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“A menos que modifiquemos a nossa maneira de pensar, ndo seremos
capazes de resolver os problemas causados pela forma como nos
acostumamos a ver o mundo”.

Albert Einstein



RESUMO

Desde 2008 o Brasil vem sendo o maior consumidor de agrotdxicos do
mundo, tendo varios casos de intoxicagao notificados. Dentre os varios efeitos
colaterais que podem ser causados devido exposigdo cronica a essas
substancias podemos destacar a infertilidade, a impoténcia sexual, abortos e
malformagdes, neurotoxicidade, alteragdes hormonais e maior risco de cancer.
O cyantraniliprole surgiu como uma proposta de nova moléculas inseticidas
menos nociva. Esse toéxico possui modo de agao sistémico, atuando por ingestao
e contato, através da ativacado dos receptores de rianodina, ocasionando uma
massiva liberagdo de calcio. De acordo com a bula do produto registrada no
Ministéria da Agricultura, Pecuaria e Abastecimento (MAPA), ndo apresenta
toxicidade aguda significante pelas vias de exposicao oral, dérmica e inalatéria
para mamiferos. Porém, por ser uma substancia nova, ndo ha estudos na
literatura sobre os efeitos a longo prazo na saude de humanos e outros
mamiferos. Dessa forma, o objetivo do trabalho foi avaliar se a exposi¢ao ao
cyantraniliprole durante os periodos gestacional e lactacional podem trazer
prejuizos para o desenvolvimento do sistema reprodutor feminino e masculino
da prole de ratos Wistar. Para isso, ratas Wistar foram colocadas para acasalar
e ao diagnostico de prenhez foram divididas nos grupos experimentais: Controle
(C), Cyantraniliprole 1 mg/kg/dia (C1), Cyantraniliprole 10 mg/dia (C10) e
Cyantraniliprole 150 mg/kg/dia (C150). O presente trabalho foi aprovado pela
CEUA-UEL, oficio 20/2020. Foram avaliados os parametros gestacionais, o
comportamento materno e o desenvolvimento fisico da prole ao nascer. Apos
atingirem a puberdade e a idade adulta, foram feitas as eutanasias e foram
coletados os uteros e os ovarios das fémeas para anadlise histolégica e
bioquimica de estresse oxidativo, e os testiculos e epididimos dos machos para
analise histopatoldgica. Os dados obtidos foram analisados quanto normalidade
pelo teste de Shapiro-Wilk e posteriormente através de ANOVA com teste de
Tukey a posteriori. Foi utilizado o nivel de significancia de 5%. Foi possivel
verificar que a dose de 150 mg/kg/dia é inviavel para esse delineamento
experimental. A analise do comportamento materno com perturbagao mostrou
gue a mae apresenta maior contato com os filhotes, menor tempo de autolimpeza

e de limpeza dos filhotes nos grupos C1 e C10, e no grupo C10 as maes ainda



apresentaram maior tempo amamentando e menor tempo sem interagao com os
filhotes. As analises histologica e de estresse oxidativo dos ovarios das fémeas
puberes e adultas n&do indicaram alteragbes em nenhum dos grupos e nenhuma
das idades. Ja a analise dos uteros indicou alteracado estrutural, A analise de
morfometria uterina indicou um espessamento do perimétrio dos animais de
ambas as idades, nos grupos C1 e C10 quando comparados com o controle. Ja
na analise do miométrio foi possivel observar um espessamento apenas nos
animais puberes do grupo C1 e nos animais adultos do grupo C10, quando
comparados os dados ao controle. O endométrio apresentou espessamento nos
animais puberes dados grupos C1 e C10 comparados ao controle, enquanto os
adultos ndo apresentaram alteragao significativa. Dessa forma é possivel
concluir que a ingestdao de cyantraniliprole pelas méaes durante prenhez e
lactagdo € capaz de alterar o desenvolvimento uterino e pdos-natal da prole,

alterando a estrutura e a bioquimica do utero de ratas puberes e adultas.

Palavras-chave: agrotdxicos; sistema reprodutor; gestacdo; lactagao;

toxicologia.



ABSTRACT

Pesticides are the products and agents of physical, chemical or biological
processes, used to Kill insects, larvae, fungi, ticks under the justification of
controlling diseases caused by these vectors and regulating plant growth. Since
2008, Brazil has been the largest consumer of pesticides in the world, with
several cases of poisoning reported. Among the various side effects that can be
caused by chronic exposure to these substances, we can highlight infertility,
sexual impotence, miscarriages and malformations, neurotoxicity, hormonal
changes, cancer and effects on the immune system. Due to side effects, several
studies looking for new, less harmful insecticidal molecules have been emerging,
including cyantraniliprole. This toxicant has a systemic mode of action, acting
through ingestion and contact. According to the product leaflet registered with
MAPA, it does not present significant acute toxicity through oral, dermal and
inhalation routes of exposure. However, as it is a new drug, there are no studies
in the literature on its long-term effects on the health of humans and other
mammals. Therefore, the objective of the work was to evaluate whether exposure
to cyantraniliprole during the gestational and lactational periods could harm the
development of the female reproductive system of the offspring of Wistar rats.
For this, Wistar rats were placed to mate and upon diagnosis of pregnancy they
were divided into experimental groups: Control (C), Cyantraniliprole 1 mg/kg/day
(C1), Cyantraniliprole 10 mg/day (C10) and Cyantraniliprole 150 mg/kg /day
(C150). This work was approved by CEUA-UEL, number 20/2020. The
gestational and physical development parameters of the offspring at birth were
evaluated. After reaching puberty and adulthood, euthanasia was performed and
the uteri and ovaries were collected for histological and biochemical analysis of
oxidative stress. The data obtained were analyzed for normality using the
Shapiro-Wilk test and subsequently using ANOVA with a posteriori Tukey test. A
significance level of 5% was used. It was possible to verify that the ingestion of
cyantraniliprole by mothers was capable of generating miscarriages and other



outcomes that caused the loss of the C150 group. It was also observed lower
weight of C1 offspring at birth, higher weight of offspring of pubescent and adult
C1 males, while the weight of females at both ages was maintained. Histological
and oxidative stress analyzes of the ovaries of pubescent and adult females did
not indicate changes in any of the groups. Analysis of the uteri indicated structural
changes, with thickening of the uterine layers, while biochemical analysis
indicated increased levels of oxidative stress. Therefore, it is possible to conclude
that the ingestion of cyantraniliprole by mothers during pregnancy and lactation
is capable of altering the uterine and postnatal development of the offspring,
altering the structure and biochemistry of the uterus of pubescent and adult rats.
More studies are needed to unravel the mechanisms involved and verify whether
such changes are capable of interfering with fertility and the functioning of the

organ.

Keywords: pesticides; reproductive system; pregnancy; lactation; toxicology.
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REVISAO BIBLIOGRAFICA

1. UTILIZAGAO DE AGROTOXICOS NO BRASIL

De acordo com a Lei 7.802/89 agrotéxicos sao definidos como:

“‘os produtos e os agentes de processos fisicos, quimicos ou
biolégicos, destinados ao uso nos setores de produgdo, no armazenamento
e beneficiamento de produtos agricolas, nas pastagens, na protegdo de
florestas, nativas ou implantadas, e de outros ecossistemas e também de
ambientes urbanos, hidricos e industriais, cuja finalidade seja alterar a
composic¢ao da flora ou da fauna, a fim de preserva-las da agao danosa de

seres vivos considerados nocivos. (Art. 2; § 1, item a).”.

Em numeros absolutos, o Brasil € o terceiro pais com maior uso de pesticidas
no mundo, dado que pode ser explicado pelo fato do pais ter a terceira maior area de
agropecuaria do planeta (HESS; NODARI, 2022). De acordo com o INCA (2021), o
Brasil despeja mais de um milhdo de toneladas de agrotoxicos em lavouras por ano,

representando em meédia cinco quilos para cada habitante.

Até 2006, os registros de sintomas associados a intoxicagdo por agrotoxicos
eram pouco relatados, porém em 2007 as ocorréncias comegaram a ser notificadas.
No periodo entre 2007 e 2012, os dados sobre o0s primeiros sintomas praticamente
dobraram, chegando a marca de 5.283 casos em 2012. Em 2017 foi ultrapassado o
numero de 7.199 casos. No periodo compreendido entre 2007 e 2017, houve um
aumento crescente do numero de intoxicacdes, relacionado tanto ao aumento do uso
de agrotoxicos e seu uso inadequado, quanto ao surgimento dos efeitos ocasionados
pela exposicao cronica. (TAVARES, et al., 2020). De acordo com a Agéncia Nacional
de Vigilancia Sanitaria (ANVISA), efeitos crénicos s&o aqueles aparecem apos
exposicoes repetidas a pequenas quantidades de agrotoxicos por um periodo
prolongado). Podem-se relatar os seguintes sintomas: dificuldade para dormir,
esquecimento, aborto, impoténcia sexual, depressao, problemas respiratorios graves,
alteracdo do funcionamento do figado e dos rins, anormalidades na sintese de
horménios tireoidianos, ovarianos e prostaticos incapacidade de gerar filhos,
malformagdo e problemas no desenvolvimento intelectual e fisico de criangas.
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Estudos apontam grupos de agrotéxicos como provaveis e possiveis carcinogénicos
(BRASIL, 2018). Considera-se como exposi¢gao crbnica aquela que ocorre apds
repetidas exposigdes, por um periodo longo de tempo, podendo ser variavel de acordo
com a substancia e o organismo analisado ( OGA, SEIZI E CAMARGO, 2008).

A associagao entre exposi¢ao a agrotéxicos e desenvolvimento de cancer ainda
gera polémicas, principalmente porque os individuos estdo expostos a diversas
substancias, sem contar outros fatores genéticos. Porém, é importante salientar que
estudos vém mostrando o potencial de desenvolvimento de céancer relacionado a
diversos agrotéxicos, justificando a recomendagéo de precaugao para com O uso e
contato (BRASIL, 2018).

Decorrente do desenvolvimento do agronegdcio no setor econémico, o pais
vem enfrentando sérios problemas quanto ao uso de agrotéxicos, como a permisséo
de agrotoxicos ja banidos em outros paises e venda ilegal de agrotoxico que ja foram
proibidos (CARNEIRO et al.,, 2015).Varias entidades de renome estdo se
pronunciando a respeito, entre as quais o Instituto Nacional de Cancer (INCA, 2019),

que publicou nota publica, que em parte diz o seguinte:

“No atual cenario mundial, o Brasil € o maior consumidor de
agrotoxicos e, em dez anos, o mercado brasileiro de agrotdxicos cresceu
190%. Destaca-se, porém, na literatura cientifica nacional e internacional, que
o modelo atual de cultivo, com o intensivo uso de agrotéxicos, gera
inseguranga alimentar e outros maleficios, como poluicdo ambiental,
contaminagdo de mananciais, do solo, do ar e intoxicagdo de trabalhadores
rurais e da populagdo em geral. Dentre os efeitos sobre a saiude humana
associados a exposicdo aos agrotéxicos, 0s mais preocupantes sdo as
intoxicagdes cronicas, caracterizadas por infertilidade, impoténcia, abortos,
malformacgdes, neurotoxicidade, manifestada através de disturbios cognitivos
e comportamentais € quadros de neuropatia e desregulacdo hormonal,
ocorrendo também em adolescentes, causando impacto negativo sobre o seu
crescimento e desenvolvimento dentre outros desfechos durante esse

periodo.”

O novo Atlas dos Pesticidas, publicado em 2022, mostra que o uso de
pesticidas tem aumentado mundialmente, porém com um uso ainda mais expressivo
na América do Sul e na Africa (Figura 1). Muitos dos pesticidas que sao utilizados

mundialmente sdo considerados como altamente perigosos e seu comeércio e uso sao
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proibidos na Unido Européia (UE). Porém, mesmo com o uso banido, a produgao e
venda desses produtos para paises fora da UE é permitido e altamente lucrativo para

as empresas produtoras (Atlas dos Pesticidas, 2022).
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Figura 1: Uso de pesticidas, em toneladas, por continente em 2020 e percentual de
mudanca desde 1999 (Fonte: Atlas dos Pesticidas, 2022).

Todo defensivo agricola e seus componentes precisam ser registrados para
que a sua producao, uso e comercializagdo no Brasil sejam autorizados. Para isso,
existem normas estabelecidas pelos 6rgaos federais responsaveis pelos setores de
agricultura, saude e meio ambiente. Essa regulamentagao € conduzida pela ANVISA,
o Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis (IBAMA)
e o0 Ministério da Agricultura Pecuaria e Abastecimento (MAPA) (MORAES, 2019).

Cada um desses 6rgaos realiza um determinado tipo de avaliagdo do produto,
de modo independente do outro. Sdo solicitados: (1)Testes agronémicos: Para a

avaliagao da eficiéncia do produto no controle de pragas ou plantas daninhas; (2)
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Testes toxicologicos: Contemplam os diversos estudos em laboratorio para medir o
potencial toxico do produto na saude humana (os efeitos de intoxicagdes aguda e
cronica, o potencial cancerigeno e mutagénico e os impactos no sistema enddcrino);
(3) Testes ecotoxicolégicos: Contemplam as avaliagbes dos possiveis impactos
ambientais provocados pelo produto; (4) Caracterizagdo fisico quimica: Reunem os
estudos para caracterizar o produto de forma detalhada como: tempo de permanéncia
da substancia no solo, solubilidade em agua, entre outros; (5) Testes de metabolismo
e degradacgao: Consistem nos estudos sobre o comportamento do produto na planta,
depois de aplicado (MORAES, 2019).

Porém, mesmo com a fiscalizagao bem estabelecida, no Brasil, cerca de 29%
dos pesticidas utilizados em lavouras sdo considerados como altamente perigosos, e
18 deles tiveram seu uso proibido na UE (Figura 2) (Atlas dos Pesticidas, 2022). Além
disso, testes que analisam a influéncias de tais substancias sobre o sistema

reprodutor e sobre o feto durante a gestagao nao sao requeridos.

