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RESUMO

Longa exposi¢ao a uma mistura de desreguladores endécrinos predispoe a
prostata ventral de ratos a lesdes pré-neoplasicas

Desreguladores enddécrinos (DE) s&do compostos que modificam a biossintese
hormonal, causando consequéncias para a saude humana, incluindo doencgas
cronicas, como o cancer. A prostata, um o6rgdo hormdnio-dependente, sofre
influéncia dos DE tanto nos processos de diferenciagdo como no controle da
homeostasia na fase adulta. Estudos tém focado apenas na avaliacdo dos efeitos de
DE isolados ou em pequenos grupos e em curtos intervalos de tempo, nao
retratando adequadamente a exposicdo humana. Diante disso, a proposta do
presente estudo é caracterizar os efeitos da exposicdo a uma mistura de DE
baseada na exposi¢gao humana a partir da vida intra-uterina até a fase adulta sobre a
morfologia prostatica e seus aspectos histopatoldégicos. Fémeas prenhes da
linhagem Sprague-Dawley foram distribuidas aleatoriamente em 2 grupos
experimentais: Grupo Ctrl (veiculo: 6leo de milho, por gavagem) e Grupo ED Mix:
receberam 32,11mg/kg/dia da mistura constituida de doze compostos (ftalatos,
pesticidas, filtros u.v., bisfenol A, butilparabeno) diluidos em éleo de milho (2ml/kg),
por gavagem. As ratas prenhes ou lactentes receberam o tratamento do dia
gestacional 7 (DG7) até o dia pds-natal 21 (DPN21). Ap6és o desmame, no DPN22,
os filhotes machos da geragédo F1 continuaram a receber a mistura completa de DE
até os 220 dias de idade, quando foram eutanasiados. A prostata ventral foi
coletada, dissecada e processada para analise histolégica. Secgdes coradas com
hematoxilina-eosina, picrossirius e azul de toluidina foram submetidas a analise
fractal, analises estereoldgica, morfométrica, kariométrica, quantificagdo do volume
relativo e dos tipos de colageno e contagem de mastdcitos. A mistura de DE
provocou diminuicdo do compartimento epitelial, aumento da dimensao fractal e
diminuicdo na dilatagcédo glandular. Além disso, foi observada uma diminuigao total do
colageno, caracterizado tanto pelo colageno tipo | quanto tipo Ill. Ambos os grupos
apresentaram focos inflamatorios estromais, porém sem diferenca estatistica, o que
refletiu na quantidade semelhante de mastdcitos. Houve presenca de lesdes
proliferativas, neoplasia intraepitelial prostatica, presenca de adenocarcinoma
invasor e regides de atrofia epitelial no grupo exposto a mistura DE. Conclui-se que
a mistura de DE foi capaz de causar alteracbes na histoarquitetura prostatica e
induzir o aparecimento de lesdes pré-neoplasicas.

Palavras-chave: disruptores endodcrinos; glandula prostatica; exposicado ambiental;
neoplasia intraepitelial prostatica.



ABSTRACT

Long exposure to a mixture of endocrine disruptors prediposes the ventral
prostate of rats to pleneoplastic lesions

Endocrine disruptors (EDs) are compounds that modify hormone biosynthesis,
causing consequences for human health, including chronic diseases such as cancer.
The prostate, a hormone-dependent organ, is influenced by EDs both in
differentiation processes and in the control of homeostasis in adulthood. Studies
have focused only on evaluating the effects of EDs in isolation or in small groups and
over short time intervals, not adequately portraying human exposure. Given this, the
purpose of the present study is to characterize the effects of exposure to a mixture of
EDs based on human exposure from intrauterine life through adulthood on prostate
morphology and its histopathological aspects. Pregnant Sprague-Dawley females
were randomly assigned to 2 experimental groups: Ctrl Group (vehicle: corn oil, by
gavage) and ED Mix Group: received 32.11mg/kg/day of the mixture consisting of
twelve compounds (phthalates, pesticides, u.v. filters, bisphenol A, butylparaben)
diluted in corn oil (2ml/kg), by gavage. Pregnant or nursing rats received the
treatment from gestational day 7 (GD7) to postnatal day 21 (PND21). After weaning,
at PND22, male pups of the F1 generation continued to receive the complete ED
mixture until 220 days of age, when they were euthanized. The ventral prostate was
collected, dissected and processed for histological analysis. Sections stained with
hematoxylin-eosin, picrosirius, and toluidine blue were subjected to fractal analysis,
stereological, morphometric, karyometric analyses, quantification of relative volume
and collagen types, and mast cell counts. ED mixing caused a decrease in epithelial
compartment, an increase in fractal dimension, and a decrease in glandular
dilatation. In addition, a total decrease in collagen was observed, characterized by
both type | and type Il collagen. Both groups showed stromal inflammatory foci, but
without statistical difference, which reflected in the similar amount of mast cells.
There was presence of proliferative lesions, prostatic intraepithelial neoplasia,
presence of invasive adenocarcinoma and regions of epithelial atrophy in the group
exposed to the ED mixture. It is concluded that the ED mixture was able to cause
changes in prostatic histoarchitecture and induce the appearance of preneoplastic
lesions.

Keywords: endocrine disruptors; prostate gland; environmental exposure; prostatic
intraepithelial neoplasia.
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RESUMO

LONGA EXPOSICAO A UMA MISTURA DE DESREGULADORES ENDOCRINOS PREDISPOE A
PROSTATA VENTRAL DE RATOS A LESOES PRE-NEOPLASICAS.

Desreguladores endocrinos (DE) s@o compostos dispersos no meio ambiente, que modificam a biossintese
hormonal, causando consequéncias em o6rgdos hormonio-dependentes, como a prostata. Estudos tém focado
apenas na avaliagdo dos efeitos de DE isolados ou em pequenos grupos € em curtos intervalos de tempo, nao
retratando adequadamente a exposi¢do humana. Diante disso, nds caracterizamos a histoarquitetura prostatica de
ratos expostos desde a vida intrauterina até a fase a uma mistura de DE (DE Mix) baseada na exposi¢cdo humana.
Fémeas prenhes da linhagem Sprague-Dawley foram distribuidas aleatoriamente em 2 grupos experimentais:
Grupo Ctrl (veiculo: 6leo de milho, por gavagem) e Grupo ED Mix: receberam 32,1 Img/kg/dia da mistura de
DE diluidos em o6leo de milho (2ml/kg), por gavagem, do dia gestacional 7 (DG7) até o dia pods-natal 21
(DPN21). Apds o desmame, no DPN22, os filhotes machos continuaram a receber a mistura completa de DE até
os 220 dias de idade, quando foram eutanasiados. A DE Mix provocou diminui¢do do compartimento epitelial,
aumento da dimensdo fractal e diminui¢do da dilatagdo glandular. Além disso, houve presenca de neoplasia
intraepitelial prostatica de baixo grau, além de regides de atrofia epitelial no grupo exposto a DE Mix. No
estroma, a exposi¢do a mistura causou diminuigdo tanto do coldgeno tipo I quanto tipo III. Conclui-se que a DE
Mix foi capaz de causar alteragdes na histoarquitetura prostatica e induzir o aparecimento de lesdes pré-
neoplésicas.

Palavras-chave: disruptores endocrinos, glandula prostatica, exposi¢cdo ambiental, neoplasia intraepitelial
prostatica
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1 INTRODUCAO

Diversos desreguladores endocrinos (DE) estdo ganhando atencdo por sua a¢do no
sistema endocrino e, sobretudo, nos 6rgaos reprodutivos. Conforme a definicdo da OMS/IPCS
2002, “um DE ¢ uma substincia ou mistura exdgena que altera as fungdes do sistema
endocrino e, consequentemente, causa efeitos adversos em um organismo intacto ou em sua
progénie” (Cargnelutti et al. 2021). Sendo assim, tais compostos sdo capazes de afetar a
sintese, secrecdo, transporte, metabolismo e diversas acdes relacionadas a ligagdo ou
eliminagdo de hormdnios enddgenos responsaveis pela homeostase tecidual e celular
(Stukenborg et al. 2021). Em geral, os DE sdo um grupo heterogéneo de substancias como
plastificantes, dioxinas, agentes farmacéuticos, fungicidas, pesticidas e outros produtos de
cuidados pessoais (Brehm, Flaws 2019), podendo ser expostos diariamente em nosso
cotidiano através da inalagdo, ingestdo ou contato dérmico.

A frequente exposi¢do causada pelos DE esta relacionada com o surgimento de
lesdes em orgaos do sistema reprodutor feminino e masculino, sendo mais recorrentes nos
testiculos, prostata, ovarios ¢ mamas (Kahn et al. 2020). A prostata ¢ uma glandula sexual
acessoria do trato reprodutivo masculino circundante a por¢do proximal da uretra e
dependente de androgenos e estrogenos (Motrich et al. 2018), sendo o cancer de prostata o
segundo mais frequente no mundo e o quinto com maior indice de mortalidade, somando uma
estimativa de quase 1.4 milhdes de novos casos € 375.000 mortes em 2020 (Sung et al. 2021).

Sabe-se que os DE contém agdes estrogénicas e/ou antiandrogénicas, podendo afetar
os Orgdos hormonio-dependentes, principalmente no periodo de programagdo do
desenvolvimento reprodutivo masculino, também conhecido como janela de programagado de
masculinizagdo (Welsh et al. 2008). Estudos demonstram que a préstata possui uma ampla
janela de susceptibilidade, como os de Wang et al. (2017) e Xia et al. (2018), que verificaram
que a exposicdo in Utero e durante a lactacdo ao DEHP, um ftalato encontrado em diversos
produtos plastificantes, causou desbalango hormonal e aumentou a susceptibilidade a
carcinogénese prostatica na vida adulta.

