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RESUMO

SANTOS, Aline de S. Espindola. Biomarcadores de estresse oxidativo, inflamacao
sistémica e resposta imune em trabalhadores expostos a agrotoxicos, TeresopoRs.
Tese (Doutorado em Saude Coletiva) — Instituto de Estudos em Sadde Coletiva, Universidade
Federal do Rio de Janeiro, Rio de Janeiro, 2018.

Introducao: Estresse oxidativo, inflamacdo e autoimunidade sdo processos fisiopatologicos
envolvidos em diversas doencas crbnicas, mas também associados aos efeitos nocivos dos
agrotoxicos a saude humana. Objetivo: Esta tese teve como objetivo analisar a relacao entre a
exposicdo a agrotoxicos, estresse oxidativo, resposta inflamatéria e autoimune em
trabalhadores agricolas do municipio de Teresopolis, Rio de Janeiro. Material e Métodos: A
tese foi elaborada no formato de publicacdo resultando em cinco artigos. No primeiro artigo
foi realizada uma analise descritiva do uso de agrotdxicos na horticultura brasileira e seus
impactos na satde humana & luz dos aspectos regulatérios, socioecondmicos e culturais. No
segundo artigo, realizamos uma revisdo sistematica da literatura para avaliar as evidéncias da
relacdo entre estresse oxidativo e exposicao ocupacional a agrotoxicos. No terceiro artigo, um
estudo seccional foi conduzido para investigar a associacdo entre a exposi¢do a agrotoxicos,
biomarcadores de estresse oxidativo e inflamac&o. Neste estudo foi proposto um escore de
estresse oxidativo individual (EEOI), que buscou representar o nivel global de estresse
oxidativo para um individuo. No quarto artigo, foi conduzida uma revisdo de literatura de
estudos epidemioldgicos sobre fatores ambientais no desenvolvimento do lGpus eritematoso
sisttmico. E, por fim, no quinto artigo, através de um estudo seccional, foi examinada a
associacdo entre a exposicao a agrotoxicos, anticorpos antinucleares (ANA) e autoanticorpos
contra peptideos citrulinados ciclicos (anti-CCP), utilizados na investigacdo diagndstica do
Lapus Eritematoso Sistémico (LES) e Artrite Reumatoide (AR), respectivamente. A
populacdo do estudo seccional foi composta por uma amostra voluntariada de usuarios dos
servicos de saude, agricultores ou ndo, das localidades rurais de Albuquerque, Bonsucesso,
Vargem Grande, Venda Nova e Vieira, de ambos os sexos, com idade compreendida entre 16
e 69 anos. Foram excluidos do estudo moradores com menos de um ano de trabalho na
agricultura, fazendo uso de antioxidantes ou vitaminas, com histérico de tabagismo atual,
diagnostico de diabetes, hipertensdo, cancer, doencas neurodegenerativas, doencas
autoimunes e enddcrinas. A amostra de voluntérios foi composta por 120 individuos, sendo
52 trabalhadores agricolas e 68 que ndo exerciam essa ocupacdo. Resultados: Artigo 1 -
Areas de horticultura como a Regifo Serrana apresentam um padrdo sugestivo de uso
intensivo de agrotoxicos. Antes de 2010, grande parte do uso de agrotoxicos nesta atividade
agricola era pautado na observacdo empirica. A Instru¢cdo Normativa Conjunta (INC) n° 01,
de 23 de fevereiro de 2010, retificada pela INC de 16 de junho de 2014, permitiu o registro e
consequente padronizacdo agronémica dessas substancias, mas somente essa medida nao foi o
suficiente para reduzir a exposi¢do ocupacional a agrotdxicos e os efeitos em longo prazo
dessas substancias. Artigo 2 - Dos 47 artigos epidemioldgicos incluidos na revisdo
sistematica, 08 foram classificados pelos autores como estudo de coorte, 09 seccionais € em
30 deles ndo foram citados o delineamento de estudo. Apenas 19,1% dos artigos apresentaram
método estatistico robusto e somente 14,9% controlaram adequadamente variaveis
confundidoras. Aproximadamente 46,8% dos estudos avaliaram até 2 biomarcadores de
estresse oxidativo. Artigo 3 - Foram observadas associagdes positivas entre 8-isoprostano e
uso do herbicida glifosato (RC: 3,63; 1C95%: 1,12-11,83); catalase e uso do fungicida



azoxistrobina (RC: 5,26; 1C95%: 1,03-26,78); GR e uso do fungicida difeconazol (RC: 4,25;
IC95%: 1,04-17,31); GST e uso do inseticida metomil (RC: 5,72; 1C95%: 1,10-29,82), apos
ajuste por sexo, idade, fumo no passado e consumo de bebidas alcoolicas. O EEOI obtido
mostrou-se associado significativamente ao uso de fungicidas (RC: 5,35; 1C95%: 1,21-23,77).
Artigo 4 - A exposicdo residencial e ocupacional a agrotoxicos, dentre outros fatores de risco
ambientais, tem sido associada ao lupus eritematoso sistémico. Artigo 5 - Niveis elevados de
ANA estiveram associados, sem significancia estatistica, ao uso do fungicida azoxistrobina
(RC: 4,47; 1C95%: 0,92-21,6). O uso de inseticidas organofosforados e carbamatos foi
associado a elevados niveis de anti-CCP (RC: 6,69; 1C95%: 1,45-30,75). AssociacOes
positivas foram observadas entre aumentados niveis de anti-CCP e uso do fungicida
mancozebe (RC: 6,20, 1C95%: 0,76-50,67), uso do inseticida metomil (RC: 5,74, 1C95%:
0,95-34,79), porém sem significancia estatistica. Conclusdo: A normatizacdo e a
padronizacdo agrondémica dos agrotdxicos na horticultura ndo foram suficientes para reduzir a
exposicdo ocupacional a estas substancias, tendo em vista que fatores socioecondmicos,
culturais e biolégicos reforcam a situacéo de vulnerabilidade dos trabalhadores da horticultura
aos efeitos em longo prazo dos agrotoxicos que podem se desenvolver anos depois de cessada
a exposicdo a doses permitidas. Neste sentido, nossos resultados sugeriram uma associacdo
positiva entre a exposicao a agrotdxicos especificos e estresse oxidativo, condicdo patologica
implicada em muitas doencas crénicas. Além disso, estudos recentes tém indicado que a
exposicdo a essas substancias pode influenciar o risco para o desenvolvimento de LES e
nossos achados suportaram essas evidéncias, tendo em vista a associagdo positiva encontrada
entre a exposicdo a agrotoxicos especificos e autoanticorpos antinucleares. Esse estudo
fornece contribuicbes ao tema por ter avaliado os possiveis efeitos dos agrotoxicos sobre
autoanticorpos anti-CCP, um biomarcador utilizado no diagnéstico da AR; incluido maior
rigor metodolégico, medidas de associacdo na avaliacdo da relagdo entre exposicdo a
agrotoxicos especificos e estresse oxidativo, e por fim, propde a utilizagdo de uma ferramenta
de avaliacdo global de estresse oxidativo no contexto de exposicdo a agrotdxicos.

Palavras-Chave:  Agrotoxicos.  Biomarcadores.  Estresse  oxidativo.  Inflamacéo.
Autoanticorpos. Epidemiologia.



ABSTRACT

SANTOS, Aline de S. Espindola. Biomarcadores de estresse oxidativo, inflamacao
sistémica e resposta imune em trabalhadores expostos a agrotoxicos, TeresOpoRs.
Tese (Doutorado em Salde Coletiva) — Instituto de Estudos em Saude Coletiva, Universidade
Federal do Rio de Janeiro, Rio de Janeiro, 2018.

Background: Oxidative stress, inflammation, and autoimmunity are pathophysiological
processes involved in several chronic diseases, but also associated with the harmful effects of
pesticides on human health. Objective: This doctoral dissertation aimed to analyze the
relationship between pesticides exposure and oxidative stress, inflammation, and specific
autoantibodies in agricultural workers in the city of Teresopolis, Rio de Janeiro. Material
and Methods: The doctoral dissertation was arranged as a dissertation by publication. In the
first paper, a descriptive analysis of the use of the pesticide in Brazilian horticulture and their
health impacts was carried out according to regulatory, socioeconomic, and cultural factors. In
the second paper, we conducted a systematic review to evaluate the relationship between
oxidative stress and occupational exposure to pesticides. In the third paper, a sectional study
was conducted to investigate the association between pesticides exposure, oxidative stress and
inflammation biomarkers. In this study, was proposed an individual oxidative stress score to
represent the global oxidative stress level of an individual. In the fourth paper, a literature
review of epidemiological studies on environmental factors in the development of systemic
lupus erythematosus was conducted. Finally, in the fifth paper, a sectional study examined the
association between pesticides exposure, antinuclear autoantibodies (ANA) and
autoantibodies against the cyclic citrullinated peptide (anti-CCP), which are used in the
diagnosis of Systemic Lupus Erythematosus (SLE) and Rheumatoid Arthritis (RA),
respectively. Using a cross-sectional design, a volunteer sample of healthy adults ages 17-69
years, from 05 rural locations (Albuquerque, Vargem Grande, Venda Nova, Bonsucesso, and
Vieira) was selected. Exclusion criteria were current smoking, diagnosis of chronic diseases
such as diabetes, hypertension, cancer, neurodegenerative, autoimmune and endocrine
illnesses, and use of antioxidant or vitamins. A sample with 52 agricultural workers and 68
non-agricultural workers was recruited. Results: Paper 1 - Serrana region, a horticulture area,
present a suggestive pattern of intensive pesticides use. About this agricultural activity, Joint
Normative Instruction n° 01 of February 23, 2010, ratified by the Joint Normative Instruction
of 01 of June 16, 2014, allowed the registration of these substances. But, this action was not
enough to reduce occupational exposure to pesticides. Paper 2 - Of the 47 epidemiological
papers included in the systematic review, eight were classified by the authors as a cohort
study, nine cross-sectional and 30 were not cited the study design. Only 19.1% of the articles
presented a robust statistical method and only 14.9% controlled confounding variables.
Approximately 46.8% of the studies evaluated up to 2 oxidative stress biomarkers. Paper 3 -
Positive associations between 8-isoprostane and glyphosate herbicide (OR: 3.63, 95% CI
1.12-11.83); catalase and the fungicide azoxystrobin (OR: 5.26, 95% CI 1.03-26.78); GR and
fungicide dypheconazole (OR: 4.25, 95% CI 1.04-17.31); GST and the methomyl insecticide
(OR: 5.72, 95% CI 1.10-29.82) after controlling for confounding variables such as sex, age,
past smoking, and alcohol consumption were observed. Exposure to fungicides was
significantly associated with the 10SS individual oxidative stress score (OR: 5.35, 95% ClI
1.21-23.77). Paper 4 - Residential and occupational exposure to pesticides, among other
environmental risk factors, has been associated with systemic lupus erythematosus. Paper 5 -
The use of organophosphate and carbamate insecticides was related to high Anti-CCP levels



(OR: 6.69; 95% CI: 1.45-30.75). Although was not statistically significant, positive
associations were observed between increased anti-CCP and use of the fungicide mancozeb
(OR: 6.20, 95% CI 0.76-50.67), and methomyl (OR: 5.74, 95% CI 0.95-34.79). Increased
levels of antinuclear antibodies were associated without statistical significance to the use of
fungicide azoxystrobin (OR: 4.47, 95% CI 0.92-21). Conclusion: Pesticides regulation
provided the standardization of their use, but this action was not enough to reduce
occupational exposure to pesticides considering that the influence of socioeconomic, cultural
and biological factors reinforces arguments about the vulnerability of agricultural workers to
long-term effects of pesticides. In this sense, our results suggested a positive association
between exposure to specific pesticides and oxidative stress, a pathological condition
implicated in many chronic diseases. Moreover, recent studies have indicated that exposure to
these substances may influence the risk of developing SLE an autoimmune disease and our
results supported this evidence, given the positive association found between exposure to
specific pesticides and ANA. Also, this study has provided contributions to the theme for
having evaluated the possible effects of pesticides on anti-CCP, a biomarker used in the RA
diagnosis; Besides that, it included greater methodological rigor and association measures in
assessing the relationship between specific pesticides exposure and oxidative stress, and
finally proposed the use of a tool for global evaluation of oxidative stress.

Keywords: Pesticides. Biomarkers. Oxidative stress. Inflammation. Autoantibodies.
Epidemiology.



AHS
ANA
ANTI-CCP
Anti-dsDNA
ANVISA
APC

AR
CGAA
CEASA
DAMPs
DATASUS
DDT
DL-50
DM
DNA

DP
DTNB
EDTA
ELISA
ERC
ERN
ERO
ERS

ESF

FR

GR

GSH
GSSG
H20:
HMGB1
IBAMA

IFN-y
IL
IL-1
IL-1a
IL-1P
IL-4

LISTA DE ABREVIATURAS E SIGLAS

Agricultural Health Study

Anticorpos Antinucleares

Anticorpos anti Peptideos Citrulinados Ciclicos
Anticorpos Anti DNA de Cadeia Dupla
Agéncia Nacional de Vigilancia Sanitaria
Célula Apresentadora de Antigeno

Aurtrite Reumatoide

Coordenacgdo Geral de Agrotoxicos e Afins
Centrais Estaduais de Abastecimento
Damage Associated Molecular Pattern
Departamento de Informatica do Sistema Unico de Sadde
Diclorodifeniltricloroetano

Dose letal 50

Diabetes Mellitus

Acido desoxirribonucleico

Doenca de Parkinson

5, 5'- Ditiobis acido 2 — nitrobenzoico
Acido Etilenodiamino Tetra-acético
Enzyme Linked Immunosorbent Assay
Espécies reativas de carbono

Espécies reativas de nitrogénio

Espécies reativas de oxigénio

Espécies reativas de enxofre

Estratégia de Saude da Familia

Fator reumatoide

Glutationa redutase

Glutationa reduzida

Glutationa oxidada

Peroxido de hidrogénio

High mobility group protein 1

Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis
Interferon gama

Interleucina
Interleucina 1
Interleucina 1 alfa
Interleucina 1 beta
Interleucina 4



IL-6 Interleucina 6

IL-12 Interleucina 12

IL-33 Interleucina 33

LES Lapus Eritematoso Sistémico

MDA Malondialdeido

MHC Major Histocompatibility Complex

MTE Ministério do Trabalho E Emprego

NADPH Nicotinamide Adenine Dinucleotide Phosphate Reduced
NLRs Nod Like Receptors

oMC Organizacdo Mundial Do Comeércio

Oz~ Radical Superdxido

PNDA Plano Nacional De Desenvolvimento Agricola
SINAN Sistema De Informacéo De Agravos De Notificacéo
SOD Superoxido Dismutase

TBA Acido Tiobarbitarico

TLR Toll Like Receptors

TNB 5-Thio 2-Nitrobenzoic Acid

TNF-a Fator de Necrose Tumoral alfa

UBS Unidade Basica de Saude

UNCETDG/GHS The United Nations Committee of Experts on the Transport of
Dangerous Goods and on the Globally Harmonized System

WHO World Health Organization



Introducao
Figura 1
Figura 2

LISTA DE FIGURAS , MAPAS E TABELAS

Figuras

Ciclo Redox da Glutationa
Mecanismos da resposta inflamatdria induzida pelo estresse

oxidativo

Material e Métodos

Figura 3
Figura 4

Artigo 2
Figure 1

Representacdo esquematica de 3 tipos de ensaio por ELISA
Esquema reacional do ensaio da Superdxido Dismutase por
ELISA

Flowchart of the systematic identification and inclusion
selection of scientific papers on chronic exposure to pesticides

and alteration of oxidative stress parameters

Supplementary material

Figure S1

Tabelal

Tabela 2

Artigo 1

Antibody distribution in population studied. (a) Anti-CCP and
ANA distribution. (b) Anti-ccp and ANA box-plot. (¢) Anti-ccp
and ANA log distribution. (d) Anti-ccp and ANA box-plot log.
(e) Anti-ccp and ANA without outlier distribution. (f) Anti-ccp
and ANA without outlier box-plot

Tabelas
Classificacdo toxicologica para agrotoxicos no Brasil de acordo

com a ANVISA correspondente a classificacdo antiga da OMS

Descricdo de algumas ERO e ERN

29
31

46
48

81

164

22

28



Tabela 1

Artigo 2
Table 1
Table 2

Artigo 3
Table 1
Table 2
Table 3
Artigo 4
Table 1

Table 2

Table 3

Agrotoxicos registrados para horticultura de acordo com o grupo

quimico e classe

Syntaxes used in the databases between June-July 2017
Characteristics of the studies that assessed oxidative stress

parameters in agricultural workers exposed to pesticides

Main characteristics of the study population

Association between pesticide classes and specific pesticides,
and 75th percentile of inflammation and oxidative stress
biomarkers

Association between pesticides and 75th percentile of I0OSS

Main characteristics of the study population

Association between pesticide exposures and elevated anti-CCP
and ANA antibodies

Association between biological action, chemical types, and
specific pesticides, and 75" percentile of anti-CCP and ANA

antibodies

Supplementary material

Artigo 3
Table S1

Table S2

Artigo 4
Table S1

Levels of oxidative stress and inflammation biomarkers in the
study population
Association between pesticide use and elevated inflammation

and oxidative stress biomarkers

Results from linear regression examining the association
between pesticide exposure, and elevated anti-CCP and ANA

antibodies (without outlier)

64

80
85

116
119

121

155

156

158

125

126

165



Table S2

Table S3

Table S4

Artigo 1
Mapa 1

Mapa 2

Mapa 3

Results from linear regression examining the association 166
between biological action, chemical types, and specific
pesticides, and 75+ percentile of anti-CCP and ANA antibodies
(without outlier)

Results from logistic regression examining the association 167
between pesticide exposure, and elevated anti-CCP and ANA
antibodies (agricultural workers applying pesticides versus no-
applicators)

Results from logistic regression examining the association 168
between biological action, chemical types, and specific

pesticides, and 75" percentile of anti-CCP and ANA antibodies

(agricultural workers applying pesticides versus no-applicators)

Mapas

Percentual de Estabelecimentos horticolas em relacdo ao total de 57
estabelecimentos agricolas por municipios brasileiros em 2006
Percentual da participagdo familiar nos estabelecimentos 58
agricolas horticolas por municipios brasileiros em 2006

Percentual de uso de agrotdxicos em estabelecimentos horticolas 59

por municipios brasileiros em 2006



Gréfico 1

Grafico 2

Gréfico 3

Grafico 4

Gréafico 5

LISTA DE GRAFICOS

Porcentagem de estabelecimentos agricolas que utilizaram
agrotoxicos em 2006 de acordo com area de lavoura

Comercializacdo anual de agrotdxicos e afins, segundo Regides
Brasileiras de 2000 a 2013

Utilizacdo de Agrotoxicos por municipios do estado do Rio de
Janeiro no ano de 2006

Estimativa da populacéo residente de Teresopolis por status urbano e
rural estratificada por sexo em 2010

Comportamento catalitico enzimatico

23

24

25

41

44



SUMARIO

LINTRODUGAD ...ttt eeemicie s 19
1.1 DEFINICAQO DE AGROTOXICOS......ccoiiieiieiteeieeieieie ettt anaans 21
1.2 CLASSIFICACAO ...t see et se s 21
1.3 AGROTOXICOS: CONSIDERACOES HISTORICAS E PANORAMA ATUAL DE

L] SRR 22
1.4 EXPOSICAO OCUPACIONAL ..ot eeetere sttt sne s ssnans s 25
1.5 AGROTOXICOS E DOENCAS CRONICAS ..ot seetese s enesses s senassenns 26
1.6 PROCESSOS FISIOPATOLOGICOS ENVOLVIDOS NAS DOENCAS CRONICAS .... 27
1.6.1 EStresSSe OXIAAtIVO........ccciieiiiiiiiiiiimmme ettt smme e e e e e e e e e e e smnnnnn s 28
1.6.2 InflamacapEstresse Oxidativo, Resposta Imune e Autoimunidade...................... 30
1.7 BIOMARCADORES ...ttt sttt ntesneeneenaanes 32
1.7.1 Biomarcadores de EStreS3RIAatiVO...........ccoviviiiiiiiiiiieeee et 34
1.7.2 Biomarcadores de INflamagaa...............uuuuiiiiiceceiiiiice e 35
1.7.3 AULBANTICOIPOS . ..ottt e ee bbbttt e eees e e e e e ettt et e e e e e e e e e emmmreeeeaeeeeeas 35
1.8 O QUADRINOMIO: AGROTOXICOS, ESTRESSE OXIDATIVO, INFLAMACAO E
IMUNOTOXICIDADE ...ttt bbbt bbb nnenneas 36
1.8.1 Contribuicdo de EStudos EXPEerimentalS............uuuuuiriiiimemiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeens 36
1.8.2 Contribuicdo de Estudos Epidemioldgicos: Intoxicacbes Agudas por Agrotoxicos em
AGEICUIIOTES. ...ttt eeenss bttt e e e e et e e e e e eeeeas 37
P22 18 S I | [ 2 I Y S 39
S OBUIETIVOS ...ttt enens bbbttt ettt et et e e e e s smnt et et et e e e e e e e e e e e as 40
TN O N o I Y SR 40
3.2 OBJETIVOS ESPECIFICOS ......oveeeveeeeteeeee et ese s senes st 40
4 MATERIAL E METODOS ....ooiiieiececte e e srsenes s s snneene e e eneeenn A1
4.1 DESENHO DO ESTUDO ......ccoiiiiiiieiese ettt 41
4.2 LOCAL DO ESTUDO ..ottt sttt st st b sneane e 41
4.3 POPULACGAQO DO ESTUDO........ooieieeeeeeeieiesteeieeeeseeseesesses s ses s aesses s sessas s s snsnes 42
4.4 CRITERIOS DE EXCLUSAO ..ot 42
A5LOCAL DE COLETA . ...ttt b ettt ettt bt benneane e 42
4.6 AMOSTRAGEM ..ottt te e ne s e et e e e testestenreaneaneens 43
4.7 COLETA DE DADOS E AMOSTRA ..ottt 43
O R @ TS T=1) (0] 1 = 1 [0 F PSPPSRI 43
4.7.2 AMOSLras DIOIOGICAS. .......coeeieiiii e r e e e e aeeen e e 43
4.8 METODOS DE AVALIACAO LABORATORIAL ......cooviveeeeeereeeeeveeees s 44
v T R Ofo] (o] 10 0= 1 = VPP RSRPPPPPRPY 44
I A O 1T o o PSPPSR 44
4.8.3 ELISA (Enzyme Linked Immune Sorbent ASSAY)........coouuvuiiiiiiccceeeeeeeeeeeee e 45

4.9 ANALISE DE BIOMARCADORES DE ESTRESSE OXIDATIVO ......cooovovvevereiereians 46



4.9.1 PeroXidagao LiPIdIiCa........c.uuveiiieiiiiit ettt mnn e 46

I T < IS T0] o] 0] = o [ PP PP UUURPPPPPPPP 46
4.9.3 GlUtaloNa REAULASE. ... .uii i i i e et eeet ettt e e e e e emrnnnne 46
4.9.4 GlutatioNa PerOXIOASE. ... ..o eiieeiiie ettt erme e e e e e e e e aeane s 47
4.9.5 SUPErOXIAO DISMULASE. .....eeiiieiiiiiiiieieeeee ettt e et ereee e e e e e e e esbb e e e e e e e e annsbnnneees 47
4.10 ANALISE DE BIOMARCADORES DE INFLAMAGAO .......cccooviviieeeeereereeeneene 48
4.10.1Fator de Necrose Tumoral alfaNF-alpha.............ceeeiiiiiiiiiiieen e 48
4.11 ANALISE DE AUTOANTICORPOS PARA LES E AR ...cooovveeveeeeeeeeeeee e 48
4,12 ANALISES ESTATISTICAS ..ottt 49
4.13 ASPECTOS GERAIS DE BIOETICA.......oiiieeeeeeeeeeeee ettt 50
5 RESULTADOS E DISCUSSAO~ ................ 51
ARTIGO 1 - USO DE AGROTOXICOS NA HORTICULTURA E IMPLICACOES SOBRE
A SAUDE DOS TRABALHADORES AGRICOLAS ...ttt 52
ARTIGO 2 - OXIDATIVE STRESS BIOMARKERS AND LONG-TERM

OCCUPATIONAL EXPOSURE TO PESTICIDES: A SYSTEMATIC REVIEW .................. 77

ARTIGO 3 - LEVELS OF OXIDATIVE STRESS, INDIVIDUAL OXIDATIVE STRESS
SCORE AND TUMOR NECROSIS FACTOR ALPHA (TNF-A) AMONG BRAZILIAN

AGRICULTURAL WORKERS.......ooiiiie e 106
ARTIGO 4 - UNDERSTANDING THE ROLE OF ENVIRONMENTAL FACTORS IN
THE DEVELOPMENT OF SYSTEMIC LUPUS ERYTHEMATOSUS ... 133

ARTIGO 5 - INCREASED LEVELS OF ANTI-CYCLIC CITRULLINATED PEPTIDE
AND ANTINUCLEAR ANTIBODIES IN BRAZILIAN AGRICULTURAL WORKERS... 149

B CONCLUSAO. ..ot ee et ee e e e e e remn e e e een e 179
REFERENCIAS ..ottt oottt et et s e eme e et e et et e e et e et remene e e e e eeeeeee e 181
AINEXO oot a ettt a ettt e e 194
ANEXO 1 - QUESTIONARIO ...ttt ee e e e es st s s en e en e, 195



19

1INTRODUCAO

E inegavel que o uso da tecnologia na agricultura contribuiu para o aumento da
produtividade. A horticultura brasileira, uma atividade econdmica abastecedora do mercado
interno, apresentou um indice de crescimento de 32%, com reducdo de 5% da area plantada de
1995 a 2005 (BOTEON, 2006). O Brasil, desde 2008, tem sido considerado pela OMC como o
terceiro maior exportador mundial de produtos agricolas, sobretudo de monoculturas de gréos.
Paralelamente, o consumo de agrotdxicos entre 1998 a 2008 cresceu em torno de 945% e, de
2008 aos dias atuais, o Brasil tem sido considerado um dos maiores consumidores de agrotoxicos
no mundo. Apesar do éxito econémico, devemos levar em conta que 0 uso dessas substancias é
considerado um dos mais importantes fatores de risco a saude humana na area rural,
principalmente a dos trabalhadores agricolas (KOIFMAN; KOIFMAN; MEYER, 2002;
ALAVANJA; HOPPIN; KAMEL, 2004; ALAVANJA, 2009).

As exposicOes ambientais e/ou ocupacionais a agrotoxicos estdo arraigadas na
complexidade das relagbes entre diferentes determinantes sociais, culturais e econdmicos
(PERES et al., 2005). Neste sentido, alguns aspectos merecem destaque como o fortalecimento da
agricultura mediado por politicas publicas, o discurso da eficiéncia dos agrotdxicos e da sua
superioridade tecnoldgica em detrimento do conhecimento tradicional. Estes fatores facilitaram a
incorporacdo destes produtos em distintas unidades produtivas, mas ndo se refletiram no dominio
homogéneo das novas técnicas envolvidas, uma vez que o0 uso de agrotdxicos ndo esteve atrelado
a capacitacdo e o treinamento dos trabalhadores agricolas por parte do poder publico, sobretudo
nas pequenas propriedades (ALENTEJANO, 1997; ARAUJO-PINTO; PERES; MOREIRA,
2012).

Além disso, a baixa escolaridade destes trabalhadores dificulta a compreensdo da
linguagem técnica dos produtos, e a valorizacdo de crengas e experiéncia adquirida s&o
estratégias culturais que dificultam a mudanca de praticas usadas, inviabilizando a interiorizagdo
e apropriacdo do significado de risco associado ao uso de agrotoxicos (FONSECA et al., 2007).
Assim, a baixa percepcdo de risco tem uma relacdo direta com a falta de adesdo aos
equipamentos de protecdo individual, descarte inapropriado das embalagens de agrotoxicos e a
contaminacgdo de diferentes compartimentos ambientais. Embora estas questdes levantadas néo

sejam suficientes para analisar a completude da problematica dos agrotdxicos, elas se constituem
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em condicBes necessdrias para 0 uso incorreto e indiscriminado destes agroquimicos,
potencializando as exposi¢des ocupacionais e ambientais em humanos (ANVISA, 2010;
RIGOTTO, 2010; VIANNA, 2008).

As consequéncias da exposicdo humana a agrotoxicos estdo relacionadas com as
intoxicagBes agudas, subagudas e efeitos crénicos. No Brasil, as intoxicacGes por agrotoxicos
notificadas no Sistema de Informacdo de Agravos de Notificacdo (SINAN) e no Sistema
Nacional de Informacgdes Toxico-Farmacologicas (SINITOX), no periodo de 2011 a 2016,
ocuparam a segunda posicdo em numeros absolutos de casos, ficando somente atras das
intoxicagBes por medicamentos (DATASUS, 2018; SINITOX, 2018). Neste periodo, a letalidade
média das intoxicagdes por agrotoxicos, em ambos os sistemas, foi superior a qualquer outro tipo
de intoxicacdo notificada, sendo estas informacdes majoritariamente relacionadas a casos agudos
(THUNDIYIL et al., 2008).

A relatividade temporal entre a exposi¢do continua a doses baixas de agrotoxicos e 0
aparecimento de agravos a salde, como doencas cronicas, dificultam a avaliacdo da relacdo
causa-efeito. Contudo, uma quantidade substancial de evidéncias epidemioldgicas tém sido
associadas a exposicdo a agrotoxicos a alguns tipos de canceres e doencas neurodegenerativas
como Parkinson e Alzheimer (ALAVANJA et al., 2012; VAN MAELE-FABRY et al., 2012;
YAN et al., 2016). Recentemente, alguns estudos tém sugerido associa¢des positivas entre estas
substancias e doencas autoimunes como lUpus eritematoso sistémico (LES) e artrite reumatoide
(AR) (CORSINI et al., 2013; PARKS et al., 2011).

O papel dos agrotoxicos no desenvolvimento de doencas cronicas ndo € claro. Entretanto,
acredita-se que o estresse oxidativo e a inflamacdo sejam mecanismos fisiopatol6gicos
implicados nesta possivel relacdo. O estresse oxidativo é caracterizado por um desequilibrio entre
espécies reativas e enzimas antioxidantes em estruturas bioldgicas. Esse desequilibrio promove
uma série de alteracOes intracelulares, como oxidagdo de membranas, proteinas e DNA, que
disparam uma resposta inflamatoria (HANCOCK et al., 2001; AYALA et al., 2014). Essa cascata
de eventos danosos pode, em longo prazo, estar relacionada a producdo de proteinas e material
genético imunogénico capaz de estimular linfécitos a produzirem autoanticorpos com
consequente reducdo da auto tolerdncia a componentes proprios e desenvolvimento de
autoimunidade (KHAN; WANG, 2018).
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As alteragdes bioldgicas promovidas pelo estresse oxidativo e inflamagdo podem ser
medidas em fluidos biol6gicos como plasma e soro. Alguns estudos epidemioldgicos tém
avaliado diferencas analiticas das concentracdes dessas alteracbes em agricultores expostos e nao
expostos cronicamente a agrotoxicos (ALVES et al., 2016; FAREED et al., 2016; KAHL et al.,
2016). Em relacdo a autoimunidade, poucos estudos avaliaram a associacdo entre a exposi¢do a
agrotoxicos e autoanticorpos para LES e, at¢é o momento, nenhum estudo verificou essa
associacdo com autoanticorpos para AR. Neste sentido, este trabalho avaliou a relacdo entre a
exposicdo a agrotoxicos especificos e biomarcadores de estresse oxidativo, inflamacdo e
autoanticorpos para as doencas acima referidas em cinco localidades agricolas do municipio de
Teresopolis, Rio de Janeiro. Além disso, nés propomos um escore de estresse oxidativo
individual que combina diferentes marcadores e avaliamos a associacdo entre esse escore e a

exposicao a agrotoxicos especificos.

1.1 DEFINICAO DE AGROTOXICOS

A definicdo brasileira para agrotoxicos foi disposta na lei n® 7.802/89 de 11 de julho de
1989, regulamentada no decreto n° 4074/02 de 04 de janeiro de 2002 como: “produtos e os
agentes de processos fisicos, quimicos ou bioldgicos, destinados ao uso nos setores de producéo,
no armazenamento e beneficiamento de produtos agricolas, nas pastagens, na protecdo de
florestas, nativas ou implantadas, e de outros ecossistemas e também de ambientes urbanos,
hidricos e industriais, cuja finalidade seja alterar a composi¢do da flora ou da fauna, a fim de

preserva-las da acdo danosa de seres vivos considerados nocivos”.

1.2 CLASSIFICACAO

Agrotdxicos podem ser classificados de acordo com o tipo de organismo que se deseja
eliminar ou controlar, pela estrutura quimica ou em relacdo as suas caracteristicas toxicologicas.
Em relacdo ao alvo de acdo, esses compostos se dividem principalmente em: inseticidas, que
combatem insetos e larvas; fungicidas, que atuam nos fungos e herbicidas, que agem nas “plantas
daninhas”. Os inseticidas podem apresentar diferentes familias quimicas, como 0s
organofosforados, carbamatos, piretroides e neonicotindides. Ja os fungicidas podem ser

classificados quimicamente em etileno-bis-ditiocarbanatos, dimetilditiocarbamatos, nitrogenados
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heterociclicos e benzimidazdis, enquanto que os herbicidas podem se dividir em derivados da
glicina, bipiridilos ndo seletivos, cloroxenofiacéticos, triazinas e dinitrofendis (WHO, 2008).

Quanto a periculosidade, agrotoxicos sao classificados de acordo com a dose letal 50
(DL50), que é a dose responsavel por matar 50% de uma populacdo em estudos toxicologicos. No
Brasil a classificacdo toxicologica proposta pela Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) segue o padrdo antigo de classificacdo da Organizacdo Mundial de Saude (WHO)
(tabela 1). Entretanto, em 2009 a WHO adotou uma classificacdo alinhada com o Sistema
Globalmente Harmonizado de Classificacdo e Rotulagem de Produtos Quimicos
(UNCETDG/GHS), disponibilizando todas as informagdes quimicas individualizadas para cada
agrotoxico de acordo com 5 classes toxicoldgicas estabelecidas por esta entidade (WHO, 2009;
ANVISA).

Tabelal - Classificacao toxicologica para agrotéxicoso Brasil de acordo com a ANVISA
correspondente a classificacdo antiga da OMS

I Class LD for the rat (mg/kg body weight)

Oral Dermal

Solids Liquids Solids Liquids

Ia Extremely hazardous 5 or less 20 or less 10 ar less 40 or less
Ib Highly hazardous 5-350 20- 200 10-100 40— 400
i Moderately hazardous 50- 500 200 - 2000 100-1000 400 — 4000
mr Stightly hazardous Cver 500 Chver 2000 Cver 1000 Chver 4000

LDsp para ratos (mg/kg por peso corporal)

Oral Dérmica
Solido Liquido Solido Liquido
| Extremamente toxico 5 <20 10 40
| Altamente toxico 5-50 20-200 10-100 40-400
i Medianamente toxico 50-500 200-2000 100-1000 400-4000
v Pouco téxico Acima 500 Acima 2000 Acima 1000 Acima 4000

Fonte: ANVISA (2016). Critérios para a classificacdo Toxicoldgica. ANEXO Ill. Disponivel em:
<http://portal.anvisa.gov.br/wps/portal/anvisa/anvisa/home/agrotoxicotoxicologia/!ut/p/c4/04_SB8K8XLLMIMSSzP
y8xBz9CP00s3hndOcPE3MfAWMDMYydnA093Uz8z00B_A3djM_2CbEdFANFWA4QO0!/?1dmy&urile=wcm%3Apat
h%3A/anvisa+portal/anvisa/inicio/agrotoxicos+e+toxicologia/publicacao+agrotoxico+toxicologia/criterios+para+a+
classificacao+toxicologica>. Acesso em: 13 dez. 2016.

1.3 AGROTOXICOS: CONSIDERACOES HISTORICAS E PANORAMA ATUAL DE USO
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A aplicagdo do conhecimento para sanar uma das mais elementares necessidades
humanas, a fome, é milenar. Do periodo neolitico, com o aparecimento do cultivo, aos dias atuais
¢ observado na histdria o0 uso de diferentes compostos quimicos para 0 combate de pragas € 0
aprimoramento de ferramentas para aumentar a producdo de alimentos (MAZOYER;
ROUDART, 2010). Entretanto, no século XX, em especial no periodo pds-segunda guerra, que a
producéo de alimentos foi atrelada ao conceito de erradicagdo da fome no mundo e consequente
“necessidade” da modernizacdo agricola com vistas ao aumento da produtividade, estratégia
mercadologica de grandes empresas, dentre elas as industrias quimicas, embasada na aplicacao
direta de tecnologia na agricultura, uniformizacdo de técnicas e ampliacdo de um padrdo de
producéo transcontinental (ANDRADE; GANIMI, 2007).

No Brasil, a modernizacdo agricola foi incentivada pelo governo brasileiro como a
solucdo para o aumento da produtividade no campo em detrimento da reforma agraria
(ZAMBERLAM; FRONCHET, 2001 p. 16). Em 1965, foi criado o Sistema Nacional de Crédito
Rural, instrumento de financiamento rural, e em 1975 o Plano Nacional de Defensivos Agricolas
(PNDA) no ambito do Il Plano Nacional de Desenvolvimento, que juntos proporcionaram um
aumento na demanda de “insumos modernos”, como 0s agrotoxicos. Adicionalmente, 0 PNDA
consolidou o estabelecimento de empresas estrangeiras produtoras de agrotéxicos no pais por
meio de incentivos fiscais, financiamentos para construcdo de plantas e concessdo de beneficios
tarifarios para a importacdo de maquinas e equipamentos (TERRA; PELAEZ, 2008;
BOMBARDI, 2012). Atualmente, o mercado de agrotdxicos no Brasil é controlado por seis
oligopdlios que sdo responsaveis por 79,8% da producdo nacional, enquanto que 20,2% € obtido
através de importacdo (IBAMA).

A determinacdo histdrica do modo de producéo agricola brasileiro permitiu a formacao de
complexos agroindustriais exportadores de commodities agricolas coexistindo com pequenas e
médias propriedades, que possuem um espectro variavel de utilizacdo de tecnologias no campo,

em especial agrotoxicos, de acordo com o Grafico 1 (IBGE, 2016).

Gréfico 1 - Porcentagem de estabelecimentos agriesl que utilizaram agrotéxicos em 2006
de acordo com éarea de lavoura
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A utilizacdo de agrotoxicos varia de acordo com o tipo de cultura, de maneira que as
monoculturas de laranja, algodao, soja, cana, milho, café, arroz e fumo representaram 75,5% dos
gastos com esses compostos no Brasil em 2006 (PORTO; SOARES, 2012). De acordo com 0
Gréfico 2, esse panorama se reflete na magnitude do gasto com agrotoxicos nas regides Centro-
Oeste, Sul e Sudeste, que sdo as maiores produtoras das culturas referidas anteriormente
(IBAMA, 2016). Entretanto, com a expansdo da fronteira agricola para o Norte e o crescimento
da producdo de algoddo e frutas para exportacdo no Nordeste, estas duas regides apresentaram a
maior variacdo percentual de agrotoxicos comercializados por area plantada (446% e 393%
respectivamente), enquanto que o Centro-Oeste teve uma variacdo de 296%, o Sul 131% e a
regido Sudeste 92%.

