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RESUMO

O parasito Tritrichomonas foetus é o agente causador da tricomoniase em bovinos e gatos
domeésticos. Em bovinos, a transmissdo € venérea e hd manifestacdes clinicas no trato
reprodutivo, como ciclos estrais irregulares, vaginite, cervicite e endometrite, causando
prejuizo econdémico importante para o produtor. Nao ha tratamento efetivo para bovinos e o
controle se da através do descarte de touros infectados, descarte de fémeas problema eutilizacdo
da inseminacdo artificial. Ja em gatos domésticos, a transmisséo se da por via fecal-oral e ha o
acometimento do trato gastrointestinal, ocasionando diarreia crénica. O tratamentoé feito com
administracao de um derivado do nitroimidazol, o ronidazol; entretanto, esse medicamento nao
é eficaz para todos os gatos acometidos, além de possuir margem de seguranca estreita e casos
de resisténcia relatados na literatura. Neste contexto, € essencial a busca por novas opg¢oes
terapéuticas para o tratamento da tricomoniase bovina e felina. O objetivo deste estudo foi
avaliar a atividade anti-Tritrichomonas foetus de chalconas sinteticas,moléculas que apresentam
atividades bioldgicas, incluindo antiparasitarias. Utilizando placas de 96 pocos, foi realizado o
screening dos compostos na concentracdo de 100 uM em contato com T. foetus ajustados na
densidade de 2,0 x 107 trofozoitos/mL. As chalconas sintéticas Li-43 e Li-83 apresentaram
maior atividade de inibicdo da viabilidade de trofozoitos de T. foetus e potentes valores de ICso
(2,2 e 24,6 uM), demonstrando potencial na busca por novos farmacos contra a tricomoniase

bovina e felina.

Palavras-chave: Tritrichomonas foetus; Chalconas; Antiparasitaria



ABSTRACT

The parasite Tritrichomonas foetus is the causative agent of trichomoniasis in cattle and
domestic cats. In cattle, transmission is venereal and there are clinical manifestations in the
reproductive tract causing significant economic loss to the producer. There is no effective
treatment for cattle, and it is controlled through the culling of old bulls and infertile cows, and
the use of artificial insemination. In domestic cats, transmission occurs through the fecal-oral
route and the gastrointestinal tract is affected. Treatment is done with the administration of a
nitroimidazole derivative, ronidazole; however, this drug is not effective for all affected cats,
in addition to having a narrow safety margin and cases of resistance reported in the literature.
In this context, it is essential to search for new therapeutic options for the treatment of bovine
and feline trichomoniasis. The aim of this study was to evaluate the anti-Tritrichomonas foetus
activity of synthetic chalcones, molecules that have several biological activities, including
antiparasitic, was evaluated. Using 96-well plates, the screening of the compounds at a
concentration of 100 xM in contact with T. foetus was performed adjusted at the density of 2.0
x 10° trophozoites/mL. The synthetic chalcones Li-43 and Li-83 showed higher activity to
inhibit the viability of trophozoites of T. foetus and powerful ICsq values (2.2 and 24.6 M),

proving potential in the search for new drugs against bovine and feline trichomoniasis.

Keywords: Tritrichomonas foetus; Chalcones; Antiparasitic
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1 INTRODUCAO

O parasito Tritrichomonas foetus (T. foetus) € um protozoério do filo Parabasalia, ordem
Trichomonadida e familia Trichomonadidae, possuindo como uma de suas principais
caracteristicas a anaerobiose (Bugerolle; Lee, 2000). Os trofozoitos sdo pleomorficos, embora
geralmente possuam formato piriforme, e apresentam trés flagelos anteriores e um flagelo
posterior, além de uma membrana ondulante. Esses aspectos contribuem para a diferenciacédo e
identificacdo do parasito em termos diagnosticos (Rae; Crews, 2006). O protozoario é o agente
causador da tricomoniase em bovinos e felinos domésticos (Bastos, 2019). No entanto, ndo ha
relatos de transmissdo entre bovinos e felinos domésticos (Bastos et al, 2019).

