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O ditelureto de difenila (PhTe), € um composto organico de telario amplamente usado na
industria, como na producao industrial de borracha, aco e vidro, industria de nanoparticulas,
painéis solares, semicondutores bem como intermediario em reacdes de sintese organica.
Vérios estudos tém demonstrado que esse composto causa diversos efeitos toxicos em
diferentes tecidos. Dentre esses, destacam-se 0s teratogénicos, 0s genotoxicos e 0s
neurotoxicos. Embora os mecanismos de agdo envolvidos na citotoxicidade mediada pelo
composto ndo se encontrem totalmente esclarecidos, sua atividade pré-oxidante esta
diretamente ligada a sua toxicologia. Inibicdo de enzimas sulfidrilicas e antioxidantes,
deplecao de tidis e peroxidacao lipidica sé@o alteragdes bioquimicas encontradas em tecidos
como sangue, cérebro, figado e rim de animais expostos ao composto. Por outro lado, sédo
raros na literatura estudos histopatol6gicos mostrando os efeitos da exposi¢do ao (PhTe),
em oOrgdos especificos. Assim, o presente estudo teve como objetivo realizar a avaliacao
anatomopatolégica de cérebro, rim, figado e pulmdo de camundongos expostos, via
subcutanea, de forma aguda (1 dose de 250 pmol/kg) e subcrbnica (doses de 10 e 50
umol/lkg por 7 e 14 dias) ao composto. As andlises histologicas revelaram que o0s
hepatdcitos dos animais expostos subcronicamente a ambas as doses do composto
desenvolveram extensa vacuolizacdo do citoplasma ou degeneracdo hidrépica e nucleos
hipercromaticos. A exposicéo subcrénica a 50 pmol/kg também induziu hepatite focal e ndo
especifica, e necrose focal. Esteatose hepdatica foi verificada nos animais agudamente
expostos ao composto. Em rim, a intoxicagdo aguda e subcrbénica com (PhTe), provocou
degeneracdo vacuolar ou degeneracdo hidropica, atrofia e hipertrofia de tdbulos renais,
formacgdo de moldes (casts) hialinos e necrose tubular aguda. Edema e congestédo vascular
foram encontrados nos pulmdes dos animais expostos a 50 pumol/kg de (PhTe),. A analise
histolégica do tecido cerebral revelou que a exposicdo aguda e subcrbnica ao (PhTe),
induziu alteracdes neurodegenerativas (vacuolizacdo do neurépilo, status spongiosus) na
regido do talamo e hipocampo. A presenca de picnose nuclear de neurbnios, a perda de
viabilidade neuronal e foram particularmente observados no na camada granular do
hipocampo. Adicionalmente, através de técnica imunoistoquimica, foram identificadas
reacdo glial e perda de atividade pré-sinaptica na regido do tdlamo e cortex,
correspondentes as areas de alteracdo espongiforme. Nossos achados sugerem que a
exposi¢cdo ao (PhTe), por via subcutédnea, provoca severas alteragces morfoldégicas em
figado, rim, pulméo e cérebro. Os dados obtidos contribuirdo de forma significativa para
aumentar o conhecimento sobre a toxicologia do composto (PhTe),, uma vez que, este é o
primeiro trabalho que avalia a histologia de tecidos de varios 6rgdos ap0s a intoxicagdo com
0 composto.

Palavras-chave: Ditelureto de difenila. Histologia. Figado. Rim. Pulméo. Cérebro.
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Diphenyl ditelluride (PhTe), is an organic tellurium compound widely used as an
intermediate in organic synthesis reactions and in the industry. Several studies have
shown that this compound causes various toxic effects in different tissues.
Particularly notable are teratogenic, genotoxic and neurotoxic effects. Although the
mechanisms involved in cytotoxicity mediated by the compound are not fully
understood, its pro-oxidant activity is directly related to its toxicology. Inhibition of
sulfhydryl enzyme and antioxidant, thiol depletion, and lipid peroxidation are
biochemical changes found in tissues such as blood, brain, liver and kidney of
animals exposed to the compound. On the other hand, there are few
histopathological studies showing the effects of exposure to (PhTe), in specific
organs. Thus, the present study aimed to carry out the anatomopathological
evaluation of the brain, kidney, liver and lung of mice exposed subcutaneously
acutely (1 dose of 250 pmol/kg) and subchronically (doses 10 and 50 umol/kg for 7
and 14 days) to the compound. Histological analysis showed that the hepatocytes of
animals exposed subchronically to both doses of the compound developed extensive
vacuolization of the cytoplasm or hydropic degeneration and hyperchromatic nuclei.
Subchronic exposure to 50pmol/kg has also induced nonspecific focal hepatitis and
focal necrosis. Hepatic steatosis was observed in animals acutely exposed to the
compound. In the kidney, acute and/or subchronic intoxication with (PhTe), caused
vacuolar degeneration or hydropic degeneration, atrophy and hypertrophy of renal
tubules, forming hyaline casts and acute tubular necrosis. Pulmonar edema and
vascular congestion were found in the lungs of animals exposed to (PhTe);
50umol/kg. Histological analysis of brain tissue revealed that acute and subchronic
exposure to (PhTe), induced neurodegenerative disorders (neuropil vacuolation,
status spongiosus) in the hippocampus and thalamus. The presence of neuronal
nuclear pyknosis, the loss of neuronal viability and neuronal death were observed
particularly in the hippocampus. Additionally, through immunohistochemistry, we
identified glial reaction and loss of pre-synaptic activity in the thalamus and cortex,
corresponding to areas of spongiform change. Our findings suggest that exposure to
(PhTe),, subcutaneously causes severe morphological changes in liver, kidney, lung
and brain. The data obtained will contribute significantly to increase the knowledge
on the toxicology of the compound (PhTe),, since this is the first work that evaluates
the histology of tissues of various organs after intoxication with the compound.

Keywords: Diphenyl ditelluride. Histology. Liver. Kidney. Lung. Brain.
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APRESENTACAO

Os resultados dessa tese estdo apresentados sob a forma de artigos que se
encontram no item “MANUSCRITOS”. As sec¢bes Materiais e Métodos, Resultados,
Discussdo e Referéncias Bibliograficas encontram-se nos proprios artigos e
representam a integra desde estudo. Os itens DISCUSSAO e CONCLUSOES,
encontrados no final desta tese, apresentam interpretacdes e comentarios gerais a
respeito dos resultados demonstrados nos artigos constituintes deste trabalho. As
REFERENCIAS BIBLIOGRAFICAS referem-se somente as citacfes que aparecem
no item INTRODUCAO e DISCUSSAO desta tese.



1 INTRODUCAO

1.1 Teldrio

O teldrio (Te) € um raro metaldide que tem sido considerado como toxico e
elemento traco ndo essencial. Pertence ao grupo 16 da tabela periddica, os
calcogénios, assim como o enxofre e o selénio. Foi descoberto por Franz Joseph
Muller Von Reichstein in 1782 em minas de ouro na Roménia e em 1798 isolado e
nomeado por Kaproth em homenagem a deusa da Terra (tellus = terra) (DITTMER,
2003).

O Selénio (Se) e o Te apresentam configuracdes eletronicas semelhantes, e
portanto compartilham algumas propriedades quimicas. Entretanto o Te, ao contrario
do Se, € um elemento traco raro e ndo apresenta funcao fisiolégica descrita até o
momento (TAYLOR, 1996; NOGUEIRA et al., 2004). Sabe-se que o Te se encontra
presente em plantas e microorganismos como bactérias, fungos e leveduras. No
entanto, ndo ha evidéncias que este elemento possua uma fun¢édo biolégica nas
células animais (GERHARDSSON et al., 1986).

O Te tem importantes aplicagcbes em muitos processos industriais; e muitos
compostos inorganicos de Te sdo usados na producéo industrial de vidro, aco,
borracha, ceramica, na metalurgia e na industria de semicondutores (GREEN et al.,
2007). Além disso, este elemento € usado como aditivo anti-detonante na gasolina,
na producéo de explosivos, na industria petroquimica (FAIRHILL, 1969), microships
e discos de DVD regravaveis. Nas Ultimas décadas as propriedades eletrbnicas do
Te tém sido o arreio na criagdo de modulos fotovoltaicos (ULLAL & ROEDERN,
2007) e geradores termelétricos de alta eficiéncia (KRAEMER et al., 2011),
aumentando o interesse pelo elemento.Assim, muitos relatos foram publicados
ressaltando a disponibilidade e o impacto do uso do Te (CdTe and BiTe3) neste
campo (AMATYA and RAM, 2011; CANDELISE et al.,, 2012; GAULTOIS et al.,
2013).

Dentre suas aplicacdes biologicas, cabe salientar a acdo bactericida,
fungicida e inseticida (KOMUTAKOVA, 2000; TOPCHIEVA, 2003; CASTRO, 2009).
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Com relacdo aos compostos organicos de Te, é importante destacar o papel como
reagentes na sintese organica (PETRAGNANI, STEFANI, 2007).

Em casos de intoxicacdo niveis elevados de Te tém sido encontrados em
sangue, coracédo, pulmao, figado, baco e ossos, sendo as mais altas concentracfes
teciduais detectadas em rins e o maior acumulo em o0ssos. Além disso, existe
evidéncias experimentais que o Te, atravessa a barreira hematoencefélica e a
barreira placentaria, podendo causar alteracbes no sistema nervoso central em
mamiferos em fase de desenvolvimento, como hidrocefalia em fetos de ratos
(STANGHERLIN et al., 2005).

A excrecgdo do Te administrado parenteralmente, incluindo a via subcutanea é
feita através da urina, enquanto que o Te ingerido por via oral € excretado
principalmente nas fezes. Aproximadamente 0,1% do Te absorvido pode ser exalado
como dimetil telureto o qual possui um forte odor géarlico que representa um sinal
clinico de intoxicagdo (GERHARDSSON et al., 1986).

Os efeitos do Te sobre o organismo humano comecaram a ser investigados
por Gmelin em 1824. No entanto, os primeiros relatos a respeito da toxicidade deste
elemento aconteceram apdés o incidente em outubro de 1957, quando um reator
incendiou na cidade de Windscale, atual Sellafield, na Inglaterra e liberou grande
quantidade de material radioativo, incluindo Te 132 (WADERFORD, 2007; BERGAN
et al., 2008).

Embora dados sobre a toxicologia do Te nos sistemas biolégicos ainda sejam
escassos na literatura, alguns estudos em mamiferos tém demonstrado os efeitos
toxicos do Te em tecidos como figado, rim, cérebro e sangue (NOGUEIRA et al.,
2004; KEALL et al., 1946; MEINERZ et al., 2011).

Estudos realizados em animais sobre os efeitos sistémicos e agudos da
exposicao ao Te incluem apatia, perda de peso, anorexia, perda de pélo e paralisia
das patas traseiras, enquanto estudos relatando os efeitos sistémicos crénicos séo
raros (TAKAHASHI, 1981; MULLER et al.,1989).

Em nivel de sistema nervoso central, destaca-se a neuropatia periférica,
caracterizada pela presenca de desmielinizacdo. Neste sentido, foi observado que o
cérebro de animais intoxicados por Te desenvolve uma coloracdo cinza-escuro
devido a inclusdo de particulas escuras de Te e granulos de lipofucsina no
citoplasma dos neurbnios. Dados sobre o metabolismo do Te s&o escassos e néo

estdo bem esclarecidos. No entanto, é sugerido que o0s depdsitos negros
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encontrados no trato urinario, trato gastrointestinal, 6rgaos respiratérios e no sistema
nervoso central contém Te reduzido ou Te elementar (DUCKETT, 1972).

Em outros 6rgados, existem evidéncias que o Te pode causar degeneracao
gordurosa (esteatose) e necrose em figado, alteracbes degenerativas e necroticas
dos tubulos proximais e distais, oliglria e anuria em rim e necrose, edema e
congestdo em coracdo (FRIBERG, NORDBERG, VOUK, 1986).

A primeira classe de compostos organicos de Te foi sintetizado por Friedrich
Wohler em 1840, quando preparou teluretos de dialquilas. Posteriormente, um
aumento no numero destas classes de compostos passaram a ser sintetizados e
investigados (ENGMAN, 1985). No entanto, apés o ano de 1980 -cresceu
consideravelmente o interesse com relacdo a sintese e reatividade dos compostos
organicos para estudos toxicologicos e farmacologicos. Recentemente, 0s
compostos organicos de Te tém atraido especial interesse devido ao potencial
antioxidante, demonstrado em alguns modelos experimentais (AVILA et al., 2010).
A atividade antioxidante destes compostos tem sido associada principalmente as
mudancas no estado de oxidacdo do atomo de Te (Te (Il) Te (IV)) (ENGMAN et al.,
1995; NOGUEIRA et al., 2004).

