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Exercise programs in rats, such as aerobic exercise and swimming are widely used to identify the

Article History: . . . o
v benefits of this therapy for the cardiovascular system, this condition implies the need for records

Received xxxxxx, 2020
Received in revised form
XXXXXXXX, 2020

Accepted XXXXxxxxx, 2020
Published online xxxxx, 2020

Key Words:
Aquatic Exercises;
Cardiac Evaluation;
Electrocardiogram

*Corresponding author:
Juliana Mendes Medrado,

that seek evidence of cardiovascular adaptations in animals submitted to physical training. The
influence of aquatic therapy on morphological and structural alterations in cardiac my ocytes and
electrophysiological and hemodynamic characteristics are not yet clarified in the literature.
Having this as a starting point, this work aims to study the implications of aquatic activities on the
morpho-functional activity of the heart of rats. This is an experimental study, in which 10 Wistar
rats supplied by the central bioterium of the UnirG University Center subdivided into a control
group (CG, n~°) and in the experimental group (EG, n=5) were used, will be submitted to aquatic
therapy at a temperature, 33°C for 6 weeks with a load increment of 8% of body weight. Heart
rate parameters, QRS amplitudes, and QT intervals will be evaluated in vivo by means of an
electrocardiogram, and the data analyzed using the Student T-test at a significance level of 5%
will be evaluated.

Copyright © 2020, Juliana Mendes Medrado et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

Exercise programs in rats, such as aerobic exercise and
swimming, are widely used to identify the benefits of this
therapy for the cardiovascular system (JACOBSEN et al.,
1993; BAPTISTA et al.,, 2008). The protocols of aquatic
exercises for rats do not present cardiovascular parameters
reported as occurs in humans, this condition implies the need
for records that seek evidence of cardiovascular adaptations in
animals submitted to physical training (TOTOU et al., 2015).
The search for means that increase life expectancy and endless
and challenging with regard to the prevention, treatment, and
resolution of the numerous damages to health.

Cardiovascular physiology, as well as cardiology, has
advanced in the treatment of cardiovascular dysfunctions due
to basic and clinical experimental research with animals in the
last five decades of what has occurred over the centuries
(CHRISTOFOLETTI et al., 2013). In animal experimentation,
the Wistar rat, which is genetically similar to humans, is the
animal with low costs, reduced size and easy handling and
adaptation to the laboratory environment. In this environment,
an electrocardiogram becomes a reliable technological
resource for the measurement of cardiac behavior in the face of
the stress circumstance of this animal (HAJJE et al., 2014,
ROBERTO et al., 2018). The ECG parameters of healthy rats
are related to the record obtained in humans. However, with
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some caveats such as the electrophysiological t-path, which is
usually positive and follows in a continuous direction with the
S wave, in addition to the Q wave that manifests itself absent
or rudimentary (BORLOZ et al., 2010). In studies by
Carregaro and Toledo (2008) and Gomes et al. (2016), there
was significant evidence of functional improvements in
aquatic rehabilitation of musculoskeletal injuries through the
kinesiological and physiological benefits of submerging the
body in water, however, the influence of aquatic exercises on
the cardiovascular system is not yet fully understood. Physical
exercise produces sufficient adaptation to improve cardiac
functions, greatly increasing both venous return and cardiac
output (HALL, 2017). During water immersion, hydrostatic
pressure promotes the resizing of the blood volume of the
lower limbs to each thoracic cavity, causing increased venous
return (CHOI, et al., 2013). Physical exercise produces
sufficient adaptation to improve cardiac functions,
considerably increasing both venous return and cardiac
production (HALL, 2017). During water immersion,
hydrostatic pressure promotes the resizing of the blood volume
of the lower limbs to each thoracic cavity, causing greater
venous return (CHOI, et al., 2013). According to (KRUEL,
2013) this phenomenon is known as hypervolemia, an increase
in blood volume in the center of the body, in which blood
translocation can affect blood pressure (BP) and cardiac
workload, generating physiological adaptation, including
decreased heart rate during exercise, reduced activity
(RODRIGUEZ, 2011).

