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Resumo da Tese

Introdugdo: O uso de agrotdxicos isolados e em combinagdo € muito comum
na agricultura, bem como na saude publica a fim de combater vetores de
doengcas e na medicina veterinaria para eliminar ectoparasitas. Embora
diversas pesquisas ja tenham apontado os impactos negativos na saude de
individuos expostos a tais substancias, a ototoxicidade secundaria a
organofosforados e piretréides, classes de agrotdxicos muito utilizados, ainda é
pouco explorada, sendo necessarios novos estudos para estabelecer se ha
nexo-causal e possiveis mecanismos de toxicidade. Objetivos: Avaliar os
efeitos do organofosforado (OF) diclorvés, do piretréide (PIR) cipermetrina e da
associacdo de ambos na funcdo auditiva de ratos por meio de emissdes
otoacusticas produto de distorgcdo (EOAPDSs) e potenciais evocados auditivos
de tronco encefalico (PEATE). Material e Métodos: dois projetos foram
realizados. No primeiro estudo, 36 ratos Wistar foram divididos entre 3 grupos
(12 ratos/grupo): controle negativo (agua), controle positivo para lesdo auditiva
(8 mg/kg de cisplatina) e grupo experimental (associacdo de 1,48 mg/L de
diclorvés e 0,25 mg/L de cipermetrina; OF + PIR). A exposi¢gao ocorreu de
forma inalatéria por 4 h, 5 vezes por semana, durante 6 semanas (grupos
controle negativo e exposigao). O grupo controle positivo recebeu cisplatina via
intraperitonial durante 3 dias consecutivos, 24 h antes da eutanasia. Foram
avaliadas emissdes otoacusticas evocadas produto de distor¢ao e variaveis de
toxicidade sistémica (massa corporal, sinais clinicos, niveis de colinesterase
plasmatica e massa relativa dos 6rgaos). No segundo estudo, 25 ratos foram
divididos em cinco grupos (5 ratos/grupo): controle negativo (agua), controle

positivo para lesdo auditiva (8 mg/kg de cisplatina), OF (1,48 mg/L), PIR (0,25



mg/L) e grupo OF + PIR (associagédo de 1,48 mg/L de diclorvos e 0,25 mg/L de
cipermetrina). A exposicdo ocorreu de forma inalatéria por 4 h, 5 vezes por
semana, durante 6 semanas (grupos controle negativo, OF, PIR e OF + PIR). O
grupo controle positivo recebeu cisplatina via intraperitonial durante 3 dias
consecutivos, 24 h antes da eutanasia. Foram avaliadas emissdes otoacusticas
evocadas produto de distorcdo, PEATE e variaveis de toxicidade sistémica
(massa corporal, sinais clinicos, niveis de colinesterase plasmatica e massa
relativa dos o6rgaos). Resultados: No primeiro estudo, ndo houve diferencga
estatisticamente significativa entre os grupos nos parédmetros de massa
corporal, sinais clinicos ou nos niveis de colinesterase plasmatica. Houve
reducdo de amplitudes das EOAPDs no grupo experimental. No segundo
projeto, ndo houve diferenca estatisticamente significativa entre os grupos nos
parametros de massa corporal, sinais clinicos ou nos niveis de colinesterase
plasmatica. O grupo cisplatina apresentou redugcdo na mediana das amplitudes
das EOAPDs pods exposicdo em 4 kHz, 10 kHz e 12 kHz. O grupo PIR
apresentou reducado na mediana das amplitudes das EOAPDs pds exposicao
em 6 kHz e 8 kHz e no grupo OF + PIR houve reducdo em 12 kHz. No teste
PEATE, o grupo cisplatina apresentou uma mediana maior bilateralmente
quando comparado ao grupo controle negativo. A esquerda, o grupo OF + PIR
apresentou mediana menor quando comparado ao grupo controle positivo para
lesdo auditiva. O grupo OF+ PIR apresentou bilateralmente resultados
similares ao grupo controle negativo (agua). Conclusao: Houve ototoxicidade
secundaria a exposicao aos agrotoxicos avaliados por EOAPD e PEATE, sem

toxicidade sistémica relevante.



Palavras-chave: ratos; agrotoxicos; audi¢ao; toxicidade.



Abstract

Introduction: The use of pesticides alone and in combination is very common
in agriculture, as well as in public health in order to combat disease vectors and
in veterinary medicine to eliminate ectoparasites. Although several studies have
already pointed out the negative impacts on the health of individuals exposed to
such substances, ototoxicity secondary to organophosphates and pyrethroids,
classes of widely used pesticides, is still little explored. Further studies are
needed to establish whether there is a causal link and possible mechanisms of
toxicity. Aim of study: To evaluate the effects of organophosphate (OF)
dichlorvos, pyrethroid (PIR) cypermethrin and their association on the auditory
function of rats through distortion product otoacoustic emissions (DPOAEs) and
brainstem electric response audiometry (BERA). Materials and methods: Two
projects were carried out. In the first study, 36 Wistar rats were divided into 3
groups (12 rats/group): negative control (water), positive control for hearing
damage (8 mg/kg of cisplatin) and experimental group (association of 1.48 mg/L
of dichlorvos and 0.25 mg/L of cypermethrin; OP + PYR). The animals were
exposed subchronically by inhalation for 4 hours, 5 times a week, during 6
weeks (negative control and exposure groups). The positive control group
received intraperitoneal cisplatin for 3 consecutive days, 24 hours before
euthanasia. Distortion product otoacoustic emissions and systemic toxicity
variables (body mass, clinical signs, plasma cholinesterase levels and relative
organ mass) were evaluated. In the second study, 25 rats were divided into five
groups (5 rats/group): negative control (water), positive control for hearing
damage (8 mg/kg of cisplatin), OP (1.48 mg/L), PYR (0.25 mg/L) and OP + PYR

group (association of 1.48 mg/L of dichlorvos and 0.25 mg/L of cypermethrin).



10

The animals were exposed subchronically by inhalation for 4 hours, 5 times a
week, during 6 weeks (negative control, OP, PYR and OP + PYR groups). The
positive control group received intraperitoneal cisplatin for 3 consecutive days,
24 hours before euthanasia. Distortion product otoacoustic emissions, BERA
and systemic toxicity variables (body mass, clinical signs, plasma
cholinesterase levels and relative organ mass) were evaluated. Results: In the
first study, there was no statistically significant difference in body mass
parameters, clinical signs, or plasma cholinesterase levels in the experimental
group. There was a reduction in DPOAEs amplitudes in the experimental group.
In the second project, there was no statistically significant difference in body
mass parameters, clinical signs, or plasma cholinesterase levels in the
experimental groups. The cisplatin group presented lower DPOAEs medians
post exposure in 4 kHz, 10 kHz and 12 kHz. The PYR group had lower
amplitudes in 6 kHz and 8 kHz and the association group showed lower
amplitudes in 12 kHz. At BERA test on both ears, the cisplatin group presented
a higher median when compared to the water group. On the left, the association
group had lower median in relation to the cisplatin group. Bilaterally the
association group presented similar means to the water group. Conclusion:
There was secondary ototoxicity to the exposure of the evaluated pesticides

assessed by DPOAEs and BERA, without relevant systemic intoxication.

Keywords: rats; pesticides; hearing; toxicity.



Lista de abreviaturas

ABR: auditory brainstem response.

ACh: acetilcolina.

AChE: acetilcolinesterase.

BAEPS: brainstem auditory evoked potentials.
BAER: brainstem auditory evoked response.
BERA: brainstem electric response audiometry.
CCE: células ciliadas externas.

EOAPD: emissdes otoacusticas produto de distorgéo.
EOAs: emissdes otoacusticas.

EPls: equipamentos de protegao individual.
GABA: acido gama-aminobutirico.

ms: milissegundos.

NR7: norma reguladora 7.

OF: organofosforado.

PEATE: potenciais evocados auditivos de tronco encefalico.

PIR: piretroide.

SNC: sistema nervoso central.
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1. INTRODUGCAO

Pesticidas sdo um grupo de substancias que tém um importante papel
na sociedade, uma vez que aumentam a produgao de alimentos e diminuem os
indices de patologias causadas por vetores'. No entanto, pesquisas tém
discutido amplamente seus efeitos, pois tais substancias representam um risco
significativo ao meio ambiente e a salde de seres humanos?.

De acordo com o Relatério Anual de Atendimento do Centro de
Informagao Toxicolégica do Rio Grande do Sul®, ocorreram 577 atendimentos
em humanos no ano de 2019 devidos a exposi¢ao a agrotdéxicos em geral e
329 por exposicao a inseticidas domésticos. Dentre os agrotdxicos de forma
geral, a maior parte dos atendimentos adveio de acidentes individuais (337
casos), seguidos de tentativa de suicidio (157 casos) e em terceiro lugar
acidentes ocupacionais (76 casos). Nos casos de inseticidas domésticos, 287
ocorréncias foram por acidentes individuais e 32 tentativas de suicidio.
Especificamente em relacdo as classes de inseticidas mais envolvidas nas
exposi¢oes, pode-se citar os organofosforados (50 e 32) e piretrdides (123 e
305) de uso agricola e doméstico, respectivamente®.

Embora alguns dos efeitos na saude dos organofosforados (OF) e
piretréides (PIR) ja tenham sido bem explorados por pesquisas prévias*®,
outros parametros - tais como alteracbes na audicdo - ainda necessitam de
maior atencdo, considerando a escassez de estudos acerca do dano auditivo
secundario a exposigdo a esses agentes’, bem como seus mecanismos

associados.
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2. REFERENCIAL TEORICO

21  Agrotoéxicos

De acordo com a Lei® N° 7.802, de 11 de Julho de 1989, regulamentada
pelo Decreto® n° 4.074, entende-se por agrotoxicos e afins os produtos e
agentes de processos fisicos, quimicos ou biolégicos, com destinagéo ao uso
em setores de produgdo, armazenamento e beneficiamento de produtos
agricolas, pastagens, protecao de florestas (nativas ou plantadas), bem como
de outros ecossistemas e ambientes urbanos, hidricos e industriais cuja
finalidade seja alterar a composigdo da flora ou da fauna. Essa alteragdo tem
como objetivo a preservacao da flora e fauna da agdo danosa de seres vivos
considerados nocivos. Também sao agrotéxicos as substancias e produtos
empregados como desfolhantes, dessecantes, estimuladores e inibidores de
crescimento.

O uso de agrotéxicos no Brasil e em paises tropicais € amplo, uma vez
que pragas que reduzem a produtividade e prejudicam a aparéncia de frutas e
hortalicas se adaptam melhor a esse clima, causando um dano ainda maior na
producdo de alimentos nesses paises do que em locais que possuem o clima
temperado. Nesse sentido, os agrotoxicos — especialmente quando utilizados
em ambientes com condi¢cdo climatica favoravel ao desenvolvimento de tais
pragas - diminuem perdas qualitativas e quantitativas na agricultura, o que
mantém a sustentabilidade econdmica do produtor’®, aumenta a eficiéncia da
producdo e reduz o custo dos alimentos'. Também é importante destacar o
papel de inseticidas domésticos, frequentemente compostos por piretrdides, no
combate a vetores' como o Aedes aegypti, que propaga doengas como a

dengue, febre amarela, febre zica e chikungunya.
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Dentre as principais classes de inseticidas estdo os organofosforados e
piretréides. Os pesticidas organofosforados sao ésteres fosforicos inicialmente
desenvolvidos como armas quimicas na Alemanha Nazista, tais como o Sarin,
Soman e Tabun'?>'®, enquanto os piretroides sdo substancias sinteticamente
derivadas da piretrinas, que por sua vez sao inseticidas naturais que derivam

do crisdntemo™.

2.1.1 Organofosforados

O mecanismo de agao dos organofosforados envolve a inibicdo da
enzima acetilcolinesterase (AChE) - responsavel pela hidrolisagcdo do
neurotransmissor acetilcolina (ACh) — através da fosforilagdo do sitio
esterasico'®. Além disso, a exposicdo aos OFs pode levar ao estresse
oxidativo, déficits de transporte axonal, neuroinflamacdo e autoimunidade’.
Essa classe de pesticidas é facilmente absorvida por inalagao, via dérmica e
por ingestao’.

Independentemente da inibicdo da acetilcolinesterase, organofosforados
podem fosforilar uma enzima presente no tecido neural denominada
esterase-alvo das neuropatias, causando uma progressiva desmielinizacado de
nervos. A polineuropatia retardada induzida por organofosforados ocorre
quando a lesdo causada pela desmielinizacdo dos nervos é associada a
paralisia e degeneragao axonal. A polineuropatia pode se apresentar
inicialmente por sensacao de queimagao e formigamento principalmente na
area dos pés, com perda de forgca motora apds alguns dias, que também pode
afetar pernas e méaos. Ainda pode ocorrer dificuldade em marcha e ataxia, com

alteracao em sistema nervoso central e autdnomo’?.
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Ademais, em intoxicagbes graves por organofosforados pode ocorrer a
sindrome intermediaria, em que ha disfungdo da transmissao neuromuscular e
insuficiéncia cardiaca devido a diminuigdo progressiva da transmissao na
juncdo neuromuscular. Progressivamente pode ocorrer perda da forga de
musculos respiratérios. Sendo assim, tais pacientes apresentam risco de
insuficiéncia cardiorrespiratoria, que pode eventualmente levar a ébito™?.

A intoxicagdo por agentes organofosforados pode gerar sinais e
sintomas da sindrome colinérgica, como miose, lacrimejamento, salivagao,
sudorese, vOmitos, diarreia, broncorreia, broncoconstricdo, bradicardia,
hipotensdo, dor abdominal e incontinéncia urinaria (sistema nervoso
parassimpatico — receptor muscarinico); taquicardia e hipertensao (sistema
nervoso simpatico — receptor nicotinico); fasciculagbes, fraqueza muscular,
hiporreflexia (placa neuromuscular — receptor nicotinico); e, no sistema nervoso
central, pode causar convulsdes, depressao respiratoria, rebaixamento do nivel
de consciéncia, agitagdo, confusdo mental, ataxia, coma®.

Além de tais sinais e sintomas de toxicidade secundaria a exposicéo a
organofosforados, um estudo pregresso demonstrou ototoxicidade avaliada por
emissoes otoacusticas por produto de distorcao (EOAPD) em ratos Wistar
expostos a essa substancia, o que indica dano de células ciliadas e na fungao
coclear’.

O manejo do paciente intoxicado por organofosforados busca a
estabilizacdo do paciente. Deve envolver intubagcdo orotraqueal precoce em
caso de rebaixamento de nivel de consciéncia ou insuficiéncia respiratoria, uso
de cristaléides ou drogas vasoativas - se necessario - na hipotensao e

benzodiazepinicos na ocorréncia de convulsdes. O paciente deve ser
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descontaminado, retirando-se a roupa e lavando a pele em agua corrente em
caso de exposicdo topica. O carvao ativado pode ser considerado na dose
maxima de 100 mg em até uma hora apds a exposigao por via oral, contudo o
beneficio é incerto. A atropina deve ser administrada de forma endovenosa de
forma precoce, uma vez que é uma droga que compete pelos receptores
muscarinicos e reverte os seus efeitos. A dose e forma de administracdo da
atropina € in bolus 1-4 mg (0,05-0,1 mg/kg em criangas) a cada 2-15 minutos
até o momento em que os efeitos respiratérios como broncorreia e depressao
respiratoria cessem. Apos a administragao in bolus, deve-se realizar a bomba
de infus&o de atropina continua até a reversdo dos efeitos toxicos" .

Para tratar as manifestagdes nicotinicas da toxicidade por OF, deve-se
utilizar oximas como a pralidoxima (em geral em intoxicagdes moderadas ou
graves). Administra-se pralidoxima endovenosa in bolus 30 mg/kg em 30
minutos e apos realiza-se infusdo continua de 8 mg/kg/h até 12 horas apods o
cessamento dos sintomas colinérgicos'”.

