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Secao 1

Trajetéria Académica




No ano de 2015 iniciei minha formacgédo académica, ingressando no curso de
Fisioterapia pela Universidade Estadual Paulista (UNESP), com duracéo de 4 anos,
onde tive experiéncia em todas as areas de atuacdo da fisioterapia. Durante o
segundo ano da graduacao conheci a Prof2 Dr2 Angélica Mércia Pascon Barbosa, que
me apresentou a area da Saude da Mulher e tive um amor a primeira vista.

Em 2016 integrei ao grupo de pesquisa da professora Angélica, “Ciéncia
Gourmet”, com reunides semanais e discussao de casos clinicos e artigos cientificos.
No inicio de 2017 ingressei no grupo de pesquisa “Diabetes e Gravidez Clinico e
Experimental” (Faculdade de Medicina de Botucatu FMB — Unesp), liderado pela Prof2
Marilza Rudge, onde comecei a desenvolver meu trabalho de conclusédo de curso na
pesquisa experimental em Marilia, intitulado “Efeito do modelo de inducéo de diabetes
moderado, bem como da pratica de exercicio fisico aquatico durante a prenhez, na
funcao reprodutiva de ratas”, sob orientacao da Prof? Dr? Patricia de Souza Rossignoli
e coorientacdo da Prof® Dr2 Angélica Barbosa no Laboratério de Ciéncias Fisiol6gicas
(LACIFI) e iniciei as atividades de pesquisa financiadas pelo Projeto Tematico Fapesp
DIAMATER, “The Diamater Study Group”.

Conclui a graduacdo em Fisioterapia no ano de 2018, me tornando
fisioterapeuta no inicio de 2019 (Anexo 1). Ap6s a graduacdo, fui contemplada com
Bolsa FAPESP de Treinamento Técnico 3 (TT-3) (2019/04278-0), sob orientacdo da
Prof? Dr? Angélica Barbosa intitulado “Treinamento para aperfeicoamento no preparo,
instalacdo e monitoramento do biodevice de membrana de latex como suporte para
células-tronco mesenquimais pos-prenhes de ratas diabéticas”.

Durante o ano de 2019, fui muito incentivada pela Prof?® Patricia, Prof@
Angélica, Bruna Bologna a continuar na area académica, entdo comegamos a

desenvolver o projeto de mestrado e a participacdo de congressos (Anexo 2) para
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ampliacdo de conhecimento, como ALAD, Il Encontro Brasileiro de Fisiologia e
Bioquimica do Exercicio, VIII Congresso de Fisioterapia da UNESP de Marilia, XXVI
Simposio de Fisioterapia da UFSCar e também participei do Congresso Brasileira de
Ginecologia e Obstetricia em Porto Alegre, onde apresentei oralmente o trabalho
proveniente do TCC e premiada em 5° lugar (anexo 3).

Iniciei o Mestrado em 2020 pelo Programa de Tocoginecologia na Faculdade
de Medicina de Botucatu — Unesp, onde venho desenvolvendo a pesquisa
experimental na Faculdade de Filosofia e Ciéncias — Unesp Marilia no Laboratorio de
Ciéncias Fisiolégicas. Durante esses dois anos de mestrado, participei de atividades
docentes (Estadgio Docéncia na disciplina de Fisioterapia em Uroginecologia e
Obstetricia e no Estagio Supervisionado em Saude Coletiva na area da Saude da
Mulher), realizei coleta de dados, participei de eventos e congressos online (Anexo 5),
cursei disciplinas oferecidas pelo Programa da Pds-Graduacédo, colaboradora em
projetos desenvolvidos no laboratério e coautora de artigos em periddicos
desenvolvidos juntamente ao Diamater Study Group (Anexo 5).

Em 2021 participei como membro de 3 bancas examinadoras de Trabalho de
Conclusédo de Curso (Anexo 6) de graduacdo em Fisioterapia da Faculdades
Integradas de Bauru. Realizei o Curso de Anatomia Palpatéria — Raciocinio Clinico
(Anexo 7) e participei do Congresso Nacional Multidisciplinar de COVID-19 (Anexo 8).
No inicio de 2022, mais dois artigos, cujo fui coautora, foram aceitos para publicacdo
em periddicos com revistas de alto impacto (Anexo 9).

Estar na pos-graduacdo ndao € um trabalho facil, principalmente em anos
pandémicos, mas com a ajuda, apoio, incentivo de professoras e amigos, dando um

passo por vez, esse trabalho € recompensado no final.
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Secao 2

Contextualizacao




Avancos do conhecimento sobre o impacto do diabetes e
do exercicio sobre a vasculatura do musculo estriado

O grupo de pesquisa Diabetes e Gravidez: Clinico e Experimental estuda as
complicacBes da diabetes na gestacéo, juntamente com as repercussées materno-
fetais e vias de tratamento das complicacbes desde 2006. O diabetes mellitus
gestacional (DMG) é caracterizado pelo diagnéstico no segundo ou terceiro trimestre
gestacional, desde que o diabetes néo seja diagnosticado previamente a gestacéao (1).
Dentre as complicacdes neonatais observadas decorrentes dessa condicdo estdo a
macrossomia fetal, hospitalizacdo, hipoglicemia fetal, malformacdo congénita e
sindrome do desconforto respiratério (2—4). Associadas as complicacdes neonatais,
as complicacbes maternas compreendem alta taxa de ceséarea (2), ganho de peso
materno, aumento do risco de desenvolver diabetes tipo Il pés-parto (5) e aumento da
ocorréncia da incontinéncia urinaria especifica da gestacéo (IUEG) (6).

A gestacdo é fator de risco independente para a incontinéncia urinaria (IU) com
predisposicao a recorréncia nas proximas gestacdes e no poés-parto (6,7), mas o
mecanismo como acontece a IUEG n&o € bem fundamentado na literatura. O DMG é
fator de risco independente para o aumento da incidéncia da IU até dois anos pés-
parto cesarea (6,8) além de ser fator de risco para a disfuncdo dos musculos do
assoalho pélvico (DMAP), manifestando dessa forma uma relacdo importante e
estreita entre a IU, IUEG, DMG e DMAP (6).

O diabetes mellitus (DM) leva a falha na manutencdo da satde muscular e
contribui com a progresséo das complicagfes estruturais e metabodlicas dos musculos
esqueléticos decorrentes da exposicdo a hiperglicemia, sendo esta condicdo
denominada miopatia diabética (9,10). Para elucidar os mecanismos desencadeados

pelo DMG envolvidos na ocorréncia de IUEG e DMAP, investigacdes sdo realizadas
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pelo Grupo de pesquisa Diabetes e Gravidez: Clinico e experimental desde 2006. O
DMG, mesmo quando tratado de acordo com padrdes internacionais da American
Diabetes Association (11), tratamento este institucionalizado no Centro de
Investigacdo do Diabetes Perinatal (CIDPN), nao foi suficiente para evitar o efeito
deletério da hiperglicemia gestacional controlada sobre a IUEG e DMAP (6). A procura
de marcadores dessa miopatia caracteriza o Projeto Tematico Fapesp (2016/01743-
5). O Conceptual Model (12) (Figura 1), estabelecido da integracéo entre DMG, IUEG
e miopatia hiperglicémica gestacional (MHG), tem a funcionalidade dos musculos do
assoalho pélvico (MAP) e musculo reto do abdémen (MRA) como variaveis

moderadoras e precisa ser investigado.

Potenciais Moderadores
Qualidade do controle glicémico [~
- Nivel glicémico ~
- Insulinoterapia e dose ~
P Idade materna ~
IMC pré-gestacional ~a

varvelpredtor | —mmp | Veridve! de Desfecho
DMG Ul 12 meses pds cesarea

IU-EG

\ Potenciais Mediadores

Miopatia MRA e MAP

(Rudge et al., 2020)

Figura 1 — Variaveis Preditoras, Moderadoras, Mediadoras e de Desfecho (12)

Na busca da consolidacdo da triade DMG-IUEG-MHG e sua potencial
associagdo com a IU poés-parto, desde 2006 subprojetos do DIAMATER vem
desenvolvendo estudos baseados no “Integrated Diamater Conceptual Model” (Figura

2).
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Modelo Conceitual Integrado do Diamater

Modelo
integrado de
WU 1 ano

N pos-parto

Autorrefezso
da relacho
deeta e
ndreta

Miopatia hiperglicémica
gestacional

(MHG)

Figura 2 — Modelo conceitual do papel da integracédo entre DMG, IUEG e MHG como
nova triade na determinacéo da prevaléncia de IU e DMAP a longo prazo (12).

A partir das alteracbes musculares evidenciadas no artigo de Barbosa et al.,
2011 (6), foi iniciada de forma translacional a etapa “bench to bedside” com estudos
pré-clinicos realizados pelo Diamater Study Group com objetivo de verificar as
alteracdes musculares evidenciadas na clinica também nos musculos responsaveis
pela continéncia urinaria, favorecendo estudos capazes de clarificar 0 mecanismo
fisiopatoldgico do DMG na miopatia diabética e sobre a IUEG.

