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RESUMO

As infeccdes causadas por Candida albicans, fungo leveduriforme de importancia clinica t€ém
se tornado um problema crescente de saide publica, especialmente devido ao aumento da
resisténcia aos antifingicos disponiveis. Frente a esse cendrio, torna-se urgente a busca por
alternativas terapéuticas mais eficazes, acessiveis e com menos efeitos adversos. O Brasil, por
sua vez, possui ampla biodiversidade vegetal, incluindo espécies utilizadas por comunidades
tradicionais, como Vitex gardneriana Schauer, planta aromatica e medicinal com reconhecidas
propriedades antimicrobianas, antioxidantes e larvicidas. Embora promissora, essa espécie
ainda carece de estudos frente a cepas clinicas de C. albicans. Diante do exposto, propde-se
com esta pesquisa analisar o potencial antifingico, sinérgico e composi¢do quimica do d6leo
essencial obtido da espécie botanica V. gardneriana frente a cepas clinicas isoladas de amostras
provenientes do Hospital Santa Casa de Misericérdia de Sobral — CE, bem como, obter o perfil
de citotoxicidade e determinar a interacdo dos constituintes do 6leo da V. gardneriana com
proteinas do patdgeno C. albicans. A atividade antiftingica foi avaliada por microdilui¢do em
caldo, apresentando uma CIM de 5 mg/mL para todas as cepas. Um efeito sinérgico foi
observado quando combinado com Anfotericina B, reduzindo a concentragdo inibitéria do OE
em mais de 30 vezes. A atividade antioxidante (método DPPH) apresentou um IC50 de 85,86
mg/mL, enquanto os ensaios hemoliticos em eritrécitos humanos apresentaram um IC50 de 20
mg/mL. O molecular docking revelou maior afinidade dos compostos de EO com Sap5 (-7,3
kcal/mol) do que com Als3 (-6,2 kcal/mol), com alguns ligantes (p. ex., 1-epi-cubenol, 6xido
de cariofileno) ligando-se a regides diferentes da Anfotericina B. O 6leo essencial da Vitex
gardneriana Shauer (OEVG) mostrou-se como um importante achado para a ciéncia, pois,
apresentou atividade antifungica, efeito sinérgico com Anfotericina B, baixa citotoxicidade e
atividade antioxidante. Além disso, os dados encontrados sugerem um possivel efeito sinérgico
dos ligantes no perfil de controle da Anfotericina B. Desse modo, € essencial a realiza¢ao de
ensaios In vivo e clinicos a fim de confirmar a eficdcia e a seguranca farmacoldgica dos

compostos analisados.

Palavras-Chave: Bioinformdtica; Sinergismo; Microdiluicdo; Oleo Essencial; Candidemias.



ABSTRACT

Infections caused by Candida albicans, a clinically important yeast-like fungus, have become a
growing public health problem, particularly due to increasing resistance to available antifungals.
Given this scenario, the search for more effective, affordable, and less adverse therapeutic
alternatives is urgently needed. Brazil, in turn, boasts a broad plant biodiversity, including
species used by traditional communities, such as Vitex gardneriana Schauer, an aromatic and
medicinal plant with recognized antimicrobial, antioxidant, and larvicidal properties. Although
promising, this species still lacks studies against clinical strains of C. albicans. Given the above, this
study aims to analyze the antifungal and synergistic potential and chemical composition of the
essential oil obtained from the botanical species V. gardneriana against clinical strains isolated
from samples from the Santa Casa de Misericordia Hospital in Sobral, Ceara. It also aims to obtain
the cytotoxicity profile and determine the interaction of the constituents of V. gardneriana oil with
proteins from the pathogen C. albicans. Antifungal activity was assessed by broth microdilution,
yielding an MIC of 5 mg/mL for all strains. A synergistic effect was observed when combined
with amphotericin B, reducing the inhibitory concentration of the essential oil by more than 30-
fold. Antioxidant activity (DPPH method) showed an IC50 of

85.86 mg/mL, while hemolytic assays in human erythrocytes showed an IC50 of 20 mg/mL.
Molecular docking revealed greater affinity of EO compounds with Sap5 (-7.3 kcal/mol) than with
Als3 (-6.2 kcal/mol), with some ligands (e.g., 1-epi-cubenol, caryophyllene oxide) binding to
different regions of Amphotericin B. The essential oil of Vitex gardneriana Shauer (OEVG) proved
to be an important finding for science, as it presented antifungal activity, a synergistic effect with
Amphotericin B, low cytotoxicity, and antioxidant activity. Furthermore, the data found suggest a
possible synergistic effect of the ligands on the control profile of Amphotericin

B. Therefore, it is essential to carry out in vivo and clinical trials in order to confirm the efficacy and

pharmacological safety of the compounds analyzed.

Keywords: Bioinformatics; Synergism; Microdilution; Essential oil; Candidemias.
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1 INTRODUCAO

As plantas medicinais sdo amplamente utilizadas por comunidades em todo o mundo
para fins terapéuticos, inclusive no tratamento de infeccdes. Essa prética ancestral €
especialmente comum no Brasil, onde fatores como a vasta biodiversidade vegetal e a
valorizacdo dos saberes populares, transmitidos entre geragdes, favorecem o uso tradicional
desses recursos (Ribeiro et al., 2018). A partir da investigacao desses conhecimentos empiricos,
pesquisas cientificas vém sendo conduzidas, revelando compostos naturais com potencial
terapéutico frente a infec¢cdes microbianas (Monteiro ef al., 2015; Morais et al., 2020; Silva et
al., 2022).

Dentre as infec¢cdes microbianas, destaca-se o crescimento expressivo das infeccoes
fingicas, impulsionado, entre outros fatores, pelo uso prolongado e em altas doses de
antifiingicos convencionais. Esse cendrio favorece o surgimento de cepas resistentes, reduzindo
as chances de sucesso do tratamento. Diante disso, torna-se urgente a busca por alternativas
terapéuticas mais eficazes e com menos efeitos adversos, sendo os produtos de origem natural,
como os derivados de plantas medicinais, uma das opcdes mais promissoras (Talapko et al.,
2021; Carrillo-Muiioz et al., 2014).

A levedura Candida albicans € reconhecida como o principal agente etioldgico de
infec¢des fungicas nosocomiais, sendo responsavel por aproximadamente 70% dos casos em
ambito global (Talapko et al., 2021). Individuos imunocomprometidos, como pacientes com
AIDS, transplantados ou com neoplasias hematoldgicas, apresentam maior suscetibilidade a
essas infec¢Oes oportunistas (Carrillo-Mufioz et al., 2014). Diante desse contexto, cresce o
interesse em estratégias terapéuticas alternativas. A combinacdo de farmacos com oleos
essenciais tem se destacado por potencializar a atividade antimicrobiana e reduzir a
probabilidade de desenvolvimento de resisténcia microbiana (Sztukowska et al., 2018).

No campo da bioprospeccdo de produtos naturais, a bioinformética estrutural tem se
revelado uma ferramenta essencial. Técnicas como o molecular docking permitem prever a
interacdo de compostos bioativos com alvos moleculares especificos, auxiliando na triagem e
no reposicionamento de moléculas com potencial terapéutico. Utilizando bases de dados e
softwares como o AutoDock Vina, é possivel estimar a afinidade de compostos presentes em
Oleos essenciais com proteinas de patdgenos, viabilizando a identificacdo de candidatos
promissores de forma rdpida e com menor custo (Huey, et al., 2012).

A flora da Caatinga é reconhecida por sua riqueza em metabdlitos secundérios e
principios ativos, sendo diversas espécies desse bioma alvo de estudos cientificos com foco em

sua aplicacdo medicinal. Esses compostos vegetais atuam como mecanismos de defesa e sdo
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influenciados por fatores como genétipo da espécie, estratégia para atrair dispersores,
localizacdo geogréfica, sazonalidade, ritmo circadiano, estresse hidrico e prote¢do contra
exposicao a herbivoria (Souza et al., 2022).

Nesse contexto, o género Vitex, o maior da familia Lamiaceae, com cerca de 250
espécies — reune arbustos € pequenas arvores amplamente distribuidas em regides tropicais.
No semidrido brasileiro, destaca-se Vitex gardneriana Schauer, uma espécie nativa
frequentemente encontrada préxima a cursos d’agua e tradicionalmente utilizada na medicina
popular para o alivio de inflamacdes e dores. Estudos recentes demonstram que V. gardneriana
apresenta atividades antimicrobiana, antioxidante e larvicida, refor¢cando seu potencial como
fonte de novos agentes terapéuticos (Barreto; Almeida; Filho, 2021; Morais et al., 2020; Silva
etal., 2019).

Diante do exposto, propde-se com esta pesquisa analisar o potencial antifungico,
sinérgico e composi¢ao quimica do dleo essencial obtido da espécie botanica V. gardneriana
frente a cepas clinicas isoladas de amostras provenientes do Hospital Santa Casa de
Misericordia de Sobral — CE, bem como, obter o perfil de citotoxicidade e determinar a

interacdo dos constituintes do 6leo da V. gardneriana com proteinas do patégeno C. albicans.
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2 REVISAO DE LITERATURA

2.1 Plantas Medicinais

O uso de plantas medicinais representa uma das praticas terapéuticas mais antigas da
humanidade, sendo adotado por diferentes culturas para o tratamento e prevencdo de
enfermidades. No Brasil, esse conhecimento € fortemente enraizado na tradi¢do popular e nas
praticas de comunidades rurais, indigenas e quilombolas, que se utilizam de diferentes espécies
vegetais com finalidades medicinais, transmitindo esse saber por geracoes (Ribeiro et al., 2018).
A diversidade de biomas, resulta em uma flora rica e variada, tornando o Brasil uma das maiores
reservas de biodiversidade do mundo (Pereira, ei al., 2025).

A ampla distribui¢do geografica das espécies medicinais no territério brasileiro e as
espécies introduzidas pelas comunidades possibilitam a existéncia de distintos perfis
fitoquimicos. Conferindo diferentes composi¢des quimicas € metabdlitos secundarios, os quais
sdo produzidos pelas plantas como forma de defesa contra predadores, estresse ambiental ou
patégenos. Tais compostos apresentam relevante potencial farmacoldgico, incluindo atividades
antimicrobiana, anti-inflamatdria, antioxidante, antiparasitiria e antitumoral (Pereira, et al.,
2025; Yang, et al., 2018).

A diversidade fitoquimica encontrada nas plantas brasileiras inclui sesquiterpeos,
alcaloides, flavonoides, terpenoides, taninos, cumarinas, € saponinas, muitos dos quais vém
sendo explorados como protétipos para o desenvolvimento de novos medicamentos (Yang et
al., 2018). Essas substancias, quando isoladas, purificadas ou utilizadas em extratos e 6leos,
demonstram eficicia em diferentes modelos experimentais, tornando-se alvos da bioprospeccao
farmacéutica (Hernandez et al., 2025). Ressalta-se que, além do valor terapéutico, o cultivo e
aproveitamento de espécies medicinais também podem promover desenvolvimento econdmico
sustentdvel e fortalecimento das praticas integrativas no Sistema Unico de Satide (SUS) (Brasil,
2017).

A regulamentagdo do uso de plantas medicinais no Brasil ocorreu apenas em 2006, com
a promulgacdao da Portaria n® 971/2006 e do Decreto n°® 5.813/2006, que instituiram,
respectivamente, a Politica Nacional de Praticas Integrativas € Complementares (PNPIC) e a
Politica Nacional de Plantas Medicinais e Fitoterdpicos. Tais politicas estimularam a integracao
das praticas de atengdo primaria do SUS, a pesquisa cientifica, a formacdo profissional e a
valorizacdo da biodiversidade nacional como fonte estratégica para o desenvolvimento de novos
fitoterapicos (Brasil, 2006).

Neste contexto, a Caatinga, bioma exclusivamente brasileiro, também tem despertado a
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atencdo da comunidade cientifica. Apesar de historicamente negligenciada em comparagado a
outros biomas, sua flora possui uma grande variedade de espécies adaptadas as condicdes
adversas do semidrido, muitas das quais produzem metabdlitos secunddrios com alto valor
biotecnoldgico, os quais podem ser encontrados nos 6leos essenciais produzidos pelas espécies
botanicas (Sa-Filho er al., 2022). A resiliéncia dessas plantas frente ao estresse hidrico e a
radiacdo intensa favorece a sintese de compostos com propriedades antioxidantes e

antimicrobianas, caracteristicas desejdveis na busca por novos agentes terapéuticos.

2.2 Vitex sp.

Entre as familias botanicas com representatividade no semidrido nordestino, destaca-se
a Lamiaceae, cujos géneros apresentam ampla distribui¢cdo e uso medicinal consolidado. O
género Vitex desponta como um dos mais promissores em termos de potencial farmacolégico.
Com espécies distribuidas majoritariamente em regides tropicais e subtropicais, frequentemente
empregados na medicina tradicional para o tratamento de inflamagdes, infecc¢des, distirbios
hormonais e dores (Das et al., 2022; Islam et al., 2024).