PUTTING THE WORLD AT RISK

Percentage of praticades coridered & highly hazardous. by ooy

(55 Numiner o bamnen
Higifrly Ha tirdaus
Festicides{HHPE)

| Vietnam

~1

Figura 2: Porcentagem de pesticidas altamente perigosos utilizados por pais e

numero de substancias banidas na UE utilizadas (Fonte: Atlas dos Pesticidas, 2022).



2. DIAMIDAS E O CYANTRANILIPROLE

Devido a grande toxicidade dos agrotoxicos e as grandes polémicas geradas
devido aos seus efeitos nocivos a saude humana e ao meio ambiente, varias
pesquisas sao feitas buscando novas moléculas inseticidas com menos efeitos

colaterais. Um novo grupo dessas novas moléculas sdo as diamidas (RIBAS E
MATSUBARA, 2013).

O estudo das diamidas da classe dos riandides comegou com a descoberta de
que os extratos da casca da planta de Ryania speciosa, uma espécie nativa da
América Central e do Sul, apresentavam propriedades paralisantes no musculo
estriado do inseto alvo (EDWARDS et al., 1948). Atribuiu-se essa atividade a
Rianodina, um alcaloide natural téxico. Tempo depois, observou-se que o efeito de
paralisia se repetia quando as diamidas entravam em contato com insetos,
principalmente, da ordem Lepidéptera (LAHM et al.,, 2005). Essas descobertas
colocaram essa classe de inseticidas como a mais promissora e investigada (LAHM,;
et al., 2009).

O mecanismo de agao das diamidas no alvo esta direcionado a inibicdo do
funcionamento correto dos canais de calcio (JEANGUENAT, 2012). Quando o
inseticida entra em contato com o alvo, seja por ingestdo ou por contato, ocorre uma
alteracdo nos depdsitos intracelulares de calcio (FILL & COPELLO, 2002), pois o
téxico ativa o canal, ocasionando a sua liberagao, de forma definitiva, impedindo que
ele se feche (WILLIAMS, et al., 2001; Ql, et al., 2014). Esse processo gera a liberagéo
rapida e massiva de ions calcio, ocasionando uma interrup¢ao na alimentagao, e como
consequéncia resulta em letargia, paralisia e posteriormente a morte (HANNING et al.,
2009). O inicio dos sintomas é quase imediato, com a maior taxa de mortalidade entre
1 e 3 dias, aproximadamente. Estudos mostram que as diamidas exibem uma
seletividade 500 vezes maior sobre os receptores dos insetos comparado com os dos
mamiferos, resultando numa ferramenta eficaz para o controle de pragas e
relativamente segura para os humanos (CORDOVA et al., 2006; LAHM et al., 2007).
Tais inovagdes promoveram um crescimento significativo no estudo do uso de

diamidas. O modo de acao destes inseticidas no alvo é esquematizado na Figura 3.
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Figura 3: Mecanismo de ag¢ao das diamidas.

Ap6s o inseticida entrar na célula (1) ele se liga de maneira definitiva aos receptores de rianodina (2),
causando sua abertura. Isso leva a uma liberagdo massiva dos ions calcio que estavam dentro do
reticulo sarcoplasmatico para o citoplasma. O aumento na concentragdo intracelular de calcio ativa o
processo de contragéo (3). Como esse quadro ndo € revertido, ocorre a imobilizagao do inseto, gerando
letargia, paralisia e morte. (Fonte: Elevagro, disponivel em: hitps://elevagro.com/materiais-
didaticos/inseticidas-diamidas/)

O grupo de diamidas secundarias, ou antranilicas, € derivado do acido
antranilico, sendo o chlorantranilipole e o cyantraniliprole os seus dois principais
representantes. Tais molécuas sao efetivas contra insetos de ordens como
lepidopteros (que incluem as borboletas), coledpteros (que incluem os besouros),
afidios (que incluem os pulgdes), tisandpteros e dipteros (que incluem as moscas)
(CORDOVA, et al., 2006).

Em 2007, nas Filipinas, foi registrado o clorantraniliprole, o primeiro inseticida
da classe das diamidas antranilicas que até o final de 2008 ja era utilizado para o
controle de lepidopteros em mais de 10 paises, podendo ser utilizados em varias
culturas (LAHM et al. 2009). Neste mesmo ano, a DuPontTM anunciou o
desenvolvimento comercial da segunda diamida antranilica, o cyantraniliprole, com
maior espectro de agédo dentro da Ordem Hemiptera (DuPont 2008, Lahm et al. 2009).
Devido ao sucesso da sua atividade inseticida, a empresa DuPontTM trabalhou com

uma classe similar de compostos, sendo pioneira no uso das amidas antranilicas
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(LAHM et al.,, 2009). Essa classe de inseticidas também atua diretamente na
regulagéo dos canais de calcio (Ql, CASIDA, 2013).

No Brasil, o cyantraniliprole (numero CAS 736994-63-1) € vendido sob o nome
comercial Benevia®, registrado no MAPA sob o n° 13915, em 2016. Seu nome de
acordko com a [IUPAC ¢é (3-Bromo-1-(3-chloro-2-pyridinyl)-N-[4-cyano-2-
methyl6(methylcarbamoyl)phenyl]-1H-pyrazole-5-carboxamide) (HARDKE et al.,
2011; FOSTER et al., 2012). Possui modo de agao sistémico e pertence ao grupo
quimico 28 (IRAC), atuando por ingestdo e contato. E seletivo para as culturas da
abdbora, abobrinha, agrido, alface, algodéao, alho, almeirdo, batata, berinjela, brécolis,
café, cebola, chalota, chicoria, chuchu, citros, couve, couve-chinesa, couve-de-
bruxelas, couve-flor, espinafre, feijao, jil6, maxixe, melancia, melao, pepino, pimenta,
pimentdo, quiabo, repolho, rucula, soja e tomate. E um produto ndo classificado
quanto a classificagédo toxicoldgica e pertencente a classe Ill quanto ao potencial de
periculosidade ambiental (produto perigoso ao meio ambiente) (Figura 5) (FMC
Quimica do Brasil LTDA). O cyantraniliprole, tem sido de grande utilizagédo por
apresentar alto potencial no controle de insetos sugadores e mastigadores, além de

ser mais eficiente comparado com o chlorantraniliprole (ZHANG et al., 2015)

CLASSIFICAGAD TOXICOLOGICA: NAO CLASSIFICADO - PRODUTO NAD CLASSIFICADO

CLASSIFICAGAD DO POTENCIAL DE PERICULOSIDADE AMBIENTAL: CLASSE IIl - PRODUTO
PERIGOS0 AD MEID AMBIENTE

D EEIAE . EEESE xR

Cor da faixa: Verds PMS Grean 347 C

Figura 5: Classificacdo toxicologica e classificagdo do potencial de periculosidade

ambiental do cyantraniliprole (Fonte: FMC Quimica do Brasil LTDA).

De acordo com a bula do produto registrada no MAPA, em estudos feitos com
roedores, o cyantraniliprole ndo tem toxicidade aguda significante pelas vias de
exposic¢ao oral, dérmica e inalatoria e n&o é um irritante dérmico ou ocular. Além disso,

nao sdo conhecidos mecanismos especificos de toxicidade desta substancia em
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humanos nem em outras espécies de mamiferos, nenhum reporte de efeito adverso a
saude foi relatado e nenhum sintoma especifico da toxicidade de cyantraniliprole a
humanos € conhecido (BL BENEVIA®). Porém, poucos estudos sio relatados na
literatura e o uso desse toxico ainda é recente no Brasil, ndo podendo ter dados

concretos sobre os efeitos a longo prazo na saude humana.

3. CANAIS DE CALCIO

O célcio (Ca) é o mineral mais abundante no corpo humano, sendo responsavel
por cerca de 1 a 2% do peso corporal total (SILVA & COZZOLINO, 2007), sendo que
0 corpo humano ao nascer contém cerca de 25-30 g de calcio e ao atingir a
maturidade, 1000-1500 g. Além da sua fung¢ao estrutural, uma vez que 99% de sua
concentracdo encontra-se nos 0ssos e dentes, este elemento €& essencial na
contragdo muscular, propagag¢ao do impulso nervoso, coagulagdo sanguinea, entre
outras fungdes (AWUMEY & BUKOSKI, 2006). O Ca?* é ainda considerado como o
segundo mensageiro intracelular universal, que tem por fungdo modular fenébmenos
celulares fisioldgicos. A concentragao de Ca?* intracelular € heterogénea, e ocorre em
forma de ondas ou picos, ja que altas concentragdes por longos periodos sdo nocivas
a célula (BOOTMAN et al., 2001). O gradiente de concentragédo de Ca?* & mantido por
canais existentes na membrana plasmatica, que move ativamente o Ca?* para fora da
célula. Este ion pode ser ainda resgatado para o reticulo endoplasmatico pela bomba
Ca?* - ATPase, dependente de ATP (ALBERTS et al., 2002).

Sabe-se que desde o inicio da vida é necessaria a atuagao do calcio, desde a
fecundagdao até o desenvolvimento embrionario e continuando por toda a vida
(BOOTMAN et al., 2001). Durante a fertilizagdo é necessario que haja comunicagao
entre o espermatozoide e os odcitos, havendo sinais de curto e de longo alcances,
que sao emitidos pelo odcito e que influenciam a agdo espermatica, levando a
interacbes distintas entre os gametas e finalmente a fecundacdo (DARSON,
LIEVANO, BELTRAN, 1996). Posteriormente o calcio atua por todo o organismo,
como nos processos de formagao do esqueleto 6sseo e mineralizagdo (RICCARDI et
al., 2013; KONG, et al., 2014), no desenvolvimento dos pulmdes e figado (GILBERT
et al., 2011; RICCARDI et al., 2013) na formagao e manutencgao de circuitos neurais e
na memodria de longo prazo (LECLERC et al., 2011). Os receptores sensiveis ao Ca?*
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(CaSR) controlam a secrec&o de horménios, como o hormdnio paratireoidiano (PTH),
que por sua vez exerce agdo sobre o Ca?* via células de tecidos alvo como nos rins,
intestino e osso (BROWN, 2013).

3.1 Receptores de Rianodina (RyR)

Os receptores de rianodina sao canais de cation de alta condutancia que
liberam Ca?* dos estoques intracelulares, tais como o reticulo endo/sarcoplasmatico
(RE/RS) (MACKRILL, 2010). Essa liberagao ocorre de maneira calcio dependente,
uma vez que o proprio calcio € o ion ativador destes receptores. Os RyRs sao
onipresentes em todos os tipos de células e estdo envolvidos em uma variedade de
processos celulares (acoplamento excitagao-contragdo muscular, neurotransmissao,
secrecao, entre outros) (FILL; COPELLO, 2002). Tal receptor pode ser encontrado em
trés diferentes isoformas encontradas em mamiferos, classificadas de acordo com o
tecido em que inicialmente foram identificadas. RyR1 & a isoforma dominante no
musculo esquelético, comumente referido como receptor de rianodina esquelético;
RyR2 & encontrado no musculo cardiaco, também conhecido como receptor de
rianodina cardiaco; e RyR3 & expresso em baixos niveis em muitos tecidos, mas é
principalmente associado ao diafragma e ao cérebro (FILL; COPELLO, 2002;
BALSHAW; YAMAGUCHI; MEISSNER, 2002).

Os RyRs sdao homotetrameros com massa molecular de apro- ximadamente
560 kDa e séo caracterizados por apresentar uma forma de sino (KOVACS et al.,
2010). Apresentam cerca de 70% da sequéncia de aminoacidos homélogos e o maior
nivel de semelhanca esta na regido C-terminal. Em todas as isoformas a porgao C-
terminal da proteina contém os dominios transmembranas. Segundo analises
sistematicas, sugere-se entre quatro e 12 segmentos transmembranares por
subunidade do RyR (MEISSNER, 2004). Ha também um grande dominio N-terminal
citoplasmatico, contendo sitios de ligacdo para proteinas e ou- tros canais
moduladores (ex. canais de Ca ) que controlam o estado de atividade do RyR
(MARKS, 2002). As substancias fisiologicas e exdgenas que ja foram reconhecidas

como moduladoras dos canais RyR estao representadas na Tabela 1.



Tabela 1: Lista das substancias fisiolégicas e exdgenas que regulam os canais de

rianodina.

Substancias fisiologicas conhecidas

Nome comum Natureza quimica Efeitona  Intervalo de Comentarios Referéncias
atividade  concentracdo
dos RYRs
Ca® citosdlico fon +- uM/mM Inibe ou bloqueia dependendoda  Fill e Copello *
concentracao
ATP MNucleotidio + mM RyR1 & mais sensivel ao ATP Copello e col. 2
que os outros subtipos de RyR
Mg3* fon - mM O Mg?* compete com 0 Ca®** pelo  Copello e col. ®,
seu sitio de ativagdo no RyR1 Steele e Duke »
Estado REDOX Estado oxidante +- Estado oxidante aumenta a Voss e col. 22
ou redutor atividade do canal e estado
redutor diminui
ADP-ribose ciclico  Metabdlito da + Pode ativar a Ca®*-ATPase, Copello e col. 22,
nicotinamida o que indiretamente ativa o Lukyanenko e col. 23
adenina receptor RYR
dinucleotidio
fosfato (NADP)
Fosforilagao Adicao de um +- Proteina cinase A (PKA) ativa Reiken e col. 2
grupo fosfato e proteina fosfatase 1 (PP1)
blogueia o RYR
Calmodulina Proteina acessaria  +- nM Ativa com baixos niveis de Ca®* Balshaw e col. 7,
ou bloqueia com altos niveis de Hamilton e col. =
Ca?
Calsequestrina Proteina acessdria  +/- nM Necessidade de mais estudos Fill e Copello #,
Beard e col. =
FKPB12 Proteina acessdria - Diminui a probabilidade de Mackrill &
abertura e a freqiiéncia do RyR
Caltabina1l Proteina acessoria - Estabiliza o estado fechado do Bellinger e col. 7

RyR

Substancias exdgenas conhecidas

Nome comum Natureza quimica Efeito na Intervalo de Uso farmacolégico  Referéncias
atividade dos  concentracao ou clinico
RYRs
Rianodina Alcaloide +- nibd-rmid Inadequado Fill & Copelio 4
4-cloro-meta-cresol (CmC) Fenol clorado + pM-mM Fungicida Mackrill &,
Fessenden e col. 77
Cateina Metilxantina + mhd Estimulante Mackrill 8
Dantrolene Derivados da - uM Tratamento de Mackrill 8,
hidantoina hipertermia maligna.  Paul-Pletzer e col. '®
espasticidade
muscular
Procaina e tetracaina Aminoéster pM-mM Anestésico local Mackrill &,
Brum e col. ®
Vermelho de ruténio Corante policatidnico - nM-uM - Mackrill 8

10



4. SISTEMA REPRODUTOR FEMININO

O sistema reprodutor feminino se localiza na cavidade pélvica e é protegido
pelos ossos do quadril. E formado basicamente por 2 ovarios, 2 tubas uterinas, Utero,

vagina (Figura 6) e a vulva na parte externa (MOORE, 2008).