Estudo translacional de Marini et al., 2011 foi o primeiro em modelo
experimental com analise morfolégica do musculo estriado uretral e com inducéo do
diabetes grave (glicemia acima de 300mg/dL), no qual trouxe conhecimento sobre a
conexao entre diabetes, prenhez e dano muscular. Esse estudo mostrou que o
diabetes grave pode levar ao adelgacamento, atrofia, desorganizacao e rompimento
de fibras musculares, associado a perda da localizacdo anatdmica normal das fibras
rapidas e lentas e diminuicdo na proporcéo de fibras rapidas em musculo estriado
uretral de ratas prenhes diabéticas (13) (Figura 3).

Na tentativa de mimetizar os niveis glicémicos do DMG clinico, Piculo et al.,

2014 propds inducdo do diabetes moderado (glicemia entre 120 a 300 mg/dL),
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analisando também a morfologia do musculo estriado uretral. Foi observada reducao
da area do mdasculo, transicao de fibras rapidas para fibras lentas, diminuicdo do
namero de fibras rapidas, bem como adelgacamento, atrofia e desorganizacédo das
fibras musculares (13-15). Além disso, houve acumulo de mitocdndrias, aumento de
goticulas lipidicas e de granulos de glicogénio, sendo observada também co-
localizacdo de fibras rapidas e lentas e aumento da deposicdo de colageno no

musculo estriado uretral de ratas prenhes diabéticas (14,15).

Table 1. Semi-quantitative analysis of slow and fast fibers according the presence of each
type of fiber throughout circumference of the layer; thickness of the muscle fiber layer;
the degree to which the layers maintained a normal anatomic localization; fast index;
slow index; and fast:slow index in each group.

Groups Virgin Pregnant Diabetic virgin Diabetic pregnant

Fast throughout — ++++/++++/++++ ++++/++++/++ +++/++++/+ o+ +++
circumference/

thickness/

normal anatomic

localization

Slow throughout  ++++/+/++++ o+ +H++ o+ +++/+ o+ ++H+
circumference/
thickness/
normal anatomic
localization

Fast index

Slow index

Fast:Slow index

Figura 3. Resultados que demonstram as primeiras evidéncias da ocorréncia de
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miopatia diabética em musculo estriado uretral de ratas (13).

Em 2015, Vesentini G iniciou sua dissertacdo estudando o impacto da
hiperglicemia no MRA incluindo 6 grupos de ratas: virgem, prenhe ndo diabético,
diabetes moderado (long-term), diabetes moderado (long-term) prenhe, diabetes
grave (short-term), diabetes grave (short-term) prenhe, possibilitando isolar a acdo da
prenhez e diabetes sobre os musculos, assim como a relacdo entre intensidade e
tempo de exposicdo a hiperglicemia. Em ambos os modelos experimentais de
diabetes houve aumento do numero de fibras de contracdo lenta e diminuicdo do
namero de fibras rapidas, sugerindo que o diabetes e a prenhez induzem a
transformacao intramuscular e a reorganizacdo do MRA por meio da troca de tipo de
fibra, ajustando a arquitetura muscular de acordo com a intensidade e tempo de
exposicao ao ambiente hiperglicémico durante a prenhez, onde a prépria adaptacdo
da estrutura muscular observada pode contribuir para a disfuncdo muscular (16,17).

Vale destacar que o MRA é um mausculo esquelético, do tipo glicolitico com
predominancia de fibras rapidas (17) e estende-se por toda a extensdo da parede
anterior do abdome, fixando-se proximalmente na crista e sinfise pubicas e fixando-
se distalmente nas cartilagens das costelas V-VII e no processo xifoide do esterno
(18).

Com acdao de flexdo da coluna vertebral e compressao do abdémen para auxilio
na defecacao, na expiracéo forcada e na miccao (18,19), o MRA desempenha acao
sinérgica com os musculos do assoalho pélvico no processo da continéncia urinaria.

Ja Marini et al., 2016, com objetivo de comparar o impacto de dois diferentes
modelos de diabetes induzidos pela streptozotocin (STZ) no musculo estriado uretral,
estudou a relacdo entre intensidade da hiperglicemia e tempo de exposi¢cdo do

musculo estriado uretral ao ambiente hiperglicémico em dois grupos experimentais:
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diabetes moderado long-term (120 a 300 mg/dL) e diabetes grave short-term
(300mg/dL). Ambos os modelos desencadearam deterioracdo muscular, sendo que o
long-term induziu fibrose uretral e alteracfes ultraestruturais mais significantes, e o
short-term levou a atrofia muscular (15).

Como pode ser observado, os estudos pré-clinicos que tém buscado
compreender a triade DMG-IUEG-MHG tém objetivado investigar aspectos
morfologicos relacionados diretamente a contracdo muscular. Pouca atencgéo tem sido
dada ao aspecto vascular dos musculos envolvidos no mecanismo de continéncia
urinaria.

Nesse sentido, cabe destacar que a vasculatura do muasculo esquelético é
altamente organizada e é responsavel pelo fornecimento de oxigénio e demais
nutrientes ao tecido (20). As arteriolas saem das artérias primarias, descendo até as
arteriolas terminais, orientadas perpendicularmente as fibras musculares e irrigando-
as em intervalos regulares. Cada arteriola terminal com seus capilares forma a menor
unidade de controle para perfusdo capilar. As vénulas sdo dispostas como as

arteriolas e encontradas entre duas arteriolas terminais (21) (Figura 4).

. N
Microvascular unit

Fascicle

Muscle fiber

Collecting venule ‘,/\9// Terminal arteriole
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Figura 4. Representacdo esquematica da arquitetura vascular do musculo esquelético
(21).

Os capilares que compdem a rede microvascular entre as fibras musculares,
além de serem responsaveis pela coordenacdo da resposta vascular que controla o
fluxo sanguineo durante a contracdo e demais eventos celulares, também podem
desempenhar um papel critico na distribuicdo dos fatores de sinalizacdo necessarios
para a funcéo ideal das células satélites musculares (22). Além disso, alteracdes na
resisténcia vascular do masculo esquelético e/ou nas propriedades de troca desse
leito modificam a funcdo muscular e contribuem para a fisiopatologia de doencas
metabdlicas (23). De fato, alteracdes na vasculatura que alteram a entrega de insulina
e a eliminacao de glicose muscular podem contribuir para a resisténcia a insulina no
musculo esquelético durante condicbes como o diabetes (24,25).

Diante do exposto, € de fundamental importancia a busca por recursos
terapéuticos com o objetivo de prevenir ou minimizar as possiveis complicacdes
induzidas pelo DMG. O exercicio fisico durante a gestacdo é considerado uma
intervencdo ndo-farmacoldgica benéfica para o manejo das complicacdes decorrentes
do DMG (26-30) por conta da melhora da sensibilidade periférica a insulina, levando
a uma captacdo aumentada de glicose pelo musculo, podendo assim ser capaz de
controlar os niveis gliceémicos (31,32). E consenso na literatura que a pratica de
exercicio em ambiente aquatico é a que possui maiores beneficios materno-fetais (33—
37).

Além de promover controle glicémico, o exercicio tem potencial para estimular
a formacéo de novos capilares a partir de vasos sanguineos existentes, fendbmeno
conhecido como angiogénese, que ocorre durante o reparo de lesdo em resposta ao

exercicio (20). Uma das primeiras observacdoes de angiogénese induzida pelo
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exercicio foi em estudo pré-clinico, que demonstrou o aumento do numero de
capilares no musculo gastrocnémio de ratos exercitados (38). Posteriormente foi
demonstrado em estudos pré-clinicos e clinicos a potencialidade do exercicio como
fator estimulante para a angiogénese ndo s6 na musculatura esquelética saudavel
(39-41), mas também na musculatura esquelética exposta ao diabetes (39,41,42).

As evidéncias demonstram que o0 exercicio e a insulina aumentam o
recrutamento microvascular muscular que expande a area de superficie disponivel
para a entrega de glicose e oxigénio ao musculo, sendo que o recrutamento
microvascular muscular mediado pelo exercicio é preservado nos estados resistentes
a insulina. Além disso, o exercicio melhora a disfuncdo endotelial, melhora as
respostas metabdlicas a insulina e tem sido usado como recurso chave para a
prevencao e tratamento do diabetes (43,44).

Neste sentido, a proposta do presente projeto é realizar estudo pré-clinico com
a finalidade de identificar e evidenciar, com andlises morfoldgicas, possiveis
alteracOes na vasculatura do MRA induzidas pelo diabetes em ratas prenhes, bem
com a potencialidade do exercicio em ambiente aquético, em prevenir ou reverter
estas possiveis alteracdes, e desta forma subsidiar propostas de intervencao na fase
clinica em gestantes com DMG.

