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RESUMO

Onicomicoses sao infeccbes de unhas causadas principalmente por fungos
dermatdfitos, seguidos de leveduras e fungos filamentosos ndo dermatéfitos (FFNDSs).
Caracterizam-se por condi¢des clinicas persistentes, de terapéutica prolongada com
altas taxas de recorréncia, sendo as infeccfes mistas, responsaveis por quadros de
recorréncia e recalcitrancia. Adicionalmente, o escasso arsenal antifangico utilizado
para o tratamento e a mudanca no perfil de suscetibilidade dos agentes etioldgicos
tem contribuido para o dificil controle das onicomicoses. O presente estudo avaliou a
atividade antifangica dos extratos obtidos de culturas puras e mistas entre
dermatofitos e Candida parapsilosis contra linhagens de Trichophyton rubrum e T.
mentagrophytes. Foram realizados ensaios de toxicidade, in vivo, com Galleria
mellonella, do efeito combinatério dos extratos com farmacos itraconazol, fluconazol
e terbinafina, da cinética de morte com ensaio Time Kkill, investigacdo de acédo dos
extratos sobre parede ou membrana além da determinacdo do perfil quimico dos
extratos através da técnica de FTIR (infravermelho transformada de Fourier). O
antagonismo foi determinado através dos ensaios de microdiluicdo com resultados de
valores de concentracédo inibitéria minima (CIM) entre 250 e 8000 pg/mL contra as
cepas de dermatofitos e leveduras. Na cinética de morte microbiana, as atividades dos
extratos resultaram em dados de completa inibicdo de dermatéfitos em 48 horas,
comparando-se aos controles. O efeito combinatério dos extratos de cultura com os
antifangicos demonstrou sinergismo, com decréscimo nos valores de CIM: fluconazol
de 2 para 0.25 pg/mL; itraconazol de 0.25 para 0.03 pg/mL; terbinafina de 0.01 para
0.002 pg/mL; e extratos de 4000 para 1.9 pg/mL. A estrutura alvo de acao dos extratos
foi a membrana citoplasmatica fungica. Os ensaios de toxicidade dos extratos com
Galleria mellonella foram negativos. Pode-se inferir que os extratos de cultura obtidos
a partir de linhagens clinicas de Candida parapsilosis e dermatoéfitos, apresentam
notaveis metabdlitos bioativos atdxicos, capazes de inibir fungos patogénicos, abrindo

novas perspectivas terapéuticas.

Palavras—chave: Onicomicoses. Antagonismo. Dermatofitos. Candida spp. Atividade
Antifingica.



ABSTRACT

Onychomycosis is a nail infection caused mainly by dermatophyte fungi, followed by
yeasts and non-dermatophyte filamentous fungi (FFNDs). These infections are
characterized by persistent clinical conditions, prolonged therapy with high recurrence
rates, and mixed infections that are responsible for recalcitrance. Additionally, the
scarce arsenal of antifungal therapies used for the treatment and the change in the
susceptibility profile of the etiological agents have contributed to the complex control
of onychomycosis. The present study evaluated the antifungal activity of extracts from
pure and mixed cultures between dermatophytes and Candida parapsilosis against
Trichophyton rubrum and T. mentagrophytes strains. Toxicity assays, in vivo, with
Galleria mellonella, the combinatorial effect of extracts with the drugs itraconazole,
fluconazole, and terbinafine, the time of death with the Time kill assay, an investigation
of the action of the extracts on the wall or membrane, in addition to determining the
chemical profile using the FTIR technique (infrared Fourier transform), were
performed. Antagonism was determined through microdilution assays with minimum
inhibitory concentration (MIC) values between 250 and 8000 pg/mL against
dermatophyte and yeast strains. In the kinetics of microbial death, the activities of the
extracts resulted in data of complete inhibition of dermatophytes in 48 hours, compared
to controls. The combinatorial effect of the culture extracts with the antifungals showed
synergy, with a decrease in the MIC values: fluconazole from 2 to 0.25 pg/mL;
itraconazole 0.25 to 0.003 pg/mL; terbinafine from 0.01 to 0.002 pg/mL; and extracts
from 4000 to 1.9 pg/mL. The target structure of action was the fungal cell membrane.
The toxicity tests of extracts with Galleria mellonella were negative. It can be inferred
that the culture extracts obtained from clinical Candida parapsilosis and dermatophyte
strains present remarkable non-toxic bioactive metabolites capable of inhibiting

pathogenic fungi, opening new therapeutic perspectives.

Keywords: Onychomycosis. Antagonism. Dermatophytes. Candida spp. Antifungal

activity.
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1 INTRODUCAO

Onicomicoses sao infec¢cdes de unha, de incidéncia mundial, que afetam o
aparato ungueal, causadas por fungos dermatéfitos, leveduras e fungos filamentosos
nao dermatofitos (FFNDs). Caracterizam-se clinicamente por descolamento,
descoloracéo, hiperqueratose e onicélise do leito ungueal (LEUNG et al., 2019).
Fatores como localizacao geografica, condi¢des climaticas, estilo de vida ou doencas
cronicas do hospedeiro influenciam as taxas de incidéncia (SIGURGEIRSSON;
BARAN, 2014; BEUSCHER; KELECHI, 2019).

Os dermatéfitos correspondem a 70% dos casos de onicomicoses e sao fungos
altamente especializados, quanto a capacidade de degradacdo de tecidos
queratinizados como pele, cabelos e unhas. Dentre 0s grupos prevalentes, a espécie
Trichophyton rubrum é a mais isolada, seguida por complexo T. mentagrophytes
(GUPTA et al., 2020a) e, Epidermophyton floccosum. No entanto, diversos estudos
demonstram incidéncias variaveis quanto a etiologia por leveduras, incluindo o género
Candida, com espécies C. albicans e C. parapsilosis, além de, outros filamentosos
como Scopulariopsis brevicaulis, Acremonium spp., Aspergillus spp., Fusarium spp.,
Neoscytalidium (ANDRES, ALEXANDRO, 2020; RATHER et al., 2021; GUPTA et al.,
2020b), de ocorréncia Unica ou mista (TAMER, YUKSEL, 2019).

O escasso arsenal antifiingico disponivel para o tratamento das onicomicoses e 0
surgimento de linhagens resistentes a terapia antifingica contribui para a sua natureza
recorrente e recalcitrante (GAURAV et al., 2021; GUPTA et al., 2019).

Considerando o exposto acima, e 0 aumento de infecgdes mistas por diversas
espécies de fungos, o conhecimento das interacdes competitivas entre o0s
microrganismos, com producdo de metabdlitos de interferéncia sobre morfogénese,
esporulacédo e crescimento, constitui-se como novo desafio (LEMES et al., 2021a;
TIAN et al., 2021). Tem-se novo cenario de novas abordagens terapéuticas para o

tratamento das onicomicoses.
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2 REVISAO DE LITERATURA

2.1 Manifestacgdes clinicas das onicomicoses.

As onicomicoses sao infeccbes que afetam todo o aparato ungueal, um
importante componente com principal funcédo de protecao, além de inclusdo ao valor
estético. O aparato ungueal € formado principalmente por lamina ungueal, sulcos
periungueais, eponiquio, matriz, hiponiquio, leito ungueal e banda onicodermal (Figura
1) (DE BERKER, 2013).

Os componentes da lamina ungueal consistem em moléculas de queratina, uma
estrutura proteica fibrosa, com alta propor¢éo de aminoacido cisteina, rico em enxofre,
e em menor propor¢do, aminoacidos como metionina, tirosina, lisina e histidina. O alto
teor de ligacfes dissulfeto confere a essa estrutura a caracteristica de resisténcia e
propriedade de barreira semipermeavel (GONZALEZ-SERVA, 2018; SAEEDI;
SHAVANDI; MEREDITH-JONES, 2018).

Toda estrutura pode sofrer interferéncia quando afetada por microrganismos e,
na presenca de fungos, expressar caracteristicas comuns como rugosidade,
espessamento, corrosdo, rachaduras, discromia e destruicdo da placa ungueal
(PIRACCINI; ALESSANDRINI, 2015).

Figura 1. Estruturas do aparato ungueal em eixo plano (A) e sagital (B).
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Fonte: (DE BERKER, 2013), adaptado.

Devido as diferentes formas clinicas de manifestacdo, as onicomicoses séo
classificadas em: Subungueal Distal e Lateral (OSDL); Subungueal Proximal (OSP);

Superficial Branca (OSB) e Distrofica Total (ODT). Para essa classificacdo séo
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considerados critérios como localizacdo, extensdo do comprometimento e coloracao
das unhas (Figura 2) (LIPNER; SCHER et al., 2019).

Figura 2: Formas clinicas das onicomicoses: (A) descoloracdo, onicélise e hiperceratose
subungueal causada por OSDL; (B) OSP causando descoloracéo da placa ungueal proximal;
(C) manchas opacas brancas da placa ungueal, caracterizando OSB e (D) ODT com placa
ungueal quebradica e totalmente invadida por fungo.

Fonte: (PIRACCINI; ALESSANDRINI, 2015) modificado.

2.2 Epidemiologia e etiologia das onicomicoses

A epidemiologia das onicomicoses esta diretamente relacionada a fatores
ambientais, aos patdgenos e ao hospedeiro. A urbanizacdo, industrializacao,
localizacdo geogréfica e condi¢cdes climéaticas englobam o grupo de fatores
ambientais, justamente pela caracteristica cosmopolita ou de adaptacdo ao meio
desses microrganismos (GUPTA et al., 2017). Os fatores ligados ao hospedeiro séo
representados por estilo de vida, ocupacao, sexo e doencas cronicas. Ressalta-se que
a incidéncia na populacdo em idade acima dos 60 anos é superior a 40%, fato
diretamente ligado a baixa imunidade, doencgas vasculares periféricas ou metabdlicas
(BODMAN, KRISHNAMURTHY, 2022; LEUNG et al., 2019).

As onicomicoses correspondem a 50% de todas as infeccbes de unhas com um
impacto de 5% a 20% da populacédo mundial, nos ultimos anos, em crescente aumento
(GUPTA et al., 2020a).

Na Europa, as taxas de ocorréncia apresentam variagdes de 4,3% a 29,6%, nos
estudos de base populacional e, 8,9% nos de base hospitalar. Um levantamento
realizado por Gregoriu e colaboradores, demonstrou com 3.226 pacientes, uma

incidéncia de onicomicoses em 27,9% dos pacientes, sendo a popula¢cdo masculina a
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de maior indice de acometimento (40,04%), contra a feminina (23%) (GREGORIOU
etal., 2020). Em uma pesquisa com mais de 96.000 pacientes em 20 paises europeus,
a onicomicose também foi diagnosticada em 29,6% da populacdo. Na América do
Norte os indices de acometimento variam entre 9% a 14% (LIPNER et al., 2021;
SIGURGEIRSSON; BARAN, 2014).

Fatores predisponentes incluem ocorréncia simultanea de infeccao fungica em
outras partes do corpo (tinea pedis em especial), uso de sapatos oclusivos e
apertados, hiperidrose, trauma nas unhas, limpeza inadequada das unhas, uso de
piscinas, banhos comunitarios, fatores genéticos, imunodeficiéncia, diabetes mellitus,
obesidade, tabagismo, doenca vascular periférica, insuficiéncia venosa, halux valgo e
sindrome da unidade ungueal da marcha assimétrica (PHAITOONWATTANAKIJ et
al., 2021).

Considerando o género, onicomicose nas unhas dos pés € mais comum em
homens tendo dermatéfitos como grupo prevalente, enquanto nas unhas das maos, &
mais comum em mulheres, causadas por espécies de Candida (BODMAN,
KRISHNAMURTHY, 2022).

Nos paises ocidentais, onicomicoses sdo causadas predominantemente por
dermatofitos, com frequéncia entre 50 - 72% dos casos, as leveduras responsaveis
por até 20%, enquanto os FFNDs, até 10% dos casos (GUPTA et al., 2020b).

2.30nicomicoses causadas por dermatofitos

Onicomicoses causadas por fungos dermatofitos, denominadas tinea ungueum,
correspondem a 90% de todas as infec¢cdes de unha dos pés e 50% de unha das
maos (BABAYANI et al., 2018).

Os dermatofitos sdo fungos cosmopolitas e queratinofilicos com inclusdo de
nove géneros: Trichophyton, Microsporum, Epidermophyton, Arthroderma, Nannizzia,
Ctenomyces, Lophophyton, Guarromyces e Paraphyto. De acordo com seu habitat
primario recebem classificacdo como zoofilicos, antropofilicos e geofilicos,
constituindo elevada ocorréncia entre humanos, as espécies antropofilicas e
zoofilicas (GUPTA et al., 2022).

Destacam-se as espécies Trichophyton rubrum e o complexo T. mentagrophytes
como os principais agentes etioldgicos desse grupo, seguidos por Epidermophyton
floccosum e Microsporum canis (MONOD, MEHUL, 2019; APPELT et al., 2021). No
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Brasil, dados epidemiolégicos mostram maior incidéncia de infec¢cbes causadas por
T. rubrum nas regides Sul e Sudeste, seguido por M. canis e T. mentagrophytes. Por
outro lado, na regido Nordeste, é observada maior prevaléncia de T. tonsurans, ao
lado de T. rubrum e M. canis (PETRUCELLI et al., 2020)

Durante o processo infeccioso diversos fatores de viruléncia sdo produzidos
como enzimas hidroliticas que possibilitam a degradacdo da queratina; alteracfes
metabdlicas determinantes para utilizagdo de nutrientes do tecido hospedeiro;
adaptacdo ao pH com fatores de transcricdo que regulam a adaptacdo fungica ao
estresse; e vesiculas extracelulares que modulam a resposta imune do hospedeiro
(SARDANA, GUPTA, MATHACHAN, 2021).

Mecanismos complexos de sinalizag&o intracelular séo ativados para 0 processo
de adesdo, penetracdo e manutencdo dos dermatéfitos no tecido. A primeira interacéo
com o pH acido (4,7) do tecido hospedeiro desencadeiam a expressao de genes que
codificam proteases, lipases, adesinas com atividade 6tima em pH acido. Devido a
proteinas de degradacdo e metabolismo como glicina e acetato, uma mudanca
dependente de fonte de carbono para pH alcalino é realizada. Esses mecanismos
garantem o estabelecimento da infeccéo (Figura 3) (MARTINEZ-ROSSI et al., 2021).

Figura 3. Fluxograma dos estagios iniciais de infeccdo por dermatdfitos, sinais

positivos e negativos representam indugéo ou repressao, respectivamente.
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Fonte: (MARTINEZ-ROSSI et al., 2021), adaptado.
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2.4 Onicomicoses causadas por Candida spp.

Recente estudo aponta uma alta prevaléncia de onicomicoses causadas por
Candida spp. com taxas de alcance entre 24 a 45% (SHEMER et al., 2020). A espécie
C. albicans, por anos, perdurou como principal agente etiolégico de infeccfes das
unhas, entretanto C. parapsilosis e C. tropicalis ttm emergido e superado em nimero,
como agente causais de onicomicose. Embora de menor ocorréncia, outras espécies
como C. guilliermondii, C. glabrata e C. krusei, s&o importantes agentes microbianos,
dada & resisténcia aos antifungicos (FICH et al., 2019; GE et al., 2019; PASKEVICIUS
et al., 2020).

Os fatores de viruléncia de espécies leveduriformes sdo também essenciais para
0 sucesso desses microrganismos no estabelecimento da doenga, com producédo de
enzimas hidroliticas, adesdo e formacédo de biofiime (MOHAMMADI et al., 2020;
TALAPKO et al., 2021). A formacéo de biofilme contribui para a persisténcia no local
da infeccdo (GUPTA et al.,, 2016), as proteinases e fosfolipases contribuem para
alteracdo de fosfolipides e proteinas, facilitando a invasdo na célula hospedeira
(MONIKA, 2019).

As alteracdes relacionadas a onicomicose por Candida spp. incluem distrofia da
placa ungueal, espessamento, coloracdo branco-amarelada, muitas vezes,
pigmentacdo e sdo subdivididas em trés categorias: Candida paroniquia, Candida
granuloma e Candida onicolise (RATHER, et al., 2021).

A invasao da placa ungueal, secundaria a infec¢do dos tecidos moles ao redor
da unha é caracterizada por Candida paroniquia e progressivamente resulta em uma
unha aspera, irregular, convexa e distrofica. Candida granuloma é exclusividade de
pacientes com candidiase mucocutanea crénica e caracteriza-se pela invaséo de toda
espessura ungueal, resultando em inchaco das dobras ungueais laterais e proximais
com deformidade dos dedos (pseudo-bagueteamento). Por fim, Candida onicélise
evidencia hiperqueratose subungueal distal com uma massa cinza-amarelada que se
desprende da lamina ungueal, levando a separacdo ou lise da unha (Figura 4)
(ANDRES, ALEXANDRO, 2020).



22

Figura 4. Manifestacdo clinica de onicomicoses por Candida: (a) (b) Candida paroniquia e
onicdlise; (c) Melanoniquia fangica com coloracéo esverdeada ou acastanhada; (d) Candida

granulomatosa; (e) Exame direto (KOH), multiplas leveduras sdo observadas (40x).

Fonte: (ANDRES; ALEXANDRO, 2020)

2.5 Onicomicoses causadas por fungos filamentosos ndo dermatoéfitos

Os principais agentes causadores dessa categoria sdo Aspergillus spp.,
Fusarium spp., Scopulariopsis spp., Acremonium spp. € Neoscytalidium spp. (Figura
5). Sao fungos hialinos ou deméaceos, encontrados no ambiente como saprobios ou
fitopatégenos, e em quadro de infec¢des de unhas vivem na regido intercelular de
tecido ndo queratinizado (PAKSHIR et al., 2021). A frequéncia de FFNDs nas unhas,
de ocorréncia mundial, teve aumento consideravel de casos, de 4,3a21,1% (REINEL,
2021). O uso generalizado de antibiéticos de amplo espectro, imunossupressao,
quimioterapia, doencas crbnicas e o envelhecimento populacional sédo fatores
determinantes para esse aumento (MOTAMEDI et al., 2016).
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Figura 5. Onicomicoses causadas por diferentes espécies de FFNDs: (A) Aspergillus
terreus; (B) Aspergillus niger; (C) Fusarium spp.; (D) Chrysosporium spp.; (E)
Acremonium spp.; (F) Scopulariopsis spp.

S

Fonte: (MOTAMEDI et al., 2016).

