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Resumo

A contracdo muscular uterina € um processo fisioldgico caracteristico das fibras
musculares. Durante o periodo gestacional, o Gtero passa por diversas alteracdes visando
o0 desenvolvimento sadio do feto. Sendo assim, 0 monitoramento das contragdes uterinas
durante a gravidez é fundamental para fornecer dados acerca da saude materna e fetal e
consequentemente, garantir que a gestagéo transcorra bem. Em experimentacéo animal, a
técnica de banho de drgdos isolado é a mais utilizada. No entanto, se faz necessério o
desenvolvimento de metodologias in vivo para monitorar esse processo. A
Biosusceptometria de Corrente Alternada (BAC) é uma técnica in vivo capaz de detectar
e monitorar materiais magnéticos em sistemas bioldgicos. Diante disso, o0 presente estudo
teve como objetivo a validacdo da BAC (in vivo) com a técnica de Banho de Orgéos
Isolado (ex vivo) para avaliacdo da contratilidade uterina de ratas prenhes. Foram
utilizadas vinte e oito ratas Sprague-Dawley com 60 dias de idade, distribuidas
aleatoriamente em trés grupos: dia 0 (n = 6), dia 14 (n = 5) e dia 21 (n = 17) de prenhez.
Cada animal foi submetido a medidas no sensor de BAC e em seguida foram eutanasiados
e tiras do corno uterino foram preparadas para analise no banho de 6rgdos isolados. Os
evento de contratilidade uterina obtidos por ambas as técnicas foram classificados em
oscilacdes basais e contragOes intensas. Os perfis registrados pela BAC nos dias 0 e 14
foram similares, em contraste com o perfil obtido no dia 21. Com relagdo aos perfis
obtidos através do banho de 6rgdos isolados, foi registrado um padrdo de contracfes
intensas e regulares em todos os dias de prenhez analisados. A analise dos resultados
obtidos pela BAC mostrou que o Utero exibe perfis de contracbes distintos ao longo da
prenhez, sendo caracterizado por um periodo de quiescéncia e préximo ao parto,
contracOes intensas e regulares. A diferenca entre os perfis obtidos entre as duas técnicas
sugerem que hormonios sexuais exercem um papel fundamental na regulacdo das
contracdes durante a prenhez. Este estudo sugere que a BAC pode ser uma ferramenta
interessante para estudos in vivo, podendo contribuir para estudos futuros envolvendo
patologias, hormdnios e farmacos que podem alterar a contratilidade uterina durante a

gestacéo.
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1. Introducdo geral

O atero é um 6rgdo de musculatura lisa com parede relativamente espessa,
dividido em trés camadas: o perimétrio, miométrio e o endométrio. O perimétrio € a
camada externa e € constituida por tecido conjuntivo; j& 0 miometrio é a camada
intermedidria, responsavel por gerar a atividade elétrica e, portanto, as contracdes 1. Além
disso, 0 miométrio € constituido por musculatura lisa, distribuida em trés subcamadas:
musculatura circular interna, musculatura intermedidaria plexiforme e musculatura externa
longitudinal. Mais internamente, tém-se o endométrio, uma camada formada por tecido
epitelial altamente vascularizado, revestindo toda a cavidade uterina % 3.

Embora a estrutura anatdmica do Gtero varie consideravelmente entre humanos e
roedores, existe muita semelhanca quanto as camadas, inervagdo e funcgdo® 4. A principal
diferenca anatdbmica é que o Utero de humanos é composto pelo corpo, fundo, istmo e
colo do utero, possuindo apenas uma cavidade cervical partindo de uma vagina simples
® enquanto que o Gtero de roedores é composto por dois cornos uterinos que partem de
uma cérvice e se projetam na vagina ©. A presenca das duas cavidades nos roedores
possibilita a acomodagdo de varios embrides, fato que ndo ocorre nos seres humanos ’.