As espécies desse gé€nero incluem, predominantemente, arbustos e arvores de médio
porte, caracterizadas por folhas compostas palmadas, inflorescéncias terminais vistosas e frutos
geralmente drupdceos (Zaki et al., 2020). Tradicionalmente, diversas espécies de Vitex t€ém sido
utilizadas na medicina popular em diferentes culturas, especialmente no tratamento de
desordens inflamatdrias, doencas infecciosas, febres, dores reumaticas, disfuncdes hormonais e
como agentes sedativos (Das et al., 2022).

A literatura cientifica vem corroborando o uso tradicional de espécies do género Vitex,
demonstrando uma variedade de propriedades farmacoldgicas associadas a presenca de
metabdlitos secunddrios com elevada atividade biolégica. Entre os principais compostos
1solados destacam-se os sesquiterpenos presente nos 6leos essenciais (Morais et al., 2020).

Dentre as espécies mais estudadas internacionalmente, Vitex agnus-castus é amplamente
utilizada por seus efeitos sobre o sistema enddcrino feminino, sendo utilizada no tratamento da
sindrome pré-menstrual, distdrbios menstruais e infertilidade. J4 Vitex negundo, comum no sul
e sudeste asidtico, € explorada por suas propriedades anti-inflamatdrias, analgésicas e
antissépticas (Mendes et al., 2022; Smrity et al., 2019).

No Brasil, apesar do potencial fitoterdpico promissor, o gé€nero ainda € pouco explorado
cientificamente em compara¢do com outras regides do mundo. No entanto, V. gardneriana vém
sendo alvo de investigacdes recentes, sobretudo por apresentar acdes farmacoldgicas relevantes

e por estar inserida em contextos tradicionais de uso popular (Silva et al., 2019; Vale et al.,
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2019).

2.2.1 Vitex gardneriana Schauer

A espécie V. gardneriana Schauer, popularmente conhecida como Jaramataia, €
endémica do Nordeste brasileiro e adaptada as margens de rios e dreas imidas da Caatinga, tem
sido utilizada popularmente para o alivio de dores e processos inflamatérios. O uso tradicional
de V. gardneriana pela populacdo estd associado ao tratamento de processos inflamatdrios,
dores musculares e contusdes, sendo geralmente aplicada na forma de infusdo ou decoccao das
folhas. Essas praticas populares, transmitidas oralmente, estimulam o interesse da comunidade
cientifica na investigacdo dos potenciais farmacolégicos da espécie (Morais et al., 2020; Silva

etal., 2019).

Figura 1 — Exemplar de Vitex gardneriana Shauer.

Fonte: Elaborado pela autora (2024).

Considerando a crescente demanda por compostos naturais com a¢do antiftingica e
menor toxicidade, especialmente frente a microrganismos de importancia médica, como por
exemplo, C. albicans, torna-se essencial aprofundar o conhecimento cientifico sobre essa
espécie e seus constituintes bioativos (Almeida et al., 2025).

O 6leo essencial (OE) extraido das folhas de V. gardneriana apresenta elevado teor de
sesquiterpenos, mais especificamente o trans-calameneno, o 6,9-guaiadieno e o 6xido de
cariofileno. Essas substancias tém sido associadas a uma ampla gama de atividades bioldgicas,

incluindo propriedades antifungicas, anti-inflamatdrias e antioxidantes (Pereira et al., 2018).
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Figura 2 — Oleo essencial extraido das folhas de V. gadneriana

Fonte: Elaborado pela autora (2024).

2.3 Candida albicans

Alevedura C. albicans (figura 3) , pertencente ao reino Fungi, filo Ascomycota, classe
Saccharomycetes e familia Saccharomycetaceae, € o principal agente causador de infeccoes
fingicas oportunistas em seres humanos (Campos et al., 2020). Esse microrganismo ¢é
polimdérfico, apresentando-se como blastoconidios ovalados (3—5 pm), pseudo-hifas ou hifas
verdadeiras, uma estratégia adaptativa fundamental para sua disseminacdo e patogenicidade
(Francimat et al., 2021). A parede celular € rica em quitina, B-glucanas e manoproteinas, ja o
ergosterol presente na membrana é um alvo frequente de farmacos antifingicos, fator que
confere a estes fungos resisténcia e capacidade de evadir a resposta imune do hospedeiro

(Schaefer et al., 2021).

Figura 3 — Imagem do fungo Candida albicans coradas com cristal violeta

Fonte: Elaborado pela autora (2025).

Mais de 100 espécies compdem o género Candida, com destaque clinico as patégenas
C. albicans, C. glabrata, C. parapsilosis, C. tropicalis, C. krusei e C. auris, sendo que C.

albicans é a mais isolada, respondendo por 90—100% das infec¢des mucocutaneas e por 40-70%
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das candidemias (Campos et al., 2020). Anualmente, estima-se que cerca de 250 mil casos de
candidiase invasiva resultam em 50 mil 6bitos globais, figurando entre as principais causas de
sepse hospitalar (Schaefer et al., 2021).

A viruléncia de C. albicans resulta de diversos mecanismos que atuam sinergicamente
para garantir sua adesdo, invasdo e evasdo do sistema imune. Um dos principais fatores
envolvidos nestes processos € a transicdo morfoldgica entre levedura e hifa, fundamental para
a invasdo tecidual e formacao de biofilmes. Outro importante fator € a producdo de adesinas
com destaque para a glicoproteina Als3, essencial para a fixacdo em células epiteliais e
substratos abidticos. Além disso, ela atua como invasina, promovendo a internaliza¢do do fungo
em células humanas (Sztukowska et al., 2018).

Outro fator relevante € a secrecdo de enzimas hidroliticas, como as aspartil proteases,
especialmente a Sap5 ((Secreted aspartyl proteinase 5), que degrada proteinas do hospedeiro,
facilita a invasdo e favorece a captacao de nutrientes como ferro. Complementando esse arsenal
de viruléncia, a candidalysina, uma toxina peptidica produzida durante a fase, provoca lise
celular e inflamagao, sendo associada a formas graves de candidiase. Esses elementos tornam
C. albicans um modelo relevante na pesquisa de infec¢des flingicas (Gholam et al., 2022).

A morfologia, regulacido genética, fatores de viruléncia e mecanismos de resisténcia
de C. albicans fundamentam a escolha desta espécie como alvo deste estudo. Em especial, a
avaliacdo da acdo antiftingica do 6leo essencial de V. gardneriana, seu potencial sinérgico com
farmacos convencionais, a andlise de citotoxicidade e estudos in silico por molecular docking,
se apresentam como abordagens integradas promissoras para enfrentar eficazmente essa

levedura patogénica de alta importancia médica.

2.4 Terapia antifingica

No panorama social vigente, uma das principais limita¢gdes no tratamento das infec¢oes
fingicas, especialmente aquelas causadas por C. albicans, estd relacionada a toxicidade dos
antifingicos disponiveis e ao aumento da resisténcia aos firmacos convencionais. Esta levedura
se reproduz assexuadamente por brotamento e apresenta morfologia polimérfica, podendo
assumir trés formas distintas: blastoconidios, hifas e pseudo-hifas. (Nazarro et al., 2017; Powers
et al., 2019; Pereira et al., 2021; Scalabrin et al., 2021).

A elevada toxicidade decorre, em grande parte, da semelhanca estrutural entre células
fingicas e humanas, uma vez que ambas sdo eucaridticas, o que restringe a seletividade das

drogas e amplia o risco de efeitos colaterais (Pereira et al.,2021; Silva et al., 2024).
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Além disso, o nimero de classes farmacoldgicas com atividade efetiva contra leveduras
¢ bastante restrito, o que favorece o surgimento de cepas multirresistentes. Dentre os principais
antifungicos disponiveis, destaca-se a Anfotericina B, um farmaco pertencente a classe dos
poliénicos, cuja acdo consiste em danificar a membrana celular dos fungos. Esse composto é
obtido a partir de bactérias do género Streptomyces e € considerado o padrao-ouro no tratamento
de infec¢des flngicas sistémicas graves. Sua ag¢do ocorre por meio da ligacdo ao ergosterol
presente na membrana fingica, promovendo a formacdo de poros que culminam na morte
celular. Apesar de sua elevada efic4cia, o uso clinico da Anfotericina B € limitado devido a sua
nefrotoxicidade e absor¢do adequada apenas por meio de administragdo intravenosa, uma vez
que apresenta baixa absorcdo oral (Zhou et al., 2017)

Nesse contexto, ferramentas de bioinformadtica estrutural como o molecular docking
vém sendo amplamente utilizadas na bioprospec¢cdao de 6leos essenciais cujos constituintes
podem atuar sobre alvos moleculares especificos do patdgeno com a finalidade de compreender

os mecanismos de interacdo entre tais compostos e proteinas-chave de C. albicans,

2.5 Molecular docking

Na pesquisa por novos agentes antifungicos, a aplicacdo de ferramentas in silico tem se
consolidado como uma abordagem estratégica para otimizar o processo de triagem de
compostos bioativos. Dentre essas ferramentas, destaca-se o molecular docking, uma técnica de
modelagem computacional amplamente utilizada na bioprospec¢ao de farmacos por prever a
interacdo entre moléculas de interesse (como os constituintes de 6leos essenciais) e alvos
moleculares especificos (como proteinas relacionadas a viruléncia de patégenos) (Bastos et al.,
2023; Silva et al., 2019).

O molecular docking em sido explorado para avaliar a afinidade de compostos naturais
com proteinas essenciais a sobrevivéncia e patogenicidade de espécies como C. albicans,
possibilitando identificar interacdes relevantes para o desenvolvimento de agentes terapéuticos
com acao antifingica (Bastos et al., 2023). De acordo com Bouamrane et al. (2022) essa técnica
permite estimar a energia livre de ligacdo, predizer a orientagdo dos ligantes no sitio ativo da
proteina e, consequentemente, inferir o potencial de inibicdo da atividade bioldgica da enzima
ou estrutura-alvo.

Entre os principais alvos moleculares de C. albicans, destacam-se a proteina
transmembranar Als3 (Agglutinin-like sequence 3) e a enzima Sap5 ambas fortemente
associadas a viruléncia fungica. Als3 é uma glicoproteina de adesdo presente na superficie da

hifa, essencial para a fixacdo da levedura em células epiteliais humanas, biofilmes e superficies
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abidticas, além de estar envolvida na invasdo celular (Charpak-amikam et al., 2022). J4 a
proteina Sap5 pertence a familia das aspartil proteases secretadas (SAPs), responsdveis pela
degradacdo de proteinas do hospedeiro, facilitando a penetracio tecidual, evasdo da resposta
imune e obten¢ao de nutrientes (Dhanasekaran et al., 2024).

Neste estudo, o molecular docking foi utilizado como ferramenta para avaliar a interagao
entre os principais constituintes do dleo essencial de V. gardneriana Schauer e proteinas de
interesse relacionadas a viruléncia de C. albicans. Estd pesquisa visa compreender os
mecanismos de acdo em nivel molecular e contribuir para a identificacdo de potenciais alvos
terapéuticos, consolidando o uso de técnicas computacionais como aliadas na descoberta de

novos agentes antifiingicos derivados de produtos naturais.
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3 RELEVANCIA E JUSTIFICATIVA

Diante dos numerosos eventos de doencas infecciosas registrados nos tltimos anos e a
reducdo de registro de novos farmacos € essencial pesquisar por novos produtos naturais que
apresentem bioprospecc¢do. Nesse aspecto, plantas medicinais tiveram suas propriedades
antimicrobianas, antioxidantes, larvicidas, acaricida, antitumoral, antiviral e cicatrizante
(Ribeiro et al., 2018; Silva et al., 2019; Morais et al., 2020; Barreto; Almeida; Filho, 2021;
Silva et al., 2021) reconhecidas cientificamente demonstrando que investigar os costumes
populares pode ser importante para descobrir compostos bioativos com potencial antifingico.

Ademais, a Caatinga possui grande diversidade de plantas aromdticas, das quais os 6leos
obtidos tém diversas propriedades de interesse farmacéutico. Estudos preliminares mostraram
efeito sinérgico do 6leo essencial de V. gardneriana Schauer combinado com a droga padrio
Anfotericina B.

Portanto, o estudo acerca da investigacdo quimica, citotoxicidade, bem como sua acio
antifungica frente a cepas clinicas de C. albicans e a realizagdo de estudos de molecular docking
para um melhor entendimento da interagdo entre compostos presentes no 6leo essencial da
espécie vegetal V. gardneriana com proteinas do patégeno C. albicans, visa colaborar para a
geracdo de conhecimentos cientificos, a fim de apresentar uma pesquisa com dados preliminares
que possa subsidiar estudos posteriores na busca por novos fairmacos com potencial antiftingico

e reduzida citotoxicidade.
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4. OBJETIVOS
4.1 Objetivo geral

Analisar o potencial antifingico, sinérgico e composi¢do quimica do 6leo essencial
obtido da espécie botanica V. gardneriana frente a cepas clinicas isoladas de amostras
provenientes do Hospital Santa Casa de Misericordia de Sobral — CE, bem como, obter o perfil
de citotoxicidade e determinar a interagdo dos constituintes do 6leo da V. gardneriana com

proteinas do patégeno C. albicans.