2.6 Diagnéstico das onicomicoses

O correto diagndstico das onicomicoses € essencial para o sucesso terapéutico
e consiste em exame clinico e laboratorial. No exame clinico, sdo observadas
alteracbes na estrutura da lamina ungueal, como espessamento, rugosidade e
discromia. Ja para o exame laboratorial, a microscopia e cultura revelam a presenca
de estruturas e identificacdo das espécies (Figura 6) (LIM et al., 2021). Essas técnicas
combinadas com uma ampla gama de ferramentas recém-desenvolvidas possibilitam
o diagnostico com maior sensibilidade e especificidade (BEUSCHER; KELECHI,
2019).
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Figura 6. Diagnéstico laboratorial das onicomicoses: (A) Exame direto com
hidroxido de potassio KOH a 10% evidenciando estruturas de hifas hialinas; (B)
Cultura de dermatofitos em tubo com Agar Sabouraud Dextrose (ASD); (C) colénia
com 7 dias de crescimento em ASD e (D) identificacdo micromorfolégica por lamina

de durex com azul de algodao (40x).
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Fonte: (GAUTAM et al., 2021)

O exame direto microscépico com hidréxido de potassio (KOH) é uma técnica
simples, rdpida e barata utilizada para detectar estruturas fangicas. Envolve a
recuperagdo da amostra do leito ungueal dissolvendo-a em KOH a 10%, que por sua
vez dissolve a queratina, permitindo a visualizacdo microscopica das estruturas
fungicas. As amostras podem ser posteriormente tratadas com corantes como azul de
algodéo. Apresenta uma sensibilidade de aproximadamente 61% e especificidade de
95%, entretanto ndo permite especificar o tipo de organismo patogénico
(VELASQUEZ-AGUDELO; CARDONA-ARIAS, 2017).

A cultura fangica é utilizada para identificar o patégeno especifico. A amostra

subungueal é cultivada em agar Sabouraud Dextrose (ASD) a 26 - 30°C por periodo
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meédio de 20 dias. Alguns meios sao tratados com cloranfenicol e gentamicina (Agar
Sabouraud Modificado - ASM) para evitar contaminacdo bacteriana e com
cicloheximida (Mycobiotic - MB), 0 que impede o crescimento de contaminantes de
ambiente. A cultura fungica € de alta especificidade (99%) com baixa sensibilidade
(56%). Apoés crescimento em meio especifico, a etapa posterior inclui a identificacao
do microrganismo por andlise de estruturas micromorfolégicas (GUPTA et al., 2022).

A avaliacdo histopatoldégica também pode ser realizada com analise de
caracteristicas microscopicas de espécimes de corte de unhas embutidos em blocos
de parafina. Nessa técnica, um fragmento de unha com pelo menos 4 mm da borda
livre é utilizado. Posteriormente, utiliza-se a técnica de coloragdo com acido periédico-
Schiff (PAS), a qual oxida grupos hidroxila da parede celular de esporos, hifas,
pseudohifas e leveduras, em aldeidos, demonstrando cor avermelhada. Com 0 uso
da coloracdo de prata metanamina Gomori-Grocott (GMS), o acido crémico oxida a
parede celular, em seguida, reduz o nitrato de prata metanamina em prata metélica,
para produzir uma cor marrom. Essa técnica é altamente sensivel (84%) e especifica
(89%), porém em comparacdo ao exame microscopico direto com KOH é bem
dispendiosa, além de ser incapaz de especificar o agente causador (LAVORATO et
al., 2017; LECERF et al., 2021).

A dermatoscopia ou onicoscopia de unha é uma ferramenta nédo invasiva do
leito ungueal que permite a visualizacdo de caracteristicas microscopicas de unhas
anormais como bordas proximais irregulares da area onicolitica com pontas e estrias
longitudinais, opacidades ou meloniquia. E uma técnica rapida, ndo invasiva e de
baixo custo, com potencial para identificagcao de onicomicoses (NADA et al., 2020).

Ensaios moleculares, incluindo reagbes em cadeia da polimerase (PCR),
citometria de fluxo e espectrometria de massa sdo ferramentas avancadas de
diagnéstico. A PCR consiste em amplificar o DNA fangico e detecta-lo com primers
fluorescentes (TROVATO et al., 2022). A PCR em tempo real é a forma mais usada,
pois é relativamente simples de conduzir, pode detectar varios organismos. Ensaios
desenvolvidos relatam sensibilidade de 85-100% e especificidade de 94-100% na
deteccdo de dermatofitos, porém ndo estdo amplamente disponiveis devido ao custo
(WATANABE; ISHIDA, 2017). A citometria de fluxo separa as células de acordo com
o tamanho, granulosidade e presenca de marcadores de DNA e proteinas. A
espectrometria de massa envolve o0 carregamento de espécies quimicas e a

separacdo de ions de acordo com sua razao massa-carga. Ressalta-se que, essas
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técnicas sdo experimentais, isto €, ndo fazendo parte de protocolos de rotina
laboratorial (LIM et al., 2021).

2.7 Tratamento das onicomicoses

As opcdes de tratamento incluem terapia antifangica oral, topica, terapia a laser,
terapia fotodinamica e, nos casos mais severos, remocao cirdrgica da lamina ungueal.

A terapia antifingica oral é considerada o padréo-ouro para criangas e adultos
devido ao periodo mais curto de tratamento e maiores taxas de cura, quando
comparada a terapia topica. Considera-se esta forma de terapéutica para todos 0s
tipos de onicomicoses, principalmente quando o comprometimento da lamina ungueal
€ superior a 50%. Os agentes antifingicos orais usados para o tratamento da
onicomicose incluem terbinafina, itraconazol e fluconazol (LIPNER et al., 2021,
KHURANA; SARDANA; CHOWDHARY, 2019).

A terbinafina € um farmaco pertencente ao grupo das alilaminas com acéo sobre
biossintese de ergosterol, através da inibicdo da enzima esqualeno epoxidase e,
subsequente conversdo de esqualeno em epo6xido de esqualeno. O acumulo
intracelular de esqualeno resulta na morte da célula fangica (CAMPOY; ADRIO, 2017;
MAXFIELD et al., 2022).

Os farmacos fungistaticos fluconazol e itraconazol pertencem a classe dos azois
e atuam sobre a monooxigenase lanosterol 14-alfa-demetilase (citocromo P-450-
dependente), enzima necessaria para a conversao do lanosterol em ergosterol. As
alteracOes induzidas na membrana levam a aumento de permeabilidade, resultando
em lise e morte celular (DOGAN et al., 2017). O tratamento com esses farmacos deve
ser considerado para pacientes que nao toleram ou néo respondem a terbinafina oral
ou cuja onicomicose € causada por leveduras ou fungos filamentosos né&o
dermatofitos (SHAFIEI et al., 2020).

O uso prolongado dos farmacos antifiUngicos ocasiona uma ampla gama de
efeitos adversos como dores de cabeca, disturbios do paladar, desconforto
gastrointestinal, dermatite, anorexia, vomitos, dor epigastrica, diarreia, interacdes
medicamentosas e, raramente, depressdo, neutropenia, disfuncdo hepética e
ventricular, sindrome de Steven-Johnson, infeccdo respiratoria superior e
hipertrigliceridemia (YANG et al., 2021).
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O tratamento tépico, como esmaltes terapéuticos, pode ser considerado para
casos de onicomicoses leves a moderadas (comprometimento ungueal < 50%) ou
para os casos de intolerancia a terapia oral (GUPTA et al.,, 2019). Efinaconazol
(solucdo para unhas a 10%), tavaborole, ciclopirox, amorolfina e terbinafina (10%
solucdo para unhas) se apresentam como opc¢des terapéuticas topicas, de efeitos
adversos minimos (eritema periungueal e queimacdo no local da aplicacdo).
Entretanto, esta forma de tratamento requer periodos mais longos de adocéo (> 48
semanas) provavelmente, devido a lenta penetracado em placa ungueal (LEUNG et al.,
2019). Na procura de adequacao terapéutica, os antifungicos topicos vém sendo
usados em combinacdo com a terapia antifungica oral, considerando a acao
antifingica combinada de duas vias administrativas (MONOD; MEHUL, 2019).

A terapia a laser utiliza o principio da fototermdlise seletiva, em que a energia é
preferencialmente absorvida pelos micélios fangicos, com rapida elevacdo da
temperatura e morte celular resultante. Como o tratamento é direcionado, o tecido
circundante ndo é afetado, eliminando assim o potencial de eventos adversos
sistémicos. As terapias a laser sdo seguras, mas caras e, sdo indicadas para
pacientes nos quais 0s agentes antifungicos sistémicos séo contraindicados (MA et
al., 2019; ZALACAIN et al., 2018; ZHANG et al., 2022).

A terapia fotodindmica, outra forma terapéutica, envolve a fotoativacéo
(MORGADO et al., 2017), cuja energia reage com o oxigénio dissolvido no tecido,
resultando na formacao de espécies reativas de oxigénio e radicais livres que séo
citotoxicos. O fungo absorve o fotossensibilizador, tornando-o mais suscetivel a
destruicéo por apoptose (SHEN et al., 2020). Os fotossensibilizadores mais utilizados
incluem &cido 5-aminolevulinico (5-ALA), metilaminolevulinato (MAL), porfirinas,
cloreto de aluminio-ftalocianina, azul de metileno, azul de toluidina e rosa de bengala
(ALBERDI; GOMEZ, 2020). S0 necesséarios novos estudos para confirmar a eficacia
da terapia fotodinamica, a fim de fazer recomendacdes formais quanto ao seu uso no

tratamento de onicomicoses.

2.8Implicagdes clinicas em onicomicoses de etiologia mista

A mudanca no perfil epidemiolégico das onicomicoses, associada a baixa
resposta ao tratamento com antifngicos, aponta para prevaléncia as infeccbes

cronicas (GUPTA et al., 2020). Isso pode ser explicado por fatores relacionados ao



28

patdgeno como adaptabilidade ao hospedeiro, fatores de viruléncia ou variacdo de
suscetibilidade a farmacos, com diversos mecanismos de resisténcia. Valorizados os
fatores relacionados ao hospedeiro, as diferencas de resposta imune e a baixa adesao
ao tratamento prolongado, além das caracteristicas farmacodindmica e
farmacocinética relacionados aos farmacos, com alteracdo de acdo e/ou absorgao
(LEUNG et al., 2019).

Estudos realizados sobre dermatofitoses recalcitrantes, tentam explicar as
razBes biolégicas envolvidas, sejam relacionadas ao parasita ou hospedeiro. Nesse
contexto, Gaurav e colaboradores encontraram fatores determinantes, com
predominio ao uso irracional de antifingicos e a prética de esportes em clima quente
e umido, favorecendo a persisténcia e sobrevivéncia dos dermatofitos na pele e seus
anexos. Nesse estudo 80% dos isolados demonstraram resisténcia a terbinafina e
66% resisténcia ao fluconazol (GAURAV et al, 2021).

O relato de casos de onicomicose por Candida e FFNDs e Trichophyton spp. tem
sido frequente nos ultimos anos, evidenciado por andlise laboratorial. A andlise por
microscopia direta, muitas vezes, identifica positividade para fungo, com duas ou mais
estruturas diferentes (hifas e leveduras), porém, com cultura ndo correspondente, isto
€, 0 crescimento fungico € observado para uma Unica espécie (YOUSSEF et al., 2018;
GOMEZ-SAENZ; ARENAS, 2020; GUPTA et al., 2020b).

Em levantamento global realizado por Gupta e colaboradores, dos casos de
infecgbes mistas, a alta prevaléncia de FFNDs e dermatofitos foi destacada com taxas
de 39%. No Brasil, Canada e Israel, as taxas de infec¢bes mistas foram de 61%, 34%
e 22%, respectivamente, com isolamento de Aspergillus spp., Scopulariopsis spp. e
Fusarium spp. A presenca de um FFND pode contribuir significativamente para a falha
terapéutica ou tempo de cura maior (2 — 4 anos) (GUPTA et al., 2020a).

A identificacdo do agente causal € essencial para 0 sucesso terapéutico, uma
vez que, farmacos antifingicos predominantemente usados para terapia contra
dermatofitos, apresentam acéo suboétima para os outros grupos etiologicos (LIPNER
et al., 2021). A terbinafina, por exemplo, € amplamente inativa contra leveduras do
género Candida e possui atividade limitada para uso como monoterapia em
onicomicoses causadas por FFNDs. O fluconazol, ativo contra muitas espécies de
Candida spp. (a excecao de C glabrata, C krusei e C parapsilosis), € ineficaz contra

FFNDs. O itraconazol, apesar de apresentar acao sobre muitos agentes dos FFNDs,
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apresenta acdo modesta contra Scopulariopsis spp. e Fusarium spp., importantes
agentes etiologicos desse grupo (SONTHALIA; GOLDUST, 2019).

A mudancga no perfil de suscetibilidade, de sensivel para resistente, também
deve ser considerada para os eventos biolégicos. De fato, dados epidemiol6gicos
reportados por Mesini e colaboradores, evidenciam o aumento de incidéncia de
infeccbes por linhagens de C. parapsilosis resistentes ao fluconazol (MESINI et al.,
2020). Estudos de Silva e colaboradores corroboram com esta afirmativa, e, em 60 e
65 % dos isolados foram resistentes ao itraconazol e ao fluconazol, respectivamente
(SILVA et al., 2020).

Em uma extensa revisdo sobre emergéncia de dermatéfitos resistentes a
terbinafina, Shen e colaboradores reportaram CIMs elevados para T. rubrum, T.
interdigitale e T. mentagrophytes, incluindo comprovacao de altera¢cdes em proteinas
alvo aos resistentes ao tratamento (SHEN et al., 2022).

No nicho anatémico das unhas, interacdes mistas de microrganismos, provocam
a sintese de metabdlitos essenciais para a sobrevivéncia destes, com variedade de
fatores de viruléncia como proteases, lipases e formacdo de biofilme, além de
resisténcia as respostas imune do hospedeiro ou acéo dos farmacos. Nesse contexto,
Mohammadi e colaboradores, em analise do perfil de viruléncia de espécies de
Candida isoladas de unhas, observaram correlacdes significativas entre a
concentracéo inibitéria minima (CIM) de fluconazol/itraconazol e producéo de biofilme,
producdo de fosfolipase e CIM de fluconazol/itraconazol, e CIM de fluconazol e
atividade hemolitica em isolados de C. albicans (MOHAMMADI et al., 2020).

O estudo coordenado por Oliver e colaboradores sobre perfis quimicos de
metabalitos, evidenciou variedade de moléculas produzidas por espécies de Candida
spp. isoladas de diferentes fontes de infeccdo. Nesse estudo, foram identificados 66
diferentes metabdlitos associados a glicdlise, ciclo do acido tricarboxilico, sintese de
acidos nucléicos, metabolismo de aminoacidos e lipidios. Essas vias metabdlicas
estdo relacionadas principalmente a producdo de energia e, aos mecanismos de
viruléncia. O perfil quimico de espécies de C. parapsilosis incluiu concentracdes de
etanol, 2,3-butanodiol, tirosina e succinato (OLIVER et al, 2020).

A interferéncia biologica entre os dermatoéfitos T. mentagrophytes e T. rubrum
com leveduras do género Candida, quando cultivados em meio solido foi demonstrada

pelo estudo de Lemes et al. A atividade anti-Trichophyton a partir de extratos
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produzidos a partir de culturas puras de Candida spp. corrobora com o dado de
interferéncia microbiana (LEMES et al., 2021a; LEMES et al., 2021b).

Infecgbes mistas em onicomicoses contribuem para falhas terapéuticas levando a
quadros de recorréncia e recalcitrancia. A recalcitrancia refere-se a um termo amplo
e clinicamente relevante, pois engloba tanto a resisténcia in vitro quanto todas as
outras possiveis causas de falha terapéutica (BRESCINI et al., 2021). O escasso
arsenal antifungico para o tratamento de doencas fungicas, bem como, as mudancas
biol6gicas sobre suscetibilidade aos farmacos tém constituido um desafio para

controle das onicomicoses (GUPTA et al., 2019).
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3 RELEVANCIA E JUSTIFICATIVA

Onicomicoses séo infecgBes cujos sintomas fisicos, como dores e desconforto, e
implicacdes psicoldgicas sdo comuns. As pessoas afetadas estdo menos dispostas a
participar de atividades sociais e de lazer, promovendo o estado mental alterado
(GUPTA et al., 2018). O impacto econdémico € relevante uma vez que 0s gastos Sao
elevados aos servi¢os de saude entre consultas médicas e tratamento (LEUNG et al.,
2019).

Falhas no diagndstico laboratorial de onicomicoses esta diretamente relacionada
a falhas na terapéutica. O tratamento longo e dispendioso com antifingicos pode levar
a efeitos adversos como hepatotoxicidade e nefrotoxicidade. A baixa adesédo
terapéutica, possibilita 0 aumento de casos de infec¢des recorrentes e recalcitrantes,
e 0 surgimento de microrganismos resistentes a antifangicos (LIPNER et al., 2021).

Considerando o ambiente fisiologico variavel, quanto aos constituintes quimicos,
especialmente nos quadros de infec¢cdes mistas, tem-se uma proposta cientifica a ser
explorada, uma vez que novas moléculas de resposta antifingica podem estar
presentes e se constituirem como alternativa para novas abordagens terapéuticas das

onicomicoses.
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4 OBJETIVO

O presente estudo avaliou a atividade antifungica de extratos de culturas puras e
mistas de Candida parapsilosis, Trichophyton mentagrophytes e Trichophyton rubrum

contra linhagens de Candida spp. e Trichophyton spp.

4.20Dbjetivos especificos

o Preparar extratos de culturas puras de C. parapsilosis, T.
mentagrophytes e T. rubrum;

o Preparar extratos de culturas mistas de C. parapsilosis com T.
mentagroyhtes e C. parapsilosis com T. rubrum;

o Determinar a Concentracéo Inibitéria Minima (CIM), in vitro, e a
Concentracdo Fungicida Minima (CFM) dos extratos frente as
linhagens de Candida spp. e Trichophyton spp.;

o Determinar o perfil de suscetibilidade, in vitro, das linhagens de
Candida spp. frente ao fluconazol;

o Determinar o perfil de suscetibilidade, in vitro, das linhagens de
Trichophyton spp. frente ao fluconazol, itraconazol e terbinafina;

o Avaliar o efeito combinatério, in vitro, dos extratos fungicos com
fluconazol, itraconazol e terbinafina frente as linhagens de
Trichophyton spp. pelo método de Checkerboard;

o Investigar o alvo de acéo dos extratos sobre parede celular fungica
ou membrana, através de ensaios com sorbitol e ergosterol,
respectivamente;

o Determinar a cinética de morte - Time kill das linhagens de
Trichophyton spp. na presenca dos extratos;

o Avaliar toxicidade dos extratos com modelo invertebrado de Galleria
mellonella;

o Determinar o perfil quimico dos extratos através da técnica de FTIR

(infravermelho transformada de Fourier).
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5 METODOLOGIA

5.2Linhagens fangicas

Foram utilizados para esse estudo linhagens de Candida albicans, Candida
auris, Candida parapsilosis, Trichophyton mentagrophytes e Trichophyton rubrum
pertencentes a cole¢do do Laboratério de Microbiologia da Faculdade de Medicina de
Séao José do Rio Preto — FAMERP, Sdo Paulo, Brasil, e da American Type Culture
Colection (C. albicans 90028 CAATCC; C. parapsilosis 22019 CPATCC; T.
mentagrophytes 11481 TMATCC) e do Centraalbureau voor Schimmelcultures (T.
rubrum 118892 TRCBS; C. auris 10913 CAUCBS). Todos os isolados foram
registrados no Sistema Nacional de Gestdo do Patrimbnio Genético e do

Conhecimento Tradicional Associado (SisGen) sob o protocolo numero AF41CDD.