Vale ressaltar que o presente trabalho é inédito e responderd perguntas
importantes que surgiram de achados dos estudos prévios e complementardo as
respostas do Projeto Tematico Diamater (Processo 2016/01743-5), trazendo esta

pesquisa para a fronteira do conhecimento na area de Saude da Mulher.
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Carr, A.M. Impacto do diabetes moderado e do exercicio aquatico navasculatura
do musculo reto do abddémen de ratas prenhes. 2022. Dissertacdo (Mestrado) —

Faculdade de Medicina de Botucatu, Universidade Estadual Paulista, Brasil.

Introducéo: O diabetes mellitus gestacional (DMG) leva a falha na manutencéo da
saude muscular; denominada miopatia diabética. Estudos clinicos e experimentais
tém se concentrado no entendimento das alteragcdes estruturais nos muasculos
esqueléticos que podem resultar da hiperglicemia. No entanto, malformacdes ou
disfuncbes vasculares também podem contribuir para o aparecimento,
desenvolvimento e progressdo das complicacfes diabéticas. O exercicio fisico
durante a gravidez € considerado uma intervencdo ndo farmacoldgica benéfica para
0 manejo das complicacdes decorrentes do DMG.

Objetivo: Avaliar o impacto do diabetes moderado e do exercicio aquatico na
vasculatura do musculo reto do abdémen (MRA) de ratas prenhes.

Método: A inducdo do diabetes moderado no primeiro dia de vida de ratas Wistar
fémeas ocorreu pela administracao de streptozotocin (100mg/kg, via subcutanea). Na
idade adulta, apos confirmacdo da prenhez, o0s grupos experimentais foram
compostos: ndo diabético sedentario (NDsed), ndo diabético exercitado (NDex),
diabético sedentario (Dsed) e diabético exercitado (Dex), sendo o protocolo de
exercicio aquatico realizado do dia 0 até o dia 20° dia da prenhez (6x/semana, 60min).
No 17° dia de prenhez foi realizado o Teste Oral de Tolerancia a Glicose, sendo
diabéticas as ratas com duas ou mais medidas >140 mg/dL. No 21° dia de prenhez,
amostras de MRA foram coletadas e processadas para analise imunohistoquimica
(anti-CD31 e anti-CD105) ou coradas com hematoxilina-eosina para analise
morfométrica. Os dados foram expressos como média + desvio padrdo (DP) e
comparacdes entre grupos foram feitas por ANOVA de duas vias seguida pelo pos-
teste de Tukey, com p<0,05 sendo considerado estatisticamente significativo.
Resultados: A contagem de vasos marcados ndo mostrou diferenga entre 0s grupos.
Do mesmo modo, também néo foi observada diferenca no nimero de capilares ao
redor da fibra (CC), fator de compartilhamento (SF), raz&o capilar/fiora (C/Fi),
densidade capilar (CD) e superficie de troca capilar/fibra (CFPE) entre 0os grupos.
Além disso, a analise morfométrica ndo revelou diferenca estatistica entre os grupos

nas medidas de area total, area de tunica média + lumen, area de limen, area de
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tnicas, area de tunica média e area de tunica adventicia realizadas nas arteriolas.

Concluséao: O diabetes moderado e o exercicio aguatico nao promoveram alteracdes
na vasculatura de MRA de ratas prenhes.

Palavras-Chaves: diabetes; exercicio; angiogénese; musculo esquelético; prenhez.
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Carr, A.M. Impact of mild hyperglycemia and swimming exercise on the
vasculature of the rectus abdominis muscle of pregnant rats. 2022. Dissertation
(Master's Degree) — Botucatu Medical School (FMB), Sado Paulo State University
(UNESP), Brazil.

Introduction: Gestational diabetes mellitus (GDM) leads to failure to maintain muscle
health, called diabetic myopathy. Clinical and experimental studies have focused on
understanding the structural changes in skeletal muscles that can result from
hyperglycemia. However, malformations or vascular dysfunctions can also contribute
to the onset, development and progression of diabetic complications. Physical exercise
during pregnancy is considered a beneficial non-pharmacological intervention for the
management of complications resulting from GDM.

Aim: To evaluate the impact of mild hyperglycemia and swimming exercise on the
vasculature of the rectus abdominis muscle (RAM) of pregnant rats.

Method: The induction of moderate diabetes on the first day of life of female Wistar
rats occurred by the administration of streptozoticin (STZ; 100mg/kg, subcutaneous).
In adulthood, after the confirmation of pregnancy, the experimental groups: sedentary
non-diabetic (NDsed), exercised non-diabetic (NDex), sedentary diabetic (Dsed) and
exercised diabetic (Dex) with the swimming exercise protocol perfomed on the day 0
until the 20" day of pregnancy (6x/week, 60 min). On the 17th day of pregnancy, the
Oral Glucose Tolerance Test was performed, being diabetic the rats with two or more
measurements >140 mg/dL. On the 21st day of pregnancy, RAM samples were
collected and processed for immunohistochemistry analysis (anti-CD31 and anti-
CD105) or stained with hematoxylin-eosin for morphometric analysis. Data were
expressed as mean * standard deviation (SD) and comparisons between groups were
made by two-way ANOVA followed by Tukey's post-test, with p<0.05 being considered
statistically significant.

Results: The count of marked vessels showed no difference between the groups.
Likewise, no difference was observed in the capillary contact (CC), sharing factor (SF),
capillary/fiber ratio (C/Fi), capillary density (CD) and capillary-to-fiber perimeter
exchange (CFPE) between groups. In addition, the morphometric analysis did not
reveal any statistical difference between the groups in the measurements of total area,

tunic media area + lumen, lumen area, tunic area, tunic media area and tunic adventitia
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area performed on arterioles.

Conclusion: Mild hyperglycemia and swimming exercise did not promote changes in

the RAM vasculature of pregnant rats.

Keywords: diabetes; exercise; angiogenesis; skeletal muscle; pregnancy.
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Impact of mild hyperglycemia and swimming exercise on the vasculature of the
rectus abdominis muscle of pregnant rats

Abstract

Introduction: Gestational diabetes mellitus (GDM) leads to failure to maintain muscle
health, called diabetic myopathy. Clinical and experimental studies have focused on
understanding the structural changes in skeletal muscles that can result from
hyperglycemia. However, malformations or vascular dysfunctions can also contribute
to the onset, development and progression of diabetic complications. Physical exercise
during pregnancy is considered a beneficial non-pharmacological intervention for the
management of complications resulting from GDM.

Aim: To evaluate the impact of mild hyperglycemia and swimming exercise on the
vasculature of the rectus abdominis muscle (RAM) of pregnant rats.

Method: The induction of moderate diabetes on the first day of life of female Wistar
rats occurred by the administration of streptozoticin (STZ; 100mg/kg, subcutaneous).
In adulthood, after the confirmation of pregnancy, the experimental groups: sedentary
non-diabetic (NDsed), exercised non-diabetic (NDex), sedentary diabetic (Dsed) and
exercised diabetic (Dex) with the swimming exercise protocol perfomed on the day O
until the 20" day of pregnancy (6x/week, 60 min). On the 17th day of pregnancy, the
Oral Glucose Tolerance Test was performed, being diabetic the rats with two or more
measurements >140 mg/dL. On the 21st day of pregnancy, RAM samples were
collected and processed for immunohistochemistry analysis (anti-CD31 and anti-
CD105) or stained with hematoxylin-eosin for morphometric analysis. Data were
expressed as mean = standard deviation (SD) and comparisons between groups were
made by two-way ANOVA followed by Tukey's post-test, with p<0.05 being considered
statistically significant.

Results: The count of marked vessels showed no difference between the groups.
Likewise, no difference was observed in the capillary contact (CC), sharing factor (SF),
capillary/fiber ratio (C/Fi), capillary density (CD) and capillary-to-fiber perimeter
exchange (CFPE) between groups. In addition, the morphometric analysis did not
reveal any statistical difference between the groups in the measurements of total area,
tunic media area + lumen, lumen area, tunic area, tunic media area and tunic adventitia

area performed on arterioles.
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Conclusion: Mild hyperglycemia and swimming exercise did not promote changes in

the RAM vasculature of pregnant rats.

Keywords: diabetes; exercise; angiogenesis; skeletal muscle; pregnancy.

46



INTRODUCTION

Diabetes mellitus (DM) leads to failure to maintain muscle health and
contributes to the progression of physical and metabolic complications of skeletal
muscles from hyperglycemia, being called diabetic myopathy (1,2).

Gestational diabetes mellitus (GDM), defined as glucose intolerance with onset
or first recognition in the second or third trimester of pregnancy (3), is related to
myopathies, especially those of the pelvic floor (4,5), rectus abdominis (6—8) and
periurethral (9—-11) muscles.

In an attempt to clear the mechanisms that lead to the occurrence of Diabetic
Myopathy induced by GDM, several studies have focused on understanding structural
changes in skeletal muscles that may result from hyperglycemia. In pregnant diabetic
rats, there is a reduction in the area of the urethral striated muscle, transition from fast
fibers to slow fibers and decrease in the number of fast fibers, thinning, atrophy and
disorganization of muscle fibers (9—-11). In addition, there is an accumulation of
mitochondria, increased lipid droplets, glycogen granules associated with the co-
location of fast and slow fibers and increased collagen deposition in the urethral
striated muscle (10,11). There is also a decrease in the area and number of fast fibers,
an increase in the area and number of slow fibers and a rupture of sarcomere in the
rectus abdominis muscle of diabetic pregnant rats (6-8).