4.2 Objetivos especificos

> Identificar a composi¢do quimica do OEVG;

> Determinar a atividade antifingica e sinérgica do 6leo essencial combinado com

Anfotericina B;

> Estabelecer a intera¢do entre compostos presentes no OEVG com proteinas do

patégeno C. albicans, por molecular docking;
> Investigar a citotoxicidade do 6leo essencial de V. gardneriana em células hemoliticas;

» Contribuir para a valorizagdo e sistematizacdo do conhecimento tradicional e
apresentar resultados preliminares que trardo informagdes importantes para a conducdo de

pesquisas futuras.
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The Genus Vitex as a Source of Antimicrobial Agents

ABSTRACT

The genus Vitex Tour. Ex L. (Lamiaceae) stands out in the health sector due to the
pharmacological potential of the phytochemicals present in its species. This study aimed to
gather information on the antimicrobial potential of the species of the genus, presenting in
general terms the ethnopharmacological studies, popular use, the most commonly used plant
parts, extracts, and constituents. This is a bibliographic survey based on the popular use of
species of the genus Vifex and their proven biological activities (in vitro). The eight species
discussed here are widely distributed in various parts of the world and have antibacterial and
antifungal activity against standard and clinical strains. It was observed that the species studied
presented great diversity in terms of the chemical profile obtained from the bark, leaves, and
fruits, and it was possible to identify important phytochemicals. Thus, the genus Vitex
demonstrates potential for future pharmacological studies.

Keywords: antibacterial activity, antifungal, microbiological.

RESUMO

O género Vitex Tour. Ex L. (Lamiaceae) destaca-se no setor da satide devido ao potencial
farmacoldgico dos fitoquimicos presentes em suas espécies. Este estudo teve como objetivo
reunir informagdes sobre o potencial antimicrobiano das espécies do género, apresentando em
linhas gerais os estudos etnofarmacoldgicos, o uso popular, as partes vegetais, extratos e
constituintes mais utilizados. Trata-se de um levantamento bibliografico baseado no uso
popular de espécies do género Vitex e suas atividades bioldgicas comprovadas (in vitro). As oito
espécies aqui discutidas sdo amplamente distribuidas em diversas partes do mundo e
apresentam atividade antibacteriana e antiftingica contra cepas padrdos e clinicas. Observou-se
que as espécies estudadas apresentaram grande diversidade quanto ao perfil quimico obtido a
partir da casca, folhas e frutos, sendo possivel identificar fitoquimicos importantes. Assim, o
género Vitex demonstra potencial para futuros estudos farmacolégicos.

Palavras-chave: atividade antibacteriana, antifiingica, microbioldgica.
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Introduction

In a scenario where microorganisms of medical importance are gradually showing
resistance to conventional drugs and causing several problems in public health (Nogueira and
Silva, 2021), researchers around the world have invested in the development of new research
aimed at finding substances with antimicrobial activity from natural products (Ahmad, et al.,
2021). Thus, based on reports of popular applications, science seeks to understand which
compounds have biological activities (Ebani and Mancianti, 2020).

In this context, many plant species that are traditionally used as antibacterial and
antifungal agents in natural medicine represent promising sources of raw material in the search
for new phytopharmaceuticals that can be used for these therapeutic applications, taking into
account that the molecular diversity of natural products is much higher than that derived from
synthetic products, in addition to their low toxicity, lower cost, and fewer side effects.
According to the World Health Organization (WHO), more than 80% of the world's population
depends on traditional medicine to meet their main health needs (Kowalski et al., 2020; Ghavam
et al., 2020; Neves et al., 2019).

Lamiaceae (Labiatae Juss.) comprises approximately 236 genera and about 7,300
species, mostly occurring in environments with high altitude and latitude, tropical or subtropical
climate, and open vegetation formations (Karpinki, 2020; Ebadollahi, 2020). In Brazil, 46
genera and 524 species are recognized, with six genera and 343 species being endemic (Soares,
Pastore, & Jardim, 2019). Lamiaceae are plants that occur in the form of trees, shrubs,
subshrubs, and herbs, most of which are odoriferous. A striking characteristic is the presence of
essential oils that give the species of this family properties that arouse pharmacological interest
(Spréa et al., 2022; Michel et al., 2020).

Vitex agnus-castus is one of the most numerous genera of Lamiaceae. Ex L., which is

composed of approximately 250 species with wide distribution, among which are trees and

28



shrubs in rupicolous and terrestrial substrates, with compound digitate or compound unifoliate
leaves and distributed in tropics and subtropics, generally near rivers (Das et al., 2022; Islam et
al., 2024). In folk medicine, Vitex species have been traditionally used for analgesic, anti-
inflammatory, antimicrobial, and insecticidal purposes, as well as treating dermatitis and
controlling the menstrual cycle. Its bioactive properties are found mainly in its leaves but also
in its stems, fruits, and seeds (Kamal et al., 2022; Salleh and Zaki, 2020).

The Vitex genus has gained attention in the health sector due to the pharmacological
potential contributed by the phytochemicals present in its species. They can be promoted as a
variety of supplements to help improve and treat different types of diseases, or even be used as
complementary medicine along with other conventional treatments. Thus aroused the interest
of many researchers in discovering new pharmacologically active compounds in species of this
genus (Kamal ef al., 2022).

Studies with medicinal plants of the genus Vitex have shown that substances found in
essential oils and extracts obtained from these species have therapeutic potential for the
treatment of various diseases. Given the therapeutic and scientific importance of the genus Vizex,
this article aimed to conduct a bibliographic survey on the antimicrobial potential of the main
species of the genus, presenting the ethnopharmacological studies, as well as the popular use,

in addition to the most commonly used plant parts, their extracts and constituents.

Methodology
This is a bibliographic survey of articles based on the popular use of species of the Vitex
genus, as well as their proven biological activities (in vitro). The databases used for the review
were: Capes (http://www.periodicos.capes.gov), Scielo (http://www.scielo.org), Science Direct
(http://www.sciencedirect.com), Google Scholar (http://www.scholar.google.com), and Scopus
(www.scopus.com). In the period from March to June of this year, the research obtained through

the descriptors in health sciences, Vifex genus, chemical compounds, antibacterial, and
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antifungal in the languages: Portuguese and English was addressed. After reading the abstracts,
the articles related to the research object were selected and analyzed in full, while those that

were duplicated or that were distant from the research object were excluded from the study.

Results and discussion
Vitex negundo L.

Popularly known as the Chinese chaste tree, it has five digitated leaves with, generally,
three lanceolate leaflets and a trunk with reddish-brown bark. It is widely distributed in South
and Southeast Asia, Sri Lanka, India, and Pakistan, in various habitats (Sol et al., 2020). It is
commonly used in folk medicine due to its therapeutic potential, extracted from various parts of
the plant, from the root to the seeds. This species is traditionally used to treat respiratory and
ocular diseases, inflammation, vermifuge, depressed lactation, leucoderma, and enlarged spleen,
among other applications (Khan et al., 2024; Smrity et al., 2019).

The antibacterial activity was evaluated using the agar diffusion technique. The
methanolic extract of the leaves was effective against Streptococcus pneumoniae,
Staphylococcus aureus, Clostridium sp., Bacillus subtilis, with a maximum inhibition zone of
29 mm, and Pseudomonas aeruginosa, Salmonella sp., Klebsiella pneumoniae, and Escherichia
coli with a maximum inhibition zone of 26 mm (Giri and Das, 2018). The methanolic extract
obtained from the bark of V. negundo showed antibacterial activity against Bacillus subtilis
(1.562 mg/mL) and Staphylococcus aureus (0.245 mg/mL) (Koirala et al., 2020).

The microorganisms Candida albicans and Trichophyton rubrum were sensitive to the
essential oil of V. negundo seeds in a broth microdilution assay, presenting Minimum Inhibitory
Concentration (MIC) of 4.0 pg/ml and 32 pg/ml, respectively (Ai et al., 2014). According to
Zareshahrabadi et al. (2023), the essential oil obtained from the leaves, fruits, and flowers was

effective in inhibiting the biofilm of C. albicans, while the essential oil from the fruit was more
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efficient in inhibiting the growth of the yeasts C. glabrata, C. dubliniensis, C. krusei, C.
tropicalis, and C. parapsilosis with MICs in the range of 4-16 pg/ml.

Gas chromatography-mass spectrometry analysis revealed monoolein as the major
compound present in the methanolic extract obtained from the bark of V. negundo (Koirala et
al., 2020). Phytochemical screening detected the presence of primary and secondary
metabolites and the following major chemical constituents: vitedoin A (1), 6-hydroxy-4-(4-
hydroxy-3-methoxyphenyl)-3-hydroxymethyl-7-methoxy-3,4-dihydro-2-naphthaldehyde (2),

vitexdoin F (3), detetrahydroconidendrin (4), and vitexdoin E (5) (Giri and Das, 2018).

Vitex gardneriana Shauer

This species, popularly known as jaramataia or jeremataia, is medium-sized and can
reach about 6 meters in height. Has lilac flowers and simple, opposite, and lanceolate leaves. It
is endemic to Brazil, with its distribution restricted to the Caatinga Phytogeographic Domain,
especially in the Northeast region. In folk medicine, its leaves, bark, and fruits are used in the
form of infusion to treat bronchitis, flu, and sinusitis, and as an analgesic and anti-inflammatory
agent (Morais et al., 2020).

Studies reveal that the essential oil extracted from the leaves has antibacterial capacity
against planktonic cells and biofilms of multidrug-resistant strains of S. aureus and P.
aeruginosa with a MIC of 0.31% v/v (Vale et al., 2019). According to Pereira et al. (2020), the
essential oil, when associated with gentamicin, demonstrated promising antimicrobial activity
against the bacterial strains S. aureus (32 pg/mL) and Escherichia coli (1024 ng/mL).

The aforementioned study also investigated antifungal activity and reported a potential
to reduce the growth of C. albicans and C. tropicalis by approximately 70% and 30%,
respectively (Vale et al., 2019). In a trial that investigated the influence of the circadian rhythm

on the antifungal activity of the essential oil from the leaves of V. gardeneriana from the sample
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obtained at 8 am, Brasilia time, it was shown to be more efficient against clinical strains of 7.
rubrum in a test with a MIC of 0.1 to 0.3 mg/mL (Pereira et al., 2018).

The ethanolic extract obtained from the fruit presented secondary metabolites in its
phytochemical composition, such as tannins, alkaloids, and terpenes, corroborating a possible
antioxidant potential also present in the fruit, since the association between one or more of these
constituents is indicative of oxidative inhibition (Silva et al., 2022).

Regarding the chemical composition of this species, it was observed that this may vary
according to the part of the plant collected, as well as environmental and climatic factors. The
major compounds commonly found were cis-Calamenene, 6,9-Guaidiene, and caryophyllene

oxide (Silva et al., 2019).

CHs
H
CHs o
HsC CHs S H
Trans- Calameneno 6,9-Guaiadieno Oxido de cariofileno

Figure 1 The major chemical constituents of the essential oil from the leaves of V. gardneriana. Trans-calamenene
(A), 6,9-guaiadiene (B), caryophyllene oxide (C) (Adaptado Silva et al., 2019).

Vitex agnus-castus L.

Commonly known as chaste tree or monk's pepper, it is a large shrub or small tree that
can measure up to 3 meters in height, its leaves are compound and palmate, blue flowers and
dark purple globose drupe-type fruits, it is distributed in Central Asia, Southern Europe and the
Mediterranean region, although it is not an endemic species, it has been recorded in the
northeast and southeast of Brazil in the Phytogeographic Domains of Caatinga and Atlantic
Forest (Soares et al., 2019). Ethnobotanical research involving V. agnus-castus reveals that this
species can help in the treatment of syndromes and issues related to menstruation, in addition

to being used as an antidiabetic, antispasmodic, and for relieving stomach pain and digestive
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problems (Rocha et al., 2017; Zhelev et al., 2022).

Studies carried out with the essential oil obtained from the fruits of V. agnus-castus
grown in Bulgaria show antibacterial effect by exhibiting zone of inhibition against strains of
Salmonella abony NCTC 6017 (11.1540.05 mm), S. aureus ATCC 6538 (11.25+0.05 mm), and
B. subtilis ATCC 6633 (12.03+0.02 mm) (Zhelev et al., 2022). The essential oil from the leaves,
collected in northern Brazil, demonstrated promising activity against cariogenic
microorganisms, presenting the respective MIC values for the study strains Streptococcus
mutans ATCC 25175 (15.6 pg/mL), S. mitis ATCC 49456 (31.25 pg/mL), S. sanguinis ATCC
10556 (200 pg/mL), S. sobrinus ATCC 33478 (125 pg/mL), S. salivarus ATCC 25975 (200
pg/mL), Lactobacillus casei ATCC 11578 (15.6 pg/mL), Enterococcus faecalis ATCC 4082
(200 pg/mL) (Gongalves, et al., 2017).

