos substratos
e ambientes com diferentes condi¢des (Naranjo-Ortiz; Gabaldén, 2019; Leite Junior et
al., 2020; Corbu et al., 2023). Até o momento, cerca de 150.000 espécies de fungos foram
descritas, mas estimativas indicam que entre 2 e 13 milhGes de espécies ainda ndo foram
catalogadas (Phukhamsakda et al., 2022).

A parede celular dos fungos é uma estrutura composta principalmente por quitina,
glucanos e proteinas. Essa parede desempenha fungdes como controle da permeabilidade
celular, resisténcia, suporte estrutural e protecdo contra estresse osmotico e mecanico
(Garcia-Rubio et al., 2020). Além disso, os fungos possuem caracteristicas como a
capacidade de sintetizar lisina via rota biossintética do cido a-aminoadipico e a presenca
de ergosterol na membrana plasmaética, que ajudam a manter a integridade e fluidez dessa
membrana (Rodrigues, 2018; Lu et al., 2023).

Os fungos desempenham fungdes essenciais nos ecossistemas, principalmente na
decomposi¢do da matéria organica, o que contribui para a ciclagem de carbono e outros
nutrientes. Muitos também formam associa¢cGes mutualisticas com raizes de plantas,
conhecidas como micorrizas, que ampliam a capacidade de absorcéo de nutrientes (Fisher
et al., 2020; Corbu et al., 2023). Além disso, os fungos sdo de grande importancia na
producdo de antibioticos, fermentagdo de alimentos e bebidas, e sdo amplamente

utilizados em biotecnologia, especialmente em processos de biorremediacdo (Corbu et
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al., 2023). No entanto, o reino fungico também inclui espécies patogénicas que podem
causar infecgbes, desde as superficiais até as sistémicas graves, impactando
significativamente a salde humana. Entre os principais agentes patogénicos fungicos
estdo espécies dos géneros Aspergillus, Cryptococcus, Candida e Pneumocystis,
responsaveis por cerca de 90% das mortes por infec¢bes fungicas (Fisher et al., 2020;
Leblanc et al., 2020).

Algumas espécies do género Candida representam uma séria ameaca a salde.
Embora facam parte da microbiota normal de individuos saudaveis, e, geralmente nao
causem sintomas, possuem fatores de viruléncia que favorecem sua patogenicidade,
especialmente em hospedeiros imunocomprometidos. Entre as caracteristicas incluem a
capacidade de aderir a superficies epiteliais e dispositivos médicos, a formacdo de
biofilmes resistentes a tratamentos, a producao de enzimas hidroliticas, como proteases e
fosfolipases, e a transicdo fenotipica entre leveduras e hifas (dimorfismo), que contribuem
para sua patogenicidade e disseminagdo no organismo (Arafa et al., 2023). Nessas
condicBes, podem provocar desde candidiase superficial até infeccbes mais graves
(Ciurea et al., 2020; Talapko et al., 2021). Entre as mais de 150 espécies de Candida, 20
sdo responsaveis por infeccdes em humanos. Essas infeccGes hospitalares representam
cerca de 8% das infec¢Ges nosocomiais em todo o mundo e estdo associadas a elevadas
taxas de mortalidade (Arafa et al., 2023; Paz et al., 2023). Embora a espécie mais comum
em infec¢des clinicas seja C. albicans, outras espécies nao-albicans, como C. glabrata,
C. krusei, C. parapsilosis e C. tropicalis, vém se tornando mais prevalentes (Gomez-
Gaviria; Mora-Montes, 2020; Arafa et al., 2023).

Candida albicans é um fungo comensal presente nas mucosas orais, vaginais e no
trato gastrointestinal humano (Lopes; Lionakis, 2022). Sua capacidade de adaptacéo
permite que atue como patdgeno oportunista, especialmente em condi¢cBes como
imunossupressao, uso prolongado de antibioticos ou desequilibrio da microbiota (Lopes;
Lionakis, 2022; Jacobsen et al., 2023). Candida albicans ¢ uma das espécies fungicas
mais frequentemente isoladas em laboratérios, estando amplamente associada a
candidiase invasiva (Parambath et al., 2024). Uma das principais caracteristicas que
contribuem para sua viruléncia é a plasticidade morfologica, que permite a transi¢do da
forma de levedura e formas filamentosas, como hifas (células alongadas e tubulares) e
pseudohifas (células alongadas ligadas a célula-mé&e com constrigdes nas jungdes). Essa
capacidade facilita a colonizacdo de diferentes tecidos do hospedeiro. Além disso, C.

albicans é conhecida por formar biofilmes, que oferecem protecdo contra o sistema
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imunologico do hospedeiro e tratamentos antifingicos, e pela expressdo de adesinas e
invasinas, que ajudam na adesdo as superficies epiteliais e na invasdo de tecidos
subjacentes (Talapko et al., 2021; Lopes; Lionakis, 2022).

Candida krusei € outra espécie do género Candida capaz de causar infec¢des que
vao desde as superficiais até as invasivas, caracterizando-se por sua alta taxa de
mortalidade, que varia de 40 a 58%, e pela sua resisténcia aos tratamentos convencionais.
Diferentemente da maioria das espécies do género, que possuem células de formato
esférico ou ovoide, as células de C. krusei sdo alongadas, com aparéncia semelhante a
gréos de arroz (Gomez-Gaviria; Mora-Montes, 2020). Assim como C. albicans, C. krusei
também apresenta transicdo morfoldgica e tem a capacidade de formar biofilmes, fatores
que contribuem significativamente para a sua viruléncia e invasdo dos tecidos do
hospedeiro (Gomez-Gaviria; Mora-Montes, 2020; Jamiu et al., 2021). As infeccOes
causadas por C. krusei estdo associadas a uma menor taxa de sobrevivéncia (53,6%) em
comparagao com outras espéecies do género (Khalifa et al., 2021).

Candida tropicalis € uma das trés espécies ndo-albicans mais frequentemente
isolada, especialmente em unidades de terapia intensiva, onde esta associada a elevadas
taxas de mortalidade. Esta espécie € comumente detectada em infeccdes relacionadas a
neutropenia e a malignidades hematolégicas (Pfaller; Diekema, 2007; Silva et al., 2012;
Abdel-Hamid et al., 2023). Sua patogenicidade é impulsionada por diferentes fatores de
viruléncia como a producdo de enzimas extracelulares, incluindo fosfolipases,
hemolisinas, coagulases e proteinases, que facilitam a invasdo tecidual e causam danos.
Além disso, C. tropicalis forma biofilmes densos e resistentes, compostos por uma rede
complexa de blastoconidios e uma matriz extracelular, proporcionando protecdo contra
terapias antifungicas (Arastehfar et al., 2020; Lima et al., 2022). Outro fator que contribui
para sua viruléncia é o dimorfismo celular, que permite a alternancia entre formas de
levedura e formas filamentosas, como hifas e pseudohifas, por meio da transi¢cdo
morfoldgica. Esse processo facilita a adeséo e invasdo dos tecidos, além de aumentar sua
resisténcia aos tratamentos antifungicos. Candida tropicalis também tem demonstrado
resisténcia significativa a antifangicos amplamente utilizados, como os azdis, tornando
seu tratamento em contextos clinicos ainda mais desafiador (Keighley et al., 2024).

Os antifungicos usados no tratamento das infec¢fes por Candida spp. pertencem
principalmente a trés classes: os azois, as equinocandinas e os polienos (Logan; Wolfe;
Williamson, 2022). Os azGis sdo a classe de antifingicos mais amplamente utilizada na

pratica clinica. Esses medicamentos sdo fungistaticos e agem inibindo a enzima lanosterol
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14a-desmetilase do citocromo P450, codificada pelo gene Ergii. Essa inibicdo bloqueia
a sintese de ergosterol e provoca o acumulo de esterois toxicos, como o 14-a-metil-3,6-
diol, comprometendo a integridade da membrana celular do fungo (Bohner; Papp; Gacser,
2022; Zhu et al., 2023). Entre os azdis, o fluconazol € um dos mais utilizados,
especialmente devido ao seu baixo custo, solubilidade e disponibilidade em varias
formulagdes. No entanto, a natureza fungistatica dos azois, combinada com o uso
inadequado ou prolongado, tem contribuido para o surgimento de microrganismos
resistentes (Jamiu et al., 2021; Palmucci et al., 2024).

As equinocandinas séo lipopeptideos de origem fungica e fazem parte de uma das
classes mais recentes de antifungicos. Elas atuam inibindo a sintese de glucano, um
componente fundamental da parede celular dos fungos, por meio da inibigdo da enzima
1,3-p-D-glucano sintase, resultando na fragilidade celular e consequente lise celular
(Jamiu et al., 2021; Heard; Wu; Winter, 2021). As equinocandinas apresentam baixa
toxicidade em humanos devido a sua agdo especifica na parede celular dos fungos,
estrutura ausente nas células humanas. Embora elas apresentem menos efeitos colaterais
toxicos em comparagdo com as outras classes de antifungicos, seu uso clinico é limitado
devido ao alto custo e a baixa biodisponibilidade oral, 0 que exige administracdo
intravenosa (Szymanski et al., 2022; Zhu et al., 2023).

Os polienos, por outro lado, sdo uma classe antiga de antifungicos, sendo a
anfotericina B seu representante mais conhecido. Eles agem ao se ligar ao ergosterol
presente na membrana celular fungica, formando poros que comprometem a integridade
da membrana, desregulam a homeostase idnica e resultam em lise celular. Além disso, 0s
polienos podem exercer atividade fungicida removendo o ergosterol das membranas
lipidicas flangicas, formando agregados fora da membrana e interferindo no
funcionamento celular (Bohner; Papp; Gacser, 2022; Zhu et al., 2023). Embora sejam
eficazes contra fungos, os polienos podem ser téxicos para humanos devido a
similaridade estrutural entre o ergosterol fungico e o colesterol humano (Sahay et al.,
2019; Bohner; Papp; Gacser, 2022).

Atualmente, a disponibilidade limitada de antifungicos para o tratamento da
candidiase é agravada pelo surgimento de cepas resistentes. A resisténcia aos antifungicos
tornou-se um desafio crescente na prética clinica, refletindo a capacidade adaptativa dos
fungos e a pressdo seletiva causada pelo uso inadequado ou prolongado desses
medicamentos (Bohner; Papp; Gacser, 2022; Lee; Robbins; Cowen, 2023). A OMS

classificou a resisténcia antifingica como uma prioridade global de saude, destacando
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especies de Candida como principais preocupacgdes devido a crescente resisténcia e
impacto nos ambientes clinicos, reforcando a necessidade de desenvolver novos

tratamentos e estratégias de controle (WHO, 2022).

2.3.2 Bactérias

As bactérias sdo microrganismos unicelulares e procariontes que podem ser
encontrados em praticamente todos os ambientes. Elas podem ser classificadas de acordo
com seu modo de nutri¢do, sendo autotréficas, capazes de produzir seu préprio alimento
por meio da quimiossintese, ou heterotréficas, que obtém nutrientes a partir da matéria
organica presente no ambiente. Outro critério de classificacdo das bactérias € a estrutura
de sua parede celular, dividindo-as em Gram-positivas e Gram-negativas. As primeiras
possuem uma parede celular espessa, composta por varias camadas de peptidoglicano e
acidos teicdicos, enquanto as segundas apresentam uma parede celular mais fina,
composta por uma ou poucas camadas de peptidoglicano, envolvidas por uma membrana
externa adicional e lipopolissacarideos inseridos nesta membrana (Waksman; Starkey,
1922; Gupta; Gupta; Singh, 2017).

As bactérias desempenham papéis cruciais em processos bioldgicos e ecoldgicos,
como a decomposi¢cdo de matéria organica, a ciclagem de nutrientes e a fixacdo de
nitrogénio no solo (Wang; Chi; Song, 2024). Além disso, as bactérias possuem aplicacdes
praticas em diversas areas, incluindo a producéo de alimentos, antibioticos e o tratamento
de aguas residuais, sendo importantes na industria, medicina e biotecnologia. No entanto,
algumas bactérias podem ser ou se tornar patogénicas, como acontece com as bactérias
comensais. Normalmente inofensivas em um estado de simbiose com o hospedeiro, elas
podem causar infecces e doencas quando ha desequilibrio na microbiota ou
comprometimento do sistema imunolégico do hospedeiro (Tshikantwa et al., 2018; Ali
etal., 2023).

Bactérias patogénicas s@o responsaveis por uma variedade de doencas infecciosas,
que vdo desde infeccBes leves, como as de natureza cutanea, até condigcdes graves e
potencialmente fatais, como pneumonia e sepse (Soni; Sinha; Pandey, 2024). O
tratamento dessas infeccdes enfrenta o desafio da crescente resisténcia aos antibioticos,
que pode ocorrer por diferentes mecanismos. Esses incluem a producgéo de enzimas que
inativam os antibioticos, a modificagdo dos alvos moleculares desses medicamentos, a

alteracdo da permeabilidade da membrana celular para reduzir sua entrada, e a ativagéo
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de bombas de efluxo que expulsam os antibidticos da célula bacteriana, entre outros
(Mancuso et al., 2021; Muteeb et al., 2023) (Figura 3).

Figura 3. Principais mecanismos de resisténcia bacteriana aos antibioticos. (1)

Inativacdo enzimatica; (2) = Efluxo do antibidtico; (3) = Alteracao do sitio-alvo; (4)

Bloqueio da entrada do farmaco.

Fonte: Autora (2023).

A resisténcia bacteriana € particularmente preocupante em espécies patogénicas
como Escherichia coli, Pseudomonas aeruginosa e Staphylococcus aureus, que estdo
frequentemente associadas as infec¢fes nosocomiais. Esses microrganismos estao ligados
a elevadas taxas de mortalidade e morbidade, além de prolongarem o tempo de internagédo
e aumentarem os custos de tratamento, representando uma ameaca significativa a saude
publica (Mancuso et al., 2021; Murray et al., 2022).

Escherichia coli (Enterobacteriaceae) ¢ uma bactéria Gram-negativa normalmente
presente no intestino humano como comensal. No entanto, cepas patogénicas podem
causar uma variedade de doencas, tanto intestinais, como diarreia aquosa ou
sanguinolenta, sindrome hemolitico-urémica e colite, quanto extraintestinais, como
bacteremia, sepse, meningite e infec¢des do trato urinario. As cepas de E. coli podem ser
classificadas em trés grupos: (1) comensais, que residem normalmente no trato

gastrointestinal sem causar doencas, (2) patogénicas intestinais, responsaveis por
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infeccdes gastrointestinais diarreicas (E. coli enteropatogénica, E. coli enterotoxigénica,
E. coli enterohemorrégica, E. coli enteroagregativa, E. coli enteroinvasiva e E. coli
difusamente aderente), e (3) patogénicas extraintestinais, que incluem cepas
uropatogénicas e associadas a meningite neonatal, que causam infeccGes fora do trato
intestinal (Geurtsen et al., 2022).

