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RESUMO
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A infeccdo por Trypanosoma evansi causa diversas patologias em animais, assim como
problemas reprodutivos cuja patogenia ndo esta totalmente elucidada. Em virtude disso, o
objetivo deste estudo foi avaliar a concentracdo sérica de hormdénios reprodutivos, marcadores
de estresse oxidativo e histopatologia de testiculos de ratos infectados experimentalmente por
T. evansi. Foram usados 24 ratos Wistar, divididos em dois grupos com 12 animais cada. O
grupo A foi formado por roedores sadios e o0 grupo B por animais infectados com T. evansi.
Estes grupos foram divididos em subgrupos (n=6) para coleta de amostras nos dias 5 (Al e
B1) e 15 pés-infeccdo. No soro, foi observado uma reducdo significativa (P<0.01) nos niveis
de LH, FSH, testosterona e estradiol associado ao aumento nos niveis de cortisol nos animais
infectados quando comparado ao controle negativo. Também foi verificado um aumento nas
concentracdes de nitrito/nitrato, peroxidacdo lipidica e oxidacdo proteica nos testiculos,
sugestivo de lesdo celular, e que foi confirmada na histopatologia com observacdo de
degeneracéo testicular nos roedores infectados. Com base nestes resultados, podemos concluir
que a infeccdo por T. evansi pode reduzir a capacidade reprodutiva do macho e/ou causar
infertilidade em ratos, de forma direta ou indireta.

Palavras-chave: Protozoarios, T. evansi, ratos Wistar, reproducdo, machos, estresse
oxidativo.



ABSTRACT

Master’s Dissertation
Programa de P6s-Graduacdo em Medicina Veterinaria
Universidade Federal de Santa Maria

INFLUENCE OF EXPERIMENTAL INFECTION WITH Trypanosoma
evansi ON REPRODUCTIVE HORMONES IN RATS

Author: Luciana Faccio
Advisor: Silvia Gonzalez Monteiro
Santa Maria, October 4™, 2012.

Infection by Trypanosoma evansi causes various pathological changes in animals, as well as
reproductive problems whose pathogenesis is not fully known. Therefore, the objective of this
study was to evaluate the serum concentrations of reproductive hormones, histopathology and
biomarkers of oxidative stress in testicles of rats experimentally infected with T. evansi.
Twenty four animals were divided in two groups with 12 animals each. Group A was formed
by healthy Wistar rats (uninfected) and group B composed by animals infected with T. evansi.
Both groups were divided into two subgroups (n=6) from which were collected serum and
testicular fragments on day five and 15 post-infection. A significant reduction (P<0.01) in the
levels of LH, FSH, testosterone and estradiol associated to the increase in cortisol levels was
observed in serum of infected animals when compared to negative control. Also an increase in
the concentrations of nitrite/nitrate (NOy), lipid peroxidation and protein oxidation was
observed in the testicles. The histopathology showed testicular degeneration in the infected
animals. Based on these results, we can conclude that infection with T. evansi may reduce the
reproductive capacity of male and/or inducing infertility in rats, either directly or indirectly.

Key words: protozoa, T. evansi, Wistar rats, reproduction, males, oxidative stress.
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APRESENTACAO

Os resultados e a discussdo que fazem parte desta dissertagéo estdo apresentados sob a
forma de artigo encaminhado para publicacdo na revista Veterinay Parasitology, o qual se
encontra no item ARTIGO CIENTIFICO. As seces Materiais e Métodos, Resultados,
Discussdo e Referéncias Bibliograficas, encontram-se no préprio artigo e representam a
integra deste estudo.

As REFERENCIAS BIBLIOGRAFICAS se referem somente as citagdes que
aparecem nos itens INTRODUGCAO e REVISAO BIBLIOGRAFICA desta dissertago.



1 INTRODUCAO

O Trypanosoma evansi € um protozoario digenético pertencente a secdo Salivaria,
familia Trypanosomatidae (HOARE, 1972) que apresenta ampla distribuicdo geografica,
sendo encontrado em varios paises. Os tripomastigotas presentes nos vasos sanguineos de
vertebrados sdo adquiridos por insetos durante a ingestdo de sangue parasitado, sendo a
transmissdo atribuida principalmente aos tabanideos (Tabanus sp., Chrysops sp. e
Hematopota sp.). Existe também a possibilidade de transmissdo por morcegos hematdfagos
(HOARE, 1972). A doenca causada por este protozoario € caracterizada por rapida perda de
peso, graus variaveis de anemia, febre intermitente, edema dos membros pélvicos e fraqueza
progressiva (HERRERA et al., 2004; RODRIGUES et al., 2005).

