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Contextualizacao

Relacdo entre Diabetes Mellitus Gestacional, Incontinéncia
Urinaria Especifica da Gestacao e Miopatia Diabética:

Novas Perspectivas de Tratamento
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O grupo de pesquisa “Diabetes e Gravidez — Clinico e Experimental”
realiza, ha mais de 40 anos, pesquisas relacionadas a gestacdo complicada pelo
diabetes, abordando desde repercussdes materno-fetais até o tratamento dessa
condicdo. O Diabetes Mellitus Gestacional (DMG), condicdo definida como
intolerancia a glicose com inicio ou primeiro reconhecimento no segundo ou terceiro
trimestre gestacional (1), estd associado a complicacbes neonatais como
macrossomia, malformacgdes congénitas, alteracdes cardiorrespiratérias e sindrome
de desconforto respiratorio (2,3). Dentre as complicacbes maternas, destacam-se
aumento do ganho de peso durante a gestacao, alto risco de desenvolver diabetes
mellitus tipo 2 apds a gravidez (4), aumento das taxas de aborto espontaneo (3), e
também o aumento da incidéncia de incontinéncia urinaria especifica da gestacéo
(IUEG), ou seja, a perda involuntaria de urina que ocorre pela primeira vez durante a
gestacao (5).

A gravidez, por si sO, mostrou ser fator de risco independente para o
aumento da ocorréncia de IUEG, com tendéncia a recorrer durante as gestacdes
seguintes (5), porém o mecanismo exato pelo qual a IUEG acontece ainda ndo € bem
elucidado. Ao associar a gravidez ao DMG, achados clinicos de Barbosa et al., 2011
mostraram que o DMG foi fator de risco independente e aumentou significativamente
a ocorréncia de IUEG, e esta foi fator de risco para a ocorréncia de incontinéncia
urinaria (IU) 2 anos poés-parto (PP) cesarea e o DMG foi fator de risco para o
desenvolvimento de disfuncdo muscular do assoalho pélvico (DMAP) 2 anos PP
cesarea, evidenciando intrincada relacéo entre DMG, IUEG, e IU e DMAP 2 anos PP
(6).

Esta bem estabelecido que independentemente do tipo de diabetes,

complicagcbes cronicas podem se instalar, como a neuropatia, nefropatia, retinopatia
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(7), além do aumento de risco para doencas cardiovasculares (8). Porém, o impacto
do diabetes sobre a musculatura esquelética ainda € pouco estudado. Alteracdes
morfolégicas como perda de integridade e depdsito de tecido ndo contratil entre as
fibras musculares (9,10), bem como alteracdes na sua capacidade metabdlica tém
sido reportadas (11,12), impactando diretamente na capacidade de geracéo de forca
pelo muasculo e, consequentemente, na funcdo muscular. A alteracdo muscular
resultante do diabetes € denominada Miopatia Diabética (13,14).

O mecanismo pelo qual a hiperglicemia leva a danos musculares ainda é
discutido, porém estudos em modelos animais tém demonstrado que a exposicao ao
diabetes resulta em falha na regeneracdo muscular por ineficiéncia das células
satélite, provocando mecanismo catabolico (15). Além disso, o tempo de exposi¢cao
ao diabetes, a severidade da doenca, bem como as altera¢cdes bioquimicas,
inflamatorias e moleculares influenciam a atividade das células satélite, impactando
negativamente na sua funcdo, e consequentemente, na saude muscular geral (10).

E inquestionavel a importancia do misculo esquelético na manutengéo do
controle glicémico, visto que é responsavel pela captacdo de grande parte da glicose
disponivel. Dessa forma, a alteracéo na sua funcdo pode contribuir para a progressao
de complicag6es diabéticas adicionais (10, 16).

Considerando as alteracdes musculares resultantes do diabetes e os
achados clinicos de Barbosa et al., 2011 (6), iniciou-se de forma translacional a etapa
“bench to bedside” com estudos em modelos experimentais sendo realizados pelo
nosso grupo de pesquisa, com 0 objetivo de verificar se alteracdes musculares ja
evidenciadas na clinica também estavam presentes em musculos envolvidos na
continéncia urinaria, contribuindo com o estudo do mecanismo fisiopatolégico do DMG

sobre a IUEG. O primeiro estudo de caracteristica translacional foi a dissertacéo de
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Marini que analisou morfologicamente o musculo estriado uretral de ratas prenhes
com diabete grave (glicemia acima de 300 md/dL), sendo evidenciado adelgacamento,
atrofia, desorganizacdo e rompimento de fibras, associado a perda da localizac&o
anatdbmica normal das fibras rapidas e lentas e diminuicdo na proporcao de fibras
rapidas (17). Ao analisar o musculo estriado uretral em conjunto com a Matriz
Extracelular (MEC), foi demonstrado plasticidade das fibras musculares rapidas e
lentas, diminuicdo de Keratan Sulfato e das glicosaminoglicanas totais e aumento da
razdo de Colageno tipo I/ Tipo lll, indicando MEC mais rigida, que pode estar
relacionado a alteracao no fechamento uretral (18).

Dando continuidade aos estudos experimentais acerca do impacto do
diabetes na funcdo muscular, Piculo em sua dissertacdo também analisou o musculo
estriado uretral de ratas prenhes diabéticas, mas dessa vez, utilizando o modelo de
diabete moderado (glicemia entre 120 e 300mg/dl), demonstrando alteracdes
similares ao diabete grave, como atrofia, adelgacamento, aumento de colageno na
area de musculo estriado, aumento de vasos, acumulo de mitocondrias, além de gotas
de lipidios e granulos de glicogénio presentes em grande quantidade, colocalizacao
das fibras rapidas e lentas, diminuicdo de fibras rapidas e a presenca de
fibrose/deposicéo de fibras de colageno, associados com atrofia muscular (19).

Os achados no musculo estriado uretral serviram de inspiracao para que
as investigacdes acerca de outros musculos envolvidos na continéncia urinaria fossem
realizadas. Vesentini em sua dissertacdo analisou o0 musculo reto abdominal de ratas
prenhes com diabete grave (glicemia acima de 300 mg/dL) e moderado (glicemia entre
120-300 mg/dl), demonstrando que em ambos os modelos experimentais de diabetes
houve aumento do numero de fibras de contracdo lenta, diminuicdo do nimero de

fibras rapidas em ratas prenhes com diabete moderado e aumento do numero de
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fiboras rapidas em ratas prenhes com diabete grave. Ao contrario do que foi
evidenciado no musculo estriado uretral, 0 masculo reto abdominal ndo apresentou
diferenca relacionada a area de colageno, porém a propria adaptacdo da estrutura
muscular observada frente a hiperglicemia pode contribuir para a disfuncdo muscular
(20).

Com estes achados pré-clinicos retomamos de forma translacional para
etapa “bedside to bench” em que a funcado dos musculos do assoalho pélvico (MAP)
de gestantes com e sem DMG, foram avaliadas por eletromiografia e ultrassonografia
tridimensional. Os resultados da dissertacdo de Baldini demonstraram pela
eletromigrafia que a evolucdo entre 24-30 e 36-40 semanas gestacionais houve
diminuicdo do recrutamento dos musculos do assoalho pélvico no grupo DMG com
diminuicdo da atividade em repouso (p=0,042) e na contracdo tonica (p=0,044)
guando comparadas com o grupo ndo-DMG (21). As dissertacdes de Sartordo Filho e
Pinheiro demonstraram pela ultrassonografia que o grupo DMG apresentou medidas
biométricas diferentes em repouso ao longo da gestacdo, demonstrando menor
adaptacao ao processo fisioldgico da gestacdo (22); e em relacdo a funcdo dos MAP
foi observado menor contratilidade, distensibilidade e mobilidade na analise entre 24-
30 semanas de gestacéao e 36-40 semanas de gestacdo em gestantes com DMG (23).

Dessa forma, os resultados encontrados nos estudos pré-clinicos
corroboram nossos resultados clinicos de que a IUEG em gestantes com DMG esta
associada a DMAP, estabelecendo a miopatia diabética como base fisiopatologica da
disfuncéo muscular e IUEG no DMG.

Conforme mencionado, existem diferentes modelos experimentais de
diabetes. E importante abordarmos, de maneira breve, quais sdo esses modelos, as

drogas utilizadas e como elas agem para simular a hiperglicemia encontrada na
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clinica. E importante ressaltar que os modelos experimentais contribuem para o
avanco do conhecimento dos mecanismos fisiopatologicos do DMG, visando o
desenvolvimento de estratégias de tratamento para manter o ambiente intrauterino o
mais proximo do ideal e melhorar o desenvolvimento perinatal a curto e longo prazo
(24).

Para que os modelos experimentais de diabetes sejam obtidos, existem
duas drogas que sdo mais utilizadas nos estudos: a aloxana e a streptozotocin (STZ),
cujo efeito principal € a necrose das células beta pancreaticas, resultando em morte
celular, e consequentemente, em hiperglicemia insulino-dependente. Apesar de
ambas as drogas induzirem praticamente as mesmas respostas glicEémicas e
insulinémicas, o mecanismo pelo qual ha necrose das células beta pancreaticas é
diferente, sendo o aumento da producéo das espécies reativas de oxigénio o efeito
causado pela aloxana, enquanto a STZ lesa diretamente o DNA celular (25). Em
decorréncia dos efeitos adversos da aloxana e da pouca margem de seguranga entre
a dose letal e a dose eficaz para obtencdo do quadro diabético, a STZ é atualmente,
a droga de escolha para as pesquisas experimentais (25).