O tratamento das infec¢des por E. coli tem se tornado cada vez mais desafiador
devido a crescente resisténcia a diferentes classes de antibidticos, incluindo g-lactamicos,
quinolonas e aminoglicosideos (Kakoullis et al., 2021). Os antibidticos S-lactamicos,
como penicilinas e cefalosporinas, agem inibindo a sintese da parede celular bacteriana.
No entanto, a resisténcia a esses antibi6ticos ocorre principalmente pela producéao de f-
lactamases, como as de classe A (TEM e CTX-M) e as metalo-f-lactamases, que
hidrolisam o anel g-lactamico, tornando esses antibidticos ineficazes. As quinolonas,
como ciprofloxacino, que inibem a enzima DNA girase, essencial para a replicacdo
bacteriana, enfrentam resisténcia mediada por muta¢des no gene gyrA, responsavel pela
codificacdo da subunidade A da DNA girase, 0 que compromete a acdo do farmaco. Ja os
aminoglicosideos, como a gentamicina, que interferem na sintese proteica bacteriana ao
se ligar a subunidade ribossdmica 30S, perdem eficacia devido a modificacGes
enzimaticas que inativam o antibidtico (Kakoullis et al., 2021; Gauba; Rahman, 2023).
Esses mecanismos de resisténcia tornam o tratamento das infecgOes por E. coli cada vez
mais complexo, muitas vezes exigindo o uso de antibidticos de ultima linha, como
carbapenémicos e polimixinas, que também tém apresentado aumento nos indices de
resisténcia (Venne et al., 2023; Huang et al., 2024).

Pseudomonas aeruginosa (Pseudomonadaceae) € uma bactéria Gram-negativa
amplamente encontrada em diversos ambientes, incluindo solo, agua, plantas, tecido de
mamiferos e ambientes hospitalares. Embora muitas vezes seja inofensiva, pode se tornar
um patégeno oportunista em individuos imunocomprometidos (Qin et al., 2022; Tuon et
al., 2022). E o quarto patdgeno nosocomial mais isolado, responsavel por cerca de 10%
das infec¢des adquiridas em hospitais. As infec¢Oes associadas a P. aeruginosa incluem
pneumonia associada a ventilagdo mecénica, infecgdes do trato urinario, feridas ou
gueimaduras, e septicemia. Além disso, P. aeruginosa é caracterizada por sua capacidade
de adaptacdo a mudancas no ambiente, desenvolvendo resisténcia a antibidticos e
produzindo uma variedade de fatores de viruléncia, o que a torna uma ameaca
significativa a satde (Qin et al., 2022; Bondareva et al., 2024; Elfadadny et al., 2024). A

capacidade desse patogeno de formar biofilmes altamente resistentes a antibi6ticos € um
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dos principais desafios no tratamento de infeccbes nosocomiais a ele associadas
(Kakoullis et al., 2021).

O tratamento de infecgOes causadas por P. aeruginosa tem sido dificultado pela
crescente resisténcia a antibidticos, particularmente aos f-lactdmicos, como
cefalosporinas e carbapenémicos. Essa resisténcia é atribuida a uma série de mecanismos,
incluindo a producdo de p-lactamases e a alteragfes na membrana externa que dificultam
a entrada de antibioticos. Dentre outros mecanismos de resisténcia, destacam-se a
producdo de p-lactamases de classe C, como a cefalosporinase AmpC, e de
carbapenemases de classe B, como as metalo-f-lactamases (MBLs). O aumento da
resisténcia a esses antibidticos, somado a capacidade de adaptacdo de P. aeruginosa, torna
o0 tratamento das infecgdes um desafio (Kakoullis et al., 2021; Gauba; Rahman, 2023). A
OMS classificou P. aeruginosa como um patdgeno de “alta prioridade” para pesquisa e
desenvolvimento de novos antimicrobianos (WHO, 2024).

Staphylococcus aureus (Staphylococcaceae) € uma bactéria Gram-positiva
encontrada na pele e nas mucosas humanas, como a cavidade nasal, boca e o intestino.
Embora muitas vezes seja comensal, S. aureus pode causar infeccdes leves na pele e
tecidos moles até condicdes mais graves, como pneumonia, osteomielite, endocardite,
artrite séptica, bacteremia e septicemia. (Guo et al., 2020; Howden et al., 2023). Desde a
descoberta da resisténcia a penicilina na década de 1940, S. aureus tem  continuamente
desenvolvido novos mecanismos de resisténcia. Entre eles, destacam-se a producéo de -
lactamases e a expressdo da proteina de ligacdo a penicilina (PBP2a), que confere
resisténcia a quase todos os antibidticos S-lactamicos. Além disso, S. aureus também
demonstra resisténcia a diversos outros antibidticos amplamente utilizados, como
tetraciclinas, aminoglicosideos, macrolideos, fluoroquinolonas, vancomicina e linezolida.
Esses mecanismos incluem alteracdes em alvos moleculares, producdo de bombas de
efluxo e alteragéo da espessura da parede celular, reforcando sua capacidade de adaptagéo
e dificultando o tratamento (Kakoullis et al., 2021; Mlynarczyk-Bonikowska et al., 2022).
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Abstract

Ethnopharmacological relevance: Hancornia speciosa Gomes is a fruit and medicinal
species used for treating infectious diseases of the genitourinary system. However, its
mechanism of action against microbes is still not fully understood. Infections in the

genitourinary system caused by Candida spp. are associated with its fungal resistance and
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pathogenicity. New plant-derived compounds are an alternative to fight these Candida
infections.

Aim of the study: The objective of this study was to evaluate the anti-Candida effects of
extracts of the stem bark of H. speciosa. This research investigated the chemical
composition of sulfuric ether (EEHS) and methanolic (MEHS) extracts, their drug-
modifying action on fluconazole, and their anti-virulence action on the morphological
transition of Candida species.

Materials and methods: The extracts (EEHS and MEHS) of the stem bark of H. speciosa
were chemically characterized via qualitative phytochemical screening and by liquid
chromatography coupled with mass spectrometry (UPLC-MS-ESI-QTOF). The extracts
were evaluated regarding their antifungal effects and fluconazole-modifying activity
against Candida albicans, Candida krusei, and Candida tropicalis using the broth
microdilution method. Additionally, the study evaluated the inhibition of fungal virulence
in Candida species through morphological transition assays.

Results: The phytochemical screening revealed the presence of anthocyanidins,
anthocyanins, aurones, catechins, chalcones, flavones, flavonols, flavanones,
leucoanthocyanidins, tannins (condensed and pyrogallic), and xanthones in both extracts
of the stem bark of H. speciosa. The UPLC-MS-ESI-QTOF analysis identified the same
compounds in both extracts, predominating phenolic compounds. Some compounds were
first time recorded in this species: gluconic acid, cinchonain Ilb, cinchonain Ib isomer,
and lariciresinol hexoside isomers. Most of the intrinsic antifungal activity was observed
for the MEHS against C. krusei (ICso: 58.41 ug/mL). At subinhibitory concentrations
(MC/8), the EEHS enhanced the action of fluconazole against all Candida strains. The
MEHS exhibited greater efficacy than fluconazole inhibiting C. krusei growth. The EEHS
completely inhibited hyphae appearance and reduced pseudohyphae formation in C.
albicans.

Conclusion: The stem bark of H. speciosa is a rich source of bioactive compounds,
especially phenolic. Phenolic compounds can have important roles in fighting infectious
diseases of the genitourinary system, such as candidiasis. The extracts of H. speciosa
improved the action of the drug fluconazole against Candida species, inhibited hyphae
appearance, and reduced pseudohyphae formation. The results of this study can support
the development of new therapeutics against resistant strains of Candida.

Keywords: Cinchonain; Ethnomedicine; Flavonoids; Hyphae; Phenolic compounds.
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1. Introduction

The growing prevalence of fungal infections caused by the Candida genus is an
ongoing challenge for the human health system (Li et al., 2018). These microorganisms
are naturally found in the microbiota of the human body, inhabiting gastrointestinal and
genitourinary tracts, skin, and mucous membranes (Eksi et al., 2022; Saracino et al.,
2022). However, under circumstances that modify or stress the balance of the microbiota,
there is the proliferation and dissemination of Candida yeasts, leading to a broad range
of infections, varying from skin infections to invasive candidiasis (bloodstream infection)
(Talapko et al., 2021; Valand and Girija, 2021).

Candida albicans is recognized as the predominant species associated with fungal
infections, nevertheless, recent reports indicate an increase in the incidence of infections
caused by non-albicans Candida, such as C. tropicalis and C. krusei (World Health
Organization, 2020, 2022). Several factors contributed to this scenario, including
intensive and inappropriate use of broad-spectrum antibiotics, immunosuppressive
treatments, and prolonged hospital stays (Coban et al., 2023; Srivastava et al., 2018).
These factors led to antifungal resistance and the pathogenicity of Candida species,
making the treatment of infections more challenging (Poissy et al., 2022).

The pathogenicity of Candida spp. is influenced by different virulence
mechanisms, including the ability to form biofilms, secretion of extracellular enzymes,
the capacity of adhesion and invasion into host cells, and the ability to undergo
morphological transition from yeast to filamentous forms such as hyphae and
pseudohyphae (Gizinska et al., 2019; Melo et al., 2019). The morphological transition
observed in some Candida species is particularly worrying, as this trait allows the yeast
to assume an invasive form, significantly enhancing its capacity to cause severe and
disseminated infections (Das et al., 2019; Kornitzer, 2019). The presence of hyphae and
pseudohyphae in some Candida species enables them to penetrate tissue and organs,
making these infections a constant health challenge, worsened by the limited number of
available antifungal classes to fight these infections (Capoci et al., 2019; Khan et al.,
2021; Li et al., 2020).

Studies have been carried out to discover new natural or synthetic substances that
can inhibit the proliferation of different pathogens with minimum side effects, as well as
compounds that can improve the activity of standard antifungal drugs (Costa et al., 2021;

Feitosa et al., 2022; Vaou et al., 2021). Among the natural products, those derived from
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medicinal plants are of great interest to the pharmaceutical industry, due to their great
antimicrobial potential (Martins et al., 2015; Ugboko et al., 2020). In recent years, there
have been significant advances regarding the research of the antifungal potential of
natural products (e.g., oils and plant extracts) (Lima et al., 2022; Gao et al., 2023,;
Almeida-Bezerra et al., 2023; Sampaio et al., 2023). Natural products can have several
advantages compared to synthetic antifungal drugs, they generally are safer, display high
biodegradability, and have low toxicity for humans (Ju et al., 2022; Osonga et al., 2022).
Furthermore, several natural products have demonstrated a broad diversity of active
compounds against different fungi strains (Zheng et al., 2023; Sasidharan et al., 2023).

The antifungal properties of plant extracts have been confirmed by a variety of
studies, demonstrating their effectiveness in inhibiting the growth of different pathogenic
fungi (Lima et al., 2022; Gao et al., 2023; Almeida-Bezerra et al., 2023). These studies
also revealed the mechanisms of action against fungi, especially their interference in
essential metabolic processes and inhibiting the formation of structures associated with
fungal pathogenicity and virulence (e.g., hyphae) (Ju et al., 2022; Wu et al., 2022;
Sasidharan et al., 2023). These findings emphasized the importance of medicinal plants
and their compounds as promising sources for developing new antifungal drugs.
(Sasidharan et al., 2023).

According to the review published by Bhadane et al. (2018), species belonging to
the Apocynaceae family have been widely used in herbal medicine. Apocynaceae species
are widely recognized for having diverse bioactive compounds, including alkaloids,
terpenoids, flavonoids, simple phenols, hydrocarbons, and lactones (Bhadane et al.,
2018). Among the species of this family, some have shown medicinal properties as
anticonvulsant, anticancer, antimalarial, gastroprotective, antitussive, antipyretic,
antiviral, and anti-inflammatory (Anand et al., 2020). The success of the therapeutics
based on the use of Apocynaceae species, for example, led to the development of
antitumor drugs of great clinical importance, such as vincristine and vinblastine (Almagro
etal., 2015).

Among the Apocynaceae species, Hancornia speciosa Gomes, a fruit species
known in Brazil as “mangabeira”, stands out in herbal medicine in the treatment of
diseases associated with the genitourinary and digestive systems, such as general
infections, diarrhea, dysentery, urinary infection, and fungal diseases (Cruz et al., 2021,
D’Abadia et al., 2020; Albuquerque and Meiado et al., 2015; Nunes et al., 2022). The

medicinal properties of this species can be attributed to its chemical composition, and
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several organs of this plant were identified as a source of bioactive compounds, such as
caffeic acid, quinic acid, catechins, proanthocyanidins, tannins, flavones, flavonols, and
flavanones (Bastos et al., 2017; D’ Abadia et al., 2020; Moraes et al., 2008).

Considering the pharmacological potential of H. speciosa described in
ethnomedicinal reports, particularly in the context of treating infectious diseases
associated with the genitourinary system, the objective of this study was to investigate
the chemical composition and in vitro effects of the stem bark extracts of H. speciosa
against Candida species and also their drug-modifying action on fluconazole.
Additionally, this study aimed to investigate the effects of these extracts on the inhibition

of the morphological transition in Candida species.

2. Materials and methods
2.1.  Collection of plant material

The stem bark of H. speciosa was collected in September 2021 in the plateau
known as Chapada do Araripe, in an Environmental Protection Area (EPA) located in the
municipality of Jardim (state of Ceard, Brazil), under the coordinates 7°29'02.4”S and
39°16'51.9"W, at an altitude of 920 m above sea level (Fig. 1). An exsiccate of the species
was deposited at the UFP Herbarium - Geraldo Mariz of the Universidade Federal de
Pernambuco — UFPE, under registration number #88,947. This study was approved by
the Biodiversity Authorization and Information System (SISBio) under registration
number 80293-1 and the National System for Management of Genetic Heritage and

Associated Traditional Knowledge (SisGen) under registration number A535238.
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Fig. 1. Map of the collection site of Hancornia speciosa Gomes in the Environmental Protection

Area of the Chapada do Araripe, Jardim, state of Ceara, Brazil.

2.2.  Preparation of the extracts

To produce the extracts of the stem bark, we followed the methodology described
by Rodrigues et al. (2022). Around 950 g of the stem bark of H. speciosa was dried at 45
°C for seven days. Following, the stem bark was ground and subjected to an exhaustive
extraction using n-hexane for 72 h, aiming to remove compounds with low polarity. After
filtration, a reextraction was carried out using sulfuric ether, and subsequently with
methanol for an equal period. At the end of the process, the sulfuric ether (EEHS) and
methanolic (MEHS) extracts were stored in an amber flask at room temperature. They
were kept stored until the chemical analyses and bioactivity tests. The n-hexane extract

was not used in this study.

2.3.  Phytochemical analysis
2.3.1. Qualitative chemical prospecting

For the qualitative evaluation of the presence of secondary metabolites, we
followed the methodology described by Matos (2009), which is used for the detection of
alkaloids, anthocyanidins, anthocyanins, aurones, catechins, chalcones, flavones,

flavonols, flavanones, leucoanthocyanidins, tannins (condensed and pyrogallic), and
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xanthones. The presence of each metabolite was verified by the colorimetric alteration of
the extracts and the formation of precipitates after the addition of specific reagents.

