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RESUMO

Introducédo: Individuos expostos pela via inalatéria a compostos quimicos
podem apresentar sintomas respiratérios, disfagia, e alteracfes vocais que
podem se manifestar conforme o tipo, concentracéo e o tempo de exposi¢cédo ao
agente toxico. A cipermetrina e o diclorvos séo pesticidas amplamente utilizados
na agricultura, em campanhas de saude publica, na medicina veterinaria e em
ambientes domésticos. Todavia, apesar das evidéncias cientificas
demonstrarem que essas substancias podem causar danos neurodegenerativos
e alteracbes motoras, ndo ha estudos que avaliem os efeitos toxicos na
morfologia das estruturas responsaveis pela mobilidade vocal, especialmente o
Nervo Laringeo Recorrente (NLR). Objetivos: Avaliar as possiveis alteracdes na
microestrutura do NLR secundarias a exposi¢cdo inalatoria subcrénica aos
agrotoxicos: diclorvos (organofosforado) e cipermetrina (piretroide) em ratos
Wistar. Materiais e Métodos: 15 ratos Wistar machos foram alocados em 3
grupos: Controle (n=5, expostos a agua, veiculo de diluicdo da formulacao),
Cipermetrina [n=5, expostos a cipermetrina — 1/10 da Concentracdo Letal
Mediana Inalatoria (CLso) - 0.25mg/L] e Diclorvos (n=5, expostos ao diclorvos —
1/10 da CLso- 1.5mg/L). A exposicdo inalatéria ocorreu durante 4h diarias, 5
vezes por semana, por 6 semanas (CEUA-UFCSPA: 321/15 e 323/15). Os
nervos foram coletados e analisados utilizando parametros histomorfométricos
mensurados por meio do software ZEN 2.6 (Zeiss — Alemanha). Resultados: Os
achados morfométricos do NLR dos grupos Cipermetrina e Diclorvos
evidenciaram alteracfes significativas (p<0.001, ANOVA) no g-ratio e na
espessura da bainha de mielina quando comparados ao controle, no entanto,
nenhum dos demais parametros avaliados demonstrou diferencas
estatisticamente significativas. Concluséo: A exposi¢ao subcrénica inalatoria de
1/10 da CLso da cipermetrina e do diclorvés aumentou significativamente o grau
de mielinizacdo do NLR e o diclorvés reduziu significativamente a espessura da
bainha de mielina, ambos efeitos em comparac¢éo a avaliacdo do NLR do grupo
controle em modelo animal.

Palavras-chave: diclorvés, cipermetrina, nervo laringeo recorrente, exposicao
inalatoria, g-ratio.
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ABSTRACT

Introduction: Exposure to chemical compounds by inhalation 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 dichlorvos are pesticides widely used in
agriculture, public health, veterinary and home environments. Although there is
scientific  evidence that cypermethrin and dichlorvos can cause
neurodegenerative damage and motor alterations, there are no studies that
evaluate their toxic effects on the morphology of structures responsible for vocal
mobility, especially the Recurrent Laryngeal Nerve (RLN).Objectives: The aim
of this study was to evaluate the possible alterations in the microstructure of the
RLN secondary to subchronic exposure to cypermethrin and dichlorvos in Wistar
rats. Materials and methods: Fifteen male Wistar rats were allocated in 3
groups: Control (n = 5, exposed to water, dilution vehicle of the formulation),
Cypermethrin [n = 5, exposed to cypermethrin - 1/10 of the inhalation median
lethal concentration (LCso) - 0.25mg / L] and Dichlorvos (n = 5, exposed to
dichlorvos - 1/10 LCso - 1.5mg / L). Inhalation exposure was performed for 4
hours, 5 times per week, for 6 weeks (CEUA-UFCSPA: 321/15 and 323/15). The
nerves were collected and analyzed using morphometric parameters measured
using ZEN 2.6 (Zeiss — Germany). Results: The morphometric findings of the
RLN of the Cypermethrin and Dichlorvos groups demonstrated significant
changes (p <0.001, ANOVA) in the g-ratio and in the thickness of the myelin
sheath compared to the control. However, none of the other parameters
evaluated showed statistically significant differences. Conclusion: 1/10 of the
inhalation LCso subchronic exposure of cypermethrin and dichlorvos were able to
increase the g-ratio of the RLN and dichlorvos reduced the thickness of the myelin
sheath, both effects compared to the RLN assessment of the control group in
animal model.

Keywords: dichlorvos, cypermethrin, recurrent laryngeal nerve, inhalation
exposure, g-ratio.
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1. REFERENCIAL TEORICO
1.1 INTRODUCAO

As lesBes do trato respiratorio inferior decorrentes da inalagdo de
compostos quimicos séo amplamente documentadas na literaturat?. Contudo,
ainda sdo escassos os estudos que se referem aos efeitos no trato respiratério
superiord4,

A literatura descreve que individuos expostos pela via inalatéria a
compostos quimicos apresentam falta de ar, tosse, tensao na regiao cervical,
rouquidao, rinite, disfagia para liquidos e sélidos, dispneia, irritacdo na garganta,
faringite, laringite e disfuncéo das pregas vocais. Também sdo descritos outros
sintomas que se manifestam conforme o tipo, concentracdo e o tempo de
exposicdo a substancia®>’. Sao referidos na literatura diversos agentes capazes
de induzir alteracdes sobre o trato respiratorio, incluindo saneantes, agrotoxicos,
quimicos industriais, entre outros®?.