1.2 Farmacologia dos compostos organicos de Telurio

Apesar do papel biolégico do Te ser ainda pouco esclarecido, estudos tém
evidenciado que alguns compostos organicos de Te exibem propriedades
farmacoldgicas diversificadas e promissoras.

A atividade farmacoldgica para um composto organico de Te foi descrita pela
primeira vez por Sredni, em 1987, quando demonstrou que o composto codificado
como AS-101 (telurato de tricloro-aménio dioxoetileno-O,0’), exibia propriedades
imunomoduladoras por aumentar os niveis de expressao do receptor de Interleucina-
2 em linfécitos de murinos e humanos em cultura, assim como a producao de fator
estimulador de colbnias por esplendcitos de camundongos in vitro (SREDNI et al.,
1987, 1988).

Desde entédo, estudos vém demonstrado a atividade antitumoral deste

composto (SREDNI et al.,, 1998) bem como resultados promissores para 0
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tratamento do Lupus Eritematoso Sistémico e outras doencas autoimunes
(ALCOCER-VARELA et al., 1998; BLANK et al., 1990). Na década de 1990, Sredni e
colaboradores estudaram a relagao de citocinas in vivo e in vitro em pacientes com
AIDS e cancer, quando paralelamente também foi demonstrado o mecanismo de
acao modulador do organotelureto (SREDNI et al., 1990).

Em estudos mais recentes, Okun e colaboradores demonstraram que o AS-
101 foi capaz de induzir a producéo do fator neurotroéfico glial de crescimento cellular
e recuperar cultura de células neuronais PC-12 em apoptose (OKUN et al., 2007).
Paralelamente, no estudo em células cerebrais submetidas a isquemia por privacao
de glicose, o0 uso do AS-101 acusou atividade neuroprotetora (OKUN et al., 2007).
Além disso, o composto AS-101, bem como, mais dois outros compostos organicos
de Te, denominados como RF-07 e RF-03 demonstraram possuir atividade
antiepiletogénica (PERSKE et al., 2008).

Adicionalmente, o composto de Te AS-101, em estudo in vitro, aplicado em
modelo de encefalite autoimmune experimental, o qual simula as alteracdes da
Esclerose Mudltipla, causou inibicdo e supressao de mondcitos e infiltracdo de células
T no sistema nervoso central (LEE et al., 2014; XIE et al., 2014).

Com relacdo ao papel de compostos de Te frente ao estresse oxidativo em
1998 Wieslander et al. (1998), evidenciaram, em estudos in vitro, que varias
moléculas contendo Te foram efetivas em reduzir a formacédo de espécies reativas
ao acido tiobarbitarico (TBARS) e proteger o tecido renal contra o dano oxidativo
induzido por reoxigenacdo apos anoxia. Os mesmos efeitos foram observados in
vivo em um modelo de isquemia e reperfusdo. O mecanismo sugerido com relacéo
ao papel antioxidante de tais compostos foi associado, pelo menos em parte, com a
atividade mimética a enzima glutationa peroxidase (WIESLANDER et al., 1998). De
acordo com tais constatacdes, estudos recentes tém mostrado que o composto
ditelureto de dicyclodextrinyl (2-TeCD) mimetiza a acado da enzima GPx. Além disso,
dados recentes na literatura mostram que alguns diteluretos (ditelureto de difenila,
dietil 2-fenil -2 teluriofenil vinilfosfonato, p,p'-dicloro ditelureto de difenila)
apresentam atividade antioxidante in vitro (REN et al., 2002; HUANG et al., 2008,
AVILA et al., 2006; PINTON et al., 2011).

Estudos recentes revelaram efeito antioxidante dos compostos
teluroacetileno a-d in vitro (SOUZA et al., 2009) e 2-Phenylethynyl-butyltellurium na

melhora do déficit de memdria induzida pela escopolamina (SOUZA et al., 2013).



2 OBJETIVOS

2.1 Objetivo geral

Avaliar as alteracdes anatomopatolégicos em cérebro, rim, figado e pulméao

de camundongos apos a exposi¢do ao composto ditelureto de difenila (PhTe)s.

2.2 Objetivos especificos

Realizar analise histopatolégica em cérebro, figado, rim e pulméo de
camundongos apdés a exposicdo aguda e sub-crébnica ao (PhTe),, com

coloracdo Hematoxilina e Eosina (H&E);

Realizar analise histopatolégica em cérebro de camundongos apos a
exposicdo aguda e sub-cronica ao (PhTe),, a fim de identificar possiveis
alteracbes na bainha de mielina e também avaliar a viabilidade de

neurdnios;

Realizar analise histopatologica em cérebro de camundongos apds a
exposicdo ao (PhTe),, com marcacdo imunoistoquimica da GFAP
(Proteina Glial Fibrilar Acida) para detectar a atividade das células gliais e

da Sinaptofisina para avaliar a atividade sinaptica;



3 TOXICOLOGIA DOS COMPOSTOS ORGANICOS DE Te

Embora determinados compostos contendo Te exibam aplicacdes
farmacoldgicas em alguns modelos experimentais, a maioria dos estudos com
compostos organicos de Te estdo voltados para a toxicologia dos mesmos. Os
efeitos tOxicos associados aos compostos organicos de Te ja foram evidenciados em
varios tecidos, especialmente no sistema nervoso, onde induzem toxicidade aguda
e/ ou cronica (DEUTICKE et al., 1992; TIANO et al., 2000; NOGUEIRA et al., 2004).
Como um importante mecanismo, tem sido postulado que a acado toxica das formas
de Te (organicas e inorganicas) envolve principalmente seu potencial oxidante e a
consequente oxidacao de grupos tidis de moléculas biologicamente ativas (BLAIS
etal.,, 1972; DEUTICKE et al.,1992; BARBOSA et al.,1998; MACIEL et al., 2003;
BORGES et al., 2005).

A toxicidade hepatica e renal dos compostos organicos de telurio sdo bem
relatadas na literatura. Niveis elevados das enzimas aspartato aminotransferase
(AST) e alanina aminotransferase (ALT), bem como alteracdes na excrecao de uréia
e creatinina sdo observados em animais expostos a compostos organicos de Te
(MEOTTI et al., 2003; SAVEGNAGO et al., 2006).

Os compostos organicos de Te, assim como o0 Te elementar sdo altamente
toxicos para o sistema nervoso. A neurotoxicidade no caso do tellrio elementar tem
sua acao ligada principalmente a inibicdo da esqualeno epoxidase, interferindo
assim na sintese de colesterol e consequentemente na composi¢cdo da bainha de
mielina no sistema nervoso periférico (SNP) (WAGNER, 1995; GOODRUM, 1998,
NOGUEIRA et al., 2004). No SNC, o rompimento da homeostasia do citoesqueleto é
proposto como mecanismo da neurotoxicidade de compostos contendo Te
(PESSOA-PUREUR, 2014).



4 DITELURETO DE DIFENILA

O ditelureto de difenila (PhTe), (fig 1) € um composto organico de Te simples,
de peso molecular 409,2. E um importante intermediario em reagdes de sintese
organica, em especial de drogas contendo Te (MUNIZ et al., 2005) e é também
usado em larga escala na industria. A exposicdo ocupacional e ambiental a esta
forma de Te impulsionaram, nas Ultimas décadas, estudos sobre a toxicologia do
mesmo. Os mecanismos pelos quais ele induz toxicidade n&do estdo totalmente
esclarecidos, mas assim como para outras outras formas de télario parece envolver
a oxidacao dos grupos tiois (NOGUEIRA et al., 2004).

Te

Figura 1 — Estrutura quimica do ditelureto de difenila.
Fonte: Adaptado de Royal Society of Chemistry (2014).

Em 1998, Barbosa e colaboradores observaram que o (PhTe), era capaz de
inibir a enzima 6-ALA-D in vitro em sobrenadante de figado (BARBOSA et al., 1998;
MEOTTI et al., 2003; NOGUEIRA et al., 2003). Isto impede a sintese do grupamento
heme, citocromo e catalase e indica uma potente agdo pro-oxidante. Aléem disso, o
acumulo do substrato da 6-ALA-D, o &cido aminolevulinico, esta associado com
eventos neurotoxicos (EMANUELLI et al., 2001; GONCALVES et al., 2009).

Posteriormente, foi relatado que a exposicdo aguda ao (PhTe), também
causava inibigao da 6-ALA-D em figado, rim, eritrocitos e cérebro de camundongos
(MACIEL et al., 2000; MEOTTI et al., 2003). Em geral, baixas concentragdes do
composto ja induzem toxicidade (MACIEL et al., 2000; MEOTTI et al.,, 2003;
NOGUEIRA et al., 2004).
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O (PhTe), é considerado um potente agente neurotoxico (SOUSA et al., 2010;
PINTON et al.,, 2010). Um dos possiveis mecanismos da neurotoxicidade mediada
por este composto esta ligado a sua atividade inibitoria sobre a enzima Na+, K+
ATPase, tanto in vitro como in vivo (BORGES et al., 2005). Esta enzima encontra-se
presente na membrana celular e é responsavel pelo transporte ativo de sodio e
potéssio nas células, especialmente nas células do SNC (JORGENSEN et al., 1986).

A enzima Na(+), K(+)-ATPase cerebral € considerada um potencial alvo para
os efeitos toéxicos do (PhTe), e sua inibicdo pode ocorrer por alteracdo dos seus
grupos tidis (BORGES et al.,, 2005). Em 2012, Comparsi e colaboradores
demonstraram que o (PhTe), induziu sinais de toxicidade (perda de peso e alteracao
de comportamento) e aumento na peroxidacao lipidica em cérebro de camundongos
adultos. Adicionalmente, o composto reduziu a atividade das enzimas antioxidantes
catalase (CAT), superéxido dismutase (SOD), glutationa redutase (GR), glutationa
peroxidase (GPx) e tiorredoxina redutase (TrxR) (COMPARSI et al., 2012).

Dados recentes também mostram que a exposi¢cdo ao (PhTe), tanto in vivo
como in vitro causa altera¢des no estado de fosforilagdo de filamentos intermediérios
de neur6nios e células gliais (PESSOA-PUREUR et al., 2014). Tais altera¢des no
citoesqueleto sédo consideradas marcadores importantes de morte apoptética.

Os efeitos neurotoxicos associados ao (PhTe), variam de acordo com a
regido cerebral e o tipo celular. Em hipocampo, ja foi evidenciado em astrocitos
alteracdes no citoesqueleto representada por hiperfosforilacdo da proteina glial
fibrilar &cida (GFAP), vimentina e subunidades de neurofilamentos (NF)
(HEIMFARTH et al., 2011, 2012b). Além disso, o (PhTe), induziu alteracdes nas
proteinas do citoesqueleto de neurbnios e astrocitos no coértex cerebral
(HEIMFARTH et al., 2012a). Rompimento da homeostasia do citoesqueleto,
presenca de astrogliose e morte celular por apoptose também ja foram observadas
no cerebelo (HEIMFARTH et al., 2013). No corpo estriado, o composto induziu
neurodegeneracdo (HEIMFARTH et al., 2012b). Importante, os danos neuronais
causados pela exposicdo ao composto, j& foram avaliados histologicamente, e
revelaram alteragcbes no conteudo de mielina (PINTON et al.,, 2010). Embora, a
desmielinizacdo no SNC apds exposicdo ao (PhTe)?, seja um importante marcador
de neurotoxicidade (PINTON et al., 2010); os mecanismos envolvidos na
neurotoxicidade e neurodegeneracdo induzidos pelo (PhTe)? sdo ainda pouco

conhecidos.
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Histologicamente, também j& foi observada vacuolizacdo do neurépilo em
cérebro de camundongos tratados com (PhTe), (MACIEL et al., 2000; NOGUEIRA
etal., 2004). Além disso, a avaliacdo anatdmica do cérebro dos fetos de
camundongos fémeas expostas ao (PhTe), no GD17 (dia de gestacédo) revelou uma
diminuicao do volume cerebral e hidrocefalia (STANGHERLIN et al., 2005).

Adicionalmente, o (PhTe), quando administrado a fémeas prenhas foi
teratogénico, alterou parametros de comportamento e causou estresse oxidativo em
areas cerebrais especificas (MORETTO et al., 2003; STANGHERLIN et al., 2005;
ROMAN et al., 2007).



