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RESUMO

O uso de agrotéxicos utilizados no controle de miggaos indesejados a saude humana ou a
producdo agricola tem aumentando continuamentesridentro com essa tendéncia, ha diversos
estudos que apontam que o0 uso desses produtoseppssu impacto danoso sobre a saude
ambiental e humana. A fim de alcancar uma regultagéon adequada sobre a utilizacdo de
pesticidas e a exposi¢cdo a esses produtos, s&deastus varios testes toxicologicos, feitos ainda
com modelos animai#) vivo. No entanto, a extrapolacao dos resultados ob#duatir de outras
espécies animais para os seres humanos e para espécies ndo-alvos é um assunto de intenso
debate. Nesse meio tempo, uma grande quantidadeimais € usada em testes toxicoldégicos em
todo o mundo, reforcando o imperativo ético quepaasibiliza a comunidade cientifica a
desenvolver métodos alternativos finais para @sstes. Neste contexto, o objetivo deste estudo foi
revisar sistematicamente a literatura cientifid@sonétodos alternativos para ensaios de toxicidade
de pesticidas. Esta revisao sistematica mostrouhguyasoucos estudos de métodos alternativos ao
uso de animais em testes toxicolégicos de pessicidales estdo concentrados em apenas dois
campos. Outras areas da toxicologia podem ser exjale por novos métodos. As pesquisa sobre
meétodos substitutivos devem ser incentivadas, gaegpossa reduzir ao maximo e abolir o uso de

animais na pesquisa.

Palavras-chavesAlternativas ao uso de animais, praguicidas; wgigia, acetilcolinesterase.



ABSTRACT

The use of pesticides to control living organisimat threaten human health and crops/food supply
is continuously increasing. Conflicting with th#tere are several evidences that such increase may
pose a danger to environmental and human healtirdir to achieve proper regulation of pesticide
use and exposure, several toxicological tests \aagable employing animal testing. However, the
extrapolation of the results obtained from suchcggseto humans and other non-target species is
still a matter of intense debate. In the meantiankrge amount of animals is used in toxicological
tests worldwide, reinforcing the ethical imperative develop final alternative methods to these
tests. In this context, the aim of this study wassystematically review the scientific literature
about alternative methods to pesticide toxicityagiss Therefore, this systematic review showed
that only few studies issue alternative methodhéouse of animals in pesticide toxicological tests
and they are concentrated in only two fields. Othields can be explored by new methods.
Research on replacement methods needs to be egeduaa it could lead to significantly reduce

the current massive use of animals in experimestiahce.

Key-words: Animal Use Alternatives, pesticides, toxicologgetylcholinesterase



LISTA DE ABREVIATURAS E SIGLAS

Ach - Acetilcolina

AchE - Acetilcolinesterase

AD - Alzheimer Disease (Doenca de Alzheimer)

AT — Agente toxico
ATC - lodeto de acetilcolina
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ATP — Adenosina-trifosfato
ATPase - Adenosina-trifosfatase

B50 — Linhagem celular de neuroblastoma de rato

CTTAEA — Comite sobre testes de toxicidade e agabiale agents ambientais — Conselho de
Pesquisa Nacional (Committee on Toxicity Testind Assessment of Environmental Agents -

National Research Council)

EC50 - Effective concentrations 50%

ENSP — Escola Nacional de Saude Publica Sérgiocarou
EU — Unido Européia

HTD - Highest tolerated dose

IC50 - Growth Inhibitory Concentration of 50%
KB - Kenacid blue

LC50 - Lethal concentration 50%

Mg - microgramas

mg - miligrama

NB2a, N2a - neuroblastomas de camundongos
NRU - Neutral red uptake

NT2 - Carninoma embrionario humano

PC12 - Feocromocitoma de rato

REACH - Registration, Evaluation and AuthorisatafrChemicals
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MX-IXC — Linhagens e deriva¢gfes de neuroblastomesadnos.

SNC - Sistema Nervoso Central
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1 - INTRODUCAO

O objetivo central da toxicologia € estudar osteseadversos de substancias para prevenir
danos a saude humana. Com o avanco da toxicolmgim-se criar melhores politicas publicas,
normatizacées de usos de materiais e recomenddedesidados ao manipular ou expor seres
humanos a certas substancias. Porem, as complegidad relacbes do homem com ele mesmo e
com o ambiente fazem com que os meétodos de aséjmm rapidamente defasados, frente a novos

desafios.

Além disso, devemos pensar que a ciéncia ndo gsifité da sociedade, mas sim que ela é
uma ferramenta da sociedade. A ciéncia ndo possas Proprias normas € Seus pProprios
imperativos éticos, mas deve seguir as normasisceias imperativos éticos universais, como
limites. Nao basta a uma metodologia que ela digj@r’te naquele teste a que se propde, mas sim
gue ela seja socialmente aceita, eticamente defens&gonomicamente viavel e rapida para poder

identificar riscos a salude humana e ambiental.

Nesta linha de pensamento, primeiramente foi teita andlise das publica¢des cientificas em
diversas bases de dados, identificando-se as pasgpublicadas com o interesse em contribuir
para o avanco dos métodos alternativos ao usoin@igrem relacdo aos estudos de toxicidade dos
agrotoxicos. A partir dessa andlise, pode-se descrpiais avancos ja houve no desenvolvimento
de métodos alternativos, mas também por quais tawmiseguir. Ainda pode-se utilizar essas
metodologias como guias para novas investigacOes tpdas as outras substancias de interesse

toxicoldgico.

Entretanto falta muito para que se consiga um avaunficiente para a substituicdo do uso de
animais na ciéncia. Os incentivos as pesquisas etadwos alternativos sdo baixos, o interesse €

incipiente e o assunto, pouco discutido na acadeBuacando contribuir a toxicologia com o
13



desenvolvimento de alternativas que se escolhendlésa de neurotoxicidade baseada na inibi¢cao
da Acetilcolinesterase, um mecanismo de a¢ado hastaplorado para armas quimicas na Segunda
Grande Guerra e herdado pela pesquisa em agroggimiara combate das espécies animais

indesejadas ao modelo superlativo de producaocdagyric

14



2 — REFERENCIAL TEORICO

2.1. AGROTOXICOS

2.1.1. Importancia e impacto do uso de agrotéxicos

Legalmente, os agrotoxicos sdo definidos pela 1802798, sendo qualquer produto ou
agentes (fisicos, quimicos ou bioldgicos) utilizadms setores de producdo, armazenamento ou
beneficiamento de produtos agricolas ou na protdeditorestas e ecossistemas (urbano ou rural),
destinado a modificar a composicao da flora ou daarfim de preserva-las da acdo danosa de
outros seres vivos, ou ainda produtos empregaduos desfolhantes, dessecantes e estimulantes e
inibidores de crescimento (BRASIL, 1989). Essardefio tras o carater positivo dos agrotoxicos.
Através deles é possivel o controle de animaisreetde doencas de grande impacto na saude da
populacao, no controle de animais que colocam soo & producado de alimentos em fazendas, ou
na armazenagem pos-colheita ou das sementes amtesamtio/brotamento. Além disso, sdo
utilizados no combate a animais parasitas de ootiagdes de animais, no beneficio ao conforto do
lar, no combate de insetos indesejados. Basicamedi@s os ambientes urbanos possuem ligagcao

direta com agrotdxicos com algum desses objetivos.

A facilidade e a eficiéncia dos agrotoxicos no cataba esses animais indesejados, assim
como o facil acesso, fez com que a exposicdo humasses produtos, a doses que colocam em
risco aguda ou cronicamente a saude da populagégasse a numeros preocupantes. Pelos dados
acumulados em tabelas publicadas pelo SINETOX ndode 2005 a 2009, 786 pessoas obtiveram
sucesso no suicidio utilizando agrotéxicos de ugdcala no Brasil (tabela 1), resultando no
suicidio como principal morte por agrotoxicos, 84,dos oObitos registrados de 2005 a 2009 no

Brasil.
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Tabela 1: Obitos de Intoxicacdo por Agrotoxicodse Agricola por Unidade Federada, segundo
principais circunstancias, acumulado de 2005 - 2009

REGIAO OCUPACIONAL (%) SUICIDIO (%) TOTAL (%)
Norte 0 (0,0 11 (1,2) 16 (1,7)
Nordeste 2 (0,2 382 (41,2) 426 (45,9)
Sudeste 2 (0,2 135 (14,5) 164 (17,7)
Sul 7 (0,8) 146 (15,7) 181 (19,5)
Centro-Oeste 6 (0,6) 112 (12,1) 141 (15,2)
Total 17 (1,8) 786 (84,7) 928 (100,0)

Compilado de SINITOX 2009b, 2009d, 2009f, 2010k, 149

Pela mesma fonte, podemos notar que mais de 1@essloas, nesse mesmo periodo, foram
cadastradas por apenas se intoxicarem voluntariamenjetivando o mesmo fim. Ainda, mais de
outras 7 mil pessoas se intoxicaram nao voluntamae) durante a exposicao aos agrotoxicos de
uso agricola, durante o trabalho (tabela 2). Sem@stimativas da Organizacdo Pan-Americana de
Saude (OPAS), para cada caso registrado de int@&dc@aor agrotoxicos outros 50 casos de
intoxicacdo ocorreram sem notificagcdo ou com reaoes erroneas (SOBREIRA & ADISSI,
2003). O facil acesso aos agroquimicos facilita® deles, pelo menos e ndo somente, como arma

de auto-exterminio.

