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RESUMO

Agricultores envolvidos no cultivo do tabaco estdo constantemente expostos a uma
grande variedade de quimicos. O uso de agrotéxicos em larga escala tem provocado danos
a saude destes trabalhadores assim como a manipulacdo das folhas de fumo umidas, pois
além de substancias antropogénicas persistentes outros compostos organicos com potencial
pesticida estdo presentes nas folhas do tabaco. A nicotina, através do contato dermal com
as folhas do fumo, tem causado um envenenamento agudo nos trabalhadores da lavoura. O
conjunto de sintomas desta exposicdo € conhecido como doenga da folha verde. Este
estudo teve como objetivo avaliar o efeito genotéxico em fumicultores expostos
ocupacionalmente a agroquimicos e nicotina. A instabilidade gendmica, a morte celular, a
dosagem de colinesterase, cotinina e marcadores de estresse oxidativo bem como o
conteddo de elementos traco foram analisados nas células destes trabalhadores. Para
verificar a possivel modulacio de genes de suscetibilidade com os resultados dos
biomarcadores, os polimorfismos dos genes GSTTI, GSTMI1, GSTPI, CYP2A6, PON,
OGGI, RAD51, XRCC1 e XRC(C4 foram avaliados. No primeiro momento, amostras de
sangue periférico foram coletadas de 30 individuos expostos € de 30 individuos ndo
expostos com o intuito de investigar o risco ocupacional em trés diferentes periodos da
safra de fumo (entresafra, aplicacdo intensa de pesticidas e na colheita da folha). Neste
estudo foi observado aumento significativo de dano ao DNA, avaliado pelo ensaio Cometa,
em fumicultores comparados ao grupo ndo exposto em todos os periodos da safra e, um
significante aumento nas frequéncia de células micronucleadas na entresafra. Correlagao
entre idade e tempo de exposi¢do em relacao aos resultados do ensaio Cometa e do teste de
MN nao foi encontrado. O dano ao DNA foi maior em homens comparado a mulheres, mas
diferenga significativa foi observada apenas na entresafra. Ndo houve diferenca na
atividade da colinesterase entre os grupos estudados. Elevado nivel de cotinina foi
observado na colheita da folha de fumo, demonstrando exposi¢do a nicotina. Em um
segundo momento, amostras de sangue periférico e de mucosa oral foram coletadas de
aproximadamente 111 agricultores em dois periodos da safra (na aplicacdo intensa de
pesticidas e na colheita) e de 56 individuos ndo expostos. Os resultados destes testes
demonstraram anomalias nucleares nas células de fumicultores expostas a misturas de

substancias com potencial genotdxico e citotoxico. Diferenca nos resultados foi percebida
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entre os dois momentos da safra de fumo investigados. Modula¢do no dano ao DNA e na
morte celular em células da mucosa oral foi observada nos genes PONI e CYP2A6.
Diferenca entre género e tempo de exposi¢ao nao foi encontrada nos diferentes parametros
analisados. Houve correlagdo entre idade e os resultados obtidos no teste de MN em
linfécitos no grupo ndo exposto € no momento da aplicacdo de pesticidas. Em relagdo ao
uso do equipamento de protecdo individual, diferenca na frequéncia de MN no momento
da aplicacdo de pesticidas foi observada. Dos nove marcadores de suscetibilidade
estudados, somente GSTMI nulo e CYP2A6*9, demonstraram associacdo com O0S
resultados obtidos pelo teste de MN em linfécitos. Diferenca na atividade da colinesterase
e nos niveis de cotinina ndo foi observada em relacio aos diferentes gendtipos de PONI e
de CYP2A6, respectivamente. Aumento de cromo, magnésio, aluminio, cloro, zinco e
potdssio foram percebidos no momento da aplicacdo de pesticidas em relagdo ao grupo nao
exposto € a colheita. Maior atividade da superdxido dismutase no grupo exposto em
relacdo ao grupo ndo exposto foi observada. Atividade da catalase e a medida de TBARS
apresentaram aumento significativo na colheita da folha de fumo em relacdao ao grupo nao
exposto e a0 momento da aplicacdo de pesticidas. Finalmente, esta investigacdo sugere
niveis maiores de dano ao DNA avaliados pelo ensaio Cometa e pelo teste de MN em
linfécito e em mucosa oral, nos diferentes momentos da safra do fumo (aplicacdo de
pesticides e colheita), chamando a aten¢do o significativo aumento de dano ao DNA no
momento da entresafra. Modulagcao dos genes de metabolismo foi observada, onde GSTM 1
nulo e PON1 GIn/Gln tiveram maiores niveis de dano ao DNA, em linfécitos e em células
da mucosa oral respectivamente, no momento da aplicacdo de pesticidas e CYP2A6*1/*1 e
CYP2A6*9/- tiveram maiores niveis de dano ao DNA (em linfdcitos) e de morte celular
(em células da mucosa oral) na colheita. Nao houve influéncia dos genes envolvidos no
reparo em relacdo aos diferentes biomarcadores no grupo exposto. Os resultados indicam
que exposicdo cronica a pesticidas, tanto quimicos sintéticos como natural, pode ativar o
sistema de enzimas antioxidantes. Por fim, nosso estudo chama a aten¢@o a necessidade de
formacdo profissional e informacdo sobre praticas seguras no uso de pesticidas e, além

disso, na fumicultura, na manipulag¢do das folhas fumo.
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ABSTRACT

Agricultural workers engaged in tobacco cultivation are constantly exposed to large
amounts of pesticides as well as to the nicotine present in raw tobacco leaves. Pesticides
have been considered potential chemical mutagens. Studies have assumed that nicotine
absorbed through the skin results in the characteristic green tobacco sickness (GTS), an
occupational illness reported by tobacco workers. This study sought to determine
genotoxic effects in farm workers occupationally exposed to agrochemicals and nicotine.
The genomic instability, cell death as well as cholinesterase and cotinine levels in the
blood of tobacco farmers were investigated. In order to verify relation of genetic
susceptibility with biomarkers results, GSTT1, GSTM1, GSTP1, CYP2A6, PON, OGGl,
RADS51, XRCCI and XRCC4 genes polymorphisms was evaluated. Determination of
oxidative stress markers and trace elements content was accomplished. In the first moment,
peripheral blood samples were collected from 30 agricultural workers and 30 non-exposed
subjects to investigate occupational exposure in three different crop times (off-season,
during pesticides application and leaf harvest). In this study a significant increase in DNA
damage, assessed by Comet assay, was observed in tobacco farmers compared to the non-
exposed group, for all different crop times, and a significant increase in micronucleated
cells was detected in the off-season group. No correlation was found between age and
exposure time in relation to biomarker tests. The DNA damage was greater in males than
in females, but with a significant difference only in off-season group. No difference, in
cholinesterase activity, was seen among the group of farmers and non-exposed group.
Increased level of cotinine was observed in leaf harvest group. In the second moment,
peripheral blood and buccal cells samples were collected about from 111 agricultural
workers, at two different crop times (during pesticides application and leaf harvest), and 56
non-exposed individuals. Results showed nuclear anomalies in the blood and buccal cells
in tobacco farmers exposed to mixture of the substances with genotoxic and cytotoxic
potential. Difference in blood and buccal micronucleus cytome assay results was found
among two different times in the tobacco crop. Effects of PONI and CYP2A6 genetic
polymorphisms on the modulation of DNA damage induced by pesticides and cell death
were observed in buccal micronucleus cytome (BMNcyt) assay. No statistically significant

difference was found between genders and exposure time for all parameters analyzed. No
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difference was observed in hematocrit values between the groups. Correlation was
observed in age and cytokinesis-blocked micronuclei (CBMN) assay results in non-
exposed and pesticide application group. In relation to personal protective equipment
(PPE) use, increased MN frequency in pesticide application was observed. From the nine
markers of individual susceptibility studied in the CBMN assay, only GSTM/ null and
CYP2A6*9, showed significant associations with results in farmers cells. Increase in
cotinine level was observed in leaf harvest, when compared to non-exposed group.
Cholinesterase (BChe) level was similar in the farmer and non-exposed group. No
significant effect on the BChe activity and cotinine level was observed in exposed group
with reference to different PONI and CYP2A6 genotypes, respectively. In pesticide
application was found increase in chromiun, magnesium, aluminum, chloride, zinc and
potassium, when compared to non-exposed and leaf harvest group. Superoxide dismutase
(SOD) activity presented a significant increase in exposed groups (pesticide application
and leaf harvest) in relation to non-exposed group, and pesticide application presented
higher values than leaf harvest group. The catalase (CAT) activity and TBARS presented a
significant increase in leaf harvest than non-exposed group and pesticide application.
Finally, this investigation suggests that DNA damage increases, analyzed by Comet,
CBMN and BMNcyt assays, at different tobacco crop stages (pesticides application and
tobacco leaf harvest), calling attention to the significant increase in the DNA damage
during the off-season. Effect of individual genotype of the metabolism genes on the level
of different biomarkers evaluated in exposed group demonstrated an influence on increase
in damage of GSTM1 null (blood cells) and PONI GIn/Gln (buccal cells) on pesticides
application group, and a influence of CYP2A6*1/*1 (blood cells) and CYP2A6*9/- (buccal
cells) on tobacco leaf harvest group. Individual genotype of the DNA repair genes of
exposed groups did not show influence on the different biomarkers in this study. In
pesticide application was found increase of trace elements content. The results also
indicated that chronic exposure to pesticides, synthetic and natural, can influence
antioxidant enzymes activity. Our study drives the attention once more to the need for
occupational training on safe working practices and safe work environment for farm
workers. Developing countries should use such data to establish safety occupational rules

during the use of pesticides and mainly during tobacco leaf harvest.
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CAPITULO I

1.1 INTRODUCAO

A origem do fumo permanece obscura a luz da pesquisa e da histéria (Schoenhals et
al., 2009). Segundo Sefrini (1995) Cristévao Colombo testemunhou o hébito de fumar
folhas de tabaco, evidenciando que a histéria do fumo na América comegou bem antes da
chegada dos europeus. A hipétese mais provavel € que a planta tenha surgido nos vales
orientais dos Andes bolivianos, difundindo-se pelo territério brasileiro, através das
migracdes indigenas, sobretudo dos tupis-guaranis.

Atualmente, o Brasil produz mais de 850 mil toneladas de tabaco por ano, sendo o
segundo maior produtor e o maior exportador mundial (IBGE, 2011). O setor fumageiro
exerce grande importancia na atividade econdmica e social do pais. Na drea econdmica, o
fumo € responsavel pela arrecadacio de grandes somas em impostos. No campo social, a
atividade fumageira € grande geradora de empregos, envolvendo em média a mao-de-obra
de mais de 1.050.000 agricultores. Além disso, as usinas de beneficiamento e as fabricas de
cigarros empregam mais de 40.000 pessoas. No total, considerando a soma dos empregos
diretos e indiretos gerados pelo fumo desde o seu plantio até a comercializacao do cigarro,
ha o envolvimento de aproximadamente 2,5 milhdes de pessoas que de alguma forma estao
vinculadas ao setor (AFUBRA, 2011).

A cultura do fumo é desenvolvida em 733 municipios dos trés Estados do Sul, dos
quais 484 sao gaidchos (INCA, 2011). Na safra atual estdo envolvidas cerca de 200.000
familias de agricultores (Figura 1) que possuem, em média, propriedades inferiores a 18
hectares. Estas propriedades se caracterizam pelo uso massivo de agrotoxicos (AFUBRA,
2011). Embora o setor fumageiro tenha importancia na economia do pais, a fumicultura
tem sido questionada quanto as reais possibilidades de promover melhorias na qualidade de
vida dos trabalhadores, principalmente devido ao uso excessivo de agrotoxicos, ao grande
esforco fisico exigido no manejo da cultura, especialmente no periodo de colheita, e a
elevada demanda de mao de obra em determinadas épocas do ano, pois o ciclo produtivo
dura cerca de 10 meses (Agostinetto et al., 2000). Os fumicultores estdo continuamente
sofrendo exposicdo ocupacional por um conjunto de compostos. Entre os inseticidas e

acaricidas mais utilizados estdo os organofosforados, altamente toxicos. Etges et al. (2002)
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apontam, além dos organofosforados como agentes de intoxica¢do, também o manganés e
a nicotina. A nicotina (pesticida natural da planta) quando em contato com o tecido dermal
do trabalhador causa um conjunto de sintomas conhecido como “green tobacco sickness”

(GTS) ou doenga da folha verde (Arcury et al., 2003).

Figura 1: Familia de agricultores envolvida na safra do fumo do
municipio de Venancio Aires-RS.

1.1.1 AGROQUIMICOS

Os termos agroquimicos, pesticidas, praguicidas, biocidas, fitossanitdrios, defensivos
agricolas, venenos e remédios sdo terminologias utilizadas para um mesmo grupo de
substancias quimicas: “agrotéxico” (Domingues et al., 2004; Faria et al., 2007). Sendo
assim, sdo consideradas substincias ou misturas de substancias usadas para prevenir ou
controlar doencas de plantas, pestes e ervas daninhas (Gallo et al., 2002; Bolognesi, 2003;
Domingues et al., 2004). Gallo et al. (2002) consideram ainda, como agrotdxico, agentes
utilizados com a finalidade de dessecar ou desfolhar plantas, excluindo, entretanto, os
fertilizantes ou agentes que atuam no processo de crescimento vegetativo.

No Brasil, o consumo de agrotéxicos cresceu bastante nas ultimas décadas,
transformando o pafs em um dos maiores consumidores mundiais, ocupando o quarto lugar
no ranking dos paises consumidores de agroquimicos. A compra de insumos agricolas

cresceu 4,3 vezes, passando de 28.043 toneladas para 121.100 toneladas/ano. Embora a
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pesquisa brasileira sobre o impacto do uso de pesticidas sobre a saide humana também
tenha crescido nos ultimos anos, ainda € insuficiente para conhecer a extensdo da
exposi¢ao ocupacional e a dimensdo dos danos a saude, decorrentes do uso intensivo destes
produtos. Um dos problemas apontados € a falta de informacdes sobre o consumo e a
insuficiéncia dos dados sobre intoxicag¢des por agrotoxicos (Faria et al., 2007).

O risco de uma substancia quimica depende de dois fatores: a exposi¢do e a toxidade
(Garcia e Alves Filho, 2005). A toxidade dos agrotéxicos e de suas formulagdes comerciais
¢ avaliada através de vdrios parametros, com normas e critérios rigidos, definidos por
orgdos oficiais. Os estudos necessdrios a essa avaliagdo sdao: DL50 (Dose Letal para 50%
de um lote de animais submetidos ao protocolo experimental) oral aguda; DL50 dérmica
aguda; irritabilidade ocular; irritabilidade dérmica; sensibilizacio dérmica e CL50
(Concentracdo Letal) inalatéria. A classificagdo toxicoldgica diz respeito exclusivamente a
quem manuseia o produto em uma Unica exposicdo; € importante como medida de
seguranca para quem trabalha na producdo, na embalagem, no armazenamento, no
transporte, no preparo da calda e na sua aplicacdo. Esta classificacao nao esta relacionada
com exposi¢ao a longo prazo e com a seguranca do ambiente (Stiitzer e Guimaraes, 2003;
Carvalho e Pivoto, 2011). A classificagcdo toxicoldgica dos agrotéxicos no Brasil apresenta

no rétulo cor correspondente a tal (Tabela 1).

Tabela 1. Classificacdo e recomendacdo dos agrotéxicos.

Classe Faixa Classificagdo do produto Recomendagdo

I Vermelha Extremamente toxico Somente devem ser utilizados por operadores
profissionais licenciados, que tenham conhecimento
da quimica, usos, perigos e precau¢des no uso.

Il Amarela Altamente tdxico Devem ser utilizados por operadores que aplicam,
seguindo estritas condi¢des controladas,
supervisionadas e treinadas.

I Azul Medianamente téxico Seus operadores devem ohservar as normas
rotineiras de seguranca na aplicac3o. Esta categoria
inclui agrotdxicos altamente toxicos e todos os que
possuem efeitos adversos para o amhiente e aqueles
cujo uso descontrolado ndo é desejavel.

IV Verde Pouco toxico (mas & Utilizados por operadores treinados que ohservem

téxico) medidas de protec3o rotineiras. Esta categoria inclui
agrotéxicos comercialmente liberados, excluido o uso
pelo pablico em geral.

Fonte AGROFIT (2011)
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Em 1992, uma portaria da Secretaria de Vigilancia Sanitaria do Ministério da Saude
(Portaria SVS/MS N° 3 de 16/01/92) (Ministério da Saude, 2011) alterou as regras de
classificac@o toxicoldgica, buscando se adequar aos padrdes internacionais. Esta alteracdo
reduziu a classificacdo de muitos produtos. Um exemplo foi o que ocorreu com o herbicida
glifosato, da marca comercial Roundup®, que antes era classe II e atualmente € classe IV.
Esta mudanca pode ter produzido entre os trabalhadores rurais (e entre alguns
profissionais) a falsa impressao de que o produto tenha ficado "menos téxico" apesar de ser
idéntico a formulacdo anterior (Faria et al., 2007).

A principal questdo envolvendo a classificacdo toxicologica é que ela reflete
basicamente a toxidade aguda e ndo indica os riscos de doencas de evolucdo prolongada
como, por exemplo, cancer, neuropatias, hepatopatias, problemas respiratérios cronicos e
outros (Faria et al., 2007). Existem classificacdes internacionais sobre riscos de cancer e de
neurotoxidade dos agrotéxicos (Larini, 1999), mas na prética, a classificagdo toxicoldgica é
a unica informagdo utilizada pelos trabalhadores rurais e pela maioria dos profissionais.
Deve-se reconhecer que, apesar dos avangos cientificos, hd limites técnicos para as
avaliacdes toxicoldgicas e ambientais que implicam em diversos graus de incertezas e
insuficiéncia de informagdes, que ndao permitem uma andlise de risco perfeitamente
conclusiva (Garcia e Alves Filho, 2005).

O fumo requer grande quantidade de pesticidas para protegé-lo de insetos e doencas. A
aplicacdo de agrotéxicos € a atividade de manejo da cultura que oferece maior perigo aos
fumicultores e suas familias, que se repete como num ritual, ano apés ano (Figura 2). Nos
més de maio, inicia-se o preparo da sementeira com o uso de alguns agroquimicos pelo
sistema float (sistema de mudas em bandejas). Usa-se, também, herbicida, inseticida e
aplicam-se fungicidas (de contato ou sist€émico) de cinco a seis vezes neste sistema. O
transplante das mudas € feito em agosto a setembro e, periodicamente, sdo aplicados
inseticidas, nematicidas, acaricidas, fungicidas, entre outros, at¢ o final do ciclo. De
dezembro a fevereiro temos a fase da colheita da folha do fumo, onde, para evitar a
floracdo e o excesso de brotos, usa-se antibrotante de uma a trés vezes. A partir de
fevereiro, inicia-se a fase de secagem, curagem e beneficiamento da folha de fumo e por

fim, nos meses que seguem, a comercializa¢do (Agostinetto et al., 2000).
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4—————— Produgio de mudas > | - Etapa lavoura
Preparo Semeio Cantrole Preparo | Transplante | Tratos Sl ‘ gﬁl:;e'ta
uirmico a
f Capagan Secagem
) Entresafra
Dias 0 15 30 65 g5 130 150 210 - 365
Adubagdo quimica Acefato Adubacdo de Adubagdo de cobertura | Antibrotante:  Glifogato™
e orgdnica . basze guimica e guirnica & orgénica flumetralin
Brometo de metila . raAnEE G 3 or butralin
Iprodione / Imidaclopride ou
ou dazomet Disulfotonor L
acefato ou clorpirifos
: Cobre Sandox BR !
Disulfoton ou Clomazone ou ou carbaril
imidaclopride fletaldeido nas;oj;rg;;ll?nzu G st i b
Cobre Sandox BR™ P mineral parafinico ou
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*Produto especifico do sistema fioat

“Embora esse dessecante sgja indicado para o uso em pre-plantio e pas-colheita, averigua-se o seu emprego antes do término da

colheita, sobretudo em regides altas.

Figura 2: Ciclo vegetativo e principais agroquimicos comumente empregados na cultura do
tabaco. Referéncia: Lima (2000) apud Almeida GEG (2005).

A ampla utilizagdo de agrotéxicos, o desconhecimento dos riscos associados a sua
manipulacdo, o conseqiiente desrespeito as normas bdsicas de seguranca, a livre
comercializacdo, a grande pressdo comercial por parte das empresas distribuidoras e
produtoras e os problemas sociais encontrados no meio rural constituem importantes
causas que levam ao agravamento dos quadros de contaminagdo humana e ambiental
observado no Brasil (Moreira et al., 2002).

E importante ressaltar que a fumicultura no Rio Grande do Sul é de pequeno porte e
uma atividade eminentemente familiar, em que adultos e criangas se ajudam mutuamente
no trabalho. Criangas na lavoura de fumo trabalham praticamente todos os dias, auxiliando
seus pais nas plantagdes de tabaco (Bittencourt, 2007). Esse problema é ainda mais
preocupante devido o desconhecimento da agdo de uma exposicdo continuada sobre o
corpo humano ainda em desenvolvimento e, devido a suspeita de que algumas substancias
utilizadas como agrotéxicos apresentem atividade carcinogénica ou hormonal (Moreira et
al., 2002).

De acordo com o agronomo Jorge Kampf, da Associacdo dos Fumicultores do Brasil,
os produtos mais utilizados nesta cultura sdo: oxicloreto de cobre (fungicida inorgénico a

base de cobre, classe toxicoldgica IV, altamente persistente no ambiente), mancozeb
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(fungicida ditiocarbamato, classe toxicoldgica II), metalaxil (fungicida metil ester, classe
toxicoldgica III), ipridione (fungicida dicarboximide, classe toxicoldgica III), acefato
(inseticida  organofosforado, classe toxicoldgica III), tiametoxam (inseticida
nitroguanidina, classe toxicolégica III), imidaclopride (inseticida nitroguanidina e
piridimetilamina, classe toxicoldgica IV), clomazone (herbicida isoxazolidinona, classe
toxicoldgica III), sulfrentazone (herbicida pré-emergente) e setoxidim (herbicida
posemergente, classe toxicolégica II) (AFUBRA, 2011). Porém, de acordo com
Agostinetto et al. (2000), um nimero maior de agroquimicos € recomendado a producdo de

fumo (Tabela 2).

Tabela 2: Principais agrotéxicos recomendados para a cultura do fumo

Nome do Classe
Grupo quimico Composicao Toxicologia
Produto toxicological
Acefato Fersol 750 PS inseticida e acaricida organofosforado Acefato [\ pouco toxico
Orthene 750 BR inseticida e acaricida organofosforado Acefato v pouco toxico
Doser inseticida organosfosforado Clorpirifos 1] altamente toxico
Confidor 700 GRDA inseticida nitroguanidinas Imidacloprid I\ pouco toxico
Lorsban 480 BR inseticida, acaricida organofosforado Clorpirifos 1] altamente toxico
Solvirex GR 100 inseticida, acaricida organofosforado Disulfoton 1 medianamente toxico
Furadan 50 G inseticida, nematicida carbamato Carbofuran | extremamente téxico
Bromex inseticida, funguicida e nematicida Brometo de metila + | extremamente toxico
fumegante cloropicrina
Bromo Fersol herbicida, inseticida, fungicida e nematicida Brometo de metila + |
fumigante cloropicrina extremamente toxico
Bromo Flora herbicida, iseticida, fungicida e nematicida Brometo de Metila + | extremamente toxico
fumegante cloropicrina
Basamid G inseticida, nematicida, herbicida tiadiazinas Dazomet Il medianamente toxico
Carbaryl Fersol p6 75 inseticida carbamato Carbaril 11 medianamente toxico
Sevin 850 PM inseticida carbamato Carbaril I altamente toxico
Dithane PM fungicida ditiocarbamato Mancozeb 1l medianamente toxico
Manzate 800 fungicida ditiocarbamato Mancozeb Il medianamente toxico
Tecto 600 fungicida benzimidazol Thiabendazole [\ pouco toxico
Rovral PM Fungicida hidantoinas Iprodione I\ pouco téxico
Cobre Sandoz BR fungicida e bactericida cuprico Oxido cuproso [\ pouco toxico
Ridomil 50 GR Fungicida alanianatos Metalaxil [\ pouco toéxico
Primeplus BR Antibrotante dinitroanilinas Fumetralin [\ pouco toxico
Amex Antibrotante dinitroanilinas Butralin 1] altamente toxico
Antak BR hntibrotante estimulante n-decanol 1] medianamente toxico
Devrinol 500 PM herbicida propionamidas Napropamide Il medianamente toxico
Gamit herbicida isoxazolidinonas Clomazone I altamente toxico
Herbadox 500 CE herbicida dinitroanilinas Pendimethalin 1] altamente toxico
Fusilade 125 herbicida aril oxi fenoxi propionato Fluazifop-p-butil 1] altamente toxico
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Poast herbicida hidroxi-ciclohexeno Setoxidim 1] altamente téxico

) . o o . 6leo mineral .
Assist inseticida, acaricida hidrocarbonetos . [\ pouco toxico
parafinico
Lesmix moluscicida acetaldeido Metaldeido 1] medianamente toxico
Lesmicida pikapau moluscicida acetaldeido Metaldeido Il medianamente toxico
Mirex S formicida sulfonamides fluoro-alifaticas Sulfluramida [\ pouco toxico
Roundup herbicida derivado da glicina Glifosato [\ pouco téxico
Glifosato nortox herbicida derivado da glicina Glifosato [\ pouco toxico

Fonte: Etges et al. (2002)

A quantidade de agroquimicos utilizadas na fumicultura € bastante varidvel.
Schoenhals et al. (2009) afirmam que 50% dos fumicultores utilizam agrotdxico de acordo
com a recomendacao do técnico e 50% utilizam quando acham necessario. Blecher (1996)
relata que os fumicultores gatichos utilizam aproximadamente 15 kg de principio ativo por
hectare. Ja Falk et al. (1996) afirmam que em média sdo usados 60 kg de agrotdxicos por
hectare, dependendo do ano, devido a seca e consequente aumento de pragas, a média pode
alcancar 100 kg de agrotoxico por hectare de tabaco. Residuos de pesticidas foram
encontrados em amostras de sangue de fumicultores em niveis acima do normal, 63% dos
individuos com metomil (carbamato), 56% com thiodicarb (carbamato); 62% com
cipermetrina (piretréide), 49% imidaclopride (nitroguanidina), 32% com metamid6fos
(organofosforado) e 27% com endosulfan (ciclodienoclorado) (Khan et al., 2008).

A elevada demanda de pulverizagdes e o uso pesado e repetido de agrotoxicos causam
danos aos fumicultores e exigem cuidados com a seguranca no trabalho através da
utilizacdo adequada de Equipamentos de Protecdo Individual (EPI). A ndo utiliza¢do do
EPI conduz a intoxicacdes cronicas e agudas que tém provocado vitimas entre as familias
dos fumicultores. A indudstria normalmente fornece o EPI aos fumicultores e tem
trabalhado pela reducio no uso de agrotéxicos, no entanto, a utilizagdo dos mesmos ainda
ocorre em larga escala e a maioria dos fumicultores ndo estd devidamente habilitado ao
manuseio (Agostinetto et al., 2000) ignorando os procedimentos de seguranga apropriados
a manipulacdo destes produtos (NIOSH, 1996). Muitos dos fumicultores ndo utilizam o
EPI durante a aplicacdo de pesticidas. Poucos utilizam botas (31%), méscaras (14%) e
luvas (9%) (Khan et al., 2010). Schoenhals et al. (2009) afirmam que apenas 10% dos
fumicultores utilizam o EPI completo.