A

Tithas wulannas
——— |

# i 5
i

g

Utero

Cofo do Oueeo

Figura 6: Representagdo dos 6rgaos internos que compdéem o sistema reprodutor

feminino humano.

Os ovarios se localizam na cavidade pélvica superior, um de cada lado do utero,
e medem cerca de 2 a 4 cm de comprimento, apresentando forma eliptica.
Histologicamente sao formados por 3 regides distintas: a) cortex: revestido por epitélio
germinativo e constituido por tecido conjuntivo e foliculos, onde se encontram os
ovocitos; b) regido medular: uma camada inervada e vascularizada composta por
células heterogéneas; e c) hilo: formado por células produtoras de esteroides (LEVY,
KOEPPEN, STANTON, 2006). Sua funcdo é relacionada a ovogénese, que
corresponde a produgao dos gametas femininos (ovécitos), sua maturacéao e liberagao
(ovulagao), além da secregcao de hormdnios sexuais e esteroidais (ADONA et al.,
2015).

As tubas uterinas sédo ductos que ligam o ovario ao utero. Cada uma termina
em uma estrutura chamada fimbria, que é formada por projecdes digitiformes,

responsaveis pela comunicagao dos ovarios com o utero (SILVA, 2014). A funcéo da

11



tuba uterina é receber o ovacito e fornecer todas as condi¢gdes necessarias para a sua
fecundagao. Além disso, os batimentos ciliares e os movimentos peristalticos das

tubas conduzem os gametas femininos até o utero (OLIVEIRA et al., 2005).

O dtero € um 6rgdo muscular situado na cavidade pélvica, entre a bexiga
urinaria e o reto. Sua parede é formada por 3 camadas teciduais diferentes: a)
perimétrio: uma camada conjuntiva externa responsavel pelo revestimento epitelial do
orgao; b) miométrio: uma camada muscular intermediaria; c) endométrio: uma camada
mucosa interna constituida por um revestimento epitelial e tecido conjuntivo (estroma
endometrial) (RIBEIRO, 2013).

4.1 Ciclo menstrual

O ciclo menstrual, também chamado de ciclo uterino, reflete as mudancas
causadas pela agdo hormonal (estrégeno e progesterona) sobre o endométrio e o
ovario e tem duracdo média de 28 dias (Figura 7) (GORE, 2008). A influéncia hormonal
sobre o ovario cria o ciclo ovariano, formado por 3 fases: 1) folicular: que ocorre entre
o 1° e 0 13° dia do ciclo e é quando ocorre o crescimento, o desenvolvimento e a
maturacao dos foliculos; 2) ovulatéria: que ocorre no 14° dia do ciclo e € marcada pela
ruptura do foliculo maduro; e 3) fase lutea: correspondendo a todo o periodo final do

ciclo, quando ocorre a formagao do corpo luteo (FOX, 2007; SILVA, 2012).
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Figura 7: : Representacdo esquematica do ciclo uterino, ou menstrual.

Representacdo das alteragbes encontradas no ciclo uterino, com representacédo grafica dos niveis
hormonais de FSH e LH (A) e progesterona (B). A) Desenvolvimento folicular no decorrer das fases
folicular, ovulacgéo e luteinica. B) Evolugado do endométrio no decorrer das 3 fases do ciclo uterino (fase
proliferativa, fase secretora e fase menstrual. (Fonte:
http://www.metis.med.up.pt/index.php/O_Ciclo_Sexual_da_Mulher)
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Quanto as alteragdes uterinas, o ciclo também apresenta 3 fases distintas: fase
menstrual, fase proliferativa e fase secretora. A fase menstrual tem uma duragao
aproximada de 5 dias que correspondem ao periodo de descamagao do endométrio.
Essa descamacdo causa uma ruptura dos vasos sanguineos formando o fluxo
menstrual, caracteristico dessa fase. Ja a fase proliferativa tem duragdo de
aproximadamente 9 dias e é periodo em que ocorre o aumento da espessura do
endométrio e o desenvolvimento das artérias espirais, reconstituindo a estrutura
endometrial. Por ultimo temos a fase secretora, com duragao de 14 dias. Durante essa
fase a parede uterina atinge sua espessura maxima e, além disso, as glandulas
presentes no endométrio produzem secregdes, preparando o utero para receber o

embrido. Caso nao ocorra fecundacéo, o ciclo se reinicia (GORE, 2008).

4.2 Morfologia uterina e ciclo estral de roedores

Em roedores, o utero se apresenta disposto em formato de Y, composto por
dois cornos uterinos que estdo separados em suas extremidades e se fundem na
altura do corpo uterino em direcdo a vagina. Esses cornos sao rodeados por
musculatura formando um pequeno corpo uterino, e logo abaixo € encontrado a cérvix
uterina. Além disso, estao presentes na porgao superior dos cornos uterinos as tubas
e os ovarios (Figura 8) (HASCHEK; ROUSSEAUX; WALLIG, M., 2010; WRAY;
PRENDERGAST, 2019). Nas ratas, o utero possui as mesmas camadas do 6rgao em
humanos, o perimétrio, miométrio e endométrio. Embora estruturalmente existam
diferengas na organizagdao do sistema reprodutor feminino de roedores para o de
humanos, suas composi¢des celulares e teciduais sao semelhantes. Ademais, uma
das principais diferencas observadas estruturalmente ocorre no miométrio, que em
ratas o musculo liso esta disposto em duas camadas uma longitudinal externa e uma
circular interna, o que promove um padrdo de contragcdes diferenciados
(MICHALAKIS; SEGARS, 2010; RIBEIRO, 2013).
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Figura 8: Estrutura uterina de roedores. (Adaptado de Lacerda-Junior, 2022).

Devido a curta duracdo do seu ciclo estral (4 a 5 dias), as ratas constituem bom
modelo para o estudo das alteragdes que ocorrem durante o ciclo reprodutivo. O ciclo
estral das ratas é formado por 4 fases — proestro, estro, metaestro e diestro —
diferenciadas por sua composicdo celular (MARCONDES et al., 2001). Para
determinacdo e estudo das fases do ciclo, € necessario o uso da metodologia de
esfregaco ou lavado vaginal, que consiste na lavagem da parte mais externa da vagina
das ratas com solugdo salina e observagao do material ao microscopio o6tico. Trés
tipos de células podem ser observados: células redondas e nucleadas sao
identificadas como células epiteliais; células irregulares sem nucleo sao identificadas
como células cornificadas; e as pequenas e redondas células anucleadas sao
identificadas como leucdcitos. A proporgao entre elas é utilizada para ideitificar a fase
do ciclo (MARCONDES, BIANCHI, TANNO, 2002). A fase de proestro consiste
predominantemente de células epiteliais nucleadas; a fase de estro consiste
principalmente em células cornificadas anucleadas; a fase de metaestro consiste na
mesma proporg¢ao entre leucdcitos, células epiteliais cornificadas e nucleadas; e a
fase de diestro consiste predominantemente de leucdcitos (Figura 9) (MARCONDES,
BIANCHI, TANNO, 2002).
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Figura 9: Fotomicrografias de esfregaco vaginal ndo corado de ratas para
determinacao da fase do ciclo estral.
Fotomicrografias de esfregago vaginal ndo corado de ratas em proestro (a, b), estro (c, d), metaestro

(e, f) e diestro (g, h). Sdo indicados leucécitos (L), células epiteliais (E) e cornificadas (C). 50 x (painel
esquerdo) e 200 x (painel direito painel). Fonte: MARCONDES, BIANCHI, TANNO, 2002.

5. SISTEMA REPRODUTOR MASCULINO

O sistema reprodutor masculino € formado por genitdlia externa,
glandulas acessorias, ductos e testiculos (Figura 10). A genitalia externa é formada

por pénis e escroto. As glandulas acessérias masculinas incluem a prostata, vesiculas
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seminais e glandulas bulbouretrais. Os ductos compreendem todos os canais que
participam na conducdo de secrecboes e de espermatozoides na uretra
(SILVERTHORN, 2003).

Male reproductive system
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Figura 10: Estrutura anatdmica do sistema reprodutor masculino.

Os testiculos se localizam no interior do escroto e sdo compostos por duas
regides principais. A primeira regiao é formada pelos tubulos seminiferos e a segunda
€ o compartimento intersticial. A regido dos tubulos € responsavel pela
espermatogénese (RODRIGUEZ; FAVARETTO, 1999) e os tubulos seminiferos sao
compostos principalmente por epitélio germinativo, constituido por células de Sertoli e
células germinativas (FOLEY, 2001).

A regiao intersticial consiste principalmente de tecido conjuntivo e tem como
principal funcdo a esteroidogénese (RODRIGUEZ; FAVARETTO, 1999). O
compartimento intersticial € formado por vasos sanguineos e linfaticos, nervos,
macrofagos residentes e as células de Leydig (RUSSEL, 1990). As células de Leydig
sao responsaveis pela producdo de andrégenos, cujo principal € a testosterona
(RUSSEL, 1990). Essas células possuem formato poligonal, reticulo endoplasmatico
liso, citoplasma eosinofilico, didmetro de cerca de 20um, nucleo arredondado ou
alongado com grande parte da cromatina condensada e pode apresentar um ou dois
nucléolos (PELLINIEMI et al., 1996).

Os hormbnios produzidos pelas células de Leydig tém papel fundamental no
funcionamento do sistema genital masculino, tanto na maturagéo desse sistema como

um todo quanto na diferenciacado da genitalia externa na fase fetal (PELLINIEMI et al.,
17



1996). O principal desses horménios € a testosterona, importante para o surgimento
dos caracteres sexuais secundarios durante a puberdade (RICHMOND; ROGOL,
2007). Em adultos a testosterona continua tendo fungdes importantes, ela é
responsavel por manter a barreira hematotesticular e estimular a espermatogénese e
a espermiogénese (MRUK; CHENG, 2015).

As células de Sertoli sdo responsaveis pela manutengéo da espermatogénese
no epitélio seminifero. Elas atuam regulando a proliferagdo das células de Leydig e
também a producao de horménios esterdides no inicio do desenvolvimento (COOKE,
1996).

Outro tipo celular comumente encontrado em associacdo com as células de
Leydig € o macrofago. Esta interagao pode estar relacionada a agao dos macrofagos
na transformacao de alguns esterdides produzidos pela célula de Leydig, com a
consequente produgdo e liberagdo de testosterona e diidrotestosterona (HALES,
2002).

O epididimo é um 6rgao anatomicamente dividido em cabega, corpo e cauda
(Figura 12) (Reid and Cleand, 1957; Cosentino and Cokett, 1986; Gatti et al., 2004;
Franga et al., 2005; Sullivan et al., 2005). Suas fun¢des sé&o o transporte dos
espermatozoides que chegam do testiculo (Orgebin-Crist, 1969; Brooks, 1983) a
estocagem, protegéo, concentragdo e maturagao dos gametas (Cosentino and Cokett,
1986; Hermo and Robaire, 2002). Os espermatozoides dos mamiferos que saem do
testiculo possuem uma morfologia altamente especializada, mas sdo imdveis e
incapazes de fertilizar um ovocito |l (Brooks, 1983; Hermo and Robaire, 2002; Gatti et
al., 2004). E durante a passagem pelo ducto epididimario que ocorre o processo de
maturacao, conferindo aos gametas a capacidade de uma vigorosa motilidade e a
habilidade para sofrer a reagdo acrossbmica, interagir com a zona pellcida,
reconhecer e fundir-se com a membrana plasmatica do ovécito Il (Jones, 1999;
Cuasnicu et al., 2002; Gatti et al., 2004, Sullivan et al., 2005).
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Figura 11: estrutura anatdmica do epididimo.

No mamifero adulto, o epididimo é formado por um ducto Unico e enovelado
que liga os ductulos eferentes ao ducto deferente (Cosentino and Cokett, 1986; Hermo
and Robaire, 2002). A fungédo secretora e de reabsorgdo das células principais,
juntamente com as jung¢des oclusivas entre elas, garantem a manutencdo do micro-
ambiente intraluminal onde ocorre a maturagdo dos espermatozdides. Ha uma
camada de musculo liso que envolve esse epitélio epididimario, que é mais fina na
regido da cabega e corpo, e mais espessa na cauda. A contracdo dessas fibras
musculares é importante para definir o transito espermatico e a expulsdo dos
espermatozoides da regido da cauda para o ducto deferente (Kaleczyc et al., 1968;
Ricker, 1998).

6. DESENVOLVIMENTO DO SISTEMA REPRODUTOR

O desenvolvimento do sistema reprodutor em mamiferos se inicia nos primeiros
dias de gestacao, porém se estende até a puberdade. Esse prolongado periodo de
desenvolvimento, crescimento e diferenciagdo promove uma ampla janela de

suscetibilidade para agao de desreguladores endécrinos quimicos (HO et al., 2017).
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Apesar do sexo cromossémico e genético de um embrido ser determinado ja

na fertilizagéo, as caracteristicas masculinas e femininas s6 comegam a se desenvolv
er na sétima semana do embrido (MOORE & PERSAUD, 2004).