A inducao do diabete com STZ apresenta variagdes em relacao ao tipo de
animal, a dose, via e ao periodo de vida em que a droga é administrada, podendo
gerar um quadro de diabete grave ou diabete moderado. Por esse motivo, €
necessario a escolha de um modelo que se assemelha a hiperglicemia encontrada
nos quadros de DMG. Os modelos de diabete grave s&o caracterizados pela
administragdo de STZ na vida adulta, na dose de 40-50 mg/kg de peso, via
intraperitoneal ou intravenosa, resultando em hiperglicemia acima de 300 mg/dL (26).
No entanto, o diabete grave ndo mimetiza a condic¢ao clinica de hiperglicemia durante

a gestacéao.
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Em contrapartida, os modelos de diabete moderado séo caracterizados
pela administracdo de STZ no periodo neonatal, com dose variando entre 70 mg/kg a
100 mg/kg, via intraperitoneal, intravenosa ou subcutanea (27), resultando em
alteracdes na capacidade reprodutiva (28), no desenvolvimento embrionario (29) e na
matriz extracelular (19). O modelo escolhido pelo nosso grupo de pesquisa, e que vem
sendo utilizado desde entdo é caracterizado pela administracdo de STZ no primeiro
dia de vida, na dose de 100 mg/kg, via subcutanea, resultando em valores de glicemia
acima de 300 mg/dL apds 3 dias da inducéo, e entre 120-300 mg/dL na vida adulta
(26,27). Este fato pode ser explicado pela regeneracdo parcial das células beta
pancreaticas no decorrer da vida do animal, ou seja, as células que ndo foram
atingidas pela STZ podem iniciar o processo de replicacdo, havendo a possibilidade
de os niveis glicémicos retornarem aos valores de normalidade (30). Porém, a
exposicao ao diabete no periodo neonatal pode causar perda parcial da massa e
fungéo celular, resultando no quadro de diabete moderado na vida adulta (31).

Dessa forma, dentre os modelos apresentados, o diabete moderado € o
que mais se assemelha a hiperglicemia observada na clinica, sendo escolhido para o
estudo da fisiopatologia do diabete durante a prenhez. Devido a possibilidade de os
niveis glicémicos retornarem aos valores de normalidade, pode haver dificuldade na
obtencdo deste modelo, sendo necessério o uso de grande niumero de animais.

Neste sentido, diante dos achados de diversos anos de pesquisa em
modelos pré-clinico e clinico no rastreamento do impacto do DMG na IUEG e o estudo
desse mecanismo fisiopatoldgico, além do estabelecimento do modelo experimental
de diabete que mimetiza a hiperglicemia encontrada em gestantes com DMG, nosso
grupo de pesquisa constatou a necessidade de continuar e aprofundar as

investigacdes, dando origem ao Projeto Tematico Diamater (Processo Fapesp n°
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2016/01743-5). O projeto, de caracteristica translacional, tem como proposta
comprovar se a miopatia evidenciada em ratas prenhes diabéticas também ocorre em
gestantes hiperglicémicas, e caracterizar o perfil da miopatia hiperglicémica
gestacional por meio de analises morfologicas, bioquimicas, moleculares, funcionais
e Omicas. Além disso, o acompanhamento das mulheres 6-12 meses pdés-parto
respondera se a hiperglicemia gestacional associada a [IUEG é preditora da disfungéo
muscular do assoalho pélvico e IU nesse periodo.

Em paralelo ao rastreamento da triade constituida por hiperglicemia
gestacional, IUEG e DMAP na fase clinica, o Projeto Tematico Diamater também tem
como proposta testar o uso do biodevice desenvolvido a partir de biomembrana a base
de latex de seringueira como suporte para células tronco mesenquimais (CTMs) como
possibilidade alternativa de regeneracédo muscular. Diante da limitac&o para pesquisas
clinicas com intervencéo no periodo gestacional, o biodevice tem sido testado na fase
pré-clinica no pés-parto imediato de ratas prenhes com diabete moderado, para que
posteriormente possa ser utilizado em humanos.

Com o mesmo objetivo de identificar recursos terapéuticos com potencial
para regeneracao da musculatura lesada pela hiperglicemia, nasceu a proposta do
presente estudo, que por meio de andlises morfolégicas, responde qual o efeito da
pratica de exercicio aquatico durante a prenhez de ratas com diabete moderado sobre
a miopatia dos musculos reto abdominal e estriado uretral.

Vale ressaltar que o exercicio fisico tem potencial para prevenir e tratar o
DMG, visto que a pratica regular promove o controle glicémico por meio do aumento
da sensibilidade a insulina, aumentando a captacdo de glicose pelo musculo
esquelético (29-31). Diferente do que se pensava até poucos anos atras, exercicios

aerobicos podem ser praticados de maneira segura tanto por gestantes sem DMG
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quanto por gestantes com DMG (35,36), sendo exercicios em solo e aquatico
altamente recomendados (34,37). Tendo em vista que exercicios de alto impacto, com
risco de cair e com riscos de traumas abdominais devem ser evitados, 0 exercicio
aguatico se torna ideal para a gestante, além de se mostrar mais eficaz na prevencao
do DMG e no controle glicémico (33,37).

Dessa forma, a fim de se obter os beneficios resultantes da pratica de
exercicio, é recomendado que gestantes, diabéticas ou ndo, se exercitem por no
minimo 30 minutos todos os dias da semana, ou nha maioria deles, atingindo pelo
menos 150 minutos por semana de exercicio fisico de intensidade moderada
(33,34,38).

Embora a importancia do exercicio fisico na prevencdo do DMG seja bem
estabelecida, ndo ha consenso na literatura em relacéo ao protocolo de exercicio que
apresenta maior efetividade na prevencao, minimizacdo ou tratamento da miopatia
diabética e IUEG em gestantes com DMG, o que nos motivou a concretizar o presente
estudo e iniciar as investigacdes acerca de um recurso terapéutico ndo farmacoldgico
de importancia inquestionavel. Inicialmente, optamos por utilizar protocolo de
exercicio usualmente empregado em estudos com ratas prenhes diabéticas, porque
nao ha respostas sobre sua eficacia para as variaveis analisadas no presente estudo.

Finalmente, sabemos que este é o inicio de uma longa trajetéria de
estudos, sempre objetivando ampliar e aprofundar o conhecimento e dispor de novos

e seguros recursos para melhorar a qualidade de vida das gestantes.
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No ano de 2014 iniciei a formacdo académica em Fisioterapia na
Universidade Estadual Paulista (Unesp) campus de Marilia. Foram quatro anos
intensos, de muito crescimento pessoal e profissional até a conclusdo do curso, no
ano de 2017.

Em 2015, ainda no segundo ano da graduacédo me encantei pela Fisiologia
do Exercicio, 0 que me motivou iniciar projeto de pesquisa na area. Procurei a Profa.
Patricia Rossignoli, responsavel pela disciplina, com a ideia de trabalhar com diabetes
gestacional e exercicio. Prontamente ela aceitou, me apresentou a Profa. Angélica
Barbosa e iniciamos a caminhada de trés anos desenvolvendo pesquisa experimental.
Inicialmente ndo obtivemos sucesso com o modelo de indu¢éo do diabetes, e por esse
motivo desenvolvemos estudos com prenhez e intervengdo com exercicio aquatico,
mas nunca deixamos de estudar e aprofundar nossos conhecimentos para que
conseguissemos trabalhar com o modelo desejado.

Em Dezembro de 2017, apresentei meu Trabalho de Conclusao de Curso
(TCC) intitulado “Avaliacéo do efeito da pratica de exercicio aquatico sobre o estresse
oxidativo em ratas prenhes”.

Ao longo desses trés anos muitas pessoas me incentivaram a seguir
carreira académica. Tanto a Profa. Patricia e Profa. Angélica, quanto outros
professores que tiveram papel fundamental na minha formacéo destacaram o quanto
eu tinha perfil de pesquisadora. Dividindo meu tempo entre aulas e laboratorio de
pesquisa, cheguei a conclusdo de que meu coracdo batia mais forte pela area
académica, e no ultimo ano da graduacéo ja tive certeza que o Mestrado seria 0
préximo passo a ser dado.

Dessa forma, a Profa. Patricia e Profa. Angélica me apresentaram a Profa.
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Marilza Rudge e ao grupo de pesquisa Diamater, no qual foi possivel unir as duas
areas que mais gosto: Fisiologia do Exercicio e Fisioterapia em Uroginecologia e
Obstetricia, com a proposta de estudar, em modelos animais, a potencialidade do
exercicio aquatico como recurso terapéutico nao farmacologico para o tratamento da
miopatia diabética.