O grau de intoxicacao devido a exposi¢cdo a multiplos agrotéxicos € varidvel e depende

de muitos fatores como, por exemplo, a via de absor¢do, as caracteristicas individuais dos
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agrotoxicos, a suscetibilidade de cada individuo exposto, entre outros (Maroni et al., 2000;
Ramos e Silva, 2004; Aratjo et al., 2007; Da Silva et al., 2008). Para Joksic et al. (1997), a
forma de aplicac¢do dos agrotoxicos também constitui um fator importante, uma vez que foi
possivel observar maior dano genético entre agricultores que se expuseram a substancias
quimicas através da aplicacdo por pulverizacdes. Efeitos cronicos a saide tem sido
observados devido a esta exposicdo, incluindo efeitos neuroldgicos, reprodutivos ou no
desenvolvimento e neoplasias (Bolognesi et al., 2011). Aumento no risco de leucemia e
linfomas nao—Hodking tem sido associado a exposic¢do a pesticidas (Joksic et al., 1997,
Bolognesi, 2003; Costa et al., 2006). Além destes, outros tipos de canceres podem ser
originados, como mieloma multiplo, sarcoma de tecidos moles, sarcoma de pulmao, cancer
de pancreas, estdbmago, figado, bexiga e vesicula (Blair e Freeman, 2009). Também foram
observados, alteracdes no funcionamento do sistema nervoso central e por isso podem estar
relacionados ao Mal de Parkinson e de Alzheimer (Domico et al., 2007; Bolognesi, 2003;
Da Silva et al., 2008). Problemas no funcionamento do sistema enddcrino também foram
relatados (Roldan-Tapi et al., 2005; Costa et al., 2006).

A prevaléncia de problemas de saide mental e de suicidios em familias envolvidas com
a plantacdo de fumo € significativa, estando o uso de agrotéxicos organofosforados
associado a este fato. Aplicado via de regra, em quantidades excessivas e sem equipamento
de protecdo individual, os residuos deste agrotéxico sdo absorvidos principalmente através
da respiragdo e pele, podendo causar “sindromes cerebrais organicas ou doengas mentais
de origem ndo psicolégica” (Falk et al., 1996). Os inseticidas da classe dos
organofosforados, bem como os carbamatos, atuam no organismo humano inibindo uma
enzima denominada colinesterase. Essa enzima atua na degradacdo da acetilcolina, um
neurotransmissor responsavel pela transmissdo dos impulsos no sistema nervoso (central e
periférico). Uma vez inibida, essa enzima nao consegue degradar a acetilcolina,
ocasionando um distirbio chamado de “crise colinérgica”, principal responsdvel pelos
sintomas observados nos eventos de intoxicacdo aguda por esses produtos (Peres e
Moreira, 2007).

Segundo Glantz et al. (1996) a satde das familias dos agricultores que cultivam fumo é
sistematicamente agredida de diversas formas: a) pelo uso de agrotéxicos; b) pelo contato
direto com a planta umida, que libera nicotina, sendo esta absorvida pela epiderme; c)

pelos particulados liberados das folhas durante a secagem nas estufas. Portanto, ameaca a
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saude dos trabalhadores inclui a grande quantidade de pesticidas utilizados no cultivo do
tabaco assim como a manipulacio das folhas de fumo molhadas (NIOSH, 1996), pois além
das substancias antropogénicas persistentes, citadas acima, outros compostos organicos
com potencial pesticida estdo presentes nas folhas do tabaco. Onuki et al. (2003) salientam
que os efeitos sinérgicos da nicotina e dos pesticidas devem ser examinados. Porém, apesar
dos progressos no desenvolvimento de modelos ao acesso da toxicidade dos compostos
quimicos, modelos a toxicidade das misturas quimicas ainda ndo foram realizados. Em
parte, isto se deve a enorme complexidade destes efeitos nos sistemas vivos (Butterworth,
1995). A genotoxicidade das misturas tem sido encontrada por estar sinergicamente

aumentada, comparada aos componentes testados individualmente (Pandey et al., 1995).

1.1.2 PESTICIDA NATURAL: NICOTINA

Os pesticidas naturais sdo substancias toxicas produzidas pelas plantas aparentemente
para sua defesa contra virus, bactérias, fungos e animais predadores. A planta do tabaco
apresenta na sua composi¢ao alcaldides, compostos fendlicos tais como flavondides e
cumarina e, tracos de saponinas (Da Silva et al., in prep). A nicotina é um alcaldide
encontrado principalmente nas plantas da familia Solanaceae e amplamente distribuido em
12 familias e 24 géneros (Leete, 1983).

A principal discussdo a cerca dos efeitos téxicos da nicotina presente no fumo esta
relacionada ao habito de fumar. Entretanto, o contato com esta pequena molécula pode
ocorrer através de tratamentos anti-tabagismo (adesivos, goma de mascar, “spray” nasal),
sob doses controladas, ou através da exposi¢do de trabalhadores nas lavouras de fumo.
Estima-se que as folhas imidas do tabaco contenham de 6 a 8% de nicotina (Hinds, 1882)
e que durante o tempo de colheita os trabalhadores do campo podem ser expostos a mais de
600 ml de orvalho ou chuva, da superficie das folhas do fumo, equivalente a nicotina
contida em 36 cigarros (NIOSH, 1996).

Estudos do potencial genotéxico da nicotina geralmente demonstram resultados
controversos. A nicotina ndo foi genotéxica em Salmonella typhimurium (Riebe et al.,
1982; De Flora et al., 1984), apresentando resultados negativos e positivos para

Escherichia coli (Riebe et al., 1982; De Flora et al., 1984) A nicotina, em dose de Smg/kg,

aumentou a freqiiéncia média de aberracdes cromossdmicas em células da medula dssea de
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hamster chin€s (Munzner e Renner, 1989), mas niao foi clastogénica em doses orais de 1 e
2 mg/kg em camundongos (Adler e Attia, 2003). Em altas concentracdes aumentou as
trocas entre crométides irmas (SCEs) e as aberracdes cromossdmicas de células de ovério
de hamster chinés (CHO) sem ativacdo metabdlica (a¢do direta) (Trivedi et al., 1990),
apresentou efeito clastogénico em eritrocitos de camundongos (Attia, 2007a, b) e efeito
genotoxico, avaliado pelo ensaio Cometa, em células de Caenorhabditis elegans
(Sobkowiak e Lesicki, 2009). Para o Teste Salmonella (Teste de Ames) a nicotina e seus
quatro maiores metabdlitos nao foram genotéxicos (Doolittle et al., 1995). Em contraste,
genotoxicidade da nicotina foi demonstrado em linfécito periférico humano e em tecido
linfatico de tonsilas palatinas, demonstrando significante aumento na migracdo do DNA
pelo ensaio Cometa (Kleinsasser et al., 2005), assim como em células do epitélio nasal
(Sassen et al., 2005).

Em humanos, a nicotina é facilmente absorvida pela pele. Assim, quando os
trabalhadores rurais entram em contato com a folha do fumo, alta quantidade de nicotina
transdermal € observada (Arcury et al., 2003), porém os possiveis danos genotoxicos
ocasionados sdo ainda desconhecidos.

A pele, os queratindcitos, os fibroblastos e os vasos sanguineos possuem receptores
nicotinicos que auxiliam a absor¢do da nicotina (Misery, 2004). Além disso, suas
propriedades fisico-quimicas, tais como: alta solubilidade tanto em solvente polar e ndo-
polar (log Kw=1,17) e baixo peso molecular (162,2 g/mol) (Zorin et al., 1999) facilitam
sua entrada no organismo. Quando em contato com a pele humana, a nicotina difundi-se
facilmente ao longo do estrato cérneo, penetrando nas camadas internas e atingindo os
vasos sanguineos (Guy e Hadgraft, 1989).

A absor¢do da nicotina aumenta com o aumento da superficie exposta € com a presenga
de machucados e umidade na pele. Varidveis que influenciam a vasodilatacdo (calor,
temperatura alta ou baixa, consumo de dlcool, uso de cigarro) também podem afetar esta
absor¢do (Quandt et al., 2000).

A nicotina € absorvida e metabolizada pelo citocromo P450, sendo a enzima citocromo
P450 2A6 (CYP2AO6) responsavel por 90% da metabolizacdo desta molécula (Nakajima et
al., 1996). Os principais metabolitos sdo: cotinina, 6xido-N"-nicotina, 6xido-N-cotinina e
trans-3"-hidroxicotinina. Estudos do potencial genotéxico destes metabolitos sdo limitados

(Doolittle et al., 1995). Tipicamente, 70-80% de nicotina é convertida em cotinina. A
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meia-vida relativamente curta da nicotina exclui seu uso como marcador preciso da
quantidade absorvida. Assim, a cotinina que € o metabdlito principal da nicotina e tem uma
meia-vida de aproximadamente 15-17 horas tem sido assumida como medida bioquimica
apropriada (Tricker, 2003).

A nicotina, através do contato dermal com as folhas do fumo, tem causado um
envenenamento agudo nos trabalhadores da lavoura (Gehlbach, 1975). O conjunto de
sintomas desta exposi¢ao € conhecido como “green tobacco sickness” (GTS) ou doenga da
folha verde. Os critérios para o diagndstico de GTS tém sido estabelecidos. Os sintomas
incluem: ndusea, vOomito, tontura, dor de cabeca, diarréia, fraqueza, perda do apetite, dor e
cOlicas abdominais, visdo embacgada, lacrimejar constante, abatimento, dificuldade em
respirar e algumas vezes variacdo na pressio sanguinea e na freqii€ncia cardiaca (Arcury et
al., 2003; Onuki et al., 2003; Arcury et al., 2008). Os sintomas iniciam em 3 a 17 horas
depois do inicio da exposicdo (McBride ef al., 1998). Os trabalhadores com GTS se
recuperam em 2 a 3 dias. Contudo, sintomas mais severos resultam em desidratacdo e
necessidade urgente de cuidado médico (Arcury et al., 2003). Em casos mais extremos, é
administrado anti-eméticos, anti-histaminicos e feito hidratacdo intravenosa (McBride et
al., 1998). Apesar da ampla producdo de tabaco e do risco de GTS, a literatura médica é
fraca. Segundo Schmitt et al. (2007) ha um pouco mais do que 30 artigos publicados de
GTS na pesquisa cientifica. No Brasil, somente Oliveira ef al. (2010) relataram a presenca
da doenca da folha verde em trabalhadores da fumicultura. No Rio Grande do Sul, a
contaminac¢do por nicotina no municipio de Candeléria foi publicada no jornal local (Zero
Hora, 2009a, b).

Foi observada por Parikh et al. (2005) uma prevaléncia geral de GTS em 47% dos
trabalhadores rurais na lavoura de fumo, esta quantidade foi quase similar ao registrado por
(Quandt et al., 2000) cinco anos antes. O nivel de cotinina nos fumicultores foi
significativamente maior do que os nao expostos (Onuki et al., 2003) e se observou relacdo
entre a quantidade de cotinina salivar e a prevaléncia de GTS (Arcury et al., 2003),
corroborando a hipétese de que GTS esteja associada a exposi¢ao de nicotina.

Os agricultores, durante o cultivo, estdo expostos diretamente a folhas do fumo (Figura
3) nas seguintes condi¢des: na plantacdo das mudas; na capacdo (retirada das flores para
que as folhas se desenvolvam mais, com mais peso e qualidade e com maior quantidade de

nicotina); na aplicacdo de veneno (antibrotante); na colheita; no carregamento dos magos
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até os galpdes; na separacdo e classificacdo das folhas; na amarragdao em forma de corddo

para secagem.

o

'

Figura 3: Cultivo do tabaco: a) capacido, b) aplicacdo de veneno, c) colheita,
d e e) maos dos trabalhadores, f) macos carregados.

O preparo e a colheita ocorrem no inicio da manha quando as plantas estdo umidas com
orvalho, encharcando as roupas dos trabalhadores. E sabido que 9 mg de nicotina podem
ser encontradas em 100 ml de orvalho (McBride et al., 1998). A resina da planta forma
uma camada grossa de goma (principalmente na retirada dos botdes e na colheita das
folhas) que solidifica nas roupas e na pele dos trabalhadores. No calor os trabalhadores
retiram suas camisas expondo diretamente a pele (Parikh et al., 2005).

O processo de colheita resulta em arranhdes e descascamento da pele ao redor da unha.
Por ndo terem o hébito de usar luvas de protecdo, pois estas se tornam um impedimento
quando ficam duras e pegajosas, os trabalhadores facilitam a absor¢do da nicotina através
da rota dermal (Parikh et al., 2005). O calor e a umidade nos campos fazem com que luvas
e roupas de protecao sejam extremamente desconfortdveis (Quandt et al., 2000). Entre os
trabalhadores da lavoura de fumo no sul do Brasil, 55% ndo usam as roupas de protecao
recomendada, assim como luvas e botas. Os fumicultores reclamam que as roupas ndo sao
projetadas para o clima quente da época do plantio e colheita, que vai de outubro a margo

(NIOSH, 1996).
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De acordo com essas caracteristicas, Quandt ef al. (2000) tem apresentado um modelo
do biocomportamento da GTS (Figura 4) baseado nas pesquisas existentes e na fisiologia

da absorcdo percutanea de nicotina.

+ contato com o rosto, costas e axilas;

ANl SIpERle e Bl + arranhdes e machucados na pele;
s ospta' P P + consumo de alcool;
?raba;ho em clima dmido Hlmdade;
¥ 4 + calor.
v
Exposi¢ao dermal .| Absorgao A Nicotina GTS
ao fumo “| transdermal no plasma 3
- luvas de protecao - fumantes;
- trabalho em clima seco; - mascam fumo;

Figura 4: Modelo do biocomportamento da GTS.

Estudos envolvendo a toxicidade das folhas de fumo sao limitados. Omoniyi et al.
(2002) avaliaram o efeito do p6é preparado com folhas de fumo em Clarias gariepinus e
encontraram a toxicidade aguda como sendo LC50 em 48 h de 626 mg por litro de 4gua.
Este valor foi bem maior do que o estimado no estudo (Agbon er al, 2002) com
Oreochromis niloticus, registrado em 109,6 mg/L, indicando assim, que C. gariepinus foi
mais resistente a toxicidade do tabaco do que O. niloticus. Extrato da folha de N. tabacum
em metanol (60%) exibiu atividade antibacteriana em seis de nove culturas a concentragoes
de 25 mg/mL. Isolados de Bacillus subtilis, Corynebacterium pyogenes, Pseudomonas
aeruginosa, Serratia marcescens, Shigella dysenteriae, Staphylococcus aureus foram
inibidas e Escherichia coli, Klebsiella pneumoniae e Proteus vulgaris nao foram inibidas
(Akinpelu e Obuotor, 2000). Exposi¢do dermal a folhas de fumo em Mus musculus causou
dano oxidativo nas células de sangue e efeito genotéxico e mutagénico em alguns tecidos
(Da Silva et al., 2010). Utilizando molusco como organismo bioindicador, Da Silva et al.
(in prep) observou um aumento no dano nas células de hemolinfa avaliadas pelo ensaio
Cometa e pelo teste de Microntcleos, bem como a reducdo da atividade do citocromo
P450.

Nao ha informacdo dos efeitos cronicos a satde, devido a exposi¢cdo dermal da

nicotina. Para trabalhadores rurais que ja correm riscos de terem doencas relacionadas ao
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trabalho (dermatite, cancer, infertilidade) ou outros riscos (envenenamento por pesticidas)
em propor¢cdo maior do que a populagdo geral, exposi¢do a nicotina e GTS podem
contribuir com problemas de saide a longo prazo (Quandt et al., 2000; Schmitt et al.,

2007).

1.1.3 AVALIACAO DO RISCO OCUPACIONAL E O USO DE BIOMARCADORES

O risco ocupacional tem origem nas atividades insalubres, aquelas cuja natureza,
condi¢des ou métodos de trabalho, bem como os mecanismos de controle sobre os agentes
bioldgicos, quimicos, fisicos € mecanicos do ambiente podem provocar efeitos adversos a
saude dos trabalhadores (Mauro et al., 2004).

Classicamente, os fatores de risco para a saide e seguranca dos trabalhadores,
presentes ou relacionados ao trabalho, de acordo com a Organizacdo Pan-Americana da
Saude no Brasil, podem ser classificados em cinco grandes grupos: (1) fisicos- agressoes
ou condicdes adversas de natureza ambiental; (2) quimicos- agentes e substancias
quimicas; (3) bioldgicos- microorganismos geralmente associados ao trabalho; (4)
ergondmicos e psicossociais - que decorrem da organizacdo e gestdo do trabalho; (5) de
acidentes- ligados a atividades que podem levar a acidentes do trabalho (Mauro, 1991).

Exposicdo a agentes genotoxicos em nosso ambiente pode causar uma variedade de
efeitos sobre a saide humana. Alguns deles se expressam imediatamente, enquanto outros
levam anos para se manifestarem. Efeitos tardios bem reconhecidos incluem a indugdo de
cancer, doencgas genéticas nas geracgdes seguintes, desordens de desenvolvimento, entre
outros (Maluf e Erdtmann, 2003). Estimativas indicam que a exposi¢do ocupacional é a
causa de 4% de todos os casos de cincer em humanos. Trabalhadores de diferentes areas
ocupacionais estdo potencialmente expostos a substancias genotéxicas que podem causar
alteracOes genéticas tanto em células somdticas como em células germinativas (Kvitko,
2003). Pesquisas epidemioldgicas recentes t€m caracterizado incidéncia de canceres
especificos em agricultores, como linfoma nao-Hodgkin, multiplos mielomas, leucemia,
cancer no cérebro, na prostata, entre outros (Blair e Freeman, 2009).

E crescente a preocupagio sobre o efeito mutagénico e carcinogénico de agentes
genotdxicos em populacdes humanas expostas ocupacionalmente. Esforcos continuos t€ém

sido feitos para identificar os agentes perigosos, reconhecer condi¢des de exposi¢ao danosa
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e monitorar populagdes que podem estar sofrendo exposi¢do excessiva, com o objetivo de
prevenir conseqiiéncias adversas sobre a populagdo (Maluf e Erdtmann, 2003). O quadro
para avaliacdo da genotoxicidade se torna mais complicado se considerarmos a quantidade
de agentes simples e de misturas complexas envolvidas na fumicultura.

A mistura é definida como a combinacdo de dois ou mais agentes ambientais (Sexton e
Hattis, 2007). Misturas podem ser classificadas como sendo simples ou complexa.
Misturas simples contém um nimero bem definido de compostos, em contraste a mistura
complexa (Groten et al., 2001). A mistura pode ser intencionalmente produzida, gerada ou
pode surgir ao acaso. O impacto a saide humana destas substancias € desconhecido (Silins
e Hogberg, 2011). H4 dois principios que descreve como a substancia individual pode ser
afetada na mistura: por aditividade e por interacdo. Aditividade assume que as substancias
atuam de modo semelhante ou diferenciado, resultando em adicdo de dose ou efeito.
Interacdo assume que substancias individuais afetam a toxidade uma da outra, ou por
sinergismo ou por antagonismo (mais ou menos como o efeito aditivo) (Cassee et al.,
1998). A toxicidade de misturas complexas nao € simples de predizer. Modos de agdo de
algumas substancias podem ser desconhecidos e os efeitos da interacdo entre elas podem
diferir dependendo da dose (Silins e Hogberg, 2011).

Diferentes estratégias sdo utilizadas para avaliar os efeitos e os riscos de misturas e de
exposicdo combinada. Com este intuito, o uso de diferentes biomarcadores no estudo do
risco ocupacional vem sendo adotado.

O termo biomarcador € um termo geral para medidas especificas da interagdo entre um
sistema biolégico e um agente ambiental. De acordo com o Programa Internacional de
Seguranca Quimica (IPCS, 2004), trés classes de biomarcadores podem ser identificadas:
(a) biomarcadores de exposi¢cdo; (b) biomarcadores de efeito; e (c) biomarcadores de
suscetibilidade.

Biomarcadores de exposicao envolvem substincias exdgenas ou os seus metabdlitos ou
o produto de uma interagdo entre um agente xenobidtico e alguma célula ou molécula alvo
que é medida em um compartimento dentro do organismo. Biomarcadores de efeito sdo
medidas bioquimicas, fisiolégicas ou comportamentais ou outras alteragdes dentro do
organismo que, dependendo da magnitude, podem ser reconhecida em associagdo a uma

possivel doenca. Biomarcadores de suscetibilidade indicam uma habilidade inerente ou
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adquirida de um organismo em responder a mudancas de exposicdo a substancias
xenobidticas especificas (Jakubowski e Trzcinka-Ochocka, 2005).

Biomarcadores de exposicdo sdao de preferéncia especificos para o xenobidtico,
enquanto biomarcadores de efeito com frequéncia s@o inespecificos para um agente em
questdo. Isto sugere que biomarcadores de efeito tem um potencial maior para refletir
exposicdo complexa, podendo ajudar a identificar os componentes ativos da exposi¢do a
misturas bem como suas consequéncias (Silins e Hogberg, 2011).

Exemplos de biomarcadores de exposi¢ao usados em muitos estudos da avaliagdo do
risco ocupacional sdo: (a) o ensaio Cometa ou teste alcalino eletroforético de célula-unica,
que permite detectar diferengas intercelulares de dano e reparo ao DNA em qualquer
populagdo de célula eucaridtica (Ribas et al., 1995). Muitos trabalhos tém observado,
através desta técnica, genotoxicidade em agricultores expostos a pesticidas (Grover et al.,
2003; Da Silva et al., 2008; Lebailly et al., 2009; Paiva et al., 2011); (b) a técnica PIXE
(emissdo de particulas por raios-X), que vem sendo utilizada na identificacdo de metais
presentes no solo e em outras amostras ambientais (Cruvinel et al., 1999; Heuser et al.,
2002; Nsouli et al., 2004; Andrade et al., 2004), incluindo deteccdo de elementos traco em
plantas (Mireles et al., 2004) e em amostras bioldgicas como sangue (Da Silva et al.,
2010b); (c) dosagem de metabdlitos como, por exemplo, a cotinina que tem sido utilizado
como biomarcador da exposicao a nicotina (Doolittle et al., 1995; Quandt et al., 2000;
Arcury et al., 2003; Onuki et al., 2003).

Ha biomarcadores de efeito relevantes no biomonitoramento humano, sdo eles: (a) o
teste de Microntcleos, que € um biomarcador de efeito da genotoxicidade causada pelo
xenobidtico, através do dano ao DNA. Os micronucleos (MN) sd@o pequenos corpusculos
similares em estrutura ao niucleo, podendo ser formados a partir de perdas de fragmentos
acéntricos; por uma variedade de conseqii€éncias mecanicas de quebra e troca
cromossOmica e por perda de cromossomos inteiros (Heddle et al., 1991). Estudos recentes
tém evidenciado o uso de diferentes células na avaliacdo do risco ocupacional, frequéncia
de microntcleos em individuos expostos a pesticidas tem sido observado em mucosa oral
(Bortoli et al., 2009; Remor et al., 2009) e em cultura de linfécitos (Bolognesi et al.,
2011). Além disso, outras anomalias nucleares tém sido investigadas através do teste de
MN (Fenech et al., 2011), como brotos nucleares (NBUD) e pontes nucleoplasmaticas

(NPB); (b) medidas das altera¢des no sistema biolégico, como por exemplo, a inibi¢do da
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colinesterase por exposicdo a pesticidas organofosforados (Salvador et al., 2008; Remor et
al., 2009; Pathak et al., 2011); e a avaliagdo de parametros hematolégicos (Remor et al.,
2009; Khan et al., 2010; Lal e Ames, 2011). Marcador de estresse oxidativo tem sido
demonstrado por ser um sensivel biomarcador de efeito em baixas e altas doses de
exposicdo combinada (Silins e Hogberg, 2011). No que refere a exposi¢do a pesticidas, o
nivel dos marcadores de estresse oxidativo tem sido investigado (Abdollahi et al., 2004;
Muniz et al., 2008; Salvador et al., 2008).

Para evitar o acimulo, a toxicidade e os danos causados por muitos xenobidticos, hd no
organismo, um conjunto de genes responsdveis pela metabolizacdo e detoxificagdo destas
substancias assim como genes relacionados ao sistema de reparo, caso estes xenobidticos
afetem o material genético.

A capacidade de biotransformacio estd extremamente relacionada com polimorfismos
nos genes das enzimas de metabolizagdo/detoxificacdo, e conseqiiente alteracdo da
atividade de enzimas que participam deste processo (Wilkinson e Clapper, 1997).
Pesquisas t€m revelado a associacdo de polimorfismos de genes envolvidos na
metabolizacdo e o dano ao DNA em agricultores (Falck et al., 1999; Schoket et al., 2001;
Da Silva et al., 2008; Dusinska e Collins, 2008).

A maior parte dos processos de biotransformacgdo ocorre em duas fases, dependendo do
substrato em que ele estiver atuando. As enzimas de fase I, ou enzimas de ativacio,
representadas pela superfamilia do citocromo P450, ativam o xenobidtico, tornando o mais
eletrofilico e desta forma mais reativo, normalmente com a introducdo de um grupamento
funcional. J& as enzimas de fase II, ou de detoxificagdo, como a superfamilia glutationa S-
transferase (GST), normalmente atuam com a conjugacdo dos metabdlitos com um
substrato enddgeno, por enzimas transferases. O resultado deste processo € a
transformac¢ao dos metabdlitos em substancias hidrofilicas, e assim, passiveis de excrecao
(Wilkinson e Clapper, 1997; Guecheva e Henriques, 2003).

Diferencas na capacidade de biotransformacdo, devido aos polimorfismos nos genes
das proteinas envolvidas, j& foram demonstradas como responsdveis pelas diferencas
individuais nos resultados do ensaio Cometa e teste de MN (Hernandez et al., 2006; Da
Silva et al., 2008). Entre as enzimas de fase I, ou de ativacdo, podemos citar 0s
polimorfismos que ocorrem no gene CYP2A6, responsavel pela metabolizagdo da nicotina

e da cotinina. Enquanto que nas enzimas de fase II, os polimorfismos mais estudados sdao
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os que ocorrem nos genes GSTM1, GSTPI e GSTTI, responsdveis pela conjugacdo de
glutationa em vdrias espécies reativas (Norppa, 2004).

Outro exemplo de enzima de metabolizacio de xenobidticos, principalmente de
organofosforados, é a paraoxonase, proteina codificada pelo gene PONI. Este gene
apresenta dois sitios polimérficos nos aminodcidos das posi¢des 55 e 192. Para o
polimorfismo na posi¢do 192 o alelo PONI*GlIn apresenta menor atividade que o alelo
PON1*192Arg. Isso sugere que os individuos com o genétipo PONI Gin/Gln ou Giln/Arg
possam apresentar maior suscetibilidade a intoxicacdo a organofosforados que os
individuos PONI Arg/Arg (Humbert et al., 1993; Da Silva et al., 2008; Singh et al.,
2011b).

Estudos com polimorfismos em genes de reparo sugerem que estes também apresentam
importancia na modulagdo de efeitos genotéxicos. Alguns trabalhos demonstram a
influéncia destes polimorfismos na atividade enzimdtica e a relacdo com a incidéncia de
cancer, na resposta a medicamentos quimioterdpicos e radiosensibilidade (Norppa, 2001;
Goode et al., 2002; De Ruyck et al., 2005; Efferth e Volm, 2005) e na resposta ao dano
causado por exposicao ocupacional (Dhillon et al., 2004; larmarcovai et al., 2008; Mateuca
et al., 2008; Rohr et al., 2011).

Alguns genes do sistema de reparo por excisdo de bases (BER) apresentam-se
polimorficos e estudos associam estas variacdes com a suscetibilidade para a incorporagdo
de danos no DNA e para o desenvolvimento de doencas como cancer (Lunn et al., 1999;
Hao et al., 2004). Como exemplo, o polimorfismo no cédon 326 do gene OGG]I, resulta
em uma troca do aminodcido serina por uma cisteina. Esta variante (OGG1326Cys) gera
uma proteina com maior atividade enzimdtica atuando no reparo causado por lesdes
derivadas de estresse oxidativo. Estudos deste polimorfismo sugerem o como um fator de
risco de uma variedade de tumores humanos (Kohno et al., 1998; Takezaki et al., 2002; Ito
et al., 2002; Hansen et al., 2005).

