UNIVERSIDADE FEDERAL DO PARANA

CARLA GIOVANA BASSO

EXPOSICAO A DESREGULADORES ENDOCRINOS E DESFECHOS
REPRODUTIVOS EM PACIENTES SUBMETIDAS A TRATAMENTOS DE
REPRODUCAO ASSISTIDA

CURITIBA
2022



CARLA GIOVANA BASSO

EXPOSICAO A DESREGULADORES ENDOCRINOS E DESFECHOS
REPRODUTIVOS EM PACIENTES SUBMETIDAS A TRATAMENTOS DE
REPRODUCAO ASSISTIDA

Tese apresentada ao Curso de Pdés-graduagdo em
Fisiologia, Setor de Ciéncias Bioldgicas, da Universidade
Federal do Parana, como requisito parcial a obtengao do

titulo de Doutor em Fisiologia.

Orientador: Prof. Dr. Anderson Joel Martino Andrade

Curitiba
2022



DADOS INTERNACIONAIS DE CATALOGAGAQ NA PUBLICACAO (CIP)
UNIVERSIDADE FEDERAL DO PARANA
SISTEMA DE BIBLIOTECAS — BIBLIOTECA DE CIENCIAS BIOLOGICAS

Basso, Carla Giovana

Exposicdo a desreguladores enddcrinos e desfechos
reprodutivos em pacientes submetidas a tratamentos de
reproducio assistida / Carla Giovana Basso. — Curitiba, 2020.
1 recurso on-line : PDF.

Tese (Doutorado) — Universidade Federal do Parana, Setor de
Ciéncias Bioldgicas, Programa de P6s-Graduagéo em Fisiologia.
Orientador: Prof. Dr. Anderson Joel Martino Andrade.

1. Desreguladores enddcrinos. 2. Analgésicos. 3. Infertilidade.
4. Tecnologia da reprodugdo humana. |. Andrade, Anderson Joel
Martino, 1977-. Il. Universidade Federal do Parana. Setor de
Ciéncias Bioldgicas. Programa de P6s-Graduagéo em Fisiologia.
[1I. Titulo.

Bibliotecaria: Giana Mara Seniski Silva. CRB-9/1406




UNIVERSIDADE FEDERAL DO PARAMA

MINISTERIO DA EDUCACAO

SETOR DE CIENCIAS BIOLOGICAS

UNIVERSIDADE FEDERAL DO PARANA
PRO-REITORIA DE PESQUISA E POS-GRADUAGAO
PROGRAMA DE POS-GRADUAGAO FISIOLOGIA -
40001016072P4

TERMO DE APROVACAO

Os membros da Banca Examinadora designada pelo Colegiado do Programa de Pos-Graduacéo FISIOLOGIA da Universidade

Federal do Parana foram convocados para realizar a arguigédo da tese de Doutorado de CARLA GIOVANA BASSO intitulada:

"Exposicdo a desreguladores endocrinos e desfechos reprodutivos em pacientes
submetidas a tratamentos de reproducao assistida.”, sob orientagéo do Prof. Dr. ANDERSON JOEL MARTINO ANDRADE, que

ap6s terem inquirido a aluna e realizada a avaliagéo do trabalho, s&o de parecer pela sua APROVAGAO no rito de defesa.

A outorga do titulo de doutora esta sujeita a homologagéo pelo colegiado, ao atendimento de todas as indicagdes e corregdes

solicitadas pela banca e ao pleno atendimento das demandas regimentais do Programa de Pos-Graduacéo.

CURITIBA, 21 de Outubro de 2022.

Assinatura Eletrdnica
21/10/2022 14:46:03.0
ANDERSON JOEL MARTINO ANDRADE
Presidente da Banca Examinadora

Assinatura Eletrénica
21/10/2022 14:45:42.0
FERNANDO AUGUSTO LAVEZZO DIAS
Avaliador Interno (UNIVERSIDADE FEDERAL DO PARANA)

Assinatura Eletrénica
21/10/2022 22:05:54.0
EVALDO JOSE FERREIRA RIBEIRO JUNIOR
Avaliador Externo (UNIVERSIDADE FEDERAL DO PARANA)

Assinatura Eletrénica
24/10/2022 10:39:02.0
PAULA ANDREA DE ALBUQUERQUE SALLES NAVARRO
Avaliador Externo (UNIVERSIDADE DE SAQ PAULO)

Setor de Ciéncias Biologicas - Centro Politecnico - CURITIBA - Parana - Brasil
CEP 81531-980 - Tel: (41) 3361-1588 - E-mail: ppdfisio@ufpr.br
Documento assinado eletronicamente de acordo com o disposto na legislagéo federal Decreto 8539 de 08 de outubro de 2015.
Gerado e autenticado pelo SIGA-UFPR, com a seguinte identificag@o tnica: 229353
Para autenticar este documento/assinatura, acesse https://www.prppg.ufpr.br/siga/visitante/autenticacacassinaturas.jsp
e insira o codigo 229353




NOTA EXPLICATIVA

Esta tese € apresentada no formato de artigos para publicagbes de acordo com as
normas do Programa de Pd6s-Graduagdo em Fisiologia da Universidade Federal
do Parana. Neste formato constam: uma introdugdo, revisdo de literatura,
objetivos do trabalho, os artigos cientificos, discussao e a conclusao geral da
tese. O primeiro artigo € uma revisdo de literatura e os dois artigos seguintes
abordam os experimentos realizados, resultados e discussdo. Os artigos foram
formatados conforme as normas propostas pelos peridédicos aos quais serao

submetidos.
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RESUMO

As crescentes taxas de infertilidade na populagdo vém sendo justificadas na literatura
como um reflexo de fatores ambientais e estilo de vida. Dentro desse contexto, ganham
destaque os efeitos de compostos desreguladores enddcrinos (DEs), como os ftalatos, em
parametros reprodutivos. A exposi¢do a ftalatos estd associada com efeitos adversos no
desenvolvimento e funcionamento do sistema reprodutivo feminino. Um dos possiveis
mecanismos de agdo de compostos DEs estd associado a desequilibrios nas vias de
prostaglandinas, chamando atengdo para outro grupo com potencial efeito de DEs, os
medicamentos analgésicos. Esses compostos também apresentam mecanismo de agdo
associado as vias de prostaglandinas e dessa forma - tendo em vista o importante papel
dessas vias em processos reprodutivos - ¢ biologicamente plausivel que analgésicos
também possam atuar como DEs. Portanto, nosso objetivo foi revisar dados da literatura
sobre o impacto de ftalatos na satde reprodutiva feminina e avaliar as associagdes entre
a exposi¢ao a desreguladores enddcrinos, especificamente medicamentos analgésicos de
venda livre e ftalatos, com desfechos reprodutivos em mulheres em tratamento de
reprodugdo assistida (ART). Para a realizagdo do estudo, foram recrutadas mulheres com
infertilidade e indicacdo para procedimentos de ART. As pacientes que aceitaram
participar do estudo responderam questionarios no inicio e fim do tratamento englobando
dados demograficos, habitos de vida e consumo de medicamentos (questionadas sobre o
uso especifico dos analgésicos mais utilizados no Brasil, paracetamol, dipirona, acido
acetilsalicilico e ibuprofeno). Ainda, foram coletadas amostras de urina e liquido folicular
a fim de avaliar a exposi¢do das pacientes a ftalatos — sendo quantificados 17 metabolitos
de ftalatos em urina e liquido folicular, por meio de cromatografia liquida acoplada a
espectrometria de massa. J& para os desfechos reprodutivos foram avaliados os dados
laboratoriais englobando parametros oocitarios e de desenvolvimento embriondrio e
resultados clinicos do tratamento de ART. Os dados foram analisados por modelos
lineares generalizados para elucidar a associagdo entre o uso de medicamentos e
desfechos reprodutivos e por modelos lineares generalizados mistos para as associagdes
entre as concentracdes de metabdlitos de ftalatos e desfechos reprodutivos. Nosso estudo
observou associagdes entre os desfechos reprodutivos e desreguladores endocrinos,
especificamente medicamentos analgésicos e ftalatos, em pacientes de ART. Em relacao
a medicamentos analgésicos, o consumo de paracetamol, ibuprofeno e dipirona
apresentou associacdo com desfechos reprodutivos de pardmetros oocitarios e de
qualidade embriondria, ndo sendo observadas associagdes com desfechos clinicos.
Entretanto, os resultados observados variaram de acordo com as covariaveis adicionadas
ao modelo - com excecdo da associagdo negativa entre paracetamol e qualidade
embriondria que se mostrou significativa em todos os modelos. Em relagdo a exposi¢ao a
ftalatos, observamos que maiores concentragdes de metabolitos de DEHP,
especificamente mEHHP e mEOHP, foram associadas com parametros oocitarios e de
desenvolvimento embrionario — especialmente em urina das pacientes do estudo. Ainda,
foram observadas associacdes em liquido folicular do metab6lito mEP e em urina dos
metabolitos mBzP e mIPrP com desfechos laboratoriais. Dessa forma, nosso estudo
observou que exposi¢cdo a desreguladores endocrinos pode estar associada a parametros
iniciais do desenvolvimento embrionario e de desfechos reprodutivos do tratamento de
pacientes em ART.

Palavras-Chave: Desreguladores endocrinos; Ftalatos; Medicamentos analgésicos;
Infertilidade; Reproducao Assistida.



ABSTRACT

Increasing rates of infertility in the population are justified in the literature as a reflection
of environmental factors and lifestyle. Within this context, the effects of endocrine
disrupting compounds (EDCs), such as phthalates, on reproductive parameters are highly
considered. Exposure to phthalates is associated with deleterious effects on the
development and functioning of the female reproductive system. One of the possible
mechanisms of action of EDCs is associated with imbalances in prostaglandin pathways,
drawing attention to another group with a potential effect of EDCs, mild analgesics. These
compounds also present effects through prostaglandin pathways and therefore - in view
of the important role of prostaglandin pathways in reproductive processes - it is
biologically plausible that mild analgesics can also act as EDCs. Therefore, our goal was
to review the literature on the impact of phthalates on female reproductive health and to
assess the associations between exposure to EDCs, specifically mild analgesics, and
phthalates, with reproductive outcomes in women undergoing assisted reproduction
treatment (ART). Hence, women with infertility and indication for ART were recruited.
Patients who agreed to participate in the study answered questionnaires at the beginning
and end of treatment surrounding demographic data, lifestyle habits and analgesic
consumption (asked specifically about the use of the most used analgesics in Brazil,
paracetamol, dipyrone, acetylsalicylic acid and ibuprofen). Furthermore, samples of urine
and follicular fluid were collected in order to assess the exposure of patients to phthalates
— being quantified by liquid chromatography 17 phthalate metabolites in urine and
follicular fluid. As for reproductive outcomes, laboratory data were evaluated, covering
oocyte and embryo development parameters and clinical results of ART. Data were
analyzed by generalized linear models to elucidate the association between analgesic use
and reproductive outcomes and by mixed generalized linear models for associations
between phthalate metabolite concentrations and reproductive outcomes. Our study
observed associations between reproductive outcomes and EDCs exposure, specifically
mild analgesics and phthalates, in ART patients. Regarding mild analgesics, the
consumption of paracetamol, ibuprofen and dipyrone was associated with reproductive
outcomes of oocyte parameters and embryo quality, with no association with clinical
outcomes. However, the observed results varied according to the covariates added to the
model - with exception of the negative association between paracetamol and embryo
quality, which was significant in all models. Regarding phthalate exposure, we observed
that higher concentrations of DEHP metabolites, specifically mEHHP and mEOHP, were
associated with oocyte and embryo development parameters — especially in the urine of
study patients. Furthermore, associations were observed in mEP follicular fluid
concentrations and mBzP and mIPrP urine concentrations with laboratory outcomes.
Thus, our study observed that exposure to endocrine disruptors may be associated with
early parameters of embryo development and reproductive outcomes in the treatment of
ART patients.
Keywords: Endocrine disruptors; Phthalates; Mild analgesics; Infertility; Assisted Reproduction.
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1-INTRODUGAO

Infertilidade ¢ definida como a incapacidade de um casal obter uma gestacao
apos 12 meses de tentativas. Estima-se que 15% da populacao apresente algum grau de
infertilidade, sendo que as causas de infertilidade sdo igualmente provenientes de homens
e mulheres (Agarwal et al.,, 2015). Fatores ambientais e estilo de vida apresentam
potencial significativo de impactar a satde geral e qualidade de vida da populagao.
Dentro desse contexto, os fatores ambientais e de estilo tem chamado a aten¢do nos
ultimos anos como possiveis fatores que atuam no crescente aumento das taxas de
infertilidade. Estudos j& observaram que hébitos de vida que implicam em estresse,
tabagismo e obesidade afetam a saude feminina a longo prazo, reduzindo a competéncia
reprodutiva e significativamente diminuindo as chances de gestagdo (Bala et al., 2021).
Entretanto, nos ltimos anos a exposi¢do a compostos quimicos tem ganhado papel de
destaque em trabalhos que avaliam a relagdo da exposi¢do a esses agentes e seus
potenciais efeitos na satde reprodutiva da populagio. Dessa forma, diversos estudos tém
investigado os efeitos de compostos desreguladores enddcrinos (DEs). DEs sao
compostos definidos como qualquer substancia exodgena que interfere na agdo de
hormdnios, atuando na sintese, secre¢do, transporte, ligacao a receptores em células alvo
e/ou elimina¢do de hormdnios fisiologicos, ocasionando desequilibrio na homeostase,
reproducdo e desenvolvimento do organismo exposto (Tang et al., 2020). Diversos
quimicos encaixam-se nessa categoria como, pesticidas, fertilizantes, plastificantes, entre
outros. Entre esses compostos os ftalatos tém ganhado papel de destaque, principalmente
pelo alto volume de producao e consequentemente alto grau de exposig¢ao da populagao.
Ftalatos sdo compostos quimicos utilizados principalmente como plastificantes, sendo
adicionados a misturas de polimeros com o objetivo de conferir maleabilidade aos
plasticos (Blount et al., 2020). Ainda, os ftalatos podem ser utilizados como fixadores de
aroma na industria, sendo bastante utilizados em produtos de uso pessoal. Dessa forma,
esses compostos podem ser encontrados em diversos produtos, como alimentos,
cosméticos, vestimentas, medicamentos e produtos hospitalares (Huang et al., 2017,
Martino-Andrade et al., 2009). Dados experimentais e epidemioldgicos ja demonstraram
que a exposi¢cdo a ftalatos estd associada com efeitos adversos no desenvolvimento e
funcionamento do sistema reprodutivo feminino. Alteragdes como puberdade precoce,
insuficiéncia ovariana, endometriose, sindrome de ovario policistico e parto prematuro ja

foram associadas a exposigdo a ftalatos em diversas fases do desenvolvimento e
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especialmente durante o periodo gestacional (revisado por Mesquita et al., 2021 e Basso
et al., 2022). Estudos epidemiolédgicos tém relacionado a exposi¢do a ftalatos com piores
desfechos reprodutivos em diferentes contextos. Srilanchakon e colegas (2017)
observaram que adolescentes com puberdade precoce apresentavam maiores niveis
urinarios de Monoetil ftalato (MEP), indicando uma associacdo da exposicao a ftalatos
com puberdade precoce. Ainda, trabalhos observaram que mulheres adultas com maior
exposi¢do a ftalatos apresentam alteracdo na funcdo ovariana, sendo descritos
desequilibrios na foliculogénese e alteragdes na qualidade e quantidade da reserva
ovariana (Hannon & Flaws, 2015, Messerlian et al., 2016, Du et al., 2018).
Especificamente, alguns dados coletados em populagdes em tratamento para infertilidade
também demonstram efeitos deletérios da exposi¢ao a ftalatos (Hauser et al., 2016; Al-
Saleh et al., 2019). Em estudo prospectivo realizado com casais em clinica de reprodugdo
assistida foi observado que maiores concentragdes urindrias de mono-(2-etilhexil) ftalato
(MEHP) em mulheres em tratamento foi associado com risco de gestacao bioquimica,
falha em gestacdo clinica e menor taxa de nascimento (Al-Saleh et al., 2019). Os dados
presentes na literatura demonstram que ftalatos sdo importantes compostos DEs com
significativo impacto na saude reprodutiva em diferentes fases do desenvolvimento.
Entretanto, os estudos avaliando possiveis mecanismos de acdo desses compostos ainda
sdo divergentes, sendo necessarias maiores investigagdes nesse campo.

Uma das possiveis vias de acdo dos ftalatos e de compostos DEs, pode estar
associada a desequilibrios nas vias de prostaglandinas, sendo essa uma das possiveis rotas
responsaveis pelos efeitos danosos da exposi¢ao a ftalatos no sistema reprodutor feminino
(Tetz et al., 2015, Tran-Guzman e Culty, 2022). Prostaglandinas estdo envolvidas em
diversos processos do sistema reprodutivo feminino, como ovulagdo, fertilizacdo e
implantacdo embrionaria (Niringiyumukiza et al., 2018). Dentro desse contexto, esse
possivel mecanismo de acdo dos ftalatos chama ateng@o para outro grupo de compostos
com potencial efeito desregulador endocrino, os medicamentos analgésicos.
Medicamentos analgésicos de venda livre, como anti-inflamatorios ndo esteroidais
(AINEs), paracetamol e dipirona, apresentam suas atividades terapéuticas por meio de
inibicao especifica ou nao especifica das enzimas ciclooxigenases (COX) e alteragao das
cascatas de prostaglandinas (Vane e Botting, 1998). Kristensen e colegas (2011)
observaram em estudo in vitro que desreguladores enddcrinos especificos sdo capazes de
inibir a via de prostaglandinas, sendo sugerido que esses compostos podem interferir

diretamente na atividade de enzimas COX de maneira similar a analgésicos como acido
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acetil salicilico (AAS), paracetamol e ibuprofeno. Dessa forma, tendo em vista que a
inibicdo de COX e prostaglandinas pode fazer parte do modo de agdo de desreguladores
enddcrinos, especialmente ftalatos, € possivel que farmacos que apresentam mecanismo
de agdo de inibicao de prostaglandinas, como os analgésicos de venda livre também
possam atuar como DEs.

Trabalhos experimentais e epidemioldgicos ja demonstram os potenciais efeitos
deletérios da exposicdo a medicamentos analgésicos em periodos especificos do
desenvolvimento. Em modelo animal, ja foram observadas associagdes entre o consumo
de analgésicos e alteracdes como reducao da distdncia anogenital (AGD), redu¢do dos
niveis de testosterona e alteragao espermatica (Kristensen et al., 2011, 2012; Thiele et al.,
2013). J4 em estudos realizados em humanos, foi observado que gestantes que reportaram
o uso de paracetamol por mais de 2 semanas durante a gestagdo apresentaram risco
aumentado de terem filho do sexo masculino com criptorquidismo (Kristensen et al.,
2011). Ainda, em estudo realizado com mulheres tentando conceber foi observado que
pacientes com maior uso de naproxeno, um farmaco do grupo de AINEs, apresentavam
taxa de fecundidade menor em relagdo a mulheres que nao faziam uso desse
medicamento, sugerindo que o uso de analgésicos pode impactar na capacidade
reprodutiva feminina (Mcinerney et al., 2017). Dessa forma, ¢ possivel sugerir com base
nos dados experimentais e epidemiologicos presentes na literatura que medicamentos
analgésicos apresentam potencial de atuar como desreguladores endécrinos. Entretanto,
poucos sao os dados que avaliam os efeitos desses compostos na populacao tentante ou
infértil, sendo importante considerar os efeitos nessa populagao especifica uma vez que
esse grupo faz uso significativamente maior de medicamentos e suplementacdo. Assim,
¢ necessario estudos que investiguem os efeitos da exposi¢do a medicamentos analgésicos
em populacdo infértil tentando gestar, avaliando os possiveis impactos dessa exposi¢ao

nos desfechos reprodutivos dessa populagao.

2- REVISAO BIBLIOGRAFICA

2.1 INFERTILIDADE

Na tultima década tem sido observado um preocupante aumento nos indices de
infertilidade, sendo estimado que mundialmente 48 milhdes de casais apresentem algum
grau de infertilidade (WHO, 2021). A redugdo da capacidade reprodutiva da populagao

apresenta, além das implica¢des médicas, um importante impacto psicoldgico, financeiro
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e na qualidade de vida dos casais, tornando-se um significativo problema de saude publica
(Mascarenhas et al., 2012). Infertilidade ¢ definida como a falha na obten¢do de uma
gestacao de sucesso apos 12 meses de coito frequente sem uso de métodos contraceptivos,
sendo que a etiologia da doencga pode ser relacionada com fatores masculinos, femininos,
do casal ou ainda, fatores idiopaticos (Carson et al., 2021). Estima-se que 85% dos casais
apresentam infertilidade por causa conhecida, sendo as causas mais comuns disfun¢do
ovulatoria, infertilidade por fator masculino e alteragdes anatdomicas no sistema
reprodutor feminino (WHO, 2021). Os fatores femininos de infertilidade sdo responséaveis
por cerca de 35-40% das causas de infertilidade, englobando alteragdes hormonais,
endometriose, alteracdes das tubas uterinas, infecgdes prévias e fatores ambientais
(Jurczewska e Szostak-W, egierek, 2022). Em relacdo a fatores ambientais, estudos
demonstram que, juntamente ao estilo de vida do paciente, o ambiente pode ser o principal
responsavel de causas idiopaticas de infertilidade — grupo que compreende 15-20% dos
casais com subfertilidade, em que ndo existe causa de infertilidade aparente (Mohamed
et al., 2004, No, 2013). O aumento nas taxas de infertilidade tem levado a um aumento
na procura por auxilio médico na concepg¢ao (Serafin et al., 2022). Atualmente, a principal
op¢ao de tratamento para os casais que apresentam infertilidade sdo as técnicas de
reproducado assistida. Dentre os possiveis métodos para tratamento, independentemente
do tipo de infertilidade, os tratamentos complexos — englobando fertilizacdo in vitro (FIV)
e injecdo intracitoplasmatica de espermatozoides (ICSI) - apresentam as maiores taxas de
sucesso. Dessa forma, ¢ possivel observar que o aumento das taxas de infertilidade
também se reflete na procura por tratamentos de reproducao assistida, sendo reportado no
Brasil um aumento de 112% no nimero de ciclos de tratamentos complexos realizados
entre os anos de 2012 e 2019 (Figura 1 — Anvisa, 2021). Entretanto, a causa de
infertilidade e fatores ambientais relacionados ao estilo de vida também impactam no

sucesso do tratamento com técnicas de reproducao assistida (Tesarik et al., 2022).
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Figura 1: Numero de ciclos de reproducdo assistida realizados no Brasil anos de 2012,

2013, 2014, 2015, 2016, 2017, 2018 e 2019. (Anvisa, 2021).

O progressivo aumento nas taxas de infertilidade na populacdo ¢ influenciado
por diversos fatores, estando entre os principais a postergagao da gestacao, estilo de vida
e fatores ambientais (Karwacka et al., 2019). A postergagdo da gestacdo, implica em
gestagdo com idade avancada. A idade feminina apresenta barreiras fisiologicas e
genéticas para concepcao, sendo essa relacionada com reducdo da reserva ovariana,
alteracdes na ovulagdo, aumento de erros meioticos do oocito entre outros (Hart et al.,
2016). J4 em relagdo a estilo de vida e fatores ambientais, os fatores de risco aos quais
mulheres em idade reprodutiva podem se expor vem aumentando juntamente com o
processo de industrializacdo (Caserta et al., 2011). Fatores de estilo de vida como,
tabagismo e obesidade j& apresentam papel estabelecido na modulagdo da fertilidade e
fecundidade feminina (Kelly-Weeder e Cox, 2006). Entretanto, nos ultimos anos a
exposi¢do a compostos quimicos presentes no ambiente e na dieta dos pacientes que
buscam conceber tem chamado a atengdo. Evidéncias toxicoldgicas tém indicado o
potencial dessas substidncias em prejudicar a capacidade reprodutiva de homens e
mulheres tanto direta quanto indiretamente (Foster et al., 2006, Caserta et al., 2008). Em
mulheres, a exposi¢ao prolongada a toxicos ambientais foi relacionada com alteragdo em
processos como ovulacao e implantagdo, assim como redugao da fertilidade por alteracao
do equilibrio endocrino (Caserta et al., 2011, Hart et al., 2016). Ainda, a exposi¢do a
compostos quimicos também pode ocasionar alteracdes patofisioldogicas no sistema
reprodutivo feminino, como sindrome de ovario policistico (SOP) e endometriose,
indiretamente levando a redu¢do da capacidade reprodutiva (Kahn et al., 2020). Dentro

desse contexto, os DEs compreendem um grupo de compostos quimicos que vem
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ganhando destaque na literatura devido sua capacidade de ocasionar efeitos deletérios na

capacidade reprodutiva e consequentemente nos tratamentos de infertilidade.

2.2 DESREGULADORES ENDOCRINOS

Desreguladores endocrinos (DEs) sdo reconhecidos como um problema global
de saude publica, apresentando potencial toxico ambiental para humanos e animais (Gore
et al., 2016). Um composto desregulador enddcrino pode ser descrito como uma
substancia exdgena que interfere na acdo de hormdnios, atuando na sintese, secre¢do,
transporte, ligacdo a receptores e/ou eliminagdo de hormdnios fisiologicos,
consequentemente podendo ocasionar desequilibrio na homeostase, reproducido e
desenvolvimento do organismo exposto (Kavlock et al., 1996, Tang et al., 2020).
Atualmente ¢ estimado que existam aproximadamente 1000 substancias quimicas que
apresentam propriedades de DEs. Dessa forma, a exposicdo a esses compostos ¢
largamente distribuida e constante, abrangendo pesticidas, quimicos industriais,
plastificantes, medicamentos, produtos cosméticos e fitoestrogénios — podendo ser
encontrados comercialmente em diversos produtos de uso comum, incluindo embalagens
de plastico, enlatados, detergentes, brinquedos, cosméticos e alimentos em geral (Tabela

1 - Yilmaz et al., 2020).