A quantity of 300 mg of each extract of H. speciosa was diluted in 30 mL of
ethanol (70%). Subsequently, 3 mL of each resulting solution was dispensed into eight
bottles, totaling sixteen. A specific reagent was added to each bottle to reveal the chemical
classes present in the solutions. The identification of phenols and tannins was carried out
using ferric chloride (FeCls). The screening of anthocyanidins, anthocyanins, flavonoids,
leucoanthocyanidins, catechins, and flavanones was carried out by adding 1%
hydrochloric acid (HCI) and 5% sodium hydroxide (NaOH). For the alkaloid
identification test, acetic acid (5%), 10% ammonium hydroxide (NH4OH), chloroform,

sodium hydroxide, and Dragendorff’s reagent were used (Matos, 2009).

2.3.2 Ultra-performance liquid chromatography coupled to quadrupole/ time of flight
mass spectrometry system (UPLC-MS-ESI-QTOF)

The analysis of the extracts was performed using an Acquity UPLC (Waters,
USA) system coupled to a mass system (Q-TOF, Waters) according to the method
previously described by Carvalho et al. (2019) with some modifications. A Waters
Acquity BEH C18 column (150 mm x 2.1 mm, 1.7 um) was used at 40 °C for the
separation. An injection volume of 5-uL aliquot of each extract was subjected to an
exploratory gradient with the mobile phase composed of deionized water (A) and
acetonitrile (B), both containing formic acid (0.1% v/v).

The extracts were subjected to the exploratory gradient as follows: 2-100% B
(22.0 min), 100% B (22.1-25.0 min), and 2% B (26.0-30.0 min), with a flow rate of 0.3
mL/min. The ionization was performed using an electrospray ionization source in
negative mode (ESI"), acquired at the range of 110-1180 Da. The optimized instrumental
parameters were: desolvation temperature at 350 °C, capillary voltage at 3.2 kV, source
temperature at 120 °C, cone voltage at 15 V, and desolvation gas flow at 500 L/h. The
software MassLynx 4.1 (Waters MS Technologies, Manchester, UK) was used to assign
exact masses, as well as the molecular formula of the compounds. Data were analyzed
via comparison with those described in the literature regarding the species of the

Apocynaceae family. Peak identification was determined by the m/z values.

2.4 Antifungal activity
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2.4.1 Strains, culture media, drugs, reagents, and solution preparation

For the anti-Candida assays, three standard yeast strains were used: Candida
albicans - CA INCQS 40006, Candida krusei - CK INCQS 40095, and Candida tropicalis
- CT INCQS 40042, from the Culture Collection of the National Institute of Quality
Control in Health (INCQS) of the Fundagéo Oswaldo Cruz (Manguinhos, Rio de Janeiro,
Brazil).

The culture media Sabouraud Dextrose Broth (SDB) (Himedia®) and Sabouraud
Dextrose Agar (SDA) (Difco®) were used in the antifungal assays, both prepared
according to the manufacturer’s recommendations. For the morphological transition
assays, Potato Dextrose Agar (PDA) — Becton Dickinson & Co. USA, bacteriological
agar - ISOFAR, and Yeast Peptone Dextrose (YPD) - Difco® media were used, also
prepared according to the manufacturer’s instructions. All media were diluted in distilled
water and sterilized in a vertical autoclave (121 °C for 15 min).

Regarding the drugs, the antifungal Fluconazole (Flucolcid®) was used as the
positive control in the antifungal assays. The drug was initially diluted in
dimethylsulfoxide (DMSO) and subsequently adjusted to varied concentrations from 4 to
2048 ug/mL. The extracts of H. speciosa were prepared following the same process.
Nevertheless, in the test of combined activity, the products were solubilized in DMSO,
and diluted to reach a fixed concentration of MC/8, where MC represented the matrix
concentration of the evaluated products equivalent to 2048 pg/mL (Lima et al., 2022).

The fungal strains inoculums used in the microdilution tests were prepared
according to the 0.5 McFarland turbidity standard in a saline solution. Subsequently, the
concentration was adjusted to 0.5 x 103 CFU in the SDB medium (CLSI, 2017). For the
morphological transition assays, the yeasts were reactivated in a YPD medium enriched
with 5% sterile Fetal Bovine Serum - Laborclin® and then transferred to a Petri dish
containing SDA. For these tests, a depleted PDA culture medium was used to stimulate
the formation of hyphae and pseudohyphae, in which Tween 80 P.S. - Dindmica®
(Indaiatuba, S&o Paulo, Brazil) was added. In this medium, the extracts were added at
varied concentrations of MC/2 (1024 ug/mL) and MC/4 (512 pg/mL).

2.4.2 Determination of the half-maximal inhibitory concentration (ICsp)
For the cell viability assay, it was used the method of microdilution in broth. Flat-

bottomed 96-well plates (Kasvi) received 100 puL. of SDB containing the fungal inoculum
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(0.5 x 10% CFU). Subsequently, 100 pL of the extracts or fluconazole were added until
reaching the final concentrations ranging from 2 to 1.024 pg/mL (CLSI, 2017). The last
two wells of the plates were kept for growth control (11th) and sterility evaluation (12th).
In addition to these plates, extract dilution controls were prepared simultaneously, with
the inoculum replaced by saline solution. All plates were incubated in a microbial
incubator at a constant temperature of 37 C for 24 h. After this incubation period, the
plates were subjected to spectrophotometric reading at a wavelength of 630 nm (ELISA,
Thermo Plate®) (Morais-Braga et al., 2016).

2.4.3 Minimum fungicidal concentration (MFC)

A quantity of 10 uL was removed from the solution of each well in the plates of
the antifungal assay, except for the sterile control. This solution was transferred to Petri
dishes containing SDA medium, which was distributed according to a guide card fixed
below the plate. These plates were incubated for 24 h at 37 °C, aiming to analyze the
presence or absence of Candida colonies (Fonseca et al., 2022). The lowest concentration

with no growth of Candida spp. was considered the MFC of the extract.

2.4.4 Modifying activity

The extracts of H. speciosa (EEHS and MEHS) were evaluated at subinhibitory
concentrations (MC/8) to verify if they were able to modify the activity of fluconazole,
the essay followed the methodology described by Lima et al. (2022) with some
modifications. SDB medium (Himedia®) containing H. speciosa extracts at their sub-
inhibitory concentrations was added to the plates. Subsequently, fluconazole was added
at concentrations ranging from 2 to 1024 pg/mL. The controls of the extract dilution in
combination with fluconazole were also performed. After 24 h of growth at 37 °C,
spectrophotometric readings were performed at a wavelength of 630 nm (ELISA, Thermo
Plate®). The results were used to obtain a cell viability curve (Morais-Braga et al., 2016).

2.4.5. Evaluation of fungal virulence inhibition

The evaluation of fungal virulence inhibition was performed according to
Carneiro et al. (2019). To observe the yeasts, slides were prepared in sterile
micromorphological chambers. A volume of 3 mL of depleted PDA medium was added
to the slides containing MC/2 and MC/4 concentrations of the extracts of H. speciosa. In

the chambers, aliquots of Candida spp. were added in two parallel streaks on the solid
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medium. Finally, the slides were covered with a sterile coverslip. Subsequently, these
slides were placed in a humid chamber and brought to a microbial incubator at 37 °C for
24 h. A growth control for the morphological transition of Candida spp. was performed,
as well as a positive control (fluconazole). At the end of the incubation period, the slides
were examined and photographed under an L-20001-TRINO/6633 optical microscope

(Bioval, Sao Paulo, Brazil).

2.5. Statistical analysis

The antifungal assays were performed in quadruplicate. The means and standard
errors of the mean (xSEM) were determined for each assay. A one-way analysis of
variance (ANOVA) followed by Tukey’s test with 95% confidence was performed. The
p values were classified as p < 0.0001 to 0.001 (*** = extremely significant), 0.001 to
0.01 (** = highly significant), 0.01 to 0.05 (* = significant), and p > 0.05 (ns = not
significant). To determine the half-maximal inhibitory concentration (ICso) of the
antifungal assays, a non-linear regression analysis was performed using GraphPad Prism
6.0 software (GraphPad Software, San Diego, CA, USA).

3. Results
3.1 Chemical composition

The qualitative analysis of the chemical composition of H. speciosa extracts using
colorimetric assays and precipitation tests showed the presence of different classes of
phenolic compounds in both extracts. However, the EEHS showed no alkaloids in its
composition, which may be associated with the polarity of the solvent used (Table 1).

Table 1
Classes of metabolites investigated in the sulfuric ether (EEHS) and methanolic (MEHS) extracts

of the stem bark of Hancornia speciosa.

Extracts
Classes

EEHS MEHS
Alkaloids - +
Anthocyanins and Anthocyanidins + +
Catechins + +
Chalcones and Aurones + +

Phenols + +



44

Flavones, Flavonols, and Xanthones + +
Flavanones + +
Flavononols + +
Leucoanthocyanidins + +
Condensed tannins + +
Hydrolyzable tannins + +

+ presence,; - absence

The chromatograms of the EEHS and MEHS extracts acquired by UPLC-MS are
shown in Fig. 2 (A and B, respectively). Based on the analysis of the mass fragments and
information from the literature, a total of twelve compounds were identified in both
extracts. The compounds identified are listed in Table 2, respectively, where is provided
information regarding the elution order, molecular formula, error, and major fragments
(MS/MS) (Supplementary Table 1).

In both extracts, we characterized the presence of gluconic acid (peak 1, m/z: 195),
quinic acid (peak 2, m/z: 191), vanillic acid (peak 3, m/z: 167), chlorogenic acid (peak 4,
m/z: 353), procyanidin B dimer (peak 5, m/z: 577), catechin (peak 6, m/z: 289),
procyanidin B trimer (peak 7, m/z: 865), epicatechin (peak 8, m/z: 289), cinchonain Ilb
(peak 9, m/z: 739), lariciresinol hexoside isomers (peaks 10 and 11, m/z: 521), phloretin
(peak 11, m/z: 273), and cinchonain Ib isomers (peaks 12, 14 and 15, m/z: 451).
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Fig. 2. UPLC-MS in negative ionization mode of the sulfuric ether (EEHS) (A) and methanolic
(MEHS) (B) extracts of the stem bark of Hancornia speciosa.
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Table 2. Compounds tentatively identified in the sulfuric ether (EEHS) and methanolic (MEHS) extracts of the stem bark of Hancornia speciosa.

Peak Rt [M-H] [M-H] [M-H] Product Empirical ppm Compound References
N°  min Observed Observed Calculated lons (MS/MS) Formula (error)
(EEHS) (MEHYS) (intensity %)
1 1.19 195.0478 195.0499  195.0505 - CeH1207 -3,1 Gluconicacid  (Bashir et al., 2021)
2 1.20 191.0530 191.0558  191.0556 - C7H1106 -1.0 Quinic acid (Bastos et al., 2017;
Pereira et al., 2015)
3 3.03 167.0353 167.0343  167.0344 152 (32) CgH704 -0.6 Vanillic acid (Huang et al., 2019)
4 4.22 353.0860 353.0877  353.0873 191 (100) C16H1709 1.1 Chlorogenic (Bashir et al., 2021;
acid Bastos et al., 2017;
Corréaet al., 2023)
5 451 577.1344 577.1360  577.1346 451 (10), 425 (22),  C3oH25012 24 Procyanidin B (Bastos et al., 2017)
407 (80), 289 (100) dimer
6 4.86 289.0695 289.0711  289.0711 245 (20) C15H1306 0.0 Catechin (Bastos et al., 2017;
Corréaet al., 2023)
7 497 865.1989 865.1990  865.1980 577 (10), 289 (50) Css5H37018 1.2 Procyanidin B (Bastos et al., 2017)
trimer
8 5.65 289.0692 289.0698  289.0711 125 (20) C15H1306 -4.8 Epicatechin (Sinan et al., 2021)
9 5.72 739.1678 739.1653  739.1663 587 (32),449 (21),  CszHz1015 -1.4 Cinchonain Ilb  (Boléaet al., 2019)
289 (36)
10 5.84 521.1994 521.2025 521.2023 359 (40) C26H33011 0.4 Lariciresinol (Morreel et al.,
hexoside isomer 2014)
11  6.00 521.2047 521.2028  521.2023 359 (32) C26H33011 1.0 Lariciresinol (Morreel et al.,
hexoside isomer 2014)
12 6.11 451.1009 451.1016  451.1029 341 (100), 217 (30),  C24H1909 -2,9 Cinchonain Ib (Dall’Acqua et al.,
189 (18) isomer 2021; Santos et al.,
2016)
13 7.32 273.0758 273.0740  273.0763 167 (24) C15H1305 -7.3 Phloretin (Bastos et al., 2017;
Gudzinskaité et al.,
2020)
14 756 451.1015 451.1041  451.1029 341 (100), 217 (25), C24H1909 2.7 Cinchonain Ib (Dall’Acqua et al.,
189 (14) isomer 2021; Santos et al.,
2016)
15 7.73 451.1045 451.1039  451.1029 341 (100), 217 (34), C24H1909 2.2 Cinchonain Ib (Dall’Acqua et al.,
189 (20) isomer 2021; Santos et al.,

2016)
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3.2 Antifungal and drug-modifying activity

The Minimum Fungicidal Concentration (MFC) showed results greater than 1024 pg/mL for
the substances tested (stem bark extracts and fluconazole). The antifungal and drug-modifying
activities of the extracts of H. speciosa are shown in Fig. 3. In general, the sulfuric ether extracts
of H. speciosa (EEHS) showed antifungal activity against the tested strains, where C. krusei was
the most susceptible (Fig. 3B), and C. tropicalis the most resistant (Fig. 3C). At sub-inhibitory
concentrations (MC/8), EEHS was able to intensify the action of fluconazole against all strains.
The antifungal activity was more intense against C. albicans (Fig. 3A) and C. tropicalis (Fig. 3C).

The methanolic extract of H. speciosa (MEHS) also showed an anti-Candida effect against all
strains evaluated (Fig. 4), being more active against C. albicans (Fig. 4A) and C. krusei (Fig. 4B),
and less active against C. tropicalis (Fig. 4C). It is worth noting that this extract was more active
than fluconazole against C. krusei at the concentration range from 4 to 64 pg/mL (Fig. 4B).
Similarly, to the EEHS, the MEHS in combination with fluconazole increased the antifungal
activity against C. albicans (Fig. 4A) and C. tropicalis (Fig. 4C).

The results observed for the antifungal activity and drug-modifying effects of the extracts can
be partially explained by the ICsp values shown in Table 3. It is noticeable the high antifungal
activity of the MEHS compared to the EEHS. The 1Cso value of this extract against C. krusei (58.41
pg/mL) was two times lower than the ICso verified for fluconazole (125.2 pg/mL). The
susceptibility of C. albicans to the MEHS was also noted, as its 1Cso was 80.61 pg/mL, considered
a low concentration. Regarding the modifying activity, the 1Cso values showed that both extracts
were able to enhance the action of fluconazole against all strains, with the MEHS being the most

effective.

