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RESUMO

Os xenobidticos sdo compostos quimicos estranhos aos organismos encontrados
de forma ndo natural. Os pesticidas sdo exemplos de xenobidticos, e tém sua
utilizacdo na agricultura para o controle de pragas e de vetores de doencas. Estes
compostos formam um grupo de substancias quimicas muito diverso, o que faz
com que possam ter diferentes modos de acédo, inclusive como disruptores
enddcrinos. O procloraz € um composto amplamente estudado com efeitos sobre
organismos nado alvo de forma ndo especifica, podendo afetar a reproducéo, o
desenvolvimento e a taxa de sobrevivéncia. O piriproxifem, por sua vez,
apresenta poucos estudos, mas j& tem demonstrado um amplo espectro de
efeitos, mesmo a doses reduzidas. Tem levado ao aumento da mortalidade,
malformacgbes, além de interagir com outros compostos. Dessa forma existe a
preocupacgao de que estes compostos cheguem até os corpos d’agua afetando
organismos como 0S anamniotas, que tem seu ciclo de vida associado a estes
locais. O objetivo deste trabalho foi avaliar os efeitos do procloraz e piriproxifem,
de forma isolada e combinada, sobre o desenvolvimento larval de Megaleporinus
macrocephalus, uma espécie gonocadrica, com sistema de cromossomos sexuais
ZZ[/Z\W. Foram observados dentre os individuos do grupo procloraz, machos com
presenca de foliculos ovarianos testiculares. Nos individuos do grupo tratado com
piriproxifem houve presenca de individuos com reversdo do sexo feminino para o
masculino, mesmo resultado foi encontrado no grupo de individuos expostos a
mistura dos dois compostos. Nos tratamentos piriproxifem e mistura foi observado
a presenca de malformacdes 6sseas de coluna vertebral, com presenca de cifose
e escoliose e malformacfes nas nadadeiras caudal, peitorais e pélvicas, a Ultima
com presenca apenas do broto das nadadeiras. Estes dados reforcam a
necessidade de novos estudos do composto piriproxifem, visto que se mostrou
nao especifico e com efeitos teratogénicos mesmo em doses muito reduzidas.

PALAVRAS-CHAVE: doses reduzidas, malformacbes, reversdo sexual,
xenobibticos.



Effects study of pyriproxyfen and prochloraz pesticides on Megaleporinus
macrocephalus (Anostomidae: Characiformes) development

ABSTRACT

Xenobiotics are chemical compounds foreign to the organism, found in an
unnatural way. Pesticides are examples of xenobiotics, and used in agriculture for
the control of pests and vectors of diseases. These compounds form a very
diverse group of chemicals that have different modes of action like endocrine
disruptors. Prochloraz is a widely studied compound with effects on non-target
organisms in a nonspecific way, which may affect reproduction, development and
survival rate. Pyriproxifem, for its part, has few studies, but has already
demonstrated a broad spectrum of effects, even at reduced doses, leading to
increased mortality, malformations, and interacting with other compounds. Thus,
there is a concern that these compounds reach to the aquatic environment
affecting anamniotes, which have their life cycle associated with these places. The
objective of this work was to evaluate the effects of prochloraz and pyriproxyfen,
either alone or in combination, on the larval development of Megaleporinus
macrocephalus, a gonocoric species with ZZ /| ZW sexual system. Male individuals
with the presence of testicular ovarian follicules were obseved in the prochloraz
group. The group treated with pyriproxyfen had intersex individuals with reversion
from female to male, coinciding with the group of individuals exposed to the
mixture of the two compounds. In the pyriproxyfen and combination treatments,
spinal bone malformations were observed, with the presence of kyphosis,
scoliosis, and malformations in the caudal, pectoral and pelvic fins, the latter with
the presence of only a limb bud. These data point to the need for further studies of
the compound pyriproxyfen, since it was unspecific and with effects at very small
doses in both reproductive and teratogenic aspects.

KEY WORDS: Ilower doses, malformations, sexual reversion, Xenobiotic.
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RESUMO

O piriproxifem é um composto utilizado no controle de pragas agricolas e, nos
altimos anos, seu uso foi ampliado para o controle do mosquito Aedes aegypti,
vetor de doencas neotropicais como dengue, febre chikungunya, febre zika e
febre amarela. Nos insetos, o piriproxifem age como analogo de horménio juvenil,
inibindo a embriogénese e o desenvolvimento das caracteristicas adultas através
da inibicdo da ecdisona. Apesar de seu uso aprovado, € considerado altamente
toxico e ndo ha concordancia sobre os efeitos relacionados ao tempo de
exposicdo e a dose utilizada. O piriproxifem tem demonstrado efeitos, em
organismos nao alvo, na taxa de sobrevivéncia, com efeitos sobre o
comportamento, e sobre a morfologia durante o desenvolvimento. Neste estudo
Megaleporinus macrocephalus foi exposto a uma dose de 2,5ug/L de piriproxifem
no 8° dia apds eclosdo e avaliado quanto a presenca de malformacfes ésseas.
Do total dos individuos, 43% apresentaram algum tipo de malformacéo éssea:
24% apresentaram escoliose e cifose da coluna vertebral, 9% apresentaram
reducdo da nadadeira peitoral, 5% apresentaram malformacdo na nadadeira anal
e 5% auséncia da nadadeira pélvica de pelo menos um dos lados do corpo. Estes
dados reforcam a acdo do piriproxifem como um teratdbgeno, atuante no
desenvolvimento larval em doses reduzidas, que podem ser encontradas no
ambiente. Nosso estudo alerta que estas moléculas podem interagir no
mecanismo de expressdo génica mediada pelo acido retinoico, importante
morfégeno durante a embriogénese e organogénese, o que reforca a urgéncia em
estudar como interagem as moléculas, além de propor cautela no uso do
composto no controle de vetores até que se tenha conhecimento sobre sua

seguranga.

Palavras-chave: Bioindicadores Aquaticos, Desenvolvimento, Malformagfes do

Sistema Esquelético, Xenobioticos.
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ABSTRACT

Pyriproxyfen is a compound used to control agricultural pests and in the last few
years its use has been broadened to control of the mosquito Aedes aegypti, vector
of neotropical diseases such as dengue fever, chikungunya fever, zika fever and
yellow fever. In insects, pyriproxyfen acts as a juvenile hormone analogue,
inhibiting embryogenesis and the development of characteristics of adults through
the inhibition of ecdysone. Despite its approved use, it is considered highly toxic
and there is no accord between the effects related to the time of exposure and the
dose used. Pyriproxyfen has demonstrated effects on the survival rate, behavior,
and morphology during development of non-target organisms. Therefore, in this
study Megaleporinus macrocephalus was exposed to a dose of 2.5ug/L of
pyriproxyfen on the 8th day after hatching and the presence of bone malformations
was evaluated. Out of the total of the individuals, 43% had some type of bone
malformation: 24% had scoliosis and kyphosis of the vertebral column, 9% had
reduction of pectoral fins, 5% had malformation in the anal fin and 5% absented at
least one of the pelvic fins. These data reinforce the action of pyriproxyfen as a
teratogen, acting on larval development in reduced doses, which can be found in
the environment. Our study warns that these molecules might interact in the
mechanism of gene expression mediated by retinoic acid, important morphogen
during embryogenesis and organogenesis. Furthermore, not only does it reinforce
the urgency to study how these molecules interact but also suggests caution when
using the compound as a controller for vectors until the true security is

acknowledged.

Key words: Aquatic Bioindicators, Development, Skeletal System Malformations,
Xenobiotics.
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Destaques

e Exemplares de Megaleporinus macrocephalus foram expostos a
uma unica dose de 2,5ug/L de piriproxifem no 8° dia apds ecloséo;

e A dose testada foi capaz de induzir a malformacfes 6sseas em M.
macrocephalus do tipo escoliose, cifose, auséncia/ou reducédo de
nadadeiras foram encontradas;

e Foi identificado carater inespecifico da acdo do piriproxifem como
um teratdgeno;

e Efeitos do piriproxifem sobre organismos néo alvos, indiretamente
expostos, devem ser esclarecidos, devido a ampla utilizagcdo do
mesmo no controle do mosquito Aedes aegypti, vetor de doencas

urbanas.
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INTRODUCAO

Nos ultimos anos, o nivel de compostos xenobidticos nos ecossistemas
aguaticos tem aumentado em larga escala, o que esta associado ao crescimento
da industria e da agricultura (Cajaraville et al., 2000; Red et al., 2011). Poluentes
ambientais como metais, pesticidas e outros produtos organicos, representam
grandes riscos para muitos organismos aquaticos (Scott and Sloman, 2004).

O piriproxifem & um pesticida usado no manejo de insetos na agricultura,
em cultivos ndo alimentares e gramados, e no controle de pulgas e carrapatos em
animais de estimacéo (Hallman et al., 2015). Este composto tem sido utilizado nos
altimos anos como estratégia para combater a proliferacdo do mosquito Aedes
aegypti, vetor responsavel por doencgas tropicais como dengue, febre
chikungunya, febre zika e febre amarela (Sihuincha et al., 2005). A dengue é
destaque como um problema internacional de saude publica (Wilder-Smith and
Gubler, 2008) e, no Brasil, desde 2014 o piriproxifem vem sendo usado em
programas de controle do vetor a uma dose de 0,01mg de ingrediente ativo/litro
de &gua (Brasil. Ministério da Saude, 2014), dose baseada na avaliacdo
toxicoldgica da Organizacdo Mundial da Saude (OMS) (WHO, 2018).