Nos bovinos, a doenca € considerada endémica em propriedades que utilizam a monta
natural como método de reproducdo (Ondrak, 2016) e afeta o trato reprodutivo desses animais.
Os machos costumam ser assintomaticos e o parasito se localiza nas secre¢des do revestimento
epitelial do pénis, prepucio e uretra distal. Segundo o Centro de Pesquisa e Desenvolvimento
de Sanidade Animal, 2009, o parasito foi descrito no Brasil pela primeira vez no ano de 1948 e
estudos apontaram uma prevaléncia da doenga de 3,7% no pais (Filho et al, 2018 apud
Dabrowska, 2019, p. 2).

Apesar de ndo apresentarem sinais clinicos, os machos infectados se tornam portadores
cronicos da doenca e passam a ser uma importante fonte de infeccdo para as fémeas, pois a
tricomoniase é transmitida de forma venérea nessa espécie (Rae; Crews, 2006). Touros mais
velhos apresentam maior prevaléncia da doenca, pois possuem maior quantidade de criptas
(invaginacGes microscépicas do pénis e prepucio), local onde o T. foetus se localiza (Ondrak,
2016). Em fémeas, T. foetus se localiza preferencialmente no colo do Utero e causa
principalmente morte embrionaria precoce (Yule; Skirrow; BonDurant, 1989), além de poder
ocasionar piometra, cervicite e endometrite (BonDurant, 2005). Geralmente, os sinais clinicos
nas fémeas desaparecem apds meses de repouso sexual, porém é possivel que algumas vacas
permanecam inférteis (Schroeder et al, 2023). O diagndstico pode ser realizado através da coleta
de material do trato genital de machos e fémeas e visualizacdo do parasito em microscopio
Optico e posterior incubagdo e cultivo das amostras ou realizagdo da reagdo em cadeia da
polimerase (PCR), aléem da observacao dos sinais clinicos e historico do lote (Filho et al, 2018).

Nos animais de producgdo, o impacto econémico causado pela doenca é significativo e

traz perdas para os proprietarios de fazendas, pois ocorre reducdo das taxas de parto e aumento
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dos custos relacionados ao descarte e substituicdo de bovinos infectados (Schroeder et al, 2023).
Atualmente, a principal forma de controle e prevencdo da tricomoniase em bovinos € a
substituicdo da monta natural pela inseminacgéo artificial, considerando que o parasito néo
sobrevive no sémen (Jin; Du; Yao, 2020). Além disso, é recomendado o descarte de machos
infectados (Calvani et al, 2021).

Em gatos domésticos, o parasito foi descrito pela primeira vez no ano de 1996 e desde
entdo a doenga acomete a espécie mundialmente (Dabrowska et al, 2019), apresentando alta
prevaléncia, embora muitos casos sejam subdiagnosticados (Rush; Slapeta, 2021). A
enfermidade causa sinais de trato gastrointestinal e a transmisséo ocorre por via fecal-oral. O
protozoario sobrevive nas fezes por sete dias em temperatura ambiente, ocasionando altas
chances de contégio, principalmente em locais com grande populagdo de felinos convivendo
em conjunto e em gatos com um ano de idade ou menos (Bastos; Almeida; Brener, 2019). Os
animais acometidos apresentam diarreia crénica caracterizada principalmente pelo aumento da
frequéncia de defecacdo, presenca de muco nas fezes, hematoquezia e tenesmo (Crisi et al,
2021).

O diagndstico ¢é realizado a partir da analise das manifestacdes clinicas e histérico do
animal acometido em conjunto com esfregaco fecal direto diluido com solucéo salina, cultura
por inoculagédo ou PCR. A obtencéo de fezes para realizacdo dos exames pode ser feita de forma
manual com a ajuda de alcas para a coleta ou através da introducdo de uma sonda uretral no
reto do paciente e colocacédo de solucgéo salina para realizacao de lavagem (Yao; Koster, 2015).

