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as e preciso ter manha,
E preciso ter graca
E preciso ter sonho sempre

Quem traz na pele essa marca

Possui a estranha mania de ter fé na vida. ”

Milton Nascimento
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RESUMO

Os compostos organoestanicos (OTs) apresentam uma variedade de quimicos
amplamente empregados na agricultura e na industria em geral, sendo amplamente
usados. Estudos vém demonstrando que os OTs causam sério impacto ambiental, como
o caso do hidroxido de trifenilestanho (TPT), de modo que se torna importante a
realizagdo de estudos que avaliem as alteracdes fisioldgicas causadas por estes
compostos, principalmente no que se refere as espécies nativas de regides portudrias e
de atividade agricola. Do ponto de vista toxicologico, um aspecto importante diz
respeito aos possiveis efeitos do TPT sobre o sistema reprodutivo. O presente estudo
objetiva avaliar a influéncia da exposi¢do ao TPT sobre a fisiologia reprodutiva de
machos da espécie Calomys laucha, verificando os efeitos sobre a atividade espermatica
nas fases pré-pubere e adulta. Para tanto, este estudo foi dividido em dois experimentos
visando verificar: Exp.1: Efeitos do TPT sobre a atividade espermatica em individuos
expostos via amamentagdo, onde as fémeas lactantes foram organizadas em 5 grupos (n
=5), sendo um controle 4gua e um controle do veiculo (carboximetilcelulose 1%) e trés
grupos com diferentes concentragdes de exposicdo ao contaminante 0,5; 2,5 ¢ 5,0 mg
TPT/kg. As fémeas parturientes foram expostas por gavagem ao TPT durante 20 dias,
do 1° dia pos-parto até o 21° dia pos-natal (PND). Apds este periodo os filhotes foram
alojados separadamente e aos 100 (£5) PND foram eutanasiados e realizada a avaliacao
da atividade espermadtica. Na avaliacdo da cinética espermatica foi constatada uma
redu¢do na motilidade total nos grupos de 0,5 e 5,0 mg TPT/kg; na motilidade
progressiva houve uma diminui¢do em todos os grupos tradados; constatou-se ainda a
diminui¢do nas distancias e velocidades média percorrida, retilinea e curvilinea,

principalmente nas doses de 2,5 e 5,0 mg/kg, bem como na retilinearidade, linearidade e



oscilacdo. Nos resultados obtidos na citometria de fluxo, foi evidenciada uma redugao
na integridade de membrana, conforme o aumento das doses; a funcionalidade de
mitocondria apresentou redugdo nos grupos de 0,5 e 5,0 mg TPT/kg; foi constatado um
aumento na ruptura de membrana nos grupos de maior dose 2,5 ¢ 5,0 mg TPT/kg; a
reacdo de acrossoma apresentou niveis mais elevados de acrossomas nio integros nas
doses de 0,5 e 5,0 mg TPT/kg. Com base nos resultados obtidos, podemos concluir que
o TPT causa comprometimento da atividade espermatica em individuos expostos na fase
de amamentacdo, principalmente no que se refere as motilidades total e progressiva,
integridade de membrana e a funcionalidade de mitocondria os quais apresentam danos
persistentes observados quando avaliados na fase adulta, aos 100 (£5) dias de vida.
Exp.2: Efeitos do TPT sobre a atividade espermatica em individuos expostos na fase
adulta. Os animais foram divididos em 6 grupos (n =7), sendo um controle dgua ¢ um
controle do veiculo (carboximetilcelulose 1%) e quatro grupos com diferentes
concentragdes de exposicdo ao contaminante 0,5; 2,5; 5,0 e 10,0 mg TPT/kg. Os
animais foram expostos por gavagem ao TPT durante 21 dias, do 50° (£3) ao 71° (£3)
dia de vida. Os animais expostos a maior dose (10 mg/kg) apresentaram sinais de
intoxicagdo grave em apenas 7 (sete) dias de exposi¢ao. Os dados referentes a esta dose
foram analisados separadamente por se tratar de uma exposi¢do a curto prazo € 0s
resultados obtidos sugerem que a exposicdo nesta dose foi severamente prejudicial a
atividade espermatica, principalmente no que se refere a motilidade espermatica,
funcionalidade mitocondria, integridade e fluidez de membrana. Nas outras dosagens, a
principal alteragdo constatada na avaliagdo da cinética espermaética, foi a redu¢do nas
motilidades total e progressiva a partir do grupo 0,5 mg TPT/kg. Nos dados obtidos na

avaliagdo por citometria de fluxo, foi observada uma diminui¢cdo na funcionalidade de



mitocOndria, conforme o aumento das doses, bem como um aumento na fluidez de
membrana a partir da dose de 5,0 mg TPT/kg, a reacdo de acrossoma apresentou
maiores valores de acrossomas ndo integros nas doses de 0,5 ¢ 5,0 mg TPT/kg. Com
base nos resultados obtidos, podemos concluir que o TPT causa comprometimento da
atividade espermatica em individuos expostos na fase adulta, principalmente no que se
refere as motilidades total e progressiva e a funcionalidade de mitocondria. Deste modo,
concluimos que o TPT pode ser excretado através do leite materno em fémeas expostas
por via oral, ¢ que em machos expostos nas fases pré-pubere e adulta, por via oral,

promove prejuizos na atividade espermatica.

Palavras-chave: trifenilestanho, TPT, amamentagdo, atividade espermatica,

cinética espermatica
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1. INTRODUCAO

Nos paises de forte economia agricola a utilizagao de pesticidas na agricultura tem
crescido rapidamente. Desde 1960, a intensificagdo da exploragao agricola conduziu ao
aumento na producdo e utilizagdo de pesticidas no combate a pragas da lavoura
(ECOBICHON, 1996). Apesar da sua importancia na agricultura, os residuos de
pesticidas encontrados nos alimentos, dgua e solo podem oferecer riscos a saude do
homem e de outros organismos ndo alvo. Com isso, os efeitos fisiologicos da exposi¢do
a pesticidas tém se tornado foco de estudos (DELGADO & PAUMGARTTEN 2004;

FORGET, 1989; SARPA, 2007).

Alguns pesticidas t€ém o potencial de produzir alteragdes no sistema enddcrino
devido a sua capacidade de ligacdo a receptores especificos de hormonios, promovendo
efeitos antagénicos ou estimulatérios no sistema enddcrino (DIAMANTI-
KANDARAKIS et al., 2009; GAIDO et al., 1998; KAVLOCK et al., 1996). Deste
modo, essas substancias exogenas com capacidade de alterar a fun¢do endocrina sao
conhecidas como desreguladores endocrinos, € podem causar efeitos adversos no
individuo, sua progénie e/ou (sub) populagdes de organismos (GOLDMAN et al.,
2000). Dentre estas substancias podemos destacar os compostos organoestanicos (OT),
visto que a maioria destes possui a capacidade de alterar o mecanismo endocrino e,

portanto, podem ser considerados como desreguladores endocrinos.

1.1. COMPOSTOS ORGANOESTANICOS

Os compostos organoestanicos (OTs) sdo organometalicos caracterizados por um

atomo de estanho (Sn) ligado covalentemente a um ou mais substituintes organicos (por
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exemplo: metilo, etilo, butilo, propilo, fenilo, octilo) (HOCH, 2001). Quimicamente,
estes compostos sdo representados pela formula geral RSnX, na qual R € um grupo
alquilo ou arilo organico e X ¢ um ligante inorganico ou organico como, por exemplo,
cloreto, fluoreto, 6xido, hidroxido, carboxilato ou tiolato (HOCH 2001; SEKIZAWA et
al., 2003, WHO 1990). De acordo com o numero de grupos organicos, o0s
organoestanicos podem ter quatro classes distintas: monoorganoestanico (RSnX3),
diorganoestanico (R2SnX2), triorganoestanico (R3SnX) e tetraorganoestanico (R4Sn).
Os compostos mono, di e tri organoestanicos contém também varios grupos quimicos,
os quais podem ser inorganicos ou organicos. Os compostos tetraorganoestanicos sao
utilizados principalmente como matéria-prima para a fabricagdo de outros compostos
organicos de estanho e ndo ocorrem em produtos quimicos (HOCH, 2001; SEKIZAWA

et al.,2003; WHO, 1999).

As propriedades quimicas e fisicas dos compostos organoestanicos variam
significativamente, dependendo principalmente do niimero e natureza dos grupos R,
mas também do tipo de ligando (X). A solubilidade de organoestanicos em agua, por
exemplo, tende a diminuir tanto com o aumento no nimero e comprimento dos
substituintes organicos. Contudo, a natureza do ligando também pode desempenhar um
papel importante (HOCH, 2001, WHO, 1990). A toxicidade dos organoestanicos
também varia muito, sendo fortemente influenciada pelo nimero e natureza dos grupos
organicos. Em geral, o estanho inorganico ¢ nao toxico, enquanto que os compostos
triorganoestanicos, como o trifenilestanho (TPT), tém atividade toxicologica maxima

(HOCH, 2001; SEKIZAWA, et al., 2003).

Com uma produg¢do anual estimada de cerca de 60.000 toneladas, os OTs

pertencem a familia dos compostos organometalicos mais utilizados (MALA, 2008).
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Sdo amplamente usados como pesticidas agricolas; estabilizadores de PVC; agentes
preservativos da madeira, algoddo, papel; e aditivos de tintas para uso nautico, atuando
como antiincrustante (SEKIZAWA, 1999; ANVISA, 2004). A grande maioria destes
compostos tem origem antropogénica, com exce¢do do metilestanho que pode ser
produzido por biometilagdo ambiental por bactérias (FENT, 1996; GUARD ET AL.,
1981; HALLAS et al, 1982). Os compostos organoestanicos sdo utilizados como
aditivos no processo de fabricacdo de PVC para evitar a sua descoloragdo e fragilizagao
sob a influéncia da luz e do calor (HOCH, 2001). Além da estabilizagdo do PVC, os
organoestanicos também s3o usados como catalisadores na produc¢do de espumas de
poliuretano e silicones. Os compostos triorganoestanicos funcionam como agentes
biocidas e sdo utilizados em conservantes de madeira e tintas antiincrustantes, bem
como outros conservantes. Seu uso ¢ muito restrito por terem propriedades perigosas
para a saude e o ambiente. J& os compostos mono e diorganoestanicos sdo utilizados
como estabilizadores na fabricagdo de plasticos. Podem também ocorrer em selantes,
adesivos, compostos de jungdo e revestimentos, onde funcionam como catalisadores no

aglutinante (BLUNDEN & EVANS, 1990; GODOI et al., 2003).

Sabe-se ha mais de duas décadas que estes compostos geram fortes impactos
ambientais. Contudo, os processos de regulamentacdo da produ¢do e utilizacdo destes
compostos sdo extremamente lentos (SARPA, 2007). A contaminacao ambiental por
OTs pode ocorrer através do descarte de produtos que os contenham em aterros
sanitarios, bem como o desgaste de produtos a base de PVC e outros inimeros produtos
industriais revestidos e/ou protegidos por estes compostos que contaminam 0s esgotos
municipais € consequentemente o lencol freatico e outros corpos d’agua (Figura 1). A

contaminagdo de campos, dunas e corpos d’agua também pode ocorrer pela utilizagdao
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agricola de compostos triorganoestanicos, que sao transportados pelo ar ou penetram no

solo podendo atingir lengdis freaticos (FENT, 1996; SARPA, 2007).

Como resultado de suas aplicagdes industriais ou agricolas comuns, varios

ecossistemas foram expostos a OTs, onde podem interagir com os organismos presentes.

Estudos sobre a distribuicdo e os efeitos dos OTs no ambiente marinho tém sido

conduzidos desde o final da década de 1980 (GIBBS et al., 1987, HORIGUCHI et al.,

1994, GOMEZ-ARIZA et al., 1998, LEUNG et al., 2001). Devido ao seu uso

generalizado, os OTs podem ser encontrados em quase toda parte: solos, sedimentos,

agua, biota e atmosfera. Em termos gerais, as menores concentragdes sdo detectadas na

coluna de 4gua, enquanto que as mais altas sd@o detectadas nos sedimentos e biota,

particularmente nos predadores de topo da coluna (KANNAN & TANABE, 2009).

1. MAR LAGOS E BATAS

2. SISTEMA DE TRATAMENTO DE
ESGOTO

3. NCINERACAD

4. ATERR.O SANITARIO

5 AR

6. 5010

7. LENCOL FREATICO

PVC
Catalisadores
Biocidas

Antiincrustante

5

T

Pesticidas

L

Figura 1: Vias de contaminacao do ambiente por compostos organoestanicos.
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Dentre os diferentes grupos de OTs, os triorganoestanicos sdo os mais estudados,
visto que sob o ponto de vista toxicoldgico sdo os mais tOxicos para 0s organismos
aquaticos (FENT, 1996a, GUARD et al., 1981). A restricdo da utilizacdo de
triorganoestanicos em tintas antiincrustantes tem sido adotada em muitos paises devido
aos seus efeitos catastroficos na industria de ostras e efeitos mais gerais no ecossistema
aquatico (CAO et al, 2009; CE, 2003; SONAK et al., 2009; WHO, 1999). Foi
constatado que os OTs causam efeitos negativos bem conhecidos sobre os organismos
aquaticos, como por exemplo o imposex nos gastrépodes. Este fendmeno ¢é considerado
o melhor exemplo de perturbagdo enddcrina na vida selvagem e tem recebido muita
atencdo da comunidade cientifica durante um longo periodo de tempo (DELGADO

FILHO et al., 2011; MATTHIESSEN, 2013).

Diante da extensa contaminacdo do ambiente marinho por OTs como o
tribulestanho (TBT) e TPT e seus metabolitos, em virtude dos efeitos deletérios para
organismos nao-alvo, foram estabelecidas restrigdes ao seu uso que culminaram com
uma proibi¢do global em 2008 (SONAK et al, 2009). A Organizacdo Maritima
Internacional (IMO), na Convencdo sobre o Controle de Sistemas Antiincrustantes
Nocivos em Navios (Convencao AFS), realizada em 2001, estabeleceu a proibi¢ao do
uso de OTs como antiincrustantes em embarcagdes, medida que entrou em vigor em
setembro de 2008, (IMO, 2001). A fim de facilitar a ratificacio da Convencao AFS
pelos seus Estados-Membros, a Comunidade Europeia (CE) publicou um regulamento
especifico (CE n.® 782/2003) para proibir a utilizacdo de OT prejudiciais em tintas

antiincrustantes em navios a partir de 2003 (CE, 2003).
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1.2. TRIFENILESTANHO

Os compostos de trifenilestanho (TPT) sdo um grupo de OT, derivados de trifenil
de estanho tetravalente, de acordo com a formula geral (C6HS) 3Sn-X, em que X ¢ um
anion ou grupo anionico, podendo ser um cloreto, hidroxido e acetato. Sao hidrofébicos
devido a presenga de substituintes hidrocarbonados e, portanto, sua solubilidade em
dgua ¢ relativamente pequena (RUDEL, 2003). Sdo sdlidos incolores com baixas
pressoes de vapor. O TPT ¢ fortemente adsorvido ao sedimento e ao solo, e ocorre uma
pequena dessor¢do. A contaminagdo ambiental ¢ dependente da persisténcia do TPT no
ambiente que estd intimamente relacionada com o tipo de solo e de seu pH. A estimativa
da meia-vida do TPT em solo arenoso e sedimento ¢ de 1 a 3 meses, contudo para solos
inundados foi descrita a meia-vida de aproximadamente de 126 dias (SEKIZAWA,
1999). As concentragdes ambientais de compostos de trifenilestanho diminuiram nos

ultimos anos como resultado de restri¢des na sua utiliza¢do em tintas antiincrustantes.

Embora o TPT seja usado como agente antiincrustante em adi¢cdo ao TBT, sua
principal aplicacao ¢ agricola, onde este ¢ usado como pesticida, com agdo fungicida,
sobretudo nas plantacdes de feijdo, algodao, batata, beterraba e arroz (WHO, 1999).
Apesar das poucas estimativas de consumo, o uso de TPT como fungicida agricola nao ¢
raro. Em paises europeus, como a Holanda, o consumo anual de acetato de
trifenilestanho (TPTa) na safra de batata do ano de 1987 foi de 300 toneladas, o que
representa aproximadamente 8% do total de fungicidas utilizados neste pais (FENT,
1996). Em Minnesota, 10,73% das culturas de batata foram tratadas com hidréxido de
TPT (TPTh) (SUBRAMANYAM, 1993). Segundo a Agencia de Prote¢do Ambiental
(EPA) dos Estados Unidos (EUA), o consumo de hidréxido de TPT em culturas de

nozes, batatas e beterrabas, chegou a 260 toneladas (EPA, 1999). Em Taiwan, 27% dos
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agricultores entrevistados admitiram o uso ilegal da TPTa, mesmo ap6s sua proibigdo
total nesse pais (HU et al, 2009). Sob estas circunstancias, o escoamento agricola
também poderia contribuir para a contaminagdo do meio marinho por TPT. A
quantidade total de TPT produzida anualmente na China ¢ estimada em 200 toneladas
(HU et al., 2009), enquanto no Japao, 140-160 toneladas de TPT foram produzidas para

exportagdo anual durante o periodo 1994-1996 (WHO, 1999).