Table 3
Half maximal inhibitory concentration (ICso) values of fluconazole, the extracts of the stem bark of

Hancornia speciosa, and their combinations against Candida spp. strains.

Strains/ICso (g/mL)

Treatments CA INCQS 40006 CK INCQS 40095  CT INCQS 40042

Fluconazole (FCZ) 16.07 125.2 4.775

EEHS 628 137.9 1889
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Strains/ICso (ug/mL)

Treatments CA INCQS 40006 CK INCQS 40095 CT INCQS 40042
FCZ + EEHS 2.836 25.66 1.267

MEHS 80.61 58.41 288

FCZ + MEHS 2.264 11.07 0.3945

EEHS = sulfuric ether extract, MEHS = methanolic extract, CA = Candida albicans, CK = Candida krusei,

and CT = Candida tropicalis. Values in bold denote lower I1Cso values compared to fluconazole.
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Fig. 3. Cell viability curve of Candida spp. strains and 1Cso value (dashed line) of different concentrations

of Hancornia speciosa sulfuric ether extract (EEHS), fluconazole (FCZ), and their combination (FCZ +
EEHS). Candida albicans (4A), Candida krusei (4B), and Candida tropicalis (4C). The bars indicate the
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standard error of the mean (n=3). *=p <0.05, *=p<0.01, *** =p <0.001, **** =p < 0.0001 compared
to fluconazole (FCZ).
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Fig. 4. Cell viability curve of Candida spp. strains and ICso values (dashed line) of different concentrations
of Hancornia speciosa methanolic extract (MEHS), fluconazole (FCZ), and their combination (FCZ +
MEHS). Candida albicans (5A), Candida krusei (5B), and Candida tropicalis (5C). The bars indicate the
standard error of the mean (n =3). *=p <0.05, ** =p < 0.01, *** = p < 0.001, **** = p < 0.0001 compared
to fluconazole (FCZ).
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3.3 Inhibition of fungal virulence

In addition to the anti-Candida effect, it was possible to observe that the extracts of H. speciosa
were able to reduce and inhibit the virulence of some Candida strains. In Fig. 5, for example, it is
noticed that EEHS (Fig. 5D and E) completely inhibited the formation of filaments in C. albicans
in both concentrations evaluated. These findings were similar to those verified for fluconazole
(Fig. 5B and C). On the other hand, the MEHS (Fig. 5F and G) did not completely inhibit the
formation of hyphae and pseudohyphae. However, when compared to the growth control (Fig.

5A), it was able to reduce the appearance of hyphae.

A — Growth Control I B-FCZ-MC/2 I C-FCZ-MC/4
".*’ -»'v"',‘:‘q 3 ~,

I D - EEHS - MC/2 II E - EEHS - MC/4 I
I F - MEHS - MC/2 II G - MEHS - MC/4 I

Fig. 5. Effect of fluconazole (FCZ), sulfuric ether extract (EEHS), and methanolic extract (MEHS) of
Hancornia speciosa on the dimorphism of Candida albicans INCQS 40006. Growth control (A); FCZ (B
and C); EEHS (D and E); MEHS (F and G). MC = Matrix Concentration; 100 x magnification.

Fig. 6 shows that the positive control (fluconazole) was able to inhibit the formation of

filamentous structures of C. krusei. However, the H. speciosa extracts were not able to inhibit this
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virulence factor compared to the growth control (Fig. 6A). For the C. tropicalis strain (Fig. 7),

although the extracts did not inhibit the morphological transition as observed for fluconazole (Fig.

7B and C), they were able to reduce the quantity and size of the filamentous structures. This effect
was mostly observed for the EEHS MC/2 (Fig. 7D).

A — Growth Control I B-FCZ-MC/2 I C-FCZ-MC/4
I D - EEHS - MC/2 II E - EEHS - MC/4 I

I F - MEHS - MC/2 II G - MEHS - MC/4 I

Fig. 6. Effect of fluconazole (FCZ), sulfuric ether extract (EEHS), and methanolic extract (MEHS) of
Hancornia speciosa on the dimorphism of Candida krusei INCQS 40095. Growth control (A); FCZ (B and
C); EEHS (D and E); MEHS (F and G). MC = Matrix Concentration; 100 x magnification.
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A — Growth Control I B-FCZ-MC/2 I C-FCZ-MC/4

I D — EEHS - MC/2 II E - EEHS - MC/4 I
I F - MEHS - MC/2 II G - MEHS - MC/4 I

Fig. 7. Effect of fluconazole (FCZ), sulfuric ether extract (EEHS), and methanolic extract (MEHS) of
Hancornia speciosa on the dimorphism of Candida tropicalis INCQS 40042. Growth control (A); FCZ (B
and C); EEHS (D and E); MEHS (F and G). MC = Matrix concentration; 100 x magnification.

4. Discussion

From an ethnopharmacological perspective, H. speciosa has been used in the treatment of
infectious diseases associated with the genitourinary system (Cruz et al., 2021; Albuquerque and
Meiado, 2015; Nunes et al., 2022). Chemically, the leaves and fruits of H. speciosa are the most
well-studied organs of this plant, displaying several compounds such as phenolic acids, flavonoids,
terpenes, and fatty acids (Almeida et al., 2022; Nunes et al., 2022; Leite et al., 2020; Sousa et al.,
2022). Regarding the bark of H. speciosa, which was the focus of our study, the research is still
incipient. In a previous study, phenolic compounds such as flavonols, catechin, rutin, and tannins
were the main identified (Leite et al., 2020). According to these authors, the bark of H. speciosa
has high levels of phenols followed by flavonoids, and tannins are found in minor quantities.

Our findings evidenced that the stem bark of H. speciosa contains phenolic compounds,

such as quinic acid, vanillic acid, chlorogenic acid, and catechin. These compounds were
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previously reported in the leaves and fruits of this species (Bitencourt et al., 2019; Santos et al.,
2016; Leite et al., 2020). In addition, our research identified other substances, such as procyanidin
B, epicatechin, and phloretin, a dihydrochalcone flavonoid, which had already been found in the
leaves of H. speciosa (Almeida et al., 2022; Bastos et al., 2017). These compounds are known for
their bioactive properties, including antimicrobial, antioxidant, and anti-inflammatory action
(Almeida et al., 2022; Bitencourt et al., 2019; Santos et al., 2016).

It is important to mention that our study revealed the presence of compounds that had not
been previously described in the species, such as gluconic acid, cinchonain Ilb, cinchonain Ib
isomer, and lariciresinol hexoside isomers, indicating the existence of a variety of bioactive
compounds in the stem bark of H. speciosa. These compounds may play an important role in the
biological activities attributed to the stem bark, including antifungal and drug-enhancing activity.
Previous studies showed that phenolic compounds such as cinchonain exhibited promising
biological activities, including antioxidant properties (Ao et al., 2011; Resende et al., 2011), and
antibacterial and antifungal activities against pathogens (Ming et al., 2002; Pizzolatti et al., 2002).

The gluconic acid found in the extracts is an organic acid widely used in the
pharmaceutical, food, and chemical industries because of its low toxicity and capacity to form
water-soluble complexes (Vandenberghe et al., 2018). Its presence in the stem bark of H. speciosa
suggests that this species could be a potential source of this compound, which has low toxicity and
can be used in several industrial applications, including biological activity. The identification of
lariciresinol hexoside isomer is also relevant, as lignan compounds such as lariciresinol have been
associated with biological activities, including antioxidant (Bajpai et al., 2017a), antibacterial
(Bajpai et al., 2017b), and anticancer activity (Ma et al., 2016). Therefore, the presence of this
specific isomer may contribute to the understanding of the medicinal properties attributed to the
stem bark of H. speciosa.

Plant extracts represent a rich and diverse source of bioactive compounds. They can display
the ability to inhibit the growth and replication of a variety of pathogenic fungi, such as Candida
spp. (Limaetal., 2022; Almeida-Bezerra et al., 2023). Studies on plant products have been seeking
to address the mechanisms involved in antifungal activity and how the bioactive compounds found
in these products act on the vital processes of fungi (Gao et al., 2023; Ju et al., 2022; Almeida-
Bezerra et al., 2023). The main mechanisms of action of these plant products against fungi are

based on the inhibition of cell wall formation, induced damage to the plasmatic membrane and
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genetic material, inhibition of biofilm formation, and reduction of hyphae growth, among others
(Wu et al., 2022; Almeida-Bezerra et al., 2023). Due to the wide variety of compounds found in
plant extracts, the antifungal activities of these products generally are not due to a single isolated
mechanism but the result of combined effects (Wu et al., 2022).

The anti-Candida activity observed can be associated with the chemical composition of the
stem bark since there are reports that flavonoids have antifungal properties (Nguyen et al., 2021;
Seleem et al., 2017). Flavonoids can act through various mechanisms, for example, disrupting the
plasma membrane, inhibiting cell wall formation, inducing mitochondrial dysfunction, inhibiting
cell division, inhibiting efflux pumps, and inhibiting RNA/DNA and protein synthesis (Al Aboody
and Mickymaray, 2020).

In addition to flavonoids, chlorogenic acid was identified in H. speciosa extracts, which
showed antifungal properties against fluconazole-resistant Candida spp. According to some
reports, chlorogenic acid causes the reduction in cell viability, increases mitochondrial
depolarization potential, increases the production of reactive oxygen species (ROS), induces
potassium efflux, DNA fragmentation, and externalization of phosphatidylserine, indicating an
apoptotic process in Candida spp. yeasts (Silva et al., 2022; Yun and Lee, 2017). This process
occurs because chlorogenic acid induces the activation of proteases, such as caspases, which are
considered apoptotic markers (Yun and Lee, 2017).

In addition to its antifungal effect, chlorogenic acid was capable of intensifying the activity
of fluconazole against multi-resistant strains of C. albicans, C. krusei, C. bovina, and C.
parapsilosis, reducing the MIC up to 99.99% (Rhimi et al., 2020). The results of our study
demonstrate that extracts of H. speciosa, in which chlorogenic acid was found, potentiated the
action of fluconazole. This synergism is promising, considering that both drugs can act
simultaneously on different targets, making it more challenging for strains to develop drug
resistance (Al Aboody and Mickymaray, 2020).

The extracts of H. speciosa were able to reduce the growth and inhibit the virulence of
Candida spp., confirming its traditional use in herbal medicine to treat genitourinary system
infections. Although the extracts did not show greater activity than fluconazole, they can be an
alternative for the development of new antifungal agents, as the anti-Candida activities occurred
at clinically relevant concentrations (Houghton et al., 2007; Panontin et al., 2021). The in vitro

antifungal results demonstrated in this study are promising and can contribute to the development
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of new products based on this natural resource, which is low-cost, culturally accepted, and found
throughout a large part of the Brazilian territory (Alves et al., 2021; Dutra et al., 2016; Suntar,
2020).

Regarding the inhibition of Candida spp. virulence, only the sulfuric ether extract (EEHS)
was able to inhibit the morphological transition of C. albicans. Although the compositions of these
extracts were similar, differences between compound concentrations could result in distinct effects
on Candida species (Lima et al., 2022). This finding is particularly relevant since the
morphological transition is associated with the pathogenicity of C. albicans. In this phase, C.
albicans display the ability to adhere to surfaces and form biofilms, making the treatment more
challenging (Cassone and Cauda, 2012; Chen et al., 2020).

Liu et al. (2021) demonstrated that phloretin, which is present in H. speciosa extracts,
suppressed the pathogenicity and virulence of C. albicans, inhibiting biofilm formation and
suppressing yeast-to-hypha transition, via regulation of hypha-associated genes. Saito et al. (2013)
also evidenced that catechin inhibited the morphological transition of C. albicans by suppressing
the intracellular signal transduction. The ability of the EEHS to inhibit this transition suggests an
important therapeutic potential for controlling fungal infections caused by C. albicans (Bu et al.,
2022). Additional tests with H. speciosa extracts are necessary to evaluate their pharmacokinetics
and pharmacodynamics, including acute, subacute, and chronic toxicity, to ensure their safety.
Furthermore, chemical stability tests of the extracts should be performed to understand the
degradation of the active principles, ensuring their efficacy.

5. Conclusions

Our investigation demonstrated that the stem bark of Hancornia speciosa is an important
source of bioactive compounds that can support the treatment of infectious diseases associated
with the genitourinary system, such as candidiasis. Such potential may be associated with the
presence of phenolic substances, known for their broad spectrum of activities. In addition, the
presence of compounds not previously described for this species, such as gluconic acid, cinchonain
I1b, cinchonain 1b isomer, and lariciresinol hexoside isomer, reveals the existence of a variety of
bioactive compounds in the stem bark with potential to be explored in medical therapies. The
extracts were also able to potentiate the activity of the drug fluconazole against multi-resistant

microorganisms, which is important in the battle against microbial resistance. Further studies
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should be carried out to identify and elucidate the mechanisms involved in the observed antifungal

activities.
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Abstract

Ethnopharmacological relevance: Hancornia speciosa is a medicinal plant popularly used to treat
different medical issues, including infectious diseases. Exploring the therapeutic potentialities of
the extracts from medicinal plants combined with conventional antibiotic drugs is a promising

horizon, especially considering the rising microbial resistance.
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Aim of the study: This study aimed to characterize the chemical composition of the ethereal
(EEHS) and methanolic (MEHS) extracts of the stem bark of H. speciosa, and also evaluate their
antibacterial and drug-modifying activity, and toxicity.

Materials and methods: The extracts were characterized by gas chromatography coupled to mass
spectrometry (GC-MS). Additionally, total phenol and flavonoid contents were determined. The
antibacterial and antibiotic-modifying activity was evaluated against strains of Escherichia coli,
Staphylococcus aureus, and Pseudomonas aeruginosa using the serial microdilution method,
obtaining the minimum inhibitory concentration (MIC). The toxicity assay was carried out using
the Drosophila melanogaster model.