5 PATOLOGIA CELULAR DOS ORGAOS ASSOCIADAS A AGENTES
INTOXICANTES

5.1 Alteracdes morfologicas causadas por farmacos no cérebro

5.1.1 Reacdes dos neurdnios e neuropilo

Os neurdnios variam consideravelmente na estrutura e tamanho dentro do
sistema nervoso. As especializacfes estruturais associadas com a funcédo neural
incluem aquelas relacionadas a transmisséo sinaptica bem como a diferenciacéo
axonal e dendritica. A resposta destas células a injaria inclui o mecanismo
apoptoético. A apoptose neuronal tem importante papel na definicAo do niamero de
neurénios, durante o desenvolvimento e também esta presente em varias doencas,
incluindo certas doencas neurodegenerativas (ROBBINS, KUMAR e COTRAN,
2010).

A lesdo neuronal aguda (“red neurons”) refere-se ao espectro de alteracdes
que acompanham hipoxia/isquemia no SNC e refletem morte celular (necrose ou
apoptose). Os “red neurons” sao vistos com hematoxilina eosina (H&E) 12 a 24
horas ap6s um insulto hipoxico/isquémico. As caracteristicas morfolégicas consistem
de enrugamento do corpo celular, picnose nuclear, desaparecimento do nucéolo e
perda da substancia de Nissl, com intensa eosinofilia do citoplasma.

A lesdo neuronal sub-aguda ou crbnica (degeneracdo) refere-se a morte
neuronal que ocorre como resultado de um processo de doenca progressiva de
alguma duracdo. A caracteristica morfologica ¢ a perda celular frequentemente
envolvendo grupos de neurdnios relacionados e gliose reativa. Quando o processo
estd em estagio inicial, a perda celular é dificil de ser detectada; a gliose reativa
associada € o maior indicador de processo patolégico (ROBBINS, KUMAR e
COTRAN, 2010).

Alguns processos degenerativos do SNC estdo associados com vacuolizacao

do pericario e processos celulares no neuroépilo. Alteracdo espongiforme ou vacuolar
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descreve o tecido que contém numerosos vacuolos redondos ou ovais, que medem
em torno de 50 pm de didmetro ao microscopio de luz (LAMPERT et al., 1972).
Estes vacuolos podem ser extracelulares ou intracelulares, frequentemente
deslocando organelas como ndcleo e mitocéndria. Vacuolos intramielinicos dentro
da substancia branca correspondem a divisdo das camadas de mielina (MELOV
etal., 1998). As alteracbes vacuolares também podem assumir a forma de
microvacuolizacdo, em que 0 neurépilo € interrompido por numerosos pequenos
vacuolos de 2 a 10 um de diametro (MASTERS et al., 1978), ou estatus espongioso,
onde cavidades irregulares aparecem rodeadas por uma malha de glia (MASTERS
et al., 1978). Os vacuolos observados na degeneracéo espongiforme sédo o resultado

de um processo especifico de doenca e ndo somente do produto da perda celular.

5.1.2 Reacgdes dos astrocitos

Os astrocitos possuem processos citoplasmaticos ramificados que se
originam nos corpos celulares e contém proteina glial fibrilar acida (GFAP). Essas
células atuam como um tampdo metabdlico e detoxificante dentro do cérebro.
Através desses processos, eles contribuem para a funcao de barreira, controlando o
fluxo de macromoléculas entre o sangue, fluido cerebroespinhal e o cérebro. Gliose
(ou astrogliose) € o mais importante indicador histolégico de lesdo no SNC,
independente da etiologia e é caracterizado por hipertrofia e hiperplasia. Nessa
reacdo, o nucleo dos astrocitos € tipicamente redondo e oval, com cromatina pélida,
nucléolo proeminente e com citoplasma escasso. Diante da leséo, o citoplasma se
expande e assume brilho roseado, algumas vezes irregulares, nacleo excéntrico,
numerosos processos ramificados, constituindo células chamadas astrocitos
gemistocisticos (ROBBINS, KUMAR e COTRAN, 2010). Exame de imagem de
células vivas revelou heterogeneidade na reacédo de astrécitos individuais, com um
subgrupo fixo na sua morfologia inicial, outra dirigindo seus processos em direcéo a
lesdo e um distinto subgrupo localizado justavascular ao sitio da proliferacao
(BARDEHLE et al., 2013).



25

5.1.3 Reacdes de oligodendrécitos

Os processos citoplasmaticos oligodendrogliais envolvem os axbnios e
formam mielina. Os oligodendrécitos e epéndima ndo participam da resposta ativa
na lesdo do SNC e mostram poucas reacoes (RIVERA-ZENGOTITA e YACHNIS,
2012). No entanto, alguns oligodendrdcitos sédo perdidos através de necrose ou
apoptose, enquanto outros sobrevivem e podem formar parte da cicatriz glial com
debris de mielina (FAWCETT & ASHER, 1999).

5.1.4 Reacdes da microglia

Micrdglias séo células derivadas do mesoderma, cuja funcéo principal é servir
de macrofago fixo no SNC. Ela responde a injuria através de: proliferacao;
desenvolvimento de nucleo alongado, como na neurossifilis; formando agregados
sobre pequenos focos de necrose (n6dulos microgliais); ou reunindo-se ao redor de
corpos celulares de neurénios em fase de morte (neuronofagia) (ROBBINS, KUMAR
e COTRAN, 2010). A microglia é extremamente sensivel mesmo em pequenas
alteracbes, com rapida resposta ao sinal inflamatério, destruicdo de agentes
infecciosos e antes que o tecido nervoso sofra danos maiores (ZHANG et al., 2010).

A microgliose é tempordria, permanecendo até um més apdés o insulto,
mesmo em casos de dano extremo (STREIT, WALTER e PENNELL, 1999).

5.2 Alteragdes morfologicas causadas por farmacos no figado

O figado é o principal 6orgdo de metabolismo dos xenobidticos e onde ocorre
extenso metabolismo aerdbico, levando a formacdo de EROs e com alta
possibililidade de estresse oxidativo. A lesdo hepética induzida por drogas inclui

degeneracéao hidropica, esteatose, hepatite, necrose.
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A degeneracéo hidrdpica ou vacuolar do hepatécito é o resultado da alteracao
da homeostase de ions e fluidos que levam a um aumento da agua intracelular
(ABDELHALIM, JARRAR, 2011).

No inicio o liquido se acumula no citoplasma, causando aumento de volume e
aspecto de citoplasma diluido. A aparéncia histologica de edema celular é
caracterizada por células alargadas, citoplasma palido, ndcleo em posicao
centralizada e tamanhos variados de vacuolos. Conforme o processo degenerativo
progride, ha formacdo de vacuolos com contornos imprecisos, deixando o
citoplasma com aspecto rendilhado.

A esteatose hepatica representa 0 acumulo intracitoplasmatico de
triglicerideos. No inicio, os hepatocitos apresentam pequenos vacuolos ao redor dos
nacleos (esteatose microvesicular). Neste estagio as células hepaticas séo
preenchidas com mdultiplas gotas de gordura que ndo deslocam o nudcleo
centralmente localizado. Em estagio mais tardio, o tamanho dos vacuolos aumenta,
levando o0 nucleo para a periferia (esteatose macrovesicular). A esteatose
macrovesicular é a forma mais comum e é tipicamente associada com alcool,
corticosterdides, obesidade, diabetes e toxicidade (REDDY e RAO, 2006). Prejuizo
ou inibicdo de moléculas receptoras que controlam as enzimas responsaveis pela
oxidacdo e sintese de acidos graxos parecem contribuir para o acumulo de gordura.
A esteatose € considerada reversivel, principalmente se a causa for removida
(MEDINA et al., 2004).

A hepatite aguda é o padrdo mais comum de doenca hepatica induzida por
farmacos e envolve a inflamacgéo do tecido hepatico, predominantemente por células
mononucleares.

Pode ocorrer concomitantemente degeneracdo hidrépica, necrose e
apoptose. Quando severa ocorre pontes de necrose (porto-portal, central-central,
porto-central).

A patogénese da doenca hepatica induzida por droga usualmente envolve a
participacdo de uma droga que provoque uma reagcao imune ou afete diretamente a
bioguimica da célula. Em ambos os casos, a morte celular é o evento que leva a
manifestacéo de hepatite (ZIMERMANN, 2000).

A lesdo hepatocelular aguda pode resultar em necrose que pode ser definida
como a ruptura da membrana citoplasmatica e a consequente saida de material
intracelular (KROEMER et al., 2009).



27

Afetando individualmente (necrose inconsistente) ou grupos de hepatécitos
(necrose confluente). Em alguns casos a necrose confluente pode ser zonal. A
necrose centrolobular (zona 3) consiste de morte celular irreversivel dos hepatdcitos
centrolobulares e pode ser vista ap0s anOxia ou exposi¢cao a agentes hepatotoxicos
(GOPINATH, PRENTICE e LEWIS, 1987). Esta zona € particularmente vulneravel ao
dano isquémico devido ao baixo gradiente de oxigenacao (COMPORTI, 1985).

Necrose pode ser isolada afetando zona 1 (periportal) ou zona 2
(mediozonal), a qual é vista como uma banda de células edemaciadas e
eosinofilicas entre a zona 1 e zona 3 (WILSON et al.,, 1992). Apoptose pode
acompanhar a necrose no figado, especialmente em situagcdes onde h& efeito
xenobidtico induzido (CULLEN, 2005; GREAVES et al., 2001).

Quando extensa, a necrose confluente pode levar a faléncia hepatica aguda.
A observacao histolégica de necrose mostra que o citoplasma perde as afinidades
tintoriais, tornando-se eosindfilo. A eosinofiia €& devida a perda do RNA
citoplasmatico, e a afinidade da eosina a proteinas desnaturadas (a basofilia do
citoplasma é dada pelo RNA. A alteracdo mais precoce da cromatina € a agregacao
junto a membrana nuclear. O nucleo diminui de tamanho, torna-se mais denso e
com maior afinidade pela hematoxilina (picnose). A dissolugéo da cromatina leva ao
processo de cariblise, provavelmente devido a acdo de DNases lisossdmicas. A

fragmentacao nuclear € denominada cariorexis (BUJA, 1993).

5.3 Alteracdes morfoldgicas causadas por farmacos no rim

A degeneracdo hidropica envolve principalmente as células dos tubulos
renais, que tornam-se edemaciadas e levemente coloridas. No citoplasma sé&o
observadosvacuolos claros, que podem ser vacuolos de dgua ou representar reticulo
endoplasmatico distendido. Pode haver aparéncia granular das células devido a
presenca de mitocondria edemaciada. Devido ao edema das células, o limen dos
tubulos renais pode ficar estreitado ou completamente obliterado. A patogenia deste
processo deve-se ao desequilibrio ibnico ente sddio e potassio. O sédio fica retido
intracelularmente, o que provoca a rapida entrada de agua na célula e a retencéo de

potassio extracelularmente. Com a queda da bomba de Sodio e Potassio, a célula se
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torna mais permeével, entra muita agua da mitocdndria, aumentando seu tamanho e
diminuindo o seu metabolismo e a produc¢éo de energia (ATP) (ROBBINS, KUMAR e
COTRAN, 2010).

A necrose tubular aguda (NTA) é uma das principais causas de lesdo aguda
do rim. O processo envolve a morte das células epiteliais tubulares do rim
acompanhada por oclusdo do lumen por moldes de proteinas (“‘casts”).Os moldes
hialinos (“casts”) eosinofilicos consistem principalmente de proteina Tamm-Hosfall,
uma glicoproteina secretada nas células da alca ascendente e tubulos coletores. Ha
necrose localizada das células tubulares com eosinofilia, ruptura focal ou perda da
membrana basal. Nas células dos tubulos proximais pode haver viabilidade variavel
e nao serem totalmente necroticas. A NTA toxica € manifestada por dano tubular
agudo, melhor observado nos tubulos contornados proximais (RACUSEN, 1998;
GLYNNE, PICOT e EVANS, 2001).