ApOs a exposicdo a organofosforados, também pode ocorrer uma
sindrome denominada polineuropatia retardada, neuropatia tardia ou
neurotoxica tardia, de dificil resolugdo. Trata-se de uma neuropatia
sensitivo-motora que ocorre de forma ascendente nas extremidades dos
membros inferiores e superiores em até 4 semanas apds a exposicao ao
agrotoxico. Os sintomas iniciam com formigamento e queimacao em dedos que
se prolonga aos membros superiores, enquanto ha fraqueza e ataxia em
membros inferiores. A exposig¢ao crénica também pode causar sintomas como
cefaléia, alteracdo na memoéria e sono, fadiga, inapeténcia, desorientagao e

alteragdes psiquicas’®.
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Embora muito frequentes, as intoxicagdes crénicas sao de dificil
diagndstico, tornando-se subnotificadas. De acordo Taveira e Albuquerque’,
outros possiveis motivos para a subnotificacdo de intoxicagbes podem incluir a
baixa procura pela populagdo exposta e a nao notificagdo de casos
diagnosticados. A baixa procura aos servigos de saude pode ser explicada pela
recorréncia de sintomas que faz com que o individuo se habitue as
manifestagdes clinicas apds o uso de agrotoxicos. Além disso, ao receio de
indicar falhas no uso de Equipamentos de Protegédo Individual (EPIs) e de
represalias advindas do agronegocio local, uma vez que considerada a relagao
nexo causal, irregularidades poderiam ser encontradas apds acionamento e

vistoria da vigilancia sanitaria®.

2.1.2 Piretroides

O mecanismo de agao dos piretréides (PIR) em insetos resulta na sua
morte pelo rompimento do sistema de transporte de ions da membrana dos
axobnios, paralisando o sistema nervoso, ocorrendo também o prolongamento
do influxo de sddio e bloqueio de vias inibidoras™ (Olson, 2014). Os PIR s&o
moduladores dos canais de sodio, sendo divididos em tipo | (cujo mecanismo
envolve principalmente os canais de sodio voltagem-dependentes) e tipo Il
(onde também atuam nos canais de cloreto voltagem-dependentes). O PIR tipo
Il liga-se aos receptores inibitérios do acido gama-aminobutirico (GABA) no
Sistema Nervoso Central (SNC), bloqueando os canais de cloro e sua ativagao.
Dessa forma, ocorre hiperexcitabilidade devido a auséncia de inibicao sinaptica
causada pelo GABA. Assim, ambos os PIR tipos | e Il prolongam o tempo de

despolarizagao, gerando hiperexcitabilidade®*?' em espécies alvo e ndo alvo®.
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Embora a descricdo de seus efeitos tdéxicos em humanos envolva
frequentemente irritacdo de pele, via aérea e hipersensibilidade (reac¢des
anafilaticas como broncoespasmo, edema orofaringeo e choque), uma vez que
os mamiferos metabolizam rapidamente esses compostos', o efeito ototdxico
ja foi evidenciado em ratos Wistar expostos ao PIR cipermetrina?.

Em casos de ingestdo maciga (200 a 500 mL de solu¢do concentrada),
pode ocorrer convulsdo, coma ou parada respiratéria secundaria a dano no
sistema nervoso central. Nesses quadros, o paciente devera ser observado de
6 a 8 horas apos a ingestdao (em busca de sinais de depressao do SNC ou
convulsdes), descontaminado e tratado de acordo com o0s sintomas
apresentados, uma vez que nao existe antidoto especifico para a intoxicagao

por piretroides™.

2.1.3 Associacdo de Agrotoxicos

Frequentemente agrotoxicos s&do combinados ou misturados para a
aplicagao, especialmente em paises desenvolvidos ou em desenvolvimento.
Nos paises em desenvolvimento, ha provavel associagao entre a exposicao a
agrotoxicos em mistura com taxas maiores de fatalidade e morbidade'. De
forma geral, muitos estudos avaliam a toxicidade de apenas uma substancia
isolada e com uma via de exposicdo somente, mas na atividade ocupacional
ocorrem exposi¢cdes de substancias combinadas ou mesmo multiexposicao aos
agrotoxicos?*.

Quando em associacao, agrotoxicos podem gerar efeitos imprevisiveis,
uma vez que existe complexidade nas suas interagbes toxicolégicas®. Ainda,

embora tais substancias individualmente sejam correlacionadas com desfechos
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desfavoraveis no neurodesenvolvimento, seus efeitos sobre o funcionamento
sensorial do organismo ainda ndo estido completamente elucidados®. Os
inseticidas organofosforados e piretroides costumam estar presentes
combinados no meio ambiente, podendo gerar neurotoxicidade antagénica,
aditiva ou sinérgica?’. Arora (2017) analisou a interagdo entre compostos
organofosforados e piretroides, concluindo que a interagdo entre ambos é
altamente sinérgica®.

Um estudo avaliou os efeitos neurologicos da exposi¢céo a longo prazo
da mistura de cinco classes de agrotoxicos, incluindo organofosforado e
piretroide, em ratos, por via oral. Foram avaliados parametros bioquimicos,
histologicos e neurocomportamentais, sendo que todos foram afetados pela
associagao de agrotdoxicos de forma dose-dependente. A administracdo da
mistura de agrotoxicos em uma baixa dose promoveu uma resposta adaptativa
devido a estimulagao do sistema redox. Nos animais expostos a doses altas da
mistura, no entanto, houve um efeito negativo nos parametros avaliados,
provavelmente devido ao Fendmeno de Hormesis?®. O Fendmeno de Hormesis
ocorre quando ha dois tipos de respostas bioldgicas, uma estimulatoria e outra
inibitoria, apos a exposicdo de um organismo a doses diferentes de um agente
que causa estresse®. Esse estudo indica, portanto, que mesmo quando em
doses previstas por limites legais, pode ocorrer dano ao sistema nervoso, uma
vez que tais substancias se comportam de maneira distinta quando

associadas?®.
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2.2 Norma Reguladora da Saude Ocupacional no Brasil

Considerando a legislagdo vigente®, a Norma Reguladora 7 ou NR7
(1998) estabelece como obrigatéria a elaboracdo e implementacdo do
Programa de Controle Médico e Saude Ocupacional (PCMSQO) por
empregadores e instituicdes que admitam trabalhadores como empregados. O
PCMSO busca prevenir, rastrear e diagnosticar precocemente agravos
relacionados a atividade ocupacional®.

De acordo com a NR7 (1998), trabalhadores expostos a ruido devem
realizar controle audiométrico com exames de referéncia e sequenciais®*. No
entanto, a norma nao contempla os trabalhadores expostos a agentes
quimicos. Ainda, os individuos expostos no seu ambiente laboral a
organofosforados e carbamatos devem realizar exame de sangue para
determinar a atividade da colinesterase. Todavia, um estudo prévio’ realizado
em ratos Wistar expostos subcronicamente de forma inalatéria a
organofosforado demonstrou que, embora tenha havido ototoxicidade, nao
houve variagdo entre a pré-exposicao e a pods-exposicdo na variavel de
colinesterase plasmatica, indicando que pode ocorrer dano auditivo mesmo

sem alteracao nesse biomarcador.

2.3 Dano Auditivo Induzido por Substancias

A ototoxicidade € secundaria a exposicdo a agentes quimicos que
causam lesao na coclea, sendo o dano — na maioria das vezes — gerado por
lesdo direta das células ciliadas ou por rompimento de mecanismos de

homeostase na coclea®'.
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Existe similaridade entre a perda auditiva secundaria a exposi¢cao a
agentes quimicos industriais, drogas ototoxicas (como aminoglicosideos e
cisplatina) e a causada por ruido, uma vez que tendem a ser bilaterais
simétricas, irreversiveis, em frequéncias altas e causando dano
predominantemente nas células ciliadas cocleares®.

O dano auditivo pode ser ainda mais significativo quando ha associagao
entre a exposicdo ao ruido e a substancias ototdxicas. Um estudo conduzido
em uma industria calgadista no Vale dos Sinos (RS) evidenciou perdas
auditivas em 25% (avaliada por audiometria, nas frequéncias de 2 a 8 kHz no
grupo exposto ao ruido e de 3 a 8 kHz no grupo exposto ao ruido e solvente)
em relagédo a individuos ndo expostos a ruido e solvente (tolueno), apesar da

industria apresentar niveis de ruido e tolueno dentro das normas vigentes.

2.4 Avaliagcao Auditiva

2.41 Emissbes Otoacusticas

Emissdes otoacusticas (EOAs) sédo respostas geradas pela coclea na
forma de energia acustica®*. Sua presenca indica normalidade em relagéo a
resposta a0 som do mecanismo receptor pré neural coclear, bem como do
mecanismo de orelha média®*. Se trata de um exame n&o invasivo que ndo
interfere no modo normal de operagdo da céclea, podendo ser realizado
repetidas vezes a fim de mensurar respostas®*.

O uso das EOAs também permite uma avaliagdo do funcionamento
mecanico coclear, obtendo informacdes objetivas acerca das atividades

micromecanicas especificas para elementos pré-neurais ou sensoriais do érgao
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de Corti, tais como componentes cocleares que estao distais as terminacdes
das fibras nervosas. Nesse sentido, clinicamente e na pesquisa o uso das
EOAs se mostra de suma importancia, uma vez que muitas disfuncdes
periféricas auditivas se originam em componentes sensoriais da coclea. Entre
as disfungdes periféricas auditivas podemos citar a perda auditiva induzida por
ruido, ototoxicidade, perdas auditivas hereditarias, entre outras®.

E importante frisar que as células ciliadas externas (CCE) dispostas no
orgao de Corti, se movimentam junto com a membrana basilar, o que amplifica
a intensidade de estimulos recebidos, havendo um escape de energia que é
captado como EOAs. Portanto, a avaliagdo por meio de EOAs permite a
avaliacdo das CCE de forma simples e nao invasiva, orientando e facilitando a
conduta médica®.

As EOAs podem ser espontaneas ou evocadas. As primeiras sao sinais
de banda presentes e medidos na auséncia de estimulagdo acustica
externa®?’, enquanto as segundas sdo evocadas por diferentes tipos de
estimulo acustico. As EOAs evocadas se subdividem de acordo com o tipo de
estimulo em: transientes, estimulo-frequéncia e produto de distorgédo®*3.

Nas EOAs evocadas transientes, as respostas ocorrem apos
estimulagdo acustica de curta duragao, sendo clinicamente uteis na deteccao
de desordens cocleares®*8. As EOAs estimulo-frequéncia sdo respostas a tons
puros, no entanto, ndo sdo amplamente utilizadas clinicamente, uma vez que
seu tempo de obtencao é maior e o registro oferece dificuldades técnicas3*3,

As EOAs produto de distor¢gao sao respostas evocadas por 2 tons puros
primarios (f1 e f2), sendo a relagdo f1/f2 igual a 1,22. Ambos os tons puros

possuem frequéncias sonoras proximas e sao apresentados simultaneamente
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no teste. Contudo, a céclea nédo € capaz de amplificar de forma linear dois
estimulos diferentes. Sendo assim, devido a propriedade n&o linear da coclea,
surge um produto de distorgdo, que sdo novas frequéncias que ndo estavam

presentes no estimulo provocado® .

2.4.2 Potenciais Evocados Auditivos de Tronco Encefalico

Os potenciais evocados auditivos de tronco encefalico (PEATE), também
denominados BERA (brainstem eletric response audiometry), ABR (auditory
brainstem response), BAEPS (brainstem auditory evoked potentials) ou ainda
BAER (brainstem auditory evoked response) sao originados na coclea, no
nervo auditivo e vias auditivas do tronco encefalico.

Para que tais potenciais sejam gerados, é necessaria a apresentagao de
estimulos sonoros de breve duracgéo e intensidade suficiente*®. Esses estimulos
acusticos gerardo como respostas um potencial polifasico formado por 7 ondas,
formadas em até 12 milissegundos (ms), sendo, portanto, um potencial de curta
laténcia ou um potencial auditivo rapido. A origem mais aceita dos potenciais
indica: P, no nervo coclear distal, P, no nervo coclear proximal, P, no nucleo
coclear, P, no nucleo do complexo olivar superior, Py, no nucleo do lemnisco
lateral e do coliculo inferior e P,,e Py, nos nucleos da radiagao talamica®.

Os parametros avaliados, de forma geral, em humanos no PEATE séo:
limiar eletrofisioldgico, laténcias absolutas de P, e P, e laténcias interpicos P,-,
P-. e Py-y, sendo as respostas consideradas normais: limiar eletrofisiologico
baixo, laténcia absoluta de P, menor que 5,5 ms e periodo interpico P,, menor

que 4 ms®*,
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Em ratos, no entanto, acredita-se que o PEATE apresente 4
componentes (I, Il, lll e IV) que ocorrem em até 6 ms apos e estimulo e
refletem a atividade normal das seguintes estruturas: na onda | o nervo
auditivo, na onda Il o nucleo coclear, na onda Ill o complexo olivar superior e na

onda IV lemnisco lateral e/ou coliculo inferior*'-3,

2.4.3 Modelos Animais na Avaliagao Auditiva

O uso de modelos animais em pesquisas na area da saude € vasto, uma
vez que muitos temas — em especial envolvendo toxicologia — s&o de dificil
avaliacdo em seres humanos. Além das questbes éticas que impossibilitam a
avaliagdo de determinadas varidveis em seres humanos*, para avaliar uma
variavel € necessario que se descartem fatores de confusdo que podem
contribuir para um mesmo desfecho. No caso de pesquisas que investiguem se
agrotoxicos favorecem o surgimento de dano auditivo, o ideal é que outros
fatores que também contribuam para tal desfecho (como genética,
presbiacusia, uso de drogas ototoxicas, doengas prévias e circunstancias
ambientais como ruido e vibragdo) ndo estejam presentes concomitantemente
a exposi¢ao aos pesticidas. No entanto, torna-se dificil a obtengdo de uma
amostra significativa de individuos que nao estejam expostos a mais de um
fator de risco para o dano auditivo®.

Nesse sentido, pesquisas em modelos animais permitem avaliagdes em
ambientes controlados, com linhagens padrao de animais, facilitando a
investigagdo do nexo-causal. Mamiferos em especifico possuem diversas
vantagens em estudos para avaliagdo da audicdo, uma vez que possuem

muitas caracteristicas anatomicas semelhantes as de humanos. Os roedores



26

sd0 os modelos mais utilizados* e o rato, além de apresentar similaridade
anatébmica e fisioldgica com os humanos, é um 6timo modelo para estudos em
saude, uma vez que possui boa adaptabilidade, robustez, boa capacidade de
sobrevivéncia e inteligéncia®.

E importante destacar que as pesquisas em modelo animal devem seguir a
aplicagao do principio dos 3R’s proposto pela Rede de Métodos Alternativos ao
uso de animais*’ (RENAMA), que estabelece: Redugdo (Reduction): a amostra
deve ser formada pelo menor numero possivel de animais que proporcione a
obtencdo das informacdes necessarias no experimento; Refinamento
(Refinement): a dor, sofrimento ou estresse do animal experimental deve ser
minimizada; e Substituicdo (Replacement): ocorre sem o0 uso de animais
vertebrados em situagdes em que o nivel de informagao necessaria pode ser
adquirido dessa forma.

Em relagcdo aos métodos de avaliagcdo da audicdo em animais, os exames
mais utilizados de acordo com uma revisao de literatura foram as EOAPD e o
PEATE. Ambos permitem a caracterizagdo do dano auditivo de forma fidedigna,

tratando-se de métodos objetivos e n&o invasivos®.
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4. JUSTIFICATIVA

Considerando o elevado uso de agrotoxicos no Brasil, principalmente de
inseticidas — incluindo uso domeéstico e em saude publica, os potenciais danos
a saude causados por essas substancias isoladas e em associagao, bem como
0s escassos estudos acerca da ototoxicidade secundaria a exposi¢ao a tais
agentes, tornam-se necessarios estudos que identifiquem e expliquem possivel
nexo-causal. Neste sentido, modelos animais cumprem um papel fundamental
no delineamento experimental centrado no controle de vieses inerentes a

pesquisa em toxicologia com humanos.
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5. OBJETIVOS

GERAL
Avaliar os efeitos sistémicos e auditivos periférico e central da exposicao
subcrdnica inalatéria aos agrotoxicos organofosforado Diclorvos e piretréide

Cipermetrina, bem como sua associagao em ratos Wistar.