Tabela 2: Casos de Intoxicacdo por Agrotoxicos sie Agricola por Unidade Federada, segundo
principais circunstancias, acumulado de 2005 - 2009

_ TENTATIVA DE

REGIAO |AMBIENTAL (%) | OCUPACIONAL (%) SUICIDIO (%) TOTAL (%)
Norte 0 (0,0) 32 (0,1) 197 (0,7) 459 (1,6)
Nordeste 12 (0,0) 274 (1,0) 4.335 (15,3) 5.897(20,8)
Sudeste 58 (0,2) 3.860(13,6) 4.246 (15,0) 11.410(40,3)
Sul 15 (0,1) 2.588(9,1) 2.711(9,6) 7.592 (26,8)
Centro-
Oeste 27 (0,1) 671 (2,4) 1.356 (4,8) 2.944 (10,4)
Total 112 (0,4) 7.425 (26,2) 12.845(45,4) 28.302(100,0)

Compilado de SINITOX 2009a, 2009c, 2009e, 20104130

O mercado de agrotoxicos, no Brasil, movimentou28®8 um montante de 7 bilhdes de
reais, colocando-o como responsavel pelo consum@6éle desses produtos em toda a Ameérica

Latina (ANVISA, 2009). Perez e colaboradores (20dléjtam que os paises em desenvolvimento
16



representam 30% do mercado global desses produtagida, segundo dados apresentados por
esses mesmos autores, os menores indices de @gsoai@grotoxicos através do trabalho ou por
contaminagOes ambientais seriam de 3% das popslagbedadas, podendo chegar a 23%. Ainda,
alertam sobre o aumento do risco ocasionado pglagdxicos, quando atingem populacées mais
vulneraveis, como com baixo nivel de escolaridéaléa ou de uma politica informativa sobre os

perigos dos agrotéxicos fraca e ineficiente, poatesacdo ao descarte de materiais utilizados no
transporte, embalagem e aplicagdo dos produtos emawejo e falta de controle sobre

comercializacdo e acesso aos agrotoxicos.

O 6nus devido o uso, excesso e a falta de zeloeszes produtos, tanto no ambiente urbano
guanto rural, ndo sédo pagos apenas com o furtgidas, voluntaria ou involuntariamente, mas no

tratamento de doencas e de intoxicacdes, sanalbasuypresponsabilizadas ao Estado.

2.1.2. Classes e mecanismo de acao dos agrotéxicos

A domesticacdo dos animais e das plantas foramasesikpara a formacéo das aldeias, da
transicdo dos grupos errantes aqueles fixos. Alptidade da producgéo do alimento fez com que o
homem pudesse se associar a terra, abrindo ummordo de possibilidades, de relagbes entre os
homens e entre os homens e os compartimentosdsi@iabioticos do meio ambiente. Da producao
de ferramentas para facilitar a caca nas tribosad@sy o homem, mais do que nunca, comeca a
modificar 0 ambiente quando fixo. Agora ndo erasmacessario que o animal se adaptasse; o

ambiente se torna adaptavel.

O uso de agrotoxicos vem mais uma vez da necessatatiomem de se adaptar, nessa luta
constante com o ambiente, para que sempre consimlberano. Para isso, substancias quimicas

foram desenvolvidas nas mais diversas formas:grées, solucdes, sdo pulverizados no ambiente.
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Os biocidas usados no combate a insetos e outmsianindesejados, comumente chamados
de praga, podem possuir diversos mecanismos de,acomo aqueles que afetam a respiragao
celular, baseados em arsénicos, ou ainda os eicidticoagulantes. Aqui sera descrito apenas 0s
grupos quimicos mais comuns utilizados como inisiets; tanto no uso agricola, como nas politicas
sanitarias no combate a vetores no meio urbano esaadomeéstico, que possuem acdo sobre o
sistema nervoso central (SNC). Eles sdo classdikamnforme a familia quimica da molécula,

sendo organoclorados, organofosforados, carbanmetpgetroides NORAGAS & SCHNEIDER,

2003).

O primeiro organoclorado identificado como agrotoxioi o DDT, em 1940, quando Paul
Mueller, da companhia suica GEISY, observou que slgetizado em 1874, era um potente
inseticida. Essa classe de agrotdxico possue umpagrento quimico com cloro que impede o
fechamento dos canais de sédio na membrana cdlganeurdnios, interferindo na repolarizacéo
da membrana. Isso faz com que o0 neurdnio estejpreemcitado, com uma superestimulacéo do
sistema nervoso central e periférico. A toxicidadgida dos organoclorados é bastante baixa,
cativando a tranquilidade da populacdo no seuRs@em a sua alta solubilizacdo em gorduras e
sua baixa degradacédo natural faz com que ele queulado nos tecidos. Além disso, por precisar
uma concentracdo cada vez maior para o defeitadieseo uso e o0 passivo ambiental desses
produtos contribuiram com uma grande importanciaco@taminacdo ambiental. A exposicao
cronica do individuo a esse tipo de quimico podaltar em altas concentracdes de acumulagdo no
organismo. E ainda, pela caracteristica de seromipibssolivel, o processo de bioacumulacéo,
durante o fluxo trofico, € bastante acentuado. $enmmostrado que esses produtos possuem

potencial carcinogénico e teratogénico (FLORESI 2004).

A acdo dos piretroides se assemelha aos organdofor&les também agem evitando a
repolarizacdo da membrana neuronal, gerando unguiébeo do fluxo do sinal elétrico. Embora

os piretrdides ndo possuam a capacidade de se cusias possuem uma alta toxicidade aguda.
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O uso de agrotoxicos piretroides na agriculturaexgu na década de 1970, sendo muito recente.

N&o ha muitas informacdes toxicoldgicas sobre iceflessa classe (SANTQ@S$ al,2007).

Os organofosforados e carbamatos possuem o0 mesmanisto de acdo: ambos sé&o
inibidores da acetilcolinesterase, chamados decdimisterasicos. Ambos possuem uma alta
degradacdo no meio ambiente, sendo os carbamatiss imstéaveis que os organofosforados.
Quando ligados a enzima, formam complexos de iddsigliferentes, os carbamatos carbamoilam o
sitio ativo, enquanto que os organofosforados forraen complexo por fosforilagdo. O complexo
do sitio fosforilado origina uma ligagdo forte eéeel, sendo um inibidor irreversivel. Ja o
complexo carboxilado é facilmente hidrolizado, puite a enzima ser restaurada na sua forma
ativa. Porém os carbamatos possuem uma afinidade maior pelo sitio ativo da AchE, fazendo
com que sua acao seja mais rapida. A acdo dirbra ®3sa enzima torna esses produtos muito
eficientes. Primeiramente os organofosforados fatasenvolvidos na industria bélica na 1l Guerra
Mundial, como arma quimica, apés foram utilizadoscontrole de “pestes” na agropecuaria. Os
carbamatos, por serem menos estaveis e com mdacidade de acdo e degradacdo, foram
desenvolvidos e incentivados por serem mais “sejuyoe os organofosforados. No Brasil, o uso
desses quimicos é bastante significativo e ha §redientes ativos organofosforados e 18

carbamatos registrados. (ANVISA, 2009; MOSER, 185RO0ON, 1994)

A AchE é uma enzima componente das sinapses nen@sancdes neuromusculares,
responsavel pela hidrélise do neurotransmissorileaéta. A AchE também € importante nas
expressdes nao-sinapticas, nao-colinérgica, eramadr no desenvolvimento de células
hematopoiéticas e neuronais, na regeneracdo néwdambém em doencas neurodegenerativas
como a Doenca de Alzheimer (AD) (JOHNSON & MOORBQ@). A transmissédo do impulso
elétrico nas conexdes neurais e neuro-musculaseoatraves da liberacdo do neurotransmissor
Ach na fenda sinaptica, provocando a despolarizaigionembrana do neurbnio receptor ou a

contracdo muscular. Assim a liberacdo da Ach nddesinaptica ocorre através do potencial de
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acdo quando alcanca o botdo terminal de um neugigisinaptico, abrindo um canal de célcio.
Com a entrada de fon de célcio’Cacorre a exocitose de vesiculas pré-sinapticaterdo Ach,
liberada entdo na fenda sinaptica. Para que oeorepolarizacdo da membrana, € necessario que

essa Ach seja hidrolisada através da AchE ancorad@embrana plasmatica (KOHILA, 2004).

2.2. 0 USO DE ANIMAIS NA PESQUISA CIENTIFICA

Para o objetivo de predizer os efeitos toxicos slagstancias, desde a sua origem, a
toxicologia vem se utilizando de animais para minaetos efeitos em humanos. Hoje, os testes
toxicoldgicos em animais, por ndo possuirem sulsitndo-animais, estdo incorporados em todas

as Farmacopéias e em leis de fiscalizacéo e regulagfio de produtos quimicos.

Ao mesmo tempo em que os testes em animais poggasithe credibilidade e compdem um
dos pilares do conhecimento cientifico, tanto lw§stomo aplicado & seguran¢ca em saude e meio
ambiente, é visivel a crescente problematizacdoagupraticas de pesquisa envolvendo animais
vém sofrendo, ndo apenas a partir da sociedade @wno também de setores académicos. Essa
problematizagdo vem ancorada ao avango dos pensmmiinséficos sobre as consideragdes
morais aos animais e também nas falhas de extg@mldos dados obtidos em animais nao-

humanos para humanos.

2.2.1. Limites éticos

Todo o cientifico serve pelo menos dois deuses quoelongo da
historia da ciéncia e até hoje, lhe pareceram atzsuoknte
complementares. Hoje, devemos saber que eles ndos@éente
complementares, mas também antagonistas. O prirdeus é o da
ética do conhecimento, que exige que tudo sejdfisado a sede de
conhecer. O segundo deus é o da ética civica efauma
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O limite da ética do conhecimento era invisivel,priori, e ndos

transpusemo-lo sem saber; é a fronteira para tudbo conhecimento
traz com ele a morte generalizada: hoje, a arvoreahhecimento
cientifico corre o risco de cair sob o0 peso dos $autos, esmagando
Adéao, Eva e a infeliz serpente. (MORIN, 1994, p. 30

Foi a partir das sentencas do Tribunal de Nurembmuglicado pelo Nuernberg Military
Tribunals em 1949 em uma selecdo de casos meédadsials of War Criminals before the
Nuernberg Military Tribunals que foi proclamado o Codigo que dispbe de dmetriéticas
internacionais para pesquisa com humanos. O pomeiincipio estabelecido, retirado do

documento ja citado (p. 181)

“O consentimento voluntario do sujeito humano é ohltamente

essencial. Isso significa que as pessoas que sefimetidas ao
experimento devem ser legalmente capazes de dseronento; essas
pessoas devem exercer o livre direito de escolhm geaalquer

intervencdo de elementos de forca, fraude, memtracao, astlcia ou
outra forma de restricdo posterior; devem ter confento suficiente

do assunto em estudo para tomarem uma decisaolEsse aspecto

exige que sejam explicados as pessoas a naturedaragdo e 0

propédsito do experimento; os métodos segundo ds geed conduzido;
as inconveniéncias e 0s riscos esperados; os efgtore a saude ou
sobre a pessoa do participante, que eventualmergsam ocorrer,

devido a sua participacdo no experimento”.

