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RESUMO

A energia € um ingrediente essencial para o desenvolvimento econdémico.

Para a producdo de energia sdo utilizadas diversas fontes, como o0 carvao
mineral, que foi uma das primeiras fontes de energia utilizadas pelo ser humano
em larga escala. O carvado consiste de uma mistura complexa de substancias
guimicas organicas, constituida por carbono, hidrogénio e oxigénio,
principalmente, e por quantidades menores de nitrogénio e enxofre. O Brasil
apresenta a 10* maior reserva de carvdo do mundo, com um total de 12 bilhdes
de toneladas. No Rio Grande do Sul ficam quase 90% das reservas nacionais, a
Jazida de Candiota (RS) possui 38% de todo o carvao nacional. A exposi¢do ao
carvao e seus efeitos genotoxicos e mutagénicos véem sendo estudados com
diferentes enfoques e também em diferentes organismos. Considerando a
composicdo do carvao, conhecida por apresentar componentes genotéxicos, e a
falta de estudos em trabalhadores expostos deste setor produtivo, este trabalho
tem como objetivo realizar biomonitoramento de uma amostra de trabalhadores
deste setor, da regido de Candiota- Rio Grande do Sul. Para isso, foram coletados
sangue e mucosa oral de 57 individuos ocupacionalmente expostos ao carvao e
de 71 individuos ndo expostos ao carvao. O Ensaio Cometa, o teste de MN em
linfécitos binucleados e em mucosa oral, marcadores de estresse oxidativo bem
como o conteudo de elementos traco foram avaliados nas amostras. Os
polimorfismos GSTT1 nulo, GSTM1 nulo, OGG1 Ser326Cys e XRCC1 Argl194Trp
foram analisados para verificar a possivel modulacdo destes genes de
suscetibilidade nos resultados dos biomarcadores. Individuos expostos
apresentaram maiores danos no DNA. Nossos resultados mostraram aumento
significativo em indice de Dano (P = 0,002) e FD (P < 0,001), parametros
analisados no Ensaio Cometa, em frequéncia de MN (P < 0.001) e Pontes
citoplasmatica (P < 0,001), parametros do teste de MN em linfécitos binucleados,
frequéncia de MN em células basais (P < 0,001) e em células diferenciadas (P <
0,001), frequéncia de células binucleadas (P < 0,05), no BMCyt em comparacao
com os individuos nao-expostos. Observamos reducao significativa da frequéncia
de células com cromatina condensada (P < 0,001), no BMCyt, que é um
15



parametro de morte celular. O grupo exposto apresentou aumento no estresse
oxidativo, pelo aumento de SOD (P < 0,001), por outro lado, houve uma reducao
de CAT e TBARS (ambos com P < 0.001). As amostras dos trabalhadores
apresentar quantidades de magnésio (Mg), aluminio (Al), cobre (Cu), e zinco (Zn),
apesar de ndo terem diferencas significativas, ja a andlise do ambiente, o solo de
Candiota mostrou maiores quantidades de fésforo (P), enxofre (S) e chumbo,
guando comparado com o solo de Bagé, onde ndo ha a atividade de mineracéo. A
andlise dos polimorfismos GSTT1 nulo, GSTM1 nulo, OGG1 Ser326Cys e XRCC1
Argl94Trp mostrou influéncia do polimorfismo GSTM1 nulo na frequéncia de
brotos nucleares, dos individuos expostos, e do polimorfismo XRCC1 Arg194Trp
na frequéncia de células cariorréticas e piquinéticas, dos individuos ndo-expostos.
Individuos expostos com o gendétipo GSTM1 nulo apresentaram aumento
significativo na frequéncia de brotos em relagdo aos individuos com o gendétipo
GSTM1 néo- nulo (P=0.023). Entre os individuos ndo expostos, o gendtipo
XRCC1 Arg/Trp apresentou menores frequéncias de células cariorréticas e
piquindticas quando comparados com individuos do mesmo grupo com o genaotipo
XRCC1 Arg/Arg (P=0,048 e P=0.004, respectivamente). Assim, o dano ao DNA
observado nos individuos expostos pode ser consequéncia do dano oxidativo

resultante da exposicao aos residuos do carvao, inclusive os metais.
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ABSTRACT

Energy is an essential ingredient for economic development. For the
production of energy are used various sources, as coal which was the first source
of energy used by humans in large scale. The coal is a complex mixture of organic
chemicals, comprising carbon, hydrogen and oxygen, especially, and minor
amounts of nitrogen and sulfur. Brazil has the 10th largest coal reserves in the
world with a total of 12 billion tons. In Rio Grande do Sul are almost 90% of
national reserves, the Jazida Candiota (RS) has 38% of all coal national. Exposure
to coal and its genotoxic and mutagenic effects has been studied with different
approaches and also in different organisms. Considering the composition of coal
known to have genotoxic components, and the lack of studies in exposed workers
of this sector, the aim of this study was to conduct biomonitoring of a sample of
workers in this sector, the region Candiota — Rio Grande do Sul For this, we
collected blood and oral mucosa of 57 individuals occupationally exposed to coal
and 71 individuals not exposed to coal. The Comet assay, the test of MN in
binucleated lymphocytes and oral mucosa, oxidative stress markers and the
content of trace elements were measured in the samples. The polymorphisms
GSTT1 null, GSTM1 null, OGG1 Ser326Cys and XRCC1 Argl94Trp were
analyzed to verify the possible modulation of these genes results in susceptibility
biomarkers. Exposed individuals showed higher DNA damage. Our results showed
a significant increase in DI (P = 0.002) and DF (P < 0.001) parameters analyzed in
the Comet assay in frequencies of MN (P < 0.001) and cytoplasmic bridges (P <
0.001), parameters in MN test in binucleated lymphocytes, MN frequency in basal
cells (P < 0.001) and in differentiated cells (P < 0.001), frequency of binucleated
cells (P < 0.05) in BMCyt compared with unexposed individuals. Observed a
significant decrease in the frequency of cells with condensed chromatin (P <
0.001) in BMCyt, which is a parameter of cell death. The exposed group showed
an increase in oxidative stress by the increase in SOD (P <0.001) on the other
hand, a reduction of CAT and TBARS (both P <0.001). Samples from workers
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present amounts of magnesium (Mg), aluminum (Al), copper (Cu), zinc (Zn),
although no significant differences, the environmental analysis, soil Candiota
showed higher amounts of phosphorus (P), sulfur (S) and lead compared to the
soil Bagé, where there no mining. Exposed individuals with the GSTM1 null
genotype showed a significant increase in the frequency of buds nuclear related to
individuals with the GSTM1 non-null genotype (P = 0.023). Among the non-
exposed individuals, the genotype XRCC1 Arg / Trp showed lower frequencies of
Karyorrhetic and Pyknotic Cells when compared with individuals of the same
group with the genotype XRCC1 Arg / Arg (P = 0.048 and P = 0.004, respectively).
DNA damage observed in the exposed mining workers may be a consequence of
oxidative damage resulting from coal residue mixtures, including metals. Besides,

our results confirm the BMCyt assay as good biomarker to occupational exposure.
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1. INTRODUCAO

A energia é um ingrediente essencial para o desenvolvimento econémico.
A Figura 1 traz uma vista noturna da Terra, a partir de satélites, mostrando as
regides mais claras onde ha maior consumo de energia, correspondendo também

as regides com maior desenvolvimento econémico.

The Earth at Night

» Ciy lights
< Natmlgas lams

Base map dats sources NASA's Visible Earh, wor, bitge//visibleearch nass gov
Lights daca source: Defense Meteorological Sacelite Program (DMSP), 39541095, hupi//dmap sgde.sousgov/dmsp himi

Figura 1. Vista noturna da terra, mostrando as luzes das cidades em branco.
Fonte: http://www.yayhooray.com/thread/142252/The-World-at-Night

No Brasil, foi apontado um aumento de aproximadamente 10% no consumo
de energia, no ano de 2010, em relacdo ao ano anterior, passando de 226.094 X
10° tep (toneladas equivalentes de petréleo) (Energética, 2011). Para atender
esse aumento no consumo, é necessario, também, um aumento na producéo de

energia.

Para a producao de energia sdo utilizadas diversas fontes. Fontes estas
gue podem ser classificadas em renovaveis e nao-renovaveis, sendo que, em

2010, no Brasil, estas foram responsaveis por 45,4% e 54,6%, respectivamente,
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da oferta interna de energia (Energética, 2011). Dentre as renovaveis podemos
citar as seguintes fontes: biomassa, eolica, geotérmica, hidraulica, e solar.
Enquanto que, entre as nao-renovaveis estdo 0s combustiveis fosseis como:
petréleo, gas natural e o carvao mineral. Os combustiveis fésseis sdo a origem de

85% da energia mundialmente consumida (Energética, 2011).

1.1 O Carvao

O carvdo mineral, ou simplesmente carvdo, consiste de uma mistura
complexa de substancias quimicas organicas, constituida por carbono, hidrogénio
e oxigénio, principalmente, e por quantidades menores de nitrogénio e enxofre
(Gibson, 1979). O carvdao é formado a partir da matéria organica vegetal
depositada em bacias sedimentares. Pela acdo de pressdo e temperatura em
ambiente anaerdbico, em decorréncia de soterramento e atividade orogénica, os
restos vegetais ao longo do tempo geoldgico se solidificam e, através do processo
de carbonificacdo, perdem oxigénio e hidrogénio, enriguecendo-se de carbono
(DNPM, 2009).

Sua qualidade, determinada pelo contetdo de carbono, aumenta com o
passar dos estagios de carbonificacdo. A turfa, de baixo conteddo carbonifero,
constitui um dos primeiros estagios do carvao, seguido do linhito, do carvéo
betuminoso (hulha), o mais utilizado como combustivel, e o antracito, o mais puro
dos carvBes que apresenta um conteudo carbonifero superior a 90%, conforme

Figura 2.
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Figura 2. Estagios de carbonificacéo, e seus usos (Fonte: Brasil, 2009).

O carvao foi uma das primeiras fontes de energia utilizadas pelo ser
humano em larga escala (ANEEL, 2008). No mundo, em 2009, o carvdo mineral e
seus derivados representavam 19,7% da oferta de energia. Sabendo-se que o
carvao tem e continuard a desempenhar um papel importante na oferta mundial
de energia por muitas décadas, a cooperacdo entre governos, empresas €
necessaria em varios setores para acelerar a melhoria do desempenho ambiental
com a utilizacdo de carvdo. Sao necessarias politicas para incentivar a
implantagédo de tecnologias mais eficientes de carvdo limpo, particularmente
aguelas que podem oferecer reducdes significativas nas emissbes de gases de
efeito estufa através da captura e armazenamento de CO,. Como também é
preciso um aprofundamento do conhecimento do carvdo em termos de sua
estrutura, de seu comportamento e do seu potencial danoso, principalmente no
que se refere aos riscos decorrentes do seu intenso uso, para que se possam

minimizar seu efeito nocivo ao ser humano e o seu impacto a natureza.
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1.2 Carvao no Brasil

No Brasil o carvao mineral é utilizado principalmente para a geracdo de

energia elétrica, mas também para a producdo de cimento, aco ferro-gusa,

papel/celulose, ceramica. Em 2010, o carvao representava 5,1% da oferta interna

de energia (Figura 3), crescendo 18,5% em relacdo a 2009 (Energética, 2011).

Outras
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Produtos de Cana-
de-Acucar
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e Eletricidade
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/
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Derivados
1%
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Carvao Mineral e
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Figura 3. Oferta interna de energia no Brasil, no ano de 2010 (Modificado de

Energética, 2011).
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Nosso pais disp6e de uma das maiores reservas de carvdo da América
Latina, representando a 10% maior do mundo, com um total de 12 bilhdes de
toneladas. Ha ocorréncias de linhito e carvao sub-betuminoso em varios estados
brasileiros: Minas Gerais, Bahia, Pernambuco, Piaui, Maranh&o, Para, Amazonas
e Acre. A Figura 4 traz as reservas brasileiras com importancia econémica, que
estdo restritas ao sul do pais, na bacia do Parana, nos Estados do Rio Grande do
Sul (RS) (89,25%), Santa Catarina (10,41%), Parana (0,32%) e S&o Paulo
(0,02%). Somente a Jazida de Candiota (RS) possui 38% de todo o carvao
nacional (ANEEL, 2008; DNPM, 2001).
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Figura 4. Reservas e producao de carvao mineral do Brasil (ANEEL, 2002).
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No Rio Grande do Sul, Candiota, na regido da Campanha é onde estédo
localizadas as maiores jazidas, e a mineracdo destas ocorre em minas a céu

aberto. O carvao extraido em Candiota apresenta as caracteristicas apresentadas

na Tabela 1.
Tabela 1. Caracteristicas do carvdo da mina de Candiota.
Caracteristica do Carvao Teores Médios do Carvdo ROM (%)

Umidade total 16,00

Cinzas (b.s.*) 52,70

Material volatil (b.s.*) 21,20

Carbono Fixo (b.s.*) 26,10

Enxofre total (b.s.*) 1,30

Poder Calorifico Superior (b.s.*) 3262,00

*b.s. = Valores em base seca.

Fonte: http://www.crm.rs.gov.br/hypervisual/carvao/carvao_candiota.php?secao=carvao

1.3 Composicao do Carvao

Devido a formacao do carvao, a sua mineracgao libera grande quantidade
de substéncias no meio, fazendo esta atividade uma das maiores fontes de
contaminacdo ambiental. Tais substancias uma vez liberadas ao meio formam
misturas complexas consistente de COx, NOx, SOXx, cristais de silicio aluminio,
guartzo, metais pesados (arsénico, boro, cadmio, cromo, chumbo, cobre, selénio,
ferro, zinco) e hidrocarbonetos aromaticos policiclicos (HAP) (Zhou et al., 2005).

As concentracdes destas substancias podem variar conforme a origem do carvao.
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1.4 Agentes mutagénicos correlacionados ao carvao

1.4.1 Metais pesados

Entre os elementos quimicos presentes no carvdo, associados a
genotoxicidade, os metais pesados estdo em altas concentracdes. Os metais que
destacam-se sdo: o cobre, o chumbo, o cadmio, o niquel, o vanadio e o zinco
(Hopkins et al., 1999; Moriske et al., 1996). Embora os metais pesados, tanto
sozinhos como atuando em sinergia com algum outro agente, sejam considerados
parte de um grupo potencialmente mutagénico presente no ambiente, evidéncias
relacionadas a carcinogenicidade em humanos sdo controversas (Minissi &
Lombi, 1997). Estudos demonstram a provavel via em que a carcinogénese é
desencadeada, através de um aumento nas lesées do DNA ou pelo aumento da
geracao de espécies reativas do oxigénio e/ou por interferéncia nos processos de
reparo do DNA (Jose Zocche et al., 2010; Leffa et al., 2010).

1.4.2 Hidrocarbonetos aromaticos policiclicos (HAP)

Os HAP sé&o introduzidos no ambiente através de fontes naturais ou
antropogénicas, sendo formados quando o material organico é submetido a
combustdo incompleta. Entre as fontes biogénicas, se destacam a combustédo
natural de florestas e a exsudacdo natural de petroleo. Mas sdo as fontes
antropogénicas, resultantes das atividades humanas, as maiores contribuintes

destes compostos para o ambiente (Vale, 1997).

Essas substancias podem ser consideradas potencialmente danosas ao
ambiente e a saude humana (Sram et al.,, 1985). Os HAP sdo toxicos,
mutagénicos e/ou cancerigenos, sendo a quebra simples o principal tipo de lesdo
ocasionado no DNA e ocorre via mecanismos de reparo (Brescia et al., 1999;
Hasspieler et al., 1995; Pavanello et al., 2005c; Rojas et al., 2000). Além da
interacdo covalente de seus metabolitos eletrofilicos com o DNA (Pereira-Neto et
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al., 2000; Singh et al., 2007), formando aductos com as purinas, principalmente
guanina ap0s a metabolizacdo pelo complexo CYP 450 (Baird et al., 2005).
Assim, devido as suas caracteristicas, se determinou a inclusédo de dezesseis
hidrocarbonetos na lista dos poluentes organicos prioritarios pela U.S.

Environmental Protection Agency (EPA).

Alguns destes tipos de HAP sdo encontrados nos extratos dos carvoes das
minas de Minas de Ledo (RS) e de Candiota (RS), como: fenantreno, antraceno,
fluoranteno, pireno, benzo(a)antraceno, criseno, trifenileno, benzo(e)pireno,
indeno(1,2,3-cd)pireno, benzo(a)pireno e benzo(g,h,l)perileno (Dallarosa et al.,
2005; Peralba, 1990). O potencial risco ambiental que os HAP e seus derivados
representam, é atualmente objeto de conscientizacdo dentro de toda comunidade
cientifica. Grandes esforcos vém sendo feitos na busca de procedimentos
experimentais para o estudo da reatividade, do mecanismo de transformacao, da
quantificacdo e das prioridades no estudo dos HAP (Vale, 1997).

