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RESUMO

A esporotricose € uma zoonose hiperendémica negligenciada no Brasil e o
Sporothrix brasiliensis é o principal agente causador dessa micose em gatos e
humanos. A recente expansao continental e a conhecida distribuicdo geogréafica da
esporotricose no Brasil, associada as dificuldades no tratamento eficaz dos felinos
domésticos mostra a necessidade premente da busca de alternativas terapéuticas.
Diante disso, este trabalho teve como objetivo prospectar uma gama de derivados
sintéticos e extratos naturais quanto aos potenciais antifingicos in vitro e in silico e
in vivo contra isolados clinicos de S. brasiliensis. Estes foram isolados de gatos
residentes da regiao hiperendémica, Rio de Janeiro, Brazil. Seis isolados originaram-
se de lesbes esporotrictticas de felinos domésticos com idade média de 3,5 anos,
83,3% (5/6) com acesso a rua, principalmente machos (4/6 felinos), metade deles
castrados. O tratamento se deu pelo itraconazol, variando de 2 a 60 meses na
dosagem de 100 mg/gato/dia. Setenta e oito derivados sintéticos inéditos de oito
classes quimicas distintas (pirazol, pirazolona, quinolona, quinona, naftoquinona,
hidrazona, N-ftalimida e fenantrolina) foram triados por disco difusdo (M2-A8 CLSI,
2003). Apos, as concentragdes inibitorias minimas (CIM) de trés derivados da
hidrazona, onze derivados da quinona, trés quelatos da fenantrolina e sete extratos
brutos advindos de quatro diferentes espécies de plantas (Ocotea pulchella, Ocotea
notata, Myrciaria floribunda e Hypericum brasiliense) foram determinadas por
microdiluicdo em caldo (M38-A2, 2008 e M27-A3, 2008). Todos os derivados
sintéticos e extratos naturais também foram avaliados quanto a concentracao
fungicida minima (CFM). Testes in silico foram usados para predicdo do perfil
farmacologico e de toxicidade dos derivados sintéticos. Testes in vivo a partir do
modelo animal invertebrado Galleria mellonella foram realizados a fim de avaliar a
eficacia do fendio e seus derivados de cobre (ll) e prata (I) do sal perclorato,
escolhidos devido a melhor performance in vitro. Aproximadamente vinte e dois por
cento de todos os derivados sintéticos (17/78; hidrazonas, quinonas e fenantrolinas),
foram ativos contra as leveduras da maioria dos isolados, enquanto um deles
(fenantrolinas) foi também ativo contra a forma saprofitica do S. brasiliensis. Os
MICs e MFCs obtidos contra as hidrazonas variaram entre 1-16 pg/mL, enquanto
para as quinonas, entre 32 -> 128 ug/mL. J4 para os quelatos da fenantrolina, tais
valores variaram entre 0,03 - 0,002 puM. Os resultados frente aos extratos naturais
variaram entre 1 -> 128 pg/mL. Nao foi predita toxicidade elevada pela analise
computacional ADMET e um bom perfil farmacolégico preditivo, com parametros
semelhantes ao itraconazol, foi obtido para todas as hidrazonas e quelatos. As
larvas de Galleria mellonella, uma vez tratadas com os quelatos da fenantrolina,
tiveram importante aumento no percentual de sobrevivéncia. Nossos dados sugerem
gue trés derivados de hidrazona, os trés quelatos da fenantrolina e também os
extratos brutos, principalmente da Ocotea notata e da Myrciaria floribunda, séo
promissores candidatos a farmacos antifungicos.

PALAVRA-CHAVE: Esporotricose, Felis catus, Quinonas, Hidrazonas, Fenantrolinas
Extratos Brutos.



ABSTRACT

Sporotrichosis is a neglected hyperendemic zoonosis in Brazil and Sporothrix
brasiliensis is the main causative agent of this mycosis in cats and humans. The
recent continental expansion and the known geographic distribution of sporotrichosis
in Brazil, associated with the difficulties in the effective treatment of domestic cats,
show the urgent need to search for therapeutic alternatives. Therefore, this work
aimed to prospect a range of synthetic derivatives and natural extracts for in vitro and
in silico and in vivo antifungal potentials against clinical isolates of S. brasiliensis.
These were isolated from cats residing in the hyperendemic region, Rio de Janeiro,
Brazil. Six isolates originated from sporotrichotic lesions of domestic cats with an
average age of 3.5 years, 83.3% (5/6) with access to the street, mainly males (4/6
cats), half of them castrated. Treatment of election with itraconazole, ranging from 2
to 60 months at a dosage of 100 mg/cat/day was prescribed. Seventy-eight novel
synthetic derivatives from eight distinct chemical classes (pyrazole, pyrazolone,
qguinolone, quinone, naphthoquinone, hydrazone, N-phthalimide and phenanthroline)
were screened by disk diffusion (M2-A8 CLSI, 2003). Afterwards, the minimum
inhibitory concentrations (MIC) of three hydrazone derivatives, eleven quinone
derivatives, three phenanthroline chelates and seven crude extracts from four
different plant species (Ocotea pulchella, Ocotea notata, Myrciaria floribunda and
Hypericum brasiliense) were determined by broth microdilution (M38-A2, 2008 and
M27-A3, 2008). All synthetic derivatives and natural extracts were also evaluated for
minimum fungicidal concentration (MFC). In silico tests were used to predict the
pharmacological and toxicity profiles of the synthetic derivatives. In vivo tests using
the Galleria mellonella invertebrate animal model were performed in order to
evaluate the effectiveness of fendium and its copper (II) and silver (I) perchlorate salt
derivatives, chosen for their best in vitro performances. Approximately twenty-two
percent of all synthetic derivatives (17/78; hydrazones, quinones and
phenanthrolines) were active against the yeasts of most isolates, while one of them
(phenanthrolines) was also active against the saprophytic form of S. brasiliensis. The
MICs and MFCs obtained against hydrazones ranged between 1-16 pg/mL, while for
qguinones, between 32 -> 128 ug/mL. As for the phenanthroline chelates, these
values ranged between 0.03 - 0.002 uM. The results against natural extracts ranged
from 1 -> 128 pg/mL. High toxicity was not predicted by computational ADMET
analysis and a good predictive pharmacological profile, with parameters similar to
itraconazole, was obtained for all hydrazones and chelates. Galleria mellonella
larvae, once treated with the three phenanthroline chelates, had an important
increase in the percentage of survival. Our data suggest that three hydrazone
derivatives, the three phenanthroline chelates and also the crude extracts, mainly
from Ocotea notata and Myrciaria floribunda, are promising candidates for antifungal
drugs.

KEYWORDS: Sporotrichosis, Felis catus, Quinones, Hydrazones, Phenantrolines
and Crude Extracts
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1. INTRODUCAO

A esporotricose € uma micose subcutanea de implantacédo
traumatica, que acomete animais e humanos em todo mundo (1). A partir do manejo
de material organico contaminado, propagulos do patdgeno sao introduzidos no
individuo, caracterizando a via classica de transmissdo (Doenca do Jardineiro) (2). A
via de transmissdo alternativa (via zoonética) € a mais prevalente em solo brasileiro,
onde a esporotricose possui carater zoonoético, hiperendémico, com o felino
doméstico sendo o mais afetado (2). O Sporohrix brasiliensis é a espécie mais
prevalente no Brasil, relacionada diretamente a essa dermatozoonose transmitida

por gatos (1,2).

1.1. Breve Historico

A esporotricose foi descrita pela primeira vez em 1898 nos Estados
Unidos (EUA) pelo estudante de medicina Benjamim Schenck, no Hospital Johns
Hopkins - Baltimore. Schenck relatou o primeiro isolamento do fungo causador da
esporotricose a partir de um paciente do sexo masculino, 36 anos, apresentando
lesdes no membro superior direito. Ele encaminhou o paciente ao micologista Erwin
Smith, que classificou 0 microrganismo como pertencente ao género Sporotrichum
(1,3). A doenca foi descrita novamente em Chicago/EUA, por Hektoen e Perkins,
dois anos depois do primeiro relato. Estes cientistas isolaram o fungo a partir do
aspirado da lesédo cutanea no dedo de um paciente que havia sofrido um trauma
com um martelo. Eles classificaram pela primeira vez o agente etiolégico como
Sporothrix schenckii (3,4). Na Europa, o primeiro caso de esporotricose foi relatado
por Beurmann e Ramond trés anos apdés a descricdo americana (1901). O
microrganismo foi nomeado Sporotrichum beurmanni por Ramond e Matruchot
devido uma diferenca na coloracdo da colénia em relacdo a original obtida por
Schenck. Os pesquisadores perceberam que a coldnia havia perdido a pigmentacao,
levando-os a concluir que se tratava de espécies distintas. Em 1910, Matruchot
redescreve o isolado obtido por Schenck como Sporotrichum schenckii. Davis, em
1921, estudando isolados oriundos dos casos ocorridos na América e na Franca
concluiu que ambos pertenciam a mesma espécie, identificando-a como

Sporotrichum schenckii (1,3). No Brasil, em 1907, Lutz e Splendore foram os
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primeiros a relatarem um caso de esporotricose em humanos e ratos e
demonstraram a possibilidade de cultivar a levedura in vitro (5).

Ao redor do mundo, a transmissao da esporotricose ocorre a partir
de traumas ou microtraumas, devido ao manejo de matéria organica vegetal
contaminada, culminando na inoculagdo subcutanea do fungo, via classica dessa
micose (transmissao sapronotica) (1,6). Devido a sua via classica de transmissédo, a
esporotricose também é conhecida como a “doenga do jardineiro” ou “doenga da
roseira” (6,7). Ao final da década de 90, no Brasil em particular no estado do Rio de
Janeiro, a forma classica sapronética de transmissao tornou-se coadjuvante da via
alternativa de transmissao (zoon@tica) ja que o quadro epidémico instalado depende
diretamente de seu hospedeiro animal, o gato doméstico (1). Assim, neste cenario
geografico, o agravo assumiu carater zoonético e atualmente, hiperendémico, nunca

descrito antes neste pais (1,8,9).

1.2. Classificacdo do Sporothrix spp e Caracteristicas Gerais

O género Sporothrix, até alguns anos atras era composto por uma
Unica espécie, o S. schenkii e classificado na divisdo Eumycota, subdivisdo
Deuteromycotina, classe Hyphomycetes, ordem Moniliales e familia Moniliaceae
(10). Atualmente, a classificacdo taxondmica foi atualizada apoOs estudos
morfofisioldgicos e moleculares, resultando na seguinte classificacdo: divisdo
Eumycota, reino Fungi, sub-reino Dikarya, filo Ascomycota, subfilo Pezizomycotina,
classe Sordariomycetes, subclasse Sordariomycetidae, ordem Ophiostomatales e
familia Ophiostomataceae, género Sporothrix (11).

Os fungos pertencentes ao género Sporothrix sdo termodimoérficos,
saprobios e estdo distribuidos amplamente na natureza, em solo rico em matéria
organica em decomposicao, folhas secas, madeira, espinhos de plantas e musgos,
(12).

O termodimorfismo apresentado pelo género Sporothrix, faz com
gue em temperatura ambiente (cerca de 25°C) eles apresentem sua forma
filamentosa com hifas hialinas, septadas e delgadas, com presenca de conidios em

forma de gota ao redor do conidiéforo em formato de “margarida” (Figura 1).
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Figura 1: Micromorfologia apds 10 dias de cultivo na fase filamentosa, com formagéo “em margarida

dos conidios ao redor do conidi6foro observado em microscépio optico (400X). Fonte: Arquivo CIM,
Niter6i 2021.

Macroscopicamente, as col6nias do Sporothrix spp. cultivadas in
vitro em Agar Batata Dextrose apresentam inicialmente colorac¢&o branca ou creme e

ao envelhecer elas tendem a alcancar tons marrons escuros ou pretos (Figura 2).

Figura 2: Macromorfologia das colénias de Sporothrix spp. em meio 4gar PDA (do inglés, Potato

Dextrose Agar) apés 14 dias de cultivo. Fonte: Acervo pessoal.

A partir de um estimulo da temperatura corporal (=37°C), esses
microrganismos se apresentam como levedura, forma parasitaria, comumente
encontrada nas lesbes dos animais, com grande carga microbiana nos felinos

(9,13). Estas leveduras possuem tamanho e forma variadas, podendo ser ovais ou
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arredondadas com cerca de 2 a 6 um de diametro, semelhantes ao formato de um

charuto (Figura 3) (10).

Figura 3: Micromorfologia das leveduras de S. brasiliensis (ATCC MYA 4823) apés quatro (04) dias
de crescimento em meio liquido YPD (do inglés, Yeast Extract Peptone Dextrose). Leveduras com
formas e tamanhos variados, podendo ser arredondada ou até ovalada, semelhante ao formato de

um charuto, Fonte: Arguivo CIM.

Macroscopicamente, quando cultivadas in vitro em Agar BHI (do
inglés, Brain Heart Infusion), as leveduras apresentam coloracdo bege ou creme

com aparéncia cerebriforme (Figura 4) (10).

Figura 4: Macromorfologia de leveduras S. brasiliensis (ATCC MYA 4823) cultivadas em meio 4gar

BHI (do inglés, Brain Heart Infusion) apds 5 dias de cultivo. Fonte: Acervo pessoal.
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1.3. Epidemiologia da Esporotricose

O Sporothrix brasiliensis, € a espécie fungica majoritariamente
predominante no Brasil, com nameros crescentes e alarmantes de casos (4,14,15).
Entre o final da década de 90 até o ano de 2011 foram notificados pelo centro de
referéncia em esporotricose do Instituto Nacional de Infectologia Evandro Chagas
(INI-FIOCRUZ) mais de 4.000 casos em humanos, 4.700 casos felinos e 244 casos
caninos (2,8). Micose de notificagdo compulséria no estado do Rio de Janeiro a
partir de 2013 para os casos humanos, e a partir de 2014 para os casos de caninos
e felinos acometidos, através das resolucdes SES n°674 de 12 de junho de 2013 e a
portaria GM/MS n°1.271 de 6 de junho de 2014, no artigo 2°, paragrafo IV,
respectivamente. Outros estados brasileiros também aderiram a notificacao
compulséria como Pernanbuco, (Portaria SES/PE N° 390 de 14/09/2016), Paraiba
(Resolucado CIB/SES-PB n° 80/18 de 07/08/2018), Minas Gerais (apenas casos
humanos) (Resolucdo SES/MG n° 6532), além de alguns municipios como
Guarulhos (Sdo Paulo), Camacari (Bahia), Salvador (Portaria Municipal 191 de
2018) e Jodo Pessoa (Resolucdo 001/2018 da Secretaria Municipal de Saude,
publica no Semanario n° 1642) (16,17).

Os alarmantes numeros vinculados a esporotricose felina e humana
tém sido relatados por boletins epidemioldgicos publicados pela Geréncia de
Doencas Transmitidas por Vetores e Zoonoses do estado do Rio de Janeiro
(GDTVZ) e eles mostram que entre 2015 e 2017 foram 4.403 casos notificados
suspeitos, sendo 3.291 diagndsticos confirmados para esporotricose (74,7%) (18)
(Tabela 1). O perfil de humanos infectados com Sporothrix spp. no estado até o ano
2018 foram predominantemente do sexo feminino e a faixa etaria mais acometidas
pela doenca é a partir de 50 anos de idade (19). A transmissédo dessa doenca para o

homem foi na maior parte dos casos confirmados através de arranhadura (19).

Tabela 1: Casos notificados suspeitos de esporotricose, segundo classificagéo final e ano de inicio de

sintomas. Dados do estado do Rio de Janeiro nos anos 2015 - 2018

Casos Casos Casos
Total de Casos ]
Ano ] Confirmados Descartados  Ignorados/Brancos
Suspeitos
N % N % N %

2015 1177 792 67,3 30 2,5 355 30,2
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2016 1485 1124 75,7 21 14 340 22,9
2017 1741 1375 79,0 22 1,3 344 19,8
2018* 319 219 68,7 1 0,3 99 31,0

*2018: notificacdo até 18 de maio; N: dado numérico; %: porcentagem relacionada ao dado numeérico

correspondente. Fonte: Boletim epidemioldgico de 2018 (18).

Segundo o ultimo boletim emitido pela GDTVZ em 21 de Abril de
2021, no ano de 2019 foram notificados e confirmados 1586 casos de esporotricose
no RJ, com maior incidéncia de relatos nos municipios do Rio de Janeiro e Nova
Iguacu, conforme Figura 5. O predominio de acometidos pela doenc¢a sdo mulheres
(990/1586) (20).

Em 2020 houve 1030 casos de esporotricose notificados e
confirmados no estado do Rio de Janeiro. Percebe-se que os nameros diminuiram
no ultimo ano, contudo, Giordano (2021) sinaliza que uma possivel subnotificacdo
dos casos pode ter ocorrido devido a pandemia de Covid-19. Os municipios com
maiores numeros de notificacbes permanecem o Rio de Janeiro e Nova Iguacu
(Figura 6), com maior acometimento em mulheres (611/1030) e faixa etaria mais

afetada, em ambos os anos, entre 40 e 59 anos (20).

Rio de Janeiro I 155
Nova lguacuy I | 59
Sdo Gongalo GGG 101
Angra dos Reis I 05
Dugue de Caxias I 03
Magé I 57
Maricd N 51
Petrdpolis  —— 47

540 lodo de Meriti IS 47

0 100 200 300 400 500

Fonte: SINANMET de 27,/10/2020. Dados sujeitos a modificagdo.

Figura 5, Adaptada: Municipios com os maiores nimeros de casos notificados e confirmados de
esporotricose no estado do Rio de Janeiro, em 2019. Fonte: Adaptado do boletim epidemioldgico
001/2021 (20).
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Fonte: SINANMMET de 26/03/2020. Dados sujeitos a modificacdo.

Figura 6, Adaptada: Municipios com os maiores nimeros de casos notificados e confirmados de

esporotricose no estado do Rio de Janeiro, em 2020. Fonte: Adaptado do boletim epidemiologico

001/2021 (20).

Outros estados da regido Sudeste e Sul do Brasil, principalmente

Rio Grande do Sul e Sédo Paulo tém notificado diversos casos de esporotricose felina

(8,15). Um estudo retrospectivo realizado na Universidade Federal de Pelotas

mostrou que no periodo entre 2005 e 2016, dos 284 animais diagnosticados com

esporotricose, 229 eram gatos (21). A seguir, dados publicados por Gremido e

colaboradores (2021) mostram casos de esporotricose felina registrados em alguns

municipios do estado de S&o Paulo entre 2011 e 2019 (Figura 7).

Table 1  Registered feline cases of sporotnchosis in some municipalities of Sio Paulo state, Brazil, for the period of 2011 to 2019

City 2011 2012 2013 2014 2015 2016 2017 2018 019 * Total
Guarulhos 2 5 ] 24 171 490 023 GG 229" 1782
Sao Paulo 71 47 47 86 85 122 172 432 92 1354
Diadema 4 4 1] L 69 10 28 209
Itaquaquecetuba 14 45 1 I 6l
Peruibe 4 24 32 ]
Sao José do Rio Preto 2 34 36
Caraguatatuba 2 3 13 3 24
Anuja 3 12 16
Baruen 2 8 10
Campinas 1 1 2

Figura 7: Tabela com registro de casos de esporotricose felina em alguns municipios de S&o Paulo
entre 2011 a 2019. #: Dados parciais de 1° janeiro de 2019 até 31 de julho de 2019; a: Dados de 1°

janeiro de 2019 até 31 de dezembro 2019. Informagfes obtidas do Centro de Controle Zoonético

(CCZ) da cidade de Sao Paulo e Guarulhos (9).
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Regides Norte, Nordeste e Centro-Oeste tem registrado um notavel
aumento do numero de casos de esporotricose nos ultimos 5 anos (Mato Grosso,
Mato Grosso do sul, Distrito Federal, Rio Grande do Norte, Paraiba Alagoas, Acre e
Para) (9). Segundo a Secretaria de Estado da Saude (SES) da Paraiba, até 2018 a
incidéncia de esporotricose na regido nordeste era de menos de 20 casos anuais,
contudo essa realidade modificou e no ano de 2019 foram notificados mais de 700
casos de esporotricose humana nessa regiéo (22). Um surto de esporotricose felina
em Pernambuco foi relatado a partir de um conjunto de 115 amostras coletadas
entre marco de 2014 e fevereiro de 2016 de felinos atendidos em clinicas
veterinarias particulares em Recife, regides metropolitanas e no Hospital Veterinario
da UFRPE (Universidade Federal Rural de Pernambuco), com mais da metade
positivas para esporotricose (51,30%; n=59) (23).