A utilizagdo do TPT na agricultura nos EUA levou a concentragcdes em corpos
d'agua proximos as atividades agricolas de at¢ 6 pg de TPT / L, e concentragdes
bioacumuladas na musculatura de peixes equivalentes a 389 ng de TPT / g de tecido
(JONES-LEPP et al., 2004). No Japao, foi encontrado nos tecidos de aves marinhas
concentragdes de TPT que variaram de 0,6 a 1500 ng / g de peso himido (MIZUKAWA
et al., 2009). A Japan Environment Agency examinou os niveis de TPT na agua,
sedimentos e em organismos em cerca de 30 locais (estudrios e baias) no Japao entre
1982 e 1995, e constatou que: os niveis de TPT na 4dgua (limite de detec¢dao de 5 ng /
litro) e sedimento (limite de detec¢do de 1,0 ng / g) das areas de baia e costeira vém
diminuindo lentamente ao longo dos anos, passando de 2,7-8,0 ng / litro (4gua) e 3,3-7,8
ng / g (sedimento) entre 1988-1991 para 2,5-3,0 ng / litro (4gua) e 1,5-23 ng / g
(sedimento) entre 1992-1995 (JEA, 1996). Na Holanda, foram encontrados no sistema
do lago Westinder até¢ 920 ng de TPT / g de sedimento (STAEB et al., 1996). Nos
mexilhdes zebra utilizados como biomonitor para avaliar a poluicdo de TPT em aguas
holandesas (STAEB et al., 1995) foram encontradas concentragdes elevadas (1700-3200
ng de estanho / g de peso seco) perto de locais onde o fungicida TPT tinha sido
pulverizado. Também foram detectados produtos de degradagao (di e monofenilestanho)

em quase todos os mexilhdes (STAEB et al., 1995). J4 na Alemanha, em culturas de

19



beterrabas pulverizadas com foram encontrados residuos em variando entre 0.1 a 1.9

mg/kg, 35 dias apos a aplicagdo (FAO, 1991).

Tanto o TBT como o TPT sao potencialmente toxicos para a maioria das espécies
que foram testadas. Porém sao relativamente escassos os estudos toxicologicos com
TPT, especialmente testes de toxicidade crdonica de ciclo de vida completo, de modo que
pouco se sabe sobre o seu mecanismo de agdo. Até o momento, a maioria das
informacodes sobre a distribui¢ado e toxicidade dos OTs ¢é sobre o TBT e seus produtos de
transformagao, enquanto pouca informagao sobre a ocorréncia de compostos TPT e seus
derivados. Assim, em comparagdao com o TBT, ha uma escassez de informagdes sobre a

distribuicao, toxicidade e acimulo do TPT (FENT & HUNN, 1991; SHIM et al., 2005).

A revisdo publicada pela Organizagdo Mundial de Satde (Worl Health
Organization - WHO), descreveu a toxicidade do TPT para os mamiferos e sua potencial
toxicidade para os seres humanos, incluindo efeitos de neurotoxicidade,
imunotoxicidade, indu¢do de apoptose em timdcitos, inducao de hiperplasia/adenomas
em 0rgados endocrinos, e irritacdo ocular (WHO, 1999). As principais vias de exposi¢ao
ao TPT sdo: oral, inalatoria, dérmica e absorcdo pela mucosa conjuntival, sendo
altamente absorvido pelo trato gastrointestinal e pele (EPA, 1999). Poucas informagdes
sobre a toxicidade do TPT estao disponiveis para algumas espécies de algas marinhas,
invertebrados, anfibios, peixes e alguns mamiferos, principalmente roedores, sendo que
a maioria dos dados sobre a toxicidade do TPT para peixes foi obtida para larvas ou
juvenis. Os valores de CL50 para peixes variam de 7,1 a 62 ug L' (FENT & MEIER,
1992; FENT & MEIER, 1994). Além disso, os compostos TPT podem afetar o
comportamento de alimentagdo e natagdo de girinos do sapo europeu, Rana esculenta

(SEMLITSCH et al., 1995). A presenca do TPT em ambientes costeiros ¢ muito
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evidente, e conforme o estudo de Yi et al. (2012), revelou sua concentracdo em

diferentes componentes do ambiente marinho (Figura 2).
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Figura 2: Distribui¢do do TPT em componentes do ambiente marinho e costeiro. Para
uma melhor visualizagdo da concentracdo de TPT em cada area, os valores foram

expressos em Log 10 [conc.]+2 (Y1 et al., 2012).

No estudo realizado por Yi ef al. (2012) foi analisado a bioacumulagdo de TPT e
outros dois compostos fenilestanicos, o DPT (difenilestanho) e o MPT
(monofenilestanho), e constatado que ao contrario dos compartimentos abioticos, o TPT
¢ consistentemente o composto dominante em invertebrados e peixes marinhos, assim
como em mamiferos e aves costeiras, de modo que contribui com 63,4%, 65,8% e 49%

do total de compostos fenilestanicos nestes, respectivamente (Figura 3).
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DPT (difenilestanho); MPT (monofenilestanho) (YI et al., 2012).

A absorcao de OTs por microorganismos € principalmente através da adsorcao de
porcdes organicas de OTs sobre a superficie celular (AVERY et al., 1993). Compostos
triorganoestanicos, como TBT e TPT, exercem as suas toxicidades através da interagdo
com lipidos de membrana, desregulando assim a respiragdo e a fotossintese de algas
(MOONEY E PATCHING, 1995). A toxicidade de OTs est4 relacionada com a area
superficial total de microorganismos, como nas algas unicelulares, ¢ a solubilidade

lipidica de produtos quimicos a base de OT (COONEY E WUERTZ, 1989).

O TPT pode passar pela membrana celular e interagir com diferentes enzimas
intracelulares, como por exemplo, com a aromatase, a qual promove inibi¢do por
supressdo do gene CYP 19, e a glutationa-S-transferase, os quais estdo ambos

envolvidos na biotransformacdo de xenobidticos. Mas o TPT pode inibir a sua
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expressdo, conduzindo assim a uma disfun¢do do sistema de detoxificagdo (GEORGE
& BUCHANAN, 1990). Além disso, o TPT aumenta o armazenamento de calcio
intracelular ao retardar a mobilizagdo de calcio, o que por sua vez provoca
hiperpolarizagdo das membranas celulares (MIURA & MATSUI, 1991). O mecanismo
de toxicidade da TPT ndo estd totalmente esclarecido. Foi relatada uma variedade de
efeitos sobre mamiferos, incluindo inibi¢do da fosforilagdo oxidativa, interrup¢do da
sintese e degradacdo de esteroides sexuais, neurotoxicidade e imunotoxicidade

(KOTAKE, 2012).

1.2.1. TOXICIDADE REPRODUTIVA DO TRIFENILESTANHO

A toxicidade reprodutiva do TPT foi relatada em diversas espécies. A exposicao
do caracol partenogénico Potamopyrgus antipodarum ao TPT levou a uma redugdo
acentuada na reproducdo em concentracdes de 0,5 mg TPT/kg (Duft ef al., 2003). Em
anfibios da espécie Xenopus tropicalis, foi verificado que o TPT induz multiplas
malformagdes no desenvolvimento embriondrio, incluindo alargamento do proctodeo e
aletas estreitas. Segundo o trabalho de Yuan et al (2011), os estadios de
desenvolvimento de X. tropicalis sao sensiveis a TPT, visto que este atua de diferentes

modos de acdo para induzir teratogenicidade em embrides de anfibios.

Estudos relataram que algumas espécies de invertebrados aquaticos do sexo
feminino, sofreram o chamado imposex, uma indu¢do anormal das caracteristicas do
sexo masculino, por influéncia da exposicdo ao TPT (HORIGUCHI et al, 1997;
SCHULTE-OEHLMANN et al., 2000; LYSSIMACHOU et al., 2009). O potencial
androgénico do TPT em moluscos estd ligado a inibicdo da atividade da aromatase, ou

seja, ao bloqueio da transformagdo da testosterona em estradiol, o que em caramujos
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femininos leva ao desenvolvimento de um pseudopenis, um fendmeno conhecido como
imposex (HORIGUCHI et al, 1997, SCHULTE-OEHLMANN et al, 2000;

LYSSIMACHOU et al., 2009).

Esta desregulagdo enddcrina ambiental induzida por TPT também foi descrita em
peixes e mamiferos, cujo principal mecanismo atribuido pelos autores foi a inibi¢ao da
enzima aromatase (HORIGUCHI, 2006; HOBLER et al., 2010). O TPT age como um
inibidor competitivo da aromatase, uma enzima do grupo do citocromo P450 que esta
envolvida no processo de producdo do hormdnio estradiol (MENG et al., 2009; FITAS
et al., 2014). Em virtude dessa acdo competitiva do TPT, acredita-se que elevadas
concentragdes de androgenos nao-convertidos possam resultar na ocorréncia de
alteracdes fisioldgicas, como feedback negativo sobre a sintese e liberagdo de LH, e
assim comprometer a capacidade reprodutiva de espécies expostas (HORIGUCHI,

2006).

A exposi¢ao ao TPT pode causar impacto reprodutivo negativo, reduzindo a
fertilidade e afetando gravemente a espermatogénese em ratos (CHAUHAN &
AGARWAL, 2009; SNOW & HAYS, 1983). Ainda ha muitos relatos dos efeitos
biologicos dos OTs, como o TPT, incluindo uma ampla gama de efeitos toxicos € como
potentes desreguladores enddcrinos. Segundo a revisdo realizada por SEKIZAWA
(1999), o TPT interfere na reproducdo de ratos em doses maiores que 4,8 mg
TPT/kg/dia, promovendo um aumento na incidéncia de tumores de células de Leydig do
testiculo. J4& em camundongos expostos a dose de TPT de 3,75 mg/kg/dia, foi
evidenciado que a exposicao in utero ao TPT durante todo o processo de organogénese
(do dia 6 ao dia 17 de gestagdo) induziu efeito teratogénico, causando o aumento de

malformagdes severas, como presenca de fenda palatina e alteracdes morfoldgicas em

24



orgaos sexuais. Contudo, a dose administrada ndo produziu efeitos tdxicos para o
organismo materno, apontando determinada seletividade dos efeitos adversos sobre o

desenvolvimento embrionario (SARPA et al., 2007).

No estudo realizado por Grote et al. (2004) foi observado que ratos machos
expostos durante a puberdade a dose de 2 mg/kg/dia de TPT nao apresentaram
alteragdes hormonais relevantes. Contudo, doses iguais ou superiores a 6 mg/kg/dia de
TPT, promoveram uma diminui¢do significativa na concentra¢do de testosterona. De
acordo com os autores o TPT pode ser capaz de desbalancear o equilibrio andrégeno-
estrogeno, que estd sujeito a regulacdo neuro-hormonal e o desequilibrio em qualquer
nivel do eixo hipotdlamo-hipofise-gonadal durante periodos criticos do
desenvolvimento pode levar a alteragdes permanentes nos receptores teciduais para

esses hormonios.

Na ANVISA, o hidréxido de trifenilestanho esta registrado sob o nome comercial
de Mertin 400 (F59) e regularizado para uso em lavouras de algodao e feijdo, sendo seu
uso expressamente proibido em lavouras irrigadas em virtude do ser altamente toxico
para organismos aquaticos (ANVISA, 2004). Contudo, segundo fiscais da SEAPA
(Secretaria da Agricultura, Pecuéria e Irrigagdo), denuincias sobre o uso indevido do
Mertin 400 vem ocorrendo pelo menos desde 2013, onde em novembro do mesmo ano
pelo menos 30 produtores em cidades como Agudo, Restinga Seca, Dona Francisca,
Faxinal do Soturno, Sdo Jodao do Polénise, Santa Maria e Paraiso do Sul faziam uso em
lavouras de arroz irrigado. Cabe ressaltar que o Rio Grande do Sul (RS) ¢ o maior
produtor de arroz irrigado do Brasil, o que remete uma atengdo especial ao uso do
produto na regido. O Ministério Piblico em agdo civil publica ajuizada pela Promotoria

de Justica de Defesa do Meio Ambiente de Porto Alegre, determinou em margo de 2017
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multa de R$ 1 milhdo mensais quando o produto Mertin 400 for encontrado em lavoura
de arroz irrigado, independentemente da quantidade de unidades produtoras, em
fiscalizagdo a ser realizada pelos técnicos da SEAPA, com auxilio de outros o6rgaos
ambientais. Na denuncia, o MP alerta para o fato do pesticida ser altamente persistente
no meio ambiente, bioconcentravel em peixes e altamente toxico para organismos
aquaticos, além do risco de contaminagao do lencol freatico e da bacia hidrografica do

Rio Jacui, para onde escorrem as aguas utilizadas nas lavouras (MPRS, 2017).

O TPT, por se tratar de um produto toxico, de classificacdo toxicoldgica Classe II
de potencial toxico ao ambiente (ANVISA, 2004), deve-se ter a preocupacdo sobre a
exposicao a este composto, sobretudo diante dos relatos de seu impacto ambiental.
Deste modo, espécies que habitam regides suscetiveis, como lavouras, merecem
especial atengdo aos riscos a esta exposi¢ao, visto que podem estar expostos de diversas
formas, uma vez que durante a pulverizacdo podem ser expostas a altos niveis deste
pesticida tanto oralmente, como por inalacio ou absor¢do dérmica. Sendo assim,
espécies nativas de regides que apresentam um alto desenvolvimento da producdo
agricola e do polo naval, como a regido de Rio Grande, encontram-se expostas a varios
desafios quimicos que podem vir interferir em sua reproducdo. Dentre estas temos a
espécie Calomys laucha que normalmente habitam regides de pastagens, dareas
agricolas, margens de estrada, proximidades de campos de cultivo de cereais (MILLS et
al., 1992) e de dunas costeiras (COLARES, 1997), além de se alimentar e construir
ninhos para a reproducdo frequentemente encontrados préximos a lavouras. Deste
modo, por habitar regides proximas a zona portudria e areas agricolas, torna-se relevante

a realizacdo de estudos que avaliem o impacto da exposi¢ao ao TPT nesta espécie.
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2. HIPOTESES

¢ O trifenilestanho pode ser excretado através do leite materno, em fémeas da espécie
Calomys laucha expostas oralmente ao contaminante.

e A exposicao de filhotes da espécie Calomys laucha ao trifenilestanho através da
amamentacdo em fémeas expostas oralmente ao contaminante, promove um impacto
negativo em parametros da atividade espermatica destes na vida adulta.

e Individuos da espécie Calomys laucha expostos oralmente ao TPT na fase adulta

apresentam comprometimento de parametros da atividade espermatica.
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3. OBJETIVOS
3.1. OBJETIVO GERAL

Avaliar os efeitos da exposicao ao TPT sobre a reprodu¢do de Calomys laucha.

3.2. OBJETIVOS ESPECIFICOS

- Avaliar os efeitos do TPT sobre a atividade espermatica de C. laucha expostos

na fase adulta;

- Determinar o impacto sobre a atividade espermatica da prole de fémeas de C.

laucha expostas ao TPT durante o periodo de amamentagao;

- Analisar os pardmetros de cinética espermatica da prole de fémeas de C. laucha

expostas ao TPT durante o periodo de amamentacao;

- Analisar os parametros espermaticos estruturais da prole de fémeas de C. laucha

expostas ao TPT durante o periodo de amamentagao.

28



4. METODOLOGIA
4.1. ESCOLHA DOS ANIMAIS

Foram utilizados individuos da espécie Calomys laucha, da geracdo F3,
provenientes do biotério de animais ndo convencionais da Universidade Federal do Rio
Grande — FURG. Os animais foram mantidos em gaiolas para camundongos, em
ambiente com temperatura controlada (20°C £ 2°C) e fotoperiodo de 12 horas claro e 12
horas escuro. Os animais receberam ragdo e agua ad libitum. A troca da maravalha das
camas era realizada semanalmente. Todos os procedimentos foram realizados de acordo
com normas aplicaveis e nas resolugdes normativas e diretrizes do Conselho Nacional
de Controle de Experimentagio Animal, aprovado na Comissio de Etica em Uso

Animal (CEUA-FURG) sob o numero Pq017/2014 (Anexo 1).

4.2. EXPERIMENTOS
4.2.1 EXPERIMENTO 1 — Analise da exposicdo durante a amamentaciao

Neste experimento foram utilizadas 25 fémeas parturientes que foram expostas ao
TPT por gavagem do dia 1 de amamentacdo (1° dia PND) até o desmame (21 dias
PND). Apds o desmame os filhotes foram agrupados em 05 grupos de acordo com as
doses de tratamento. Ao atingirem aproximadamente 100 (£3) PND foram realizadas

coletas dos epididimos para avalia¢do espermatica.