1.5 Genotoxicidade associada ao carvao

A exposicdo ao carvao e seus efeitos véem sendo estudados com
diferentes enfoques e também em diferentes organismos, como anelideos,
mamiferos, até mesmo em algumas linhagens celulares e também em humanos
(Celik et al., 2007; da Silva et al., 2000a; Jose Zocche et al., 2010; Leon-Mejia et
al., 2011; Leon et al., 2007; Verschaeve & Gilles, 1995).

Silva et al. (2000) observaram aumento do numero de microndcleos (MN) e
dos niveis de danos detectados no Ensaio Cometa de Ctenomys torquatus (tuco-
tuco) de regides mineradoras do Estado do RS, quando comparados com regides
sem carvao. Outros estudos no Brasil também demonstram o efeito danoso do
carvdo em outros organismos, como em morcegos e em moluscos (Jose Zocche
et al., 2010; Leffa et al., 2010). Em areas de mineracdo da Colombia foram
encontrados resultados semelhantes em ratos e camundongos (Leon et al., 2007).

Assim como estes trabalhos, muitos outros demonstraram o efeito danoso do
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carvao e seus derivados em diversas linhagens de células (Granella & Clonfero,
1992; Gu et al., 1992; Leonard et al., 1984; Stierum et al., 1993).

Estudos realizados com trabalhadores de minas de carvdo a céu aberto,
bem como com aqueles de escavacdes, foram demonstrados aumento no indice
de aberracbes cromossémicas (AC) e troca de cromatides irmas (TCI) (Donbak et
al., 2005; Leon-Mejia et al., 2011; Sram et al., 1985). Também foi observada
inducédo de AC, TCIl e MN em trabalhadores de usinas termoelétricas, que utilizam

o carvao como fonte de energia (Siwinska et al., 2004; Sram et al., 1985).

Além dos efeitos genotoxicos do carvao, ha também estudos que
evidenciam maior incidéncia de sintomas crénicos e agudos do trato respiratorio
em populagdes exposta nas minas (Mamuya et al., 2007). Hendryx et al. (2008)
demonstraram maior incidéncia e mortalidade devido a cancer de pulméo em

populacdo que vivia proxima a mineradora, na regido de Appalachia nos EUA.

Apesar do RS ser responsavel por cerca de 90% das jazidas de carvao do
Brasil, e, assim, um dos principais produtores de carvao do pais, até 0 momento
nao existem estudos avaliando o risco ocupacional dos trabalhadores deste

importante setor produtivo do Estado.

1.6 Monitoramento Biol6gico

Entre as diversas definicbes para monitoramento biolégico, as mais
completas sdo as que preveem uma aplicacdo epidemiolégica, utilizada para
mensurar diretamente a espécie e a distribuicdo de elementos toxicos na
populacdo, como também para confrontar os indicadores biol6gicos com as
modificacdes no estado de saude dos individuos expostos (Amorin, 2003; Pivetta
et al., 2001; Siemiatycki et al., 2004).

Para estudos de monitoramento populacional sdo usados biomarcadores.
O termo biomarcador é usado para expressar uma medida especifica de uma

interacdo entre determinado sistema biolégico com um agente genotoxico. Sendo
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assim, os biomarcadores podem ser classificados em trés categorias: (i)
biomarcadores de exposicéo; (i) biomarcadores de efeito; (iii) biomarcadores de
suscetibilidade (Cebulska-Wasilewska, 2003).

1.6.1Biomarcadores de Exposicao

Os biomarcadores de exposi¢do consistem em medidas quantitativas de
substancias quimicas ou de seus metabdlitos em fluidos biolégicos ou, a medida
de uma alteracao bioquimica precoce e reversivel em fluidos bioldgicos que reflita
a exposicdo. Alguns biomarcadores de dose interna, como benzeno no sangue,
acido hipurico e 2,5-hexanodiona na urina, refletem apenas a exposi¢éo recente
ao benzeno, tolueno e n-hexano, respectivamente, enquanto outros refletem a
exposicao média dos ultimos meses, como o chumbo e mercario no sangue, ou
até mesmo em anos, como cadmio na urina (Amorin, 2003; Bonassi & Au, 2002;
Lowry, 1995).

O Ensaio Cometa (Figura 2) tem sido utilizado como um marcador de
exposicao importante, quando avaliado logo apdés o periodo de contato com o
xenobidtico, refletindo a acdo do agente em quebras simples e dupla do DNA,
dano oxidativo, crosslinks DNA-DNA, DNA-proteina, DNA-drogas e indugédo de
apoptose. O teste pode também avaliar a capacidade individual de reparo,
guando analisado em momentos diferentes ap0s a exposicdo (até 24 horas e
apos esse periodo) e comparando os resultados destes periodos (Dusinska &
Collins, 2008; Maluf & Erdtmann, 2003; Villela et al., 2003).

O Teste Cometa apresenta como vantagem a simplicidade, rapidez e
sensibilidade em detectar pequenas alteracdes e baixo custo. Entretanto esta
analise ndo é considerada como um teste de mutagenicidade uma vez que o
efeito do reparo pode mudar o resultado final considerando a fixacdo de mutacéo
(Dusinska & Collins, 2008; Maluf & Erdtmann, 2003; Villela et al., 2003).
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Figura 5. Teste Cometa, células classificadas de 0, sem dano a 4, com a maior
parte do DNA na “cauda do cometa” (Modificado de (Villela et al., 2006).

Os ensaios de estresse oxidativo também podem ser utilizados como
biomarcadores de efeito. O estresse oxidativo ocorre quando o hd um desbalanco
entre pro-oxidantes e antioxidantes em favor dos primeiros, podendo afetar os

mais diferentes 6rgaos (Beckman & Ames, 1998).

Radicais livres (RL), uma importante categoria de moléculas oxidantes e
que participam de muitos processos fisiologicos, sdo espécies quimicas que
possuem um elétron ndo pareado na ultima camada eletrbnica e que sao
responsaveis por sua grande reatividade e alta capacidade de provocar lesGes
oxidativas (Gutteridge & Halliwell, 2000). Estudos recentes vém demonstrando
gue os RL participam no mecanismo de instalacéo de varias doencas (Gutteridge
& Halliwell, 2000). No processo de carcinogénese quimica, os RL podem ativar o
pro-carcinogénio e promover a sua ligacdo ao DNA. Podem ainda gerar lesdes
diretas no material genético ou formar radicais genotoxicos.
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A fim de combater o excesso de RL o organismo possui defesas
antioxidantes, que podem ser enzimaticas ou ndo-enzimaticas. Entre as enzimas
podem ser citadas as formas citoplasmaticas e mitocondriais da superoxido

dismutase (SOD), catalase (CAT) e glutationa peroxidase.

As técnicas que vem sendo mais utilizadas na deteccao dos RL baseiam-
se, fundamentalmente na deteccdo de produtos ou alteracdes fisioldgicas
provocadas pelo estresse oxidativo. Entre estes testes, um dos mais conhecidos é
a determinacdo dos produtos de reacdo do acido de reagcdo com o acido
tiobarbitirico (TBARS) resultante da peroxidacdo lipidica das membranas

celulares (Beckman & Ames, 1998).

1.6.2 Biomarcadores de Efeito

Os biomarcadores de efeito sdo parametros bioquimicos, fisiolégicos,
comportamentais e outras medidas de alteracées no organismo, que refletem a
interacdo da substancia quimica com o0s receptores biologicos. Estes
biomarcadores representam risco para o desenvolvimento de algumas doencas
(Cebulska-Wasilewska, 2003; Lowry, 1995). Os mais utilizados sédo as medidas de
dano de DNA, tais como: alteracao de bases, formacao aductos, AC, TCIl e MN.

O teste de aberragcdes cromossémicas é uma avaliagdo cromossdmica
internacionalmente aceita para biomonitoramento. Com ele sdo detectadas
quaisquer mudancas nha estrutura do cariétipo, por isso, € considerado um teste
de mutagenicidade. O teste de AC tem utilizacdo generalizada, podem ser
realizado em diferentes organismos e tecidos, tanto in vitro como in vivo. Quando
realizado in vivo, pode ser considerado também um teste de carcinogenicidade
(Villela et al., 2003).

A andlise da frequéncia das trocas de cromatide irmas, isto €, de
translocacdes reciprocas entre 0 mesmo loco, € bastante sensivel em estudos

genotoxicos. Porém, além de ser muito trabalhoso, o teste de TCI ndo pode ser
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considerado um teste de mutagénese, € apenas um indicativo, pois a TCI ndo

resulta necessariamente em mutacodes (Villela et al., 2003).

O teste do MN em linfécitos (Figura 6) € um dos mais utilizados como
padrdao de aberracdes cromossémicas em eucariotos, sendo o mais eficaz para o
monitoramento humano. A formag¢do do microndcleo é resultado da perda de
Cromossomos inteiros, ou apenas fragmentos de cromossomos. Assim, este teste
detecta: mutagénese cromossémica, como clastogénese, aneugénese e danos no
fuso mitético (Maluf & Erdtmann, 2003; Villela et al., 2003). Em uma andlise
conjunta, na mesma amostra, de Teste Cometa e Teste MN, pode-se inferir a

atividade de mecanismos de reparo.

¥
-

.
A
Figura 6. Teste de Micronulcleo:
Linfécitos Binucleados com MN (A),
Ponte Citoplasmética (B) e Brotos
Celulares(C).
&

O teste do MN evoluiu rapidamente no campo da genética toxicologica

por ser um método simples, que permite o uso de diferentes tipos de células,
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como linfocitos e células do epitélio (Pastor et al., 2003). A escolha das células
da mucosa oral é considerada vantajosa, pois apresenta alto grau de divisdes
celulares e dispensa a realizacdo de cultura célular in vitro (Heuser et al.,
2007).

Na camada basal, onde ocorrem divisdes celulares, os danos sobre o
DNA sdao identificados principalmente a partir da formacdo de MN, entretanto
também se considera na andlise a formacdo de brotos nucleares, células
binucleadas (relacionadas a defeito citocinético) e anormalidades nucleares
que representam morte celular, reconhecidas pela presenca de cromatina

condensada, células cariorréticas e picnoticas (Figura 7) (Thomas et al., 2009).

» Genomanormal ——m
Célula basal \

Normal

Chuebra ou perda

CroInossornica \_\*
Amplificacio génica

Morte celular por
Apoptose (morfogenético

ou nduzido por dano

Micronucleada
ao DNA)
J, Defeito de citocinese
% Morte celular por
Necrose?
Broto nuclear
Cromatina
mndeuﬂd. <Z>
1oraalit Binucleada
Cartoirética Picnatica Cariolitica

Figura 7. Modelo para a classificacdo celular de mucosa oral conforme a

morfologia nuclear (Fonte: Thomas et al., 2009).

33



1.6.3Biomarcadores de Suscetibilidade

Estudos de associacdo entre varios polimorfismos marcadores
intermediarios envolvidos na cascata de eventos genotdxicos/carcinogénicos
podem fornecer informacdes Uteis quanto ao papel da suscetibilidade genética
individual e a relacdo com a exposicdo ambiental/ocupacional a xenobidticos. A
suscetibilidade individual aos efeitos dos xenobidticos é modulada por
diferencas na capacidade de metabolizacdo/detoxificacdo e também pela
eficiéncia no sistema de reparo (Omenn, 1991). A Figura 8 traz as o0s
processos de biotransformacéo possiveis. Os diferentes tipos de lesdo sdo

relacionados a diversidade de xenobioticos a qual os individuos sdo expostos.

Reparado Eficientemente

Dieta, Estilo de
Vida, L
Exposigbes o Dano DNA
Ambiental e : a
Ocupacional

Mutagdesde

Xenobidtico ’

ireto

Suceptibilidade Genética

Figura 8. Vias possiveis de biotransformacdo dos xenobioticos. (Modificado de:

larmacovai, 2008).
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Estudos evidenciam a modulacdo de biomarcadores de suscetibilidade
nos niveis de danos apresentados por individuos expostos ao carvao em
mineradoras, como também em industrias termoelétricas (Leng et al., 2004;

Pavanello et al., 2005a).

A capacidade de biotransformacéo est4 extremamente relacionada com
polimorfismos nos genes das enzimas de metabolizagdo/detoxificagdo, e
consequente alteracdo da atividade das enzimas que participam deste

processo (Wilkinson & Clapper, 1997).

A maior parte dos processos de biotransformacgao ocorre em duas fases,
dependendo do substrato em que ele estiver atuando. As enzimas de fase |, ou
enzimas de ativacdo, representadas pela superfamilia do citocromo P450,
ativam o xenobiotico, tornando o mais eletrofilico e desta forma mais reativo,
normalmente com a introducéo de um grupamento funcional. Ja as enzimas de
fase Il, ou de detoxificacdo, como a superfamilia glutationa S-transferase,
normalmente atuam com a conjugacdo dos metabdlitos com um substrato
enddgeno, por enzimas transferases. O resultado deste processo é a
transformacdo dos metabdlitos em substancias hidrofilicas, e assim, passiveis

de excrecgdo (Wilkinson & Clapper, 1997).

Diferencas na capacidade de biotransformacdo, devido aos
polimorfismos nos genes das proteinas envolvidas, ja foram demonstradas
como responsaveis pelas diferencas individuais nos resultados do Ensaio
Cometa e Teste de MN. Entre as enzimas de fase |, ou de Ativacdo, os
polimorfismos mais estudados, quanto a influéncia na resposta a exposicao a
xenobidticos, estdo os polimorfismos que ocorrem nos genes CYP1Al e
CYP2E1l. Enquanto que nas enzimas de fase IlI, os polimorfismos mais
estudados sdo os que ocorrem nos genes GSTM1, GSTP1 e GSTT1

Estudos relacionados com polimorfismos em genes de reparo sugerem
que estes também apresentam importdncia na modulacdo de efeitos

genotoxicos. Alguns trabalhos demonstram a influéncia destes polimorfismos
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na atividade enzimatica e a relacdo com a incidéncia de cancer, resposta a
medicamentos quimioterapicos e radiosensibilidade (De Ruyck et al., 2005;
Efferth & Volm, 2005; Goode et al., 2002; Norppa, 2001).

O sistema de reparo € dividido em vias, conforme o tipo de lesdo em que
ocorre, e em cada uma delas um grupo diferentes de enzimas € responsavel
pelo processo de reparo. Em humanos, foram descritas as seguintes vias:
reversao do dano in situ, reparo por excisao de base (BER), reparo por excisdo
de nucleotideo (NER), reparo de emparelhamento incorreto de bases
(mismatch repair ou MMR), reparo em quebra na dupla fita (Recombinacdo

Homologa e Recombinacdo Ndo-Homéloga).
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2. OBJETIVOS

No Rio Grande do Sul encontra-se grande parte das minas de carvao do
Brasil, que tém sido cada vez mais exploradas como fonte de energia
alternativa ao petrdleo. Em nossa regido, ja foram demonstrados o efeito
genotoxico e mutagénico da exposicdo ao carvao em diferentes espécies.
Considerando a composicdo do carvdo, conhecida por apresentar
componentes genotoxicos, e a falta de estudos em trabalhadores expostos
deste setor produtivo, este trabalho tem por objetivo geral realizar
biomonitoramento de uma amostra de trabalhadores deste setor, da regido de
Candiota- Rio Grande do Sul.