Estudos mostram que a tripanossomose causa uma serie de desordens reprodutivas em
rebanhos bovinos com consequentes alteracGes nas concentragfes plasmaticas e nas secre¢des
dos hormonios necessarios para a reproducdo em ambos 0s sexos, além de degeneracdo do
hipotdlamo, glandulas pituitaria e das gbnadas (SEKONI, 1994). Em fémeas, a
tripanossomose causada pelo T. evansi pode ocasionar aborto, repeti¢do de cio, nascimento de
filhotes fracos e natimortos e anestro temporario ou permanente (SILVA et al.,, 2004;
BEZERRA et al., 2006; BATISTA et al, 2007, BATISTA et al., 2008). Em machos, sabe-se
qgue outros parasitos da familia Trypanosomatidae, como o Trypanosoma vivax, Sdo
responsaveis por lesdes testiculares e de epididimo (SEKONI et al., 2004). Sekoni et al.
(1990), também j& relataram casos de infertilidade e esterilidade em pacientes cronicamente
afetados por T. vivax.

Em virtude disto, podemos dizer que as tripanossomoses, independente do agente
causador, sdo responsaveis por um grande nimero de prejuizos a pecuaria brasileira, fato que
justifica novas pesquisas relacionadas a influéncia que a infeccdo por T. evansi pode

desempenhar no sistema reprodutor dos animais.



CAPITULO I

2 REVISAO DE LITERATURA

2.1 Trypanosoma evansi

2.1.1 Caracteristicas gerais

Trypanosoma evansi € um microrganismo pertencente ao Reino Protista, filo
Euglenozoa, subfilo Sarcomastigophora, superclasse Mastigophora, classe Zoomastigophora,
ordem Kinetoplastida, familia Trypanosomatidae, género Trypanosoma e subgénero
Trypanozoon. E distribuido na secdo Salivaria, pois é transmitido através da inoculagio por
vetores bioldgicos (HOARE, 1972).

2.1.2 Historico

Na América Latina, a tripanossomose causada por T. evansi & comumente
denominada "Surra" (HOARE,1972), "Derrengadera” (HOARE, 1972; LEVINE, 1973) ou
"Mal das Cadeiras" (SILVA et al., 1995).

Desde a primeira descricéo, feita por Griffith Evans na india, em 1880, ao visualizar
0s protozoarios em esfregacos sanguineos de equinos e camelos infectados (SILVA et al.,
2002; MAUDLIN et al., 2004), foram relatados casos de tripanossomose por T. evansi em
vérios continentes. A doenca é endémica na Africa, com casos descritos no Egito (AMER et
al.,2011), Marrocos (ATARHOUCH et al., 2003), Suddao (MUSA et al., 1994; ELAMIN et
al., 1998), Mauritania (DIA et al., 1997), Quénia (NGAIRA et al., 2003; NJIRU et al., 2004),
Chade (DELAFOSSE & DOUTOUM, 2004) e Etiopia (ZELEKE; BEKELE, 2001). Vérios
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paises asiaticos ja apresentaram surtos de T. evansi, tais como india (LAHA & SASMAL,
2008), China (LUN et al.,, 1993), Tailandia (PHOLPARK et al., 1999) e Filipinas
(DARGANTES et al., 2009). Na Europa, foram descritos casos na Espanha (GUTIERREZ et
al., 2000) e Franca (DESQUESNES et al., 2008). Animais soropositivos foram identificados
na Oceania, em Papua Nova Guiné por REID e COPEMAN (2000), e no Oriente Médio, em
Israel (BERLIN et al., 2010).

Acredita-se que a chegada deste flagelado na América do Sul tenha ocorrido no final
do século XIX, com a importacdo de cavalos provenientes da Espanha (HOARE, 1972;
SANTOS et al., 1992). Segundo DAVILA e SILVA (2000), ha casos no Brasil, Bolivia,
Coldmbia, Guiana Francesa, Peru, Suriname, Venezuela e Argentina.

No Brasil, foram relatados casos de infeccdo natural por Trypanosomatideos no Rio
Grande do Sul (COLPO et al., 2005; CONRADO et al., 2005; FRANCISCATO et al., 2007),
Mato Grosso do Sul (MOREIRA; MACHADO, 1985; BRANDAO et al., 2002), Santa
Catarina (DA SILVA et al., 2008), Parana (KUBIAK; MOLFI, 1954) e no Pantanal (SILVA
et al., 2002). O relato de animais infectados por T. evansi no Rio Grande do Sul é recente em
cdes (COLPO et al., 2005, FRANCISCATO et al., 2005) e equinos (CONRADO et al., 2005;
RODRIGUES et al., 2005; MORAES et al., 2007, ZANETTE et al., 2008).