Periodo de
exposi¢do das lactantes,

Acasalamento " A
fémeas pos-parto, ao TPTH

8 dias

| | L | |
1 1 1 = 1 1
25 Observagdo do
casais T T T surgimento de marcos T T
fisicos nos filhotes

Dia0 Parto 1PN 21PN 100 (£3) PN
Observagdo 12 dia pés-parto desmame Avaliagoes
do “plug” espermaticas
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4.2.2. EXPERIMENTO 2 — Analise da exposicio na fase adulta

Foram utilizados 42 machos nao tratados, provenientes da geracdo F3. No dia do
desmame, 21° dia PND, foram separados de suas maes e incluidos aleatoriamente a um
dos 06 grupos experimentais, como descrito no item 3.3. O tratamento experimental
com TPT foi realizado, mediante gavagem durante 21 dias, a partir de 50 (£3) PND (dia
poOs-natal). Apds o término do tratamento foram realizadas coleta dos epididimos para
avaliacdo espermatica.

As gestantes ndo receberdo tratamento
em momento algum Periodo de
exposi¢dao de machos

Acasalamento desmamados ao TPTH

8 dias

I l | 1 Ll |

i | | 1 | 1 | |

1‘ 1‘ 1‘ T 1‘ 42 machos T
Dia 0 ) Parto  q1pN 21PN 50 (£3) PN 71 (#3) PN
Observacéo 12 dia pés- Desmame Avali;g'ées
do “plug” parto espermaticas

4.3. TRATAMENTO E DOSES

O tratamento consistiu na administragdo do hidréxido de trifenilestanho (TPTh;
Sigma-Aldrich® - Inc), nas concentracdes de 0; 0,5; 2,5; 5,0 e 10,0 mg TPT/kg, o qual
foi diluido em carboximetilcelulose 1%, de modo a obter um volume de solugao de 100
uL por animal, que foi administrado por gavagem uma vez ao dia entre as 10 e 14 horas.
A escolha pela via oral para exposi¢do, se deu em virtude desta ser a fonte de exposi¢ao
mais propicia no meio ambiente, em decorréncia da espécie Calomys laucha habitar

regides de lavouras e se alimentar de graos nestas.

No Exp. 1, os animais foram agrupados aleatoriamente em seis grupos (n=7):
Controle agua, 100 puL de agua; Controle do veiculo, 100 pL de carboximetilcelulose
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1%; 0,5 mg TPT/kg de peso corporal (100 pL); 2,5 mg TPT/kg de peso corporal (100
uL); 5,0 mg TPT/kg de peso corporal (100 puL); 10,0 mg TPT/kg de peso corporal (100
uL).

Ja no Exp. 2, os animais foram agrupados aleatoriamente em cinco grupos (n=5):
Controle agua, 100 puL de agua; Controle do veiculo, 100 uL de carboximetilcelulose
1%; 0,5 mg TPT/kg de peso corporal (100 pL); 2,5 mg TPT/kg de peso corporal (100

uL); 5,0 mg TPT/kg de peso corporal (100 pL).

4.4. AVALIACAO DE SINAIS DE TOXICIDADE

Foram observados diariamente sinais comportamentais que pudessem remeter a
indicios de intoxica¢do, como diminui¢do consumo de ragdo, hipoatividade na gaiola,
alteragdes na coordenagdo motora, apatia, prostragdo, bem como o monitoramento
quanto a mortalidade. Estes dados ndo foram quantificados, apenas permitiram

determinar a interrup¢do ou continuagdo do tratamento experimental.

4.5. COLETA DE MATERIAL

Para a coleta de sémen era realizado o deslocamento cervical em seguida a
imediata remogao cirtrgica dos epididimos, os quais eram colocados isoladamente em
tubos eppendorfs com 1,5 mL do diluente BTS a 37°C, de modo a ficarem submersos.
Ap0s a coleta, os tubos eram acondicionados em caixas térmicas e conduzidos até o
Laboratério de Reprodugdo Animal da Faculdade de Veterinaria da UFPel e analisados

entre 1:30 e 3 horas apds a coleta. O tempo de deslocamento das amostras até o
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laboratério de analise, acarretou em uma redugdo das motilidades espermaticas, de

modo que mesmo o grupo controle apresentou valores reduzidos.

4.6. ANALISE ESPERMATICA
4.6.1. ANALISE DA CINETICA ESPERMATICA

A andlise dos parametros de cinética espermatica foi realizada através da
utilizagdo do sistema de analise espermatica computadorizada (Computer Assisted
Semen Analysis — CASA), utilizando o software Sperm Vision ® (Minitube). As
amostras de sémen foram incubadas por 10 min a 37°C. Logo ap6s, 3ul de cada amostra
foram colocados em laminas com 4 espacos para leitura das andlises, que considerou
para avaliagcdo dez campos aleatdrios automatizados. Os parametros analisados foram:
Motilidade Total, Motilidade Progressiva, Distancia Média Percorrida (um), Distancia
Curvilinea (um), Distancia Retilinea (um), Velocidade Média Do Percurso (um/s),
Velocidade Curvilinea (um/s), Velocidade Retilinea (um/s), Retilinearidade,
Linearidade, Oscila¢do, Deslocamento Lateral de Cabeca e Frequéncia de Batimento

Cruzado.

4.6.2. ANALISE DA ESTRUTURA CELULAR ESPERMATICA

As andlises da estrutura celular espermatica foram realizadas através de um
citometria de fluxo (Attune Acoustic Focusing Cytometer, Life Technologies, Aplyed
Biosystems™), por meio de sondas excitadas por lasers azul (488 nm) e violeta (405
nm). Para a determinagdo de populacdes de células, debris celulares e de sujidades nas

amostras, foi usado o corante Hoechst 33342, pelo tubo fotomultiplicador (PMT) VL1
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(450/40 nm). Foram analisados dez mil eventos espermaticos por amostra, em uma taxa
de fluxo de 200 mL/s (PETRUNKINA et al., 2005). Os parametros analisados foram:
Integridade de Membrana, Fluidez de Membrana, Funcionalidade de Mitocdndria,
Reagdo de Acrossoma, Espécies Reativas de Oxigénio, Lipoperoxidacao, Fragmentagao

de DNA.
Integridade de membrana

A integridade de membrana foi verificada através dos fluoroforos Sybrl4 e iodeto
de propidio (IP) (Minitiibe, Tiefenbach, Germany). A aliquota de sémen foi incubado
por 5 min sonda fluorescente contendo 0,25 uM de Sybrl4 e 7,5 uM IP conforme
instrugdes do fabricante - Minitube. Os espermatozoides foram classificados como nao
lesados € com membrana funcional (Sybr + / IP-) e lesados e/ou com membrana ndo

funcional (Sybr +/ IP +; Sybr- / IP +; Sybr- / IP-) (FIGUEROA et al., 2015).
Fluidez de Membrana

A verificagdo da fluidez de membrana utilizou 2,7 uM corante merocianina
hidrofobico 540 (M540) e 0,1 uMde YO PRO-1 (Invitrogen - Eugene, OR, EUA) em 10
puL de amostra descongelada por 5 min. Foram avaliadas células de alta fluidez (alta
concentracdo de M540) e baixa fluidez (baixa concentragdo de M540), apenas para os
espermatozoides integros (YO-PRO negativo) (FERNANDEZ-GAGO et al., 2013). A
taxa de fluidez de membrana foi calculada através do (nimero de espermatozoides com
baixa fluidez/ nimero de espermatozoides com baixa fluidez + espermatozoides com

alta fluidez) *100.
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Funcionalidade de Mitocondria

A funcionalidade de mitocondria foi verificada com 3,1 uM de Rhodamina 123
(fluorescéncia verde), e 7,5 uM de IP em 10 pL de amostra de sémen por 5 min. As
células espermaticas foram classificadas quanto a alta funcionalidade (alta fluorescéncia
pela acumulacdo de Rhodamina) e baixa funcionalidade (baixa fluorescéncia, baixa
acumulagdo de Rhodamina), sendo avaliados apenas espermatozoides intactos (IP
negativo) (LIU et al., 2015).A taxa de funcionalidade de mitocondria foi calculada
através do (nimero de espermatozoides com alto potencial de membrana mitocondrial/
numero de espermatozoides alto potencial de membrana mitocondrial +

espermatozoides com baixo potencial de membrana mitocondrial) *100.
Reacdo de Acrossoma

Na avaliagdo de integridade do Acrossoma foi utilizada a sonda lecitina
Arachishypogaea (PNA) conjugada ao isotiocianato de fluoresceina (FITC-PNA), em
combinagdo com o IP. O FITC-PNA consegue se ligar a poros presentes na membrana
acrossomal quando esta se encontra funcional ou integra. O IP se liga ao nucleo das
células com a membrana lesionada, o que ocorre quando a membrana acrossomal se liga
completamente a membrana plasmatica, indicando a perda do acrossoma. A solugdo de
trabalho continha PBS (970 ul), FITC-PNA (10 pl), IP (10 pl) e Hoechst 33342 (10 pl).
Foi realizada a leitura apos aliquota ser incubada por 15 minutos a 37°C. As células
foram classificadas integras quando apresentaram fluorescéncia verde e lesadas com

fluorescéncia vermelha (MARTINEZ-PASTOR et al., 2010).

Espécies Reativas de Oxigénio (ROS)
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Na avaliacdo da producdo de espécies reativas de oxigénio intracelulares (ROS)
utilizou-se o corante fluorescente 2'7 diacetato de diclorofluoresceina (H2DCF-DA),
que ¢ oxidado por intracelularmente na presenca das ROS. A solugdo de trabalho
continha PBS (980 pl), H2DCF-DA (10 pl) e Hoechst 33342 (10 pl). A leitura foi
realizada em dois momentos: imediatamente apos a aliquota de sémen (10 pl) ser
adicionada a 10 pl da solucdo de trabalho; e apds a amostra ser incubada por 60 min a
37°C. A mediana da intensidade de fluorescéncia verde foi utilizada para a analise

(DOMINGUEZ-REBOLLEDO et al., 2011).
Lipoperoxidagdo

A peroxidacdo lipidica da célula é determinada através do C11 BODIPY, um
fluorescente analogo dos acidos graxos insaturados (principais alvos das ROS). A sua
coloracdo vermelha original permanece, se ndo sofrer nenhuma agdo de qualquer
radical. Porém, na presenca de radicais livres esta sonda passa a emitir fluorescéncia
verde. A leitura deste teste foi realizada em dois momentos: imediatamente apds a
aliquota de sémen (100 pl) ser adicionada & 1 pl da solucdo de trabalho e a 10 pl
Hoechst 33342; e apds a amostra ser incubada por 120 min a 37°C. O nivel de

peroxidacao das células foi medido pela intensidade de fluorescéncia vermelha ou verde

emitidos (AITKEN et al., 2007).
Integridade de DNA

A integridade de DNA foi avaliada pelo ensaio da estrutura de cromatina (SCSA).
Para verificacdio desse parametro, 10ul. de espermatozoides descongelado foi
adicionado a 5puL. de TNE (0.01 M Tris-HCI; 0.15 M NaCl; 0.001 M EDTA; pH 7,2),
10uL de Triton 1X (Triton X-100, 1%) (v /v) com intervalos de 30 segundos. O corante

acridina laranja ¢ adicionado e incubado por 30 segundos, nao ultrapassando o tempo de
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2 minutos, para fazer a leitura. Os espermatozoides foram classificados quanto DNA
integro (verde) e fragmentado (laranja/vermelho) (JENKINS et al., 2015). A taxa de
fragmentacdo de DNA foi calculada através do (nimero de espermatozoides com DNA
fragmentado/niimero de espermatozoides DNA integro + espermatozoides com DNA

fragmentado) *100.
4.7. ANALISE ESTATISTICA

Os dados foram analisados por analise de variancia de uma via (ANOVA). As
diferengas entre os grupos foram determinadas pelo teste de Tukey HDS. Os resultados
foram apresentados pela média + desvio padrdo, o nivel de significancia estatistica foi
de 5% (p<0,05). Os célculos estatisticos foram realizados por meio do programa

Statistix 9.0.
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ABSTRACT

Triphenyltin (TPT) is an organotin compound (OT), used primarily in agriculture
as a fungicide, herbicide and pesticide, and has been used in the composition of
antifouling paints for ships worldwide. Over the years, studies have demonstrated its
effect as an endocrine disrupter in several organisms, by preventing enzymatic
expression and causing reproductive toxicity. Native species of port regions and
agricultural activity are susceptible to exposure to TPT, so they deserve special attention
on the impacts of this exposure on their physiology, especially on the possible effects on
the reproductive system. This study aimed to evaluate the effects of exposure to TPT,

via breastfeeding, on reproductive physiology in the Calomys laucha species, veritfying
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its influence on sperm activity in adulthood, since this species inhabits regions prone to
exposure to this contaminant. The experimental design was of 5 groups (n = 5), one
water control and one vehicle control (carboxymethylcellulose 1%) and three groups
with different doses of exposure to the contaminant 0.5; 2.5 and 5.0 mg TPT/kg, which
females were exposed by gavage to the TPT for 20 days, from the 1st day postpartum to
the 21st postnatal day (PND). After this period, the pups were housed separately and at
100 (= 5) PND were euthanized and the kinetics, organelles and biochemistry of the
sperm were evaluated. Among the main results obtained in the evaluation of sperm
kinetics, a reduction in total motility was observed in the groups of 0.5 and 5.0 mg TPT
/ kg, being more pronounced in the group 0.5 mg TPT / kg; in progressive motility there
was a decrease in all the traded groups, but as in total motility, the group with the most
exacerbated reduction was 0.5 mg TPT/kg; it was also observed the decrease in the
distances and velocities traveled, rectilinearity and curvilinearity, mainly in the doses of
2.5 and 5.0 mg/kg, as well as in the oscillation. In the results obtained in the evaluation
of cellular organelles, a reduction in membrane integrity was evidenced, as the doses
increased; the functionality of mitochondria showed reduction in the groups of 0.5 and
5.0 mg TPT/kg; increased membrane rupture in the higher dose 2.5 and 5.0 mg TPT / kg
groups; increased the acrosome reaction at doses of 0.5 and 5.0 mg TPT/kg. Based on
the results obtained, we can conclude that the TPT causes alteration of the reproductive
parameters, decreasing the activity and sperm quality, in individuals exposed in the
breastfeeding phase, mainly regarding total and progressive motilities, membrane
integrity and the functionality of mitochondria.

KEY WORDS: triphenyltin, TPT, breastfeeding, sperm activity, spermatic

kinetics

39



1. INTRODUCTION

Triphenyltin (TPT) is an organotin compound (OT), used primarily in agriculture
as a fungicide, herbicide and pesticide, besides has been used in the composition of
antifouling paints for ships worldwide (ANTES et al., 2011; FENT, 1996; YI et al.,
2012). Over the years, studies have demonstrated its effect as an endocrine disrupter in
several organisms, by preventing enzymatic expression and causing reproductive
toxicity (CHERNOFF et al,, 1990; DELGADO FILHO et al., 2011; GROTE et al.
(2009) HOBLER et al., 2010).

Environmental endocrine disruption induced by OTs has been described in fish
and mammals, whose main mechanism is attributed to the inhibition of the enzyme
aromatase (HORIGUCHI, 2006; HOBLER et al., 2010). TPT acts as a competitive
inhibitor of aromatase, an enzyme of the cytochrome P450 group that is involved in the
production process of the hormone estradiol (MENG et al., 2009; FITAS et al., 2014).
Because of this competitive action of TPT, it is believed that high concentrations of
unconverted androgens can result in the occurrence of physiological changes and
compromise the reproductive capacity of exposed species (HORIGUCHI, 2006).

In the study by Grote et al. (2004) it was observed that male rats exposed during
puberty at 2.0 mg/kg/day of TPT hydroxide had no significant hormonal changes.
However, doses equal to or greater than 6.0 mg / kg / day of TPT hydroxide promoted a
significant decrease in testosterone concentration. According to the authors, TPT has the
ability to wunbalance the androgen-estrogen relationship at any level of the
hypothalamic-pituitary-gonadal axis during critical periods of development and may

lead to permanent changes in the tissue receptors for these hormones.
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Cooke et al. (2008) performed kinetic investigations of tribulyltin (TBT)
distribution and speciation, a OT similar to TPT. In this study, TBT crosses the placenta
and accumulates in fetal tissues, and that during lactation the pups would receive
minimal amounts of TBT through the milk and during the lactation period, but the TBT
levels in the tissues of lactating pups decreased quickly. In view of the similarity
between TBT and TPT, we can infer that TPT is transmitted through breast milk to
offspring in a manner similar to TBT, and this leads us to question the effects of TPT on
spermatogenesis when they become if adults.

Species that inhabit regions prone to TPT exposure should be the focus of studies
on their impact on physiology, such as the case of the Calomys laucha wild species,
which inhabits pasture regions, agricultural areas, near cereal fields (Mills et al., 1992)
and coastal dunes (COLARES, 1997) near the region of the naval pole. In this way, C.
laucha 1s susceptible to exposure to TPT and its possible physiological effects.
Considering that TPT causes changes in the reproductive physiology of animals and
there are few studies on the effect of TPT on reproductive activity, especially regarding
exposure through breastfeeding, the present study aims to identify the effects of
exposure to TPT during the period of lactation on sperm parameters in adult individuals

of the Calomys laucha species.