1.7 Objetivo Especificos

e Avaliar os possiveis efeitos genotdxicos do carvao em trabalhadores de

minas a céu aberto pelo Ensaio Cometa,

e Avaliar os possiveis efeitos mutagénicos do carvdo em trabalhadores de
minas a céu aberto pelo Teste de Micronucleos em linfocitos e em

mucosa oral;

e Determinar o grau de estresse oxidativo nos individuos expostos, pela
peroxidacdo lipidica e pelas atividades do superoxido dismutase e

catalase;

¢ Quantificar e/ou identificar a deposicdo de elementos inorganicos

(metais) no sangue dos mineiros através da técnica PIXE;

e Identificar os polimorfismos dos genes de metabolizagdo GSTT1,
GSTML1, e dos polimorfismos de reparo OGG1, XRCC1,;

e Analisar a influéncia dos gendtipos encontrados nos resultados dos

biomarcadores de exposicao e efeito.
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CAPITULO Il

ASSESSMENT OF THE OCCUPATIONAL RISK TO
OPEN-CAST COAL MINE WORKERS

Manuscrito a ser submetido a Ecotoxicology
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ABSTRACT

Coal is an important fossil fuel used for the generation of energy. Coal
dust is constituted primarily of hydrocarbons and metals. During coal extraction,
large quantities of coal dust particles are emitted, contributing to environmental
pollution. Coal miners are constantly exposed to coal dust and derivatives. The
aim of the present study was to evaluate the potential genotoxic effects and
oxidative stress in individuals from Candiota occupationally exposed to coal
using the comet assay and the micronucleus in lymphocyte (MN) test. This
study involved 128 individuals (men); 57 reported working at different jobs (non-
exposed group), and 71 reported work that included exposure to coal. The
exposed group presented significantly increased damage index and damage
frequency (the comet assay parameters analyzed) and MN and nucleoplasmic
bridge frequencies (the analyzed MN assay parameters) compared with non-
exposed individuals (P=0.002, P<0.001, P<0.001 and P<0.001, respectively;
Mann-Whitney U-test). Exposed individuals presented lower average levels of
TBARS and CAT, while the mean SOD levels were higher in this group (both
P<0.001 — Mann-Whitney U-test). A hematocrit analysis demonstrated the
differences between the exposed and non-exposed groups; the exposed groups
presented higher levels (P=0.0119). The evidence of a genetic hazard related to
exposure to coal and its derivatives demonstrates the need for educational

programs for coal miners to implement protection measures.
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1. INTRODUCTION

Coal is an important fossil fuel used for energy generation. During coal
extraction, large quantities of coal dust particles are emitted, contributing to
environmental pollution. Brazil has approximately 12 X 10° tons of coal
reserves, of which approximately 90% are in Rio Grande do Sul (RS), the
southern most state. In this state, the coal is low quality, and extraction is
performed in open-cast coal mines. The Candiota region, situated in the
southeast of RS state, has the largest coal reserves in Brazil. The coal is used
locally to generate electricity at the largest thermal power complex in the state.
Consequently, a broad range of coal and derivatives is added to the chemical

load of the atmosphere in the region.

Coal is a mixture of a variety of chemicals, especially hydrocarbons,
which can give rise to polycyclic aromatic hydrocarbons (PAHs) (McDuffie et
al.). All technological processes associated with open fire or temperatures
between 400°C and 600°C, which may lead to PAHSs, should be considered
potentially hazardous [Srdm et al., 1985]. Some PAHs, such as
benz[a]anthracene, chrysene, benzo[a]pyrene, indeno[l1,2,3-c,d] pyrene and
benzo[g,h,i]perylene, are found in the Candiota region (Peralba 1990). In
addition to hydrocarbons, coal contains high concentrations of various metals
that are related to coal and activities such as mining and burning fossil fuels
(McDaniel et al. 2005; Hopkins et al. 1999; Moriske et al. 1996). The exposure
to many types of PAHs compounds and metals can lead to DNA damage
(Cherng et al. 1996; Sutou 1996; da Silva et al. 2000).

Coal miners are constantly exposed to coal dust and its derivatives.
Therefore, characterizing and estimating the risks of exposure are of extreme
importance to the safety of individuals working in that environment (Chen et al.
2005) . Several diseases have increased risks due to exposure to coal dust and
products of combustion (Skowronek and Zemla 2003; Rockette 1977; Une et al.
1995; Beckman and Ames 1997; Schins et al. 1995; Schins and Borm 1999). A
number of studies have shown that the parameters of oxidative damage are
altered following inhalation of industrial particles such as coal (Pinho et al.

2004). Studies with coal mine workers have demonstrated higher levels of DNA
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damage and chromosomal damage as evaluated by chromosomal aberration,
micronucleus (MN) and sister chromatid exchange assays (Donbak et al. 2005;
Sram et al. 1985; Leon-Mejia et al. 2011)

In Brazil, some studies have demonstrated genotoxic effects of coal
exposure in different species, such as wild rodents, bats and land snails. Until
now, the genotoxic effect was not evaluated in humans. Thus, the aim of the
present study was to evaluate the potential genotoxic effects and oxidative
stress in Candiota individuals occupationally exposed to coal using the comet

assay and MN test.

2. MATERIALS & METHODS

2.1.Study population and sample collection

This study was approved by the Committee on Research Ethics at
UFRGS (N. 2007978), and written informed consent was obtained from each

individual before the research began.

Subjects from Candiota and Bagé were sampled from March of 2009 to
March of 2012. Candiota is the city where the coal mine is situated, and Bagé is
a neighboring city. This study involved a total of 128 individuals, including 57
non-exposed and 71 occupationally exposed to coal. The workers were from
the Candiota open-cast coal mine, where they were involved with coal
extraction and coal transport up to its arrival in the storage centers; all of them
were exposed to large quantities of coal dust. All workers reported the use of
some type of protection during the workday (gloves, breathing masks, glasses,
waterproof boots, etc.). The non-exposed group consisted of individuals from
Candiota and Bagé cities with no known exposure to genotoxic agents including

coal, radiation, and chemicals.

Blood samples were collected by venipuncture using vacutainers with
EDTA or heparin and processed as quickly as possible; blood cell samples
were transported to the laboratories at or below 8°C and processed (DNA

extraction) within 24 h of collection.
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All individuals in the study were asked to answer a Portuguese-
language version of a questionnaire from the International Commission for
Protection against Environmental Mutagens and Carcinogens (Carrano and
Natarajan 1988) and to participate in a face-to-face interview, which included
standard demographic data (age, gender, etc.), as well as questions concerning
medical issues (exposure to X-rays, vaccinations, medication, etc.), lifestyle
(smoking, coffee and alcohol consumption, diet, etc.) and occupation (number
of working hours per day, protective measures adopted - PPE). In all groups,
individuals who smoked more than twenty cigarettes per day were considered

smokers (Hoffmann et al. 2005).

2.2.Comet assay

The alkaline Comet assay was performed as described by (Singh et al.
1988) with the modifications suggested by (Tice et al. 2000). Blood cells (5 pl)
were embedded in 95 pl of 0.75% low melting point agarose, and after agarose
solidified, slides were placed in lysis buffer (2.5 M NaCl, 100 mM EDTA and 10
mM Tris; pH 10.0-10.5) containing freshly added 1% (v/v) Triton X-100 and
10% (v/v) dimethyl sulphoxide for a minimum of 1 h and a maximum of one
week. After treatment with lysis buffer, slides were incubated in freshly prepared
alkaline buffer solution (300 mM NaOH and 1 mM EDTA; pH > 13) for 20 min,
and DNA was submitted to electrophoresis for 20 min at 25 V (0.90 V/cm) and
300 mA, after which the buffer solution was neutralized with 0.4 M Tris (pH 7.5),
and the DNA stained with ethidium bromide (2 pg/ml). Electrophoresis
procedure and the efficiency of each electrophoresis run were assessed using
negative and positive internal controls, consisting of whole human blood
collected in the laboratory, with the negative control being unmodified blood and
the positive control 50 ul blood mixed with 13 ul (8 x 10° M) methyl
methanesulphonate (CAS 66-27-3; Sigma, St Louis, MO, USA) and incubated
for 2 h at 37°C. Each electrophoresis run was considered valid only if the
negative and positive controls yielded the expected results. Slides were

randomized and coded to blind the scorer. Images of 100 randomly selected
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cells (50 cells from each of two replicate slides) were analysed for each
individual using a fluorescence microscope equipped with a 12-nm BP546
excitation filter and a 590-nm barrier filter. Two parameters were evaluated: (i)
damage index, in which each cell was designated to one of five classes (from
no damage = 0 to maximum damage = 4) according to tail size and shape (see
figures in Heuser et al. 2007) and whose values obtained for each individuals
could range from 0 (0 x 100) to 400 (4 x 100), and damage frequency (DF),
calculated as the percentage of damaged cells. International guidelines and
recommendations for the Comet assay consider that visual scoring of comets is
a well validated evaluation method. Although the DI parameter is subjective, it is
highly correlated with computer-based image analysis (Tice et al. 2000; Collins
2004).

2.3.MN test: cytokinesis-blocked human lymphocyte micronucleus

For each blood sample, duplicate lymphocyte cultures were set up in
culture flasks by adding 0.3 ml of whole blood to 5 ml of PB-MAX™ karyotyping
medium (Invitrogen-GIBCO, Carlsbad, CA). The flasks were incubated at 37°C
for 44 h before adding 5 pg/ml of cytochalasin B (Sigma), and the incubation
was continued until the total time reached was 72 h, as described by Fenech
(1993). After incubation, the lymphocytes were harvested by centrifugation at
1200 r.p.m. for 8 min, re-centrifuged, fixed in 3:1 (v/v) methanol/acetic acid,
placed on a clean microscope slide and stained with 5% (v/v) Giemsa. For each
blood sample, 2000 binucleated cells (BN) (i.e., 1000 from each of the two
slides prepared from the duplicate cultures) were scored for MN, nucleoplasmic
bridge (NPB) and nuclear bud (NBUD) presence by bright-field optical
microscopy at a magnification of 200-1000x. All sides were coded for blind

analysis.

44



2.4.Oxidative stress parameters

2.4.1. Thiobarbituric acid reactive substances (TBARS)

The TBARS concentration was measured spectrophotometrically, and

the results are expressed as nmol mL™ (Wills 1966).

2.4.2. Superoxide dismutase activity (SOD)

Superoxide dismutase activity was determined spectrophotometrically in
serum samples by measuring the inhibition of the rate of auto-catalytic
adrenochrome formation at 480 nm in a reaction medium containing a final
concentration of 1 mmol L™ adrenaline (pH 2.0) and 50 mmol L™ glycine (pH
10.2) (Bannister and Calabrese 1987), both from E. Merck, with a resulting pH
of 10.0. This reaction was conducted at a constant temperature of 30°C for 3
min. The enzymatic activity was expressed as superoxide dismutase units per
gram of protein. One unit is defined as the amount of enzyme that inhibits the

rate of adrenochrome formation by 50%.

2.4.3. Catalase activity (CAT)

The assay principle is based on the determination of the rate of hydrogen
peroxide (E. Merck) decomposition at 240 nm (Aebi 1984). The reaction was
conducted at a constant temperature (30°C) for 1 min. The enzymatic activity is
expressed as catalase units per mg of protein. One unit of catalase
decomposed 1 pumol of H202 per min at pH 7.4 and 30°C.

2.4.4. Total protein

The total protein levels were analyzed by the Biuret method (Kit
Proteinas Totais — Labtest Diagnostica S. A., Brazil) for spectrophotometrical

determination at 545 nm.
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2.5.Hematocrit Analysis

The determination of erythroid cell volume, expressed in percentage,
was carried out according to the microhematocrit method (ICSH 1980).

2.6. Statistical analysis

The normality of variables was evaluated using the Kolmogorov—
Smirnov test. Student’s t-test was used to compare the demographic
characteristics of the studied populations. The statistical analysis of differences
in parameters measured by the BMCyt assay was conducted using the Mann—
Whitney U non-parametric test. Correlations between the different variables
were determined by the Spearman rank correlation test when applicable. The
critical level for rejection of the null hypothesis was considered to be a P value
of 5%, two tailed. The analyses were performed with the GraphPad Prism

version 5.00 program for Windows.

3. RESULTS

This study involved 128 individuals (men), 57 of whom reported working
at different jobs (non-exposed group) and 71 of whom reported working in jobs
with exposure to coal. No significant differences in average age were detected
between the non-exposed (41.51 + 15.04) and exposed groups (42.75 + 8.45)
(Student’s t-test). The mean exposure time for the exposed group was 12.63 *
7.87 years (time of experience in coal industry). All individuals in this study were

intentionally selected to be non-smokers to eliminate confounding factors.

The comet assay and MN test parameters analyzed are presented in
Table 1. Based on the comet assay results, the exposed group had significantly
increased DI and DF compared with non-exposed individuals (P=0.002 and
P<0.001, respectively; Mann-Whitney U-test). Significant differences were
observed between the exposed and non-exposed group based on the
parameters of the MN assay, the MN and nucleoplasmic bridge frequencies
(P<0.001, Mann-Whitney U-test).
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Figure 1 shows the distribution of damage classes in each group. Non-
exposed individuals revealed higher frequencies in the number of cells in class
0 (P=0.0009), and the exposed group had increases in the number of cells in
classes 1, 2 and 3 (P=0.0016, P=0.042 and P=0.0087, respectively).

No correlation was found with age and exposure time in relation to the

different parameters of the comet assay and MN test (data not shown).

The oxidative stress results are presented in Table 2. Exposed
individuals demonstrated lower average levels of TBARS and CAT, while the
SOD mean levels are higher in this group (both P<0.001 — Mann-Whitney U-
test).

A hematocrit analysis demonstrated differences between the exposed
and non-exposed groups (P=0.0119). The exposed individuals had higher
hematocrit levels (43.84 + 4.72) when compared with the non-exposed
individuals (41.37 + 3.89).

4. DISCUSSION

Rio Grande do Sul (RS) state possesses the largest coal reserves in
Brazil; however, to date, genotoxic endpoints related to coal open-cast
extraction has only been evaluated in wild rodent populations (da Silva et al.

2000), demonstrating genotoxic effects of coal exposure.

This study investigated the potential genotoxic effects of occupational
coal exposure in open-cast mines workers using the comet assay, MN test, and
the blood antioxidant status. Our results demonstrated genotoxic and mutagenic
effects in coal miners from RS. Increases in the features indicative of DNA
damage using both the comet assay (DI and FD) and the MN test
(micronucleated cells and nucleoplasmic bridges) were observed. The alkaline
comet assay showed classes 1-2 as the most frequent damage classes
observed. The cytokinesis-block micronucleus assay is a comprehensive
system for measuring DNA damage, cytostasis and cytotoxicity (Fenech 2007).
DNA damage events are scored specifically in once-divided binucleated cells
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and include MN originates from chromosome fragments or whole chromosomes
that lag behind at anaphase during nuclear division and nucleoplasmic bridges
as biomarkers of DNA misrepair and/or telomere end-fusions (Fenech 2007).

Leon-Mejia et al. (2011) analyzing coal open-cast miners from Colombia,
observed similar results for the comet assay and MN test. In the coal mine, the
coal miners are potentially exposed to coal dust containing quartz, trace metals,
inorganic minerals, and organic aromatic compounds. Chronic inhalation of coal
dust in miners leads to several diseases, such as pneumoconiosis, progressive
massive fibrosis, bronchitis, loss of lung function, emphysema and even
stomach, liver and lung cancer (Skowronek and Zemla 2003; Rockette 1977;
Une et al. 1995; Beckman and Ames 1997; Schins et al. 1995; Schins and
Borm 1999), and constitutes one of the most important occupational health and
safety risks of workers due to the potential synergistic toxic effects of this
compound mixture (White 2002). Chronic inflammation leads to the generation
of inflammatory factors, synthesis of extracellular matrix, fibroblast proliferation,
and the production of oxidative stress, which is associated with the over-
generation of reactive oxygen species (ROS) and reactive nitrogen species
(RNS) (Kadiiska et al. 1997), thus resulting in DNA damage (Ray et al. 2012).
Damage caused by ROS is recognized by DNA glycosylases, AP
endonucleases of the base excision repair (BER) mechanism, and in some
cases, in particular by the nucleotide excision repair (NER) machinery, leading
to DNA strand breaks (Sander and Wilson 2005).

DNA damage in miners’ cells from Candiota could be associated with the
concentrations of metal observed by PIXE by Rohr et al. (2012). In this study,
an increase in magnesium, aluminum, copper, and zinc values were observed
in Candiota coal miners’ blood cells; phosphorous, sulfur, and lead values were
increased in soil samples from Candiota. Rojas et al. (1996) suggest that metals
induce DNA single strand breaks; this type of damage is soon repaired, but in
chronic exposures, it can represent a form of continuing DNA damage. In
addition, da Silva et al. (2000) and Dallarosa et al. (2005) demonstrated that
environmental samples from Candiota had a high concentration of

hydrocarbons. Polycyclic aromatic hydrocarbons can induce DNA lesions as
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single-strand breaks via DNA repair mechanisms (Pavanello et al. 2005; Rojas
et al. 2000; Brescia et al. 1999) and electrophilic metabolites that covalently
interact with the DNA (Pereira-Neto et al. 2000; Singh et al. 2007) forming
adducts with purines, especially guanine, after metabolic activation by

enzymatic complex P450 (Baird et al. 2005).

In response to contaminants, various enzymatic and non-enzymatic
antioxidant defenses protect cells and tissues from oxidative damage (Kinnula
and Crapo 2003; Ray et al. 2012). Our results demonstrated higher levels of
SOD in individuals exposed to coal that corresponds to an enzymatic response,
whereas the results for CAT revealed lower levels in exposed individuals,
suggesting this enzyme is not involved in coal exposure. However, the lower
levels of TBARS in exposed individuals can be due chronic exposure, reducing
the levels of lipid peroxidation. The formation of ROS from inflammatory cells is
considered to be a biomarker of the genotoxicity of non-fibrous particles (coal
dust). Previously, some authors showed an increased formation of 8-OHdG in
peripheral blood lymphocytes and altered antioxidant capacities in the serum

and red blood cells of coal miners (Schins and Borm 1999; Schins et al. 1995).

