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Pascon, T. Impacto do exercicio de natacdo em rata prenhe no
desenvolvimento do esmalte, microdureza e volume dos dentes da
ninhada. 2023. 141f. Tese (Doutorado) — Faculdade de Medicina de
Botucatu, Universidade Estadual Paulista, Brasil.

Introducéo: 1) Durante o desenvolvimento intrauterino o feto € vulneravel
a diversos fatores, principalmente por via materna. O esmalte dentario é
considerado um marcador bioldgico sensivel para algumas condi¢des, é um
tecido sem células vivas e ndo pode ser reparado depois de danificado. Os
defeitos de desenvolvimento do esmalte (DDE) podem sugerir a associacao
com fatores sistémicos ou locais e programacao fetal. Portanto, este estudo
teve como objetivo projetar e desenvolver o diagrama com a cronologia do
desenvolvimento do esmalte dentério (DED) para possibilitar a investigacao
dos fatores de risco intrauterinos e repercussdes da programacao fetal da
DDE com base no conceitual do Diamater Study Group. 2) Estudos
epidemiologicos e em modelos animais mostraram que a hiperglicemia
altera o processo de desenvolvimento do dente, afetando a erupcéo e a
mineralizacdo do dente e isso inclui o desenvolvimento do esmalte do
dente. Ressalta-se que a organizacao do esmalte, dentina, cemento e polpa
dentaria € comum tanto para humanos quanto para roedores. O Diabetes
Mellitus Gestacional (DMG) foi associado a efeitos adversos do DDE na
prole. Identificar fatores associados a alteragbes no esmalte do
descendente, bem como desenvolver estudos com propostas de
intervencdo, para que medidas preventivas e terapéuticas possam ser
investigadas e adotadas no futuro a fim de minimizar as consequéncias
negativas do DMG no desenvolvimento do esmalte dentario. O objetivo
deste estudo foi analisar o impacto do exercicio de natacdo de ratas
gravidas no desenvolvimento do esmalte, microdureza e volume dos dentes

dos filhotes. Métodos e Resultados: 1) O “diagrama conceitual do DED



Diamater” foi desenvolvido considerando a cronologia de formacdo do
esmalte na denticdo decidua e permanente com inicio na vida intrauterina.
Os dentes foram diferenciados por grupo de dentes, tipo de denticéo e por
porcentagem de formacédo de esmalte dentario por superficie do dente. Os
periodos do inicio até a formacao completa do esmalte foram considerados
e relacionados com o periodo intrauterino, nascimento e pés-natal. 2) Para
induzir o modelo de ratos, fémeas Wistar recém-nascidas receberam no
primeiro dia de vida injecdo subcutanea de STZ (Sigma®). Ratos nao
diabéticos receberam injecédo subcutanea de tampao citrato. Todas as ratas
recém-nascidas foram mantidas com suas maes até o final do periodo de
lactacdo (21 dias). Apés este periodo, as ratas maes foram eutanasiadas
por injecdo de tiopental sédico (Thiopentax® - 80 mg/kg). Os recém-
nascidos do sexo feminino foram mantidos até a idade adulta. O protocolo
de exercicio de natacao foi baseado em estudos anteriores e considerado
um protocolo de exercicio de intensidade moderada. A primeira sesséo de
treino iniciou com 20 minutos, aumentando progressivamente 10
minutos/dia até 60 minutos. As ratas sedentarias foram expostas a agua
diariamente por 15 minutos, a uma profundidade de 10 cm na temperatura
da &gua 31+1°C por 6 dias/semana, do dia 0 até o dia 20 gestacional,
visando ndo promover adaptacdes fisiologicas a partir da pratica de
exercicios. Todos os ratos recém-nascidos foram mantidos com suas maes
até o final do periodo de lactacdo (21 dias). Para este estudo foram
utilizados os dentes da prole: foram extraidos quatro incisivos de cada
animal de cada grupo (dentes incisivos superiores e inferiores). Todas as
amostras foram identificadas e armazenadas em formaldeido 10%. Para
avaliar o volume do esmalte, todos os dentes foram escaneados em um
sistema de micro-CT. Para a avaliagdo da microestrutura, as amostras
foram avaliadas por meio de Microscopia Eletronica de Varredura. As
amostras foram avaliadas quanto a presenca ou auséncia de fraturas,

guebras na “ponta”, rugosidade, arranhdes e ondulacfes. Para a avaliacdo



da microestrutura, as amostras foram avaliadas por meio de Microscopia
Eletronica de Varredura. Avaliacdo da microdureza. Para cada animal de
todos os grupos, quatro incisivos foram avaliados. As superficies retificadas
dos dentes foram polidas com pastas de polimento de 6 | e 1 I. A
microdureza dos dentes foi testada usando um indentador Vicker. O volume
do esmalte ndo apresentou diferencga entre os grupos. No entanto, um maior
volume de esmalte foi demonstrado nos dentes inferiores quando
comparados aos dentes superiores nos quatro grupos. O grupo Dsed
apresentou maior niumero de alteragbes em relacdo a fraturas, fissuras,
rugosidade, formacéao de esmalte e a presenca concomitante de opacidade
difusa e demarcada. Aumento significativo na concentracdo de Na foi
observado no grupo NDex em comparacéo com o grupo NDsed, enquanto
nenhuma diferenca foi encontrada nas concentragdes de Mg, Fe, C, O, Ca,
P, Cl e Al entre os grupos. Houve diminuicdo da microdureza nos grupos
Dsed e Dex em relagéo ao grupo NDex. O grupo Dex apresentou reducéo
dos efeitos deletérios observados no grupo Dsed e resultados semelhantes
aos grupos ND (NDsed e NDex). Os grupos diabéticos e ndo diabéticos
exercitados apresentaram aspecto de consolidacdo da fissura. Nosso
estudo sobre a distribuicdo de elementos no esmalte de descendentes de
dentes de ratos diabéticos também pode ser importante para a
compreensao dos processos de mineralizagdo do esmalte, determinando
como os elementos alteram as propriedades dos materiais e explorando a
relacdo entre o binbmio gravidez e descendéncia .Os achados deste estudo
demonstram o impacto negativo do Diabetes em ratas prenhes no esmalte
dentério, principalmente no grupo sem intervencdo com exercicio de
natacdo. Conclusédo: 1) O diagrama conceitual do DED Diamater foi
desenvolvido e permite visualizar a inter-relacdo do DED com a vida
intrauterina até a idade pés-natal de quatro anos. O diagrama apresenta o
grupo de dentes, tipo de denti¢cdo, superficie dentaria e evolugcédo do DED,

indicando o inicio de acordo com a semana gestacional e ano de vida que



completa a formacdo do esmalte dentério. A ferramenta pode direcionar
intervencdes preventivas e terapéuticas em DDE que podem interferir
positivamente na saude bucal das criancas mais tarde na vida e nas
geracOes futuras. 2) Os resultados sustentam que ndo houve diferenca
entre os grupos na analise do volume do esmalte. N&o praticar natagdo e
ter diabetes durante a gravidez teve maior impacto negativo em relacao a
ocorréncia de fraturas, fissuras, alteracdes de rugosidade, formacdo de
esmalte e a presenca concomitante de opacidade difusa e demarcada. O
diabetes em geral causou uma diminuigcdo na microdureza do esmalte em
comparacao ao grupo nao diabético e o exercicio de natagdo foi capaz de

reverter as fissuras.

Palavras-chave: feto, diabete, programacédo fetal, esmalte dentario,

gravidez, parto, puerpério, exercicio, natacéo, ratas






Pascon, T. Impact of pregnant rat swimming exercise on enamel
development, microhardness, and volume of offspring’s teeth 2023.
141p. Thesis (Doctorate) - Botucatu Medical School (FMB), Sdo Paulo
State University (UNESP), Brazil.

Background: 1) During intrauterine development the fetus is vulnerable to
various factors, mainly affected via maternal. Dental enamel is considered
a sensitive biological marker for some conditions, it’s a tissue with no living
cells and cannot be repair after damaged. The developmental defects of
enamel (DDE) may suggest the association with systemic or local factors
and fetal programming. Therefore, this study aimed to design and develop
the diagram with the chronology of the DED to enable investigation of the
intrauterine risk factors and fetal programming repercussions of DDE based
on Diamater Study Group conceptual. 2) Epidemiological and animal model
studies have shown that hyperglycemia alters the tooth development
process by affecting tooth eruption and mineralization and this includes
tooth enamel development. It is noteworthy that the organization of enamel,
dentin, cementum and dental pulp is common to both humans and rodents.
Gestational Diabetes Mellitus (GDM) was associated with adverse effects of
DDE on offspring. To identify factors associated with changes in the
descendant's enamel, as well as to develop studies with intervention
proposals, so that preventive and therapeutic measures can be investigated
and adopted in the future in order to minimize the negative consequences
of GDM on the development of dental enamel. The aim this study was
analyze of Impact of pregnant rat swimming exercise on enamel
development, microhardness, and volume of offspring’s teeth. Methods and
Results: 1) The “DED Diamater’s conceptual diagram” was developed
considering of the chronology enamel formation in the deciduous and
permanent dentition with start in intrauterine life. The teeth were
differentiated by group of teeth, type of dentition and by percentage of dental

enamel formation per surface of the tooth. The periods to the beginning until



complete enamel formation was considered and was related with the
intrauterine, birth and postnatal period. 2) To induce rats’ model, newborn
female Wistar received in the first day of life subcutaneously injection of STZ
(Sigma®). Non-diabetic rats received subcutaneous injection of citrate
buffer. All female newborn rats were maintained with their mothers until the
end of the lactation period (21 days). After this period, the mother rats were
euthanized by sodium thiopental injection (Thiopentax® - 80 mg/kg). The
female newborns were maintained until adulthood. The swimming exercise
protocol was based on previous studies and considered to be a moderate
intensity exercise protocol. The first training session started with 20 minutes,
progressively increasing 10 minutes/day until 60 minutes. The sedentary
rats were exposed to water daily for 15 minutes, at a depth of 10 cm at water
temperature 31+1°C for 6 days/week, from gestational day 0 until
gestational day 20, aiming not to promote physiological adaptations from
exercise practice. All newborn rats were maintained with their mothers until
the end of the lactation period (21 days). For this study the offspring teeth
was used: four incisors of each animal of each group were extracted (upper
and lower incisors teeth). All samples were identified and stored in
formaldehyde 10%. In order to evaluate enamel volume, all teeth were
scanned in a micro-CT system. For the evaluation of the microstructure, the
samples were evaluated by means of Scanning Electron Microscopy. The
samples were evaluated for the presence or absence of fractures, breaks at
the “tip”, roughness, scratches and dimples. For the evaluation of the
microstructure, the samples were evaluated by means of Scanning Electron
Microscopy. Microhardness evaluation. For each animal of all groups, four
incisors were evaluated. Ground surfaces of teeth were polished using 6l
and 1l polishing pastes. Teeth microhardness was tested using a Vicker
indentor. The enamel volume showed no difference between the groups.
However, a greater enamel volume was demonstrated in the lower teeth
when compared with the upper teeth in the four groups. The Dsed group

showed a greater number of alterations in relation to fractures, fissures,



roughness, enamel formation and the concomitant presence of diffuse
opacity and as demarcated. A significant increase in Na concentration was
observed in the NDex group compared with NDsed group, while no
difference was found in the Mg, Fe, C, O, Ca, P, Cl e Al concentrations
between groups. There was a decrease in microhardness in the Dsed and
Dex groups compared to the NDex group. The Dex group showed a
reduction in the deleterious effects observed in the Dsed group and similar
results to the ND groups (NDsed and NDex). The exercised diabetic and
non-diabetic groups showed an appearance of fissure consolidation.

Our study on the distribution of elements in the enamel of offspring of the
diabetic rats’ teeth may also be important for the understanding of the
enamel mineralization processes, determining how elements change the
properties of the materials, and exploring the relationship between binomial
pregnancy and offspring. The findings in this study demonstrate the negative
impact of Diabetes in pregnant rats on dental enamel, especially the group
without intervention with swimming exercise. Conclusion: 1) DED
Diamater’s conceptual diagram was developed and makes it possible to
view the interrelation of the DED with intrauterine life to four years postnatal
age. The diagram present of the group of teeth, type of dentition, tooth
surface and evolution of DED, indicating the onset according to gestational
week and year of life that completes the formation of dental enamel. The
tool may to target preventive and therapeutic interventions in DDE that can
positively interfere with children's oral health later life and in future
generation. 2) The results support that there was no difference between
groups in the analysis of enamel volume. Not performing swimming
exercises and having diabetes during pregnancy had a greater negative
impact in relation to the occurrence of fractures, fissures, changes in
roughness, enamel formation and the concomitant presence of diffuse and
demarcated opacity. Diabetes in general caused a decrease in enamel

microhardness compared to the non-diabetic group and swimming exercise



was able to reverse fissures.

keywords: fetus, diabetes, fetal programming, dental enamel, pregnancy,

birth, postpartum period, exercise, swimming, rats
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Iniciei a formacdo académica em odontologia na Universidade de
Marilia em 2005 e, ao concluir em 2009, a Odontopediatria estava definida
como area de interesse de trabalho. Entre 2010 e 2012, realizei curso de
especializacdo em Odontopediatria na UNESP em Aracatuba que foli,
indubitavelmente, a diretriz para o interesse em ampliar o interesse de
atuacao clinica e associar a pesquisa cientifica. Agregando conhecimento
e complementando a atuacgao, cursei entre 2010 e 2013 a especializacdo
em ortodontia na Universidade de Marilia, e desta formacdo, o
conhecimento aprofundado sobre formacdo dental e do esmalte desde o
periodo intrauterino.

Ao longo de boa parte da minha vida acompanhei cada resultado
obtido das investigagdes do Grupo de Pesquisa “Diabetes e Gravidez:
Clinico e Experimental” Diamater Study Group, do qual minha mée faz parte
desde 2002. No final de 2014, como sempre de forma entusiasmada, ela
falou sobre a “triade” que havia se formado em torno da Hiperglicemia
gestacional, miopatia diabética gestacional e incontinéncia urinaria
gestacional, e do projeto ambicioso projeto Tematico de investigar ampla e
profundamente esta associacao.

Entre as investigacdes proposta neste Tematico, me despertou
especial atencdo, as analises bioquimicas como calcio, calcitonina,
paratormoénio e vitamina D, por serem variareis relacionadas a formacéao do
esmalte dentario deste a fase intrauterina. Neste momento, todo

conhecimento adquirido na graduacdo e especializacdes se agrupou, e
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surgiu a seguinte pergunta da dissertacdo de mestrado: se o meio materno
esta alterado, e a formacdo dental e do esmalte se inicia na vida
intrauterina, este pode gerar repercussdes negativas, porque o
desenvolvimento dental e do esmalte depende da cascata destas mesmas
variaveis bioquimicas.

Em 2015, iniciei no grupo de pesquisa participando das reunides
e discussdes e paralelamente construindo o projeto de mestrado. Fazer
parte de grupo de estudos com tantos anseios em rela¢do a pesquisa abriu
meus horizontes para um mundo novo. Entre 2016 e 2018, cursei o
mestrado sob orientacdo da Profa. Marilza Rudge, que culminou com a
dissertacao intitulada “Associagao do Diabetes Mellitus Gestacional com os
Defeitos de Desenvolvimento de Esmalte na Denticdo da Crianga”. Os
resultados obtidos e publicados
(https://doi.org/10.1371/journal.pone.0211771), abriram novas linhas de
investigagéo e nos impulsionaram a ampliar e aprofundar o conhecimento
e desta forma propusemos a conducdo, de forma translacional, deste
doutorado.