O piriproxifem pertence ao grupo quimico éter piridiloxipropilico, a base de
piridina. Assim como o fenoxicarbe, o hidropreno, 0 metopreno e o quinopreno,
atua como analogo de hormdnio juvenil (HJ) em insetos (IRAC, 2017; Sullivan and
Goh, 2008). Estes analogos possuem moléculas quimicamente estaveis e agem,
nos insetos, através da competicdo pelos sitios de ligacdo dos receptores do
horménio juvenil, de forma que uma exposi¢cdo continua a estas moléculas leva a
manutencao do estagio imaturo, pois inibe a acédo de ecdisona (Sullivan and Goh,
2008). Alem disso, estes compostos afetam a reproducéo de insetos, alterando as
taxas de fecundidade e fertilidade, e impactando as geracfes seguintes, além de
acarretar em aumento na mortalidade (Singh and Kumar, 2015; Tay and Lee,
2014; Xu et al., 2015). O piriproxifem age como supressor da embriogénese e da
formacdo adulta (Ishaaya and Horowitz, 1992) e, embora estruturalmente nao
tenha relacdo com o HJ, sua atividade biolégica reproduz seus efeitos, pois a alta
estabilidade permite a ele competir pelos mesmos sitios de ligacdo dos receptores

ao HJ (Palma et al., 1993; Riddiford, 1994). O metoprene, também analogo de
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horménio juvenil, mostrou ser interferente na transcricdo génica em vertebrados,
através da acdo de seus derivados sobre os fatores de transcricdo responsivos ao
acido retindico (Harmon et al., 1995).

Estudos de toxicidade do piriproxifem em mamiferos demonstraram que
individuos jovens ndo parecem ser significativamente mais sensiveis que 0s
adultos, sendo que este composto ndo se mostrou genotoxico e nem apontou
risco carcinogénico para humanos (WHO, 2007). Porém, estudos recentes em
peixes, tém demonstrado efeitos divergentes ou nao conclusivos mesmo em
doses extremamente reduzidas. Em adultos de Xiphoporus maculatus expostos
ao piriproxifem foram observadas alteraces comportamentais (Caixeta et al.,
2016), durante o desenvolvimento levou a alteracbes morfolégicas (Azevedo-
Linhares et al., 2018), além do aumento de mortalidade (Azevedo-Linhares et al.,
2018; Dzieciolowska et al., 2017). Neste ultimo estudo, observou-se interacao
agonista do piriproxifem com a microcistina - um composto aquatico natural
produzido por algas - a uma dose que pode ser encontrada no ambiente,
potencializando seus efeitos (Azevedo-Linhares et al., 2018).

Espécies que utilizam o ambiente aquatico estdo constantemente expostas
a um grande numero de substancias toxicas oriundas de diversas fontes de
emissao (Bolognesi and Cirillo, 2014; Rashed, 2001; van der Oost et al., 2003).
Estas substancias tem maior efeito nas fases iniciais da vida, quando os peixes
sd0 mais sensiveis ao estresse quimico, devido a maior taxa metabdlica, ao
sistema imunitario imaturo e a relacdo de area de volume/superficie elevada
(Truong et al.,, 2016). Em Megaleporinus obtusidens (comumente citado na
literatura até 2016 como Leporinus elongatus, ver Britski et al., 2012), espécie
nativa da regido Neotropical, o periodo de organogénese e morfogénese inicia 32
horas apés a eclosdo (HPE) e permanece até o 10° dia apés a eclosdo (DPE),
aproximadamente (Sousa et al., 2014). Neste estagio, estruturas do esqueleto e
do sistema nervoso central em vertebrados se apresentam em desenvolvimento.
A migracao de células da crista neural, que dara origem a estruturas esqueléticas
cranio-faciais como cartilagens e 0ssos, se da por importantes morfégenos como
o acido retindico enddgeno que se mostra envolvido em muitas etapas do
desenvolvimento (Kopinke et al., 2006; Savory et al., 2014). O composto tem acéo

sobre a expressao de genes relacionados a determinacdo dos eixos corporais, a
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diferenciacéo celular, ao processo de desenvolvimento, biossintese de moléculas,
dentre outros (Navarro-Martin et al., 2018). O esqueleto, em peixes, € um tecido
metabolicamente ativo complexo que sofre remodelacdo continua ao longo da
vida (Lall and Lewis-mccrea, 2007) e estes compostos, devem ser controlados de
forma espacial e temporal, sem interferéncias externas, porque pequenas
mudancas podem levar a alteracdes no fenétipo do individuo.

Em decorréncia do aumento do consumo do piriproxifem por sua utilidade
no controle do Aedes aegypti, e dada a sua baixa especificidade, € grande a
necessidade em avaliar os efeitos deste xenobiotico em organismos nao alvo. De
La Torre et al. (2005) destaca que peixes nativos apresentam maior sensibilidade
a xenobio6ticos, podendo ser considerados biomarcadores de toxicidade. Neste
trabalho, Megaleporinus macrocephalus, uma espécie nativa da regido
neotropical, foi utilizada como modelo para avaliar os efeitos do piriproxifem sobre

o desenvolvimento larval a uma dose passivel de ser encontrada no ambiente.

MATERIAIS E METODOS

2.1. Exposicao ao piriproxifem

As larvas de M. macrocephalus foram obtidas de uma piscicultura - a partir de
progenitores selvagens, provenientes de riachos afluentes do rio Parana - 96
horas apds a eclosao dos ovos (HPE). A coleta dos animais teve a permisséao do
Instituto Chico Mendes de Conservacdo de Biodiversidade (ICMBIio): Licenca
permanente SISBIO para coleta/transporte de peixes (10522-1). O experimento foi
realizado no laboratério de Biologia e Conservacdo de Anamniotas da Unioeste —
Campus Cascavel, com aprovacdo do Comité de Etica no uso de animais da
Unioeste: 16-03-2017 — CEUA/Unioeste). Foram utilizados 2,5ug/L de piriproxifem
(= 98.0 % de pureza, peso molecular: 321.37) Sigma-Aldrich® (St. Louis, MO,
EUA) (2,5ug/L diluidos em 2,2uL de acetonitrila). A dose experimental de
piriproxifem foi escolhida a partir de um teste piloto com 5ug/L, que demonstrou
elevada mortalidade. As larvas foram mantidas aclimatadas até o 8° dia em agua
limpa, antes do inicio da exposi¢éo, e alimentadas com artémia salina duas vezes
ao dia. Para o periodo experimental, dois aquarios foram utilizados com agua

desclorada, aeracao constante e temperatura e fotoperiodo controlados (10 horas
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claro e 14 horas escuro). Os individuos foram alimentados com artémia salina,
duas vezes ao dia, até a idade suficiente para a alimentacdo através de racao.
Um dos aquarios recebeu uma Uunica dose de contaminacdo de 2,5ug/L de
piriproxifem, e ficaram expostos durante 60 dias. Um aquario controle manteve
larvas sob as mesmas condi¢cdes, mas sem receber tratamento com agrotoxico.
ApoOs este periodo ontogénico, os animais dos dois grupos foram mantidos por
240 dias em aquarios com &gua desclorada e todas as variaveis anteriormente
citadas, controladas. Ao final do experimento os animais foram anestesiados e

sacrificados com solucédo de Eugenol (Griffiths, 2000).

2.2. Analise de mal formacdes

Para a avaliacdo do sistema esquelético de M. macrocephalus foi utilizada a
técnica de diafanizacdo, conforme Taylor and Van Dyke (1985). Animais do grupo
controle e animais tratados que apresentaram efeitos morfolégicos visiveis, foram
eviscerados, fixados em formol tamponado (10%) e desidratados em série
cresente de alcoois. As cartilagens foram coradas em solucéo de Azul de Alcian
8GX, acido acético glacial (30%), e alcool etilico absoluto (70%). Foi realizada a
neutralizacdo com solucdo de Borax saturado (Na2B4O7:10H20) 30% e agua
destilada, o clareamento com H202 (10%) em solugéo de KOH (0,5%) e a limpeza
com o uso da enzima tripsina 0,45g em 400ml de solucdo de Bérax saturado. Os
ossos foram corados com KOH (0,5%) e Alizarina red (0,1% de Alizarina red S em
H2O destilada), e lavados com H20 destilada. Em seguida foi realizada a
remocao das escamas dos individuos e armazenamento em solucdo enzimatica
durante 4 dias. Para conservacgao, o material foi mantido em Glicerina 40% + 60%
de KOH 0,5% (12h); glicerina 70% + 30% de KOH 0,5% (12h); glicerina 100% +
cristais de timol. As imagens foram capturadas com camera acoplada a um

estereoscopio Olympus.

2.3. Imagem radiologica

Animais do grupo controle e animais tratados com piriproxifem com
malformacOes visiveis, foram radiografados em raio X digital, usando

configuracdes padrao em visao lateral e laterolateral, com o objetivos de contribuir
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na visualizacdo de malformacdes macroscépicas no sistema esquelético de

Megaleporinus macrocephalus.

2.4. Fotografia

Animais do grupo controle e do grupo piriproxifem foram fotografados com Tablet
Samsung Galaxy SM-T800, camera 8.0 Megapixels para observagdo de
malformacgdes no sistema esqueletico de Megaleporinus macrocephalus.

RESULTADOS E DISCUSSAO

As analises em individuos de Megaleporinus macrocephalus do grupo
controle ndo apresentaram malformacgdes (Fig. 1E, 2A), mostrando morfologia da
coluna vertebral e nadadeiras normais (Fig. 2A e D), enquanto 0 grupo exposto a
uma unica dose de 2,5ug/L de piriproxifem no 8° dia apds a eclosdo, mostraram
43% dos individuos com malformacdes esqueléticas (Grafico 1). Dentre os
individuos com displasias, 24% apresentaram escoliose e cifose da coluna
vertebral (Fig. 1A, B e F), 9% apresentaram reducdo da nadadeira peitoral (Fig.
1C, 2C e E), 5% apresentaram malformacdo na nadadeira anal (Fig. 1D) e 5%
auséncia da nadadeira pélvica em pelo menos um dos lados do corpo (Fig. 2B),
sendo que todos os individuos apresentaram brotos das nadadeiras como
estruturas rudimentares que, em alguns casos, nhao concluiram o seu
desenvolvimento.