Hematocrit, a measurement of erythrocytes in whole blood, is also used
as an indicator of oxygen and toxicant stress (Ajmani et al. 2003). Our study
also demonstrated an increase in the percentage of hematocrit in exposed
individuals when compared with non-exposed individuals. The oxidative stress
contributes to changes in haemorheological parameters that may adversely
affect tissue oxygen delivery and function, including increases in hematocrit,

whole blood and plasma viscosity and red cell rigidity (Ajmani et al. 2003).

One of the challenges facing investigators has been the need to identify
the individual compounds that may be responsible for the possible adverse
effects associated with exposure to environmental agents. Although the
significance of increased genotoxic effects is difficult to predict for individual
subjects, the positive findings of biomonitoring studies suggest a genotoxic
hazard at the group level. Genotoxic damage caused by chemical compounds
can also be influenced by the individual inheritance of variant polymorphic

genes involved in the metabolism of chemical compounds and in DNA repair
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mechanisms. The evidence of a genetic hazard related to exposure to coal and
its derivatives strongly suggests a need for educational programs for coal

miners to implement protection measures.
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Table 1. Cytogenetic parameters (mean + S.D.) of unexposed individuals and

workers exposed to coal.

Cytogenetic parameters Non-E_xposed Workers
(n=57) (n=71)
Comet assay (100 leukocytes/subject)
Damage index 15.53 +8.80 33.69 + 28.70%
Damage frequency 12.40 £ 6.18 27.46 £ 23.75°%
MN tests (2000 cells/subject)
MN 3.94+3.31 7.92 + 4,53
Buds 4.35+ 2.63 5.06 + 3.80
Nucleoplasmic bridges 3.68 + 2.68 12.42 +7.78°

& Data significant in relation to the non-exposed group at P =0.002 -
Mann-Whitney U-test.

® Data significant in relation to the non-exposed group at P <0.001 -
Mann-Whitney U-test.
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Figure 1. Frequencies of the damage classes observed using the comet assay.

56



Table 2. Oxidative stress marker analysis of non-exposed and coal-exposed

individuals.
- Workers
Oxidative stress Non E_xposed
(n=57) (n=71)
TBARS (nm/mg protein) 10.30 £ 4.81 5.94 +1.90%
SOD (U/g protein) 50.26 + 25.17 81.60 + 14.392
CAT (U/mg protein) 2.13+1.31 0.84 £ 0.872

®Data significant in relation to non-exposed group at P < 0.001 (Mann-Whitney -
U test).
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Abstract

Candiota is situated in the southeast of the state of Rio Grande do Sul,
about 400 km from Porto Alegre and 50 km from the Uruguayan border and,
has the largest coal reserves in Brazil. The coal from open cast mines is used
locally to generate electricity at the largest thermal power complex in the state.
The coal miners are constantly exposed to coal dust. This exposure increases a
risk to development of several diseases. The human buccal micronucleus (MN)
cytome assay (BMCyt) has been more used to investigate biomarkers for DNA
damage, cell death and basal cell frequency in buccal cells. Glutathione S-
transferases are the major groups of phase Il detoxifying enzymes, having
evolved to provide organic protection against substances present in the
environment, and so, polymorphisms in GST genes are susceptibility
biomarkers. The aim of this study was assess if prolonged exposure to coal
dust could lead to an increase in genomic instability, cell death and frequency of
basal cells by BMCyt. In order to verify the relationship between genetic
susceptibility and biomarkers GSTT1 null, GSTM1 null polymorphisms were
evaluated. In analysis of epithelial cells, exposed group presented a significantly
higher frequencies of basal cells (P<0.001), of micronucleus in basal (P<0.001)
and differentiated cells (P<0.001), as well as binucleated cells (P<0.05),
compared to the non-exposed group. The exposed group showed a significantly
lower frequency of condensed chromatin cells than non-exposed group
(P<0.001). These high levels of DNA damage in blood cells of coal workers
from Candiota could be associated with concentrations of metals observed by
PIXE. DNA damage observed in the exposed mining workers may be a
consequence of oxidative damage resulting from coal residue mixtures,
including metals. Besides, our results confirm the BMCyt assay as good

biomarker to occupational exposure.
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1. Introduction

Candiota is situated in the southeast of the state of Rio Grande do Sul,
approximately 400 km from Porto Alegre and 50 km from the Uruguayan border.
Candiota has the largest coal reserves in Brazil. The coal from open-cast mines
is used locally to generate electricity at the largest thermal power complex in the
state. Coal is the largest fossil fuel source used for the generation of energy.
However, coal extraction and use constitute an important pollution factor, and
thus, risk characterization and estimation are extremely important for the safety
of coal workers and the environment. During coal extraction, large quantities of
coal dust particles are emitted, contributing to environmental pollution. Coal
residues consist of a mixture of substances, including carbon, hydrogen,
nitrogen, oxygen, sulfur, mineral particles of smaller size and inorganic

compounds in the ash (Chen et al. 2005).

Coal miners are constantly exposed to coal dust. This exposure
increases the risk of development of several diseases, such as
pneumoconiosis, progressive massive fibrosis, bronchitis, loss of lung function,
emphysema and even stomach, liver and lung cancer (Beckman and Ames
1997; Rockette 1977; Schins and Borm 1999; Schins et al. 1995; Skowronek
and Zemla 2003; Une et al. 1995). Studies of coal miners using chromosomal
aberration, micronucleus (MN) and sister chromatid exchange assays have
revealed higher levels of DNA and chromosomal damage (Donbak et al. 2005;
Leon-Mejia et al. 2011; Sram et al. 1985).

A wide range of methods are currently used for the detection of the
early biological effects of DNA-damaging agents in occupational settings. In
recent years, the human buccal micronucleus (MN) cytome assay (BMCyt) has
been increasingly used to investigate biomarkers for DNA damage, cell death
and basal cell frequency in buccal cells (Holland et al. 2008). This growing use
may be explained by the relative technical simplicity of the assay and the variety

of complementary toxicological endpoints evaluated (Bonassi et al. 2011).
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Individual variations in polymorphic genes involved in xenobiotic
metabolism and DNA repair were linked to an increased risk of cancer
(Wilkinson and Clapper 1997). These individual differences may be important in
the estimation of the risk to humans caused by the exposure to environmental
toxicants. Glutathione S- transferases are the major groups of phase i
detoxifying enzymes, having evolved to provide organic protection against
substances present in the environment (Wilkinson and Clapper 1997). GSTT1
and GSTM1 polymorphisms caused by gene deletions result in null alleles, and
individuals homozygous for deletions lack enzyme activity. These GST gene
polymorphisms were associated with several diseases, such as cancers and
auto-immune diseases, in which the etiology is related to the exposure to
environmental hazards (Honma et al. 2008; Rohr et al. 2008; Sreeja et al.
2008).

In the present study, we used BMCyt to assess whether prolonged
exposure to coal dust could lead to an increase in genomic instability, cell death
and the frequency of basal cells. To determine whether genetically determined
individual variations in metabolizing capacity can modify individual susceptibility
to the possible genotoxic effects of pesticides, the subjects were genotyped for
GSTT1 and GSTML1 null polymorphisms.

2. Methods

2.1.Study population and sample collection

This study was approved by the Committee on Research Ethics at
UFRGS (N. 2007978), and written informed consent was obtained from each

individual before the research began.

Subjects from Candiota and Bagé were sampled from March of 2009 to
March of 2012. Candiota is the city where the coal mine is situated, and Bagé is

a neighboring city. This study involved a total of 70 individuals, 29 non-exposed
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and 41 occupationally exposed to coal. The workers were from a Candiota
open-cast coal mine, where they were involved with coal extraction and coal
transport up to its arrival at the storage centers; all of the workers were exposed
to large quantities of coal dust. All workers reported using some kind of
protection during the workday (gloves, breathing masks, glasses, waterproof
boots, etc.). The non-exposed group consisted of individuals from Candiota and
Bagé cities with no known exposure to genotoxic agents, including coal,

radiation or chemicals.

Blood samples were collected by venipuncture using vacutainers with
EDTA and processed as quickly as possible; blood cell samples were
transported to the laboratories at or below 8°C and processed (DNA extraction)

within 24 h of collection.

All individuals in the study were asked to answer a Portuguese-
language version of a questionnaire from the International Commission for
Protection against Environmental Mutagens and Carcinogens (Carrano and
Natarajan 1988) and to participate in a face-to-face interview, which included
standard demographic data (age, gender, etc.) and questions concerning
medical issues (exposure to X-rays, vaccinations, medication, etc.), life style
(smoking, coffee and alcohol consumption, diet, etc.) and occupation (number
of working hours per day, protective measures adopted - PPE). In all groups,
the individuals who smoked more than twenty cigarettes per day were

considered smokers (Hoffmann et al. 2005).

2.2.Buccal micronucleus cytome assay (BMCyt assay)

Buccal cell samples were obtained by gently rubbing the inside of the
cheeks (right and left side) with a cytobrush, which was immersed in 5 ml of
cold saline (0.9% (w/v) aqueous NaCl) in a conical tube and transported under
refrigeration to the laboratory, where the saline was centrifuged at 1500 rpm for
8 min and the sedimented buccal cells were washed twice more with saline and
once more with Carnoy’s fixative (methanol and glacial acetic acid 3:1) under

the same centrifugation conditions. The cell suspension was dropped onto a
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slide and allowed to air dry. The slides were stained with 2% Giemsa solution
for 10 min, rinsed in distilled water and air dried. For each individual, the
frequency of the various cell types in the assay is represented as the number of
cells in 2,000, as suggested by Thomas et al. (2009).

2.3.GSTs Genotyping

Genomic DNA was isolated from whole blood by the salting out method
(Lahiri and Nurnberger 1991). The GSTM1 and GSTT1 genes were genotyped
by a multiplex PCR method using a reaction mixture consisting of 100 ng of
genomic DNA, 15 pmol of each primer, 10 mM Tris HCI, 4.5 mM MgCI2, 50 mM
KCI, 100 mM dNTPs and 1.0 U of Tag DNA polymerase (Invitrogen
Corporation, San Diego, CA, USA) in a total volume of 50 pl. The amplification
protocol consisted of initial denaturation at 94°C for 5 min; 6 touchdown cycles
of 1 min at 94°C followed by 2 min at 59°C (decreasing to 54°C at a rate of 1°C
per cycle) and 1 min at 72°C; and 30 cycles at 94°C for 1 min followed by 1 min
at 55°C and 1 min at 72°C; with a final 5 min extension step at 72°C. An aliquot
of the amplified product was subjected to horizontal agarose gel (3.5%)
electrophoresis to verify the presence or absence of the GSTM1 and GSTT1
fragments. The GSTP1 product was used as a control for this reaction. The
primer sequences have been previously reported (Bell et al. 1993; Pemble et al.
1994).

2.4.Chemical Analysis

The trace element content in total blood from the coal miners and non-
exposed group was analyzed, as were soil samples from Candiota (geographic
coordinates: 31°34°11.7"S/53°1°46.9"W) and Bagé (31°19°53"S/54°06°25"W).

Soil samples at a depth of 20 cm were collected using a spade from 5
random locations in July of 2010; gravel, stones and plant materials were
removed from the samples. The subsamples were homogenized in order to

form a composite sample for each sampling area. Approximately 500 g to 1 kg
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of surface soil was collected using stainless spatulas, placed in a glass

container protected from light, and maintained at 4°C until sample preparation.

Briefly, dried samples were well homogenized and pressed into thick
pellets, which were placed in the target holder inside the reaction chamber.
During the experiments, the pressure inside the reaction chamber was
approximately 10-5 mbar. The experiments were carried out at the lon
Implantation Laboratory of the School of Physics, Federal University of Rio
Grande do Sul (IF-UFRGS). A 3-MV Tandetron accelerator provided a 2.0-MeV
proton beam with an average current of 5 nA at the target. The X-rays produced
in the samples were detected by a germanium (Ge) detector with an energy
resolution of approximately 180 eV in 5.9 keV, with high efficiency between 3
and 100 keV. The spectra were analyzed with the GUPIX software package,

and the data are expressed as parts per million (ppm) (Campbell et al. 2000).

2.5. Statistical analysis

The normality of variables was evaluated by the Kolmogorov—Smirnov
test. The statistical analysis of differences in parameters measured by the
BMCyt assay was carried out using the Mann—Whitney U non-parametric test.
Correlations between different variables were determined by the Spearman
rank correlation test when applicable. The effect of the GST genotype on the
exposed groups was investigated using the Mann—-Whitney U non-parametric
test. The critical level for rejection of the null hypothesis was considered to be a
P value of 5%, two tailed. The analyses were performed with GraphPad Prism

version 5.00 for Windows software.

65



3. Results

No significant difference in average age was detected between the non-
exposed (46.69 + 18.11) and exposed groups (36.86 + 14.00) (t-test). The
mean exposure time for the exposed group was 13.83 + 8.12 years (time of

experience in coal). No smokers were included in these groups.

The results of the BMCyt assay are presented in Table 1. The
evaluation of epithelial cells revealed a higher frequency of basal cells in the
coal dust-exposed individuals than in the non-exposed group (P<0.001 — Mann-
Whitney U-test). The exposed group presented a significantly higher number of
micronuclei in basal cells (P<0.001), micronuclei in differentiated cells
(P<0.001), and binucleated cells (P<0.05) as compared with the non-exposed
group. The exposed group demonstrated a significantly lower frequency of cells
with condensed chromatin than the non-exposed group (P<0.001). No
correlation was found between age and exposure time in relation to the

parameters tested by the BMCyt assay (Data not shown).

Table 2 presents the cross-correlation analysis between the biomarkers
of the BMCyt assay for all individuals in this study. Basal cells showed a
positive correlation with MN in basal cells (r= 0.512, P < 0.0001) and MN in
differentiated cells (r= 0.722, P < 0.0001), binucleated cells (r= 0.352, P =
0.003), and karyorrhectic cells (r= 0.266, P = 0.026). Differentiated cells with
MN demonstrated a positive correlation with MN in basal cells (r= 0.519, P <
0.0001), binucleated cells (r= 0.327, P = 0.006), and karyorrhectic cells (r=
0.331, P < 0.0001). Karyolitic cells had a positive correlation with karyorrhectic
cells (r= 0.188, P = 0.024). Condensed chromatin cells showed a negative
correlation with basal cells (R = - 0.654, P <0.0001), MN in basal cells (r= -
0.302, P = 0.011), and MN in differentiated cells (r=-0.498, P < 0.0001).

Table 3 demonstrates the effect of individual GSTM1 and GSTT1
genotypes on regenerative potential, DNA damage and cell death in the
exposed individuals as evaluated by the BMCyt assay. Although individuals with
GSTM1 and GSTT1 null genotypes presented higher levels of regenerative

potential, DNA damage and cell death, these differences were not significant.
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The results of the chemical analyses performed via the PIXE technique
to characterize the metal content in blood and soil samples are shown in Tables
4 and 5, respectively. No significant difference was observed between blood
samples from coal workers and the non-exposed group. Among metals, the
most representative were magnesium, aluminum, copper, and zinc.
Phosphorous, sulfur, and lead were significantly higher in soil from Candiota
than Bagé (P <0.001).

4. Discussion

Mineral coal in Rio Grande do Sul (RS), the southern state of Brazil,
exceeds 32 X 10° tons, representing approximately 89% of the Brazilian
reserves. This region produces 38% of the country’s coal. Open-cast coal mine
workers are potentially exposed to coal dust containing quartz, trace metals,
inorganic minerals, and organic aromatic compounds (Leon et al. 2007).
Epidemiological studies have been performed with people exposed to mixed
coal dust, revealing increased risks for the development of respiratory diseases,
such as pneumoconiosis, progressive massive fibrosis, bronchitis, loss of lung
function, and emphysema, as well as the development of stomach, liver and
lung cancer (Beckman and Ames 1997; Rockette 1977; Schins and Borm 1999;
Schins et al. 1995; Skowronek and Zemla 2003; Une et al. 1995). There are
only a few studies on the occupational hazard effects (genotoxicity) for coal
miners; in RS, genotoxic endpoints related to open-cast coal extraction has only
been evaluated in rodent populations (da Silva et al. 2000).

In this study, the BMCyt assay was used to investigate biomarkers for
DNA damage, cell death and regenerative potential in the buccal cells of non-
exposed and coal dust-exposed groups (Table 1). This study is the first to use
the BMCyt assay to evaluate all possible endpoints in coal miners. Kumar et al.
(Kumar et al. 2011) utilized the buccal cells to analyze the genotoxic effect of

coal dust only in relation to MN frequencies in differentiated cells.