In addition, aquatic exercise offers advantages over land
exercise, as in less gravity effect on body mass, contributing to
less impact on joints during exercise (EGLIL2015).
Physiological, hormonal, cardiovascular and renal changes in
rodents submitted to aquatic exercises in hot water are not yet
fully understood by the literature. Therefore, swimming
exercise in rats is a method often used in research in the field
of exercise physiology and behavioral research. (NUNES et
al., 2015). Swimming exercises in rats in an experimental
environment do not require elaborate technique and
sophisticated equipment, thus reducing the costs of the study,
in addition, the animals have an innate ability to swim,
requiring only the choice of the appropriate container,
maintaining the temperature of the water. water and depth
(NUNES et al., 2015). Laboratory analyzes of cardiac tissue,
in particular, the histological investigation of cardiomyocyte,
in animals submitted to aquatic exercises are tools used to
safely design scientific research and significant variables that
reveal the morphofunctional changes of the heart (ANTUNES,
et al.2016). This study has as a starting point to understand the
morphofunctional changes of the heart, aiming to observe the
behavior of cardiac functions in rats submitted to aquatic
exercises. The variables heart weight, myocardial trophism,
heart rate, QT interval and QRS amplitude will be measured to
observe cardiac dromotropism and chronotropism. The
morphological changes will be evaluated through histological
slides in which possible changes of the cardiomyocyte will be
observed.

DIFFICULT: Cardiovascular disorders have the highest
mortality rate in the world. With this knowledge, this research
aims to understand the morphofunctional changes in the heart
of animals submitted to aquatic exercises. Knowledge about
cardiovascular physiology in experimental animals provides
support for new research in humans.

HYPOTHESIS: Swimming exercises in rats cause
adaptations such as myocardial hypertrophy, changes in
chronotropism evidenced by heart rate and changes in cardiac
dromotropism through the observation of the QT interval and
inotropism through changes in the QRS amplitude. Aquatic
exercises can promote adaptations in one or all cardiac
electrophysiological parameters in cardiomyocyte trophism.

JUSTIFICATION: Cardiovascular diseases are the main
causes of mortality and morbidity worldwide. The heart is
among the organs most responsive to physical exercise
therapies, being a great resource to prevent dysfunctions such
as reduced heart rate, decreased contractility strength,
myocardial relaxation speed decreased venous return and
increased total peripheral vascular resistance. In this work,
therefore, the evaluation of the cardiac performance of rats
submitted to swimming exercises is justified by providing
valuable information about cardiovascular physiology, and in
which electrophysiological parameters and cardiac trophism,
aquatic therapy can influence.

RESEARCH OBJECTIVES: Evaluate the cardiac and
morphological activity of the heart of rats submitted to aquatic
exercises. Accordingly:

Compare the heart weight of rats submitted to exercise and the
control sample.

Evaluate by heart electrocardiograph, heart rate, QT interval
and QRS amplitude.

Identify changes in cardiac trophism in the experimental group
through histological analysis.

LITERATURE REVISION

Structure and physiology of the cardiac muscle: The
histological study of the heart shows the complexity of an
organ that has different cell types working in a common
denominator. Among these cell types, we highlight the
cardiomyocyte, found in greater quantity - they are responsible
for more than half of the organ's cell volume - exhibiting the
fundamental capacity of contractility (THOMAL, 2007). In
adulthood, about 80% of the myocardium corresponds to
cardiomyocyte, with the remaining 20% composed of the
extracellular matrix, connective tissue and blood vessels
(AGUILA; MANDARIM-DE-LACERDA & APFEL, 1998).
These cells are made up of myofibrils, proteins of
transcriptional and post-transcriptional regulation, which give
rise to sarcomeres, calcium-dependent structures responsible
for contraction. Myofibrils can change their dynamics,
according to factors such as age and endocrine changes
(MOHRMAN &HELLER, 2007; THOMAL, 2007). The
contractility of cardiomyocytes is related to the homeostatic
regulation of the calcium ion (Ca2 +), which participates in the
excitation-contraction coupling at different moments in the
process, namely: in the excitation of cardiac myocytes and in
the final work of filaments, which leads to contraction
(QUINTAO-JUNIOR et al., 2012).