A contracdo muscular uterina é um processo fisiolégico que ocorre através da
interacdo dos filamentos de actina e miosina presentes nas células musculares. O aumento
do célcio intracelular desencadeia uma cascata fisioldgica, provocando o deslizamento do
filamento de actina sobre o filamento de miosina, gerando uma tensdo. Para que isso
ocorra, é necessaria a transmissao de potenciais de acdo entre os midcitos, através de
canais rapidos de comunicacdo intercelulares que permitem uma comunicacgdo rapida
entre os midcitos, chamados juncdes de gap & °. Durante o desenvolvimento da gestagao,
as juncbes de gap aumentam em numero, demonstrando um papel fundamental na
coordenagdo e propagacéo dos estimulos durante a atividade de parto 4 101,

Alguns estudos sugerem que além da inervacdo do Sistema Nervoso Autdnomo
(SNA), mecanismos locais podem estar envolvidos no controle da atividade muscular
uterina, como células que atuam como marca-passo dispersas por todo o musculo * 1214,

Recentemente, estudos apontaram que as células marca-passo podem ter
caracteristicas semelhantes as células intersticiais de Cajal (ICC) 2, células especificas
gue promovem o controle da atividade contratil no trato gastrintestinal, bexiga e préstata

1518 Qutros autores sustentam a ideia de que qualquer célula pode se comportar como



marca-passo, assim como qualquer célula pode ser apenas recebedora/transmissora dos
potenciais de acdo 1> % ou ainda, que essas células sdo células-tronco ou células de

transicéo, ou que formam algum tipo de rede de apoio *.

No entanto, varios estudos foram realizados em busca de um marca-passo uterino,
porém ainda ndo se sabe 0 mecanismo e a localizacao exata destas células na musculatura
uterina * 1% 223 sygerindo que sdo necessarios estudos mais aprofundados a fim de se

obter dados mais conclusivos sobre o papel de células marca-passo na contracao uterina.

O Utero € responsavel pela nutricdo, protecdo e em seguida, a expulséo do feto no
momento do nascimento, através de atividades contrateis 1. Diversas técnicas sdo
utilizadas para 0 monitoramento da contracdo uterina. Essas técnicas apresentam grande
importancia, uma vez que o monitoramento deste parametro pode fornecer dados acerca
da satde da mée e do feto, e consequentemente garantir que a gestacdo transcorra bem.
Em humanos, as técnicas mais utilizadas sdo o Cateter de Pressdo Intrauterina (IUPC) 2+
25 a Ultrassonografia Transvaginal (TVUS)?® 2", Tocodinamometria (TOCO) %28 ¢ a

Eletrohisterografia (EHG) %°.

A técnica considerada mais precisa e ideal para determinar os efeitos e dimensdes
da contracdo uterina é o Cateter de Pressdo Intrauterina (IUPC). Essa técnica é baseada
na insercdo de um ou mais cateteres de pressdo na cavidade uterina, permitindo a
quantificacdo da amplitude, frequéncia, duracdo e a direcdo das contracbes uterinas e,
através da manometria, mede o aumento ou diminuicdo da pressdo interna do Gtero 24
29 Apesar de ser considerada a técnica mais precisa para a quantificagio da contracéo
uterina e possuir a vantagem de nao depender do percentual de gordura do paciente, é
uma técnica invasiva que pode apresentar desconforto e risco para a saude gestacional,
tornando o uso rotineiro impraticavel. Além disso, é uma técnica altamente dependente
de fatores técnicos como a posicdo do transdutor dentro do Utero, postura do paciente e

volume de liquido amnidtico 22831,

Outra opg¢do de monitoramento, é atraveés da ultrassonografia transvaginal
(TVUS), uma técnica semi-invasiva, que consiste na inser¢do de um transdutor no canal
vaginal para o registro da frequéncia e da direcdo das contra¢cdes. Embora seja um 6timo
meio para a avaliacdo do colo uterino e permitir, por meio de video, o imageamento
dindmico das contracOes, vale ressaltar que a TVUS ndo pode medir objetivamente a

amplitude da contracdo 2, além de ndo ser indicada para acompanhamento e estudos



comparativos, devido a dificuldade de reproducdo das imagens e o desconforto causado
pelo transdutor. 26 2 32 Além disso, a quantificacdo das imagens é realizada através da
visualizacdo das gravacoes (repetidamente e em diferentes velocidades) e, a qualidade do
video e a posicdo do transdutor dependem do operador, o que torna a medicao altamente
subjetiva. No entanto, a utilizacdo de softwares para analise das imagens é uma