Doenca de distribuicdo geografica mundial, a esporotricose
apresenta altas taxas de prevaléncias em regides de clima tropical e subtropical
umido (1). Considerada como a micose mais prevalente da Ameérica Latina, com uma
estimativa de mais de cinco mil gatos acometidos (8,15), em diversos paises como
Peru, Uruguai, México, Costa Rica, Guatemala, Colémbia, Venezuela, Argentina e o
Brasil (8,24,25). Relatos de esporotricose em solo mexicano, nos estados de Jalisco
e Puebla, sdo causados principalmente pelo Sporothrix schenckii (26).

Relatos recentes mostram S. brasiliensis ndo € mais uma espécie de
exclusividade brasileira. Um estudo retrospectivo realizado na Argentina, com 23
(vinte e trés) cepas de S. schenckii lato sensu coletadas entre 1984 e 2017 e
submetidas a identificacdo molecular, mostrou que oito (8/23) dessas cepas foram
identificadas como S. brasiliensis (27). Recentemente, relatos de transmissao
zoonotica de S. brasiliensis em duas pessoas a partir da arranhadura de um gato
domeéstico doente na Argentina (28,29), evidencia a expansdo geografica dessa
espécie com caracteristicas singulares, grande viruléncia e responsavel pela
epidemia zoondtica no Brasil (1,15).

No Continente Americano, o agente etioldgico com maior ocorréncia,
responsavel pela esporotricose felina e humana é a espécie S. schenckii (8,30),
enquanto que no continente asiatico, a epidemia sapronética de esporotricose €
ocasionada pelo Sporothrix globosa. Essa epidemia, até o momento, acomete

exclusivamente humanos e atinge diversos paises asiaticos como Japao e China
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(1,31). Contudo, o S. globosa apresenta ocorréncia mundial, acometendo individuos

na Europa, Estados Unidos e América do Sul (31).

1.4. Manifestagdes clinicas da Esporotricose

As manifestacdes clinicas da esporotricose humana podem variar de
acordo com o estado imunoldgico do hospedeiro, a carga microbiana, a viruléncia do
patégeno, profundidade do tecido atingido, entre outros fatores (4). Inicialmente,
ocorre a formacdo de um ndédulo ou papula no local onde houve a inoculacdo do
fungo. O fungo pode permanecer nesse sitio, forma cutanea-fixa ou progredir,
afetando vasos linfaticos adjacentes, resultando na forma de linfangite nodular
ascendente ou linfocutanea (manifestacéo clinica classica da doenca em humanos)
(4,32).

Raramente a inalacdo dos conidios deste fungo desencadeia o
acometimento dos pulmdes de individuos higidos, contudo, a esporotricose
pulmonar pode ocorrer e em individuos imunocomprometidos, evoluir para forma
disseminada (4). Diversas manifestacdes clinicas atipicas tém sido descritas devido
a hiperendemia zoonotica da esporotricose brasileira, bem como formas
extracutaneas, culminando em variadas respostas terapéuticas (4,33).

Contudo, no homem, a esporortricose tem seu curso benigno, com
baixa carga microbiana na maioria dos casos, 0 que nao observamos nos felinos
domeésticos acometidos. lIsolados clinicos oriundos de lesbes de gatos com
esporotricose exibem abundantes leveduras, mostrando-os como hospedeiro mais
susceptivel a infeccéo pelo S. brasiliensis (8).

O felino domeéstico possui um papel imprescindivel no panorama da
epidemia da esporotricose brasileira devido ao seu comportamento e outros fatores
imunoldgicos ainda desconhecidos. Quando adultos, os gatos tém habitos noturnos
de saida em busca de caca ou rituais reprodutivos (14,34) que podem ocasionar
brigas, contato direto com matéria organica contaminada facilitando sua infec¢éo
pela via saprofitica ou transmissdo horizontal entre animais (2). Os felinos doentes
apresentam grande quantidade de leveduras nas lesGes, mas também podem
carrear o agente flngico nas unhas e na cavidade oral (14,34).

As lesBes dos felinos domésticos apresentam pobre infiltrado

linfocitario, caracteristica que sugere a ineficiéncia imunoldgica felina em relacdo ao
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controle do crescimento fangico (35-37),. Possivelmente, essa caracteristica esta
relacionada a alta carga microbiana nas lesdes dos gatos, mas outros fatores podem
estar relacionados, como por exemplo os habitos de lamber e cocar as feridas,
ocasionando a formacdo de “reservatérios” de estruturas fungicas, nas unhas e na
cavidade oral (14).

A infeccdo desses gatos também ocorre por meio de uma injuria
cutanea e o fungo se dissemina através do sistema linfatico, produzindo um quadro
de linfagite e linfadenite (38). ApéOs a inoculagéo, a evolugdo clinica desses animais
pode apresentar distintas manifestacdes clinicas: cutanea fixa, cutaneo-linfatica, ou
ainda disseminada (14,38). A principal manifestacdo clinica é a cutanea. Com
multiplas lesbes ou lesdo Unica, ulceradas na pele (cutanea disseminada)
comumente nas extremidades da cabeca, com acometimento da mucosa, membros,
base da cauda e escroto (Figura 8) (9,12). Essas lesdes, em alguns casos, podem

transforma-se em lesdes necroticas, com tecido subjacentes expostos (38).

Figura 8: Gato com esporotricose, apresentando multiplas lesdes ulceradas na cabeca. mucosa e

membros. Fonte: Arquivo CIM.

A gravidade dessas manifestacdes clinicas esta relacionada com a
resposta imunoldgica do felino, a carga fangica inoculada e a patogenicidade da
cepa fungica (12,34). Histologicamente, podemos encontrar nas lesfes cutaneas,

uma resposta inflamatéria predominantemente granulomatosa, com variacdes
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principalmente quanto ao predominio de macréfagos ou de células epiteliddes, além

dos demais componentes da resposta inflamatoria (35).

1.4. OpgOes Terapéuticas para o Tratamento da Esporotricose e Mecanismos de
Resisténcia Antifungica

Mundialmente, as infec¢des fungicas sdo um problema para saude
publica devido a altas taxas morbimortalidade e o niumero limitado de antifingicos
gue por sua vez possuem altos indices de toxicidade e crescentes relatos de
resisténcia. Ademais, a terapia antifingica requer muita cautela, pois ha muitas
semelhancas fisioldgicas e bioquimicas entre as células do hospedeiro e a célula
fungica (39). Cada antifungico apresenta um mecanismo de agdo e eles séo
classificados de acordo com a acéao exercida nas células fangicas, podendo ser
fungicidas, substancias que matam as células, ou fungistaticos, substancias que
inibem o crescimento fangico (40).

Os farmacos pertencentes a familia dos azéis possuem um amplo
espectro de acao, biodisponibilidade oral, baixa toxicidade e em geral apresentam
acao fungistatica,. O mecanismo azélico ocorre a partir da inibicdo da biossintese de
ergosterol, evitando a conversao do lanosterol em ergosterol através da inibicdo da
enzima 14-a desmetilase do citocromo P450, alterando a permeabilidade da
membrana fungica, e também sua morfologia (Figura 8) (39).

O itraconazol, antifungico de primeira escolha para o tratamento da
esporotricose em felinos e humanos, pertence a familia dos triazéis apresentando
eficacia e baixa ocorréncia dos efeitos adversos em humanos (41,42). Contudo, a
dificil administracdo oral diaria ao felino, que acarreta perigo ao cuidador de ser
infectado (arranhGes e/ou mordidas), o alto custo e periodo prolongado de
tratamento, além de relatos ndo responsivos, resultam em uma ineficiéncia
terapéutica relacionada a esse farmaco (14,43).

Em casos de terapia ndo responsiva ao itraconazol, a associacao
com a anfotericina B pode ser considerada uma alternativa (42,43). Os poliénos
apresentam um amplo espectro de atividade e baixos relatos de resisténcia, com
baixa absorcdo pelo trato intestinal, sendo necesséaria sua administragdo por via

intravenosa. A anfotericina B atua em infec¢des flngicas superficiais e invasivas,
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contudo, apresentam alta toxicidade principalmente em relagdo as células do rim,
pois essas células sédo vulneraveis & acdo hemolitica desse poliéno. Na medicina
veterinaria sua utilizacdo é limitada, pois ndo € tolerado pela maior parte dos
pacientes (intravenoso), contudo € uma opcdo para tratamento de esporotricose
refrataria (43,44). O mecanismo de agao ocorre a partir da formagao de “poros” na
membrana celular fungica quando o antifingico se liga ao ergosterol presente na
mesma, faciltando a saida de ions monovalentes e outros conteddos
citoplasmaticos (Figura 8). Os polienos também podem utilizar um mecanismo que
envolve uma cascata de reacdes de oxidacdo e interacdes com lipoproteinas (Figura
8), liberando radicais livres, afetando também a permeabilidade da membrana
fungica (39).

As alilaminas possuem boa biodisponibilidade oral, sdo altamente
lipofilicas, podem ser armazenadas no tecido adiposo e permanecem ativas no
organismo apos o término do tratamento. Esta classe atua nas etapas iniciais da
biossintese do ergosterol visando a inibicAo da enzima escaleno epoxidase
codificada pelo gene ERG1 (Figura 8). A inibicdo dessa enzima resulta no acumulo
de escaleno e auséncia de outros derivados do esterol (39). Essa classe é
representada pelas terbinafinas e naftifina, que séo altamente eficazes contra os
dermatofitos e leveduras que causam infeccOes superficiais em cdes e gatos
(39,42). No entanto, seu potencial terapéutico se restringe ao tratamento da
esporotricose em humanos, sendo uma opcao em casos com terapia irresponsiva ao
itraconazol (42).

O iodeto de potassio era comumente ministrado aos felinos
domésticos acometidos com esporotricose, mas 0s mesmos sofriam muitos efeitos
adversos como depressao, anorexia, vomito, espasmos musculares, cardiomiopatia,
pelagem seca, entre outros (42,45). Atualmente, o iodeto € administrado aos gatos,
associado ao itraconazol como opcao terapéutica em situacfes irresponsivas. Nao
h& muitos estudos sobre os mecanismos de acdo do iodeto de potassio, porém a
literatura sugere que ele é responsavel pelo aumento da resposta imune do
hospedeiro (42,46).
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Figura 9: Esquema ilustrativo dos mecanismos de acdo dos agentes antifingicos utilizados no
tratamento da esporotricose felina. Fonte: Adaptada Scorzoni et al., 2017 (39)

Ao longo dos anos, muitos microrganismos, como o0s fungos,
desenvolveram diversos mecanismos de resisténcia como por exemplo a
superexpressao de proteinas, bomba de efluxo, entre outros (39). Essa resisténcia
microbiana ocorre quando um patégeno é inibido somente por uma concentracao
antimicrobiana mais alta do que os valores estabelecidos a partir de determinados
pontos de corte (47). A resisténcia aos farmacos azdlicos ocorre principalmente apos
a mutacdo no gene ERG11 que codifica o alvo (14 a-demetilase CYP51), alterando
assim o dominio de ligacdo dos azdéis (39). Outro mecanismo de resisténcia € a
alteracdo na expressdo da bomba de efluxo de genes transportadores da familia
ABC, CDR1, CDR2, MDRL1 (39,47). O mecanismo de bomba de efluxo também pode
estar relacionado a resisténcia de outros antifingicos como a terbinafina, e a
anfotericina B (39). H& poucos relatos de resisténcia relacionados a anfotericina B,
entretanto, as principais alteracfes envolvidas na resisténcia ao poliéno estédo
associados a defeitos nos genes ERG2 e ERG3 que sao responsaveis por codificar
a C8-esterol isomerase e A5,6-dessaturase, ocasionando modificacdes quantitativas
e qualitativas, respectivamente, do esterol presente na membrana flangica,
promovendo uma baixa quantidade do mesmo na membrana, diminuindo as ligagcbes

entre o farmaco e o ergosterol, ndo havendo assim a formagao dos “poros” (39,47).
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Outro possivel mecanismo de resisténcia aos polienos € o aumento na producéo de

catalase, diminuindo o dano oxidativo do farmaco (39,47).

1.5. Fonte de Novos Prototipos

O desenvolvimento da pesquisa e a descoberta de novos protétipos
a agentes antifingicos ocorre a longo prazo, possui alto custo e tem recebido pouca
atencédo das industrias farmacéuticas em relacdo, por exemplo, as infeccdes virais e
bacterianas. No que concerne a infeccbes por Sporothirx spp, poucos derivados
sintéticos (48-50), extratos brutos (51) e Oleos essenciais (52-54) foram
investigados até o momento. A busca de novos antimicrobianos de origem vegetal,
animal, sintética ou semissintética que permitam o tratamento de infeccbes
causadas por organismos patogénicos como o0 Sporothrix spp. € de grande interesse
e relevancia mundial (48). Diversas classes quimicas e extratos naturais tém sido
estudados e possuem diversas propriedades bioldgicas conforme podemos observar

na Tabela 2 a sequir.

Tabela 2: Atividade bioldgica relacionadas as classes quimicas dos derivados sintéticos e dos

extratos brutos testados no presente trabalho.

antifungico, inclusive

Prototipos a Atividades . Nucleo-base dos derivados
o o Referéncia o .
Antifangicos Biol6gicas sintéticos / Espécies de planta
Antiparasitaria, 0

3 antibacteriana, N R

(&)

= antimaldrico,

£ | f :

o Quinonas antitumoral, (55-60) R

(%2) s g

S antipirético e O

©

=

@

o

contra S. schenckii. Fonte: Producé&o Propria — Auxilio do

Programa de desenho de moléculas —
CHEMSKETCH
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|O 0
Antibacteriana, ‘ ~ ‘ R
_ antitumoral, anti- o
Quinolonas ) N (61-66) N
inflamatoria, I
) R
anticancer
Fonte: Produgéo Propria — Auxilio do
Programa de desenho de moléculas —
CHEMSKETCH
e (]
Antifngica,
. . OH
antitumorais,
tripanocida,
Naftoquinonas antibacteriana, (67-74) R
antiparasitario, anti- 0
inflamatéria e
anticancer.
Fonte: Produgéo Prépria — Auxilio do
Programa de desenho de moléculas —
CHEMSKETCH
Antiflngica, H
antibacteriana, hll R
) antiproliferativa R M
Hidrazonas . (75-80) | |
contra células L H
tumorais,
antigiogénica. Fonte: Produg&o Prépria — Auxilio do
Programa de desenho de moléculas —
CHEMSKETCH
]
Antioxidante,
antitumoral, anti- N—R
N-ftalimidas inflamatéria, (81-85) "
9]

antibacteriana e

antifingica.

Fonte: Produgéo Prépria — Auxilio do
Programa de desenho de moléculas —
CHEMSKETCH
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Antifangica,
analgésica, anti-

inflamatéria,

R

Ri1

. antitumoral,
Pirazois ) ) (86-95)
antibacteriana,
antimalarico,
antioxidante e ) .
) Fonte: Produgéo Propria — Auxilio do
anticancer. Programa de desenho de moléculas —
CHEMSKETCH
R
Antibacteriana, /
e N
antifingica, N O
_ antioxidante,
Pirazolonas g » (95-100)
antiinflamatoria,
. L R
antimalarico,
analgésico.
Fonte: Produgéo Prépria — Auxilio do
Programa de desenho de moléculas —
CHEMSKETCH
Antiflngica,
antitumoral,

1,10-fenantrolina-
5,6-diona

antibacteriana,
antiviral,

antiprotozoario

antioxidante e

anticancer.

(101,102,111-114,103—
110)

N
M
g
e

Fonte: Produgéo Prépria — Auxilio do

Programa de desenho de moléculas —
CHEMSKETCH

Extratos Naturais

Ocotea notata

Antiviral,
antimicobacteriana,
inibidora da
producéo de 6xido
nitrico (NO) em
macréfagos e

antioxidante

(115-117)

Fonte: Herbério da FFP-UERJ/RJ.
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Ocotea pulchella

Alelopatica e antiviral

(118-120)

Hypericum

brasiliense

Antibacteriana,
antifngica,
antidepressiva,
antiofidica, anti-
inflamatéria e

analgésica

(121-125)

Fonte: Herbario da FFP-UERJ/RJ.

Myrciaria

floribunda

Capacidade
antiproliferativa
contra células
tumorais,
antioxidante,
inseticida, acaricida,
antibacteriano e

anticolinesterasico

(126-128)

Fonte: Herbario da FFP-UERJ/RJ.

FFP- UERJ: Faculdade de Formagéo de Professores da Universidade Estadual do Rio de Janeiro.

1.6. Justificativa

Nas ultimas décadas as infec¢des fungicas sdo consideradas um

grave problema de Saude Publica devido ao aumento do numero de pacientes

acometidos e também morbimortalidade relacionada. A esporotricose durante

décadas e até o momento negligenciado, tem se expandido por diversas cidades,

adquirindo caréater hiperendémico no nosso pais e com expansao para outros paises

da espécie de maior viruléncia, o S. brasiliensis. Essa micose emergente de grande

risco a saude publica, tem o felino doméstico como principal disseminador e maior
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vitima com relatos de casos clinicos mais graves e intensa carga microbiana nas
lesBes. A clinica observada nos gatos é o resultado de diversos fatores imunol6gicos
do felino, viruléncia do isolado fungico e quantidade carga microbiana no ato da
infeccdo que agravam esse quadro e dificulta cada vez mais o tratamento dessa

micose.

Atualmente, o limitado acervo terapéutico também prejudica o
tratamento da esporotricose felina. Além disso, o alto custo dos antifingicos, longo
periodo de tratamento, a toxicidade relacionada a essas drogas e os relatos na
literatura de isolados “resistentes” a droga de eleicdo demonstram a gravidade do
cenario atual. Diante disso, a descoberta de derivados com propriedades
antifangicas contra espécies patogénicas de Sporothrix, minimizando os efeitos
adversos e facilitando a via administrativa, sera decisiva para o controle desta

importante zoonose negligenciada.

Além dos reconhecidos fatores que, em conjunto, aumentam a
sobrevida de pacientes imunodebilitados, outros componentes contribuem para tal
fendbmeno. Dentre eles, os limitados recursos terapéuticos, a auséncia de
ferramentas diagndsticas adequadas, a caréncia de profilaxia por meio de
vacinas, bem como a escassez de estudos acerca da epidemiologia, biologia
celular/bioquimica e patogenicidade dos agentes causadores das micoses humanas
e animais. Nessa direcdo, até o momento, pouco se conhece sobre o quanto
caracteristicas intrinsecas do S. brasiliensis podem impactar a dinamica da
esporotricose felina no estado do Rio de Janeiro. Por conseguinte, muito resta por
ser revelado quanto a sua resposta aos antifingicos, tanto in vitro quanto in vivo e in

silico.
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2. OBJETIVOS

2.1. Objetivo Geral

Prospectar uma gama de derivados sintéticos e compostos naturais por testes
in vitro, in vivo e in silico das propriedades antifingicas contra S. brasiliensis obtidos
de gatos com esporotricose.

2.2. Objetivos Especificos

e Determinar a concentragao inibitdria minima (CIMs) de derivados sintéticos
ativos previamente rastreados e de compostos naturais contra isolados
clinicos de S. brasiliensis;

e Avaliar os efeitos de derivados ativos e compostos naturais na viabilidade
celular de S. brasiliensis, classificando a acdo antimicrobiana como fungicida
ou fungistatica;

e Comparar o0s novos derivados sintéticos e o0s potenciais perfis de
sensibilidade antifungica de origem natural de isolados clinicos de S.
brasiliensis “sensiveis” e “resistentes” ao itraconazol;

e Verificar in vivo a potencial acdo antimicrobiana, a partir do modelo
invertebrado Galleria mellonella, dos derivados sintéticos triados in vitro.

e Analisar os perfis farmacologicos dos derivados sintéticos in silico para

avaliacdo do potencial antifangico.
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3. ARTIGO 1
SYNTHETIC DERIVATIVES AND NATURAL EXTRACTS AGAINST
Sporothrix brasiliensis WITH DISTINCT RESPONSE TO ITRACONAZOLE: IN
VITRO AND IN SILICO EVALUATIONS

A esporotricose é uma micose de ocorréncia mundial, com grande
incidéncia no Brasil, destacando o status hiperendémico do estado do Rio de Janeiro
e o Sporothrix brasiliensis como principal autor dessa zoonose. Recentemente
relatos na literatura mostraram a expansdo continental dessa emergente espécie,
além da conhecida distribuicdo geografica no Brasil. Ademais, dificuldades de
tratamento efetivo dos felinos domésticos, o tempo prolongado desse tratamento,
alto custo do antifungico de eleicdo e os relatos de isolados de S. brasiliensis com
sensibilidade diminuida mostram a premente necessidade de novas alternativas
terapéuticas. Com o objetivo de contribuir possivelmente para o enfretamento dessa
zoonose, prospectando uma gama de derivados sintéticos e extratos naturais para
avaliacdo de potenciais propriedades antifingicas in vitro e in silico contra isolados
de S. brasiliensis, foram estabelecidas colaboracfes. Logo, este artigo é resultado
das parcerias do Centro de Investigacdo de Microrganismos (CIM/UFF), coordenado
pela Profa. Dra. Andrea Regina de Souza Baptista, com o0s colaboradores do
Laboratério de Estudos Avancados de Microorganismos Emergentes e Resistentes
(UFRJ), coordenado pelo Prof. Dr. André Luis Souza dos Santos, o Laboratério de
Tecnologia de Produtos Naturais (LTPN/UFF), coordenado pelo Prof. Dr. Leandro
Machado Rocha, o Laboratério de Sintese de Nucleosideos e Carboidratos
(LSNC/UFF), coordenado pelo Prof. Dr. Vitor Francisco Ferreira e o Laboratoério de
Antibioticos, Bioquimica e Modelagem Molecular (LABIEMOL), coordenado pela
Profa. Dra. Helena Carla Castro. Por fim, 0 manuscrito desse artigo sera submetido

(Outubro/2021), para revista cientifica Pharmaceuticals (Fator de Impacto 5.863).



pharmaceuticals

Article

Synthetic derivatives and crude extracts against wild type and
non-wild type Sporothrix brasiliensis: in vitro and in silico

analysis

Lais Cavalcanti dos Santos Velasco de Souzal, Lucas Martins Alcantaral, Pimella Antunes de Macédo-Sales?, Na-
thalia Faria Reis?, Débora Sena de Oliveira?l, Ricardo Luiz Dantas Machado!?, Reinaldo Barros Geraldo? Vitor Fran-
cisco Ferreira3, André Luis Souza dos Santos?, Leandro Rocha% Helena Carla Castro? e Andréa Regina Souza Bap-

tistal®.