No inicio de 2018, ingressei como aluna regular no Programa de POs-
Graduacdo, cursei disciplinas, coletei dados, me envolvi diretamente com os alunos
de iniciacao cientifica, auxiliando no delineamento de novos projetos, nas dificuldades
encontradas e orientando-os na escrita quando necessario. Além disso, participei de
atividades de docéncia no Programa de Aperfeicoamento a Docéncia no Ensino
Superior (PAADES), acompanhando a disciplina de Fisiologia do Exercicio, e sendo a
mim conferida a responsabilidade de ministrar duas aulas, cujos temas foram
“Metabolismo no Exercicio” e “Adaptagdes Neuromusculares ao Exercicio”. Também
participei do Estagio de Docéncia na disciplina de Bioquimica, ministrando os temas
“Regulagédo do metabolismo energético” e “Estresse oxidativo”. Posso dizer que foi um
dos maiores desafios enfrentados durante o Mestrado, mas transmitir o conhecimento
para alunos de graduacao despertou sentimentos que até entdo nao havia vivenciado
neste inicio de vida e experiéncia académica.

Todas as etapas do desenvolvimento desta pesquisa trouxeram grande
aprendizado, e foram fundamentais para que este momento chegasse. Esses dois
anos foram intensos, com muitas responsabilidades sendo conferidas a mim, o que
me levou a me dedicar ainda mais as atividades académicas. Foram muitos dias,
semanas e meses de dedicacao exclusiva, independente de final de semana, feriado
ou datas comemorativas, mas quando temos pessoas especiais ao nosso lado, estar

no laboratério nessas datas se torna mais leve.
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O periodo mais marcante no decorrer desses dois anos foram os meses de
coleta de dados. Colocar em pratica projeto de pesquisa com intervencdo é, sem
duavida, um desafio. Utilizar um protocolo de exercicio com frequéncia de seis dias por
semana requer muita dedicacdo, companheirismo, trabalho em equipe e persisténcia.
Com certeza foi o periodo de maior abdicacdo. Abdicacéo as vontades, aos momentos
em familia e amigos, aos finais de semana, feriados e férias. Mas todo o conhecimento
e experiéncia adquiridos nesta etapa faz o esforco valer a pena.

Em paralelo a todas as atividades de laboratério, nosso grupo de pesquisa
iniciou, no ano de 2018, reunides semanais as sextas-feiras, cujo objetivo principal é
analisar criticamente e discutir artigos cientificos. A interacéo entre alunos de iniciagao
cientifica, mestrado, doutorado e pds-doutorado € muito rica, agregando muito
conhecimento em termos de estrutura e redacdo de artigos, bem como de
delineamento de novos projetos e metodologia de pesquisa. Além disso, reunibes
gerais sao realizadas, nas quais 0 grupo apresenta as dificuldades encontradas, as
conquistas e propostas futuras, o que nos motiva a seguir em frente e melhorar cada
vez mais a qualidade de nossos trabalhos.

Em relacdo a producéo cientifica, colaborei com a elaboracédo de trabalhos
apresentados em eventos, sendo autora principal de um pdster em evento nacional
no ano de 2018, autora principal de dois pdsteres no ano de 2019, sendo um deles
premiado como melhor trabalho, coautora de um pdster em evento nacional, coautora
de dois trabalhos selecionados para apresentacdo oral em eventos nacionais, e
coautora de um trabalho selecionado para apresentacao oral em evento internacional.

Finalizo esta etapa grata especialmente a Prof. Patricia Rossignoli, & Prof.
Angélica Barbosa e a Prof. Marilza Rudge pela confianca em meu trabalho, e ao apoio,

ensinamentos e ajuda do grupo de pesquisa Diamater, que foram fundamentais para
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gue meu sonho se tornasse realidade. As experiéncias vividas me tornaram uma
pesquisadora mais experiente, criteriosa, critica, e com a certeza que, apesar de todas

as dificuldades, este € o caminho que quero trilhar.
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Catinelli, BB. Anélise morfolégicados musculos reto abdominal e estriado uretral
de ratas prenhes diabéticas submetidas a exercicio em ambiente aquatico. 2020.
Dissertacao (Mestrado) — Faculdade de Medicina de Botucatu, Universidade Estadual
Paulista, Botucatu, Brasil.

Introducdo: O Diabete Mellitus Gestacional (DMG) é complicagdo comum na
gestacdo e trabalhos recentes tém demonstrado que independentemente do nivel
glicémico, ha falha na manutencdo da saude muscular denominada Miopatia
Diabética. Resultados de pesquisas evidenciaram alteragbes morfolégicas
importantes no musculo reto abdominal (MRA) e estriado uretral de ratas prenhes
diabéticas sedentarias. Dessa forma, é fundamental avaliar a potencialidade do
programa de exercicio em ambiente aquatico para regeneracdo do MRA e do musculo
estriado uretral de ratas prenhes com diabete moderado para subsidiar a aplicacéo
clinica em humanos. Objetivo: Analisar o efeito do exercicio em ambiente aquatico
sobre o MRA e musculo estriado uretral de ratas prenhes com diabete moderado, por
analises morfologicas. Material e Método: No primeiro dia de vida, ratas de linhagem
Wistar foram submetidas a inducdo do diabete moderado por Streptozotocin (100
mg/kg, via subcutanea). Aos 90 dias de vida foi realizada medida de glicemia,
considerando diabéticas as ratas que apresentaram nivel glicémico entre 120-300
mg/dL e normoglicémicas <120 mg/dL. Iniciou-se o acasalamento, e no dia zero de
prenhez as ratas foram distribuidas entre os grupos nao diabético sedentéario (NDS),
nao diabético exercitado (NDE), diabético sedentério (DS) e diabético exercitado (DE).
O exercicio aquético teve inicio no dia zero de prenhez e foi realizado durante todo o
periodo (60 minutos/dia, 6 dias/semana). No 21° dia de prenhez, o MRA e estriado
uretral foram retirados para andlise morfolégica (Hematoxilina-Eosina, Picrossirius
Red, Tricromico de Masson e Microscopia Eletrénica de Transmissao) e morfométrica
das fibras musculares e da matriz extracelular. Foi considerado limite de significancia
<0.05. Resultados: Nossos resultados mostraram que no MRA houve diminuigdo da
area de musculo ocasionada pelo diabete moderado (p<0,01), sendo que o grupo DE
nao apresentou aumento deste parametro, ou seja, o protocolo de exercicio utilizado
nao reverteu tal alteracéo. A analise ultraestrutural mostrou ruptura de sarcémeros em
ambos os grupos diabéticos e aumento de mitocéndrias intermiofibrilares em ambos
0s grupos exercitados. Em relacdo ao musculo estriado uretral, foi encontrado apenas
diminuicdo da area de vasos sanguineos nos grupos DS comparado ao NDS
(p<0.0001), NDE comparado ao NDS (p<0.0001) e DE comparado ao DS e NDE
(p<0.0001). A analise ultraestrutural mostrou areas de ruptura de sarcomeros no grupo
DS, alteracdo ndo observada no grupo DE. Concluséo: O diabete moderado resultou
em alteracdes estruturais e ultraestruturais no MRA, sendo que o protocolo de
exercicio ndo reverteu tais alteracdes. Apesar de nao ter sido evidenciado alteragfes
morfométricas no musculo estriado uretral, a diminuicdo da area de vasos sanguineos
resultante do diabete moderado e do exercicio podem causar alteragées vasculares
com potencial para impactar diretamente no musculo esquelético. Mais estudos
precisam ser realizados para que seja desenvolvido o protocolo de exercicio mais
eficiente para tratamento da miopatia diabética.
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Abstract

Objective: The objective of this work was evaluate the effect of swim exercise on the
myopathy of rectus abdominis muscle of long-term mild STZ-induced diabetes
pregnant rats. Methods: At the first day of birth Wistar newborns received
Streptozotocin 100 mg/kg (diabetic group) or citrate buffer (non-diabetic group)
subcutaneously. At adult life, after mating, the animals were divided in control —
sedentary and exercised non-diabetic and diabetic — sedentary and exercised diabetic
groups, starting the swim exercise protocol on gestational day 0 (60 minutes/day, 6
days/week). On 215t day of pregnancy rectus abdominis muscle was extracted and the
sections were cut and analyzed by Hematoxylin & Eosin (H&E) and Picrossirius Red
staining and Transmission Electron Microscopy to ultrastructural analysis. Results:
Decreased muscle area and sarcomeres disruption areas were observed in diabetic —
sedentary diabetic and diabetic — exercised diabetic groups. The swim exercise did not
change these parameters. Also, no difference were observed in collagen area between
groups. Conclusions: The present study demonstrated that the swim exercise protocol
employed did not reverse the long-term mild diabetes-induced changes in the RAM,
suggesting that different frequencies and durations of exercise should be investigated,

aiming to develop the most efficient exercise protocol to treat diabetic myopathy.



43

Introduction
Gestational Diabetes Mellitus (GDM) is a complication that affects 15-20%

of pregnant women (1). GDM is glucose intolerance first diagnosed in the second or
third trimester of pregnancy without previous diagnosis of Diabetes type 1 or Diabetes
type 2 (1).

It has been reported that hyperglycemia can cause injuries to tissues,
including failure in health and function of skeletal muscle, called diabetic myopathy
(2,3). Previous clinical study reported GDM as an independent risk factor to the
development of pelvic floor muscle (PFM) dysfunction 2 years after cesarean section
(4).

PFM dysfunction induced by GDM can contribute to the occurance of other
maternal complications, such as Pregnancy Specific Urinary Incontinence (PSUI),
once PFM are crucial to urinary continence. PSUI is characterized by the first complaint
of involuntary leakage of urine during pregnancy (5).