possibilidade 334,

Ainda, ha a possibilidade do monitoramento das contragdes através da
Tocodinamometria, uma técnica que possui a vantagem de ndo ser invasiva, de fécil
aplicacéo, além de ndo apresentar risco de infeccdo ou lesdo 2°. Através de um cinto com
um extensdémetro posicionado na superficie abdominal, na direcdo do fundo do Utero, a
Tocodinamometria é capaz de quantificar a frequéncia e a duracdo das contracOes.
Embora seja uma técnica de facil manuseio, a qualidade do sinal é influenciada pela
posicdo correta do transdutor em relacdo ao Utero, o que pode ser dificil de se obter em
pacientes obesas ou inquietas durante o trabalho de parto. Além disso, a técnica também
possui a dificuldade de interpretacio das gravacdes 2°, e alguns estudos sugerem que a
TOCO apresenta dificuldades com relacdo a sensibilidade, problemas com calibragéo e

imprecisao 2° 2835,

Outra técnica utilizada é a Eletrohisterografia (EHG), que é uma técnica capaz de
registrar a atividade elétrica gerada por uma contracdo uterina através de pares de
eletrodos fixados na superficie abdominal. Considerada um dos métodos mais preciso, a
EHG ndo € invasiva e permite a quantificacdo da duracdo e frequéncia, além da
intensidade e direcdo das contraces. No entanto, devido a uma baixa relacao sinal-ruido,
é necessario o processamento dos sinais para obter os resultados 2% 3637,

Devido a existéncia de desafios praticos e éticos para a realizacdo de pesquisas
com seres humanos, algumas técnicas sdo utilizadas em animais a fim de aumentar a
compreensdo sobre 0s mecanismos e parametros da contratilidade uterina, bem como
alteracdes causadas por patologias, respostas fisioldgicas a agentes farmacologicos, entre
outros. Dentre as técnicas utilizadas no monitoramento da contra¢do uterina em animais,
destacam-se a Eletromiografia e o Banho de Orgéos Isolados.

A eletromiografia (EMG) é a técnica que permite a aquisicdo de sinais elétricos
das fibras musculares individuais de unidades motoras, gerados durante a contracdo
muscular, através da inser¢do de um eletrodo de agulha no masculo ou por meio do uso

de eletrodos de superficie abdominal 3. Embora o uso de eletrodos com agulha seja uma



técnica segura e forneca dados elétricos diretamente do Utero, € uma técnica invasiva. No
entanto, alguns estudos sugerem que o registro da atividade uterina pode ser obtido com
precisdo através dos eletrodos de superficie abdominal 113139,

J& 0 banho de 6rgdo isolado é uma técnica ex vivo que reproduz condicoes
fisioldgicas in vitro como aeracdo, temperatura e nutrientes, e permite a avaliacdo do
desempenho e parametros da contracao do tecido, bem como o efeito direto de diferentes
agentes (farmacoldgicos ou patoldgicos) sobre estes parametros “°. No banho de 6rgéos,
os tecidos dissecados sdo suspensos dentro de cubas contendo liquido nutritivo aquecido
e fixados a um transdutor de forca que mede as mudancas na tensdo, como acontece
durante uma contracdo, e converte esta tracdo desenvolvida pelo tecido em um sinal

elétrico®!.

Esta técnica ex vivo permite o registro da amplitude, frequéncia e duracéo da
contracdo, além de ser uma ferramenta Gtil no estudo de respostas fisioldgicas a diferentes
agentes farmacoldgicos “°. Diversos tecidos, como intestino (duodeno, jejuno e ileo),
estdmago, artérias e veias, traqueia, testiculos e Utero, entre outros, podem ser analisados
através do banho de 6rgdos isolado 42#4, A preparacgdo do tecido € relativamente simples
e permite maltiplas preparagdes simultaneamente, porém é necessario muito cuidado ao
manusear 0 tecido para a preservacdo da sua viabilidade, evitando qualquer dano
desnecessario durante a disseccdo ou durante a montagem. Embora esta metodologia
permita o estudo de uma parte especifica e isolada do 6rgdo, a analise se da fora do
ambiente fisioldgico real, isento de estimulos hormonais e nervosos que modulam as
contragdes in vivo *1. Além disso, por se tratar de uma técnica ex vivo é necessaria a morte
do animal, ndo permitindo a realizacdo de medidas repetidas com 0 mesmo animal e

consequentemente, culmina na utilizacdo de um grande nimero de animais.