Outro exemplo € o gene XRCC1 que apresenta polimorfismos nos cédon 194 (Arg/Trp)
e 399 (Arg/Gln), gerando uma proteina com maior e menor eficiéncia de reparo,
respectivamente, quando comparados com os alelos selvagens (Wang et al., 2003). Au et
al. (2003) demonstraram a associacdo do polimorfismo XRCCI 399Arg com troca de
cromatides-irmas por exposi¢cdo a raios-X, como também com células aberrantes por

exposicao a luz UV.
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O reparo por recombinacdo homéloga (HRR) atua nas quebras duplas presentes logo
ap6s a duplicacio do DNA. Neste processo estdo envolvidas mais de 16 proteinas,
incluindo a proteina RADS51. Polimorfismos no gene RADS51 (G135C) levam a diferencas
na suscetibilidade no desenvolvimento de leucemia miel6ide aguda, de cancer de mama e
de cancer géstrico (Wang et al., 2001; Jawad et al., 2006; Poplawski et al., 2006).

Ja a recombinacdo ndo homologa (NHEJ), faz simplesmente a ligacdo de duas
extremidades de dupla fita quebradas, sem o emprego de moldes. As principais proteinas
envolvidas neste mecanismo de reparo sdo KU e DNA-PKCS. A proteina KU reconhece as
extremidades livres, ligando-se a elas, facilitando o acesso de DNA-PKCS a regido. Logo
ap6s ocorre o recrutamento de XRCC4 e da DNA ligase IV que efetuardo a jungdo das
extremidades (Goode et al., 2002; Costa e Menck, 2004). Diferentes polimorfismos no
gene XRCC4 tém sido registrados (Ford et al., 2000). O polimorfismo XRCC4 lle—Thr foi
investigado em viticultores, onde individuos que apresentaram o alelo XRCC4*Thr tiveram
maior freqiiéncia de MN, indicando uma menor atividade do alelo variante (Thr) (Rohr,
2008).

Assim, biomarcadores de suscetibilidade podem incluir polimorfismos de genes
especificos associados com o metabolismo de xenobidticos € com o reparo ao DNA (Silins
e Hogberg, 2011). Avaliagdo da exposi¢cdo humana, associada aos conhecimentos relativos
aos efeitos em biomarcadores de exposicdo, de efeito e de suscetibilidade nos individuos
expostos, permite estabelecer prioridades e formas de intervencdo na tentativa de prevenir

ou amenizar a interacdo das substancias quimicas com o organismo humano.
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1.2 OBJETIVOS

Devido ao pouco conhecimento dos efeitos genotdxicos dos compostos presentes na
folha do fumo e do risco ocupacional envolvendo os fumicultores, este tltimo relacionado
ao contato com as folhas de fumo e a manipulacdo de agrotéxicos, se teve por objetivos
neste trabalho:

(1) Avaliar possiveis efeitos genotoxicos nos trabalhadores expostos ao fumo e aos
agrotoxicos pelo ensaio Cometa;

(2) Avaliar a instabilidade genOmica, morte celular e mutagenicidade nestes
trabalhadores pelo teste de Microntcleos em linfécito e mucosa oral;

(3) Dosar a quantidade de cotinina no sangue dos agricultores da lavoura de fumo,
como marcador de exposi¢ao a nicotina contida nas folhas;

(4) Avaliar a atividade da enzima butirilcolinesterase no sangue dos fumicultores,
como marcador de exposicao a pesticidas organofosforados;

(5) Verificar valores do hematdcrito dos trabalhadores;

(6) Determinar o grau de estresse oxidativo pela peroxidagao lipidica e pela atividade
do superdxido dismutase e da catalase nos fumicultores;

(7) Quantificar e/ou identificar a deposi¢do de elementos traco, principalmente metais,
no sangue dos fumicultores, através da técnica PIXE;

(8) Identificar os polimorfismos dos genes do metabolismo GSTTI, GSTM1, GSTPI,
CYP2A6 e PON através da técnica de reagdao em cadeia da Polimerase (PCR);

(9) Determinar as freqiiéncias de polimorfismos de genes de reparo OGGI, XRCCI,
RADS51 e XRC(C4 através da técnica de reagdo em cadeia da Polimerase (PCR);

(10) Relacionar os genétipos dos genes encontrados com os resultados dos testes de

genotoxicidade e mutagenicidade.
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ABSTRACT

Agricultural workers engaged in tobacco cultivation are constantly exposed to large
amounts of pesticides as well as to the nicotine present in raw tobacco leaves. Pesticides
have been considered potential chemical mutagens: experimental data revealed that various
agrochemicals possess mutagenic properties. Studies have assumed that nicotine absorbed
through the skin results in the characteristic green tobacco sickness (GTS), an occupational
illness reported by tobacco workers. This study sought to determine genotoxic effects in
farm workers occupationally exposed to agrochemicals and nicotine. Peripheral blood
samples were collected from 30 agricultural workers, at different crop times (off-season,
during pesticides application and leaf harvest), and 30 were non-exposed. We obtained
data on DNA damage detected by the Comet assay and Micronucleus test as a biomarker
of occupational exposure and effect. The serum cholinesterase level, which in general
present relation with exposition to organophosphates and carbamates, as well as serum
cotinine level, which is a metabolite of nicotine, were also evaluated. The results showed a
significant increase in Damage index and frequency in tobacco farmers compared to the
non-exposed group, for all different crop times, and a significant increase in
micronucleated cells in the off-season group. No correlation was found between age and
exposure time in relation to biomarker tests. The DNA damage was greater in males than
in females, but with a significant difference only in off-season group. No difference, in
cholinesterase activity, was seen among the group of farmers and non-exposed group.
Elevated level of cotinine was observed in leaf harvest group. This investigation suggests
increased DNA damage in all tobacco crop stages, calling attention to the significant
increase during the off-season and tobacco leaf harvest.

Keywords: tobacco farmers, Comet assay, Micronucleus test, pesticide, nicotine
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1. Introduction

One of principles of environmental health is to prevent disease and injuries caused by
chemical pollutants present in the environment. The main objective is to keep chemical
exposure to an acceptable level that does not imply risk. In order to accomplish that, it is
necessary to identify and quantify chemical risk through a biological assessment of human
exposure [1]. Agricultural workers engaged in tobacco cultivation are constantly exposed
to a large amount of pesticides as well as to nicotine present in raw tobacco leaves.

Tobacco plants require a very large amount of pesticides (insecticides, herbicides,
fungicides and plant growth regulators) to protect them from insects and disease. The
heavy and repeated use of pesticides takes a toll on tobacco farmers, many of whom are
unaware of the proper safety procedures necessary to handle these chemicals [2,3].
Pesticides have been considered potential chemical mutagens: experimental data revealed
that various agrochemical ingredients possess mutagenic properties. As most occupational
and environmental exposures to pesticides are to mixtures, the genotoxic potential
evaluated for single compounds could not be extrapolated to humans [4].

In addition, tobacco farmers come into contact with green tobacco leaves and tobacco
plants during the tobacco harvest and absorb nicotine through the skin. These farmers
present elevated levels of cotinine in urine, blood and saliva [5-9]. Studies have estimated
that dermal absorption of nicotine results in the characteristic green tobacco sickness
(GTS), an occupational illness reported by tobacco workers worldwide [7]. Symptoms
include dizziness, headache, nausea and vomiting, but may also include abdominal cramps,
prostration, difficulty in breathing and occasionally blood pressure or heart rate variations

[7,10].
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In tobacco crops, the simultaneous use of pesticides with different formulations is
typical, and combinations vary depending on the time during the growing season. Tobacco
farming includes different types of work like sowing, topping flower buds, disbudding
axillary buds (suckers), harvesting leaves and plants by sickle, and separation of leaves
[11]. Until the leaf harvest, the farmers are exposed to pesticide and during the harvest and
separation of leaves also to nicotine, by different routes of exposure such as inhalation and
skin absorption.

This scenario limits the applicability of predictive models for risk assessment and it
may be difficult to perform biomonitoring of specific compounds to evaluate exposure.
The possible combined toxic effects of such a complex exposure, pesticide and nicotine,
are not usually known. Thus, toxicity information concerning active ingredients or
formulations alone is not sufficient to evaluate the risk of adverse health effects from
pesticide exposure [12].

Associations between exposures to pesticides and symptoms, and cholinesterase level
significantly reduced in exposed populations are observed [13-15]. The cholinesterase
present in neural tissues, and also in erythrocytes, is known as true acetylcholinesterase
(AChe). The cholinesterase found in blood serum and synthesized by liver has been termed
pseudo- or butyrylcholinesterase (BChe) [13]. Blood cholinesterases have been widely
used for monitoring exposure to organophosphate and carbamate pesticides.

A wide range of methods is currently used for the detection of early biological effects
of DNA-damaging agents in occupational settings. Assays measuring DNA damage
assessed by Comet assay and Micronucleus test have been used extensively in human
biomonitoring studies [12,16-21]. In this study, in order to assess whether prolonged

exposure to complex mixtures of pesticides and nicotine present in tobacco leaves could
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lead to increased genotoxic damage, tobacco farmers from Venancio Aires and Santa Cruz
do Sul (Brazil) were evaluated using the Comet assay in peripheral blood and
Micronucleus (MN) test in binucleated lymphocytes. In order to verify the influence of
time and type of work during the tobacco growing season on DNA damage, samples were
collected in three distinct phases: off-season, pesticide application and leaf harvest. The
DNA damage was also analyzed taking into account the use of protective measures, time
after exposure, age, and gender difference. The assay of cholinesterase (BChE) activity in
serum was applied to estimate inhibition by organophosphates and carbamates and the

serum cotinine level was evaluated as biomarker of the nicotine exposure.

2. Methods

2.1. Study population and sample collection

This study was approved by the Committee on Research Ethics of UFRGS, and written
informed consent was obtained from each individual before the start of the study.

The study involved a total of 60 individuals from Venéncio Aires and Santa Cruz do
Sul (in the northeast region of the state of Rio Grande do Sul, southern Brazil).

Tobacco farmers were sampled from July (2008) to February (2009) at different times
in the tobacco crop: off-season, pesticide application and leaf harvest. Blood samples were
collected during these three periods for the same tobacco farmers and once for the non-
exposed group. All blood samples were collected by venipuncture using vacutainers with
heparin, transported to the laboratories at or below 8°C and processed within 8 h of
collection, in order to prevent damage associated with storage.

All individuals in the study were asked to answer a Portuguese-language version of a

questionnaire from the International Commission for Protection against Environmental
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Mutagens and Carcinogens [22] and to participate in a face-to-face interview, which
included standard demographic data (age, gender, etc.), as well as questions related to
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, time exposed to pesticide, pesticide application duration, pesticide type, protective
measures adopted (PPE), etc. In all groups, individuals who smoked more than twenty
cigarettes per day for at least 1 year were considered smokers [23]. All individuals in this
study were intentionally selected to be non-smokers in order to eliminate confounding
factors, such as cigarette smoking. The non-exposed individuals were office employees

living in the same region as the exposed individuals.

2.2. Comet assay

The alkaline Comet assay was performed as described by Singh et al., [24] with the
modifications suggested by Tice et al. [25]. Blood cells (5 pl) were embedded in 95 ul of
0.75% low-melting point agarose, which was immediately added to the surface of a pre-
coated (1.5% agarose) microscope slide. When the agarose had solidified, the 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
(DMSO) for a minimum of 1 h and a maximum of 2 weeks. After treatment with lysis
buffer, the slides were incubated in freshly made alkaline buffer (300 mM NaOH and 1
mM EDTA; pH > 13) for 20 min and the DNA was electrophoresed for 20 min at 25 V
(0.90 V/cm) and 300 mA after which the buffer was neutralized with 0.4 M Tris (pH 7.5)
and dried overnight. Gels were re-hydrated for Smin in distilled water, and then stained for

15 min (37°C) with a solution containing the following sequence: 34 mL of Solution B
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(0.2% w/v ammonium nitrate, 0.2% w/v silver nitrate, 0.5% w/v tungstosilicic acid, 0.15%
v/v formaldehyde, 5% w/v sodium carbonate) and 66 mL of Solution A (5% sodium
carbonate). The staining was stopped with 1% acetic acid and the gels were air dried [26].
Images of 100 randomly selected cells (50 cells from each of two replicate slides) were
analyzed for the same person using bright-field optical microscopy. Two parameters were
evaluated: (1) damage index (DI), for which each cell was allocated 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., [20]). The values obtained for each volunteer could range from 0
(0x100) to 400 (4x100); and (2) 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 [25,27].

All the slides were scored blind.

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 whole blood to 5 ml PB-MAX™ karyotyping medium (Invitrogen, GIBCO).
The flasks were incubated at 37°C for 44 h before adding 5 pg/ml of cytochalasin B
(Sigma) and continuing incubation until the total time reached was 72 h, as described by
Fenech [28]. After incubation, 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 presence (MNed cells), which was assessed using bright-
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field optical microscopy at a magnification of x200-1000. All sides were coded for blind

analysis.

2.4. Plasma cholinesterase activity

The measurement of butyrylcholinesterase (BChE) activity was determined by
continuous assay using a kit produced by Wiener Laboratory®, which is based on the
Ellman et al. [29] method, and resulting absorbances were measured with a B442®
Micronal spectrophometer. The final concentrations (per liter) of reagents in the test were:
7.0 mmol of butyrylthiocholine iodide as the substrate, 50 mmol of phosphate buffer pH
7.7, and 0.25 mmol of 5.5-dithio-bis-(2)-nitrobenzoic acid. The procedure includes the
addition of plasma sample (10 uL) to 1.5 mL of reaction solution containing the above
reagents. The mixture was homogenized and the absorbance was measured at 405 nm,
taking readings at 30 s intervals for 2 min. The quality control for BChE was carried out

with commercial kit Standatrol S-E® Wiener.

2.5. Cotinine levels

The cotinine quantification in plasma samples was performed by HPLC-UV,
following the method of Cattaneo et al. [30] after modifications. For this analysis, all
individuals who smoked one or more cigarettes per day were excluded. The
chromatographic equipment consisted of a chromatography system Agilent, 1100 series,
and injector with loop of 20mL and UV-vis detector. The separation was achieved using a
reverse-phase ZorbaxEclipse column XDB-C8 (4.6mm_150mm) Agilent with Smm
particle size. The mobile phase was a mixture of Milli-Q water:methanol:sodium acetate

0.1M:acetonitrile (50:15:25:10,v/v), 1 mL of citric acid 0.034 mol/L and 5.0 mL of
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triethylamine for each liter of solution being added with pH 4.4, adjusted with acetic acid.
The flow rate of 0.5 mL/min was maintained isocratically, eluent absorbance was
monitored at 260nm and the total run time was 10min. As internal standard we used 2-
phenylimidazole. The detection limit of method was 0.18ng/mL. For sample preparation a
volume of 600uL of plasma was added to 25uL. of NaOH10 M and 25uL of internal
standard (1mg/mL). Then, the extraction was performed with 5.0mL of dicloromethane
was carried out by rotatory mixer for 40min and centrifuged at 3000g for 15min. The
organic phase was totally dried under compressed air at ambient temperature. Next, 100uL

of the mobile phase was added and 20uL was injected into the HPLC.

2.6. Statistical analysis

The normality of variables was evaluated by the Kolmogorov—Smirnov test. T-tests
were used to compare the demographic characteristics of study populations. The statistical
analyses of differences in DNA damage measured by Comet assay and MN measured by
MN test were carried out using the non-parametric Mann Whitney U-Test for independent
groups and non-parametric Wilcoxon Test for related samples. Spearman’s test was used to
analyze data correlations as appropriate. The critical level for rejection of the null
hypothesis was considered to be a P value of 5%, two-tailed. All analyses were performed

with the Prism 5.0 and SPSS/PC statistical software.
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3. Results

The main demographic characteristics of the tobacco farmers and non-exposed group
are presented in Table 1. Of the 60 individuals sampled, 30 reported working at different
jobs (non-exposed group) and 30 reported working in tobacco farmwork (exposed group).
Of these 30 non-exposed, 15 are males and 15 are females, and ranged in age from 21 to 69
years, with an average (+ standard deviation) of 40.17 £ 13.02. Of the 30 exposed, 17 are
males and 13 are females, and ranged in age from 23 to 57 years, with an average (+
standard deviation) of 42.10 + 10.15. No significant differences in average age were
detected between the groups (t-test). The mean exposure time for the exposed group was
29.23 + 12.83 years (time of experience in tobacco farming). No smoking in these groups.
The Comet assay and MN test parameters analyzed are presented in Table 2.

The results showed a significant increase in Damage index and frequency in all
different times in the tobacco crop, showing high values in the leaf harvest group
(P<0.001). DNA damage in males showed high values compared to females in every
exposed group, however significant results were observed only in off-season group
(P<0.05). MN frequency increased was observed in the off-season group compared to non-
exposed group (P<0.001).

The Damage classes in the exposed and non-exposed group are shown in Figure 1.
Class 0 and 1 were the main damage classes found.

The effect of age, exposure time and personal protective equipment (PPE) use on DNA
damage is shown in Figures 2a, 2b, 2¢, 2d and 3. No correlation was found between age
and exposure time in relation to DNA damage observed in the Comet assay nor in relation

Micronucleus test results (Spearman’s test). No difference was seen either among the
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group of farmers who said that they made complete or incomplete used of PPE (Mann
Whitney test).

Figures 4 and 5 show the distributions of serum cotinine and cholinesterase levels in
different groups, respectively. Increase in cotinine level was observed in leaf harvest
compared to non exposed, off-season and pesticide application moments (P<0.05).

Cholinesterase (BChe) mean level was similar in the farmer and non-exposed group.

4. Discussion

The damaging health and environmental impacts of tobacco begin long before a
cigarette is taken from a pack and lit. From the moment the tobacco seed is planted to the
time it is harvested and cured, the health of those who cultivate the crop is in constant
peril. Threats to health include the large amount of pesticides used on the tobacco crop as
well as illnesses related to handling raw tobacco leaves [2].

In Brazil, tobacco farming includes different moments during the crop, repeated
annually. According to Figure 6, the tobacco crops require most of the pesticide
applications 30 to 150 days/year, the tobacco leaf harvest occurs 80 to 100 days/year, and
then not much pesticide is used (leaf harvest), and during about the 100 days/year when
tobacco leaves are sold and manipulation and pesticide application to the tobacco leaf is
reduced (off- season). The farm workers included in this study said that they were exposed
to the same pesticides shown in this figure, some of which are classified as hazardous by
the World Health Organization, such as organophosphorate, carbamate, dithiocarbamate,
pyrethroid etc.

Beside these, tobacco farm workers are at risk of developing green tobacco sickness

(GTS), a disease caused by skin absorption of nicotine from wet tobacco leaves [7,10].
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Also, GTS has been linked to nicotine, and these symptoms have been attributed to acute
nicotine poisoning following skin contact with mature tobacco plants. In our previous
study with farm workers in Santa Cruz do Sul [31], during the exposure period, all these
individuals presented symptoms related to pesticides and GTS, such as headache,
abdominal pain, nausea, and vomiting.

Tobacco farmers during pesticides application were exposed to complexe mixtures and
significative higher values of DNA damage were found for the exposed group as compared
to the unexposed group. These results were consistent with others reports [32-35].
Pesticide sprayers are the most frequently exposed group of agricultural workers, with
positive findings obtained in 18 of 27 studies, presenting 1.12-7.67 higher exposure rates
than other workers [4]. Workers employed in pesticide production and farmers who use
pesticides have a higher risk of exposure and hence are more prone to the potential health
effects of pesticides [36,37].

Biomarkers routinely used to assess pesticide exposure provide information regarding
exposure at the time of sampling and are not likely to reflect exposures occurring even
several days prior [38]. BChE inhibition is considered the primary mechanism responsible
for the acute toxicity of organophosphate [38]. In our study, no significant difference in the
activity of serum cholinesterase between non-exposed and worker subjects was found.
Prior study of pesticide workers not identified an association between chronic exposure to
organophosphate and BChe inhibition [39].

Our investigation demonstrated that PPE did not influence the results obtained by
Comet assay and MN test, where no significant differences were shown between workers
who declared that they had used complete protective clothing and those who did not or

only used it incompletely. Controversial results are found in relation to PPE use and DNA
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damage reduction. The use of mask and gloves seems to protect the workers by reducing
the incidence of cytogenetic outcomes [40-42] and no difference in Comet assay and MN
test results was shown in the group of farmers who wore no or only one kind of PPE during
pesticide application [13,34]. In concordance with Da Silva et al. [34], during individual
questionnaire application many participants did not inform the use of PPE correctly, and
the extent of PPE use varied considerably. All the farmers knew the importance of using
protective equipment, but many of them did not use all the items, mainly the mask due to
difficulty in breathing.

The results showed a significant increase in Damage index and frequency in tobacco
farmers compared to the non-exposed group, for all different crop times (Comet assay),
with high values in the leaf harvest. The tobacco workers came into contact with green
tobacco leaves and tobacco plants during the various tobacco cultivation processes and
absorbed nicotine through the skin. In our study was observed that serum cotinine levels of
tobacco farmers in leaf harvest moment were significantly increased, suggesting the
absorption of nicotine from tobacco leaves.

The toxicity of nicotine depends on the amount of nicotine absorbed. There are a
number of studies describing the acute health effects of nicotine toxicity in tobacco
workers [9,43]. Genotoxic effects induced by tobacco leaves were investigated only in Mus
musculus, where positive results were found [44]. However, research has shown that
tobacco farmers are routinely exposed to complex mixtures of the compounds present in
tobacco leaves, including organic and inorganic pesticides.

In the tobacco leaf harvest, besides nicotine in leaves, possibly pesticide residues were
present. Moreover, some farm workers use pesticide during the leaf harvest, mainly

glyphosate.  Glyphosate-based = compounds are  broad-spectrum  nonselective
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organophosphate herbicides and the most extensively used worldwide [45]. Although the
acute toxicity of glyphosate was considered low [46], glyphosate-based commercial
formulations are generally more toxic than pure glyphosate [47] mainly due to the
interference of surfactants such as polyethoxylene amine [48]. Human and mammal studies
with pesticides, especially organophosphates, demonstrated that DNA damage and
oxidative stress are mechanistically linked [33,49].

In addition, when DNA damage class frequency was separated, single strand break
(classes 1 and 2) was more observed between damaged cells, and these can be more easily
repaired than Class 4. There is evidence that metal ions present in some pesticides may
interfere with distinct steps of different DNA repair systems and produce reactive oxygen
species, leading to DNA oxidative damage [50] and that some organophosphates induce
oxidative stress by ROS [51]. Nicotine has also been implicated in free radical generation
in rodent and human cells of various types, directly addressing the relationship between
ROS induction and the observed DNA damage [44,52,53].

Attenuation of the genotoxic effect in the off-season phase may not be seen in this
study, differently from what was observed by Zeljezic and Garaj-Vrhovac [32] where
workers who were later removed from the exposure zone presented a significant decrease
in the Comet assay values. At this time a mutagenic effect was also noted. The increased
genotoxic and mutagenic effect is probably due to exposure to pesticides and nicotine
accumulated at the end of the harvest. A study conducted in vineyards workers from Serbia
showed higher MN frequency compared to controls one month after the start of the
spraying period, with a further increase at the end of the season [54]. Significant increases
of MN associated with the duration of exposure were observed in the study carried out

with sprayers from central Italy [55]. Furthermore, in off-season, many farmers stop
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pesticide application and tobacco leaf manipulation because of the sale tobacco. Possibly
some continue to apply pesticides to other crops. Besides, work showed that tobacco-
specific nitrosamines are produced during curing of the tobacco leaf [56]. Hecht and
Hoffmann [57] affirm that these nitrosamines are an important group of carcinogens in
tobacco and tobacco smoke. Thus, tobacco farmers during separation of leaves process can
be suffering tobacco-specific nitrosamines exposure.

As regards exposure time, no correlation was found to DNA damage and MNed cells.
Our results were similar to Paiva et al. [35] where the levels of DNA strand breaks
obtained, stratified for exposure time, were not statistically different for individuals of the
rural communities, but differed significantly when compared to the control group. The
results obtained in this study also did not show age effect in the DNA damage, according
to others studies [13,34].

DNA damage in males showed high values compared to females in every exposed
group, however significant results were observed only in off-season group. In tobacco
farming the division of labor results in males having greater contact with the tobacco [5].
During the farming season, the average number of days spent by a person in South Brazil
on tobacco faming-related activities (pesticide application and leaf harvest) is about 210
days. Females use to spend significantly less time on tobacco faming related activities than
males, harvesting, priming, cropping and picking of the tobacco leaves. Males are involved
in every phase of the tobacco crop, mainly intensive pesticide application.

This investigation calling attention to the significant increase in DNA damage during
all different times in the tobacco crop, showing that the populations studied in this work
suffers occupational chronic exposure and need to be constantly protecting your health.

Finally, our findings indicate that tobacco farmers present DNA damage in blood cells,

54



suggesting a potential health risk. For farm workers who are already at risk for a number of
work-related health problems and who suffer from other morbidity and mortality risks at
rates higher than the general population, pesticide and nicotine exposure may add to this
burden of disease and contribute to long term health problems. This investigation suggests
that DNA damage increases at all tobacco crop stages, with special attention to the
significant increase in the tobacco leaf harvest and off-season group. GTS appears during
the tobacco harvest due to nicotine poising, therefore further study is necessary to identify
DNA damage and GTS correlation. Considering that tobacco is grown in more than 100
countries and 25 producers account for 90% of global production, more aggressive worker

protection regulations should be enacted.
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Table 1: Demographic characteristics of the study population with respect
to sex, age, smoking and years of exposure.

Parameters Non-exposed Exposed
Number of subjects 30 30
Males 15 17
Females 15 13

Age (mean+S.D.) 40.17 £ 13.02 42.10 £ 10.15
Years of exposure (mean+S.D) - 2923 +£12.83

S.D. = standard deviation
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Table 2: Mean values (meanzstandard deviation) obtained by the genotoxicity and mutagenicity

parameters analyzed.