Results: Thirty compounds were identified in the extracts of the stem bark of H. speciosa, with
triterpenoids being predominant in both extracts. Additionally, fatty alcohols, carbohydrates, fatty
acids, phenolic acids, and phytosterols were identified in both extracts. EEHS and MEHS extracts
had considerable phenol contents (346.4 and 340.0 mg GAE/qg, respectively). Flavonoids were
detected in a lower proportion (7.6 and 6.9 mg QE/qg, respectively). H. speciosa extracts did not
display intrinsic antibacterial activity against the bacterial strains evaluated, however, they were
capable of modifying the activity of gentamicin, erythromycin, and norfloxacin. EEHS increased
the efficacy of norfloxacin against E. coli and S. aureus, reducing MIC values by 50%. MEHS
potentiated the action of gentamicin against all bacterial strains, especially against E. coli. The
extracts did not display toxicity at clinically relevant concentrations against D. melanogaster.
Conclusion: The stem bark of H. speciosa was considered a rich source of bioactive compounds.
Our findings evidenced the therapeutic potential of H. speciosa extracts for the development of
new pharmaceutical therapeutics against bacteria. Although the extracts did not exhibit intrinsic
antibacterial activity, they enhanced the efficacy of commercial antibiotic drugs and were non-
toxic at clinically relevant concentrations. Future studies are needed to elucidate the mechanisms

of action of these extracts, ensuring their safety and efficacy.
Keywords: Antimicrobial; Ethnomedicine; Mangabeira; Medicinal plants; Therapeutic potential.
1. Introduction

Antibiotics were discovered at the beginning of the 20™ century, and since then, they have

been widely used for treating and preventing different types of infectious diseases (Hutchings et
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al., 2019; Ding et al., 2020). However, the intensive and inappropriate use of these drugs has
contributed to selecting resistant microorganisms. The appearance of resistant strains is currently
outpacing the development of new antimicrobial drugs (Dadgostar, 2019; Udaondo and Matilla,
2020). Microbial resistance reduces the effectiveness of antibiotics, and it is considered a serious
threat to the medical systems. Consequently, treating infectious diseases becomes more difficult
and costly, affecting the quality of life of the patients under treatment, and in many cases leading
to death (Dadgostar, 2019; Morel et al., 2020). According to the World Health Organization (WHO
- World Health Organization, 2019), 700,000 deaths are caused by pathogenic microorganisms
annually, and the majority of these cases are in underdeveloped and developing countries.
Furthermore, it is estimated that by 2050 the world could reach 10 million deaths per year
associated with microbial resistance if effective actions are not taken in time. Among these actions,
the discovery of new compounds capable of intensifying the activity of commercial antimicrobial
drugs has a prominent space (Tagliabue and Rappuoli, 2018; Trotter et al., 2019).

Nosocomial microorganisms such as pathogenic bacteria are known for their capacity to
develop microbial resistance. These bacteria are associated with infections acquired in hospital
environments, affecting around 10% of the patients and resulting in extra costs for the public health
system (Khan et al., 2015; Edwardson and Cairns, 2019). Among the main nosocomial bacteria,
Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa stand out globally. These
bacterial species are known to cause opportunistic infections, due to their strong resistance,
pathogenicity, and virulence. Additionally, these bacteria increase the morbidity and mortality of
infected hosts (Hoang et al., 2018; Horn et al., 2018; Khalil et al., 2018). The development of new
alternative treatments, including the discovery of new antimicrobial substances has become an
urgent need, bringing attention to the use of compounds from medicinal plants (Ueda et al., 2023).

Throughout history, medicinal plants have demonstrated important roles in therapeutics,
providing evidence of their effectiveness, which has been passed from generation to generation.
The accessibility, low cost, and cultural acceptability make medicinal plants a viable option for
treating several infectious diseases, especially in poor and non-developed countries (Hamid et al.,
2023). Several medicinal plant species showed great potential against multidrug-resistant bacterial
strains (Aradjo et al., 2022; Pontes et al., 2022; Almeida-Bezerra et al., 2023). The use of phenolic
compounds from plants with strong antimicrobial capacity has been reported as an alternative to

the development of new antibacterial agents (Ueda et al., 2023).
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Hancornia speciosa Gomes (Apocynaceae) (Fig. 1), commonly known as “mangabeira”,
is a recognized medicinal species. Ethnopharmacologically, the stem bark of this species is used
to treat a variety of medical conditions, including stomach ulcers, stomach pain, diarrhea,
dysentery, gastritis, hernia, wound healing, cancer, urinary tract infections, female reproductive
system diseases, inflammation and general infections (Ribeiro et al., 2014; Albuquerque and
Meiado, 2015; Vieira et al., 2015; Penido et al., 2016; Ribeiro et al., 2017). The therapeutic and
healing properties of H. speciosa stem bark can be attributed to various compounds found in the
species, such as flavonoids, catechins, proanthocyanidins, and tannins (Moraes et al., 2008;
D’Abadia et al., 2020; Almeida et al., 2022; Silva et al., 2024). Considering the therapeutic
potential of H. speciosa stem bark described in ethnomedicinal studies, especially in the treatment
of infectious diseases, and due to the increasing resistance of pathogenic bacteria to commercial
antimicrobial drugs, there is a need for new compounds with antimicrobial properties. Therefore,
it is highly relevant to explore the antimicrobial potential of H. speciosa against these types of

pathogenic bacterial strains, including those associated with nosocomial infections.

\ \‘ [ v\' g : I ] = 3 A B N

Fig. 1. Characteristics of Hancornia speciosa Gomes (Apocynaceae). (A) = Leaves; (B) = Fruit; (C) = Stem
and latex; (D) = Latex collection.
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This study hypothesizes that the extracts of the stem bark of H. speciosa have antimicrobial
effects against bacteria causing infections. The objective of this study was to characterize the
chemical composition of sulfuric ether and methanolic extracts from the stem bark of H. speciosa
and verify their antibacterial and antibiotic-modifying activity against multi-resistant bacterial
strains (E. coli, P. aeruginosa, and S. aureus). Additionally, the toxicity of these extracts was tested

on Drosophila melanogaster.

2. Materials and methods

2.1. Collection of botanic material

The samples of stem barks of H. speciosa were collected in the municipality of Jardim,
state of Ceara, Brazil, in the Environmental Protection Area of Chapada do Araripe, at 920 m
altitude, under the coordinates 7° 29'02.4"S and 39° 16'51.9"W (Fig. 2). The exsiccate of the
species was deposited in the Herbarium UFP — Geraldo Mariz under registration number #88,947.

0250 500 km
-

L d

Universal Transverse Mercator - UTM
Cordinate system
Datum SIRGAS 2000

Legend:

Hancornia speciosa Gomes
[ Jardim
7] EPA - Araripe
I Ceari state
[] Brazil

51020 40 km

Fig. 2. Map of the sampling site where were collected the stem barks of Hancornia speciosa

Gomes, Jardim city, Ceard, Brazil.
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2.2. Preparation of extracts

A quantity of 950 g of dehydrated H. speciosa stem bark was crushed and subjected to
exhaustive extraction using n-hexane for 72 h at room temperature to remove low-polarity
substances. After the removal of the residues, two sequential extractions were performed using
sulfuric ether and methanolic solvents, for 72 h each. After each step, the samples were filtered
and the solvents were removed using a rotary evaporator (Silva et al., 2024). At the end of this
process, the sulfuric ether and methanolic extracts of H. speciosa (EEHS and MEHS, respectively)
were stored in an amber flask at room temperature. These extracts were kept stored until the

chemical analysis and biological activity tests.

2.3. Phytochemical analysis
2.3.1. Gas chromatography coupled to mass spectrometry (GC-MS)

Before the analysis, the extracts were derivatized using 50 pL of pyridine, and 50 uL of N,
O-Bis(trimethylsilyDtrifluoroacetamide (BSTFA), for 1 h at 70 °C. After derivatization, 1 pL of
each sample was injected into a gas chromatography system (GC 6850 Network, Agilent) coupled
to a mass spectrometer (MSD VL 5975C, Agilent), equipped with an Agilent HP5-MS column (30
m, 0.25 mm, 0.25 pm). Helium was used as attraction gas under a flow of 1 mL min. The
temperatures of the injector, quadrupole, and ion source were set to 300 °C, 150 °C, and 230 °C,
respectively. lonization was performed by electron impact at 70 eV, with a recorded mass range
from 50 to 600 m/z at a rate of 2.66 scans™. The column temperature was set up to the initial
temperature of 100 °C maintained for 5 min, followed by an increase of 5 °C per minute until
reaching 320 °C (final temperature). The total analysis period took 49 min.

The spectral data of each extract were processed (peak alignment, deconvolution, and
calculation of the Linear Retention Index (LRI)), along with compound identification using the
Global Natural Product Social Molecular Networking (GNPS), which generated an information
table containing retention time, peak area, molecular ion and possible identification suggestion for

each compound. A minimum cosine index of 0.30 and an LRI window of 30 were established for
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compound identification. Compounds with a cosine index above the minimum but without LRI

matching were grouped into the same class (according to GNPS) (Sala-Carvalho et al., 2022).

2.3.2. Total phenols and flavonoids

The Folin-Ciocalteu method was used to determine the total phenol contents (Singleton et
al., 1999), with some modifications. Initially, an ethanolic solution (1 mg/mL) of H. speciosa
extracts was added to a volumetric flask, together with 250 uL of Folin-Ciocalteu reagent and 3
mL of distilled water. After stirring for 30 s, 1 mL of 15% sodium carbonate (Na2COz) was added.
After 2 h, the absorbance was measured on a spectrophotometer at 760 nm (SmartSpec Plus, Bio-
Rad, USA). The results obtained expressed the total phenolic content in pg of gallic acid
equivalents per mg of H. speciosa extract (GAE/mg).

To quantify total flavonoids it was used the method described by Woisky and Salatino
(1998), with some adaptations. The H. speciosa extracts were diluted in distilled water until they
reached a concentration of 1 mg/mL. Then, 3 mL of methanol and 1 mL of aluminum chloride
(5% AICI3) were added to each of the extracts. After standing for 30 min, the absorbance was
measured at 425 nm using a spectrophotometer (SmartSpec Plus, Bio-Rad, USA). It was compared
to a blank sample solely containing methanol. Total flavonoid content was determined using a
quercetin standard curve (Sigma-Aldrich®). The results obtained express the total flavonoid

content in ug of quercetin equivalents per mg of H. speciosa extract (QE/mg).

2.4. Antibacterial activity
2.4.1. Strains, culture medium, drugs, reagents, and preparation of solutions

Standard bacteria (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 25853,
and Staphylococcus aureus ATCC 22923), and multidrug-resistant strains (Escherichia coli 06,
Pseudomonas aeruginosa 24, and Staphylococcus aureus 10) were used in the tests. The resistance
profile of multi-drug resistant bacteria to antibacterial drugs is described in the antibiogram (Table
1). The bacterial strains were inoculated in Petri dishes containing Heart Infusion Agar (HIA), and
incubated for 24 h in a microbiological incubator at a constant temperature of 37 °C. After the
bacterial growth, they were collected and diluted in sterile saline solution (0.9%) until reaching a
turbidity value of 0.5 at the McFarland scale (1x108 CFU/mL). From this solution, 150 uL of the
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inoculum was removed and added to a Brain Heart Infusion (BHI) solution (10%), for use in the
antibacterial and drug-modifying assays.

The extracts of H. speciosa were diluted in dimethylsulfoxide (DMSO, Merck, Darmstadt,
Germany) to reach an initial concentration of 20 mg/ mL. Following, the extracts were diluted in
sterile distilled water to reach an initial concentration of 1024 ug/mL. The antibacterial drugs
norfloxacin, gentamicin, and erythromycin (Sigma-Aldrich, St. Louis, Missouri, USA) were

directly diluted in sterile distilled water reaching a concentration of 1024 pug/mL.

Table 1
Resistance profile of multi-drug resistant bacteria to antibiotic drugs. Source: Laboratory of Microbiology
and Molecular Biology — LMBM, Universidade Regional do Cariri — URCA (Cear4, Brazil).

Bacteria Origin Drug resistance

Escherichia coli 06 Urine culture  Cefalothin, cephalexin, cefadroxil, ceftriaxone, cefepime,
ampicillin-sulbactam, amikacin, imipenem, ciprofloxacin,
levofloxacin, piperacillin-tazobactam, ceftazidime,
meropenem, cefepime.

Pseudomonas aeruginosa 24 Uroculture Amikacin, imipenem,  ciprofloxacin, levofloxacin,

piperacillin-tazobactam, ceftazidime, meropenem, cefepime.

Staphylococcus aureus 10 Rectal smear  Cefadroxil, cefalexin, cephalothin, oxacillin, penicillin,
ampicillin, amoxicillin,  moxifloxacin, ciprofloxacin,
levofloxacin, ampicillin-sulbactam, amoxicillin/clavulanic
acid,  erythromycin,  clarithromycin,  azithromycin,

clindamycin.

2.4.2. Minimum inhibitory concentration — MIC

To determine the minimum inhibitory concentration, 96-well flat-bottom plates (KASVI®,
Sao José dos Pinhais, PR, Brazil) were initially filled with 100 uL of BHI solution + 10% of the
inoculum each well. Subsequently, serial dilution (1:1 v/v) was performed with the extracts or
standard drugs at decreasing concentrations (512 — 0.5 pg/mL). After dilution, the plates were kept
in a microbial incubator at 37 °C. After 24 hours, a 20 pL solution of 0.01% resazurin (Sigma—

Aldrich, St. Louis, Missouri, USA) was added to each well to allow redox reactions. A color
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change indicated bacterial growth. The MIC was considered the well with the lowest concentration
that inhibited bacterial growth (Fernandes et al., 2022).

2.4.3. Drug-enhancing activity

After determining the MIC, the drug—enhancing experiment was carried out based on the
methodology described by Coutinho et al. (2008). Initially, the extracts were evaluated at sub-
inhibitory concentrations (MIC/8). A BHI solution containing 10% of the inoculum and the sub-
inhibitory concentration of the extracts was prepared. An aliquot of 100 uL was distributed into
the wells of the plates in a uniform pattern. Subsequently, a serial dilution (1:1 v/v) was performed
using standard antibacterial drugs at decreasing concentrations (512-0.5 pug/mL). These plates
were incubated in a microbial incubator at 37 °C. At the end of the growth period, the plates were
read by adding 20 pL of an aqueous solution of resazurin.

2.5. Toxicity analysis

2.5.1. Toxicity assay on Drosophila melanogaster

For toxicity assessment, it was used the ingestion method with Drosophila melanogaster
as the standard organism (Costa et al., 2020), with some modifications. Adult D. melanogaster
flies (males and females) aged 6 days were transferred to 300 mL glass flasks (20 flies per flask)
(Supplementary Fig. 1). At the bottom of the flasks were placed the basal diet of the flies with the
addition of H. speciosa extracts at different concentrations (1, 10, and 100 mg/g) for the treated
groups, and distilled water for the control group. The choice for these concentrations followed
established practices in the literature, which employ logarithmic intervals for efficient coverage of
the concentrations (Rand, 2010; Rajan and Perrimon, 2011; Cunha et al., 2015). They were kept
under 12-h light cycle (light/dark), at 25 °C = 1 °C, and 60% relative humidity, for 7 days. The

number of dead individuals was counted daily until the end of the experiment (7 days).

2.6. Statistical analysis
All experiments were performed in triplicates, and the means with their respective standard
errors (xSEM) were specific to each test. A one-way analysis of variance (ANOVA) was

performed, followed by Tukey's test at a 95% confidence level. Significance values were



78

categorized as p < 0.0001 (**** = extremely significant), 0.0001 to 0.001 (*** = extremely
significant), 0.001 to 0.01 (** = very significant), 0 .01 to 0.05 (* = significant) and p > 0.05 (ns
= not significant). The statistical analysis was performed using GraphPad Prism 6.0 software
(GraphPad Software, San Diego, CA, United States).