A linhagem germinativa é originaria dos gondcitos, que se formam no
endoderma do saco vitelino. Os gondcitos sdo células grandes que migram para o
local onde as gbnadas se formam e sdo idénticos em ambos os sexos. Eles se
misturam com células epiteliais proliferantes e juntos formam os corddes sexuais
primitivos (JUNQUEIRA & ZAGO, 1982). Essas estruturas se formam na parede do
saco vitelino durante a quarta semana e migram para as gbnadas em
desenvolvimento, onde se diferenciam em células germinativas (ovogbnias ou
espermatogénias) (MOORE & PERSAUD, 2004).

No desenvolvimento do sistema reprodutor masculino, na 6% semana a regiao
cortical das gbnadas comeca a se degenerar e a regido medular inicia uma formacao
tubular (que ird originar os tubulos seminiferos). Essa estrutura contém as células
germinativas migratérias e as células mesenquiais derivadas do epitélio superficial,
que dardo origem as células de sustentacdo, chamadas de células de Sertoli
(ALMEIDA, 1999).

A partir da sétima semana os corddes sexuais se desenvolvem e invadem a
medula da gbnada (JUNQUEIRA & ZAGO, 1982). O mesénquima intertubular surge
nessa fase e da origem a um mesénquima intertubular diferenciado, com células
potencializadas para formagdo de um grupo de células enddécrinas (as células
intersticiais de Leydig, que na 8% semana comegam a secretar testosterona) e as
células conjuntivas. As espermatogbnias sao originarias das ceélulas germinativas
primordiais no interior dos tubulos seminiferos (ALMEIDA, 1999). Os corddes
testiculares separam-se da superficie que Ihes deu origem e abaixo desta aparece
uma capsula de tecido conjuntivo denso, a albuginea (JUNQUEIRA & ZAGO, 1982).

Gradualmente o testiculo em crescimento se separa do mesonefro em
degeneracgao e se torna suspenso pelo seu proprio mesentério, chamado mesorquidio
(MOORE & PERSAUD, 2004). Os corddes testiculares permanecem sdlidos até o
sexto més, quando também formam os tubulos seminiferos, tubulos retos e rede
testicular (JUNQUEIRA & ZAGO, 1982). Os tubulos seminiferos sofrem canalizagao e
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adquirem luz, ao mesmo tempo em que as ceélulas germinativas primordiais dao
origem a duas categorias de espermatogébnias: espermatogbnias do tipo A, que
originam as células tronco; e as do tipo B, que formam os espermatdcitos primarios
(ALMEIDA, 1999).

Na 82 semana, os tubulos mesonéfricos iniciam um processo de
desenvolvimento no qual sua parte proximal se estrutura em ductos eferentes e
porcao epididimaria, enquanto a distal constitui os canais deferentes e a porgao
corresponde ao ducto ejaculatorio, além das vesiculas seminais (ALMEIDA, 1999).
Evaginagcbes multiplas de porcdo prostatica da uretra em formagdo crescem e
constituem a porcao epitelial glandular da préstata. Ja na porgdo membranosa da
uretra, desenvolvem-se evaginacdes que levam a formacao das glandulas de Cowper.
O pénis se forma com o desenvolvimento do seio urogenital. O mesenquima forma as
saliéncias genitais, que se diferenciardo em saliéncias escrotais para formar o escroto,

que ficam separados um do outro pelo septo escrotal (ALMEIDA, 1999).

Ja no desenvolvimento do sistema reprodutor feminino, os ovarios, situados um
em cada lado da linha média do corpo, tém origem semelhante a dos testiculos,
considerando-se que de sua formagao tomam parte as células germinativas
primordiais e as saliéncias genitais até a fase gonadal indiferenciada, na qual os
cordbées sexuais primitivos ocupam as regides cortical e medular das estruturas
gonadais em desenvolvimento. Deste modo, ndo temos como distingui-los dos
testiculos, antes do primeiro més de vida fetal. Nestas gbnadas, os corddes sexuais
primitivos que brotam do seu epitélio superficial e mergulham no mesénquima formam
na regidao medular em desenvolvimento a rete ovarii que degenera posteriormente
(ALMEIDA, 1999).

Com a degeneracao da porgao cordonal medular, o cortex se estrutura através
de novos corddées mergulhados no mesénquima subjacente (corddes corticais) aos
quais sao incorporadas as células germinativas primordiais no 3° més de vida pré-
natal. Mais tarde, apos a desagregacéao das células cordonais, grupos isolados destas
células se dispdem ao redor de células germinativas primordiais, dando origem as
ovogobnias. Estas apresentam grande atividade mit6tica e muitas delas se degeneram
durante a vida fetal. As células restantes aumentam ligeiramente de volume e se
transformam nos ovdcitos (ALMEIDA, 1999; JUNQUEIRA & ZAGO, 1982). E somente
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no 7° més de vida intra-uterina que estes ovaocitos, que ja entraram na primeira divisao
meidtica e permanecem na fase de dipléteno até a puberdade, sao circundados por
células planas oriundas da desagregacéao cordonal, formando nesta regido os foliculos
primordiais. Os ovocitos encontrados nestes foliculos sdo os ovécitos primarios.
Alguns destes foliculos podem se degenerar antes da puberdade, enquanto outros
podem entrar em degeneragcdo somente nesta época. Ja alguns podem experimentar

o crescimento e maturagao sob a influéncia hormonal (ALMEIDA, 1999).

A estrutura conhecida como gubernaculo prende-se ao utero, proximo ao local
de ligacdo da tuba uterina. A parte cranial do gubernaculo torna-se o ligamento
ovariano enquanto a parte caudal forma o ligamento redondo do utero (MOORE &
PERSAUD, 2004).

As tubas uterinas se originam nos ductos paramesonéfricos (ductos de Mller)
respondendo pela formagado das camadas de tecido conjuntivo e muscular. Das
porcoes cefalicas destes ductos € derivado o epitélio tubario e as porgdes caudais
fundem-se originando o epitélio uterino e o epitélio da parte superior da vagina. O
mesénquima circundante se encarrega de originar o restante da parede de ambos os
orgaos. Com esta fusao, ocorre a aproximacao das duas pregas peritoneais, formando
os ligamentos largos direito e esquerdo e as bolsas retouterinas e vesicouterinas
(ALMEIDA, 1999).

A parte superior da vagina surge com a fusao dos ductos paramesonéfricos, e
o restante do seu epitélio é derivado do endoderma do seio urogenital. A fusdo dos
ductos de Muller também forma o conduto uterovaginal, que fica em contato com o
seio urogenital e origina o tubérculo do seio. Essa nova estrutura induz a formacéo
dos bulbossinovaginais que posteriormente se fundem e dao origem a placa vaginal.
As células centrais se desintegram formando a luz vaginal e as periféricas parecem
contribuir para a formagao do epitélio dos dois tergos inferiores da vagina (ALMEIDA,
1999).

As pregas urogenitais nao se fundem, exceto na parte posterior, onde elas se
unem para formar o frénulo dos pequenos labios enquanto as partes nao fusionadas
formam os pequenos labios. A maior parte das pregas labioescrotais também
permanece nao fusionada, formando duas grandes pregas de pele que sao os
grandes labios (MOORE & PERSAUD, 2004). Enquanto isso o clitoris surge com
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discreto alongamento do tubérculo genital (ALMEIDA, 1999). Ja o himen é formado
devido a uma invaginagdo da parede posterior do seio urogenital que resulta na
expansao da porg¢ao caudal da vagina (MOORE & PERSAUD, 2004).

7. CYANTRANILIPROLE E O SISTEMA REPRODUTOR

O processo de reprodugao em mamiferos é altamente complexo e pode ser
dividido em 4 etapas: pré e pos-natal, amadurecimento sexual e acasalamento (Figura
13). Por esse motivo, os ensaios de toxicidade reprodutiva visam avaliar os efeitos
toxicos de uma determinada substancia em cada uma dessas fases. Pode também
avaliar o seu potencial em interferir sobre o sistema reprodutor masculino e feminino e
de causar danos que sejam capazes de comprometer a fertilidade, o acasalamento, o
desenvolvimento embriofetal, o parto ou o desenvolvimento pods-natal dos

descendentes até que atinjam a maturidade sexual (LEMONICA et al., 2008).

De acordo com as normas da Environmental Protection Agency (EPA) e
recomendadas pela Food and Drug Administration (FDA) e Organization for Economic
Cooperation and Development (OECD), os estudos de toxicidade reprodutiva

compreendem trés segmentos que foram adaptados da seguinte maneira:

a) segmento |: compreende os estudos de toxicidade cronica, avaliando os
efeitos sobre a fertilidade de machos e fémeas, sendo os machos tratados antes e

durante o acasalamento e as fémeas, durante a gestagao e lactagao;

b) segmento Il: compreende os estudos de toxicidade pré-natal (ou
teratogenicidade), avaliando as possiveis alteracées no desenvolvimento da progénie

exposta durante a fase de organogénese;

c) segmento lll: compreende os estudos de toxicidade peri e pds-natal,
avaliando os efeitos sobre o desenvolvimento pré e pds-natal da progénie exposta
durante as fases de desenvolvimento fetal e lactagao.

A realizacdo desses estudos é importante porque permite avaliar o efeito de
uma substancia sobre o processo reprodutivo em diferentes fases do
desenvolvimento, abrangendo desde o periodo neonatal até a idade adulta

e reprodutiva. (HOLLENBACH, 2008; KUNTZE et al., 2012; SANTOS, 2014). Baseado
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nesses conceitos, ndo existem até o momento na literatura estudos que possam
avaliar os efeitos do cyantraniliprole no sistema reprodutor tanto feminino quanto

masculino, ressaltando a importancia do presente trabalho.

Porém, um estudo prévio do nosso grupo de pesquisa, feito com fémeas
adultas que foram tratadas com cyantraniliprole por 28 dias consecutivos, nas doses
de 10 e 150 mg/kg/dia, demonstrou que ratas Wistar adultas expostas ao
cyantraniliprole causou toxicidade hepatica, desbalanceou o sistema colinérgico no
utero, danificou a arquitetura histolégica ovariana e uterina, estimulou produgao
anormal de progesterona e altera¢des induzidas na duragao do ciclo estral. Esta foi a
primeira vez que a toxicidade reprodutiva, bem como a agao do cyantraniliprole como
desregulador enddcrino foi demonstrada, sendo a maioria dos resultados causado
pela sua capacidade de gerar estresse oxidativo (SCARTON et al., 2022). Esses
achados nos levam a hipotese de que outras alteragbes também possam ser geradas,

em ambos 0Ss sexos.

JUSTIFICATIVA
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Segundo dados da Secretaria de Relagbdes Internacionais do Ministério da
Agricultura, Pecuaria e Abastecimento (SRI/Mapa), a atividade do setor agricola no
Brasil € uma das mais importantes da economia, sendo responsavel pela
movimentagdo de cerca de R$100 bilhdes em exportagdes, em conjunto com a
pecuaria. Para manter a alta qualidade dos produtos e também uma alta producéo, os
produtores fazem uso de agrotdxicos, colocando o pais na posicdo de maior
consumidor dessa substancia no mundo, chegando a média de 7,3L por pessoa/ano.

E sabido que os agrotéxicos sdo nocivos tanto para o ambiente quanto para a
saude humana, e por isso existem varios estudos sobre o potencial toxico de
diferentes substancias desenvolvidas, aos diferentes sistemas biolégicos de
mamiferos. Dessa forma, novos agrotdéxicos com a promessa de serem menos
nocivos chegam ao mercado constantemente, como € o caso do cyantraniliprole. Esta
molécula tem sido usada em paises como Brasil e China e talvez por isso que ainda
nao existam estudos robustos sobre seus efeitos em sistemas vitais e reprodutivos
que possibilitam a perpetuagao das espécies. Os estudos sao escassos e com doses
elevadas que nao refletem a realidade de exposi¢gao ambiental, ou ainda realizados
em sistemas inorganicos e utilizando invertebrados.

Portanto, esse trabalho justifica-se pela falta de estudos prévios sobre os
possiveis efeitos tdxicos do cyantraniliprole sobre os sistemas bioldgicos de
mamiferos, além do fato de ndo ser encontrado na literatura nenhum dado referente
a intoxicacdo com essa substancia, sendo assim, ndo se pode dizer que ele seja
“menos nocivo para o ambiente e para mamiferos”. Dessa forma, os dados resultantes
do estudo fornecerdo informagdes sobre o potencial téxico desse agrotéxico e os
possiveis riscos que a exposicao a oral pode oferecer a saude e poder auxiliar as

agéncias regulatodrias.
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OBJETIVOS

1. OBJETIVOS GERAIS

Avaliar se a exposi¢cédo ao cyantraniliprole durante os periodos de gestacao e
lactacdo podem trazer prejuizos para a gestagao, o desenvolvimento fisico uterino e
pos-natal, e também ao desenvolvimento do sistema reprodutor da prole masculina e

feminina de ratos Wistar.

2. OBJETIVOS ESPECIFICOS

- Determinar se o cyantraniliprole administrado as méaes durante os periodos
de prenhez e lactagdo pode causar prejuizos a gestagcdo e alteragbes no
comportamento materno;

- Determinar se a exposigdo ao cyantraniliprole durante o periodo uterino e
lactacional pode causar alteragdes no desenvolvimento pds-natal imediato da prole;

- Determinar os efeitos do cyantraniliprole sobre o desenvolvimento intra-
uterino e lactacional do sistema reprodutor feminino e masculino da prole de ratas
Wistar durante os periodos peripuberal e adulto através da avaliagao de parametros
de instalacido da puberdade, dos marcadores de estresse oxidativo e dos parametros
histopatoldgicos;

- Contribuir com dados sobre os efeitos e mecanismos de agao da exposicao
ao cyantraniliprole no desenvolvimento intra-uterino dos testiculos, espermatozoides,

ovarios e utero.
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ARTIGO 1:

ORAL ADMINISTRATION OF CYANTRANILIPROLE TO WISTAR RATS DURING
PREGNANCY AND LACTATION ALTERS MATERNAL BEHAVIOR AND HARMS
THE FEMALE REPRODUCTIVE SYSTEM OF PUBERTAL AND ADULT
OFFSPRING

ORAL ADMINISTRATION OF CYANTRANILIPROLE TO WISTAR RATS DURING
PREGNANCY AND LACTATION ALTERS MATERNAL BEHAVIOR AND HARMS
THE FEMALE REPRODUCTIVE SYSTEM OF PUBERTAL AND ADULT
OFFSPRING

ABSTRACT

Brazil, the third largest global user of pesticides, dumps more than one million
tons annually, generating an increase in poisoning and environmental contamination.
Between 2007 and 2017, chronic exposure to these substances generated side effects
such as infertility, impotence, miscarriages, neurotoxicity and increased risk of cancer.