Ingressei no Programa em Tocoginecologia como aluna regular de
doutorado em 2018 com proposta de estudo translacional. Entre 2018 e
2022 cursei 10 disciplinas, coletei dados e colaborei na elaboragéo de
trabalhos apresentados em eventos, sendo 1 pdster em evento nacional

como autora principal (Anexo 1) e 3 internacionais como coautora em 2018
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e 2019 (Anexo 2-4). Sou autora de 12 artigos, sendo um deles como autora
principal (Anexo 5) e outros 11 como autora ou como membro do Diamater
Study Group/The Perinatal Diabetes Research Group (Anexos 6-16),
conforme orientado e recomendado pela Capes.

Como dentista, meu interesse maior foi verificar a repercussao da
hiperglicemia materna na denticdo da crianca a curto e longo prazo.
Inicialmente a proposta clinica do estudo translacional foi o estudo de coorte
prospectiva, com objetivo de analisar a associacdo da hiperglicemia
gestacional materna e 0s niveis sanguineos maternos do calcio, calcitonina,
paratormodnio, vitamina D, vitamina A, cortisol e fosforo, no defeito do
desenvolvimento de esmalte na denticdo decidua do descendente.
Contudo, pela situagdo pandémica, ndo foi possivel realizar os exames
bucais e coletar as imagens dos dentes das criancas. Utilizamos estratégias
para obter de alguma forma as imagens, mas nao obtivemos sucesso. Este
estudo sera continuado tdo logo a situacdo sanitaria permita as atividades
presencias.

Considerando a viabilidade e factibilidade de realizar analises em
modelo animal com proposta na etapa bed to bench de intervencao
(preventiva ou minimizadora) com exercicios, e com o intuito de verificar o
impacto do exercicio em ratas prenhes diabéticas no desenvolvimento do
esmalte da ninhada, de forma translacional, esta tese foi dewsenvolvida. O
estudo pré-clinico teve como objetivo realizar screening no esmalte da

denticdo da ninhada sob a o6tica do Volume do Esmalte por meio da
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Microtomografia (Micro CT) com realizacdo dos escaneamentos (Scans),
por meio do software de reconstrucdo NRecon e do software para as
medidas CTan, da Microdureza e da Microscopia Eletronica de Varredura
(MEV).
Esta tese tem o propésito de ampliar e aprofundar o conhecimento
sobre as repercussfes maternas nos filhos de mées diabéticas e verificar o
efeito da terapéutico com exercicios sobre o Defeito no Desenvolvimento
do Esmalte (DDE). A proposta, € inédita e colabora na elucidacéo de fatores
de risco para o desfecho e terapéutica do DDE de filhos de mées com DMG.
As aprovacbes do Comité de Etica em Pesquisa (CEP) e
Comisséo de Etica no Uso de Animais (CEUA) referentes a esta Tese estio
apresentadas nos Anexos 17 e 18, respectivamente.
Cumprir a etapa até aqui, foi processo de muitos desafios; conciliei
as atividades da poés-graduacédo, consultério, filhos, familia e pessoais,

contudo foi de extrema gratificacdo e com valioso amadurecimento.

35






Avanc¢os do conhecimento sobre a repercusséo da exposicéo
materna a hiperglicemia no desenvolvimento do esmalte dentario do

descendente

Os Grupos de Pesquisa “Diabetes e Gravidez: Clinico e
Experimental” e Diamater Study Group realizam pesquisas multicéntricas
nacionais e internacionais relacionadas a gravidez complicada pelo diabete;
e de forma intrincada investiga repercussdes e resultados maternos e fetais,
perinatais e neonatais dos descendentes destas mulheres (1-8). Nos
altimos quase 50 anos, os dois grupos juntos realizaram estudos clinicos e
pré-clinicos. Importantes lacunas do conhecimento foram preenchidas ao
longo destes anos. Estes resultados interferiram direta e profundamente em
diferentes condutas e manejos obstétricos e clinicos com beneficio a
mulher, ao feto e ao recém-nascido (9-16). A internacionalizacdo das
pesquisas se evidencia com estudos pré-clinicos, que tomaram importante
propor¢cao com estudos sobre as repercussdes a curto e longo prazo do
diabete no desenvolvimento fetal embrionéario (17-24).

O diabetes mellitus gestacional (DMG) (25,26) esta associado a um
risco aumentado de complicacdes para o binbmio materno-fetal durante a
gravidez, bem como no periodo apdos o nascimento (27-29). A literatura tem
reforcado que a hiperglicemia gestacional de intensidade variada,
independentemente do diagnodstico de DMG, esta envolvida na

determinacao do peso ao nascimento (30,31), macrossomia fetal,
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hipoglicemia neonatal, hiperinsulinismo fetal (28), aumento dos indices de
mortalidade fetal e perinatal (1,13), malformagbes congénitas (32),
prematuridade e sindrome do desconforto respiratorio (28). No entanto, 0s
efeitos do diabetes materno no desenvolvimento dos dentes e os
mecanismos subjacentes ndo foram completamente investigados (33).
Estudos epidemiologicos e de modelos animais mostraram que a
hiperglicemia altera o dente em seu processo de desenvolvimento, e pode
afetar a erupcdo e a mineralizacdo do dente (34-36); e isto inclui o

desenvolvimento do esmalte dentario.

Demanda bioquimica na gestacao e repercussao no feto e neonato

Durante a gestacao normoglicémica, cerca de 250 gramas por dia de
Célcio (Ca) é transferido da mae para o feto no 3° trimestre gestacional (37),
sendo que os niveis de Ca sao mais elevados no feto do que na méae (38),
e concomitante hd aumento do funcionamento das glandulas paratireoides.
Esse estado de hiperparatireoidismo relativo funciona como uma
compensacdo homeostatica para melhorar os estoques de Ca materno
enviado para o feto (37).

O Ca tem intricada relagdo com minerais, vitaminas e horménios,
demonstrando interdependéncia em cascata para sua manutengcdo e
transferéncia. O paratorménio (PTH), hormoénio secretado pela paratireoide

(39), age nos osteoclastos que, por acdo enziméatica, reabsorvem a matriz
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e solubilizam o Ca. O PTH, portanto, tem func¢do primordial no turnover

0sseo, isto €, no equilibrio entre aposicao e reabsorcdo, na manutencao do
Ca em torno de 8,9 a 10 mg/dL e na absorcédo de Ca no intestino (39). O
PTH mantém os niveis de Ca, aumentando a reabsorcdo intestinal e
diminuindo a excrecdo urinaria (40). A maioria do Ca "economizado"
durante a gestacdo (cerca de 30 g) € transportada ativamente através da
placenta e, principalmente no terceiro trimestre, depositada no esqueleto
fetal.

A calcitonina é hormbnio secretado pela tireoide, que apresenta
como principal efeito participar do metabolismo do Ca. A secrecao desse
hormonio é controlada, basicamente, pela concentragcédo de Ca, ou seja, 0s
niveis de calcitonina aumentam ou diminuem diretamente proporcional ao
aumento ou diminui¢ao do Ca (37).

Como o PTH e a calcitonina ndo atravessam a barreira placentéria,
ao nascimento, pelos altos niveis de calcitonina, PTH e vitamina D neonatal
dos fetos das méaes diabéticas, ocorre hipocalcemia devido a interrupgao
da transferéncia materno-fetal de Ca (37,41).

A vitamina D, indiretamente, esta relacionada na regulacéo do Ca
extracelular e no fluxo deste mineral dentro das células beta. A secrecéo de
insulina é processo mediado pelo Ca, portanto, alteracfes na regulacao de
seu fluxo podem ser prejudiciais a funcdo secretoria das células
pancreaticas e também para acdo propriamente dita da insulina. Dessa

forma, tanto niveis inadequados de Ca, quanto niveis deficientes de
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vitamina D, podem alterar o balanco entre os compartimentos intracelular e

extracelular de Ca, afetando a liberacdo normal de insulina (42).

Além de repercutir em diferentes variaveis maternas e do neonato o
Ca, calcitonina, PTH e vitamina D sdo indispensaveis para a saude do
organismo em toda sua complexidade, entre elas a estruturacdo dos 0ssos

e dentes (43).

Desenvolvimento dentério na vida intrauterina e aps o nascimento

O primeiro sinal morfolégico da formacgao dentéria ocorre durante a
42 e 62 semana intrauterina quando ha o aparecimento da lamina dentaria
primaria (42,44). Todas as fases do desenvolvimento dentario se
processardo a partir desta lamina dentaria primaria (45).

Do ponto de vista embriol6gico o dente é érgao misto derivado de
duas camadas, o ectoderma que formara a coroa, e o mesoderma que dara
origem a dentina, cemento e polpa. Os dentes deciduos comumente
denominados “de leite”, iniciam sua formacdo na 72 semana de vida
intrauterina e o esmalte de todos eles, esta usualmente completo por volta
do primeiro ano de vida. Todos os dentes deciduos estdo geralmente
erupcionados por volta de 24 e 36 meses e a estrutura radicular desses
dentes esta geralmente completa por volta dos trés anos (42,44).

A odontogénese refere-se ao processo embriolégico que da origem

ao germe dentario (42,45). A cronologia da formag&o do germe dental pode
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ser observada na Figura 1.
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Figura 1: Desenvolvimento embrionario do germe dental. FONTE: adaptado de
Bolland et al.,2008 (46).

A formacédo do esmalte e da dentina acontecem simultaneamente, e
ambos 0s processos comecam a partir de uma linha que formaré a juncéo
amelodentinaria (47) e sdo descritos em fases: pré-secretora, fase
secretora e fase de maturacdo (43). Na fase pré-secretora, ao lado da
juncdo amelodentinaria referente ao esmalte estdo os ameloblastos que
secretam a matriz organica. Os ameloblastos diferenciam-se, mudam de
polaridade e desenvolvem extenso aparato de sintese proteica (43,47). Na
fase secretora, pela expressdo genética programada, a medida que
secretam as proteinas da matriz extracelular, os ameloblastos se afastam
do centro do orgao dentario (48); e nesta fase os cristais de hidroxiapatita

s&o depositados na matriz organica e formam placas finas alongadas. E
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nesta frente de mineralizacdo que se inicia a deposi¢cdo mineral. Apds o
depdsito da camada de esmalte aprismatico, os ameloblastos secretores
desenvolvem nas suas por¢des terminais processo em forma de cone (47).
A medida que os ameloblastos secretam as proteinas do esmalte, os
cristais de hidroxiapatita continuam a crescer em comprimento, mas
crescem muito pouco em largura e em espessura (43,48), sendo que,
comprimento final dos cristais depende de quanto tempo os ameloblastos
secretam (47).

A quantidade de esmalte depositado em um dia varia de acordo com
fatores sistémicos e podem formar padrdes distintos de linhas incrementais
que sao reproduzidas fielmente no esmalte de todos os dentes em
formacdo num determinado momento (43).

Disturbios durante a fase secretora da amelogénese resultardo em
esmalte patologicamente fino ou hipoplasico, devido ao insuficiente
alongamento dos cristais. Os disturbios sistémicos ocorridos nestes
neonatos parecem atuar no mecanismo de armazenamento de minerais,
que também parece afetar diretamente a mineralizacdo dos tecidos
dentarios (47). Quando ocorre disturbio no metabolismo do Ca, como por
exemplo em gestacdo complicada pelo diabetes, podem predispor a
alteracdes nos dentes deciduos (49). O Ca transferido da mé&e para o feto
€ depositado principalmente sob a forma de hidroxiapatita e a maior taxa
de acumulo de Ca ocorre no periodo de deposicdo e concomitante com

parte do periodo de calcificacdo dos dentes deciduos (50).
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A mineralizacéo ou calcificagdo dentéria compreende a deposi¢éo de
sais minerais, principalmente Ca e fosforo, sobre a matriz tecidual
anteriormente formada. A deposicao inicia-se sobre as pontas das cuspides
e bordos incisais dos dentes, e continua com aposi¢cées concéntricas e
sucessivas sobre os pequenos pontos de origem. Os dentes deciduos
iniciam a sua calcificacdo entre a 142 e 182 semana intrauterina, com inicio
nos incisivos centrais e término no 2° molar (51). Os &pices dos dentes
deciduos fecham geralmente um ano apds a erupcdo do dente e
geralmente ocorre entre 0 ano e meio e trés anos da crianca (42).

Devido a sua composicdo, o esmalte é rigido e duro (52), e com
presenca de diversos componentes quimicos no esmalte dentario, como:
calcio, agua, dioxido de carbono, magnésio, sodio, potassio e fosforo
(53,54).

Alteracdes no esmalte em relacdo as suas propriedades fisicas,
mecanicas e quimicas podem afetar permanentemente a denticdo decidua
e permanente, dependendo do momento em que o dente ficou exposto ao
agente agressor.

O esmalte dental € considerado importante marcador biolégico
sensivel a uma série de eventos e situacdes, pois hao contém células vivas
e ndo pode reparar danos (55). Esta condicdo permite a definicdo da
ocorréncia do evento causador (55) e tem sido utilizada como um indicativo
de padrbes de saude (56) e qualidade de vida, seja em aspectos gerais (57)

ou em situacdes especificas (58).
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Defeitos do desenvolvimento do Esmalte e Diabetes Mellitus
Gestacional

Alteracbes recorrentes sdo os defeitos de desenvolvimento de
esmalte (DDE) e geralmente refletem distarbio ocorrido durante
determinado periodo da amelogénese durante a gestacdo, sendo que,
somente os dentes em formacéo no periodo em que se deu o disturbio
serdo afetados. Portanto, com o conhecimento da cronologia de
mineralizacdo dentaria, pode-se estimar em qual periodo a mineralizagao
do esmalte foi afetada na gestacéao (47).

Varios indices clinicos tém sido usados para registar os defeitos de
desenvolvimento de esmalte, tais como: o indice Al-Alousi, o indice de
defeitos de desenvolvimento de esmalte (indice DDE), indice de fluorose
da superficie dentaria, o indice de defeitos de esmalte (IDE) (59), e o mais
preconizado e utilizado cientificamente, o indice modificado de defeitos de
desenvolvimento de esmalte (indice DDE modificado) (60). Embora estes
indices permitem a classificacdo os DDE, ndo foram encontrados guias que
correlacionassem os defeitos observados pelos indices com o periodo
gestacional de seu desenvolvimento. Desta forma tornou-se importante
desenvolver um diagrama conceitual com modulacdo dinamica da
programacao DDE fetal, desde as fases iniciais da vida, durante o periodo
gestacional, até o final da formacéo do periodo dentario.

Os estudos disponiveis enfocam o diabetes mellitus tipo Il, e os
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estudos em animais tém resultados heterogéneos, que séo inconclusivos.
Além disso, a maioria dos estudos originais sobre a prole da mde com DMG
nao incluiu dados sobre DDE

A literatura demonstrou em estudo com animais que, além dos
fatores genéticos, traumaticos e hormonais podem afetar a amelogénese e
0 processo de desenvolvimento ao afetar a erupcédo e a mineralizacao do
dente e isto inclui o desenvolvimento do esmalte dentario (61,62). Vale
ressaltar que a organizacdo do esmalte, dentina, cemento e polpa dentéaria
€ comum tanto para os humanos quanto para os roedores (63).