Tabela 1. Desreguladores endocrinos e usos na industria

Categoria de uso Exemplos de EDCs
Pesticidas DDT, atrazina, glifosfato,
Produtos infantis chumbo, ftalatos, cadmio
Embalagens de alimentos BPA, Ftalatos, fenol
Eletronicos e material de retardantes de chama bromados,
construcao PCBs
Produtos de cuidado pessoal Ftalatos
Produtos antibacterianos Triclosan
Téxteis Perfluorados

Tabela 1:— adaptada de Andrea et al., 2014.

Diversas alteracdes no sistema reprodutor feminino tém sido observadas como
resultado da exposicdo a desreguladores enddcrinos, incluindo maior incidéncia de
sindrome de ovario policistico, endometriose (Coiplet et al., 2022, Jala et al., 2022,) e

alteracdes em ciclo menstrual (Lu et al., 2000).



21

O aumento no uso de técnicas de reproducao assistida permitiu a avaliacdo de
novas evidéncias do impacto de fatores ambientais no processo reprodutivo permitindo,
por exemplo, a avaliagcdo de repercussdes sobre parametros iniciais de desenvolvimento,
como a qualidade embrionaria (Kadhel et al., 2012). Ainda, possibilitou acesso a
qualidade oocitaria e avaliagdo de efeitos em liquido folicular, possibilitando identificar
mais precisamente em qual momento do processo reprodutivo (ovulacao, fertilizagao ou
implantacao) toéxicos ambientais possivelmente podem ocasionar efeitos deletérios.
Dentro desse contexto, estudos na literatura também indicam o potencial de
desreguladores endocrinos apresentarem efeitos deletérios em desfechos reprodutivos de
tratamentos de reproducao assistida. Em estudo de Petro e colegas (2012), amostras de
liquido folicular de mulheres em tratamento de reproducdo assistida foram analisadas
com o objetivo de quantificar a presenga de diversos compostos considerados DEs como,
bisfenol A (BPA), pesticidas organoclorados, poluentes organicos persistentes, entre
outros. No trabalho, maiores concentracdes de DEs no micro-ambiente do liquido
folicular foram associadas a menores taxas de fertilizacdo e menores chances de
desenvolvimento embriondrio (Petro et al., 2012). Em estudos similares também foi
observado que maiores concentracdes urinarias de BPA em pacientes de reprodugdo
assistida estdo associadas com menor contagem de foliculos antrais — indicativo de
faléncia ovariana, também sendo observadas associagdes com menores taxas de
implantacdo, gestacdo clinica e nascimentos (Chavarro et al., 2016, Souter et al., 2013).
Entretanto, dentre os estudos experimentais ¢ epidemiologicos que avaliam efeitos de
DEs na capacidade reprodutiva feminina um grupo de compostos chama atengao pelo seu
alto grau de exposicdo. Os ftalatos sdo compostos de alto volume de produgao, sendo
praticamente onipresentes na populacdo e com isso vem ganhando papel de destaque na
literatura. Estudos epidemioldgicos também tém demonstrado que exposicao a ftalatos
estd negativamente associada a desfechos reprodutivos femininos. Maiores concentragdes
urinarias de metabolitos de ftalatos foram associadas com menores taxas de fertilizacao,
baixa qualidade embrionaria e maior tempo para gestacdo em mulheres em tratamento de
reproducao assistida (Burdorf et al., 2011, Machtinger et al., 2018). A ampla aplicacao de
ftalatos em produtos de consumo e caracteristicas especificas desses compostos
propiciam o alto grau de exposi¢do da populagdo e levantam preocupacdes em relacdo a
satde humana e animal. Dessa forma, associado ao grande aumento nas taxas de
infertilidade é necessaria maior informagao sobre os efeitos de ftalatos no sistema

reprodutor feminino.
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2.2.1 FTALATOS

Os ftalatos sdo compostos quimicos manufaturados por meio da esterificacdo de
acido ftalico com diferentes tipos de alcool, tendo ampla variedade de aplicagdao (Blount
et al., 2020). Esses compostos sdo utilizados principalmente como plastificantes, sendo
adicionados a misturas de polimeros com o objetivo de conferir maleabilidade aos
plésticos, principalmente ao policloreto de vinila (PVC), apresentando também presenga
significativa em produtos de uso pessoal como fixadores de aroma. Os ftalatos tém se
ramificado em diferentes setores, incluindo a induastria de alimentos, cosméticos e
farmacéutica, podendo ser usados como aditivos e fixadores em outros produtos, como
cosméticos, tintas e componentes de medicamentos (Huang et al., 2017, Martino-Andrade
et al., 2009). Dessa forma, a presenga de ftalatos pode ser encontrada em diversos
produtos de consumo como roupas, embalagem de alimentos, brinquedos, cosméticos,
equipamentos médicos, entre outros (Benjamin et al., 2017). Esses compostos podem ser
divididos em 2 grupos em fun¢do do seu peso molecular: (A) Ftalatos de alto peso
molecular ou ftalatos de cadeia longa (HMWP), que sao ftalatos utilizados principalmente
na producao de plasticos e inclui Di-(2-etil-hexil) ftalato (DEHP), di-iso-nonil ftalato
(DiNP), di-iso-decil ftalato (DiDP), di-n-Octil ftalato (DnOP), di(2-propilheptil) ftalato
(DPhP), e (B) Ftalatos de baixo peso molecular ou ftalatos de cadeia curta (LMWP), que
incluem dimethil ftalato (DMP), diethil ftalato (DEP), benzilbutil ftalato (BBzP), di-n-
butil ftalato (DnBP) and di-iso-butil ftalato (DiBP), sendo esses compostos
frequentemente utilizados na composi¢do de produtos de uso pessoal, cosméticos,
solventes e adesivos (Mesquita et al., 2021, Yen et al., 2011, Petrovi'cova et al., 2014).
Recentemente, dados do nosso laboratério demonstraram, em contraste com outras
populagdes mundiais, a exposicao ubiqua de gestantes brasileiras ao di-iso-pentil ftalato
(DiPeP), um ftalato de baixo peso molecular que apresenta potente atividade
antiandrogénica (Bertoncello Souza et al., 2018). A Figura 2 ilustra a estrutura quimica
de alguns dos ftalatos mais utilizados, assim como de seus metabolitos primarios (TEDX,
2019).

Os plastificantes ftalicos sdo compostos semi-volatéis e apresentam a
caracteristica de ndo serem quimicamente ligados as cadeias de polimeros, caracteristica
que facilita os processos de lixiviagdo, migracdo e vaporizacdo desses compostos

(Benjamin et al., 2017, Lucattini et al., 2018). Dessa forma, os ftalatos sdo facilmente
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liberados no meio ambiente resultando em exposicao cronica na populacao (Polanska et

al., 2014; Sakhi et al., 2014).
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Figura 2: Ftalatos mais comuns, com peso molecular crescente e demonstragdo dos seus
metabolitos primarios (Adaptado, Warner et al., 2021).

Estudos mostram que a presenca de ftalatos no ambiente ¢ constante, com esses
compostos sendo encontrados em amostras de solo, d4gua potavel, amostras de ar e poeira
(Przybyli ‘nska et al., 2016). Consequentemente, humanos e animais podem ser expostos
por diferentes vias — alimentar, inalagdo, através de contato dérmico, entre outros (Yen et
al., 2011, Petrovi‘cova et al., 2014). Em humanos, a exposicdo a ftalatos ocorre
principalmente pela via oral, por ingestdo de alimentos e agua que estiveram em contato
com plastificantes, como embalagens plasticas, plastico filme e embalagens de
microondas. Entretanto, outras rotas de exposicdo como inalacdo e contato dérmico

também contribuem para os niveis de contamina¢ao da populacao atual (Martino-
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Andrade et al., 2010). Ainda, a exposicdo, especialmente em mulheres, também pode
ocorrer por meio do uso de produtos de cuidados pessoais, produtos de limpeza,
cosmeéticos e brinquedos infantis (CDC, 2017). O maior uso de cosméticos e produtos de
cuidados pessoais por mulheres ¢ um dos possiveis motivos pelos quais estudos
epidemiologicos e de biomonitoramento demonstram que mulheres apresentam um perfil
de maior exposi¢do a ftalatos, sendo, dessa forma, necessaria uma maior atencao aos
possiveis efeitos desses compostos na saude feminina (Li et al., 2020).

Entretanto, apesar do grande grau de exposicao a ftalatos, esses compostos
apresentam tempo de meia vida curta e, uma vez absorvidos, sdo rapidamente
metabolizados. Diesteres de ftalatos sdo metabolizados até monoesteres por enzimas que
exibem atividade de lipase e esterase. Por meio de rapida hidrdlise, eles sdo convertidos
em monoesters bioativos e metabolitos secundarios. Esses compostos sdo posteriormente
excretados principalmente pela urina e fezes (Wittassek et al., 2008, Hlisnikova et al.,
2020). Consequentemente, essas substidncias quimicas podem ser encontradas em
diversos fluidos corporais, como sangue, leite materno, saliva, urina, entre outros - sendo
que a exposicao a diferentes tipos de ftalatos ¢ mais bem avaliada por meio da mensuragao
dos niveis individuais de metabdlitos nesse fluidos corporais (biomonitoramento),

especialmente na urina (Lessmann et al., 2017, Eales et al., 2022) (Figura 3).
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Figura 3. Metabolismo de ftalatos em humanos (Adaptado, Benjamin et al., 2017).

Apesar de serem quimicos nao persistentes e de rapida metabolizagdo e excre¢ao
a exposi¢do a esses compostos ¢ continua, sendo possivel ainda a interagdo desses com

outros agentes quimicos levando a sinergia ou efeito aditivo desses xenobidticos
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(Repouskou et al., 2019). Dessa forma, diversos estudos avaliam os possiveis efeitos
deletérios dos ftalatos, sendo dada grande énfase para ao potencial toxico reprodutivo e
de desenvolvimento. Ftalatos ja foram vastamente documentados na literatura como
compostos com atividade anti-androgenica, anti-estrogenica e anti-progestogenica
(Lauretta et al., 2019; Morgenstern et al., 2017; Sathyanarayana et al., 2014). Estudos na
literatura ja demostraram que exposicao a ftalatos pode interferir com o desenvolvimento
do sistema reprodutor masculino e feminino, assim como influenciar na capacidade
reprodutiva tanto em modelo animal como em humanos (Mesquita et al 2021, Eales et
al., 2022). Especialmente no sexo masculino, a exposi¢do a ftalatos tem sido associada
com uma gama de efeitos enddcrinos que engloba diversas anomalias no sistema
reprodutivo masculino, incluindo a sindrome de ftalatos — alteragdes observadas em
modelo animal usualmente apds exposicao a ftalatos durante o periodo uterino (Gray et
al., 2009). O conjunto dessas alteragdes engloba malformacdo de genitalia externa,
criptorquidismo, reducdo da distancia anogenital, alteragdes histopatoldgicas no testiculo
e epididimo e alteracdes de capacidade reprodutiva como redu¢do da contagem
espermatica (Foster et al., 2006, Mesquita et al., 2021). Recentemente, exposi¢do a
ftalatos durante a vida adulta também foi associada a efeitos deletérios em parametros
seminais, sendo demonstrado que a concentragdo de espermatozoides assim como sua
qualidade apresentava relagdo inversa com os niveis de metabolitos de DEHP na urina
dos pacientes avaliados (Minguez-Alarcon et al., 2018, Caporossi et al., 2020). Esses
trabalhos demonstram que ftalatos podem direta ou indiretamente interferir com a
fertilidade masculina através de alteragdes no sistema reprodutivo e na qualidade seminal.
Efeitos similares também sdo observados com fémeas em trabalhos
experimentais ¢ mulheres em estudos epidemioldgicos. Em trabalhos epidemiolégicos a
exposi¢ao a ftalatos ja foi relacionada a puberdade precoce, sendo observada uma
associacdo entre niveis urinarios de metabolitos de ftalatos em meninas e a presenca de
marcadores de puberdade precoce (Srilanchakon et al., 2017). Diversos estudos também
tém demonstrado o impacto de ftalatos na fungdo ovariana (Hannon & Flaws, 2015),
incluindo alteragdes na foliculogénese e, consequentemente, na qualidade e quantidade
da reserva ovariana (Du et al., 2018). Em relacao a fertilidade, recentemente estudos
demonstram que ftalatos podem desempenhar um papel ou atuar como potenciais
agravantes de causas de infertilidade ja conhecidas como endometriose e sindrome de
ovarios policisticos (SOP). A endometriose ¢ definida como a presenca de tecido

endometrial fora da cavidade uterina, sendo essa condi¢do comumente associada com
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infertilidade em mulheres (Khan, 2019). Niveis mais altos de metabolitos urindrios de
ftalatos, especialmente metabolitos de DEHP, foram observados em mulheres com
endometriose quando comparado com pacientes sem a condicdo (Nazir et al., 2018). De
forma similar, em estudo de Pednekar e colegas (2018), amostras de plasma de pacientes
inférteis, com diagndstico de endometriose ou SOP, foram comparadas com amostras de
pacientes sem infertilidade. Os autores observaram que as amostras de pacientes inférteis
apresentavam concentragdes de metabolitos de ftalatos, especificamente ftalato de
monobenzilo (MBzP) e mono (2-ethil-5-hidroxihexil) ftalato (MEHHP), maiores do que
as de pacientes do grupo controle.

Em relagdo a pacientes com infertilidade, estudos também ja abordaram os
efeitos da exposi¢do a ftalatos em casais em tratamento para infertilidade. Casais que
passam por tratamentos para infertilidade apresentam maior uso de medicamentos e
suplementagdo, assim como passam por mais tratamentos médicos, podendo apresentar
maior exposi¢ao a ftalatos (Alur et al., 2015). Em estudo prospectivo realizado em casais
subférteis em tratamento foi observado que maior exposi¢ao maternal a BPA e ao ftalato
DEHP antes da concepcao foi associado com parto prematuro (Zhang et al., 2021). Em
estudo similar, maiores concentracdes urinarias de MEHP em mulheres em tratamento
foram associadas com maior risco de gestagdo bioquimica, falha em gestagao clinica e
menor taxa de nascimento (Al-Saleh et al.,, 2019). Os estudos experimentais e
epidemiologicos evidenciam resultados que demonstram o potencial efeito deletério que
a exposicdo a ftalatos pode exercer na capacidade reprodutiva feminina, em diversas
populagdes. Esses efeitos refletem-se no potencial de gestacdo, tempo para gravidez e
fertilidade geral dessa populacdo. Tendo em vista que ftalatos s3o os DEs com maior
exposi¢cdo global ¢ importante que tenhamos conhecimento sobre o potencial desses

compostos no sistema reprodutor feminino e em suas fungdes.

2.3 ANALGESICOS COMO DESREGULADORES ENDOCRINOS

Os recentes dados sobre a exposi¢ao a desreguladores enddcrinos e os crescentes
indices de infertilidade demonstram que diversos fatores bioldgicos podem apresentar
efeito na capacidade reprodutiva da populacao. Os fatores de estilo de vida e exposi¢ao a
toxicos ambientais sdo sugeridos como contribuintes dos efeitos deletérios sobre a satde
reprodutiva humana e animal. Nesse contexto, a exposi¢do a medicamentos

desreguladores endocrinos, como analgésicos, associada a exposicao a ftalatos e a outros
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DEs, tem sido considerada como um importante fator ambiental relacionado a desfechos
reprodutivos negativos.

Estudos na literatura ja demonstraram que a exposi¢do a ftalatos pode estar
associada a desequilibrios nas vias de prostaglandinas, sendo essa uma das possiveis vias
responsaveis pelos efeitos danosos da exposi¢ao a ftalatos no sistema reprodutor feminino
(Tran-Guzman e Culty, 2022). O desequilibrio dos niveis de prostaglandinas ja foi
identificado na patofisiologia de diversas doengas, como cancer e doengas inflamatdrias
(FitzGerald 2003). A estrutura singular das prostaglandinas permite que elas apresentem
diversos papeis fisioldgicos (Seo e Oh, 2017). Prostaglandinas levam a alteragdes em
cascatas celulares que podem ativar ou inibir respostas celulares, dependendo do tipo de
prostaglandina e do tipo de cascata celular ativada (Tran-Guzman and Culty, 2022).
Especificamente, prostaglandinas estao envolvidos em diversos processos regulatdrios no
sistema reprodutivo feminino, apresentando papel na cascata de ovulacao - atuando na
maturagdo meidtica, na expansao das células do cumulus e no rompimento folicular — na
fertilizagdo, otimizando as condi¢des para a penetragao do espermatozoide, € no processo
de implantagdo embriondria (Niringiyumukiza et al., 2018). Ainda, a enzima COX,
responsavel pela sintese de prostaglandinas, € expressa no epitélio uterino durante o
processo de implantagdo, refor¢ando a influéncia dessa enzima e das prostaglandinas no
processo de implantagdo e manutencdo do blastocisto (Tran-Guzman and Culty, 2022).
Dentro desse contexto, ja ¢ descrito na literatura que ftalatos podem ocasionar
desequilibrios nas vias de prostaglandinas e, consequentemente, alterar processos
reprodutivos (Tetz et al., 2015). Medicamentos analgésicos de venda livre como anti-
inflamatérios nao esteroidais (AINEs), paracetamol e dipirona, apresentam suas
atividades terap€uticas através de inibicao especifica ou nao especifica da enzima COX e
altera¢do das cascatas de prostaglandinas (Vane e Botting, 1998). Em estudo prévio da
literatura, Kristensen e colegas (2011), investigaram através de estudo in vitro e ensaios
organotipicos se a inibi¢ao da via de prostaglandinas poderia ser um novo ponto de acao
de desreguladores enddcrinos. Os autores observaram que desreguladores endocrinos
especificos sdo capazes de inibir a via de prostaglandinas, sendo sugerido que esses
compostos podem interferir diretamente na atividade de enzimas COX de maneira similar
a analgésicos como o acido acetilsalicilico (AAS), paracetamol e ibuprofeno. Ademais,
foi observado que ftalatos compartilham similaridades estruturais com salicilatos, como
0 AAS (Tavares and Vine 1985, Kristensen et al., 2011 -Figura 4). Dessa forma, tendo

em vista que a inibi¢ao de COX e prostaglandinas pode fazer parte do modo de acdo de
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desreguladores endocrinos, especialmente ftalatos, € possivel que farmacos que
apresentam mecanismo de a¢do de inibicdo de prostaglandinas, como os analgésicos de

venda livre também possam atuar como DEs.

Figura 4. Representacdo estrutural das similaridades entre ftalatos (direita) e salisatos

(esquerda) (Adaptado Kristensen et al., 2011).

Medicamentos analgésicos de venda livre sdo os farmacos mais consumidos
mundialmente (Kristensen et al., 2016). O crescimento no consumo desse grupo
especifico de farmacos pode se dar pela alta taxa de prescri¢dao, assim como pela sua
distribui¢do de venda livre que leva consumidores a ndo identificarem esses compostos
como medicamentos (Kristensen et al., 2011, Hassoun-Barhamji et al., 2015).
Analgésicos de venda livre englobam paracetamol, dipirona e alguns AINES — como
ipubrofeno e AAS. Esses medicamentos, ingeridos usualmente para alivio de dor, febre e
mal-estar, sdao de facil acesso e, portanto, amplamente usados pela populagao. Em estudo
de biomonitoramento realizado na Alemanha, foi demonstrada a presenca ubiqua de
paracetamol na populagdo alemd, sendo observado niveis urinarios significativos de
paracetamol, inclusive em participantes que ndo apresentavam consumo recente do
medicamento, indicando exposicao intencional e ndo intencional (Modick et al., 2014).
O alto consumo desses medicamentos traz preocupagdes com os possiveis efeitos
deletérios que possam ser ocasionados por esses compostos, principalmente levando em
consideragdo que esses farmacos sao comumente usados por mulheres em idade
reprodutiva e até mesmo durante a gestacdo e periodo pre-concepcional (Turunen et al.,
2005). Em relatérios prévios ja foi indicado que o sistema enddcrino e o sistema
reprodutor masculino e feminino podem ser vulneraveis a exposicao a esses compostos,

em especial ao paracetamol (Brune et al., 2015, Roberts et al., 2016).
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Trabalhos experimentais e epidemioldgicos ja demonstram os potenciais efeitos
deletérios da exposicdo a medicamentos analgésicos em periodos especificos do
desenvolvimento. Em modelo animal, j& foram observadas associagdes entre o consumo
de analgésicos e alteracdes enddcrinas como reducao da AGD, redugdo dos niveis de
testosterona e alteragdo espermatica (Kristensen et al., 2011, 2012; Thiele et al., 2013).
Ja em estudo epidemiologico, foi observado que gestantes que reportaram o uso de
paracetamol por mais de 2 semanas durante a gestagao apresentaram risco aumentado de
terem filho do sexo masculino com criptorquidismo (Kristensen et al., 2011). Ainda,
estudos ja demonstraram o potencial de AINEs em alterar os mecanismos fisiologicos de
rompimento folicular, levando assim a inibi¢do do processo de ovulacao, sendo sugerido
que uso de AINEs pode apresentar papel importante em disfungdes ovulatorias em
mulheres (Gaytan et al., 2006). J& em homens, dados epidemioldgicos também ja
demonstraram o potencial de AINEs em alterar os niveis de hormonios esteroides.
Halpern e colegas (2020) observaram que homens com uso regular de AINES
apresentavam niveis séricos de testosterona 17% menores do que homens sem uso de
AINEs. Entretanto, apesar de dados ja descreverem que a exposi¢ao a medicamentos
analgésicos pode influenciar em processos reprodutivos, poucos sao os dados que avaliam

os efeitos desses compostos na populacdo tentante ou infértil.

2.3.1 MEDICAMENTOS ANALGESICOS E INFERTILIDADE

O aumento das taxas de infertilidade na popula¢do vem sendo associado na
literatura a fatores ambientais, incluindo a exposi¢do a compostos quimicos e
farmacéuticos (Skakkebaek et al., 2022; Levine et al., 2017). Em acordo com esse
aumento, a procura por tratamentos de infertilidade, como técnicas de reprodugao
assistida, também tem apresentado crescimento nos ultimos anos (Skakkebaek et al.,
2022). Dessa forma, a preocupacdo com os efeitos desreguladores endocrinos dos
medicamentos analgésicos de venda livre tem ganhado papel de destaque. Medicamentos
desse grupo, como ibuprofeno, sdo altamente eficazes no tratamento de sintomas como
dismenorreia, distirbio regularmente associado com sindrome de ovarios policisticos
(SOP) e endometriose, condi¢des que sdo reportadas como as causas mais frequentes de
infertilidade feminina e procura por tratamentos de reproducdo assistida em mulheres
jovens (Esteves et al., 2019). Ainda, alguns estudos epidemiologicos ja observaram
associagdo do consumo de analgésicos de venda livre com fecundidade. Smarr e colegas

(2016) observaram, em estudo que avaliava casais tentando gestar, uma associagdo
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positiva entre as concentragdes urinarias de paracetamol em homens (>73.47 ng/ml) e o
tempo para gestagdo, indicando uma possivel influéncia da exposi¢ao ao paracetamol na
capacidade reprodutiva.

Diversos medicamentos analgésicos de venda livre apresentam potencial
analgésico por inibirem enzimas que sintetizam prostaglandinas (Cashman, 1996). Dessa
forma, € possivel que esses compostos causem efeito na capacidade reprodutiva feminina
uma vez que prostaglandinas sdo essenciais para o processo de reproducdo por atuarem
nos processos de ovulagdo e implantacao (Agrawal et al., 2009). A dipirona inclui em seu
mecanismo de acdo analgésico a inibicdo da enzima ciclooxigenase (COX) e
potencialmente outros mecanismos complementares que poderiam interferir
negativamente nos processos de ovulagdo e implantagao (Duffy et al., 2015). Por sua vez,
o analgésico de venda livre mais consumido — paracetamol, apresenta agdo anti-
inflamatoéria limitada e pouco influencia na sintese de prostaglandinas ou na via da COX
em tecidos inflamados (Botting et al., 2000). Entretanto, resultados de estudos
experimentais demonstram que paracetamol tem o potencial de atuar como um anti-
androgeno e, portanto, potencialmente inibir a produgdo de testosterona o que pode
ocasionar efeitos danosos no sistema reprodutivo (Ben Maamar et al., 2017; Kristensen
et al., 2011, 2012, 2016; van den Driesche et al., 2015). Dessa forma, ¢ possivel que
analgésicos de venda livre possam potencialmente interferir no equilibrio do sistema
reprodutor feminino e masculino nao apenas pelos seus efeitos inibitorios da sintese de
prostaglandinas, mas possivelmente também por outros mecanismos de agao. Entretanto,
os poucos dados presentes na literatura ainda apresentam conflitos em relagdo aos efeitos
desses compostos na capacidade reprodutiva.