Groups

Comet assay in 100 leukocytes
Damage index (n) = Damage frequency (n)

MN in 2000 binucleated
lymphocytes (n)

Non-exposed
Total
Female

Male

Exposed
Off-season
Total

Female

Male

Pesticide application
Total

Female

Male

Leaves harvest
Total

Female

Male

8.07 £7.47 (30) 497 +£4.76 (30)
7.87 £4.01 (15) 4.53 £3.87 (15)
827 +£7.79 (15) 540 £5.62 (15)

10.57 +7.83" (30)
7.77 £7.17 (13)
12.71 +7.84*(17)

14.53 + 13.98" (30)
10.23 £ 12.12 (13)
17.82 + 14.74* (17)

8.76 £ 6.15 (25)
6.67 +4.96 (12)
10.69 + 6.68 (13)

15.24 +12.78" (25)
10.75 £ 8.01 (12)
19.38 + 15.13 (13)

13.59 + 7.63> 7 (22)
13.22 £9.43 (9)
13.85 £ 6.50 (13)

17.59 £ 10237 (22)
16.44 +11.37 (9)
18.38 £9.76 (13)

6.19 £3.55 (29)
6.13 £3.66 (15)
5.15+4.16 (14)

9.54 +2.96%77 (28)
9.25 +2.93 (13)
9.92 +3.09°(15)

8.88 +5.30(17)
8.14 +2.79 (8)
10.25 +6.73 (9)

5.76 £3.11 (21)
5.17+3.04 (12)
6.50 +3.42 (9)

EEE3

Significant in relation to non-exposed group P< 0.05, P<0.01 and ~ P<0.001
* Significant in relation to female of the same group (P<0.05)

® Significant in relation to pesticide application group P<0.05

¢ Significant in relation to leaves harvest group P<0.01

n= number of individuals, Mann-Whitney U-test/ Wilcoxon test
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Vegetative cycle and mains agrochemicals used in greenhouse tobacco crop in Brazil
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Figure 6: Vegetative cycle and mains agrochemicals used in greenhouse tobacco crop in Brazil. * Specific product for the Float System;

**Only in high regions. Reference: Lima (2000) apud Almeida, GEG [58].
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Abstract

Tobacco is an important Brazilian cash crop and huge amounts of pesticides are
being used to control insect growth. Workers come into contact with green tobacco leaves
during the tobacco harvest, and absorb nicotine through the skin. Dermal absorption of
nicotine can cause a syndrome called Green Tobacco Sickness. Genomic instability, cell
death and frequency of basal cells by buccal micronucleus cytome assay (BMNcyt) as well
as enzyme (cholinesterase and nicotine) levels in the blood of tobacco farmers were
investigated. In order to verify the relationship between genetic susceptibility and
biomarker results, PONIGInl192Arg e CYP2A6*9(-48T>G) polymorphisms were
evaluated. Peripheral blood and buccal cell samples were collected from 106 agricultural
workers, at two different crop times (during pesticide application and leaf harvest), and 53
were non-exposed. Results show nuclear anomalies in the buccal cells in tobacco farmers
exposed to a mixture of the substances with genotoxic and cytotoxic potential. Difference
in BMNcyt assay results was found between two different times in the tobacco crop.
Effects of PONIGInl192Arg and CYP2A6%*9(-48T>G) genetic polymorphisms on the
modulation of DNA damage induced by pesticides and cell death were observed. An
increased cotinine level was observed in the leaf harvest compared to the non-exposed
group. The cholinesterase (BChe) level was similar among the farmers and in the non-
exposed group. No significant effect on BChe activity and cotinine level was observed in
the exposed group for different PONI and CYP2A6 genotypes, respectively. Thus,
effective intervention strategies addressing the specific needs of tobacco farmers in
different regions around the world must be developed, evaluated and further improved.
Key words: Buccal micronucleus cytome assay, tobacco farmers, pesticides, nicotine,

genetic polymorphism

69



1. Introduction

Tobacco plants require a very large amount of pesticides (insecticides, herbicides,
fungicides and plant growth regulators) to protect them from insects and disease. The
heavy and repeated use of pesticides takes a toll on tobacco farmers, many of whom are
unaware of the proper safety procedures necessary to handle these chemicals (NIOSH
1996). Organophosphorate and carbamate are the principal chemical class of pesticide used
by tobacco farmers. Many of these pesticides act as anticholinesterase (anti-Che) agents
(Ntow et al. 2009). Because of the specificity of this relationship, depression of
cholinesterase (Che) activity has been used as a biomarker of exposure to these classes of
pesticides in farmers (Shadnia et al. 2005; Hernandez et al. 2005; Khan et al. 2008; Khan
et al. 2010; Rohlman et al. 2011; Singh et al. 2011a), including tobacco farmers
(Panemangalore et al. 1999). In addition, these workers come into contact with green
tobacco leaves during the tobacco harvest, and in this way absorb nicotine through the
skin. Many studies have documented the increase of cotinine (a nicotine metabolite) in
tobacco workers (Onuki et al. 2003; Arcury et al. 2003; Parikh et al. 2005; Arcury et al.
2008). Studies have estimated that dermal absorption of nicotine results in the
characteristic green tobacco sickness (GTS), an occupational illness reported by tobacco
workers worldwide (Arcury et al. 2003; Arcury et al. 2008). Thus, agricultural workers
engaged in tobacco cultivation are constantly exposed to a large amount of pesticides as
well as to nicotine present in raw tobacco leaves. All these compounds can generate DNA
damage (Da Silva et al. 2010).

Biomonitoring studies using Micronucleus test in peripheral blood lymphocytes from
human populations exposed to pesticides show negative (Ramirez and Cuenca 2001; Pastor

et al. 2002; Pastor et al. 2003) and positive results (Costa et al. 2007; Ali et al. 2008; Da
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Silva et al. 2008), however, cell types that repair DNA damage less efficiently are likely to
show higher levels of residual damage than cells proficient in DNA repair (Singh et al.
1990). Buccal cells have been shown to have limited DNA repair capacity relative to
peripheral blood lymphocytes, and therefore may more accurately reflect genomic
instability events in epithelial tissues (Dhillon et al. 2004; Thomas et al. 2009)
Furthermore, the micronucleus (MN) assay with exfoliated buccal cells is cost effective
and non invasive method.

The individual response to environmental and occupational exposures may vary
according to various conditions such as the functioning of the particular gene combination,
the absorption and metabolism rate of genotoxic agents, cell death (apoptosis/necrosis)
(Iarmarcovai et al. 2008). Some studies have demonstrated the relationship between
genetic susceptibility and biomarkers in occupationally exposed populations (Hernandez et
al. 2005; Heuser et al. 2007; Da Silva et al. 2008; Rohr et al. 2011). Paraoxonase-1
(PON1) is the serum enzyme responsible for the metabolism of chemical compounds
belonging to the organophosphate class, and ‘‘unfavorable’” alleles could increase the body
load of reactive mutagenic agents in exposed individuals (Au et al. 1998; Au et al. 1999;
Bolognesi 2003; Da Silva et al. 2008; Singh et al. 2011b). Human cytochrome P450 2A6
(CYP2A6) constitutes the main P450 involved in the C-oxidation of nicotine to cotinine
(Messina et al. 1997) as well as in the further conversion of cotinine to different
metabolites (Nakajima et al. 1996), and large interindividual differences are seen in the
levels of this enzyme, to a great extent caused by the distribution of several different
polymorphic gene variants (Pitarque ef al. 2001).

Tobacco field workers are exposed to pesticides and plant-growth inhibitors that are

sprayed on the plants to prevent infestation and regulate shoot growth; nicotine exposure
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could be significant as this chemical is absorbed through the skin from wet tobacco leaves
(Ballard et al. 1995). Therefore, we investigated genomic instability, cell death and
frequency of basal cells by buccal micronucleus cytome assay as well as enzymes levels
(BChe and nicotine) in the blood of tobacco farmers who were exposed to a combination
of pesticides, growth regulator, and nicotine. In order to verify the relationships between
genetic susceptibility and buccal cytome and biochemical results in tobacco field workers,

PONI and CYP2A6*9 polymorphisms were evaluated.

2. Methods

2.1. Study population and sample collection

This study was approved by the Committee on Research Ethics of UFRGS, and
written informed consent was obtained from each individual before the research began.

Subjects from Venancio Aires and Santa Cruz do Sul (in the northeast region of the
state of Rio Grande do Sul, southern Brazil) were sampled from July (2008) to February
(2010). The study involved a total of 159 individuals, 53 non-exposed and 106 exposed.
Buccal cell samples were collected at two different times in the tobacco crop (at an interval
of about five months): pesticide application (a total of 102 individuals evaluated) and leaf
harvest (85 individuals). The buccal cells were also collected from a non-exposed group.
The non-exposed individuals were office employees living in the same region as the
exposed individuals.

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
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questions corcening 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, time exposed to pesticide, pesticide application duration, pesticide
type, protective measures adopted (PPE), etc. In all groups, individuals who smoked more
than twenty cigarettes per day for at least 1 year were considered smokers (Hoffmann et al.

2005).

2.2. Buccal micronucleus cytome assay (BMNCyt 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 Sml 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 8min and the sedimented buccal cells 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
slide and allowed to air-dry. The slides were stained with 2% Giemsa solution for 10min,
rinsed in distilled water and air-dried. For each individual, the frequency of the various cell
types in the assay are represented as the number of cells in a 2,000 as suggested by Thomas

et al. (2009).

2.3. Plasma cholinesterase activity

The measurement of butyrylcholinesterase (BChE) activity was determined by
continuous assay using a kit produced by Wiener Laboratory®, which is based on the
Ellman et al. (1961) method, and resulting absorbances were measured with a B442®

Micronal spectrophometer. The final concentrations (per liter) of reagents in the test were:
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7.0mmol of butyrylthiocholine iodide as the substrate, 50mmol of phosphate buffer pH 7.7,
and 0.25mmol of 5.5-dithio-bis-(2)-nitrobenzoic acid. The procedure includes the addition
of plasma sample (10uL) to 1.5mL of reaction solution containing the above reagents. The
mixture was homogenized and the absorbance was measured at 405nm, taking readings at
30s intervals for 2min. The quality control for BChE was carried out with commercial kit

Standatrol S-E® Wiener.

2.4. Cotinine levels

The cotinine quantification in plasma samples was performed by HPLC-UV,
following the method of Cattaneo et al. (2006) after modifications. For this analysis, all
individuals who smoked one or more cigarettes per day were excluded. The
chromatographic equipment consisted of a chromatography system Agilent, 1100 series,
and injector with loop of 20mL and UV-vis detector. The separation was achieved using a
reverse-phase ZorbaxEclipse column XDB-C8 (4.6mm_150mm) Agilent with Smm
particle size. The mobile phase was a mixture of Milli-Q water:methanol:sodium acetate
0.1M:acetonitrile (50:15:25:10,v/v), 1 mL of citric acid 0.034 mol/L and 5.0 mL of
triethylamine for each liter of solution being added with pH 4.4, adjusted with acetic acid.
The flow rate of 0.5 mL/min was maintained isocratically, eluent absorbance was
monitored at 260nm and the total run time was 10min. As internal standard we used 2-
phenylimidazole. The detection limit of method was 0.18ng/mL. For sample preparation a
volume of 600uL of plasma was added to 25uL. of NaOH10 M and 25uL of internal
standard (1mg/mL). Then, the extraction was performed with 5.0mL of dicloromethane

was carried out by rotatory mixer for 40min and centrifuged at 3000g for 15min. The

74



organic phase was totally dried under compressed air at ambient temperature. Next, 100uL

of the mobile phase was added and 20uL was injected into the HPLC.

2.5. Genotyping

2.5.1. PON1GIn192Arg Polymorphism

The PONIGInl192Arg polymorphism (location: 7q21.3) was genotyped by
PCR/RFLP, according to the description by Humbert ez al. (1993). An aliquot of the PCR
product was digested with Alwl, and the genotypes were resolved using an agarose gel

(3%) stained with ethidium bromide.

2.5.2. CYP2A6%*9 (-48T>G) Polymorphism
The CYP2A6*9 (-48T>@G) polymorphism was genotyped by allele-specific PCR two-
step using the method developed by Schoedel et al. (2004). The genotypes were resolved

using an agarose gel (3%) stained with ethidium bromide.

2.6. Statistical analysis

The normality of variables was evaluated by the Kolmogorov—Smirnov test. T-tests
were used to compare the demographic characteristics of study populations. The statistical
analysis of differences in BMNCyt assay results was carried out using the non-parametric
Mann Whitney (for independent samples) or Wilcoxon Test (for correlated samples). The
statistical analysis of differences in the nicotine and BChe levels was carried out using
paired (for correlated samples) and unpaired (for independent samples) t-test. Allelic
frequencies were estimated by gene counting. For comparisons among allelic and genotype

frequencies and agreement of genotypic frequencies with Hardy—Weinberg expectations
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the y* or Fisher’s exact test was employed, using the INSTAT software program. The
critical level for rejection of the null hypothesis was considered to be a P value of 5%, two-

tailed. All analyses were performed with the SPSS/PC statistical software.

3. Results

Of the 159 individuals sampled, 53 reported working at different jobs (non-exposed
group) and 106 reported working in tobacco farms (exposed group). Of these 53 non-
exposed, 19 are males and 34 are females, and ranged in age from 21 to 82 years, with an
average (+ standard deviation) of 41.93 £ 13.55. Of the 106 exposed, 62 are males and 44
are females, and ranged in age from 21 to 85 years, with an average (£ standard deviation)
of 42.33 + 13.88. No significant differences in average age were detected between the
groups (t-test). The mean exposure time for the exposed group was 30.34 + 15.35 years.
These results are illustrates in Table I. The BMNCyt assay was used to identify biomarkers
for DNA damage, cell death and basal cell frequency in buccal cells of non-exposed and
exposed group at two different times in the tobacco crop (at an interval of about five
months): pesticide application and leaf harvest (Table II).

Proliferative potential evaluation of epithelial cells revealed a higher frequency of
basal cells in individuals exposed (pesticide application - P<0.05 and leaf harvest - P<0.01
— Mann Whitney test) than in the non-exposed and in the leaf harvest group compared to
pesticide application (P<0.001 — Wilcoxon test). DNA damage was observed in basal cells,
exposed groups had a significantly elevated micronuclei frequency compared to non-
exposed group (P<0.01), where the moment of pesticide application shows a higher

micronucleus frequency than the moment of the leaf harvest.
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Comparing DNA damage and cytokinetic defects in differentiated cells, exposed
groups had a significantly elevated micronuclei frequency in comparison with the non-
exposed group (P<0.01) and in pesticide application compared to the leaf harvest group
(P<0.001). The frequency of nuclear buds and binucleated cells was significantly higher in
the exposed groups than in the non-exposed group (P<0.01 and P<0.05, respectively),
however higher binucleated frequency was observed in the leaf harvest group (P<0.001).

Cell death evaluation found a higher frequency of condensed chromatin cells in the
pesticide application group than in the leaf harvest group (P<0.001). The number of
pyknotic cells in leaf harvest group was elevated compared to pesticide application and
non-exposed groups (P<0.001 and P<0.01, respectively). Karyorrhectic cell frequency was
higher in the exposed groups than in the non-exposed group (P<0.001) and in the leaf
harvest group compared to pesticide application group (P<0.001). The number of karyolitic
cells was higher in the exposed groups than in the non-exposed group (P<0.01) and in
pesticide application compared to the leaf harvest group (P<0.001). No statistically
significant difference was found between genders and between smokers and non-smokers
and no correlation was found with age for the BMNCyt assay results (data not show).

The genotype and allelic frequencies of the genes studied for the non-exposed and
exposed groups are shown in Table III, indicating no deviation from Hardy—Weinberg
expectations (Chi-square test). The variant allele frequencies (Table III, in bold) did not
differ statistically between the two groups for polymorphisms studied. The frequency of
genotypes detected in our study are similar to those previously described by Da Silva et al.
(2008) for the PON1GIn192Arg polymorphism and by Vasconcelos et al. (2005) for the

and CYP2A6*9(-48T>G) polymorphism.
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Table IV demonstrates the effect of individual genotypes on different results of the
BMNCyt assay evaluated in the exposed and non-exposed groups. In pesticide application
group PON GlIn/Gln individuals show increased basal micronucleated cells as compared to
PON Arg/- individuals (P<0.05, Mann—Whitney test). The polymorphism for the CYP2A6
gene influenced karyolytic cells in the leaf harvest group, where CYP2A6*9/- individuals
shown an increase as compared to CYP2A6*1/*1 (P<0.05; Mann—Whitney test).

Figures 1 and 2 shows the distributions of serum cotinine and BChe levels in non-
exposed and exposed groups, respectively. Increase in cotinine level was observed in leaf
harvest compared to non-exposed group (P<0.05). The mean level of BChe was similar in
the farmer and non-exposed group. No significant effect on the BChe activity and cotinine
level was observed in the exposed group with reference to different PONI and CYP2A6

genotypes, respectively (Figure 3a e 3b).

4. Discussion

This study was based on differences in the cellular and nuclear morphology utilized
to identify the potential biomarkers associated with DNA damage, chromosomal
instability, cell death and regenerative potential in tobacco farmers exposed to pesticide
and nicotine (during harvest time) compared to non-exposed individuals.

Since DNA damage and cell death are considered the prime mechanisms during
chemical carcinogenesis, data may be relevant to risk assessment on protecting human
health and preventing carcinogenesis (Diler and Celik 2011). Results obtained from buccal
cells showed statistically significant increases in micronuclei, nuclear buds, binucleated
cells amongst exposed subjects in differentiated cells and in micronuclei in basal cells.

Micronuclei are formed mainly from chromatids or chromosome fragments, which remain
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excluded from the main cell nucleus (Holland et al. 2008), indicating an increased risk of
cancer (He et al. 2000). Other authors have found an increased micronuclei frequency in
pesticide-exposed populations (Ergene et al. 2007; Bortoli et al. 2009).

Buccal cells are in constant contact with the environment, which suggests that oral
epithelium is an important target site for inhaled toxicants; therefore, it is reasonable to
expect that they would exhibit higher evidence of genotoxicity in pesticide application
(higher micronucleus frequency in differentiated and basal cells) compared to the leaf
harvest group, due to the use of sprayed pesticide. The presence of nuclear bud cells was
more frequent in the exposed group. 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). 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 following the last nuclear division. As shown in a study
involving the BMNcyt assay in 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. Alteration in the
number of chromosomes, defined as aneuploidy, stands out as a consistent marker of
malignancy (Sanchez-Siles et al. 2011). In a few in vivo studies measuring chromosomal
alterations, nicotine has been reported to interfere with chromosome disjunction
(Racowsky et al. 1989) and to induce aneuploidy and polyploidy in mouse bone-marrow
cells (Bishun et al. 1972). Therefore, possibly the leaf harvest group showed binucleated
cell frequency increased in relation to the pesticide application group.

Tolbert et al. (1991) suggest that apoptosis acts as a surveillance mechanism,

eliminating the buccal cells with genetic damage. Thus, apoptosis in excess of normal
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levels may serve as an indicator of genotoxic insult. Condensed chromatin, karyorrhexis,
pyknotic and karyolytic cells are cell death biomarkers (Thomas et al. 2009). These
anomalies are intrinsic to the squamous epithelium, in particular because of the chronic
effect of the masticatory process on the oral mucosa and the constant action of mutagenic
agents increases the rate of cell deaths, as indicated by the significant elevation of this
anomaly (Ramirez and Saldanha 2002). Karyolytic is associated with cytotoxicity, which is
also evident in necrotic cells and, karyorrhetic accompany apoptosis (Ramirez and
Saldanha 2002), a process under genetic control. The increase in pyknotic and karyorrhetic
cells, indicating cell death, was significantly higher in the leaf harvest compared to the
pesticide application group. The cytotoxic activities of nicotine on various cell lines were
reported by many authors. Nicotine induces apoptosis through the ROS generation in
human gingival fibroblasts (Kang et al. 2011). And nicotine at high doses and after
prolonged time intervals was cytotoxic for mouse bone marrow (Attia 2007). Possibly
micronucleated cells have decreased in the leaf harvest group due to increased apoptotic
cell death.

The proportion of basal cells and cells undergoing cell death in buccal cells is an
indication of the regenerative capacity of this tissue (Thomas er al. 2009). In this study,
exposed group shown higher values of the condensed chromatin, karyorrhetic, pyknotic
and karyolytic cells, indicative of the cell death and an increase of the basal cells compared
to the non-exposed group. In the leaf harvest group, potential proliferation was higher
compared to the pesticide application group due to the increase of the cell death and basal
cell. It has been postulated that repeated exposure to cytotoxicants can result in chronic cell

injury, compensatory cell proliferation, hyperplasia, and ultimately tumor development
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(Swenberg 1993). In fact, it is assumed that there is a correlation between cell proliferation
and cancer induction (Mally and Chipman 2002).

Interindividual differences in the ability to activate or detoxify genotoxic substances
could explain differential susceptibility to pesticides exposure (Bolognesi et al. 2011). A
significant increase in MN frequency in basal cells was observed in the PONI Gin/Gln
genotype in the pesticide application group. It was reported that enzymes from the PONI
genes are responsible for pesticide metabolism, suggesting that the ‘unfavorable’ alleles
could have increased the body load of reactive genotoxic agents in the exposed subjects
(Bolognesi 2003; Da Silva et al. 2008). Paraoxon hydrolysis is catalyzed by serum
paraoxonase (PONT1) / arylesterase, an enzyme associated with the lipoprotein fraction of
serum. A 10-40 fold difference in serum PON1 activity was observed between individuals,
which are genetically determined by polymorphism. It has been suggested that individuals
with low enzyme levels may be more susceptible to the toxic effects of organophosphates
(Bolognesi 2003). This was observed in our study, where the exposed GIn/Gln homozygote
individuals presented higher genotoxic effects caused by these pesticides, as detected by
their higher MN frequency in basal cells. Da Silva et al. (2008), using a group of farmers
from Caxias do Sul exposed to organophosphates, showed that mean MN frequency was
significantly higher in GIn/GIn homozygote farmers than other genotypes. In Alves et al.
(in prep), exposed GIn/Gln homozygote individuals presented higher genotoxic effects
caused by pesticides in tobacco crop, as detected by their higher MN frequency in buccal
cells. DNA damage, assessed by Comet assay, was observed to be significantly higher in
individuals exposed to organophosphate pesticides who showed least paraoxonase activity

1.e., those with the GIn/GiIn genotype (Singh et al. 2011b).
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The polymorphism for the CYP2A6 gene influenced only karyolitic cells in the leaf
harvest group, where CYP2A6*9/- individuals showed an increase as compared to
CYP2A6*1/*1. Kiyotani et al. (2003) suggest that the -48T to G nucleotide substitution in
the promoter region of the CYP2A6 gene decreases the expression of mRNA. The
transcriptional significance of the CYP2A6*9 polymorphism, suggests that in vivo levels of
CYP2AG6 protein are decreased in subjects carrying this allele (Pitarque et al. 2001), the
enzymatic activity being about 50% of that of the wildtype. Individuals carrying inactive or
reduced-activity CYP2A6 phenotypes have been reported as being at a lower risk for
tobacco-related cancer although conflicting results have also been observed (Vasconcelos
et al. 2005). CYP2A6*9/- individuals with reduced enzymatic activity may have a higher
likelihood of exhibiting a cytotoxicity effect, probably because of higher plasma
concentration caused by the poor capacity of nicotine metabolism.

Measurement of serum BChe activity and the cotinine level was used as an exposure
biomarker of pesticide and nicotine, respectively.

Che is an important enzyme for the nervous system and is responsible for
acetylcholine degradation. If acetylcholine remains in the neural synapses, it can disrupt
the normal functioning of the nervous system. Organophosphates can disrupt Che activity
and result in the accumulation of acetylcholine in synapses (Ali et al. 2008). Previous
studies show a significantly reduced association between exposure to organophosphates
and Che in exposed populations (Panemangalore ef al. 1999; Hernandez et al. 2005; Ali et
al. 2008; Khan et al. 2008; Remor et al. 2009). In our study, it must be noted that the
farmers did not show any clinical signs of intoxication. No significant difference in the
activity of serum BChe between non-exposed and worker subjects was found, remaining

within the normal range in the groups. Similarly to our results, Shadnia et al. (2005) did
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not identify an association between chronic exposure to organophosphate and Che
inhibition. No correlation in Che activity was observed in relation to PONI genotypes.
Although the GIn/Gin homozygote presents decreased levels compared to Gln/Arg or
GIn/Gln individuals, this difference was not significant. Workers occupationally exposed
to organophosphate pesticides did not show a correlation between the PONI and Che level
(Singh et al. 2011b) and neither did the tobacco farmers assessed (Sozmen et al. 2007).

Dermal exposure to nicotine is increases during the leaf tobacco harvest (Arcury et
al. 2003). Cotinine is the main metabolite of nicotine and is used as a biomarkers of the
exposure. In this study, we observed that among non-smokers, serum cotinine levels of
tobacco farmers in leaf harvest moment were significantly increased, suggesting the
absorption of nicotine from tobacco leaves. Studies have estimated that dermal absorption
of nicotine results in higher cotinine level in tobacco farmers (Quandt et al. 2000; Arcury
et al. 2003; Onuki et al. 2003; Oliveira et al. 2010). CYP2A6*9 is associated with lower
nicotine clearance (Benowitz et al. 2006). A lower urinary cotinine level is reported in
individuals carrying an inactive CYP2A6 allele (Oscarson 2001). Although the tobacco
farmers with CYP2A6*9/- genotypes present a lower value than CYP2A6*1/*1 in the leaf
harvest group, no significant correlation between cotinine level and CYP2A6*9 genotypes
is observed.