Estudo recente de Pascon et. al (2019) (64) com objetivo de avaliar
as consequéncias a longo prazo da exposicao intrauterina a hiperglicemia
em DDE nos descendentes entre 3-12 anos ap0s 0 nascimento, concluiu
gue o DMG foi associado aos efeitos adversos do DDE na prole. Estes
resultados estabeleceram as bases para novos estudos afim de determinar
o impacto do DMG no risco de DDE a longo prazo. As oportunidades para
melhorar os efeitos perinatais e os efeitos intergeracionais do DMG em
longo prazo existem no nivel de prevencao, triagem e tratamento do DMG
e intervencbes pos-natal de seus descendentes. E necessario avancar
ainda mais para melhorar os resultados em longo prazo para o0s
descendentes expostos ao meio materno alterado pela hiperglicemia, e a
compreensao dos fatores de risco € essencial.

Identificar fatores associados as alteracbes do esmalte do

descendente como também, desenvolver estudos com propostas de
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intervencdo, para que medidas preventivas e terapéuticas possam ser
investigadas e futuramente adotadas de forma a minimizar as
consequéncias negativas do DMG no desenvolvimento do esmalte dental.
Os estudos de acompanhamento em longo prazo séo desafiadores,
particularmente em relacdo ao custo e ao planejamento em longo prazo.
Além disso, ao mesmo tempo em que se esforca para aperfeicoar
continuamente o controle glicémico antes e durante a gravidez €, sem
duvida, importante melhorar os resultados a curto e longo prazo para as

criancas de maes com DMG.

Impacto da COVID-19 na pesquisa clinica

Neste sentido, a proposta inicial desta tese incluiu trés diferentes
abordagens de pesquisa na mesma tematica: 1) pesquisa clinica com o
objetivo de analisar a repercussao da hiperglicemia gestacional materna no
DDE da denticdo decidua da crianca e associar os niveis maternos das
variaveis bioquimicas Ca, calcitonina, PTH e vitamina D com DDE; 2)
desenvolver o Diagrama que facilitasse a correlacdo do periodo gestacional
com a fase de formacdo de esmalte dental do descendente e 3) pesquisa
experimental para avaliar a repercussao do exercicio em ratas prenhes com
diabete moderado sobre o esmalte dos dentes da ninhada.

Inesperadamente a proposta clinica teve importante impacto
negativo do Covid-19 no desenvolvimento da pesquisa e meios para

supera-lo. Desafio que exigiu muitas adaptacdes e estratégias para
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desenvolver pesquisa foi a pandemia do Covid-19 e seus efeitos na
sociedade. O efeito foi devastador para humanidade e refletiu no
desenvolvimento das pesquisas e no acesso aos servicos de saude. Isso
afetou substancialmente nossa pesquisa clinica. Os meios para superar
este desafio na parte clinica da pesquisa incluiram as visitas virtuais e
telemedicina, considerando que estas desempenham papel fundamental na
realizacdo de pesquisas e na prestacdo de cuidados aos pacientes na
sociedade. Embora todo esforco tenha sido realizado pela equipe Diamater
e pela doutoranda, o sucesso foi parcial. Cumprimos o compromisso do
cronograma com a coleta de sangue dos grupos de maes DMG e ndo-DMG,
contudo, nao foi possivel avaliar com rigor cientifico a denticdo decidua da
crianga. Depois de discussdo com a equipe, tomamos a decisdo de
aguardar o retorno da “normalidade” das condi¢cbes sanitarias para
retomarmos a proposta clinica inicial apos a conclusdo deste doutorado.

A presente Tese, inédita, integra de modo complementar o Projeto
Tematico Diamater, segue a linha da dissertacédo de mestrado desenvolvida

pela doutoranda, agora com os objetivos a saber:

1) Projetar e desenvolver o diagrama com a cronologia do
desenvolvimento do esmalte dentario (DED) para possibilitar a investigacao
dos fatores de risco intrauterinos e repercussdes da programacao fetal da

DDE, com base no conceitual do Diamater Study Group.
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2) Analisar o impacto do exercicio de natacdo das ratas prenhes
diabéticas no desenvolvimento do esmalte dentario da ninhada em sua

morfologia, estrutura, e propriedades fisicas e quimicas.

Os resultados obtidos até o momento da Qualificacdo desta Tese,
estdo apresentados em 1 artigo, completo, e resultados preliminares do

artigo 2.

1 - Fetal and postnatal programming of dental enamel development: the
DED Diamater’s conceptual diagram
2 — Impact of diabetic pregnant rat swimming exercise on enamel

development, microhardness, and volume of offspring’s teeth.

48



10.

REFERENCIAS

Rudge M, Calderon I, Ramos M, Peracoli J. Avaliacdo da vitalidade
dos fetos de gestantes diabéticas - Andlise cardiotocogréafica. Rev
Ginecol e Obs USP. 1994;5(4):201-7.

Honorio-Franga A, Calderon I, Ramos M, Rudge M. Repercussdes
fetais da hiperglicemia materna decorrente de lesdo pancreatica de
testes repetidos a glicose na prenhez de ratas. Rev Ginecol e Obs
Sao Paulo. 1995;17(691-695).

Rudge M, Calderon I, Ramos M, Rodrigues M. Diabetes and
experimental pregnancy in rats: course of maternal blood glucose
levels and its repercussions on the blood glucose levels and
pancreas of newborn pups. Brazilian J Med Biol Res. 1995;28:219—
25.

Berezowski A, Suetake H, Missiato M, Rudge M. Mortalidade
materna: analise dos ultimos dez anos do Centro Médico-
Universitario de Botucatu-UNESP. Rev Bras Ginecol e Obs.
1995;17(10):1001-7.

Rudge M, Calderon I, Ramos M, Maesta |, Souza L, Peragoli
J.Perspectiva perinatal decorrente do rigido controle pré-natal em
gestacdes complicadas pelo diabete. Rev Bras Ginecol e Obs.
1995;17(1):26-32.

Maesta I, Rudge M, Calderon I, Ramos M, Peracoli J, Henry M.
Effects of insulin therapy on the mother. The newborn and the
placenta of diabetic rats. Acta Obstet Gynecol Scand.
1997;76(167):97.

Group E (Estudo C para P da P com AC. ECPPA: randomised trial
of low dose aspirin for the prevention of maternal and fetal
complications in high risk pregnant women. BJOG An Int J Obstet
Gynaecol [Internet]. 1996 Jan;103(1):39-47. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/}.1471-
0528.1996.th09513.x

Rudge MVC, Calderon | de MP, Ramos MD, Abbade JF, Rugolo
LMSS. Perinatal Outcome of Pregnancies Complicated by Diabetes
and by Maternal Daily Hyperglycemia Not Related to Diabetes.
Gynecol Obstet Invest [Internet]. 2000;50(2):108-12. Available from:
https://www.karger.com/Article/FullText/10293

Mascaro MS, Calderon | de MP, Costa RA de A, Maesta |, Bossolan
G, Rudge MVC. Cardiotocografia Anteparto e Progndéstico Perinatal
em Gestac¢des Complicadas pelo Diabete: Influéncia do Controle
Metabolico Materno. Rev Bras Ginecol e Obs [Internet]. 2002
Oct;24(9):593-9. Available from:
http://lwww.scielo.br/scielo.php?script=sci_arttext&pid=S0100-
72032002000900005&Ing=pt&nrm=iso&ting=pt

Mascaro MS, Calderon | de MP, Rudge MVC. Anélise dos Métodos
49


http://www.karger.com/Article/FullText/10293
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-

11.

12.

13.

14.

15.

16.

17.

18.

Biofisicos de Avaliacdo Fetal Anteparto, em Gestacdes Complicadaspelo
Diabete. Fem (Federagé&o Bras das Soc Ginecol e Obs.
2003;31(3):259-63.

Rudge MVC, Nero U, Calderon I, Lima R. Prospective study of the
influence of the placental weight, volume and density of pregnant
women with high blood presure or diabete in the perinatal outcome.
Hypertens Pregnancy. 2004;23:47.

Volpato GT, Damasceno DC, Miranda MRF, Sabbag Filho D,
Calderon | de MP, Rudge MVC. Mixture of vitamin C, hesperidin and
piperidol exposure in pregnancy: maternal-fetal repercussions. Rev
Bras Ciéncias Farm [Internet]. 2006 Mar;42(1):77-82. Available
from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-
93322006000100008&Ing=en&nrm=iso&ting=en

Basso NA de S, Costa RAA, Magalhdes CG, Rudge MVC, Calderon
| de MP. Insulinoterapia, controle glicémico materno e progndstico
perinatal: diferenca entre o diabetes gestacional e o clinico. Rev
Bras Ginecol e Obs [Internet]. 2007 May;29(5):253-9. Available
from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-
72032007000500006&Ing=pt&nrm=iso&ting=pt

Rudge MVC, Maesta |, Rudge CVC, Campanini F, Gomes M,
Moraes V, et al. Dois niveis hierarquizados de atencao ao parto no
modelo de maternidade segura: resultado materno e do recém-
nascido. Rev La Div Ciencias la Salud la Univ del Norte.
2007;22:56-7.

Rudge MVC, Lima CAB, Paulette TAL, Jovanovic L, Negrato CA,
Rudge CVC, et al. Influence of Lower Cutoff Values for 100-G Oral
Glucose Tolerance Test and Glycemic Profile for Identification of
Pregnant Women at Excessive Fetal Growth Risk. Endocr Pract
[Internet]. 2008 Sep;14(6):678—85. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S1530891X20412790
Braga A, Maesta |, Michelin OC, Delmanto LRG, Consonni M,
Rudge MVC, et al. Maternal and perinatal outcomes of first
pregnancy after chemotherapy for gestational trophoblastic
neoplasia in Brazilian women. Gynecol Oncol [Internet]. 2009
Mar;112(3):568-71. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0090825808009359
lessi IL, Bueno A, Sinzato YK, Taylor KN, Rudge MV, Damasceno
DC. Evaluation of neonatally-induced mild diabetes in rats: Maternal
and fetal repercussions. Diabetol Metab Syndr [Internet]. 2010 Dec
8;2(1):37. Available from:
https://dmsjournal.biomedcentral.com/articles/10.1186/1758-5996-2-
37.

Saito FH, Damasceno DC, Kempinas WG, Morceli G, Sinzato YK,
Taylor KN, et al. Repercussions of mild diabetes on pregnancy in
Wistar rats and on the fetal development. Diabetol Metab Syndr

50


http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-

19

20.

21.

22.

23.

24.

25.

26.

27.

[Internet]. 2010 Dec 23;2(1):26. Available from:
https://dmsjournal.biomedcentral.com/articles/10.1186/1758-5996-2- 26
Moreli JB, Morceli G, De Luca AKC, Magalhdes CG, Costa RAA,
Damasceno DC, et al. Influence of Maternal Hyperglycemia on IL-10
and TNF-a Production: The Relationship with Perinatal Outcomes. J
Clin Immunol [Internet]. 2012 Jun 30;32(3):604-10. Available from:
http://link.springer.com/10.1007/s10875-011-9634-3

Sinzato YK, Volpato GT, lessi IL, Bueno A, Calderon | de MP, Rudge
MVC, et al. Neonatally Induced Mild Diabetes in Rats and Its Effect
on Maternal, Placental, and Fetal Parameters. Exp Diabetes Res
[Internet]. 2012;2012:1-7. Available from:
http://www.hindawi.com/journals/jdr/2012/108163/

Damasceno DC, Sinzato YK, Bueno A, Netto AO, Dallaqua B,
Gallego FQ, et al. Mild Diabetes Models and Their Maternal-Fetal
Repercussions. J Diabetes Res [Internet]. 2013;2013:1-9. Available
from: http://www.hindawi.com/journals/jdr/2013/473575/

Bueno A, Sinzato YK, Sudano MJ, Alvarenga F da CL e, Calderon |
de MP, Rudge MVC, et al. Short and long-term repercussions of the
experimental diabetes in embryofetal development. Diabetes Metab
Res Rev [Internet]. 2014 Oct;30(7):575-81. Available from:
https://onlinelibrary.wiley.com/doi/10.1002/dmrr.2521

Moura PMSS, Maesta |, Rugolo LMSS, Angulski LFRB, Caldeira AP,
Peracoli JC, et al. Risk factors for perinatal death in two different
levels of care: a case—control study. Reprod Health [Internet]. 2014
Dec 30;11(1):11. Available from: https://reproductive-health-
journal.biomedcentral.com/articles/10.1186/1742-4755-11-11
Gelaleti RB, Damasceno DC, Santos DP, Calderon IMP, Rudge
MVC. Increased DNA Damage is Related to Maternal Blood Glucose
Levels in the Offspring of Women With Diabetes and Mild
Gestational Hyperglycemia. Reprod Sci [Internet]. 2016 Mar
2;23(3):318-23. Available from:
http://journals.sagepub.com/doi/10.1177/1933719115602766

de Sousa Basso NA, Morceli G, Costa R, Dias A, Rudge MVC,
Calderon IMP. Validation of a symphysis-fundal height chart
developed for pregnancy complicated by diabetes and
hyperglycemia: an observational study. Reprod Health [Internet].
2016 Dec 3;13(1):89. Available from: http://reproductive-health-
journal.biomedcentral.com/articles/10.1186/s12978-016-0202-4
Vernini JM, Moreli JB, Magalhdes CG, Costa RAA, Rudge MVC,
Calderon IMP. Maternal and fetal outcomes in pregnancies
complicated by overweight and obesity. Reprod Health [Internet].
2016 Dec 27;13(1):100. Available from: http://reproductive-health-
journal.biomedcentral.com/articles/10.1186/s12978-016-0206-0
Sirimarco MP, Guerra HM, Lisboa EG, Vernini JM, Cassetari BN, de

51


http://link.springer.com/10.1007/s10875-011-9634-3
http://www.hindawi.com/journals/jdr/2012/108163/
http://www.hindawi.com/journals/jdr/2013/473575/
http://journals.sagepub.com/doi/10.1177/1933719115602766
http://reproductive-health-/
http://reproductive-health-/

28.

29.

30.

31.

32.

33.

34.

35.

36.

Araujo Costa RA, et al. Diagnostic protocol for gestational diabetes
mellitus (GDM) (IADPSG/ADA, 2011): influence on the occurrence of
GDM and mild gestational hyperglycemia (MGH) and on the
perinatal outcomes. Diabetol Metab Syndr [Internet]. 2017 Dec
3;9(1):2. Available from:
http://dmsjournal.biomedcentral.com/articles/10.1186/s13098-016-
0200-2

American Diabetes Association. Diagnosis and Classification of
Diabetes Mellitus. Diabetes Care [Internet]. 2012 Jan
1;35(Supplement_1):S64—71. Available from:
https://diabetesjournals.org/care/article/35/Supplement_1/S64/26301
/Diagnosis-and-Classification-of-Diabetes-Mellitus

Weinert LS. International Association of Diabetes and Pregnancy
Study Groups Recommendations on the Diagnosis and
Classification of Hyperglycemia in Pregnancy. Diabetes Care
[Internet]. 2010 Jul 1;33(7):e97—e97. Available from:
https://diabetesjournals.org/care/article/33/7/e97/39395/International-
Association-of-Diabetes-and

Katz L, Amorim M, Coutinho I, Santos LC. Andlise Comparativa de
Testes Diagndsticos para Diabete Gestacional. Rev Bras Ginecol e
Obs [Internet]. 2002 Sep;24(8). Available from:
http://lwww.scielo.br/scielo.php?script=sci_arttext&pid=S0100-
72032002000800005&Ing=pt&nrm=iso&ting=pt

Rudge M, Calderon |, Ramos M, Suetake H, Peracoli J. Diabetes
investigation during pregnancy. Rev Bras Ginecol e Obs.
1996;18(1):21-8.