Faced with concerns, new insecticidal molecules, such as cyantraniliprole, are
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introduced. Its mechanism of action is dependent on the molecule binding to ryanodine
receptors, causing its activation and consequently a rapid and massive release of
calcium ions. As it is a new molecule on the market, studies in the literature on possible
effects on mammals are scarce, with no concrete data on long-term effects on human
health. Therefore, the work seeks to evaluate the impacts of oral administration of
cyantraniliprole during periods of pregnancy and lactation on maternal behavior and
the reproductive system of female offspring. This work was approved by CEUA-UEL
(OF. CIRC. CEUA n. 20/2020). Wistar rats were placed for mating and after pregnancy
diagnosis, they were divided into control groups, C1, C10 and C150 (n = 10), which
received water and cyantraniliprole at concentrations of 1 mg/kg/day, 10 mg/kg/day
and 150 mg/kg/day, respectively. Maternal behavior, physical development
parameters of the offspring, uterine and ovarian histology and oxidative stress levels
of both organs at pubertal and adult ages were analyzed. The mother's oral exposure
to a dose of 150 mg/kg/day was toxic to the pregnancy, causing the loss of the
experimental group. The analysis of maternal behavior indicated that females in groups
C1 and C10 showed significant changes, with increased contact with the pups, longer
breastfeeding time and shorter cleaning time (of themselves and the pups) and shorter
time without pups. There was no change in the physical development of the offspring
of groups C1 and C10 when compared to the control. Histological and oxidative stress
analysis of the ovaries showed no changes in any of the groups and any of the ages.
Analysis of the uterus indicated a thickening of the organ and increased levels of
oxidative stress in both groups and both ages. It is possible to conclude that the
concentration of 150 mg/kg/day is unfeasible for this experimental design.
Furthermore, exposure also causes histological changes and increased levels of
oxidative stress in the uterus of female offspring, which is an organ-dependent action,
since the ovary has not suffered its effects.

Key-words: pesticide; intra-uterus exposition; toxicology

INTRODUCTION

Pesticides, or agricultural pesticides, are chemical, physical and biological

products used in agriculture to increase production and avoid health problems in crops

34



(INCA, 2015). In absolute numbers, Brazil is the third country with the highest use of
pesticides in the world, which can be explained by the fact that the country has the
third largest agricultural area on the planet (HESS; NODARI, 2022). According to INCA
(2021), Brazil dumps more than one million tons of pesticides on crops per year,
representing an average of five kilos for each inhabitant. The wide application of
pesticides, associated with aggravating factors such as little-known risks, non-use (or
incorrect use) of personal protective equipment, disregard for current legislation and
social problems, are increasing the number of poisonings and environmental
contamination in the country (Bassani et al., 2018).

In the period between 2007 and 2017, an increasing raise in the number of
poisonings was recorded, related both to the increase in the use of pesticides and their
inappropriate use, and to the emergence of effects caused by chronic exposure
(TAVARES, et al., 2020). Among the various side effects due to chronic exposure to
these substances, infertility, sexual impotence, miscarriages and malformations,
neurotoxicity, hormonal changes, increased risk of cancer and effects on the immune
system stand out (INCA, 2021).

Due to the great toxicity of pesticides and the great controversies generated due
to their harmful effects on human health and the environment, new insecticide
molecules have been registered, with the proposal of having fewer side effects
(HALFELD-VIEIRA et al., 2016). Among these molecules is cyantraniliprole, an
insecticide belonging to the class of anthranilic diamides, which acts through contact
and ingestion(BL BENEVIA®). Its mechanism of action is dependent on the molecule
binding to ryanodine receptors, causing its activation and consequently a rapid and
massive release of calcium ions, resulting in lethargy, paralysis and subsequent death
of the target organism (QlI, et al., 2014).

According to the product leaflet registered with MAPA, cyantraniliprole does not
have significant acute toxicity in mammals through oral, dermal and inhalation
exposure routes and is not a dermal or ocular irritant. Furthermore, the specific
mechanisms of toxicity of this substance in humans or other mammalian species are
not known, no reports of adverse health effects have been reported and no specific
symptoms of its toxicity to humans are known (BL BENEVIA®). However, as it is a new
molecule on the market, studies in the literature on possible effects on mammals are

scarce, with no concrete data on long-term effects on human health. However,
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previous studies by our research group indicated that adult Wistar rats exposed to
cyantraniliprole in doses of 10 and 150 mg/kg/day, for 28 consecutive days, presented
liver toxicity, imbalance of the cholinergic system in the uterus, damage to the ovarian
histological architecture and uterine, abnormal production of progesterone and
changes in the duration of the estrous cycle (SCARTON, et al., 2022; data not
published), indicating that the molecule may indeed present a risk to human health.
Therefore, the objective of the study was to verify whether the oral administration of
cyantraniliprole to mothers during periods of pregnancy and lactation is capable of
causing changes in maternal behavior and in the reproductive system of pubertal and

adult female offspring.

MATERIALS AND METHODS

This research project was approved by the CEUA of the State University of
Londrina, according to OF. CIRC. CEUA n. 20/2020.

Experimental Design

Female (80 days old) and male (90 days old) Wistar rats were obtained from the
central vivarium of UEL and after acclimatization in the vivarium of the Laboratory of
Toxicology and Metabolic Disorders of Reproduction, mating began (1 male and 2
females per box) overnight. Pregnancy was confirmed the following morning, through
a vaginal smear, and those in which sperm were found and an indication of estrus
phase in the smear were considered pregnant.

On this day, called gestational day 0 (DGO), the females (n=10/group) were
allocated to individual cages and divided to form the following experimental groups: I)
Control (C); Il) Cyantraniniprole 1 mg/kg/day (C1); lll) Cyantraniniprole 10 mg/kg/day
(C10); and IV) Cyantraniliprole 150 mg/kg/day (C150). The pesticide was administered
via gavage, from the 5th day after pregnancy diagnosis (GD5), to ensure that the
pesticide did not harm embryo implantation, until lactational day 21 (DL21). The control
group received only water.

The doses of 10 and 150 mg/kg/day were chosen due to previous information
found in the product leaflet, which informs about previous studies by the manufacturer
that used these concentrations (Cyantraniliprole [Bula]). The dose of 1 mg/kg/day was
chosen after adapting the Acceptable Daily Intake (ADI) dose, reported by ANVISA, to
Wistar rats. It is assumed that animals are more resistant (WHO/IPCS, 2005), and for
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this study the dose of 1 mg/kg corresponds to 100 times the dose allowed for humans
(inter and intra species conversion) (COSTA et al., 2015) was chosen.

After birth, the litter was reduced to 8 pups, 4 males and 4 females, whenever
possible. Controlled conditions were maintained throughout (12h light/dark cycle;
temperature 22°C + 3°), standard diet and water ad libitum.

Assessment of maternal toxicity and maternal behavior

The animals were monitored daily for general well-being (tearing, piloerection,
tremors, abnormal breathing pattern or any abnormal event that could be observed),
and from GD 0 the mothers' weight and food consumption were monitored weekly until
the DL21.

General maternal behavior was observed from GD18 onwards. Disturbed
maternal behavior was analyzed using the adapted Kiss et al. (2012) methodology, at
DL5, peak maternal care (Aleixo et al., 2012). To do this, the mother was removed
from her box and the nest was dismantled. After 30 min, the mother was placed back
in the box and the mother-cub interaction was filmed for 30 min and evaluated. All
analyzes of this behavior were carried out using the Countee app (Krushka Design) on
an Android platform.. The following parameters were analyzed: latency to search for
the 1st pup, return the pup to the nest (contact number to search for the pup), time
spent on self-cleaning, time spent on cleaning the pup, time spent on building the nest,

time breastfeeding and time without interaction with the pups.

Analysis of offspring development:

The external physical characteristics of the pups were evaluated: the anogenital
distance (AGD) at birth and at the onset of puberty; the opening of the ear pinnae; the
eruption of incisor teeth; the appearance of fur; nipple retention; the onset of puberty;
and weight monitoring from birth to adulthood.

To determine the onset of puberty in female pups, the average day per litter was
determined on which complete vaginal opening and the onset of the first estrus
occurred (Marcondes et al., 2002), starting investigations from the PNDPND30.

Estrous cycle in adulthood

In adult females (PND80), the investigation of the regularity of the estrous cycle
was carried out through analyzes of vaginal washings (Marcondes et al., 2002). The
females were evaluated for fifteen consecutive days to comprise three estrous cycles.

37



From these data, the number of estrous cycles, the duration of each cycle (in days)
and the frequency of proestrus, estrus, metestrus and diestrus were calculated.

Material collection

From pubescent and adult females, the ovaries and uterus were collected. The
organs were removed and weighed on a precision scale. The uterus and ovaries were
stored at -80°C for later assessment of oxidative stress levels, or fixed in Alfac solution
(85% alcohol, 10% formaldehyde and 5% glacial acetic acid) for 24 hours for later
histopathological evaluation. For histopathological evaluation, the fixed organs were
embedded in paraffin, cut with a microtome at 5um thickness (three non-serial sections
per animal) and stained with hematoxylin and eosin.

At both ages, the right ovary was used to count corpora lutea, as well as to
classify and count follicles by section area. The classification was based on the
different stages of follicular development, the morphology of the follicles and the
number of layers of granulosa cells (BORGEEST et al., 2002; TALSNESS et al, 2005),
being divided into: primordial, primary, pre- antrals and antrals. The left ovary was
stored for oxidative stress methodologies.

Regarding the uterus of these animals, one of the uterine horns was used for
histopathological and morphometric evaluation (endometrium height, luminal and
glandular epithelium height and number of glands count) and the other was separated
for oxidative stress. In each histological section, ten different regions were analyzed,
giving a total of thirty measurements.

Oxidative profile analysis

Quantification of substances reactive to thiobarbituric acid

Levels of malondialdehyde (MDA), an intermediate product of lipid peroxidation,
were determined by the difference between absorbance at 535 and 572 nm. The
results were expressed as nmol of MDA per milligram of protein (Federici et al. 2007).

Superoxide Dismutase (SOD) Activity

Assessment of SOD activity was performed according to the method described
by Senthilkumar et al. (2021). The reaction consists of quantifying the complex formed
between superoxide anions by the addition of NBT and NH20OH- HCI with a yellow
color and the reduction of NBT, forming a blue color reading at 560 nm. Samples were
read every 15 seconds for 2 minutes.

Catalase Activity
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The enzymatic activity of CAT was determined by the degradation of hydrogen
peroxide into oxygen and water. After determining the protein concentration
(normalized to 1.0 mg/ml in PBS), 297 ul of reaction medium was placed in a UVvis
microplate and the reading was taken at 240nm for 15 seconds for 1 minute (AEBI,
1984).

Glutathione S-transferase (GST) Activity

Glutathione-S-transferase activity was evaluated by spectrophotometry with

CDNB (1-chloro-2,4-dinitrobenzene) according to Keen and collaborators (1976)
based on its conjugation with glutathione.

Assessment of reduced glutathione (GSH) concentration, GSSG and Oxidative

Stress Index

GSH concentration was determined according to the method proposed by
Rahman et al. (2007), with some modifications, using 5,5'-dithiobis 20-nitrobenzoic
acid in the homogenate, evidenced by the formation of the yellow color. GSH levels
were measured at 412 nm and results expressed as pmol/mg protein.

Concentration of antioxidants by the FRAP method

To evaluate the iron reducing power, the method of Benzi and Strain (1996) with
adaptations is used. For this, the FRAP solution was prepared by adding 25.0 mL of
0.3 M acetate buffer to 2.50 mL of 20.0 mM ferric chloride hexahydrate and 2.50 mL
of 10.0 mM TPTZ. For the test, already standardized samples were used (1 mg of
protein per mL of sample). In a microplate, 150 ul of FRAP reagent was added to 50
ul of sample. The reading was taken immediately after adding the reagent, at 595 nm.
The antioxidant potential of the tissues was determined based on a calibration curve,

plotted using Trolox at concentrations ranging between 0.0325 mM and 0.5 mM.

Statistical analysis:

The data obtained were subjected to the Shapiro-Wilk test to verify normality.
As all data were considered normal, they were analyzed using ANOVA and
subsequent Tukey test. A significance level of 5% was adopted and analyzes were

carried out using the GraphPad Prism® Software.

RESULTS

1. Acute toxicity
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The parent females of groups C, C1 and C10 did not show any signs of acute
toxicity during administration or the subsequent period. However, females in the C150
group presented piloerection and agitation after administration.

2. Maternal parameters

There was no significant change in maternal weight gain or food intake between
the groups analyzed. However, the C150 group showed changes inconsistent with
reproductive and developmental toxicity studies, as there were abortions (3/10), eating
of offspring (1/10), uterine extrusion after birth (1/10) and loss of all pups up to PND23
(3/10). Therefore, the C150 group was excluded and the other results only take into
account the control groups, C1 and C10.

3. Maternal behavior

The analysis of maternal behavior with disturbance showed that the mother had
a greater number of contact with the pups, less time spent self-cleaning and cleaning
the pups in groups C1 and C10, and in the C10 group the mothers also showed more

time breastfeeding and less time without breastfeeding interaction with the pups.

Table 2: Results of the assessment of maternal behavior with disturbance on

the 5th day.