2. MATERIALS AND METHODS

2.1 ANIMALS

Twenty-five females and five males of the Calomys laucha species, from the F3
generation, were obtained from the unconventional animals laboratory of the

Universidade Federal do Rio Grande — FURG. These were kept in cages for mice, under
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controlled temperature environment (20°C + 2°C) and photoperiod of 12 hours clear and
12 hours dark. The animals received ration and water ad libitum, replaced weekly or
when it ended. It was carried out weekly the shaving of the beds. All procedures were
carried out in accordance with applicable standards and in the normative resolutions and
guidelines of the National Council for Control of Animal Experimentation, approved by

the Ethics Committee on Animal Use (CEUA-FURG) under the number Pq017 / 2014.

2.2. MATING, GESTATION AND DEVELOPMENT

Two females and one male per cage were housed for mating. After five days the
male was removed from the cage and the females remained together during the
gestation period. From the 18th day after the beginning of the mating, daily inspections
were carried out in the cages to verify the occurrence of the birth. After delivery, the
mother and pups were housed alone in a new cage identified with the experimental
treatment. The first 24 hours postpartum were considered as 1 postnatal day (PND 1).
The experimental treatment was performed by gavage of the parturient females, 1 day
postpartum until weaning, so that the pups remained together from the mothers until

weaning (21 PND).

2.3. TREATMENT AND DOSES

The experimental treatment was performed using 25 parturient females, which
were treated for 20 days by gavage. The treatment of the females consisted of the
administration of triphenyltin hydroxide (TPTh; Sigma-Aldrich®-Inc) diluted in
carboxymethylcellulose 1% to obtain a solution volume of 100 pL per animal, which

was administered by gavage once a day between 10 pm and 02 am hours.
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The females with their offspring were randomly grouped into five groups (n = 5):
Control water, 100 pL of water; Vehicle control, 100 pl carboxymethylcellulose 1%;
0.5; 2.5 and 5.0 mg TPT/kg body weight (100 uL).

After weaning on day 21 PND, the offspring were separated from their mothers
and the offspring were separated according to the experimental group. At 100 (+ 5)

PND sperm counts of the male offspring were performed.

2.4. COLLECTION OF MATERIAL

For the collection of semen cervical displacement was performed following
immediate surgical removal of the epididymis, which were placed in eppendorf tubes
alone with 1.5 mL of the BTS diluent at 37°C so as to be submerged in the
unconventional animal room of FURG. After the collection, the tubes were packed in
thermal boxes and taken to the Laboratorio de Reproducdo Animal of the UFPel

Veterinary School and all analyzes were performed in 03 hours after collection.

2.5. SPERM ANALYSIS - Evaluations of sperm quality

2.5.1. ANALYSIS OF SPERMATIC KINETICS

The parameters of sperm kinetics were evaluated using the Computer Assisted
Semen Analysis (CASA) system, using Sperm Vision ® software (Minitube). Semen
samples were kept for 10 min at 37°C. Afterwards, 3l of each sample were analyzed in
spermatic chambers (Leja - Minitube / Germany), which considered for analysis ten
randomized automated fields. The parameters analyzed were: TM= Total Motility (%);
PM= Progressive Motility (%); DAP= Distance Average Path (um); DCL= Distance

Curved Line (um); DSL= Distance Straight Line (um); VAP= Velocity Average Path
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(um/s); VCL= Velocity Curved Line (um/s); VSL= Velocity Straight Line (um/s); STR=
Straightness (VSL/VAP); LIN= Linearity (VSL/VCL); WOB= Wobble (VAP/VCL);
AHL= Amplitude of Lateral Head Displacement (um); BCF= Beat Cross Frequency

(Hz).

2.5.2. ANALYSIS OF SPERM CELL STRUCTURE

The evaluation of sperm cell structure parameters was performed using a flow
cytometer (Attune Acoustic Focusing Cytometer, Life Technologies, Aplyed Biosystems
™) using probes excited by blue (488 nm) and violet (405 nm) lasers. Cell populations,
\cell debris, and soils were verified by means of the Hoechst stain 33342, by the
photomultiplier tube (PMT) VLI (450/40 nm) (MARTINEZ-ALBORCIA et al., 2012).
The achievement rate was 200 events / second and 20,000 spermatic events were
selected per sample. The found results were analyzed through the program Attune
Cytometric Software v 2.1. (PETRUNKINA et al., 2005).

To evaluated the sperm membrane integrity was used 20 pM (final concentration)
carboxyfluorescein diacetate (CFDA) and 7.5 puM propidium iodide (PI). After
incubation at 37° for 15 min, spermatozoa with integer membrane were stained in green,
whereas those with damaged membrane were stained either in red or with simultaneous
green and red fluorescence (SILVA, et al., 2016; GILLAN, et al., 2005).

Sperm membrane fluidity was analyzed using the Merocyanine 540 (2.7 pM) and
YO-PRO1 marker (100 nM), after incubation of samples at 37°C for 15 min. Sperm
cells with elevated membrane fluidity presented intense orange fluorescence

(FERNANDEZ-GAGO et al., 2013). Sperm cells with reduced fluidity presented orange
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weak fluorescence. Data was expressed as the percentage of spermatozoa in each
category.

Mitochondrial functionality was evaluated using the Rodamin 123 marker
(100nM final concentration) combined with PI (7.5 pM), following incubation during
15 min at 37°C. Spermatozoa with high mitochondrial functionality showed intense
green fluorescence and those with low mitochondrial functionality presented weak
fluorescence. Data was expressed as the percentage of spermatozoa in each category
(SILVA, et al., 2016).

Acrosome reaction was assessed using Arachishypogaea lectin conjugated with
fluorescein isothiocyanate (10ug FITC-PNA/mI final concentration) combined with PI
(7.5 uM). Samples were evaluated after incubation at 37°C for 15 minutes. Spermatozoa
having intact acrosome were unstained and those with reacted acrosome were stained
with green fluorescence. On the other hand, spermatozoa with damaged acrosome were
stained with red fluorescence, where as those that were both reacted and damaged were
stained simultaneously with green and red fluorescence. Data was expressed as the
percentage of spermatozoa with damaged acrosome/ reacted (MARTINEZ-PASTOR, et
al., 2010).

The production of reactive oxygen species (ROS) was determined using 1mM of
2’,7’-dichlorodihydrofluorescein diacetate (H2DCF-DA), a marker for oxidative stress.
Readings were done at two moments: immediately after adding a semen sample to a
solution containing PBS, Hoechst 33342 and H2DCF-D; and after incubation at 37°C
for 60 min. The production of ROS was determined be the median intensity of the
observed green fluorescence just on viable cells (DOMINGUEZ-REBOLLEDO et al.,

2011).
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The level of lipid peroxidation was evaluated using the C11 BODIPY fluorophore
(5uM final concentration), originally stained in red fluorescence when there is no
oxidation, but that emits green fluorescence in the presence of lipid peroxidation
(AITKEN et al., 2007). Samples were evaluated after 120 min of incubation at 37°C.
The results were expressed as the percent of spermatozoa with lipid peroxidation:
((median intensity of green fluorescence) / (median intensity of green fluorescence and
red fluorescence) *100).

The sperm chromatin condensation Assay — SCCA was used to determinate the
DNA integrity. For this, was used 10uL of sperm sample with S5uL. de TNE (0.01 M
Tris-HCI; 0.15 M NaCl; 0.001 M EDTA; pH 7,2), 10uL of Triton 1X (Triton X-100,
1%) (v/v) with 30 seconds of intervals. After was addicted acridine orange and
incubated for 30 seconds. The spermatozoa were classified in integer DNA (green) and
damaged (orange/red). The SCCA was calculated through of (number of spermatozoa
fragment DNA / number of spermatozoa integer DNA + spermatozoa fragment DNA)

*100 (JENKINS et al., 2015).

2.6. STATISTICAL ANALYSIS

Data were analyzed by one-way analysis of variance (ANOVA). The differences
between the groups were determined by the Tukey HDS test. The results were presented
by the mean + standard deviation, the level of statistical significance was 5% (p <0.05).

Statistical calculations were performed using the Statistix 9.0 program.
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3. RESULTS

The water control and vehicle control groups were statistically similar in all
analyzed parameters, except for the data of average distance traveled, linear and
curvilinear, and the average traveled, linear and curvilinear velocities (Fig. 1), so that
the other results will be presented comparing the treatments with the control of the

vehicle.

3.1. EFFECT OF TPT EXPOSURE ON SPERMATIC KINETICS

There was reduction (P <0.05) of total motility in the 5.0 mg TPT/kg group,
compared to the vehicle group and the 0.5 mg TPT/kg group, reaching 80.1% lower
than the other treatments. The results obtained in the analysis of progressive motility
were similar, but all groups with TPT, 0.5, 2.5 and 5.0 mg TPT/kg, presented a
reduction (P<0.05) in relation to the vehicle group, being more marked in the group of
0.5 mg TPT/kg (82.6%) (Fig. 2).

In the evaluation of DAP and DSL, a reduction was observed in all groups treated
with TPT, being statistically significant in the 2.5 and 5.0 mg TPT/kg groups. Similarly,
DCL analysis revealed that all TPT treated groups also had lower values, however only
the 2.5 mg TPT/kg group showed a reduction (P<0.05). Regarding VAP, all groups with
TPT presented a reduction (P<0.05), being more pronounced in the 2.5 mg TPT/kg
group. VCL and VSL presented reductions (P <0.05) in the 2.5 mg TPT/kg and 2.5 and
5.0 mg TPT/kg groups, respectively (Table 1).

Regarding STR, the lowest dose group 0.5 mg TPT/kg presented higher values
than the other groups (P <0.05), while it was observed that the higher dose 2.5 and 5.0

mg TPT/Kg, had lower values in relation to vehicle groups and 0.5 mg TPT/kg (P
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<0.05). In LIN data, they were statistically lower in the 2.5 and 5.0 mg TPT/kg groups
than in the other groups. Regarding the WOB data, the 5.0 mg TPT/kg group presented
a reduction (P<0.05) in relation to the other groups. The AHL analysis, however,
showed that only the 5.0 mg TPT/kg group presented values significantly higher
(P<0.05) than the other groups. Regarding the BCF values, only a reduction (P<0.05) in

the 2.5 mg TPT/kg group was observed (Table 1).

3.2. EFFECT OF EXPOSURE TO TPT ON THE STRUCTURAL
EVALUATION OF SPERMATOZOA

Structural evaluation of spermatozoa evidenced a statistically reduction (P <0.05)
in membrane integrity in all TPT groups (Fig. 3). Similarly, there was a decrease in
mitochondrial functionality in the 0.5 and 5.0 mg TPT/kg groups (Fig. 4). Regarding
membrane rupture, an increase in 2.5 and 5.0 mg TPT/kg groups was observed. In the
analysis of the acrosome reaction the groups 0.5 and 5.0 mg TPT/kg presented the
highest rate of acrosome reaction, in relation to the other groups. Membrane fluidity and
DNA fragmentation data showed no significant changes (Table 2).

The analysis of ROS levels of spermatozoa showed that the groups 0.5 and 2.5 mg
TPT / kg presented an increase (P<0.05) in relation to the other groups. Data from LPO

levels showed a remarkable increase (P<0.05) in the 2.5 and 5.0 mg TPT / kg groups.

4. DISCUSSION
Breast milk excretion of orally administered TPT has been previously described in
a study investigating the presence of TPT residues in cow's milk. In this study, 14C

(carbon 14) labeled TPT hydroxide (TPTh) was used, which was administered over a
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period of 60 days at doses of 1.13, 5.61 and 22.44 mg TPT / kg diet dry), and observed,
as regards the increase in doses, residues of 0.006, 0.034 and 0.134 mg TPT / kg of
milk, relative to a transfer factor of 0.004 to 0.006 in milk (SMITH, 1981). Based on the
data presented in the study by Smith (1981), who demonstrated the excretion of TPT in
milk, we can infer that the changes that we evidenced in the sperm parameters of the
puppies of our study are due to the transfer of TPT through milk maternal in C. laucha,
since only lactating females received TPT by gavage.

This is the first study to evaluate the effects of exposure to TPT on sperm activity
in individuals exposed during breastfeeding through breast milk of mothers who
received TPT by gavage only during the breastfeeding period. The works found had
periods and / or different exposure routes, such as: Grote et al. (2009) who carried out
the exposure of female rats at gavage at 2.0 and 6.0 mg TPT/kg/day from the sixth day
of gestation (6 GD) until weaning (21 PND) and observed that the pups showed
decreases in body weight gain, testis weight and testosterone concentration, as well as a
significant delay in age in preputial separation; Mello et al. (2015) exposed mouse pups
to TPT (1.875, 3.75, 7.5 and 15.0 mg TPT/kg/day) through gavage during the pre-
pubertal development period and puberty (15 to 45 PND); Reddy et al. (2006) carried
out the exposure of mice by intraperitoneal injections of 10 and 25 pg TPT/kg/day for 5
(five) days at the end of the pre-pubertal period between 20 and 25 PND, and found a
decrease in epidydimal sperm count, sperm motility, sperm viability, and testosterone
concentration. In addition to the differences in doses, periods and routes of exposure, we
emphasize that the research objects of the cited studies were differentiated, so that they
were concerned with evaluating testis weight, testosterone concentration, testis

histology, sperm count and spermatids, as well as milestones in physical development.
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Thus, it is evident the difference in the objects of study that we are worried to
investigate, since we seek to perform evaluations of sperm activity and structure, which
are more subtle parameters, but of great relevance in reproduction.

One of the most relevant parameters in sperm activity is sperm motility, which is
related to fertility, and is considered determinant in the evaluation of seminal quality
(COX et al., 2006; VAN WEERT et al., 2004; VERSTEGEN et al., 2002). In our study,
was showed a marked reduction in total and progressive motility. We emphasize that all
analyzes were performed in 1:30 and 2 hours after collection, and this traffic time to the
analysis laboratory, produced a reduction in the motilities observed even the control
group.

The negative effects on sperm motility due to exposure to TPT were previously
described by other authors, such as Reddy et al. (2006) who compared the impact of
exposure to 10 and 25 pg/kg of TBT and TPT intraperitoneally on the sperm activity of
rats at the end of the prepubertal period (20 to 25 PND). The authors found that levels of
testicular steroidogenic enzymes, 3-beta-hydroxysteroid dehydrogenase (3beta-HSD)
and 17-beta-hydroxysteroid dehydrogenase (17beta-HSD) were reduced in treated
subjects. They also showed that serum testosterone levels decreased as the follicle
stimulating hormone (FSH) and luteinizing hormone (LH) increased in the treated
animals when compared to the control group. The results suggest that TBT and TPT
compromise spermatogenesis as a whole, as well as sperm motility, due to the inhibition
of testosterone production. Although there are methodological differences in the studies
cited, the effects observed by the authors corroborate with those evidenced in our work,

however our data allow us to infer that observed effects are long lasting or even
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permanent, even at the dose of 0.5 mg TPT/kg, much lower than that used in the studies
of Grote et al. (2009), Mello et al. (2015), Reddy et al. (2006).

In our study, VAP values showed a reduction (P<0.05) in all groups exposed to
TPT, as did VSL and LIN, whose values decreased (P<0.05) in the 2.5 and 5.0 mg
TPT/kg doses, and the VCL and BCF, which reduced (P <0.05) in the 2.5 mg TPT/kg
dose group. Verstegen et al. (2002) correlated the parameters of spermatic kinetics with
the fertilization rate, and observed that the values of VAP, VCL and VSL are
significantly higher in sperm samples that produce more than 50% of fertilized oocytes.
As well as samples with high values of these parameters of speed and of LIN and BCF
present better migration and penetration in the cervical mucus (MORTIMER, 2000;
VERSTEGEN et al., 2002). Thus, based on the decrease of these kinetic parameters
observed in our work, as well as the decrease of total and progressive motilities, we can
observe that the exposure to TPT was detrimental to the sperm activity of C. laucha
species.

The negative effects observed on the sperm motility of the groups exposed to the
TPT seem to be closely related to the changes observed in other sperm parameters, such
as membrane integrity and membrane rupture, which were quite expressive, besides
mitochondrial functionality. These changes may be related to the ability of triorganotin
compounds to cross the cell membrane, bind to nuclear receptors (NR), and translocate
to the nucleus, forming a triorganotin-NR complex and co-activators. This complex bind
to DNA response elements and induces transcription of target genes and generates
alterations in the expression of some proteins, as well as mitochondrial and cellular
dysfunctions, such as inhibition of ionic transport and oxidative phosphorylation

(KISHTA et al., 2007; DELGADO FILHO et al., 2011; WANG et al., 2006). Delgado
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Filho et al. (2011) examined exposure to triorganotin compounds (TBT and TPT) during
pregnancy through the maternal placental circulation, and concluded that these
accumulate in fetal tissues and may induce various changes. Although in our study the
exposure was not during the gestational period, the observed data of decreased
membrane integrity and mitochondrial functionality may be related to changes in the
DNA response elements described by the authors. Since individuals were exposed
during the prepubescent period of breastfeeding and the observed effects persisted for a
long time after the end of exposure to TPT.