2.1.3. Epidemiologia

A transmissdo do T. evansi é mecénica, ndo ocorrendo o desenvolvimento do
hematozoario no vetor, e, por esse motivo, quanto menor o tempo entre 0S repastos
sanguineos, maior as possibilidades de transmissdo do parasito para um novo hospedeiro
(HOARE, 1972). O principal vetor pertence ao género Tabanus, porém insetos dos géneros
Stomoxys , Haematopota e Lyperosia também podem transmitir o parasito (SILVA et al.,
2002). Na Ameérica Latina, o0 morcego hematéfago Desmodus rotundus é considerado um
vetor importante uma vez que o0s tripomastigotas (Figura 1) se multiplicam na corrente
sanguinea destes animais, 0s quais podem permanecer infectados por até um més (HOARE,
1972).
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FIGURA 1 - Formas tripomastigotas de T.evansi em esfregaco sanguineo de ratos

experimentalmente infectados. Fonte: arquivo pessoal

RAMIREZ e colaboradores (1979) relataram a possibilidade de transmissdo oral em
carnivoros que se alimentam da carcaca de animais parasitados. Essa forma de transmisséo foi
comprovada experimentalmente em camundongos, cdes (RAINA et al., 1985; BAZZOLI et
al., 2002) e morcegos (HOARE, 1972).

A via oral pode ser importante na dispersdo de infeccdo de T. evansi em cdes, quatis
(Nasua nasua) e capivaras (Hydrochaeris hydrochaeris), que podem ser infectados em
consequéncia das brigas entre animais infectados e ndo infectados. Além disso, espécies
gregarias como estes roedores tém um comportamento agressivo, 0 que pode levar a
transmissdo do protozodrio entre eles, mantendo a infec¢do no grupo social, j& que a forma
cronica da doenca causada por T. evansi foi identificada nestas espécies, possiveis
reservatorios do agente. De acordo com HERRERA et al. (2004), cées e ruminantes também
podem atuar como reservatorios do T. evansi quando o curso da doenca for crénico.

A patogenicidade dos tripanosomas no hospedeiro varia de acordo com a espécie
animal, cepa, fatores depressores da imunidade como outras infeccGes e estresse, e condi¢es
epizootioldgicas locais (HOARE, 1972). Diferente dos outros tripanossomatideos que
possuem varios estagios no seu ciclo de vida (HOARE, 1972), o T. evansi € monomoérfico, ou
seja, permanece sempre na forma tripomastigota, provavelmente devido a auséncia parcial ou
total do cinetoplasto, que impede a sobrevivéncia por longos periodos no vetor (BORST et al.,
1987).

A forma tripomastigota é encontrada na circulacdo do hospedeiro, a qual é adquirida

durante o repasto sanguineo do vetor (HOARE, 1972). No vertebrado ocorre a reproducao
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assexuada do parasito por fissdo binaria. Esta multiplicacéo se inicia no local da picada (pele),
seguido pela invasdo da corrente sanguinea e do sistema linfatico do hospedeiro, levando a
picos de febre e induzindo uma resposta inflamatoria (CONNOR; VAN DEN BOSSCHE,
2004).

A parasitemia aumenta e é acompanhada por respostas febris, que sdo seguidas por
periodos aparasitémicos e afebris. Os picos de parasitemia ocorrem devido a variagdes
antigénicas na superficie do parasito. Conforme os anticorpos séo produzidos, ha eliminagéo
do clone corrente, mas sucessivos novos padrdes de antigenos de superficie sdo gerados para
evadir a resposta do hospedeiro (LUCAS et al., 1992).

Este fato se deve a um mecanismo de evasdo do sistema imune do hospedeiro: as
glicoproteinas variaveis de superficie, ou variant surface glycoproteins (VSGs).
Aproximadamente 95% deste protozoario € recoberto por esses dimeros, que possuem a
propriedade de se alterar, "enganando™ a resposta imune humoral do hospedeiro (PAYS et al.,
2004).

Apesar de ndo haverem evidéncias de transmissdo venérea de T. evansi, UCHE e
JONES (1992) detectaram o parasito na mucosa vaginal de coelhas experimentalmente
infectadas. Em condicfes naturais, ha relatos de transmissdo transplacentaria em ruminantes
(OGWU; NURU, 1981; MURALEEDHARAN; SRINIVAS, 1985) e camundongos
experimentalmente infectados (SARMAH, 1998).

2.1.4. Sinais clinicos

Os sinais clinicos da infeccdo por T. evansi sdo, em sua maioria, inespecificos,
principalmente no inicio da doenca (SILVA et al., 2002). Dessa maneira, 0s sinais clinicos
dependem da distribuicdo dos parasitos nos tecidos e da gravidade das lesdes induzidas nos
diferentes 6rgéos e tecidos.

Em infeccOes naturais e experimentais foi observado que a tripanossomose por este
flagelado pode cursar tanto com quadro clinico agudo como cronico. Geralmente a fase aguda
da infeccéo € caracterizada pelo surgimento de febre intermitente, edema subcutaneo, anemia
progressiva, cegueira, letargia e alteracGes hemostaticas. Estes animais podem morrer dentro

de semanas ou poucos meses, ou ficar cronicamente infectados por anos (BRUN et al., 1998).
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Durante a fase crbnica, ocorre o agravamento dos sinais clinicos, seguido de outras
complicagBes como caquexia, edema, incoordenacdo motora e paralisia de membro pélvico
(BRANDAO et al., 2002; SILVA et al., 2002; RODRIGUES et al., 2005).