Results obtained from buccal cells revealed statistically significant

increases in micronuclei and binucleated cells in differentiated cells and in
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micronuclei in basal cells among the coal workers. In our study, there was no
correlation between age and time of service in relation to the BMCyt
parameters. Biomonitoring studies of the peripheral lymphocytes of coal
workers demonstrated increased adduct formation and increases of non-cellular
and cellular sources of reactive oxygen species, which can induce oxidative
DNA damage (Celik et al. 2007; Donbak et al. 2005; Leon-Mejia et al. 2011,
Schins et al. 1995; Schoket et al. 1999). Other studies using different assays
have also demonstrated higher levels of DNA damage in individuals exposed to
coal. In buccal cells, Kumar et al. (2011) observed higher frequencies of MN in
individuals exposed to coal. Micronuclei are formed mainly from chromatids or
chromosome fragments, which remain excluded from the main cell nucleus
following mitosis (Holland et al. 2008), indicating an increased risk of cancer (He
et al. 2000). Buccal cells are in constant contact with the environment, which
suggests that the oral epithelium is an important target site for the toxicants in
dust; therefore, our results revealed higher genotoxicity in coal workers (higher
micronucleus frequency in differentiated and basal cells) compared with the

unexposed group due to the coal workers’ exposure to coal dust.

Binucleated cells were also found to be more frequent in the exposed
group. The precise significance of these cells is not known, but they may be
indicative of cytokinesis failure. As shown in a study using the BMCyt assay to
study Down Syndrome (Thomas et al. 2008), the binucleate/mononucleate ratio
could be an important biomarker for identifying individuals with cytokinesis
failure caused by higher than normal rates of aneuploidy. Aneuploidy stands out

as a consistent marker of malignancy (Sanchez-Siles et al. 2011).

The proportion of basal cells in buccal cells is an indication of the
regenerative capacity of this tissue (Thomas et al. 2009). In this study, the
exposed group demonstrated higher frequencies of basal cells compared with
the non-exposed group. It has been postulated that repeated exposure to
cytotoxic agents can result in chronic cell injury, compensatory cell proliferation
(regenerative capacity), hyperplasia, and ultimately tumor development (Mally
and Chipman 2002; Swenberg 1993).
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The cell death analyses revealed a lower frequency of cells with
condensed chromatin in the exposed group. An increased percentage of cells
with condensed chromatin cells occurs in the pre-keratinization process
(Pindborg et al. 1980) and represents cytotoxicity (Thomas et al. 2008). Thus, it
is believed that this cell type increase in unexposed individuals must have

occurred at random.

The results of the cross-correlation study suggest a significant positive
relationship between basal cells, binucleated cells, karyorrhectic cells, karyolitic
cells, and cells with micronuclei. The positive correlation between basal cells
and karyorrhectic cells suggests that the latter are derived directly from basal

cells, similar to the observations of Thomas et al. (2008).

The primary target cells of inhaled coal dust particles are macrophages
and epithelial cells. Activated macrophages (phagocytosis toxicity) produce
excessive amounts of reactive oxygen species (ROS) and cytokines. ROS are
believed to play a major role in the primary genotoxicity of particles, which may
derive from their surface properties, the presence of transition metals,
intracellular iron mobilization, and/or lipid peroxidation (Schins 2002). In vitro
studies have led to the identification of the primary genotoxic properties of
particles, whereas recent in vivo studies provide further support for the
correlation between particle-induced Ilung inflammation and secondary
genotoxicity. The formation of ROS from inflammatory cells is considered to be
a biomarker of the genotoxicity of non-fibrous particles (coal dust). Previously,
some authors observed increased formation of 8-OHdG in peripheral blood
lymphocytes and altered antioxidant capacities in the serum and red blood cells
of coal miners (Schins and Borm 1999; Schins et al. 1995). When there is
excessive production of ROS, or when there are insufficient in vivo defense
mechanisms, oxidative stress may occur. This stress may result in DNA
damage, lipid peroxidation, protein modification, membrane disruption, and
mitochondrial damage (Zhai et al. 2002); all of these modifications are capable

of affecting cytogenetic damage levels.

These high levels of DNA damage in the blood cells of coal workers
from Candiota could be associated with the metal concentrations observed by
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PIXE. The mechanisms of metal-induced carcinogens are still unknown, but one
possible pathway may involve the induction of DNA damage (Rojas et al.,
1996). Although our analyses in blood samples revealed no difference in metal
concentrations between the exposed and non-exposed groups, higher
concentrations of magnesium, aluminum, copper, and zinc were observed in
coal miner cells than in non-exposed individuals. In addition, soil samples from

Candiota demonstrated significant increases of phosphorous, sulfur, and lead.

Finally, DNA damage in the exposed mine workers may be a
consequence of oxidative damage resulting from coal residue mixtures
containing metals and polycyclic aromatic hydrocarbons (Pahlich). Da Silva et
al. (2000) and Dallarosa et al. (2005) demonstrated that environmental samples
from Candiota had a high concentration of hydrocarbons. All technological
processes associated with open fire or temperatures between 400° and 600°C,
which may lead to PAH, should be considered potentially hazardous (Sram et
al. 1985). PAH can induce DNA lesions as single-strand breaks via DNA repair
mechanisms (Brescia et al. 1999; Pavanello et al. 2005); and electrophilic
metabolites that covalently interact with the DNA (Singh et al. 2007) can form
adducts with purines, especially with guanine, after metabolic activation by
enzymatic complex P450 (Baird et al. 2005).

In our study, we observed that genetic polymorphisms of the GSTM1
and GSTT1 genotypes do not affect the MN frequency or other BMCyt
parameters, except for the buds frequency. Significant increases in buds
frequencies in differentiated cells were observed in the GSTM1 null genotype
individual compared with individuals with non-null GSTM1. As in our results,
Rossi et al. (2009) did not find a significant association between GST genotypes
and a biomarker of effect. The mechanism triggering nuclear bud formation is
unknown but may be related to the elimination of amplified DNA or DNA repair

complexes (Shimizu et al. 2005).

Occupational hazard effects in coal miners, in relation to DNA damage,
were observed when compared with the non-exposed group. Because of the
complex mixture in occupational coal mining environments, it is difficult to relate

genotoxic effects to a specific agent or compound. The DNA damage observed
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in the exposed mine workers may be a consequence of oxidative damage
resulting from coal residue mixtures, including metals. Our results also
confirmed the value of the BMCyt assay as a biomarker for occupational

exposure.
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Table 1.

BMCyt assay results for cells collected

exposed groups (mean * standard deviation).

from non-exposed and

Parameters Non-Exposed Exposed
Basal Cells
Normal 1.00+1.31 14.34 + 6.73™
MN 0.03+0.19 0.51+0.78™
Differentiated Cells
DNA Damage MN 0.21+0.41 3.10 £ 2,227
Nuclear Buds 6.93 + 3.46 7.66 + 3.39
Binucleated
Cells 10.79 + 3.67 13.26 + 4.90
Cell Death Condensed
Chromatin 11.79 + 3.53 5.73+3.627
Karyorrhectic
Cells 10.00 + 2.42 10.80 + 4.98
Pyknotic
Cells 8.45 + 2.98 8.46 £ 3.23
Karyolytic
Cells 13.07 = 3.00 13.12 + 4.45

*Data significant in relation to non-exposed group at P<0.05;*** at P < 0.001

(Mann-Whitney - U test)



Table 2. Cross-correlation results between biomarkers of the BMCyt for combined groups

MN in Basal _. MN 'T‘ Nuclear Binucleated Condensed Karyorrhectic Pyknotic
Basal Cells Differentiated .
Cells Buds Cells Chromatin Cells Cells
Cells
MN in Basal Spearman correlation 0.512
Cells Sig.(2-tailed) 0.000
MN in Spearman correlation 0.722 0.519
Differentiated 0.000 0.000
Cells Sig.(2-tailed) ' '
i NS NS NS
Nuclear Buds S!oearmz%n correlation
Sig.(2-tailed)
i 0.352 NS 0.327 NS
Binucleated Cells S!oearmz%n correlation
Sig.(2-tailed) 0.003 0.006
Condensed Spearman correlation -0.654 -0.302 -0.498 NS NS
Chromatin Sig.(2-tailed) 0.000 0.011 0.000
Karyorrhectic Spearman correlation 0.266 NS 0.331 NS NS NS
Cells Sig.(2-tailed) 0.026 0.000
i NS NS NS NS NS NS NS
Pyknotic Cells S!oearme.m correlation
Sig.(2-tailed)
) Spearman correlation NS NS NS NS NS NS 0.188 NS
Karyolytic Cells . i
Sig.(2-tailed) 0.024

NS: not significant.
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Table

3. Effect of the GSTM1 and GSTT1 genotypes on the exposed group.

Basal Cells Differentiated Cells
DNA Damage Cell Death
Genotypes
Normal MN -
Nuclear Binucleated Condensgd Karyorrhectic Pyknotic Karyolytic
MN Buds Cells Chromatin Cells Cells Cells

GSTM1 non-null 16.52 +5.26 0.39+0.72 3.61 +£1.97 6.17 £ 2.08 14.30 +5.99 4.00 +1.88 11.00 £ 5.26 7.87£3.04 12.70 +5.47
GSTM1 null 17.50 + 3.25 1.00 + 1.07 2.75+2.25 9.25+3.80° 12.13+3.98 5.75 + 2.82 11.88 +5.77 8.00+3.63 13.25+3.20
GSTT1 non-null 16.16 + 4.29 0.42 +0.77 3.26 +1.66 7.84 +3.70 12.63+4.71 4,95+ 2.39 10.89 + 4.52 8.16 +2.79 1253+3.58
GSTT1 null 17.36 +5.33 0.71+0.91 3.50+2.44 6.29 + 1.98 15.36 +6.17 4.00 £1.92 11.93 +6.04 8.43+422 13.64+6.31

& Data significant in relation to wild genotype from the same group at P =0.023 - Mann-Whitney U-test).
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Table 4. Inorganic element detection by PIXE analyses of blood samples.

Heavy Metal Non Exposed Exposed
Magnesium 144.2 £+ 76.7 177.7 £ 86.3
Aluminum 1104 +51.7 125.1 +37.3
Sulfur 5597 + 695.9 5206 + 581.4
Potassium 6462 + 2920 5910 + 3286
Iron 2312 + 504.9 2003 + 438.3
Copper 490+1.81 5.20+1.07

Zinc 40.34+7.0 42.4 +9.84




Table 5. Inorganic element detection by PIXE analyses of soil samples.

Heavy Metal Non Exposed Exposed
Magnesium 1365 +448.1 1623 + 231.1
Aluminum 42640 + 4841 69650 + 2003
Silicon 415000 *+ 45950 289600 + 4083
Phosphorus 155.1 + 16.26 282.0 £ 203.5***
Sulfur 104.6 + 18.75 286.8 £ 12.87***
Potassium 12230 £ 1767 7133 £ 585.8
Calcium 1416 + 139.6 1049 +7.78
Titanium 6080 + 2077 7855 + 284.5
Chromium 31.68 + 14.86 57.22+14.73
Manganese 753.4 £ 126.8 616.0 £ 84.31
Iron 15450 + 2035 51640 + 6815
Copper 55.07 £10.11 72.90 + 20.07
Zinc 21.40 £ 3.92 49.95 + 18.05
Zirconium 143.7 £61.41 536.0 + 238.7
Lead 22.77 £10.54 61.98 + 0.12***

*** P<0.0001 in relation to non-exposed group. Mann-Whitney U-test.

79



CAPITULO IV

THE INFLUENCE OF BER GENE POLYMORPHISMS
(OGG1 SER326CYS AND XRCC1 ARG194TRP) ON DNA
DAMAGE EVALUATED BY THE COMET ASSAY AND THE
BUCCAL MICRONUCLEUS CYTOME (BMCYT) ASSAY IN
COAL OPEN-CAST MINING WORKERS
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ABSTRACT

The coal is a largest fossil fuel source used for the generation of energy.
During coal extraction large quantities of particles of coal dust are emitted
contributing to environmental pollution. Coal residues consists of a mixture of
substances, containing carbon, hydrogen, nitrogen, oxygen and sulfur, mineral
particles of smaller size and inorganic compounds in the ashes. The coal miners
are constantly exposed to coal dust. In recent studies in this area, we found an
elevated DNA damage, by Comet Assay parameters, and also the influence of
exposition in basal cells, MN in basal and differentiated cells, binucleated cells and
condensed chromatin cells in workers. The aim of this study was to evaluate if the
two BER polymorphisms (OGG1Ser326Cys: rs1052133 and XRCC1Argl194Trp:
rs1799782) could modify individual genotoxic susceptibility to coal exposure in
coal miners, as measured by Comet Assay and BMCyt Assays. No differences
were observed in Comet Assay parameters between genotypes in exposed and
non-exposed groups. In the non-exposed group, individuals whit the XRCC1
Arg/Trp genotype presents lower levels of Karyorrhetic Cells (7.80 + 0.84) and
Pyknotic Cells (3.80 + 1.92), when compared with individuals XRCC1 Arg/Arg
genotype (9.88 + 2.54, with P=0.048 and 7.86 * 3.26, with P=0.004, respectively).
Therefore, in our study, endpoints of genotoxic insult caused by coal exposure
were not influenced by BER gene polymorphisms (OGG1 Ser326Cys and XRCC1

Argl94Trp).
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1. INTRODUCTION

Coal is the largest source of fossil fuel used for the generation of energy.
During coal extraction, large quantities of coal dust particles are emitted, which
contributes to environmental pollution. Coal residue consists of a mixture of
substances, including carbon, hydrogen, nitrogen, oxygen and sulfur that occur as
smaller mineral particles and inorganic compounds found in the ashes. Therefore,
characterizing coal particles and estimating the risks to miners and the

environment are of extreme importance (1).

Coal miners are constantly exposed to coal dust, and miners are at an
increased risk of developing several diseases due to lung exposure to coal dust,
including pneumoconiosis, progressive massive fibrosis, bronchitis, loss of lung
function, emphysema and even stomach, liver and lung cancer (2-7). Studies
examining coal miners have demonstrated that they have elevated levels of DNA
and chromosomal damage, as evaluated through chromosomal aberration,

micronucleus (MN) and sister chromatid exchange assays (8-10).

Rio Grande do Sul, a southern state of Brazil, is responsible for 89.25% of
the country’s coal reserves. In this state, coal extraction is performed in coal open-
cast mines. In recent studies of workers in this area, we found elevated damage
index and damage frequency (comet assay parameters), and elevated frequencies
of basal cells, MN in basal cells, MN in differentiated cells, and binucleated cells
(BMCyt parameters) (11-12). In addition, we measured lower frequencies of

condensed chromatin cells (BMCyt parameter) in the workers from this area (11).

Some studies have demonstrated the relationship between genetic
susceptibility and biomarkers in occupationally exposed populations (13-16).
Genetic polymorphisms may influence genotoxic effects and are therefore an
important consideration in the evaluation of occupational risk [Norppa, 1997,
larmarcovai et al., 2008]. The Base Excision Repair (BER) pathway acts on small
lesions, such as oxidized and reduced bases, fragmented and non-bulky adducts,
or lesions produced by a variety of internal and external factors, such as ionizing
radiation, alkylating agents and oxidative stress. The OGG1 and the XRCC1 are
examples of important proteins in the BER pathway [27-29].
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The aim of this study was to determine if the two BER polymorphisms
(OGG1 Ser326Cys: rs1052133 and XRCC1 Argl194Trp: rs1799782) could modify
individual genotoxic susceptibility to coal exposure in coal miners, as measured by

the comet and BMCyt assays.

2. MATERIALS & METHODS

2.1.Study population and sample collection

This study was approved by the Committee on Research Ethics at UFRGS
(N. 2007978), and written informed consent was obtained from each individual

before the research began.

Subjects from Candiota and Bagé were sampled from March 2009 to
March 2012. A coal mine is located in the city of Candiota, and Bagé is a
neighboring city. This study involved a total of 92 individuals, 42 of whom were
non-exposed and 50 of whom were occupationally exposed to coal dust. The
workers were from the Candiota open-cast coal mine, where they were involved
with coal extraction and coal transport up to and including delivery to the storage
centers; all of these workers were exposed to large quantities of coal dust. All
workers reported using some kind of protection during the workday (gloves,
breathing masks, glasses, waterproof boots, etc.). The non-exposed group
consisted of individuals from the cities of Candiota and Bagé with no known

exposure to genotoxic agents, including coal, radiation, and chemicals.

Buccal cell samples were obtained by gently rubbing the inside of the
cheeks (right and left side) with a cytobrush, which was immersed in 5 ml of cold
saline (0.9% (w/v) aqueous NaCl) in a conical tube and transported under
refrigeration to the laboratory. Blood samples were collected by venipuncture
using vacutainers with EDTA or heparin and were processed as quickly as
possible, and blood cell samples were transported to the laboratories at or below

8°C and processed (DNA extraction) within 24 h of collection.