Recentes estudos tém focado nos estudos de compostos isolados ou em pequenos
grupos, como relatado por Scarano et al. (2019), que analisaram uma mistura de 6 ftalatos
encontrados na urina de mulheres gravidas. Ao administrarem tal mistura durante o periodo
perinatal observaram alteragdao na expressao de 120 genes relacionados ao desenvolvimento,
diferenciagdo e oncogénese na prostata de ratos adultos. Para mimetizar uma exposi¢ao

ambiental mais realistica, Christiansen et al. (2012) estabeleceram uma mistura de 13
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compostos quimicos que foram selecionados como representativos de varios outros DE com o
intuito de representar a exposi¢do humana. A composicdo da mistura constituiu-se de 8
compostos caracterizados por possuirem, predominantemente, propriedades anti-
androgénicas: 2 ftalatos: di-n-butil ftalato (DBP) e di-(2-etilexil) ftalato (DEHP); 5 pesticidas:
vinclozin, procloraz, procimidona, linuron, epoxiconazol; o metabdlito do pesticida DDT,
diclorodifenil-dicloroetileno (p,p’-DDE). Além disso, a mistura também contém quatro
substancias predominantemente estrogénicas: dois filtros u.v., o metoxinamato de octila
(OMC) e o 4-metil-benzidileno canfora (4-MBC); o composto fenolico bisfenol A (BPA); o
preservativo antifingico butilparabeno. Por fim, a mistura também inclui a droga
paracetamol, previamente descrita como uma droga anti-androgénica (Kristensen et al 2012).

Outro fator pouco investigado dentro do ambito dos DE ¢ o tempo de exposi¢do,
onde os periodos avaliados normalmente sdo bem definidos e ndo abrangem um amplo
periodo, dando énfase em momentos especificos da morfogénese prostatica ou da vida adulta.
Como exemplo, destacam-se os estudos de Brandt et al. (2014), que observaram que a
exposicao intrauterina ao BPA foi responsavel pelo estabelecimento de lesdes prostaticas em
ratos adultos. Diferentemente, Huang et al. (2018) verificaram agravamento do quadro de
hiperplasia prostatica benigna em ratos idosos expostos ao BPA dos 18 aos 21 meses de
idade, além do aumento da expressdo de genes relacionados ao processo de transi¢ao epitélio-
mesenquimal.

Desta forma, torna-se evidente a importancia de trabalhos que retinam o maior
numero de varidveis envolvidas no processo de exposi¢ao aos DE, como a combinagao de
diferentes drogas em longos periodos, elaborando delineamentos experimentais que
mimetizem a exposi¢do humana de maneira mais fidedigna. Diante disso, o presente estudo
teve como objetivo investigar os parametros histopatologicos do microambiente prostatico de

ratos expostos a uma mistura de doze DE durante a gestacao, lactacao até a vida adulta.

2 MATERIAIS E METODOS

2.1 Animais e Ambiente de Experimentacio

24 fémeas adultas com 120 dias de idade, pesando aproximadamente 300g, e 12
machos adultos com 90 dias de idade, pesando aproximadamente 300g da linhagem Sprague-
Dawley, foram obtidos no Centro Multidisciplinar para Investigagio Biologica na Area de
Ciéncia de Animais de Laboratério (CEMIB/UNICAMP), e mantidos no Biotério de

Experimentacdo Animal da UNOESTE, em condi¢des controladas de luminosidade (12 horas
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de luz/12 horas de escuro) e temperatura (média de 23°C a 25°C). Todos os animais
receberam racdo comercial livre de fitoestrogenos (NUVILABCR1/NuvitalPR) e 4gua filtrada
em bebedouros de vidro com tampa e bico metélicos com capacidade para 500 mL. Agua e
ragdo foram fornecidas ad libitum. Os animais foram distribuidos na propor¢ao de duas a trés
fémeas e um macho adulto para acasalamento por gaiola de polipropileno de 41x34x16cm,
com tampa de aco inox na forma de grade e forradas com maravalha branca de pinho
autoclavada, sendo as trocas das gaiolas e da maravalha realizadas 2 vezes por semana.
Durante toda a fase de experimentagdo foram controladas as condi¢des de umidade relativa do
ar (55 £ 10) e exaustdo do ar continua. Os procedimentos de manuseio, administragdo de
drogas, anestesia e eutandsia dos animais foram submetidos 2 Comissdo de Etica no Uso de
Animais da UNOESTE (Protocolo CEUA 6034). O estudo seguiu as recomendacgdes do
Animal Research: Reporting of In Vivo Experiments — ARRIVE (Kilkenny et al. 2010).

2.2 Mistura de DE

Os compostos DBP (Cas n° 175606-05-0), DEHP (Cas n° 117-81-7), Vinclozin (Cas n°
50-471-44-8), Procloraz (Cas n°® 67747-09-5), Procimidona (Cas n°® 32809- 16- 8), Linuron
(Cas n°® 330-55-2), Epoxiconazol (Cas n° 133855-98-8), p,p’-DDE (Cas n° 72- 55-9), 4-MBC
(Cas n° 36861-47-9), OMC (Cas n° 5466-77-3), BPA (Cas n° 80-05- 07) e Butilparabeno (Cas
n°® 94-26-8) foram adquiridos junto a Sigma Aldrich (St Louis, Missouri, EUA). A mistura de
DE, na concentragdo de 32,11 mg/kg/dia, foi diluida em o6leo de milho (2 ml/kg) e
administrada por via oral (gavagem) nos animais durante o periodo gestacional, lactacional e

vida adulta.

2.3 Delineamento Experimental

Acasalamentos foram realizados durante o periodo escuro do ciclo. O dia zero de
prenhez/gestacional (DGO) foi determinado pela presenga de esperma no esfregago vaginal e a
citologia vaginal positiva da fase de estro. As fémeas identificadas como prenhes foram
mantidas individualmente nas gaiolas e divididas aleatoriamente em 2 grupos experimentais
(n=10/grupo): Grupo Tratado (ED Mix): 32,11 mg/kg/dia da mistura de DE diluidos em oleo
de milho (2 ml/kg); Grupo Controle (Ctrl): (veiculo: d6leo de milho, por gavagem) por
gavagem. Os animais do grupo ED Mix receberam uma mistura de DE desenvolvida por
Christiansen et al. (2012) e reproduzida por Axelstad et al. (2014), Isling et al. (2014), Boberg
et al. (2015), Mandrup et al. (2015) e Johansson et al. (2016). Na mistura administrada aos

animais foi estabelecido um fator de correcdo de 100, que é comumente utilizado para
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extrapolagdo de doses seguras (concentracdes sem efeitos adversos observaveis — NOAEL: no
observed adverse effect levels) determinadas em estudos com roedores para doses que podem ser
consideradas seguras para humanos (ECHA, 2010). A composi¢do da mistura ¢ descrita

detalhadamente na Tabela 1, adaptada de Christiansen et al. (2012).

Tabela 1. Composicdo da mistura, consumo humano individual ajustado dos compostos

quimicos e mistura administrada.

Compostos Consumo humano ajustado Mistura administrada
quimicos e escolhido como base para (mg/kg de peso
estudo das misturas (mg/kg corpéreo ao dia)

de peso corpoéreo ao dia)*

DBP 0,01 1
DEHP 0,02 2
Vinclozin 0,009 0,9
Procloraz 0,014 1,4
Procimidona 0,015 1,5
Linuron 0,0006 0,06
Epoxiconazol 0,01 1
p.p’-DDE 0,001 0,1
4-MBC 0,06 6
OMC 0,12 12
Bisfenol A 0,0015 0,15
Butilparabeno 0,06 6
Total (mg/kg) 0,32 32,11

# Baseado em Christiansen et al. (2012) para informagdes detalhadas sobre as estimativas do consumo humano e
para as concentragdes ajustadas que foram escolhidas como base para a mistura.

A mistura de DE apresentou uma adapatacdo em relacdo a mistura orginal (13
compostos), com a retirada do paracetamol devido seu potencial hepatotoxico. Foi aplicado o
tratamento nas ratas prenhes/lactentes do dia gestacional 7 (DG7) até o dia pos-natal 21
(DPN21), nos mesmos periodos entre 8h a 10h. Estas foram mantidas em gaiolas individuais e
pesadas em dias alternados para permitir o calculo do volume da mistura de DE. Apds o
nascimento, o numero de filhotes por ninhada foi ajustado para 8 (4 fémeas e 4 machos) a fim

de manter a propor¢do entre machos e fémeas de 1:1, e ninhadas com nimero de filhotes
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inferior a sete ndo foram descartadas da pesquisa. Posteriormente no DPN 22 foi realizado o
desmame dos filhotes machos, que foram alojados em caixas contendo 3 animais cada. Os
animais continuaram recebendo tratamento com a mistura completa de DE diariamente até os
220 dias de idade (Figura 1), no qual foram eutanasiados por meio de aplicagdo intramuscular
dos anestésicos xilazina e cetamina, seguido de exsanguinacdo. A prostata ventral foi

removida, pesada e utilizada para as analises histologicas.

P F1

Gestacao e Lactagao

0 lEutanésia

DGO DGO7 DPN21 DPN22 DPN220 \I/

Hematoxilina-Eosina - Analises:
ctrl (Bleo de Milha) morfométrica, estereoldgica, kariométrica,
Grupos

histopatolégica
ED Mix

Azul de Toluidina - Contagem de mastdécitos

Picrossirius - Quantifficacdo de Colageno
tipo I e tipo 11l

Fig. 1 Representacdo esquematica do delineamento experimental. As linhas referem-se ao
periodo de exposicao das ratas prenhas (DGO07 a DPN21) e da prole (DPN22 a DPN220) com
a mistura de 12 DE. As linhas verdes representam a gavagem para o grupo exposto apenas ao
0leo de milho e linhas azuis para a exposicao a mistura de DE. Periodo da eutanasia (seta
vermelha — PDN220). DG (Dia Gestacional); DPN (Dia Po6s-natal).