However, not only structural and metabolic alterations, but also malformation or
vascular dysfunction contribute significantly to the onset, development and progression
of diabetic complications (12). Accompanied by loss of muscle mass, type Il diabetes
causes microvascular changes in the skeletal muscle, reducing capillary density and
compromising the endothelial wall function (6). Also, studies state that type | and Il

diabetes are associated with reduced skeletal muscle capillarization, reduction of
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capillary diameter and lower capillary/fiber ratio, thus reducing capillary diffusion
capacity and disrupting regional hemodynamic regulation by directly correlating with
insulin resistance (13—-17). As can be seen, several studies demonstrate vascular
damage resulting from diabetes in skeletal muscle. However, there are no reports in
the literature that indicate whether the GDM condition also impacts the muscle
vasculature.

The search for therapeutic resources in order to prevent or minimize possible
complications induced by GDM is a recurring objective of research. The practice of
physical exercise during pregnancy is considered a non-pharmacological intervention
beneficial for the management of complications resulting from GDM (18-22), due to
the improvement of peripheral insulin sensitivity, leading to an increased glucose
uptake by the muscle, thus being able to control glycemic levels (3,23). There is
consensus in the literature that the practice of exercise in aquatic environment is the
one with the greatest maternal and fetal benefits (24-28).

Evidence has shown that exercise and insulin increase muscle microvascular
recruitment that expands the surface area available for glucose and oxygen delivery,
and that exercise-mediated muscle microvascular recruitment is preserved in insulin-
resistant states. In addition, exercise improves endothelial dysfunction, improves
metabolic responses to insulin and has been used as a key factor for the prevention
and treatment of diabetes (29,30).

In addition to promoting glycemic control, exercise has the potential to stimulate
angiogenesis. One of the first observations of exercise-induced angiogenesis was in a
pre-clinical study, which demonstrated an increase in the number of capillaries in the
gastrocnemius muscle of exercised rats (31). Subsequently, in pre-clinical and clinical

studies, was demonstrated the potentiality of exercise as a stimulating factor for
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angiogenesis not only in healthy skeletal muscles (32,33) , but also in skeletal muscles
exposed to the diabetes (32—-35). As can be seen, the literature describes the vascular
benefits induced by exercise in diabetic skeletal muscle, which may be an important
resource to reverse or prevent the vascular damage observed in diabetic myopathy.
However, there are no reports that describe the possible impact of exercise on muscle
vasculature in the GDM condition.

Thus, the aim of this work was evaluate preclinically the impact of mild
hyperglycemia and swimming exercise on the vasculature of the rectus abdominis

muscle (RAM) in pregnant rats.

MATERIAL AND METHODS

The present pre-clinical study, with translational characteristic, was developed
at the Translational Research Center in diabetes during pregnancy, involving
Translational Research Laboratory (TRL), Physiological Sciences Laboratory
(LACIFI/FFC Unesp Marilia), Urogynecology Laboratory (LabURO/FFC Unesp
Marilia), Laboratory of Extracellular Matrix (LabMEC/IB Unesp Botucatu), Embryology
Laboratory (FAMEMA) and Histology Laboratory (UNIMAR/Marilia). Scientific support
and financial and structural resources were subsidized by the Diamater Study Group

and the Fapesp Thematic Project (2016/01743-5).

Ethics and Animals

All animal experiments were approved by the Institutional Animal Care and Use
Committee, Faculdade de Medicina, S&o Paulo State University (UNESP), in
accordance with the Brazilian Council for Control of Animal Experimentation
(CONCEA) (protocol number 1366/2020). 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
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plastic cages, 4 animals/cage, from mating until the birth of the litter. The experimental

sequence is shown in Figure 1.

Newborns female Wistar rats

- :
1 /
N of life /

| . Long-term mild diabetes induction
Subcutaneous administration of Streptozotocin (100 mg/kg) diluted in citrate buffer

Day "\ Diabetes confirmation
90 | Diabetic groups: blood glucose between 120-300mg/dL
of life / Non-diabetic groups: blood glucose <120mg/dL

Day

90 | Mating
X /  Four female rats with one male rat
of life
Gestational
{ Presence of spermatozoa
day 0
Non-diabetic ‘ Diabetic sedentary Non-diabetic Diabetic exercised
sedentary (Ndsed) (Dsed) ‘ exercised (Ndex) (Dex)
(n=7) ‘ (n=7) (n=7) (n=7)
Water exposure \ Swimming exercise
15 minutes/day, 6 days/week 60 minutes/day, 6 days/week
From gestational day 0 to gestational day 20 From gestational day 0 to gestational day 20
Depth: 10cm Water temperature: 31+1°C [ Depth: 40cm Water temperature: 31+1°C
ional | g .
Za:zo ' Rectus abdominis muscle extraction

Morphological analysis Immunohistochemistry
Hematoxylin&Eosin Anti CD31 and Anti CD105

Figure 1. Experimental sequence of groups.

Generation of mild hyperglycemic gestational (MHP) rats model

To induce MHP rats model, the half of the female Wistar newborns 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. The other half of the female
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newborns received subcutaneoulsy an injection of citrate buffer (0.1 mol/l pH 4.5) (36).
All female newborns 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 MHP model was chosen for
mimetizing the glycemia of the GDM (36). 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 (37).
Mating process

At approximately day 90 of age, four diabetic and non-diabetic female rats were
housed overnight with one normoglycemic adult male rat. The presence of
spermatozoa in the vaginal smear was considered gestational day 0 (38). After, rats
were housed in individual cages until 215t day of pregnancy.

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=10), Non-Diabetic Exercised (NDex) (n=10), Diabetic
Sedentary (Dsed) (n=10) and Diabetic Exercised (Dex) (n=10).

Swimming exercise protocol

The swimming exercise protocol was based on previous studies and considered
to be a moderate intensity exercise protocol (39,40). The exercised animals were
exposed to water for 6 days/week, temperature 31+1°C, 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
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sedentary rats were exposed to water for 6 days/week for 15 minutes/day, temperature
31+1°C, from gestational day O until gestational day 20, at a depth of 10 cm at the
water, aiming not to promote physiological adaptations from exercise practice (40).
Oral Glucose Tolerance Test (OGTT)

On a gestational day 17, an OGTT was performed to confirm the glucose
intolerance in diabetics (41). 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 (37).

RAM tissue extraction

At the end of pregnancy (gestational day 21) the dams were euthanized by
sodium thiopental injection (Thiopentax® - 80 mg/kg). An abdominal incision was
performed for RAM sample collection. The lower third on the right side of RAM was
exposed, dissected, and removed for integrative morphological analysis. The
fragments had approximately 0.25 cm?.

Integrative morphological analysis

The samples obtained were processed according to methodological
procedures. The integrative morphological analysis was composed by
immunohistochemistry and morphometric analysis.

Immunohistochemistry: Immunohistochemistry analysis was used to stain
capillaries and neocapillaries in RAM samples. For immunohistochemistry (n=5
samples/group), the samples were immersed for 24 hours in neutral 10% buffered
formaldehyde, transferred to 70% alcohol and maintained at room temperature and
then embedded in paraffin. The 4-um-thick sections were cut in the microtome.

Sections were deparaffinized, hydrated, washed in PBS (0.1 M, pH 7.4) and incubated
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with antigenic recovery Dako EnVision FLEX Target Retrievial solution, High pH 1x
(REF #K8004) for 30 minutes in a pressure cooker. Endogenous peroxidase was
blocked using Dako EnVision FLEX Peroxidase-Blocking Reagent (ready to use) for
15 min (REF SM801). After washing with EnVision FLEX Wash Buffer (DM831 -
K8007), the sections were incubated overnight at 4°C with primary antibodies against
pan-endothelial cells (FLEX Monoclonal Mouse Anti-Human CD31 ready-to-use (Ref.
IR610) and endothelial cells associated with neocapillaries (anti-CD105 antibody
[EPR19911-220] (ab252345) diluted by 1:1000). After incubation, the sections were
washed with EnVision FLEX Wash Buffer (DM831 - K8007), exposed to the EnVision
FLEX+ Mouse (LINKER) (Ref. DM824) and after Dako EnVision FLEX/HRP detection
reagent (SM802). For staining, The EnVision FLEX DAB+ Chromogen (DM827), a
concentrated diaminobenzidine (DAB) solution and EnVision FLEX Substrate Buffer
(SM803) containing hydrogen peroxide were used as a chromogen, with
counterstained by hematoxylin. The slides were analyzed in a light microscope
(Olympus Corporation®BX41TF coupled with DP25-4 digital camera). The
photographs were obtained with cell Sens Ver 1.18 Olympus Corporation® software.
The quantification of marked capillaries were made in 55 sections/group (5
animals/group, 11 sections/animal) using CellSens Dimension (Olympus
Corporation®) image analysis software (100x magnification). In anti-CD31
immunohistochemistry, the following indexes were measured: the number of
capillaries around a fiber (capillary contacts — CC), the capillary-to-fiber index on an
individual-fiber basis (C/Fi) and the number of fibers sharing each capillary (sharing
fator — SF) (42). A schematic representation of the calculated indexes can be seen in
the Figure 2. In addition, capillary density (CD) was calculated by the number of

capillaries marked with anti-CD31 per mm? (43), and fiber perimeter (P) were
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calculated for determination of capillary-to-fiber perimeter exchange (CFPE) index

according the equation CFPE index = (C/Fi)/P (44).