Os variados tipos de malformacdes, encontradas em M. macrocephaus,
expostos ao pesticida refletem a acdo desses compostos na complexa ontogenia
da formacdo do esqueleto, principalmente das espécies com prolongados
periodos larvais (Boglione et al., 2013). O esqueleto axial se origina do
mesoderma paraxial e durante a organogénese, sofre ossificacdo pericondral
transformando-se na coluna vertebral, com as vértebras formadas a partir de
blocos cartilaginosos (Bird and Mabee, 2003), evento que coincide com o
momento da exposi¢do de M. macrocephalus ao piriproxifem, podendo ter levado
aos fendtipos observados na coluna vertebral, dos tipos escoliose e cifose (Fig.
1A, B e F), mostrando interferéncia no processo de ossificacdo. O endoesqueleto

das nadadeiras é formado por ossificagcdo endocondral, enquanto os raios das
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nadadeiras sdo formadas pelo processo de ossificacdo intramembranosa (revisao
Yano & Tamura, 2013, Yamanaka, 1988; Bird e Mabee, 2003). Os brotos surgem
durante a embriogénese e ja estariam formados no momento da exposi¢do, o que
explica a presengca do broto da nadadeira pélvica, mesmo na auséncia da
nadadeira pélvica (Fig. 2B). Sabe-se que pequenas alteracdes na concentracao
de morfégenos, como o acido retindico, em escala temporal e espacial,
principalmente durante a embriogénese até e durante processo de morfogénese,
podem levar a alteracdes irreveresiveis que se expressam no fendtipo do
individuo e explicam alteracfes desde auséncia de nadadeiras, malformacdes nas
nadadeiras sem um padrédo de morfologia, apenas reducéo (Fig. 2C e E).

Diversos fatores bidticos e abidticos podem influenciar nas mudancas
morfoldgicas durante os estagios iniciais de desenvolvimento. Em peixes, 0s
fatores nutricionais possuem grande relevancia, com destaque para a importancia
das vitaminas, que desempenham papel fundamental no desenvolvimento larval
(Cahu et al., 2003). No entanto, além do piriproxifem, diversos xenobiéticos sao
capazes de atuar sobre o desenvolvimento, com efeitos sobre a morfologia. Em
zebrafish Danio rerio, o uso do organofosforado profenofés, levou a formacao de
embrides com desenvolvimento anormal, defeitos esqueléticos e morfologia
cardiaca alterada, de forma dependente da concentracdo (Pamaniji et al., 2015).
De maneira similar, no bagre africano Clarias gariepinus, o regulador do
crescimento de insetos buprofezina levou a malformacdes em embrides e larvas
(Marimuthu et al., 2013). Apesar da semelhanca nos fenotipos observados, é
possivel que o piriproxifem, bem como os compostos citados, atuem de modo
distinto, pois conforme Gilbert, (2010), as moléculas sdo quimicamente diferentes
e o0s processos de embriogénese e organogénese apresentam elevada
complexidade de fenbmenos.

Outros estudos com piriproxifem em peixes, também demonstraram efeitos
sobre o desenvolvimento. Truong et al (2016), ao exporem embrides de zebrafish
ao composto a uma unica dose reduzida, ndo observaram efeitos sobre a taxa de
sobrevivéncia. Porém, ap0s renovacdo diaria 0 composto levou ao aumento da
mortalidade e efeitos morfoldgicos adversos, incluindo defeitos craniofaciais a
doses mais elevadas (5,2uM). Em estudos de Azevedo-Linhares et al. (2018) no
estagio de gastrula em Rhamdia quelen, foi observada alta toxicidade do
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composto, onde doses muito pequenas afetaram a sobrevivéncia e causaram
malformacgdes. Dzieciolowska et al. (2017), demonstraram elevada mortalidade:
em embrides de zebrafish com reducédo de 50% na taxa de sobrevivéncia apos
quatro dias da fertilizacdo expostos a 1mg/L, enquanto 10mg/L de piriproxifem
levou a morte de 100% dos embribes 2 dias apos a fertilizacdo. Além destes
efeitos sobre o desenvolvimento, Caixeta et al. (2016) observaram movimentos
natatérios inadequados em adultos de Xiphophorus maculatus expostos a 5 pg/L
de piriproxifem.

Além dos peixes, outros organismos ndo alvo também tem demonstrado
alteracdes mediante exposicdo ao piriproxifem. E o caso dos predadores de
pragas agricolas Chrysoperla externa e Eriopis conexa, que apresentaram
aumento da mortalidade (Rimoldi et al.,, 2017); do microcrustdceo Daphnia
magna, que sofreu aumento de prole masculina dependente da concentracao,
tempo de exposicdo e a etapa do desenvolvimento, além do aumento da
mortalidade (Ginjupalli and Baldwin, 2013; Watanabe et al., 2018); e de larvas de
abelhas com efeitos sobre a formagédo das asas e interferéncia no comportamento
social (Fourrier et al., 2015), o que destaca a importancia em entender de que
forma agem os analogos de horménio juvenil em organismos néo alvos.

O horménio juvenil e alguns de seus analogos pertencem a classe dos
terpenoides. Pertencente a esta mesma classe, se encontra o acido retindico, o
qual segundo Holder and Hill (1991) pode atuar como teratdbgeno nas estruturas
do esqueleto e no sistema nervoso central de vertebrados quando exdgeno,
desde peixes a mamiferos. O mesmo € capaz de levar a efeitos juvenilizantes em
insetos (Némec et al., 1993; Palli et al., 1991), demonstrando que este pode ser o
modo pela qual o piriproxifem pode interagir no desenvolvimento. Ademais, 0
analogo de HJ metopreno e seus derivados, podem estimular a transcricdo de
genes em vertebrados, atuando através dos fatores de transcricdo responsivos ao
acido retindico (AR), os receptores retindides X (RXRs). O acido metopreno,
metabdlito de metopreno, compete com o acido 9-cis retindico ([3H] 9cRA) pela
ligacdo a RXRa de uma maneira dependente da concentragcdo (Harmon et al.,
1995).

O acido retindico (RA) € crucial para o desenvolvimento do embrido,

regulando os processos celulares, o padrdo embrionario e a organogénese
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(Samarut et al., 2015). Sua acéo se da pela ligacdo do AR a receptores nucleares
(RAR), os quais fazem combinacfes heterodiméricas com receptores retindides
(RXRs), e se ligam a motivos do DNA (RARESs) (Kumar and Duester, 2011, Rhinn
and Dolle, 2012). A degradacdo de AR é importante na maturacdo ou atividade
osteoblastica, e é mediada pela expresséo dos genes cyp26bl. Sem a expresséo
de cyp26bl ou a adicdo de AR, ocorre a reducdo na cartilagem da linha média e a
hiperossificagéo facial e axial, levando a fusdes de primordios vertebrais (Laue et
al., 2008). Em M. macrocephalus as malformacdes esqueléticas podem expressar
a acao do piriproxifem agindo em mecanismos associados ao desenvolvimento da
estrutura esquelética axial e dos apéndices, podendo acelerar o processo de
ossificacdo sem a correto formacdo da estrutura esquelética. Este efeito é
semelhante ao fenotipo resultante da concentracdo de AR elevada, seja por
adicdo de AR exogeno, ou por inibicdo da cyp26bl, podendo agir de forma
analoga, ndo pela sua estrutura quimica, mas pela sua acao biologica.

Em insetos, a base molecular da sinalizacgdo do hormdonio juvenil
permanece obscura, mas modelos estruturais indicam que os imitadores
biologicamente ativos metopreno e piriproxifem, se ancoram dentro do dominio
Per-Arnt-Sim (PAS) do receptor metopreno tolerante (Met), com maior afinidade
qgue o horménio juvenil (Charles et al., 2011). Estes dominios do tipo PAS séo
encontrados em um grande namero de organismos metazoarios, em um grande
namero de familia de coativadores de receptores (Pecenova and Farkas, 2016)
Em ratos, a ligacdo de AR ao heterodimero RAR/RXR induz a uma mudanca na
sua conformacédo substituindo fatores repressivos por co-ativadores que levaréo
ao relaxamento da cromatina e a ativagcdo génica (Cunningham and Duester,
2015).

Apesar de o piriproxifem ter o mesmo efeito de analogos de horménio
juvenil, em insetos, a sua estrutura bioldgica é diferente. Os estudos sugerem que
ele interaja em mecanismos que apresentam dominios PAS em insetos, mas que
também estéo presentes nas familias de coativadores de receptores nucleares, 0s
quais incluem o mecanismo mediado por acido retindico (Charles et al., 2011;
Cunningham and Duester, 2015; Pecenova and Farkas, 2016). Conforme
observado nas malformacdes esqueleticas de M. macrocephalus (1B, C, D e F e
2B, C e E) o composto pode agir sobre mecanismos complexos do
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desenvolvimento e carece de novos estudos, sendo considerado precipitado o
seu uso no controle de vetores de doencas tropicais, podendo até chegar a meios
aquaticos. Vale salientar o estudo de Azevedo-Linhares et al. (2018), que
demonstra a interacdo agonista que ocorre entre o piriproxifem e a microcistina -
toxina produzida por cianobactérias, - a doses passiveis de serem encontradas no
ambiente aquatico em larvas de Rhamdia quelen, 48 horas apds a eclosédo. Os
autores destacam o risco real de populacdes de peixes estarem expostas a
combinacgao destes compostos no ambiente natural.

De modo geral, organismos adultos séo resistentes a mudancas impostas
pela exposicdo de uma substancia quimica, mas alteracbes durante periodos
sensiveis ou criticos de desenvolvimento, como no desenvolvimento embriondrio,
podem gerar alteracbes importantes, as quais podem se manifestar em fases
tardias do ciclo de vida ou mesmo serem translocadas as geracfes posteriores
(Filho et al., 2007). Doses extremamente baixas de xenobidticos podem causar
anomalias endocrinas ou reprodutivas que exercem maiores efeitos sobre a
populacdo do que doses maiores (Gilbert, 2010), podendo levar até a extingdo de

populacdes naturais (Azevedo-Linhares et al., 2018) .