Sinais neurologicos tém sido descritos na fase terminal da doenca, (TUNTASUVAN
et al. 1997; TUNTASUVAN & LUCKINS, 1998; TUNTASUVAN et al., 2000;
RODRIGUES et al., 2005). Estes flagelados podem invadir o sistema nervoso central (SNC),
levando a uma lesdo progressiva (GIBSON, 1998). Os tripanosomas podem induzir lesdes na
barreira hematoencefalica (BHE), que irdo provocar edema e pequenas hemorragias. O edema
vasogénico (aumento de agua e outros constituintes do plasma no encéfalo, causado pela lesdo
nos elementos vasculares do encéfalo) geralmente ocorre nos estagios finais da infeccdo
(PHILIP et al., 1994).

2.1.5 Diagnostico

Segundo a Organizacdo Mundial da Saiude Animal, varios procedimentos diagndsticos
sdo indicados. A identificacdo direta do agente pode ser realizada na fase aguda da doenca,
através da andlise de esfregago sanguineo ou aspirado de linfonodos em microscépio. A busca
por protozoarios também pode ser realizada analisando-se uma gota de sangue entre lamina e
laminula (busca por parasitos mdveis), ou corando-se o esfregaco sanguineo com Giemsa
(KUBIAK; MOLFI, 1954).

Segundo TOURANTIER (1993), a técnica do capilar ¢ a mais adequada para
diagndstico em termos de praticidade, custo e sensibilidade. A técnica da reacdo em cadeia da
polimerase (PCR) é de grande sensibilidade (VENTURA et al., 2000).

Como o T. evansi € infectante para pequenos roedores, a inoculagdo em animais de
laboratdrios de sangue suspeito pode ser realizada. A parasitemia deve ser acompanhada a
cada 48h através de esfregaco sanguineo com sangue colhido da veia caudal, e o periodo pré-
patente geralmente é curto (cinco dias), variando conforme a patogenicidade da cepa.
Alternativamente, uma maior sensibilidade pode ser obtida com a inocula¢do da camada de
células brancas, sendo assim possivel detectar até 1,25 parasitos/pL de sangue (REID et al.,
2001).
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Métodos soroldgicos também sdo bastante empregados na detec¢do de anticorpos
especificos anti- T. evansi no soro de animais suspeitos. Podem ser utilizados varios testes,
sendo que os mais empregados sdo imunofluorescéncia indireta, ELISA (enzyme-linked
immunosorbent assay) e CATT. Reac¢des cruzadas podem acontecer entre tripanossomatideos,

principalmente entre os da mesma segéo Salivaria (WERNERY et al. 2011).

2.1.6 Tratamento

A quimioterapia é o mais importante método pelo qual a tripanossomose € controlada.
O tratamento para este flagelado é baseado em quatro farmacos: suramin, aceturato de
diminazeno, quinapiramina e melarsomina (BRUN et al., 1998).

O aceturato de diminazeno é o produto mais comumente utilizado, pois apresenta
maior indice terapéutico que outros farmacos na maioria das espécies domésticas, possui
atividade contra tripanosomas que sdo resistentes a outros medicamentos e apresenta baixa
incidéncia de resisténcia (PEREGRINE; MAMMAM, 1993). Em um estudo recente, uma
nova terapia com aceturato de diminazeno apresentou sucesso de 85,7% na cura de gatos
infectados com T. evansi (DA SILVA et al., 2009). Outro produto de eficacia curativa para T.
evansi é o suramin, farmaco utilizado em um humano infectado com o parasito (JOSHI et al.,
2006). No entanto, este farmaco possui uma limitacdo para o0 uso em animais devido ao

elevado custo do tratamento.

2.1.7. Alteragdes reprodutivas causadas por T. evansi

Nas infeccOes por T. evansi ja foram descritas alteracGes reprodutivas, tanto em
fémeas quanto em machos de diferentes espécies animais. Nas fémeas, foi relatada a
ocorréncia de aborto, repeticdo do cio, nascimento de filhotes fracos, natimortos e anestro
temporéario ou permanente (SILVA et al., 2004; BEZERRA et al., 2006; BATISTA et al.,
2007; BATISTA et al., 2008). No estado do Rio Grande do Sul, em surtos de tripanossomose
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ocorridos nos municipios de S8o Sepé e Alegrete, foram descritos abortos em éguas
(CONRADO et al., 2005; RODRIGUES et al., 2005). Em machos, o parasito causa
degeneracdo de tubulos seminiferos, celulas espermatogénicas e de espermatides nos ductos
do epididimo (SHEHU et al., 2006), atrofia testicular, decréscimo das reservas epididimarias
de espermatozoides, degeneracdo testicular severa e generalizada, com necrose e calcificacdo
(MBAYA-NWOSU; KUMSHE, 2011).

