UNIVERSIDADE FEDERAL DE PELOTAS
Instituto de Biologia
Programa de P6s-Graduacgédo em Parasitologia

)
7
9

WERg

!
.\)

Tese

Avaliacdo de compostos naturais e sintéticos com acéo anti- Trichomonas

vaginalis

Angela Sena Lopes

Pelotas, 2018



Angela Sena Lopes

Avaliacdo de compostos naturais e sintéticos com acao anti- Trichomonas

vaginalis

Tese apresentada ao Programa de Pos-
Graduacdo em Parasitologia do Instituto de
Biologia da Universidade Federal de Pelotas,
como requisito parcial a obtencao do titulo de
Doutor em Ciéncias Biolégicas (Area do
conhecimento: Parasitologia).

Orientador: Prof2 Dr2 Sibele Borsuk

Coorientador: Prof2 Dr2 Lucielli Savegnago

Pelotas, 2018



Dados de catalogagéo na fonte:
Maria Beatriz Vaghetti Vieira — CRB-10/1032
Biblioteca de Ciéncia & Tecnologia - UFPel

LBE4da

Lopes, Angela Sena

Avaliacdo de compostos naturais e sintéticos com agéo
antk Trichomonasvaginalis f Angela Sena Lopes - 222f -
Tese (Doutaorada). Programa de Pas-Graduagdo em
Parasitologia. Universidade Federal de Pelotas. Instituto de
Biologia. Pelotas, 2018, — Orientador Sibele Borsuk; co-
orientador Lucielli Savegnago.

1.Parastologia. 2. Tricomoniase. 3. Tricomonicida.

4 Teldrio. 5. Prapolis Yermelha Brasileira. b, Citotoxicidade. 7.
Cluinolina. [ Borsuk, Sibele. 1. Savegnago, Lucielli. 11 Titulo.

COD: B16.451




Angela Sena Lopes

Avaliacdo de compostos naturais e sintéticos com acgao anti- Trichomonas

vaginalis

Tese aprovada, como requisito parcial, para obtencdo do grau de Doutor em
Ciéncias Bioldgicas, Programa de Pds-Graduacdo em Parasitologia, Instituto

de Biologia, Universidade Federal de Pelotas.

Data da Defesa: 10/04/2018

Banca examinadora:

Prof. Dr2. Sibele Borsuk (Orientador)
Doutora em Biotecnologia pela Universidade Federal de Pelotas

Profa. Dr2. Nara Amélia da Rosa Farias
Doutora em Biologia Parasitaria pela Fundacdo Oswaldo Cruz

Profa. Dra. Daiane Drawanz Hartwig
Doutora em Biotecnologia pela Universidade Federal de Pelotas

Prof2. Dr2 Daniela Fernandes Ramos
Doutora em Biotecnologia pela Universidade Federal de Pelotas

Prof2. Dr2 Camila Belmonte Oliveira
Doutora em Medicina Veterinaria pela Universidade Federal de Santa Maria



Dedico este trabalho a minha familia,

por todo incentivo, compreensdo e amor.



O 00 N o u b~ W N R

W W W W W N N N N N N NN NN R P R P R R p R p p
2 W N P O O 00 N OO0 1 B W N P O O 0 N O 0 M W N P, O

Agradecimentos

A Universidade Federal de Pelotas e ao Programa de Pdés-Graduacdo em
Parasitologia, pela oportunidade de realizacédo deste doutorado.

A Coordenacédo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
por me proporcionar uma bolsa de estudos.

Ao Centro de Biotecnologia e ao Instituto de Biologia, que me deram suporte
técnico para poder realizar este trabalho.

A minha orientadora Profé. Dr2 Sibele Borsuk, pela confianca depositada em
mim na realizacdo desse trabalho, ja que era algo novo para nos duas. Muito
obrigada por tornares os meus dias de trabalho prazerosos, produtivos e cheios de
conhecimento. Agradeco imensamente por fazeres parte da minha vida, pela tua
amizade, companheirismo, carinho, compreensdo e orientacdo, és com certeza
pessoa insubstituivel em minha formacédo profissional e em minha vida pessoal.
Sabes o quanto és importante para mim.

A minha coorientadora Profé. Dr2 Lucielli Savegnago, obrigada por acreditares
em mim, pelas oportunidades que surgiram a partir de sua confianca, colaboracéo e
orientacdo. Tua amizade e incentivo sdo muito valiosos.

A professora Prof2. Dr2 Tiana Tasca que cedeu os isolados de Trichomonas
vaginalis e com isso abriu as portas para a realizagdo desse sonho.

Aos professores e colaboradores que contribuiram neste trabalho, obrigada
por enriquecerem a minha formacéao.

Aos colegas do laboratério 03, obrigada por toda parceria, ajuda,
descontracdo, vocés tornaram esse periodo da minha vida profissional uma
experiéncia maravilhosa!

A “minha” eterna estagiaria, Raquel, muito obrigada por toda ajuda, amizade,
companheirismo e por acreditar que no final teriamos tantos frutos. Como de fato,
tivemos! Muito obrigada!

A minha familia pelo apoio incondicional ao longo desses anos de doutorado
e ao longo da minha vida académica. Muito obrigada pela compreensao!

E a todos que de alguma forma contribuiram nessa trajetoria.

Muito obrigada!



© 00 N o u b~ W N R

[
= O

A DB PP, PP, D WWWWWWWWWWNDNNNNNNNNNRPRRERPRERRRRPR
b wWNPFPOOVONOUPWNRERPOOOONODUPEEWNREROOOONOOOPEWN

Lista de Figuras

Figura 1 Vista geral de Trichomonas vaginalis (Tv) em trés diferentes formas ....19
Figura 2 Estrutura quimica das moléculas RF05, RFO7 e RF19 .........cccoooeeeieees 37
Figura 3 Estrutura quimica das moléculas de 1,3 dioxolanas contendo teldrio
(PTEDOX) ...ttt ettt ettt ettt e et et et e e et e et en s 37
Figura 4 Estrutura quimica das moléculas de compostos enantibmeros de 4-
amiNOAICOO! QUINOIINAS ........eeiiiiii e e e e e e e e 39

Figura 5 Estrutura quimica da piranoquinolina (composto 39) ........cccccccceeeennnnne 40



OO NOOUL D WN B

A DB DB P PP PWWWWWWWWWWNDNDNNNNNNNNRRPRPRERPRRERRRERPRE
N ouu b, wNPRERPOOVWONOODULLPAWNERPOOOONOOCDOUPAWNREROOOONOOOPEAEWNEO

S5 b
O o

U
o

Resumo

SENA-LOPES, Angela. Avaliacdo de compostos naturais e sintéticos com ac&o
anti- Trichomonas vaginalis. 2018. 223f. Tese (Doutor em Ciéncias Biologicas) —
Programa de PoOs-Graduacdo em Parasitologia, Instituto de Biologia, Universidade
Federal de Pelotas, Pelotas, 2018.

Trichomonas vaginalis € o protozoério flagelado causador da tricomoniase, doenca
sexualmente transmissivel (DST) de origem nao viral mais comum no mundo. A
infeccdo é caracterizada por amplo espectro clinico, desde casos assintomaticos até
severa vaginite. Levando em consideracdo o aumento da prevaléncia de infeccdes
resistentes ao Metronidazol, a busca por farmacos para o tratamento da
tricomoniase se faz necesséaria. Nesse contexto, o estudo da atividade bioldgica de
compostos naturais, como o 6leo essencial da prépolis vermelha brasileira (OEP), e
sintéticos, como 1,3-dioxolanas contendo telirio (PTeDOX) e quinolinas-1,2,3-
triazoil carboxamidas (QTCA), se mostra importante, uma vez que suas
propriedades ja vem sendo caracterizadas. Sendo assim, nesse estudo foi avaliada
a atividade in vitro anti-T. vaginalis de PTeDOX (PTeDOX 1, PTeDOX 2 e PTeDOX
3), do OEP e de QTCA (QTCA-1, QTCA-2 e QTCA-3). A atividade in vitro foi testada
contra o isolado ATCC 30236 de T. vaginalis. PTeDOX 1, na concentragao final de
90 uM (MIC), reduziu a viabilidade dos trofozoitos de T. vaginalis em 100% e o valor
do ICso foi de 60 uyM. A curva de crescimento cinético demonstrou que o PTeDOX 1,
na concentracao de 90 yM, diminuiu o crescimento em 22% no tempo de exposi¢ao
de 12 h e induziu a morte de 100% dos trofozoitos no tempo de 24 h. A cultura de
células CHO-K1 apresentou citotoxicidade de 44% na concentracdo de 90 uM e nas
concentragodes 6,25, 12,5 e 45 yM, o PTeDOX 1, demonstrou ndo ser mais citotoxico
do que o farmaco comercial disponivel para tricomoniase. Ja o OEP na
concentracao final de 500 uyg/mL (MIC), reduziu a viabilidade dos trofozoitos de T.
vaginalis em 100% e o valor do ICso foi de 100 pyg/mL. A curva de crescimento
cinético do OEP demonstrou uma diminui¢do do crescimento de trofozoitos em 56%
a uma concentracdo de 500 ug/mL apds 12 h de exposicdo e induziu a morte de
100% dos trofozoitos as 24 h. Observou-se uma citotoxicidade de 92% nas células
CHO-K1 quando testada a concentracdo de 500 pg/mL e ndo apresentou dano
celular a 125 ug/mL. Além disso, a concentracdo de 200 pg/mL reduziu a viabilidade
dos parasitos em 70%, ndo sendo citotéxica para CHO-K1. Dos compostos QTCA,
somente 0 QTCA-2 na concentracao final de 80 uM (MIC), reduziu a viabilidade dos
trofozoitos em 100% e o ICso foi de 50 uM. A curva de crescimento cinético
demonstrou que o composto QTCA-2 na concentracdo de 80 uM, diminuiu o
crescimento em 70% no tempo de exposicdo de 12 h e induziu a morte de 100% dos
trofozoitos no tempo de 24 h e em cultura de células CHO-K1 ndo apresentaram
citotoxicidade. Além disso, ndo apresentou diferenca significativa na expressao dos
genes (PFOR A, PFOR B, Hydrogenase, Enzima malica D, B-tubulina) quando
comparados com controles negativos, positivos e veiculos. Com isso, 0s compostos
PTeDOX 1, OEP e QTCA-2 sdo alternativas promissoras na busca de novos
tratamentos para tricomoniase, e seu mecanismo de acado deve ser investigado.

Palavras-chave: Tricomoniase; Tricomonicida; Telurio; Propolis Vermelha Brasileira;
Citotoxicidade, Quinolina
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Abstract

SENA-LOPES, Angela. Evaluation of natural and synthetic compounds with
anti-Trichomonas vaginalis action. 2018. 223f. Tese (Doutor em Ciéncias
Biologicas) — Programa de Pos-Graduagdo em Parasitologia, Instituto de Biologia,
Universidade Federal de Pelotas, Pelotas, 2018.

Trichomonas vaginalis is the flagellate protozoan that causes trichomoniasis, the
most common non-viral sexually transmitted disease (STD) in the world. The
infection is characterized by a broad clinical spectrum, from asymptomatic cases to
severe vaginitis. It can cause complications in pregnancy, cervical and prostate
cancer, and the parasite acts as a cofactor in the acquisition of HIV virus. Taking into
account the increased prevalence of Metronidazole-resistant infections, the search
for drugs for the treatment of trichomoniasis is necessary. In this context, the study of
the biological activity of natural compounds such as Brazilian red propolis (OEP) and
synthetic oils, such as 1,3-dioxolanes containing tellurium (PTeDOX) and quinolines-
1,2,3-triazoyl carboxamides ( QTCA), is important, since its properties have already
been characterized. Thus, in this study, the in vitro anti-T. vaginalis activity was
evaluated of PTeDOX (PTeDOX 1, PTeDOX 2 and PTeDOX 3), EPO and QTCA
(QTCA-1, QTCA-2 and QTCA-3). In vitro activity was tested against ATCC 30236
isolate from T. vaginalis. PTeDOX 1, at the final concentration of 90 yM (MIC),
reduced the viability of T. vaginalis trophozoites by 100% and the IC 50 value was 60
MM. The kinetic growth curve showed that PTeDOX 1 at 90 yM concentration
decreased growth by 22% at the exposure time of 12 h and induced death of 100%
of the trophozoites in the time of 24 h. The CHO-K1 cell culture showed a cytotoxicity
of 44% at the concentration of 90 yM and at the concentrations 6.25, 12.5 and 45
MM, PTeDOX 1 was shown to be no more cytotoxic than the commercial drug
available for trichomoniasis. On the other hand, the EPO at the final concentration of
500 pg / mL (MIC) reduced the viability of T. vaginalis trophozoites by 100% and the
IC50 value was 100 ug / mL. The kinetic growth curve of EPO demonstrated a 56%
decrease in trophozoite growth at a concentration of 500 ug / ml after 12 h of
exposure and induced the death of 100% trophozoites at 24 h. A 92% cytotoxicity
was observed in CHO-K1 cells when tested at 500 pg / mL and did not show cell
damage at 125 pg / mL. In addition, the concentration of 200 ug / mL reduced the
viability of the parasites by 70% and was not cytotoxic to CHO-K1. Of the QTCA
compounds, only the final concentration of 80 uM QTCA-2 (MIC) reduced the viability
of the trophozoites by 100% and the IC 50 was 50 uM. The kinetic growth curve
demonstrated that the 80 uM QTCA-2 compound decreased growth by 70% at the
exposure time of 12 h and induced the death of 100% of the trophozoites in the 24 h
time in culture of CHO- K1 showed no cytotoxicity. In addition, there was no
significant difference in gene expression(PFOR A, PFOR B, Hydrogenase, Enzima
malic enzyme D, B-tubuline) when compared to negative, positive controls and
vehicles. Thus, PTeDOX 1, OEP and QTCA-2 are promising alternatives in the
search for new treatments for trichomoniasis, and its mechanism of action should be
investigated.

Key words: Trichomoniasis; Trichomonicide; Tellurium; Brazilian Red Propolis;
Cytotoxicity, Quinoline
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1 Introducéao Geral

Trichomonas vaginalis € o protozoario flagelado do trato geniturinario
causador da tricomoniase, doenca sexualmente transmissivel (DST) de origem
nao viral mais comum no mundo. Em 2008, foi estimado que ocorreram 276
milhdes de casos por ano, a maioria ocorrendo em mulheres (WHO, 2012). A
infeccdo por T. vaginalis resulta em uma variedade de manifestacdes clinicas,
na maioria dos casos 0s pacientes sdo assintomaticos, mas alguns podem
desenvolver sinais tipicamente associados a doenca. Além dos sintomas como:
vaginite, prurido vulvar intenso, ardéncia nas relacfes sexuais e ao urinar; a
principal importancia da tricomoniase é a sua relagdo com doencas, tais como
cancer (SUTCLIFFE et al., 2012; VIIKKI et al., 2000; ZHANG; BEGG, 1994),
complicacBes durante a gravidez (COTCH et al., 1991; COTCH et al., 1997;
KLEBANOFF et al., 2001; SILVER et al., 2014), infertilidade (GIMENES et al.,
2014; GRODSTEIN et al.,, 1993) transmissao e cofator do HIV (Human
Immunodeficiency Virus) (MCCLELLAND et al., 2007; QUINLIVAN et al., 2012).

O tratamento da tricomoniase é feito com o0s compostos 2-metil-5-
nitroimidazéis, e os unicos farmacos aprovados pelo Food and Drug
Administration (FDA, EUA), sdo o Metronidazol e Tinidazol. Embora as taxas
de cura sejam significativas, falhas no tratamento sdo relatadas, e atribuidas
principalmente a toxicidade dos farmacos utilizados, causando efeitos adversos
e ndo-adesdo ao tratamento ou reinfeccdo, e também pobre absorcdo do
farmaco ou biodisponibilidade insuficiente (MENEZES et al., 2016; UPCROFT ;
UPCROFT, 2001). Além disso, a selecéo de isolados resistentes de T. vaginalis
aos medicamentos utilizados no tratamento da tricomoniase tém sido descrita
em diferentes estudos (LEITSCH et al., 2014; MENEZES et al., 2016; VIEIRA
et al., 2012).

Estudos de novas classes de substancias naturais ou sintéticas vém
sendo impulsionados pela necessidade de novos farmacos para tratar diversas
infeccbes. Nesse contexto, 0s produtos sintéticos, ou derivados de
medicamentos ja comercializados, também fornecem uma alternativa para
tratar a tricomoniase (NEWMAN; CRAGG, 2016; NGO et al., 2013; VIEIRA et
al., 2015).
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Os produtos naturais representam uma fonte rica de moléculas ativas, e
ainda hoje, sado usados na busca de novos medicamentos (NEWMAN; CRAGG,
2016). Dentre os produtos naturais, citamos a prépolis, que pode apresentar-se
principalmente nas cores marrom, vermelha ou verde, e que tem sido utilizada
na medicina popular devido as suas propriedades terapéuticas (FISCHER et
al., 2008; FREIRES et al., 2016; FROZZA et al., 2013; MARCUCCI, 1996;
SFORCIN; BANKOVA, 2011). Diversos estudos reforcam a importancia
farmacoldgica da propolis, pois comprovam atividades biologicas tais como:
antineoplésica, imunomodulatoria, anti-inflamatéria, antioxidante,
antimicrobiana, antiviral, antidiabética e antiparasitaria (BURDOCK, 1998;
SFORCIN, 2007; SFORCIN; BANKOVA, 2011).

Vérias classes de compostos organicos de telario, como as 1,3-
dioxolanas contendo teldrio, com diferentes caracteristicas e estruturas
quimicas, vem sendo estudados quanto as suas propriedades bioldgicas,
farmacoldgicas e toxicologicas (NOBRE et al., 2014; ZENI et al., 2006).
Diferentes autores atribuem importantes propriedades biolégicas a esses
compostos ativos, tais como: antimicrobianas, antioxidantes,
imunomodulatérias, antitumorais, anti-helminticas e antiprotozoarias (BA, LA et
al., 2010; CUNHA et al., 2009; MALUF et al., 2016; NOBRE et al., 2014;
SREDNI, 2012; TIEKINK, 2012; URIG; BECKER 2006; WIESLANDER et
al.,1998).

Outra classe de compostos organicos avaliados sédo as quinolinas e
seus derivados, entre eles destacamos as quinolinas-1,2,3-triazolil-
carboxamidas. As quinolinas estdo presentes em diversas substancias
naturais, principalmente alcaloides derivados de plantas, mas também podem
ser compostos sintetizados laboratoriamente. Além disso, j& demonstraram
atividades biolégicas e propriedades farmacologicas, como por exemplo:
antitumorais, antioxidantes, antituberculose, antifingica, antibacteriana, anti-
inflamatorias, antidepressivas e antiprotozoario (BEGNINI et al., 2017;
CANDEA et al., 2009; DI PIETRO et al., 2015; DOREY et al., 2000 ; FERRETTI
et al., 2014; MUSIOL et al., 2006; WILHEM et al., 2014).
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Diante do exposto, o estudo da atividade biolégica de compostos
naturais e sintéticos, € importante para o desenvolvimento de novos farmacos
como novas alternativas no tratamento de diferentes parasitoses, como a
tricomoniase.

O presente trabalho serd apresentado a seguir com a descricdo dos
objetivos, revisdo de literatura, na qual encontraremos o detalhamento sobre o
protozoario utilizado no estudo, destacando sua biologia, diagndstico
laboratorial, tratamento e resisténcia medicamentosa. Além disso, mostraremos
a importancia dos compostos naturais e sintéticos como novas alternativas no
tratamento da tricomoniase, tais como: 0Oleo essencial da propolis vermelha
brasileira, derivados sintéticos de moléculas de 1,3-dioxolanas contendo teldrio
e quinolinas-1,2,3-triazoil-carboxamidas.

Logo apds serdo apresentados os resultados obtidos compilados em 3
artigos cientificos. O primeiro tem como titulo: Antiparasitic activity of 1,3-
dioxolanes containing tellurium in Trichomonas vaginalis, e foi publicado em
2017 narevista Biomedicine and Pharmacotherapy.

O segundo artigo tem como titulo: Chemical composition,
immunostimulatory, cytotoxic and antiparasitic activities of the essential oil from

Brazilian red propolis, e foi publicado em 2018 na revista PloS ONE.

O terceiro artigo tem como titulo: Antiparasitic and molecular activity of
Quinolines-1,2,3-triazolylcarboxamides in Trichomonas vaginalis, e sera

submetido a revista Parasitology Research.
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2 Objetivos
2.1 Objetivo Geral

Avaliar a atividade bioldgica in vitro de um composto natural (Gleo
essencial da prépolis vermelha brasileira) e dois compostos sintéticos (1,3-
dioxolanas contendo telario e quinolina-1,2,3-triazolil-carboxamidas) em

Trichomonas vaginalis.

2.2 Objetivos Especificos
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Avaliar a atividade anti-T. vaginalis do 0leo essencial da prépolis
vermelha brasileira (OEP), 1,3-dioxolanas contendo telario (PTeDOX)
e quinolina-1,2,3-triazolil-carboxamidas (QTCA) através do
rastreamento antiparasitario.

Determinar o MIC e o ICso dos compostos ativos que apresentaram
atividade antiparasitaria;

Avaliar a curva cinética do tempo de inibicdo do crescimento de T.
vaginalis apés tratamento com 0s compostos ativos que
apresentaram atividade antiparasitaria;

Avaliar a citotoxicidade dos compostos ativos que apresentaram
atividade antiparasitaria, em células de ovario de hamster chinés
(CHO-K1);

Avaliar a expressao dos genes: piruvato-ferredoxina oxidoredutase A;
piruvato-ferredoxina  oxidoredutase B; Enzima maélica D;

Hydrogenase; B-tubulina de T.vaginalis.
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3 Revisao de Literatura
3.1 Trichomonas vaginalis

O protozoéario Trichomonas vaginalis pertence ao Filo Zoomastigina, a
classe Parabasalia, a ordem Trichomonadida, a familia Trichomonadidae, a
ordem Trichomonadida, sendo descrito pela primeira vez por Alfred Frangois
Donnég, em 1836, a partir de secrecéo vaginal (SCHWEBKE; BURGESS, 2004).
Este parasito tem a capacidade de parasitar o trato geniturinario humano
causando a tricomoniase. Existem outras espécies como T. tenax e T. hominis
gue sao encontradas no homem habitando a cavidade bucal e trato intestinal,
respectivamente. Entretanto, a Unica que tem potencial patogénico € a espécie
T. vaginalis (SECOR et al., 2014; SCHWEBKE; BURGESS, 2004).

T. vaginalis mede cerca de 9,7 um de comprimento por 7 um de largura.
Possui cinco flagelos, sendo quatro flagelos livres, com tamanhos desiguais,
localizados na regido anterior e 0 quinto incorporado a membrana ondulante.
As organelas internas incluem um ndcleo proeminente que localiza-se proximo
a extremidade anterior, apresentando uma dupla membrana nuclear e uma
estrutura rigida, o axostilo, que percorre a célula da extremidade anterior a
extremidade posterior, promovendo a sustentacdo do trofozoito (BENCHIMOL,
2004; HONIGBERG; KING, 1964).

Nos tricomonadideos ocorre a auséncia de mitocéndria, porém, o parasito
apresenta hidrogenossomos. Estes sédo granulos densos que possuem funcéo
metabdlica semelhante a mitocondria, sendo que receberam este nome por
produzirem hidrogénio molecular como produto final do metabolismo
(BENCHIMOL, 2009). Os hidrogenossomos s&o importantes na regulagcdo do
metabolismo, pois sdo portadores da piruvato ferredoxina-oxidorredutase
(PFOR), enzima capaz de transformar o piruvato em acetato e liberar
adenosina-trifosfato (ATP) e hidrogénio molecular (H2) (PETRIN et al., 1998).

A morfologia do parasito em cultura é tipicamente piriforme, elipséide ou
oval como outros tricomonadideos, T. vaginalis, em condi¢cdes normais
apresenta-se na forma de trofozoito (Figura la), na qual as células sédo em

forma de péra, os flagelos sédo externalizados e apresentam movimento
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intenso. No entanto, mudancas na forma e comportamento das células podem
ocorrer em duas outras situacdes: (1) quando o parasito estd em contato com
uma célula hospedeira e, assim, se torna a forma amebodide (Figura 1c); (2)
quando as células sado submetidas a condi¢cdes de estresse, como quando sob
tratamento com drogas ou privacao de nutrientes. Neste caso, os flagelos sé&o
parcial ou completamente internalizados, a célula torna-se esférica (Figura 1b)
e é denominado pseudocisto. Quando a situacdo de estresse é removida, 0s
flagelos sdo externalizados e a célula retorna ao seu comportamento normal.
Assim, a forma de pseudocisto surge quando o parasito estd sob estresse,
permitindo-lhe sobreviver (BENCHIMOL, 2008).

Figura 1 - Vista geral de Trichomonas vaginalis (Tv) em trés diferentes formas: (a) como
um trofozoito (b) como um pseudocisto; (c) como uma ameboide aderido a uma célula
epitelial vaginal humana (EC). Ax, Axéstilo; AF, Flagelos anteriores; RF, flagelo recorrente.
Fonte: BENCHIMOL, 2008, p.873

Os trofozoitos colonizam o trato geniturinario de homens e mulheres, onde
provocam infecg¢des e fora deste local ndo sobrevivem. A multiplicacdo, como
em todos os tricomonadideos, ocorre por divisdo binaria longitudinal, e o
parasito € anaerobio facultativo. A temperatura ideal de crescimento se da
entre 20°C a 40°C e pH entre 5 e 7,5 (MENEZES et al., 2016; PETRIN et al.,
1998). Além disso, necessita de diversos nutrientes para sua sobrevivéncia,
dentre eles carboidratos, lipideos, nucleotideos puricos e pirimidinicos, acidos

graxos, vitaminas e sais inorganicos. Os carboidratos séo a principal fonte de
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energia, tendo seu metabolismo fermentativo sob duas condic¢des: anaerbbica
e aerolbica, sendo realizadas no citoplasma e nos hidrogenossomos (MACK;
MULLER, 1980; MULLER, 1988). Nos casos de limitacdo de carboidratos, os
aminoacidos realizam a manutencdo da sobrevivéncia e crescimento do
parasito, que necessita principalmente de arginina, havendo, ainda, o0s
aminoacidos treonina, leucina e metionina que sao utilizados na producédo de
energia (PETRIN et al., 1998).

3.2 Tricomoniase

Trichomonas vaginalis é o parasita responsavel pela tricomoniase,
doenca sexualmente transmissivel (DST) nao viral mais comum no mundo. A
Organizacdo Mundial da Saude estima que ocorra uma incidéncia de 276
milhdes de casos por ano, e uma prevaléncia de 187 milhdes de individuos
infectados com idades entre 15 e 49 anos, com a maioria (89%) ocorrendo em
mulheres (LEITSCH, 2016; WHO, 2012).

A tricomoniase é uma doenca que apresenta amplo espectro de
manifestacfes clinicas, os sinais e sintomas dependem das condicGes
individuais, da viruléncia e do numero de parasitos infectantes. A prevaléncia
de infeccdo depende de varios fatores, incluindo a idade, atividade sexual e
namero de parceiros sexuais, presenca de outras doencas sexualmente
transmissiveis (DSTs), fase do ciclo menstrual, técnicas de diagndéstico e
condicBes socioecondmicas (MENEZES et al.,, 2016; PETRIN et al., 1998).
Além disso, ha alguns anos, a infec¢ao era tradicionalmente conhecida como
sintoméatica em mulheres e assintomatica em homens. Atualmente, o cenario
estd mudando e dados recentes tém mencionado que cerca de 80% das
infecgcbes por T. vaginalis sdo assintoméaticas tanto em homens como em
mulheres, sendo ambos considerados carreadores do parasito (ALLSWORTH
et al., 2009; POOLE; MCCLELLAND, 2013; SUTTON et al., 2007). Quando
sintométicos, a infec¢do foi detectada e varia nas mulheres entre 50-75%
(LEHKER; ALDERETE, 2000; PETRIN et al., 1998; SPARKS, 1991), enquanto
nos homens entre 15-50% (LEHKER; ALDERETE, 2000; SWYGARD et al.,
2004).
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O protozoério é transmitido através de relacdo sexual e as evidéncias
que classificam a tricomoniase como DST séo: (1) alta frequéncia de infecgéo
na uretra e / ou prostata de parceiros masculinos de mulheres infectadas; (2) a
prevaléncia de infeccdo € maior entre mulheres atendidas em clinicas de DST
e entre profissionais do sexo do que em mulheres p6s-menopausicas e virgens;
e (3) os flagelados morrem fora do corpo humano, a menos que estejam
protegidos da dessecagao (MENEZES et al., 2016; PETRIN et al., 1998).

Apés a transmissdo, de acordo com Schwebke e Burgess (2004), o
tempo de incubacéo € de 4 - 28 dias e embora existam evidéncias de taxas de
cura espontanea na ordem de 20-25%, apos esse periodo, menos de 50% das
mulheres infectadas apresentardo sintomas em seis meses (MENEZES et al.,
2016; PETRIN et al., 1998). Os demais pacientes, que sdo assintomaticos,
além do risco de infectar os parceiros sexuais, podem aumentar cerca de 2,7
vezes 0 risco de transmisséo do virus do HIV (BOWDEN; GARNETT, 2000;
GOMEZ-BARRIO et al., 2002; VAN DER POL et al., 2008). Estudos recentes
demonstraram que a tricomoniase também esta associada a susceptibilidade
aumentada ao papiloma virus humano (HPV) (FICHOROVA et al., 2012) e a
tipos de cancer de préstata agressivos (SUTCLIFFE et al., 2010).

Atualmente, admite-se que a transmissdo nao-sexual € rara, mas
teoricamente pode ocorrer em casos de duchas contaminadas, espéculos ou
assentos de vasos sanitarios, agua, urina e sémen mesmo apos algumas horas
de exposicdo as condicbes do meio ambiente. A tricomoniase neonatal em
meninas € adquirida durante o parto, a partir da mée infectada com T. vaginalis
durante a passagem pelo canal do parto. Nesses casos, a infeccdo acontece
porque o epitélio escamoso da vagina da recém-nascida esta sendo
influenciado pelos estrogénios maternos, permitindo a colonizagdo pelo
parasito. No entanto, assim que esse efeito hormonal desaparecer, em torno de
poucas semanas apo0s a contaminagao, o trato genital torna-se resistente a
acao de T. vaginalis, sendo possivel eliminar espontaneamente o parasito, o
que torna a infecgdo autolimitada (PETRIN et al., 1998).

A tricomoniase € uma doenca de fase reprodutiva e as manifestacdes

clinicas da infeccdo raramente sdo observadas antes da menarca ou apos a
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menopausa. O estabelecimento do protozoério no trato genital feminino inicia-
se com o aumento do pH, que modifica o ambiente vaginal e possibilita o
aumento da proporcdo de bactérias anaerdbias, e assim, consequentemente
ocorre a diminuicdo dos lactobacilos necessarios para manter a homeostase
vaginal (LEHKER; ALDERETE, 2000).

Os mecanismos de defesa do hospedeiro na infecgdo por T. vaginalis
dependem dos fatores imunologicos, que demonstram a interferéncia da
disponibilidade de ferro no trato genital feminino, uma vez que pode facilitar ou
ndo a sintese de proteinas, a citoaderéncia, habilidade de resistir a lise do
sistema complemento e expressdo de muitos genes de T. vaginalis, incluindo
as adesinas e as cisteinas proteases (KUMMER et al, 2008). As respostas
imune celular e humoral sdo evidentes em pacientes com a infeccéo,
apresentando um aumento no numero de leucécitos polimorfonucleares que
podem ser facilmente detectados nas secre¢cdes do trato geniturinario
(KUMMER et al, 2008; TORRES-ROMERO; ARROYO, 2009).

O contato inicial entre T. vaginalis e o0s leucdcitos resulta na formacéao de
pseuddpodes que vao promover a internalizacdo e degradacdo das células
imunes nos vacuolos fagociticos do protozoério. A interacdo entre T. vaginalis e
seu hospedeiro é um processo complexo no qual estdo envolvidos
componentes associados a superficie celular do parasito e células epiteliais do
hospedeiro, pois o trofozoito precisa aderir as células hospedeiras para exercer
seus efeitos patogénicos (LOPEZ et al., 2000).

A aderéncia e a citotoxicidade exercidas pelo protozoario sobre as
células do hospedeiro sao ditadas pelos fatores de viruléncia, como as
integrinas, cell-detaching factor (CDF) e glicosidases, mas principalmente pelas
cisteina-proteinases 39 e 65, que sao citotoxicas e hemoliticas, apresentando
capacidade de degradar imunoglobulinas das classes IgM, IgG e IgA presentes
no epitélio vaginal, e também pelas adesinas AP23, AP33, AP51 e AP65, que
séo sintetizadas pela ligacdo a células epiteliais (ALDERETE et al., 1988). A
expressdo das adesinas na superficie do parasito € alternada com a expresséo
de P270, que € uma proteina altamente imunogénica. Essa alternancia na

expressao parece ser um mecanismo utilizado por T. vaginalis para evadir o
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sistema imune (GARCIA et al., 2003), o qual desempenha papel importante na
homeostasia usando mecanismos inatos e adaptativos para lidar com a
constante exposi¢cdo a microrganismos patogénicos e alérgenos (SCHWEBKE;
BURGESS, 2004).

A tricomoniase em homens pode ser classificada em trés grupos: estado
assintomatico; doenca sintomatica leve, clinicamente indistinguivel de outras
causas de uretrites; estado agudo, caracterizado por uretrite purulenta
(PETRIN et al.,, 1998). E possivel que homens refratarios a esta infecgao,
possuam quantidades consideraveis de zinco no fluido prostatico. Essa
condicao deve-se a este metal ser altamente toxico para T. vaginalis e dessa
forma, o exame de rotina utilizado para o diagnostico de tricomoniase em
homens pode induzir a resultados falso negativo (LOPEZ et al., 2000). Em
casos sintomaticos, as principais caracteristicas da infeccdo sdo: escasso
corrimento, disuria, prurido uretral, ulceracdo peniana e sensacdo de
gueimacado apos relacdo sexual. Apesar de complicacfes serem raras, podem
acontecer epididimite, infertilidade e prostatite. (BOWDEN; GARNETT, 2000;
PETRIN et al., 1998).

Em mulheres, nos primeiros estagios da infeccdo, ha sintomas, porém,
sdo menos agressivos. Esses podem apresentar-se na forma de disuria,
dispaurenia e discreto desconforto abdominal (PETRIN et al., 1998). Os sinais
e sintomas clinicos durante a fase aguda da infec¢cdo sédo evidenciados por
vaginite aguda, devido a infiltrac&do por leucécitos e o tipico corrimento amarelo,
espumoso e mucopurulento que caracteriza esta fase ocorrendo em somente
20% dos casos. Ha também odor vaginal anormal e prurido vulvar. Além disso,
em casos mais graves, a vagina e a cérvice podem apresentar erosdes e
pontos hemorragicos na parede cervical, conhecidos como colpitis macularis ou
cérvice com aspecto de morango (MENEZES et al., 2016), sendo observada
em poucos casos (2% a 5%) no exame comum de rotina, mas pode ser
detectado com maior precisdo durante o exame de colposcopia. E ressaltado
ainda que os sinais e sintomas sao tipicamente intermitentes, podendo agravar
0 quadro durante o periodo menstrual, pois enquanto o nimero de organismos

no trato geniturinario feminino diminui durante a menstruacdo, os fatores de
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viruléncia mediados pelo ferro contribuem para a exacerbacdo de sintomas
nesse periodo (LEITSCH, 2016; PETRIN et al., 1998; ZHANG; BEGG, 1994).

Em casos de infeccdo mais graves, a tricomoniase esta relacionada a
sérias complicacBes. T. vaginalis esta relacionado com doenca inflamatéria
pélvica (DIP) pois, infecta o trato urinario superior, causando resposta
inflamatoria que destréi a estrutura tubaria e danifica as células ciliadas da
mucosa tubaria, inibindo a passagem de espermatozoides ou évulos atraves da
tuba uterina (CHERPES et al., 2006). Sendo assim, o risco de infertilidade é
quase duas vezes maior em mulheres com histdria de tricomoniase comparado
com as que nunca tiveram tal infeccdo (GRODSTEIN et al., 1993). Além disso,
a resposta inflamatoéria gerada pela infeccdo por T. vaginalis em mulheres
gravidas, pode conduzir direta ou indiretamente a alteracbes na membrana
fetal ou decidua, fazendo com que exista a associa¢cao entre tricomoniase em
gravidas com ruptura espontanea de membrana, parto prematuro, baixo peso
de recém-nascidos, endometrite pos-parto, e morte neonatal (COTCH et al.,
1997).