Dentre o0s agrotdxicos mais amplamente utilizados, os inseticidas
organofosforados e os piretroides s&o os mais relatados envolvendo casos de
intoxicacdo'©. O diclorvds é um agrotéxico da classe dos organofosforados que
é utilizado para o combate de insetos na agricultura, em medicina veterinaria,
em ambiente doméstico, prédios comerciais e industriais, unidades de saude,
escolas, bem como na saude publica a fim de controlar vetores!. A cipermetrina
€ um agrotoxico, da classe dos piretroides, tipo Il, que € utilizado principalmente
na agricultura, na medicina veterinaria, na saude publica e em ambientes
domésticos. Devido a alta eficacia e baixa toxicidade em mamiferos, os

piretroides sdo largamente utilizados?>'?. Por apresentar baixo fator de risco
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ambiental, a cipermetrina tem sido amplamente aplicada como alternativa as
substancias com maior potencial toxico®3.

Embora esses agrotoxicos apresentem menores riscos quando
comparados a outras classes de agrotoxico, ainda ha muitas evidéncias que
problematizam seu uso indiscriminado. Estudos realizados em modelo animal
concluem que a exposicéo aos agrotdxicos gera alterac6es hematoldgicas, bem
como histopatoldgicas no encéfalo e no controle motor de ratos Wistar!4-1,

A inalacéo da cipermetrina também provoca quadros alérgicos'’, os quais
possuem influéncia direta na adequada producdo da voz. Em geral, as
alteracdes encontradas nos individuos com disturbios alérgicos sdo: modificacdo
do padrdo vibratorio da laringe, comprometimento da boa projecdo vocal e
alteracdo da ressonéancia da voz. Além disso, os disturbios alérgicos constituem
a causa mais frequente do prolongamento da fonoterapia®2L.

Apesar da existéncia de evidéncias cientificas que os piretroides e os
organofosforados causam danos neurodegenerativos e alteragces motoras néao
h& estudos que avaliem os efeitos tdéxicos da cipermetrina e do diclorvés na
morfologia das estruturas responsaveis pela mobilidade vocal, especialmente o

Nervo Laringeo Recorrente (NLR).

1.2 ALTERACOES VOCAIS E SUBSTANCIAS QUIMICAS
Neste capitulo serdo discutidas as alteracbes vocais induzidas por
substancias quimicas, estabelecendo as possiveis relacdes entre a exposicao

aos agrotoxicos organofosforados e piretroides, sua influéncia sobre o sistema
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nervoso periférico, incluindo estudos conduzidos em humanos ou modelos
animais, fundamentados na literatura.

Primeiramente, deve-se ressaltar que a inalacdo de substancias quimicas
e sua associacdo com as alteragdes vocais ainda ndo € bem estabelecida na
literatura'®?223 sendo que a maior parte dos estudos sdo relatos de caso?.
Perkner et al. descreveram uma intoxicacdo na qual dois individuos inalaram
amoniaco e propano e, apds a exposi¢do, apresentaram tosse, rouquidao,
disfuncdo das pregas vocais, tensdo na cervical e disfagia para liquidos e
s6lidos®. Outro estudo envolvendo intoxicagdo por substancias quimicas por via
inalatéria também descreve alteracdes vocais apos a exposicao. Nesse estudo,
o individuo inalou géas de cloro em decorréncia de um acidente envolvendo dois
trens. Apés o ocorrido, foram relatados sintomas de tosse, ardor na garganta e
disfuncdo das pregas vocais”

No estudo de Lisbba e Mello também sao descritas alteracbes vocais
apds exposicdo a compostos quimicos. As autoras realizaram uma analise de
prontudrios para identificar a existéncia de sinais e sintomas vocais e em fala em
pacientes expostos a agentes quimicos. Dos registros analisados, haviam quatro
pacientes expostos ocupacionalmente a agrotoxicos, ambos guardas de
endemia atendidos em um ambulatério de toxicologia. Dois trabalhadores
apresentavam rouquiddo como um dos sintomas principais. O primeiro, do sexo
masculino, manipulava e aplicava inseticida organofosforado (Malation) e
piretroide (sem especificagdo) ha 14 anos. No segundo caso, uma mulher
afastada ha dois anos da atividade laboral fora exposta aos inseticidas

organofosforados (Malation e Temefds) por 12 anos. Os outros dois pacientes
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relataram perda de voz apds exposicdo a agrotoxicos. Uma das trabalhadoras
foi exposta a organofosforado (sem especificacao) por 14 anos. A outra ja estava
afastada da exposicdo laboral, porém tinha histérico de exposicdo aos
organofosforados Malation e Temefés por 8 anos?®.

Embora a utilizagdo de compostos quimicos possa estar envolvida com
alteracfes vocais, a literatura ainda ndo evidencia os efeitos dos agrotoxicos na
inervacdo motora da laringe. Entretanto, ela aponta que os efeitos neurotéxicos
da cipermetrina e do diclorvés sdo capazes de causar danos a muitas partes do

cérebro, levando a incoordenacgdes motoras!®24-26,

1.3 ORGANOFOSFORADOS

Desde o século XX, os organofosforados vém sendo desenvolvidos e
utilizados. A descoberta de seus efeitos toxicos, em 1932, fez com que essas
substéancias, infelizmente, se transformassem em uma arma de guerra perigosa
ao meio ambiente e ao ser humano. No panorama ocupacional, o uso desses
agrotoxicos € preocupante, uma vez que seguem sendo uma das classes de
agrotoxicos mais utilizadas mundialmente. Os organofosforados séo os agentes
anticolinesterasicos mais envolvidos em intoxicagoes, sejam
acidentais/ocupacionais (geralmente pela via cutdnea e respiratéria) ou por
tentativa de suicidio (comumente a via digestiva)?’.