Neste contexto, a busca de metodologias alternativas para 0 monitoramento das
contracOes uterinas in vivo se faz necessario. A Biosusceptometria de Corrente Alternada
(BAC), é uma técnica magnética capaz de detectar e monitorar materiais magnéticos em
sistemas biologicos. Seu mecanismo de funcionamento baseia-se na interagdo entre um
campo magnético externo e um marcador magnetico inserido no meio bioldgico para
registro do evento desejado. Assim, fixando-se um material magnético no Utero, os
movimentos da parede uterina ocasionados pelas contrac@es alteram a distancia entre o

sensor e 0 material magnético, promovendo modulagdes no sinal, registrado pelo sensor



posicionado na regido anatbmica, 0 que permite o registro da atividade mecénica
produzida pelo 6rgéo 4“6,

O sistema BAC possui diversas aplicagdes e vem sendo amplamente empregado
em estudos envolvendo a farmacotécnica * “® o trato gastrintestinal “°°! e a
biodistribuicio de sistemas nanoestruturados °2 3, Além disso, a BAC quando comparada
a outras técnicas possui vantagens como baixo custo, alta sensibilidade e resolucéo
temporal, versatilidade e baixa invasividade. Recentemente, em estudos realizados no
Laboratdrio de Biomagnetismo do Departamento de Biofisica e Farmacologia do I1BB-
UNESP 4, foi demonstrado que o sistema BAC se mostrou eficiente em analisar in vivo,
0 processo de contracdo mecanica uterina em ratas prenhes e ndo prenhes com marcadores
magnéticos em diferentes posi¢oes do Utero. No entanto, se faz necessaria a validagdo da
técnica, em relacdo a uma técnica padrao ja bem estabelecida na literatura. Sendo assim,
este trabalho visa a validacdo da BAC (in vivo) com a técnica de Banho de Orgéos Isolado
(ex vivo), visto que esta Ultima é a técnica mais aplicada e considerada padréo ouro % ¢,

no caso de experimentagdo animal.
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IN VIVO AND EX VIVO EVALUATION OF
UTERINE CONTRACTILITY IN PREGNANT RATS
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Jorge Willian Franco de Barros?, Luis Gustavo de Oliveira Simdes, André Gongalves Prospero,
José Ricardo de Arruda Miranda?.
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Abstract

Several methodologies have been used to monitor uterine contraction and in animal
experimentation, the isolated organ bath technique is the most commonly used. However,
in vivo methodologies are relevant to research. Alternating Current Biosusceptometry
(ACB) is an in vivo technique capable of detecting and monitoring magnetic materials in
biological systems. Therefore, this study aimed to validate the ACB with the Isolated
Organ Bath to assess the uterine contractility of pregnant rats. Twenty-eight 60-day-old
Sprague-Dawley rats were divided into three groups: day 0, 14" and 21% of pregnancy.
Each animal was subjected to measurements on the ACB sensor and subsequently
euthanized for the isolated organ bath analysis. The uterine contractility events obtained
by both techniques were classified into basal oscillations and intense contractions. The
profiles recorded by ACB on days 0 and 14" were similar, in contrast to the profile
obtained on day 21% of pregnancy. Regarding the profiles obtained by isolated organ bath,
a pattern of intense and regular contractions was recorded on all days of pregnancy. The
ACB results revealed that the uterus shows distinct profiles of contraction throughout
pregnancy, being shifted from a period of quiescence in the beginning of prenancy to
intense and regular contractions close to the labor. The difference between the profiles
obtained by both techniques suggest that sex hormones play a key role in regulating
contractions during the period of pregnancy. This study suggests that ACB may
contribute to future in vivo studies involving pathologies, hormones and drugs which can

alter uterine contractility during pregnancy.

Keywords: Uterine contractility, spontaneous uterine contraction, pregant rats,

pregnancy, biomagnetic technique.