CONCLUSAO

Os resultados sobre a exposicdo ao piriproxifem de uma espécie
neotropical de peixe, representada neste trabalho por Megaleporinus
macrocephalus, podem caracterizar de forma mais fidedigna as condicfes reais,
pois espécies neotropicais de peixes representam bioindicadores de qualidade do
ambiente natural. Os resultados mostram que o piriproxifem pode apresentar
efeitos sobre a formacdo do esqueleto axial e apendicular de peixes em doses
passiveis de serem encontradas no ambiente e pelas suas caracterisicas de
analogo de hormonio juvenil sua interacdo pode ocorrer por mecanismo analogo a
acao do acido retindico durante o periodo de ontogenia larval. Deste modo, este
trabalho alerta para a necessidade de mais estudos sobre o modo de acao deste
composto e seus metabolitos em organismos néo alvos. Reforgca ainda que deve
haver cautela no uso de piriproxifem para controle da dispersdo de Aedes aegypti

até que mais estudos determinem a real seguranca ambiental do piriproxifem,
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visto que seus efeitos podem ser potencializados pela interacdo com outras
substancias presentes no ambiente, sejam elas naturais ou oriundas de atividades

humanas.
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Frequéncia de malformacdes observada nos tratamentos
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Gréfico 1. Frequéncia de malformagdes observadas em Megaleporinus macrocephalus.

Tabela 1 - Frequéncia de mal formac¢des (%) em Megaleporinus. macrocephalus do grupo controle

e expostos ao piriproxifem (200ug/l)

Fendtipos Escoliose/ Reducdo Auséncia - Malformaca Total de
Tratamento p . Nadadeira Nadadeir o Nadadeira L,
normais Cifose . s Individuos
Peitora a Pélvica Anal
Controle 100 0 0 0 0 7
Piriproxifem 57 24 9 5 5 15
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FIGURAS

Figura 1. Imagem de estereoscopia e raio X de exemplares de M. macrocephalus com presenca
de malformacdes. Através de técnica de diafanizacdo pode-se comprovar o registro de escoliose e
cifose (A e B); desenvolvimento reduzido do membro anterior (C) e flexdo anormal da nadadeira
caudal (D). Através da técnica de raio X evidenciou-se as altera¢cdes na morfologia e organizagao
das vértebras de exemplar com escoliose e cifose (F) em comparagdo com animal normal (E).

Barra = 1cm.
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Figura 2. Fotografia de exemplares de M. macrocephalus evidenciando as nadadeiras. Em A, B e

C vista ventral, em D e E vista lateral. Em A e D individuos do grupo controle; em B auséncia da

nadadeira pélvica; em C e E malformacdes da nadadeira peitoral. Barra = 1cm.
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RESUMO

A determinacao sexual e a diferenciacdo sexual em peixes sao eventos altamente
complexos e plasticos. Podem ser determinados por fatores genéticos ou
ambientais e sdo susceptiveis a alteracdes de moléculas presentes no ambiente
que podem atuar como disruptores endodcrinos. O procloraz € um composto
amplamente estudado com efeitos sobre organismos ndo alvo com amplo
espectro de acao, podendo afetar a reproducéo, o desenvolvimento e a taxa de
sobrevivéncia. O piriproxifem, por sua vez, apresenta poucos estudos, mas ja tem
demonstrado um amplo espectro de efeitos, mesmo a doses reduzidas, levando
ao aumento da mortalidade, malformacdes, além de interagir com outros
compostos potencializando sua acdo. O objetivo deste trabalho, foi avaliar os
efeitos do procloraz e do piriproxifem, de forma isolada ou combinada, sobre o
desenvolvimento larval de Megaleporinus macrocephalus, uma espécie
gonocorica, com sistema de cromossomos sexuais ZZ/ZW. Os individuos foram
expostos a 200ug/l de procloraz e a 2,5ug/l de piriproxifem, isolado ou combinado.
Ao final do experimento foram observados os dados citogenéticos e comparados
aos dados histologicos. Nos individuos do grupo procloraz um macho apresentou
foliculos ovarianos testiculares. Nos individuos do grupo tratado com piriproxifem
houve presenca de individuos intersexo com reversdo do sexo feminino para o
masculino, o0 mesmo foi observado no grupo dos individuos expostos a mistura
dos dois compostos. Estes dados demonstram a agdo dos compostos como
potenciais disruptores enddcrinos, afetando organismos que necessitam do
ambiente aquético e apresentam uma complexidade do processo de diferenciacdo
sexual. Os efeitos da exposicdo ao piriproxifem, comparado ao procloraz, um
composto potencialmente téxico, alertam para a necessidade de novos estudos
de modo a estabelecer a seguranca do uso do ou a sua suspensao no controle de
pragas e vetores.

PALAVRAS-CHAVES: disruptores enddcrinos, intersexo, reversdo sexual, doses
reduzidas
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Effects of the pesticide prochloraz and pyriproxyfen on the sexual development of
piapara (Megaleporinus macrocephalus)

ABSTRACT

Sexual determination and sexual differentiation in fish are highly complex and
plastic events. Genetic or environmental factors can determine sex and are
susceptible to changes in molecules present in the environment that can act as
endocrine disruptors. Prochloraz is a widely studied compound with effects on
non-target organisms with a broad spectrum of action and may affect reproduction,
development and survival rate. Pyriproxyfen, for its part, has few studies, but has
already demonstrated a broad spectrum of effects, even at reduced doses, leading
to increased mortality, malformations, and interacting with other compounds. The
objective of this work was to evaluate the effects of prochloraz and pyriproxyfen,
either alone or in combination, on the larval development of Megaleporinus
macrocephalus, a gonochoric species with ZZ / ZW sexual system. The individuals
were exposed to 200ug/L prochloraz and 2,5ug/L pyriproxyfen, alone or in
combination. The cytogenetic data compared to the histological data allowed
observing the presence of intersex. In the prochloraz group, one male had
testicular ovarian follicles. The group treated with pyriproxyfen had the presence of
intersex individuals with female to male reversion; coinciding with the group of
individuals exposed to the combination of the two compounds. These data
demonstrate the action of the compounds as potential endocrine disruptors,
affecting organisms that need the aquatic environment and present a complexity of
the process of sexual differentiation. These data point to the need for further
studies in order to establish the safety of the use of the product or its suspension
in the control of pests and vectors.

. Estes dados demonstram a acdo dos compostos como potenciais disruptores
enddcrinos, afetando organismos que necessitam do ambiente aquatico e
apresentam uma complexidade do processo de diferenciacdo sexual. Os efeitos
da exposicdo ao piriproxifem, comparado ao procloraz, um composto
potencialmente toxico, alertam para a necessidade de novos estudos de modo a
estabelecer a seguranca do uso do ou a sua suspensao no controle de pragas e
vetores.

KEY WORDS: endocrine disruptors, intersex, sexual reversion, lower doses
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DESTAQUES

Exemplares de M. macrocephalus foram expostos aos pesticidas procloraz
e piriproxifem de forma isolada e combinada;

Presenca de individuos intersexo em procloraz, com efeitos feminilizantes,
e em piriproxifem com efeitos masculinizantes;

Doses extremamente reduzidas de piriproxifem foram suficientes para
induzir o desenvolvimento de individuos com reversdo do sexo;

Deve-se ter cautela no uso do piriproxifem no controle do mosquito Aedes
aegypti, vetor de doencas urbanas.
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INTRODUGCAO

A determinacao e a diferenciacdo sexual em peixes € um evento altamente
plastico e complexo (Baroiller and D’Cotta, 2001). O destino sexual ndo € restrito
ao periodo embrionario, mas consiste em continua manutencao da concentracao
de hormdnios, suprimindo caracteristicas do sexo oposto (revisado por Liu et al.,
2017). A diferenciacdo fisiolégica ou molecular das gbnadas, caracterizada por
padrées de expressdo sexualmente dimorficos, comegam muito antes do tempo
de incubacdo, e a diferenciacdo gonadal histolégica pode ser observada
tardiamente (Baroiller and D’Cotta, 2016). Em Megaleporinus macrocephalus,
espécie gonocodrica, o processo de diferenciacdo gonadal inicia a partir de uma
gonada indiferenciada que tem seu destino determinado durante a ontogénese
pela presenca de cromossomos sexuais ZZ/ZW (Galetti, Jr. and Foresti, 1986).
Em teledsteos, os horménios 17B-Estradiol (E2) e 11 cetotestosterona (11-KT),
estrogeno e androgeno, respectivamente, controlam a diferenciacdo das gbnadas
e mantém os fendtipos sexuais (Devlin and Nagahama, 2002).

A fase de diferenciacdo sexual € a mais sensivel a acdo de esteroides
sexuais exogenos (Piferrer, 2001). Conforme Goppert et al. (2016), em peixes a
plasticidade da diferenciacdo sexual pode levar a reversao sexual induzida por
xenobidticos devido a poluicdo. Os pesticidas compdem um grupo de substancias
qguimicas muito diverso, o que faz com que diferentes compostos possam ter
diferentes modos de acdo como disruptores enddécrinos (Vinggaard et al., 2006).
Estudos no ambiente natural e em experimentos laboratoriais demonstraram
diversos efeitos de pesticidas sobre a reproducdo e diferenciagdo sexual em
diferentes grupos. Em Crocodylus niloticus foi observada elevada taxa de ovos
inférteis no  ambiente  natural, com correlacdo entre variaveis
reprodutivas/endocrinas e a carga de contaminantes hepéticos (Arukwe et al.,
2016). Na ra Physalaemus cuvieri foi observada uma taxa de 20% de individuos
hermafroditas, associada a uma concentracédo relativamente baixa (0,05ug/L) do
xenobidtico dieldrin, um agrotéxico persistente (Moresco et al., 2014). Em
Cyprinus carpio, amostrados de um rio poluido por compostos estrogénicos,

houve presenca de peixes afetados possuindo génadas com tecido masculino e
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feminino ou atrofia testicular (Solé et al., 2003). Em individuos macho, de Rhinella
poeppigii (citada como Bufo marinus), ao longo de um gradiente de aumento de
terras agricolas, foi observada correlacdo entre 0 aumento de terras agricolas e a
frequéncia de gbnadas intersexo, tracos sexuais secundarios, presenca de
vitelogenina em 6rgdos de Bidder, presenca de odcitos, e reducdo nos niveis de
testosterona (McCoy et al., 2008). Em Lithobates pipiens expostos a combinacao
de pesticidas, representativos em termos de concentracdo e composicdo na
natureza, houve um atraso de crescimento e desenvolvimento das larvas, com
anomalias acentuadas quando os pesticidas foram combinados (Christin et al.,
2004). Em Xenopus laevis a atrazina provocou feminizacdo e reducédo nos niveis
de testosterona, afetando diretamente a espermatogénese e reduzindo a
fertilidade (Hayes et al., 2010).