Results of the present study show nuclear anomalies in the buccal mucosa cells in
tobacco farmers exposed a mixture of substances with genotoxic and cytotoxic potential,
both during pesticide application and leaf harvest. A slight difference concerning the
mutagenicity effect in the BMNcyt assay was found among two different times in the
tobacco crop: pesticide application and leaf harvest where, during pesticide application a

higher micronucleus values were observed. In addition, some effects of PONI and
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CYP2A6*9 genetic polymorphisms on the modulation of DNA damage induced by
pesticides and cell death were observed. Genotoxic evaluation using this test is useful and
necessary to ensure good occupational conditions and the health of workers. By assessing
genotoxic modifications in individuals at risk, those who have a chance of developing

diseases such as cancer may be identified and greater care may be recommended.
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Table I: Evaluation of genetic damage in tobacco farmers: main demographic
characteristics of the studied subjects

Non-exposed group Exposed group
N° of subjects 53 106
Age (years) [mean£S.D] 41.93 +13.55 42.33 +13.88
Exposure time (years) [mean+S.D] - 30.34 £ 15.35
Gender 19 males, 34 females 62 males, 44 females
Smokers® (%) 3 (5.55) 7 (6.61)
Non-smokers (%) 50 (94.45) 99 (93.39)

S.D.= standard deviation; “smoking 20 or more cigarettes per day (Hoffmann er al., 2005).
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Table II: Buccal micronucleus cytome assay results for cells collected from non-exposed and
exposed groups [mean+S.D]

Groups (n) Non-exposed (53) Pesticide application (102) Leaf harvest (85)
Basal Cell Layer
Basal 9.93 +9.17 11.70 + 3.96 19.73 + 7.20"¢
Basal micronucleated 0.00 % 0.00 1.77 +1.80"¢ 0.49 +0.69"
Differentiated Cell Layer
Micronuclei 0.72 £0.92 9.74 + 4.60™ 3.83+1.91°
Nuclear buds 0.57 +0.88 7.64 +547° 7.21 +3.56°
Binucleated 7.43 +5.32 10.01 + 5.50° 13.94 + 6.01>¢
Condensed chromatin 12.11 £9.28 13.16 + 5.19¢ 8.42 +3.95
Karyorrhectic 13.78 + 8.41 10.71 + 5.89° 16.64 +7.79°
Pyknotic 3.28 +3.27 2.38 +£2.04 13.49 + 7.79>¢
Karyolytic 743 +4.77 27.98 +9.49™¢ 20.70 +8.51"

Significant in relation to non-exposed group “P<0.05, "P<0.01 and “P<0.001 (Mann Whitney Test). Significant in
relation to leaf harvest “P<0.001 and to pesticide application group *P<0.001 (Wilcoxon Test). n= number of
individuals.
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Table III: PONI GInl92Arg and CYP2A6*9 (-48T>G) genotype distribution
and variant alleles frequencies in non-exposed and exposed groups

Genotypes Non-exposed Exposed p’
PONI GIn192Arg
GIn/Gln 32 (59.26) 47 (41.59) 0.11
Gln/Arg 16 (29.63) 48 (42.48)
Arg/Arg 6 (11.11) 18 (15.93)
PONI 192Arg 259 37.2
CYP2A6%*9 (-48T>G)
*1/*1 40 (88.89) 78 (86.67) 0.93
*1/*9 S(11.11) 11 (12.22)
*9/*9 0(0.0) 1(1.11)
CYP2A6%*9 5.6 7.2

*P-value calculated using Fisher's exact test comparing genotype and allelic frequencies
between non-exposed and exposed groups.
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Table IV: Effect of the PONI GInl92Arg and CYP2A6*9 (-48T>G) genotypes on the buccal
micronucleus cytome assay results in non-exposed and exposed groups [mean+S.D]

Genotype

Non-exposed

Pesticide application

Leaf harvest

Basal Cell Layer

Basal

PON GIn/GIn

PON Gin/Arg or Arg/Arg
CYP2A6 *1/*1

CYP2A6 *9/*1 or *9/*9

9.17 £ 8.64 (n=30)

11.35 + 9.85 (n=23)
10.19 + 9.54 (n=40)

7.60 + 8.65 (n=>5)

11.81 +3.35 (n=36)

11.63 + 4.33 (n=56)
11.64 + 4.25 (n=74)

12.73 +1.49 (n=11)

19.29 + 6.75 (n=35)

20.04 + 7.55 (n=49)
19.55 + 7.39 (n=65)

21.18 £6.21 (n=11)

Micronuclei

PON Gin/GiIn

PON Gin/Arg or Arg/Arg
CYP2A6 *1/*1

CYP2A6 *9/*1 or *9/*9

0.00 + 0.00 (n=30)

0.00 + 0.00 (n=23)
0.00 + 0.00 (n=40)

0.00 + 0.00 (n=>5)

2.17 + 1.83% (n=36)

1.52 £ 1.75 (n=56)
1.89 + 1.88 (n=74)

1.18 +1.17 (n=11)

0.54 + 0.70 (n=35)

0.45 + 0.68 (n=49)
0.52 +0.71 (n=65)

0.45 +0.69 (n=11)

Differentiated Cell Layer

Micronuclei

PON Gin/Gin

PON Gin/Arg or Arg/Arg
CYP2A6 *1/*1

CYP2A6 *9/*1 or *9/*9

0.83 + 1.08 (n=30)
0.52 +0.59 (n=23)
0.76 + 0.98 (n=40)
0.60 + 0.55 (n=>5)

9.00 + 4.03 (n=36)
10.21 +4.90 (n=56)
9.72 + 4.67 (n=74)
9.45 +4.76 (n=11)

4.06 + 1.63 (n=35)
3.67 £ 2.09 (n=49)
3.83 + 1.99 (n=65)
3.91+1.64 (n=11)

Nuclear
buds

PON GIn/GIn

PON Gin/Arg or Arg/Arg
CYP2A6 *1/*1
CYP2A6 *9/*1 or *9/*9

0.57 +0.94 (n=30)

0.61 +0.84 (n=23)
0.62 +0.94 (n=40)
0.40 + 0.89 (n=>5)

6.53 + 5.33 (n=36)

8.36 + 5.48 (n=56)
7.88 +5.24 (n=74)
8.09 + 7.67 (n=11)

6.97 +2.96 (n=35)

7.39 £ 3.96 (n=49)
7.00 + 3.44 (n=65)
7.00 +4.19 (n=11)

Binucleated

PON Gin/Gin
PON Gin/Arg or Arg/Arg

CYP2A6 *1/*1
CYP2A6 *9/*1 or *9/*9

7.17 + 4.60 (n=30)
7.96 + 6.24 (n=23)

7.86 + 5.44 (n=40)
5.20 + 3.56 (n=>5)

8.89 + 5.02 (n=36)
10.73 + 5.72 (n=56)

10.14 + 5.54 (n=74)
9.64 +4.98 (n=11)

14.57 + 6.22 (n=35)
13.49 + 5.87 (n=49)

13.42 + 5.76 (n=65)
16.09 + 6.56 (n=11)

Condensed
chromatin

PON Gin/Gin

PON Gin/Arg or Arg/Arg
CYP2A6 *1/*1

CYP2A6 *9/*1 or *9/*9

13.47 £ 10.31 (n=30)

10.78 + 7.64 (n=23)

12.45 + 9.58 (n=40)
8.00 + 4.85 (n=>5)

14.00 + 4.88 (n=36)
12.63 + 5.36 (n=56)
13.08 + 5.24 (n=74)
13.36 + 5.41 (n=11)

8.06 + 3.65 (n=35)
8.67 + 4.18 (n=49)
8.03 + 3.44 (n=65)
9.09 +3.70 (n=11)

Karyorrhectic

PON GIn/Gin
PON Gin/Arg or Arg/Arg

CYP2A6 *1/*1
CYP2A6 *9/*1 or *9/*9

14.10 £ 8.99 (n=30)
13.39 + 7.98 (n=23)

13.88 +9.00 (n=40)
9.60 + 2.70 (n=>5)

10.44 + 5.22 (n=36)
10.88 + 6.32 (n=56)

11.08 +5.93 (n=74)
10.09 +6.41 (n=11)

16.94 + 9.05 (n=35)
16.43 + 6.85 (n=49)

16.23 + 7.68 (n=65)
19.64 +8.18 (n=11)

Pyknotic

PON Gin/Gin

PON Gin/Arg or Arg/Arg
CYP2A6 *1/*1

CYP2A6 *9/*1 or *9/*9

2.53 + 2.58 (n=30)
4.30 + 3.88 (n=23)
3.50 + 3.47 (n=40)
1.60 + 2.51 (n=5)

2.33 + 1.41 (n=36)
2.41 + 2.40 (n=56)
2.45 +2.13 (n=74)
2.55 +1.86 (n=11)

14.06 * 8.23 (n=35)
13.08 + 7.52 (n=49)
12.72 + 7.55 (n=65)
18.09 + 9.67 (n=11)

Karyolytic

PON Gin/Gin

PON Gin/Arg or Arg/Arg
CYP2A6 *1/*1

CYP2A6 *9/*1 or *9/*9

6.97 + 3.64 (n=30)
8.13 + 6.01 (n=23)
7.50 + 4.71 (n=40)
5.40 + 4.34 (n=>5)

25.78 + 6.88 (n=36)
29.39 + 10.67 (n=56)
27.76 +8.59 (n=74)
30.64 + 15.86 (n=11)

19.91 + 8.55 (n=35)
21.27 +8.53 (n=49)
19.72 + 8.03 (n=65)
26.27 +8.87° (n=11)

Significantly different in relation to the variant (heterozygous and homozygous) genotypes from the same group “P<0.05 (Mann-
Whitney Test). n, Number of individuals evaluated.
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Figure 1: Concentrations of cotinine (ng/ml) in the serum
blood samples of tobacco farmers and non-exposed
individuals (*Significant in relation to non-exposed group-
P<0.05, Mann Whitney test/Wilcoxon test).
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Figure 2: Concentrations of cholinesterase (UL™") in the
serum blood samples of tobacco farmers and non-exposed
individuals (Paired and unpaired t-test).
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Figure 3: Effect of the PONI GInl192Arg and CYP2A6*9 (-48T>G) genotypes on
the level of A) cholinesterase and B) cotinine biomarkers in the exposed group
(pesticide application and leaf harvest groups, respectively). Unpaired t-test.
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Abstract

Tobacco is an important cash crop in Brazil. Tobacco farming presents several
hazards to those who cultivate and harvest the plant, because of the contact with pesticides
and with green tobacco leaves, with the absorption of nicotine through the skin. The
genotoxic and mutagenic effects as well as chromosomal instability in tobacco farmers
were investigated. In order to verify the relationship between genetic susceptibility and
biomarkers GSTT1, GSTM1, GSTP1, CYP2A6, PON, OGGI, RAD51, XRCCI and XRCC4
genes polymorphism were evaluated. Oxidative stress markers and trace elements content
were determined. Peripheral blood cells samples were collected from 111 agricultural
workers at two different crop times (during pesticides application and leaf harvest), and 56
non-exposed subjects. Results show that tobacco farmers are exposed to mixture of
substances with genotoxic and cytotoxic potential. Difference in the results was found
among two different times in the exposed group. From the nine markers of individual
susceptibility studied in this paper, only GSTM null and CYP2A6*9, showed significant
associations with Cytokinesis-blocked micronuclei assay results in farmers’ cells. In
pesticide application an increase in trace elements content (chromium, magnesium,
aluminum, chloride, zinc and potassium) was observed, compared to non-exposed and leaf
harvest group. The results also indicated that chronic exposure to pesticides, synthetic and
natural, can influence antioxidant enzymes activity Thus, developing countries should use
such data to establish safety occupational intervention during the use of pesticides and also

during tobacco leaf harvest.

Key words: Comet assay, Micronucleus test, tobacco farmers, pesticides, nicotine, genetic

polymorphism

97



1. Introduction

Genotoxic potential is a primary risk factor for long-term effects, such as
carcinogenic and reproductive toxicology and degenerative diseases (Bolognesi et al.,
2011). Biomonitoring studies focusing on genomic modifications have been carried out in
populations exposed to pesticides in different countries to elucidate the risk associated to
the exposure to specific compounds or classes of compounds or to specific cultivation
practices (Bolognesi, 2003; Bull et al., 2006).

Tobacco is an agricultural product of economic importance in Brazil, characterized
by intensive use of pesticides. Pesticides are commonly used to increase crop yield, but
their health impact has not been studied yet. Dithiocarbamate fungicide, dinitroaniline
herbicide, pyrethroid insecticide, organophosphorus insecticides, copper pesticide are some
agrochemicals used in tobacco plantations (Kimura et al., 2005; Kiaune and
Singhasemanon, 2011; Alves et al., in prep). Tobacco farming presents several hazards to
those who cultivate and harvest the plant. Although some of these hazards, such as
pesticide exposure and musculoskeletal trauma (Pugh et al., 2000), are faced by workers in
other types of agricultural production, tobacco production presents some unique hazards,
most notably acute nicotine poisoning, a condition also known as green tobacco sickness
(GTS) (Quandt et al., 2000; Arcury et al., 2003; Onuki et al., 2003).

GTS is an occupational poisoning that can affect workers who cultivate and harvest
tobacco. It occurs when workers absorb nicotine through the skin as they come into contact
with leaves of the mature tobacco plant. GTS is characterized largely by nausea, vomiting,
headache, muscle weakness, and dizziness (Arcury et al., 2003; Onuki et al., 2003).
Studies on pesticide users revealed that organophosphorus and dithiocarbamate affected

peripheral nerve conduction and postural balance. Subjective symptoms related to GTS
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were also observed, indicating the effects of nicotine absorbed from wet tobacco leaves
(Yokoyama, 2007).

The general pattern in pesticide exposure is the simultaneous use of complex
mixtures of chemical compounds, which makes it difficult to determine the possible
synergic/antagonist effects among them (Bolognesi et al., 2011). In this context, the the
cytokinesis-block micronucleus micronucleus assay, developed in 1985 (Fenech and
Morley, 1985) as an easy alternative to the chromosome aberration test, opened the
possibility to deepen the knowledge about the genotoxic risk associated to pesticide
exposure (Bolognesi et al., 2011) (including nicotine as natural pesticide) as well as the
Comet assay. In addition, the complex interaction of host defense mechanisms involved
after genotoxic exposure still needs to be understood: interindividual differences in the
ability to activate or detoxify genotoxic substances and to repair DNA damage could
explain differential susceptibility to pesticides exposure (Bolognesi ef al., 2011).

Therefore, biomarkers of early biological effects and biomarkers of exposure were
evaluated in this study: the genotoxicity and the mutagenicity in tobacco farmers were
investigated by Comet assay and Micronucleus test, respectively; the superoxide dismutase
(SOD) and catalase (CAT) activities and the level of TBARS were analyzed in farmers, to
detect possible effects of these chemicals; the total blood chemical elements levels were
also assessed. In order to evaluate if genetically determined individual variations in
xenobiotic metabolizing and repair DNA damage capacity could modify individual
susceptibility to the possible genotoxic effects of pesticides and nicotine, the subjects were

genotyped for several genes.
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2. Material and Methods
2.1. Subjects

The sample was composed of 167 individuals, 56 non-exposed and 111 exposed.
Subjects from Venancio Aires and Santa Cruz do Sul (in northeastern state of Rio Grande
do Sul, southern Brazil) were sampled from July (2008) to February (2010). Blood cells
samples were collected during two different times in the tobacco season (at a five-month
interval): pesticide application (102 individuals) and leaf harvest (85 individuals). Samples
were also collected from a non-exposed group. The non-exposed individuals were office
employees living in the same region as the exposed individuals.

All procedures adopted in this study were approved by the Committee on Research
Ethics of UFRGS, and written informed consent was obtained from each individual before
the start of the research. 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 related to 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, time exposed to pesticide,
pesticide application duration, pesticide type, protective measures adopted (PPE), etc. In
all groups, individuals who smoked more than twenty cigarettes per day for at least 1 year

were considered smokers (Hoffmann et al., 2005).
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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 ul
of 0.75% low-melting point agarose, which was immediately added to the surface of a pre-
coated (1.5% agarose) microscope slide. When agarose had solidified, the 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
(DMSO) for a minimum of 1 h and a maximum of 2 weeks. After treatment with lysis
buffer, the slides were incubated in freshly made alkaline buffer (300 mM NaOH and 1
mM EDTA; pH > 13) for 20 min and the DNA was electrophoresed for 20 min at 25 V
(0.90 V/cm) and 300 mA after which the buffer was neutralized with 0.4 M Tris (pH 7.5)
and dried overnight. Gels were re-hydrated for 5 min in distilled water, and then stained for
15 min (37°C) with a solution containing the following sequence: 34 mL of Solution B
(0.2% w/v ammonium nitrate, 0.2% w/v silver nitrate, 0.5% w/v tungstosilicic acid, 0.15%
v/v formaldehyde, 5% w/v sodium carbonate) and 66 mL of Solution A (5% sodium
carbonate). The staining was stopped with 1% acetic acid and the gels were air dried
(Nadin et al., 2001).

Images of 100 randomly selected cells (50 cells from each of two replicate slides)
were analyzed by the same person using bright-field optical microscopy. Two parameters
were evaluated: (1) damage index (DI), for which each cell was allocated 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)). The values obtained for each volunteer could range
from 0 (0x100) to 400 (4x100); and (2) damage frequency (DF), calculated as the

percentage of damaged cells. International guidelines and recommendations for the Comet
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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). All the slides were scored blind.

2.3. MIN test: cytokinesis-blocked human lymphocyte MN

For each blood sample, duplicate lymphocyte cultures were set up in culture flasks
by adding 0.3 ml whole blood to 5 ml PB-MAX™ karyotyping medium (Invitrogen,
GIBCO). The flasks were incubated at 37 °C for 44 h before adding Sug/ml of cytochalasin
B (Sigma) and continuing incubation until the total time reached was 72 h, as described by
Fenech (1993). After incubation, 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 micronuclei (MN), nucleoplasmic bridge (NPB) and nuclear bud
(NBUD) presence, which was assessed using bright-field optical microscopy at a

magnification of x200-1000. All sides were coded for blind analysis.

2.4. Oxidative stress parameters
2.4.1. Thiobarbituric acid reactive substances (TBARS)
TBARS concentration (Wills, 1966) was measured spectrophotometrically and

-1
results were expressed as nmolmL ™.
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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 mmolL™" adrenaline
(pH 2.0) and 50 mmolL’ 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 in 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 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 umol of H,O, per min at pH 7.4 and 30°C.

2.4.4. Total protein
The total protein levels were analyzed by Biureto methods (Kit Proteinas Totais —

Labtest Diagnostica S. A., Brazil), for spectrophotometrical determination in 545 nm.

2.5. Hematocrit Analysis

The determination of erythroid cell volume, expressed in percentage, was carried out

according to the microhematocrit method (ICSH, 1980).
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2.6. Trace elements analysis by PIXE

The trace elements content in total blood of the tobacco farmers and non-exposed
group was analyzed. Briefly, dried blood 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 about 10-5 mbar. The
experiments were carried out at the Ion 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 about 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 in part

per million (ppm) (Campbell et al., 2000).

2.7. Genotyping
2.7.1. GST genes: GSTM1, GSTTI and GSTPI

GSTM1, GSTTI and GSTPI genes were genotyped by a multiplex PCR method,
according to a previously published description (Da Silva et al., 2008). An aliquot of the
amplification product was submitted to horizontal agarose gel (3%) electrophoresis stained
with ethidium bromide to verify the presence or the absence of GSTM and GSTT fragments
and the GSTPI product was used as control for this reaction. A second aliquot of the
amplified GSTPI product was digested with Bsmal, the genotypes were resolved using a

8% acrilamide gel stained with silver nitrate.
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2.7.2. CYP2A6%*9 (-48T>G) Polymorphism
The CYP2A6*9 (-48T>G) polymorphism was genotyped by allele-specific PCR
using the method developed by Schoedel et al. (2004). The genotypes were resolved using

an agarose gel (3%) stained with ethidium bromide.

2.7.3. PON1GIn192Arg Polymorphism

The PONIGInI92Arg polymorphism (location: 7q21.3) was genotyped by
PCR/RFLP, according to the description published by Humbert et al. (1993). An aliquot of
the PCR product was digested with Alwl, and the genotypes were resolved using an

agarose gel (3%) stained with ethidium bromide.

2.7.4. 0GG1Ser326Cys Polymorphism

The OGG Ser326Cys polymorphism (location: 3p26.2) was genotyped using the
primers and the PCR conditions indicated by De Ruyck et al. (2005). An aliquot of the
PCR product was digested with Alw I, and the genotypes were resolved using a 3% agarose

gel stained with ethidium bromide.

2.7.5. XRCC1Arg194Trp Polymorphism

The XRCCIArgl94Trp polymorphism (location: 19q13.2) was genotyped by
PCR/RFLP according to Lunn et al. (1999). The XRCC1194Arg and XRCCI 194Trp
alleles were detected after digestion with Pvull enzyme, and the genotypes were resolved

using a 3% agarose gel stained with ethidium bromide.
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2.7.6. RAD51G135C Polymorphism

The RAD51G135C polymorphism was genotyped using the primers and the PCR
conditions indicated by Wang et al. (2001). An aliquot of the PCR product was digested
with BsrDI, and the genotypes were resolved using a 3% agarose gel stained with ethidium

bromide.

2.7.7. XRCC4Ile 401Thr Polymorphism

The XRCC4*Ile 401Thr polymorphism was genotyped using the primers and the
PCR conditions indicated by Relton et al. (2004). An aliquot of the PCR product was
digested with BstNI, and the genotypes were resolved using a 3% agarose gel stained with

ethidium bromide.

2.8. Statistical analysis

The normality of variables was evaluated by the Kolmogorov—Smirnov test. T-tests
were used to compare the demographic characteristics of study populations. The statistical
analysis of differences between Comet assay and Micronucleus test results was carried out
using the non-parametric Mann Whitney (for independent samples) or Wilcoxon Test (for
correlated samples); for oxidative stress parameters and trace elements levels was carried
out using paired (for correlated samples) and unpaired (for independent samples) t-test.
The statistical differences between PPE use were analyzed using the nonparametric two-
tailed Kruskal-Wallis test with the Dunn correction for multiple comparisons. Allelic
frequencies were estimated by gene counting. For comparisons among allelic and genotype

frequencies and agreement of genotypic frequencies with Hardy—Weinberg expectations

the X2 test and the Chi-square test were employed. Spearman’s test was used to analyze
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data correlations as appropriate. The critical level for rejection of the null hypothesis was
considered to be a P value of 5%, two-tailed. All analyses were performed with the

SPSS/PC statistical software.

3. Results

The general characteristics of the study groups are summarized in Table 1. The
distribution of age and smoking habit of the subjects from both groups were similar
(unpaired t-test). The duration of exposure ranged from 4 to 56 years, the mean being
29.96 + 15.47 years.

A significant increase in DNA damage, assessed by Comet assay, was observed in
tobacco farmers when compared with the non-exposed group (P<0.001 — Mann Whitney
test) and in leaf harvest when compared with the pesticide application group (P<0.05 —
Wilcoxon test) (Table II). In Cytokinesis-blocked human lymphocyte MN test (CBMN
test), the difference was higher in leaf harvest group too. Significant difference in
micronuclei (MN) and nucleoplasmic bridge frequency (NPB) (P<0.05) was found in
pesticide application group in relation to non-exposed group. MN (P<0.001), nuclear buds
(NBUD) (P>0.05) and NPB (P<0.001) frequencies were significantly increased in leaf
harvest, compared to the non-exposed group and NBUD frequency compared to pesticide
application group (P<0.05) (Table II).

No statistically significant difference was found between genders and exposure time

for all parameters analyzed (data not shown). No difference was observed in hematocrit

values (40.91 + 4.99 for non-exposed individuals; 41.22 + 4.78 for pesticide application

and 42.46 = 3.56 for leaf harvest) between the groups. Correlation was observed in age

and CBMN test results in non-exposed and pesticide application group (Figure 1). In
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relation to personal protective equipment (PPE) use, MN frequency increased in pesticide
application was observed (P<0.05) (Figure 2).

PONI, CYP2A6, GSTM1, GSTTI, GSTPI1, OGGI, XRCCI1, XRCC4 and RADS5I
genotype frequencies of subjects studied are shown in Table III. No deviations from
Hardy—Weinberg expectations were detected (Chi-square test) and the frequency of
genotypes detected in our study is similar to those previously described by Vasconcelos et
al. (2005) and Da Silva et al. (2008).

Table IV and V demonstrated the effect of individual of genetic polymorphisms in
xenobiotic-metabolising and DNA repair enzymes genes, respectively, on different results
of Comet assay and CBMN test evaluated in the exposed and non-exposed groups. In the
non-exposed group higher values of NBUD frequency for GSTMI non-null individuals
was observed; MN frequency in RADS51 G/C or C/C individuals and NPB frequency in
XRCC4 lle/lle individuals were also higher in relation to variant (heterozygous and/or
homozygous) genotype from the same group (P<0.05, Mann Whitney test). Increase in
NBUD frequency in GSTM1 null individuals was observed during pesticide application
(P<0.001) and NPB frequency in CYP2A6*I/*] individuals in the leaf harvest group
(P<0.05).

Table VI shows trace elements content in serum samples of the non-exposed and
exposed groups. In pesticide application, chromium (Cr), magnesium (Mg), aluminum
(Al), chlorine (Cl), zinc (Zn) and potassium (K) values were increased when compared to
the non-exposed or leaf harvest groups.

The results of oxidative stress markers in groups are shown in Table VII. The
superoxide dismutase (SOD) activity presented a significant increase in exposed groups

(pesticide application and leaf harvest) in relation to non-exposed group (P<0.001); and
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pesticide application presented higher values than leaf harvest group (P<0.01). The
catalase (CAT) activity and TBARS presented a significant increase in leaf harvest when

compared to non-exposed group and pesticide application.

4. Discussion

Tobacco is cultivated over a large area in southern Brazil, and most of the tobacco
farm workers are at risk due to careless handling of pesticides and tobacco leaf during
harvest. Genotoxic potential is a primary risk factor for long-term effects, such as
carcinogenic and reproductive toxicology and degenerative diseases, thus biomonitoring
studies focusing on genomic modifications have been carried out in pesticide exposed
populations (Bolognesi et al., 2011).

Our study, showing that DNA damage was three times higher in the pesticide
application and four times greater in the leaf harvest groups. These data suggest that the
rural workers in our study had been exposed to genotoxic components of pesticides and
tobacco leaf. The Comet assay has been used to determine the extent of DNA damage in
the lymphocytes of farm workers with occupational exposure to a complex mixture of
pesticides (Garaj-Vrhovac and Zeljezic, 2001; Muniz et al., 2008; Paiva et al., 2011). In
relation to the cytokinesis-block micronucleus (CBMN) assay, used to measure
micronuclei (MN), nucleoplasmic bridges (NPBs) and nuclear buds (NBUDs), higher
frequency of NPB and MN were detected between the pesticide application and leaf
harvest groups, and higher frequencies of NPB were obtained for the farmers. These results
indicate a possible chromosomal rearrangement due to pesticides exposure. In addition,
with respect to NBUD frequencies, the farmers presented a statistically significant higher

frequency than pesticide application and non-exposed group only in leaf harvest group.
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NBUD refer to the measurement of gene amplification (Fenech, 2006). Shimizu et al.
(2005) has shown that amplified DNA is selectively settled at the periphery of main nuclei
and is eliminated via nuclear budding. This finding suggests that in addition to clastogenic
and/or aneugenic effects, tobacco leaf exposure also induces gene amplification in the
farmers.

This study demonstrates, in tobacco farmers cells, a significant genotoxic effect in
DNA damage (Comet assay) and mutagenic effect (CBMN assay) during pesticides
application, which is consistent with others reports (Garaj-Vrhovac and Zeljezic, 2001; Da
Silva et al., 2008; Muniz et al., 2008; Paiva et al., 2011). Pesticide sprayers are the most
frequently exposed group of agricultural workers, with positive findings obtained in 18 of
27 studies, presenting 1.12-7.67 higher exposure rates than other workers (Bolognesi,
2003). Workers employed in pesticide production and farmers who use pesticides have a
higher risk of exposure and hence are more prone to the potential health effects of
pesticides (Sailaja et al., 2006; Bolognesi et al., 2011). Increased frequencies of MN and
NBUD were also found in farmers exposed to pesticides in Turkey (Coskun et al., 2011),
and significant increase in DNA damage, assessed by Comet assay, and frequency of
micronuclei, nuclear buds and nucleoplasmic bridges was found in human lymphocytes
exposed to glyphosate in vitro (Mladinic et al., 2009). In addition, many pesticides used
extensively in tobacco leaves are metal-based formulations, including Mg, Al, Cl, Zn, and
Br (Arnal et al., 2011), which are associated with DNA damage. In tobacco farmers’ whole
blood samples, analyzed in our study, levels of these metals were increased in the
pesticides application group, which only confirm exposure to these chemicals. Phosphate
fertilizers, which are used in tobacco cultivation, also contain high concentration of the

metals (Golia et al., 2007). Soil samples collected from the surface horizon and composite
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leaf samples of cured tobacco were analyzed for total Zn, Cu, Mn, Fe, Pb, Ni and Cd
concentrations, and significant increases were observed for all metals (Adamu et al., 1989;
Da Silva et al, in prep).

In relation to DNA damage in leaf harvest group, they came into contact with green
tobacco leaves and tobacco plants during the various tobacco cultivation process and
absorbed nicotine through the skin. Several studies have described the acute health effects
of nicotine toxicity in tobacco workers (Schmitt er al., 2007; Oliveira et al., 2010).
Genotoxic effects induced by tobacco leaves were investigated only in Mus musculus,
where positive results were found (Da Silva et al., 2010). In another study, using the same
farm workers group an increase in cotinine level during leaf harvest was observed, which
confirms exposure to nicotine for this group (Da Silva et al., in prep). Nicotine has been
implicated in free radical generation human cells, directly addressing the relationship
between ROS induction and the observed DNA damage (Wetscher et al., 1995)

The toxicity of many xenobiotics is associated with the production of free radicals,
which are not only toxic themselves, but are also implicated in the pathophysiology of
many diseases (Abdollahi er al., 2004). Pesticides, synthetic and natural, may induce
oxidative stress, leading to generation of free radicals and alteration in antioxidants,
oxygen free radicals, the scavenging enzyme system, and lipid peroxidation (Banerjee et
al., 1999; Shadnia et al., 2005; Salvador et al., 2008). In pesticide application group, solely
antioxidant enzyme superoxide dismutase (SOD) had increased activity, being higher than
non-exposed and leaf harvest groups. In leaf harvest group more body-defending
antioxidant mechanisms were recruited to overcome the induction of oxidative stress, SOD
and catalase (CAT). Results also indicate that the level of lipid peroxidation in the leaf

harvest group was significantly different from that in non-exposed and pesticide
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application groups. This indicates that the stimulation of body antioxidant was not
successful enough to scavenge free radicals and overcome lipid peroxidation. Nicotine has
also been implicated in free radical generation in rodent and human cells of various types,
directly addressing the relationship between ROS induction and the observed DNA
damage (Wetscher et al., 1995; Yildiz et al., 1999; Da Silva et al., 2010). The toxicity of
nicotine depends on the amount of nicotine absorbed.

The increase in MN with age was observed for both groups, exposed and non-
exposed. Fenech and Bonassi (2011) affirm that this increase is likely due to a combination
of factors which include the cumulative effect of acquired mutations in genes involved in
DNA repair, chromosome segregation and cell cycle checkpoint.