1. Introduction

The uterine muscular contraction is a physiological process characterized by the
cyclic depolarization and repolarization of the smooth muscle cells located in the
myometrium 1. The uterus contractile pattern plays a key role during the gestational
period when quiescence is required to provide an appropriate development of the fetus. 2
However, during the end of the pregnancy, uterus contractility is characterized by
stronger, more frequent, and synchronous contractions.> These changes result in the
normal progression of labor and other products of conception. *

Several factors may influence the uterine contractility, such as disfunction of
sexual hormones, congenital anomalies, advanced maternal age pregnancy, intrauterine
contraceptive devices, and other pathologies. These conditions may result in an abnormal
contractility pattern, which can lead to implantation failure, spontaneous miscarriage,
preterm birth, and other disorders.> Therefore, uterine contraction monitoring is essential

to ensure labor's regular progress and the health of both the mother and the fetus.®

Distinct methodologies have been used to monitor uterine contraction. The most
used techniques in clinical practice include the intrauterine pressure measurement (IUP)”
8 transvaginal ultrasound (TVUS)® 1% and tocodynamometry (TOCO)**. However, these
techniques present several disadvantages, such as increased invasiveness (IUP and
TVUS), discomfort (TOCO and TVUS), gestational risk (IUP), lack of precision, and
compex calibration (TOCO).'? ** Due to the aforementioned practical limitations and
ethical challenges in human research, animal models are useful to improve our knowledge

on the underlying mechanisms of the uterine contraction in health and disease states.

The isolated organ bath is the gold standard technique to assess the uterine
contraction in rats!* 1 This ex vivo methodology evaluates the uterine contraction
amplitude, frequency, and duration, allowing to study a specific segment of the tissue,
mainly under pharmacological conditions. However, the recordings are not performed in
a real physiological environment, which may neglect nervous and hormonal influences.®
In this context, the development of in vivo techniques to assess uterine contractility in
animal models is relevant. The alternate current biosusceptometry (ACB) is a non-

invasive, portable, and low-cost magnetic technique widely used to evaluate in real-time



the mechanical contractility of gastrointestinal organs (e.g., stomach and colon) in both

human and rats through the use of magnetic markerst’-20 2L,

Recently, ACB was used to assess the profile of uterine contraction in female rats
22 However, to establish ACB as a reliable technique for recording uterine contractions,
validation through a comparative study is needed. The aim of this study was to validate
ACB for monitoring uterine contractility during pregnancy in rats, using the isolated

organ bath as the gold standard method.

2. Materials and Methods
Animals and experimental protocols

All of the experiments and procedures were approved by the Committee on
Animal Research and Ethics (CEUA Protocol Number 1137).

Twenty-eight 60-day-old female Sprague-Dawley rats were obtained from the
ANILAB Laboratory (Paulinia, SP, Brazil) and maintained under controlled temperature
(22 + 2 °C), humidity (50 = 10 %) and a 12h light/dark cycle with ad libitum access to
chow (Presence Nutricdo Animal, Paulinia, SP, Brazil) and tap water.

The rats were randomly assigned to one of three groups, accordingly to days of
pregnancy as follows: day 0 (DO, n=6), day 14 (D14, n=5), and day 21 (D21, n=17). Each
animal was submitted to an ACB measurement, followed by euthanasia, and the

preparation of the uterine strips were used for the isolated organ bath evaluation.

Surgical procedures

At 75-day-old all animals underwent a surgical procedure to implant a magnetic
marker for the ACB measurements. The rats were anesthetized with ketamine (30 mg/kg),
and xylazine (15 mg/kg) injected intraperitoneally. A longitudinal incision in the rats’
abdomen was performed, and the right uterine horn was exteriorizedto implant a magnetic
marker with toroidal shape (ferrite — MnFe204 — @ = 4.2 mm) in the serosa. As a
postoperative care, the animals received cetoprofen (5 mg/kg) and tylosin (10 mg/kg)

subcutaneously for three days.