2.4 Analise da estrutura prostatica

Os fragmentos da prostata ventral foram fixados por imersao em metacarn (6 metanol:
3 cloroformio: 1 4cido acético) e mantidos em &lcool 70%. Com isso, posteriormente o
material foi desidratado em solugdes crescentes de etanol, clarificado em xilol e incluido em
paraplast (Oxford Labware, St. Louis, MO, USA).

Os fragmentos incluidos em paraplast foram seccionados com 4pum de espessura em
microtomo rotativo e submetidos as seguintes coloragdes:
1. Hematoxilina - Eosina (H.E): analises morfométrica, estereoldgica, analise kariométrica
e andlise fractal.
2. Azul de Toluidina: quantificacdo de mastdcitos.

3. Picrossirius: analise das fibras de colageno.
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2.4.1 Dados Biométricos

A evolugdo do peso corporal foi realizada através da pesagem dos animais em dias
alternados nos periodos gestacional e lactacional (fémeas) e pds-natal (machos) Apos o
nascimento foi mensurada a distancia anogenital da prole. No DPN 220, apos eutanasia, a
prostata ventral, epididimo e testiculo direitos de todos os animais foram dissecados e pesados

em balanga analitica (Owa Labor, Oschatz, Alemanha).

2.4.2 Analise Histopatologica

A andlise histopatologica foi realizada de forma cega por observador experiente
usando um microscépio Optico padrao (NIKON Labohot, Japao). Os parametros avaliados na
prostata ventral foram: dilatacdo glandular (auséncia ou presenga); inflamagdo (auséncia ou
presenca); alteracdes neoplésicas (auséncia, neoplasia intraepitelial prostatica [PIN - baixo e
alto grau], adenocarcinoma in situ e adenocarcinoma invasor), necrose (auséncia ou presenga)

(Ayala, Ro 2007; Epstein 1995; Epstein, Herawi 2000).

2.4.3 Analise Morfométrica

Para a andlise de altura epitelial foram capturadas secg¢des histologicas de 10
animais/grupo, coradas com H.E, sendo capturadas (10 campos histologicos/sec¢do, aumento
de 40x) e medidas 5 regides distintas para cada imagem. A medida da altura do epitélio do
tecido prostatico foi realizada em secgdes histologicas coradas com H.E seguindo as
instrucdes do software Image J (Instituto Nacional de Saude, Estados Unidos — NIH),

disponivel gratuitamente na Internet (http://rsbweb.nih. gov/ij/).

2.4.4 Analise Estereolégica

A analise estereoldgica foi realizada em seccdes histologicas coradas com H.E de 10
animais/grupo, na qual foram capturados 10 campos histologicos/sec¢do, em aumento de 40x,
e mensurada a proporg¢do epitélio, limen e estroma através da Grade de Weibel. A Grade de
Weibel, contendo 168 pontos e 84 linhas, foi sobreposta a imagem histologica e, através do
software contador de células, foi estimada a propor¢ao ocupada pelos compartimentos

(Weibel, Paumgartner 1978)

2.4.5 Analise Kariométrica
Para avaliar o fenotipo nuclear, a analise foi realizada em secgdes histoldgicas coradas

com H.E de 10 animais/grupo, sendo capturados 4 campos histologicos/seccao, aumento de
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100x e realizada a medi¢do de 5 regides nucleares/fotografia aleatérias. Areas de segdo
transversal nuclear (um?) ¢ perimetros (um) foram determinados para nucleos de 200 células
secretoras epiteliais células para obter o fator de forma [=4m.area nuclear/(nuclear
perimetro)’] pardmetro. O pardmetro do fator de forma mede arredondamento e valores <1

estdo associados a nucleos menos redondos, como estabelecido por Taboga et al. (2003).

2.4.6 Analise Fractal

Foram analisadas seccdes histologicas, coradas com H.E, de 10 animais/grupo, sendo
fotografadas (10 campos histologicos/seccao, aumento de 40x), binarizadas para leitura e a
dimensdo fractal, utilizando como ferramenta o software Image J (Instituto Nacional de
Satde, Estados Unidos —  NIH), disponivel gratuitamente na  Internet

(http://rsbweb.nih.gov/ij/), pelo método box-counting. O software considerou o box-counting

em duas dimensoes, permitindo a quantificacdo da distribui¢do de pixels nesse espaco dessa
forma desconsiderando a textura da imagem. Com isso as duas imagens com a mesma
distribuicao dos pixels, uma binarizada e outra em niveis de cinza, possuirdo a mesma
dimensao fractal. As analises foram guiadas na relacdo entre a resolucao e a escala avaliada, e
o resultado fora quantitativamente expresso como a dimensdo fractal do objeto que ¢ DF=
(Log Nr / log r-1), sendo Nr a quantidade de elementos iguais necessarios para preencher o
objeto original e r a escala aplicada ao objeto. Dessa forma, a dimensdo fractal foi calculada

com o software Image J ficando sempre entre 0 e 2, ndo distinguindo texturas diferentes.

2.4.7 Quantificacio de Mastdcitos

Para a quantificacdo de mastocitos as ldminas foram coradas com azul de toluidina,
posteriormente analisadas em sec¢des histologicas de 10 animais/grupo, sendo capturados 20
campos histologicos/sec¢cdo, em aumento de 40x e realizada a contagem. Foram capturadas
imagens de forma aleatorias em 200 campos histolégicos por grupo experimental, com cada

campo cobrindo uma area de 0,085 mm’

. O Azul de Toluidina permite a coloragdo
metacromatica dos granulos citoplasmaticos presentes nos mastocitos, devido a presenga de
heparina e glicosaminoglicano. Dessa forma, sendo possivel diferencid-los em mastocitos
intactos e degranulados por meio da auséncia ou presenca de granulos metacromaticos no

tecido conjuntivo circundante (Mendes et al., 2011)

2.4.8 Quantificacdo do volume relativo de colageno
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O volume relativo de coldgeno foi quantificado nos cortes histologicos corados com
picrossirius usando o software Image J (National Institute of Health, EUA). Os cortes
histolégicos de cinco animais de cada grupo foram analisados e as imagens foram capturadas
(10 campos histologicos/corte, aumento de 40x), totalizando 100 medidas por grupo. O
sistema foi programado para reconhecer apenas a cor vermelha e estimar a porcentagem de

colageno (corado de vermelho) por campo histologico (Aquino et al., 2019).

2.4.9 Quantificacao dos Colagenos tipo I e tipo 111

As laminas coradas com Picrossirius foram analisadas utilizando luz polarizada, que
diferencia os tipos de colageno através da intensidade das fibras birrefringentes. Mais
especificamente, a coloragdo avermelhada representa o colageno tipo I e a cor esverdeada
refere-se ao colageno tipo III (Junqueira et al., 1978; Montes et al., 1980). Usando a
ferramenta RGB measure do Image J, as fibras de colageno foram diferenciadas e
quantificadas. Este método mede separadamente os canais vermelho, verde e azul de uma

imagem RGB (Image J, 2004).

2.5 Analise Estatistica

Os resultados obtidos nas andlises foram testados estatisticamente pelo teste de
normalidade de Shapiro-Wilk, onde constatou-se que os dados biométricos (peso relativo do
testiculo, epididimo, prostata ventral e distancia anogenital), andlise fractal e quantificacao de
mastdcitos eram paramétricos. Posteriormente, foi aplicado o teste T-student para averiguagao
da significancia entre os grupos através do software Prism 5.0 (GraphPad) (significancia com
valor de p < 0,05). J4 as andlises morfométrica, estereoldgica, kariométrica e quantificacdo do
colageno nao obtiveram distribui¢do normal, sendo aplicado o teste ndo paramétrico de Mann-
Whitney (significancia com valor de p < 0,05). Para anélise de evolugdo de peso corporeo foi
realizado ANOVA (paramétrico) e Teste Binomial foi utilizado para a andlise de incidéncia

de lesdes (histopatologica).

3 RESULTADOS

Com relagdo aos dados biométricos, a mistura de DE ndo alterou o peso da prostata
ventral, do epididimo e do testiculo (Figura 2D, E, F) e ndo houve diferenca na distancia
anogenital (Figura 2G). Quanto ao peso corporeo também ndo foram verificadas alteracdes ao

longo dos periodos avaliados (Figura 2A, B, C).
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365  Fig. 2 Evolugdo do peso corpdreo e dados biométricos dos ratos expostos durante a gestacao,
366  lactagdo e vida adulta a uma mistura de 12 DE baseada na exposi¢ao humana. Evolucao do
367 peso corpéreo na gestacdo (A), lactacdo (B) e vida adulta (C) analisados por ANOVA. Peso
368  relativo da prostata (D), epididimo direito (E), testiculo direito (F) e distancia anogenital (G)
369  analisados por Teste t-student. Os resultados estdo expressos em média + SEM

370

371 O compartimento prostatico do grupo Ctrl apresentou-se composto por acinos com
372  epitélio cubico simples e luz regular (Figura 3A, B), diferindo do grupo exposto a mistura de
373 DE, que apresentou um epitélio altamente pregueado e luz tortuosa (Figura 3E). Este
374  pregueamento do epitélio evidenciou areas de hiperplasia focal (Figura 3F), caracterizada uma
375 adaptagdo do microambiente prostatico.

376 Além de regides hiperplasicas, a prostata ventral (PV) do grupo ED Mix apresentou
377  focos inflamatorios dispersos no estroma prostatico (Figura 3G, seta). Em alguns locais, as
378  cé¢lulas inflamatorias ultrapassavam a membrana basal do epitélio prostatico, misturando com
379  as células deste compartimento, ocasionando uma atipia reativa inflamatoria, destacada na
380  Figura 3H (seta). A imagem também destaca a presenca de células inflamatérias no lamen
381  prostatico (asterisco, Figura 3H) além de algumas regides com inflamagdo extensa, alterando

382  a estrutura tecidual tipica do o6rgdo (Figura 31), caracterizando-se como regides displasicas
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383  (Figura 3K, seta). Além das lesdes proliferativas, extensas regides de atrofia epitelial também

384  se mostraram presentes nos animais submetidos a mistura de DE (Figura 3L, M).

e

% 100~ Epithelium  Stroma Lumen ___4“- p =0.961 160+ p=0.026

= E S »

@ pP=0.004 p=0542 p=0422 = o

E 80 E"ao_ =

o o S 1.55-

E 604 ®

3 2 T 204 g

g 40- 3 a

g H 2 10 £ 15

= Iy L .