ESPECIFICOS

e Detectar possiveis mudangas na amplitude das EOAPD nas frequéncias de
4, 6, 8, 10 e 12 kHz e na laténcia da onda P, no PEATE em ratos Wistar
expostos aos agrotoxicos Diclorvés, Cipermetrina e sua associagao.

e Avaliar o desenvolvimento ponderal de ratos Wistar durante o periodo de
exposi¢cao aos agrotoxicos Diclorvds, Cipermetrina e sua associagao.

e Descrever sinais clinicos decorrentes da exposicdo aos agrotéxicos
Diclorvés, Cipermetrina e sua associacao em ratos Wistar.

e Avaliar niveis de colinesterase plasmatica em ratos Wistar expostos aos
agrotoxicos Diclorvés, e sua associagao com a Cipermetrina.

e Avaliar a massa relativa dos 6érgdos expostos aos agrotoxicos Diclorvés,

Cipermetrina e sua associagao.
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ABSTRACT

Purpose: to evaluate possible otofoxicity secondary to exposure to a combination of
pesticides (dichlorvos and cypermethrin based insecticides).

Methods: the Wistar rats were divided into 3 groups (12 animals per group): control
(water), positive control for hearing damage (cisplatin) and experimental (exposed
to dichlorvos and cypermethrin). The amplitude of distortion product otoacoustic
emissions was assessed before and after the exposure. Systemic toxicity signs were
also evaluated (clinical signs, weight gain and plasma cholinesterase). Wilcoxon
test analyzed the post-exposure amplitudes compared to pre-exposure and Kruskal
Wallis following Dunn’s post hoc tests analyzed the amplitudes’ variation. Normally
distributed variables were evaluated by Student’s t test.

Results: body weight and plasma cholinesterase values were similar comparing the
pre and post exposure in the experimental group. The control group did not manifest
significant amplitude reduction of otoacoustic emissions between the pre and
post evaluation. In the group exposed to cisplatin there was a significant reduction
in amplitudes at 12 kHz on the right (p = 0.006; Wilcoxon) and 4 kHz on the left
(p = 0.032; Wilcoxon). In the group exposed to pesticides, there was a significant
reduction inthe right ear at 4 kHz (p = 0.034; Wilcoxon) and 8 kHz (p = 0.019; Wilcoxon)
and in the left ear at 4 kHz (p = 0.007; Wilcoxon), 6 kHz (p = 0.023; Wilcoxon), 8 kHz
(p = 0.045; Wilcoxon) and 12 kHz (p = 0.028; Wilcoxon).

Conclusion: there was ototoxicity in the experimental group, without a relevant
systemic toxicity.

Keywords: Ototoxicity; Agrochemicals; Rats; Audiology
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INTRODUCTION

Pesticides are commonly used in public health and
agriculture’ and the associations between organophos-
phates and pyrethroids are widely performed. However,
when associated, pesticides can lead to unpredictable
effects, considering the complexity of toxicological
interactions?. In general, pesticides are correlated with
more unfavorable outcomes, in relation to neurodevel-
opment, and their association with sensory functioning
has not been completely elucidated®.

Some studies indicate that exposure to pesticides
can cause impairment in hearing*® and in health, in
general’. Nevertheless, hearing injury is often multifac-
torial*® and may involve factors such as noise, vibration,
use of antibiotics, chemotherapy, and genetic factors.
It is difficult to elucidate the isolated cause of hearing
damage, considering all the eticlogic agents known?.

Organophosphates (OPs), such as dichlorvos, are
pesticides broadly used in agriculture as insecticides.
OPs inhibit cholinesterase, causing several intoxica-
tions. Pyrethroids are compounds synthetically derived
from chrysanthemum that prolong the inflow of sodium
and are closely related to hypersensitivity reactions.
Cypermethrin is a type Il pyrethroid, which has an alpha
cyan group and is more potent. Its mechanism of action
invalves blocking nerve conduction, persistent depolar-
ization, reduction of the action potential amplitude and
depolarization in axonal conduction. There is also a
suppression of chloride channels related to the GABA
receptor®'?. In isolation, both substances caused
hearing damage in Wistar rats exposed sub-chronically
by inhalation. The choice of the sub-chronic route
in studies that evaluate the toxicity of pesticides is
essential, since this is a frequent route of intoxication in
humans and animals associated with numerous cases
of chronic or sub-chranic exposure®'?,

Considering the multifactorial nature of hearing
loss, a study conducted in rats - exposed exclusively
to pesticides, isolating hearing loss eticlogic factors as
ototoxic medications or noise - allows to characterize
the hearing damage due to exposure to pesticides,
as well as its mechanisms. Thus, it is relevant to study
exposure to pesticides, widely used, such as organo-
phosphates and pyrethroids, isolated and in combi-
nation. Therefore, the present study aims to evaluate
the auditory effects of the association of dichlorvos
and cypermethrin administered sub-chronically, via
inhalation, in Wistar rats.
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METHODS

The Federal University of Health Sciences of
Porto Alegre Ethics Committee on Animal Use, Brazil,
approved the experimental protocol under number
478/16. To reduce the risk of pain or suffering to the
animals, the protocol followed the procedures estab-
lished by the National Council for the Control of Animal
Experimentation. The experimental protocol was based
on the guidelines for sub-chronic inhalation toxicity
test, number 413, proposed by the Organization for
Economic Co-operation and Development'® (OECD) for
the Testing of Chemicals.

Chemical agents

An  organophosphorus insecticide containing
dichlorvos as active ingredient and a pyrethroid insec-
ticide containing cypermethrin as active ingredient
were associated. The pesticides were mixed with
distilled water (concentration of 1.48mgy/L for dichlorvos
and at the concentration of 0.25mg/L for cypermethrin).
The chosen concentration corresponded to 1/10 of rat
inhalation LC50 (LC50 is the concentration that causes
the death of 50% of animals exposed to a certain
substance).

Cisplatin, an antineoplastic drug, was chosen as
a positive control for hearing damage (8mg/kg intra-
peritoneally, once a day, during 3 days). The drug was
mixed with physiological solution (10 mL of solution
per kg).

Animal Model

The animals chosen for the experimental protocol
were Wistar rats (Ratfus norvegicus). The animals (36
male rats, aged 60 days, 300 = 30g) received water and
food ad libifum, except during exposure, in a cycle of
12h light/dark (controlled conditions of the  vivarium).

Experimental

The experimental protocol was based on previous
studies®'?. The animals included in the experimental
protocol had distortion product otoacoustic emissions
(DPOAE) present in the frequencies of 4, 6, 8, 10 and
12 kHz. Furthermore, an otoscopy was performed by a
veterinarian and no signs of external ear pathology were
found in any of the rats. Inhalation exposure chambers
acoustically treated by an enclosure (avoiding noise)
were coupled to ultrasonic nebulizers as an inlet stream
and as an exhaust system an aspirator was coupled



to the chambers. Each chamber had 56 L of volume
and accommodated 4 animals following the volume
proposed by the OECD™. To determinate the sample
size, a previous research' that evaluated rats exposed
to cisplatin, an ototoxic substance, was analyzed and
considered.

For 5 days (adaptation period) the animals were
habituated to the instruments of auditory evaluation
and to exposure chamber using only air flow (for 1h
on day 1, 2h on day 2, 3h on day 3 and 4h on day 4).
Water vapor was used with the air flow on day 5 for 4
hours. The animals (N=36) were allocate at random to
three groups: negative control (n=12; animals exposed
to inhaled water vapor during 4h, 5 times a week, for
6 weeks), positive control (n=12; animals exposed to
8mg/kg intraperitoneal cisplatin, once a day, during 3
successive days) and experimental (n=12; animals
exposed to an inhaled association of the pesticides at
the concentration of 1.48mg/L for dichlorvos and at the
concentration of 0.25mg/L for cypermethrin, for 4h, 5
times/week, during 6 weeks).

Evaluations
Clinical signs and body weight

On exposure days the rats were assessed for
body weight and clinical signs, as tremor, dyspnea,
excitation, depression and piloerection.

Distortion product ofoacoustic emissions (DPOAEs)

The distortion product otoacoustic emissions were
tested (4, 6, 8, 10 and 12 kHz) in the control and experi-
mental groups before (pre-exposure) and after (post-
exposure) the exposure period (0 and 42 days), and in
the positive control immediately before the 1st admin-
istration and 24 hours after the 3rd administration of
cisplatin. DPOAEs were performed without anesthetic.
DPOAEs were recorded using f1 and f2 tones as
acoustic stimuli at 85 and 55db sound pressure level. A
child size hearing probe was inserted into the external
acoustic meatus of the animal to perform the test.
DPOAESs were recorded in the control and experimental
groups before (pre-exposure) and after (post-exposure)
the exposure period (0 and 42 days), and in the
positive control previously the 1st administration and 24
hours after the 3rd administration. The DPOAEs were
assessed before and after exposure and the amplitude
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of response was compared between groups (control,
positive control and pesticides).

Euthanasia

Euthanasia was conduct 24 hours post the last
exposure to substances (cisplatin, pesticides or water).
Intraperitoneal sodium thiopental (40mg/kg) associated
with lidocaine (10mg/ml) was previously used as
anesthesia. The animals’ blood was collected from the
caudal vena cava and placed in an EDTA tube, centri-
fuged and the plasma was frozen and later analyzed to
determinate the plasma cholinesterase activity. Organs
(spleen, liver, heart, lungs and kidneys) were inspected
for macroscopic alterations.

Statistical Analysis

The DPOAE were analyzed by interquartile ranges
and median. Wilcoxon test analyzed the post-exposure
amplitudes compared to pre-exposure. Kruskal
Wallis following Dunn’s post hoc tests analyzed the
amplitudes’ variation (final amplitude minus basal).
Parametric data were presented by mean and standard
error of the mean. Normally distributed variables,
such as cholinesterase activity and body mass, were
evaluated by Student's t test. The tests had a 95%
confidence interval.

RESULTS

Distortion product otoacoustic emissions

Regarding the pre- and post-exposure amplitudes,
the Wilcoxon test (Figure 1) did not demonstrate a
significant reduction for the frequencies analyzed in the
control group, confirming the robustness of the model.
For the same test, in the group exposed to cisplatin
there was a significant reduction in amplitudes pre
and post exposure at 12 kHz on the right (p = 0.006;
Wilcoxon) and 4 kHz on the left (p = 0.032; Wilcoxon).
In the group exposed to pesticides, there was a signif-
icant reduction in amplitudes pre and post exposure in
the right ear at 4 kHz (p = 0.034; Wilcoxan) and 8 kHz
(p = 0.019; Wilcoxen); in the left ear, there was a signif-
icant reduction at 4 kHz (p = 0.007; Wilcoxon), at 6 kHz
(p = 0.023; Wilcoxon), at 8 kHz (p = 0.0453; Wilcoxon)
and at 12 kHz (p = 0.028; Wilcoxon).
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According to the variation in amplitudes (final
assessment minus initial assessment - Figure 2), in
the association group there was a significant decrease
in the frequencies 8 kHz, 10 kHz and 12 kHz on the
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right and 6 and 8 kHz on the left ear (p <0.05, Kruskal
Wallis). Table 1 shows which groups were different
from each cther in frequencies analyzed according to
Dunn'’s Post Hoc test.

4k Hz 6kHz

Cisplatin m Pesticides

Left Ear

8kHz  10kHz 12kHz

Figure 2. Variation of the amplitudes (medians and interquartile ranges) between the pre and post-exposure period to control (water),

positive contral (cisplatin) and pesticides.

Table 1. Kruskal-Wallis and Dunn’s post hoc tests results

Dunn’s Post Hoc

Ear Frequency Kruskal-Wallis l':ur;trol c"'l"“' cisp;alin
Pesticides Cisplatin Pesticides

AkHz p=0.158
GkHz p=0.107

Right 8kHz p=0.014* p=0.012*
10kHz p=0.024* p=0.034*
12kHz p=0.011* p=0.008*
4AkHz p=0.080
GkHz p=0.049* p=0.045*

Left BkHz p=0.009* p=0.007*
10kHz p=0.370
12kHz p=0.075

Kruskal-Wallis test; *p<0,03
Dunn's Post Hoe test; *p<0,05
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Systemic toxicity signs

No statistically significant change occurred in
plasma chelinesterase and body mass gain in the
association group. Transient clinical signs (during the
exposure period) were observed, including piloerection,
reduced activity, dyspnea and pruritus. In euthanasia,
there were no differences in the relative mass of the
organs or macroscopic changes.

DISCUSSION

The control and positive control groups behaved as
expected, once at the control (water) group there was
no reduction and the positive control (cisplatin) showed
reduction between their final DPOAEs amplitude values
compared to the initial one, which corroborates the
consistency of the experimental protocol. Thus, the
difference (final minus initial) presented by the pesti-
cides’ association group indicates that there is an alter-
ation in DPOAEs amplitude values due to sub-chronic
inhalation exposure to dichlorvos and cypermethrin
association.

Previous studies®' carried out with the active
ingredients alone, using the same protocol, resulted
in decreased amplitudes in exposure to dichlorves (8
kHz and 10 kHz bilaterally) and cypermethrin (8, 10
and 12 kHz bilaterally and 4 and 6 kHz on the right). In
the present study, the association of both was able to
decrease the amplitudes of DPOAEs between pre and
post exposure at 4 kHz and 8 kHz on the right and 4, 6,
8 and 12 kHz on the left.

The similarity between the amplitude variations (final
minus initial) between the association group and the
cisplatin group (p <0.05, Kruskal Wallis) also indicates
that the pesticides tested in association are compa-
rable to the ototoxic drug (positive control). Regarding
this variation, the decrease in the association group
compared to the control at 8 kHz on the right and 6 and
8 kHz on the left ear (p <0.05, Kruskal Wallis; p <0.05,
Dunn’s post hoc), and its similarity with the positive
control group is congruent with previous studies
that evaluated DPOAEs before and after exposure to
dichlorvos® and cypermethrin'® alone in Wistar rats. The
exposure to cypermethrin generated a reduction in the
amplitude variation in 10 and 12 kHz on the right and
in 8, 10 and 12 kHz on the left. Dichlorvos caused a
reduction in the amplitude variation in 10 kHz on the
right and 8kHz and 10 kHz on the left. Such results
indicate hearing damage secondary to exposure to
ototoxic agents, since they occur at high frequencies
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and were pointed out after assessment of DPOAEs, an
assessment sensitive to cochlea’s hair cells damage.

Regarding the ototoxic results manifested without
significant alterations in the clinical signs, as well as no
reduction in the plasmatic cholinesterase activity, repre-
senting absence of systemic toxicity, these findings are
similar to the ones evidenced in previous studies using
the same model*". The concentrations of pesticides
in those studies, as well as in the present study, corre-
sponded to 1/10 of the inhaled LC50 for rats, which
represents that even at low concentrations there was
damage to the DPOAES, withcut clinical signs indicative
of toxicity or even changes in plasma cholinesterase. A
normal range of plasma cholinesterase levels was also
found in workers chronically exposed to organophos-
phates, suggesting relative resistance of higher nervous
system functions to mild chronic pesticide exposure'.

Although studies in humans have already suggested
the correlation between hearing damage and exposure
to pesticides'™", most research have limitations, once
human beings may be exposed to more than a factor
that contributes to this outcome, such as noise, vibration
and use of ototoxic drugs. The exact mechanisms of
cochlear function damage secondary to exposure to
pesticides are not yet well established, however, similar
changes induced by medications indicate that oxidative
stress might play a role in this issue and in toxicity in
humans and animals in general®'®. The sensorineural
hearing loss mechanism associated with cisplatin
and aminoglycosides occurs due to damage to the
outer hair cells, and specific aminoglycosides, such
as gentamicin, can still damage the vestibular system.
In this case, oxidative stress would occur in the inner
ear followed by cell damage®. Lee et al. (2016)%, in
research that evaluated the effect of a catalase inhibitor
as a protector against ototoxicity in mice, found out
that apparently the ototoxic effects of cobalt would be
related to the generation of reactive oxygen species
(ROS) and the production, in the auditory system, of
pro-inflammatory cytokines. Still, Jiang et al. (2018) also
report, in their research that investigated ototoxicity by
inducing cell death by aminoglycoside, the contribution
of the generation of ROS in ototoxicity®.

Kim et al. (2017)% evaluated the role of the autopha-
gosome marker LC3-ll, related to the induction of
damage in vivo and in vitro. These authors suggest
that autophagic flux is a possible mechanism for genta-
micin-induced ototoxicity. In this case, the damage
could be related to the accumulation of autophage-
somes, due to impaired autophagy. Choi ef af. (2019)*
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investigated the relationship between cisplatin-induced
hearing loss and receptor-interacting protein kinase
(RIP) 3-dependent necroptosis in vivo and in vitro,
concluding that RIP3-dependent necroptosis was
highly expressed in cisplatin-induced ototoxicity.
The authors noted that the Corti organ and the spiral
ganglion neurons were sites particularly susceptible to
the process of necroptosis.