Our study demonstrated that PPE use influenced the results obtained by MN test in
pesticide application group, where significant differences were shown between workers
who declared that they had used complete protective clothing and those who did not.
Controversial results are found in relation to PPE use and DNA damage reduction.
Different studies (Dulout er al., 1985; Lander and Ronne, 1995; Shaham er al., 2001)
demonstrated that the use of mask and gloves seems to protect the workers by reducing the
incidence of cytogenetic outcomes during pesticide application (Da Silva et al., 2008;
Remor et al., 2009).

No statistically significant difference was found in this study for hematocrit values
between the tobacco farmers and non-exposed subjects. Some researchers have reported
that subjects exposed to pesticides can present hematological alterations (i.e. anaemia)
(Pastor et al., 2002; Abu Mourad, 2005; Lu, 2009), but other studies did not show

significant differences between control and exposed groups (Pastor et al., 2002; Remor et
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al., 2009). In relation to tobacco leaves, no effect was found in hematocrit values in mice
(Da Silva et al., 2010).

From the nine markers of individual susceptibility studied in this paper, only
GSTM1, CYP2A6, RAD5I and XRCC4 genes polymorphism showed significant
associations with CBMN assay results. No association was found with Comet assay results.

Human serum paraoxonase (PON1) is a lactonase with esterase activity that breaks
down acetilcholinesterase inhibitors like organophosphate pesticides before binding with
cholinesterase (Singh et al., 2011b), helping the detoxification of the activated oxon of
organoposphate (Humbert er al., 1993). Reports have provided strong evidence that
pesticide exposure is associated with significantly higher DNA damage in the wild-type
genotype for the PONI (GIlnl192Arg) polymorphism (Da Silva et al., 2008; Singh et al.,
2011b), but no association with long-term exposure in tobacco farmers was found (Sozmen
et al., 2007). No significant difference was observed in our study. Maybe organophosphate
and carbamate pesticides are used in smaller quantities by tobacco farmers than by other
farmers who took part in previous studies.

There is no research about CYP2A6*9 polymorphism gene in association to DNA
damage. Kiyotani et al. (2003) suggest that the -48T to G nucleotide substitution in the
promoter region of the CYP2A6 gene decreases the expression of mRNA. The
transcriptional significance of the CYP2A6*9 polymorphism suggests that in vivo levels of
CYP2AG6 protein is decreased in subjects carrying this allele (Pitarque et al., 2001), having
the enzymatic activity about half that of the wild type (CYP2A6*1/*1). Our study recorded
evidence that nicotine exposure (leaf harvest group) was associated with significantly
higher NPB in the CYP2A6*1/*1 individuals. CYP2A6*9 subjects possessed lower rates of

coumarin and nicotine metabolism (Peamkrasatam et al., 2006). Maybe the normal
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metabolism of nicotine can be inducing DNA damage. Nicotine iminium ion, nicotine’s
metabolite, has received considerable interest since it is an alkylating (Hukkanen et al.,
2005). Individuals carrying inactive or reduced-activity CYP2A6 phenotypes have been
reported as being at a lower risk for tobacco-related cancer (Ariyoshi et al., 2002; Tamaki
et al., 2011) although conflicting results have also been observed (Loriot et al., 2001).
Glutatione S-transferase (GST) is a family of enzymes representative of the phase II
metabolism pathway. Polymorphisms in GSTM 1, GSTTI and GSTP1 are widely studied in
relation to exposure to various genotoxic agents; however, the results are inconsistent and
contradictory (Dhillon er al., 2011). GSTMI null polymorphism was associated with
significant variation in the frequency of NBUD of the different groups. GSTM non-null
present NBUD frequency increased in non-exposed group and GSTMI null in pesticide
application group. In previous studies, this polymorphism was not associated with
significant variation in the frequencies of chromosomal aberration, sister chromatid
exchange and MN in unexposed control persons (Uuskula et al., 1995; Scarpato et al.,
1996). However, some authors (Falck et al., 1999; Laffon et al., 2002; Leopardi et al.,
2003) showed increased MN frequencies in GSTMI non-null in non-exposed groups,
irrespective of exposure. Polymorphisms of xenobiotic-metabolizing enzymes may also
influence the baseline level of chromosome damage (Norppa, 2004). When a GSTM 1 null
genotype is detected, it is impossible to metabolize some activated carcinogens, which
increase the risk of DNA damage and may lead to cancer development (Wu et al., 1997).
The lack of GSTM1 appears also to be associated with an increased sensitivity to tobacco-
smoking genotoxicity (Norppa, 2004). Jiang et al. (2010) and Singh et al. (2011a) also
observed association of GSTMI null genotype and DNA damage, as in pesticide

application group. No association was found with DI, FD and MN, as observed in vineyard
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workers (Da Silva et al., 2008). We did not observe any significant association between
null deletion of GSTTI and GSTP1 with DNA damage which is in agreement with other
studies performed on workers exposed to pesticides (Da Silva et al., 2008; Singh et al.,
2011a).

In our study, no association was found in OGGI, XRCCI1, XRCC4, and RADS51 genes
polymorphisms with Comet assay and CBMN assay results for exposed groups. The
OGG1 protein catalyzes the excision of oxidized purines, including 8-oxo-7,8-
dihydroguanine (8-0xoG) and ring-opened purines (Dizdaroglu, 2005). The XRCCI
protein plays an important role in the BER pathway, acting as a scaffold to coordinate
other BER proteins, such as DNA polymerase 3, DNA ligase III, and poly-ADP-ribose
polymerase (PARP) (Frosina, 2004). Different polymorphisms have been reported in the
XRCC4 gene (Ford et al., 2000). One of these, the XRCC4 Ile — Thr polymorphism at
codon 401, is the subject of investigation in the current study. Human RADS5I1, a
homologue of bacterial RecA protein, is required for meiotic and mitotic recombination
and plays a central role in homology-dependent recombinational repair of double-strand
breaks (DSBs) (Poplawski et al., 2006). Other studies with OGGI and XRCCI
polymorphism revealed no effect on the studied biomarkers of exposure and effect (Wong
et al., 2008; Rohr et al., 2011).

Genotype differences in the exposed group that are not seen in the non-exposed
group suggest exposure-specific genotype effects. Genotype effects seen (at the same
level) in both the exposed and the non-exposed or only in the non-exposed probably
represent genotype effects on the baseline level of the cytogenetic biomarker (Norppa,
2004). In our study, non-exposed group presented increased association between XRCC4

lle/lle and NPB, and between RAD51 G/C or C/C and MN. Maybe these variants could
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influence individual DNA repair capacity by interacting with lifestyle factors in healthy
subjects.  Lifestyle determines the level of exposure to environmental
carcinogens/mutagens in healthy populations unexposed to occupational factors (Weng et
al., 2008). Polymorphisms affecting fundamental cellular processes responsible for
maintaining the genomic integrity, such as DNA repair, could be expected to have this kind
of effect (Norppa, 2004). Studies demonstrated that environmental exposures may down-
regulate expression of some DNA repair genes for XRCCI (Weng et al., 2008). However,
these results are more likely due reduced samples observed in non-exposed group.

Finally, this investigation suggests that DNA damage increases, analyzed by Comet
and CBMN assays, at different tobacco harvest stages (pesticides application and tobacco
leaf harvest). Effect of individual genotype of the metabolism genes on the level of
different biomarkers evaluated in exposed group demonstrated an influence on increase in
damage of GSTM1 null in pesticides application group, and a influence of CYP2A6*1/*1
on tobacco leaf harvest group. Individual genotype of the DNA repair genes of exposed
groups did not demonstrate influence on the different biomarkers analyzed in this study. In
pesticide application, an increase in trace elements content (chromium, magnesium,
aluminum, chloride, zinc and potassium) was found, when compared to non-exposed and
leaf harvest group. The results also indicated that chronic exposure to pesticides, synthetic
and natural, can influence antioxidant enzymes activity. Our study drives the attention once
more to the need for occupational training on safe working practices and safe work
environment for farm workers. Developing countries should use such data to establish
safety occupational rules during the use of pesticides and mainly during tobacco leaf

harvest.
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Table I: Evaluation of genetic damage in tobacco farmers: main demographic
characteristics of the studied subjects

Non-exposed group Exposed group
N° of subjects 56 111
Age (years) [mean + SD] 43.18 £ 14.96 42.40 £ 14.07
Exposure time (years) [mean + SD] - 29.96 + 15.47
Gender 19 males, 37 females 65 males, 46 females
Smokers” (%) 3(5.36) 7 (6.93)
Non-smokers (%) 53 (94.64) 94 (93.07)

S.D.= standard deviation; *smoking 20 or more cigarettes per day (Hoffmann er al., 2005).
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Table II: Mean values (meantSD) obtained with the cytogenetic analysis in non-exposed and exposed
groups

Groups Non-exposed Pesticide application Leaf harvest
Comet assay n=56 n=102 n=85
Damage index (DI) 591 +6.86 17.35 + 14.40° 23.85 + 17.70%
Damage frequency (DF) 4.02 £ 4.65 11.64 +9.02° 16.15 + 11.59%¢
Cytokinesis-blocked human lymphocyte MN n=51 n=89 n=_81
Micronuclei (MN) 5.22+3.18 6.83 +4.07° 7.75 £3.49¢
Nuclear buds (NBUD) 8.18 £6.02 9.43 +6.68 8.86 + 3.56™¢
Nucleoplasmic bridge (NPB) 0.94 + 141 2.46 +3.95" 2.42 +1.87°

Significant in relation to non-exposed group at *P<0.05, "P<0.01 and “P<0.001 (Mann Whitney Test).
Significant in relation to pesticide application group at “P<0.05 (Wilcoxon Test). n= number of individuals.
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Figure 1: Correlation of the CBMN assay results with age (A) non-exposed group (B)
pesticide application group (Spearman’ test).
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Figure 2: Mean and stadard deviation of MN, NBUD and NPB frequency of
individuals that no use or non-complete and complete personal protective equipment
use in pesticide application group (*P<0.05; Kruskal Wallis test).
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Table III: Genotypes distribution and variant

alleles frequencies in subjects studied

Genotyped
PONT1 GIn192Arg
GIn/Gin
Gln/Arg
Arg/Arg
PON1 192Arg

CYP2A6™9 (-48T>G)

117
1%%9
*9/*9
CYP2A6*9
GSTM1
Non-null
Null
GSTT1
Non-null
Null
GSTP1
lle/lle
lle/Val
Val/Val
GSTP1 Val

OGG1 Ser326Cys

Ser/Ser

Ser/Cys

Cys/Cys
OGG1 326Cys

XRCC1 Arg194Trp

Arg/Arg

Arg/Trp

Tro/Trp
XRCC1 194Trp
XRCC4 lle401Thr

lle/lle
lle/Thr
Thr/Thr

XRCC4 401Thr

Rad51 G135C
G/G
G/C
Cc/C
Rad51 135C

n (%)

79 (47.31)

64 (38.32)

24 (14.37)
33.5

130 (86.09)
20 (13.25)
1 (0.66)
7.28

101 (60.12)
67 (39.88)

137 (81.55)
31 (18.45)

79 (47.02)

70 (41.67)

19 (11.31)
32.1

112 (70.44)
42 (26.42)
5 (3.14)
16.4

134 (80.24)
33 (19.76)
0 (0.0)
9.9

135 (81,82)
28 (16.97)
2 (1.21)
9.7

146 (88.48)
17 (10.3)
2 (1.22)
6.36
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Table IV: Effect of individual genotype of the metabolism genes on the level of different biomarkers evaluated in
control and exposed group (mean+SD)

Genotypes

Comet assay
(100 leukocytes per subjects)

Cytokinesis-blocked human lymphocyte MN

(2000 cell per subjects)

DI (n)

DF (n)

MN (n)

NBUD (n)

NPB (n)

Non-exposed
PON1 GIn/GiIn
GIn/Arg or Arg/Arg
CYP2A679 *1/*1
1%/*9 or *9/*9
GSTM1 non-null
null
GSTT1 non-null
null
GSTP1 lle/lle
lle/Val or Val/Val
Pesticide application
PON1 GIn/GIn
Gln/Arg or Arg/Arg
CYP2A679 *1/*1
1%/*9 or *9/*9
GSTM1 non-null
null
GSTT1 non-null
null
GSTP1 lle/lle
lle/Val or Val/Val
Leaf harvest
PON1 GIn/GiIn
GIn/Arg or Arg/Arg
CYP2A679 *1/%1
1*/*9 or *9/*9
GSTM1 non-null
null
GSTT1 non-null
null
GSTP1 lle/lle
lle/Val or Val/Val

5.78 + 6.68 (32)
6.30 + 7.38 (23)
5.95 + 6.66 (44)
8.20 + 10.64 (5)
8.33 + 8.80 (24)
4.19 +4.28 (31)
6.44 +7.01 (45)
4.00 * 6.27 (10)

4.89 +4.81 (19)
6.58 + 7.77 (36)

17.17 £ 15.71 (41)
17.48 +13.59 (61)
18.68 + 15.35 (80)
14.23 + 9.51 (13)
16.13 £ 12.83 (67)
19.69 + 16.81 (35)
18.39 + 15.40 (83)
12.84 + 7.54 (19)
18.50 + 17.28 (54)
16.06 + 10.29 (48)

24.89 + 19.44 (35)
23.12 + 16.54 (50)
25.14 + 17.66 (66)
23.18 +21.66 (11)
22.30 + 16.56 (56)
26.83 + 19.68 (29)
23.89 + 16.53 (71)
23.64 +23.54 (14)
23.88 +17.17 (48)
23.81 + 18.61 (37)

3.78 + 4.49 (32)
4.48 +5.03 (23)
4.05 + 4.27 (44)
5.40 + 8.79 (5)
5.04 +5.81 (24)
3.32 + 3.53 (31)
4.31 + 4.59 (45)
3.00 + 5.25 (10)

3.53 + 3.42 (19)
4.36 + 5.26 (36)

10.95 + 9.06 (41)
12.10 + 9.03 (61)
12.70 + 9.64 (80)
9.00 + 5.07 (13)
10.64 + 7.72 (67)
13.54 + 10.96 (35)
12.45 + 9.61 (83)
8.11 + 4.42 (19)
11.54 + 10.04 (54)
11.75 + 7.81 (48)

17.97 + 14.40 (35)
14.88 + 9.07 (50)
16.76 + 11.26 (66)
18.36 + 15.29 (11)
16.05 + 12.59 (56)
16.34 + 9.56 (29)
15.82 + 9.84 (71)
17.86 + 18.53 (14)
16.29 + 11.13 (48)
15.97 + 12.31 (37)

4.93 +2.92 (28)
5.57 + 3.51 (23)
5.40 + 2.95 (40)
7.20 £ 4.66 (5)
5.86 + 3.29 (22)
4.72 +3.07 (29)
5.52 + 3.26 (42)
3.78 + 2.44 (9)

4.72 + 256 (18)
5.48 + 3.48 (33)

6.63 + 4.27 (33)
7.09 + 3.99 (55)
6.73 + 4.18 (67)
6.00 +2.89 (12)
6.46 + 3.67 (57)
7.45 +4.77 (31)
7.19 £ 4.36 (79)
5.33 + 2.40 (18)
6.83 + 4.75 (48)
6.78 £ 3.19 (40)

7.94 +4.20 (32)
7.63 +2.97 (49)
8.00 + 3.48 (64)
7.33+3.84 (9)
7.79 £ 3.69 (52)
7.69 + 3.15 (29)
7.48 + 3.42 (69)
9.33 +3.56 (12)
8.07 + 3.30 (46)
7.34 +3.73 (35)

6.61 £3.18 (28)
10.09 + 7.93 (23)
8.33 + 5.41 (40)
6.60 + 4.78 (5)
8.68 + 3.98% (22)
7.79 + 7.24 (29)
8.48 + 6.43 (42)
6.78 £ 3.42 (9)

9.61 +8.34 (18)
7.39 + 4.22 (33)

10.58 + 8.47 (33)
8.67 + 5.34 (55)
9.40 + 6.99 (67)
8.58 + 4.56(12)
7.54 +6.59 (57)
12.77 +5.57° (31)
9.51 +5.91 (79)
8.89 +9.37 (18)
10.19 + 6.03 (48)
8.43 + 7.39 (40)

8.81 +4.00 (32)
8.90 + 3.27 (49)
8.58 + 3.69 (64)
8.22 + 1.56 (9)
8.62 + 3.36 (52)
9.31 +3.91 (29)
8.71 + 3.60 (69)
9.75 £3.31 (12)
8.83 + 3.51 (46)
8.91 + 3.65 (35)

0.89 +1.13 (28)
1.00 +1.71 (23)
0.83 + 1.06 (40)
1.80 + 3.03 (5)
0.82 +1.68 (22)
1.03 +1.18 (29)
0.95 + 1.48 (42)
0.89 + 1.05 (9)

1.06 +1.16 (18)
0.88 + 1.54 (33)

7.94 +4.20 (33)
7.63 +2.97 (55)
2.52 + 4.05 (67)
1.58 +1.31 (12)
2.09 +3.71 (57)
3.19 + 4.40 (31)
2.33 + 3.39 (79)
3.06 + 5.84 (18)
2.40 + 3.06 (48)
2.58 + 4.89 (40)

2.56 + 1.85 (32)
2.33 +1.90 (49)
2.59 +1.91% (64)
1.33 +1.00 (9)
2.19 +1.77 (52)
2.83 +2.00 (29)
2.49 + 1.95 (69)
2.00 + 1.35 (12)
2.50 + 1.87 (46)
2.31 + 1.89 (35)

Data significant in relation to variant (heterozygous and/or homozygous) genotype from the same group at P<0.05 and
®P<0.001 (Mann-Whitney test).
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Table V: Effect of individual genotype of the DNA repair genes on the level of different biomarkers evaluated

in control and exposed group (mean+SD)

Genotypes

Comet assay
(100 leukocytes per subjects)

Cytokinesis-blocked human lymphocyte MN
(2000 cell per subjects)

DI (n)

DF (n)

MN (n)

NBUD (n)

NPB (n)

Non-exposed
OGG1 Ser/Ser
Ser/Cys or Cys/Cys
XRCC1 Arg/Arg
Arg/Trp or Trp/Trp
XRCC4 lle/lle
lle/Thror Thr/Thr
RAD51 G/G

G/Cor C/C
Pesticide application
OGG1 Ser/Ser
Ser/Cys or Cys/Cys
XRCC1 Arg/Arg
Arg/Trp or Trp/Trp
XRCCA lle/lle
lle/Thr or Thr/Thr
RAD51 G/G

G/Cor C/C

Leaf harvest
OGG1 Ser/Ser
Ser/Cys or Cys/Cys
XRCC1 Arg/Arg
Arg/Trp or Trp/Trp
XRCC4 lle/lle
lle/Thr or Thr/Thr
RAD51 G/G

G/Cor C/C

4.72 £5.61 (36)
8.25 + 8.86 (16)
5.83 + 6.45 (52)
9.00 + 14.73 (3)
5.67 £5.71 (36)
3.60 * 6.59 (15)
6.29 + 6.97 (52)
1.00 + 1.00 (3)

16.97 + 14.68 (69)
19.03 + 13.97 (31)
18.19 + 15.80 (73)
15.24 +9.99 (29)
17.70 + 14.91 (90)
16.80 +9.48 (10)
17.81 + 14.12 (85)
10.33 + 7.06 (15)

2451 +17.03 (55)
23.54 + 19.48 (28)
22.73 + 14.61 (59)
27.28 + 23.74 (25)
23.73 + 17.45 (70)
26.62 +20.06 (13)
22.06 + 16.98 (69)
30.87 + 19.69 (15)

3.56 + 4.06 (36)
4.81+5.96 (16)
3.88 + 4.14 (52)
7.33 £11.45 (3)
3.86 + 4.06 (36)
2.13 +3.09 (15)
4.25 + 4.76 (52)
1.00 + 1.00 (3)

10.93 + 8.11 (69)
13.71 £ 10.70 (31)
12.32 + 9.98 (73)
9.93 +5.72 (29)
11.76 + 9.25 (90)
12.10 £ 7.12 (10)
11.99 + 9.06 (85)
7.47 +5.41 (15)

16.15 + 9.12 (55)
15.75 + 14.15 (28)
15.29 + 8.23 (59)
18.40 + 17.27 (25)
16.33 + 11.68 (70)
16.69 + 11.79 (13)
15.20 + 11.73 (69)
19.53 + 10.23 (15)

4.85 +2.88 (33)
6.13 £ 3.94 (15)
5.09 + 2.91 (48)
7.67 £ 6.66 (3)

5.81 + 3.38 (36)
3.86 +2.21 (14)
4.96 +2.92 (48)
11.50 + 4.95% (2)

6.33 + 3.85 (60)
8.00 + 4.60 (26)
7.21 +4.40 (61)
5.89 +3.17 (27)
6.78 + 4.06 (77)
7.33 £4.98 (9)
7.14 +4.29 (73)
5.31 +£2.21 (13)

7.76 + 3.76 (51)
7.79 £3.13 (28)
7.43 £ 3.77 (56)
8.46 +2.75 (24)
7.69 + 3.33 (68)
8.27 +4.74 (11)
7.42 + 3.55 (65)
8.80 + 2.70 (15)

8.27 +5.89 (33)
6.27 + 3.20 (15)
8.08 + 6.16 (48)
9.67 +2.89 (3)
7.78 £5.81 (36)
7.64 +3.30 (14)
8.38 £ 6.14 (48)
4.00 +1.41 (2)

9.43 +7.21 (60)
9.31 +5.77 (26)
9.52 +5.90 (61)
9.07 + 8.37 (27)
9.40 + 6.98 (77)
9.33 +5.05 (9)
9.58 +6.91 (73)
7.08 + 4.75 (13)

8.31 + 3.54 (51)
9.64 + 3.50 (28)
9.13 + 3.47 (56)
8.21+3.81 (24)
8.76 + 3.78 (68)
8.91+1.76 (11)
8.82 + 3.54 (65)
8.80 + 3.73 (15)

0.76 +1.09 (33)
1.20 + 1.86 (15)
0.85 +1.13 (48)
2.33 £ 4.04 (3)
1.11 £ 1.49% (36)
0.29 + 0.61 (14)
0.94 + 1.41 (48)
1.50+£2.12 (2)

2.38 + 4.31 (60)
2.69 + 3.28 (26)
2.38 + 3.50 (61)
2.71 £ 4.05 (27)
2.56 + 4.08 (77)
1.78 + 3.53 (9)
2.56 + 4.24 (73)
2.15 +2.49 (13)

2.39 +1.70 (51)
2.57 +2.20 (28)
2.43 +1.92 (56)
2.38 + 1.84 (24)
2.40 + 1.90 (68)
2.82+1.78 (11)
2.49 + 1.88 (65)
2.07 +1.91 (15)

Data significant in relation to variant (heterozygous and/or homozygous) genotype from the same group at *P<0.05

(Mann-Whitney test).
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Table VI: Content of trace elements (ppm) in the blood samples of the non-exposed
and exposed groups (mean + SD). n= number of individuals

Non-exposed

Pesticide application

Leaf harvest

Heavy metals (n=15) (n=15) (n=15)

Cr 1.54 +1.75 3.13+1.03% 0.7+0.3

Mg 414.31 + 415.91 479.35 + 378.04° 281.74 + 249.25
Al 83.05 + 47.31 663.37 + 1336.47 80.68 + 51.15
o] 6628.07 + 2800.07 9573.31 + 1483.37 8659.20 + 4551.19
Zn 33.51 +6.42 160.82 + 184.16  * 33.62 + 3.55

K 5168.33 + 1309.53 5684.63 + 508.19" 5746.27 + 1928.21
Br 11.56 + 7.21 13.02 +7.59 12.69 + 8.65

Ni 0.15 + 0.52 0.6 +1.03 0.11+0.3

“Significant difference between pesticide application and non-exposed group at P<0.05, ~ P<0.01 and
""P<0.001 (Mann-Whitney test); “Significant difference between pesticide application and leaf
harvest group at P<0.05 and "P<0.01 (Wilcoxon test).
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Table VII: Results of oxidative stress markers analyzed in non-exposed and exposed groups
(mean + SD). n= number of individuals.

Non exposed Pesticide application Leaf harvest

(n=14) (n=49) (n=30)
TBARS (nmol mL™) 5.16 + 0.79 5.94 + 1.95° 6.23 +1.62°
Superoxide dismutase (USodg™ protein) 17.23 + 3.67 90.23 + 32.39%¢ 35.73 +13.41°
Catalase (UCatmg' protein) 0.63 + 0.44 0.85+1.12° 3.00 + 1.40°

Significant difference in relation at non-exposed group (*P<0.001, "P<0.05 — Mann Whitney test); Significant
difference in relation at leaf harvest group (‘P<0.001, *P<0.05 — Wilcoxon test).
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CAPITULO V

V.1 DISCUSSAO

O Brasil € um dos maiores produtores de tabaco do mundo, sendo que a regido Sul se
destaca como a principal regido produtora no pais. Praticada em regime de cultivo familiar,
a cultura do tabaco requer trabalho intensivo, além de utilizar grandes quantidades de
agrotoxicos para garantir uma folha de boa qualidade (Etges et al., 2002). Neste aspecto o
uso de pesticidas em larga escala tem provocado danos a saide dos agricultores e de suas
familias, como intoxica¢des agudas e incapacidade para o trabalho, danos ao ecossistema
com a contaminacao dos alimentos, do solo, da fauna, dos rios além de desmatamento e
perda de biodiversidade (Schoenhals et al., 2009).

A maioria desses agrotoxicos pertence a trés grupos quimicos: organofosforados,
carbamatos e piretréides. Os dois primeiros sdo poderosos inibidores de colinesterase
(enzimas fundamentais para o sistema nervoso), podendo ser absorvidos pela pele, por
ingestdao ou inalagdo (Deser, 2003). Os organofosforados causam basicamente trés tipos de
sequelas neuroldgicas, apés uma intoxicagdo aguda ou devido as exposicoes cronicas: (1)
polineuropatia retardada; (2) sindrome intermedidria e (3) efeitos comportamentais. A
polineuropatia inclui fraqueza progressiva, perda de coordenacdo nas pernas, podendo
evoluir para paralisia. Os principais sintomas da sindrome intermediaria sdo diarréias
intensas e a paralisia dos musculos do pescogo, das pernas e da respiracdo que ocorrem de
forma aguda, podendo levar ao 6bito. Dentre os efeitos comportamentais destacam-se:
insdnia, sono conturbado, ansiedade, retardo de reagdes, dificuldade de concentracdo e
uma variedade de sequelas psiquidtricas como apatia, irritabilidade, depressdao e
esquizofrenia (Schoenhals et al., 2009).

Entre fumicultores, verifica-se um maior risco no desenvolvimento de alteracdes
neurocomportamentais as quais podem evoluir para um quadro de depressao e até suicidio.
Um estudo realizado em 1996 apresenta fortes indicios de relagdo entre a utilizacdo de
pesticidas organofosforados na fumicultura e 0 aumento das taxas de suicidio em Venancio
Aires, municipio localizado no Estado do Rio Grande do Sul e um dos maiores produtores
de fumo em folha da regidao. Uma das observagdes mais marcantes deste estudo é que mais

de 80% dos suicidios no municipio ocorreram entre pessoas que lidavam com a agricultura.
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O estudo também aponta o fato de que em 1995, o coeficiente de suicidio quase duplicou
em relacdo aos dois anos anteriores paralelamente a intensificacdo do uso de agrotdxicos,
passando dos habituais 50 a 60 kg para cerca de 100 kg por hectare, em decorréncia de um
excessivo nimero de pragas devido a seca ocorrida neste periodo (Falck et al., 1999).