Outra complicacdo que esta relacionada com a infec¢do por T. vaginalis,
€ a que a mesma € considerada como um dos cofatores mais importantes na
amplificagéo da transmissao do HIV. O surgimento de uma resposta imune
celular local com inflamacgéo do epitélio vaginal e exocérvice em mulheres e da
uretra em homens faz com que haja a inducédo da infiltracdo de leucécitos,
incluindo células-alvo do HIV, como linfécitos TCD4+ e macrofagos, assim
como pontos hemorragicos na mucosa, aos quais o HIV pode se ligar e ganhar
acesso a corrente sanguinea. Além disso, um aumento na secrecdo de
citocinas (interleucinas 1, 6, 8 e 10), conhecidas por aumentar a suscetibilidade
ao HIV também é demonstrada durante a tricomoniase (CU-UVIN et al., 2002;
LEHKER; ALDERETE, 2000; SORVILLO et al., 2001). Segundo Van Der Pol et
al. (2008), a tricomoniase é considerada uma doenca bidirecional, onde n&o
somente aumenta a transmissdo do HIV, mas também a infec¢éo por HIV pode
tornar um individuo mais susceptivel a infeccao por T. vaginalis.

Devido ao fato de a tricomoniase ser transmitida sexualmente, o controle

da mesma é constituido das mesmas medidas preventivas tomadas no controle
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de outras DSTs. Pode-se citar como exemplo, 0 uso de preservativos,
abstinéncia de contatos sexuais com pessoas infectadas e limitagcdo das
complicacbes patolégicas mediante a administracdo de um tratamento
medicamentoso imediato e eficaz, tanto para os casos sintomaticos como para
0s assintoméaticos, ou seja, tratamento simultdneo para parceiros sexuais,
mesmo que a doenca tenha sido diagnosticada em apenas um dos membros
do casal. Os doentes devem ser aconselhados a absterem-se do sexo, pelo
menos, uma semana e até que eles e seus parceiros tenham concluido o
tratamento (PETRIN et al., 1998).

3.3 Diagnostico Laboratorial

O diagnéstico clinico da tricomoniase ndo pode ser baseado somente na
avaliagdo clinica, pois pode ser confundido com outras DSTs, tais como
candidiase, gonorréia e clamidia. Devido a isso, se faz necessario e essencial
o diagndstico laboratorial, onde diversos métodos tém sido utilizados para a
deteccdo de T. vaginalis, variando tanto na sua sensibilidade quanto na
especificidade, uma vez que indica o tratamento adequado facilitando o
controle da propagacéao da infeccdo (PETRIN et al., 1998).

O método mais utilizado para o diagndstico € o exame microscoépico de
montagens Umidas ou a fresco, que estabelece o diagndéstico através da
deteccdo de organismos com mobilidade ativa. Embora este seja o método
mais pratico e rapido de diagnostico (permitindo tratamento imediato),
apresenta baixa sensibilidade (WORKOWSKI; BOLAN, 2015). O
imunodiagnostico, como a coloracdo direta com anticorpos imunofluorescentes,
€ mais sensivel do que as montagens Umidas, mas tecnicamente mais
complexo (WORKOWSKI; BOLAN, 2015). O ELISA através da avaliagdo de
anticorpos apresenta maior sensibilidade do que a microscopia para a deteccéo
da tricomoniase em populacao assintomatica (TON NU et al., 2015).

Dois testes muito sensiveis aprovados pela FDA (EUA) para detectar T.
vaginalis nas secrec¢des vaginais inclui o Teste Rapido de Trichomonas OSOM
(Sekisui Diagnostics, Framingham, MA), que é um teste de deteccdo de

antigenos que utiliza tecnologia de varredura de fluxo capilar
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imunocromatografico. A sensibilidade e especificidade para o teste OSOM sédo
82% a 95% e 97% a 100%, respectivamente (CAMPBELL et al., 2008). O outro
teste € o Affirm VP Ill (Becton Dickinson, Sparks, MD), um teste de sonda de
hibridizagdo de DNA que avalia T. vaginalis, Gardnerella vaginalis e Candida
albicans, com sensibilidade e especificidade de 63% e 99,9%, respectivamente
(ANDREA; CHAPIN, 2011).

Conforme atualizado pelas Diretrizes de Tratamento de DST dos
Centros de Controle e Prevencdo de Doencas (CDC, EUA), a cultura do
parasito ja ndo é considerada o padrdo-ouro para o diagnéstico da infec¢ao por
T. vaginalis, uma vez que os métodos de deteccdo molecular estdo disponiveis
e sdo considerados eficazes (SCHWEBKE et al., 2011). Embora a cultura
apresente uma sensibilidade de 75% a 96% e uma especificidade de até 100%,
mas os resultados estdo disponiveis somente apés 3 a 7 dias da coleta do
material para diagnostico laboratorial (SCHWEBKE et al., 2011).

Nos testes de amplificacdo de acidos nucleicos (NAATS), nas mulheres,
o exame deve ser realizado a partir de secrecbes vaginais e nos homens,
devem ser examinadas secrecdes uretrais anteriores ou prostaticas, sendo
importante enfatizar que esses sdo 0s principais materiais coletados na
pesquisa para o diagnostico da tricomoniase, independente da técnica de
diagnéstico. Além disso, a urina também pode ser triada para T. vaginalis em
ambos 0s sexos mas tem menor eficacia diagnostica. O ensaio APTIMA T.
vaginalis (Hologic Gen- Probe, San Diego, CA) detecta o RNA por amplificacao
mediada por transcricdo a partir de amostras vaginais, endocervicais ou
urinarias de mulheres, com uma sensibilidade clinica de 95,3% a 100% e
especificidade de 95,2% a 100% (SCHWEBKE et al., 2011).

Em geral, ambas as diretrizes dos paises da Europa Oriental (DOMEIKA
et al.,, 2010) e dos CDC (WORKOWSKI; BOLAN, 2015) recomendam os
seguintes procedimentos para o diagnostico laboratorial de tricomoniase: (1)
realizar testes de diagnostico em todas as mulheres com corrimento vaginal,
especialmente em locais de alta prevaléncia (por exemplo, clinicas de DST) e
para pessoas assintomaticas em alto risco de infeccdo (por exemplo, pessoas

com multiplos parceiros sexuais, troca de sexo por pagamento, uso de drogas
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ilicitas ou historia de DST); (2) empregar NAATs ou cultura, caso ndo seja
detectado isolados de T. vaginalis no exame microscopico a partir da
montagem a fresco e haja uma forte indicacao de infeccao.

Diante das recomendacdes descritas, € importante salientar que 0s
autores ressaltam o conhecimento de que testes altamente sensiveis (por
exemplo, NAATs ou cultura) ndo sé@o viaveis na maioria dos laboratorios,
especialmente de paises em desenvolvimento (MENEZES et al., 2016). Em tais
casos, o exame de montagem a fresco das secrecdes vaginais e uretrais e 0
sedimento urinario com a preservacdo cuidadosa da amostra e exame
microscopico imediato pode melhorar a sensibilidade diagnostica. Embora T.
vaginalis possa ser um achado no teste de Papanicolaou, este método néo é
considerado como teste de diagndstico para tricomoniase, pois falsos-
negativos e falsos positivos podem ocorrer (WORKOWSKI; BOLAN, 2015).
Além disso, esfregacgos corados por Giemsa ou Leishman também estéo sendo

desencorajados (DOMEIKA et al., 2010).

3.4 Tratamento e Resisténcia medicamentosa

Descrito pela primeira vez em 1836, T. vaginalis ficou conhecido como
causa de vaginites somente em 1916, e apenas 40 anos depois uma
substancia ativa eficiente foi sintetizada para o tratamento dessa infeccdo. Em
1954, pela triagem de varios antibiéticos, antimalaricos e amebicidas foi
descoberta a azomicina (2-nitroimidazol). Através da manipulacdo da estrutura
quimica da azomicina, foi sintetizado o metronidazol [I-(2-hidroxietil)-metil-5-
nitroimidazol(FORNA; GULMEZOGLU, 2003; LEITSCH, 2016).

No final da década de 1970, uma vacina de T. vaginalis, sob o0 home
comercial SolcoTrichovac ou Gynatren, ficou disponivel. A vacina foi derivada
de "cepas anormais de lactobacilos" e inativadas pelo calor, sendo isoladas de
secrecbes vaginais de mulheres com tricomoniase. Embora SolcoTrichovac
tenha sido inicialmente suposto tanto para curar a infec¢ao existente e fornecer
protecdo contra a reinfeccdo, estudos subsequentes lancaram duvidas sobre a
efetividade real da vacina contra T. vaginalis. Os resultados dos ensaios

clinicos foram positivos, mas os estudos realizados apresentavam falhas, como



00 N o u B~ W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

28

nao ter grupos de controle adequados. A teoria fundamental por tras da vacina
era ténue, uma vez que ndo havia semelhanca antigénica particular entre
lactobacilos e T. vaginalis. Dado esses fatos, é improvavel que qualquer
atividade tricomonicida de SolcoTrichovac seja o resultado de uma resposta
direta imune. E mais provavel que a vacinagdo estimule um aumento de fatores
imunes inespecificos capazes de aliviar os sintomas da infecgdo. Além disso,
nenhum mecanismo do modo de acdo da vacina foi experimentalmente
comprovado (CUDMORE, et al., 2004).

Ja4 que nado existe uma vacina contra infeccdo por T. vaginalis com
eficacia comprovada, a administracdo de medicamentos em pacientes com
tricomoniase € considerada a unica forma de tratamento. Sendo assim, 0s
farmacos atualmente utilizados contra tricomoniase e aprovados pelo Food and
Drug Administration (FDA, EUA) sdo o metronidazol (MTZ) e o tinidazol (TNZ)
(FORNA; GULMEZOGLU, 2003; LEITSCH, 2016).Apesar de a tricomoniase ser
considerada uma doenca negligenciada, para qual ndo existe um sistema de
vigilancia epidemiolégica e nem é uma doenca de notificacdo compulsoria
(SECOR et al., 2014), estes medicamentos estdo disponiveis nos sistemas de
salde publica e em pontos de venda comerciais, especialmente o MTZ. O TNZ
tem uma meia-vida mais longa e com isso atinge uma maior concentracao de
farmaco no aparelho geniturinario quando comparado ao MTZ, mas € um
medicamento mais caro (MEITES, 2013). As abordagens terapéuticas
utilizadas no tratamento da tricomoniase séo as aplicacdes intravaginais locais,
a medicacao oral sistémica e a associacdo de ambas. Como T. vaginalis em
mulheres frequentemente infecta a uretra e glandulas parauretrais, a cura com
medicacédo local atinge apenas cerca de 50%, o tratamento de medicacéo oral
€ 0 mais indicado. O tratamento com dose Unica com qualquer farmaco
nitroimidazol apresentaram eficacia no tratamento em 90% dos casos. Mas 0s
efeitos colaterais apresentaram ser relativamente comuns e relacionados a
dose do medicamento (FORNA; GULMEZOGLU, 2003; MENEZES et al.,
2016).

De acordo com as Diretrizes de Tratamento de DST de 2015 do CDC, as

alternativas recomendadas para tratar a tricomoniase correspondem a 2 g de
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MTZ ou TNZ oralmente numa dose Unica. O gel MTZ é descrito menos eficaz
do que o tratamento oral (menos de 50%) uma vez que as preparacgdes topicas
nao podem atingir niveis terapéuticos na uretra ou nas glandulas perivaginais.
Como um regime alternativo, 500 mg dose oral de MTZ pode ser usado duas
vezes por dia durante 7 dias (WORKOWSKI; BOLAN, 2015).

Com o objetivo de comparar a eficacia de diferentes alternativas
medicamentosas de MTZ e TNZ alguns estudos ja foram realizados. O MTZ em
duas doses Unicas diferentes (1,5 ou 2,0 g) demonstrou eficacia equivalente no
tratamento da tricomoniase (SPENCE et al., 1997). Uma abordagem diferente
foi avaliada utilizando-se MTZ intravaginal de dose Unica (2 g) em comparacao
com a dose Unica de MTZ oral (2 g), demonstrando que o uso intravaginal foi
inferior & dose Unica de MTZ oral, falhando como terapia alternativa (TIDWELL
et al., 1994). O tratamento multidoses (500 mg duas vezes ao dia durante 7
dias) foi mais eficaz do que a dose Unica (2 g por via oral) para o tratamento da
tricomoniase entre pacientes HIV positivos co-infectados com T. vaginalis. Com
iSSO 0s autores sugerem que Sao necessarios mais estudos para investigar
regimes de tratamento diferentes, principalmente para populacdes que
apresentam patdgenos co-infectantes. (KISSINGER et al., 2010).

O uso de MTZ durante a gravidez nao foi relacionado a efeitos
teratogénicos ou mutagénicos em recém-nascidos e lactentes. Mulheres
gravidas sintomaticas devem ser tratadas no momento do diagndstico, embora
o tratamento possa ser adiado para o segundo trimestre. A utilizacdo do TNZ
de forma segura em mulheres gravidas, ainda ndo foi confirmada. Mulheres
lactantes que séo tratadas com MTZ, devem evitar a amamentagdo durante o
tratamento e durante 12-24 h apés a ultima dose. Para as mulheres tratadas
com TNZ, recomenda-se interrup¢do da amamentagédo durante o tratamento e
durante 3 dias ap0s a ultima dose (FORNA; GULMEZOGLU, 2003; MENEZES
et al., 2016; SHEEHY et al., 2015).

Quando comparadas as taxas de cura global entre os regimes
terapéuticos com MTZ e TNZ, ndo foram observadas diferencas significativas.
Assim como nao foram obtidas diferencas significativas nos efeitos adversos ao

longo do tratamento. A fim de evitar efeitos secundarios durante o tratamento,
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recomenda-se que ndo seja ingerido alcool durante pelo menos 48 a 72 horas
devido a possiveis efeitos de toxicidade. Em relagdo as alergias, foram
descritas reacdes de hipersensibilidade em individuos que utilizaram,
concomitantemente, MTZ e TNZ, ndo sendo confirmado se existe reacéo
cruzada entre os dois agentes (FORNA; GULMEZOGLU, 2003; MENEZES et
al., 2016). Além disso, ndo é estabelecido se o tratamento com TNZ € bem
tolerado em paciente com alergia ao MTZ. As reacOes adversas que podem
ocorrer incluem anafilaxia, erup¢des cutaneas, erupcdes pustulares, prurido,
rubor, urticaria e febre (PEARLMAN et al., 1996).

A dependéncia de uma Unica classe terapéutica € problemética, uma
vez que a resisténcia aos nitroimidazois esta se tornando emergente em
isolados de T. vaginalis. (LUMSDEN et al.,, 1988; VIEIRA et al., 2012). Ha
informagdes muito limitadas sobre a prevaléncia de resisténcia ao metronidazol
entre os isolados clinicos de T. vaginalis, especialmente sobre as tendéncias
de resisténcia. Estima-se que pelo menos 5% de todos os casos clinicos de
tricomoniase sdo causados por cepas de T. vaginalis resistentes ao
metronidazol (CUDMORE et al., 2004; PETRIN et al., 1998). Embora as taxas
de cura sejam expressivas, a resisténcia acontece devido a reinfeccdo ou néo
adesdao correta a terapia. Com isso, a baixa absorcao, a distribuicdo ndo-efetiva
na regido genital ou a inativacdo do farmaco por bactérias presentes na
microbiota vaginal das pacientes, séo fatores que colaboram para o surgimento
de isolados resistentes (GOLDMAN et al., 2009).

O metronidazol é um pré-farmaco e apresenta em sua estrutura quimica
substituintes de nitrogénio, estes sao reduzidos dentro das células ou
organelas do parasito por redutases, o que resulta na producdo de
intermediarios radicais-nitro citotoxicos que quebram as fitas de DNA
conduzindo a morte do organismo suscetivel (KULDA, 1999). Considerando a
resisténcia do parasito aos nitroimidazois, ja foi demonstrado que T. vaginalis
apresenta homologos de nitrorredutases bacterianas e nitroimidazol redutases
gue estdo ausentes na maioria dos eucariotos e estdo relacionados com a
susceptibilidade reduzida ao MTZ em Helicobacter pylori e Bacteroides (PAL et

al.,, 2009). Ainda ndo esta claro se esses genes estdo associados a
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sensibilidade ao nitroimidazol no parasito, mas foi demonstrado que essas
enzimas podem ativar o MTZ no citosol e no hidrogenossomo, opondo-se a
relatos prévios de ativacdo que ocorrem exclusivamente pelas enzimas
hidrogenossémicas, como piruvato ferredoxina oxido redutase e hidrogenase
(KULDA, 1999; MENEZES et al., 2016).

Atualmente, foi demonstrado que a regulacdo negativa ou até mesmo
auséncia de atividade da flavina redutase e alcool desidrogenase em cepas de
T. vaginalis com altos niveis de resisténcia a MTZ, assim como a atividade de
tiorredoxina, foi a mesma em todas as cepas avaliadas, conflitando com dados
anteriores que sugeriam a contribuicdo dessas enzimas na resisténcia
(LEITSCH et al., 2009, 2010). Além disso, a resisténcia clinica ao MTZ em T.
vaginalis, também conhecida como resisténcia aerobia, € fundamentalmente
diferente da resisténcia a MTZ de alto nivel induzida no laboratorio,
denominada resisténcia anaerobica (CONRAD et al., 2013). A resisténcia
anaerobica é induzida na auséncia de oxigénio e € uma consequéncia de uma
perda das vias enziméticas ativadoras de farmacos que sé@o responsaveis pela
reducdo do pré-farmaco MTZ em intermediarios toxicos (KULDA, 1999). Por
outro lado, a resisténcia aerobia ao MTZ parece estar relacionada a elevadas
concentracfes de oxigénio intracelular em consequéncia da diminuicdo da
capacidade de eliminagcdo de oxigénio que interfere na ativacdo dos
nitroimidazéis (LEITSCH et al., 2016; MENEZES et al., 2016).

Assim, novos métodos de ensaio de desenvolvimento para deteccao e
identificagdo de mecanismos moleculares de resisténcia no parasita s&o
necessarios (CONRAD et al., 2013). A caracterizacdo de alvos bioquimicos e
moleculares do parasita como a flavina redutase 1, piruvato-ferredoxina oxido
redutase, ferredoxina e nitrorredutase (LEITSCH et al., 2014; PAULISH-
MILLER et al., 2014) € uma estratégia potencial para novas terapéuticas.
Adicionalmente, a busca de novas alternativas medicamentosas
estruturalmente diferentes dos 5-nitroimidazois a partir da busca por novas
classes de substancias e o0 desenvolvimento de tratamentos topicos
adjuvantes, sejam originados de compostos naturais ou sintéticos ou até

mesmo derivados de medicamentos ja comercializados, também vém sendo
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impulsionados pela necessidade de expandir o repertorio de tratamento da

tricomoniase.

3.5 Compostos Naturais e Sintéticos como novas alternativas no
tratamento da Tricomoniase

Na intensa busca por novos farmacos que possam tratar diferentes
patologias, podemos destacar os produtos naturais, que representam uma
importante fonte de moléculas ativas (NEWMAN; CRAGG, 2012; NEWMAN;
CRAGG, 2016). Na industria farmacéutica moderna, apesar da grande
variedade de moléculas derivadas da quimica combinatdria, os produtos
naturais desempenham um papel fundamental no desenvolvimento de
farmacos. As plantas destacam-se por possuirem muitos constituintes e
metabdlitos secundarios que apresentam atividade contra inUmeras
enfermidades, incluindo doencas infecciosas (NGO et al., 2013). Cerca de 35%
das drogas aprovadas sdo oriundas de produtos naturais ou derivados
semissintéticos, enquanto 30% sdo moléculas sintéticas baseadas em produtos
naturais ou apresentam um farmaco desenvolvido a partir de compostos
naturais (NEWMAN; CRAGG, 2012; NEWMAN; CRAGG, 2016).

Estudos de novas classes de substancias sintéticas também vém sendo
impulsionados pela necessidade de novos farmacos para tratar diversas
infeccbes. Bibliotecas quimicas de moléculas sintéticas sao rastreadas para
identificar substancias com efeito terapéutico desejavel, e podem ser
descobertos novos compostos. Além disso, medicamentos ja& comercializados,
também podem ser rastreados e novos efeitos terapéuticos descobertos.
Dessa forma, 0s compostos sintéticos exibem uma importante ferramenta para
a descoberta de farmacos sintetizados laboratorialmente, e tém emergido como
fator de interesse na area da biotecnologia meédica, devido as suas diversas
propriedades farmacoldgicas (NEWMAN; CRAGG, 2012; NEWMAN; CRAGG,
2016; NGO et al., 2013; VIEIRA et al., 2015).

Newman e Cragg (2016), mostram as limitagdes e falta de investimentos
na busca de farmacos com acdo antiparasitaria, ja que num total de 326
farmacos descritos para utilizagdo em diferentes doencas infecciosas, somente
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15 séo antiparasitarios. Diante do exposto, o estudo da atividade biol6gica de
compostos naturais e sintéticos, é importante para o desenvolvimento de novos
farmacos como novas alternativas no tratamento de diferentes parasitoses,
como a tricomoniase. Com isso, podemos destacar a propolis vermelha
brasileira e as moléculas de derivados sintéticos 1, 3 — dioxolanas contendo
teldrio e quinolina-1,2,3-triazolil-carboxamidas, ambos ja que tiveram a

descricao de diversas atividade biol6gicas que serdo destacadas a seguir.

3.5.1 Oleo Essencial da Prépolis Vermelha Brasileira

A propolis € uma substancia resinosa coletada pelas abelhas, de
diversas partes da planta, como brotos, botdes florais e exsudatos resinosos,
tendo como funcdo principal a protecdo da colméia. Sua composi¢cdo pode
variar de acordo com a origem vegetal e o periodo de coleta, sendo assim
intimamente relacionada a flora de cada regido e da espécie de abelha
produtora, apresentando-se principalmente nas cores marrom, vermelha ou
verde (MARCUCCI, 1996).

Variacbes da composicdo quimica estdo bastante associadas a
mudancas nas propriedades farmacolégicas da prépolis, podendo interferir em
sua eficacia terapéutica. Em geral, a prépolis é composta de 50% de resina e
balsamo vegetal, 30% de cera, 10% de Oleos essenciais e aromaticos, 5% de
polen e 5% de varias outras substancias, incluindo os residuos organicos.
Estes valores se referem a espécie Apis mellifera L., cuja propolis € a mais
estudada entre as abelhas (BURDOCK, 1998).

Diversos compostos quimicos ja foram isolados da proépolis, sendo 0s
flavondides descritos como 0s principais compostos responsaveis por suas
atividades biologicas. Os flavonoides séo definidos como compostos fenodlicos
provenientes de plantas, que agem em diferentes processos fisioldgicos,
atuando na acgéo e absorcao de vitaminas, nos processos de cicatrizagdo como
antioxidantes e exercendo fungao antimicrobiana e moduladora do sistema
imune (PARK et al.,1998).
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InvestigacBes experimentais e clinicas descreveram propriedades
antiparasitarias com extrato hidroalcodlico de propolis (EEP). Ensaios in vitro
com Toxoplasma gondii e Trichomonas vaginalis, relataram 100% de morte
celular quando expostos a concentracdo de 150 mg/ml do EEP. Em Giardia
lamblia, o EEP reduziu o crescimento do parasito em torno de 50 a 60%, em
culturas expostas a 125, 250 e 500 mg/ml do extrato em todos os periodos de
incubacéo (24, 48, 72 e 96 h), também foi observado alteracées morfoldgicas e
inibicdo da aderéncia (DOBROWOLSKI et al.,1991; FREITAS et al., 2006;
STARZYK et al.,1977). Em adicao, resultados clinicos indicam que o extrato de
propolis pode ser eficaz no tratamento de coccidioses, tricomoniase e giardiase
(HOLLANDS et al.,1984; MIYARES et al., 1988; PEREZ et al., 1995).

Diversos estudos reforcam a importancia farmacolégica da propolis, pois
comprovam as atividades biolégicas tais como: antineoplasica,
imunomodulatéria, anti-inflamatoéria, antioxidante, antimicrobiana, antiviral,
antidiabética e antiparasitaria (BURDOCK, 1998; SFORCIN, 2007; SFORCIN;
BANKOVA, 2011).

De acordo com as propriedades fisico-quimicas (cor, textura,
composicdo quimica) e origem geogréfica, a propolis brasileira € usualmente
classificada em 12 tipos. Em 2007, um décimo terceiro tipo foi reportado como
prépolis vermelha brasileira (PVB) (ALENCAR et al., 2007) As propriedades
biologicas da propolis séo atribuidas a uma variedade de importantes
constituintes quimicos incorporados na mistura resinosa; no caso da PVB,
alguns componentes ativos foram identificados, e, dentre eles citamos:
isoflavondides, pterocarpanos, chalconas, flavonoides, benzofenonas
preniladas, terpenos e taninos. Os marcadores quimicos de PVB também
foram identificados recentemente, como as isoflavonas, incluindo
formononetina, biochanina - A, pinocembrina e medicarpina. Com isso, varias
atividades bioldgicas e farmacoldgicas tém sido descritas para PVB, tais como:
antibacteriana, antifingica, anti-inflamatéria, imunomodulatoéria, antioxidante e
antineoplasica (ALENCAR et al., 2007; FREIRES et al., 2016; FROZZA et al.,
2013).
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Extratos de propolis vermelha de diferentes regides geogréficas ja
demonstraram potencial utilizagdo enquanto substancia antiparasitaria.
Recentemente foi utilizado o extrato etandlico de prépolis vermelha obtido na
Nigéria contra Trypanosoma brucei, o estudo confirmou potente atividade
antiparasitaria tanto em linhagen sensiveis a drogas como em linhagens
resistentes (OMAR et al., 2016). Em Leishmania amazonensis, foram testadas
quatro amostras de extratos etandlicos de prépolis, duas amostras de propolis
coletadas no estado brasileiro do Parana, prépolis verde, tipificado como BRG
e BRPG. Prépolis coletadas no estado de Minas Gerais, tipificado como BRP-1
(propolis verde) e a amostra coletada no estado de Alagoas como BRV
(propolis vermelha). Todos os extratos etandlicos de proépolis, tanto verde
quando vermelha, foram capazes de reduzir a carga parasitaria, sendo esta
monitorada pela percentagem de células infectadas e o nimero de parasitos
intracelulares (AYRES et al., 2007). Estes estudos, demonstram o importante

potencial farmacoldgico da prépolis vermelha brasileira.

3.5.2 Moléculas de 1-3 Dioxolanas contendo TelUrio

O elemento Teludrio (Te) foi descoberto em 1782 e pertence ao grupo
16 da tabela periodica, denominada familia dos calcogénios, assim como o
selénio e o enxofre. Pode apresentar-se com diferentes numeros de oxidacao:
Te*® (Telurato), Te** (Telurito), Te® (Teldrio elementar) e Te? (Telureto), sendo
encontrado com maior frequéncia na forma de Teluretos (SCANSETTI, 1992).
A inclusdo desse atomo em moléculas organicas ocorreu somente no século
XIX, quando o primeiro composto orgénico de Telurio foi sintetizado em 1840
por Friedrich Wéhler, mas apenas em 1970 esses compostos comecaram a ser
explorados pelos quimicos organicos, refletindo no crescimento de trabalhos
cientificos publicados desde entéo.

Assim como o Telurio elementar e 0s sais inorganicos, 0s compostos
organicos de Telurio podem ser téxicos, e a intensidade desta toxicidade
depende da estrutura do composto, da dose administrada e do tipo de animal

testado (NOGUEIRA et al., 2004). Essa acdo toxica parece estar relacionada
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ao seu estado de oxidagdo (VAN VLEET; FERRANS, 1982) e o mecanismo
proposto para explicar a toxicidade de alguns compostos contendo Tellrio
envolve a sua capacidade de oxidar grupos —SH de moléculas biologicamente
ativas, inativando enzimas e/ou diminuindo a concentracdo de moléculas
sulfidricas ndo-proteicas (BLAIS et al., 1972).

Assumiu-se que a toxicidade do Telurio € consequéncia das fortes
propriedades oxidantes que levam a formacéo de espécies reativas de oxigénio
(ROS) (TREMAROLI et al.,2007). Em qualquer caso, 0s eventos quimicos e
bioquimicos que cercam tais compostos contendo Tellrio e sua citotoxicidade
sdo bastante complexos. Com base em estudos recentes, é possivel que os
agentes de Teldrio, tenham a capacidade de regular a atividade de proteinas
de inducdo de apoptose especificas em células cancerosas, mas também
desencadear uma resposta antioxidante em células normais. As propriedades
antioxidantes desta classe de compostos esta normalmente relacionada a
atividade mimeética a glutationa peroxidase (GPx), ou seja, eles podem
decompor H20:2 e peroxidos organicos (NOBRE et al., 2014).

Apesar das propriedades toxicas atribuidas aos compostos organicos de
Tellrio, existem relatos atribuindo importantes propriedades antimicrobianas
(BA, LA et al., 2010; CUNHA et al., 2009), antioxidantes (CUNHA et al., 2009;
NOBRE et al., 2014; WIESLANDER et al.,1998), imunomodulatérias (SREDNI,
2012), antitumorais (SREDNI, 2012; URIG; BECKER, 2006) e antiprotozoarios
(MALUF et al., 2016; PIMENTEL et al., 2012; TIEKINK, 2012)

A investigacdo de atividades antiparasitarias de compostos organicos
contendo Telurio ainda esta em seu estagio inicial. Recentemente, foi
demonstrado efeito leishmanicida de um composto organico contendo Telurio
(RFQO7) (Figura 2). Ensaios in vitro foram realizados em macréfagos derivados
da medula 6ssea, infectados com Leishmania chagasi tratados com diferentes
concentragbes de RFO7. Em ensaios in vivo em que hamsters dourados
infectados com L. chagasi foram injetados intraperitonealmente com RF07, o
composto apresentou atividade leishmanicida significativa contra o parasita
intracelular e a droga exibiu 10 vezes menos toxicidade para os macréfagos. A

curva cinética revelou uma crescente acao leishmanicida de RFO7 em periodos
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mais longos de tratamento. Os hamsters infectados com L. chagasi
apresentaram uma reducao de 99,6% da carga parasitaria quando comparados
aos controles que receberam PBS. Os presentes resultados demonstram que o
composto de Telturio RFO7 é capaz de destruir L. chagasi, in vitro e in vivo em
concentracbes que ndo sejam tdxicas para o hospedeiro (PIMENTEL et al.,
2012).

Além disso, atividade antimalarica de trés derivados de compostos
organicos contendo Telurio foi relatada (RF05, RFO7 e RF19) em dois isolados
de Plasmodium falciparum (CQS 3D7 e CQR W2), que demonstraram
reducdes significativas na parasitemia in vitro (Figura 2). Nenhum dos
compostos testados causou hemdlise ou uma diminuicdo significativa da
viabilidade das células endoteliais, na concentracdo utilizada para o ensaio de
inibicdo. Os autores sugerem que 0S compostos organicos contendo Telurio
podem ser promissores para o desenvolvimento de drogas antimalaricas
(MALUF et al., 2016). Estes estudos, demonstram o importante potencial
farmacoldgico dos compostos organicos de teldrio, como as moléculas de 1,3

dioxolanas contendo teltrio (PTeDOX) (Figura 3).
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Figura 2 — Estrutura quimica das moléculas RF05, RF07 e RF19. Fonte: PIMENTEL et al.,

2012, p.1 e48780; MALUF et al., 2016, p. 22.
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Figura 3 — Estrutura quimica das moléculas de 1,3 dioxolanas contendo teltrio (PTeDOX)
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3.5.3 Moléculas de quinolina-1,2,3-triazoil-carboxamidas

As quinolinas sdo moléculas que foram descritas pela primeira vez em
1842 a partir da decomposicao da quinina (uma substancia extraida de plantas
do géneno Cinchona) e séo caracterizadas como compostos heterociclicos,
aromaticos e nitrogenados. Em sua estrutura, possuem duplo anel benzénico
fusionado a piridina, no qual o a&tomo de carbono da posicéo 1 é substituido por
um atomo de nitrogénio (MANSKE, 1942). As quinolinas e seus derivados
representam uma importante classe de moléculas organicas, as quais
despertam o interesse nas areas de sintese e quimica medicinal e estdo
presentes em diversas substancias naturais, principalmente alcaloides
derivados de plantas, mas também podem ser compostos sintetizados
laboratoriamente (WILHEM et al., 2014).

A importancia do nucleo quinolinico pode ser evidenciada pelo grande
namero de farmacos, obtidos por via sintética, comercialmente disponiveis que
contém esse nucleo em sua estrutura, como € o caso de dois derivados
clorados: o clioquinol, farmaco utilizado em diversas infec¢des flngicas
cutineas e o0 cloroquinaldol, antisséptico que apresenta atividade
antibacteriana e antifangica (MAO et al., 2009). Os primeiros derivados
quinolinicos foram inicialmente desenvolvidos para substituir a quinina no
tratamento da maléaria, pois a mesma possuia alta toxicidade e ocasionavam
inUmeros efeitos colaterais. As pesquisas resultaram entao no desenvolvimento
dos derivados 4-amino-quinolinicos (cloroquina e a amodiaquina), do derivado
piperidinico (mefloquina) e dos derivados 8-aminoquinolinicos (primaquina e a
tafenoquina) como potenciais compostos antimalaricos (CUNICO et al., 2008).

Uma série de compostos enantiomeros de 4-aminodalcool quinolinas
foram avaliados in vitro para a atividade antimalarica. Os seis enantibmeros
com configuracdo S-absoluta [(S)-1 a (S)-6] testados demonstraram forte
atividade antimalérica in vitro contra as duas cepas de Plasmodium falciparum
(W2 e 3D7) e apresentaram IC50 mais baixo que os farmacos padréo
(cloroquina e mefloquina), tendo sido o composto (S)-2 o melhor para ambas

as cepas do parasito, com IC50 de 6,98 e 8,33 nmol/L para as cepas W2 e
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3D7, respectivamente (Figura 4) (MULLIE et al., 2012). Os mecanismos de
acdo exatos dos farmacos quinolinicos ainda deve ser elucidado de forma
especifica para cada grupo de derivados, mas acredita-se que no caso da
atividade antimalarica esse mecanismo baseia-se nha inibicdo da
biocristalizacdo da hemozoina, o que conduz a liberagdo do grupo heme, que é
toxico ao parasito devido a sua capacidade de gerar espécies reativas de
oxigénio (MURALEEDHARAN; AVERY, 2007).

Table 1 4-aminoalcohol quinoline derivatives

" AO HO,
NHR ’ NHR
3
et
N” TCF, CF,
CF, CFs
(S)-enantiomer
(R)-enantiomer
Butyl (R)-1 (51
Pentyl (R)-2 (5)-2
Hexyl (R-3 (5)3
Heptyl (RI-4 (514
Octyl (R)-5 ()5
Phenyl (R-6 (516

Figura 4 — Estrutura quimica das moléculas de compostos enantibmeros de 4-aminoalcool
quinolinas.Fonte: MULLIE et al., 2012, p. 2.

Além disso, quinolinas que incorporam heterociclos, desempenham
um papel importante na pesquisa da quimica medicinal e jA& demontraram
atividades biologicas e propriedades farmacologicas, como por exemplo:
antitumorais (BEGNINI et al., 2017) , antioxidantes (DOREY et al., 2000) ,
antituberculose (CANDEA et al., 2009) , antifingica (MUSIOL et al., 2006) ,
antibacteriana (FERRETTI et al., 2014) , anti-inflamatérias (WILHEM et al.,
2014), antidepressivas (WILHEM et al., 2014) e antiprotozoario (DI PIETRO et
al., 2015). Um estudo avaliou a atividade tripanossomaticida e leishmanicida in

vitro, de 22 compostos derivados de quinolinas triciclicas heterofusionadas. A
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atividade tripanossomaticida foi testada nas cepas 221 de Trypanosoma brucei
e MHOM/ES/2203/BCN590 (Tcl) de Trypanosoma cruzi. Ja a atividade
leishmanicida foi testada na cepa MCAN/ES/92/BCN722. Todos os compostos
derivados de quinolinas heterofusionadas contendo um grupo aminometilfenil
protonavel no anel B foram mais potentes contra T. brucei que o farmaco
padrdo. A maior parte dos compostos testados também mostrou-se ativo contra
T. cruzi seguindo o mesmo perfil encontrado para T. brucei, com destaque para
0s compostos derivados de quinolinas heterofusionadas contendo um grupo
aminometilfenil protonadvel no anel B. Todos o0s compostos testados
demonstraram atividade leishmanicida com valores de IC50 baixos e com a
maior parte dos compostos demonstrando-se mais potente que o farmaco
padrdo. Por fim, a piranoquinolina (composto 39) foi selecionada como
composto com melhor potencial anti multiplos protozoarios baseado em seus
valores de IC50 para os trés parasitos (Figura 5) (DI PIETRO et al., 2015).