In addition to PFM, the abdominal muscles contribute to urinary continence.
The mechanism is still discussed, but the abdominal muscles are activated during PFM
contraction (6-8), and the co-activation seems to contribute to the generation of a
strong pelvic floor muscle contraction, resulting in increased vaginal pressure and
consequently increased urethral pressure, an important mechanism to urinary
continence (9,10).

Experimental study in animal models of Streptozotocin (STZ)-induced
diabetes showed decreased muscle area and changes in fiber type of the rectus
abdominis muscle (RAM) of diabetic pregnant rats (11), contributing to the knowlege
advance about the pathophysiology of GDM on skeletal muscle health and how

diabetic myopathy contributes to PSUI. Thus, structural and ultrastructural changes in
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RAM may impair the strong pelvic floor muscle contration and increase PSUI
occurance.

The literature is clear about exercise as treatment of diabetes and its
complications (12-14) and the benefits of exercise practice during pregnancy on
prevention of GDM and glycemic control (12, 13, 15). Different modalities of exercise
are recommended during pregnancy, including land exercise, such as walking,
running, dancing and water exercise, such as swimming and aquatic activities (12), but
aguatic exercise showed to be more effective to prevent GDM compared to land
exercise, and also presents improvement of mobility, low risk of falling and abdominal
trauma (12, 16). However, the effect of swim exercise on diabetic myopathy in women
with GDM is not elucidated.

In addition, experimental studies have demonstrated benefical effects of
swim exercise and resistance training on the myopathy of gastrocnemious and soleus
muscles in a rat model of type 2 diabetes (17, 18), demonstrating that exercise practice
can also delay or prevent diabetic myopathy. However, there are no experimental
studies evaluating the effect of swim exercise on diabetic myopathy of pregnant rats.

Thus, the aim of the present study was to evaluate the effect of swim
exercise on the myopahy of RAM of long-term mild STZ-induced diabetes pregnant

rats.

Materials and Methods

Ethics Statement

This experimental study was developed at Physiological Sciences

Laboratory and the ethical permission was obtained from the Ethics Committee on
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Animal Experiments n°® 007/2016, both from Sdo Paulo State University (UNESP). All
surgery was performed under ketamine-xylazine anesthesia, and all efforts were made

to minimize suffering.

Animals
Female and male Wistar rats were housed in plastic cages during all
experimental protocol, maintened under controled conditions of temperature (22 + 3°C)

and humidity (50 + 10%), in a 12 hour light-dark cicle, with food and water ad libitum.

Experimental Sequence

The experimental sequence of the groups is shown in Figure 1.

Experimental Sequence

Dishetic grows @) —eo oo o
0 dayof 90 days of 90 days of Day0 17® dayof 21 day of
fife: life: life: Mating pfeng}t pregnancy: Iixugna.nc}-.
Diabetes Glycemia EREICLE OGTT tasuz
induction between protocol extraction
STZ100 120-300
me kg mg/dl
Non-diabetic groups . . . . .
0 dayof 90 days of 90 days of Day0 21* day of
life: Citrate life: life: Mating PIEENANCY. PrEgnancy.
buffer Glycemia EREICise fissue
injection <120 mg/dL protocel exfraction

Fig 1: Experimental sequence of groups.

Experimental diabetes induction
On the first day of life, half of the female newborns received STZ (Sigma®)

diluted in citrate buffer (0.1 mol/l pH 4.5) at dose of 100 mg/kg. The other half of the
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females was submitted only to the administration of citrate buffer (0.1 mol/l pH 4.5)
(19). All female newborn rats (NB) were maintained with their mothers until the end of
the lactation period (21 days). After this period, the mother rats were killed with an
excessive dose of anesthetic (Thiopentax® - 80 mg/kg).

Blood glucose level was tested in adult life, and to be included in the study,
diabetic animals should present blood glucose level between 120 md/dl and 300 mg/dl,

and non-diabetic animals should present blood glucose level <120 mg/dl (20).

Mating
At approximately 90 days of age, each four female rats were mated
overnight with one male rat for the maximum period of 15 days. A vaginal smear was
performed everyday in the morning, considering day O of pregnancy if spermatozoa

were found (21).

Experimental Groups
On gestational day 0, the pregnant rats were distributed in 4 groups: Control
— Sedentary Non-Diabetic (C), Control — Exercised Non-Diabetic (Cex), Diabetic —

Sedentary Diabetic (D) and Diabetic — Exercised Diabetic (Dex).

Swim exercise protocol
The exercised groups (Cex and Dex) started the protocol of swim exercise
on gestational day 0 until gestational day 20, at a depth of 40 cm at water temperature
31+1°C and frequency of 6 days/week. The protocol started with 20 minutes at the first
day, with progressive increases of 10 minutes/day until 60 minutes (22-24). The

sedentary rats (C and D) were exposed since gestational day O until gestational day
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20, for 15 minutes at a depth of 10 cm at water temperature 31+1°C and frequency of

6 days/week aiming not to promote physiological adaptations from exercise practice.

Oral Glucose Tolerance Test (OGTT)

On the 17t day of pregnancy the females were submitted to the OGTT to
confirm the glucose intolerance in diabetics (19). Before the test, the fasting blood
glucose level was measured, followed by administration of an intragastric glucose
solution (0.2 g/mL) at a dose of 2.0 g/kg. Blood glucose levels were measured at 10,
20, 30, 60 and 120 minutes after administration of the solution and it was considered

diabetes when two or more blood glucose measurements were >140 mg/dL (25).

Tissue extraction
On gestational day 21 the animals were anesthetized by intramuscular
ketamine-xylazine injection (10:1, 0.5 ml/300g body weight), followed by decapitation.
The lower third on the right side of the rectus abdominis muscle (RAM) were obtained

to morphological analysis. The fragment had approximately 0,25 cm?.

Morphological analysis
The samples obtained to morphological analysis were stocked in 10%
buffered formaldehyde for 24 hours, transferred to 70% alcohol and maintained at
room temperature and embedded in paraffin The fragments were sectioned in
microtome (Reichert-Jung model 820) and fixed of microscope glass slides stained
with Hematoxylin & Eosin (H&E) and Picrossirius Red.
H&E-stained slides were used to observe the general morphology of the RA

muscle. Picrossirius Red-stained slides were analyzed with the color-segmentation
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method to determine the red- (collagen) and yellow (muscle fiber)-stained tissue in the
same section and used to determine muscle area and collagen area. The slides were
analyzed in light microscope (Olympus Corporation®/BX41TF coupled with DP25-4
digital camera. The photographs were obtained with cell Sens Ver 1.18 Olympus
Corporation® software.

Morphometric analysis: To morphometric analysis of muscle area and
collagen area, 40 sections each group (5 animals/group, 8 sections/animal) were
selected and analyzed using CellSens Standard (Olympus Corporation®) image
analysis software (20x magnification).

Ultrastructural analysis: The samples obtained to ultrastructural analysis (3
samples/group) were immediatley fixed in Karnovsky for 3 hours at room temperature
and transferred to the refrigerator to post-fixation in osmium tetroxide. Subsequently,
specimens were embedded in resin to select areas of interest and perform ultra-thin
cuts. The sections were obtained using an ultramicrotome at a longitudinal orientation,
and stained sections were examined using transmission electron microscope (JEM

1400, JEOL®).

Statistical analysis

The data were expressed as mean + standard deviation (SD). Comparisons
of the measurements between groups were performed with Two-way ANOVA followed
by Tukey’'s multiple comparison tests. All analyses were performed using the

GraphPad Prism® v. 8.0 software. Statistical significance was considered to be p<0.05.



49

Results

Maternal glycemia
The OGTT showed that D and Dex rats had two or more blood glucose
measurements >140 mg/dl. These data confirm that the induction of long-term mild
diabetes was efficient, including the animals in the experimental groups. The swim
exercise practice during pregnancy did not promote changes in blood glucose levels
(Figure 2).

350

300 4 —o Dex
250 4
2004

150 +

{mgfdL)

100 -

blood glucose level

504

D T T T T T T T
0 20 40 60 80 100 120

time points (minutes)

Fig. 2. Oral glucose tolerance test. Blood glucose level before the test and 10, 20, 30, 60 and
120 minutes after the administration of intragastric glucose solution in Diabetic — Sedentary
Diabetic and Diabetic — Exercised Diabetic.

Control — Sedentary Non-Diabetic (C)

In the morphometric analysis this group showed muscle area of
302308+70427um? (Figures 3A and 4A) and collagen area of 7941+5822 pm?2.
(Figures 3B and 4A). Ultrastructural analysis showed disorganized Z lines,
intermyofibrillar mitochondria, organized triads and myelin figures associated with

degenerated organeles. (Figures 5A and 5B).
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Control — Exercised Non-Diabetic (Cex)

This group showed no difference in the muscle area (328943+73701 pm?)
compared to the C group (Figures 3A and 4B). Also there was no difference in the
collagen area (9008+6721 um?) compared to the C, D and Dex groups (Figures 3B
and 4B). Ultrastructural analysis showed sarcomeres disruption areas, intermyofibrillar
mitochondria, organized triads and myelin figures associated with degenerated

organeles. Disorganized Z lines were not observed. (Figures 5C and 5D).

