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RESUMO

Os efeitos nocivos nos tecidos respiratorios devidos a inalagdo de selénio
(Se) e a um seu derivado, o dimetilSe (DMSe), foram investigados nesta tese
com particular atengdio as alteragdes morfoldgicas e inflamatorias causadas por
estas substincias no ratinho. A presente dissertagdo inclui ainda o estudo da
remogdo das particulas de Se pelos macréfagos alveolares e pelos granulocitos e
das alteragdes na deposigdo de colagénio nos pulmdes de ratinhos tratados com
Se ou DMSe.

As alteraces histopatologicas do epitélio traqueal e dos pulmdes
provocadas por uma Unica instilagdo intratraqueal de duas doses diferentes de
DMSe (0.05 e 0.1 mg Se/Kg BW) foram estudadas ap6s 1, 7, 14 e 28 dias apos o
tratamento. O epitélio traqueal mostrou diminui¢do do nimero de cilios e
necrose aguda e, em algumas amostras, mesmo uma transformagéo metaplastica.
Edema e lesdo alveolar difusa foram observados nos pulmdes. As lesdes
respiratorias causadas pelo Se foram correlacionadas com a dose de DMSe
administrado. Em contraste com as lesBes traqueais agudas, inflamagfo cronica
assim como o aumento da espessura do septo alveolar ocorrem nos pulmdes dos
mesmos animais, sem evidéncia de recuperagdo das lesdes 4 semanas apos a
instilagdo inicial.

O estudo da cinética dos biomarcadores inflamatérios do liquido
broncoalveolar incluiu o nimero de leucocitos, e o doseamento de lactato
desidrogenase (LDH) e das proteinas totais. A investigagdo foi feita com vista a
caracterizar-se a resposta inflamatéria dos pulmdes dos animais a uma unica
instilagdo intratraqueal de DMSe. Os neutréfilos foram os leucécitos mais
numerosos encontrados no periodo inicial da inflamagdo causada por DMSe. O
nimero de macrofagos aumentou apenas moderadamente, enquanto que o0s
linfécitos ndo evidenciaram aumento significativo apos a instilagdo de Se.

Verificou-se um ligeiro aumento de proteina total no exsudado alveolar e, mais
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tardiamente, um aumento de LDH nos animais a que foi administrada a dose
mais elevada de DMSe. Esta dose de DMSe (0.1 mg Se/kg BW) causou um
aumento sustentado do nimero de neutréfilos e macroéfagos durante as 4
semanas de estudo, enquanto a dose mais baixa (0.05 mg Se/Kg) resultou numa
reacgdo inflamatéria observada apenas durante 2 semanas. Pode-se concluir que
o DMSe origina uma resposta inflamatoria que é dependente da dose
administrada e que se reflecte em alteragdes do epitélio respiratorio.

Os colagénios I, I e 1V, foram estudados nos pulmdes dos animais
tratados com DMSe, verificando-se que o colagénio do tipo I sofreu um
aumento em septos alveolares 7 e 14 dias apdés a administragio de DMSe. O
colagénio do tipo II sofreu apenas um aumento moderado, mas o colagénio IV
ndo sofreu qualquer alteragdo durante o tratamento. Pode-se concluir que a
instilagfio por DMSe causa um transitorio aumento em colagénio I provocando a
sua acumulacdo na parede alveolar, sem que hajam alteragdes do colagénio das
membranas basais (tipo IV). O aumento de colagénio I foi temporario indicando
que a fibrogénese pulmonar causada por uma Unica instilagio de DMSe ¢ um
processo reversivel.