Com efeito sobre o desenvolvimento, o procloraz € considerado um
disruptor endécrino de amplo espectro. Trata-se de um fungicida pertencente ao
grupo imidazolilcarboxamida, cujo mecanismo de acdo envolve a inibicdo da
sintese da enzima CYP51, que participa da biossintese do ergosterol, um
componente da membrana celular fangica (Henry and Sisler, 1984; Kegley et al.,
2016). No entanto, o procloraz atua também de modo n&o seletivo inibindo a
aromatase (CYP19) (Sanderson et al.,, 2002), além de atuar como antagonista
sobre a atividade do receptor androgénico (AR), e do receptor de estrogeno (ER)
(Raun Andersen et al., 2002). Assim, estudos sobre o efeito do procloraz em
zebrafish evidenciaram a maior proporcédo de machos e a incidéncia de individuos
intersexo, além de alteracdo nas génadas e reducao da vitelogenina em machos e
fémeas (Kinnberg et al., 2007). Domingues et al. (2013).demonstraram que este
composto possui ainda acédo teratogénica, levando a malformacdes e, em baixas
concentracfes apos a eclosdo, a presenca de edemas e absorcao anormal do
saco vitelino.

O piriproxifem, por sua vez, € um analogo de hormdnio juvenil em insetos,
que pertence ao grupo quimico éter piridiloxipropilico, a base de piridina (IRAC,
2017; Sullivan and Goh, 2008). O composto age como supressor da
embriogénese e da formacdo adulta (Ishaaya and Horowitz, 1992) e, embora
estruturalmente ndo tenha relacdo com o hormonio juvenil, tem atividade biolégica

semelhante, pois compete pelos mesmos sitios de ligacdo dos receptores a este
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horménio (Palma et al., 1993; Riddiford, 1994). Nao se sabe ao certo qual o0 modo
de acdo do piriproxifem, mas sabe-se que durante o desenvolvimento de
vertebrados ele tem levado a malformagbes (Azevedo-Linhares et al., 2018), ao
aumento de mortalidade quando em doses reduzidas (Azevedo-Linhares et al.,
2018; Dzieciolowska et al., 2017) e ainda, associado a microcistina, teve seu
efeito potencializado (Azevedo-Linhares et al., 2018).

Em peixes, a complexidade dos processos fisiologicos envolvidos na
diferenciacdo e maturacdo gonadal permite a interferéncia de xenobioticos que,
além do comprometimento geral da reproducédo, podem levar a reversées do
fendtipo sexual em nivel biogquimico ou morfolégico, por suas acBes como
disruptores enddcrinos (Devlin and Nagahama, 2002). O objetivo deste trabalho
foi avaliar, os efeitos na fase tardia de desenvolvimento de Megaleporinus
macrocephalus quando expostos ainda no periodo larval ao procloraz e

piriproxifem de forma combinada e de forma isolada.

MATERIAIS E METODOS

2.1. Exposicdo aos aogrotoxicos

As larvas de M. macrocephalus foram obtidas de uma piscicultura - a partir
de progenitores selvagens, provenientes de riachos afluentes do Rio Parana - 96
horas apds a eclosao dos ovos (HPE). A coleta dos animais teve a permisséao do
Instituto Chico Mendes de Conservacdo de Biodiversidade (ICMBIio): Licenca
permanente SISBIO para coleta/transporte de peixes (10522-1). O experimento foi
realizado no laboratério de Biologia e Conservacdo de Anamniotas da Unioeste —
Campus Cascavel, com aprovacdo do Comité de Etica no uso de animais da
Unioeste: 16-03-2017 — CEUA/Unioeste).

Foram separados quatro grupos: controle, piriproxifem, procloraz e mistura
de procloraz e piriproxifem. O grupo 1 representa o grupo controle, o grupo 2 foi
exposto ao fungicida procloraz (200 pg/L diluidos em 30uL de acetonitrila)
(concentragao 100%, peso molecular 376.67 g/mol, CAS-No.: 67747-09-5 Sigma-
Aldrich (Deisenhofen, Germany)).; o grupo 2 foi exposto ao inseticida piriproxifem
(= 98.0 % de pureza, peso molecular: 321.37) Dr. Ehrenstorfer® (Augsburg,
Germany) (2,5ug/L diluidos em 2,2uL de acetonitrila); o grupo 3 foi exposto a



49

combinacéo dos agrotdxicos procloraz (200 pg/L diluidos em 30uL de acetonitrila)
e piriproxifem (2,5ug/L diluidos em 2,2uL de acetonitrila) e o grupo 4 representa o
grupo controle. A dose experimental de piriproxifem foi escolhida a partir de um
teste piloto com 5ug/L, o qual demonstrou elevada mortalidade, e a dose de
procloraz se baseou em estudos de Kinnberg et al. (2007) que demonstraram
aumento de machos a uma dose de 202ug/L. As larvas foram mantidas
aclimatadas até o 8° dia em &gua limpa, antes do inicio da exposicdo, e
alimentadas com artémia salina duas vezes ao dia. Para o periodo experimental,
quatro aquarios foram utilizados com agua desclorada, aeracdo constante e
temperatura e fotoperiodo controlados (10 horas claro e 14 horas escuro). Os
individuos foram alimentados com artémia salina, duas vezes ao dia, até a idade
suficiente para a alimentacdo através de racdo. Cada aquério dos tratamentos
recebeu uma unica dose de contaminacdo e ficaram expostos durante 60 dias.
ApoOs este periodo ontogénico, os animais dos quatro grupos foram mantidos por
240 dias em aquéarios com agua desclorada e todas as variaveis anteriormente
citadas, controladas. Ao final do experimento os animais foram anestesiados e
sacrificados com solucédo de Eugenol (Griffiths, 2000).

Para a identificacdo do sexo genotipico em M. macrocephalus foi retirado
uma porcdo do rim anterior para a obtencdo de metafases mitoticas. A técnica
utilizada foi a proposta por Bertollo et al. (1978) com modificagdes de Foresti et al.
(1993), que consiste na extragdo, homogeinizacdo e hipotonizacdo do rim,
seguido de sucessivas centrifugacdes e lavagens com fixador (metanol/acido
acético, 3:1), descartando-se o sobrenadante. O material fixado foi acondicionado
em tubos de “Eppendorf’” e armazenado em freezer, para posterior analise. Para
determinar o numero e morfologia dos cromossomos, foi utilizada a coloracéo
convencional por Giemsa. As laminas foram preparadas com 1-3 gotas de
suspensao celular sobre uma lamina limpa, levemente aquecida, deixando-a
secar ao ar. As laminas foram coradas com Giemsa 5%, diluida em tampao
fosfato (Na2HPO4 x 12 H20 + KH2POs4 x 12H20), pH=6,8, por 7 minutos. As
imagens foram capturadas em fotomicroscopio Olympus BX60 com camera digital
DP71.

Para a caracterizacdo histologica das gonadas, o tecido retirado foi
imerso e fixado em Karnovsky modificado (tampdo fostato Sorensén 0.1M,
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tampéo fosfato pH 7.2 contendo paraformaldeido 5% e glutaraldeido 2.5%) por
um periodo de 48 horas e encaminhado a rotina histoldgica (Ribeiro e Lima, 2000)
para inclusédo em historesina Leica.

Foram feitas seccdes de 5um para cada gbnada. Estas seccOes foram
coradas com Hematoxilina-eosina. Posteriormente analisadas e fotografadas com
objetiva de 20 e 40x usando microscopio de epifluorescéncia BX 61, acoplado
com camera digital Olympus DP 71, utilizando-se o software de captura de
imagem DP Controller 3.2.1.276.

RESULTADOS

Caracterizacao citogenética de Megaleporinus macrocephalus

No grupo controle de M. macrocephalus foram observados 2 machos e 5
fémeas (Grafico 1), onde os machos apresentaram 2n=54, ZZ cromosSsomos, e as
fémeas apresentaram 2n=54, ZW cromossomos (Figura 1), e as analises
histoldgicas das gbnadas demonstraram que estas sdo correspondentes ao sexo
genético. No grupo tratado com procloraz foram observados 3 fémeas e 3 machos
através da andlise citogenética, um dos quais apresentou alguns foliculos
ovarianos testiculares imersos no tecido gonadal com predominancia de células
espermatogénicas (Figura 3A). No grupo tratado com piriproxifem foram
observados 6 machos e 9 fémeas determinados pelo sexo genético (Grafico 1). A
técnica histolégica confirmou os dados citogenéticos, exceto para duas fémeas do
grupo tratado com piriproxifem, que apresentaram gbénadas fenotipicamente
masculinas, com predominancias de células que se assemelham a
espermatogobnias (Figura 3C). O grupo tratado com a mistura de procloraz e
piriproxifem apresentou 3 machos e 11 fémeas determinados pelo sexo genético
(Gréficol). A técnica histolégica confirmou os dados citogenéticos, exceto para
duas fémeas com gbnadas fenotipicamente masculinas, com predominancias de

células que se assemelham a espermatogonias (Figura 3D).