3. Results
3.1. Chemical composition

The GC-MS analysis revealed the presence of 30 compounds in the extracts of H. speciosa
(Table 2 and Fig. 3). Among these compounds, 19 were identified in both extracts (EEHS and
MEHS), while nine were found only in the EEHS extract, and the other two exclusively in the
MEHS extract. In the EEHS extract, triterpenoids were the predominant compounds (42.07%),
followed by fatty acids (6.29%), and carbohydrates (5.17%). The fractions of phytosteroids,
alcohols, phenolic acids, and other compounds were also detected, with 2.49%, 0.58%, 0.39%, and
4.38%, respectively. In the MEHS extract, triterpenoids were also identified, but found in smaller
quantities (8.70%), followed by fatty acids (4.29%), phytosteroids (2.65%), and alcohols (2.43%).
Carbohydrates, phenolic acids, and other compounds were found in relatively small amounts in
the total extract composition (1.23%, 0.75%, and 0.98%, respectively).
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Chemical composition of the sulfuric ether (EEHS) and methanolic (MEHS) extracts of Hancornia speciosa analyzed via gas chromatography

coupled to mass spectrometry.

Class / Compound Retention Area Molecular Molecular Biological properties Extract
time (min) (%) formula weight (g/mol)
Fatty alcohol
n—Octacosanol (1) 44977 | 0.30/ CagHsg0 410.80 Antibacterial EEHS / MEHS
44.967 0.95 (Sengupta et al., 2018);
Larvicidal /Insecticidal
(Zavala-Sanchez et al.,
2020); Antifungal
(Shehata et al., 2024)
n—Tetradecanol (2) 23.979/ 0.28/ C14H300 214.39 Antibacterial EEHS / MEHS
23.975 1.19 (Verde et al., 2017)
n—Triacontanol (3) 47.393 0.29 CsoHe20 438.80 Antioxidant/Antibacterial MEHS
(Ali et al., 2022)
Carbohydrate
D—Psicofuranose (4) 24.924 0.53 CsH1206 180.16 - EEHS
Fructofuranose (5) 247771 0.51/ CsH1206 180.16 - EEHS / MEHS
24.768 0.36
Galactopyranose (6) 26.558 0.48 C6H1206 180.16 - EEHS
Galactose (7) 24,578 0,29 CsH1206 180.16 - EEHS
Glucopyranose (8) 26.381 2.35 CsH1206 180.16 - EEHS
Glucose (9) 28.085 1.64 CsH1206 180.16 - EEHS
Maltose (10) 39.608 / 0.37/ C12H22011 342.30 - EEHS / MEHS
39.595 0.87
Fatty acid
Elaidic acid (18:1-trans) (11) 30.626 0.32 CaoH302 310.5 Larvicidal EEHS




80

Hexacosanoic acid (C26:0) (12)

Lignoceric acid (C24:0) (13)

Triacontanoic acid (C30:0) (14)
Palmitoleic acid (C16:1) (15)

Oleic acid (C18:1-cis) (16)

Linolenic acid (C18:3) (17)

Behenic acid (C22:0) (18)

43.650 /

43.639

41.010 /
40.997
48.499

28.554/
28.545

31.521/

31,511

31.419/
31.414

38.184 /
38.174

0.53/
0.66

1.13/
0.55
0.91

1.08/
1.32

1.43/

1.01

047/
0.40

0.42/
0.35

Ca6Hs202

Ca24H1802

CaoHs0O2
C16H3002

C18H3402

C1gH3002

C22H1402

396.7

368.6

452.8
254.41

282.5

278.4

340.6

(Perumalsamy et al.,
2015); Cytotoxic activity
(Zhaet al., 2021)

Antifungal

(Singh and Singh, 2003);
Antibacterial

(Rehan et al., 2020)

Cytotoxic

(Yamasaki et al., 2003)
Antibacterial
(Watanabe et al., 2021;
Wang et al. 2022)

Antibacterial
(Dilika et al., 2000);

Larvicidal

(Rahuman et al., 2008);
Cytotoxic

(Permyakov et al., 2012);
Antifungal

(Walters et al., 2004;
Verma et al., 2014)

Cytotoxic

(Vartak et al., 2000);
Antifungal

(Waters et al., 2004);
Antibacterial

(Obonyo et al., 2012; Jung
etal., 2015)

Larvicidal

(Wuillda et al., 2019);
Antibacterial

(Ravi et al., 2024)

EEHS / MEHS

EEHS / MEHS

EEHS
EEHS / MEHS

EEHS / MEHS

EEHS / MEHS

EEHS / MEHS




Phenolic acid
Gallic acid (19)

Protocatechoic acid (20)

Phytosterol
Campesterol (21)

y—Sitosterol (22)

Triterpenoid

27.364 /
27.345

24.699/
24.649

46.533
46.532

47.456
47.562

0.18/
0.40

0.21/
0.35

1.99/
1.50

0.50/
1.15

C7HeOs

C7H604

CagH4s0

Ca9H500

170.12

154.12

400.7

414.7

Cytotoxic

(Alves et al., 2016; Jiang et
al., 2022);

Larvicidal

(Punia et al., 2021);
Antifungal

(Liberato et al., 2022);
Antibacterial
(Keyvani-Ghamsari et al.,
2023)

Cytotoxic

(Babich et al., 2002);
Larvicidal

(Daniel et al., 2020);
Antibacterial

(Liu et al., 2005; Fifere et
al., 2022)

Cytotoxic

(O'Callaghan et al., 2013);
Antifungal

(Choi et al., 2017);
Antibacterial

(Silva et al., 2023)

Antifungal

(Mbambo et al., 2012);
Cytotoxic
(Sirikhansaeng et al.,
2017);

Larvicidal

(Mishra et al., 2020);
Antibacterial

(Luhata and Usuki, 2021)

EEHS / MEHS

EEHS / MEHS

EEHS / MEHS

EEHS / MEHS




a—Amyrin (23) 47.749 1.93 Cs3oHs00 426.7 Antifungal MEHS
(Johann et al., 2007);
Larvicidal
Kuppusamy et al., 2009);
Antibacterial
(Diaz-Ruiz et al., 2012)

a-Amyrone (24) 47.661 | 8.94/ CaoHagO 4247 - EEHS / MEHS
47.667 0.73
Friedelan—3-one (25) 49.728 / 3.51/ Cs3oHs00 426.7 Antibacterial / Antifungal EEHS/MEHS
49.667 2.58 (Ichiko et al. 2016; Okafor
etal., 2022);
Cytotoxic

(Radi et al., 2023)

Lupeol (26) 48.357 25.52 CsoH500 426.7 Cytotoxic EEHS
(Chaturvedi et al., 2008;
Akwu et al., 2020);
Larvicidal
(Nobsathian et al., 2018);
Antibacterial
(Rosandy et al., 2021);
Antifungal
(Javed et al., 2021)

Ursolic acid (27) 50.765 / 410/ CaoH4s03 456.7 Cytotoxic EEHS / MEHS
50.731 3.46 (Ma et al., 2005);
Antifungal

(Shaik et al., 2016);
Antibacterial
(Nascimento et al., 2014;
Sycz et al., 2022);
Larvicidal

(Kamatchi et al., 2023)

Others

Glucuronic acid (28) 28.284 2.07 CeH1007 194.14 Antibacterial EEHS
(Ansari et al., 2019)
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Shikimic acid (29) 25.802 / 0.64/ C7H100s 174.15 Antibacterial EEHS / MEHS
25.814 0.41 (Bai et al., 2015);
Antifungal
(Batory; Rotsztejn, 2022);
Cytotoxic

(Meghdadi et al., 2024)

Trans—-5-O—Caffeoyl-D—quinic 45.422 | 1.67/ C16H1809 354.31 Antibacterial EEHS / MEHS
acid (30) 45.403 0.57 (Aires et al., 2017)
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Fig. 3. Chemical structures of the compounds identified in the extracts of the stem bark of Hancornia speciosa by
gas chromatography-mass spectrometry.
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The total phenolic and flavonoid contents found in the stem bark extracts (EEHS and
MEHS) of H. speciosa can be observed in Table 3. For EEHS and MEHS, total phenolic
contents ranged from 340.0 to 346.4 mg GAE/g per extract, respectively, and did not differ
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statistically (p > 0.05). The total flavonoids in the extracts were comparable (p > 0.05) (Table
3).

Table 3
Total phenolic and flavonoid content in sulfuric ether (EEHS) and methanolic (MEHS) extracts of the
stem bark of Hancornia speciosa.

Extract Total phenolics Total flavonoids
(mg GAE/g) (mg QE/g)

EEHS 346.4+17.8 76+0.3

MEHS 340.0£45.4 6.9+£1.0

+ Standard error (n = 3). GAE = gallic acid equivalent, QE = quercetin equivalent.

3.2. Antibacterial and drug-modifying activity

Although H. speciosa is used in herbal medicine for treating infections, its extracts did
not show intrinsic antibacterial effects against standard and multi-resistant strains of E. coli, P.
aeruginosa, and S. aureus (MIC >512 pg/mL). On the other hand, H. speciosa extracts were
able to intensify the antibacterial activity of gentamicin and erythromycin against multi-
resistant strains of P. aeruginosa and E. coli (p < 0.0001). The EEHS produced a negative effect
on the action of two drugs, reducing their effects against S. aureus. In this specific case, EEHS
significantly (p < 0.0001) increased MIC values from 25.39 pg/mL to 101.59 pg/mL for
gentamicin; and from 2 pg/mL to 406.37 pg/mL for erythromycin. Regarding the drug
norfloxacin, the EEHS extract increased its action against E. coli and S. aureus, reducing their
MIC values by 50% (Fig. 4a).

The MEHS extract of H. speciosa potentialized the effect of all multi-resistant strains,
notably against E. coli, where the MIC value was reduced by more than 50% (p < 0.001). When
combined with erythromycin, MEHS significantly (p < 0.0001) reduced the MIC value of this
drug from 128 ug/mL to 25.39 pg/mL against P. aeruginosa. On the other hand, this
combination increased the MIC value from 2 pg/mL to 80 pg/ mL against S. aureus. The
combination of MEHS extract with norfloxacin made E. coli and S. aureus strains more
susceptible to the drug (p < 0.0001), however, it displayed an antagonistic effect against

P. aeruginosa (Fig. 4b).



87

Hekok ok
(a) *okk
b
400- e | PP = l El Gentamicin
&8 EEHS + Gentamicin

- | Erythromycin
E D EEHS + Erythromycin
i:f @l Norfloxacin
o EEHS + Norfloxacin
=

T
Pseudomonas aeruginosa Escherichia coli Staphylococcus aureus

(b)

3001

— El Gentamicin
2004 I I % MEHS + Gentamicin
= - "’—”ﬁl sl . = Erythromycin
£ 100 ok ’ 2 =
= Z I MEHS + Erythromycin
g 754 é § § @@ Norfloxacin
O % S rrex § e § MEHS + Norfloxacin
= 509 ssss é § LAl § l_l \
MR N \
e wrBo R R
% N\

Pseudomonas aeruginosa Escherichia coli Staphylococcus aureus

Fig. 4. Minimum Inhibitory Concentration (MIC) of antibiotics combined with sulfuric ether (EEHS)
(a) and methanolic (MEHS) (b) extracts of the stem bark of Hancornia speciosa against multi-resistant
bacterial strains. MIC values are displayed as geometric mean. The bars represent the standard error of
the mean (n = 3). **** = p < 0.0001.

3.3. Toxicity
3.3.1. In vivo toxicity assay against Drosophila melanogaster

In the toxicity test against D. melanogaster, EEHS extract did not show toxic effects at
clinically relevant concentrations, indicating its safety up to 10 mg/g. However, the extract
showed toxicity at a dosage of 100 mg/ g from the second day of exposure, leading to a mortality
rate of 20%, and reaching 28.3% at the end of the 7-day toxicity assay (Fig. 5a). On the other
hand, MEHS extract did not show toxicity in any concentration tested over 7 days period, when
compared with the control group (p > 0.05) (Fig. 5b).
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Fig. 5. Toxicity of sulfuric ether (EEHS) (a) and methanolic (MEHS) (b) extracts of the stem bark of
Hancornia speciosa at different concentrations against Drosophila melanogaster. * = p < 0.05, **** =

p < 0.0001. Bars represent the standard error of the mean (n = 3).

4. Discussion

The ethnopharmacological knowledge has been a valuable source for the discovery of
promising candidates to be used in the development of new antimicrobial agents, as well as for
the identification of natural compounds that can enhance the activity of conventional antibiotic
drugs (Calixto, 2019; Chaachouay and Zidane, 2024). In the present study, we investigated two
extracts from the stem bark H. speciosa, a plant commonly used in Brazilian herbal medicine
for treating various infectious diseases. According to the literature, chemical constituents of

high and medium polarity from H. speciosa exhibit remarkable bioactivity (Barbosa et al., 2019;
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Almeida et al., 2022). Additionally, methanol has been shown in other studies to be effective
in extracting a wide range of phytochemical compounds with different polarities (Anoor et al.,
2022; Zarrinmehr et al., 2022; Riyadi et al., 2023). Based on this evidence, our study focused
on two highly polar extracts: sulfuric ether and methanolic.

In a recent publication by our research group, we used liquid chromatography (UPLC-
QTOF-MS/MS) to identify the chemical composition of the ethereal and methanolic extracts
of the stem bark of H. speciosa (Silva et al., 2024). In this analysis, we mainly identified
catechin, chlorogenic acid, epicatechin, procyanidin B dimer, procyanidin B trimer, vanillic
acid, quinic acid, and phloretin, cinchonain Ilb, lariciresinol hexoside isomers, cinchonain Ib
isomers, and gluconic acid. In the current study, using GC-MS we identified fatty alcohols,
carbohydrates, fatty acids, phenolic acids, phytosterols, and triterpenoids. These diverse
findings highlight the importance of using different methods to investigate the compounds
present in plant extracts.

Our current findings corroborate previous studies that also identified phytocompounds
such as carbohydrates, fatty acids, phenolic acids, and phytosterols in H. speciosa (Santos et
al., 2018; Silva and Jorge, 2020; Silva et al., 2024). It is worth noting that some of the
metabolites identified in this study, such as hexacosanoic acid, lignoceric acid, triacontanoic
acid, and a-amyrone, were identified for the first time in H. speciosa. Furthermore, the literature
demonstrates that several compounds found in the extracts, such as linolenic acid, behenic acid,
gallic acid, lupeol, and ursolic acid, have antibacterial activity (Jung et al., 2015; Sycz et al.,
2022; Dwivedi et al., 2024).

Our study also evaluated the total phenolic and flavonoid content in the extracts. These
constituents can be an indicator of the pharmacological and biological potential of plant extracts
(Angeloni et al., 2021). According to the literature, phenolic and flavonoid compounds exhibit
a wide range of activities, such as anti-inflammatory, antioxidant, antiulcer, anticarcinogenic,
and antibacterial (Gotawska et al., 2023; Sun and Shahrajabian, 2023). Our results showed that
EEHS and MEHS extracts had considerable total phenol contents, higher than the findings
reported by Panontin et al. (2022) which investigated the leaves of the same species, using a
different solvent and extraction method. It is important to emphasize that the contents of
phenols and flavonoids can vary depending on soil and climate conditions, site and time of
collection, part of the plant extracted, the solvent and method used for extraction (Martins et
al., 2016; Adhikari et al., 2020; Valencia et al., 2023).