Parameters evaluated Control C1 c10

Time to recovery of the first | 5.3 £ 0.7 7.1 +£0.836 9.6+2.10

pup(s)

Pups contact number 3.8 £ 0.4667 6+04216* 7.1+£0.7063 *
Self-cleaning(s) 199.7+12.21 |73.6+1532* 32.9+7.287*
Cleaning the pups(s) 356.3 +£42.57 |236.7+£11.94* |30.7+4.766*
Construction of the nest(s) | 96.9 £ 11.92 217.3 £ 51.29 254.2 + 68.18
Breastfeeding(s) 444.63 + 89.66 | 489.41 +37.22 | 1362.753 + 14.506*
No interaction with the | 797.3+28.13 |931.6+70.06 226.7 +27.02 *
offspring(s)
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Data expressed as Mean t standard deviation. *Significant values (p<0.05).
Time represented in seconds (s). Groups analyzed: control, exposed to cyantraniliprole

1 mg/kg/day (C1) and exposed to cyantraniliprole 10 mg/kg/day (C10).

4. Parameters of offspring development

Animals in group C1 showed a significant reduction in birth weight when
compared to the control group, while group C10 remained unchanged (Figure 2).
However, upon reaching pubertal and adult ages, the difference did not remain. There
were no significant changes between the AGDof offspring from different groups either
at birth or after the onset of puberty, and developmental milestones were observed on

the correct days in all groups, as well as the age at onset of puberty (Table 2) .

Table 2: Data obtained from observational analysis of offspring development

parameters.
Development parameters Control C1 C10
Ear opening PND2-3 PND2-3 PND2-3
Incisor tooth eruption PND7 - 8 PNDG6 — 8 PNDG6 - 8
Appearance of hair PND7 - 8 PND7 -8 PND7 - 8
Eye opening PND10 PND10 — 11 PND9 — 11
Nipple retention PND12 PND12 PND12
Onset of puberty PND35 - 38 PND35 — 38 PND35 - 38

Groups analyzed: control, exposed to cyantraniliprole 1 mg/kg/day (C1) and exposed

to cyantraniliprole 10 mg/kg/day (C10).
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Figure 2: Graph representing the weight of female offspring at birth on control,
C1 (exposed to 1 mg/kg/day of cyantraniliprole) and C10 (exposed to 10 mg/kg/day
cyantraniliprole) animals. * indicates significant difference (p < 0.05). Data presented

as Mean * Standard deviation, in g.

5. Histopathological analysis of the ovaries

There were no significant differences when comparing the quantities of
primordial, primary, pre-antral and antral ovarian follicles when comparing the three
experimental groups at both ages (data not shown).

The analysis of ovarian morphometry indicated that only pubescent animals in
group C1 showed significant changes, with a reduction in oocyte diameter (Figure 4).
While the follicular diameter did not show significant changes in any of the groups and

at any of the ages (Figure 5).
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Figure 5: Diameter of oocytes from A) pubescent females and B) adult females
from groups control, C1 (exposed to cyantraniliprole 1 mg/kg/day) and C10 (exposed
to cyantraniliprole 10 mg/kg/day). Data presented as mean + standard deviation.
*Significant data (p < 0.05).

6. Histopathological Analysis of the Uterus

The uterine gland count did not show any changes when comparing the control
groups, C1 and C10, in animals of both ages (Figure 6). There were also no significant
differences when comparing the measurement of the glandular epithelium between the

groups, at both ages (Figure 7).
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Figure 6: Number of uterine glands in A) pubescent females and in B) adult
females of control group, C1 (exposed to cyantraniliprole 1 mg/kg/day) and C10
(exposed to cyantraniliprole 10 mg/kg/day). Data presented as mean * standard

deviation.
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Figure 7: Height of the uterine gland epithelium in A) pubescent females and
B) adult females of control group, C1 (exposed to cyantraniliprole 1 mg/kg/day) and
C10 (exposed to cyantraniliprole 10 mg/kg/day). Data presented as mean * standard

deviation.

Uterine morphometry analysis indicated a thickening of the perimeter of animals
of both ages, in groups C1 and C10 when compared to the control (Figure 8). When
analyzing the myometrium, it was possible to observe thickening only in pubescent
animals from group C1 and in adult animals from group C10, when comparing the data
to the control (Figure 9). The endometrium showed thickening in pubescent animals in
groups C1 and C10 compared to the control, while adults showed no significant change
(Figure 10).
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Figure 8: Thickness of the uterine perimetrium, in um, in A) pubescent and B)
adult females of control group, C1 (exposed to cyantraniliprole 1 mg/kg/day) and C10
(exposed to cyantraniliprole 10 mg/kg/day). Data presented as mean + standard
deviation. *Significant data (p < 0.005).
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Figure 9: Thickness of the uterine myometrium, in um, in A) pubescent and B)

adult females of control group, C1 (exposed to cyantraniliprole 1 mg/kg/day) and C10

(exposed to cyantraniliprole 10 mg/kg/day). Data presented as mean * standard
deviation. *Significant data (p < 0.005).
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Figure 10: Thickness of the uterine endometrium, in ym, in A) pubescent and

B) adult females of control group, C1 (exposed to cyantraniliprole 1 mg/kg/day) and

C10 (exposed to cyantraniliprole 10 mg/kg/day). Data presented as mean + standard
deviation. *Significant data (p < 0.005).

Oxidative stress

The results of the biochemical analysis of oxidative stress levels in the ovary did

not demonstrate significant changes in pubescent and adult animals from either group

when compared to the control (data not shown).

The analysis of the uterus indicated a significant increase (p < 0.05) in catalase

and SOD activity in groups C1 and C10 when compared to the control (Figure 11) and

the maintenance (without significant difference) of TBARS levels, enzyme activity GSH
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and GST and tissue antioxidant activity (FRAP) in pubescent females (data not
shown). Adult females showed a significant increase in catalase, SOD and GSH
activity in groups C1 and C10, and in TBARS levels in group C10 when compared to

the control (Figure 12), with the remaining parameters maintained (data not shown).
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Figure 11: Graphs representing the activity of A) catalase and B) SOD in the
uterus of pubescent females of control group, C1 (exposed to cyantraniliprole 1
mg/kg/day) and C10 (exposed to cyantraniliprole 10 mg/kg/day). Data presented as

mean * standard deviation. *Significant data (p < 0.005).
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Figure 12: Graphs representing the activity of A) catalase, B) SOD, C) GSH
and D) TBARS levels in the uterus of adult females of control group, C1 (exposed to
cyantraniliprole 1 mg/kg/day) and C10 (exposed to cyantraniliprole 10 mg/kg/day).

Data presented as mean * standard deviation. *Significant data (p < 0.005).

DISCUSSION

The results obtained in this study indicate that the ingestion of cyantraniliprole
during periods of pregnancy and lactation impairs maternal behavior and the
development of the female offspring's reproductive system.

In reproductive and developmental toxicity studies, assessment of maternal
toxicity is essential and the main non-invasive methods of maternal toxicity indicators
are body weight gain and food intake (BACHI et al. 2013). In the present study, the
maintenance of these parameters indicates that cyantraniliprole did not cause acute
gestational toxicity, therefore making it feasible to evaluate both the mother and the
offspring. Contrary to these results, the group exposed to a dose of 150 mg/kg/day of
cyantraniliprole became unviable due to the reported results. It is important to highlight
that the choice of this dose was obtained through the pesticide's leaflet, which stated
that it was safe for toxicity tests on adult rats. Previous studies from our laboratory
using the same doses as this study in adult rats (SCARTON et al., 2022) and showed
experimental feasibility.

In the present study, the behaviors of carrying the pup around the box and the
change in nest location indicate a more reckless behavior in mothers exposed to
cyantraniliprole. The search behavior of pups for their mother is a parameter that
consists of a repetitive, dopamine-dependent motor sequence (SJOEHOLM et al.,
2011). According to Erickson and colleagues (1992), dopamine release is calcium
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dependent. Dopamine vesicles are anchored close to the membrane of the pre-
synaptic neuron and through membrane depolarization, voltage-sensitive Ca2+
channels open, leading to the influx of the mineral and consequently the release of
neurotransmitters (Binda et a., 2005). The presence of RyR3-type ryanodine receptors
in brain tissue, as well as in other organs in smaller quantities (FILL; COPELLO, 2002;
BALSHAW; YAMAGUCHI; MEISSNER, 2002), and the possible alteration in their
functioning due to exposure to cyantraniliprole may explain the behavioral
abnormalities found in the present study. Therefore, daily oral intake of cyantraniliprole
may be responsible for altering dopaminergic release, thus altering the maternal
impulse to retrieve the pups and take them to the nest.

Breastfeeding can be considered primarily as a reflex or an automatic maternal
response to the stimulation caused by the proximity of the offspring (NUMAN, 2004;
NUMAN; STOLZENBERG, 2009). The aforementioned changes, which cause greater
proximity between the mother and her offspring, may be responsible for the longer
breastfeeding time found in the C10 group. All these facts together explain why the
mothers in this group recorded less time outside the nest and without contact with the
pup, since there may have been an overstimulation of the central nervous system,
causing the mother to get closer to the pup.

Regarding changes in female offspring, it was possible to identify that oral
exposure to cyantraniliprole during the gestational and lactational periods causes
morphometric changes in the uterine layers of pubertal and adult offspring, as well as
an imbalance in biochemical parameters related to oxidative stress, at both ages.

Unlike the uterus, whose composition and function make it highly dependent on
calcium for its functioning, the ovary is mostly composed of connective tissue, being
less influenced by changes in the functioning of calcium channels (SANTOS, 2009),
which may explain the no morphometric changes in this organ after exposure to
cyantraniliprole. Analysis of biomarkers of oxidative stress in the ovary also did not
show any changes. These results prove that exposure to the toxicant during pregnancy
and lactation does not alter ovarian development and maturation. As hormonal
production is influenced by the ovary (RESENDE et al., 2010), the absence of changes
in this organ corroborates the maintenance of the normal estrous cycle.

It is known that endocrine disruptors, such as pesticides, cause changes in the
female reproductive system, functionally or morphologically, due to their hormonal
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effect (GORE et al., 2015). Regarding the morphometric parameters of the uterus, it
was observed that the lowest dose of cyantraniliprole somehow programmed the
perimetrium to become thicker in pubertal age, as well as in adulthood. The same was
observed at the higher dose, showing a maintenance of the toxic effect in the long
term. Therefore, even though the stimulus was stopped on DL21, the repercussions
extend into adulthood. In the myometrium, the lowest dose of cyantraniliprole caused
an acceleration of the development of this layer in pubertal age, which is no longer
noticeable in adulthood. Therefore, its development was probably delayed/blocked at
this stage, remaining the same as the control group in adulthood. However, at the
highest dose, there is normal development of the myometrium at pubertal age.
However, this group also appears to have a delay/block in its development, as itis less
thick compared to the control group. In relation to the endometrium, there is a similarity
in the effect of both doses on this layer, since there is an acceleration in the
development of this layer, which is lost in adulthood.

On the contrary, a previous study by our research group did not show
morphometric changes in the uterus of adult rats exposed to doses of 10 and 150
mg/kg/day of cyantraniliprole (SCARTON et al., 2022). This indicates a greater
susceptibility to exposure to cyantraniliprole during pregnancy and lactation on the
morphology of the developing uterus, in relation to exposure to adult organs, indicating
that exposure to cyantraniliprole influenced the development process of these layers,
probably through metabolic programming. As the development of the reproductive
system in mammals begins in the first days of pregnancy and continues until puberty,
this prolonged period of development, growth and differentiation promotes a wide
window of susceptibility to the action of endocrine disruptors (HO et al., 2017).

Oxidants are constantly produced in our body through normal metabolic
processes, like cyclooxygenation, lipooxygenation, lipid peroxidation (Nimse and Pal,
2015), which are neutralized through the body's antioxidant strategies, such as the
glutathione system and the enzymes SOD and catalase (Circu and AW, 2010). The
increase in levels of such enzymes may be related to the increased production of
oxidants by the body, however, it does not indicate that any cellular damage is being
caused (Persson et al., 2014). However, high levels of TBARS indicate plasma
membrane damage (Lykkesfeldt and Svendsen, 2007). This increase associated with
the increase in antioxidant systems indicates an injury caused by oxidative stress
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(Lykkesfeldt and Svendsen, 2007).The biochemical parameters of oxidative stress in
the uterus of females of pubertal age indicate only an attempt by the organ to prevent
the formation of a state of oxidative stress, evidenced by the increase in the enzymatic
activity of catalase and SOD. Although exposure to cyantraniliprole ceased after the
lactation period, the increase in antioxidant systems was maintained until adulthood,
evidenced by the sustained increase in the activity of catalase, SOD, GSH enzymes.
However, unlike pubescent females, it is inferred that the body's antioxidant system
was unable to continue maintaining the redox balance, causing damage to the cell
membrane, demonstrated by the increase in TBARS levels. The condition of oxidative
stress is harmful to the body and can cause several health and fertility problems
(AGARWAL et al., 2003).

To date, there are no published articles investigating the action of
cyantraniliprole in the uterus of the offspring of rats whose mothers were exposed to
cyantraniliprole or similar toxicants. However, previous studies from our laboratory
have already indicated that cyantraniliprole is also capable of inducing changes in the
levels of oxidative stress in the uterus of adult rats that were exposed to the toxin for
28 consecutive days, causing imbalance in the cholinergic system in the uterus,
damaging the histological architecture ovarian and uterine, abnormal production of
progesterone, in addition to inducing changes in the duration of the estrous cycle.
(SCARTON et al., 2022). The combination of results from both studies highlights the
influence of cyantraniliprole on uterine tissue, mainly causing changes in oxidative

levels.