Gréfico 2 - Comercializacdo anual de agrotoxicos efias, segundo Regides Brasileiras de
2000 a 2013
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Como o uso de agrotoxicos ndo se reduz as culturas em questao, outros produtos agricolas

apresentam um padrdo de uso intensivo, como € o caso das plantacGes de olericolas ou hortalicas,
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um segmento de cultivares da horticultura. Esse padrdo tem relagdo direta com a utilizacdo de
area reduzida, ciclo curto dos cultivares, uso ndo sazonalizado da terra e a corre¢do inapropriada
do solo, que podem enfraquecé-lo, tornando-o vulneravel ao ataque de pragas e doencas. Este
tipo de cultivo se faz presente em todo pais, seja no interior, ou proximo aos centros urbanos e
estd associado a pequenas, médias e grandes propriedades de carater familiar. No estado do Rio
de Janeiro, por exemplo, uma &rea que se encaixa nesse perfil é a Regido Serrana, grande
fornecedora destes produtos no estado. Municipios desta regido como Teresopolis, Sumidouro,
Nova Friburgo e Sdo José do Vale do Rio Preto se constituem nos principais ofertantes de
hortalicas para a Central Estadual de Abastecimento (CEASA) do Rio de Janeiro e paralelamente
sd80 0s municipios com 0s maiores percentuais de utilizacdo de agrotoxicos pelo total de
estabelecimentos (Gréafico 3) (IBGE, 2016; LIMA, 2010).

Gréfico 3. Utilizacdo de Agrotdxicos por municipios do estado do Rio de Janeiro no ano de
2006.

Legenda:

% de uso de agrotoxicos
por estabelecimentos

813

Auséncia de informagio Regido Serrana

Histograma (algoritmo de Jenks)

Sumidouro

Sdo José do Vale
do RioPreto

Teresépolis Friburgo

1.4 EXPOSICAO OCUPACIONAL
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No Brasil, a Norma Regulamentadora 31 dispGe sobre a seguranca e satde no trabalho na
agricultura, pecuaria, silvicultura, exploracdo florestal e aquicultura (MTE, 2005). Nesta norma, a
exposicdo ocupacional direta aos agrotdxicos inclui etapas de transporte, diluicdo, mistura,
aplicacdo, descarte e descontaminacdo dos equipamentos e vestimentas. Na exposi¢do indireta,
trabalhadores ndo manipulam agrotéxicos, mas circulam e desempenham atividades de trabalho
préximo aos locais relacionados a exposi¢éo direta.

As principais vias de exposi¢do ocupacional a agrotoxicos sao a respiratéria e dérmica.
Geralmente, essas exposi¢des envolvem mais de uma substancia quimica, pois diferentes classes
de agrotoxicos podem ser utilizadas concomitantemente ou intercaladas. Essa exposicdo
combinada configura uma incognita a saude do trabalhador, tendo em vista que a avaliacdo da
toxicidade destas substancias é individualizada, ndo levando em conta efeitos aditivos,
potencializadores ou multiplicadores resultantes da interacdo dessas substancias (SILVA et al.,
2005).

1.5 AGROTOXICOS E DOENCAS CRONICAS

A relacdo epidemiolGgica entre agrotdxicos e cancer tem sido largamente investigada.
Dois estudos realizados na coorte norte americana intitulada Agricultural Health Study (AHS),
sugeriram um aumento do risco para cancer de colon em agricultores expostos ao herbicida
trifluralina (RR= 1,93; IC 95%: 1,08-3,45) e imazetapir (RR= 2,73; IC 95%: 1,42-5,25) (KANG
et al., 2007; KOUTROS et al, 2009). Um estudo de caso-controle norte americano apontou um
aumento da chance para astrocitoma em criangas menores de 10 anos cujos genitores usaram
herbicidas nas residéncias e no trabalho (RCresis= 1,9; IC 95%: 1,20-3,00 e RCran=1,80; IC 95%:
1,10-3,10) (SHIM; MLYNAREK; VAN WIINGAARDEN, 2009). Outro estudo de caso-controle
conduzido na Australia indicou um aumento na chance de cancer de cérebro em criangas cujas
mdes foram expostas ocupacionalmente a agrotoxicos um ano antes da gravidez (RC= 1,54; IC
95%: 1,07-2,22) e durante a gravidez (RC=1,52; IC 95%: 0,99-2,34) (GREENOP et al., 2013).

A doenca de Parkinson (DP) é uma patologia neurodegenerativa muito estudada e
associada a exposicéo a agrotoxicos, de tal forma que, em 4 de maio de 2012, o governo francés
por meio de decreto n° 2012665 reconheceu a DP como doenga profissional entre agricultores.

Um estudo de revisdo sistematica e metanalise conduzido por Noyce et al. (2012) de 36 estudos
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de caso-controle e 2 de coorte, apontou um aumento no risco global para DP em agricultores
expostos a agrotoxicos (mRR=1,78; IC 95%: 1,50-2,10). Outro estudo, com mesmo
delineamento, incluindo somente estudos de coorte (12), observou um aumento no risco para DP
em trabalhadores agricolas expostos a agrotoxicos (mRR= 1,78; IC 95%: 1,50-2,10) (VAN
MAELE-FABRY etal., 2012).

Estudos que avaliam a exposicdo a agrotdxicos e doencas autoimunes sao €scassos, porém
associacOes positivas tém sido verificadas. Um estudo de caso-controle norte americano sugere
uma elevada chance para LES (RC = 7,4; IC 95%: 1,40-40,0) em individuos expostos
ocupacionalmente a agrotoxicos (COOPER et al., 2004). A partir de um estudo de coorte
feminino (The Women’s Health Initiative Observational Study), casos incidentes de LES e AR
foram avaliados quanto a utilizacdo de inseticidas em casa e no trabalho. O uso ocupacional de
inseticidas acima de 6 vezes ao ano foi associado com um aumento no risco para LES e AR (RC
= 2,04; IC 95%: 1,17-3,56) (PARKS et al., 2011). Em uma amostra do AHS, Meyer e
colaboradores (2017) sugerem um aumento do risco de AR em agricultores do sexo masculino
expostos aos inseticidas fonofés (RC = 1,70; IC 95%: 1,22-2,37) e carbaril (RC = 1,51; IC 95%:
1,03-2,23) e ao herbicida clorimuron (RC = 1,45; IC 95%: 1,01-2,07) quando comparados com

agricultores que nunca usaram estes agrotoxicos.

1.6 PROCESSOS FISIOPATOLOGICOS ENVOLVIDOS NAS DOENGCAS CRONICAS

Embora néo exista um mecanismo geral de patogénese no desenvolvimento das doencas
cronicas, alguns processos fisiopatoldgicos podem se manifestar de forma combinada ou induzir
outras alteracdes deletérias. Na literatura, é largamente aceito que 0 estresse oxidativo e a
inflamacdo criam um microambiente favoravel ao desenvolvimento de tumores e metastase
(COUSSENS; WERB, 2002; FITZPATRICK, 2001; AZAD; ROJANASAKUL;
VALLYATHAN, 2008). Ambos também estdo relacionados a formacdo de células apoptdticas,
producdo de autoanticorpos e perda da auto tolerancia imunoldgica, originando doengas como
LES e AR (MAK; TAY, 2014; MOK; LAU, 2003; DECKER et al., 2005; WEN et al., 2007;
MCINNES; SCHETT, 2011; FILIPPIN et al., 2008; MIOSSEC; KORN; KUCHROO, 2009;
GIERUT; PERLMAN; POPE 2010).
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1.6.1 Estresse Oxidativo

O estresse oxidativo € uma condicdo de desequilibrio entre espécies reativas e o sistema
antioxidante em estruturas bioldgicas. Espécies reativas sdo entidades quimicas que podem
possuir elétrons desemparelhados ou ndo, mas que fundamentalmente possuem instabilidade
molecular e reagem rapidamente com outras moléculas. Algumas espécies reativas, como as
derivadas do oxigénio, sdo produzidas a partir do metabolismo aerdbico e outras podem ser
derivadas do nitrogénio (ERN), carbono (ERC), enxofre (ERS) e cloro (ERC), tendo as duas
primeiras, em baixas quantidades, funcdes bioldgicas importantes como a producdo de energia,
fagocitose e sinalizacdo intercelular (BARREIROS; DAVID; DAVID, 2006; RIBEIRO et al.,

2006). A tabela 1 descreve algumas das principais espécies reativas de oxigénio e nitrogénio.

Tabela 2 - Descrigdo de alguma&RO eERN

Espécies Reativas de Oxigénir Espécies Reatias de Nitrogénio

0O2*"  Superéxido ONOO-  Peroxinitrito

H.O, Hidroperdxido NO* Oxido nitrico ou mondxido de
nitrogénio

HO®  Hidroxila NO.* Dioxido de nitrogénio

10, Oxigénio Singlete NO.Cl  Cloreto de nitrila

Fonte: Adaptado da Figura 1 Fontes e respostas celulares as Espécies Reativas de Oxigénio (ERO), de Nitrogénio
(ERN), derivados de Enxofre (ERS), de Cloro (ERCI), de carbono (ERC) e metais de transicdo [Mn*)]; Vasconcelos
et al., (2007)

Antioxidantes enddgenos sdo moléculas que podem reduzir os efeitos das espécies
reativas neutralizando-as, regenerando componentes celulares oxidados ou inibindo a sua
oxidacdo. As enzimas intracelulares, como a superdxido dismutase, glutationa peroxidase,
glutationa redutase, glutationa-S-transferase e catalase constituem as defesas bioldgicas
enzimaticas (BIRBEN et al., 2012). A superdxido dismutase (SOD) pode ser encontrada no
citoplasma, mitocondria e meio extracelular e tem a funcdo de converter o superdxido (O27) em
peroxido de hidrogénio (H202) (RAHA; ROBINSON, 2000; SHENG et al., 2014).
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A glutationa peroxidase (GPx) promove a conversdo do perdxido de hidrogénio e
hidroperdxidos organicos em &gua e &lcool (PAPP et al., 2007; HOFFMAN; BERRY, 2005).
Essa enzima faz parte do ciclo redox da glutationa (GSH), que catalisa a reacdo deste tripeptideo
com espécies reativas ou hidro peroxidos de lipidios, e nesse processo a glutationa se oxida

enquanto que as espécies deletérias sdo reduzidas e se tornam menos reativas (Figura 1).

Figura 1 - Ciclo Redox ca Glutationa

Glutathione
peroxidase

LOOH ou Ho05 / \ » 2 HoO ou C--OH

2GSH GSSG

\/ NADPH + H*

Glutathione
reductase

Fonte: Adaptado da figura 14.66 do Textbook of Biochemistry with Clinical Correlations, 6th Edition, Edited by
Thomas M. Devlin, Copyright 2006 John Wiley & Sons, Inc.

A glutationa redutase reduz a glutationa oxidada (GSSG) em sua forma reduzida,
garantindo a manutencao desse poder redutor nas células, enquanto que a glutationa-S-transferase
catalisa a reacdo entre GSH e xenobioticos. A enzima catalase € uma enzima antioxidante que
reduz os perdxidos em moléculas menos reativas (BARBOSA et al., 2010).

O sistema antioxidante ndo enzimatico é composto de diferentes proteinas, pelas
vitaminas A, C e E, bilirrubina e 0 GSH (SCHNEIDER; OLIVEIRA, 2004). A vitamina A é um
carotenoide que esta associado com a neutralizagdo de radicais peroxil, importante componente
quimico da peroxidacao lipidica (STAHL; SIES, 2005). O a-tocoferol, ou vitamina E, protege as
membranas dos efeitos deletérios relacionados as espécies reativas (NIKI, 2014). A bilirrubina
esta relacionada com a atividade antioxidante nos fluidos extracelulares e nas células por meio da
neutralizacdo do peroxido de hidrogénio (BARREIROS; DAVID; DAVID, 2006; SEDLAK et al.,
2008).

Em condicGes patoldgicas, 0 estresse oxidativo pode resultar na interagdo entre espécies
reativas e macromoléculas derivadas de lipidios de membrana, proteinas e/ou DNA. A
peroxidacdo lipidica € ocasionada pela acdo de espécies reativas nos acidos graxos poli-

insaturados dos fosfolipidios de membrana. Essas alteracGes primarias nos acidos graxos levam a
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formacdo de radical peroxila e hidroperéxidos de lipidios que potencializam os danos na
membrana comprometendo sua integridade e podendo leva-la & ruptura (AYALA; MUNOZ;
ARGUELLES, 2014). As proteinas e 0 DNA também podem sofrer danos ou perda de sua

estrutura e funcao provocados por reacfes com espécies reativas.

1.62 Inflamacég Estresse Oxidatiyd&Resposta Imune Autoimunidade

A inflamac&o néo pode ser descrita como um evento Unico porgue ela é caracterizada por
alteracbes imunoldgicas, bioguimicas e fisioldgicas em resposta a uma agressdo tecidual de
qualquer natureza (KUMAR et al., 2008; MESQUITA JUNIOR et al., 2008; KALKS, 2011).
Essas alteracfes tém por objetivo a remocdo do perigo, a inducdo da reparacdo e restauracao da
homeostase tecidual (SERHAN et al., 2007; MEDZHITQOV, 2008; OKIN; MEDZHITQV, 2012;
LUGRIN et al., 2014). Entretanto, a amplificacdo e desregulacdo do processo inflamatério pode
ocasionar o desenvolvimento de tecido fibroso, disfuncdo de Orgdos, autoimunidade e
crescimento de tumores (KHANSARI; SHAKIBA; MAHMOUDI, 2009; REUTER et al., 2010;
TAYLOR et al.,, 2013; LUGRIN et al.,, 2014). De forma meramente didatica, os eventos

patofisiologicos que compbem a inflamacdo podem ser divididos em cinco fases, a saber:

- Fase irritativa: as células agredidas apresentam alteragdes morfofuncionais e promovem

a liberacdo de mediadores quimicos que disparam os eventos inflamatdrios posteriores;

- Fase vascular: alguns mediadores quimicos ocasionam alteracfes no leito vascular
através do aumento da permeabilidade e dilatacdo dos vasos que permitem a migracdo de células

do sistema imunologico (leucdécitos) para o local do dano.

- Fase exsudativa: produto da inflamag@o propriamente dita que é caracterizada pela
presenca de exsudato celular e plasmatico (plasma e células).

- Fase degenerativo-necrotica: € a resultante das fases anteriores marcada pela presenca de
células comprometidas por um "agente agressor™ com alteracbes morfofisiologicas reversiveis ou

ndo com a presenca de necrose.
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-Fase produtiva-reparativa: nesta fase observa-se um aumento de células que tém a funcgéo

de destruir o estimulo inflamatdrio e reparar o tecido agredido e ndo necrosado.

Todas as etapas da inflamacdo envolvem mediadores quimicos, que sdo moléculas
sintetizadas e liberadas direta ou indiretamente por células danificadas, do sistema imunoldgico e
pelo figado, que estimulam uma cascata de eventos vasculares e celulares em resposta a um
agente agressor (TOLEDO YUPANQUI, 2014). Sédo exemplos de mediadores quimicos: as
aminas vasoativas como a histamina e a serotonina, que sao liberadas de granulos secretérios; 0s
metabdlitos do acido araquiddénico (prostaglandinas, leucotrienos e lipoxinas) oriundos das
membranas celulares; as proteinas plasmaticas (sistema do complemento, de coagulacdo e das
cininas) que sdo produzidas no figado; o fator de ativacdo plaquetaria e citocinas (fator de
necrose tumoral alfa — TNF-a, interleucinas — IL e interferon gama — IFN-y) sintetizados por
diferentes tipos de células; 6xido nitrico liberado pelo endotélio e componentes lisossdmicos dos
leucdcitos (FRANCISCHETTI et al., 2010).

A resposta imunoldgica inata participa ativamente da inflamacéo aguda e ela é composta
principalmente por mecanismos oriundos dos macrofagos, neutrofilos, células dendriticas e
células natural killer, que ndo se modificam qualitativa ou quantitativamente apds o contato
(CRUVINEL et al., 2010). O estresse oxidativo pode desencadear uma resposta imune inata e
inflamacdo por trés principais vias (CHOU et al., 2008; CHAN et al., 2012; LUGRIN et al.,
2014). Na primeira, células necroticas ou apoptoticas liberam alarminas ou padrdo molecular
associado ao perigo (DAMPs - damage associated molecular patdeqae séo reconhecidos por
receptores TLRs (Toll-like) ou NLRs (NOD-like) de macrofagos teciduais e neutrofilos
(LUGRIN et al., 2014). Na segunda via, células necréticas ou apoptoticas liberam diretamente
citocinas inflamatérias IL-1a e IL-33 que sdo reconhecidas por receptores especificos em
macrofagos. A terceira via esta associada a deteccdo de DAMPs enddgenos como a proteina
HMGBL, que é reconhecida pelo receptor de macréfagos (Figura 2) (CHEN; NUNEZ, 2010).

Figura 2 —Mecanismos da esposta inflamatoriainduzida pelo estresse oxidativo
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Fonte: Adaptado da Figure 1 Mechanisms for inducing sterile inflammation; Chen e Nufiez, 2010.

Quando o estimulo lesivo promovido pelo estresse oxidativo € insidioso e cronico, a
resposta imune inata pode evocar células apresentadoras de antigenos especializadas (APCs) que
induzem o sistema imunolégico adaptativo pelo recrutamento de linfécitos B e T
(PULENDRAN; ARTIS, 2012; LAND, 2015). Linfdcitos T ativados por APCs interagem com
linfocitos B, os quais produzem anticorpos que expressam a informacdo especifica sobre o
“agente agressor”, facilitando sua eliminagdo e a formacdo de memoria imunoldgica
(MESQUITA JUNIOR et al., 2010; HEHN, 2011; PULENDRAN; ARTIS, 2012; LAND, 2015).
Entretanto, o estimulo lesivo pode promover a producdo de proteinas e material genético
imunogénico capaz de estimular linfécitos a produzirem autoanticorpos com consequente
reducdo da auto tolerdncia a componentes proprios e desenvolvimento de autoimunidade
(KHAN; WANG, 2018). Na inflamacdo cronica, outro mecanismo promovido pelo estresse
oxidativo e associado a autoimunidade diz respeito a perda do controle da apoptose por células
danificadas que intensificam a resposta de linfdcitos T e B auto-reativos (EGUCHI, 2001).

1.7 BIOMARCADORES

A elucidagdo dos efeitos toxicos resultantes da interagdo entre sistemas bioldgicos e
algumas substancias quimicas ao longo dos séculos evocou a necessidade de se criar uma
atmosfera “dominavel”, permissivel ao humano, de forma que o contato com tais substancias
pudesse ser classificado como “aceitdvel”. Esse pressuposto norteia estudos de avaliagdo

toxicologica, que identifica a toxicidade intrinseca de uma substancia e sua relagdo dose-resposta,
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e estudos de exposicdo ambiental e biologica, que tem por objetivo identificar e quantificar os
riscos oriundos da interacdo homem-substancia-quimica (BARROS; DAVINO, 2009). A
avaliacdo da exposicdo ambiental leva em conta a concentracdo de um ou mais contaminantes
quimicos presentes no ar, agua e solo, estabelecendo uma estimativa de risco para uma
determinada populagéo (DELLA ROSA; SIQUEIRA; COLACIOPPO, 2009). O monitoramento
biologico parte do principio de que a sistematizacdo do rastreio dos agentes quimicos, seus
metabolitos ou alteracdes bioldgicas precoces em matrizes bioldgicas, podem se constituir em
medidas preventivas aos efeitos adversos relacionados a exposicdo a substancias quimicas
(DELLA ROSA; SIQUEIRA; COLACIOPPO, 2009). Os parametros utilizados para tal fim sdo
denominados de indicadores bioldgicos ou biomarcadores. Através destes pardmetros o0s riscos
associados a uma determinada exposicdo podem ser estimados pela comparacdo entre as
caracteristicas da populacdo exposta e uma referéncia apropriada (DELLA ROSA; SIQUEIRA;
COLACIOPPO, 2009).

De acordo com a sua natureza os biomarcadores podem ser classificados como de
exposicao, efeito e susceptibilidade. O biomarcador de exposicdo, ou de dose interna, deve
expressar 0 contato e a consequente absor¢cdo de uma substancia quimica em um organismo. Em
outras palavras, o biomarcador de dose interna deve estar correlacionado com a concentracdo da
substancia quimica no ambiente. A entidade quimica absorvida pode ser quantificada diretamente
ou de forma indireta através dos seus metabolitos. J& o biomarcador de efeito tem como objetivo
identificar alteracGes bioldgicas precoces que sdo reversiveis e precedem efeitos adversos
provocados por uma substancia quimica investigada (AMORIM, 2003). Para a OMS, o
biomarcador de efeito pode ser uma alteracdo bioquimica, fisiol6gica, comportamental ou outra,
mensurdvel em um organismo que, dependendo da magnitude, pode ser reconhecido como
associado comum a estabelecida ou possivel a uma deficiéncia de satde ou doenca (por exemplo,
aductos de DNA) (WHO, 2011). Os biomarcadores de susceptibilidade exprimem uma condicdo
adquirida ou congénita que pode conferir um aumento ou diminui¢do da susceptibilidade aos
efeitos adversos das substancias quimicas (DELLA ROSA,; SIQUEIRA; COLACIOPPO, 2009).

Na prética, em situacfes de exposicdo a substancias quimicas, os biomarcadores de
exposicdo sdo muito utilizados e poucos sdo os biomarcadores de efeito especificos disponiveis

para verificar alteragdes bioldgicas precoces antes do desenvolvimento de um agravo (AMORIM,
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2003). Isto porque para que um biomarcador seja utilizado como preconizado, é desejavel que ele
obedeca a alguns critérios analiticos e bioldgicos como:

- Refletir a interacdo (qualitativa ou quantitativa) do sistema biolégico com a substancia quimica;

- Ter conhecida e apropriada sensibilidade e especificidade para a interagéo;

- Reprodutivel qualitativamente e quantitativamente;

- Estar contido em um meio biol6gico acessivel de andlise, considerando a necessidade de
manutencdo da integridade da amostra entre a coleta e 0 procedimento analitico, e de preferéncia

nAao ser invasivo;

- A medicdo analitica tem que apresentar exatiddo e precisdo adequadas;

- Conhecer os valores normais do indicador em popula¢des ndo expostas ao agente quimico de

interesse, assim como as variagdes intra e interindividuais.

Na literatura, varios pardmetros de estresse oxidativo e inflamag&o tém sido classificados
como biomarcadores, muito embora eles ndo obedecam aos critérios classicos descritos
anteriormente (HO et al., 2013; FRIJHOFF et al., 2015). Nesta Tese consideramo-los como
biomarcadores de efeif@or indicarem alteracfes precoces associadas as doencas crénicas.

1.7.1 Biomarcadores de Estresse Oxidativo

A analise do balanco redox reflete os danos provocado pelo estresse oxidativo em face a
deficiéncia do sistema antioxidante ou producdo excessiva de espécies reativas. As proteinas,
DNA e lipidios oxidados representam o dano direto que pode ser quantificado em diferentes
matrizes biolégicas como plasma, soro ou urina e nos elementos figurados do sangue, como 0s
eritrocitos. O dano indireto pode ser avaliado por meio da dosagem de enzimas antioxidantes e/ou

antioxidantes endogenos ndo enzimaticos, como vitaminas e a glutationa.
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1.7.2 Biomarcadores de flamacéo

A injuria tecidual induzida por espécies reativas e/ou alteracdo no sistema antioxidante
produz uma resposta inflamatdria através da liberacdo de mediadores inflamatorios lipidicos e
proteicos que podem ser dosados em matrizes bioldgicas como plasma e soro. Os de origem
proteica sdo provenientes do sistema complemento, da cascata de coagulacdo, algumas
antiproteases, citocinas pro-inflamatérias (IL-8, IL-6, TNF-o, IL-1B), anti-inflamatorias e
quimiocinas (ROSA NETO; CARVALHO, 2009; VOLP et al., 2008). Ja os mediadores de
origem lipidica sdo derivados do &cido araquiddnico, eicosapentaendico e docosahexaendico
como prostanoides, leucotrienos e o &cido eicosatetraendico (BENNETT; GILROY, 2016;
VAN'T ERVE et al., 2015; VAN'T ERVE et al., 2016). Entretanto, o prostanoide 8-isoprostano é
classicamente descrito e avaliado como biomarcador de estresse oxidativo por ser um produto de
peroxidacdo lipidica (JANICKA et al., 2010).

1.7.3Auto-anticorpos

Por se tratar de proteinas especificas, autoanticorpos podem ser utilizados com fins de
diagndstico, prognostico e como preditor de co-morbidade (DOTAN, 2006; AGGARWAL et al.,
2009; BALLEW et al., 2013; SOTO et al., 2015). Seu uso também pode ser averiguado em
estudos que avaliam alteracdes pré-clinicas (VAN DER HORST et al., 2014). Autoanticorpos
contra peptideos ciclicos citrulinatos (anti-CCP), por exemplo, podem ser detectados anos antes
do diagnéstico da AR. Nielen e colaboradores (2004), em um estudo de caso-controle holandés,
compararam o perfil de autoanticorpos no sangue de pacientes com AR em relacdo a pacientes
saudaveis. O sangue avaliado em questdo foi proveniente de doagdo anos antes da realizacdo do
diagnostico. Os resultados mostraram que metade dos pacientes com AR ja apresentavam
anormalidades para anti-CCP antes do desenvolvimento da doenca. Individuos com altos niveis
destes anticorpos apresentaram um maior risco para AR. Outro estudo de caso-controle
retrospectivo americano avaliou o perfil de amostras bioldgicas em bancos de sangue entre casos
de AR e controles. Individuos com amostras positivas para anti-CCP eram mais provaveis de
desenvolver AR (RC= 4,64; IC 95% 1,71-12,63). Adicionalmente, foi observado que individuos
mais velhos apresentavam sorologia positiva para anti-CCP por mais tempo do que 0s mais
jovens (MAJKA et al., 2008).
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Outros estudos tém observado positividade sorolégica para anticorpos antinucleares
(ANA) precedente ao desenvolvimento do LES. Esses autoanticorpos séo dirigidos contra DNA,
RNA, histonas e proteinas nucleares. Arbuckle e colaboradores (2003), avaliaram o perfil
soroldgico de militares antes do diagndstico de LES. Pelo menos um tipo de autoanticorpo esteve
presente em 88% das amostras dos pacientes avaliados. A média da presenca de autoanticorpos
antes do diagnostico da doenga foi de 3,3 anos e a frequéncia de ANA foi de 78%. Em um estudo
de caso-controle sueco, ANA foram detectados em uma média de 5,6 + 4,7 anos antes do
aparecimento dos sintomas de LES, e 8,7 £ 5,6 anos antes do diagnostico em 63% dos individuos
avaliados no estudo. O risco de LES para aqueles individuos com ANA positivo foi de 11,5 (IC
95%, 4,54-28,87) e 18,13 (IC 95%: 3,58-91,84) para aqueles com a presenca de anticorpo anti-
dsDNA (anti DNA de cadeia dupla) (ERIKSSON et al., 2011).

1.8 O QUADRINOMIO: AGROTOXICOS, ESTRESSE OXIDATIVO, INFLAMACAO E
AUTOIMUNIDADE

1.8.1 Contribuiéo de Estudos Experimentais

Diferentes classes de agrotdxicos induzem o estresse oxidativo através da geracdo de
espécies reativas ou pela perturbacdo do sistema antioxidante (ABDOLLAHI et al., 2004). Nos
sistemas biologicos, os herbicidas bipiridilos paraquat e diquat sdo reduzidos pela enzima
NADPH citocromo redutase, e seus produtos reagem com oxigénio molecular formando espécies
reativas de oxigénio que interagem quimicamente com lipidios de membrana promovendo
peroxidacdo lipidica, alteracdo de biomoléculas e consequente dano tecidual (BUS; AUST;
GIBSON, 1976; SCHMITT et al., 2006). Outras classes de agrotéxicos ndo possuem uma
descricdo tdo clara dos seus mecanismos de toxicidade, contudo estudos experimentais fornecem
evidéncias importantes. A exposicdo a organofosforados e carbamatos tem sido associado com
aumentos de biomarcadores de peroxidacdo lipidica em cérebros de ratos, geracdo de ERO e de
citrulina, um marcador de ERN (MILATOVIC et at., 2006). Ratos expostos aos piretroides
cipermetrina e fenvalerato e ao organofosforado clorfenvifds apresentaram aumento na atividade
das enzimas antioxidantes, como a superoxido dismutase, catalase, glutationa redutase e
peroxidase, e diminuicdo nos niveis de glutationa reduzida (KALE et al., 1999; HUSSAIN,
2008). A exposicdo oral ao fungicida Mancozeb (manganés/zinco de etileno-bis-ditiocarbamato)
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em ratos promoveu toxicidade hepatica, com diminui¢do da glutationa reduzida e aumento das
enzimas aspartico aminotransferase e alanina aminotransferase (YAHIA et al., 2014).

Outros estudos tém avaliado concomitantemente estresse oxidativo e inflamacdo. Um
estudo conduzido por Duzguner e Erdogan (2012) mostrou que ratos expostos cronicamente ao
inseticida imidacloprida apresentavam aumento na expressdo de interleucinas inflamatérias como
TNF-a, IL-1p, IL-6, IL-12 e IFN-y, aumentados niveis de peroxidacgdo lipidica e da atividade da
enzima superoxido dismutase no figado, cérebro e plasma. A exposicao ao inseticida carbaril foi
associada com a diminuicdo dos niveis de IL-2, IFN- y e aumento nos niveis IL-4, IL-10 no soro
de ratos quando comparados com controles (JORSARAEI et al., 2014). Moser e colaboradores
(2015) avaliaram alteracbes em mediadores quimicos inflamatorios no soro de ratos expostos a
diferentes inseticidas. Aumento nos niveis de IL-11 e IL-6 foram relacionados a exposicdo a
permetrina e fipronil, respectivamente.

A relagdo entre autoimunidade e exposicao a agrotdxicos foi avaliada até o0 momento por
dois estudos que utilizaram modelos animais que reproduzem LES. Ratos expostos ao inseticida
malathion apresentaram aumento no fator reumatdide (FR) e anticorpos antinucleares (ANA)
guando comparados com controles ndo expostos (RODGERS, 1997). Sobel e colaboradores
(2005) observaram depésitos de anticorpos antinucleares (ANA) no rins de ratos expostos a
inseticidas organoclorados.

1.8.2 Contribuicdo de Estudos Epidemioldgicos: Intoxicacbes Agudas por Agrotdoxicos em

Agricultores

Um estudo indiano conduzido por Vidyasagar e colaboradores (2003) avaliou o perfil de
biomarcadores de estresse oxidativo em pacientes intoxicados por organofosforados antes e ap6s
o tratamento. A atividade da superdxido dismutase aumentou significativamente de acordo com o
grau de intoxicacdo, e mesmo ap0s a recuperacdo de alguns pacientes a atividade desta enzima
ndo voltou aos niveis dos controles. Em outro estudo de mesmo delineamento epidemiolégico
Mishra e colaboradores (2013) observaram que os niveis de peroxidacdo lipidica e as atividades
das enzimas catalase e superdxido dismutase foram significativamente maiores em pacientes

intoxicados por organofosforados quando comparados com controles saudaveis. Apos o
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tratamento, as atividades enzimaticas e o0s niveis de peroxidagdo lipidica diminuiram
significativamente.

Poucos estudos tém avaliado parametros de inflamacdo em trabalhadores agricolas
intoxicados por agrotoxicos. Seth e colaboradores (2008) observaram que pacientes intoxicados
pelo organofosforado malathion ndo apresentaram alteragcBes significativas em proteinas
secretadas por linfocitos como as imunoglobulinas quando comparados com ndo expostos.
Entretanto, foram observados aumentos significativos nos niveis de interleucinas (2 € 4), TNF-a e

diminuicdo nos niveis de INF-y.
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2 JUSTIFICATIVA

Alguns aspectos da exposi¢do a agrotoxicos na agricultura familiar brasileira, em especial
na horticultura, nos levam a refletir o quao provavel podem ser os efeitos toxicos em longo prazo
provocados por essas substancias. Por exemplo, em Sdo Lourenco, uma regido agricola produtora
de olericolas de Nova Friburgo - Rio de Janeiro, o consumo de agrotéxicos estimado foi maior do
que o observado no Sudeste e mais da metade (62,3%) dos trabalhadores agricolas e 38,6% das
criancas que ajudavam os pais na atividade laboral afirmaram que ndo utilizavam equipamentos
de protecdo individual (EPI). Nesta comunidade, 47,8% dos trabalhadores adultos relataram
algum sintoma observado apés a aplicacao de agrotéxicos (MOREIRA et al., 2002).

A avaliacdo dos efeitos tdxicos dos agrotdxicos geralmente se da pelo histérico de
exposicdo e diagndstico clinico, que pode ser confirmado pela medida da enzima
acetilcolinesterase (AChE), no caso das intoxicacGes agudas por inseticidas organofosforados e
carbamatos. Haja vista que, as evidéncias sobre 0 mecanismo de toxicidade destas substancias
ndo se restringem a inibicdo da AChE e muito menos aos efeitos toxicos agudos € necessario que
estudos utilizem novos parametros de avaliacdo da toxicidade destas substancias. Autoanticorpos
sdo muito utilizados na pratica clinica e timidamente tém sido incorporados como instrumento de
avalicdo da exposicdo a xenobioticos. Ja os biomarcadores de estresse oxidativo e inflamacéo
ainda ndo sdo validados como tal, mas existem evidéncias da sua relacdo com doencas cronicas
em humanos e exposi¢do a agrotoxicos (DALLE-DONNE et al., 2006).

A exposicdo em longo prazo a agrotoxicos em estudos epidemioldgicos tem sido
associada a um amplo espectro de doencas cronicas. Entretanto, existe uma caréncia cientifica de
evidéncias que estreitem essa relacdo por meio da utilizacdo de biomarcadores. Essa abordagem é
importante, pois pode sinalizar alteracfes precoces sugestiva de doencas crénicas em individuos
expostos. Embora exista no Brasil uma heterogeneidade no perfil das unidades agricolas, no Rio
de Janeiro, em especial na regido Serrana, existe um padrdo de uso familiar sugestivo de
exposicdo cronica que ndo pode ser ignorado. Assim, este estudo pode angariar uma reflexé@o
sobre a importancia de estratégias que utilizam o biomonitoramento no rastreio de agravos

cronicos a saude relacionados a estes xenobidticos.



40

3 OBJETIVOS

3.1 OBJETIVO

O objetivo geral deste estudo foi investigar a associagdo entre a exposi¢do a agrotoxicos,
estresse oxidativo, resposta inflamatéria e autoimune em trabalhadores agricolas do municipio de

Teresopolis.

3.2 OBJETIVOS ESPECIFICOS

1) Analisar a legislacdo brasileira vigente para o uso de agrotdxicos, bem como fatores

socioecondmicos, culturais e seus impactos na salde humana, aplicados a horticultura;

2) Realizar uma revisdo sistematica sobre estresse oxidativo e exposicdo ocupacional a

agrotoxicos;

3) Estimar a magnitude da associacdo entre a exposi¢cdo a multiplos agrotdxicos utilizados na

regido e os niveis de biomarcadores de estresse oxidativo e inflamacao;

4) Desenvolver um escore de estresse oxidativo individual e estimar a magnitude da associacéo

entre este escore e a exposicdo multipla a agrotdxicos utilizados na regido;

5) Realizar uma revisdo bibliografica sobre fatores ambientais relacionados ao lUpus eritematoso

sistémico;

6) Avaliar a associacdo entre exposicdo mdaltipla a agrotoxicos utilizados na regido e auto

anticorpos para lGpus eritematoso sistémico e artrite reumatoide.
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4 MATERIAL E METODOS

4.1 DESENHO DO ESTUDO

O artigo 1 usou um método qualitativo com abordagem descritiva. No segundo artigo foi
realizada uma revisdo sistematica. O artigo 4 tratou-se de uma revisdo bibliografica. Por fim, nos
artigos 3 e 5 foi utilizado um estudo epidemioldgico observacional analitico com delineamento

seccional.

4.2 LOCAL DO ESTUDO

Segundo o IBGE, o municipio de Teresopolis possui uma area territorial de 770.601 km?,
sendo a populacdo estimada de 173.060 habitantes no ano de 2010 (IBGE, 2015). Algumas
caracteristicas da populacdo de Teresépolis sdo mostradas no grafico 4 (IBGE, 2015). O
municipio é oficialmente subdividido em trés distritos: Teresopolis, Vale do Paquequer e Vale de
Bonsucesso, sendo o primeiro de caracteristica predominantemente urbana enquanto que 0s

outros dois estdo localizados na zona rural do municipio.

Gréfico 4 - Estimativa da populacdo residente de Teresoépolis por status urbano e rural
estratificada por sexo em 2010
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O municipio possui 60 bairros oficiais, sendo considerados os mais populosos: S&o Pedro,

Alto e Varzea. A principal atividade econdmica da comunidade é a producdo de olericolas pela
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agricultura familiar, que é caracterizada pela participacdo dos membros da familia em diversas
etapas do processo.

O percentual de pessoas ocupadas no municipio de Teresopolis em relacdo a populacdo
total foi de 25%. Em relacdo a renda, 32,3% da populacdo possui rendimentos mensais de até
meio salario minimo por pessoa.

De acordo com os dados do Ministério da Sadde (BRASIL, 2014), a populagdo de
Teresopolis coberta pela atencdo basica em 2013 foi de aproximadamente 45,05%, com o
municipio apresentado 12 Unidades Basicas de Saude (UBS) e 13 unidades de Estratégia de

Saude da Familia (ESF), anteriormente denominada por Programa de Saude da Familia (PSF).

4.3 POPULACAO DO ESTUDO

Usuarios dos servicos dos postos de saude localizados nos bairros rurais de Albuquerque,
Bonsucesso, Vargem Grande, Venda Nova e Vieira, de ambos 0s sexos, com idade compreendida

entre 16 e 69 anos.