In our results, was observed that PTT promoted damage in the formation and
structural organization of sperm cells, so that even after two spermatogenic cycles we
can still observe a marked reduction in sperm membrane integrity, reaching 66.9% in
the dose of 5.0 mg TPT/kg, as well as a increase in the cell membrane disruption
evidenced in the groups of doses of 2.5 mg TPT / kg (69.5%) and 5.0 mg TPT / kg
(62.4%) (P <0.05). Such structural changes in cell membranes as a result of TPT
exposure were previously described in bacteria, where it was evidenced that TPT has a
hydrophobic nature, which allows to interact rapidly with lipids constituting the cell
membrane, besides increasing the permeability of the cell membrane, inducing damage
and even the death of some cells, besides also being able to alter the molecular
organization of the membrane, (GAO et al., 2014; YE et al., 2013). Other studies have
described that TPT increases the permeability of the cell membrane, which can induce
damage and even the death of some cells, as well as the ability to alter the molecular
organization of the membrane, triggering a spontaneous efflux of certain ions, such as
Cl" and Na" (BONARSKA-KUJAWA et al., 2012, GAO et al., 2014). This compromise

of membrane integrity may be related to the interaction of TPT with membrane lipids,
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but mainly with changes in DNA response elements, since the effects were evidenced 79
days after the end of exposure.

Our data revealed an increase in lipoperoxidation levels (LPO), observed in doses
of 2.5 and 5.0 mg TPT/kg, as well as in the levels of reactive oxygen species (ROS) at
doses of 0.5 and 2.5 mg TPT/kg. The oxidative damage process, by LPO, occurs mainly
through the production of ROS that react with the polyunsaturated fatty acids of the
phospholipids of the cell membranes. This may impair cell structure and function,
causing changes in the membrane properties, increasing its permeability, eventually
damaging membranes and other tissues (BERGAMINI et al., 2004). In the study by
Abdollahi et al. (2004), it has been described that LPO is one of the main molecular
mechanisms involved in pesticide-induced cytotoxicity, which in the case of TPT also
promotes interactions with the cell membrane phospholipids (YE et al., 2013), as well
as changes in DNA response elements (KISHTA, et al.,, 2007). This set of actions
promotes changes in cellular oxidative balance. In a study by De Simplicio et al. (2000),
the activities of antioxidant enzymes in livers and kidneys of rabbits and lambs
submitted to chronic exposure to TPT were evaluated and a decrease in the levels of
glutathione peroxidase-dependent peroxidase (Se-GPX) was observed in both species,
as well as those of GPX renal rabbits and hepatic GST of lambs. These results suggest
that reduced levels of important antioxidant enzymes, such as GST and GPX, make up
part of the complex mechanism of toxicity of TPT. These data allow us to infer that the
data evidenced in our study, related to the increase (P <0.05) in LPO levels of 47.7% in
the 2.5 mg TPT / kg group and 45.4% in the group 5.0 mg TPT / kg, are probably due to
mechanisms of inhibition of the activity of antioxidant enzymes due to changes in DNA

response elements due to exposure to TPT.
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Regarding mitochondrial functionality, we observed a reduction (P<0.05) in all
groups treated with TPT. These changes in mitochondrial functionality may be related to
modifications in DNA response elements, which promote mitochondrial and cellular
dysfunctions, such as the inhibition of ionic transport and oxidative phosphorylation
(KISHTA et al., 2007, DELGADO FILHO et al., 2011, WANG et al., 2006). These data
are of great relevance when evaluating sperm activity, since rodent species have
observed that after epididymal maturation the mitochondria of the spermatozoa are
polarized, thus becoming functional, and only thus allowing in vivo fertilization
(AITKEN et al., 2007). If this polarization does not occur due to mitochondrial
dysfunctions, caused by persistent damage promoted by exposure to TPT during the
period of breastfeeding, and consequently the period of development of the reproductive
organs, the spermatozoon will be unable to effect fertilization. Thus, we can infer that
the persistent decrease in the functionality of mitochondria observed in our study can
lead to impairment of sperm activity.

We found in our study that the effects of TPT exposure on sperm activity were
persistent even after two cycles of spermatogenesis, since exposure to TPT was
suspended at weaning at 21 PND and was only analyzed 79 days after the end of the
exposure at 100 (= 5) PND, evidencing the persistence of effects on kinetics and
spermatic structure. These data differ from those found in the study by Mello et al.
(2015), who verified that exposure, orally, to TPT in pups during the period from 15 to
45 PND, promoted delay in the appearance of physical developmental milestones and
decrease in the number of spermatozoa and spermatids in doses 7.5 and 15.0 mg
TPT/kg/day. However, the authors reported that individuals analyzed after 20 days after

exposure to 65 PNDs did not show such changes, indicating that toxic effects on male
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gonads were reversible upon discontinuation of treatment (MELLO et al., 2015).
However, the data of Mello et al. (2015) refer to an exposure after 15 PND, while our
data may be related to damages occurring between 1 and 15 PND, it is still worth
mentioning that the results are referring to histological analysis, while ours sought
functional analyzes of sperm activity.

It should be noted that although the doses that the pups were exposed to are very
low, considering that the exposure is through breast milk, where the elimination of TPT
by this route was considered extremely low in other species such as cattle (SMITH,
1981) and humans (MINO et al., 2008), are able to promote several changes in sperm
activity. Thus, it is evident that the exposure to very low doses of TPT at this stage of
development are extremely relevant in their reproductive physiology, since several
functional and structural sperm parameters presented values corresponding to a loss in
sperm activity. Among these, we can highlight the sperm motility that is considered a
fundamental parameter in the evaluation of sperm activity, serving as an important tool
in the selection of an ejaculate with greater fertilization efficiency, and being the most
used test to predict seminal quality (COX et al., 2006, VAN WEERT et al., 2004,
VERSTEGEN et al., 2002).

Considering the results obtained in our study, we can conclude that females of the
species C. laucha can eliminate TPT in breast milk when exposed orally, and the
exposure of the puppies through breastfeeding promotes negative changes in several

parameters of sperm activity.
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Figure 1: Comparison between values in DAP (Distance Average Path), DCL (Distance
Curved Line), DSL (Distance Straight Line), VAP (Velocity Average Path), VCL
(Velocity Curved Line), VSL (Velocity Straight Line), LPO (lipid peroxidation) in to the
grups water and Vehicle. Values followed by different letters indicate significant

differences among the storage moments (P < 0.05).
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Figure 2: Graphical demonstration of the parameters of total and progressive motility
between the experimental groups, evidencing the reduction according to the increase of
doses of TPT. Values followed by different letters indicate significant differences

between the storage moments (P <0.05).

62



o
o
O

Membrane Integrity (%)

Vehicle 0.5 mg TPT/kg 25 mgTPT/kg 5.0 mg TPT/kg

Figure 3: Graphical demonstration of the membrane integrity of the experimental
groups, evidencing the decrease of the same according to the increase of the doses of
TPT. Values followed by different letters indicate significant differences between the

storage moments (P <0.05).
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Figure 4: Graphic evidenced the decrease in mitochondrial functionality between the
experimental groups, being significant in the groups 0.5 and 5.0 mg TPT / kg (P <0.05).
Values followed by different letters indicate significant differences between the storage

moments (P <0.05).
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Table 1: Mean values and standard deviation of the sperm Kkinetic parameters
obtained after computerized analysis of the spermatic movement of C. laucha
exposed through breastfeeding to the TPT from the 1st to the 21st PND, and

evaluated with 100 (= 5) PND.

Sperm Vehicle 0.5mg TPT/kg 2.5mgTPT/kg 5.0 mg TPT/kg
Kinematics

DAP 5495+1.7°  51.54+2.5° 39.44 +1.3° 4542 + 1.7°
DCL 103.25+£2.9*°  96.03 +4.1° 79.44 + 2.5 99.60 + 3.6
DSL 46.61+£1.9*° 4576 +2.6° 30.82+1.2° 3546+ 1.7°
VAP 123.35+3.9*  110.87+5.6° 88.95 +3.2¢ 99.83 + 3.8
VCL 23035+ 6.4* 207.01+9.2%®  178.72+6.1° 218.16 + 8.0°
VSL 104.85+4.4*  9832+5.7° 69.52 + 2.8 77.97 + 3.8
STR 0.83+0.01°  0.87+0.01° 0.77 +0.01° 0.77 £ 0.01°
LIN 0.46+0.028  0.47+0.02° 0.38 £0.01° 0.35+0.01°
WOB 0.54+0.02°  0.53+0.02° 0.49 + 0.004%° 0.45 +0.01°
AHL 4.19 +0.08° 4.06 +0.2° 4.03+0.1 4.46 +0.07°
BCF 4225+£0.9°  4332+14° 40.21 +£0.5° 41.21+0.8®

TM= Total Motility (%); PM= Progressive Motility (%); DAP= Distance Average Path (um); DCL=
Distance Curved Line (um); DSL= Distance Straight Line (um); VAP= Velocity Average Path (um/s);
VCL= Velocity Curved Line (um/s); VSL= Velocity Straight Line (um/s); STR= Straightness (VSL/VAP);
LIN= Linearity (VSL/VCL); WOB= Wobble (VAP/VCL); AHL= Amplitude of Lateral Head
Displacement (um); BCF= Beat Cross Frequency (Hz).

Values followed by different letters indicate significant differences among the storage moments (P <

0.05).
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Table 2: Mean values and standard deviation of the parameters obtained in flow

cytometry from the sperm evaluation of C. laucha exposed to TPT from 1 to 21

PND and evaluated with 100 (= 5) PND.

Sperm Vehicle 0.5mg TPT/kg 2.5mgTPT/kg 5.0 mg TPT/kg
Structure

Membrane 17.42+ 1.7 23.67 £ 3.1 19.87 £2.6% 20.77 £3.12
Fluidity

Membrane 19.83+£2.9*  17.27+0.4% 33.62+0.7° 32.20+0.9°
Rupture

SCCA 2.22+0.12 2.50 + 0.4 2.18 £0.032 2.52+0.2°
Acrosome 4542 £2.6°  62.67+0.7° 47.98 + 3.2% 55.46 + 1.1
Reaction

ROS 808 +£47° 2254+ 1036° 1791 + 514 757 £ 111°
LPO 4937+3.9°  32.19+3.4° 72.94 + 8.1° 71.79 +2.3b

SCCA= Sperm Chromatin Condensation Assay; ROS= Reactive Oxygen Species; LPO= Lipid

peroxidation

Values followed by different letters indicate significant differences among the storage moments (P <

0.05).
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ABSTRACT

The present study aims to evaluate the influence of triphenyltin (TPT) exposure
on reproductive physiology in the Calomys laucha species, verifying the effects on
sperm activity in adulthood, since this species inhabits regions susceptible to exposure
to this contaminant. The experimental design was of 6 groups (n = 7), one water control
and one vehicle control (carboxymethylcellulose 1%) and four groups with different
doses of exposure to the contaminant 0.5; 2.5; 5.0 and 10.0 mg TPT/kg. The individuals
were exposed by gavage to the TPT for 21 days, from the 50° ( 3) to the 71° (+ 3) day
of life, after this period they were euthanized and the sperm activity was evaluated

through the use of the computerized sperm analysis system Computer Assisted Semen
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Analysis — CASA) and a flow cytometer. The animals exposed to the highest dose (10.0
mg/kg) presented signs of severe intoxication in only 7 (seven) days of exposure,
demonstrating a higher sensitivity of this species to this contaminant, although other
studies used higher doses. The 10.0 mg TPT/kg dose was analyzed separately for short-
term exposure and the results suggest that exposure at this dose was severely
detrimental to sperm activity. Among the main results obtained in the evaluation of
sperm kinetics, a reduction in total motility was observed from the 0.5 mg TPT/kg
group, which was accentuated according to the increase in the doses of TPT; in
progressive motility, there was a decrease from the dose of 0.5 mg TPT/kg and
maintained the plateau until the dose of 5.0 mg TPT/kg; it was also observed an increase
in the distances and velocities average path, rectilinear and curvilinear in doses of 2.5
and 5.0 mg/kg. In the data obtained in the flow cytometry evaluation, a decrease in
mitochondrial functionality was observed, as the dose increased, as well as an increase
in membrane fluidity from the 5.0 mg TPT/kg dose, the acrosome reaction presented
higher values at doses of 0.5 and 5.0 mg TPT/kg. Based on the results obtained, we can
conclude that the TPT causes impairment of the sperm activity, reducing in individuals
exposed in the adult phase, mainly with regard to total and progressive motilities and
mitochondrial functionality.

Keywords: triphenyltin, TPT, sperm activity, spermatic kinetics, spermatic

motility, mitochondrial function.

1. INTODUCTION
Organotin compounds (OTs), used on a large scale, are present in various

chemical agents widely used in agriculture and industry in general. These compounds
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have been introduced into the environment since 1960 and are currently detected in
coastal environments around the world, especially in Asian countries and high port
activity regions (SHAM et al., 2015; YI et al., 2014). Triphenyltin (TPT) is an OT,
mainly used in agriculture as a fungicide in potato, coffee, bean and rice crops, as well
as being used as a biocide, wood preservatives and disinfection agents in the circulation
of industrial refrigeration water, as well as in anti-fouling paints for ships (FENT, 1996;
Yletal., 2012).

Studies have shown that TPT causes serious environmental impact as well as in
animal physiology. Exposure to TPT in animals can occur through ingestion of
contaminated food and water, inhalation of contaminated air, and skin contact during
application of the product to crops. Some areas are subject to increased risk due to
geographic reasons, such as port and agricultural regions (FENT, 1996; NASH et al.,
2004, MELLO et al., 2015). The TPT can be removed from the environment by
biodegradation (STASINAKIS et al., 2005), photolysis (PALM et al., 2003), biological-
absorption (YAMADA & TAKAYANAGI, 1992), sedimentation and flow (DIEZ et al.,
2005). However, the long half-life of TPT, which may vary from weeks to years, allows
it to remain in the environment for long periods, making exposure of several species to
this contaminant susceptible (YE et al., 2013). The most important exposure ways, may
be through oral, dermal and inhalation routes (EPA, 1999).

Because it is a substance that can act as an endocrine disruptor, TPT is harmful to
several organisms with a wide range of toxicological properties, seriously disrupting the
endocrine system, preventing enzymatic expression and causing reproductive toxicity
(HOBLER et al., 2010). Exposure to TPT can cause negative reproductive impact,

reducing fertility and severely affecting spermatogenesis in rats (CHAUHAN &
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AGARWAL, 2009; SNOW & HAYS, 1983). There are still many reports of the
biological effects of OTs, such as TPT, including a wide range of toxic effects and
potent endocrine disrupters. TPT acts as a competitive inhibitor of aromatase, an
enzyme of the cytochrome P450 group that is involved in the production process of the
hormone estradiol (MATTHIESSEN & GIBBS, 1998; MENG et al., 2009; FITAS et al.,
2014). Because of this competitive action of TPT, it is believed that high concentrations
of unconverted androgens can result in the occurrence of physiological changes and
compromise the reproductive capacity of exposed species (HORIGUCHI, 2006).

Due to the marked toxicity and the property of endocrine disruption of TPT, they
raise concerns about the impact of its use on the environment and on animal
reproductive health (HOBLER et al., 2010; MELLO et al., 2015). In this context,
species that inhabit regions susceptible to TPT exposure deserve special attention, such
as the Calomys laucha species. This species normally inhabits pasture regions,
agricultural areas, road margins, near cereal fields (MILLS et al., 1992) and coastal
dunes (COLARES, 1997) near the region of the naval pole, being exposed to several
Chemical challenges that may interfere with its reproduction. Considering that there are
few studies on the effect of TPT on reproductive activity, and no one considered effects
on sperm structure and movement, this study aims to identify the effects of TPT

exposure on sperm activity in adult Calomys laucha species.

2. MATERIALS AND METHODS
2.1 ANIMALS
Forty-two male Calomys laucha, of the F3 generation, were obtained from the

unconventional animals laboratory of the Universidade Federal do Rio Grande - FURG.
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The animals were kept in mouse cages. The environment had a controlled temperature
(20°C + 2°C) and photoperiod of 12 hours light and 12 hours dark. The animals received
ration and water ad libitum, replaced weekly or when it ended. The shaving of the beds
was carried out weekly. All procedures were carried out in accordance with applicable
standards and in the normative resolutions and guidelines of the National Council for
Control of Animal Experimentation, approved by the Ethics Committee on Animal Use

(CEUA-FURG) under the number Pq017 / 2014.

2.2. TREATMENT AND DOSES

The experimental treatment was performed using 42 males, from 50 (£ 3) PND
(postnatal day). These were treated for 21 days by gavage. The treatment consisted of
the administration of triphenyltin hydroxide (TPTh; Sigma-Aldrich®-Inc) at
concentrations of 0; 0.5; 2.5; 5.0 and 10.0 mg TPT/kg, which was diluted in
carboxymethylcellulose 1% to obtain a solution volume of 100 pL per animal, which
was administered once a day between 10 am and 02 pm.

The animals were randomly grouped into six groups (n = 7): Control water, 100
pL water; Vehicle control, 100 pl carboxymethylcellulose 1%; 0.5; 2.5; 5.0 and 10.0 mg

TPT/kg body weight (100 pL).