= w 0.5

§ L L T 0 T T 0.0 I\ g

7 S S8 S & & C &
N oy & L o & P S

385



386
387
388

389
390
391
392
393
394
395
396
397
398
399
400

401

402
403
404
405
406
407
408
409
410
411
412
413
414

26

Fig. 3 Seccdes histologicas da prostata ventral de ratos expostos durante a gestagdo, lactagdo e
até a fase adulta @ uma mistura de doze DE. Coloracao: HE. Aumento de 400x. Grupo Ctrl
(A, B, C, D), EP: epitélio; LU: lumen; ST: estroma. Grupo ED Mix: (E). (F) presenca de FH:
hiperplasia focal. (G) setas indicando focos inflamatérios. (H) asterisco indicando — e IRA:
atipia reativa inflamatoéria. (I) elipse indicando IA: adenocarcinoma invasor. (J, K) seta
indicando Dys: displasia. (L, M) presenga de EA: atrofia epitelial. (N) representacdo grafica
da andlise estereoldgica com n=10 animais/grupo, 10 campos histoldgicos/seccao, revelando
dados ndo paramétricos (Teste Mann-Whitney, = mediana;intervalo interquartil). (O)
representacdo grafica da andlise morfométrica com n=10 animais/grupo, 10 campos
histologicos/seccdo, revelando dados ndo paramétricos (Teste Mann-Whitney,
mediana;intervalo interquartil). (P) representacdo grafica da andlise fractal (10 animais/grupo,
10 campos histoldgicos/sec¢ao), (Teste T, expressos em média = SEM). * p <0.05 em relagdo
ao grupo Ctrl.

O grupo ED Mix apresentou redugdo no espago ocupado pelo compartimento
epitelial (p = 0.004, Figura 3N), porém sem diminui¢do da altura epitelial (p = 0.961, Figura
30). A andlise fractal também apontou diferenca entre os grupos experimentais, mostrando
aumento da dimensao fractal no grupo exposto a mistura de DE e indicando um processo de
remodelagdo neste tecido (p = 0.026, Figura 3P).

A analise histopatologica revelou que 80% dos animais submetidos a mistura de DE
apresentaram areas com neoplasia intraepitelial prostatica de baixo grau (LGPIN) (p = 0.01,
Figura 4F, G e L) enquanto que este tipo de lesdo nao foi observado no grupo Ctrl (Figura 4A,
B). Somado a esta lesdo proliferativa, a ED Mix induziu o aparecimento de 4cinos menos
dilatados (p = 0.012, Figura 4B, N). Nao foi observada diferenca em relacdo a inflamacao
estromal (p = 0.16, Figura 4M), além do numero de mastécitos intactos (p = 0.372) e
degranulados (p = 0.627) que foi semelhante nos dois grupos experimentais (Figura 40). Um

animal do grupo ED Mix apresentou adenocarcinoma invasor (Figura 4 H-J).
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Fig. 4 Seccoes histologicas da prostata ventral de ratos expostos durante a gestacao, lactagao e
até a fase adulta a uma mistura DE. Grupo Ctrl (A, B, C, D): Préstata com exuberante
dilatacdo glandular e estroma frouxo de permeio (A). Pequeno foco inflamatério entre as
glandulas (seta) (B), constituido por linfécitos (seta) (C). Células cuboidais com nucleos
basais e nucléolos diminutos (seta) (D). Grupo ED Mix com presenca de PIN de baixo grau
(LGPIN) e inflamagao (F, G): prostata com glandula com proliferacdo do epitélio (seta maior)
e foco inflamatorio no estroma (seta menor) (F). Detalhe da glandula com epitélio proliferado
e perda de polarizacdo dos nucleos e nucléolos evidentes (G, seta). Grupo ED Mix com
presenca de adenocarcinoma invasor da préstata (H, I, J): detalhe das glandulas necroticas
onde ndo se observam nucleos no epitélio (H, setas), células epiteliais com arranjo cribriforme
(I, seta) e comedonecrose central (I, asterisco). Detalhe da imagem anterior mostrando a
comedonecrose no centro das glandulas (J, asterisco) e perda de polarizagdo dos nucleos,
nucleos vesiculosos e grandes nucléolos (J, seta). Presenca de mastocitos intactos e
degranulados no estroma prostatico dos animais do grupo Ctrl (E) e Mix DE (K).
Representagdo grafica da contagem de mastodcitos (O). Aumento de 40X, 100X, 200X, 400X.
Coloragdes: HE, Azul de Toluidina. Teste Binominal (L, M, N) e Teste T (resultados
expressos em média = SEM) (O).

A exposi¢ao a mistura de DE nao alterou os fendtipos nucleares das células epiteliais
(p = 0.292, Figura 5G). Com relagdo ao compartimento estromal, a mistura ocasionou uma
diminui¢do da area total de coldgeno (p = 0.011, Figura 5H), assim como a diminui¢do dos

colagenos tipo I (p < 0.0001) e tipo III (p < 0.0001) (Figura 51, J).
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Fig. 5 Sec¢des histoldgicas da prostata ventral de ratos expostos durante a gestacao, lactagao e
até a fase adulta a uma mistura de doze DE. Coloragdo: HE, Picrossirius. Ampliagdo: 400x (C
- F), 1000x (A e B). Caracteristicas morfologicas e a correspondente comparagdo entre os
compartimentos prostaticos nos animais do grupo Ctrl (A e C) e ED Mix (B e D) (10
animais/grupo). Imagens polarizadas dos respectivos grupos (E, F) indicando os tipos de
colageno (setas). Representagdo grafica da analise kariométrica (G), area ocupada por
colageno (H) e a quantificacdo dos colagenos tipo I (I) e tipo III (J). Os resultados sdo
expressos em mediana; intervalo interquartil. Teste de Mann-Whitney, *p < 0,05 em relagdo ao
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Fig. 6 Graphical abstract

4 DISCUSSAO

O presente estudo, ao avaliar um protocolo que mimetiza a exposi¢ao humana a uma
mistura de DE ao longo da vida, mostra que tais compostos sdo capazes de alterar a
histoarquitetura do microambiente prostatico, sendo responsaveis pelo surgimento de lesdes
pré-neoplésicas, indicando a influéncia do ambiente no processo de saude/doenga dos
individuos.

Os resultados de evolu¢ao de peso corporeo revelaram que a exposicdo nao
influenciou no peso materno e da prole, de maneira que os animais ganharam peso ao longo
dos dias independente do grupo ao qual faziam parte. Hass et al. (2016) verificaram que a
exposicdo durante a gestacdo ao BPA também ndo foi capaz de alterar o peso corporeo dos

filhotes machos desde o nascimento até o oitavo més de vida, enquanto que as filhotes fémeas
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expostas a baixas doses tiveram aumento significativo de peso entre o0 nono e décimo terceiro
més de idade. Em contrapartida, evidéncias demonstraram diminui¢do de peso corporal da
geragdo parental e da prole de ratos tratados com Vinclozolin em altas doses (100 mg/kg/peso
corporeo), valor considerado acima do NOAEL (No Observed Adverse Effect Level, nivel
sem efeitos adversos observaveis) (Schneider et al. 2011). Portanto, demonstra-se que as
variagdes dos parametros biométricos dependem do modo de acdo do DE (anti-androgénico
ou estrogénico) e de altas doses.

Com relacdo aos o6rgaos, a mistura de desreguladores nao ocasionou efeito sob o peso
do testiculo, epididimo, préstata ventral e na evolucdo do peso corporal. Prins et al. (2007)
mostraram que os efeitos proliferativos focais encontrados na prostata de animais expostos a
DE sao improvaveis de serem refletidos no peso deste 6rgao, levando em consideragdo a dose
ambientalmente relevante utilizada. Normalmente, em estudos toxicoldgicos, as alteracdes
nos pesos dos 6rgaos sdo dose-dependente, como observado em Christiansen et al. (2012). Os
autores, ao utilizarem uma mistura semelhante ao do presente estudo, ndo observaram
diferenca no grupo exposto as baixas doses. Por outro lado, em altas doses, foi observada
diminui¢do do peso prostatico, onde os autores relacionaram com a acdo estrogénica de
alguns componentes da mistura. As alteragdes proliferativas evidenciadas em doses
ambientalmente relevantes ndo sdo suficientes para alterar o peso, mas sdo importantes para
obter um olhar preventivo quando relacionado a dose administrada.

Hé4 divergéncias na literatura a respeito da influéncia dos DE sobre aspectos
histomorfométricos prostaticos. Estas discrepancias sao resultado dos diferentes periodos de
exposicdo e do uso de DE variados que, dependendo do potencial estrogénico ou anti-
androgénico que possuem, refletird em respostas diversas no microambiente prostatico. A
prostata esta, em todos os periodos da vida, sob influéncia receptores hormonais, como o
receptor de andrégeno (AR), estrégeno alfa (ERa) e estrogeno beta (ERP), sendo estes
susceptiveis a acdo de DE. Tais compostos sdo capazes de alterar a fung¢do dos receptores
hormonais, o que refletira em alteracdes histopatologicas (Lacouture et al. 2021).

Dentre as alteracdes teciduais ocasionadas pela mistura de DE, destaca-se a reducao
do volume do compartimento epitelial acompanhada da diminui¢ao da dilatagdo glandular.
Resultados semelhantes foram também relatados por Mendes et al (2015), apds exposicao de
ratos ao consumo cronico de etanol. Alcool também é considerado um DE, visto que altera a
homeostasia hormonal, diminuindo a concentragdo de testosterona (Sattolo et al. 2004; Favaro

et al. 2008). A redugdo do compartimento glandular reflete uma diminui¢ao do volume celular
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e tem, como consequéncia, diminui¢do da atividade sintética da célula, o que pode impactar
na homeostasia do 6rgao. (Sattalo et al. 2004; Mendes et al. 2015).