Estudos mostram que a tripanossomose por outros tripanossomatideos, como o T.
vivax, causa uma série de desordens reprodutivas diretamente ou indiretamente, devido a
degeneracdo do hipotalamo, glandula pituitaria e das gbnadas, com consequentes alteraces
nas concentracGes plasmaticas e nas secre¢cdes dos hormdnios necessarios para a reproducéo
em ambos 0s sexos (SEKONI, 1994). Em machos, sabe-se que T. vivax, é responsavel por
lesbes testiculares e de epididimo, queda na qualidade do sémen em decorréncia de
diminuicdo da concentragdo espermatica, diminuicdo do volume, alteracdes na morfologia dos
espermatozdides e reducdo do nimero de células espermatogénicas (SEKONI et al., 2004).
SEKONI et al. (1990) também relataram casos de infertilidade e esterilidade em animais

cronicamente afetados por T. vivax.

2.2. Fisiologia da reproducéo do macho

Em machos, dois tipos celulares sdo responsaveis pela producdo de horménios no
interior dos testiculos: as células de Leydig e as de Sertoli (STANBENFELD; EDQVIST,
1996). As células de do Leydig ou intersticiais, situadas entre os tubulos seminiferos séo
responsaveis pela secrecdo dos horménios masculinos para o interior das veias testiculares e
vasos linfaticos (HAFEZ, 1995; STANBENFELD; EDQVIST, 1996). Um desses hormonios,
a testosterona, é fundamental para o desenvolvimento e manutencao da espermatogénese e das
caracteristicas sexuais secundarias masculinas (STANBENFELD; EDQVIST, 1996;
O’DONNEL et al., 2001).

Cerca de 95% da testosterona circulante no sangue é de origem testicular, o restante é
liberado pela producéo da adrenal (através da androstenediona) (DADOUNE; DEMOULIN,
1993). Niveis elevados de testosterona (intratesticulares e sanguineos) sdo fundamentais para

0 processo de meioses durante a espermatogénese e para a manutencdo da libido e
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caracteristicas sexuais secundarias associadas ao fenotipo masculino (KALTENBACK;
DUNN, 1982; STANBENFELD; EDQVIST, 1996).

A producéo da testosterona é controlada pela secre¢do do hormdnio luteinizante (LH),
que também possui um efeito direto nas ceélulas de Leydig, provocando sua hipertrofia,
tornando-o fundamental para a espermatogénese. Ja as secre¢des de LH sdo controladas pela
liberacdo episddica de hormonio liberador de gonadotrofina (GnRH). Esse padrdo de secre¢do
episddica do LH € essencial para a secrecdo de testosterona (STANBENFELD; EDQVIST,
1996).

As células de Sertoli tem sua atividade secretoria controlada pelo horménio foliculo-
estimulante (FSH) e sua funcdo é converter a testosterona produzida pelas células de Leydig
em estrogénio (STANBENFELD; EDQVIST, 1996), o qual vai para o compartimento
adluminal e basal dos testiculos e depois para o sistema vascular. O estrogeno € sintetizado no
sistema reprodutor do macho em trés células distintas: as células de Sertoli, Leydig e
germinativas, sendo produzido nos testiculos e no cérebro, podendo ser encontrado em altas
concentracdes no sémen de algumas espécies (HESS et al., 2001). A funcéo deste estrégeno é
inibir a sintese de testosterona (DADOUNE; DEMOULIN, 1993), atuando na
espermatogénese (LYU; HONDELSMAN, 2003), no transporte de fluidos no trato reprodutor
do macho, aumentando a secre¢do espermatica no epididimo e pode estar relacionado ao
estimulo sexual em nivel de sistema nervoso central (HESS et al., 2001).

Em ratos, essas células também sintetizam a molécula semelhante ao GnRH que age
ao nivel das células de Leydig para reduzir o ndmero de receptores de LH e inibe a
esteroidogénese (DADOUNE; DEMOULIN, 1993). Essas células também sdo fonte de
inibina, uma proteina que suprime a secrecdo de FSH na hipdfise. Na presenca de alta
atividade espermatogénica, e consequentemente, das células de Sertoli, as concentracGes de
FSH tendem a ser baixas por causa da producdo da inibina. Um dos sinais de que a
espermatogénese esta concluida é o nivel elevado de FSH circulante. O FSH é importante
para o complemento da meiose durante a espermatogénese (STANBENFELD; EDQVIST,
1996), e para a fertilidade normal (O’DONNEL et al., 2001). Todos os hormonios envolvidos
na espermatogénese (LH, FSH e andrégenos) estdo submetidos ao eixo hipotalamico-
hipofisiario-testicular (O’ DONNEL et al., 2001).
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ABSTRACT

Infection by Trypanosoma evansi causes various pathological changes in animals, as well as
reproductive problems whose pathogenesis is not fully known. Therefore, the objective of this
study was to evaluate the serum concentrations of reproductive hormones, histopathology and
biomarkers of oxidative stress in testicles of rats experimentally infected with T. evansi.
Twenty four animals were divided in two groups with 12 animals each. Group A was formed
by healthy Wistar rats (uninfected) and group B composed by animals infected with T. evansi.
Both groups were divided into two subgroups (n=6) from which were collected serum and
testicular fragments on day five (Al and B1) and 15 (A2 and B2) post-infection (PI). A
significant reduction (P<0.01) in the levels of LH, FSH, testosterone and estradiol associated
to the increase in cortisol levels was observed in serum of infected animals when compared to
negative control. Also an increase in the concentrations of nitrite/nitrate (NOy), lipid
peroxidation and protein oxidation was observed in the testicles. The histopathology showed
testicular degeneration in the infected animals. Based on these results, we can conclude that
infection with T. evansi may reduce the reproductive capacity of male and/or inducing

infertility in rats, either directly or indirectly.