Myofibrillar protein complex: The proteins responsible for
contractile regulation act through mechanisms that include
various types of biomolecular interactions that require the
participation of the calcium ion. Among these proteins, we can
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highlight actin, myosin, tropomyosin, troponin and titin
(GORDON; HOMSHER; REGNIER, 2000).

Actin: A protein consisting of a long polymer (actin F) and a
pair of globular monomer chains (actin G), of a globular
character, giving rise to helical chains. It acts together with
myosin in the sarcomere shortening process and acts on
cardiac activity through the regulation of ion channels (BOFF,
2008; ALDENUCCI, 2010).

Myosin: Consisting of a pair of heavy chains (MHC - myosin
heavy chain), which has two isoforms, a-MHC and B-MHC, in
addition to two pairs of light chains (MLC - myosin light
chain), MLC1 and MPLC2. Three isoenzymes V1, V2, V3 are
found inactivity in the cardiac muscle of several species,
having the same types of light chains and differing in the
constitution of heavy chains: aa in V1, aff in V2 and f in V3.
In heavy chains, the active site of ATPase is found
(FRANCHINI, 2001). MHC is the most important
participating and regulating protein in cardiac contractility.
The proportion of a-MHC and B-MHC varies with the stage of
development, and variations in the regulation of these isoforms
are detrimental to the activity of the heart. Hypothyroidism can
trigger increased expression of B-MCP (YOUSEFZADEH,;
JEDDI; ALIPOUR, 2016).

Troponin: The regulatory protein present in the thin filaments
of the myocyte and to a lesser extent in the cytosol
(LOZOVOY, 2008). Composed of three subunits (TnC, Tnl
and TnT) that form a complex in the skeletal muscle that
regulates the actin-myosin interaction. Troponin C bonds with
calcium is a fundamental process in coupling with myosin.
Troponin T binds to tropomyosin (BOFF, 2008). The troponin
C subunit has the same constitution in skeletal and cardiac
muscle, however, the genes responsible for coding subtypes I
and T have differences, and this information is fundamental
and widely used in the diagnosis of acute myocardial
infarction. (GODOY; BRAILE; PURINI NETO, 1998).

Tropomyosin: The long and thin molecule, whose pair of
polypeptide chains have a double helix shape and can be found
in one of two forms: o, with fast and slow subtypes; and P
found between actin filaments (BOFF, 2008). It is part of a
protein complex present in the sarcomeres of striated muscles
responsible for contractility - troponin-tropomyosin complex
(YONEZAWA, 2009). In cardiac myocytes, the calcium ion
promotes structural change in the position of tropomyosin that
reaches the actin-myosin binding site (GORDON; HOMSHER
e REGNIER, 2000).

Titin: The largest protein present in mammals, sarcomeric,
with great elasticity, is found from the Z line to the M line. It
acts in maintaining the sarcomere structure, regulating its
length and adjusting the tension when there are conformational
changes, and its positioning favors this biological function.
Thus, titin has a primary role in systolic and diastolic functions
in the Frank-Starling mechanism, in addition to promoting
ventricular stiffness (FERREIRA et al., 2010).

General aspects of animal experimentation: It is important
to highlight the conditions in which the animals are subjected
during the entire procedure, from their acquisition from animal
houses to experimental measures. Stressing agents such as
excessive noise, constant cage changes, intense lighting,
sudden temperature changes and overcrowding in the cages,

can significantly influence the results obtained. Variations in
the circadian cycle, metabolic and hormonal are the frequent
factors that cause bias, which impair the measurements and the
interpretation of the data (SCHANAIDER; SILVA, 2016).
Another aspect of great relevance is related to disease control.
These, in addition to hurting the bioethical requirements of the
research, spread throughout the colony and put the viability of
the experiment at risk. The exhaled ammonia smell must be an
aspect frequently observed, alerting to inappropriate hygiene
measures (SCHANAIDER; SILVA, 2017). Inadequate
ventilation, associated with high demographic density and poor
hygienic cages, leads to increased concentrations of ammonia
in the breath, causing irritation in the lining epithelium of the
upper airways and the animal's vulnerability to contracting
infectious diseases (DAMYet al., 2010).