Em um estudo experimental in utero foi demonstrado que a exposi¢ao de ratas
prenhes a doses terap€uticas a paracetamol e ibuprofeno leva a atrasos na entrada e
progressdo da meiose em células germinativas embriondrias de fémeas da geracdo F1.
Essa alteracdo resulta na reducdo da ativacdo folicular em ovdarios poOs-natais
demonstrando a influéncia de analgésicos de venda livre na fertilidade (Rossitto et al.,
2019). Ainda, o consumo de analgésicos também ja foi associado com o metabolismo de
estrogénio, sendo observada uma associagdao inversa entre o consumo frequente de
aspirina (AAS) e metabolitos de estrogénio em mulheres na pré-menopausa. Nessa
mesma populagdo, também foi observada uma associa¢do positiva entre o consumo de
paracetamol e os niveis séricos totais de estrogénio (Fortner et al., 2014, Matyas et al.,

2015), demonstrando o potencial desses compostos de influenciar no equilibrio hormonal
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feminino. Ainda, em estudo epidemioldgico, o uso de naproxeno, um medicamento da
categoria AINE, foi associado com baixa fecundidade em mulheres planejando gestagao,
sendo também observada uma relacdo dose-resposta entre o consumo de naproxeno e
fecundidade (Mcinerney et al., 2017). Entretanto, o uso de AINES ou paracetamol nao
demonstrou associacao com parametros de fertilidade em mulheres tentando conceber em
um estudo que avaliou 3 periodos do ciclo menstrual — pré-ovulatorio, peri-ovulatorio e
implantacao (Jukic et al., 2020). Ainda, Akande e colegas (2006) descreveram que o
consumo diclofenaco (100mg) por pacientes em tratamento para fertilidade no momento
da coleta de oocitos, ndo influenciou as taxas de implantagdo e gestacao.

Dessa forma, apesar do amplo uso regular de analgésicos de venda livre por
mulheres em idade reprodutiva, e da plausibilidade biologica desses compostos
influenciarem a capacidade reprodutiva, pouco se sabe sobre os efeitos do consumo de
analgésicos na fertilidade humana. Tendo em vista os dados divergentes, sdo necessarios
estudos adicionais a fim de avaliar o impacto do consumo de AINEs, paracetamol e outros
analgésicos de venda livre sobre biomarcadores reprodutivos e a fertilidade da populagao,
principalmente em relagdo ao potencial desses compostos em influenciar em desfechos
reprodutivos de populacdes subférteis tentando gestar. Em particular, ¢ importante
destacar que o padrdo de consumo de analgésicos e de exposi¢do a contaminantes
quimicos ambientais, incluindo ftalatos, pode apresentar grande variabilidade entre
diferentes paises ou regides. Nesse sentido, ¢ importante examinar o perfil de exposi¢ao
de diferentes populacdes e possiveis desfechos associados a esses diferentes padroes de
exposi¢ao. No Brasil, sdo escassos os dados sobre o consumo de analgésicos e avaliagdes
de exposi¢do a quimicos ambientais por biomonitoramento em populacdes vulneraveis,
como mulheres em idade reprodutiva e gestantes. Da mesma forma, ndo ha dados sobre

a influéncia desses agentes ambientais sobre desfechos de reproducao assistida.

3-HIPOTESES

Nossa hipdtese de trabalho ¢ de que a exposi¢ao a desreguladores endocrinos
especificos possa influenciar os desfechos laboratoriais e clinicos de pacientes em
reproducgdo assistida. Dessa forma, nossa proposta foi avaliar as possiveis associagdes
entre a exposicao a medicamentos analgésicos de venda livre e ftalatos sobre os desfechos
laboratoriais e clinicos de pacientes e tratamento de reproducdo assistida. Sendo nossa

hipdtese verdadeira, esperamos observar que pacientes com maior exposi¢cao a
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medicamentos analgésicos de venda livre e/ou ftalatos apresentarao piores desfechos

reprodutivos em seus ciclos de tratamento.

4-OBJETIVOS

4.1-OBJETIVO GERAL

Revisar dados da literatura sobre o impacto de ftalatos na satde reprodutiva
feminina e avaliar, em um estudo coorte prospectivo, as associagcdes entre a exposicao a
desreguladores enddcrinos, especificamente medicamentos analgésicos, anti-
inflamatérios e ftalatos, com desfechos reprodutivos em mulheres submetidas a

tratamentos de infertilidade.

4.2-OBJETIVOS ESPECIFICO
-Avaliar as associagdes do uso de medicamentos analgésicos e anti-inflamatorios,
previamente ao tratamento de infertilidade, e desfechos reprodutivos de mulheres

submetidas a procedimentos de reproducado assistida.

-Avaliar as associacdes do uso de medicamentos analgésicos e anti-inflamatorios, durante
o periodo de tratamento, e desfechos reprodutivos de mulheres submetidas a

procedimentos de reproducao assistida

-Avaliar as associagdes entre a exposicdo a ftalatos previamente ao tratamento de
infertilidade, e desfechos reprodutivos de mulheres submetidas a procedimentos de

reprodugado assistida.



33

5- ARTIGOS CIENTIFICOS

5.1 ARTIGO 1: EXPOSURE TO PHTHALATES AND FEMALE REPRODUCTIVE
HEALTH: A LITERATURE REVIEW.

Este trabalho consiste em uma revisdo da literatura sobre os efeitos da exposicao a ftalatos
na saude reprodutiva feminina. Este artigo foi aceito para publicagdo no periddico

Reproductive toxicology, como requisito para defesa de doutorado.
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ABSTRACT

Endocrine-disrupting chemicals (EDCs) are exogenous compounds that have been known for
their ability to interfere with the action of hormones and affect endocrine pathways, including the
ones involved in the development and function of both male and female reproductive systems.
EDCs comprise a wide class of compounds, such as pesticides, bisphenol A, phthalates and,
parabens, that are present in the environment and in several daily use products. Phthalate esters,
compounds commonly used as plasticizers and additives in many industrial applications, have
attracted special attention because of the widespread human exposure and the potential for
disruption of androgen-dependent development in males. Although phthalates are rapidly
metabolized and excreted, their ubiquitous presence ensures continuous exposures throughout
different life stages from conception to adult life, as documented by a number of human
biomonitoring studies worldwide. Although most research efforts have been placed on the impact
of phthalates on male reproductive development and functions, there is a large body of recent
experimental and observational data indicating that phthalates can negatively affect female
reproductive health, and in particular alter ovarian and uterine functions, potentially contributing
to disorders like polycystic ovarian syndrome, endometriosis, and other common female
reproductive problems. This review summarizes the most recent experimental and epidemiologic
literature on the potential effects of phthalate exposures on female reproductive health and their

impact on female fertility.
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1-INTRODUCTION

An escalating amount of scientific evidence has suggested a worldwide trend of reduced human
reproductive capacity. Infertility is a significant problem in society, being estimated that the
condition affects over 15% of reproductive-aged couples [1]. The increase of infertility rates in
the past years is influenced by many factors, and environmental influences upon reproduction are
under growing assessment. Several studies have suggested that synthetic and naturally occurring
endocrine-disrupting chemicals (EDC) present in the environment and daily products may
contribute to impaired fecundity [2, 3, 4]. EDCs are exogenous compounds that are capable to
interfere in the action of hormones affecting endocrine pathways, including the ones involved in
the development and function of both male and female reproductive systems. Their mechanisms
of interference include interaction with hormone receptors, interference with hormone action, and
alteration of hormone synthesis, transport, or metabolic processes [5], resulting in altered
hormonal activity. EDCs can be divided into two categories according to their environmental
persistence and bioaccumulative potential: (A) persistent chemicals that usually present high
potential to accumulate in tissues of living organisms and (B) non-persistent compounds that are
rapidly metabolized and excreted. There has been growing concern about the endocrine-
disrupting effects of non-persistent chemicals such as phthalates and bisphenol A (BPA), since
they are used in everyday personal care products and plastics and have been ubiquitously detected
in human body fluids [6]. Although they have low potential to bioaccumulate, their ubiquitous
presence in the environment ensures continuous exposures throughout different life stages from

conception to adult life.

Chronic exposure to phthalates could lead to deleterious effects in the endocrine system and the
functioning of multiple organs. Since phthalates can disrupt and impair normal physiological
endocrine mechanisms, they can directly or indirectly lead to dysfunctions of several body
systems, being associated with human diseases. Experimental and human epidemiological studies
have indicated that in addition to reproductive and endocrine organs, phthalates can target other
body systems, including the cardiovascular, respiratory, neurological, and immune systems [7, 8,
9, 10]. The immune system is greatly susceptible to endocrine modulation by phthalates and other
EDCs, since hormones regulate multiple immunological functions [11, 12]. Epidemiological
studies indicate that exposure to certain phthalates is associated with an increased risk of airways,
nasal, ocular, and skin allergic diseases, although the associations are usually weak and with
inconsistencies regarding the outcomes of different phthalate esters [9, 13, 14, 15, 16]. However,

in support of the epidemiological data, animal and cell culture studies indicate that phthalates can
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enhance immune and inflammatory responses induced by common allergens [17, 18, 19]. Recent
studies also suggest that phthalate exposure may adversely affect the neurological system,
especially neuro and cognitive development. In a longitudinal study, children’s cognitive function
was evaluated at four different time points (2,5, 8 and 11 years) using the Bayley and Wechsler
tests scores for assessment of neurocognitive functions and intelligence. The authors observed
that children urinary concentrations of di(2-ethylhexyl) phthalate (DEHP) metabolites were
associated with decreased cognitive development [7]. The negative impacts of phthalates have
also been studied in the cardiovascular system, which can be affected by the ability of phthalates
and other EDCs to modulate the actions of estrogenic signaling in this system. Several studies
have already related phthalate exposure with cardiovascular health, demonstrating among other
outcomes, a relationship with hypertension and atherosclerosis [8,10]. Lastly, possible negative
cardiovascular outcomes may be linked to the associations between phthalate exposures and
metabolic syndrome. This syndrome involves a cluster of clinical conditions comprising obesity,
hypertension, insulin resistance, dyslipidemia, and cardiovascular disease [20] and studies have
already shown the association between these clinical conditions and phthalate metabolites [21,
22]. There is particular concern about the link between phthalate exposures and increased risk of
childhood insulin resistance and obesity. Trasande and colleagues [23] examined associations
between urinary phthalate metabolites and body mass outcomes in a cross-sectional analysis of
2,884 children 619 years of age, observing that low molecular weight phthalate metabolites are

associated with overweight and obesity.

Overall, a large amount of data has demonstrated that exposure to phthalates can adversely
influence the function of multiple processes and body systems. EDCs exposure may cause an
imbalance in general health, which in the long-term could also impact on the success of pregnancy
[24]. In this context, EDCs have also been associated with direct impact on the reproductive
capacity. Some of these compounds have been shown in experimental and clinical studies to
negatively affect women's reproductive health, extend the time to pregnancy, increase the chance
of developing complications during gestation and enhance the risk of diseases in the offspring
later life [25, 26, 27]. Therefore, it is important to understand how non-persistent EDCs can affect
the female endocrine and reproductive system. In this context, phthalate esters are of particular
concern, considering the numerous biomonitoring and epidemiologic studies showing that women
have a special exposure profile to these compounds. In this review, we will briefly summarize the
common uses of these non-persistent chemicals and present an overview of the current knowledge
concerning the phthalates exposure effects on female reproductive health and their impact on

female fertility.

2-PHTHALATES
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Phthalates are synthetic chemicals manufactured after the esterification of the phthalic acid with
different alcohols and with applications in a wide variety of consumer products. They are used
primarily as plasticizers, mainly to soften and increase the flexibility of plastics, most commonly
polyvinyl chloride (PVC) products, and as fragrance ingredients used as carriers to allow the scent
to endure [28]. The presence of phthalates can be found in several everyday products as clothing,
food packing, toys, and cosmetics, but also, in vinyl tiles, detergents, lubricants, medical devices,
pharmaceuticals/medications, pesticides, and wood finishes [8, 29, 30]. They are high production
volume chemicals with specific chemical characteristics that confer high potential for human
exposure. Phthalates are semi-volatile compounds that are not chemically bound to plastic
polymers [31], features that enable easy migration and emission of the chemicals to water, air, or
other media from production all through to disposal of phthalate-containing products [32]. They
can be classified into two groups based on their molecular weight: (A) High molecular weight or
long-chain phthalates (HMWP), that are used in the production of plastics and include di(2-
ethylhexyl) phthalate (DEHP), di-iso-nonyl phthalate (DiNP), di-iso-decyl phthalate (DiDP), di-
n-octyl phthalate (DnOP), di(2-propylheptyl) phthalate (DPhP), and (B) low molecular weight or
short-chain phthalates (LMWP), including dimethyl phthalate (DMP), diethyl phthalate (DEP),
benzylbutyl phthalate (BBzP), di-n-butyl phthalate (DnBP) and di-iso-butyl phthalate (DiBP),
being frequently used in the manufacture of personal care products, cosmetics, solvents, or
adhesives [33, 34, 35]. The most used phthalates are BBzP, DnBP, DEHP, and DiNP [36]. In
humans, exposure to phthalates occurs mainly by oral ingestion through drinking and eating food
that has been in contact with products containing plasticizers, such as plastic containers, plastic
film, and microwavable packaging. Furthermore, exposure, especially in women, is also attributed
to the use of personal care products, cleaning products, and children’s toys [37]. Higher female
use of cosmetics is one of the suggested reasons why biomonitoring and epidemiologic studies
show that women have a special exposure profile to phthalates, which should also bring more
attention to their potential reproductive health hazards [38]. Once ingested, phthalates have a short
half-life, undergoing rapid hydrolysis into bioactive monoesters and secondary metabolites which
are posteriorly excreted mainly in urine and feces [39]. Thus, the exposure to different types of
phthalates is usually and more precisely measured via individual urinary metabolites analyses.
Although phthalates are considered non-persistent chemicals that are rapidly metabolized and
excreted, there is continuous exposure sustained by daily contact with food, personal care
products, beverages, and other media containing traces of different phthalate esters. Because of
this continuous exposure they are capable to interact with each other and other chemicals which

can lead to synergistic, additive, or antagonistic toxic health effects [40, 41].

Until recently, a greater emphasis was given to the reproductive and developmental toxicity of

phthalate esters in males rather than in females. This is possibly related to the ability of certain
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phthalates to disrupt male reproductive development by affecting fetal testicular production of
hormones such as insulin like factor 3 (insl3) and, in particular, testosterone. /n utero exposure of
laboratory rats to high doses of these active phthalates are associated with a range of reproductive
tract abnormalities, characterized by malformations of external genitals, cryptorchidism, reduced
anogenital distance, nipple retention, histopathological changes in testis and epididymis, and low
sperm counts [42, 43]. These abnormalities comprise the rat phthalate syndrome and are usually
observed after in utero exposure to high doses that are not considered human relevant [44]. Yet,
several studies performed in animal models, especially rats, demonstrate that the profile of
toxicological effects induced by phthalates may vary with the dose levels tested and
nonmonotonic dose-response relationships have been reported for several endpoints [45, 46, 47].
Another important point to mention is that animal studies have also demonstrated that mixtures
of phthalates and other antiandrogenic chemicals may disrupt male reproductive development in
a dose-additive fashion and at doses below the individual No Observed Adverse Effect Levels
(NOAELs) of each chemical present in the tested mixtures. More recently, studies have also
demonstrated that prenatal exposures to phthalate mixtures or mixtures of multiple EDCs can
induce reproductive changes in female offspring of rodents, including alterations in reproductive

organs, puberty onset, and infertility up to the second and third generations [48, 49].

Although much of the initial research efforts to understand the reproductive and endocrine
disrupting effects of phthalates have focused on males, there is mounting scientific evidence on
the impacts of this class of compounds on female reproductive health. In the following sections
we will summarize some of the main findings observed in experimental settings as well as in
human observational studies showing associations between phthalate exposures and adverse

outcomes in women.
3-OVARIAN EFFECTS

The ovary is a crucial component of the female endocrine system, being vital for reproductive
health and processes, including folliculogenesis, steroidogenesis, and proper maturation of female
gametes [50], but also having an important role on cardiovascular, mood, brain, and skeletal
health [51, 52]. The ovarian development and its function are carefully regulated, and any defect
or disturbance of these processes can lead to impaired reproductive function and compromised
general female health. Phthalates have the potential to target the ovary in several stages of life
and disrupt its normal functions [53 ,54] (Figurel). It has already been shown in animal studies
that specific phthalates can induce changes in ovarian weights and hormonal levels [55].
Phthalates metabolites have been measured in the amniotic and follicular fluid [56], indicating

the potential for disruption of ovarian function from in utero development throughout adult life.
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Figurel: Examples of phthalate effects on ovarian development and folliculogenesis - A) Effects
of DEHP exposure on follicle assembly; B) Effects of DEHP on primordial follicle recruitment;
C) Effects of MEHP, DEHP, and DnBP on oocyte development process; D) Effects of MEHP on

oocyte maturation process.
3.1-FOLLICULOGENESIS

The ovarian follicle is the functional unit of the ovary and the process of folliculogenesis allows
the maintenance, development, and maturation of the oocyte [50]. The optimum follicular
microenvironment is accomplished by the interplay between somatic cells and the oocyte and the
action and secretion of several hormones and growth factors. The ovary contains follicles at

different stages of development and the effects on reproductive health depend on the type of
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follicle/ovarian structure that is impacted. Briefly, toxicity in early follicular stages (primordial
and primary) can cause follicular reserve damage and, if exposure is continuous, even infertility.
Acute toxicity to preantral and antral follicles can alter steroidogenesis and block ovulation.
Lastly, experimental studies show that toxic effects on the corpus Iluteum can also alter
steroidogenesis and the ability to maintain early stages of pregnancy [57]. Although few studies
investigated the effects of phthalates on folliculogenesis in humans, several experimental pieces
of evidence indicate that specific phthalates, especially DEHP and its metabolites, could alter the

process of folliculogenesis at all stages of development.

Previous experimental data demonstrated that in rodents, exposure to phthalates could disrupt the
development of follicles during primordial [58,59], primary [60], preantral [60,61], antral phases
[62,63] and could act at corpus luteum [64]. Those experimental studies, usually performed during
pre-natal stages, determined that exposure to specific phthalates could disrupt the folliculogenesis
process and therefore inhibit oocyte development and decrease their viability. In a study focusing
on the effects of diethylhexyl phthalate (DEHP) in primordial follicle assembly, neonatal female
mice were injected with DEHP [2.5-10mg/kg body weight/day intraperitoneally for 4 days post-
birth. The main outcomes were impaired cyst breakdown associated with the detection of fewer
follicles [65]. In pregnant mice treated orally with 40mg DEHP/Kg body weight day from 0.5 to
18.5-day post coitum, Li and coworkers [66] reported reduced methylation of CpG sites in two
critical imprinting genes of primordial germ cells of the offspring, affecting their oocyte
development. This alteration was also observed in oocytes of the F2 offspring suggesting that
epigenetic effects from phthalate exposure could be heritable. A similar result was found in vitro,
demonstrating that DEHP could inhibit primordial follicle assembly. Newborn mouse ovaries
cultured with DEHP showed a decrease in primordial follicle numbers and increased apoptosis in
oocytes due to decreased mRNA levels and altered DNA methylation of factors associated with
oocyte survival and primordial follicle development [67]. In the same context, newborn mouse
ovaries exposed in vitro to DEHP displayed up-regulation of cyclic nucleotide phosphodiesterase
3A (PDE3A), resulting in decreased cAMP levels that are critical to the maintenance of meiosis
arrest. As a consequence, there was a reduction of primordial follicle assembly in the DEHP-
exposed ovaries, which may be one of the most important alterations caused by DEHP during
early folliculogenesis [68]. Disturbance of folliculogenesis was also found following gestational
exposure to DiBP in rats [69] and in adult mice treated with DnBP [70]. Lastly, an in vitro study
with fetal human ovaries demonstrated that mono-2-ethylhexyl phthalate (MEHP), the primary
monoester metabolite of DEHP, could also affect human ovarian development. Fetal human
ovaries were exposed to MEHP for 72h and presented dysregulated lipid/cholesterol synthesis
[71], however, no oocyte alterations were seen with this exposure. Regarding recruitment of

primordial follicles, DEHP exposure could speed up the process. Adult mouse orally exposed to
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DEHP demonstrated accelerated primordial follicle recruitment, as demonstrated by a decrease
in primordial follicles and an increase in primary follicles [58, 59]. In another similar study, the
decrease in primordial follicles was also observed in F1 offspring ovaries of treated mice [59]. A
similar result was observed when pregnant female rats were orally exposed to MEHP, with the
F1 offspring displaying increased number of preantral and antral follicles and premature
reproductive senescence [61]. Since the primordial follicle reserve is non-renewable, the results
described in the previous experimental data regarding primordial follicle recruitment can impact

reproductive female lifespan.

Reaching the last stages of folliculogenesis, the growth and maturation process also seems to be
affected by phthalate exposure as demonstrated by the ability of certain phthalate esters to inhibit
antral follicle growth. Experiments with whole antral follicle culture system demonstrated that
DnBP exposure can induce cell cycle arrest in follicles following 24 h of culture leading to
inhibition of antral follicle growth [62] and consequently increased follicular atresia. DEHP and
MEHP exposure also inhibits antral follicle growth in vitro, as demonstrated in similar
experiments [63, 72]. In vivo, a study of our group showed increased number of atretic follicles
in adult female offspring of rats exposed in utero and during lactation to DEHP [73], although
this effect was seen only at the highest maternal dose tested (405 mg/kg/day). In a multi-
generation study, maternal exposure to a mixture of plastic-derived chemicals, including DnBP,
led to low primordial follicle counts and an increased number of ovarian cysts in the daughters
and granddaughters of treated rats [74]. However, in vitro studies with an experimental design
that considered phthalate exposure comparable to human follicular fluid concentrations, did not
observe growth inhibition or follicular death. Only when the cell cultures were exposed to higher
concentrations of phthalates inhibition of antral follicle growth and disruptions in cell cycle gene
expression were observed [62, 75]. Nevertheless, in study of Meling and colleagues [76] isolated
antral follicles of 32-42 days aged female mice were culture with a mixture of phthalate
metabolites. The mixture in the study was developed containing the predominant forms of
phthalates that reach the human ovary after oral ingestion and in dosage proportions based on
molar sums of metabolites found in the urine of pregnant women. After examination, it was
observed that the follicles exposed to the phthalates mixture displayed inhibited follicle growth,
decreased expression of steroidogenic enzymes, and altered levels of sex steroids relative to
control. Collectively, results from experimental studies suggest that either isolated or mixtures of
phthalate esters and their metabolites can directly impact follicle health, although the dose levels
needed to induce such changes are still a matter of debate. Oocyte maturation can also be affected
by phthalate exposure. /n vitro maturation studies show that denuded rodent and larger mammals
(mares and cow) oocytes exposed to MEHP have reduced meiotic resumption linked to increased

number of oocytes in the germinal vesicle stage and reduced number of oocytes that progress to
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metaphase II [77, 78, 79]. Oral administration of DEHP in mouse markedly reduced the
maturation and fertilization of oocytes in vivo which was associated with increased reactive
oxygen species generation and DNA damage in mouse oocytes [80]. The effects of DnBP in
oocyte maturation were also assessed, being observed that DnBP could reduce meiosis
competence and mouse oocyte development. The in vitro and in vivo data reported by Li et al.
[81] indicate that DnBP could significantly reduce mice oocyte germinal vesicle breakdown and
polar body extrusion rates. Liu and colleagues [82] also investigated the effects of DEHP on
meiotic progression. The authors cultured fetal mouse ovarian tissues in vitro with DEHP for 6
days (10-100 uM DEHP). The results showed that 10 or 100 uM DEHP exposure inhibited the
progression of oocytes throughout meiotic prophase I. Yet, they also found that oocytes exposed
to DEHP showed increased DNA damage. On the other hand, pregnant mice treated with DEHP
(20 pg/kg body weight/day) + high fat diet from embryonic day 10.5 to litter birth were analyzed
for the effect on fetal oogenesis and folliculogenesis. The authors observed that prenatal DEHP
exposure alone did not cause an observable delay in meiotic progression of F1 oocytes from
DEHP-exposed dams. However, the combination of DEHP exposure with the consumption of
high-fat diet (that has been shown to be another potential disruptor of fetal ovarian function)
significantly increased synapsis defects in meiosis affecting the F1 generation folliculogenesis
[83]. Phthalates appear to inhibit germinal vesicle breakdown and resumption of meiosis in
multiple models, and these effects on oocyte maturation may be detrimental to ovulation and
normal embryonic development. A recent in vitro study reveals a possible effect of phthalate
exposure in the proteomic profile of bovine oocytes matured in culture with an environmentally
relevant concentration of MEHP. The results show alterations in gene expression of several genes
involved in various biological pathways in the exposed oocytes, including 9 genes that had
impaired expression in both oocytes exposed to MEHP and blastocysts developed from those
oocytes [84]. Lastly, recent data have demonstrated that exposure to phthalates can influence
ovulation in vitro. In a study that investigated the effects of an environmentally relevant phthalate
mixture on ovulation, antral follicles from CD-1 mice were treated with the phthalate mixture (1-
500ug/ml) and samples were collected across the ovulatory period. The treated cells presented
decreased ovulation rates in a dose-dependent manner, in addition to decreased levels of
prostaglandin, progesterone, progesterone receptor (PGR) signaling and dysregulation on
extracellular matrix. These data suggest that phthalate exposure could inhibit ovulation by altering

oocyte biochemical markers [85].