Figura 5 — Estrutura quimica da piranoquinolina (composto 39). Fonte:
DI PIETRO et al., 2015, p. 5.

Além das quinolinas, as moléculas da classe dos azdis também sao
compostos que despertam interesse na quimica medicinal. Dentre eles,
destacam-se os triazois, que tém sido muito estudados pelo fato de possuirem
um vasto campo de aplicagdes. Os triazois sao heterociclos de cinco membros
contendo trés atomos de nitrogénio como substituintes e apresentam em sua
estrutura seis elétrons. Como todos os azdis, sdo compostos exclusivamente

sintéticos, ndo existindo indicacbes que eles possam ser encontrados na
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natureza. Devido a isso, sdo diversas as rotas sintéticas, classicas ou mais
atuais, que permitem a obtencdo desses compostos (MELO et al., 2006).
Moléculas sintéticas contendo unidades de 1,2,3-triaz0is ja foram
descritas como detentoras de diversas atividades biologicas, incluindo
antituberculose, antibacteriana, anticancerigena e anti-Leishmania (AGALAVE
et al., 2011; MASOOD et al., 2017; WILHEM et al., 2014). Um estudo recente
avaliou a atividade de dezoito novos compostos de 1,2,3-triazéis associados a
uma cauda de aminoacidos sobre a forma promastigota da cepa Dd8 de
Leishmania donovani in vitro. Trés dos compostos testados (40, 43 e 53)
demonstraram atividade leishmanicida promissora, além de n&o terem
apresentado citotoxicidade sobre células THP-1 de macrofagos. O trabalho
realizou ainda analises de docking destes trés compostos e observou que estes
apresentam interagdes com residuos do sitio catalitico da enzima tripanotiona
redutase, essencial para manutencdo do ambiente redutor e sobrevivéncia do
parasito, demonstrando assim a potencialidade destes compostos como
antiparasitarios (MASOOQOD et al., 2017). Estes estudos demonstram o potencial
farmacoldgico dos 1,2,3-triazdis, bem como de seus derivados, e com isso a
adicdo destes compostos em derivados quinolinicos pode levar a obtencao de
moléculas com atividade bioldgica, dentre elas atividade antiparasitaria.
Diante do exposto, o 6Oleo essencial da propolis vermelha brasileira,
moléculas de 1,3- dioxolanas contendo tellrio e moléculas de quinolina-1,2,3-
triazoil-carboxamidas, = demonstram ser alternativas = medicamentosas

importantes e que devem ser investigadas quanto ao seu potencial biolégico.
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Artigo 1. Antiparasitic activity of 1,3-dioxolanes containing tellurium in

Trichomonas vaginalis

Artigo publicado narevista: Biomedicine & pharmacotherapy [0753-3322] Sena-Lopes,
Angela ano: 2017 vol.: 89 p.: 284-287, http://dx.doi.org/10.1016/j.biopha.2017.01.173,
Anexo A.
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Abstract

The increased prevalence of metronidazole-resistant infections has resulted in a
search for alternative drugs for the treatment of trichomoniasis. In the present
study, we report the preparation and in vitro activity of three 1,3-dioxolanes that
contain tellurium (PTeDOX 01, PTeDOX 02, and PTeDOX 03) against
Trichomonas vaginalis. Six concentrations of these compounds were analyzed
for in vitro activity against ATCC 30236 isolate of T. vaginalis. PTeDOX 01
reported a cytotoxic effect against 100% of T. vaginalis trophozoites at a final
concentration of 90 uyM with an ICso of 60 uM. The kinetic growth curve of
trophozoites indicated that PTeDOX 01 reduced the growth by 22% at a
concentration of 90 yM after an exposure of 12 h, and induced complete
parasite death at 24 h. It induced cytotoxicity of 44% at 90 uM concentration but

and had no effect in lower concentrations in a culture of CHO-K1 cells. These



O 00 N o U B~ W N

W W W N N N N N N N N NN R R P R R P R Rp p p
N P O O 0 N oo U A W N P O VW 00 N OO 1 B W N P+ O

44

results confirmed that PTeDOX 01 is an important drug for the treatment of T.

vaginalis, and should be evaluated in other infectious agents as well.

Keywords: Trichomonas vaginalis; organic tellurium; antiparasitic
Introduction

Trichomonas vaginalis is a protozoan infecting genitourinary tract and
causing the most common non-viral, sexually transmitted disease (STD) in the
world. According to World Health Organization [1], an estimated 276 million
cases of trichomoniasis have been reported worldwide, most of them occurring
in women.

The drugs of choice for treating trichomoniasis are derived from 5-
nitroimidazoles, metronidazole, and tinidazole, all of which are approved by
Food and Drug Administration [2] Metronidazole is a prodrug, its 5-nitro group is
reduced in the parasite by reductases resulting in the production of cytotoxic
nitro radical intermediates. These radicals act by disrupting the DNA strands
leading to the death of the parasite [3]. Although the cure rates are significant,
treatment failures may be observed and are attributed mainly to non-compliance
with treatment or reinfection, but factors such as poor drug absorption or
insufficient bioavailability are also reported [4].

However, the major cause of treatment failure is the development of
resistant isolates of T. vaginalis to the drugs in use [5]. In this context, an
intensive search for new molecules as potential drugs with antiparasitic activity
for the treatment of trichomoniasis is required. Here, we highlight the organic
compounds containing tellurium as possible drugs for the treatment of
trichomoniasis. Pharmacological uses of these organic compounds have been
studied including immunomodulatory properties and therefore they may be
utilized as antitumor, anti-inflammatory, antiviral, and antiparasitic drugs [6,7].
Thus, the aim of this study was to evaluate the in vitro anti—T. vaginalis activity

of three 1,3-dioxolanes that contain tellurium (PTeDOX).
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Materials and Methods

Chemicals

The activity of 1,3-dioxolanes containing tellurium (PTeDOX) diluted in
dimethylsulfoxide (DMSO) was analyzed in T. vaginalis. For this, we selected
three compounds: PTeDOX 01, PTeDOX 02, and PTeDOX 03 (Figure 1).
The 1,3-dioxolanes containing tellurium (PTeDOX) were prepared using a
method previously described [8]. To a solution of ditelluride 2 (0.3 mmol) in
polyethylene glycol (PEG 400) (3 mL) under N2 atmosphere, NaBH4 (0.023 g,
0.6 mmol) was added at room temperature and stirred for 30 min. Then,
tosylate 1 (0.5 mmol) was added, and the temperature was slowly raised to
50°C. The progress of the reaction was followed by thin-layer chromatography
(TLC). After 5-6 h, the reaction mixture was washed with a solution of
hexane/ethyl acetate in a ratio of 98:2 (3 x 3 mL). The upper organic phases
were separated from PEG, dried with magnesium sulfate (MgSO4), and the
solvent was evaporated under reduced pressure. The product was isolated by
column chromatography using silica gel 60A (0.060—-0.200 mm) and hexane or
hexane/ethyl acetate as an eluent. The corresponding PTeDOX compounds

were isolated in 70 to 90% vyield (Figure 1).

Parasite Culture Conditions

In this study, T. vaginalis 30236 isolate from American Type Culture
Collection (ATCC) was used. Trophozoites were axenically cultured in
trypticase-yeast extract-maltose (TYM) medium without agar (pH 6.0),
supplemented with 10% sterile bovine serum (inactivated at 56°C), and
incubated at 37°C [9]. The culture with 95% viability, confirmed through
observation of motility, morphology, and trypan blue exclusion (0.4%) assay
under the light microscope at 400X magnification was considered alive and

utilized for the evaluation of activity of 1,3-dioxolanes.



O 00 N o u b~ W N R

W W W N N N N N N N N NN R R P R R P R Rp B p
N B O ©W 00 N oo U1 A W N P O VW 00 N OO 1 B W N P+ O

46

Anti-Trichomonas vaginalis Assay

Three compounds of 1,3-dioxolanes containing tellurium (PTeDOX)
were screened in vitro for activity against T. vaginalis (PTeDOX 01, PTeDOX
02, and PTeDOX 03). All assays were performed in 96-well microtiter plates.
The parasites were seeded at an initial density of 2.6 x 10° trophozoites/mL of
TYM and incubated with PTeDOX drugs. Three controls were carried out:
parasites only, vehicle for solubilization of the derivatives (0.6% DMSO), and
MTZ 100uM (as positive control, metronidazole - Sigma-Aldrich). The
microculture plates were incubated at 37°C with 5% COz2 for 24 h. After that, a
preparation containing trophozoites and trypan blue (0.4%) at a ratio of 1:1 was
counted in a Neubauer chamber and cultures with 95% viability were utilized for
assays.

For screening, PTeDOX 01, PTeDOX 02, and PTeDOX 03 were used
at a final concentration of 100 uM. Only the compound that reduced the viability
of parasites to 100% was used to determine the minimum inhibitory
concentration (MIC) by considering different concentrations such as 40, 50, 60,
70, 80, 90, and 100 uM. The parasite pellets used to establish MIC and the
concentrations bellow and above as well as controls were inoculated in fresh
TYM medium at 37°C. Parasites were counted in a Neubauer chamber with
trypan blue every 24 h for 96 h to confirm MIC. The viability of trophozoites was
assessed by exclusion of trypan blue dye, motility, and morphology. The ICso
was determined (half the maximum inhibitory concentration) at concentrations
of 40, 50, 60, 70, 80, 90, and 100 uM as described in the MIC method.

A kinetic growth curve was constructed to obtain a more comparable
activity profile of PTeDOX compounds against T. vaginalis. The viability of
trophozoites was observed under the light microscope at 96 h after incubation
at respective MIC. Growth analysis was performed at the following times: 1, 6,
12, 24, 48, 72, and 96 h by trypan blue (0.4%) exclusion method and by
determining the motility and morphology. All the assays were performed
independently at least three times in triplicate and the results were expressed

as the percentage of viable trophozoites in comparison with untreated parasites.
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Cytotoxicity Assay

Chinese Hamster Ovary (CHO-K1) cells were obtained from the Rio de
Janeiro Cell Bank (PABCAM, Federal University of Rio de Janeiro, RJ, Brazil)
and cultured as a monolayer in Dulbecco’s Modified Eagle’s Medium (DMEM)
(Vitrocell Embriolife), supplemented with 10% fetal bovine serum (FBS)
(Vitrocell Embriolife), 1% L-glutamine, and 1% penicillin/ streptomycin. The cells
were grown at 37°C in an atmosphere of 95% humidified air and 5% COx.

The proliferation of the CHO-K1 cell line after treatment with drugs was
determined by measuring the reduction of soluble 3-(4,5-dimethythiazol- 2-yl)—
2,5-diphenyl tetrazolium bromide (MTT) to water-insoluble formazan. Cells were
seeded at a density of 2 x 104 cells per well in a volume of 100 uL in 96-well
plates and grown at 37 °C in 5% CO2 atmosphere for 24 h before using them in
the cell viability assay. The cells were then treated with PTeDOX 01 at
concentrations of 6.25, 12.5, 45, 90, and 180 uM for 24 h. DMSO (vehicle
alone) and 100 pM of metronidazole were used as negative and positive
controls, respectively. Following incubation, 20 uL of MTT (Sigma-Aldrich) was
added to each well, and the cells were incubated for an additional 3 h at 37°C.
The differences in the total cellular metabolism were detected at a wavelength
of 492 nm using a microplate reader. The inhibition (%) of cell proliferation was
determined as follows: inhibitory growth = (1 — AbS492 treated cells / ADS492 control cells)
x 100%. The CCso was calculated using GraphPad Prism 5.0 Software. All
observations were validated by at least three independent experiments in

triplicate.

Statistical Analysis

Statistical analysis was carried out by one-way analysis of variance
(ANOVA) using a probability value of p < 0.05. Tukey’s test was utilized to
identify significant differences between the means of different treatments
(GraphPad Prism 5.0 Software).
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Results

Anti-Trichomonas vaginalis Assay

Analysis of the data obtained from the screening of compounds reported
that the compound PTeDOX 01 reduced the parasite viability by 100% as
compared with the negative control (only trophozoites). The other two
compounds, namely PTeDOX 02 and 03 reduced the parasite viability by 73%
and 97%, respectively (Figure 2). As expected, negative controls, only
trophozoites and DMSO exhibited positive motility and negative staining with
trypan blue (0.4%), whereas the positive control, MTZ, completely reduced the
parasite viability. The positive control depicted negative motility and stained
blue in all the assays performed after 24 h exposure. Since a 100% reduction in
parasite viability was observed with PTeDOX 01, it was selected to perform
other tests. PTeDOX 01 demonstrated an optimal anti-T. vaginalis activity at a
concentration of 90 uM, which was confirmed by MIC and ICso of 60 uM, both at
24 h exposure (Figure 3).

Kinetic Growth Analysis

The analysis of kinetic growth curve of trophozoites treated with PTeDOX
01 displayed a reduction in the growth of trophozoites by 22% at a
concentration of 90 uM after 12 h exposure. In addition, a complete reduction of

proliferation of parasite was observed at 24 h (Figure 4).

Cytotoxic Assay

The MTT assay conducted showed that PTeDOX 01 decreased the cell
viability in a time and dose-dependent manner. However, a significant cell
growth inhibition was observed in CHO-K1 cells after treatment with high doses
(180 uM) of PTeDOX 01, which inhibited more than 50% of growth. The CCso
value of PTeDOX 01 in CHO-K1 cells at 24 h was 99.12 yM (Figure 5).
Metronidazole (MTZ), reported a cell growth inhibition of 8.5%, which is similar
to the cytotoxicity observed for PTeDOX 01 at 6.25, 12.5, and 45 uM. These
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results suggested that PTeDOX 01 is no more cytotoxic than the commercially
available drugs for trichomoniasis.

Discussion

The element, tellurium (Te) belongs to the group of chalcogens, which
also includes the elements oxygen, sulfur, selenium, and polonium. Tellurium
compounds possess several biological properties such as antimicrobial,
anthelmintic, antiprotozoal, antioxidant, immunomodulatory, and antitumor
[7,10-15].

Herein, we evaluated the in vitro anti-T. vaginalis activity of three
compounds: 1,3-dioxolanes containing tellurium (PTeDOX) (Figure 1). We
observed that only PTeDOX 01 with no extra radical in the structure reduced
the viability of trophozoites to 100%. The selective toxicity against T. vaginalis is
attributed to the fact that many tellurium agents are redox-active leading to a
significant level of oxidative stress (OS) and T. vaginalis lacks an antioxidant
defense. The organotellurium PTeDOX 01 showed antioxidant activity and was
more effective in inhibition of induced lipid peroxidation. The authors suggest
that PTeDOX 01 is a promising antioxidant and that its activity is influenced by
the presence of the tellurium atom on the structure [8].

Studies demonstrated the leishmanicidal effects of an organotellurane
(RFO7). The drug RFO7 exhibited a significant leishmanicidal activity against the
intracellular parasite and with a ten-fold less toxicity to macrophages. [6] Also,
researchers reported the antimalarial activities of three organotellurane
derivatives (RF05, RF07, and RF19) against two Plasmodium falciparum strains
which demonstrated a significant decrease in parasitemia in vitro. None of the
compounds tested caused hemolysis or a significant decrease in endothelial
cell viability at the concentration used for inhibition assay suggesting that
organic tellurium compounds may prove to be promising for the development of
antimalarial drugs [7].

The cytotoxicity of the organotelluranes was tested against CHO-K1
cells. It is speculated that the toxicity of

tellurium is a consequence of its strong oxidizing properties that lead to the
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formation of deleterious reactive oxygen species [16]. The chemical and
biochemical events surrounding such tellurium compounds and their cytotoxicity
are complex and considerably more intricate than originally presumed. Based
on recent studies, it is possible that the tellurium-containing compounds in
guestion regulate the activity of specific apoptosis-inducing proteins in cancer
cells, and also trigger an antioxidant response in normal cells. Despite the
observation of cytotoxic activity of tellurium based organic compounds in this
study, it is speculated that if utilized properly, these compounds may selectively
act against certain microorganisms [13].

In the case of trichomoniasis, topical application is preferable due to two
reasons. Firstly, the organic tellurium compounds are relatively less soluble in
water and secondly the topical application allows a higher concentration of drug
to reach the vaginal epithelium at lower treatment doses [17]. Altogether,
organotelluranes are presumed to be a promising candidate for the topical

treatment of trichomoniasis.

Conclusions

The investigation of antiparasitic activities of tellurium compounds is still
in its early stages. The compound, PTeDOX 01 exhibited a high antiparasitic
activity with little cytotoxicity at higher concentrations. Since topical application
is preferable for the treatment of trichomoniasis, these compounds may prove to
be effective at lower concentrations. The effectiveness of the organotelluranes
determined in the present study offers new perspectives for exploring the
potential of this class of molecules as an additional option for the treatment of

trichomoniasis.
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Figure legends

Figure 1: a) General scheme for the synthesis of PTeDOX; b) Chemical
structure of synthesized PTeDOX. Reactions are performed in the presence of
tosylate 1 (0.5 mmol), ditelluride 2 (0.3 mmol) and NaBH4 (0.6 mmol) at 50 °C
under N2 atmosphere.

Figure 2: Antiparasitic activity of PTeDox 01, PTeDox 02 and PTeDox 03 at
100 uM concentration against Trichomonas vaginalis 30236 isolate by trypan
blue assay (0.4%) after 24 h of exposure. The trophozoite growth was
completely inhibited by PTeDox 01 in 24 h of incubation. Vehicle for
solubilization (DMSO 0.6%), metronidazole 100 uM (MTZ), control (untreated
trophozoites). Data represent means zstandard deviation of at least three
experiments in triplicate. Different letters show a significant difference. For all p
< 0.05.

Figure 3: Determination of MIC and ICso of Trichomonas vaginalis 30236 isolate
after treatment with PTeDox 01 at 40, 50, 60, 70, 80, 90 and 100 uM
concentration and 24 h of exposure. The trophozoite growth was completely
inhibited by PTeDox 01 in 24 h at 90 yM as MIC and 60 uM determining ICso.
Vehicle for solubilization (DMSO 0.6%), metronidazole 100 yM (MTZ), control
(untreated trophozoites). Data represent means *standard deviation of at least
three experiments in triplicate. Different letters show a significant difference. For
all p <0.05.

Figure 4: Kinetic growth curve of Trichomonas vaginalis 30236 isolate after
treatment with PTeDox 01 at 90 yM and the period of 1, 6, 12, 24, 48, 72, and
96 h. The trophozoite growth was completely inhibited by PTeDox 01 in 24 h of
incubation. Data represent means zxstandard deviation of at least three
experiments all in triplicate. Different letters show a significant difference. For all
p < 0.05.

Figure 5: Cytotoxicity effect of PTeDox 01 in CHO-K1 cells. Cell proliferation in
CHO-K1 was investigated by MTT assay. Data are expressed as means +SEM
from three independent experiments. Different letters (a, b, ¢ and d) indicate
difference between treatments. The differences were considered significant at P
< 0.05.
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Abstract

Most studies of Brazilian red propolis have explored the composition and
biological properties of its ethanolic extracts. In this work, we chemically
extracted and characterized the essential oil of Brazilian red propolis (EOP) and
assessed its adjuvant, antiparasitic and cytotoxic activities. The chemical

composition of EOP was analyzed using gas chromatography with mass
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spectrometry (GC-MS). EOP was tested for in vitro activity against Trichomonas
vaginalis (ATCC 30236 isolate); trophozoites were treated with different
concentrations of EOP (ranging from 25 to 500 ug/mL) in order to establish the
MIC and ICso values. A cytotoxicity assay was performed in CHO-K1 cells
submitted to different EOP concentrations. BALB/c mice were used to test the
adjuvant effect of EOP. The animals were divided in 3 groups and inoculated as
follows: 0.4 ng/kg BW EOP (G1); 50 ug of rCP40 protein (G2); or a combination
of 0.4 ng/kg BW EOP and 50 ug of rCP40 (G3). Total IgG, IgG1 and IgG2a
levels were assessed by ELISA. The major constituent compounds of EOP
were methyl eugenol (13.1%), (E)-B-farnesene (2.50%), and &-amorphene
(2.3%). Exposure to EOP inhibited the growth of T. vaginalis, with an ICso value
of 100 pg/mL of EOP. An EOP concentration of 500 pg/mL was able to Kill
100% of the T. vaginalis trophozoites. The EOP kinetic growth curve showed a
36% decrease in trophozoite growth after a 12 h exposure to 500 pg/mL of
EOP, while complete parasite death was induced at 24 h. With regard to CHO-
K1 cells, the CCso was 266 pg/mL, and 92% cytotoxicity was observed after
exposure to 500 pg/mL of EOP. Otherwise, a concentration of 200 yg/mL of
EOP was able to reduce parasite proliferation by 70% and was not cytotoxic to
CHO-K1 cells. As an adjuvant, a synergistic effect was observed when EOP
was combined with the rCP40 protein (G3) in comparison to the administration
of each component alone (G1 and G2), resulting in higher concentrations of
IgG, IgG1 and IgG2a. EOP is constituted by biologically active components with
promising antiparasitic and immunostimulatory activities and can be

investigated for the formulation of new vaccines or trichomonacidal drugs.

Keywords: Essential oil; Brazilian red propolis; GC-MS; vaccine adjuvant;

cytotoxicity; trichomonacidal effect.

Introduction

Currently, the Brazilian propolis is classified in 13 different types,

according to its physical-chemical properties, botanical origin and geographic
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area where propolis can be collected. Initially, Park et al. [1] classified propolis
samples from different Brazilian regions in 12 groups. Afterwards, a 13" type of
propolis with peculiar chemical composition was found in hives located
alongside the coast and mangroves in the Brazilian northeast and was called
Brazilian red propolis (BRP) [2]. In the last decade, the chemical composition of
BRP has been revealed and related to its bioactivities. The main chemical
components found in BRP are classified as isoflavones, flavones, flavonols,
aurones, chalcones, pterocarpans and xanthones groups [3—6]. The botanical
origin of BRP was identified as resinous exudates of Dalbergia ecastophyllum
[7], however, likely a second plant species participates as one of the main

sources of resins for BRP [5].

Due to the variety of chemical compounds of BRP incorporated within the
resin mixture, especially phenolic compounds, many biological activities have
been reported like antioxidant [2,8], antibacterial [9,10], fungicide [11],
antiparasitic [10,12], antineoplasic [13,14], anti-caries [15], cytotoxic [2,10], anti-
inflamatory [16,17], antinociceptive [18] and was also beneficial to the wound

healing process [19].

Several experiments and clinical investigations have shown the
antiparasitic and adjuvant properties of the hydroalcoholic extract of propolis
(HEP). HEP of different types of propolis showed antiparasitary efficacy against
Giardia lamblia [20,21], Toxoplasma gondii and Trichomonas vaginalis [22]. It is
important to highlight that T. vaginalis is the etiological agent of trichomoniasis,
the most common non-viral, sexually transmitted disease (STD) in the world
[23]. In addition, metronidazole-resistant T. vaginalis has been implicated in an
increasing number of refractory cases, which are usually treated with increased
doses of the drug, leading to an increase in the occurrence of side effects [24].
Clearly, alternative curative therapies are needed, and propolis emerges as a

natural product for alternative drugs.

Moreover, HEP has been used to formulate veterinary vaccines against
bacterial or viral diseases, once some phenolic compounds has presented

immunomodulatory activity [25-27]. As adjuvant, propolis confers to the
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vaccinal formulation desirable properties, such as reduced viscosity, good
stability, low reactogenicity, low toxicity, and is able to induce a robust humoral

and cellular response [26].

As aforementioned, most of the previous studies describing the biological
activities of BRP uses ethanol as the extraction solvent, and the extraction
method influences directly the yield and selectivity for some compounds [10,28].
Volatile compounds like those found in essential oils are in low concentrations
in propolis, but play an important role by contributing to propolis pleasant aroma
and its biological activities. Researchers have applied various methods to obtain

propolis volatiles such as distilllation-extraction or hydrodistillation [29].

On the other hand, studies focusing on essential oils of propolis volatiles
are relatively scarce, most of them dealing with antimicrobial properties against
fungus, Gram-positive and Gram-negative bacteria [29]. Volatiles of propolis
from stingless bees were able to stimulate the immune system of elderly
patients by increasing their natural killer cell activity [30]. Essential oils of
Chinese propolis inhibited the proliferation of human colorectal cancer cells by
inducing cell cycle arrest and apoptosis [31]. However, to the best of our
knowledge, there are no studies describing the chemical composition or the
biological activities of the essential oil derived from the Brazilian red propolis
(EOP). Herein, the chemical composition of the EOP is showed. Still, in vitro
trichomonacidal and cytotoxic activities, and the adjuvant action of EOP in a

recombinant vaccine are assessed.

Materials and Methods
Red propolis sample collection and essential oil preparation

Red propolis was collected from the municipality of Brejo Grande, located
in the state of Sergipe, in northeastern Brazil (S 10°28'25” and W 36°26'12").
Samples were collected in September 2011 and were maintained frozen at —20
°C until use. For the preparation of the essential oil, conventional

hydrodistillation was carried out using a Clevenger-type apparatus. Briefly, 380



v b~ W N

10
11
12
13
14
15
16
17

18

19
20
21
22
23
24
25
26

27
28
29
30

64

g of BRP was transferred to a volumetric flask, and 2 L of distilled water was
added. A heating mantle was placed onto the Clevenger apparatus. The
essential oil was extracted after boiling the mixture for a time period of one
hour. The essential oil obtained was collected in amber vials and stored at 4 °C

until use. The total yield obtained was approximately 0.25%.
Gas chromatography—-mass spectrometry (GC-MS)

Chemical composition analysis was performed using a gas
chromatograph coupled with a mass-selective detector (Hewlett Packard
6890/MSD5973, Palo Alto, USA) equipped with the HP ChemStation software
and the Wiley 275 library. A capillary column composed of HP-INNOWax fused
silica (30 m x 250 ym) of 0.50 uym film thickness (Hewlett-Packard, Palo Alto,
USA) was used for the study. The temperature program used was as follows:
the column temperature started at 40 °C (held for 8 min) and was increased to
180 °C at 3 °C/min and then to 230 °C (held for 20 min) at 20 °C/min; the
injector was at a temperature of 250 °C and the interface at 280 °C. The split
ratio was 1:100, helium was the carrier gas (56 kPa), the flow rate was 1
mL/min, the ionization energy was 70 eV, and the injected volume was 0.4 mL.

Anti-Trichomonas vaginalis activity assay

The T. vaginalis 30236 isolate used for evaluating antiparasitic activity in
this study was obtained from the American Type Culture Collection (ATCC).
Trophozoites were axenically cultured in trypticase-yeast extract-maltose (TYM)
medium (without agar; pH=6.0) supplemented with 10% sterile bovine serum
(inactivated at 56 °C) and incubated at 37 °C [32]. Cultures with 95% viability,
as confirmed through observation of motility, morphology, and trypan-blue
exclusion (0.4%) assay under the light microscope at 400X magnification, were

considered as alive and were used for evaluating the activity of EOP.

All assays were performed in 96-well microtiter plates (Cral®).
Parasites were seeded at an initial density of 2.6 x 10° trophozoites/mL of TYM
and incubated in the presence of EOP. Three experimental controls were also

performed: parasites only, the vehicle used for solubilization of EOP (0.6%
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DMSO) and 100 uM MTZ (metronidazole; Sigma-Aldrich) (as a positive control).
The microculture plates were incubated at 37 °C with 5% CO2 for 24 h.
Subsequent to the incubation, a preparation containing trophozoites and trypan
blue (0.4%) in a 1:1 ratio was prepared and counted in a Neubauer chamber.

Cultures with 95% viability were utilized for the assay.

To determine the minimum inhibitory concentration (MIC), different
concentrations of EOP (25, 50, 100, 200, 300, 400, and 500 pg/mL) were tested
as described by Hubner et al. [33], with some modification. Parasite pellets
were used to establish the MIC as well as concentrations below and above the
MIC value. Samples used as controls were inoculated in fresh TYM medium at
37 °C. Parasites were counted in a Neubauer chamber with trypan blue every
24 h for 96 h to confirm MIC. The viability of trophozoites was assessed by the
exclusion of the trypan blue dye as well as by motility and morphology. The ICso
(half the maximum inhibitory concentration) values were determined at the

same concentrations used for the MIC test.

A kinetic growth curve was constructed in order to obtain a more
comparable activity profile of EOP activity against T. vaginalis. The viability of
trophozoites was observed under a light microscope 96 h after incubation with
EOP at the required MIC. Growth analysis was performed at 1, 6, 12, 24, 48,
72, and 96 h by the trypan blue (0.4%) exclusion method and by the evaluation
of motility and morphology. All assays were performed independently at least
three times in triplicate, and the results were expressed as the percentage of

viable trophozoites compared to untreated parasites.

For the Anti-Trichomonas vaginalis activity assay, statistical analysis was
conducted using one-way analysis of variance (ANOVA), and a probability value
of p < 0.05 was considered significant. Tukey’s test was utilized to identify
significant differences between the means of different treatments. GraphPad
Prism version 5.0 for Windows (GraphPad Software, USA) was used for

statistical analysis.
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Cytotoxicity assay

Chinese hamster ovary (CHO-K1) cells were obtained from the Rio de
Janeiro Cell Bank (PABCAM, Federal University of Rio de Janeiro, RJ, Brazil)
and cultured as a monolayer in Dulbecco’s Modified Eagle’s Medium (DMEM)
(Vitrocell Embriolife) supplemented with 10% fetal bovine serum (FBS) (Vitrocell
Embriolife), 1% L-glutamine, and 1% penicillin/streptomycin. The cells were

grown at 37 °C in an atmosphere of 95% humidified air and 5% COa.

The post-treatment proliferation of the CHO-K1 cell line was determined
by measuring the reduction of soluble 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT, Sigma-Aldrich) to water-insoluble formazan. Cells
were seeded in 96-well plates at a density of 2 x 10# cells per well in 100 uL
volumes and grown at 37 °Cin a 5% CO:2 atmosphere for 24 h before they were
used in the cell viability assay. The cells were then treated with 31.25, 62.5,
125, 250 and 500 ug of EOP for 24 h. DMSO was used as vehicle control (VC),
untreated cells were used as a negative control and 100 uM of metronidazole
(MTZ) was used as a positive control. Following the incubation, 20 uL of MTT
(Sigma-Aldrich) was added to each well and the cells were incubated for an
additional period of 3 h at 37 °C. Differences in the total cellular metabolism
were detected at a wavelength of 492 nm by using a microplate reader. The
inhibition (%) of cell proliferation was determined as follows: inhibitory growth =
(1 — Absagz treated cells / Absagz control cells) x 100%. The ICso was calculated
using GraphPad Prism version 5.0 for Windows (GraphPad Software, USA). All
observations were validated by at least three independent experiments in

triplicate.
Adjuvant assay
Experimental animals

Six- to eight-week-old female BALB/c mice were obtained from the
Central Animal Facility of the Federal University of Pelotas, where the

immunization assays were also conducted. All mice were kept in cages
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containing wood shavings and bedding and had free access to water and a
maintenance diet ad libitum. A 12-h light/dark cycle at room temperature (21 £ 2
°C) was also maintained. All experiments were performed in compliance with
the procedures of the Brazilian College of Animal Experimentation (COBEA).
The Ethics Commission on Animal Experimentation (CEEA) of Pelotas Federal
University (UFPel) approved the project (number 2422). All efforts were made to

minimize animal suffering.
Antigen expression and purification

The recombinant endoglycosidase CP40 (rCP40), derived from C.
pseudotuberculosis, was used as an antigen for the adjuvant assay. The
pPAE/cp40 recombinant plasmid previously constructed by our group [34] was
transformed into the Escherichia coli BL21 (DE3) Star strain by the heat shock
method. The induction of expression was performed by adding 1 mM of IPTG
followed by incubation at 37 °C for 3 h with constant agitation. Western blotting
using a monoclonal anti-6x-His-tag antibody conjugated to peroxidase (Sigma-
Aldrich) was used to confirm rCP40 expression. A sepharose-nickel column,
HisTrapTM (GE Healthcare), was used for purification of the recombinant
protein. Purity was determined by 12% SDS-PAGE, and the concentration was
measured using a BCA kit (PIERCE).

Immunization assay and blood sample collection

For the immunization assay, the mice were divided into the following
three groups of six animals each: (a) G1: a negative control group immunized
with 0,4 ng/kg BW EOP; (b) G2: inoculated with only 50 ug of rCP40 protein;
and (c) G3: the test group inoculated with 0,4 ng/kg BW EOP plus 50 ug of
rCP40. All doses were prepared in a final volume of 200 uL using sterile saline
solution (0.9% NacCl) as a vehicle and administered via the intramuscular route.
The animals were immunized with two doses administered 21 days apart.
Animals were bled at days 0, 21, and 42 post-immunization to determine the
antibody levels. Blood was collected from the retro-orbital sinus with Pasteur

pipettes. All blood collections were performed under anesthesia with 10%
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ketamine (1 mL/kg) and 2% xylazine (0.1 mg/kg) (Agener Unido Saude Animal,
Brazil). After coagulation, the blood was centrifuged at 1,500 g for 15 min. The

serum was removed and stored at —20 °C.
Assessment of antibody production

Serum samples from the immunized mice were used in immunoassays
(indirect ELISA) for the quantification of total IgG, IgG1 and IgG2a anti-rCP40
antibodies. Polystyrene 96-well plates (Maxisorp-Nunc) were coated with 100
ML of a bicarbonate-carbonate buffer (pH 9.8) containing 0.1 pg/well of rCP40
protein. Plates were incubated for 18 h at 4 °C and washed 3 times with PBS-T
(PBS 1X, pH 7.4, 0.1% Tween 20). The plates were then incubated with 200
pL/well of 5% skim milk in PBS for 2 h at 37 °C, for blocking purposes. A three-
step wash was then performed. All serum samples obtained from mice were
diluted in PBS (v/v 1:50), and 100 uL of each diluted sample was added to the
plates in duplicate. Plates were incubated for 1 h at 37 °C. After washing three
times with PBS-T, 100 pL/well of anti-mouse IgG conjugated to horseradish
peroxidase (Sigma-Aldrich) was added (1: 5,000 in PBS-T) to the plates in order
to detect total IgG prior to the revelation step. In plates designated for the
detection of IgG1 and IgG2a, 100 uL/well of either goat anti-mouse IgG1 (1:
5,000 in PBS-T) or goat anti-mouse IgG2a (1: 2,000 in PBS-T) was added. The
plates were incubated at 37 °C for 1 h and then washed three times with PBS-T,
subsequent to which 100 uL/well of anti-goat 1gG conjugated to horseradish
peroxidase (Sigma-Aldrich) was added (1: 5,000 in PBS-T). The plates were re-
incubated for 1 h at 37 °C and then washed five times with PBS-T. The reaction
was developed by the addition of 100 uL/well of the substrate-chromogen
solution [o-phenylenediamine dihydrochloride; OPD tablets (Sigma-Aldrich) in
0.4 mg/mL phosphate-citrate buffer containing 0.04% of 30% hydrogen
peroxide, pH=5.0] and incubation at room temperature in the dark for 15 min,
and it was stopped by the addition of 50 yL/well of H2SO4 solution (4N). Optical
density (OD) was determined using a microtiter-plate reader (Microplate Reader
Mindray MR—-96A) set at 492 nm.
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Data were analyzed using the software GraphPad Prism version 5.0 for
Windows (GraphPad Software, USA). Differences in I1gG levels between the
groups were analyzed using one-way ANOVA followed by Tukey's test for
multiple comparisons. The results were considered statistically significant if p-
value <0.05.

Results
EOP chemical components

GC-MS analysis of the red propolis extract enabled the identification of
certain compounds present in the essential oil. A list of these constituents is
presented in Table 1. GC-MS is a reliable method, indispensable in several
areas where the analysis of complex mixtures and unambiguous identification is
required, and since volatile compounds are well identified with GC-MS, this
method is suitable for analysis of essential oils [35,36]. Using GC-MS, our study
was able to highlight methyl eugenol (13.1%), (E)-B-farnesene (2.5%), ©-
amorphene (2.3%), a-cubebene (1.9%), and B-caryophyllene (1.5%) as the

major components of the extract.

Table 1. This is the Table 1 Title: Volatile compounds identified by gas
chromatography followed by mass spectrometry (GC-MS) of the Brazilian red
propolis essential oil.

