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” Se amanha sentires saudades,
lembra-te dafantasiae

sonha com tua proxima vitéria.
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jamais conseguirdo obter,
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e ndo do ressentimento.

N&o fagcas do amanha
0 sinbnimo de nunca,

nem o ontem te sgja 0 mesmo
gue nunca mais.

Teus passos ficaram.

Olhes paratras...

mas va em frente

pois ha muitos que precisam

gue chegues para poderem seguir-te.”

Charles Chaplin
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RESUMO
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EFEITOSDE COMPOSTOS ORGANICOSDE SELENIO SOBRE O
DESENVOLVIMENTO INTRA-UTERINO DA PROLE DE RATASWISTAR
AUTORA: Simone Nardin Weis
ORIENTADOR: Gilson Zeni
CO-ORIENTADORA: Cristina Wayne Nogueira
LOCAL E DATA DA DEFESA: Santa Maria, dezembro de 2007.

O sdénio (Se) é um elemento trago essencial para humanos e desempenha
importante fungdo no crescimento e desenvolvimento de fetos e recém-nascidos. Sabe-
se que a deficiéncia desse elemento pode ocasionar abortos e nascimentos prematuros.
Entretanto, os compostos de Se, dependendo da dose, podem ser téxicos para diversas
espécies de animais. Os compostos organicos de selénio, dissedleneto de difenila
[(DSe);] e disseleneto de 3'3-ditrifluormetildifenila [(FsCdSe),], foram os avos deste
estudo, visto que possuem importantes propriedades farmacol6gicas. Com isso, faz-se
necessario o estudo dos efeitos destes compostos sobre o desenvolvimento embriofetal.
O objetivo deste estudo foi avaliar os efeitos da administracéo de (3Se); e (FsCSe),
durante o periodo da organogénese do desenvolvimento intra-uterino de ratas Wistar.
No primeiro trabalho, as ratas prenhas foram expostas ao (3Se). (1,5; 3,0 ou 6,0 mg/kg)
ou ao seu veiculo (6leo de canola) via injecdo subcutanea, do 6° ao 15° dia de gestacéo
(Artigo). No 20° dia de gestagdo foi realizada uma | aparotomia para a retirada dos fetos
e a observacao do aparecimento de malformactes morfol bgicas externas e esquel éticas.
N&o foram observadas mortes maternas e fetais nos grupos expostos ao (dSe),. A
exposicdo causou uma diminuicdo do ganho de peso corporal materno (corrigido) nas
duas maiores doses testadas, aém de um aumento no peso relativo do figado destas
ratas, indicando que o composto causou toxicidade materna. A exposicéo ao (JSe),
alterou significativamente os parametros de desenvolvimento avaliados (peso e medidas
corporais fetais). Além disso, verificou-se um aumentou de incidéncia de alteragGes na
ossificagcd do esqueleto desses fetos, em todas as doses avaliadas, porém, estas
alteragbes sdo consideradas variacBes que sdo geralmente reversiveis e parecem néo
apresentar riscos a vida. Observou-se também que as placentas das ratas que foram
expostas a0 (JSe), apresentavam alteragdes na morfologia, tais como, congestdo
vascular, aumento da infiltragdo leucocitéria e uma intensa atividade fagocitica. Estes
efeitos parecem ter contribuido para os efeitos adversos encontrados nas proles
analisadas. No segundo trabalho apresentado nesta dissertacéo, as ratas prenhas foram
expostas ao (F3CdSe), (1; 5 ou 10 mg/kg) ou ao seu veiculo (6leo de canola) através de
entubacdo gastrica, do 6° ao 15° dia de gestacdo (Manuscrito). Foram avaliados os
mesmos parametros do primeiro trabalho. A administracdo das doses de 5 e 10 mg/kg
de (F3C@Se), causou uma diminuicéo de ganho de peso corporal materno, acompanhada
de uma diminuicdo de consumo de alimento na maior dose administrada. Além disso, as
ratas que receberam a maior dose do composto tiveram um aumento do peso do figado
(absoluto e relativo). Estes dados confirmam que o figado € o 6rgéo alvo da exposi¢éo a
compostos de Se. Diferentemente da exposicdo a0 (DSe),, a administragdo de
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(FsCDSe), ndo aterou 0 peso e as medidas corporais fetais. Entretanto, o composto
causou embrioletalidade na maior dose testada. Este efeito parece ser do tipo tudo-ou-
nada, uma vez que levou a reabsorcdo total de metade das ninhadas estudadas, sendo
gue a outra metade ndo foi afetada pelo composto. Nesta dose também foram
observadas variagdes esqueléticas, que igualmente ao estudo com (@Se), parecem nao
apresentar riscos a vida. A andlise morfoldgica das placentas também revelou que a
exposicdo ao (FsCJdSe), foi capaz de aterar de forma significativa a morfologia da
placenta. Portanto, com base nos resultados encontrados, concluimos que a exposicéo
materna a0 (JSe), e a0 (FsCASe), ndo provocou 0 aparecimento de malformacdes
externas visiveis, porém, aumentou a incidéncia de alteracbes esqueléticas nos fetos,
alteragdes essas que ndo afetam a sobrevivéncia dos mesmos. A exposicdo aos
organocalcogénios também modificou a morfologia das placentas o que pode ter
contribuido para o atraso no desenvolvimento intra-uterino observado nas proles.

Palavras-chave: Selénio, Toxicidade, Exposicéo Intra-Uterina, Placenta e Ratos.
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Selenium (Se) is an essentia trace element for man and is known for itsrole in
regulating growth and development of the fetus and newborn. It is well known that Se
deficiency is related to miscarriages and pre-term deliveries. However, it is established
that Se compounds, depending of dose, can be highly toxic to severa species of
animals. The organoselenium compounds, diphenyl diselenide [(PhSe);] and 3 3-
ditrifluoromethyldiphenyl diselenide [(FsCPhSe),] were the target of this study since
they present important pharmacological properties. Therefore, it is necessary to dtudy
the effects of these compounds on the embryofetal development. The purpose of the
present study was to evauate the effects of (PhSe), and (FsCPhSe), administration
during the organogenesis period of intrauterine development of Wistar rats. Dams were
subcutaneously exposed to (PhSe), (1.5, 3.0 or 6.0 mg/kg) or only vehicle (canola oil),
from days 6 to 15 of gestation (Article). External and internal fetal examination was
performed at gestational day 20. No mortality was observed in fetuses or dams at any
(PhSe), treatment. A decrease in maternal body weight gain (corrected) was found in al
(PhSe), groups and aso an increase in the liver relative weight were observed in these
dams, indicating maternal toxicity. Exposure to (PhSe), produced significant changesin
fetal body weight and biometry. Furthermore, we verify an increase in the incidence of
skeletal alterations of fetuses of all (PhSe), doses tested, however, these alterations were
considered variations that are generally reversible and is unlikely to adversely affect
surviva or health. (PhSe), was capable to cause some morphological modifications on
placentas such as vascular congestion, an increase in leucocyte infiltration and
phagocytosis. These effects might have contributed with adverse reproductive outcomes
observed in the progeny. In the second work presented in this dissertation
(Manuscript), pregnant rats were given, viaintragastric intubation, 1, 5 or 10 mg/kg of
(FsCPhSe), or vehicle (canola oil), from days 6 to 15 of gestation. The parameters
evaluated were the same of the first study. Administration of 5 and 10 mg/kg of
(FsCPhSe), decreased maternal weight gain during pregnancy and this was
accompanied by areduced food consumption in the higher dose. Furthermore, there was
an increase in liver absolute and relative weight of dams given the higher dose. These
data confirm the liver as the primary target organ for Se compounds exposition.
Differently from (PhSe), exposure, (FsCPhSe), administration did not alter fetal body
weight and biometry. However, the compound caused embryolethality in the higher
dose tested. This effect seems to be “all or none” since it led to totally resorption of
some litters and the others were not affected by the compound. In this dose level, it was
also observed a number of skeletal variations that, equally to (PhSe), study, seems



unlikely represent survival risks. The placentas morphological analysis reveaed that
exposure to (FsCPhSe), was able to ater placental morphology. On the basis of results
mentioned above, we conclude that maternal exposure to (PhSe), and (FsCPhSe), did
not cause externally visible malformations but they were able to increase fetuses
skeletal aterations incidence, without affecting fetuses survival. Organoselenium
compounds aso alter placental morphology that could contribute with adverse
reproductive outcomes observed on the progeny.

Keywords: Selenium, Toxicity, Intrauterine Exposure, Placenta and Rats.
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APRESENTACAO

No item INTRODUCAO, esta descrita uma breve revisio bibliogréfica sobre os
temas estudados nesta dissertagéo.

Os resultados que fazem parte desta dissertagdo estéo apresentados sob a forma
de artigo e manuscrito, que se encontram no item TRABALHOS CIENTIFICOS. As
secOes Materiais e Métodos, Resultados, Discussdo e Referéncias Bibliogréficas,
encontram-se nos proprios artigos e representam a integra deste estudo.

Os itens, DISCUSSAO E CONCLUSOES, encontrados no fina desta
dissertacdo, apresentam interpretagdes e comentarios gerais sobre os artigos cientificos
contidos neste trabal ho.

Nas PERSPECTIVAS, estdo expostos alguns estudos para continuagdo deste
trabalho.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citagdes que
aparecem nositens INTRODUCAO e DI SCUSSAO desta dissertacéo.

XVi



1. INTRODUCAO

1.1. TOXICOLOGIA DO DESENVOLVIMENTO

1.1.1. HISTORIA DA TERATOLOGIA

Teratologia (do grego ‘teras = monstro) € a ciéncia que se dedica ao estudo das
malformagdes ligadas a uma perturbacdo do desenvolvimento embrionario ou fetal
(Persaud, 1979). Este termo é empregado para denominar ateragdes morfologicas
ocorridas em um determinado periodo do desenvolvimento embrionario. A histéria da
Teratologia, uma ciéncia essencialmente descritiva, nos remete a reflexdes sobre as
diversas religides, crencgas, visdes e o grau de desenvolvimento tecnoldgico em
diferentes civilizagbes ao longo dos tempos.

Os “monstros’ e as maformacfes congénitas fascinaram a humanidade por
seculos. O mais antigo registro associado a malformagdes humanas foi encontrado na
Turquia, era uma estatueta de marmore de 6500 AC, que retrata uma divindade
dicefdlicaefoi citada por Josef Warkany em suas obras literérias dedicadas ao estudo da
Teratologia Experimental (Warkany, 1977). Na antiga Babilonia, acreditava-se que o
nascimento de criangas anormais era um evento premonitério de assuntos econdmicos e
politicos do pais (Persaud, 1979).

A busca por explicagbes que pudessem esclarecer o nascimento de criangas
malformadas foi fato marcante ao longo dos tempos e gerou o aparecimento de crengas.
Uma das crengas que persistiu por muito tempo foi a de que as impressdes maternas
teriam um efeito sobre a formagéo e desenvolvimento da crianca. Por exemplo, quando
uma mulher olhasse firmemente para um homem forte e belo, seu filho nasceria com
tais caracteristicas. Na Grécia antiga, recomendava-se que as méaes gravidas passassem
parte da gestacéo a contemplar estatuas de poderosos deuses para que seus descendentes
viessem ao mundo com caracteristicas de beleza, forca e inteligéncia. Acreditava-se que
0 nascimento de criangas sem estes atrativos se devia a inobservancia destes conselhos
por parte dos pais (Fonseca, 1987).