The HAPO Study Cooperative Research Group. Hyperglycemia and
Adverse Pregnancy Outcomes. N Engl J Med [Internet]. 2008 May
8;358(19):1991-2002. Available from:
http://www.nejm.org/doi/abs/10.1056/NEJM0a0707943

HAPO Study Cooperative Research Group. Hyperglycemia and
Adverse Pregnancy Outcome (HAPO) Study: Associations With
Neonatal Anthropometrics. Diabetes [Internet]. 2009 Feb
1;58(2):453-9. Available from:
http://diabetes.diabetesjournals.org/cgi/doi/10.2337/db08-1112
Pedersen J. A diabética gravida e seu recém-nascido. 22 ED. Sao
Paulo: Editora Manole; 1979.

Metzger BE. Biphasic Effects of Maternal Metabolism on Fetal
Growth; Quintessential Expression of Fuel-Mediated Teratogenesis.
Diabetes [Internet]. 1991 Dec 1;40(Supplement_2):99-105.
Available from:
https://diabetesjournals.org/diabetes/article/40/Supplement_2/99/903
7/Biphasic-Effects-of-Maternal-Metabolism-on-Fetal

Pimenta WP, Calderon IMP, Cruz NS, Santos ML, Aragon FF,
52


http://dmsjournal.biomedcentral.com/articles/10.1186/s13098-016-
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-
http://www.nejm.org/doi/abs/10.1056/NEJMoa0707943
http://diabetes.diabetesjournals.org/cgi/doi/10.2337/db08-1112

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Padovani CR. Subclinical abnormalities of glucose metabolism in
Brazilian women with a history of gestational diabetes mellitus. Acta Obstet
Gynecol Scand [Internet]. 2004 Dec;83(12):1152-8. Availablefrom:
https://onlinelibrary.wiley.com/doi/10.1111/j.0001- 6349.2004.00444.x
Chen G, Chen J, Yan Z, Li Z, Yu M, Guo W, et al. Maternal diabetes
modulates dental epithelial stem cells proliferation and self-renewal
in offspring through apurinic/apyrimidinicendonuclease 1-mediated
DNA methylation. Sci Rep [Internet]. 2017 Feb 17;7(1):40762.
Available from: http://www.nature.com/articles/srep40762

Lal S, Cheng B, Kaplan S, Softness B, Greenberg E, Goland RS, et
al. Accelerated Tooth Eruption in Children With Diabetes Mellitus.
Pediatrics [Internet]. 2008 May 1;121(5):e1139-43. Available from:
https://publications.aap.org/pediatrics/article/121/5/€1139/73459/Acc
elerated-Tooth-Eruption-in-Children-With

Silva-Sousa YTC, Peres LC, Foss MC. Enamel hypoplasia in a litter
of rats with alloxan-induced diabetes mellitus. Braz Dent J [Internet].
2003;14(2):87-93. Available from:
http://lwww.scielo.br/scielo.php?script=sci_arttext&pid=S0103-
64402003000200003&Ing=en&ting=en

Villarino ME, Goya JA, De Lucca RC, Ubios AM. Alterations of Tooth
Eruption and Growth in Pups Suckling from Diabetic Dams. Pediatr
Res [Internet]. 2005 Oct;58(4):695-9. Available from:
http://www.nature.com/doifinder/10.1203/01.PDR.0000180599.5480
7.24

Gaspar C, Jesus M. Repercussdes da Diabete materna para o
neonato. Rev Enferm UNISA. 2004;5:57-61.

Montenegro CAB, Filho J de R. Obstetricia. 122 Ed. Rio de Janeiro:
Guanabara Koogan; 2008. 60 p.

Junqueira L, Carneiro J. Histologia Basica. 82 Ed. Guanabara
Koogan,; 1995.

Belizan JM, Villar J. The relationship between calcium intake and
edema-, proteinuria-, and hypertension-gestosis: an hypothesis. Am
J Clin Nutr [Internet]. 1980 Oct 1;33(10):2202-10. Available from:
https://academic.oup.com/ajcn/article/33/10/2202/4692362

Karamali M, Asemi Z, Ahmadi-Dastjerdi M, Esmaillzadeh A. Calcium
plus vitamin D supplementation affects pregnancy outcomes in
gestational diabetes: randomized, double-blind, placebo-controlled
trial. Public Health Nutr [Internet]. 2016 Jan 20;19(1):156—63.
Available from:
https://www.cambridge.org/core/product/identifier/S13689800150006
09/type/journal_article

Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The Role of Vitamin D
and Calcium in Type 2 Diabetes. A Systematic Review and Meta-
Analysis. J Clin Endocrinol Metab [Internet]. 2007 Jun 1;92(6):2017—
29. Available from:

53


http://www.nature.com/articles/srep40762
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-
http://www.nature.com/doifinder/10.1203/01.PDR.0000180599.5480
http://www.cambridge.org/core/product/identifier/S13689800150006

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

https://academic.oup.com/jcem/article/92/6/2017/2623152

Zemel MB. Insulin Resistance vs. Hyperinsulinemia in Hypertension:
Insulin Regulation of Ca2+ Transport and Ca2+-Regulation of Insulin
Sensitivity. J Nutr [Internet]. 1995;125(suppl_6):1738S-1743S.
Available from: https://doi.org/10.1093/jn/125.suppl_6.1738S
Sociedade Brasileira de Diabetes. Diretrizes da Sociedade Brasieira
de Diabetes. S&o Paulo: AC FARMACEUTICA,;

Pittas AG, Harris SS, Stark PC, Dawson-Hughes B. The Effects of
Calcium and Vitamin D Supplementation on Blood Glucose and
Markers of Inflammation in Nondiabetic Adults. Diabetes Care
[Internet]. 2007 Apr 1;30(4):980—6. Available from:
https://diabetesjournals.org/care/article/30/4/980/25719/The-Effects-
of-Calcium-and-Vitamin-D

Bolland MJ, Barber PA, Doughty RN, Mason B, Horne A, Ames R, et
al. Vascular events in healthy older women receiving calcium
supplementation: randomised controlled trial. BMJ [Internet]. 2008
Feb 2;336(7638):262—6. Available from:
https://www.bmj.com/lookup/doi/10.1136/bm|.39440.525752.BE
Mendoza A. Desarrollo y erupcion dentaria. In: Odontopediatria.
Barcelon: Masson; 2004. p. 55-72.

Thesleff I, Tummers M. Tooth organogenesis and regeneration.
StemBook [Internet]. 2009;1-12. Available from:
http://lwww.stembook.org/node/535

Simmer J, Hu J. Dental enamel formation and its impact on clinical
dentistry. J Dent Educ. 2001;65(9):896—-905.

RYTHEN M, NOREN JG, SABEL N, STEINIGER F, NIKLASSON A,
HELLSTROM A, et al. Morphological aspects of dental hard tissues
in primary teeth from preterm infants. Int J Paediatr Dent [Internet].
2008 Nov;18(6):397-406. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/].1365-
263X.2008.00928.x

Franco KMD, Line SRP, Moura-Ribeiro MVL de. Prenatal and
neonatal variables associated with enamel hypoplasia in deciduous
teeth in low birth weight preterm infants. J Appl Oral Sci [Internet].
2007 Dec;15(6):518-23. Available from:
http://lwww.scielo.br/scielo.php?script=sci_arttext&pid=S1678-
77572007000600012&Ing=en&ting=en

Angker L, Swain MV. Nanoindentation: Application to dental hard
tissue investigations. J Mater Res [Internet]. 2006 Aug 1;21(8):1893—
905. Available from: http://link.springer.com/10.1557/jmr.2006.0257
Bowes JH, Murray MM. The chemical composition of teeth. Biochem
J [Internet]. 1935 Dec 1;29(12):2721-7. Available from:
https://portlandpress.com/biochemij/article/29/12/2721/22700/The-
chemical-composition-of-teethThe-composition

54


http://www.bmj.com/lookup/doi/10.1136/bmj.39440.525752.BE
http://www.stembook.org/node/535
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1678-
http://link.springer.com/10.1557/jmr.2006.0257

58.

59.

60.

61.

62.

63.

64.

Lowater F, Murray MM. Chemical composition of teeth. Biochem J
[Internet]. 1937 May 1;31(5):837—41. Available from:
https://portlandpress.com/biochemij/article/31/5/837/28604/Chemical-
composition-of-teethSpectrographic

Aine L, Backstrom MC, Maki R, Kuusela A-L, Koivisto A-M, Ikonen
R-S, et al. Enamel defects in primary and permanent teeth of
children born prematurely. J Oral Pathol Med [Internet]. 2000
Sep;29(8):403-9. Available from:
http://doi.wiley.com/10.1034/j.1600-0714.2000.290806.x

Fearne JM, Bryan EM, Elliman AM, Brook AH, Williams DM. Enamel
defects in the primary dentition of children born weighing less than
2000 g. Br Dent J [Internet]. 1990 Jun 9;168(11):433—7. Available
from: http://www.nature.com/articles/4807231

Funakoshi Y, Kushida Y, Hieda T. Dental observations of low birth
weight infants. Pediatr Dent. 1981;3(1):21-5.

Johnsen D, Krejci C, Hack M, Fanaroff A. Distribution of Enamel
Defects and the Association with Respiratory Distress in Very Low
Birthweight Infants. J Dent Res [Internet]. 1984 Jan 8;63(1):59-64.
Available from:
http://journals.sagepub.com/doi/10.1177/00220345840630011401
A review of the developmental defects of enamel index (DDE Index).
Commission on Oral Health, Research & Epidemiology. Report of an
FDI Working Group. Int Dent J [Internet]. 1992 Dec;42(6):411-26.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/1286924
Pascon T, Barbosa AMP, Cordeiro RCL, Bussaneli DG, Prudencio
CB, Nunes SK, et al. Prenatal exposure to gestational diabetes
mellitus increases developmental defects in the enamel of offspring.
Sanchez-Margalet V, editor. PLoS One [Internet]. 2019 Feb
27;14(2):e0211771. Available from:
https://dx.plos.org/10.1371/journal.pone.0211771

55


http://doi.wiley.com/10.1034/j.1600-0714.2000.290806.x
http://www.nature.com/articles/4807231
http://journals.sagepub.com/doi/10.1177/00220345840630011401
http://www.ncbi.nlm.nih.gov/pubmed/1286924




7 7

Artigo Original redigido de acordo com as normas de publicacéo da revista
Plos One para a qual sera submetido. Qualis A2 MED Il - FI: 3,24
https://journals.plos.org/plosone/



https://journals.plos.org/plosone/

Fetal and postnatal programming of dental enamel development: the
DED Diamater’s conceptual diagram

Tawana Pascon't, MD, Angelica Mercia Pascon Barbosa'?t, PhD,
Fabiane Affonso Pinheiro*, PhD, Caroline Baldini Prudencio*, PhD,
Carlos lzaias Sartorao-Filhol3*, PhD, Sthefanie Kenickel Nunes*, PhD,
Gabriela Azevedo Garcial#*, BSc, Rafael Guilen de Oliveiral, MD, Vinicius
Krieger Costa Nogueira®*, PhD, Diego Girotto Bussaneli®e, PhD, Marilza
Vieira Cunha Rudge'e, PhD, Diamater Study Group*

1 TP and AMPB are the first authors of this work.
* These authors contributed equally to this work.
* MVCR and DGB are the last authors of this work.

“Diamater Study Group - Rudge MVC, Barbosa AMP, Calderon IMP, Souza FP, Lehana T, Graeff CFO,
Rodrigues MRK, Felishino SL, Barbosa WF, Bossolan G, Corrente JE, Nunes HRC, Abbade JF, Rossignoli
PS, Pedroni CR, Jarmy-Di Bella ZI, Uchéa SMM, Duarte MAH, Mareco EA, Sakalem ME, Martinho NM,
Bussaneli DG, Orlandi MIG, Pascon C, Dangié TD, Rudge CVC, Piculo F, Prata GM, Avramidis RE, Carvalho
CNF, Magyori ABM, Nava GTA, Caldeirdo TCD, Shetty RHL, Reyes DRA, Alves FCB, Marcondes JPC,
Takemoto MLS, Prudencio CB, Pinheiro FA, Sartorao-Filho Cl, Quiroz SBCV, Pascon T, Nunes SK, Catinelli
BB, Reis FVDS, Oliveira RG, Costa SMB, Menezes MO, Santos NJ, Enriquez EMA, Takano L, Carr AM,
Garcia GA, lamundo LF, Bassin HCM, Barbosa VP, Jacomin M, Silva AJB, Lourengo 10, Marostica de Sé& J,
Caruso IP, Rasmussen LT, Nogueira VKC, Ribeiro-Paes JT, Franca DCH, Bastos HVM, Heliodoro MLA, Kuroda
MN, Carvalho HL, Mosele FC, Oliveira MA, Chaves MR, Laverde EA

1S40 Paulo State University (UNESP), Botucatu Medical School, Department of
Gynecology and Obstetrics, Botucatu, S&o Paulo, Brazil.

2540 Paulo State University (UNESP), School of Philosophy and Sciences, Department of
Physiotherapy and Occupational Therapy, Marilia, Sdo Paulo, Brazil.

3Educational Foundation of the Municipality of Assis (FEMA), Medical School, Assis, Brazil.
4Sa0 Paulo State University (UNESP), Faculty of Sciences, Bauru, Sao Paulo, Brazil.
5Sé&o Paulo State University (UNESP), School of Dentistry, Department of Morphology and
Pediatric Dentistry, Araraquara, S&o Paulo, Brazil.

Corresponding Author: Marilza Vieira Cunha Rudge

Department of Gynecology and Obstetrics, Botucatu Medical School, UNESP

Distrito de Rubi&o Jr s/n 18.618-000, Botucatu, Sdo Paulo, Brazil

Phone: +55 (14) 3880-1631, email: m.rudge@unesp.br

Data Availability Statement: All relevant data are within the paper and its Supporting
Information files.

Funding: The authors received funding from Fapesp 2016/01743-5

Competing interests: The authors declare no competing interests.

58


mailto:m.rudge@unesp.br

Abstract

Background: During intrauterine development, the fetus is vulnerable to
various factors, mainly affected by the maternal interface. Dental enamel is
considered a sensitive biological marker for some conditions; it's a tissue
with no living cells and cannot be repaired after damage. Therefore, the
developmental defects of enamel (DDE) may suggest an association with
systemic or local factors and fetal programming. Therefore, this study aimed
to design and develop the diagram with the chronology of dental enamel
development (DED) to enable investigation of the intrauterine risk factors
and fetal programming repercussions of DDE based on the Diamater Study
Group concept.

Methods and results: The “DED Diamater’s conceptual diagram” was
developed considering the chronology of enamel formation in the deciduous
and permanent dentition starting in intrauterine life. The teeth were
differentiated by the group of teeth, type of dentition, and by percentage of
dental enamel formation per surface of the tooth. The periods from the
beginning until complete enamel formation were considered and related to
the intrauterine, birth, and postnatal periods.