A atrofia e hipertrofia tubulares devem-se a faléncia de néfrons (unidades
funcionais do rim), infiltrado inflamatério crénico e fibrose intersticial. Os tubulos
atroficos podem ser dificeis de identificar. Em alguns, ha espessamento da
membrana basal, 0 que ajuda a destaca-los do intersticio. As areas com atrofia
tubular correspondem a néfrons que ndo funcionam mais. O processo atrofico pode
ser devido a uma especifica apoptose tubular (KUMAR et al., 2001). Os tubulos
hipertréficos e dilatados representam hipertrofia compensatéria dos néfrons
remanescentes. Eles podem ser primariamente de origem proximal, mas podem ser
de origem tubular distal (NADASDY, 1994). O resultado final é a insuficiéncia renal
crbnica. O infiltrado inflamatorio crénico intersticial € inespecifico, podendo ser

encontrado em atrofia renal de diversas origens.

5.4 Alteracdes morfologicas causadas por drogas no pulméo

No pulméo as células endoteliais sdo o sitio primario da lesdo. O dano
endotelial € o evento estrutural que resulta no aumento da permeabilidade capilar,
dando origem ao edema no tecido pulmonar, que € o acumulo de fluido nos espagos
aéreos e parénquima do pulmdo (WARE e MATHAY, 2005). A microscopia do
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pulmdo mostra espacos alveolares preenchidos com substancia eosinofilica

homogénea, que representa o fluido edematoso, que escoa da parede alveolar.
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Abstract

Tellurium is a rare element and non-essential trace element. Their inorganic
compouns are used in industry and their organic compounds in the organic
synthesis.The elemental tellurium, some of its inorganic and organic derivatives have
been studied concerning to biological and toxicological effects. Considering the
cellular toxicity of tellurium compounds, this work evaluated the effect of diphenyl

ditelluride [(PhTe),] on the morphology of liver, kidney and lung. Adult mice were
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exposed acute (a single dose at 250umol/kg) and sub-chronically (one daily dose at
10 or 50 umol/kg for 7 or 14 days) to (PhTe), via subcutaneous. After, the histological
analysis of liver, kidney and lungs were performed. Hepatocytes of mice sub-
chronically exposed to (PhTe),, presented cytoplasmic vacuolization, hydropic
degeneration and hyperchromatic nuclei. Sub-chronic exposure to 50 umol/kg for 7
or 14 days (PhTe), caused hepatic necrosis. Microvesicular and macrovesicular
steatosis were identified in the liver of mice acutely exposed to (PhTe).. Acute and
sub-chronic intoxication with (PhTe), induced degenerative changes on epithelial
cells of renal tubules as loss of brush border and cytoplasmatic vacuolization. In
several renal tubules, it was possible to observe atrophy and hypertrophy, cast
proteinaceous formation and acute tubular necrosis. No morphological alteration was
identified in the lungs of mice sub-chronically exposed to 10 umol/kg (PhTe), for 7
and 14 days. Differently, the mice sub-chronically exposed at 50 umol/kg (PhTe),
developed intralveolar edema and vascular congestion in some areas of lungs. Acute
exposure to (PhTe), did not trigger significant changes in the lungs. Our data indicate
that the compound (PhTe), may be considered an inducing agent of morphologic
changes in all tissue avaluated, but more markedly in liver and kidney than lung,

which could lead to failure these organs.
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Introduction

Tellurium (Te) is a rare metalloid, which has been regarded as a toxic and
non-essential trace element. It may occur in the environment on elemental, inorganic
and organic forms, being ordinarily obtained as by-product of copper refinement
and/or combined with gold and other metals."* Te has important applications in
several industrial processes; and currently many inorganic Te compounds are used
in rubber production, in glass and ceramics as a coloring agent, in metallurgy and in

the industry of nanoparticulate semiconductors. *°

Concerning organic Te
compounds, it is important to highlight their role as reagent in organic synthesis.®

Although Te has been known to be present in plants and microorganisms as
bacteria, fungi and yeast, there is no evidence that Te has a natural biological
function in animal cells.’

The investigations regarding to the toxicology/pharmacology of Te is still
limited in literature; however, the therapeutic and toxic role of Te compounds has
received more attention in the last decades. With emphasis in toxicological
properties, experimental studies have highlighted the detrimental effects of different
Te compounds in several tissues including liver, kidney, skin and blood.®*° Likewise,
many Te compounds induce severe neurodegeneration, which is strongly associated
with the demyelination processes via inhibition of enzyme squalene epoxidase.**** Of
particular significance in terms of mechanisms, it has been postulated that the toxic
action of Te forms (organic and inorganic) involve their oxidant potential and the
consequent oxidation of thiol groups from molecules biologically active.***’ In

analogy, our research group has obtained evidence that the compound diphenyl

ditelluride, an organotellurium used commonly as intermediate in organic synthesis,*
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is cytotoxic to different cells types'®?°

and inhibits sulphydryl enzymes activities in
vitro and in vivo even in low concentrations.®™ Moreover, diphenyl ditelluride
exposure has been associated with teratogenic, mutagenic and genotoxic
events.**?"%

Although a growing body of biochemical evidence shows the close relationship
between diphenyl ditelluride intoxication and oxidative damage, there are few
experimental works characterizing the putative histological changes triggered by the
compound on specific organs. In this way, some studies have demonstrated that the
exposure to certain Te compounds may induce morphologic alterations in tissues
such as liver, thymus, bone marrow, heart, retina and kidney.”** Specifically about
diphenyl ditelluride; literature data show that rats exposed to this compound
development an accentuated cerebral vacuolization." However, the effects of
diphenyl ditelluride intoxication on liver, kidney and lung are still unknown. Thus,
keeping in mind the diphenyl ditelluride toxicity and the scarcity of data on its action
on the morphology of systemic tissues, the present work aimed to assess the

histopathology of liver, kidney and lung of mice exposed acute and sub-chronically to

diphenyl ditelluride.

Material and methods

Materials

The histological stain hematoxylin and eosin (H&E) was acquired from Renylab.
Diphenyl ditelluride was synthetized using the method described by Petragnani

(1994).”° Analysis of TH NMR and 3C NMR spectra showed that diphenyl ditelluride
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presented analytical and spectroscopic data in full agreement with their assigned
structures. The chemical purity of the compounds (99.9%) was determined by

CGMS.

Animals

Adult Male Swiss albino mice (25-35¢g) (n= 30) from our own breeding colony were
used. Animals were kept on a 12 h light/dark cycle, at a room maintained at constant
temperature (22 + 2 °C), with free access to food and water; and housed in solid
plastic-bottomed cages. The animals were used according to the guidelines of the
Committee on Care and Use of Experimental Animal Resources, from the Federal

University of Santa Maria, Brazil.

Experimental protocol

Treatment

The mice were acute and sub-chronically treated with different doses of
diphenyl ditelluride.The animals were randomly divided into 2 experimental groups
(n=5): (1) control and (2) diphenyl ditelluride groups. Diphenyl ditelluride groups were
subcutaneously administered with the compound once a day at 10 and 50 umol/kg
during 7 and 14 days and with 250 pmol/Kg to 1 day. The compound was dissolved
in DMSO and the control group was similarly treated with the vehicle (DMSO 1ml/kg).
The choice of diphenyl ditelluride doses used in this protocol was based on a
previous study, where the calculated LD50 for the compound in mice s.c. route was >

500 umol/kg.*”
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Tissue Preparation

After the end of each experimental period, the animals were euthanized by cervical
dislocation. The organs designed to morphologic analysis (liver, kidney and lungs)
were quickly removed, rinsed with saline solution (0.9%) and fixed in formalin 10%.
The diagonal section of the liver and lung as well as the longitudinal section of the
kidney were obtained and processed (Pathology laboratory- Pathology Department —
Federal University of Santa Maria). The processed tissues were embedded in
paraffin, sectioned at 4 um thickness, and placed on frosted glass slides for further

evaluation. The tissue macroscopic alterations were also analyzed.

Hematoxylin and Eosin stainning (H&E)

After the assembly of glass slides, the samples were stained using hematoxilin
and eosin (H&E) stains. Hematoxylin is a colouring that flushes cellular acid
structures (nucleus) in dark blue. Eosin is a colouring that flushes cellular basic
structures (cytoplasm) in pink (Gartner and Hiatt, 1999). Consequently, these
stainings permit the analysis of changes linked to nucleus and cytoplasm as
degenerative lesions and necrosis. After, the slides stained with H&E were submitted
to histological assessment using a light microscopy coupled to photomicrography
complex, both adapted to a microcomputer with software Honestech for image

capture.
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Periodic Acid-Schiff (PAS)

The PAS is a special stain used to stains basement membrane (normal and in
tumors), glycogen, some mucins and mucosubstances such as glycoproteins. In the
kidney changes in the tubulointerstitial compartment assessed by light microscopy
such presence of tubular casts (Tamm-Horsfall casts)

After the fixation of secctions in 10% formalina and paraffin sections at 5 um,
the samples in glass slides, were stained using 0.5% Periodic Acid Solution
( Periodic acid to 0.5 g and distilled water to 100 ml). The Schiff Reagent were used
to 10 ml of 37% formalin into a watch glass. To this add a few drops of the Schiff
reagent to be tested. A good Schiff reagent will rapidly turn a red-purple color. A
deteriorating schiff reagent will give a delayed reaction and the color produced will be

a deep blue-purple.

Results

Macroscopic analysis

In macroscopic examination, we observed that the internal structures of mice
exposed to diphenyl ditelluride (independently of dose and period) developed a gray-
black coloration. This effect was verified in kidneys, lungs, muscles and mucous

(Figures 1A, 1B and 1C). No similar coloration was observed in the hepatic tissue.
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Microscopic analysis

Hepatic tissue

Liver histopathological analysis showed that the hepatocytes of mice sub-
chronically exposed to diphenyl ditelluride, at 10 umol/kg for 7 days, presented
marked cytoplasmic vacuolation (vacuoles of different sizes), hydropic degeneration
(intracellular edema) and hyperchromatic nuclei when compared to normal hepatic
histology of control mice (Figure 2). The same morphological changes were found in
liver of mice exposed for 14 days to diphenyl ditelluride (data not shown).

In addition to hydropic degeneration, sub-chronic exposure to 50 pmol/kg
diphenyl ditelluride for 7 days caused hepatic necrosis (Figure 3). The signs of
necrosis were represented by presence of a sheet of hepatocytes with pyknotic
nuclei and eosinophilic cytoplasm (Figure 3C). An aggregation of mononuclear cells
in centrilobular (zone 3) and mediolobular areas (zone 2) were also found in the
hepatic parenchyma (Figure 3D). Similar histological changes were identified in the
livers of mice intoxicated with 50 pmol/kg of diphenyl ditelluride for 14 days (data not
shown).

Hystopathologic analysis revealed that the liver of mice acutely exposed to
diphenyl ditelluride at 250 pmol/kg developed microvesicular and macrovesicular
steatosis (Figure 4). Microvesicular steatosis was characterized by presence of small
vesicles filling the cytoplasm of the hepatocytes (foamy hepatocytes) and nucleus
localized on the cell center while macrovesicular steatosis by large vacuoles
apparently “without filling” and rounded by a clear outline (Figure 4B). The acute
intoxication was also associated with a marked and focal dilatation of sinusoids,

which was more prominent in the centrilobular (Zone 3) and mediolobular (Zone 2)
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areas of the hepatic parenchyma (Figure 4C). In some areas were found mild venous
congestion and hepatocytes with piknotic nucleus surrounding the congested area
(Figure 4D). A disorganization of hepatic laminae was also observed in this group

when compared to control.

Renal Tissue

The sub-chronic exposure to diphenyl ditelluride at 10 umol/kg for 7 days
caused a prominent degeneration of epithelial cells lining the renal tubules (Figure 5).
Degenerative processes were evidenced by presence of edema and epithelial cells
with large vacuoles (Figure 5B and 5C). In several tubules, it was possible observe
signals of acute tubular necrosis such as apparent loss of tubular epithelial cells
specialization (brush border); presence of necrotic debris and necrotic epithelial cell
free in the lumen (Figure 5C). Indeed, various renal tubules were filled with
eosinophilic homogenous material (cast proteinaceous) and had a marked tubular
hypertrophy (Figure 5C and 5D). Similar changes were identified in mice treated for
14 days (data not shown).