The limited human data available also indicate associations between phthalate exposures and
disruption of folliculogenesis. The relationship between maternal blood concentrations of MEHP
and earlier menarche was observed in adolescent girls and associated with a reduction in early

follicular phase of serum follicle stimulating hormone (FSH) and serum anti-Mullerian hormone
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(AMH) [86]. Low levels of these hormones, which are markers of antral follicles and granulosa
cell function, may suggest a diminished ovarian reserve. Among women seeking infertility care,
urinary concentrations of DEHP metabolites were associated with significant decreases in antral
follicle count, a well-established marker of ovarian reserve in sub fertile populations [87]. Also,
in a recent study performed in the same type of population, urinary concentrations of the sum of
DEHP metabolites were negatively associated with the number of total oocytes, mature oocytes,
fertilized oocytes, and top-quality embryos, suggesting that DEHP may impair early in vitro
fertilization (IVF) outcomes [88]. The effects of phthalates in women seeking infertility care will
be better explored in this review, however, it is important to mention that it is still not clear
whether such results are generalizable to women without fertility concerns. Although few
epidemiological studies have examined the associations between phthalates exposure and
folliculogenesis, extensive experimental data suggested that these chemicals can induce a
disruption in this process. Ovarian folliculogenesis is vital for reproduction and overall female
health, however, further experimental and epidemiological studies are necessary to understand
the mechanisms and extent of phthalate effects and whether such effects could directly cause

infertility.
3.2-OVARIAN STEROIDOGENESIS

The production of sex steroid hormones is one of the primary functions of the ovary.
Steroidogenesis is conducted by the follicles and corpus luteum in a process that requires both the
theca cells and granulosa cells, a significant volume of enzymes, and a coordinated secretion of
pituitary hormones, FSH and LH. The ovarian hormones produced in this process include
dehydroepiandrosterone (DHEA), progesterone, androstenedione, testosterone, and estradiol. The
steroid hormones synthesized in the ovary act on numerous target tissues associated or not with
reproductive function. Therefore, proper steroidogenesis is required for fertility as well as female
general health [50]. Similar as observed in the folliculogenesis process, exposure to phthalates
can also affect ovarian steroidogenesis in multiple life stages usually by decreasing key
steroidogenic enzyme levels. Prenatal exposure to phthalates has been shown to alter
steroidogenesis in female offspring on experimental studies. Exposure to MEHP during the
gestational period altered estrous cyclicity in female mice offspring in association with increased
levels of serum FSH and estradiol [61]. A similar experiment performed with maternal oral
exposure to DiBP reported increased anogenital distance in the female rat offspring, suggesting a
masculinizing effect, but also increased mRNA levels of Cyp19al (aromatase) in the ovaries of
prepubertal female offspring [89]. However, other developmental rat studies with phthalates
failed to detect changes in anogenital distance of the exposed female offspring [90, 91]. In mice,
a study of maternal exposure to DEHP reported decreased mRNA levels of key steroidogenic

enzymes and hormone receptors in the ovaries of adult offspring, including decreased levels of
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Cypl9al, Cypl7al, progesterone receptor, FSH receptor, and LH receptor [92]. During
adulthood, phthalates can also disrupt ovarian steroidogenesis. Experimental studies
demonstrated that oral exposure to DEHP can cause an imbalance in hormone levels that leads to
anovulation in adult rats. Liu and colleagues [93] showed that oral exposure of adult female
Wistar rats to DEHP at 1000 and 3000 mg/kg/day, decreased serum estradiol levels, which
prevented the LH surge needed for ovulation, resulting in anovulation. Diisononyl phthalate
(DiNP) is often used as a DEHP replacement, and because of the increased use of DiNP, humans
are increasingly exposed to this compound over time. Chiang and colleagues [94] tested whether
short-term exposure to DEHP and DiNP could alter mice ovarian follicle populations and levels
of circulating hormone. Female CD-1 mice aged 3940 days were orally dosed with DEHP (20
ug/kg/day—200 mg/kg/day) or DiNP (20 pg/kg/day—200 mg/kg/day) for 10 days and the outcomes
were assessed at 3-, 6-, and 9-months post-dosing. Both DEHP and DiNP altered the levels of
several different hormones, including testosterone, estradiol, FSH at multiple doses and multiple
time points, including increased FSH levels up to 6 months post-dosing in the groups exposed to
DEHP at 20 and 200 mg/kg/day and decreased testosterone in 100 pg/kg/day DiNP exposed mice
up to 6 months. These results indicate that short-term exposure to either DEHP or DiNP has long-
term consequences that persist long after cessation of exposure. This pattern of hormonal and
cycle disruption following DEHP exposure is observed in several works with different time and
dose levels [58, 64, 93, 95]. These studies are corroborated by multiple in vitro culture model
systems. Similar to the effects seen in animal studies, exposure of isolated rat ovarian cells to
MEHP suppressed estradiol production specifically in granulosa cells [96, 97], possibly by a
mechanism related to decreased mRNA levels, protein expression and availability of aromatase
enzyme [96, 98]. Also, MEHP exposure decreased progesterone production and FSH-induced
cAMP accumulation in rat granulosa cells [99]. However, longer exposure to higher doses
increased progesterone and protein levels of steroidogenic acute regulatory protein (STAR) in rat
granulosa cells [100]. Studies performed in isolated human ovarian cell cultures also show that
phthalates have the potential to disrupt steroidogenesis in humans. Human granulosa-lutein cells
isolated from women undergoing in vitro fertilization show decreased production of estradiol
when cultured with MEHP [101], an alteration attributed to a decrease in the mRNA levels and
activity of aromatase. Also, in human luteal cells isolated from corpora lutea, exposure to DEHP,
DnBP and BBP decreased progesterone production associated with the decreased secretion of
prostaglandin E2 and prostaglandin F2a and inhibited luteal cell release of vascular endothelial
growth factor. These molecules are regulators of corpora lutea survival and their deficiency could
result in reduced cell viability altering hormonal balance and pregnancy maintenance. Recent
studies have suggested that oxidative stress could be a mechanism of action of phthalate-induced
hormonal disruption [102], including for effects on steroidogenesis. Tripathi and colleagues [103]

investigated whether DEHP exposure could affect steroidogenesis trough oxidative stress
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mechanism. Rat ovarian granulosa cells were exposed to various concentrations of DEHP (0.0,
100, 200, 400 and 800 uM) for 72 h in vitro. The results showed that DEHP at 400 uM
significantly increased oxidative stress biomarkers while significantly decreasing steroid
hormones levels (estradiol and progesterone) and lowering the expression of steroidogenic
responsive genes (Cypllal, Cypl9Al, Star, ERB1) in treated granulosa cells. Overall, phthalates
appear to directly disrupt steroidogenesis by decreasing steroid hormone and steroidogenic
enzyme levels in human ovarian cells as well as in animals and in vitro studies, but the specific

mechanisms remain to be studied.

Limited epidemiologic evidence explores the associations between phthalate exposure and
steroidogenic defects. The Western Australian Pregnancy Cohort Study demonstrated that
maternal phthalate metabolites concentrations, specifically monoethyl phthalate (MEP), had a
negative association with Anti-mullerian hormone (AMH) in the adolescent daughters, and the
sum of DEHP metabolites was associated with a trend for earlier age at menarche in the adolescent
female offspring, indicating disruptions of steroidogenesis [104]. Anti-mullerian hormone
(AMH) has a inhibitory role in the process of follicular development and recruitment, contributing
to follicular arrest, with studies already correlating increased AMH levels in plasma samples with
endocrine alterations in patients with PCOS [105]. Maternal phthalate metabolites in urine were
also associated with altered steroidogenesis in other studies, including associations between
MEHP and testosterone levels in the cord serum of female human infants [106] and monoethyl
phthalate (MEP) and monobenzyl phthalate (MBzP) exposure and increased testosterone levels
in young female offspring [107]. Some studies also evaluated pos-natal outcomes in diverse
periods of development. In 8-year-old girls, urinary levels of DEHP metabolites were positively
associated with increased serum progesterone and FSH levels [108]. Similarly, the urinary levels
of several phthalate metabolites were associated with decreased total serum testosterone levels in
females aged 620 and 40-60 years from the National Health and Nutrition Examination Survey
[109]. A recent human study examined the interaction of phthalates exposure and diet or exercise
habits with hormonal secretion in a Chinese population. The authors observed that high urinary
mono(2-ethyl-5-oxohexyl) phthalate MEOHP concentrations, a secondary DEHP metabolite, in
specific association with exercise frequency, were related to abnormal serum progesterone, FSH,
and LH levels, indicating different susceptibility to phthalates exposure following individual
lifestyle [110]. Also, in pregnant women, urinary levels of DEHP metabolites and mono-n-butyl
phthalate (MnBP, the main DnBP metabolite) were associated with decreased testosterone levels
in maternal plasma [111]. Regulation of ovarian steroidogenesis is vital for female health and
although experimental studies indicate that phthalates can dysregulate steroidogenesis, the doses
used fall far from the range estimated of human exposure levels. On the other hand, some

epidemiological data indicate plausible associations between exposure to certain phthalates and
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hormonal changes in women. Future work should elucidate the mechanisms by which phthalates
disrupt ovarian steroidogenesis and investigate whether such changes can lead to infertility and

non-reproductive adverse outcomes.
3.3- POLYCYSTIC OVARIAN SYNDROME (PCOS)

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders among
reproductive-age women. With a diverse diagnostic criterion, its prevalence can be estimated
between 5% to 21%, depending on the symptoms considered and the population assessed [112].
Despite the high prevalence rates, it is estimated that 70% of women with PCOS remain
undiagnosed [113]. There is a great diversity of symptoms that women may experience with
PCOS, comprising hormonal and metabolic alterations that may result in reproductive disruption.
The clinical presentation of PCOS includes oligomenorrhea, chronic anovulation,
hyperandrogenism, presence of polycystic ovarian morphology, metabolic features — obesity,
dyslipidemia, diabetes, and finally subfertility and/or infertility [114]. However, of all the
symptoms listed the key feature is PCOS-associated hyperandrogenism, which is a key
characteristic for clinical phenotypes and fertility dysregulation [115]. The etiology of PCOS is
multifactorial, suggesting clinical importance of both genetic and environmental factors,
including lifestyle and exposure to EDCs [115]. In this context, substantial evidence points to
EDCs as having a potential role in the initiation of PCOS in some cases [116, 117, 118]. Both
animal and human studies already described evidence that supraphysiological maternal androgen
levels could lead to hormonal alterations in female offspring that are an indicative of PCOS
phenotype, leading to the hypothesis of a fetal origin for the development of PCOS [118, 119]. It
has been demonstrated that testosterone has an important impact on fetal tissue differentiation and
elevated prenatal testosterone levels lead to disruption in reproductive and metabolic systems that
mimic PCOS [119, 120]. In relation to EDCs, most of the available studies emphasize possible
associations between PCOS and Bisphenol A exposures, but experimental results also suggest
that phthalates could play a role in the etiopathogenesis of PCOS, particularly DEHP and MEHP
[6]. In the prenatal context, exposure of gestating animals to phthalates could lead to PCOS-like
characteristics in the female offspring. In rats gestationally exposed to DnBP and DEHP it was
found that all the females among the first-generation (F1) and third generation (F3) offspring had
a significantly higher incidence of polycystic ovaries, morphologically characterized by increased
ovarian cysts [74]. Also, exposure to DEHP in adult rats induced traits like the ones found in
PCOS, such as prolonged estrous cycles, decreased ovulation or anovulatory cycles, changes in
hormonal balance, and the development of polycystic ovaries [60]. However, dose levels in these
studies are much higher than the average daily human exposure, indicating that the extrapolation

of these results to humans should be done with caution.
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Few studies investigated the associations between exposure to phthalates and PCOS in humans,
and the results in the literature are conflicting. Some studies even suggest a protective effect of
phthalate exposure in PCOS, given their antiandrogenic effect that could lower testosterone levels
and reduce the hyperandrogenemia, one of the main features of the disorder [121, 122]. Hart and
colleagues [86] found that higher maternal DEP exposure, measured through serum levels of
monoethyl phthalate (MEP), was associated with a reduced prevalence of PCOS in the exposed
daughters. However, this study also found that maternal levels of MEP were associated to reduced
antral follicle count and reduced serum AMH in the adolescent offspring, which are considered
markers of ovarian reserve and granulosa cell function, respectively. In a case control-study,
lower urine concentrations of MnBP and monobenzyl phthalate (mBzP) were detected in women
with PCOS, but the small sample size is considered an important limitation [104]. In a study
performed in young (12-18 years) girls with PCOS diagnosis, no relationship between DEHP
exposure and PCOS was observed [122]. On the other hand, in a study performed in women
attending infertility clinics higher levels of DEHP were found in the follicular fluid of women
with PCOS when compared with control. Also, the pregnancy rate in patients with higher levels
of DEHP was significantly lower [123]. In a recent study, Akin and colleagues [124] did not find
any differences in the concentrations of serum DEHP and MEHP between adolescents with or
without PCOS, nonetheless, they observed significant associations between DEHP/MEHP levels
and insulin resistance and serum triglycerides in PCOS adolescents, independently of their body
mass indexes (BMlIs). These results show that despite not being specifically linked with PCOS,
phthalates could be associated with the metabolic disturbances of the syndrome. Also, taken into
consideration the diverse alterations that involve and could lead to PCOS other alterations should
be taken into considerations when evaluating the risk of PCOS. It is important to mention that
cross-sectional and case-control study designs cannot clearly identify causal relationships due to
the difficulty in determining the temporal sequence of exposure and disease, especially in
conditions that are multifactorial and possibly involve pre and postnatal environmental factors,
such as PCOS. These conflicting results could be explained by differences in study designs,
including route, timing and dose levels of exposure. Yet, animal studies show that DEHP exposure
could lead to dysfunction of the hypothalamus-pituitary-ovarian axis and altered pulsatile LH
secretion [64, 93]. Considering that increased levels of LH and altered periodicity of its secretion
are a trademark of PCOS alterations it is possible that those alterations could also lead to a PCOS
[118]. Additional studies are necessary to clarify the divergences from previous studies and to
understand the mechanisms involved in the alterations caused by phthalate exposure and how

those disruptions could establish a PCOS or PCOs-like status in females.

Data obtained from several in vitro and experimental studies as well as a few clinical and

epidemiological studies suggest that phthalates stand as a potential hazard to the ovary, being able
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to disrupt its balance and function. The ovary is a complex tissue responsible for remarkable
functions as folliculogenesis, steroidogenesis, oocyte maturation and ovulation. Exposure to
phthalates and particularly, as seem in this review, to DEHP or its main metabolite MEHP can
impair all these processes. Regarding folliculogenesis, DEHP impairs germ cell cyst breakdown
and follicle assembly, and accelerates primordial follicle recruitment, while MEHP negatively
affect oocyte maturation. Phthalates also are capable to alter steroidogenesis and most of the
deleterious effects are related to exposure to DEHP and MEHP, which act mostly by disrupting
hormonal levels through effects on mRNA, protein levels, and activity of steroidogenic enzymes.
However, further work must be done to elucidate the mechanisms by which phthalates disrupt
folliculogenesis and steroidogenesis. Regarding PCOS, the majority of studies have focused on
the effects of prenatal phthalate exposures in the development of PCOS [118]. Yet, some recent
studies suggest that phthalates, including DEHP, might have a role in the development and
aggravation of PCOS through effects on insulin resistance, obesity and androgenization [116, 124,
125]. Therefore, further investigations are necessary to clarify mechanisms of action and better
determined the effects of phthalates on the development of PCOS, but the large number of
experimental results demonstrate sufficient evidence to consider phthalate exposures, and in

particular DEHP exposure, as potential risks for ovarian health and consequently to fertility.
4- UTERINE/ ENDOMETRIAL DISORDERS

The uterus is a key organ in mammalian development, being an important component for
reproduction and embryogenesis processes. Uterine cells respond to estrogen and progesterone,
which regulate endometrial cell proliferation and differentiation [126, 127]. Estrogen promotes
endometrial cell proliferation and growth and increases vascular permeability. Progesterone
reduces estrogen levels and promotes cell differentiation and angiogenesis [128]. The
harmonization of steroid hormones with endometrial cell function is essential for successful
implantation and reproduction [126]. Some phthalates are capable to disrupt estrogen signaling
in vitro, increasing estrogen levels and possibly leading to uterine disorders [129]. Higher levels
of estrogen could induce cystic endometrial hyperplasia, squamous metaplasia, adenomyosis, and
myometrial and general uterine hypoplasia [ 130]. Mice overexpressing uterine estrogen receptors
present increased number of apoptotic cells in the endometrial epithelium and decreased number
of implantation sites [131]. It has been already suggested in animal models that exposure to DEHP
can alter the number of endometrial glands and disrupt their structure in rats and mice [132, 133].
In this section, we will discuss the possible relation of phthalates exposure with uterine
leiomyoma and endometriosis (Figure 2), two uterine disorders with high prevalence in women

and significant influence on reproductive capacity.
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Figure 2. Potential uterine, placental, and gestational adverse outcomes related to phthalate

exposures and some proposed mechanisms.
4.1 UTERINE LEIOMYOMA

Uterine leiomyoma or fibroids is a common disorder among reproductive-age women, with a
clinically relevant prevalence of 20-50% depending on the population and method of diagnosis
[134]. The disorder is defined as a benign tumor composed of smooth muscle cells, growing from
the underlying myometrial tissue in the uterus [135]. Most patients show no symptoms; however,
some face a devastating disorder and experience symptoms of menorrhagia, pelvic pressure or
pain, dysuria, reproductive dysfunction (infertility or subfertility) [136], or even more drastic

outcomes, being the leading indication for hysterectomy [137].

The pathophysiology of uterine fibroids is yet unknown, but it is related to impaired action of
endogenous sex steroid hormones, estrogen and progesterone [138], as abnormal myometrial or
fibroid cells exhibit an exaggerated response to these hormones [139]. However, other factors
have been suggested to be responsible for initiating or promoting this disease, including
regulatory changes of hormonal receptors, as well as demographic, physiological, and lifestyle
risk factors [136]. In the context of environmental risk factors, epidemiological studies have
reported that several chemicals are associated with the presence of uterine fibroids, including
phthalates [140, 141, 142, 143]. In a case-control study, patients with uterine leiomyoma had
significantly higher levels of several phthalates in comparison with controls, and logistic
regression analyses demonstrated that leiomyomata were positively associated with individual
and the sum of DEHP and DnBP metabolites [143]. In a similar case-control study by Kim and
colleagues [142], urinary levels of 16 phthalate metabolites were measured and the sum of DEHP
metabolites was associated with increased odds of leiomyoma. Results from in vifro and human
studies indicate that phthalate exposure could influence the pathogenesis and pathophysiology of

uterine leiomyoma. In vitro, treatment of human myometrial cells with DEHP increase cellular
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viability, proliferation, and antiapoptotic protein expression in normal myometrial cells as well
as in leiomyoma cells [144], alterations that have been reported to be a critical component of
uterine leiomyoma pathogenesis [145]. The treatment with DEHP also increased type I collagen
expression in both cells, an important result since type I collagen levels are increased in human
uterine leiomyoma. Also, in the same study, urinary concentrations of mono(2-ethyl-5-
carboxypentyl) phthalate (MECPP), a secondary DEHP metabolite, were higher in women with
surgically confirmed uterine leiomyoma compared with controls. A more recent study recruited
women seeking surgical care for their fibroids and examined the relationship between
concentrations of 14 biomarkers of phthalate exposure measured in spot urine samples and the
diameter of the largest fibroid and uterine dimensions of those patients [146]. The authors found
that concentrations of several phthalate biomarkers, including the secondary DEHP metabolites
mono-(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono (2-ethyl-5-hydroxyhexyl) phthalate
(MEHHP) and mono-2-carboxymethyl hexyl phthalate (MECPP), were positively associated with
uterine volume but not with the size of the largest fibroid. However, there are divergent studies
in the literature. The National Health and Nutrition Examination Survey (NHANES, 1999-2004)
reported that MEHP is inversely associated with uterine leiomyoma, while MnBP levels are
positively associated with self-reported uterine leiomyoma [147]. Also, results from the SELF
study (Study of the Environment Lifestyle and Fibroids) indicated that in black women aged 23—
35 years MEHP urinary concentrations show weak-to-moderate positive associations with uterine
fibroids, being considered by the authors not appreciably associated with a higher risk of
development of the disorder [148]. A meta-analysis addressing this matter, analyzed the results
of 5 case-control studies and found no significant association between total urinary phthalate
metabolites and risk of uterine leiomyoma. However, total urinary DEHP metabolites were
significantly associated with the risk of uterine leiomyoma, which suggested that DEHP exposure
might play a more important role than other phthalates in uterine leiomyoma [140]. A recent case-
control study agrees with previous studies that suggest associations of phthalates with uterine
fibroids. In this study, urinary concentrations of metabolites of DEHP and the non-phthalate
plasticizer di-2-ethylhexyl terephthalate (DEHTP) were significantly associated with uterine
fibroids in reproductive aged women. The same result was observed for organophosphate esters
and alternative plasticizers [149]. In a recent study, data from 1204 women aged 20-54 years old
in the National Health and Nutrition Examination Survey (NHANES 2001-2006) were evaluated
to better understand the impact of EDCs in uterine leiomyomata and endometriosis [150].
Exposure data of ten commonly EDCs, including urinary phthalates, were examined in
relationship to self-reported uterine leiomyomata and endometriosis. The authors found that
MEHP was negatively associated with uterine leiomyomata and endometriosis by combining the
results of two statistical models, but also observed a positive association between the chemical

mixture and endometriosis, with mono-isobutyl phthalate (MiBP) and MBzP having the highest
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weight in the model [150] Yet, taking into consideration that phthalates can interact with
epigenetic modifications a study was conducted to examine the associations between phthalate
exposures and miRNA expression levels in fibroid tumors of pre-menopausal women undergoing
surgery for fibroid treatment. It was observed that biomarkers of certain phthalates were
associated with miRNA expression in fibroid tumors [151], especially downregulation of the
miR-29 family that has been already described as an alteration that contributes to extracellular
collagen matrix formation in fibroid cells [152]. A recent review examining the link between
EDCs and uterine fibroids described that, based on in vitro and in vivo data, DEHP can impact
biological pathways critical to fibroid pathogenesis and that both human and experimental studies
indicate that epigenetic processes may play an important role in fibroid pathogenesis linked to
EDCs [153]. It is already clear that DEHP and its metabolites bind to estrogen receptors (ERs)
and induce ER expression and therefore could adversely affect uterine histology [129]. However,
whether phthalate exposure, or specifically DEHP, can induce utero leiomyoma and in this way

contribute to decreased female fertility remains inconclusive.
4.2 ENDOMETRIOSIS

Endometriosis is one of the main causes of infertility in women, responsible for 30%-50% of all
observed cases of difficulty or inability to conceive [154]. This gynecologic disease is estrogen-
dependent and commonly defined as the presence of endometrial tissue outside the endometrial
cavity [155, 156]. The disorder has multifactorial causes, but emerging evidence has suggested
that environmental chemicals could be associated with its pathophysiology [157, 158] and that
the disease may have a developmental or in utero origin [159]. Being an estrogen-dependent
disease, some studies have investigated the possible association between phthalate exposure and
endometriosis. Several in vitro and experimental studies suggest that these chemicals could play
a role in endometriosis physiopathology. In vitro studies show that treatment of endometrial
stromal cells with phthalates, specifically DEHP and MEHP, increased their viability and
resistance under stressful conditions [63, 160]. These studies suggested that phthalate exposure
could promote and facilitate the establishment of endometriosis, through an increase of refluxed
endometrial cells viability under the stress of the immune cell response outside the uterus. Also,
treatment of endometrial cells with DEHP led to biological changes, specifically increased matrix
metalloproteinases (MMPs), MMP-2 and MMP -9 activities, an increase in Erk phosphorylation,
and increased Pak4 expression, alterations that can result in increased cell invasion and may
trigger the establishment of endometriosis [161]. The activation of these biochemical markers
provides resistance to apoptosis and promotes cell survival [162], being alterations already
described in patients with advanced-stage endometriosis [163]. These findings were confirmed in
animal studies, where endometrial tissue of DEHP-treated mice presented an increase of the same

biological markers, such as MMP-2, MMP-9, and Pak4 [161]. Furthermore, there are also
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morphological findings showing that ovariectomized mice implanted with fragments of human
endometrial tissue presented endometriotic lesions of higher volume after oral treatment with
DEHP in comparison to the control group [161]. These studies indicate that exposure to DEHP

promotes cellular proliferation and invasiveness facilitating the environment for endometriosis.