Viewing area

CIF,
=5(1/3) + 1(1/2)
=217

Figure 2. Calculated indexes on histological sections of RAM in anti-CD31

immunohistochemistry (44).

Morphometric analysis: For morphometric analysis, RAM samples were
immersed for 24 hours in neutral 10% buffered formaldehyde, transferred to 70%
alcohol and maintained at room temperature and then embedded in paraffin. The 4-
um-thick sections were cut in microtome (Reichert-Jung model 820) and fixed on
microscope glass slides stained with Hematoxylin & Eosin (H&E) used to perform the
morphometry of arterioles of the RAM. 40 sections/group (10 animals/group, 4
sections/animal) were selected in the objective lens of 100x magnification. The
arterioles considered for the measurements were those that had an total area from

229 um?, and only arterioles with completely preserved structure were selected. The
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measurements of the total area, lumen area, tunicas area, tunica media area and
tunica adventitia area was obtained. The slides were analyzed in a light microscope
(Olympus Corporation®/BX41TF coupled with DP25-4 digital camera). The
photographs were obtained with cell Sens Ver 1.18 Olympus Corporation® software.
A representation of the measurements obtained from the arterioles on H&E slides can

be seen in the Figure 3.
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Figure 3. Representative histological section of rat rectus abdominis (RAM) arteriole
stained with H&E, obtained from CellSens Dimension (Olympus Corporation®) Version
1.16 image analysis software — (https://www.olympus-
lifescience.com/en/software/cellsens/). Total area, lumen area, tunica area, tunica
media area and adventitia area of arteriole. Scale bar: 20 um. Magnification: 100x.

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
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significant.

RESULTS

Four groups were included in the experimental design: non-diabetic sedentary
(NDsed), non-diabetic exercised (NDex), diabetic sedentary (Dsed) and diabetic
exercise (Dex).

The quantification of marked capillaries by anti-CD31 antibody showed no
statistical difference between groups. In the same way, the quantification of marked
capillaries by anti-CD105 antibody also showed no statistical difference between

groups (Figure 4).
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Figure 4. Histological sections of rat rectus abdominis muscle (RAM), obtained from
CellSens Dimension (Olympus Corporation®) Version 1.16 image analysis software—
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(https://Iwww.olympus-lifescience.com/en/software/cellsens/). (A) RAM samples were
taken from non-diabetic sedentary (NDsed), non-diabetic exercised (NDex), diabetic
sedentary (Dsed) and diabetic exercised (Dex) rats as described in “Material and
Methods”. RAM samples were processed by immunohistochemistry using anti-CD31
and anti-CD105 antibodies. Arrows indicate markes capillaries. (B) Capillary
quantification by immunohistochemistry for anti-CD31 and anti-CD105 antibodies in
RAM samples. Values are means + S.D. (n=5 animals/group). Scale bar: 20 um.
Magnification: 100x.

Regarding indexes calculated from anti-CD31 immunohistochemistry, there

was no statistical difference in the CC, SF, C/Fi, CD and CFPE between groups (Figure
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Figure 5. Capillary contacts (CC), sharing fator (SF), capillary-to-fiber ratio (C/Fi),
capillary density (CD) and capillary-to-fiber perimeter exchange (CFPE) calculated in
RAM samples from non-diabetic sedentary (NDsed), non-diabetic exercised (NDex),
diabetic sedentary (Dsed) and diabetic exercised (Dex) rats as described in “Materials
and Methods”. RAM samples were processed by immunohistochemistry using anti-
CD31 antibody. Values are means * S.D. (n=5 animals/group).

Furthermore, the morphometric analysis showed no statistical difference in total
area, lumen area, tunicas area, tunica media area and tunica adventitia areas of

arterioles between groups (Figure 6).
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Figure 6. Histological sections of rat rectus abdominis muscle (RAM), obtained from
CellSens Dimension (Olympus Corporation®) Version 1.16 image analysis software—
(https://Iwww.olympus-lifescience.com/en/software/cellsens/). (A) RAM samples were
taken from non-diabetic sedentary (NDsed), non-diabetic exercised (NDex), diabetic
sedentary (Dsed) and diabetic exercised (Dex) rats as described in “Material and
Methods”. RAM samples were stained with H&E. (B) Total area, lumen area, tunicas
area, tunica media area and tunica adventitia area of arterioles calculated from RAM
samples stained with H&E. Values are means + S.D. (n=10 animals/group).

DISCUSSION

Mild hyperglycemia did not change the capillary count in the RAM of pregnant
rats. Also, no mild hyperglycemia-induced changes were observed in the calculated
CC, SF, C/Fi, CD and CFPE indexes. The mild hypeglycemia also did not promote
changes in the measurements of total area, lumen area, tunic area, tunica media area
and tunica adventitia area of the RAM arterioles. Additionally, swimming exercise also
did not promote changes in capillary count, calculated vascular indexes and
morphometry of RAM arterioles, either in diabetic or normoglycemic pregnant rats.

Although the literature is scarce with regard to clinical studies that demonstrate
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the possible impact of diabetes on the quantification of capillaries in skeletal muscle,
preclinical models of type | and Il diabetes are associated with a low capillarization of
skeletal muscle (13,14,17,45-47). Studies involving a type | diabetes model show a
decrease in capillaries in different muscles of male rats, such as the tibialis anterior
(45), spinotrapezius (14) and gastrocnemius (47). Studies involving a type Il diabetes
model also demonstrate a decrease in the total capillary surface area in the plantar
muscle of female rats (13).

The number of capillaries is one of the parameters that can be analyzed to
assess muscle vasculature. However, there are several other parameters that can be
calculated in order to have a more comprehensive and thorough view of the vascular
condition of the muscle. The number of capillaries around a fiber (CC), the
capillary/fiber ratio (C/Fi) and the number of fibers that share each capillary (sharing
factor — SF) are parameters that aim to quantify the capillary supply in skeletal muscle.
(44). The capillary density (CD) and the capillary-to-fiber perimeter exchange (CFPE)
are very useful parameters for the evaluation of the exchange potential between tissue
and blood. The CFPE index allows estimating the size of the capillary-fiber interface,
that is, the available exchange surface between muscle and blood (48), and can
provide relevant information about the ability to flow oxygen and transport substances
from the blood to the muscle fiber and vice versa (12). In fact, intact and organized
vascular architecture is more important for adequate muscle oxygenation than the
distribution of blood flow itself (49). In mammals, it is observed that an average of 3 to
4 capillaries are needed around a muscle fiber to supply the O2 demands (42).

Clinical studies demonstrate low CD in the vastus lateralis muscle induced by
both type | (17,50) and type Il diabetes (46,51-53). Likewise, preclinical studies

demonstrate a decrease in C/Fi, thus reducing capillary diffusion capacity and

59



disturbing regional hemodynamic regulation in different muscles such as the tibialis
anterior (45), spinotrapezius (14) and gastrocnemius (47) of male rats, as well as in
the plantaris muscle of female rats (13). Since low CD is closely correlated with insulin
resistance (17), vascular dysfunctions and malformations may contribute to the onset,
development and progression of complications from diabetes (12).

There is a lack of clinical studies that evaluate vascular morphology in the face
of hyperglycemia. However, preclinical studies demonstrate that type | and Il diabetes
are associated with reduced capillary diameter in different muscles such as the tibialis
anterior (45), spinotrapezius (14) and gastrocnemius (47) of male rats, as well as in
the plantar muscle of female rats (13). At the same time, type | diabetes leads to
increase extracellular matrix content in the tunica media, as well as decrease in the
width of the tunica media and the smooth muscle cell layers of the femoral artery in
rats (54).

As can be seen, the literature is rich in studies that demonstrate vascular
damage in skeletal muscles exposed to hyperglycemia, whether in relation to the
number of capillaries, vascular indexes or vascular morphology. However, unlike our
work, these studies cited did not assess skeletal muscle in the condition of
hyperglycemia associated with pregnancy, which may explain, at least partially, the
discrepancy with our results. The only studies that evaluated the vasculature of the
skeletal muscles in this condition are pre-clinical and showed an increase in the
number of blood vessels (10) and an increase in the area of blood vessels in the
striated urethral muscle of diabetic pregnant rats (11), unlike our study which aimed to
evaluate the RAM, and the fact that the analyzes were performed on a different tissue
may have contributed to the difference in results observed.