Portanto, embora a industria do tabaco represente uma atividade setorial que gera
riqueza, desenvolvimento e emprego para o Brasil, ndo se pode dizer que esses beneficios
sociais se traduzam em melhor qualidade de vida e sadde para os individuos envolvidos na
producdo agricola — o elo mais vulnerdvel da cadeia produtiva. Além dos agroquimicos,
lidar com a folha do tabaco pode ser toxico para os trabalhadores, devido a presenca da
nicotina. A nicotina € responsdvel pela doenca da folha verde que € considerada
ocupacional. Esta doenca € observada em trabalhadores que manipulam as folhas de fumo
molhadas. Os sintomas incluem ndusea, vomitos, fraqueza, dor de cabeca, tontura, dores
abdominais e dificuldade de respirar, assim como flutuagdes na pressdo sanguinea (Quandt
et al., 2000; Parikh et al., 2005; Arcury et al., 2008). Agricultores e profissionais da satde
muitas vezes confundem estes sintomas com cansago ou envenenamento por agrotoxicos,
principalmente se estes tiverem sido aplicados recentemente nas plantacdes (Quandt et al.,
2000).

Pesquisas relacionadas a doenca da folha verde sdo escassas. Elas abordam
principalmente a incidéncia (Arcury et al., 2003), a prevaléncia (Quandt et al., 2000) e os
fatores de risco da doenca (Ballard et al., 1995), os sintomas de exposi¢cdo aguda e cronica
a nicotina presente na folha (Parikh er al., 2005), a dosagem de cotinina (o metabdlito
principal da nicotina) (Onuki et al., 2003), o uso de equipamento de protecido na prevencao
da doenga (Curwin et al., 2005). Nao foram encontrados estudos sobre o potencial
genotoxico e mutagénico da exposicao a folhas de fumo em humanos. No Brasil, ha apenas
um estudo envolvendo fumicultores, confirmando a doenca da folha verde no pais
(Oliveira et al., 2010).

O fumo € semeado em maio, transplantado em agosto e setembro e colhido no
periodo de dezembro a fevereiro. Depois de semeadura, as mudas levam cerca de 60 dias
para atingir o tamanho ideal para plantio, fase em que o controle de pragas € intensivo.
Quando atingem o tamanho ideal, as mudas sdo transplantadas para a lavoura, j4 com a
area adubada. A colheita € iniciada cerca de 60 dias apés o transplante para a lavoura.

Nesse periodo, o fumicultor monitora o crescimento e realiza o controle de pragas e
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doencas e aplica o antibrotante nos botdes florais. Apds a colheita, as folhas ou as plantas
sdo amarradas em varas e levadas para secar em estufas. Apds o processo de cura, as folhas
sdo agrupadas em macos e o fumo ¢é armazenado em paidis, onde aguarda a
comercializa¢ao (Schoenhals et al., 2009).

De acordo com o descrito na literatura, os fumicultores aplicam pesticidas de forma
mais intensiva durante os primeiros dois meses da safra e, apds o transplante e o
crescimento apropriado das folhas do fumo, ocorre a colheita. A colheita ¢ o momento em
que o agricultor se expde a nicotina presente na folha do tabaco. Nos primeiros meses do
ano, quando as folhas ja estdo curadas, € feita a selecdo destas de forma manual. Nos
meses que seguem, os fumicultores realizam a venda do seu produto.

Considerando os diferentes momentos da safra de fumo, em nosso primeiro estudo
avaliamos o risco ocupacional de trés periodos distintos: na fase da aplicacdo intensa de
pesticidas, na fase da colheita e na entresafra (fase apds a cura das folhas). Para isso,
utilizou-se biomarcadores de exposi¢do (ensaio Cometa e dosagem de cotinina) e
biomarcadores de efeito (teste de Microndcleos e avaliagdo da colinesterase). Foi
observado aumento significativo de dano ao DNA, avaliado pelo ensaio Cometa, em
fumicultores comparados ao grupo ndao exposto em todos os periodos da safra e, um
significante aumento nas frequéncia de células micronucleadas na entresafra. Elevado nivel
de cotinina foi observado na colheita da folha de fumo, demonstrando exposi¢do a
nicotina. Diferente do que esperdvamos a atenuagdo do efeito genotéxico e mutagénico
durante o periodo da entresafra ndo foi percebida. Ao contrdrio do nosso estudo, Garaj-
Vrhovac e Zeljezic (2001) observaram em trabalhadores que foram retirados da zona de
exposicdo, uma diminui¢do do dano no DNA avaliado pelo ensaio Cometa. Ao invés disso,
individuos no momento da entresafra apresentaram dano ao DNA aumentado em relacio
ao grupo nao exposto e ao momento da colheita da folha. Aumento significativo da
frequéncia de MN também foi encontrado em comparacao aos individuos ndo expostos.

Este efeito genotdxico e mutagénico provavelmente seja devido, entre outros fatores,
ao acumulo de exposi¢do a pesticidas e nicotina no final da safra. Um estudo feito com
viticultores demonstrou maior frequéncia de MN em comparagdo aos individuos controle
um més apds o inicio da aplicagdo de pesticidas, mas principalmente no término da safra
(Joksic et al., 1997). Na entresafra, muitos agricultores cessam a aplicagdo de agrotoxicos

e a colheita da folha, porém alguns trabalhadores continuam a aplicar pesticidas em outras
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culturas. Durante este periodo, ocorre uma rigorosa selecao das folhas de fumo, onde os
trabalhadores separam as ndo adequadas a venda. Nesta manipulacdo os agricultores
podem estar sofrendo exposicdo a nitrosaminas especificas do tabaco e a pesticidas e
metais que persistiram nas folhas. Nitrosaminas especificas do tabaco sdo produzidas
durante a cura das folhas de fumo (Andersen e Kemp, 1985) sendo que estas sdo um
importante grupo de carcinégenos do tabaco (Hecht e Hoffmann, 1988). Uma quantidade
significativa de acefato foi transferida as maos dos fumicultores depois de repetido contato
com numerosas folhas de tabaco, além de aumento nas concentra¢des de Zn, Cu, Mn, Fe,
Pb, Ni e Cd, que foram encontrados nos compostos presentes nas plantas (Adamu et al.,
1989; Curwin et al., 2003; Da Silva et al., in prep). Assim, trabalhadores envolvidos na
safra de fumo podem estar sofrendo exposicdo constante a diferentes compostos, como
residuos de agroquimicos, nitrosaminas e metais.

Muitos dos pesticidas e fungicidas usados em todo mundo possuem sua formulagdo a
base de cobre, incluindo sulfato de cobre, oxicloreto de cobre e carbonato de cobre.
Agroquimicos em geral, e formulagdes a base de cobre, sdo responsaveis por alguns efeitos
adversos a saude (Arnal et al., 2011). Estes problemas incluem diferentes tipos de cancer,
doencas degenerativas, distirbios neuroldgicos, reprodutivos € no sistema imune
associados com dano pré-oxidativo (Remor et al., 2009). Alta concentracdo de Cu foi
encontrada em solos da agricultura (Herrero-Hernandez et al., 2011). Outros elementos
foram observados em altas concentragdes nestes solos, incluindo o Zn (e.g. de inseticidas,
de adubo, e aplica¢do de compostagem) (Ramos, 2006), Pb (e.g. de deposicao atmosférica,
mas também do uso de arseniato de prata como inseticida) (Rosman ez al., 1998; Komarek
et al., 2010) e Cd (de fertilizantes fosfatado) (Komarek ef al., 2010). Fertilizantes
fosfatados, que sdo usados no cultivo do tabaco, contem altas concentragdes de metais
(Golia et al., 2007). Amostras de solo coletados da superficie horizontal e amostras de
folha de tabaco curado foram analisadas em relacdo a concentragdo total de Zn, Cu, Mn,
Fe, Pb, Ni e Cd e aumento significativo foi observado para todos os metais (Adamu et al.,
1989, Da Silva et al., in prep). Em amostras de sangue total em fumicultores, somente no
momento da aplicacdo de pesticidas foi encontrado aumento no conteido de elementos
tragco (cromo, magnésio, aluminio, cloro, zinco e potdssio) comparado ao grupo ndo
exposto e a0 momento da colheita da folha de fumo. Esta andlise nao foi realizada no

sangue dos fumicultores na entresafra.
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De acordo com o observado na entresafra, os fumicultores podem continuamente
estar sofrendo exposi¢do ocupacional, ndo havendo diminuicdo do dano ao DNA neste
periodo. Assim, nos estudos que seguiram foram incluidos apenas dois momentos da safra:
a aplicacdo intensa de pesticidas e a colheita da folha.

Agrotéxicos sao utilizados com intensidade na cultura do tabaco (Etges et al., 2002).
Em nosso primeiro estudo foi observado aumento de dano ao DNA durante a fase de
aplicacdo de pesticidas em comparagdo ao grupo nao exposto, pelo ensaio Cometa, porém
aumento na freqiiéncia de MN ndo foi encontrado. No segundo e no terceiro estudos
envolvendo um nimero maior de fumicultores, resultados significativos na freqiiéncia de
microntdcleo (MN), de morte celular e de brotos nucleares (NBUD) foram observados em
mucosa oral. Aumento do dano ao DNA, avaliado pelo ensaio Cometa foi trés vezes maior
em relacdo aos individuos ndo expostos, além disso, verificou-se aumento na frequéncia de
pontes (NPB) e MN em linfécitos binucleados, indicando efeito aneugénico e/ou
clastogénico e um possivel rearranjo cromossdmico devido a exposi¢do a agrotoxicos.
Pesquisas envolvendo a avaliagdo do risco ocupacional através do ensaio Cometa e do teste
de MN em agricultores demonstraram resultados semelhantes (Garaj-Vrhovac e Zeljezic,
2001; Da Silva et al., 2008; Muniz et al., 2008; Paiva et al., 2011). Frequéncia maior de
MN e NBUD foram encontrados em agricultores expostos a pesticidas na Turquia, porém o
mesmo ndo ocorreu na frequéncia de NPB (Coskun et al., 2011). Schoenhals et al. (2009)
afirma que 90% dos fumicultores utilizam bomba costal e com isso, no momento da
aplicacdo de pesticida, formam—se aerossdis. Bolognesi (2003) observou que agricultores
que aplicam desta forma sdo mais frequentemente expostos, com resultados positivos
obtidos em 18 de 27 estudos, demonstrando 1,12-7,67 taxa de exposicado maior do que
outros trabalhadores. Agricultores e trabalhadores envolvidos na producdo de pesticidas
tém risco aumentado de exposi¢ao e assim sao mais susceptiveis a efeitos adversos a saude
(Sailaja et al., 2006; Bolognesi et al., 2011).

Células da mucosa bucal estdo em contato constante com o ambiente, sugerindo que
o epitélio oral seja um alvo importante na inalagdo de xenobidticos; desta forma, € razodvel
esperar que esse biomarcador possa exibir efeitos mais evidentes durante a manipulacao
dos agrotdxicos, principalmente se esta aplicacdo envolver a formagdo de aerossdis. Os
fumicultores, no momento da aplicagdo de pesticidas, tiveram aumento na freqiiéncia de

MN em células da mucosa oral, tanto nas células basais como nas diferenciadas em
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comparacdo ao momento da colheita. O mesmo ndo foi observado no teste de MN em
linfécito binucleado. Em mucosa oral, foi possivel encontrar frequéncia maior de células
com broto nuclear e células binucleadas em relagdo ao grupo nao exposto. O mecanismo
que desencadeia a formacao do broto nuclear € desconhecido, mas pode estar relacionado a
eliminacdo do DNA amplificado ou ao reparo de DNA (Shimizu et al., 2005). A precisa
significancia das células binucleadas ndo € totalmente entendida, mas pode ser indicativo
de falha na citocinese seguido por uma divisao nuclear. Como demonstrado em um estudo
envolvendo o ensaio de MN em mucosa oral em individuos com Sindrome de Down
(Thomas et al., 2008), a razdo binucleada/mononucleada pode ser um importante
biomarcador de falhas na citocinese, podendo causar aneuploidias em propor¢do maior.
Alteragao no nimero de cromossomos, definido como aneuploidia, pode ser um marcador
consistente de possiveis tumores (Sanchez-Siles et al., 2011).

Células com cromatina condensada, células cariorréticas, picnéticas e carioliticas sao
biomarcadores de morte celular (Thomas et al., 2009). Estas anomalias sdo intrinsecas do
epitélio escamoso, devido especialmente aos efeitos cronicos do processo mastigatério da
mucosa oral e devido a constante acdo de agentes mutagénicos (Ramirez e Saldanha,
2002). Célula cariolitica € associada com citotoxicidade, que € também evidente em células
necroéticas e, célula cariorrética € associada a apoptose (Ramirez e Saldanha, 2002), um
processo que sofre controle genético. Aumento de células com cromatina condensada,
células carioliticas e cariorréticas foi observado no grupo exposto a pesticidas em relagdo
ao grupo nao exposto, indicando assim aumento de apoptose na mucosa oral destes
individuos. Esta taxa aumentada de apoptose pode ter desencadeado uma capacidade maior
de regeneracdo deste tecido, pois observamos aumento do nimero de células basais em
comparacdo ao grupo nao exposto. Thomas et al. (2009) afirmam que a proporcdo de
células basais e células sofrendo morte celular € um indicativo da capacidade de
regeneracdo do tecido. Tolbert et al. (1991) sugerem que apoptose atue como um
mecanismo de sobrevivéncia, eliminando a célula oral com dano genético. Assim, apoptose
em excesso pode servir como um biomarcador de efeito genotéxico.

Os compostos pertencentes a categoria dos organofosforados apresentam mecanismo
baseado na inibicdo da colinesterase (Silva et al., 2001). A inibicdo da colinesterase por
meio dos compostos fosforados provoca o acimulo de acetilcolina, e 0 organismo passa a

apresentar uma série de manifestacdes (efeitos muscarinicos, efeitos nicotinicos, efeitos
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centrais). A atividade de colinesterase € derivada da acdo de duas enzimas, uma na
membrana dos eritrocitos (colinesterase eritrocitaria ou acetilcolinesterase -AChE) e outra
sérica (colinesterase plasmadtica ou butirilcolinesterase -BChE) (Soares et al., 2003). A
AChHE ¢ sintetizada durante a hematopoese, enquanto a BChE € uma enzima produzida no
tecido hepatico e exportada continuamente para a corrente sangiiinea. Esses dois sistemas
enzimaticos apresentam meia-vida bastante diferenciada, ou seja, trés meses para AChE e
cerca de uma semana para BChE (Silva et al., 2001). Estudos prévios demonstraram
associacdo entre exposicdo a organofosforados e atividade de colinesterase
significativamente reduzida em populacdes expostas (Panemangalore et al, 1999;
Hernandez et al., 2005; Ali et al., 2008; Remor et al., 2009).

Em nossos estudos, tanto no primeiro envolvendo a entresafra como no da mucosa oral,
nao foram encontrados diferenca na atividade da colinesterase entre os individuos expostos
e ndo expostos, diferentemente do que foi observado por Khan et al. (2008) em um grupo
de fumicultores. Em um estudo anterior, Shadnia et al. (2005) também encontraram
resultados semelhantes aos nossos, principalmente quando a atividade da BChe foi
avaliada. Biomarcadores utilizados rotineiramente na avaliacdo de exposicdo a pesticidas
providenciam informagdes referentes ao momento da amostragem e provavelmente nao
refletem exposicdo ocorrida hd algumas semanas atrds (Rohlman er al., 2011). A
diminui¢do do teor da colinesterase plasmdtica (BChe) é mais rdpida do que a das
hemadcias, apés o ultimo contato com os fosforados organicos. Essa diferenca tem sido
proposta como uma forma habil para diferenciar temporalmente as intoxicagdes, sendo a
AChE para intoxicagdes cronicas sofridas ha mais tempo, e para as mais recentes e agudas,
a BChE (Silva et al., 2001). Provavelmente ndo encontramos inibi¢cdo na colinesterase nos
fumicultores por estes estarem sofrendo exposicdo cronica. Autores indicam maior
habilidade em identificar intoxicagdes de carater ndo recente ou, mais provavelmente, de
exposicoes sucessivas a doses mais baixas avaliando a atividade de AChe e ndo de BChe,
pois AChe apresenta uma menor taxa de renovagdo sangiiinea, podendo revelar de forma
integral essas exposicoes. Consequentemente, esse indicador de efeito seria mais
apropriado para utilizacdo no monitoramento ocupacional que apresenta este perfil de
exposicao (baixas doses por longos periodos), ao contrdrio das intoxicagdes intencionais
com objetivo homicida ou suicida (altas doses em episédios uUnicos) (Ribeiro e Mella,

2007).
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Os trabalhos demonstraram um significante aumento no ID e FD em fumicultores em
relacdo ao grupo ndo exposto em todos os momentos da safra, com maior efeito genotéxico
na colheita de fumo. Esse resultado foi percebido no primeiro trabalho e, mesmo com uma
amostra maior esse efeito manteve-se. Nesses estudos a exposi¢do envolvendo a colheita
causou mais dano ao DNA do que a exposi¢do envolvendo a aplicagdo de pesticidas. Foi
observado freqiiéncias de MN e NPB significativas, assim como frequéncia de NBUD.
NBUD refere-se a um aumento na eliminacio de DNA amplificado, complexo de
reparacdo de DNA e possivel excesso cromossdmico oriundo de células aneupldides
(Fenech, 2006; Fenech et al., 2011). Shimizu et al. (2005) demonstrou que DNA
amplificado € seletivamente movido a periferia do ntcleo principal e eliminada via
brotamento nuclear. Estes resultados sugerem que em adi¢ao aos efeitos clastogénicos e/ou
aneugénicos, rearranjo cromossomico e amplificacdo génica foram induzidos no momento
da colheita.

Assim como no momento da aplicacao de pesticidas, aumento da frequéncia de MN
(tanto em células basais como em células diferenciadas) e de brotos nucleares em mucosa
oral foi observado no momento da colheita. Porém, resultado significativo também foi
encontrado em relacdo a freqiiéncia de células binucleadas nesta exposi¢do. Acredita-se
que células binucleadas sejam um indicativo de falha na citocinese seguida de divisdo
celular. Em poucos estudos medindo alteragdes cromossdmicas in vivo, nicotina tem sido
registrada por interferir na disjun¢do do cromossomo (Racowsky et al., 1989) - e por
induzir aneuploidia e poliploidia em medula 6ssea de camundongo (Bishun et al., 1972).
Talvez os efeitos da exposicao durante a colheita possam estar envolvidos no aumento da
frequéncia de células binucleadas comparado ao momento da aplicagdo de pesticidas.

Além de causar instabilidade cromossdémica, a atividade citotoxica da nicotina em
vdrias linhagens celulares foi registrada por alguns autores. Nicotina induziu apoptose pela
geracdo de espécies reativas ao oxigénio (ERO) em fibroblasto humano (Kang ef al., 2011)
e, em altas doses e em prolongados intervalos, foi citotéxica em medula Ossea de
camundongo (Attia, 2007b). Em nosso trabalho foi verificado o aumento no nimero de
células carioliticas, cariorréticas e picndticas na colheita em relacdo ao grupo nao exposto,
mas também frequéncia maior de células picndticas e cariorréticas, indicativo de morte
celular, em relacdo ao momento da aplicacdo de pesticidas. De acordo com este aumento

na morte celular, podemos supor que a freqiiéncia de células micronucleadas niao tenha
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sido observada e que o potencial proliferativo tenha sido intensificado, devido também ao
aumento no nimero de células basais. Swenberg (1993) afirma que repetidas exposicoes a
substancias citotéxicas pode resultar em injurias cronicas as células, em proliferacdo
celular compensatéria, em hiperplasia e em desenvolvimento de tumor. De fato, ha
correlagdo entre proliferacao celular e inducao de cancer (Mally e Chipman, 2002). Assim,
dano ao DNA, instabilidade cromossémica, morte celular e potencial regenerativo
aumentado, em células da mucosa oral, também foram observados em fumicultores durante
a colheita.

Os agricultores envolvidos na plantagdo do tabaco entram em contato com a folha de
fumo verde e absorvem nicotina pela pele. No primeiro estudo, aumento nos niveis de
cotinina no sangue dos fumicultores na colheita em relacdo ao momento da entresafra e ao
grupo nao exposto foi observado. No trabalho envolvendo a andlise de mucosa oral e com
um ndmero maior de individuos, esse resultado manteve-se em relagdo ao grupo nado
exposto. Cotinina € o principal metabdlito da nicotina, sendo utilizado como biomarcador
pra este tipo de exposi¢do. Sugere-se, entdo, que houve absorc¢ao de nicotina das folhas de
fumo pelos agricultores durante o periodo da colheita. Estudos tém estimado que absor¢ao
dermal de nicotina resulte em niveis aumentados de cotinina em fumicultores (Quandt et
al., 2000; Arcury et al., 2003; Onuki et al., 2003; Oliveira et al., 2010). A toxicidade da
nicotina depende da quantidade absorvida. Poucos trabalhos descrevem os efeitos agudos
deste pesticida natural em agricultores envolvidos na plantacdo de fumo (Schmitt et al.,
2007; Oliveira et al., 2010). A nicotina é conhecida por gerar radicais livres em células
humanas, relacionando a inducdo de ERO e dano ao DNA observados (Wetscher et al.,
1995). Efeito genotéxico devido a exposi¢do a folhas de fumo foi investigado em Mus
musculus, onde resultado positivo foi encontrado (Da Silva et al., 2010).

Nas folhas de tabaco, além da nicotina, possivelmente residuos de pesticidas sdo
observados. Alguns fumicultores usam pesticidas durante a colheita, principalmente
glifosato. Compostos contendo glifosato sdo herbicidas organofosforados com um amplo
espectro de ac¢do nao seletivo e sdao extensivamente utilizados no mundo todo (Cavalcante
et al., 2008). Embora a toxicidade aguda de glifosato seja considerada baixa (Li e Long,
1988), formulagdes comerciais contendo glifosato sdo geralmente mais toxicas do que a
substancia pura (Peixoto, 2005) devido principalmente a interferéncia de surfactantes tais

como polietileno amina (Tsui e Chu, 2008). Aumento significativo de dano ao DNA,
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avaliado pelo ensaio Cometa, e aumento na frequéncia de MN, NPB e NBUD foram
observados em linfécito humano com exposicdo in vitro a glifosato (Mladinic et al., 2009).
Estudos referentes ao uso de pesticidas, principalmente organofosforados, demonstraram
que dano ao DNA e estresse oxidativo estdo interligados (Lodovici et al., 1997; Muniz et
al., 2008).

A toxicidade de muitos xenobidticos estd associada a producdo de radicais livres, que
ndo sdo somente toxicos por si, mas sdo também implicados na patofisiologia de muitas
doencas (Abdollahi et al. 2004). Pesticidas podem induzir estresse oxidativo, levando a
geracdo de radicais livres e a alteracdo de sistemas de enzimas antioxidantes e a
peroxidacdo lipidica (Banerjee et al. 1999; Shadnia et al. 2005; Salvador et al. 2008). No
grupo da aplicacdo de pesticidas, somente a enzima antioxidante superéxido dismutase
(SOD) teve um aumento significativo, tendo maior atividade em relagdo aos individuos
nao expostos e aos individuos da colheita.

No momento da colheita da folha de fumo foi observado estimulo da SOD e da catalase
(CAT) na indugdo de estresse oxidativo. Resultados também indicaram que o nivel de
peroxidacdo lipidica foi significativamente maior do que o observado no grupo nao
exposto e no momento da aplicacdo de pesticidas. Isto indica que o estimulo da atividade
do sistema de enzimas antioxidantes ndo foi capaz de minimizar a producdo de radicais
livres, induzindo a peroxidagdo lipidica.

Outra evidéncia de que esse tipo de exposicdo, o qual os fumicultores estdo sofrendo,
gera estresse oxidativo foi a freqii€ncia de danos superior a 10% nas classes tipo 1 e 2
(indicativo de quebra de fita simples) que em geral sdo descritas como as principais lesdes
induzidas por esse desequilibrio (Da Silva et al. 2000). EROs podem ser produzidas por
ions metais presentes em alguns pesticidas que interferem em distintos passos das
diferentes vias do reparo de DNA (Videla et al. 2003), por alguns organofosforados
(Guilherme et al. 2010) e também pela nicotina (Wetscher et al. 1995; Yildiz et al. 1999;
Da Silva et al. 2010).

Resultados controversos t€ém sido observados em relagdo ao uso de equipamento de
protecao individual (EPI) e a reducao de dano ao DNA. Em nosso primeiro trabalho nao
observamos diferenca significativa no ID, FD e MN entre os fumicultores que declararam
nao usar o EPI, os que declararam o uso incompleto e completo. Porém, quando avaliamos

a influéncia do EPI em uma amostra maior, observamos que no momento da aplicacdo de
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pesticidas houve diferenca significativa (somente na frequéncia de MN) entre os
trabalhadores que afirmaram ndo usar o EPI em relacdo a aqueles que utilizavam o EPI
completo ou incompleto. O uso de madscaras e luvas protegeu agricultores por reduzir
significativamente os efeitos citogenéticos (Dulout et al., 1985; Lander e Ronne, 1995;
Shaham et al., 2001), porém ndo houve diferenca nos resultados obtidos no ensaio Cometa
e no teste de MN no grupo de trabalhadores que usavam, ou nio, somente um tipo de EPI
durante a aplicacdo de pesticidas (Da Silva et al., 2008; Remor et al., 2009). Em acordo
com Da Silva et al. (2008), durante a aplicagdo de questiondrio individual muitos
trabalhadores nao declaram corretamente o uso do EPI, variando consideravelmente as
respostas em relacdo a esta informacgdo. Os agricultores reconhecem a importancia do uso
de equipamento de prote¢do, mas alguns nao usam todos os itens devido a dificuldade em
respirar, em se locomover e ao calor excessivo.

Em relagdo ao tempo de exposicdo, ndo encontramos correlacgdo com nenhum
parametro avaliado em nossos trabalhos. Nosso resultado foi similar ao observado por
Paiva et al. (2011) onde os niveis de dano ao DNA, estratificado por tempo de exposicao,
nio foi diferente entre os individuos das comunidades rurais, mas diferiu
significativamente quando comparado ao grupo controle.

Fenech e Bonassi (2011) afirmam que o dano ao DNA aumenta em decorréncia da
idade provavelmente devido a combinacdo de varios fatores: o efeito cumulativo de
mutacdes adquiridas em genes envolvidos no reparo, na segregacao cromossomica € no
checkpoint do ciclo celular; a aberracdes numéricas e estruturais nos Cromossomos
causados por exposicdo a genotoxinas enddgenos, a nutricdo inadequada, a exposi¢ao
ocupacional ou ambiental a genotoxinas, bem como a uma ampla variedade de fatores de
estilo de vida ndo sauddveis. Em nosso primeiro trabalho ndo observamos aumento de dano
ao DNA pelo ensaio Cometa e pelo teste de MN. O mesmo ocorreu na avaliacdo da
mucosa oral. Apenas no trabalho envolvendo um nimero maior de fumicultores
encontramos correlacdo entre idade e a frequéncia de MN em linfécitos binucleados.
Resultados em pesquisas anteriores sdo controversos, alguns ndo demonstram efeito da
idade (Da Silva et al., 2008; Remor et al., 2009) enquanto outros apresentam resultados
positivos (Costa et al., 2006; Battershill et al., 2008).

Devido a existéncia de divisdao do trabalho na lavoura, onde homens t€m um contato

maior com o tabaco (Quandt ef al., 2000), surgiu a hipétese de que haveriam diferencas

143



entre género nos resultados dos biomarcadores. Porém ndo encontramos diferenca entre
homens e mulheres em todas as andlises realizadas (ensaio Cometa, teste de MN em
linfécito binucleado e em mucosa oral, dosagem de BChe, de cotinina e de marcadores do
estresse oxidativo, valores de hematdcrito e no conteido de elementos trago) no grupo nao
exposto, no periodo da aplicacdo de pesticidas e na colheita da folha de fumo. Diferenca
entre género foi observada somente no periodo da entresafra, onde dano ao DNA foi maior
em homens.