In humans, many case-control studies evaluated the plasma concentrations of phthalate
metabolites in relation to the occurrence of endometriosis [164, 165], and in particular
associations with DEHP exposures. More recently, studies started to investigate the relation of
endometriosis with concentrations of urinary phthalate metabolites, which are more sensitive
biomarkers for exposure to phthalate diesters. A study on the association between phthalate
metabolites in urine and endometriosis was conducted by Buck Louis and colleagues [158],
revealing a two-fold increase in the odds of an endometriosis diagnosis for certain phthalate
metabolites, including MEHP, MEHHP, and MEOHP. Also, a prospective cohort study revealed
increased urinary levels of MEHHP and MEOHP, secondary DEHP metabolites, in women with
advanced endometriosis compared with controls [161]. Recently, Chou and colleagues [166]
showed associations between MnBP urinary levels and the presence of endometriosis in female
patients. Also, human granulosa cells treated with MnBP exhibited altered expression of genes
that play a pivotal role in the pathophysiology of this disorder, such as IL-1B, TNF-0, and inhibin-
B. However, an earlier study did not found associations of MnBP or other phthalate metabolites,
such as MBzP, MEHP, MEHHP and MEOHP, with endometriosis when comparing women with
confirmed diagnostic and controls [167]. Similarly, in a case-control study no significant
differences were seen in the urinary levels of several phthalate metabolites between controls and
endometriosis patients with confirmed histological diagnosis [168]. In a meta-analysis performed
by Cai and colleagues [169], the associations between five different phthalate metabolites
(MEHHP, MEHP, MEP, MBzP and MEOHP) and endometriosis were examined. Data from §
studies were analyzed and no associations were found, except for a positive association with
MEHHP levels. However, the authors suggest that well-designed cohort studies, with large
sample sizes, should be conducted and analyzed for better assessments of the relationship between
phthalate exposures and endometriosis. A similar meta-analysis examined the relationship
between endometriosis and exposures to four classes of EDCs (BPA, polychlorinated biphenyls,
organochlorine pesticides, and phthalates). All classes, with the exception of BPA, were
significantly associated with endometriosis [170]. A recent systematic review and meta-analysis
by Conforti [171] has also summarized the current literature regarding the link between phthalate
exposures and occurrence of endometriosis. The authors analyzed the data of 14 studies
considering more than 20 phthalates and phthalate metabolites and observed associations between
endometriosis and increased urinary levels of MnBP, MEOHP, and MEHHP and a link between
blood-derived analysis of BBP, DEHP, DnBP, and MEHP with endometriosis. However, the
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authors highlight the methodological weaknesses of the available data as major limitations and
stand out the necessity of more rigorous studies [171]. It is suggested that the inconsistent results
could be caused by differences in study designs, reflecting variation in exposure, sample size and
population analyzed. Although several in vitro, animal and human studies strongly support the
hypothesis that phthalates can play a crucial role in the pathogenesis of endometriosis, more
studies are necessary to understand the mechanism of influence of these EDCs in the

endometriosis disorder.

Uterine disorders can significantly impact women’s reproductive health and consequently their
fertility. Although studies showed a possible association between exposure to some phthalates
and uterine conditions, as endometrioses and uterine leiomyomata, we still do not have sufficient
data to fully understand the impacts of phthalates on those disorders and to comprehend their

possible mechanism of action.
5-GESTATION

Pregnancy is a vulnerable period for a woman and her offspring. Pregnancy complications occur
in approximately 19% of pregnancies, including metabolic alterations, gestational hypertension,
preeclampsia, eclampsia, preterm birth, and placenta disorders [172]. During the gestational
period, a change in reproductive hormone levels is required to maintain and develop a healthy
pregnancy. Human chorionic gonadotropin or hCG is produced by the differentiated syncytio-
trophoblasts of the conceptus and rises rapidly after implantation [173] and a significant increase
in steroid hormone receptor expression occurs in the placenta [174]. The vulnerability of the
pregnancy state and the high demand for hormones makes gestation a stage of life especially
sensitive to EDCs exposure. Abnormal levels of hormones during this period can influence
implantation, placental development, and general maintenance of human pregnancy, being well-
accepted that abnormal levels of progesterone and estrogen are an important cause of pregnancy
loss and preterm birth [175]. In the context of the influence of EDCs during pregnancy, phthalates
have the potential to influence the normal activity of hormones during pregnancy. In naturally
conceiving pregnant women, the early pregnancy urinary concentration of monoisobutyl
phthalate (MiBP), MBzP, and metabolites of DEHP were positively associated with maternal
estrogen plasma levels measured during the same period. Also, monocarboxyisononyl phthalate
(MCNP), a metabolite of di-isodecyl phthalate (DiDP), and metabolites of DEHP were inversely
associated with maternal testosterone levels [176]. Yet, several studies show that EDCs can reach
the placenta through maternal blood (178, 27). Placentation process is highly susceptible to
endocrine disruption and exposure to phthalates can lead to disturbances in the placental function.
Studies have already described that EDCs can act on fetoplacental vasculature, indirectly

increasing blood pressure and oxidative stress [178]. Therefore, phthalate exposure could have
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the potential to affect not only the length and processes of pregnancy, but also increase the risk
of developing pregnancy complications and predisposing the fetus to adverse health risks later in

life (Figure 3) (27).

MATERNAL PHTALATE EXPOSURE

PLACENTAL DAMAGE. PREGNANCY LOSS AND
PRETERM BIRTH
- ) A
probable f ;
mechanisms %\ -'
Altered steroid receptor expression (ER and PR) Oxidative stress and intrauterine inflammation
Decreased maternal testosterone production Decreased embryo survival
Increased maternal estrogen production Increased reabsorption sites
Altered endometrial receptivity Decreased progesterone and estrogen production
Downregulation of important trophoblast genes Premature rupture of membranes

Disturbed placental angiogenesis and damaged vasculature
Epigenetics effects on placenta

Figure 3. Potential adverse gestational outcomes related to phthalate exposures and some

proposed mechanisms.
5.1 -IMPLANTATION AND PLACENTAL DEVELOPMENT

Embryo implantation is a process that involves the accurate early development of an embryo
associated with a receptive state of the uterus. This process is an important part of reproduction
and any disruption in its development could lead to pregnancy loss [179]. The receptive status of
the uterus or as defined, the implantation window, is maintained for a short period and consists
of morphological and endocrine changes that capacitate the endometrium to receive the embryo
[180]. The endometrial receptivity, like most processes in female reproduction, is regulated by
estrogen and progesterone and, therefore, susceptible to the effects of EDCs exposure. In animal
studies, phthalates, specifically DEHP, are capable to alter mouse cycling causing endocrine
disorders [58, 96]. The process of implantation is still not completely understood, and few studies
have examined how chemicals affect this process or explore specific compounds as phthalates. A
study assessing the effects of DEHP exposure on endometrial receptivity and embryo
implantation in pregnant mice observed that DEHP exposure had significant effects on this
process [181]. Daily oral exposure to high doses of DEHP (1000 mg/kg/day), between gestation
days 1 and 6, reduced the number of implantation sites in mouse endometrium compared to
controls. Also, exposure to DEHP upregulated the expression levels of receptors to estrogen and

progesterone impairing endometrial receptivity and embryo implantation. Zhang and colleagues
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[182] treated pregnant mice daily with DEHP and examined the uterine and placental tissue to
investigate the effect of DEHP exposure on the growth and development of the placenta. They
observed that the group with higher DEHP exposure (500 mg/kg/day) showed a significantly
reduced number of embryo implantation, suggesting that blastocyst implantation could be
impaired. Also, exposure to DEHP reduced in a dose-dependent manner the placental weight and
area of spongiotrophoblasts, demonstrating that DEHP exposure significantly affects the growth
and development of the placenta. The effects of DEHP exposure were also observed on the
transcriptome of trophoblast cells isolated from trophectoderm of blastocyst from Macaca
mulatta, one of the closest human placental models. DEHP treatment downregulated the
expression of genes related to trophoblast development, implantation, and immunomodulation
leading to a significant decrease in cell growth and proliferation, cell invasion, and endothelial
development [183]. However, these results have not been yet demonstrated in humans. In a study
recently performed with women undergoing assisted reproduction, no association was observed
between the implantation process or embryo development and DEHP exposure [185]. A recent
systematic review summarizes all experimental studies carried out on mice models that assessed
the EDCs effects on the implantation process. A total of 34 studies were included. A primary
effect was the reduction of the number of implantation sites and pregnancy rates especially
associated with BPA and phthalate exposure. The effects of phthalates on the implantation process
was described especially for MBP, DBP and DEHP — but only 3 studies were included in the
analyses. Overall, the authors suggest that EDCs could deeply affect blastocyst implantation, at

least in mice models [185].

Placental development is a primordial process for future fetal development, and disorders in this
process can have serious effects on fetal and maternal health. Alterations in the placentation
process could result in preeclampsia, miscarriage, intrauterine fetal growth re- striction, and
preterm births, among others [186]. Placental development begins when the blastocyst outer layer,
trophectoderm, adheres in the endometrium, a process also dependent of hormonal regulation and
therefore susceptible to EDCs interference, including phthalates [187]. Placentation is highly
sensitive to EDCs as these substances can alter primary human cytotrophoblast differentiation,
impairing the proper invasion of the maternal decidua and, consequently, disrupting the spiral
artery remodeling and placental function [27]. In this recent review, Lorigo and Cairrao [27]
summarize the literature regarding maternal exposure to EDCs and adverse maternal health and
fetoplacental vascular function outcomes. The authors suggest that considering the current
literature, BPA and phthalates are the most damaging EDCs to fetoplacental vasculature during
pregnancy, which is reinforced by the vast literature associating these compounds to
preeclampsia, preterm birth, gestational diabetes mellitus and other gestacional complications

[27].
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Studies have already demonstrated, in animal and in vitro models, that DEHP is capable to alter
angiogenesis during placental development. Pregnant mice exposed daily to DEHP by oral gavage
presented significantly lowered placental weight and total area of the placenta in dose-dependent
manner (125, 250, and 500 mg/kg) when compared with the control group [182]. Also, DEHP
treatment downregulates the expression of angiogenic factors and impairs endothelial
development [183]. In humans, Ferguson and colleagues [188] observed that pregnant women
with higher urinary concentrations of DEHP metabolites present decreased serum levels of
placental growth factor, an important angiogenic placental biomarker. Cellular proliferation is an
important factor of the placental growth process that can also be affected by phthalate exposure.
In in vitro experiments, mouse and human trophoblast cells exposed to DEHP and MEHP show
decreased cellular proliferation associated with downregulation of the progesterone receptor, but
it is yet to be determined whether this alteration could impact placental size in humans [189]. In
this context exposure to DEHP was already associated with changes in placental weight in
American and European populations [190, 191]. In both studies the sum of DEHP metabolites in
urinary samples has been inversely associated with placental weight, suggesting placental
insufficiency. Maternal DEHP exposure by gavage at 125, 250, and 500 mg/kg/day during
pregnancy, lead to reduced placental size and disruption of placental structure in an animal model
study performed in mice [192]. However, the underlying mechanisms are unclear. Zhang and
colleagues [193] hypothesized that DEHP disturbs the endocrine function of placenta by inhibit
the proliferation of placental cells. Therefore, they explored the effects of oral DEHP treatment
at doses of 50 mg/kg and 200 mg/kg on estradiol and progesterone secretion in pregnant mice,
but also in vitro using human placenta trophoblast JEG-3 cells exposed to MEHP for 7 days at
concentrations of 20, 200 and 500 uM. They reported that DEHP and its active metabolite MEHP
altered placenta endocrine function through increased progesterone levels in pregnant mice and
in JEG-3 cells, respectively, and in a dose and concentration dependent manner. Also, they

observed that DEHP and MEHP can restrain the proliferation of placental cells.

Recently, studies started to explore the placental epigenetics effects of phthalates. Epigenetic
mechanisms, especially DNA methylation are crucial during the early stages of placental
development [194] and recent studies, performed in animal models and humans, have suggested
that exposure to DEHP could impair DNA methylation possibly leading to disruption of placental
development. In placenta of pregnant mice orally exposed to DEHP for five days, an alteration in
the expression of imprinted genes was described. The study reported a low but significant
relaxation of imprinted expression of genes involved with late fetal and/or neonatal lethality in
mice [195]. In humans, Zhao and colleagues [196], examined associations between prenatal
phthalate exposure and global DNA methylation in human placenta samples. The authors

observed that higher maternal urinary concentrations of the secondary DEHP metabolite MEHHP
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and the sum of DEHP metabolites were negatively associated with placental DNA LINE-1
sequences methylation, a marker for global methylation in studies of environmental exposures.
Yet, the sum of DEHP metabolites in urine of women in early pregnancy stages was associated
with decrease in placental tissue DNA methylation of the non-coding gene H19 [197]. H19 plays
a major role in embryonic and placental growth, however, the alteration did not have a significant
impact on birth length or birth weight. A recent review summarizing the effects of BPA and
phthalates on placental outcomes in animal and cell models suggests that these chemicals can
impact placental hormones, epigenetic endpoints, increase inflammation and oxidative stress, and
decrease cell viability and nutrient transfer. However, few animal or cell studies have assessed
these outcomes at concentrations relevant to humans. Yet, regarding phthalates, most of the
studies evaluated the effects of MEHP with few data on other phthalate metabolites [198]. In
another recent review paper by Warner and colleagues [199], the impact of phthalate exposures
on placental morphophysiology is discussed in light of available in vitro, experimental, and
humans studies. The authors suggest that although the biological mechanisms are still poorly
understood, exposure to phthalates is associated with morphological alterations in the placenta
and changes in gene expression and epigenetic mechanisms, which can potentially impair the

placental health and fetal development [199].

Other phthalates have also been associated with epigenetic alterations of placental development,
including exposures to BBP, DiBP, and DnBP, which displayed associations with altered DNA
methylation and expression levels of epigenetic regulators or long noncoding RNAs [88,200].
Both studies analyzed epigenetic alterations in human placental tissue associated with
concentrations of maternal urinary phthalate metabolites. However, the number of samples in
both studies is small and more studies would be necessary to understand the effects of specific
phthalate exposures on placental epigenetic development. Nevertheless, there is mounting
evidence from in vitro, in vivo, and human epidemiological studies showing that exposure to

phthalates, and in particular DEHP, can disrupt the early process of implantation and placentation.
5.2 - PREGNANCY LOSS

Pregnancy loss is the most common adverse pregnancy outcome in humans, accountable for
approximately 35% of the adverse results [201]. The adverse ending of gestation is responsible
for psychological traumas for pregnant women and even physical and economic damage. A
pregnancy loss can occur in several stages being classified as (A) sub-clinical, early, or
biochemical pregnancy loss when the loss occurs before the pregnancy is clinically recognized
(no gestational sac is observed at 6 weeks ultrasonography control). (B) clinical pregnancy loss
is defined as a miscarriage of a clinically recognized pregnancy (gestational weeks >6) that

involuntarily ends before 28 complete weeks. Clinical pregnancy loss can also be categorized as
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embryonic loss (gestational weeks 6 to 10) and fetal loss (gestational weeks 11 to 27) [202]. A
few environmental factors that are capable of increase the risk of pregnancy loss have already
been established, including lifestyle factors such as alcohol consumption [203], physical strain
[204], and certain environmental contaminants, including EDCs. The adverse effects of chemicals
on endocrine functioning could change the circulating levels of hormones responsible for
maintaining pregnancy, being already well established in the literature that phthalates can alter
steroidal hormone levels. Also, exposure to phthalates has been already associated with oxidative
stress and inflammation. Ferguson and colleagues [205] analyzed urine samples of pregnant
women to assess exposure to nine phthalates and measured the markers of oxidative stress 8-
hydroxydeoxyguanosine and 8-isoprostane. They observed an association of MnBP, MiBP and
DEHP metabolites with increased levels of the oxidative stress biomarkers. In a similar study,
bilirubin, a potent antioxidant, was inversely associated with several phthalates metabolites
including metabolites of DEHP and DnBP, in particular MBzP and MCPP. The same metabolites
were also associated with biomarkers of inflammation, including alkaline phosphatase, absolute
neutrophil count and ferritin [206]. Those studies indicate an association between phthalate
exposure and oxidative stress and inflammation, alterations that are suggested as mediators of
pregnancy loss and failure [207]. Therefore, there is biological support for the hypothesis that
phthalates are associated with pregnancy loss. In animal studies, exposure to specific phthalates
has significantly decreased embryo survival, increased the incidence of resorptions, reduced the
number and size of litters, and increased the abortion rate [208,209], being directly associated
with preimplantation and post-implantation losses [210]. In humans, numerous data have
demonstrated an increased risk of pregnancy loss with exposure to phthalates. A study performed
with a cohort of couples planning their first pregnancy observed increased pregnancy loss among
women with higher urinary concentrations of MEHP [211]. This prospective cohort study
collected urinary samples during pre-conception and conception time of 128 Danish women with
naturally conceived pregnancies. Their data show a statistically significant association between
elevated pre-conceptional MEHP exposure and pregnancy loss, also observing that early
pregnancy loss was more frequent at higher MEHP concentration levels. However, they did not
find any significant association between pregnancy loss and metabolites concentration in the
conception sample. In contrast, the North Carolina Early Pregnancy Study reported somewhat
different results [212]. They examined urinary concentrations of phthalate metabolites in a cohort
of women attempting to become pregnant naturally and observed that higher concentrations of
MEOHP and the sum of DEHP metabolites were associated with reduced early pregnancy loss.
However, the authors suggest that exposure to DEHP could lead to undetected early pregnancy
loss, occurring before the detection of hCG in maternal urine, resulting, therefore, in a decrease

in the frequency of observed pregnancy loss with higher DEHP exposure.
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Regarding analyses of pos-conceptional time of exposure, Mu and colleagues [213] investigated
post-conceptional phthalate exposures in women who underwent clinical pregnancy loss in
comparison to healthy pregnant women. They observed that urinary concentrations of the
metabolites MEP, MiBP, and MEHP were significantly higher in women with pregnancy loss
than those in the control group, being these metabolites also significantly associated with clinical
pregnancy loss with a clear dose-response relationship. The study also observed increased clinical
pregnancy loss at the highest quartiles of several other measured phthalate metabolites, but these
associations were not significant. In a similar study, Yi and collegues [214], analyzed the urinary
metabolites concentrations of patients having missed miscarriage (fetal death without expulsion
before 20 weeks of gestation). They observed that levels of DEHP metabolites (MECPP,
MEHHP, MEOHP, and MEHP) and the sum of all four DEHP metabolites were significantly
higher in missed miscarriage cases than in normal pregnancies. Also, exposures to DEHP and
dimethyl phthalate were associated with an increased risk of missed miscarriage. Interestingly the
authors also found that levels of serum progesterone and estradiol were significantly reduced in
the missed miscarriage cases, suggesting that the association of phthalate exposure with
pregnancy loss could be mediated by hormonal alterations. Peng et al. [215] demonstrated that
urinary levels of MEHP and MiBP were higher among women with unexplained recurrent
miscarriage, however, the small sample size is an important limitation. Contrary to these results,
Liao et al. [216] found that MEP, MiBP, and the sum of DEHP metabolites were not associated
with pregnancy loss, although the results were borderline significant. However, they did observe
that the sum of DnBP metabolites was significantly associated with the risk of recurrent
pregnancy loss. A large sample size study recruited pregnant women at early stages of pregnancy
(gestational weeks 5 to 14) and observed that embryonic loss was more sensitive to phthalate
exposure [217]. In this study, urinary concentrations of MEP, MnBP, MEOHP, and MEHHP
during the early stages of pregnancy were significantly associated with an increased risk of
clinical pregnancy loss during the 6-10 weeks of gestation, suggesting that exposure to phthalates
in the early stages of pregnancy is an independent risk factor for early clinical pregnancy loss. A
recent case-control study performed in a Taiwan population assessed the estimated daily intake
of phthalates, based on the levels of urinary metabolites, in relation to recurrent pregnancy loss
of unknown etiology. They observed that patients with recurrent pregnancy loss had a
significantly higher cumulative exposure to phthalates than controls, being the risk strongly linked

to phthalate intake, in particular to the higher quartiles of DEHP exposure [218].

In women undergoing medically assisted reproduction, the Environment and Reproductive Health
Study (EARTH) reported an association between cycle-specific urinary concentrations of
phthalates metabolites and pregnancy loss [219]. The study showed that concentrations of

individual and sum of DEHP metabolites were associated with biochemical pregnancy loss, with
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more strong associations for the secondary metabolites MEHHP and MEOHP. Also, the study
reported elevated odds of total loss (early and clinical loss combined) with higher exposure to
DEHP. The study suggests involvement of phthalate exposure in the early stages of implantation,
decidualization, placentation, or embryogenesis. Such associations might be the result of direct
actions of phthalates on these processes, but also consequence of altered hormonal balance and
therefore, affecting the support to pregnancy. Finally, in a recent meta-analysis, which included
most of the studies described in this session, MBP, MEHP, MEHHP, and MEOHP were
associated with increased risk of spontaneous pregnancy loss [220]. Overall, the current data
suggest that phthalate exposure might be a possible risk factor for spontaneous pregnancy loss,
but additional large-scale, well-designed, population-based studies are still needed to clarify the

relationship between phthalate exposure and spontaneous pregnancy loss.
5.3- PRETERM BIRTH

Preterm birth is defined as an infant who is born alive before 37 completed weeks of pregnancy
[221]. Worldwide, it is estimated that each year 15 million babies are born preterm, with rates
increasing yearly in several countries [222]. Prematurity is a leading cause of neonatal mortality
and is associated in several epidemiological studies with long-term adverse health outcomes [223,
224, 225]. Most preterm births result from spontaneous preterm labor or preterm premature
rupture of the membranes (pPROM) and they are likely the consequences of intrauterine
inflammation [226]. Previous studies suggest that phthalate exposure could lead to an
inflammatory state [227], suggesting a possible involvement in preterm births. Considering that
preterm birth is a condition highly associated with inflammation in the placenta, Alsubaie and
colleagues [228] investigated the effects of DBP on the production of biomarkers for placental
inflammation. Placental explants from women undergoing elective caesarean were treated with
DBP and, to understand how DBP may affect the placental immune response to bacteria, with
DBP in the presence of E.coli. The concentrations of IL-1p, TNF-a, IL-10, heme-oxygenase-1
(HO-1), and BDNF were quantified. The results showed that DBP enhance the levels of IL-6 in
basal cultures and IL-13 and TNF-a in cultures co-stimulated with E. coli., suggesting that DBP
could have some influence on placental inflammation. A recent Chinese birth cohort study
examined the mRNA levels of several biomarkers of inflammation in 2469 placentas sampled at
birth in relation to concentrations of seven phthalate metabolites (MMP, MEP, MBP, MBzP,
MEHP, MEHHP ¢ MEOHP) measured in first trimester urine samples [229]. The data showed
that maternal phthalate exposure was associated with inflammatory biomarkers in placental
tissues. The associations were stronger in placentas of male than of female fetuses. Specifically,
Mono-n-butyl phthalate (MBP) was associated with higher IL-1p, IL-6, and CRP expression in
placentas of male fetuses and with higher IL-6, CRP, MCP-1, IL-8, IL-10, and CD68 expression

in placentas of female fetuses. Mono benzyl phthalate (MBzP) levels were associated with the



61

increased expression of TNF-a, MCP-1, and CD68 only in placentas of male fetuses. Mono (2-
ethyl-5-oxohexyl) phthalate (MEOHP) was negatively associated with CRP, MCP-1, and CD68

in placentas of female fetuses [229].

Taking into consideration that most preterm births are spontaneous [230] and exposure to
phthalates is widespread, the population susceptible to the possible effects of phthalates exposure
in preterm birth is quite large. Several studies have already investigated this association [220, 231,
232]. Exposure to phthalates was associated with preterm delivery in pregnant Chinese women
[141]. Cord blood levels of several phthalates were associated with preterm birth in preterm
infants with or without a history of intravenous (IV) therapy, excluding a possible interference of
medical equipment use alone. Similarly, in a nested case-control study Ferguson and colleagues
[227] demonstrated an association of urinary phthalate metabolite concentrations with increased
odds of preterm birth in pregnant women. Maternal urinary levels of MEHP, MECPP and the sum
of DEHP metabolites showed a strong and dose-dependent relationship with odds of birth before
37 weeks gestation in the 130 cases of preterm birth. Also, when considering only spontaneous
preterm births (spontaneous preterm labor or pPROM) a higher subset of phthalate metabolite
levels was associated with significantly elevated odds of prematurity. Later, the same group
observed that urinary phthalate metabolites were associated with increases in urinary 8-
isoprostane, a biomarker of oxidative stress. Both, phthalate exposure and 8-isoprostane, were
associated with increased risk of preterm birth [188,205]. More recently, this group demonstrated
that the relationship between phthalate exposure and spontaneous preterm birth is mediated in
part by phthalate-induced oxidative stress [233]. Considering that oxidative stress is tightly linked
to inflammation, they suggest that it may play a relevant role in spontaneous preterm birth,
possibly being the origin of inflammation in the pathway to spontaneous preterm birth. The group
also examined the effects of stress in association with phthalate exposure, observing an
association between the sum of urinary DEHP metabolites in third trimester and preterm birth
that was significant only in women that experience one or more stressful life event during

pregnancy [234].