5.30Dbtencao dos extratos de culturas puras e mistas

Para obtencédo do extrato de cultura de C. parapsilosis (CP4), colénias foram
repicadas em Agar Sabouraud (ASD) e incubadas a 35°C por 24 horas. Apds esse
periodo, 5 mL de suspensdo do in6culo em salina estéril (0,85%), com turbidez
correspondente a escala 10 de MacFarland, foram inoculadas em 500 mL de Caldo
Sabouraud Dextrose (CSD) e incubados em estufa a 35° C por 72 horas. Para
obtencao do extrato de cultura pura de T. mentagrophytes (TM3) e T. rubrum (TR1),
colonias de dermatdfitos com 7 dias de crescimento a 35° C em Agar Batata Dextrose,
foram cobertas com salina estéril. Posteriormente, a mistura de conidios e hifas foram
transferidos para 500 mL de CSD e incubados a 35° C por 120 horas. Para a
preparacao dos extratos de culturas mistas (CP4+TM3/CP4+TR1) 5mL de suspensao
dos in6culos de C. parapsilosis e Trichophyton spp. foram transferidos para 500 mL
de CSD e incubados a 35° C por 120 horas.

Os meios de cultura contendo os indculos foram filtrados em membrana millipore
0.2 ym e submetidos a extragao liquido-liquido, utilizando-se acetato de etila como
contra-fase. O procedimento foi repetido trés vezes, para extracdo maxima dos
metabalitos fungicos dos meios de cultura. A fase acetato de etila foi submetida a
evaporador rotativo para secagem. O composto resultante em massa foi solubilizado
em solucdo de 4gua destilada estéril com dimetil sulféxido (DMSO) a 10% (Figura 7).
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Figura 7. Obtencéo dos extratos de culturas puras e mistas: (A) Culturas em Caldo
Sabouraud Dextrose; (B) Filtracdo em sistema fechado com membrana 0.2 um; (C)
extragdo liquido-liquido com acetato de etila do filtrado; (D) secagem em

rotaevaporador; (E) massa resultante dos extratos.

Fonte: O autor.
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5.4Perfil de suscetibilidade antimicrobiana das linhagens de dermatofitos

frente aos extratos e farmacos itraconazol, fluconazol, terbinafina.

O perfil de suscetibilidade das linhagens de dermatéfitos frente aos extratos e
farmacos, foi determinado por técnica de microdiluicdo de acordo com o protocolo
descrito no documento M38- 3rd do Clinical Laboratory Standard Institute (CLSI), com
modificacdes (CLSI, 2017a). Para o preparo do indculo de dermatéfitos, as linhagens
foram cultivadas em Agar Batata Dextrose (ABD) a 35° C por 7 dias. Apds esse
periodo, a superficie da colénia coberta com 5 mL de salina estéril (0.85%), foi raspada
com alca estéril. A mistura de conidios e fragmentos de hifas foi transferida para um
tubo estéril, permitindo a precipitacdo de estruturas mais pesadas. O sobrenadante foi
transferido para novo tubo estéril com homogeneizacdo em vortex por 15 segundos.
O inéculo foi ajustado em espectrofotdmetro com leitura a 530 nm, seguido de diluicao
na proporcdo 1:50 em meio RPMI — 1640 (Sigma-Aldrich® - Rosen Park Media
Institute) com concentragao final de 0.4 a 5 x 10% células/mL. Posteriormente, inoculou-
se 0.1 mL da suspensao de in6culo em placas de poliestireno de 96 pocos, contendo
meio RPMI-1640 nas diferentes concentracdes dos extratos (4000 — 1.9 ug/mL) e
farmacos testados: itraconazol 4 — 0.06 ug/mL, fluconazol e terbinafina 64 - 1 ug/mL.
Foram preparados pocos controles de esterilidade (contendo 0.2 mL de RPMI) e de
crescimento (contendo apenas in6culo e RPMI). As placas foram incubadas a 35°C
por 120 horas. A CIM dos farmacos para fluconazol e itraconazol foi determinada como
a menor concentragdo capaz de inibir 80% do crescimento fungico (CIM80), para os
extratos e terbinafina, foi considerada a concentragéo capaz de inibir 100% (CIM100).

Todos os testes foram realizados em triplicata.

5.5Perfil de suscetibilidade antimicrobiana das linhagens de Candida spp.

frente ao extrato de Candida parapsilosis e fluconazol

O perfil de suscetibilidade das linhagens de Candida spp. frente ao extrato de
Candida parapsilosis e fluconazol foi determinado por técnica descrita no protocolo
M27- Ed4 2017 do Clinical Laboratory Standard Institute (CLSI), com modificagcbes
(CLSI, 2017b). Para o preparo do in6culo de leveduras, suspensdes de colonias com
crescimento de 24h em agar Sabouraud Dextrose foram feitas em salina estéril 0.85%.

Apés essa etapa, diluicdes foram realizadas em 1:100 — 1:20 em meio RPMI — 1640,
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com obtencdo de uma concentracéo final de inéculo de 5 x 102 — 2.5 x 102 UFC/mL.
Posteriormente, inoculou-se 0.1 mL da suspensdo de inéculos em placas de
poliestireno de 96 pogos, contendo meio RPMI-1640 nas diferentes concentragdes do
fluconazol (128 — 0.25 pg/mL) e extratos (2000 — 15.6 pg/mL). Foram preparados
pocos controles de esterilidade (contendo 0.2 mL de RPMI) e de crescimento
(contendo apenas indculo e RPMI). As placas foram incubadas a 35°C por 24h. A CIM
do fluconazol foi determinada como a menor concentracao capaz de inibir 70% do
crescimento fangico (CIM70), enquanto a CIM do extrato, foi considerada a menor
concentracdo capaz de inibir 100% (CIM100) do crescimento fungico. Todos os testes

foram realizados em triplicata.

5.6Determinagado da Concentracdo Fungicida Minima

Para a determinacdo da concentracdo fungicida minima (CFM), uma aliquota de
cada poco das placas preparadas com extratos e in6culos foi transferida em placas
de Petri contendo Agar Sabouraud Dextrose com o auxilio de hastes de madeira
estéreis. O CFM foi definido como a menor concentracdo do extrato de inibir

crescimento visivel em meio sélido. Todos os testes foram realizados em triplicata.

5.7Ensaio Checkerboard

A avaliacdo do efeito combinatério entre os extratos fangicos com itraconazol,
fluconazol e terbinafina foi realizada através do ensaio de Checkerboard (baseado no
protocolo M27- Ed4 2017) com a linhagem TRCBS. Para preparacgao do inoculo seguiu
se as mesmas recomendacdes citadas no item 5.3. Todos os poc¢os das microplacas
(96 pogos) foram preenchidos com 100uL de RPMI. Farmacos foram adicionados e
diluidos em suas respectivas concentragdes: itraconazol 4 — 0.06 pug/mL, fluconazol e
terbinafina 64 — 0.001 pug/mL. Posteriormente os extratos foram adicionados e diluidos
na concentracdo 4000 — 1.9 pg/mL. Adicionalmente, foram distribuidos 100uL da
suspensao de inoculo do dermatéfito em cada pocgo. As microplacas foram incubadas
por 120 horas, a 35°C. ApOs esse periodo, realizou-se a leitura visual das placas. Os
experimentos foram realizados em triplicata. Como controle, os farmacos e extratos

isolados foram testados para comparacao do efeito combinatorio (Figura 8).
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Figura 8. Fluxograma para avaliacdo do efeito combinatério dos extratos com 0s

farmacos fluconazol, itraconazol e terbinafina.
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Para avalicdo da interacdo entre os extratos e farmacos utilizou-se a

férmula de indice de Concentracéo Inibitéria Fracionada (ICIF):

CIM do farmaco no mix CIM do extrato no mix
CIM do farmaco isolado = CIMdo extrato isolado

ICIF =

A partir do célculo de ICIF a interagdo foi avaliada seguindo a classificacdo
descrita por Kumar e colaboradores (2012), onde: CIF < 0.5 para agéo sinérgica; 0.5
< CIF £ 1 para agéao aditiva; 1 < CIF < 2 para indiferente; CIF > 2 para agao antagdnica
(KUMAR et al., 2012).

5.8Ensaio com sorbitol e ergosterol

Ensaios com RPMI suplementado com sorbitol (PM = 182.17) a 0.8 M foram
realizados para avaliar acdo sobre a parede celular fungica, segundo protocolo de
Castro, 2015. As CIMs dos extratos frente a TRCBS foi obtida por técnica de

microdiluicdo, conforme descrito no item 5.3.
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Para avaliacdo da interacdo dos extratos com a membrana celular, as CIMs
contra TRCBS foram determinadas na presenca do ergosterol exégeno com
suplementacdo do meio RPMI com 400 pug/mL. Os valores das CIMs dos extratos
foram entdo comparados na auséncia e na presenca do sorbitol e ergosterol exégeno.
Para controle dos meios suplementados, 0 mesmo procedimento foi conduzido com
os farmacos caspofungina, e anfotericina B, cujo mecanismo de acdo envolve a
interacdo com parede e membrana celular fungica. Os ensaios foram realizados em

triplicata e os resultados expressos pela média geométrica (CASTRO et al., 2015).

5.9Ensaio de cinética de morte - Time kill

Ensaio sobre cinética de morte foi conduzido de acordo com método descrito por
Klepser et al. (1998), com a linhagem TRCBS. Valores 2x CIM obtidos por
microdiluicdo em caldo foram utilizados para este ensaio. O indculo do dermatofito foi
preparado a partir de cultura de 7 dias em Agar Batata Dextrose (ABD) para inducao
da esporulacdo. Suspensdes de 0.1 mL de conidios foram adicionadas em 4.9 mL de
Caldo Sabouraud Dextrose (CSD) obtendo se uma concentracao final correspondente
a 0.4 a 5 x 10* unidades formadoras de col6nias (UFC/mL). Apés a preparacdo dos
in6culos, realizou-se diluicdo 1:1 (0.2 mL do extrato com 0.2 mL do in6culo). Tubos
contendo apenas inoculo foram incluidos para avaliacdo do controle de crescimento.
Em tempos predeterminados (8, 24, 48h) uma aliquota de 30 pl foi retirada de cada
amostra, semeada em placas de Agar Sabouraud Dextrose (ASD), com auxilio de al¢a
Drigalski e incubadas a 35° C por 120h. Posteriormente, seguiu-se com a contagem
do numero de unidades formadoras de colbnias (UFC). A porcentagem de inibicao foi
calculada por comparagcdo com o controle de crescimento usando o método de
contagem de colonias (KLEPSER et al., 1998).

5.10 Ensaio de toxicidade com Galleria mellonella

O ensaio de toxicidade dos extratos, foi realizado em larvas do modelo
experimental de toxicidade G. mellonella de acordo com protocolo descrito por
Ignasiak e Maxwell, 2017 (IGNASIAK; MAXWELL, 2017). Para cada condicdo, foram
separadas 5 larvas de G. mellonella (275 £ 25 mg) no sexto instar de desenvolvimento

em placas de Petri (90x15 mm). Os volumes de 5 pl do composto foram injetados na
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Gltima pro-pata direita das larvas utilizando micro seringa de Hamilton modelo
7000.5KH de 10 ul nas concentragdes de 2000 ug/mL. Os controles do experimento
foram larvas intocadas (naive), larvas inoculadas com 10% etanol (controle positivo
de toxicidade) e DMSO 10% (controle negativo de toxicidade). As larvas foram
incubadas a 37°C, privadas de alimentacdo e iluminacdo direta. Foram feitas
avaliacdes da sobrevivéncia das larvas a cada 24 h, durante 5 dias e também foram
retiradas diariamente as formacgfes de pré-pupas para retardar sua metamorfose. A
confeccdo dos gréficos e analises estatistica foi feita por meio do método Log-rank

(Mantel-COX) no software Origin.

5.10 Determinacdo do perfil quimico dos extratos por infravermelho
transformada de Fourier (FTIR)

Para a determinacé&o do perfil quimico dos extratos, utilizou se a espectroscopia
no Infravermelho com transformada de Fourier (FTIR), um importante método utilizado
para a caracterizacao e identificacdo de formas cristalinas e grupos funcionais de
substancias devido a alta confiabilidade, rapidez, e custo relativamente baixo. Esta
técnica permite analises qualitativas e semi-quantitativas de amostras (TKACHENKO;
NIEDZIELSKI, 2022).

A estrutura e funcionamento de um espectrometro FTIR compreende trés
componentes bésicos: a fonte de radiacdo no infravermelho médio; um interferébmetro
de Michelson, formado por dois espelhos, sendo um fixo e outro movel; e um divisor
de feixe, composto de um cristal de brometo de potassio (KBr) (GEINGUENAUD;
MILITELLO; ARLUISON, 2020).

A radiacdo emitida por uma fonte no infravermelho passa por um interferémetro
antes de incidir na amostra. A radiacdo ndao absorvida pela amostra incide em um
detector, um interferograma que mede a intensidade da radiacao detectada em fungao
do deslocamento x do espelho movel. O espectro de absor¢céo no infravermelho é
obtido através da transformada de Fourier no interferograma coletado, o qual
apresenta o numero de onda da radiacdo absorvida na forma de bandas (Figura 9)
(LIMA, 2015).
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Figura 9. Esquema de funcionamento de espectrofotbmetro de infravermelho com

transformada de Fourier.
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Fonte: (LIMA, 2015)

Para o ensaio do atual estudo, as amostras foram depositadas sobre cristal de
seleneto de zinco (ZnSe) em acessorio UATR (Universal Reflexdo Total Atenuada -
Perkin-Elmer, N° de registro L1250050). Os espectros foram adquiridos em triplicata
no modo absorbancia, em espectrémetro Spectrum 400 FTIR/FT-NIR, com 4 pulsos
(scans) de varredura, na faixa de 4000-650 cm! usando laser de hélio-neon (He/Ne)
de 633 nm, detector DTGS e apodizacéo pela fungédo Happ-Ganzel.

Para o processamento dos dados, triplicatas de espectros de cada amostra
foram normalizadas pela amplitude (entre O - 1) e, posteriormente, por normalizacéo
vetorial. Em seguida, foi obtido o espectro médio de cada amostra (média aritmética
de absorbancia normalizada em cada numero de onda).

A atribuicdo das bandas de absor¢do mais relevantes foi conduzida usando
tabelas de referéncia para compostos organicos em sistemas biologicos (COATES,
2006; FARAMARZI et al.,, 2023) cujas principais informacdes estdo descritas na
Tabela 1.
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Tabela 1. Atribuicdes das principais bandas de compostos organicos para FTIR/ATR
na faixa de 4000 - 650 cm™.

Méximo de absorgao/
Faixa espectral (cm?)

Atribuicédo Classe de funcéo/composto

organico

3095-3075/ 3040-3010

vC=C vinil terminal

3645-3600 vO-H, (estreita) OH livre (n&o ligado)
3645-3630 vO-H alcool primario
3640-3630 vO-H fenol
3635-3620 vO-H alcool secundario
3620-3540 vO-H alcool terciario
3570-3200 vO-H, ponte de hidrogénio
intramolecular (ampla)
3570-3540 vO-H OH ligado internamente
3550-3450 vO-H OH dimérico
3510-3460 + 3415- vN-H amina primaria aromatica
3380
3490-3430 vN-H amina heterociclica
~3450 vN-H amina secundéria aromatica
3400-3380 +3345-3325 vN-H amina primaria alifatica
3400-3200 vO-H OH-polimérico
3360-3310 vN-H amina secundaria alifatica
3350-3320 vN-H imina
3300-2500 vO-H (absorcéo primaria) acidos carboxilicos
3130-3070 vC-H anel aromatico

alqueno

2970-2950 vC-H (CHs) assimétrica alcano (cadeias alifaticas)
2935-2915 vC-H (CH.) assimétrica alcano (cadeias alifaticas)
2880-2860 vC-H (CHs) simétrica alcano (cadeias alifaticas)
2865-2845 vC-H (CH) simétrica alcano (cadeias alifaticas)

~2600 vO-H (absorcéo secundéria) acidos carboxilicos
1750-1730 vC=0 ésteres
1740-1725 vC=0 aldeido
1725-1705 vC=0 cetona
1725-1700 vC=0 acido carboxilico
1690-1675 vC=0 quinona, cetona conjugada
1680-1630 vC=0 (amida l) amida
1650-1590 SN-H amina primaria
1650-1550 SN-H amina secundaria
1680-1620 vC=C alqueno

1625 vC=C aril substituido alqueno
1615-1580 vC=C-C anel aromatico
1610-1550 vC=0, COy sal de acido carboxilico

1600 vC=C conjugado alqueno/polieno
1600-1500 vC-N + 8N-H (Amida I1) amida
1549-1545 SN-H Amida ll(lipidios)
1510-1450 vC=C-C anel aromatico
1485-1445 8C-H (CH,) alqueno
1470-1430 8C-H (CHzs) assimétrica cadeias alifaticas
1420-1410 8C-Hip vinil alqueno
1420-1300 vC=0, COy» sal de acido carboxilico

1385-1380/1370-1365

8C-H (CHs) dimetil geminal

cadeia alifatica
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Maximo de absorcao/
Faixa espectral (cm™?)