A hibridizaggo, crenca que parece ter surgido na india e no Egito, atribuia o
nascimento de criangas com peculiaridades aberrantes e formas monstruosas a
caracteristicas semelhantes as observadas em diferentes espécies animais. O surgimento

da teoria da hibridizac8o pode ser explicado pela ocorréncia de algumas malformacdes,



tais como sindactilia, focomelia, ciclopia, ictiose, proboscitose etc, que conferem ao
neonato aparéncia que causa estranheza aos olhos dos homens e que nos remete a
comparagdes com as formas anatdmicas de aguns animais (e.g. focomelia = foca,
ictiose = peixes, proboscitose = mamiferos proboscideos como a anta e o el efante etc).
No antigo Egito, o nascimento de “hibridos” era visto como intervencdo divina
engquanto que na Europa, durante a ldade Média, tal fato era associado a bruxaria e ao
pecado e, em geral, mée e filho eram condenados a morte (Silva, 1987).

No inicio do século XIX, o crescente estudo na aea da embriologia
experimental permitiu uma melhor compreensdo e um grande interesse sobre a origem
dos defeitos congénitos. Naguela época, a teratologia era considerada parte da anatomia
e da embriologia, sendo de carater descritivo, uma vez que ndo era possivel prevenir
nem tratar tais anomalias. O redescobrimento das Leis de Mendel e a idéia de que
alguns defeitos congénitos eram transmitidos de pais para filhos, instigou os cientistas a

procurar as explicacfes genéticas para as anomalias congénitas (Dunn, 1965).

1.1.2. BASES DA TOXICOLOGIA DO DESENVOLVIMENTO MODERNA

As investigacOes cientificas sobre a origem de malformacgfes congénitas em
mamiferos, assim como 0s ensaios preditivos relacionados a Toxicologia do
Desenvolvimento, sdo relativamente recentes (Lembnica, 2001). Varios fatores
contribuiram para este atraso, um deles esta relacionado a idéia preconcebida de que o
embrido e o feto estavam protegidos das agressdes pelas membranas extra-
embrionarias/fetais e pelas paredes abdominais e do Utero da mée. Acreditava-se que as
consequiéncias da exposi¢ado materna aos agentes ambientais poderiam ser, unicamente,
do tipo “tudo-ou-nada’, ou sgja, ou 0 agravo Seria severo o suficiente para causar a
morte do embri&o e a interrup¢éo da gravidez, ou entdo ndo causaria mal algum ao
concepto (Manson, 1986). Somente a partir da década de 1930, comegaram a surgir as
primeiras constatacfes experimentais de que a protecdo materna ndo era téo eficiente
guanto se julgava e que fatores externos poderiam causar anomalias em embrides de
mamiferos (Persaud, 1979).

As primeiras evidéncias que derrubaram hipbtese de protecdo da barreira
materna e mostraram a importancia do ambiente no desenvolvimento morfolégico do
feto foram apresentadas por Hale, em 1935. Ele constatou o0 aparecimento de

malformagdes (e.g. anoftalmia e fenda palatina) em porcos nascidos de maes com uma



dieta deficiente de vitamina A. Alguns anos depois, foi constatado que tanto a hipo-
guanto a hipervitaminose A estavam associados ao aparecimento de malformacdes
congénitas. Gregg em 1941, identificou o virus da rubéola como primeiro agente
ambiental a causar malformagdes congénitas. Ele observou que a infecgdo de mulheres
gravidas pelo virus da rubéola no primeiro trimestre de gestacdo |evava ao aparecimento
de malformacfes oculares, cardiovasculares, surdez e retardo mental. Neste contexto,
demonstrou-se experimentalmente que exposicdes in utero a xenobidticos e agentes
fisicos, tais como a radiacéo ionizante (raios X), o0s anti-neopléasicos e uma variedade de
outros agentes eram capazes de induzir malformagdes em embribes de mamiferos
(Manson, 1986).

Apesar dos acontecimentos descritos acima e outros ocorridos até meados da
década de 1960, ndo haviam sido estabel ecidas medidas suficientemente rigorosas para
proteger o embrido e o organismo materno dos agentes ambientais. Foi, entretanto, o
estudo de Lenz (1962) sobre as ateracdes congénitas causadas pelo uso da talidomida
por gestantes, que chamou a atencéo para o papel das drogas na etiologia das anomalias
congénitas. A talidomida (Contergan®) foi desenvolvida pelaindistria alema Gruenthal
Chemie, em 1954, quando os primeiros ensaios clinicos foram realizados. Em 1956, a
talidomida foi introduzida primeiramente no mercado aleméo como antigripal e, apds,
em 1957, como sedativo/hipnético, tendo como publico alvo para seu consumo as
pacientes gestantes. Foram realizados estudos em animais, utilizando apenas
camundongos e ratos, e a talidomida ndo demonstrou qualquer efeito teratogénico
(Lenz, 1988). Porém, foi no fina da década de 1950, através de levantamentos
epidemiol 6gicos que se notou o nascimento frequiente de criangas com um tipo até entdo
raro de malformacdo caracterizada por encurtamento pré-axial (focomelia) e auséncia
total dos membros (amelia) (Saldanha, 1994). Este episodio ficou conhecido como
“Tragédia da Talidomida’. Apds ter sido caracterizada como teratogénica, a talidomida
foi retirada do mercado em 1961, deixando cerca de 10.000 vitimas em diferentes
paises. Sendo assim, a tragédia da talidomida iniciou uma nova era para os estudos da
teratologia experimental, introduzindo, nas pesguisas, novos modelos de investigagéo,
como a ampliacdo do nimero de espécies animais testadas, além de ter dado o dertade
que, pelo fato do fendmeno de teratogénese ser espécie-especifico, uma extrapolacéo
exata dos resultados encontrados em animais para seres humanos € quase impossivel de
ser realizada (Saldanha, 1994).



1.1.3. CONS DERAGOES SOBRE OS DEFEITOS CONGENITOS

Atualmente, sabe-se que determinados xenobidticos, além de afetarem
diretamente o desenvolvimento pré-natal, podem causar seqlelas que sO serdo
detectadas na vida adulta Assim, enquanto muitas anomalias congénitas sdo
diagnosticadas j4 ao nascimento ou até antes desse (e.g. por ultra-sonografia ou por
amniocentese e exame do cariétipo), outras sO sd0 detectadas anos ou até mesmo
décadas depois, como € o caso da carcinogénese transplacentaria (e.g. adenocarcinoma
de vagina que resulta da exposi¢do in utero ao dietilestilbestrol e se manifesta em
mulheres adultas) (Herbst et al., 1971).

Para avaliar o efeito toxico de um determinado xenobidtico durante a gestacéo é
preciso levar em consideracéo que sua toxicocinética pode ser modificada por essa
condicao fisiol6gica que envolve ndo somente 0 organismo materno, mas sim, uma nova
unidade denominada unidade “materno-placentaria-feta” (Lemdnica, 2003). Varios
estudos mostram que a manutencdo da homeostasia é essencial ao desenvolvimento
embriofetal normal. Assim sendo, o aparecimento do efeito embriofetotoxico induzido
por uma determinada substéncia quimica pode resultar da interagdo desta substancia
com outros fatores que incidem sobre o organismo materno, como e.g. 0 estado
nutricional, idade materna, estresse e outros fatores ambientais (Chahoud et al., 2002;
Kuriyama et al., 2000; Noda et al., 2001; Chernoff et al., 1988; 1989). Algumas
doencas maternas, tais como o diabetes melito (Brydon et al., 2000) e estados como a
hipertermia (Edwards et al., 1995) podem igualmente comprometer 0S Processos
normais de embriogénese.

Assim como nos distlrbios descritos acima, a agdo de agentes quimicos sobre 0
organismo materno pode alterar o desenvolvimento normal da prole. Dentre os fatores
externos, as drogas representam aproximadamente 1% de todos os defeitos congénitos
de etiologia conhecida. Sabe-se que a maioria dos agentes quimicos atravessa
facilmente a placenta através de simples gradiente de concentracéo, desde que possuam
as propriedades fisico-quimicas necessarias para transpor as membranas. Além disso,
pode-se dizer que existe, para cada agente quimico, uma dose limite a partir da qual
comegcam a ser observados os efeitos toxicos sobre o desenvolvimento embriofetal
(Wilson, 1973; Nishimura & Tanimura, 1976).

A avaiag8o dos resultados dos testes em animais fornece uma idéia clara dos

efeitos toxicos das substancias quimicas sobre o organismo em desenvolvimento pré-



natal e sobre todo o ciclo reprodutivo em mamiferos. Assim, para utilizar estas
informagdes para avaliacéo da exposi¢céo humana, a Agéncia de Drogas e Alimentos dos
Estados Unidos (FDA), com base nos dados obtidos em animais e dados
epidemiolégicos, classificou os agentes quimicos segundo sua acéo tdxica pré-natal e
sobre areproducdo (Tabela 1).

Dessa forma, na avaliacéo da pericul osidade de uma substancia quimica deve-se
levar em consideracéo os efeitos da exposicdo pré-natal em ambos 0s organismos,
materno e fetal, respeitando-se a complexidade farmacolOgica existente interespécies
(Nau, 1986; Mont & Faustamn-Wats, 1983). No intuito de extrapolar os dados obtidos
nos diferentes estudos para o homem, devem ser feitas vérias consideragbes, ndo
somente referentes as diferencas mas também as similaridades dos processos

reprodutivos do homem e das espécies testadas.

Tabela 1. Classificagdo das substancias quimicas de acordo com o seu potencial

teratogénico, segundo o FDA

Categoria Descricdo

A Estudos controlados demonstram néo haver risco. Estudos adequados,

bem controlados, em mulheres gravidas ndo mostraram risco para o feto.

B Sem evidéncia de risco humano. Estudos em animais mostram risco,
mas estudos em humanos ndo o0 mostram, ou, se nd ha estudos

adequados em humanos, os estudos animais sdo negativos.

C O risco ndo pode ser afastado. Faltam estudos em humanos, e os estudos
em animais ou sdo positivos para o risco fetal ou igualmente faltam.

Entretanto, os beneficios potenciais podem justificar o possivel risco.

D Evidéncia positiva de risco. Dados de investigagdo preliminar ou pos-
comercializacdo mostram risco para o feto. Entretanto, os beneficios

potenciais podem ser maiores que o risco potencial.

X Contra-indicada na gravidez. Estudos em animais ou humanos, ou
relatos de investigacdo preliminar ou pés-comercializacdo, mostram
risco fetal que claramente se sobrepbe a qualquer possivel beneficio para

apaciente.




1.2. SELENIO

O elemento selénio (Se) foi descoberto pelo quimico sueco J. J. Berzelius, em
1817. O Se é um calcogénio do grupo 16 databela periddica, podendo apresentar-se sob
quatro diferentes estados de oxidacgo: selenato (Se*®), selenito (Se™), selénio elementar
(Se”) e seleneto (Se?).

O Se é um elemento tragco essencial para os mamiferos, importante para muitos
processos celulares. Na primeira metade do século XX, descobriu-se que o Se
apresentava toxicidade, e por isso foi considerado um elemento indesgjavel para os
organismos. A toxicidade do Se foi comprovada em 1933, quando descobriu-se que
animais de fazenda consumiam plantas que tém a capacidade de acumular grandes
guantidades de Se do solo, como as dos géneros Astragalus, Xylorrhiza, Oonopsis e
Sanleya, encontradas na regido oeste dos Estados Unidos (Ol dfield, 1987).