Regarding antibacterial activity, despite ethnopharmacological records that mention the

use of H. speciosa in the treatment of infections (Ribeiro et al., 2017; Cruz et al., 2021), our
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findings showed that the extracts (EEHS and MEHS) from the stem bark did not show an
intrinsic antibacterial effect, at clinically relevant concentrations, displaying a MIC > 512
pug/mL (Houghton et al., 2007). On the other hand, Santos et al. (2016) reported that the
ethanolic extract of H. speciosa leaves displayed antibacterial activity against different bacterial
strains, including S. aureus.

Our results demonstrated that the extracts from the stem bark of H. speciosa enhanced
the activity of three commercial antibiotic drugs, a promising alternative for improving
antibacterial therapy. The evaluation of the enhancing activity of antibiotics in microbiological
assays aims to determine the ability of other compounds to increase or intensify the therapeutic
effects of the drugs. The identification of compounds that enhance the activity of antibiotics is
crucial to optimizing treatments, enabling the reduction of the antibiotic dose and minimizing
potential adverse effects (Coutinho et al., 2008; Confessor et al., 2024). These assays generally
involve biological models or in vitro tests, in which the compound or product is combined with
the antibiotic in different concentrations. Synergistic or additive effects of these drug-enhancing
compounds can be compared with the results obtained based on the isolated effect of the
antibiotic drugs (Carneiro et al., 2019; Confessor et al., 2024).

Multi-resistant bacteria can develop mechanisms to modify the structure of the
antibiotics (e.g., aminoglycoside class), reducing or nullifying their action (Garneau-Tsodikova
and Labby, 2016). In our study, extracts from the stem bark of H. speciosa enhanced the activity
of gentamicin, an aminoglycoside antibiotic. Although we cannot assure that the flavonoids
found in the extracts are responsible for inhibiting enzymes related to bacterial resistance,
Gorniak et al. (2019) suggested that these compounds can interact with acetyltransferases,
nucleotidyltransferases, and phosphotransferases, inhibiting their action.

It is worth mentioning that the combinations of the stem bark extracts of H. speciosa
with different antibiotics intensified the action of all drugs against the E. coli strain. This
bacteria species is one of the main causes of infection in the urinary tract and bloodstream in
humans on a global scale (Curova et al., 2020). Escherichia coli is commonly found in the
intestinal tract and is normally harmless, being considered a commensal bacterium (Pakbin et
al., 2021). However, these microorganisms can acquire resistance genes, resulting in failures in
the treatment of intestinal and extraintestinal infections that can lead to health risks including
morbidity and mortality (Pokharel et al., 2023). This reinforces the importance of implementing
strategies to solve the problem of antimicrobial resistance (Eisinger et al., 2023).

The intensification of the antibacterial effect against E. coli observed in our study may

be related to the presence of phenolic compounds in the extracts of the stem bark of H. speciosa.
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Different findings corroborated the antibacterial activity of these compounds against E. coli
(Miklasinska-Majdanik et al., 2018; Ecevit et al., 2022; Lobiuc et al., 2023). Among the
mechanisms of action include the inhibition of biofilm formation (Bernal-Mercado et al., 2018;
Tian et al., 2022), increase in membrane permeability, and rupture of the bacteria (Hao et al.,
2021; Tian et al., 2022). According to recent findings (Bernal-Mercado et al., 2018; Hao et al.,
2021; Tian et al., 2022), gallic acid and protocatechuic acid, phenolic compounds identified in
our extracts, demonstrated these effects. It is believed that the synergy between the compounds
present in the extracts and the antibiotics contributed to increasing antibacterial activity against
E. coli, fighting the bacteria more effectively.

According to the literature, the combination of conventional antibiotic drugs and natural
substances such as plant extracts has shown significant antibacterial activities (Aradjo et al.,
2022; Pontes et al., 2022; Almeida-Bezerra et al., 2023). Some phytochemicals present in the
plant extracts can act through different mechanisms of action against bacteria, which include
inhibition of the biosynthesis of nucleic acid and proteins, damage to the bacterial membrane
and cell wall, inactivation of the efflux pump, and inhibition of virulence mechanisms of the
bacteria (e.g., ability to form biofilms) (Fig. 6) (Ayaz et al., 2019; Khameneh et al., 2019;
Gorniak et al., 2019; Dassanayake et al., 2021; Mahamud et al., 2022).
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Fig. 6. Target sites of phytochemicals, and their mechanisms of action against bacteria. 1: Inhibition of
protein synthesis; 2: Inhibition of nucleic acid synthesis; 3: Damage to the cell wall; 4: Damage and

rupture of the cell membrane and 5: Inhibition of the efflux pump.
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The compounds present in the stem bark extracts of H. speciosa can operate through
diverse and complex mechanisms to produce an antibacterial effect, impacting various aspects
of the bacterial cell. Fatty acids, for example, can destabilize cell membranes, interrupt the
electron transport chain, uncouple oxidative phosphorylation, inhibit enzymatic activities of the
membranes, and reduce nutrient absorption (Yoon et al., 2018). Flavonoids, on the other hand,
can interact with the bacterial plasma membrane, increasing its permeability to the drug and
inhibiting bacterial growth even at low concentrations (Cushnie and Lamb, 2011; Gorniak et
al., 2019; Farhadi et al., 2019).

Triterpenoids have lipophilic properties, which facilitate interaction with the bacterial
cell wall. These compounds can interfere with the biosynthesis of the cell wall and inhibit
virulence mechanisms, such as the formation of biofilms. Furthermore, triterpenoids can
penetrate the bacterial cell directly impacting protein synthesis, DNA replication and repair
(Ibrahim et al., 2019). The lipophilicity is also crucial to the antibacterial potential of phenolic
acids. Their lipophilic nature allows them to cross the bacterial cell membrane, resulting in
acidification of the cytoplasm and disruption of the membrane structure. This can induce protein
denaturation and increase membrane permeability, allowing ions such as potassium (K*) to
outflow from the cell (Lobiuc et al., 2023).

According to Miklasinska-Majdanik et al. (2018) and Kauffmann and Castro (2023),
phenolic compounds can negatively affect bacteria through different mechanisms, such as
reducing biofilm formation, disturbing membrane integrity and inhibiting virulence factors.
Phenolic compounds present in H. speciosa extracts may be associated with the intensification
of the observed antibiotic activity. An example of this is eriodictyol, identified in previous
studies with these extracts (Silva et al., 2024). This compound has been recognized as one of
the most powerful antimicrobials of plant origin (Khameneh et al., 2019). According to Wang
et al. (2021), eriodictyol acts by inhibiting different virulence mechanisms of the Sortase A
enzyme, including the formation of biofilms of methicillin-resistant S. aureus. Furthermore,
studies indicate that phloretin, also present in H. speciosa extracts (Silva et al., 2024), inhibits
the Sortase B enzyme, essential for S. aureus infection (Wang et al., 2018), and inhibits the
expression of toxin-related genes and signaling systems in E. coli (Lee et al., 2011).

The intensification of antibacterial activity observed in this study was probably the
result of the synergistic action of the antibiotic with different secondary metabolites present in
the extracts. The diversity of mechanisms of action of these compounds may have contributed
to the intensification of antibacterial activity by acting on multiple targets and different bacterial

resistance mechanisms (Ayaz et al., 2019).
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The possible antagonistic effect observed by the association of stem bark extracts of H.
speciosa with norfloxacin against P. aeruginosa, and with gentamicin and erythromycin against
S. aureus can be attributed to the interference on the sites of action of these antibiotics, as well
as the possible chelation with these drugs (Bezerra et al., 2017). Direct interference on sites of
action reduces antibiotic effectiveness, while chelation forms stable complexes, decreasing the
availability and effectiveness of the antibiotics. These mechanisms can compromise the action
of antibiotics, contributing to the occurrence of antagonistic effects of the plant extracts
(Oliveira et al., 2017).

In our study, in addition to the evaluation of the antibacterial activity, we also
investigated the toxicity of H. speciosa extracts against D. melanogaster, a viable model
organism commonly used to assess the toxic activities of natural products (Supplementary
Table 1). Drosophila melanogaster is genetically significant because it has about 60%
homologous genes with humans, with fewer redundant genes. Additionally, around 75% of
human disease-associated genes have counterpart homologs in flies (Ugur et al., 2016).
Furthermore, it is a low-cost and highly sensitive model, offering an efficient alternative to
traditional animal models in toxicological assays, thus circumventing associated ethical
challenges (Cunha et al., 2015; Coutinho et al., 2018; Costa et al., 2020). In our study, the stem
bark extracts of H. speciosa did not cause in vivo toxicity in D. melanogaster at clinically
relevant concentrations (< 10 mg/g). The absence of toxicity against Allium cepa and Artemia
salina was also verified by Panontin et al. (2021) using the hydroethanol extract from the stem
of H. speciosa.

The drug-modifying action of the extracts H. speciosa and the absence of toxicity effects
observed in the present study, qualify this plant for future research on antibiotic development
and therapy. However, it is necessary to carry out additional pre-clinical studies to evaluate the
mechanisms involved in the pharmacokinetics and pharmacodynamics of H. speciosa extracts,
which is essential for understanding their efficacy and safety before considering their

introduction as a new pharmaceutical product.

5. Conclusion

The findings of this study partially support the ethnopharmacological practices
associated with the use of H. speciosa in the treatment of infections. Although H. speciosa
extracts did not show intrinsic antibacterial activity at clinically relevant concentrations against
the bacterial strains (E. coli, P. aeruginosa, and S. aureus), they demonstrated the ability to

enhance the antibacterial effect of commercial antibiotic drugs (gentamicin, erythromycin, and
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norfloxacin). Furthermore, the extracts did not show toxicity at clinically relevant
concentrations in tests with D. melanogaster.

These results evidenced the potentialities of stem bark H. speciosa as a source of
bioactive compounds for the development of new therapeutic agents. The ability of these
extracts to intensify the action of antibiotics brings new strategies for the development of
therapeutics against bacterial infections, especially, under the current increasing of bacterial
resistance to antibiotics. However, it is important to mention that additional research is needed
to better understand the therapeutic potential and mechanisms underlying the properties of H.
speciosa extracts. The identification and characterization of the bioactive compounds found in
the extracts, the investigation of their activity against other pathogens, and the evaluation of
their safety and efficacy in more complex animal models, are crucial steps for the development

of new antibiotics based on H. speciosa.
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BHI — Brain Heart Infusion

CFU/mL — Colony Forming Units per Milliliter

DMSO - Dimethylsulfoxide

EEHS — Sulfuric Ether Extract of Hancornia speciosa

GAE - Gallic Acid Equivalents

GC-MS - Gas Chromatography coupled to Mass Spectrometry
HIA — Heart Infusion Agar

MEHS - Methanolic Extract of Hancornia speciosa

MIC — Minimum Inhibitory Concentration

ns — Not Significant

QE — Quercetin Equivalents

SEM - Standard Error of the Mean

UPLC-QTOF-MS/MS - Ultra-performance liquid chromatography coupled to quadrupole
time-of-flight mass spectrometry
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5 CONSIDERACOES FINAIS

Este estudo revelou que as indicacGes terapéuticas do uso etnofarmacologico de H.
speciosa por comunidades tradicionais e locais no tratamento de infeccdes foram parcialmente
confirmadas pelos resultados encontrados. Na avaliacdo antifingica, os extratos etéreo e
metanolico de H. speciosa demonstraram atividade antifungica intrinseca contra espécies de
Candida. Além disso, em concentracBes subinibitorias, potencializaram a agédo do fluconazol
contra todas as cepas testadas. Os extratos também foram capazes de inibir a transicédo
morfolégica para formas invasivas, como hifas e pseudohifas, que é um importante mecanismo
de viruléncia. No que se refere a atividade antibacteriana, embora os extratos ndo tenham
demonstrado acdo antibacteriana direta contra E. coli, S. aureus e P. aeruginosa, eles
modificaram a eficacia dos antibi6ticos comerciais, como gentamicina, eritromicina e
norfloxacina, ampliando seus efeitos.

Os testes de toxicidade realizados em D. melanogaster indicaram que os extratos néo
sdo toxicos em concentracdes clinicamente relevantes, sugerindo um perfil de seguranca
favoravel. O estudo também revelou que os extratos de H. speciosa possuem uma composicdo
quimica rica, incluindo &cidos graxos, fitosterdis, triterpenoides, fendis e flavonoides. Além
disso, foram identificados pela primeira vez na espécie compostos como &cido gluconico,
cinchonina Ilb, isdbmero da cinchonina Ib, isbmeros de hexosideo de laricirresinol, acido
hexacosanoico, acido lignocérico, acido triacontanoico e a-amirona.

Dado o crescente interesse na pesquisa de plantas medicinais como estratégia para a
descoberta de novas opcdes terapéuticas, os resultados deste estudo destacam o potencial de H.
speciosa como uma rica fonte de compostos bioativos, reforcando sua relevancia na busca por

novos agentes terapéuticos.
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Chemical composition, antifungal, and anti-virulence action of the stem el
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ARTICLE INFO ABSTRACT
Handling Editor: V Kuete Ethnoph logical rel He ia speciosa Gomes is a fruit and medicinal species used for treating in-
fecuous diseases of the genitourinary system. However, its mechanism of action against microbes is still not fully
Keywords: understood. Infections in the genitourinary system caused by Candida spp. are associated with its fungal resis-
Cinchonain

tance and pathogenicity. New plant-derived compounds are an alternative to fight these Candida infections.

i]‘:‘""mf:j““e Aim of the study: The objective of this study was to evaluate the anti-Candida effects of extracts of the stem bark of
Hy;;::l : H. speciosa. This research investigated the chemical composition of sulfuric ether (EEHS) and methanolic (MEHS)

extracts, their drug-modifying action on fluconazole, and their anti-virulence action on the morphological
transition of Candida species.

Materials and methods: The extracts (EEHS and MEHS) of the stem bark of H. speciosa were chemically charac-
terized via qualitative phytochemical screening and by liquid chromatography coupled with mass spectrometry
(UPLC-MS-ESI-QTOF). The extracts were evaluated regarding their antifungal effects and fluconazole-modifying
activity against Candida albicans, Candida krusei, and Candida tropicalis using the broth microdilution method.
Additionally, the study evaluated the inhibition of fungal virulence in Candida species through morphological
transition assays.