Né&o ha tratamento com alta eficacia disponivel atualmente. Estratégias utilizando
antimicrobianos foram testadas in vitro e in vivo, porém ndo houve resposta positiva. Alguns
pacientes apresentam melhora temporéria, ocorrendo recidiva posteriormente. A conduta
terapéutica mais aceita inclui a utilizacdo do farmaco ronidazol, porém existem relatos de
resisténcia descritos na literatura e efeitos colaterais com manifestacGes de sistema nervoso
(Manning, 2010), incluindo letargia, ataxia, tremores de extremidade, tremor facial, agitagéo e
hiperestesia, sendo estes sinais clinicos que coincidem com efeitos causados por administracéo
de altas doses de metronidazol (LeVine et al, 2011). Além disso, o ronidazol ndo foi aprovado
para 0 uso na espécie (Hinney et al, 2019), embora as farmacias manipulem quando prescrito
(LeVine et al, 2011). A prevencdo inclui minimizar fatores estressantes aos animais, evitar
populacdes densas de gatos e desinfeccdo do ambiente, incluindo liteiras, camas e fémites
(Manning, 2010).
Devido ao crescente reconhecimento de resisténcia medicamentosa e a falta de opcdes

terapéuticas, o objetivo dessa pesquisa € encontrar um composto potente e seguro que possa Vvir
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a ser um farmaco promissor no tratamento de infec¢des causadas por Tritrichomonas foetus nos
animais, testando a atividade de chalconas sintéticas contra o parasito e avaliando sua
capacidade de controlar e eliminar a doenca.

Chalconas sdo moléculas classificadas como cetonas aromaéticas o,p-insaturadas
precursoras de flavonoides e isoflavonoides que possuem alto valor bioldgico. Ao longo das
Gltimas décadas foram desenvolvidos analogos sintéticos que tém apresentado atividade
antioxidante, anticancer, antimicrobiana, anti-protozoario, antidlcera, antiviral, anti-
histaminica, anti-HIV e anti-inflamatdria (Wangngae et al, 2021). O modo de acdo desses
compostos ainda ndo foi totalmente esclarecido (Pozzetti et al, 2022).

Estudos do nosso grupo de pesquisa avaliaram a acdo de chalconas fendlicas sintéticas
e obtiveram resultados promissores no combate a tricomoniase humana, a infec¢éo sexualmente
transmissivel ndo viral mais comum no mundo causada pelo agente etiolégico Trichomonas
vaginalis (Trein et al, 2019; Oliveira et al, 2023).
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2 ARTIGO CIENTIFICO

Nesta secdo sera apresentado o artigo que serd submetido a Revista Veterinary

Parasitology.

Anti-Tritrichomonas foetus activity of synthetic chalcones
Luisa Trindade, Tiana Tasca, Monique Tomazele

Grupo de Pesquisa em Tricomonas, Faculdade de Farméacia e Centro de Biotecnologia,
Universidade Federal do Rio Grande do Sul, Av. Bento Gongalves 9500, Porto Alegre 91501-
970, Brazil

Abstract

The parasite Tritrichomonas foetus is the causative agent of trichomoniasis
in cattle and domestic cats. In cattle, transmission is venereal and there are
clinical manifestations in the reproductive tract causing significant economic loss
to the producer. There is no effective treatment for cattle, and it is controlled
through the culling of old bulls and infertile cows, and the use of artificial
insemination. In domestic cats, transmission occurs through the fecal-oral route
and the gastrointestinal tract is affected. Treatment is done with the
administration of a nitroimidazole derivative, ronidazole; however, this drug is
not effective for all affected cats, in addition to having a narrow safety margin
and cases of resistance reported in the literature. Therefore, it is essential to
search for new therapeutic options. Therefore, the anti-Tritrichomonas foetus
activity of synthetic compounds called chalcones, molecules that have several
biological activities, including antiparasitic, was evaluated. The synthetic
chalcones Li-43 and Li-83 showed greater activity in inhibiting trophozoites of T.
foetus with 1Cso values 2.2 and 24.6 uM respectively and proved to be promising

compounds in the search for new drugs against the disease.