Ja na segunda metade do século XX, Schwarz & Foltz (1957) demonstraram que
0 Se, em baixas concentracfes na dieta, era um nutriente essencial. O elemento Se esta
presente no sitio ativo, na forma de residuo de selenocisteina, das enzimas glutationa
peroxidase, tiorredoxina redutase e 5'-deiodinase. Nos Ultimos anos, os dados na
literatura demonstram que baixos niveis de Se podem levar a predisposicdo para o
desenvolvimento de algumas doencas, tais como cancer, esclerose, doenca
cardiovascular, cirrose e diabetes (Navarro-Alarcon & LoOpez-Martinez, 2000). Neste
contexto, a suplementacéo de dietas com Se tém sido aceita pela comunidade cientifica,
sendo que a Junta de Alimentacdo e Nutricdo da Academia de Ciéncias dos Estados

Unidos propde umaingestéo diéria de 50 - 200 ng (Food and Nutrition Board, 1989).

1.2.1. SELENIO E GESTACAO

O Se é um elemento importante para a regulacéo e desenvolvimento do feto e do
recém-nascido (Ewan, 1976), sendo que a deficiéncia desse elemento pode ocasionar
abortos (Barrington et al., 1996; Al-Kunani et al., 2001) e nascimentos prematuros
(Dobrzynski et al., 1998). Os niveis de Se no sangue sdo menores em mulheres gravidas
do que em mulheres ndo-gravidas (Mihailovic et al., 2000) e estes niveis diminuem com
a idade gestacional (Zachara et al., 1993). Em 1990, Lu demonstrou que havia uma

grande incidéncia de hipertensdo em mulheres gravidas em umaregido da China que era



deficiente de Se, e que a suplementacdo com Se foi eficaz de diminuir aincidéncia desta
doenca.

Os estudos sobre os niveis de Se maternos durante a gestacdo apresentam
resultados variados, porém, a maioria demonstra que ha uma diminuicdo destes niveis
pelo fato da demanda metabdlica por Se estar aumentada e também pelo fato do
organismo fetal estocar Se, necess&rio como componente de enzimas antioxidantes
(Wasowicz et al., 1993; Makhoul et al., 2004). Além disso, sabe-se que baixos niveis de
Se maternos estdo positivamente correl acionados com um baixo peso ao nascer (Bogden
et al., 2006).

Por outro lado, dados na literatura demonstram que o0 Se, em altas doses, pode
apresentar efeitos tdxicos para o desenvolvimento intra-uterino. A exposi¢éo a formas
inorganicas de Se causa 0 aparecimento de malformagdes embriondrias em patos
(Hoffman & Heinz, 1988) e galinhas (Palmer et al., 1973). Sabe-se que a administracéo
de selenito ou selenato aumenta a incidéncia de malformagfes embrionarias em cultura
de embrides de ratos (Usami et al., 1999). Outros estudos também demonstraram que a
exposicdo a0 selenito de sodio causou edema no pericardio e maformagdes no
esgueleto de peixes (Teh et al., 2002). Em camundongos, o Se causa aborto e retardo no
crescimento dos fetos expostos a doses materno-téxicas, mas ndo mostrou efeitos
teratogénicos (Y onemoto et al., 1983). Ndo foram observadas malformactes fetais em
macacas prenhas que receberam selenometionina durante a gestacdo (Taranta et al.,
1991). Por outro lado, esse mesmo composto foi teratogénico em hamsters (Ferm et al.,
1990). Quando administrado durante a gestagdo, foi observado que este elemento
atravessa a barreira placentaria e € distribuido aos tecidos fetais (Shariff et al., 1984;
Bedwal & Bahuguna, 1994).

1.2.2. ORGANOCALCOGENIOS

Desde a década de 30, os organocalcogénios, importantes intermediarios e
reagentes muito utilizados em sintese organica (Paulmier, 1986; Braga et al., 1996;
1997), passaram a ser alvo de interesse dos quimicos em virtude da descoberta de
aplicacbes sintéticas (Petragnani et al., 1976; Comasseto, 1983) e de propriedades
biol 6gicas desses compostos (Parnham & Graf, 1991; Kanda et al., 1999). Com isso, 0
risco de contaminacdo ocupacional por organocalcogénios motiva o0s estudos

toxicologicos. Outro aspecto relevante € a tentativa crescente de desenvolvimento de



compostos organocalcogénios que possuam atividade biologica e aplicacdes

farmacol 6gicas (Nogueira et al., 2003c).

1.2.2.1. DISSELENETO DE DIFENILA

O disseleneto de difenila (Figura 1), (9Se),, um composto organico de selénio,
demonstrou ser mais ativo como mimeético da glutationa peroxidase (Meotti et al., 2004)
e menos téxico em roedores do que o ebselen (Nogueira et al., 2003a; Meotti et al.,
2003), outro organocal cogénio gue exibe atividade catalitica e propriedades antioxidantes
similares a glutationa peroxidase (Parnhan, 1990). Além disso, nosso grupo de pesquisa
demonstrou que o (JSe), possui diversas propriedades farmacoldgicas, tais como
efeitos anti-Ulcera (Savegnago et al., 2006), antiinflamatorio e antinociceptivo
(Nogueira et al., 2003a; Zasso €t al., 2005), hepatoprotetor (Borges et al., 2005), entre
outros.

Além das propriedades farmacol 6gicas, 0s compostos organicos de Se, incluindo
0 (JSe),, séo conhecidos por induzir toxicidade in vitro e in vivo. Nosso grupo de
pesguisa demonstrou que formas organicas de Se podem ser neurotéxicas (Moretto et
al., 2003; Nogueira et al., 2003c), causar toxicidade renal (Meotti et al., 2003), ou
serem nocivas para proteinas ou enzimas de varios tecidos de mamiferos, tais como a
enzima o-ALA-D (Barbosa et al., 1998; Maciel et al., 2000; Farina et al., 2001; Bolzan
et al., 2002; Nogueiraet al., 2003b).

=
Y

Figura 1. Estrutura quimica do Disseleneto de Difenila

Dados recentes mostram que a administragdo Unica de (@Se),, em atas doses
(50 e 100 mg/kg), ndo causa o aparecimento de malformagdes externas nos fetos, porém
aumenta a incidéncia de anomdias no esqueleto, um sinal de retardo no

desenvolvimento intra-uterino (Favero et al., 2005). Apesar deste estudo ter sido



realizado, ndo ha dados na literatura sobre os possivels efeitos do (JSe), em baixas
doses, durante todo o periodo da organogénese (i.e. formacdo dos 6rgéos e demais

partes do corpo do feto), em roedores.

1.2.2.2. DISSELENETO DE 3'3-DITRIFLUORMETILDIFENILA

O dissdleneto de 33-ditrifluormetildifenila (Figura 2), (FsC@Se),, € um
composto que apresenta um substituinte “retirador” de elétrons na posi¢éo meta do anel
aromaético do (3Se),. Os dados do nosso grupo de pesquisa para este composto s&o mais
escassos, quando comparado aos do (JdSe),. Nogueira et al. (2003c) demonstrou que a
introducéo do substituinte CF3; na molécula do (dSe), aboliu completamente o
aparecimento de episoddios convulsivos em camundongos, quando injetado na dose de
200 pmol/kg. Nesta mesma dose, 0 (JSe), causou 100% de convulsdo em
camundongos. Entretanto, esta substituicdo causou uma diminuicdo da capacidade
antioxidante e da propriedade tiol peroxidase-like do (@Se),. Outro estudo demonstrou
gue a administracdo sistémica de (FsCdSe), atenuou o comportamento de psicose
induzido em camundongos, em uma dose que ndo afetou outros parametros
comportamentais (Machado et al., 2006).

Diferentemente do (3Se),, ndo ha dados na literatura demonstrando os efeitos da

administragéo do (FsCdSe), durante o desenvolvimento intra-uterino de roedores.

F3C

Se

CF;3

Figura 2. Estrutura quimica do Disseleneto de 3'3-Ditrifluormetildifenila



2. OBJETIVOS

Este estudo tem como objetivos:

- Investigar os possiveis efeitos do (JSe), e do (FsCdSe),, em baixas doses,

durante o periodo da organogénese da gestacéo de ratas Wistar;

- Identificar as possiveis anomalias esquel éticas fetais, apos a administracéo de

ambos 0s compostos durante o desenvolvimento intra-uterino das ratas,

- Avdiar as possiveis dteracdes morfologicas das placentas, apds a

administracéo dos compostos durante o periodo da organogénese da gestacdo das ratas.
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3. TRABALHOSCIENTIFICOS

Os resultados que fazem parte desta dissertagdo estéo apresentados sob a forma
de artigo e manuscrito cientificos, os quais encontram-se agui organizados. Encontram-
se nos proprios trabalhos os itens: Introdugdo, Materiais e Métodos, Resultados,
Discussdo e Referéncias Bibliograficas. O artigo esta disposto da mesma forma que foi
publicado na edicdo darevista cientifica. JA 0 manuscrito encontra-se naforma em que
foi submetido para revisdo (ainda ndo publicado).
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Abstract

The present study was carried out to investigate the effects of diphenyl diselenide. (PhSe)s, on embryo-fetal development. Dams were treated
subcutaneously with 1.5, 3.0 and 6.0 mg/kg (PhSe), from days 6 to 15 of pregnancy. After cesarean section at gestation day (GD) 20, external and
skeletal abnormalities were evaluated. A decrease in maternal body weight gain was found in (PhSe), groups, indicating maternal toxicity. There
was a reduction in the fetal weight and in crown-rump (CR) length of fetuses at three doses tested. The occipito-nasal length decreased in fetuses
from dams exposed to 3.0 mg/kg (PhSe);. Signs of delayed ossification in the skull, sternebrae and limbs were observed in all (PhSe); groups,
revealing a relation between morphological alterations and growth retardation in fetuses, but none of the changes appeared to be dose-dependent.
Exposure of dams to (PhSe); resulted in altered placental morphology that may have contributed to adverse reproductive outcomes. We concluded
that (PhSe); is toxic to dams and induces developmental delay of the fetal skeleton, but does not cause externally visible malformations in rat

fetuses, in this experimental procedure.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Selenium; Diphenyl diselenide: Toxicity: Fetal development; Growth retardation: Pregnancy

1. Introduction

In recent years, selenium (Se) has become an important trace
element studied. Selenium is an essential trace element for man
and is known for its role in regulating growth and development
of the fetus and newborn [1]. Selenium is required for the intra-
cellular antioxidant system as a structural component of the
active center of glutathione peroxidase and other antioxidant
selenoproteins [2]. Some studies have suggested that selenium
deficiency is related to adverse outcomes of pregnancy and
decreased maternal selenium levels have been related to mis-
carriages [3.4] and pre-term deliveries [5].

Several selenium compounds such as selenate, selenite and
selenomethionine may be powerful toxicants, both in humans
and animals [6] and teratogens in vivo [7]. It was shown that rat
embryos had susceptibility to Se teratogenicity. Usamiet al. have
reported that selenite or selenate alone increased the incidence

# Corresponding author. Tel.: +55 55 3220 8140: fax: +55 55 3220 8078,
E-menl address: greni@guimicaufsm.br (G, Zeni).

0R90-6238/% — see front matter © 2006 Elsevier Inc. All rights reserved.
doi: 10,101 6f. reprotox. 2006.09.008

of embryonic malformation in rat embryo culture [8]. Further-
more, previous studies evaluating the role of teratogenic effects
of sodium selenite showed pericardial edema and deformities of
skeletal tissues from fishes exposed to it [9].
Organochalcogens are important intermediates and useful
reagents in organic synthesis [ 18,10], which can increase human
exposure risk to these chemicals in the workplace. Our group
has exhaustively studied the toxicology and pharmacology of
organoselenium compounds [10]. Therefore, (PhSe); has been
reported as an antiulcer, antisecretory [11], antiinflammatory
and antinociceptive compound [12]. In vitro and ex vivo stud-
ies have also demonstrated that organoselenium compounds
are potential antioxidant compounds [13.14] and this activ-
ity could be related to the protective effect of 100 umolkg
(30 mg/kg) (PhSe)» against 2-nitropropane induced hepatic
damage [15]. Regarding the toxicity of organoselenium com-
pounds, we have recently reported that a single high dose of
{PhSe);. given acutely to dams at (a particular) different day
of gestation, increased the incidence of fetuses skeletal anoma-
lies and caused delay on growth and intrauterine development
[16]. Besides, a low dose of diphenyl ditelluride, a structural
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analogous of (PhSe)z, showed a potential teratogenicity in rats
[17].