The animal's immobilization during the experiment should be
done safely so as not to injure the animal, around the chest
cavity, or by the tail in a smooth way. During handling, it is
important to ensure that the animal is not frightened or afraid,
to avoid accidents such as bites to the researcher. In order to be
transferred from one cage to another or to be weighed, it can
be wrapped in both hands, making a type of shell, being
securely contained or with only one hand around your body,
preferably at the level of the chest (TRAMONTE; SANTOS,
2012). Animals that will be submitted to electrocardiogram
procedures will be anesthetized in order to guarantee a large
safety margin for both the animal and the operator. It requires
knowledge of the mechanisms of action and the different
access routes. In addition to the cost, feasibility and probable
interference of the drugs administered, the researcher must
master the animal's immobilization. Ether, used for many years
in preparations with rats, has been progressively replaced by
other drugs due to adverse effects such as the risk of
respiratory depression.

Sodium thiopental has been widely used with a greater safety
margin in vivo research models. It is a barbiturate of short
duration (5 to 15 minutes) that depresses the sensory cortex,
decreases motor activity, alters cerebellar function, produces
drowsiness and sedation (PRADO FILHO, 2000). Studies
reveal that this anesthetic produces hypotension and reduced
cardiac output, in addition to inhibiting aortic and carotid
baroreceptors, worsening cardiovascular depression
(CARREGARO et al., 2005). Euthanasia should guarantee a
minimum of pain, fear and anxiety, when provided for in the
experimental protocol. It is a legal and moral obligation to
ensure the animal's well-being and minimize its discomfort,
with any clinical changes, such as weight loss, physical
deterioration and positive signs in the pain score, being
constantly observed to identify and determine serious
conditions and even an early euthanasia thus avoiding
unnecessary suffering (DAMY et al., 2010). The scientist's
ethical stance is essential in all stages of experimentation and
further research. Thus, the considerations of experimentation
must be based on several approaches and, among them, on the
importance of the study, the responsibility with regard to the
welfare of the animal exposed to the research and the
experience of the researcher and the entire team involved
(TOLAZZI, 2015).

METHODOLOGY

RESEARCH MODEL: This research is of an experimental
nature where rats from the vivarium of the UNIRG University
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Center will be used, with due authorization and approval from
the Ethics Committee of the UNIRG institution.

CEUA - ETHICS COMMITTEE ON THE USE OF
ANIMALS

L

-«

iIrG

Universidade de Gurupl

FUNDAGAO UNIRG
UNIVERSIDADE DE GURUPI - UNIRG
Comité de Etica no Uso de Animais (CEUA)

PROJETO DE PESQUISA ENVOLVENDO ANIMAIS
Protocolo:03/2019

Titulo do Projeto de Pesquisa: Andlise Morfofuncional do Coragéo de Ratos
Submetidos a Exercicios Aquaticos

Pesquisador Responsével: Prof°. Marcio Araujo de Almeida
Instituigdo: Universidade de Gurupi - UnirG

Data do Parecer: 10/06/2019

PARECER

O Comité de Etica no Uso de Animais da Universidade de Gurupi apreciou o
protocolo em tela e, verificou que foram atendidas todas as exigéncias da lei
Federal 11.794, sendo respeitados os Principios Eticos da Experimentagdo
Animal do COBEA. Portanto, manifesta-se pela sua APROVAGAO. Ficando
assim LIBERADO para o inicio da pesquisa e sendo obrigatério a entrega
neste CEUA-UNIRG do relatério tral e de lusdo ao final da
pesquisa. Comunicar por escrito, toda e qualquer modificagéo no projeto.

Gurupi, 20 de junho de 2019.

Figurel: Letter of approval from CEUA - Ethics Committee on
the Use of Animals - UNIRG.

RESEARCH LABORATORY

All experiments will be designed, conducted and carried out in
partnership with the Biophysics and Physiology Laboratory at
Campus II UNIRG University in Gurupi - TO.