4.4 CRITERIOS DE EXCLUSAO

Agricultores com menos de um ano de trabalho na agricultura e ndo-agricultores com
menos de 1 ano de residéncia na regido, histérico de tabagismo atual, diagnéstico de diabetes,
hipertensdo, cancer, doencas neurodegenerativas, doencas autoimunes e endocrinas. Também

foram excluidos participantes fazendo uso de antioxidantes ou vitaminas.
4.5 LOCAL DE COLETA

Os postos de saude de Vargem Grande e Venda Nova sdo classificados como Estratégia
de Saude da Familia (ESF) e contam com equipes compostas por agentes comunitarios, médico
generalista, enfermeira, técnica de enfermagem, dentista e servigo administrativo. Essas unidades
obedecem ao preceito da delimitacdo de area de abrangéncia com adstri¢do de clientela (ELIAS
et al. 2006). Os postos de Albuquerque, Bonsucesso e Vieira sdo classificados como Unidade
Basica de Saude (UBS), que contam com médicos de vérias especialidades, enfermeiros,

dentistas, auxiliares de enfermagem e pessoal de apoio técnico. A demanda atendida se apresenta
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como espontanea e/ou encaminhada por outros servicos. Neste caso ndo ha adstricdo de clientela,
e a delimitacdo da area de abrangéncia se refere exclusivamente as a¢Oes de vigilancia a saude.
Essas unidades receberam visitas semanais dos pesquisadores do estudo que informaram
detalhadamente o objetivo do estudo, critérios de exclusdo e as datas para realizacdo da coleta de
material bioldgico e aplicacdo de questionarios. Cada unidade de saude poderia convidar um
namero ilimitado de pessoas, sendo a ordem de chegada no centro de saude o critério para
participacdo na pesquisa. O numero de participantes previsto por unidade de saude era de 25, mas

esse numero poderia aumentar ou diminuir de acordo com o numero de voluntarios.

4.6 AMOSTRAGEM

A equipes de salde convidaram os usuarios dos servigos de saude a participar do estudo
duas semanas antes do inicio das atividades em cada posto. Assim, a populacdo de estudo foi
composta por amostra ndo aleatdria voluntariada onde individuos se oferecem para participar da
pesquisa, sendo constituida por pessoas mais acessiveis sem um julgamento estatistico
predeterminado para sua selecdo (LUIZ; TORRES; MAGNANINI, 2005; TORRES, 2004). A
utilizacdo desta estratégia ndo permite a generalizacdo de conclusBes ou inferéncias, mas nos

permite descrever e comparar as caracteristicas dos grupos de estudo.

4.7 COLETA DE DADOS E AMOSTRA

4.7.1 Questionario

Um questionario utilizado por Moreira e colaboradores (2002) com perguntas
direcionadas foi adaptado para a conducdo da pesquisa. O questionario foi estruturado em cinco
grupos de varidveis que abordaram caracteristicas sociodemograficas, atividade agricola, uso de

agrotoxicos, estilo de vida e histérico médico (Anexo 1).

4.7.2 Anostras biolégicas

Foram coletados 2 tubos (3 e 5 mL) de sangue pela manha, sem a necessidade de jejum. O

tubo de 5 mL, contendo gel separador foi utilizado para a obtencdo do soro enquanto o outro (3
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mL), contendo EDTA, para a extracdo do plasma. O soro foi utilizado para as andlises de
malondialdeido (produto de peroxidacéo lipidica), autoanticorpos (ANA e anti-CCP), superoxido
dismutase, glutationa-S-transferase, catalase, grupamento thiol e TNF-a. No plasma foram
avaliados o produto de peroxidacdo lipidica, 8-isoprostano e as enzimas glutationa peroxidase e

glutationa redutase.

4.8 METODOS DE AVALIACAO LABORATORIAL

4.8.1 EspectrofotometridJV-VIS

Método de andlise quantitativa que se baseia na medida da absorcdo de luz na regido
ultravioleta do espectro ou do visivel na solugdo-amostra em comparacdo aquela observada em
uma solucdo-padrdo. A relagdo das intensidades das absorcfes permite a determinacdo da
concentracdo da substancia analisada. Quando o numero de amostras é grande ou o volume
amostral € pequeno pode-se utilizar a técnica de ELISA (enzymdinked immunosorbent asspy

com deteccéo espectrofotométrica.

4.8.2 Cindico

O método cinético avalia a atividade de uma enzima utilizando um meio reacional que
possui um substrato especifico. O produto originado pela acdo da enzima sobre o substrato,
geralmente colorido, pode ser determinado espectrofotémetricamente. A velocidade de formacéo
do produto depende da atividade enzimatica enquanto a quantidade depende da concentracao do
substrato e do tempo de contato (Grafico 5). Assim, para se determinar o perfil (quantitativo) da
atividade enzimatica a ser estudada, é necessério fazer-se medidas sucessivas em determinados

intervalos de tempos.

Grafico 5 - Comportamento catalitico enzimatico
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4.8.3 ELISA Enzymd.inked Immunexbent Assay)

O principio deste método consiste na utilizacdo de um antigeno ou anticorpo ligado de
forma covalente a uma superficie (geralmente pléastica em forma de uma placa de pléastico com 96
pequenos pocos cilindricos) que proporciona varios tipos de reagGes entre antigenos e/ou
anticorpos dependendo do tipo de ELISA utilizado (Figura 3). No final do processo de cada tipo
de ELISA, um anticorpo ligado a uma enzima €é responsavel por modificar uma substancia
denominada cromogeno ou substrato que produzira um produto colorido que pode ser medido por
um leitor de ELISA. Assim, a presenca de cor indicara a presenca de um antigeno ou anticorpo
que se quer avaliar. No ELISA indireto, o objetivo é detectar a presenca de um determinado
anticorpo. Assim, antigenos séo adsorvidos nas paredes dos poc¢os da placa, em seguida adiciona-
se 0 soro de um paciente, e por fim usa-se um anticorpo marcado com uma enzima. Ja no ELISA
sanduiche, anticorpos para o antigeno a ser investigado é que sdo adsorvidos. Em seguida
adiciona-se 0 soro a ser testado e apds esta etapa, usa-se um anticorpo especifico para o antigeno,
promovendo um acoplamento sob a forma de sanduiche e finalmente é adicionado um anticorpo
marcado com uma enzima. No ELISA competitivo a placa é coberta por anticorpos sobre os
quais € adicionado o soro do paciente e um antigeno especifico marcado por uma enzima. O
antigeno presente no soro compete com o antigeno marcado pelos anticorpos fixados. Apos esses
passos adiciona-se 0 substrato préprio para reagir com a enzima acoplada ao antigeno
caracterizado como reagente. Se nenhuma cloragdo for observada nos pocos, significa que os

antigenos presentes no soro do paciente se ligaram aos anticorpos da placa, mas se 0S pocos
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apresentarem cor, possivelmente o soro do paciente possui uma concentracdo de antigeno menor

que do reagente.

Figura 3 — Representacdo esquematica de $bs deensaio porELISA
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Fonte: National Programme on Technology Enhanced Learning - (NPTEL). Disponivel:
http://nptel.ac.in/courses/102103047/30

4.9 ANALISE DOS BIOMARCADORES DE ESTRESSE OXIDATIVO

4.9.1 Peroxidacéo Lipidie

A quantificagdo da peroxidagdo lipidica foi determinada com o Kit K739-100 Lipid
Peroxidation Assay (Bio Vision). Este método baseia-se na reacdo dos produtos finais de
peroxidacdo lipidica, o malondialdeido (MDA) com o acido tiobarbitdrico (TBA), para gerar o
aducto MDA-TBA. O aducto MDA-TBA pode ser quantificado colorimetricamente pela leitura
da absorbancia a 532 nm.

4.9.2 8isoprostano

Os isoprostanos sdo moléculas derivados dos acidos graxos de membranas celulares
(eicosanoides) produzidas pelo estresse oxidativo. O kit 516351 da marca Cayman utiliza a
técnica de ELISA competitivo para detectar 8-isoprostano ou 8-iso-PGF2 alpha em plasma ou
urina humana pela leitura da absorbancia das placas em um comprimento de onda entre 405-420

nm.

4.9.3 GlutationaRedutase
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O kit utilizado nos ensaios foi o Glutationa redutase (GR) Activity Colorimetric Assay
K761- 200 (Bio Vision). A enzima GR catalisa a reducdo da glutationa oxidada (GSSG)
dependente de NADPH para a glutationa reduzida (GSH). Esta enzima desempenha um papel
importante no ciclo redox da GSH, através da manuntencdo dos niveis adequados de GSH
reduzida que reagem com ROS, inativando-o0s. No ensaio, GR reduz GSSG para GSH, que reage
com 5, 5'-Ditiobis acido 2-nitrobenzoico (DTNB) para gerar o 5-Thio-2-Nitrobenzoic Acid
(TNB-2), produto de cor amarela, que pode ser medido a 405nm. O ensaio pode detectar 0,1-40

mU/mIl de GR em vérias amostras.

4.9.4 GlutationaPeroxidase

A determinacdo da enzima Glutationa peroxidase sera realizada pelo Kit EnzyChrom GP
Assay EGPX-100 (BioAssay System). A GPx esta envolvida no ciclo redox da glutationa, onde
este tripeptideo reage com ROS, reacdo catalisada pela GPx. Um dos produtos desta reacdo é a
formacdo do glutationa oxidado que é reduzido a sua forma original pela enzima glutationa
redutase. A determinacdo se baseia no consumo de NADPH que é linearmente proporcional a
atividade da GPx, de acordo com as equac@es abaixo:

GPx
2 GSH + H,0, C GS-SG + 2 H.0
GR

GS-SG + NADPH C 2 GSH + NADP*

No ensaio de ELISA para cada poco, 0 meio reacional deve conter 85 pL de tampéo de
analise, 2L glutationa, 2uL de NADPH 35 mM e 8 pL da enzima GR. A reacdo ¢ diparada com
a adicdo de 100 pL de 0,35 mM de H20: e lida a 340nm. Asssim, a atividade da GPx é medida
através da velocidade de consumo de NADPH. Considera-se como uma unidade a quantidade de

GPx que produz 1 pumol de GSSG por min a pH 7,6 e temperatura ambiente.

4.9.5 Superoxido Dismutase
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A quantificacdo da Superdxido Dismutase (SD) foi realizada com o Kit SOD Activity
Assay K335-100 (BioVision). No meio reacional sem a presenca da SOD a xantina oxidase
produz radicais superoxido que reagem com o WST-1. A atividade da SOD ¢é medida através do
grau de inibicdo da formacdo do WST-formazana, um produto colorido, solivel em agua que
absorve luz a 450 nm. A superdxido dismutase, quando adicionada ao meio reacional, reage
preferencialmente com o radical superéxido dismutando-o e formando oxigénio e perdxido de

hidrogénio.

Figura 4. Esquema reacional do esaio da Siperéxido Dismutasepor ELISA
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Fonte: Biovision (2016)

4.10 ANALISE DOS BIOMARCADORES DE INFLAMACAO

4.10.1 Fator de Necrose Tumoral alf@NFalpha

O Fator de Necrose Tumoral alfa (TNF-a)) € uma citocina pré-inflamatoria secretada por
varias células, incluindo mondcitos ativados, adipécitos, macréfagos, células B, células T e
fibroblastos. O kit Human TNF-o Mini ABTS Peprotech mede quantitativamente TNF-a. humano
por meio da técnica ELISA sanduiche. A cor desenvolvida no final do experimento é medida a

450nm com correcdo de comprimento de onda ajustado a 620nm.

4.11 ANALISE DE AUTO-ANTICORPOS PARA AR E LES

4.11.1 AntiCCP

O Anti-CCP hs é um teste destinado a quantificacdo por ELISA de autoanticorpos 1gG

contra peptideo ciclico citrulinato (CCP) em soro e plasma humanos. A determinacdo é baseada
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numa reacao imune indireta associada a enzima com as seguintes fases: os anticorpos presentes
nas amostras reagem com o0s antigenos que revestem a superficie do poco formando um
complexo antigeno-anticorpo retido. Apos incubacao, uma primeira fase de lavagem remove as
moléculas livres dos anticorpos que nao se ligaram. A seguir adiciona-se o0 anticorpo anti-humano
conjugado com Horseradish peroxidase (HRP) que se liga ao anticorpo da amostra, formando-se
um complexo antigeno-anticorpo-conjugado também fixo nas paredes dos pogos de reacdo. Apos
nova incubacao, uma segunda lavagem remove o conjugado de enzima nédo ligado. Com a adicao
de uma solucdo de substrato de enzima, ocorre uma reacdo de hidrélise e desenvolvimento de
uma cor azul durante a incubacdo. A adi¢do de um &cido péra a reagdo, formando um produto de
cor amarelo. A intensidade da cor amarela tem uma correlagdo com a concentragdo do complexo

antigeno-anticorpo, sendo medida a 450 nm.

4.11.2 ANA

O Kit ANA Detect ELISA (Orgentec) é utilizado para a deteccdo qualitativa de anticorpos
(IgG) contra elementos do nucleo celular e citoplasma. Anticorpos antinucleares (ANA) sao
encontrados em doencas autoimunes como LES, sindrome de Sjogren, sindrome de Sharp
(doenga mista do tecido conjuntivo), polimiosite / dermatomiosite e esclerodermia sistémica
progressiva. Este € um kit de screening para detectar a presenca desses ANA, uma mistura de
antigenos purificados SS-A-52 (Ro-52), SS-A-60 (Ro-60), SS-B (La), RNP/Sm, RNP-70, RNP-
A, RNP-C, Sm-BB, Sm-D, Sm-E, Sm-F, Sm-G, Scl-70, Jo-1, dsDNA, ssDNA, polinucleossomas,
mononucleossomas, complexos de histona, histona H1, histona H2A, histona H2B, histona 3,
histona H4, Pm-Scl-100 e centromero B, que devem revestir as paredes dos poc¢os das placas de

ELISA. O procedimento é semelhante ao descrito no paragrafo anterior.

4.12 ANALISES ESTATISTICAS

Nos artigos 3 e 4 foram feitas analises exploratérias iniciais, através de analises
descritivas univariadas para variaveis numéricas e categdricas, com o0 objetivo de descrever
alguns parametros como distribuicdo das variaveis, média e desvio padrdo. Anéalises bivariadas
para variaveis categdricas foram feitas por meio do teste de qui-quadrado, enquanto que para

varidveis continuas foram efetuados os testes de Mann Whitney e test t de Student.
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Posteriormente, foram realizadas analises de regressao logistica bivariadas, seguida de analises
multivariadas, considerando os desfechos de forma dicotdmica. Para autoanticorpos, foram
propostos pontos de corte do kit, P75 e P90. A escolha do P75 levou em consideracdo a baixa
frequéncia observada para individuos acima do ponto de corte do kit e P90. As analises

estatisticas foram feitas no SPSS (Pacote Estatistico para Ciéncias Sociais) para Windows.

4.13 ASPECTOS GERAIS DE BIOETICA

A pesquisa foi iniciada ap6s a emissdo do parecer consubstanciado de nimero 1.537.073
na data de 04 de maio de 2016, que indica aprovacdo pelo Comité de Etica em Pesquisa (CEP) do
Instituto de Estudos em Saude Coletiva (IESC). Ela foi realizada em estabelecimentos de salde e
todos os participantes foram informados dos objetivos propostos, do sigilo das informacoes,
procedimentos adotados, bem como os riscos envolvidos na coleta de sangue. A adesdo a
pesquisa foi voluntaria e, ap6s livre concordancia, os participantes assinaram o Termo de
Consentimento Livre e Esclarecido (Anexo 2). Os resultados para autoanticorpos foi entregue em
maos aos participantes nos estabelecimentos de salde. Aqueles que apresentaram alteracdes nos
exames foram encaminhados para marcacdo de consulta no préprio servico de saude. Todos 0s
dados coletados nesta pesquisa foram analisados em conjunto de forma a garantir
confidencialidade. Todos os registros da pesquisa estdo somente em posse do pesquisador e apds

cinco anos serdo destruidos.
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5 RESULTADOS E DISCUSSAO

Esta secdo contém os textos integrais dos artigos produzidos neste estudo, com seus
respectivos titulos, resultados, discusséo e conclusdo. Sao eles:

1. Uso de agrotoxicos na horticultura e implicagdes sobre a satde dos trabalhadores agricolas

2. Oxidative stress biomarkers and long-term occupational exposure to pesticides: A systematic

review

3. Levels of Oxidative Stress, Individual Oxidative Stress Score and Tumor Necrosis Factor

Alpha (TNF-0) among Brazilian agricultural workers

4. Understanding the role of environmental factors in the development of systemic lupus

erythematosus

5. Increased levels of anti-cyclic citrullinated peptide and antinuclear antibodies in Brazilian

agricultural workers
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RESUMO

No Brasil, 0 uso de agrotdxicos aumentou substancialmente na ultima década. Embora 75% dos
agrotoxicos sejam direcionados para cultivos de exportacédo, a utilizacdo em plantacdes de menor
escala por estabelecimentos de carater familiar ndo deve ser ignorada. A horticultura, em
especial, é responsavel pelo abastecimento de uma variedade de produtos no mercado interno
(cidades e grandes metropoles), sendo que mais de 80% desses agricultores utilizam insumos
quimicos no cultivo de hortalicas. Até o ano de 2010, o uso destes produtos quimicos na
horticultura ndo era regulamentado. Esta deficiéncia normativa permitiu o uso empirico destas
substancias potencializando as exposi¢des ambientais e principalmente ocupacionais. A edi¢éo da
Instrucdo Normativa Conjunta (INC) n° 01 de 23 de fevereiro de 2010 pelos Ministérios da
Agricultura, Pecuéria e Abastecimento, a ANVISA e o IBAMA, posteriormente revogada pela
INC n° 01 de 16 de junho de 2014, exigiu o registro e consequente padroniza¢do agrondémica
dessas substancias. Mas € necessario que se avalie esta medida juntamente com fatores culturais e
socioecondmicos com vistas a promocdo de politicas publicas saudaveis que efetivamente
diminuam o impacto dessas substancias na salde ambiental especialmente associada a dos

trabalhadores agricolas.

Palavras-chave:agrotoxicos, horticultura, saide publica



54

ABSTRACT

Pesticide use in Brazil has increased substantially over the last decade. Although approximately
75% of pesticide will be used on crops grown for export, family-owned establishments present a
significant use. The family-owned establishments supply horticulture products to the cities and
metropolis, and 80% of them use pesticides. The use of these chemicals in horticulture was not
regulated until 2010, and the lack of pesticides regulation and control may be related to increased
occupational and environmental exposures. The creation of Joint Normative Instruction (INC) n°
01 of February 23, 2010, by the Ministries of Agriculture, Livestock, and Supply, ANVISA and
IBAMA rectified by INC n° 01 of June 16, 2014, allowed the regulation and agronomic
standardization of these substances. However, it is necessary to evaluate this measure together
with cultural and socioeconomic factors to promoting public policies that effectively reduce the
impact of these substances on the agricultural worker's health.

Keywords: pesticides, horticulture, health public
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Introducao

Agrotdxicos sdo considerados importantes fatores de risco para a saude ambiental, que,
como definida pela OMS, compreende aqueles aspectos da satde humana, incluindo a qualidade
de vida, que sdo determinados por fatores fisicos, quimicos, bioldgicos, sociais e psicologicos no
meio ambiente (WHO). As intoxicacfes por agrotdxicos, em numeros absolutos, ocuparam a
quarta posicdo no ranking das maiores causas de morbidade, mas foram classificadas como o
primeiro lugar em termos de letalidade no Sistema de Informacdo de Agravos de Notificacdo
(SINAN) no periodo de 2008 a 2015 (DATASUS, 2018). Em relacdo a seus efeitos crénicos, uma
quantidade substancial de evidéncias epidemioldgicas tém associado a exposi¢do ocupacional a
canceres, doencas neurodegenerativas e autoimunes (Kang et al, 2007; Koutros et al, 2009; Van
Maele-Fabry et al, 2012; Parks et al, 2011; Meyer et al. 2017).

Além dos impactos a satde dos trabalhadores agricolas, a distribuicdo dos agrotoxicos nos
compartimentos ambientais pode pdr em risco a salde das populacdes proximas ao perimetro de
dispersdo destas substancias. A mobilidade dessas substancias tem relacdo direta com as
caracteristicas fisico-quimicas das formulagdes, condi¢cdes bioldgicas, climaticas e geoldgicas.
Além desses fatores, os perfis de adubacdo e calagem podem alterar as caracteristicas fisico-
quimicas do solo, possibilitando a proliferacdo de pragas e doencas e contribuindo para o
aumento no uso e na diversidade de insumos quimicos (Barradas et al. 2006; Yergeau, 2006;
Jolankaet al, 2008).

Embora a migracdo para sistemas produtivos agricolas socioambientalmente menos
invasivos tenha tomado félego nos udltimos anos, muitos agricultores familiares praticam a
agricultura convencional, pautada na utilizacdo de agrotoxicos, dentre outros insumos quimicos

(Munoz et al. 2016). Diferentemente das grandes culturas para exportacdo que apresentam
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agrotoxicos com especificacdes de uso, a horticultura até o ano de 2010 dispunha de poucos
produtos registrados (Cruz, 2013). A falta de especificidade técnica e a ndo conformidade da
utilizacdo de tais substancias de acordo com as normas indicadas implica em maiores riscos a
salde dos trabalhadores agricolas, e punigdes sanitarias por parte das agéncias publicas de
fiscalizacéo.

N&o se pretende nesta discussdo fazer apologia ao uso macico de insumos quimicos.
Entender que a diversidade nos modos de producdo agricola é uma realidade em constante
movimento, ndo significa abrir mdo de avaliacdo critica com vistas a otimizacdo do sistema
produtivo convencional. Desta forma, este trabalho tem por objetivo descrever o processo
produtivo horticola e o uso de agrotoxicos a luz dos aspectos regulatorios, socioeconémicos,

culturais e do conhecimento toxicoldgico existente.

Horticultura no Brasil

A horticultura abrange a producdo de olericolas (hortalicas), flores, frutas, arvores e
plantas para paisagismo. Em 2006, ela ocupou 4.098.556 hectares, correspondendo a 1,3% da
area total do agronegécio (IBGE). O Mapa 1 apresenta o percentual de estabelecimentos
agricolas que praticam a horticultura em relacdo ao total de estabelecimentos agricolas por
municipios brasileiros. E possivel observar que esta atividade agricola é difusa e realizada
principalmente proxima aos centros urbanos consumidores das cinco regides brasileiras. As
regibes Sudeste e Sul, em especial, concentram o maior numero de estabelecimentos que

praticam atividade horticola.
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Mapa 1. Percentual de Estabelecimentos horticolas em relacdo ao total de estabelecimentos

agricolas por municipios brasileiros em 2006
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Esta atividade agroecondmica esta associada a pequenas, médias e grandes propriedades,
tendo uma participacdo significativa da agricultura familiar na horticultura por municipios
brasileiros (Mapa 2). Nas regides Sudeste e Centro-Oeste, o percentual de estabelecimentos

agricolas familiares horticolas por municipios € menor do que o observado em outras regides
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brasileiras.

Mapa 2. Percentual da participagdo familiar nos estabelecimentos agricolas horticolas por
municipios brasileiros em 2006
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Agrotoxicos na horticultura
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Economicamente a horticultura tem apresentado perspectiva de crescimento tendo em
vista o potencial do mercado interno brasileiro e o baixo consumo de verduras, legumes e frutas
(Junqueira, 2010). O cenério econémico favoravel impacta tanto no sentido de se obter uma
maior produtividade, usualmente com a utilizacdo cada vez maior de um arsenal agroquimico —
fertilizantes e agrotoxicos - quanto no uso de novas tecnologias (estufas, sistema de gotejamento,
etc.). Embora 75% dos gastos com agrotdxicos esteja vinculado as monoculturas para exportacao
(Porto e Soares, 2012), a horticultura apresenta um potencial de uso intensivo destas substancias,
uma vez que o ciclo curto, uso ndo sazonalizado da terra e a corre¢do inapropriada do solo podem
enfraquecé-lo, facilitando o ataque de pragas e doencgas (Cruz, 2013).

As estimativas do uso de agrotoxicos na horticultura sdo escassas. Na regido Serrana, 0
principal fornecedor de olericolas para a cidade do Rio de Janeiro, o consumo de agrotdxicos
estimado por trabalhador ao ano foi 4,6 vezes maior do que o observado na regido Sudeste
(Moreira et al, 2002). Embora ndo se possa fazer a mesma inferéncia que o autor acima, de
acordo com 0 mapa 3, essa situacao parece ndo ter se modificado, uma vez que na Regido Serrana
o0 percentual de estabelecimentos horticolas que usaram ou usam agrotéxicos em relacéo ao total
de estabelecimentos no ano de 2006 foi acima de 80%. De acordo com este mesmo mapa, além
da Regido Sudeste, as regides Sul e Nordeste apresentaram uma quantidade substancial de
municipios que fazem usam de agrotéxicos quando comparados com as regides Norte e Centro-

Oeste.

Mapa 3. Percentual de uso de agrotdxicos em estabelecimentos horticolas por municipios

brasileiros em 2006
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Agrotoxicos — aspectos regulatorios gerais e 0 caso da horticultura

A cadeia produtiva dos agrotoxicos é estabelecida dentro de parametros sanitarios
regulados pelos Ministérios da Saude, Agricultura e Meio Ambiente. De acordo com o Decreto n°

4.074, de 4 de janeiro de 2002, que regulamenta a Lei no 7.802, de 11 de julho de 1989, todos 0s
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orgdos regulatérios para fins de registro devem avaliar as caracteristicas agrondmicas,
toxicologicas e ecotoxicoldgicas destas substancias. Satisfazer pardmetros técnicos e cientificos
na relagdo risco-beneficio que reflitam seguranga ao ambiente e a salde humana séo aspectos de
fundamental importancia para a concessdo do registro (Peres et al. 2003). Por isto o registro de
um novo agrotoxico no Brasil deve passar pela avalicdo de uma comissédo triplice, da qual
participam o0s ministérios supramencionados. A Coordenacdo Geral de Agrotdxicos e Afins
(CGAA) ¢ responsavel pela publicidade ao pleito e a concesséo do registro.

De acordo com a legislacdo vigente, o Ministério da Agricultura e Abastecimento deve
realizar a avaliacdo da eficicia agrondmica, ao Ministério da Saude executar a avaliagdo e
classificacéo toxicologica e ao Ministério do Meio Ambiente, por meio do Instituto Brasileiro do
Meio Ambiente e dos Recursos Naturais Renovaveis (IBAMA), avaliar e classificar o potencial
de periculosidade ambiental. Em relacdo as caracteristicas agrondmicas, é necessario explicitar
para quais culturas e alvos biologicos o uso de determinado agrotoxico é direcionado,
informacdes detalhadas sobre 0 modo de acdo do produto, Limite Maximo de Residuo (LMR),
modalidade de emprego (pré-emergéncia, pds-emergéncia etc.), dose recomendada, concentracéo,
modo de preparo de calda, equipamentos de aplicacdo, época, nimero e intervalo de aplicacoes,
dentre outras informacdes técnicas.

A horticultura € um setor econdmico que abastece 0 mercado interno, com ressalvas para
as flores ornamentais, que apresenta adicional mercado externo (Perosa, 2002). Tendo em vista a
deficiéncia de produto registrado para este setor, os Ministérios da Agricultura, Pecuaria e
Abastecimento, a ANVISA e o IBAMA construiram a Instrucdo Normativa Conjunta n® 01, de
23/02/10 que foi revogada pela Instrucdo Normativa Conjunta n° 01 de 16/07/14 (MAPA, 2014).
Esta INC estabelece pardmetros de registro para uma diversidade de culturas por similaridade

taxonémica, estrutural e de praticas agricolas. Embora um produto tenha um uso definido para
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uma monocultura de exportacdo, esse mesmo produto para ser registrado na horticultura
necessitara de algumas exigéncias legais, como estudos de eficiéncia agronémica e de residuos.
Entretanto, uma cultura representativa do subgrupo ou grupo estende o titulo do registro para o

seu grupo de cultivares.

Disposic¢des legaisobre o uso deagrotoxicosna horticultura

Antes da criacdo da INC n°l de 2014, trabalhadores agricolas dispunha de poucas
substancias reguladas para o controle quimico nas lavouras da horticultura (Cruz, 2013). Neste
cenario, o trabalhador que utiliza ou utilizava um produto ndo registrado para uma determinada
cultura esta cometendo uma infracdo. O desvio de uso é classificado com um ato ilegal sujeito a
sancdes disciplinares e penais previstas na Lei dos Agrotoxicos.

Em geral, a falta de regulamentacdo técnica induzia a utilizacdo indevida destas
substancias. Isto porque, antes da regulamentacdo, as especificacBes técnicas ndo estavam
relacionadas, em sua maioria, aos cultivares da horticultura, sendo a adequacdo de uso uma
atividade empirica e ndo uniforme. O manejo nessas situacdes seria resultado da experiéncia
pratica de cada um, obtida através de adaptacfes agrondmicas dos proprios produtores agricolas.
A falta de especificacBes técnicas muitas vezes levava a selecdo inadequada de produtos
quimicos, pela falta de orientagdo técnica ou mesmo de pardmetros agrondmicos que indicassem
se uma determinada substancia poderia ou ndo ser utilizada em determinada cultura horticola.

A utilizagdo de agrotoxicos ndo permitidos na horticultura, bem como o uso de produtos
legais em desacordo com as boas praticas agricolas, é avaliada pelo Programa de Anélise de
Residuos de Agrotoxicos em Alimentos (PARA) da ANVISA em todo o pais. No relatério de

atividade do PARA do periodo de 2013-2015, 19,7% das amostras foram consideradas
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insatisfatorias, onde 3,0% apresentaram residuos acima do LMR e 18,3% apresentaram residuos
de agrotdéxicos ndo autorizados para a cultura. O programa avalia 232 ingredientes ativos em
amostras de 26 estados brasileiros (PARA, 2016). Mas, até 0 momento, a ANVISA possui em
seu cadastro 517 ingredientes ativos de uso autorizado no Brasil (ANVISA, 2017). Desta forma, é
importante frisarmos que, apesar dos esfor¢os com vistas & seguranca alimentar, é necessario

incluir todos os principios ativos nas analises.

Agrotoxicosregistrados para a horticultura

Com a criagdo da INC n°01 de 2014, houve um incremento de diferentes classes de
agrotoxicos autorizados para uso de culturas horticolas, de acordo o Ministério da Agricultura,
Pecuéria e Abastecimento (Tabela 1). Algumas culturas como as de agrido, acelga e tomate, por
exemplo, podem utilizar varias categorias de produtos regulados no combate aos diferentes
problemas encontrados nas lavouras, como infestacdo de insetos, fungos ou bactérias. Para outras
culturas, particularmente aquelas de condimentos, como o aipo, alho poro, cebolinha, coentro,
salsa e horteld apresentam poucos agrotdxicos autorizados. No caso da alcachofra ainda néo
existem produtos regulados. Para algumas flores, como horténsia e orquidea, somente existem
produtos regulados indicados para o combate a doencas provocadas por fungos.

Embora o nimero de agrotoxicos registrados para uso na horticultura tenha aumentado,
ainda sdo observadas deficiéncias para inUmeras culturas, como as de couve, couve-flor, repolho,
racula e brocolis, que podem igualmente apresentarem doencas comuns de origem bacteriana,
fangica e virdtica (Meten e Banzato, 2016). Com excecdo da rucula, as outras culturas
apresentam pouca ou nenhuma opcao para tratamento destes problemas restando somente uma

Unica opgdo, o uso de inseticidas. O mesmo ocorre com a cultura da chicdria que apresenta
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muitas opgOes de uso de inseticidas, mas pouca ou nenhuma opg¢do para doengas de origem

fangica ou bacteriana.

Tabela 1.Agrotoxicos registrados para horticultura de acordo com o grupo quimico e classe

Cultivar/No. Registro Ingrediente Ativo Classe

Agrido
1648702 casugamicina bactericida/fungicida
1395 dimetomorfe fungicida
1703 B-Cipermetrina inseticida
21117/18817 Metaflimizona inseticida
13915/5316 Ciantraniliprole inseticida
8806 a-cipermetrina +teflubenzurom inseticida
3500 indoxacarbe inseticida
Acelga
1648702 casugamicina bactericida/fungicida
7503 Boscalida fungicida
205 Tebuconazol + trifloxistrobina fungicida
8396 tiabendazol fungicida
1703 B-Cipermetrina inseticida
21117/18817 Metaflimizona inseticida
8806 a-cipermetrina +teflubenzurom inseticida
3500 indoxacarbe inseticida
Aipo
698/1278791/4701 hidréxido de cobre fungicida
798 Oxido Cuproso fungicida
7815/7315 VPN-HzSNPV Inseticida Bioldgico
Alcachofra - -
Alface
809 mandipropamida fungicida
3809/1305 azoxist. +difeconazol/azoxistrobina fungicida
10098 tiametoxam inseticida
1703 B-Cipermetrina inseticida
21117 Metaflimizona inseticida
14807 azadiractina inseticida
13915 Ciantraniliprole inseticida
7815 VPN-HzSNPV Inseticida Bioldgico



Alho-poro
1648702

Begbnia
3809
1248399/8711
918308
4311
4097
2628797
8309

Brécolis
458294
1703
21117

610

2209
7815
4193
458791
6009
13915

Cebolinha
1648702
10308
4311

Chicéria
7503
1703

21117
13915

409

6294
8806
7815/7315
291

Coentro
1648702

Couve
4906
458294

casugamicina

azoxistrobina + difenoconazol
tiofanato-metilico
clorotalonil
Bacilluspumilus
buprofezina
Cloridrato de propamocarbe
Prohexadione-Célcio

acefato
Beta-Cipermetrina
Metaflimizona
Clorantraniliprole + lambda-
cialotrina

teflubenzurom
VPN-HzSNPV

acefato

Bacillusthuringiensis

imidacloprido
Ciantraniliprole

casugamicina
mandipropamid
Bacilluspumilus

Boscalida
Beta-Cipermetrina
Metaflimizona
Ciantraniliprole
fenamidona + Clor. de
propamocarbe
imidacloprido
alfa-cipermetrina + teflubenzurom
VPN-HzSNPV
Bacillusthuringiensis

casugamicina

(2)-11-Hexadecenal + ac.
hexadecenila
acefato

bactericida/fungicida

fungicida
fungicida
fungicida
Fungicida biol.
Inseticida/ reg. de cresc.
inseticida
Reg. de Cresc.

inseticida
inseticida
inseticida
inseticida
inseticida
inseticida bioldgico
inseticida
inseticida biolégico
inseticida
inseticida

bactericida/fungicida
fungicida
Fungicida microbiol6gico

fungicida
inseticida
inseticida
inseticida
inseticida
inseticida
inseticida
inseticida bioldgico
inseticida bioldgico

bactericida/fungicida

ferormonio

inseticida
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21117
610

2209
4193
13915
7815
458791/2798

Couveflor
1305
458294
1703
21117
610
2209
4193
13915
7815
458791

Espinafre
7503
1395

10706
1703
21117
13915
8806

7815/7315
291

Pimentao
16117

3809/1305

19917/5501/806/3801/16307
10098

Repolho
458294
10098
1703
21117
610
2209
2798/6095
7815

Metaflimizona
clorantraniliprole + lambda-
cialotrina
teflubenzurom
acefato
Ciantraniliprole
VPN-HzSNPV
Bacillusthuringiensis

azoxistrobina
acefato
Beta-Cipermetrina
Metaflimizona
clorantraniliprole + A-cialotrina

teflubenzurom

acefato
Ciantraniliprole
VPN-HzSNPV

Bacillusthuringiensis

Boscalida
dimetomorfe
carfentrazona-etilica
Beta-Cipermetrina
Metaflimizona
Ciantraniliprole
a-cipermetrina + teflubenzurom
VPN-HzSNPV
Bacillusthuringiensis

clorotalonil
azoxistrob. + difenoconazol /
azoxistrobina
abamectina
tiametoxam

acefato
tiametoxam
Beta-Cipermetrina
Metaflimizona
clorantraniliprole + A-cialotrina
teflubenzurom
Bacillusthuringiensis
VPN-HzSNPV

inseticida
inseticida
inseticida
inseticida
inseticida
Inseticida bioldgico
inseticida bioldgico

fungicida
inseticida
inseticida
inseticida
inseticida
inseticida
inseticida
inseticida
Inseticida bioldgico
inseticida bioldgico

fungicida
fungicida
herbicida
inseticida
inseticida
inseticida
inseticida
inseticida bioldgico
inseticida bioldgico

fungicida
fungicida
inseticida
inseticida

inseticida
inseticida
inseticida
inseticida
inseticida
inseticida
inseticida biolégico
inseticida biolégico
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Rucula
1648702
1395
1703
21117
13915
8806
3500
7815/7315
291

Salsa
1648702

Tomate
12208
19917/5501/806/3801/11209/16307
16117
1205
2798

Hortela
1648702

Crisantemo
5801
1305
991
19917/5501/3801/16307
10098
14807
5207

Azaléia
5102
4311

Antdrio
4311
1248399/8711
2628797

Gérbera
3809
4097

7815/7315
1800
5398/7698

casugamicina
dimetomorfe
Beta-Cipermetrina
Metaflimizona
Ciantraniliprole
alfa-cipermetrina + teflubenzurom

indoxacarbe

VPN-HzSNPV
Bacillusthuringiensis

casugamicina

propargito
abamectina
clorotalonil
cimoxanil + mancozebe
Bacillusthuringiensis

casugamicina

acibenzolar-S-metilico
azoxistrobina
ciproconazol
abamectina
tiametoxam
azadiractina
bifentrina

metilciclopropeno
Bacillus pumilus

Bacillus pumilus
tiofanato-metilico
Cloridrato de propamocarbe

azoxistrobina + difenoconazol
buprofezina
VPN-HzSNPV
tiacloprido
piriproxifem
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bactericida/fungicida
fungicida
inseticida
inseticida
inseticida
inseticida
inseticida

inseticida bioldgico

inseticida bioldgico

bactericida/fungicida

acaricida
inseticida
fungicida
fungicida
inseticida bioldgico

bactericida/fungicida

fungicida
fungicida
fungicida
inseticida
inseticida
inseticida
inseticida

Regul. do crescimento
fungicida

fungicida
fungicida
inseticida

fungicida
Inseticida/regul.do cresc.
inseticida bioldgico
inseticida
inseticida



5102 metilciclopropeno regulador do crescimento
6294 imidacloprido inseticida
8998 imidacloprido inseticida
Horténsia
1248399 tiofanato-metilico fungicida
918308 clorotalonil fungicida
4311 Bacillus pumilus fungicida
8711 tiofanato-metilico fungicida
Lirio
5102 metilciclopropeno regulador do crescimento
4311 Bacillus pumilus fungicida
Orquidea
1248399 tiofanato-metilico fungicida
4311 Bacillus pumilus fungicida
8711 tiofanato-metilico fungicida
Rosa
19917/5501/16307 abamectina inseticida
16117 clorotalonil fungicida
12208 propargito acaricida
809 mandipropamid fungicida
108700 fosetil fungicida
3809 azoxistrobina + difenoconazol fungicida
7815 VPN-HzSNPV inseticida bioldgico
5207 bifentrina inseticida
Tulipa
918308 clorotalonil fungicida
204 glifosato herbicida
7316 glifosato herbicida
4311 Bacillus pumilus fungicida

Fonte: AGROFIT
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Agrotoxicos: legislacéo atual, fatores socieconémicos e impactos na saude das populacdes

expostas

Regulamentar o uso dos agrotoxicos na horticultura ndo significa endossar politicas
agricolas que ndo levam em consideracdo seus efeitos toxicos. O conhecimento cientifico deve

nortear politicas de desenvolvimento consciente, que minimizem o impacto dos agrotoxicos na
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vida dos trabalhadores agricolas e da populacdo direta ou indiretamente exposta. De fato, o
desenvolvimento cientifico tem periodicamente levado a proibicdo do uso de substancias
anteriormente autorizadas. No caso dos agrotoxicos, o banimento de substancias ou as restricbes
ao uso, impostas, visam racionalizar 0 uso dos agrotoxicos e buscam por condic¢Bes seguras de
uso, uma preocupacao de ordem publica. Neste sentido, a articulagdo entre o Ministério da Salde
e do Meio Ambiente na avaliacdo do registro dessas substancias € fundamental e ndo pode ser
descaracterizada em fungéo dos interesses econdmicos ou empresariais (ABRASCO, 2017).