Taking this in consideration, we delineated the present study
in an attempt to investigate the effects of (PhSe)»>, when admin-
istered at repeated doses during the period of organogenesis (GD
6-15) to dams, on rat offspring. Thus, the current study design
differs from the previous one [16] as in the timing of adminis-
tration as in the dosing scheme.

2. Materials and methods
2.1, Test chemical

Diphenyl diselenide was synthesized according to literature methods [18].
Analysis of the "H NMR and € NMR spectra showed that (PhSe); obtained
presented analytical and spectroscopic data in full agreement with its assigned
structure. The chemical purity of (PhSe)z (99.9%) was determined by GC/HPLC.
2.2. Amimals
Sexually naive fernale Wistarrats ( 180-250 g) from our own breeding colany
were used. The animals were maintained on a 12-h light:12-h dark cycle. in an
air-conditioned room (22-24 °C), with free access to water and food (GUABL
RS, Braril). The animals were used according to the guidelines of the Committee
on Care and Use of Experimental Animal Resources, the Federal University of
Santa Maria, Brazil.

Table 1
Maternal findings of dams exposed to diphenyl diselenide during organogenesis

2.3, Experimental procedure

Virgin female rats in the proestrous and estrous phases of the cycle
were mated overnight with young male rats previously determined to be fer-
tile (three females were cohabited with one male). The day when sperm
was detected in the vaginal smears was considered to be day 0 of preg-
nancy. Pregnant rats were removed., distributed on a random basis into
groups of 12-13 pregnant dams each and housed individually in standard
polypropylene plastic cages (4l cm x 34 cm x 18em) with wood shavings as
bedding. The dams received 1.5, 3.0 and 6.0mghkg (PhSejz by subcuta-
neous (s.c) injection on gestation days (GI)) 6-15, The volume of each
dose was adjusted to I mlkg total body weight. Control groups received only
canoly oil (vehicle, 1 mlkg) (BUNGE Alimentos SA. Brazil). Dams were
daily examined for obvious signs of illness. Maternal weight was recorded
daily to GI 20, Food intake was performed during the pregnancy study
o exclude that the effects of (PhSe); were a result of a reduction in food
intake.

The doses used in this study were determined based on the data previously
reported by us, in which an acute administration of different doses of (PhSej. 50
and 100 mg/kg. al a particular day of gestation. did not affect any parameter and
increased the incidence of skeletal anomalies, respectively [ 16]. Since the doses
of (PhSe)y used inthis study are cumulative. an animal receiving 3.0mg/kg/day
for 10 days would be exposed to 30 mg/kg total. Thus, the maximal dose of
(PhSe)z attained in 10 days was 60 mg/kg.

On gestational day 20, dams were submitled to euthanasia by chloroform
(Merck., Darmstadt, Germany) and their uterine horns were removed. The mater-
nal uterus. liver, brain. kidneys and spleen were removed and weighed. The
number of implantation sites, resorptions, dead and live fetuses were also

Control

(PhSe); (mglkg per day)

1.5 30 6.0

Parameters
Mo, Of dams 12
Body weight on GD 0 204,33 £15.56

Body weight gain (g)
Days 0-20 (gestational period)
Days 615 (treatment period)
Corrected body weight gain (g)*
Corrected body weight”
Gravid uterus weight (g)

86.50£10.89
28.67£7.01

3L15£6.20
23548 £18.03
55.35+£12.57

Organ weight on GD 20

Brain (g) LIT£0.06
Per body weight ()¢ 076006
Liver (g) 1168 £1.09

4974040
0.76+£0.07
0.33£003
0.66+0.12

0.28£0,05

Per body weight (%)
Kidney (g)

Per body weight (%)
Spleen (g)

Per body weight (%)
Organ/brain ratios (%)

Liver 66 1.0 £65.0
Kidney 43.0+50
Spleen 3T0£60

13 13 12
205311611 20838 £ 1395 200192£ 1176

64.08 + 14.34"
115845907

66.08 4+ 14.48"
17.54+6597

7415+ 18.23°
M0.6247.63"

25554 12.79 1890 +£9.34° 19.90 + 14.28°
230,864 2501 2770+ 11.16 221.83+17.89
4861 £0.15 50.14412.12 44.18 £ 10.32"
1L77£0.07 L75£0.06 176 +0.08
0.78+0.10 0.77+0.04 0.80%+0.08
12.10 £ 165 12.05£0.76 11.87+ 166
5234031 5204022 5334037
0.82+0.09 0.76+0.07 0.78+0.08
0.3640.06" 0.34%0.03 0354003
0.65+0.19 0.64%0.14 0.61+0.18
0.28£0.07 0.28 £ 0.06 027007

6R1.OE9L0
46.0+6.0
370100

GRO.0E£41.0
43.04+40
3T.0£R80

676.0 £ 108.0
450+6.0
3504100

Jata are expressed as mean £ 8.1,

* Corrected body weight gain = maternal body weight gain on GIY 020 minus gravid uterus weight.

" Corrected body weight = final body weight minus gravid uterus weight.
¢ Relative weight calculated using corrected body weight.

* Significantly different from the control group at P<0.05.

* Significantly different from the control group at P<0.01.
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recorded. The fetuses and their respective brains, livers and placentas were
weighed. These feluses were examined under magnification for gross exter-
nal malformation. The viability of the fetuses was determined by the pres-
ence of spontaneous breathing or responses to tactile stimulation. Findings
jed according to cumently used nomenclature [19]. Fetal biometry
was performed [20]: crown-rump (CR) length; occipito-nasal length: trans-
cervical diameter: trans-umbilical diameter. To identify internal skeletal alter-
ations, one-third of the live fetuses from each litter were preserved in 70%
ethanol and later in acetone, glycernl (Menck) and aleohol benzylic (Sigma,
St Louis. MO). After that. they were stained with Alizarin Red § (VETEC.
Rio de Janeiro, Brazil) by the technique described by Staples and Schnell

[21].

2.4, His

Six placentas from each group were randomly selected for a microscopic
morphology analysis. The placentas were cut in two equal parts. placed in a
solution of 10% formalin, pH 7.4 phosphate-saline and embedded in paraf-
fin. Sections 4 pm thick were obtained and stained with haematoxylin-eosin
or Schiff perindic acid to further analysis in a light microscope. Scores
were attributed for each alteration according to the predominance of alter-
ations on the slides evaluated as absent (0), reduced (1), moderate (2) or
intense (3).

2.5, Statistical «

The litter was used as the experimental unit. Statistical significance was
assessed by analysis of variance { ANOVA), followed by Duncan’s test for paired
comparisons between groups, when appropriate. For histopathological analysis,
groups were examined using Kruskal-Wallis test to determine the differences
among groups. Whenever a significant trend was noted. pairwise comparisons

Tahle 2

Reproductive findings of dams exposed to diphenyl diselenide during organogenesis

were made using the Mann—Whimey U-test. A value of P <0.05 was considered
to be significant.

3. Results
3.1 Maternal observation

The maternal findings for pregnant rats treated subcuta-
neously with {(PhSe); on days 615 of pregnancy are presented
in Table 1. Neither maternal death nor behavioral changes were
observed. Accordingly, no treatment-related gross findings were
observed at necropsy of the dams in any group. {(PhSe}),, at all
doses, induced a significant decrease in the body weight gain
(GD0-20)and in the interval GD 615 (treatment period). Treat-
ment with 6.0 mg/kg (PhSe)» caused a significant decrease in
gravid uterus weight. A statistically significant reduction in cor-
rected weight gain (whole pregnancy weight gain minus gravid
uterus weight) was observed at 3.0 and 6.0mg/kg (PhSe);-
exposed dams. However, corrected body weight (final body
weight minus gravid uterus weight) was not affected by (PhSe):.
An increase in relative weight (relative organ-to-body weight
ratio) of liver was observed at 3.0 and 6.0mg/kg (PhSe)s.
There was also an increase in the relative weight of kidneys in
pregnant rats exposed to 1.5 mgfke (PhSe); during organogene-
sis. The relative organ-to-brain-weight ratio remained unaltered
(Table 1). Food consumption during gestation was similar in all
groups (data not shown).

Control (PhSe); (me/kg per day)
1.5 3.0 6.0
Paramelers
Litters 12 13 13 12
Implantations sites/litter 10.50£2.35 1015+ 1.86 10,15 £2.61 0.08 £1.88

Resorptions/litter 0.25+£0.62
Live fetuses/litter 10.08+£2.35
Diead Fetuses/itter 0.0840.29
Prenatal loss (per implantation sites/litter)* 312+ 629
Fetal body weight (g I 327017
Placental weight (g)" 047+0.04
Fetal biometry (em)”
CR length 357008
Occipito-nasal length 152003
Trans-cervical diameter 090+ 005
Trans-umbilical diameter L17£0.02
Fetal organ weights (g
Brain 0.1640.01
Per body weight (%) 481 £020
Liver 02740.02

Per body weight (%) B35+ 050
Fetal organ/brain ratio (% )"
Liver 17404140

0.77£1.01 0.23£0.83 (.58 £0.99
031 +1.84 0.9242.56 8504220
008 £0.28 0 0

B.14 £940 192+ 693 6.85 £13.02

30240.14" 30040.17" 3014027

.46 £0.04 0,48 +0.03 0,50 4 0.04
3474007 34340.01" 34340.2%
1.49 002 148 £0.04° 149 4+0.04
0.89 +0.04 (.88 & 0.04 0.87 £0.07
118 £0.06 117 0,04 118 £0.07
0,15 £0.01 0,15 £ 0.01 014 +0.01%
507 40.20° S.104022° 497 +0.44
0.24 004" 0.24 £002° 0.24 £0.03"
7954097 8.0940.57 £.09 4 0.60

157.0 £20.0° 159.0£ 150 164.0 £20.0

Drata are expressed as means £+ 5.0,

4 Prenatal loss (per implantation sites/litter) is presented as % of non-live implantation sites per litter.
" Felal endpoints were calculated as the group mean of the averages for each litter (n = number of liters).