Diabetic — Sedentary Diabetic (D)

This group showed decreased muscle area (249018+71311um?) compared
to C group (p<0.01) (Figures 3A and 4C). There was no difference in the collagen area
(7082+4716 pm?) compared to the C, Cex and Dex groups (Figures 3B and 4C).
Ultrastructural analysis showed disorganized Z lines, sarcomeres disruption areas,
intermyofibrillar mitochondria, organized triads and myelin figures associated with

degenerated organeles. (Figures 5E and 5F).

Diabetic — Exercised Diabetic (Dex)

This group showed decreased muscle area (268118+84198um?) compared
to Cex group (p<0.01) (Figures 3A and 4D). There was no difference in the muscle
area compared to the sedentary groups (C and S). Also there was no difference in the
collagen area (7498+6517um?) compared to Cex, C and D groups (Figures 3B and
4D). Ultrastructural analysis showed disorganized Z lines, sarcomeres disruption

areas, intermyofibrillar mitochondria and organized triads (Figures 5G and 5H).
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Fig. 3: Analysis of muscle area (A) and collagen area (B) from control — sedentary and exercised and
diabetic — sedentary and exercised groups. **p<0.01, ****p<0.0001.
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Fig. 4: Rectus abdominis muscle after Picrossirius Red staining of striated muscle (yellow) and collagen
(red). Control — Sedentary Non-Diabetic sedentary (A), Control — Exercised Non-Diabetic (B), Diabetic
— Sedentary Diabetic (C) and Diabetic — Exercised Diabetic (D). Magnification 20x. Scale bar: 50pum
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Fig. 5: Electron micrographs of rectus abdominis muscle from control — sedentary non-diabetic (A and
B), control — exercised non-diabetic (C and D), diabetic — sedentary diabetic (E and F) and diabetic —
exercised diabetic (G and H). The micrographs show disorganized Z lines (red arrows), sarcomeres
disruption areas (green arrows), intermyofibrillar mitochondria (yellow arrows), myelin figures (purple
arrows) and organized triads (blue arrows). Scale bar: 1 um.
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Discussion

The effect of diabetes on skeletal muscle structure and function is well
established (2, 3), which turns relevant the development of therapeutic strategies to
minimize the deleterious effect of diabetes. The present study is the first investigation
about the effect of swim exercise on diabetic myopathy of RAM in pregnant rats.

Our data demonstrated that long-term mild diabetes induced decrease in
the muscle area in the RAM of pregnant rats. Also, our data showed no difference in
this parameter of both control groups (sedentary and exercised non-diabetic), which
confirms that diabetes alone was responsible to decrease the muscle area. Many
clinical and experimental studies have associated both type 1 and type 2 diabetes to
muscle structural changes, including reduction in myofiber and myofibrilar diameter,
reduced muscle mass (3, 26), reduced muscle fiber size (27) and decreased capacity
for repair from damage (26). These structural alterations are related to functional
changes as well, such as decline in muscle strength and increased fatigability, which
contributes to decreased physical work capacity (3, 27).

However, there are few studies that evaluate the impact of GDM on the
structure of muscles involved in urinary continence. The effect of long-term mild
diabetes and short-term severe diabetes were evaluated in the RAM (11) and in the
urethral striated muscle (28, 29) of pregnant rats, and structural changes including
reduced muscle area were observed in those studies. The structural damage to these
muscles may impair their function, and consequently contribute to the increased
incidence of PSUI.

Our hypotesis was that the swim exercise during pregnancy would be
capable of improve long-term mild diabetes induced changes in striated muscle, but

our data showed no difference in the muscle area between diabetic exercised and
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diabetic sedentary groups. Also, sarcomeres disruption areas were observed in both
diabetic groups, which reinforces the deleterious effect of diabetes and confirms that
the protocol of swim exercise used in the present study did not reverse these
alterations in the RAM.

In contrast to our findings, studies have shown beneffical effects of exercise
on diabetic myopathy. Alaca et al. demonstrated that different swimming exercise
modalities improved the proinflammatory and pro-oxidant effects, and increased the
diameter of both slow-twitch and fast-twitch fibers on gastrocnemius and soleus
muscles in animal model of type 2 diabetes (17). In addition, a resistance training
protocol which consisted of climbing a ladder with progressive loads enhanced muscle
strenght on extensor digitorum longus muscle, gastrocnemius and soleus muscles of
male rats with STZ-induced diabetes, which was responsible to improve muscle
physical and motor function in diabetic animals, minimizing the deleterious effect of
diabetes on muscles (18). The different types and frequencies of exercise, as well as
muscles analyzed may contribute to the discrepance of findings.

In models of muscle injury or damage, as well as diabetes (30), there is
accumulation of extracellular matrix (ECM), including collagen. The ECM is important
to skeletal muscle integrity and provide support, contributing to skeletal muscle
function (31). Despite the important function of ECM on skeletal muscle, the chronic
increase of ECM can cause muscle fibrosis, characterized by increased fiber size
variability and increased amount of collagen in the tissue, which impairs muscle
function (32). Exercise practice seems to remodelate ECM depending on the
mechanical loading to the skeletal muscle (33). Experimental study showed that a
protocol of moderate exercise on a treadmill for 12 weeks (40 minutes/day, 5

days/week) was responsible to decrease collagen deposition in skeletal muscle of rats
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submitted to high fat diet (34). However, a protocol of acute exercise composed by a
single bout of 5-minutes running separated by 2-minutes rest on a treadmill for 130
minutes (35), as well as high-force eccentric exercise contractions (36) showed
increased collagen deposition during days after the exercise session. The present
study showed no difference in the collagen area, which means that neither moderate
diabetes nor aquatic exercise resulted in muscle fibrosis. Similar findings were
reported in previous study (11). Also, it is possible to suggest that the exercise protocol
employed in the present study is not extenuating, once it does not cause changes in
collagen deposition.

Although the swim exercise protocol used in the present study has not
reversed long-term mild diabetes-induced changes in RAM, it is well established in the
literature to diabetic pregnant rats (22, 37, 38). However, there is limitation regarding
frequency and duration of the exercise sessions, because they do not entirely
represent clinical conditions. The guidelines recommend that pregnant women should
exercise at least 150 minutes/week or 30 minutes/day most days of week (12, 13, 39).
Thus, different frequencies and duration of the exercise sessions should be explored
with the aim of develop an efficient swim exercise protocol to treat diabetic myopahty
in pregnant rats, and in the future, be appropriate to diabetic pregnant women as well.
In addition, moderate diabetes induction occured before pregnancy in constrast with
GDM, that is developed during pregnancy, which means that future studies should
consider develop a model of induction that mimics GDM not only in blood glucose
levels, but also the time of exposure to hyperglycemia.

In conclusion, our findings demonstrated that the swim exercise protocol
employed did not reverse the long-term mild diabetes-induced changes in the RAM,

suggesting that further investigations should be made, aiming to find the most efficient
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exercise protocol to treat diabetic myopathy.
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Key points summary

e Our idea was explore treatment possibilities aiming to reverse the alterations.
The exercise is well known for its benefits on hyperglycemia, but its impact on
urethral striated muscle impairment is not elucidated, inspiring the present work.

e The results showed that long-term mild diabetes and swim exercise decreased
blood vessels area in urethral striated muscle, which might represent a
deleterious effect on vascular function of the studied muscle.

e Further investigations should be made aiming to develop the most efficient
exercise protocol to treat diabetes-induced changes in urethral striated muscle

and in the future be able to apply in women with GDM.
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Abstract
Introduction: Gestational Diabetes Mellitus (GDM) is related to high prevalence of
pregnancy specific urinary incontinence (PSUI) and pelvic floor muscle dysfunction.
Long-term mild diabetes demonstrated changes in urethral striated muscle of pregnant
rats, and swim exercise may be able to minimize or treat diabetic myopahty. Methods:
At the first day of birth Wistar newborns received Streptozotocin 100 mg/kg (diabetic
group) or citrate buffer (control group) subcutaneously. At adult life, after mating, the
animals were distributed in control — sedentary and exercised and diabetic — sedentary
and exercised groups, starting the swim exercise protocol on gestational day 0 (60
minutes/day, 6 days/week). On 21t day of pregnancy urethra and vagina were
extracted and the sections were cut and analyzed by Hematoxylin & Eosin and
Masson’s Thricrome staining to morphometric analysis, and Transmission Electron
Microscopy to ultrastructural analysis. Results: Decreased blood vessels area were
observed in the urethral striated muscle of both diabetic groups and control — sedentary
non-diabetic group. No differences were found in total area, striated muscle area,
smooth muscle area, urothelium area, total collagen area, collagen in striated muscle
area and collagen in smooth muscle area. However, ultrastructural analysis showed
sarcomeres disruption areas in diabetic — sedentary diabetic group. Conclusions: The
present study demonstrated that long-term mild diabetes and swim exercise decreased
blood vessels area in the urethral striated muscle of pregnant rats, with ultrastructural
changes in the studied muscle. It is possible to suggest a deleterious effect of diabetes
on the structure of urethral striated muscle, without reversing diabetes-induced

changes by aquatic exercise.
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Introduction

Gestational Diabetes Mellitus is defined as glucose intolerance first
recognised in the second or third trimester of pregnancy without previous diagnosis of
type | and type Il diabetes (American Diabetes Association, 2019). Gestational
hyperglycemia is related to maternal-fetal injuries (American Diabetes Association,
2019), including the complaint of involuntary leakage of urine during pregnancy, named
Pregnancy Specific Urinary Incontinence (PSUI) (Hvidman et al., 2002).