No entanto, a regulamentacdo de insumos quimicos por si s6 ndo é capaz de diminuir 0s
impactos a salde devido ao uso de agrotoxicos. Ela constitui um relativo avango em relacéo ao
desvio de uso, uma vez que o0 uso destas substancias sem as devidas informacdes técnicas pode
causar intoxicagdes agudas. Entretanto, devemos considerar que o registro leva em consideragéo
0s resultados de testes-padrdo para validar parametros agrondmicos, e na grande maioria das
vezes estes testes ndo levam em consideracdo todas as singularidades do nosso pais. Embora as
informacBes toxicologicas de um principio ativo sejam as mesmas, modificacbes das
caracteristicas fisico-quimicas das formulacdes (que incluem veiculos de dispersdao para
preparacdes das caldas e pulverizacdes), provocadas por fatores climaticos e culturais entre os
usuarios, podem intensificar os efeitos toxicos dos principios ativos, alterar sua mobilidade nos
compartimentos ambientais e modificar parametros agronémicos.

A normatizacdo das condi¢bes de uso na horticultura deve ser atrelada a assisténcia
técnica e extensdo no campo. Isto porque a defasagem desses servi¢os para o pequeno produtor
remonta ao inicio da modernizacdo agricola brasileira na década de 50. O modelo de assisténcia
técnica e extensdo rural adotado fornecia servigcos de extensdo rural em grande parte para 0s
produtores que conseguiam crédito rural e que adotassem as inovacdes tecnoldgicas

desenvolvidas nos institutos de pesquisa (Castro, 2015). Embora o pequeno produtor pudesse
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usufruir desses servigos, as diferengas financeiras e 0S poucos recursos para 0 acesso irrestrito a
tecnologia promoveu um descompasso na troca de informagdes que correspondesse ou
impactasse a sua realidade (Castro, 2015). Nas ultimas décadas esse perfil de assisténcia ao
produtor vem se modificando e se adequando a diversidade de modos de produgdo agricola.
Porém, o nimero de contemplados por esses servigos ainda é baixo e difere entre as regides
brasileiras (Garagorry, 2002). A assisténcia técnica e praticas de extensao rural deve preceder o
uso de agrotoxicos, identificando necessidades e problemas dos agricultores e transferindo ou
agregando conhecimento, para que estes possuam independéncia e consigam resolver
adversidades de forma segura, promovendo inovagOes e autossuficiéncia (Petarly, 2013). Nesse
contexto, a assisténcia técnica pode dividir e construir conhecimento que minimize a utilizacao
dessas substancias no processo produtivo. A interface entre agricultores, técnicos e extensionistas
pode permitir o uso racional de agrotdxicos, reduzindo a dependéncia dos produtores as
informacdes contidas nos rétulos e a assisténcia comercial.

Outra questdo importante relacionada a utilizacdo de agrotoxicos na horticultura é a
escolaridade. A baixa escolaridade no campo ainda é uma realidade que implica em dificuldade
de compreensdo mesmo das instrucdes elementares dos produtos, quanto mais da linguagem
técnica utilizada nos rétulos. Além da escolaridade, fatores culturais impactam na construcao da
percepcdo de risco e no comportamento adotado no processo de trabalho. Embora os
trabalhadores agricolas tenham o conhecimento dos impactos a salde, seja por meio de
informacdo recebida ou pelo saber vivenciado durante o processo de trabalho, estas dimens6es
ndo sdo suficientes para diminuir a negligéncia ou o uso incorreto de medidas protetoras (Fonseca
et al. 2007). A valorizacdo de crencas e experiéncia adquirida sdo estratégias culturais que
dificultam a modificagdo de praticas usadas (Fonseca et al. 2007). Neste sentido, a promogéo de

um sistema educacional que valorize a realidade e saberes rurais pode ser importante na
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construcdo de praticas benéficas a satde dos trabalhadores.

A tudo isto se deve adicionar as caracteristicas fenotipicas dos trabalhadores agricolas e
das populacBes expostas ambientalmente. A seguranca determinada para substancias quimicas
geralmente ndo leva em consideragdo a susceptibilidade genética que podem conferir maior ou
menor risco a salde das populagGes. Sendo assim, a avaliagdo dos efeitos toxicos relacionados as
exposicdes de longo prazo a agrotdxicos devem se constituir numa preocupacdo de ordem
publica. Isto porque os efeitos cronicos podem se desenvolver independentemente da
padronizacdo de uso, e estudos nacionais tém sugerido uma associagdo positiva entre a exposicao
a doses usuais de agrotdxicos na horticultura e o desenvolvimento de diferentes tipos de cancer
(Krawczyk et al. 2016; Boccolini et al. 2017).

A problemética da utilizacdo dos agrotdxicos na agricultura convencional, inclusive na
horticultura, deve ser avaliada a luz de diversos fatores para que a criacdo de normas regulatdrias
ndo reduza a dimensdo dos impactos provocados por essas substancias, sobretudo na satde dos
trabalhadores agricolas. Uma visdo integrada dos fatores sociais, culturais e econémicos deve
fazer parte de politicas publicas que permitam o desenvolvimento econémico atrelado a

qualidade de vida no campo.
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Artigo 1 — Algumas consideracées

- O que é novo?

Até 0 momento poucos estudos avaliaram os impactos da deficiente regulamentacdo técnica de agrotdxicos
utilizados na horticultura sobre as praticas agricolas e seus efeitos a salde dos trabalhadores. Essa deficiéncia
norteou a criacdo da Instrugdo Normativa Conjunta n® 01 de 16/07/14 resultado de uma agdo conjunta do Ministério
da Agricultura, Pecuaria e Abastecimento, da ANVISA e do IBAMA.

- O que isso acrescenta ao que era conhecido?

Os impactos do uso de agrotdxicos & saude dos trabalhadores agricolas, sobretudo da horticultura, tém sido
amplamente discutido nestes Gltimos vinte anos. Juntamente ao conhecimento produzido sobre os impactos dos
fatores socioecondmicos e culturais nas exposi¢des a agrotoxicos, nés introduzimos a discussdo regulatéria sobre

essa tematica, descrevendo tambem a horticultura brasileira, sua dimensdo e relevancia para a economia.

- Qual a implicacdo da discussao proposta no desenvolvimento da Tese

A horticultura ocupa uma darea infima em relagdo a outras atividades do agronegdcio, mas apresenta um uso
expressivo de agrotoxicos. A discussdo sobre a regulamentacdo dos agrotdxicos teve por objetivo indicar que antes
da INC n° 01 de 2014, o uso dessas substancias era baseado no empirismo, pela falta de especificacdo técnica para
cultivares da horticultura. A discussdo ndo se encerra na regulamentagdo, pois incorporar informacdes técnicas
definem padronizacdo de uso, mas ndo modificam o cenario de vulnerabilidade que se encontram trabalhadores
agricolas envolvidos em uma atividade econdmica que apresenta potencial de crescimento. Uma vez que a Tese
versa sobre 0s possiveis efeitos tdxicos dos agrotoxicos relacionados ao desenvolvimento de doencas cronicas em
trabalhadores agricolas expostos em longo prazo a essas substancias, este artigo reforga a necessidade de se avaliar

tais impactos ao contextualizar e referir teoricamente o uso de agrotdxicos na horticultura.

- Qual o préximo passo?

Este artigo justifica a nossa proposta principal de investigar a associacdo entre a exposi¢do a agrotoxicos, estresse
oxidativo, inflamacéo e resposta autoimune em trabalhadores agricolas. Tendo em vista 0 ndmero substancial de
artigos que avaliaram a relagdo entre estresse oxidativo e agrotoxicos, nosso proximo passo foi resumir

detalhadamente o que existe na literatura e averiguar provaveis lacunas sobre o tema.
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ABSTRACT

Background: Oxidative stress is a plausible mechanism linking pesticides with numerous
chronic diseases. Much of the evidence derives from experimental studies and findings from
human studies are variable due to the range of exposures and markers examined. Thus, we
performed a systematic review to assess the association between pesticide exposure and oxidative
stress in epidemiologic research. Methods: Systematic searches in the Web of Science, Science
Direct, Pub Med, Scopus, Scielo, and BVS databases up to July 2017 were performed. Published
manuscripts that have evaluated oxidative stress biomarkers in blood and urine of long-term
occupationally exposed workers to any pesticide type or class were selected. The results were
reported according to the PRISMA Statement. Results: We identified 601 studies of which 555
were excluded. Of the 46 qualified studies, 8 were longitudinal and 9 were cross-sectional while
the remainder did not specify the study design. Ten articles presented a robust statistical method,
8 controlled for confounding variables and only 2 described specific exposure to pesticides. Over
half of the studies evaluated more than 2 oxidative stress biomarkers, and malondialdehyde
(78.3%) and catalase (41.3%) assays were the most measured in the studies. All selected studies
showed that exposed group had at least an altered oxidative stress parameter when compared to
unexposed. However, few studies adjusted for potential confounding variables and performed
appropriate analysis technique for assessing the association between oxidative stress and
pesticide exposure. Conclusion: More well-designed studies are required to evaluate the effects

of pesticides on oxidative stress biomarkers.

Keywords: oxidative stress, biomarkers, pesticides, chronic exposure, systematic review
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INTRODUCTION

A growing body of epidemiological research has identified significant associations
between long-term exposure to pesticides and a wide range of chronic diseases, such as various
cancer types, Parkinson's disease, systemic lupus erythematosus, and rheumatoid arthritis
(Koutros et al. 2009; Shim et al.2009; Van Maele-Fabry et al. 2012; Parks et al. 2011; Cooper et
al. 2004). Oxidative stress has been hypothesized as an important molecular mechanism linking
pesticide exposure to chronic diseases (Banerjee et al. 2001; Abdollahi et al. 2004; Mostafalou
and Addollahi, 2013; D’Souza, 2017).

Oxidative stress is a condition of imbalance between reactive oxygen species (ROS) and
the enzymatic and non-enzymatic antioxidant defense system (Khan et al. 2010; Babusikova et al.
2013; Birben et al. 2012; Sedlak et al. 2008). It can lead to lipid peroxidation, protein oxidation
and DNA damage that trigger inflammatory process involved in the pathogenesis of chronic
diseases (Biswas, 2016; Birben et al. 2012). The oxidized biological products and antioxidant
enzymes can be used as oxidative stress biomarkers. Several pesticides are pro-oxidants and can
produce harmful ROS and oxidized biological products during their biotransformation (Abdollahi
et al. 2004).

Acute pesticide poisoning among farm workers has been associated with elevated lipid
peroxidation and altered antioxidant defense (Vidyasagar et al. 2003; Mishra et al. 2013; Ishii et
al. 2002). Similarly, pesticides have been shown to induce oxidative stress in vitro and in vivoin
experimental studies (Milatovic et at. 2006; Lukaszewicz-Hussain, 2008; Hussain, 2010;
Malekinejad et al. 2013; Bhavanarayana et al. 2014). A systematic review conducted by
Soltaninejad and Abdollahi (2009) suggested that oxidative stress biomarkers are a useful tool for

evaluating acute and chronic organophosphate exposure in human studies. However, this
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overview did not describe key epidemiological characteristics such as study design, covariates
and statistical analysis. In this present study, we performed a systematic review focused on the
epidemiological characteristics and results of published studies on the associations of long-term,

occupational pesticide exposure with alterations in oxidative stress biomarkers.

METHODS

This systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyzes (PRISMA) checklist. Two independent reviewers
carried out the literature search in Web of Science, Science Direct, Pub Med, Scopus, Scielo, and
BVS databases, between June-July 2017. The search terms included the following keywords and
free text: pesticides, pesticide exposure, occupational pesticide exposure, farmers, agricultural
workers, sprayers, rural workers, oxidative stress, antioxidant status, biomarkers, biochemical
parameters, biochemical effects e biochemical alterations. The search strategy for each database

was described in Table 1.

Table 1.Syntaxes used in the databases between June-July 2017

Database Sarch interface Syntax

task(pesticides OR "pesticide exposure”™ OR "occupational
pesticide exposure™) AND tak(farmers OR "agricultural
workers” OR sprayers OR "rural workers") AND

Science Direct Expert search tak("oxidative stress” OR "antioxidant status" OR biomarkers
OR "biochemical parameters” OR "biochemical effects" OR
"biochemical alterations")

pesticides OR “pesticide exposure™ OR "occupational
pesticide exposure"

AND

farmers OR "agricultural workers" OR sprayers OR "rural
workers"

BVS and Pub Advanced Search /
Med/ Scielo* Simple Search *




AND

"oxidative stress" OR "antioxidant status" OR biomarkers OR
"biochemical parameters” OR "biochemical effects" OR
"biochemical alterations"

Web of Science Advanced Search

TS=(pesticides OR "pesticide exposure” OR "occupational
pesticide exposure™) AND TS= (farmers OR "agricultural
workers" OR sprayers OR "rural workers") AND TS=
("oxidative stress" OR "antioxidant status" OR biomarkers OR
"biochemical parameters” OR "biochemical effects” OR
"biochemical alterations™)

Scopus Advanced Search

TITLE-ABS-KEY (pesticides OR "pesticide exposure” OR
"occupational pesticide exposure™) AND TITLE-ABS-
KEY (farmers OR "agricultural workers” OR sprayers OR
"rural workers™) AND TITLE-ABS-KEY("oxidative stress"
OR "antioxidant status” OR biomarkers OR "biochemical
parameters" OR "biochemical effects”
OR"biochemicalalterations")

* No advanced search options
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The eligibility criteria were: epidemiological studies published in Portuguese, English or

Spanish until July 2017 that have evaluated oxidative stress parameters in blood and urine in a

population occupationally exposure to any type or class of pesticide. Papers reporting antioxidant

status and oxidative stress in pesticide poisoning were excluded. It was also excluded systematic

reviews with or without meta-analysis, case reports, annals of congress, editorials, and books. In

addition, we have done a manual search among the references to identify new relevant original

research.

RESULTS

Initially, 601 studies were identified of which 296 duplicates were excluded. After review

of titles, abstracts and exclusion criteria, 46 studies were selected (Figure 1).

Figure 1. Flowchart of the systematic identification and inclusion selection of scientific papers

on chronic exposure to pesticides and alteration of oxidative stress parameters
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The oldest study published was in 2001 (Table 2). In most studies, the authors did not
clearly report the study design (29/63%) while 9 (19.6%) of studies were classified as cross-
sectional and 8 (17,4%) as the cohort study. Insecticide and multiple pesticide exposures were the
most reported, 24 (52.2%) and 13 (28.3%) respectively. Blood was the most used biological

matrix.
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About 43.5% of the studies evaluated up to 2 oxidative stress parameters. While most
studies measured lipid peroxidation (MDA or TBARS assay) (78.3%), less than half reported
catalase (CAT) activity (41.3%), superoxide dismutase (SOD) activity (37.0%), reduced
glutathione (GSH) levels (30.4%), both the glutathione peroxidase (GPx) activity and 8-hydroxy-
2'-deoxyguanosine (80OHdG) levels (23.9%). Only 10.9% of the studies measured glutathione-S-
transferase (GST) activity, carbonylated proteins (PCs) levels and ferric reducing ability of
plasma (FRAP) assay. The less performed analyses were glutathione reductase activity, vitamin
A, C and E levels, 8-iso prostaglandin F2a (8-is0) levels, total antioxidant capacity (TAC), total
oxidant status (TOS), as well as the nitrogen-derived products such as nitrites and nitrates (NOXx)
and total thiol (SHy) assay.

We observed 26.1% of the studies described sex, age, BMI, tobacco use, and alcohol
consumption as confounding variables (Lerro et al.2017; Herndndez et al. 2013; Lopez et al.
2007; Arce et al. 2007; Murussi et al. 2014; Sharma et al. 2013; Haque et al. 2012; Arnal et al.
2011; Astiz et al. 2011; Rastogi et al. 2009; Singh et al. 2007; Prakasan et al. 2001). The medical
evaluation of study participants occured in around 15.2% of the studies (Hernandez et al. 2013;
Lopez et al. 2007; Alves et al. 2016; Taghavian et al. 2015; Arnal et al. 2011; Astiz et al. 2011,
Mecdad et al. 2011), and this percentual was the same to studies did not mention the evaluation
method of the participant’s health status (Mori et al. 2015; Ogut et al. 2015; Sharma et al. 2013;
Tope et al. 2007; Tope et al. 2006; Prakasan** et al. 2001; Prakasan et al. 2001). Subjects health
status by self-report was verified in 28.3% of the studies (Lerro et al. 2017; Lee et al. 2017,
Fareed et al. 2016; Madani et al. 2016; Murussi et al. 2014; Surajudeen et al. 2014; Ogut et al.
2011; Elhalwagy et al. 2010; Atherton et al. 2009; Singh et al. 2007; Shadnia et al. 2005; Ranjab
et al. 2002; Patil et al. 2012) and 41.3% did not reported this point (Wang et al. 2016; Lee et al.

2007; Arce et al. 2017; Kahl et al. 2016; Venkata et al. 2016; Gaikwad et al 2015; Koureas et al.
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2014; Wafa et al. 2013; Da Silva et al. 2012; Haque et al. 2012; Jonnalagadda et al. 2010;
Simoniello* et al. 2010; ; Simoniello et al. 2010; Kisby et al. 2009; Rastogi et al. 2009; Muniz et
al. 2008; Salvador et al. 2009; Kesavachandran et al. 2006; Patil et al. 2003).

About 8.7% of the studies described the intake of antioxidants or vitamins. (Lerro et al.
2017; Taghavian et al. 2015; Bayrami, et al. 2012; Arnal et al. 2011). Eight studies (15.2%)
adjusted the outcomes for one or more confounding variables (Lerro et al. 2017; Hernandez et al.
2013; Lee et al. 2007; Lopez et al. 2007; Kisby et al. 2009; Muniz et al. 2008; Lee et al. 2017;
Koureas et al. 2014).

All selected studies found at least an altered oxidative stress parameter. The studies that
used the difference in means (36/78.3%) examined oxidative stress status between pesticide-
exposed and unexposed. Of the studies that used robust statistical analysis (10/21.7%), the half
studies evaluated oxidative stress parameters about specific pesticide exposure (Arce et al. 2017;
Lerro et al. 2017) or pesticide classes (Lee et al. 2017; Koureas et al. 2014; Lee at al. 2007). We
noted that 07 studies used urinary pesticides metabolites as exposure biomarker (Lee et al. 2017,
Lerro et al. 2017; Wang et al. 2016; Koureas et al. 2014; Kisby et al. 2009; Muniz et al. 2008;
Lee et al. 2007). On the other hand, 28 studies used plasma and erythrocyte cholinesterase as
proxy for pesticide exposure (Arce et al. 2017; Fareed et al. 2016; Venkata et al .2016; Mori et al.
2015; Ogut et al. 2015; Taghavian et al. 2015; Murussi et al. 2014; Surajudeen et al. 2014;
Hernandez et al. 2013; Sharma et al. 2013; Wafa et al. 2013; Baraymi et al. 2102; Haque et al.
2012; Astiz et al. 2011; Mecdad et al. 2011; Ogut et al. 2011; Elhalwagy et al. 2010;
Jonnalagadda et al. 2010; Simoniello et al. * 2010; Simoniello et al. 2010; Atherton et al. 2009;
Rastogi et al. 2009; Salvador et al. 2009; Lopez et al. 2007; Singh et al. 2007; Kesavachandran et

al. 2006; Shadnia et al. 2005; Patil et al. 2003).
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Table 2 - Characteristics of the studies that assessed oxidative stress parameters in agricultural
workers exposed to pesticides
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Publications, design . Oxidative stress Pesticide, . A Statistical analysis, adjusting of confounders, and main
Population, sample . exposure Confounders variables description L
reported by author parameters, matrix findings
assessment
Logistic regression analysis no adjusted for confounders
. _ High CAT activity: parathion past use OR=5.47, p=0.03;
2"?;'2?5’ r’:li_ﬁoe?é Gogure Insecticides, previous contact with pesticides OR=2.96, p= 0.001
pray! gh exp ' structured High SOD activity: parathion past use OR=4.88, p = 0.043

Arce etal., 2017,
cross-sectional

Leeetal., 2017,
cross-sectional

Lerro et al., 2017,
cohort

Alves et al. 2016,
not mentioned

Fareed et al. 2016,
not mentioned

Kahl et al. 2016, not
mentioned

Madani et al. 2016,
not mentioned

126 sprayers with
moderate pesticide
exposure and 22
unexposed

South Korea, N=84
farmers

USA, N=40, 30 corn
farmers and 10 controls

Brazil, N=137, 77
agricultural workers and
60 unexposed

India, N=82, 52 sprayers e

30 unexposed

Brazil, N=124, 62
agricultural workers and
unexposed

Algeria. N=110, 50
pesticides user farmers
and 60 unexposed

SOD, MDA, CAT, GPx
and GR; blood

MDA, 80HdG, 8-iso;
urine

MDA, 80HdG, 8-iso;
urine

SOD; blood

MDA, CAT, GSH,
GPx; blood

TBARS, TAC; blood

SOD, MDA, CAT,
GSH, PCs, 02-, vitamin
A, E and C; blood

questionnaire and
cholinesterase
activities

Organophosphates,
questionnaire and
urinary
metabolites

Atrazine and 2,4D,
questionnaire and
urinary
metabolites

Multiple exposure,
occupational
questionnaire

Insecticides,
questionnaire and
cholinesterase
activities

Multiple
exposures,
questionnaire

Multiple exposure,
questionnaire

Sex, age, BMI, smoke, alcohol use

Male, age, smoke, alcohol use,
chronic disease by self-report
excluded

Male, age, BMI, vitamin
consumption, smoke, alcohol use,
infection and cancer by self-report

Sex, age, smoke, diabetes and cancer
recorded by physician excluded

Sex, age, BMI of pesticides sprayers,
sprayers who reported chronic and
acute health symptoms were selected

Sex, age, smoke, and alcohol
consumption

Male, age, BMI, no smokers,
diabetes, hypertension, and thyroid
disease by self-report excluded

High GPx activity: bendiocarb past use OR=3.29, p=0.027;
deltametrin past use OR=3.10, p=0.025
GR activity: bendiocarb currently use f=-1,76, p=0,044.

Linear regression adjusted for age, smoking history, alcohol
drinking, exercise

80HdG vs dimethylphosphate =0.320, p=0.020;
diethylphosphate $=0.390, p=0.004

8-is0 vs dimethylphosphate =0.396, p= 0.003;
diethylphosphate f=0.508, p< 0.001

MDA vs dimethylphosphate $=0.432, p=0.001;
diethylphosphate $=0.508, p<0.001

Linear mixed-effect (LME) models adjusted for age,
In(creatinine) to, study time point, farmer/control, vitamin
use, physical activity, infection at blood draw.

80HdG vs 2,4D# metabolites $=0.066, 95%C1 0.008, 0.124
8-is0 vs 2,4D metabolites $=0.088, 95%CI 0.004, 0.172

Student t-test
Increased SOD activity was observed for the exposed group
relative to the unexposed control group (p< 0.001)

Student t-test

Increased GPx activity and decreased GSH were observed for
the exposed group relative to the unexposed (p< 0.05);
Increased CAT activity and MDA levels were observed for
the exposed when compared to unexposed but
significant>0.05

Mann-Whitney test
TBARS and TAC were significantly elevated in the exposed
group (p< 0.05)

Logistic regression analyses no adjusted for confounders
CAT: pesticide use duration (PUD) B (SE)= -0.283 (0.073)
p=0.010

SOD: PUD B (SE)= -0.344 (0.062) p=0.006



Wang et al. 2016,
not mentioned

Venkata et al. 2016,
not mentioned

Gaikwad et al. 2015,
not mentioned

Mori et al. 2015, not
mentioned

Ogut et al. 2015, not
mentioned

Taghavian et al.
2015, cross-
sectional

Hernandez et al.
2013, cohort

China. N=35 20 farmers
and 15 urban unexposed

India. N=212, 106

agricultural workers and

106 unexposed

India, N=54, 27
applicators and 27
unexposed

Brazil, N=209, 106

agricultural workers and

103 unexposed

Turkey, N=95, 63

agricultural workers and

32 unexposed

Iran, N=134, 67 farmers e

67 unexposed

Spain. N=190, 135

applicators, 55 unexposed

80HdG; urine

SOD, MDA, CAT,
GPx; blood

MDA; urine

TBARS, GSH, PCs;
blood

TAC, TOS; blood

80HdG; blood

SOD, CAT, GPx, GR;

blood

Chlorpyrifos,
questionnaire and
urinary
metabolites

Insecticides,
questionnaire and
cholinesterase
activities

N. m.,
questionnaire

Multiple exposure,
questionnaire and
cholinesterase
activities

Insecticides, n.m.
and cholinesterase
activities

Organophosphates,
questionnaire and
cholinesterase
activities

N.m.,
questionnaire and
cholinesterase
activities

Sex

Female, age

Male, age

Male, age, chronic disease as
syphilis, AIDS, viral hepatitis and
cancer (no mentioned selection
criteria) was excluded

Sex, age, no chronic disease (no
mentioned selection criteria)

Age-sex-education-matched, chronic
disease (clinical examination),
alcohol and antioxidant use excluded

Sex, age, smoke, alcohol, mass
index, chronic disease evaluated by
physician excluded

88

GSH: PUD B (SE)= -0.321 (0.071) p= 0.007
MDA: PUD B (SE)= 0.248 (0.052) p=0.040
PCs: PUD B (SE)= 0.323 (0.066) p=0.007
02-: PUD B (SE)= 0.204 (0.048) p=0.040
Vit E: PUD B (SE)= -0.347 (0.103) p=0.006
Vit C: PUD B (SE)= 0.289 (0.082) p=0.010

Geometric mean (GM)
Increased chlorpyrifos metabolites in farmers when compared
to unexposed were observed.

Increased 8-OHdG urinary was observed on the first day after
chlorpyrifos spraying, when compared to three days before the
chlorpyrifos application. 8-OHdG returned to its baseline
level within two days

Student t-test

SOD activity was significantly lowered (p=0.01), and CAT
activity was higher (p=0.02) for agricultural workers when
compared to unexposed. MDA was elevated in the exposed
subjects (p=0.01)

Student t-test
MDA level was significantly increased among applicators
than unexposed (p< 0.05)

Student t-test

Elevated oxidative stress parameters were observed to
agricultural workers than unexposed

TBARS (p=0,0422); PCs (p=0,0337); GSH (p<0,0001)

Student t-test

A TOS statistically significant increase

(p<0.001) was detected and a TAC significant decrease
(p<0.001) in agricultural workers than unexposed

Student t-test

Increased 8-OHdG levels was observed in farmers than
unexposed (p=0.04). The same result was observed for male
farmers (p=0.003)

Generalized estimating equation (GEE) models adjusted for
age, sex, body mass index and tobacco and alcohol
consumption

BChE##

CAT: B=1.738, 95% CI1 0.54;2.94 p=0.005

GPx: B=0.649, 95% C10.13;1.17 p=0.014

GR: =-0.130, 95% CI —0.25; —0.01 p=0.028

Exposed vs unexposed

SOD: B=—0.258, 95% CI —0.37; —0.15 p<0.001

GR: p=-1.192, 95% CI —1.8; —0.59 p<0.001



Koureas et al. 2014,
not mentioned

Murussi et al. 2014,
not mentioned

Surajudeen et al.
2014, not mentioned

Sharma et al. 2013,
not mentioned

Wafa et al. 2013,
cohort

Bayrami et al. 2012,
cross-sectional

Da Silva et al. 2012,
not mentioned

Greece, N=286, 80
sprayers, 85 rural
residents and 121 urban
residents

Brazil, N=30, 15
agricultural workers and
15 unexposed

India, N=90, 30
applicators, 30 farmers
and 30 unexposed

India, N=140, 70
applicators and 70
unexposed

Tunisia, N=140, 95
agricultural workers and
45 unexposed

Iran, N=80, 40 farmers
and 40 unexposed

Brazil, N=167, 111
agricultural workers and
56 unexposed

80HdG; blood

MDA, CAT, PCs,
TBARS, blood

MDA, SOD, CAT,
GSH, GPx; blood

SOD, CAT, MDA,
GSH, GST, FRAP,
GPx; blood

SOD, CAT, MDA;
blood

SOD, MDA, CAT,
TAC, SHt, GPx,
80OHdG; blood

SOD, TBARS, CAT,;
blood

Multiple exposure,
questionnaire and

organophosphates
metabolites

Multiple exposure,
questionnaire and
cholinesterase
activities

Organophosphates,
questionnaire and
cholinesterase
activities

Insecticides,
questionnaire and
cholinesterase
activities

Multiple exposure,
questionnaire and
cholinesterase
activities

Organophosphates,
questionnaire and
cholinesterase
activities

N. m.,
questionnaire

Age-matched, sex, smoke, alcohol

Male, age, obesity, chronic diseases
(self-report), smorkers and drankers
were excluded

Age, healthy status according to
questionnaire

Sex, age, smoke, alcohol, mass
index, healthy status (no mentioned
health assessment criteria)

Male, age, mass index

Sex, age, smoke, alcohol and
antioxidant use and chronic disease
(clinical examination) excluded

Age, gender, smoke
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Logistic regression univariate and multiple adjusted for age,
smoking, gender, alcohol

80HdG:

Multiple: Occupational exposure (sprayers/non-sprayers)
OR=1.88, 95%CI 0.96-3.70 p=0.066

Univariate: Insecticide use RR=2.19, 95%CI 1.09 4.38,
p=0.019

Herbicide use RR=2.32, 95%CI 1.16 4.64, p=0.011
Neonicotinoid (1 or more appl. vs no) use RR=2.22, 95%ClI
1.07 4.63, p=0.021

Glufosinate-ammonium (1 or more appl. vs no) use RR=3.26,
95%Cl 1.38 7.69, p= 0.002

Student t-test

There was a decrease in CAT in the agricultural workers when
compared to unexposed (p<0.00); there were an increase in
protein

carbonyl (P<0.0015) and a decreased on TBARS in
agricultural workers than unexposed (P<0.009)

Mean + SD
Pesticide applicators presented the CAT activity lower, and
MDA levels higher in compared with farmers

Student t-test

Applicators had GSH levels (p < 0.001) and FRAP (p< 0.001)
sharply decreased when compared with control subjects.
Applicators presented increased antioxidant enzymes
activities (p<0.01) than unexposed as well as MDA levels

Student t-test, univariate linear regression

Increased MDA levels, SOD and CAT activity (<0.001) were
observed in agricultural workers than unexposed. The same
pattern was observed with increased years of pesticide
exposure in linear regression analysis

Two-sample t test

Comparing with unexposed, the farmers

showed higher SOD activity and MDA levels (p=0.01) while
their TAC decreased

Mann-Whitney or Wilcoxon Tests
Increased TBARS levels (p=< 0.05), SOS and CAT activity



Haque et al. 2012,
not mentioned

Arnal et al. 2011,
cross-sectional

Astiz et al. 2011, not
mentioned

Mecdad et al. 2011,
not mentioned

Ogut et al. 2011, not
mentioned

Elhalwagy et al.
2010, cohort

Jonnalagadda et al.
2010, cross-
sectional

India, N=200, 150
agricultural workers and
50 unexposed

Argentina, N=63, 31
agricultural workers 32
unexposed

Argentina, N=63,
31 sprayers e 32
unexposed

Egypt, N=85,
65 agricultural workers
and 30 unexposed

Turkey, N=139,
94 agricultural workers
and 45 unexposed

Egypt, N=210,

70 conventional motor
sprayers, 80 knapsack
motor sprayers, and 60
unexposed

India, N=600,
300 agricultural workers
and 300 unexposed

MDA, GSH; blood

TBARS, GSH + GSSG,
PCs, vitamin E, NOx,
FRAP; blood

TBARS, GSH +
GSSG, PCs, vitamin E,
NOx e FRAP; blood

MDA, GST, GR, TAC,
SHt; blood

SOD, MDA, CAT,

GPx; blood

MDA, GSH, GST, GR;
blood

TBARS, CAT, GSH,
vitamin E; blood

Organophosphates,
survey proforma
and cholinesterase
activities

Fungicides,
questionnaire

N. m.,
questionnaire and
cholinesterase
activities

Fungicides and
insecticides,
questionnaire and
cholinesterase
activities

Insecticides,
questionnaire and
cholinesterase
activities

N. m.,
questionnaire,
droplets on
applicators,
equipment use for
more than 20 years
and cholinesterase
activities

Organophosphates,
questionnaire and
cholinesterase
activities

Male, age, smoke, alcohol, BMI

Age, sex, smoke, mass index,
alcohol, and excessive smokers
excluded, no antioxidant use,
subjects free of diseases (medical
interview)

Age, sex, smoke, mass index,
alcohol, excessive smokers excluded,
no antioxidant use, subjects free of
diseases (medical interview)

Male, age; chronic disease excluded
(health examination)

Sex-age matched; smoke and chronic
disease (self-report) were excluded

Male, age; chronic disease (self-
report) and smoke were excluded

Age-sex matched, smoke, alcohol
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(p< 0.001) were observed among agricultural workers when
compared to unexposed

Not shown
MDA increased (p< 0.01) and GSH decreased levels (p<
0.001) in agricultural workers than unexposed

Student t-test, Mann-Whitney or Wilcoxon Tests
Increased TBARS, PCs and NOx levels in agricultural
workers than unexposed. Vitamin E levels and FRAP were
lower (p< 0.01).

Student t-test, Mann-Whitney or Wilcoxon Tests

Vitamin E and FRAP were significantly decreased (p< 0.01),
while protein carbonyls, TBARS, GSH+GSSG, NOx were
increased in the exposed group

Mean + SD, ANOVA

The results revealed statistically significant reduction of the
GST, GR enzymes and SHt levels and TAC, while MDA
levels showed significant elevations in insecticides-exposed

workers versus control

Student t-test

Pyrethroid and carbamate pesticides were associated with
increased CAT, GPx and SOD activity and MDA levels (p <
0.05)

Mean + SD, ANOVA

Conventional and knapsack motor sprayers showed decreased
GSH levels and increased MDA levels when compared
unexposed (p < 0.05). Both applicators with more than 20
years of equipment use have had reduced GHS levels when
compared to unexposed. Conventional motor sprayers induce
greater contamination on the body, head, and leg of
applicators.

Student t-test
Increased CAT activity and TBARS levels (p<0.01) and
decreased vitamin E GSH levels (p<0.01)



Simoniello et al. *
2010, retrospective
cohort

Simoniello et al.
2010, cross-
sectional

Atherton et al. 2009,
not mentioned

Kisby et al. 2009,
not mentioned

Rastogi et al. 2009,
not mentioned

Salvador et al. 2009,
not mentioned

Argentina, N=124,

18 directly exposed 23
indirectly exposed e 82
unexposed

Argentina, N=145,

45 directly exposed, 50
indirectly and 50
unexposed

Spain, N=56,
17 farmers and 7
unexposed

USA, N=30, of 20
certified pesticide

applicators, farm workers,

and controls. 10
nonagricultural adults
were recruited from an
urban community

India, N=275,
225 sprayers and 50
unexposed

Brazil, N=164,
110 agricultural workers
and 54 unexposed

TBARS, CAT; blood

TBARS, CAT,; blood

80HdG,; urine

MDA, 80HdG; blood,

urine

MDA, GSH; blood

SOD, TBARS, CAT,;
blood

Multiple exposure,
questionnaire and
cholinesterase
activities

Multiple exposure,
questionnaire and
cholinesterase
activities

Organophosphates,
questionnaire and
cholinesterase
activities

Organophosphates,
questionnaire and
urinary
metabolites

Organophosphates,
pre-structured
survey proforma
and cholinesterase
activities

Multiple exposure,
n.m. and
cholinesterase
activities

Age, sex, smoke, alcohol

Age, sex, smoke, alcohol

Sex, age-smoke matched, health
status by self-report

None description

Age-matched, sex, BMI, smoke-
alcohol-excluded

Male, age, alcohol, smoke
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Mann-Whitney test

TBARS levels were higher (51%) in pesticide sprayers while
CAT activity was reduced in both, applicators (61%) and
non-applicators (43%) (p < 0.05)

Dunnet and Mann-Whitney test
Increased TBARS levels (p < 0.001) and decreased CAT
activity (p < 0.01)

Mann-Whitney test

There was a significant (p <0.02) positive relationship
between urinary DAP metabolite levels and urinary 8OHdG
levels

General linear models adjusted for creatinine, age, and intake
of antioxidants

urinary DAP### levels higher in applicators and farm workers
than unexposed

8-OHdG levels were 8.5 and 2.3 times higher in farm workers
and applicators, respectively than in controls (p < 0.05). MDA
levels were 4.9 and 24 times higher in farm workers and
applicators, respectively than in controls (p < 0.05)

Mean + SD

MDA was found to be increased significantly in sprayers
(p<0.05) while decreased GSH was observed in

the sprayers but the difference was statistically not significant.

Student t-test
TBARS and CAT activity were increased in the farmers in
comparison to the controls (p<0.01)



Muniz et al. 2008,
not mentioned

Lee et al. 2007, not
mentioned

Lépez et al. 2007,
cohort

Singh et al. 2007,
not mentioned

Tope et al. 2007, not
mentioned

Kesavachandran et
al. 2006, cross-
sectional

USA, N=31,
12 applicators, 10 farmers
and 9 urban residents

Japan, N=36,
18 sprayers and 18
unexposed

Spain, N=173,
81 agricultural workers
and 37 unexposed

India, N=49,
31 sprayers and 18
unexposed

USA, N=25,
15 agricultural workers
and 10 urban residents

India, N=51,
34 applicators and 17
unexposed

MDA, 80HdG; blood,
urine

80OHdG; urine and
blood

SOD, CAT, GPx, GR;
blood

MDA, GSH; blood

8OHdG; urine

MDA, GSH; blood

Organophosphates,
questionnaire and
urinary
metabolites

Male, age, smoke, alcohol

Organophosphates,
n.m. and urinary
metabolites

Age-matched, male, smoke, alcohol

Multiple exposure,
questionnaire and
cholinesterase
activities

Age-matched, male, smoke, alcohol,
BMI, chronic disease evaluated by
physician excluded

Insecticides,
questionnaire and
cholinesterase
activities

Age-matched, male, smoke, alcohol,
BMI, health status according to self-
report

Multiple exposure,
questionnaire

Sex, age, smoke, health status (health
assessment no mentioned)

Insecticides, n.m.
and cholinesterase
activities

Age-matched, sex, mass index
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General linear models for creatinine, age and dietary intake of
antioxidants

urinary DAP levels higher in applicators and farm workers
than unexposed.