There may be some paotential limitations in this
study. Although hearing damage caused by pesticides
may be similar to the ones caused by other ototoxic
substances (sensory-neural and damaging to the hair
cells of the cochlea, frequently causing a decrease in
the amplitude of otocacoustic emissions), the lack of
previous studies analyzing specifically the mechanisms
that cause such damage after exposure to pesticides
make this aspect unclear. Further studies need to be
conducted in order to clarify the decrease in cochlear
function related specifically to this type of exposure.
Such studies could associate electrophysiological
results with morphological data of structures such as
hair cells, which could better elucidate the mechanism
of hearing injury by pesticides. Understanding these
mechanisms is a major matter for the development of
studies that evaluates substances with otoprotective
activity.

CONCLUSION

Considering the ototoxicity secondary to sub-chronic
inhalation exposure to the association of compounds
containing cypermethrin and dichlorvos, even without
relevant systemic toxicity, the importance of raising
awareness of individuals occupationally exposed
to pesticides, even at low concentrations, about the
importance of performing their work activities with the
use of personal protective equipment, is highlighted.
Furthermore, measures seem to be important to
regulate audiometric control in workers exposed to
pesticides and not only in those exposed to noise,
since strong evidence points to the risk of ototoxicity
secondary to exposure to this type of substance.
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ABSTRACT

Purpose: The objective of this research was to evaluate the effects of an
organophosphate (OP) and a pyrethroid (PYR) on the hearing function of rats
by distortion product otoacoustic emissions (DPOAEs) and brainstem evoked
response audiometry (BERA) pre and post 6 weeks of exposure. Methods: Rats
were divided into five groups (5 animals/group): negative control (water),
positive control (cisplatin), OP, PYR, and association (OP + PYR). Results:
There were no alterations in clinical signs nor body mass parameters. The
cisplatin group presented lower DPOAEs medians post exposure in 4kHz,
10kHz and 12kHz. The PYR group had lower amplitudes in 6kHz and 8kHz and
the OP + PYR group showed lower amplitudes in 12kHz. Both the cisplatin
group and the OP group presented higher median after the exposure period. At
BERA test on both ears, the cisplatin group presented a higher median when
compared to the water group. On the left, the OP + PYR group had lower
median in relation to the cisplatin group. Bilaterally the OP + PYR group
presented similar means to the water group. Conclusion: There was secondary
ototoxicity to the exposure of the evaluated pesticides, without relevant

systemic intoxication.

Keywords: pesticides; toxicology; rats; audiology.
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MAIN TEXT

Title: Ototoxicity of Insecticides Evaluated by BERA and DPOAE Parameters.

INTRODUCTION

Use of pesticide reduces qualitative and quantitative losses in agriculture,
which maintains the economic sustainability of the producer [1], increases
production efficiency, and reduces the cost of food [2]. It is also important to
highlight the role of domestic insecticides, often composed of pyrethroids, in
combating vectors [3] such as Aedes aegypti, which spreads diseases such as
dengue, yellow fever, zika fever and chikungunya. However, such substances
represent a significant risk to the environment and human health, being the
subject of current research®. Exposure to pesticides is correlated with
unfavorable outcomes in neurodevelopment, but their effects on the body’s
sensory functioning have not been fully elucidated [5].

Among the widely used classes of pesticides are organophosphate (OP)
and pyrethroid (PYR) insecticides. The mechanism of action of OPs involves
the irreversible inhibition of the enzyme acetylcholinesterase (AChE), whose
function is to hydrolyze the neurotransmitter acetylcholine (ACh), resulting in
cholinergic effects (e.g., salivation, muscle weakness, changes in mental
status). In addition, OPs can induce oxidative stress imbalance, axonal
transport deficits, neuroinflammation and autoimmunity reactions [6]. On the
other hand, PYR are sodium channel modulators, and in PYR type |, the action
is primarily mediated by voltage-dependent sodium channels, while in PYR type

II, they also act on voltage-dependent chloride channels. Type Il PYR bind to
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inhibitory gamma-aminobutyric acid (GABA) receptors in the central nervous
system (CNS), blocking chloride channels and their activation. With the
absence of synaptic inhibition caused by GABA, hyperexcitability occurs. Thus,
both type | and Il PYR prolong the depolarization time, generating
hyperexcitability [7,8] in target and nontarget species [9]. The toxic effects of
PYR often include irritation of the skin, airway, and hypersensitivity (e.g.,
anaphylactic reactions such as bronchospasm, oropharyngeal edema, and
shock) [10].

Research conducted in animal models showed ototoxicity in Wistar rats
exposed to type Il PYR cypermethrin and the OP dichlorvos, as well as the
occurrence of ototoxicity when both substances were combined [11,12]. OP and
PYR insecticides can be associated in commercial formulations or even applied
to the same crops, resulting in concomitant exposure, which can trigger
antagonistic, additive, or synergistic neurotoxic effects [13]. The combination of
pesticides is frequent in developed or developing countries. There is a likely
association between exposure to mixtures of pesticides and higher rates of
morbidity and lethality [14], which may be related to the unpredictable effects of
the combination of compounds, considering the complexity of their toxicological
interactions [15]. This scenario justifies the importance of analyzing the effect of
inhaling these combined substances, which is often how people are exposed to
these and other pesticides while at work [16].

Health effects caused by pesticides has already been well explored by
previous research. However, ototoxicity secondary to pesticide exposure needs
further attention because there are few studies on the subject. Auditory function

involves the integration of several structures, being evaluated through specific
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tests. In addition, the use of animal models in hearing damage research avoids
confounding factors, such as genetics, presbycusis, use of ototoxic drugs,
previous diseases, and environmental circumstances (e.g., noise, vibration),
which can contribute to hearing damage. Previous studies identified alterations
in auditory parameters based on distortion product otoacoustic emissions when
OP and PYR were analyzed separately. However, the effects of its association
are not yet clear, especially at the level of the CNS. Therefore, the present
study aimed to evaluate the effects of dichlorvos (an OP), and cypermethrin (a
PYR), and their combination (OP+PYR), on the hearing function of Wistar rats
through the examination of distortion product otoacoustic emissions (DPOAES)

and the brainstem evoked response audiometry (BERA).

METHODS
CHEMICAL AGENTS

The OP + PYR group was exposed to commercial formulations
containing dichlorvos (OP) and cypermethrin (PYR) as active ingredients. Both
substances were diluted in distilled water at the following concentrations:
1.48mg/L for dichlorvos and 0.25mg/L for cypermethrin, corresponding to 1/10
of rat inhalation median lethal concentration 50 (LC50). The same
concentrations (1/10 of rat inhalation LC50) were used in the groups exposed to
dichlorvos and cypermethrin alone. Cisplatin, a chemotherapeutic agent known
by its ototoxicity, was chosen as a positive control for hearing damage. It was
diluted in physiological solution (10mL of NaCl 0,9%/kg) and the animals were

treated with 8mg/kg i.p. once daily, for 3 consecutive days [11,12,17].
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EXPERIMENTAL ANIMALS

Male Wistar rats (N=25, 5 animals per group), were 60 days old and
weighed 300+50g at the beginning of this study. The animals were kept under
controlled conditions of the bioterium, 12h light/dark cycle, receiving water and

food ad libitum, except during exposure period.

EXPERIMENTAL PROTOCOL

This research was approved by the XXXXXXXXXXXXX Ethics
Committee on Animal Use Ethics Committee on Animal Use (CEUA) (n°XXXX).
To ensure the welfare of the animals and avoid pain or distress, all the
procedures of health care (according to the National Council for the Control of
Animal Experimentation — CONCEA) were followed. The ARRIVE guidelines
were used to guarantee the data reliability.

Inclusion criteria were no signs of external ear pathology (verified by
otoscopy performed by a veterinarian), Distortion Product Otoacoustic
Emissions (DPOAESs) present in all tested frequencies (4, 6, 8, 10 and 12kHz)
and p2 wave latency (BERA) within normal values prior to the beginning of the
experimental period. Animals that presented otoscopy alterations, or absence of
any of the tested frequencies in DPOAEs, or abnormal values at p2 wave
latency (BERA) were excluded of the protocol.

This experimental protocol was adapted from the subchronic inhalation
toxicity test (repeated exposure - number 413), from the Organization for
Economic Co-operation and Development (OECD) Guidelines for the Testing of

Chemicals [18].
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During the exposure period (subchronic inhalation exposure), the rats
were kept in soundproof inhalation exposure chambers. The chambers had 56L
of volume and were coupled to ultrasonic nebulizers as an inlet stream, and to
an aspirator as an exhaust system. Following the volume proposed by the
OECD, each chamber accommodated 5 animals.

The animals were allocated randomly into the groups one by one using
aleatory number scale. The rats (N=25) were randomly divided into five groups
of five animals each: negative control, positive control for hearing damage
(cisplatin), OP insecticide, PYR insecticide and association between OP and
PYR. The negative control group was exposed to water (vehicle for dilution of
the formulation) by inhalation for 4h, 5 days/week, during 6 weeks. The positive
control group was treated with 8mg/kg of cisplatin i.p., once daily, for 3
consecutive days (totaling 24mg/kg). The OP + PYR group was exposed to
inhaled dichlorvos (concentration of 1.48mg/L) and cypermethrin (concentration
of 0.25mg/L) for 4h, 5 days/week, for 6 weeks. The same concentrations of OP
and PYR were used in the groups exposed to the pesticides alone (dichlorvos
group and cypermethrin group, exposed to the pesticides for 4h, 5 days/week,

during 6 weeks).

ASSESSMENTS
Clinical signs and body mass

Once a week during the exposure period, the rats were weighed
(weight in grams) and daily for clinical signs (e.g., depression or excitation,

tremor, piloerection, dyspnea) by veterinary evaluation.
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Auditory parameters assessments

Auditory parameters were measured using DPOAEs, followed by BERA
under anesthesia with Ketamine (50mg/kg) and Xylazine (10mg/kg) i.p. Figure 1
shows a schematic representation of the auditory assessment by distortion
product otoacoustic emissions - DPOAEs (A) and brainstem evoked response
audiometry — BERA (B). The evaluator who performed the tests did not know

which group the animal belonged.

Insert Figure 1

Distortion Product Otoacoustic Emissions (DPOAES)

DPOAEs test were performed in the frequencies of 4, 6, 8, 10 and
12kHz in all groups with an infant size hearing probe placed into the external
ear canal of the animal. Control and experimental groups (OP, PYR and OP +
PYR) were evaluated before (pre) and after (post) the exposure period (0 and
42 days). The positive control for hearing damage was assessed immediately
before the 1st administration and 24h after the 3rd administration of cisplatin.
DPOAEs were recorded using two tones (f1 and f2) as acoustic stimuli (f1/f2,

f2:f1 ratio fixed at 1.22) at 65 and 55db sound pressure level (SPL).

Brainstem Evoked Response Audiometry (BERA)

In BERA, a single-channel Smart EP (IHS®) device was used to
assess brainstem evoked response audiometry (BERA). The animals were
evaluated using three disposable electrodes fixed with microporous tape in the

region corresponding to the frontal bone, right and left ear pinna. Insert
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earphones with small ear tips were inserted in the animals’ external auditory
canal. A 70dBNA stimulus was conducted logging the response both in the
rarefied and condensed polarity, and each of these records was presented twice
to verify the replicability of the results. Every electrophysiologic response needs
to be confirmed because only neural responses remain after the stimulus. In
case of artifacts the response wears off and for that reason is not true.
Therefore, each response was carried out twice to verify if the stimulus

remained present, which is called replicability in electrophysiology.

EUTHANASIA
Euthanasia was performed using sodium thiopental overdose

(120mg/kg) i.p. 24h after the last inhalation exposure or treatment with cisplatin.

STATISTICS

Normality of the data were determined using the Shapiro-Wilk test, and
comparisons between the groups were performed by Kruskal-Wallis test,
Wilcoxon test (pre versus post- analysis), or by generalized estimating
equations (GEE) model with Bonferroni corrections (used to simultaneously
evaluate parameters over time and between groups). For variables with
symmetric distribution, the linear model was applied, and for those with
asymmetric distribution, the gamma model.

Other symmetric data were presented as mean and standard error of
the mean (xSEM) and were evaluated by One-Way Analysis of Variance

(ANOVA).
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The significance level was set at 5% for all analyses, performed in
SPSS, version 18.0 (SPSS version 18.0 for Windows, SPSS Inc., Chicago, IL,
USA).

The sample size was calculated based on a previous study that used
auditory brainstem responses and distortion product otoacoustic emissions
tests to assess auditory function [19].

A Cohen’s D test was performed to evaluate the effect size in each
group for both auditory tests (DPOAEs and BERA).

The evaluator who performed all the statistical analysis did not know

the groups’ code.

RESULTS
Clinical signs and body mass

Once cisplatin was diluted in physiological solution and i.p. administered
daily as a positive control for ototoxicity (differs from the OP and the PYR
groups, administered by inhalation), body mass was not evaluated in this group.
Mean (xSEM) pre-exposure body mass of the negative control (water)
(387.616.43), the OP (360.8+14.21), the PYR (364.8+10.67) and the OP + PYR
(373.0+£7.01) groups were similar (One-Way ANOVA, F(3,16)=1.381, p=0.284).
Similarly, mean (xSEM) post-exposure body mass of the negative control
(water) (427.6+£11.02), the OP (420.8+12.70), the PYR (432.8+12.36) and the
OP + PYR (448.61x11.97) groups were similar (One-Way ANOVA,
F(3,16)=0.968, p=0.432).

Taken together, during the period of exposure to pesticides, the animals

exposed to the OP, to the PYR, and to the OP + PYR groups did not show
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altered clinical signs (only in the first 30 minutes of the day one and day two of
exposure) or body mass parameters, indicating no relevant systemic toxicity.

However, in the assessment of auditory function, ototoxicity was observed.

Auditory parameters

Table 1 shows the DPOAEs amplitudes presented as median (IQR).
After exposure period, the positive control (cisplatin) group presented lower
amplitude in relation to the pre-exposure, in 4kHz, 10kHz and 12kHz on the
right side (Wilcoxon Signed Rank test, p=0.043, p=0.043 and p=0.042,
respectively). Besides, the PYR group presented lower amplitude in 6kHz and
8kHz on the left side (Wilcoxon Signed Rank test, p=0.043 for both), and the
OP + PYR group showed lower amplitude in 12kHz on the right side (Wilcoxon

Signed Rank test, p=0.043).

Insert Table 1

Table 2 shows the BERA latency presented as median (IQR). Both the
positive control (cisplatin) and the OP groups presented higher latency at
post-exposure period in relation to the pre-exposure (Wilcoxon Signed Rank
test; cisplatin p=0.042 on the right and p=0.043 on the left; OP p=0.043 on the
right). At post-exposure measurement, in both ears, the positive control group
(cisplatin) presented higher latency in relation to the negative control group
(water) (Kruskal Wallis, Dunn post hoc; right ear p=0.007 and left ear p=0.003).
On the left ear, the positive control (cisplatin) group presented higher latency in

relation to the OP + PYR group (Kruskal-Wallis, with Dunn post hoc; p=0.003).
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Insert Table 2

The Cohen’s d test evaluated between pre- and post-exposure in each
group for both auditory tests (DPOAEs and BERA) demonstrated in the
negative control group minimum effect size. It was possible to obtain a large
effect size in the positive control group, characterizing the robustness of the
chosen model of study with an n=5 animals/group (Table 1 and Table 2).

GEE statistical analysis was used to assess interactions between time
and group effects for both auditory tests.

DPOAEs amplitude means (+SEM) of each measured frequency (4kHz,
6kHz, 8kHz, 10kHz, 12kHz), by group and time (pre- and post-exposure period)
are displayed in Table 3. On the right side (Table 3 A), a group effect was
observed in 4kHz, since the positive control (cisplatin) group presented lower
mean (xSEM) in relation to the OP and OP + PYR groups (GEE, p=0.018) and
a time effect was observed, since the post mean was lower to pre-exposure
(GEE, p=0.005). Also, in 12kHz the positive control (cisplatin) group presented
lower mean (+SEM) in relation to the PYR group (GEE, p=0.025).