Conclusion: DED Diamater’s conceptual diagram was developed and
made it possible to view the interrelation of the DED with intrauterine life to
four years postnatal age. The diagram presents the group of teeth, type of
dentition, tooth surface, and evolution of DED, indicating the onset
according to gestational week and year of life that completes the formation
of dental enamel. The tool may target preventive and therapeutic
interventions in DDE that can positively interfere with children's oral health

later in life and in future generations.

Keywords: fetus, fetal programming, dental enamel, pregnancy, birth,

postpartum period, intrauterine
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Introduction

Conditions during fetal and postnatal life significantly impact adult
cardiovascular, metabolic, and neurological health. This is named fetal
programming or the developmental origins of adult health and disease
(DOHaD) hypothesis (1-3).

The DOHabD represents an important tool for long-term disease and death
and an essential theoretical shift in bioarchitecture. The interpreted dental
indicators provide a framework to explore the variables associated with
frailty and hidden heterogeneous risk (4—6). However, understanding the
pathophysiological mechanisms of how this phenomenon is activated and
established requires further investigation.

Adult-onset diseases, including development defects of enamel (DDE), can
originate from early life. Tooth enamel remains a significant public health
challenge. A previous study highlighted major changes in dental enamel
development (DED) of mothers with historic Gestational Diabetes Mellitus
(GDM), suggesting fetal programming or DOHaD caused by a
hyperglycemic intrauterine environment, including higher prevalence of
DDE and a higher proportion of teeth with DDE in offspring of GDM mothers
(7).

Moreover, a higher proportion of demarcated opacity and hypoplasia in
deciduous dentition and a higher proportion of diffuse opacity in permanent

dentition may be considered the profile of fetal programming of DDE caused
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by GDM (7). Tooth enamel does not remodel once formed during early life
and follows an incremental and rhythmical pattern of growth and
development (8-10).

However, studies exploring the DOHaD must consider the developmental
timing and frequency at which stressors are experienced, as well as cultural
and environmental factors that may alleviate or exacerbate physiological
constraints related to surviving early life stress (5).

There are several reports on tooth development, starting in intrauterine life
(11), extending through gestation, and continuing in the postnatal period.
Cellular and genetic molecular sequential networks control it at specific
times and places (12,13), namely amelogenesis. Interestingly, the process
mentioned above involved the secretion stage into the enamel protein matrix
(14,15) and the maturation stage into the mineral’s incorporation. Thus, the
crystals increase in thickness and width, giving enamel physical and
mechanical properties, such as porosity and hardness (16). However, it is
required to clarify that the beginning of tooth enamel formation does not co-
occur in all teeth; all primary teeth and two groups of permanent teeth begin
enamel formation in intrauterine life (8,14,17-19).

Dental enamel protects the dental crown from masticatory efforts while
protecting the dentin-pulp complex vitality against chemical, physical and
thermal injuries (15). Thus, any disturbances that occur during the
intrauterine environment can result in DDE (20). Additionally, the DDE

analysis may be helpful for individual and populational diagnosis, suggesting
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an association with systemic or local factors. This condition allows the
definition of the occurrence of the causative event (21). It has been used as
an indicator of health standards (22) and quality of life, either in general
aspects (23) or in specific situations (24).

An extensive literature search for assessing a schematic figure of
DED did not refer to any specific instrument for evaluating DED's fetal and
postnatal conceptual framework. Therefore, due to the need for a fully
developed tool, we created a new mechanism to demonstrate the
conceptual framework of DED with each period of intrauterine life up to 4
years old. Therefore, this study aimed to design and develop a conceptual
diagram with dynamic modulation of fetal DDE programming, from the early
stages of life, during the gestational period until the end of the dental period
formation.

This brief tool, wide sense, is too detailed with valuable insights for
researchers and clinicians to enhance their ability to carry out a prenatal
insult diagnosis to DOHaD. This establishes an investigation window of the
possible risk factors and fetal programming repercussions to target
preventive and therapeutic new interventions that can positively interfere

with children's oral health and future generations (22).

Methods
Diamater is a scientific acronym of an interdisciplinary research committee

(group) to study the interaction between pregnancy, GDM, and long-term
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maternal and offspring outcomes. The difficulties we have found in the full
description of DDE in offspring of GDM mothers, the available literature
(8,19,25-30), and previous experience in the design and validity of a
guestionnaire (31) allow us to create the Diamater conceptual diagram of
DED (7). This tool was elaborated to facilitate the visual interrelationship
between DDE and the corresponding period to the DED stage.

There were three phases in developing the Diamater conceptual diagram of
DED: item selection, item development, and content validity.

The first phase, item selection, the chronology enamel formation aspects
were considered as follows. A preliminary version (a- conceptual diagram)
was elaborated according to a period of life, including intrauterine life
(gestational weeks), at birth and postnatal period; type of dentition; dental
groups, and percentage of dental enamel formation per surface.

In item development’s second phase, an internal analysis was performed
inside the Diamater group, and an intermediate version (B- conceptual
diagram) was elaborated. The content of this intermediate version includes
detailed specifications on the item selected as a period of life, including
intrauterine life (gestational weeks), at birth and the postnatal period
(monthly in the first year and annually until the fourth year); type of dentition
(deciduous and permanent); dental groups (incisors, canines, premolars,
and molars); and percentage of dental enamel formation per surface
(buccal, lingual, mesial, distal and occlusal or incisal).

In the third phase, content validity, the figure resultant from phase 2 was
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sent to 3 Ph.D. level academic experts in dentistry by email, one with clinical
expertise (RCLC), one with research expertise (DGB), and another layman
on the theme (TNP). Each candidate item was assessed by clinical
relevance, organization and understanding of things, and adequacy as an
instrument for evaluating the influence of intrauterine.

The final version of the DED Diamater conceptual diagram was defined after
review and suggestions from 3 external volunteer evaluators. The final
version of the “DED Diamater conceptual diagram” was divided into three
periods, with deciduous and permanent dentition, with all teeth considered,
and the percentage of dental enamel formation at intrauterine life, birth, and
postnatal period. The layout was designed to differentiate all dental

characteristics and fetal and postnatal.

Results

The final version of the DED Diamater conceptual diagram is shown in
Figure 1. The diagram presents three distinct blocks differentiated by time
considering intrauterine life, from the 14th week, birth and postnatal period
until the 4th year of life. Each period is differentiated by colors and the lines
and columns are properly identified, which allows the visualization of the
DED in each period of life. Teeth are shown by dental arch, tooth group,
type of dentition and by surface. The start of dental enamel formation in
intrauterine life, the percentage of dental enamel formation at birth to

complete enamel formation after birth can be seen in the columns at each
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stage described.
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Figure 1: Dental Enamel Development Diamater’'s Conceptual Diagram.
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Legend: Deciduous Teeth - Maxillary Central Incisor (MxCI); Mandibular Central Incisor (MdClI); First Maxillary Molar (1st MxM); First Mandibular Molar (1st MdM); Maxillary Lateral Incisor (MxLI); Mandibular Lateral Incisor (MdL!); Maxillary Canine (MxC); Mandibular Canine (MdC);
Second Maxillary Molar (2nd MxM); Second Mandibular Molar (2nd MdM).
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Discussion

The interrelationship of the DED with intrauterine life to four years postnatal
age presented in DED Diamater’s conceptual diagram is a tool can be
helpful for clinicians and researchers when investigating possible etiologic
factors and in fetal programming directing the anamnesis to a specific stage
of development since the clinical appearance of DDE hardly indicates its
etiology, but can suggest when it occurred (22), establishing an investigation
window that may to target preventive and therapeutic interventions futures
that can positively interfere with children's oral health and in the future
generation.

DDE can negatively affect oral health and dental esthetics (20), cause tooth
sensitivity, modify (32), make anesthesia difficult (33), and risk factor for
cavities and erosion in children's teeth (34), and this is a significant problem
that requires public health care. The fetal origin of adult disease hypothesis
postulates that a stressful in-utero environment can negatively affect fetal
programming, potentially leading to chronic disease in later life. Factors
known to impact fetal programming include the timing, intensity, duration,
and nature of the external stressor during pregnancy. As such, dynamic
modulation of fetal programming is heavily involved in shaping health
throughout life, possibly by influencing metabolic parameters (35). This
study presents the diagram as a basis for case studies or extensive

investigations.
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Study limitations

Limitations in our data should be considered. For example, the design
presents only some of the present all the dents in its diagram, although it
was not the objective, however future studies, which intend to identify risk
factors for DDE in teeth that start enamel formation after birth, should be

carried out.

Conclusion

In summary, the DED Diamater Conceptual Diagram as a clinical instrument
establishes a dental profit from the 14th weeks of intrauterine life until the
fourth year of postnatal life, displaying the gestational week of onset and the
year of life that completes the formation of dental enamel. In this context,
the DED Diamater conceptual diagram provides the ability to identify the
prenatal and postnatal life-long exposure to DOHaD. Also, this tool needs to
be placed on public health prevention strategies and therapeutic initiatives
to positively interfere with children's oral health late life and the generations.
Further the interesting for opportunity of a novel focus of research, and we
hope to have provided not only a knowledge base but also some conceptual

ideas for future studies.
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Abstract

Gestational diabetes mellitus was associated with adverse effects of the
enamel developmental defects on offspring. The aim of this study was
analyzed of Impact of pregnant rat swimming exercise on enamel
development, microhardness, and volume of offspring’s teeth. The pregnant
rats were submitted to the swimming exercise protocol with moderate
intensity exercise protocol. Offspring teeth was used: four incisors of each
animal of each group were extracted. Teeth were evaluated in relation to
enamel volume, microstructure, presence or absence of fractures, breaks at
the “tip”, roughness, fissures, scratches and dimples, and microhardness.
The enamel volume showed no difference between the groups. The Dsed
group showed a greater number of alterations in relation to fractures,
fissures, roughness, enamel formation and the concomitant presence of
diffuse opacity and as demarcated. Increase in Na concentration was
observed in the NDex group compared with NDsed group, while no
difference was found in the others concentrations. There was a decrease in
microhardness in the Dsed and Dex groups compared to the NDex group.
The Dex group showed a reduction in the deleterious effects observed in
the Dsed group and similar results to the ND groups. The exercised diabetic
and non-diabetic groups showed an appearance of fissure consolidation.
The results support that there was no difference between groups in the
analysis of enamel volume. Not performing swimming exercises and having
diabetes during pregnancy had a greater negative impact in relation to the
occurrence of fractures, fissures, changes in roughness, enamel formation
and the concomitant presence of diffuse and demarcated opacity. Diabetes
in general caused a decrease in enamel microhardness compared to the

non-diabetic group and swimming exercise was able to reverse fissures.

Keywords: dental enamel, diabetic, pregnant rats, offspring, swimming
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exercise.

Introduction

Maternal gestational diabetes mellitus (GDM) has a huge impact on fetal
programming. Bearing in mind that children born from GDM women carry an
increased risk for future illness such as developmental defects of enamel
(DDE) (Kobayashi et al. 2018) between 3 and 12 years (Pascon et al. 2019),
a translational study should be performed. Such study from bed to bench
would deepen the knowledge not only about enamel development,
microhardness, and volume in a hyperglycemic intrauterine condition but
also about the control of such aberrant maternal environment through
swimming exercise (SE) (Pascon et al. 2019; Shashikadze et al. 2021).
GDM has recently reached epidemic proportions worldwide and
dysregulation of glucose metabolism is found in up to 15-25% of
pregnancies (Aisa et al. 2019; Shashikadze et al. 2021).

There is a rapidly expanding literature to support the impact of in utero
environment on adult health and the health of future generations (Hopkins
and Cutfield 2011; Ruszata et al. 2022).

Additionally, the conditions during fetal or early postnatal development
influence the individual’s risk of developing non-communicable diseases in
later life Developmental Origins of Health and Disease (DOHaD) paradigm
(Yessoufou and Moutairou 2011). Previous study demonstrates that fetal
exposure to GDM seems to stimulate a negative impact on dental enamel

79



(Tolomeu et al. 2022).

Further, compelling evidence support the idea that DDE negatively affect
oral health and aesthetics, cause tooth sensitivity, malocclusion (Hong et al.
2009) resulting in anesthesia difficulties because of the hypersensitivity
(Jalevik and Norén 2000). All these damaged regions may cause
vulnerability to carious lesions, erosion, abrasion or even post-eruptive
breakdowns in children’s teeth (Seow et al. 2011) impacting in adult life.
As a consequence, interventions to optimize maternal, fetal, and child health
are extremely important in order to prevent adult non-communicable
diseases (NCD) (Hales and Gluckman 2001; Hanson et al. 2011).
Currently, hyperglycemia during pregnancy is thought to be one of the most
important determinants of aberrant fetal development (Chen et al. 2017).
The environment in utero and in early neonatal life may induce a permanent
response in the fetus and the newborn, leading to enhanced susceptibility
to later diseases. These effects have been considered as transgenerational
and are probably due to an epigenetic transmission mediated by the mother
(Aerts and Van Assche 2006; Poston 2010).

Offspring of mothers with GDM have thinner enamel of incisors, with less
volume and lower mineral density compared with offspring who have not
been exposed prenatally to a hyperglycemic environment. These data have
provided evidence linking maternal diabetes with enamel morphogenesis in

offspring (Chen et al. 2017).
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A new mechanism through which Apex1
(Apurinic/apyrimidinicendonuclease) mediates the tooth development in
maternal diabetes-affected offspring, and indicates a direct link between
maternal diabetes and epigenetic silencing of genes such as Oct4 and
Nanog. The results of this study also suggest novel targets for strategies to
prevent or treat tooth hypoplasia in addition to valuable information for tissue
engineering to regenerate teeth (Chen et al. 2017).

These observations mold the fetal origin of adult disease (FOAD) hypothesis
and subsequently the developmental origins of health and disease (DOHaD)
framework whereby adverse events in early life are shown to impact health
across the life course via the process now preferentially termed
‘developmental programming’ (Vickers 2022).

In clinical practice, the maternal diabetes and the consequent fetal
hyperinsulinism should be avoided. Early detection of gestational diabetes
and strict metabolic control are essential (Hod et al. 2015).

There is considerable evidence that exercise during a healthy pregnancy
has positive effects on the mother and the fetus, as well as possibly in the
forthcoming childhood. Exercise, as a supplement to routine care,
significantly improves postprandial glycemic control, reducing fasting blood
glucose for pregnant women with GDM and may even delay the need for
insulin use (Colberg et al. 2013; Harrison et al. 2016; Taylor 2018).

Undoubtedly, regular and scheduled exercise remains of vital importance
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for the appropriate glucose control for pregnant women with GDM and it is
proven to lead to improved pregnancy outcomes with fewer negative side
effects (Halvatsiotis et al. 2020). Exercise, as an effective strategy to
improve glucose homeostasis, can lower blood glucose levels and improve
insulin sensitivity during pregnancy (Harrison et al. 2016).

The use of dietary interventions, exercise and medication, create a perfect
environment of preventing and managing diabetes in a pregnancy. It
proves to be required for better outcomes of pregnancy, and to ensure
health of the mother and the newborn. In addition, there are increasing
numbers of studies disclosing the beneficial role of exercise in humans, as
it can prevent and even reverse the course to disease development
(Halvatsiotis et al. 2020).