Regarding the practice of physical exercise, clinical and pre-clinical findings
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demonstrate benefits of exercise in muscle capillarization. Type 1l diabetic patients
showed increased capillarization of the vastus lateralis muscle both with aerobic
exercise for 6 weeks, 2 days/week, 60 minutes/day (55,56) and with practice for 6
months, 3 days/week, 20min/day and later 3 days/week, 45min/day (50). In preclinical
studies involving a STZ-induced type Il diabetes model, aerobic exercise on a treadmill
practiced for 12 weeks, 5 days/week, with sessions lasting 1 h, was able to totally
reverse the capillary rarefaction of the gracilis muscle of rats (57), and treadmill aerobic
exercise practiced for 6 weeks, 35 minutes/day promoted an increase in capillaries in
the soleus muscle of male rats (35). In fact, increased capillarization increases capillary
surface area, which results in a shorter mean diffusion distance from capillary to
muscle, thus facilitating delivery of insulin and glucose to muscle (58).

Furthermore, aerobic exercise has been shown to lead to increased CD in
human skeletal muscle as a chronic adaptation to exercise. (59). In the same sense,
aerobic exercise on the bicycle practiced for 11 weeks, 3 days/week, 40 min/session,
leads to an increase in C/Fi in the vastus lateralis muscle in individuals with type II
diabetes (60). Aerobic exercise lasting 6 months (3 days/week, 20min/day and later 3
days/week, 45min/day), also promoted an increase in CD, CFPE, CC and C/Fi of the
vastus lateralis muscle in patients with type | diabetes (50). In the same sense, in pre-
clinical work, an increase in C/Fi in the soleus muscle induced by aerobic training for
6 weeks, 35 minutes/day in male type Il diabetic rats was evidenced. (35).
Furthermore, interval running training for 10 weeks, 5 days/week, 6 training sets/day,
promoted remodeling of the arterioles of the soleus and gastrocnemius muscles of
male rats with type Il diabetes (76).

In view of the above, it is observed that the literature reveals benefits of

exercise in relation to capillarization as well as vascular indexes and vascular
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morphology of diabetic skeletal muscle. However, it should be noted that the studies
that demonstrate such benefits, in addition to not having the RAM as an object of study,
do not associate hyperglycemia with pregnancy as in our experimental model, and
there are no studies in the literature that demonstrate possible vascular changes in
diabetic skeletal muscle induced by exercise during pregnancy. It is also worth noting
the fact that all the exercise protocols used in the previous works are protocols
performed on land, unlike the exercise protocol used in the present study, which is
aguatic. Although both land and swimming exercises are highly recommended during
pregnancy (61,62), it is worth mentioning that the choice of the swimming exercise
protocol was due to the fact that the exercises practiced in this environment are safer
and more effective in the prevention of GDM and in the glycemic control of pregnant
women (19,24,61,63). In addition, it is observed that the duration of the exercise
protocols used in the aforementioned works is much longer when compared to the
duration of the protocol used in the present study, which may have contributed to the
fact that we did not observe possible exercised-induced vascular changes.

Even though diabetes and/or exercise have not induced changes in the RAM
vasculature, whether in terms of the number of capillaries, vascular indexes or
morphological structure of arterioles, it cannot be ruled out that there are no functional
changes induced by diabetes and/or exercise in the skeletal muscle vasculature.

It is a consensus in the literature that gestational diabetes mellitus leads to
endothelial damage in patients (64—66). It is described that pregnant women with
preexisting type | or type Il diabetes have greater impairment of endothelial function
when compared to pregnant women with GDM due to prolonged exposure to
hyperglycemia (66). Pregnant women with previous type | diabetes also have impaired

vasodilator response when compared to healthy pregnant women (67). In addition,
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preclinical studies on vascular function demonstrate that type Il diabetes reduces
reactivity to acetylcholine in the capillaries of the gracilis muscle of rats (68).

On the other hand, aerobic exercise performed for 4 months, 3 days/week, 40
minutes/day, led to an improvement in the endothelial function of the brachial artery in
patients with type | diabetes (69). The same is observed in preclinical studies, which
reveal that the intervention with aerobic exercise for 12 weeks, 5 days/week, 1
hour/day, normalized the microcirculatory responses to acetylcholine in the gracilis
muscle of type Il diabetic rats (57), as well as high-intensity resistance exercise, for 5
weeks, 5 days/week for 1h, was able to restore the loss of vascular response to
acetylcholine in the aorta, iliac and femoral arteries in type | diabetic rats (70).

In view of the above, it is observed that hyperglycemia leads to impairment of
vascular function, while exercise is able to improve this parameter. However, only one
clinical study evaluated vascular function in relation to GDM, and there are no reports
in the literature of studies, whether clinical or preclinical, that assess the impact of
exercise on vascular function in the condition of hyperglycemia associated with
pregnancy/pregnancy, which opens the possibility for future studies to be carried out
aiming to deepen the knowledge on this aspect.

An important consideration about the muscle biochemical profile deserves to
be made. Muscles with a predominance of fast-twitch and fatigue-sensitive fibers have
a greater ability to produce energy via the glycolytic pathway and, since this metabolic
profile does not require the arrival of an intense blood supply to the tissue, these are
muscles that constitutively have few capillaries (71). On the other hand, muscles with
a predominance of slow-twitch fibers and highly resistant to fatigue are oxidative, that
is, they have a great capacity for aerobic metabolism, a metabolism that demands

greater arrival of blood supply to the tissue, being muscles that constitutively have
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many capillaries (72,73). The RAM is a skeletal muscle of the glycolytic type, that is,
with a predominance of fast fibers (7,74). In this sense, given the findings in the
literature, it is evident that it is rich in studies that assess the impact of diabetes and/or
exercise, associated or not with pregnancy, on the vasculature of slow-twitch muscles,
with an oxidative profile such as the vast lateral (17,46,50-53,55,56,60), tibialis
anterior (45), spinotrapezius (14), gastrocnemius (47), plantaris (13) and soleus (35),
with a lack of studies focused on the evaluation of glycolytic muscles such as the RAM.
Thus, the absence of changes in the RAM vasculature induced by diabetes and/or
exercise in pregnant rats may be due to the muscular biochemical profile itself. Since
it is already characteristic of RAM to have low muscular capillarity, it may be that we
are facing a muscle that does not suffer significant vascular impacts resulting from
exposure to MHP and/or exercise, unlike other muscles with high muscular capillarity,
for which glycemic and exercise-induced variations lead to more significant vascular
changes.

Although the low constitutive capillarity of the RAM may explain, at least
partially, the absence of changes in the vasculature observed in the present study, our
research group has revealed through preclinical studies that the RAM of pregnant rats,
when exposed to hyperglycemia, suffers transition of muscle fibers, with an increase
in the number, area and diameter of slow-twitch fibers to the detriment of the number,
area and diameter of fast fibers, suggesting the occurrence of an intramuscular
transformation and reorganization of the RAM to adjust the muscle architecture in the
face of MHP (17,18,75). In addition, we demonstrated that swimming exercise, with a
protocol identical to that used in the present work, reversed the fiber type changes
caused by MHP in female rats. (75). In this sense, although there was no evidence of

alteration in the vasculature of the RAM, structural alterations related to muscle fibers
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have been observed, which reveals the importance of studying not only different
muscle tissues, but also different aspects of the skeletal musculature in order to have
a broader and more detailed view of the MHP.

It is important to highlight some limitations of the present study. The MHP rats
model used, although it mimics the glycemic levels clinically observed in GDM, is
obtained on the 1st day of life of the rat. In this sense, the evaluated RAM is under the
effects of hyperglycemia prior to pregnancy. Adjustments in the model for obtaining the
MHP rats model will be important in order to obtain a pre-clinical study condition that
is even more similar to that of the GDM. In addition, the swimming exercise protocol
was performed only during pregnancy. In this sense, future works can explore the
execution of the protocol also in the period before pregnancy, in addition to exploring
changes in duration, intensity and frequency of execution in order to expand
knowledge about the possible impacts of exercise on skeletal muscles in MHP
condition. Another point worth mentioning is the choice of RAM as a study muscle.
Although it is part of the group of muscles responsible for the urinary continence
mechanism, other muscles that are directly involved in this mechanism were not
evaluated in the present work. In this way, future studies that evaluate different
muscles may contribute in an important way to the advancement of knowledge about
the GDM, pregnancy specific-urinary incontinence (PS-Ul) and MHP triad.
Furthermore, the present study involved only morphological analyzes using the
immunihistochemistry (IHC) and H&E staining techniques. Future works that aim to
expand these analyses, such as performing ultrastructural and functional analysis, may
reveal important information for understanding the impact of MHP and exercise on the
RAM vasculature of rats.