Levando em consideracdao que o desenvolvimento prostatico se inicia na vida fetal e
ocorre até a fase adulta, quando se dda a maturacdo do orgdo, (Scarano et al. 2018), a
exposicdo aos DE neste periodo pode levar a alteracdes no padrdo de desenvolvimento
glandular. As regides de displasia e PIN encontradas no grupo tratado com a mistura também
foi relatada por Scarano et al. (2009) e Peixoto et al. (2016) durante a exposi¢do perinatal ao
DBP, um tipo de ftalato presente em cosméticos ¢ medicamentos. Isso demonstra a
plasticidade tecidual frente aos insultos ambientais, resultando em importantes respostas
adaptativas celulares e disturbios proliferativos pré-neoplasicos. Outras investigagdes
correlacionam a exposigdo de substancias estrogénicas com o surgimento de lesdes
displasicas, bem como desorganizacao epitelial (Prins 1992; Pylkkdnen et al. 1993). Tais
alteracdes foram encontradas, praticamente, em todos os animais expostos a mistura de DE do
nosso experimento, e representam um fator de predisposi¢do para a carcinogénese prostatica
(De Marzo et al., 2010).

A desorganizacao tecidual verificada na anélise histopatolégica foi confirmada pela
analise fractal, com aumento da dimensdo fractal no grupo exposto a mistura. Apesar de
encontrarmos respostas conflitantes na literatura cientifica, visto que alguns autores
caracterizam o aumento da dimensdo fractal de forma proporcional a agressividade de
tumores ¢ a desorganizagdo tecidual na prostata (De Arruda et al. 2013), ha estudos que
indicam maior indice deste padrao em tecidos prostaticos ndo tumorais (Pu et al. 2012).
Contudo essa analise tem apresentado sucesso para avaliacdes morfoldgicas mais complexas e
irregulares (Tambasco et al. 2009; Waliszewski et al. 2015), mostrando-se eficiente em nosso
delineamento experimental e corroborando com as outras analises utilizadas, evidenciando as
alteragdes histomorfométricas glandulares constatadas.

Apesar da alta incidéncia de LGPIN, apenas um animal apresentou adenocarcinoma
invasor. O estabelecimento de lesdes nepldsicas ndo foi uma caracteristica do presente estudo,
0 que corrobora com a auséncia de alteracdao nos fendtipos nucleares. Gongalvez et al. (2017),
ao expor gerbilos a um protocolo de inducao tumoral quimica, verificou diminui¢ao do fator
forma obtido apds a andlise kariométrica, o que indica a presenca de nucleos atipicos de
formato irregular. Padrdo semelhante ¢ observado no cancer de prostata humano, onde a
agressividade do tumor ¢ proporcional ao surgimento de alteragdes nucleares (Colanzi et al.

1999; Montironi et al. 2002; 2005).
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Desviando os olhares para o estroma prostatico, a mistura de DE ndo aumentou os
focos inflamatorios nos animais, assim como a quantidade de mastdcitos intactos e
degranulados. A prostata possui uma populagao de mastocitos pré-estabelecida, como um tipo
celular constituinte do tecido conjuntivo estromal e essencial ao sistema imune (Wasiuk et al.
2009). A inflama¢do neste o6rgdo ¢ um processo comum em homens durante o
envelhecimento, com aumento de 80 a 90% no grau de inflamagdo e do numero de células
imunes prostaticas (como os macréfagos e os mastocitos) (Sfanos et al. 2017). Em casos
severos de hiperplasia prostatica e prostatite, ¢ observado aumento de células inflamatorias,
como descrito por Banklr et al (2001). Apesar dos mastocitos desempenharem papéis diversos
no microambiente tumoral, como a proliferacio e sobrevivéncia celular, angiogénese,
invasividade e metéstase (Aponte-Lopez, Munhoz-Cruz 2020), nosso estudo ndo identificou o
estabelecimento de um ambiente hiperplasico generalizado ou tumoral para justificar o
aumento da populagdo de mastdcitos.

Com relacdo aos compontentes ndo celulares do estroma prostatico, as fibras de
colageno tém um papel importante na homeostasia prostatica e sdo as maiores proteinas
estruturais da matriz extracelular, sendo os coldgenos tipo I e tipo III os principais
constituintes do compartimento estromal (Shoulders, Rainers 2009). O colageno ¢ importante
na constituicdo e integridade do tecido, onde a diminui¢do deste componente pode acarretar
em alteragdes na histoarquitetura do 6rgdo. Sabe-se que essas fibras sdo também responsaveis
pela regulagdo da expressdo génica associada a sinalizagdo celular, ao metabolismo e
transcricdo de genes (Gongalvez et al. 2015), agindo fundamentalmente no controle da
homeostase do microambiente estromal prostatico e atuando também na remodelacdo da
matriz extracelular (Duarte et al. 2012).

Féavaro et al. (2012) mostraram que a diminuicao das fibras de colageno ¢ observada
no estroma tumoral da prostata humana, trazendo a correlacdo entre as alteracdes dos
componentes do tecido conjuntivo colaborando com o aumento da agressividade tumoral. J&
Aquino et al. (2019) relacionam a diminui¢do do coldgeno estromal na prostata de ratos
expostos ao arsenito de sodio com uma resposta reduzida aos andrégenos, podendo
influenciar na proliferagao celular e na secre¢ao de células epiteliais e estromais. Associando
aos dados ja reportados, Seandel et al. (2001) demonstraram que a clivagem do colageno tipo
I ¢ um processo necessdrio para a angiogénese no ambiente tumoral, compactuando com o0s
estudos citados acima acerca da influéncia desse componente no ambiente prostatico e seu

papel na remodelagao tecidual frente a estimulos neoplasicos.
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Este ¢ o primeiro estudo na literatura cientifica a utilizar um delineamento
experimental que mimetiza a exposi¢do humana, demonstrando que o ambiente possui um
papel relevante na homeostasia prostatica. Assim, ¢ de suma importancia que mais pesquisas
associem fatores que tenham impacto no ambito social, como doses ambientalmente
relevantes e longos periodos de exposi¢do, sendo assim capazes de avaliar os reflexos na

saude humana.

5 CONCLUSAO

Assim, a partir dos resultados obtidos no presente estudo, podemos concluir que a
mistura com DE foi capaz de alterar a morfologia da préstata ventral, induzindo o

aparecimento de lesdes pré-neoplésicas.
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ANEXO A- PARECER DO COMITE ASSESOR DE PESQUISA INSTITUCIONAL
(CAPI) E COMISSAO DE ETICA USO DE ANIMAIS (CEUA)

22/11/2021 02:04 Certificado

UNOESTE - Universidade do Oeste Paulista

PRO-REITORIA DE PESQUISA E POS-GRADUAGAO

PPD - Projeto de Pesquisa Docente

Parecer Final

Declaramos para os devidos fins que o Projeto de Pesquisa intitulado "CARACTERIZACAO DA TRIADE EXPOSICAO-GENE-DOENCA:
EFEITOS DE UMA MISTURA DE DESREGULADORES ENDOCRINOS BASEADA NA EXPOSIC/-\O HUMANA SOBRE O
MICROAMBIENTE PROSTATICO.", cadastrado na Coordenadoria de Pesquisa, Desenvolvimento e Inovagao (CPDI) sob o namero n° 6034 ¢
tendo como participante(s) MARIA LUIZA SILVA RICARDO (discente)) WELLERSON RODRIGO SCARANO (participante externo),
ANTHONY CESAR DE SOUZA CASTILHO (docente), LEONARDO DE OLIVEIRA MENDES (orientador responsdvel), foi avaliado e
APROVADO pelo COMITE ASSESSOR DE PESQUISA INSTITUCIONAL (CAPI) e COMISSAO DE ETICA USO DE ANIMAIS (CEUA) da
Universidade do Oeste Paulista - UNOESTE de Presidente Prudente/SP.

Este Projeto de Pesquisa, que envolve a produgdo, manutengio e/ou utilizagéo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto o
homem), para fins de pesquisa cientifica, encontra-se de acordo com os preceitos da Lei n° 11.794, de 8 de Outubro de 2008, do Decreto n® 6.899, de 15
de Julho de 2009, e com as normas editadas pelo Conselho Nacional de Controle da Experimentagdo Animal (CONCEA), tendo sido APROVADO em

reunido realizada em 11/03/2020.

Vigéncia do projeto: 02/2020 a 11/2023.

ANIMAL VIVO
Espécie/Linhagem N° de Animais Peso Idade Sexo Origem
Ratos Sprague-Dawley 36 250 gramas 60 dias F CEMIB - UNICAMP
Ratos Sprague-Dawley 12 300 gramas 90 dias M CEMIB - UNICAMP

Presidente Prudente, 2 de Abril de 2020.

Prof. M\r Rudrié{ej arcia Jr.

Coordenador Cientifico da CPDI

J5)
vlua 4 5

Prof* Ms. Adriana Falcé.de Brito
Coordenadora da CEUA - UNOESTE
Coordenadoria de Pesquisa, Desenvolvimento e Inovagao — CPDI - 18 3229-2079 — cpdi@unoeste.br
Comité de Etica em Pesquisa — CEP — 18 3229-2079 — cep@unoeste.br
Comiss&o de Etica no Uso de Animais — CEUA — 183229-2079 — ceua@unoeste.br

valide este documento em www.unoeste.brisgp ir o codigo de

https://www.unoeste.br/'SGP/certificados/ver.asp?h=cdbe 30alfee4 3e505e 38fc24fa8bb620 n
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ANEXO B- NORMAS DE PUBLICAGAO DO PERIODICO ENVIRONMENTAL
SCIENCE AND POLLUTION RESEARCH

Instructions for Authors

General Information
Note on preprint server:

Please add a note to the manuscript cover letter declaring whether you have
submitted your manuscript to a preprint server. Please add one of the following
sentences:

‘I have submitted my manuscript to a preprint server before submitting it
to Environmental Science and Pollution Research” or

‘I have not submitted my manuscript to a preprint server before submitting it
to Environmental Science and Pollution Research’.