Results: The phytochemical screening revealed the presence of anthocyanidins, anthocyanins, aurones, catechins,
chalcones, flavones, flavonols, flavanones, leucoanthocyanidins, tannins (condensed and pyrogallic), and xan-
thones in both extracts of the stem bark of H. speciosa. The UPLC-MS-ESI-QTOF analysis identified the same
compounds in both extracts, predominating phenolic compounds. Some compounds were first time recorded in
this species: gluconic acid, cinchonain IIb, cinchonain Ib isomer, and lariciresinol hexoside isomers. Most of the
intrinsic antifungal activity was observed for the MEHS against C. krusei (ICso: 58.41 jig/mL). At subinhibitory
concentrations (MC/8), the EEHS enhanced the action of fluconazole against all Candida strains. The MEHS
exhibited greater efficacy than fluconazole inhibiting C. krusei growth. The EEHS completely inhibited hyphae
appearance and reduced pseudohyphae formation in C. albicans.

Conclusion: The stem bark of H. speciosa is a rich source of bioactive compounds, especially phenolic. Phenolic
compounds can have important roles in fighting infectious di of the genitourinary system, such as
candidiasis. The extracts of H. speciosa improved the action of the drug fluconazole against Candida species,
inhibited hyphae appearance, and reduced pseudohyphae formation. The results of this study can support the
development of new therapeutics against resistant strains of Candida.

Phenolic compounds
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ARTICLE INFO

ABSTRACT

Handling Editor: V Kuete

Keywords:
Antimicrobial
Ethnomedicine
Mangabeira
Medicinal plants
Therapeutic potential

* Corresponding author.

Ethnoph logical rel I ia speciosa is a medicinal plant popularly used to treat different medical
xssues, including mfecuous diseases. Exploring the therapeutic potentialities of the extracts from medicinal plants
combined with conventional antibiotic drugs is a promising horizon, especially considering the rising microbial
resistance.

Aim of the study: This study aimed to characterize the chemical composition of the ethereal (EEHS) and meth-
anolic (MEHS) extracts of the stem bark of H. speciosa, and also evaluate their antibacterial and drug-modifying
activity, and toxicity.

Materials and methods: The extracts were characterized by gas chromatography coupled to mass spectrometry
(GC-MS). Additionally, total phenol and flavonoid contents were determined. The antibacterial and antibiotic-
modifying activity was evaluated against strains of Escherichia call, aphyl aureus, and Pseud
aeruginosa using the serial microdilution method, obtaining the inhibitory concentration (MIC). The
toxicity assay was carried out using the Drosophila melanogaster model.

Results: Thirty compounds were identified in the extracts of the stem bark of H. speciosa, with triterpenoids being
predominant in both extracts. Additionally, fatty alcohols, carbohydrates, fatty acids, phenolic acids, and phy-
tosterols were identified in both extracts. EEHS and MEHS extracts had considerable phenol contents (346.4 and
340.0 mg GAE/g, respectively). Flavonoids were detected in a lower proportion (7.6 and 6.9 mg QE/g,
respectively). H. speciosa extracts did not display intrinsic antibacterial activity against the bacterial strains
evaluated, however, they were capable of modifying the activity of gentamicin, erythromycin, and norfloxacin.
EEHS increased the efficacy of norfloxacin against E. coli and S. aureus, reducing MIC values by 50%. MEHS
potentiated the action of gentamicin against all bacterial strains, especially against E. coli. The extracts did not
display toxicity at clinically relevant concentrations against D. melanogaster.

Conclusion: The stem bark of H. speciosa was considered a rich source of bioactive compounds. Our findings
evidenced the therapeutic potential of H. speciosa extracts for the devel
peutics against bacteria. Although the extracts did not exhibit intrinsic antibacterial activity, they enhanced the
efficacy of commercial antibiotic drugs and were non-toxic at clinically relevant concentrations. Future studies
are needed to elucidate the mechanisms of action of these extracts, ensuring their safety and efficacy.
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ANEXO D
CERTIDAO DE CADASTRO EMITIDA PELO SISTEMA NACIONAL DE GESTAO DO
PATRIMONIO GENETICO E DO CONHECIMENTO TRADICIONAL ASSOCIADO -
SISGEN

Ministério do Meio Ambiente i
CONSELHO DE GESTAO DO PATRIMONIO GENETICO

SISTEMA NACIONAL DE GESTAO DO PATRIMONIO GENETICO E DO CONHECIMENTO TRADICIONAL ASSOCIADO

Comprovante de Cadastro de Acesso
Cadastro n2 A535238

A atividade de acesso ao Patriménio Genético, nos termos abaixo resumida, foi cadastrada no SisGen,
em atendimento ao previsto na Lei n® 13.123/2015 e seus regulamentos.

Numero do cadastro: A535238

Usuario: Viviane Bezerra da Silva

CPF/CNPJ: 068.023.213-35

Objeto do Acesso: Patriménio Genético

Finalidade do Acesso: Pesquisa e Desenvolvimento Tecnolégico
Espécie

Hancornia speciosa

Titulo da Atividade: PROSPECGAO FITOQUIMICA E AVALIAGAO DAS ATIVIDADES
ANTIMICROBIANA, ANTIPARASITARIA E TOXICOLOGICA DO LATEX E
CASCAS DO CAULE DE Hancornia speciosa Gomes (APOCYNACEAE)

Equipe

Viviane Bezerra da Silva Universidade Federal de Pernambuco - UFPE
Data do Cadastro: 03/11/2021 12:28:58

Situagdo do Cadastro: Concluido

Conselho de Gestdo do Patriménio Genético
Situagdo cadastral conforme consulta ao SisGen em 12:29 de 03/11/2021.

\YAY/ SISTEMA NACIONAL DE GESTAO

DO PATRIMONIO GENETICO

E DO CONHECIMENTO TRADICIONAL
ANY/AY  ASSOCIADO - SISGEN
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ANEXO E
LICENCA DE COLETA DE MATERIAL BOTANICO PARA ATIVIDADES COM
FINALIDADE CIENTIFICA NO SISTEMA DE AUTORIZACAO E INFORMACAO EM
BIODIVERSIDADE - SISBIO

Ministério do Meio Ambiente - MMA

2 Instituto Chico Mendes de Conservacao da Biodiversidade - ICMBio
Icmi d Sistema de Autorizagédo e Informacéo em Biodiversidade - SISBIO
MMA

Autorizacdo para atividades com finalidade cientifica

Numero: 80293-1 | Data da Emissao: 13/10/2021 18:25:49 Data da Revalidagdao*: 13/10/2022
De acordo com o art. 28 da IN 03/2014, esta autorizagdo tem prazo de validade equivalente ao previsto no cronograma de atividades
do projeto, mas devera ser r lidad t diante a ap tacdo do relatério de atividades a ser enviado por meio do
Sisbio no prazo de até 30 dias a contar da data do aniversario de sua emisséo.

Dados do titular

Nome: Viviane Bezerra da Silva | CPF: 068.023.213-35
Titulo do Projeto: PROSPECGAO FITOQUIMICA E AVALIAGAO DAS ATIVIDADES ANTIMICROBIANA, ANTIPARASITARIA E
TOXICOLOGICA DO LATEX E CASCAS DO CAULE DE Hancornia speciosa Gomes (APOCYNACEAE)

Nome da Instituigdo: Universidade Federal de Pernambuco - UFPE ICNPJ: 24.134.488/0001-08

Cronograma de atividades

# |Descricdo da atividade Inicio (més/ano) Fim (més/ano)
1 | Coleta de latex e cascas do caule 10/2021 01/2022

Observacgoes e ressalvas

1 Deve-se observar as as recomendagdes de prevengao contra a COVID-19 das autoridades sanitarias locais e das Unidades de Conservagdo a serem acessadas.

2 | Estaautorizagio NAO libera o uso da substancia com potencial agrotéxico efou inseticida e NAO exime o pesquisador fitular e os membros de sua equipe da necessidade de atender
as exigéncias e obter as autorizagbes previstas em outros instrumentos legais relativos ao registro de agrotoxicos (Lei n° 7.802, de 11 de julho de 1989, Decreto n° 4.074, de 4 de
janeiro de 2002, entre outros).

3 Esta autorizagdo NAO libera o uso da substancia com potencial agrotéxico efou inseticida e NAO exime o pesquisador titular e os membros de sua equipe da necessidade de atender
as exigéncias e obter as autorizacdes previstas em outros instrumentos legais relativos ao registro de agrotéxicos (Lei n° 7.802, de 11 de julho de 1989, Decreto n° 4.074, de 4 de
janeiro de 2002, entre outros)

4 O ftitular de autorizagdo ou de licenca permanente, assim como os membros de sua equipe, quando da violago da legislacdo vigente, ou quando da inadequagZo, omissdo ou
falsa descrigdo de 0 que a o do ato, podera, mediante decisao motivada, ter a autorizacdo ou licenca suspensa ou revogada pelo

ICMBio, nos termos da legislagdo brasileira em vigor.

5 Este documento somente podera ser utilizado para os fins previstos na Instrugdo Normativa ICMBio n° 03/2014 ou na Instrugdo Normativa ICMBio n® 10/2010, no que especifica esta
Autorizagdo, ndo podendo ser utilizado para fins comerciais, industriais ou esportives. O material bioldgico coletado devera ser utilizado para atividades cientificas ou didaticas no

ambito do ensino superior.

6 As atividades de campo exercidas por pessoa natural ou juridica estrangeira, em todo o territério nacional, que impliquem o deslocamento de recursos humanos e materiais, tendo por objeto
coletar dados, materiais, espécimes biolégicos e minerais, pecas integrantes da cultura nativa e cultura popular, presente e passada, obtidos por meio de recursos e técnicas que se

destinem ao estudo, a difusdo ou a pesquisa, estdo sujeitas a autorizagdo do Ministério de Ciéncia e Tecnologia.

7 Este documento ndo dispensa o cumprimento da legislagdo que dispde sobre acesso a d i genéti tente no territorio nacional, na plataforma continental e

ao Gnio genético, para fins de pesquisa cientifica, bioprospecg: Veja

na zona econdmica exclusiva, ou ao

maiores informagdes em www.mma.gov.br/cgen.

8 O titular de licenga ou autorizagéo e os membros da sua equipe deverdo optar por métodos de coleta e instrumentos de captura direcionados, sempre que possivel, ao grupo

taxondmico de interesse, evitando a morte ou dano sigrificativo a outros grupos; e empregar esforo de coleta ou captura que néo comp a de Ses do grupo
taxondmico de interesse em condigdo in situ.

9 Esta autorizagiio NAO exime o pesquisador titular e os membros de sua equipe da necessidade de obter as anuéncias previstas em outros instrumentos legais, bem como do
consentimento do responsavel pela area, piblica ou privada, onde sera realizada a atividade, inclusive do 6rgéo gestor de terra indigena (FUNAI), da unidade de conservagdo
estadual, distrital ou municipal, ou do proprietario, arrendatario, posseiro ou morador de area dentro dos limites de unidade de conservacio federal cujo processo de regularizagio
fundiaria encontra-se em curso.

10 | Em caso de pesquisa em UNIDADE DE CONSERVAGAO, o pesquisador titular desta autorizagio devera contactar a administragio da unidade a fim de CONFIRMAR AS DATAS das

% & g g

as para

coletas e de uso da infraestrutura da unidade.

Este documento foi expedido com base na Instrugdo Normativa n° 03/2014. Através do cédigo de autenticagdo abaixo, qualquer cidaddo
podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na Internet (www.icmbio.gov. br/sisbio).

Cadigo de autenticagédo: 0802930120211013 Pagina 1/4
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ANEXO F
COMPROVANTE DE DEPOSITO E INCORPORACAO DE MATERIAL VEGETAL NO
HERBARIO UFP— GERALDO MARIZ

22/08/23, 09:57 E-mail de Webmail da URCA - Nimeros tomt UFP.../Re: i > - NUimero Herbario

a José Weverton Almeida Bezrrra - Aluno Curso de Biologia <weverton.almeida@urca.br>
webMail

Numeros tombamentos UFP.../Re: Solicitagao - Numero Herbario
4 mensagens

Marlene Barbosa <marlenealencar@yahoo.com.br> 26 de abril de 2022 as 07:43
Responder a: Marlene Barbosa <marlenealencar@yahoo.com.br>
Para: José Weverton Almeida Bezerra <weverton.almeida@urca.br>

Bom dia, Weverton!
Abaixo os numeros de tombamentos:
UFP 88.948 - Caryocar coriaceum (pequizeiro)
UFP 88.947 - Hancornia speciosa (mangabeira).

Abragos,

Em segunda-feira, 25 de abril de 2022 18:50:41 GMT-3, Marlene Barbosa <marlenealencar@yahoo.com.br>
escreveu:

Boa noite Weverton!
Gragas a Deus estou bem; votos de que vocé também esteja.
Amanha quando chegar a UFPE escreverei informando os nimeros de tombamentos pois
somente agora tive acesso a sua mensagem.
Tudo de bom!
Abragos,

Em segunda-feira, 25 de abril de 2022 13:39:11 BRT, José Weverton Aimeida Bezerra <weverton.almeida@urca.br>
escreveu:

Bom dia profa Dra Marlene Alencar, tudo bem com a senhora?

O motivo de meu e-mail € a solicitagdo do nimero de herbario de duas plantas que foram depositadas no dia 20 de
abril pela doutoranda Felicidade Caroline, sendo elas Caryocar coriaceum e Hancornia speciosa. Desde ja agradeco
a colaboragao.

Forte abrago

Prof. José Weverton Almeida Bezerra
Doutorando no Programa de Pés-Graduagiio em Biologia Vegetal - UFPE
Mestre em Biologia Vegetal - UFPE

Especialista em Microbiologia - FAVENI
Graduado em Ciéncias Biolégicas - URCA

Universidade Regional do Cariri- URCA

Lattes
Orecid: 0000-0002-0966-9750

José Weverton Almeida Bezerra <weverton.almeida@urca.br> 26 de abril de 2022 as 08:50
Para: Marlene Barbosa <marlenealencar@yahoo.com.br>

Bom dia professora, muito obrigado. Tudo de bom para a senhora.
Forte abrago.
[Texto das mensagens anteriores oculto]

https://mail.google.cor il/u/0/?ik= & pt&search=all&permthid=thread-f:1731167349071001689&simpl=msg-f.17311673490710... 1/2
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ANEXO G
COMPROVANTE DE AUTORIZACAO DE USO DA FIGURA 1 DO REFERENCIAL
TEORICO. OLLERTON ET AL., (2019)

o customercare@copyright.com 24 de fev.de 2024, 1133 (ha 2dias) ¢y € -

para mim -
Dear Viviane Bezerra da Silva,
Thank you for contacting CCC. My name is Marko and it will be my pleasure to assist you with this.

| checked the article "The diversity and evolution of pollination systems in large plant clades: Apocynaceae as a case study” and | can see it is published
under Creative Commons License CC BY 4.0. With it, you are free to:

1. Share — copy and redistribute the material in any medium or format for any purpese, even commercially.
2. Adapt — remix, transform, and build upon the material for any purpose, even commercially.

under the following terms

1. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any
reasonable manner, but not in any way that suggasts the licensor endorses you or your use.

2. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the
license permits.

Due to this, as long as you give appropriate attribution no permission is required and you can ruse the content freely.
| hope this information was useful and please don't hesitate to contact me again if you need further guidance.

Best regards,
Marko

Marko Randjelovic