Citation: Lastname, F.; Lastname, F.;
Lastname, F. Title. Pharmaceuticals
2021, 14, x.
https://doi.org/10.3390/xxxxx

Academic Editor: Firstname Last-

name

Received: date
Accepted: date
Published: date

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2021 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution  (CC  BY)
(https://creativecommons.org/license

s/by/4.0/).

license

1 Center for Microorganisms’ Investigation, Fluminense Federal University, Niterdi, R], Brazil.

2 Laboratory of Antibiotics, Biochemistry and Molecular Modeling, Institute of Biology, Fluminense Federal
University- Niterdi, R], Brazil.

3 Nucleoside and Carbohydrate Synthesis Laboratory, Institute of Chemistry, Fluminense Federal University
- Niterdi, R]J, Brazil.

4 Laboratory of Advanced Studies of Emerging and Resistant Microorganisms, Federal University of Rio de
Janeiro, Rio de Janeiro, RJ, Brazil

5 Natural Products Technology Laboratory, Faculty of Pharmacy, Fluminense Federal University - Niteroi, R],
Brazil.

* Correspondence: E-mail: andrearegina@id.uff.br. Tel.:+55-21-2629-2559

Abstract: Recently, the well-known geographical wide distribution of sporotrichosis in Brazil, com-
bined with difficulties on effective domestic feline treatment, reveals the pressing need for new ther-
apeutic alternatives. This work aimed at prospecting a range of synthetic derivatives and crude
plant extracts as potential antifungals against isolates of Sporothrix brasiliensis isolated from cats re-
siding in the hyperendemic Brazilian region. Six S. brasiliensis isolates originated from domestic cats
sporotrichotic lesions were included. Minimum inhibitory concentration (MIC) of the three novel
hydrazone derivatives, eleven novel quinone derivatives, and seven crude plant extracts were de-
termined using the broth microdilution method (M38-A2). In silico tests were used to predict the
pharmacological profile and toxicity parameters of the synthetic derivatives. Cats treatment with
itraconazole ranged from 2 to 60 months in a dosage of 100 mg/cat/day. MICs and MFCs ranged
from 1 - >128 ug/mL. The ADMET computational analysis did not show toxicity while a good phar-
macological predictive profile, with parameters similar to itraconazole, was obtained. Three hydra-
zone derivatives and crude extracts, mainly Ocotea notata and Myrciaria floribunda, were promising
candidates as antifungal agents, including the inhibitory and fungicidal actions against itraconazole
resistant S. brasilensis from the Brazilian hyperendemics.

Keywords: Sporotrichosis; Felis catus; Quinones; Hydrazones; Plant extracts, Zoonoses

1. Introduction

Sporotrichosis is a post-traumatic implantation subcutaneous mycosis of worldwide
occurrence and increasing incidence, especially in tropical and subtropical regions such
as Asia and Latin America. In Brazil it is a hyperendemic neglected zoonosis and a major
Public health concern [1,2]. The pathogenic fungi causing this dermatozoonosis, from the
Sporothrix genus, are thermo-dimorphic and saprophytic microorganisms [2]. Sporothrix
brasiliensis is the most prevalent species in Brazil, directly related to the cat-transmitted
zoonotic route in this country [2,3]. The recent detection of feline and human patients with
S. brasiliensis-caused sporotrichosis in Argentina [4,5] revealed its dissemination in South
America. One of the main challenges to be addressed in this scenario is the occurrence of
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severe irresponsive forms of this mycosis in cats, in addition to recurrences and reinfec- 46
tions [3,6]. 47
Currently, the drug of choice for sporotrichosis treatment is itraconazole [7,8]. It was 48
initially introduced as a therapeutic option for felines suffering with severe adverse effects 49
due to the administration of potassium iodide [9]. This azole is hepatotoxic, exclusively 50
administered orally, with a high cost for the affected population, most of them in socially 51
vulnerable [9]. Thus although improved, sporotrichosis therapy remains a crucial un- 52
solved topic for disease control as a reduction in S. brasiliensis itraconazole sensitivity to 53
this azole has been reported [8,10,11]. 54
The pharmaceutical industry showed little efforts towards the discovery of new ap- 55
proaches and there is an historical delay on antimicrobial drug options to mitigate the 56
fungal diseases burden. In parallel, a new commercially available antifungal agents re- 57
search, discovery, and further development occur in the long term and with high costs. In 58
regards to Sporothrix spp. infections, few synthetic derivatives, [12-14] crude extracts 59
[15,16] and essential oils [17,18] were investigated and described in the literature. Also, 60
few studies investigate the feline therapeutic follow-up along with the in vitro itraconazole 61
performance against S. brasiliensis. Therefore, this work aims to determine the potential 62
antifungal properties of a range of synthetic derivatives and crude extracts against wild 63
type and non-wild type S. brasiliensis from diseased cats of the Brazilian hyperendemic 64
area. 65
2. Results 66
Clinical-epidemiological 67
Table 1 summarizes the clinical-epidemiological data referring to the six diseased fe- 68
lines from which the S. brasiliensis isolates were obtained. More than half were male 69
(66.7%) while half of them, unneutered. The average age of these animals was 3.58 years 70
(SD + 3.47 years), ranging from one to ten years. The majority of them were free roaming 71
(83.3%), residing in urban areas with soil and/or plants contact. Lesions were either unique 72
or distributed in different anatomical sites, regardless of disease severity and the extent of 73
itraconazole treatment. 74
Table 1. Clinical-epidemiological and laboratorial data of domestic cats infected by the six S. brasiliensis isolates investigated in the 75
present study. 76
Clinical/ Wild Type Non-Wild Type
Epidemiological WT1 WT2 WT3 NWT1 NWT2 NWT 3
Age (years) 10 5 2,5 2 1 1
Sex M F M M M F
Castration Yes No No Yes No Yes
Free roaming No Yes Yes Yes Yes Yes
Abd , head, . .
. . omet ea' Head and  Head, thoracic and Base of tail .
Anatomical Site chest and pelvic . Head Pelvic limb
. neck pelvic limb and paw
limb
Relapse No No Yes Yes No No
Duration of ITC
Hration © 60 NI 8 >120 NI 2
treatment (months)
WT: Wild-Type; NWT: non-Wild Type to ITC [19]; M: male; F: female; ITC: itraconazole; NI: not informed. 77
78
Two domestic felines, the carriers of the WT3 and of the NWT1 isolates, presented more 79
than one episode of sporotrichosis relapse. The NWT1 carrier underwent tail amputation 80
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4 years ago and is currently with a new episode of sporotrichosis in the tail stump. Itra- 81
conazole treatment ranged from 2 to more than 120 months, in a dosage of 100 mg/cat/day. 82

Antifungal susceptibility assay 83

After the positive initial screening by the diffusion disc method, eleven quinone de- 84
rivatives (Q1-Q11) and three hydrazones (H1-H3) were selected to further investigation 85
by the microdilution broth test against S. brasiliensis yeast-like forms. MIC and MFC val- 86
ues of the six clinical isolates and the standard strain against hydrazones, quinones deriv- 87
atives, crude extracts, and itraconazole are shown in Tables 2. 3 (geometric means to Hy- 88
drazones), 4, and 5. 89

Table 2. In vitro susceptibility (ug/mL) of the six isolated Sporothrix brasiliensis (yeast form) plank- 0

tonic cells to novel hydrazone derivatives. 91
Azole/ ATCC / Clinical Isolates
Hydrazones Sbra WT1 WT2 WT3 NWT1 NWT2 NWT3
TC MIC 2 1 4 1 32 16 8
MEC 16 8 32 8 >128 128 128
i MIC 8 2 4 2 1 8 8
MEC 4 2 8 2 2 16 8
T MIC 8 16 16 8 8 16 8
MEC 8 16 16 8 16 16 16
3 MIC 4 2 4 16 1 16 1
MEFC 4 4 8 16 1 16 1
Sbra: Sporothrix brasiliensis (ATCC MYA-4823); MIC: Minimum Inhibitory Concentration; MFC: 92
Minimum Fungicidal Concentration. 93
94
Table 3. Geometric means generated from the in vitro susceptibility (ug/mL) of the six isolated 95
Sporothrix brasiliensis (yeast form) planktonic cells to novel hydrazone derivatives. 96
Azole/ ATCC / Clinical Isolates
Hydrazones WT NWT
S.bra
GM GM
MIC 2 2 18,6
ITC
MEC 16 16 128
MIC 8 2,7 5,7
Hi1
MEC 4 4 8,7
MIC 8 13,3 10,7
H2
MEC 8 13,3 16
MIC 4 7,3 6
H3
MEC 4 9,3 6
Sbra: Sporothrix brasiliensis (ATCC MYA-4823); MIC: Minimum Inhibitory Concentration; 97
MFC: Minimum Fungicidal Concentration; GM: Geometric Mean. 98

A MIC variation between 1 - 32 ug/mL and a MFC variation between 8 - >128 ug/mL for 99
itraconazole against S. brasiliensis are observed. Isolates obtained from the lesions of long- 100
term treated cats with recurrent episodes presented the highest MICs for itraconazole 101
(NWT1 MIC = 32ug/mL; NWT2 MIC =16 pg/mL and NWT3 MIC =8 pg/mL) and also the 102
highest MFCs. 103
S. brasiliensis exposure to hydrazones provided MICs varying from 1 - 32 ug/mL 104
while for quinones ranged from 32 to > 128 ug/mL (Tables 2 and 4). Similarly, hydrazone 105
derivatives exhibited MICs and MFCs with a lower amplitude, ranging from 2- 8 ug/mL 106
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with geometric means (GMs) from 2.7 to 13.3 pg/mL. GMs of the MICs obtained for NWT 107
isolates exposed to H1-H3 were a third to half of those obtained after itraconazole expo- 108
sure (Table 3). Higher MICs and MFCs were detected, ranging from 32 - > 128 ug/mL for 109
the quinone derivatives. The clinical isolate NWT1, from a two years-old domestic feline, 110
irresponsive to 100mg/cat/day treatment with itraconazole, and showing several episodes 111
of relapse, presented in vitro results suggestive of sensitivity to the Q8 (MIC/MFC =32 112

ug/mL) and also to H1, H2 and H3 (MIC = 1-8ug/mL; MFC = 1-16 ug/mL). 113
Table 4. In vitro susceptibility (ug/mL) of the six isolated Sporothrix brasiliensis (yeast form) plank- 114
tonic cells to novel quinone derivatives. 115
Azole/ ATCC / Clinical Isolates
Quinones Sbra WT1 WT2 WT3 NWT1 NWT2 NWT3
MIC 2 1 4 1 32 16 8
Itraconazole
MEFC 16 8 32 8 >128 128 128
MIC >128 32 >128 NA 128 NA 64
Q1 MFC >128 32 >128 NA 128 NA 64
MIC >128 64 NA NA >128 NA 64
Q2 MFC >128 64 NA NA >128 NA 128
MIC >128 64 NA NA >128 NA 128
Q3 MEFC >128 128 NA NA >128 NA 128
o4 MIC >128 128 NA NA >128 >128 128
MEC >128 128 NA NA >128 >128 128
Q5 MIC >128 NA NA NA NA NA 128
MEC >128 NA NA NA NA NA 128
Q6 MIC  Na 128 NA NA NA NA 64
MFC nNa 128 NA NA NA NA 64
Q7 MIC  nNa 128 NA NA NA NA 64
MFC  nNa 128 NA NA NA NA 64
08 MIC 32 128 >128 NA 32 >128 64
MFC 64 128 >128 NA 32 >128 64
Q9 MIC >128 128 NA NA NA NA 128
MFC >128 128 NA NA NA NA 128
010 MIC 128 128 NA NA NA NA 128
MFC 128 128 NA NA NA NA 128
011 MIC 128 64 NA NA NA NA 128
MFC 128 64 NA NA NA NA 128
Sbra: Sporothrix brasiliensis (ATCC MYA-4823); MIC: Minimum Inhibitory Concentration; MFC: 116
Minimum Fungicidal Concentration; NA: Not analyzed due to the lack of evidence during TSA 117
screening. 118

The WTT1 clinical isolate, from the feline treated with itraconazole for 60 months, showed 119
MICs compatible with sensitivity after exposure to itraconazole (1 pg/mL), Q1 (32 ug/mL), 120
H1 (2 ug/mL), H2 (16 pg/mL) and H3 (2 pg/mL). Meanwhile, MFCs were respectively Q1 121
(32 ug/mL), H1 (2 pug/mL), H2 (16 pg/mL) and H3 (4 pg/mL). WT2 and WT3 exposed to 122
hydrazones exhibited the same phenotype suggestive of sensitivity (Table 2). Quinones 123
MICs and MFCs were also high for Wild-Type isolates (Table 4). MFC obtained for all 124
molecules hidrazone and quinone demonstrated a fungicidal profile. 125

Table 5 shows the high amplitude of MICs and MFCs (1 - > 128 ug/mL) obtained for 126
the seven crude extracts against the saprophytic and the yeast forms of S. brasiliensis (Table 127
5). The lowest MICs and MFCs were obtained when both morphotypes of the NWT S. 128
brasiliensis were exposed to the O. notatae* extract and to also to the M. floribundae> (Table 129
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5). Results obtained from MFC for all extracts demonstrate that they have a fungicidal 130

profile. Table 6 shows the geometric means of the crude extracts against S. brasiliensis. 131
Table 5. Comparison of the in vitro susceptibility evaluation (ug/mL) of the six isolated Sporothrix brasiliensis (conidial and yeast 132
form) planktonic cells to crude extracts. 133
Azole/ ATCC / Clinical Isolates

Crude extracts S. bra WT 1 WT 2 WT 3 NWT 1 NWT 2 NWT 3

C Y C Y C Y C Y C Y C Y C Y

MIC 1 2 16 1 16 4 16 1 32 32 16 16 16 8

Itraconazole

MEFC 8 16 64 8 32 32 64 8 64 >128 64 128 32 128

MIC >128 16 >128 32 >128 16 64 64 >128 >128 64 16 128 2
MFEC >128 16 >128 32 >128 32 64 32 >128 >128 64 8 128 1
MIC 4 1 >128 32 >128 1 64 1 >128 >128 64 2 64 32
MFC 4 1 >128 16 >128 2 32 1 >128 >128 32 2 64 32
MIC 128 >128 64 16 64 8 128 128 64 128 32 >128 64 8
MFC 128 >128 64 16 64 8 128 128 64 128 32 >128 64 16

4

8

O. pulchella <
O. pulchella

O. pulchella 4

, MIC 32 >128 >I28 >128 128 2 >128 16 16 16 128 16 32
M. floribunda 4
MFC 32 >128 >I28 >128 128 2 >128 16 32 8 128 16 32
M foribungee MIC 1632 128 128 >128 128 8 128 8 4 2 1 4 8

Sflorbundat—\ee 16 32 s128  >128 128 128 8 128 8 4 2 1 4 8
MIC 128 64 >128 8 >128 16 8 64 2 2 64 64 128 16
MFC 128 64 >128 8 >I128 8 16 64 4 4 64 64 128 16
MIC 128 128 128 >128 >128 64 16 128 16 >128 128 64 64 128

MFC 128 128 128  >128 >128 64 16 128 32 >128 128 64 64 128

O. notata e

H. brasiliense h

Sbra: Sporothrix brasiliensis (ATCC MYA-4823); MIC: Minimum Inhibitory Concentration; MFC: Minimum Fungicidal Concentration; C: 134

conidia; Y: yeast; ¢ fraction ethyl acetate; ¢ fraction ethanol; 4 fraction dichloromethane; " fraction hexane. 135
Table 6. Geometric means generated from the in vitro susceptibility test (ug/mL) of the six isolated Sporothrix brasiliensis 136
(yeast form and conidial form) planktonic cells to crude extracts. 137

ATCC / Clinical Isolates

Azole/
. S.bra (Y
Crude extracts S. bra (C) ra (Y) WT (C) NWT (C) WT (Y) NWT (Y)
GM GM GM GM
MIC 1 2 16 21.3 2 18,7
Itraconazole
MEC 8 16 53.3 53.3 16 128
MIC >128 16 106.7 106.7 37.3 73
O. pulchella «
MEC >128 16 106.7 106.7 32 45.7
MIC 4 1 106.7 106.7 11.3 54
O. pulchella ¢
MEC 4 1 96 74.7 6.3 54
MIC 128 >128 85.3 53.3 50.7 88
O. pulchella 4
MEC 128 >128 85.3 53.3 50.7 90.7
. MIC 32 >128 86 16 86.7 58.3
M. floribunda 4
MEC 32 >128 86 13.3 88 64
. MIC 16 32 88 4.7 128 4.3
M. floribundast 16 32 88 47 128 43
MIC 128 64 88 64.7 29.3 27.3
O. notata e
MEC 128 64 90.7 65.3 26.7 28
MIC 128 128 90.7 64.3 106.7 106.7

H. brasiliense b
MEC 128 128 90.7 74.7 106.7 106.7
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Sbra: Sporothrix brasiliensis (ATCC MYA-4823); MIC: Minimum Inhibitory Concentration; MFC: Minimum Fungicidal Con- 138
centration; GM: Geometric Mean C: conidia; Y: yeast; @ fraction ethyl acetate; © fraction ethanol; 9 fraction dichloromethane; " 139
fraction hexane. 140
Overall, M. floribundad, O. pulchella, O. pulchellae and O. pulchellad extracts showed distinct 141
MICs and MFECs, with lower values against the yeast forms of the S. brasiliensis isolates, 142
either WT or NWT. MIC and MFC amplitudes ranged from 16 - > 128 pg/mL for H. brasil- 143
iense" versus all isolates, regardless the morphotype. 144
145
The in silico toxicological profile and pharmacokinetics 146
Toxicity was predicted as described in Table 7. The oral rat acute toxicity (LD50) of 147
all derivatives and itraconazole ranged from 1.952 mol/kg to 2.984 mol/kg. In contrast, 148
oral rat chronic toxicity (LOAEL) varied from 0,055 log mg/kg bw/day to 2.974 mg/kg 149
bw/day. Minnow toxicity varied between -6.407 log LC50 to 0.919 log LC50. Q6, Q7, H1 150
and H3 did not show evidence of a hepatotoxic effect. No hydrazone was potentially in- 151
hibitor of HERG I and II channels, while quinones did not seem to inhibit HERGI. The in 152
silico predictions of four toxicological endpoints revealed Q4, Q11, and itraconazole as 153
immunotoxic. And Q4, Q5, and H1 as mutagenic. No compound presented carcinogenic 154
or cytotoxic presumed properties. 155
Table 7. Toxicological profile in silico of synthetic derivatives. 156
Toxicity
Oral Rat Oral Rat Min- Toxicological end points
Acute Chronic now HER HERG Hepato-
Toxicity Toxicity tox- GI II toxicity
Com- (LD50) (LOAEL) icity .
Immuno-  Carcino- Cyto- Muta-
pounds . . . .
toxicity genity toxicity  genicity
Numeric Nu-
1:;:;}1;; mg /ﬁ;%bw y n;lirgc Categorical (Yes/no) Categorical (Active/Inactive)
day) LC 50)
Itra-
cona- 2.966 0.055 -4446  No Yes Yes Yes No No No
zole
Q1 1.952 2.322 -2.223 No Yes Yes No No No No
Q2 2.098 2.398 -2.889 No Yes Yes No No No No
Q3 2.245 2.381 -2.098 No Yes Yes No No No No
Q4 2.580 1.549 -1.846 No Yes Yes Yes No No Yes
Q5 2.577 1.581 -1.211 No Yes Yes No No No Yes
Q6 2.972 1.221 0.919 No Yes No No No No No
Q7 2.965 2.426 0.274 No Yes No No No No No
Q8 2.711 2.974 -6.407 No Yes Yes No No No No
Q9 2.844 1.724 -0.550 No No Yes No No No No
Q10 2.905 1.578 -1.852 No Yes Yes No No No No
Q11 2.247 2.597 -2.126 No Yes Yes Yes No No No
H1 2.596 1.380 0.167  No No No No No No Yes
H2 2.549 1.340 0.644 No No Yes No No No No
H3 2.984 1.238 -0.396  No No No No No No No
Itra: Itraconazole; HERG I: Type 1 human ether-a-go-go-related gene; HERG II: Type 1 human ether-a-go-go-related 157
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Table S1: Pharmacokinetics profile in silico of synthetic derivatives, summarizes the in sil- 158
ico intestinal absorption analysis of all compounds shown values above 80% (84.81% - 159
100%), and most of the derivatives (8/14) exhibited good Caco-2 permeability, similar to 160
itraconazole. Differently, Q1, Q7, H2, and H3 were not determined as P-glycoprotein sub- 161
strates. No hydrazone derivative was suggested as inhibitor of P-glycoprotein I/Il while 162
Q9 was not assigned as a P-glycoprotein II inhibitor. 163