Descricdo morfologica das gbnadas de Megaleporinus macrocephalus

Em todos os individuos machos os testiculos sdo érgéos pares, alongados

e cordonais, revestido externamente por uma capsula de tecido conjuntivo frouxo,



51

muito celularizado, sendo um 6rgéo ricamente vascularizado (Figura 2A, C, E, G).
As gbnadas destes individuos se apresentaram em estagio de desenvolvimento
com espermatogonias diferenciadas, espermatocitos primarios, espermatocitos
secundarios, e espermatides iniciais e finais. Em alguns individuos foram
observados espermatozoides presente no lumen dos tubulos seminiferos. O
tecido gonadal é sustentado por um estroma formado por células de Sertoli, além
de tecido conjuntivo e células de Leydig, podendo as células espermatogénicas
se encontrarem em cistos espermatogénicos (Figura 2A).

Nas fémeas, o0s ovarios sao oOrgdos pares, saculares, altamente
vascularizados e sustentados por tecido conjuntivo frouxo, altamente celularizado.
As gOnadas femininas se mostraram em desenvolvimento, com presenca
predominante de oogbnias e ovdécitos nucleolares e perinucleolares (Figura 2B, D,
F, e H). Em uma das fémeas foi observado invaséo linfocitaria em uma regiao,

com elevada presenca de hemacias que invadiram o tecido (Figura 3B).

Descricdo morfologica das gbnadas intersexo de Megaleporinus macrocephalus

exposto ao procloraz

No grupo exposto ao procloraz foi observado um espécime com as
gbnadas intersexo contendo tecido masculino e feminino, no estagio de
desenvolvimento intermediario com presenca predominante das células
espermatogénicas: espermatogbnias, espermatdcitos primario e secundario,
espermatides iniciais e finais, e poucos foliculos ovarianos testiculares (Figura
3A).

Descricdo morfolégica das gbnadas intersexo de Megaleporinus macrocephalus

exposto ao piriproxifem

No grupo exposto ao piriproxifem foi observado a presenca de individuos
com gbnadas intersexo provenientes do sexo genético feminino, com fendtipo
predominantemente masculino. Estes individuos apresentaram predominancia de
células do tipo espermatogbdnias, poucos espermatdcitos (alguns em cistos
espermatogénicos, em divisdo celular), espermétides e espermatozoides,

caracteristicas tipicas de gébnadas em reestruturacéo (Figura 3C). O nucleo das
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espermatogbnias se apresentaram pouco basofilo. Também foi observado neste

grupo, dentre as fémeas normais, a presenca de linfocitos no tecido (Figura 3B).

Descricdo morfologica das gbnadas intersexo de Megaleporinus macrocephalus

exposto a combinacao de procloraz e piriproxifem

No grupo exposto a mistura foi observado individuos com gbénadas
intersexo  provenientes do sexo genético feminino, com fenotipo
predominantemente masculino, nas quais foram observadas apenas células
espermatogénicas: predominio de espermatogbnias, e presenca de
espermatocitos, espermatides e espermatozoides, caracteristicas tipicas de
gbnadas em reestruturacdo. Além disso, um individuo apresentou foliculos
ovarianos testiculares (Figura 3D). Em fémeas normais houve ainda a observagéo
de gbnadas com presenca de odcitos em degeneracdo, com nucleo e citoplasma

mais acidofilos (Figura 2H).

DISCUSSAO

A presenca de individuos machos apresentando células femininas no grupo
procloraz, expressa a associacdo do mesmo durante o periodo de ontogenia
precoce larval. O procloraz interage na producdo dos horménios femininos, seja
através da interferéncia na expressao da aromatase ou interagdo com receptor de
estrogénio (Raun Andersen et al.,, 2002; Sanderson et al., 2002). A aromatase
estd presente nas gonadas femininas e masculinas e € capaz de converter
androstenediona e testosterona em estrona e 17B-estradiol (E2), respectivamente,
e fatores que controlam esta enzima podem ser importantes na determinacao
morfologica gonadal (Liu et al., 2017). No presente trabalho, possivelmente no
momento da exposicdo, em machos, o procloraz foi capaz de influenciar na
concentracdo de hormoénios por sua atividade sobre o metabolismo dos
horménios femininos, permitindo o desenvolvimento de foliculos ovarianos
testiculares.

Nesta fase do desenvolvimento, o ambiente necessita de hormdnios em
concentragdes restritas para permitir o desenvolvimento correto das gonadas e

manter as caracteristicas sexuais primarias e secundarias do individuo, e
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alteracdes durante periodos sensiveis ou criticos de desenvolvimento, podem
gerar alteracdes que permanecem em fases tardias do ciclo de vida (Filho et al.,
2007).

Em Danio rerio, a exposi¢cao ao procloraz levou a uma maior proporcéo de
machos e incidéncia de individuos intersexo de forma dose-dependente durante o
desenvolvimento, com acgéo sobre o nivel de expressao de vitelogenina (VTG1 e
VTG2), receptores de estrogénio (ERA, ERB1, ERB2) e aromatase (CYP19ala e
CYP19alb, a ultima tendo a expressao induzida significativamente) (Baumann et
al., 2015; Kinnberg et al.,, 2007). Em Oryzias latipes, promoveu efeito sobre a
fecundidade e reducdo na expressdo do receptor de estrogénio (ER- a) e
vitelogenina, enquanto aumentou a expressdo de 17a-hydroxylase (cypl7) e
aromatase (cypl9) no ovario (Zhang et al., 2008). Em Pimephales promelas
expostos ao procloraz houve inibicdo da atividade da CYP19, reducdo na
producdo de E2 gonadal, além dos niveis de VTG ficarem deprimidos no plasma e
a fecundidade ter sido reduzida (Ankley et al., 2005). Tais ocorréncias confirmam
acbes nao especificas do procloraz no sistema endocrino em geral, as quais
variaram de acordo com o organismo, sua fisiologia e 0 momento da exposicao; e
demonstram a complexidade e a plasticidade do mecanismo de diferenciacdo
sexual em peixes, de forma espacial e temporal, mesmo em M. macrocephalus,
uma espécie gonocorica que tem o destino sexual definido durante a fertilizagéo
pela presenca de sistema de cromossomos sexuais.

O piriproxifem, por sua vez, levou a reversao para o sexo masculino, com
presenca predominante de células que se assemelham a espermatogoénias. Em
vertebrados estas sdo as primeiras observacbes de reversdo sexual, fator
associado aos poucos estudos sobre o desenvolvimento sexual. Apesar disso, ja
€ possivel estimar um amplo espectro de acdo baseado na exposicdo ao mesmo
durante a ontogénese e em adultos com doses reduzidas. Em estudos em
zebrafish realizados por Truong et al. (2016), observou-se aumento da
mortalidade e efeitos morfologicos adversos, incluindo defeitos craniofaciais a
doses mais elevadas. Estudos de Azevedo-Linhares et al. (2018), no estagio de
gastrula em Rhamdia quelen, revelaram a alta toxicidade do composto, com
presenca de malformacdes e reducdo na taxa de sobrevivéncia mesmo a doses

muito pequenas. De maneira similar, Dzieciolowska et al. (2017) demonstraram
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elevada mortalidade em embrides de zebrafish expostos, enquanto Caixeta et al.
(2016) observaram movimentos natatorios inadequados em Xiphophorus
maculatus adultos expostos a apenas 5 pg/l de piriproxifem.

De maneira similar aos efeitos observados com o piriproxifem em M.
macrocephalus agem os inibidores de aromatase, como a 17a-methyltestosterona
(17MT) e a 11 cetotestosterona (11KT). Em zebrafish adultos, o tratamento de
inibicdo da aromatase promoveu retragdo dos ovarios e 0 aparecimento de 6rgaos
testiculares e estruturas cisticas preenchidas com espermatozoides (Takatsu et
al., 2013), porém em nosso estudo os individuos foram expostos em estagios
iniciais ao piriproxifem, e mesmo em estdgios mais avancados do
desenvolvimento houve a manutenc¢éo do fendtipo masculinizado.

Apesar de o piriproxifem agir como anélogo de horménio juvenil, sua
estrutura quimica ndo é semelhante. Em insetos, o piriproxifem se ancora dentro
do dominio Per-Arnt-Sim (PAS) do receptor metopreno tolerante (Met), com maior
afinidade que o hormonio juvenil, conforme demonstrado em modelos estruturais
(Charles et al., 2011). Estes dominios do tipo PAS séo encontrados em um
grande namero de organismos metazodarios, em um grande numero de familia de
coativadores de receptores, incluindo o receptor de hidrocarboneto de
dioxina/arila (AhR) (Pecenova and Farkas, 2016) e o receptor de acido retinoico.
O &cido retinoico apresenta papel fundamental no desenvolvimento, e indicacées
sugerem que o AhR também possui grande importancia, inclusive na formacéo
dos ossos (Yasufumi et al., 2004), e na fisiologia da reproducéo. A ativacéo de
AhR por ligantes exdgenos pode reduzir os niveis de proteina ER por degradacéo
proteica (Pocar et al., 2005), que deixa de inibir a expressao de genes do sexo
oposto e pode permitir o desenvolvimento do fen6tipo masculinizado, equivalente
ao observado em individuos expostos ao piriproxifem, pois conforme Liu et al.
(2017) é preciso que ocorra a manutencdo da concentracdo de hormdnios, para
supressao das caracteristicas do sexo oposto.

Em vertebrados, o receptor de hidrocarboneto de dioxina/arila (AhR) é um
fator de transcricdo ativado por ligante, responsivo a compostos ambientais
naturais e também artificiais, conforme observado com o uso de bifendis
policlorados (PCBs), 2,3,7,8-tetraclorodibenzo-p-dioxina (TCDD) e o
dibenzoantroceno (Pocar et al., 2005), e poderia representar um mecanismo pela
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qual o piriproxifem atua permitindo os efeitos observados nos estudos de
desenvolvimento realizados até entéo.