Compound Area (%) LRI obtained LRI reference
a-Pinene 0.2 908 907 [37]
a-Cubebene 1.9 1351 1351[37,38]
(-)-Cyperene 0.2 1401 1400 [39]
Methyl eugenol 13.1 1407 1408 [40]

a-Gurjunene 0.5 1412 1412 [41]
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B-Caryophyllene 15 1422 1422 [42]
trans-a-Bergamotene 0.6 1438 1438 [43]
(E)-B-Farnesene 2.5 1459 1459 [37]
y-Muurolene 0.2 1479 1479 [44]
a-Curcumene 0.1 1485 1484 [45]
Selinene 0.7 1490 1490 [46]
B-Bisabolene 0.9 1506 1506 [47]
d-Amorphene 2.3 1514 1514 (48]

Anti-Trichomonas vaginalis activity assay

Analysis of the EOP MIC data revealed that at a 500 pg/mL
concentration, 100% death of trophozoites was observed. After 24 h of
exposure, EOP demonstrated optimal anti-T. vaginalis activity at a
concentration of 500 pug/mL with an ICso value of 100 ug/mL (Fig 1). The
negative control and DMSO control showed positive motility and did not stain
with Trypan blue (0.4%), whereas the positive control stained blue and exhibited
negative motility at the 24 h time point in all assays performed. When the kinetic
growth curve was analyzed, it was observed that the exposure to 500 ug/mL of
EOP reduced the growth of trophozoites by 36% at 12 h and induced complete
parasite death at 24 h (Fig 2).

Fig 1. This is the Fig 1 Legend: Trichomonas vaginalis 30236 isolate; MIC and
ICs0 after 24-hour-treatments with EOP at 25, 50, 100, 200, 300, 400, 500
Mg/mL. Data represent mean + standard deviation of at least three experiments,
all in triplicate. Different letters indicate a significant difference (p < 0.05).

Fig 2. This is the Fig 2 Legend: Kinetic growth curve of the Trichomonas
vaginalis 30236 isolate after exposure to EOP at 500 pg/mL for 1 h, 6 h, 12 h,
24 h, 48 h, 72 h and 96 h. Data represent mean * standard deviation of at least
three experiments, all in triplicate. Different letters indicate a significant
difference (p < 0.05).
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Cytotoxicity assay

EOP treatment also inhibited proliferation of the CHO-K1 cell line;
however, this cytotoxicity was only significant at 500 pg/mL. No significant
cytotoxicity was observed up to 250 ug/mL in growth inhibition of CHO-K1 cells
after 24 h of treatment (Fig 3). The in vitro cytotoxicity activity of EOP showed
ICso values of 266 and 100 pg/mL in CHO-K1 cells and trophozoites,
respectively, which may indicate selectivity of the EOP treatment at
concentrations up to 250 ug/mL. The results enumerated above demonstrate
that EOP is an important resource for future drug development, and its
therapeutic potential against various infectious entities merits further study and

analysis.

Fig 3. This is the Fig 3 Legend: CHO-K1 cell viability after treatment with
different concentrations of EOP. Cell proliferation in CHO-K1 was investigated
by the MTT assay, and metronidazole was used as a positive control. Data are
expressed as the mean + SEM of the viabilities of CHO-K1 cells in three
independent experiments. (*) indicates a difference between the treatments in
CHO-K1 cells. The differences were considered significant at p < 0.05.

VC=vehicle control; MTZ=metronidazole.
Adjuvant assay

Fig 4 illustrates the results obtained from the ELISA assay designed for
analyzing the production of anti-rCP40 total I1gG, 1gG1, and IgG2a antibodies.
The results demonstrate that animals from group G1 were unable to induce
production of IgG and its isotypes. In group G2, increased total 1gG, 1gG1, and
IgG2a levels were detected on day 42, subsequent to the administration of two
doses of rCP40. Additionally, it was observed that the association of EOP with
rCP40 (G3) leads to the induction of higher levels of IgG and its isotypes. When
compared with groups G1 and G2, group G3 was observed to present a
significantly higher increase (p < 0.05) in total IgG total as well as isotypes IgG1
and IgG2a at days 21 and 42 after the first immunization (Figs 4A, 4B and 4C);
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this is demonstrative of the adjuvant effect of EOP. The day-42 values clearly
demonstrate that the association of EOP with rCP40 was able to increase the
levels of total 1gG, IgG1 and IgG2a by approximately 7.4, 4.4 and 10.8 fold,
respectively, in comparison to the administration of rCP40 alone. Moreover,
group G3 shows more pronounced IgG2a production compared to the
production of IgG1 at day 42.

Fig 4. This is the Fig 4 Legend: Anti-rCP40 total IgG (4A), IgG1l (4B) and
IgG2a (4C) levels in immunized mice treated with EOP and recombinant
endoglycosidase CP40 from C. pseudotuberculosis (rCP40), either separately
or together. Measurements were taken on day 0 and then 21 and 42 days post-
immunization. Data represent means + standard deviations of IgG levels in the
sera collected from 6 animals/group. Different letters in the same experimental

day indicate a significant difference (p < 0.05).

Discussion

Although some Brazilian propolis essential oils, mainly those derived
from green propolis, have been characterized previously [36,49,50], this is the
first study to undertake the characterization of BRP essential oil. Only the
ethanolic and methanolic extracts of BRP have been tested being isoflavones
the main isolated compounds [18,51,52]. Thus, we hypothesized that the
essential oil (EO) of BRP could provide some volatile compounds with important
biological properties, which are probably lost or eliminated in the other
extraction methods. In fact, methyl eugenol, a phenylpropene, was the major
volatile component isolated from EOP and most of the other isolates were
classified as sesquiterpenes. Along similar lines, it is known that the Brazilian
green propolis also has a predominance of sesquiterpenes. Nerolidol, [B-
caryophyllene, spathulenol, and d-cadinene have been identified as other major
volatile components of green propolis [29]. Studies have revealed that EO

constituents make up a diverse family of low-molecular-weight organic
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compounds with extreme variations in biological activity. Based on their
chemical structure, the active compounds of EOs can be divided into four major

groups: terpenes, terpenoids, phenylpropenes, and “others” [53].

Some of the volatile compounds present in EOP have already been
credited with having antiparasitic activity. These chemical entities include [-
caryophyllene, a-pinene, a-bergamotene, and (E)-B-farnesene [54,55].
Additionally, methyl eugenol isolated from the essential oil extracted from the
plant Agastache rugosa showed significant nematicidal activity against
Meloidogyne incognita [56]. Methyl eugenol is a specific constituent of Brazilian
red propolis, among another types of propolis, which was revealed for the first
time in 2008 [57]. Therefore, in this work, we hypothesized that methyl eugenol,
a phenylpropene with the major concentration in EOP and the sesquiterpenes
may be responsible for the antiparasitic activity against T. vaginalis exhibited
here. However, further studies should be performed with the isolated
constituents of EOP to identify the specific antiparasitic agents.

In spite of the anti-T. vaginalis activity, a higher cytotoxicity level was
observed at the EOP concentration that presented 0% viability of trophozoites
after 24 h of exposure (500 pug/mL) compared to a lower concentration (200
pg/mL), which was not toxic for CHO-K1 cells but reduced parasite proliferation
by 70%. Therefore, it is hypothesized that cytotoxicity could be a limiting factor
for the parenteral use of EOP, but its use in topical forms for the treatment of
trichomoniasis, through topical vaginal application, appears to be an interesting
alternative. It is well known that topical application allows for the delivery of
higher drug concentrations to the vaginal epithelium at lower treatment doses
[58].

A previous study has evaluated the effects of compounds with guaiacyl
and syringyl structures (as degradation products of lignin) and natural aromatic
acids and their aldehydes on T. vaginalis and found that the tested compounds
exhibited antiparasitic activity with MIC values ranging from 10 to 200 pg/mL.
Isoeugenol, a phenylpropene generated by a propenyl-substituted guaiacol,

was the most potent effector against T. vaginalis with a MIC value of 10 ug/mL
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[59], which is much lower than MIC found here for EOP. Since EOP is a
complex mixture containing mainly methyl eugenol, a phenylpropene with
similarities with isoeugenol in chemical structure, and sesquiterpenes in low
concentrations, it is expected a different biological result in comparison to the

use of each isolated compound.

In addition, some studies have revealed that red propolis extracts from
different geographical regions have significant potential as antiparasitic agents.
The ethanolic extract of red propolis obtained from Nigeria, when tested against
Trypanosoma brucei, demonstrated potent antiparasitic activity in both sensitive
and resistant strains [60]. In another study, four samples of ethanolic extracts of
Brazilian propolis were tested against Leishmania amazonensis. Three extracts
of green propolis and one of red propolis were tested, and all of them were
capable of reducing parasite loads in infected macrophages. Nevertheless, the
extract obtained from BRP showed maximal activity against L. amazonensis

while being non-toxic to the macrophage cultures [61].

Recently, the antiparasitic activity of BRP has attracted the attention of
researchers. Polymeric nanoparticles of the BRP extract and the ethanolic
extract of BRP have demonstrated anti-leishmanial activity against L. (V.)
braziliensis, with ICso values of 31.3 pg/mL and 38.0 pg/mL, respectively,
demonstrating the potential of BRP in the composition of pharmaceuticals for
leishmaniasis therapy [12]. Additionally, when ethanolic extracts from various
types of green, brown and red propolis from different regions of Brazil were
tested against Trypanosoma cruzi Y-strain epimastigotes, an inhibitory effect on
parasite growth was observed in the first 24 h for all the types of propolis.
However, only the ethanolic extracts of BRP presented a persistent T. cruzi-
inhibitory effect after 96 h, suggesting red propolis as a potential alternative for

the therapeutic treatment of Chagas disease [10].

In this study, we also confirmed that EOP has the potential to be used as
an adjuvant in a veterinary vaccine formulation. In our study, a recombinant
endoglycosidase CP40 (rCP40), encoded by the cp40 gene of C.

pseudotuberculosis, was used as the antigen as its antigenic properties have
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been previously confirmed [34,62]. Our results confirmed that association of the
rCP40 protein with EOP improves the immune response to this target compared
to the administration of either of these components alone. We observed that the
combination of the rCP40 with EOP led to IgG absorbances higher than those
found by other researchers using traditional adjuvants such as saponin or
Freund’s complete adjuvant [34]. Herein, we used for the first time EOP as an
adjuvant. In fact, this is the first study to evaluate the effect of BRP as a

vaccinal adjuvant.

Compared to the administration of rCP40 alone, a combination of the
recombinant protein with EOP was able to induce increases of 7.4-, 4.4- and
10.8-fold higher levels of total 1gG, 1gG1, and IgG2a, respectively. One of the
most important challenges currently facing adjuvant research is the search for
the ‘perfect mix’: an optimal, safe formulation whose different components are
not only additive but also synergistic in nature, and whose administration gives
rise to the desired robust immune response [63]. In this study, we observed a
synergistic effect when EOP was associated with rCP40. Along similar lines,
another recent study has reported that the use of 3% palm oil with a bacterin of
recombinant E. coli carrying the Omp40 protein resulted in an enhancement of
IgG levels and of CD4* and CD8* T-cell responses, while administration of the
bacterin without adjuvant failed to stimulate the humoral and cell-mediated

immunities [64].

Until 42 days after immunization, the IgG2a production levels were higher
than those observed for IgG1, which is indicative of a T-helper 1 cell (Thl)
response. In mice, Thl cells aid in the activation of macrophages and cytotoxic
T-cells and in the production of opsonizing and complement-activator
immunoglobulin isotypes, such as IgG2a. Hence, it is widely believed that the
primary function of Thl cells is the generation of immunity against intracellular
pathogens [34,65]. Vaccine formulations that enhance Thl levels and CD8" T-
cell responses are highly sought after as they are effective for immunization
against pathogens for which there are no currently licensed vaccines

(examples: HIV-AIDS, malaria, and tuberculosis) [66]. EOP has the potential to
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serve as an excellent adjuvant for immunization purposes. Once propolis is
considered both safe and non-toxic when administered to animals or humans
[26], EOP could be a good adjuvant to be used in important vaccines, and

further investigations using this substance should be conducted.

The immunostimulatory effect of EOP may be attributed to the high levels
of methyl eugenol (13.1%). Eugenol is a phenylpropene that is commonly found
in essential oils; previous studies have established that eugenol stimulates the
immune response in mice by promoting the T-cell response and natural killer
activity [67]. It is also possible that sesquiterpenes could be involved in the
adjuvant effect of BRP essential oil as it is known that they also activate the
immune system by influencing local inflammation and promoting phagocytosis
[68].

Most of the studies involving the effect of BRP on the immune system are
recent and have extensively investigated the in vivo and in vitro effects of
hydroalcoholic extracts of BRP on the inflammation process [16—-19,69,70]. BRP
reduces nitric oxide levels and diminishes the levels of some pro-inflammatory
cytokines, chemokines and genes associated with inflammatory signaling in
macrophages [16,17]. Additionally, BRP modulates neutrophil migration by
interfering in rolling and adhesion processes through reduction of the levels of
TNF-a, IL-18, CXCL1/KC and CXCL-2/MIP-2 and reduction of calcium influx
[70]. In vivo, BRP has been seen to promote protective effects against
ulcerative colitis in a rat model, reducing gross and histological inflammatory
lesions and decreasing the levels of myeloperoxidase and iINOS in colon tissue
[69]. Moreover, mice treated orally with BRP showed improved cutaneous
wound healing through faster wound closure, reduction of inflammatory
infiltrate, and downregulation of the transcription factor pNF-xB and the
inflammatory cytokines TGF-B, TNF-a and IL-6 [19]. Antinociceptive activity of
BRP towards neurogenic and inflammatory pain in mice was also observed

without emotional and motor side effects [18].

The immunomodulatory properties of propolis seem to be contradictory

since propolis sometimes acts in the inhibition, as in the anti-inflammatory
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properties, and other times in the stimulation of the immune system, as in the
adjuvant properties. This phenomenon is probably caused by the chemical
complexity of propolis as a result of the synergism among the components,
which can be varied according to the methods of extraction of the bioactive

compounds [71].

Conclusion

The EOP was observed to exhibit a promisingly high level of antiparasitic
activity, with cytotoxicity seen at higher concentrations of EOP. However, further
studies using lower concentrations of EOP for topical application should be
performed with the aim of reducing cytotoxicity levels and achieving potent
localized action in the treatment of trichomoniasis. Our study also demonstrated
the potential use of EOP as a vaccine adjuvant since the administration of EOP
along with rCP40 was seen to increase IgG production. The results of this study
shed light on several new properties of EOP and underline the importance of
exploring its potential as an additional option for the treatment of trichomoniasis
and as a vaccine adjuvant. Furthermore, studies dedicated to revealing the
potential and the importance of EOP in other biological activities are

encouraged, due to EOP chemical complexity.
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Manuscrito 1. Antiparasitic and molecular activity of Quinolines-1,2,3-

triazolylcarboxamides in Trichomonas vaginalis

Artigo serd submetido narevista Parasitology Research, INSS 432-1955.

Link normas da revista:

http://www.springer.com/biomed/medical+microbiology/journal/436?detailsPage=pltci_1060604
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6. Manuscrito 1. Antiparasitic activity of  Quinolines-1,2,3-

triazolylcarboxamides in Trichomonas vaginalis
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Abstract

Increased prevalence of metronidazole-resistant infections has resulted in a
search for alternative drugs for the treatment of trichomoniasis. In the present
study, we report the evaliotion of in vitro activity of three Quinolines-1,2,3-
triazolylcarboxamides (QTCA-1, QTCA-2 and QTCA-3) against Trichomonas
vaginalis, evaluation of citotocity in CHO cells and expression of genes related
to hydrogenossome by Real Time PCR. Nine concentrations (6.25, 12.5, 25, 50,
60, 70, 80, 90, and 100 uM) of these compounds were analyzed for in vitro
activity against ATCC 30236 isolate of T. vaginalis. QTCA-2 reported a
cytotoxic effect against 100% of T. vaginalis trophozoites at a final
concentration of 80 yM with an ICso of 50 uyM. The kinetic growth curve of
trophozoites indicated that QTCA-2 reduced the growth by 70% at a
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concentration of 80 uyM after an exposure of 12 h, and induced complete
parasite death at 24 h. QTCA-2 induced less than 30% of cytotoxicity at 80 yM
concentration in CHO-K1 cells and do not had effect in lower concentrations.
There were no significant difference in gene expression (pyruvate-ferredoxin
oxidoreductase A and B; Malic enzyme D; Hydrogenase; B-tubulin) when
compared to control and MTZ.More studies should be conducted to better
identify the mechanism of action of the quinolines .The present study offers new
perspectives for exploring the potential of this class of molecules as an

additional option for the treatment of trichomoniasis.

Keywords: Trichomoniasis; Quinolines; Antiparasitic; gRT-PCR

Introduction

Trichomonas vaginalis is a protozoan infecting genitourinary tract and
causing the most common non-viral, sexually transmitted disease (STD) in the
world. According to World Health Organization (WHO 2012), an estimated 276
million cases of trichomoniasis have been reported worldwide, most of them
occurring in women.

Drugs of choice for treating trichomoniasis are derived from 5-
nitroimidazoles, metronidazole and tinidazole, all of which are approved by
Food and Drug Administration (FDA-EUA). The 5-nitroimidazoles, especially
metronidazole, are the most widely used antimicrobial agents for the treatment
of trichomoniasis. However, metronidazole resistance is an increasingly
recognized problem in treating patients infected with trichomoniasis (Lumsden
et al. 1988; Vieira et al. 2012). Metronidazole enters the parasite by passive
diffusion as a nonlethal prodrug. Once inside the cell, metronidazole is reduced,
resulting in the generation of nitro radicals, which lead to DNA damage and cell
death. T. vaginalis cells use pyruvate—ferrodoxin oxidoreductase (PFOR) and
ferrodoxin-linked enzymes to metabolize pyruvate to acetate via acetyl

coenzyme A to gain ATP. When a nitroimidazole is present, its nitro groups
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capture electrons from ferrodoxin, and the nitro radicals are generated (Kulda,
1999). Although the cure rates are significant, treatment failures maybe
observed and are attributed mainly to non-compliance with treatment or
reinfection, but factors such as poor drug absorption or insufficient
bioavailability are also reported (Lumsden et al. 1988).

For this, an intensive search for new molecules as potential drugs with
antiparasitic activity for the treatment of trichomoniasis is required. Here, we
highlight the organic compounds of quinolines as possible drugs for the
treatment of trichomoniasis. Pharmacological uses of these organic compounds
have been studied for different biological properties such as antitumor (Begnini
et al. 2017), anti-oxidants (Dorey et al. 2000), anti-tuberculosis (Candéa et al.
2009), anti-fungal (Musiol et al. 2006), antibacterial (Ferretti et al. 2014), anti-
inflammatory and antinociceptive (Wilhelm et al. 2014), antiprotozoal (Di Pietro
et al. 2015).Thus, the aim of this study was to evaluate the in vitro anti—T.

vaginalis activity of three Quinolines-1,2,3-triazolylcarboxamides (QTCA).

Materials and Methods

Chemicals

The activity of Quinolines-1,2,3-triazolylcarboxamides (QTCA) diluted in
dimethylsulfoxide (DMSO) was analyzed in T. vaginalis. For this, we selected
three compounds: QTCA-1, QTCA-2, and QTCA-3. The QTCAs were
synthesized by organocatalytic synthesis as described by Begnini et al. (2017).
The same compounds synthesized by Begnini et al. (2017) were used in the
present study. . Briefly, the compounds were synthesized in high yields by the
reaction of 4-azido-7-chloroquinoline with a range of (B-oxoamides in the
presence of a catalytic amount of pyrrolidine using DMSO as solvent at room
temperature. The following quinoline derivative compounds were evaluated in
this study: 1- (7-Chloroquinolin-4-yl)-5-methyl-N-phenyl-1H-1,2,3-triazole-4-
carboxamide (QTCA-1); 1-(7-Chloroquinolin-4-yl)-N,5-diphenyl- 1H-1,2,3-
triazole-4-carboxamide (QTCA-2) and 1-(7-Chloroquinolin-4-yl)-N-phenyl-5-
(trifluoromethyl)-1H-1,2,3-triazole-4-car-boxamide (QTCA-3) (Figure 1).
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Parasite Culture Conditions

In this study, T. vaginalis 30236 isolate from American Type Culture
Collection (ATCC) was used. Trophozoites were axenically cultured in
trypticase-yeast extract-maltose (TYM) medium without agar (pH 6.0),
supplemented with 10% sterile bovine serum (inactivated at 56°C), and
incubated at 37°C (Diamond 1957). The culture with 95% viability, confirmed
through observation of motility, morphology, and trypan blue exclusion (0.4%)
assay under the light microscope at 400X magnification was considered alive
and utilized for the evaluation of activity of Quinolines-1,2,3-

triazolylcarboxamides (QTCA).

Anti-Trichomonas vaginalis Assay

The three compounds of QTCA (QTCA-1, QTCA-2, and QTCA-3).
were tested in vitro for activity against T. vaginalis, according Brandelli Clara et
al. (2013) and Sena-Lopes et al. (2017). All assays were performed in 96-well
microtiter plates (TPP). The parasites were seeded at an initial density of 2.6 x
10° trophozoites/mL of TYM and incubated with QTCA drugs. Three controls
were carried out: trophozoites only, vehicle for solubilization of the derivatives
(0.6% DMSO), and MTZ 100uM (as positive control, metronidazole - Sigma-
Aldrich). The microculture plates were incubated at 37°C with 5 % CO: for 24 h.
After that, a preparation containing trophozoites and trypan blue (0.4%) at a
ratio of 1:1 was counted in a Neubauer chamber and cultures with 95 % viability
were utilized for assays.

For screening, QTCA-1, QTCA-2, and QTCA-3 were used at a final
concentration of 100 pM. Only the compound that reduced the viability of
parasites to 100 % was used to determine the minimum inhibitory concentration
(MIC) by considering different concentrations such as 6.25, 12.5, 25, 50, 60, 70,
80, 90, and 100 uM. The parasite pellets used to establish MIC and the
concentrations bellow and above as well as controls were inoculated in fresh
TYM medium at 37°C. Parasites were counted in a Neubauer chamber with
trypan blue every 24 h for 96 h to confirm MIC. The viability of trophozoites

was assessed by exclusion of trypan blue dye, motility, and morphology. The
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ICso was determined (half the maximum inhibitory concentration) at
concentrations of 6.25, 12.5, 25, 50, 60, 70, 80, 90, and 100 uM as described in
the MIC method.

A kinetic growth curve was constructed to obtain a more comparable
activity profile of QTCA compounds against T. vaginalis. The viability of
trophozoites was observed under the light microscope at 96 h after incubation
at respective MIC. Growth analysis was performed at the following times: 1, 6,
12, 24, 48, 72, and 96 h by trypan blue (0.4%) exclusion method and by
determining the motility and morphology. All the assays were performed
independently at least three times in triplicate and the results were expressed

as the percentage of viable trophozoites in comparison with untreated parasites.

Cytotoxicity Assay

Chinese Hamster Ovary (CHO-K1) cells were obtained from the Rio de
Janeiro Cell Bank (PABCAM, Federal University of Rio de Janeiro, RJ, Brazil)
and cultured as a monolayer in Dulbecco’s Modified Eagle’s Medium (DMEM)
(Vitrocell Embriolife), supplemented with 10% fetal bovine serum (FBS)
(Vitrocell Embriolife), 1% L-glutamine, and 1% penicillin/ streptomycin. The cells
were grown at 37°C in an atmosphere of 95% humidified air and 5% COx.

The viability of CHO-K1 cell line after treatment with QTCA-2 was
determined by measuring the reduction of soluble 3-(4,5-dimethythiazol- 2-yl)—
2,5-diphenyl tetrazolium bromide (MTT) to water-insoluble formazan. Cells were
seeded at a density of 2 x 10 cells per well in a volume of 100 uL in 96-well
plates and grown at 37 °Cin 5% CO2 atmosphere for 24 h before using them in
the assay. The cells were then treated with 2.5, 5, 20, 40 and 80 uM of QTCA -2
compound for 24 h. DMSO 0,6% (VC) were used as vehicle control,
metronidazole (MTZ) were used as positive control and no treated cells were
used as negative controls (Control), respectively. Following incubation, 20 pL of
MTT (Sigma-Aldrich) in a concentration of 5 mg/mL was added to each well,
and the cells were incubated for an additional 3 h at 37°C. The differences in

the total cellular metabolism were detected at a wavelength of 492 nm using a
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microplate reader. The inhibition (%) of cell proliferation was determined
comparing treated cells and control cells as follows: inhibitory growth = (1 -
ADbS492 treated cells / ADS492 control celis) X 100%. The ICso was calculated using
GraphPad Prism 5.0 Software. All observations were validated by at least three

independent experiments in triplicate.

Gene expression of T. vaginalis

Total RNA from T. vaginalis trophozoites (107 cells/sample) was isolated
using Trizol Reagent kit (In vitrogen) according to the manufacturer's
instructions. First-strand cDNA synthesis was performed with 0.5ug of RNA
using the High Capacity cDNA Reverse Transcription kit (Applied Biosystems,
UK) following the manufacturer’s protocol. PCR mixtures (20 pL) containing 10
bl of SYBR Green PCR Master Mix (Applied Biosystems, UK), 300 nm of
primers, 1 pl of cDNA, and RNase-DNase-free water were subjected to 95 °C
for 5 min, followed by 40 cycles at 95 °C for 10 sec and 60 °C for 30 sec. A
melting curve analysis was performed at 95 °C for 15 sec, 55 °C for 15 sec, and
95 °C for 15 sec. Realtime PCR reactions were run on a Stratagene Mx3005P
Real-Time PCR System (Agilent Technologies, Santa Clara, CA, USA) using
the primers described in Table 1, (pyruvate-ferredoxin oxidoreductase A (PFOR
A) and pyruvate-ferredoxin oxidoreductase B (PFOR B); Malic enzyme D;
Hydrogenase; B-tubulin) (Mead et al. 2006; Dos Santos et al. 2015). These
genes were selected because they are related to parasite metabolism. The
primer sets were designed and optimized using the Primer 3 Plus program (http:
Il www.bioinformatics.nl / cgi-bin / primer3plus / primer3plus.cgi), based on

predefined parameters. B-tubulin gene was used as normalizer in all analyses.
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Gene Primer Sequence (5’ - 3’) GenBank Reference
access number
F CGGCTACGGTATGTTCAAGG
PFOR A R TCCTTGTCCTGATCCCAAAC U16822 Mead et al.
(2006)
F CTGCAAGCTCCTTACACAGC
PFOR B R AAGAGGGAGTTAGCCCAAG U16823 Mead et al.
C (2006)
F CATCTGTTAGCCTCCCAGTC
Malic enzyme R C U16839 Mead et al.
(D) ACGAGCAGCTTGTTCATCCT (2006)
F TGCACACGAAAGAAGGATGA
Hydrogenase R TCGCATGGTGTATCTGGTAA U19897 Mead et al.
(2006)
F TACTCCATCGTCCCA TCTCC
B-tubulin R CCGGACATAACCATGGAAAC L05469 Dos Santos et
(tub2) al. (2015)

Statistical Analysis

Statistical analysis was carried out by one-way analysis of variance

(ANOVA) using a probability value of p < 0.05. Tukey’s test was utilized to

identify significant differences between the means of different treatments
(GraphPad Prism 5.0 Software).

Results

Anti-Trichomonas vaginalis Assay

Analysis of the data obtained from the screening of compounds reported

that the compound QTCA-2 reduced the parasite viability by 100% as compared

with the negative control (only trophozoites). The other two compounds, namely

QTCA 1 and 3 reduced the parasite viability by 60% and 80%, respectively

(Figure 2). As expected, negative controls, only trophozoites and DMSO
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exhibited positive motility and negative staining with trypan blue (0.4%),
whereas the positive control, MTZ, completely reduced the parasite viability.
The positive control depicted negative motility and stained blue in all the assays
performed after 24 h exposure. Since a 100% reduction in parasite viability was
observed with QTCA-2, it was selected to perform other tests. QTCA-2
demonstrated an optimal anti-T. vaginalis activity at a concentration of 80 uM,
which was confirmed by MIC and I1Cso of 50 uM, both at 24 h exposure (Figure
3).

Kinetic Growth Analysis

The analysis of kinetic growth curve of trophozoites treated with QTCA-2
displayed a reduction in the growth of trophozoites by 70% at a concentration of
80 uM after 12 h exposure. In addition, a complete reduction of proliferation of

parasite was observed at 24 h (Figure 4).

Cytotoxic Assay

The MTT assay showed that QTCA-2 have no cytotoxic activity when
exposed to CHO-K1 cell lines for 24 h. None of five doses tested were able to
decrease viability more than 30% and no statistic differences were observed
compared to negative, VC and positive controls (Figure 5). Metronidazole
(MTZ), reported a cell growth inhibition of 8.5%, which is similar to the
cytotoxicity observed for QTCA-2 compound. These results suggested that
QTCA-2 is no more cytotoxic than the commercially available drugs for

trichomoniasis.

Gene expression of T. vaginalis

The expression level of PFOR A, PFOR B, hydrogenase and malic
enzyme genes after treatment with 80 uM of QTCA-2 was evaluated by gRT-
PCR. No significant difference was observed in the expression of these genes

when compared to negative, positive and vehicle controls.
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Discussion

The quinolines and their derivatives represent an important class of
organic molecules, which constantly arouse interest in the areas of synthesis
and medicinal chemistry, are present in several natural substances, mainly
alkaloids derived from plants, but can also be compounds synthesized
laboratorily (Wilhelm et al. 2014).

In addition to the quinolines, the molecules of the azole class are also
compounds that arouse interest in medicinal chemistry. Triazoles are five
membered heterocycles containing three nitrogen atoms as substituents and
have six electrons in their structure. Like all azoles, they are exclusively
synthetic compounds, and there are no indications that they can be found in
nature (Melo et al. 2006). Synthetic molecules containing 1,2,3-triazole units
have already been described as having various biological activities, including
antituberculosis, antibacterial, anticancer and anti-Leishmania (Agalave et al.
2011; Wilhelm et al. 2014; Masood et al. 2017).

In this study we evaluated the in vitro anti-T. vaginalis activity of three
Quinolines-1,2,3-triazolylcarboxamides (QTCA) (Figure 1). We observed that
only QTCA-2 with extra radical fenil in the structure reduced the viability of
trophozoites to 100%. The low selective toxicity against T. vaginalis is attributed
to the fact that many quinolines compounds have an antioxidant activity and T.
vaginalis lacks an antioxidant defense. The exact mechanisms of action of
quinoline drugs should still be better elucidated specifically for each group of
derivatives, but it is believed that in the case of antimalarial activity this
mechanism is based on the inhibition of hemozoin biocrystallization, which
leads to the release of heme group, which is toxic to the parasite because of its
ability to generate reactive oxygen species (Muraleedharan and Avery 2007).

The same compounds evaluated in this studied were used in breast
cancer cells (MCF-7 and MDA-MB-231). Results showed significantly
decreased in a dose dependent manner after treatment with 7-chloroquinoline
derivatives QTCA-1, QTCA-2 and QTCA- 3. QTCA-1 displayed the highest
cytotoxic activity and apoptosis induction was also significantly higher in the
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hormonal-independent breast cancer cells (MDA-MB-231) (Begnini et al. 2017).
However, in our study the QTCA-1 do not present anti-T. vaginalis activity

A study evaluated in vitro activity against T. brucei, T. cruzi, and
Leishmania infantum of twenty one compounds derived from Tricyclic
heterofusioned quinolones. All the novel heterofused quinoline derivatives
featuring a protonatable aminomethylphenyl group at the B-ring, were more
potent against T. brucei than the standard drug and also demonstrated
leishmanicidal activity. Most of the compounds tested also showed to be active
against T. cruzi following the same profile found for T. brucei. The
pyranquinoline was selected as the compound with the best anti-protozoal
potential for the three parasites (Di Pietro et al. 2015).

The quinoline class composes a wide range of antimalarial agents,
which are widely employed, and inhibit the formation of B-hematin (malaria
pigment), which is lethal to the parasite. More specifically, the 4-aminoquinoline
derivatives represent potential sources of antimalarials, such as the example of
chloroquine, the most widely used antimalarial in the world. To evaluate
antimalarial activity, twelve drugs derived from 4-aminoquinoline were obtained
and some of these derivatives were used to obtain platinum (ll). These
compounds were tested in vivo in murine model and showed remarkable
inhibition of the parasite multiplication values, most of which ranged from 50 to
80%. In addition, they were not cytotoxic. Thus, they may be the subject of
further research for new antiparasitic agents (De Souza et al. 2011).

Resistance to nitroimidazoles have been observed in vitro—derived
isolates (Lumsden et al. 1988; Upcroft and Upcroft 2001). Anaerobic resistance
is associated with a decrease in PFOR and hydrogenase activity, thus resulting
in less activation of metronidazole (Kulda 1999; Conrad et al. 2013). In contrast,
aerobic resistance is thought to be due to impaired oxygen scavenging possibly
because of decreased oxidase activity (Leitsch 2016; Menezes et al. 2016).

Considering parasite resistance to nitroimidazoles, T. vaginalis has been
shown to have homologs of bacterial nitroreductase and nitroimidazole
reductases that are absent in most eukaryotes and are related to the reduced

susceptibility to MTZ in Helicobacter pylori and Bacteroides (Pal et al. 2009). It
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is still unclear whether these genes are associated with sensitivity to
nitroimidazole in the parasite, but it has been shown that these enzymes can
activate MTZ in the cytosol and in the hydrogenosome, opposing previous
reports of activation that occur exclusively by the hydrogenosome enzymes
such as pyruvate ferredoxin oxidase reductase and hydrogenase (Kulda 1999;
Menezes et al. 2016).

Here we investigated the gene expression of enzymes associated with
mechanism of action to MTZ (PFOR A, PFOR B, Malic enzyme D;
Hydrogenase; B-tubulin) in T. vaginalis 30236 cultured with QTCA-2.No
significant differences were observed in the mRNA levels of the enzymes by
resistance or susceptibility to metronidazole or QTCA-2. The lack of correlation
between gene expression and resistance or susceptibility may be the result of
differences in expression at the protein level or because the mechanism of
action of QTCA-2 is by other biochemical pathways or genes.

The negative regulation or even absence of flavin reductase and alcohol
dehydrogenase activity in strains of T. vaginalis with high levels of MTZ
resistance, as well as thioredoxin activity, has been shown to be the same in all
strains evaluated (Leitsch et al. 2009; Leitsch et al. 2010). In addition, the
clinical resistance to MTZ in T. vaginalis, also known as aerobic resistance, is
fundamentally different from the resistance to high level MTZ induced in the
laboratory, called anaerobic resistance(Conrad et al. 2013). Anaerobic
resistance is induced in the absence of oxygen and is a consequence of a loss
of the drug-activating enzymatic pathways that are responsible for the reduction
of the MTZ prodrug in toxic intermediates (Kulda 1999). On the other hand, the
aerobic resistance to MTZ seems to be related to high concentrations of
intracellular oxygen as a consequence of the decrease of the oxygen
elimination capacity that interferes with the activation of the nitroimidazoles
(Leitsch 2016; Menezes et al. 2016).

Therefore, new developmental testing methods for detection and
identification of molecular mechanisms of resistance in the parasite are urgent
(Conrad et al. 2013). The characterization of biochemical and molecular targets

of the parasite such as flavin reductase 1, pyruvate-ferredoxin oxidase
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reductase, ferredoxin and nitroreductase (Leitsch et al., 2014) is a potential
strategy for novel therapeutics.

Conclusions

The investigation of antiparasitic activities of quinolines compounds is still
in its early stages. The compound, QTCA-2 exhibited high antiparasitic activity
with little cytotoxicity at higher concentrations. The characterization of
biochemical and molecular targets of the parasite is a potential strategy for new
therapies. In addition, the development of adjuvant topical treatments, the
search for new classes of substances, originated from natural or synthetic
compounds or even derivatives of already commercialized drugs, have also
been driven by the need to expand the repertoire of trichomoniasis treatment.
More studies should be conducted to better identify the mechanism of action of
new drugs and the effectiveness of the quinolones compounds in the present
study offers new perspectives for exploring the potential of this class of

molecules as an additional option for the treatment of trichomoniasis.
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Figure legends

Figure 1: Chemical structure and yields isolated from the compounds of QTCA-
1, QTCA-2 and QTCA-3 synthesized through the cycloaddition enamide azide
between -ketoamides and 4-azido-7-chloroquinoline.

Figure 2: Antiparasitic activity of QTCA-1, QTCA-2 and QTCA-3 at 100 uM
concentration against Trichomonas vaginalis 30236 isolate by trypan blue assay
(0.4%) after 24 h of exposure. The trophozoite growth was completely inhibited
by QTCA-2 in 24 h of incubation. Vehicle for solubilization (DMSO 0.6%),
metronidazole 100 uM (MTZ), control (untreated trophozoites). Data represent
means xstandard deviation of at least three experiments in triplicate. Different
letters show a significant difference. For all p < 0.05.

Figure 3: Determination of MIC and ICso of Trichomonas vaginalis 30236 isolate
after treatment with QTCA-2 at 6,25, 12,5, 25, 50, 60, 70, 80, 90 and 100 yM
concentration and 24 h of exposure. The trophozoite growth was completely
inhibited by QTCA-2 in 24 h at 80 yM as MIC and 50 yM determining ICso.
Vehicle for solubilization (DMSO 0.6%), metronidazole 100 yM (MTZ), control
(untreated trophozoites). Data represent means +standard deviation of at least
three experiments in triplicate. Different letters show a significant difference. For
all p <0.05.