In a study that isolated C. albicans samples from 40 patients with vulvovaginal
candidiasis and subjected them to broth microdilution using alcoholic and aqueous extracts
obtained from the leaves of V. agnus-castus, collected in Iran, it obtained antifungal potential
against the aforementioned clinical isolates, with MICs in the range of 7.81-15.62 ng/mL and
15.62-62.5 pg/mL, respectively (Keikha et al., 2018). The ethanolic (Et), aqueous (Aq) and
methanolic (Me) extracts obtained from the leaves collected in the city of Dammam, Saudi
Arabia, and subjected to the agar diffusion method, showed antifungal activity with a Zone of
inhibition in mm described as follows: C. tropicalis (7.50 £ 0.50 Et); (5.67 £0.29 Aq) and (5.33
+0.29 Me), C. albicans (5.83 = 0.29 Et); (5.00 + 0.50 Aq) and (5.00 = 0.50 Me) and C. ciferrii
(4.33 £ 0.58 Et); (3.33 £ 0.29 Aq) and (3.33 £ 0.29 Me), respectively (Farokhzad et al. 2023).

The major metabolite identified in V. agnus-castus by gas chromatography analysis in
the essential oils obtained from its leaves (18.27%), flowers (17.16%), and seeds (14.92%) was
1,8-cineole (Habbab et al., 2016). The oil obtained from the fruit presented linoleic acid (71.5%)

as its main compound, followed by oleic acid (14.0%) (Zhelev et al., 2022).

33



Vitex trifolia L.

Lagundi or Neer Nochi, as it is popularly known, is a large, deciduous shrub native to
regions from East Africa to French Polynesia and is commonly found on the banks of water
bodies. In Brazil, it occurs as a non-native species, with records in the Amazon, Caatinga, and
Cerrado. It has compound leaves, usually with 3 leaflets, and purple flowers. Its leaves are
consumed fresh to improve memory, to treat fever, headache, diarrhea, and fungal and bacterial
infections. Meanwhile, the oil obtained from its leaves is used in massages to relieve muscle
pain (Parkhe et al., 2019).

The methanolic extract of V. trifolia was shown to be efficient in its ability to inhibit the

formation of P. aeruginosa biofilms with a minimum inhibition of 50 pg/ml and a maximum
inhibition of 100 ug/ml (Mary et al., 2015). Its antibacterial activity was also evaluated by the
disk diffusion method against B. subtilis, presenting an inhibition zone of 0.5 cm in the acetone
extract and 0.75 cm in the ethanol extract. For E. coli, the values obtained were 0.15 cm in
acetone extract, 0.25 cm in ethanol extract, and 0.35 cm in aqueous extract (Mary et al., 2014).
The essential oil obtained from the leaves of V. trifolia and subjected to broth
microdilution showed antifungal activity against standard strains of C. albicans (ATCC 90029
—ATCC 1162) and C. krusei (ATCC 6258) with MICs of 62.5, 7.8, and 1.9 ul/ml, respectively
(Devi et al., 2014).

Gas Chromatography coupled with Mass Spectrometry analysis identified the presence
of 50 constituents, the main ones being: 1R-a-pinene, Ocimene, 3-carene, toluene, p-ethyl-,
eucalyptol, and 3-methoxy5-methylphenol (Devi et al., 2014). The qualitative analysis of
phytochemicals in the leaves of V. trifolia revealed the presence of alkaloids, flavonoids,

phenols, saponins, steroids, tannins, and terpenoids (Mary et al., 2014).

Vitex pinnata L.
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Laban or Kulimpapa, as it is commonly known, is a small tree with blue flowers and
purple fruits (Goh et al., 2017). Its native distribution was described in tropical Asia, and it can
also be found in some regions of the African continent. Ethnobotanical studies report the use of
tea in decoction of roots and bark for the treatment of stomach pain, fever, and muscle pain,
while the leaves are prepared as a poultice for wound healing (Shafie et al., 2020).

The Kirby-Bauer test with paper discs soaked in methanolic extract of V. pinnata leaves
collected in England showed inhibitory activity on the growth of S. mutans ATCC 31987 with
ANOVA test significance of 0.000 < 0.05 (Nuraskin et al., 2019). The ethyl acetate extract
obtained from V. pinnata leaves collected in Brunei showed antibacterial activity against strains

of S. aureus (ATCC-29213), B. subtilis (ATCC-11774), E. coli (ATCC-11775), and P.

aeruginosa (ATCC-27853) the values referring to the inhibition halo expressed as mean =+
standard deviation found were 10.2 = 0.3,9.3 * 0.5,11.6 = 02 and 6.2 = 0.5 mm,

respectively(Shafie et al., 2020). The lipophilic extract of its bark showed potential to inhibit
the growth of Mycobacterium tuberculosis with a MIC of 32.5 ul/ml through the in vitro test
using the Alamar Blue microplate (Abdelbaset et al., 2023).

The ethanolic extract obtained from the bark of a specimen of V. pinnata collected in Sri
Lanka allowed the discovery of a new iridoid glycoside called pinnatoside, which showed
antifungal activity against C. albicans with a MIC of 16 pl/ml (Kamal er al., 2022).

When investigating the phytochemical composition using the gas chromatography
method associated with mass chromatography, the presence of two steroids: B-sitosterol and
stigmasterol, and three flavonoids: 5-hydroxy-3,7,4'-trimethoxyflavone, 5-hydroxy-7,4'-
dimethoxy-flavone, and 5-hydroxy-3,3',4",7-tetramethoxyflavone was diagnosed (Kamal et al.,

2017).

Vitex doniana Sweet

Commonly known as African taruma or black plum (V. doniana), this is a robust tree
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with fine hairs on its young branches and elongated, greenish flowers with purple petals. This
species is native to the Cerrado region, but is often cultivated due to its sweet-tasting fruit. Its
leaves are traditionally used in folk medicine to treat people suffering from dysentery, rheumatic
pain, inflammatory disorders, respiratory diseases, and toothache, among others (Jean et al.,
2019).

The fractional ethanol extracts of the leaves obtained in Nigeria were subjected to
microbiological sensitivity testing and were shown to be effective against nine clinical isolates
of S. typhi, presenting bactericidal action with an activity of 150-300 pg/mL (Noel et al., 2022).
Another test, using the broth microdilution technique, was carried out with the ethanolic extract
obtained from the fruits of V. doniana, collected in Benin, and showed promising MIC results
against Proteus mirabilis (1.25 pg/mL), Micrococcus luteus (0.312 pg/mL), and P. vulgaris
(1.25 pg/mL) (Dah-Nouvlessounon et al., 2023). The literature reports antifungal activity of
ethanol extract obtained from V. doniana leaves against Fusarium verticilliodes and Aspergillus
tamarii with inhibition diameters of 17.75+0.35 mm and 16.00+0.00 mm. When subjected to
broth microdilution, the ethanol extract showed activity against C. albicans with a MIC of 1.25
pg/mL (Dah-Nouvlessounon et al., 2023).

When analyzing the chemical composition of extracts from the stem bark and leaves,
the presence of bioactive components, alkaloids, glycosides, tannins, polyphenols,
anthroquinone, saponins, and flavonoids was observed (Ali et al., 2017). Through gas
chromatography, a study carried out in Nigeria analyzing the methanolic extract of V. doniana
leaves showed the presence of forty-three phytochemicals, with the highest concentration being
linalool (7.89%) and B-Bisabolene (7.22%), in addition to the presence of trace elements
(Manganese, iron and zinc) (Sani et al., 2019). Analysis by Gas Chromatography Coupled to
Mass Spectrometry of the fruit of V. doniana revealed the presence of trimethylsilyl sugar

derivatives such as: 1, 3, 4, 5, 6-pentakis-O-(trimethylsilyl); 3, 4, 5-tris-O-(trimethylsilyl)-
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pentose; Methyl 2, 3, 5-tris-O-(trimethylsilyl); Pentakis-O-(trimethylsilyl); Methyl 2, 3, 5, 6-
tetrakis-O-(trimethylsilyl); 1, 2, 3, 4, 6-pentakis-O-trimethylsilyl); Methyl 2,3-bis-O-

trimethylsilyl; 1, 2, 3, 5-tetrakis-O-(trimethylsilyl).

Vitex rivularis Giirke

Popularly known as Mevassa, the species V. rivularis is a large, leafy tree that can reach
up to 12 meters in height. It has elongated leaves with 5 to 7 leaflets and long petioles. Its
flowers are small and white and purple in color. It is found natively in the region from West
Africa to Angola, in the humid tropical biome regions. In folk medicine, its leaves are used as
an infusion to treat skin and nail mycoses (Zaki et al., 2020).

Regarding bacterial activity, the methanolic extract of V. rivularis leaves showed
inhibitory potential by the agar dilution method against standard strains of E. coli (ATCC
25922), B. subtilis (ATCC 6638), S. aureus (ATCC 59232), P. mirabilis (ATCC 15290), and P.
aeruginosa (ATCC 15442) with MICs ranging from 0.25-0.50 mg/mL (Idowu et al., 2022).

An assay using the broth microdilution method showed antifungal activity of methanolic
extracts of leaves (EMF) and seeds (SEM) with MIC of 15 £+ 0.00 mg/ml (EMF) and 7.50 +
0.00 (SEM) for C. albicans, respectively, and 7.50 £ 0.00 mg/ml for both extracts against C.
neoformans (Marguerite et al., 2020).

Phytochemical screening performed using leaves and seeds of V. rivularis showed
bioactive constituents such as phenols, tannins, flavonoids, anthraquinones, and glycosides, in
addition to saponins and alkaloids found only in the leaves and triterpenes present only in the
seeds (Marguerite et al., 2020). The chemical characterization of the essential oil obtained from
the aerial parts of V. rivularis showed the presence of germacrene D (20.6%); -curcumene
(9.7%); ar-turmeric (5.5%); -copaene (6.4 vs. 5.0%) and -caryophyllene (6.6%) (Cabral et al.,

2009).
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Vitex mollis Kunth

Native to Central America, the southern United States, and Mexico, this species is
popularly known as uvalamo, and is characterized by being a large tree that can measure
approximately 15 meters in height, with trifoliate leaves, white, blue, or purple flowers, and
purple fruits. Its popular use has been described to treat conditions such as diarrhea, fever,
abdominal cramps, pain, and scorpion stings (Montes-Avila ef al., 2022).

The disk diffusion test performed with methanolic extract of V. mollis leaves collected
in Mexico showed antibacterial activity against standard S. aureus strains (ATCC 25923, ATCC
29213, and ATCC 43300) with inhibition diameters of 37+0.15, 4.65+0.14, and 6.31+0.25 mm,
respectively. Regarding the clinical isolates of bovine S. aureus, 5.47+0.38 for MRSA1 and
5.73+0.25 for MRSA2, and for the S. aureus strains isolated from rabbits, the result obtained
was 6.10+0.17 for SOSA1 and 6.80+0.20 for SOSA2 (Medina et al., 2017).

The methanolic extract obtained from the trunk of V. mollis in Mexico by the broth
microdilution method showed antifungal activity for the species F. verticillioides (29.8 pg/mL),
F. oxysporum (52.9 pg/mL), and F. tapsinum (109.0 pg/mL). The aqueous extract of the trunk
presented an MIC of 51.3 pg/mL for F. verticillioides and 85.1 ng/mL for F. oxysporum
(Valencia-Botin et al., 2018).

The methanolic, aqueous, acetone, and hexane extracts obtained from the leaves and
stems of V. mollis, subjected to phytochemical analysis, revealed the presence of phenols,
flavonoids, triterpenes, and coumarins (Morales-Del-Rio et al., 2015; Valencia-Botin et al.,
2018).