Types of Papers

Peer-reviewed contributions:

e Research Articles (full papers)

e Short Original Communications and Discussion Articles

e Review Articles

e Research Communications

Please ensure that the length of your paper is in harmony with your research area
and with the science presented.

All papers — excluding Editorials, Letters to the Editor, Conference Reports — are
subject to peer-review by a minimum of two and a maximum of three experts.

While submitting your paper you will be asked for three potential reviewers. Indicating
three reviewers is mandatory.

o To authors from non-English language countries:

To have the best possible pre-requisition for the review process, please ask a
native speaker to check the quality of the English, before you submit the
complete paper.
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Manuscript Submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published
before; that it is not under consideration for publication anywhere else; that its
publication has been approved by all co-authors, if any, as well as by the responsible
authorities — tacitly or explicitly — at the institute where the work has been carried out.

The publisher will not be held legally responsible should there be any claims for
compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been
published elsewhere are required to obtain permission from the copyright owner(s)
for both the print and online format and to include evidence that such permission has

been granted when submitting their papers. Any material received without such
evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit manuscript” on the right and upload all of your
manuscript files following the instructions given on the screen.

Please ensure you provide all relevant editable source files. Failing to submit these
source files might cause unnecessary delays in the review and production process.

Title Page

The title page should include:

o The name(s) of the author(s)
e A concise and informative title

- Please avoid acronyms in the title of your article

- For local studies, please indicate the name of the region and country in the
title.

« The affiliation(s) and address(es) of the author(s)
e The e-mail address, telephone and fax numbers of the corresponding author

Abstract

Please provide an abstract of about 10 to 15 lines.
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Keywords

Please provide 6 to 8 keywords which can be used for indexing purposes.

Text
Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.

Use italics for emphasis.

Use the automatic page numbering function to number the pages.

Do not use field functions.

Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Manuscripts with mathematical content can also be submitted in LaTeX. We
recommend using Springer Nature’s LaTeX template.

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation
of a reference included in the reference list. They should not consist solely of a
reference citation, and they should never include the bibliographic details of a
reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be
indicated by superscript lower-case letters (or asterisks for significance values and
other statistical data). Footnotes to the title or the authors of the article are not given
reference symbols.

Always use footnotes instead of endnotes.


https://www.springernature.com/gp/authors/campaigns/latex-author-support
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Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate
section on the title page. The names of funding organizations should be written in full.

Additional Information Text Formatting

All manuscripts should be formatted containing continuous line numbering. Use the
page and line numbering function to number the pages.

References
Citation

Cite references in the text by name and year in parentheses. Some examples:

« Negotiation research spans many disciplines (Thompson 1990).

o This result was later contradicted by Becker and Seligman (1996).

o This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b;
Kelso and Smith 1998; Medvec et al. 1999, 2000).

Reference list

The list of references should only include works that are cited in the text and that
have been published or accepted for publication. Personal communications and
unpublished works should only be mentioned in the text.

Reference list entries should be alphabetized by the last names of the first author of
each work. Please alphabetize according to the following rules: 1) For one author, by
name of author, then chronologically; 2) For two authors, by name of author, then
name of coauthor, then chronologically; 3) For more than two authors, by name of
first author, then chronologically.

If available, please always include DOls as full DOI links in your reference list (e.qg.
“https://doi.org/abc”).

o Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L
(2009) Effect of high intensity intermittent training on heart rate variability in
prepubescent children. Eur J Appl Physiol 105:731-738.
https://doi.org/10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in
long author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N
Engl J Med 965:325-329
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« Article by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine
production. J Mol Med. https://doi.org/10.1007/s001090000086

o Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
o Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of
modern genomics, 3rd edn. Wiley, New York, pp 230-257

¢ Online document

Cartwright J (2007) Big stars have weather too. |IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

« Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of
California
Always use the standard abbreviation of a journal’s name according to the ISSN List
of Title Word Abbreviations, see

ISSN LTWA
If you are unsure, please use the full journal title.

Specific Remarks

« Online documents:wikipedia documents are not acceptable as references.

« LanguageReferences should be in English with an appropriate title in English.
If it's in a different language the language should be indicatedZhu J, Wu F-C,
Deng Q-J, Shao S-X, Mo C-L, Pan X-L, Li W, Zhang R-Y (2009)
Environmental characteristics of water near the Xikuangshan antimony mine.
Acta Scientiae Circumstantiae 29:655-661 (in Chinese)

Statements & Declarations
The following statements must be included in your submitted manuscript under the
heading 'Statements and Declarations'. This should be placed after the References

section. Please note that submissions that do not include required statements will be
returned as incomplete.

Funding


http://www.issn.org/services/online-services/access-to-the-ltwa/
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Please describe any sources of funding that have supported the work. The statement
should include details of any grants received (please give the name of the funding
agency and grant number).

Example statements:

“This work was supported by [...] (Grant numbers [...] and [...]). Author A.B. has
received research support from Company A.”

“The authors declare that no funds, grants, or other support were received during the
preparation of this manuscript.”

Competing Interests

Authors are required to disclose financial or non-financial interests that are directly or
indirectly related to the work submitted for publication. Interests within the last 3
years of beginning the work (conducting the research and preparing the work for
submission) should be reported. Interests outside the 3-year time frame must be
disclosed if they could reasonably be perceived as influencing the submitted work.

Example statements:

“Financial interests: Author A and B declare they have no financial interests. Author
C has received speaker and consultant honoraria from Company M. Dr. C has
received speaker honorarium and research funding from Company M and Company
N. Author D has received travel support from Company O. Non-financial interests:
Author D has served on advisory boards for Company M and Company N.”

“The authors have no relevant financial or non-financial interests to disclose.”

Please refer to the “Competing Interests” section below for more information on how
to complete these sections.

Author Contributions

Authors are encouraged to include a statement that specifies the contribution of
every author to the research and preparation of the manuscript.

Example statement:

“All authors contributed to the study conception and design. Material preparation,
data collection and analysis were performed by [full nhame], [full hame] and [full
name]. The first draft of the manuscript was written by [full name] and all authors
commented on previous versions of the manuscript. All authors read and approved
the final manuscript.”
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Please refer to the “Authorship Principles ” section below for more information on
how to complete this section.

Tables

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components
of the table.

Identify any previously published material by giving the original source in the
form of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included
beneath the table body.

Artwork

For the best quality final product, it is highly recommended that you submit all of your
artwork — photographs, line drawings, etc. — in an electronic format. Your art will then
be produced to the highest standards with the greatest accuracy to detail. The
published work will directly reflect the quality of the artwork provided.

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use
TIFF format. MS Office files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.
Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.
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« Definition: Black and white graphic with no shading.

o Do not use faint lines and/or lettering and check that all lines and lettering
within the figures are legible at final size.

e Alllines should be at least 0.1 mm (0.3 pt) wide.

e Scanned line drawings and line drawings in bitmap format should have a
minimum resolution of 1200 dpi.

e Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

« Definition: Photographs, drawings, or paintings with fine shading, etc.

« If any magnification is used in the photographs, indicate this by using scale
bars within the figures themselves.

o Halftones should have a minimum resolution of 300 dpi.
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Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for print and online publication.
Color illustrations should be submitted as RGB.

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually
about 2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use
8-pt type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures,
continue the consecutive numbering of the main text. Do not number the
appendix figures, "A1, A2, A3, etc." Figures in online appendices
[Supplementary Information (SI)] should, however, be numbered separately.
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Figure Captions

o Each figure should have a concise caption describing accurately what the
figure depicts. Include the captions in the text file of the manuscript, not in the
figure file.

o Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type.

e No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

« lIdentify all elements found in the figure in the figure caption; and use boxes,
circles, etc., as coordinate points in graphs.

« |dentify previously published material by giving the original source in the form
of a reference citation at the end of the figure caption.

Figure Placement and Size

« When preparing your figures, size figures to fit in the column width.
o For large-sized journals the figures should be 84 mm (for double-column text
areas), or 174 mm (for single-column text areas) wide and not higher than 234

mm.
e For small-sized journals, the figures should be 119 mm wide and not higher
than 195 mm.
Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please
be aware that some publishers do not grant electronic rights for free and that
Springer will not be able to refund any costs that may have occurred to receive these
permissions. In such cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that

o All figures have descriptive captions (blind users could then use a text-to-
speech software or a text-to-Braille hardware)

« Patterns are used instead of or in addition to colors for conveying information
(color-blind users would then be able to distinguish the visual elements)

o Any figure lettering has a contrast ratio of at least 4.5:1

Supplementary Information (Sl)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and
other supplementary files to be published online along with an article or a book
chapter. This feature can add dimension to the author's article, as certain information
cannot be printed or is more convenient in electronic form.
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Before submitting research datasets as Supplementary Information, authors should
read the journal’s Research data policy. We encourage research data to be archived
in data repositories wherever possible.

Submission

o Supply all supplementary material in standard file formats.

« Please include in each file the following information: article title, journal name,
author names; affiliation and e-mail address of the corresponding author.

o To accommodate user downloads, please keep in mind that larger-sized files
may require very long download times and that some users may experience
other problems during downloading.

« High resolution (streamable quality) videos can be submitted up to a maximum
of 25GB; low resolution videos should not be larger than 5GB.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB for high resolution files; 5 GB for low resolution files
Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf,
mts, m4v, 3gp

Text and Presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-
term viability.
e A collection of figures may also be combined in a PDF file.

Spreadsheets

o Spreadsheets should be submitted as .csv or .xIsx files (MS Excel).