The sub-chronic exposure to diphenyl ditelluride at 50 umol for 7 days induced
degenerative changes in the lining epithelium of renal tubules; which had
cytoplasmatic vacuoles and loss of brush border (Figure 6B). Some tubules also
presented lumen filled with eosinophilic homogenous material, characterizing the
cast proteinaceous formation (Figure 6C). Indeed, it was identified vascular
congestion in cortical and medullar areas (Figure 6D). No additional alteration was
observed in the kidney of mice sub-chronically exposed to diphenyl ditelluride at

50umol/kg for 14 days (data not shown).
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The histological analysis revealed that the renal tubules of mice acutely
exposed to diphenyl ditelluride at 250 pmol/kg contained epithelial cells free in the
lumen and presented different stages of compression (Figure 7C). It was also
observed the presence of hypertrophic tubules filled with cast proteinaceous and
tubules containing a single layer of epithelial cells and small vacuoles (Figure 7C and
7D). The occurrence of casts within the hypertrophic tubules was confirmed by PAS

(Periodic Acid Schiffer) staining (Figure 7E).

Pulmonary Tissue

No morphological alteration was observed in the pulmonary tissue of mice
sub-chronically exposed to 10 pumol/kg diphenyl ditelluride for 7 and 14 days when
compared with the control group (data not shown).

The lung histopathology revealed that sub-chronic exposure to 50 pmol/kg
diphenyl ditelluride for 7 days was accomplished by development of edema intra
alveolar and vascular congestion in some areas (Figure 8B). Similar tissue changes
were observed in the lung of mice exposed to 50 umol/kg diphenyl ditelluride for 14
days (data not shown).The acute exposure to diphenyl ditelluride at 250 umol/kg did

not cause changes in alveolar morphology (data not shown).

Discussion

Although Te compounds have been widely studied given their toxicity, there

are few data in the literature on the detrimental effects of Te intoxication in the
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microscopic anatomy of tissues. Regarding diphenyl ditelluride, most of studies are
restricted to biochemical analysis and commonly show the pro-oxidant properties of
compound in both in vitro and in vivo experiments. So, research that point the
histopathology changes associated to diphenyl ditelluride intoxication are crucial
since that this compound represents a human risk of occupational exposure due to
be frequently used in organic synthesis reactions.® In this sense, our work provides
evidence that diphenyl ditelluride when administered s.c acute or sub-chronically is
able to elicit several histological abnormalities in liver, kidney and lung of adult mice.

In a general way, diphenyl ditelluride exposure caused degenerative lesions of
reversible and irreversible character, principally in liver and kidney. Unlikely, the lung
tissue was little affected by diphenyl ditelluride intoxication. This difference may be
related to the route of exposure, since the lungs are target organs for poisonings that
occur manly via inhalation.** In addition, the macroscopic findings showed that the
kidneys, lungs, muscles and mucous membranes of mice intoxicated with diphenyl
ditelluride developed a gray-black coloration. In analogy, a blackened appearance of
tissues has already been observed in the mucosa of the bladder and ureter of two
human fatally poising by compound sodium telluride during the necropsies analysis °.
In these case reports is commented that the patients presented a peculiar garlic odor
in the breath and severe cyanose. Although the tissue metabolism of diphenyl
ditelluride is not well enlightened, other studies have suggested that the black color
of some tissues observed in Te intoxication cases possibly reflects the deposition of
reduced tellurium or elemental tellurium forms.*

Currently, the toxicological properties of diphenyl ditelluride have been
investigated in in vivo and in vitro experimental models. Especially in liver, acute

and/or chronic intoxication increases the organ-to-body weight ratio, inhibits 6-ALA-D
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enzyme, increases thiobarbituric acid reactive substances, decreases non-protein SH
levels and modify antioxidant enzymes activities in rodents.'>***> Combined, these
results indicate that the oxidative stress seems to be involved in the toxicity triggered
by diphenyl ditelluride. In terms morphologic, herein we observed that the liver of
animals sub-chronically exposed to diphenyl ditelluride (10 and 50umol/kg) contained
hepatocytes with extensive cytoplasmic vacuolization, hydropic degeneration
(edema) and hyperchromatic nuclei. The excessive accumulation of water associated
to cytoplasmatic vacuolization and hydropic degeneration usually results from
increased permeability of cell membranes.*® Indeed, sub-chronic exposure to 50
umol/kg diphenyl diselenide induced a focal or non-specific hepatitis and a focus of
necrosis with dispersed cells followed by lymphocytic infiltration. Acute hepatitis with
or without cholestasis is the most common histological pattern of drug-induced liver
injury (DILI). It is widely recognized that DILI can be mediated by two main
mechanisms: intrinsic and idiosyncratic hepatoxicity. Commonly, intrinsic DILI is
accompanied by hepatocellular necrosis and little inflammation, while the
idiosyncratic DILI often with inflammation-dominant hepatic injury.®’ The liver of mice
exposed acutely to diphenyl ditelluride presented marked steatosis and changes
consistent with cellular necrosis such as nuclear piknosis and dense eosinophilic
bodies unaccompanied by inflammation. Acute hepatocellular injury may result in
necrosis affecting a single (spotty necrosis) or groups of hepatocytes (confluent
necrosis). The necrosis signals induced by diphenyl ditelluride intoxication was
characterized by a confluent necrosis in centrilobular zone (zone 3), that is commonly
caused by others drugs such as acetaminophen, halothane and/or toxins like carbon
tetrachloride. Frequently necrosis is accompanied by steatosis, which is

characterized by presence of small fatty vesicles filing the cytoplasm of the
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hepatocyte (foamy hepatocyte).” Here, the macrovesicular steatosis was
represented by presence of single, large fat droplets in hepatocytes pushing the
nucleus to the periphery of the cell. This change may be derived from the impaired
egress of lipid from hepatocyte. Taken together, these set of results indicate that
diphenyl ditelluride is a xenobiotic able to produce acute hepatitis and cellular death.
Although there are few data on the liver histology in models of intoxication by Te
compounds, our findings are in accordance with some studies that identified
vacuolization and necrosis signals in hepatocytes of rats exposed to tellurium
dioxide. #**

In vivo data on the renal deleterious action of diphenyl ditelluride are scarcer in
the literature. Unlike to liver and brain, some biochemical analysis show that acute
and/or chronic exposure to diphenyl ditelluride did not affect the activity of renal
sulphydryl enzyme 8-ALA-D, a marker of oxidative damage.'® Herein, the intoxication
with diphenyl ditelluride provoked several renal damage including vacuolar
degeneration, atrophy and hypertrophy of renal tubules, hyaline cast formation and
acute tubular necrosis. These events reflect the cytotoxic effect of compound on
renal parenchyma, which could impair the process of filtration glomerular and
reabsorption tubular. Usually the hydropic changes and vacuolar degeneration
appear whenever the cells are incapable of maintaining the ionic and fluid
homeostasis. These are considered the first manifestations of almost all forms of cell
injury and characterize a reversible injury type.** In renal analysis, the atrophic
aspect of tubules was distinguished by a decrease of their size followed wrinkling and
thickening of basal membrane. Some of atrophic tubules were also filled by cast
proteinaceous, a pink mass in the lumen that corresponds to proteins filtered in

glomerulus. In addition, the renal tubules of mice exposed sub-chronically to diphenyl
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ditelluride present signals of acute tubular necrosis that was identified by presence of
cytoplasm fragment projections towards tubular lumen and loosening of some of
these microvesicles (“blebbing”); lost of the brush border and some free cells in the
lumen. Based on these observations, it is plausible suppose that diphenyl ditelluride
exposure induced injuries on the basal membrane, the principal filtration structure,
making the glomerulus abnormally permeable. In this way, there is evidence that
other Te compounds also provoke histological changes in the kidneys, ranging from
cellular swelling to necrosis.””*° For example, rats intoxicated with tellurium dioxide
development vacuolization of tubular cells and glomerular hemorrhage, followed by
albuminuria and hematuria.*’

Regarding to diphenyl ditelluride exposure and its impact in humans, it is
important consider the growing use of this organochalcogen in the workplace and
consequently the increased human exposure risk.®** In this context, the knowledge
about the toxicological role of compound in the lungs is extremely important, since
that the inhalation constitutes a direct via of intoxication. Although this route of
exposure has not been used in this work and this fact may limit our findings, the
results showed here are the first pathological data reporting the effects of diphenyl
ditelluride on the histology of lungs. Of toxicological importance, a recent study
showed that acute exposure to diphenyl ditelluride (via s.c, 0.3, 0.6, 0.9 pmol/kg)
caused oxidative damage in rat lungs, which was associated with increase in the
levels of lipid peroxidation, reactive species and non-protein thiol as well as
alterations in antioxidant enzymes activities.*” In the histology analysis, we verified,
that different of liver and kidney, the lung of mice intoxicated with diphenyl ditelluride
did not present signals of severe lesions. However, it was possible observe that

diphenyl ditelluride exposure induced edema and congestion pulmonary on some
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areas in the higher dose tested (50 umol/kg). It has been reported that other Te
forms as cadmium telluride (via intratracheal) and tellurium hexafluoride (via
inhalation) cause significant lung changes, including parenchymal inflammation, lung
fibrosis, necrosis of bronchiolar epithelium, inflammation of alveolar epithelium and
lung edema.****

In conclusion, our results point that diphenyl ditelluride exposure provokes
severe morphological changes in liver, kidney and lungs and consequently
represents a potential risk to human health. Indeed, the data obtained herein will
contribute to extend the knowledge on the toxicology of diphenyl ditelluride, since it is

the first work that evaluates the histology of systemic tissues after intoxication with

the compound.
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FIGURES

Figure 1 Macroscopic analysis

Figure 2 Liver (PhTe), 10 umol/kg 7 days/ 14 days




Figure 3 Liver (PhTe), 50 umol/kg 7days
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Figure 5 Kidney (PhTe), 10 umol/kg 7 days /14 days
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Figure 7 (PhTe), 250 umol/kg single dose
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LEGENDS OF FIGURES

Figure 1. Internal cavity and organs of mice acute or sub-chronically exposed to
different diphenyl ditelluride treatments: (A) internal cavity of control (left) and
diphenyl ditelluride (right) treated mice; (B) kidneys, liver and lungs of control (upper
line) and diphenyl ditelluride (lower line) treated mice; (C) muscles of lower limbs of
control (left) and diphenyl ditelluride (right) treated mice. The picture is a

representation of three independent experiments in all doses tested.

Figure 2. Liver histological analysis of mice exposed to diphenyl ditelluride 10
umol/kg for 7 days. (A) Liver section of control group showing polygonal hepatocytes
with oval-shaped nuclei, dispersed chromatin and prominent nucleolus
cordially arranged towards hepatic central vein (detail in 40X); (B) liver section of
mice treated with diphenyl ditelluride showing cytoplasmic vacuolation, edema and
hypercromatic nuclei (detail in 40X) (H&E 10X). The picture is a representation of

three independent experiments.

Figure 3. Liver Histological analysis of mice exposed to diphenyl ditelluride
50pmol/kg for 7 days. (A) Liver section of control group showing polygonal
hepatocytes with oval-shaped nuclei, dispersed chromatin and prominent nucleolus
cordially arranged towards hepatic central vein (detail in 40X); (B) liver section of
diphenyl ditelluride treated mice showing hepatocytes with manifestation of hydropic
degeneration; (C) piknotic nuclei and eosinophilic cytoplasm (detail in 40X) and

mononuclear infiltrate in centrilobular (zona 3) (arrow) and (D) mediolobular (zona 2)
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area (arrow) (H&E 10X). The picture is a representation of three independent

experiments.

Figure 4. Liver Histological analysis of mice acutely exposed to diphenyl ditelluride
250 pmol/kg. (A) Liver section of control group showing preserved polygonal
hepatocytes with oval-shaped nuclei, dispersed chromatin and prominent nucleolus
cordially arranged towards hepatic central vein (detail in 40X); (B) liver section of
diphenyl ditelluride treated mice showing microvesicular steatosis and
macrovesicular steatosis (circle); (C) presence of sinusoidal dilatation (sd) mainly in
centrilobular and mediolobular areas; (D) Hepatocytes with piknotic nuclei (circle)
surrounded area with vascular congestion (vc) and hepatic laminae disorganized

(H&E 10X). The picture is a representation of three independent experiments.