Seu mecanismo de toxicidade ocorre por meio da inibicdo de duas
enzimas: acetilcolinesterase (AChE), encontrada nas juncdes sinapticas e nas
hemacias, e butirilcolinesterase —também conhecida como pseudocolinesterase

(PChE) ou colinesterase plasmatica, encontrada no plasma. A AChE e a PChE
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tém como funcéo a quebra da acetilcolina e, quando ocorre a inibicdo destas
enzimas, ha acumulo de acetilcolina nos receptores muscarinicos, nicotinicos e
no sistema nervoso central (SNC)?2. Sendo assim, os anticolinesterasicos
propiciam acumulo de acetilcolina nos sitios colinérgicos, fazendo com que a
transmissao colinérgica pos-singptica ndo cesse no tempo adequado, 0 que gera
uma sindrome colinérgica. Apds serem absorvidos, os organofosforados se
distribuem por todos os tecidos e pelo SNC, pois atravessam a barreira

hematoencefalica?’.

1.3.1 DICLORVOS

O diclorvés é um inseticida Organofosforado, em forma liquida,
transparente e levemente amarelado, com odor caracteristico. De acordo com a
ficha técnica do formulado comercial Kelldrin®, diclorvés é utilizado para o
combate de moscas e pulgas em residéncias, prédios comerciais e industriais,
armazéns, restaurantes, padarias, escolas, hospitais e meios de transporte, bem
como na saude publica a fim de controlar vetores, e como recurso na medicina
veterinaria — no combate a ectoparasitas de cées e gatos'!. Além disso, também
tem seu uso no setor primario da economia brasileira nas atividades de
agricultura e pecuéaria. Trata-se de uma substancia lipossoluvel, absorvida por
via cutanea, digestiva e respiratoria, sendo esta ultima forma, a mais eficaz de
absorcdo, seguida por digestiva e cutanea. Dessa maneira, 0 inicio da
sintomatologia tende a ser mais precoce quando este é inalado?’.

Os organofosforados séo inseticidas amplamente utilizados em cultivos

agricolas, industrias quimicas e em saude publica no combate de vetores. A
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literatura descreve que esses compostos quimicos sdo potenciais causadores
da “Neuropatia Retardada Induzida por Organofosforados”, esta € caracterizada
pela degeneracdo distal de axdnios do SNC e periférico?®. Embora existam
relatos de efeitos neuropéticos em seres humanos, ndo ha descricdo na literatura
dos danos causados pela inalacdo de organofosforados a inervacdo motora da
laringe. A compreenséo dos efeitos, em especial, no NLR, responsavel pela
mobilidade vocal, é extremamente importante para o melhor entendimento das
paralisias de pregas vocais bilaterais causadas pela exposicdo a
organofosforados. S&o escassos estudos que relatem a acao dos
organofosforados a voz, os existentes sdo relatos de casos no qual os pacientes
se intoxicaram por via oral*°. No estudo de Indudharan et al., o individuo ingeriu
acidentalmente um composto de organofosforado e apds desenvolveu paralisia
de abducéo bilateral das pregas vocais, consequentemente gerando atraso de

coaptacéo glética, resultando em uma disfonia3°32,

1.4 PIRETROIDES

Os piretroides sdo compostos sintéticos, inicialmente desenvolvidos e
comercializados com acdo contra insetos domeésticos e posteriormente
desenvolvidos para o emprego no combate de pragas da agricultura®.
Atualmente, como alternativa aos agrotoxicos reconhecidos como muito toxicos,
os piretroides foram difundidos como alternativa de baixa toxicidade, baixo
impacto ambiental quando comparados aos outros agrotoxicos33:34,

Apesar do conhecimento do efeito toxico dessas substancias, o uso de

agrotoxicos, como os piretroides é ainda amplamente difundido, sendo nos



20

ultimos anos, o uso de mais comum, para controle de vetores3?33, Essa grande
difusdo do uso de piretroides nos ultimos anos se deve ao fato se apresentarem
como substancias alternativas a muitos agrotoxicos que tiveram seu uso proibido
devido a alta toxicidade e/ou persisténcia no ambiente.

Os piretroides sédo divididos em dois grupos: tipo | e tipo Il, baseado nos
sintomas produzidos em animais experimentais que receberam doses agudas
toxicas dos piretroides e na presenca ou auséncia do grupo alfa-ciano em sua
estrutura. Piretroides tipo Il apresentam um grupo ciano em sua estrutura, como
a cipermetrina e deltametrina3®. Os piretroides tipos Il estdo associados a agéo
no SNC, causando a Sindrome da Coreoatetose, tendo como sintomas, em
ratos, a presenca de salivacdo, agitacdo das patas anteriores, tremores
periédicos que podem evoluir & coreoatetose e, em alguns casos, a movimentos

clénicos repetitivos®.

1.4.1 CIPERMETRINA

A cipermetrina é um inseticida, usualmente em férmula liquida, para ser
diluido com agua para pulverizacdes®®. De acordo com a ANVISA, a cipermetrina
é utilizada na agricultura nas culturas de algodao, amendoim, arroz, batata, café,
cebola, citros, ervilha, feijao, feijao-vagem, fumo, mandioca, melancia, milho,
pepino, repolho, soja e tomate. Também pode ser utilizada na cultura de fumo,

controle de formigas, domissanitario e outras®’.
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1.5 NERVO LARINGEO RECORRENTE

A fala € um dos principais meios de comunicagdo utilizados pelos seres
humanos e o seu surgimento esta ligado a evolucéo filogenética da laringe®. O
surgimento desse 6rgao, segundo evolucionistas, esta atrelado a transicdo da
vida aquética para a vida terrestre. A partir do momento em que 0s animais
primitivos de vida aquatica iniciaram a habitar aguas mais rasas e,
posteriormente, solos pantanosos, por selecdo natural, certos individuos
desenvolveram uma valvula para impedir a entrada de lama nos pulmdes.
Acredita-se que nessa fase houve o surgimento da laringe®. Essa estrutura é
responsavel pela producdo vocal em uma complexa agcdo concomitante de
diversos musculos intrinsecos e extrinsecos da laringe em conjunto com uma
orquestrada rede nervosa que executa os comandos motores para emissao da
voz. Além disso, a laringe também desempenha papel importante na respiracéo
e na protecéo das vias respiratérias durante a degluticdo*°.