ANIMALS USED: 10 rats of the Wistar variety (male and/or
female) supplied by the central vivarium of the UNIRG
University Center will be used, clinically normal, fed with
standard feed and water ad [libitum. They will be kept for at
least seven days in the new environment, for the purpose of
setting and will be housed in polypropylene boxes with
dimensions 41 x 34 x 16 cm, lined with dry rice straw, in the
number of five per box, in an environment with the monitored
temperature around 25°C. To control the circadian rhythm,
they will be kept in a room with twelve-hour light / dark
cycles. The average level of noise intensity from the place
where the rats will be stored and from the experimentation
laboratory is on average 54,7 DB, measured by means of a
digital decibel meter IMPAC model IP-130) below the noise
considered stressful for these animals Figure 2. The storage

box is cleaned two to three times a week. Throughout the
outlined experiment, the animals will be evaluated daily
through visual inspections for clinical aspects such as mobility,
weight, water and food intake, eyes, coat, behavior, possible
wounds, etc. The animal weighing scale (CE mark, model SF-
400) can weigh up to 7 kg with an accuracy of 1 gFigure2.

SAMPLING

Inclusion and exclusion criteria: 10 Wistar rats (male and/or
female) will be used, clinically healthy, about three months
old, weighing 300g to 400g, with good mobility and normal
hair Figure 3. Obese animals, offspring, animals older than
three and a half months with suspicious clinical conditions will
be excluded.

DESIGN AND PROCEDURES: The rats will be divided by
gender into two groups: control (five male rats, in one box)
and experimental (five female rats, in another box) Figure 2.
Before starting studies, the adaptation protocol consisting of 3
consecutive days will be applied to keep the animals for 10
minutes in shallow water at 30°C to reduce the stress of the
animal's behavior, related to contact with water.(TOTOU et
al.,2015) Figure 4.

Figure 2. Rats, Feed, Water and Straw Storage Cages, 3Males (A), 2
Females (B), SMales (C)/ Physiology Laboratory University of
Gurupi, 2020

The aquatic therapy, as in Figure 4, was carried out in a plastic
container (PVC) measuring 100 cm long, 70 wide, and 60 cm
high with a 40 cm water column to prevent the rats from
supporting the tail at the bottom of the container, at a
temperature of 33°C. The swimming exercises will be carried
out in the morning period, for 25 minutes in the first week with
an increase of load to 5% of the bodyweight to avoid
fluctuation, this short period will be used initially as an
adaptation phase to the aquatic exercise. Subsequently, the
aquatic exercise protocol with an increase in load to 8% of the
weight will be applied, as shown in Figure 3, to avoid
fluctuation, for 5 weeks, in the frequency of five times a week,
lasting 60 minutes during the morning shift, according to Table
1 of the Aquatic Therapy Protocol. Said describes the
swimming time, exercise schedule and percentage of load in
relation to body weight (GONCALVES; LUCIANO, 1999;
NUNES et al. 2015; GOMES et al., 2016).
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Figure 3. Fixing the load on the syrup's proximal branch -
Physiology Laboratory University of Gurupi, 2020

Figure 4. Aquatic Therapy - Laboratory of Physiology University
of Gurupi, 2020

Figure 5. Electrocardiogram exam - Laboratory of Physiology
University of Gurupi, 2020

In experiments with animals in vivo anesthetized with sodium
thiopental (50mg/kg), these will be placed in the supine
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Figure 6. Median values of daily water intake in the study
groups.Laboratory of Physiology University of Gurupi, 2020.
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Figure 7. Values of median body weight daily in the study groups.
Laboratory of Physiology University of Gurupi, 2020
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estudo.$ p<0.0S. Teste t de Student. Laboratory of Physiology
University of Gurupi, 2020
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Figure 9. Média final do intervalo QT-MS nos grupos de estudo.$
p<0.05. Teste t de Student. Laboratory of Physiology University
of Gurupi, 2020

position on surgical clipboards, the four electrodes proper to
the ECG will be fixed by means of claws on the feet
(trichotomized pulses) previously lubricated with electrolytic
gel (Carbogel®) and connected to the DL 660 model
electrocardiograph, Delta Life brand. The electrocardiogram
with the isoelectric signal will be collected without
interference in Figure 5. At the end of the experimental period,
the animals will be anesthetized with sodium thiopental
50mg/kg according to body mass, then a thoracotomy will be
performed to dry the heart, which will be weighed by a
precision scale (0,01g) and later slides were prepared for
histological analysis.