Assim os voluntérios devem ter condicfes de enteageesquisa e 0s riscos. Segundo esse
artigo, deve-se excluir da pesquisa todas as pessoaituacao de risco social, menores de idade, e

pessoas sem juizo pleno.

A sociedade, através dos casos de experimentagidwmanos por parte dos pesquisadores
nazistas divulgados apés a Segunda Grande Guerendesu que a ciéncia ndo esta acima dos
limites da ética civica, da igualdade e da justuga, mais que fossem evidentes na nossa historia
outros casos de experimentacdo com humanos. Samplese ocorridos nas pesquisas
estadunidenses o caso do Estudo de Tuskegee dqueepgmnos e 1932 a 1972, negou informacdes
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sobre a doenca e sobre o tratamento a 399 homgresrem sifilis (COBB, 1973). E ainda o caso
de experimentacdo com humanos, contemporaneo bonatide Nuremberg, divulgado durante o
pedido de desculpas do atual presidente dos Estddmks, Barack Obama em 2010 para a
Guatemala (TANNE, 2010). Nesse estudo, de 194648, 1fdram contaminados com sifilis 696

guatemaltecos, entre prostitutas, prisioneirogernados em hospitais psiquiatricos, para verificar

o efeito da penicilina logo apds a relacéo sexual.

Singer (2000, 2007), baseando-se na ampliacdoriésas morais de Bentham (2007), da
capacidade de pensar para a capacidade de samfirsenciéncia, € um dos maiores expositores
sobre ética animal. Este autor defende que umesder ao existir, deve ser respeitado,
independente da qualidade do portador desse isgerfd® momento em que 0s animais sdo capazes
de sentir e possuem o interesse em nao sentirgnow@rivacao de liberdade, gera uma obrigacéo
por parte dos humanos de proteger esses interédges.disso, € clara a comparagdo entre o
especismo (a desconsideracdo do interesse de deresitras espécies para a valorizagdo de
interesses menos importantes de humanos) e outea®ngeitos ndo mais aceitos na cultura
ocidental, como o sexismo (a desconsideracao @oesde das mulheres em relacdo a interesses
menos importantes dos homens) e o racismo (deslevacéio do interesse de pessoas de outras

etnias).

Assim, foram identificados ja no século passadiinuges impostos a ciéncia no que se refere
ao uso de seres humanos em pesquisa. Porém, ceamgpadas discussbes em ética aplicada aos
animais, podemos identificar outra fronteira dacatcientifica, onde ainda existe a morte

generalizada de animais sencientes.

2.2.2. Novo Paradigma Cientifico: A Substituicdo dModelo Animal
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Dois dos critérios atuais da toxicologia sdo a ¢éddue a substituicdo do uso de animais em
testes, gerando estudos sobre biodisponibilidatixieocinética de substancias, observacdes de
novos efeitos adversos, melhorando os testes adamdo melhor os mecanismos de acao dessas

substancias toxicas (MEYER, 2003).

Estudos de validacdo para testes toxicologicost@eocorrendo devido a essa pressao da
sociedade e das autoridades governamentais, appeldogoverno britanico e da Comissao
Européia desde o final do século passado, comtudesle validagdo de métodos alternativos ao
Teste Draize de irritacdo ocular, no qual uma sulesa é colocada em um dos olhos de coelhos

para ser analisado o grau de irritabilidade (BAdtlal, 1995).

Esse apoio ao desenvolvimento de métodos alteosativi incorporado na Legislacao
REACH (Registration, Evaluation and Authorisatioh ©hemicals) da Unido Européia. A
legislacdo REACH, além de incentivar a producaonééodos alternativos ao uso de animais em
toxicologia, incentiva a producdo de modelos deapxiiacdo dos dadas vitro para a atividade
toxica da substancia, através de dados de toxiEtcan(COMBES, 2008). Essas informacgdes sao

importantes para entender o efeito e 0 comportamtoxicante através de uma visao sistémica.

O novo paradigma em toxicologia baseado em pessja&o-animais diminuira os gastos nas
pesquisas (ver quadro 1), utilizando menos materiahalisando as perturbacbes de respostas

celulares, no lugar de desfechos em animais coamyeros toxicolégicos.

QUADRO 1. Opcodes para futuras estratégias de tdstesxicidade

Opcao | Opcao Il Opcao I Opcéao IV
In vivo In Vivo com Bem- In Vitro eln vivo In Vitro
estar animal
Biologia animal. Biologia animal. Primariamente Primariamente
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Doses altas. Doses altas.
Baixa producéo.
Caro. Menos caro.

Menor consumo de
tempo.

Consumo de tempo.

Uso de grande numer Uso de menos animais.

de animais.

Baseado em desfecht Baseado em desfecht
extremos. extremos.

Algumas varreduras
usando abordagens
computacionais @
vitro; maior
flexibilidade que os

métodos tradicionais.

Producdo aumentade Média a alta producéc

biologia humana. biologia humana.

Diferentes doses. Diferentes doses.
Alta produgéo.
Menos caro. Menos caro.

Menor consumo de Menor consumo de

tempo. tempo.
Uso de Praticamente sem usp
substancialmente de animais.
menos animais.
Baseado em Baseado em

perturbacdes de
respostas celulares
criticas.

perturbacdes de
respostas celulares
criticas.

Varreduras utilizando Varredura utilizando
abordagens abordagens
computacionais computacionais.
possiveis; limitados
estudos em animais
gue se concentram no
mecanismo e

metabolismo.

*Adaptada de CTTAEA, 2007

Para essa mudanca de paradigma, é necessario tamhstiplinaridade de conhecimentos,

aplicando os conhecimentos adquiridios vitro sobre os toxicantes, através da analise das

perturbacdes celulares em cultura de células expasterta dose de toxicantes (ver figura 1), com

ferramentas computacionais de modelagem de ressltadamados métodbssilico, associados a

uma melhor compreensdo dos dados coletados e dispnatravés de revisdes criticas da

literatura e evitando a reproducao desnecessagamiimentos (CTTAEA, 2007).
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FIGURA 1. Mudanga de paradigma toxicoldgico para andlise de perturbagées celulares como desfechos mais
sensiveis. Adaptado de CTTAEA, 2007

2.4. LINHAGEM CELULAR DE NEUROBLASTOMA HUMANO (SH-S5Y)

Para o desenvolvimento da metodologia para avalidedanticolinesterasicos desenvolvida
na terceira parte dessa dissertacdo foi utilizada linhagem de neuroblastoma humano (SH-
SY5Y). Essa linhagem é originaria de um processtotrado (ver quadro 2) a partir da linhagem
SK-N-SH, estabelecida em cultura em 1970, a pdatibiopsia da metastase de um neuroblastoma
na medula 6ssea de um humaHorfio sapiensdo sexo feminino de 4 anos de idade e depositada
na American Type Culture CollectiofRTCC) por JL Biedler. (ATCC, 2011; BIEDLEET AL

1978).

QUADRO 2. Derivacao das linhagens celulares deaidastomas humanos

Linhagens Descricao

SK-N-SH Linhagem de neuroblastoma nédo-clonadowadtt em Dezembrp
de 1970.

SH-SY Sublinhagem clonal de SK-N-SH com caraciedst de
neuroblasto.
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SH-SY5 Subclonada a partir da linhagem SH-SY

SH-SY5Y Subclonada a partir da linhagem SH-SY5

SH-IN Clone da linhagem SK-N-SH com caracteristi@aseuroblasto

SH-EP Clone da linhagem SK-N-SH com caracteristgételiais.

SH-FE Clone da linhagem SK-N-SH com caracteristqaeliais.

SK-N-BE (1) Linhagem de neuroblastoma nao-clonadibivado em Junho de
1972.

SK-N-BE (2) Linhagem de neuroblastoma né&o-clonaglivado em Novembro
de 1972.

SK-N-MC Linhagem de neuroblastoma ndo-clonado\add em Setembro de
1971.

MC-IIE Sublinhagem biclonada de SK-N-MC

MX-IXC Sublinhagem biclonada de SK-N-MC

Adaptado de Biedlezt al (1978).

A linhagem SK-N-SH possui dois tipos celulares idiss: um com células densas e
pequenas, com citoplasmas escassos, formando dgse@aoutro com células relativamente

grandes e epitelidides (Biedler, 1973).

A linhagem SH-SY5Y é usada como um modelwitro de neurbnios dopaminérgicos para
testes de neurotoxicidade. Quando indiferencialda, €10 neuroblastomas imaturos que mantém
algumas caracteristicas de células tronco, conifgnatdo agressiva. Mesmo indifenciadas, elas
expressam a AchE na membrana celular. Porém, pin@sdestes de expressdo da enzima e analise
de outras vias de toxicidade, pode-se induzirereliiciacdo celular através de acido retindico (AR)
combinado com outros fatores de crescimento, comdNM (Brain-derived neurotrophic factor),
para cessar a fase proliferativa e desenvolvea@teristicas dopaminérgicas e neuronais, como
emissdo de neuritos (LOPES al, 2010; SONG & LUCHTMAN, 2010; RADIO & MUNDY,

2008; ENCINASet al,2000).
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3 - OBJETIVOS

3.1. GERAL

Analisar o uso de cultura de células de linhagepadonérgica (SH-SY5Y) como método

para determinar o potencial inibitério de anticefiterasicos.

3.2. ESPECIFICOS

Descrever sistematicamente a literatura cientificadial sobre métodos alternativos ao uso

de animais em testes toxicoldgicos de agrotéxescrevendo a sua distribuicdo por areas.