Specialized Formats

o Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files

e Itis possible to collect multiple files in a .zip or .gz file.
Numbering

« If supplying any supplementary material, the text must make specific mention
of the material as a citation, similar to that of figures and tables.
« Refer to the supplementary files as “Online Resource”, e.g., "... as shown in

the animation (Online Resource 3)", “... additional data are given in Online
Resource 4”.
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« Name the files consecutively, e.g. “‘ESM_3.mpg”, “ESM_4.pdf”.
Captions

« For each supplementary material, please supply a concise caption describing
the content of the file.

Processing of supplementary files

e Supplementary Information (Sl) will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

« The manuscript contains a descriptive caption for each supplementary
material

« Video files do not contain anything that flashes more than three times per
second (so that users prone to seizures caused by such effects are not put at
risk)

English Language Editing

For editors and reviewers to accurately assess the work presented in your
manuscript you need to ensure the English language is of sufficient quality to be
understood. If you need help with writing in English you should consider:

o Getting a fast, free online grammar check.

e Asking a colleague who is proficient in English to review your manuscript for
clarity.

o Visiting the English language tutorial which covers the common mistakes
when writing in English.

e Using a professional language editing service where editors will improve the
English to ensure that your meaning is clear and identify problems that require
your review. Two such services are provided by our affiliates Nature Research
Editing Service and American Journal Experts. Springer authors are entitled to
a 10% discount on their first submission to either of these services, simply
follow the links below.

Free online grammar check

English language tutorial

Nature Research Editing Service

American Journal Experts



https://www.aje.com/grammar-check/
http://www.springer.com/gp/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
http://www.aje.com/c/springer
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Please note that the use of a language editing service is not a requirement for
publication in this journal and does not imply or guarantee that the article will be
selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and
formal style before publication.

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a
member of the Committee on Publication Ethics (COPE) the journal will follow the
COPE guidelines on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage
the trust in the journal, the professionalism of scientific authorship, and ultimately the
entire scientific endeavour. Maintaining integrity of the research and its presentation
is helped by following the rules of good scientific practice, which include*:

e« The manuscript should not be submitted to more than one journal for
simultaneous consideration.

e The submitted work should be original and should not have been published
elsewhere in any form or language (partially or in full), unless the new work
concerns an expansion of previous work. (Please provide transparency on the
re-use of material to avoid the concerns about text-recycling (‘self-plagiarism’).

e A single study should not be split up into several parts to increase the quantity
of submissions and submitted to various journals or to one journal over time
(i.e. ‘salami-slicing/publishing’).

« Concurrent or secondary publication is sometimes justifiable, provided certain
conditions are met. Examples include: translations or a manuscript that is
intended for a different group of readers.

e Results should be presented clearly, honestly, and without fabrication,
falsification or inappropriate data manipulation (including image based
manipulation). Authors should adhere to discipline-specific rules for acquiring,
selecting and processing data.

« No data, text, or theories by others are presented as if they were the author’s
own (‘plagiarism’). Proper acknowledgements to other works must be given
(this includes material that is closely copied (near verbatim), summarized
and/or paraphrased), quotation marks (to indicate words taken from another
source) are used for verbatim copying of material, and permissions secured
for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

e Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

« Research articles and non-research articles (e.g. Opinion, Review, and
Commentary articles) must cite appropriate and relevant literature in support
of the claims made. Excessive and inappropriate self-citation or coordinated
efforts among several authors to collectively self-cite is strongly discouraged.
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e Authors should avoid untrue statements about an entity (who can be an
individual person or a company) or descriptions of their behavior or actions
that could potentially be seen as personal attacks or allegations about that
person.

e Research that may be misapplied to pose a threat to public health or national
security should be clearly identified in the manuscript (e.g. dual use of
research). Examples include creation of harmful consequences of biological
agents or toxins, disruption of immunity of vaccines, unusual hazards in the
use of chemicals, weaponization of research/technology (amongst others).

e Authors are strongly advised to ensure the author group, the Corresponding
Author, and the order of authors are all correct at submission. Adding and/or
deleting authors during the revision stages is generally not permitted, but in
some cases may be warranted. Reasons for changes in authorship should be
explained in detail. Please note that changes to authorship cannot be made
after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third
parties rights such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in
order to verify the validity of the results presented. This could be in the form of raw
data, samples, records, etc. Sensitive information in the form of confidential or
proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will
carry out an investigation following COPE guidelines. If, after investigation, there are
valid concerns, the author(s) concerned will be contacted under their given e-mail
address and given an opportunity to address the issue. Depending on the situation,
this may result in the Journal’s and/or Publisher’s implementation of the following
measures, including, but not limited to:

« If the manuscript is still under consideration, it may be rejected and returned to
the author.

« |If the article has already been published online, depending on the nature and
severity of the infraction:

- an erratum/correction may be placed with the article
- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur.
The reason will be given in the published erratum/correction, expression of concern
or retraction note. Please note that retraction means that the article is maintained on
the platform, watermarked “retracted” and the explanation for the retraction is
provided in a note linked to the watermarked article.

e The author’s institution may be informed
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e A notice of suspected transgression of ethical standards in the peer review
system may be included as part of the author's and article’s bibliographic
record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error
or inaccuracy in their published article. The author(s) is/are requested to contact the
journal and explain in what sense the error is impacting the article. A decision on how
to correct the literature will depend on the nature of the error. This may be a
correction or retraction. The retraction note should provide transparency which parts
of the article are impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of
certain individuals when they submit their manuscripts. When suggesting reviewers,
authors should make sure they are totally independent and not connected to the work
in any way. It is strongly recommended to suggest a mix of reviewers from different
countries and different institutions. When suggesting reviewers, the Corresponding
Author must provide an institutional email address for each suggested reviewer, or, if
this is not possible to include other means of verifying the identity such as a link to a
personal homepage, a link to the publication record or a researcher or author ID in
the submission letter. Please note that the Journal may not use the suggestions, but
suggestions are appreciated and may help facilitate the peer review process.

Authorship principles

These guidelines describe authorship principles and good authorship practices to
which prospective authors should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all
gave explicit consent to submit and that they obtained consent from the responsible
authorities at the institute/organization where the work has been carried
out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It
is recommended that authors adhere to the guidelines for authorship that are
applicable in their specific research field. In absence of specific guidelines it is
recommended to adhere to the following guidelines™:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the
acquisition, analysis, or interpretation of data; or the creation of new software used in
the work;
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2) drafted the work or revised it critically for important intellectual content;
3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote inteqgrity in
scientific publication, McNutt at all, PNAS February 27, 2018

Disclosures and declarations

All authors are requested to include information regarding sources of funding,
financial or non-financial interests, study-specific approval by the appropriate ethics
committee for research involving humans and/or animals, informed consent if the
research involved human participants, and a statement on welfare of animals if the
research involved animals (as appropriate).

The decision whether such information should be included is not only dependent on
the scope of the journal, but also the scope of the article. Work submitted for
publication may have implications for public health or general welfare and in those
cases it is the responsibility of all authors to include the appropriate disclosures and
declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software
application or custom code support their published claims and comply with field
standards. Please note that journals may have individual policies on (sharing)
research data in concordance with disciplinary norms and expectations.

Role of the Corresponding Author
One authoris assigned as Corresponding Author and acts on behalf of all co-

authors and ensures that questions related to the accuracy or integrity of any part of
the work are appropriately addressed.

The Corresponding Author is responsible for the following requirements:

e ensuring that all listed authors have approved the manuscript before
submission, including the names and order of authors;


http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://doi.org/10.1073/pnas.1715374115
https://doi.org/10.1073/pnas.1715374115
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e managing all communication between the Journal and all co-authors, before
and after publication;*

e providing transparency on re-use of material and mention any unpublished
material (for example manuscripts in press) included in the manuscript in a
cover letter to the Editor;

« making sure disclosures, declarations and transparency on data statements
from all authors are included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-
authors during submission and proofing may be delegated to a Contact or Submitting
Author. In this case please make sure the Corresponding Author is clearly indicated
in the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible to
describe discrete efforts, the Publisher recommends authors to include contribution
statements in the work that specifies the contribution of every author in order to
promote transparency. These contributions should be listed at the separate title

page.
Examples of such statement(s) are shown below:
* Free text:

All authors contributed to the study conception and design. Material preparation, data
collection and analysis were performed by [full name], [full name] and [full name].
The first draft of the manuscript was written by [full name] and all authors commented
on previous versions of the manuscript. All authors read and approved the final
manuscript.

Example: CRediT taxonomy:

» Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis
and investigation: [full name], ...; Writing - original draft preparation: [full name, ...];
Writing - review and editing: [full name], ...; Funding acquisition: [full name], ...;

Resources: [full name], ...; Supervision: [full name],....

For review articles where discrete statements are less applicable a statement
should be included who had the idea for the article, who performed the literature
search and data analysis, and who drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is
recommended that the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order,
APA Science Student Council 2006



http://credit.niso.org/
https://www.apa.org/science/leadership/students/authorship-paper.pdf
https://www.apa.org/science/leadership/students/authorship-paper.pdf
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Affiliation

The primary affiliation for each author should be the institution where the maijority of
their work was done. If an author has subsequently moved, the current address may
additionally be stated. Addresses will not be updated or changed after publication of
the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding
Author, and the order of authors at submission. Changes of authorship by adding or
deleting authors, and/or changes in Corresponding Author, and/or changes in the
sequence of authors are not accepted after acceptance of a manuscript.

« Please note that author names will be published exactly as they appear
on the accepted submission!

Please make sure that the names of all authors are present and correctly spelled,
and that addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in
some cases it may be warranted. Reasons for these changes in authorship should be
explained. Approval of the change during revision is at the discretion of the Editor-in-
Chief. Please note that journals may have individual policies on adding and/or
deleting authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for
consideration or acquire an ORCID ID via the submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing,
submission, or peer-review process, and the co-authors feel it is appropriate to
include the author, co-authors should obtain approval from a (legal) representative
which could be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and
publication, the Journal will not be in a position to investigate or adjudicate. Authors
will be asked to resolve the dispute themselves. If they are unable the Journal
reserves the right to withdraw a manuscript from the editorial process or in case of a
published paper raise the issue with the authors’ institution(s) and abide by its
guidelines.
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Confidentiality

Authors should treat all communication with the Journal as confidential which
includes correspondence with direct representatives from the Journal such as
Editors-in-Chief and/or Handling Editors and reviewers’ reports unless explicit
consent has been received to share information.