8-OH-Dg levels were 8.5 times (95% CI: 3.8-19) and 2.3
(95% CI: 1.2-4.2) times higher in farmworkers or applicators
(respectively) than in controls. Serum MDA levels were 4.9
times (95% CI: 2.7-8.8) and 24 times (95% CI: 13-42) higher
in farmworkers or applicators (respectively) than in controls

General linear model adjusted for season and PON***
polymorphism

Positive correlation between 8-OHdG levels and urinary DMP
and DAP

Insecticide sprayers vs unexposed

8-OHdG, blood: p=-0.90 SE=0.26 p= 0.0009; interaction
term between group and season = 0.33 SE=0.12 p=0.0082
8-OHdG, urine: B= - 12.63 SE=3.57 p=0.0005

Forward and stepwise multiple linear regression adjusted for
age, BMI, smoking habit, alcohol consumption, carrier of
PONL1 R allele, decrease of AChE >15%

High exposure period: SOD p= —606.3 p=0.001; CAT: p=
-8.3 p=0.018

Low exposure period: SOD f=—791.6 p=0.005; CAT p=
—10.50 p=<0.001

Student t-test, univariate linear regression
Higher MDA level were found among sprayers compared to
controls (p<0.05)

Tukey’s test, ANOVA

There was no significant difference in the urinary 8-OHdG
levels between the farmworkers and the control group; but
there was an approximately four-fold increase in mean of
plasma 8-OHdG levels in the farm worker group (p < 0.05)

Student t-test
There is an increased of MDA level (p < 0.001) in sprayers
compared to the unexposed



Tope et al. 2006, not
mentioned

Shadnia et al. 2005,
not mentioned

Patil et al. 2003, not
mentioned

Ranjab et al. 2002,
retrospective cohort

Prakasan et al. 2001,
cross-sectional

Prakasan et al. **
2001, cohort

USA, N=25,
15 agricultural workers
and 10 urban residents

Iran, N=42,
21 pesticides formulators
and 21 unexposed

India, N=160,
85 sprayers and 75
unexposed

Iran, N=60,

30 paraquat formulators
of industry and 30
unexposed

India, N=62,
41 sprayers and 21
unexposed

India, N=62,

41 sprayers (after and
before vitamin E
supplementation), and 21
unexposed

SOD, GSH; blood

SOD, MDA, CAT,
GPx; blood

TBARS; blood

TBARS, SHt, FRAP;
blood

SOD, CAT, GPx, GST,
TBARS, GSH, vitamins
C and E; blood

SOD, TBARS, GSH,;
blood

Insecticides,
questionnaire

Organophosphates,
questionnaire and
cholinesterase
activities

N.m.,
questionnaire and
cholinesterase
activities

Paraquat,
questionnaire

Multiple exposure,
questionnaire

Insecticides,
questionnaire

Age, smoking, sex, health status
(health assessment no mentioned)

Male-age-matched, smoke, chronic
disease excluded (self-report)

Male, age-matched

Male-age-matched; smoke and
chronic disease (self-report)
excluded

Male-age-matched; smoke, alcohol
and chronic diseases (health
assessment criteria no mentioned)
were excluded

Male-age-matched, smoke, alcohol,
BMI, healthy status (health
assessment no mentioned)
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Tukey’s test, ANOVA
SOD activity had an 18% decline in the farm worker group
compared to unexposed (p < 0.05)

Student t-test
Increased CAT, SOD, GPx activities were observed in
formulators than unexposed (p<0.05)

Student t-test
Increased TBARS levels were observed in sprayers than
unexposed (p < 0.001)

Student t-test

Paraquat formulators presented increased TBARS levels
(p<0.001), decreased TAC and SHt levels in comparison to
those of controls

Student t-test

Increased TBARS levels and SOD, CAT, GST, GPx activities
were observed in sprayer when compared to controls (p <
0.001). GSH, vitamin E and C were significantly altered when
compared to unexposed

Mean + SD

Significant increase in TBARS levels and SOD activity was
observed in sprayers population when compared with control.
GSH levels were significantly depleted in sprayers than
unexposed (p<0.001)

N.m.: Non-mentioned
* Simoniello et al. 2010. Biomarkers of cellular reaction to pesticide exposure in a rural population
** Prakasan et al. 2001.Vitamin e supplementation on biochemical changes observed in agricultural field Workers exposed to different classes of pesticide

Hkk

PON — paraoxonase enzyme, #2,4 D — 2,4 Dichlorophenoxyacetic acid, # BChE — butilcholinesterase, #* DAP - dialkyl phosphate
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DISCUSSION

Our findings partially support the hypothesis that long-term pesticide exposure
may be associated with an altered oxidative stress biomarkers panel. However, few
studies have considered epidemiological features such as study design, covariate
inclusion in the analysis and effect size. The knowledge about study designs is
important to drive and interpret the findings because each study design has its
limitations, specific association measures, advantages, and disadvantages (Pearce et al.
2007). These characteristics may guide efforts to improve the methodological rigor of
future studies.

Literature reports several confounders in the association between pesticide
exposure and oxidative stress. Tobacco contains many oxidants substances and alcohol
consumption is related to elevated oxidative stress (Van der Vaart et al. 2004; Lee et al.
2012; Das and Vasudevan 2007). Furthermore, the woman presents higher oxidative
stress alteration than men, and biological aging is related to redox imbalance (Brunelli
et al. 2014; Squier, 2001). Obesity is another confounder associated with inflammation
and oxidative stress (Marseglia et al. 2015). In our study, only some studies that used
advanced statistical techniques including adjusting for confounders measured of the
strength of the relationship between variables.

Most of the studies evaluated oxidative stress biomarkers between the exposed
group to pesticides with unexposed. This approach is important but imprecise, being
essential to assess the risk from specific pesticides through questionnaires despite recall
bias or by the measurement of exposure biomarkers.

About 43.5% of the studies measured few oxidative stress parameters or

antioxidant status. Since the antioxidant system is comprised of many different
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scavengers is challenging to associate changes in one or two parameters and biological
damage. A better approach to measure oxidative stress should include several
biomarkers to an individual. Some studies have proposed the development of a global
oxidative stress score (Veglia et al. 2010; Kong et al. 2015). However, none
epidemiological study has used a global score to examine the hazard of pesticides
exposure.

Some limitations exist in the present systematic review. Language and data type
restriction in searches may result in publication bias. Meta-analysis cannot be conducted
because few studies included association measures. The strengths of our study included:
describe epidemiological characteristics of the selected studies and identifying

problematic issues of exposure and outcome assessments.

CONCLUSION

Most studies examining the relationship between oxidative stress and pesticide
exposure have important methodological limitations. However, the findings of these
studies were corroborated by some well-delineated epidemiological studies.
Longitudinal studies are required for evaluating the association between specific

pesticides and oxidative stress.
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Artigo 2 — Algumas considerag8es

- O que é novo?

Na literatura, até 0 momento, ndo existe um estudo de revisao sistematica que sumarize os achados de

artigos que avaliaram a relacdo entre estresse oxidativo e exposi¢do em longo prazo a agrotoxicos.

- O que isso acrescenta ao que era conhecido?

Embora exista um namero expressivo de estudos sobre a temaética, a revisdo sistematica indica que a
grande maioria dos estudos existentes ndo avaliaram a relacdo entre estresse oxidativo e a exposicéo a
agrotoxicos especificos. Além disso, o estudo realizado aponta a necessidade de estudos epidemioldgicos
com delineamento mais refinado, que utilizem analises estatisticas robustas com ajuste para variaveis

confundidoras, para avaliar a relagdo anteriormente referida.

- Qual a implicacdo da discussao proposta no desenvolvimento da Tese?

Um dos objetivos especificos desta tese inclui investigar a associagdo entre a exposi¢do a agrotoxicos e
estresse oxidativo em trabalhadores agricolas. Para cumprir tal intento, nés propomos a conducéo de um
estudo epidemioldgico seccional. Tendo em vista a impossibilidade da conducdo de um estudo
prospectivo, o diferencial a ser alcangado neste trabalho sera incluir as principais variaveis confundidoras
nas andlises e investigar a relacdo entre estresse oxidativo e a exposic¢ao a especificos agrotdxicos, muito
embora saibamos que esta abordagem ndo reduzird a possibilidade de vieses inerentes ao estudo
seccional. Além disso, a observacdo de que todos os artigos propostos até entdo avaliaram alterages nos
parametros de estresse oxidativo individualmente, permitiu que nés propusessemos a utilizacdo de um
escore que meca mais de uma alteracdo por individuo. No6s partimos do principio que a reducdo da
homeostase intracelular depende de varios eventos danosos, e que o0 sistema antioxidante possui uma série

de enzimas e moléculas que atuam conjuntamente.

- Qual o proximo passo?

Os achados desse artigo norteardo o desenho e conducdo de um estudo seccional em uma &area com
atividade horticola intensiva. Como o estresse oxidativo esta estritamente relacionado a inflamagéo, nés
avaliaremos parametros de estresse oxidativo e o TNF-alpha, uma citocina inflamatoria sistémica, em

trabalhadores agricolas de Teresépolis expostos cronicamente a indmeros agrotoxicos.
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ABSTRACT

We evaluated the relationship between specific pesticide exposure, oxidative stress
biomarkers, TNF-o and individual oxidative stress score (IOSS) in Brazilian agricultural
workers. A cross-sectional study was conducted in healthy agricultural and
nonagricultural workers (N=120) in a rural community in Rio de Janeiro State, Brazil.
Pesticide use, sociodemographic and lifestyle information was obtained through
structured questionnaires interviews. A panel of antioxidant enzymes, lipid peroxidation
products, and the interleukin TNF-a was measured in serum and plasma samples of all
participants. Odds ratios (OR) and 95% confidence intervals (CI) were used to estimate
the association between exposure to specific pesticides and pesticide classes and
oxidative stress biomarkers, TNF-a and IOSS, adjusted for sex, age, smoking, and
drinking, using multiple logistic regression. Significant positive associations were seen
between 8-isoprostane and glyphosate use (OR: 3.63, 95%CI 1.12-11.83); catalase and
azoxystrobin (OR: 5.26, 95%CI 1.03-26.78); glutathione reductase (GR) and
dypheconazole (OR: 4.25, 95%CI 1.04-17.31); glutathione S transferase (GST) and
methomyl (OR: 5.72, 95%CI 1.10-29.82). Levels of TNF-a were not associated with the
use of any specific pesticide. The 10SS was significantly associated with fungicide use
(OR: 5.35, 95%CI 1.21-23.77). These findings suggest an association between specific
pesticide exposure and increased levels of single and combined oxidative stress

biomarkers, but not with the inflammatory cytokine TNF-a.

Keywords: Pesticides, oxidative stress, inflammation, biomarkers
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1. Introduction

Oxidative stress is an imbalance between elemental reactive species and
antioxidant defenses (Sies et al., 2017). Reactive species are free radicals and unstable
molecules produced by aerobic metabolism and xenobiotics that react rapidly with
biological components. The antioxidant system is a reactive species scavenger
composed of several enzymes and non-enzymatic antioxidants as glutathione (GSH)
(Pisoschi and Pop, 2015), vitamins (Birben et al., 2012) and bilirubin (Sedlak et al.,
2008). Oxidative stress is a relevant public health issue, since it is implicated in many
chronic diseases including cancer (Reuter et al., 2010), inflammatory (Perl., 2013) and
neurodegenerative diseases (Hwang et al., 2013; Narayan et al. 2015; Huang et al.,
2016).

Oxidative stress promotes lipid peroxidation, oxidation of proteins and DNA
leading to gene expression, apoptosis, and cellular damage, which trigger inflammation
(Hancock et al., 2001; Ayala et al., 2014). The inflammatory response includes release
of cytokines as tumor necrosis factor alpha (TNF-a) and interleukins to restore
homeostasis (Newton and Dixit, 2012). Cytokines, antioxidant enzymes and oxidation
products have been used as biomarkers of cellular injury in humans (Monastero and
Pentyala, 2017; Mgller and Loft, 2010).

Pesticide exposure has been associated with oxidative stress and inflammation
(Abdollahi et al., 2004; Gangemi et al., 2016). Agricultural workers poisoned by
pesticides have shown alterations in antioxidant enzyme activities, and increased levels
of cytokines and lipid peroxidation (Vidyasasgar et al., 2004; Seth et al., 2008; Mishra
et al., 2013; Hundekari et al., 2013). Studies have provided evidence of oxidative stress

and altered inflammation biomarkers in experimental animals exposed to pesticide,
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which supports the biological plausibility of this association (Wang et al., 2016; Mossa
et al., 2015; Fukushima et al., 2002; Abd-Alrahman et al., 2014).

Oxidative stress and inflammation biomarkers have been used in several studies to
evaluate agricultural workers chronically exposed to pesticides (Alves et al., 2016;
Madani et al., 2016; Taghavian et al., 2015; Fenga et al., 2014). However, few studies
have examined exposure to specific pesticides (Zepeda-Arce et al., 2017; Lerro et al.,
2017; Wang et al.,, 2016), and only few have analyzed pesticide effects on both
oxidative stress and TNF-a (Mecdad et al., 2011). Furthermore, to our knowledge no
prior studies have proposed an individual oxidative stress score (I0SS), which reflects
combined pro and anti-oxidant actions, associated with pesticide exposure. Thus, we
conducted a study in one of the most important agricultural areas in the State of Rio de
Janeiro to examine levels of oxidative stress biomarkers, TNF-a, and IOSS in farmers

chronically exposed to specific pesticides.

2. Methods

2.1. Study design argiibject recruitment

In this cross-sectional study, a volunteer sample of healthy adults was selected in
five rural districts from Teresopolis City, one of the largest producers of greens and
vegetables in the state of Rio de Janeiro. Healthcare units of each district received a visit
from study researchers, when their professionals received detailed information about the
study. Each health unit could invite up to 25 individuals to participate in the study.

Individuals were eligible to participate in the study if they resided for at least 1

year in one the 5 studied districts. Agricultural workers should have worked in
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agriculture for at least one year. Exclusion criteria were current smoking, diagnosis of
diabetes, hypertension, cancer, neurodegenerative diseases, autoimmune and endocrine
illnesses, and use of antioxidant or vitamins. The final sample included 52 agricultural

workers and 68 non-agricultural workers, aged 17-69 years.

2.2. Data collection and biologal assays

Blood sample collection and interviews were conducted between July and August
2016. Data collected by questionnaire included sociodemographic characteristics such
as gender, age and education, general farming information, pesticide use (recent
pesticide contact: yes or no; direct or indirect contact; frequency of pesticides
application; personal protective equipment (PPE) use, and lifestyle (never smoked vs.
ever smoked; alcohol drinking: yes vs. no) (Moreira et al., 2002, Aradjo et al., 2007).

Venous blood samples were collected in sterile 5 ml polypropylene tubes. The
assays using serum samples (SOD, Thiol groups, TNF-a, GST, CAT) required tubes
without any anticoagulant, while those performed on plasma (8-Isoprostane, GPx, GR)
used EDTA-coated tubes. Samples were kept in box with ice transported and stored
between 2°-8°C until centrifugation at 3,000 rpm for 10 minutes. Then, they were split

into aliquots and stored at -80°C.

2.2.1 Catalase (CATActivity

CAT, an antioxidant enzyme that reduces peroxides in poorly reactive molecules,

was assayed by the method developed by Goth (1991). Briefly, 100 pL serum samples

were incubated with 65 mM hydrogen peroxide diluted in 60mM Phosphate buffer (pH
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7.4) at 37° C for 1 min. The reaction was stopped by addition of 500 pL of 32.4mM
ammonium molybdate and the formation of stable color complex measured by

colorimetric method at 405 nm.

2.2.2 Superoxide dismutase (SOARJivity

Cayman Superoxide dismutase Kit (706002) was used to evaluate SOD activity,
an antioxidant enzyme that catalyzes the dismutation of superoxide radical. Briefly,
the method uses 10 pL serum sample diluted in 50 mM Tris-HCI, pH 8.0 buffer, 200
uL tetrazolium salt for detection of superoxide radicals generated by the addition of 20
pL xanthine oxidase. The assay measures the sample ability to inhibit the reaction of
the superoxide anion with tetrazolium salt that forms a compound called formazan
whose absorbance was read at 440-460 nm. A calibration curve was obtained from

superoxide dismutase standard.

2.2.3 Thiols

Thiol in plasma or serum is a proxy of reduced molecules, such as GSH, which
acts towards cell detoxification. The colorimetric assay described by Hu (1994) was
chosen to quantify thiol group in the serum sample. Serum sample (25 pL) was mixed
in 950 pL of 250M Tris, 20mM EDTA buffer, and 25 pL of 5,5-dithio-bis-2-
nitrobenzoic acid (DTNB). The absorbance was read at 412nm. A calibration curve
was obtained from reduced glutathione (GSH), used as a standard of sulfhydryl group.
The concentration of thiol groups in the samples was calculated by linear regression

and results expressed in mmol/L.
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2.2.4 Glutathione S transferase (G&\L}ivity

GST catalyzes the reaction between GSH and xenobiotics reducing their toxic
effects in biological components. GST activity was determined spectrophotometrically
using the method described by Habig et al., (1974) and adapted by Habdous et al.,
(2002). The enzyme assay was performed by adding 100 pL of serum sample to 700 pL
of 100 mM Na-phosphate buffer (pH 5.5), 100 uL of 25 mM 1-chloro-2,4-
dinitrobenzene (CDNB) and 100 pL of 50 mM reduced glutathione (GSH). Results
were obtained by measuring of A absorbance (final absorbance - initial absorbance)
AADbs / min. Estimates of enzyme activity were expressed in international enzyme
activity unit (U), which was equivalent to 1 pmol of reduced glutathione-dinitrobenzene

GS-DNB / min, monitored at 340 nm for 300 seconds.

2.2.5 Glutathione Peroxidase (GPx) Activity

GPx enzyme is responsible to reduce hydroperoxides in poorly reactive molecules.
GPx activity was measured using the Glutathione Peroxidase Assay Kit (Cayman
Chemical, 703102). In a test tube, 100 pl of Assay Buffer, 50 pul of Co-Substrate
Mixture (NADPH, GSH and glutathione reductase) and 20 pl of plasma sample were
added. The GPx activity is measured by the decrease of NADPH levels after addition of
20 pl of cumene hydroperoxide. GPx catalyzes the cumene hydroperoxide reduction to
non-reactive molecules using GSH that was oxidized to GSSG form. GSSG was
recycled to its reduced state by GR, which oxidizes the NADPH. The decrease in

NADPH was followed by a decrease in absorbance at 340 nm, and it is proportional to
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the activity of GPx. Results were obtained by measuring of A Abs /min. GPx activity

results were presented as in nmol/min/ml.

2.2.6 Glutathione Reductase (GR) Activity

The enzyme GR reduces oxidized glutathione. Glutathione Reductase Assay Kit
(Cayman Chemical, 703202) was used to assay GR activity by measuring the rate of
NADPH oxidation. Briefly, 100 ul of Assay Buffer (50mM potassium phosphate, pH
7.5, containing 1mM EDTA and Img/ml bovine serum albumin), 20 pl of GSSG, and
20 ul of plasma sample were added to a test tube. The reaction was initiated by adding
50 ul of NADPH. Then, decrease in absorbance that followed the oxidation of NADPH
to NADP+, was measured at 340 nm (AAbs/min). GR activity results were then

presented as nmol/min/ml.

2.2.7 8lsoprostane (8S0)

8-Isoprostane is produced by oxidation of tissue phospholipids. 8-Isoprostane was
measured by competitive assay using a commercial enzyme immunoassay (Cayman
Chemical, 516351). This test is based on the competition between 8-isoprostane and an
8-isoprostane-acetylcholinesterase conjugate (8-Isoprostane Tracer) for a limited
number of 8-isoprostane-specific rabbit antiserum binding sites. Because the
concentration of the 8-Isoprostane Tracer is held constant while concentration of 8-
isoprostane in the sample varies, the amount of 8-lsoprostane Tracer that can bind to the
rabbit antiserum is inversely proportional to the concentration of 8-isoprostane in the

well. The product of this enzymatic reaction has a distinct yellow color and absorbs
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strongly at 412 nm. The intensity of color produced, which was inversely proportional
to the amount of isoprostane produced, was calculated from a standard curve and

expressed as picograms per milliliter of plasma.

2.2.8Tumor necrosis factealpha (TNFU )

Peprotech’s Human TNF-alpha Elisa Kit was used to measure the serum
concentration of TNF-a, a proinflammatory cytokine. A 96 well microplate was
sensitized with the polyclonal antibody and incubated overnight at room temperature.
Calibration curves were obtained from TNF-a standards. Serum samples and standards
were incubated at room temperature for at least 2 hours. After plate washing, the
biotinylated antibody detector was added, and the plate incubated at room temperature
for another 2 hours. Plates were washed once more, and 100 ul Avidin-HRP conjugate
added. After 30 min, plates were washed and 100 upl of 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) liquid substrate added. Plates were then
incubated at room temperature, and color development measured at 405 nm with

wavelength correction at 650 nm. Results were expressed in TNF-a pg/ml levels.

2.3 Individual Oxidative Stress Score (I0SS)

We created an individual oxidative stress score that included multiple biomarkers,
to express a systemic oxidative stress status. All oxidative stress biomarkers were
included in the score using equal weights. For each person, levels of biomarkers above
the 75™ percentile were assigned 1 while ones under the 75™ were assigned 0. Systemic

oxidative stress was defined based on an overall I0SS of 3, according to the following:
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1) 8-isoprostane levels =1
2) thiol or GR levels =1
3) at least one of the studied glutathione enzymes (except GR), or catalase or SOD

activity =1

2.4 Statistics Analyses

We calculated frequencies for categorical variables and chi-square test to evaluate
the relationship between these variables. Enzyme activities were expressed as mean and
standard deviation for those displaying normal distribution, and as median and
interquartile range Q1/Q3 for skewed ones. Multiple logistic regression analysis was
performed to examine the association of exposure to specific pesticides, levels of
biomarkers above and below the 75" percentile, and 10SS score of 3. Thus, the chance
of having high levels of enzymatic activity, oxidized products, or TNF- a above the 75™
percentile, or I0OSS score of 3 among exposed and non-exposed was evaluated by means
of odds ratio (OR) and 95% confidence interval (95%CI). Potential confounders based
on the literature for oxidative stress such as sex, age (continuous), smoking history
(never, ever) and current use of alcohol were included in the regression models. All

statistical analyses were conducted using SPSS (IBM, SPSS Statistics Version 21).

2.5 Ethical Considerations

The present study was approved by the Institute of Public Health’s Ethics

Committee, Federal University of Rio de Janeiro (approval number 1.537.073). Each
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participant was informed about all relevant aspects of the study and voluntarily signed a

consent form.

3. Results

Agricultural workers tended to be older than nonagricultural workers (median= 43
vs. 38.5; p<0.001) (Table 1). Agricultural workers were also more frequently males
(53.8% vs. 26.5%; p=0.002). Non-agricultural workers reported higher educational
levels (p=0.002). Smoking history and alcohol consumption were similar in both
groups. Agricultural workers were more likely to live closer or within crop fields
(80.8% vs. 36.8%; p<0.001). All non-agricultural workers reported no use of pesticides
while 94% of agricultural workers reported the use of these substances. The levels of
oxidative stress and inflammation biomarkers above the upper 75" percentile in both

groups did not differ significantly (Table S1 — supplemental material).

Table 1
Main characteristics of the study population

Agricultural Non agricultural
Total p
workers workers
Number of participant 120 52 68
Age* 41 (33.3,49.0) 43 (40.0, 53.0) 38.5 (30.0, 46.0) <0.001
Sex**
Male 46 (38.3) 28 (53.8) 18 (26.5) 0.002
Female 74 (61.7) 24 (46.2) 50 (73.5)
Education**
High school or less 109 (90.8) 52 (100) 57 (83.8) 0.002
More than high school 11 (9.2) 0 (0) 11 (16.2)
History of smoking™**
Never 109 (90.8) 46 (88.5) 63 (92.6) 0431
Ever  11(9.2) 6 (11.5) 5 (7.4)
Current alcohol use**
No 72 (60) 32 (61.5) 40 (58.8) 0.764
yes 48 (40) 20 (38.5) 28 (41.2)
Houses nearby or within crop
fields**

No 53 (44.2) 10 (19.2) 43 (63.2) <0.001
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Yes 67 (55.8) 42 (80.8) 25 (36.8)
Occupational pesticide use**
Never 71 (59.2) 3(5.8) 68 (100) <0.001
Ever 49 (40.8) 49 (94.2) 0(0)

* Median (Q1, Q3); Mann Whitney non-parametric test
** N (%); Chi-square test

Pesticide mixing or application and living close to or within crops fields were not
significantly associated with elevated levels of inflammation and oxidative stress
biomarkers. Application frequency and duration of pesticides were also not significantly
associated with elevated levels of inflammation and oxidative stress biomarkers. PPE
use during pesticide mixing was associated with increased GR activity, 8-isoprostane
and thiols levels (Table S2 — supplemental material).

Several specific pesticides and some pesticide classes were associated with higher
levels of inflammation and oxidative stress biomarkers, adjusted for sex, age, smoke,
and alcohol drinking (Table 2). 8-isoprostane was associated with use of the herbicide
glyphosate (OR: 3.63 95%CI 1.12-11.83). Catalase activity was associated with use of
the fungicide azoxystrobin (OR: 5.26 95%CI 1.03-26.78). GR activity was associated
with use of fungicides class (OR: 3.51 95%CI 1.13-10.85) and specifically with the
fungicide dypheconazole (OR: 4.25 95%CI 1.04-17.31). We also noted an increased
chance of GST activity levels in the upper 75" percentile related to insecticide

methomyl use (OR: 5.72 95%CI 1.10-29.82).

Non-significant associations were also observed between 8-isoprostane levels and
azoxystrobin; SOD activity and the herbicide fluazifop; GR activity, glyphosate, and the
insecticide methomyl; GST activity, the fungicide mancozeb, and organophosphate-
carbamate classes and finally GPx activity and organophosphate-carbamate combined

use.
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The association between pesticide classes and I0SS is shown in Table 3.
Agricultural workers who reported using fungicides were more likely to present
increased oxidative stress score (OR: 5.35, 95%CI 1.21-23.77). Similar response was
observed for agricultural workers that used herbicides (OR: 4.24, 95%CI 0.94-19.1) and

fungicides, (OR: 3.37 95% CI 0.75-15.14) although non-statistically significant.
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Association between pesticide classes and specific pesticides, and 75th percentile of inflammation and oxidative stress biomarkers

TNF-a 8-1SO THIOL SOD
<Q3 Q4 * (OR0 <Q3 Q4 * (OF0 <Q3 Q4 * (OF0 <Q3 Q4 * (OF0
n=90 %) n=30 (%) O~ %CD g5 06y n=20 () OF" %D 1190 06) n=30 (%) OF O%CD 1 Z91(06) n=ng(ory O (5%CD

FUNGICIDES
no 70 (77.8) 24 (80)
yes 20 (22.2) 6 (20)
Diphenoconazole
no 80 (88.9) 28 (93.3) Reference
yes 10 (11.1) 2(6.7) 0.54 (0.10-2.98)
Azoxystrobin
no 84 (93.3) 29 (96.7)

Reference
0.56 (0.17-1.83)

Reference

72 (81.8) 20 (69)
16 (18.2) 9 (31)

Reference 22 (80.9) 94 (71)
2.99 (0.98-9.17) 8(19.1) 26 (29)

Reference 69 (75.8) 24 (85.7) Reference
1.51 (0.55-4.19) 22 (24.2) 4 (14.3) 0.66 (0.20-2.22)

81(92) 25 (86.2)
7(8)

Reference 26 (92.1) 108 (83.9)  Reference 80 (87.9) 27 (96.4)  Reference
4(13.8) 2.45(0.61-9.86) 4(7.9) 12(16.1) 1.62 (0.42-6.19) 11 (12.1) 1(3.6) 0.34 (0.04-2.83)

85 (96.6) 25 (86.2) Reference 28 (94.4) 113 (93.5) Reference 85 (93.4) 27 (96.4) Reference

yes 6(6.7) 1(3.3) 0.40(0.04-4.18) 3(3.4) 4(13.8) 5.17(0.90-29.56) 2(5.6) 7(6.5) 1.20(0.22-6.63) 6(6.6) 1(3.6) 0.52(0.06-4.72)
Linuron
no 83(92.2) 30 (100) Reference 84 (95.5) 26 (89.7) Reference 27 (95.5) 113 (90.3) Reference 86 (94.5) 26 (92.9) Reference
yes 7(7.8) 0(0) 0 4(45) 3(10.3) 3.92(0.64-23.99) 3(45) 7(9.7) 2.20(0.42-11.53) 5(5.5) 2(7.1) 1.85(0.30-11.34)
Copper
no 87 (96.7) 28 (93.3) Reference 84 (95.5) 28 (96.6) Reference 29 (96.6) 115(93.5)  Reference 87 (95.6) 27 (96.4)  Reference
yes 3(3.3) 2(6.7) 0.76 (0.10-5.47) 4(45) 1(3.4) 1.99(0.17-23.13) 1(34) 5(6.5) 0.49(0.05-5.22) 4(4.4) 1(3.6) 1.13(0.10-12.32)
Mancozeb
no 87 (96.7) 28 (93.3) Reference 84 (95.5) 29 (100) Reference 29 (95.5) 115 (96.8) Reference 86 (94.5) 28 (100) Reference
yes 3(33) 2(6.7) 1.32(0.17-10.09) 4(45) 0(0) 1.92(0.69-5.38) 1(45) 5(3.2) 0.76(0.08-7.55) 5(5.5) 0(0) 0 (0-0)
HERBICIDES
no 66 (73.3) 22 (73.3) Reference 66 (75) 20 (69) Reference 19 (77.5) 88 (61.3) Reference 67 (73.6) 21 (75) Reference
yes 24 (26.7) 8(26.7) 0.53(0.17-1.65) 22 (25) 9(31) 2.15(0.72-6.44) 11 (22.5) 32(38.7) 2.14 (0.80-5.74) 24 (26.4) 7 (25) 1.37 (0.47-4.01)

Paraquat
no 77 (85.6) 25 (83.3) Reference
yes 13 (14.4) 5(16.7) 0.75(0.21-2.74)
Glyphosate
no 71 (78.9) 25 (83.3) Reference
yes 19 (21.1) 5(16.7) 0.56 (0.16-1.94)

Fluazifop
no 82 (91.1) 24 (80) Reference
yes 8(89) 6(20) 1.84(0.50-6.75)
INSECTICIDES

no 71 (78.9) 23 (76.7) Reference
yes 19 (21.1) 7(23.3) 0.67 (0.21-2.13)
Organophosphate-carbamate

74 (84.1) 26 (89.7) Reference 23 (87.6) 102 (77.4) Reference 76 (83.5) 26 (92.9) Reference
14 (15.9) 3(10.3) 0.69 (0.16-3.02) 7 (12.4) 18(22.6) 2.27 (0.76-6.80) 15 (16.5) 2 (7.1) 0.47 (0.10-2.28)

74 (84.1) 20(69) Reference 22 (83.1) 96 (71)
14 (15.9) 9(31) 3.63(1.12-11.83) 8(16.9) 24 (29)

Reference 75 (82.4) 21 (75)
1.85 (0.64-5.35) 16 (17.6) 7 (25)

Reference
2.55(0.81-8.03)

77 (87.5) 26 (89.7) Reference 26 (88.8) 106 (87.1) Reference 79 (86.8) 27 (96.4) Reference
11 (12.5) 3(10.3) 0.97 (0.21-452) 4(11.2) 14(12.9) 1.11(0.31-3.96) 12(13.2) 1(3.6) 0.27 (0.03-2.23)

71 (80.7) 21 (72.4) Reference 23 (79.8) 94 (74.2) Reference 69 (75.8) 25 (89.3)  Reference
17 (19.3) 8(27.6) 2.38(0.76-7.43) 7(20.2) 26 (25.8) 1.12(0.39-3.19) 22 (24.2) 3 (10.7) 0.46 (0.12-1.77)
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no 81(90) 28(93.3) Reference 81 (92) 26 (89.7) Reference 27 (92.1) 109 (87.1) Reference 82 (90.1) 26 (92.9) Reference
yes 9(10) 2(6.7) 0.60(0.11-3.3) 7(8) 3(10.3) 1.42(0.31-6.6) 3(7.9) 11(12.9) 1.13(0.26-4.91) 9(9.9) 2(7.1) 0.95(0.18-4.99)
Deltamethrin
no 79 (87.8) 25 (83.3) Reference 77 (87.5) 24 (82.8) Reference 25 (87.6) 104 (83.9) Reference 76 (83.5) 27 (96.4) Reference
yes 11 (12.2) 5(16.7) 0.95(0.26-3.55) 11 (12.5) 5(17.2) 1.99 (0.54-7.25) 5(12.4) 16(16.1) 1.45(0.45-4.68) 15(16.5) 1(3.6) 0.21 (0.03-1.70)
Methomyl
no 83(92.2) 28 (93.3) Reference 83 (94.3) 26 (89.7) Reference 28 (93.3) 111 (90.3) Reference 84 (92.3) 27 (96.4) Reference
yes 7(7.8) 2(6.7) 0.49(0.08-2.84) 5(5.7) 3(10.3) 3.12(0.54-17.95) 2(6.7) 9(9.7) 0.73(0.13-4.12) 7(7.7) 1(3.6) 0.66 (0.07-6.17)

* Odds ratios and 95% confidence intervals adjusted for age, sex, past smoke and alcohol consumption

Table 2
Continuation

CAT GR GPx GST
<Q3 Q4 <Q3 Q4 <Q3 Q4 <Q3 Q4
* 0, * 0, * 0,
n=90(%) n=30(%) °n (95%C1) n=93(%) n=18(%) O~ (95%C) n=90(%) n=28(%) °n (95%C1) g9 (%) n=29 (%)

FUNGICIDES
no 71 (78.9) 23 (76.7) Reference 77 (82.8) 9 (50) Reference 69 (76.7) 23 (82.1) Reference 70 (77.8) 24 (82.8) Reference

yes 19 (21.1) 7(23.3) 1.26 (0.44-3.62) 16 (17.2) 9 (50) 3.51(1.13-10.85) 21 (23.3) 5(17.9) 0.66 (0.21-2.08) 20 (22.2) 5 (17.2) 0.81 (0.26-2.56)
Diphenoconazole
no 80 (88.9) 28 (93.3) Reference 87 (93.5) 13 (72.2) Reference 82 (91.1) 24 (85.7) Reference 81 (90) 26 (89.7) Reference
yes 10 (11.1) 2(6.7) 0.50(0.10-2.55) 6 (6.5) 5(27.8) 4.25(1.04-17.31) 8(8.9) 4(14.3) 1.99 (0.51-7.72) 9(10) 3(10.3) 1.18(0.28-4.95)
Azoxystrobin
no 87 (96.7) 26 (86.7) Reference 88 (94.6) 16 (88.9) Reference 83 (92.2) 28 (100) Reference 83 (92.2) 29 (100) Reference
yes 3(3.3) 4(13.3) 5.26(1.03-26.78) 5(5.4) 2(11.1) 2.16 (0.36-13.07) 7(7.8) 0(0) 1.16(0.46-2.92) 7(7.8) 0(0) 0 (0-0)
Linuron
no 84 (93.3) 29 (96.7) Reference 89 (95.7) 15 (83.3) Reference 85 (94.4) 26 (92.9) Reference 86 (95.6) 27 (93.1) Reference
yes 6(6.7) 1(3.3) 0.60(0.06-5.58) 4 (4.3) 3(16.7) 3.05(0.56-16.49) 5(5.6) 2(7.1) 1.25(0.20-7.84) 4(44) 2(6.9) 1.96 (0.31-12.57)

OR* (95%Cl)

Copper
no 85 (94.4) 30 (100) Reference 90 (96.8) 16 (88.9) Reference 87 (96.7) 26 (92.9) Reference 88 (97.8) 26 (89.7) Reference
yes 5(5.6) 0(0) 0 (0-0) 3(32) 2(11.1) 2.49(0.33-18.82) 3(3.3) 2(7.1) 3.97(0.51-30.89) 2(2.2) 3(10.3) 5.63(0.76-41.55)
Mancozeb
no 85 (94.4) 30 (100) Reference 91 (97.8) 16 (88.9) Reference 86 (95.6) 27 (96.4) Reference 85 (94.4) 29 (100) Reference
yes 5(5.6) 0(0) 0 (0-0) 2(2.2) 2(11.1) 2.91(0.34-24.96) 4 (4.4) 1(3.6) 0.82(0.08-8.11) 5 (5.6) 0 (0) 0 (0-0)
HERBICIDES

no 68 (75.6) 20 (66.7)  Reference 71 (76.3) 9 (50) Reference 63 (70) 23(82.1)  Reference 65 (72.2) 23 (79.3) Reference
yes 22 (24.4) 10 (33.3) 1.92 (0.70-5.33) 22 (23.7) 9 (50) 2.09 (0.66-6.60) 27 (30) 5 (17.9) 0.46 (0.14-1.44) 25(27.8) 6 (20.7) 0.71 (0.23-2.15)

Paraquat
no 78 (86.7) 24 (80) Reference 80 (86) 14 (77.8)  Reference  73(81.1) 27 (96.4)  Reference 74 (82.2) 27 (93.1) Reference



yes 12 (13.3) 6(20) 1.83(0.59-5.73) 13 (14) 4(22.2) 1.20(0.31-4.61) 17 (18.9) 1(3.6) 0.15(0.02-1.24) 16 (17.8) 2(6.9) 0.33(0.07-1.61)
Glyphosate

no 74 (82.2) 22 (73.3) Reference 78 (83.9) 10 (55.6) Reference 71 (78.9) 23 (82.1) Reference 72 (80) 24 (82.8) Reference

yes 16 (17.8) 8(26.7) 2.03 (0.68-6.06) 15 (16.1) 8 (44.4) 2.78 (0.85-9.15) 19 (21.1) 5(17.9) 0.72(0.22-2.36) 18 (20) 5(17.2) 1.05(0.32-3.44)

Fluazifop
no 80 (88.9) 26 (86.7) Reference 82 (88.2) 15 (83.3) Reference 76 (84.4) 28 (100) Reference 78 (86.7) 27 (93.1) Reference
yes 10 (11.1) 4(13.3) 1.47 (0.40-5.37) 11 (11.8) 3(16.7) 1.10(0.25-4.84) 14 (15.6) 0 (0) 0 (0-0) 12 (13.3) 2(6.9) 0.45(0.09-2.28)
INSECTICIDES

no 71 (78.9) 23 (76.7) Reference 76 (81.7) 10 (55.6) Reference 69 (76.7) 23 (82.1) Reference 71 (78.9) 23 (79.3) Reference
yes 19 (21.1) 7(23.3) 1.31(0.45-3.82) 17 (18.3) 8 (44.4) 2.51(0.80-7.90) 21 (23.3) 5(17.9) 0.68 (0.22-2.15) 19 (21.1) 6 (20.7) 1.08 (0.36-3.31)
Organophosphate-carbamate
no 81(90) 28 (93.3)  Reference 87 (93.5) 14 (77.8)  Reference  84(93.3) 23 (82.1)  Reference 84 (93.3) 25(86.2) Reference
yes 9(10) 2(6.7) 0.64(0.12-3.39) 6 (6.5) 4(22.2) 2.68 (0.60-11.93) 6(6.7) 5(17.9) 3.25(0.82-12.89) 6 (6.7) 4 (13.8) 3.33(0.78-14.16)
Deltamethrin
no 79 (87.8) 25 (83.3)  Reference  81(87.1) 14 (77.8)  Reference 74 (82.2) 28 (100) Reference 75 (83.3) 28 (96.6) Reference
yes 11 (12.2) 5(16.7) 1.57 (0.48-5.14) 12 (12.9) 4(22.2) 1.60(0.42-6.06) 16 (17.8) 0 (0) 0 (0-0) 15(16.7) 1(3.4) 0.16 (0.02-1.34)
Methomyl
no 83 (92.2) 28 (93.3) Reference 89 (95.7) 14 (77.8) Reference 85 (94.4) 24 (85.7) Reference 86 (95.6) 25 (86.2) Reference
yes 7(7.8) 2(6.7) 1.05(0.18-6.05) 4(4.3) 4(22.2) 3.71(0.70-19.6) 5(5.6) 4(14.3) 3.23(0.68-15.37) 4(4.4) 4(13.8) 5.72 (1.10-29.82)

* Odds ratios and 95% confidence intervals adjusted for age, sex, past smoke and alcohol consumption

Table 3
Association between pesticides and 75th percentile of I0SS

10SS
Total <Q3 Q4
n=104** (%) n=95** (%) n=9** (%)

OR* (95%Cl)

FUNGICIDES
No 81(77.9)  76(80.9) 5 (50) ]
Yes  23(221)  18(191)  s5(s0) oo (121-23.77)
HERBICIDES
No 76(731)  71(755)  5(50) _
Yes  28(269) 23 (24.5) 5oy 424 (094-19.0)
INSECTICIDES
No 82(788)  76(80.9) 6 (60) ]
Yes 22(212)  18(191)  4(a0) > (075-15.14)

* Odds ratios and 95% confidence intervals adjusted for age, sex, past smoke and alcohol consumption
** Missing data for any biomarkers no included
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4. Discussion

Our results partially support previous findings from studies that occupational
exposure to pesticides promotes changes in oxidative stress biomarkers. A longitudinal
study conducted by Lerro et al., (2017) found elevated levels of 8-isoprostane among
farmers exposed to herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) upon adjusting for
confounders. In our study, agricultural workers did not report the use of 2,4-D, but a
positive association was seen between the herbicide glyphosate and 8-isoprostane
levels. Two studies utilizing the same study design reported low GR and CAT activity
levels associated with pesticide exposure pesticides regardless of sex, age, body mass
index (BMI), smoking habit or alcohol consumption. Our findings suggest associations
in the opposite direction. Metabolites of organophosphate insecticides in farmers were
positively associated with increased levels of 8-isoprostane and MDA when adjusted for
age, smoking history, alcohol drinking, and exercise (Lee et al., 2017). In our study, few
agricultural workers reported the organophosphates pesticide use, so we created a
pesticide use variable related to the mechanism of insecticides action.
Organophosphate-carbamate combined use was associated with elevated 8-isoprostane
levels. Our results support the hypothesis that specific pesticides increase the levels of
GST enzyme, but there are no studies to confront these findings.