Conclusion

It is concluded that oral exposure to cyantraniliprole during periods of pregnancy
and lactation causes significant changes in maternal behavior and that a concentration
of 150 mg/kg/day is unfeasible for this experimental design. Furthermore, exposure
also causes histological changes and increased levels of oxidative stress in the uterus
of female offspring, which is an organ-dependent action, since the ovary has not

suffered its effects.
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ARTIGO 2:

INTRAUTERINE AND LACTATIONAL EXPOSURE TO CYANTRANILIPROLE
CAUSES CHANGES IN THE SPERM AND IN THE HISTOLOGY OF THE TESTICLE
AND EPIDIDYMIS OF WISTAR RATS

SUMMARY

Cyantraniliprole ir a pesticide that acts by binding the molecule to ryanodine
receptors, causing its activation and consequently a rapid and massive release of
calcium ions. Although it is considered a safe molecule, it is also a new molecule on
the market and studies in the literature on possible effects on mammals are scarce,
with no concrete data on long-term effects on human health. Therefore, the work seeks
to evaluate the impacts of oral administration of cyantraniliprole during periods of
pregnancy and lactation on maternal behavior and the reproductive system of female
offspring. This work was approved by CEUA-UEL (OF. CIRC. CEUA n. 20/2020).
Wistar rats were placed for mating and after pregnancy diagnosis were divided into
control groups, C1 and C10 (n = 10), which received water and cyantraniliprole at
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concentrations of 1 mg/kg/day and 10 mg/kg/day, respectively. The weight of the
animals was monitored from birth to adulthood, histopathological analyzes of the
testicles and epididymis were carried out and sperm parameters were evaluated. The
offspring of group C1 had low birth weight and higher weight when reaching puberty
and adulthood, when compared to the control group.No significant differences were
found in sperm motility, count and epididymal transit, or kinetics in any of the groups.
The C10 group showed a significant reduction in the number of normal sperm when
compared to the control. Group C1 had a lower quantity of sperm classified as DABI
and a greater quantity of sperm classified as DABII. The number of spermatids and
spermatozoa in the testicles of pubescent and adult C1 group animals was reduced
when compared to the control, while the C10 group showed no significant difference,
as did PDE. Adult animals in the C10 group had a greater number of Sertoli cells and
a lower number of Leydig cells.Pubescent animals in groups C1 and C10 showed a
significant reduction in the number of Leydig cells. Pubescent animals in both groups
showed an increase in the height and diameter of the seminiferous tubules, while adult
animals in group C1 only showed an increase in diameter and animals in group C10
increased height. Pubertal and adult C10 group animals showed a decrease in the
epithelial compartment of the epididymis and an increase in the interstitium and lumen
compartments, both in the head and tail of the organ. Therefore, it is possible to
conclude that uterine and lactational exposure to cyantraniliprole causes
histopathological changes in the testis and epididymis of adult and pubescent rats, and
also a metabolic program capable of causing weight gain after puberty and until
adulthood.

Key words:pesticides; male reproductive system; sperm.

INTRODUCTION

Brazil is the third country with the highest use of pesticides in the world in
absolute numbers (HESS; NODARI, 2022) dumping more than one million tons of
pesticides on crops per year, representing an average of five kilos for each inhabitant
(INCA, 2021). Among the various side effects due to chronic exposure to these

substances, infertility, sexual impotence, miscarriages and malformations,
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neurotoxicity, hormonal changes, increased risk of cancer and effects on the immune
system stand out (INCA, 2021).

Cyantraniliprole is a pesticide belonging to the class of anthranilic diamides,
which acts through contact and ingestion (BL BENEVIA®). Its mechanism of action is
dependent on the molecule binding to ryanodine receptors, causing its activation and
consequently a rapid and massive release of calcium ions, resulting in lethargy,

paralysis and subsequent death of the target organism (QlI, et al., 2014) .

According to the product leaflet registered with MAPA, cyantraniliprole does not
have significant acute toxicity in mammals through oral, dermal and inhalation
exposure routes and is not a dermal or ocular irritant. Furthermore, the specific
mechanisms of toxicity of this substance in humans or other mammalian species are
not known, no reports of adverse health effects have been reported and no specific
symptoms of its toxicity to humans are known (BL BENEVIA®). However, as itis a new
molecule on the market, studies in the literature on possible effects on mammals are
scarce, with no concrete data on long-term effects on human health. Therefore, the
objective of the study was to verify whether the oral administration of cyantraniliprole
to mothers during periods of pregnancy and lactation is capable of causing changes in

the histology of the testicle and epididymis of pubertal and adult offspring.

MATERIALS AND METHODS

This research project was approved by the CEUA of the State University of Londrina,
according to OF. CIRC. CEUA n. 20/2020.

Experimental Design:

Female (80 days old) and male (90 days old) Wistar rats were obtained from the
central vivarium of UEL and after acclimatization in the vivarium of the Laboratory of
Toxicology and Metabolic Disorders of Reproduction, they were placed for mating (1
male and 2 females per cash, overnight).

The following morning, pregnancy was confirmed through a vaginal smear, and
those in which sperm were found and an indication of estrus phase in the smear were

considered pregnant. On this day, called gestational day 0 (GDO), the females
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(n=10/group) were allocated to individual cages and randomly divided to compose the
following experimental groups: |) Control (C, n = 10); Il) Cyantraniniprole 1 mg/kg/day
(C10, n =10); and Ill) Cyantraniniprole 10 mg/kg/day (C10, n = 10). The pesticide was
administered via gavage, from the 5th day after pregnancy diagnosis (GD5), to ensure
that the pesticide did not harm embryo implantation, until lactational day 21 (DL21).

The control group received only water.

The doses of 10 and 150 mg/kg/day were chosen due to previous information
found in the product leaflet, which informs about previous studies that were carried out
using these concentrations. The dose of 1 mg/kg/day was chosen after adapting the
Acceptable Daily Intake (ADI) dose, reported by ANVISA, to Wistar rats.

Controlled conditions were maintained throughout (12h light/dark cycle;
temperature 22°C + 3°), standard diet and water ad libitum. The weight of the animals

was monitored from birth until they reached adulthood.
COLLECTION OF BIOLOGICAL MATERIAL

Material collection was carried out at DPN 55 for pubescent animals and at DPN
80 for adult animals. On the day of euthanasia, the rats were anesthetized with the
association ofxylazine and ketamine and subjected to euthanasia. The testicles and
right epididymis were removed, weighed on a precision analytical balance and frozen
at —20°C for later determination of the number of mature spermatids. The right vas
deferens was weighed and spermatozoa were obtained from it to evaluate sperm
morphology. Spermatozoa from the left vas deferens were used to evaluate motility
and mitochondrial activity. The testicles and epididymis were used for histopathological

and morphometric analyzes (n=5).

SPERM COUNTS, CALCULATION OF DAILY SPERM PRODUCTION AND SPERM
TRANSIT TIME THROUGH THE EPIDIDYMIS

After weighing, the animals' right testis and epididymis were used for sperm
counts. Spermatids resistant to the testicular homogenization process (stage 19 of
spermatogenesis) and spermatozoa present in the head-body and tail of the
epididymis were counted as described by Robb et al. (1978), with adaptations adopted

by Fernandes et al. (2007). The decapsulated and previously weighed testes were
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homogenized in 5SmL of 0.9% NaCL containing 0.5% Triton X 100, followed by
sonication for 30 seconds. After a 10-fold dilution, a sample was transferred to the
Neubauer chamber (4 fields per animal), and mature spermatids were counted. To
calculate daily sperm production (PDE), the number of mature spermatids was divided
by 6.1, which is the number of days this type of spermatids remain in the seminiferous
epithelium. The head-body and tail portions of the epididymis were cut into small
fragments with the aid of scissors and homogenized for sperm counting, as described
for the testis. The sperm transit time through the epididymis was determined by dividing

the number of sperm in each region of the organ by the PDE.

SPERM MOTILITY AND MORPHOLOGY

Sperm motility was evaluated according to Perobelli et al. (2010), in sperm
collected from the right vas deferens. With the aid of a needle and syringe,
spermatozoa were removed from the vas deferens through washing with 1.0 ml of HTF
medium modified with gentamicin (Human Tubal Fluid, IrvineScientific®) at 34°C, and

were classified in a Mackler, regarding his mobile and immobile motility.

To evaluate sperm morphology, the left vas deferens was collected and washed
internally with 1.0 mL of buffered formaldehyde solution. The samples were kept at 4°C
until analysis, where smears were made on histological slides. 200 spermatozoa per
animal were evaluated under a phase contrast microscope at 400X magnification
(SEED et al., 1996). Morphological abnormalities were classified into two categories:
head abnormalities (no curvature, no characteristic curvature, straight head and
isolated head) and tail abnormalities (curled or broken) (FILLER, 1993).

ANALYSIS OF MITOCHONDRIAL ACTIVITY OF SPERMATOZOA

To evaluate the mitochondrial activity of spermatozoa, a method was used based on
the selective incorporation of the DAB dye by the active mitochondria present in the
intermediate part of the spermatozoa (HRUDKA, 1987). Sperm were collected from
the vas deferens in PBS. An aliquot of 100 pL of the spermatozoa was added to 200

pL of the DAB (3,3' Diaminobenzidine tetrahydrochloride) dye solution. After incubating
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this solution for one hour at 37°C, a smear was prepared and fixed in PBS with

formaldehyde (10%). 200 cells were counted and classified into:
- DAB class I: 100% of the intermediate piece stained;

- DAB class Il: more than 50% of the intermediate piece stained;
- DAB class lll: less than 50% of the intermediate piece stained;
- DAB class IV: absence of color in the intermediate piece.

The result was expressed as a percentage.

HISTOPATHOLOGICAL ANALYSIS OF THE TESTICLES

The histopathological evaluation was carried out using cross-sections of the organ (3
non-consecutive sections per animal), with the aid of a light microscope
(magnifications of 100, 200 and 400X). The images for photodocumentation were

captured on a microcomputer.

Histopathological inspection was carried out quantitatively, analyzing 100 sections of
seminiferous tubules per animal and classifying them as normal or abnormal. The
tubules were considered abnormal in the presence of acidophilic cells, multinucleated
cells, retained spermatids, degeneration of cell types, vacuolation of the epithelium or
exfoliation of cells in the lumen. The appearance of the tubular interstitium was also

evaluated, but in a qualitative way.

DIAMETER OF THE SEMINIFEROUS TUBULES AND HEIGHT OF THE
GERMINATIVE EPITHELIUM

To evaluate the diameter of the seminiferous tubules and the thickness of the
germinal epitheliumten sections of seminiferous tubules were evaluated per animal in
stage IX of spermatogenesis. For this purpose, a microscope was used, magnification

of 100X using an image analyzer.
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EVALUATION OF THE SPERMATOGENETIC PROCESS (DYNAMICS OF
SPERMATOGENESIS)

100 transverse sections of seminiferous tubules per animal were analyzed,
which will present the most regular and circular shape possible, in stages I-VI, VII-VIII,

IX-XIIl and X1V, being characterized as follows:

Stages I-VI: presents two generations ofspermatids;

Stages VII-VIII: presentsmature spermatids located at the edge of the lumen;

Stages IX-XIII: presents only one generation ofspermatids;

Stage XIV: presentssecondary spermatocyte.

COUNTING THE NUMBER OF SERTOLI CELLS AND LEYDIG CELLS

Under light microscopy (X40), the nuclei of the cells were counted.Sertoli in 20
seminiferous tubules per rat (n = 10 animals/group) at stage VII of spermatogenesis
(FAVARETO et al, 2011). To count the number of Leydig cells, the nuclei of these cells

were counted in 10 fields per photo (X40), per rat (n = 10 animals/group).

HISTOPATHOLOGICAL AND STEREOLOGICAL ANALYSIS OF EPIDIDYMS

This reviewwas performed using transverse sections of the organ (3 non-
consecutive sections per animal), with the aid of a microscope (magnifications of 100
and 400X). The images for photo documentation were captured by a microscope
coupled to a digital camera and a microcomputer. In the histopathological analysis, the
appearance of the epithelium and interstitium of the epididymis was analyzed
qualitatively. The stereological analysis was carried out according to Weibel's method
(1963), in which a test system of lines and points is used in a graticulate with 168 points
and 60 lines. Thus, the proportion of the section occupied by the lumen, epithelium and

interstitium was obtained.

STATISTICAL ANALYSIS OF RESULTS
The data were subjected to the Shapiro-Wilk test to verify normality. As all data

were classified as normal, they were compared using the ANOVA test, with Tukey's a
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posteriori test. A significance level of 5% was adopted. All analyzes were performed

using GraphPad Prism® software.

RESULTS
Body weight tracking

Animals in group C1 had lower birth weight when compared to the control group,
while group C10 showed no significant difference (Figure 1a). When analyzed at
puberty (Figure 1b) and in adulthood (Figure 1c), animals in group C1 showed a
significant increase in weight when compared to the control group, while group C10
continued without showing a significant difference. The organs analyzed did not show

a significant difference in weight at any dose and at any age (data not shown).
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Figure 1:Graph representing the average weight of male offspring a) at birth; b) at

puberty; and c) adults. Data presented as mean £ SEM. Unpaired t test. p<0.05*

Sperm Parameters

The analyzes of sperm parameters were carried out only on adult animals, as
at the time of euthanasia of the pubescent animals they did not yet show sperm
production. No significant differences were found in the number of motile sperm when
comparing groups C1 and C10 to the control (Figure 2a). The C10 group showed a
significant reduction in the number of normal sperm when compared to the control
(Figure 2b), with head abnormalities being found in greater quantities (data not shown).
Group C1 had a lower quantity of sperm classified as DABI (Figure 2c¢) and a greater

quantity of sperm classified as DABII (Figure 2d).

The number of spermatids and spermatozoa in the testicles of pubescent and
adult C1 group animals was reduced when compared to the control, while the C10
group showed no significant difference, as did PDE. None of the groups showed a

significant difference in either the head or tail of the epididymis (Table 1).
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Figure 2:Graphs of sperm parameter analysis results. A) Analysis of sperm motility;

B) Analysis of sperm morphology; C) Analysis of mitochondrial activity — DABI; and D)
Analysis of mitochondrial activity — DABII. Data presented as mean + SEM. Unpaired

t test. p<0.05*

Table 1:Sperm parameters in testis and epididymis.