The volume of distribution (VDs) showed lower values (-0.807 and -0.169 log L/kg) 164
for almost all derivatives. Likewise, low values were shown for the majority of them in 165
regards to the unbound drug fraction (UF). However, H1, H2, H3, and Q8 compounds 166
presented estimated values ranging from 0.274 to 0.386, above itraconazole (Table 6). In 167
addition, the H3 was the only derivative with a suggested capability of blood-brain barrier 168
permeability (BBB). 169

These compounds were also analyzed for interaction with CYP 450 enzymes, as sub- 170
strates (2D6 and 3A4) or as inhibitors (CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4). 171
The hydrazone derivatives were not substrates for CYP3A4, and none of them were sub- 172
strates for CYP2D6. As inhibitors, only the H3 compound showed an inhibitory profile 173
and only against CYP1A2. Q1, Q2, Q3, Q4 and Q10 compounds inhibit CYP2C19, CYP2C9, 174
CYP2D6, and CYP3A4. The candidates showed total clearance activity ranging from -0.926 175
log mL/min/kg to 0.786 log mL/min/kg. Similarly, we found no renal OCT2 substrate ac- 176
tivity for both classes. 177

3. Discussion 178

The present work investigated S. brasiliensis isolates obtained from the lesions of do- 179
mestic cats with sporotrichosis clinically classified as responsive or irresponsive to treat- 180
ment with itraconazole, the last ones with episodes of relapse. This treatment varied from 181
2-60 months, and, as expected, S. brasiliensis showed MICs compatible with reduced sen- 182
sitivity to itraconazole or “non-Wild Type”, whenever obtained from irresponsible cats, 183
as proposed by ESPINEL-INGROEFF and co-authors (2017) and Almeida-Paes and co-au- 184
thors (2017). Cats mean age around three years-old is in accordance with previous reports 185
on sporotrichosis as well as the predominance of males. Indeed, this species sexual ma- 186
turity increases fighting for females and concomitant exposure to other diseased animals 187
[1-3]. 188

Although itraconazole is the first therapeutic option for human and domestic feline 189
sporotrichosis treatment [8,10,19], broth microdilution cutoff points were not established. 190
As a consequence, the definition of qualitative parameters of Sporothrix spp. response 191
(sensitivity or resistance) to the different antifungal drugs remains a riddle to be solved. 192
In an attempt to contribute to this definition, epidemiological cutoff values (ECVs) were 193
suggested [19,20] though not yet fully correlated to the patients’ clinical responses 194
[8,10,19]. Recently, Nakasu and co-authors (2020) published a single study describing 195
solid efforts to draw a parallel between in vitro data and the feline therapeutic follow-up. 19

Recent publications suggest that ECVs with MICs in the 0.5-2mg/L range for itracon- 197
azole are considered indicative of S. brasiliensis in vitro sensitivity [8,10,19,20]. The present 198
study data on S. brasiliensis clinical isolates supports this indication since those originated 199
from domestic felines with an effective therapeutic response to the azole presented in vitro 200
MIC of 2ug/mL. Contrarily, S. brasiliensis obtained from domestic feline showing poor 201
therapeutic response to itraconazole, provided MIC values between 8 and 32 pg/mL, 202
therefore considered “non-wild type” [19,20] or even resistant [8,10,11]. Likewise, Nakasu 203
and co-authors (2020) in a veterinary hospital in Southern Brazil (Pelotas, RS), showed 204
that about half of the investigated cats was irresponsible to itraconazole with MICs corre- 205
sponding to S. brasiliensis resistance to this drug. However, the reported MICs for itracon- 206
azole detected in the present investigation were higher than those reported by these au- 207
thors. This might reflect the fact that the South Region of Brazil is located 1800 km apart 208
from the hyperendemic area (Rio de Janeiro, Southeast Brazil) with a lower level of spo- 209
rotrichosis endemicity [1,3] 210
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Several authors suggested that S. brasiliensis shows reduced sensitivity to azoles 211
[8,10,19,20], revealing the pressing need to distinct therapeutic alternatives. In the recent 212
years quinones became a target of several studies due to their diverse known biological 213
activities, such as, antibacterial [21,22] and antifungal [23], they were also reported to have 214
antifungal properties against S. schenckii [24]. The present study performed a analysis of 215
new eleven quinone derivatives facing WT and NWT clinical isolates and the standard 216
strain of S. brasiliensis. Quinonic derivatives Q1 and Q8 exhibited MIC and MFC values 217
corroborating its potential for planning new antifungal molecules [23,24]. Indeed, Tandon 218
and co-authors (2006), assessing quinone derivatives' antibacterial and antifungal poten- 219
tial, showed MICs between 6.25 - 250ug/mL for distinct S. schenckii isolates. Subsequently, 220
the same authors [24] tested new naphthoquinone molecules against S. schenckii, and the 221
MICs50 were between 0.78 ->50 pg/mL. In the present study, the MICs obtained after in 222
vitro challenging S. brasiliensis versus quinones, were higher than those reported for S. 223
schenkii [24], but still compatible with future therapeutic potential. Our data are similar or 224
even better than the in vitro activity of new dihydrofuranaphthoquinones molecules 225
against S. brasiliensis and S. schenckii recently reported, with MICs50 ranging from 4-32uM 226
[13]. 227

This study to prospect three hydrazones showed potential antifungal activity against 228
different clinical isolates of S. brasiliensis and the standard strain. In vitro exposure to H1 =~ 229
provided MIC of 1 pug/mL against the S. brasiliensis NWT1 while the corresponding itra- 230
conazole MIC was 32x higher. Remarkably, this isolated infected a domestic cat with a 231
history of prolonged itraconazole irresponsive sporotrichosis and lesion recurrence on the = 232
base its amputated tail, due to this zoonosis. For the standard strain of S. brasiliensis (Sbra), 233
the same hydrazone (H1) showed a promising in vitro result as the H3 molecule. 234

Indeed, the therapeutic potential for the chemical class of the hydrazones was previ- 235
ously reported, since they present several biological activities [25], including antimycotic = 236
against dimorphic fungi such as Coccidioides posadasii as well as highly relevant yeasts such 237
Candida spp. and Trichosporon asahii in both community and hospital-acquired infections 238
[25-28]. Cordeiro and co-authors (2016) considered higher MICs (31,2 - 250 pug/mL) facing 239
Coccidioides posadasii as compatible with further research investment in hydrazones 240
against this dimorphic fungus. Equally, distinct Candida species challenged to in vitro 241
growth in the presence of different hydrazone derivatives provided MICs ranging from 242
0,25 - 128 ug/mL, thus reinforcing such potential [28]. Previously, Casanova and co-au- 243
thors (2015) proposed that a MIC value between 8 - 32 ug/mL could be considered an 244
encouraging result after in vitro testing of new hydrazones against Candida parapsilosis and 245
Trichosporon asahii. Together, our results point to this class as bearing strong potential for 246
future investment as a new class to control fungal infections. 247

Crude extracts and essential oils are alternatives considered of great interest due to 248
diverse biological activities, including antimicrobial activity against fungi of medical and 249
veterinary importance [17], such as S. schenckii and S. brasiliensis [10,29]. The present study 250
was the first to evaluate the potential antifungal properties of seven crude extracts from 251
three different plant genus (Ocotea, Myrciaria and Hypericum) against clinical isolates of S. 252
brasiliensis. The Ocotea extracts provided MICs and MFCs that can be interpreted as prom- 253
ising values and worth of future research investment. O. notata values were particularly = 254
interesting against the parasitic form of S. brasiliensis. The same observation was shown 255
by Angels and co-authors (2020) for Candida krusei [30]. 256

Myrciaria floribunda (H. West ex Willd.) O. Berg, a plant distributed from North to 257
South Brazil is a native species of the Atlantic Rain Forest [31] Curiously, its extract was 258
even more effective on in vitro inhibiting/killing yeast forms of S. brasiliensis NWTs iso- 259
lates. On the other hand, H. brasiliense profile showed higher values, although still dis- 260
playing a sensitivity profile compatible with future antifungal development. Indeed, the 261
Hypericum genus composed by several metabolites, such as y-pyrone and xanthones, 262
showed antifungal activity against the phytopathogen Cladosporium cucumerinum [32] and 263
Candida albicans [33]. 264
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Few reports described the antifungal properties of plant origin compunds against 265
Sporothrix spp., mainly concentrated in essential oils [17,29]. Cleff and collaborators (2008) 266
considered promising in vitro results of the essential oil of Origanum vulgare against S. 267
schenckii isolated from feline diseased domestic cats with MICs of 250 to 500 pg/mL [17,29]. 268
Another in vitro study conducted with extracts of Origanum manjorana (marjoram) and 269
Rosmarinus officinalis (rosemary) against S. brasiliensis originated from animals residing in 270
the Brazilian South Region, revealed MICs around 40 mg / mL- [15]. In the present study, 271
in vitro crude extracts showed even lower MICs against S. brasiliensis and, more im- 272
portantly, MICs and MFCs were even lower for the yeast forms of the itraconazole re- 273
sistant S. brasiliensis. Altogether, these results encourage new research efforts on natural 274
compounds as important alternatives for feline sporotrichosis treatment. 275

Nevertheless, a limitation we acknowledge is the need for fractionation in order to 276
determine the active metabolite for each investigated plant species extract. One hypothe- 277
sis is the antifungal activity related to xanthones or flavonoids as observed before for C. 278
albicans [33-36] and Cryptococcus neoformans [37]. 279

Hydrazones and quinones derivatives were submitted to in silico ADME/Tox prop- 280
erties analysis. Absorption is the process whereby the drug candidate moves from the 281
point of administration (extravascular site) to the blood (systemic circulation). The values 282
above 90%, presents an optimal intestinal profile [38]. Thereby all tested derivatives re- 283
vealed a good theoretical absorption in the intestine, similar to itraconazole. Moreover, 284
some quinone derivatives and itraconazole presented a permeability to Caco-2 cells. [39]. 285

One last absorption parameter was analyzed by employing the P-glycoprotein 286
transporters substrate or inhibitor [40]. The non-linear absorption kinetics of P-glycopro- 287
tein substrates has been reported due to saturation transporter-mediated efflux activity, 288
promoting the inhibition of intestinal P-glycoprotein resulting in significant effects of 289
drug interaction (DDI) [41,42]. The results were suggested that Q1, Q7, H2, and H3 deriv- 290
atives compounds were not P-glycoprotein substrates suggesting a good i silico oral bio- 291
availability for all analyzed derivatives to be further explored. 292

Volume of distribution (VDss), fraction unbound (human), and blood-brain barrier 293
membrane (BBB) permeability were analyzed as a distribution parameter of all studied 294
compounds. The VDss indicates the theoretical volume that a total dose would need tobe 295
uniformly distributed in the plasma at the same concentration observed in blood plasma. 296
All compounds showed lower values of VDss suggesting that all these prototypes need 297
low concentrations to remain in blood plasma. A fraction of the unbound drug of all hy- 298
drazones is higher than itraconazole. These results indicating these groups of molecules 299
as a good predictive distribution because, the unbound form of the drug is responsible for 300
exercising pharmacological activity [43]. The blood-brain barrier (BBB) was analyzed and 301
according to SwissADME calculation, only H3 derivative could be passing through the 302
blood-brain barrier. 303

Enzymatic metabolism indicates the chemical biotransformation of a drug in the 304
body, which plays a vital role in converting drug compounds [42]. CYP enzymes represent 305
the most studied phase I drug-metabolizing enzymes, and are also implicated in drug— 306
drug interactions (DDIs) mediated by drug inhibition [44]. Despite none of the derivatives 307
were substrate for tested Cytochrome P450 isozyme 2D6. All quinones are substrate of 308
3A4, likely itraconazole. Additionally, among these derivatives only H3 act as an inhibitor ~ 309
for CYP1A2. Interestingly, CYP1A2 is one main xenobiotic-metabolizing enzyme in hu- 310
mans, and a recent study associated this enzyme with the bioactivation of procarcino- 311
gens, including 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), a tobacco-spe- 312
cific and potent pulmonary carcinogen. [42,44]. 313

Clearance is a constant that describes the relationship between drug concentrationin 314
the body. Important of determining elimination of the drug [45]. Except for hydrazones 315
derivatives, all other new compounds designed exhibit-ed lowers values, such as itracon- 316
azole. These metabolic and excretion results indicated that theoretically the quinones 317
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derivatives present a hepatic metabolization, while the hydrazones derivatives a renal 318
metabolization. 319

Toxicity has been a significant concern to the safety of drug candidates. Hepatotoxi- 320
city is still one of the major problems of drug toxicity [46]. Consequently, only Q6, Q7, H1, 321
and H3 derivatives showed no predicted hepatotoxicity. Concerning the in silico toxicity = 322
test of minnow, an equivalent lethal concentration value (LC50), representing the concen- 323
tration of a molecule necessary to cause the death of 50% of experimentally tested Fathead 324
Minnows, LC50 < 0.5 mM (i.e. log LC50 < -0.3) are regarded to cause acute toxicity. Q6, 325
Q7, H1, and H2 derivatives do not seem to present acute toxicity in the minnow test. All 326
quinones, except Q8 and hydrazones, proved less toxic than itraconazole. No hydrazone 327
was potentially inhibitor of HERG I and II channels [47], while quinones did not seem to 328
inhibit HERG I. Avoiding patient fatal heart-beat problems and short QT syndrome. 329

The oral rat acute toxicity expresses the compound toxic potential in terms of the le- 330
thal dosage values (LD50 in mol/kg). These Chronic toxicity studies aim to detect the low- 331
est doses of a compound that will cause LOAEL (the lowest observed adverse effects), and 332
the treatment period and exposure time to the compound also have to be considered [48]. 333
Log LOAEL pre-dicted values for our compounds suggest a larger dose of each compound 334
has to be used to induce adverse effects, indicating safety for these compounds, compar- 335
ing to itraconazole. 336

The ProTox-II propose to classify the drugs into several different steps, including a 337
toxicological (immunotoxicity model), genotoxicological (cytotoxicity, mutagenicity, and 338
carcinogenicity model) endpoints, and toxicity of specific protein target [49,50]. The in 339
silico results revealed that all compounds present no cytotoxicity and carcinogenicity. In 340
general, theoretical toxicity studies showed that the derivatives were less toxic than the 341

antifungal of choice. 342
4. Materials and Methods 343
4.1. Fungal isolates 344

Six clinical S. brasiliensis isolates were obtained from the lesions of cats with labora- 345
tory-confirmed sporotrichosis, According to the evaluations performed by the veterinari- 346
ans, six cats had lesions suspected of sporotrichosis, later confirmed by mycological cul- 347
ture isolation and genotyping of Sporothrix brasiliensis, all residing in the hyperendemic 348
region of Rio de Janeiro, Brazil, as previously described [3]. These were selected from the 349
Center for Microrganisms’ Investigation fungal collection, based on the itraconazole in 350
vitro results [51-53] following the criteria proposed by [19], as Wild Type (MIC <2ug/mL) 351
or non-Wild Type (MIC = 4ug/mL). These were further designated as “WT1”, “WT2”, 352
“WT3” and “NWT1”, “NWT2”, “NWT3”, respectively. The reference strain S. brasiliensis 353
ATCC MYA-4823 (Sbra) was included in all experiments. 354

4.2. Growth conditions 355

The clinical isolates were maintained by cryopreservation in its yeast phase at -20°C 356
in the fungus collection of the Center for Microorganism’s Investigation (CIM) until its =~ 357
reactivation for the conduction of the experiments. For reactivation, cryotubes were de- 358
frosted with subsequent replication on Sabouraud agar 2% dextrose (Becton, Dickinson, 359
and Company - BD, NJ, USA) and incubated at room temperature for five days for micro- 360
bial growth in the form of conidia. 361
4.3. Synthetic Derivatives 362

Seventy-eight novel chemical derivatives of seven different classes (pyrazoles, pyra- 363
zolones, quinolones, naphthoquinones, hydrazones, n-phthalimides, and quinones) were 364
screened by the disk diffusion antimicrobial sensitivity test (Kirby-Bauer methodology — 365
adapted) [54]. The structure of the derivatives will not be disclosed due to patent possi- 366
bilities. 367

4.4. Crude extracts 368
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Seven different plant extracts were obtained from Ocofea pulchella, Ocotea notata, Hy- 369
pericum brasiliense, and Myrciaria floribunda and further tested for the potential antifungal 370
activity against all clinical isolates and the standard strain of S. brasiliensis (Sbra; Table 8). 371
These crude extracts were provided by the Natural Products Technology Laboratory 372
(LTPN), Faculty of Pharmacy, Fluminense Federal University. O. notata, O. pulchella, and 373
M. floribunda were collected in the Restinga de Jurubatiba National Park (PNR]), in the 374
municipality of Carapebus (22° 13 '53 "S, 41° 35' 46" W), northern area of Rio de Janeiro 375
state, Brazil. Hypericum brasiliense was obtained in the municipality of Trajano de Moraes 376
(22°12'17''S, 43° 11' 35 " W), Mountain Region of the same state. The authorization for 377
academic purposes collection, n® 13659-13, was issued by SisBio (Chico Mendes Institute 378
for Biodiversity Conservation, Ministry of Environment). All plant species were registered 379
under n® AOD648D in the National System for the Management of Genetic Heritage and 380
Traditional Knowledge (SISGEN). 381

Briefly, the collected plant materials were separately dried at 45 °C in an air circula- 382
tion oven, subjected to grinding, and then extracted by maceration until depletion using 383
96% ethanol. After filtration, the solvents were evaporated under vacuum in a rotary 384
evaporator, obtaining the crude ethanol extracts that were then lyophilized. Finally, each 385
crude extract was resuspended and partitioned in solvents of increasing polarity (hexane, 386
dichloromethane, ethyl acetate, and butanol) to obtain the respective extracts. 387

Table 8. Taxonomic information on the crude extracts investigated and the respective diluents and 388

deposit in the herbarium. 389
D . . Herbarium De-
Scientific name Family Extracts / Fractions .
posit
Ethanol; Dichloro-
Ocotea pulchella Lauraceae ' RFFP 14500
methane; Ethyl acetate
Ocotea notata Lauraceae Ethyl acetate RB 2300
Hypericum brasiliense Hypericaceae Hexane RB 4837
Myrciaria floribunda Myrtaceae Dichloromethane RFFP 13789
RFFP: Herbarium of the Faculty of Teacher Education, (State University of Rio de Janeiro, campus 390
Sao Gongalo / RJ, responsible: Dra. Ana Angélica Monteiro de Barros; RB: Herbarium of the Bota- 391
nical Garden of Rio de Janeiro / R], responsible: Dra Rafaela Campostrini Forzza. 392
393
4.5. Antifungal susceptibility assays 394

Susceptibility testing was performed according to the standardized broth microdilu- 395
tion technique described by the CLSI in documents M38-A2 and M27-A3 [51,52] for yeast- 39
like cells and conidia. The antifungal used as experimental control was itraconazole. 397

Minimum fungicidal concentrations (MFC) were used from subcultures on Petri 398
dishes, including Sabouraud agar 2% dextrose (SDA; Becton, Dickinson and Company - 399
BD, NJ, USA), filamentous phase, and Brain Heart Infusion (BHI; Becton, Dickinson and 400
Company - BD, NJ, USA), yeast phase, with 30uL of the MIC cell suspension from wells 401
that are not affected by visual impact. In plates, they were incubated at 25 °C for five days 402
(conidia) and at 37 °C for seven days (yeast). After reading the number of colonies, the 403
MFC was established as the lowest derivative concentration capable of eliminating 99.9% 404
of the fungal growth [55]. 405