Keywords: Tritrichomonas foetus; Chalcones; Antiparasitic
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Introduction

Tritrichomonas foetus is a flagellated protozoan belonging to the phylum
Parabasalia and is the etiological agent of trichomoniasis in cattle and domestic
felines. In cattle, the parasite is located in the reproductive tract of the animals and
the disease is transmitted venereally and represents an important cause of
economic losses in affected properties (Tolbert; Gookin, 2016). Males are often
chronic asymptomatic carriers (Rae; Crews, 2006), females may present early
embryonic death, pyometra, cervicitis and endometritis (BonDurant, 2005).
Generally, clinical signs in females disappear after months of sexual rest, however
it is possible that some cows remain infertile (Schroeder et al, 2023). Control and
prevention are achieved through the elimination of positive animals for the
infection and implementation of artificial insemination as the only method of
reproduction (Yule; Skirrow; BonDurant, 1989).

In domestic felines, the agent is found in the ileum, cecum and colon, and
can cause enteritis. Transmission occurs via the fecal-oral route and the clinical
picture may resolve within two years after the onset of infection, but these animals
become an important source of infection during this period (Dgbrowska et al,
2015) and can remain infected for the rest of their lives (LeVine et al, 2011). The
treatment described in the literature includes the use of Ronidazole, a
nitroimidazole similar to metronidazole, but cases of resistance to the drug have
been documented and possible side effects include lethargy, loss of appetite,
ataxia and convulsions. Furthermore, the Food and Drug Administration (FDA,
USA) has banned the use of the drug (Gookin; Hanrahan; Levy, 2017), although
pharmacies continue to compound when prescribed (LeVine et al, 2011). Due to
the increase in the number of cases of drug resistance described and the lack of
therapeutic options, it is necessary to find a potent and safe compound that could
become a promising drug in the treatment of infections caused by Tritrichomonas

foetus in animals.
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Chalcones are molecules classified as a,p-unsaturated aromatic ketones and
there are several naturally occurring ones reported in the literature (Jasim et al,
2021). Over the last few decades, synthetic analogues have been developed that
have shown antioxidant, anticancer, antimicrobial, antiprotozoal, antiulcer,
antiviral, antihistamine, anti-HIV and anti-inflammatory activity (Wangngae et al,
2021). As a result, many chalcones and their synthetic analogues have been the
subject of studies and have demonstrated satisfactory results in the search for new
drugs that can be used as therapeutic approaches for various infections (Leal et al,
2021). In this sense, this research aims to evaluate the activity of synthetic
chalcones against the parasite Tritrichomonas foetus and evaluate their ability to

control and eliminate the disease.

Material and Methods

Synthetic chalcones

The synthesis of chalcones tested in this study was conducted by Prof. Dr.
Luis Octavio Regasini's research group (Laboratory of Antibiotics and
Chemotherapeutics, Institute of Biosciences, Humanities and Exact Sciences
(Ibilce), Séo Paulo State University), The chalcones were synthesized by the
Claisen Schmidt condensation reaction (Trein et al, 2018), which is an aldol
reaction involving the condensation of a benzaldehyde compound and a methyl-
ethyl-ketone by catalysts (Zhuang et al, 2017). The 20 chalcones tested were: Li-
36, T4-77, Li-34, Li-40, Li-41, Li-45, T4-4NO2, T4-4Br, Li-72, Li-33, Li-38, T3-
4Br, Li-70C, Li-56, T3-2,4DiCL, Li-48, Li-73, Li-74, Li-43 e Li-83.
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In vitro culture of T. foetus

In this study, the T. foetus TFK isolate obtained by Dr. H. Guida (Embrapa,
Rio de Janeiro, Brazil) from the urogenital tract of a bull was used. Trophozoites
were cultured in TYM (trypticase-yeast extract-maltose) medium at pH 7.2
supplemented with 10% inactivated bovine serum. Incubation was performed in
a 5% CO> incubator at 37°C.