2.3. ASSESSMENT OF SIGNS OF TOXICITY

Behavioral signs that could refer to signs of intoxication, such as decreased feed
intake, hypoactivity in the cage, changes in motor coordination, apathy, prostration, as
well as mortality monitoring were observed daily. These data were not quantified, only

allowed to determine the interruption or continuation of the experimental treatment.
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2.4. COLLECTION OF MATERIAL

For the collection of semen, the cervical displacement was performed after
immediate surgical removal of the epididymis, which were placed in eppendorf tubes
alone with 1.5 mL of the BTS diluent at 37°C, in order to be submerged. After the
collection, the tubes were packed in thermal boxes and taken to the Laboratério de
Reprodugdo Animal of the UFPel of the UFPel Veterinary School and analyzed within 3

hours after collection.

2.5. SPERM ANALYSIS - Evaluations of sperm quality

2.5.1. ANALYSIS OF SPERMATIC KINETICS

Sperm motion parameters were evaluated through a computer assisted semen
analyses system (SpermVision®3.5, Minitube, Tiefenbach, Germany) at 200 X in a
phase contrast microscope (Axio Scope A1®, Zeiss, Germany). Samples were incubated
at 37°C for 10 min and diluted to reach from 100-150 spermatozoa per field, in six
automated randomized fields. The parameters evaluated were: total and progressive
motility; distance average path (DAP); distance in a curved line (DCL); distance in a
straight line (DSL); velocity average path (VAP); velocity in a curved line (VCL);
velocity in a straight line (VSL); straightness (STR); linearity (LIN); wobble (WOB);

amplitude of lateral head displacement (ALH); and beat cross frequency (BCF).

2.5.2. ANALYSIS OF SPERM CELL STRUCTURE
Flow cytometry analyzes were performed using the Acoustic Focusing Cytometer

(Attune®, California, USA), equipped with blue (488 nm) and violet (405 nm) lasers.
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The non-sperm events were removed from the analysis by FSC X SSC scatter plots
(PETRUNKINA et al., 2005) and then discarded based on the fluorescence of Hoechst
33342 (H33342, 14533, Sigma-Aldrich, St. Louis, USA) and the negative events for
H33342 discarded (debris) (MARTINEZ-ALBORCIA et al., 2012). In these cases, the
samples were exposed to H33342 at the final concentration of 2 mM, 5 minutes before
each analysis, and the events for this fluorochrome were detected with photomultiplier
(Photomultiplier - PMT) VL1 (450/40 filter); except in the fragmentation of DNA that
was not used H33342. Green, orange and red fluorescence were read with BLT (filter
530/30), BL2 (filter 575/24) and BL3 (filter> 640) PMTs respectively. The flow stability
of the citometer was tested daily using standard beads (Invitrogen). The acquisition rate
was 200 events / second and 20,000 spermatic events were selected per sample. The
results obtained were analyzed through the program Attune Cytometric Software v 2.1.

Sperm membrane integrity was evaluated using 20 pM (final concentration)
carboxyfluorescein diacetate (CFDA) and 7.5 puM propidium iodide (PI). After
incubation at 37° for 15 min, spermatozoa with integer membrane were stained in green,
whereas those with damaged membrane were stained either in red or with simultaneous
green and red fluorescence (SILVA, et al., 2016; GILLAN, et al., 2005).

Sperm membrane fluidity was evaluated using the Merocyanine 540 (2.7 uM) and
YO-PRO1 marker (100 nM), after incubation of samples at 37°C for 15 min. Sperm
cells with high membrane fluidity presented intense orange fluorescence
(FERNANDEZ-GAGO et al., 2013). Sperm cells with reduced fluidity presented orange
weak fluorescence. Data was expressed as the percentage of spermatozoa in each

category.
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Mitochondrial functionality was evaluated using the Rodamin 123 marker
(100nM final concentration) combined with PI (7.5 pM), following incubation during
15 min at 37°C. Spermatozoa with elevated mitochondrial functionality showed intense
green fluorescence and those with low mitochondrial functionality presented weak
fluorescence. Data was expressed as the percentage of spermatozoa in each category
(SILVA, et al., 2016).

Acrosome membrane integrity status was assessed using Arachishypogaea lectin
conjugated with fluorescein isothiocyanate (10pg FITC-PNA/ml final concentration)
combined with PI (7.5 uM). Samples were evaluated after incubation at 37°C for 15
minutes. Spermatozoa having intact acrosome were unstained and those with reacted
acrosome were stained with green fluorescence. On the other hand, spermatozoa with
damaged acrosome were stained with red fluorescence, where as those that were both
reacted and damaged were stained simultaneously with green and red fluorescence. Data
was expressed as the percentage of spermatozoa with damaged acrosome/ reacted
(MARTINEZ-PASTOR, et al., 2010).

The production of reactive oxygen species (ROS) was determined using 1mM of
2’,7’-dichlorodihydrofluorescein diacetate (H2ZDCF-DA). Readings were done at two
moments: immediately after adding a semen sample to a solution containing PBS,
Hoechst 33342 and H2DCF-D; and after incubation at 37°C for 60 min. The production
of ROS was determined be the median intensity of the observed green fluorescence just
on viable cells (DOMINGUEZ-REBOLLEDO et al., 2011).

The DNA integrity was determinate used sperm chromatin condensation Assay —
SCCA, using 10pL of sperm sample with SuL. de TNE (0.01 M Tris-HCI; 0.15 M NaCl;

0.001 M EDTA; pH 7,2), 10uL of Triton 1X (Triton X-100, 1%) (v/v) with 30 seconds
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of intervals. The acridine orange was addicted and after incubation for 30 seconds. The
spermatozoa were classified in integer DNA (green) and damaged (orange/red). The
SCCA was calculated through of (number of spermatozoa fragment DNA / number of

spermatozoa integer DNA + spermatozoa fragment DNA) *100 (JENKINS et al., 2015).

2.6. STATISTICAL ANALYSIS

Data were analyzed by one-way analysis of variance (ANOVA). The differences
between the groups were determined by the Tukey HDS test. The results were presented
by the mean =+ standard deviation, the level of statistical significance was 5% (p <0.05).

Statistical calculations were performed using the Statistix 9.0 program.

3. RESULTS

The water control and vehicle control groups were not statistically different in all
analyzed parameters, except for the data of average distance traveled, linear and
curvilinear, and of the average traveled, linear and curvilinear velocities (Fig. 1), so that,
the other results will be presented comparing the treatments to the control group of the
vehicle.

3.1. EFFECTS OF TOXICITY ON EXPOSURE TO TPT

Exposure to TPT has been shown to be clinically harmful at doses > 5.0 mg
TPT/kg. In the subjects in the 5.0 mg TPT/kg dose group, mild apathy and motor
incoordination were observed. In the individuals in the 0.5 and 2.5 mg TPT/kg groups
there were apparently no clinical signs of intoxication. However, there was death of one
subject in each of the 0.5; 2.5 and 5.0 mg TPT/kg groups. Clinical signs of intoxication

were observed from the fifth day of exposure to TPT in the maximum dose group (10.0
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mg TPT/kg), which showed apathy and severe lack of motor coordination. It was
observed that the station position was no longer quadruped and became a "sitting dog".
They also presented moments of prostration with bilateral abduction of the hind limbs
when in station position and after death.

Signs of intoxication observed in the 10.0 mg TPT/kg dose group suggest that this
dose is highly toxic to Calomys laucha, and due to the observed poisoning and probable
evolution at death, the final analysis of this group was performed at 7 days of exposure.
The 10.0 mg TPT/kg group presented results (Fig. 2) that suggest a severe reduction in
sperm activity parameters. It should be noted that the data referring to this group reflect

the results of a short-term exposure (seven days).

3.2. EFFECT OF TPT EXPOSURE ON SPERMATIC KINETICS

Analyzing the results obtained in sperm kinetics, we noted that significant
differences occurred in total and progressive motility (Fig. 3), where we can see a
reduction in total motility from the 0.5 mg TPT/kg group and more evident witch
increase of doses of TPT. We still observed a statistics difference in the progressive
motility between the vehicle group and the evaluated groups; however, among the
groups exposed to the TPT, there was no significant difference despite a reduction in
progressive motility in the group receiving the 5.0 mg TPT/kg dose. It should be noted
that all analyzes were performed in 03 hours after collection, and this traffic time to the
analysis laboratory, caused a reduction in the motilities observed even the control group.

In the evaluation of the distances average path, rectilinear and curvilinear (Table
1), the vehicle group differed from the data observed in the other groups, presenting

lower values. Similar result was evidenced in relation to the average trajectory
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velocities, rectilinear and curvilinear, where the groups of 0.5; 2.5 and 5.0 mg TPT/kg
presented higher (P<0.05) results as the doses increased, relative to the vehicle group.
Regarding rectilinearity, the highest dose group, 5.0 mg TPT/kg, presented higher
values than the other groups (P <0.05). The linearity data, the groups of 0.5 and 2.5 mg
TPT/kg obtained statistically lower values, in relation to vehicle groups and 5.0 mg
TPT/kg. In the oscillation data, it was observed that the groups of 0.5; 2.5 and 5.0 mg
TPT/kg did not show any differences, but were lower in relation to the vehicle group.
Regarding the lateral head displacement data, there was an increase according to
the increase of doses, being statistically significant from the dose 0.5 mg TPT/kg. In the
cross-beat frequency analysis, all groups presented similar values, and only the 5.0 mg

TPT/kg group presented a statistical difference in relation to the vehicle group.

3.3. EFFECT OF EXPOSURE TO TPT ON THE STRUCTURAL
EVALUATION OF SPERMATOZOA

During the evaluation of spermatozoa, no changes in membrane integrity and
DNA fragmentation were observed between groups (Table 2). However, when analyzing
the functionality of mitochondria, a clear reduction of their function could be observed
as the TPT/kg doses increased, so that treatments with doses of 2.5 and 5.0 mg TPT/kg
showed a reduction (P <0.05) (Fig 4).

In our study, it was evidenced that the groups 0.5 and 5.0 mg TPT / kg presented
the highest rate of acrosome reaction, in relation to the other groups. When evaluating
membrane fluidity data, a increase (P<0.05) in membrane fluidity was observed at 5.0

mg TPT/kg. The other groups did not present statistical differences among themselves.
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The ROS analysis of spermatozoa showed that the group 0.5 mg TPT / kg had a
higher increase in ROS levels, being statistically different from the other groups

(P<0.05).

4. DISCUSSION

In our study, we showed signs of toxicity at doses > 5.0 mg TPT/kg; however,
there were apparently no signs of intoxication in the other groups. Individuals exposed
to doses of 5.0 and 10.0 mg TPT/kg showed motor incoordination, decreased feed
intake and apathy. These signs were intense in the individuals exposed to the highest
dose (10.0 mg TPT/kg), so we began to observe these deaths from the sixth day of
exposure, which led to the interruption of this exposure and immediate analysis. This
result is similar to that seen in a study carried out with mice, however in these signs of
intoxication and lethality suggest in individuals exposed to doses 33.33% higher, being
> 7.5 and 15.0 mg TPT/kg respectively. In the same study, deaths at the highest dose
(15.0 mg TPT/kg) did not start until the second week of treatment (MELLO et al.,
2015). Thus, we can observe that C. laucha species is more sensitive to the effects of
TPT than mice and that the 10.0 mg TPT/kg group presented short term damage to
spermatozoa besides causing general intoxication, indicating that this dose is highly
detrimental to sperm and life.

When comparing studies performed in other species using higher doses of TPT
hydroxide, such as the studies by Chernoff et al. (1990) using 13.0 mg TPT/kg for 10
days in rats; or of Vianna et al. (2002), which exposed mice for 12 days at doses of 15.0
mg TPT/kg and the study by Mello et al. (2015) that used 15.0 mg TPT / kg for 21 days

in mice, we can infer that the species C. laucha presents a greater sensitivity to TPT,
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since in only six days of exposure severe signs of intoxication were observed at doses
10.0 mg TPT/Kg. There are also other studies evaluating exposure to other triphenyltin
compounds, such as Snow and Hays (1983), which compared the administration of 20.0
mg/kg triphenyltin acetate (TPTa) and the same dose of triphenyltin chloride (TPTCI)
orally per day for 20 days, and demonstrated that both compounds severely affected
spermatogenesis in rats. It should be noted that there are no previous studies evaluating
the effects of TPT in Calomys laucha and these studies used different species and higher
doses.

In the results obtained in the analysis of the spermatic kinetics of our study, a
reduction in the sperm quality was observed as the TPT/kg dose increased. The values
for total sperm motility and progressive sperm motility presented a reduction in the
percentage as the dose increased, reaching a reduction of 57.3% in total sperm motility
when compared to the vehicle group (V: 46.1 £ 1.5) as compared to 5.0 mg TPT / kg
(5.0: 19.7 = 2.0). With respect to progressive sperm motility, a reduction of 37.5% was
observed in the dose of 0.5 mg TPT/kg and reaching 55.3% in the dose of 5.0 mg
TPT/kg. This parameter is fundamental in the evaluation of sperm activity, since the
analysis of sperm motility has been pointed out by many authors as an important tool in
the selection of an ejaculate with greater fertilization efficiency, being the determination
of the percentage of mobile spermatozoa, the most used test to predict the seminal
quality (BRANIGAN et al., 1999, COX et al., 2006, EDDY et al., 1994; VAN WEERT
et al., 2004; VERSTEGEN et al., 2002).

The negative effects that OTs cause on reproduction have been reported in several
species, mainly aquatic, and similarly coastal species are also susceptible to their

effects. Chauhan & Agarwal (2009), exposed male rats (Rattus norvegicus), adults 4 to
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6 months of age, using doses of 0, 10.0 and 20.0 mg TPT/kg body weight for 60 days,
and identified a reduction in sperm motility of 46% at 10.0 mg TPT/kg and 72% at
highest dose (20.0 mg TPT/kg). In teleosts fishes, Clarias gariepinus, an african catfish,
and Cyprinus carpio, a common carp, exposed to tribulyltin (TBT), a OT compound
similar to TPT, parameters of sperm motility were evaluated through the computerized
sperm analysis system (CASA), where a reduction in sperm movement was observed in
both species. In the african catfish the movement of the spermatozoa sold out faster than
in the carp. The results showed that TBT had a significant effect on motility in both
species, and evidenced the greater sensitivity of african catfish compared to carp, with
the intensity and duration of movement being higher in carp than in catfish sperm
(RURANGWA Et al., 2002; TAKAHASHI et al., 1999). The comparison between the
effects of exposure to TBT and TPT on sperm activity was addressed in a study
conducted in rats exposed to 25.0 pg / kg of TBT and TPT intraperitoneally, who found
both had similar effects negatively affecting sperm motility, as well as spermatogenesis
(REDDY et al., 2006). These data corroborate the negative effects on sperm motility
evidenced in our study.

This negative interference of TPT in motile apparently is closely related to the
other alterations in other sperm parameters, such as mitochondrial functionality, as well
as membrane integrity and fluidity also observed in our work. In relation to
mitochondrial functionality, a marked decrease in its function was observed in relation
to the increase in TPT/kg doses. Mitochondrial functionality has an intimate relationship
with sperm quality and fertilization capacity, since mitochondria participate in several
cellular functions, in addition to the production of ATP, such as calcium homeostasis,

ROS generation, apoptotic intrinsic pathway and biosynthesis of steroid hormones
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(AMARAL et al., 2013). Defects in mitochondrial spermatozoa have already been
shown to be associated with decreased sperm motility and consequently decreased
reproductive performance (PELLICCIONE et al., 2011). In rodent species, it was
observed that the mitochondria of the spermatozoa are polarized, and thus functional,
after epidydimal maturation. Without this process, the spermatozoon is unable to effect
in vivo fertilization (Aitken et al., 2007). Studies in cattle and boars observed a peak in
oxygen uptake during sperm capacitation processes and in vitro acrosome reaction, so
that the authors could infer that mitochondrial functionality is related to sperm
capacitation, being fundamental in this process. (CORDOBA et al., 2006, RAMIO-
LLUCH et al., 2011).

Thus, we can infer that besides the fundamental performance in energy
production, the functionality of mitochondria is closely related to sperm motility, and
that the reduction observed in this parameter is the main aggravating factor in the
reduction of total and progressive motility, so that the negative action of the TPT on the
sperm activity is evident, being able to generate damages in the fertility in C. laucha.

Controlled ROS levels are critical in sperm performance (mainly in terms of
motility, capacity building, acrosome reaction and fertilization capacity). The generation
of ROS may also have a pathological effect on the male gametes, if excess, or if there is
an imbalance with the available antioxidant defenses, resulting in a decrease in viability,
motility, membrane integrity and increases in DNA damage, morphological defects and
lipid peroxidation, possibly resulting in a phenomenon similar to apoptosis (AITKEN et
al., 2012; AMARAL et al., 2013; KOPPERS et al., 2008; KOTHARI et al., 2010;
MAHFOUZ et al., 2010). In our study, we observed that in the 2.5 and 5.0 mg TPT/kg

doses ROS levels were similar to the vehicle group, a fact that may be associated with a
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possible increase in antioxidant defenses or mitochondrial functionality. However, at the
dose of 0.5 mg TPT / kg, there was an increase in ROS, but apparently, this dose did not
cause damage enough to induce the increase of antioxidant defenses. But it should be
emphasized that at this dose already reduced levels of total and progressive motilities
were observed, and there may be a relationship between ROS levels and decreased
motility.