On the left side (Table 3 B), an interaction was observed in 6kHz, since the PYR
group presented lower post mean (+SEM) in relation to the pre-exposure (GEE,
p=0.018). Also, in 8kHz an interaction was observed, since post mean (xSEM)
was lower than pre-exposure in negative control and PYR groups (GEE,
0.0001). In the 12kHz the interaction was observed, since post mean (+SEM)
was lower than pre-exposure for both groups, negative control and PYR (GEE,

0.002). Differences among groups in the pre-exposure were not highlighted for
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not presenting relevant clinical differences (in 8, 10 in the left side and 12kHz in
both sides).

Insert Table 3.

BERA latency means (xSEM) at the groups and times (pre- and
post-exposure period) are displayed in Figure 2 (A. right, B. left). In the right
side, a time effect was observed on the positive control (cisplatin) and OP
groups, since latency to increase in the post-exposure period in relation to the
pre-exposure (GEE, p<0.05 for all analysis). A group effect was observed in
both ears, since the OP group presented higher means (+SEM) in both ears, in
relation to the negative control (water) group (GEE, p<0.05 for all analysis). In
addition, the PYR group presented higher means (+SEM), in the right ear, in
relation to the negative control (water) group (GEE, p<0.05 for all analysis).
Again, in both ears, the OP + PYR group presented similar means (+tSEM) to

the negative control (water) group (GEE, p>0.05 for all analysis).

Insert Figure 2.

DISCUSSION

In the present study, we demonstrated that a subchronic inhaled
exposure to dichlorvos (organophosphate insecticide, OP), cypermethrin
(pyrethroid insecticide, PYR), or to the positive control (cisplatin) was able to
change auditory parameters of Wistar rats evaluated by the DPOAEs and the
BERA tests, showing ototoxic effects at the cochlea. The authors also highlight

that the OP + PYR group presented similar behavior to the negative control
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(water) group, and those animals did not show clinical signs or changes in body
mass during the study.

Otoacoustic emissions (OAEs) are responses generated by the cochlea
in the form of acoustic energy [20]. Its presence indicates normality in relation to
the sound response of the cochlear preneural receptor mechanism, as well as
the middle ear mechanism [21].

The use of OAEs also allow for the assessment of cochlear mechanical
function, obtaining objective information about specific micromechanical
activities for preneural or sensory elements of the organ of Corti, cochlear
components that are distal to the nerve fiber endings. Clinically and in research,
the OAEs monitoring is extremely important since many peripheral auditory
dysfunctions (e.g., noise-induced hearing loss, chemical-induced ototoxicity,
hereditary hearing loss) originate in sensory components of the cochlea [20]. In
addition, BERA originate in the cochlea, auditory nerve and auditory pathways
of the brainstem and can be measured relatively easily in humans. In rats,
however, it is believed that the BERA has four components (waves |, Il, Ill and
IV), that occur within 6ms after the stimulus and reflect the normal activity of the
following structures: the auditory nerve (wave I), the cochlear nucleus (wave ll),
the superior olivary complex (wave lll) and the lateral lemniscus (wave V)
[22-24] In rodents, since the BERA's P2 is the largest wave and the last one to
disappear with decreasing stimulus, the P2 is often used to derive the rat’s
latency-intensity curve [22,25,26].

The evaluation in preclinical animal model research allows the control of
common biases related to the research of pesticide-induced effects in humans

(e.g., genetics, presbycusis, use of ototoxic drugs, previous diseases,
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environmental circumstances - noise, vibration), facilitating the investigation of
the causal nexus [11,12]. Mammals, in particular, have several advantages in
studies to assess hearing functioning (e.g., anatomical characteristics similar to
those of humans) [27]. Rodents are the most used models, and the rat presents
anatomical and physiological similarity with humans, being an excellent model
for health studies (e.g., good adaptability, robustness, good ability to survive
and intelligence) [27,28].

As mentioned before, authors showed in previous studies the ototoxic
effects of these pesticides, in isolation, at the cochlear level. On the other hand,
as far as the authors know, this is the first study in which the association of OP
+ PYR was tested for ototoxicity by the BERA examination, a brainstein hearing
functional assessment. The individual behavior of each chemical was
characterized by interferences in different regions of the auditory system, with
the outer hair cells being more affected by the PYR and the cochlear nucleus by
the OP. The cochlear ototoxicity mechanism can be related to the capacity of
PYR and the OP to blocking block voltagegated channels in response to their
effects on specific receptors (e.g., sodium, chloride and calcium). By these
effects, several muscles enrolled in the middleear protective reflex are mediated
by acetylcholine release (e.g., stapedius muscle) [29,30]. Preclinical and clinical
studies indicate that pre- and post-natal exposure to OPs may affect numerous
brain regions, and that the behavioral consequences of OP exposure depend
on the level as well as the timing of exposure [31,32]. In contrast to OPs, the
PYR exposure effects are still poorly understood.

There is similarity in hearing loss secondary to exposure to industrial

chemical agents, ototoxic drugs (e.g., aminoglycosides and cisplatin, our
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positive control) and the ones caused by noise. These effects show a tendency
to be irreversible at higher frequencies, symmetrical, bilateral, and
predominantly damage the cochlear hair cells [33].

Systemic synergistic effects have been reported when OP and PYR are
combined, as OPs inhibit esterases, which reduces PYR hydrolysis [7,34].
However, such synergism did not occur in the ototoxicity observed in this study,
since when evaluating the association of active ingredients (the OP + PYR
group), the effects became smaller than those evidenced for each of the
isolated ingredients (the OP and the PYR groups), regardless of the region
evaluated. Our data demonstrates that the PYR acted on the cochlear
functions, since there was a DPOAEs amplitude reduction. The OP affected the
auditory nerve fiber to a greater extent, considering that there was a greater P2
latency in the BERA test.

In the positive control (cisplatin) group, the DPOAEs and the BERA tests
were different between the pre and the post-exposure times, bilaterally, as
expected. These results confirmed the robustness of the chosen model,
considering the already established ototoxicity caused by the cisplatin. In
addition, there was a significant reduction in the hearing functioning displayed
by the OP group, since in both tests, paired analysis identified a higher latency
during post-exposure period, in relation to the pre-exposure.

Surprisingly, the OP + PYR group did not differ from the negative control
(water) group in hearing assessments. Many pesticides, including OPs and
PYRs, can modify the action of the efferent auditory system by cholinergic
modulation, causing direct/indirect effects in the sensory pathways and the

peripheral auditory system. Damage to vestibular and auditory systems are
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associated with speech perception difficulties, dizziness, and tinnitus.
Cypermethrin, a class Il PYR, prolongs the opening of sodium channel (e.g.,
antagonizes GABA, leads to hyper-excitation of the CNS, responsible for its
neurotoxic effects in mammals). Nevertheless, secondary targets have also
been identified in voltage-gated channels (e.g., chloride, calcium, potassium),
neurotransmitters and neuromodulators (e.g., glutamate, acetylcholine, ATP,
GABA), as well as DNA damage and oxidative stress imbalance in the neuronal
cells.

GABAergic modulation by PYR and indirect parasympathomimetic action
of OP, may have been why the OP + PYR group displayed a similar hearing
function to the negative control (water) group. Although the OP + PYR group did
not present audiological damage at the analyzed moment, individual effects of
the studied pesticides were observed. This scenario highlights the importance
of studies in this field of science, since the auditory effects caused by the
simultaneous use of various pesticides are strongly recommended. In addition,
our results show peripheral and central damage when each pesticide, alone, is
administered. Our data indicates that complementary objective auditory tests,
such as otoacoustic emissions and BERA, are necessary when assessing
pesticide-exposed subjects besides the tests normally used in the routine
auditory assessments. Objective tests are a good alternative to the pure tone
audiometry (PTA), a subjective behavioral test commonly used to assess
agricultural workers hearing. The PTA test may not show hearing damage once
it does not identify minor alterations at the level of outer hair cells (evidenced by

DPOAEs) and auditory nerve/cochlear nucleus (evidenced by BERA). The
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combined assessment by DPOAEs and BERA tests allows visualizing changes
at the cochlear and central level before their appearance in conventional PTA.

Our data agree with a cohort study [5,35] in which the BERA test
demonstrated slower latencies in children who had higher prenatal exposure to
pesticides. Research indicates that such factors contribute to impaired
neuromaturation [5]. Silver et al. (2019) also identified slower auditory signal
transmission in children exposed to an herbicide, who were evaluated by the
BERA test, stressing that the findings can cause delay in auditory development,
since latencies reflect the maturation of the auditory pathway [36]. However, the
change in the BERA parameters after exposure to pesticides is not a consensus
in the literature. A study that evaluated prenatal exposure to the OP through the
BERA test, in children aged 6 weeks, 9 and 18 months, found no association
between exposure to the pesticide and the speed of signal transmission. In
addition, Korbes (2009) did not find changes in the BERA parameters after
seven-day exposure of guinea pigs to methamidophos, although the
time-window of exposure to the studied pesticides was short [37].

The effects of chronic exposures are difficult to diagnose because of
underreporting and nonreporting in the exposed population [38]. The low
demand for health services might be explained by the fact that the symptoms
are chronic, and the workers adapt to the change in health. They may also be
afraid to admit that that the available personal protective equipment (PPE)
wasn’'t adequate at protecting them. Workers might also be afraid to report
changes in health because of a fear of reprisal from the local agribusiness. A
causal link between poisoning secondary to exposure to pesticides has been

established and reporting symptoms might lead to inspection of work sites [38].
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Considering the current Brazilian legislation, the Regulatory Norm 7 (NR7)
establishes as mandatory the elaboration and implementation of employers and
institutions that admit workers as employees to the Medical Control and
Occupational Health Program (PCMSO) [39]. The PCMSO seeks to prevent,
track, and improve early diagnosis of health problems related to the
occupational activity [38]. According to the NR7 [39] workers exposed to noise
must perform audiometric control with reference and sequential exams. The
standard does not include workers exposed to chemical agents, such as
pesticides. Furthermore, workers exposed to OP and carbamate pesticides
should undergo a blood test to determine cholinesterase activity for toxicity
assessment [39]. On the other hand, another study, carried out in Wistar rats
subchronically exposed by inhalation to the OP showed that, although there
was ototoxicity, there was no variation in the plasma cholinesterase activity [11].
This indicates that hearing damage can occur, even without changes in
cholinesterase activity.

Our study had some limitations (e.g., no neurochemical marker
measurement). After extensive research we did not find any explanations about
the specific mechanism involving the differences found between the right and
the left ears. Nevertheless, new studies might demonstrate clearer why the
substances affected one side and not the other in specific frequencies. We
present as a positive aspect the route of exposure to the tested agents,
mimicking the scenario found in cases of human exposure. It was possible to
identify and to confirm functional changes in the audiometric assessments
performed. Furthermore, the application of animal models enables the control of

interfering variables (e.g., noise), a common bias in clinical studies. It is
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possible that more severe changes in auditory function might occur with longer
exposures (chronic). In conclusion there was ototoxicity secondary to the
exposure of the evaluated pesticides (OP or PYR), without relevant systemic
toxicity. PYR acted predominantly on cochlear function, by reducing the
DPOAEs amplitude, while the OP affected the nerve fibers of the auditory
nerve, by increasing P2 latency in the BERA test. When both, the OP and the
PYR pesticides, were combined, the association effects became smaller than
those of each of the isolated chemical exposures, regardless of the region
evaluated. Although the OP + PYR group did not present audiological damage
at the assessment, individual effects of the studied pesticides were observed.
This scenario highlights the necessity in applying complementary auditory tests
when assessing pesticide-exposed subjects, in addition to the tests normally

used in the routine auditory assessments.
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Table 1. Distortion Product Otoacoustic Emissions (DPOAEs) measurements among experimental groups (n=5 rats/group) and

effect size based on pre- evaluation (Cohen’s D test).

Frequenc Group Ear Pre-exposure Post-exposur C,ohen *p-val
y e sD ue
Amplitude test
(dB) Amplitude
(dB)
4kHz  Negative control  right  23.0(135-  195(17.0- 901 (785
(water) 28.0) 20.0)
(n=5)
left ~ 22.0(20.0-  200(160- 9902 o743
26.0) 22.0)
Positive control ~ right ~ 14.0 (13.0 — 7020- 189 0,043
(cisplatin) 17.0) 12.0)
(n=5)
left  18.0(16.0—  25.0(23.0— 083 (345

23.0) 29.0)



OP+ PYR right 27.0(24.0-  16.0(14.0- 282 (068
29.0) 19.0)
(n=5)
left  29.0(17.0—  19.0(140- 079 (345
30.0) 20.0)
oP right  20.0(180— 21.0(¢120- 108 080
24.0) 22.0)
(n=5)
left  20.0(180—  19.0(160— 919 03893
22.0) 20.0)
PYR right  16.0(13.0—  140(11.0- 946 (588
20.0) 18.0)
(n=5)
left  18.0(10.0—  100(9.0- 091 o102
20.0) 15.0)
**p-value right 0.099 0.200
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left 0.690 0.137
6kHz  Negative control  right ~ 37.0 (140-  30.0(300- 901 0715
(water) 38.0) 37.0)
(n=5)
left  39.0(30.0-  30.0(20.0- 084 136
40.0) 33.0)
Positive control  right  39.0(38.0—  23.0(23.0- 969 (080
(cisplatin) 39.0) 31.0)
(n=5)
left  25.0(20.0- 350(31.0- 110 0080
25.0) 38.0)
OP+ PYR right  39.0(380—  33.0(33.0- 170 0068
41.0) 35.0)
(n=5)
left  37.0(340- 350(250- 136 0225
42.0) 37.0)
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oP right  350(350—  37.0(30.0— 923 (686
37.0) 38.0)
(n=5)
left  26.0(24.0— 37.0300- 997 0416
27.0) 38.0)
PYR right  36.0(320—  37.0(33.0— 921 g9
37.0) 37.0)
(n=5)
left  36.0(36.0—  30.0(29.0- 233  0.043
40.0) 30.0)
**p-value right 0.163 0.339
left 0.060 0.405
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8kHz

Negative control
(water)

(n=3)

Positive control
(cisplatin)

(n=3)

OP+ PYR
(n=5)

right

left

right

left

right

left

37.0 (32.0 -
44.0)

45.0 (44.0 -
46.0)

41.0 (38.0 -
42.0)

28.0 (26.0 —
37.0)

36.0 (34.0
39.0)

32.0 (31.0 —
43.0)

42.0 (28.0 -
44.0)

32.0 (32.0 -
41.0)

30.0 (28.0 —
37.0)

39.0 (32.0 —
42.0)

38.0 (34.0 -
41.0)

36.0 (27.0 -
43.0)

-0,10

-1,61

-1,07

0,18

0,19

-0,23

0.892

0.042

0.225

0.225

0.279

0.273
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oP right  31.0(28.0—  44.0(440- 99 0416
44.0) 44.0)
(n=5)
left  37.0(23.0- 430380- 918 (686
41.0) 46.0)
PYR right  35.0(35.0—  350(28.0- 962 (3893
41.0) 47.0)
(n=5)
left ~ 48.0(46.0— 31.0(280- 542  0.043
49.0) 40.0)
**p-value right 0.943 0.474
left 0.012 0.545
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10kHz

Negative control
(water)

(n=3)

Positive control
(cisplatin)

(n=3)

OP+ PYR
(n=5)

right

left

right

left

right

left

38.0 (38.0 -
44.0)

46.0 (44.0 -
49.0)

41.0 (40.0 —
42.0)

23.0 (22.0 -
24.0)

38.0 (37.0 -
49.0)

42.0 (38.0 —
43.0)

38.0 (38.0 -
42.0)

41.0 (39.0 -
46.0)

34.0 (27.0 —
35.0)

45.0 (36.0 —
46.0)

36.0 (27.0 —
43.0)

35.0 (31.0 -
43.0)

0,15

-0,51

-2,44

1,32

-0,10

-0,32

0.715

0.357

0.043

0.080

0.498

0.465
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oP right  36.0(36.0—  41.0(320— 909  (go3
44.0) 42.0)
(n=5)
left  37.0(30.0—  340(0.0- 092 (500
39.0) 49.0)
PYR right  38.0(36.0—  41.0(90- 118 (3893
41.0) 45.0)
(n=5)
left  43.0(43.0-  31.000- 1067 o078
46.0) 43.0)
**p-value right 0.763 0.527
left 0.046 0.519
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12kHz Negative contro
(water)

(n=3)

Positive control
(cisplatin)

(n=3)

OP+ PYR
(n=5)

right

left

right

left

right

left

41.0 (35.5 —
48.5)

50.0 (42.0 —
51.5)

41.0 (35.0 -
44.0)

21.0 (13.0 -
29.0)

39.0 (35.0 -
42.0)

41.0 (40.0 —
43.0)

38.5 (35.5 —
45.0)

37.5 (34.5 —
40.5)

24.0 (19.0 —
28.0)

45.0 (36.0 —
46.0)

33.0 (31.0 -
39.0)

38.0 (38.0 -
41.0)

-0,02

-1,29

-2,76

1,55

-0,60

-0,51

0.500

0.144

0.042

0.080

0.043

0.343
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oP right  39.0(380—  420(280- 978 (715
44.0) 44.0)
(n=5)
left  36.0(14.0— 430(36.0- 047 0345
43.0) 44.0)
PYR right  38.0(34.0— 420@1.0- 91 (o893
40.0) 44.0)
(n=5)
left  43.0(420—  34000- 613 0068
44.0) 37.0)
**p-value right 0.986 0.293
left 0.041 0.289
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Data expressed as median and interquartile range (IQR). Legend: OP - organophosphate (commercial insecticide dichlorvos). PYR - pyrethroid (commercial

insecticide cypermethrin) . p - statistical significance index. *Wilcoxon Signed Rank test for related samples. **Kruskal-Wallis test for independent samples

with Dunn post hoc test. Significance fixed at 5% for all analysis.
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Table 2. Brainstem Evoked Response Audiometry (BERA) latency measurements among experimental groups (n=5 rats/group) and

effect size based on pre-evaluation (Cohen’s D test).