Screening of anti-T. foetus activity of chalcone derivatives

The screening of 20 chalcones was performed in 96-well microplates.
Chalcone solutions in DMSO (100%) were tested at a final concentration of 100
uM (and final concentration of vehicle, DMSO 0.6%) and trophozoites were
added at a final density of 2.0 x 107/mL and maintained at 37 °C for 24 h in 5%
CO2. Two controls were performed: parasites only and vehicle control (DMSO
0.6%). Activity was determined by evaluating the motility and morphology of
trophozoites compared to the vehicle control by counting with a hemocytometer
using trypan blue exclusion dye (0.2%, v/v). Viability was determined as the
percentage of viable trophozoites compared to the control. The compounds that
showed the best activity were tested to determine the half-maximal inhibitory

concentration (ICso).

Determination of 1Cso values
The most active chalcones in the screening assay were tested in serial
dilution (concentrations ranging from 100 to 0.78 uM) to determine the ICso

values. The results were evaluated using the GraphPad Prism software.
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Results

Synthetic chalcones presented anti-T. foetus activity

Twenty synthetic chalcones were tested against T. foetus TFK isolate at a
concentration of 100 uM (Figure 1). The viability of T. foetus in contact with the
compounds ranged from 45.63% to 1.84%. All compounds tested inhibited
trophozoite viability to a moderate extent, except Li-43 and Li-83, which had

inhibition greater than 90%, as can be seen in Figure 1.
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Fig. 1 Anti-T. foetus activity of synthetic chalcones. Trichomonicidal activity was determined
considering the viability of the parasites, as described in the methodology. Data are presented as mean
+ standard deviation compared to vehicle control (considering the trophozoite viability as 100%).

From the results of the anti-T. foetus activity assay, the 1Csq values of
chalcones Li-43 and Li-83 were determined as 2.2 uM (Figure 2) and 24.6 uM
(Figure 3), respectively.
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Fig. 2 Serial dilution of compound Li-43 to perform ICso determination against T. foetus. Data

are presented as mean + standard deviation compared to control.
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Fig. 3 Serial dilution of compound Li-83 to perform ICsy determination against T. foetus. Data
are presented as mean + standard deviation compared to control.
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Under light microscopy analysis of the microplate well content it was
possible to observe that Li-83 treated-trophozoites had their viability greatly

affected when compared with controls (Figure 4).

As expected, viable parasites were observed in control with only TYM
medium (without chalcone), and most of the organisms remained with normal
morphology, in pyriform shape, and motility (Figure 4A). In the vehicle control
(DMSO), the parasites remained with a similar viability as the control (Figure
4B). In contrast, Li-83 treated-trophozoites at highest concentration (100 uM) had
their viability strongly reduced with only one trophozoite in the hemocytometer
analyzed (Figure 4C). At the lowest concentration of chalcone Li-83 (0.78 uM),
the density, morphology, and motility were very close to those of control,
demonstrating that low concentration of Li-83 does not significantly interfere with the
viability of T. foetus (Figure 4D). This result is in agreement with the IC50 value,
22.4 uM.
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Fig. 4 Optical microscope images of T. foetus trophozoites in the serial dilution experiment of

chalcone Li-83. A: parasite control; B: DMSO vehicle control; C: parasite in contact with 100 uM Li-
83; D: parasite in contact with 0.78 uM Li-83. The arrows point to some of the observed trophozoites.
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Discussion

Trichomoniasis affects the reproductive tract of cattle, causing a major
economic impact for the producer, in addition to affecting the gastrointestinal tract
of domestic felines, making these animals an important source of infection for
others of the same species (Rush; Slapeta, 2021). In both species, there is no
effective treatment. The use of ronidazole in felines has limitations, as there are
cases of resistance and the drug does not completely eliminate the parasite
(Hinney et al, 2019). The search for new therapeutic approaches is essential for
the complete resolution of the disease (Gooking et al, 2010).