The antibacterial and antifungal activities, medicinal properties, and chemical

compounds found in the studied Vitex species are listed in Tables 1, 2, 3, and 4, respectively.
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Table 1 - In vitro antibacterial activity studies in species of the genus Vitex

Plant Part of the Extract Microorganism References
species plant species
Leaves Methanolic Streptococcus Giri e Das, 2018
pneumoniae
Leaves Methanolic Staphylococcus Giri et al., 2018; (Koirala et
aureus al., 2020
V. negundo L Leaves Methanolic Clostridium Giri e Das, 2018
Leaves Methanolic Bacillus subtilis Giri et al., 2018; Koirala et
al., 2020
Leaves Methanolic Pseudomonas Giri e Das, 2018
aeruginosa
Leaves Methanolic Salmonella sp Giri e Das, 2018
Leaves Methanolic Klebsiella Giri e Das, 2018
pneumoniae
Leaves Methanolic Escherichia coli Giri e Das, 2018
V. gardneriana Leaves oil Staphylococcus Vale et al., 2019; Macedo et
Shauer aureus al. 2019
Leaves oil Pseudomonas Vale et al., 2019
aeruginosa
Leaves 5-hydroxy-3,7,4'- Escherichia coli Macedo et al. 2019
trimethoxyflavone
Seed oil Escherichia coli Habbab, et al., 2016
Seed oil Klebsiella Habbab, et al., 2016
pneumoniae
V. agnus castus Seed oil Pseudomonas Habbab, et al., 2016
L. aeruginosa
Leaves oil Streptococcus mutans Goncalves et al., 2017
Leaves oil Lactobacillus casei Goncalves et al., 2017
Leaves oil Estreptococo mitis Goncalves et al., 2017
Leaves Methanolic Pseudomonas Mary et al., 2015
V. trifolia L. aeruginosa
Leaves Methanolic Bacillus subtilis Mary et al., 2015
Leaves Methanolic Escherichia coli Mary et al., 2014
V. pinnata L Leaves Methanolic Streptococcus mutans Nuraskin et al., 2019
Cascas Lipophilic Mpycobacterium Abdelbaset et al., 2023
tuberculosis
V. doniana Leaves Ethanolic Salmonella typhi Dawang et al., 2022
Sweet Leaves Ethanolic Staphylococcus Dah-Nouvlessounon et al.,
lentus 2023
Leaves Ethanolic Staphylococcus Dah-Nouvlessounon et al.,
haemolyticus 2023
V. rivularis Leaves Methanolic Staphylococcus Idowu et al., 2022
Giirke aureus
V. rivularis Leaves Methanolic Staphylococcus Idowu et al., 2022
Giirke aureus
Leaves Methanolic Escherichia coli Idowu et al., 2022
Leaves Methanolic Bacillus subtilis Idowu et al., 2022
Leaves Methanolic Pseudomonas Idowu et al., 2022
aeruginosa
Leaves Methanolic Proteus mirabilis Idowu et al., 2022
V. mollis Kunth Leaves Methanolic Staphylococcus Medina et al., 2017
aureus
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Table 2 — In vitro antifungal activity studies in species of the genus Vifex

Plant species Part of Extract Microorganism References
the species
plant
V. negundo Seed oil Candida albicans Aietal., 2014
L.
Seed oil trichophyton rubrum  Ai et al., 2014
Fruits oil Candida glabrata Zareshahrabadi et
al. 2023
Fruits oil Candida dubliniensis ~ Zareshahrabadi et
al. 2023
Fruits oil Candida Krusei Zareshahrabadi et
al. 2023
Fruits oil Candida tropicalis Zareshahrabadi et
al. 2023
Fruits oil Candida parapsilosis ~ Zareshahrabadi et
al. 2023
V. Leaves oil Candida albicans Vale et al., 2019
gardneriana
Shauer Leaves oil Candida tropicallis Vale et al., 2019
Leaves oil Trichophyton Pereira et al.,
rubrum 2017
V. agnus Leaves Alcoholic Candida albicans Keikhaetal.,
castus L. and aqueous 2018
Leaves Ethanolic, Candida tropicalis Farokhzad et al.
methanolic 2023
and aqueous
Leaves Ethanolic, Candida albicans Farokhzad et al.
methanolic 2023
and aqueous
V. agnus castus Leaves Ethanolic, Candida Ciferrii Farokhzad et al.
L. methanolic, 2023
and aqueous
V. trifolia L. Leaves Oil Candida albicans Devi et al., 2014
Leaves Oil Candida Krusei Devi et al., 2014

40



V. pinnata L.

V. doniana
Sweet

V. rivularis
Giirke

V. mollis
Kunth

V. mollis
Kunth

Bark

Leaves

Leaves

Leaves

Leaves

Stem

Stem

Ethanolic

Ethanolic

Ethanolic

Methanolic

Methanolic

Methanolic

Methanolic

Candida albicans

Fusarium
verticilliodes

Aspergillus tamarii

Candida albicans

Cryptococcus
neoformans

Fusarium
verticillioides

Fusarium
oxysporum

Kamal et al., 2022

Dah-
Nouvlessounon et
al., 2023

Dah-
Nouvlessounon
etal., 2023

Marguerite et al.,
2020

Marguerite et al.,
2020

Valencia-Botin et
al., 2018

Valencia-Botin et
al., 2018
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Table 3 — Species of the genus Vitex with medicinal properties

Plant Popular Part Preparation Indication References
species name used
V. Chinese Leaves, Infusion Respiratory diseases, Khan, et al,
Negundo chaste tree flowers, and eye diseases, 2024; Smirity,
L. fruits inflammations, et al., 2019
deworming, deprived
lactation,
leucoderma, enlarged
spleen
V. monk's Leaves Infusion Menstrual Zhelev, et al.,
agnus ca pepper syndromes and 2022; Rocha,
stus L. issues, antidiabetic, et al., 2017
antispasmodic, and
for relief of stomach
pain and digestive
problems
V. trifolia Lagundi Leaves In natura,  Memory, as Parkhe et al.,
L. ou Neer infusionand  antifebrile, headache, 2019
Nochi oil asthma, and diarrhea.
relief of muscle pain
V. Laban Roots Decoction Stomach aches, fever Shafie et al.,
pinnata L. ou Kulimpa and and poultice and muscle pain, 2020
. pa barks wound healing
V. doniana African Leaves Infusion Dysentery, rheumatic Jean et al,
Sweet Taruma or and pains, inflammatory 2019
Black Plum bark disorders, respiratory
diseases, toothache
V. agnus monk's Leaves Infusion Menstrual Zhelev, et al.,
castus L. pepper syndromes and 2022; Rocha,
issues, antidiabetic, et al., 2017
antispasmodic  and
for relief of stomach
pain and digestive
problems
V. Leaves Infusion Micoses de pele e Zaki et al.,
rivularis unhaSkin and 2020
Giirke nail mycoses
V. mollis Uvalamo Leaves Infusion Diarrhea, fever, Montes-Avila
Kunth abdominal cramps, et al., 2022
pain and scorpion
stings
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Table 4 - Vitex species and their main compounds found in the composition of essential oils and
extracts

Vitex species Major compounds Product References
V. Negundo L. Carbohydrates, proteins, amino ~ Aqueous extract Pawar e Kamble, 2017
acids, steroids, cardiac glycosides, of leaves

anthraquinone glycosides,
saponins, flavonoids, tannins, and
phenolic compounds

V. gardneriana  Cis-Calamenene, 6,9-Guaidenene, Leaf oil Pereira et al., 2018
Shauer and
Caryophyllene Oxide
V. agnus castus  1,8-cineole, linoleic acid and oleic Leaf oil Habbab, et al., 2016
L. acid
V. trifélia L. 1R-0-pinene, Ocimene, 3-carene, Leaf oil Devi et al., 2014

Toluene, p-ethyl, Eucalyptol and
3-methoxyS-methylphenol
V. pinnata L. 1R-0-pinene, Ocimene, 3-carene, Leaf oil Kamal et al., 2016
Toluene, p-ethyl, Eucalyptol and
3-methoxyS-methylphenol
V. doniana 1, 3, 4, 5, 6-pentakis-O- Leaf oil Chinyere et al., 2021
Sweet (trimethylsilyl), 3,4,5-tris-O-
(trimethylsilyl)-pentose,
Methyl2,3,5-tris-O-
(trimethylsilyl), Pentakis-O-
(trimethylsilyl), Methyl2,3,5,6-
tetrakis-O-(trimethylsilyl),
1,2,3,4,6- pentakis-O-
trimethylsilyl), Methyl2,3-bis-O
trimethylsilyl and 1,2,3,5-tetrakis-
O-(trimethylsilyl).

V. rivularis Germacrene D, curcumene, ar- Leaf oil Cabral et al., 2009
Giirke curcuma, Copaene and
Caryophyllene
V, mollis Kunth Phenols, flavonoids, triterpenes Methanolic Valencia-Botin et al.,
and coumarins extract of the 2018
stem

This manuscript has not been published, either in whole or in part, and is not submitted to any
other journal.

Mechanism of action of essential oils and plant extracts against pathogens
Antimicrobial drugs derived from microbial or chemical products play important roles

in the fight against pathogens. However, with widespread use worldwide, they have resulted in
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widespread resistance and side effects. Therefore, a sharp increase in the proportion and number
of bacteria and fungi resistant to various chemical antimicrobial agents has been observed in
recent decades (Liang; Huang; Ma, 2022).

Medicinal and aromatic plants contain various types of chemical constituents that

have antimicrobial properties. These constituents are synthesized by plants to protect
them from the action of microbial pathogens. The antimicrobial properties of essential oils and
plant extracts depend primarily on the variation in their chemical constituents, the quantity of
the main individual compounds, and the volatile nature of their components. These chemical
compounds are secreted through a series of molecular interactions under specific biotic and
abiotic stress conditions. Each compound may exhibit a different mechanism of action against
microorganisms (Gonelimali et al., 2018; Swami; Akhatar; Sinniah, 2016).

In general, the mechanism of action of essential oils is mediated by a series of
biochemical reactions in the microbial cell. Several mechanisms have been described to explain
the antibacterial activity of essential oils. These metabolites can affect both the outer envelope
of the bacterial cell and the cytoplasm. The typical hydrophobicity of essential oils is
responsible for the disruption of bacterial structures, which leads to increased permeability due
to the inability to separate these metabolites from the bacterial cell membrane. Other
mechanisms include degradation of the cell wall, damage to the cytoplasmic membrane,
coagulation of the cytoplasm, damage to membrane proteins, increased permeability leading to
leakage of cell contents, reduction of the proton motive force, and reduction of the intracellular
ATP pool (Swami; Akhatar; Sinniah, 2016; Nazzaro et al., 2013)

The antifungal actions of essential oils are similar to the antibacterial mechanisms
explained above. Exposure to essential oils generally leads to coagulation of cellular
components due to irreversible damage to the cell membrane. In yeast cells, essential oils

establish a membrane potential across the cell membrane and disrupt ATP production, which
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leads to damage to the cell membrane. Essential oils have the ability to penetrate and disrupt
fungal cell walls and cytoplasmic membranes through a permeabilization process, which leads
to the disintegration of mitochondrial membranes. This is caused by changes in electron flow
within the electron transport system (ETS) pathway. This process can damage the lipids,
proteins, and nucleic acid content of cells infected by fungal pathogens. Essential oils can
disrupt the depolarization of mitochondrial membranes by affecting ion channels, especially
Ca2+ ions, proton pumps, and ATP pools, and thus decrease the membrane potential. This
change in membrane fluidity can cause electrolyte leakage and hinder cytochrome C pathways,
protein metabolism, and calcium ion concentrations. Therefore, permeabilization of the inner
and outer mitochondrial membranes causes apoptosis or cell necrosis, leading to cell death
(Swami; Akhatar; Sinniah, 2016).

The antifungal actions of essential oils are similar to the antibacterial mechanisms
explained above. Generally, exposure to essential oils leads to coagulation of cellular
components due to irreversible damage to the cell membrane. In yeast cells, essential oils
establish a membrane potential across the cell membrane and disrupt ATP production, which
leads to damage to the cell membrane. Essential oils have the ability to penetrate and disrupt
the fungal cell wall and cytoplasmic membranes through a process of permeabilization, which
leads to the disintegration of mitochondrial membranes. This is caused by changes in the flow
of electrons within the electron transport system (ETS) pathway. This process can damage the
lipids, proteins, and nucleic acid content of cells infected by fungal pathogens. Essential oils
can disrupt the depolarization of mitochondrial membranes by affecting ion channels, especially
Ca2+ ions, proton pumps, and ATP pools, and thus decrease the membrane potential. This
change in membrane fluidity can cause electrolyte leakage and hinder cytochrome C pathways,
protein metabolism, and calcium ion concentrations. Therefore, permeabilization of the inner

and outer mitochondrial membranes causes apoptosis or cell necrosis, leading to cell death
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(Swami; Akhatar; Sinniah, 2016).

In addition, the efficacy of bioactive plant extracts contains complex mixtures of
solubilized plant compounds, and their synergistic action can produce an enhanced effect. The
microbial cell can be affected by these phytochemical constituents in several ways. In general,
the main target site of the active compounds is the cytoplasmic membrane, affecting its structure
and integrity, permeability, or functionality (Vaou et al., 2021).

Final Considerations

The literature research showed that Vitex species have diverse chemical compositions
and prove their antimicrobial activity, with several reports of their applicability in traditional
medicine being recorded. Among these, we can mention their popular use in the treatment of
respiratory and ocular diseases, bruises, digestive problems, diabetes, headaches, wound
healing, toothache, inflammatory disorders, mycoses, and menstrual cramps, among others.

As for the microbiological tests observed, it is possible to state that all the species
studied have relevant antibacterial and antifungal potential due to the presence of important
phytochemicals obtained from oils and extracts of the bark, leaves, or fruit. However, the
literature lacks further studies based on the phytochemicals found to provide more information
regarding the major compounds of these species.
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Vitex gardneriana antifungal effect against yeast.