A excecdo do musculo cricotiredideo, todos os musculos intrinsecos da
laringe sdo inervados pelo NLR, sendo responsaveis pela producdo da voz,
respiracdo e protecdo das vias aéreas durante a degluticdo. O NLR direito
origina-se anteriormente a primeira parte da artéria subclavia. O nervo esquerdo
origina-se no torax, sobre o lado esquerdo do arco da aorta. Ambos 0s nervos
recorrentes ascendem no interior do sulco tragueoesofagico e penetram na

laringe atingindo os musculos intrinsecos*43,
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3. OBJETIVOS
3.1 OBJETIVO GERAL

Avaliar as possiveis alteracdes na morfologia do NLR secundarias a
exposicdo inalatoria subcrbnica aos agrotoxicos diclorvds e cipermetrina em

ratos Wistar.

3.2 OBJETIVOS ESPECIFICOS
Quantificar e comparar 0os seguintes parametros histomorfométricos no

NLR dos grupos controle, diclorvis e cipermetrina:

Densidade das fibras mielinizadas (Fibras/mm?);

= Area intraperineural (mm2);

» Espessura da bainha de mielina (um);

= NuUmero total de fibras mielinizadas (Fibras/Nervo);

= Area média das fibras mielinizadas (um?);

= Area média dos axonios (um?);

= Diametro médio das fibras mielinizadas (um);

= Diametro axonal médio das fibras mielinizadas (pm);

» Grau de mielinizacdo (g-ratio) das fibras mielinizadas;

» Porcentagem da area total ocupada pelas fibras mielinizadas;

» Porcentagem da area total ocupada pelo tecido conjuntivo endoneural.
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4. ARTIGO CIENTIFICO REDIGIDO EM INGLES

Wistar Rats Exposed to Pesticides

*""Mateus Belmonte Macedo, "' 'Eduarda Oliveira Cunha, *'' Aléxia dos Reis, *''Marcia Salgado Machado,

]

ADeivis de Campos, Tais Malysz, and # L E llane Dallegrave, *{1i#**{{ Porto Alegre, and || CSanta Cruz do Sul, Brazil

ABSTRACT: The literature has been shown that exposition by inhalation to chemical compounds can cause
vocal disorders and dysphagia in humans, in addition to other svmptoms that are manifested according to the
type, concentration and duration of exposure to the substance. Cypermethrin and dichlorvos are pesticides widely
used 1n agriculture, public health, vetennary, and home environments. Despite the scientific evidence that cyper-
methnn and dichlorvos can cause neurodegenerative damage and motor alterations, there are no studies evaluat-
ing the toxic effects 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
vanations in RLN and morphometry, the aim of this study was to evaluate the possible alterations i the micro-
structure of RLN secondary to subchronic exposure to cypermethnn (pyrethroid) and dichlorvos (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 in = 5, exposed to water), Cypermethrin (n = 5, exposed to
cypermethnn - 1/10 of the inhalation median lethal concentration [LCs] - 0.25 mg/L) and dichlorvos (n = 5,
exposed to dichlorvos - 1710 of the LCs; - 1.5 mg/L). Inhalation exposure was performed for 4 hours, 5 times per
week, for 6 weeks. The nerves were collected, histologically processed and analvzed using morphometric parame-
ters measured using ZEN 2.6 (Zeiss — Germany). The cypermethrin and dichlorvos groups showed significant
changes (P < 0.001, ANOVA) n the g-ratio and in the thickness of the myelin sheath of the RLN when compared
to the control amimals, however, none of the other parameters evaluated showed statistically sigmficant differen-
ces. These findings indicate that repeated mmhalation exposure to commercial products of cypermethnn and
dichlorvos is able to modify the structure of the RLN and possibly generating vocal changes and / or dysphagma.

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

INTRODUCTION

Although the literature has indicated that certain chemical
compounds are harmful to airways with potential neuro-
toxic effects, " there is still a lack of information about pos-
sible vocal changes resulting from inhalation exposure to
these substances.™ Moreover, the few studies have
described in this area are case reports that do not consider
the possibility of voice disorders arise from neurotoxic
effects related to nerves vocal production, thus keeping their
discussion focused on the respiratory tract impacts.™

In general, individuals exposed by inhalation to chemical
compounds may present shortmess of breath, cough, tension

Accepted for publication September 23, 2021,

From the *Graduate Program in Pathology, Federal Umiversity of Health Sdences
of Porto Alegre (UFCSPA], Porto Alegre, RS, Brazil; fGraduate Program in Health
Sciences, Federal Unmeersity of Health Sciences of Porto Alegre (UFCSPA), Porto
Alkegre, RS, Brazil; {Department of Speech Therapy and Audiclogy, University of
Health Sciences of Porto Alegre (UFCSPA), Porto Alegre, RS, Brazil; §Department
of Basic Health Sacnces, Federal University of Health Sciences of Porto Alegre
(UFCSPA), Porto Alegre, RS, Brazil || Department of Life Sdences, University of
Santa Cruz do Sul (UNISC), Santa Cruz do Sul, RS, Brazal; §Graduste Program in
Health Promoton, University of Santa Cruz do Sul (UNISC), Santa Cruz do Sul,
RS, Brazil; *Graduate Program in Neurosciences, Basic Health Sdences Institute,
Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil **De-
partment of Pharmacosdences, Federal University of Health Sciences of Porto Alegre
{UFCSPA), Porto Alegre, RS, Brazil; and the 11 Laboratory of Rescarch i Toxicolk
ogy, Federal University of Health Sdences of Porto Alegre (UFCSPA), Porto Alegre,
RS, Brazml.