It is reported that Urinary Incontinence (Ul) affects at least 40% of pregnant
women (Morkved; Bo, 1999; Wesnes et al., 2007) and 30-40% of women after delivery
(Morked; Bo, 1999; Johannessen et al., 2018), suggesting that both pregnancy and
post partum are related to Ul. However, the etiology of PSUI and post partum period
still remain unclear.

The crosstalk between GDM and PSUI is not completely elucidated, but it
is known that independent of the type of diabetes, this condition is related to injuries in
skeletal muscle health and function, defined as diabetic myopathy (Hernandez-Ochoa
et al., 2017; Monaco et al., 2017). A high prevalence of PSUI and pelvic floor muscle
dysfunction (PFMD) 2 years after cesarean section in women with GDM was found
(Barbosa et al.,, 2011), showing a relationship between GDM, PSUI and diabetic
myopathy.

However, human clinical studies present ethical restrictions, which turns
translational studies relevant to understand the role of GDM in the pathophysiology of
Ul development. Thus, our research group developed experimental studies using
models of streptozotocin (STZ) induced long-term mild diabetes (blood glucose level
120-300 mg/dl) and short-term severe diabetes (blood glucose level >300 mg/dl) in

pregnant rats demonstrated changes in the urethtal striated muscle, such as atrophy,
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disorganization, decreased fast twitch fibers and increased slow twitch fibers (Piculo
et al., 2014, Marini et al., 2017). These findings confirm clinical data that PSUI in
women with GDM are related to PFMD (Barbosa et al., 2011) and suggest that PSUI
may occur due to changes in urehtral striated muscle, which can lead to insuficient
functioning of urethral sphincter (Heesakkers & Garretsen, 2004).

Thus, the development of therapeutic strategies to minimize or treat the
deleterious effect of diabetes is necessary. Physical exercise during pregnancy is
effective on glycemic control and can prevent GDM and diabetes complications
(Colberg et al., 2013, Di Biase et al., 2018, American Diabetes Association, 2019),
including diabetic myopathy. Different modalities of exercise are recommended during
pregnancy, including land exercise, such as walking, running, dancing and water
exercise, such as swimming and aquatic activities (Colberg et al., 2013), but aquatic
exercise showed to be more effective to prevent GDM compared to land exercise, and
also presents improvement of mobility, low risk of falling and abdominal trauma
(Colberg et al., 2013; Barakat et al., 2017). However, the effect of swim exercise on
diabetic myopathy in women with GDM is not elucidated.

In addition, experimental studies have demonstrated benefical effects of
swim exercise and resistance training on the myopathy of gastrocnemious and soleus
muscles in a rat model of type 2 diabetes (17, 18), which means that exercise practice
can also delay or prevent diabetic myopathy. However, the literature does not provide
experimental studies evaluating the effect of swim exercise on diabetic myopathy of
pregnant rats.

Thus, the aim of the present study was to evaluate the effect of swim
exercise protocol on the myopathy of urethral striated muscle of long-term mild STZ-

induced diabetes pregnant rats. To our knowlege the present study is the first
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investigation about exercise practice on diabetic myopathy of urethral striated muscle

of diabetic pregnant rats.

Methods

Ethical Approval
This experimental study was developed at Physiological Sciences
Laboratory and approved by the Ethics Committee on Animal Experiments n°

007/2016, both from Sédo Paulo State University (UNESP).

Animals
Female and male Wistar rats were housed in plastic cages during all
experimental protocol, maintened under controled conditions of temperature (22 + 3°C)

and humidity (50 + 10%), in a 12 hour light-dark cicle, with food and water ad libitum.

Experimental diabetes induction

On the first day of life, half of the female newborns received intraperitoneal
injection of Streptozotocin (STZ) (Sigma®) diluted in citrate buffer (0.1 mol/l pH 4.5) at
dose of 100 mg/kg. The other half of the females was submitted only to the
administration of citrate buffer (0.1 mol/l pH 4.5) (Sinzato et al., 2011). All newborn rats
(NB) were maintained with their mothers until the end of the lactation period (21 days).
After this period, the mother rats were killed with an excessive dose of anesthetic
(Thiopentax® - 80 mg/kg).

In adult life only diabetic rats with blood glucose level between 120 mg/dL —

300 mg/dL and non-diabetic rats with blood glucose level <120 mg/dl were included in
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the experimental groups (lessi et al., 2010).

Mating
At approximately 90 days of age, each four female rats were mated
overnight with one male rat for the maximum period of 15 days. A vaginal smear was
performed everyday in the morning, considering gestational day O if spermatozoa were

found (Damasceno et al., 2008).

Experimental Groups
On day 0 of pregnancy, non-diabetic and diabetic pregnant rats were
distributed in four groups: Control — Sedentary Non-Diabetic (C), Control — Exercised
Non-Diabetic (Cex), Diabetic — Sedentary Diabetic (D) and Diabetic — Exercised

Diabetic (Dex).

Swim Exercise Protocol

The exercised groups (Cex and Dex) started the protocol of swim exercise
on gestational day 0 until gestational day 20, at a depth of 40 cm at water temperature
31+1°C and frequency of 6 days/week (Figure 1). The protocol started with 20 minutes
at the first day, with progressive increases of 10 minutes/day until 60 minutes
(Marangon et al., 2002; Manchado et al., 2006; Volpato et al., 2009). The C and D rats
were exposed since gestational day 0 until gestational day 20, for 15 minutes at a
depth of 10 cm at water temperature 31+1°C and frequency of 6 days/week aiming not

to promote physiological adaptations from exercise practice
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Swim exercise protocol

1*day: 2% day: 3% day: 47 day: End experimental period: 60 minutes

20 30 40 30
minutes  mirmtes — mirutes  minutes

Fig. 1: Experimental sequence of the swim exercise protocol

Oral Glucose Tolerance Test (OGTT)

On the 17t day of pregnancy the females were submitted to the OGTT to
confirm the glucose intolerance in diabetics (Sinzato et al., 2011). Before the test,
fasting blood glucose level was measured, followed by intragastric administration of
glucose solution (0.2 g/mL) at a dose of 2.0 g/kg. Blood glucose levels were measured
at 10, 20, 30, 60 and 120 minutes after administration of the solution and it was
considered diabetes when two or more blood glucose measurements were >140 mg/dL

(Nascimento, 2014).

Tissue extraction
On 218t day of pregnancy the animals were anesthetized by intramuscular
ketamine-xylazine injection (10:1, 0.5 ml/300g body weight), followed by decapitation.
The inguinal region were exposed to dissection of both urethra and vagina. The urethra
and vagina were extracted as a unit to facilitate their handling. All analyses were
performed at the same points along the urethral longitudinal axis of the midurethra

region in which the striated muscle layer becomes denser.
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Morphological analysis

The samples obtained to morphological analysis were stocked in 10%
buffered formaldehyde for 24 hours, transferred to 70% alcohol and maintained at
room temperature and embedded in paraffin. The fragments were sectioned in
microtome (Reichert-Jung model 820) and fixed of microscope glass slides stained
with Hematoxylin-Eosin (H&E) and Masson’s Trichrome (3 samples from C group, 6
samples from D group, 5 samples from Cex group and 4 samples to Dex group).

H&E-stained slides were used to observe the general morphology of the
urethra and determine urethral tissue cross-sectional area. Masson’s-trichrome-
stained slides were used for morphometric analysis of total area, striated muscle area,
smooth muscle area, total collagen area, collagen area in the striated muscle, and
collagen area in the smooth muscle, urothelium area and blood vessels area
(Magnification 4x). The slides were analyzed in light microscope (Olympus
Corporation®/BX50 coupled with DP73 digital camera, Olympus). The photographs
were obtained with cell Sens Ver 1.18 Olympus Corporation® software (Magnification
4x).

The samples obtained to ultrastructural analysis (3 samples/group) had
isolated urethra exctration and immediatley fixed in Karnovsky for 3 hours at room
temperature and transferred to the refrigerator to post-fixation in osmium tetroxide.
Subsequently, specimens were embedded in resin and areas of interest were seleced
and ultra-thin cuts were performed. The investigators controlled the longitudinal axis
(i.e., proximal to distal) of the urethra by using permanente ink pen markings to identify
the distal urethra. The sections were obtained using an ultramicrotome at a longitudinal
orientation, and stained sections were examined using transmission electron

microscope (JEM 1400, JEOL®).
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Statistical analysis
Parametric data were expressed as mean + standard deviation (SD).
Comparisons of the measurements between groups were performed with Two-way
ANOVA followed by Tukey’s multiple comparison test. Non-parametric data (blood
vessel area) were expressed as median with interquartile range. Comparisons of the
measurements between groups were performed with Kruskal-Wallis followed by
Dunn's multiple comparisons test. All analyses were performed using the GraphPad

Prism® v. 8.0 software. Statistical significance was considered to be p<0.05.

Results

Maternal glycemia
The OGTT showed that D and Dex rats had two or more blood glucose
measurements >140 mg/dl. These data confirm that the induction of long-term mild
diabetes was efficient, including the animals in the experimental groups. The swim
exercise practice during pregnancy did not promote changes in blood glucose levels
(Figure 2).