* Significantly different from the control at P < 0.03.
" Significantly different from the control at P <0.01.
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Skeletal examination in fetuses of dams exposed to dipheny] diselenide during organogenesis

16

Parameters

Control

(PhSe); imgkg per day)

1.5 EN] 6.0
Total fetuses (litter) examined Skeletal alterations® AT 36 (12 380(13) A5(12)
Skull
Frontal
Incomplete ossification 278278 2499£11.71° 1025 £ 5.81 B33+435
Parietal
Incomplete ossification B33 L5098 3332 £ 1087 2690 +£6.93 2082 + 6,85
Interparietal
Incomplete ossification B33£508 43034929 41.01 £11.40° 2082 £ 708
Supraoceipital
Incomplete ossification 16.65 £ 871 A53+£0959 4228 +9.35 3608+ T.63
Bipartite 0 1596 +6.36 1025+443 833+£435
Asymetric 278278 278£278 7.68 £3589 B33L 598
Squamaosal
Incomplete ossification 0 B33+R34 5124347 STRE2T8
Zygomaticum
Incomplete ossification 278278 2I8+278 0 2T78+278
Slight fused with Pj. os maxilla 0 0 256 £2.56 0
Maxilla
Incomplete ossification 0 BA3LR34 0 0
Cervical vertebrae
Incomplete ossification 0 555£556 1025 +£6.93 19.43 + BAT"
Thoracic vertebrae
Incomplete ossification 0 555+£556 768 +£553 0
Sternebrae
Incomplete ossification AT4RERTY 79.15+8.99° 79.46 £ 8.03° 69.40 + 6.4
Misshapened Me0+724 548441040 6023 £9.15 5136+ 0.51
Bipartite 278278 278278 768 £4.04 0
Fused 0 0 256 £2.56 0
Ribs
Incomplete ossification 0 5554556 0 0
Short supernurmerary”
Bilateral B33+435 11.10+4.74 1025+ 581 15274695
Unilateral 1318 +628 555+375 1282 +£8.03 B33£508
Wavy 0 555+556 0 1. 10+£474
Puhis
Incomplete ossification 0 5554556 0 0
Ischium
Incomplete ossification 0 1111 +8.55 0 0
Forepaw
Inepl. oss. of metacarpal bones 0 10424841 2.56 £ 2.56 278278
Digits incompletely ossified 0 3263E1234° 23.06 £8.74 110+6.27
Hindpaw
Incpl. oss. of metatarsal bones 278 £2.78 1041 £6.08 5.12+£347 2784+2.78
Digits incompletely ossified 1388 +9.60 R2.07+1207 57.67 + 10.08° 4442 £ 10.34°
Lumbar vertebrae
Incomplete ossification 0 BA3LR34 0 2784+2.78
Sacral vertebrae
Incomplete ossification 4165 £ 12.4] 6524 £7.25 7817 £5.13" SE31£ 1171
Candal bones
Incomplete ossification 9724522 26241008 4613 +1101° 3332+ 1006

Inepl. oss., bone incompletely ossified: . os maxill.. maxillary bone. zygomatic process.
* Data are presented as mean percentage of fetuses affected per litter {mean + 8 EM.L

" Lumbar ribs, they measured one half and more than one half the length of the last thoracic ribs.

* P <005 compared o the control group by one-way ANOVA.
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3.2, Reproductive findings

No litters totally resorbed were found in any group. No sig-
nificant differences were observed in the number of implantation
sites, resorptions as well as dead and live fetuses in treated groups
when compared to those of the control group (Table 2). The body
weight of fetuses obtained from dams treated with 1.5, 3.0 and
6.0mg/ke of (PhSe), was significantly lower than in the control
group.

There were no changes in the placental weight among
groups. Exposure of 1.5, 3.0 and 6.0mg'keg (PhSe); caused
a reduction in the crown-rump length of fetuses when com-
pared to the control group. The occipito-nasal length was
found decreased in fetuses which dams received 3.0mg/kg
(PhSe); during organogenesis. In contrast, {(PhSe); did not
induce significant changes in trans-cervical and trans-umbilical
diameters. The absolute fetal brain weight was significantly
decreased when the higher dose of (PhSe); was administered
to dams. Conversely, fetal brain weight relative to body weight
was significantly increased in the 1.5 and 3.0 mgfkg groups
{Table 2).

{PhSe)z exposure, at all doses, induced a reduction in abso-
lute fetal liver weight, but relative weight remained unaltered.
Besides, a reduction in the liver-to-brain-weight ratio from
fetuses whose mothers received 1.5 mg/kg (PhSe); was observed
{Table 2).

3.4, Skeletal examination

There was an increase in the incidence of litters with skeletal
alterations in all (PhSe), treated groups (Table 3). Statistically
significant skeletal alterations such as incomplete ossification of
frontal, parietal and interparietal bones, of sternebrae, of forepaw
and hindpaw digits and supraoccipital bipartite were seen in
fetuses of pregnant rats treated with 1.5 mg/kg (PhSe),.

In 3.0 mg/kg (PhSe)> group, skeletal alterations statistically
significant were: incomplete ossification of interparietal, sterne-
brae and hindpaw digits, and an increase in the incomplete
ossification of sacral vertebrae and caudal bones.

In 6.0 mg/kg (PhSe)2 group, there was a statistically signifi-
cant increase in the incomplete ossification of cervical vertebrae,
sternebrae and hindpaw digits as well as the appearance of wavy
ribs.

3.4. Histopathology evaluation

In general, placentas from the dams treated with (PhSe);
showed alterations when compared to the control group, but
these alterations were not dose-related. At maternal—fetal inter-
face, degeneration of trophoblast giant cells and vascular con-
gestion were observed. Moreover, a statistically significant
increase in leukocyte infiltration was found in groups treated
with 1.5 and 3.0 mg/kg (PhSe)> (H=8.89, P=0.015). In the

Fig. 1. Photomicrographs from placentas of control dams (A) and dams exposed to 1.5 (B), 3.0 (C) and 6.0 (13) mg/kg (PhSe) during organogenesis. Note the
vascular congestion (*) and cells degeneration (&) in the spongiotrophoblast. Trophoblast giant cells with a marked phageeytic activity (— ). Spongiotrophoblast

(8. labyrinth (L) and decidua (I3) (HE. »400).
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spongiotrophoblast area, cells exhibited large number of phago-
somes, undifferentiated cells predominated and a significant
increase in the number of glycogen cells was observed at all
(PhSe); doses (H=10.09, P=0.014). In the labyrinth, hem-
orrhage and an extensive area of cells degeneration, vascular
congestion as well as multiple areas containing hemosiderin
deposits in all doses tested were observed, but these alterations
were not statistically significant (Fig. 1).

4. Discussion

Selenium, as an integral component of the enzyme glu-
tathione peroxidase, plays an important role during pregnancy
[22]. It is believed that deficiency of selenium in humans and
animals may be the cause of some health complications [22-24].
Selenium., at low concentrations, is an essential biological trace
element necessary for growth of animals and men, but it has
toxic effects at high concentrations [25].

The maternal body weight gain can be influenced by devel-
opmental effects (reduced litter size and reduced fetal weight),
thus, when the developmental toxicity is absent alterations in this
parameter can be interpreted as an indicator of maternal toxic-
ity. The results of this study demonstrated that (PhSe )2 exposure
reduced the body weight gain during treatment at all (PhSe),
doses, while corrected body weight gain was reduced only at
3.0 and 6.0 mg/kg (PhSe)s.

Relative weights of liver (at 3.0 and 6.0 mg/kg (PhSe)2) were
increased, without affecting absolute weights. Since corrected
body weight did not differ among groups, these resuits were
interpreted as an indicative of primary target organs toxicity.
In fact, the liver is vulnerable to chemical injuries due to its
anatomical proximity to the blood supply and digestive tract as
to its ability to bio-transform and concentrate xenobiotics [26].
Accordingly, there are evidences that (PhSe)2 increases liver-to-
body weight ratio when given to mice [27].

The placenta and the extraembryonic membranes are essen-
tial interfaces between the mother and the embryo/fetus. These
membranes participate in the nutrition process, nutrient trans-
port and hormonal control. Selenium efficiently crosses the
placenta and is distributed in fetal tissues [28,29]. Placental
transfer is significantly moderated by free drug characteristics
(such as lipid solubility, degree of ionization and molecular
weight) and placental properties (maternal and fetal blood flow,
drug metabolism and placental age). It is evident that chemicals
with a molecular weight <600 may readily cross the placenta
[30]. We have suggested that (PhSe)s, due to its lipid solubil-
ity and molecular weight could cross the placenta. However,
direct transfer of (PhSe); to embryonic tissues has not yet been
determined. In agreement, the exposure of dams to (PhSe)> led
o some alterations in placental morphology, such as vascular
congestion, which may be interpreted as a compensatory mech-
anism, improving the exit of liquids from the vascular system,
diluting the toxic molecules at the cellular level and increasing
the total amount of cells in order to replace cells [31] exposed
to (PhSe);. Cell degeneration and an increase in phagocytosis
were also observed, suggesting that (PhSe); could cause dam-
age and death of cells, which stimulate the trophoblast cells to
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phagocytose and remove damaged cells. Furthermore, exposure
to (PhSe)z led to an increase in the number of glycogen cells,
which are derived from the spongiotrophoblast layer. It has been
proposed that glycogen cells have a protective role, allowing
maternally and fetally derived cells to co-exist in the placenta
[32]. The role of the decidual leukocyte cells in pregnancy main-
tenance has not yet been elucidated. During early pregnancy, an
increase in the leukocyte populations relative to normal mid-
secretory phase endometrium occurs [33]. In this study, there
was an increase in leucocyte infiltration, which may suggest
a suppression of a maternal immune response to a semiallo-
genic fetus, limiting trophoblast invasiveness and preventing the
transmission of pathogens to the fetus [34]. These results allow
us to infer that in the presence of (PhSe)2 relevant alterations
associated with a possible compensatory adjustment to main-
tain an adequate metabolic exchange took place in the structure
of the placenta. Taken together, these alterations may decrease
the functional role of the placenta and contribute with adverse
reproductive outcomes.

In the present study, no significant increase in the num-
ber of implantation sites, resorptions as well as dead and live
fetuses were found, indicating that (PhSe)2 did not affect embry-
onic/fetal survival when administered through days 6-15 of
pregnancy. Prenatal exposure to (PhSe), caused intrauterine
growth retardation, represented by a decrease in the fetuses body
weight and crown-rump length, and a significant reduction in
occipito-nasal length at 3.0 mg/kg (PhSe);. In fetal brain, abso-
lute weight was reduced in the higher dose, probably indicating a
brdii-Spaiiing prencienc. This phensinenon midy suggest that
(PhSe)2 may be preferentially neurotoxic, and warrant further
study of developmental neurotoxicity.

Of the findings observed herein, parameters of skeletal ossifi-
cation appeared to be more sensitive than fetal body weight to the
growth retardation effects of (PhSe ). In arecent study, Favero et
al. [16] reported that acute administration of 100 mg/ke (PhSe)z
during GD 7-12 caused a reduced ossification of skeleton, a
sign of developmental delay, but did not induce external mal-
formations. In addition, the same dose, when injected at GD 9
reduced the fetal body weight and CR length implying that expo-
sure to (PhSe)s impaired intrauterine growth. In this study, signs
of delayed ossification in several body structures such as skull,
sternebrae and limbs were significant in (PhSe)2-treated groups.
In fact, a decrease in the degree of ossification was accompanied
by a reduction in the fetal weight in all {(PhSe)> groups. These
findings reveal a relation between morphological alterations and
growth retardation in fetuses, but none of the changes appeared
to be dose-dependent.

All doses of (PhSe}); affected body weight of mothers and a
dose—response was observed with maternal toxicity evident at
3.0 and 6.0mg/kg, but not at 1.5 mgfkg. In fact, developmental
toxicity was observed in the absence of maternal toxicity at the
lower dose. Furthermore, statistical comparisons revealed a lack
of a dose-response specifically for developmental toxicity.