Either the American College of Obstetricians and Gynecologists (ACOG) or
Canadian Guidelines for Physical Activity in Pregnancy agree that exercise
during a healthy pregnancy has positive effects on the mother, fetus, as well
as in childhood (Mottola et al. 2018).

SE interference with this “developmental program” in pregnancy of diabetic
rats may be an interesting and innovative strategy. SE can be understood
as a lifestyle change to restore the normality of the maternal environment
A rapidly expanding literature indicates that animal models are valuable
tools for understanding the pathogenesis of developmental programming

and developing therapeutic interventions for DOHaD-related diseases
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(Hopkins and Cutfield 2011; McMillen and Robinson 2005; McMullen and
Mostyn 2009; Ojeda et al. 2008). Epidemiologic and animal model studies
have shown that hyperglycemia during pregnancy alters the tooth
development process, affecting tooth eruption and mineralization (Lal et al.
2008; Villarino et al. 2005; Yeh et al. 2012).

Maternal exercise reverses the detrimental effects of maternal high-fat
feeding on offspring metabolism of female mice, vanishing the harmful
effects of a maternal high-fat diet on glucose tolerance and hepatocyte
glucose metabolism in female offspring (Stanford et al. 2017).
Morphological evaluation (Cremonini et al. 2021) turned toward the direction
opposite to that previously stated. Our previous study confirmed the
reversed diabetic-induced myopathy through SE intervention during the
whole pregnancy in diabetic rats (Catinelli et al. 2022).

These results strongly suggest the influence of controlled maternal
hyperglycemic environment in mothers by SE. However, none of these
studies examined physical abnormalities of neonatal dental enamel of MHP
mothers submitted to SE during the whole pregnancy. There is a growing
need to identify if similar SE in rats’ model of diabetic myopathy move
backward the enamel changes in offspring. Emerging evidence indicates
that animal models are valuable tools for understanding the pathogenesis of
developmental programming and developing therapeutic interventions for

DOHabD-related diseases (Hsu and Tain 2021; McMillen and Robinson
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2005; McMullen and Mostyn 2009; Ojeda et al. 2008).

However, the effects of maternal diabetes on tooth development, and the
associated influence of SE have not been thoroughly investigated.
Therefore, this study aimed to evaluate the impact of diabetic pregnant rat
swimming exercise on enamel development, microhardness, and volume of

offspring’s’ teeth.

Materials and Methods

This current project corresponds to the translational part of the Diamater
Study, a cohort Thematic Project with the financial support of Sdo Paulo
Research Foundation (FAPESP 2016/01743-5), a state research foundation
in Brazil. The Diamater cohort project has been developed to investigate
biomarkers of the deleterious effects in women with GDM (Rudge et al.
2020). According to the requirement to develop innovative treatments for
gestational diabetes maternal and offspring negative repercurtions, the

translational project with swimming was developed.

Ethics and Animals

All animal experiments were approved by the Institutional Animal Care and
Use Committee, Faculty of Philosophy and Sciences, Sdo Paulo State
University (UNESP), in accordance with the Brazilian Council for Control of

Animal Experimentation (CONCEA) (protocol number 007/2016). The study
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is reported in accordance with the ARRIVE guidelines. Female and male
Wistar rats obtained from ANILAB were housed in a facility with constant
temperature (22+2°C) and humidity (55+5%) on a controlled 12h light—12h
dark cycle with food and water ad libitum, in individual plastic cages during

all experimental protocol. The experimental sequence is shown in Figure 1.
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Generation of MHP rats’ model

The MHP model is the same as previous reports (Damasceno et al. 2013;
Damasceno et al. 2014; Marini et al. 2017; Vesentini et al. 2018; Vesentini
et al. 2020). To induce MHP rats’ model, newborn female Wistar received in
the first day of life subcutaneously injection of streptozotocin - STZ (Sigma®)
diluted in citrate buffer (0.1 mol/l pH 4.5) in a dose of 100 mg/kg. Non-
diabetic rats received subcutaneous injection of citrate buffer (0.1 mol/l pH
4.5) (Damasceno et al. 2008). All female and male newborns rats were
maintained with their mothers until the end of the lactation period (21 days).
After this period, the mother rats were euthanized by sodium thiopental
injection (Thiopentax® - 80 mg/kg). The female newborns were maintained
until adulthood. Fasting blood glucose level was determined in adult life,
and used for inclusion or exclusion criteria in the study. Diabetic animals
should present blood glucose level between 120 mg/dl and 300 mg/dl, and

non-diabetic animals blood glucose level <120 mg/dl (Nascimento 2014).

Mating process

At approximately day 90 of age, four diabetic and non-diabetic female rats
were housed overnight with one adult male rat. The presence of
spermatozoa in the vaginal smear was considered gestational day O
(Volpato et al. 2009). After, rats were housed in individual cages until 21°

day of pregnancy.
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Experimental Groups

On gestational day 0, female rats were randomly allocated into four
experimental groups according to sedentary lifestyle or swimming exercise:
Non-Diabetic Sedentary (NDsed) (n=12), Non-Diabetic Exercised (NDex)
(n=10), Diabetic Sedentary (Dsed) (n=14) and Diabetic Exercised (Dex)
(n=14). Dex is the study group and the other three (NDsed, NDex and Dsed)

are control groups.

Swimming exercise protocol

The swimming exercise protocol was based on previous studies
(Damasceno et al. 2004; Rudge and Calderon 2005; Rudge et al. 2005) and
considered to be a moderate intensity exercise protocol (Damasceno et al.
2004). The exercised animals were exposed to water daily temperature
31+1°C for 6 days/week, from gestational day O until gestational day 20 on
a pool at a depth of 40 cm at the water. The first training session started with
20 minutes, progressively increasing 10 minutes/day until 60 minutes. The
sedentary rats were exposed to water daily for 15 minutes, at a depth of 10
cm at water temperature 31+1°C for 6 days/week, from gestational day 0
until gestational day 20, aiming not to promote physiological adaptations

from exercise practice.
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Oral Glucose Tolerance Test (OGTT)

On a gestational day 17, an OGTT was performed to confirm the glucose
intolerance in diabetics (Catinelli et al. 2022; Damasceno et al. 2008).
Fasting glycemia and at 10, 20, 30, 60 and 120 minutes after administration
of an intragastric glucose solution (0.2 g/ml) in a dose of 2.0 g/kg were
measured. Diabetes diagnosis was confirmed with two or more blood
glucose measurements >140 mg/dl (Catinelli et al. 2022; de Campos et al.

2007).

Lactation period and sample collection

All newborn rats were maintained with their mothers until the end of the
lactation period (21 days). After this period, the mother rats were euthanized
by sodium thiopental injection (Thiopentax® - 80 mg/kg). The newborns
were maintained until adulthood (21 days of age) and after this period the
newborns were also euthanized as proceeded with their mothers. The
offspring’s heads and blood were collected and stored in — 4° C until teeth
extraction process. It is important to highlight that other female pregnant rats

and offspring samples were analyzed in different projects.

Teeth extraction and preparation
For this study the offspring teeth was used: four incisors of each animal of

each group were extracted (upper and lower incisors) by Luer alveolotome.
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All samples were identified and stored in formaldehyde 10%.

Enamel volume evaluation

In order to evaluate enamel volume, all teeth were scanned in a micro-CT
system (SkyScan 1174; Bruker-microCT, Kontich, Belgium). The scanning
parameters were set at 50 kV x-ray source at 800 uA, 1.00° rotation step,
360° of rotation, a voxel size of 22.9 - um and resolution 1.024 x 1.304.
Then, imagens were reconstructed with the NRecon software (NRecon
v.1.6.3, Bruker-microCT) and enamel volume was calculated with CTan
software (Bruker-microCT). Teeth that fractured during extraction were

excluded from the study.

Morphological and chemistry evaluation

Sample morphology were characterized by a field-emission Scanning
Electron Microscope (SEM), model JEOL JSM-7500F using a PC-SEM v
2,1,0,3 software coupled with secondary electron detector, backscattered
electron detector and Energy Dispersive Spectroscopy — EDS (Thermo
Scientific, Ultra Dry model, with NSS 2.3 software). The EDS was used to
identified the surface chemical. Three images were obtained for each

sample. The presence of fractures and roughness was evaluated.
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Microhardness evaluation

For each animal of all groups, four incisors were evaluated. Ground surfaces
of teeth were polished using grit 600 and 1200 Waterproof Paper Silicon
Carbide. Based on Vieira et al. (2005), teeth microhardness was tested
using a Vicker indentor (10 g per 10 seconds). The average value for all
enamel indentations was also calculated (average enamel). The location of
the indentations was based on a previous study that performed
microhardness in mice teeth (DenBesten et al. 2001). The calculation of the
microhardness on each point was done by using the equation below:

1.854P
V=
di
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where P is applied load (kg), d1 is diameter of the indentation (mm), and HVis
Vicker’'s microhardness (kg/mm2). Extensive attrition and enamel loss in the
tooth samples from the 100 ppm A/J strain mice prevented microhardness

testing; therefore, those enamel samples were not analyzedin this study.

Statistical analysis

GraphPad Prism® v.8.0 software was used to analyze the data. Data are
expressed as mean =+ standard deviation (SD). Comparisons of
measurements among groups were performed by two-way ANOVA followed
by Tukey’s multiple comparison tests. For all statistical comparisons, p<0.05

was considered statistically significant.

Results

The experimental design included three offspring control groups, i.e., NDsed
(n=12), NDex (n=10), and Dsed (n=14) allowing the analysis of the SE
intervention in offspring dental enamel in the authentic study offspring group:
the Dex (n=14). A total of 200 teeth were analyzed (100 upper and 100
lower). The total number of teeth analyzed considering the Ndsed group was
48 (24 upper and 24 lower), 40 in the NDex group (20 upper and 20 lower),
56 in the Dsed group (28 upper and 28 lower) and 56 in the Dex group (28
upper and 28 lower). For each analysis, different amounts of teeth were
used considering their needs. The OGTT showed that Dsed and Dex groups
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had two or more blood glucose measurements > 140 mg/dl. These data
confirm that the SE practice during pregnancy did not promote changes in

blood glucose levels.

Enamel volume evaluation

For enamel volume analysis, a total of 146 teeth were analyzed (Dex=37;
Dsed=36; Ndex=36; Ndsed=37). The data showed no difference between
groups in the enamel volume (Fig.2 A). However, a greater enamel volume
was demonstrated in the lower teeth when compared to the upper teeth in
the four groups. The NDsed group demonstrated that the enamel volume of
the lower teeth was greater compared to the upper teeth of the NDex, Dsed
and Dex groups. The enamel volume on the lower teeth was greater in the
NDex group compared to the upper teeth in the Dsed and Dex groups. In
the Dsed group, the enamel volume of the lower teeth was greater compared
to the upper teeth in the Dex group. The comparisons showed significance

p<0.0001 (Fig. 2 B).
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Figure 2 — Enamel volume analysis between groups (A) and between
upperand lower teeth (B). *p<0,05; **p<0,01; ***p< 0,001; ****p<0,0001.
Morphological

Morphological analysis was described based on the characteristics of
NDsed group. This is a study with unpublished analyzes in which the
qualitative method is not well established in the literature. Therefore, prior to
the comparative analyses, three experienced specialists in the field, blindly
identified and listed all the characteristics of the enamel of all teeth in the
four groups and built the base of the variables to be scored.

Subsequently, two of the examiners individually evaluated each group and
recorded all the characteristics seen in each of the teeth in each group.
When there was disagreement, the third examiner, blindly, defined the
divergent characteristic. After completing the analysis of all groups, a double
check was performed to ensure that the launch was absolutely correct. For
morphological analysis of the enamel, five upper and five lower teeth of each

group were analyzed, adding up to 40 teeth in total.
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Incisal edge fracture (lower magnification).

The NDsed group showed fractures, while the NDex group showed a small
fracture in the upper and lower teeth. However, a large fracture was
observed in the upper teeth and a medium fracture in the lower teeth in the
Dsed group, while medium fractures was observed in upper teeth and small
fractures in lower teeth in the Dex group. The Dsed group presented
fractures with a higher degree of severity in relation to the other groups and
the Dex presented a similar result in lower teeth when compared with the

NDex (Fig 3).

Fissures (lower magnification)

The NDsed group showed no fissures in the teeth. Both exercised groups
(NDex and Dex) showed no fissures in the upper teeth. The NDex group
presented fissures with horizontal, linear and narrow characteristics in upper
and lower teeth, and linear characteristics in the lower teeth. The Dsed
showed vertical, bifurcated, linear, narrow fissures in upper and lower teeth.
The Dex group showed linear, narrow and non-linear fissures only in the
lower teeth. It was observed that Dex presented fissures similar to the NDex
group, while the Dsed group had the highest number of fissures and the only

one with fissures in upper teeth (Fig 3).
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Fissures (higher magnification)

The images at higher magnification showed horizontal, linear, parallel
fissures in upper and lower teeth in NDsed group. In the NDex group, the
absence of fissures in the upper teeth and horizontal, linear, strict and
consolidated fissures in the lower teeth were demonstrated. The Dsed group
showed fissures with all the characteristics analyzed in the upper and lower
teeth. The Dex group showed horizontal, vertical, linear, parallel and narrow
fissures in upper and lower teeth. It was observed that the NDex group was
the only one that presented absence of fractures in upper teeth. The NDsed
group showed fissures in upper and lower teeth with all the characteristics
analyzed. Comparing Dex with the other groups, there was similarity with

the NDsed group (Fig 3).

Enamel formation (lower magnification)

The Dsed, NDex and Dex groups showed characteristics of a brushed
appearance in upper and lower teeth. NDsed and Dex showed a mosaic and
fish scale appearance. Dsed was the only group that presented only a
disorganized appearance in enamel formation, while the Dex, NDex and

NDsed groups showed similar characteristics regarding enamel formation

(Fig 3).

Enamel formation (higher magnification)
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All groups had a uniform appearance over most of the tooth enamel area.
The NDsed, Dsed and Dex groups showed irregular enamel formation in
some parts of the enamel, which was not observed in the Dsed group (Fig.

3).

Roughness (higher magnification)

The NDsed and Dex groups showed mild to moderate roughness, the NDex
group showed moderate roughness and the Dsed group showed roughness
between smooth and light. These data showed that the Dsed group was the
only one to present a smooth surface. Dex group showed similarity with the

NDsed and NDex groups (Fig. 3).

Deposition (higher magnification)

Regarding enamel deposition, it was observed that all groups had uniform
deposition on upper and lower teeth. The NDex and Dex groups presented
enamel overlapping in some areas, showing similarity between exercised

groups (Fig. 3).

Cavitation (higher magnification)

There was no enamel cavitation in all groups (Fig. 3).

Coloring (higher magnification)
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The uniform aspect was observed in both diabetic groups (Dsed and Dex).
The Dsed group showed demarcated and diffuse opacity in upper and lower
teeth and Dex group showed diffuse opacity in upper and lower teeth (Fig.