However, there are also conflicting results on the relationship between phthalates and preterm
birth. Shoaff and colleagues [235], found that in participants of the Health Outcomes and
Measures of the Environment (HOME) study, maternal urinary phthalate metabolite
concentrations were not associated with gestational duration. Similarly, in a Canadian population,
the Maternal-Infant Research on Environmental Chemicals (MIREC) Study, no clear association
between phthalate exposure during early pregnancy and the risk of preterm birth was found [236].
On the other hand, the Generation R Study, a Dutch study that examined data from 1379 women,
observed associations between maternal urinary phthalate metabolites concentrations at three-

time points in pregnancy and preterm birth and others birth disorders [237]. In another study, Gao
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and colleagues [238] observed that the overall risk of preterm birth was elevated with the increase
of urinary levels of phthalate metabolites. The observed associations related preterm birth with
exposure to specific phthalates during different times windows of pregnancy, suggesting that the
time of exposure also influences the association. Searching for a new exposure approach, a case-
control study performed in Denmark observed the effects of phthalate exposure through drugs
used during gestation [239]. The study includes pregnancies exposed to selected study drugs
compared with pregnancies exposed to phthalate containing drugs and pregnancies exposed to
phthalate-free generic drugs, and the results observed were that exposure to diethyl phthalate
(DEP) in medication, specifically during the third trimester, was associated with an increased risk
of preterm birth. Lastly, in couples seeking infertility treatment, results of the Environment and
Reproductive Health (EARTH) Study demonstrated that the sum of DEHP urinary metabolite
concentrations, measured in mothers before conception, was associated with a higher risk of
preterm birth [220]. In a subsequent publication from the EARTH study, maternal DEHP and
paternal DEHP exposure before conception were positively associated with preterm birth [240].
Taken together, the results of the EARTH study suggest a relationship between phthalate exposure
before conception with preterm birth, also suggesting that preterm birth may be a couple-based
pregnancy outcome. A recent systematic review and meta-analysis on the relationship between
maternal exposure to EDCs and preterm birth, which included 59 studies from January 1990 to
July 2021, reported that both maternal exposure to metals and phthalates were related to an
increased risk for preterm birth. Data on phthalates revealed that maternal exposure to MEP,
MECPP, MBzP and DEHP were significantly associated with preterm birth, based on nine
selected studies [241]. A recent prospective cohort study by Yland et al. [242] examined the
associations between maternal urinary concentrations phthalate and phthalate alternative
metabolites and the risk of preterm birth. The study was performed with urine samples collected
at each trimester from 386 pregnant women that underwent fertility treatment and compared the
concentrations of exposure biomarkers in women with term and preterm births. The results
demonstrated that maternal urinary concentrations of summed DEHP metabolites were higher
among women with preterm than term delivery, especially late in gestation [242]. Despite some
divergent results in the literature, the majority of recent studies showed a significant association
between phthalate exposure and preterm birth. The mechanisms through which phthalates can
increase the risk of preterm birth are still inconclusive, but the induction of inflammation and
oxidative stress seems to be a possible pathway. Although we still need more studies to reach
definite conclusions on the effects and mechanisms of phthalates on preterm birth and other
gestational outcomes, expecting mothers should be advised to reduce the exposure to these

chemicals to protect pregnancy and normal fetal development.
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Gestation is a delicate window for the action of EDCs and phthalate exposures have been
associated with impaired pregnancy maintenance, pregnancy loss, and preterm birth. However,
the studies evaluating the relationship between these compounds and adverse pregnancy

outcomes still present inconsistent results.
6-CONCLUSIONS

The objective of this review was to analyze the effects of phthalate exposures on the reproductive
health of women, comprising ovarian (Figure 1), uterine (Figure 2) and gestational (Figure 3)
outcomes. This paper was elaborated trough a review of the most significant works from the last
few years of in vitro, in vivo, and epidemiological studies with focus on female health and fertility.
Phthalates represent a serious concern for female reproductive health and an economic burden,
due to their high daily prevalence and their capacity to interfere with the endocrine system. The
several studies presented in this review indicate that phthalates exposure could possibly be an
important environmental etiological factor of uterine and ovarian disorders, such as PCOS and
endometriosis. However, further studies are required to better understand the relationship between
phthalate exposures and female reproductive health and their impact on fertility, since the results
are several times conflicting and study designs not always appropriate to imply causality. The
design of the studies is of huge influence on the observed outcomes and, therefore, a more diverse
set of studies, exploring how different populations respond to phthalates will be of great value to
clarify the reported associations. On the other hand, a large number of animal and cell-based
studies lend support to the biological plausibility of several associations between phthalate
exposures and adverse health effects in females. However, additional studies are needed to clearly
establish the adverse outcome pathways leading to female reproductive disorders in experimental
conditions that mimic more closely the human exposure scenarios, including testing of human
relevant dose levels, as well as studies with environmentally relevant mixtures of phthalates and
other EDCs. Also, there is a rise of interest in understanding the relationship between phthalate
exposures, pregnancy-related problems, and epigenetic effects, adding new concerns to the
adverse reproductive outcomes linked to exposures to phthalates and other EDCs. In summary,
understanding the impacts and the underlying mechanisms of phthalates on reproductive health
would possibly improve the development of strategies to reduce the burden of environmental

factors on females and their negative consequences on health and fertility.
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52 ARTIGO 2: USE OF MILD ANALGESICS AND REPRODUCTIVE
OUTCOMES OF WOMEN UNDERGOING ASSISTED REPRODUCTION.

Artigo aborda a influéncia da exposicdo a analgésicos de venda livre nos desfechos
reprodutivos de pacientes em tratamento de reprodugao assistida. Escrito nas normas do

periodico Human Reproduction
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ABSTRACT

Study question: Does female mild analgesics consumption previous or during assisted

reproduction treatment influence on reproductive outcomes?

Summary answer: Consumption of paracetamol and dipyrone during assisted
reproduction treatment was negatively associated with embryo quality and collection rate,

respectively.

What is known already: Studies have shown that mild analgesics can disturb the
reproductive system and act as potential endocrine-disrupting chemicals.
Epidemiological studies also indicate that analgesics consumption could be related to
measures of human fecundity, being associated with longer time to pregnancy. However,
data on literature still is conflicted and taken the biological plausibility for endocrine and
reproductive effects of analgesic medications, further research is needed to investigate

their effects.

Study design, size, duration: This is a prospective cohort study that comprises data of
98 reproductive aged women (n=125 cycles of fertility treatment) who were recruited
during their infertility treatment, between 2018 and 2021 in the city of Curitiba in South

Brazil.
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Participants/materials, setting, methods: There were 98 reproductive aged women (20-
40 years) included in our study, comprising 125 cycles of infertility treatment.
Participants were diagnosed with infertility and had indication to undergo high
complexion assisted reproduction treatment. They responded to baseline and follow-up
questionnaires regarding their medication use prior or during the fertility treatment, being
questioned specifically over their consumption of paracetamol, dipyrone, ibuprofen,
acetylsalicylic acid and sodium diclofenac - which are the most commonly used mild
analgesics by the general Brazilian population. Reproductive outcomes information
includes number of retrieved oocytes, collection rate, maturation rate, fertilization rate,
quality embryo rate, blastulation rate, utilization rate and clinical outcomes. General
linear models and logistic regression were used to estimate the associations between each

analgesic use and the continuous and categorical reproductive outcomes, respectively.

Main results and the role of chance: In our study, the use of mild analgesics in both
time periods was associated with some of the reproductive outcomes in women trying to
conceive. Previous use of paracetamol and dipyrone was positively associated with the
maturation rate and utilization rate, respectively. However, when the model was adjusted
to indication of use the associations were no longer significant. Previous use of dipyrone
also shown a negative association with collection rate in the model adjusted to indication
of use. Regarding the use of mild analgesics during the controlled ovarian
hyperstimulation (COH) protocol, we observed that paracetamol use was negatively
associated with the embryo quality rate in all models tested. Also, the use of dipyrone
was positively associated with the embryo blastulation rate, and ibuprofen use was
positively associated with collection rate and negatively associated with fertilization rate,

but these associations were not sustained in the model adjusted for indication of use.

Limitations, reasons for caution: Although our study have accounted for confounding
by indication, the infertility conditions of the patients in our study may result in the use
of mild analgesics and both the medical conditions per se and the resulting use of
analgesics have a potential to directly affect the outcomes of our study. Also, the
interpretation of our findings in relation to the literature and other populations is
challenging due to the lack of data regarding associations between mild analgesics
exposure during the preconception period, especially in assisted reproduction settings,

and reproductive outcomes
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Wider implications of the findings: The high prevalence of analgesic use among women
seeking medically assisted reproduction both in the period before infertility treatment and
during the IVF procedure, as well as certain associations between such exposures and

assisted reproduction outcomes, warrant further research in this particular realm

Study funding/competing interest(s): This study was partially funded by
CAPES/Brazil, Finance Code 001.

Trial registration number: N/A

Key words: Mild analgesics, assisted reproduction, reproductive outcomes, paracetamol,

dipyrone, embryo quality, endocrine disruptors, infertility.
Introduction

Pain relievers are currently the most used pharmaceutical drugs worldwide (Kristensen et
al., 2016), with estimations of regular use by approximately 12% of the adult population
(Zhou et al., 2014). The extensive consumption of these pharmaceuticals could be due to
their high prescription rates, but also to their over-the-counter distribution, which leads
consumers to not always identify mild analgesics as drugs (Kristensen et al., 2011,
Hassoun-Barhamji et al., 2015). Mild analgesics include NSAIDs - as acetylsalicylic acid
and ibuprofen - paracetamol (acetaminophen), and dipyrone (metamizole), and despite
their high prescription and intake rate, recent studies indicate that several organ systems,
including the reproductive and endocrine systems, might be vulnerable to these
medications (Brune et al., 2015, Roberts et al., 2016, Zafeiri et al., 2021, Patel et al.,
2022). NSAIDs act as analgesics by inhibiting the enzymes that synthesize prostaglandins
(Cashman, 1996). Therefore, it is not surprising that they can affect the reproductive
capacity, as prostaglandins are essential for reproduction, being involved in several
reproductive processes, including ovulation and implantation (Agrawal and Alvin Jose.,
2009, Sehring et al., 2022). Also, a number of studies have indicated that NSAIDs and
other mild analgesics can disturb male and female reproductive development by acting as
endocrine-disrupting chemicals (Ben Maamar et al., 2017; Kristensen et al., 2011, 2012,
2016; van den Driesche et al., 2015).

In contrast to NSAIDs, paracetamol and dipyrone do not exhibit marked anti-
inflammatory effects, as the inhibition of cyclooxygenase (COX) enzyme activity by

these drugs appears to be limited to non-inflamed tissues (Botting., 2000; Ouellet and
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Percival, 2001; Rezende et al., 2008; Graham et al., 2013). However, inhibition of
prostaglandin biosynthesis alone does not appear to be the sole mechanism for the
analgesic actions of paracetamol and dipyrone (Rezende et al., 2008; Graham et al.,
2013). Experimental data indicates that paracetamol has the potential to act as an
antiandrogen by inhibiting testosterone production, which may result in adverse
reproductive effects (Kristensen et al., 2011, 2012; van den Driesche et al., 2015).
Likewise, in vitro and in vivo data indicate that dipyrone and its main metabolites may
have the potential to disrupt steroidogenesis (Passoni et al., 2018; Passoni et al., 2022).
Therefore, it is possible that NSAIDs and mild analgesics can alter the endocrine control
of reproduction and consequently affect fertility and reproductive capacity through

several different mechanisms.

In recent years, there has been increasing concerns on a possible temporal decline in
human reproductive health and the role of environmental factors, including exposure to
industrial chemicals and pharmaceuticals, in negative trends in human fertility
(Skakkebaek et al., 2022; Levine et al., 2017). On the other hand, the use of medically
assisted reproduction has substantially increased over the recent years (Skakkebaek et al.,
2022). A few epidemiological studies indicate that analgesics consumption could be
related to measures of human fecundity. Smarr and colleagues (2016) reported that the
highest quartile (>73.47 ng/ml) of urinary concentrations of paracetamol in men were
associated with longer time to pregnancy in a partner-specific and couple-based models’
prospective study, although the same was not observed for female participants.
Nevertheless, the literature is still conflicted regarding the effects of these drugs on the
reproductive capacity of men and women. Use of non-aspirin NSAIDs or paracetamol
were not associated with fecundability of women trying to conceive in any of the three
different menstrual cycle windows — pre-ovulation, peri-ovulation and implantation
(Jukic et al., 2020). Also, Akande and colleagues (2006) described that the consumption
of diclofenac (100mg) by patients undergoing infertility treatment at the time of egg
collection does not appear to affect implantation or pregnancy rates. To date, little is
known about the effects of pain-relieving medication use on human fertility and, in
particular, on the outcomes of medically assisted reproduction. Yet given the large
percentage of reproductive age women who take over-the-counter pain medications, and
the biological plausibility for endocrine and reproductive effects of analgesic

medications, further research is needed to investigate the use of NSAIDs, paracetamol
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and other pain-relieving medications and their associations with reproductive capacity.
Therefore, the objective of this work is to evaluate the effect of analgesics consumption

on reproductive outcomes of women undergoing infertility treatment.
Material and methods
Study population

Study population comprises 98 reproductive aged women (n=125 cycles of fertility
treatment) who were recruited during their infertility treatment. The patients were
recruited in a fertility clinic in the city of Curitiba in South Brazil, between 2018 and
2021. Women aged 2040 years who were diagnosed with infertility and had indication
to undergo high complexion assisted reproduction treatment (in vitro fertilization — [VF
- or intracytoplasmatic sperm injection - ICSI) were eligible to participate and
approximately 55% of those contacted by the research staff signed up to the study.
Participants were enrolled previously to their controlled ovarian hyperstimulation (COH)
protocol and followed through their treatment. We enrolled only women undergoing
treatment for female factor infertility, excluding patients in treatment for severe male
infertility. Further exclusion criteria included use of oocyte donor or cryopreserved
gametes during treatment. Participants completed a survey with a baseline questionnaire,
providing detailed data on demographic, lifestyle, and behavioral factors;

anthropometrics; and reproductive and medical history.
Ethical approval

Institutional review board approvals were obtained from all collaborating institutions.
Patients gave written informed consent prior to study participation and any data

collection.
Ovarian hyperstimulation protocol

To reduce possible confounding by treatment protocol, all enrolled patients were treated
with controlled ovarian stimulation using Gonadotrophin-releasing hormone (GnRH)
antagonist (Orgalutran; Schering-plough) protocol. For ovarian stimulation, a daily dose
of recombinant follicle-stimulating hormone (FSH, Gonal-F, Merck-Serono or Puregon,
Merck Sharp & Dohme) followed by purified human menopausal gonadotrophin (hMG,
Menopur; Ferring) was used starting on the third day of the menstrual cycle. The dose

administered was dependent on the age, body mass index (BMI), and treatment history.
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Patients were monitored during gonadotropin stimulation for serum estradiol, follicle size
measurements and counts, and endometrial thickness. Human chorionic gonadotropin
(hCG) (Ovidrelle, Merck Serono) or GnRH agonist (Gonapeptyl Daily; Ferring) were

administered approximately 36 h before the scheduled oocyte retrieval.
Assessment of medication usage

On the baseline and follow-up questionnaires (Fig.1), women were asked whether they
had used any medications in the 12 months prior to the start of the fertility treatment
(baseline questionnaire) or during the fertility treatment protocol (follow-up
questionnaires). In baseline questionnaire, participants were asked over their
pharmaceutical consumption overall and specifically over their consumption of
paracetamol, dipyrone, ibuprofen, acetylsalicylic acid, and sodium diclofenac - which are
the most commonly used mild analgesics by the general Brazilian population (Moreira de
Barros et al., 2019). The patients who reported using analgesics were asked to provide
indication of use, frequency of consumption, and number of pills taken for each
medication. Regarding the follow-up questionnaires, during the CHO protocol, the
patients completed a medication diary recording their daily medication intake, comprising
type, frequency, dose and indication of use of analgesics and any other medication.
Participants were also asked to carefully report any consumption of the five selected
analgesics (paracetamol, dipyrone, ibuprofen, acetylsalicylic acid and sodium

diclofenac), during the COH protocol.
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Figure 1. Timeline of data collection.
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Assessment of reproductive outcomes

Laboratorial and clinical outcomes information was abstracted from the patient’s
electronic medical record by the research staff. The reproductive data collection initiated
at the time of oocyte retrieval (Fig 1). The number of follicles was registered, and the
number of retrieved oocytes was used to calculate the collection rate (number of
oocytes/number of follicles). Embryologists classified oocytes as germinal vesicle,
metaphase I, metaphase II (MII), or degenerated oocytes, and the number of oocytes in
metaphase Il was used to determine the maturation rate (number of oocytes in metaphase
[I/total number of oocytes). Fertilization was determined 16 to 18 hours after ICSI or
IVF- and a normal fertilization comprised an injected egg cell with the presence of two
pronuclei and two polar bodies. The fertilization rate of each patient was recorded as the
number of normal fertilizations/ total number of injected oocytes. Embryos were further
assessed on day 3 for cell number, symmetry, and fragmentation. High quality embryos
were classified as those with > 8 symmetric cells and < 10% fragmentation, being
recorded the quality embryo rate (number of high-quality embryos/total number of
embryos) (Alpha Scientists, 2011). Embryo assessment was also performed at day 5 for
control of blastulation, being recorded the blastulation rate (number of blastocysts/ total
number of embryos). We also recorded the utilization rate, which considered the number
of transferred, frozen or biopsied embryos in relation to the total number of embryos
(number of utilized embryos/ total number of embryos). For clinical outcomes, positive
B-hCG (i.e., successful implantation) was defined as a serum B-hCG level > 25 mIU/ mL,
typically measured 12 days after embryo transfer. Clinical pregnancy was defined as the
presence of an intrauterine gestational sac and fetal heartbeat confirmed by ultrasound by
7 weeks of gestation, and live birth as the delivery of a live neonate. Miscarriage,

biochemical and ectopic pregnancies were recorded.
Statistical analysis

Descriptive statistics for continuous and categorical variables and demographic data were
presented as mean and/or frequency and were compared between users and non-users of
all the assessed analgesics. Chi-square tests were used to evaluate significance for all
categorical variables. Participants were permitted to contribute with more than one cycle
of infertility treatment. We categorized each analgesic medication use as a dichotomous
variable (use versus non-use). General linear models were used to estimate the

associations between each analgesic use and the continuous reproductive outcomes
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(laboratorial outcomes). Logistic regression was used to estimate the associations
between each analgesic use and the categorical reproductive outcomes (clinical
outcomes). The reference group for all analyses was non-use of analgesic medications
(being considered only the use of each specific analgesic in the model). Potential
confounders were identified using prior data found in literature (with a focus on variables
consistently related to ART outcomes and analgesics consumption) and descriptive
statistics from our cohort. Each confounder was previously tested in the model to analyze
its potential influence: age (continuous), race (white/black/other), BMI (continuous),
smoking status (nonsmoker or current or previous smoker), and infertility cause
(anatomical; ovarian insufficiency; endocrine (PCOS); endometrioses; unexplained
(ESCA); or others). These potential confounders were considered indicators of both
analgesic medications use and result of reproductive outcomes, and the adjusted model
included age, BMI and infertility cause (model I). Also, the indication of use of each
medication was included as an additional covariate to account for confounding by
indication errors (model II). Indication of use was categorized for each medication, being
selected the categories: headache, pain, cramps, fever, colds, or other reason of use.
Considering better adjustment of the model, the 2 most frequent indications of use of each
medication were taken into consideration (Table 1). All analyses were carried out using

SPSS version 22 (IBM, Armonk, NY: IBM Corp. USA).

Table 1. Indication of use reported by the study participants.

Previous use® Use during COH®
N (%) N (%)
Paracetamol
Headache 43 (49%) Pain 23(67%)
Pain 33 (38%) Cramp 6(18%)
Other 11(13%) Other 5(15%)
Dipyrone
Headache 36(66%) Pain 8(61.5%)
Pain 9(16%) Cold 4(31%)
Other 10(18%) Other 1(7.5%)
Acetylsalicylic acid
Headache 18(53%) Infertility® 35 (94.5%)

Pain 1(3%) Pain 2(5.5%)
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Infertility 4(11%)
Other 11(32%)
Ibuprofen
Cramps 49(80%) Cramps 29 (96%)
Pain 11(18%) Others 1(4%)
Other 1(2%)
Diclofenac
Pain 10(67%)
Other 5(33%)

# Use of analgesics in the 12 months prior to the start of the fertility treatment.
b Use of analgesics during the Controlled Ovarian Hyperstimulation (COH) protocol.
*Indication for infertility includes doctor recommendations and miscarriage prevention

treatment.

Results
Sociodemographic and lifestyle characteristics of study population

Among the 127 recruited patients, 98 (77%) completed all study stages and 29 women
(23%) were lost to follow-up after completing one or more study questionnaires. General
data on our study population are shown in Table 2. The cohort comprised mostly
Caucasian women (81.6%) with high household incomes (72.4% above 6 minimum
wages) and high education (70.4% with college degree). Females in our study tended to
be older (48% aged 36 - 40 years), had low body mass index (BMI) and a low prevalence
of smoking (69.4% never smoked). The mean age (+ standard deviation) at enrollment
was 34.8 £ 3.9 years. The mean BMI (+ standard deviation) was 23.9 kg/m2 (+4.8) and

11.2 % of women were obese (BMI > 30.0 kg/m2). Concerning the infertility status,
almost all patients declared primary infertility (89,8%). Patients present varied causes of
infertility, being categorized as ovary insufficiency (21.4%), anatomical (18.4%),
endocrine (20.4%), endometrioses (17.4%), unexplained infertility (7.1%), and others
(15.3%) — including genetic disorders, low sexual frequency, and immunological

disorders.



Table 2. Sociodemographic characteristics of study participants

Variable Mean £ SD or N (%)*?
Number of participants 98
Age 34.8+3.99
<31 years (%) 14 (14.3%)
31-35 years (%) 37 (37.7%)
36-40 years (%) 47 (48%)
BMI 23.9+4.8
<18.5-24.9 (%) 62 (63.3%)
25-29.9 (%) 25 (25.5%)
>30 (%) 11 (11.2%)
Race/Ethinicity
White (%) 80 (81.6%)
Other (%) 18 (18.4%)
Education
< College Degree (%) 29 (29.6%)
> College Degree (%) 69 (70.4%)
Household income
< 6 minimum wage 27 (27.6%)

6-10 minimum wage
> 10 minimum wage

38 (38.8%)
33 (33.6%)

Smoker

Never smoker (%)
Current or Previous smoker (%)
Passive smoker (%)

68 (69.4%)
9 (9.2%)
21 (21.4%)

Infertility

Primary (%) 88 (89.8%)
Secondary (%) 10 (10.2%)
Anatomical (%) 18 (18.4%)
Ovarian insufficiency (%) 21 (21.4%)
Endocrine (PCOS)(%) 20 (20.4%)

ESCA (%) 7 (7.1%)
Endometrioses (%) 17 (17.3%)
Others (%) 15 (15.3%)

?Data on continuous variables are presented as mean + standard deviation and categorical data as

counts and percentage.

Analgesic use
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The use of at least one analgesic one year previous to the IVF treatment was reported by
84.7% of participants (Table 3). In this study we specifically asked about the use of
paracetamol, dipyrone, ibuprofen, acetylsalicylic acid (AAS), and diclofenac.
Paracetamol was by far the most used analgesic (69.4%), followed by ibuprofen (50%)
and dipyrone (41.8%). AAS and diclofenac were used by only 27.6% and 13.3% of study
participants, respectively. From the 98 patients that concluded the study 125 cycles were
analyzed. In addition to assessment of analgesic use in 12 months prior to IVF treatment,
we also recorded the medication consumption during the COH protocol, from day 1 (D1)
until the oocyte collection date (~D12), comprehending the period of beginning to the
end of COH protocol. During the COH protocol, 65.5% of the patients reported the
consumption of at least one analgesic. Again, the participants were asked to specifically
report the use of paracetamol, dipyrone, ibuprofen, acetylsalicylic acid (AAS), and
diclofenac. AAS was the most used analgesic (39.6%) during the cycle induction
followed by paracetamol (26.4%) and ibuprofen (24%). Dipyrone had a lower
consumption (10.4%) and no patient reported the consumption of diclofenac during the
cycle treatment. We analyzed the consumption between the different sociodemographic
groups and no significant difference was found (Data not shown).

Table 3. Use of mild analgesics of study participants

Variable N (%)
Participants 98
Previous analgesic consumption®

Yes 83(84.7%)

No 15(15.3%)
Paracetamol 68(69.4%)
Dypirone 41(41.8%)
Ibuprofen 49(50%)
Acetilsalicilic acid 27(27.6%)
Diclofenac 13(13.3%)

Cycles included 125
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COH analgesic consumption®

Yes 82(65.6%)

No 43(34.4%)
Paracetamol 22(26.4%)
Dypirone 13(10.4%)
Ibuprofen 30(24%)
Acetilsalicilic acid 37(29.6%)

Diclofenac -

# Consumption of any of the five most commonly used analgesics (paracetamol, dipyrone,
ibuprofen, acetylsalicylic acid, or diclofenac) in the 12 months prior to the start of the
fertility treatment.

® Consumption of any of the five most commonly used analgesics (paracetamol, dipyrone,
ibuprofen, acetylsalicylic acid, or diclofenac) during the Controlled Ovarian
Hyperstimulation (COH) protocol.

Reproductive outcomes

The outcomes of 125 cycles were analyzed. The mean rates observed for the reproductive
outcomes followed normal rates expected for assisted reproduction procedures (ESHRE,
2017) and of the 125 cycles 107 resulted in embryo transfer (85.6%). The cycles that did
not result in embryo transfer were due to no embryo development or no viable embryo
available for transfer. In our study 53 (49.5%) patients presented a positive pregnancy
test, 44 (41%) a clinical pregnancy, 34 (31.7%) deliveries and 6 (5.6%) ongoing
pregnancies (Table 4).

Table 4. Reproductive outcomes of study participants.

Reproductive outcomes Mean + SD or %(N)*
Cycles included 125
Number of follicles 12.2 +6.3
Number of oocytes 9.1 £6.1
Collection rate 73%
Maturation rate 78%
Fertilization rate 82%
Quality rate 65.5%
Blastulation rate 37.4%
Utilization rate 46.6%
Transfer rate 85.6% (107)
BHCG positive 49.5% (53)

Clinical gestation 41% (44)
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Bioquemical pregnancy 8.5% (9)
Ectopic pregnancy 0% (0)
Miscarriage 3.7% (4)
Deliverys 31.7% (34)
Ongoing pregnancy 5.6% (6)

*Data on continuous variables are presented as mean + standard deviation and categorical data as

counts (when applied) and mean percentage.