Figure 5. Kidney histological analysis of mice exposed to diphenyl ditelluride 10
pmol/kg for 7 days. (A) Kidney section of control group showing conserved
architecture of cortex with convoluted tubules outlined for a single layer of cuboidal
cells and preserved glomeruli. Kidney section of diphenyl ditelluride treated mice
showing: (B) vacuolar degeneration represented for marked epithelial cells swelling
of renal tubules (arrows); (C) dilated distal tubules (dt) and proximal tubules in
different stages of compression (circle) loss of brush border and some tubular cells
free in lumen (arrow); (D) hypertrophic tubules filled with eosinophilic homogeneous
substance (cast proteinaceous) (circle) and tubular cells free in lumen (head arrow)

(H&E 10X). The picture is a representation of three independent experiments.
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Figure 6. Kidney histological analysis of mice exposed to diphenyl ditelluride 50
umol/kg for 7 days. (A) Kidney section of control group showing conserved
architecture of cortex with convoluted tubules outlined for a single layer of cuboidal
cells and preserved glomeruli; kidney section of diphenyl ditelluride treated mice
revealing: (B) vacuolar degeneration represented for marked epithelial cells swelling
of renal tubules; (C) hypertophic tubules filled with eosinophilic homogeneous
substance (cast proteinaceous) and presence of vascular congestion in cortical
(circle) and (D) medullar area (H&E 10X). The picture is a representation of three

independent experiments.

Figure 7. Kidney histological analysis of mice exposed acutely to diphenyl ditelluride
250 pmol/kg. Kidney section of control group showing: (A) conserved architecture of
renal cortex with convoluted tubules outlined for a single layer of cuboidal cells and
preserved glomeruli and (B) renal medullar area with collecting tubule of normal
morphology. Kidney of diphenyl ditelluride treated mice showing: (C) tubules in
different stages of compression (arrows), epithelial cells free in tubular lumen (detail);
presence of hypertophic tubules filled with eosinophilic homogeneous substance
(cast proteinaceous) (circle); (D) presence of tubules containing a single layer of
epithelial cells and small vacuoles (circle), presence of tubules filled with eosinophilic
homogeneous substance (cast proteinaceous) (arrows); (E) Kidney section with PAS
stain, confirming the presence of cast proteinaceous in hypertophic tubules (*)
(Positive PAS stain/detail in 40X) (H&E 10X). The picture is a representation of three

independent experiments.
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Figure 8. Lung histological analysis of mice exposed to diphenyl ditelluride 50
pumol/kg. (A) Lung section of control group showing bronchioles, blood vessels and
adjacent alveoli with normal morphology. (B) Lung section of diphenyl ditelluride
treated mice showing the presence of some isolated areas with intra alveolar edema
(arrows) and vascular congestion (*) (H&E10X). The picture represents the sum of

three independent experiments.
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Abstract

The diphenyl ditelluride (PhTe), is an organic tellurium compound widely used as an
intermediate in organic synthesis that presents important toxicological properties associated
to increased risk of human exposure to occupational and environmental toxicity. The aim of
this histological study was to determine the histologic changes that might be associated with
exposure to (PhTe),, at different concentrations and time in brain. Male Swiss albino mice
(25-35g) from our own breeding colony were used for this study that lasted for 7 and 14
days. They were divided into six groups. Group DMSO mice (n=4 each group) served as the
control while the groups treated with (PhTe), were divided into: Subchronic Exposure: 7 and
14 days (PhTe), 10umol/kg (n=5) or 50 pumol/kg (n=5) and Acute Exposure Single dose:
(PhTe), 250 umol/kg (n=5). The stained brain tissue micrographs showed neurodegenerative
changes (vacuolations, pyknosis and cavitations) in the brain of the test rats respective of the
dosage. Our findings suggest that exposure to (PhTe), via subcutaneous route can induce

brain tissue damage, which is probably concentration-dependent.



64

Material and Methods

Materials

Hematoxylin eosin (H&E) was acquired from Renylab and Luxol Fast Blue (LFB) of
Easypath. Glial Fibrilar Acid Protein (GFAP) (Mouse Monoclonal, Clone GA-5; dilution
1:100); Synaptophysin (Mouse Monoclonal, Clone 27G12; dilution 1:100), were acquired
from Biocare Medical and Vimentin (Mouse Monoclonal V-9; dilution 1:250) were acquired
from Zymed. Diphenyl ditelluride (PhTe), was synthetized in laboratory organic chemistry by
the method previously described (Petragnani, 1994). Analysis of 1H NMR and 3C NMR
spectra showed that the (PhTe), presented analytical and spectroscopic data in full
agreement with its assigned structures. The chemical purity of compounds (99.9%) was
determined by CGMS. The vehicle utilized to dissolve the compound was DMSO (1%

Dimethyl sulfoxide).

Animals

A total of 30 male Swiss albino mice (25-35g) from our own breeding colony were used. The
animals were kept on a 12h light/dark cycle, at a room maintained at constant temperature
(22 £ 2 °C), with free access to food and water and housed in solid plastic-bottomed cages.
The animals were used according to the guidelines of the Committee on Care and Use of

Experimental Animal Resources, at the Federal University of Santa Maria, Brazil.
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Experimental procedure

Diphenyl ditelluride treatment

The animals were exposed acute and sub-cronically to different concentrations of (PhTe),.
The animals were randomly divided into 2 experimental groups (n=5): (1) control and (2)
diphenyl ditelluride groups. Diphenyl ditelluride groups were subcutaneously administered
with the compound once a day at 10 and 50 umol/kg during 7 and 14 days and with 250
umol/Kg to 1 day. The compound was dissolved in DMSO and the control group was
similarly treated with the vehicle (DMSO 1ml/kg). All solutions were prepared fresh daily and
the doses used were based on an previous LD50 study (Meotti et al, 2003), when the LD50

for (PhTe)2 s.c., was > 500 pmol/Kg.

Methods

Brain Perfusion

After the end of treatment, following the criteria of exposure time and dose of each group, the
mice were euthanized by cervical dislocation. Afterwards, the animals were perfused
transcardially with 0.9% saline followed by ice-cold 4.0% paraformaldehyde in 0.1 M
phosphate buffer solution (PBS). The brains were marked using a pin in the bregma point
(zero coordinate), a landmark visible on the skull, situated between sagittal suture and
coronal suture. After marking, the brain was removed excluding the olfactory bulb and cranial

nerves. The brains were placed in 10% paraformaldehyde in PBS for 72 hours.

Tissue sampling

The brains were divided in two portions: anterior part and posterior part. The posterior part

corresponded to area encephalic posterior, of part toward of lambda and cerebellum up to
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the bregma zero point, toward area anterior of brain. The anterior part was constituted for
segment started in side of surface of cut toward to posterior segment containing remaining
of anterior brain. This procedure was adopted to acquisition of histological cuts coronal
serial of brain tissue of fragments appropriate (Silva et.al., 2006). The brains were cut in
coronal sections at 5um on a sliding microtome. Some tissues were mounted on slides and
stained with H&E, Luxol Fast Blue/ Cresyl violet, while others were

processed for immunohistochemical analysis (reactivity of GFAP and Synaptophysin).

Histochemical procedure

The two portions (anterior part and posterior part) of the brain were incubated for 72
hours in 20% formalin and embedded in paraffin wax. Histologic cuts of 4 um were obtained
by horizontal microtome (Lupetec Model MRP 09), mounted on glass slides and covered with
glass slide. The cuts obtained previously underwent the histologic procedure and different
techniques of marking: Hematoxylin and eosin (H&E), for observation of general histologic
features and Luxol Fast Blue (LFB) that mapped the arrangement and concentration of
myelin. All microscopic lesions were anatomically and morphologically characterized. The
complete maps relating anatomic distribution to severity of lesions were produced for 15
randomly selected cases (5 groups n=3).

The criteria used in selecting slides for the histologic analysis were the entirety of
cuts, the good marking with respective stain and the recognition of boundaries of brain areas,
that were performed through comparison with steriotaxic atlas.

For histological analysis using H&E stain, each slide was analyzed in its entire length,
comprising cortex and white matter and without distinction between brain hemispheres. The
slides with histopathological changes compatible with demyelination (presence of
vacuolation, rarefaction of neuropil) were selected for Luxol fast Blue stain. Slides to
submission for immunohistochemistry were selected based on the slides H&E stained that

presented morphologic changes.
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H&E stain

H&E staining was initially performed on coronal sections of the brain that had been
formalin fixed and paraffin embedded. Paraffin was removed using xylene. The sections
were then dehydrated in ethyl alcohol, cleared with xylene, and coverslipped using an
Entelan mounting medium (MERCK). Lesions were considered mild if they had prominent
gemistocytic astrocytes but minimal to no myelin or axonal loss; moderate lesions had more
extensive astrocytosis with white matter degeneration; severe lesions had marked
astrocytosis and extensive white matter degeneration with rarefaction and vacuolar changes.
Cerebral samples from 5 mice (10, 50 and 250 umol/kg) with mild, moderate, and severe
histopathologic lesions were selected for special staining procedures, including Luxol fast

blue (LFB), GFAP and Synaptophysin.

Luxol Fast Blue (LFB) counterstained with Cresyl Violet (CV)

The slides with histopathologic changes compatible with demyelination in H&E were
prepared in paraffin sections of 5um. The sections were stained by Luxol Fast Blue to
emphasize the neuronal bodies (nissl substance - dark blue to purple, nuclei - dark blue to
purple; non-myelinated fibers in pink-purple, and myelin fibers in blue-green). Cresyl Violet
stain is used to visualize Nissl substance in the cytoplasm of normal neurons, and so
evaluate the viability and surviving neurons in the brain. The stain neuropil assumes a

purple-blue granular aspect.

Immunohistochemical marking of GFAP and Synaptophysin

To detect astrocytic reactions, an immunohistochemical method with an antibody

against GFAP was used. In addition, an antibody against Synaptophysin was also used to

investigate presynaptic behavior in lesion areas.
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The immunohistochemical stains for GFAP (glial fibrillary acidic protein) were
performed using an indirect method with Avidin-Biotin-Peroxidase Complex (ABC)
(Hsuetal.,1981; Raine,1981).

The tranversal cuts of 5um were performed on samples to mount histologic slides.
For each sample, two cuts were submitted to marker immunohistochemical marker, which
were placed on slides previously treated with 3-aminopropiltrietoxisilan (APTS). The slides
with the cuts were taken to an oven at 60° C and left to better prepare them for tissue
accession. The immunohistochemical probe was performed in the laboratory of the
Departament of Pathology of Federal University of Santa Maria, observing the method

reported for Alves et al. (1999) with small alterations.

Results

Histochemical analysis

The coronal sections of the brain from the mice showed histological changes in all the
groups treated with (PhTe), Histopathology of the samples in H&E stain demonstrated that
diphenyl ditelluride at different concentrations caused degeneration in the brain. The lesions
were characterized by vacuolar change and rarefaction of neuropil in the thalamus,
hippocampus and cerebral cortex which varied in intensity and extension. These changes
were of diffuse localization in the cerebral tissue and without cerebral hemisphere
preference.

The ventropostero medial and lateral nucleus in the thalamus of the treated groups
with diphenyl ditelluride revealed several cellular degenerative changes in the group exposed
to 50 umol/kg for 14 days (Fig 6E and 6F). The group exposed to 50 umol for 7 days
presented sparse cellular population as well as some vacuolar changes in the hippocampus
and thalamus (Fig 4E and 4F). The group exposed to a single dose of 250 umol/kg diphenyl

ditelluride presented mild vacuolar changes in the hippocampus (Fig 3A), spongiform change
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in the focal area of the cerebral cortex in the form of panlaminar degeneration (Fig 3C). In
addition, the thalamus presented confluent spongiform change, taking to abnormal cerebral
cytoarchitecture (Fig 3A and 3B). In the groups exposed to 10 umol/kg for 7 and 14 days, we
observed moderate vacuolation and rarefaction of neuropil in the hippocampus (Fig 2B and
2C) and perineuronal edema and piknotic nucleus in the thalamus (Fig 2D).

The neuronal viability was lost in the hippocampus in the subfield CA1 and CA3 in all
the groups, except in the group exposed to 10 umol/kg diphenyl ditelluride for 7 days (data
confirmed by Cresyl Violet stain). The histopathology of the samples in Luxol Fast Blue stain
revealed in the group exposed to 50 pmol/kg for 14 days, there were marked structural
abnormalities of rarefaction and fragmentation (Fig 6C and 6D). The other treated groups (10
pmol/kg 7 and 14 days; 50 umol/kg 7 days; 250 umol/kg single dose) showed no changes
when compared with the control group.

Cresyl Violet was used to identify the neuronal structure in CA1, CA2 and CAS3 of the
hippocampus. Extensive apoptosis are observed in the groups exposed to 50 pumol/kg for 7
days (CAl and CA3) (Fig. 8A and 8B), 50 umol/kg for 14 days (Fig 8C and 8D). In terms of
apoptosis area the neurons presented shrinkage, the cells were smaller in size, the
cytoplasm was dense and the organelles were more tightly packed. The group 250 pumol/kg
single dose (Fig. 8E and 8F) shows extensive neuronal degeneration, represented by

vacuolar changes in neuron of dentate girus.