3).
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Figure 3 — Enamel morphological characteristics of all teeth in the four
groups and built the base of the variables to be scored. Legend: Non-
Diabetic Sedentary (NDsed) (n=12), Non-Diabetic Exercised (NDsed)
(n=10), Diabetic Sedentary (Dsed) (n=14) and Diabetic Exercised (Dex)
(n=14). Upper (U) and Lower (L).
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Figure 3 - to be continued.
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Figure 3 — Enamel morphological characteristics of all teeth in the four
groups and built the base of the variables to be scored. Legend: Non-
Diabetic Sedentary (NDsed) (n=12), Non-Diabetic Exercised (NDsed)
(n=10), Diabetic Sedentary (Dsed) (n=14) and Diabetic Exercised (Dex)
(n=14). Upper (U) and Lower (L).
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Chemistry evaluation

To the chemistry evaluation 53 teeth were used (Dex = 12; Dsed = 16; NDex
= 12; NDsed = 12). The results of the comparison between the surface
chemical identification groups are showed in the Figure 3. The following
biochemical variables were identified on the enamel surface: calcium (Ca),
oxygen (O), potassium (P), carbon (C), iron (Fe), sodium (Na), magnesium
(Mg) and aluminum (Al).

A significant increase in Na concentration was observed in the NDex group
compared to the NDsed group and an increase in Na concentration in the
Dex group compared to the Dsed and NDsed groups. The biochemical
variables CI, C, O, Ca, P, Mg, Fe and Al showed no differences between

groups (Fig.4).
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The data showed no difference between groups in the CI, C, O, Ca, P and
Al concentrations in the upper and lower teeth. The Dex group showed
increased concentration of Mg in the upper teeth in the compared to the
lower teeth in the Dsed group and an increased concentration of Fe in the
upper teeth compared to the lower teeth in the NDsed group. Also, there
was an increase in Na concentration in the lower and upper teeth in the Dex
group compared to the lower and upper teeth in the NDsed group. In
addition, increased Na concentration was observed in the lower teeth in the
Dex group compared to the lower teeth in the Dsed group and an increase
in the concentration of Na in the lower teeth in the Dex group compared to

the upper teeth in the Dsed group (Fig 5).
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Microhardness evaluation

To the microhardness evaluation a total of 76 teeth were analyzed (Dex =
16; Dsed = 20; NDex = 20; NDsed = 20). The results showed a decrease in
microhardness in the Dsed and Dex groups compared to the NDex group
(p<0.01 and p<0.05, respectively) and a decrease in microhardness in the
upper teeth of the Dsed and Dex groups compared to the upper teeth in the
NDex group (p<0 .05). Regarding the microhardness of the lower teeth,

there was no difference between groups (Fig. 6).
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Figure 6 — Comparison of enamel microhardness between groups (A) and
between upper and lower teeth within a group and between groups (B).
Legend: Non-Diabetic Sedentary (NDsed), Non-Diabetic Exercised
(NDsed), Diabetic Sedentary (Dsed) and Diabetic Exercised (Dex). *p<0,05;
**p<0,01; ***p< 0,001; ****p<0,0001.

105

lower
upper



Discussion

The enamel volume showed no difference between the groups. However, a
greater enamel volume was demonstrated in the lower teeth when
compared with the upper teeth in the four groups. The Dsed group showed
a greater number of alterations in relation to fractures, fissures, roughness,
enamel formation and the concomitant presence of diffuse opacity and as
demarcated.

A significant increase in Na concentration was observed in the NDex group
compared with NDsed group, while no difference was found in the Mg, Fe,
C, O, Ca, P, Cl e Al concentrations between groups. There was a decrease
in microhardness in the Dsed and Dex groups compared to the NDex group.
The Dex group showed a reduction in the deleterious effects observed in
the Dsed group and similar results to the ND groups (NDsed and NDex).
The exercised diabetic and non-diabetic groups showed an appearance of
fissure consolidation.

Our study on the distribution of elements in the enamel of offspring of the
diabetic rats’ teeth may also be important for the understanding of the
enamel mineralization processes, determining how elements change the
properties of the materials, and exploring the relationship between binomial
pregnancy and offspring.

The findings in this study demonstrate the negative impact of Diabetes in

pregnant rats on dental enamel, especially the group without intervention
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with swimming exercise. In-vivo study demonstrated too that Diabetes
negatively affects tooth enamel and dentine microhardness and enamel was
influenced much more negatively and rapidly compared with dentine in
diabetic groups (Saghiri et al., 2022).

The enamel organ exercises intense cellular control over increases of Ca
and P concentration during the formation and maturation stages of
amelogenesis (SASAKI, DEBARI, HIGASHI, 1984) and what draws our
attention considering the heavy role of Ca in the development of enamel, is
the fact that Ca did not present different values between the group with and
without swimming exercises or with and without diabetes.

Systematic review with the aimed to verify the association between GDM
and Developmental Defects of Enamel (DDE) demonstrated that children of
mothers who had GDM presented a greater likelihood of general DDE (OR
= 2.72; 95% CI: 1.66-4.44), MIH (OR = 3.14; 95% CI: 1.20-8.25) and
hypoplasia (OR = 2.17; 95% CI. 1.36-3.46). No association was found
between HPSM and GDM (OR = 0.60; 95% CI: 0.17-2.20) (Tolomeu et. al,
2022). Although the present study was carried out in an animal model, the
negative impact of diabetes on dental enamel is increasingly clear and
confirmed, although the swimming exercise reduced or reversed several
alterations that were observed in the diabetic group without swimming
exercise.

Regarding the results in which the marked opacity and diffuse opacity were
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observed in the Dsed group and the diffuse opacity observed in the Dex
group, we consider that the swimming exercise was able to avoid the
occurrence of the marked opacity. Study in animal model showed that the
enamel and dentine thickness were significantly reduced (hypoplasia) and
there was a significant reduction of the rate of dentine mineral apposition
and formation, that confirm the detrimental influence on the formation of
enamel and dentine in the early growth stage (Arhatari, Andrewartha, White,
2014). It is noteworthy that understanding morphological changes and
mineral content of tooth hard tissues may influence dental treatment.

Pits and fissures are important structures inside teeth that only have a width
of about 50-200 micrometers. The deep enfolding of the enamel in these
pits and fissures causes difficulties in maintaining proper oral hygiene which
makes it common to develop dental caries in these areas (Gonzalez-Sotelo
etal., 2022; Arhatari, Andrewartha, White, 2014; Cochrane, et al.,2010). The
imaging of dental pits and fissures provides obvious visual evidence to help
in promotion of oral health and to improve personal tooth care in preventive
treatment protocols (Arhatari, Andrewartha, White, 2014), thus, our findings
suggest that swimming exercise in rats Diabetic pregnant women or rats
without diabetes were able to reverse fissures once we observed healing or
filling of the fissures.

The main limitations in this study were reduced access to micro-CT

equipment (highly demanded because of the wide range of materials
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analysis it can perform, since it is able to modulate the amount of X-rays),
time spent for scanning, reconstruction and analysis of the images, among
others; and though the number of samples per group was reduced, the
micro-CT scanning per sample and study stage was comprehensive.
However, additional studies are recommended in relation to enamel
alterations in offspring of the diabetic’s rats.

Clinical significance: Even within the limitation of this animal model study,
the results observed in this enamel analysis indicate that offspring of
gestational diabetic mothers may be more susceptible to dental caries and
teeth size discrepancies. The enamel alteration compromises appropriate
stress transfer from enamel to dentin, contributing to the odds of fracture
and cavitation. Enamel fracture over a dentin lesion may happen as one of
the normal pathways to caries progression and may act as a confounding
factor during clinical diagnostic decisions (Neves et al., 2015). Dental
problems should be handled carefully and their diabetic condition monitoring
is of prime importance, especially during early stage of tooth development
(Abbassy et al., 2015). Studies with randomized clinical trials with swimming
exercises are strongly indicated to confirm, in the human model, the positive

effect of exercise observed in the animal model.

Conclusion

The results support that there was no difference between groups in the
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analysis of enamel volume. Not performing swimming exercises and having
diabetes during pregnancy had a greater negative impact in relation to the
occurrence of fractures, fissures, changes in roughness, enamel formation
and the concomitant presence of diffuse and demarcated opacity. Diabetes
in general caused a decrease in enamel microhardness compared to the

non-diabetic group and swimming exercise was able to reverse fissures.
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Pensar nas perspectivas nesta fase final do doutorado, me fez
rever todo o processo vivido até aqui e me estimulou ainda mais a
cumprir esta etapa que é tdo tensa e que exige dedicacao, as vezes, até
além da nossa capacidade. A formacdo no mestrado e doutorado,
fortaleceram e ampliaram a perspectiva de iniciar a carreira docente e de
pesquisadora.

Para a continuidade da busca do conhecimento e na colaboragao
para melhorar a assisténcia a crianca pela ética da gestacao, a proposta
€ permanecer como colaboradora do Diamater Study Group e
desenvolver o P4s-Doutorado na mesma linha de pesquisa desta
trajetdria e continuar colaborando com o Grupo.

A carreira docente sempre esteve como meta a ser atingida e na
mesma semana que conclui a escrita desta tese para defesa, tive a grata
surpresa de ser contrata como docente na UNIMAR, instituicdo que
cursei a graduacao, para ministrar disciplina em odontopediatria.

Espero poder levar o conhecimento e principalmente beneficiar

diretamente as criangas, ao longo desta nova etapa da minha vida.
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Prenatal exposure to gestational diabetes
mellitus increases developmental defects in
the enamel of offspring

Tawana Pascon’, Angélica M. P. Barbosa'-2*, Rita C. L. Cordeiro®, Diego G. Bussaneli®?,

Caroline B. Prudencio’, Sthefanie K. Nunes', Fabiane A. Pinheiro', Grasiela Bossolan',
Leandro G. Oliveira', Iracema M. P. Calderon', Gabriela Marini¢:*, Marilza V. C. Rudge'

1 Department of Gynecology and Obstetrics, Sao Paulo State University (UNESP), Botucatu Medical School,
Botucatu, Sao Paulo, Brazil, 2 Department of Physiotherapy and Occupational Therapy, Sao Paulo State
University (UNESP), School of Philosophy and Sciences, Marilia, Sao Paulo, Brazil, 3 Department of
Pediatric Dentistry and Orthodontics, Sao Paulo State University (UNESP), Araraquara School of Dentistry,
Araraquara, Sdo Paulo, Brazil, 4 Health Sciences Center, University of the Sacred Heart (USC), Bauru, Sao
Paulo, Brazil

* angelicapascon @gmail.com

Abstract

Background and objective

Gestational diabetes mellitus (GDM) is associated with short- and long-term maternal and
perinatal repercussions. Our objective was to evaluate the long-term consequences of intra-
uterine exposure to hyperglycemia on Developmental Defects of Enamel (DDE) in offspring.

Results

Overall, 50 children of women with GDM and 250 children of normoglycemic women partici-
pated, the latter serving as controls. Children were examined at the age between 3 and 12
years. In addition to physical examination, two independent observers examined and rated
photographs to identify specific types of DDE in a blinded fashion. Among offspring of moth-
ers with GDM, rates of DDE (all types combined) and hypoplasia (specific type) were signifi-
cantly higher (p<0.001, p = 0.04), in comparison to offspring of normoglycemic mothers.
Considering only the affected teeth (1060 in GDM category; 5499 in controls), rates of DDE
(all types combined) were significantly higher for total teeth (p <0.001) and deciduous teeth
(p<0.001), but not permanent teeth. In specific types of DDE involving deciduous teeth,
rates of demarcate opacity were significantly higher (p<0.001; canine and 2nd mandibular
molars) and hypoplasia (p <0.001; 2nd maxillary molars and 2nd mandibular molars). In per-
manent teeth, the rate of diffuse opacity in association with GDM was significantly higher
(p<0.001; maxillary central incisors and 1st maxillary molars).

Conclusion

GDM was associated with the adverse effects of DDE on offspring. This study lays the foun-
dation for future studies to determine the impact of GDM on long-term risk of DDE.

PLOS ONE | https://doi.org/10.1371/journal.pone.0211771
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125



Anexo 6

Received: 21 June 2021 Accepted: 15 March 2022

DOL: 10.1002/nau. 24927

Jeurourol .
CLINICAL ARTICLE oo e1cs @ Rl WILEY

Pelvic floor muscle dysfunction at 3D transperineal
ultrasound in maternal exposure to gestational diabetes
mellitus: A prospective cohort study during pregnancy
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morphometry during maximum contraction and the Valsalva maneuver.

Results: When compared to the control group, GDM women had no
significant variations in all levator hiatal dimensions at 24-30 weeks of
gestation. Meanwhile, women with GDM experienced an increase in levator
hiatal area (LHa) (p < 0.000) during PFM contraction and enlargement in LHa
(p <0.001) during Valsalva maneuver (p = 0.010) at 38-40 weeks of gestation.
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ing pregnancy [1-5]. As a striated muscle, the main focus of research has been on con-

tractile muscle cells [6]. RAM has synergistic contractile activity with the pelvic floor
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have reported that pelvic floor muscle disorders are due to a GDM-induced-myopathy (GDiM) of
the pelvic floor muscle and rectus abdominis muscle (RAM). We now describe the transcriptome
profiling of the RAM obtained by Cesarean section from GDM and non-GDM women with and
without pregnancy-specific urinary incontinence (PSUI). We identified 650 genes in total, and the
differentially expressed genes were defined by comparing three control groups to the GDM with PSUI
group (GDiM). Enrichment analysis showed that GDM with PSUI was associated with decreased
gene expression related to muscle structure and muscle protein synthesis, the reduced ability of
muscle fibers to ameliorate muscle damage, and the altered the maintenance and generation of energy
through glycogenesis. Potential genetic muscle biomarkers were validated by RT-PCR, and their
relationship to the pathophysiology of the disease was verified. These findings help elucidate the
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Abstract

Introduction and hypothesis To investigate relaxin-2 concentration comparing gestational diabetes mellitus (GDM) and
non-GDM patients during pregnancy according to urinary incontinence (UI) and pelvic function status.

Methods This is a cross-sectional study evaluating 282 pregnant women from 24 weeks of gestation. The participants were
divided into two groups, non-GDM and GDM, according to American Diabetes Association’s diabetes mellitus gestational
threshold. In addition, according to subanalysis, both groups were subdivided according to the presence of pregnancy-specific
urinary incontinence: non-GDM continent, non-GDM incontinent, GDM continent, and GDM incontinent. All participants
filled in questionnaires on clinical, obstetric, and urinary continence status (International Consultation on Incontinence
Questionnaire-Short Form, ICIQ-SF, and Incontinence Severity Index, ISI), followed by pelvic floor muscle evaluation by
the PERFECT scheme in which strength, endurance, and speed of contractions were evaluated.

Results Serum relaxin-2 concentrations were significantly lower in pregnant women with pregnancy-specific urinary incon-
tinence in both non-GDM and GDM patients, but GDM showed the lowest concentration. In addition, the stratification of the
groups according to pelvic floor muscle strength showed that pregnant patients with GDM and modified Oxford scale 0-2
had significantly lower levels than those who were non-GDM and GDM with Modified Oxford Scale 3-5. Relaxin-2 level
was much lower in GDM incontinent pregnant women with MOS 0-2 compared to the other three groups.

Conclusions Lower relaxin-2 concentration was associated with the presence of pregnancy-specific urinary incontinence,

but the combination of GDM, pre
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Abstract

Background

There is ample evidence that gestational diabetes mellitus has a direct influence on urinary
incontinence and pelvic floor muscles. There are no standardized pelvic floor muscle exer-
cise programs in the literature for the physiotherapy and differ in the type of exercise, inten-
sity, type and duration of application, and the frequency and duration of treatment sessions.
The aim of this systematic review will be to investigate that Pelvic Floor Muscle Training can
prevent and/or decrease the pregnancy specific urinary incontinence in women with gesta-
tional diabetes mellitus or gestational hyperglycemia.