Analisar o potencial uso de cultura de célulaseigwna determinagdo e acompanhamento do

potencial anticolinesterasico de agrotoxicos, usammno teste o carbamato Aldicarb.
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4 — MATERIAIS E METODOS

Este trabalho se propds a um estudo sistematicprdducdo cientifica mundial e a
estabelecer uma metodologiem vitro alternativa ao uso de animais para analise de
anticolinesterasicos, testando um pesticida cartwacha alto impacto na saude publica, a fim de
facilitar e possibilitar maior flexibilidade para testes de regulamentacao, fiscalizacéo e toxieida
de agrotoxicos e outras substancias com igual nmeoarde acdo. Nesse sentido, os procedimentos
metodoldgicos estdo descritos, detalhadamente, antigos cientificos, forma pela qual foi
estruturada a presente dissertacdo. Ambos os aigfdo no padrdo para publicacdo na revista
PlosONE (Public Library of Science), sendo o primeconfigurado no modelo de Revisdes
Sistematicas, com tabelas maiores que uma pagifigues separadas como anexos apdés 0

referencial tedrico, e o segundo distribuido seduim modelo de publicacéo geral.
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5 - RESULTADOS

5.1. ARTIGO 1: What Do We Know About Alternative Meds to Pesticide Toxicology? A
Systematic Review.

Este espaco foi deixado em branco propositadamente.
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What Do We Know About Alternative Methods to Pestiade Toxicology? A Systematic

Review.

Abstract

The use of pesticides to control living organisimat threaten human health and crops/food
supply is continuously increasing. Conflicting withat, there are several evidences that such
increase may pose a danger to environmental andamumealth. In order to achieve proper
regulation of pesticide use and exposure, sevexatdlogical tests are available employing animal
testing. However, the extrapolation of the resalttained from such species to humans and other
non-target species is still a matter of intenseatkebn the meantime, a large amount of animals is
used in toxicological tests worldwide, reinforcitige ethical imperative to develop final alternative
methods to these tests. In this context, the ainthisf study was to systematically review the
scientific literature about alternative methods pesticide toxicity assays. Embase, LILACS,
IBECS, MedCarib, Wholis, Web of Science and Scwskre searched until April 24, 2010, by
means of several databases. The search on MedlineubMed used the following Medical
Subject Headings (MeSH): “Animal Use Alternativegth the terms related to “pesticid*”. Search
of scientific literature returned 287 abstractsjouhwere analyzed and categorized as “off-topic”,
“review”, “regulations”, “reduction and refinemen#ind “replacement”. After all exclusions, 37
articles were selected to be reviewed. Among thdnwere classified in off-topic study and 27
articles were analyzed and classified in 8 scientields. 55% of the articles were classified in
acute toxicity (LD 50) or eye irritation, the twoone explored fields. Therefore, this systematic
review showed that only few studies issue alteveathethods to the use of animals in pesticide
toxicological tests and they are concentrated Iy two fields. Other fields can be explored by new
methods. Research on replacement methods nebdsetacouraged as it could lead to significantly

reduce the current massive use of animals in exgeral science.

Introduction

...and there was the girl. She was happy to pardia in the International Wine Exposition. She
decided to sample the wine from a developing cgustre that production of quality wine was a
great economical alternative. Moreover, she couidldlocal products anytime and she would like

to experience different flavors from other placshjch she possibly would never visit. As she was
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in line to taste the foreign product, she almostldatouch the exotic and bucolic image of the
crushing of grapes, imagining the festival of pickfor a new cycle of the wine. While the girll stil
waited for her time in that afternoon, the workeasncoming home at the evening, after an
exhaustive day in a grape farm. He had been cotedaonly to apply the pesticides at the vineyard,
for as much time as necessary. He got to his faamty hugged his children, still afraid for the
strong dizziness and nausea felt a few momentsebeliast wishing for this day to end, he did not
even care to change his worksuit before enterisghbuse.

This is a fictional story; however, this is the geaof many agricultural works around the
world, especially in developing countries, where tise of pesticide is increasing in response to
many problems of health and crop/food productig8][IThe exposure to these chemicals, possibly
on a daily basis, can be occupational, particularlagricultural work, where about 85% of the
pesticide used in the world, but also through upblicies of vector disease control, responsible
for other 10% of the world’s pesticide usage [3ldilect exposure may also occur by the
consumption of treated foods [4] and in peculianations, such as the carrying of pesticides in

worker’s vestures or the domestic use of inseeticid

Due to the risks to human health and to the enwment offered by those chemicals, the
regulatory aspects of their use rely on exhaustiudies on their toxic effects, which is done often
through animal testing. The use of animal modelsoxcology has been criticized in all social
fields and a new toxicological paradigm have beewetbping, focusing on the alternatives to
animal testing [5], based on the 3R (reduce, redimé replace) concept [6]. Therefore, this review
has the intention of analyze the scientific prodhrcto identify studies with this concern on topics
related to pesticide toxicology. Several data basese searched through the use of different
keywords cross-related with the term “alternatit@sanimal testing”. After refining the consult,
were identified 26 studies focused on alternativethods to toxicological tests applied to

pesticides, the majority issuing acute toxicityege irritation.
Methods

Searching

The databases and databanks MedLine, Embase, ,LIBIEES, MedCarib, Wholis, Web of
Science (WoS) and Scielo were searched until A;l2010,, in English, Portuguese and Spanish,
depending on the search engine main idiom. Thelsear MedLine by PubMed used the following

Medical Subject Headings (MeSH): “Animal Use Altatives” with the radical keyword
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“pesticid*”. Web of Science, Scopus and Lilacs, eveearched in the Topic section (issuing title,
abstract and keywords) crossing radical terms:efa#tiv* and animal* and method*” with
“pesticid* or insecticid* or fungicid* or molluscat* or rodenticid*”. To prevent bias of
misclassification in Lilacs, keywords were usedinad references, instead of specific descriptars. |
other Latin databases it was used identical wodétads in Portuguese, Spanish and English in the
title, abstractandkeywordfields, crossing “pesticid$ or insecticid$ or firid$ or molluscacid$ or
rodenticid$” and “alternativé and anim$”.

Selection

All abstract and titles found by the described ceatrategies were screened and categorized
as “off-topic”, “review”, “regulations”, “reductionand refinement” and “replacement”. Were
considered "off-topic" those articles dealing watlternative methods to pest control, those aiming
to improve animal tests themselves or those thdb'ditest pesticides. Articles assigned as
“reduction and refinement” and “replacement” wenalgized thoroughly and once again classified

by aims, chemical tested and method used.

Data abstraction

All analyzes were done by two revisers (RB and iB8¢pendently, using data formularies to
excerpt aims, methods, target organism, testedautess and conclusion of the articles, making a
critical conclusion of the articles and marking dteicological field, 3 R’s concept and
conclusions. Articles on the same field and issuimg same pesticides were grouped to detail
analysis. Discordant classifications were analyzed third researcher (AM).

Quantitative data synthesis

This review is primarily a descriptive work to selewithin the scientific literature, methods
which can be used in the assessment of pesticidetapromote directives to new research in
alternatives to pesticide toxicology. However, salarticles were found issuing eye irritation
assessment using the same method of analysis, cogpavitro and in vivo results. Therefore, for
this specific class it was possible to group trseiits and to do a general comparison.

32



Results

The described search strategy of scientific liteatreturned 287 abstracts (126 from Scopus,
77 from WoS, 36 from PubMed, 39 from Lilacs, 5 fréBECS, 2 from Scielo, 1 from MedCarib
and 1 from Wholis). MedLine was consulted from ¢éhdistinct databases (Scopus, PubMed and
WoS) which returned many triplicates and duplicafeiplicates in Scopus, PubMed and WoS; 16
duplicates in Scopus and PubMed; 5 in Scopus an8l;Waluplicate in LILACS and Scielo and in
LILACS and WoS. Other 186 abstracts were alsousad as they were considered "off-topic" and
20 because they were reviews, while 11 focusedegulatory issues. In this manner, after all
exclusions, 37 articles were selected to be reuwdefi#ggure 1). Among them, 11 were considered

off-topic studies. All the other studies were fetltlassified in accordance with the table 1.

Acute toxicity studies
The studies on alternative tests to acute toxifotynd in this review concentrate in two
distinct fields: strategies for the reduction omnaal use by estimating of LD50 and tests on other

target organisms (cell culture, yeast and nematode)

To classify the lethality of pesticides by estimgtithe LD50, two different models were
found: Acute toxic class (ATC) method [8,9] andimproved technique of up-and-down procedure
(UDP) by computer[7]. Both methods have the sarmapvgise classification procedure using fixed
doses of 5, 25, 200, 2,000 and 5,000 mg/kg (EC4R00

Analyses on the model of LD50 were done in sevetatliies. In order to analyze the
usefulness of the nemato@aenorhabditis elegarss a model to acute toxicity [11], a correlation
was done between EC50 (effective concentrations)50%vement and LC50 (lethal concentration
50%) in C. elegansand LD50 in rats, to ten organophosphate pessc{deephate, dimethoate,
dichlorvos, dicrotophos, monocrotophos, methamidspiphosphamidon, omethoate, phosdrin and
trichlorfon). The ranking ofC. elegansLC50 and EC50 showed significant correlation wiitle
ranking of rat's LD50, indicating the validity ohis alternative animal model to determine the
toxicity. The use of the yeaSaccharomyces cerevisiagas also suggested to test acute toxicity
[16]. In this study, 160 chemicals, including peistes, were tested in the determination of the
growth Inhibitory Concentration of 50% (IC50) andhéyzing the correlations between yeast IC50
and rat LD50 (0.763) or mouse LD50 (0.728), antivben rat and mouse LD50 (0.798). In
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addition to this yeast model, a bacterial model leyipg Bacillus stearothermophilugzas used to
observe different toxic effects of the organoctueri insecticide endosulfan(and Clendosulfan
isomers) on lipophilic compounds [Martins et al,03)) describing a dependence between

membrane effects and growth impairment which wasl ig generate an index of citotoxicity.