Mating and pregnancy

The 90-day-old female rats were housed with male rats overnight. In the next
morning, the animals were separated, vaginal smears collected, and spermatozoa

detection was used to determine gestational day 0%,

Alternate current biosusceptometry (ACB) measurements

In this study, we used a single channel ACB optimized for this study, composed
by two pairs of coils, one pair being used as a reference system and the other as a
detection.?* Each pair consists of an induction and detection coil, the detection coils
arranged in the first order gradiometric configuration to reduce the background noise. A
lock-in (SR830, Stanford Research Systems, USA) and an audio amplifier (TIP800,
Ciclotron, Brazil) were used to apply a current of 500 mA at 10 kHz in the excitation
coils, which generated an alternate magnetic field to magnetize the magnetic marker
(ferrite). The electric signal generated in the detection coils returns to the lock-in, which
acquires the 10 kHz component and converts it to a DC signal. The distance differences
between the ACB sensor and the magnetic marker resultant from the uterine contractions

disbalances the system'’s total magnetic flux, generating a voltage.

For the in vivo uterine contraction recordings, the rats were anesthetized with
isoflurane (4.0% induction and 1.5% maintenance), and the ACB sensor was placed on
the uterine projection. The position of the sensor was adjusted for the location with the
highest signal intensity. The signal was acquired for 30 minutes at a sampling rate of 20
Hz and digitized using an A/D board (MP100 System Biopac Inc., Santa Barbara, CA,
USA).

Isolated organ bath measurements

The measurements using the isolated organ bath technique were performed
following the protocol proposed by Moniji et al.?8 with some adaptations®’. A longitudinal
ring of the uterus's median region (5 mm above the magnetic marker) with approximately
5 mm of height was prepared for the ex vivo contractility recording. Tissues were
mounted in a thermostatically controlled isolated organ bath of 10 ml capacity, which
contained a modified Tyrode's solution with the following composition (in mM): NaCl,
138.0; KCI, 5.7; NaH2PO4, 0.36; NaHCO3, 15; dextrose, 5.5. The isolated organ bath was
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continuously bubbled with a carbogenic mixture (95% O», 5% CO), and tissues were
maintained at 37°C under 1g resting tension and allowed a 30 minutes equilibration
period. Afterward, the tissues were challenged with 80 mM KCI to verify the tissues'
viability and washed three times. Subsequently, the uterine contractions were recorded
for 30 min at a sampling rate of 200 Hz, using a FORT10 isometric force transducer
connected to Transbridge 4MTransducerAmplifier (WPI, Sarasota, FL, USA) and
digitized using an A/D board (MP100 System Biopac Inc., Santa Barbara, CA, USSA).

Data analysis of ACB and Isolated organ bath techniques

All the signals were analyzed in MatLab (Mathworks Inc., Natick, USA). The
signals were filtered by pass-band Butterworth filter with frequency between 5 — 150
mHz. Afterward, Fast Fourier transform (FFT) was employed, and the highest peak of
each FFT was considered the uterine dominant frequency. Running Spectral Analysis

(RSA) was used to identify frequency variations over time.

The qualitative events in the contractility signals obtained by ACB and isolated
organ bath techniques were classified between basal oscillations or intense contractions.
Basal oscillations were characterized by discrete and periodic movements, with low
intensity contractions. Likewise, the intense contractions were classified as sharp, high

intensity with regular or irregular contractions.

Statistical Analysis

All parameters were tested for normality using the D'Agostino & Pearson
normality test, and the results were expressed as mean + standard deviation. We compared
the difference between ACB and isolated organ bath measurements in the same group by
the paired student's t-test. Values of p < 0.05 were considered statistically significant. The
Bland-Altman statistics?® was performed to assess agreement between the ACB and the

isolated organ bath frequency quatifications, with a confidence interval of 95%.

All statical analyses were performed using Graph Pad Prism Software (Graph Pad
Prism Software, La Jolla, CA, USA).
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3. Results

The uterine spontaneous contractility was analyzed on the 0, 14" and 21% day of
pregnancy. Figure 1 shows two signals and their respective FFTs to exemplify the
contractions profile obtained by the ACB and the isolated organ bath on the day O of
pregnancy for the same rat. The ACB signal profile was characterized by high frequency
and low intensity basal contractions (Figure 1A), whereas the contractions obtained by

the isolated organ bath (Figure 1B) presented a typical pattern of regular and intense

contractions, with the absence of basal oscillations.
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Figure 1. Uterine spontaneous contractility measurements. Example of signal the
respective FFT on the day 0 of pregnancy for (A) ACB and (B) isolated organ bath.