Low levels of systemic inflammation triggered by damaged tissue have been
associated with several chronic diseases (Pawelec et al., 2014). Evidence that pesticides
exposure increases oxidative stress and inflammation may reinforce the role of these
chemicals in the genesis of chronic diseases. However, few studies have reported the

pesticides effects on inflammation biomarkers in farmers. Mecdad et al., (2011)
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observed increased TNF levels in agricultural workers exposed to insecticides when
compared with unexposed group. Another study found an association between human
lindane poisonings and increase TNF-a levels (Seth at al., 2005). In our study, we found
no positive association between any pesticide exposure and TNF-alpha. This apparent
divergence in results may be explained by lacking confounding factors control in both
studies.

Given that a single oxidative stress parameter cannot reflect the redox imbalance
complexity, some clinical studies have proposed several models of systemic oxidative
stress score. Overall, these studies combine different pro-oxidants or oxidized cellular
products and non-enzymatic antioxidant levels (Vassale et al., 2008; Wang et al., 2011;
Kong et al., 2015). A significant limitation of these scores is the exclusion of
antioxidant enzymes that neutralize internal and external stressors (Bartosz, 2010). To
date, epidemiological studies have not used oxidative stress score on the
characterization of antioxidant status related to exposure to pesticides. In this study, the
score aimed to express the oxidation of cell membranes along with an increase of non-
enzymatic cell defense and a change in any antioxidant enzyme. However, the
development of score may take into account other combination of oxidative stress
parameters according to similar antioxidant features. Our results suggest that the use of
fungicides and herbicides were associated with changes in several parameters of
oxidative stress related to lipid peroxidation (8-isoprostane), glutathione and its
metabolism (thiol or GR levels) and peroxide or superoxide or xenobiotics scavengers
(GPx or catalase or SOD or GST).

There are several limitations to this study that must be mentioned. First, the use of

self-report can lead to non-differential misclassification of exposure (Pearce et al.,
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2007). Second, voluntary samples are likely to present a degree of self-selection bias
that does not allow us to generalize the results to other populations (Pahwa et al., 2012).
In our analysis, we didn’t include BMI and infections as potential confounders in the
relationship between pesticide exposure and oxidative stress (lvanov et al., 2017;
Marseglia et al., 2015). Adipose tissue may increase oxidative stress though of the
release of proinflammatory adipokines and deregulation of the immune system. The
relationships of pesticides with BMI and infections are not well established, however,
so their potential action as confounders is speculative. Due to the exploratory nature of
this analysis, we did not adjust for multiple-comparisons. Our sample size provided
limited statistical power for some comparisons, so some confidence limits were
imprecise. In this study, non-agricultural workers did not provide information on past
general farming and pesticide use. Thus, differential misclassification could have lead to
an incorrect conclusion in the relationship between pesticide exposure and oxidative
stress in this study.

The major strengths of our study were to evaluate the relationship between specific
pesticides exposure and combined oxidative stress biomarkers. Epidemiological studies
have analyzed oxidative stress alterations to pesticides panel not taking into account the
potential individual toxic effects of these substances. Cellular defenses are composed of
different scavengers, and it is difficult to establish the link between pesticides exposure
and illness by measuring only one parameter of oxidative stress. Thus, the evaluation of
an 0SS may be a promising tool for the assessment of pathophysiological response to
chemical substances such as pesticides. Future epidemiological studies should evaluate
the effects of pesticides considering a systemic approach that includes the role of

inflammation and oxidative stress biomarkers. Future longitudinal studies including
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several inflammatory biomarkers in association with oxidative stress is needed to

support the results found in this study.

5. Conclusion

Our findings suggest that specific pesticides and pesticide classes may contribute to
oxidative stress status. Also, the use of fungicides and herbicides were associated with
alterations in the Individual Oxidative Stress Score. The assessment of antioxidant
enzymes activity and lipid oxidation product concomitantly can be a useful tool to

evaluate the relationship between pesticide exposure and oxidative stress.

SUPPLEMENTARY MATERIAL

Table S1
Levels of oxidative stress and inflammation biomarkers in the study population

Agricultural Non agricultural
workers workers

TNF (pg/mL) * 120 (100) 191.7 (161.6, 236.7) 193.6 (165.3, 242.5) 0.970
8-1SO (pg/mL) * 117 (97.5) + 118.1(81.6, 187.4) 125.8 (84, 186.4) 0.998
MDA (umoL) * 120 (100) 18.8(13.2,27.3)  18.7 (11.1,25.8) 0.593

Biomarkers Total P

Thiol (mmol/L) * 120 (100) 0.4 (0.3, 0.5) 03(0.3,04) 0.336
SOD (U/mL) * 119 (99.2) + 1.1 (0.9, 1.4) 1.1(09,1.4) 0722
CAT (U/L)* 120 (100) 47.6 £28.7 51.0+28.4  0.518

GR (nmol/mL) * 111 (92.5)+ 33.7(20.7,52.9)  25.2(18.0,37.8) 0.118
GPx (nmol/mL) * 118 (98.3) + 103.2 (84.7,119.1) 91.7 (71.3,117.2) 0.120
GST (U/L)* 119(99.2) +  1.9(1.4,12.8) 2.1(15,132) 0.338

*N (%); Median (Q1, Q3); Mann Whitney non-parametric test
# N (%); mean + SD; Student’s t test
1 Missing
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Table S2
Association between pesticide use and elevated inflammation and oxidative stress biomarkers

TNF-a 8-1SO THIOL SOD

B opeesweny ¥ X oprsweny SV P oreswcy S P ore(es%ci)

n=90(%) n=30(%) n=88(%) n=29 (%) n=90 (%) n=30 (%) n=91(%) n=28(%)
Pesticides mix/apply
No 62 (68.9) 21 (70) Reference 62 (70.5) 19 (65.5) Reference 64 (71,1) 19 (63,3) Reference 62 (68.1) 21 (75) Reference
Yes 28 (31.1) 9(30) 0.45(0.14-1.40) 26 (29.5) 10 (34.5) 1.44 (0.48-4.30) 26 (28,9) 11 (36,7) 1.43(0.53-3.88) 29 (31.9) 7 (25) 0.94(0.31-2.83)
Use of PPE when mix pesticides
Don't mix 62 (68.9) 21 (70) Reference 62 (70.5) 19 (65.5) Reference 64 (71,1) 19 (63,3) Reference 62 (68.1) 21 (75) Reference
No 23 (25.6) 7(23.3) 0.35(0.10-1.23) 22 (25.0) 7 (24.1) 1.03(0.29-3.67) 23 (25,6) 7 (23,4) 0.93(0.30-2.90) 24 (26.4) 5 (17.9) 0.78 (0.22-2.71)
Yes 5(5.6) 2(6.7) 1.09(0.15-7.94) 4(45) 3(10.3) 3.11(0.58-16.64) 3(3,3) 4(13,3) 4.87(0.91-25.96) 5(5.5) 2(7.1) 1.57(0.27-9.24)
Houses nearby or within crop fields
No 38 (42.2) 15 (50) Reference 42 (47.7) 10 (34.5) Reference 42 (46,7) 11 (36,7) Reference 41 (45.1) 12 (42.9)  Reference
Yes 52 (57.8) 15 (50) 0.75 (0.30-1.85) 46 (52.3) 19 (65.5) 1.58 (0.62-4.02) 48 (53,3) 19 (63,3) 1.63 (0.68-3.94) 50 (54.9) 16 (57.1) 0.98 (0.40-2.36)
Frequency of pesticide use
No 62 (68.9) 21 (70) Reference 62 (70.5) 19 (65.5) Reference 64 (71,1) 19 (63,3) Reference 62 (68.1) 21 (75) Reference
Up to 2 times per month 6(6.7) 1(3.3) 0.22(0.20-2.32) 5(5.7) 2(6.9) 1.59(0.23-10.95) 5(56) 2(6,7) 1.52(0.25-9.33) 6(6.6) 1(3.6) 0.68 (0.07-6.58)
>3 times per month 22 (24.4) 8(26.7) 0.51(0.16-1.67) 21 (23.9) 8(27.6) 1.40(0.44-4.51) 21 (23,3) 9(30.0) 1.41 (0.50-4.04) 23 (25.3) 6(21.4) 1.00 (0.31-3.18)
Duration per application
Did not apply 62 (68.9) 21 (70) Reference 62 (70.5) 19 (65.5) Reference 64 (71,1) 19 (63,3) Reference 62 (68.1) 21 (75) Reference
<1 hour 15 (16.7) 5(16.7) 0.41 (0.10-1.60) 16 (18.2) 4 (13.8) 1.23(0.32-4.75) 14 (15,6) 6(20.0) 1.53 (0.47-5.03) 16 (17.6) 3 (10.7) 0.79 (0.19-3.29)

1+ hours 13 (14.4) 4 (13.3) 0.50 (0.12-2.14) 10 (11.4) 6 (20.7) 1.74(0.43-7.06) 12 (13.3) 5(16.7) 1.32(0.36-4.80) 13 (14.3) 4 (14.3) 1.12 (0.28-4.45)
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Table 2
Continuation

CAT GR GPx GST

Q3 QA opeswcy X P oreesweny S @ opreswcy X X orer(gs%cl)

n=90(%) n=30(%) n=93(%) n=18(%) n=90(%) n=28(%) n=90(%) n=29(%)
Pesticides mix/apply
No 63 (70) 20 (66.7)  Reference 67 (72) 8 (44.4) Reference 59 (65.6) 22 (78.6)  Reference 62 (68.9) 21 (72.4)  Reference
Yes 27 (30) 10(33.3) 1.63(0.58-4.59) 26 (28) 10 (55.6) 2.20 (0.68-7.10) 31 (34.4) 6(21.4) 0.37 (0.11-1.17) 28 (31.1) 8(27.6) 1.04 (0.36-3.05)
Use of PPE when mix pesticides
Don't mix 63 (70) 20 (66.7) Reference 67 (72) 8(44.4) Reference 59 (65.6) 22 (78.6)  Reference 62 (68.9) 21 (72.4)  Reference
No 23(25.6) 7(23.3) 1.40(0.44-4.44) 22 (23.7) 7(38.9) 1.65 (0.45-6.05) 25 (27.8) 5(17.9) 0.35(0.10-1.26) 23 (25.6) 6 (20.7) 0.95 (0.29-3.12)
Yes 4(4.4) 3(10) 2.45(0.47-12.74) 4(4.3) 3(16.7) 4.52(0.80-25.58) 6 (6.7) 1(3.6) 0.41(0.04-3.94) 5(5.6) 2(6.9) 1.39 (0.24-8.16)
Houses nearby or within crop fields
No 39 (43.3) 14 (46.7) Reference 43 (46.2) 7 (38.9) Reference 41 (45.6) 10 (35.7)  Reference 44 (48.9) 9(31) Reference
Yes 51 (56.7) 16 (53.3) 0.88 (0.38-2.06) 50 (53.8) 11 (61.1) 1.68 (0.57-5.00) 49 (54.4) 18 (64.3) 1.41 (0.57-3.48) 46 (51.1) 20 (69) 2.19 (0.88-5.46)
Frequency of pesticide use
No 63 (70) 20 (66.7) Reference 67 (72) 8(44.4) Reference 59 (65.6) 22 (78.6)  Reference 62 (68.9) 21 (72.4)  Reference
Up to 2 times per month 5(5.6) 2(6.7) 1.73(0.27-10.88) 5(5.4) 2(11.1) 2.20(0.32-14.97) 7(7.8) 0(0) 0 5(5.6) 1(3.4) 0.77(0.08-7.57)
>3 times per month 22 (24.4) 8(26.7) 1.61(0.54-4.82) 21 (22.6) 8(44.4) 2.19 (0.64-7.52) 24 (26.7) 6 (21.4) 0.49 (0.15-1.58) 23 (25.6) 7 (24.1) 1.10 (0.36-3.38)
Duration per application
Did not apply 63 (70) 20 (66.7) Reference 67 (72) 8(44.4) Reference 59 (65.6) 22 (78.6)  Reference 62 (68.9) 21 (72.4)  Reference
<1 hour 13 (14.4) 7(23.3) 2.21(0.68-7.23) 14 (15.1) 6(33.3) 2.34(0.62-8.82) 20 (22.2) 0 (0) 0 16 (17.8) 3(10.3) 0.61 (0.15-2.55)
1+ hours 14 (15.6) 3(10) 1.01 (0.23-4.40) 12 (12.9) 4(22.2) 1.99 (0.44-9.01) 11 (12.2) 6 (21.4) 1.04 (0.29-3.72) 12 (13.3) 5(17.2) 1.84 (0.49-6.92)

* Odds ratios and 95% confidence intervals adjusted for age, sex, past smoke and alcohol consumption
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Highlights

* Specific pesticides were associated with increased oxidative stress biomarkers.

* Levels of TNF-a were not associated with the use of any specific pesticide.

» IOSS was associated with fungicides and herbicides exposure.
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Artigo 3— Algumas consideracées

- O que é novo?

Neste artigo, n6s avaliamos a relagdo entre biomarcadores de estresse oxidativo, inflamacdo e especificos
herbicidas, inseticidas e fungicidas. Além disso, n6s propomos um escore de estresse oxidativo que reflete

alteracGes individuais em mais de um biomarcador.

- O que isso acrescenta ao que era conhecido?

Os trabalhos publicados com essa tematica, em sua maioria, sugerem uma relagdo positiva entre exposi¢do a
agrotoxicos e estresse oxidativo. Mas poucos realizaram essa avaliagdo para agrotoxicos especificos, incluindo
ajuste para variaveis confundidoras. Além de associa¢Bes positivas entre biomarcadores de estresse oxidativo e
especificos fungicidas, inseticidas e herbicidas, também observamos uma associacdo positiva entre o escore de
estresse oxidativo individual e uso de fungicidas.

- Qual a implicacdo da discusséo proposta no desenvolvimento da Tese?

Os resultados deste trabalho reforcam os achados anteriores de que agrotdxicos podem promover estresse
oxidativo, uma condicéo envolvida em muitas doengas cronicas. O estresse oxidativo pode induzir inflamacéo e
alteracdo da resposta imunolégica. Nesse sentido, alguns estudos recentes tem avaliado o papel dos agrotdxicos
no desenvolvimento de anticorpos antinucleares. Esses autoanticorpos sdo solicitados na investigacdo
diagnostica do lGpus eritematoso sistémico (LES). Como sdo poucos os trabalhos que investigaram a relagdo
entre agrotoxicos e LES nds conduzimos uma revisdo de literatura sobre fatores de risco ambientais que podem
estar associados ao seu desenvolvimento.

- Qual o proximo passo?
Esta revisdo certamente nos fornecerd informacBes importantes para o desenvolvimento de outro objetivo

especifico da Tese, que é investigar, através de um estudo seccional, a associacdo entre exposicao a agrotdxicos
especificos e anticorpos antinucleares.
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ABSTRACT

Keywords:
Sy)s..[emic lupus erythematosus Systemic lupus erythematosus (SLE) is a multisystem disease with a
SLE complex etiology. Its risk is higher among women, racial and ethnic
Environment minorities, and individuals with a family history of SLE or related
Risk factor autoimmune diseases. It is believed that genetic factors interact
Exposure

Pathogehesis

with environmental exposures throughout the lifespan to influence
susceptibility to developing SLE. The strongest epidemiologic evi-
dence exists for increased risk of SLE associated with exposure to
crystalline silica, current cigarette smoking, use of oral contracep-
tives, and postmenopausal hormone replacement therapy, while
there is an inverse association with alcohol use. Emerging research
results suggest possible associations of SLE risk with exposure to
solvents, residential and agricultural pesticides, heavy metals, and
air pollution. Ultraviolet light, certain infections, and vaccinations
have also been hypothesized to be related to SLE risk. Mechanisms
linking environmental exposures and SLE include epigenetic
modifications resulting from exposures, increased oxidative stress,
systemic inflammation and inflammatory cytokine upregulation,
and hormonal effects. Research needs to include new studies of
environmental risk factors for SLE in general, with a focus on life-
time exposure assessment. In addition, studies in susceptible sub-
groups, such as family members, studies based on genetic risk
profiles, and studies in individuals with evidence of pre-clinical
autoimmunity based on the detection of specific auto-antibodies
are also required. Understanding the role of environmental expo-
sures in the development of SLE may help identify modifiable risk
factors and potential etiological mechanisms.

© 2017 Elsevier Ltd. All rights reserved.
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Introduction

Systemic lupus erythematosus (SLE) is a complex multisystem autoimmune disease with an inci-
dence of approximately 5—20 per 100,000 in the US. population [1,2]. Female predominance of SLE
(9:1 female to male), and higher SLE incidence in African Americans and native Americans in particular,
indicate an important role of both intrinsic and extrinsic non-genetic factors [3,4]. Genome-wide as-
sociation studies are identifying increasing number of genes contributing to SLE pathogenesis and
clinical manifestations [5,6]. Having a family history of SLE or related autoimmune diseases dramati-
cally increases the risk of SLE [7], but the low to modest penetrance of genetic risk factors and
concordance in twins highlight the importance of environmental factors [8].

There is strong epidemiologic evidence concerning the association of SLE with several environ-
mental factors, including crystalline silica exposure [9,10], alcohol consumption (decreased risk) [11],
current cigarette smoking [12], and exogenous estrogens (oral contraceptives and postmenopausal
hormones) [13,14]. Evidence also indicates potential associations between other exogenous factors, as
reviewed below (e.g., UV radiation, solvents, pesticides; Fig. 1). Associations of SLE with intrinsic fac-
tors, including birthweight, reproductive history (e.g., parity, age at menarche and menopause),
endometriosis, and latent infections such as Epstein-Barr virus (EBV) may reflect an indirect role of
environmental exposures [15—17]. Considerable knowledge gaps remain regarding potential mecha-
nisms by which these environmental factors may be involved in the pathogenesis of SLE. Epigenetic
regulation, whereby environmental stimuli lead to biochemical epigenetic modifications, may be a
potential link [18]. Differential DNA methylation patterns have been reported in twins discordant for
SLE [19]. Metabolic mechanisms that modify gene expression and precipitate SLE have also been
proposed [20]. Oxidative stress has been shown to inhibit ERK pathway signaling in T cells, leading to
DNA demethylation, upregulation of immune genes, and auto-reactivity, and could contribute to SLE
onset among genetically predisposed individuals [21,22].

In this review, we summarize current knowledge about environmental factors associated with SLE
risk on the basis of epidemiologic research, with a focus on modifiable extrinsic exposures. Potential
biologic mechanisms have been recently reviewed in other contexts [23], and therefore, we highlight
specificinstances when evidence is particularly strong or novel. To provide a critical perspective on the

literature, we start with a framework for understanding the current state of knowledge and end with
needs for new epidemiological and translational research studies of the role of the environment in SLE.

Considering the role of environmental factors in SLE pathogenesis

There is no doubt that experimental and mechanistic studies in SLE animal models and clinical
studies help elucidate potential causal exposures and etiological pathways. Observational research also
has been critical for identifying and confirming the role of environmental exposures in the develop-
ment of SLE. Potential associations are often first revealed in descriptive observational studies and
confirmed across multiple populations (e.g., research on crystalline silica described below) before
being substantiated in experimental studies. Understanding the strength and limitations of
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Environmental influences on the development of
SLE across the life-course

Solvents, Occupational

Hormones, Infection,
pesticides silica, metals

Nutrition microbiome

Susceptibility factors:
Genetics, sex, developmental stage

SLE, clinical features

Fig. 1. Environmental Influences on SLE across the life course. 'Against a background of genetic susceptibility, sex (female), and
developmental stage, multiple environmental exposures and stochastic factors contribute together and over time to epigenetic
changes and immune dysregulation through a variety of mechanisms, resulting in functional changes, loss of tolerance and auto-
immunity, plus inflammation, leading to the development of SLE.

epidemiologic study design in SLE research is necessary to accurately interpret findings and identify
opportunities for future research.

Epidemiologic study design

Evaluating the weight of the evidence concerning environmental exposures and SLE risk, and iden-
tifying directions for future research, depend on a balanced understanding of the strengths and limi-
tations of epidemiologic research (see Table 1). Because SLE is a rare disease, the traditional retrospective
case-control design is the most efficient but has a greater potential for recall bias and misclassification
error. Population-based and occupational cohort studies are typically limited by the low incidence rates
and challenges in ascertaining SLE based upon self-report, which is sensitive but non-specific [24].
Methods to validate or confirm cases may introduce selection bias if specific medication use (e.g., disease
modifying anti-rheumatic drugs) or consent to medical record review is related to exposures or varies by
major demographic subgroups (e.g., by age, sex or other social factors). Cases defined according to
medication use may represent a clinical diagnosis but may not meet validated classification criteria for
SLE. In practice, challenges in case ascertainment also reflect challenges in disease diagnosis, including
potential for incomplete clinical features and overlap with other systemic autoimmune diseases.

While the topic of exposure assessment is beyond the scope of the current review, it is important to
emphasize the challenges in assessing environmental exposures [25]. The example of crystalline silica
illustrates several issues in exposure assessment, including a lack of biomarkers to measure past ex-
posures, which are typically identified by self-report in questionnaires, and low to moderate exposure
levels in the general population. Occupational cohorts often have higher levels and well-quantified
exposures, but SLE is a rare outcome and covariate data may be unavailable. Although an association
between silica exposure and SLE is highly probable, key questions remain concerning dose and timing
and biologic mechanisms involved in triggering or promoting SLE; answers may rely on experimental
studies in susceptible models.

Susceptible subgroups and preclinical SLE

The goals of research on environmental exposures and SLE risk include the identification of causal
risk factors that can be modified to reduce the burden of disease and having an improved
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Table 1

309

Epidemiologic Research on Environmental Factors in Systemic Lupus Erythematosus, publications in the past 10 years.

Publications, by design

Population/sample

Environmental exposure
assessment

Analyses and findings odds ratio
or other effect measures (95%
Confidence Interval)

Case control
Parks et al., 2008 [53]

Cooper et al., 2010 [55]

Kiyohara et al., 2009;
2012, 2014
[99—101]

Grimaldi-Bensouda
et al., 2014 [39]

US, North and South Carolina
N = 265 cases, rheumatology
clinics and primary care

4 + ACR criteria

90% female, 60% African
American

N = 355 controls, driver's
license registries, matched by
age, sex, state

Canada; 11 centers across
Canada, university, community
based clinics

N = 258 cases, from
rheumatology clinics, meeting
4 + ACR criteria

90% female, 82% Caucasian

N = 263 controls, random digit
dialing, matched by age, sex,
and area

Japan, Kyushu Sapporo

N = 152 female cases meeting
ACR criteria

N = 427 controls, recruited
from nursing college, care work
in nursing homes and health
clinic, female

(Ns shown for 2009 and 2014
publications; 2012 sample
slighdy larger N = 152 cases,
471 controls)

France and Canada

N = 150 cases, 89 definite
based > 4 ACR criteria (1 at
least anti-Sm or anti-DNA or
anti-ANA), and 16 probable SLE

In person interview
Questionnaire: lifetime job
history of all jobs 1 year or
longer, questions on jobs,
tasks, and materials; adult
and childhood farm history,
including livestock contact

Telephone interview
Occupational exposures,
job, and task-specific
questions: silica, gasoline,
solvents, stains and
varnishes, mercury,
pesticides, hair dyes,
permanents, relaxers, nail
polish and application

Self-administered
questionnaire

Lifestyle (cigarette, alcohol,
and beverages): cases -
before diagnosis, controls
-current

Telephone interview
Questions on smoking,
alcohol consumption,
recent pregnancies,
autoimmune disorders

Logistic regression adjusted for
matching factors, race,
education state, race, and silica
exposure

Livestock contact: OR 055 (0.35,
0.88)

Childhood farm

residence + lifetime (child and
adult) livestock: OR 0.19 (0.06,
0.63)

Textile job (nonsmokers): OR
0.34(0.19, 0.64)

Logistic regression adjusted for
matching factors
Jobsfexposures:

Artist (paints, dyes, film):

OR =39 (13,12.3)

Nail polish or application:

OR =102(1.3,815)
Pottery/ceramics hobby:

OR =39(13,12.3)

Increasing number of silica
exposure sources: OR 1.0, 1.3,
2.1 for none, 1,2 + p < 0.01
trend)

Unconditional logistic
regression adjusted for age,
region, smoking, alcohol, and
education

Ever smoking: OR 2.86 (1.78,
4.60); trend cumulative
exposure (p < 0.0001);
Interaction of TNFRSF1B
polymorphism/smoking
(attributable proportion): 0.49
(0.07, 0.92)

Interactions with CYP1A and
GSTM1 polymorphism P = 0.05.
Current smoking: OR 3.06 (1.86,
5.03)

Alcohol:

Light: OR 0.52 (0.31, 0.86)
Moderate: OR 0.38 (0.19, 0.76)
Non-beer: OR 0.29 (0.17, 0.50)
Beer: OR 0.44 (027, 0.72)
Other/genetic modification:
Black tea: OR 1.88 (1.03, 3.41)
Coffee: OR 1.57 (0.95, 2.61)
Alcohol: OR 0.33 (0.20, 0.55)
Interactions with NAT2
polymorphism: alcohol

(P = 0.026); black tea (P = 0.048)
Conditional logistic regression
adjusted for smoking, alcohol
consumption, pregnancy history
familiar, medication, for
vaccination with any vaccine

(continued on next page)
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Table 1 (continued )

Publications, by design

Population/sample

Environmental exposure
assessment

Analyses and findings odds ratio
or other effect measures (95%
Confidence Interval)

Lu-Fritts et al., 2014
[64]

Parks et al, 2016 [15]

Cohort studies
Parks et al,, 2011 [59]

Costenbader et al.,
2007, 2008, 2010:
Simard et al, 2009;
Hiraki et al., 2012;
Barbhaiya et al., 2017,
2017

[14,29,73,76,77,87]

(meeting 3 ACR criteria
including at least 1
immunologic criterion).

N = 712 controls, 582 matched
to definite cases, and 130 to
probable cases.

US, Ohio, Fernald Community
Cohort; nested case—control
study

N = 25 cases, identified as
definite and possible based on
ICD-9 codes and ACR criteria
84% female, 100% White

N = 99 controls, matched by
age, sex, and race

US, Puerto Rico, Sister Study
Volunteer sample, women with
a sister with breast cancer but
no breast cancer at enrollment
N = 124 prevalent cases, self-
reported SLE with DMARD use
69% white

N = 50,465 non-cases

84% white

US, Women's Health Initiative;
Volunteer observational cohort
N = 35 female self-reported SLE
cases taking DMARDS, first 3
years

80% White

N = 76,861 women without SLE
or RA at baseline or without
DMARD use

US, Nurses' Health Study

NHS (1976—2014) and NHS II:
(1989—-2013)

Increasing numbers of incident
cases of SLE over time, most
recent

96% White

Mean age 52.4 (SD8.3)

97% White

Mean age 41.1 (SD 6.

N = 286 incident cases

family history, and all
medications and vaccines
received within the 24
months before the
recruitment

Questonnaire

Lifetime cumulative
exposure algorithm
estimated based on
proximity to uranium ore
processing plant and other
determinants o in dose-
reconstruction model
(minimal, moderate, or
high), medical family
history, alcohol use,
smoking

pack-years, menopause age
Computer-assisted
telephone interviews
Sociodemographic factors,
childhood residental
history, lifestyle factors,
personal medical history,
farm history, pestidde use.

Self-administered exposure
questionnaire ( baseline and
year 1)

Residential and
occupational insecticide
use, personal contact
(mixed or applied),
application by others,
insecticide frequency use

Self-administered biennial
questionnaires including
reproductive history,
exerdse, medications, other
exposures and incident
diseases, reproductive
history, smoking

Dietary history (biennial
food frequency
questionnaire): vitamin D,
antioxidants, alcohol

other than influenza or DTPP.
Any vacdne: OR 0.9 (0.5, 1.5)
Influenza vaccine(s): OR 1.1 (0.5,
2.6)

DTPP vaccine(s): OR0.9 (0.4, 1.9)

Conditional logistic regression
adjusted for matching factors,
alcohol, and smoke

High versus minimal exposure:
All cases: OR 3.92 (1.1, 13.6)
Definitive cases: OR 3.6 (1.1,
12.6)

Logistic regression models
adjusted for age and racef
ethnicity

Pesticide exposure:
Residential use (monthly): OR
23(1.3,4.1)

On crops, personal exposures
(childhood-only farm): OR 4.2

(24, 7.7) versus no farm history
Prenatal/maternal and
childhood farm residence: OR
1.8 (1.1, 3.0) versus no farm
residence

Cox regression to estimate
hazard ratios (HRs) adjusted for
age, race/ethnicity, smoking,
education, occupation, region,
parity, menarche and
menopause age, asthma, thyroid
other autoimmune disease
Residential insecticides, trends
increasing use:

Personal application: p = 0.06
Others applied: p = 0.10
Prenatal smoking:

Mom only: OR 1.2 (0.6, 2.5)
Household: OR 1.3 (0.9,2.1)
Both: OR 09 (0.5, 1.5)
Cox-proportional hazards, meta-
analyzed

Covariates included age, race,
calendar year, body mass index,
alcohol intake, age at menarche,
oral contraceptives, menopausal
status/postmenopausal
hormone use, zip code level
median income.

Oral contraceptives: HR 1.5
(11,2.1)
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Table 1 {continued )

Publications, by design

Population/sample

Environmental exposure
assessment

Analyses and findings odds ratio
or other effect measures (95%
Confidence Interval)

Webber et al., 2016
[43]

Young et al, 2017 [78]

confirmed by medical records
review (in most recent
analyses)

N = 230, 672 participants at
baseline (in most recent
analyses)

us, Cohort, Fire Department of
the City of New York (FDNY)
World Trade Center (WTC)
Health Program

N = 97 systemic autoimmune
diseases (SAIDs), including 11
SLE cases (9 confirmed by
medical records and medication
use + 2 probable SAID cases
confirmed by self-report and
medication use)

N = 13,795 non-cases

Us, Lupus Family Registry, and
Repository (LFRR) or Systemic
Lupus Erythematosus in Gullah
Health (SLEIGH)

Sample of 436 individuals
reported having a relative with
SLE

N = 56 transitioned to SLE,
(medical records with met

4 + ACR criteria)

88% female, 77% European
American

N = 380 did not transition SLE
83% female, 73% European
American

consumption.
Adolescent diet
guestionnaire

Self-administered health
questionnaires

Baseline questionnaire:
WTC arrival initial ime (09/
11 = any time thereafter
until 7/25), WTC worked
months (<6 months, 7 or
more)

Self- administered
guestionnaire, serum
vitamin D by ELISA, and
vitamin D related
genotypes

Demographic factors,
environmental, clinical,
body mass index, vitamin D
supplementation

Post-menopausal hormones: HR
1.9(1.2 3.1)

Vitamin D intake {adult diet and
supplement intake): HR 1.4 (0.8,
2.3) for highest quintile, p

trend = 0.30;

Vitamin D (adolescent diet): HR
0.9 (0.5, 1.7) for highest quintile
of intake

Antioxidant (adult diet and
supplement intake): HR 0.8 (0.5,
1.3) for highest quintile of total
combined ferric-reducing ability
of plasma (FRAP) score, p

trend = 0.8

Alcohol intake: HR 0.61 (0.41,
0.89) = 5 g/day

Wine: HR 0.65 (0.41, 0.91) = 2
servings fweek

Prenatal smoking:

maternal smoking: HR 0.9 (0.6,
1.4)

childhood exposure to paternal
smoking: HR 1.0 (0.8, 1.3)
Current smoking

all SLE: HR 1.1 (0.8, 1.6)
dsDNA+ SLE: HR 19 (1.1, 3.0)

Past smoking

all SLE: HR 1.2 (0.9, 1.6);
dsDNA+ SLE: HR 1.3 (0.9-2.0)
Standardized incidence ratio
(SIR) compared to SLE risk in
those exposed to WTC to those
in Rochester Epidemiology
Project { REP) population-based
database

Higher WTC exposure: 13.2 (4.3,
30.7)

Lower WTC exposure: 5.4 (2.0,
11.7)

Generalized estimating
equations adjusted for age, sex,
and ancestry

Vitamin D deficiency (<20 ng/
ml): higher in those who
transitioned to SLE (46% vs. 33%,
p = 0.05)

Vitamin D deficiency associated
with 5LE in those with two
minor alleles at CYP24A1
rs4809959: OR 4.9 (1.3, 18.0)

(continued on next page)
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Table 1 (continued )

Publications, by design  Population/sample Environmental exposure Analyses and findings odds ratio
assessment or other effect measures (95%
Confidence Interval)

Other
Li et al., 2012 [34] Sweden, case-cohort Linkage Occupational codes Standardized incidence ratios
population census (1970, 1980), Codes listed, both 1970and  (SIR) adjusted for age, period,
hospital discharge registry 1980 censuses defined region, educational level,
(1964—-2008) long-term employment immigrant status, and
N = 8,921 men and 42,290 (1970 and 1980 to 2008) comorbidities
women identified by ICD8, 9, Potential silica, solvents/dyes,
and 10 for first hospital metals and fumes
admissions with primary or Men (1970—2008 ): miners and
secondary diagnosis of SLE quarry workers SIR 5.7 (4.89,
N = 7.2 million men and 7.0 6.7), shoe and leather workers
million women SIR 2.4 (1.6, 3.6), chimney
sweeps SIR 2.4 (1.2 4.2)
Men (1980—2008 ): miners and
quarry workers 5IR 6.0{4.3, 8.3},
shoe and leather workers SIR 6.9
(39, 11.5), plumbers SIR 2.2 (1.6,
2.9), glass, ceramics, tile SIR 4.4
(3.5, 5.5), chimney sweeps: SIR
45(2.2, 85)
Potential fumes (exhaust)
Women (1970-2008): engine
and motor operator workers SIR
1.71(1.2,23)
Nielsen et al., 2016 [93] Denmark, cohort Danish Civil Registration Log-linear Poisson regression to
N = 2443 all cases SLE (1CD-8 System and MNational calculate incidence rate ratios
and ICD-10) Hospital Register (IRR) for SLE among those with

N =961 SLE cases exposed any Informationon gender, age, vs. without infections, adjusted

infections (ICD-8 and ICD-10)  comorbidities and for age, sex, age by sex
hospitalization for interaction, calendar year,
infections Charlson comorbidity Index
Any infections: IRR 1.9 (1.78,
2.11)

Time after first hospitalization
2-12 months: IRR 5.1 (4.1, 6.1)
1-4 years: IRR 2.5 (2.1, 2.8)
5-9 years: IRR 2.0 (1.7, 2.3)

10 or more years: IRR 19 (1.7,
21)

Total number of infections
1:IRR16(1.4, 18)

2-4: IRR 3.0 (2.7, 3.4)

5: IRR6.7 (5.7, 8.0)

DMARDs — disease modifying anti-rheumatic drugs.

understanding of disease pathogenesis. An underlying conceptual model is necessary to address the
timing and mechanisms by which environmental factors interact with genetic factors and inherent
susceptibility, initiating and promoting the development of disease. Susceptibility to SLE may be
defined according to family history of SLE or related diseases, patterns of genetic variation, or pre-
clinical phenotypes. Studies of family members are essentially “at-risk cohorts,” enriched for genetic
(and early environmental) risk factors. SLE is a rare outcome in the general population, so individuals
screening positive for autoantibodies, e.g., antinuclear antibodies (ANA), may provide another source of
potential “risk-enriched” samples. However, while ANA can appear years prior to SLE onset [26], they
are relatively common in the general population [27]. Most studies have not examined more specific
and rare SLE-associated autoantibodies, and the natural history of ANA in the general population is not
well understood. Nevertheless, the relationship of exposures with markers such as ANA may indicate
an initial break in self-tolerance relevant to the development of autoimmune disease. The most
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efficient study design may be one that combines approaches to identify or describe susceptible sub-
groups, increasing statistical power to detect associations and interactions between risk factors.