Variables: The variables analyzed both in control rats and in
rats submitted to aquatic exercises were: heart rate, QRS
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Table 1. Aquatic Therapy Protocol

Monday Tuesday Fourth Fifth Friday Saturday
1* Week 25 Min. 25 Min. 25 Min. 25Min. 25 Min. 25Min.
8h/5% 8 h/ 5% 8h/5% 8h/5% 8h /5% 8h/5%
2* Week 60 Min. 60 Min. 60 Min. 60 Min. 60 Min. 60 Min.
8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8%
3* Week 60 Min. 60 Min. 60 Min. 60 Min. 60 Min. 60 Min.
8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8%
4* Week 60 Min. 60 Min. 60 Min. 60 Min. 60 Min. 60 Min.
8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8%
5* Week 60 Min. 60 Min. 60 Min. 60 Min. 60 Min. 60 Min.
8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8%
6" Week 60 Min. 60 Min. 60 Min. 60 Min. 60 Min. 60 Min.
8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8% 8h/ 8%

Source: Gomes et al., 2016.

complex (amplitude), QT interval duration, signs of changes in
cardiomyocyte trophism and heart weight, observing rats from
the group of intervention, started the experiment with an
average body weight of 400mg and rats in the control group an
average of 350mg, thus evolving at the end of the experiment
with the reduction of body weight in the intervention group to
an average of 380mg and control rats increased their food
intake for each day of the test performed.

Data collection instruments, application strategies, data
analysis and presentation: For the analysis and description of
sample data in this study, measures of central tendency and
dispersion of variability inherent to the samples (standard
deviation, standard error of the mean and coefficient of
variation) will be used. Student's t-test will be used for the
inductive analysis of all variables together, with the level of
significance adopted for 5%, that is, all probabilities below
0,05 will be considered significant. For the descriptive
statistical treatment such as means, standard deviation,
coefficient of variation, Tables and graphs, the Microsoft
Office Excel 2007 program will be used and, for inductive
analysis, the Bioestat-5 program will be used.

ETHICAL ASPECTS: All treatment, manipulation and
euthanasia procedures will be carried out in strict compliance
with the resolutions of the specific Brazilian norms of
Bioethics in Animal Experiments, Law Procedures for the
Scientific Use of Animals, NO 11794 - sanctioned on October
8, 2008 - of the National Council of Animal Experimentation
Control - CONCEA. This project will be submitted to the
Animal Use Ethics Committee (CEUA) of the University of
Gurupi. According to the Health Waste Management Manual
(2006), hospital waste (RSS) is classified according to its
function, characteristics and risks that it can cause to the
environment and health. Therefore, the National Health
Surveillance Agency (ANVISA) No. 306/04 and the National
Environment Council - CONAMA, Resolution No0.358/05
classify RSS into five groups: A, B, C, D and E. The residues
of this study are inserted in Group A, which are those that
present biological agents and risks of infection, such as
anatomical pieces, carcasses, among others. These materials
need to be treated through physical, hemical or other validated
processes to later be sent to the authorized landfill for the final
deposition of RSS. In this way, the carcasses of the animals of
the present study will be stored in appropriate bags and frozen
at -1°C in the Consul brand refrigerator with a capacity of 380
liters in the Physiology laboratory, after which they will be
disposed of in the biological waste of the University of Gurupi.
The carcasses are collected on Mondays, Wednesdays and
Fridays and are then deposited in the hospital landfill in charge

of the collection by the city hall's automobiles. However, this
research may pose risks for animals, researchers and the
scientific community. Animals can suffer if there is an error in
the dosage of the anesthetic and scientists are attentive and
well trained to avoid this suffering. Scientists are at risk of
being bitten by animals when handling them under anesthesia.
Personal protective equipment, handling techniques and
protection from rats from reliable sources were used to prevent
any type of injury or contamination. As for the risks to the
scientific community, these could be caused by the publication
of incomplete data, inconsistent that could be due to
methodological errors. There is a guarantee that the
researchers are sufficiently trained so that these types of errors
do not occur and due to ethical composure in the publication of
the results.