Atribuicédo

Classe de funcéo/composto
orgéanico

1380-1370
1360-1310
1350-1280
1350-1260
1350-1250
1340-1250
1310-1290
1240-1190/995-850
1210-1150
~1200
1190-1130
~1150
~1100
1090-1020
~1050
1050-990
995-985
895-885
970-960
960-850
915-890
750-720
700

8C-H (CHs) simétrica
vC-N
vC-N
80-H
vO=P<
vC-N
8C-Hip vinilideno
vP-O-C
vC-N
vC-O
vC-N
vC-O
vC-O
vC-N
vC-O
vP-O-C
8C-Hop Vinil
6C-Hgp vinilideno,
trans-3C-Hop
80-Hop
Vinil C-Hop
-(CHa)n- rocking n>3
Cis-6C-Hqp (ampla)

cadeia alifatica
amina aromatica terciaria
amina aromatica secundaria
alcool primario/secundario
fosfato orgéanico
amina aromatica primaria
alqueno
fosfato aromatico
amina terciaria
fenol
amina secundaria
alcool terciario
alcool secundario
amina primaria
alcool primario
fosfato alifatico
alqueno
alqueno
alqueno
acidos carboxilico
alqueno
alcano
alqueno

v = deformacao axial, estiramento; & = deformac&o angular; ip = in plane (no plano); op = out

of plane (fora do plano).

Fonte: (COATES, 2006; FARAMARZ| et al., 2023)

A complementacao das atribuicdes foi realizada utilizando alguns compostos

padrdes (Figura 10) da biblioteca de espectros FTIR do livro de Quimica do National
Institute of Standards and Technology - NIST (NIST, 2023).
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Figura 10. Espectros FTIR de alguns compostos padrdes pertencentes a biblioteca do NIST
da web: (A) 2-Feniletanol; (B) Farnesol; (C) Fenilacetaldeido; (D) Acido Fenilacético; (E) Acido
indolacético; (F) Acido oleico e (G) Benzoquinona.

SR
: j&
5 -

Abrietuarie

Wpversambers (o |

]

A

Wevesurrbers (om-1)

Aot e

Aymramten om ]

(NIST, 2023)



44

Figura 10. Espectros FTIR de alguns compostos padrdes pertencentes a biblioteca do NIST
da web: (A) 2-Feniletanol; (B) Farnesol; (C) Fenilacetaldeido; (D) Acido Fenilacético; (E) Acido

indolacético; (F) Acido oleico e (G) Benzoquinona.

(NIST, 2023)

A associacao entre absorbancias de comprimentos de onda foi avaliada em
espectros médios pelo coeficiente de correlacdo de Pearson. A Andlise Exploratéria
foi aplicada ao conjunto de triplicatas espectrais apos centragem na média dos dados

brutos (sem posterior transformagéo de absorbancias normalizadas vetorialmente).
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6 RESULTADOS

6.2 Perfil de suscetibilidade antimicrobiana das linhagens de dermatoéfitos

frente aos extratos e farmacos

O perfil de suscetibilidade das linhagens de dermatofitos frente aos farmacos
antifingicos séo apresentados na tabela 2. Valores de CIMs para fluconazol variaram
de 2 — 32 pg/mL para as linhagens de dermatdéfitos. Os maiores valores foram
encontrados para as linhagens de T. mentagrophytes - TM5094, TM6084 e TM6007
(32 ug/mL) - e os menores para as linhagens de T. rubrum - TRCBS, TR7604, TR7984
(2 pg/mL). Para itraconazol os valores variaram de 0.5 — 2 pg/mL, sendo maior para a
linhagem TM5094 (2 pg/mL) e menor para TRCBS (0.25 pg/mL). Para terbinafina, o
maior valor de CIM encontrado foi para a linhagem clinica TR7259 (64 pg/mL), as

demais linhagens apresentaram valor de 0.03 pg/mL.

Tabela 2. Valores de Concentracdo Inibitéria minima (CIM) dos farmacos fluconazol,

itraconazol e terbinafina contra as linhagens de dermatdfitos.

CIM (pg/mL)

Fluconazol | ltraconazol | Terbinafina
TMATCC 4 0.5 0.03
TM5094 32 2 0.03
TM5419 16 1 0.03
TM6007 32 1 0.03
TM6085 32 1 0.03
TM7389 16 1 0.03
TRCBS 2 0.25 0.03
TR6185 4 0.5 0.03
TR6195 4 0.5 0.03
TR6284 4 0.5 0.03
TR7259 32 0.5 64
TR7604 2 0.5 0.03
TR7984 2 0.5 0.03

Os valores de CIMs encontrados para os extratos variaram de 250 — 8000
pg/mL. Um intervalo de menores valores foi observado nos extratos CP4 contra
linhagens de T. rubrum e CP4TM3 contra linhagens de T. mentagrophytes e T.
rubrum (250 e 500 pg/mL). Em contra ponto, um intervalo de CIMs maior foi
observado para os extratos de CP4TR1 e TR1 (1000 — 8000 pg/mL). Os valores
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de CFM também seguiram essa tendéncia, com intervalos menores para CP4TM3
(250 e 1000 pg/mL) e CP4 (500 e 1000 pg/mL). Os extratos CP4TR1 e TR1

apresentaram frequéncia de maiores valores de CFM (2000 — 8000 pg/mL)

(Tabela 3).
Tabela 3. Intervalo de valores de Concentracdo Inibitéria minima (CIM) e
Concentracdo Fungicida Minima (CFM) dos extratos contra as linhagens de
dermatofitos.
CIM 100 (ug/mL)
EXT TMATCC TM5094 TM5419 TM6007 TM6085 TM7389
CP4 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 1000 - 2000
CS 2000 - 4000 | 2000 - 4000 2000 2000 - 4000 | 2000 - 4000 2000
CP4TM3| 250 -8000 | 250-8000 | 500 -8000 | 250 -8000 | 250 -8000 | 250 - 8000
CP4TR1 | 2000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000
T™M3 1000 - 8000 | 2000 - 8000 | 1000 - 8000 | 1000 - 8000 | 1000 - 8000 | 1000 - 8000
TR1 2000 - 8000 | 2000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000
CIM 100 (ug/mL)
EXT TRCBS TR6185 TR6195 TR6284 TR7604 TR7984
CP4 500 - 2000 | 500 - 2000 | 500 - 2000 250 - 500 500 - 2000 | 250 - 2000
CS 1000 - 2000 2000 2000 500 - 2000 | 500 - 2000 2000
CP4TM3| 250 -8000 | 250-8000 | 250 -8000 | 250 - 1000 | 500 -8000 | 250 - 8000
CP4TR1 | 2000 - 4000 | 2000 - 8000 | 2000 - 4000 | 1000 - 2000 | 2000 - 4000 | 2000 - 4000
T™M3 1000 - 4000 | 1000 - 8000 | 2000 - 8000 | 250 - 2000 | 1000 - 8000 | 250 - 4000
TR1 1000 - 4000 | 1000 - 8000 | 2000 - 8000 1000 2000 - 8000 | 1000 - 8000
CFM (ug/mL)
EXT TMATCC TM5094 TM5419 TM6007 TM6085 TM7389
CP4 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 1000 - 2000
CS 2000 - 4000 | 2000 - 4000 | 2000 - 4000 | 2000 - 4000 2000 2000 - 4000
CP4TM3 | 500 - 8000 | 500 -8000 | 500 -8000 | 500 -8000 | 1000 -8000 | 500 - 8000
CP4TR1 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000
TM3 1000 - 8000 | 2000 - 8000 | 2000 - 8000 | 1000 - 8000 | 1000 - 8000 | 1000 - 8000
TR1 2000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000 | 4000 - 8000
CFEM (ug/mL)
EXT TRCBS TR6185 TR6195 TR6284 TR7604 TR7984
CP4 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 500 - 1000 | 500 - 2000
CS 2000 2000 - 4000 2000 1000 - 2000 2000 2000
CP4TM3 | 250 -8000 | 250 -8000 | 500 -8000 | 500-4000 | 500-8000 | 500 - 8000
CP4TR1 | 2000 - 4000 | 2000 - 8000 | 2000 - 8000 2000 4000 2000 - 4000
TM3 1000 - 4000 | 1000 - 8000 | 2000 - 8000 | 1000 - 4000 | 2000 - 4000 | 1000 - 4000
TR1 1000 - 8000 | 2000 - 8000 | 2000 - 8000 | 1000 - 4000 | 4000 - 8000 | 2000 - 4000
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No calculo da média geométrica, de CIMs e CFMs, o extrato de CP4 foi o que
apresentou melhor acdo contra T. rubrum e T. mentagrophytes, 885 e 1284 ug/mL,
respectivamente. Os extratos de TM3 e CP4TM3 apresentam a segunda melhor agao
com uma média geométrica de 1557 e 1577 pg/mL para CIMs. O menor desempenho
de atividade antifungica foi observado em CP4TR1 e TR1 com valores de 3035 e 2883
pg/mL para CIMs e 4157 pug/mL para CFMs (Tabela 4).

Tabela 4. Média geométrica dos valores de CIM e CFM dos extratos frente as

linhagens de dermatofitos.

Média geométrica (ug/mL)

TR ™ TR/TM

CIM CFM CIM CFM CIM CFM

CP4 689 1212 1137 1361 885 1284
CS 1828 2000 2117 2619 1967 2289
CP4ATM3 1414 1714 1759 2619 1577 2119
CP4TR1 2245 3429 4104 5040 3035 4157
TM3 1343 2245 1805 3299 1557 2722
TR1 2133 3429 3899 5040 2883 4157

6.3 Perfil de suscetibilidade antimicrobiana das linhagens de Candida spp.
frente ao fluconazol e extrato

Valores de CIM do fluconazol sobre espécies de Candida sédo descritas na
tabela 4. As linhagens C. albicans e C. parapsilosis apresentaram valores entre 0.25
e 2 ug/mL. Nas linhagens de C. auris, é observado valor maior de CIM para a linhagem

clinica (> 128 pg/mL) quando comparado a linhagem referéncia (8 ug/mL) (Tabela 5).

Tabela 5. Valores de concentragdo inibitéria minima (CIM) do fluconazol frente as espécies
de Candida (CA: C. albicans; CP: C. parapsilosis; CAU: C. auris).

C. albicans CIM (ug/mL) | C. parapsilosis CIM (ug/mL) | C.auris CIM (pg/mL)
CAATCC 1 CPATCC 0.5 CAUCBS 8
CA2 1 CP2 1 CAU2 > 128
CA3 1 CP3 1
CA4 0.25 CP4 2
CA5 0.25 CP5 1
CAb6 0.5 CP6 2
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A atividade antifungica dos extratos contra as espécies de Candida mostrou
valores de CIM entre 500 — 2000 pg/mL (Tabela 6). As linhagens de C. parapsilosis
apresentaram maior sensibilidade quando comparado as linhagens de C. albicans.
Em relacdo a CFM as linhagens de C. albicans e C. parapsilosis compreenderam
valores de 2000 pg/mL. O maior valor de CFM foi observado para C. auris clinica

(4000 pg/mL) e o menor para C. auris referéncia (500 pg/mL).

Tabela 6. Valores de concentracgdo inibitoria minima (CIM) e concentracdo fungicida

minima (CFM) do extrato de C. parapsilosis contra Candida spp.

MIC MFC MIC MFC MIC  MFC
(ug/mL) (ug/mL) (ug/mL)  (ug/mL) (ug/mL) (ug/mL)
CAATCC 2000 2000 |CPATCC 1000 o000 |CAUCBS 500 500
CA2 2000 2000 CP2 1000 2000 CAU2 2000 4000
CA3 2000 2000 CP3 1000 2000
CA4 2000 2000 CP4 1000 2000
CA5 2000 2000 CP5 2000 2000
CA6 2000 2000 CP6 2000 2000

CA: C. albicans; CP: C. parapsilosis; CAU: C. auris.

No célculo da média geométrica, valores maiores de CIM foram observados
para C. albicans (2000 pg/mL), seguido por C. parapsilosis (1260 ug/mL) e C. auris
(1000 pg/mL). Em relacdo a CFM, tanto C. albicans quanto C. parapsilosis, obtiveram
maior média geométrica (2000 pug/mL), quando comparadas as linhagens de C. auris
(1414 pg/mL) (Tabela 7).

Tabela 7. Média geométrica (MG) dos valores de concentracéo inibitéria minima (CIM)

e concentragdo fungicida minima (CFM).

MG
CIM (pg/mL) CFM (pg/mL)
CA 2000 2000
CP 1260 2000
CAU 1000 1414

CA: C. albicans; CP: C. parapsilosis; CAU: C. auris.
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6.4 Ensaio Checkerboard

O ensaio Checkerboard foi realizado com os extratos CP4, CS, CP4TR1,
CP4TM3, TR1, TM3 contra as linhagens TRCBS e TR7259. O ICIF avaliado para
fluconazol e itraconazol indicam efeito combinatdrio predominantemente sinérgico
entre 0s extratos e sado elucidados na tabela 7. Valores de CIM para TRCBS do
fluconazol, itraconazol e terbinafina, quando testados individualmente foram,
respectivamente, 2, 0.25 e 0.05 pg/mL, enquanto a CIM dos extratos individualmente
variou entre 500 — 8000 pg/mL. Entretanto, em associacdo, esses valores
apresentaram reducéo: fluconazol 0.25 — 1 pg/mL; itraconazol 0.03 — 0.05 pg/mL e
terbinafina 0.002 — 0.01. Essa tendéncia também se confirmou com os extratos, uma
vez que o efeito combinatério variou de 1.9 — 125 ug/mL (Tabela 8).

Para a linhagem clinica TR7259, resistente aos farmacos testados, apenas
para terbinafina ndo se observou efeito combinatdrio sinérgico. As CIMs individuais
para fluconazol, itraconazol e terbinafina foram de 32, 0.5, 64 pg/mL. Para os extratos
obtidos, as CIMs individuais dessa linhagem apresentaram valores maiores (2000 —
8000 pg/mL), guando comparadas a TRCBS. A associagao entre 0s azois e extratos
apresentou reducdo dos CIMs (fluconazol 1 — 8 pg/mL, itraconazol 0.06 pg/mL;
extratos 62.5 — 1000 pg/mL). Porém, na associacao com terbinafina, valores de CIMs
permaneceram os mesmos indicando efeito combinatorio indiferente.

Com o célculo do ICIF (Tabela 9), o menor valor obtido foi para a linhagem TRCBS
com terbinafina (0.06 — 0.1). Itraconazol em associacdo com 0s extratos apresentou
valores de ICIF semelhantes para as duas linhagens testadas (0.12 — 0.16). Para a
combinacdo dos extratos com fluconazol, valores de ICIF contra TRCBS foram
discretamente maiores (0.2 — 0.5) quando comparados a linhagem TR7259 (0.17 —
0.24). A associacéao de terbinafina e extratos contra TR7259 revelaram valores de ICIF

igual a 2, indicando um efeito combinatdrio indiferente.



Tabela 8. Ensaio Checkerboard, redug&o nos valores de CIM.

TRCBS TR7259
CIM ELC CIM EXT CIM Combinacao CIM CIM EXT CIM Combinacéao
Extratos (pg/mL) ICIF EC | Extratos  FLC (pg/mL) ICIF EC
(hg/mL) (hg/mL) FLC EXT (ug/mL) (hg/mL) FLC EXT
CP4 2 500 - 2000 0.25-1 1.9-125 0.2 CP4 32 2000 - 4000 4 250 0.21
CS 2 2000 05-1 1.9-625 0.4 CS 32 > 4000 4 250 0.17
CP4TR1 2 2000 - > 4000 1 3.9 05 o CP4TR1 32 > 4000 4-8 500 024 ¢
CP4TM3 2 2000 - > 4000 05-1 39-125 0.4 CP4TM3 32 > 4000 1-4 250-1000 0.12
TR1 2 4000 - > 4000 025-1 39-31.2 03 TR1 32 4000 - > 4000 4 125 - 250 0.18
T™3 2 2000 - > 4000 1 3.9 0.5 T™3 32 > 4000 4 126 - 250 0.17
CIM CIM Combinacéo CIM CIM Combinacéo
Extratos  ITRA C(:LEA/EE)T (hg/mL) i ICIF EC | Extratos  ITRA fﬂg/ﬁﬁ (pg/mL) i ICIF EC
(Hg/mL) ITRA EXT (Mg/mL) ITRA EXT
CP4 0.25 500-2000 0.03-0.05 1.9-625 0.13 CP4 0.5 2000 - 4000 0.06 62,5-250  0.13
cSs 0.25 2000 0.03-0.05 1.9-625 0.12 cs 0.5 > 4000 0.06 250 0.12
CP4TR1 025  2000->4000 0.03-0.05 3.9-125 013 S CP4TR1 0.5 > 4000 0.06 250 0.16
CP4TM3  0.25  2000->4000 0.03-0.05 3.9-31.2 0.12 CP4TM3 0.5 > 4000 0.06 125-1000 0.14
TR1 0.25 4000->4000 0.03-0.05 39-31.2 0.3 TR1 0.5 4000 - > 4000 0.06 125-31.2 0.12
TM3 025  2000->4000 0.03-0.05 39-31.2 0.12 TM3 0.5 > 4000 0.06 125 0.12
CIM Combinacao CIM Combinacéao
Extratos T%IF?B CIM EXT (ug/mL) i ICIF EC | Extratos TCI;IIQAB CIM EXT (ug/mL) i ICIF EC
(ug/mL) (Hg/mL) TERB EXT (ug/mL) (Hg/mL) TERB EXT
cPa 0,02 500 - 2000 06(_’832‘ 19 01 cPa 64 2000 - 4000 64 4000 2
CS 0,05 2000 0.01-0.002 39-19 0.04 cs 64 > 4000 64 > 4000 2
CP4TR1 0,03  2000->4000 0.01-0.002 3.9 0.13 g | CP4TR1 64 > 4000 16-64 4000 ->4000 2 |
CP4TM3 0,03  2000->4000 0.01-0.002 3.9 0.06 CP4TM3 64 > 4000 64 4000 - > 4000 2
TR1 0,05  4000->4000 0.02-0.01 3.9 0.09 TR1 64 4000 - > 4000 32-64 2000 ->4000 2
TM3 0,03  2000->4000 0.02-0.001 3.9 0.06 TM3 64 > 4000 64 > 4000 2

CIM: Concentrag&o inibitéria minima; EXT: extrato; FLC: fluconazol; ITRA,; itraconazol; TERB: terbinafina; ICIF: indice de Concentrag&o inibitéria fracionada; EC:

efeito combinatério; S: sinérgico; I: indiferente)
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Tabela 9. Média geométrica dos ICIFs obtidos, efeito combinatério predominante
sinérgico (£ 0.5)

ICIF - Média Geométrica

TRCBS TR7259
FLC ITRA TERB FLC ITRA TERB
CP4 0.2 0.13 0.1 0.21 0.13 2
CS 0.4 0.12 0.04 0.17 0.12 2
CP4TR1 0.5 0.13 0.13 0.24 0.16 2
CP4ATM3 0.4 0.12 0.06 0.12 0.14 2
TR1 0.3 0.13 0.09 0.18 0.12 2
TM3 0.5 0.12 0.06 0.17 0.12 2

ICIF: indice de Concentrac&o inibitoria fracionada; FLC: fluconazol; ITRA; itraconazol;
TERB: terbinafina.