Key words: protozoa, T. evansi, Wistar rats, reproduction, males, oxidative stress.

1. Introduction

Trypanosoma evansi is the etiological agent of the disease known as "mal das

cadeiras"” or "surra™ that affects domestic and wild animals (Silva et al., 2002), with reports

of several clinical and pathological manifestations (Maudlin et al., 2004; Jittapalapong et al.,
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2009). Another protozoan that belongs to the family Trypanosomatidae, Trypanosoma vivax,
has been reported as a causative agent of reproductive problems in domestic mammals
(Maudlin et al., 2004).

In infections caused by T. evansi reproductive disturbances have already been
described in both females and males in different animal species. In females the occurrence of
abortion, repeated estrus, birth of weak animals, stillbirths, and temporary or permanent
anestrus were reported (Silva et al., 2004; Bezerra et al., 2006; Batista et al., 2007; Batista et
al., 2008). In males, it causes degeneration of the seminiferous tubules, spermatogenic cells
and spermatids in the ducts of the epididymis (Shehu et al., 2006); testicular atrophy,
decreased of epididymal sperm reserves, widespread and severe testicular degeneration with
necrosis and calcification (Mbaya-Nwosu and Kumshe, 2011).

Studies showed that trypanosomosis by T. vivax causes a series of reproductive
disorders directly or indirectly on cattle herd due to the degeneration of the hypothalamus,
pituitary and gonads, with consequent alterations in plasma concentrations and in the
secretion of hormones needed for reproduction in both sexes (Sekoni, 1994). In males, it is
known that T vivax is responsible for testicular and epididymal lesions, decreased semen
quality due to decreased sperm concentration, decreased of volume, changes in sperm
morphology and reduced number of spermatogenic cells (Sekoni et al., 2004). Sekoni et al.
(1990) have also reported cases of infertility and sterility in animals chronically affected with
T. vivax.

This study was elaborated and justified based on the reproductive problems, economic
losses, and in the lack of research about the mechanisms of action of T. evansi in the
hormonal and reproductive system of males, using rats as the experimental model. Therefore,
the objective of this study was to evaluate the serum concentrations of reproductive

hormones, histopathology and biomarkers of oxidative stress in testicles of Wistar rats
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experimentally infected with T. evansi, evaluating the influence of this parasite infection on

the male reproductive.

2. Materials and Methods

2.1.Animals and isolate of T. evansi
Twenty four Wistar rats (Rattus norvegicus), males, divided in two groups (A and B) with
12 animals each were used in this study. They were kept in cages, at room temperature and
humidity controlled (25 °C, 70% RH), fed with commercial ration and receiving water ad
libitum. The rats were submitted to a period of 10 days of adaptation, showing perfect health
condition and behavior at the onset of the experiment (day 0). The isolate of T. evansi used
was obtained from a naturally infected dog (Colpo et al., 2005), maintained cryopreserved in
liquid nitrogen at laboratory conditions. Prior the infection it was reactivated through passage
in rats, in order to obtain viable parasites and in large volume of T. evansi in blood samples
for posterior inoculation.
This study was approved by the Ethics and animal welfare committee of Universidade

Federal de Santa Maria (UFSM) under the number 016/2012.

2.2. Groups and Trypanosoma infection
Group A (n = 12) was composed by uninfected animals (negative control) and group B
(n = 12) represented the infected rats. The infection was performed intraperitoneally with
blood containing 10’ trypomastigotes. These groups were divided into two subgroups, Al and
A2; Bl and B2 with six animals each subgroup. This procedure was carried out aiming the

evaluation of different times of infection (days 5 and 15 post-infection).
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2.3.Sample collection

The parasitemia was monitored daily through blood smears stained by the
Romanovsky method, analyzed under optic microscopy at 1000x of magnification, and it was
expressed according to the number of trypanosomes per field (t/f). Samples of blood were
collected on days 5 (subgroups Al and B1) and 15 (subgroups A2 and B2) post-infection (PI).
At each time of collection, each animal was anesthetized with isoflurane in an anesthesia
chamber. Immediately after the anesthesia induction, by cardiac puncture 5 ml of blood were
collected in order to obtain serum for hormonal measurements. After this procedure the
animals were euthanatized and the testicles removed for the collection of fragments for

histology. Biochemical tests were also conducted to evaluate cell injury.