A study by Ye et al. (2013) has shown that TPT, by its hydrophobic nature, tends
to interact rapidly with lipids, which are the primary constituents of the cell membrane.
Other studies have shown that TPT increases cell membrane permeability, inducing
damage and even death of some cells, as well as having the capacity to alter the
molecular organization of the membrane, triggering a spontaneous efflux of certain ions,
such as CI" and Na" (BONARSKA-KUJAWA et al., 2012, GAO et al., 2014). These
studies have described the effects of TPT on the cellular metabolism of other cells and
single-celled organisms, but there are no studies on their effects on the sperm cell.
However, such data allow us to understand the increase in membrane fluidity observed
at the dose of 5.0 mg TPT/kg, and thus suggest that there will be a negative effect on
activity of C. laucha spermatozoa.

Alterations in the spermatic membrane are fundamental so that the spermatozoa
can affect the acrosomal reaction and, consequently, the fertilization. In the process of
sperm capacitation, cholesterol mobilizes from the membrane so that proteins and
receptors can interact. When the relationship between cholesterol and phospholipid is
reduced, there is a decrease in the microviscosity of the sperm membrane, exposing the
phospholipids and, in a way that allows the increase of the calcium influx, occurring the

acrosome reaction (CROSS, 1998; GADELLA et al., 2008). Considering that TPT
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causes changes in membrane structure through lipid interactions, we can infer that the
increase in acrosome reaction observed in all treated groups was significant in the 0.5
and 5.0 mg TPT/kg, are related to these structural alterations.

The evaluation of toxicity using animal sperm has rapidly developed as a simple
and valid model during the last decades, since its use does not require sterile and
expensive cell culture conditions. Mammalian sperm were initially used to verify the
toxicity of compounds to which humans can be exposed (BAVISTER & ANDREWS,
1988) and also to evaluate human reproductive risk (SLOTT et al., 1993). In this
context, we suggest that doses > 0.5 mg TPT/kg are considered to be of relevance for
reproduction in C. laucha, since from this dose alterations in sperm activity were
observed, mainly with regard to total and progressive motility, functionality of
membrane and ROS levels.

Based on the data obtained from the survival of Calomys laucha and sperm
analysis, we can suggest that this species is more sensitive to the harmful effects of TPT
than other rodent species such as rats and mice, so that exposure to this contaminant

presents a negative impact on parameters of sperm activity.
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Figure 1: Comparison between values in Distance Average Path (DAP), Distance
Curved Line (DCL), Distance Straight Line (DSL), Velocity Average Path (VAP),
Velocity Curved Line (VCL), Velocity Straight Line (VSL) between the water and
vehicle groups. Values followed by different letters indicate significant differences

between the storage moments (P <0.05).
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Figure 2: Comparison between vehicle groups and 10.0 mg TPT / kg in the parameters
TM (Motility Total), PM (Motility Progressive), Mit. Functionality (Mitochondria
Functionality), Membrane Integrity (Mb. Integrity)) and Mb Fluidity (Membrane
Fluidity). Values followed by different letters indicate significant differences between

the storage moments (P <0.05).
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Figure 3: Graphical demonstration of the parameters of total and progressive motility
between the experimental groups, evidencing the reduction according to the increase of
doses of TPT. Values followed by different letters indicate significant differences

between the storage moments (P <0.05).
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Figure 4: Graphical demonstration of the functionality of mitochondria between the
experimental groups, evidencing the decrease of the same according to the increase of
the doses of TPT. Values followed by different letters indicate significant differences

between the storage moments (P <0.05).
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Table 1: Mean values and standard deviation of spermatic kinetics parameters obtained

after computerized analysis of spermatic movement of C. laucha treated orally with

TPT (0, 0.5, 2.5 and 5.0 mg TPT / kg) for 21 Days, from 50 (+ 3) to 71 (+ 3) PND.

Spermatic Kinetic Vehicle 0.5 mg TPT/kg 2.5 mg TPT/kg 5.0 mg TPT/kg
DAP (um) 17.4+1.0° 20.2 +1.32 28.0+ 1.3 36.2 +2.2°
DCL (um) 31.7+£2.8° 42.5+3.8° 60.2 + 3.6 752+ 4.9
DSL (um) 10.3 £ 0.5 123+1.1° 19.0+1.2° 31.0+2.1°
VAP (um/s) 37.0+£2.22 43.5+2.7° 60.2 +2.9° 79.5 + 4.7°
VCL (nm/s) 67.2 + 6.0 91.2+7.8 1289+ 7.7°  164.8+£10.4°
VSL (um/s) 21.9+1.0° 26.5+2.2° 40.6 +2.5° 68.2 + 4.5
STR 0.61£0.02*  0.60+0.02*  0.65+0.01° 0.84 +0.01°
LIN 0.37+0.03*  0.31+0.02°  0.32+0.01° 0.41 +0.012
WOB 0.60+0.022 0.50+0.01°  0.50+0.01° 0.50 +0.01°
AHL 1.9+ 0.2 2.7+0.1° 32+0.1° 3.6 +0.2¢
BCF 23.6+0.7% 24.8+1.0° 26.0 + 0.6 36.0 + 1.1°

DAP= Distance Average Path (um); DCL= Distance Curved Line (um); DSL= Distance Straight Line
(um); VAP= Velocity Average Path (um/s); VCL= Velocity Curved Line (um/s); VSL= Velocity Straight
Line (um/s); STR= Straightness (VSL/VAP); LIN= Linearity (VSL/VCL); WOB= Wobble (VAP/VCL);
AHL= Amplitude of Lateral Head Displacement (um); BCF= Beat Cross Frequency (Hz).

Values followed by different letters indicate significant differences among the storage moments (P <

0.05).
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Table 2: Mean and standard deviation of the parameters obtained in flow cytometer of
the spermatic evaluation of C. laucha treated orally with TPT (0; 0.5, 2.5 and 5.0 mg

TPT/ kg) of 50 (+ 3) to 71 (& 3) PND.

Sperm Structure Vehicle 0.5 mg TPT/kg 2.5 mg TPT/kg 5.0 mg TPT/kg

Membrane 62.0 £4.9% 60.6 £ 4.4° 56.2 £ 4.8 63.9 £4.9%
Integrity

Membrane 17.1 £3.32 20.0+ 6.5 18.8 £2.6% 24.6+3.2°
Fluidity

Acrosome 47.8+1.3? 84.7 +2.1° 55.3+3.1% 65.8 +4.8°
Reaction

ROS 2085+ 1162 5833 & 536" 1933 £ 57¢ 2308 + 80?
SCCA 2.07+0.112 2.38 £0.04 1.93+£0.16% 3.31 £0.86°

SCCA= Sperm Chromatin Condensation Assay; ROS= Reactive Oxigen Species
Values followed by different letters indicate significant differences among the storage moments (P <

0.05).
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7. DISCUSSAO GERAL

Estudos sobre os efeitos da exposicdo ao TPT sdao de grande relevancia para
compreender o potencial risco a fisiologia reprodutiva de espécies susceptiveis a
exposicao, como o caso da espécie C. laucha. Em nosso estudo evidenciamos sinais de
toxicidade em doses > 5,0 mg TPT/kg, porém, aparentemente nao houve sinais de
intoxica¢ao nos demais grupos. Os individuos expostos a doses de 10,0 mg TPT/kg
demostraram incoordena¢do motora, diminui¢do no consumo de racdo e apatia; ainda
foram observadas mortes destes a partir do sexto dia de exposi¢dao, o que nos levou a
interrupcao desta exposicado e imediata analise. Este resultado ¢ semelhante ao visto em
um estudo realizado com camundongos, contudo nestes os sinais de intoxicacdo e
letalidade sugiram em individuos expostos a doses maiores, sendo > 7,5 e 15,0 mg
TPT/kg respectivamente, sendo que as mortes na maior dose (15,0 mg TPT/kg) so6
ocorreram a partir da segunda semana de tratamento (MELLO et al., 2015). Deste
modo, podemos observar que a espécie C. laucha apresenta maior sensibilidade aos
efeitos do TPT do que camundongos e que o grupo 10,0 mg TPT/kg apresentou, a curto
prazo, danos aos espermatozoides além de causar intoxicac¢ao geral, indicando que esta

dose ¢ altamente prejudicial aos espermatozoides e a vida.

Ao compararmos estudos realizados em outras espécies utilizando doses maiores
de hidroxido de TPT, como os estudos de Chernoff ef al. (1990) utilizando 13,0 mg
TPT/kg durante 10 dias em ratos; o de Vianna et al. (2002), que expos camundongos
durante 12 dias a doses de 15,0 mg TPT/kg e o estudo de Mello et al. (2015) que
utilizou 15,0 mg TPT/kg durante 21 dias em camundongos, podemos inferir que a

espécie C. laucha apresenta maior sensibilidade ao TPT, visto que em apenas seis dias
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de exposi¢do foram observados sinais graves de intoxicagdo, em doses > 5,0 mg
TPT/kg, sendo observados no grupo de 10 mg TPT/kg.

Hé4 ainda outros estudos que avaliaram a exposicdo a outros compostos
trifenilestanicos, como o realizado por Snow e Hays (1983) que comparou a
administragcdo de 20,0 mg/kg de acetato de trifenilestanho (TPTa), ¢ mesma dose de
cloreto de trifenilestanho (TPTcl) via oral, por dia, durante 20 dias, ¢ demonstraram que
ambos os compostos afetaram gravemente a espermatogénese em ratos. Cabe ressaltar
que ndo ha estudos anteriores avaliando os efeitos do TPT em Calomys laucha e estes
estudos citados utilizaram espécies diferentes e doses mais elevadas.

A excre¢do de TPT wvia leite materno ¢ outro ponto relevante para
compreendermos os seus efeitos na fase de maturacdo dos orgdos reprodutivos, que
ocorre junto a fase de amamentagdo. Essa eliminagdo de TPT via leite materno foi
descrita anteriormente em um estudo que investigou a presenga de residuos de TPT em
leite de vacas. Neste estudo foi utilizado hidréxido de TPT (TPTh) marcado com 14C
(carbono 14), que foi administrado oralmente durante um periodo de 60 dias, em doses
de 1,13, 5,61 e 22,44 mg TPT/kg de dieta (matéria seca), e constatado, respetivamente
ao aumento de doses, residuos de 0,006, 0,034 e 0,134 mg TPT/kg de leite, referente a
um fator de transferéncia de 0,004 a 0,006 no leite (SMITH, 1981). Sendo assim, com
base nos dados apresentados no trabalho de Smith (1981), que demonstraram a excrecao
do TPT no leite, podemos inferir que as alteragdes que evidenciamos nos parametros
espermaticos dos filhotes do nosso estudo, seja devida a transferéncia do TPT através do
leite materno em C. laucha, uma vez que somente as fémeas lactantes receberam o TPT

por gavagem.
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Em nossa pesquisa bibliografica ndo encontramos outros estudos semelhantes
sobre os efeitos da exposi¢do ao TPT sobre a atividade espermatica em individuos
expostos somente via leite materno durante o periodo de amamentacdo. Os trabalhos
encontrados apresentavam periodos e/ou vias de exposi¢do diferente, como: Grote et al.
(2009) que realizaram a exposicdo de ratas fémeas, por gavagem a 2,0 ¢ 6,0 mg
TPT/kg/dia, a partir do sexto dia de gestacdo (6 GD) até¢ o desmame (21 PND) e
observaram que os filhotes apresentaram diminui¢des no ganho de peso corporal, de
peso dos testiculos e da concentragdo de testosterona, bem como um atraso na idade na
separagdo prepucial; Mello et al. (2015) expuseram filhotes de camundongo ao TPT
(1,875, 3,75, 7,5 e 15,0 mg TPT/kg/dia) através de gavagem durante o periodo de
desenvolvimento pré-pubere e puberdade (15 a 45 PND); Reddy et al. (2006) realizaram
a exposi¢do de camundongos através de injecdes intraperitoneais de 10 e 25 pg
TPT/kg/dia durante 5 (cinco) dias no final do periodo pré-pubere entre 20 e 25 PND, e
constataram uma diminuicdo na contagem epididimal de espermatozoides, na
motilidade espermatica, na viabilidade espermatica e na concentragdo de testosterona.
Além das diferencas em doses, periodos e vias exposi¢do, ressaltamos que os objetos de
investigacdo dos estudos citados foram diferenciados, de modo que estes se ocuparam
em avaliar o peso dos testiculos, a concentragdo de testosterona, histologia de dos
testiculos, contagem de espermatozoides e espermatides, além de marcos no
desenvolvimento fisico. Sendo assim, ¢ evidente a diferenca nos objetos de estudo que
nos preocupamos em investigar, visto que buscamos realizar avaliagdes da atividade e
estrutura do espermatozoide, que sdo parametros mais sutis, porém de grande relevancia

na fertilidade.
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Um dos parametros mais relevantes na atividade espermadtica ¢ a motilidade dos
espermatozoides, que esta relacionada a fertilidade, e ¢ considerada determinante na
avaliagdo da qualidade seminal (COX et al, 2006; VAN WEERT et al., 2004;
VERSTEGEN et al., 2002). Nos resultados obtidos na analise da cinética espermatica
de nosso estudo, foi constatada, na exposi¢do em machos adultos, uma diminuicdo da
qualidade espermatica conforme aumento na dose de TPT/kg. Os valores para os
parametros de motilidade espermatica total e motilidade espermatica progressiva
apresentaram redug@o no percentual conforme aumento da dose, chegando a apresentar
uma reducgdo de 57,3% na motilidade espermatica total quando comparado o grupo
veiculo (V: 46,1 + 1,5) em relacdo ao de 5,0 mg TPT/kg (5,0: 19,7 + 2,0). Com relagdo
a motilidade espermatica progressiva foi constada uma reducao de 37,5% na dose de 0,5
mg TPT/kg e chegando a 55,3% na dose de 5,0 mg TPT/kg. Este pardmetro ¢
fundamental na avaliacdo da atividade espermatica, visto que a analise da motilidade
espermdtica tem sido apontada por muitos autores como importante ferramenta na
selecdo de um ejaculado com maior eficicia de fertilizagdo, sendo a determinagdo da
percentagem de espermatozoides modveis, o teste mais utilizado para predizer a
qualidade seminal (BRANIGAN et al, 1999; COX et al., 2006; EDDY et al., 1994;
VAN WEERT et al., 2004; VERSTEGEN et al., 2002).

Os efeitos negativos que os OTs causam na reprodugdo foram relatados em
diversas espécies, como no estudo de Chauhan & Agarwal (2009), que expuseram ratos
machos (Rattus norvegicus), adultos de 4 a 6 meses de idade, utilizando doses de 0, 10,0
e 20,0 mg TPT/ kg peso corporal, durante 60 dias, e identificaram uma reducdo na
motilidade espermatica de 46% na dose de 10 mg TPT/kg e de 72% na maior dose (20,0

mg TPT/ kg). Ja em peixes teleosteos, Clarias gariepinus, um bagre africano, e
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Cyprinus carpio, uma carpa comum, expostos a tribultilestanho (TBT), um composto
OT semelhante ao TPT foram avaliados parametros da cinética espermatica, onde foi
observado uma reducdo na movimentagdo espermatica em ambas as espécies. No bagre
africano o movimento dos espermatozoides esgotou mais rapidamente do que na carpa.
Os resultados mostraram que os OTs t€ém um efeito significativo sobre a motilidade em
ambas as espécies e, evidenciaram a maior sensibilidade do bagre africano em
comparagdo a carpa, sendo a intensidade ¢ a duragdo do movimento mais elevada no
esperma da carpa que do bagre (RURANGWA et al., 2002; TAKAHASHI et al., 1999).
A comparacao entre os efeitos da exposi¢do ao TBT e TPT na atividade espermatica foi
abordada em um estudo realizado em ratos expostos a 25 pg/kg de TBT e TPT, por via
intraperitoneal, que constatou ambos tiveram efeitos semelhantes afetando
negativamente a motilidade espermadtica, bem como a espermatogénese no todo
(REDDY et al., 2006). Tais dados vém a corroborar os efeitos negativos na motilidade
espermatica evidenciados em nosso trabalho.

Em nosso estudo de exposi¢do durante a amamentagdo, também observamos que
os valores de VAP apresentaram redu¢do em todos os grupos expostos ao TPT, assim
como a VSL e LIN, cujos valores diminuiram nos grupos de doses 2,5 e 5,0 mg TPT/kg,
e a VCL e BCF, que reduziram (P<0,05) no grupo de dose de 2,5 mg TPT/kg. Verstegen
et al. (2002) correlacionou os parametros da cinética espermdtica com a taxa de
fertiliza¢do, e observou que os valores de VAP, VCL e VSL sdo maiores em amostras
espermaticas que produzem mais de 50% de odcitos fertilizados. Assim como amostras
com elevados valores desses parametros de velocidade e de LIN e BCF apresentam
melhor migracdo e penetragdo no muco cervical (MORTIMER, 2000; VERSTEGEN et

al., 2002). Deste modo, com base na diminui¢do destes parametros cinéticos observados
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em nosso trabalho, bem como a diminui¢do das motilidades total e progressiva,
podemos observar que a exposicdo ao TPT se mostrou prejudicial a atividade
espermatica da espécie C. laucha, o que pode vir a impactar negativamente na
fertilidade.