6.5 Ensaio com Sorbitol e Ergosterol

Os valores de CIM dos extratos na presenca do RPMI suplementado com
sorbitol ndo apresentou alteracao, tal fato sugere a ndo acao sobre a parede
celular de TRCBS. Os valores de CEM (Concentracdo Efetiva Minima) de
caspofungina subiu de 0.2 pg/mL para 1.3 pg/mL, comprovando a viabilidade da
suplementacdo. Na presenca do RPMI suplementado com ergosterol, valores de
CIM dos extratos subiram em até 2x, quando comparados ao ensaio de RPMI
sem suplementacao, indicando a¢éo sobre a membrana celular fingica. Valores
de CIM de anfotericina nesse ensaio subiram de 0.2 pg/mL no meio sem

ergosterol para 1.8 pg/mL no meio suplementado (Tabela 10).
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Tabela 10. Média geométrica dos valores de CIM dos extratos e farmacos na
presenca ou auséncia de sorbitol - ergosterol
Ergosterol - TRCBS - CIM (pg/mL)

Meio ndo suplementado Meio Suplementado
Extratos
Anfotericina Produto | Anfotericina Produto
CP4 0.2 1260 1.3 3175
CS 0.2 2000 0.8 4000
CP4TR1 0.2 4000 0.6 5040
CP4TM3 0.3 6350 0.8 8000
TR1 0.2 2520 1.0 6350
TM3 0.3 4000 1.0 6350
Sorbitol - TRCBS — CIM/CEM (ug/mL)
Meio nao Meio Suplementado
Extratos suplementado
Caspofungina Produto | Caspofungina Produto
CP4 0.2 1260 1.3 1260
CSs 0.2 2000 1.3 2000
CP4TR1 0.2 4000 1.3 4000
CPATMS3 0.2 6350 1.3 6350
TR1 0.2 2520 1.3 2520
T™M3 0.2 3175 1.3 3175

6.6 Ensaio de cinética de morte - Time kill

O ensaio de cinética de morte foi realizado ao longo de um periodo de 48
horas, com exposicdo das linhagens TRCBS, TR6185, TMATCC e TM5094 aos
extratos CP4, CS, CP4TR1, CP4TM3, TM3 e TR1 na concentracdo de 4000
pug/mL. Gréficos foram tracados entre o numero logaritmico de UFC/mL e o

tempo (Gréfico 1 - 4).
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Grafico 1. Representagdo grafica da cinética de morte de TRCBS em contato

com 0s extratos.
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Grafico 2. Representacao gréfica da cinética de morte de TR6185 em contato

com 0s extratos.
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presentacdo grafica da cinética de morte de TMATCC em contato

com 0s extratos.
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Grafico 4. Representacédo grafica da cinética de morte de TM5094 em contato

com 0s extratos.
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A reducdo maxima de UFC/mL para cepas de dermatdfitos, foi observada

em 48h, com taxa de inibicdo de 100%, em comparagdo ao controle de

crescimento.

Os extratos CP4, TR1, CP4TR1 apresentaram o tempo mais rapido
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de reducdo para todas as linhagens de dermatofitos (8 horas), seguido por
CP4TM3 (24 horas) (Tabela 11).

Tabela 11. Numero de UFC/mL das linhagens de dermatéfitos em exposicao a

diferentes tempos aos extratos.

TRCBS TR6185
8 24 48 8 24 48
horas horas horas horas horas horas
CONTROLE| 5083 3812 1955 |CONTROLE| 3957 4258 3450
CP4 0 0 0 CP4 0 0 0
CSs 12 17 0 Cs 949 0 0
CP4TR1 0 0 0 CP4TR1 0 0 0
CP4TM3 183 0 0 CP4TM3 1117 0 0
TR1 0 0 0 TR1 0 0 0
TM3 67 100 1 TM3 817 54 1
TMATCC TM5094
8 24 48 8 24 48
horas horas horas horas horas horas
CONTROLE| 5173 5465 5217 |CONTROLE| 5971 2745 4753
CP4 0 0 0 CP4 0 0 0
CS 476 33 0 CSs 842 33 0
CP4TR1 0 0 0 CP4TR1 0 0 0
CP4TM3 283 0 0 CP4TM3 667 0 0
TR1 0 0 0 TR1 0 0 0
TM3 1000 33 0 TM3 1533 633 0

6.7 Ensaio de toxicidade com Galleria mellonella

Os ensaios de toxicidade em G. mellonella evidenciam que extratos CP4,
CS, TR1, CP4TM3 testados nas concentracbes de 2000 pg/mL n&o foram
toxicos, permitindo sobrevivéncia de 100% das larvas injetadas. Para os extratos
TM3 e CP4TR1 o indice de sobrevivéncia foi de 80% (Grafico 5).
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Gréfico 5. Representacdo da sobrevivéncia (%) das larvas de Galleria mellonella
expostas aos extratos com monitoramento em intervalos de 24 horas durante um
periodo de 5 dias.
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6.7 Determinacdo do perfil quimico dos extratos por infravermelho
transformada de Fourier (FTIR)

O padréao espectral observado nos espectros médios pode ser separado
em dois conjuntos de bandas de absor¢cao: um conjunto que se repete em todas
as amostras, a despeito de algumas variagdes, e, um outro, com maior
variabilidade e especificidade por amostra (Graficos 6 e 7). O primeiro conjunto
inclui as bandas de média a alta intensidade em 3700 - 3100 cm, 3100 - 2850
cm*e 1710 - 1550 cm™ e, bandas de baixa intensidade em 1516 cm?, 750 -745
e 702 - 699 cm. O segundo conjunto representa as demais bandas.
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Grafico 6. Espectros médios de reflexdo total atenuada (ATR) de extratos com acetato
de etila de amostras de caldos de cultura de C. parapsilosis e Trichophyton ssp. (A)

espectros sobrepostos; (B) espectros escalonados.
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Grafico 7. Regides amplificadas de espectros FTIR/ATR médios dos extratos de
culturas de Candida parapsilosis e Trichophyton spp.
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com um maximo principal predominando entre 3254 - 3239 cm, porém se
estendendo até 3319 cmt. Amostra CP4TM4 15 tem 4 maximos de acessorios
e CP4TM4 15 tem a maior area sob a curva de absorcéo.

Em 3100 - 2850 cm observam-se deformacdes axiais de ligacdes C-H
de grupos metila e metileno. Estas bandas reforcam a presenca de cadeias
alifaticas em todas as amostras, mas sado mais intensas nas amostras CP4TM3
10, CS16 e CP4TM4 15, respectivamente. O maximo mais intenso ocorre em
2927 - 2924 cm™* (vC-H assimétrico de CHz). A correlacédo entre nimeros de
onda destas absorcdes se correlaciona com v =1378 cm™ (8C-H (CH3) simétrica)
com R = 0.80 a 0.82 reforcando a presenca de cadeias alifaticas nos extratos.
Apesar da forte intensidade de picos nesta regiao no espectro padrao de farnesol
(Figura 10A), ndo ha picos que se sobreponham a este espectro nas demais
faixas espectrais das amostras

Bandas em 1700 - 1550 cm™, caracteristicas de estiramentos axiais C=0,
s8o mais intensas em CS8 e CP4TM4 15. Os maximos variaram entre 1651 -
1639 cm™. Esta absorcdo esta relacionada a fungéo carbonila conjugada a
ligacdo dupla como aquela presente em compostos quindnicos (Figura 10G),
mas pode estar relacionada também a aldeidos e acidos carboxilicos «,f-
instaurados alifaticos ou ligados a anéis aromaticos. Os numeros de onda desta
faixa apresentam alta correlacdo (R = 0.96 - 0.99) com as absorcfes da faixa de
1452 a 1432 cm. Esta regido inclui movimentos angulares de grupos metila e
metilénicos e apresenta grande variabilidade no perfil espectral entre as
amostras e sdo intensas apenas em CP4TM4 15 e CS8. A presenca de
compostos quinbnicos poderia explicar a cor castanha observada nos extratos.

Uma segunda absor¢do vC=0 com maximos em 1708 - 1707 cm™ esta
presente em maior intensidade em CP4TM3 7 e CP4TM3 10, e em menor
intensidade (expressa como ombro) em CS16, CP427 e TRI 37, estando ausente
nas demais. Esta absor¢cdo se sobrepfe a absorcdes de &cidos carboxilicos
como acidos graxos livres (Figura 10F). Nao se identificam, nesta regido
espectral, as absor¢cdes vC=0 de triacilglicerois ou de ésteres alifaticos
saturados de outra natureza (faixa de 1750 - 1730 cm™), passiveis de serem
extraidos por acetato de etila. Também ndo se identifica a absor¢cdo vC=0 de

aldeido saturado (1740 - 1725 cm), que poderiam estar presentes como
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fenilacetaldeido (Figura 10C), 4-hidroxifenilcetaldeido ou indoalcetaldeido,
precursores das moléculas fungicas quorum-sensing 2-fenil etanol (Figura 10A),
tirosol ou triptofol, respectivamente.

A auséncia de banda de amida Il ou de absorg&o simples de movimento
angular de amina primaria ou secundaria alifatica (8-N-H) individualizada em
1549 - 1545 exclui a possibilidade de esfingolipidios (ceramida, esfingosina 1
fosfato, esfingosina, ceramida 1-fosfato, di-hidroceramida, galactosilceramida,
lactosilceramida, glicosilceramida) eventualmente extraidos por acetato de etla
em culturas de leveduras. A auséncia de fungao éster (1750 - 1730 cm?) reforca
esta afirmacéo. Se por ventura estiverem presentes, ocorrem em quantidades
reduzidas, ndo detectaveis por FTIR/ATR nas condi¢fes utilizadas.

Uma banda de baixa intensidade em 1516 cm™? estd fortemente
correlacionada com ombro em 1599 cm (R=0.967) e formam um conjunto de
bandas atribuidas a movimento do esqueleto de carbono de anéis aromaticos
simples.

Bandas referentes a movimentos angulares C-H fora do plano de sistemas
aromaticos (3C-HopAr | e II) com maximos em 750 - 745 cm™ e 702 - 699 cm™,
respectivamente, estdo correlacionadas (R=0.91, A747xA702) € contribuem para a
presenca de compostos aromaticos monossubstituidos. H& sobreposi¢cdo com
as respectivas bandas do espectro FTIR padrao de 2-feniletanol.

Por fim, observa-se uma diversidade no perfil espectral na regido de
fingerprint entre 1350 a 900 cm™ onde predominam absorcdes de estiramento
axial de ligagcBes C-O e C-N e movimentos da estrutura de anéis aromaticos
simples.

O conjunto de dados espectrais estd bem representado nas primeiras
cinco CPs as quais traduzem 98.56% da variancia original (CP1 = 58.68%; CP2
= 22.66%; CP3 = 9.37%; CP4 = 6.04%; CP5 = 1.60%). CP1 separa as amostras
CP427, CPATR1 e TR1 37 das demais. A separacao esta associada aos pesos
positivos de absor¢cdes vO-H e vC-O (correlacionadas) e presentes em maior
intensidade nas primeiras amostras. Por outro lado, a presenca de absorcdes
vC=0 em 1651 - 1639 cm™ contribui negativamente para a separacdo,
deslocando as amostras com esta caracteristica para o semieixo negativo de
CP1.
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CP2 separa CP4TM3 10, CP4TM3 7, CS16 e CP427 das demais. O

grafico de pesos mostra que esta separacdo esta associada a contribuicdes

positivas de movimentos associados a cadeias alifaticas e deformacéo axial de

C=0em 1705 - 1702 cm* correlacionados e que predominam nos espectros das

amostras posicionadas em relagdo ao semieixo positivo de CP2. Novamente, a

semelhanca de CP1, a presenca de absor¢ées vC=0 em 1651 - 1639 cm

contribui negativamente para a separacdo deslocando as amostras com esta

caracteristica para o semieixo negativo de CP2. Observa-se, compostos com

diferentes padrdes de absorcdo vC=0 entre as amostras (Grafico 8).

Grafico 8. Gréaficos CP1xCP2, CP1xCP3 e CP2xCP3 e respectivos pesos das variaveis

de trés primeiras CPs, referente as triplicatas de espectros FTIR/ATR, de extratos de

cultura de C. parapsilosis e Trichophyton spp.

&%

L

CPATM3 7
CP4TM3 10
CP4TM4 15
CP4TR1 43
CP427
Cs8

CS16

TR1 37

CP1(58,68%)

of

T T T T 1 T T
-4 -2 0 2

CP2(22,66%)

Pesos

CP3(9,37%)

-0,02

-0,04

-0,06

-0,08

-0,10

(%

0,08

0,06

0,04

0,02

4000

T
3500

T T T T T
3000 2500 2000 1500 1000

Namero de Onda (v, cm’)




62

O perfil quimico dos extratos determinado pela técnica de FTIR/ATR,
aponta para a presenca de moléculas de pequeno tamanho com cadeias
alifaticas e anéis aromaticos, contendo funcdes oxigenadas como alcoois e

acidos carboxilicos e, possivelmente cetonas alfa-beta-insaturadas.
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Abstract: Onychomycosis is a nail infection caused by dermatophytes, non-
dermatophytes, and yeasts, especially Candida species. The present study evaluated the
combinatorial effect of different cultured extracts of Candida parapsilosis and
Trichophyton spp. with fluconazole, itraconazole, and terbinafine against clinical isolates
of Trichophyton rubrum. In addition, investigation of the action of the extracts on the wall
or membrane was performed. Pure and mixed cultures of Candida parapsilosis and
dermatophytes were filtered through a 0.2 um membrane and submitted to liquid-liquid
extraction using ethyl acetate. After a checkerboard trial with drugs was performed to
evaluate the synergistic interaction with the extract. The results obtained for the minimum
inhibitory concentration (MIC) of extracts against the T. rubrum strain in isolation were
500 - 8000 pg/mL. The MIC range for fluconazole, itraconazole and terbinafine were 2-
32 pg/mL, 0.25 — 0.5 pg/mL, 0.03 - 64 pg/mL, respectively. However, when the extract
was combined with drugs, the MIC values decreased: extracts 1.9 - 1000 pg/mL,
fluconazole 0.25 — 4, itraconazole 0.03 — 0.06 ug/mL, and terbinafine 0.001 — 0.02 pg/mL.
The MIC values of the extracts in the RPMI supplemented with sorbitol did not change,
suggesting any action on the cell wall. However, in the presence of RPMI supplemented
with ergosterol, MIC values of the extracts increased by up to 2x, indicating action on the
fungal cell membrane. A synergistic action was observed between products and drugs,
detecting a decrease in MIC values. There is potential and a new therapeutic perspective

for fungal control.
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Introduction: Dermatophytes are highly specialized fungi capable of degrading
keratinized tissues such as skin, nails, and hair. They are the main etiological agents of
onychomycosis, nail infections that affect up to 5 — 14% of the world population,
characterized by discoloration, hyperkeratosis, and, in some cases, destruction of the nail
apparatus (Leung et al. 2020). The species Trichophyton rubrum is the primary agent.
However, yeasts of the genus Candida stand out as the cause of nail infections (Veiga et
al. 2022). The treatment consists of topical antifungals, systemic, or a combination of
both, having as the primary target the membrane and cell wall constituents. The available
and therapeutically adopted drugs are fluconazole, itraconazole, and terbinafine (Khurana
et al. 2019). However, recalcitrant infections have become challenging for controlling
onychomycosis since resistance to antifungal agents is the typical phenotype (Gupta et al.
2018 a, b). Therefore, the search for new control alternatives for new constituents or
pharmaceutical combinations has gained considerable scientific interest over the years
(Brescini et al. 2021). The present study aimed to evaluate the combinatorial effect of
extracts of pure and mixed cultures of Candida parapsilosis, Trichophyton rubrum, and
Trichophyton mentagrophytes with fluconazole, itraconazole, and terbinafine against

Trichophyton rubrum.

Methods

Microorganisms: For this study, strains of Candida parapsilosis, Trichophyton
mentagrophytes, and Trichophyton rubrum of the Microbiology Laboratory of the Faculty
of Medicine of Séo José do Rio Preto — FAMERP, S&o Paulo, Brazil, and of the Centraal
bureau Voor Schimmelcultures (T. rubrum 118892 - CBS) were used. All isolates were
registered in the National System for the Management of Genetic Heritage and Associated

Traditional Knowledge (SisGen) under protocol number AF41CDD.

Extracts: For the preparation of the culture extracts, colonies of C. parapsilosis growth
on Sabouraud Agar with incubation at 35° C for 24 hours were inoculated in 500 mL of
Sabouraud Dextrose Broth (CSD), with turbidity corresponding to MacFarland scale ten
and incubated at 35°C for 72 hours. For the Trichophyton spp. (TM, TR), seven-day-old
cultures on Potato Dextrose Agar were covered with sterile saline, and the mixture of
conidia and hyphae was transferred to 500 mL of CSD and incubated at 35°C for 120
hours. To prepare mixed culture extracts (CP+TM/CP+TR), 5mL of the inoculum
described above was transferred to 500 mL of CSD and incubated at 35° C for 120 hours.
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The culture media containing the inoculum were filtered through a 0.2 um
Millipore membrane and submitted to liquid-liquid extraction, using ethyl acetate as a
counter-phase. The procedure was repeated three times, allowing the total extraction of
fungal metabolites from the culture media. The ethyl acetate phase was subjected to a
rotary evaporator for drying. The resulting mass compound was solubilized in a sterile
distilled water solution with 10% dimethyl sulfoxide (DMSO).

Susceptibility profile of T. rubrum strains for extracts, fluconazole, itraconazole, and
terbinafine: The antimicrobial susceptibility profile of T. rubrum strains against
commercial antifungal agents and extracts was determined by the microdilution technique
according to the protocol described in document M38-3rd of the Clinical Laboratory
Standard Institute (CLSI 2017a). For the preparation of the inoculum dermatophyte
strains were cultured on Potato Dextrose Agar at 35°C for seven days. The inoculum was
adjusted in a spectrophotometer reading at 530 nm, followed by dilution at 1:50 in RPMI
— 1640 medium (Rosen Park Media Institute), with a final concentration of 0.4 to 5 x 10*
cells/mL. Subsequently, 0.1 mL of the inoculum suspension was inoculated into 96-well
polystyrene plates containing RPMI-1640 medium at different concentrations of the drugs
to be tested. Sterility control wells (containing 0.2 mL of RPMI) and growth controls
(containing inoculum and RPMI only) were prepared. Plates were incubated at 35°C for
120 hours. The MIC of the drugs for fluconazole, itraconazole, was determined as the
lowest concentration capable of inhibiting 80% (MIC80). For extracts and terbinafine,
100% (MIC100) of fungal growth.