2.4.Hormonal evaluation
Evaluation of estradiol, LH, FSH and testosterone was carried out by the technique of
EIA (Enzyme Immunoassay), according to the manufacturer's instructions (Cayman Chemical
Company, Ann Arbor, Ml , USA) and Tietz (1995). The measurement of cortisol was
performed by ELISA (Enzyme-Linked Immunosorbent Assay) method, using “kit"
commercial. The results of LH, FSH and testosterone were obtained through

spectrophotometer and expressed in ng/mL™, estradiol in pg/mL™ and cortisol in pg/dL™.

2.5.Biomarkers of oxidative stress
To evaluate cell damage in the experimental testes, levels of NOy (nitrite/nitrate),
TBARS (lipid peroxidation) and AOPP (advanced oxidation protein product) were measured,
and considered as markers of oxidative stress. For this, testicles samples were homogenized in
Tris-HCI buffer 10 mmol, pH 7.2, with 160mmol sucrose (1:10 w/v). The samples were

centrifuged (35009 for 10 minutes) with the supernatant collected and frozen at -20 °C until
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analysis. The oxidation of proteins was quantified considering the concentration of AOPP,
determined by semi-automated method described by Witko-Sarsat et al. (1998), with results
expressed in pL. TBARS levels were measured according to Jentzsch et al. (1996), with
results obtained by spectrophotometry at 535 mm, expressed in mmol/mL. NOy levels were
measured using the Griess modified method, through the Cobas Mira automated analyzer,
with results expressed in mmol/L, according to the technique described by Tatsch et al.

(2011).

2.6.Histopathology
Testicular samples were collected for histopathology evaluations. They were fixed in
buffered formalin (10%) and preserved in alcohol 70%. After fixation, it was dehydrated,
cleared and embedded in paraffin. For each sample two histological slides were prepared with
transverse sections of 6 um, stained with hematoxylin-eosin and Gomori trichrome method. In
each slide a random grid of 15 points on 5 fields was applied. In these, thickness of the
germinal epithelium was measured, with determination of degree of degeneration and the

presence of sperm in the tubular lumen.

2.7.Statistical Analysis
The results of hormonal measurements and biomarkers of cell injury were subjected to
statistical analysis by Student's test, with P<0.01 considered as statistically significant. All
quantitative morphometric data were submitted to ANOVA, while the qualitative data to chi-

square with SPSS18.

3. Results
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3.1.Progression of infection
Parasites were observed in blood smears of all infected animals between days 1 and 3
day PI. Subsequently, the number of circulating flagellates increased progressively over the
days, being carried out on day 5 PI the sample collection from the animals with higher
parasitemia (subgroup B1:66 t/f). The remaining animals remained kept the parasitemia at low
levels during the experiment, with the peak on day 15 PI (B2: 21 t/f). No clinical signs were

observed in infected animals.

3.2.Hormones leves
Rats from subgroups B1 and B2 (infected) showed a significant decrease in the levels
of LH, FSH, testosterone and estradiol on days 5 and 15 PI, when compared to the control
group (P<0.01). The levels of cortisol in serum was significantly (P<0.01) increased in
infected animals on days 5 and 15 Pl compared with the control group. The results of

hormonal dosage and cortisol are shown in Figures 1 and 2, respectively.

3.3.Biomarkers of cell injury
The levels of NOx and TBARS increased significantly (P <0.05) on days 5 and 15 PI
in rats infected, while levels of AOPP increased significantly only on day 5 PI, when they
were compared with the control group. The results of biomarkers of cell injury are shown in

Figure 3.

3.4.Histopathology
Significant histopathological alterations were observed in the infected animals. A

marked reduction of the thickness and increased the degeneration of the seminiferous
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epithelium were visualized. Associated with these alterations, a significant reduction in the

number of sperm in the lumen of the seminiferous tubule was observed.

4. Discussion

Decreased levels of reproductive hormones associated with increase of biomarkers of
cell injury and degenerative lesions in the tests were observed in this study. These results
obtained in hormonal assays are similar to those of other authors, such as Hublart et al. (1990)
who worked with experimental infection with Trypanosoma brucei and reported reduction of
serum testosterone levels, however, without alterations in serum levels of LH and FSH. Also,
Mutayoba et al. (1994) observed a reduction LH in serum, which, according to the authors,
was due to decreased stimulation of GnRH, with consequent reduction in testosterone levels
in rams infected with Trypanosoma congolense. However, in camels infected with T. evansi
an increase in estradiol levels and decreased levels of testosterone was observed, associated
with reduced sperm counting and increased index of abnormal sperm (Al-Qarawi et al., 2004).

The rats infected with T. evansi in this experiment showed degeneration of the
seminiferous tubules and reduction in the number of sperm in the lumen. In a study with deer
infected with T. evansi was also found the same degeneration of the seminiferous tubule plus
a spermatic degeneration in the epididymis ducts (Shehu et al., 2006). Such changes may
reduce the reproductive capacity of male, as well as it causes infertility with chronicity of the
disease (Sekoni et al., 2004). These same author reported that T. vivax can causes a drop in the
quality and volume of semen, decreased sperm concentration and increase the number of
teratozoospermias. Adamu et al. (2007) found that animals experimentally infected with T.

vivax showed a decrease of spermatogenic cells, destruction of interstitial tissue, hypoplastic
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seminiferous tubules, disappearance of Sertoli cells with involvement of epididymis
parenchyma (with focal areas of necrosis and squamous metaplasia).