Note that the profile of signals and frequencies are distinct (Figure 2). ACB
presents typical basal oscillations with frequencies higher than in the organ bath
(respectively 46.00 + 5.22 mHz vs 13.40 + 1.81 mHz; p=0.0016).
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isolated organ bath techniques. Frequency results are expressed as mean + SD. *p < 0.05
vs. ACB.

Figure 3A shows the contractility profile and the respective FFT for the ACB
technique on the 14" day of pregnancy. This pregnancy phase presents, in addition to the
basal oscillations of low intensity and higher frequency, equal to those found on day 0,
intense and irregular contractions, which can be observed in detail in Figure 3B.
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contractions.
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Figure 4 shows an example of signal profile and the respective FFT of the 14™ of
pregnancy recorded by the organ bath technique. We observed the same contraction
pattern found on the day O, characterized by low frequency and intense regular
contractions with the absence of basal oscillations.
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Figure 4. Uterine spontaneous contractility measurements. Example of signal obtained
by isolted organ bath and the respective FFT on the day 14™ of pregnancy.

Intensity (g/mV)

o
o

N | e
| | ‘ | |\ ‘ ‘ ‘
04 ULN""“’""‘" WWW‘M‘JW\.@WW ‘H

\\\,\‘

The dominant frequency ofn the 14" day of pregnancy (Figure 5) obtained for the
ACB technique was signiflicantly higher compared to the isolated organ bath results
(67.40 + 15.04 mHz vs. 11.04 + 2.63 mHz; p=0.0014).
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Figure 5. Mean of frequencies obtained on the day 14™ of pregnancy obtained by ACB

and isolated organ bath techniques. Frequency results are expressed as mean + SD. *p <
0.05 vs. ACB.
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Figure 6A and 6B displays examples of the signals profile obtained on the 21 day
of pregnancy by ACB, which exhibited a distinct profile compared to the other days.
Signals were predominantly characterized by sharp, high intensity with regular
contractions. The organ bath measurementsof the 21% day (Figure 7) showed the same
contractility profile as the ones observed in the other days for this technique. Signals were

characterized by intense regular contractions.
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Figure 6. Uterine spontaneous contractility measurements. Examples of signals obtained
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day 21% of pregnancy.

Figure 8A shows the dominant frequency quantification and the Bland-Altman
analysis for the 21 day of prengnancy.

Regarding the dominant frequency of contraction (Figure 8A), ACB (12.83
4.248 mHz) and the isolated organ bath signals (12.84 + 2.435 mHz) showed no
statistically significant differences (p = 0.99).

The Bland-Altman analysis for the frequency quantification yielded to a bias of -
0.005882 mHz, with -7.364 mHz and 7.352 mHz as limits of agreement at a 95%
confidence interval (Figure 8B). The low bias and dispersion of points between ACB

and isolated organ bath results reinforces the agreement between both techniques.
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Figure 8. Agreement in the quantification of the frequencies of spontaneous uterine
contractions between the frequencies obtained by the BAC and the bath of isolated organs
(reference standard) for 17 animals analyzed. (A) Mean of frequencies found on the day

21% of pregnancy obtained by ACB and isolated organ bath techniques. Frequency results
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are expressed as mean = SD. *p < 0.05 vs. ACB. (B) Bland-Altman plot for both
quantification methods. The difference refers to the in vivo method minus the reference
standard. The center line corresponds to the average deviation value. Dashed lines

indicate the range of 2 standard deviations.

4. Discussion and Conclusion

Adequate uterine contractions are necessary for sperm transport, embryonic
implantation, nutrition and good fetal development, in addition to a normal course of
delivery, whereas inadequate contractions contribute to a range of complications, such as
endometriosis, infertility, premature birth and miscarriage . In this context, it is noted
that monitoring and greater understanding of uterine contractions are essential for

maternal and fetal health.

Nowadays, the use of animals in experimentation is a way to improve the
understanding of the physiological mechanisms, pharmacological and pathological
effects that can influence pregnancy, in addition to allowing new discoveries in terms of
prevention, diagnosis and treatment 3°. The most used method to assess uterine
contractions in animal experimentation is the isolated organ bath, which is an excellent
ex vivo technique for measuring uterine contractility 334, However, this technique
requires Killing the animal and removing the uterus from its actual physiological
environment. Furthermore, the isolated organ bath is limited only to a specific time point
in pregnancy, not allowing longitudinal studies that could clarify further doubts about the

progress of pregnancy and labor.