Checkerboard assay: The combinatorial effect between the fungal extracts with
antifungals was performed using the checkerboard assay (based on the M27-Ed4 2017
protocol, with modifications) (CLSI 2017b). The recommendations mentioned in the
previous item were followed for the inoculum preparation. All microplates (96 wells)
were filled with 100uL of RPMI. Drugs were added and diluted in their respective
concentrations: itraconazole 4 - 0.06 pug/mL, fluconazole, and terbinafine 64 — 0.001
png/mL. Subsequently, the extracts were added and diluted at 4000 - 1.9 pg/mL.

Additionally, 100uL of the dermatophyte suspension was distributed in each well.
The microplates were incubated for 120 hours at 35°C. After this period, the plates were
read visually. The experiments were performed in triplicate. As a control, the drugs and
isolated extracts were tested to compare the combinatorial effect.
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For the interaction between extracts and drugs, the Fractional Inhibitory
Concentration Index formula was used: FICI = [(MIC drug no mix/CIM drug isolated) +
(MIC extract in the mix/ MIC extract isolated)]. From the FICI calculation, the interaction
was evaluated following the classification described by Kumar et al. where: FICI < 0.5
for synergistic action; 0.5 < CIF < 1 for additive action; 1 < CIF <2 for indifferent; CIF

> 2 for antagonistic activity (Kumar et al. 2012).

Sorbitol and Ergosterol assay: Assays were carried out with sorbitol to evaluate the
possible action of the extracts on the fungal cell wall. The MIC of the extracts against
TRCBS was determined by the microdilution technique, as previously described, in a
medium once supplemented with sorbitol (MW = 182.17) at 0.8 0.8 mol. It. The
interaction with the ergosterol of the fungal cells was evaluated in the presence of
exogenous ergosterol, 400ug/mL, supplemented in RPMI medium. The MIC values of
the extracts were then compared in the absence and presence of sorbitol and exogenous
ergosterol. As a control, the same procedure was performed with the drugs caspofungin
(action on the fungal wall) and amphotericin B (mechanism of action involves interaction
with ergosterol in the fungal cell membrane). The tests were performed in triplicate, and

the geometric mean expressed the results (Pereira et al. 2020).

Results: The FICI for antifungals indicated a synergistic combinatorial effect between
the extracts, whose results are in table 1.

When tested individually, MIC values for TRCBS of fluconazole, itraconazole,
and terbinafine were 2, 0.25, and 0.05 pg/mL, respectively, while the MIC of the
individual extracts ranged between 500 — 8000 pg/mL. When combined, these MIC
values were reduced: fluconazole 0.25 — 1 pg/mL; itraconazole 0.03 — 0.05 pg/mL and
terbinafine 0.002 — 0.01. All the extracts confirmed this tendency. In general, the MICs
of the combinatorial effect ranged from 1.9 — 125 pg/mL (Table 1).

For the clinical strain TR7259, resistant to the tested drugs, only for terbinafine,
no synergistic effect was observed. The individual MICs for fluconazole, itraconazole
and terbinafine were 32, 0.5, 64 pg/mL. For the extracts obtained from this individual
strain, higher MIC values (2000 — 8000 pg/mL) were observed compared to TRCBS. The
association between azoles and extracts reduced MICs (fluconazole 1 — 8 pg/mL,
itraconazole 0.06 pg/mL; extracts 62.5 — 1000 pug/mL). With terbinafine, MIC values

remained the same, indicating an indifferent combinatorial effect (Table 2).
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The FICI calculation (Table 2) obtained the lowest value for the TRCBS strain
with terbinafine (0.06 — 0.1). In association with the extracts, itraconazole showed similar
FICI values for the two strains tested (0.12 — 0.16). For the combination of extracts with
fluconazole, FICI values against TRCBS were slightly higher (0.2 — 0.5) compared to the
TR7259 strain (0.17 — 0.24). The association of terbinafine and extracts against TR7259
revealed FICI values equal to 2, indicating an indifferent combinatorial effect.

The MIC values of the extracts in the presence of RPMI supplemented with
sorbitol did not change (Table 3), thus, without action on the cell wall of TRCBS.
Caspofungin MIC values rose from 0.2 pg/mL to 1.3 pg/mL, proving the feasibility of
supplementation. In the presence of RPMI supplemented with ergosterol, MIC values of
the extracts increased by up to 2x when compared to the RPMI without supplementation,
indicating an action on the fungal cell membrane. Amphotericin MIC values in this assay
rose from 0.2 pg/mL in the medium without ergosterol to 1.8 pg/mL in the supplemented
medium (Table 3).

Discussion: The concomitant isolation of Candida and Trichophyton spp. in
onychomycosis has been increasingly frequent in recent years. In this environment of
polymicrobial interactions, the production of essential metabolites for the survival of
microorganisms occurs according to individual biological characteristics. Which
culminates in a new chemical environment-2 Previous studies confirm this statement since
they proved the interference between dermatophytes and yeasts of the genus Candida
when co-cultivated in a solid medium. Additionally, anti-Trichophyton activity was
detected from liquid culture extracts of Candida albicans and Candida parapsilosis
(Lemes et al. 2021 a, b).

The change in the epidemiological profile of onychomycosis associated with
inadequate response to antifungal treatment leads to the chronic pattern of these
infections. It is explained by factors related to the pathogen, such as adaptability to the
host, the production of virulence factors, new resistance mechanisms, and even biofilm
formation. In parallel, factors related to the host are attributed to humoral or cellular
immunity, anatomical sites of infection with low penetration of drugs, and therapeutic
abandonment (Gupta et al. 2018 a, b). Recalcitrant dermatophytosis include mechanisms
of resistance to antimicrobials and other possible causes of therapeutic failures. In this
context, Gaurav et al. found highly resistant isolates to terbinafine and fluconazole
attributed to the irrational use of antifungal medications, an environment with high
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humidity and rich in fat favoring the persistence and survival of dermatophytes in the skin
and its annexes (Gaurav et al. 2020). In the present study, a clinical strain resistant to
fluconazole and terbinafine, and dose-dependent to itraconazole, was used, in addition to
a reference strain (TRCBS) with a drug-sensitive profile.

The checkerboard is a method that presents practical execution, standardization,
and low costs, being the most used in the association of antifungal drugs (Cokol-Cakmak
and Cokol 2019). The use of these combinations increases the efficacy and spectrum of
these drugs, decreases their toxicity, and prevents the selection of resistant
microorganisms (Bellio et al. 2021). Additionally, some in vitro studies have
demonstrated the benefit of interaction between different antifungal drugs against
dermatophytes, either with drugs already used for treating onychomycosis or natural
products such as plant extracts. In an evaluation of the combinatorial effect between
clioguinol/terbinafine, and clioquinol/ciclopirox, Costa et al. showed synergistic action
against 42% and 50% of the dermatophyte isolates tested, respectively. In the triple
association between the three drugs, this index rose to 75%, with FICI values between
0.5 - 0.6, indicating synergistic action (Costa et al. 2020).

The association of drugs with extracts from pure and mixed cultures, in general,
showed a synergistic activity, with emphasis on extracts from mixed cultures, in
association with terbinafine against TRCBS, with low FICI indices concerning the
established cutoff point (< 0.5).

Terbinafine is an allylamine drug that acts on ergosterol biosynthesis by inhibiting
the enzyme squalene epoxidase. Resistance to this drug has been attributed to point
mutations in the SQLE target gene, resulting in the substitution of a single amino acid at
one of four positions (Leu393, Phe397, Phe415, His440) of the SQLE protein (Khurana
et al. 2019; Buil et al. 2021). In an extensive review of the emergence of terbinafine-
resistant dermatophytes, Shen et al. reported high MIC values for T. rubrum, T.
interdigitale, and T. mentagrophytes, with a significant number of alterations in
individual target proteins in isolates from treatment-resistant cases (Shen et al. 2022). In
the current study, molecular assays on mutations in target proteins in the TR7259 strain
were not performed. However, an indifferent effect between terbinafine and extracts was
observed. Probable common targets of action may have influenced the observed response.
Despite not having a synergistic combinatorial with terbinafine for the resistant strain, the
FIClIs for fluconazole and itraconazole point out as alternatives for treatment in this case,
with satisfactorily synergistic values (0.12 — 0.2).
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The sorbitol assay allows the search for compounds that inhibit the synthesis of

fungal cell wall components such as glycans, mannans, chitin, or regulatory mechanisms.
It is based on the principle that compounds with such action have higher MIC values in
the presence of sorbitol when compared to MICs in the medium without supplementation.
This fact is justified by sorbitol osmotic protection in fungal protoplasts, allowing their
growth even under the action of the compound (Pippi et al. 2020; Leite et al. 2022). As
shown in table 3, the MIC values of the extracts in the presence of sorbitol did not change,
suggesting the non-action of these extracts on the fungal cell wall. In contrast to sorbitol,
the assay performed with ergosterol showed MIC values of the extracts against TRCBS,
increased by up to 2x in the supplemented medium. Therefore, an action of extracts on
the plasma membrane interfering with the maintenance and integrity of the fungal cell.
Although the composition of the extracts is unknown, it is hypothesized that there is an
action on the membrane, which facilitates the penetration of the antifungals, increasing
the intracellular quantity and consequent high toxicity for the fungal strains.
Studies of the antifungal activity of pure culture extracts of Candida parapsilosis or
cultures mixed with dermatophytes are unpublished. Additional investigations on extract
composition and specific mechanisms of action on fungal cells will be necessary.
However, the synergistic activity evidenced in this study brings new therapeutic
alternatives for treating onychomycosis.
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Table 1. Checkerboard assay, the combinatorial effect between extracts and standard antifungal drugs (fluconazole, itraconazole, and terbinafine) against T.
rubrum (CBS and clinical isolate).

TRCBS TR7259
MIC MIC Combinatorial MIC MIC Combinatorial
Extracts FLC MIC EXT (Mg/mL) FICI CE| Extracts FLC MIC EXT (pg/mL) FICI CE
(ugmr)  (Ro/mL) FLC EXT (ngmLy (/ML) FLC EXT
CP 2 500 - 2000 1-0.25 19-125 0.2 CP 32 2000 - 4000 4 250 0.21
CPTR 2 2000 - 8000 1 3.9 0.5 CPTR 32 8000 4-8 500 0.24
CPTM 2 2000 - 8000 05-1 39-125 04 S CPTM 32 8000 1-4 250 - 1000 012 S
TR 2 4000 - 8000 0.25-1 39-31.2 0.3 TR 32 4000 - 8000 4 125 - 250 0.18
™ 2 2000 - 8000 1 3.9 0.5 ™ 32 8000 4 125 - 250 0.17
MIC MIC Combinatorial MIC MIC Combinatorial
Extracts ITRA MIC EXT (ug/mL) FICI CE| Extracts ITRA MIC EXT (ng/mL) FICI CE
(ug/mr)  (Ho/mL) ITRA EXT (ugmr)  (Ho/mL) ITRA EXT
CP 0.25 500 - 2000 0.03-0.05 19-625 0.13 CP 0.5 2000 - 4000 0.06 62,5 - 250 0.13
CPTR 0.25 2000 - 8000 0.03-0.05 39-125 0.13 CPTR 0.5 8000 0.06 250 0.16
CPTM 0.25 2000 - 8000 0.03-0.05 39-312 012 S CPTM 0.5 8000 0.06 125 -1000 014 S
TR 0.25 4000 - 8000 0.03-0.05 39-31.2 0.13 TR 0.5 4000 - 8000 0.06 125-31.2 0.12
™ 0.25 2000 - 8000 0.03-0.05 39-312 0.12 ™ 0.5 8000 0.06 125 0.12
MIC MIC Combinatorial MIC MIC Combinatorial
Extracts TERB MIC EXT (pg/mL) FICI CE| Extracts TERB MIC EXT (pg/mL) FICI CE
(ugmL)  (Ho/mL) TERB EXT (ugmL)  (H/mL) TERB EXT
CP 0,02 500 - 2000 0.003 - 0.002 1.9 0.1 CP 64 2000 - 4000 64 4000 2
CPTR 0,03 2000 - 8000 0.01 -0.002 3.9 0.13 CPTR 64 8000 16 - 64 4000 - 8000 2
CPTM 0,03 2000 - 8000 0.01 -0.002 3.9 006 S CPTM 64 8000 64 4000 - 8000 2 |
TR 0,05 4000 - 8000 0.02-0.01 3.9 0.09 TR 64 4000 - 8000 32-64 2000 - 8000 2
™ 0,03 2000 - 8000 0.02 -0.001 3.9 0.06 ™ 64 8000 64 8000 2

MIC: Minimum inhibitory concentration; EXT: extract; FLC: fluconazole; ITRA, itraconazole; TERB: terbinafine; FICI: fractional inhibitory concentration
index; CE: combinatorial effect; S: synergistic; I: indifferent.



Table 2. Geometric means of FICIs, combinatorial effect synergistic.

CP
CPTR
CPTM

TR

™

FICI — Geometric means
TRCBS TR7259
FLC ITRA TERB | FLC ITRA TERB
0.2 0.13 0.1 0.21 0.13 2
0.5 0.13 0.13 0.24 0.16 2
0.4 0.12 0.06 0.12 0.14 2
0.3 0.13 0.09 0.18 0.12 2
0.5 0.12 0.06 0.17 0.12 2
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FICI: fractional inhibitory concentration index; FLC: fluconazole; ITRA, itraconazole;
TERB: terbinafine.

Table 3. Geometric means of MICs values of extracts and drugs in the sorbitol-ergosterol

assay

Ergosterol - TRCBS - MIC (pg/mL)

Media no supplemented

Media supplemented

Extracts
Amphotericin  Extract | Amphotericin  Extract
CP 0.2 1260 1.3 3174,8
CPTR 0.2 4000 0.6 5039,7
CPTM 0.3 6350 0.8 8000,0
TR 0.2 2520 1.0 6349,6
™ 0.3 4000 1.0 6349,6
Sorbitol - TRCBS — MIC/ECM (ug/mL)
Extracts Media no supplemented Media supplemented
Caspofungin  Extract | Caspofungin  Extract
CP 0.2 1260 1.3 1260
CPTR 0.2 4000 1.3 4000
CPTM 0.2 6350 1.3 6350
TR 0.2 2520 1.3 2520
™ 0.2 3175 1.3 3175
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Abstract:

Fungal infections caused by yeasts of Candida genus has increased significantly
in recent years. Additionally, resistance to therapy, associated with the scarce
arsenal of antifungal drugs, is an aggravating factor causing high morbidity and
mortality, especially in immunocompromised patients or those undergoing
treatment with another antimicrobials.

During the process of invasion and infection, Candida species produces
metabolites in competitive environments that can self-regulate population
density, in addition to controlling several virulence factors and exerting action
on other microorganisms. In view of this fact, the present study evaluated the
antifungal activity, in vitro, of the pure culture extract of Candida parapsilosis
against Candida albicans, Candida auris and Candida parapsilosis. Fungal culture
extracts of C. parapsilosis, were prepared in 500 mL of Sabouraud Dextrose Broth.
After, liquid-liquid extraction was carried out with ethyl acetate and drying in a
rotary evaporator. Subsequently, tests were performed to determine the
minimum inhibitory concentration and minimum fungicidal concentration. The
antifungal activity of the extracts against Candida species showed values of
minimum inhibitory concentration ranging 500 — 2000 pg/mL. The geometric
mean of higher values was observed for C. albicans (2000 pg/mL), followed by C.
parapsilosis (1260 pg/mL) and C. auris (1000 pg/mL). Minimum fungicide
concentration values were higher for C. albicans and C. parapsilosis (2000 pg/mL),
when compared to C. auris strains (1414 pg/mL). Future investigations for the
identification and composition of this fungal culture extract will provide insights
about metabolites are present and involved in the antifungal activity shown here,
contributing for the future to new therapeutic approaches in the control of

infections caused by Candida yeasts.

Key words: fungal infections; Candida spp.; antifungal activity.
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Introduction

Candida species are the most common causal agents of infections in hospitalized
patients with high rates of morbidity and mortality. The main etiologic agent of
these infections is the Candida albicans yeast, however, in recent years, there has
been an increasing incidence of infections caused by non-albicans species such as
Candida parapsilosis [1]. The yeast Candida auris has gained prominence, as a
pathogen of great concern for public health services, responsible for invasive
infections with a high mortality rate. In addition, its rapid dispersion in
healthcare environments, and its profile of resistance to multiple classes of
conventional antifungals [2,3], impact all health area. The multidrug resistance
associated with virulence and prolonged survival on surfaces makes this
microorganism gain considerable attention from the scientific community [4].
The treatment for infections fungal agents consists of the use of topical or
systemic antifungal agents or a combination of both, whose mechanism of action
involves the main structure as cell wall or membrane constituents [5]. In recent
years, the incidence of recurrent infections, with the emergence of strains
resistant to the drugs available for treatment, has increased and become a
challenge for the control of these infections [6,7]. Therefore, the search for new
compounds with antifungal action has gained considerable scientific interest
over the years, essential for new therapeutic practices in the control of these
infections. The present study evaluated the antifungal effect of the fungal culture
extract of Candida parapsilosis against Candida albicans, Candida auris and Candida

parapsilosis.
Methods

Microorganisms: Clinical isolates of C. parapsilosis (CP2 — CP6), C. albicans (CA2
— CA®6), C. auris (CAU2), from collection culture of Laboratory of Microbiology of
Sao José do Rio Preto Medical School (FAMERP) were used. The isolates were
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registered in the Brazilian National System of Genetic Resource
Management and Associated Traditional Knowledge (SisGen), under the
protocol number AF41CDD. As control, reference strains from the American
Type Culture Collections of C. parapsilosis 22019 (CPATCC), C. albicans 90028
(CAATCC) and from the Centraalbureau voor Schimmelcultures of C. auris 10913
(CAUCBS) were used.

Preparation of Extracts: To obtain the C. parapsilosis (CP) culture extract, colonies
were subcultured on Sabouraud agar (DIFCO®) incubated at 35°C for 24 hours.
After growing, new inoculation was performed into 500 mL of Sabouraud
Dextrose broth (DIFCO®), following Mac Farland scale turbidity adjustment 10,
and incubation at 35°C for 72 hours.