A microscopia de luz e a microscopia electronica de varrimento acoplada
a microandlise elementar de raio-X (SEM-XRM) foram usadas para investigar a
remogdo das particulas de Se do pulmdo do ratinho. Foi observado que
praticamente todos os macrofagos alveolares continham particulas de Se.
Apenas menos de metade dos neutrofilos mostravam ingestdo de particulas de
Se. Observou-se que os macréfagos alveolares com Se migram para o espago
intersticial onde sdo capturados 72 horas apos a instilagdo das microparticulas.
Conclui-se que a resposta inflamatoria aguda do pulméo as particulas de Se €
dominada pelos neutrofilos, mas que a remogdo do metal é realizada
maioritariamente pelos macréfagos alveolares.

Esta dissertacdo oferece a definigdo morfologica e inflamatoria das

alteragdes agudas da traqueia e do pulmédo a instilagdo de Se ou de DMSe.
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ABSTRACT

The harmful effects on respiratory tissues due to inhalation of selenium
(Se) and of one of its derivatives dimethyl selenide (DMSe) were investigated in
this thesis. The focus was on the morphological and inflammatory changes that
were experimentally induced in mice by Se or DMSe. This effort includes the
study of removal of Se particulates by alveolar macrophages and granulocytes,
and the modifications in collagen deposition triggered in the lungs by Se or

DMSe.

The histopathological alterations of murine tracheal epithelium and lungs
caused by a single intratracheal instillation of two different doses of DMSe (0.05
and 0.1 mg Se/kg BW) were defined 1, 7, 14 and 28 days after the DMSe
treatment. The tracheal epithelium showed loss of cilia and acute necrosis and,
in some instances, metaplastic transformation. Edema and diffuse alveolar
damage was observed in the lungs. Moreover, the respiratory lesions caused by
Se were found to be dose dependent since the higher DMSe dose triggered more
serious respiratory lesions than the lower one. In contrast with the transient
nature of tracheal lesions, chronic inflammation and increased thickness of
alveolar septa occurred in the lungs with no amelioration of lesions after 4
weeks of Se the initial instillation.

The kinetic of inflammatory biomarkers in bronchoalveolar lavage
(BAL) samples, including leukocytes, lactate dehydrogenase (LDH) and total
protein, were used to characterize the inflammatory response of the mouse
lungs induced by a single intratracheal instillation of DMSe. Neutrophils were
the most numerous leukocytes during the early inflammatory influx.
Macrophages increased moderately and lymphocytes showed no increase after
the Se instillation. An early increase in total protein of BAL, and late
enhancement in LDH was observed in mice treated with the high DMSe dose.
Furthermore, the higher dose of DMSe triggered a sustained enhancement in
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the number of neutrophils and macrophages during the 4 weeks of the study,
while the lower dose of DMSe resulted in an inflammation reaction that lasted
only for 2 weeks. In addition, DMSe led to a dose-dependent inflammatory
reaction in the mouse airways that resembles the kinetics of damage of

respiratory epithelia that occurred upon DMSe inhalation.

Staining of collagen I, I and IV was investigated in the lungs of DMSe
treated mice, 1 was found that collagen type I was enhanced in alveolar septa,
at day 7. Collagen II was moderately increased but collagen IV was not
significantly changed by the treatment. It can be concluded that DMSe
instillation caused an increase in collagen I fibrils with no changes in
basement-membrane collagen (type IV), and also that the enhancement in lung
collagens was transient, indicating that lung fibrosis triggered by a single

airway instillation of DMSe is a reversible event.

Light microscopy and scanning electron microscopy coupled with X-ray
elemental microanalysis (SEM-XEM) were used to investigate the removal of
inhaled Se particle in the mouse lung. It was documented that virtually all BAL
macrophages contained Se particles of different size. Only less than half of the
neutrophils showed ingested Se particles. There was evidence that the Se-loaded
alveolar macrophages migrated into the interstitial space of the alveoli where
they were often captured 72 hrs after inhalation of the microparticulate. The
acute inflammatory response in the lung to Se particles was dominated by
neutrophils but the removal of Se was done mostly by alveolar macrophages.

Taken together, the experimental data of this thesis define the early
structural changes of respiratory tissues in response to the instillation of Se

particles or of a Se derivative.
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