MICROBIOLOGIA
Abstract

Vitex gardneriana Shauer, popularly known as “Jaramataia,” is widely used in folk medicine
for its anti-inflammatory and analgesic properties. This study aimed to determine the chemical
composition and evaluate the antifungal, antioxidant, and cytotoxic effects of the essential oil
(EO) from its leaves. The EO was obtained via hydrodistillation and analyzed by gas
chromatography-mass spectrometry, identifying 16 components, with trans-calamenene
(30.28%) and 6,9-guaiadiene (14.06%) as major compounds. Antifungal activity was assessed
by broth microdilution, showing a MIC of 5 mg/mL against standard and clinical strains. A

synergistic effect was observed when combined with Amphotericin B, significantly reducing
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the inhibitory concentration of OEVG. Antioxidant activity (DPPH method) showed an ICso of
85.86 mg/mL, while hemolytic assays on human erythrocytes showed an ICso of 20 mg/mL.
Molecular docking revealed stronger affinity of EO compounds to Sap5 (-7.3 kcal/mol) than
Als3 (Agglutinin-like sequence 3) (-6.2 kcal/mol), with some ligands (e.g., 1-epi-Cubenol,
caryophyllene oxide) binding to different regions than Amphotericin B. These findings suggest
that V. gardneriana OE has promising antifungal properties, especially when used in

combination with existing antifungals.
Keywords: Als3, candidiasis, hydrodistillation, Jaramataia, Sap5.

Introduction

Essential oils consist of a mixture of aromatic and volatile compounds that can be
obtained from various parts of plants, mainly from leaves and flowers. Plant-derived essential
oils have demonstrated promising antimicrobial therapeutic effects, which are usually
accompanied by reduced side effects. For this reason, they are traditionally used as antibacterial
and antifungal agents in natural medicine, and the interest in plant-derived bioactives can be
explained mainly by the emergence of strains resistant to conventional antimicrobials (Ghavam
et al., 2020).

The spread of antimicrobial resistance is an emerging global threat to human health,
associated with high mortality rates, lack of effective surveillance systems, and few available
alternative treatment options (Stevenson et al., 2022). However, the global problem of
antimicrobial resistance is of particular concern in developing countries, where species resistant
to traditional antifungal agents have increased significantly, and infectious diseases are highly
prevalent, with cost constraints that prevent the widespread application of newer and more
expensive agents (Bastos et al., 2023; Vale et al., 2019).

Several pathogens are associated with a high level of resistance to conventional
antifungals, including species of the genus Candida. In recent years, opportunistic fungal
infections caused by C. albicans have increased significantly. These yeasts can be responsible
for severe clinical manifestations, ranging from localized superficial mucocutaneous disorders
to invasive diseases involving multiple organ systems and potentially fatal (Talapko et al., 2021).
The pathogenicity of C. albicans is attributed to many determining factors, including the
production of enzymes such as the adhesin ALs3 and secreted aspartic protease SAPS (Silva et
al., 2022).

Secreted aspartic proteases (SAPs) produced by Candida spp. are classified into 10
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types, with SAP5 being the most important, since this enzyme can degenerate proteins,
facilitating invasion into the host's epithelial tissue. These enzymes have high specificity against
substrates present in human proteins belonging to the immune system. Thus, they can bypass
the innate immune system. In addition to the genes that express SAPs, another group of genes
that 1s also important in the virulence and pathogenicity of Candida species are the ALS, which
consist of a group of genes ranging from ALS1 to ALSS, of which ALS3 is the main enzyme of
this family and has the greatest effect on adhesion to C. albicans species. In addition, ALS3
facilitates the formation of biofilms, in addition to being able to invade epithelial and
endothelial tissues, causing endocytosis of host cells and binding to ferritin to obtain iron. These
are important mechanisms for the development and resistance to infection (Silva et al., 2022).
Therefore, many researchers are focusing on combination therapies with natural
antimicrobial agents, such as essential oils. In general, combination therapies have been
frequently used to improve biological efficiency; decrease the effective dose to reduce costs
and adverse side effects; increase the spectrum of activity, and prevent drug resistance through
the multiplicity and structural and functional diversity of bioactive compounds present in the
mixture, thus benefiting patients (Benamar-Aissa; Gourine; Yousfi, 2024). Natural compounds
derived from plants are considered fundamental sources of new chemical diversity, representing
an alternative to synthetic drugs, as potential new drugs against resistant pathogens, due to their
significant pharmacological and toxicological properties (Neves et al.; 2021).

The genus Vitex belongs to the Lamiaceae family, with approximately 250 species, and
is mainly composed of shrubs, with the bioindicator tree Vitex gardneriana Schauer, popularly
known as “Jaramataia”, standing out in northeastern Brazil. This plant is commonly used in folk
medicine as an anti-inflammatory and analgesic. Scientific studies have reported that this
species has antimicrobial, antioxidant and larvicidal activity (Morais et al., 2020; Silva et al.,
2019; Barreto; Almeida; Filho, 2021).

In view of the above, the objective of this work was to determine the chemical
composition, evaluate the antioxidant activity of the essential oil obtained from the leaves of V.
gardneriana, its antifungal potential and its combined effect with Amphotericin B, as well as
the computational study of the mechanism of action of the main compounds isolated from the
essential oil against the enzymes ALs3 and Sap5 of C. albicans and the cytotoxicity profile, in
order to promote both knowledge about this species, as well as enhance the discovery of new
phytopharmaceuticals to combat resistant fungi.

Materials and methods

Plant material
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Fresh leaves of V. gardneriana (10.0 kg) were collected at the Experimental Farm of the
Vale do Acarau State University at coordinates 03° 57’ 7" S 40° 18’ 24.2" W) (FAEX-UVA),
located 11 km from the city of Sobral, Ceard, Brazil. The botanical identification of the species
was performed at the Francisco José de Abreu Matos Herbarium (HUVA), State University of
Vale do Acarau -UVA, by Professor Dr. Elnatan Bezerra de Souza, and the voucher was
deposited under the registry number HUVA 26174.

Essential oil extraction

Fresh leaves (3.6 kg) of V. gardneriana were subjected to hydrodistillation in a
Clevenger-type apparatus for 2 h to obtain the essential oil. The yield (p/p) was determined by
the ratio between the mass of the oil obtained and the mass of the fresh plant material used in
the extraction. After filtering and drying with anhydrous sodium sulfate, the isolated oil was
stored in an amber bottle and kept refrigerated for later analysis (Silva et al., 2022).

Gas chromatography coupled to mass spectrometry (GC-MS)

The chemical analysis of the constituents of the essential oil of V. gardneriana leaves
(OEVG) was performed by gas chromatography combined with mass spectrometry (GCMS) in
an Agilent model GC-7890B/MSD-5977A (quadrupole) apparatus, with electron impact at 70
eV and HP-5MS methylpolysiloxane column (30 m x 0.25 mm x 0.25 um, Agilent). Helium
was used as carrier gas with a flow rate of 1.00 mL. min-1, with injector temperature of 250 °C,
detector temperature of 150 °C, transfer line temperature of 280 °C. With an initial
chromatographic oven temperature of 70 °C, and a heating ramp of 4 °C.min-1 up to 180 °C
and an increase of 10 °C/min-1 up to 250 °C at the end of the run (34.5 min). The identification
of the compounds was performed by analyzing the fragmentation patterns displayed in the mass
spectra with those present in the database provided by the equipment (NIST version 2.0 of 2012
- 243,893 compounds) and literature data (Adams, 2017).

In vitro antifungal assay
Microorganisms

In vitro sensitivity tests were performed with clinical isolates of C. albicans obtained
from patients admitted to the Santa Casa de Misericordia Hospital in Sobral, Ceard. These
strains were identified by chromogenic, PCR, and vitek methods and then stored in Sabouraud
Dextrose Agar culture medium at the Microbiology Laboratory of the Universidade Estadual
Vale do Acarad (LABMIC-UVA). In this study, a total of 03 strains of C. albicans were used,
02 strains from clinical isolates: LABMIC 0102 (blood culture), LABMIC 0105 (blood culture),
and C. albicans ATCC 90028 used as a standard strain for the analyses.

Preparation of inoculum for antifungal susceptibility testing
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In the preparation of the inoculum, fragments of C. albicans in Sabouroud Dextrose
Agar culture medium were transferred to tubes containing 5 mL of saline solution to obtain
concentrations equivalent to 5 x 10* UFC/mL on the McFarland scale. The suspension was
obtained by diluting 1:100 followed by 1:20 of the standard suspension for C. albicans with
RPMI 1640 medium with L-glutamine, without sodium bicarbonate, to obtain inoculum
concentrations of 2.5-5 x 10* UFC mL-1 for C. albicans.
Broth Microdilution Assay

Antifungal activity was determined by the broth microdilution method according to the
M?27-A3 guidelines for yeasts, according to the Clinical and Laboratory Standards Institute
(CLSI M27-A3, 2008) protocol, with modifications for natural products. The Minimum
Inhibitory Concentration (MIC) was determined according to Fontenelle et al., (2008) and the
CLSI guidelines document (2008). OEVG (10 mg/mL) was diluted with 945 pL of RPMI
(Roswell Park Memorial Institute) 1640, 50 pL. of DMSO and 5 pL of tween and homogenized
in a vortex mixer. The microdilution test was performed in 96-well microdilution plates, in
which OEVG was tested at concentrations ranging from 0.002 to 2.5 mg/mL. Amphotericin B
(AMB) was prepared and placed at concentrations ranging from 16 pg/mL to 0.125 pg/mL.
Finally, 100 pL of the inoculum was added to the plate wells, and this entire procedure was
performed in duplicate. The plates were incubated at 37°C, and visual reading was performed
after 48 hours. The MIC is defined as the lowest concentration of the sample capable of
inhibiting 100% of visible fungal growth.
Microdilution checkboard assay

The synergistic activity between OEVG and Amphotericin B was determined by the
checkboard technique using all strains of C. albicans. Initially, 50 pL. of RPMI-1640 was added
to all wells of the 96-well microdilution plate. Then, 50 pL of each OEVG dilution was added
in vertical orientation, with concentrations ranging from 5 mg/mL to 0.03 mg/mL. In horizontal
orientation, 50 pl. of Amphotericin B (standard antifungal) were placed at concentrations
ranging from 16 pg/mL to 0.125 pg/mL, then 100 pL of C. albicans suspension (2.5-5 x 103
UFC mL-1) were added to all wells and incubated at 37°C for 24h. The assays were performed
in triplicate. The drug interaction was verified by calculating the Fractional Inhibitory
Concentration Index (FICI). The FCI was calculated by adding the Fractional Inhibitory
Concentration (FIC) for each of the compounds tested, being defined as the addition of the
Minimum Inhibitory Concentration (MIC) values of each drug in the combination divided by
the MIC of the drug alone. The ICIF was interpreted as indicative of a synergistic effect at

values < 0.5, an indifferent effect at values > 0.5 or <4.0, and an antagonistic effect at values >
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4.0 (Johnson et al., 2004).
Molecular Docking
Ligand and Receptor Preparation for Docking Studies

The chemical structures of the molecules 1-epi-Cubenol (CID519857), 6,9-guaiadiene
(CID527113), caryophyllene oxide (CID1742210), epi-alpha-cadinol (CID160799) and trans-
calamenene  (CID6429022) were obtained from the PubChem  repository
(https://pubchem.ncbi.nlm.nih.gov/), the lowest energy conformers were saved at physiological
pH using the MarvinSketch software (Csizmadia, 1775) and optimized using the Avogadro
software (Hanwell ef al., 2012), configured to use a steepest descent algorithm with cycles of
50 interactions, applying the MMFF94 force field (Merck Molecular Force Field) (Halgren,
1196; Neto et al., 2021).

To investigate the mechanism of action of the ligands against C. albicans, the structures
of the targets Als3 and Sap5 were obtained from the Protein Data Bank repository
(https://www.rcsb.org/) (Berman et al., 2003), PDBs ID: 4LEB (Lin et al., 2014) and 2QZX
(Borelli et al., 2008). In the preparation of the targets, residues were removed, polar hydrogens,
Kollman charges and Gasteiger charges (Yan et al., 2014) were added using the
Autodocktools™ software (Huey et al., 2012).

Molecular Docking Simulation and Data Output

The molecular docking simulations were performed using the software AutodockVina
(Trott and Olson et al., 2010), Lamarkian Genetic Algorithm (LGA), Exhaustiveness 64
(Marinho et al., 2020) and grid box involving the entire structure of the protein targets using
the axes (-5,780 x, 2,958 y, -13,744 z) and size (108 x, 122 y, 96 z) against Als3, axes (22,230
X, 17,900 y, 42,750 z) and size (72 x, 76 y, 118 z) against Sap35. Fifty simulations were
performed, generating 20 poses per simulation and as a criterion for selecting the best pose, the
statistical parameter RMSD (Root Mean Square Deviation) was used with values up to 2.0 A
(Yusuf et al., 2008) and affinity energy lower than -6.0 kcal/mol (Shityakov and Forsten, 2014;
Silva et al., 2022). To obtain comparative data, simulations were performed with the
Amphotericin B control.