Subsequently, filtration was performed on a millipore 0.2 pm membrane and
liquid-liquid extraction, using ethyl acetate as counter-phase. The procedure was
repeated three times to allow the total extraction of fungal metabolites from the
culture media. The ethyl acetate phase was submitted to a rotary evaporator for
drying. The resulting bulk compound was solubilized in sterile distilled water

solution with 10% dimethyl sufoxide (Synth®).

Susceptibility profile Candida spp.: The susceptibility profile of Candida spp.
against drugs and extract was determined by microdilution technique. For
Candida species, fluconazole was used according to the protocol described by
document M27-Ed4 2017 of the Clinical Laboratory Standard Institute (CLSI) in
sterile 0.85% saline [8]. Subsequently, dilutions were performed at 1:100 — 1:20 in
RPMI - 1640 medium (Sigma-Aldrich® - Rosen Park Media Institute), obtaining
a concentration of 5 x 10% — 2.5 x 10° CFU/mL. The fungal inoculum, 0.1 mL, was
plated into 96-well polystyrene plates containing RPMI-1640 medium under
different concentrations of fluconazole (128 —0.25 pg/mL) and extract (2000 - 15.6

pg/mL). Sterile control (containing 0.2 mL of RPMI) and growth control
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(containing only inoculum and RPMI) were prepared. The plates were incubated
at 35°C for 24 hours. The minimum inhibitory concentration (MIC) of fluconazole
was determined as the lowest concentration capable to inhibiting 70% of fungal
growth (MIC70), and for the extract, the concentration capable to inhibiting 100%
(MIC100). To determine the minimum fungicide concentration (MFC), an aliquot
from each well was plated in Sabouraud Agar medium. The CFM was defined as
the lowest concentration of the extract to inhibit visible growth in solid medium.

All tests were performed in triplicate.

Results: MIC values for fluconazole of Candida species are described in table 1.
C. albicans and C. parapsilosis strains showed values of inhibition between 0.25 and
2 pug/mL. For C. auris strains, the higher MIC value was observed for the clinical

strain (> 128 pug/mL) when compared to the reference strain (8 pg/mL).

Table 1. Values of minimum inhibitory concentration (MIC) of fluconazole

against Candida spp.

C. albicans MIC (ug/mL) | C. parapsilosis MIC (ug/mL) | C. auris MIC (ug/mL)
CAATCC 1 CPATCC 0.5 C%ISJC 8

CA2 1 CP2 1 CAU2 >128

CA3 1 CP3 1

CA4 0.25 CP4 2

CA5 0.25 CP5 1

CA6 0.5 CP6 2

CA: C. albicans; CP: C. parapsilosis; CAU: C. auris.

The antifungal activity of the extracts against Candida species showed MIC
values between 500 — 2000 pug/mL (Table 2). C. parapsilosis strains showed greater
sensitivity to the extract when compared to C. albicans strains. Regarding to CFM,

for C. albicans and C. parapsilosis strains MIC value was 2000 pug/mL. The highest
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CFM value was observed for clinical C. auris (4000 pg/mL) and the lowest for

reference C. auris (500 pg/mL) (Figure 1).

Table 2. Values of minimum inhibitory concentration (MIC) and minimum

fungicidal concentration (MFC) of C. parapsilosis extracts against Candida spp.

MIC MEC MIC MEC MIC MEC
(ug/mL) (ug/mL) (ug/mL)  (ug/mL) (ug/mL) (ug/mL)
CAATCC 2000 2000 |CPATCC 1000 2000 CAUCBS 500 500
CA2 2000 2000 CP2 1000 2000 CAU2 2000 4000
CA3 2000 2000 CP3 1000 2000
CA4 2000 2000 CP4 1000 2000
CA5 2000 2000 CP5 2000 2000
CA6 2000 2000 CP6 2000 2000

CA: C. albicans; CP: C. parapsilosis; CAU: C. auris.

Considering geometric mean of MIC values, the higher inhibition values
were observed for C. albicans (2000 pg/mL), followed by C. parapsilosis (1260
ug/mL) and C. auris (1000 pg/mL). Regarding CFM, both C. albicans and C.
parapsilosis had a higher geometric mean (2000 ug/mL), when compared to C.
auris strains (1414 pg/mL) (Table 3).
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Figure 1. Photographic image of culture plates after microdilution of C.
parapsilosis extracts against Candida species: (A) MIC Candida albicans and Candida
parapsilosis; (B) MIC Candida auris and (A1) MFC Candida albicans and Candida
parapsilosis; (B1) MFC Candida auris.
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CA: Candida albicans; CP: C. parapsilosis; CAU: C. auris; GC; growth control; EXT: extract; SC: sterility
control.

Table 3. Geometric means values of minimum concentration inhibitory (MIC)
and minimum fungicidal concentration (MFC) of Candida parapsilosis culture

extracts against Candida spp

Geometic means
MIC (ug/mL) MFC (ug/mL)

CA 2000 2000
cr 1260 2000
CAU 1000 1414

CA: C. albicans; CP: C. parapsilosis; CAU: C. auris.
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Discussion and conclusion: The incidence of fungal infections increases
worldwide, especially in immunocompromised people or those undergoing
treatment with antimicrobials. Yeasts of the Candida genus are the most common
microorganisms involved in this process, with high rates of resistance to
antifungal therapy [9]. The C. albicans species is a commensal pathogen of the
oropharyngeal cavity, skin, and human gastrointestinal tract, but in homeostasis
disorders they evolve to clinical manifestations. which comprise superficial to
systemic infections [10]. In this context, a wide variety of virulence factors such
as polymorphism, protease lipases and biofilm formation are produced for
colonization and invasion of the host tissue [11]. Despite C. albicans being the
main etiologic agent in this category, the growing increases in species such as C.
parapsilosis with strains resistant to antifungal drugs has changed this
epidemiological profile [12]. The particular importance of the increased incidence
of C. parapsislosis is due to its ability to form biofilms on intravascular devices and
prosthetic materials, gastrointestinal colonization and transmission by colonized
hands of health professionals, making it difficult to control [13]. Epidemiological
data reported by Dizbay et al., showed a high incidence of candidemia by C.
parapsilosis in non-neutropenic critical patients from a tertiary hospital in Turkey.
At this reported data, C. parapsilosis corresponded to 77% of the cases against 23%
of C. albicans with a high mortality rate (65%) [14]. Corroborating with these data,
Mesini et al. presented a study about epidemiology changes of candidemia,
reporting the increases cases of fluconazole-resistant by C. parapsilosis strains
with mortality rates of 33% [15]. In contrast to the Mesini study, here the C.
albicans, C. parapsilosis strains showed fluconazole-sensitive susceptibility
profiles. The MIC of extracts slightly lower for C. parapsilosis (1260 pg/mL) when
compared to C. albicans (2000 pg/mL). In addition to the rise of C. parapsilosis, the
emergence of C. auris and its resistance profile to available antifungal agents is a

concern for global public health. Since 2009 infections caused by C. auris have
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been reported in more than 40 countries with strains isolated predominantly
resistant to one or more classes of antifungal drugs [16]. Studies by Maphanga
and colleagues revealed that up to 90% of strains isolated in South Africa were
resistant to fluconazole [17]. In the present study the reference strain of C. auris
presented a profile sensitive to fluconazole and, additionally to the extract (500
ug/mL) compared to the same clinical strain (2000 pug/mL). The differences in
MICs values can be explained by individual biological characteristics of these
strains, with previous exposure to environments that demand physiological
changes as a defense mechanism for tolerance and survival of these
microorganisms.
During the process of invasion and infection, Candida species generate
metabolites in competitive environments. Such metabolites can self-regulate
population density, and controlling several virulence factors [18]. Oliver et al.
showed in study the metabolic profiles of Candida spp. with 66 metabolites
identified and quantified, associated with glycolysis or gluconeogenesis,
tricarboxylic acid cycle, nucleic acid synthesis, amino acid and lipid metabolism
[19].
The antifungal action of C. parapsilosis extract against strains of C. parapsilosis
itself species when administered exogenously, are observed in other situations,
such as farnesol, a molecule produced by C. albicans that regulates population
density and several virulence factor [20]. However, in exogenous administration
against strains of C. albicans present a high antimicrobial and antibiofilm
potential [21, 22].

Although the composition of the C. parapsilosis extract obtained is
unknown, its antifungal potential against Candida spp is evident. Future
investigations to identify the composition of this extract will allow further

clarification of which metabolites involved in the antifungal activity shown here,
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contributing to new therapeutic approaches in infections control of yeasts, mostly

the genus Candida.
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ABSTRACT

Onychomycosis is a nail infection characterized by prolonged therapy and high
recurrence rates responsible for recurrence and recalcitrance. Dermatophytes are
primarily causative agents of these infections, followed by yeast and non-dermatophyte
filamentous fungi. The scarce antifungal arsenal used for treatment and the change in the
susceptibility profile of the agents has contributed to the complex control of
onychomycosis. The present study aimed to evaluate the antifungal activity of extracts
obtained from pure and mixed cultures of dermatophytes and Candida parapsilosis
against Trichophyton rubrum and T. mentagrophytes. In vivo toxicity tests with Galleria
mellonella and death kinetics with a time-kill assay were performed. Antagonism was
determined through microdilution assays with minimum inhibitory concentration (MIC)
values between 250 and 8000 pg/mL against dermatophytes. In the kinetics of microbial
death, the activities of the extracts resulted in the inhibition of dermatophytes in 48 hours
compared to the controls. The toxicity tests of the extracts with Galleria mellonella were
negative. The culture extracts of Candida e dermatophytes present remarkable non-toxic
bioactive metabolites capable of inhibiting pathogenic fungi, opening new therapeutic

perspectives.

KEYWORDS: Onychomycosis: Antagonism: Dermatophytes: Candida spp.: Antifungal

activity.
INTRODUCTION

Onychomycosis is a nail infection of worldwide incidence clinically characterized by detachment,
discoloration, hyperkeratosis, and onycholysis of the nail bed (Leung et al., 2019). Dermatophytes
account for 70% of cases of onychomycosis and are highly specialized fungi in their ability to
degrade keratinized tissues such as skin, hair, and nails. Among the prevalent groups,
Trichophyton rubrum is the most isolated, followed by the T. mentagrophytes complex and,
Epidermophyton floccosum (Gupta et al., 2020a). Recently, several studies have shown the
increasing incidence of yeasts of the genus Candida, including the species C. albicans and C.
parapsilosis, as well as other filamentous non-dermatophytes such as Scopulariopsis brevicaulis,
Acremonium spp., Aspergillus spp., Fusarium spp., Neoscytalidium (Andres and Alexandro 2020;
Rather et al. 2021; Gupta et al. 2020b), of single or mixed occurrence (Tamer and Yuksel, 2019).
In infections of mixed etiology, interactions between species promote the production of several
metabolites and virulence factors, such as hydrolytic enzymes, with a self-regulatory function on

morphogenesis, growth, and biofilm formation. These mechanisms ensure the survival of these
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microorganisms in this environment, evading the action of antifungal drugs and the host's immune
response (Gaurav et al. 2021; Gupta and Stec 2019).

Mixed infections in onychomycosis contribute to therapeutic failures leading to recurrence and
recalcitrance (Brescini et al. 2021). Added to this, the scarce antifungal arsenal for the treatment
of fungal diseases and the biological changes in drug susceptibility have constituted a challenge
for controlling onychomycosis (Gupta and Stec 2019).

Considering the increase of onychomycoses caused by different species of fungi, knowledge of
the competitive interactions between microorganisms constitutes a new challenge for new
scenarios of therapeutic approaches for the treatment of onychomycosis (Lemes et al., 20213;
Tian et al. 2021). The present study aimed to evaluate the antifungal activity of extracts from pure
and mixed cultures of Candida parapsilosis, Trichophyton mentagrophytes, and Trichophyton

rubrum against strains of Trichophyton spp.
MATERIALS AND METHODS

Microorganisms: Strains of Candida parapsilosis, Trichophyton mentagrophytes, and
Trichophyton rubrum of the collection of the Microbiology Laboratory of the School of
Medicine (FAMERP), Séo José do Rio Preto, Brazil - FAMERP, Sao Paulo, Brazil, and
the American Type Culture Collection (T. mentagrophytes 11481 TMATCC) and the
Centraalbureau voor Schimmelcultures (T. rubrum 118892 TRCBS) were used. All
isolates were registered in the National System for the Management of Genetic Heritage
and Associated Traditional Knowledge (SisGen) under protocol number AF41CDD.

Extracts: The culture extract of C. parapsilosis was prepared with colonies growth on
Sabouraud Agar (ASD) and incubated at 35°C for 24 hours. A 5 mL inoculum suspension
in sterile saline (0.85%), with turbidity corresponding to MacFarland scale 10, was
inoculated into 500 mL of Sabouraud Dextrose Broth (CSD) and incubated at 35° C for
72 hours. To obtain pure culture extract of T. mentagrophytes (TM) and T. rubrum (TR),
colonies of dermatophytes with seven days of growth at 35° C on Potato Dextrose Agar
were covered with sterile saline. Subsequently, the mixture of conidia and hyphae was
transferred to 500 mL of CSD and incubated at 35° C for 120 hours. To prepare extracts
from mixed cultures (CPTM/CPTR) 5mL of inoculum suspension of C. parapsilosis and
Trichophyton spp. were transferred to 500 mL of CSD and incubated at 35°C for 120
hours.

Susceptibility profile of dermatophyte strains against extracts and antifungal drugs:

The susceptibility profile of T. rubrum strains to extracts and drugs was determined by
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microdilution technique according to the protocol described in document M38-3rd of the
Clinical Laboratory Standard Institute (CLSI), with modifications (CLSI 2017). The
dermatophytes were cultivated on Potato Dextrose Agar at 35° C for seven days. After
this period, the colony's surface covered with 5 mL of sterile saline (0.85%) was scraped
with a sterile loop. The inoculum was adjusted in a spectrophotometer reading at 530 nm,
followed by dilution at a 1:50 ratio in RPMI — 1640 medium (Sigma-Aldrich® - Rosen
Park Media Institute) with a final concentration of 0.4 to 5 x 10 cells/mL. Subsequently,
0.1 mL of the inoculum suspension was inoculated into 96-well polystyrene plates
containing RPMI-1640 medium at different extract concentrations (4000 — 1.9 pg/mL)
and tested drugs: itraconazole 4 — 0, 06 pg/mL, fluconazole and terbinafine 64 — 0.001
pg/mL. Sterility control wells (containing 0.2 mL of RPMI) and growth controls
(containing inoculum and RPMI only) were prepared. Plates were incubated at 35°C for
120 hours. The MIC of the drugs for fluconazole and itraconazole was determined as the
lowest concentration capable of inhibiting 80% of fungal growth (MIC80); for the
extracts and terbinafine, the concentration capable of inhibiting 100% (MIC100) was
considered. For the minimum fungicidal concentration (MFC), an aliquot of each well of
the plates prepared with extracts and inoculum was transferred to Petri plates containing
Sabouraud Dextrose Agar. The CFM was defined as the lowest concentration of the

extract to inhibit visible growth on a solid medium. All tests were performed in triplicate.

Time Kill assay: The time-Kkill assay was conducted according to the method described
by Klepser et al. (1998) with Trichophyton spp. For this assay, 2XMIC values obtained
by broth microdilution were used. The dermatophyte inoculum was prepared as described
previously. Suspensions of 0.1 mL of conidia were added to 4.9 mL of Sabouraud
Dextrose Broth (CSD), obtaining a final concentration corresponding to 0.4 to 5 x 10*
colony forming units (CFU/mL). After preparing the inoculum, a 1:1 dilution was
performed (0.2 mL of the extract with 0.2 mL of the inoculum). Tubes containing only
inoculum were included for evaluation of growth control. At predetermined times (8, 24,
48h), an aliquot of 30 pl was taken from each sample and transferred to Agar Sabouraud
Dextrose (DFCO®) plates with a Drigalski loop and incubated at 35° C for 120h.
Subsequently, the number of colony-forming units (CFU) was counted. The percentage
of inhibition was calculated by comparison with the growth control using the colony

counting method (Klepser et al. 1998).
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Toxicity test with Galleria mellonella: The toxicity test of the extracts was performed
on larvae of the experimental model of toxicity G. mellonella according to the protocol
described by Ignasiak and Maxwell (2017). Five larvae of G. mellonella (275 £ 25 mg)
in the sixth instar of development were separated in Petri dishes (90x15 mm) for each
condition. The artificial inoculation was performed by injecting 5 puL of extracts using a
Hamilton micro syringe for gas chromatography model 7000.5 KH, 10 uL at 2000 pg/mL
concentrations. The experiment controls were untouched larvae (naive), larvae inoculated
with 10% ethanol (positive toxicity control), and 10% DMSO (negative toxicity control).
Inoculated larvae were deprived of feed and direct light, incubated at 37 °C, and scored
for viability at 24-h intervals for 5 days. Differences in resulting survival plots were
evaluated using the Origin software using the Mantel-Cox test (Log-rank method)
(Ignasiak and Maxwell, 2017).

RESULTS

Antimicrobial susceptibility profile of dermatophyte strains to antifungal drugs and
extracts: The results for the susceptibility profile of dermatophyte strains against
antifungal drugs are shown in Table 1. MIC values for fluconazole ranged from 2 — 32
pg/mL. The highest values were found for the T. mentagrophytes strains - TM5094,
TM6084, and TM6007 (32 pg/mL) - and the lowest for the T. rubrum strains - TRCBS,
TR7604, TR7984 (2 ug/mL). Itraconazole values ranged from 0.5 to 2 ug/mL, higher for
the TM5094 strain (2 ug/mL) and lower for TRCBS (0.25 pg/mL). For terbinafine, the
highest MIC value found was for the clinical strain TR7259 (64 pg/mL); the other strains
had a value of 0.03 pg/mL.

The MIC values found for the extracts ranged from 250 — 8000 pg/mL. A range of lower
values was observed in the extracts CP against T. rubrum and CPTM against T.
mentagrophytes and T. rubrum strains (250 and 500 pg/mL). In contrast, a higher MIC
range was observed for CPTR and TR extracts (1000 — 8000 pg/mL). CFM values
followed this trend, with smaller intervals for CPTM (250 and 1000 pg/mL) and CP (500
and 1000 pg/mL). CPTR and TR extracts showed a frequency of higher CFM values
(2000 — 8000 pg/mL) (Table 2).

In the geometric mean values, MICs, and CFMs, the CP extract showed the best action

against T. rubrum and T. mentagrophytes, 885 and 1284 pg/mL, respectively. TM and
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CPTM extracts show the second best action with a geometric mean of 1557 and 1577
pug/mL for MICs. The lowest performance of antifungal activity was observed in CPTR
and TR with values of 3035 and 2883 ug/mL for MICs and 4157 pg/mL for CFMs (Table
3).