Interesting results of LD50 were also found with calture models. A study [13] employing
a feline kidney cell line, found a good correlatibetween logarithmically transformed values of
IC80, using for endpoints neutral red uptake (NRténhacid blue (KB) and highest tolerated dose
(HTD) tests, with log rat DL50 to five substitutéenzthioanilides (NRU = 0.826; KB = 0.800;
HTD = 0.883). This model was used to evaluate tyi®toxic activity of the 12 substituted
benzthioanilides potential fungicide substancesguswo commercial fungicides (thiuram and
imaverol) as toxic references. Other study, integdio determine cell line specificity on the
development of alternative methods, compared tht#oracof two pesticides environmental
pollutants (Pentachlorophenol and Rotenone) oretbsdl lines: HeLa (human adenocarcinoma),
3T3 (mouse embryonic fibroblasts) and Vero (greemkay kidney fibroblasts), describing Vero
cells as more sensitive to reproduce toxic studreshemicals [Freire et al, 2009]. The protective
effect of the fetal bovine serum on the cellulanssiility to pesticides (Crabofuran, cypermethrin,
lindane, glyphosate and 2,4-D) was also analyzeotler few works [14,15] on the hybridoma cell
line 1E6. Morever, MTT assay and trypan-blue exolusest showed a good correlation to analyze
cytotoxicity with this cell line [15]. The authoncluded that a serum-free test would be more
sensitive to evaluate pesticide-related cytotoyicit

Ecotoxicity

Castafio and collaborators [17] wrote a rather cetapleport of the ECVAM workshop on
the use of fish cells in Ecotoxicology. In that wothey aimed to make a critical review of the
potential use of fish cells on replacement, redyain refinement, discussing their advantages,
limitations and future applications. Although thmaf the present work is to compile experimental
studies, it was important to analyze and to divulge report due it analyze an important method to
ecotoxicity assessment. Specifically to pesticalecblogy the authors cited an article by Saito and
collaborators of 1991, which failed to be retriewdording to our search strategy, that analyzed 45
pesticides. Distinct of other chemical classes,dheelation coefficient between EC50 and LD50
was poor to organophosphate (r = 0.69) and carlearpasticides, whereas to non-classified
pesticide it presented a r = 0.85. This differemoeurs possibly due to the specific action
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mechanism of organophosphate and carbamate in dlo@aic neurons. Castafio and collaborators
[17] conclude, between other considerations, tist €ell methods offer many possibilities for
improving hazard identification in environmentatkiassessment, and they recommend a better
characterization of the available fish cell systemsvelop and standard protocols, in order to

promote the application of these techniques tovaglecompounds to ecotoxicology.

In vitro methods also are used to test toxic chalsiin the environment employing other
aguatic organisms such as the marine bacteNibno fisheri (bioluminescence inhibition), the
green algaeChlorella vulgaris (growth inhibition), and microcrustaceaBaphnia magnaacute
toxicity immobilization test)[19]. Using this orgem and tests, Zurita and collaborators [19]
analyzed the toxicity of sodium fluoroacetate (SNJFéomparing these models with two fish cell
lines Poecilliopsis lucidahepatoma - PLCH-1 and rainbow trout - Oncorhynamygiss — RTG-

2). The effects on PLHC-1 cells were measured usital protein content (Coomassie brilliant blue
G-250), glucose-6P dehydrogenase leakage (G6PDmitgct neutral red uptake (NRU),
mitochondrial activity (MTS tetrazolium reductio@nd detection of apoptosis induction using
TUNEL technology. To measure the effects on RTGs? avere analyzed the acetylcholinesterase
and ethoxyresorufin-O-deethlyase (EROD) activitge authors foun®. magnamore sensitive to
SMFA than other organism€. vulgarisalso showed high sensibility, whi\ fischeripresented
low sensibility, possibly because SMFA blocks thigic acid cycle which does not interfere in
facultative anaerobic bacteria. They conclude #ted SMFA is most unlikely to produce acute
deleterious effects to aquatic organisms, posdiggause the three organisms used are much
different on question of toxic mechanisms. PLHCHsoceere described as more sensitive to SMFA
than the RTG-2, being the NRU the most sensitieebdicator.

Zitova and collaborators [18] studied the respetia screening technology (RST) assay for
a bioindicator of ecotoxicity in Escherichia coli and V. fischeri(prokaryotes), brine shrimp
Artemisia salina(microcrustacean), human lymphocyte Jurkat celld ambryos of zebrafish
Danio rerio. They observed changes in the metabolic activityepas in the presence of the
pesticide lindane, as well as other chemical sge(@ac, copper, pyrene and naphthalene), even
though at different levels on an organism-dependesis, concluding that, for chemicals with
complex modes of action, animal-based assay requivager time (24 h) of exposure. Cell-based
assays (particularly those using E. coli) for assest of acute toxicity have high initial senstlili
Eukaryotic cells (such as Jurkat) in spite of threnluced sensibility are expected to be the more

relevant model for screening to human health.
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Hepatotoxicity

The liver is often the site of production of methies, and a target organ for those same
metabolites, as well as for xenobiotics. Studies tamsformation of chemicals in liver are
important to understand a systemic action of taxgaBull and collaborators [21] analyzed two
genetically engineered murine NIH-3T3 cells, traetéd with human CYP1A2 or CYP2E1l
isoforms, and transfected Chinese hamster lungliast V79 cells expressing rat CYP2B1 (all
members of cytochrome P450 superfamily). Cytochr&B0 enzyme expression is important in
phase |, responsible for the metabolism of xendatsptcatalyzing their oxidation, reduction or
hydrolysis reaction, making the resulting molecw@eailable to phase Il reactions, where functional
groups previously added will be bind to hydrophifjcoups. Therefore, some drugs may be
bioactivated in those phases, resulting in metsd®lmore pharmacologically or toxicologically
activated. In Bull and collaborators (2001), cedtidty was assayed by NRU and Alamar Blue
reduction, while oxidative stress was assessedmeégsuring glutathione (GSH), following the
exposure to 1,3-dichloropropanol (DCP) or cyclogi@snide (CPA). The authors concluded that
all engineered cells tested are able to show mksalonediated toxicity following exposure to
DCP and CPA, even though NRU and Alamar Blue asgagsented limitations in evaluating

hepatic metabolism-mediated toxicity, detecting jhe initial stages of cytotoxicity..

At 1995, Montesissa, Lucisano and Carli also suidie metabolism-mediated toxicity [22].
The authors analyzed the Aldicarb (ALD) metabolisging hepatic microsomes from chickens,
rabbits, sheep and pigs. The sulfide group on Atmdcture is rapidly metabolized to sulfoxide
(ALDSOX), which is more effective to inhibit acetylolinesterase. Posteriorly, the sulfoxide is
converted to the less toxic sulfone (ALDSON). Frtm four species studied, rabbit showed the
highest concentration of CYP450 in hepatic microsgnfollowed by sheep. Sheep microsomes ,
on the other hand, had the greatest overall oxidaictivity. It was also observed a rapid attaininen
of steady-state concentrations in pigs and shed@maalation between the CYP450 content and the
ALDSON production on both species, but this cotretawas not found to the ALDSOX. These

data demonstrate the utility and necessityafitro studies on metabolism-mediated toxicity.

It also was developed a battery of screening t@sthepatotoxicity[20]. Three targets were
employed: freshly isolated rat hepatocytes, printafyured rat hepatocytes, and rabbit eye derived
cells (SIRC cells). Seven organophosphates (femttd@zinon, disulfoton, edifenfos, phenthoate,
IBP, trichlorfon), two S-triazines (prometryn, amyef), seven carbamates (diethofencarb,
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mefenacet, benfuracarb, swep, ethiofencarb, isapbpcalanycarb), two phenylureas (linuron,
cinosulfuron, thifensulfuron methyl), two pyrethdsi (permethrin, cyfluthrin), four diphenylethers
(chlornitrofen, nitrofen, chlormethoxyfen, bifengx@nd aramite were tested for cytotoxicity (LDH
leakage method), cellular glutathione levels (phksenzyme activity) and ethoxycoumarin O-
deethylation (ECOD) and ethoxyresorufin O-deethgtat(EROD) activities (phase | enzymes).
Based in the results, the pesticides were cladsifiefour groups: (1) cytotoxic to both isolated
hepatocytes and primary cultured hepatocytes (akeempounds demonstrated hepatotoxicity at
lower concentrations than on SIRC cells, suggest-kpecific toxicities); (2) inducing decreased
viability of primary cultured hepatocytes but noedhly isolated hepatocytes (authors suggested
that sustained decrease in GSH in primary culthegghtocytes may exposure the cells to oxidative
stress and/or to toxic metabolites); (3) changaddcoot be found in the cell viability of both
hepatocytes, but there were decreased of ECODitgctand (4) inducing an increase on ECOD
activity by a lower concentration than cytotoxicsdo The authors suggested that this batterg of

vitro tests is useful to screen the hepatotoxicity stipeles.

Eye irritation

Two methods were found in the present search ewadudahe eye irritation caused by
pesticides: Chicken Enucleated Eye Test (CEET) @ Egg Chorioallantoic Membrane (HET-
CAM) bioassay.

The chicken enucleated Eye test (CEET) or Isol@ieidken Eye (ICE) test was developed by
Prinsen and Koéter (1993) from the Isolated Rabpé (IRE) test by Burton et al. (1981). It is an
ex vivotest, using freshly isolated chicken eyes (obthifrem slaughterhouses) to evaluate the
potential ocular irritancy, corneal swelling, cashepacity and fluorescein retention (ECVAM DB-
ALM, 2010). Prinsen [29] applied this method to lexzde the ocular irritation potential of 44 test
materials received in TNO Nutrition and Food Inggt 4 of those being pesticides. The correlation
coefficients between rabbit vivo and CEET tests to all materials was very high2a®1 h of
interval). Of the 44 tested substances, 7 showédreint or borderline classifications between
CEET andn vivorabbit, including 2 of the 4 tested pesticides.

The HET-CAM test is based in irritant endpointsgésemia, hemorrhage and coagulation)
on the vascular fetal membrane of chicken embrkoswn as the chorioallantoic membrane
(CAM), to estimate the effects of substances oncibigunctiva of the eye (ICCVAM, 2010). 6
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articles were found using this method [23,24,222&38]. All of them presented a comparison with
in vivo eye irritation test, either tested or reportedrfrother references. Table 2 presents the
chemical tested and the results from such stuéiesr pesticides were also tested (Silwet L-77,
Kohinor 200 SL, Previcur 607 SL and Confidor 200) b mitochondrial metabolism on VERO

cell line, using the MTT assay, but no statistiesk of correlation was presented[25].