Figure 4: Kinetic growth curve of Trichomonas vaginalis 30236 isolate after
treatment with QTCA-2 at 80 uM and the period of 1, 6, 12, 24, 48, 72, and 96
h. The trophozoite growth was completely inhibited by QTCA-2 in 24 h of
incubation. Data represent means zxstandard deviation of at least three
experiments all in triplicate. Different letters show a significant difference. For all
p < 0.05.

Figure 5: Cytotoxicity effect of QTCA-2 in CHO-K1 cells. Cell proliferation in
CHO-K1 was investigated by MTT assay. Data are expressed as means +SEM
from three independent experiments. Different letters (a, b, ¢ and d) indicate
difference between treatments. The differences were considered significant at p
< 0.05.
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7. Conclusdes Gerais

Levando-se em consideracdo os resultados obtidos neste trabalho,

pode-se concluir que:

PTeDOX 01, OEP e QTCA-2 exibiram atividade anti- Trichomonas
vaginalis

PTeDOX 1, OEP e QTCA-2 exibiram eficacia em concentracdes que nao
foram toxicas para CHO-K1.

T. vaginalis exposto a QTCA-2 ndo promoveu uma diferenca significativa
na expressao génica (piruvato-ferredoxina oxidoredutase A e B; enzima
malica D; hidrogenase; B-tubulina) quando comparada ao controle e
MTZ.

A caracterizacdo de alvos bioguimicos e moleculares de Trichomonas
vaginalis € uma estratégia potencial para novas terapias.

A eficacia do PTeDOX 1, OEP e QTCA-2 determinados no presente
estudo oferece novas perspectivas para explorar o potencial destas
classes de moléculas como uma opc¢ao adicional para o tratamento de

diferentes doencas, como tricomoniase.
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The increased prevalence of metronidazole-resistant infections has resulted in a search for alternative
drugs for the treatment of trichomoniasis. In the present study, we report the preparation and in vitro
activity of three 1,3-dioxolanes that contain tellurium (PTeDOX 01, PTeDOX 02, and PTeDOX 03) against
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ATCC 30236 isolate of T. vaginalis. PTeDOX 01 reported a cytotoxic effect against 100% of T. vaginalis
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trophozoites indicated that PTeDOX 01 reduced the growth by 22% at a concentration of 90 wM after an
exposure of 12 h, and induced complete parasite death at 24 h. It induced cytotoxicity of 44% at 90 .M
concentration but and had no effect in lower concentrations in a culture of CHO-K1 cells. These results
confirmed that PTeDOX 01 is an important drug for the treatment of T. vaginalis, and should be evaluated
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in other infectious agents as well.
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1. Introduction

Trichomonas vaginalis is a protozoan infecting genitourinary
tract and causing the most common non-viral, sexually transmit-
ted disease (STD) in the world. According to World Health
Organization [1], an estimated 276 million cases of trichomoniasis
have been reported worldwide, most of them occurring in women.

The drugs of choice for treating trichomoniasis are derived from
5-nitroimidazoles, metronidazole, and tinidazole, all of which are
approved by Food and Drug Administration [2]. Metronidazole is a
prodrug, its 5-nitro group is reduced in the parasite by reductases
resulting in the production of cytotoxic nitro radical intermediates.
These radicals act by disrupting the DNA strands leading to the
death of the parasite [3]. Although the cure rates are significant,
treatment failures may be observed and are attributed mainly to
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http://dx.doi.org/10.1016/j.biopha.2017.01.173
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non-compliance with treatment or reinfection, but factors such as
poor drug absorption or insufficient bioavailability are also
reported [4].

However, the major cause of treatment failure is the develop-
ment of resistant isolates of T. vaginalis to the drugs in use [5]. In
this context, an intensive search for new molecules as potential
drugs with antiparasitic activity for the treatment of trichomonia-
sis is required. Here, we highlight the organic compounds
containing tellurium as possible drugs for the treatment of
trichomoniasis. Pharmacological uses of these organic compounds
have been studied including immunomodulatory properties and
therefore they may be utilized as antitumor, anti-inflammatory,
antiviral, and antiparasitic drugs [6,7]. Thus, the aim of this study
was to evaluate the in vitro anti-T. vaginalis activity of three 1,3-
dioxolanes that contain tellurium (PTeDOX).
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2. Materials and methods
2.1. Chemicals

The activity of 1,3-dioxolanes containing tellurium (PTeDOX)
diluted in dimethylsulfoxide (DMSO) was analyzed in T. vaginalis.
For this, we selected three compounds: PTeDOX 01, PTeDOX 02, and
PTeDOX 03 (Fig. 1).

The 1,3-dioxolanes containing tellurium (PTeDOX) were pre-
pared using a method previously described [8]. To a solution of
ditelluride 2 (0.3 mmol) in polyethylene glycol (PEG 400) (3 mL)
under N, atmosphere, NaBH, (0.023 g, 0.6 mmol) was added at
room temperature and stirred for 30min. Then, tosylate 1
(0.5mmol) was added, and the temperature was slowly raised
to 50°C. The progress of the reaction was followed by thin-layer
chromatography (TLC). After 5-6h, the reaction mixture was
washed with a solution of hexane/ethyl acetate in a ratio of 98:2
(3 x3mL). The upper organic phases were separated from PEG,
dried with magnesium sulfate (MgS04), and the solvent was
evaporated under reduced pressure. The product was isolated by
column chromatography using silica gel 60A (0.060-0.200 mm)
and hexane or hexane/ethyl acetate as an eluent. The correspond-
ing PTeDOX compounds were isolated in 70-90% yield (Fig. 1).

2.2. Parasite culture conditions

In this study, T. vaginalis 30236 isolate from American Type
Culture Collection (ATCC) was used. Trophozoites were axenically
cultured in trypticase-yeast extract-maltose (TYM) medium
without agar (pH 6.0), supplemented with 10% sterile bovine
serum (inactivated at 56 °C), and incubated at 37 °C [9]. The culture
with 95% viability, confirmed through observation of motility,
morphology, and trypan blue exclusion (0.4%) assay under the light
microscope at 400x magnification was considered alive and
utilized for the evaluation of activity of 1,3-dioxolanes.

2.3. Anti-Trichomonas vaginalis assay

Three compounds of 1,3-dioxolanes containing tellurium
(PTeDOX) were screened in vitro for activity against T. vaginalis
(PTeDOX 01, PTeDOX 02, and PTeDOX 03). All assays were
performed in 96-well microtiter plates. The parasites were seeded
at an initial density of 2.6 x 10° trophozoites/mL of TYM and
incubated with PTeDOX drugs. Three controls were carried out:
parasites only, vehicle for solubilization of the derivatives (0.6%
DMSO0), and MTZ 100 .M (as positive control, metronidazole —
Sigma-Aldrich). The microculture plates were incubated at 37°C
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with 5% CO, for 24h. After that, a preparation containing
trophozoites and trypan blue (0.4%) at a ratio of 1:1 was counted
in a Neubauer chamber and cultures with 95% viability were
utilized for assays.

For screening, PTeDOX 01, PTeDOX 02, and PTeDOX 03 were
used at a final concentration of 100 wM. Only the compound that
reduced the viability of parasites to 100% was used to determine
the minimum inhibitory concentration (MIC) by considering
different concentrations such as 40, 50, 60, 70, 80, 90, and
100 wM. The parasite pellets used to establish MIC and the
concentrations bellow and above as well as controls were
inoculated in fresh TYM medium at 37 °C. Parasites were counted
in a Neubauer chamber with trypan blue every 24h for 96 h to
confirm MIC. The viability of trophozoites was assessed by
exclusion of trypan blue dye, motility, and morphology. The ICsq
was determined (half the maximum inhibitory concentration) at
concentrations of 40, 50, 60, 70, 80, 90, and 100 M as described in
the MIC method.

A kinetic growth curve was constructed to obtain a more
comparable activity profile of PTeDOX compounds against T.
vaginalis. The viability of trophozoites was observed under the
light microscope at 96 h after incubation at respective MIC. Growth
analysis was performed at the following times: 1, 6, 12, 24, 48, 72,
and 96h by trypan blue (0.4%) exclusion method and by
determining the motility and morphology. All the assays were
performed independently at least three times in triplicate and the
results were expressed as the percentage of viable trophozoites in
comparison with untreated parasites.

2.4. Cytotoxicity assay

Chinese Hamster Ovary (CHO-K1) cells were obtained from the
Rio de Janeiro Cell Bank (PABCAM, Federal University of Rio de
Janeiro, R], Brazil) and cultured as a monolayer in Dulbecco’s
Modified Eagle’s Medium (DMEM) (Vitrocell Embriolife), supple-
mented with 10% fetal bovine serum (FBS) (Vitrocell Embriolife),
1% L-glutamine, and 1% penicillin/streptomycin. The cells were
grown at 37 °C in an atmosphere of 95% humidified air and 5% CO-.

The proliferation of the CHO-K1 cell line after treatment with
drugs was determined by measuring the reduction of soluble
3-(4,5-dimethythiazol- 2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) to water-insoluble formazan. Cells were seeded at a density
of 2 x 10* cells per well in a volume of 100 p.L in 96-well plates and
grown at 37 °C in 5% CO, atmosphere for 24 h before using them in
the cell viability assay. The cells were then treated with PTeDOX 01
at concentrations of 6.25, 12.5, 45, 90, and 180 wM for 24 h. DMSO
(vehicle alone) and 100 wM of metronidazole were used as

PEG-400, NaBH,,
50 °C. N,

T,

o

L

PTeDOX 1 PTeDOX 2 PTeDOg< 3 cl
6h, 80% 5h, 70% 6h, 78%

Fig. 1. (a) General scheme for the synthesis of PTeDOX; (b) Chemical structure of synthesized PTeDOX. Reactions are performed in the presence of tosylate 1 (0.5 mmol),

ditelluride 2 (0.3 mmol) and NaBH4 (0.6 mmol) at 50 °C under N2 atmosphere.
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negative and positive controls, respectively. Following incubation,
20 L of MTT (Sigma-Aldrich) was added to each well, and the cells
were incubated for an additional 3 h at 37 °C. The differences in the
total cellular metabolism were detected at a wavelength of 492 nm
using a microplate reader. The inhibition (%) of cell proliferation
was determined as follows: inhibitory growth=(1 — Abs49> treated
cells/AbS492 control cens) X 100%. The CCsq was calculated using
GraphPad Prism 5.0 Software. All observations were validated by at
least three independent experiments in triplicate.

2.5. Statistical analysis

Statistical analysis was carried out by one-way analysis of
variance (ANOVA) using a probability value of p < 0.05. Tukey’s test
was utilized to identify significant differences between the means
of different treatments (GraphPad Prism 5.0 Software).

3. Results
3.1. Anti-Trichomonas vaginalis assay

Analysis of the data obtained from the screening of compounds
reported that the compound PTeDOX 01 reduced the parasite
viability by 100% as compared with the negative control (only
trophozoites). The other two compounds, namely PTeDOX 02 and
03 reduced the parasite viability by 73% and 97%, respectively
(Fig. 2). As expected, negative controls, only trophozoites and
DMSO exhibited positive motility and negative staining with
trypan blue (0.4%), whereas the positive control, MTZ, completely
reduced the parasite viability. The positive control depicted
negative motility and stained blue in all the assays performed
after 24 h exposure. Since a 100% reduction in parasite viability was
observed with PTeDOX 01, it was selected to perform other tests.
PTeDOX 01 demonstrated an optimal anti-T. vaginalis activity at a
concentration of 90 M, which was confirmed by MIC and ICsq of
60 wM, both at 24 h exposure (Fig. 3).

3.2. Kinetic growth analysis

The analysis of kinetic growth curve of trophozoites treated
with PTeDOX 01 displayed a reduction in the growth of
trophozoites by 22% at a concentration of 90 uM after 12h
exposure. In addition, a complete reduction of proliferation of
parasite was observed at 24 h (Fig. 4).
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Fig. 2. Antiparasitic activity of PTeDox 01, PTeDox 02 and PTeDox 03 at 100 uM
concentration against Trichomonas vaginalis 30236 isolate by trypan blue assay
(0.4%) after 24 h of exposure. The trophozoite growth was completely inhibited by
PTeDox 01 in 24h of incubation. Vehicle for solubilization (DMSO 0.6%),
metronidazole 100 wM (MTZ), control (untreated trophozoites). Data represent
means + standard deviation of at least three experiments in triplicate. Different
letters show a significant difference. For all p < 0.05.
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Fig. 3. Determination of MIC and ICsq of Trichomonas vaginalis 30236 isolate after
treatment with PTeDox 01 at 40, 50, 60, 70, 80, 90 and 100 M concentration and
24 h of exposure. The trophozoite growth was completely inhibited by PTeDox 01 in
24hat 90 pM as MIC and 60 wM determining ICs. Vehicle for solubilization (DMSO
0.6%), metronidazole 100 WM (MTZ), control (untreated trophozoites). Data
represent means + standard deviation of at least three experiments in triplicate.
Different letters show a significant difference. For all p < 0.05.
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Fig. 4. Kinetic growth curve of Trichomonas vaginalis 30236 isolate after treatment
with PTeDox 01 at 90 wM and the period of 1, 6, 12, 24, 48, 72, and 96 h. The
trophozoite growth was completely inhibited by PTeDox 01 in 24 h of incubation.
Data represent means = standard deviation of at least three experiments all in
triplicate. Different letters show a significant difference. For all p < 0.05.
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Fig.5. Cytotoxicity effect of PTeDox 01 in CHO-K1 cells. Cell proliferation in CHO-K1
was investigated by MTT assay. Data are expressed as means +SEM from three
independent experiments. Different letters (a, b, ¢ and d) indicate difference
between treatments. The differences were considered significant at P < 0.05.

3.3. Cytotoxic assay
The MTT assay conducted showed that PTeDOX 01 decreased

the cell viability in a time and dose-dependent manner. However, a
significant cell growth inhibition was observed in CHO-K1 cells
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after treatment with high doses (180 wM) of PTeDOX 01, which
inhibited more than 50% of growth. The CCsq value of PTeDOX 01 in
CHO-K1 cells at 24 h was 99.12 uM (Fig. 5). Metronidazole (MTZ),
reported a cell growth inhibition of 8.5%, which is similar to the
cytotoxicity observed for PTeDOX 01 at 6.25, 12.5, and 45 M.
These results suggested that PTeDOX 01 is no more cytotoxic than
the commercially available drugs for trichomoniasis.

4. Discussion

The element, tellurium (Te) belongs to the group of chalcogens,
which also includes the elements oxygen, sulfur, selenium, and
polonium. Tellurium compounds possess several biological prop-
erties such as antimicrobial, anthelmintic, antiprotozoal, antioxi-
dant, immunomodulatory, and antitumor [7,10-15].

Herein, we evaluated the in vitro anti-T. vaginalis activity of
three compounds: 1,3-dioxolanes containing tellurium (PTeDOX)
(Fig. 1). We observed that only PTeDOX 01 with no extra radical in
the structure reduced the viability of trophozoites to 100%. The
selective toxicity against T. vaginalis is attributed to the fact that
many tellurium agents are redox-active leading to a significant
level of oxidative stress (OS) and T. vaginalis lacks an antioxidant
defense. The organotellurium PTeDOX 01 showed antioxidant
activity and was more effective in inhibition of induced lipid
peroxidation. The authors suggest that PTeDOX 01 is a promising
antioxidant and that its activity is influenced by the presence of the
tellurium atom on the structure [8].

Studies demonstrated the leishmanicidal effects of an organo-
tellurane (RF07). The drug RFO7 exhibited a significant leishma-
nicidal activity against the intracellular parasite and with a ten-
fold less toxicity to macrophages [6]. Also, researchers reported the
antimalarial activities of three organotellurane derivatives (RF05,
RF07, and RF19) against two Plasmodium falciparum strains which
demonstrated a significant decrease in parasitemia in vitro. None of
the compounds tested caused hemolysis or a significant decrease
in endothelial cell viability at the concentration used for inhibition
assay suggesting that organic tellurium compounds may prove to
be promising for the development of antimalarial drugs [7].

The cytotoxicity of the organotelluranes was tested against
CHO-K1 cells. It is speculated that the toxicity of tellurium is a
consequence of its strong oxidizing properties that lead to the
formation of deleterious reactive oxygen species [16]. The
chemical and biochemical events surrounding such tellurium
compounds and their cytotoxicity are complex and considerably
more intricate than originally presumed. Based on recent studies, it
is possible that the tellurium-containing compounds in question
regulate the activity of specific apoptosis-inducing proteins in
cancer cells, and also trigger an antioxidant response in normal
cells. Despite the observation of cytotoxic activity of tellurium
based organic compounds in this study, it is speculated that if
utilized properly, these compounds may selectively act against
certain microorganisms [13].

In the case of trichomoniasis, topical application is preferable
due to two reasons. Firstly, the organic tellurium compounds are
relatively less soluble in water and secondly the topical application
allows a higher concentration of drug to reach the vaginal
epithelium at lower treatment doses [17]. Altogether, organo-
telluranes are presumed to be a promising candidate for the topical
treatment of trichomoniasis.

5. Conclusions

The investigation of antiparasitic activities of tellurium com-
pounds is still in its early stages. The compound, PTeDOX 01
exhibited a high antiparasitic activity with little cytotoxicity at
higher concentrations. Since topical application is preferable for
the treatment of trichomoniasis, these compounds may prove to be
effective at lower concentrations. The effectiveness of the organo-
telluranes determined in the present study offers new perspectives
for exploring the potential of this class of molecules as an
additional option for the treatment of trichomoniasis.
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Abstract

Most studies of Brazilian red propolis have explored the composition and biological prop-
erties of its ethanolic extracts. In this work, we chemically extracted and characterized the
essential oil of Brazilian red propolis (EOP) and assessed its adjuvant, antiparasitic and
cytotoxic activities. The chemical composition of EOP was analyzed using gas chroma-
tography with mass spectrometry (GC-MS). EOP was tested for in vitro activity against
Trichomonas vaginalis (ATCC 30236 isolate); trophozoites were treated with different
concentrations of EOP (ranging from 25 to 500 pug/mL) in order to establish the MIC and
IC50 values. A cytotoxicity assay was performed in CHO-K1 cells submitted to different
EOP concentrations. BALB/c mice were used to test the adjuvant effect of EOP. The ani-
mals were divided in 3 groups and inoculated as follows: 0.4 ng/kg BW EOP (G1); 50 ug of
rCP40 protein (G2); or a combination of 0.4 ng’kg BW EOP and 50 ug of rCP40 (G3).
Total IgG, 19G1 and IgG2a levels were assessed by ELISA. The major constituent com-
pounds of EOP were methyl eugenol (13.1%), (E)-B-farnesene (2.50%), and d-amor-
phene (2.3%). Exposure to EOP inhibited the growth of T. vaginalis, with an 1Csq value of
100 pug/mL of EOP. An EOP concentration of 500 ug/mL was able to kill 100% of the T.
vaginalis trophozoites. The EOP kinetic growth curve showed a 36% decrease in tropho-
zoite growth after a 12 h exposure to 500 ug/mL of EOP, while complete parasite death
was induced at 24 h. With regard to CHO-K1 cells, the CCso was 266 pg/mL, and 92%
cytotoxicity was observed after exposure to 500 ug/mL of EOP. Otherwise, a concentra-
tion of 200 ug/mL of EOP was able to reduce parasite proliferation by 70% and was not
cytotoxic to CHO-K1 cells. As an adjuvant, a synergistic effect was observed when EOP
was combined with the rCP40 protein (G3) in comparison to the administration of each
component alone (G1 and G2), resulting in higher concentrations of IgG, IgG1 and IgG2a.
EOP is constituted by biologically active components with promising antiparasitic and
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immunostimulatory activities and can be investigated for the formulation of new vaccines
or trichomonacidal drugs.

Introduction

Currently, the Brazilian propolis is classified in 13 different types, according to its physical-
chemical properties, botanical origin and geographic area where propolis can be collected. Ini-
tially, Park et al. [1] classified propolis samples from different Brazilian regions in 12 groups.
Afterwards, a 13" type of propolis with peculiar chemical composition was found in hives
located alongside the coast and mangroves in the Brazilian northeast and was called Brazilian
red propolis (BRP) [2]. In the last decade, the chemical composition of BRP has been revealed
and related to its bioactivities. The main chemical components found in BRP are classified as
isoflavones, flavones, flavonols, aurones, chalcones, pterocarpans and xanthones groups [3-6].
The botanical origin of BRP was identified as resinous exudates of Dalbergia ecastophyllum [7],
however, likely a second plant species participates as one of the main sources of resins for BRP
[5].

Due to the variety of chemical compounds of BRP incorporated within the resin mixture,
especially phenolic compounds, many biological activities have been reported like antioxidant
[2,8], antibacterial [9,10], fungicide [11], antiparasitic [10,12], antineoplasic [13,14], anti-caries
[15], cytotoxic [2,10], anti-inflamatory [16,17], antinociceptive [18] and was also beneficial to
the wound healing process [19].

Several experiments and clinical investigations have shown the antiparasitic and adjuvant
properties of the hydroalcoholic extract of propolis (HEP). HEP of different types of propolis
showed antiparasitary efficacy against Giardia lamblia [20,21], Toxoplasma gondii and Tricho-
monas vaginalis [22]. It is important to highlight that T. vaginalis is the etiological agent of
trichomoniasis, the most common non-viral, sexually transmitted disease (STD) in the world
[23]. In addition, metronidazole-resistant T. vaginalis has been implicated in an increasing
number of refractory cases, which are usually treated with increased doses of the drug, leading
to an increase in the occurrence of side effects [24]. Clearly, alternative curative therapies are
needed, and propolis emerges as a natural product for alternative drugs.

Moreover, HEP has been used to formulate veterinary vaccines against bacterial or viral dis-
eases, once some phenolic compounds has presented immunomodulatory activity [25-27]. As
adjuvant, propolis confers to the vaccinal formulation desirable properties, such as reduced
viscosity, good stability, low reactogenicity, low toxicity, and is able to induce a robust humoral
and cellular response [26].

As aforementioned, most of the previous studies describing the biological activities of BRP
uses ethanol as the extraction solvent, and the extraction method influences directly the yield
and selectivity for some compounds [10,28]. Volatile compounds like those found in essential
oils are in low concentrations in propolis, but play an important role by contributing to propo-
lis pleasant aroma and its biological activities. Researchers have applied various methods to
obtain propolis volatiles such as distilllation-extraction or hydrodistillation [29].

On the other hand, studies focusing on essential oils of propolis volatiles are relatively
scarce, most of them dealing with antimicrobial properties against fungus, Gram-positive and
Gram-negative bacteria [29]. Volatiles of propolis from stingless bees were able to stimulate
the immune system of elderly patients by increasing their natural killer cell activity [30]. Essen-
tial oils of Chinese propolis inhibited the proliferation of human colorectal cancer cells by
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inducing cell cycle arrest and apoptosis [31]. However, to the best of our knowledge, there are
no studies describing the chemical composition or the biological activities of the essential oil
derived from the Brazilian red propolis (EOP). Herein, the chemical composition of the EOP
is showed. Still, in vitro trichomonacidal and cytotoxic activities, and the adjuvant action of
EOP in a recombinant vaccine are assessed.

Materials and methods
Red propolis sample collection and essential oil preparation

Red propolis was collected from the municipality of Brejo Grande, located in the state of Ser-
gipe, in northeastern Brazil (S 10°28°25” and W 36°26’12”). Samples were collected in Septem-
ber 2011 and were maintained frozen at —20 °C until use. For the preparation of the essential
oil, conventional hydrodistillation was carried out using a Clevenger-type apparatus. Briefly,
380 g of BRP was transferred to a volumetric flask, and 2 L of distilled water was added. A
heating mantle was placed onto the Clevenger apparatus. The essential oil was extracted after
boiling the mixture for a time period of one hour. The essential oil obtained was collected in
amber vials and stored at 4 °C until use. The total yield obtained was approximately 0.25%.
Gas chromatography-mass spectrometry (GC-MS). Chemical composition analysis
was performed using a gas chromatograph coupled with a mass-selective detector (Hewlett
Packard 6890/MSD5973, Palo Alto, USA) equipped with the HP ChemStation software
and the Wiley 275 library. A capillary column composed of HP-INNOWax fused silica (30
m X 250 pm) of 0.50 um film thickness (Hewlett-Packard, Palo Alto, USA) was used for the
study. The temperature program used was as follows: the column temperature started at 40 °C
(held for 8 min) and was increased to 180 °C at 3 °C/min and then to 230 °C (held for 20 min)
at 20 *C/min; the injector was at a temperature of 250 °C and the interface at 280 °C. The split
ratio was 1:100, helium was the carrier gas (56 kPa), the flow rate was 1 mL/min, the jonization
energy was 70 eV, and the injected volume was 0.4 mL.

Anti-Trichomonas vaginalis activity assay

The T. vaginalis 30236 isolate used for evaluating antiparasitic activity in this study was
obtained from the American Type Culture Collection (ATCC). Trophozoites were axenically
cultured in trypticase-yeast extract-maltose (TYM) medium (without agar; pH = 6.0) supple-
mented with 10% sterile bovine serum (inactivated at 56 °C) and incubated at 37 °C [32].
Cultures with 95% viability, as confirmed through observation of motility, morphology, and
trypan-blue exclusion (0.4%) assay under the light microscope at 400X magnification, were
considered as alive and were used for evaluating the activity of EOP.

All assays were performed in 96-well microtiter plates (Cral™). Parasites were seeded at an
initial density of 2.6 x 10° trophozoites/mL of TYM and incubated in the presence of EOP.
Three experimental controls were also performed: parasites only, the vehicle used for solubili-
zation of EOP (0.6% DMSO) and 100 uM MTZ (metronidazole; Sigma-Aldrich) (as a positive
control). The microculture plates were incubated at 37 °C with 5% CO, for 24 h. Subsequent
to the incubation, a preparation containing trophozoites and trypan blue (0.4%) in a 1:1 ratio
was prepared and counted in a Neubauer chamber. Cultures with 95% viability were utilized
for the assay.

To determine the minimum inhibitory concentration (MIC), different concentrations of
EOP (25, 50, 100, 200, 300, 400, and 500 pg/mL) were tested as described by Hiibner et al. [33],
with some modification. Parasite pellets were used to establish the MIC as well as concentra-
tions below and above the MIC value. Samples used as controls were inoculated in fresh TYM
medium at 37 °C. Parasites were counted in a Neubauer chamber with trypan blue every 24 h

PLOS ONE | https://doi.org/10.1371/journal.pone.0191797 February 1, 2018 3/16


https://doi.org/10.1371/journal.pone.0191797

@° PLOS | ONE

Chemical composition and biological properties of the essential oil from Brazilian red propolis

for 96 h to confirm MIC. The viability of trophozoites was assessed by the exclusion of the try-
pan blue dye as well as by motility and morphology. The ICs, (half the maximum inhibitory
concentration) values were determined at the same concentrations used for the MIC test.

A kinetic growth curve was constructed in order to obtain a more comparable activity pro-
file of EOP activity against T. vaginalis. The viability of trophozoites was observed under a
light microscope 96 h after incubation with EOP at the required MIC. Growth analysis was
performed at 1, 6, 12, 24, 48, 72, and 96 h by the trypan blue (0.4%) exclusion method and by
the evaluation of motility and morphology. All assays were performed independently at least
three times in triplicate, and the results were expressed as the percentage of viable trophozoites
compared to untreated parasites.

For the Anti-Trichomonas vaginalis activity assay, statistical analysis was conducted using
one-way analysis of variance (ANOVA), and a probability value of p < 0.05 was considered
significant. Tukey’s test was utilized to identify significant differences between the means of
different treatments. GraphPad Prism version 5.0 for Windows (GraphPad Software, USA)
was used for statistical analysis.

Cytotoxicity assay. Chinese hamster ovary (CHO-K1) cells were obtained from the Rio
de Janeiro Cell Bank (PABCAM, Federal University of Rio de Janeiro, R], Brazil) and cultured
as a monolayer in Dulbecco’s Modified Eagle’s Medium (DMEM) (Vitrocell Embriolife) sup-
plemented with 10% fetal bovine serum (FBS) (Vitrocell Embriolife), 1% L-glutamine, and 1%
penicillin/streptomycin. The cells were grown at 37 °C in an atmosphere of 95% humidified
air and 5% CO.,.

The post-treatment proliferation of the CHO-K1 cell line was determined by measuring the
reduction of soluble 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT,
Sigma-Aldrich) to water-insoluble formazan. Cells were seeded in 96-well plates at a density of
2 x 10* cells per well in 100 pL volumes and grown at 37 °C in a 5% CO, atmosphere for 24 h
before they were used in the cell viability assay. The cells were then treated with 31.25, 62.5,
125, 250 and 500 ug of EOP for 24 h. DMSO was used as vehicle control (VC), untreated cells
were used as a negative control and 100 pM of metronidazole (MTZ) was used as a positive
control. Following the incubation, 20 L of MTT (Sigma-Aldrich) was added to each well and
the cells were incubated for an additional period of 3 h at 37 °C. Differences in the total cellular
metabolism were detected at a wavelength of 492 nm by using a microplate reader. The inhibi-
tion (%) of cell proliferation was determined as follows: inhibitory growth = (1 — Abs,g, treated
cells / Abs,g, control cells) x 100%. The ICso was calculated using GraphPad Prism version 5.0
for Windows (GraphPad Software, USA). All observations were validated by at least three
independent experiments in triplicate.

Adjuvant assay

Experimental animals. Six- to eight-week-old female BALB/c mice were obtained from
the Central Animal Facility of the Federal University of Pelotas, where the immunization assays
were also conducted. All mice were kept in cages containing wood shavings and bedding and
had free access to water and a maintenance diet ad libitum. A 12-h light/dark cycle at room tem-
perature (21 £ 2 °C) was also maintained. All experiments were performed in compliance with
the procedures of the Brazilian College of Animal Experimentation (COBEA). The Ethics Com-
mission on Animal Experimentation (CEEA) of Pelotas Federal University (UFPel) approved
the project (number 2422). All efforts were made to minimize animal suffering.

Antigen expression and purification. The recombinant endoglycosidase CP40 (rCP40),
derived from C. pseudotuberculosis, was used as an antigen for the adjuvant assay. The pAE/cp40
recombinant plasmid previously constructed by our group [34] was transformed into the
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Escherichia coli BL21 (DE3) Star strain by the heat shock method. The induction of expression
was performed by adding 1 mM of IPTG followed by incubation at 37 °C for 3 h with constant
agitation. Western blotting using a monoclonal anti-6x-His-tag antibody conjugated to peroxi-
dase (Sigma-Aldrich) was used to confirm rCP40 expression. A sepharose-nickel column, His-
TrapTM (GE Healthcare), was used for purification of the recombinant protein. Purity was
determined by 12% SDS-PAGE, and the concentration was measured using a BCA kit (PIERCE).

Immunization assay and blood sample collection. For the immunization assay, the mice
were divided into the following three groups of six animals each: (a) G1: a negative control
group immunized with 0,4 ng/kg BW EOP; (b) G2: inoculated with only 50 pg of rCP40 pro-
tein; and (c) G3: the test group inoculated with 0,4 ng/kg BW EOP plus 50 ug of rCP40. All
doses were prepared in a final volume of 200 pL using sterile saline solution (0.9% NaCl) as a
vehicle and administered via the intramuscular route. The animals were immunized with two
doses administered 21 days apart. Animals were bled at days 0, 21, and 42 post-immunization
to determine the antibody levels. Blood was collected from the retro-orbital sinus with Pasteur
pipettes. All blood collections were performed under anesthesia with 10% ketamine (1 mL/kg)
and 2% xylazine (0.1 mg/kg) (Agener Unido Saude Animal, Brazil). After coagulation, the
blood was centrifuged at 1,500 g for 15 min. The serum was removed and stored at =20 °C.

Assessment of antibody production. Serum samples from the immunized mice were
used in immunoassays (indirect ELISA) for the quantification of total IgG, IgG1 and IgG2a
anti-rCP40 antibodies. Polystyrene 96-well plates (Maxisorp-Nunc) were coated with 100 pL
of a bicarbonate-carbonate buffer (pH 9.8) containing 0.1 ug/well of rCP40 protein. Plates
were incubated for 18 h at 4 °C and washed 3 times with PBS-T (PBS 1X, pH 7.4, 0.1% Tween
20). The plates were then incubated with 200 pL/well of 5% skim milk in PBS for 2h at 37 °C,
for blocking purposes. A three-step wash was then performed. All serum samples obtained
from mice were diluted in PBS (v/v 1:50), and 100 pL of each diluted sample was added to the
plates in duplicate. Plates were incubated for 1 h at 37 °C. After washing three times with
PBS-T, 100 pL/well of anti-mouse IgG conjugated to horseradish peroxidase (Sigma-Aldrich)
was added (1: 5,000 in PBS-T) to the plates in order to detect total IgG prior to the revelation
step. In plates designated for the detection of IgG1 and IgG2a, 100 pL/well of either goat anti-
mouse IgG1 (1: 5,000 in PBS-T) or goat anti-mouse IgG2a (1: 2,000 in PBS-T) was added. The
plates were incubated at 37 °C for 1 h and then washed three times with PBS-T, subsequent to
which 100 puL/well of anti-goat IgG conjugated to horseradish peroxidase (Sigma-Aldrich) was
added (1: 5,000 in PBS-T). The plates were re-incubated for 1 h at 37 °C and then washed five
times with PBS-T. The reaction was developed by the addition of 100 pL/well of the substrate-
chromogen solution [o-phenylenediamine dihydrochloride; OPD tablets (Sigma-Aldrich) in
0.4 mg/mL phosphate-citrate buffer containing 0.04% of 30% hydrogen peroxide, pH = 5.0]
and incubation at room temperature in the dark for 15 min, and it was stopped by the addition
of 50 uL/well of H,SO, solution (4N). Optical density (OD) was determined using a microti-
ter-plate reader (Microplate Reader Mindray MR-96A) set at 492 nm.

Data were analyzed using the software GraphPad Prism version 5.0 for Windows (Graph-
Pad Software, USA). Differences in IgG levels between the groups were analyzed using one-
way ANOVA followed by Tukey’s test for multiple comparisons. The results were considered
statistically significant if p-value <0.05.

Results
EOP chemical components

GC-MS analysis of the red propolis extract enabled the identification of certain compounds
present in the essential oil. A list of these constituents is presented in Table 1. GC-MS is a

PLOS ONE | https://doi.org/10.1371/journal.pone.0191797 February 1, 2018 5/16


https://doi.org/10.1371/journal.pone.0191797

@° PLOS | ONE

Chemical composition and biological properties of the essential oil from Brazilian red propolis

Table 1. Volatile compounds identified by gas chromatography followed by mass spectrometry (GC-MS) of the
Brazilian red propolis essential oil.

Compound Area (%) LRI obtained LRI reference
o-Pinene 0.2 908 907 [37]
o-Cubebene 1.9 1351 1351[37,38]
(-)-Cyperene 0.2 1401 1400 [39]
Methyl eugenol 13.1 1407 1408 [40]
o-Gurjunene 0.5 1412 1412 [41]
B-Caryophyllene 1.5 1422 1422 [42]
trans-o.-Bergamotene 0.6 1438 1438 [43]
(E)-B-Farnesene 2.5 1459 1459 [37]
y-Muurolene 0.2 1479 1479 [44]
o-Curcumene 0.1 1485 1484 [45]
Selinene 0.7 1490 1490 [46]
B-Bisabolene 0.9 1506 1506 [47]
8-Amorphene 2.3 1514 1514 [48]

https://doi.org/10.1371/journal.pone.0191797.t001

reliable method, indispensable in several areas where the analysis of complex mixtures and
unambiguous identification is required, and since volatile compounds are well identified with
GC-MS, this method is suitable for analysis of essential oils [35,36]. Using GC-MS, our study
was able to highlight methyl eugenol (13.1%), (E)-B-farnesene (2.5%), 3-amorphene (2.3%), o.-
cubebene (1.9%), and B-caryophyllene (1.5%) as the major components of the extract.