Important note:

Please note that — contrary to the text above — according to the policy of ESPR,
any addition/removal of authors or change in order list are prohibited during all
the review process. The original authorship must remain the same during all
the review process.

Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that accepted
principles of ethical and professional conduct have been followed, authors should
include information regarding sources of funding, potential conflicts of interest
(financial or non-financial), informed consent if the research involved human
participants, and a statement on welfare of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section
entitled “Compliance with Ethical Standards” when submitting a paper:

o Disclosure of potential conflicts of interest
e Research involving Human Participants and/or Animals
e Informed consent

Please note that standards could vary slightly per journal dependent on their peer
review policies (i.e. single or double blind peer review) as well as per journal subject
discipline. Before submitting your article check the instructions following this section
carefully.

The corresponding author should be prepared to collect documentation of
compliance with ethical standards and send if requested during peer review or after
publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or
failure to fulfill the above-mentioned guidelines.

Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to
the work submitted for publication. Interests within the last 3 years of beginning the
work (conducting the research and preparing the work for submission) should be
reported. Interests outside the 3-year time frame must be disclosed if they could



61

reasonably be perceived as influencing the submitted work. Disclosure of interests
provides a complete and transparent process and helps readers form their own
judgments of potential bias. This is not meant to imply that a financial relationship
with an organization that sponsored the research or compensation received for
consultancy work is inappropriate.

Editorial Board Members and Editors are required to declare any competing
interests and may be excluded from the peer review process if a competing interest
exists. In addition, they should exclude themselves from handling manuscripts in
cases where there is a competing interest. This may include — but is not limited to —
having previously published with one or more of the authors, and sharing the same
institution as one or more of the authors. Where an Editor or Editorial Board Member
is on the author list they must declare this in the competing interests section on the
submitted manuscript. If they are an author or have any other competing interest
regarding a specific manuscript, another Editor or member of the Editorial Board will
be assigned to assume responsibility for overseeing peer review. These submissions
are subject to the exact same review process as any other manuscript. Editorial
Board Members are welcome to submit papers to the journal. These submissions are
not given any priority over other manuscripts, and Editorial Board Member status has
no bearing on editorial consideration.

Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder
and the grant number) and/or research support (including salaries, equipment,
supplies, reimbursement for attending symposia, and other expenses) by
organizations that may gain or lose financially through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication
of this manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse
and/or children) that may gain or lose financially through publication of this
manuscript; consultation fees or other forms of remuneration from organizations that
may gain or lose financially; patents or patent applications whose value may be
affected by publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant,
any such figure is necessarily arbitrary, so one possible practical guideline is the
following: "Any undeclared financial interest that could embarrass the author were it
to become publicly known after the work was published."

Non-financial interests: In addition, authors are requested to disclose interests that
go beyond financial interests that could impart bias on the work submitted for
publication such as professional interests, personal relationships or personal beliefs
(amongst others). Examples include, but are not limited to: position on editorial
board, advisory board or board of directors or other type of management
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relationships; writing and/or consulting for educational purposes; expert witness;
mentoring relations; and so forth.

Primary research articles require a disclosure statement. Review articles present an
expert synthesis of evidence and may be treated as an authoritative work on a
subject. Review articles therefore require a disclosure statement.Other article types
such as editorials, book reviews, comments (amongst others) may, dependent on
their content, require a disclosure statement. If you are unclear whether your article
type requires a disclosure statement, please contact the Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given
that funding is a potential competing interest (as mentioned above)) needs to be
disclosed upon submission of the manuscript in the peer review system. This
information will automatically be added to the Record of CrossMark, however it is not
added to the manuscript itself. Under ‘summary of requirements’ (see below) funding
information should be included in the ‘Declarations’ section.

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’
section before the reference list under a heading of ‘Funding’ and/or ‘Competing
interests’. Other declarations include Ethics approval, Consent, Data, Material and/or
Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient to use
one blanket statement.

Examples of statements to be used when funding has been received:

« Partial financial support was received from [...]

e The research leading to these results received funding from [...] under Grant
Agreement Nof...].

e This study was funded by [...]

e This work was supported by [...] (Grant numbers [...] and [...]

Examples of statements to be used when there is no funding:

e The authors did not receive support from any organization for the submitted
work.

« No funding was received to assist with the preparation of this manuscript.

« No funding was received for conducting this study.

« No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:
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o Financial interests: Author A has received research support from Company
A. Author B has received a speaker honorarium from Company Wand owns
stock in Company X. Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.
« Financial interests: The authors declare they have no financial interests.

Non-financial interests: Author A is on the board of directors of Y and
receives no compensation as member of the board of directors.

o Financial interests: Author A received a speaking fee from Y for Z. Author B
receives a salary from association X. X where s/he is the Executive Director.

Non-financial interests: none.

« Financial interests: Author A and B declare they have no financial interests.
Author C has received speaker and consultant honoraria from Company M
and Company N. Dr. C has received speaker honorarium and research
funding from Company M and Company O. Author D has received travel
support from Company O.

Non-financial interests: Author D has served on advisory boards for
Company M, Company N and Company O.
Examples of statements to be used when authors have nothing to declare:

« The authors have no relevant financial or non-financial interests to disclose.

o The authors have no competing interests to declare that are relevant to the
content of this article.

o All authors certify that they have no affiliations with or involvement in any
organization or entity with any financial interest or non-financial interest in the
subject matter or materials discussed in this manuscript.

« The authors have no financial or proprietary interests in any material
discussed in this article.

Authors are responsible for correctness of the statements provided in the manuscript.
See also Authorship Principles. The Editor-in-Chief reserves the right to reject
submissions that do not meet the guidelines described in this section.

Research Data Policy

This journal operates a type 1 research data policy. The journal encourages authors,
where possible and applicable, to deposit data that support the findings of their
research in a public repository. Authors and editors who do not have a preferred
repository should consult Springer Nature’s list of repositories and research data

policy.

List of Repositories



https://www.springernature.com/gp/authors/research-data-policy/research-data-policy-types
https://www.springernature.com/gp/authors/research-data-policy/recommended-repositories
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Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may
also be used.

Datasets that are assigned digital object identifiers (DOIs) by a data repository may
be cited in the reference list. Data citations should include the minimum information
recommended by DataCite: authors, title, publisher (repository name), identifier.

DataCite

If the journal that you're submitting to uses double-blind peer review and you are
providing reviewers with access to your data (for example via a repository link,
supplementary information or data on request), it is strongly suggested that the
authorship in the data is also blinded. There are data repositories that can assist with
this and/or will create a link to mask the authorship of your data.

Authors who need help understanding our data sharing policies, help finding a
suitable data repository, or help organising and sharing research data can access
our Author Support portal for additional guidance.

After Acceptance
Upon acceptance, your article will be exported to Production to undergo typesetting.
Once typesetting is complete, you will receive a link asking you to confirm your

affiliation, choose the publishing model for your article as well as arrange rights and
payment of any associated publication cost.

Once you have completed this, your article will be processed and you will receive the
proofs.

Article publishing agreement
Depending on the ownership of the journal and its policies, you will either grant the

Publisher an exclusive licence to publish the article or will be asked to transfer
copyright of the article to the Publisher.

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Publication of color illustrations is free of charge.


https://www.springernature.com/gp/authors/research-data-policy/data-policy-faqs
https://www.datacite.org/
https://www.springernature.com/gp/authors/research-data-policy/data-policy-faqs
https://www.springernature.com/gp/authors/research-data-policy/data-policy-faqs
https://support.springernature.com/en/support/solutions/folders/6000238326
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Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes in
content, e.g., new results, corrected values, title and authorship, are not allowed
without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum,
which will be hyperlinked to the article.

Online First
The article will be published online after receipt of the corrected proofs. This is the

official first publication citable with the DOI. After release of the printed version, the
paper can also be cited by issue and page numbers.

Open Choice
Open Choice allows you to publish open access in more than 1850 Springer Nature

journals, making your research more visible and accessible immediately on
publication.

Article processing charges (APCs) vary by journal — view the full list

Benefits:

e Increased researcher engagement: Open Choice enables access by anyone
with an internet connection, immediately on publication.

e Higher visibility and impact: In Springer hybrid journals, OA articles are
accessed 4 times more often on average, and cited 1.7 more times on
average®*.

o [Easy compliance with funder and institutional mandates: Many funders require
open access publishing, and some take compliance into account when
assessing future grant applications.

It is easy to find funding to support open access — please see our funding and
support pages for more information.

*) Within the first three years of publication. Springer Nature hybrid journal OA impact
analysis, 2018.

Open Choice

Funding and Support pages



https://www.springernature.com/de/open-research/journals-books/journals
https://www.springer.com/gp/open-access/springer-open-choice?wt_mc=Internal.Internal.1.AUT642.OpenChoice_IFA&utm_medium=internal&utm_source=internal&utm_content=5282018&utm_campaign=1_barz01_openchoice_ifa
https://www.springernature.com/gp/open-research/funding/articles?wt_mc=Internal.Internal.1.AUT642.Funding_IFA&utm_medium=internal&utm_source=internal&utm_content=5282018&utm_campaign=1_barz01_funding_ifa
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Copyright and license term — CC BY
Open Choice articles do not require transfer of copyright as the copyright remains

with the author. In opting for open access, the author(s) agree to publish the article
under the Creative Commons Attribution License.

Find more about the license agreement

Open access publishing

To find out more about publishing your work Open Access in Environmental Science
and Pollution Research, including information on fees, funding and licenses, visit

our Open access publishing page.
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https://www.springer.com/journal/11356/open-access-publishing
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