Lastly, developmental risk factors for SLE should also be considered in the realms of exposure
assessment and disease susceptibility. Maternal, prenatal, and early life exposures can modify immune
development and may set the stage for the development of chronic autoimmune diseases such as SLE
laterin life. Eventually, informative epigenetic biomarkers may provide additional means to identify at-
risk individuals. While there is growing evidence of epigenetic differences in SLE patients, relatively
little is known about the timing of these changes relative to SLE onset or about how environmental
factors lead to epigenetic modifications that may be involved in SLE pathogenesis. For example,
increased birth weight has been inconsistently associated with SLE risk [15,28,29] and may reflect a
role of in utero nutritional intake on SLE risk mediated by epigenetic changes in immune regulation and
responses to exposures in later life.

Occupational exposures and environmental pollutants
Silica and silicates

Exposure to respirable silica dust (i.e., the crystalline form of quartz) is an established risk factor for SLE
and other systemic autoimmune diseases (e.g., scleroderma and rheumatoid arthritis) [30]. The associa-
tion of silica exposure and increased SLE risk has been observed in occupational, residential, rural, and
urban settings [10,31,32], and studies show dose-response associations with increasing intensity or
duration [9,33]. Large population-based studies have confirmed these findings in recent years [34,35],and
occupational cohorts continue to identify potential silica-related SLE cases [ 36]. Critical questions remain,
however, including the required dose, timing, susce ptibility factors, and the potential role of other silicates.

Experimental studies suggest that crystalline silica acts as an immune adjuvant that induces
apoptosis and release of intracellular antigens; increases pro-inflammatory cytokines, oxidative stress,
and T cell responses; and decreases the number of regulatory T cells [37]. Silica exposure exacerbates
lupus in murine models and increases the levels of serum autoantibodies, immune complexes,
glomerulonephritis, and proteinuria [38]. Notably, repeated short-term respiratory exposures appear
to be able to induce SLE-like disease, including systemic autoimmunity and glomerulonephritis [39].
This latter finding may have important implications for disease prevention if short, but intense, ex-
posures are etiologically relevant

Asbestos, along-chain silicate, has been shown to be associated with ANA development, proteinuria,
and increased rheumatoid arthritis risk [40]. Researchers are studying other silicates, including
asbestos, in relation to SLE risk [41], e.g., identifying associations of asbestos with ANA in an exposed
community. Given the longevity of silica and silicates as natural elements in the environment, with
potential for diverse human exposures, further investigation of their effects on SLE is warranted.

Other common non-occupational exposures to silicates may be of interest to future research, as well
as exposures to engineered nanoparticles, which are increasingly used in processed foods, medications,
and personal care products. Growing evidence suggests that depending on the context, nanoparticles
can have immunostimulatory effects, e.g., through the activation of the complement system and po-
tential adjuvant effects [42].

Other respiratory exposures

Acute, high-level exposure to dusis generated in the World Trade Center Disaster has been linked to a
variety of respiratory symptoms and diseases in rescue and clean-up workers [43]. Although there
were few SLE cases, rates of composite systemic autoimmune diseases were elevated in workers
exposed to the highest levels. Acute dust exposure from the disaster has been related to changes in
markers of pulmonary inflammation, oxidative stress, and epigenetic changes in experimental models
[44], and different types of dust, which likely include silica, silicates, and carbon nanotubes, have been
associated with markers of increased systemic inflammation in a volunteer community cohort of
symptomatic individuals, years after exposure [45,46].

140



314 CG. Parks et al. / Best Practice & Research Clinical Rheumatology 31 (2017) 306—320

Particulate air pollution has also been hypothesized to be associated with development of systemic
autoimmune rheumatic diseases (SARD), including systemic lupus, Sjégren’s syndrome, scleroderma,
polymyositis, dermatomyositis, and undifferentiated connective tissue disease, in an urban Canadian
cohort [47]. The odds of SARD were elevated among those with higher exposures to air pollution par-
ticulate matter in two other Canadian provinces as well [48]. Levels of particulate matter in air pollution
are typically much lower than seen in exposures due to occupational silica dust or those experienced in
the World Trade Center Disaster, and therefore, other mechanism may be operating. The extent to which
such changes increase susceptibility to other exposures needs to be further examined in studies of SLE.

Mechanistic evidence exists, implicating cigarette smoking in SLE pathogenesis. Exposure to toxic
components from cigarette smoke (e.g. tars, nicotine, carbon monoxide, polycyclic aromatic hydro-
carbons, and free radicals) can induce oxidative stress and directly damage endogenous proteins and
DNA, leading to genetic mutations and gene activation, which could be involved in the development of
SLE [49]. Cigarette smoking stimulates the expression of CD95 on B and CD4 on T cell surfaces,
potentially inducing autoimmunity [50], and augments the production of pro-inflammatory cytokines
[51]. A meta-analysis of studies on smoking and SLE risk revealed that current smokers had a modestly
elevated SLE risk (OR 1.5; 95% CI 1.09, 2.08) compared to non-smokers [ 12]. Past smokers did not have
an elevated risk compared to non-smokers in that meta-analysis. In recent analyses within the Nurses’
Health Study prospective cohorts, current, but not past, smoking was strongly related to the risk of
anti-double stranded DNA-positive subtype of SLE (1.86; 95% CI 1.14, 3.04]) [52]. No associations were
observed between past smoking, or pack-years and overall SLE, or anti-double-stranded DNA-negative
SLE. The strong and specific association of current smoking with anti-double-stranded DNA seropos-
itive SLE suggests that smoking is involved in the pathogenesis of this specific subtype of SLE.

Evidence for other respiratory exposures, such as organic dust and endotoxins, is less well developed.
Endotoxins can act as immune adjuvants, but findings with respect to SLE are inconsistent [41,53].

Other Xenobiotic exposures

Environmental contaminants exist in residential settings and common household products and
solvents (e.g., dry cleaning solvents, nail polish removers, paints, perfumes) and at hazardous waste
sites. These products may affect oxidative stress and/or sex hormone homeostasis [54]. Although
increased SLE risk has been associated with jobs and tasks involving solvent exposure in studies utilizing
different study designs [35,55], other studies assessing solvent exposure based on job history and high-
exposure work tasks have found no overall or dose-response associations with SLE [32,56]. However,
trichloroethylene is yet to be conclusively linked to the development of SLE [57,58].

Two studies have reported that pesticide exposure, both agricultural and residential, is associated
with increased SLE risk [56,59]. A recent study confirmed these findings in a national cohort of women
but focused on childhood exposures. More frequent residential pesticide use (e.g., at least monthly, OR
2.3,95%CI 1.3, 4.1) and having an early and extended childhood farm residence (OR 1.8; 95%CI 1.1, 3.0)
were strongly associated with SLE [15]. These findings highlight the importance of exposure assess-
ment across the life course, considering both developmental adult exposures. A key limitation of these
studies is that they relied on self-reported exposures, and pesticides represent a diverse set of chemical
exposures with important differences in historical use. For example, organochlorine insecticides were
widely used (and are still currently used in some areas and widely persist in the environment);
however, direct exposures may differ dramatically from current uses of herbicides, and many people
are exposed to many different kinds of pesticides. Furthermore, the strongest associations were seen in
those with a history of farm-related exposures. Agricultural exposure to pesticides may be higher than
that in the general population and often include childhood exposures for those raised on a farm;
however, farmers may have other chemical or physical exposures to factors that influence immunity,
such as silica, solvents, infections, endotoxins, and UV light. Thus, research is needed to identify SLE
associations with specific pesticides and other chemical or other physical exposures.

Dioxins, furans, pelychlorinated biphenyls (PCBs), and other polycyclic aromatic hydrocarbons are
widespread organic pollutants that are persistent in the environment and bioaccumulate in the food
chain. These organohalogens mediate their biologic and toxic effects through varying mechanisms,
including the well-known immunosuppressive effects of 2,3,78-tetrachlorodibenzo-p-dioxin and
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other dioxin-like congeners [60], instigated by binding to the arylhydrocarbon receptor. Increased SLE
mortality was observed in long-term follow-up of a Taiwanese population exposed to high levels of
PCBs and furans through consumption of contaminated rice, with SLE deaths starting 10 years after the
exposure [61]. Findings suggesting roles of hair dyes and other cosmetics, including lipstick, in the
development of SLE remain unconfirmed [30,62].

Data from experimental studies suggest that heavy metals may increase systemic autoimmunity
[25] and that effects may be direct or indirect; for example, co-exposure to certain heavy metals may
increase the risk associated with other exposures [63]. A recent case-control study suggested an as-
sociation between SLE and residential proximity to a uranium processing plant [64]. Two case-control
studies have shown elevated risk of SLE associated with self-reported exposure to mercury [55,56].
Mercury-exposed gold miners were demonstrated to have a higher prevalence of detectable ANA than
diamond and emerald miners with no occupational mercury exposures [65]. However, a recent
population-based study showed no evidence of consistent or strong associations between mercury or
other heavy metals and ANA in the general population [66].

Other exposures

Although ultraviolet light (UV) rmadiation exposure may exacerbate pre-existing SLE, it is not known
whether UV exposure plays a role in the pathogenesis of SLE [67]. Experimental studies suggest that UV-
B radiation results in the induction of reactive oxygen species, leading to DNA damage [68], results in the
production of novel forms of autoantigens and autoreactive T cells [69,70], and may have immuno-
modulatory effects on T cells and cytokines [71], all potentially involved in SLE pathogenesis. A few case-
control studies have examined UV exposure and SLE risk [55,72], but these have been limited by po-
tential inaccuracy of exposure assessment and influenced by recall and reverse causation bias (e.g.,
photosensitivity due to SLE may be present prior to diagnosis). We have reviewed this topic in detail
elsewhere [73]. Large, well-controlled studies are needed to prospectively assess the relationship of UV-
B radiation with incident SLE.

Further complicating our understanding of the relationship between UV radiation and SLE patho-
genesis is the controversial role of vitamin D. While exposure to solar UV radiation may trigger SLE
disease flares, UV light exposure is also the main source of vitamin D [74]. Vitamin D may be immuno-
suppressive once metabolized to 1¢,25(0H);D3 [75], and it has been suggested that UV-B radiation could
reduce SLE risk through the stimulation of cutaneous vitamin D synthesis [ 76]. Many cross-sectional and
case-control studies have reported low 25(0H) vitamin D concentrations in SLE patients compared to
controls; however, low vitamin D may be the consequence of chronic disease. No protective effects of
vitamin D intake from foods or supplements in adult or adolescent years were found among women in
the Nurses' Health Studies [76,77]. Recent research, in a susceptible subgroup (family members of a
patient with 5LE), suggested that those with vitamin D deficiency were more likely to transition to SLE,
especially in those with a particular genotype in the vitamin D metabolism pathway [78].

In addition to vitamin D, a few other dietary exposures have been examined in relation to risk of SLE.
Early research suggesting an association of SLE with alfalfa sprouts [79] has not been replicated [80].
Antioxidant intake in diet and supplements was not related to risk of SLE among women in the Nurses’
Health Studies [ 77]. Other dietary exposures or patterns have not been well examined in human studies,
e.g., the Western-type diet, which in mice was associated with anti-HMGB1 autoimmunity (antibodies
related to disease activity in SLE patients) [81]. Through epigenetic pathways, dietary factors may in-
fluence the risk of SLE; for example, experimental evidence suggests that SLE-prone mice fed diets rich in
methyl group micronutrients were less likely to develop nephritis than those lacking these nutrients [82].

Alcohol contains compounds (e.g., ethanol and antioxidants) that potentially counteract systemic
inflammation, thus decreasing cellular responses to immunogens and suppressing synthesis of pro-
inflammatory cytokines, such as tumor necrosis factor (TNF), interleukin (IL)-6, and IL-8, both in vivo
and in vitro in alveolar macrophages and human blood monocytes [83]. Antioxidants in wine and beer
affect cytokines such as interferon-gamma in vitro and may inhibit key enzymes involved in DNA
synthesis [84,85]. Moderate alcohol intake may also reduce serum levels of 1gG [86]. A meta-analysis of
six case-control studies and one cohort study demonstrated an inverse association of moderate alcohol
intake with SLE risk (OR 0.72, 95%CI 0.55—0.95) [ 11]. Long-term moderate alcohol consumption (=5 g
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or 0.5 drink/day) was associated with lower risk of incident SLE (HR 0.61, 95%CI 0.41—0.89) in the
Nurses' Health Study cohorts [87], specifically in women who drank =2 servings of wine/week (HR
0.65; 95%CI 0.45—0.96) compared to women who did not drink wine.

Vaccinations have been proposed as potential triggers for the onset of SLE, given their role in
simulating an antigen-specific immune response., However, these associations have not been
confirmed in epidemiologic studies [88], including a recent international case-control study involving
105 SLE patients, which demonstrated no association between vaccinations administered within 24
months of SLE [89].

Infections have been suggested as causal factors for SLE. Research, however, is difficult for avariety of
reasons, and the timing of exposures may be critical. Early life infections may be related to the
development of immune response tendencies that might increase susceptibility to lupus later in life.
Studies of recent infections (or latent viral infections) are further complicated by lack of knowledge
about whether the infection is a sign of early disease activity. For example, EBV seropositivity is higher
in adults and children with SLE than age-matched controls [90], but no conclusive data have estab-
lished that EBV infection influences the future risk of SLE. In a large population-based Danish cohort,
EBV-serologic negative individuals had an increased risk for SLE, which peaked at 1—4 years after
testing (standardized incidence rate, 6.6; 95% ClI 3.3,13.2), but this finding may be due to surveillance
bias as EBV testing is likely to be performed during the work-up for early SLE symptoms [91]. In
contrast, no associations were found with EBV serologic positivity, infectious mononucleosis, or severe
infectious mononucleosis requiring hospitalization [88,91]. A recent meta-analysis of 25 case-control
studies demonstrated a statistically significant higher seroprevalence of anti-viral capsid antigen 1gG
(OR 2.08, 95% CI 115 to 3.76, p = 0.007) and antibodies to EBV early antigen diffusion, a marker of viral
replication, in patients with existing SLE patients compared to normal individuals (OR 4.5; 95% CI 3.00
to 11.06, p < 0.00001), although the funnel plot examination suggested publication bias [92].

Immune stimulation due to infections (or susceptibility to infections due to underlying immune
dysregulation) is a plausible risk factor for SLE. Latency in the association of infections with SLE may be
used to explore potential bias; in theory, more distant infections might indicate an underlying sus-

ceptibility rather than detection bias or reverse causality. However, even then, interpretation may be
fraught with difficulties. Recent evidence from a large registry linkage study of the Danish population
(1945—2000) suggests an association between history of hospitalization for infection and diagnosis
with SLE and other autoimmune diseases [93]. This study reports a two-fold increase in hospitalized
infections in the 5—10 years prior to SLE diagnosis. The idea that infections are a marker for immune
susceptibility to SLE is supported by findings that the association of SLE with EBV-associated antibodies
was stronger in patients with a particular CTLA-4 genotype [17]. In general, investigating infections in
relation to SLE risk is complicated as there may be protopathic bias (misdiagnosis of infection among
those developing early symptoms of SLE), and infection rates may also be influenced by factors
influencing contact with infectious agents.

Sex steroid hormones, including 17-p-estradiol, testosterone, prolactin, progesterone, and dehy-
droepiandrosterone, have multiple influences on the immune system function [94,95]. Epidemiologic
research suggests that exogenous hormone use (including both oral contraceptives [OCPs] and hormone
replacement therapy [HRT]) are associated with an increased risk of SLE [14,96]. In a large, prospective
study using the Nurses’ Health Study cohorts, oral contraceptives and postmenopausal HRT were both
associated with increased risk of incident SLE (RR 1.5, 95% CI 1.1-2.1 and RR 1.9, 95% CI 1.2-31,
respectively) [ 14]. Furthermore, a strong dose-response relationship was observed between the OCP
dose of ethinyl estradiol and new-onset SLE in a large study using data from the UK. General Practice
Database [97]. Aseparate study demonstrated an inverse ( protective) relationship of the progesterone-
only pill with SLE [98]. These findings support the research focused on the role of environmental es-
trogens in SLE, including a variety of chemicals listed above, with potential estrogenic effects, such as
some pesticides, dioxins, and PCBs.

Summary

Studies identified that modifiable environmental risk factors for SLE could lead to strategies to
prevent disease, especially among individuals at high risk. Substantial epidemiologic research supports
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the associations of silica, current cigarette smoking, oral contraceptives, and postmenopausal hormone
therapy with increased risk of incident SLE. Moderate alcohol consumption has been demonstrated to
reduce incident SLE risk. Other environmental factors, including air pollution, ultraviolet light, sol-
vents, pesticides, and heavy metals, may increase SLE risk, but further studies are needed to confirm
these findings. Studies identifying the role of modifiable environmental risk factors in the development
of SLE will advance our understanding of disease pathogenesis and could lead to strategies to prevent
disease. Research will be advanced through studies in susceptible subgroups and should consider
exposures across the life course.

Research agenda

+ Specific evidence for potential causal associations with SLE onset is strongest for silica dust
exposure, current cigarette smoking, and exogenous estrogens (in oral contraceptives and
postmenopausal hormones) and protective effects of low to moderate alcohol consumption.

+ Additional factors potentially increasing the risk of SLE, but requiring confirmation, include
other respiratory exposures, such as other silicates and air pollution, and pesticides, envi-
ronmental estrogens, and solvents.

+ Various environmental exposures may act in different ways: some decreasing the threshold
for the development of autoimmune disease in general (e.g., crystalline silica is associated
with several autoimmune connective tissue diseases) and others precipitating the onset of
clinical manifestations in individuals with brewing subclinical disease (e.g., ultraviolet light).

« In addition to the challenges of exposure assessment, the study of environmental factors is
complicated by the potential for exposures to act throughout the life course, with some time
windows in life representing more vulnerable windows for the development of SLE than
others.

e Studies identifying the role of modifiable environmental risk factors in the development of
SLE will advance our understanding of disease pathogenesis and could lead to strategies to
prevent disease.

+ Research will be advanced through studies in susceptible subgroups and should consider
exposures across the life course.
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Artigo 4 — Algumas considerag8es

- O que é novo?

Neste artigo, nds conduzimos uma revisdo de literatura sobre fatores ambientais associados ao lUpus eritematoso

sistémico.

- O que isso acrescenta ao que era conhecido?

Este artigo sumariza as evidéncias cientificas sobre fatores ambientais no LES. Na literatura, é largamente aceito
que a suscetibilidade genética, sexo e exposicdes a fatores ambientais em diferentes estagios do desenvolvimento
humano contribuem juntos para alteragdes epigenéticas, estresse oxidativo, inflamacéo, perda de tolerancia, e
autoimunidade no desenvolvimento do LES. Alguns fatores de risco ambientais como a silica, tabagismo e uso
de hormbdnios estdo fortemente associados ao LES. A exposicdo a solventes, metais e agrotoxicos tém sido
associada ao LES, embora as evidéncias sejam escassas. Poucos estudos tém avaliado o papel de infeccGes e
vacina no LES, mas alguns autores sugerem esses fatores como provavelmente associados. Além disso, esse
artigo discorre sobre a utilizagdo de anticorpos antinucleares na investigacao de populagdes “em risco”, por ser

um marcador de alteracdo pré-clinica.

- Qual a implicacdo da discusséo proposta no desenvolvimento da Tese?

Os achados deste artigo reforcam a importancia da avaliacdo do perfil de anticorpos nucleares em populagdes
expostas a fatores de risco ambientais como agrotdxicos, uma vez que esses autoanticorpos sdo encontrados anos
antes do desenvolvimento do LES. Os mecanismos implicados nessa relacdo possivelmente passam pelo estresse
oxidativo e inflamacéo, que em longo prazo podem estar associado a perda da tolerancia e autoimunidade. Uma
vez que essa Tese discorre sobre a possivel relagdo entre agrotoxicos e autoimunidade, a avaliagdo de alteragGes
nos niveis de autoanticorpos com caracteristicas de positividade pré-clinica em trabalhadores agricolas constitui-

se em uma estratégia que amplia a discussdo sobre 0s potenciais efeitos toxicos dos agrotoxicos.

- Qual o proximo passo?

Com base nas informagdes supracitadas, nés conduziremos um estudo seccional para avaliar a associacéo entre
exposicdo a agrotoxicos especificos e autoanticorpos que auxiliam na investigacdo diagndstica da LES e AR,
incluindo ajustes para tabagismo, bebidas alcoolicas e sexo, e uma discussdo de limitagdes importantes ndo

sanadas a luz do conhecimento exposto neste presente artigo.
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ABSTRACT

Background: Despite evidence from human and animal studies of pesticide immunotoxicity,
little is known about the role of these substances on human autoimmunity, including
autoantibodies associated with rheumatoid arthritis (RA) and systemic lupus erythematosus
(SLE). Methods: In this cross-sectional study of healthy agricultural and nonagricultural
workers (N=120) from Rio de Janeiro State, Brazil, serum samples were tested for anti-cyclic
citrullinated peptide (anti-CCP) and antinuclear antibodies (ANA). Pesticide use, socio-
demographic, and lifestyle information was obtained through questionnaires. Odds ratios
(OR) and 95% confidence intervals (Cl) adjusted for sex, age, smoking, and drinking were
calculated by multiple logistic regression analysis. Results: Agricultural workers who
reported using pesticides for 6 hours or more per month were more likely show higher anti-
CCP titer (OR: 3.23, 95%CI 0.77-13.5). Additionally, the use of organophosphate or
carbamate insecticides was associated with higher levels of anti-CCP antibodies (OR: 6.69;
95%CI: 1.45-30.75). Anti-CCP antibodies were also associated with use of mancozeb (OR:
6.20, 95%CI 0.76-50.67), and methomyl (OR: 5.74, 95%CI 0.95-34.79), though these results
were not statistically significant. While higher cumulative use of pesticides was inversely
associated with ANA levels (OR: 0.49, 95%CI 0.09-2.64), the use of specific pesticides was
positively associated with it (e.g., Azoxystrobin, OR: 4.47, 95%CI 0.92-21.6 and Fluazifop,
OR: 2.58, 95%Cl 0.78-8.53), though no findings for ANA were statistically significant.
Conclusion: Findings suggest associations between agricultural use of pesticides and anti-
CCP levels, supporting the need for larger studies of autoimmunity, immunity and pesticides,

including more detailed exposure histories.

Keywords: Pesticides; autoimmune diseases; anti-ccp, ANA
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BACKGROUND

Rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) are systemic
autoimmune diseases characterized by the production of autoantibodies, immunocomplex
deposition, and inflammation (Smolen and Steiner 2001; Smolen et al. 2012; Choi et al.
2012). Found in serum and synovial fluid, autoantibodies to cyclic citrullinated peptides (anti-
CCP) are seen in the majority of RA cases and used in the diagnosis of the disease (Aggarwal
et al. 2009). In SLE, almost all patients produce antibodies to nuclear components, known as
antinuclear antibodies (ANA) (Soto et al. 2015).

Growing evidence suggests exposure to pesticides may be related to RA and SLE
(Mostafalou and Abdollahi, 2013). Mixing pesticides for farm work was related to increased
risk for SLE (Cooper et al. 2004). A history of insecticide use was associated with risk of SLE
and RA in post-menopausal women, especially those with a farm history (Parks et al. 2011).
In the NIEHS Sister Study Cohort, farm residence and frequent pesticide use were associated
with elevated risk for SLE (Parks et al. 2016). Occupational exposure to insecticides and
fungicides were positively associated with RA (Koureas et al. 2017).

The immunotoxicity of pesticides have been well established in the literature and
include immunosuppression or inappropriate immunostimulation resulting in alterations of
immunoglobulin, cytokines, chemokines and T and B cells levels in humans and animals
(Corsini et al 2008; Mecdad et al. 2011; Daniel et al. 2002; Seth at al. 2005; Singh and Jiang
2002; Filipov et al. 2005; Alluwaimi and Hussein 2007; Fukuyama et al. 2013). However,
relatively little is known about the relationship between pesticides, autoimmunity and
autoantibodies production (Schmidt, 2011).

Anti-CCP and ANA have been shown to be a preclinical biomarker for rheumatoid

arthritis and systemic lupus erythematosus (Arbuckle et al. 2003; Chibnik et al. 2009; Heinlen
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et al. 2007; Hu and Deng, 2014). The use of autoantibodies as biomarkers to evaluate the
relationship between the long-term effects of pesticides exposure and autoimmune diseases
become an important strategy because inflammation markers, cellular parameters, and
immunoglobulins are unspecific markers (Corsini et al. 2013). Hence, the objective this cross-
sectional study was to evaluate the relationship of pesticide exposure with anti-CCP and ANA
levels among agricultural workers in one of the most important agricultural areas in the State

of Rio de Janeiro.

METHODS

Study design and study area

In this cross-sectional study, a volunteer sample of healthy adults was selected in five
rural districts from Teresopolis City, one of the largest producers of greens and vegetables in
the state of Rio de Janeiro. Healthcare units of each district received a visit from study
researchers, when their professionals received detailed information about the study. Each
health unit could invite up to 25 individuals to participate in the study.

Individuals were eligible to participate in the study if they resided for at least 1 year in
one the 5 studied districts. Agricultural workers should have worked in agriculture for at least
one year. Exclusion criteria were current smoking, diagnosis of diabetes, hypertension,
cancer, neurodegenerative diseases, autoimmune and endocrine illnesses, and use of
antioxidant or vitamins. The final sample included 52 agricultural workers and 68 non-

agricultural workers, aged 17-69 years.

Data collection and biological assays
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Blood sample collection and interviews were conducted between July and August 2016.
Data collected by questionnaire included sociodemographic characteristics such as gender,
age and education, general farming information, pesticide use (recent pesticide contact: yes or
no; direct or indirect contact; frequency of pesticides application; personal protective
equipment (PPE) use, and lifestyle (never smoked vs. ever smoked; alcohol drinking: yes vs.
no) (Moreira et al., 2002, Aradjo et al., 2007).

Venous blood samples were collected in sterile 5 ml polypropylene tubes. The assays
using serum samples (anti-CCP and ANA antibodies) required tubes without any
anticoagulant. Samples were kept in box with ice transported and stored between 2°-8°C until
centrifugation at 3,000 rpm for 10 minutes. Then, they were split into aliquots and stored at -

80°C.

Anti -CCP and ANA antibodies Measurement

All samples were measured for anti-cyclic citrullinated peptide (anti-CCP) and
antinuclear antibodies (ANA) in U/ml using ELISA ORGENTEC Diagnostika GmbH,

Germany (ORGENT 601 Anti-CCP high sensitive and ORGENT 600 ANA Detect).

Statistics Analyses

We calculated frequency for categorical variables and chi-square test to evaluated
relationship between these variables. For continuous variables, the median and the Mann
Whitney non-parametric test were calculated. Anti-CCP and ANA data showed skewed

distributions and therefore were expressed as median and interquartile range Q1/Q3. We
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conducted multiple logistic regression analysis to estimate odds ratios (OR) and 95%
confidence intervals (CI). The 75" percentile of anti-CCP and ANA levels were established as
cut points because recommended kit cut off or 90" percentile showed low frequency of
positivity. Potential confounders included in the analysis were based on the literature for anti-
CCP, ANA, rheumatoid arthritis and systemic lupus erythematosus, and included sex, age
(continuous), smoking history (never, ever) and current use of alcohol.

We examined the association between to specific pesticides exposure or factors related
to pesticide exposures and anti-CCP and ANA levels in the top of 75" percentile (quartile)
versus below (all other quartiles combined). The same analyses were conducted to compare
agricultural workers applying pesticides versus agricultural workers non-applicators
(supplementary data). In sensitivity analyses, using the full range of continuous antibody
measures, we examined associations using multiple linear regression (supplementary data). In
brief, we conducted log transformation of anti-CCP and ANA variables to make data more
closely to the normal distribution. After this transformation, residuals were evaluated and
outliers eliminated (eight values for anti-CCP, and three for ANA). All analyses were

conducted using SPSS (IBM, SPSS Statistics Version 21).

Ethical Consideration

The present study was approved by the Institute of Public Health’s Ethics Committee,

Federal University of Rio de Janeiro (approval number 1.537.073). Each participant was

informed about all relevant aspects of the study and voluntarily signed a consent form.
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RESULTS

The median age of the group of agricultural workers was higher than that of
nonagricultural workers (median= 43 vs. 38.5; p<0.001) (Table 1). Stratification by sex
showed a significant difference between agricultural and non-agricultural workers, with
higher frequency of males among agricultural workers (53.8% vs. 26.5%; p=0.002). Non-
agricultural workers reported higher educational levels (p=0.002), but they were similar
regarding smoking history and alcohol consumption. Agricultural workers lived closer or
within crop fields (80.8% vs. 36.8%; p<0.001). All non-agricultural workers reported no
pesticides contact while all, but 3 agricultural workers reported the use of these substances.
Anti-CCP and ANA levels were not significantly different overall, comparing agricultural and

non-agricultural workers.

Table 1: Main characteristics of the study population

ow Al Nonagieual .
Number of participants 120 52 68
Age* 41 (33.3,49.0) 43 (40.0, 53.0) 38.5 (30.0, 46.0) <0.001
Sex*
Male 46 (38,3) 28 (53,8) 18 (26.5)
Female 74 (61,7) 24 (46,2) 50 (73.5) 0.002
Education**
High school or less 109 (90,8) 52 (100) 57 (83,8)
More than high school 11 (9,2) 0 (0) 11 (16,2) 0.002
History of smoking**
Never 109 (90,8) 46 (88.5) 63 (92.6)
Ever 11 (9,2) 6 (11.5) 5(7.4) 0.431
Current alcohol use™*
No 72 (60) 32 (61.5) 40 (58.8) 0.940
yes 48 (40) 20 (38.5) 28 (41.2)
Houses nearby or within crop
fields**
No  53(44,2) 10 (23.4) 43 (63.2) 0,001
yes 67 (55,8) 42 (80.8) 25 (37.3)

Occupational contact**
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Never 71 (59,2) 3(5,8) 68 (100)
Ever 49 (40,8) 49 (94,2) 0 (0) <0.001
Anti -ccp™
Q4vsQl  (10.2/2.6) (10.4/2.7) (10.1/2.4)
Q2-4vs Q1 (5.8/2.6) (5.7/2.7) (5.8/2.4)
ANADT
Q4 vs Q1 (1.0/0.4) (1.0/0.4) (1.0/0.4)
Q2-4vs Q1 (0.7/0.4) (0.7/0.4) (0.8/0.4)

* Median (Q1, Q3); Mann Whitney non-parametric test

** N (%); Chi-square test

+ Quartile distribution by median

a- LOD (limit of detection) = 0-1000 U/ml

b- LOD (limit of detection) = Not applicable. Qualitative analysis based on the comparison of the optical density
(OD) of a sample with the control optical density.

The relationship of variables relating to pesticide use with anti-CCP and ANA antibodies
levels are shown in Table 2. Pesticides mix or apply and not use protection when mix
pesticides were not significantly associated with elevated anti-CCP and ANA levels. Having
house nearby or within crops fields was related to increased risk of anti-CCP levels in the
upper 75" percentile, however this association were not statistically significant. Similarly,
were seen positive but no statistically significant association between apply pesticide for 1
hour or less by day and ANA levels and high cumulative use per month and anti-CCP levels.
The same pattern of response between antibodies and variables associated with time use of
pesticide or living closer or within crops fields was observed among agricultural workers
applying pesticides versus agricultural workers non-applicators (supplementary data - Table

3S).

Table 2: Association between pesticide exposures and elevated anti-CCP and ANA

antibodies

Anti-CCP ANA
Total <Q3 Q4 <Q3 Q4

(n=120)  (n=92) (0=28)  OR*(95%Cl)  (1=90) (n=30)  OR* (95%CI)

N= (%) N= (%) N= (%) N=(%) N=(%)

Pesticides mix/apply
No 83(69.2) 62(67.4) 21 (75) Reference 64 (71.1) 19 (63.3) Reference
Yes 37(30.8) 30(32.6) 7 (25) 1.32(0.43-4.13) 26(28.9) 11(36.7) 1.34(0.49-3.62)
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Use protection when mix
pesticides
Dontmix 83(69.2) 62(67.4) 21(75.0) Reference 64 (71.1) 19 (63.3) Reference
No 30(25.00 24(26.1) 6(21.4) 1.64(0.46-5.76) 21(23.3) 9(30.0) 1.30(0.44-3.85)
Yes 7(5.8) 6 (6.5) 1(3.6) 0.67 (0.07-6.43) 5(5.6) 2(6.7) 1.45 (0.25-8.42)
Houses nearby or within crop
fields
No 53(44.2) 45 (48.9) 8 (28.6) Reference 40 (44.4) 13 (43.3) Reference
Yes 67(55.8) 47(51.1) 20(71.4) 2.22(0.86-5.70) 50 (55.6) 17 (56.7) 1.02(0.44-2.39)
Frequency used pesticide:
No 83(69.2) 62(67.4) 21 (75) Reference 64 (71.1) 19 (63.3) Reference
Up to 2 times per month 7 (5.8) 7 (7.6) 0(0) 0 (0-0) 4 (4.4) 3(10) 2.38(0.45-12.59)
>3 times per month 30 (25) 23 (25) 7 (25) 1.79 (0.55-5.84) 22 (24.4) 8(26.7) 1.15(0.39-3.36)
Duration per application
Did notapply 83(69.2) 62 (67.4) 21 (75) Reference 64 (71.1) 19 (63.3) Reference
<1hour/day 20 (16.7) 18 (19.6) 2(7.1) 0.63(0.12-3.25) 11 (12.2) 9(30) 2.74 (0.89-8.43)
1+ hours/day 17 (14.2) 12 (13) 5(17.9) 2.66(0.65-10.98) 15(16.7) 2(6.7) 0.35 (0.06-1.93)
Cumulative use per month
No 83(69.2) 62(67.4) 21 (75) Reference 64 (71.1) 19 (63.3) Reference
<6 hours/month 23 (19.2) 21 (22.8) 2(7.1) 0.55(0.11-2.85) 14 (15.6) 9(30) 2.11 (0.70-6.39)
6 + hours/month 14 (11.7) 9(9.8) 5(17.9) 3.23(0.77-13.5) 12(13.3) 2(6.7) 0.49 (0.09-2.64)

* Adjusted for sex, age, smoke and drink

ORs adjusted for sex, age, smoke, and drink were calculated to evaluate the association
between specific pesticides, some pesticides classes’ exposure and anti-CCP and ANA levels
(Table 3). We did not observe the positive and significant association between pesticides
classes and anti-CCP levels in the upper 75" percentile. The same increased pattern occurred
with specific pesticide: fungicide dypheconazole (OR: 2.46 95%CI 0.60-10.0); herbicide
paraquat (OR: 2.09 95%CI 0.60-7.26); fungicide mancozeb (OR: 6.20 95%CI 0.76-50.67) and
insecticide methomyl (OR: 5.74 95%CI 0.95-34.79). For organophosphate-carbamate
combined use, risk for anti-CCP levels in the upper 75th percentile was significantly
increased (OR: 6.69, 95%CI 1.45-30.75). About ANA levels, we did not find a positive and
significant relationship with pesticides classes. We have observed no significant increased
risk of ANA levels in the upper 75" percentile to fungicide azoxystrobin (OR: 4.47, 95%ClI
0.92-21.6-30.75), herbicide fluazifop (OR: 2.58, 95%CI 0.78-8.53) and the insecticide
deltamethrin (OR: 2.18, 95%CI 0.69-6.85). Agricultural workers applying pesticides

presented a high risk of anti-CCP levels in the upper 75th percentile to mancozeb (OR: 14.67,
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95%CI 1.31-164.57) and organophosphate-carbamate combined use (OR: 7.16, 95%CI 1.26-

40.48) when compared to farmers non-applicators (supplementary data — Table 4S).