RESULTS

During the study, the experimental group, throughout the
study, evolved with water intake with an average of 48.33 ml
daily. Proceeding with values of 50 ml; 36 ml; 45 ml; 43,33
ml; 43 ml; 40 ml; 52 ml; 51,66 ml; 29 ml; 41,66 ml; 45 ml; 42
ml; 45 ml; 43,77 ml; 45 ml; 53,33 ml; 43,33 ml; 37,9 ml and
46,66 ml. Thus, it is possible to observe that the values
remained constant, with a significant difference only on March
5th, as consumption was only 29 ml. Thus, the animals
presented the necessary intake for the development of the
experiment. At the end of the experimental period, the animals
will be anesthetized with sodium thiopental 50mg/kg
according to body mass, then a thoracotomy will be performed
to dry the heart, which will be weighed by a precision scale
(0,01g) and later slides were prepared for histological analysis.

Variables: The variables analyzed both in control rats and in
rats submitted to aquatic exercises were: heart rate, QRS
complex (amplitude), QT interval duration, signs of changes in
cardiomyocyte trophism and heart weight, observing rats from
the group of intervention, started the experiment with an
average body weight of 400mg and rats in the control group an
average of 350mg, thus evolving at the end of the experiment
with the reduction of body weight in the intervention group to
an average of 380mg and control rats increased their food
intake for each day of the test performed.

Data collection instruments, application strategies, data
analysis and presentation: For the analysis and description of
sample data in this study, measures of central tendency and
dispersion of variability inherent to the samples (standard
deviation, standard error of the mean and coefficient of
variation) will be used. Student's t-test will be used for the
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inductive analysis of all variables together, with the level of
significance adopted for 5%, that is, all probabilities below
0,05 will be considered significant. For the descriptive
statistical treatment such as means, standard deviation,
coefficient of variation, Tables and graphs, the Microsoft
Office Excel 2007 program will be used and, for inductive
analysis, the Bioestat-5 program will be used.

ETHICAL ASPECTS

All treatment, manipulation and euthanasia procedures will be
carried out in strict compliance with the resolutions of the
specific Brazilian norms of Bioethics in Animal Experiments,
Law Procedures for the Scientific Use of Animals, NO 11794 -
sanctioned on October 8, 2008 - of the National Council of
Animal Experimentation Control - CONCEA. This project will
be submitted to the Animal Use Ethics Committee (CEUA) of
the University of Gurupi. According to the Health Waste
Management Manual (2006), hospital waste (RSS) is classified
according to its function, characteristics and risks that it can
cause to the environment and health. Therefore, the National
Health Surveillance Agency (ANVISA) No. 306/04 and the
National Environment Council - CONAMA, Resolution
No.358/05 classify RSS into five groups: A, B, C, D and E.

The residues of this study are inserted in Group A, which are
those that present biological agents and risks of infection, such
as anatomical pieces, carcasses, among others. These materials
need to be treated through physical, hemical or other validated
processes to later be sent to the authorized landfill for the final
deposition of RSS. In this way, the carcasses of the animals of
the present study will be stored in appropriate bags and frozen
at -1°C in the Consul brand refrigerator with a capacity of 380
liters in the Physiology laboratory, after which they will be
disposed of in the biological waste of the University of Gurupi.
The carcasses are collected on Mondays, Wednesdays and
Fridays and are then deposited in the hospital landfill in charge
of the collection by the city hall's automobiles. However, this
research may pose risks for animals, researchers and the
scientific community. Animals can suffer if there is an error in
the dosage of the anesthetic and scientists are attentive and
well trained to avoid this suffering. Scientists are at risk of
being bitten by animals when handling them under anesthesia.
Personal protective equipment, handling techniques and
protection from rats from reliable sources were used to prevent
any type of injury or contamination. As for the risks to the
scientific community, these could be caused by the publication
of incomplete data, inconsistent that could be due to
methodological errors. There is a guarantee that the
researchers are sufficiently trained so that these types of errors
do not occur and due to ethical composure in the publication of
the results.