Parameters Control C1 C10
Tests

Spermatids number (x106) 131.6 +£2.95 98.9 + 12.59* 124.0 + 2.54
DSP (x106) 21.6 £ 0.302 16.21 + 0.696* 20.33 £ 0.279
Epididymal caput/corpus

Spermatids number (x106)  106.8 + 28.36 90.8 + 8.76 99.7 £ 6.57
Spermatic transit (x106) 4.94 + 1.326 5.61+£0.439 4.91+0.978
epididymal tail

Spermatids number (x106) 85.1 £ 18.32 68.4 £ 12.77 78.7 £15.21
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Spermatic transit (x106)

4.1+0.924

4.22 + 0.847

3.87 £0.748

Data presented as mean + SEM. Unpaired t test. p<0.05*

Kinetics of spermatogenesis

The analysis of spermatogenesis kinetics did not show changes in any of the

groups in pubescent animals (Table 2) or in adult animals (Table 3).

Table 2.Kinetics of spermatogenesis in 60-day-old animals

Stages

| SAW
VIl - Vil
IX = XIlI
XV

Data presented as mean + SEM.

Control
40.8 £ 2.95
41.8 + 3,564
14.6 + 3,209
2.8 £ 1,304

C1
39.0 £ 2,345

41.8 + 0.8367

16.0 + 2,449
3.0+ 0.7071

C10

42.6 +2,074
39.4 + 3,286
13.8 + 3,962
2.0+0.7071

Table 3.Kinetics of spermatogenesis in 90-day-old animals.

Stages

| SAW
Vil - Vil
IX = XIII
XV

Data presented as mean + SEM.

HISTOLOGICAL ANALYSIS OF THE TESTICLES

Control
43.8 £ 3,114
39.0+1,732
16.0+1.0
2.4 +1,140

C1

43.4 + 1,817
41.0 +1.871
13.0 + 1,581
2.6 +0.5477

Cc10

42.8 + 1,304
40.6 £ 2,793
14.8 + 2,588
1.8 £0.4472

p-value
0.1132
0.3377
0.5160
0.2508

p-value
0.7764
0.3560
0.0697
0.2010
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Sertoli and Leydig cell count

Pubertal animals from groups C1 and C10 showed a significant reduction in the
number of Leydig cells when compared to the control (Figure 3a). No significant
change in the number of Sertoli cells was found in either group in animals of the same

age (Figure 3b).
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Figure 3:Graphical representation of the number of a) Sertoli and b) Leydig cells in

pubescent animals.Data presented as mean + SEM. Unpaired t test. p<0.05*.

In adult animals, changes were found only in the C10 group, which presented a

greater number of Sertoli cells and a lower number of Leydig cells (Figure 4).
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Figure 4:Graphical representation of the number of a) Sertoli and b) Leydig cells in

adult animals.Data presented as mean £ SEM. Unpaired t test. p<0.05*.

Diameter of the seminiferous tubules and height of the germinal epithelium
At puberty, animals in groups C1 and C10 showed a significant increase in the
diameter of the germinal epithelium when compared to the control (Figure 5a), as well

as an increase in its thickness (Figure 5b).
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Figure 5:Graphical representation of a) diameter (um) and b) thickness (um) of the
germinal epithelium in pubescent animals.Data presented as mean + SEM. Unpaired
t test. p<0.05*.

Animals in group C1 continued to show an increase in the diameter of the
germinal epithelium as adults, while group C10 showed no difference when compared
to the control (Figure 6a). As for the thickness of the epithelium, the animals in group
C1 showed no significant difference while the animals in group C10 showed an
increase in thickness when compared to the control (Figure 6b)
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Figure 6:Graphical representation of a) diameter (um) and b) thickness (um) of the
germinal epithelium in adult animals.Data presented as mean + SEM. Unpaired t test.
p<0.05*.

Histopathology

Pubescent animals from all groups were subjected to histopathology analysis,
but only the C10 group showed changes, with an increase in cells in the lumen and
vacuoles found. The adult animals in the C10 group maintained the changes found and
the animals in the C1 group also showed changes, with cells being found in the lumen

in greater quantities.

HISTOLOGICAL ANALYSIS OF THE EPIDIDYMIS

Stereological analysis of the epididymis showed a structural change in the
organ, altering the lumen-epithelium-interstitium ratio in pubescent and adult C10
group animals. There was a decrease in the epithelial compartment of the organ and
an increase in the interstitium and lumen compartments, both in the head and tail of

the organ.

DISCUSSION
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The results obtained in this study indicate that exposure to cyantraniliprole
during periods of pregnancy and lactation caused histopathological changes in the
epididymis and testis of pubescent and adult Wistar rats and in the weight of animals
at birth, puberty and adults.

While the weight of the animals at birth was reduced, when they reached puberty
and adulthood they suffered the opposite effect. It is already known that birth weight is
the result of fetal growth. This process is complex and depends on interactions
between the fetal genome, availability of nutrients and oxygen to the fetus, maternal
nutrition and various growth factors of fetal, maternal and placental origins
(McDONALD et al., 2010). Exposure to cyantraniliprole significantly impaired the
animals' intrauterine weight gain, generating animals with low birth weight. The
programming of several biological systems, including the endocrine and cardiovascular
systems, occurs during fetal development and can be affected by intrauterine growth
retardation. This indicates that events triggered in the prenatal period, which presents
greater sensitivity and development of the fetus in relation to the environment, can later
affect phenotypic variability, including weight (CLARIS; BELTRAND; LEVYMARCHAL,
2010). Therefore, it is possible to say that uterine and lactational exposure to
cyantraniliprole was able to program the animals' bodies in such a way that overweight

was observed upon reaching puberty, which was maintained until adulthood.

Sperm maturation is the process that encompasses the transit of sperm through
the epididymis, the interactions of the cell with the components of the epididymal fluid
that promote morphological and biochemical changes that result in the acquisition of
their ability to fertilize the egg (COOPER; YEUNG, 2003) . This process occurs as
immature cells migrate from the head towards the tail of the epididymis, through tissue
contractions (GRANEMANN, 2006). While sperm motility was maintained despite the
changes found in the epidymal compartments of the C10 group, sperm morphology
was altered, indicating that such changes only prevented the correct morphological
maturation of the gamete. Data that can be corroborated by the findings in group C1,
which did not present any significant structural changes in the epididymis and no
indication of changes in the maturation process. As the findings in the structure of the
epididymis were the same in pubescent and adult animals, it can be said that exposure
to cyantraniliprole caused permanent changes in the organ in the animals in the C10

group.
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Exposure to the toxicant also caused less proliferation of Leydig cells. The
proliferation of Leydig cells occurs in three stages, corresponding to the fetal, neonatal
and pubertal periods (NISTAL et al., 1986). In childhood, there is a major degeneration
of Leydig cells normal to development (NISTAL et al., 1996), however, during the
pubertal period the spermatogenesis phase begins, which coincides with the increase
in LH concentrations, leading to proliferation of Leydig cells, inducing fibroblast-like
precursor cells to differentiate into mature Leydig cells (WU et al., 2007). Exposure to
cyantraniliprole impaired the Leydig cell proliferation process during the pubertal
period, causing a reduced quantity of such cells in pubescent animals in both groups,
which became permanent in the C10 group, but was reversed in adult animals in the

C1 group.

Sertoli cells in mammals actively proliferate during the fetal period (McCoard et
al., 2003). For rodents, it is established that the proliferation of SCs lasts for 2 to 3
weeks, gradually reducing until the beginning of the proliferation of primary
spermatocytes. Thus, by postnatal day 21 in rats, these divisions no longer occur (Picut
et al., 2015). The maintenance of the number of Sertoli cells in pubescent animals
indicates that cyantraniliprole did not alter the proliferation of such cells in the fetal
period. The increase observed in animals in the C10 group shows an abnormal
stimulus to post-puberty proliferation. This was not the first study to show proliferation
of Sertoli cells after puberty. Figueiredo et al., 2019 demonstrated such an increase in
the same species after exposure to the drug g 6-n-propyl-2-thiouracil (PTU), used to
treat hyperterthyroidism. This important finding contributes, together with the work
already mentioned, to explain that continuous, although slow, tubular growth is
possible, without altering the efficiency of Sertoli cells. This increase may also have
been responsible for compensating changes in spermatogenesis, thus being
responsible for the regularization of parameters, which was not found in group C1
where the same change was not observed.

CONCLUSION

It is possible to conclude that intrauterine and lactational exposure to
cyantraniliprole at doses of 1 mg/kg/day and 10 mg/kg/day causes significant
histological changes in the reproductive organs of Wistar rats. Furthermore, such
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exposure also causes metabolic programming capable of generating overweight from

puberty to adulthood.
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CONCLUSAO

E possivel concluir com os dados obtidos que a exposicdo ao cyantraniliprole
durante os periodos de prenhez e lactagao € nociva ao organismo de ratos Wistar de
diferentes formas. A substancia é capaz de alterar o comportamento materno da
geracgao parental, podendo prejudicar o desenvolvimento do filhote. A exposi¢cdo em
periodos criticos do desenvolvimento, como o fetal, também prejudica a correta
formacgao, e possivelmente o funcionamento, de 6rgéaos reprodutores tanto da prole
masculina, quanto da prole feminina. Além disso, foi possivel concluir também que
altas doses do toxico, aqui representadas pela concentracdo de 150 mg/kg/dia, néo
podem ser utilizadas para estudos gestacionais, sendo imcompativeis com o

delineamento proposto.
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CONSIDERAGOES FINAIS

O cyantraniliprole somente comecgou a ser utilizado mais amplamente no Brasil
e no mundo a partir de 2014, sendo portanto uma substancia nova. Por esse motivo,
ha uma grande escassez de estudos sobre o seu funcionamento e sobre os seus
possiveis maleficios tanto a saude humana e animal, quanto ao meio ambiente. Dessa
forma, ndo se sabe ainda se exposi¢cdo a substancia pode causar prejuizos mais

graves a longo prazo.

O presente estudo foi um dos pioneiros ao investigar os possiveis efeitos
téxicos do ciantraniliprole em mamiferos, e os resultados encontrados ressaltam o
perigo da exposi¢cdo e também a necessidade de mais estudos para explicar os
maleficios gerados e saber se realmente é ums substancia segura, como é

classificada atualmente.
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ANEXO | — Aprovagido do Comité de Etica - UEL

Uxiversidade
Esradual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS

OF. CIRC. CEUA N° M2020
Londrina 05 de marge de 2020,

FPrezadno (a) professor (a)

Centificamos a aprovagdo do projeto intituledo "Estedo dos efeitos toxicos do inseticida
cianlraniliprole sobre o sistema reprodutor, hepdtico e renal da prole masculing ¢ feminina de ratas
expostas durante gravidez e lactagio" protocele CEUA 6 21037201993 sob a responsabilidade de Glawra
Scantamburie Alves Fernandes que envolve a producho, manuengdio e'on ufilizazlo de animais pertencentes
a0 file Chordata, sublile Vertebrata (exceto o homem) para fins de pesquisa cientifica {ou ensing), encontra-se de
acordo comm 08 preceitos da Lei n® 11.794, de B de outubro de 2008, do Decreto n® 6,899, de 15 de jullo de 2009,
e com a5 normas editadas pelo Conselho Nacienal de Controle da Experimentagho Animal (COMCEA}, e foi
aprovado pela Comissio de Etica no Uso de Animais da Universidade Estadoal de Londring (CEUAUEL) em
03032020,

Este projeto tem por objetive investigar os possiveis efeitos toxicos da exposicho matema a0
ciantraniliprole sobre o desenvolvimenio intrautering e laciacional da prole masculina e feminina de rates Wistar.
Gran de invasividade: 2,

Finalidade A _)Ensino__ {x) Pesquisa cientlfica
Vigneia da autorizaglo D020 8 5032023
Espécie! linharem! roga Rato heteropénice Wistar
M* de animais 178, sendo:

15 machas de 90 dias

33 fémeas de B0 dias

Prole estimada; 165 machos e 165 femeas
Pasod [dade Machos: 90 dias; Fémeas: B0 dias; Prole
Saxo hiachos e Fémeas

| Origemn Bietério do Central do CCB da UEL

Amostras & serem coletadas | Sanpue, testiculos, epididimos, ovérios, Gtera, glindula seminal, prostasa, dieeto
deferente, fzade, rins, testivulos fetais, ovirio fefais, R

Cumpre origntar que caso prétendam-se guaisquer alterasdies o protogele experimental aprovido,
deve-se submeter o nove protocols & apreciacho da CEUAMUEL antecioriniente & execugio das modificag des,

Em cumprimento #s exlgéncias do CONCEA, em até 30 dins da finalizacio do projeto de
pesquiss oo extensdo, eonforme viplnela expressa neste offc, eica iibahar relatdeio da desericio de wso de
animais para ceuai@uelbr, conforme modele  disponivel ne  site da  CEUAYUEL
{http:iwerw.uel.bricomites/cena’pages/relatorio-de-praoj etos. php).

Cologo-me & disposicio para quaisquer esclirecimenlos que s fizerem necesaitios. Sem mais para
o momento, subscrevo-me, cordialmante,

Prof* Dy* Maria Femanda Rodrigues Ciraciano
Coordenadora da CEUATUEL

Freyrivet Maria Fermasnda
_ kndrigues Grackang
Coardengging de Comicedp de
Eries o Dl de Anicuie
Iinivirsidade Eugdeal dv | endrisg
PR e S A0 17T Resy

Hmaa) Seda)

Prof. (a) Dr (a).Glaura Scantamburle Alvas Fernandes
Responzdvel pelo projeto - =
C/C para Depto. de Biologia Geral " ]
C/C para a Diregdo do Centrp de Cléncias Bioldgicas
C/C para o Biotério do Central da UEL

e e i
sampan Uekspraiehie: Rads s ke Do Ood PR AT e B - Fome (D 25T1 900 PARY - Fis K36-H40 - Cass Poaal 10010 - CEF BRES-T0 - [nnred Sl ws. sl be
LOMDETN . FaHANA C REASIL
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