In conclusion, mild hyperglycemia, as well as swimming exercise, did not
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induce changes in the number of capillaries, capillary contacts, capillary-to-fiber ratio
sharing factor, capillary density, capillary-to-fiber perimeter exchange, as well as in the

morphology of arterioles of the RAM in pregnant rats.
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Secao 5
Perspectivas
Académicas e Cientificas

|



Foram tantas novas emoc0es vividas durante todos os anos do mestrado, que
pensar nas perspectivas académicas nesse momento, chega a ser desafiador.

Foi um processo de amadurecimento muito intenso, com muitas limitacoes,
desafios e trouxe o desejo de querer finalizar essa etapa, que muitas vezes pediu um
esforco até maior do que pude oferecer. Mas como tudo sdo fases na vida, minha
maior licao foi perceber que talvez eu precise dessa sobrecarga as vezes pra dar um
passo para tras e tracar o melhor caminho a ser seguido.

A Pés Graduacéao stricto sensu oferece meios de conhecimento e pesquisa para
a area académica que repercute a pratica clinica com pacientes, e para dar funcéo
para esse conhecimento adquirido a proposta € iniciar o Programa de Especializacéo
Clinica na area da Saude da Mulher e depois retornar para a area académica e
desenvolver o Doutorado na linha de pesquisa.

Enriquecer a vida dos pacientes trazendo a bagagem cientifica é principal o

objetivo desse novo capitulo da minha vida.
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Presidente da FEBRASGO

Morcljerelipe Silva de Sé

Diretor Cientifico
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Centro de Eventos FIERGS
Porto Alegre RS

Certificamos que
ALINE MEDOLAGO CARR

participou da atividade "Lunch Meeting FEBRASGO - O uso de telas em Uroginecologia - Estado
atual apos o alerta do FDA-USA", durante o evento "58° Congresso Brasileiro de Ginecologia e
Obstetricia", realizado de 13 a 16 de novembro de 2019 no Centro de Eventos FIERGS em Porto
Alegre/RS.

Carga Horaria: 1h20 horas.
Porto Alegre, 16 de novembro de 2019
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Congresso
Brasileiro de
Ginecologia
e Obstetricia

13 a 16 de novemboro de 2019
Centro de Eventos FIERGS
Porto Alegre RS

CERTIFICADO

Certificamos que o trabalho

EFEITO DA PRATICA DE EXERCICIO EM AMBIENTE AQUATICO SOBRE A FUNGCAO
REPRODUTIVA DE RATAS COM DIABETE MODERADO

dos autores: ALINE MEDOLAGO CARR; BRUNA BOLOGNA CATINELLI; JULIANA NASCIMENTO
FERNANDES; MARILZA VIEIRA CUNHA RUDGE; ANGELICA MERCIA PASCON BARBOSA; PATRICIA DE
SOUZA ROSSIGNOLLI, foi apresentado na modalidade Aprovado para Apresentagéo Oral - Obstetricia, no
evento 58° Congresso Brasileiro de Ginecologia e Obstetricia ocorrido de 13 a 16 de novembro de 2019 no
Centro de Eventos FIERGS em Porto Alegre/RS.

Porto Alegre, 16 de novembro de 2019
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Certificamos que o trabalho

EFEITO DA PRATICA DE EXERCICIO EM AMBIENTE AQUATICO SOBRE A FUNGAO
REPRODUTIVA DE RATAS COM DIABETE MODERADO

dos autores ALINE MEDOLAGO CARR; BRUNA BOLOGNA CATINELLI; JULIANA NASCIMENTO
FERNANDES; MARILZA VIEIRA CUNHA RUDGE; ANGELICA MERCIA PASCON BARBOSA; PATRICIA DE
SOUZA ROSSIGNOLI

Foi agraciado com o Prémio FEBRASGO, classificado em 5° lugar na categoria ESTUDO ORIGINAL:
OBSTETRICIA, como estimulo a comunidade cientifica associada durante o 58° Congresso Brasileiro de
Ginecologia e Obstetricia, realizado de 13 a 16 de novembro de 2019 no Centro de Eventos FIERGS em

Porto Alegre/RS.

Porto Alegre, 16 de novembro de 2019
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2020 Joint Meeting

This certificate is granted to:

Patricia Rossignoli, Aline Carr, Maria Angélica Spadella, Karina Suyama, Livia Maria Nascimento, Gabriele
Rabadan, Angélica Mércia Pascon Barbosa, Bruna Catinelli, Marilza Vieira Cunha Rudge

For communicating at the SCHCF + ALACF 2020
Joint Meeting - November 16-20, Chile, the study entitled:

Impact of swim exercise on ultrastructural changes in the rectus abdominis
muscle of long-term mild STZ-induced diabetes pregnant rats

s e

Mauricio Henriquez jandro Aiello
SCHCF Secretary ALACF Secretary
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IMPACTO DO EXERCICIO AQUATICO SOBRE A MIOPATIA DO MUSCULO
RETO ABDOMINAL DE RATAS PRENHES COM DIABETE MODERADO

Ha sido presentado en formato Poster por

Bruna Bolgna Ctinelli
Maria Angélica Spadella
Karina De Souza Suyama
Livia Maria do nascimento Do Nascimento
Gabriela Barbaresco Rabadan Barbaresco Rabadan
Patricia de Souza Rossignolli De Souza Rossignolli
Marilza Vieira Cunha Rudge
Angélica Mércia Pascon Barbosa
Aline Medulago Carr

50 Congreso Internacional ALAPP 2020
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Cartagena, Colombia, del 4 al 7de marzo de 2020
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Presidenta del Comité Cientifico Presidente de ALAPP Presidente del 5to Congreso
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ALADD 2020 103

90



AVALIACAO DO CONHECIMENTO DE GESTANTES SOBRE A
INCONTINENCIA URINARIA ESPECIFICA DA GESTAGCAO E MUSCULOS DO
ASSOALHO PELVICO

Ha sido presentado en formato Poster por
Angélica Mércia Pascon Barbosa
Cristiane Rodrigues Pedroni
Aline Medolago Carr
Bruna Bolgna Catinelli
Caroline Baldini Prudencio
Lais Regina Barreto Borba

enel
50 Congreso Internacional ALAPP 2020
celebrado en
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4 a 8 de Outubro de 2020 HULGLDR SBRES

Certificamos que o Trabalho Cientifico intitulado EFFECT OF AQUATIC EXERCISE ON URETHRAL STRIATED MUSCLE
MYOPATHY OF LONG-TERM MILD STZ-INDUCED DIABETES PREGNANT RATS , dos autores BRUNA BOLOGNA
CATINELLI, PATRICIA DE SOUZA ROSSIGNOLI, ALINE MEDOLAGO CARR, KARINA DE SOUZA SUYAMA, LiVIA
MARIA DO NASCIMENTO, GABRIELE BARBARESCO RABADAN, SERGIO LUIS FELISBINO, MARIA ANGELICA
SPADELLA, ANGELICA MERCIA PASCON BARBOSA, MARILZA VIEIRA CUNHA RUDGE foi apresentado no 55°
Congresso Anual SBFIS OnLine | Encontro Luso Brasileiro de Fisiologia | Symposium Miguel Covian | Latin
American DOHaD Chapter, realizado no Formato OnLine, no periodo de 02 a 22 de Outubro de 2020.

Ribeirdo Preto/SP, 22 de Outubro de 2020.
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Presidente da SBFIS Tesoureiro da SBFIS Secretdrio da SBFIS
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CERTIFICATE

DO ENSINO A PRATICA|

Certificamos que Aline Medolago Carr participou do I Simpésio Internacional de Tecnologia na
Reabilitagdo: do Ensino a Pratica, realizado em plataforma on-line, no periodo de 12 a 13 de
dezembro de 2020, na qualidade de Congressista. Sao Paulo, SP, Brasil.
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Prof. Carlos Bandeira de Mello Monteiro Prof. Dr. Luig Carlof de Abreu
Presigéfle do | TECHREHAB Presidente de Honra do ITECHREHAB
Professor Livfe ddcente pela Universidade de Professor Tituler

Sio Paulo - EACH/USP Universidade Federal do Espirito Santo - UFES
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A International Federation of Medical Students Associations of
Brazil - Federacao Internacional de Associagoes de Estudantes
de Medicina do Brasil (IFMSA-BRAZIL) orgulhosamente certifica

Aline Medolago Carr

373.983.168-52 - Universidade Federal do Rio de Janeiro

IFMSA

Brazil
il

por sua participacao em ATIVIDADE desta organizacao:

NOME DA ATIVIDADE I Simpésio de Satide da Mulher

> Nacional R

P

COMITE PERMANENTE  Comité Permanente em Saide Piiblica - SCOPH
TIPO DE ATIVIDADE  Curso

REALIZADAEM  13/07/2020 {’i‘) IFMSA | President
l
TIPO DE PARTICIPACAO  Participante LSO ﬁ"‘-’, ’.)l'f""“‘@ .
CARGA HORARIA 15 Hrs Presidente Nacional

\ Sk CNPJ 02300156/0001-13

S Centro Académico de Fisioterapia — 13 de outubro

unesp Faculdade de Filosofia e Ciéncias — UNESP de Marilia

UNIVERSIDADE ESTADUAL PAULISTA
*JULIO DE MESQUITA FILHO™

CERTIFICADO

Conferimos o presente certificado a

Aline Medolago Carr

Portador (a) do CPF N° 373.983.168-52, por sua participagio no evento Medidas preventivas e de
seguranca para COVID-19, realizado de forma on-line e transmitido ao vivo pelo youtube, no dia 26 de
junho de 2020, na qualidade de OUVINTE.