Table 3: Association between biological action, chemical types, and specific pesticides, and
75" percentile of anti-CCP and ANA antibodies

Anti-CCP ANA
Total — _53(m=92) Q4 (n=28) <Q3 (1=90) Q4 (n=30)
(n=120) ~ OR* (95%CI) - OR* (95%Cl)
N (%) N (%) N (%) N (%) N (%)
FUNGICIDES
No 94 (78.3) 72 (78.3) 22 (78.6) Reference 69 (76.7) 25 (83.3) Reference
Yes 26 (21.7) 20 (21.7) 6 (21.4) 1.56 (0.50-4.86) 21 (23.3) 5(16.7)  0.61(0.20-1.86)
Diphenoconazole
No 108 (90) 84 (91.3) 24 (85.7) Reference 79 (87.8) 29 (96.7) Reference
Yes 12 (10) 8 (8.7) 4 (14.3) 2.46 (0.60-10.0) 11 (12.2) 1(3.3)  0.25(0.03-2.08)
Azoxystrobin
No 113 (94.2) 86 (93.5) 27 (96.4) Reference 87 (96.7) 26 (86.7) Reference
Yes 7(5.8) 6 (6.5) 1(3.6) 0.52 (0.05-4.91) 3(3.3) 4(13.3) 4.47(0.9221.6)
Linuron
No 113 (94.2) 86 (93.5) 27 (96.4) Reference 83 (92.2) 30 (100) Reference
Yes 7(5.8) 6 (6.5) 1(3.6) 1.07 (0.11-10.48) 7(7.8) 0(0) -
Copper
No 115 (95.8) 87 (94.6) 28 (100.0) Reference 85(94.4)  30(100.0) Reference
Yes 5@4.2) 5(5.4) 0(0) - 5 (5.6) 0(0) -
Mancozeb
No 115 (95.8) 89 (96.7) 26 (92.9) Reference 85 (94.4) 30 (100) Reference
Yes 5@4.2) 3(3.3) 2(7.1) 6,20 (0.7650.67) 5 (5.6) 0(0) -
HERBICIDES
No 88 (73.3) 67 (72.8) 21 (75.0) Reference 68 (75.6) 20 (66.7) Reference
Yes 32 (26.7) 25 (27.2) 7(25.0)  1.63(0.54-4.93) 22 (24.4)  10(33.3) 1.58 (0.59-4.21)
Paraquat
No 102 (85) 79 (85.9) 23 (82.1) Reference 76 (84.4) 26 (86.7) Reference
Yes 18 (15) 13 (14.1) 5(17.9)  2.09 (0.60-7.26) 14 (15.6)  4(13.3) 0.81(0.24-2.76)
Glyphosate
No 96 (80.0) 96 (80.4) 22 (78.6) Reference 73 (81.1) 23 (76.7) Reference
Yes 24 (20.0) 24 (19.6) 6 (21.4) 1.99 (0.60-6.58) 17 (18.9) 7(23.3) 1.33(0.45-3.88)
Fluazifop
No 106 (88.3) 80 (87.0) 26 (92.9) Reference 82 (91.1) 24 (80.0) Reference
Yes 14 (11.7) 12 (13.0) 2(7.1) 0.69 (0.13-3.57) 8(8.9) 6(20.0) 2.58(0.788.53)
INSECTICIDES
No 94 (78.3) 72 (78.3) 22 (78.6) Reference 72 (80.0) 22 (73.3) Reference
Yes 26 (21.7) 20 (21.7) 6(21.7)  1.70(0.53-5.43) 18 (20.0)  8(26.7) 1.43(0.52-3.95)
Organophosphate-
carbamate
No 109 (90.8) 86 (93.5) 23 (82.1) Reference 79 (87.8) 30 (100) Reference
Yes 11(9.2) 6 (6.5) 5(17.9) 6.69 (1.4530.75) 11 (12.2) 0(0) 0 (0-0)
Deltamethrin
No 104 (86.7) 78 (84.8) 26 (92.9) Reference 80 (88.9) 24 (80.0) Reference
Yes 16 (13.3) 14 (15.2) 2(7.1) 0.48 (0.10-2.38) 10 (11.1) 6(20.0) 2.18(0.696.85)
Methomyl
No 111(92.5) 86 (93.5) 25 (89.3) Reference 82 (91.1) 29 (96.7) Reference
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Yes  9(7.5) 6 (6.5) 3(10.7)  5.74(0.9534.79) 8(8.9) 1(3.3) 0.28(0.03-2.52)

* Adjusted for sex, age, smoke and drink

DISCUSSION

Our findings partially support the hypothesis pesticide exposure may increase anti-
CCP antibodies and ANA levels. We observed non-significantly elevated risk of both
autoantibodies in the top 75" percentile estimates for specific fungicides, herbicides,
insecticides. Until now, it has not been found findings from the literature on pesticide
exposure and the increased anti-CCP levels, yet. However, there are recent evidences of the
relationship between pesticides exposure and rheumatoid arthritis. Meyer et al. (2017)
investigated the association between RA and use of pesticides in the AHS. In this study,
incident RA was associated with ever use of insecticide fonofos (OR = 1.70; 95% CI: 1.22,
2.37), carbaryl (OR = 1.51; 95% CI: 1.03, 2.23), and herbicide chlorimuron ethyl (OR = 1.45;
95% CI: 1.01, 2.07) compared with never use. In our study, few agricultural workers reported
the organophosphates pesticide use, so we created a pesticide use variable related to the
mechanism of insecticides action. Organophosphate-carbamate combined use was associated
with elevated anti-CCP levels. In addition, our results suggest positive association but no
significant between the insecticide methomyl and anti-CCP levels. In another study of the
AHS, Parks and colleagues (2016) observed the woman with RA were more likely to have
used any specific pesticide when compared with no use (OR = 1.4; 95% CI: 1.0, 1.6). The
fungicide maneb/mancozeb (OR = 3.3; 95% CI: 1.5, 7.1) and glyphosate (OR = 1.4; 95% CI:
1.0, 2.1) were associated with incident RA compared with no pesticide use. Our results also
suggest increased risk between anti-CCP levels and the fungicide mancozeb and herbicide

glyphosate use, although the association wasn’t statistically significant.
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Epidemiological studies have evaluated the hypothesis that pesticides may increase
ANA levels. A cross-sectional study conducted by Rosenberg et al. (1999) in a grain-farming
area suggests a positive association between organochlorine, pyrethroid and carbamate use
and ANA-positive. When data were adjusted for age, sex, and thyroid disease, pyrethroid
exposure was related to increasing to risk 2.27 (95%CI 1.03-5.01) for ANA levels in farmers.
In our study, a positive but no significant association was seen between the insecticide
deltamethrin and ANA levels. Another cross-sectional study indicates an OR=4.92 (95%ClI
1.59-15.25) to ANA-positive test (adjusted by age) in fungicide exposed male (Semchuk et
al. 2007). In this study, the fungicide azoxystrobin was related to ANA levels, but the result
was not statistically significant. African-American farmers present increased ANA-positive
prevalence related high p, p'-DDE exposure (OR: 1.9 95%CI 0.32-11.3), but without
significant statistic (Cooper et al. 2004). We did not evaluate the relationship between
organochlorinated pesticides exposure and ANA levels in this study.

Oxidative stress plays an important role in the pathogenesis of several autoimmune
diseases and pesticide is associated with this condition. In humans, longitudinal prospective
studies have associated long-term pesticides exposure with changes in parameters of oxidative
stress in blood and urine (Lerro et al. 2016; Hernandez et al. 2013; Lee et al. 2007; Lopez et
al. 2007). Animals studies have shown herbicides, insecticides, and fungicides exposure
promotes increased lipid peroxidation, ROS generation, decreased levels of glutathione
reduced, and antioxidant enzymes alterations (Bus et al. 1976; Moran et al. 2010; Milatovic et
at. 2006, Kale et al. 1999; Lukaszewicz-Hussain, 2008; Yahia et al. 2014). The highlighted
effect of oxidative stress uncontrolled is an inflammatory and immune response related to
damage-associated molecular pattern molecules (DAMPs), as DNA damaged that can
inducing necrosis or a disturbed clearance of apoptotic cells (Land, 2015). In autoimmune

diseases, DAMPs recognition by cells involved innate immunity results in the release of
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several inflammatory mediators that induce an altered adaptive immune system response with
the formation of autoantibodies (Land, 2015). Experimental studies suggest oxidative stress,
adaptive inflammatory response and autoantibodies production in the SLE and RA
pathogenesis (Mok and Lau, 2003; Decker et al. 2005; Wen et al. 2007; Mak and Tay, 2014,
Filippin et al. 2008; Miossec et al. 2009; Gierut et al. 2010; Okroj et al. 2007).

Despite the contribution of genetic factors and the improvement in diagnostic
techniques, it is believed that environmental factors may be associated with an increase in the
incidence of autoimmune diseases (Lerner et al. 2015; Parks et al. 2014). According to
Brazilian Association of Collective Health (ABRASCO, 2015), the pesticide use in Brazil
increased 162.3% in the last decade (2000-2012). Although export crops are responsible for
75 pesticide costs (Porto and Soares, 2012), the horticulture for the domestic market requires
intensive use of these chemicals. For instance, in the Nova Friburgo city at Rio de Janeiro
State the pesticide use estimated for agricultural worker per year was 54kg while for
Southeast region (RJ and three other states) mean use was 12kg (Moreira et al. 2002). Take
together this high pesticide use, and the reduced use of personal protective equipment and
lower education levels can potentially increase xenobiotics exposure (Moreira et al. 2002).

There are several limitations this cross-sectional study. The information obtained for
self-report can implicates a non-differential misclassification of exposure (Pearce et al. 2007).
Second, the face-to-face invite by medical team might have introduced selection bias.
Moreover, voluntary sample are more likely to present a degree of self-selection bias that does
not allow us extrapolated the results to other populations (Pahwa et al. 2012). This because
volunteers tend to present features correlated to outcomes and how it not possible to evaluate
the difference from those nonparticipants these limitations can skewing the estimates in our

study. Although participants with a family history did not mention that they had SLE and RA
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in their family, is possible that genetic factors can be likely associated since Teresopolis is a
rural city with inter familiar marriages.

In this study, was not possible to investigate the impact of unmeasured confounding
as dust a source of silica exposure, infections in the results found. Occupational exposure to
respirable silica in agriculture is related to the sand use (Archer et al. 2002). Increased ANA
levels have been associated with silica exposure and pulmonary lesions (Zerva et al. 1989;
Tamura et al. 1993; Pfau et al. 2005; Pfau et al. 2014). The role of silica in the autoimmunity
includes inflammatory response, apoptosis and apoptotic cells autoantibodies induction and
activation of T and B cells (Pfau et al. 2004; Pollard, 2016). Epstein Barr virus (EBV)
infection and genetic susceptibility are associated with frequent EBV reactivation in altered T
cells, increased viral loads, and increased autoantibodies levels to autoimmune diseases
(Draborg et al. 2013). Acute EBV infection or EBV reactivation phase was related to elevated
ANA levels (Cuomo et al. 2015). Subgingival microbiota dysbiosis has been associated to
SLE and RA (Koziel et al. 2014; Corréa et al. 2017). Some bacteria present in oral diseases
such as periodontitis have been associated with protein citrullination; however, there are no
consistent results on anti-CCP antibodies alterations in the oral diseases (Bingham, et al.
2013; Ballini et al. 2010; Al-Mutairi et al. 2015).

We not examine covariates such as BMI and medication in the analysis. The
relationship between obesity, autoimmunity and autoimmune diseases is related to the
releasing of proinflammatory adipokines, deregulation of regulatory autoimmunity
lymphocytes, and an increase of apoptosis inhibitory macrophages that promote lipolysis,
inflammasomes, and autoreactive immune complexes (Versini et al. 2014). Obesity and C
reactive protein were associated with increased ANA levels (Blanco et al. 2016). In
epidemiologic studies obesity was associated with RA, but there is a lack of evidence in the

literature for increased anti-CCP levels (Lu et al. 2014). Some medication to treat heart,
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hypertension, anti-inflamatory agents and antibiotics can cause drug-induced lupus (Ho and
Chauhan, 2017).

The major strengths of our study were the anti-CCP antibodies analyses.
Epidemiological studies have found positive associations between pesticide exposure and RA,
but we believe that this is the first study analyzed the relationship between pesticide exposure

and rheumatoid arthritis autoantibodies.

CONCLUSION

The findings obtained in this study suggest that specific fungicides, herbicides and

insecticides may be positively associated with anti-CCP antibodies and ANA alterations.

SUPPLEMENTARY MATERIAL
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Figure S1: Antibody distribution in population studied. (a) Anti-ccp and ANA distribution.
(b) Anti-ccp and ANA box-plot. (c) Anti-ccp and ANA log distribution. (d) Anti-ccp and
ANA box-plot log. (e) Anti-ccp and ANA without outlier distribution. (f) Anti-ccp and ANA

without outlier box-plot.
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Table S1 Results from linear regression examining the association between pesticide
exposure, and elevated anti-ccp and ANA antibodies (without outlier)

Anti-CCP ANA
total 0 total
n=112 (%) P O9NCD 170 P

(95%ClI)

Pesticides mix/apply
no 78 (69.6) 80 (68.4)
yes 34(30.4) 0.13 -0.10,0.37 37(31.6) 0.04 -0.11,021
Use protection when mixpesticides

Don'tmix 78 (69.6) 80 (68.4)
No 27(24.1) 0.05 -0.36,0.46 30(25.6) 0.03 -0.25,0.31
Yes 7 (6.3) 0.16 -0.10,0.42 7 (6.0) 0.05 -0.12,0.23
Houses nearby or within crop fields
no 51 (45.5) 51 (43.6)

yes 61(54.5) 0.18 -0.02,0.37 66 (56.4) -0.01 -0.14,0.12
Frequency used pesticides

no 78 (69.6) 80 (68.4)
Up to 2 times per month 7 (6.3) 0.20 -0.22,0.61 7 (6.0) 0.12 -0.17,0.40
>3 times permonth 27 (24.1) 0.12 -0.14,0.37 30(25.6) 0.03 -0.13,0.20
Duration per application
Did not apply 78 (69.6) 80 (68.4)
<lhour 20(17.9) 0.11 -0.16,0.39 20(17.1) 0.13 -0.06,0.32
1+hours 14 (12.5) 0.17 -0.16,0.49 17 (145) -0.05 -0.25,0.15
Cumulative use per month
no 78 (69.6) 80 (68.4)
<6 hours/month 23 (20.5) 0.12 -0.14,0.38 23(19.7) 0.09 -0.09,0.28
6+ hours/month  11(9.8) 0.16 -0.19,0.51 14 (12.0) -0.02 -0.24,0.20

Adjusted by age, sex, smoke, and drink
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Table S2 Results from linear regression examining the association between biological action,
chemical types, and specific pesticides, and 75+ percentile of anti-ccp and ANA antibodies

(without outlier)

Anti-CCP ANA
N=112 (%) B (95%Cl) N=117 (%) B (95%CI)
FUNGICIDES
No  89(79.5) 91 (77.8)
Yes 23 (20.5) 0.24 -0.01,0.48 26 (22.2) -0.06 -0.22,0.11
Diphenoconazole
No 102 (91.1) 105 (89.7)
Yes 10 (8.9) 032 -0.02,0.65 12 (10.3) -0.10 -0.32,0.12
Azoxystrobin
No 106 (94.6) 110 (94.0)
Yes 6 (5.4) -0.14  -0.57,0.29 7 (6.0) 0.33 0.06, 0.60
Linuron
No 105 (93.8) 110 (94.0)
Yes 7 (6.3) 0.34 -0.06,0.74 7 (6.0) -0.38 -0.66,-0.11
Copper
No 107 (95.5) 112 (95.7)
Yes 5 (4.5) 029 -0.19,0.78 5 (4.3) -0.32  -0.66, 0.01
Mancozeb
No 109 (97.3) 112 (95.7)
Yes 3(2.7) 0.15 -0.46,0.76 5 (4.3) -0.09 -0.42,0.24
HERBICIDES
No  83(74.1) 85 (72.6)
Yes 29 (25.9) 0.13 -0.11,0.36 32 (27.4) 0.06 -0.10, 0.22
Paraquat
No 97 (86.6) 99 (84.6)
Yes 15 (13.4) 0.08 -0.21,0.37 18 (15.4) 0.03 -0.15,0.22
Glyphosate
No  91(81.3) 93 (79.5)
Yes 21 (18.8) 0.12 -0.14,0.38 24 (20.5) 0.04 -0.13,0.21
Fluazifop
No  99(88.4) 103 (88.0)
Yes 13 (11.6) -0.04 -0.35,0.26 14 (12.0) 0.15 -0.05, 0.35
INSECTICIDES
No  89(79.5) 91 (77.8)
Yes 23 (20.5) 0.08 -0.17,0.33 26 (22.2) 0.10 -0.07,0.26
Organophosphate-
carbamate
No 103 (92.0) 106 (90.6)
Yes 9 (8.0 0.44  0.09,0.80 11 (9.4) -0.22  -0.45,0.01
Deltamethrin
No 97 (86.6) 101 (86.3)
Yes 15 (13.4) -0.09 -0.37,0.20 16 (13.7) 0.21  0.02,0.39
Methomyl
No 105 (93.8) 108 (92.3)
Yes 7 (6.3) 0.34 -0.08,0.75 9(7.7) -0.14  -0.40,0.11

Adjusted by age, sex, smoke, and drink
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Table S3. Results from logistic regression examining the association between pesticide
exposure, and elevated anti-ccp and ANA antibodies (agricultural workers applying pesticides
versus no-applicators)

Anti-CCP ANA

total <Q3 Q4 <Q3 Q4
OR* (95%Cl) OR* (95%Cl)

n=52 (%) n=39 (%) n=13 (%) n=41 (%) n=11 (%)

Pesticides mix/apply
no 15 (28.8) 10 (25.6) 5 (38.5) 13 (31.7) 2(18.2)
yes 37 (71.2) 29 (74.4) 8(61.5) 1.41(0.25-7.96) 28(68.3) 9(81.8) 1.87 (0.26-13.36)
Use protection when mix pesticide
Don't mix 15 (28.8) 10 (25.6) 5 (38.5) 13 (31.7) 2(18.2)
No 30 (57.7) 23 (59.0) 7 (53.8) 2.11 (0.31-14.42) 22 (53.7) 8 (72.7) 2.26 (0.29-17.43)
Yes 7 (135) 6(15.4) 1(7.7) 0.56(0.04-7.52) 6(14.6) 1(9.1) 0.99 (0.06-15.61)

Houses nearby or within crop fields

no 9(17.3) 8(20.5) 1(7.7) 7(17.1) 2(18.2)
yes 43 (82.7) 31 (79.5) 12 (92.3) 2.51 (0.25-24.96) 34 (82.9) 9(81.8) 0.95 (0.15-6.00)
Frequency used pesticide
no 15 (28.8) 10 (25.6) 5 (38.5) 13 (31.7) 2(18.2)
Up to 2 times per month 7 (13.5) 6(154) 1(7.7) 0.81(0.06-11.16) 5(12.2) 2 (18.2) 2.44(0.21-28.11)
>3 times per month 30 (57.7) 23 (59) 7 (53.8) 1.60(0.27-9.53) 23(56.1) 7 (63.6) 1.74 (0.23-13.02)
Duration per application
Did not apply 15 (28.8) 10 (25.6) 5 (38.5) 13 (31.7) 2(18.2)
< 1hour 20 (38.5) 17 (43.6) 3(23.1) 0.89(0.12-6.30) 13 (31.7) 7(63.6) 2.92(0.4-21.51)
1+ hours 17 (32.7) 12 (30.8) 5(38.5) 2.51(0.34-18.67) 15(36.6) 2(18.2) 0.73(0.07-7.85)
Cumulative use per montt
no 15 (28.8) 10 (25.6) 5 (38.5) 13 (31.7) 2(18.2)
< 6 hours/month 23 (44.2) 20 (51.3) 3(23.1) 0.76 (0.10-5.56) 16 (39.0) 7 (63.6) 2.56 (0.32-20.35)
6+ hours/month 14 (26.9) 9 (23.1) 5(38.5) 2.67 (0.38-18.83) 12(29.3) 2 (18.2) 1.09 (0.11-11.30)

Adjusted by age, sex, smoke, and drink



168

Table S4. Results from logistic regression examining the association between biological
action, chemical types, and specific pesticides, and 75" percentile of anti-ccp and ANA
antibodies (agricultural workers applying pesticides versus no-applicators)

Anti-CCP ANA
total =& Q4 OR (95%Cl) =@ Q4 OR (95%Cl)
n=52 (%) n=39 (%) n=13 (%) n=41 (%) n=11 (%)
FUNGICIDES
no 26 (50) 20 (51.28) 6 (46.15) 18 (43.9) 8(72.73)
yes 26 (50) 19 (48.72) 7(53.85) 1.95(0.46-8.33) 23 (56.1) 3(27.27) 0.21 (0.04-1.03)
Diphenoconazole
no 40 (76.92) 31 (79.49) 9 (69.23) 29 (70.73) 11 (100)
yes 12 (23.08) 8(20.51) 4(30.77) 2.42(0.47-12.56) 12(29.27) 0(0) 0
Azoxystrobin
no 45 (86.54) 33 (84.62) 12 (92.31) 37 (90.24) 8(72.73)
yes 7 (13.46) 6(15.38) 1(7.69) 0.40 (0.04-4.21) 4 (9.76) 3(27.27) 3.75(0.6322.19)
Linuron
no 45 (86.54) 33 (84.62) 12 (92.31) 34 (82.93) 11 (100)
yes 7(13.46) 6(15.38) 1(7.69) 0.76(0.07-7.97) 7(17.07) 0(0) 0
Copper
no 47 (90.38) 34 (87.18) 13 (100) 36 (87.8) 11 (100)
yes 5(9.62) 5(12.82) 0(0) 0 5(12.2) 0 (0) 0
Mancozeb
no 47 (90.38) 37 (94.87) 10 (76.92) 36 (87.8) 11 (100)
yes 5(9.62) 2(5.13) 3(23.08) 14.67 (1.31164.57, 5(12.2) 0 (0) 0
HERBICIDES

no 20 (38.46) 15 (38.46) 5 (38.46)

yes 32 (61.54) 24 (61.54) 8 (61.54)
Paraquat

no 34 (65.38) 27 (69.23) 7 (53.85)

yes 18 (34.62) 12 (30.77) 6 (46.15)
Glyphosate

no 28 (53.85) 21 (53.85) 7 (53.85)

yes 24 (46.15) 18 (46.15) 6 (46.15)

Fluazifop

no

yes

INSECTICIDES

no

yes

Organophosphate-carbamate

no 41 (78.85) 33 (84.62) 8 (61.54)

yes 11 (21.15) 6 (15.38) 5 (38.46)
Deltamethrin

no 36 (69.23) 26 (66.67) 10 (76.92)

yes 16 (30.77) 13 (33.33) 3(23.08)
Methomyl

no 43 (82.69) 33 (84.62) 10 (76.92)

yes 9 (17.31) 6(15.38) 3(23.08)

38(73.1) 28(71.8) 10(76.9)
14 (26.9) 11(28.2) 3(23.1)

26 (50) 20 (51.28) 6 (46.15)
26 (50) 19 (48.72) 7 (53.85)

2.01 (0.41-9.8)

2.96 (0.68-12.95)

1.43 (0.33-6.24)

1.11 (0.23-5.47)

2.11 (0.49-9.16)

7.16 (1.2640.48)

0.67 (0.15-3.07)

4.70 (0.6335.14)

17 (41.46) 3 (27.27)
24 (58.54) 8(72.73) 1.62 (0.32-8.17)

27 (65.85) 7 (63.64)
14 (34.15) 4 (36.36) 0.96 (0.22-4.08)

23(56.1) 5 (45.45)
18 (43.9) 6 (54.55) 1.70 (0.39-7.42)

32(78.0) 6 (54.5)
9(22.0) 5(455) 2.52(0.5910.79)

22 (53.66) 4 (36.36)
19 (46.34) 7 (63.64) 1.77 (0.41-7.58)

30 (73.17) 11 (100)
11(26.83) 0(0)

31 (75.61) 5 (45.45)
10 (24.39) 6 (54.55) 3.44 (0.8314.36)

33 (80.49) 10 (90.91)
8(19.51) 1(9.09) 0.30 (0.03-3.05)

Adjusted by age, sex, smoke, and drink
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Artigo 5 — Algumas considerag8es

- O que é novo?

Neste artigo, nds avaliamos a relacdo entre niveis de autoanticorpos contra peptideos citrulinados ciclicos e

anticorpos antinucleares e especificos herbicidas, inseticidas e fungicidas.

- O que isso acrescenta ao que era conhecido?

Até o momento, ndo existem estudos que avaliaram a associacdo entre exposi¢do a agrotdxicos e niveis de
autoanticorpos contra peptideoss citrulinados ciclicos. Para anticorpos antinucleares, dos poucos estudos
publicados, a maioria sugere associa¢des positivas.

- Qual a implicacdo da discusséo prapsta no desenvolvimento da Tese?

Os resultados encontrados neste artigo reforcam a hipdtese de que agrotdxicos aumentam o risco para doengas

crénicas, sobretudo as de carater autoimune, tendo em vista que estas substancias estdo associadas ao estresse
oxidativo e alteracGes pré-clinicas para autoimunidade.
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6 CONCLUSAO

O estresse oxidativo, inflamacdo e autoimunidade sdo condi¢des subjacentes a muitas
doencas cronicas e associadas aos efeitos danosos em longo prazo dos agrotoxicos. Na
literatura, estudos epidemioldgicos sobre exposicdo a agrotdxicos e biomarcadores de estresse
oxidativo apresentavam falhas metodoldgicas significativas, que abriram precedentes para
uma investigacdo mais rigorosa desta relacdo. Assim, os resultados encontrados nesta Tese,
ajustados para varidveis confundidoras, sugeriram com maior propriedade que fungicidas e
inseticidas especificos estdo associados a diferentes biomarcadores de estresse oxidativo e a
uma alteracdo global individual destes parametros. A proposta do escore de estresse oxidativo
individual teve por objetivo medir, de forma mais aproximada, os possiveis efeitos deletérios
dos agrotdxicos, tendo em vista modificagdes na funcdo de varios componentes do sistema de
defesa antioxidante. Entretanto, esse € um primeiro passo que deve ser aprimorado, levando

em consideracdo outros antioxidantes ndo enzimaticos, como vitaminas.

Neste presente estudo ndo foram observadas associa¢fes positivas entre agrotoxicos
especificos e niveis de TNF-a, uma citocina pro-inflamatéria sistémica. Tendo em vista que o
estresse oxidativo e inflamacdo estdo estritamente relacionados, a auséncia de inflamacao
sugerida pelos resultados poderia ser explicada pelo fato de que o sobrepeso e obesidade,
fatores de risco para doencas cronicas e intrinsecamente associados a inflamacéo, ndo foram

controlados nesse estudo, podendo ter impactado os resultados.

Outro processo associado ao estresse oxidativo e inflamacédo € a autoimunidade. Neste
sentido, nossos resultados sugerem uma associa¢do positiva entre 0 uso de fungicidas
especificos e ANA, bem como o uso de fungicida e inseticida especificos e anti-CCP. Essas
alteracdes sdo de especial interesse, porque na clinica ambos autoanticorpos aumentam anos
antes do surgimento dos sinais e sintomas do lGpus eritematoso sistémico e artrite reumatoide.
Esse perfil de temporalidade é ideal para investigacbes que identifiquem alteracGes pré-
clinicas relacionadas a exposicdo a agrotoxicos. Principalmente, quando o biomarcador
utilizado é validado, que ndo substitui a clinica, mas delimita a investigacdo dos desfechos
possivelmente associados. Entretanto, nossos resultados apresentam limitagcbes importantes,
como 0 ndo controle para covariaveis relacionadas ao desfecho como infecgdes recentes,

obesidade e sobrepeso.



180

O relativo ineditismo quanto & abordagem epidemioldgica da associagdo entre estresse
oxidativo e agrotoxicos reforca a necessidade de estudos com rigor metodolégico na
construcdo de evidéncias sobre o papel dessas substancias nas doencas cronicas. A busca pela
qualidade na investigacdo proposta e as limitacdes explicitadas devem sugerir e orientar
outros estudos que apoiem ou refutem os resultados encontrados. Por fim, a contribuicdo da
avaliacdo entre autoimunidade e exposicdo a agrotdxicos diz respeito a uma relagdo pouco
explorada, no caso de anticorpos antinucleares, e ainda ndo observada para a autoanticorpos
contra peptideos citrulinados ciclicos, que devem ser exploradas em abordagem mais
robustas, tendo em vista as evidéncias da relagdo destas substancias com doengas autoimunes

em estudos epidemioldgicos.
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ANEXO 1 - QUESTIONARIO

* Universidade Federal do Rio de Janeiro

s Instituto de Estudos em Saude Coletiva

Questionario

Projeto: Estresse oxidativo, biomarcadores inflamatérios e imunes entre trabalhadores
agricolas de Teregpolis, regido de Serrana, Estado do Rio de Janeiro, Brasil.

Pesquisadora: Aline de Souza Espindola Santos

Data: [

Numero do questionario(ID):
Nome:
Telefone: Celular:
Aplicadora: Aline de Souza Espindola Santos




|. Informacdes Gerais

1. ID:

2. Data de nascimento / /

3. Idade:

4. gsexo: O masculino O feminino

5 Localidade onde mora:

6. Qual o seu nivel de escolaridade?
O Analfabeto

O Primério incompleto (1° a 3° série)
O Primario completo (até a 4° série)
O Ginéasio incompleto (até a 7° série)

O Ginasio completo (até a 8 série)
2° Grau incompleto

2° Grau completo

O

O

O Superior incompleto
O Superior completo
O

NS/NR

~

Qual é a sua ocupagao?

©)

Agricultor
O Outro. Qual?

Il. Informagdes Gerais sobre Atividade Agricola

8. Qual é a sua relacao de trabalho com a terra?
O Proprietario

O Meeiro

O Arrendatario

196

[birthdate]

[age]

[sex]

[place]

[schol]

[occup]

[workrelat]



® O O O O O O

O O O O O O

10.

Ajuda a Familia
Ocupante
Diarista

Others:

NA
NS/NR

Quantas pessoas da sua familia trabalham na agricultura?

Other:

Quais sdo as atividades em que vocé trabalha / ajuda na lavoura?

Atividades

Pz
an
(@]

Sim

Capinar

Covar

Semear

Adubar

Estercar

Desbrotar

Colher

O} HOX NOX RO NON ROIN NO)

O} HOX NOX ROIN NON NOIN NO)
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[manfamwor]

[clearland]
[digoutsoil]
[seedland]
[fertsoil]
[muck]
[dis_shoo]

[harv]

11. Quais os nomes das culturas plantadas nos altimos 2 meses? [leav] [spice] [fruit]
[flow_veq] [ flower]

Crops No Yes
Alface O O
Rdcula O O
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Couve O ©)
Agriédo O O
Cebolinha O O
Salsa O ©)
Coentro @) O
Brdcolis O O
Tomate O O
Outro:

lll. Uso de Agrotoxicos

12.  Vocé tem contato com "venenos"? [contact]
O Sim O Néo

13. Qual o tipo de contato que vocé tem com "venenos™?

O Direto (manipula a mistura e aplica na lavoura) [prepapp]
O Direto (puxa a mangueira) [pullhose]
O Indireto (a lavoura é no mesmo terreno da casa) [houseclose]
O Indireto (lava o costal) [cleanequi]
O Indireto (lava as vestimentas usadas na aplicacio de agrotoxicos) [cleanclot]
O Other: [othercont]
14. Quantas horas por dia vocé gasta na aplicacdo de venenos? [hour_aplic]
15. Qual é a frequéncia de aplicacdo de venenos? [interv_aplic]

16. Quais venenos vocé usa ou sdo usados no seu trabalho? [pesticides]****




199

****cada agrotoxico entrara no banco de dados como uma unica variavel binomial (usa

sim ou n&o)

17.  Que tipo de equipamento vocé usa para aplicar estas substancias?

O Pulverizador costal manual [backpspray]
O Pulverizador costal motorizado [motbackspray]
O Pulverizador estacionario [Statspray]
O Pulverizador estacionario motorizado (tobata) [tobata]

O outro: [otherequip]
18. Usa alguma medida de proteg¢do quando mistura “veneno”? [mixprotec]
O Nio O Sim O Né&o mistura veneno

19. Qual tipo de protecdo vocé usa quando mistura veneno? [typemixprot]
20.  Quais equipamentos de prote¢do individual que vocé usa geralmente?

O Mascara de papel [papermask]
O Maéscara de pano [clothmask]
O Respirador [respir]
O Botas [boot]

O Roupa descartavel [dispcloth]
O Luva de borracha [rubglov]
O Luvadeld [woolglov]
O Oculos [glass]
O Macacio [overalls]
O Avental [apron]
O outro: [EPPother]
21. Por que néo utiliza os equipamentos de protecdo individual?

O sao desconfortaveis [uncom]



O Dificultam a locomogéo

O Ss&o quentes

O Dificultam o trabalho

O S&o pesados

O Tem custo elevado

O outro:
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[hinderloc]
[hot]
[hinderwork]
[heavy]
[highcost]

[othereason]

22. Quais s@o os tipos de vestimenta que vocé utiliza quando aplica venenos ou puxa a

mangueira?

Tipo de vestimenta

Sim

Descalgo

Chinelo

Sapato fechado

Sem camisa

Camisa de manga
curta

Bermuda

Calca

OlJ0O|lOJ]O OO |O

OO0 J]O OO |O

Outro:

23. Vocé lava suas méaos apos o trabalho?

O Frequentemente

O As vezes

O Nunca

24. VVocé toma banho logo apos aplicar o agrotdxico?

O Frequentemente

O As vezes

O Nunca

[barefoo]
[flipfl]
[closhoe]
[noshirt]
[shortshir]
[berm]

[trous]

[otherclos]

[washand]

[show]



V. Estilo de vida

25. VVocé toma bebidas alcoodlicas?

O Nio O Sim

26. Com que frequéncia vocé toma bebidas alcodlicas?
O 4 ou mais vezes por semana

O Até 3 vezes por semana

O Pelo menos 1 vez por més

O Menos de uma vez por més

O NS/INR

27. Vocé ja fumou?

O Néio, nunca fumou

O Sim, ja fumou

28. Quanto tempo vocé parou de fumar?

[drink]

[freqdrink]

[smoke]

[quitsmoke]

29. Quanto tempo vocé fumou?

V. Histérico Médico

30. No ultimo més, vocé fez uso de vitamina ou antioxidante?

O Nio O Sim

31. Alguma vez algum médico disse que vocé tinha Artrite Reumatoide?

O Nio O Sim

[howsmoked]

201

[ARmedhist]

32. Alguma vez algum médico disse que vocé tinha Lupus Eritematoso Sistémico?

[LESmedhist]
O Nio O Sim
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ANEXO 2 - TERMO DE CONSENTIMENTO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Senhor (a) estd sendo convidado a participar como voluntario (a) de uma de pesquisa. ApoOs ser
esclarecido (a) sobre as informacdes a seguir, no caso de aceitar fazer parte do estudo, assine ao final
deste documento, que estd em duas vias. Uma delas é sua e a outra é do pesquisador responsavel.

Garantimos o sigilo das informacdes, e em caso de divida vocé pode procurar o Comité de Etica em
Pesquisa do Instituto de Estudos em Salde Coletiva - UFRJ pelo tel. (21) 39389293 ou e-mail:
cep@iesc.ufrj.br. A proposta deste termo de consentimento livre e esclarecido (TCLE) é explicar tudo
sobre 0 estudo e solicitar a sua permisséo para participar do mesmo.

Os pesquisadores deverdo responder a todas as suas duvidas antes que vocé se decidir a
participar. Caso haja alguma palavra ou frase que o senhor (a) ndo consiga entender, pergunte
para o pesquisador responsavel pelo estudo ou um membro da equipe desta pesquisa para
esclarecé-lo (a).

E IMPORTANTE DEIXAR CLARO QUE O SENHOR (A) DEVE FICAR A VONTADE PARA RECUSAR O CONVITE
NAO SERA PENALIZADO (A) DE FORMA ALGUMA.

Informacdes do Estudo

Vocé esta sendo convidado (a) a participar da pesquisa que se intitula “BIOMARCADORES DE
ESTRESSE OXIDATIVO, INFLAMACAO SISTEMICA E RESPOSTA IMUNE EM TRABALHADORES
AGRICOLAS, TERESOPOLIS - RJ" .

O objetivo deste estudo é avaliar a associacdo entre o trabalho agricola e a prevaléncia de
alteraces inflamatorias, oxidativas e imunologicas precoces. Como a inflamacdo, oxidagédo
de componentes celulares e as alteragbes no sistema imunoldgico sdo mecanismos
relacionados a diferentes doencas cronicas (diabetes mellitus, artrite reumatoide e lGpus
eritematoso sistémico, por exemplo), a investigacao de algumas caracteristicas especificas do
trabalho agricola como mé postura, estilo e habitos de vida e uso de agrotoxicos pode nos
ajudar a compreender melhor quais os possiveis fatores associados a doencgas crdnicas no
campo.

Caso vocé aceite participar como sujeito desta pesquisa, O sr (0) ou sr (a) sera submetido a
um procedimento invasivo para retirada de uma amostra de seu sangue por um técnico de
enfermagem habilitado a utilizar os procedimentos adequados. A amostra de sangue sera
necessaria para avaliar alteracfes que podem ser sinais precoces de risco as doengas cronicas
e podem estar associadas a exposi¢cdo a agrotoxicos. Além disso, gostariamos de informa-lo
(a) de que realizaremos hemograma de forma a proporcionar uma avaliagdo mais detalhada do
seu estado de saude.
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Apos a coleta de sangue, ou se preferir na entrega dos resultados, nds aplicaremos a vocé um
questionario com perguntas sobre informacGes pessoais, escolaridade, sua renda, habitos,
informagdes especificas sobre a sua ocupacéo, uso de agrotdxicos, contato com solventes ou
outros produtos quimicos, residéncia, informacgdes de salde geral (consumo de bebida
alcoolica, fumo e medicamentos).

A sua amostra de sangue sera numerada, de forma que ndo seja possivel identifica-la durante
0 armazenamento e por nenhum profissional que a manipule. Somente a pesquisadora Aline
de Souza Espindola Santos terd o cadastro nominal das amostras. Garantimos que 0S seus
dados serdo mantidos em sigilo e serdo analisados em conjunto com os de outros pacientes
(avaliacdo estatistica, ou seja, encontrar diferencas entre grupos de pessoas), e ndo serao
divulgados dados de nenhum paciente isoladamente. O (A) Sr. (a) podera esclarecer suas
duvidas durante toda a pesquisa com a pesquisadora Aline de Souza Espindola Santogelo
telefone (21) 992907427 ou endereco de trabalho (Avenida Horacio Macedo, s/n° - préximo
a Prefeitura da Universidade Federal do Rio de Janeiro - CEP 21941-598, Cidade
Universitéria - Rio de Janeiro)

O preenchimento deste questionario ndo representard qualquer risco de ordem fisica ou
psicoldgica para vocé e os riscos relacionados a coleta de sangue incluem: dor, hematoma,
ou outro desconforto no local da coletaRaramente desmaio ou infecges no local de
punc¢do podem ocorrer. Vocé pode experimentar efeitos colaterais que ndo sdo conhecidos até
0 momento ou ndo foram relatados.

N&o existem beneficios médicos diretos para o sujeito deste estudo, e o (a) sr (a) recebera
todos os resultados das medidas e exames laboratoriais feitos na pesquisa, de forma
totalmente gratuita. Os resultados serdo entregues e discutidos por mim nos meses de
novembro e dezembro de 2016 e janeiro de 2017 de acordo com o calendario de coleta e
devolutiva dos resultados. Se notarmos alguma alteracdo sugestiva de algum tipo de doenca
inflamatdria, o (a) sr (a) sera avisado (a) e encaminhado (a) ao préprio servico de salde
(Estratégia de Satde da Familia — ESF) em que sera realizada a coleta de sangue.

Fica claro que sua participacao € voluntaria, ndo sendo obrigado a realizar todos 0s exames se
ndo quiser, mesmo que ja tenha assinado o consentimento de participacdo. Se desejar, podera
retirar seu consentimento a qualquer momento e isto ndo trard& nenhum prejuizo ao seu
atendimento.

A examinadora ndo pagard nenhum valor em dinheiro ou qualquer outro bem pela sua
participacdo, assim como o (a) Sr. (a) ndo terd nenhum custo adicional.

Gostariamos de lhe pedir consentimento, ainda, para armazenar a sua amostra de sangue por
01 ano, em virtude da possibilidade de repetir algum experimento, ap0s este periodo sua
amostra serd descartada.

Data:

Nome do Voluntario em Letra de Forma ou a Maquina
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Assinatura do VVoluntario

Assinatura da Testemunha

Declaro que obtive de forma apropriada e voluntaria o Consentimento Livre e Esclarecido
deste paciente para a participacdo neste estudo.

Data:

Nome da Pesquisadora em Letra de Forma ou a Maquina

Assinatura da Pesquisadora