Analgesic use as predictor reproductive outcomes
Previous analgesic use

The analgesic use was assessed as a predictor of the reproductive outcomes, separately
for each drug. In the unadjusted model we observed significant associations between the
use of paracetamol, dipyrone and diclofenac and some reproductive outcomes. The use
of paracetamol was positively associated with the maturation rate in the unadjusted model
[p=0.018; 11.76 (2.08 to 21.45)], but also after adjustment for confounders (age, BMI,
infertility cause) [p=0.018; 12.17(-2.10 to 22.23)] (Model I). However, when the model
was adjusted to indication of use (Model II), we no longer observed a significant
association for this outcome [p=0.40; 6.99(-9.53 to 23.52)] (Table 5). The use of dipyrone
was positively associated with the utilization rate [p=0.03; 9.89(0.84 to 18.93)], however
in the adjusted models this association was no longer observed (Table 6). Also, a negative
association was observed between dipyrone consumption and collection rate [p=0.01; -
19.02(-33.32 to -4.73)] when the model was adjusted to indication of use (Model II)
(Table 6). The use of diclofenac was negatively associated with the maturation rate in the
unadjusted model [p=0.01; -18.13(-32.65 to 3.61)]. This association was still significant
in the model I [p=0.01; -18.04(-32.67 to 3.42)], but not after adjustment for indication of
use (Table 7). No significant associations were observed for AAS or Ibuprofen use (Data
not shown). We also analyzed the possible associations between the use of AINEs and
analgesics with clinical reproductive outcomes, however no significant results were

observed (Data not shown).
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COH analgesic use

All patients selected for the study underwent a cycle of gonadotropin administration for
COH. During the CHO protocol, the patients completed a medication diary for recording
the use of analgesics and any other medication. The analgesic consumption during this
protocol was assessed as a predictor of the reproductive outcomes for each medication.
The report of paracetamol use during COH was negatively associated with the embryo
quality rate in the unadjusted model [p=0.01; -16.61(-27.52 to -5.70)] and this association
was sustained in both adjusted models [p=0.01; -16.47(-27.46 to -5.47) and p<0.01; -
29.02(-48.88 to -9.16)] as show in Table 8. The use of dipyrone during the treatment was
positively associated with the embryo blastulation rate, both in the unadjusted model
[p=0.04; 15.45(0.95 to 29.95)] and model I [p=0.02; 16.70(2.42 to 30.98)], but no effect
was observed in the model II, adjusted for indication of use (Table 9). The analyses of
self-reported ibuprofen consumption during the COH protocol revealed a positive
association with the collection rate in the unadjusted model [p=0.02; 12.21(1.71 to 22.71)]
and in the model I [p=0.04; 10.97(0.33 to 21.62)], but not in model II. Also, we observed
a negative relation between ibuprofen use and the fertilization rate in the unadjusted
model [p=0.02; -12.29(-22.51 to -2.07)] and model I [p=0.02; -11.69(-21.83 to -1.55)],
but again no significant association after adjustment for indication of ibuprofen use (Table
10). No significant associations were observed with the self-reported consumption of
AAS (Data not shown). In relation to clinical reproductive outcomes, no significant

results were observed for any analgesic.
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Discussion

In the present study, we evaluated the associations of preconception use of mild
analgesics with reproductive outcomes in assisted reproduction patients. We assessed the
use of analgesic both previous (12 months before) and during the COH protocol for IVF
treatment. In our prospective study, the use of mild analgesics in both time periods was
associated with some of the examined reproductive outcomes in women trying to
conceive, but the direction and magnitude of the reported associations varied for the
different types of analgesics and the covariates added in the models. The prevalence of
mild analgesic use in our study was high, being paracetamol the most used drug among

patients before the assisted reproduction treatment.

Previous use of paracetamol was positively associated with the maturation rate, an
association that was sustained in model I (adjusted for age, BMI, and cause of infertility)
but not significant in model II, which additionally controlled for indication of use.
However, the use of paracetamol during COH was negatively associated with the embryo
quality rate in all models tested. Previous literature already reveals a concern regarding
endocrine and reproductive effects of paracetamol. Epidemiological and experimental
data suggest that intrauterine exposure to paracetamol could lead to hormonal imbalances
(Kristensen et al., 2016), including reduced testosterone production by human fetal testes
in a xenograft model (van den Driesche et al., 2015). The experimental data is
corroborated by some epidemiological studies indicating associations between prenatal
exposure to paracetamol and the development of reproductive adverse outcomes linked
to endocrine disruption (Patel et al., 2022, Ernst et al., 2019, Fisher et al., 2016). However,
studies of preconception paracetamol exposure are still scarce. Yet, paracetamol use has
already been associated in the literature with longer time to pregnancy. In the study by
Smarr et al. (2016), high urinary concentrations of paracetamol in men were associated

with longer time to conceive.

Several multidirectional mechanisms of action are being investigated to understand the
potential role of paracetamol exposure in the disruption of hormonal homeostasis,
including inhibition of steroidogenesis and depletion of multiple sulfated metabolites of
androstenediol, pregnenolone, and dehydroepiandrosterone (DHEA) (Cohen et al., 2018).

Steroid hormones are an integral part of ovarian follicular development, and DHEA plays
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an special role as a metabolic intermediate in this process (Mo, Lu, & Simon, 2006; Artini
et al., 2012), triggering important signaling cascades that result in oocyte maturation and
activation (Chimote and Chimote., 2018). Considering that DHEA-S is the most abundant
steroid in follicular fluid (FF) of preovulatory follicles (Dehenin, Jondet, & Scholler,
1987) and that paracetamol exposure could deplete sulfated sex hormones, it is biological
plausible that this drug could affect oocyte maturation. However, the use of paracetamol
in our study was positively associated with maturation rate and, although the association
was not observed in the model controlling for indication of use (model II), it is possible
to speculate that paracetamol could lead to alterations in oocyte maturation. In an
experimental mice study, in utero exposure to therapeutic doses of paracetamol and
ibuprofen deregulated the expression of genes involved in later oocyte meiosis. The
alteration in gene expression led to increased primordial follicle pool and oocyte
activation in the F1 (exposed) and F2 (offspring of exposed F1 parents) animals exposed
to these drugs in comparison with controls (Rossitto et al., 2019). Therefore, more studies
are necessary to understand the effects and mechanisms of paracetamol exposure on
hormone levels changes and oocyte maturation, especially in patients undergoing assisted

reproduction treatment.

Additionally, an interesting result of our analyses was that exposure to paracetamol
during the COH protocol was negatively associated with embryo quality, an association
sustained in all models. Experimental studies have already observed alterations in embryo
development in association with paracetamol exposure. Animal models have shown
degenerative and necrotic changes in pulmonary, reproductive and nervous systems
following exposure to paracetamol during the period of embryogenesis or organogenesis
(Van den Anker et al., 2018). Therefore, it is possible that paracetamol could exert a
negative influence in embryo development, acting at even earlier embryonic stages.
Paracetamol presents inhibition of cyclooxygenases, involvement in the endocannabinoid
system, serotonergic pathways, potassium and calcium channels and ultimately L-
arginine in the nitric oxide synthesis pathways (Przybyta et al., 2020). All of these
mechanisms have key roles in hemostatic function of several regulatory systems that
could possibly disrupt embryo development. However more studies are necessary to

understand those mechanisms.

Similar to the literature observed for paracetamol, NSAIDs might also be able to act as

endocrine disruptors. Several studies have already demonstrated that Ibuprofen and AAS
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might inhibit fetal testosterone production (Kilcoyne and Mitchell, 2019; Sharpe, 2020;
Stukenborg et al., 2021). Also, selective cyclooxygenase (COX) inhibitors have the
potential to substantially inhibit ovulation (Pall et al., 2001), since COX is one of the key
enzymes involved in ovulation and implantation (Duffy, 2015). However, limited data is
available on the impact of non-selective COX inhibitors, such as ibuprofen, on oocyte
quality and embryo development. In our study, the consumption of ibuprofen during the
COH protocol was positively associated with the collection rate and negatively associated
with the fertilization rate. In contrast, in an observational study comparing ibuprofen
exposed and unexposed women undergoing natural cycle IVF, Kohl Schwartz and
colleagues (2020) reported no differences in relation to oocyte maturation rate,
fertilization rate, embryo development, and embryo quality. However, this study was
performed under natural cycle IVF conditions, while our results were observed during a
COH protocol. In this context, Matyas and colleagues (2015) described that Ibuprofen
exposure during early follicular phase was associated with higher follicle stimulating
hormone (FSH) and with lower estradiol concentrations in healthy premenopausal
women. Therefore, it is possible that ibuprofen could interfere with oocyte development
trough disruption of steroid hormones levels. Yet, it is important to mention that ibuprofen
is a highly effective drug in the treatment of symptoms of dysmenorrhea, disorder
regularly associated with SOP and endometriosis, conditions that are also associated with
altered collection and fertilization rates. Accordingly, the associations between
reproductive outcomes and ibuprofen exposure reported here were not significant in the
model controlling for indication of use. Regarding others NSAIDs, our study did not show
any significant association except for a negative association of previous diclofenac
exposure with maturation rate. A previous study examined the possible influence of
diclofenac in outcomes of IVF treatment, showing that the use of diclofenac sodium did
not significantly compromise the implantation and pregnancy rates when used prior to
oocyte retrieval, but the laboratorial outcomes were not evaluated (Kailasam et al., 2008).
In line with these results, our study did not find associations between diclofenac
consumption and clinical outcomes of patients. Yet, more studies are necessary to

understand the potential effects of diclofenac and other NSAIDs during IVF treatment.

Lastly, our study also noted some associations of laboratory reproductive outcomes with
dipyrone (metamizole), in particular a negative association was observed between

dipyrone consumption previous to treatment and collection rate (model II only). Also, a
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positive association between dipyrone use prior to fertility treatment and utilization rate
(unadjusted model only), as well as a positive association between dipyrone use during
the COH protocol and embryo blastulation rate. However, none of these associations were
significant after adjustment for indication of use (model II). In experimental studies
conducted by our group, we found evidence for endocrine-disruptive properties of
dipyrone and its main metabolites (Passoni et al., 2018, 2022), including decreased
testosterone and increased 17-OH progesterone concentrations in the H295R
adenocarcinoma cell line following in vitro exposure to dipyrone (Passoni et al., 2018).
In vivo, gestational rat exposure to dipyrone impaired parturition and induced changes in
biomarkers of endocrine disruption in male and female offspring (Passoni et al., 2022),

indicating a possible influence of dipyrone on endocrine mediated processes.

Overall, our data indicate a high prevalence of analgesic use among women seeking for
medically assisted reproduction both in the period before infertility treatment and during
the IVF procedure as well. We also report some associations between analgesic use and
reproductive outcomes, but most of them were not significant after controlling by
indication of use. Interpretation of our findings in relation to the literature and other
populations is challenging due to the lack of data regarding associations between mild
analgesics exposure during the preconception period, especially in assisted reproduction
settings, and reproductive outcomes. It is important to highlight that the infertility
conditions of study participants may result in the use of mild analgesics and that both the
medical conditions per se and the resulting use of analgesics have a potential to directly
affect the outcomes of our study. Therefore, our data also demonstrate the importance of
accounting for confounding by indication when studying medication usage in association

to health outcomes.
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5.3 ARTIGO 3: ASSOCIATIONS OF URINARY AND FOLLICULAR FLUID
CONCENTRATIONS OF PHTHALATE METABOLITES AND REPRODUCTIVE
OUTCOMES OF WOMEN UNDERGOING ASSISTED REPRODUCTION.

Artigo aborda as associacdes entre as concentragdes de metabolitos de ftalatos em urina
e liquido folicular de pacientes em tratamento de reproducao assistida e seus desfechos
reprodutivos. Escrito nas normas do periddico Journal of Assisted Reproduction and

Genetics.
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Abstract

Purpose: To assess phthalate exposure in urine and follicular fluid of Brazilian women
undergoing medical assisted reproduction and explore the relationship between phthalate

exposures and reproductive outcomes of ART.

Methods: Study population comprises 98 reproductive aged women (n=119 cycles of
fertility treatment) recruited during their infertility treatment, between 2018 and 2021.
Participants provide urine sample and agree with the collection of follicular fluid sample
during oocyte collection. We measured the urinary and follicular fluid concentrations of
15 phthalate metabolites representing 10 parent phthalate diesters. Trough multivariate
generalized linear mixed models we evaluate the association between urinary and

follicular fluid phthalate metabolites and IVF outcomes.

Results: Our adjusted model observed associations of urinary metabolites and oocyte and

embryo development parameters. Specifically, mEOHP were associated with number of
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follicles and number of blastocysts, while mEHHP was associated with number of
follicules, number of mature oocytes, number of fertilized and good quality embryos.
Also, sum of DEHP metabolites was associated with number of fertilized embryos.
Regarding follicular fluid concentrations no associations were observed for oocyte
parameters. However, in the adjusted model, follicular fluid concentrations of mEP and
mEOHP were associated with embryo development parameters, specifically, number of

fertilized embryos and number of good quality embryos

Conclusions: Our study observed that the associations between urinary DEHP
metabolites and early IVF parameters was variable and dependent on the specific
metabolite assessed. However, our results agree with previous data that suggest an
involvement of phthalates as competing factors in reproductive processes, including early

IVF parameters.
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Introduction

Infertility, described as the inability to achieve pregnancy after 12 months of attempted
conception, is a major clinical and public health concern, being estimated to affect about
15% of reproductive-aged couples [1]. Several studies appoint that the environment may
play a role in the increasing rates of infertility, suggesting that exposure to endocrine-
disrupting chemicals (EDC) that appear in several daily products could contribute to
impaired fecundity [2,3]. Among different EDCs identified so far, phthalate esters have
emerged as chemicals of major concern to human reproductive health. These compounds
are broadly used in plastics and other industrial applications, including the manufacturing
of personal care products, and have been classified as EDCs that may interfere with the
biosynthesis and/or action of sex-steroid hormones, having important implications for
reproduction [4, 5]. The effects of phthalates are better understood for male than female
reproductive system, but literature already shows that phthalates can be toxic to the
ovaries, affecting essential points of female reproduction as folliculogenesis and

steroidogenesis [6].
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Exposure to phthalates can impair several processes of female reproduction, displaying
potential deleterious effects in general female reproductive health as in their reproductive
capacity [7,8]. Phthalates have been demonstrated to have anti-oestrogenic, anti-
androgenic, anti-progestogenic and anti-thyrogenic activities [9, 10, 11]. Unbalances with
interactions of androgenic, estrogenic and gonadotropin signaling disrupt the endocrine
homeostasis necessary to unsure the competence of strictly regulated processes as
folliculogenesis and embryo implantation [12]. In this context, epidemiological data has
demonstrated that in couples trying to conceive, phthalate exposure has been associated
with impaired outcomes in oocyte collection, embryo development and clinical

pregnancy rates [13, 14].

The increase in infertility rates also leads to an increase in the use of assisted reproduction
techniques (ART). However, despite the increasing use of medical treatment among
couples with decreased fecundity, success rates of live birth among couples undergoing
ART treatments have remained stable [15]. Therefore, is possible that modifiable factors,
such as phthalate exposure, can interfere with human fertility an influence reproductive
outcome of couples undergoing ART. Yet, ART procedures provide the opportunity to
monitor phthalates metabolites in follicular fluid, a liquid that provides the micro-
environment for oocyte development and is crucial for the production and quality of
oocytes and may offer a better understanding of the effects of phthalate exposure as a
potential influence in reproductive outcomes [16]. Also, ART procedures provide an
opportunity to acquire evidence of the impact of environmental pollutants on early stages
and critical events of reproduction such as ovulation, fertilization, embryo development
and implantation [17, 18]. Despite this fact, data on measurement of phthalate esters in
human follicular fluid and influence of these compounds in ART outcomes are scarce.
Also, the profile of exposure to phthalate esters may differ across regions or countries
[19]. In the present study, we aim to assess phthalate exposure of Brazilian women
undergoing medical assisted reproduction by measuring phthalate metabolites in both
follicular fluid (FF) and urine samples and explore the relationship between phthalate

exposures and reproductive outcomes of ART.
Material and methods

Study population
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Study population comprises 98 reproductive aged women (n=119 cycles of fertility
treatment) who were recruited during their infertility treatment. The patients were
recruited in a fertility clinic in the city of Curitiba in southern Brazil, between 2018 and
2021. Women aged 2040 years who were diagnosed with infertility and had indication
to undergo high complexion assisted reproduction treatment were eligible to participate
and approximately 55% of those contacted by the research staff signed up to the study.
Participants were enrolled previously to their controlled ovarian hyperstimulation
(COH) protocol and followed through their treatment. We enrolled only women
undergoing treatment for female factor infertility, excluding patients in treatment for
severe male infertility. Further exclusion criteria included use of oocyte donor or
cryopreserved gametes during treatment. Participants enrolled in the study independently
and were followed up from study entry through their fertility care, pregnancy and
delivery. During the progress of the study, participants provided 1 urine sample and
agreed with the collection of follicular fluid sample during oocyte collection. They also
completed a survey with a baseline questionnaire, providing detailed data on
demographic, lifestyle, and behavioral factors, anthropometrics, and reproductive and

medical history.
Ethical approval

Institutional review board approvals were obtained from all collaborating institutions.
Patients gave written informed consent prior to study participation and any data

collection.
Ovarian hyperstimulation protocol

To reduce possible confounding by treatment protocol, all enrolled patients were treated
with controlled ovarian stimulation using Gonadotrophin-releasing hormone (GnRH)
antagonist (Orgalutran; Schering-plough) protocol. For ovarian stimulation, a daily dose
of recombinant follicle-stimulating hormone (FSH, Gonal-F, Merck-Serono or Puregon,
Merck Sharp & Dohme) followed by purified human menopausal gonadotrophin (hMG,
Menopur; Ferring) was used starting on the third day of the menstrual cycle. The dose
administered was dependent on the age, body mass index (BMI), and treatment history.
Patients were monitored during gonadotropin stimulation for serum estradiol, follicle size

measurements and counts, and endometrial thickness. Human chorionic gonadotropin
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(hCG) (Ovidrelle, Merck Serono) or GnRH agonist (Gonapeptyl Daily; Ferring) were

administered approximately 36 h before the scheduled oocyte retrieval.
Exposure assessment

Participants provided 1 spot urine sample collected on the oocyte collection day, and
follicular fluid samples were collected during egg collection procedure for all participants
of the study. Urine samples were collected in polypropylene specimen cups, and the
specific gravity (SG) of each sample was quantified with a handheld refractometer. The
urine samples were then divided into aliquots and frozen for long-term storage at —80 °C.
Follicular fluid (FF) samples were a pool of all punction follicles with the presence of an
oocyte. After collection FF samples were centrifuged at 450 g for 10 min at 4°C to remove

blood and cells, and were then aliquoted and stored at — 80 °C.

We measured the urinary and follicular fluid concentrations of 15 phthalate metabolites
representing 10 parent phthalate diesters (Table 2). Concentrations of monomethyl
phthalate (mMP), mono-ethyl phthalate (mEP), mono-(3-carboxypropyl) phthalate
(mCPP), mono-isopropyl phthalate ~ (mIPRP), = mono-propyl phthalate
(mPrP), monobutyl phthalate (mBUP/mIBUP), Mono-(2-ethyl-5-oxohexyl) phthalate
(mEOHP), mono(2-carboxymethyl)hexyl phthalate (mCMHP), Mono-(2-ethyl-5-
carboxypentyl) phthalate (mECPP), Mono-(2-ethyl-5-hydroxyhexyl) phthalate
(mEHHP), mono-benzyl phthalate (mBzP), monocyclohexyl phthalate (mCHP),
monoisopentyl phthalate (mIPeP), mono-(4-methyl-7-carboxyheptyl) phthalate (mCIOP)
and mono(2-ethylhexyl) phthalate (mEHP) were measured using high performance liquid
chromatography-tandem mass spectrometry (LC-ESI-MS/MS) analysis combined with
an off-line solid-phase extraction procedure, as described previously [20] with minor
modifications at the Laboratory of Toxicology of the University of Sdo Paulo at Ribeirdo

Preto, Brazil.
Sample preparation and instrumental analysis

The concentrations of these compounds were determined after the hydrolysis of the -
glucuronidase conjugates. To analyze the total concentration of analytes, urine samples
were thawed and mixed. Subsequently, an aliquot of 1000 pL of urine (or 1000 pL of
follicular fluid, after acid treatment) was transferred to a 15 mL polypropylene tube with
a conical bottom, fortified with 20 pL of a solution (1000 ng/mL) containing the internal
standards followed by the addition of 500 uL of 1 M ammonium acetate buffer (pH 5.5)
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containing 20 pL of the enzyme solution (B-glucuronidase, free of arylsulfatase). After
gentle mixing, the samples were incubated for 3 h at 37°C. After sample incubation, the
enzymatic reaction was stopped by the addition of 1.0 mL of 0.145 M monobasic
phosphate buffer (pH 2.0). The sample was then subjected to solid phase extraction using
the ABS Elut NEXUS® cartridge (60 mg, 3 mL) under the following conditions:
preconditioning with 1.5 mL of acetonitrile, followed by 1.5 mL of 0.145 monobasic
phosphate buffer M (pH 2.0), loading the sample, washing the interferents with 1.5 mL
of a solution of formic acid (0.1 M) and 1.5 mL of a solution of methanol (5%) in water
and elution of the analytes with 1.5 ml of acetonitrile and 1.5 ml of ethyl acetate. The
eluate was collected in a 15 mL polypropylene tube and evaporated to dryness. After the
drying step, the residue was reconstituted in 200 pL. of a water:methanol mixture (8:2,
v/v), vortexed and transferred to an insert inside a vial for further analysis by high

performance liquid chromatography coupled to mass spectrometry.

The analysis was performed with a Thermo Scientific LC system equipped with a pump
(Accela 600 pump) and an autosampler coupled with Thermo Scientific TSQ Quantum
Access Max with an electrospray triple quadrupole mass spectrometer. The Xcalibur
software version 2.0 (Thermo Fisher Scientific) was used to control the instruments and
to process data. The chromatographic separation was carried out on an Ultra AQ C18
column (2.1 mm x100 mm, 3 pm). A gradient program for the mobile phase was set as
the following: mobile phase A was water (0.1% acetic acid), and mobile phase B was
methanol (0.1% acetic acid). The following mass spectrometer conditions were used:
capillary voltage kept at — 4000 V and capillary temperature of 220 °C. Nitrogen was used
as a sheath gas, and auxiliary gas at flow rates of 10, and 5 arbitrary units, respectively,
and vaporizer temperature was set at 200 °C. For tandem mass spectrometry, the
deprotonated molecule [M—H]- was used as precursor ion for all analytes. Argon was

used as a collision-induced-dissociation (CID) gas at 1.0 mTorr.
Quality assurance/quality control

Quality assurance and quality control parameters included procedural blanks, matrix
spikes and analysis of calibration curves. Labeled internal standards were spiked into all
samples and quantification was by isotope dilution method. Contamination that arises
from laboratory materials and solvents was monitored by the analysis of procedural
blanks. A 20-point instrumental calibration curve was prepared in MeOH: Water (2:8) at

concentrations that ranged from 0.01 to 100 ng/mL. The regression coefficients of the



116

calibration curves were higher than 0.99. For each batch of 30 samples analyzed, two
procedural blanks and two pre-extraction matrix spikes (prepared by spiking known
concentrations (20 ng/mLO0 of target compounds) were analyzed by passing them through
the entire analytical procedure. A calibration checks standard, and methanol were injected
after every 30 samples as a check for drift in instrumental sensitivity and carry-over
between samples, respectively. The LODs of phthalates metabolites in urine and follicular

liquid varied from 0.002 to 0.015 ng/mL (Table 2).
Assessment of reproductive outcomes

Laboratorial and clinical outcomes information was abstracted from the patient’s
electronic medical record by the research staff. The reproductive data collection initiated
at the time of oocyte retrieval. The number of follicles was registered as well as the
number of retrieved oocytes. Embryologists classified oocytes as germinal vesicle,
metaphase I, metaphase II (MII), or degenerated oocytes, and the number of oocytes in
metaphase II was collected. Fertilization was determined 16 to 18 hours after ICSI — and
a normal fertilization comprised an injected egg cell with the presence of two pronuclei
and two polar bodies. The fertilization rate of each patient was recorded as the number of
normal fertilizations/ total number of injected oocytes. Embryos were further assessed on
day 3 for cell number, symmetry, and fragmentation. High quality embryos were
classified as those with > 8 symmetric cells and < 10% fragmentation, being recorded the
quality embryo rate (number of high-quality embryos/total number of embryos) (Alpha
Scientists, 2011). Embryo assessment was also performed at day 5 for control of
blastulation, being recorded the blastocyst number. For clinical outcomes positive B-hCG
(i.e., successful implantation) was defined as a serum B-hCG level > 25 mIU/ mL,
typically measured 12 days after embryo transfer. Clinical pregnancy was defined as the
presence of an intrauterine gestational sac and fetal heartbeat confirmed by ultrasound by
7 weeks of gestation, and live birth as the delivery of a live neonate. Miscarriage,

biochemical and ectopic pregnancies were recorded.
Statistical analyses

Demographic and clinical characteristics of the study participants were reported using
mean = SD or percentages. Cycle-specific urinary concentrations of phthalate metabo-
lites were adjusted to urinary dilution with the formula Pc =P[(1.018 — 1)/SG — 1], where

Pc is the specific gravity (SG) corrected phthalate metabolite concentration (micrograms
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per liter), P is the measured phthalate metabolite concentration (micrograms per liter),
and 1.018 is the mean (and median) SG level in our study population [21] . We used SG-
corrected phthalate metabolite concentrations in all analyses of urinary samples. Urinary
and follicular fluid phthalate metabolite concentrations below the limit of detection
(LOD) were replaced with a value equal to LOD divided by 2 [19]. All samples who were
below the LOD were classified into the first quartile, given that the lowest percentage of
detection was 47% (mIPrP). Therefore, all samples with percentage of detection lower
than 100% present the lowest quartile including samples with concentrations below the

LOD and with low concentrations.