Eye irritation - Quantitative data synthesis

From HET-CAM studies, it was possible to do a glat@mparison, standardizing the toxic
classification fromin vitro and in vivo results presented in the articles described inleT@b
Classification of HET-CAM andn vivo results were standardized to four categories:Na)
labeled, (2) Slight irritation, (3) Moderate irtian and (4) Severe irritation. To the HET-CAM
results, it was used the irritation score (IS),eptdhe results of one study [24] which employea th
authors own classification. These results weredstatized according to the classification presented
on table 3.

Table 3. Standardized categories

Standard HET-CAM IS HET-CAM In vivo classification
classification [23,24,25,26,27,28] [24]

Not labeled 0t0 0.9 Nonirritant Non-irritant; no irritation.

Slight irritation 1t04.9 Weak Mildly irritant C2A; minimally; mild
irritation irritation; slight irritation; weak irritation.

Moderate 510 8.9 Moderate Moderate; irritation.

irritation

Severe irritation | 9to 21 Irritant Eye irritant C1; irritant; extrelyp

extremely irritation; severe; extreme.

In a general analyze betwe@n vitro andin vivo valuation, it was found a concordance
classification to 19 pesticides (59.4%). Only teubstances in vitro test underestimated the hazard
irritation (9.3%) and to 10 (31.25%) chemicals, thevitro method overestimated the irritation
potential (Figure 2). The overestimation possibiypens due to the in vitro test exhibit a higher

sensibility thann vivo test. Moreover, the overestimation of the hazamftdnvalidate the method
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for the purpose of health protection. It is necessaore studies specially on the pesticides

presented in the underestimated hazard zone.

Skin permeability

The research strategy employed returned only aingeamvestigating the use of alternative
methods to skin permeability to pesticides, comgam vitro and in vivo methods under identical
experimental conditions [30]. This work compared/ivo tests using rats and human volunteers to
threein vitro models, namely rat skin membranes, human skin mameb and a perfused pig-ear
model, after exposition to Propoxur ((2-isopropdxgpyl) N-methyl carbamate). The authors
observed that the epidermal membranes were mommeadte to propoxur than viable skin
membranes, and that the pesticide is partiallymethor deposited in the dermis and is only slowly
released into the receptor fluid. Comparing itheivo skin permeability test using rat and human
models , it was found that rat skin is more perrfeedlban human skin, since it attains the peak
blood concentration after 0.5 h, as compared toxapr h after administration for human skin.
Authors considered that tle vivo rat model overestimates human skin absorptiorragxur and
that the data obtained indicate that itn@itro models could be very useful to estimate human risk

even though these tests also should be performidipophilic penetrants.

Neurotoxicity

The major action mechanism of carbamate and ordersphate pesticides is the inhibition of
acetylcholinesterase (AchE)[33]. This important ygne catalyzes the hydrolysis of the
neurotransmitter acetylcholine and its inhibitisrused as an endpoint to neurotoxicity tests. Rajin
and collaborators [11] analyzed the correlatiomien AchE inhibition and reduction in movement
and mortality in the wormCaenorhabditis eleganafter exposure to 10 organophosphates
(Acephate, dimethoate, dichlorvos, dicrotophos, acootophos, methamidophos, phosphamidon,
omethoate, phosdrin and trichlorfon). The authot@l a reduction in AchE activity even at the
lowest concentration tested, and a significanthitioin in Ache activity even in pesticide exposure
concentrations not effecting changes in behaviomdethality. Nevertheless, due to difficulties
inherent to the measuring of AchE activity, it mnsidered more reliable and easier to use LC50
and movement endpoints to determine the toxicitgrghnophosphate pesticides.
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Reproductive toxicity

In order to assess reproductive toxicity, Lazzand collaborators[31] on a study from the
European ReProTect project, used bovine germ a#igloping a test of oocyte maturation @amd
vitro fertilization. The test consists of the use of iatare oocytes from bovine ovaries (obtained
from from slaughterhouses) and, after treatmenh wlite test chemicals, analyze their effects
through the evaluation of the completion of meiagisto the metaphase Il stage. Additionally, in
the maturation test, matured oocytes were coinedbatith frozen-thawed bovine semen and
posteriorly exposed to the test chemicals, in otdeevaluate the formation of female and male
pronuclei, obtaining the percentage of fertilizeastytes. With such methodologies, Lazzari and
collaborators[31] assayed, among other chemicalede the reproduction toxicity of 6 pesticides
and agricultural chemicals: cadmium chloride, cadazim, cycloheximide, diethylstilbestrol,
lindane and methyl acetoacetate. The authors sugfusasthis tests, combined with other models
and battery tests, are able to predict chemicairdgzon mammalian fertility.

Adrenotoxicity - endocrine disruptors

Aiming to analyze the potential use of anvitro cell model to test action of endocrine
disruptors on adrenal steroidogenesis, Oskarssahcallaborators[32] described the expression of
nine genes involved in the steroidogenic pathwayl dhe cortisol secretion on human
adrenocortical carcinoma cell line H295R, exposethe organoclorine pesticide Lindane. Before
the exposition to Lindane, the cells were exposedorskolin, in order to promote cellular
differentiation, observing the gene expressiongpatmore similar to that in the human adrenal
gland. This work showed the effects of lindane drenal cortisol secretion and gene expression
vitro, suggesting that this cell line (H295R) and the hmdblogy employied can both be used
successfully to test the modulation of hormone potidn and gene expression by adrenotoxic
endocrine disruptors, being an important screentogl for studies on environmental

adrenotoxicants and on therapeutic drugs with adede-effects.

Discussion

The present work assessed the up-to-date relevemtific literature on alternative methods
to pesticide toxicity evaluation through a intenadly wide-ranging search strategy, in order to

include as much articles as possible. Neverthesdts, our classification on relevancy and novelty,
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defined by the introduction of new methods or migdiions on existing ones, led to the more
profound critical reading and description of onboat 10% of the records initially found. Also, as
expected, due to the searching being done in divéasabases, many duplicates (23) and several

triplicates (5) were found.

This review only searched for studies which dediraimed to introduce alternatives to
animal testing (refine, reduce or replace animal) @d, therefore, numerous studiesimowitro
toxicology, with possible relevancy to the themesrevnot found by the search strategy as they
didn’t register that objective. We became awarthisf issue by consulting the bibliography of some
reviews on alternative methods, which escaped foomsearch (data not found). It demonstrates
that the authors should to attempt this develogiogly field and insert this theme in their work-

keys and topics.

The filtered and refined results of the initial ®yaatic search showed that there are only few
studies about alternative methods to the use ofi@siin pesticide toxicology and that the explored
fields strongly concentrate on acute toxicity ange erritation; possibly this interest reflects
advances on the available toxicological knowledg@ methodologies on these areas, motivated by

the pharmaceutical and cosmetics Industry.

On acute toxicity, UDP was validated to reduce eefthe animal use, replacing the LD 50
test [34]. This decision was accepted by many Acaaricontrol agencies, including the Agency for
Toxic Substances and Disease Registry (ATSDR)[3b¢ Food and Drug Administration
(FDA)[36] and Environmental Protection Agency (EF3Y). However, this method can’t replace
the use of test animals, and its contribution &lyamportant and needs to be divulged mainly in
countries where Alternative Methods are not a gdienor regulatory issue. Moreover, new
methods that aim to replace animal use need toelterbexplored, as a yeast model for acute
toxicity on S. cerevisiadC50 showed levels of correlation with rat andus® LD50 which are
similar to those observed between the two murireupgs [16]. It raises the hypothesis that the
correlation between yeast and animal models isfseht as human and other animals. Therefore,
registries of human epidemiology data need to lesl us comparisons of effects on human and

other organisms.

Additionally, these differences of chemical metadmlamong different target organisms can
have an effect on the choice of target, such affereht liver metabolism of pesticide [22]. This
difference orients to use, in studies on humanthe&luman tissues or cells, such as human

hepatocyte cell lines. The interspecies differemes=d to be evaluated prior to the development of
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a new method. Moreover, the difference betweentgpkts also needs to be analyzed during the

choice for the target, in order to correctly extiape the resuls to human health.

In this review it was found one study [Fat al, 2001] on reproduction toxicity of, the
pesticide boric acid, among other chemicals. Thaluation was done exposing frogsenopus
laevis to a sublethal concentration for a period of #ys] by culture water (mimetizing the
environmental exposure route). This study wasrseited on this review, because alternatives aim
to reduce the use of animals in a method, or reafieeuse or replace the animal use for other non-
animal target, even though some researchers consgide alternative method the use of

invertebrates[11].

Research on replacement methods needs to be egeduaa it could lead to significantly
reduce the current massive use of animals in exjertal science. It is important to note that this
research, as well as most attempts to identify workalternative methods, failed to analyze studies
on in vitro tests when they weren’t declaredly mtted for these objectives. Thus, it would be very
interesting for the global scientific community thrasearch groups on in vitro technology start to
consider their methodologies to contribute on tleeetbpment of novel alternatives to animal

testing and, moreover, that they express this intetieir studies.

Limitations
After the selection of records, it was difficult sacess of several old articles or works

published in periodicals which do not meet freespponsored access in Brazil, which considerably
delayed the analysis.
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Annexes

Table 1. Distribution of study fields

Field Aims Study design (n° of tudies) Reference

Acute toxicity

(LD 50)
Reduction Statistical strategy (3) [7,8,9]
Reduction Yeast (1), animal cell line [10,11,12,13,14,15,16]
(screening of (5), bacterial (1)
substances) or
replacement

Ecotoxicity
ECVAM report Fish cells [17]
Reduction Bacterial (2), algae test (1), [18,19]
(screening of fish cell line (2), planktonic
substances) or | crustacean (1), fish embryo
replacement test (1)

Hepatotoxicity
Reduction Animal cell line (1), [20].
(screening of primary hepatocyte culture|
substances) or | (1), fresh hepatocyte (1)
replacement
Basic study on | Animal cell line (1), [21,22].

drug metabolite.