RESULTS

During the study, the experimental group, throughout the
study, evolved with water intake with an average of 48.33 ml
daily. Proceeding with values of 50 ml; 36 ml; 45 ml; 43,33
ml; 43 ml; 40 ml; 52 ml; 51,66 ml; 29 ml; 41,66 ml; 45 ml; 42
ml; 45 ml; 43,77 ml; 45 ml; 53,33 ml; 43,33 ml; 37,9 ml and
46,66 ml. Thus, it is possible to observe that the values
remained constant, with a significant difference only on March
Sth, as consumption was only 29 ml. Thus, the animals
presented the necessary intake for the development of the
experiment. In this study, from the variable bodyweight of the

analyzed group, it was possible to infer that the intervention
group had a higher weight than the control group. Despite this,
the condition of exposure to physical exercise did not
significantly influence the weight of the animals, thus showing
that the training does not interfere with the weight of the
kidneys of these animals. In this sense, at the beginning of the
treatment, the average weight of the animals was 385mg in the
experimental group to 350mg in the control group. At the end
of the experiment, the intervention group was at 385mg and
the control at 378mg. In the evaluation of chronotropism, the
heart rate of the intervention and control groups had significant
differences, demonstrating that physical exercise can
significantly change the HR of the animals analyzed (p <0.05).
In this bias, it is possible to understand the values presented as
strong health indicators. In addition, the significant increase in
heart rate is a strong indicator of morpho-functional changes in
the heart, with an increase in heart rate as a sign of
physiological adaptation to exposure to aquatic exercises. In
this work, the evaluation of cardiac chronotropism at the mean
of the QT-MS interval in the study groups, the results showed
an average of 120ms for the values obtained in the QT interval
of the control group and 90ms for the experimental group. In
this situation, the QT interval varies inversely in relation to
HR. This corroborates the explanation for the increase in heart
rate since there was an increase in the speed with which the
stimulus propagates through the myocyte.

DISCUSSION

In this line of reasoning, the practice of physical exercises has
been gaining more and more highlights for acting both in the
prevention and treatment of various diseases, as well as for
providing a better quality of life to the population, besides, the
practice of resistance exercises produces an increase in
endorphin and brain levels. The behavior observed in this
study showed positive results, as the intervention group
reaching a significantly higher heart rate compared to the
control group. During the QT interval, which is defined as the
measurement from the beginning of the QRS complex to the
end of the T wave, this interval represents the total duration of
ventricular electrical activity. (DE OLIVEIRA JUNIOR,
2004). According to the data found, it is possible to infer that
during physical exercise there is an increase in blood flow,
with a consequent increase in venous capacitance, which
generates an increase in the shear stress of blood flow in the
vessel wall, which stimulates the release of nitric oxide
(GOTO, et al.,, 2003). In addition to nitric oxide, other
substances such as prostaglandins, adenosine, ATP, potassium,
lactate, bradykinin and vasopressin, vasodilators can modify
the alpha-adrenergic vasoconstrictor response (HALLIWILL,;
2001; PONTES et al., 2008) and possibly contribute to
changes in cardiovascular parameters. Physical training has
been advocated as an excellent preventive factor for
cardiovascular diseases as it promotes hemodynamic and
autonomic adaptations, structural changes in the walls of
arterial vessels and decreased sympathetic tone. Maux et al.
(2009), did not observe changes in the arterial wall of the
horizontal aorta of rats submitted to protein malnutrition
during pregnancy and lactation who underwent physical
training from the age of 60 days, for eight weeks. Likewise,
Huonker et al. (2003), using athletes from different sports,
demonstrated that there were no dimensional changes in the
aortic artery, possibly due to the predominance of elastic fibers
in this artery. According to the same authors, the aortic artery
is a central vessel responsible for capturing the blood flow
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ejected from the left ventricle, through a passive dilation
caused by the expansion of the elastic structures of the artery.
Such expansion allows an elastic recoil of the vessel wall
during ventricular diastole. Because it is highly elastic, the
arterial wall of the aorta may not yield to increased blood flow
due to cardiac adaptations resulting from physical exercise.

Conclusion

In short, from the results presented here, it was possible to
infer that aquatic exercises generated morphofunctional
adaptation due to left ventricular hypertrophy with increased
cardiac weight. Thus, there were significant changes in the
cardiac parameters analyzed in the rats in the experimental
group compared to the control group. Continuity is necessary
for new findings to be reported.
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