Os efeitos negativos observados na motilidade espermatica dos grupos expostos
ao TPT aparentemente estdo intimamente relacionados com as alteracdes evidenciadas
em outros parametros espermaticos, como integridade de membrana e ruptura de
membrana, que foram bem expressivas, além da funcionalidade de mitocondria. Estas
alteracdes podem estar relacionadas com a capacidade que os compostos
triorganoestanicos tém de atravessar a membrana celular, se ligarem a receptores
nucleares (NR) e se translocarem para o nucleo, formando um complexo
triorganoestanico-NR e co-activadores. Este complexo se liga a elementos de resposta
no DNA e induz a transcricao de genes alvo e gera alteragdes na expressao de algumas
proteinas, assim como disfun¢des mitocondriais e celulares, como a inibi¢do do
transporte idnico e da fosforilagcdo oxidativa (KISHTA et al., 2007; DELGADO FILHO
et al., 2011; WANG et al., 2006). Delgado Filho et al. (2011) analisaram a exposi¢do a
compostos triorganoestanicos (TBT e TPT) durante a gestacdo através da circulagdo
materna via placenta, e concluiram que estes se acumulam nos tecidos fetais e podem
induzir diversas alteragdes. Embora, em nosso estudo a exposicdo ndo tenha sido
durante o periodo gestacional, os dados que observamos de diminui¢do da integridade
de membrana e funcionalidade mitocondrial podem estar relacionados as alteragdes nos
elementos de resposta no DNA descritas pelos autores, visto que os individuos foram
expostos durante o periodo de amamentagdo, na fase pré-pubere, e os efeitos observados

persistiram por muito tempo ap6s o término da exposi¢ao ao TPT.

105



Em nossos resultados observamos que a exposicdo ao TPT, via amamentagdo,
promoveu um dano persistente na formagdo e organizacdo estrutural das células
espermaticas, de modo que mesmo apos dois ciclos espermatogénicos ainda foi possivel
observar uma acentuada reducdo na integridade da membrana espermatica, chegando a
66,9% na dose de 5,0 mg TPT/kg, bem como um aumento no rompimento de membrana
celular evidenciado nos grupos de doses de 2,5 mg TPT/kg (69,5%) e 5,0 mg TPT/kg
(62,4%) (P<0,05). Tais alteragdes estruturais em membranas celulares em decorréncia
da exposi¢do ao TPT foram descritas previamente em bactérias, onde Ye et al. (2013)
demonstraram que o TPT, por sua natureza hidrofobica, tende a interagir rapidamente
com lipideos, que s@o os constituintes primarios da membrana celular.

Outros estudos evidenciaram que o TPT aumenta a permeabilidade da membrana
celular, induzindo danos e até mesmo a morte de algumas células, além de também ter a
capacidade de alterar a organiza¢do molecular da membrana, desencadeando um efluxo
espontaneo de certos ions, como Cl" e Na" (BONARSKA-KUJAWA et al., 2012; GAO
et al.,2014). Estes estudos citados descreveram os efeitos do TPT no metabolismo
celular de outras células e de organismos unicelulares, porém nao ha estudos sobre seus
efeitos na célula espermatica.

Contudo, tais dados nos permitem compreender o aumento na fluidez de
membrana observado na dose de 5,0 mg TPT/kg, e com isso inferir que poderdao ocorrer
prejuizos na fertilizagdo dos espermatozoides de C. Laucha. Este comprometimento da
integridade de membrana pode estar relacionado com a interagdo do TPT com os
lipideos de membrana, mas principalmente com alteragdes nos elementos de resposta no
DNA, visto que nos individuos expostos durante a amamentacdo, os efeitos foram

evidenciados 79 dias apds o término da exposi¢ao.
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Alteragdes na membrana espermatica s3o fundamentais para que os
espermatozoides possam efetuar a reagdo acrossomal e, consequentemente, a
fecundagdo. No processo de capacitagdo espermatica, o colesterol se mobiliza da
membrana para que proteinas e receptores possam interagir. Quando a relacdo entre
colesterol e fosfolipidio ¢ reduzida, ocorre uma diminuicdo da microviscosidade da
membrana espermatica, expondo os fosfolipidios e, de modo que permite o aumento do
influxo de calcio, ocorrendo a reagdo de acrossoma (CROSS, 1998; GADELLA et al.,
2008). Tendo em vista que o TPT ocasiona alteragdes na estrutura da membrana através
de interagdes com lipideos, podemos inferir que o aumento na reagdo de acrossoma
observado em todos os grupos tratados, sendo estatisticamente significativo nos grupos
de doses 0,5 ¢ 5,0 mg TPT/kg, estdo relacionados a estas alteragdes estruturais, visto
que este pardmetro estd relacionado com a presenca de acrossoma ndo integros/
reativos.

De um modo geral, a interferéncia negativa do TPT na motilidade aparentemente
estd intimamente relacionada com as demais alteragdes em outros parametros
espermaticos, como funcionalidade de mitocondria, assim como integridade e fluidez de
membrana também observados em nosso trabalho. Em relacdo a funcionalidade de
mitocondria foi observada uma acentuada diminuicdo de sua fung¢do em relacdo ao
aumento das doses de TPT/kg. A funcionalidade de mitocondria apresenta uma intima
relagdo com a qualidade do esperma e com a capacidade de fertilizagdo, visto que as
mitocondrias participam de varias funcgdes celulares, além da producdo de ATP, tais
como a homeostase do calcio, a geragdo ROS, a via apoptdtica intrinseca e biossintese
de hormdnios esteroides (AMARAL et al, 2013). Defeitos na ultra-estrutura

mitocondrial do espermatozoide ja demonstraram estar associados a diminui¢do da
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motilidade do espermatozoide e consequente queda no desempenho reprodutivo
(PELLICCIONE et al, 2011). Em espécies de roedores, foi observado que as
mitocondrias dos espermatozoides sdo polarizadas, e assim funcionais, apds a
maturacdo epididimal. Sem este processo o espermatozoide ¢ incapaz de efetuar a
fertilizagdo in vivo (AITKEN et al., 2007). Estudos realizados em bovinos e javalis,
observaram um pico no consumo de oxigénio durante os processos de capacitacido
espermatica e a reagdo de acrossoma in vitro, de modo que os autores puderam inferir
que a funcionalidade de mitocondria esta relacionada com a capacitagdo espermatica,
sendo fundamental neste processo (CORDOBA et al., 2006, RAMIO-LLUCH et al.,
2011). Sendo assim, podemos inferir que além da fundamental atuagdo na produgdo de
energia, a funcionalidade da mitocondria estd intimamente relacionada com a
motilidade espermatica, ¢ que a reducdo observada neste parametro seja o principal
agravante na reducao da motilidade total e progressiva, de modo que fica evidente a
acdo negativa do TPT sobre a atividade espermadtica, podendo gerar prejuizos na
fertilidade em C. Laucha.

A diminuig¢ao na funcionalidade de mitocondria também foi observada em machos
expostos através da amamenta¢do, de modo que observamos uma redugdo (P<0,05) em
todos os grupos tratados com TPT. Estas alteracdes na funcionalidade de mitocondria
podem estar relacionadas com modificacdes nos elementos de resposta no DNA, que
promovem disfun¢des mitocondriais e celulares, como a inibi¢do do transporte i6nico e
da fosforilagdo oxidativa (KISHTA et al, 2007; DELGADO FILHO et al., 2011;
WANG et al.,, 2006). Estes dados apresentam grande relevancia ao avaliarmos a
atividade espermatica, tendo em vista que em espécies de roedores, foi observado que

apos a maturacdo epididimal as mitocondrias dos espermatozoides sdo polarizadas,
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fincando assim funcionais, e s6 assim permitindo a fertilizag¢do in vivo (AITKEN et al.,
2007). Caso ndo ocorra esta polarizagcdo devido a disfungdes mitocondriais, ocasionadas
por danos persistentes promovidos pela exposicio ao TPT durante o periodo de
amamentacao, e consequentemente periodo de desenvolvimento dos 6rgdo reprodutivos,
o espermatozoide ficara incapaz de efetuar a fertilizagdo. Deste modo, podemos inferir
que a diminui¢do persistente na funcionalidade de mitocondria observada em nosso
estudo, pode acarretar em comprometimento da capacidade reprodutiva.

Niveis controlados de ROS sdo fundamentais no desempenho do espermatozoide
(principalmente no que se refere a motilidade, capacitagdo, reacdo de acrossoma e
capacidade de fertilizagdo). A gera¢do de ROS também pode ter um efeito patologico no
gameta masculino, se em excesso, ou se ha um desequilibrio com as defesas
antioxidantes disponiveis, resultando numa diminui¢do da viabilidade, motilidade,
integridade de membrana e aumentos em danos no DNA, defeitos morfologicos e
peroxidagdo de lipideos, resultando possivelmente num fendmeno semelhante a
apoptose (AITKEN et al., 2012; AMARAL et al., 2013; KOPPERS et al., 2008;
KOTHARI et al., 2010; MAHFOUZ et al., 2010). Em nosso estudo, observamos que
nas doses de 2,5 e 5,0 mg TPT/kg os niveis de ROS se assemelharam com o grupo
veiculo, fato que pode estar associado a um possivel aumento das defesas antioxidantes
ou funcionalidade da mitocondria. Porém, na dose 0,5 mg TPT/kg houve aumento de
ROS, contudo aparentemente esta dose ndo causou dano suficientemente capaz de
induzir o aumento de defesas antioxidantes, porém cabe ressaltar que nesta dose ja
foram evidenciados niveis reduzidos das motilidades total e progressiva, podendo haver

uma relacdo entre os niveis de ROS e com a queda na motilidade.
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Nossos dados de exposi¢do durante o periodo de amamentagdo revelaram um
aumento nos niveis de lipoperoxida¢ao (LPO), observado nas doses de 2,5 ¢ 5,0 mg
TPT/kg, assim como nos niveis de Espécies Reativas de Oxigénio (ROS) nas doses de
0,5 e 2,5 mg TPT/kg. O processo de dano oxidativo, por LPO, ocorre principalmente
através da producdo de ROS que reagem com os acidos graxos polinsaturados dos
fosfolipideos das membranas celulares. Isto por sua vez, pode prejudicar a estrutura e a
funcdo celular, produzindo modificagdes nas propriedades da membrana, aumentando
sua permeabilidade, eventualmente danificando membranas e outros tecidos
(BERGAMINI et al., 2004). No estudo realizado por Abdollahi et al. (2004), foi
descrito que a LPO é um dos principais mecanismos moleculares envolvidos na
citotoxicidade induzida por pesticidas, que no caso do TPT, também promove interagdes
com os fosfolipideos da membrana celular (YE et al, 2013), além de alteragdes nos
elementos de resposta no DNA (KISHTA et al., 2007; DELGADO FILHO et al., 2011;
WANG et al., 2006). Este conjunto de a¢des promove alteragdes no equilibrio oxidativo
celular. No estudo realizado por De Simplicio et al. (2000), foram avaliadas as
atividades de enzimas antioxidantes em figados e rins de coelhos e cordeiros,
submetidos a exposi¢do cronica ao TPT e foi verificado que houve uma queda nos
niveis de glutationa peroxidase dependente de selénio (Se-GPX) nas duas espécies,
assim como nos de GPX renal de coelhos e de GST hepatica de cordeiros. Estes
resultados sugerem que a redugdo nos niveis de importantes enzimas antioxidantes,
como GST e GPX, compde parte do complexo mecanismo de toxicidade de TPT. Estes
dados nos permitem inferir que os dados evidenciados em nosso estudo, referentes ao
aumento (P<0,05) nos niveis de LPO de 47,7% no grupo de 2,5 mg TPT/kg e de 45,4%

no grupo 5,0 mg TPT/kg, sejam provavelmente decorrentes de mecanismos de inibi¢do
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da atividade de enzimas antioxidantes por alteragdes nos elementos de resposta do DNA
em virtude da exposicao ao TPT.

Os dados obtidos nos individuos expostos ao TPT durante a amamentagdo nos
permitem inferir que as alteragdes evidenciadas sdo persistentes e podem ser até
permanentes, visto que constatamos efeitos persistentes mesmo apo6s dois ciclos da
espermatogénese, tendo em vista que a exposicao ao TPT foi suspensa no desmame aos
21 PND e somente foram analisados 79 dias apos o término da exposi¢do, aos 100 (+5)
PND. Estes dados divergem dos encontrados no estudo de Mello et al. (2015), que
verificaram que a exposi¢do ao TPT em filhotes durante o periodo de 15 a 45 PND,
promoveu retardo no surgimento de marcos fisicos de desenvolvimento e diminui¢ao no
nimero de espermatozoides e espermatides nas doses 7,5 e 15,0 mg TPT/kg/dia.
Contudo, os autores relataram que individuos analisados apo6s 20 dias do término da
exposicao, aos 65 PND, ndo apresentaram tais alteragdes, indicando que os efeitos
toxicos sobre as gonadas masculinas foram reversiveis com a interrupgao do tratamento
(MELLO et al., 2015). Contudo, os dados de Mello ef al. (2015) sdo referentes a uma
exposi¢ao apds os 15 PND, enquanto os nossos dados podem estar relacionados a danos
ocorridos entre 1 e 15 PND, ainda cabe ressaltar que os resultados sdo referentes a
andlise histologica, enquanto os nossos buscaram andlises funcionais da atividade
espermatica.

Cabe ressaltar que embora as doses que os filhotes foram expostos sdo muito
baixas, tendo em vista que a exposi¢ao ¢ através leite materno, onde a eliminagdo do
TPT por essa via foi considerada extremamente baixa em outras espécies, como bovinos
(SMITH, 1981) e humanos (MINO et al., 2008), sdo capazes de promover diversas

alteracdes na atividade espermadtica. Deste modo fica evidente que a exposi¢ao a doses

111



muito baixas de TPT nesta fase do desenvolvimento sdo extremamente relevantes na sua
fisiologia reprodutiva, visto que diversos pardmetros espermaticos funcionais e
estruturais apresentaram valores que correspondem a um prejuizo na atividade
espermatica. Dentre estes podemos destacar a motilidade espermatica que ¢ considerada
um parametro fundamental na avaliacdo da atividade espermadtica, servindo como
importante ferramenta na sele¢do de um ejaculado com maior eficacia de fertilizagdo, e
sendo o teste mais utilizado para predizer a qualidade seminal (COX et al., 2006; VAN
WEERT et al., 2004; VERSTEGEN et al., 2002).

Com base nos dados obtidos de sobrevivéncia e analise espermatica, podemos
sugerir que a espécie C. laucha apresenta maior sensibilidade aos efeitos nocivos do
TPT, do que outras espécies de roedores como ratos e camundongos, de modo que a
exposi¢do a este contaminante tanto na fase de desenvolvimento como na fase adulta,
promove efeitos prejudiciais em parametros de atividade espermatica. Sugerimos que
doses > 0,5 mg TPT/kg sejam consideradas de relevancia para reproducdo em C.
laucha, visto que a partir desta dose foram observadas alteragdes na atividade
espermatica, principalmente no que se refere a motilidade total e progressiva,
integridade de membrana, funcionalidade de mitocondria e niveis de ROS. Ainda,
podemos concluir que as fémeas da espécie C. laucha podem eliminar o TPT no leite
materno, quando expostas por via oral, e a exposi¢cdo dos filhotes via amamentacao
promove alteracdes negativas persistentes em diversos parametros da atividade

espermatica.
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ANEXO 1

PARECER N° P060/2014

PROCESSO N 23116.004921/2014-53

CEUA N° Pq017/2014

UNIDADE ICE

TITULD DO PROUETO Efeitos da exposicio ao pasticida trifenil

hidréxido de estanho (TPTH) na reproducdo
& no desenvolvimeanto pos natal de Calomys
laucha Olfers, 1818 (Rodentia: Muridae)

NUMERD DE ANIMAIS E VIGENCIA

350 animais (Calomys laucha)
Vigéncia: 2802/2017

ENVIO DO RELATORIO FINAL

Margo de 2017

PROFESSOR RESPONSAVEL

Elton Pinto Colanes

PARECER DA CEUA:

Apds a analse do conteudo do processo, O protocolo expenmental
utilizando animais foi considerado APROVADO, pois cumpre o disposto na Lei
no 11.794, nas demais normas aplicaveis e nas Resolugbes Mommativas e
Diretrizes do Conselho Macional de Conirole de Experimentagio Animal
(CONCEA). A CEUA lembra aos pesquisadores que qualguer alteracio no
protocolo experimental ou na equipe deve ser encaminhada a comissao para
avaliago e aprovagdo. Um relatorio final deve ser enviado 8 CEUA no término

da vigéncia do seu projeto.

Rio Grande, 17/08/2014.

Profa. Dra. Ana Paula Hom
Coordenadora da CEUA-FURG
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