Anti-Trichomonas vaginalis activity assay

Analysis of the EOP MIC data revealed that at a 500 pig/mL concentration, 100% death of tro-
phozoites was observed. After 24 h of exposure, EOP demonstrated optimal anti-T. vaginalis
activity at a concentration of 500 pg/mL with an ICs value of 100 ug/mL (Fig 1). The negative
control and DMSO control showed positive motility and did not stain with Trypan blue
(0.4%), whereas the positive control stained blue and exhibited negative motility at the 24 h
time point in all assays performed. When the kinetic growth curve was analyzed, it was

E3 Contrd
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Fig 1. Trichomonas vaginalis 30236 isolate; MIC and ICs, after 24-hour-treatments with EOP at 25, 50, 100, 200,
300, 400, 500 pg/mL. Data represent mean + standard deviation of at least three experiments, all in triplicate. Different
letters indicate a significant difference (p < 0.05).

https://doi.org/10.1371/journal.pone.0191797.9001
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Fig 2. Kinetic growth curve of the Trichomonas vaginalis 30236 isolate after exposure to EOP at 500 ug/mL for 1
h,6h,12h,24h,48h,72 h and 96 h. Data represent mean + standard deviation of at least three experiments, all in
triplicate. Different letters indicate a significant difference (p < 0.05).

https://doi.org/10.1371/journal.pone.0191797.9002

observed that the exposure to 500 pg/mL of EOP reduced the growth of trophozoites by 36% at
12 h and induced complete parasite death at 24 h (Fig 2).

Cytotoxicity assay

EOP treatment also inhibited proliferation of the CHO-K1 cell line; however, this cytotoxicity
was only significant at 500 ug/mL. No significant cytotoxicity was observed up to 250 pg/mL
in growth inhibition of CHO-K1 cells after 24 h of treatment (Fig 3). The in vitro cytotoxicity
activity of EOP showed ICs, values of 266 and 100 pg/mL in CHO-K1 cells and trophozoites,
respectively, which may indicate selectivity of the EOP treatment at concentrations up to

250 pg/mL. The results enumerated above demonstrate that EOP is an important resource for
future drug development, and its therapeutic potential against various infectious entities mer-
its further study and analysis.

Adjuvant assay

Fig 4 illustrates the results obtained from the ELISA assay designed for analyzing the produc-
tion of anti-rCP40 total IgG, IgG1, and IgG2a antibodies. The results demonstrate that animals
from group G1 were unable to induce production of IgG and its isotypes. In group G2,
increased total IgG, IgG1, and IgG2a levels were detected on day 42, subsequent to the admin-
istration of two doses of rCP40. Additionally, it was observed that the association of EOP with
rCP40 (G3) leads to the induction of higher levels of IgG and its isotypes. When compared
with groups G1 and G2, group G3 was observed to present a significantly higher increase

(p < 0.05) in total IgG total as well as isotypes IgG1 and IgG2a at days 21 and 42 after the first
immunization (Fig 4A, 4B and 4C); this is demonstrative of the adjuvant effect of EOP. The
day-42 values clearly demonstrate that the association of EOP with rCP40 was able to increase
the levels of total IgG, IgG1 and IgG2a by approximately 7.4, 4.4 and 10.8 fold, respectively,

in comparison to the administration of rCP40 alone. Moreover, group G3 shows more pro-
nounced IgG2a production compared to the production of IgG1 at day 42.
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Fig 3. CHO-K1 cell viability after treatment with different concentrations of EOP. Cell proliferation in CHO-K1
was investigated by the MTT assay, and metronidazole was used as a positive control. Data are expressed as the
mean = SEM of the viabilities of CHO-K1 cells in three independent experiments. (*) indicates a difference between
the treatments in CHO-KI1 cells. The differences were considered significant at p < 0.05. VC = vehicle control;
MTZ = metronidazole.

https://doi.org/10.1371/journal.pone.0191797.9003

Discussion

Although some Brazilian propolis essential oils, mainly those derived from green propolis,
have been characterized previously [36,49,50], this is the first study to undertake the char-
acterization of BRP essential oil. Only the ethanolic and methanolic extracts of BRP have
been tested being isoflavones the main isolated compounds [18,51,52]. Thus, we hypothe-
sized that the essential oil (EO) of BRP could provide some volatile compounds with impor-
tant biological properties, which are probably lost or eliminated in the other extraction
methods. In fact, methyl eugenol, a phenylpropene, was the major volatile component iso-
lated from EOP and most of the other isolates were classified as sesquiterpenes. Along
similar lines, it is known that the Brazilian green propolis also has a predominance of ses-
quiterpenes. Nerolidol, B-caryophyllene, spathulenol, and §-cadinene have been identified
as other major volatile components of green propolis [29]. Studies have revealed that EO
constituents make up a diverse family of low-molecular-weight organic compounds with
extreme variations in biological activity. Based on their chemical structure, the active com-
pounds of EOs can be divided into four major groups: terpenes, terpenoids, phenylpro-
penes, and “others” [53].

Some of the volatile compounds present in EOP have already been credited with having
antiparasitic activity. These chemical entities include B-caryophyllene, a-pinene, o-bergamo-
tene, and (E)-B-farnesene [54,55]. Additionally, methyl eugenol isolated from the essential oil
extracted from the plant Agastache rugosa showed significant nematicidal activity against
Meloidogyne incognita [56]. Methyl eugenol is a specific constituent of Brazilian red propolis,
among another types of propolis, which was revealed for the first time in 2008 [57]. Therefore,
in this work, we hypothesized that methyl eugenol, a phenylpropene with the major concentra-
tion in EOP and the sesquiterpenes may be responsible for the antiparasitic activity against
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Fig 4. Anti-rCP40 total IgG (4A), IgG1 (4B) and IgG2a (4C) levels in immunized mice treated with EOP and
recombinant endoglycosidase CP40 from C. pseudotuberculosis (rCP40), either separately or together.
Measurements were taken on day 0 and then 21 and 42 days post-immunization. Data represent means + standard
deviations of IgG levels in the sera collected from 6 animals/group. Different letters in the same experimental day
indicate a significant difference (p < 0.05).

https://doi.org/10.1371/journal.pone.0191797.g004

T. vaginalis exhibited here. However, further studies should be performed with the isolated
constituents of EOP to identify the specific antiparasitic agents.

In spite of the anti-T. vaginalis activity, a higher cytotoxicity level was observed at the EOP
concentration that presented 0% viability of trophozoites after 24 h of exposure (500 ug/mL)
compared to a lower concentration (200 pg/mL), which was not toxic for CHO-K1 cells but
reduced parasite proliferation by 70%. Therefore, it is hypothesized that cytotoxicity could be a
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limiting factor for the parenteral use of EOP, but its use in topical forms for the treatment of
trichomoniasis, through topical vaginal application, appears to be an interesting alternative. It
is well known that topical application allows for the delivery of higher drug concentrations to
the vaginal epithelium at lower treatment doses [58].

A previous study has evaluated the effects of compounds with guaiacyl and syringyl struc-
tures (as degradation products of lignin) and natural aromatic acids and their aldehydes on T.
vaginalis and found that the tested compounds exhibited antiparasitic activity with MIC values
ranging from 10 to 200 pg/mL. Isoeugenol, a phenylpropene generated by a propenyl-substi-
tuted guaiacol, was the most potent effector against T. vaginalis with a MIC value of 10 ug/mL
[59], which is much lower than MIC found here for EOP. Since EOP is a complex mixture
containing mainly methyl eugenol, a phenylpropene with similarities with isoeugenol in chem-
ical structure, and sesquiterpenes in low concentrations, it is expected a different biological
result in comparison to the use of each isolated compound.

In addition, some studies have revealed that red propolis extracts from different geographi-
cal regions have significant potential as antiparasitic agents. The ethanolic extract of red prop-
olis obtained from Nigeria, when tested against Trypanosoma brucei, demonstrated potent
antiparasitic activity in both sensitive and resistant strains [60]. In another study, four samples
of ethanolic extracts of Brazilian propolis were tested against Leishmania amazonensis. Three
extracts of green propolis and one of red propolis were tested, and all of them were capable of
reducing parasite loads in infected macrophages. Nevertheless, the extract obtained from BRP
showed maximal activity against L. amazonensis while being non-toxic to the macrophage cul-
tures [61].

Recently, the antiparasitic activity of BRP has attracted the attention of researchers. Poly-
meric nanoparticles of the BRP extract and the ethanolic extract of BRP have demonstrated
anti-leishmanial activity against L. (V.) braziliensis, with ICs values of 31.3 pug/mL and
38.0 ug/mL, respectively, demonstrating the potential of BRP in the composition of pharma-
ceuticals for leishmaniasis therapy [12]. Additionally, when ethanolic extracts from various
types of green, brown and red propolis from different regions of Brazil were tested against Try-
panosoma cruzi Y-strain epimastigotes, an inhibitory effect on parasite growth was observed in
the first 24 h for all the types of propolis. However, only the ethanolic extracts of BRP pre-
sented a persistent T. cruzi-inhibitory effect after 96 h, suggesting red propolis as a potential
alternative for the therapeutic treatment of Chagas disease [10].

In this study, we also confirmed that EOP has the potential to be used as an adjuvant in a
veterinary vaccine formulation. In our study, a recombinant endoglycosidase CP40 (rCP40),
encoded by the cp40 gene of C. pseudotuberculosis, was used as the antigen as its antigenic
properties have been previously confirmed [34,62]. Our results confirmed that association of
the rCP40 protein with EOP improves the immune response to this target compared to the
administration of either of these components alone. We observed that the combination of the
rCP40 with EOP led to IgG absorbances higher than those found by other researchers using
traditional adjuvants such as saponin or Freund’s complete adjuvant [34]. Herein, we used for
the first time EOP as an adjuvant. In fact, this is the first study to evaluate the effect of BRP as a
vaccinal adjuvant.

Compared to the administration of rCP40 alone, a combination of the recombinant protein
with EOP was able to induce increases of 7.4-, 4.4- and 10.8-fold higher levels of total IgG,
IgGl, and IgG2a, respectively. One of the most important challenges currently facing adjuvant
research is the search for the ‘perfect mix’: an optimal, safe formulation whose different com-
ponents are not only additive but also synergistic in nature, and whose administration gives
rise to the desired robust immune response [63]. In this study, we observed a synergistic effect
when EOP was associated with rCP40. Along similar lines, another recent study has reported
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that the use of 3% palm oil with a bacterin of recombinant E. coli carrying the Omp40 protein
resulted in an enhancement of IgG levels and of CD4" and CD8" T-cell responses, while
administration of the bacterin without adjuvant failed to stimulate the humoral and cell-medi-
ated immunities [64].

Until 42 days after immunization, the IgG2a production levels were higher than those
observed for IgG1, which is indicative of a T-helper 1 cell (Th1) response. In mice, Th1 cells
aid in the activation of macrophages and cytotoxic T-cells and in the production of opsonizing
and complement-activator immunoglobulin isotypes, such as IgG2a. Hence, it is widely
believed that the primary function of Th1 cells is the generation of immunity against intracel-
lular pathogens [34,65]. Vaccine formulations that enhance Th1 levels and CD8" T-cell
responses are highly sought after as they are effective for immunization against pathogens for
which there are no currently licensed vaccines (examples: HIV-AIDS, malaria, and tuberculo-
sis) [66]. EOP has the potential to serve as an excellent adjuvant for immunization purposes.
Once propolis is considered both safe and non-toxic when administered to animals or humans
[26], EOP could be a good adjuvant to be used in important vaccines, and further investiga-
tions using this substance should be conducted.

The immunostimulatory effect of EOP may be attributed to the high levels of methyl euge-
nol (13.1%). Eugenol is a phenylpropene that is commonly found in essential oils; previous
studies have established that eugenol stimulates the immune response in mice by promoting
the T-cell response and natural killer activity [67]. It is also possible that sesquiterpenes could
be involved in the adjuvant effect of BRP essential oil as it is known that they also activate the
immune system by influencing local inflammation and promoting phagocytosis [68].

Most of the studies involving the effect of BRP on the immune system are recent and have
extensively investigated the in vivo and in vitro effects of hydroalcoholic extracts of BRP on
the inflammation process [16-19,69,70]. BRP reduces nitric oxide levels and diminishes the
levels of some pro-inflammatory cytokines, chemokines and genes associated with inflamma-
tory signaling in macrophages [16,17]. Additionally, BRP modulates neutrophil migration by
interfering in rolling and adhesion processes through reduction of the levels of TNF-a, IL-18,
CXCL1/KC and CXCL-2/MIP-2 and reduction of calcium influx [70]. In vivo, BRP has been
seen to promote protective effects against ulcerative colitis in a rat model, reducing gross and
histological inflammatory lesions and decreasing the levels of myeloperoxidase and iNOS in
colon tissue [69]. Moreover, mice treated orally with BRP showed improved cutaneous wound
healing through faster wound closure, reduction of inflammatory infiltrate, and downregula-
tion of the transcription factor pNF-xB and the inflammatory cytokines TGF-f, TNF-o and
IL-6 [19]. Antinociceptive activity of BRP towards neurogenic and inflammatory pain in mice
was also observed without emotional and motor side effects [18].

The immunomodulatory properties of propolis seem to be contradictory since propolis
sometimes acts in the inhibition, as in the anti-inflammatory properties, and other times in
the stimulation of the immune system, as in the adjuvant properties. This phenomenon is
probably caused by the chemical complexity of propolis as a result of the synergism among the
components, which can be varied according to the methods of extraction of the bioactive com-
pounds [71].

Conclusion

The EOP was observed to exhibit a promisingly high level of antiparasitic activity, with cyto-
toxicity seen at higher concentrations of EOP. However, further studies using lower concentra-
tions of EOP for topical application should be performed with the aim of reducing cytotoxicity
levels and achieving potent localized action in the treatment of trichomoniasis. Our study also
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demonstrated the potential use of EOP as a vaccine adjuvant since the administration of EOP
along with rCP40 was seen to increase IgG production. The results of this study shed light on
several new properties of EOP and underline the importance of exploring its potential as an
additional option for the treatment of trichomoniasis and as a vaccine adjuvant. Furthermore,
studies dedicated to revealing the potential and the importance of EOP in other biological
activities are encouraged, due to EOP chemical complexity.
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Pelotas

RS

96010-470
BRASIL

(53) 911 74242

raquelneeves@hotmail.com



Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 8 de 16

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:

Telefone:

Fax:

Email:

Inventor 9 de 16
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RODRIGO BARROS DE PINHO

83176900082

Brasileira

Outras ocupacdes nao especificadas anteriormente
Rua Marechal Deodoro, 1282

Pelotas

RS

96020-220

BRASIL

(53) 914 51810

rodrigobpinho@hotmail.com

MARA ANDRADE COLARES MAIA

04953603338

Brasileira

Outras ocupacdes nao especificadas anteriormente
Rua Gomes Carneiro, n° 1643, Centro

Pelotas

RS

96010-610

BRASIL

(53) 998 045006

maracamaia@hotmail.com



Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 10 de 16

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 11 de 16
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FABIANA KOMMLING SEIXAS

82364508053

Brasileira

Professor do ensino superior

Rua Gongalves Chaves, n° 3878, apto 201, Bairro Centro
Pelotas

RS

96015-560

BRASIL

(53) 998 22979

seixas.fk@gmail.com

TIAGO VEIRAS COLLARES

92045715000

Brasileira

Professor do ensino superior

Rua Gongalves Chaves, n° 3878, apto 201, Bairro Centro
Pelotas

RS

96015-560

BRASIL

(53) 998 25787

collares.t@gmail.com



Nome

CPF:
Nacionalidade:
Qualificagéo Fisica:
Enderego:

Cidade:

Estado:

CEP:

Pais:

: : LUCIELLI SAVEGNAGO

81485115000

Brasileira

Professor do ensino superior

Parque Imigrantes, n° 271, Bairro Trés Vendas
Pelotas

RS

96055-810

BRASIL

Telefone:

Fax:

Email:

Inventor 12 de 16

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:

Cidade:

Estado:

CEP:

Pais:

Telefone:

luciellisavegnago@yahoo.com.br

ODIR ANTONIO DELLAGOSTIN
42251850015

Brasileira

Professor do ensino superior

Rua Séao José do Norte, 554, Bairro Laranjal
Pelotas

RS

96090-690

BRASIL

(53) 998 88392

Fax:

Email:

Inventor 13 de 16
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odir@ufpel.edu.br



Nome: FRANCINE FERREIRA PADILHA
CPF: 69094845091
Nacionalidade: Brasileira
Qualificagéo Fisica: Bidlogo, biomédico e afins
Enderego: Av. Maria Vasconcelos de Andrade 1720, bloco 2 apto 101, Aruana
Cidade: Aracaju
Estado: SE
CEP: 49000-626
Pais: BRASIL
Telefone: (79) 999 192575
Fax:

Email: fpadilha@yahoo.com

Inventor 14 de 16

Nome: MARIANA ROESCH ELY
CPF: 64088812034
Nacionalidade: Brasileira
Qualificagao Fisica: Odontdlogo
Enderec¢o: Rua Andrade Neves, n° 1010, apto 701, Bairro Exposigcéao
Cidade: Caxias do Sul
Estado: RS
CEP: 95084-200
Pais: BRASIL
Telefone: (54) 812 16804
Fax:

Email: mrely@ucs.br

Inventor 15 de 16
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Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Enderego:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 16 de 16

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:
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SIDNEI MOURA E SILVA

80238378004

Brasileira

Outras ocupacdes nao especificadas anteriormente
Rua Pinheiro Machado, n°® 234, apto 1104

Caxias do Sul

RS

95020-172

BRASIL

(54) 991 20520

sidmoura@gmail.com

JOAO ANTONIO PEGAS HENRIQUES

08229813000

Brasileira

Enfermeiro de nivel superior, nutricionista, farmacéutico e afins
Rua Fernandes Vieira, n® 181, apto 702, Bairro Bom Fim

Porto Alegre

RS

90035-091

BRASIL

(51) 996 79156

pegas.henriques@gmail.com



Documentos anexados

Tipo Anexo Nome
Comprovante de pagamento de GRU 200 Comprov pgto tx deposito 04.07 (015B).pdf
Desenho Figuras - Formulagao antiparasitaria OEPV.pdf
Portaria Decreto de Nomeacéao do Reitor_UFPel.pdf
Procuracéao PROCURACAO.pdf
Reivindicagdo Reinvindicacdes -Olzé)g{w/%z?éo antiparasitaria
Relatério Descritivo Relatério descr|t|vo(5£8\r/rT1puJ?gao antiparasitaria
Resumo Resumo - Formulacao antiparasitaria.pdf
Documento de Cessao Cessao Francine.pdf
Documento de Cessao cessao Joao.pdf
Documento de Cessao cessao Mariana.pdf
Documento de Cessao Cessao Sidnei.pdf
Declaragao de periodo de graga Divulgacgao néo prejudicial.pdf

Acesso ao Patrimbnio Genético

[Z[ Declaragédo Negativa de Acesso - Declaro que o objeto do presente pedido de patente de invencéo
nao foi obtido em decorréncia de acesso a amostra de componente do Patrimbnio Genético
Brasileiro, o acesso foi realizado antes de 30 de junho de 2000, ou nao se aplica.

Declaragéo de Divulgagéo Anterior Nao Prejudicial

[ZI Artigo 12 da LPI - Periodo de Graga.

Declaragéo de veracidade

[Z[Declaro, sob as penas da lei, que todas as informacgcdes acima prestadas sdo completas e
verdadeiras.

Obrigado por acessar o Peticionamento Eletrdnico

PETICIONAMENTO . o ) . . .
ELEI'RONICO Este pedido foi enviado pelo sistema Peticionamento Eletrénico em 21/07/2016 as 18:24

Peti¢do 870160038188, de 21/07/2016, pag. 11/41
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Anexo D — Comprovante do depdsito da patente: Formulagdo antiparasitaria a

partir de 1,3-dioxolanas contendo telurio



870170052325
IN [t ssoroonr

2:25
‘ DA PROPRIEDADE
INDUSTRIAL (IR SRR

00.000.2.2.17.0005685.3

Pedido nacional de Invencdo, Modelo de Utilidade, Certificado de
Adicao de Invencao e entrada na fase nacional do PCT

Ndmero do Processo: BR 10 2017 015887 0

Dados do Depositante (71)

Depositante 1 de 1

Nome ou Razéo Social: UNIVERSIDADE FEDERAL DE PELOTAS
Tipo de Pessoa: Pessoa Juridica
CPF/CNPJ: 92242080000100
Nacionalidade: Brasileira
Qualificagdo Juridica: Instituicdo de Ensino e Pesquisa

Endereco: Rua Gomes Carneiro, 01 - Ed. Delfim Mendes Silveira - Campus
Porto/Reitoria - 4° Andar - PRPPG
Cidade: Pelotas

Estado: RS
CEP: 96010-610
Pais: Brasil
Telefone: (53) 3284 4086
Fax:

Email: cit@ufpel.edu.br

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 25/07/2017 as
ELETRONICO 12:25, Peti¢do 870170052325

Peticao 870170052325, de 25/07/2017, pag. 1/41



Dados do Pedido

Natureza Patente: 10 - Patente de Invencao (PI)

Titulo da Invengéo ou Modelo de FORMULAGCAO ANTIPARASITARIA A PARTIR DE 1,3-
Utilidade (54): DIOXOLANAS CONTENDO TELURIO
Resumo: A presente invencao apresenta o uso de derivados de 1,3-dioxolanas
contendo teltrio (PTeDOX), em formula¢cbes farmacéuticas com
atividade antiparasitaria. A presente invencdo compreende o
desenvolvimento de farmacos e medicamentos contendo PTeDOX
em sua composicao. Até o momento as PTeDOX, objeto alvo da
presente patente, ainda ndo haviam sido descritas ou avaliadas
guanto as suas atividades antiparasitarias. A acéo antiparasitaria foi
observada quando testado as PTeDOX em Trichomonas vaginalis,
0s parasitos demonstraram alteracdes de motilidade e morfologia
indicando morte parasitaria. Esses resultados confirmam que as
PTeDOX é uma fonte farmacoldgica e que pode ser utilizada na
composicao de diversas formas farmacéuticas. Setor técnico: A61K
39/00, A61K 39/39, A61K 35/644, A61K 39/05, A61P 33/00, A61P
33/02, A61P 33/10.
Figura a publicar: 1

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 25/07/2017 as
ELETRONICO 12:25, Peti¢do 870170052325

Peticao 870170052325, de 25/07/2017, péag. 2/41



Dados do Inventor (72)

Inventor 1 de 12

Nome:

CPF:
Nacionalidade:
Qualificagao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pals:
Telefone:

Fax:

Email:

Inventor 2 de 12

Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 3 de 12

SIBELE BORSUK
95168192068
Brasileira

Professor do ensino superior

Av. Vinte e Cinco de Julho, n°755, casa 270, Trés Vendas

Pelotas

RS

96065-620
BRASIL

(53) 981 416888

sibeleborsuk@gmail.com

ANGELA SENA LOPES
82639205072
Brasileira

Doutorando

Rua Gongalves Chaves, n° 3960, apto 202, Edificio Mariah, Centro

Pelotas

RS

96015-560
BRASIL

(53) 981 341252

angelasena@ymail.com

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 25/07/2017 as
ELETRONICO 12:25, Peti¢do 870170052325

Peticao 870170052325, de 25/07/2017, pag. 3/41



Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 4 de 12

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 5 de 12

RAQUEL NASCIMENTO DAS NEVES
03369203006

Brasileira

Mestrando

Rua Doutor Jo&o Pessoa, n°159, apto 201, Porto
Pelotas

RS

96010-470

BRASIL

(53) 991 174242

raquelneeves@hotmail.com

LUCIELLI SAVEGNAGO

81485115000

Brasileira

Professor do ensino superior

Parque Imigrantes, n°® 271, Bairro Trés Vendas
Pelotas

RS

96055-810

BRASIL

(53) 327 57350

luciellisavegnago@yahoo.com.br

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 25/07/2017 as
ELETRONICO 12:25, Peti¢do 870170052325

Peticao 870170052325, de 25/07/2017, pag. 4/41



Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 6 de 12

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 7 de 12

DIEGO DA SILVA ALVES

82400776091

Brasileira

Professor do ensino superior

Rua Um, Residencial Parque Imigrantes, Casa 261
Pelotas

RS

96020-098

BRASIL

(53) 999 560307

diego.alves@ufpel.edu.br

GELSON PERIN

53846338087

Brasileira

Professor do ensino superior

Rua Dr. Ferreira Soares 100, casa 8
Pelotas

RS

96020-160

BRASIL

(53) 998 115965

gelsonperin@yahoo.com.br

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 25/07/2017 as
ELETRONICO 12:25, Peti¢do 870170052325
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Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 8 de 12

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:

Telefone:

Fax:

Email:

Inventor 9 de 12

RAQUEL GUIMARAES JACOB
82826803700

Brasileira

Professor do ensino superior

Rua Dr. Ferreira Soares, n° 100, casa 08
Pelotas

RS

96020-160

BRASIL

(53) 981 159651

raquel.jacob@ufpel.edu.br

EDER JOAO LENARDAO
67366686972

Brasileira

Professor do ensino superior
Rua Vitor Valpirio, 289, Centro
Pelotas

RS

96020-250

BRASIL

(53) 981 414567

elenardao@uol.com.br

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 25/07/2017 as
ELETRONICO 12:25, Peti¢do 870170052325

Peticao 870170052325, de 25/07/2017, pég. 6/41



Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 10 de 12

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 11 de 12

PATRICK CARVALHO NOBRE
03039985043

Brasileira

Doutorando

Rua quinze, n° 469, Navegantes Il
Pelotas

RS

96076-200

BRASIL

(53) 981 290401

patricknobre92@gmail.com

MARA THAIS DE OLIVEIRA SILVA
05802823330

Brasileira

Doutorando

Rua Gomes Carneiro, n°1643, Centro
Pelotas

RS

96010-610

BRASIL

(88) 999 662229

marathaisos@gmail.com

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 25/07/2017 as
ELETRONICO 12:25, Peti¢do 870170052325

Peticao 870170052325, de 25/07/2017, pag. 7/41



Nome:

CPF:
Nacionalidade:
Qualificagéo Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:
Telefone:

Fax:

Email:

Inventor 12 de 12

Nome:

CPF:
Nacionalidade:
Qualificacao Fisica:
Endereco:
Cidade:
Estado:

CEP:

Pais:

Telefone:

Fax:

Email:

FRANCISCO SILVESTRE BRILHANTE BEZERRA
05093063495

Brasileira

Doutorando

Av. Vinte e Cinco de Julho, n°755, casa 287, Trés Vendas
Pelotas

RS

96065-620

BRASIL

(53) 334 29299

silvestrebrilhante@gmail.com

RODRIGO BARROS DE PINHO
83176900082

Brasileira

Mestrando

Rua Marechal Deodoro, n°1282
Pelotas

RS

96020-220

BRASIL

(53) 991 451810

rodrigobpinho@hotmail.com

PETICIONAMENTO gy solicitacéo foi enviada pelo sistema Peticionamento Eletrdnico em 25/07/2017 as

ELETRONICO

Peticao 870170052325, de 25/07/2017, pag.

12:25, Peti¢éo 870170052325

8/41



Documentos anexados

Tipo Anexo Nome

Comprovante pgmto GRU

Comprovante de pagamento de GRU 200 00.000.2.2.17.0005685.3. pdf

Declaracao de periodo de graca artigo teldrio publicado.pdf
Declaracao de periodo de graca certificado biotecsul.pdf
Declaracao de periodo de graca CIC 2016 RESUMO.pdf
Declaracao de periodo de graca CIC2016 Certificado.pdf
Desenho Figuras - Patente. TELURIO.pdf
Nomeacéo reitor DOU_DECRETO_REITOR_2017_2020.pdf
Procuracao PROCURACAO_2017_2020.pdf
Reivindicacéo Reivindicac¢des Telurio.pdf
Relat6rio Descritivo Relatorio descritivo. Teldrio.pdf
Resumo 18.04.17 Resumo TELURIO.pdf
Declaracao de periodo de graca biotecsul. pag.171.pdf

Acesso ao Patrimdnio Genético

Declaracéo Negativa de Acesso - Declaro que o objeto do presente pedido de patente de invencgéo
nao foi obtido em decorréncia de acesso a amostra de componente do Patriménio Genético
Brasileiro, o acesso foi realizado antes de 30 de junho de 2000, ou néo se aplica.

Declaragéo de Divulgagéo Anterior Nao Prejudicial

[Z[ Artigo 12 da LPI - Periodo de Graca.

Declaracdo de veracidade

[leeclaro, sob as penas da lei, que todas as informac¢des acima prestadas sdo completas e
verdadeiras.

PETICIONAMENTO Esta solicitagéo foi enviada pelo sistema Peticionamento Eletrénico em 25/07/2017 as
ELETRONICO 12:25, Peti¢do 870170052325

Peticao 870170052325, de 25/07/2017, péag. 9/41
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ANEXO E - Patente encaminhada para o CIT-UFPel: Formulacdo antiparasitaria

a partir de quinolina-1,2,3-triazoil-carboxamidas



WWERs,

Wi | UFPEL

INFORMACAO TECNOLOGICA Data: 10 / 09 / 2017

Secao 1: Informacbes sobre o Inventor

Enviar os dados completos de todos os inventores, inclusive daqueles que ndo tem vinculo com a
UFPel.

Observagdes:

- Inventores sdo aquelas pessoas fisicas que contribuiram intelectualmente para a invencéo, praticando ATO INVENTIVO
(por exemplo, ndo s&o inventores o0s colaboradores que apenas coletaram dados, fizeram relatdrios, realizaram
experimentos ou emprestaram equipamentos para a realizagdo de experimentos);

- No caso de existir mais de um inventor, solicitamos que seja utilizado o formulario de Continuagdo, em anexo, com as
informag6es da tabela abaixo de cada um dos inventores adicionais;

- O inventor cujos dados forem inseridos no quadro abaixo serd considerado o responsavel pela tecnologia para fins de
contato com a CIT, somente para ele serdo encaminhadas notificacdes e outras informacdes sobre o processo de andlise e
patenteamento.

- Todos os inventores deverdo encaminhar em anexo Termo de Autorizacdo e Cessdo, com assinatura reconhecida em
cartério, dando seu aceite e concordancia com o deposito pela UFPel.

- PROCURE OCUPAR APENAS OS ESPACOS DISPONIBILIZADOS PARA RESPOSTA, SEJA SUSCINTO E RESUMIDO.

INVENTOR 1
Nome Completo: Sibele Borsuk
CPF: 951.681.920-68 Identidade n°: 5060983731 Orgéo expedidor: SJS
Estado Civil: Solteira Profissdo: Professor Universitario Nacionalidade: Brasileira
Tel. residencial / institucional: Celular: +55(53)81416888 E-mail: sibeleborsuk@gmail.com

Endereco residencial completo: Av. Vinte e Cinco de Julho, n°755, casa 270, Trés Vendas, Pelotas, RS, Brasil.

CEP: 96065-620

Titulagdo méxima a época do desenvolvimento da Tecnologia:
(x) Doutor () Mestre ( )Especialista ( ) Graduado ( ) Outro:

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

(x)Sim. () Néo
Unidade/Departamento: Instituicdo a qual estava vinculado:
(x) Professor Tipo de vinculo:

) Aluno Doutorado ou Pds-Doutorado () Professor

) Aluno Mestrado () Aluno Pos-Graduagéo
) Aluno Especializagéo () Aluno Graduagao

) Aluno Graduagao () Técnico-administrativo
) Técnico-administrativo () Outro:

) Outro:

AN AN AN S AN

R.Gomes Carneiro,1 - Ed.Delfim Mendes Silveira-Centro-96.010-610-Pelotas/RS-Campus Porto/Reitoria-4° Andar- PRPPG
Fone: 55 (53) 3284-4086 - e-mail: cit@ufpel.edu.br - http://www.ufpel.edu.br/cit

Versédo 3.0 de 01.09.2016



http://www.ufpel.edu.br/cit

UFPEL
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INVENTOR 2
Nome Completo: Angela Sena Lopes
CPF: 826.392.050-72 Identidade n°: 1057599134 Org&o expedidor: SSP/RS
Estado Civil: Casada Profisséo: Farmacéutica- Nacionalidade: Brasileira
Bioguimica
Tel. residencial / institucional: Celular: E-mail: angelasena@ymail.com
+55(53)81341252

Endereco residencial completo: Rua Frontino Vieira, n°® 848, Fragata, Pelotas, RS, Brasil.
CEP: 96040-700

Titulagdo maxima a época do desenvolvimento da Tecnologia: () Doutor (x) Mestre ( ) Especialista ()
Graduado () Outro:

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

(x) Sim.

Unidade/Departamento:

() Professor

(x) Aluno Doutorado ou Pés-Doutorado
() Aluno Mestrado

() Aluno Especializacéo

() Aluno Graduagédo

() Técnico-administrativo

() Outro:

( ) Nao

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno Pos-Graduagédo

() Aluno Graduagédo

() Técnico-administrativo

( ) Outro

R.Gomes Carneiro,1 - Ed.Delfim Mendes Silveira-Centro-96.010-610-Pelotas/RS-Campus Porto/Reitoria-4° Andar- PRPPG
Fone: 55 (53) 3284-4086 - e-mail: cit@ufpel.edu.br - http://www.ufpel.edu.br/cit

Versédo 3.0 de 01.09.2016


http://www.ufpel.edu.br/cit
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INVENTOR 3

Nome Completo: Raquel Nascimento das Neves

CPF: 033.692.030-06

Identidade n°;: 2109918819

Org&o expedidor: SSP/RS

Estado Civil: Solteira

Profissdo: Estudante

Nacionalidade: Brasileira

Celular: +55(53)9117-4242

E-mail: raquelneeves@hotmail.com

Tel. residencial / institucional:
+55(53)3027-2550

Endereco residencial completo: Rua Doutor Jodo Pessoa, n°159, apto 201, Porto, Pelotas, RS, Brasil.

CEP: 96010-470

Titulagdo maxima a época do desenvolvimento da Tecnologia:
() Doutor ( ) Mestre ( ) Especialista (x) Graduado ( ) Outro: Ensino Médio

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

(x)Sim.

Unidade/Departamento:

() Professor

() Aluno Doutorado ou P6s-Doutorado
( X)) Aluno Mestrado

() Aluno Especializacédo

() Aluno Graduagédo

() Técnico-administrativo

() Outro:

( ) Néo

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno Pos-Graduagédo

() Aluno Graduagao

() Técnico-administrativo

() Outro:
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INVENTOR 4
Nome Completo: Lucielli Savegnago
CPF: 814.851.150 00 Identidade n°: 403542585 Org&o expedidor: SJS
Estado Civil: Casada Profisséo: Professora universitaria Nacionalidade: Brasileira
Tel. residencial / institucional: Celular: +55(53)9950305 E-mail: luciellisavegnago@yahoo.com.br
+55(53)32757350

Endereco residencial completo: Parque Imigrantes, n° 271, Bairro Trés Vendas, Pelotas, RS.

CEP: 96055-810

Titulagdo maxima a época do desenvolvimento da Tecnologia:
(x) Doutor () Mestre ( )Especialista ( ) Graduado ( ) Outro:

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

(x)Sim. () Néo

Unidade/Departamento: Instituicdo a qual estava vinculado:
(x) Professor Tipo de vinculo:

() Aluno Doutorado ou Pés-Doutorado () Professor

() Aluno Mestrado () Aluno Pos-Graduagédo

() Aluno Especializacéo () Aluno Graduagao

() Aluno Graduagédo () Técnico-administrativo

() Técnico-administrativo () Outro:

() Outro:
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INVENTOR 5

Nome Completo: Diego da Silva Alves

CPF: 82400776091

Identidade n°; 1056934217

Org&o expedidor: SSP - RS

Estado Civil: Casado

Profissédo: Professor

Nacionalidade: Brasileiro

Tel. residencial / institucional:

Celular: (53) 99560307
(53) 32757357

E-mail: diego.alves@ufpel.edu.br

Endereco residencial completo: Rua Um, Residencial Parque Imigrantes, Casa 261

CEP: 96020-098

Titulagdo maxima a época do desenvolvimento da Tecnologia:
(x) Doutor ( ) Mestre ( )Especialista ( ) Graduado ( ) Outro:

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

( ) Nao

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno P6s-Graduagdo

() Aluno Graduagédo

() Técnico-administrativo

() Outro:

(x)Sim.

Unidade/Departamento: CCQFA

(x) Professor

) Aluno Doutorado ou Pés-Doutorado
) Aluno Mestrado

) Aluno Especializagéo

) Aluno Graduagao

) Técnico-administrativo

) Outro:

AN AN AN AN AN S
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INVENTOR 6
Nome Completo: Gelson Perin
CPF: 53846338087 Identidade n°: 7035512503 Orgéo expedidor: SJS
Estado Civil: Solteiro Profisséo: Professor Nacionalidade: Brasileira
Tel. residencial: 32735379 Celular: 981159651 | E-mail: gelsonperin@yahoo.com.br

Endereco residencial completo: Rua Dr. Ferreira Soares 100, casa 8 — Pelotas/RS.