Address correspondence and reprint requests to Eliane Dallegrave, Departament of
Pharmacosciences, Federal University of Health Saences of Porto Alegre (UFCSPA),
Avernida Sarmento Leite 245 90030-170, Porto Alegre, RS, Brazil E-mail:
eliasnedak@ufcspa.edu br

Journal of Voice, Vol. . No. AR pp. AR-ER

(892-1997

£ 2021 The Voice Foundation. Published by Elevier Inc. All rights reserved.

httpe:/idoLorg! 0. 10164, jvoice 202 1.09 028

in the cervical region, hoarseness, rhimts, dysphaga for hig-
uid and sohds, dyspnea, throat irritation, pharyngitis, laryn-
gitis and vocal fold dysfunction. Moreover, it 15 described
that symptoms are manifested according to the type, con-
centration, and time of exposure to the substance."" "

Among the most widely used pesticides, organophosphate
insecticides, and pyrethroids are generally represented in the
literature involving poisoning cases.™'™'" Dichlorvos is an
organophosphate pesticide, used to fight msects in house-
hold environment, commercial and industrial buildings,
health facilities, schools, as well as public health in order to
control vectors.'>"” The neurotoxic effects of organophos-
phate compounds occur by inhibiting the acetylcholinester-
ase enzyme that generates the accumulation of
neurotransmitter acetylcholinesterase in the synaptic
cleft."*"" Consequently, the intoxication can cause 3 distinct
neurological syndromes: acute cholinergic cnsis, mtermedi-
ate syndrome, and organophosphate-induced retarded
polyneuropathy.”'® There is evidence in the literature about
the occurrence of vocal fold paralysis due to organophos-
phate poisoning in humans.'” "

The cypermethrin is a pyrethroid type 11 pesticide that is
mainly used in agriculture, veterinary medicine, public
health, and in home environments. It 1s worldwide used and
considered of high efficiency and low toxiaty in mam-
mals.” > Pyrethroids are able to prolong the opening of
sodium 1on channels causing hyperexcitability, thus being
neurotoxic agents acting in axon transmission.™ Due to its
low environmental nsk factor, it was applied as an
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altemative to the substances with the highest potential
toxicity. " Although these pesticides show less risk com-
pared to others, there 1s still much evidence to problematize
their indiscriminate use. Studies carried out on animal
model concluded that pestades exposure induces hemato-
logical and histopathological changes in the brain,>** %
and on the motor control of Wistar rats.”” '

The relationship between pesticides mnhalation and neuro-
toxicity 1s still slightly explored in studies, and most of the
animal models research uses other routes of administration
(oral, subcutaneous, intramuscular, intrapentoneal, and
percutaneous) not mimicking the occupational inhalation
exposure in which the individuals who do not always adhere
the use of protective equipments.” > ~* Furthermore, the
evidences so far 1s not dedicated to the assessments of neuro-
toxic effects of inhaled exposure to pesticides on the periph-
eral innervation responsible for wocal production.
Nevertheless, the literature shows peripheral neurotoxicity
by exposure to pesticides, > ="

In this context, considering the lack of research mvolving
neurotoxic aspects in the laryngeal nerves, we decided in an
unprecedented way to evaluate the histomorphometry
changes of the Recurrent Laryngeal Nerve (RLN) second-
ary to subchronic inhalation exposure to pesticades dichlor-
vos, and cypermethrin in Wistar rats.

MATERIAL AND METHODS
This experimental study was based on the mhalation sub-
chronic toxicity assessment protocol, number 413, accord-
ing to the Organization for Economic Co-operation, and
Development (OECD) - Guideline for chemical testing.*?
All animal procedures were approved by the Animal Use
Ethics Commuttee of University of Health Sciences of Porto

Alegre (UFCSPA) under n® 321/15, 323/15.

Animals

Fifteen 60-day-old male Wistar rats (Ratrus norvegicus)
were used, weighing approximately 300 + 50g and kept
under controlled bioterium conditions with 12h hight/dark
cycle, receiving feed and water ad libinum, except at the time
of exposure to pesticides.

Exposure
The animals were randomly allocated in 3 groups: Control
[n = 5, exposed to water (vehicle for formulation dilution}];
Organophosphate [n = 5, exposed to 1/10 LCs (1.5 mg/L)
of Dichlorvos (Organophosphate - commercially formu-
lated -DDVP)]; and Pyrethroid [n = 5, exposed to /10 LC5,
(0.25 mg/L) of Cypermethrin {Pyrethroid - commercally
formulated concentrated emulsion)]. All groups were
exposed by inhalation, during 4 hours daily, 5 times a week
for 6 weeks.

Exposure to Dichlorvos, Cypermethrin and water were
performed into a closed system composed of nebulizers
(Inalar Compact™) connected to the upper and lateral of the

inhalation exposure boxes (S6L capacity) and aspirators
coupled to their contralateral lower. All flows were regu-
lated and standardized.

Euthanasia

At the end of the experimental period (24h after the last
inhalation exposure), euthanasia was performed by previous
anesthesia with sodium thiopental (50mg / kg) associated to
intraperitoneal lidocaine (10mg / kg). Blood was collected
from the cava vein and used to assess plasma butyrylcholi-
nesterase (organophosphate exposure biomarker).