Based on the results mentioned above, it was concluded that
repeated administration of {PhSe); to pregnant rats in the period
of organogenesis induced adverse effects on maternal rats and
onembryonic/fetal growth. To better understand (PhSe)s effects,
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additional studies should be carried out to determine the Kinetics
and metabolism of this compound and to investigate the mech-
anisms involved in the reproductive parameters toxicity.
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Abstract

The aim of this study was to assess the effects of the organosel enium compound,
3’ 3-ditrifluoromethyldiphenyl diselenide [(FsCPhSe);], during the intra-uterine
development of Wistar rats. Dams were given repeated doses of 1, 5 or 10 mg/kg
(FsCPhSe), by intragastric route on gestation days 6 to 15, and cesarean sections were
performed on day 20 of pregnancy. The numbers of implantation sites, living and dead
fetuses and resorptions were recorded. Fetuses were weighed and stained with Alizarin
red Sfor skeletal evaluation. The placental morphology was also evaluated. In 1 mg/kg
(FsCPhSe), group, neither materna toxicity nor prenatal growth retardation was
observed. Conversely, in 5 and 10 mg/kg groups, there was a decrease in maternal
weight gain during pregnancy indicating that (FsCPhSe), was maternally toxic, without
affecting fetuses weight and length. (FsCPhSe), caused some morphological aterations
in placenta of 5 and 10 mg/kg-exposed dams. Results also showed that skeleta
variations were produced by (FsCPhSe), only at doses (> 10 mg/kg) in which a marked
embryolethality was found. We conclude that (FsCPhSe), was toxic to the dams and

induced embryofeto-toxicity at doses > 10 mg/kg.

Key words: selenium, gestation, toxicity, skeletal, placenta, organoselenium.
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1. Introduction

Selenium (Se) is an essentia trace element for man and is known for its role in
regulating growth and devel opment of the fetus and newborn (Ewan, 1976). Se, a potent
antioxidant, constitutes an essential component of glutathione peroxidase (GPx) (Flohé
et a., 1973; Shamberger, 1983), an enzyme that catalyzes the degradation of lipid
peroxides and hydrogen peroxide. Biological function of Se in mammals appears to be
expressed through hiologicaly active compounds including GPx (Behne et al., 1996)
and other selenoproteins in serum and tissues (Hill et a., 1996).

In general, pregnancy places increased nutritional demands upon the mother
(Pitkin, 1977). Although maternal serum levels of Se are decreased during pregnancy
(Behneet a, 1976, 1978; Hinks et al, 1989; Wilson et al, 1991), Se requirements appear
to be increased (Bro et al, 1988). Data on literature show that Se levels in the placenta
are higher than those of the maternal serum (Korpela et al, 1984) and supplementation
during pregnancy results in higher maternal serum levels which suggests the presence of
increased demand on maternal Se stores (Bro et al, 1988; Koller et a., 1984).
Additionally, the levels of Se are higher in fetal liver than the placenta (Alexiou et al,
1977) suggesting an active sequestering by the fetal liver during late pregnancy
(Willhite et al., 1990).

Organoselenium have been found to be less toxic than inorganic Se compounds,
as a result, there has been a growing interest in the synthesis of organoselenium
compounds with respect to their use in enzymology and bioorganic chemistry (Sk and
Bhattacharya, 2006). In this regard, our research group has reported that diphenyl
diselenide [(PhSe),], has many pharmacological properties such as antiulcer (Savegnago
et al., 2006), anti-inflammatory and anti-nociceptive (Nogueira et a., 2003a),

antidepressant-like effect (Savegnago et al., 2007), neuroprotector (Ghisleni et al.,
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2003), and antioxidant (Meotti et al., 2004; Borges et a., 2005; Santos et al., 2005).
Conversely, during the gestational period, (PhSe), may be harmful to fetal development
(Favero et al., 2005; Weis et al., 2007).

In view that a number of novel pharmaceutical agents which are Se-based or
which target specific aspects of Se metabolism are under development, the main
objective of this study was to investigate the effects of 3’ 3-ditrifluoromethyldiphenyl

disdlenide [(FsCPhSe),] administration during intra-uterine development of Wistar rats.

2. Materialsand M ethods

2.1. Chemicals

3’ 3-Ditrifluoromethyldiphenyl diselenide [(FsCPhSe);] was prepared according
to literature methods (Paulmier, 1986). Analysis of the *H NMR and **C NMR spectra
showed that (FsCPhSe), obtained presented anaytical and spectroscopic data in full
agreement with its assigned structure. The chemical purity of the compound (99.9%)
was determined by GC/HPLC. All other chemicals were of analytical grade and

obtained from standard commercial suppliers.

2.2. Animals

Male and nulliparous female rats of Wistar strain (180-220 g) from our own
breeding colony were used in this study. The animals were maintained on a 12-h
light/dark cycle, in an air-conditioned room (22-24°C), with free access to water and

food (GUABI, RS, Brazil). The animal protocols were approved by the Committee on
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Care and Use of Experimental Animal Resources of the Federal University of Santa

Maria, Santa Maria, Brazil.

2.3. Experimental procedure

Virgin female rats in the proestrous and estrous phases of the cycle were mated
overnight with young male rats previously determined to be fertile (three females were
cohabited with one male). The day when sperm was detected in the vaginal smears was
considered to be day O of pregnancy (GD 0). Following positive identification of
mating, females were distributed on a random basis into groups and housed individually
in standard polypropylene plastic cages (41x34x18cm) with wood shavings as bedding.

Pregnant rats were given repeated doses of 1, 5 or 10 mg/kg (FsCPhSe), by
intragastric route on gestation days (GD) 6 to 15. Control groups received only canola
oil (vehicle, ImL/kg). Dams were daily examined for obvious signs of illness. Maternal
weight was recorded daily to GD 20. Food consumption was performed during the
pregnancy study. On GD 20, dams were sacrificed and the uterine contents were
examined.

The maternal uterus, liver, brain, kidneys and spleen were removed and
weighed. The organs data were used to calculate the relative organs weight (relative
organ-to-body weight ratio). The maternal body weight gain (gestational and treatment
period), corrected body weight (final body weight minus gravid uterus weight) and
corrected body weight gain (whole pregnancy weight gain minus uterine weight) were
also calculated. Subsequently, the number of implantation sites, resorptions, dead and
live fetuses were counted. The fetuses were measured for length from crown to rump
(biometry) and their respective brains, livers and placentas were weighed. These fetuses

were examined under magnification for gross external malformation. The viability of
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the fetuses was determined by the presence of spontaneous breathing or responses to
tactile stimulation. A sample of the live fetuses were cleared, stained with Alizarinred S
according to the method described by Staples and Schnell (1964), and examined under a
stereoscopic microscope for skeletal anomalies and variations, and for the numbers of

ossified bones (degree of ossification) of the body.

2.4. Histopathological study

Four placentas from each group were randomly selected for a microscopic
morphology analysis. The placentas were cut in two equal parts, placed in a solution of
10% buffered formalin, embedded in paraffin, sectioned at 4 um and then stained with
haematoxylin-eosin or Schiff periodic acid to further analysis in a light microscope.
Scores were attributed for each alteration according to the predominance of aterations

on the dlides evaluated as absent (0), reduced (1), moderate (2) or intense (3).

2.5. Statistical analysis

The litter was used as the experimental unit. Data were evaluated either by one-
way anaysis of variance (ANOVA) and the Duncan post hoc test, or by the Kruskal—
Wallis test followed by the Mann-Whitney U-test (histopathological analysis).
Proportions were analyzed by the chi-square test. A value of p < 0.05 was considered to

be significant.

3. Results
3.1. Maternal findings
No compound-related clinical signs or behaviora anomalies were observed in

the dams during or after treatment. On GD 0-20, no decreased mean food consumption
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was observed in al treated groups (data not shown), but there was a significant decrease
in 10 mg/kg group during the treatment period, GD 6-15 (Table 1). The food
consumption of the highest dose group recovered during the post-treatment period, GD
16-20. Associated with the low food consumption, a significant decrease in the body
weight gain (gestational and treatment period) was also observed in the 10 mg/kg group.
Furthermore, corrected body weight and corrected body weight gain as well as gravid
uterus weight were decreased in the 10 mg/kg-exposed dams. The dams treated with 5
mg/kg (FsCPhSe), presented a significant reduction in the body weight gain during
treatment period and in the corrected body weight.

Concerning materna organ weights, an increase in liver absolute (65%) and
relative weights (101%) was observed at 10 mg/kg (FsCPhSe),-exposed dams. The
relative weight of brain and kidney was aso increased after the administration of the
highest dose of (FsCPhSe), (19% and 15%, respectively), but the increase was not as

high asin the liver of such animals (Table 1).

3.2. Reproductive effects

The percentage of embryo resorption was substantially increased (55%), while
the number of live fetuses per litter was decreased (40%) in dams treated with the
highest dose of (FsCPhSe), when compared to the control group (Table 2). The number
of implantation sites per litter was not affected by (FsCPhSe), administration. No late

deaths were observed in any group (Table 2).

3.3. Fetal development
Fetal development was similar in control and treated groups at GD 20, the

standard day of observation before parturition. The fetal body weight and crown-rump
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length were similar in control and treated groups at all doses. The placenta, liver and
brain weights (absolute and relative) were similar among groups. At cesarean section,
no external anomalies were observed in any fetuses (Table 2).

Skeletal development showed dose-related effects. In the 1 mg/kg treated group,
fetuses presented only an incomplete ossification of interparietal bone (45%) as
statistically significant skeletal variation. Incomplete ossification of frontal (14%),
parietal (41%) and interparietal (67%) bones were observed among the rat offspring
exposed to 5 mg/kg (FsCPhSe), at GD6 to 15. In 10 mg/kg (FsCPhSe), group, there was
a statistically significant increase in the incomplete ossification of parietal (45%) and
interparietal (66%) bones, cervical vertebrae (25%) and fore (33%) and hindpaw digits
(62%). Furthermore, 21% of fetuses presented bipartite supraoccipital in the highest

dose group (Table 3).

3.4. Histopathological evaluation

Placentas from dams given (F;CPhSe), during intra-uterine devel opment showed
some morphological aterations when compared to the control group (Figure 1). At
maternal-fetal interface, vascular congestion was found in placentas of 5 and 10 mg/kg-
exposed dams (H=10.09, P=0.034 and P=0.018, respectively) as well as a significant
increase in leukocyte infiltration at both doses (H=10.68, P=0.034 and P=0.029,
respectively). In addition, a significant increase in the number of glycogen cells was
observed only at the higher dose of (FsCPhSe), (H=9.74, P=0.029). We aso observed a
degeneration of trophoblast giant cells in addition to multiple areas containing

hemosiderin deposits, in the labyrinth area (Figure 1).
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4. Discussion

The present results extend our knowledge about the effects of organoselenium
compounds during intra-uterine devel opment.

In the current study, the effects of (FsCPhSe),, a compound with an electron-
withdrawing substituted at the meta position on the aromatic ring of (PhSe),, was
studied. Data on literature have demonstrated that the substitution on an aromatic
moiety of (PhSe), changes their effects (Nogueira et a., 2003b). Our research group
showed that alterations in the structure of disdenides, such as the introduction of a
functional group, reduced or abolished the appearance of seizure episodes. It was aso
reported that systemic administration of (FsCPhSe), specifically attenuated behaviora
features associated with a mouse model of psychosis at a dose that did not affect other
behavioral parameters (Machado et a., 2006). This dose may be near to the possible
pharmacological doses as well as the doses that we test in the present study. These
findings, together with previous evidence that (FsCPhSe), does not display a
proconvulsant activity (Nogueira et a., 2003b) suggest that (FsCPhSe), might be less
toxic than other organoselenium compounds proposed as therapeutic agents. Here we
verified that the substitution on the aromatic moiety of (PhSe), changes its effects on
intra-uterine development of Wistar rats.