Time-kill assay: The time-Kkill assay was carried out for 48 hours, exposing the strains
TRCBS, TR6185, TMATCC, and TM5094 to the extracts. Graphs were drawn between
the logarithmic number of CFU/mL and time (Graphs 1 - 4).

The maximum reduction in CFU/mL for dermatophyte was observed at 48h, with an
inhibition rate of 100%, compared to the growth control. CP, TR, and CPTR extracts
showed the fastest time of reduction for all dermatophyte strains (8 hours), followed by
CPTM (24 hours) (Table 10).

Toxicity test with Galleria Mellonella: Toxicity tests on G. mellonella show that CP,
TR1, and CPTM extracts tested at concentrations of 2000 pg/mL were not toxic, allowing
the survival of 100% of the injected larvae. The survival rate for TM and CPTR extracts
was 80% (Graph 5).

DISCUSSION

The change in the epidemiological profile of onychomycosis, associated with a low
response to antifungal treatment, points to the chronic prevalence of these infections
(Gupta et al. 2020b). Factors related to the pathogen, adaptability to the host, production
of virulence factors, variation in susceptibility to drugs, different resistance systems, or
to the host, with differences in immune response and low adherence to prolonged
treatment, can explain that. Additionally, pharmacodynamic and pharmacokinetic
characteristics related to drugs are considered, with changes in action and absorption
(Leung et al. 2019). In a study carried out by Garauv and collaborators (2021) on
recalcitrant dermatophytoses, the chronicity was attributed to the irrational use of
antifungals and the practice of sports in hot and humid weather, favoring the persistence
and survival of dermatophytes in the skin and its annexes. In that study, 80% of the

isolates showed resistance to terbinafine and 66% to fluconazole (Gaurav et al. 2021).
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Case reports of onychomycosis caused by Candida, FFNDs, and Trichophyton spp. have
been frequent in recent years, as evidenced by laboratory clinic. Analysis by direct
microscopy often identifies positivity for fungus with two or more different structures
(hyphae and yeast). However, with non-corresponding culture, fungal growth is observed
for a single species (Gémez-Séenz and Arenas 2020; Youssef et al. 2018).

Identification of the causal agent is essential for therapeutic success since antifungal drugs
predominantly used for therapy against dermatophytes have suboptimal action for other
etiological groups (Lipner et al. 2021). Terbinafine, for example, is mainly inactive
against Candida yeasts and has a limited activity for use as monotherapy in
onychomycosis caused by FFNDs. Fluconazole is active against many species of Candida
spp. (except C. glabrata, C. krusei and C. parapsilosis). However ineffective against
FFNDs. Itraconazole shows modest action against Scopulariopsis spp. and Fusarium
spp., critical etiological agents of this group (Sonthalia and Goldust 2019).

In a global survey carried out by Gupta and collaborators of cases of mixed infections,
the high prevalence of FFNDs and dermatophytes was highlighted with rates of 39%. In
Brazil, Canada, and Israel, the rates of mixed infections were 61%, 34%, and 22%,
respectively, with isolation of Aspergillus spp., Scopulariopsis spp., and Fusarium spp.
The presence of an FFND can significantly contribute to therapeutic failure or longer
healing time (2 — 4 years) (Gupta et al. 2020a).

The biological interference between the dermatophytes T. mentagrophytes and T. rubrum
with yeasts of the genus Candida when cultivated in a solid medium was demonstrated
by Lemes et al. The anti-Trichophyton activity from extracts produced from pure cultures
of Candida spp. corroborates the microbial interference growth (Lemes et al. 2021a;
Lemes et al. 2021b). The current study showed mixed culture extracts also have antifungal
action against dermatophytes, evidencing the presence of antifungal compounds in these
cultures. The individual biological characteristics of each strain justify the differences in
MIC value since the strains originate from different sources of infection. The unstable
environment causes the adaption and response with biological changes as a defense or
tolerance mechanism.

The change in susceptibility profile from sensitive to resistant is also an essential factor
for biological events. Epidemiological data reported by Mesini and collaborators show
the increased incidence of infections by fluconazole-resistant strains of C. parapsilosis

(Mesini et al. 2020). Studies by Silva and collaborators corroborate this statement, and
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60 and 65% of the isolates were resistant to itraconazole and fluconazole, respectively
(Silva et al. 2020). In an extensive review of the emergence of terbinafine-resistant
dermatophytes, Shen and colleagues reported elevated MICs for T. rubrum, T.
interdigitale, and T. mentagrophytes, including evidence of changes in target proteins for
treatment-resistant ones (Shen et al. 2022). In the present study, 83% of the T.
mentagrophytes strains showed resistance to fluconazole and itraconazole. For T. rubrum,
83% and 14% of the strains showed a dose-dependent profile for itraconazole and
fluconazole, respectively. Resistance to terbinafine was evidenced only for TR7259.

In the anatomical niche of nails, mixed interactions of microorganisms promote the
production of essential metabolites for their survival, with a variety of virulence factors
such as proteases, lipases, and biofilm formation, in addition to resistance to host immune
responses or drug action. In this context, Mohammadi et al., analyzing the virulence
profile of Candida species isolated from nails, observed significant correlations between
the minimum inhibitory concentration (MIC) of fluconazole/itraconazole and biofilm
production (Mohammadi et al. 2020). The study coordinated by Oliver and collaborators
on chemical profiles of metabolites showed a variety of molecules produced by species
of Candida spp., isolated from different sources of infection. In this study, 66 different
metabolites were identified. These metabolic pathways are mainly related to energy
production and virulence mechanisms (Oliver et al. 2020). Although the compounds in
the extracts have not been identified, the antifungal action described here opens
possibilities for new therapeutic approaches to control onychomycosis.

The kinetics of death assay provides information on the microbicidal action dynamics of
the tested compounds, an essential tool for an antimicrobial analysis of potential
antifungal compounds (Bax et al. 2017). The ability of extracts to inhibit fungal growth
shows the fungicidal characteristic against T. mentagrophytes and T. rubrum strains, with
maximum inhibition within 48 hours. The toxicity tests on G. mellonella show the
extracts' non-toxicity at concentrations of 2000 - 8000 pg/mL, with the survival of 80 -
100% of the larvae injected with the compounds. The use of Galleria mellonella for
toxicity tests has gained attention from the scientific community in recent years.
Compared to traditional mammalian models, it has certain advantages, such as being easy
to obtain for large-scale experiments, simple and easy to handle, without the need for
special equipment, and exemption from approval by research ethics committees

(Jungueira et al. 2021). The similarity with the innate immune response of mammals
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having cellular and humoral defenses should also be highlighted. Additionally, it is
possible to establish the dosage of potential drug candidates in mammals.

The extracts of pure and mixed culture of Candida parapsilosis and dermatophytes
present antifungal activity against T. mentagrophytes and T. rubrum, which may influence
the laboratory diagnosis of mixed infections. These results can explain cases of mixed
fungal infections where only one of the etiologic agents grows in culture. Furthermore,
isolating and identifying the extracts compounds may allow new therapeutic approaches
to control fungal infections.
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Table 1. Minimum Inhibitory Concentration (MIC) values of the drugs fluconazole, itraconazole

and terbinafine against dermatophyte strains.

MIC (ug/mL)
Fluconazole | Itraconazole | Terbinafine
TMATCC 4 0.5 0.03
TM5094 32 2 0.03
TM5419 16 1 0.03
TM6007 32 1 0.03
TM6085 32 1 0.03
TM7389 16 1 0.03
TRCBS 2 0.25 0.03
TR6185 4 0.5 0.03
TR6195 4 0.5 0.03
TR6284 4 0.5 0.03
TR7259 32 0.5 64
TR7604 2 0.5 0.03
TR7984 2 0.5 0.03
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Table 2. Minimum Inhibitory Concentration (MIC) range and Minimum Fungicide

Concentration (MFC) values of extracts against dermatophyte strains.

MIC (pg/mL)
TMATCC TM5094 TM5419 TM6007 TM6085 TM7389
CP 1000 - 2000 | 1000 - 2000 | 1000 - 2000 | 1000 -2000 | 1000 - 2000 | 1000 - 2000
CPTM 250 - 8000 250 - 8000 500 - 8000 250 - 8000 250 - 8000 250 - 8000
CPTR | 2000 - 8000 | 4000 -8000 | 4000 -8000 | 4000 -8000 | 4000 -8000 | 4000 - 8000
™ 1000 - 8000 | 2000 - 8000 | 1000 -8000 | 1000 -8000 | 1000 - 8000 | 1000 - 8000
TR 2000 - 8000 | 2000 - 8000 | 4000 - 8000 | 4000 -8000 | 4000 -8000 | 4000 - 8000
MIC (pg/mL)
TRCBS TR6185 TR6195 TR6284 TR7604 TR7984
CP 500 - 2000 500 - 2000 500 - 2000 250 - 500 500 - 2000 250 - 2000
CPTM 250 - 8000 250 - 8000 250 - 8000 250 - 1000 500 - 8000 250 - 8000
CPTR | 2000 -4000 | 2000 - 8000 | 2000 -4000 | 1000 -2000 | 2000 - 4000 | 2000 - 4000
™ 1000 - 4000 | 1000 - 8000 | 2000 -8000 | 250-2000 | 1000 -8000 | 250 -4000
TR 1000 - 4000 | 1000 - 8000 | 2000 - 8000 1000 2000 - 8000 | 1000 - 8000
MFC (ug/mL)
TMATCC TM5094 TM5419 TM6007 TM6085 TM7389
CP 1000 - 2000 | 1000 - 2000 | 1000 -2000 | 1000 -2000 | 1000 -2000 | 1000 - 2000
CPTM 500 - 8000 500 - 8000 500 - 8000 500 - 8000 | 1000 -8000 | 500 -8000
CPTR | 4000 -8000 | 4000 -8000 | 4000 -8000 | 4000 -8000 | 4000 -8000 | 4000 - 8000
™ 1000 - 8000 | 2000 - 8000 | 2000 - 8000 | 1000 -8000 | 1000 -8000 | 1000 - 8000
TR 2000 - 8000 | 4000 -8000 | 4000-8000 | 4000 -8000 | 4000 -8000 | 4000 -8000
MFC (ug/mL)
TRCBS TR6185 TR6195 TR6284 TR7604 TR7984
CP 1000 - 2000 | 1000 -2000 | 1000 -2000 | 1000 -2000 | 500 -1000 500 - 2000
CPTM 250 - 8000 250 - 8000 500 - 8000 500 - 4000 500 - 8000 500 - 8000
CPTR | 2000 -4000 | 2000 -8000 | 2000 - 8000 2000 4000 2000 - 4000
™ 1000 - 4000 | 1000 -8000 | 2000 -8000 | 1000 -4000 | 2000 -4000 | 1000 - 4000
TR 1000 - 8000 | 2000 -8000 | 2000 -8000 | 1000 -4000 | 4000 -8000 | 2000 - 4000
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Table 3. The geometric mean of the MIC and CFM values of the extracts against the

dermatophyte strains.

Geometric mean (pug/mL)

TR ™ TR/TM
CIM CEM CIM CEM CIM CEM
CP 689 1212 1137 1361 885 1284
CPTM 1414 1714 1759 2619 1577 2119
CPTR 2245 3429 4104 5040 3035 4157
™ 1343 2245 1805 3299 1557 2722
TR 2133 3429 3899 5040 2883 4157
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Graph 1. Graphical representation of the kinetics TRCBS death in contact with the

extracts.
TRCBS
4.0 '| —s— CONTROL
. = CP
35 7 ﬂ\@ —s— CPTR
—— CPTM
i —— TR
30 T ™
2 .
%0 2.5 '
3
= 20 N
£ <
E 1.5 N
o N
1.0 ™o
~
0.5 N
0.0 : : ?
32 40 48

Time (hours)

Graph 2. Graphical representation of the kinetics TR6185 death in contact with the

extracts.
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Graph 3. Graphical representation of the kinetics TMATCC death in contact with the

extracts.
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Graph 4. Graphical representation of the kinetics TM5094 death in contact with the

extracts.
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Table 10. The colony forming unit (CFU/mL) of dermatophyte strains exposed to extracts

at different times.

TRCBS TR6185
8 hours 24 hours 48 horas 8 hours 24 hours 48 hours
CONTROL | 5083 3812 1955 CONTROL | 3957 4258 3450
CP 0 0 0 CP4 0 0 0
CPTR 0 0 0 CP4TR1 0 0 0
CPTM 183 0 0 CP4TM3 1117 0 0
TR 0 0 0 TR1 0 0 0
™ 67 100 1 TM3 817 54 1
TMATCC TM5094
8 hours 24 hours 48 hours 8 hours 24 hours 48 hours
CONTROL | 5173 5465 5217 CONTROL | 5971 2745 4753
CP 0 0 0 CP4 0 0 0
CPTR 0 0 0 CP4TR1 0 0 0
CPTM 283 0 0 CP4TM3 667 0 0
TR 0 0 0 TR1 0 0 0
™ 1000 33 0 TM3 1533 633 0
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Graph 5. Representation of survival (%) of Galleria mellonella larvae exposed to

extracts with monitoring at 24-hour intervals for five days.
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10. ARTIGO IV

Acdo inibitoria de metabdlitos extraidos de cultura de Candida parapsilosis contra
Microsporum canis
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INTRODUGCAO: O dermatéfito zoofilico Microsporum canis é agente causador de
infeccdes do couro cabeludo (tinea capitis), pele (tinea corporis) e unhas (onicomicoses).
Sua distribuicdo em todo mundo é variada e estd diretamente relacionada a fatores
ambientais e epidemioldgicos. Leveduras do género Candida sdo conhecidas por
pertenceram a microbiota humana no trato urinario, respiratério ou gastrointestinal,
porém no desequilibrio parasito-hospedeiro, podem causar infec¢Bes fangicas graves.
Nesse contexto, C. parapsilosis surge como patdgeno emergente em infeccdes
superficiais e em alguns casos pode aparecer concomitantemente associadas a infec¢oes
por dermatofitos. Nesse ambiente de interacdo entre as espécies, metabolitos sdo gerados
com impactos sobre crescimento, esporulacéo e até formacao de biofilmes nas populacdes
microbianas. Nos Ultimos anos, infeccbes por M. canis recalcitrantes e linhagens
resistentes aos antifungicos convencionais tém se tornado frequentes. Adicionalmente, o
escasso arsenal antifungico para o tratamento, além dos efeitos colaterais como danos
hepatotdxicos ou nefrotoxicos causados pelo uso prolongado desses farmacos, tornam
essas infecces de dificil controle. Diante disso, € importante o rastreamento desses
metabdlitos para que futuramente tornem se possiveis alternativas para novas abordagens

no controle de infec¢des flngicas.

OBJETIVO: O presente estudo avaliou, in vitro, o potencial antifungico do extrato de
cultura pura de Candida parapsilosis sobre linhagens de Microsporum canis.

METODOLOGIA: Para o estudo foram utilizadas linhagens de, pertencentes ao
Laboratorio de Microbiologia da Faculdade de Medicina de S&o Jose do Rio Preto —
FAMERP, Brasil. As linhagens de C. parapsilosis foram repicadas em Agar Sabouraud
e incubadas 30° C por 24 horas. Apos esse periodo, indculos na escala 10 de MacFarland
foram preparados em 500 mL de caldo Sabouraud e incubados em estufa 30° C por 72
horas. Os meios de cultura contendo os indculos foram filtrados em membrana millipore
0,2 um ¢ submetidas a extragdo liquido-liquido, utilizando-se acetato de etila como
contra-fase. O procedimento foi repetido trés vezes, permitindo a extracdo total dos
metabolitos fungicos dos meios de cultura. A fase acetato de etila foi submetida a
evaporador rotativo para secagem. O composto resultante em massa foi solubilizado em
solucdo de agua destilada estéril com dimetil sufoxido (DMSO) a 10%. Testes para

obten¢do da Concentracao Inibitoria Minima (CIM) foram realizados com linhagens de
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M. canis seguindo se as recomendacGes do documento Clinical and Laboratory
Standards Institute (CLSI) M38- A2.

RESULTADOS: Valores de CIM obtidos contra as linhagens clinicas de M. canis
variaram de 250 — 500 ug/mL.

CONCLUSAO: O extrato de C. parapsilosis apresenta atividade antifungica sobre M.
canis. Futuramente o isolamento e identificacdo dos compostos do extrato possibilitardo

novas abordagens terapéuticas no controle de infeccBes causadas por esse patdgeno.
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CAPITULO 3
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11. CONCLUSAO

Os extratos obtidos das culturas puras e mistas de Candida parapsilosis,
Trichophyton mentagrophytes e T. rubrum apresentam atividade antifingica
contra linhagens de Candida spp e Trichophyton spp.

Correlacionando a acao do extrato de Caldo Sabouraud puro (CS), com
os demais é possivel inferir que, o extrato de Candida parapsilosis isolado
(CP4) é o que apresenta melhor atividade antimicrobiana. Os extratos de
culturas de C. parapsilosis com T. mentagrophytes (CP4TM3) e T.
mentagrophytes puro (TM3) evidencia também atividade antifingica superior
a de CS. Entretanto, no extrato de culturas mistas de C. parapsilosis com T.
rubrum (CP4TR1) nota se o decréscimo dessa atividade, com valores de
CIMs elevados. O mesmo ocorre para o extrato de culturas puras de T.
rubrum (TR1). Nesse sentido, fica evidente a caracteristica dominante de T.
rubrum na interferéncia de acao inibitoria. Tal efeito pode ser explicado por
caracteristicas individuais biol6gicas dessa linhagem quando em associacao
com outros microrganismos, o qual pode inibir a producdo de compostos
presentes nas culturas isoladas.

Considerando padrdo microbioldgico de infecgBes mistas, a interferéncia
guimica de uma espécie sobre outra, aqui documentada, podera
comprometer diagndstico laboratorial, com resultados falsos negativos.

O efeito sinérgico entre produtos bioldgicos e moléculas terapéuticas
utilizadas para o controle de infeccbes fangicas, abre novo potencial
terapéutico, especialmente contra microrganismos resistentes. Acrescenta-
se ainda que na vigéncia de intolerancia ao tratamento antifangico sistemico,
a utilizacao de terapéutica tépica em associagao extratos e antifungicos que
atuam sobre membrana citoplasmatica poderdo promover a cura de
infecgbes superficiais.

Considerando auséncia de toxicidade e a cinética de morte, dentro de
48h, valoriza-se uma alternativa terapéutica futura, especialmente para casos

de onicomicoses recalcitrantes.