Recurrent Laryngeal Nerve collection

The anteror cervical region was dissected. opening the
structures flat to flat, deep towards the Recurrent Laryngeal
Nerve. Through a stereomicroscope, it was extracted
approximately 4mm fragment from the left Recurrent
Laryngeal Nerve. All procedures described here were based
on previous studies, 7 *

Histology

Recurrent Laryngeal Nerve fragments were embedded in
fixative solution [0.5% glutaraldehyde (Sigma Chemicals
Co., St Lows, MO, USA) and 4% paraformaldehyde
(Reagen, Brazil)] in phosphate buffer. After that, the frag-
ments were post-fixed n 1% 0s04 (Sigma Chemicals Co),
dehydrated at increasing concentrations of acetone
(Dinamica, Brazil), soaked in acrylic resin (Durcupan,
ACM-Fluka, Switzerland) and polymerized at 60°C. Five
transverse sections (1 pm) were obtained using an ultrami-
crotome ({Leica, Nussloch, Germany) at 100 pm intervals,
on slides, and stained with 1% toluidine blue (Merck, Farm-
stadt, Germany) in 1% tetraborate sodium (Ecibra, Cun-
tiba, Brazl).

Histomorphometric analysis
Recurrent Laryngeal Nerve analyzes were based on previ-
ous studies.™ The images of the nerves were captured using
an Axio Imager.Z2 microscope (Zeiss - Germany) which
has a digital camera AxioCam connected to Zen 2.6 soft-
ware (Zeiss -Germany ). Images were analyzed using Zen 2.6
software (Blue ediion— Zeiss — Germany).

According to the previous planar morphometry
protocol,’™” were analyzed:

- The mean density of the myelinated nerve fibers.

- The average intrapenneural area.

- Estimative of the total number of myelinated fibers.

- The mean of the area of myelinated fibers.

- The total mean of axon area.

- Diameter of myelinated fibers mean.

- The axonal diameter mean.

- The mean of the thickness of the myelin sheath.

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

- The percentage of the total area occupied by the myelin-
ated fibers.
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FIGURE 1. Planar morphometry protocol. Image A presents a cross-section of the RLN that demonstrates the allocation of the 8 areas of
interest (AOQI) 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 delineation of the nerve fibers at a final magnification of
1,000%, 1s represented. Furthermore, 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 (DF) and the axonal diameter (AD) are represented, followed by the signaling from the mye-
lin sheath of a nerve fiber demonstrated by the “+” signs at a final magnification of 1,000x. AT, adipose tissue, CF, collagen fibrils.

- The percentage of the total area occupied by the endo-
neurial connective tissue.

The planar morphometry protocol can be better understood
through Figure 1, which illustrates the measurements per-
formed. The histomorphometric variables analyzed, except the
intraperineural area, were evaluated using 8 Area of Interest
(AOI) measuring 600 Ir,ml2 allocated to central, lateral, upper,
and lower nerve portions in the scanned image with a final
increase of 1,000x, totalizing 24,000 pm? of RLN per group.

Fiber density was obtained from the following equation:
total number of fibers counted in all AOI / analized area.
The intraperineural area were measured from 1 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 intraperineural area
of RLN.

Axonal area was measured from fiber design without
including the myelin sheath and the area of the myvelinated
fiber was measured and obtained from the myelin sheath
itself. From 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 permeters (AP) and myelinated fiber perimeters
(MFP) using the following formula:*!

MST = M
(2m)

The g-ratio was estimated 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 area occupied by myelinated
nerve fibers was estimated through the following equation:
total area occupied by myelinated fibers / intraperineural
area x 100.

The percentage of the total area occupied by endoneurial
connective tissue were calculated by the following subtrac-
tion: 100% - the percentage of the total area occupied by
myelinated 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 Excel 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 left unilateral Recurrent Laryngeal
Nerve (RLN) innervation, stained with toludine blue, 15
showed in Figure 2. The histomorphometric analysis dem-
onstrated well-defined limits, easily observed under the opti-
cal microscope.

Results of morphometric parameters are summarized in
Figure 3A-3K. Only 2 parameters were found to be signifi-
cantly different from controls g-ratio [P = 0.0001; 1-way
ANOVA, Bonferroni (Figure 3I)] and the Dichlorvos group
showed alteration of thickness myelin sheath [P = 0.009; 1-
way ANOVA, Bonferroni (Figure 3H)).

No statistically significant differences (Figure 3A-3G and
3J-3K) were found for the other parameters [Density of the
myelinated nerve fibers (P = 0.509); Intraperineural area (P
= 0.095); Number of myelinated fibersinerve (P = 0.352);
Myelinated fibers area (P = 0.367); Axon area (P = 0.338);
Myelinated fibers diameter (£ = 0.367); Axonal diameter of
myelinated nerve fibers (P = 0.414); Percentage of the mye-
linated fibers by occupied area (P = 0.817); Percentage of
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RLN ~ CYPERMETHRIN

FIGURE 2. Histomorphometric analysis of the cross sections of the left unilateral recurrent laryngeal nerve of rats after water, cypermeth-

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 endoneurial connective tissue by occupied area (P =
0.817)]. Furthermore, plasma butyrylcholinesterase did not
present a statistically significant difference when compared
to the control group [P = 0.73; 1-way ANOVA (data not
shown)].

DISCUSSION

Inhalation is the main route of exposure to chemicals such
as pesticides.*** However, most of the evidence found in
the literature used intraperitoneal, and oral routes in their
experiments involving these substances.” "3 §o_ this
study is a pioneer in assessing damage to the RLN myelin
sheath by inhaled subchronic exposure to cypermethrin and
dichlorvos.