Visualization of Binding Modes and Receptor-Ligand Interactions

Data were analyzed using UCSF Chimera™ (Pettersen et al., 2004), Pymol (Delano,
2020), and Discovery Studio Visualizer™ viewer (Biovia, 2016) software. The Protein-Ligand
Interaction Profiler (PLIP) server (Salentin et al., 2015; Adasme et al., 2021) was used to
visualize molecular interactions and hydrogen bonds.

Hemolytic Activity
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The hemolytic activity of OEVG was determined in human cells (Opinion Number:
6,662,155) centrifuged for 10 min and distributed in 96-well plates. After plasma removal, the
pellet containing red blood cells was washed five times with PBS and then resuspended in PBS
to obtain an 8% (v/v) suspension. Then, a 100 puL aliquot of this suspension was added to
different microcentrifuge tubes containing 100 uL of 2x serial dilutions of essential oil, ranging
from 0.005 to 2.5 mg/mL. The final concentrations were 4% (v/v) of erythrocyte suspension
and the essential oil concentration range was 0.01-5.0 mg/mL. The resulting suspensions were
incubated in a refrigerated shaker for 60 min at 37 °C. After the incubation time, the samples
were centrifuged for 2 min and the supernatants were transferred to 96-well plates for reading
by absorbance at 540 nm using a Bio tek Synergy HT multiplate reader. As positive and negative
controls, Triton X-100 at 1% and 4% (v/v) of RBCs in PBS without essential oil (untreated),
respectively, was used. The test was performed in triplicate and the percentage of hemolysis
was calculated using the following expression:(Abs540nm-treated-
Abs540nmuntreated)/(Abs540nm1%TritonX-100-Abs540nmuntreated) x 100 (Ahmad et al.,
2010).

Antioxidant assay

The antioxidant activity of OEVG was determined by the 2,2°-diphenyl-1-
picrylhydrazyl (DPPH) radical reduction method, according to the methodology modified by
Brand-Williams et al. (1995), Sanchez-Moreno et al. (1998). Ethanolic solutions of the samples
were prepared at concentrations of 5.0; 2.5; 1.25; 0.62; 0.31 and 0.15 mg mL-1. 100 pL of
OEVG with 2.4 mL of DPPH (0.04 mg/mL-1) were used. For the control tube, 100 pL of ethanol
with 2.4 mL of DPPH were used in triplicate. The reaction medium was kept in the absence of
light for 30 minutes, and then the reading was performed at a wavelength of 515 nm. The DPPH
radical scavenging activity of the extracts at different concentrations was calculated by
expressing the scanning index in percentage (IV%): IV% = (DPPH Abs - Sample Abs / DPPH
Abs) x 100. The effective concentration to inhibit 50% of the DPPH free radical (EC50) was
obtained using Excel 2019 Software, where, from the values of the final sample concentrations
and the scanning index (IV%), scatter plots were generated whose straight-line equations were
used to obtain the mean and standard deviation values. For comparison purposes, a calibration
curve was constructed with different percentages of the flavonoid quercetin, which has high
antioxidant activity against DPPH free radicals.

Results and discussion
Chemical composition of V. Gardnerian essential oil

The essential oil from V. gardneriana leaves analyzed by GCMS showed a brownish
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color with a yield of 0.025%. Sixteen constituents and their respective contents (in %) were

identified, which are shown in Table 1.

Table 1. Results of the chemical composition of the essential oil of V. gardneriana.

Compound TAcaic! TAuc’ Relative area (%)
a-copaene 1376 1374 1.47
[-caryophyllene 1419 1417 0.65
6,9-guaiadiene 1443 1442 14.06
epi-cubebol 1495 1493 0.96
y-cadinene 1516 1513 0.97
trans-calamenene 1524 1521 30.28
a-calacorene 1543 1544 3.02
pB-calacorene 1564 1564 1.25
caryophyllene oxide 1583 1582 6.64
1-epi-cubenol 1628 1627 5.16
epi-a-cadinol 1643 1638 4.64
a-muurolol 1647 1644 1.28
a-cadinol 1655 1652 274
cis-calamenen-10-ol 1661 1660 1.71
trans-calamenen-10-ol 1663 1668 1.27
cadalene 1675 1675 1.91

1Calculated arithmetic index.

2 Arithmetic index of literature (Van den Dool and Kratz, 1969).

The essential oil presented a high content of sesquiterpenes, with the major constituent
being trans-calamenene (30.28%), followed by 6,9-guaiadiene (14.06%), caryophyllene oxide
(6.64%), 1-epi-cubenol (5.16%) and epi-a-cadinol (4.64%) (Table e figure 1). Sesquiterpenes
are secondary metabolites, belonging to the terpene class that present great diversity of chemical
structure, and are composed of 15 carbons, formed by three isoprene units (Hernandez-Leon et

al., 2021).
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Figure 1. Majority constituents. trans-calamenene (A), 6,9-guaiadiene (B), caryophyllene oxide (C), 1-

epi-cubenol (D) and epi-a-cadinol (E).

The chemical composition of the essential oil of V. gardneriana showed a high content
of sesquiterpenes, the same result recorded by Vale et al., 2019; Pereira et al., 2018. However,
these same authors identified cis-calamene as the major constituent (29.7%) in the essential oil
of V. gardneriana leaves and significant amounts of 6,9-guaiadiene (14.5%), caryophyllene
oxide (14.0%) and 1-epi-cubenol (3.2%). Among these compounds, only 6,9-guaiadiene,
caryophyllene oxide and 1-epi-cubenol were found in the present study. Plant metabolism is
affected by climatic conditions, resulting in the production of different substances in different
proportions. Furthermore, in oil plants, oil yield and chemical composition vary considerably
due to intrinsic (sexual, seasonal, ontogenetic and genetic variations) and extrinsic (ecological
and environmental aspects) factors, which act with varying degrees of intensity, therefore
mediating the quantity and nature of the substances produced. This result is in agreement with
the literature on the chemical composition of essential oils related to the genus Vitex, which is
characterized by the predominant presence of sesquiterpenes, including 6,9-guaidiene, a
terpenoid, which can be a good chemosystematic biomarker for the genus (Vale et al., 2019;
Silva et al., 2019; Filho et al., 2017; Asdadi et al., 2015).

Figure 2 shows the chromatogram of the OEVG, indicating the major compounds

identified. The sesquiterpene trans-calamenene was identified as the predominant compound,
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followed by 6,9-guaiadiene, caryophyllene oxide, 1-epi-cubenol and epi-a-cadinol.
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Figure 2. Chromatogram obtained by GC-MS for analysis of the chemical composition of the essential oil of V.
gardineriana.

Antifungal activity
Regarding the antifungal assays, OEVG showed inhibitory activity against the control
strain and against all clinical isolates of C. albicans with a MIC of 5,0 mg/mL. All tested strains

of C. albicans were also sensitive to Amphotericin B at a concentration of 1 ug/mL (Table 02).

Table 2 - Minimum inhibitory concentration (MIC) of OEVG against C. albicans cells.

Strains Origin MIC (pg/ml)
ATCC 90028 ATCC 5,000
LABMIC 0102 blood culture 5,000
LABMIC 0105 blood culture 5,000

Source: LABMIC: Microbiology Laboratory

The antifungal activity of essential oils is related to their hydrophobic property, so that,
when coming into contact with the fungal cell, the components of this mixture interact with the
different fungal organelles, such as mitochondria and plasma membrane, thus altering their
permeability and consequently causing structural disorders, which can promote the exposure of
the cell contents, including the nucleus, causing cell death (Neves et al., 2019).

In the literature, some studies show anti-Candida properties for essential oils from

61



different species of the genus Vifex, which proves to be a genus of great relevance for the
isolation and identification of the compounds responsible for this activity (Zareshahrabadi et
al.,2023; Asdadi er al., 2015; Ai et al., 2013). Vale et al., (2019) demonstrated that the essential
oil obtained from the leaves of V. gardneriana was able to reduce the growth of C. albicans and
C. tropicalis at all concentrations tested. The essential oil showed approximately 70% to 9%
and 30% to 3% growth reduction in C. albicans and C. tropicalis, respectively. The essential
oil from the leaves of V. agnus-castus showed antifungal activity against C. albicans, C.
tropicalis, C. parapsilosis and C. dubliniensis with MIC of 3.1 pL/mL and MFC of 6.3 pL/mL
for all species studied, while for C. krusei the MIC was 12.5 pL/mL and MFC of 12.5 pL/mL
(Katiraee et al., 2015). Also, for this species, Maltas et al., (2010) observed antifungal activity
of the methanolic extract against C. albicans by the disk diffusion method (11 mm at 100
mg/ml-1) and broth microdilution method, with MIC of 0.39 mg/ml-1.

It is worth mentioning that this antifungal activity presented by OEVG may be
associated with its secondary metabolites, such as sesquiterpenes, including caryophyllene
oxide, which has already been reported in previous studies as having antifungal activity. It is
worth remembering that essential oils are complex mixtures of several compounds, therefore,
it is difficult to attribute their biological activity to a particular constituent, since a synergistic
phenomenon is also possible between several components of the essential oil, including those
that are present in small concentrations (Barros et al., 2023; Asdadi et al., 2015). Therefore, the
antifungal property of OEVG in the present study can be attributed to its main compounds and

their synergistic effects.
Checkerboard assay
The interaction assays between OEVG and Amphotericin B (AmB) on C. albicans

strains ATCC 90028, LABMIC 0102 and LABMIC 0105 are shown in Table 3.

Table 3 - Evaluation of the synergistic effect of OEVG associated with AMB against C.

albicans
OEVG Amphotericin B ICIF Effect
C. albicans MIC MIC CIM CIM
(ug/mL) (wgmL)  (g/mb) (ug/mL)
Individual combined ~ Individual combined
ATCC 5,000 150 1 0.12 0,.5 Synergic
90028
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LABMIC 5,000 150 1 0.12 0.15 Synergic
0102

LABMIC 5,000 310 1 0.25 0.31 Synergic
0105

ICIF: Fractional Inhibitory Concentration Index was defined as synergistic when ICIF < 0.5, indifferent effect in

values > 0.5 or < 4.0, and antagonistic effect in values > 4.0.

Combinations of natural compounds with conventional antifungals can improve or
facilitate the interaction of an antimicrobial agent with its target within the pathogen and thus
prevent the emergence of resistance. Such a strategy can reduce toxicity, since lower
concentrations of both agents can be used, providing a more effective alternative against fungal
infections (Blanc et al., 2023; Ayaz et al., 2019). Furthermore, such combinations show an
increase in the spectrum of activity and biological efficiency (Benamar-Aissa; Gourine; Yousfi,
2024).

Thus, according to the results found, the combinations of OEVG and AmB provided
very pronounced synergistic effects in relation to all Candida strains tested, with ICIF values
between 0.15 and 0.31 pg/mL (Table 3). Thus, the combined therapeutic effect of OEVG with
AmB was greater than their individual effects, showing a significant reduction in the MIC
values of the essential oil against all strains, as well as a promising reduction in the MIC of
AmB for the Candida strains tested by up to 8 times.

In the literature, no studies were found on the synergistic potential of Amphotericin B
with the essential oil of V. gardneriana against clinical strains of C. albicans, this being the first
report of a study of synergistic activity for the referred species. However, modulatory activity
tests carried out with the essential oil of V. gardneriana leaves combined with Cetoconazole
showed that there was a significant reduction in the MIC value of the essential oil against the
dermatophyte Trichophyton rubrum, as well as a significant reduction in the MIC of
Ketoconazole from 0.1 to 0.5 for the T. rubrum strain (Pereira et al., 2018).

The results of the modulatory activity showed that the combined use of the natural
product (OEVG) and AmB reduced the MIC of this antifungal agent from 1 pg/mL to 0.12 and
0.25 pg/mL. This result indicates that these natural products have an effect on C. albicans
strains and a possible mechanism for the inhibition of microbial growth may be the hydrophobic
nature of the constituents of the natural products, which can act on the plasma membrane,
making it more permeable to antifungal agents and, thus, affecting the biochemical apparatus

of the respiratory and energy production chain (Nogueira Sobrinho et al., 2020).
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Molecular Docking

No estudo de molecular docking foram observados valores de RMSD (Root Mean
Square Deviation) na ordem de 0.631 e 1.974 A (Tabela 4) e energia de afinidade na ordem de
-8.1 a -5.4 kcal/mol (Figura 3). O redocking dos inibidores co-cristalizados frente a Als3
(Hepta-Thr) e Sap5 (PepA) mostrou valores de RMSD na ordem de 1.998 Ael6l10Ae energia
de afinidade de -6.2 kcal/mol e -7.3 kcal/mol respectivamente. A andlise dos padrdes de
interacdo mostrou que os compostos avaliados apresentaram Hydrogen Bonds, interacdes
Hydrophobic frente a Als3; Hydrogen Bonds, interacoes Hydrophobic e Salt Bridge frente a
Sap5 (Table 4).