Immunohistochemical analysis

The analysis of cuts marked for GFAP and Synaptophysin was made according to the
distribution and morphology of positive or negative cells for both proteins. The cells were
considered positive for GFAP and Synaptophysin when stained in dark brown color. GFAP
(Glial fibrillary acidic protein), an intermediate-filament (IF) protein, is specifically expressed
in cells of astroglial lineage and is widely used to mark astroglia in the brain. The sections of

treated animals and with degeneration shown by H&E, showed diffuse labeling along the
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entire extension of tissue, especially in white matter and focal areas of the cerebral cortex.
Immunohistological sections of the white matter showed a noticeable number of GFAP-
Positive astrocytes at the edges of vacuolar change in the group exposed to 50umol/kg for
14 days.The areas with absent vacuolar change showed least marking for GFAP, presenting
less stained cells and more scant cytoplasm. GFAP immunoreaction was absent into
lesioned areas (Fig 7E and 7F).

Synaptophysin staining in treated groups and with degeneration; presented decrease

or absence of immunihistochemical reaction by the protein in the areas of vacuolar

change (Fig 7G and 7H).

FIGURES

Figure 1. Photograph showing the gray-black coloration in the brain of mouse treated with

(PhTe)2 50 umol/kg (under) when compared with the control with an normal coloration (up).
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Figure 2. Histopathologic analysis of mouse brain exposed to diphenyl ditelluride in
concentration of 10 umol/kg diphenyl ditelluride 7 and 14 days. s.c route. (A) Control group
thalamus: shows brain tissue with axon, myelin sheath and glial cell of usual appearance
(H&E 10X). (B)(C) Thalamus area shows perineuronal edema (black arrow) in adjacent glia
cells that also present piknotic nucleus (circle). In addition, moderate vacuolation and
rarefaction of neuropil is observed (H&E 10X). (D) Presence of vacuolar changes
(spongiosis) (detail in 40x), perineuronal edema and piknotic nucleus (black arrow) in the
cerebral cortex (H&E 4x). (E) Control group of hippocampus: show pyramidal layer and
dentate girus (black arrow) without morphologic changes (H&E 10X). (F)(G) Hippocampal
area shows mild vacuolar changes in the CA3 subfield (black arrow).
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250umol/kg single dose

H&E 4X

H&E 10X

H&E 10X

Figure 3. Histopathologic analysis of mouse brain exposed to diphenyl ditelluride in
concentration of 250 umol/Kg single dose, s.c route. Spongiform change in brain tissue: A)
micro-vacuolation characterised by multiple small rounded vacuoles within the neuropil of the
white matter (black arrow) and severe spongiform vacuolation in focal area of white matter
results in (B)confluent spongiform change (circle) with extensive neuronal loss, reactive
astrogliosis (black arrow) and abnormal cerebral cytoarchitecture (H&E 10X,Detail in 20X).
(C) Cerebral cortex shows extensive cortical vacuolation, panlaminar degeneration (black

arrow), reactive astrogliosis and neurons with piknotic nuclei (red arrow).(H&E 10X).
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Figure 4. Histopathologic analysis of mouse brain exposed to 50 umol/kg diphenyl ditelluride
for 7 days, s.c route. (A)(B) Control group without morphologic changes (H&E). (C)(D)
Control group with usual distribuition of myelin (blue) (LFB). (E)(F) Presence of moderate
vacuolation and rarefaction of neuropil in hippocampus. Thalamus area (*) without
morphologic changes (H&E).(G)(H) Observation of very low myelin sheath density (black
arrow) (LFB).
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Figure 5. Histopathologic analysis of mouse brain exposed to 50 umol/kg diphenyl ditelluride
for 7 days, s.c route. (A)(B) Control group without morphologic changes (H&E). (C)(D)
Control group shows homogeneus distribuition of synaptophysin (SYN). (E)(F) Astrocytic
immunoreaction with moderade positive marking in adjacentes degeneration areas
(astrocytic  reaction) (black  arrow)(GFAP).(G)(H)The section shows loss of
immunohistochemical reaction to protein synaptophysin in degeneration areas (SYN).
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Figure 6. Histopathologic analysis of mouse brain exposed to 50 umol/kg diphenyl ditelluride
for 7 days, s.c route. (A)(B) Control group without morphologic changes (H&E). (C)(D)
Control group with usual distribuition of myelin (blue). (E)(F) Presence of severe vacuolation
(status spongiosus) and rarefaction of neuropil in thalamus (ventroposterior medial and
lateral nucleus) (black arrow) (H&E). (G)(H) Presence of structural abnormalities of

rarefaction of neuropil in thalamus area, with accented loss of myelin (black arrow)(LFB).
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Control
14 days

50umol/kg
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Figure 7. Histopathologic analysis of mouse brain exposed to 50 umol/kg diphenyl ditelluride
for 14 days, s.c route. (A)(B) Control group shows astrocytes of sparse distribuition (GFAP).
(C)(D) Control group shows homogeneus distribuition of synaptophysin (SYN).(E)(F)
Astrocytic immunoreaction with accentuated positive marking in adjacentes degeneration
areas (astrocytic reaction) (black arrow). Absent reaction is observed in the center of the
degeneration areas (astrocyte loss) (GFAP).(G)(H) The section shows loss of

immunohistochemical reaction to protein synaptophysin in degeneration areas (SYN).
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LFB/ Cresyl violet 4x LFB/ Cresyl violet 10x

Figure 8. Histopathologic analysis of hippocampus of mouse brain exposed to 50 pumol/Kg
diphenyl ditelluride for 7 and 14 days and 250 umol/Kg single dose s.c route. (A)(B) Group
treated with 50 umol/kg 7 days; (C)(D) 50 umol/kg 14 days shows cells that are shrunken
with condensed cytoplasm. The nuclei are pyknotic and fragmented (arrow black)
intermingling with neurons without changes, which show prominent perinuclear nissl granules
(arrow red). (E)(F) Group treated with 250 pumol/kg shows extensive neuronal degeneration,
represented by vacuolar changes in neuron of dentate girus (arrow black) (Cresyl violet 4X
and 10X).



7 DISCUSSAO

Embora os compostos de Telurio tenham sido amplamente estudados com
relacdo a sua toxicidade, hd poucos dados na literatura mostrando os efeitos
prejudiciais da intoxicacdo por Telurio através da anatomia microscépica dos
tecidos. Com relacdo ao ditelureto de difenila (PhTe),, muitos estudos séo restritos a
andlise bioquimica e comumente mostram as propriedades pro-oxidantes do
composto em experimentos in vitro e in vivo. Também, a pesquisa sob o0 ponto das
alteracdes histopatoldgicas associadas a intoxicacdo pelo (PhTe), sdo cruciais visto
gue o0 composto representa risco ocupacional para humanos devido ao frequente
uso em reacgbes de sintese organica (NOGUEIRA, ZENI e ROCHA, 2004). Neste
sentido, nosso trabalho fornece evidéncias de que o (PhTe), quando administrado
por via subcutanea, de forma aguda ou subcrbénica é capaz de provocar severas
anormalidades histologicas no figado, rim, pulmdo e cérebro de camundongos
adultos.

Os resultados obtidos neste trabalho demonstraram que a exposicdo de
camundongos ao (PhTe), por via subcutdnea causou desde lesdes degenerativas
de carater reversivel até lesfes irreversiveis como morte celular no figado, rim e
cérebro.O tecido pulmonar foi minimamente afetado, fato que pode ser relacionado a
rota de exposicdo, uma vez que a atuacdo sobre o érgao de maneira deletéria é
através da via inalatoria (MYCEK, HARVEY e CHAMPE, 1998)

A avaliacdo anatbmica macroscopica demonstrou coloracdo enegrecida dos
orgaos, incluindo membranas mucosas interna, pele e musculos. Esta caracteristica
macroscopica dos tecidos foi observada durante exame de necropsia na mucosa da
bexiga e ureter de dois homens fatalmente envenenados pelo composto ditelureto
de sédio (KEALL et al., 1946). Este fato pode estar relacionado a deposi¢cdo de
Telurio reduzido ou formas de telurio elementar (DUCKETT e ELLEM, 1971).

A avaliacdo de parametros bioquimicos tem revelado em modelos
experimentais in vivo e in vitro no figado que a exposi¢cao ao (PhTe); inibe a enzima
0-ALA-D, aumenta as substéncias reativas ao acido tiobarbitarico, diminui os niveis
de SH néo proteicas e modificam a atividade de enzimas antioxidantes em roedores
(MEINERZ et al., 2011; MACIEL et al.,, 2000; MEOTTI et al., 2003). A avaliacao
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morfoldgica microscépica apds a exposi¢cao subcrbnica ao (PhTe), (10 e 50umol/kg)
demonstrou alteracdes degenerativas nos hepatécitos,esteatose hepatica, necrose
focal e hepatite focal ndo especifica,que € o padrdo histolégico mais comum da
injuria hepatica induzida por droga. Examinados em conjunto, esses resultados
indicam que o (PhTe), € um xenobibtico capaz de produzir hepatite aguda e morte
celular. Apesar de haver poucos dados sobre histologia do figado em modelos de
intoxicacdo por compostos organicos de Telurio, nossos achados estdo de acordo
com alguns estudos que identificaram vacuolizacdo e sinais de necrose em
hepatocitos de ratos expostos ao dioxido de telario ( DEMEIO e JETTER, 1948).

No rim, ao contrario do figado e cérebro, algumas andlises bioquimicas
mostram que a exposicdo aguda e/ou cronica ao (PhTe), ndo afeta a atividade da
enzima ®-ALA-D renal, um marcador de dano oxidativo (MACIEL et al., 2003). O
(PhTe), provocou dano renal severo, incluindo degeneragdo vacuolar, atrofia e
hipertrofia de tubulos renais, formacdo de moldes hialinos e necrose tubular aguda
(NTA). Esses eventos refletem o efeito citotéxico do composto no parénquima renal,
que pode prejudicar o processo de filtracdo glomerular e reabsorcdo tubular.
Usualmente, a alteracao hidropica e a degeneracao vacuolar aparecem toda vez que
as células sédo incapazes de manter a homeostasia ibnica e fluida. Estas séo
consideradas as primeiras manifestacdes de quase todas as formas de injuria celular
e caracteriza um tipo de injuria reversivel (ROBBINS, KUMAR e COTRAN, 2010).
Em adicdo, os tubulos renais de camundongos expostos de forma subcrbnica ao
(PhTe), apresentou sinais de necrose tubular aguda, podendo levar a alteracdo da
estrutura de filtracdo, tornando o glomérulo anormalmente permeéavel.

Considerando o crescimento do uso e exposi¢ao ao (PhTe), e consequente
aumento do risco ocupacional é importante a analise do pulmao, principalmente pelo
fato de que a inalacdo constitui-se como via direta de intoxicacdo. Embora essa rota
de exposicédo nao tenha sido usada neste trabalho e esse fato tenha limitado nossos
achados, os resultados mostrados aqui sdo os primeiros dados patolégicos
relatando os efeitos do (PhTe), na histologia dos pulmdes. A avaliacdo histologica
microscopica do pulméo ndo demonstrou lesGes severas associadas a exposicéo do
(PhTe),. Contudo edema e congestdo pulmonar é possivel observar em grupos
tratados com altas doses do composto (50 umol/kg and 250 pmol/kg). Outras formas
de teldrio, como telureto de cadmio (via intratraqueal) e hexafluoreto de teldrio (via

inalatoria), foram relacionadas a inflamacdo do parénquima, fibrose pulmonar,
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necrose do epitélio bronquiolar, inflamacéo do epitélio alveolar e edema pulmonar
(KIMMERLE, 1960; MORGAN et al., 1997).

Adicionalmente, os resultados deste estudo no tecido cerebral revelaram que
a administracdo de (PhTe), induziu alteracBes neurodegenerativas, como: alteracao
vacuolar ou alteracdo espongiforme, espongiose e status espongioso. Além disso,
foi observada, na regido do hipocampo, presenca de picnose nuclear, perda de
viabilidade e morte neuronal nos camundongos tratados. Em tratamento paralelo, o
uso de marcacdo imunoistoquimica possibilitou a visualizacdo de reacdo glial e
perda da imunorreatividade na membrana pré-sindptica. A neurodegeneracdo € um
termo amplo para a perda progressive da estrutura ou fungdo dos neurdnios. O
aparecimento de sinais histopatologicos de toxicidade foram dependentes da dose e
do tempo apos a exposicao ao (PhTe),. Os grupos 50 pmol/kg, durante 7 e 14 dias
de exposicdo apresentaram alteracbes histoldgicas mais expressivas, que foram
observadas no hipocampo, cortex cerebral e talamo.