Hepatocyte from several
species (1)

Eye irritation

Screening of
substances by
HET-CAM

Chorioallantoic Membrane

(6)

[23,24,25,26,27,28]

Screening of
substances by
enucleated eye
test

Chicken eyes

[29]

Other

Skin permeability

Rats (1), human (1), rat and

human skin membranes (1

)

[30]
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pig-ear model (1)

Neurotoxicity Nematode (1) [11]
Reproductive Bovine oocyte (1) [31]
toxicity

Adrenotoxic - Human adrenocortical cell [32]

endocrine
disruptor s

line (1)

LD50: Lethal dose,

expressing and comparing the toxicity of chemicals.

Table 2: Compilation resulted of all studies on HEAM test.

50% is the dose that kills [§af%) of the animals tested and it is a standaddimeasure for

Product IS IT% Classification | Draize Score In vivo Reference
(HET-CAM) | (HET-CAM) (HET-CAM) result

NeoNim 60 17.40 (0.65) - Severe 0.87 Mildly [23]
irritant irritant C2A

OleoNim 80 19.16 (0.60) - Severe 1.83 Eye irritant | [23]
irritant c1

Oleoresin 12.02 (0.08) - Severe 0.13 Non-irritant | [23]

capsicum 20% irritant

Tetraconazole 19.19 10 Moderate - Moderate [24]*

96.5%

Bronopol 80% 17.5 5 Irritant - Irritant [24]*

Mancozeb 0 10 Nonirritant - Non-irritant | [24]"

85%

Fenbuconazole 0 10 Nonirritant - Non-irritant | [24]"

97.5%

Paclobutrazole 0 10 Nonirritant - Moderate [24]*

95.7%

Previcur 607 4.7 - Weak 14 Minimally [27]

SL irritation

Substral 4.8 - Weak 33 Minimally [27]
irritation

Systhane 12 E 11.5 - Severe 81 Extremely [27]
irritation

Agrol 4.8 - Weak 15.3 Mildly [27]
irritation

Topas 11.55 - Severe 75 Extremely [27]
irritation irritation

Omite 57 E 10.21 - Severe 85 Extremely [27]
irritation irritation

Folicur Solo 11.60 - Severe 36.7 Severe [25]
irritation
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Silwet L-77 11.75 Severe 70.7 Extreme [25]
irritation

Kohinor 200 SL 10.64 Severe 22.50 Moderate [25]
irritation

Falcon 460 EC 11.77 Severe 41.7 Severe [25]
irritation

Previcur 607 4.7 Weak 14 Minimally [25]

SL irritation

Confidor 200 4.92 Weak 12.67 Minimally [25]

SL irritation

Charisma 207 4.02 Weak - No [26]

EC irritation irritation?

Unifosz 50 EC 494 Weak - Irritation? [26]
irritation

Confidor SL 4.92 Weak - No [26]

200 irritation irritation?

Fozat 480 4,94 Weak - Weak [26]
irritation irritation?

Sumi-Alpha 5 4.96 Moderate - Mild [26]

EC irritation irritation?

Chinmetrin 5.02 Moderate - Mild [26]
irritation irritation?

Arelon 500 FW 5.71 Moderate 8 Slight [28]
irritation irritation

Banvel 480 S 11.05 Severe 65 Severe [28]
irritation irritation

Dikamin D 9.14 Severe 55 Severe [28]
irritation irritation

Karathane LC 5.06 Moderate 52 Severe [28]

10%’ irritation irritation

Ronstar 5.28 Moderate 49 Moderate [28]
irritation irritation

Modown 4 F 1.94 Weak 4 No irritation | [28]

10%> irritation

1. Invivo reported data cited in the original article.
2. Invivo Draize reported data cited in the original article, from Luepke and Wallat, 1987.
3. lIrritation index to 100% pesticide concentration was not showed in the original article.
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Figure 1. Flow chart of systematic literature search
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Figure 2. General comparison between in vitro and in vivo pesticide classification from the studies on eye
irritation. Dark gray zone represents the results which were underestimated by in vitro tests, as the scores

were lower than in vivo.
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5.2. ARTIGO 2: A high-throughput test using celluaetylcholinesterase activity without cell
injury

Este espaco foi deixado em branco propositadamente.
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A high-throughput test using cellular acetylcholineterase activity without cell injury

Abstract

Acetylcholinesterase (AChE) is a membrane-boungraezwith extracellular activity. It is an
important enzyme studied in neurotoxicology andropathology, since it is involved in the neural

system development, as well as in several othelopeysiological processes.

In the present work, a modified Ellman’s method A&hE activity assay with preservation
of cell integrity is proposed, allowing its use omltiparametricin vitro neurotoxicological test

batteries.

Phosphate buffered saline (PBS) or Dulbecco's nenblikagle's medium (DMEM) high
glucose, with or without 10% fetal bovine serum §B added with 1 mM acetylthiocholine
(AceScol) and either 0.150 mM or 0.050 mM of 5,#dbis-2-nitrobenzoic acid (DTNB) were
mixed on 96 wells microplate, following OJ2, for 120 minutes. The reaction medium with the
lowest background (0.012 O42/h). was PBS, which was subsequently tested irpthsence of
different undifferentiated neuroblastoma (SH-SY%élIs, seeded 24 h before at different cell
densities.

AChE activity was evaluated in different substrad@centrations and the presence or absence
of two inhibitors: quinidine sulfate and aldicad carbamate pesticide. Cell damage by reaction
medium (DTNB) and products (thionitrobenzoic acid TNB) was assessed by mitochondrial

dehydrogenase activity (XTT assay).

FBS induced a fast degradation of AceScol, possidiye to the presence of
butyrylcholinesterase. In the presence of cellsyas possible to detect enzyme activities using
1mM of AceScol and 0.05 mM of DTNB in PBS, allowing to 0.6 O.Dy12/h, which represents an
activity of about 30pU of AChE per well seeded witx1d cells.

Changes in the pattern of DTNB reaction on micrmplavells with and without
neuroblastoma cells also indicate a possible methadeasure AChE activity of these cells. This
new method may reduces costs, experimental tirdgpescedures and, therefore, can contribute to
future replacements of animal testing in neurotobogy.
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Introduction

Acetylcholinesterase (AChE) is an important enzym@lved in the rapid hydrolysis of the
neurotransmitter acetylcholine. This neurotrangmitts protagonist in numerous cholinergic
pathways in the central and peripheral nervousesysfrom vegetative functions (heart rate and
blood pressure) to muscular contraction and cognitinction. The inhibition of AChE may have
severe consequences and alters diverse functiahgding actions on the autonomic nervous
system (i.e., salivation, lacrimation, urinatiomdadefecation), somatic nervous system (tremors),
and central nervous system (convulsions) and cah tle death from a combinations of central and

peripheral effects (bronchiolar constriction, pgsé of the respiratory muscles, and so forth)][1,2

Due to this physiological impact, cholinesteraseibitors are widely used as pesticides in
agriculture and even as weapons in chemical warf@eanophosphate compounds were
synthesized during World War Il as both insectisidend nerve gases, and shortly thereafter
carbamates (e. g., Aldicarb) were developed adeaa afternative to them [2]. Both insecticides,
organophosphates and carbamates, form an enzymh&ontcomplex, generating phosphorylated
or carbamoylated enzymes. Phosphorylated AChHasively stable, so that inhibition is virtually
irreversible, but carbamoylated AChE can be hydmedlyregenerating the original form of active

enzyme [3].

In Pharmacology, AChE inhibitors are used sincentice— 1800s [2] and have been explored
in several different animal models. A study withnmkeys demonstrated that AChE, acting on the
muscarinic cholinergic neuronal transmission, laed in memory and cognitive functions and
its inhibition can enhance memory functions [4].e$& data are consistent with the cholinergic
deficit hypothesis of Alzheimer Disease (AD) dudtlie fast degradation of acetylcholine and thus
allowing a treatment by administration of AChE imkors [5,6,7].

The use of animal models in toxicology and pharrtaapohas been criticized in all social
fields and a new toxicological paradigm is devabgpifocusing on the alternatives to animal
testing, based on the 3R (reduce, refine and repleancept [8,9]. The nemato@aenorhabditis
eleganshad been indicated as a model for neurotoxicogstudies, measuring movements for
estimating the action of pesticides on cholinegystem [10]. As of April 2010, only one study
may be found on literature pertaining alternativespesticide toxicology, using the nematode
model [11].
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The present work aims to propose a high-throughpunan-enzyme method based in
Ellman’s method [12]. The use of living cells foCAE activity determination can enable a test of
AChE inhibitors for human and environmental toxam} and for pharmacological studies of new
drugs. The method can be used to analyze cell aitapd to new conditions due to chemical

exposure, enabling molecular, cellular and systeméractions studies.

Materials and Methods

Cell culture

Human neuroblastoma SH-SY5Y cell line was purchdsech Rio de Janeiro Cell Bank
(depositary of American Type Culture Collection- @T). Cells were grown in Dulbecco’s
modified Eagle’s Medium (DMEM) supplemented witlglhiglucose and 10% fetal bovine serum
(FBS) without antibiotics. They were kept at 37iAG humidified atmosphere with 5% @ air.
Cells were subcultured once reached 80% conflueeitéayer. The medium was changed every 3—
4 days. Passages 37-42 were used in this study.

Determination of acetylthiocholine hydrolysis ingsthble test media

The Ellman method [12] was used to identify andngify acetylcholine hydrolysis and
thiocholine production. On 96 wells microplate waith cells, 160 uL of phosphate buffered saline
(PBS), Dulbecco's modified Eagle's medium (DMEM)hhgjucose, with or without 10% fetal
bovine serum (FBS), or only FBS, were added withM acetylthiocholine (AceScol) and either
0.150 mM or 0.050 mM of DTNB (5,5'-dithiobis-(2-rabenzoic acid). The O.R, was followed

for 40 minutes on a microplate reader (SynergBib,Tek Instruments, Winooski, VT, USA).
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Determination of acetylcholinesterase activity

Phosphate buffered saline (PBS) was added with 1 awbtylthiocholine (AceScol) and
either 0.150 mM or 0.050 mM of DTNB (5,5'-dithioki&-nitrobenzoic acid) on 96 wells
microplates, on a final volume of 160 uL, in weNith 4x1¢, 8x1¢" or 12x10 cells seeded 24 h
before (undifferentiated neuroblastoma), and the.£) was followed for 120 minutes. The same
solutions were added to wells without cells to datee non-enzymatic hydrolysis of AceScol,
while the same concentrations and volume of DTN&eait AceScol was added in wells with cells
to determine the non-specific reactivity of DTNBthviree thiol groups.