Table 4. RMSD, amino acids residues, distances and interaction types of the compounds against

the C. albicans receptors

Als3/Ligand RMSD (A) Residue Interaction Distance (A)
1-epi-Cubenol 1.802 Phe-60A Hydrophobic 3.67
Thr-65A Hydrophobic 3.74
Pro-174A Hydrophobic 3.79
6,9-Guaiadiene 0.631 Ser-125A Hydrophobic 3.75
Leu-128A Hydrophobic 3.35
Leu-128A Hydrophobic 3.79
Glu-129A Hydrophobic 3.89
Lys-132A Hydrophobic 3.82
Ser-229A Hydrophobic 3.62
Ser-229A Hydrophobic 3.93
Caryophyllene oxide 1.974 Lys-59A Hydrophobic 3.56
Phe-60A Hydrophobic 3.67
Phe-81A Hydrophobic 3.78
Pro-174A Hydrophobic 3.64
Pro-174A Hydrophobic 3.67
Ala-83A H-Bond 2.34
Epi-alpha-Cadinol 1.866 Lys-59A Hydrophobic 3.70
Thr-65A Hydrophobic 3.97
Pro-174A Hydrophobic 341
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Pro-174A Hydrophobic 3.94
Thr-62A H-Bond 2.10
Trans-Calamenene 1.067 Val-161A Hydrophobic 3.68
Val-161A Hydrophobic 3.96
Leu-167A Hydrophobic 3.63
Leu-293A Hydrophobic 3.70
Leu-293A Hydrophobic 3.72
Trp-295A Hydrophobic 3.70
Amphotericin B 1.477 Phe-87A Hydrophobic 3.80
Glu-86A H-Bond 3.38
Ser-125A H-Bond 3.20
Asn-212A H-Bond 221
Val-215A H-Bond 2.33
Ser-230A H-Bond 3.17
Sap5/Ligand RMSD (108) Residue Interaction Distance (f&)
1-epi-Cubenol 1.851 Ile-12B Hydrophobic 3.62
Ile-30B Hydrophobic 3.49
Trp-51B Hydrophobic 3.63
Tyr-84B Hydrophobic 3.79
Arg-120B Hydrophobic 3.46
Ile-123B Hydrophobic 3.60
Ile-12B H-Bond 2.54
6,9-Guaiadiene 1.339 Ile-12B Hydrophobic 3.99
Trp-51B Hydrophobic 3.52
Ala-119B Hydrophobic 3.75
Ile-123B Hydrophobic 3.74
Thr-221B Hydrophobic 3.75
Caryophyllene oxide 1.647 Phe-128B Hydrophobic 3.46
Ile-142B Hydrophobic 3.62
Leu-320B Hydrophobic 3.81
Epi-alpha-Cadinol 1.325 Thr-261B Hydrophobic 3.63
Val-330A Hydrophobic 3.87
Trans-Calamenene 1.016 Thr-261B Hydrophobic 3.59
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Pro-329A Hydrophobic 3.62

Val-330A Hydrophobic 3.75
Amphotericin B 1.880 His-8B Hydrophobic 3.94

Asn-160B H-Bond 2.90
Glu-163B H-Bond 1.98
Glu-163B H-Bond 1.99
Ser-165B H-Bond 3.00
Ser-165B H-Bond 3.26
Thr-166B H-Bond 1.94
Thr-166B H-Bond 2.53
Arg-204A H-Bond 3.57
Asp-255A H-Bond 3.32
Asp-255A H-Bond 3.54
Arg-204A Salt Bridge 5.23
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Figure 3: Affinity energy (kcal/mol) of the compounds against Als3 (A) and Sap5 (B)

The molecular docking study showed that, with the exception of caryophyllene oxide,
the compounds presented better affinity energy values against Sap5, indicating that they have
more affinity for Sap5 than for Als3 (Figure 3). We also observed that the control Amphotericin

B presented the best affinity energy values against Als3 and Sap5 compared to the evaluated
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compounds.

The interaction profile of the ligands was compared to the interaction profile of the
control Amphotericin B. Detailed analysis of the interactions against Als3 showed that 1-epi-
Cubenol, caryophyllene oxide, epi-alpha-cadinol and trans-calamenene interact in a region
different from the binding site of the control. We also observed that 6,9-Guaiadiene binds close
to the binding site of Amphotericin B, presenting a common interaction with the amino acid

residue Ser-125A (Figure 4.C).

Figure 4. Binding sites against Als3. Trans-calamenene and Hepta-Thr (inhibitor co-crystallised) (A), 1-epi-Cubenol,
caryophyllene oxide, epi-alpha-cadinol (B), 6,9-Guaiadiene and Amphotericin B (C).

The binding site of the co-crystallized hepta-Thr inhibitor is formed by residues Ala-19,
Tyr-21, Asn-22, Gly-27, Thr-28, Lys-59, Thr-61, Ala-116, Tyr-166, Thr-168, Ser-170, Val-172,
Arg-294, Trp-295, Thr-296, Tyr-298. Comparing to the hepta-Thr/Als3 complex, we observed
that the compounds caryophyllene oxide, epi-alpha-cadinol and trans-calamenene bind close to
the binding site of the co-crystallized inhibitor, having in common interactions with residues
Lys-59A (caryophyllene oxide and epi-alpha-cadinol) (Figure 4. B) and Trp-295A (trans-
calamenene) (Figure 3. A), indicating an effect similar to hepta-Thr. We also observed that 1-
epi-Cubenol bound to the same region as caryophyllene oxide, epi-alpha-cadinol; however, no
significant interactions were observed against Als3 (Table 4).

Against Sap5, we observed that the compounds bind to different regions of the
Amphotericin B binding site (Figure 5. D), suggesting a possible synergistic effect with the
control used. The binding site of the co-crystallized PepA inhibitor on chains A and B of Sap5
is formed by residues Ile-12, Asp-32, Gly-34, Ser-35, Lys-83, Tyr-84, Gly-85, Asp-86, Ile-123,
Gly-220, Thr-221, Thr-222, Tle-223 and Ile-305. Data analysis showed that epi-alpha-cadinol,
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trans-calamenene (Figure 5. B) and caryophyllene oxide (Figure 5. C) bind to different regions
of the binding site region of the co-crystallized inhibitor, suggesting a possible synergistic effect
with PepA. It also showed that 1-epi-Cubenol and 6,9-Guaiadiene bind to chain B, in the same
region of the PepA binding site, having in common interactions with residues Ile-12B, Tyr-84B,
Ile-123B (1-epi-Cubenol); Ile-12B, Ile-123B and Thr-221B (6,9-Guaiadiene), indicating that

they have similar action to the co-crystallized inhibitor (Figure 5. A).

Pro-329A

Ala-119B

le-1238 _Lfi¢ Arg-1208

Ligands
w— Amphotericin B
— PepA
===« Hydrophobic Interaction
= Hydrogen Bond
Salt Bridges

Figure 5. Binding sites against Sap5.1-epi-Cubenol, 6,9-Guaiadiene and PepA (inhibitor co-crystallised) in the B
chain (A); epi-alpha-cadinol and trans-calamenene (B); caryophyllene oxide (C) and Amphotericin B (D).

The expansion of models for in silico analysis using biological macromolecules
deposited in databases has contributed significantly to the evaluation of hypotheses in the field
of pharmacology, as well as in the investigation of correlation with biological information,
constituting a favorable scenario for the application of computational systems for predicting
binding affinity with target proteins, in addition to studies in the area of drug development and
design. Among the tools used, molecular docking stands out in microbiology for its ability to
prospect protein targets in microorganisms, in addition to molecules with high affinity (Silva et
al., 2022).

No molecular docking studies were found in the literature with the essential oil of V.
gardneriana or even with its main compounds. However, it has been reported in the literature

that sesquiterpene compounds suppress enzymes, such as SAP (Azevedo et al., 2016). The
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molecular docking results show that the compound trans-calamenene interacts with residues of
the binding site of the Als3/hepta-Thr complex and the ligands 1-epi-Cubenol and 6,9-
Guaiadiene interact with residues of the binding site of the Sap5/PepA complex, indicating that
they have similar action to the hepta-Thr and PepA inhibitors co-crystallized in Als3 and Sap5,
respectively. This study provides preliminary information on the best candidates that showed
interactions with some catalytic residues of the target enzymes. Consequently, the proposed
chemicals can be used as a guide for the development of a lead compound for drug discovery
for candidiasis in future research. These compounds may hold the key to the future discovery

of a new drug or the development of existing drugs through chemical structural change.

Hemolytic activity

Tests to determine the in vitro hemolytic activity of OEVG were performed at
concentrations of 0.01-5.0 mg/mL. Based on the results observed, OEVG demonstrated an IC50
of 20 mg/mL (Figure 6). The hemolytic action of a natural product or medicine can occur
through several mechanisms, from the dissolution or increase in the permeability of cell
membranes to complete cell lysis. The methods for determining hemolytic activity in vitro
consist of verifying possible damage caused by substances present in essential oils to
erythrocyte membranes, which, when lysed, release hemoglobin (Pereira et al., 2018). There
are records in the literature on hemolytic activity for the species studied, in which the essential
oil of V. gardneriana did not show cytotoxicity (IC50 > 2.50 mg/mL) by the hemolysis assay
(Pereira et al., 2018).
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Figure 6. Hemolytic activity of V. gardneriana Schauer essential oil.

Antioxidant Assay
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The antioxidant potential of V. gardneriana essential oil was quantified as the

concentration required to inhibit 50% of the DPPH radical (EC50) (Table 5).

Table S - Results of the antioxidant activity (DPPH) assay of V. gardneriana leaf essential oil

SAMPLE DPPH Quercetina
CEso (ug.mL™")

OEFVG 85,86 + 0,00 1,03 £ 0,00

All analyses were performed in triplicate and results were expressed as mean + standard deviation.

The results showed that the EC50 value for OEVG was 85.86 + 0.00 mg/mL. The low
antioxidant activity demonstrated by the essential oil of V. gardneriana leaves can be explained
by the low concentration of compounds with this potential. Similar to our results, previous
studies revealed that OEVG also showed low antioxidant activity (Vale et al., 2019).
Conclusion

In vitro tests showed that OEVG has potential against standard and clinical strains of
the species C. albicans. This activity may be associated with secondary metabolites found in its
composition, such as caryophyllene oxide, which has been reported in previous studies for its
antifungal activity. The data found suggest a possible synergistic effect of the ligands on the
Amphotericin B control profile. It was found that 1-epi-Cubenol has a common interaction with
the amino acid residue Ser-125A. The molecular docking performed showed greater affinity
with SAP5 than with Als3.

The preliminary information reported in this study presents the interactions obtained
with some catalytic residues of the target enzymes, as well as the microbiological activity found,
chemical composition and cytotoxicity profile of OEVG. Thus, these reported findings require
further studies in order to better understand how OEVG behaves in vivo assays, and thus, enable
the development of a compound that will enable the discovery of drugs for candidiasis in future

research.
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6 CONCLUSAO

Dentre as espécies do género Vitex, destacam-se V. agnus-castus e V. negundo por serem
amplamente estudadas na literatura cientifica; entretanto, no Brasil, a espécie V. gardneriana é
notdvel por sua ampla distribui¢do e uso tradicional por comunidades locais. O potencial de
bioprospecc¢ado do 6leo essencial de V. gardneriana Schauer (OEVG) pode estar relacionado a
presenca de sesquiterpenos como constituintes majoritarios em sua composi¢do quimica. Os
resultados obtidos demonstraram que o OEVG apresentou maior eficdcia antifiingica frente a
cepas padrdo e clinicas de Candida albicans quando combinado com a Anfotericina B,
evidenciando um efeito sinérgico entre os compostos. Além disso, 0 OEVG ndo apresentou
citotoxicidade em células humanas, o que reforca sua seguranca potencial e o posiciona como
uma alternativa promissora no desenvolvimento de novos agentes antifingicos. No estudo de
molecular docking, foram observadas afinidades energéticas relevantes, especialmente frente a
proteina Sap5, com destaque para os compostos epi-a-cadinol, trans-calameneno e 6xido de
cariofileno. A andlise dos perfis de interacio revelou que esses compostos estabelecem ligacdes
especificas, como hydrogen bonds, interacdes hidrofobicas e salt bridges, sugerindo
mecanismos de ac@o distintos e, em alguns casos, semelhantes aos dos inibidores co-
cristalizados hepta-Thr e PepA. Esses achados indicam que o OEVG possui potencial
biotecnoldgico e terapéutico, podendo contribuir no desenvolvimento de novos fitofdrmacos.
No entanto, sdo necessdrios ensaios In vivo e clinicos a fim de confirmar a eficacia e a seguranca

farmacoldgica dos compostos analisados.
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