Data on literature demonstrated that poor nutrition in the pregnant rat leads to
intrauterine growth retardation, postnatal growth failure, changes in the endocrine
parameters of the somatotrophic axis, and to increased blood pressure in later life
(Woodall et al., 1996; Gluckman and Harding, 1997; Battista et al., 2002). The
relationship between maternal and developmental toxicity is important in making
regulatory decisions regarding the developmental toxicity of a chemical. Accordingly, a

systematic and critical approach is needed to characterize the role of maternal toxicity in
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laboratory animal studies with adverse developmental outcome (lyer et a., 1999). In 1
mg/kg (FsCPhSe), group, neither maternal toxicity nor prenatal growth retardation was
observed. Conversely, in 5 and 10 mg/kg groups, the decrease in maternal weight gain
during pregnancy, still apparent after subtraction of uterine weight, clearly indicated
that (FsCPhSe), was maternally toxic, without affecting fetuses body weight and length.
We hypothesized that there was an adaptation of the maternal metabolism that hindered
any effect on fetal body weight and length, preventing the subsequent possible effects,
which develops in the offspring in later life. We observed a significant increase in both
maternal absolute and relative weight of liver. Accordingly, these results are in
agreement with that observed in the previously study with (PhSe),, confirming that liver
isthe primary target organ to organosel enium compounds.

A few signs of skeletal variations were observed in rats exposed to 5 mg/kg
(FsCPhSe),, with no effects in fetal body weight or length, however, these changes
occur within the normal population under investigation and is unlikely to adversely
affect surviva or health (Chahoud et al., 1998). On the other hand, at the highest dose,
fetuses showed severa skeletal variations when compared to controls. An increase,
relative to dose, in the percentage of fetuses exhibiting signs of development growth
variations indicated that (FsCPhSe), can cause delay of fetal skeletal development at
doses equal to or higher than 10 mg/kg. However, as found with the middle dose, these
skeletal deviations were not accompanied by reduced fetal weight and length,
suggesting a possible involvement of maternal toxicity in the effects of (FsCPhSe), in
skeletal devel opment.

These relationships indicate that skeletal variations were produced by
(FsCPhSe), only at doses (> 10 mg/kg) in which a marked embryolethality also

occurred. As pointed out by Manson and Kang (1994), this dose-response pattern
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suggests that embryolethality and fetal skeletal deviations are different degrees of
manifestations of the same primary insult to the embryo. It is generally accepted that
prenatal growth retardation and an increased prenatal loss can be secondary to
substance-induced materna toxicity (Manson and Kang, 1994). Therefore, these
embryofeto-toxic effects reported could not be consider as related to the exposure
because they were observed in the presence of maternal toxicity which can itself cause
embryotoxicity (Khera, 1984).

The placenta is a highly specialized unit supported by several kinds of cells
involved in both its structure and function in fetal-maternal exchange, that suggest arole
in regulation of fetal growth during pregnancy. Studies relating maternal lifestyle during
pregnancy to bone mineral density of the offspring point to the importance of adequate
maternal vitamin D status and optimal materno-fetal calcium transport across the
placenta (Godfrey et a., 2001; Javaid et al., 2003; 2006). Placental calcium transport is
dependent upon a series of transport proteins located in the syncytiotrophoblast, which
forms the barrier between mother and fetus. In the present study, (FsCPhSe), caused
some morphological aterations in placenta such as vascular congestion, giant
trophoblast cells degeneration and leukocyte infiltration. We could affirm that, as
reported in the previously study, (FsCPhSe), could aso decrease the functional role of
placenta, contributing in this way with adverse reproductive outcomes. We suggest that
(FsCPhSe), exposure may cause a down-regulation on calcium transfer protein
expression in the syncytiotrophoblast, which might thereby decrease placental calcium
transfer, resulting in decreased fetal calcium concentration that could lead to diminished
mineralisation of the fetal skeleton, as found in dams exposed to the highest dose of

organosel enium compound.

31



In conclusion, the results of the present study indicate that (FsCPhSe),, given to
rats during pregnancy, was embryofetotoxic at doses > 10 mg/kg (F:CPhSe)..
Therefore, further studies, including biochemical research, are needed to determine the
mechanism by which (FsCPhSe), influences embryo implantation, produces skeletal

anomalies and morphological alterations.
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Table 1 - Maternal findings of dams given 3’ 3-ditrifluoromethyldipheny! diselenide during

organogenesis
Parameters Control (FsCPhSe), (mg /kg per day)
1 5 10
No. of dams 14 11 14 12
Body weight gain (g)
Days 0-20 (gestational period)  74.94+4.68 81.82+7.81 60.00+5.45 9.00+17.32*
Days 6-15 (treatment period) 25.38+2.12 17.91+3.19 9.79+3.79* -32.00+9.31*
Corrected body weight gain (g)*  30.92+3.02 28.36+4.80 14.29+3.22 -17.99+11.36*
Corrected body weight” 263.99+5.06 263.00+6.32 237.79+9.29* 217.93+7.85*
Gravid uterus weight (g) 44.01+4.47 53.4615.26 45.71+3.98 26.99+8.18*
Organ weight on GD 20
Brain (g) 1.81+0.02 1.78+0.03 1.70+0.04* 1.78+0.02
Per body weight (%)° 0.67+0.02 0.67+0.02 0.71+0.02 0.80+0.03*
Liver (g) 11.95+0.37 12.52+0.51 12.31+0.99 19.76+1.43*
Per body weight (%) 4.41+0.11 4.70+0.01 5.08+0.14 8.87+0.69*
Kidney (9) 0.86+0.03 0.86+0.02 0.81+0.05 0.83+0.02
Per body weight (%) 0.32+0.01 0.33+0.01 0.34+0.01 0.37+0.02*
Spleen (9) 0.69+0.03 0.66+0.03 0.63+0.05 0.61+0.07
Per body weight (%) 0.25+0.01 0.24+0.01 0.25+0.01 0.27+0.03
Food consumption (g/kg bw/day)
Days 0-6 6.32+0.43 7.22+0.66 6.82+0.45 7.13+0.60
Days 6-15 6.22+0.52 6.25+0.75 5.57+0.32 2.43+0.72*
Days 15-20 6.14+1.62 5.78+1.11 6.60+0.79 8.01+1.74

Data are expressed as meantS.E.M.
& Corrected body weight gain = maternal body weight gain on GD0-20 minus gravid uterus

weight.

®Corrected body weight = final body weight minus gravid uterus weight.
“Relative weight calculated using corrected body weight.
" Significantly different from the control group at P<0.05.



Table 2 - Reproductive and fetal data of dams given 3’ 3-ditrifluoromethyldiphenyl

diselenide during organogenesis

Parameters Control (FsCPhSe), (mg /kg per day)
1 5 10
Litters 14 11 14 12
Implantations sites/litter 10.57£0.72 11.64+0.64 11.00£0.35 11.42+0.97
Live fetused/litter 9.36x0.67 10.00+1.02 8.79+0.79 5.58+1.80*
Embryo resorptiong/litter (%) 11.08+£2.20 14.06+£7.32 19.50+£6.84 55.11+13.72*
No. litters totally resorbed 0 0 1 6*
Fetal body weight (g)* 3.13+0.07 3.32+0.20 3.18+0.15 3.04+0.35
Placental weight (g)? 0.47+0.01 0.50+0.02 0.50+0.01 0.49+0.05
Fetal biometry (cm)?
CR length 3.56+0.03 3.65+0.06 3.58+0.07 3.55+0.12
Fetal organ weights (g)?
Brain 0.16+£0.01 0.16+£0.01 0.15+0.01 0.15+0.01
Per body weight (%) 5.01+£0.07 491+0.14 491+0.17 5.17+0.25
Liver 0.27+£0.01 0.27+£0.01 0.26+£0.01 0.24+0.03
Per body weight (%) 8.63+0.31 8.26+0.21 8.17+0.18 7.88+0.26

Data are expressed as meanstS.E.M.

Fetal endpoints were cal culated as the group mean of the averages for each litter (n= number of

litters).
" Significantly different from the control at P<0.05.
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Table 3 - Skeletal aterations in fetuses from dams given 3’ 3-ditrifluoromethyldiphenyl

diselenide during organogenesis

Parameters Control (FsCPhSe), (mg/kg per day)
1 5 10
Total fetuses (litter) examined 46 (13) 44 (11) 51 (13) 24 (6)
Skeletal alterations™
Skull
Frontal
Incomplete ossification 0 4.54+3.05 14.10+5.53* 4.17+4.17
Parietal
Incomplete ossification 7.05t5.32 29.54+11.58 41.02+9.95* 45.83+13.56*
Interparietal
Incomplete ossification 1.92+1.92 45.45+10.55* 67.31+10.72* 66.67+12.36*
Supraoccipital
Incomplete ossification 10.26+4.73 29.54+7.39 23.72+6.65 33.33+15.36
Bipartite 0 0 10.26+4.72 20.83£16.35*
Misshapened 1.92+1.92 0 12.18+4.77 8.33+5.27
Squamosal
Incomplete ossification 0 4.54+3.04 1.92+1.92 4.17+4.17
Zygomaticum
Incomplete ossification 1.92+1.92 2.27+2.27 1.92+1.92 4.17+4.17
Maxilla
Incomplete ossification 0 0 8.33t6.11 4.17+4.17
Vertebral Column
Atlas
Incomplete ossification 0 0 5.77+4.15 16.67+16.66
Cervical vertebrae
Incomplete ossification 1.92+1.92 2.27+2.27 1.92+1.92 25.00+15.81*
Thoracic centra
Incomplete ossification 0 2.27+2.27 0 0
Lumbar Vertebrae
Archs - Incompl ete ossification 0 2.27+2.27 2.56+2.56 0
Centra- Incomplete ossification 0 0 5.13+5.12 0
Sacral Vertebrae
Archs - Incomplete ossification 16.67+6.25 18.18+7.60 23.08+7.72 25.00+11.18
Centra - Incomplete ossification 0 0 1.92+1.92 0
Caudal bones
Archs - Incomplete ossification 77.5616.21 56.82+13.08 60.26+12.68 83.33+£12.36
Centra- Incomplete ossification ~ 7.05+3.75 2.2742.27 1.92+1.92 4.17+4.17
Sternebrae
Incomplete ossification 53.21+8.97 61.36+11.84 73.08+£11.81 83.33+12.36
Misshapened 38.4618.14 38.64+8.49 50.64+10.08 50.00+11.18
Bipartite 5.77+3.04 0 4.49+3.07 12.50+5.59
Ribs
Incomplete ossification 0 0 5.77+3.04 4.17+4.17
Lumbar, rudimentary (supern.)
Bilateral 2.56+2.56 15.91+6.96 18.59+6.61 16.67+8.33
Unilateral 16.03+7.85 20.45+5.65 14.10+3.81 16.67+8.33
Forepaw
Incpl. oss. of metacarpal bones 0 4.54+4.54 0 4.17+4.17
Digitsincompletely ossified 1.92+1.92 4.54+4.54 8.33+4.62 33.33+17.87*
Hindpaw
Incpl. oss. of metatarsal bones 10.90+6.35 2.27+2.27 7.69+4.36 16.67+12.36
Digitsincompletely ossified 22.44+8.96 25.00+8.25 48.08+11.81 62.50+17.97*

Incpl. oss. = bone incompletely ossified (only a part of the bone is ossified). Supern. = supernumerary
@ Data are presented as mean percentage of fetuses affected per litter (mean+S.E.M.). A single fetus may

be represented more than once in listing of the individual variations.

* p < 0.05 compared to the control group by one-way ANOVA.
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Legend

Figure 1- Photomicrographs from placentas of control dams (A) and dams given 1 (B),
5(C) and 10 (D) mg/Kg (FsCPhSe), during the organogenesis period. Note the vascular
congestion (*) in the decidua and spongiotrophoblast. Trophoblast giant cells (CTG),

spongiotrophoblast (S), labyrinth (L) and decidua (D) (HE. X400).
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4. DISCUSSAO

O interesse por estudos quimicos e bioguimicos dos compostos orgéanicos de Se
tem aumentado consideravelmente nas Ultimas trés décadas principamente devido ao
fato de que vérios desses compostos apresentam importante atividade antioxidante
(Arteed & Sies, 2001). Em virtude da descoberta desta e de outras propriedades
biol6gicas (Parnham & Graf, 1991; Kanda et al., 1999; Nogueira et al., 2004) esses
compostos tém sido alvo de muitos estudos farmacol 6gicos e toxicol 6gicos.