E conhecido que os compostos organicos de telirio sdo altamente toxicos
para o sistema nervoso central (SNC) de roedores, mas 0s mecanismos envolvidos
com os efeitos induzidos pelo (PhTe), ndo foram ainda elucidados. No sistema
nervoso periférico (SNP), esses efeitos provavelmente ocorrem pelo rompimento na
sintese de colesterol, nas células de Schwann, através da inibicdo da escaleno
monooxigenase (WAGNER-RECIO et al., 1991). No SNC, foram relatados efeitos in
vitro e in vivo nas amostras de cértex cerebral expostos a uma concentracao toxica
de (PhTe), sobre a atividade da enzima Na+ K+- ATPase e sobre a fosforilagcdo das
proteinas do citoesqueleto (MORETTO et. al., 2005; HEIMFARTH et.al., 2008).

Os achados de processos nheurodegenerativos sado caracterizados pela
astrogliose persistente e ativagdo da morte neuronal por apoptose, através dos
mecanismos mediados pela caspase 3 (HEIMFARTH et. al., 2013). Também foi
demonstrado em estudos anteriores, que fémeas gravidas expostas a baixas
concentracbes de (PhTe), podem alterar a sinalizagdo celular, atingindo o
citoesqueleto do corpo estriado e cerebelo (HEIMFARTH et. al., 2012b). No presente
estudo histologico, a intoxicagdo com (PhTe), foi capaz de provocar alteracdo
espongiforme ou vacuolar, observada em areas mielinizadas junto ao talamo e ao
hipocampo, e, também, em pontos focais do cortex cerebral, onde é denominada
espongiose. Essas alteracdes foram de localizagdo difusa no parénquima e sem

preferéncia por hemisfério cerebral. A alteracdo espongiforme €& formada por
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numerosos e finos vacuolos redondos ou ovais a microscopia de luz e maiores de 50
pm de diametro de diferentes tamanhos, alguns coalescentes, opticamente vazios,
bem delimitados. Esses vacuolos podem ser extracelulares ou intracelulares e,
frequentemente, deslocam organelas como nucleo e mitocondria. Vacuolos
intramielinicos dentro da substancia branca correspondem a uma fenda nas
camadas de mielina (GONATAS et al., 1965; MACHADO-SALAS, 1986). Além dessa
alteracéo vacuolar, o neurdpilo, nomeadamente, o tecido localizado entre os corpos
celulares, pode também exibir microvacuolizacdo ou também ocorrer status
espongioso, que sao cavidades irregulares rodeadas por trama de (glia.
Ultraestruturalmente, as alteracoes espongioticas foram atribuidas a processos
astrociticos edemaciados, espaco extracellular distendido, oligodendrécitos
vacuolados, axonios dilatados, vacuolos dentro das bainhas de mielina, dendritos
neuronais edemaciados e desmielinizacdo (LAMPERT, SCHOCHET, 1968).

Nossos achados histologicos estdo de acordo com os dados de Nogueira et
al. (2001), que concluiram que a exposi¢éo a simples ou multiplas doses de (PhTey,
causou efeito neurotoxico histopatolégico, que demonstrou acentuada vacuolizacao
dos corpos celulares e neurépilo (NOGUEIRA et al., 2001).

Neurdnios viaveis sobreviventes no hipocampo foram estimados pela
coloragéo de violeta de cresil. No presente estudo, foi observada significativa perda
de neurdnios e presenca de células apoptéticas na subcamada CA1l e CA3 do
hipocampo evidenciadas nos grupos 50 umol/kg 7 e 14 dias e 250 pmol/kg dose
Unica. A degeneracdo neuronal tem sido relatado resultar em morte celular, que
pode ser de 2 tipos, denominados apoptose e necrose.

A coloracéo do tecido cerebral através do Luxol Fast Blue (LFB) € comumente
usada para detectar desmielinizagdo no SNC. Este processo é caracterizado por
morte da glia e vacuolizacdo, bem como a perda do lencol de mielina ndo mais
sustentado por oligodendrocitos degenerados e mortos (GRACA, BLAKEMORE,
1986). Com relacdo a baixa densidade do lencol de mielina, estudos anteriores
demonstraram que (PhTe), causou hipomielinizacdo mais do que desmielinizagao
em filhotes de ratos (PINTON et al.,, 2010). Aqui, 0 exame histolégico com a
coloragéo por LFB revelou severa perda de densidade de mielina junto as areas de
alteracdo vacuolar, no grupo tratado com (PhTe), 50 pmol/kg 14 dias em
camundongos adultos. No entanto, nos outros grupos tratados com (PhTe),, foi

observada discreta rarefacdo do lencol de mielina.
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Astrécitos contém proteina glial fibrilar acida (GFAP) como nenhum outro
elemento celular contém tal proteina; ela serve como marcador especifico para
identifica-los. Os niveis de GFAP sdo regulados no baixo desenvolvimento e
condicbes patoldgicas. A super expressao da GFAP é uma das mais caracteristicas
reacOes dos astrécitos, comumente observada apés lesdo no SNC (GOMES et. al.,
1999). Neste estudo, foi observado desaparecimento dos astrécitos normais,
marcados pela GFAP, no centro da lesdo. No entanto, nas bordas da lesdo, houve
reacao astrocitica evidenciada por aumento do corpo celular, prolongamentos
celulares longos e grossos, fortemente marcados pela GFAP. Gliose é uma
alteracao reativa ndo especifica das células gliais em resposta ao dano no SNC. Em
muitos casos, a gliose envolve a proliferacdo ou hipertrofia de diferentes tipos de
células gliais, incluindo astrocitos. Gliose é uma caracteristica do dano no SNC.

As desordens degenerativas no cérebro sdo caracterizadas pela continua
perda de neurdnios na area cortical e subcortical e, provavelmente, por uma extensa
perda sinaptica. A fim de localizar a perda de sinapses em camundongos expostos a
(PhTe), foi usada imunoreatividade para um anticorpo que identifica a proteina
sinaptofisina. A sinaptofisina € uma glicoproteina de membrana (Mr 38,000) presente
nas vesiculas pré-singpticas dos neur6nios e em vesiculas similares na medula da
glandula adrenal. Em nossos achados, a exposicdo aguda e subaguda de
camundongos adultos ao (PhTe), provocou perda da imunorreatividade a proteina
nas areas de alteracdo vacuolar. Isso significa a reducdo ou perda completa de
terminais sinapticos, indicando diminuigcdo ou auséncia da fungdo sinaptica nas
areas afetadas.

O presente estudo foi conduzido utilizando um modelo experimental de
exposicdo de camundongos adultos ao (PhTe),, visando avaliar as condi¢des
anatomopatoldgicas do figado, rim, pulméo e cérebro. Os resultados apontam que a
exposicao ao (PhTe), provoca severas alteracdes morfologicas nesses 6rgaos, que
vao desde processos patolégicos reversiveis até 0s irreversiveis, como morte
celular. Particularmente no cérebro, os achados histolégicos demonstraram que o
composto foi capaz de causar danos teciduais, como vacuolizacao, representada por
espongiose e status espogioso, perda da viabilidade neuronal e astrocitaria, ativagao
astrocitaria, gliose reativa, desmielinizagdo, e sugere um importante papel desse

composto na perda de sinapses e possivel prejuizo na transmissao sinaptica. Esses
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achados associados com disfungdes neuroquimicas demonstraram respostas

neurotoxicas apds a exposicao ao (PhTe),.



8 CONCLUSOES

As alteragcbes morfolégicas teciduais observadas no figado incluiram
degeneracdo hidropica, hepatite focal e ndo especifica, necrose;
demonstraram injuria hepatica induzida por (PhTe), em concentragBes de 10
pmol/kg e 50 pmol/kg durante 7 e 14 dias e 250 umol/kg em dose Unica.

As alteracdbes morfoldgicas teciduais observadas no rim incluiram
degeneracdo vacuolar, atrofia de tubulos renais, hipertrofia de tubulos renais,
formacao de moldes hialinos e necrose tubular aguda (NTA) apos inducao por
(PhTe), em concentracdes de 10 umol/kg e 50 pmol/kg durante 7 e 14 dias e
250 pmol/kg em dose Unica.

As alteracdes morfoldgicas teciduais observadas no pulméo incluiram edema
e congestdo pulmonar em areas focais do parénquima apos inducdo por
(PhTe), em concentracdes altas de 50 pmol/kg durante 7 e 14 dias e 250

pmol/kg em dose Unica.

As alteracdes morfoldgicas teciduais observadas no cérebro incluiram
vacuolizacéo tecidual representada por espongiose e status espogioso, perda
da viabilidade neuronal e astrocitaria, ativacdo astrocitaria, gliose reativa,
desmielinizacéo e sugerem um papel desse composto na perda de sinapses e

possivel prejuizo na transmissao sinaptica.



9 CONSIDERACOES FINAIS E PERSPECTIVAS

bY

Tendo em vista a escassez de estudos relacionados a avaliagao
anatomopatologica dos tecidos do organismo apds a exposicdo ao (PhTe),, este
trabalho apresenta-se como um dos poucos sobre o assunto. Resultados
interessantes ligados a alteracdes teciduais em diferentes concentracdes e tempo de
exposicdo ao composto no figado, rim, pulmdo e cérebro puderam ser
demonstrados. A analise microscépica do figado revelou degeneracao hidrépica,
hepatite focal e necrose. De acordo com evolucdo do processo, tempo de exposi¢ao
e tipo de agente injuriante, a hepatite podera assumir formas clinicas mais graves,
incluindo hepatite colestatica (com acumulo de bile nos hepatécitos), hepatite com
necrose macica ou submacica, podendo levar a faléncia hepética fatal. O tecido
renal mostrou-se vulneravel a exposicdo ao (PhTe), por via s.c, uma vez que
apresentou alteracGes teciduais tubulares, como atrofia, hipertrofia de tdbulos,
degeneracdo hidropica de células tubulares e necrose tubular aguda. Diante desses
resultados, a fisiologia renal serd extremamente prejudicada, podendo haver
alteracéo da filtracéo e reabsorcdo renal com albuminuria, hematuria e, dependendo
do grau de acometimento, levar a insuficiéncia renal. Apesar de o pulmao nao ter
sido exposto a inalacdo, sua via direta de intoxicacdo, os resultados da andlise
microscoépica, neste estudo, demonstraram os primeiros dados anatomopatolégicos
relatando edema e congestdo vascular pulmonar. Essas alteracfes estao
relacionadas a hipertensdo pulmonar e, em estagios avancados do processo, a
edema agudo de pulméo, por vezes, fatal ao individuo. A neurotoxicidade, sob a
visdo anatomopatoldgica, trouxe confirmacdo de estudos anteriores, como as
alteracdes espongiformes ou vacuolares. Também, demonstrou degeneracdo do
tecido cerebral, que pode levar a atrofia cerebral, ja relatada anteriomente em
estudos com o (PhTe),. A reacdo astrocitaria, presente nos bordos das lesfes,
demonstra a acdo lesiva do composto no tecido cerebral. Outro achado, neste
estudo, de grande importancia sob o ponto de vista anatomopatolégico e funcional, é
a morte neuronal por apoptose no hipocampo. Essa estrutura do SNC é considerada
a principal sede da memdéria e importante componente do sistema limbico. Além

disso, com a avaliacdo imunoistoquimica das vesiculas pré-sinapticas, é plausivel a
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sugestdo de um papel desse composto na perda de sinapses e possivel prejuizo na
transmisséo sinaptica.

Este estudo podera ser ampliado com a concretizacdo de novos objetivos:

e Identificar, através de métodos imunoistoquimicos com anticorpo anti-NOGO-
A, o qual demonstra membranas mielinicas e oligodendrécitos, a

guantificacdo de perdas (morfometria) dos componentes mielinicos.

e Realizar testes comportamentais ligados a avaliacdo das transmissoes
sinapticas.
e Avaliar, através de técnica de imunofluorescéncia, a presenca de astrécitos

(GFAP) e ativacédo da microglia (CD 11B).

e Realizar estudo anatomopatoldgico de cérebro, através de cortes sagitais

seriados a fim de realizar mapeamento das alterag6es morfoldgicas.
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