Chalcones are precursor molecules of flavonoids and isoflavonoids that
have high biological value (WalyEldeen et al, 2023), with proven efficacy against
the human trichomoniasis protozoan, Trichomonas vaginalis (Neves et al, 2020).
Studies have proven the action of chalcones on the parasites Leishmania
amazonensis and Leishmania infantum and it is believed that the lipophilicity of
the compounds, influenced by prenylated groups (such as O-isoprenyl, O-farnesyl and
O-geranyl), allows chalcones to cross the parasite membrane more effectively.
The position of the prenylate groups has a direct influence on the biological
activity of the compounds (Passalacqua et al, 2015). Regarding the parasite
Toxoplasma gondii, the Michael acceptor structure of chalcones, which can react
with parasite target enzymes, is essential to inhibit enzyme activities
indispensable for the survival of the protozoan (Jiang et al, 2022). According to
Trein et al, 2018, the presence and position of the amino group in the A ring of
chalcones is important in the antiprotozoal activity of the compound against T.
vaginalis, but the exact mechanism of action needs further studies. Subsequently,
studies have highlighted that hydroxylated chalcones, such as 4HC, have high
antiparasitic activity against T. vaginalis and it is believed that the compound's
mechanism of action is related to the affinity of 4HC with the catalytic site of the

purine nucleoside phosphorylase (TvPNP) (Oliveira et al, 2023).
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In the present study the synthetic chalcones Li-43 and Li-83 showed potent
activity against T. foetus (ICso= 2.2 uM and 24.6 uM, respectively), while Li-36,
Li-77, Li-34, Li-40 and Li-41 demonstrated lower inhibition power against
trophozoites. Importantly, preliminary evaluation by light microscopy of 100 uM
Li-83 treated-trophozoites showed low numbers and affected organisms with
alteration of morphology to round shape without motility. Studies involving the
elucidation of the mechanism of action of synthetic chalcones on T. foetus are in

progress.
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Conclusion

Of the twenty synthetic chalcones tested, two showed a high capacity to
inhibit Tritrichomonas foetus trophozoites, namely Li-43 and Li-83, standing out
as promising candidates in the search for new treatments for the infection. Further
determination of selectivity and investigation of the mechanism of action of these

chalcones are necessary.
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3 CONSIDERACOES FINAIS

Tritrichomonas foetus € um importante agente infeccioso que acomete o trato
reprodutivo de bovinos e o trato gastrointestinal de gatos domésticos, ocasionando
manifestacBes clinicas relevantes que impactam diretamente no bem-estar e qualidade de vida
de ambas as espécies. Em razdo da falta de opcdes terapéuticas adequadas, é de grande
relevancia para a Medicina Veterindria o estudo e a pesquisa por compostos capazes de diminuir
a viabilidade de trofozoitos de T. foetus. Esse estudo demonstrou que chalconas sintéticas sao
estruturas promissoras que podem vir a contribuir para a resolucdo da doenca e
consequentemente a reducdo dos impactos econdmicos causados pelo parasito em bovinos,
assim como a reducdo de felinos que possam permanecer infectados pelo resto da vida enquanto
disseminam a infeccdo para animais sadios. Pensando em estudos futuros, é importante a
avaliacdo dos efeitos de chalconas sintéticas em células de bovinos e felinos, com o objetivo de
garantir que os compostos ndo sejam toxicos para as células animais. Além disso, pesquisas
sobre 0 mecanismo de agéo das chalconas sobre T.foetus e estudos in vivo sdo fatores relevantes

para o reconhecimento dessas estruturas como tratamento para a tricomoniase em animais.
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