To evaluate the association between urinary and follicular fluid phthalate metabolites and
IVF outcomes we applied multivariate generalized linear mixed models accounting for
different number of cycles contributed per woman. Poisson distribution and log link
function were specified for laboratory outcomes (follicle and oocyte counts, fertilization,
embryo quality and blastulation), and a binominal distribution and logit link function
were specified for clinical outcomes. Confounding was evaluated using prior knowledge
of the literature, and included factors known to be associated with phthalate exposure
based on previous research or known predictors of the outcomes. The following
covariates were considered for inclusion in the final model: maternal age (continuous),
BMI (continuous) and primary infertility diagnosis (anatomical; ovarian insufficiency;
endocrine (polycystic ovary syndrome - PCOS); endometrioses; unexplained (ESCA); or
others). We conducted all statistical analyses using SPSS version 22 (IBM, Armonk, NY:
IBM Corp. USA) and considered significance levels < 0.05 as statistically significant.

Results

General data in our study include 93 women who were on average 34.8 years old, 63.4%
of whom had body mass index within the normal range ( >18.5 < 25 category), were
mostly caucasian (81.7%), nonsmoker (75.5%) and presented primary infertility (90.8%),
as shown in Table 1. Women included in our analysis also showed high household
incomes (73.2% above 6 minimum wages) and high education (71% with college degree).
The primary diagnosis was 22.6% ovarian insufficiency, followed by 19.4% anatomical
female factor and 18.3% polycystic ovarian syndrome and endometrioses. Other types of
infertility account for 15.1% of patients and include genetic disorders, low sexual

frequency, and immunological disorders.
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Tablel. Baseline characteristics of 93 patients undergoing ART.

Variable Mean = SD or N (%)*
Age 34.8+4.0
> 31 years (%) 15.1(14)
31-35 years (%) 37.6(35)
36-40 years (%) 47.3(44)
BMI 23.9+4.9
>18.5<25(%) 63.4(59)
25 <30 (%) 24.7(23)
>30 (%) 11.8(11)
Race/Ethinicity
White(%) 81.7(76)
Others(%) 18.3(17)
Education
> College Degree (%) 29(27)
< College Degree (%) 71(66)

Household income

> 6 minimum wage 26.9 (25)
6-10 minimum wage 40.9 (38)
< 10 minimum wage 32.3(30)
Smoker
Never smoker (%) 65.5(57)
Current or Previous smoker(%)  10.3(9)
Passive smoker(%) 24.1(21)
Infertility
Primary (%) 90.8(82)
Secondary (%) 9.2(11)
Anatomical (%) 19.4(18)
Ovarian insufficiency (%) 22.6(21)
Endocrine (PCOS)(%) 18.3(17)
ESCA (%) 6.5(6)
Endometrioses (%) 18.3(17)
Others (%) 15.1(14)

2Data on continuous variables are presented as mean + standard deviation and categorical data as

counts and percentage.
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A total of 73 urine samples were collected from the 93 women and all 119 cycles resulted
in a follicular fluid sample, therefore 78% of the participants provided 1 urine sample and
100% provided a follicular fluid sample. The distribution of each urinary and follicular

fluid phthalate metabolite in our population is shown in Table 2.
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An overview of the 119 IVF cycles is shown in Table 3. In brief, 101 cycles of the initial
119 cycles underwent embryo transfer (84.8%), while 18 cycles resulted in inviable
embryos and therefore did not have transfer. Of the cycles that underwent embryo
transfer, 50.4% resulted in a positive pregnancy, 41.5% lead to a clinical gestation and

37.6% resulted in delivery or ongoing pregnancy.

Table 3. Reproductive outcomes of study participants

Reproductive outcomes Mean = SD or %(N)?
Cycles included 119
Number of follicles 12.4 £6.4
Number of oocytes 9.2+6.2
Collection rate 72.9%
Number of mature oocytes 7.945.5
Maturation rate 78%
Fertilized embryos 59+3.7
Fertilization rate 82%
Good quality embryos 4.0+£2.8
Quality rate 65.5%
Blastocysts 24420
Blastulation rate 37.1%
Transfer rate 84.8% (101)
BHCG positive 50.4% (51)
Clinical gestation 41.5% (42)
Biochemical pregnancy 8.9% (9)
Ectopic pregnancy 0% (0)
Miscarriage 3.9% (4)
Deliveries/Ongoing 37.6% (38)

2Data on continuous variables are presented as mean + standard deviation and categorical data as

counts (when applied) and mean percentage
Urinary metabolites

In multivariable models adjusted for age, BMI and infertility diagnosis specific oocyte
parameters were associate with urinary mEOHP, mEHHP, mBzP and mIPrP (Figure 1).
Regarding the number of follicles, we observed a positive association with mEOHP in
quartile 4 (p-value for Q4 vs. Q1 = 0.03) and a negative association with mEHHP in
quartile 2 and 4 (p-value for Q4 vs. Q1 = 0.03, p-value for Q2 vs Q1=0.005) and with
mBzP in quartile 4 (p-value for Q4 vs. Q1 = 0.007). Also, a positive association was
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observed between the number of collected oocytes and mIPrP in quartil 2 (p-value for Q4
vs. Q1= 0.04). In accordance with the results observed for the number of follicles, the
number of mature oocytes was lower in quartiles 2 and 4 for mEHHP (p-value for Q4 vs.
Q1 = 0.03, p-value for Q2 vs Q1=0.04) and in quartile 4 for MBzP (p-value for Q4 vs.
Q1 =0.02) compared with quartile 1. Association was also observed in the non-adjusted
model for mEHP and mBzP (Data not shown). Specifically, non-adjusted model shows
an negative association of mEHP with number of follicles (p-value for Q2 vs. Q1=0.02),
number of collected oocytes (p-value for Q2 vs. Q1 = 0.04) and mature oocytes (p-value
for Q2 vs. Q1=0.02) in quartil 2. Also, a positive association of mBzP with collected
oocytes (p-value for Q2 vs. Q1 = 0.04) in quartile 2.

After controlling for age, BMI and infertility diagnosis, our models showed associations
between urinary phthalate levels of mEHHP, mEOHP and EDEHP and embryo
development outcomes (Figure 1). Specifically, mEHHP in quartile 2 was negatively
associated with the numbers of fertilized embryos (p-value for Q2 vs. Q1 = 0.003) and of
good quality embryos (p-value for Q2 vs. Q1 = 0.034) and mEHHP in quartile 4 with the
number of fertilized embryos (p-value for Q4 vs. Q1 = 0.037). The sum of DEHP
metabolites was negatively associated with the number fertilized embryos (p-value for
Q4 vs. Q1=0.009) in the highest quartile. Also, we observed a positive association
between the number of blastocysts with urinary mEOHP in quartile 3 and 4 concentrations
(p-value for Q3 vs. Q1 =0.03, p-value for Q4 vs. Q1 =0.04). The unadjusted multivariate
model also showed associations of mEHP, mECPP and mCHP with embryo development
parameters (data not shown). Concentrations of mEHP in quartile 2 were negatively
associated with good quality embryos (p-value for Q2 vs. Q1 = 0.04) and blastocyst (p-
value for Q2 vs. Q1 = 0.025). Urinary mCHP concentrations in quartile 2 and meCPP
concentrations in quartile 4 were also negatively associated with number of blastocysts
(p-value for Q2 vs. Q1 = 0.01, p-value for Q4 vs. Q1 = 0.04, respectively). In relation to
clinical outcomes no association was observed between urinary concentrations of
phthalate metabolites and our study outcomes, even after controlling for age, BMI and

primary infertility diagnosis (data not shown).
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Figure 1. Adjusted mean (95% CI) count of oocyte and embryo parameters by quartile of
urinary phthalate metabolites 73 IVF cycles with successful egg retrieval. Adjusted
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models control for maternal age (continuous), body mass index (continuous) and primary

infertility diagnosis at study entry. *p-value for comparison against Q1 <0.05
Follicular Fluid metabolites

Regarding follicular fluid phthalate metabolites concentrations, no associations were
observed in the adjusted and unadjusted multivariable models for oocyte parameters (data
not shown). However, in the adjusted model, follicular fluid concentrations of mEP and
mEOHP were associated with embryo development parameters (Figure 2). A positive
association was observed between mEP follicular fluid concentrations in quartile 2 and
the number of good quality embryos (p-value for Q2 vs. Q1=0.041), as well as, a positive
association of quartile 2 and 3 follicular fluid concentrations with the number of fertilized
embryos (p-value for Q2 vs. Q1 =0.019, p-value for Q3 vs. Q1 =0.021). The unadjusted
model also revealed associations of embryo development parameters with mBuP/mIBuP,
mEP and mMP follicular fluid concentrations (Data not shown). Follicular fluid
concentrations of mEP in quartile 2 (p-value for Q2 vs. Q1 = 0.013) and mBuP/mIBuP in
quartile 2 and 4 (p-value for Q2 vs. Q1 = 0.02, p-value for Q4 vs. Ql = 0.014,
respectively) were positively associated with number of fertilized embryos and good
quality embryos (mEP p-value for Q2 vs. Q1 = 0.039, mBuP/mIBuP p-value for Q2 vs.
Q1 =0.029 and p-value for Q4 vs. Q1 = 0.013). Follicular fluid concentrations of mMP
also show association with good quality number, quartile 2 concentrations were
negatively associated with good quality (p-value for Q2 vs. Q1 = 0.043). Lastly,
mBuP/mIBuP in quartile 2 and 4 (p-value for Q2 vs. Q1 = 0.01, p-value for Q4 vs. Q1 =
0.039, respectively) were positively associated with number of blastocysts. In relation to
clinical outcomes no association was observed between follicular liquid concentrations
of phthalate metabolites and our study outcomes, even after controlling for age, BMI and

primary infertility diagnosis (data not shown).
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Figure 2. Adjusted mean (95% CI) count of oocyte and embryo parameters by quartile of
follicular fluid phthalate metabolites 119 IVF cycles with successful egg retrieval.
Adjusted models control for maternal age (continuous), body mass index (continuous)
and primary infertility diagnosis at study entry. *p-value for comparison against Q1 <

0.05
Discussion

Although some studies have already investigated the associations of phthalate exposure
and assisted reproduction outcomes, the potential influence of these chemicals in
infertility treatments has not yet been fully clarified. In our prospective single-center
study we investigated the associations between urinary and follicular fluid concentrations
of fifteen phthalate metabolites and laboratorial and clinical outcomes of assisted
reproduction cycles in Brazilian women. To the best of our knowledge, this is the first
study to examine phthalate exposures in women seeking medically assisted reproduction

in Brazil.

We observed that higher concentrations of urinary DEHP metabolites, specifically
mEHHP and mEOHP, were associated with both oocyte and embryo development
parameters. The urinary levels of mEHHP were negatively associated with the numbers
of collected follicles and of mature oocytes. In agreement with these data, urinary

concentrations of mEHHP were also negatively associated with the numbers of fertilized
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embryos and of good quality embryos. Also, urinary sum of DEHP metabolites (XDEHP)
was negatively associated with number of fertilized embryos in our study. Previous
results in the literature also show that metabolites of DEHP may impair early [VF
outcomes. An Israeli study reported that the sum of urinary concentrations of DEHP
metabolites (XDEHP), and the individual metabolites mEOHP and mEHHP, were
negatively associated with the number of total oocytes, mature oocytes, fertilized oocytes,
and good quality embryos [14]. Similarly, in the EARTH study [13], multivariate models
revealed that the highest quartiles of urinary levels of the DEHP metabolites mEHP,
mEHHP, mEOHP, and mECPP were associated with lower oocyte yield and lower
number of mature (MII) oocytes retrieved. In experimental models, the possible influence
of DEHP and its metabolites in oocyte parameters was already described. In mice,
exposure to DEHP inhibited follicular growth and reduced levels of estradiol [22]. Also,
a similar study reported that DEHP can cause depletion of the primordial follicle pool in

the mouse offspring of dams exposed to DEHP [23].

In our study, the direction of the associations between urinary DEHP metabolites and
early IVF parameters was variable and dependent on the specific metabolite assessed.
Urinary mEOHP concentrations were positively associated with the numbers of follicles
and of blastocysts. Also, the number of blastocysts in the 2" quartile of of mEOHP
concentrations in the follicular fluid was significantly higher when compared to the 1%
quartile . In a similar prospective cohort study, results disagreed with what was found in
our study, where follicular fluid concentrations of women undergoing to infertility

treatment show no statistically significant associations with IVF parameters [24].

In addition to the associations seen for DEHP metabolites, we also report associations
between some other phthalate metabolites and certain outcomes. The number of good
quality embryos was higher in quartile 2 compared with quartile 1 for follicular fluid
concentrations of mEP. Also, higher numbers of fertilized embryos was found in quartiles
2 and 3 for follicular fluid mEP concentrations when compared to quartile 1. This data
also does not agree with the literature. A recent work assessed urine sample
concentrations on the day of oocyte retrieval of women undergoing assisted reproduction
treatments and observed a significant correlation of mEP with decreased odds of normal
fertilization in medium-concentration group compared to low-concentration group,
however the association did not reflect in the odds of good-quality embryos or blastocyst

formation [25]. However, the study by Deng et al. [25] used in urine samples whilst our



128

data report significant associations with mEP in follicular fluid samples. Previous
literature already shows that urinary metabolite concentrations are poor predictors of
follicular fluid metabolite concentrations [26]. Currently, there are few epidemiologic
studies on associations of phthalate concentrations in follicular fluid and early outcomes

of in vitro fertilization procedures.

In a recent work investigating possible associations of urinary phthalate metabolite
concentrations with pre-ovulatory levels of follicular fluid anti-miillerian hormone
(AMH) in women undergoing fertility treatment, Sacha et al. [27] observed a negative
association of mEOHP, mECPP and mBzP with AMH concentrations [27]. The data
observed is consistent with the prior studies in both humans and animals suggesting that
ovarian steroid production is susceptible to phthalate exposure in women with infertility
[9,22]. In accordance with this data, we observed in our study a negative association of
higher concentrations of urinary mBzP with number of follicles and mature oocytes. Both
processes are highly dependent of ovarian steroid production. Also, we observed a
positive association with number of collected oocytes in quartile 2 concentrations of

mIPrP, a chemical already described as having antiestrogenic activity in vitro [28].

Our data observed differences associations between urinary and follicular fluid phthalates
concentrations. The discrepancies between the two types of samples may be attributed to
their biological characteristics, their metabolite filtration and clearance [29]. Also,
previous study suggests that, since follicular fluid accumulates in the follicular antrum
until ovulation, is possible that the metabolites and toxicity of phthalates in FF might
manifest via direct contact with oocyte and granulosa cells [26]. Follicular fluid sampling
provides a feasible way to directly estimate the phthalate exposure status of the ovarian
and therefore, more studies are needed to understand the phthalate exposure in follicular
fluid. In this regard, it is also important to mention that phthalates can affect female
reproductive health through multiple mechanisms, including local effects in the ovaries
but also by interactions with the hypothalamic-pituitary-ovary axis and other endocrine
signaling pathways (e.g., insulin secretion) that can affect ovarian and uterine functions
[30; 8]. Such diverse mechanisms might also explain the discrepancies found in studies

measuring phthalate levels in urine versus follicular fluid.

The results of our investigation support previous literature that suggest an involvement

of phthalates as competing factors in reproductive processes, including early IVF
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parameters. Also, to the best of our knowledge, this study is the first to evaluate urinary
and follicular fluid phthalate metabolites concentrations in South American women
undergoing infertility treatment. However, our study had some limitations, as the inability
to extrapolate our findings to the general population since the participants in this study
were recruited from a reproductive center. Due to a method limitation we were unable to
separate the metabolites of di-n- and di-iso-butyl phthalate, mBuP and mIBuP,
respectively. Also, we measured a single-spot urine sample in this study, phthalates are
short-lived chemicals and exposures are likely episodic. Yet, exposure to phthalates may
be reflective of other unknown lifestyle or fertility factors that might be associated with
early reproductive outcomes. Despite the afore mentioned limitations, this study is
strengthened by our prospective study design and the application of an in ART setting

which provided us an approach to early reproductive outcomes.
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6-DISCUSSAO

O aumento nos indices de infertilidade gera crescente preocupagdo com o impacto
emocional, financeiro e de saude publica da redugdo da capacidade reprodutiva da populagao.
Infertilidade ¢ definida como a falha na obtengao de uma gestagao de sucesso apos 12 meses de
coito frequente sem uso de métodos contraceptivos (Carson et al., 2021). Estudos recentes tém
sugerido que o aumento nas taxas de infertilidade pode ocorrer em decorréncia de fatores
ambientais que, juntamente ao estilo de vida do paciente, podem atuar como causas idiopaticas
de infertilidade (Mohamed et al., 2004, No, 2013). Evidéncias t€ém sugerido que substancias
que atuam como desreguladores enddcrinos apresentam o potencial de ocasionar efeitos
deletérios na capacidade reprodutiva e consequentemente nos tratamentos de infertilidade
(Foster et al., 2006, Caserta et al., 2008). Dessa forma, a exposicao a desreguladores enddcrinos,
como medicamentos analgésicos, associada a exposi¢ao a ftalatos e a outros DEs, tem sido
considerada como um importante fator ambiental relacionado a desfechos reprodutivos
negativos. Em nosso projeto dois grupos de compostos foram estudados, medicamentos
analgésicos e ftalatos. Ambos ja foram descritos na literatura como desreguladores enddcrinos,
entretanto poucos estudos avaliam as associa¢des dessas substancias com os desfechos obtidos
em procedimentos de reproducdo assistida. Ainda, sdo poucos sdo os dados epidemiologicos
que avaliam a populagdo brasileira com infertilidade ou subfertilidade, especialmente
considerando dados de exposi¢do a desreguladores enddcrinos. Dentro desse contexto nosso
estudo avaliou as associacdes entre exposicao a ftalatos e medicamentos analgésicos e
desfechos laboratoriais e clinicos de pacientes submetidas a tratamentos para infertilidade
através de técnicas complexas de reproducdo assistida — sendo observado que desfechos de
mulheres em tratamento para infertilidade com técnicas de reprodugdo assistida apresentam
associacdo entre medicamentos analgésicos e ftalatos especificos.

A primeira etapa do nosso estudo, que avaliou a exposicdo da populagdo a
medicamentos analgésicos, observou alto uso de analgésicos por mulheres buscando tratamento
para infertilidade, sendo paracetamol o medicamento mais consumido. Dentro desse contexto,
observamos associagdes entre o uso de medicamentos analgésicos antes e durante o tratamento
de reproducao assistida e desfechos laboratoriais. Em relagdo ao consumo de paracetamol foi
observado associagdo positiva desse composto com a taxa de maturagdo e associagdo negativa
com a qualidade embriondria. Ainda, observamos associagdo positiva do consumo de
ibuprofeno e taxa de coleta e associacdo negativa do uso de ibuprofeno com a taxa de

fertilizacdo. Em relagdo a dipirona, foi observada associagdo negativa entre o consumo de
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dipirona e a taxa de coleta e associagdo positiva com a taxa de utilizacao e de blastulacao.
Entretanto os resultados observados variavam de acordo com as covariaveis adicionadas ao
modelo, com excec¢do da associagdo negativa entre paracetamol e qualidade embriondria que se
mostrou significativa em todos os modelos. Dessa forma, ¢ importante considerar que as
condi¢gdes de infertilidade das participantes do estudo podem influenciar nos resultados
encontrados, tanto em relagdo ao consumo de medicamentos quanto ao estilo de vida.

A segunda etapa do nosso projeto consistiu em um estudo prospectivo das associagdes
entre os niveis de metabdlitos de ftalatos em urina e liquido folicular de pacientes passando por
tratamentos de infertilidade com os desfechos reprodutivos do tratamento. Nesse trabalho
especifico foi observado que maiores concentracdes de metabolitos de DEHP, especificamente
mEHHP e mEOHP, foram associados com parametros oocitarios e de desenvolvimento
embrionario. Maiores niveis urindrios de mEHHP foram negativamente associados com
numero de foliculos coletados, oocitos maduros, embrides fertilizados e embrides de qualidade.
O metabolito mEOHP por sua vez, mostrou associagdo positiva com o numero de foliculos e
numero de blastocistos em amostras urindrias. Entretanto, as concentra¢des em liquido folicular
do metabdlito foram positivamente associadas somente com o numero de blastocistos.
Observamos, também, correlacdes positivas dos niveis em liquido folicular do metabdlito mEP
com numero de embrides fertilizados e de boa qualidade. Por fim, nosso estudo também
detectou associacao negativa entre concentragdes urindrias de mBzP e o niimero de foliculos e
de oocitos maduros e associacao positiva entre concentragdes de mIPrP e o numero de oocitos
coletados.

Dentro do nosso conhecimento, esse € o primeiro estudo a avaliar dois grupos de
desreguladores endocrinos, especificamente medicamentos analgésicos e ftalatos, dentro da
mesma popula¢do de pacientes em tratamento para infertilidade com técnicas de reproducio
assistida. A escolha dos grupos de desreguladores endocrinos foi baseada nos dados prévios da
literatura que mostram que os dois grupos apresentam potencial de interferir com a capacidade
reprodutiva feminina (Brune et al., 2015, Roberts et al., 2016) inclusive em populagdo de
pacientes com sub ou infertilidade. Ainda, estudos ja demonstraram que ftalatos e
medicamentos analgésicos podem exercer seus efeitos deletérios através das mesmas vias.
Estudos na literatura ja demonstraram que a exposi¢do a ftalatos pode estar associada a
desequilibrios nas vias de prostaglandinas, sendo essa uma das possiveis vias responsaveis
pelos efeitos danosos da exposicao a ftalatos no sistema reprodutor feminino, uma vez que
prostaglandinas estdo envolvidas em diversos processos regulatérios no sistema reprodutivo

feminino, (Niringiyumukiza et al., 2018, Tran-Guzman e Culty, 2022). Dentro desse contexto,
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ja ¢ descrito na literatura que ftalatos podem ocasionar desequilibrios nas vias de
prostaglandinas e, consequentemente, alterar processos reprodutivos (Tetz et al., 2015). Por sua
vez, medicamentos analgésicos apresentam suas atividades terapéuticas por meio da inibigado
especifica ou ndo especifica da enzima COX e alteracdo das cascatas de prostaglandinas (Vane
e Botting, 1998). Sendo assim, ¢ possivel que farmacos que apresentam mecanismo de acao de
inibi¢do de prostaglandinas, como os analgésicos de venda livre também possam atuar como
DEs da mesma forma que ftalatos. Por fim, também ¢ importante considerar que estudos ja
demonstraram que medicamentos podem apresentar o potencial de atuarem como fonte de
exposicao a ftalatos em humanos, sendo descrito que maiores niveis de consumo de
medicamentos estdo associados com maiores niveis urindrios de metabolitos de ftalatos (Jia et
al., 2017; Chung et al., 2019). O estudo de Jia e colegas (2017) reportou a detecgdo de ftalatos
em mais de 90 medicamentos de venda livre, sendo observado a presenca mais frequente de
DBP e DEHP. Dessa forma, diversos estudos ja mostram as possiveis associacdes entre
medicamentos analgésicos e ftalatos atuando como desreguladores endocrinos. Esses trabalhos
indicam que exposi¢do a ftalatos e consequentemente seus efeitos deletérios em desfechos
reprodutivos podem refletir habitos de vida, fatores de infertilidade e a exposi¢cdo a outros
compostos com papel de desreguladores endocrinos. Entretanto, mais estudos sdo necessarios
para compreender a relacao entre o consumo de medicamentos e a possivel exposicao a ftalatos,
assim como os efeitos desses compostos DEs nos desfechos reprodutivos de pacientes em

tratamentos de reprodugao assistida.

7- CONCLUSAO

Neste estudo foram avaliadas as associacdes de desreguladores endocrinos,
especificamente ftalatos e medicamentos analgésicos, com desfechos reprodutivos de pacientes
em tratamentos de reproducao assistida. Observamos que ambos os desreguladores endocrinos
apresentaram associagdes com parametros iniciais do desenvolvimento em ciclos de reprodugao
assistida, sendo assim sugerido que esses compostos apresentem o potencial de interferir em
desfechos de ciclos de reproducao assistida. Nossos resultados em relacdo a exposigao a ftalatos
demonstraram-se variaveis e dependentes de metabolitos especificos, mas corroborando com
dados da literatura que demonstram as possiveis interferéncias de exposi¢dao a ftalatos em
desfechos reprodutivos. As associagdes observadas com medicamentos analgésicos também
demonstraram a importancia de considerar variaveis de interferéncia em estudos que avaliam

exposicao a desreguladores endocrinos, sendo ainda necessarios maiores estudos para entender
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as associagdes entre exposi¢ao a desreguladores endocrinos e desfechos reprodutivos em

pacientes de reprodugao assistida.
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