Algumas pesquisas tém registrado a possibilidade de alteragdes hematoldgicas (i.e.
anemia) em individuos expostos a pesticidas (Pastor et al., 2002; Abu Mourad, 2005; Lu,
2009) e em peixes expostos ao pé da folha do fumo (Omoniyi et al., 2002). Porém nao
houve diferenca significativa entre os valores do hematdcrito dos fumicultores em
comparacdo ao grupo nao exposto. Em estudos anteriores envolvendo agricultores, os
valores obtidos na avaliagdo hematolégica ndo demonstraram diferenca entre grupo
controle e grupo exposto (Pastor et al., 2002; Remor et al., 2009; Alves et al., in prep.).
Nao foi encontrado efeito nos valores de hematdcrito em camundongos expostos a folha de
fumo (Da Silva et al., 2010).

Diferencas interindividuais na habilidade de ativar e detoxificar substancias e de
reparar dano ao DNA podem explicar a suscetibilidade diferencial a exposicdo de
pesticidas (Bolognesi et al., 2011).

Paraoxonase sérica (PON1) é uma lactonase com atividade de esterase que quebra
inibidores da acetilcolinesterase, como organofosforados, antes da ligacdio com a
colinesterase (Singh et al., 2011b), auxiliando na detoxificacio destes pesticidas (Humbert
et al., 1993). Diferencas individuais de 10-40 vezes na atividade da enzima PON1 foram
observadas, sugerindo que individuos com niveis baixos de PONI1 podem ser mais
susceptiveis aos efeitos toxicos dos organofosforados (Bolognesi, 2003). Polimorfismos de
regides codificadoras e promotoras do gene PON/ té€m sido identificados e podem ajudar a
explicar estas diferencas individuais, como o polimorfismo PONIGInl192Arg que
demonstra atividade maior do alelo PON1*Arg192 em relagdo ao PONI*GlInl192 (Humbert
et al., 1993). Pesquisas tém evidenciado que exposicdo a pesticidas estd associada com
dano ao DNA significativamente maior em individuos com o genétipo selvagem do
polimorfismo PONI*192. Da Silva et al. (2008) avaliando um grupo de agricultores de

Caxias do Sul expostos a organofosforados demonstrou frequéncia de MN
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significativamente maior em individuos homozigotos GIn/Gln do que os demais genotipos.
Em outro estudo, o aumento no dano ao DNA estimado pelo ensaio Cometa foi observado
em individuos expostos a pesticidas que demonstraram menor atividade da paraoxonase,
i.e., aqueles com genétipo GIn/Gln (Singh et al., 2011b). Em fumicultores, ndo houve
associacdo entre PONI e os sintomas/sinais (aspectos neuroldgicos e de saide geral,
avaliagdo da atividade das enzimas paraoxonase € colinesterase) de exposicdo a longo
prazo (Sozmen et al., 2007). Em nosso trabalho ndo observamos associacdo entre o
polimorfismo PONI*192 e os resultados obtidos pelo ensaio Cometa e pelo teste de MN
em linfécitos binucleados. Contudo, aumento significativo na freqiiéncia de MN em
c€lulas basais da mucosa oral foi observado em individuos PONI GiIn/Gln no grupo
exposto a pesticidas. Esta mesma modulacdo foi percebida em fumicultores avaliados em
Santa Cruz do Sul - RS (Alves et al., in prep). Talvez organofosforados e carbamatos
sejam utilizados em menores quantidades por fumicultores do que por outros agricultores,
podendo haver diferenca na resposta entre os tipos celulares.

Embora individuos homozigotos Gln/Gln tenham apresentado niveis menores da
atividade da colinesterase em relacdo a individuos GIn/Arg ou Arg/Arg, esta diferenca nao
foi significativa em nosso estudo. Trabalhadores ocupacionalmente expostos a pesticidas
organofosforados ndo demonstraram correlacdo entre o polimorfismo PONI*192 e o nivel
de colinesterase (Singh et al., 2011b), o mesmo foi observado em fumicultores (Sozmen et
al., 2007).

O alelo CYP2A6*9 esta associado com menor disponibilidade de nicotina no sistema
(Benowitz et al., 2006) devido ao metabolismo mais lento de nicotina e cumarina
(Peamkrasatam et al., 2006). Menores niveis de cotinina sdo encontrados na urina de
individuos portando alelo CYP2A6 inativo (Oscarson, 2001). Apesar de, em nosso estudo,
os fumicultores com gendtipos CYP2A6*9/- apresentarem niveis menores de cotinina no
sangue do que individuos CYP2A6*1/*] no momento da colheita da folha, ndo houve
associacdo significativa entre a dosagem de cotinina e o polimorfismo CYP2A6*9.

Nao hé pesquisas que demonstrem influéncia do alelo CYP2A6*9 no dano ao DNA.
Kiyotani et al. (2003) sugere que a substitui¢io do nucleotideo -48T a G na regido
promotora do gene CYP2A6, que resulta no alelo CYP2A6*9, diminua a expressdao do
RNAm. A significancia transcricional do polimorfismo CYP2A6*9, in vivo, € a reducdo

dos niveis da proteina CYP2A6 em individuos que carregam este alelo (Pitarque et al.,
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2001), tendo atividade enzimdtica menor do que 50% em relagdo ao genoétipo selvagem
(CYP2A6*1/*1). Nosso estudo registrou evidéncia que exposi¢do a nicotina (no momento
da colheita) foi associada com maior frequéncia de alteragdo cromossomica (frequéncia de
NPB em linfécitos binucleados) em individuos com genétipo selvagem CYP2A6*1/*1 e,
por outro lado, aumento da citoxicidade (frequéncia de células carioliticas em mucosa oral)
em individuos CYP2A6%*9/-. Podemos supor que durante a colheita, e consequente
exposicdo a nicotina, aqueles com genétipo selvagem e, portanto com metabolismo
normal, tiveram maior freqiiéncia de NPBs. J4 aqueles com gendtipo associado a
capacidade reduzida de metabolizacdo, podem ter apresentado niveis aumentados de
nicotina no sistema, induzindo citotoxicidade. Estudos tém demonstrado que individuos
com o fen6tipo CYP2A6 com atividade reduzida ou inativa t€m um risco menor de cancer
relacionado a exposi¢do ao tabaco (Ariyoshi et al., 2002; Tamaki et al., 2011), embora
resultados conflitantes tenham sido observados (Loriot et al., 2001).

Glutatione S-transferase (GST) € uma familia de enzimas representativa da fase II do
metabolismo. Polimorfismo dos genes GSTM1, GSTT1 e GSTP1 sao estudados em relagdo
a exposicdo de uma ampla gama de agentes genotdxicos; contudo resultados sdo
inconsistentes e contraditdrios (Dhillon et al., 2011). Neste trabalho, polimorfismo do gene
GSTM1 nulo foi associado com uma variacdo significante na frequéncia de NBUD nos
grupos estudados. Maior frequéncia de NBUD foi visto em individuos niao expostos com o
genotipo GSTM 1 ndo nulo enquanto que nos individuos expostos no periodo da aplicacdo
de pesticidas com genétipo GSTM1 nulo. Em estudos anteriores envolvendo individuos
nio expostos, o polimorfismo GSTMI ndo nulo nao foi relacionado com aumento da
frequéncia de aberracdes cromossdmicas, de troca de crométides irmds e de MN (Uuskula
et al., 1995; Scarpato et al., 1996). Porém, resultado semelhante ao nosso foram
encontrados por Falck et al. (1999), Leopardi et al. (2003) e Laffon et al. (2002), que
avaliaram diferentes exposi¢des, e detectaram aumento da frequéncia de MN no genétipo
GSTM1 ndo nulo no grupo ndo exposto. Polimorfismos de enzimas que metabolizam
xenobidticos podem influenciar o nivel basal de dano ao cromossomo, se esses
participarem do metabolismo inato importante para a integridade cromossdmica (Norppa,
2004). Quando um gendtipo nulo de GSTM 1 € detectado, hd uma total auséncia da proteina
e, por isso, da capacidade de metabolizacdo de alguns carcindgenos ativos, aumentando o

risco de dano ao DNA, podendo levar ao desenvolvimento de cancer (Wu et al., 1997). A
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falta de GSTM 1 parece estar associada com aumento da sensibilidade a genotoxicidade em
fumantes (Norppa, 2004). Jiang et al. (2010) e Singh et al. (2011a) observaram associa¢ao
do genétipo GSTMI nulo e dano ao DNA, assim como observamos no momento da
aplicacdo de pesticidas. Em um estudo envolvendo viticultores nao foi encontrado
modulagcdo de GSTM1 nos resultados de ID, FD e MN (Da Silva et al., 2008). N6s nao
encontramos nenhuma relacdo significativa entre os polimorfismos dos genes GSTTI e
GSTPI com dano ao DNA, estando de acordo com outros estudos envolvendo exposi¢ao
ocupacional a agrotéxicos (Da Silva et al., 2008; Singh et al., 2011a).

A proteina OGG1 catalisa a excisdo de purinas oxidadas, incluindo a 8-0x0-7,8-
dihidroguanina (8-0xoG) e anéis de purina (Dizdaroglu, 2005). Estudos do efeito da
substituicdo OGG1Ser326Cys em algumas populagdes revelaram que o alelo Cys tem
menor habilidade de suprimir mutacdes do que o alelo selvagem (Ito et al., 2002; Yamane
et al., 2004; Janik et al., 2011). Em viticultores expostos a pesticidas, baixos niveis de
dano ao DNA foram detectados pelo ensaio Cometa naqueles individuos contendo o
genotipo de reparo ao DNA OGGISer/Ser quando comparados aos individuos com a
variante Cys326, provavelmente refletindo a baixa atividade da enzima desta variante
(Rohr et al., 2011). Nosso estudo ndo encontrou associagdo entre o polimorfismo do gene
OGG]1 com os resultados obtidos pelo ensaio Cometa e pelo teste de MN.

A proteina XRCC1 tem um papel importante no reparo da via BER, atuando como
um scaffold coordenando outras proteinas BER, tais como a DNA polimerase 3, DNA
ligase III, e poli-ADP-ribose polimerase (PARP) (Frosina, 2004). Células do ovério de
hamster chinés com a proteina XRCC1 nao funcional sdo hipersensiveis ao dano no DNA
induzido por agentes alquilantes, ERO ou por radia¢do ionizante sugerindo um papel
essencial de XRCC1 no reparo (Caldecott, 2003). O polimorfismo XRCCIArg194Trp tem
sido sugerido por aumentar a capacidade individual de reparo (revisado em (Frosina,
2004)]. Diversos estudos indicam o efeito protetor do alelo XRCCI*Trp contra tumores
(Stern et al., 2001; Goode et al., 2002; Hu et al., 2005; Breton et al., 2007). Esse
polimorfismo ndo afetou os bioamarcadores avaliados em fumicultores, de acordo com o
observado em outros trabalhos envolvendo exposi¢ao ocupacional em agricultores (Rohr et
al.,2011; Wong et al., 2008).

Quebra na fita dupla € reparada por recombinacdo homoéloga (HR) e por

recombinacdo nao-homéloga (NHEJ), sendo o NHEJ a forma de reparo predominante nas
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c€lulas de mamiferos (Ruttan e Glickman, 2002). Embora polimorfismos genéticos das
proteinas envolvendo a HR tenham sido identificados e investigados, pouco se sabe sobre
as proteinas envolvendo a NHEJ em termos de variagdo genética e o impacto potencial de
tal variacdo na capacidade de reparo e consequente risco de carcinogénese (Relton et al.,
2004). Evidéncias sugerem que alteracdo genética nas proteinas da via NHEJ pode
influenciar diretamente a capacidade de reparo. Diferentes polimorfismos no gene XRCC4
tém sido registrados (Ford et al., 2000). Um deles, o polimorfismo XRCC4 Ile—Thr no
cédon 401 foi avaliado em nosso trabalho. Entre individuos expostos, aqueles que
apresentaram o alelo XRCC4*Thr tiveram maior freqiiéncia de MN, indicando uma menor
atividade do alelo variante (7Thr) em viticultores (Rohr, 2008). Células deficientes de
XRCC4 apresentaram maior quantidade de aberracdes cromossdmicas apds a exposi¢ao a
radiacdo ionizante, demostrando incapacidade de reparo de quebras de fita dupla (Katsube
et al., 2011). No presente trabalho, nenhuma associacao foi encontrada entre os resultados
de ensaio Cometa e teste de MN com os genétipos do gene XRCC4 nos grupos expostos. J&
0 grupo nao exposto apresentou associacao entre o genétipo XRCC4 Ile/Ile e o aumento da
frequéncia de NPB.

O gene RADS51 esta envolvido na via de HR. O polimorfismo Rad51*GI135C esta
localizado na regidao 5’UTR do gene, podendo afetar a instabilidade do RNAm ou a
eficiéncia de translocacio para o citoplasma, bem como levar a alteracdes nos niveis ou na
funcdo da proteina (Poplawski et al., 2006). Krupa et al. (2011) sugere que o polimorfismo
135G>C do gene RADS51 pode estar associado a cancer endometrial. Apesar disto, nossos
resultados ndo encontram associag¢do entre os resultados do ensaio Cometa e do teste de
MNs com o polimorfismo de gene RADS5I para os grupos expostos, assim como Rohr
(2008) que avaliou exposicdo ocupacional em viticultores. Enquanto que para o grupo nao
exposto, foi encontrada associacdo entre os genétipos RADS1 C/C ou G/C e o aumento da
frequéncia de MN.

Diferenca na modulacdo por determinado gendtipo no grupo exposto que ndo €
percebida no grupo nao exposto sugere efeito exposicao-especifica. Enquanto que efeito do
gendtipo (visto no mesmo nivel) em ambos os grupos, exposto € nao exposto,
provavelmente represente efeito no nivel basal do bimarcador (Norppa, 2004). Assim, as
diferencas encontradas entre alguns genétipos dos genes de reparo do grupo nao expostos,

possam ser explicadas por estas variantes influenciarem a capacidade individual de reparo
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ao DNA e por interagir com fatores de estilo de vida em individuos ndo expostos. Estilo de
vida determina os niveis de exposicdo a mutigenos/carcindgenos ambientais em
populacdes sauddveis nao expostas a fatores ocupacionais (Weng et al., 2008).
Polimorfismos afetando processos celulares fundamentais responsdveis pela manutencao
da integridade gendmica, tal como o reparo ao DNA, pode ser esperado por ter este efeito
(Norppa, 2004).

Nossa investigacdo chama a atenc¢do ao significante aumento do dano ao DNA em
todos os periodos da safra de fumo identificados aqui, demonstrando que os individuos
avaliados sofrem exposi¢do ocupacional crOnica e necessitam constante prote¢do. Deve-se
atencdo especial ao momento da colheita, onde estresse oxidativo e dano ao DNA foram
encontrados em maiores nivéis e onde os fumicultores t€ém menos cuidado individual.
Nossos resultados estdo de acordo com o observado por Shadnia et al. (2005), onde
agricultores sofrendo exposi¢do cronica demonstraram aumento nos niveis de enzimas
antioxidantes e de peroxidacdo lipidica na auséncia de inibicdo da atividade da
colinesterase. Fraca modulacio foi percebida em relacio aos genes de
metaboliza¢do/reparo com os resultados obtidos nos diferentes biomarcadores. Assim,
realizar avaliagdes que permitam predizer possiveis riscos sobre exposi¢des ocupacionais €
atualmente um assunto considerado de extrema urgéncia (Bolognesi, 2003; Hernandez et
al., 2005). Estudos de biomonitoramento realizados a partir de testes genotoxicos e
mutagénicos sdo valiosas ferramentas de avaliacdo e controle sobre danos genéticos,
exercidos por misturas complexas de produtos quimicos. Devido a ocorréncia de
significativos efeitos severos a saide demonstrados em estudos epidemioldgicos realizados
entre agricultores, fica comprovado que a exposicdo ocupacional contribui para a maior
incidéncia de lesoes no DNA em células somaticas, reconhecidamente um evento critico na
génese do cancer e doencas hereditarias. Além disso, estudos de biomonitoramento
ocupacional permitem estabelecer limites de tolerncia, para que a exposicdo aos
agrotoxicos € sua manipulagdo ocorra de forma adequada, objetivando diminuir a
incidéncia de efeitos sobre o bem estar fisico e mental dos individuos ocupacionalmente

€Xpostos.
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V.2 CONCLUSOES

O presente trabalho permitiu concluir que a exposi¢do a multiplos pesticidas
(incluindo a nicotina) utilizados na fumicultura é responsdvel por efeitos genotdxicos e
mutagénicos entre individuos expostos. Além disto,

v' 0 ensaio Cometa realizado em sangue periférico permitiu verificar os efeitos
genotoxicos da exposicdo ocupacional a mistura complexa de compostos em todos
os momentos da safra avaliados neste trabalho;

v’ efeito clastogénico e/ou aneugénico, alteragdes cromossdmicas € possivel
amplificacido génica foram observados no grupo exposto devido a maior incidéncia
de microntcleos, células com ponte e broto nuclear nos linfécitos binucleados nos
fumicultores;

v' as avalia¢bes morfoldgicas das células da mucosa oral demonstraram aumentos nos
eventos de morte celular (cromatina condensada, cariorrética, cariolitica, picnética).
Maior incidéncia de células basais nos individuos expostos representa o aumento da
capacidade proliferativa. Além disto, aumento de células binucleadas, aumento na
frequéncia de MN e de broto nuclear refletem falhas na citocinese, efeito
clastogénico e/ou aneugénico e possivel amplificacdo génica;

v’ a andlise do hematdcrito e da atividade de colinesterase sérica ndo demonstrou
diferencas significativas entre os grupos;

v' a dosagem de cotinina demonstrou niveis significativamente maior entre o
momento da colheita em relacdo ao grupo ndo exposto e o momento da entresafra;

v' a andlise dos dados quanto aos diferentes parAmetros de género, idade, tempo de
exposi¢do e uso de EPI, demonstrou que somente a idade e o uso de EPI foram
fatores de influéncia nos resultados obtido pelo teste de MN nos individuos
expostos a pesticidas;

v' diferenca no conteido de elementos traco foi encontrada no sangue total de
fumicultores no momento da aplicacdo de pesticidas em relacdo ao grupo nao
exposto e ao momento da colheita. Niveis maiores de cromo, magnésio, aluminio,

cloro, zinco e potassio foram encontrados;
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aumento significativo na freqiiéncia de MN em células basais de mucosa oral foi
observado em individuos PONI Gln/Gln no grupo exposto a pesticidas, porém nao
foi observado o mesmo em relagdo a frequéncia de MN em linfécito;

nosso estudo registrou evidéncia que exposicdo a nicotina (no momento da
colheita) foi associada com maior frequéncia de alteracdo cromossdmica
(frequéncia de NPB) em individuos com genétipo selvagem CYP2A6*1/*1 e
citoxicidade aumentada (frequéncia de células carioliticas) em individuos
CYP2A6%9/-;

polimorfismo do gene GSTMI foi associado com uma variagdo significante na
frequéncia de NBUD em individuos ndo expostos e nos individuos no momento da
aplicacdo de pesticidas; nenhuma relac@o significativa entre os polimorfismos dos
genes GSTTI e GSTPI com dano ao DNA foi encontrada;

Os  polimorfismos  OGGI1Ser326Cys, XRCCIlArgl94Trp, Rad51GI35C,
XRCC41le401Thr individualmente parecem ndo influenciar os biomarcadores de
exposicao e efeito analisados nos individuos expostos;

Os polimorfismos Rad51G135C e XRCC41le401Thr, na andlise individual, parecem
modular os danos detectados no teste de MN, para exposi¢ao de uma maneira geral,
ou seja, nos individuos ndo expostos;

estresse oxidativo foi observado nos individuos expostos em relacdo aos nao
€Xpostos;

estresse oxidativo e dano ao DNA em linfécitos binucleados foi maior no momento

da colheita da folha de fumo em relacdo ao momento da aplicacao de pesticidas.
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ANEXOS

TERMO DE CONSENTIMENTO INFORMADO

1. Dados de Identificacao do Projeto de Pesquisa

1.1.

1.2.

1.3.

1.4.

1.5.
1.6.

Titulo: Avaliagao da Genotoxicidade Ocasionada pela Exposicao Ocupacional em
Fumicultores Associada a Suscetibilidade Genética.
Unidade executora: Universidade Federal do Rio Grande do Sul — Campus do Vale,
Porto Alegre — RS.
Locais de coleta: Municipio de Venancio Aires — Rio Grande do Sul.
Pesquisadores: Prof”. Dr. Kdtia Kvitko e Prof*. Dr”. Juliana da Silva

Ms. Fernanda Rabaioli da Silva

Endereco para contato: katia.kvitko@ufrgs.br
Telefone da pesquisadora responsavel: 51 3308 6740
Objetivos do projeto: avaliar a genotoxicidade em fumicultores gaichos durante
exposicdo aos pesticidas naturais e sintéticos nas lavouras de fumo,
correlacionando os resultados com a suscetibilidade genética individual e com os

biomarcadores bioquimicos.

2. Informacoes ao voluntario

2.1.

2.2.
2.3.

Participac@o no projeto: o voluntério participara deste projeto através da doacdo de
sangue e de mucosa oral para realizacao de andlises bioquimicas e genéticas. Além
disso, deverd responder ao questiondrio especifico.

Duragdo da atividade: aproximadamente 30 minutos.

Descri¢ao dos procedimentos: os individuos serdo reunidos; no primeiro momento
a proposta da pesquisa e o questiondrio a ser preenchido serdo apresentados. Apos o
esclarecimento das possiveis ddvidas e o preenchimento do questiondrio, o
individuo serd conduzido ao profissional habilitado, este ird retirar 20ml de sangue
utilizando seringa descartdvel e separar-lo em tubos estéreis destinados aos
diferentes testes. O profissional ird fazer a raspagem da mucosa bucal do mesmo

individuo usando swab descartdvel e ird preparar a lamina. No final da pesquisa, o

166



participante serd convidado a uma reunido organizada pelos pesquisadores que terd
como intuito apresentar os resultados a comunidade.

2.4. Riscos e desconfortos: ndo hé riscos para o voluntdrio 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.

2.5. Beneficios esperados: os resultados do exame clinico e laboratorial serdo
comunicados ao voluntdrio que ficard ciente da presenca ou nao de residuos de
agrotoxicos no organismo. Serd dada orientac@o a respeito dos riscos inerentes ao
uso de pesticidas e a necessidade da utilizagdo dos equipamentos de seguranca.

2.6.  Critérios de confidencialidade, privacidade e anonimato: todas as andlises serdo
realizadas de forma confidencial, nao sendo identificado o voluntario. Os resultados
serdo informados diretamente ao voluntdrio pela coordenacdo do projeto. As
publicacdes ndo incluirdo qualquer referéncia ao nome do doador ou outros dados
que possam identificd-lo.

2.7.  Destino do material biolégico coletado: apds a realizacdo das andlises quimicas e
bioquimicas as amostras de sangue serdo descartadas, nio podendo ser utilizadas
para outros fins. As amostras de DNA ficardo armazenadas sob forma de banco de
DNA no laboratério de Imunogenética da UFRGS, sob responsabilidade da Dr".
Katia Kvitko. As amostras de DNA poderdo ser reanalizadas com outros
marcadores moleculares, quando houver interesse e recursos para isto, apenas com

a autorizagado do participante.

3. Consentimento do voluntario

U, ettt ettt ettt e aaaas , apos ler este

documento e uma vez esclarecida a minha participacdo no projeto de pesquisa aqui

referido, concordo em:

a- responder adequadamente ao questiondrio em anexo;

b- doar uma amostra de sangue venoso, coletada por profissional habilitado, com
material totalmente descartdvel, a qual serd utilizada para realizacdo de andlises
quimicas e bioquimicas com o objetivo de avaliar o nivel de intoxicacdo por

pesticidas;
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c- permitir raspagem da mucosa bucal, com material descartdvel, a realizacdo do

Teste de Micronucleo e dosagem de Cotinina.

d- autorizo a utilizacdo da minha amostra de DNA para outros estudos similares de

polimorfismos em marcadores de suscetibilidade ( )Sim ( ) Nao

Assinatura do voluntério:
Assinatura do coordenador do projeto:

Local e data:

168



el .

A A

10.

11

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.

QUESTIONARIO PESSOAL

Idade: em anos
Data de nascimento: / /

Sexo: ( )M ( F

Grupo Etnico: () negro; () chinés; ( ) japonés; ( ) outros orientais; ( ) indigena; ( )
latino-americano; () europeu; ( ) asiatico

Estado civil:

N. de filhos:

Emprego anterior:

Funcao que exercia:

No seu emprego anterior ja se expds a algumas destas substancias? ( informe tempo de

exposi¢ao): () derivados do petréleo ; () tintas/corantes ; () solventes
; () pesticidas/herbicidas ; () mercdrio/vapores de outros metais
pesados — quais? ; () outras substancias quimicas — quais?

Funcao atual:

. Tempo de servigo:

12.

No seu emprego atual ja se expOs a algumas destas substancias? ( informe tempo de

exposi¢do): () derivados do petrdleo ; () tintas/corantes ()
solventes ; () pesticidas/herbicidas ; () mercirio/vapores de outros
metais pesados — quais? ; () outras substancias quimicas — quais? __

Tipos de pestidas que trabalha: ( ) carbamatos; ( ) organofosforados; ( ) piretréides;
( ) organoclorados

De que forma € aplicado? ( ) trator; ( ) bomba costal; ( ) avido; () outros — Quais: __
Meses do ano que ¢ aplicado (todos):

Més(es) que € mais aplicado:

Periodicidade (todos os dias?):

Utiliza equipamento de seguranca: ( ) sim ( ) ndo

Quando foi a dltima vez que foi aplicado?

Vocé come enquanto aplica ou logo ap6s aplicar o agrotéxico? ( ) sim ( ) ndo

Se sim, Lava as maos antes de pegar nos alimentos? ( ) sim ( ) ndo

Ja fumou? ( ) sim ( ) ndo — se ndo va para 26
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23. Quantos anos?

24. Ainda fuma? ( ) sim ( ) ndo — se ndo hd quantos anos parou?

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

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

27. Medicamentos utilizados rotineiramente / indicar a freqiiéncia: ( ) vitaminas e
suplementos; ( )pilulas para pressdo; ( ) antibidticos; ( ) insulina; tranqiiilizantes; ( )

relaxantes musculares; ( ) outros:

28. Estd fazendo algum tratamento? ( ) sim ( ) ndo — Qual?

29. Consome bebidas alcodlicas? ( ) sim ( ) ndo — Qual? Freqiiéncia:

30. Ingere frutas e verduras? ( ) sim ( ) ndo — Qual? Freqiiéncia:

31. Ingere carnes (ndo sé vermelha)? ( ) sim ( ) ndo — Qual? Freqiiéncia:

32. Preferéncia das carnes: () crua; ( ) mal passada; ( ) bem passada / ( ) gorda; ( )
magra

33. Doengas ja contraidas: ( ) cancer; ( ) aids; ( ) diabete; ( ) anemia; ( ) doencas

cardiacas; ( ) outras -

34. Tem conhecimento de algum defeito de nascimento ou doenga hereditdria que afetem

seus  pais, irmdos, irmds ou cOnjuges? ( ) sim ( ) ndo -

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

diagnosticados como estéreis? ( ) sim ( ) nao -

36. Historico de aborto espontaneo? ( ) sim ( ) ndo -

37. Historico de bebés com defeitos? ( ) sim ( ) ndo -

38. Possui irmao gémeo idéntico? ( ) sim ( ) ndo

39. Casos de cancer na familia: ( ) sim ( ) ndo — grau de parentesco -

Tipos de canceres: ( ) pele; ( ) mama; ( ) leucemia; () esdfago; ( ) ou

40. Ap6s manipular as folhas de fumo quais sintomas ja demosntrou:

() Tontura () Dor de cabeca () Diarréia () Fraqueza
() Cdlica () Perda do apetite () Visdo embagada
() Lacrimejar constante () Dificuldade em respirar Outros:
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