There is still a considerable lack of non-invasive or minimally invasive methods
that allow the rapid assessment of the contractile activity of the uterus in vivo . In this
context, our study demonstrated that ACB is an interesting in vivo technique for
monitoring the uterine contractile profile in rats, through the use of magnetic markers.
We successfully evaluated the uterine contractile signals on the days 0, 14", and 21% of

pregnancy in rats and compare with ex vivo organ bath.

After uterine fertilization, the organ remains in a quiescence state, due to the

increased levels of progesterone 357, Indeed, the ACB results showed a predominancy
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of basal contractions, which presents a discrete activity of high intensity contractions, and
therefore a majority of low intensity basal contractions. However, the isolated organ bath
results were divergent compared to the ACB results, showing intense contractions without

basal oscillations.

The uterine quiescence state afore mentioned continues through the pregnancy
progression, and several studies claim that this condition is fundamental to a healthy
development of the fetus. In this stage, progesterone acts as a modulator of the quiescent
state 2 3843, Based on this, the ACB results continued to be mainly composed by basal
oscillations, however, we also observed intense irregular contractions in some signals. In
contrast, the isolated organ bath results showed the same profile as the ones observed in

day 0 of pregnancy.

We observed, in the ACB signals an evolution in the profile of contractions,
starting in basal oscillations in the day 0, passing through the basal period with
intercurrence of strong contractions in the day 14" and culminating in intense and regular

contractions in the day 21%, that resemble the profile found in isolated organ bath.

Our results demonstrated major signal profile alterations on the 21% day of
pregnancy for the ACB measurements. The profile is shifted from a predominance of
basal oscillations and intense irregular contractions to a pattern of intense regular
contractions. This synchronization of the uterine contracttility profile may be related to
preparation for labor and exposure of the fetus. In contrast to this significant alteration,
the isolated organ bath result continued to show the same signal profiles as the ones
observed in day 0 and 14" of pregnancy.

Since ACB provides an in vivo measurement, in which hormonal influences may
play a key role, and isolated organ bath is an ex vivo measurement in a non real
physiological environment, we may infer that the differences observed between ACB and
isolated organ bath are related to the presence of sexual hormones (e. g., progesterone and
estradiol), which are widely described to be responsible of the uterine contractions
modulation during pregnancy 4.

In conclusion, the results of this study demonstrate that ACB may work as an

effective in vivo method to measure repeteadly and monitor uterine contractions during
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pregnancy and labor of pregnant rats, preventing the death of large numbers of animals,
consequently to promote the principles of reduction and refinement in animal research.
Finally, future studies using ACB would benefit preclinical studies in identifying new

drugs and pathologies that possibly alter the normal profile of uterine contraction.
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2. Conclusao Geral

O presente estudo apresenta a aplicacdo da técnica de Biosusceptometria de Corrente
Alternada (BAC) para a avaliacdo in vivo da contratilidade uterina em ratas prenhes,
usando como referéncia para comparacéo a técnica de banho de 6rgéos isolados.

Atraveés da implantacdo de um material magnético no corno uterino de ratas Sprague-
Dawley, seguido de acasalamento, o sensor BAC foi capaz de registrar comportamentos

diferentes ao longo da prenhez: inicio (dia 0), meio (dia 14) e pré-parto (dia 21).

Nossos resultados demonstraram que o Utero apresenta um longo periodo de
quiescéncia nos dias 0 e 14 e, no dia 21 de prenhez, foi observado um atividade contratil
intensa, indicando 0 momento de preparacgdo para o parto.

Essas descobertas podem auxiliar em um melhor entendimento sobre funcionamento
das contrac@es uterinas durante a gravidez, bem como efeitos de horménios, farmacos e
patologias que podem influnciar na progressao normal do parto. Vale ressaltar que quando
comparada com a técnica de banho de 6rgéos isolados, a BAC possui vantagem de ser
menos invasiva, versatil, possuir baixo custo de implementacdo e permitir estudos

longitudionais em um ambiente fisioldgico real.
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