All individuals participating in the study were asked to answer a

Portuguese-language version of a questionnaire from the International
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Commission for Protection against Environmental Mutagens and Carcinogens (17)
and to participate in a face-to-face interview, which included standard
demographic data (age, gender, etc.), as well as questions concerning medical
issues (exposure to X-rays, vaccinations, medication, etc.), lifestyle (smoking,
coffee and alcohol consumption, diet, etc.) and occupation (number of working
hours per day, protective measures adopted, PPE). In all groups, individuals who

smoked more than twenty cigarettes per day were considered smokers (18).

2.2.Comet assay

The alkaline comet assay was performed as described in Singh et al.
(1988) (19) with the modifications suggested in Tice et al. (2000) (20). Blood
samples (5 pl) were embedded in 95 pul of 0.75% low melting point agarose, and
after the agarose solidified, slides were placed in lysis buffer (2.5 M NaCl, 100 mM
EDTA and 10 mM Tris; pH 10.0-10.5) containing freshly added 1% (v/v) Triton X-
100 and 10% (v/v) dimethyl sulfoxide for a minimum of 1 h and a maximum of 2
weeks. After treatment with lysis buffer, the slides were incubated in freshly
prepared alkaline buffer solution (300 mM NaOH and 1 mM EDTA; pH > 13) for 20
min, and DNA was submitted to electrophoresis for 20 min at 25 V (0.90 V/cm)
and 300 mA. Following electrophoresis, the buffer solution was neutralized with
0.4 M Tris (pH 7.5) and the DNA was stained with ethidium bromide (2 pg/ml). The
electrophoresis procedure and the efficiency of each of the electrophoresis runs
were assessed using negative and positive internal controls consisting of whole
human blood collected in the laboratory. The negative control was unmodified
blood, and the positive control was 50 pl blood mixed with 13 pl (8 x 10° M)
methyl methanesulfonate (CAS 66-27-3; Sigma, St Louis, MO, USA) and
incubated for 2 h at 37°C. Each electrophoresis run was considered valid only if
the negative and positive controls yielded the expected results. Slides were
randomized and coded for analysis by a blinded scorer. Images of 100 randomly
selected cells (50 cells from each of two replicate slides) were analyzed for each
individual using a fluorescence microscope equipped with a 12-nm BP546

excitation filter and a 590-nm barrier filter. Two parameters were evaluated: (i)
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damage index, in which each cell was assigned to one of five classes (from no
damage = 0 to maximum damage = 4) according to tail size and shape (see
figures in Heuser et al., 2007) and whose values obtained for each of the
individuals ranged from 0 (0 x 100) to 400 (4 x 100), with the damage frequency
(DF) calculated as the percentage of damaged cells. International guidelines and
recommendations for the comet assay consider that the visual scoring of comets is
a well-validated evaluation method. Although the DI parameter is subjective, it is

highly correlated with computer-based image analysis (20-21).

2.3.Buccal micronucleus cytome assay (BMCyt assay)

The saline was centrifuged at 1500 rpm for 8 min, and then the
sedimented buccal cells were washed twice with saline and once with Carnoy’s
fixative (methanol and glacial acetic acid 3:1) under the same centrifugation
conditions. The cell suspension was dropped onto a slide and allowed to air-dry.
The slides were stained with 2% Giemsa solution for 10 min, rinsed in distilled
water and air-dried. For each individual, the frequency of the various cell types in
the assay was represented as the number of cells in 2,000, as suggested by
Thomas et al. (2009) (22).

2.4.Genotyping

Genomic DNA was isolated from whole blood by the salting out method
(23).

2.4.1. OGG1 Ser326Cys Polymorphism

The OGG1 Ser326Cys polymorphism (rs#1052134) was genotyped using
the primers and PCR conditions indicated by De Ruyck et al. (2005) (24). An
aliquot of the PCR product was digested with the Alwl enzyme, and the genotypes

were resolved using a 3% agarose gel stained with ethidium bromide.
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2.4.2. XRCC1Arg194Trp Polymorphism

The XRCC1 Argl94Trp polymorphism (rs#1799782) was genotyped by
PCR/RFLP according to the protocol of Lunn et al. (1999) (25). The XRCC1
194Arg and XRCC1 194Trp alleles were detected after digestion with the Pvull
enzyme, and the genotypes were resolved using a 3% agarose gel stained with

ethidium bromide.

2.5. Statistical analysis

The normality of variables was evaluated by the Kolmogorov—Smirnov
test. The statistical analysis of differences in parameters measured by the BMCyt
assay was carried out using Mann-Whitney U non-parametric test. Correlations
between different variables were determined by Spearman rank correlation test
when applicable. Effect of GSTs genotypes in exposed groups were investigated
using Mann-Whitney U non-parametric test. The critical level for rejection of the
null hypothesis was considered to be a P value of 5%, two tailed. The analyses

were performed with the GraphPad Prism version 5.00 for Windows.

3. RESULTS

No significant differences in age were detected between the non-exposed
(42.08 = 15.12) and exposed groups (43.79 £ 7.94) (t-test). The mean exposure
time for the exposed group was 13.38 + 8.66 years (time of experience in coal

mining). No smokers were included in these groups.

Considering the exposed and non-exposed groups as unique groups, the
allelic frequencies for OGG1 326Cys and XRCC1 194Trp were 0.375 and 0.040,
respectively (data not shown). Table 1 demonstrates the effect of individual
genotypes on parameters evaluated by the comet assay in the exposed and non-
exposed groups. No differences were observed in these parameters between

genotypes in the exposed and non-exposed groups.
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Table 2 demonstrates the effect of individual genotypes on the parameters
evaluated by the BMCyt assay in the exposed and non-exposed groups. In the
non-exposed groups, individuals with the XRCC1 Arg/Trp genotype had lower
levels of karyorrhectic (7.80 + 0.84) and pyknotic cells (3.80 + 1.92) when
compared with individuals with the XRCC1 Arg/Arg genotype (9.88 = 2.54, with
P=0.048, and 7.86 £ 3.26, with P=0.004, respectively).

4. DISCUSSION

Human biomonitoring is used in the identification of the early biological
effects of DNA-damaging agents in occupational settings. In recent years, the
Comet assay has been proven to be a very sensitive method for investigating
levels of DNA damage and a useful tool for the detection of genetic damage at the
individual cell level and in human biomonitoring (21,26). This assay has been
widely used to detect strand breaks, alkali-labile sites, DNA crosslinking and
incomplete excision repair sites (21,26-27). The BMCyt assay is being increasingly
used, and, in last decade, the number of publications utilizing this method has
been higher (28). Three variety of complementary toxicological endpoints
evaluated, as a biomarker of chromosome breakage or loss, gene amplification,

cytokinesis-failure or arrest, and various forms of cell death measured (22).

The individual response to stress may vary according to various conditions,
such as the functioning of the particular gene combination, the metabolism rate of
genotoxic agents and DNA repair, among others (29). The various types of DNA
damage are repaired through multiple pathways, among which the base excision
repair (BER) is the major pathway for removing damaged bases and DNA single
strand breaks (SSB) from DNA in human cells. This pathway is a multi-step
process which involves several proteins, and the genes encoding for these
proteins have been proposed as potential cancer susceptibility genes (30). In
order to evaluate if genetically-determined individual variations of DNA repair
enzymes from BER pathway polymorphism could modify individual susceptibility to
coal exposure, we genotyped occupationally exposed subjects from for OGGL1
Ser326Cys and XRCC1 Arg(R)194Trp(W).
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The OGGL1 protein acts in the first step of BER, catalyzing the excision of
oxidized purines, including 8-oxo-7,8-dihydroguanine (8-oxoG) and ring-opened
purines (31). Reduced ability to remove 8-0xoG can lead to increased mutation
induction. Studies on the effect of the OGG1 Ser326Cys substitution in several
populations revealed that the Cys allele has a lower repair activity than the wild
type allele (32-33). Evidence suggests that this is due to reduced repair ability,
particularly under oxidising conditions but the underlying mechanism is poorly
understood (34). Despite our results did not show significant difference between
OGG1 genotypes on the Comet Assay and BMCyt parameters, exposed
individuals with variant allele (OGG1 Cys) showed a higher DNA damage detected
by the Comet assay in relation to individuals carrying the wild-type OGG1 Ser
allele. In a previous study, we found similar results, with a sample of pesticides
exposed individuals (35). The observed DNA strand breaks could reflect the
intermediates of delayed BER as a result of the lower enzyme activity. These
results are in agreement with other studies suggesting that the OGG1 Cys allele
could have lower ability to suppress mutation and it could be considered as risk

factor for development of different kind of cancer (32-33,36-37).

In relation to coal exposition, few studies were conducted. In a population
with extremely high PAH exposure due to the use of smoky coal, the OGG1Cys
allele lead to increased risk for lung cancer development, odds ratio of 1.9
(95%Cl1=1.1-3.3), in Lan et al .(2004) (38). Zhai et al. (2002) (39) did not associate
the OGG1 Ser326Cys polymorphism with the pneumoconiosis development, in

coal miners.

The XRCC1 polymorphism has no effect on the Comet Assay and BMCyt
parameters in exposed group. The XRCCL1 protein plays an important role in the
BER pathway, acting as a scaffold to coordinate other BER proteins, like DNA
polymerase B, DNA ligase lll and poly-ADP-ribose polymerase (PARP) (40). The
XRCC1Arg194Trp polymorphism, which occurs in the proliferating cell nuclear
antigen-binding region, has been suggested to enhance the individual DNA repair
capacity (reviewed in Frosina, 2004 (40)). In the exposed individuals, the XRCC1

genotype did not show influence on BMCyt endpoints. Whereas, in non-exposed
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group, the variant XRCC1 genotype (XRCC1Arg/Trp) showed a protector effect on
number of Karyorrhetic and Pyknotic Cells, biomarkers of death cell.

The BER mechanism, can lead to single-strand breaks (SSBs) that could
represent a serious risk for cells if they are not filled by a polymerase and rejoined
by DNA ligase. In fact during DNA replication SSBs could be converted to more
lethal DNA double-strand breaks, and this could generate deletions, chromosome
translocations, hence genomic instability and in some circumstances induce cell

cycle arrest and apoptosis (41).

Studies demonstrated that environmental exposure may down-regulate
expression of some DNA repair genes, including XRCCL1. Breton et al. (2007) (42)
suggest that this regulation may be allele specific and the wild-type genotype is
more effectively down-regulated than the XRCC1 heterozygote or homozygous
variants. Thus, the variant genotype would be protective against DNA strand
breaks accumulation, since the DNA repair would be inhibited more effectively in
individuals with the wild-type genotype. The protection effect of the variant allele
XRCC1 Trp has been observed against cancer, such as bladder, breast, lung and
stomach cancer; however, inverse association was detected in studies of
squamous cell carcinoma of head and neck (SCCHN), chronic gastritis, gastric
and lung cancer (30,42-48).

In conclusion, the present study suggests that occupational exposure to
coal residues is associated with chromosome damage potentially indicating an
increased susceptibility for cancer formation. In our study, endpoints of genotoxic
insult were not influenced by BER gene polymorphisms (OGG1 Ser326Cys and
XRCC1 Arg194Trp). In this context, larger sample sizes may increase sensitivity of
data in further studies, consolidating statistical power in the stratification of the
statistical analysis. Also, it would be interesting to include other susceptibility
biomarkers in other xenobiotic-metabolizing and DNA repair genes, which should

better inform on mechanisms and biological significance of results.
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Table 1. Effect of the OGG1 and XRCC1 genotypes on parameters evaluated

using the comet assay in the non-exposed and exposed groups (mean + S.D.). P

value from Mann Whitney U-test.

Repair
Parameter Non-Exposed Exposed
Genotypes
OGG1 Ser/Ser 15.67 £9.36 16.08 £ 7.96
OGG1 Cys/ - 14.95 + 8.58 20.78 £11.99
X
[}
2 P 0.749 0.173
(]
S
= XRCC1 Arg/Arg 15.06 £9.11 17.95+£9.94
@
o XRCC1 Arg/Trp 14.75 £ 4.65 11.67 £3.51
P 0.911 0.322
OGG1 Ser/Ser 12.28 £6.54 13.42 £5.75
> OGGL1 Cys/ - 12.00 +5.98 15.56 + 8.75
c
(O]
= P 0.922 0.402
et
LL
A XRCC1 Arg/Arg 12.00 + 6.39 14.09 £ 7.14
IS
CDEU XRCC1 Arg/Trp 12.50+6.12 11.00 = 3.00
P 0.584 0.442
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Table 2. Effect of the OGG1 and XRCC1 genotypes on parameters evaluated
using the BMCyt assay in the non-exposed and exposed groups (mean + S.D.). In

bold significant results (Mann Whitney U-test).

Parameter Geﬁeoﬁsges Non-Exposed Exposed
OGG1 Ser/Ser 1.22 +1.80 14.95 + 6.79
A% OGG1 Cys/ - 0.90 + 1.22 14.23 + 7.07
S P 0.670 0.775
&
= XRCC1 Arg/Arg 1.26 + 1.51 14.18 + 6.59
XRCC1 Arg/Trp 0.20 + 0.45 18.67 + 1.15
P 0.079 0.202
P OGG1 Ser/Ser 0.06 +0.24 0.27 +0.46
3 OGG1 Cys/ - 0.00 + 0.00 0.85 + 1.07
E P 0.189 0.139
3
= XRCC1 Arg/Arg 0.02 +0.15 0.41 + 0.66
= XRCC1 Arg/Trp 0.00 + 0.00 1.00 + 1.00
P 0.948 0.268
5 OGG1 Ser/Ser 0.22 +0.43 2.91+1.97
g OGG1 Cys/ - 0.19 + 0.40 2.85 + 2.30
E % P 0.812 0.906
§ © XRCC1 Arg/Arg 0.19 + 0.39 2.91+2.04
z XRCC1 Arg/Trp 0.00 + 0.00 5.00 + 3.61
= P 0.511 0.245
v OGG1 Ser/Ser 9.17 + 4.41 7.32+2.78
S OGG1 Cys/ - 8.42 +3.64 7.77+4.34
f, % P 0.520 0.827
© =
@ 5 XRCC1 Arg/Arg 8.70+ 4.21 7.56 + 3.38
% XRCC1 Arg/Trp 9.60 + 1.67 7.76 +1.16
P 0.449 0.542
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Condensed

Binucleated Cells

Pyknotic Cells Karyorrhectic Cells Chromatin

Karyolitic Cells

OGG1 Ser/Ser
OGG1 Cys/ -
P

XRCC1 Arg/Arg
XRCC1 Arg/Trp
P

OGG1 Ser/Ser
OGGL1 Cys/ -
P

XRCC1 Arg/Arg
XRCC1 Arg/Trp
P

OGGL1 Ser/Ser
OGG1 Cys/ -
P

XRCC1 Arg/Arg
XRCC1 Arg/Trp
P

OGG1 Ser/Ser
OGGL1 Cys/ -
P

XRCC1 Arg/Arg
XRCC1 Arg/Trp
P

OGG1 Ser/Ser
OGG1 Cys/ -
P

XRCCL1 Arg/Arg
XRCC1 Arg/Trp
P

12.44 + 4.87
11.52 + 3.19
0.360

12.05 + 3.60
9.60+4.72
0.232

12.61 + 3.18
12.00 + 2.60
0.470

12.60 + 3.06
10.60 + 2.88
0.183

9.88 +2.54
7.80+0.84
0.180

9.88+254
7.80+0.84
0.048

7.86 + 3.26
3.80+1.92
0.609

7.86 + 3.26
3.80+1.92
0.004

13.28 £ 2.59
11.20 + 4.66
0.942

13.28 + 2.59
11.20 + 4.66
0.219

14.36 £ 6.00
14.00 £ 5.92
0.699

14.09 £ 6.05
11.33+2.89
0.472

5.05+3.61
6.23+£2.98
0.130

5.71+3.79
5.00 + 3.46
0.654

10.71 £5.35
10.67 £ 1.16
0.169

10.71 £5.35
10.67 £ 1.15
0.855

8.59 + 3.39
8.00 + 2.65
0.448

8.59 + 3.39
8.00 + 2.65
0.896

12.97 £ 4.69
15.00 + 4.58
0.371

12.97 +4.69
15.00 + 4.58
0.439
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CAPITULO V

DISCUSSAO
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1. DISCUSSAO

Nos ultimos tempos, o interesse no desenvolvimento de técnicas que
tornem possivel o biomonitoramento de individuos expostos cronicamente a
poluentes tem aumentado consideravelmente. Estudos mostram que
trabalhadores de diversos ramos de producédo apresentam maiores chance de
enfermidades recorrentes, devido a exposicdo a substancias genotoxicas
especificas de cada setor, por isso chamada de exposi¢cdo ocupacional (De Celis
et al., 2005; Fritschi et al., 2005; Oliveira et al., 2010; Richiardi et al., 2006). A
National Occupational Research Agenda (NORA) avaliou a exposicao
ocupacional, de uma maneira geral, como responséavel por pelo menos 4% dos
casos de cancer em humanos (Ward et al., 2003). Estudos de risco ocupacional
reprodutivo tém demonstrado aumento nas taxas de aborto espontaneo em
mulheres que trabalham com quimicos em hospitais e laboratérios. Estima-se que
mais de 50% das mortes fetais, 30% dos casos de retardo mental, 20% dos casos
de defeitos congénitos, além de 2% dos problemas relacionados com infertilidade
masculina estejam associados a aberragcbes cromossdmicas em células
germinativas (Keshava & Ong, 1999; Thulstrup & Bonde, 2006; Vaktskjold et al.,
2011). Tais dados mostram a importancia do biomonitoramento dos
trabalhadores, de diversos setores de producdo, expostos a substancias

reconhecidamente ou potencialmente de riscos a salude dos mesmos.