350 -
300 - o Dex
250 -
200 -

150+

{mgfdL)

100

blood glucose level

50+

D T T T T T T T
0 20 40 80O 80 100 120

time points (minutes)

Fig. 2. Oral glucose tolerance test. Blood glucose level before the test and 10, 20, 30, 60 and
120 minutes after the administration of intragastric glucose solution in D and Dex groups.
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Control — Sedentary Non-Diabetic group (C)

The morphometric analysis showed values of total area
(6.197.680+1.643.357 um?), striated muscle area (4.305.945+2.161.640 um?), smooth
muscle area (2.966.781+883.716 pum?), urothelium area (302.055+38.378 pm?) and
blood vessels area (10.492 [5.132 - 22.350]). Also, total collagen area
(1.563.938+221.327 um?), collagen in striated muscle area (822.183+285.049 pum?)
and collagen in smooth muscle area (741.755+211.038 pm?) were shown (Figures 3
and 4A). The ultrastructural analysis showed well organizied myofibrills forming intact
sarcomeres. Also, intermyofibrillar and subsarcolemal mitochondria, lipid droplets,

glycogen granules and vacuoles containing myelin were found (Figure 5A and 5B).

Control — Exercised Non-Diabetic (Cex)

The morphometric analysis showed decrease in the blood vessels area
(5.273 [1.955 — 11.716]) compared to C group (p<0.0001). Also, there was no
difference in total area (5.753.939+1.130.913 um?), striated muscle area
(3.209.459+1.074.789 um?), smooth muscle area (2.262.185+476.548 um?),
urothelium area (282.295+231.535 um?), total collagen area (1.125.084+276.959 um?),
collagen in striated muscle area (523.231+211.424 pm?) and collagen in smooth
muscle area (601.853+202.732 um?) compared to C and D groups (Figures 3 and 4B).
Ultrastructural analysis showed disorganized Z lines and intact sarcomeres.
Intermyofibrillar and subsarcolemal mitochondria, lipid droplets, glycogen granules and

vacuoles containing myelin were found (Figure 5C and 5D).

Diabetic — Sedentary Diabetic group (D)

The morphometric analysis showed decrease in the blood vessels area
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(4.612 [2.150 — 13.759]) compared to C group (P<0.0001). Also, there was no
difference in total area (5.737.021+1.897.036 um?), striated muscle area
(2.946.962+688.222 um?), smooth muscle area (2.305.500+984.620 um?), urothelium
area (484.560+315.008 um?), total collagen area (1.111.087+710.019 um?), collagen
in striated muscle area (525.621+228.323 um?) and collagen in smooth muscle area
(585.466+491.361 um?) compared to C, Cex and Dex groups (Figures 3 and 4C). In
constrast to C group, ultrastructural analysis showed disorganized Z lines and
sarcomeres disruption. Intermyofibrilar and subsarcolemal mitochondria, lipid droplets,

glycogen granules and vacuoles containing myelin were found (Figure 5E and 5F).

Diabetic — Exercised Diabetic group (Dex)

The morphometric analysis showed decrease in the blood vessels area
(2.521 [1.620 — 4.663]) compared to Cex group (p<0.0001), D group (p<0.0001) and
C group (p<0.0001). Also, there was no difference in total area (4.925.031+973.572
um?), striated muscle area (2.300.277+636.799 pm?), smooth muscle area
(2.206.458+255.197 um?), urothelium area (418.296+141.469 um?), total collagen area
(1.020.577+371.591 um?), collagen in striated muscle area (364.890+131.534 pum?)
and collagen in smooth muscle area (655.687+240.897 pm?) compared to Cex, D and
C groups (Figures 3 and 4D). In constrast to D group, ultrastructural analysis showed
intact sarcomeres. Disorganized Z lines, intermyofibrilar and subsarcolemal
mitochondria, lipid droplets, glycogen granules and vacuoles containing myelin were

found (Figure 5G and 5H).
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Fig. 3: Analysis of total area (A), striated muscle area (B), smooth muscle area (C), urothelium area (D),
blood vessels area (E), total collagen area (F), collagen in striated muscle area (G) and collagen in
smooth muscle area (H) from control — sedentary and exercised non-diabetic and diabetic — sedentary
and exercised diabetic. *, **, **** n<0.0001. #Related to D and &related to Cex
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Fig. 4. Urethral striated muscle after Masson’s Trichrome staining to detect collagen (blue). Control —
Sedentary Non-Diabetic (A), Control — Exercised Non-Diabetic (B), Diabetic — Sedentary Diabetic (C)
and Diabetic — Exercised Diabetic (D). Magnification 4x. Scale bar: 100um.
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Fig 5. Electron micrographs of urethral striated muscle from control — sedentary non-diabetic (A and B),
control — exercised non-diabetic (C and D), diabetic — sedentary diabetic (E and F) and diabetic —
exercised diabetic (G and H). The micrographs show well organized myofibrills (A, red arrows) forming
intact sarcomeres (S), disorganized Z lines (C, D, F and H, red arrows), myelin figures (blue arrows),
lipid droplets (pink arrows), sarcomeres disruption (orange arrows), glycogen granules (yellow arrows)
and intermyofibrillar and subsarcolemal mitochondria (green arrows). Scale bar: 2um.
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Discussion

The present study showed that swim exercise in long-term mild STZ-
induced diabetes pregnant rats was responsible to decrease the blood vessels area in
the urethral striated muscle. Surprisingly, diabetic pregnant rats submitted to swim
exercise showed even smaller blood vessels area, suggesting that both diabetes and
exercise may have a deleterious effect on vascular function in the urethral striated
muscle. Also, there was no difference between groups in total area, striated muscle
area, smooth muscle area, urothelium area, total collagen area, collagen in striated
muscle area and collagen in smooth muscle area, which means that neither diabetes
nor exercise altered these parameters.

It is well established that adequate perfusion is essencial to muscle mass
maintenance, and both type 1 and type 2 diabetes are related to microvascular and
macrovascular dysfunction, affecting several tissues, including skeletal muscle
(Benedict et al., 2011; Groen et al., 2014). However, studies that evaluate
microvascular function of urethral striated muscle in diabetic pregnant rats are limited.
Previous findings showed increase in blood vessels area associated to structural
changes in the urethral striated muscle (Piculo et al., 2014), which are not consistent
to the present data. On the other hand, corroborating our findings, the deleterious effect
of diabetes on skeletal muscle microvascular function is reported in experimental
study, that showed decreased microvascular branching and a 44% decrease in
capillary flow to spinotrapezius muscles in a rat model of type 2 diabetes (Benedict et
al., 2011). Additionally, a clinical study showed decreased muscle mass accompanied
by lower capillary density and reduction in perfusion capacity in vastus lateralis muscle
of type 2 diabetic men, atributing the loss of skeletal muscle mass to the microvascular

structure and function diabetes-induced changes (Groen et al., 2014).
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Our hypotesis was that swim exercise would improve the deleterious effect
of moderate diabetes on blood vessels area of urethral striated muscle. However, we
observed that exercise alone and associated to diabetes resulted in even smaller blood
vessels area. In contrast to our findings, exercise training seems to be effective to
improve blood flow and capillary diffusion capacity in skeletal muscle, and also induce
vascular structural adaptations, including remodeling and enlargement of arteries and
arterioles (Laughlin, 2015). In type 2 diabetic patients, a 11-week bicycle endurance
training (40 minutes/day, 3 days/week) resulted in increased perfusion capacity and
larger capillary lumen compared to a 11-week bicycle high intensity interval training
(20 minutes/day, 3 days/week), which those beneffits were not observed (Mortensen
et al., 2018). Also, long-term exercise training on a treadmill (60 minutes/day, 5
days/week for 12 weeks) restored blood flow of the gracilis muscle in a rat model of
type 2 diabetes (Machado et al., 2016).

Although the structure of urethral striated muscle showed no difference in
the morphometric analysis, ultrastructural analysis showed sarcomeres disruption
areas in diabetic rats and disorganized Z lines caused by swim exercise and diabetes.
Sarcomeres disruption areas and myofibrills misalignment may represent alterations
in contractile capacity of the muscle, decreasing the force-generating capacity
(Salazar; Michele; Brooks, 2010). However, the sarcomeres disruption areas were not
observed DE group, suggesting that the aquatic exercise may have a beneffical effect
on the structure of urethral striated muscle.

We atributed the absence of difference in the structure of urethral striated
muscle in the morphometric analysis to the small sample size. Previous studies
showed thin, atrophic and disorganized urethral fibers with increased collagen in

striated muscle area, decrease in the proportion of fast to slow fibers and ultrastructural



84

changes, such as accumulation of mitochondria and increased lipid droplets in
experimental models of moderate and severe diabetes (Piculo et al., 2014; Marini et
al., 2017). Our data may suggest an increase in striated muscle area and decrease in
collagen area in Cex rats, which could represent a benefical effect of swim exercise.
However, in Dex it is possible that striated muscle area decreased and collagen area
did not change, which may represent a deleterious effect of swim exercise. Also, swim
exercise did not control blood glucose level, which may be contributing to those
changes. Our hypotesis is that the increase in sample size would show diabetes-
induced structural changes, correlate those changes to the decrease in the blood
vessels area and confirm the real effect of aquatic exercise on the myopathy of urethral
striated muscle in long-term mild diabetic pregnant rats.