Prototypes providing MICs under < 64 ug/mL against S. brasiliensis were considered 406
promising candidates for future antifungal drug development. Three independent exper- 407
iments were performed for all assays. 408

4.6. In silico toxicity and pharmacological profiles 409

In silico pharmacokinetic properties and toxicity estimations (ADMET) were evalu- 410
ated using pkCSM - pharmacokinetic web server (http://biosig.unimelb.edu.au/pkcsm/) 411
[48], OSIRIS Property Explorer [56] and SwissADME webserver [57]. These results were 412
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compared with the itraconazole profile. The evaluated theoretical pharmacokinetic prop- 413
erties were absorption, distribution, metabolism, and excretion. Absorption suggests a 414
theoretical human intestinal absorption due to the Caco-2 permeability, P-glycoprotein 415
substrate, and P-glycoprotein I/II inhibition. For distribution, the theoretical steady-state 416
volume of distribution was analyzed, the blood-brain barrier penetration (BBBP) and the 417
fraction unbound to serum proteins in humans. The metabolism analyses were based in 418
the relationships with Cytochrome P450 (CYP) enzymes: inhibition of CYP1A2, CYP3A4, 419
CYP2C19, CYP2C9, and CYP2D6, and as substrate of CYP3A4 and CYP2D6é. Lastly, excre- 420
tion parameters were assessed by the total theoretical clearance and renal OCT2 substrate. 421
Toxicological analyses comprise toxicity target, hepatotoxicity, hERGI/II inhibitors, and 422
toxicity end points such as carcinogenic, mutagenic, immunotoxicity, and cytotoxicity pa- 423
rameters. 424

5. Conclusions 425

Three hydrazone derivatives (H1, H2 and H3) and crude extracts from Ocotea notata 426
and Myrciaria floribunda In vitro results showed good performances against the yeast phase 427
of S. brasiliensis itraconazole resistant isolates. Since sporotrichosis is a neglected zoonosis, 428
currently spreading in Brazil and Latin America, the present data can contribute to its 429
future control by alternative antifungal drug design against S. brasiliensis, the most viru- 430
lent and prevalent species of the hyperendemic scenario. 431

Supplementary Materials: Table S1: Pharmacokinetics profile in silico of synthetic derivatives 432
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Table S1: Pharmacokinetics profile in silico of synthetic derivatives

Absorption Distribution Metabolism Excretion
Compounds Intestir?al Caco-2 P- . P- . P- . VDss Fraction BBB Substrate Inhibition Total Renal
absorption . glycoprotein  glycoprotein  glycoprotein . OCT2
(human) permeability substrate Iinhibition Il inhibition (human) - unbounded  permeability CYp clearance substrate
Numeric Categorical Categorical (Yes/No) NI(J:; egric Numeric Categorical 2D6 3A4 1A2 2C19 209 2D6 3Ad Nlar; c;ric Categorical
(%Absorbed) (Yes/No) L/kg) (Fu) (Yes/No) Categorical (Yes/No) ml/min/kg) (Yes/No)
Itra 100 Y Y Y Y -0.167 0.239 N N Y N Y Y N Y 0.056 N
Q1 96.778 Y N Y Y -0.614 0 N N Y Y Y N Y 0.058 N
Q2 97.050 Y Y Y Y -0.515 0.04 N N Y N Y Y N N 0.072 N
Q3 97.220 Y Y Y Y -0.595 0.053 N N Y N Y Y N Y 0.057 N
Q4 88.680 N Y Y Y -0.807 0.184 N N Y N N Y N Y 0.037 N
Q5 88.515 N Y Y Y -0.791 0.174 N N Y N N Y N Y 0.098 N
Q6 97.451 Y Y Y Y -0.252 0.194 N N Y N N Y N Y 0.039 N
Q7 100 Y N Y Y -0.312 0.153 N N Y N N Y N Y 0.035 N
Q8 100 Y Y Y Y -0.347 0.274 N N Y N N N N N -0.926 N
Q9 84.812 Y Y Y N -0.187 0.029 N N Y N N N N N 0.072 N
Q10 100 Y Y Y Y -0.574 0.196 N N Y N Y Y N Y -0.045 N
Q11 99.261 N Y Y Y -0.557 0.079 N N Y N N Y N Y -0.002 N
H1 99.261 N Y N N -0.317 0.286 N N N N N N N N 0.786 N
H2 93.340 N N N N -0.231 0.386 N N N N N N N N 0.726 N
H3 91.647 N N N N -0.169 0.324 Y N N Y N N N N 0.285 N

Itra: itraconazole; VDss: volume of distribution; FU: fraction unbounded; BBB: blood brain barrier permeability; Y: yes; N: no; HERG I: Type 1 human ether-a-go-go-related gene; HERG II: Type 1 human

ether-a-go-go-related gene.
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4. ARTIGO 2

Three points of view on phendio, silver (I) and copper (ll) 1,10-phenanthroline-
5,6-dione against Sporothrix brasiliensis: an unprecedented report

O Sporothrix brasiliensis € um fungo termodimorfico, principal agente
causador da esporotricose no Brasil que se mantém em constante expansao
geogréfica nesse pais e também ultrapassando fronteiras continentais. O itraconazol
€ 0 medicamento de escolha para o tratamento de felinos e humanos, embora seja
caro, dificil de ser administrado diariamente em gatos e com crescentes relatos de
sensibilidade diminuida do S. brasiliensis a este azol. Afim de contribuir com
possiveis novas alternativas terapéuticas, este artigo avaliou o potencial antifingico
dos novos compostos de 1,10 fenantrolina 5,6-diona por meio de testes in vitro, in
vivo e in silico de propriedades antifungicas contra S. brasiliensis obtidos de gatos
doentes da area hiperendémica brasileira. Para isso, colaboracdes do Centro de
Investigacdo de Microrganismos (CIM/UFF), coordenado pela Profa. Dra. Andrea
Regina de Souza Baptista, foram feitas com os seguintes parceiros: Laboratorio de
Estudos Avancados de Microorganismos Emergentes e Resistentes (UFRJ),
coordenado pelo Prof. Dr. André Luis Souza dos Santos, o Laboratorio de
Antibioticos, Bioquimica e Modelagem Molecular (LABIEMOL), coordenado pela
Profa. Dra. Helena Carla Castro e o Departamento de Quimica, Universidade
Nacional da Irlanda, Maynooth, Irlanda. Por fim, o manuscrito desse artigo devera
ser submetido até marco do ano subsequente (2021) para revista cientifica Journal
of Antimicrobial Chemotherapy (Imprensa da Universidade de Oxford, Reino Unido -
Fator de Impacto 5,439).
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Abstract

Sporothrix brasiliensis is responsible for the epizooty of this neglected subcutaneous mycosis
with a hyperendemic status in Brazil, showing geographic expansion to other countries in
South America. Itraconazole is the drug of choice for the treatment of feline sporotrichosis,
however, it has some disadvantages such as: hepatotoxic potential, exclusive oral
administration and high cost. This scenario shows the urgent need to seek new therapeutic
alternatives. The 1,10-phenanthroline-5,6-dione is a phenanthrene-based compound, coupled
or not to transition metal ions (Cu*?, Ag") that previously demonstrated antimicrobial
activities and pharmacological applications. Therefore, this work aimed at prospecting in
vitro, in vivo and in silico 1,10-phenanthroline-5,6-dione antifungal properties against S.
brasiliensis isolates from cats of the hyperendemic region. The minimum inhibitory
concentrations (MICs) of the phendione and chelates, were determined using the broth
microdilution method (M27-A3 and M38-A2). Galleria mellonella was the experimental
model to the in vivo testing. In silico tests were used to predict the pharmacological profile
and toxicity parameters of synthetic derivatives. Low MICs and MFCs were obtained for all
drug candidates against conidia and yeasts of WT and NWT clinical isolates, ranging from
0,156 - 5 uM. G. mellonella larvae once treated with phenanthroline chelates presented an
important increase in survival percentage (30-70%). Computational analysis did not show
toxicity, while a good predictive pharmacological profile, with parameters similar to those of
itraconazole. The three chelates are promising antifungal drugs, including inhibitory and
fungicidal profiles against itraconazole-resistant S. brasilensis from the Brazilian
hyperendemics.

Keywords: Sporotrichosis, Felis catus, Galleria mellonella, Public Health, Treatment.
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Introduction

Fungi that constitute the pathogenic clade of the Sporothrix genus [1,2] are responsible
for cases of human and feline sporotrichosis worldwide [2,3]. Sporothrix brasiliensis is the
species responsible for the epizootic of this neglected subcutancous mycosis with a
hyperendemic character in some Brazilian regions [4,5]. Itraconazole is the drug of choice for
the treatment of feline sporotrichosis [5,6], however, it has some disadvantages such as:
hepatotoxic potential, exclusive oral administration and high cost. These conditions make it
even more difficult to treat and to control this zoonosis, which in some cases is prolonged,
and adds important morbidity to the different hosts and considerable mortality to the diseased
domestic feline [6].

In view of the limited therapeutic arsenal available against fungal diseases, whether
due to the phenomena of microbial resistance or its limited bioavailability or toxicity to
affected hosts, the need for alternative drugs to optimize such treatment is evident [7,8]. In
this scenario, 1,10-phenanthroline-5,6-dione is a phenanthrene-based compound, coupled or
not to transition metal ions (Cu™?, Ag") that has already demonstrated antimicrobial activities
and pharmacological applications [7—11], however, not yet investigated against Sporothrix
brasiliensis.

For such investigation of the host-pathogen-compound interaction, a suitable
experimental model is needed. Invertebrate models proved to be an alternative to assess the
virulence of pathogenic fungi, since the immune system of insects has a close resemblance to
innate mammalian immune response, both structurally and functionally [12,13]. In particular,
Galleria mellonella has stood out as an alternative invertebrate model, being widely used in
recent years in in vivo experimental infection for example Candida haemulonii and Candida
albicas [16, 34]. The use of these larvae has become widespread due to their easy handling,

low cost and large number of animals for generations. In addition, these insects have immune
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system cells, hemocytes, similar to humans and are able to grow at 37 °C, perfectly
mimicking physiology needs for the thermodimorphic Sporothrix conversion to the yeast
phase [14,17].

To the best of our knowledge, this is the first work that aimed to evaluate the
performance of the phendione and chelates (Cu*2, Ag") in vitro, in silico and in vivo against

the dimorphic fungus S. brasiliensis.

Material and Methods
Ethical Considerations

The study was approved and conducted in accordance with the rules of the Ethics
Committee on Animal Use, Fluminense Federal University, Rio de Janeiro / BR (CEUA-UFF,

protocol number 7561040518; June 14, 2018).

Strains and Culture Conditions

Six clinical isolates of S. brasiliensis obtained from the cutaneous lesions of six felines
with laboratory-confirmed sporotrichosis, from hyperendemic regions of the state of Rio de
Janeiro, Brazil, were selected, as described by previous work of the group [18]. The selection
was based on the in vitro response criterion to itraconazole (Wild Type = MIC <2pug/ml; Non-
Wild Type = MIC >4pg/ml) respecting the cutoff points suggested in the literature [19,20],
further designated as “WT1”, “WT2”, “WT3” and “NWT1”, “NWT2”, “NWT3”,
respectively. In addition, the reference strain of S. brasiliensis used in this work is an isolate
of control of the American Type Culture Collection, ATCC MYA 4823.

The clinical isolates were maintained by cryopreservation in their filamentous phase at
-20 °C in the fungal collection of the Center for Microorganisms’ Research (CIM) of the

Fluminense Federal University, until their reactivation for conducting the experiments. For
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reactivation, cryotubes were thawed with subsequent replication in Sabouraud Agar (Becton,

Dickinson and Company - BD, USA).

Chemistry

The 1.10 phenanthroline chelates used in the present study are: 1,10-phenantroline-
5,6-dione (Phendione), [Ag(phendio)>].ClOs (Ag-phendio) and [Cu(phendio)3] (ClO4)2.H.O
(Cu-phendio), these were diluted in DMSO to 100% in the in vitro tests and 10% in the in

vivo tests. These were prepared according to previous protocols [7,21].

In vitro Antifungal Sensitivity Assay

The susceptibility test was performed according to the standardized broth
microdilution technique, described by CLSI in documents M38-A2 and M27-A3 [22,23], for
yeasts and conidia. The antifungal agent used as an experimental control was itraconazole
(Sigma-Aldrich, Missouri, USA)

Minimal fungicidal concentrations (MFC) were performed from subcultures in Petri
dishes, including 2% Sabouraud Dextrose Agar (SDA; Becton, Dickinson and Company -
BD, NJ, USA), filamentous phase and Brain Heart Infusion Broth (BHI; Becton, USA).
Dickinson and Company - BD, NJ, USA), yeast phase, with 10 pL of cell suspension from
MIC wells unaffected by visual impact. The plates were incubated at 25 °C for five days
(conidia) and at 37 °C for seven days (yeast). After reading the MFC was established as the
lowest concentration of the derivative capable of eliminating 99.9% of the fungus growth
[24]. According to Pfaller and coauthors (2004), we classified a molecule with a "fungicide"
effect if its MFC was equal or up to 4x greater than its MIC whereas the "fungistatic" effect

was determined whenever this value was greater than 4x the MIC [25].
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Toxicity and in silico pharmacological profile

In silico pharmacokinetic properties and toxicity estimates (ADMET) of the three
phenanthroline compounds were evaluated using pkCSM - pharmacokinetic web server
(http://biosig.unimelb.edu.au/pkesm/) [26], OSIRIS Property Explorer [27] and SwissADME
webserver [28]. Results are also compared with the profiles of itraconazole and theoretical
pharmacokinetic properties absorption, distribution, metabolism and excretion were
evaluated. The parameters evaluated were human intestinal absorption (Caco-2 permeability),
theoretical human intestinal absorption, P-glycoprotein substrate and inhibition of P-I / II
glycoprotein. For distribution, the theoretical steady-state volume of distribution, the
penetration of the blood-brain barrier (BBBP) and the non-protein bound serum fraction in
humans were analyzed. Metabolism analyzes were performed by the relationship with
Cytochrome P450 (CYP) enzymes as substrate of CYP3A4 and CYP2D6 and as inhibition of
CYP1A2, CYP3A4, CYP2C19, CYP2C9 and CYP2D6. Analyzes of excretion parameters
were performed on theoretical total clearance and renal OCT2 substrate. Toxicological
analyzes included target toxicity, hepatotoxicity, hERGI/II inhibitors, toxicity endpoints such

as carcinogenic, mutagenic, immunotoxicity and cytotoxicity endpoints.

Galleria mellonella Survival Assays

Infection of Galleria mellonella larvae was performed according to the previously
standardized protocol for Sporothrix spp. and Candida spp. [15,16]. Larvae were selected in
the sixth stage of development with 0.2 and 0.3g, uniform color, without spots or signs of
melanization. Inoculation was done subcutaneously, using 10 pL of inoculum with a Hamilton
needle in the last left pro-leg. These were divided into three groups: 1- Ten larvae with 1x10’

yeast/uL of S. brasiliensis ATCC MYA 4823 inoculum; 2- Ten larvae inoculated with PBS
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(Phosphate Buffered Saline; FUJIFILM Irvine Scientific) and 3- Ten non-inoculated larvae
(mechanical stress).

After inoculation, larvae groups were placed in 90 x 15 mm Petri dishes and incubated
at 37°C. The status of the larvae was monitored daily for up to ten days to document the
phenotypic changes, as well as the survival rates. Larvae were considered dead when no

movement was noted after contact with a needle and intense melanization, as previously

defined [15,29].

In vivo Antimicrobial Activity

To evaluate the in vivo antimicrobial activity, one hour after larvae infection with S.
brasiliensis ATCC MYA-4823, these were individually injected with 10 pL of the
phenanthroline chelates and itraconazole at the concentration of 1X their respective MIC
values. The three drug-free control groups were: 1- Non-inoculated larvae (mechanical
stress); 2- 10 uL of PBS and 3-“non-injected” larvae group (fungus inoculated) [15]. Thus, a
total of seven groups were formed, once considered: 4- phendione; 5- Cu*? phenanthroline; 6-
Ag" phenanthroline and 7- ITRA (Sigma-Aldrich, Missouri, USA), with ten injected larvae

for each group [16].

Statistical analysis
All experiments were performed in triplicate, in three independent experimental sets.
Data were stored and analyzed using the Excel 2019 (Windows Server 2019), software

(Microsoft, Albuguerque, Novo México -, EUA).

Results

Antifungal susceptibility assay
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After initial screening by the disc-diffusion method, the compounds Phendione, Ag-
phendio and Cu-phendio were selected to further investigation by the microdilution broth test
against both morphotypes of S. brasiliensis. MIC and MFC values of the six clinical isolates
and the standard strain against 1,10-phenantroline chelates and itraconazole are shown in
Table 1

S. brasiliensis exposure to 1,10-phenantroline-5,6-dione and chelates provided low
MIC values and MFC values for the conidial form, varing from 2.5 to 10 uM for WT and 1.25
to 5 uM for NWT isolates. The geometric mean of the MICs of these compounds against the
NWT isolates compared to the WT was lower, however, when compared to the values
obtained by the S. brasiliensis isolates against itraconazole, it was five times (5x) lower for
WT and six times (6x) smaller for NWT (Table 2).

MIC values and MFC values for the phendione Ag-phendio e Cu-phendio from the
clinical isolates in the parasitic form of S. brasiliensis were even lower, ranging from 0.312 to
2,5 UM against the WT and 0,156 to 2,5 uM for the NWT isolates (Table 1). MIC geometric
means of these chelates for the parasitic form, compared to those for the antifungal of
election, were about 3x smaller to the WT, while for the NWT it was approximately 25x
smaller (Table 2).

The MFC of all molecules were equal to or double the MIC (Table 1), showing that

these, from the in vitro methodology, have a fungicidal profile.

In vivo experiments
G. mellonella larvae were infected with inoculum 107 the ATCC MYA 4823 S.

brasiliensis (S.bra) and treated with the chelates at a dose equivalent to the in vitro MIC
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profile. Phenotypic analysis (melanization, ability to move and survival) were carried out in
order to assess the illness and death of insects.

All larvae of the control group (PBS) were alive and healthy throughout 10 days. Non
inoculated larvae showed death by cannibalism (10%) (Figure 1). Larvae infected with a 10’
S. brasiliensis inoculum showed 20% of death after 120 hours (fifth day) of inoculation
(Figure 1). At the end of 10 days of incubation, about 90% of the larvae died. Sets of larvae
with itraconazole treated after 1 hour of infection began to get sick and die from 144 hours
after treatment (sixth day) (Figure 2). Deaths occurred gradually over the 6", 7" and 8" day,
culminating in 50% of surviving larvae (Figure 2).

After 120 hours (5 days) there was a 10% decline in survival of larvae treated with
Phendione. During the 7" to 9" day there were about 30% more deaths, culminating at the
end of the incubation days with 60% of intact larvae. Larvae treated with Ag-phendio became
sick after 72 hours (third days) and after 144 hours (sixth days) of treatment 30% of larvae
died. At the end of the survival assay, this chelate was able to inhibit the death of 30% of all
larvae. Cu-phendio was able to protect the largest number of larvae observed in this test, with
a total of 70% surviving larvae at the end of the incubation period (Figure 2). Importantly,
there was an increase in the survival of larvae treated with Cu-phendio and Phendione,
beginning in the eighth day (192 hours), compared to infected and no treatment larvae (Figure

2).

Toxicity and in silico pharmacological profile
ADMET analysis (absorption and distribution, metabolism, excretion) was performed
in order to assess the pharmacological parameters of the 1,10-phenantroline-5,6-dione and

chelates compared to itraconazole (Table 03).
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The intestinal absorbance of all compounds showed values above 70% (71.60% -
86.70%) and the majority of all data pointed to a good skin permeability, comparable to
itraconazole. None of the prototypes exhibited Caco-2 predictive permeability. Phendione was
not seen as a substrate of P-glycoprotein while Ag-phendio and Cu-phendio chelates
displayed a predictive inhibition profile and acted as P-glycoprotein I / Il inhibitors.

Silver chelate had a lower theoretical value (-0.142 log L/kg) for volume of
distribution (VDss), while all compounds separated an unbound drug fraction (UF), greater
than itraconazole’s, ranging from 0.381 to 0.662. Furthermore, no compound is able to
predictively cross a blood-brain barrier (BBB).