The pesticides concentration used in this study was lower
than the mentioned in the previous studies - one tenth of the
inhaled lethal concentration for Wistar rats - LC50."" None-
theless, it was able to cause an increase in the degree of mye-
lination (g-ratio), and the concentration of dichlorvos was
also able to change the thickness of the myelin sheath. Itisa
concern, since humans are exposed to higher concentra-
tions, and for longer daily exposure periods than that used
in this study (4h per day). In this context, it could be exem-
plified by the use in indoor environments, such as domestic
ones, in which cypermethrin can stay for more than 30 days
on the surface of fumiture, walls, and floors.*® This study
has provided evidence that vocal changes in humans may be
related to changes in the morphological structure of RLN
due to inhalation exposure to pesticides.

Although the literature does not provide specific data
about our results, we will discuss in the next sections about
the neurotoxicity mechanisms of pesticides, the damage in
the peripheral nervous system, and the vocal pathophysiol-
ogy implications.

MNeurotoxic mechanism of pesticides

Pesticides in general, including organophosphates, and pyr-
ethroids can be neurotoxic.™'” Exposure to pesticides such
as organophosphate class, exemplified in this study by

dichlorvos, can inhibit the action of the enzyme acetylcho-
linesterase, causing neurotoxicity by the mechanism of post-
synaptic superstimulation of cholinergic receptors.™ "7
Organophosphate poisoning is well established in the litera-
ture and can generate 3 distinct neurological syndromes:
acute cholinergic crisis, intermediate syndrome and organo-
phosphate-induced delayed polyneuropathy.®** In humans,
the less severe cases of acute cholinergic crisis of organo-
phosphate poisoning described in the literature report the
beginning of symptoms such as headache, dizziness, nausea,
vomiting, pupillary constriction, sweating, tearing, and sali-
vation.”* In more severe cases, symptoms of muscle weak-
ness and spasms, bronchospasms and changes in heart rate
that can progress to seizures and coma are reported n
studies. ™™

The intermediate syndrome, characterized by the appear-
ance of symptoms of intoxication 1 to 4 days after exposure,
usually presents with muscle weakness, which can be fatal if
the respiratory muscles are compromised. ™

Delayed polyneuropathy induced by organophosphates is
a syndrome characterized by involvement of the sensory
component, muscle cramps, weakness, and even muscle
paralysis.”* The picture generated by polyneuropathy is a
consequence of axonal death and can be irreversible due to
the inhibition of neural enzyme called neuropathy target
esterase, ™

Organophosphate poisoning has additional long-term
sequelae, including some studies showing the emergence of
changes after ten vears of exposure, such as deficits in cogni-
tive and psvchomotor function, decreased sensitivity and
motor dysfunction.”*

Cypermethrin, the pesticide used in this study, 1s a type 11
pyrethroid that can prolong the opening of sodium channels
in the nervous system leading to hyperpolanzation and
hyper-excitation of neurons, thus, neurotoxic 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,”*
also inducing neurotoxicity by modulating the level of
gamma-aminobutyric acid — GABA. 7"
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Pyrethroids are considered less toxic to mammals
when compared to other classes of pesticides,” ™ how-
ever, studies do not assess their neurotoxicity by chronic
exposure isolated in humans.”™* In this scenario, it is
important to consider that individuals are frequently
exposed to many pesticides or mixtures of different pesti-
cides, simultaneously or in series. These exposures prob-
lematize the identification of the effects of some agents
in humans.***

In this context, the peripheral neurotoxicity described by
the morphometric parameters of this study is extremely
important for a better understanding of the neurotoxic
effects of these substances. The use of animal models is
essential, as it can help to better understand the findings of
research with humans exposed to pesticides, since they allow
controlling possible biases.™

Effects of pesticides on the peripheral nervous
system

The literature has not presented enough evidence that assess
the effects of inhalation pesticides in the peripheral nervous
system. > Giudies in humans exposed to pesticides
show that some organophosphorus compounds are capable
of causing damage to peripheral nerve conduction.™ On the
other hand, considering the other pesticide classes, there is
still need for further studies.™

Research involving animal models seems to corroborate
the findings in humans. A study carred out in rats evaluated
the electrophysiology and histopathology of the respiratory
tract, diaphragm, and phrenic nerve after inhalation of
dichlorvos. The data obtained in this research demonstrated
that the inhalaton of the organophosphate compound
caused neuropathy with involvement of the diaphragm and
phrenic nerve, in addition to damage to the respiratory
tract.”” Another study also investigated the damage to the
nervous system after exposure to pesticides in rats. For this,
histopathological damage in the brain, spinal cord and sci-
atic nerve after subchronic ingestion of an organophos-
phate, a carbamate and their mixture were evaluated. The
result of the study showed central and peripheral neurotox-
icity in the evaluated animals.™

Although there are no studies as our research that
evaluated the damage to laryngeal motor innervation
secondary to inhaled exposure to pesticides, few studies
involving other models show recurrent laryngeal nerve
paralysis after exposure to organophosphate compounds.
The studies cite the occurrence of recurrent laryngeal
nerve paralysis after ingestion of haloxon, an anthelmin-
tic composed of organophosphate, in foals, pigs, and
horses.”"’"% Two other studies involving cats that
experimentally received an organophosphate compound
by intraperitoneal route developed axonal degeneration
in the recurrent laryngeal nerve.””""
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Implications for pathophysiology of vocal function
Only a few studies describe exposure to pesticides and vocal
problems.’ From this perspective, it is important to consider
that pesticide poisoning cannot always be diagnosed, espe-
cially among rural workers with limited access to the health
system.™ Furthermore, most studies that report vocal prob-
lems describe cases of acute intoxication by ingestion of
organophosphate compounds in suicide attempts, in other
words, cases with high severity that resulted in vocal fold
paralysis.'**" Tt is relevant to highlight that medium cases
of 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 study involving the
analysis of medical records reported the symptoms of vocal
alterations in workers exposed to pesticides chronically. In
this study, hoarseness was the main symptom 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 classes of pesticides
mentioned are present in our expenmental model, which
showed damage to the laryngeal motor innervation that
could possibly result in vocal changes.