Methods

We will perform a systematic review according to the Cochrane methodology of Random-
ized Controlled Trials. An overall search strategy will be developed and adapted for
Embase, MEDLINE, LILACS, and CENTRAL databases, with the date of consultation until
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incontinéncia. Pesquisa translacional com biodevice para regeneragdo muscular em ratas com diabetes
Subprojeto 1: Relagdo dos achados eletromiograficos dos musculos do assoalho pélvico com os niveis de
relaxina ao longo da gestagdo e apds o parto de mulheres com hiperglicemia gestacional e incontinéncia
urindria especifica da gestacao (Orientador: Marilza Vieira Cunha Rudge/ Orientando: Caroline Baldini
Prudencio/ Nivel: Doutorado)

Subprojeto 2: Ultrassonografia Tridimensional do assoalho pélvico de mulheres com hiperglicemia
gestacional 16-18 meses apds a gestacao (Orientador: Marilza Vieira Cunha Rudge/ Orientando: Carlos
|zaias Sartorao Filho/ Nivel: Doutorado);

Subprojeto 3: Coorte prospectiva da triade hiperglicemia gestacional, incontinéncia urinaria especifica da
gestacdo e disfungdo muscular do assoalho pélvico, avaliada pela ultrassonografia funcional, como preditora
da incontinéncia urinaria e disfungcdo muscular 6-18 meses apoés o parto (Orientador: Marilza Vieira Cunha
Rudge/ Orientando: Fabiane Affonso Pinheiro/ Nivel: Doutorado)

No estudo clinico, as participantes serdo selecionadas entre margo 2016 e dezembro de 2019 no Centro de
Investigacdo do Diabete Perinatal da FMB UNESP, no Ambulatério de Gestagao de Risco do Hospital
Materno Infantil da FAMEMA e no Hospital Regional de Assis.

O total de participantes sera de 160 considerando as quatro coortes que serdo constituidas. Sera realizada
anadlise do perfil bioquimico, obtido pelas analises sanguineas dos niveis de CCL7, Relaxina, Ca, PTH,
calcitonina, vitamina D, glicose e insulina; nos MAPs, serdo realizados a Avaliagdo Funcional do Assoalho
pélvico (AFA), Eletromiografia (EMG) e Ultrassonografia (US), nos MRA serao realizados EMG e US, no
momento da cesarea a contratilidade ex vivo obtida pelo Miégrafo, e os perfis morfoldgico (ultraestrutura das
fibras musculares e da matriz extracelular), molecular (Expressdo Génica e Proteica das fibras musculares e
da matriz extracelular), organside, Omico (transcriptémica, protedmica e metabolémica). Para o estudo
experimental, serdo utilizadas ratas Wistar prenhes, divididas em grupos (n=20 cada) nédo diabéticas e
diabéticas, que serdo submetidas a instalacdo do biodevice de biomembrana de latex revestida de células-
tronco mesenquimais, implantados na musculatura estriada uretral e MRA. O estudo de Revisado Sistematica
seguira as normas e sera registado na Colaboragdo Cochrane.

Objetivo da Pesquisa:

Analisar a influéncia da associagdo entre HGG (DMG e HGL), “lIUEG” no perfil da “MHG” (morfoldgico,
funcional, bioquimico, molecular e dmico) dos MRA e MAPs. Hipétese nula correspondente: Nao ha
associagdo entre HG gestacional, “IUEG” com o perfil da “MHG”
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(morfolégico, funcional, bioquimico, molecular e 6mico).Objetivo 2: Analisar a triade HGG, “IUEG” e perfil da
“MHG” (morfoldgico, funcional, bioquimico, molecular e émico) do MRA e do MAPSs, com incidéncia de 1U 6-
12 meses PP e perfil morfolégico, funcional e bioquimico, dentro das quatro coortes constituidas pela
combinagdo entre HGG e “lUEG”.Hipotese nula correspondente: O risco de |U 6-12 meses PP e o perfil
morfolégico, bioquimico e funcional do MRA e MAPs néo sofrem efeito da triade HGG, “IUEG” e perfil da
“MHG” (morfolégico, funcional, bioquimico, molecular e 6mico) do MRA e do MAPs em mulheres com
HGG.Objetivo 3: Biodevice Avaliar o efeito do biodevice de latex de seringueira com CTMs na regeneragao
do musculo estriado uretral e MRA no PP de ratas com diabete moderado, no perfil morfolégico,
microvascular, molecular e dmico. Hipétese nula correspondente: Nao ha efeito estatisticamente significativo
do uso do biodevice com CTMs sobre a miopatia diabética.Objetivo 4: Revisdo Sisteméatica: Determinar a
melhor evidéncia cientifica, por meio da revisao sistematica, sobre efetividade dos exercicios sobre a DMAP
e “l[UEG” em gestantes HGs.

Avaliagédo dos Riscos e Beneficios:

Descritos no estudo e no TCLE.

Riscos: EMG, US, AFA, dinamometro: Desconforto e dor leves na regido vaginal Coleta sangue: dor,
desconforto, hematoma local (solugdo, compresséao e gelo) Retalho de musculo: este procedimento ndo
oferece riscos adicionais aos ja considerados ao realizar a cirurgia cesariana Beneficios: - Que o conjunto
das analises morfolégicas, funcionais, bioquimicas, moleculares e o mapeamento émico caracterizem a
“MHG’ relacionada a “IUEG” em gestantes HGs em dois estadios de gravidade da miopatia diferenciados
pelo tipo de distdrbio hiperglicémico (HGL e DMG). B - Que a triade caracterizada por HGG, “IUEG” e perfil
(morfolégico, funcional, bioquimico, molecular e dmico) da “MHG” do MRA e MAPs seja preditora de 1U 6-12
meses PP. C - Que o conjunto das analises morfolégicas, funcionais, bioquimicas, moleculares e o
mapeamento émico definam marcadores uteis no diagnéstico e em futuras terapias. D - Que a revisdo
sistematica evidencie a primeira linha de intervengéo preventiva ou reabilitadora para a DMAP e “IlUEG” em
gestantes HGs.

E - Que a “|lUEG” em gestantes HGs seja incluida de modo inovador como intercorréncia clinica na gestacdo
diabética e com HGL e represente nova ferramenta na definicdo do impacto materno de longo prazo do
DMG e HGL. F - Espera-se que a “IUEG” em gestantes HGs seja considerada problema de satude publica
pela imbricacé@o de duas patologias com elevada prevaléncia (IlU e DMG), que tem impacto no custo em
saude e que uma (HGG-DMG ou HGL), por sua agdo sobre os musculos (miopatia), se confirme como a
base fisiopatolégica da ocorréncia da outra (IU). G - Que
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seja confirmada a potencialidade da utilizagdo do biodevice de biomembrana de latex como suporte para
CTMs, para regeneragdo da musculatura estriada uretral e no MRA PP cesarea de ratas com diabete
moderado para futuros estudos nas fases pré-clinica e clinica. Esta abordagem translacional proposta trara
esta pesquisa para a fronteira do conhecimento na area de Saude da Mulher, uma vez que estdo sendo
aplicadas metodologias de analise que se complementam na abordagem de problematica de interesse
médico/social.

Comentarios e Consideracoes sobre a Pesquisa:
Pesquisa seguindo os preceitos éticos, com documentacédo adequada ao estudo apresentada.

Consideragoes sobre os Termos de apresentacao obrigatoria:
Apresentados TCLE e também autorizagdes para um estudo tematico e multicentrico, e armazenamento de
material em Biobanco.

Recomendacoes:
Aprovacgédo, sem necessidade de envio a CONEP.

Conclusdes ou Pendéncias e Lista de Inadequacgoes:

Néo ha.

Consideragoes Finais a critério do CEP:

Conforme deliberagdo do Colegiado em reunido extraordinaria do Comité de Etica em Pesquisa da
FMB/UNESP, realizada em 22 de fevereiro de 2018, o projeto encontra-se APROVADO, sem necessidade
de envio @ CONEP.

O Comité de Etica em Pesquisa, no entanto, informa que ao final da execugdo da pesquisa, seja enviado o
“Relatério Final de Atividades”, na forma de "Notificagdo", via Plataforma Brasil.

Atenciosamente,

Comité de Etica em Pesquisa da Faculdade de Medicina de Botucatu - UNESP

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagédo
Informagdes Basicas|PB_INFORMACOES_BASICAS_DO_P | 06/02/2018 Aceito
do Projeto ROJETO 951323.pdf 16:21:03
Outros EAP_Marilza_Rudge .pdf 18/01/2018 | Marilza Vieira Cunha | Aceito

17:27:08 | Rudge
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Outros Fluxograma_Tematico_CEP.pptx 26/11/2017 |Marilza Vieira Cunha | Aceito
19:18:14 | Rudge
Outros HRA.pdf 26/11/2017 |Marilza Vieira Cunha | Aceito
19:09:17 | Rudge
Outros termodeautorizacao_HRA.pdf 26/11/2017 |Marilza Vieira Cunha | Aceito
19:01:53 | Rudge
Outros coparticipacao_assis_municipio.jpeg 26/11/2017 |Marilza Vieira Cunha | Aceito
18:53:44 |Rudge
Folha de Rosto folhaderosto_tematico.pdf 26/11/2017 |Marilza Vieira Cunha | Aceito
17:47:28 |Rudge
Outros SUBPROJETO_3.doc 05/10/2017 |Marilza Vieira Cunha | Aceito
23:41:43 | Rudge
Outros SUBPROJETO_2.docx 05/10/2017 |Marilza Vieira Cunha | Aceito
23:41:04 _|Rudge
Projeto Detalhado / |Projeto_mae.docx 05/10/2017 |Marilza Vieira Cunha | Aceito
Brochura 23:39:04 |Rudge
Investigador
Outros Projeto_mae_Subprojetos.docx 05/10/2017 |Marilza Vieira Cunha | Aceito
23:37:51 Rudge
Orgamento orcamento_tematico.pdf 05/10/2017 |Marilza Vieira Cunha | Aceito
23:36:42 | Rudge
Outros SUBPROJETO_1.doc 05/10/2017 |Marilza Vieira Cunha | Aceito
22:54:11 | Rudge
TCLE / Termos de | TCLE_tematico.docx 05/10/2017 |Marilza Vieira Cunha | Aceito
Assentimento / 22:48:47 |Rudge
Justificativa de
Auséncia
Outros Co_participacao_FFC.pdf 21/09/2017 |Marilza Vieira Cunha | Aceito
17:02:46 | Rudge
Outros Co_participacao_Famema jpeg 21/09/2017 |Marilza Vieira Cunha | Aceito
17:02:11 | Rudge
Outros Co_participacao_Araraquara.pdf 21/09/2017 |Marilza Vieira Cunha | Aceito
17:00:09 |Rudge
Outros Co_participacao_Bauru.pdf 21/09/2017 | Marilza Vieira Cunha | Aceito
16:59:28 |Rudge
Outros Co_participacao_RioPreto.pdf 21/09/2017 |Marilza Vieira Cunha | Aceito
16:58:52 | Rudge
Outros Co_participacao_RioClaro.pdf 21/09/2017 | Marilza Vieira Cunha | Aceito
16:57:58 | Rudge
Situacgao do Parecer:
Aprovado
Necessita Apreciagao da CONEP:
Nao
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Anexo 18
Aprovacéao pela CEUA

A%i#' UNIVERSIDADE ESTADUAL PAULISTA - 3
u nes ‘JULIO DE MESQUITA FILHO” FLS e
Cawmpuy de Marilio PROC. M2 _
CEUA - Comissdo de Etica no Uso de Animal RUBRICA
CERTIFICADO 007/2016 (‘)

Certificamos que a proposta intitulada “ANALISE MORFOLOGICA E MOLECULAR
DO MUSCULO RETO ABDOMINAL E PERIURETRAL DE RATAS PRENHES COM
DIABETE MODERADO SUBMETIDAS A PROGRAMA DE NATAGAO™, registrada sob o
protocolo n® 1183/2016, sob a responsabilidade de Angélica Mércia Pascon Barbosa, que
envolve a utilizagdo de animais pertencentes ao filo Chordata. subfilo Vertebrata (exceto
humanos). para fins de pesquisa cientifica — encontra-se de acordo com os preceitos da Lei n°
11.794. de 8 de outubro de 2008, do Decreto n°® 6.899, de 15 de julho de 2009. e com as normas
editadas pelo Conselho Nacional de Controle de Experimentagdo Animal (CONCEA). e foi
aprovada pela COMISSAO DE ETICA NO USO DE ANIMAIS (CEUA) da FFC — UNESP do

Campus de Marilia. em reunido de 22/09/2016.

Finalidade () Ensino (X) Pesquisa Cientifica
Vigéncia da autorizacao | De 09/2016 a 08/2017

Espécie/linhagem/raga Rato/ Wistar

N de animais 90

Peso/Idade 400g/110-120 dias

Sexo F

Origem Biotério da Faculdade de Medicina de Marilia

Campus de Marilia
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unesp - Universidade Estadual Paulista
w Faculdade de Medicina de Botucatu

Fone: (14) 3880-1608/3880-1609 Y
E-mail Secretaria:

c fmb.unesp.br/grazi fi
Rua: Jodo Buttignoli, 5/n° - Distrito Rubido Junior - Botucatu/SP
CEP: 18.618-970

unesp.br/sara. unesp.br

s Comissdo de Etica no Uso de Animais
Instituida na Faculdade de Medicina através da Portaria do Diretor n® 30 de 26/04/99

Oficio n°® 020/2019 - CEUA - FMB/UNESP Botucatu, 08 de agosto de 2019.

Prezada Senhora,

Em atendimento ao documento enviado, solicitando a Inclusdo de coleta de sangue, extracdo de
dentes e amostras do tecido muscular, referente ao Projeto de Pesquisa (Protocolo CEUA 1234/2017) - Titulo:
“Coorte prospectiva da triade hiperglicemia gestacional,” incontinéncia urinaria especifica da gestacdo” e perfil
(morfoldgico, funcional, bioquimico, molecular e émico) da “miopatia hiperglicémica gestacional” como preditora da
incontinéncia urindria e disfuncdo muscular 6-12 meses pos-parto; e pesquisa translacional do impacto do
biodevice de latex de seringueira com células-tronco mesenquimais na regeneracdo muscular pds-parto de ratas
diabética.”, aprovado em 26/10/2017,informo que a solicitacao foi APROVADA por essa Comissdo, porém a coleta
de sangue deve ser limitada a 800 pl por semana.

N30 ha nenhum impedimento ético para o envio do sangue e do tecido muscular coletado para o
exterior. Entretanto, ressalto que aprovacdo na CEUA nao exclui a necessidade de realizagdo dos outros tramites
legais necessérios para envio de amostra bioldgica para serem analisadas em outros paises.

Adicionalmente a aprovacio na CEUA ndo prevé a inclusdo de nenhum animal adicional aos ja
solicitados no projeto de pesquisa CEUA 1234/2017.

Presidente da Comissdo de Etica no Uso de Animais

Faculdade de Medicina de Botucatu - UNESP

Ilustrissima Senhora

Professor Titular Marilza Vieira Cunha Rudge
Departamento de Ginecologia e Obstetricia
Faculdade de Medicina de Botucatu - UNESP
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