Carga horaria: 2 Horas

Marilia, 26 de junho de 2020.
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Flavia K erta Faganello Navega Joyce Cordeiro Paes
Coordenadora do curso de Fisioterapia Presidente do Centro Académico de Fisioterapia
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Effectiveness of the pelvic floor muscle training on muscular
dysfunction and pregnancy specific urinary incontinence in
pregnant women with gestational diabetes mellitus: A
systematic review protocol

Angélica Mércia Pascon Barbosa EJ B [E]. Eusebio Mario Amador Enriquez B B, Meline Rossetto Kron Rodrigues BJ
Caroline Baldini Prudencio [, Alvaro Nagib Atallah g, David Rafael Abreu Reyes [,

Raghavendra Lakshmana Shetty Hallur . Sthefanie Kenickel Nunes [, Fabiane Affonso Pinheiro 3,

Carlos Isaias Sartorao Filho [§J, Gabriela Lopes Piemonte Andrade [, Bary Berghmans [, Robde Bie g, [ - 1.

The Diamater Study Group EJ [ view all ]

BMC Pregnancy and Childbirth

Home About Articles Submission Guidelines Join The Editorial Board
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Study protocol | Open Access | Published: 19 February 2020

Study protocol to investigate biomolecular muscle
profile as predictors of long-term urinary incontinence
in women with gestational diabetes mellitus

Marilza V. C. Rudge 8, Fatima P. Souza, Joelcio F. Abbade, Raghavendra L. S. Hallur, Jodo Paulo C.
Marcondes, Fernanda Piculo, Gabriela Marini, Giovana Vesentini, Lehana Thabane, Steven S. Witkin,
Iracema M. P. Calderon, Angélica M. P. Barbosa, The Diamater Study Group, M. V. Rudge, A. M. P. Barbosa
l. M. P. Calderon, F. P. Souza, J. F. Abbade, L. S. R. Hallur, F. Piculo, G. Marini, G. Vesentini, L. Thabane, M. S.
Palma, C. F. O. Graeff, R. K. Arni, R. D. Herculano, D. F. Salvadori, S. Mateus, M. Dal Pai Silva, C. G,
Magalhdes, R. A. Costa, S. A. M. Lima, S. L. Felisbino, W. Barbosa, A. Atallah, M. J. B. Girdo, Z. Di Bella, 5. M.
Uchoa, S. Paydo, A. Hijas, B. Berghman, R. De Bie, L. Sobrevia, B. Junginger, F. C. B. Alves, P. S. Rossignoli, C.
B. Prudencio, M. |. G. Orlandi, M. I. Gongalves, S. K. Nunes, B. B. Catinelli, S. Quiroz, B. V. Sarmento, F. A.
Pinheiro, C. I. Sartordo, R. R. Lucas, D. R. A. Reyes S. B. C. V. Quiroz, E. M. A. Enriquez, R. G. Oliveira, J. F.
Floriano, J. P. C. Marcondes, S. Barneze, T. D. Dangid, T. Pascon, P. Rossignoli, J. V. Freitas, L. Takano, F. Reis,
T. D. Caldeirdo, J. N. Fernandes, A. M. Carr, M. V. C. Gaitero, J. E. Corrente, H. R. C. Nunes, A. F. Candido, S.
M. B. Costa, T. D. Dangi¢, T. Pascon, J. V. F. Melo, L. Takano, F. V. D. S. Reis, T. D. Caldeirdo, A. M. Carr, G. A,
Garcia, G. B. Rabadan, H. C. M. Bassin, K. S. Suyama, L. N. Damasceno, M. L. S. Takemoto, M. D. Menezes, D.
G. Bussaneli, V. K. C. Nogueira, P. R. Lima, |. O. Lourenco, J. Marostica de S, R. A. Megid, |. P. Caruso, L. T.
Rasmussen, G. M. Prata, F. Piculo, G. Vesentini, M. A. Arantes, G. A. R. Ferraz, L. P. Camargo, M. R. Kron, J. E.

Corrente & H. R. C. Nunes  — Show fewer authors
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Deleterious effects of gestational diabetes mellitus
on the characteristics of the rectus abdominis muscle
associated with pregnancy-specific urinary
incontinence

Giovana Vesentini !, Angélica M P Barbosa 2, Juliana F Floriano ', Sérgio L Felisbino 3,

Sarah M B Costa ', Fernanda Piculo ', Gabriela Marini #, Sthefanie K Nunes ', David R A Reyes L
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Roberto Costa !, Joelcio F Abbade ', José E Corrente ?, Iracema M P Calderon
Selma M M Matheus €, Marilza V C Rudge 7, Diamater Study Group
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Certificamos que a Profa.

Aline Medolago Carr,
Foi banca da monografia intitulada

“ATUAGAO DA FISIOTERAPIA NA REABILITACAO SEXUAL EM
PACIENTES COM LESAO MEDULAR: UMA REVISAO DA LITERATURA”

de autoria da aluna Beatriz Ferreira Ferraz.

Bauru, 13 de Dezembro de 2021
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Certificamos que a Profa.

Aline Medolago Carr,
Foi banca da monografia intitulada

“INTERVENCAO FISIOTERAPEUTICA EM MULHERES ATLETAS COM
INCONTINENCIA URINARIA E O IMPACTO NA QUALIDADE DE VIDA:
UMA REVISAO DE LITERATURA”

de autoria da aluna Daiane Maria dos Santos.

\ Bauru, 13 de Dezembro de 2021
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Foi banca da monografia intitulada

“ATUACAO DA FISIOTERAPIA NA INCONTINENCIA URINARIA DURANTE
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LITERATURA"

de autoria da aluna Heloise Kalyne Branddo.

Bauru, 13 de Dezembro de 2021
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HEALTH CURSOS

CERTIFICADO

( Curso de Anatomia Palpatéria - Raciocinio Clinico ]

Certificamos que Aline Medolago Carr, portadora do C.P.F. 373.983.168-52, concluiu o
Curso de Anatomia Palpatéria - Raciocinio Clinico, realizado no dia 23 de Outubro de 2021, com
carga horéria de 8 horas.
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Prof? Dra. Deborah Hebling Splnoﬁ Prof. Ms. Daniel de Carvalho Kenashiro
Ministrante Diretor de Ensina

.
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Verifique o cédigo de autenticidade 5870285.5110657.7.3.345038899528446 em https://iwww.even3.com.br//documentos

CONGRESSO NAEIUNA[ MULTIDISCIPLINAR DE

BERTIFICAD(I DE PARTICIPACAD

A FEDERAGAO INTERNACIONAL DAS ASSOCIACOES DOS ESTUDANTES DE
MEDICINA DO BRASIL - IFMSA BRAZIL UNICEPLAC - NO USO DE SUAS
ATRIBUICOES CERTIFICA QUE

Aline Medolago Carr

PORTADOR (A) DO CPF: 373.983.168-52

PARTICIPOU COMO “OUVINTE” DO | CONGRESSO NACIONAL MULTIDISCIPLINAR
DE COVID-19 , REALIZADO ON-LINE DURANTE OS DIAS 06, 07 E 08 DE MAIO DE 2021
COM CARGA HORARIA DE 30 HORAS.
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- SARAH PINHEIRO TAUFF ANA LUIZA ALVES 6. FONSECA JULIA Dﬂm S. DOS SANTOS
PRESIDENTE DA IFMSA BRAZIL PRESIDENTE DA AEMED-DF PRESIDENTE DO
UNICEPLAC ICNMCOVID19
OIFmMsA  @PAEMED-F
ASSOCIACAO DOS ESTUDANTES
UNICEPLAC DE MEDICINA DO DISTRITO FEDERAL
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OPEN Reversal of diabetic-induced
myopathy by swimming exercise
in pregnant rats: a translational
intervention study

Bruna B. Catinelli**, Patricia S. Rossignoli®*’, Juliana F. Floriano?, Aline M. Carr?,
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CLINICAL ARTICLE

Pelvic floor muscle dysfunction at 3D transperineal ultrasound in
maternal exposure to gestational diabetes mellitus: A
prospective cohort study during pregnancy

Fabiane A. Pinheiro, Carlos I. Sartorao Filho, Caroline B. Prudencio, Sthefanie K. Nunes, Tawana Pascon,
Ragavendra LS Hallur, Luis Takano, Eusébio MA Enriquez, Bruna B. Catinelli, Aline M. Carr, Baerbel
Junginger, Marilza VC Rudge, Angélica MP Barbosa ¥4, O Grupo de Estudo do Diamater

... See fewer authors A
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