In addition, this study presents limitation regarding frequency and duration
of the exercise sessions, because they do not entirely represent clinical conditions.
The guidelines recommend that pregnant women should exercise at least 150
minutes/week or 30 minutes/day most days of week (Colberg; Castorino; Jovanovic,
2013; Di Biase et al., 2018; American Diabetes Association, 2019). Thus, different
frequencies and duration of the exercise sessions should be explored with the aim of
develop an efficient aquatic exercise protocol to treat diabetic myopathy in pregnant
rats, and in the future, be appropriate to diabetic pregnant women as well. Also,
moderate diabetes induction occured before pregnancy, which does not represent the
clinical condition of GDM, suggesting that future studies should consider develop a
model of induction that mimics GDM not only in blood glucose levels, but also the time
of exposure to hyperglycemia.

In conclusion, our results demonstrated that diabetes and swim exercise

resulted in decreased blood vessels area in the urethral striated muscle of pregnant
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rats, with ultrastructural changes in the studied muscle. Despite the absence of
morphological changes, it is possible to suggest a deleterious effect of diabetes,

without reversing diabetes-induced changes by swim exercise.
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Dificuldades encontradas

e meios para supera-las
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O objetivo desta secdo é apresentar as principais dificuldades encontradas
durante a realizacéo do trabalho, e de que forma buscamos supera-los.

O presente trabalho apresentava como proposta analisar morfologicamente o
muasculo reto abdominal (MRA) e estriado uretral de ratas prenhes diabéticas
submetidas a exercicio em ambiente aquatico por meio das seguintes técnicas:

¢ Hematoxilina-Eosina (HE) para andlise geral da estrutura;

e Picrossirius Red e Tricromico de Masson para deteccao de
colageno;

¢ Imunoistoquimica para marcacéao de fibras musculares de contracao
rapida e lenta, e colageno tipo | e tipo lIl.

e Microscopia eletrdbnica de transmissdo para analise da
ultraestrutura.

Também foi proposta do presente trabalho desenvolvé-lo no Laboratério de
Ciéncias Fisiolégicas da FFC/Unesp Marilia. Trata-se de um laboratério novo, com
inicio de suas atividades em 2016 e que com o apoio do Projeto Teméatico Diamater —
FAPESP tem sido estruturado. Porém ainda nos encontramos em fase de montagem,
com apoio técnico modesto e com poucos alunos desenvolvendo trabalhos, contando
apenas comigo como aluna de pés-graduacédo até o presente momento.

Nosso primeiro desafio foi a obtencdo do modelo experimental e execucédo do
protocolo de exercicio, com 0s quais nunca haviamos trabalhado. Com pouco espago
fisico e recurso humano disponivel, foi necessario muito planejamento para que o
cronograma proposto fosse cumprido. Embora muitos problemas tenham ocorrido, tais
como quebra de termostato, falta de suporte para o aquéario, dificuldades no transporte
dos animais, entre outros, estes foram superados.

Por ser também nossa primeira experiéncia com as analises propostas, houve
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necessidade de padronizar a etapa de coleta de material, e para tanto contamos com
a colaboracéo de técnicos e professores mais experientes para criagdo do protocolo.
Dessa forma, para HE, Picrossirius Red, Tricrobmico de Masson e Imunoistoquimica,
optamos por fixar o material em formol tamponado a 10% por 24 horas, transferir para
alcool 70% em temperatura ambiente e emblocar os materiais em parafina, para
posteriormente confeccionar as laminas histologicas.

Outras dificuldades surgiram ap0s a padronizacdo da coleta de materiais. Na
analise das laminas de musculo estriado uretral, notamos que os cortes obtidos na
fase de processamento das amostras apresentavam diferentes orientacoes
(transversal e longitudinal). Além disso, também notamos que os cortes foram feitos
em diferentes regides da uretra (proximal, medial e distal), e algumas laminas nao
apresentavam material a ser analisado. N0ssoO interesse era apenas a orientacao
transversal da regido medial da uretra. Diante disso, tentamos confeccionar novas
laminas, com o objetivo de padronizar todas as amostras na regido medial da uretra.
Porém, ndo obtivemos sucesso, 0 que acabou deixando nosso tamanho amostral
muito pequeno, e ja ndo havia tempo habil para que novos grupos de animais fossem
obtidos para nova coleta de material. Desta forma, a versao final desta dissertacéo
conta com tamanho amostral pequeno de musculo estriado uretral por conta das
dificuldades relatadas, o que certamente dificultou a andlise estatistica dos dados.
Vale ressaltar que novos grupos de animais estdo programados para nova coleta de
material, de forma a adequar o tamanho amostral para publicacdo do trabalho.

Tivemos dificuldade também na analise das laminas por Microscopia Eletronica
de Transmisséo. Apos a coleta de material, 0s mesmos foram enviados ao Centro de
Microscopia Eletronica, localizado no IB/Unesp Botucatu para o processamento.

Porém, o microscopio estava quebrado, e ndo havia possibilidade de obtencdo das
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imagens em Botucatu. Dessa forma, apos estabelecermos contato e autorizacao para
uso do microscopio na Faculdade de Odontologia de Piracicaba (UNICAMP), nos
deslocamos até la para que pudéssemos obter as imagens.

Outra dificuldade encontrada foi em relacdo a padronizacdo da
imunoistoquimica. Inicialmente, problemas surgiram na aquisicdo dos anticorpos,
fazendo com que os mesmos ndo chegassem a tempo para realizacdo da técnica,
analise e apresentacao dos resultados nesta dissertacdo. Desta forma, recorremos a
outros pesquisadores que possivelmente teriam o0s anticorpos necessarios, e
conseguimos o empréstimo da anti-miosina rapida e lenta, e anti-colageno lll, faltando
apenas o anti-colageno |I.

Com os anticorpos ja em maos, nos deparamos com outra dificuldade: as
laminas preparadas para imunoistoquimica estavam parafinizadas, e os anticorpos
emprestados eram especificos para material congelado. Portanto, iniciamos a busca
pelos protocolos de desparafinizacdo e recuperacdo antigénica mais efetivos para o
material que estdvamos trabalhando, com a inseguranca a respeito da efetividade.

Inicialmente, foi realizada a tentativa de recuperacdo antigénica em micro-
ondas, seguido de inibicdo da peroxidase, inibicdo de proteinas especificas,
incubacdo com anticorpo primario por 18 horas a 4°C, seguido da incubag¢do com
anticorpo secundario por 2 horas, revelacdo com DAB e contra corar com hematoxilina
para finalizar a montagem das laminas. Porém ndo obtivemos sucesso na primeira
tentativa, iniciando outros testes.

Contando com apoio de professores parceiros e na busca incessante por
informacdes e protocolos que nos ajudariam, foram realizadas tentativas de
recuperacao antigénica na panela de presséo, preparo do tampao citrato no momento

do uso, variacdes na inibicdo da peroxidase e de proteinas especificas, bem como
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variacdo na concentracdo dos anticorpos primarios. Porém, mesmo com as
adequacdes realizadas, ndo obtivemos sucesso na padronizacgao.

Desta forma, contando com a ajuda do Prof. Dr. Sérgio Luis Felisbino, de seus
alunos de poés-graduacdo e da bolsista de Treinamento Técnico (TT) do Projeto
Diamater e mestranda, Aline Medolago, nos deslocamos até Botucatu para que a
padronizacao fosse realizada no Laboratério de Matriz Extracelular. Apds ajustes no
tempo da recuperacdo antigénica em panela de presséo, inibicdo da peroxidase,
incubacdo com anticorpo secundario e preparo do DAB, finalmente conseguimos a
marcacao de fibras rapidas e lentas, e colageno tipo Ill no MRA e no muasculo estriado
uretral.

Infelizmente nado foi possivel finalizar todas as laminas a tempo de analisar e
incluir os resultados na presente dissertacdo. Inclusive, alguns resultados
morfométricos obtidos em musculo reto abdominal ndo foram apresentados em fungéo
da auséncia da andlise imunoistoquimica, o que comprometeria uma discussao
adequada dos resultados. Porém a continuidade da técnica e das analises tém sido
feitas em paralelo, a fim de que possamos incluir os resultados referentes a
imunoistoquimica no relatério final da bolsa de Mestrado FAPESP e nos artigos
oriundos do presente trabalho.

A fim de exemplificar as dificuldades relatadas, as imagens abaixo representam

algumas tentativas de padronizagcdo da imunoistoquimica
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Figura 1: Padronizacdo daimunoistoquimica para marcacao de colageno tipo Ill. Mdsculo estriado
uretral e musculo reto abdominal apds o procedimento sem sucesso (A e C) e ap0s ajustes no protocolo
(B eD).

Figura 2: Padroniza¢@o da imunoistoquimica para marcacéo de fibras de contracédo lenta. Mdsculo reto
abdominal ap6s o procedimento sem sucesso (A) e apés ajustes no protocolo (B).

Cada dificuldade serviu de grande aprendizado e contribuiu muito para nosso
crescimento cientifico e cada supera¢ao nos impulsionou para que pudéssemos dar

continuidade nos trabalhos.
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unesp "% 40LI0 DE MESQUITA FILHO"
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CEUA — Comissdo de Etica no Uso de Animal

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 NATACAO™, registrada sob o
protocolo n® 1183/2016, sob a responsabilidade de Angélica Mércia Pascon Barbosa, que
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