A exposicéo isolada ao procloraz e ao piriproxifem em M. macrocephalus
levou a efeitos feminilizantes e masculinizantes, respectivamente, com eventos de
reversao total do sexo associado ao piriproxifem, e a presenca de apenas alguns
foliculos ovarianos testiculares relacionados aos efeitos do procloraz. Na mistura
dos dois pesticidas houve apenas a observacdo do efeito masculinizante, sem
que se pudesse inferir interacdo entre os compostos. Estudos com compostos em
mistura em zebrafish revelaram efeito antagonista entre a malationa (um
organofosforado) e o procloraz (um imidazol) (Guo et al., 2017). Por outro lado,
Azevedo-Linhares et al. (2018) demonstraram uma interagdo agonista em larvas
de Rhamdia quelen 48 horas apds a eclosdo expostas a piriproxifem e
microcistina - toxina produzida por cianobactérias - a doses passiveis de serem
encontradas no ambiente aquatico, revelando efeitos sobre a taxa de
sobrevivéncia e a incidéncia de malformacbes. O que demonstra que estes
compostos podem interagir no ambiente e ter sua toxicidade aumentada.

Embora ndo se tenha o conhecimento sobre como o piriproxifem possa
afetar organismos ndo alvo, ele tem sido utilizado como estratégia no controle de
vetores de doencas tropicais, como 0 mosquito Aedes aegypti (Sihuincha et al.,
2005) o que traz uma preocupacdo em relacdo aos efeitos causados em
ambientes naturais. No presente trabalho a exposicdo Unica a 2,5ug/L de
piriproxifem durante os primeiros 60 dias foi capaz de reverter 0 sexo e manter
esta caracteristica em uma escala temporal maior (240 dias) mesmo quando
associado a um outro composto que agiu como um feminilizante, quando utilizado
isoladamente, o que preocupa ainda mais em relacéo a toxicidade do composto.
A plasticidade no evento de diferenciacdo sexual torna os peixes susceptiveis a
xenobidticos encontrados no seu habitat, mediados pela acdo humana. Assim
como o procloraz, o piriproxifem tem demonstrado um amplo espectro de agao, a
doses reduzidas, o que alerta para a necessidade de revisdo sobre a
concentracdo de utilizacdo permitida, e até a proibicdo do uso do produto para
controle de vetores de doencas tropicais em meio urbano e o uso na agricultura

contra as denominadas pragas agricolas.
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FIGURA 1 - Cromossomos metafasicos de M. macrocephalus corados por Giemsa. (a)
Cromossomos metafasicos de machos (b) Cromossomos metafasicos de fémeas. Em (b) a seta
evidencia o cromossomo W. Barra=10um.
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FIGURA 2 — Cortes histologicos de gdnadas de M. macrocephalus aos 240 dias apds a eclosao.
(A) Testiculo do macho do grupo controle (B) Ovario de fémea do grupo controle (C) Testiculo do
macho do grupo tratado com procloraz (D) Ovério de fémea do grupo tratado com procloraz (E)
Testiculo do macho do grupo tratado com piriproxifem (F) Ovario de fémea do grupo tratado com
piriproxifem (E) Testiculo do macho do grupo tratado com a mistura (F) Ovario de fémea do grupo
tratado com a mistura. gon-espermatogonia, ocil-espermatdcito primario, oci2-espermatdcito
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secundério, ati-espermétide, oid-espermatozoide, oog-oogdnia, mat-ovécito em maturagéo, per-
ovocito perinucleolar, nuc-ovécito nucleolar, deg-ovocito em degeneracdo. Coloragao
hematoxilina-eosina.

FIGURA 3 Cortes histol6gicos de gonada de M. macrocephalus aos 240 dias apos a eclosao. (A)
Testiculo do macho do grupo procloraz com presenca de foliculos ovarianos testiculares (B)
Ovério de fémea com invasao linfocitaria (C) Testiculo de individuo ZW, sexo genético feminino,
tratado com piriproxifem (D Testiculo de individuo ZW, sexo genético feminino, tratado com a
mistura. gon-espermatog0nia, ocil-espermatocito primario, oci2-espermatécito secundario, oid-
espermatozoide, 00g-oogdnia, mat-ovicito em maturacéo, per-ovocito perinucleolar, nuc-ovoécito
nucleolar, deg-ovdcito em degeneragdo. Coloragdo hematoxilina-eosina.
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Grafico 1 — Frequéncia de individuos macho, fémea e intersexo por grupo.
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Tabela 1 - Razdo sexual (%) de M. macrocephalus expostos ao procloraz e piriproxifem, isolado ou
combinado, machos, fémeas e intersexo representados em porcentagem

Tratamento Macho Fémea Intersexo n

Controle 71 29 0 6
Procloraz 50 50 17 7
Piriproxifem 53 a7 13 15
Mistura 33 67 13 15
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committee for human subjects or animal research.
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Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
competing interests include employment, consultancies, stock ownership, honoraria, paid expert
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testimony, patent applications/registrations, and grants or other funding. Authors must disclose any
interests in two places: 1. A summary declaration of interest statement in the title page file (if
double-blind) or the manuscript file (if single-blind). If there are no interests to declare then please
state this: 'Declarations of interest: none'. This summary statement will be ultimately published if
the article is accepted.

2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or
concurrent publication' for more information), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyrightholder. To verify originality, your article may be checked by the originality
detection service Crossref

Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see
‘Multiple, redundant or concurrent publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about the
beliefs or commitments of any reader, should contain nothing which might imply that one individual
is superior to another on the grounds of race, sex, culture or any other characteristic, and should
use inclusive language throughout. Authors should ensure that writing is free from bias, for
instance by using 'he or she’, 'his/her’ instead of 'he' or 'his', and by making use of job titles that are
free of stereotyping (e.g. 'chairperson' instead of '‘chairman’' and ‘flight attendant' instead of
'stewardess’).

Suggestion for Reviewers

Authors must suggest a minimum of 5 names of potential reviewers who should have no conflict of
interests with their work or that of their co-authors, including not working at their institution. For
each suggested reviewer, authors must include: Full name and title, professional affiliation, and
professional email address (avoiding yahoo, hotmail, gmail, etc. addresses). Please make sure that
the email addresses you provide us with are valid and up-to-date. Give also at least one reason
why the author is recommending her/his name as possible reviewer.

Please note that the journal may not use your suggestions. However, your help is appreciated and
may speed up the selection of appropriate reviewers.

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration;
Resources; Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing -
review & editing. Authorship statements should be formatted with the names of authors first and
CRediT role(s) following. More details and an example

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
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agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement
of authors after the manuscript has been accepted. While the Editor considers the request,
publication of the manuscript will be suspended. If the manuscript has already been published in an
online issue, any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider
transferring the article to one of those. If you agree, your article will be transferred automatically on
your behalf with no need to reformat. Please note that your article will be reviewed again by the
new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’
(see more information on this). An e-mail will be sent to the corresponding author confirming
receipt of the manuscript together with a 'Journal Publishing Agreement' form or a link to the online
version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative works, including compilations and
translations. If excerpts from other copyrighted works are included, the author(s) must obtain
written permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
‘Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

uthor rights

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated. Funding body agreements and policies Elsevier has established a number of
agreements with funding bodies which allow authors to comply with their funder's open access
policies. Some funding bodies will reimburse the author for the gold open access publication fee.
Details of existing agreements are available online.

Open access

This journal offers authors a choice in publishing their research:

Subscription

+ Articles are made available to subscribers as well as developing countries and patient groups
through our universal access programs.

* No open access publication fee payable by authors.

* The Author is entitled to post the accepted manuscript in their institution's repository and make
this public after an embargo period (known as green Open Access). The published journal article
cannot be shared publicly, for example on ResearchGate or Academia.edu, to ensure the
sustainability of peerreviewed research in journal publications. The embargo period for this journal
can be found below.

Gold open access

* Articles are freely available to both subscribers and the wider public with permitted reuse.
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* A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards or gold open access articles, permitted third party (re)use is
defined by the following Creative Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they do
not alter or modify the article.

The gold open access publication fee for this journal is USD 3400, excluding taxes. Learn more
about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green
open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested
during submission, peer review and in editor-author communications. Embargo period: For
subscription articles, an appropriate amount of time is needed for journals to deliver value to
subscribing customers before an article becomes freely available to the public. This is the embargo
period and it begins from the date the article is formally published online in its final and fully citable
form. Find out more. This journal has an embargo period of 24 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you
through the process of writing for research and going through peer review. Feel free to use these
free resources to improve your submission and navigate the publication process with ease.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish to use
the English Language Editing service available from Elsevier's WebShop.

Submission of Manuscripts

Authors are requested to submit their papers electronically by using online manuscript submission
available at https://ees.elsevier.com/ER. This site will guide authors stepwise through the
submission process. Authors can upload their articles as Microsoft (MS) Word, WordPerfect, or
LaTeX files. It is also possible to submit an article in PostScript or Adobe Acrobat PDF format, but if
the article is accepted, the original source files will be needed. Zipped files containing individual
files (letter to editor, manuscript, tables, figures) can also be downloaded and the online system will
extract the files and allow them to be viewed and labeled. If you submit a word processing file, the
system generates an Adobe Acrobat PDF version of the article for the reviewing process. Authors,
reviewers, and editors send and receive all correspondence by e-mail and no paper
correspondence is necessary.

The manuscript will be edited according to the style of the journal, and authors must read the
proofs carefully.

Online submissions require:

Cover Letter: Document (Word, WordPerfect, RTF, PDF, LaTex) containing your cover letter to the
Editors. The following statement should be included in the letter to the editor: " All of the authors
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have read and approved the paper and it has not been published previously nor is it being
considered by any other peer-reviewed journal.”

Response to Reviews (Resubmissions Only): Document (Word, WordPerfect, RTF, PDF, LaTex)
detailing your response to the reviewers' and editor's comments of a previously rejected manuscript
that you are re-submitting.

Manuscript: Single word processing (Word, WordPerfect, RTF) or LaTex file consisting of the title
page, abstract, manuscript text, and any figure/table legends.

Manuscript file should include page numbers. Please do not include line numbering as this is
automatically imposed by the editorial system. Tables: Tables should be separate from the
manuscript text, and can be uploaded individually or consolidated into a single file. The file
description you input below when uploading your table must include the table number or range
(e.g. Table 1, Tables 2-4).