A study using sheep infected with T. vivax exhibited marked testicular degeneration
(Bezerra et al., 2008), where these changes may be related to the reduction of LH and FSH
hormones that are stimulating steroidogenesis and spermatogenesis, respectively (Apted,
1970; Maudlin et al., 2004). However, other alterations such as hyperthermia, anemia and
anorexia would cause this kind of changes (Setchell, 1998). These clinical signs are often
present in infection by T. evansi, which did not allow to state that the testicular lesions
observed in this study were caused directly by the infection of this flagellate, since the testicle
is extremely sensitive to increases in temperature (Friedman et al., 1991). However, the
presence of T. vivax in the testicles and semen of sheep was already reported (Bezerra et al.,
2008), may causing a local inflammatory response, and then leading to tissue damage. In this
study, the alterations observed in the testicles may be associated with reduced levels of
circulating LH and FSH, since the direct gonadal lesion is able to determine an increase in the
gonadotropins FSH and LH due to the failure in the self-regulation of the hypothalamic-
pituitary-gonadal axis.

The infection by T. evansi in rats generates oxidative stress (Omer et al., 2007). In this
study the levels of NOy, TBARS and AOPP were increased in infected animals. These
parameters suggest the occurrence of lipid peroxidation, protein oxidation and an increase in
nitric oxide levels in the testicles of these animals. The increase of these biomarkers was
suggestive of cell injury and later confirmed by the histology of the organ. Cortisol is well
known as a marker of stress; it was found increased in the serum of infected animals, might
inhibiting the releasing of GnRH (McGivern and Redei, 1994) and, therefore, justifying the

reduced levels of LH and FSH found in the serum of the animals infected with T. evansi.
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The decrease in the levels of testosterone and estradiol in infected animals could be
attributed to the degeneration of the seminiferous tubules. In the testicles, are located the
Leydig cells (Stanbenfeldt and Edqvist, 1996), where 95% of blood circulating testosterone is
produced (the rest is produced by the adrenal) (Dadoune and Demoulin, 1993). Another
explanation for the reduction of serum testosterone levels is due to a decrease in LH levels,
since the production of testosterone is controlled by the secretion of this hormone, which also
has a direct effect on Leydig cells, leading to hypertrophy of these cells (Stabenfeldt and
Edqvist, 1996).

The low dosage of FSH in T. evansi infected rats may have caused the low serum
estradiol levels observed, since the follicle-stimulating hormone is responsible for converting
the testosterone produced by Leydig cells in estrogen (Stanbenfeldt and Edqvist, 1996).
Estrogens are synthesized in the male reproductive system in Sertoli cells, Leydig cells, and
germ cells in the brain (Hess et al., 2001). The role of this estrogen is to inhibit the synthesis
of testosterone (Dadoune and Demoulin, 1993). However, in the present study both were at
lower levels when compared to infected animals.

The full cycle of sperm production takes 12 days to be completed in rats (Stanbenfeldt
and Edqvist, 1996). However, it can be affected in trypanosomosis (Al-Qarawi et al., 2004;
Shehu et al., 2006; Bezerra et al., 2008). Previous studies of our research group showed that
during the parasitemia peak the body temperature of the animals were high. Therefore the
hyperthermia may have contributed to the testicular pathologies observed.

Based on the results, we were able to verify that the experimental infection with T.
evansi in rats causes a reduction in serum levels of reproductive hormones (LH, FSH,
testosterone and estradiol) and increased the serum levels of biomarkers of oxidative stress
and cortisol. These data support the conclusion that this flagellate are able to contribute to the

infertility in male rats either directly or indirectly.
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Legend figure

Figure 1 - Serum levels of luteinizing hormone (A), follicle stimulating hormone (B),
testosterone (C) and estradiol (D) in rats experimentally infected with Trypanosoma evansi on

days 5 and 15 PI compared to uninfected animals (Student: * P <0.01).

Figure 2 - Serum cortisol levels in rats experimentally infected with Trypanosoma evansi on

days 5 and 15 PI compared to uninfected animals (Student: * P <0.01).

Figure 3 - Serum concentrations of nitrite/nitrate (A), TBARS (B) and AOPP (C) in the
testicles of rats infected with Trypanosoma evansi on days 5 and 15 PI (t test: * P<0.05,
**p<0.01).
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4 CONCLUSAO

Foi possivel verificar que infecgdo por T. evansi em ratos machos causa reducdo nos
niveis séricos de horménios reprodutivos (LH, FSH, testosterona e estradiol) e aumento de
marcadores de estresse oxidativo e cortisol. Esses dados permitem concluir que esse flagelado

pode contribuir para infertilidade em ratos machos de forma direta ou indireta.
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