In silico molecules predictes metabolism were obtained via interaction with CYP 450
enzymes, as substrates (2D6 and 3A4) or as inhibitors (CYP1A2, CYP2C19, CYP2C9,
CYP2D6, CYP3A4). No derivative is a substrate for a tested cytochrome P450 2D6 isozyme,
however, Ag-phendio and Cu-phendio are substrates for 3A4, as is probably itraconazole.
Furthermore, only Cu-phendio did not act as an inhibitor of CYP1A2 while all compounds
acted as theoretical non-inhibitors for the other CYPs (2C19, 2C9, 2D6, 3A4). The Ag-
phendio and Cu-phendio demonstrated total clearance activity ranging from -0.044 log
ml/min/kg to 1,018 log mi/min/kg. Likewise, only chelates exhibited theoretical activity to the
renal OCT?2 substrate.

Toxicity was predicted as described in Table 4 and 5. The oral rat acute toxicity
(LD50) of all derivatives and itraconazole ranged from 2.349 mol/kg to 2.966 mol/kg. In
contrast, oral rat chronic toxicity (LOAEL) varied from 0,055 log mg/kg bw/day to 1.088
mg/kg bw/day. Minnow toxicity varied between -4.446 log LC50 to 13.167 log LC50. All
chelates exhibited a value of 0.285 log ug/L for P. piriform toxicity. The chelates did not

show evidence of a hepatotoxic effect while the antifungal of choice, exhibited (Table 4).
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The in silico predictions of four toxicological endpoints revealed that Phendione has a
possible carcinogenic and mutagenic effect. O Ag-phendio e o Cu-phendio did not exhibit

possible toxicological effects for the evaluated parameters similar to itraconazole (Table 5).

Discussion

Sporotrichosis is a disease of great concern and interest in public health, especially in
Latin America where it reaches endemic proportions. Since few antimicrobial agents are
available for its treatment, studies of new therapeutic options are crucial to fight this
hyperendemic zoonosis [2,5]. In this study we investigated clinical isolates of S. brasiliensis
from domestic cats with sporotrichosis in vitro determined as sensitive (WT) or resistant
(NWT) to itraconazole. As a matter of fact two animals presented relapse episodes and the
carrier of the NWT1 isolate recently showed a lesion on the tail amputation scar, providing a
fifth episode with the isolation of S. brasiliensis. Phenanthrolines have been the subject of
several studies in recent decades due to their chemotherapy potential, in addition to several
other biological activities [7,30-32], including a vast antimicrobial potential [8,16,33,34].

The present study investigated in vitro, in vivo and in silico potential antifungal
properties of three 1.10 phenanthroline chelates against S. brasiliensis, the major
hyperendemic sporotrichosis zoonotic species. These molecules showed promising results,
exhibiting lower geometric means MIC values, 25x smaller than those for itraconazole against
parasitic form of S. brasiliensis NWT (itraconazole “resistant”) isolates. MFCs obtained in
this study, for both morphotypes against clinical isolates WT and NWT were equal to or 2x
higher compared to MIC values, revealing a fungicidal effect for these molecules [25].
Relevant result because currently, the drugs commonly used for the treatment of

sporotrichosis are fungistatic [6]. The same phenanthroline chelates were investigated against
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Phialophora verrucosa, one of the major chromoblastomycosis agent, obtaining higher MIC
values ranging from 2.5 to 5 mg/L [8]. Other authors challenged Candida albicans with the
same compounds, showing MIC values ranging from 1.25 to 2.5 pg/cm?® [33]. Recently,
Gandra et al. (2017) evaluated the antifungal profile of several 1,10-phenanthroline
derivatives, including as used in this study, against Candida haemulonii isolates and obtained
IC50 ranging from 0.36 to 0.77 mg/L [7], corroborating the antifungal potential of these
chemical class. Ag-phendio and Cu-phendio compounds showed promising antifungal
properties against S. brasiliensis, as described for both pathogenic yeast [7,33] and
filamentous fungi [8]. Metallic ions, mainly containing transition metals, were noticed before
as chelates of important biological activity [35,36].

The similarity between the insect immune response and the innate immune response of
mammals has led to an exponential increase in the use of the in vivo experimental model,
Galleria mellonella. This insect perfectly matches the needs to investigate antimicrobial
properties of new drug candidates, by allowing the interaction of the pathogen with the host's
immune response along with the compound, among other possibilities [13]. Silva et al.
(2018), for example, evaluated the efficacy of classic antifungals in Galleria mellonella
infection with clinical isolates of Candida haemulonii. Clavijo-Giraldo et al (2016) also used
this insect to analyze the virulence of isolates from S. brasiliensis e Sporothrix schenckii. The
in vivo results of the present study reaffirmed the great potential of 1,10 phenantroline
chelates against S. brasiliensis, as already mentioned in the literature for other
microorganisms such as C. albicans, C. haemulonii and P. verrucosa [8,16,34]. Phendione
and Cu-phendio were able to increase the percentage of survival of infected larvae (60% and
70% survival, respectively), corroborating 1,10-phenantroline derivatives promote a

protective effect against fungal infections as previously reported [16,34].
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After in silico analysis of the molecules we observed that all molecules showed good
theoretical absorption in the intestine, similar to itraconazole. An important result, as the
ability to overcome the intestinal epithelial barrier is important in the study of possible
molecules with oral bioavailability [37]. Predictive evaluation of the Caco-2 model parameter
[38] was also evaluated and no compound showed theoretical permeability to these cells [39].
However, all phenanthrolines had theoretical permeability to exceed the skin, an interesting
feature from the suggestion of a possible prototype for topical use [40]. Phendio was not seen
as a substrate of p-glycoprotein while Ag-phendio and Cu-phendio showed a predictive
inhibition profile, relevant parameter in drug interactions. The p-glycoprotein (gp-P)
transporter is the product of the multidrug resistance gene capable of modulating the oral
bioavailability of a drug, soon, when drugs act as P-gp inhibitors, there is an increase in their
substrates in the intracellular environment, due to the decrease in the efflux transport of these
molecules. [41,42].

Volume of distribution (VDss), fraction unbound (human), and blood-brain barrier
membrane (BBB) permeability were analyzed as a distribution parameter of all studied
compounds. Only Ag-phendio had a lower theoretical value compared to itraconazole
suggesting that this prototype needs low concentrations to remain in blood plasma. All
compounds presented an unbound fraction of the drug, which was higher compared to
itraconazole, an important result because the unbound form of the drug is usually responsible
for the exercise of pharmacological activity while the fraction bounded to plasma proteins is
inactive [43]. The blood-brain barrier (BBB) was analyzed and no compound is able to cross
the blood-brain barrier predictively. This is an important result because it entails a lower
possibility of toxic damage to the brain and the bloodstream once the 1.10 phenanthroline

chelates are metabolized [39].
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CYP proteins represent the most studied phase | drug metabolizing enzymes, which
promote the oxidation of various compounds involved in numerous physiological processes
and [44] are implicated in drug-inhibition-mediated drug interactions (DDIs) [45]. Here, no
derivative is a predicted substrate for the cytochrome P450 isozyme 2D6 tested, however,
both chelates are substrates for 3A4, as is probably itraconazole. Furthermore, among these
derivatives, only Cu-phendio did not act as an inhibitor of CYP1A2 whereas the other two
compounds acted as theoretical non-inhibitors for the other CYPs (2C19, 2C9, 2D6, 3A4). No
molecule was predicted as a substrate for the cytochrome P450 isoenzyme 2D6 tested,
however, both Ag-phendio and Cu-phendio are substrates for 3A4, equal to itraconazole
predictively. Relevant data because the CYP proteins represent the most studied phase | drug
metabolizing enzymes, which promote the oxidation of various compounds involved in
numerous physiological processes and [44] are implicated in drug-inhibition-mediated drug
interactions (DDIs) [45].

Clearance is a constant that describes the relationship between drug concentration in
the body and drug clearance rate. [46]. Only copper chelate exhibited lower values, such as
itraconazole revealing, in a predictive way, that it presents hepatic metabolism, while silver
chelate and phendio present possible renal metabolization.

The 1,10-phenantroline-5,6-dione and chelates did not show acute toxicity in the
Minnow toxicity test. Furthermore, they were shown to be less toxic compared to itraconazole
from the predicted analysis of log LOAEL [26]. Relevant toxicological results suggest that
these molecules to induce adverse effects require a higher dose. Resulting relevant as it
indicates a large expected safety margin for these prototypes.

Phendione, Ag-phendio and Cu-phendio not demonstrated a possible hepatotoxic
effect, cytotoxicity, immunocytotoxicity, on the contrary itraconazole. However, only

Phendione exhibited a possible carcinogenic and mutagenic effect, In general, theoretical
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toxicity studies showed that the derivatives were less toxic than the antifungal of choice with
results similar to other studies of different molecules [47,48].

The three 1,10 phenatroline derivatives showed promising performances against both
saprophytic and parasitic phases of S. brasiliensis, including itraconazole resistant isolates
from the Brazilian hyperendemics. However, a limitation we acknowledge is the lack of
complete correspondence between vertebrates and invertebrates. Further studies with
vertebrate models should be conducted in order to prove these compounds and antifungal
drugs. We believe that this study offers important data on alternative molecules for the future
treatment of this neglected zoonosis that is currently expanding to several Brazilian regions

and also in South America.
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Table 01: In vitro susceptibility (uM) of the six isolated Sporothrix brasiliensis (conidial and yeast form) planktonic cells to 1,10

phenanthroline-5,6 dione.

Azole/

ATCC/ Clinical Isolates (uUM)

; . S.bra WT1 WT?2 WT3 NWT1 NWT?2 NWT3

1,10 -Phenantroline-5,6 dione c v c Y c Y c v c Y, c Y c v
ltraconazole MIC 1 2 16 1 16 4 16 1 32 32 16 16 16 8

MFC 8 16 64 8 32 32 64 8 64 >128 64 128 32 128

1,10-phenantroline-5,6- MIC 5 25 25 25 25 25 25 25 5 25 25 25 25 25
dione (phendione) MFC 5 2,5 5 2,5 5 2,5 5 2,5 5 2,5 5 2,5 5 2,5
[Ag(phendio);]CIO4 MIC 25 0,312 25 0,625 25 0,312 2,5 0,312 25 0,625 1,25 0,156 5 0,625
(Ag-phendio) MFC 5 0,312 10 125 25 0312 5 0625 5 125 25 0,312 5 0,625
[Cu(phendio)s](ClO4)2.4HO0 | MIC 5 0625 25 25 25 0625 5 0625 5 125 25 0,312 5 1,25
(Cu-phendio) MFC 5 0625 10 25 5 0625 5 0,625 5 2,5 5 0312 5 2,5

Sbra: Sporothrix brasiliensis (ATCC MY A-4823); MIC: Minimum Inhibitory Concentration; MFC: Minimum Fungicidal Concentration; C: conidia;

Y: yeast.
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Table 02: Geometric means generated from the in vitro susceptibility (uUM) of the six isolated Sporothrix brasiliensis (yeast

form and conidial form) planktonic cells to 1,10 phenanthroline-5,6 dione.

ATCC / Clinical

Azole/ Isolates (UM)
1,10 -Phenantroline-5,6 dione S.bra S.bra WT WT NWT NWT
(©) (Y) GM(C) GM(Y) GM(C) GM (Y)

ltraconazole MIC 1 2 16 2 21,3 18,7
MFC 8 16 53,3 16 53,3 128

1,10-phenantroline-5,6- MIC 5 2,5 2,5 0,83 3,33 0,83
dione (phendione) MFC 5 2,5 5 0,83 5 0,83

[Ag(phendio)] CIO. MIC 25 0312 25 0416 3 0,468

(Ag-phendio) MFC 5 0312 58 0729 41 0,729
[Cu(phendio)s] MIC 5 0625 333 1,25 41 0,937
(ClO4)2.4H0 (Cu-phendio) MFC 5 0,625 6,67 1,25 5 1,77

Sbra: Sporothrix brasiliensis (ATCC MYA-4823); MIC: Minimum Inhibitory Concentration; MFC: Minimum

Fungicidal Concentration; GM: Geometric Mean C: conidia; Y yeast.



Table 03: In silico pharmacokinetic profile of the 1,10 phenanthroline-5,6 dione.

s

Azole/ Absorption Distribution Metabolism Excretion
1,10 - -
Intestinal . P- P- P- ) Substrate Inhibition Renal
Phenantroline Skin Caco-2 VDss Fraction BBB Total
absorption glycoprotein glycoprotein glycoprotein OCT2
5.6 dione permeability permeability (human) unbounded permeability clearance
' (human) substrate I inhibition Il inhibition Cyp substrate
Numeric 2D6 | 3A4 | 1A2 | 2C19 | 2C9 | 2D6 | 3A4 Numeric
Numeric Categorical Categorical Numeric Categorical Categorical
Categorical (Yes/No) (Log (Log
(%Absorbed) (YYes/No) (YYes/No) (Fu) (Yes/No) ical (Yes/N (Yes/No)
Likg) Categorical (Yes/No) mi/min/kg)
Itra 100 Yes Yes Y Y Y -0.167 0.239 N N Y N Y Y N Y 0.056 N
Phendione 71.603 Yes No N N N 0.552 0.662 N N N Y N N N N 1.018 N
Ag-phendio 93.629 Yes No Y Y Y -0.142 0.397 N N Y Y N N N N 0.516 Y
Curphendio 96.707 Yes No Y Y Y 0.011 0.381 N N Y N N N N N -0.044 Y

Itra; itraconazole; VVDss:

distribution volume; UF: unbound drug fraction; BBB: blood-brain barrier permeability; Y: yes; N: no



Table 04: Toxicological profile in silico of the 1,10 phenanthroline-5,6 dione.
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Toxicity
Oral Rat Oral Rat
Azole/ 1,10 — Acute Chronic Minnow T.piriform N
Hepatotoxicity
Phenantroline- Toxicity Toxicity toxicity toxicity
5,6 dione (LD50) (LOAEL)
Numeric Numeric (log Numeric Numeric Categorical
(mol/kg) mg/kg_bw/day) | (log LC 50) | (log ug/L) (Yes/No)
Itra 2.966 0.055 -4.446 0.285 Yes
Phendione 2.349 0.42 1.991 0.285 No
Ag-phendio 2.476 1.088 5.016 0.285 No
Cu-phendio 2.482 0.357 13.167 0.285 No

Itra: ltraconazole.

Table 05: Toxicological profile end points in silico of the 1,10 phenanthroline-5,6 dione.

Azole/ 1,10 -

Phenantroline-5,6

Toxicological end points

Categorical (Yes/No)

dione Carcinogenicity | Cytotoxicity | Mutagenicity | Immunotoxicity
Itra No No No Yes
Phendione Yes No Yes No
Ag-phendio No No No No
Cu-phendio No No No No

Itra: ltraconazole.
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Graphic 01: Percentage survival of G. mellonella larvae inoculated with 1x10° S. brasiliensis

and controls.
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Graphic 02: Percentage survival of G. mellonella larvae inoculated with 1x107 S. brasiliensis,

1,10-phenantroline-5,6 dione and controls.
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5. DISCUSSAO

Embora a esporotricose seja uma doenca de preocupacdo e
interesse em saude publica e poucos antimicrobianos estejam disponiveis para seu
tratamento, estudos de novas opcdes terapéuticas sdo ainda poucos, porém, vitais
para o combate a essa zoonose (1,9). O presente trabalho investigou isolados
clinicos de S. brasiliensis obtidos de lesdes de gatos domésticos com esporotricose
classificados clinicamente como responsivos ou irresponsivos ao tratamento com
itraconazol, sendo alguns isolados vindo de gatos com episddios de recidiva. O
tratamento desses felinos variou de 2 a 60 meses e, como esperado, isolados
clinicos de S. brasiliensis apresentaram MICs compativeis com sensibilidade
reduzida ao itraconazol ou “tipo nao selvagem”, quando obtidos de gatos
irresponsiveis ao tratamento, conforme proposto por ESPINEL-INGROFF e
coautores (2017) e Almeida-Paes e coautores (2017). A idade média dos gatos foi
em torno dos trés anos esta de acordo com relatos anteriores sobre esporotricose e
também com a predominancia do sexo masculino. (8,9,14).

Embora o itraconazol seja a primeira opcao terapéutica para o
tratamento da esporotricose humana e de felinos domeésticos (9), os pontos de corte
da microdiluicio em caldo ndo foram estabelecidos. Como consequéncia, a
definicho de parametros qualitativos de Sporothrix spp. quanto a resposta
(sensibilidade ou resisténcia) aos diferentes antifGngicos permanece um enigma a
ser resolvido. Em uma tentativa de contribuir para esta definicdo, valores de corte
epidemioldgicos (ECVs) foram sugeridos (129,130), embora ainda néo totalmente
correlacionados com as respostas clinicas dos pacientes (131,132). Recentemente,
Nakasu e coautores (2020) publicaram um Unico estudo descrevendo esforcos
sélidos para tracar um paralelo entre os dados in vitro e o acompanhamento
terapéutico felino (133).

A literatura sugere que ECVs com CIMs na faixa de 0,5-2mg/L para
o itraconazol séo considerados indicativos de sensibilidade in vitro de S. brasiliensis
(129,130,133,134). Os dados do presente estudo em isolados clinicos de S.
brasiliensis corroboram essa indicagdo, uma vez que aqueles oriundos de felinos

domésticos com resposta terapéutica efetiva ao azol apresentaram CIM in vitro de
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2ug/mL  (2mg/L). Ao contrario, S. brasiliensis obtido de felino domeéstico
apresentando resposta terapéutica ndo sensivel ao itraconazol, com valores de CIM
entre 8 e 32 ug/mL, portanto considerado “tipo ndo selvagem” (129,130) ou mesmo
resistente (130,133,134). Da mesma forma, Nakasu e coautores (2020) em um
hospital veterinario do Sul do Brasil (Pelotas, RS), mostraram que cerca de metade
dos gatos investigados era irresponsiveis ao itraconazol com CIMs correspondendo
a resisténcia do S. brasiliensis a esta droga. No entanto, os CIMs relatados para
itraconazol detectados na presente investigacdo foram maiores do que aqueles
relatados por esses autores. Isso pode refletir o fato de que a Regiao Sul do Brasil
esta localizada a 1800 km de distancia da é&rea hiperendémica (Rio de Janeiro,
Sudeste do Brasil) com um nivel mais baixo de endemicidade de esporotricose
(8,14).

Varios autores sugeriram que S. brasiliensis apresenta sensibilidade
reduzida aos azolicos (129,130,133,134), revelando a necessidade premente de
alternativas terapéuticas distintas. Nos ultimos anos, as quinonas tornaram-se alvo
de varios estudos devido as suas diversas atividades biologicas conhecidas, tais
como, antibacteriana e antifungica (68,135). Inclusive, com propriedades
antifangicas contra S. schenckii (58). O presente estudo realizou uma andlise de
novos onze derivados de quinonas frente a isolados clinicos WT e NWT e a cepa
padrao de S. brasiliensis. Os derivados quinénicos Q1 e Q8 exibiram valores de MIC
e MFC corroborando seu potencial para o planejamento de novas moléculas
antifangicas (58,68). De fato, Tandon e coautores (2006), avaliando o potencial
antibacteriano e antifungico de derivados de quinona, mostraram CIMs entre 6,25 -
250ug/mL para isolados distintos de S. schenckii. Posteriormente, os mesmos
autores (58) testaram novas moléculas de naftoquinona contra S. schenckii, e os
MICs50 ficaram entre 0,78 -> 50 pg/mL. Moléculas de diidrofuranoaftoquinonas,
relatadas recentemente, foram testadas contra S. brasiliensis e S. schenckii, e
exibiram CIMs50 variando de 4-32 uM (50). No presente estudo, os CIMs obtidos
ap6s desafio in vitro de S. brasiliensis versus quinonas, foram maiores do que
aqueles relatados na literatura (50,58,68), mas ainda compativeis com futuro

potencial terapéutico dessa classe quimica.
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Este estudo fez a prospeccéo de trés hidrazonas e essas mostraram
potencial atividade antifangica contra diferentes isolados clinicos de S. brasiliensis e
a cepa padréo. A exposicado in vitro a H1 forneceu CIM de 1 pg/mL contra S.
brasiliensis NWT1, enquanto a CIM correspondente para o itraconazol foi 32x maior.
Ademais, todas as hidrazonas testadas exibiram CFM compativel a moléculas com
potencial fungicida (136) pouco encontrado no mercado farmacoldgico.
Notavelmente, este isolado infectou um gato doméstico com historia de
esporotricose irresponsiva e prolongada ao itraconazol, com recorréncia,
recentemente, da lesdo na base de sua cauda, ja amputada devido a essa zoonose.