Pre-exposure Post-exposure Cohen’

Group Ear p-valu
s D test e
Latency (ms) Latency (ms)
: 0.40 (0.38 - 0.55 (0.35 -
Negative control right 0.45) 0.60) 0.71 0.500
(water)
(n=5) 0.43 (0.38 - 0.43 (0.38 -
left 0.50) 0.58) 0.34 1.000
, 0.65 (0.53 - 1.10 (0.93 -
Positive control right 0.85) 1.15) 1.85 0.042
(cisplatin)
(n=5) 0.53 (0.45 - 1.20 (0.75 -
left 0.95) 1.20) 1.45 0.043
: 0.53 (0.53 - 0.48 (0.38 -
right 1.69 0.465
OP+ PYR g 0.53) 0.80)
(n=5) oft 0.48 (0.48 - 043(038- o0 o444

0.53) 0.48)
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. 0.55 (0.55 - 0.80 (0.78 -
o right 0.60) 0.93) 319  0.043
(n=5) oft 0.58 (0.55 - 0.83 (0.63 - 208 0138
0.58) 0.83) : :
. 0.58 (0.55 - 0.58 (0.53 -
YR right 0.68) 0.65) -0.34 0.588
(n=5) oft 0.60 (0.55 - 0.63 (0.55 - 010 1.000
0.63) 0.65) : :
right 0.064 0.007
**p-value
left 0.110 0.003

Data expressed as median and interquartile range (IQR). Legend: OP - organophosphate (commercial insecticide dichlorvos). PYR - pyrethroid (commercial
insecticide cypermethrin) . p - statistical significance index. *Wilcoxon Signed Rank test for related samples. **Kruskal-Wallis test for independent samples
with Dunn post hoc test. Significance fixed at 5% for all analysis.
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Table 3. Distortion Product Otoacoustic Emissions (DPOAEs) amplitude measurements among
experimental groups (n=>5 rats/group).

A. Right ear
Neoative Positive *GEE
Frequency coitrol control OP+PYR opP PYR Interactio
(water, n=5) (c1sp_latm, (n=5) (n=5) (n=5) Group Time n
n=5)
4 kHz
Pre* 18.40+3.92 15.80+1.78 26.40+1.59 21.40£2.07 17.60+2.44
Post®  18.31+1.07 9.21+2.62 16.00+2.51 19.65+2.28 14.80+2.11 0.018 0.005 0.102
a b b
6 kHz
Pre 27.6016.82 36.80+1.99 38.80+1.51  33.20+2.78 31+40.11
Post 31.60+4.82 27.03+2.01 32.40+1.99 31.60+4.42  36.14+0.91 0.204 0.500 0.085
8 kHz
Pre 36.40%5.55 39.00+3.52 36.80+2.52  35.60+3.88  35.80%2.30
Post 36.80%4.25 29.60+3.69 38.00+2.10  41.00+3.64  32.2047.10 0.725 0.588 0.368
10 Hz
Pre 36.8014.44 42.00%+1.67 37.4016.21 36.80+3.53 37.601£1.76
Post  39.80+1.45 31.80+£1.99 35.801+4.21 36.00£3.59 32.40+7.52 0.935 0.237 0.164
12 kHz
Pre 35.8016.22 39.60+2.38  37.60+2.79  38.204+3.19  34.4014.88
Post 38.40+2.92  23.20+4.57° 33.40+3.63  40.48+3.58  42.72+0.95" 0.246 0.355 0.025
B. Leftear
Nesative Positive *GEE
Frequency co%ltrol control OP + PYR opP PYR Interactio
(water, n=5) (c1sp_lat1n, (n=5) (n=5) (n=5) Group Time n
n=5)
4 kHz
Pre 19.40+3.48 17.00+£3.45  24.20+3.66 20.6+1.69 16.80+3.74
Post 19.40+1.78  24.20+2.30  17.00+2.21 19.8+2.22 14.9743.36 0.834 0.747 0.440
6 kHz
Pre 35.00+2.62  25.60+3.71 36.60+2.36  26.80+2.79  37.00+1.96"
Post 30.20+1.68  35.80+2.18  28.60+5.05  33.60+3.56  31.92+2.08° 0.357 0.952 0.018
8 kHz
Pre 44.00+2.48* 32.40+3.35° 36.40+3.45 33.00+3.91° 48.20+1.25*
<
Post 35.40+2.05%  37.40+2.03 34.40+3.66 44.6712.47 35.63+2.95" 0.197 0.536 =0.0001
10 kHz
Pre 44.40+3.23  27.00+4.29° 39.20#3.22  32.80+4.92  44.40+0.78" 0.109 0.128 0.018
Post 41.40+1.89  41.20+3.17 36.60+3.08  44.69+4.35 39.26+3.43 ' ’ )
12 kHz
Pre 46.40+2.77%* 22.40+4.50° 41.00+1.90° 31.20+7.44° 42.40+1.34*
Post 37.45+1.66°  39.80+4.23 38.60+1.78 40.00+2.51 36.60+1.01° 0.088 0.226 0.002

Data expressed as mean * standard error of mean (SEM). A (right ear) and B (left ear) of 4, 6, 8,
10 and 12 kHz. Legend: n - absolute frequency. kHz — kilohertz. OP - organophosphate

(commercial insecticide dichlorvos). PYR - pyrethroid (commercial insecticide cypermethrin

)' ab

Different lowercase letters indicate difference among the studied groups in the same time. A®
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Different uppercase letters show the evolution of a certain group over time. *Gamma with log
link Generalized Estimate Equation test (Bonferroni post hoc). Significance set at 5% for all
analyses.



Figure 1.
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(A) DPOAEs

a: OtoRead® Hand-held Unit in the
Cradle

b: Printer

¢: Probe Cord

d: Eartips in the external auditory canal

(B)BERA

e: Electrode attached to the right ear

f: Electrode attached to the left ear

g: Electrode attached to the frontal bone

h: Insert Earphones in the right external auditory
canal

i: Insert Earphones in the left external auditory canal
j: Smart EP

k: Data obtained from BERA

Figure 1: Schematic representation of the auditory assessment by Distortion Product Otoacoustic Emissions -
DPOAEs (A) and Brainstem Evoked Response Audiometry — BERA (B)
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FIGURE CAPTIONS

Figure 1. Schematic representation of the auditory assessment by Distortion
Product Otoacoustic Emissions - DPOAEs (A) and Brainstem Evoked
Response Audiometry — BERA (B).

Figure 2. Brainstem Evoked Response Audiometry (BERA) latency
measurements among experimental groups (n=5 rats/group). Data expressed
as mean = standard error of mean (SEM); each bar represents one evaluation
(pre or post exposure). A (left ear) and B (right ear). BERA latency (in
milliseconds, ms). Legend: OP - organophosphate (commercial insecticide
dichlorvos). PYR - pyrethroid (commercial insecticide cypermethrin). OP + PYR
— organophosphate plus pyrethroid. Gamma with log link Generalized
Estimating Equations (GEE) model with Bonferroni correction. “8 Different
letters indicate group effects. * Indicate group and time interaction. Significance

set at 5% for all analysis.
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8. CONCLUSOES

No primeiro projeto, houve mudanga nas amplitudes das EOAPD dos
animais expostos a associagdo de organofosforado e piretréide. Nado houve
diferencga significativa no desenvolvimento ponderal dos animais expostos aos
agrotoxicos. Durante o periodo de exposigdo aos pesticidas, os animais do
grupo experimental ndo mostraram alteragdo nos sinais clinicos (exceto nos 30
minutos iniciais dos dois primeiros dias de exposi¢cédo). Nao houve diferenga na
colinesterase plasmatica do grupo associagao. Nao houve diferenga na massa
relativa dos 6rgéos dos animais expostos aos agrotoxicos.

No segundo projeto, houve mudanga nas amplitudes das EOAPD dos
animais expostos ao organofosforado diclorvos, piretroide cipermetrina e sua
associagao. Houve aumento da laténcia da onda P, no grupo exposto ao
organofosforado. Nao houve diferengca significativa no desenvolvimento
ponderal dos animais expostos aos agrotoxicos. Durante o periodo de
exposicao aos pesticidas, os animais do grupo OF, PIR e associagdo nao
mostraram alteragao nos sinais clinicos (exceto nos 30 minutos iniciais dos dois
primeiros dias de exposi¢do). Nao houve diferenca na massa relativa dos
orgaos dos animais expostos aos agrotéxicos. O segundo projeto demonstrou
que o piretréide agiu predominantemente na fungdo coclear por meio da
reducdo da amplitude das emissbes otoacusticas produto de distor¢gdao. O
organofosforado, por sua vez, afetou principalmente as fibras do nervo auditivo
ao aumentar a laténcia da onda P, no exame de potencial evocado auditivo de
tronco encefalico. Quando ambos os pesticidas foram combinados, os efeitos
da associagdo tornaram-se menores do que os de cada um dos ingredientes

isolados, independentemente da regido anatbmica avaliada. Embora o grupo
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associagdo nao tenha apresentado prejuizo audiolégico no momento da
avaliacdo, foram observados efeitos individuais dos agrotéxicos estudados.
Esse cenario evidencia a necessidade da aplicacdo de testes auditivos
complementares na avaliagdo de individuos expostos a agrotéxicos, além dos
testes normalmente utilizados nas avaliagbes audiologicas de rotina.

Houve ototoxicidade secundaria a exposigdo aos agrotoxicos diclorvos,

cipermetrina e sua associagéo, sem toxicidade sistémica relevante.
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9. CONSIDERAGOES FINAIS

Ambos os projetos descritos nesta tese foram desenvolvidos no
Laboratério de Pesquisa em Toxicologia (Lapetox) da Universidade Federal de
Ciéncias da Saude de Porto Alegre. A colaboragdo entre as areas de
toxicologia e fonoaudiologia teve inicio no ano de 2015, com o aceite de
orientacdo da Profa. Dra. Eliane Dallegrave a um projeto de mestrado da
fonoaudidloga Aléxia dos Reis. Desde entdo uma linha de pesquisa em
ototoxicidade foi criada e varios estudos acerca do tema estdo publicados ou
em fase de analise para publicagdo. O objetivo do Lapetox ao trabalhar com
este tema é aumentar a consciéncia da comunidade cientifica, dos
trabalhadores do meio agricola, da populacdo em geral e dos legisladores
acerca dos danos que os agrotoxicos podem causar no sistema auditivo.

O presente trabalho possui algumas limitagées potenciais. Embora o
dano auditivo causado por agentes ototoxicos seja similar ao apresentado na
presente pesquisa, existe escassez de estudos prévios que elucidem o
mecanismo especifico da toxicidade por meio de correlagdo dos resultados de
avaliagdes objetivas da audicdo com dados morfolégicos em estruturas como
células ciliadas e nervo auditivo. Nesse sentido, novas pesquisas que associem
tais dados proporcionariam um entendimento melhor da fisiopatologia do dano,
bem como a descoberta de substancias que tenham atividade otoprotetora. Em
ambos os estudos foi possivel observar ototoxicidade secundaria a exposi¢cao
aos agrotoéxicos diclorvos e cipermetrina, sem toxicidade sistémica relevante.

Os resultados apresentados nesta tese demonstram que existe um
grande potencial para ototoxicidade apdés a exposigdo a agrotoxicos. A

legislagao brasileira, no entanto, no momento n&o considera tal dano, uma vez
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que os trabalhadores expostos a essas substancias nao realizam controle
audiométrico de acordo com a Norma Reguladora 7. Um dos testes que a
legislacdo prevé para os trabalhadores que tém contato com pesticidas € o de
atividade da colinesterase plasmatica, porém os dados da presente tese
demonstram que — na concentracdo pesquisada — nao houve alteragao desse
biomarcador, mesmo com a ototoxicidade ja presente. Nesse sentido, ha
perspectiva de que mudangas da legislacdo para melhor protegdo da saude

dos trabalhadores se fazem necessarias.
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Morphometric Evaluation of the Recurrent Laryngeal Nerve of
Wistar Rats Exposed to Pesticides

*"\fateus Belmonte Macedo, """ 'Eduarda Oliveira Cunha, * " Aléxia dos Reis,

51-'Deivis de Campos, *Tais Malysz, and *-'-*

""'Marcia Salgado Machado,
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ABSTRACT: The luerature hus been shown (hul exposition by mhalabion o chemmical compounds can cause
vocal disorders and dysphagia in humans, in addition to other symptoms that are manifested according to the
type, concentration and duration of exposure to the substance. Cypermethrin and dichlorves are pesticides widely
used in agriculture, public health. veterinary, and home environments. Despite the scientific evidence that cvper-
methrin and dichlorvos can cause neurodegenerutive damage and motor allerabons, there are no studies evalual-
ing the toxic cticets of these pesticides on the morphology of structures responsible for vocal mobility, especially
to the Recurrent Laryngeal Nerve (RLN). Considering the association between vocal disorders in humans and
vuriations in LN uod morphometry, the sam ol (s study was W evaloale the possible allerations i the micro-
struciure of RLN secondary (o subchronic exposure o evpermethrn (pyvrelhrow ) and dichlorves (organophos-
phate)in Wistar rats. The experimental protocol (approved by CEUA-UFCSPA: 321/15 and 323/15) consisted of
15 male Wistar rats, allocated in 3 groups: Control (n = 5, exposad to water), Cypermethrin (n = 5, exposed 1o
cypermelhrin - 110 of the mhalation median lethal concentration [LCq) - 0.25 mg/L) and dichlorvos (n = 3,
exposed (o dichlorvos - 1/10 ol the LCs, - 1.3 mg/L). Inhalabion exposure wus performed [or 4 hours., 5 Gmes per
week, for 6 weeks. The nerves were collected, histologically processed and analyzed using morphometric parame-
ters measured nsing ZEN 2.6 (Feiss — Germany). The cypermethrin and dichlorvos groups showed significant
changes [P < 0.001, ANOVA)in the g-ratio and in the thicknass of the myelin sheath of the RL.N when compared
Lo the conlrol anmels, however, none of Lhe olher parameters evalualed showed slatistically sigmlicant dilleren-
ccs. These findings indicate that repeaicd inhalation cxposure 1o commercial products of eypermethrin and
dichlorvos is able to modifv the structurs of the RT.N and possibly senerating vocal changes and [ or dvsphagia.

Key Words: Dichlorvos—Cypermethrin—Recurrent Taryngeal Nerve—Inhalation exposure—G-ratio—R ats.