CEP: 96020-160

Titulagdo maxima a época do desenvolvimento da Tecnologia:
(x) Doutor () Mestre ( )Especialista ( ) Graduado ( ) Outro:

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

( x )Sim. () Néo

Unidade/Departamento: CCQFA Instituicdo a qual estava vinculado:
( x ) Professor Tipo de vinculo:

() Aluno Doutorado ou Pés-Doutorado ( ) Professor

() Aluno Mestrado () Aluno Pos-Graduagédo

() Aluno Especializacéo () Aluno Graduagao

() Aluno Graduagédo () Técnico-administrativo

() Técnico-administrativo () Outro:

() Outro:
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INVENTOR 7
Nome Completo:
Raquel Guimarées Jacob
CPF: Identidade n°: 1105770984 Org&o expedidor: SJS
828268037-00
Estado Civil: Profissdo: Professora Universitaria Nacionalidade: Brasileira
Solteira
Tel. residencial / institucional: Celular: E-mail: raquel.jacob@ufpel.edu.br
(53)32735379 / (53)3275-7354 53-981159651 raquelgjacob@yahoo.com.br

Endereco residencial completo: Rua Dr. Ferreira Soares, n° 100, casa 08, Centro, Pelotas, RS

CEP: 96020-160

Titulagdo maxima a época do desenvolvimento da Tecnologia:

(x) Doutor () Mestre

( ) Especialista ( ) Graduado ( ) OQutro:

A época do desenvolvim

( x )Sim.
Unidade/Departamento:
( x ) Professor

) Aluno Mestrado

) Aluno Especializagéo
) Aluno Graduagao

) Técnico-administrativ
) Outro:

AN AN AN AN AN S

ento da Tecnologia, possuia vinculo com a UFPel?

( ) Néo
Instituicdo a qual estava vinculado:
Tipo de vinculo:

) Aluno Doutorado ou Pés-Doutorado () Professor

() Aluno Pos-Graduagédo
() Aluno Graduagao

() Técnico-administrativo
(

(o] ) Outro:
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INVENTOR 8

Nome Completo: Eder Jodo Lenardédo

Orgéo expedidor:

CPF Identidade n®:

67366686972 15177005 SSP-SP

Estado Civil: Profisséo: Nacionalidade: Brasileira
Casado Professor Universitario

Tel. residencial / institucional: Celular: E-mail:

53-32757356

53-981414567

elenardao@uol.com.br

Endereco residencial completo: Rua Vitor Valpirio, 289, Centro, Pelotas, RS

CEP: 96020-250

Titulagdo maxima a época do desenvolvimento da Tecnologia:
(x) Doutor () Mestre ( )Especialista ( ) Graduado ( ) Outro:

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

() Néo

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno Pés-Graduacéo

() Aluno Graduagéo

() Técnico-administrativo

() Outro:

(x) Sim.

Unidade/Departamento:

(x) Professor

) Aluno Doutorado ou Pds-Doutorado
) Aluno Mestrado

) Aluno Especializagéo

) Aluno Graduagéo

) Técnico-administrativo

) Outro:

AN AN AN AN S S
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INVENTOR 9

Nome Completo: Manoela do Sacramento

CPF: 027.282.370-85

Identidade n°: 9104420816

Orgéo expedidor: SSP

Estado Civil: Solteira

Profissdo: Estudante

Nacionalidade: Brasileira

Tel. residencial / institucional:

Celular: +55(53)-984388907

| E-mail: manoelasacramento@hotmail.com

Endereco residencial completo: Avenida Juscelino Kubitschek de Oliveira, 2200/204, bloco 4A, Pelotas, RS, Brasil

CEP: 96075-810

Titulagdo méaxima & época do desenvolvimento da Tecnologia:
( ) Especialista (x) Graduado ( ) Outro:

( ) Doutor ( ) Mestre

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

( )Sim.

Unidade/Departamento:

() Professor

() Aluno Doutorado ou P6s-Doutorado
(x) Aluno Mestrado

() Aluno Especializacéo

() Aluno Graduagédo

() Técnico-administrativo

( ) Outro:

(

(
(
(
(

( ) Néo
Instituicdo a qual estava vinculado:
Tipo de vinculo:

) Professor

) Aluno Pés-Graduagéo
) Aluno Graduacéo

) Técnico-administrativo
) Outro:
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INVENTOR 10

Nome Completo: Mara Thais de Oliveira Silva

CPF: 058.028.233-30

Identidade n°: 2007590906-0

Orgéo expedidor: SSP/CE

Estado Civil: Solteira

Profissdo: Estudante

Nacionalidade: Brasileira

Tel. residencial / institucional:

Celular: +55(88)99966-2229

E-mail: marathaisos@gmail.com

CEP: 96010-610

Endereco residencial completo: Rua Gomes Carneiro, n°1643, Centro, Pelotas, RS, Brasil.

() Doutor

Titulagdo maxima a época do desenvolvimento da Tecnologia:
(x ) Mestre () Especialista ( ) Graduado ( ) Qutro:

(x) Sim.

Unidade/Departamento:

() Professor

( x ) Aluno Doutorado ou Pés-Doutorado
() Aluno Mestrado

() Aluno Especializacéo

() Aluno Graduagédo

() Técnico-administrativo

() Outro:

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

() Néo

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno Pés-Graduacgéo

() Aluno Graduagéo

() Técnico-administrativo

() Outro:
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INVENTOR 11
Nome Completo: Francisco Silvestre Brilhante Bezerra
CPF: 050.930.634-95 Identidade n°: 1.766.266 Orgao expedidor: SSP/RN
Estado Civil: Casado Profissdo: Médico Veterinario Nacionalidade: Brasileira
Tel. residencial / institucional: Celular: +55(53)33429299 E-mail: silvestrebrilhante@gmail.com
+55(53)33429299

Endereco residencial completo: Av. Vinte e Cinco de Julho, n°755, casa 287, Trés Vendas, Pelotas, RS, Brasil.

CEP: 96065-620

Titulagdo maxima a época do desenvolvimento da Tecnologia:
( ) Doutor (x) Mestre ( )Especialista ( ) Graduado ( ) Outro:

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

(x)Sim.

Unidade/Departamento:

() Professor

(x) Aluno Doutorado ou Pés-Doutorado
) Aluno Mestrado

) Aluno Especializagéo

) Aluno Graduagao

) Técnico-administrativo

) Outro:

e N e T

( ) Néo

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno Pos-Graduagédo

() Aluno Graduagao

() Técnico-administrativo

() Outro:
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INVENTOR 12

Nome Completo: Rodrigo Barros de Pinho

CPF: 831.769.000-82

Identidade n°: 3076187263

Org&o expedidor: SSP/RS

Estado Civil: Solteiro

Profissdo: Estudante

Nacionalidade: Brasileira

Tel. residencial / institucional:
+55(53)32225837

Celular: +55(53)9145-1810

E-mail: rodrigobpinho@hotmail.com

Endereco residencial completo: Rua Marechal Deodoro, n°1282, Pelotas, RS, Brasil.

CEP: 96020-220

Titulagdo maxima a época do desenvolvimento da Tecnologia:
() Doutor () Mestre ( ) Especialista (x) Graduado ( ) Outro: Ensino Médio

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

(x)Sim.

Unidade/Departamento:

() Professor

() Aluno Doutorado ou P6s-Doutorado
( x ) Aluno Mestrado

() Aluno Especializacéo

() Aluno Graduacéo

() Técnico-administrativo

() Outro:

( ) Néo

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno Pos-Graduagédo

() Aluno Graduagao

() Técnico-administrativo

() Outro:
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INVENTOR 13
Nome Completo: Mirna Samara Dié Alves
CPF: 044.952.943-69 Identidade n°: 2007450334-5 Org&o expedidor: SSP/CE
Estado Civil: Solteiro Profiss&o: Estudante Nacionalidade: Brasileira
Tel. residencial / institucional: Celular: +55(88)98123-2725 E-mail: mirnadie@gmail.com

Endereco residencial completo: Rua Tiradentes, 2085 — Edificio Thebas — Apartamento 401, Centro, Pelotas, Rio Grande do

Sul

CEP: 96010-165

Titulagdo maxima a época do desenvolvimento da Tecnologia:
() Doutor ( ) Mestre ( ) Especialista (x) Graduado ( ) Outro: Ensino Médio

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

(x)Sim.

Unidade/Departamento:

() Professor

() Aluno Doutorado ou Pos-Doutorado
(x) Aluno Mestrado

() Aluno Especializagao

() Aluno Graduacgéo

() Técnico-administrativo

() Outro:

( ) Néo

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno Pos-Graduagédo

() Aluno Graduagao

() Técnico-administrativo

() Outro:
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INVENTOR 14
Nome Completo: Barbara da Rocha Fonseca
CPF: 015.742.150-35 Identidade n°: 9102934313 Org&o expedidor: SSP/RS
Estado Civil: Solteiro Profisséo: Estudante Nacionalidade: Brasileira
Tel. residencial / institucional: Celular: +55(53)98423-6236 E-mail: barbfonseca@hotmail.com

Endereco residencial completo:

Rua Francisco Carlos Silva dos Santos, 51, Fragata, Pelotas, Rio Grande do Sul

CEP: 96030-070

Titulagdo maxima a época do desenvolvimento da Tecnologia:
() Doutor ( ) Mestre ( ) Especialista ( ) Graduado (X ) Outro: Ensino Médio

A época do desenvolvimento da Tecnologia, possuia vinculo com a UFPel?

(x)Sim.

Unidade/Departamento:

() Professor

(' ) Aluno Doutorado ou Pés-Doutorado
() Aluno Mestrado

() Aluno Especializagao

( X)) Aluno Graduagéo

() Técnico-administrativo

() Outro:

( ) Néo

Instituicdo a qual estava vinculado:
Tipo de vinculo:

() Professor

() Aluno Pos-Graduagédo

() Aluno Graduagao

() Técnico-administrativo

() Outro:
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Secdao 2: Informacgdes sobre a Invencao

Area predominante da Tecnologia:

( x ) Biotecnologia ( ) Engenharia ( ) Quimica ( ) Farméacia ( ) Outra:

A invencéo ou parte dela ja foi divulgada por algum meio?

( x ) N&o.

( ) Sim. Por qual meio?
() Monografia(s), dissertacdo(des) ou tese(s) - Data da apresentagéo:
Titulo:

() Artigo(s) / Resumo(s) - Data da submisséo: Data da publicagéo:
Titulo:

Periddico:

() Congresso(s) —

Data:

Nome Congresso: Titulo:

Forma de divulgacao:( ) Apresentacdo Oral ( ) Apresentacdo de Pdster
( ) Publicagdo em Anais:

Data:

Nome Congresso:

Titulo:

Forma de divulgacao:( ) Apresentagdo Oral ( ) Apresentagdo de Pdster

() Publicagdo em Anais:

( ) Demais apresentagdes(s) / Outros meio(s) de comunicagdo- Data: / /

Qual:

Local:

() Pedido de Patente de autoria de um ou mais Inventores -Data do deposito:  / /
Numero do Pedido:

Titulo:

Encaminhar em anexo copia de todos os documentos informados acima e demais publicacées relacionadas a tecnologia,
de autoria dos inventores.

Titulo proposto para a Invencéo:
“Formulacgédo antiparasitaria a partir de quinolina-1,2,3-triazoil carboxamidas”
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Palavras chave relativas a Invencao (no minimo cinco, em inglés e portugués):
Quinolina-1,2,3-triazoil carboxamidas (quinoline-1,2,3-triazoyl carboxamides), atividade
farmacoldgica (pharmaceutical activity), farmacos (drugs), Trichomonas vaginalis (Trichomonas
vaginalis), antiparasitario (Antiparasitic).

Ressalta-se que a descricao de sindnimos é de grande importancia na busca por anterioridade, procedimento essencial para a avaliagcédo
da patenteabilidade da tecnologia. Dessa forma, quanto mais palavras melhor.

Descrever resumidamente sobre o problema que se pretende resolver e a solugdo proposta
pela nova tecnologia, seus diferenciais e vantagens em relacdo ao estado da técnica (néo
revele detalhes técnicos/reivindicagdes):

A presente invengdo apresenta o uso de derivados de quinolina-1,2,3-triazoil carboxamidas
(QTCA), em formulagbes farmacéuticas. Até o momento as QTCA, objeto alvo da presente patente,
ainda ndo haviam sido descritas ou avaliadas quanto as suas atividades antiparasitarias.
Adicionalmente o presente pedido trata de composi¢fes farmacéuticas contendo esses farmacos e
seu uso em formulag¢des farmacéuticas. A acdo antiparasitaria foi observada através da exposi¢ao
de Trichomonas vaginalis as QTCA, pois os parasitos demonstraram alteragbes morfologicas
indicadoras de morte parasitaria. Esses resultados confirmam que as QTCA sao moléculas com
potencial farmacolégico, o qual deve ser avaliado em diferentes patdgenos, intra ou extracelulares.

Por exemplo: objetivo, problema a ser resolvido, se todo o processo é novo ou se tem apenas etapa(s) nova(s) (reagente/solvente nunca
antes utilizado para o0 mesmo fim); condi¢cdes operacionais diferenciadas; se todo o equipamento € novo ou apenas parte dele; o que €
novo na composicao/formulacéo etc.

Aplicagdes da Tecnologia:
a) Qual é a principal aplicacdo datecnologia (uso comercial/industrial)?

A tecnologia apresenta grande potencial para uso industrial e comercial, uma vez que pode ser
inserida na composicado de medicamentos que visem obter atividades antiparasitarias.

b) Descrever outras possiveis aplicagdes da tecnologia.
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Secao 3:Informacdes sobre Parcerias

Houve o envolvimento de outra instituicdo para desenvolvimento da invengéo?
Obs: Se constarem inventores de outras instituicdes ou empresas, estas instituicdes ou empresas séo consideradas parceiras.

(x ) Nao. Ir para a Secéo 4.
() Sim*.

Agéncia(s) de Fomento:
Instituicbes ou empresas:

*Enviar cépia da documentacdo que comprova a parceria:
Exemplo:Termo de Outorga,Convénio, Contrato de Parceria, Projeto de Pesquisa, Dissertacdo de Mestrado, Tese de Doutorado, Edital de|
Incubacéo, etc.

Secao 4: Acesso _ao Patrimonio _Genético e ao Conhecimento Tradicional
Associado

Para o desenvolvimento da tecnologia houve pesquisa com:

() Material biol6gico proveniente de microrganismos ou organismos da flora ou fauna brasileira,
mesmo que a partir de banco de dados ou informacdes de artigos cientificos.

() Conhecimento Tradicional Associado a Biodiversidade*.

(x) Nenhum

Em caso afirmativo, especificar:

Obs.: Em caso de acesso, juntar copia da autorizacdo do CEGEN (acesso autorizado junto ao

CNPq tem por finalidade apenas a pesquisa académica, ndo habilita ao patenteamento).

*Acesso a conhecimento tradicional associado a biodiversidade: obtencdo de informagdo sobre conhecimento ou pratica individual ou
coletiva, associada ao patrimonio genético, de comunidade indigena ou de comunidade local ou tradicional, para fins de pesquisa
cientifica, desenvolvimento tecnol6gico ou bioprospecc¢éo, visando sua aplicacdo industrial ou de outra natureza.
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Secao 5: Participacéo nos resultados

E assegurada ao conjunto dos inventores e demais colaboradores, a participacdo de 1/3 (um terco) nos ganhos
econdmicos liquidos auferidos pela UFPel, resultantes de contratos de transferéncia de tecnologia e de
licenciamento para outorga de direito de uso ou de exploracdo da criacdo protegida da qual tenham sido
inventores. Podem ser incluidos neste conjunto os inventores e demais membros da equipe de pesquisa e
desenvolvimento tecnol6gico que tenham contribuido para a criacéo.

No quadro abaixo, relacione os inventores e outros colaboradores que dividirdo, entre si, a participacao de 1/3
acima descrita, incluindo o nome completo, CPF, e-mail e sua participacdo percentual no conjunto, cujo
somatorio deve totalizar 100%.

NOME CIPE E-mail %
Sibele Borsuk 951.681.920-68 sibeleborsuk@gmail.com 25%
Angela Sena Lopes 826.392.050-72 angelasena@ymail.com 10%
Raguel Nascimento das Neves | 033.692.030-06 raguelneeves@hotmail.com 10%
Francisco Silvestre Brilhante 050.930.634-95 silvestrebrilhante@gmail.com 5%
Mara Thais de Oliveira Silva 058.028.233-30 marathaisos@gmail.com 5%
Rodrigo Barros de Pinho 831.769.000-82 rodrigobpinho@hotmail.com 5%
Mirna Samara Dié Alves 044.952.943-69 mirnadie@gmail.com 5%
Barbara da Rocha Fonseca 015.742.150-35 barbfonseca@hotmail.com 5%
Lucielli Savegnago 814.851.150-00 | luciellisavegnago@yahoo.com.brr | 5%
Diego Alves 824.007.760-91 diego.alves@ufpel.edu.br 5%

Gelson Perin 538.463.380-87 gelsonperin@yahoo.com.br 5%

Raquel Guimardes Jacob 828.268.037-00 raquelgjacob@yahoo.com.br 5%
Eder Jo&o Lenardao 673.666.869-72 elenardao@uol.com.br 5%
Manoela do Sacramento 027.282.370-85 | manoelasacramento@hotmail.com | 5%
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Envio do formulario

Este formulario, juntamente com o Formulario de Busca de Anterioridade e o Termo de Autorizacdo e Cesséo,

deve ser completamente preenchido, impresso e protocolado, com seus eventuais anexos, junto a Secretaria
da Pré-Reitoria de Pesquisa e P6s-Graduacao.
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BUSCA DE ANTERIORIDADE
[ Pesquisa em documentos de patentes e outras publicacdes técnicas |
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NOMEDO PESQUISADOR (Gestor do Projeto): Sibele Borsuk

N° DO PROJETO: Codigo COCEPE 6326
UNIDADE / AREA: Centro de Desenvolvimento Tecnolégico — CDTec/Biotecnologia

DATA: 10/08/17
OBJETO DA PESQUISA: Formulacao antiparasitaria a partir de quinolina-1,2,3-triazoil

carboxamidas
PROJETO: Estudo dos efeitos farmacolégicos e moleculares de compostos organicos derivados

de quinolina-1,2,3-triazoil carboxamidas em Trichomonas vaginalis

CLASSIFICACOES:
- IPC: A61P 33/00, A61P 33/02, A61P 33/10

- CPC:

BANCO E BASE DE DADOS: INPI - (http://www.inpi.gov.br/)
” “T-cloroquinolinas” / 0 documentos localizados
7-cloroquinolino-1,2,3-triazoil carboxamidas” / 0 documentos localizados

“Atividade antiparasitaria
“Atividade antiparasitaria” “1,2,3-triazéis” / 0 documentos localizados

“Atividade antiparasitaria” “
"Antiparasitic activity" “7-chloroquinoline” / 0 documentos localizados
"Antiparasitic activity" “1,2,3-triazoles” / 0 documentos localizados

"Antiparasitic activity" “7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

” “7-cloroquinolinas” / 0 documentos localizados

1,2,3-triazdis” / 0 documentos localizados

7-cloroquinolino-1,2,3-triazoil carboxamidas” / 0 documentos localizados

”

“Trichomonas vaginalis
“Trichomonas vaginalis
“Trichomonas vaginalis” “
“Trichomonas vaginalis” “7-chloroquinoline” / 0 documentos localizados
7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

“Trichomonas vaginalis” “1,2,3-triazoles” / 0 documentos localizados

T

L]

“Trichomonas vaginalis

Versédo 3.0 de 01.09.2016
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BANCO E BASE DE DADOS: Google Patents - (www.google.com/patents)

“Atividade antiparasitaria”
“Atividade antiparasitaria”
“Atividade antiparasitaria” “

7-cloroquinolinas” / 0 documentos localizados
1,2,3-triaz6is” / 0 documentos localizados

7-cloroquinolino-1,2,3-triazoil carboxamidas” / 0 documentos localizados
"Antiparasitic activity"

"Antiparasitic activity"
"Antiparasitic activity" “

7-chloroquinoline” / 0 documentos localizados
1,2,3-triazoles” / 4 documentos localizados

7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

” o«

“Trichomonas vaginalis” “7-cloroquinolinas” /0 documentos localizados
“Trichomonas vaginalis” “1,2,3-triaz6is” /0 documentos localizados

“Trichomonas vaginalis” “7-cloroquinolino-1,2,3-triazoil carboxamidas” / 0 documentos localizados

“Trichomonas vaginalis” “7-chloroquinoline” /0 documentos localizados
“Trichomonas vaginalis” “1,2,3-triazoles” /0 documentos localizados

“Trichomonas vaginalis” “7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

BANCO E BASE DE DADOS: PORTAL CAPES - (http://www.periodicos.capes.gov.br)

“Atividade antiparasitaria” “7-cloroquinolinas” / 0 documentos localizados
“Atividade antiparasitaria” “1,2,3-triaz6is” / 0 documentos localizados

“Atividade antiparasitaria” “7-cloroquinolino-1,2,3-triazoil carboxamidas” / 0 documentos localizados

"Antiparasitic activity" “7-chloroquinoline” / 22 documentos localizados
"Antiparasitic activity" “1,2,3-triazoles” / 13 documentos localizados

"Antiparasitic activity" “7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

“Trichomonas vaginalis” “7-cloroquinolinas” / 0 documentos localizados
“Trichomonas vaginalis” “1,2,3-triaz6is” / 0 documentos localizados

“Trichomonas vaginalis” “7-cloroquinolino-1,2,3-triazoil carboxamidas” / 0 documentos localizados

“Trichomonas vaginalis” “
“Trichomonas vaginalis” “
“Trichomonas vaginalis” “

7-chloroquinoline” / 13 documentos localizados
1,2,3-triazoles” / 5 documentos localizados

7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados
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BANCO E BASE DE DADOS: USPTO (EUA) - (http://patft.uspto.gov/)

"Antiparasitic activity" “7-chloroquinoline” / 0 documentos localizados
"Antiparasitic activity" “1,2,3-triazoles” / 2 documentos localizados
"Antiparasitic activity" “7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

“Trichomonas vaginalis” “7-chloroquinoline” / 0 documentos localizados

“Trichomonas vaginalis” “1,2,3-triazoles” / 1 documento localizado
“Trichomonas vaginalis” “7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

BANCO E BASE DE DADOS: ESPACENET (EUROP A)-(http://worldwide.espacenet.com/)

"Antiparasitic activity" “7-chloroquinoline” / 0 documentos localizados
"Antiparasitic activity" “1,2,3-triazoles” / 0 documentos localizados
"Antiparasitic activity" “7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

“Trichomonas vaginalis” “7-chloroquinoline” / 0 documentos localizados
“Trichomonas vaginalis” “1,2,3-triazoles” / 0 documento localizado
“Trichomonas vaginalis” “7-chloroquinoline-1,2,3-triazoyl carboxamides” / 0 documentos localizados

OUTROS BANCOS E BASES DE DADOS: (ldentificar)

PALAVRAS-CHAVE 01 / N° DE DOCUMENTOS LOCALIZADOS
o

vl
PALAVRAS-CHAVE n n/ N° DE DOCUMENTOS LOCALIZADOS

AVISO IMPORTANTE

A busca prévia de anterioridade € uma amostragem e néo verifica os documentos de patentes que
estdo em periodo de sigilo a partir da data de pedido de depésito, nos escritérios oficiais, que é de
18 meses. Portanto se algum documento similar ou igual estiver no periodo de sigilo, vale o recurso
para o primeiro depositante. Além do que foi exposto anteriormente, a busca prévia ndo garante a
abrangéncia do campo de pesquisa bibliografica na totalidade da literatura técnica publicada no
mundo.
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RESULTADO DAS PESQUISAS

Segundo sua pesquisa, foram encontradas anterioridades?

[ ]Ndo [ X]Sim

Caso tenham sido encontradas anterioridades, preencha a tabela a seguir com as
informacdes solicitadas.

Neda
Patente

Descricao

Base

Classificacéao
Internacional

US201500250
42A1

Compounds for treating proliferative disorders

USPTO

AB1K 31/15
C07C 261/04
C07C 281/06
C07C 307/04
C07C 311/49
C07C 311/51
CO07C 337/06
CO7D 207/34
CO07D 207/36
CO7D 233/74
CO7D 263/48
CO07D 271/10

CO07D 271/113
CO07D 307/66

CO7F 9/44
AB1K 31/16
A61K 31/166
A61K 31/18
CO7C 257/22
CO7C 255/66
CO7C 243/28
C07C 327/56
CO7C 243/42
CO07C 243/14
A61K 31/277

CO7F 9/46

CO7F 9/22
CO07C 311/55
CO7C 243/34
A61K 31/664

AB1K 31/4245

AB61K 31/40

A61K 31/341

US201201010
96A1

Compounds and methods for treating mammalian
gastrointestinal microbial infections

USPTO

A61K 31/535

US200501594
93A1

Methods for modulating macrophage proliferation
using polyamine analogs

USPTO

A61K 31/155

R.Gomes Carneiro,1-Ed.Delfim Mendes Silveira-Campus Porto/Reitoria-Centro-96.010-610 Pelotas/RS - 4° Andar — PRPPG
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W0201010818
7A2

Compounds and methods for treating mammalian
gastrointestinal microbial infections

Google Patents

CO07D 401/12
C07C 233/15
C07C 235/24
C07C 235/38
C07C 237/20
C07C 255/60
CO07C 275/28
C07C 275/30
CO7C 275/42
C07C 309/15
C07D 209/08
CO07D 209/12
C07D 209/30
CO07D 215/38
CO7D 235/26
CO7D 237/32
CO07D 249/06
CO07D 263/56
CO07D 263/57
CO07D 295/192
C07D 401/04
CO07D 401/14
CO7D 409/04
CO7D 413/04
CO7D 417/04
CO7D 417/14
CO7D 471/08
CO7D 491/052

CA2574335C

Veterinary composition comprising an arylpyrazole
and a nitroenamine with antiparasitic activity

Google Patents

AO1N 43/08
AO1N 43/40
AO1N 43/56
AO1N 43/647
AO1N 43/707
AOLN 43/74
AO1N 43/78
AB61K 31/4178
AB1K 31/4192
AG61K 31/44

US200302038
59A1

Anthelmintic compounds

Google Patents

AB61K 31/415
AB61K 31/41
AB61K 31/395
A61K 31/33
A61K 31/00
A61K
A61
A

W0200504195
0Al1

Ectoparasiticidal formulations of spinosyns and azole
pesticides

Google Patents

A61K 31/365
AB61K 31/366
AB61K 31/415
AB61K 31/4164
AB1K 31/4192

W0201515107
9A2

Auristatin analogues and their conjugates with cell-
biding molecules

Google Patents

A61K 47/48638

A61K 47/48384

A61K 47/48584
CO07D 403/12
CO07D 405/14
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Vocé teve orientacdo para realizar a pesquisa de anterioridade? [ X] Sim [ ] Nao
Especificar:

A unidade ou inventor tem interesse em patentear o invento? [ X] Sim [ ] N&o

Existe alguma empresa interessada no projeto? [ ] Sim [ X ]Nao

NOTA EXPLICATIVA DO RESULTADO DA PESQUISA:

Os resultados encontrados nos bancos de dados de depdsitos de patentes permitem entender o
panorama da utilizacdo que compostos quimicos semelhantes ao dos compostos apresentado
nesta patente e a andlise e descricdo dos documentos de patente permite um maior
entendimento de suas aplicages biologicas, farmacéuticas e/ou clinicas. Por fim, as patentes
descritas a seguir compdem, pelo menos em parte, o estado da técnica do uso dos compostos
derivados de quinolina-1,2,3-triazoil carboxamidas como compostos antiparasitarios.

A patente US20150025042A1, trata de compostos analogos de Taxol®, bem como de um
polimero contendo o Taxol®, seus sais e pro-farmacos, os quais induzem protecdo celular
através do aumento dos niveis citoplasmaticos e de superficie celular da proteina do choque
térmico 70 (Hsp 70) e a aplicacao destes no tratamento de desordens proliferativas. A patente
trata ainda de compostos citotéxicos a linhagens celulares de cancer, inclusive multirresistentes,
e capazes de aumentar a atividade antiproliferativa e apoptoticas dos analogos de Taxol® e
taxano. Os compostos derivados de 1,2,3-triazbis sdo citados apenas nas referéncias e como
radicais organicos a serem adicionados no composto padrdo para testes relacionados ao
tratamento das desordens proliferativas. A patente ndo faz mencdo aos compostos derivados de
quinolina-1,2,3-triazoil-carboxamidas e também n&o trata de suas aplicagfes biologicas.

A patente US20120101096A1, reivindica compostos derivados de triazdis e 1,2,3-triazéis,
amidas, ésteres, cetonas, pirazéis, ureia e ftalazinonas como inibidores da enzima inosina-5-
monofosfato desidrogenase, a qual esta envolvida na biossintese de nucleotideos do tipo
guanina. Os compostos foram reivindicados como um método de inibicdo do crescimento celular
e inducdo de morte para uso em diversos géneros de bactérias, fungos e protozoarios, dentre
eles, os géneros Trichomonas e Tritrichomonas. Porém, nenhum dos compostos derivados de
triazOis descritos, representa os compostos derivados de quinolina-1,2,3-triazoil-carboxamidas,
compostos a serem descritos no presente pedido de patente.

A patente US20050159493A1, refere-se a compostos analogos de poliaminas, bem como seus
sais e outros derivados, contendo mitoguazona e/ou sais de mitoguazona dicloridrato como
moduladores da proliferacdo de macréfagos para o tratamento de doencgas associadas a
macrofagos, tais como deméncia associada a HIV, linfoma non-Hodgkin’s associado a HIV e
doenca de Alzheimer. Além disso, os compostos descritos podem ser usados como métodos
para desacelerar o desenvolvimento, auxiliar o diagnostico e monitorar o tratamento dessas
doencas. Os compostos derivados de 1,2,3-triaz6is sdo citados apenas na sec¢do de
fundamentos da invencéo e estado da técnica, porém os derivados de quinolina-1,2,3-triazoil-
carboxamidas e suas utilizacdes ndo sdo descritos.
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A patente W02010108187A2, trata-se de um documento depositado no banco de dados mundial
de patentes o qual refere-se aos inventos, e suas aplicacbes, contidos na patente
US20120101096A1, previamente descrita. A patente WO2010108187A2 foi escrita e depositada
primeiro e conta com um maior niamero de reivindicacdes e de figuras, enquanto a patente
US20120101096A1 é mais especifica quanto as aplica¢cdes dos compostos derivados de triazbis
e 1,2,3-triaz6is, amidas, ésteres, cetonas, pirazois, ureia e ftalazinonas como inibidores da
enzima inosina-5-monofosfato desidrogenase.

A patente CA2574335C, reivindica composi¢des antiparasitarias contendo uma combinacgéo de
compostos de arilpirazéis e nitroenaminas, mais especificamente para formulacédo de kits com
essas combinacdes e 0 uso das respectivas combinacgdes e kits no controle de infestagbes de
animais por insetos e acaros parasitas e ainda, na produgcdo de medicamentos inseticidas e
acaricidas. Os compostos derivados de 1,2,3-triaz6is sao citados apenas na secdo de
fundamentos da invengéo e estado da técnica como detentores de potencial pesticida, mas néo
h& nenhuma descri¢éo relacionadas aos os derivados de quinolina-1,2,3-triazoil-carboxamidas e
suas utilizagoes.

A patente US20030203859A1, refere-se a combinagdo de avermectinas e milbemicinas, em
composicdes sinérgicas, e seus derivados contendo compostos diaril e sua aplicagcao no controle
de parasitas, principalmente no combate a helmintoses. Os compostos triazéis, derivados de N-
fenil-pirazois, sdo citados apenas na secdo de fundamentos da invencao e estado da técnica
como detentores de potencial antihelmintico, antiprotozoario e artropodicida, mas nédo se faz
nenhuma citagdo quanto aos compostos derivados de quinolina-1,2,3-triazoil-carboxamidas e
suas aplicacgoes.

A patente WO2005041950A1 trata de formulacées a partir da combinagéo de pesticidas azolicos
com espinosinas como componentes ativos para o controle de ectoparasitas, tais como,
carrapatos e moscas. Além disso, a aplicacdo simultdnea ou sequencial da combinagdo ou dos
ingredientes ativos separadamente pode ser usada como diferentes métodos de tratamento de
infestacBes por ectoparasitas. Os compostos derivados de 1,2,3-triaz0is séo citados apenas na
secdo de fundamentos da invencéo e estado da técnica como detentores de potencial pesticida,
porém os ndo a patente néo faz referéncia aos compostos derivados de quinolina-1,2,3-triazoil-
carboxamidas e suas aplicagoes.

A patente W0O2015151079A2, reivindica compostos analogos de auristatinas, principalmente a
monometil auristatina F, como agentes citotoxicos, a conjugacao desses agentes citotoxicos com
agentes de ligacéao celular, a preparacao e as utilizacdes terapéuticas dessas moléculas e seus
conjugados para a interrupcao e retardamento do crescimento celular anormal e/ou proliferacéo
celular. A patente reivindica ainda que os compostos descritos podem ser usados para o
tratamento de doencas infecciosas como a tricomoniase, causada por Trichomonas vaginalis,
parasita que pode ser reconhecido pelos agentes de ligacdo celular supracitados, segundo
descrito na patente. Os derivados de triazois sao reivindicados na patente como ligantes, mas
0s compostos derivados de quinolina-1,2,3-triazoil-carboxamidas, compostos a serem descritos
no presente pedido de patente, ndo sdo descritos.
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A busca no Portal Capes resultou em um total de 53 documentos encontrados, para as quatro
diferentes associacdes de palavras-chave, como previamente descrito. Apdés uma analise de
todos os documentos, verificou-se que estes representavam artigos cientificos e resenhas, néo
tendo sido encontrado entre eles nenhum documento de pedido e/ou concesséo de patente, por
este motivo os resultados da busca nao foram adicionados a tabela de resultados das pesquisas.

Diante dos resultados encontrados apoés a busca nos bancos de dados de depdsitos de patentes,
€ possivel afirmar que apesar de compostos derivados de triazéis, um dos compostos organicos
presentes na composicdo dos compostos presentes neste pedido de patente, terem sido
testados contra Trichomonas vaginalis, ndo ha descri¢cdo de testes realizados com 0s compostos
derivados de quinolina-1,2,3-triazoil-carboxamidas.

Considerando ainda que todas as outras patentes encontradas demonstram aplicacdes
diferentes da proposta e também em muitos casos descrevem compostos diferentes, o objetivo
da presente patente intitulada: “Formulac@o antiparasitaria a partir de quinolina-1,2,3-triazolil-
carboxamidas”, se mostra altamente relevante.

Responséavel pela Busca Responsavel pelo Projeto
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REIVINDICACOES

Derivados sintéticos de quinolina-1,2,3-triazoil
carboxamidas caracterizado por 1-(7-Cloroquinolino-4-il)-5-
metil-N-fenil-1H-1,2,3-triazoil-4-carboxamida; 1-(7-
Cloroquinolino-4-il)-N, 5-difenil-1H-1,2,3-triazoil-4-
carboxamida; 1-(7-Cloroquinolino-4-il) -N-fenil-5-
(trifluorometil)-1H-1,2,3-triazoil-4-carboxamida.

Formulacdo farmacéutica antiparasitdria caracterizado por
conter o composto conforme reivindicacédo 1.

Formulacdo farmacéutica antiparasitdria caracterizado por
conter o composto conforme reivindicacdo 1, associados a
fadrmacos de uso padrdo com atividade anti-Trichomonas
vaginalis, tais como Metronidazol e Tinidazol.

Formulacgdo farmacéutica antiparasitidria contendo quinolina-
1,2,3-triazoil carboxamidas, associados ou ndo a farmacos de
uso padrdo de acordo com as reivindicagbes 1, 2 e 3,
caracterizado por possuir as seguintes vias de administracédo:
via oral, sublingual, parenteral, cutdnea, nasal, oftadlmica,
auricular, pulmonar, vaginal e retal.

Formulacdo farmacéutica antiparasitdria contendo quinolina-
1,2,3-triazoil carboxamidas, de acordo com as reivindicacdes
de 1, 2, 3 e 4, caracterizado por possuir as seguintes formas
farmacéuticas: comprimido, capsula, pastilhas, drageas, pds
para reconstituicdo, gotas, xarope, solucdo oral, suspensdao,
solugdes e suspensdes injetadveis, solucdes tdpicas, pomadas,
cremes, locdo, gel, adesivos, spray e gotas nasais, colirios
e pomadas oftalmicas, gotas auriculares ou otoldgicas e
pomadas auriculares, aerossol, comprimidos vaginais, cremes,
pomadas, o6vulos, supositdédrios e enemas.