Manuscripts must be written in English. There are no submission fees or page charges.
Manuscripts are accepted for review with the understanding that no substantial portion of the study
has been published or is under consideration for publication elsewhere and that its submission for
publication has been approved by all of the authors and by the institution where the work was
carried out; further, that any person cited as a source of personal communication has approved
such a citation. Written authorization may be required at the Editor's discretion. All papers reporting
on studies involving human subjects must include documentation that the study was reviewed and
approved, prior to its conduct, by an appropriate institutional review board for human subjects
research. No exceptions will be made to this requirement. Manuscripts that do not meet the general
criteria or standards for publication in Environmental Research will be immediately returned to the
authors without detailed review.

Environmental Research does not publish proceedings or abstracts from scientific meetings.
However, the journal welcomes submissions of papers from a specific meeting under the following
conditions:

1) all papers must be peer-reviewed by the journal; 2) the decision of the editors for publishing
papers is final; 3) proposals for publishing such papers must be submitted in advance of the
meeting; 4) the proposers must undertake preliminary review and selection of papers for
submission to the Journal; and 5) these papers must be submitted as a group or within a period of
three months to ensure timely and coordinated publication.

Letters to the Editor

Letters to the Editor (LTES) are only published extraordinarily and in relation with very special
topics. They are passed to external review only after a previous contact with the Editor-in-Chief,
who will decide rapidly on the potential interest of the LTE for the readers of the Journal.
PREPARATION

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts your files to a single PDF
file, which is used in the peer-review process. As part of the Your Paper Your Way service, you
may choose to submit your manuscript as a single file to be used in the refereeing process. This
can be a PDF file or a Word document, in any format or layout that can be used by referees to
evaluate your manuscript. It should contain high enough quality figures for refereeing. If you prefer
to do so, you may still provide all or some of the source files at the initial submission. Please note
that individual figure files larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used
by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that
missing data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.
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Divide the article into clearly defined sections.Figures and tables embedded in text. Please ensure
the figures and the tables included in the single file are placed next to the relevant text in the
manuscript, rather than at the bottom or the top of the file. The corresponding caption should be
placed directly below the figure or table.

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is
responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
is final. More information on types of peer review.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be
prepared in a way very similar to that of conventional manuscripts (see also the Guide to
Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript
and BibTeX to generate your bibliography.

Our LaTeX site has detailed submission instructions, templates and other information.

Article structure

For original full-length and short communications:

Introduction should be as concise as possible, without subheadings.

Materials and methods should be sufficiently detailed to enable the experiments to be reproduced.
Results and Discussion may be combined and may be organized into subheadings.

For commentaries and articles related to environmental policy, alternate formats will be accepted
but should include an Introduction describing the problem in terms that a general reader will
understand.

All statements of fact need to be referenced and papers that make use of newly acquired data must
include a Materials and methods section as well as a Results and Discussion section.

Subdivision - numbered sections Divide your article into clearly defined and numbered sections.
Subsections should be numbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference. If quoting
directly from a previously published method, use quotation marks and also cite the source. Any
modifications to existing methods should also be described Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion of
published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may
stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations
in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent
appendix, Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information



75

 Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of
each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a
lowercase superscript letter immediately after the author's name and in front of the appropriate
address.

Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries
about

Methodology and Materials. Ensure that the e-mail address is given and that contact details are
kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.
Please note that the Journal's online editorial system (EES) now offers automatic line humbering.
Page 1 should contain the article title, the names and affiliations of all authors, and the name,
telephone and fax numbers, e-mail address, and complete mailing address of the person to whom
all correspondence should be sent.

Page 2 should contain an abstract and five descriptive keywords.

Page 3 provides information on funding sources supporting the work described in the manuscript.
For all papers dealing with research or studies on human subjects or experimental animals,
evidence must be provided of review and approval by an appropriately constituted committee for
human subjects or animal research. If this information is not provided upon submission, the paper
will be returned without review.

For original full-length and short communications:

Introduction should be as concise as possible, without subheadings.

Materials and methods should be sufficiently detailed to enable the experiments to be reproduced
or the study design to be understood fully.

Results and Discussion may be combined and may be organized into subheadings.

For commentaries and articles related to environmental policy, alternate formats will be accepted
but should include an Introduction describing the problem in terms that a general reader will
understand.

All statements of fact need to be referenced and papers that make use of newly acquired data must
include a Materials and methods section as well as a Results and Discussion section.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be avoided,
but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first mention in the abstract itself.
Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: Please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's lllustration Services to ensure the best presentation of their
images and in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
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(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Keywords

Immediately after the abstract, provide a maximum of 5 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be
sparing with abbreviations: only abbreviations firmly established in the field may be eligible. These
keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the
article.

Abbreviations should follow the usage established by Chemical Abstracts. Please restrict the use of
acronyms, especially non-standard ones, as much as possible.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and
do not, therefore, include them on the title page, as a footnote to the title or otherwise. List here
those individuals who provided help during the research (e.g., providing language help, writing
assistance or proof reading the article, etc.).

Acknowledgments should be brief and should precede the references. In agreement with the
Commission on Publication Ethics, authors must submit full information on sources of funding and
other support for their work that is presented in their paper.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxXx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States
Institutes of Peace [grant number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line
with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are
often more conveniently denoted by exp. Number consecutively any equations that have to be
displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

» Please note that individual figure files larger than 10 MB must be provided in separate source
files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
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Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line
drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too
low.

* Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please indicate
your preference for color: in print or online only. Further information on the preparation of electronic
artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.
References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style of
the journal and should include a substitution of the publication date with either ‘Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct.
Please note that incorrect surnames, journal/book titles, publication year and pagination may
prevent link creation. When copying references, please be careful as they may already contain
errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.,
Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser
Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884.

Please note the format of such citations should be in the same style as all other references in the
paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed.
Any further information, if known (DOI, author names, dates, reference to a source publication,
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etc.), should also be given. Web references can be listed separately (e.g., after the reference list)
under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the reference so
we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations
in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation Style
Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor
plug-ins from these products, authors only need to select the appropriate journal template when
preparing their article, after which citations and bibliographies will be automatically formatted in the
journal's style. If no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide. If you use reference management software,
please ensure that you remove all field codes before submitting the electronic manuscript. More
information on how to remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/environmental-research

When preparing your manuscript, you will then be able to select this style using the Mendeley
plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used
by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that
missing data will be highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:

Reference style

References should be cited in the text by the author's name and year of publication. References
should be listed alphabetically in an unnumbered list at the end of the paper in the following style:
Baecklund, M., Pedersen, N.L., Bjorkman, L., Vahter, M., 1999. Variation in blood concentrations of
cadmium and lead in the elderly. Environ. Res. 80, 222-230.

Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt
disease and surrounding forest compositions. Mendeley Data, vl
http://dx.doi.org/10.17632/xwj98nb39r.1. Letourneau, D.K., 1997. Plant-arthropod interactions in
agroecosystems. In: Jackson, L.E.(Ed.), Ecology in Agriculture. Academic Press, San Diego, pp.
239-290.

Morgan, W.K.C., Seaton, A. (Eds.), 1995. Occupational Lung Diseases, 3rd ed. Saunders,
Philadelphia, pp. 308-373.

References drawn from the worldwide web must include the date in which the material was
accessed. The names of journals should be abbreviated according to the latest available edition of
Index Medicus or Chemical Abstracts Service Source Index. Only articles that have been published
or are in press should be included in the references. " Manuscript in preparation,” " personal
communication," and " unpublished observation" should be cited as such in the text.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Only articles that have been published or are in press should be included in the references.
"Manuscript in preparation,” "personal communication," and "unpublished observation" should be
cited as such in the text.

Video



http://dx.doi.org/10.17632/xwj98nb39r.1

79

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please
supply 'stills' with your files: you can choose any frame from the video or animation or make a
separate image. These will be used instead of standard icons and will personalize the link to your
video data. For more detailed instructions please visit our video instruction pages. Note: since
video and animation cannot be embedded in the print version of the journal, please provide text for
both the electronic and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received
(Excel or PowerPoint files will appear as such online). Please submit your material together with
the article and supply a concise, descriptive caption for each supplementary file. If you wish to
make changes to supplementary material during any stage of the process, please make sure to
provide an updated file.

Do not annotate any corrections on a previous version. Please switch off the 'Track Changes'
option in Microsoft Office files as these will appear in the published version

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings. To
facilitate reproducibility and data reuse, this journal also encourages you to share your software,
code, models, algorithms, protocols, methods and other useful materials related to the project.
Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one
of these ways, you are encouraged to cite the data in your manuscript and reference list. Please
refer to the "References" section for more information about data citation. For more information on
depositing, sharing and using research data and other relevant research materials, visit the
research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly
to the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect
with relevant repositories, giving readers access to underlying data that gives them a better
understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For
more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after
uploading your manuscript, you will have the opportunity to upload your relevant datasets directly
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to Mendeley Data. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data
articles ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and
publicly available to all upon publication. You are encouraged to submit your article for Data in Brief
as an additional item directly alongside the revised version of your manuscript. If your research
article is accepted, your data article will automatically be transferred over to Data in Brief where it
will be editorially reviewed and published in the open access data journal, Data in Brief. Please
note an open access fee of 500 USD is payable for publication in Data in Brief. Full details can be
found on the Data in Brief website. Please use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access
journal, now publishes this information in order to make it searchable, peer reviewed, citable and
reproducible.

Authors are encouraged to submit their MethodsX article as an additional item directly alongside
the revised version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed. Please note an
open access fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables
and figures. Significant changes to the article as accepted for publication will only be considered at
this

stage with permission from the Editor. It is important to ensure that all corrections are sent back to
us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop. Corresponding authors who have published their article gold open
access do not receive a Share Link as their final published version of the article is available open
access on ScienceDirect and can be shared through the article DOI link.
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Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.