INTRODUCTION

Although the literature has indicated that certain chemical
compounds ar-. harmful to airways with potential ncuro-
toxic cffects," there is still a lack of information about pos-
sible vocal changes resulting from inhalation exposure to
these substances.™ Moreover, the few studies have
deseribad 1n Lhis area are case reporls Lhatl do not consider
the possibility of voice disorders arisc from ncurotoxic
effects related to nerves vocal production, thus keeping their
discussion foeused on Lhe tespirdlory trucl impuets. ™

In generul, ndriduals exposed by mhalabion Lo chemical
compounds may present shortness of breath, cough, tension
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in the cervical region, hoarseness, rhinitis, dysphagia for lig-
uid and solids, dyspnea, throat irritation, pharyngitis, laryn-
gitis and vocal fold dvstunction. Morcover, it is described
that symptoms arc manifested according 1o the lyp con-
centration, and time of exposure to the substance. ™

Among the most widely used pesticides. organcphosphate
insecticides, and pyrelhrows are generully represented m che
literature involving poisoning cases.™'™'" Dichlorvos is an
organophosphate pesticide, used to fight insects in house-
hold  environment, commercial and ndusinal  buldings,
health facilites, schools. as well us pubhic health mn order Lo
contrel veeters,'*'” The neuretoxic cffeets of organophos-
phate compounds occur by inhibiting the acetvichalinester-
ase  enzvme that  generates  the accumulation  of
neurolransmiller  acelylcholmesterase 1 the  svnaplic
cleft.'*"* Conscquently, the intoxication can cause 3 distinet
neurological syndromes: acute cholinerzic crisis, intermadi-
ate syndrome, 'm-j organophosphate-induced  retanded
polyneuropathy.”'® There is evidence n the hierature about
the occurrenee of vecal fold paralysis duc to organophos-
phate paisoning in humans."” ¢

The cypermethrin is a pyrethroid type 1T pesticide that is
mainly used mooagricullure. velennary medicine, public
health, and in home environments. It is worldwide used and
considerad of high efficizncy and low toxicity in mam-
mals.” = Pyrethroids are ablz to prolong the opening of
sodium 1on channels causing hyperexeilabibity, (hus bemng
neurotoxic agents acting in axon transmission.” Due to its
low environmental risk factor, it was applied as an
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alternative 1o the substances with the highest petential
toxicity.” " Although these pesticides show less risk com-
pared to others, therz is still much evidence to prohlematize
their mmdiseriminale use. Studiess camed oul on animeal
model concluded that pesticides exposurs induces hemato-
logical and histopathological changes in the brain,*"* "
und on the motor control of Wislur rats,” "'

The relationship between pesticides inhalation and neuro-
toxicity is still slightly explored in studies, and most of the
animal models research uses other routes of administration
(oral, subcutancous. mtramuscular, intraperitoneal, and
percutaneous) not mimicking the occupational inhalation
exposure in which the individuals whe do not alwavs adhere
the use of protective equipments.”* ' Furthermore, the
evidenees so faris not dedicated to the assessments of neuro-
toxic effects of inhaled axposure tn pesticides on the periph-
eral innervation  responsible  for wocal  production.
Nevertheless, the literature shows peripheral neurotoxicity
by exposure to pesticides.” ¢

In this conlesd, considering the lack of tesearch mvolving
neuroloxic aspecls m Lhe laryngeal nerves, we decided 1o an
unprecedentad way o evaluate the histomorphometry
changes of the Recurrent Taryneeal Nerve (RLN) sacond-
ary 1o subchronic inhalation cxposurc to pesticides dichlor-
vos, and cypermethrin in Wistar rats.

MATERIAL AND METHODS

This experimental study was based on the inhalation sub-
chranic toxicity assessmant protocol, number 413, accord-
mg (o the Organization [or Economie Co-operation, llnd
Development (OECD) - Guideline for chemical testing, ™
All animal procedures were approved by the Animal Use
Ethies Committes of University of Heallh Sciences of Porto
Alegre (UFCSPA) under n® 32115, 323/15.

Animals

Fifteen 60-dav-old malc Wistar rats (Ranus norvegicis)
were used, weighing approximately 300 + S0g and kept
under conlrolled bioenum conditwons with 12h hghifdurk
eyele, receving feed and water ad fibition, cxcept at the time
of exposure to pesticides.

Exposure
The animals were randomly allocated in 3 groups: Control
[m = 5. expnsad 1o water (vehicle for formulation dilation)];
Organophosphate [n = 3, cxposed (o 1710 L5 (1.5 mg/L)
of Dichlorves (Organophosphate - commercially formu-
laled -DDVP)]; und Pyrethroid [n = 5. exposed (o 1/10 LC:,
(.25 myl) of Cypermethnn (Pyrethroid - commercially
formulated concentrated cmulsion)]. All groups were
exposed by inhalation, during 4 hours daily, 5 times a week
lor 6 weels.

Exposure to Dichlorvos, Cypermethrin and water were
performed into a closed system composed of nebulizers
(Inalur Compact®) connecled o Lhe upper and laleral of the

inhalation cxposure boxcs (56L capacity) and aspirators
coupled to their contralateral lower. All flows were regu-
Tated and stand ardized.

Euthanasia

Al the end of the experimental period (24h ulter the last
inhalation cxposure), cuthanasia was performed by previous
ancsthesia with sodium thiopental (50mg / kg) associated to
intraperitoneal lidocaine (10mg / k2). Rlood was collectad
Irom the cava vern and used Lo assess plasma butyrvlichol-
nesterase (organophosphate cxposurc biomarker).

Recurrent Laryngeal Nerve collection

The anterior cervical region was dissected. opening the
structures flat to flat, deep towards the Recurrent Larvngeal
Merve, Through a stereomicroscope, it was  extracted
approximarcly 4mm fragment from the left Recurrent
Lar}nucal Nerve, Al] ["TC}L,“dUI‘C‘E dezcribed here were based
on previous studies.”

Histology

Recurrent Larvneeal Nerve fragments were embedded in
fixauve soluton [0.3%% glutaraldehyde (Sigma Chemicals
Co., St Louis, MO, USA) and 4% paraformaldehyde
(Reapgen, Rrazil)] in phosphate buffer. After that, the frag-
menls were post-lixed m 1% Os04 (Sigma Chemicals Co),
dehydrated at increaging  concentrations of acetone
(Dinamica, Brazil), seaked in acrylic resin (Durcupan,
ACM-Fluka, Switzerlund) and polymerized al 60°C. Five
transverse sections (1 pm) were obtained using an ultrami-
crotome (T.eica, Nussloch, Germany) at 100 ;rm intarvals,
on shdes, and staned wilth 1% (olmdine blue (Merclk, Furm-
stadl, Germuny) 1% letraborule sodum (Ecibra, Cun-
tiba, Brazil).

Histomorphometric analysis
Recurrent Laryngeal MNerve analvzes were based on previ-
ous studies.”” The images of the nerves were captured using
an Axi Imager. 22 microscope (Zetss - Germuny ) which
has a digital camera AxioCam connected to Zen 2.6 soft-
ware (Zeiss -Germany). Images were analyzed using Zen 2.6
soltware (Blue ediion— Zewss — Germany).

According 1o the previous planar  morphomcetry
protocal ” 7 were analyzed:

- The mean density of the mvelinated narve fibars,

- The average intraperincural arca.

- Lstimative of the total number of myelinated fibers.

- The mean of the arew of myelinuted ibers.

- The total meun ol axon areq.

- Diameter of myclinated fibers mean.

- The axonal diameter mean.

- The mean ol the thickness ol Lhe myeln shealh.

- The mean of the myclimzation degree (g-ratio).

- The percentage of the total area occupied by the mvelin-
aled libers.
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FIGURE 1. TPlanar morphometry protocol. Image A presents a cross-section of the RLI that demonstrates the allocation of the 8 areas of
interest (AOI) and the respective delimitation of the intraperineural area in a final magnification of 400x. In B, the method of measuring the
arca of the myelinated nerve fibers and the axonal area, demonstrated through the delinecation of the nerve fibers at a final magnification of
1,000x, is represented. Furthermors, it can be observed that the fibers containing an “x” were not measured for touching the AOI exclusion
bar. In C, the diameter of the myelinated fiber (DIN) and the axonal diameter {AD) are represenied, followed by the signaling from the mye-
lin sheath of a nerve fiber demonstrated by the * 1™ signs at a final magnificaticon of 1.000x. AT, adipese tissus, CT, collagen fibrils.

- The percentage ol the totul area cceupied by the endo-
neuril conmechive Nssue,

The plunar morphometry protocol cun be beller undersiood
through Fizure 1, which dlustriudes (he measurements per-
[ormed. The hislomorphometne variables analyzed, sxcepl Lhe
intraperineural areq, were evaluated using 8§ Area of Interest
(AOD measuring 600 jrm?® allocated to central, lateral, upper,
imd lower nerve porbons m the scammed mage wath & fmal
increase of 1,000x, totalizing 24,000 ;am? of RT.N per sronp.

Fiber density was obtained from the following equation:
total number of fibers countad in all AOT/ analized area.
The intraperineural area were measnred from | cross section
of the nerve with magnification of 400x, from the intraperi-
neural delineation the total fiber in each nerve was estimated
by multiplying the fiber density by the intraperinenral area
of RI.N.

Axonal area was measured from fiber design without
including the myelin sheath and the area of the myelinated
fiber was measured and obtained from the myelin sheath
itself, I'rom these data. the respective diameters were esti-
mated from the conversion by the equivalent area of a circle,
and its respective diameter value. ™

The myelin sheath thickness (MST) was estimated by the
axon perimcters (AP) and mvwelinated fibor perimeters
(MI'P) using the following formula;”’
sy (MIP = AF)

(2m)

The g-ratio was estimatad for each nerve fiber measured
in the AOI from a division between the axonal diameter by
the diameter of the myelinated nerve fiber. Afterwards, the
average of the g-ratio of several fibers per animal was calcu-
lated, and compared by ANOVA between the groups.

The percentage of the total arca occupied by myclinated
nerve fibers was estimated through the following equation:
total area occupied by myelinated fibers / intraperineural
arca x 100,

The percentage ol the lotal area oceupied by endoneurial
conmechive hissue were caleuladzd by the Tollowing sublrac-
tion: 100% - the percenluge of the tolul area occupied by
myelinaled nerve fibers.

Statistical analysis

The histomorphometric parameters evaluated from the
Recurrent Larvngeal Nerve of the control. cypermethrin
and dichlorvos groups were represented as mean and stan-
dard error mean and compared independently by the one-
way ANOVA test followed by the Bonferroni post hoc, con-
sidering a 95% confidence. All statistical analyzes were per-
formed using Microsoft Cxcel 16.0 (Microsoft - USA)
Statistical Software Package (SPSS version 21.0 for Win-
dows, SPSS Inc., Chicago, IL, USA).

RESULTS
The cross sections of the leli umlaleral Recurrent Luryngeal
MNerve (RLN) innervation, stained with toluidine blue. is
showed 0 Figure 2. The histomorphomelric analysis dem-
onslraled well-delined Tmits, easily observed under the opli-
cul microscope.

Results of morphometne paramelers are summanzed 1o
Frgure 3A-3K. Only 2 parameters were Ffound to be signifi-
canily dilferen| rom conlrols gratio [P = 0.0001; T-way
ANOVA, Bonferroni (Figure 31)] and the Dichlorvos group
showed alleralion of thickness myehn sheath [# = 0.009; 1-
way ANOVA . Bonferroni (Fionre 3H)]

Mo statistically significant differences (Figure 3A-3G and
1)-3K ) were found for the other parameaters | Density of the
myelinated nerve fibers (P = 0.509); Intraperineural area (P
= N.095); Number of myslinated fibers/nerve (P = 0.352);
Myelinated fibers area (P = 0.367); Axan area (P = (L338);
Myelinated fibers diameter (P = 0.367); Axonal diameter of
myelinated nerve fibers (P = 0.414); Percentage of the mye-
linated fibers by occupied area (P = 0.8317); Percentage of
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FIGURE 2. Iistomorphometric analvsis of the cross sections of the left unilateral recurrent larvngeal nerve of rats after water, cyvpermeth-
rin, or dichlorvos subchronic inhalation exposure. Images A, B, and C show the cross sections of the recurrent laryngeal nerve in a final mag-

nification of 1.000x.

the endoneunul connectve Ussue by occupled aren (F =
0.817)). Furthermore, plasma butvrylcholinesterase did not
present a statistically significant difference when compared
to the control group [P = 0.73; l-way ANOVA (data not
shown))].

DISCUSSION

Inhalation is the main route of exposure to chemicals such
as pesticides.™ " 1lowever, most of the evidence found in
the literature used intraperitoneal, and oral routes in their
experiments mvolving these substunces.”™ ™ "1 §u_ his
study 1s a pioncer in asscssing damage to the RLIN mvclin
sheath by inhaled subchronic cxposure to cypermethrin and
dichlorvos.

The pesticides concentration usad in this stody was lower
than Lhe mentioned in the previous studizs - one tendh of Lhe
inhuled lethal concentration for Wistar tats - LCS0.” None-
theless, itwas able to causc an inereasc in the degree of mve-
lination {g-ratio), and the concentration of dichlorvos was
also able to change the thickness of the myelin sheath. Itiz a
concern, since humans are exposed to higher concentra-
tons, and lor longer dutly exposure periods Lhan that used
in this study (4h per day). In this contexd, it could be cxem-
plificd by the use in indoor cnvironments, such as domestic
ones, in which cypermethrin can stay for more than 30 davs
on the surface of furniture, walls, and floors.* This smdy
has provided evidence that vocal changes in humans may he
relaled o chunges m the morphological structure of RLN
due to inhalation cxposurt to pesticides.

Although the literature docs not provide specific data
about our results, we will discuss in the next sections about
the naurotoxicity mechanisms of pesticides, the damage in
lhe peripheral nervous system, and the vocal pathophysiol-
ogv implications,

MNeurotoxic mechanism of pesticides

Pesticides in general. incloding organophosphates, and pyr-
ethrowds can be neuroloxic. ™" Exposure o pesticides such
as organophosphaic class, cxemplificd in this study by

dichlorvos, can mhabil the acuon of the enzvme acelylehe-
lincsterase, causing ncurotoxicity by the mechanism of post-
svnaptic superstimulation of cholinergic receptors.™ 4"
Organophosphate poisoning is well established in the litera-
ture and can generate 3 distinet neurological syndromes:
acule cholimerge erisis, intermediz e syndrome and organe-
phosphate-induced delayed polyneuropathy.” ™ In humans,
the less severe cases of acuic cholinergic crisis of organo-
phosphate poisoning described in the literature report the
heginning of symptoms such as headache, dizziness, nansea,
vomiting, pupillary constriction, sweating, tearing, and sali-
vation. ™ In more severe cases, symploms of muscle weak-
ncss and spasms, bronchospasms and changes in heart ratc
that can progress to seizures and coma are reported in
studies. ™"

The intermediate syndrome, characterized by the appear-
ance o symploms ol mtoxacauon 1 (o 4 davs aller exposure.
usually presents with musele weakness, which can be fatal if
the respiratory muscles are compromiscd, ™

Delayed polyneuropathy induced by organophosphates is
a svindrome characterized by imvolvement of the sensory
component, muscle cramps, weakness, and even muscle
purabysis.™ The piclure generaled by polyneuropualhy is a
conscquence of axonal death and can be irreversible due to
the inhibition of neural enzyme called neuropathy target
esterase, ™"

Organophosphate poisoning has additional Tong-term
sequelae, meluding some studies showing the emergence of
changes after ten years of exposure, such as deficits in cogni-
tive and psychomotor function, decrcased scnsitivity and
motor dysfunction.™ "

Cypermethrin, the pesticide used in this study, is a tvpe 11
pyrelhroid (thatl cun prolong the openmg ol sodium channels
i the nervous system leading Lo hvperpolarization and
hvper-cxeitation of neurons, thus, neurctoxic agents acting
in axon transmission.”" It has also been described in the
literature that cypermethrin generates nerve conduction
block, reducing the amplitude of the action potential =
alse mducing neuroloxicity by moduluting the level of
gamma-amincbutyric acid — GABA. ™™
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Pyrethroids are considered less toxic to mammals
whan comparad to ather classes of pesticides,” = how-
ever, studies do not asscss their neurotoxicity by chronie
exposure isnlated in tumans. " Tn this scenario, it is
mporlant (o consider thal mdividuals are requently
cxposed to many pesticides or mixturcs of diffcrent pesti-
cides. simultanaously ar in series. These exposures prob-
lematize the identification of the effcets of some agents
in humans.”"