Even though our study only provides evidence on neuro-
toxicity for vocal motor function, we must consider that the
nerves are generally affected, so the laryngeal sensory inner-
vation is also damaged, and may contribute to vocal prob-
lems in individuals exposed to pesticides. In this context,
our inferences can be corroborated by other studies mmvolv-
ing the assessment of sensory nerves after exposure to pesti-
cides with consequent development of neuropathy ®'-%

It is important to recognize that the present study showed
significant increase in the degree of myelination (g-ratio) of
the RLN of rats exposed to dichlorvos and cypermethrin, as
well as a reduction in the thickness of the myelin sheath of
rats exposed to dichlorvos by subchronic inhalation route,
which represents alterations that could affect voice. The
other measurements did not show a significant difference,
possibly due to the low concentration of pesticides used, cor-
roborated by the absence of butyrylcholinesterase reduction
in the exposed animals.” According to these results, the g-
ratio seems to be a more sensitive measurement to assess the
change in RLN induced by subchronic inhalation exposure
to these pesticides.

The g-ratio 1s widely applied as a functional and struc-
tural index of peripheral axonal myelination.™ This mea-
sure 1s important when evaluating the recovery process of
demyelinating fibers.”*** Than, it can be used to assess the
relationship between nerve conduction velocity, and penph-
eral nerve fiber morphology during its regeneration.” Like-
wise, other studies’®® used g-ratio as an important
parameter for the assessment of the degree of myelinization
of peripheral nerve fibers in the field of microsurgery.”’

The reduction of the thickness of the myelin sheath affects
the speed of nerve conduction and can cause changes in
nerve impulse transmission, generating differences in the fir-
ing frequency of action of the thyroarytenoid muscle fibers,

and, consequently, in the rate that the vocal folds open and
close - glottic pulse.® The literature also describes that the
demyelination of the RLN 1s associated to wvocal fold
paralysis.*”

This study has provided evidence that the pesticides
cypermethnn and dichlorvos in low concentrations can
affect the histomorphometry of the RLN. The results
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 for vocal mobility, protection of
the airways during swallowing, and breathing.

CONCLUSIONS

Subchronic inhalation exposure to cypermethrin at a con-
centration of 0.25 mg/L and dichlorvos at a concentration
of 1.5 mg/L for 4 hours daily, 5 times a week for 6 weeks,
increased the degree of myelination of RLN, and also
dichlorvos reduced the thickness of the myelin sheath of
RLN when compared control group. It is the first study to
brng data on subchronic inhalation to cypermethrin and
dichlorvos using commercial formulations and their effects
on the myelin sheath of a peripheral nerve fundamental for
vocal mobility, simulating an occupational exposure using
anmimal model. Moreover, this work has provided subsidies
for new research involving pesticides and their association
with vocal and swallowing disorders. The data obtained
here corroborate the others by pointing out that inhalation
exposure to cypermethrnn and dichlorvos may be a public
health problem.
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5. CONCLUSOES

Os resultados obtidos neste estudo evidenciaram que a cipermetrina e o
diclorvos sé@o substancias potencialmente toxicas ao NLR, podendo causar
danos especialmente a bainha de mielina das fibras que compde esse nervo. A
exposicdo por via inalatéria a uma concentracao de 0.25 mg/L de cipermetrina e
1.5 mg/L de diclorvos, por 4 horas diérias, 5 vezes por semana, por 6 semanas
aumentou o grau de mielinizacdo (g-ratio) e o diclorvés reduziu
significativamente a espessura da bainha de mielina das fibras nervosas do NLR
guando comparados ao grupo controle. Estes achados indicam que a exposi¢cao
inalatéria repetida a produtos comerciais de cipermetrina e diclorvés é capaz de
alterar a estrutura do NLR e, possivelmente, gerar alteracdes vocais e/ou

disfagia.
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6. CONSIDERACOES FINAIS

E relevante destacar que este estudo ¢ pioneiro em fornecer dados sobre
a exposicado subcrénica inalatéria a cipermetrina e ao diclorvos utilizando
formulagBes comerciais e evidenciando os efeitos causados a bainha de mielina
das fibras de um nervo periférico fundamental para mobilidade vocal,
mimetizando uma exposicao laboral em baixas concentragcdes. Destaca-se que
os achados deste estudo podem ser utilizados para pesquisas futuras que
avaliem se ocorre a regeneracdo das fibras que constituem o NLR apds o
cessamento da exposicdo a agrotdxicos, posto que a inervacao periférica é
passivel de regeneracdo em conformidade com o grau do dano. Uma possivel
limitacdo do estudo esta no tamanho amostral que seguiu os parametros da
OECD para ensaios de toxicidade subcronica, utilizando poucos animais por
grupo, e talvez ndo demonstrando a alteragéo estatisticamente significante nos
demais parametros histomorfométricos avaliados.

Ademais, este estudo fornece subsidios para novas pesquisas
envolvendo a exposicdo ocupacional a agrotéxicos e sua associacdo com
alteracbes vocais e deglutitérias em humanos. Mais do que iSso, poOSSui
aplicabilidade clinica ao tornar relevante a necessidade de uma anamnese mais
detalhada sobre a exposicdo a agrotéxicos, visto que reacdes alérgicas e/ou

toxicas constituem a causa mais frequente de prolongamento da fonoterapia.
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