De fato, o potencial terapéutico para a classe quimica das
hidrazonas foi relatado previamente, uma vez que apresentam diversas atividades
biolégicas (76), incluindo antimicoticas contra fungos dimorficos como Coccidioides
posadasii, bem como leveduras de alta relevancia como Candida spp. e
Trichosporon asahii em infeccbes adquiridas na comunidade e em hospitais
(75,77,78). Cordeiro e coautores (2016) consideraram CIMs 31,2 - 250 ug/mL frente
a Coccidioides posadasii como compativeis com 0 investimento em pesquisas
futuras em hidrazonas contra esse fungo dimorfico (77). Esses valores sdo mais
elevados em relacdo aos nossos achados in vitro, evidenciando o potencial dessas
moléculas. Espécies distintas de Candida desafiadas ao crescimento in vitro na
presenca de diferentes derivados de hidrazona forneceram CIMs variando de 0,25 a
128 pg/mL, reforcando, novamente o potencial dessa classe (78). Anteriormente,
Casanova e coautores (2015) propuseram que um valor de CIM entre 8 - 32 pg/mL
poderia ser considerado um resultado encorajador apds o teste in vitro de novas
hidrazonas contra Candida parapsilosis e Trichosporon asahii (75). Juntos, nossos
resultados apontam para esta classe como tendo forte potencial para investimento
futuro como uma nova classe para controlar infeccfes fungicas.

Ao fazer uma andlise da estrutura-atividade da hidrazona H1 que
apresentou os melhores resultados in vitro frente aos isolados clinicos felinos,
observamos a presenca de um grupo nitro (NO2), que possui forte efeito retirador de
elétrons, ligado ao anel benzénico. Em adicdo, observamos a presenca de dois
atomos de oxigénios que sdo aceptores de ligagdo com o hidrogénio, promovendo

ligacdes intermoleculares. Logo, o forte efeito retirador de elétrons do grupo nitro e
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as possiveis interacfes realizadas pelos atomos de oxigénio desse grupo estédo
possivelmente favorecendo a boa atividade antifingica, assim como observado na
literatura (137). Por sua vez, a hidrazona H3 possui duas moléculas de cloro (Cl)
ligadas ao anel benzénico nas posicoes: Meta (1,3) e Para (1,4). Sabe-se que a
familia dos halogénios é constituida por atomos retiradores de elétrons por inducao,
logo, conforme aumenta o nimero de atomo de CI (cloro) ligados ao anel benzénico,
promovendo uma maior interacdo hidrofobica, gera-se também uma deficiéncia
eletrbnica neste anel, favorecendo possivelmente a atividade antifUngica dessa
molécula conforme j& descrito na literatura para as hidrazonas (138).

As 1,10-fenantrolina- 5,6-diona tém sido alvo de diversos estudos
nas ultimas décadas devido ao seu potencial quimioterapico, além de diversas
outras atividades biologicas (104,108,113,139). O presente estudo avaliou in vitro, in
vivo e in silico trés quelatos de 1,10 fenantrolina com vasto potencial antimicrobiano
ja relatado. (102,111,112,139), mas nunca antes avaliado contra o fungo patogénico
dimérfico S. brasiliensis. Esses compostos mostraram resultados promissores,
exibindo CIMs 25X mais baixos em comparacao ao itraconazol em isolados de NWT
frente a forma parasitaria de S. brasiliensis. Aléem disso, essas moléculas exibiram
um potencial efeito fungicida, in vitro, de acordo com os resultados obtidos de MFC
(136). Um estudo avaliou o perfil antifungico dos mesmos quelatos de fenantrolina
contra P. verrucosa (fungo dematico) e obteve valores de CIM variando de 2,5 -> 20
mg/L (102). Outro trabalho desafiou essas moléculas contra C. albicans, e elas
exibiram CIMs variando de 1,25 - 2,5 pg/cm® (112). Recentemente, Gandra e
coautores (2020) avaliaram o perfil antifangico de algumas moléculas de fenantrolina
contra isolados de Candida haemulonii e obtiveram IC50 variando de 0,36 - 0,77
mg/L (139), afirmando o potencial antimicrobiano dessas moléculas.

Ao avaliar a estrutura das moléculas de fenantrolina, observamos
gue os quelatos Ag-fendio e Cu-fendio, conforme descrito em outros trabalhos
(102,112,139), apresentaram resultados in vitro melhores em relacdo aos da
fendiona. Relatos da literatura mostram que ions metélicos, principalmente contendo
metais de transicdo, apresentam potencial promissor para atividade biolégica

(140,141), corroborando os resultados aqui obtidos.
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A semelhanca entre a resposta imune dos insetos e a resposta
imune inata dos mamiferos tem levado a um aumento exponencial o uso do modelo
experimental in vivo, G. mellonella. Este modelo fornece o estudo das propriedades
antimicrobianas de novos candidatos, avalia a interacdo do patdégeno com a
resposta imune do hospedeiro, entre outras possibilidades (142). Silva e coautores
(2018), por exemplo, avaliou a eficicia de alguns antifingicos classicos da a partir
do modelo in vivo G. mellonella, infectando essas larvas com isolados clinicos de C.
haemulonii. Clavijo-Giraldo e coautores (2016) também usaram esse inseto para
analisar a viruléncia de isolados de S. brasiliensis e S. schenckii. Nosso estudo
selecionou as moléculas com menores valores obtidos na metodologia in vitro afim
de avaliar sua eficacia in vivo. Assim, os trés quelatos de 1,10 fenantrolina foram
submetidos a testes com as larvas, G. mellonella e os resultados obtidos
reafirmaram o grande potencial dessas moléculas visto que elas foram capazes de
aumentar a porcentagem de sobrevivéncia das larvas infectadas (60% e 70% para a
fendiona e Cu-fendio, respectivamente), corroborando dados ja citados na literatura
a respeito desse grupo de moléculas (102,107,111).

Extratos brutos e Oleos essenciais sao alternativas consideradas de
grande interesse devido as diversas atividades bioldgicas, incluindo atividade
antimicrobiana contra fungos de importancia médica e veterinaria (53), como S.
schenckii e S. brasiliensis (52,54). O presente estudo foi o primeiro a avaliar os
potenciais propriedades antifiungicas de sete extratos brutos de trés géneros de
plantas diferentes (Ocotea, Myrciaria e Hypericum) contra isolados clinicos de S.
brasiliensis. Os extratos de Ocotea forneceram CIMs e CFMs gque podem ser
interpretados como valores promissores e dignos de investimento em pesquisa
futura. Os valores de O. notata foram particularmente interessantes contra a forma
parasitaria de S. brasiliensis. A mesma observacdo foi mostrada por Angels e
coautores (2020) para Candida krusei (143).

Myrciaria floribunda (H. West ex Willd.) O. Berg, uma planta
distribuida de Norte a Sul do Brasil, € uma espécie nativa da Mata Atlantica (127).
Curiosamente, seu extrato foi ainda mais eficaz na inibicdo / eliminacao in vitro de
formas de levedura de isolados de NWTs de S. brasiliensis. Por outro lado, o perfil

de H. brasiliense apresentou valores mais elevados, embora ainda exibindo um perfil
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de sensibilidade compativel com o desenvolvimento futuro de antifungicos. De fato,
0 género Hypericum composto por diversos metabdlitos, como y-pirona e xantonas,
apresentou atividade antifingica contra o fitopatégeno Cladosporium cucumerinum
(144) e Candida albicans (145).

Poucos relatos descreveram as propriedades antifUngicas de
compostos de origem vegetal contra Sporothrix spp. Cleff e colaboradores (2008)
consideraram resultados promissores in vitro do 6leo essencial de Origanum vulgare
(orégano) contra S. schenckii isolado de felinos domésticos com CIMs de 250 a 500
pg/mL (52,53). Outro estudo in vitro realizado com extratos de Origanum manjorana
(manjerona) e Rosmarinus officinalis (alecrim) contra S. brasiliensis originado de
animais residentes na Regido Sul do Brasil, revelou CIMs em torno de 40 mg/mL!
(51). No presente estudo, extratos brutos in vitro apresentaram CIMs ainda mais
baixos contra S. brasiliensis e, mais importante, CIMs e CFMs foram ainda mais
baixos para as formas de levedura do S. brasiliensis resistente a itraconazol. Juntos,
esses resultados encorajam novos esfor¢cos de pesquisa sobre compostos naturais
como importantes alternativas para o tratamento da esporotricose felina.

No entanto, uma limitacdo que reconhecemos € a necessidade de
fracionamento para determinar o metabolito ativo para cada extrato da espécie
vegetal investigada. Uma hipotese é a atividade antifingica relacionada a xantonas
ou flavonoides como observado antes para C. albicans (145-148) e Cryptococcus
neoformans (149).

Os derivados sintéticos de quinonas, hidrazonas e fenantrolinas
foram submetidos a andlise in silico. Absorcdo € o processo pelo qual o candidato a
medicamento passa do ponto de administracdo (local extravascular) para o sangue
(circulacéao sistémica). Valores compreendidos entre 70% e 90%, apresentam um
perfil intestinal ideal (150). Assim, todos os derivados testados revelaram uma boa
absorcao teodrica no intestino, semelhante ao itraconazol. Além disso, a maioria dos
derivados de quinona e fenantrolina, apresentaram permeabilidade as células Caco-
2, preditiva, semelhante ao itraconazol (151). Um ultimo parametro de absorcéo foi
analisado empregando o substrato ou inibidor dos transportadores da glicoproteina-
P (152). A cinética de absor¢cdo ndo linear dos substratos da glicoproteina P foi

relatada devido a atividade de efluxo mediado pelo transportador de saturacgéo,
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promovendo a inibicdo da glicoproteina P intestinal resultando em efeitos
significativos de interagcdo medicamentosa (DDI) (153,154). Os resultados sugeriram
que os compostos derivados Q1, Q7, H2 e H3 ndo eram substratos da glicoproteina
P, sugerindo uma boa biodisponibilidade oral in silico para todos os derivados
analisados a serem explorados. A fendiona (um derivado de fenantrolina), as
quinonas Q1, Q7 e as hidrazonas H2; H3 n&o foram vistas como substrato da
glicoproteina P, contudo as demais moléculas exibiram um perfil de inibicdo
preditiva.

Parametros de distribuicdo de todas as moléculas sintéticas foram
avaliados. O VDss indica o volume tedrico que uma dose total precisaria para ser
distribuida uniformemente no plasma na mesma concentragao observada no plasma
sanguineo. Todos 0os compostos mostraram valores mais baixos de VDss, exceto o
Cu-fendio e a fendiona. Logo para a maioria dos derivados parece que sé&o
necessarias doses plasmaticas mais baixas para o perfil de distribuicdo. As
hidrazonas e as fenantrolinas apresentaram uma fracdo do farmaco nao ligada,
maior em relacédo ao itraconazol, importante resultado pois a forma nao ligada da
droga costuma ser a responsavel pelo exercicio da atividade farmacoldgica (152). A
barreira hematoencefalica (BBB) foi analisada e nenhum composto (exceto o H3) foi
capaz de atravessar preditivamente. Resultado importante, pois, acarreta uma
menor possibilidade de danos toxicos ao cérebro e a corrente sanguinea, uma vez
gue os quelatos de 1,10 fenantrolina forem metabolizados (151).

As CYP representam as enzimas de metabolizacdo de farmacos de
fase | mais estudadas e também estdo implicadas nas interacées farmaco-farmaco
(DDIs) mediadas pela inibicdo de farmacos (155). Apesar de nenhum dos derivados
ter sido substrato para a isoenzima 2D6 do Citocromo P450 testada. Todas as
guinonas sao substrato de 3A4, provavelmente como o itraconazol. Além disso,
dentre os derivados testados, o H3, o Ag-fendio e a fendiona atuaram como
inibidores da CYP1A2. Curiosamente, CYP1A2 é uma das principais enzimas de
metabolizacdo de xenobidticos em humanos, e um estudo recente associou essa
enzima a bioativacdo de procarcinogénese, incluindo 4- (metilnitrosamino) -1- (3-
piridil) -1-butanona (NNK), um carcinégeno pulmonar potente e coespecifico do
tabaco. (154,155).
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A depuracdo € uma constante que descreve a relacdo entre a
concentragdo da droga no corpo. Importante para determinar a eliminagdo da droga
(156). Todas as hidrazonas, a fendiona e o quelato de prata (Ag-fendio) exibiram
resultados metabdlicos de uma possivel excre¢do renal, enquanto que as quinonas
e 0 quelato de cobre (Cu-fendio) indicaram uma possivel metabolizacao hepéatica, tal
como o itraconazol.

A toxicidade tem sido uma preocupacao significativa para a
seguranca dos candidatos a medicamentos. A hepatotoxicidade ainda é um dos
maiores problemas de toxicidade de drogas (157). Consequentemente, apenas 0S
derivados Q6, Q7, H1, H3 e os quelatos de 1,10 fenantrolina ndo mostraram
hepatotoxicidade prevista.

Em relag&o ao teste de toxicidade in silico de peixinhos, um valor de
concentracdo letal equivalente (LC50), representando a concentracdo de uma
molécula necessaria para causar a morte de 50% dos peixinhos Fathead testados
experimentalmente, LC50 <0,5 mM (ou seja, log LC50 <- 0,3) sdo considerados
causadores de toxicidade aguda. Os quelatos de 1,10 fenantrolina, a maioria das
hidrazonas e as quinonas, Q6 e Q7 ndo pareceram apresentar toxicidade aguda no
teste do peixinho. A maioria das quinonas, exceto Q8, hidrazonas e as fenantrolinas
mostraram se menos téxicas em comparacdo ao itraconazol a partir da analise
prevista do log LOAEL (158). Nossas moléculas sugerem que uma dose mais longa
de cada molécula deve ser usada para induzir efeitos adversos e isso € esperangoso
e indica uma grande margem de seguranca esperada para esses prototipos.
Nenhuma hidrazona foi potencialmente inibidora dos canais HERG | e Il (159),
enquanto as quinonas ndo pareceram inibir o HERG |. Evitando problemas fatais de
batimento cardiaco e sindrome do QT curto.

Por fim, parametros toxicolégicos preditivos foram avaliados
(160,161) e nenhuma molécula apresentou uma possivel citotoxicidade ou
imunocitotoxidade. Hidrazonas, quinonas e a maioria das fenantrolinas néao
apresentaram um possivel efeito mutagénico e carcinogénico. Em geral, estudos
tedricos de toxicidade mostraram que os derivados eram menos toéxicos do que o

antifangico de escolha.
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6. CONCLUSAO

A partir da avaliagdo in vitro, in vivo e in silico, das propriedades
antifingicas das diferentes classes quimicas e dos extratos naturais frente aos
isolados clinicos do Sporothrix brasiliensis oriundos de felinos domésticos da regido
hiperendémica do Rio de Janeiro, foi possivel concluir:

e O perfil in vitro dos isolados clinicos WT (sensivel) e NWT
(resistente) frente ao itraconazol esta compativel com os dados clinicos dos felinos
domeésticos;

e Derivados sintéticos inéditos de hidrazona H1 e H3, e todos os
guelatos de 1,10 fenantrolina exibem CIMs promissoras, inferiores as obtidas para o
itraconazol, frente aos isolados WT e NWT de S. brasiliensis;

e Extratos naturais da Ocotea pulchella e da Myrciaria floribunda
apresentam potencial antifuingico promissor de acordo com CIMs obtidas
principalmente para as leveduras dos isolados NWT de S. brasiliensis;

e Todas as hidrazonas, quelatos de 1,10 fenantrolina e extratos
brutos apresentam perfil fungicida de acordo com as CFMs obtidas

e Os quelatos de 1,10 fenantrolina, principalmente o Cu-phendio,
aumentam a sobrevivéncia da G. mellonella infectada pelo S. brasiliensis;

e Os derivados sintéticos de hidrazona, fenantrolina e quinona
apresentam, in silico, baixo risco tedrico de toxicidade e bom perfil preditivo
farmacologico, com parametros similares ou melhores em relacdo ao controle

experimental.
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8. ANEXOS

8.1 Comité de Etica

O estudo foi aprovado e conduzido de acordo com as normas do Comité de
Etica no Uso de Animais da Universidade Federal Fluminense, Rio de Janeiro / BR
(CEUA-UFF, protocolo numero 208/2012; 13 de dezembro de 2012 e protocolo
namero 7561040518; junho 14, 2018), conforme figuras 9 e 10 abaixo.

R

Servigo Publico Federal
Universidade Federal Fluminense
Pro-Reitoria de Pesquisa, Pos-Graduagdo e Inovagio
Comissdo de Etica no Uso de Animais

Cartificamos que o projeto n® 208, intitulado “Investizacdo fenotipica e molecular
do Sporothrix spp. 1solado a partir de felinos de diferentes regides do Estado do Rio
de Janeiro” sob a onentagdo da Prof'. Dr". Andréa Regina de Souza Baptista do
Instituto Biomeédico esta de acordo com os Prncipios Eticos na Experimentagio
Ammal da SBCAL e obteve 2 aprovagio da Comiss3o de Etica no Uso de Animais
em 13 de dezembro de 2012. Este certificado é valido por trés anos.

Niteroi, 13 de dezembro de 2012

Vo e

Coordenador da CEUA

Figura 10: Imagem da Autorizacdo do CEUA, protocolo 208/2012. Fonte: Arquivo CIM
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PR ceuo

Fluminense :
Camné de Etica no Uwo de Anlmais

CERTIFICADO

Certificamos que & proposts Intitulada *AVAUACAO CLINICO-EPIDEMIOLOGICA, TERAPEUTICA E DA INTERACAQ PATOGENC-
HOSPEDEIRD NA ESPOROTRICOSE FELINA®, protocolads sab o CEUA n# 7561040518, sob a responsabilidade de Andrea Regina de
Souza Baptista e equipe; Ana Maria Dieckmann; ENsabeth Martins da Silva da Rochs; Gabriele Barros Mothe; Ricardo Pereira de
Lucena; Simone da Rocha Leal da Silveira Souto; Aline Silva de Mattos Queiroz; Carks Stefany Isks Melivily; Rita de Cdssia da Silva
Machado Neves; Rozane Lessa da Silva; Ceci Ribelro Leite - que envalve a produgio, manutengio efou utizacio de animais
pertencentes ao flo Chordata, subfilo Vertebrata (exceto o homem), para firs de pesguisa dentifica ou ensino - esta de acordo com
os preceitos da Lel 11.794 de 8 de cutubro de 2008, com o Decreto 6.899 de 15 de julho de 2009, bem como com as normas
editadas pelo Conselho Nacicnal de Controle da ExperimentagBo Animal {CONCEA), e fol aprovada pela Comissio de £tica no Use
de Animals da Universidade Federal Fuminense (CEUA/UFF) na reunido de 14/06/2018.

We certify that the proposal "CLINICAL-EPIDEMIOLOGICAL AND THERAPEUTIC EVALUATION PLUS PATHOGEN HOST INTERACTION
INVESTIGATION IN FELINE SPOROTRICHOSIS®, utilizing 260 Cats (males and females), protocol number CEUA 7561040518, under
the respensbilty of Andrea Regina de Souza Baptista and team; Ans Maria Dieckmann; Elsabeth Martins da Silva da Rocha;
Gabriele Barros Mothe; Ricardo Pereira de Lucens; Simone da Rochs Lea) da Silveira Souto; Aline Silve de Mattos Queiraz; Carla
Stefany Isls Melivilu; Rita de Cdssls ds Silva Machado Neves; Rozane Lessa ds Sifva; Ceci Ribeire Leite - which involves the
production, maintenance andfor use of animals belonging to the phylum Chordata, subphyium Vertebrata (except human beings),
for sclentific research purpeses or teaching - Is In accordance with Law 11.794 of October B, 2008, Decree 6899 of July 15, 2009, as
well a5 with the rules lssued by the National Council for Control of Animal Experimentation (CONCEA), and was approved by the
Ethic Committee on Animal Use of the Federal University Fluminense (CEUNUFF) in the meeting of 06/14/2018.

Finalidade da Proposta: Pesquisa (Acadbémica)

Vigéncs da Proposta: de 08/2018 a 08/2021 Area: Microblologia

Ofigem:  Animals de proprietérios

Espéde:  Gatos sexo: Machos e Fémeas Idsde: 0 & 252 meses N: 260
Unhagemn: SRD bemn como snimals de raga Peso: l1afkg

Local do experimento: Laboratdrio de Micologie Médica e Veterindria do insttuto Biomédico da UFF Hospital Universitdsdo de
Medicina Veterindria Professar Firmino Marsico Filhe da UFF Unidade de Diagndstico de Referéncla em Esporotricose Animal -
PMN/FMSNiterdi ¢ UFF Clinicas veterindrias parceiras: S & S Animal Care (Penha) ¢ Animal Health (Barra da Tijuca)

Ntero), 14 de [unho de 2018

s

/ & 4 \5 _: A 2.
Profa. Dra. Minica Divana Calasans Mais Fabio Otero Ascoll
Coordenadora da ComissSo de Etica no Uso de Animais Vice-Coordenador da Comisslo de £tica no Uso de Animais
Universidade Federal Fluminense Universidade Federal Fuminense

Av. Geners Moo Tevares oe Soom, w'n, 3 ancier, eten de Pace, Cerpus de prss veemsing - bt 55 (27) 740885 (e
Forks de stdiments 20 x 68 dex § e 105 emel o Qo com
CIUA N TSALO42%3

Figura 11: Imagem da Autorizac@o do CEUA, protocolo 7561040518; junho 14, 2018. Fonte: Arquivo
CiM
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A colecédo de autorizacdo para fins académicos, n° 13659-13, foi expedida
pelo SisBio (Instituto Chico Mendes de Conservacdo da Biodiversidade, Ministério
do Meio Ambiente). Todas as espécies vegetais foram cadastradas sob o n°
A0DG648D no Sistema Nacional de Gestdo do Patrimbnio Genético e Conhecimento
Tradicional (SISGEN).