In this conlext, the penpheral neurcloxiwily described by
the morphometric parameters of this smdyv is extremely
important for a better understanding of the neurotoxic
ellecls ol (hese substunces. The use of unimal models 1s
essential, as it can help to better understand the findings of
esearch with humans exposed 0 pesticides. since they allow
controlling possible biases.™

Effects of pesticides an the peripheral nervaus
system

The literature has not presented cnough cvidenee that asscss
the effects of inhalation pesticides in the peripharal nervous
svstem. 275" Srudies in humans exposed to pesticides
show that some organophospharus compounds are capable
of cuusing damage 0 peripheml nerve conduction. ™ On Lhe
other hand, considering the other pesticide classes, thers is
still need for further studies.™

Research involving animal models seems 1o corroborate
the findings in humans. A study carried out in rats evaluated
the clectrophvsiclogy and histopathology of the respiratory
tract, diaphragm, and phrenic nerve after inhalation of
dichlorvos. The data oblamed m this rescarch demonsirated
that the inhalation of the organophosphate compound
caused nenropathy with imvolvemant of the diaphragm and
phrenic nerve, in addition io damage to the respiratory
tract.” Another study also investigated the damage to the
nervous system alier exposure Lo pesticides i rals, For Lhis,
histopathological damage in the brain, spinal cord and sci-
atic nerve after subchronic ingestion of an organophos-
phate, & curbumale und their mixlure were evalualed, The
result of the study showed central and peripheral neurotox-
icity in the evalunted animals,

Although there are no studies as our reszarch that
evaluated the damage to laryngeal motor innervation
sccondary to inhaled cxposure to posticides, fow studics
involving other models show recurrent laryngeal nerve
puralysis aller exposure o orgunophosphuale compounds,
The studies cite the occurrence of rccurrent larvngeal
nerve paralvsis after ingestion of haloxon, an anthelmin-
tic composed of organophosphate, in foals, pigs, and
horses. 2% Twa other studies invalving cats that
experimentally received an orgunophosphale compound
by intraperitoneal route developed axonal degeneration

36,60

in the recurrent larvigeal nerve.
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Implications for pathophysiology of vocal function
COmnly a lew studies describe exposure W pesucides and vocal
problems.” From this perspeetive, it isimportant to consider
that pesticide poisoning cannot always be diagnosad, espe-
crully umong rural workers with limited access (o Lhe health
system.  Furthermore. most studies Lhal reporl vocal prob-
lems describe cascs of acutc intoxication by ingestion of
organophosphate compound: in suicide attempts, in other
words, cases with high severity that resultad in vocal fold
paralysis. "™ T{ is relevant to highlight that medinm cases
ol vocal alterations caused by pesticides possibly do not
reach medical attention, as individuals may minimize these
symptoms by not using their voice professionally.

In the researched literature, only one studv involving the
analysis of medical records reporled the symploms of vocal
altcrations in workers exposed to posticides chronically, In
this study, hoarscness was the main svmptom described and
the pesticides involved belonged to the class of organophos-
phates and pyrethroids.® The data obtained in our study
corroborated these findings., as both classcs of pesticides
mentioned are present in our cxperimental modcl, which
showed damage to the laryngeal motor innervation that
could possibly result in vocal changes.

Fven though our study only provides evidence on neuro-
toxicity for vocal motor lunction, we must consider that the
ncrves arc gencrally aflceted, so the larvngeal sensory mner-
vatinn is also damagad, and may contribute 1o vocal prol-
lems in individuals exposed to pesticides. Tn this context,
our inferences can be corroboruted by other studiss involv-
ing the asscssment of scnsory nerves after cxposure o pesti-
cides with consequent development of neuropathy.” "

It is important to recognize that the present study showead
significant increase in the degree of myelination (2-ratin) of
the RLN ol rals exposed (o dichlorvos and cvpermethnn, us
well as a reduction in the thickness of the myelin sheath of
rats exposed to dichlorvoes by subchronic inhalation route,
which represents alterations that could affect voice. The
olher measurements did ool show a sigmblicant dillerence,
possibly due o the low concentration of pesticides used, cor-
roborated by the absence of butyrylchelinesicrasc reduction
in the exposed animals.” According to these results, the o
ratio seems to be a more sensitive measurement to assess the
change m KLN induced by subchronic inhulation exposure
to these pesticides,

The g-ratio is widely applied as a functional and struc-
tural index of peripheral axonal m}-'r?li|1r-lti|.‘r|1.""S This mea-
sure is important whan avaloating the recovery process of
demyelinating fibers.” "™ Than, it cun be used Lo assess Lhe
relationship between nerve conduction velocity, and periph-
eral nerve fiber morphology during its regeneration.” Like-
wise, other studies™ used poratio as an important
parameler [or Lhe assessment of the degree ol myelmization
ol peripheral nerve fibers in the ficld of microsurgery.””

The reduction of the thickness of the mvelin sheath affects
the speed of nerve conduction and can cause changes in
nerve impulse transmission, eenerating differences in the fir-
ing requency ol action of the thyrearylenoid muscle libers,

and, consequently. m the rate that Lhe vocul folds open and
close - glottic pulse.” The lilerature also describes thal (he
demvelination of the RLN is associated to vocal fold
paralvsis.®

This sludy has provided evidence that the pesticides
cypermelhrin and dichlorvos m low concentralions can
affeet the histomorphometry of the RLIN. The rcsults
obtained here complement the studies involving the neuro-
toxicity of pesticides in Wistar rats as it provides informa-
tion regarding their action on the myelin sheath of a
peripheral nerve, essential lor vocal mobility, proleclion of
the airwavs during swallowing, and breathing.

CONCLUSIONS

Subchronic inhalation exposure to cypermethrin at a con-
cenlraton of 025 my/L and dichlorvos al a concenlration
ol 1.5 mg/L lor 4 hours duilv, 5 tmes o week [or 6 weels.
increased the degrec of myelination of RLNM. and also
dichlorvos reduced the thickness of the mvelin sheath of
RLN when compared control group. 1L s the flirst sludy w
bong duls on subchrome inhalabion 1w cypermelhnn and
dichlorvos using commercial formulations and their effeets
on the myelin sheath of a peripheral nerve fundamental for
vocal mobility, simulating an occupational exposure nsing
animal model. Moreover, this work has provided subsidies
[or new rescarch mvolving pesucides and (their association
with vocal and swallowing disorders. The data obtained
here corroborate the others by pointing out that inhalation
exposure to cypermethrin and dichlorvos may be a public
health problem.
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11. ANEXOS

11.1. Parecer do Comité de Etica da UFCSPA — Projeto 1

&
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MBISTERIO DA EDUCACAD

UFCSPA

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE

CEUA —~COMISSAO DE ETICA NO USO DE ANIMAIS

PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA E ENSINO
1) PROTOCOLO N®: 183/16

2) DATA DO PARECER: 14/12/2016 Parecer 478/16

3) TITULO DO PROJETO:

Efeitos da exposicio subcrénica inalatdria da associacio de Diclorvos e Cipermetrina na
audigdo de ratos wistar.

4) PESQUISADOR RESPONSAVEL:
Eliane Dallegrave

5) RESUMO DO PROJETO:

O projeto visa analisar efertos sistémicos e auditivos da exposicio a associacdo de
Diclorvos e Cipermetrina na andicio de ratos Wistar. Este projeto se justifica uma vez
que agricultores estio expostos a diversos agrotoxicos, e € sabido que a associagio
destes compostos pode potencializar os danos causados 4 satide dentre estes a perda
auditiva. No entanto. este tipo de avaliacio somente foi realizada em trabalhadores
tambem expostos ao mido do magquinano, tormando necessana a realizagao de
experimentos que avaliem em separado os efeifos dos compostos quimicos em questio.

6) OBJETIVOS DO PROJETO:
Objetivo geral:

Avaliar os efeitos sistémicos e auditives da exposicdo a associacdo de Diclorvos e
Cipermetrina na audigio de ratos wistar.

Objetivos especificos:

1- Verificar a presenca ou auséncia de FOAPD nas frequéncias de 1,52, 3, 4. 5.6, 8,
10 e 12 kHz em ratos Wistar expostos a associagio de Diclorvos e Cipermetrina.

2- Detectar possiveis nmdancas na amplitude das EOAPD nas frequeéncias de 1.5, 2, 3,
4.5, 6.8, 10 e 12 kHz em ratos Wistar expostos a assoctiacio de Diclorvos e
Cipermetrina.

3- Awaliar ofoscopicamente as estrufuras da orelha exferna e média em rafos Wistar
expostos a associagio de Diclorvos e Cipermetrina.

4- Descrever sinais clinicos decorrentes da exposicio a associagio de Diclorwds ¢
Cipermetrma em ratos Wistar.

5 — Avahar niveis de colmesterase plasmatica em ratos Wistar expostos a associacio de
Diclorvos e Cipermetrina.
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0- Avaliar a massa relafiva dos orgdos e a lustologia pulmonar de ratos Wistar expostos
a associagdo de Diclorvos ¢ Cipermetrina.

7) FINALIDADE DO PROJETO: [ ] Ensino Pesquisa

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo Adequado [ | Comentarios
Introdugéo Adeguada [ | Comentarios
Objetivos Adequados || Comentarios
Relevancia e Justificativa Adequados [ __| Comentarios
Materiais e Métodos Adequados [ | Comentarios

Cronograma para execucéio da pesquisa Adequade [ | Comentarios

Orgamento e fonte financiadora Adequados | | Comentarios

Referéncias Bibliogréficas [ X ] Adequadas [ | Comentarios

9) O PROJETO ESTA ADEQUADO A LEGISLACAO VIGENTE:
[X] sim [ ] Nao
10) INFORMACOES RELATIVAS AOS ANIMAIS:

Grau de dorfestresse: B | c[ ] D[ | E []
Justifique: Semundo formulirio nove GI1
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Espécie: | Ratus novergicus - Wistar Nimero Amostral: 36
Redugio Amostral: [ ] Sim Nio
Jusiifique:

Substituigao de Metodologia: |:| Sim II' Nao

Se achar necessdria, justifiquea & sugira uma nova meiodologia:

Aprimoramento da Metodologia: [ ]Sim Nio
Se achar necessdrio, justifique e sugira aprimoramenios da metodologia;

Acomadagio e manutencio dos animais: Adequada |:| Inadequada
Se achar madequada cite abaive as melhorias necessdrias:

Manipulagéo dos animais: Adequada [ | Inadequada

Se achar madequada cife abaixo as melhorias necessarias:

Analgesia dos animais (se aplicavel): Adequada [ | Inadeguada
Se achar madeguada cife abaixe as melhorias necessarias com analgesico subsiiio:

Anestesia dos animais (se aplicavel): |I| Adequada |:| Inadequada
Se achar madequada cite abaixo as melhorias necessdarias com anesiésico subsiiuro:

Eutanasia dos animais (se aplicavel): Adequada I:l Inadequada
Se achar madeguada cite abaive as melhorias necessarias com mefodologia subsfifuia:

Local de Realizagao (Biotério/Labotarcric): Laboratorio de Farmacologia sala 318 da
UFCSPA.
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Outra instituicio. Qual?

11) CRONOGRAMA DE UTILIZACAO DE ANIMAIS

Data Espécie Sexo Cuantidade
Janeiro de 2017 a Hatus novergicus masculine 36
Novembro de 2018,
12) RECOMEN[JM;.EO:
Aprovado

[ ] Com Pendéncia
I:l N&o aprovado

Data de 1nicio janeiro/2017 Data de Térmimo novembro/2018

Comentarios gerais sobre o projeto:

As questdes levantadas foram respondidas adequadamente.

0 presente projeto esta aprovado pela CEUA-UFCSPA.

Rish Sarmero Laite, 245 ¢ Podo Akkgrs, RS # CEF SO050-170 # Fona: [ 51 33059000 & Fax 0«0 51330368190 ¢ eiedilespa adi b



103

11.2. Parecer do Comité de Etica da UFCSPA — Projeto 2
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PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA E ENSINO
1) PROTOCOLO N°: 246/18

2) DATA DO PARECER: 12/12/18 Parecer 597/18

3) TITULO DO PROJETO:
Eleitos da exposicdo suberonicd inalalomid a agroloxicos ud audicdo de ratos wistar
4) PESQUISADOR RESPONSAVEL:

Eliane Dallegrave

5) RESUMO DO PRO.ETO:

Os agrotéxicos podem ocasionar dismbios de audicdo em trabalhadores expostos
ocupacionalmente na agricultura. producdo animal. controle de wvetores. controle de
prages e edificagdes comnercials ou mesmo domésticas. O estudo objeliva avaliar os
efeitos da exposicio subcronica inalatoria acs inseticidas organofosforado Diclorvos,
pirettoide Cipermetrina e associacio de ambos. na audicio de ratos. Para tal serio
utilizados 25 ratos wistar machos dc 60 dias. alocados em 5 grupos: controle, controle
positivo com lesdo auditiva, Diclorvoes, Cipermetrina e Diclorvdés + Cipermetrina. A
exposicio serd realizada durante 4 horas por dia. 5 vezes por semana. durante 6
cemanas.

6) OBJETIVOS DO PROJETO:

Avaliar os efeitos da exposicdo subcronica inalatoria aos inseticidas organcfosforado
Diclorvas, piretrnide Cipermetrina e associacio de ambos, na andicao de ratos.

7) FINALIDADE DO PROJETO: [ X Ensino [ ] Pesquisa

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo Adequaco |:| Comentarios

Introducédo X | Adequada | | Comentarios
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Objetivos Adequadcs |:| Comentarios
Relevancia e Justificativa Adequados | | Comentarios
Materiais e Métodos Adequados |:| Comentarios

Cronograma para execucao da pesquisa Adequado [ | Comentarios

Orcamento e fonte financiadora | X | Adequades | | Comentéarios

Referéncias Bibliograficas [ X ] Adequadas [ | Comentéarios

9) O PROJETO ESTA ADEQUADO A LEGISLACAO VIGENTE:

| X | Sim | | Nao

10) INFORMAGOES RELATIVAS AOS ANIMAIS:

Grau de dor/estresse: B c X | D | E [ ]
Justifique.

Ensaios de toxicidade subcrénica apresentam desconfortos de intensidade moderada.

Espécle:  Rato Numero Amostral: 35
Reducéo Amostral: Sim N&o
Justifique.

Substitui¢do de Metodologia: [ ] sim N&o

Se achar necessdario, justifique e sugira uma nova metodologia.

Aprimoramento da Metodologia: [ ]Sm Nao
Se achar necessdrio, justifique e sugira aprimoramentos da metodologia:

Rua Sarmenio Leile, 245 = PorloAlegra, RS » CEP 90050-170 = Fone: 0 xx 51 3303 9000 = Fax: 0 x¢ 51 3303 8810 » wwwulsspa.adu br
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Acomodacao e manutengao dos animais: X | Adequada Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias:

Manipulagéo dos animais: Adequada [ | Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias:

Analgesia dos animais (se aplicavel): Adequada |:| Inadequada
Se achar inadequada cite abaixo as melhorias necessdarias com analgésico substituto:

Anestesia dos animais (se aplicavel): Adequada I:l Inadequada
Se achar inadequiada cife abaixo as meihorias necessdrias com anesiésico substitnro:

Eutanasia dos animais (se aplicavel): Adequada I:l Inadequada
Se achar imadequada cite abaixo as meihorias necessdarias caim metodologia substituta:

Local de Realizacdo (Biotério/Labotardrio): Biotério da UFCSPA
Outra instituicdc. Qual?
11) CRONOGRAMA DE UTILIZAGﬁ.O DE ANIMAIS
Data Espécie sSexo Quantidade

06/2019 Rato wistar machos 35

12) RECOMENDAGAOQ: As pendéncias deverio ser respondidas em uma carta,
Indicando as paginas do projeto que foram alteradas (nova versdo), assinadas
pelo pesquisador responsavel.

X | Aprovado

I:l Com Pendéncia
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|:| Né&o aprovado

Data de micio 02/01/2018 Dala de Téruuno 02/01/2019

Comentarios gerais sobre o projeto:

Projeto de pesquuisa relevante e adequadamente elaborado, com todas questdes éticas em
uso de animais descritas.
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