Sabe-se que a mineracdo do carvdo € uma atividade com grande
capacidade de poluir (Zahrzewski, 1991), uma vez que durante 0 processo de
extracdo e combustdo muitas substancias sao liberadas no ambiente (White,
2002). O carvao no Rio Grande do Sul (RS) representa aproximadamente 90%
das reservas do Brasil. O carvao deste Estado é tipicamente obtido por mineracao
a céu-aberto, sendo de baixa qualidade, com teores de enxofre variando de 1-5%
e elevados teores de cinzas. Além disto, ele é basicamente utilizado para geracéo
elétrica na usina localizada no municipio de Candiota, RS. Esta regido contribui
com 38% da producgéo nacional de carvao, desta forma uma grande quantidade

de carvao e de seus derivados sdo adicionados a atmosfera, agua e solo.
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O carvao é uma mistura complexa de diferentes substancias quimicas,
especialmente hidrocarbonetos, os quais podem dar origem aos hidrocarbonetos
aromaticos policiclicos (HAP). Muitos destes HAP apresentam efeitos de
mutagenicidade e carcinogenicidade, sendo que alguns destes sdo encontrados
no carvao do RS, tais como: benz(a)antraceno, criseno, benzo(a)pireno,
indeno(1,2,3-c,d)pireno e benzo(g,h,i)perileno (Dallarosa et al., 2005). Além dos
hidrocarbonetos, o carvdo contém altas concentracfes de diversos metais, entre
0s quais podemos citar: cobre, chumbo, cadmio, niquel, vanadio e zinco (Hopkins
et al.,, 1999; McDaniel et al., 2005; Moriske et al., 1996). Embora existam
evidéncias insuficientes em relacdo a carcinogenicidade provocada por alguns
destes metais em humanos, eles tanto sozinhos como em efeito sinérgico com
outros agentes, como os HPA, pertencem a uma classe de poluentes descritos
como genotoxicos (Cherng et al., 1996; da Silva et al., 2000a; Sutou, 1996).

No Brasil, alguns estudos quanto a exposicdo ao carvao demonstraram o
efeito genotoxico em diferentes espécies, como roedores silvestres, morcegos e
lesmas terrestres (da Silva et al., 2000a; da Silva et al., 2000b; Leffa et al., 2010).
O Ministério da Saude reconhece a exposicdo ao carvao mineral, como um fator
de risco para diversas doencas que atingem diferentes 6rgaos e sistemas. Entre
as que atingem o trato respiratorio podemos citar asma obstrutiva, bronquites
cronica e obstrutiva e pneunoconiose, além de problemas de pele, como
dermatites alérgicas de contato (Saude, 1999). Até o presente momento o efeito

genotdxico do carvao nao foi avaliado, em seres humanos.

Os resultados obtidos em nosso estudo referente aos trabalhadores de
minas de carvdo de Candiota em comparacdo aos nao expostos demonstraram
tanto efeito genotdxico como mutagénico, pelo Ensaio Cometa e Teste de MN,
respectivamente, sendo que este Ultimo avaliado tanto em linfécitos binucleados e

como em mucosa oral (BMCyt) (Capitulos 1l e 1lI).
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Aumento do dano ao DNA analisado pelos parametros do Ensaio Cometa
(indice e frequéncia de danos) e do Teste MN em linfocitos (micronucleos e
pontes citoplasmatica) foi observado, nos individuos expostos ao carvao mineral
(Capitulo I1). Os dados de Ensaio Cometa alcalino referente aos tipos de danos
mostraram as classes 1 e 2 como as mais frequentes. A acdo do agente
genotoxico reflete em quebras simples e dupla do DNA, dano oxidativo, crosslinks
com DNA e inducéo de apoptose, estas observadas no Ensaio Cometa (Dusinska
& Collins, 2008). Enquanto que o teste de bloqueio da citocinese, o Testes de MN,
€ um sistema completo de mensuracao de danos ao DNA (Fenech, 2007). Onde,
eventos de danos ao DNA sao avaliados especificamente em células binucleadas
e incluem observacdo de MN, os quais tem origem a partir de fragmentos de
CromossSOmos Ou Cromossomos inteiros que se atrasam na anafase durante a
divisdo nuclear; outros parametros observados sdo pontes citoplasmaticas, que é
um biomarcador de erro no reparo de DNA e/ou fus@es finais dos teldbmeros, além
de brotos celulares (Buds), um biomarcador da eliminacdo de DNA amplificado

e/ou do complexo de reparo agindo (Fenech, 2007).

Outros estudos ja haviam observado aumento de dano em trabalhadores
de minas de carvdo de outras localidades. Léon et al (2011) observaram o
aumento dos diferentes parametros do Ensaio Cometa e no niumero de MN em
linfécitos binucleados de trabalhadores de minas de carvdo a céu aberto, da
regido de Guajira, na Colédmbia. Outros estudos, com trabalhadores de minas
subterrdneas observaram aumento do indice de aberragBes cromossdmicas e
troca de cromatides irmas (Donbak et al., 2005; Sram et al., 1985). Corroborando
estes resultados, observamos maior nimero de microndcleos em células de
mucosa oral (Capitulo Ill). Nosso trabalho foi o primeiro a analisar todos os
parametros possiveis do BMCyt em individuos expostos ao carvao.
Anteriormente, o efeito da exposicdo ao carvao so tinha sido avaliado em células
de mucosa oral por Kumar et al. (2011), que analisaram apenas a frequéncia de
MN em células diferenciadas, e os individuos expostos ao carvao apresentaram
um aumento significativo em relacdo aos individuos ndo expostos (Kumar et al.,
2011).
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Nos trabalhadores de minas de carvdo de Candiota, o BMCyt foi capaz de
verificar, além do aumento de dano ao DNA, ao apresentar maior frequéncia de
MN em células basais e também em células diferenciadas, um aumento no
potencial regenerativo, verificado através do aumento do numero de células
basais, bem como falhas na citocinese, observadas a partir do aumento de

células binucleadas (Capitulo 111).

Micronucleos em células de mucosa oral, da mesma forma que em
linfécitos, sdo formados a partir de fragmentos e de cromossomo inteiros, que
permanecem excluidos do nucleo principal apos a mitose (Holland et al., 2008),
assim, podendo indicar um risco aumentado para o desenvolvimento de céncer
(He et al., 2000). Células bucais estdo em contato constante com o ambiente, o
gue sugere que o epitélio oral € um importante alvo para toxicos inalados, sendo
assim, € razoavel esperar, em virtude da exposi¢do cronica a poeira de carvao,
que a mucosa oral de trabalhadores de minas de carvao apresente sinais de
maior genotoxicidade (maior frequéncia de micronucleos em células diferenciadas

e basais) em relacdo aos grupo de individuos ndo expostos.

Células binucleadas também foram encontradas em maior frequéncia no
grupo exposto. O significado preciso destas células ndo estd bem esclarecido,
mas pode ser indicativo de falha na citocinese na Ultima divisdo nuclear. Como ja
mostrado em estudo envolvendo o ensaio BMCyt na Sindrome de Down (Thomas
et al.,, 2008), a relacdo de células binucleadas/mononucleadas pode ser um
importante biomarcador para a identificacdo de individuos com insuficiéncia
citocinese causados por aneuploidia. Alteracdo no numero de cromossomos
destaca-se como um marcador consistente de malignidade (Sanchez-Siles et al.,
2011).

A propor¢cdo de células basais nas células epiteliais € um indicativo da
capacidade de regeneracdo deste tecido (Thomas et al., 2009). No nosso estudo,
0 grupo exposto mostrou maior frequéncia das células basais em comparacdo ao
grupo ndo exposto. Tem sido demonstrado que a exposicao crbnica a citotoxinas
pode resultar em lesdo cronica das células, levando a uma proliferagéo celular

compensatoria, que indica a capacidade de regeneracdo, como também, na
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hiperplasia, e por consequéncia podendo resultar no desenvolvimento de tumor
(Mally & Chipman, 2002; Swenberg, 1993).

Diferente do que era esperado, na avaliacdo de morte celular, o grupo nao
exposto foi onde encontramos maior frequéncia de células com cromatina
condensada em relacdo ao grupo exposto. O aumento da frequéncias de células
com cromatina condensada pode ocorrer no processo de pré-queratinizacdo
(Pindborg et al., 1980), representando a citotoxicidade (Thomas et al., 2008).
Assim, acredita-se que este tipo de células aumentou em individuos ndo expostos

deve ter ocorrido ao acaso.

Os resultados de correlagéo sugerem uma relacao positiva e significante de
células basais com células binucleadas, cariorréticas, carioliticas e células com
micronucleos (Capitulo 1ll). A correlagdo positiva entre células basais e células
cariorréticas sugere que as uUltimas possam ser derivadas diretamente de células

basais, como descrito anteriormente por Thomas et al. (2008).

Podemos salientar que a técnica BMCyt é uma importante metodologia a
ser empregada na avaliacdo dos potenciais riscos da exposi¢cdo ocupacional a
substancias. Uma vez que este teste é pouco invasivo e de baixo custo, capaz de
avaliar o dano ao DNA, a instabilidade cromossomica, a morte celular, como
também o potencial regenerativo (Thomas et al., 2009). Além de as células
epiteliais estarem em constante contato com o ambiente, sendo assim, um

importante alvo para substancias presentes no mesmo.

Os danos no DNA das células dos mineiros de Candiota parecem estar
associados com as concentracdes de metais observadas por PIXE (Capitulo I11).
Em nosso estudo, foi observado nas amostras de sangue de mineiros de carvao
de Candiota um aumento nos valores de magnésio, aluminio, cobre, zinco,
enquanto que em amostras de solo foi observada a presenca maior de fésforo,
enxofre e chumbo. Rojas et al. (1996) (Rojas et al.,, 1996) sugerem que a
presenca de metais induza quebras de DNA, que apesar deste tipo de dano poder
ser logo reparado, as exposi¢des crénicas podem representar uma forma de que
lesbes continuas podem realmente lesar o DNA de forma irreversivel. Aléem da

presenca de metais, Da Silva et al. (2000) e Dallarosa et al. (2005) demonstraram
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gue as amostras ambientais de Candiota apresentaram elevadas concentragdes
de hidrocarbonetos. HAP podem induzir lesbes ao DNA, como quebras de fita
simples através de mecanismos de reparo do DNA (Brescia et al., 1999;
Pavanello et al., 2005b; Rojas et al., 2000), além de seus metabdlitos eletrofilicos
interagirem covalentemente com o DNA (Pereira-Neto et al., 2000; Singh et al.,
2007) formando aductos com purinas, especialmente com a guanina apoés
ativacdo metabdlica por complexo enzimatico P450 (Baird et al., 2005).

Células epiteliais e macrofagos sdo os alvos primarios de particulas
inalados de pé de carvdo. Macréfagos ativados produzem quantidades excessivas
de espécies reativas de oxigénio (reactice oxigen species — ROS) e citocinas
(toxicidade pela fagocitose). ROS possuem, reconhecidamente, um importante
papel na genotoxicidade de particulas, que podem derivar de propriedades de
superficie, da presenca de metais de transicdo, e da mobilizacdo de ferro
intracelular, como também da peroxidacao lipidica (Schins, 2002). Em estudos in
vitro tém levado a identificacdo de principais propriedades genotodxicas induzidas
por particulas, ja recentes estudos in vivo, fornecem um apoio adicional para a

correlagdo entre inflamacao pulmonar induzida por particulas e genotoxicidade.

A formacédo de ROS a partir de células inflamatorias € considerada como
um biomarcador da genotoxicidade de particulas ndo fibrosas, como o pé de
carvao. Quando had uma producéo excessiva de ROS, ou quando ha insuficiéncia
de mecanismos de defesa in vivo, 0 estresse oxidativo pode ocorrer. Esse
estresse pode resultar em peroxidacéo lipidica, modificacdo de proteinas, ruptura
da membrana, e dano mitocondrial (Zhai et al.,, 2002), assim todas as
modificacbes que possam afetar os niveis de danos citogenéticos. Os danos
causados por ROS sdo reconhecidos por glicosilases de DNA, endonucleases
envolvidas em mecanismos de reparacdo da excisdo de bases (BER), e, em
alguns casos, envolvidas em mecanismos de reparacdo por excisao de
nucledtidos (NER), conduzindo também a quebras no DNA (Sander & Wilson,
2005).
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Em resposta aos contaminantes, varias defesas antioxidantes enzimaticas
e ndo enzimaticas protegem as células e tecidos de danos oxidativos (Kinnula &
Crapo, 2003; Ray et al., 2012). Entre as enzimas estéo as formas citoplasméticas
e mitocondriais da superéxido dismutase (SOD) e catalase (CAT). Além da
mensuracao das atividades destas enzimas, outras técnicas vem sendo utilizadas
para a medir o estresse oxidativo, com as que baseiam-se na deteccdo de
produtos ou alteracdes fisioldgicas, onde se inclui a determinacdo dos produtos
de reacdo do acido de reacdo com o acido tiobarbitirico (TBARS) resultante da
peroxidacao lipidica das membranas celulares (Beckman & Ames, 1998).

Nossos resultados (Capitulo II) demonstraram niveis mais elevados de
SOD em individuos expostos a carvdo, correspondendo a uma resposta
enzimatica destes individuos a exposicdo ao carvdo. Enquanto que nos
resultados de CAT, os menores resultados foram observados em individuos
expostos, o que podem indicar um ndo envolvimento desta enzima na resposta ao
estresse oxidativo devido exposicdo do carvao. Por outro lado, os niveis mais
baixos de TBARS nos individuos expostos pode ser explicado pela exposi¢ao
crbnica que estes individuos estdo submetidos, reduzindo assim os niveis de
peroxidacao lipidica. J& foram demonstrados aumento da formacdo de 8-OHdG
em linfoécitos de sangue periférico e alteracdo da capacidade antioxidante em

mineiros de carvéo (Schins & Borm, 1999; Schins et al., 1995).

O hematdcrito, que € uma medicdo de eritrécitos no sangue total, é
também utilizado como um indicador de agente toxico e estresse oxidativo
(Ajmani et al., 2003). Nossos resultados demonstraram um aumento da
porcentagem do hematdcrito em individuos expostos quando comparados com
individuos nao expostos (Capitulo I1). Ja foi demonstrado que o estresse oxidativo
contribui para mudancas nos parametros hematoldgicos, incluindo aumentos do
hematdcrito, sangue total e plasma, de viscosidade e rigidez de globulos
vermelhos, este Ultimo que pode afetar o transporte de oxigénio nos tecidos, bem

como sua funcao (Ajmani et al., 2003).
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A Figura 9 representa os processos celulares que podem influenciar a
producdo de ROS. Nossos resultados, frente ao exposto até aqui, nos levam a
sugerir que todas estas rotas estejam envolvidas na formacdo de ROS pela
exposicdo ao carvdo, e que estejam envolvidas na genotoxicidade e

mutagenicidade observadas.