Formulacdo farmacéutica, de acordo com as reivindicacdes 1,
2 e 3 caracterizado por compreender em especial atividade

anti-Trichomonas vaginalis na faixa de 6,25-200uM/mL.
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FORMULAGCAO ANTIPARASITARIA A PARTIR DE QUINOLINA-1,2,3-
TRIAZOIL CARBOXAMIDAS

RESUMO

A presente invencdo apresenta o uso de derivados de quinolina-
1,2,3-triazoil-carboxaminas (QTCA), em formulacgdes farmacéuticas
com atividade antiparasitaria. A presente invencdo compreende o
desenvolvimento de farmacos e medicamentos contendo QTCA em sua
composicdo. Até o momento as QTCA, objeto alvo da presente patente,
ainda n&do haviam sido descritas ou avaliadas gquanto as suas
atividades antiparasitédrias. A acdo antiparasitédria foi observada
quando testadas as QTCA em Trichomonas vaginalis. Os parasitos
demonstraram alteracdes de motilidade e morfologia indicadoras de
morte parasitaria. Esses resultados confirmam que as QTCA séo
moléculas com potencial farmacoldgico e que podem ser utilizadas
na composicdo de diversas formas farmacéuticas. Setor técnico:

A61P 33/00, A61P 33/02, A61P 33/10.
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FORMULAGCAO ANTIPARASITARIA A PARTIR DE QUINOLINA-1,2,3-
TRIAZOIL-CARBOXAMIDAS

CAMPO DA INVENGAO

[001] A presente invencdo refere-se ao uso de derivados sintéticos
de quinolina-1,2,3-triazoil carboxamidas, em formulacgdes
farmacéuticas com atividade antiparasitdria. A presente invencédo
compreende ainda o desenvolvimento de farmacos e medicamentos
contendo derivados de quinolina-1,2,3-triazoil carboxamidas em sua
composicdo. Estd enquadrada dentro da classificacdo internacional
de patentes nos campos de invencdo A6lP 33/00, A6lP 33/02, A6lP
33/10.

FUNDAMENTOS DA INVENGAO E ESTADO DA TECNICA

[002] As quinolinas sdo moléculas descobertas em 1842 a partir da
decomposicdo da gquinina (uma substédncia extraida de plantas do
géneno Cinchona) e sao caracterizadas como compostos
heterociclicos, aromdticos e nitrogenados. Em sua estrutura,
possuem duplo anel benzénico fusionado a piridina, no qual o atomo
de carbono da posicdo 1 é substituido por um atomo de nitrogénio
(Manske, R.H. The Chemistry of Quinolines. Chemical Reviews, V.
30, p.113-144, 1942). As quinolinas e seus derivados representam
uma importante classe de moléculas organicas, as quais
constantemente despertam o interesse nas areas de sintese e quimica
medicinal, estdo presentes em diversas substéncias naturais,
principalmente alcaloides derivados de plantas, mas também podem
ser compostos sintetizados laboratoriamente (Wilhem, E. A.,
Machado, N. C., Pedroso, A. B., Goldani, B. S., Seus, N., Moura,
S., ... & Alves, D. Organocatalytic synthesis and evaluation of 7-
chloroquinoline-1,2,3-triazoyl carboxamides as potential
antinociceptive, anti-inflammatory and anticonvulsant agent. RSC

Adv., v. 4, p.41437-41445, 2014).
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[003] A importancia do nutcleo guinolinico pode ser evidenciada
pelo grande numero de farmacos, obtidos por via sintética,
comercialmente disponiveis que contém esse nlUcleo em sua
estrutura, como é o caso de dois derivados clorados: o clioquinol,
farmaco wutilizado em diversas infeccgdes fungicas cutdneas e o
cloroquinaldol, antisséptico que apresenta atividade
antibacteriana e antifingica (Mao, J., Yuan, H., Wang, Y., Wan,
B., Pieroni, M., Huang, Q., ... & Franzblau, S. G. From serendipity
to rational antituberculosis drug discovery of mefloquine-
isoxazole carboxylic acid esters. Journal of medicinal
chemistry, v. 52, n. 22, p. 6966-6978, 2009). Os primeiros
derivados quinolinicos foram inicialmente desenvolvidos para
substituir a gquinina no tratamento da maldria, pois a mesma possuia
alta toxicidade e ocasionavam intmeros efeitos colaterais. As
pesquisas resultaram entdo no desenvolvimento dos derivados 4-
amino-quinolinicos (clorogquina e a amodiaquina), do derivado
piperidinico (meflogquina) e dos derivados 8-aminoquinolinicos
(primagquina e a tafenoquina) como potenciais compostos
antimaldricos (Cunico, W., Carvalho, S. A., Gomes, C. R., &
Marques, G. H. Farmacos antimalariais - Histéria e
perspectivas. Rev. Bras. Farm, v. 89, n. 1, p. 49-55, 2008).

[004] Em estudo recente, uma série de compostos enantidmeros de 4-
aminodlcool quinolinas foram testados in vitro para a atividade
antimaldrica. Os seis enantidmeros com configuracéo S-absoluta
[(S)-1 a (S)-6] testados demonstraram forte atividade antimaldrica
in vitro contra as duas cepas de Plasmodium falciparum (W2 e 3D7)
e apresentaram IC50 mais baixo que os farmacos padrdo (cloroguina
e mefloquina), tendo sido o composto (S)-2 o melhor para ambas as
cepas do parasito, com IC50 de 6,98 e 8,33 nmol/L para as cepas W2
e 3D7, respectivamente. Ao mesmo tempo, todos os derivados de 4-
aminoalcool gquinolinas testados levaram a inibicacdo da formacédo
de PB-hematina maior do que a mefloquina porém menor do gque a
cloroquina (Mullié, C., Jonet, A., Desgrouas, C., Taudon, N.,
Sonnet, P. Differences in anti-malarial activity of 4-aminoalcohol

quinoline enantiomers and investigation of the presumed underlying
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mechanism of action. Malaria Journal, v. 11, n. 1, p. 65-71, 2012).
Os mecanismos de acdo exatos dos farmacos quinolinicos ainda deve
ser melhor elucidado de forma especifica para cada grupo de
derivados, mas acredita-se que no caso da atividade antimalarica
esse mecanismo baseia-se na inibicdo da biocristalizacdo da
hemozoina, o que conduz a liberacdo do grupo heme, que é tdéxico ao
parasito devido a sua capacidade de gerar espécies reativas de
oxigénio (Muraleedharan, K. M., & Avery, M. A. Advances in the
discovery of new antimalarials. Compr. Med. Chem. II, v. 7, p.
765-814, 2007).

[005] Além disso, qgquinolinas que incorporam heterociclos,
desempenham um papel importante na pesquisa da quimica medicinal
e Jja demontraram atividades biolégicas e propriedades
farmacoldbgicas, como por exemplo: antitumorais, antioxidantes,
antituberculose, antifungica, antibacteriana, anti-inflamatdrias,
antidepressivas e antiprotozodrio (Begnini, K. R., Duarte, W. R.,
da Silva, L. P., Buss, J. H., Goldani, B. S., Fronza, M., ... &
Collares, T. Apoptosis induction by 7-chloroquinoline-1, 2, 3-
triazoyl carboxamides in triple negative breast cancer
cells. Biomedicine & Pharmacotherapy, v. 91, p. 510-516, 2017;
Dorey, G., Lockhart, B., Lestage, P., Casara, P. New quinolinic
derivatives as centrally active antioxidants, Bioorgan. Med. Chem.
Lett., v. 10, p. 935-939, 2000; Candéa, A. L., Ferreira, M. D. L.,
Pais, K. C., Cardoso, L. N. D. F., Kaiser, C. R., Maria das Gracgas,
M. D. 0., ... de Souza, M. V. Synthesis and antitubercular activity
of 7-chloro-4-quinolinylhydrazones derivatives. Bioorganic and
Medicinal Chemistry Letters, v. 19, n. 22, p. 6272-6274, 2009;
Musiol, R., Jampilek, J., Buchta, V., Silva, L., Niedbala, H.,
Podeszwa, B., ... & Polanski, J. Antifungal properties of new
series of quinoline derivatives. Bioorganic & medicinal chemistry,
v. 14, p.3592-3598, 2006; Ferretti, M. D., Neto, A. T., Morel, A.
F., Kaufman, T. S., Larghi, E. L. Synthesis of symmetrically
substituted 3,3—dibenzyl-4-hydroxy-3,4dihydro-1H-quinolin-2-ones,
as novel quinoline derivatives with antibactrial activity.

European Journal of Medicinal Chemistry, v. 81, p. 253-266, 2014;
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Wilhem, E. A., Machado, N. C., Pedroso, A. B., Goldani, B. S.,
Seus, N., Moura, S., ... & Alves, D. Organocatalytic synthesis and
evaluation of 7-chloroquinoline-1,2,3-triazoyl carboxamides as
potential antinociceptive, anti-inflammatory and anticonvulsant
agent. RSC Adv., v. 4, p.41437-41445, 2014; Di Pietro, 0., Vicente-
Garcia, E., Taylor, M. C., Berenguer, D., Viayna, E., Lanzoni, A.,
Sola, I., Sayago, H., Riera, C., Fisa, R., Clos., M. V., Pérez,
B., Kelly. J. M., Lavilla, R., Munoz-Torrero, D. Multicomponent
reaction-based synthesis and biological evaluation of tricyclic
heterofused <quinolines with multi-trypanosomatid activity.
European Journal of Medicinal Chemistry, v. 105, p. 120-137, 2015).
Um estudo avaliou a atividade tripanossomaticida e leishmanicida
in vitro, a permeabilidade cerebral, a citotoxicidade contra
células L6 de fibroblasto de rato e a atividade inibitéria de
acetilcolinesterase de 22 compostos derivados de quinolinas
triciclicas heterofusionadas. A atividade tripanossomaticida foi
testada nas cepas 221 de Trypanosoma brucei e MHOM/ES/2203/BCN590
(Tcl) de Trypanosoma cruzi. J& a atividade leishmanicida foi
testada na cepa MCAN/ES/92/BCN722. Todos os compostos derivados de
gquinolinas heterofusionadas contendo um grupo aminometilfenil
protonavel no anel B foram mais potentes contra T. brucei que O
farmaco padrdo. A maior parte dos compostos testados também
mostrou-se ativo contra T. cruzi seguindo o mesmo perfil encontrado
para T. brucei, com destaque para os compostos derivados de
quinolinas heterofusionadas contendo um grupo aminometilfenil
protonadvel no anel B. Todos os compostos testados demonstraram
atividade leishmanicida com valores de IC50 baixos e com a maior
parte dos compostos demonstrando-se mais potente que o farmaco
padrdo. Por fim, a piranoquinolina (composto 39) foi selecionada
como composto com melhor potencial anti multiplos protozoarios
baseado em seus valores de IC50 para os trés parasitos, em sua
permeabilidade cerebral, na sua atividade inibitéria de
acetilcolinesterase e em suas propriedades gerais (Di Pietro, O.,
Vicente-Garcia, E., Taylor, M. C., Berenguer, D., Viayna, E.,

Lanzoni, A., Sola, I., Sayago, H., Riera, C., Fisa, R., Clos., M.
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V., Pérez, B., Kelly. J. M., Lavilla, R., Munoz-Torrero, D.
Multicomponent reaction-based synthesis and biological evaluation
of tricyclic heterofused quinolines with multi-trypanosomatid
activity. European Journal of Medicinal Chemistry, v. 105, p. 120-
137, 2015). Os exemplos e estudos citados demonstram entdo a
potencialidade do uso dos derivados quinolinicos e a necessidade
do estudo de outras atividades bioldgicas ou até mesmo da atividade
sobre outros parasitas.

[006] Além das quinolinas, as moléculas da classe dos azdis também
sdo compostos que despertam interesse na quimica medicinal. Dentre
eles, destacam-se os triazdis, que tém sido muito estudados pelo
fato de possuirem um vasto campo de aplicacgdes. 0Os triazdis sé&o
heterociclos de cinco membros contendo trés &tomos de nitrogénio
como substituintes e apresentam em sua estrutura seis elétrons 1.
Como todos os azdbdis, sdo compostos exclusivamente sintéticos, néo
existindo indicacdes que eles possam ser encontrados na natureza.
Devido a isso, sdo diversas as rotas sintéticas, clédssicas ou mais
atuais, que permitem a obtencdo desses compostos (Mello, J.,
Donnici, C. L., Augusti, R., Ferreira, V. F., Souza, M., Ferreira,
M. Heterociclos 1,2,3-triazélicos: histérico, métodos de
preparagdo, aplicagdes e atividades farmacolégicas. Quimica Nova,
v. 29, p. 569-579, 2006). Dentre as vias sintéticas de producéo
desses compostos estd a cicloadicdo 1,3-dipolar de azidas, porém
por utilizar metais de transig¢do essa tecnologia possui
restricgdes, pois os metais podem ocasionar danos bioldgicos. Sendo
assim, uma metodologia alternativa que tem sido aplicada é a
sintese organocatalitica, a qual produz triazdis funcionalizados
a partir da cicloadicdo enamida-azida de azidas orgénicas e/ou
compostos carbonilicos (Wilhem, E. A., Machado, N. C., Pedroso, A.
B., Goldani, B. S., Seus, N., Moura, S., ... & Alves, D.
Organocatalytic synthesis and evaluation of 7-chloroquinoline-
1,2,3-triazoyl carboxamides as potential antinociceptive, anti-
inflammatory and anticonvulsant agent. RSC Adv., v. 4, p.41437-
41445, 2014). A sintese organocatalitica tem sido aplicada para

producdo de moléculas da classe dos triazdis, dentre as dgquais
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destacam-se os compostos de 1,2,3-triazdis, gque s&o moléculas
atraentes para conectar unidades pois sdo estaveis a degradacéo
metabdélica e capazes de ligacdo de hidrogénio, o que pode ser
favoravel na unido de alvos biomoleculares e pode melhorar a
solubilidade. Moléculas sintéticas contendo unidades de 1,2,3-
triazdéis ja foram descritas como detentoras de diversas atividades
biolégicas, incluindo antituberculose, antibacteriana,
anticancerigena e anti-Leishmania (Wilhem, E. A., Machado, N. C.,
Pedroso, A. B., Goldani, B. S., Seus, N., Moura, S., ... & Alves,
D. Organocatalytic synthesis and evaluation of 7-chloroquinoline-
1,2,3-triazoyl carboxamides as potential antinociceptive, anti-
inflammatory and anticonvulsant agent. RSC Adv., v. 4, p.41437-
41445, 2014; Agalave, S.G., Maujan, S.R., Pore, V.S. Click
chemistry: 1 2,3-triazoles as pharmacophores. Chem. Asian J., V.
6, p. 2696-2718, 2011; Masood, M. M., Hasan, P., Tabrez, S., Ahmad,
M. D., Yadava, U., Daniliue, C. G., Sonawane, Y. A., Azam, A.,
Rub, A., Abid, M. Anti-leishmanial and citotoxic activities of
amino acid-triazole hybrids: Synthesis, biological evaluation,
molecular docking and in silico physico-chemical properties.
Bioorganic & Medicinal Chemistry Letters, 2017).

[007] Um estudo recente avaliou a atividade de dezoito novos
compostos de 1,2,3-triazdis associados a uma cauda de aminoacidos
sobre a forma promastigota da cepa Dd8 de Leishmania donovani 1in
vitro. Trés dos compostos testados (40, 43 e 53) demonstraram
atividade leishmanicida promissora, além de ndo terem apresentado
citotoxicidade sobre células THP-1 de macrbéfagos. O trabalho
realizou ainda andlises de docking destes trés compostos e observou
que estes apresentam interacdes com residuos do sitio catalitico
da enzima tripanotiona redutase, essencial para manutencdo do
ambiente redutor e sobrevivéncia do parasita, demonstrando assim
a potencialidade destes compostos como antiparasitarios (Masood,
M. M., Hasan, P., Tabrez, S., Ahmad, M. D., Yadava, U., Daniliue,
C. G., Sonawane, Y. A., Azam, A., Rub, A., Abid, M. Anti-
leishmanial and citotoxic activities of amino acid-triazole

hybrids: Synthesis, biological evaluation, molecular docking and
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in silico physico-chemical properties. Bioorganic & Medicinal
Chemistry Letters, 2017). Em um outro estudo, analisou-se a
atividade antituberculose in vitro de dezessete novos anadlogos de
1,4-di-substituidos 1,2,3-triazdis derivados de 4-fenilfenol. Seis
desses compostos demonstraram atividade contra Mycobacterium
tuberculosis H37Ra (isolado ATCC 25177), com concentracéado
inibitéria minima (MIC) wvariando entre 0,78 a 3,12 npg/mL, e
apresentaram melhor atividade quando comparados aos medicamentos
antituberculose convencionais. Além disso, esses compostos néo
apresentaram citotoxicidade em células de macrdfagos derivados da
medula o6ssea de camundongos (MBMDMQs) (Ali, A. A., Gogoi, D.,
Chaliha, A. K., Buragohain, A. K., Trivedi, P., Saikia, P. J.,
Gehlot, P. S., Kumar, A., Chaturvedi, V., Sarma, D. Synthesis and
biological evaluation of novel 1,2,3-triazole derivates as anti-
tubercular agents. Bioorganic & Medicinal Chemistry Letters, v.
27, p. 3098-3703, 2017). Os exemplos citados demonstram o potencial
bioldégico dos 1,2,3-triazdbdis, bem como de seus derivados e sugerem
que adicdo destes compostos em derivados quinolinicos pode levar
a obtencdo de moléculas com alto potencial bioldgico, inclusive
para pesguisa e possivel utilizacdo como farmacos
antiparasitarios.

[008] Em adicgdo aos artigos cientificos, os bancos de dados de
depdsitos de patentes s&o uma importante fonte de informacdes para
o entendimento da produgdo cientifica e tecnoldgica relacionada
aos compostos derivados de quinolina-1,2,3-triazoil carboxamidas
e as suas aplicacdes farmacoldgicas. O estado da técnica destes
compostos se torna mais claro a partir dos dados encontrados nas
patentes descritas a seguir.

[009] A patente US20150025042A1, trata de compostos andlogos de
Taxol®, bem como de um polimero contendo o Taxol®, seus sais e
pré-farmacos, os dquais induzem protecdo celular através do
aumento dos niveis citoplasmaticos e de superficie celular da
proteina do choque térmico 70 (Hsp 70) e a aplicacdo destes no
tratamento de desordens proliferativas. A patente trata ainda

de compostos citotdéxicos a linhagens celulares de cancer,
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inclusive multirresistentes, e capazes de aumentar a atividade
antiproliferativa e apoptdticas dos andlogos de Taxol® e taxano.
Os compostos derivados de 1,2,3-triazdis sdo citados apenas nas
referéncias e como radicais orgdnicos a serem adicionados no
composto padrdo para testes relacionados ao tratamento das
desordens proliferativas. A patente ndo faz mencdo aos compostos
derivados de quinolina-1,2,3-triazoil-carboxamidas e também né&o
trata de suas aplicacdes bioldgicas.

[010] A patente US20120101096A1, reivindica compostos derivados
de triazdéis e 1,2,3-triazdis, amidas, ésteres, cetonas,
pirazdis, ureia e ftalazinonas como inibidores da enzima
inosina-5-monofosfato desidrogenase, a qual estd envolvida na
biossintese de nucleotideos do tipo guanina. Os compostos foram
reivindicados como um método de inibicdo do crescimento celular
e inducdo de morte para uso em diversos géneros de bactérias,
fungos e protozodrios, dentre eles, os géneros Trichomonas e
Tritrichomonas. Porém, nenhum dos compostos derivados de
triazbéis descritos, representa os compostos derivados de
qguinolina-1,2,3-triazoil-carboxamidas, compostos a serem
descritos no presente pedido de patente.

[011] A patente W02010108187A2, trata-se de um documento
depositado no banco de dados mundial de patentes o qual refere-
se aos 1inventos, e suas aplicagdes, contidos na patente
US20120101096A1, previamente descrita. A patente WO2010108187A2
foi escrita e depositada primeiro e conta com um maior numero
de reivindicacgdes e de figuras, enquanto a patente
US20120101096A1 ¢é mais especifica gquanto as aplicacdes dos
compostos derivados de triazdéis e 1,2,3-triazdis, amidas,
ésteres, cetonas, pirazdbdis, ureia e ftalazinonas como inibidores
da enzima inosina-5-monofosfato desidrogenase.

[012] A patente US20050159493A1, refere-se a compostos analogos
de poliaminas, bem como seus sais e outros derivados, contendo
mitoguazona e/ou sais de mitoguazona dicloridrato como
moduladores da proliferacdo de macrdéfagos para o tratamento de

doencas associadas a macrdéfagos, tais como deméncia associada a
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HIV, linfoma non-Hodgkin’s associado a HIV e doenca de
Alzheimer. Além disso, os compostos descritos podem ser usados
como métodos para desacelerar o desenvolvimento, auxiliar o
diagnéstico e monitorar o tratamento dessas doencas. Os
compostos derivados de 1,2,3-triazbdis sdo citados apenas na
secdo de fundamentos da invencdo e estado da técnica, porém os
derivados de quinolina-1,2,3-triazoil-carboxamidas e suas
utilizacgdes ndo sdo descritos.

[013] A patente CA2574335C, reivindica composicdes
antiparasitadrias contendo uma combinacdo de compostos de
arilpirazdéis e nitroenaminas, mais especificamente para
formulacdo de kits com essas combinacdes e o uso das respectivas
combinacdes e kits no controle de infestacdes de animais por
insetos e Acaros parasitas e ainda, na producdo de medicamentos
inseticidas e acaricidas. Os compostos derivados de 1,2,3-
triazbdis sdo citados apenas na secdo de fundamentos da invencéo
e estado da técnica como detentores de potencial pesticida, mas
ndo hé& nenhuma descricdo relacionadas aos os derivados de
qgquinolina-1,2,3-triazoil-carboxamidas e suas utilizacdes.

[014] A patente US20030203859A1, refere-se a combinacdo de
avermectinas e milbemicinas, em composic¢des sinérgicas, € seus
derivados contendo compostos diaril e sua aplicacdo no controle
de parasitas, principalmente no combate a helmintoses. Os
compostos triazdbdis, derivados de N-fenil-pirazdis, s&o citados
apenas na secdo de fundamentos da invencdo e estado da técnica
como detentores de potencial antihelmintico, antiprotozodrio e
artropodicida, mas ndo se faz nenhuma citacdo quanto aos
compostos derivados de quinolina-1,2,3-triazoil-carboxamidas e
suas aplicacbdes.

[015] A patente WO2005041950A1 trata de formulagdes a partir da
combinacdo de pesticidas azdlicos com espinosinas como
componentes ativos para o controle de ectoparasitas, tais como,
carrapatos e moscas. Além disso, a aplicacdo simulténea ou
sequencial da combinacéo ou dos ingredientes ativos

separadamente pode ser usada como diferentes métodos de



10/16

tratamento de infestac¢des por ectoparasitas. Os compostos
derivados de 1,2,3-triazdéis sdo citados apenas na secdo de
fundamentos da invencdo e estado da técnica como detentores de
potencial pesticida, porém a patente ndo faz referéncia aos
compostos derivados de gquinolina-1,2,3-triazoil-carboxamidas e
suas aplicacbdes.

[016] A patente WO2015151079A2, reivindica compostos anadlogos
de auristatinas, principalmente a monometil auristatina F, como
agentes citotdéxicos, a conjugacdo desses agentes citotdxicos
com agentes de ligacdo celular, a preparacdo e as utilizacdes
terapéuticas dessas moléculas e seus conjugados para a
interrupcdo e retardamento do crescimento celular anormal e/ou
proliferacdo celular. A ©patente reivindica ainda gque os
compostos descritos podem ser usados para o tratamento de
doencas infecciosas como a tricomoniase, causada por Trichomonas
vaginalis, parasita que pode ser reconhecido pelos agentes de
ligacdo celular supracitados, segundo descrito na patente. Os
derivados de triazdbdéis sdo reivindicados na patente como
ligantes, mas os compostos derivados de quinolina-1,2,3-
triazoil-carboxamidas, compostos a serem descritos no presente
pedido de patente, ndo sdo descritos.

[017] Diante dos resultados encontrados apds a busca nos bancos
de dados de depdsitos de patentes, é possivel afirmar que apesar
de compostos derivados de triazdis, um dos compostos orgadnicos
presentes na composicdo dos compostos presentes neste pedido de
patente, terem sido testados contra Trichomonas vaginalis, ndao
h4d descricdo de testes realizados com os compostos derivados de
quinolina-1,2,3-triazoil-carboxamidas.

[018] Considerando ainda que todas as outras ©patentes
encontradas demonstram aplicacdes diferentes da proposta e
também em muitos casos descrevem compostos diferentes, o
objetivo da presente patente intitulada: “Formulacdo
antiparasitaria a partir de quinolina-1,2,3-triazolil-

carboxamidas”, se mostra altamente relevante.
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SUMARIO DA INVENGCAO

[019] A presente invencdo se refere ao uso de derivados de
quinolina-1,2,3-triazoil carboxamidas, com o objetivo de obter
formulacdes farmacéuticas com atividade antiparasitaria.

[020] A acdo antiparasitaria foi observada através da exposicdo de
Trichomonas vaginalis aos derivados de quinolina-1,2,3-triazoil
carboxamidas, pois oS parasitos demonstraram alteracdes
morfoldégicas indicadoras de morte parasitdria na concentracdo de
80 uM, de acordo com o composto apresentado no exemplo 1 (Figura

2, 3 e 4).

DESCRIGCAO DETALHADA DO INVENTO

[021] A presente invencdo destina-se ao uso de derivados sintéticos
de quinolina-1,2,3-triazoil carboxamidas (QTCA). Adicionalmente o
presente pedido trata de composig¢des farmacéuticas contendo os
componentes e seu uso em formulacdes antiparasitarias.

[022] Os compostos utilizados no presente invento foram
sintetizados no Laboratdério de Sintese Orgénica Limpa (LASOL) da
Universidade Federal de Pelotas, onde foram obtidos com
rendimentos isolados de 23 a 94% (Figura 1).

[023] Para referida patente, foram selecionados trés compostos: 1-
(7-Cloroguinolino-4-il)-5-metil-N-fenil-1H-1,2,3-triazoil-4-
carboxamida (QTCA-1); 1-(7-Cloroquinolino-4-il) -N, 5-difenil-1H-
1,2,3-triazoil-4-carboxamida (QTCA-2); 1-(7-Cloroquinolino-4-il) -
N-fenil-5-(trifluorometil)-1H-1,2,3-triazoil-4-carboxamida (QTCA-
3) (Figura 1), os quais foram sintetizados por sintese
organocatalitica pela reacdo de 4-azido-7-clorogquinoclina com uma
gama de [-oxocamidas na presenca de uma quantidade catalitica de
pirrolidina utilizando DMSO como solvente a temperatura ambiente,
como descrito em um estudo anterior (E.A. Wilhelm, N.C. Machado,
A.B. Pedroso, B.S. Goldani, N. Seus, S. Moura, L.Savegnago, R.G.
Jacob, D. Alves, Organocatalytic synthesis and evaluation of 7-

chloroquinoline-1,2,3-triazoyl carboxamides as potential
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antinociceptive, anti-inflammatory and anticonvulsant agent, RSC
Adv. 4 (2014) 41437-41445,).

[024] Para wutilizagcdo como antiparasitéario, as QTCA foram
utilizadas na concentracdo de 100 uM, sendo diluidas em
dimetilsulfdéxido (DMSO) e testadas contra trofozolitos de
Trichomonas vaginalis. A fim de confirmar a atividade das QTCA
além dos controles negativo (somente trofozoitos de T. vaginalis)
e positivo (100 uM Metronidazol-Sigma Chemical Co., St. Louis, MO,
EUA), utilizou-se também de um controle com DMSO, ndo podendo este

exceder a concentracdo de 0,6% em cada cavidade.

[025] Os exemplos a seguir demonstram que a QTCA teve eficaz acéo

antiparasitaria “in vitro”.

BREVE DESCRIGCAO DAS FIGURAS

Figura 1: Estrutura quimica e rendimentos isolados dos compostos
de QTCA-1, QTCA-2 e QTCA-3 sintetizados através da cicloadicéo
enamida-azida entre P-cetoamidas e a 4-azido-7-cloroquinolina.

Figura 2: Rastreamento farmacoldégico da atividade antiparasitéaria
dos compostos QTCA-1, QTCA-2 e QTCA-3, na concentracdo de 100 uM,
contra isolado de Trichomonas vaginalis, ATCC 30236, através do
ensaio com Azul de Trypan (0,4%) apdés 24 h de exposicdo. O
crescimento de trofozoitos foi significantemente inibido pelo
composto QTCA-2 em 24 h de incubacdo. Veiculo para solubilizacéo
(DMSO 0,6%), metronidazol 100 uM (MTZ), controle negativo
(trofozoitos ndo tratados). Os dados representam a média * desvio
padrdo de pelo menos trés experiéncias em triplicata. Letras
diferentes indicam diferenca significativa. Para todos p <0,05.

Figure 3: Determinacdo MIC e ICsg de 1isolados de Trichomonas
vaginalis, ATCC 30230, apbdés tratamento com a QTCA-2 nas
concentracdes de 6,25, 12,5, 25, 50, 60, 70, 80, 90 e 100 uM apds
24 h de exposicdo. O crescimento de trofozoitos foi completamente
inibido pelo composto QTCA-2 em 24 h de exposigdo, determinando a
concentracdo de 80 uM como MIC e 50 uM como ICso. Veiculo para
solubilizacdo (DMSO 0,6%), metronidazol 100 uM (MTZ), controle
negativo (trofozoitos ndo tratados). Os dados representam a média
+ desvio padrdo de pelo menos trés experiéncias em triplicata.
Letras diferentes indicam diferenca significativa. Para todos p
<0, 05.
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Figure 4: Curva cinética de crescimento de Trichomonas vaginalis
isolado ATCC 30236 apds tratamento com QTCA-2 a 80 uM por periodos
de 1, 6, 12, 24, 48, 72 e 96 h. O crescimento dos trofozoitos foi
completamente inibido pela QTCA-2 em 24 h de incubacdo. Os dados
representam a média + desvio padrédo de pelo menos trés experiéncias
em triplicata. Letras diferentes indicam diferenca significativa.
Para todos p <0,05.

EXEMPLO

EXEMPLO 1 - AVALIACAO DA ATIVIDADE ANTI-Trichomonas vaginalis

DE QUINOLINA-1,2,3-TRIAZOIL CARBOXAMIDAS (QTCA)
[026] Para avaliar a atividade tricomonicida in vitro dos derivados
de quinolina-1,2,3-triazoil carboxamidas (QTCA), foram utilizados
isolados de Trichomonas vaginalis, ATCC 30236, cultivados em meio
Trypticase-extrato de levedo maltose (TYM) (DIAMOND, L.S. The
establishment of various Trichomonas of animals and man in axenic
cultures. J Parasitol, v. 43, p. 488-490,1957), sem &gar, pH 6,0,
suplementado com 10% de soro bovino estéril, inativado a 56°C
(POLAT, Z.A., CETIN, A., SAVAGE, P.B. Evaluation of the in wvitro
activity of ceragenins against Trichomonas vaginalis. Acta
Parasitologica, v. 61, n. 2, p. 376-81,2016). Somente foram
utilizadas nos ensaios, culturas que apresentaram 95% de
viabilidade, comprovada através da exclusdo por corante Azul de
Trypan (0,4%), e analise da motilidade e morfologia dos
trofozoitos, sendo considerados vivos aqueles gue apresentavam
motilidade positiva e auséncia de coloragcdo pelo corante. A
observacdo foil realizada através de contagens em Céamara de
Neubauer, em microscépio oéptico (ampliacdo x 400).
[027] O rastreamento farmacoldgico da atividade antiparasitéaria
das QTCA foi realizado em microplaca (96 cavidades, fundo chato -
Cral®), onde os trofozoitos foram adicionados a cada cavidade na
densidade inicial de 2,6 x 10° trof/mL de TYM e incubados com oOS
compostos em concentracdo final de 100 pM. No momento dos ensaios
foi utilizado Dimetilsulféxido (DMSO) como veiculo de diluicdo dos
compostos. A fim de confirmar a atividade dos QTCA, além dos
controles negativo (somente trofozoitos) e positivo (100 uM

Metronidazol-Sigma Aldrich), também foi avaliado um controle com
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DMSO, ndo podendo este exceder a concentracdo de 0,6% de DMSO em
cada cavidade. As placas ficaram armazenadas a 37°C em estufa com
5% de COz por 24 h.

[028] Para determinar a concentracdo inibitéria minima (MIC), o
ensaio foil realizado em microplacas (96 cavidades, fundo chato -
Cral®), onde os trofozoitos foram adicionados na densidade inicial
de 2,6 x 10> trof/mL de TYM, incubados com o0s compostos.
Inicialmente foi utilizada a técnica de diluicdo seriada, e se a
atividade antiparasitédria dos compostos ficasse entre intervalos
maiores de concentracdes na diluicdo seriada, era determinado o
MIC em intervalos menores de concentracdes, onde os mesmos seriam
incubados com a concentracdo final de 6,25 pM até 100 uM, Jjunto
com os controles. As placas ficaram armazenadas a 37°C em estufa
com 5% de CO2 por 24 h.

[029] Apds 24 h dos ensaios, os trofozoitos foram homogeneizados
com Azul de Trypan (4%) na proporcgdo 1l:1. O preparado foi contado
em Camara de Neubauer, observado em microscédpio dptico (ampliacéo
x 400) e também foram observados pardmetros como motilidade e
morfologia dos trofozoitos, sendo considerados vivos aqueles que
apresentavam motilidade positiva e auséncia de coloracdo pelo
corante.

[030] Para confirmar o MIC, foram coletadas todas as cavidades
contendo a concentracdo do MIC e as cavidades com concentracdes
acima e abaixo deste, além dos controles positivo, negativo e
controle com DMSO. O contetdo foi transferido para tubos de 2 mL
tipo eppendorf e acrescido de 1,5 mL de meio TYM. Apds, os tubos
foram incubados em estufa com 5% de CO2 a 37°C por 24, 48, 72 e 96
h. Para confirmar os resultados, a viabilidade dos trofozoitos foi
avaliada pelo método de exclusdo por Azul de Trypan (0,4%), além
da anadlise da motilidade e morfologia, em cada um dos tempos
citados. Apds a confirmacdo do MIC, foi avaliado o ICsg (metade da
concentracdo inibitéria maxima) nas concentracdes de 6,25, 12,5,
25, 50, 60, 70, 80, 90 e 100 uM.

[031] A fim de investigar o efeito da QTCA no crescimento de T.

vaginalis, uma curva de crescimento cinético foi gerada utilizando
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o 1solado de ATCC 30236. O ensaio foi realizado em placas de
microcultivo (96 cavidades, fundo chato - Cral®) e os parasitos na
densidade inicial de 2,6 x 10° trof/mL de TYM foram incubados com
os compostos no valor do MIC, e também com os controles, a 37 °C
em estufa com 5% de CO2 até 24 h. A andlise do crescimento foi
realizada pelo método de exclusdo por Azul de Trypan (0,4%) e a
andlise da motilidade e morfologia, foi realizada nos seguintes
tempos: 1, 6, 12, 24, 48, 72 E 96 h.

[032] Foram realizados pelo menos trés ensaios independentes em
triplicata para todos os experimentos e os resultados foram
expressos como a percentagem de trofozoitos vidveis em comparacdo
com 0s parasitos ndo tratados. Os dados foram submetidos a analise
unidirecional da variéncia (ANOVA), wutilizando um valor de
probabilidade de p 0,05. O teste de Tukey foi utilizado para
identificar diferencas significativas entre as médias e entre os
diferentes tratamentos (SPSS software).

[033] Ao analisar os dados obtidos no rastreamento farmacoldgico,
o composto QTCA-2 reduziu a viabilidade dos parasitos em 100%, ja
0s compostos QTCA-1 e QTCA-3 reduziram a viabilidade em 60% e 80%,
respectivamente (Figura 2). Na determinacdo do MIC o composto QTCA-
2 demonstrou ideal atividade anti-T. vaginalis na concentracdo de
80 uM, com indugdo de toxicidade completa (100% dos trofozoitos
mortos. Também pode-se observar que a QTCA-2 na concentracdo de 50
BM, no periodo de exposicdo de 24 h, induziu perda de viabilidade
em 50% dos trofozoitos, determinando-se assim o ICsg. Os controles,
negativo e com DMSO, apresentaram motilidade positiva e os
trofozoitos n&o foram corados apds exposicdo ao Azul de Trypan
(0,4%). Ja& no controle positivo, os trofozoitos apresentaram
coloracdo azul e motilidade negativa em todos o0s ensaios
realizados, em 24 h de exposicdo (Figuras 2 e 3). Ao analisar a
curva de crescimento cinético, percebe-se que QTCA-2 reduziu a
viabilidade de crescimento do trofozoitos em 70% na concentracéo
de 80 uM apds 12 h de exposicdo e induziu toxicidade completa apds

24 h (Figura 4).
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[034] Esses resultados confirmam gue as quinolina-1,2,3-triazoil-
carboxamidas sdo moléculas de alto potencial farmacoldgico, e que
o seu potencial deve ser avaliado em diferentes agentes

infecciosos.
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FIGURAS
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Figura 4.
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