A introducdo de uma nova droga no mercado costuma ser precedida de
experimentacdo humana, excetuando-se 0 uso na gestagdo. Os estudos epidemiol 6gicos
e laboratoriais demonstram, indubitavelmente, que a exposicdo materna a agentes
externos fisicos, quimicos ou biol6gicos poderia comprometer o desenvolvimento intra-
uterino. Assim, os testes relativos a exposicao materna a agentes quimicos passaram a
ser obrigatérios e regulamentados internacionalmente devido as multiplas formas
através das quais os mamiferos e principalmente o homem, sd0 expostos a esses
agentes.

Com isso, nosso principal objetivo foi avaliar os possiveis efeitos toxicos de dois
compostos organocal cogénios administrados durante o periodo da organogénese de

ratas Wistar (Artigo e Manuscrito).

4.1. TOXICIDADE MATERNA

Nas diretrizes internacionais recomenda-se que 0s estudos de toxicidade
reprodutiva, além de conduzidos de forma a viabilizar a avaliagdo da relacéo dose-
efeito, apresentem pelo menos um nivel de dose que produza alguma toxicidade
materna (que ndo cause mais de 10% de mortalidade das mées expostas ao agente em
guestdo) (Collins et al., 1999).

Os resultados obtidos no Artigo, referentes a exposicao ao (dSe),, indicam que
0 composto, mesmo em baixas doses (1,5 e 3,0 mg/kg), causa toxicidade materna, sem
afetar o consumo de alimento destes animais. Da mesma forma, os resultados referentes
a exposicdo ao (FsCPSe), (Manuscrito) demonstram que a exposicdo a este
organocalcogénio (nas doses de 5 e 10 mg/kg) também levou a uma significativa
diminuicdo do ganho de peso corpora materno, indicando que o composto causa

toxicidade materna. Neste caso, 0 composto causou uma diminuicdo do consumo de



alimento durante o periodo de tratamento (do dia 6 ao dia 15 de gestag&o), nas ratas
expostas a maior dose do composto. Estes resultados estdo de acordo com trabalhos da
literatura que relacionam perda de peso a exposi¢ao a compostos de Se (Tinggi, 2003;
Favero et al., 2005; 2006, Stangherlin et al., 2006). Tanto na exposi¢cdo ao (JSe),
guanto ao (FsCdSe),, foi observado um aumento significativo no peso relativo do
figado das mées, o qua esta de acordo com os dados descritos na literatura que
demonstram que o figado € o 6rgéo alvo primario da exposicdo a compostos de Se
(Maci€l et al., 2003; Favero et al., 2006).

No entanto, a interpretacdo de efeitos adversos sobre o desenvolvimento da
prole, em niveis de dose toxicos para 0 organismo materno, ainda é dificil namedida em
gue € praticamente impossivel distinguir os efeitos embriofetotéxicos diretos
decorrentes da exposicado transplacentaria a um dado agente, dagueles induzidos
indiretamente, em consequéncia de alteracéo da fisiologia materna (Khera, 1984, 1985;
Chernoff et al. 1988, 1989; Chahoud et al., 1999). Em muitos casos, a toxicidade
embriofetal € um efeito secundério (indireto) a toxicidade materna. Muitas doencas
desenvolvidas nas méaes, como por exemplo o diabetes melito, podem comprometer o
desenvolvimento geral da progénie (Larsen, 1986; Moore & Persaud, 1993). Porém,
nem sempre a toxicidade materna esta associada a inducdo de anormalidades do
desenvolvimento embriofetal. O estireno, por exemplo, mesmo em nivels de dose
altamente toxicos para a mae ndo causa alteractes embriofetais, provavel mente porque
Seus mecanismos toxicos ndo envolvem a indugéo de danos teciduais (Murray et al.,
1978).

Neste estudo, nés atendemos as recomendacdes das diretrizes internacionais,
uma vez que 0s compostos foram claramente materno-toxicos em certas doses, porém

0s compostos causaram efeitos diferenciados a prole, como seré discutido a seguir.

4.2. TOXICIDADE INTRA-UTERINA

Os efeitos de um agente embriofetotoxico podem aparecer na forma de
malformagdes, déficit funcional, retardo de desenvolvimento geral ou especifico ou
letalidade, dependendo do tipo de agente, da dose e fregiiéncia de exposicdo e do
estégio de desenvolvimento no qual se encontra 0 concepto no momento da exposi¢ao
(Wilson, 1977).
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A exposicdo ao (9Se), durante o periodo da organogénese de ratas Wistar
causou um dano significativo ao desenvolvimento embriofetal. A administracéo do
composto causou uma diminuicdo tanto do peso quanto das medidas corporais fetais.
Estes pardmetros indicam que a exposicdo a este composto causou um retardo no
desenvolvimento intra-uterino da prole.

A avdiacdo de anomalias do esgueleto nos estudos experimentais €
extremamente sensivel e leva a identificacdo e registro de inUmeras alteracbes ou
desvios da normalidade, cujo grau de severidade precisa ser considerado caso a caso. Os
fetos cujas mées foram expostas ao (JSe), apresentaram, mesmo em baixas doses, uma
maior freguiéncia de variagdes e malformagdes menores do esquel eto. O aumento dessas
sugere que, embora claramente tdxico para o organismo materno, o (JSe), ndo é
teratogénico, uma vez que as variagdes encontradas sdo alteracbes geramente
reversiveis e sd0 caracterizadas por ndo apresentarem riscos a vida e por envolverem
alteracdes estruturais de menor significado funcional. Estes resultados estéo de acordo
com agueles obtidos por Favero et al. (2005), que demonstram que o (dSe),, em dtas
doses, causa toxicidade materna e induz alteraces no peso e esquel eto fetal .

Diferentemente dos resultados obtidos com o (3Se),, a exposi¢cdo das ratas
durante o periodo da organogénese ao (FsC@Se), ndo causou qualquer alteracdo de peso
e medidas corporais fetais. Este resultado pode nos sugerir que houve uma possivel
tolerancia adquirida pelo organismo materno e por sua prole apds o tratamento com a
maior dose (10 mg/kg) de (FsC@Se),, uma vez que 55% dessas ratas tiveram suas
ninhadas totalmente reabsorvidas. Este fato sugere que estas mées foram mais
suscetiveis aos efeitos pré-natais do (FsCSe), na fase inicial de tratamento e que,
passado este primeiro momento, ocorre tolerancia a este composto. Esta suposicdo é
também sustentada pela andlise do ganho de peso materno (do dia 6 ao dia 15 de
gestacdo) e pelos sinais de toxicidade observados durante a gestacéo.

Além disso, nesse estudo, observamos claramente uma diferenca interindividual
guanto a suscetibilidade das fémeas aos efeitos induzidos in utero pelo (FsC3Se),.
Enquanto, em algumas maes, a ocorréncia de ninhadas totalmente reabsorvidas foi
evidente, em outras este efeito parece ndo ter ocorrido, uma vez que as demais maes
deste grupo de dose ndo diferiram do grupo controle quanto ao nimero médio de fetos
vivos por ninhada. Sendo assim, podemos sugerir que o (FsCdSe), tendeu a um efeito
tudo-ou-nada, ou sgja, ou matou toda a ninhada ou ndo a afetou. Este efeito, somado aos

indicios de toxicidade materna, observados neste nivel de dose, sugere que as
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reabsorgdes totais encontradas em algumas ninhadas sdo um efeito mediado pelo

organismo materno.

4.3. AVALIACAO MORFOLOGICA DAS PLACENTAS

A placenta é uma estrutura membranosa que separa as circulagdes materna e
fetal. Todos os nutrientes necessarios para o crescimento fetal sdo transportados da
circulacdo materna para o feto através da placenta. Juntamente com os nutrientes,
também podem atravessar a placenta substratos enddgenos e xenobidticos. A
transferéncia placentaria de diferentes substancias quimicas é influenciada por diversos
fatores, tais como: grau de absorcdo, estado de ionizagdo, peso molecular e
lipossolubilidade. Além disso, as propriedades da placenta (fluxo de sangue entre a mae
e o feto, metabolismo da droga e idade da placenta) também podem interferir neste
transporte. Existem evidéncias que moléculas quimicas com peso molecular < 600
atravessam facilmente a “barreira placentaria’ (Mirkin, 1973).

Com relacdo aos dados que existem na literatura, sabe-se que 0 Se atravessa a
“barreira placentaria’ e é distribuido nos tecidos fetais (Shariff et al., 1984; Bedwal &
Bahuguna, 1994). Com base nos resultados ja obtidos pelo nosso grupo de pesquisa e 0s
do presente estudo, nés podemos inferir que os compostos organocal cogénios, pelo seu
baixo peso molecular, solubilidade lipidica e pelos efeitos apresentados quando
expostos durante o desenvolvimento intra-uterino, atravessam a membrana da placenta e
s80 transportados para a circulagdo fetal.

A exposicao aos dois compostos organocal cogénios foi capaz de alterar de forma
significativa a morfologia da placenta. Alteragbes como, congest&o vascular na regiéo
da interface materno-fetal, aumento da infiltragdo leucocitaria e uma intensa atividade
fagocitica nos sugerem que estas e outras alteragdes causadas pela administracdo dos
compostos representam um mecanismo compensatério para manter as membranas
integras e um adequado mecanismo de passagem dos nutrientes, uma vez que estas
alteracbes impedem uma funcdo adequada da placenta, contribuindo para aumentar a

chance de efeitos del etérios para o organismo embriofetal.
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5. CONCLUSOES

De acordo com os resultados obtidos neste estudo, nés podemos inferir que:

- A administracdo dos compostos organicos de selénio, (9Se),; e (FsCaSe),,
causou toxicidade materna, evidenciada pela diminuicdo de ganho de peso corporal, e

este resultado variou conforme o composto utilizado e a dose administrada.

- A exposicdo a0 (@Se), afetou o desenvolvimento intra-uterino da prole,
causando diminui¢cdo do peso corporal e medidas corporais fetais, aém de ateracdes

esquel éticas evidenciadas em todos os niveis de dose testados.

- O (F3CdSe),, quando administrado durante o periodo da organogénese, ndo
afetou os pardmetros de peso e medidas corporais fetais, entretanto, causou
embrioletalidade na maior dose testada do composto. Este efeito parece ser do tipo tudo-
ou-nada, umavez que levou a reabsor¢do total de metade das ninhadas estudadas, sendo
gue a outra metade ndo foi afetada pelo composto. Neste nivel de dose também foram
observadas variagOes esqueléticas, que sdo geralmente reversiveis e parecem nao

apresentar riscos avida.

- A exposicdo tanto ao (FSe), quanto ao (F:C@Se), aterou a morfologia da
placenta e estes efeitos parecem ter contribuido para os efeitos adversos encontrados nas

proles analisadas.
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6. PERSPECTIVAS

Referente aons estudos desse assunto, faz-se necessario:

- Redizar estudos comparativos utilizando outras espécies animais, como por

exemplo, camundongos e coel hos;

- Avdia os efeitos de outros compostos organocalcogénios sobre o

desenvolvimento intra-uterino de ratos e outras espécies animais,

- Investigar os possiveis efeitos bioquimicos envolvidos na toxicidade intra-uterina,

causada pel os compostos organocal cogénios
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