Dano de DNA

Respostas Anti- ‘,fj
Oxidante e Anti- |
Inflamatodria

Homeostase de
Ferro

Proliferacao,
Sobrevivéncia,
Diferenciacgao, e
Metabolismo
Celular

Figura 9. Processos celulares que influenciam a producdo de espécies reativas

de oxigénio — ROS.
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A resposta individual ao estresse pode variar de acordo com varias
condicdes, tais como a combinacdo de polimorfismo genéticos, em genes de
metabolismo de agentes genotoxicos e de reparo de DNA (Norppa, 1997). Em
relacdo aos polimorfismos de metabolizacdo (Capitulo 1), observamos que os
polimorfismos nos genes GSTM1 e GSTT1 , em individuos ocupacionalmente
expostos ao carvao, nao afetaram a frequéncia de MN ou demais parametros de
BMCyt, exceto a frequéncia de brotos nucleares. Aumento significativo da
frequéncia de brotos nucleares em células diferenciadas foi observado em
individuos com genoétipo GSTM1 nulo em relagcdo a individuos com gendétipo
GSTM1 nédo nulo. As enzimas GST estdo envolvidas no metabolismo de
xenobidticos, entre eles carcinogénicos presentes no ambiente, ROS e agentes
quimioterapicos (Hayes et al., 2005; Strange et al., 2001). Rossi et al. (2009) ndo
encontraram qualquer associacdo significativa entre genoétipos de GST e um
biomarcador de efeito (Rossi et al., 2009). O mecanismo de formac&o dos brotos
nucleares € desconhecido, mas acredita-se que pode estar relacionado com a
eliminacdo de DNA amplificado ou complexos de reparo de DNA (Shimizu et al.,
2005).

Os vérios tipos de danos no DNA séo reparados através de diferentes vias,
entre as quais a via de Reparo por Excisdo de Base (BER) € a principal via para a
remocao de bases danificadas e quebras simples de DNA em células humanas.
Esta via € um processo com varios passos, onde estdo envolvidas varias

proteinas.

A proteina OGG1 atua na primeira etapa de BER, catalisando a excisao
das purinas oxidados, incluindo 8-oxo-7,8-dihydroguanine (8-oxoG), e de anel
aberto das purinas (Yamane et al., 2004). Capacidade reduzida para se remover
8-0x0G pode levar a inducdo de aumento de mutacdes. Estudos sobre o efeito do
polimorfismo OGG1 Ser326Cys em varias populacdes demonstraram que o alelo
Cys tem uma menor atividade de reparo do que o alelo de tipo selvagem (Ito et
al.,, 2002; Yamane et al., 2004). Evidéncias sugerem que isso é devido a
capacidade de reparo reduzida, especialmente em condigbes oxidantes, mas o
mecanismo subjacente é mal compreendido (Kershaw & Hodges, 2012). Apesar
de nossos resultados (Capitulo IV) ndo mostraram diferenca significativa entre
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genotipos OGG1 sobre o Ensaio do Cometa e parametros BMCyt, individuos
expostos com alelo variante (OGG1 Cys) apresentaram um dano maior DNA
detectados pelo Ensaio Cometa em relacdo aos individuos portadores do alelo do
tipo selvagem, OGG1l Ser. Em estudo prévio, encontramos resultados
semelhantes, com uma amostra de individuos expostos a pesticidas (Rohr et al.,
2011). As quebras de DNA observadas podem refletir danos intermediarios de
reparo por BER como um resultado de uma menor atividade da enzima. Nossos
resultados estdo de acordo com outros estudos e sugerem que o alelo OGG1 Cys
pode ter menor capacidade para suprimir a mutacdo, e pode ser considerado
como fator de risco para o desenvolvimento de diferentes tipos de cancer (Ito et
al., 2002; Kohno et al., 1998; Takezaki et al., 2002; Yamane et al., 2004).

Em relacéo a exposicado de carvao, até o momento, poucos estudos foram
realizados. Em uma exposicdo a niveis elevados de HAP devido ao uso de
carvdo, a presenca do alelo OGG1Cys levou ao aumento do risco de
desenvolvimento de cancer de pulméo (odds ratio de 1,9 — IC 95% = 1,1-3,) (Lan
et al., 2004). Zhai et al. (2002) ndo associam 0 polimorfismo Ser326Cys OGG1
com o desenvolvimento de pneumoconiose, em mineiros de carvao (Zhai et al.,
2002).

Enquanto que a proteina XRCC1 desempenha um papel importante na via
de BER, agindo como um scaffold, coordenando as demais proteinas envolvidas
na via BER, como a DNA polimerase B, a DNA-ligase Ill e a polimerase poli-ADP-
ribose (PARP) (Frosina, 2004). O polimorfismo XRCC1 Arg194Trp, que ocorre na
regido de ligacao ao antigeno nuclear de proliferacdo celular, tem sido sugerido
como fator para a melhora da capacidade individual de reparo de DNA (revisto em
Frosina, 2004). Nos nossos resultados (Capitulo 1V) individuos expostos, o
polimorfismo XRCC1 ndo apresentou influéncia sobre os parametros de BMCyt.
Enquanto que, no grupo ndo exposto, o gendtipo XRCC1 variante (XRCC1
Arg/Trp) mostrou um efeito protetor sobre a frequencia de células cariorréticas e

picnodticas, 0os quais sdo biomarcadores de morte celular.

O mecanismo de BER pode levar a quebras de fita simples que podem

representar um seério risco para as ceélulas, se ndo forem preenchidos por uma
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polimerase e ligados pela DNA ligase. De fato, durante replicacdo de DNA as
guebras simples podem ser convertida em quebras duplas de DNA e isso pode
gerar instabilidade genémica e em algumas circunstancias induzir parada do ciclo

celular e apoptose (Sterpone & Cozzi, 2010)

Estudos demonstraram que a exposicdo ambiental pode regular
negativamente a expressao de alguns genes de reparo de DNA, incluindo
XRCC1. Breton et al. (2007) sugerem que esta regulacdo pode ser alelo
especifico e o gendtipo tipo selvagem € mais regulado do que o heterozigoto
XRCC1 ou variantes homozigotos. Assim, 0 genoétipo variante seria um fator de
protecdo contra o acumulo de quebras de DNA, uma vez que o reparo de DNA
seria inibido de forma mais eficaz em individuos com o gendétipo selvagem. O
efeito protetor do alelo variante XRCC1 Trp tem sido observado para diferentes
tipos de cancer, como o de bexiga, mama, pulmdo e cancer de estbmago, no
entanto, associacdo inversa foi detectada em estudos de carcinoma epiderméide
de cabeca e pescoco (SCCHN), gastrite crbnica, Ulcera gastrica e cancer de
pulmé&o (Breton et al., 2007; Duarte et al., 2005; Goode et al., 2002; Hu et al.,
2005; Hung et al., 2005; Shen et al., 2000; Stern et al., 2001; Sturgis et al., 1999).

Uma das dificuldades que pesquisadores enfrentam tem sido identificar
individualmente os compostos que podem ser responsaveis por efeitos adversos
associados a exposicdo a agentes ambientais. Outro ponto € que, embora
significativo o aumento dos efeitos genotdxicos, € dificil de prever de forma
individual para cada sujeito, evidenciando que os resultados positivos de estudos
de biomonitoramento sugerem um perigo genotéxico no nivel do grupo. Em
conclusao, o presente estudo sugere que a exposi¢cdo ocupacional ao carvao, e
seus derivados de queima, visto que Candiota possui uma usina termelétrica, que
0S mineiros estdo sujeitos, esta associada a danos genéticos, observados pelo
Ensaio Cometa e Teste de MN (linfécitos e mucosa oral). Tais danos ao DNA
podem ser uma consequéncia de danos oxidativos, observados por aumento de
SOD e hematdcrito, resultante dos componentes de carvao, incluindo metais
(observado por PIXE) e hidrocarbonetos. Quanto a suscetibilidade genética aos
danos, o gendtipo GSTM1 nulo parece ser um fator de risco para a formacéo de
brotos nucleares em células de mucosa oral, enquanto que os polimorfismos
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OGG1 Ser326Cys e XRCC1 Argl94Trp nao apresentaram influencia nos danos
ao DNA. Neste contexto, deve-se aumentar o tamanho amostral podera aumentar
a sensibilidade de dados em estudos posteriores, além disso, seria interessante
incluir outros biomarcadores de suscetibilidade. A evidéncia de um risco genético
relacionado a exposicdo resultante do carvdo e derivados exposicdo salienta a
necessidade de programas educacionais para 0s mineiros de carvao, a fim de

implementar medidas de protecéao.

111



2. CONCLUSAO

Com tudo, podemos concluir que:

O Ensaio Cometa demonstrou que a exposicdo ocupacional ao

carvao leva a efeito genotéxico;

A exposicdo ao carvado apresenta efeito mutagénico, sendo

observado pelos testes de MN em linfécitos e BMCyt;

No teste BMCyt foi demonstrada também a inducdo de morte celular
pela exposicéo;

O estresse oxidativo ocasionado pela exposicédo ao carvao pode ser
verificado através da atividade de SOD;

CAT parece néo estar envolvida na resposta a exposi¢cao ao carvao;

A exposi¢céo ocupacional ao carvao, por ser uma exposi¢do cronica,

neste estudo, ndo apresentou relacdo com a peroxidacao lipidica;

O polimorfismos de metabolizacdo GSTT1 nulo ndo afetou a

frequéncia de MN ou demais parametros de BMCyt;

O polimorfismo de metabolizacgo GSTM1 nulo levou a
susceptibilidade para a formacao de brotos nucleares, em individuos

ocupacionalmente expostos ao carvao;

Os polimorfismos da via BER, OGGl Ser326Cys e XRCC1
Argl94Trp, ndo apresentaram influéncia nos danos ao DNA pela

exposi¢ao ao carvao.
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ANEXOS
ANEXO 1

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

1. Dados de Identificagao do Projeto de Pesquisa
1.1. Titulo: Avaliagcdo do Risco Ocupacional em Trabalhadores de Minas de
carvao do estado do Rio Grande do Sul
1.2. Unidade executora: Universidade Federal do Rio Grande do Sul — Campus
do Vale, Porto Alegre — RS.
1.3. Locais de coleta: Municipios com atividade de mineracédo no Estado do Rio
Grande do Sul.
1.4. Pesquisadores: Profa. Dra. Katia Kvitko
Profa. Dra. Juliana da Silva
Msc. Paula Rohr
Endereco para contato: katia.kvitko@ufrgs.br
Telefone: (51) 3308-6740 ou
Comité de Etica em Pesquisa UFRGS:(51) 3308-4085

1.5. Objetivos do projeto: avaliar a genotoxicidade em mineradores gadchos

correlacionando os resultados com a suscetibilidade genética individual e com
0s biomarcadores bioquimicos.

2. Informagdes ao voluntério
2.1. Participagcdo no projeto: o voluntario participara deste projeto atraves da
doacdo de sangue para realizacdo de andlises bioguimicas e genéticas. Além
disso, devera responder ao questionario especifico (Anexo 2).
2.2. Duragéo da atividade: aproximadamente 30 minutos.
2.3. Riscos e desconfortos: ndo ha riscos para o voluntario participante do
projeto. O desconforto previsto resume-se a retirada de uma amostra de
aproximadamente 10 ml de sangue venoso do brago direito ou esquerdo.
2.4. Beneficios esperados: os resultados do exame clinico e laboratorial seréo
comunicados ao voluntario que ficara ciente da presenca ou ndo de residuos

de carvao no organismo.
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2.5. Critérios de confidencialidade, privacidade e anonimato: todas as analises
serdo realizadas de forma confidencial, ndo sendo identificado o voluntario. Os
resultados serédo informados diretamente ao voluntario pela coordenacédo do
projeto. As publicacdes nao incluirdo qualquer referéncia ao nome do doador
ou outros dados que possam identifica-lo.
2.6. Destino do material biolégico coletado: apds a realizacdo das andlises
quimicas e bioquimicas as amostras de sangue serdo descartadas, nao
podendo ser utilizadas para outros fins. As amostras de DNA ficardo
armazenadas sob forma de banco de DNA andnimo no laboratério de
Imunogenética da UFRGS, sob responsabilidade da Dra. Katia Kvitko. As
amostras de DNA poderédo ser analisadas com outros marcadores moleculares,
desde que o projeto especifico seja reapresentado para aprovacdo junto ao
Comité de Etica em Pesquisa.

3. Consentimento do voluntario

U, e e e e ————————— , apoés

ler este documento e uma vez esclarecida a minha participacdo no projeto de

pesquisa aqui referido, concordo em:

a- responder adequadamente ao questionario em anexo;

b- doar uma amostra de sangue venoso, coletada por profissional habilitado, com

material totalmente descartavel, a qual sera utilizada para realizacdo de analises

guimicas e bioguimicas com o objetivo de avaliar o nivel de intoxicacdo por

carvao;

c- permitir raspagem da mucosa bucal, com material descartavel, a realizacdo do

Teste de Micronucleo.

E estou ciente que posso retirar o consentimento quando desejar sem prejuizos

para mim.
Assinatura do voluntario:

Assinatura do coordenador do projeto:
Local e data:
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ANEXO 2

Questionario pessoal

1. Idade: em anos 2. Data de nascimento: / /

3. Sexo: ()M ()F 4. Grupo Etnico: () negro; () chinés; () japonés;
() outros orientais; () indigena; ( )latino-americano; () europeu; () asiatico
5. Estado civil: 6. N. de filhos:

7. Emprego anterior: 8. Fungao que exercia:

9. No seu emprego anterior j se exp0s a algumas destas substancias?

(informe tempo de exposicdo): () derivados do petréleo ;

() tintas/corantes ; () solventes ;

() pesticidas/herbicidas () mercurio/vapores de outros metais
pesados — quais? . () outras substancias quimicas —
quais?

10. Funcéo atual: 11. Tempo de servico:

12. No seu emprego atual ja se expds a algumas destas substancias? (informe

tempo de exposicdo): () derivados do petréleo ;

() tintas/corantes ; () solventes ;
() pesticidas/herbicidas ; () mercurio/vapores de outros metais
pesados ;() outras substancias quimicas

13. Utiliza equipamento de seguranca: () sim () nao

14. Vocé come durante o periodo de trabalho? () sim () ndo
15. Se sim, Lava as maos antes de pegar nos alimentos? () sim () ndo
16. Ja fumou? () sim () ndo — se ndo va para 26 17. Quantos anos?

18. Ainda fuma? () sim () ndo — se ndo, ha quantos anos parou?

19. Se sim, quantos cigarros por dia? () menos de meio maco; () de meio a um
maco; () 1-2 macos; () mais de 2 macos

20. Fuma também: () cigarros de palha () cachimbo — quantas vezes ao dia: _

124



21. Medicamentos utilizados rotineiramente / indicar a frequéncia: () vitaminas e
suplementos; () pilulas para presséao; () antibiéticos; () insulina;

() tranquilizantes; () relaxantes musculares; (') outros:

22. Esta fazendo algum tratamento? () sim () ndo — Qual?

23. Consome bebidas alcodlicas? () sim () ndo — Qual? Frequéncia:
24. Ingere frutas e verduras? () sim () ndo — Qual? Frequéncia:

25. Ingere carnes (nédo so vermelha)? () sim () ndo — Qual? Frequéncia:___
26. Preferéncia das carnes: ( )crua; ( )mal passada; ( )bem passada

() gorda; ( )magra
27. Doencas ja contraidas: () cancer; () aids; () diabete; () anemia;

() doencas cardiacas; () outras

28. Tem conhecimento de algum defeito de nascimento ou doenca hereditaria que

afetem seus pais, irmaos, irmas ou cénjuges? () sim () néo -

29. Vocé e conjuge ja tiveram dificuldades em conceber (mais de doze meses) ou

ja foram diagnosticados como estéreis? () sim () nao -

30. Historico de aborto espontaneo? () sim () néo -

31. Histoérico de bebés com defeitos? () sim () nao -

32. Possui irmao gémeo idéntico? () sim () ndo
33. Casos de cancer na familia: () sim () ndo — grau de parentesco -

Tipos de canceres: () pele; () mama; () leucemia; () esdfago; () outro___
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ANEXO 3

ur%g_su PRO-REITORIA DE PESQUISA pIOIRE
T COMITE DE ETICA EM PESQUISA

CARTA DE APROVACAO

O Comité de Etica em Pesquisa da Universidade Federal do Rio Grande do Sul analisou

o projeto:
Numero : 2007978
Titulo : AVALIACAO DO RISCO OCUPACIONAL EM TRABALHADORES DE
MINAS DE CARVAO DO ESTADO DO RIO GRANDE DO SUL
Pesquisador (es) :
NOME PARTICIPACAO EMAIL FONE
KATIA KVITKO PESQ RESPONSAVEL katia.kvitko@ufrgs.br 33087754
JULIANA DA SILVA PESQUISADOR juliana@if1.if.ufrgs.br 33087754
PESQUISADOR paularohr@yahoo.com.br

PAULA ROHR

O mesmo foi aprovado pelo Comité de Etica em Pesquisa da UFRGS, reuniio n°® 39

ata n°®
com a Resolugdo 196/96 e complementares do Conselho Nacional de Satide.

Porto Alegre, quinta-feira, 20 de novembro de 2008

quinta-feira, 20 de novembro de 2008 Pagina 1 de |

119 ,de 20/11/2008 , por estar adequado ética e metodologicamente e de acordo
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