Acetylcholinesterase inhibition test

The enzyme inhibition was analyzed in the presafi@ther quinidine sulfate or Aldicarb, a
carbamate insecticide, both with well-known antlamesterase action. Cells were exposed to 5
mM of quinidine sulfate.at different cell densitié#0, 80 and 120 thousand cells). The test for
Aldicarb consisted on 12x1@eeded cells exposed to 250, 500, 750 or 1000fukkmesticide by
30 minutes. After exposure, the cells were wastved times with PBS and the acetylcholinesterase

activity was analyzed as described on the prewsegson.

XTT Assay

The XTT test is based on the ability of mitochoatldehydrogenase enzymes to convert the
yellow  water-soluble tetrazolium salt (2,3-bis(2thwxy-4-nitro-5-sulfophenyl)  -5-
[(phenylamino)carbonyl]-2H-tetrazolium hydroxidéh Citotox, Xenometrix) into orange-colored
soluble compounds of formazan[13], measured by thksorbance at 480 nm measured with a
microplate UV-vis spectrophotometer (PowerWave ME@Tek Instruments, Rio de Janeiro, RJ,

Brazil).

Results and Discussion
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Photometric analysis of TNB (thionitrobenzoate)

The absorptivity of TNB on 96- microplates was asee by the DTNB reaction with
different concentrations of L-cysteine (from 0.0010.1 mM) resulting 5,726 Mat 412 nm. The
Coefficient of Determination {y was higher than 0.999 and the Standard Deviativese
insignificant (Figure 1). The molar absorptivity ©NB for an optical path of 1cm was 14,150 M
! cm?, that indicates an optical path of 0.4 cm. Itasnpatible with wells height that was used for
determining AChE activity, as International Unig&H-compounds react instantly with DTNB, as

was confirmed by measures without differences féotm 20min.

0.6 1

o
o

o
N
1

Absorbance (412nm)
o o
N w

o
[N
L

0.0 *—’ L] T L] T L] T L] L] T 1
0.00 0.02 0.04 0.06 0.08 0.10

Cysteine (mM)

Figure 1 - Absorptivity of TNB on 96- microplate lige Cysteine was dissolved in PBS to 160uL
of final volume and the absorbance was monitordaden 5 to 20min.

Selection of test medium

Fetal bovine serum presented a high backgrounddapp.0 OD;,) and a high reactivity of
ASch in DTNB 0.05 and 0.15 mM (approx. 2.5 and QD,;, respectively). DMEM supplemented
with 10% FBS presented the same behavior as FBENKee-serum also hydrolyzed Asch, even
though at slower rates (0.126 and 0.135 @Jb.to 0.05 and 0.15 mM DTNB, respectively). PBS
showed the lowest background (respectively appbok0 and 0.11 OR,). and Asch hydrolysis
(0.012 and 0.014 O.R</h to DTNB 0.05 and 0.15 mM, respectively). We cbuabt discard the
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possible presence in FBS of soluble plasma chdéneses, Butyrylcholinesterase (BChE), and

other thiol products.

Acetylcholinesterase detection

The mean absorbances found for both concentratbBINB (0.05 and 0.15 mM) and with
different cell densities (Table 1) demonstrated,thmorder to obtain O.D. levels higher than 0.2,
the incubation time should be superior to two hobievertheless, the correlation between readings,
which was always higher than 0.97 showed that e¢laetion is constant and stable enough at times

inferior to 2 h.

Table 1: Optical Density (O.lx. nm) of TNB resultant from the Ellman reaction, lwdifferent
cell densities and DTNB concentrations.

0.D.412nm/h
Cells seeded per well
DTNB 0.05 mM DTNB 0.15 mM
12x1¢ 0.075 (0.998) 0.076 (0.997)
8x10* 0.052 (0.996) 0.058 (0.997)
4x10 0.023 (0.974) 0.020 (0.989)

0.D.412nm/h =slope of the Linear Regression between Absorbadit2nfn) and time for at least
2 hours and, inside parentheses, the CoefficieBeoérmination )

The variation on DTNB(Figure 2)., as the lineardtions obtained with either 0.05 or 0.15mM
DTNB were very similar. Therefore, it is recommebi@athe use of the slower concentration to
prevent interactions with the cells. It is alscenaisting the use of cell densities between 8kl

12x10 cells, in order to obtain faster substrate degiadand a better cell concentration, making

the method more parsimonious.
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Figure 2. Variation of substrate degradation by aetl DTNB concentration. Dotted line =
tendency to DTNB 0.05 mM,; full line = tendency taB 0.15 mM.

Acetylcholinesterase inhibition and cellular viattyil

Both anti-cholinesterase had a strong effect onetieyme velocities. Figure 3 shows the
effects of 5 mM quinidine sulfate, a well known iipitor of cholinesterase activity, on substrate
degradation in different cell densities. The enzyaotvity had a sharp decline in every cell density
tested. The test with this inhibitor had not a imation time, possibly the time of exposure afféet t
inhibition, reducing the velocity yet. Quinidinelghate has a slow affinity with AChE, so it needs
a longer incubation time. Due to it had been udezld fast inhibitor of BchE in plasma test [14].
However the concentration used to this test walcgaritly high to cause a considerable inhibition
of AchE.
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Figure 3. Influence of quinidine sulfate in the Achctivity. (black circles = with 5 mM quinidine
sulfate; empty circles = control without inhibitor)

Once it has been demonstrated that the methodaagyable to detect the effects of a strong
inhibitor of AChE, it was performed a test to verif it would be also sensible enough to detect the
anti-cholinesterase action of Aldicarb, a widelypboyed cabamate insecticide. Indeed, AChE
inhibition was demonstrated to Aldicarb after 3hates of incubation with cultured cells (Figure
4). The Aldicarb concentrations had a higher eftacthe AChE inhibition than cellular viability,
demonstrate by the concentration to cellular irtlihi 50% was higher than the concentration to
enzyme inhibition 50% (1.962 mM and 0.608 mM resipety). These Aldicarb concentrations
were high and it would be expected to found infobitin lower concentrations, because the test
occurred on little quantities of enzymes. But tlagbamoylated enzymes formed by Aldicarb are
really instable and the process to analyze the Aatiivity possibly regenerated much of these
inhibited forms to enzyme’s active form. Nevertlsslethis experiment demonstrated an influence

of an AChE inhibitor on the substrate degradatiesides the cellular effects.
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Figure 4. AChE and Cellular inhibition by the carize Aldicarb. Triangle: AChE activity;
Circle: Cell viability by mitochondrial enzyme adgty (XTT)

It may be considered that batteries of tests areessary to obtain more complete
toxicological and pharmacological assessments @matal substances. These batteries may include
tests on the chemical action on other targets, elt ag the metabolization of such substances.
Aldicarb, for example, is rapidly metabolized taliahrb sulfoxide (ASX) and aldicarb sulfone
(ASN). ASX can decrease the AChE inhibition, whilee conversion to ASX is considered a
process of bioactivation. Therefore, models ofrextéons between different cell lines and process
should be considerate before of the extrapolatbooomplex organisms. The most striking feature
of the methodology discussed in the present woskdes on the cell survival after the AChE

assessment, allowing for further in vitro studiaegite same exposed cells.

This work intends to guide new studies to use fviiro cell models for the assessment of
AChE and its alterations after exposure to chemiadl commercial, environmental or health
relevance. Cell culture models can contributeh® development of new alternative methods to
neurotoxicology and neuropharmacology based on AQ@n&prieties and the evaluation of
cytotoxicity and cytocompatibility on the same owod. In this work it was used only
undifferentiated neuroblastoma cells, speedingatiedyzes. Whereas only one day is necessary to
test on undifferentiated cells, the process of deéferentiation spends 6 days. However, the same
method should be standardized to other cell lined, further studies on expression of intracellular

AChE molecules and degradation of this enzyme [4&puld be performed sequentially, bringing a
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more complete overview on the potential use of émsyme as a marker for toxicity in preclinical
assays. Thereafter a validation study, using diffeate and undifferentiated cells, also should be
considerate to different objectives.
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6 — CONSIDERACOES FINAIS

Na revisdo sistematica foram encontrados poucadgoarique analizam a toxicidade dos
agrotoxicos ou visam contribuir com novas metodel®gpara a reducgdo, refinamento ou
substituicdo do modelo animal. Provavelmente exiddesersas outras pesquisas que se aplicam a
esse proproésito, porém os autores ndo citam egsvobnao atingindo o publico interessado nesse
campo. As areas onde se concentram o desenvoldrderdlternativas sdo justamente as areas que
também sado bastante desenvolvidas em outros cadaptaxicologia, a saber, a toxicologia de
cosmeéticos, que sdo a toxicidade aguda e a irotacélar. As mesmas metodologias utilizadas a
esta area foram aplicadas aos pesticidas. Estalhabioi importante como divulgacdo das
pesquisas que estdo ocorrendo nessa area e tanapdmusgar pesquisas antigas que ndo mais

foram trabalhadas, porém que possuem grande patelecilesenvolvimento.

Por ser a AChE uma enzima de membrana extremareficiente e com 0 seu sitio catalitico
voltado para o lado externo, conseguimos demongtraré possivel mensurar a sua atividade em
células vivas (na linhagem de neuroblastoma hum@aHeSY5Y) através da reacéo da hidrolise da
acetil-tiocolina e mensuracdo através da reducad@NB. Essa metodologia, embora ainda
necessite de mais estudos e de uma padronizagégotcéimportante ndo apenas para a toxicologia
de agrotoxicos, mas também na fase de identificafdiooutros compostos com objetivos
farmacéuticos, como drogas para Alzheimer. O uscacdalalas possibilita também identificar
produtos que apenas inibam a AChE e ndo causemwsaldanos celulares, como nao foi o caso do
carbamato testado, Aldicarb. A busca de bons cest® de métodos de padronizacdo do niumero

de células para essa metodologia devem ser inadstg
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