8.2 Producdes cientificas

Resumo relacionado a tese apresentado em evento cientifico

1l Semana Cientifica PPGMPA
Niter6i/RJ, Outubro, 2017

POTENCIAL ANTIFUNGICO DE DERIVADOS SINTETICOS E NATURAIS
FRENTE A ESPECIES PATOGENICAS DO GENERO Sporothrix

LAIS CAVALCANTI DOS SANTOS VELASCO DE SOUZA'; THAYANNE CALDAS
SOUZA?, PAMELLA ANTUNES DE MACEDO-SALES!; ELISABETH MARTINS DA
SILVA DA ROCHA!, HELENA CARLA CASTRO?% ANDREA REGINA DE SOUZA
BAPTISTA! - ! Laboratério de Micologia Médica e Molecular (LMMI-UFF),
Departamento de Microbiologia e Parasitologia — Instituto Biomédico da
Universidade Federal Fluminense, Niteréi, Rio de Janeiro;? Laboratério de
Antibioticos, Bioquimica e Modelagem Molecular (LABIEMol), Depto de Biologia
Celular e Molecular — Instituto de Biologia da Universidade Federal Fluminense,
Niter6i, Rio de Janeiro. Contato: lais_vela@hotmail.com D1 - Micologia

INTRODUCAO: No estado do Rio de Janeiro os casos de esporotricose tém sido
alarmantes, no qual mantém magnitude epidémica da forma de transmissao pela via
zoonotica pelo felino doméstico. O principal ator deste cenario € o Sporothrix
brasiliensis, que se encontra em expansao geografica no pais, com casos descritos
nos estados de Minas Gerais, Sado Paulo, Parana, e em alguns estados do Nordeste.
Por outro lado, a sapronose por S. globosa no continente Asiatico também preocupa,
com epidemia de casos humanos descrita e alguns relatos de felinos, muito embora
sem epizootia ou transmissdo zoondtica documentada. A classe de antifungicos
utilizada como primeira escolha para o tratamento dessa zoonose negligenciada séao
0s azobis sendo o Itraconazol a droga de eleicdo. Em casos ndo responsivos e/ou
infeccbes sistémicas graves, a Anfotericina B, pertencente a classe dos poliénos, é
também utilizada. Até o presente momento, poucos relatos abordaram o perfil de
susceptibilidade aos farmacos antifungicos a partir de isolados oriundos da infeccéo
felina, além de ndo haver pontos de cortes estabelecidos. Ha poucos relatos na
literatura que aborde a pesquisa de novos protétipos com possivel atividade
antimicrobiana independente da espécie do fungo, de seu hospedeiro ou mesmo de
sua origem geogréfica, relacionados a esporotricose. Assim, investigacdes
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envolvendo a interacdo fungo-fArmaco sdo essenciais para a proposicdo das
melhores opgdes vigentes assim como para o desenvolvimento de novas estratégias
e intervencdes terapéuticas para o tratamento desta micose, cujo tratamento é
dispendioso e de dificil administracdo. Ademais, ja foram descritos isolados com
sensibilidade reduzida aos principais farmacos passiveis de serem utilizados na
pratica clinica. OBJETIVOS: Prospectar ampla gama de derivados sintéticos e
naturais a fim de pesquisar seu potencial antifingico por meio da caracterizacao do
perfil de sensibilidade de isolados clinicos do Sporothrix oriundos da epidemia
zoonética assim como de cepas padrdo. METODOLOGIA: Para tanto, serdo
incluidos os seguintes isolados clinicos: HO 318, HO 354, HO 213, HO 355, HO 345,
01-1036, SS-048, 13-1005, 01-1002 e a cepa padrao da American Type Culture
Collection, ATCC 5110 S. brasiliensis. Os derivados naturais isolados de plantas da
restinga de Niter6i e os novos derivados sintéticos da classe das quinolonas,
naftoquinonas e pirazolona serdo submetidos a uma triagem através do teste de
sensibilidade antimicrobiana por disco difuséo, pela metodologia de Kirby-Bauer
(M2-A8 CLSI, 2003) adaptada, na qual discos de papel de filtro embebidos com cada
derivado e controles experimentais correspondentes serdo utilizados. O derivado
gue apresentar um halo de inibicdo microbiana sera qualificado e sera submetido ao
CIM, afim de determinar a menor concentracdo capaz de inibir o crescimento fungico
visivel, comparando o perfil de susceptibilidade com os antifungicos de uso clinico.
Neste estudo, o0 mecanismo antifangico com classificacdo como fungicida e/ou
fungistatico sera determinado, bem como seus efeitos sobre a viabilidade celular das
espécies clinicas, através da Curva de Morte e contagem de unidades formadoras
de coldnias com o auxilio da camera de Newbauer. Por fim, através da microscopia
eletrbnica, a micromorfologia do fungo, apds o tratamento com os derivados ativos,
também sera investigada. RESULTADOS: Até o momento 10 isolados clinicos e
uma ATCC 5110 de S. brasiliensis foram investigados frente a 36 derivados de
diferentes classes quimicas como pirazolona: (16), quinolona (16) e naftoquinona
(4); foram submetidos ao teste de sensibilidade antimicrobiana por disco difuséo.
Nenhum deles apresentou atividades antimicrobiana nas formas de levedura ou
conidio. CONCLUSAO: Até o presente momento, os novos derivados de diferentes
classes quimicas testados ndo apresentaram atividade antifingica frente os isolados
clinicos de Sporothrix spp. testados. PALAVRA-CHAVE: Sporothrix spp., Felis
catus, Antimicrobianos; Novos protétipos. Apoio Financeiro: FAPERJ, CAPES,
CNPQ, PROPPI-UFF.

IV Semana Cientifica PPGMPA
Niter6i/RJ, Novembro, 2018

ANTIFUNGAL POTENTIAL OF SYNTHETIC DERIVATIVES AGAINST
PATHOGENIC SPECIES OF Sporothrix

SOUZA, LAIS C.S.V.12* SOUZA, THAYANNE C.2, SALES, PAMELLA A. M.},
ROCHA, ELISABETH M. S.1, CASTRO, HELENA C. 2, BAPTISTA, ANDREAR. S.1

1 Laboratory of Medical and Molecular Mycology (LMMI-UFF), Department of
Microbiology and Parasitology - Biomedical Institute of Fluminense Federal
University, Niteréi, Rio de Janeiro; ? Laboratory of Antibiotics, Biochemistry and
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Molecular Modeling (LABIEMol), Department of Cellular and Molecular Biology -
Institute of Biology, Fluminense Federal University, Niteréi, Rio de Janeiro.
*lais_vela@hotmail.com, (22) 998965682 — D2

INTRODUCTION: In the state of Rio de Janeiro, cases of sporotrichosis maintain the
epidemic magnitude of the zoonotic form via the domestic feline, with Sporothrix
brasiliensis being the main actor. The antifungal used to treat this zoonosis is
Itraconazole, expensive and difficult to administer to animals. OBJECTIVE:
Prospecting a wide range of synthetic derivatives in order to investigate their in silico
and in vitro antifungal potential of Sporothrix clinical isolates from the zoonotic
epidemic. METHODS: Six clinical isolates and the standard strain ATCC 5110 - S.
brasiliensis were included. The novel synthetic derivatives of the class of quinolones,
naphthoquinones, pyrazolones, quinones and hydrazines were screened by the
antimicrobial sensitivity test by disc diffusion using the Kirby-Bauer methodology (M2-
A8 CLSI, 2003). The derivative which conferred halo corresponding to the microbial
inhibition was qualified and subsequently investigated via microdilution in broth in
order to determine the lowest concentration capable of inhibiting visible fungal growth
(MIC). The in silico analysis aims at determining the pharmacological potential and
the possible toxicological profile of the active derivatives. RESULTS: Among the 62
derivatives tested, 16 were active against different clinical samples tested in the form
of yeast and an active derivative in the form of conidium. The obtained MICs ranged
from 02 ug / mL to = 128 ug / mL. In silico analysis showed that most of the active
derivatives were promising in the pharmacological and toxicological parameters
tested. CONCLUSION: New derivatives of the class of hydrazines and quinones are
promising antifungal potentials. KEYWORDS: Sporothrix spp., Felis catus, New
prototypes. FUNDING: FAPERJ, CAPES, CNPQ, PROPPI-UFF

V Semana Cientifica PPGMPA
Niter6i/RJ, Outubro, 2019

SYNTHETIC AND NATURAL ANTIFUNGAL CANDIDATES AGAINST Sporothrix
brasiliensis

SOUZA, LAIS C.S.V.Y; MACEDO-SALES, PAMELLA A.%; SOUZA, LUCIERI O.P.2
MOTHE, GABRIELLE B.%; SANTOS, RENAN C.S.3; MACHADO, RICARDO LUIZ
D.1; ROCHA, ELISABETH M. S.1; SANTOS, ANDRE LUIS S.2; ROCHA, LEANDRO
M.3; CASTRO, HELENA CARLA% BAPTISTA, ANDREA REGINA. S.™ 1.
Microorganisms Research Center (CIM), Department of Microbiology and
Parasitology, Federal Fluminense University, Niter6i, RJ; 2. Laboratory of Advanced
Studies of Emerging and Resistant Microorganisms, Federal University of Rio de
Janeiro, Rio de Janeiro, RJ; 3. Laboratory of Natural Products Technology, Federal

Fluminense University, Niter6i, RJ. 4. Laboratory of Antibiotics, Biochemistry and
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Molecular Modeling (LabieMol), Federal Fluminense University, Niter6i, RJ. *e-mail:
andrearegina@id.uff.br Phone: + 55 21 994067663.

INTRODUCTION: In the state of Rio de Janeiro, sporotrichosis maintains the
hyperendemic magnitude of the zoonotic form via domestic feline transmission with
Sporothrix brasiliensis, a dimorphic fungus, as the almost exclusively isolated
species. Itraconazole is the drug of choice to treat this zoonosis, an expensive and
difficult drug to be daily administered to cats. Furthermore, in the last few years, in
vitro and in vivo evidence of S. brasiliensis resistance to this azole have been
reported. OBJECTIVES: To prospect a wide range of synthetic derivatives and
natural compounds in order to investigate in vitro, in vivo and in silico antifungal
potential properties against S. brasiliensis clinical isolates obtained from diseased
cats of the Brazilian hyperendemic area. METHODS: Both morphotypes of six S.
brasiliensis clinical isolates from Niter6i, RJ, and of the ATCC 5110 were tested. The
novel synthetic derivatives of eight different chemical classes (pyrazole, pyrazolone,
qguinolone, quinone, naphthoquinone, hydrazine, N-phthalimide, and phenantroline)
and natural origin plant extracts (Ocotea pulchella, Ocotea notata, Hypericum
brasiliense and Myrciaria floribunda) were firstly screened by disc diffusion (M2-A8
CLSI, 2003). The derivatives promoting halos compatible with microbial inhibition
were subsequently investigated by broth microdilution (M27-A7 CLSI, 2002) in order
to determine the lowest concentration capable of inhibiting visible fungal growth
(MIC). Lastly, in silico analysis was performed SwissADME e admetSAR to
determine pharmacological potentials and toxicological profiles of the active
derivatives. RESULTS: Among the 88 derivatives, 19 were shown to be active
(hydrazines, quinones and phenanthrolines classes and natural origin plant extracts)
most clinical isolates and of the ATCC 5110 tested in the form of yeast and one of
them was active against conidia. The obtained MICs ranged from 0.25 ug/mL to =
128 pg/mL. In silico analysis showed that most of the active derivatives were
promising in the pharmacological and toxicological parameters tested.
CONCLUSION: Hydrazines, phenanthrolines and extracts of natural origin may
constitute promising antifungals against S. brasiliensis.. Additional experiments with
the Galleria melonella invertebrate model are currently being conducted ate CIM-UFF
to investigate the in vivo potential of both natural and synthetic candidates.
KEYWORDS: Sporotrichosis, Felis catus, Phenanthrolines. FUNDING: FAPERJ,
CNPQ, PROPPI-UFF. This study was financed in part by the Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES) - Finance Code 001

VI Semana Cientifica Semana
Niter6i/RJ 2020

SYNTHETIC AND NATURAL ANTIFUNGAL CANDIDATES AGAINST Sporothrix
brasiliensis FROM THE BRAZILIAN EPIDEMICS

SOUZA, LAIS C.S.V.Y; MACEDO-SALES, PAMELLA A.l; SOUZA, LUCIERI O.P.%
MOTHE, GABRIELLE B.!; SANTOS, RENAN C.S.3; MACHADO, RICARDO LUIZ
D.1; ROCHA, ELISABETH M. S.1; SANTOS, ANDRE LUIS S.?; ROCHA, LEANDRO
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M.3; CASTRO, HELENA CARLA% BAPTISTA, ANDREA REGINA. S.'™ 1.
Microorganisms Research Center (CIM), Department of Microbiology and
Parasitology, Federal Fluminense University, Niteréi, RJ; 2. Laboratory of Advanced
Studies of Emerging and Resistant Microorganisms, Federal University of Rio de
Janeiro, Rio de Janeiro, RJ; 3. Laboratory of Natural Products Technology, Federal
Fluminense University, Niteréi, RJ. 4. Laboratory of Antibiotics, Biochemistry and
Molecular Modeling (LabieMol), Federal Fluminense University, Niteréi, RJ. *e-mail:
andrearegina@id.uff.br2 Phone: + 55 21 994067663.

INTRODUCTION: Sporothrix brasiliensis is a dimorphic fungus, the causative agent
of sporotrichosis in Brazil. Itraconazole is the drug of choice to both feline and human
treatment although expensive and difficult to be daily administered to cats. S.
brasiliensis resistance to this azole was reported. OBJECTIVES: To prospect a wide
range of synthetic derivatives and natural compounds by in vitro, in vivo and in silico
testing of antifungal properties against S. brasiliensis obtained from diseased cats of
the Brazilian hyperendemic area. METHODS: Both morphotypes of six S. brasiliensis
clinical isolates and of the ATCC 5110 were tested. Novel synthetic derivatives of
eight distinct chemical classes (pyrazole, pyrazolone, quinolone, quinone,
naphthoquinone, hydrazine, N-phthalimide, and phenantroline) and natural extracts
from Brazilian restinga plants (Ocotea spp., Hypericum brasiliense and Myrciaria
floribunda) were screened by disc diffusion (M2-A8 CLSI,2003) and, subsequently,
by broth microdilution (M27-A7 CLSI,2002). Pharmacological potentials and
toxicological profiles were investigated by in silico analysis (SwissADME/admetSAR).
RESULTS: Twenty-one percent of all derivatives (19/88; hydrazines, quinones and
phenanthrolines plus natural extracts) were active against the yeasts of the majority
of all isolates while one of them was active against conidia. MICs ranged from 0.25
Mg/mL to = 128 pg/mL. In silico analysis showed that most of the derivatives were
potential antifungals. CONCLUSION: Hydrazines, phenanthrolines and restinga plant
extracts are potential antifungals against S. brasiliensis. Additional experiments with
the Galleria melonella invertebrate model are currently being conducted at CIM-UFF
to investigate in vivo performances for both natural and synthetic antifungal
candidates. KEYWORDS: Sporotrichosis, Felis catus, Phenanthrolines. FUNDING:
FAPERJ, CNPQ, PROPPI-UFF. This study was financed in part by the Coordenacéao
de Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES) - Finance Code
001

Resumo relacionados a tese a ser apresentado em eventos cientificos

International Conference on Microbiology & Infectious Diseases
Roma — Italia, Novembro, 2021

Synthetic and Natural Antifungal Candidates against Sporothrix brasiliensis from

the Brazilian epidemics


mailto:andrearegina@id.uff.br

109

Lais Cavalcanti dos Santos Velasco de Souzal’, Pamella Antunes de Macédo
Sales?!, Gabriela Mothé?, Ricardo Luiz Dantas Machado?; Elizabeth Martins da Silva
da Rocha!, André Luis dos Santos? Leandro Machado Rocha®, Helena Carla
Castro®, Andrea Regina de Souza Baptistal. ! Center for Microorganisms’
Investigation, Federal Fluminense University, Niteroi, RJ, Brazil; *presenting author;
’Laboratory of Advanced Studies of Emerging and Resistant Microorganisms,
Federal University of Rio de Janeiro, Rio de Janeiro, RJ, Brazil; 3 Natural Products
Technology Laboratory, Faculty of Pharmacy, Fluminense Federal University -
Niteréi, RJ, Brazil; 4 Laboratory of Antibiotics, Biochemistry and Molecular Modeling,

Institute of Biology, Federal Fluminense University - Niter6i, RJ, Brazil.

Abstract: Sporotrichosis is a neglected zoonosis in Brazil, with a hyperendemic
character in the state of RJ, with Sporothrix brasiliensis being the causative agent of
this disease that affects cats and humans. In view of the recent continental
expansion and the well-known geographical distribution of sporotrichosis in Brazil,
combined with difficulties on domestic feline effective treatment and the pressing
need for therapeutic alternatives, this work aimed at prospecting a range of synthetic
derivatives and natural extracts to evaluate in vitro potential antifungal properties
against isolates of Sporothrix brasiliensis from cats residing in the hyperendemic
Brazilian region. Six S. brasiliensis isolates originated from sporotrichotic lesions in
domestic cats were included. Cats included average age 3,58 years, most with street
access and treatment with itraconazole ranging from 2 to 60 months in a dosage of
100 mg/cat/day. Minimum inhibitory concentration (MIC) of the three novel hydrazone
derivatives, eleven novel quinone derivatives, three chelates and four natural extracts
were determined using the broth microdilution method. All synthetic derivatives and
natural extracts were also evaluated for minimum fungicidal concentration (MFC).
MICs and MFCs ranged from 1 - >128 ug/ml and 0,03 — 0,002 uM. In silico tests
were used to predict the pharmacological profile and toxicity parameters of the
synthetic derivatives. The ADMET computational analysis did not show toxicity while
a good pharmacological predictive profile, with parameters similar to itraconazole,
was obtained. In view of the data found, we conclude that three hydrazone

derivatives, three chelates and natural extracts, mainly Ocotea pulchella and
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Myrciaria floribunda, are promising candidates for antifungal agents. Keywords:

Sporotrichosis, Felis catus, quinones, hydrazones, chelates, natural extracts.

Resumos néo relacionados atese apresentados em eventos cientificos

SILVA, LETICIA S.S.1, RAMIREZ, AINA D.R.1, SOUZA, LAIS C.S.V.1, BOTELHO,
LUIZ G.X.1, CASTRO, VITORIA F. 1, CARDOSO, CYNTHIA2, FERREIRA, JOSELI
0.3, MALO, LUCIANE M.S.4 BAPTISTA, ANDREA R. S.1, MACHADO RICARDO
LD.1. THE INFLUENCE OF TREM-1 GENE RECEPTOR POLYMORPHISM
(TRIGGERING RECEPTOR EXPRESSED ON MYELOID CELLS I). In sustainability
to malaria by Plasmodium vivax in an endemic area of brazilian amazon. V Semana
cientifica do PPGMPA/UFF, 2019.

LAIS CAVALCANTI DOS SANTOS VELASCO DE SOUZAY24: LETICIA SANTOS
SAULES SILVA?, “GABRIELA SARAMAGO GOMES DE AZEVEDO? 3; BRUNO
FERREIRA LEAL? 3, MARCOS VEIGA KALIL® DANIELA LUNA MARTINSS;
ANDREA REGINA DE SOUZA BAPTISTA!; HELENA CARLA CASTRO? 3 4,

Identificacdo do potencial antifungico dos derivados sintéticos das diferentes classes

guimicas frente a cepas padrdao atcc do género Candida. XXIlI Semana de

Microbiologia e Imunologia, Instituto de Microbiologia Paulo de Gées/UFRJ, 2017.

Artigos cientificos publicados nao relacionados atese

LAIS CAVALCANTI, LETICIA SAULES, GABRIELA SARAMAGO, BRUNO LEAL,
ANDREA REGINA S BAPTISTA, VANESSA GREMIAO DOS SANTOS, MARCOS
KALIL, ALBA REGINA DE MAGALHAES, PAULA ALVAREZ ABREU AND HELENA
C CASTRO. Understanding the morphogenesis and pathogenicity of Candida
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