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ABSTRACT

Introduction: The emergence of coronary heart disease increases with menopause, physical inactivity and
with dyslipidemia. It is known that physical training promotes the improvement of cardiovascular functions.
Objective: The purpose of this study was to investigate the effects of aerobic physical training on the left ventricle
in female LDL knockout ovariectomized mice. Methods: Thirty animals were divided into 6 groups (n=5), namely,
sedentary non-ovariectomized control; sedentary ovariectomized control; trained ovariectomized control;
sedentary non-ovariectomized; sedentary ovariectomized; and trained ovariectomized. We analyzed the mean
nuclear volume parameters, the cross sectional area of the myocytes, the apparent density of the capillaries,
interstitium, myocytes and collagen fibers. Results: The results show that for the density of the number of nu-
clei, the physical activity decreased to values close to the ovariectomized control group. Regarding the mean
nuclear volume and the average area of myocytes, training and ovariectomy promoted the elevation of these
values but hypercholesterolemia was lower. the volume density of myocytes, hypercholesterolemia showed an
increase of these values as well as the training. There was no change in the volumetric density of the capillaries
and the density of collagen fibers. The training caused the decrease in the density of the interstitial volume, and
the hypercholesterolemia changed to a smaller one than the control group. Conclusion: We concluded that
the moderate aerobic activity or the training time used in our study were not sufficient to generate significant
alterations in the hypercholesterolemic group.

Keywords: heart ventricles; exercise; menopause.

RESUMO

Introducdo: O surgimento da doenga cardiaca coronariana aumenta com menopausa, inatividade fisica e dis-
lipidemia. Sabe-se que o treinamento fisico promove a melhora das fun¢ées cardiovasculares. Objetivo: O objetivo
deste estudo foiinvestigar os efeitos do treinamento fisico aerébico sobre o ventriculo esquerdo em camundongos L DL
knockout fémeas ovariectomizadas. Métodos: Trinta animais foram divididos em 6 grupos (n = 5), a saber, controle
sedentdrio ndo ovariectomizado, controle sedentdrio ovariectomizado, controle treinado ovariectomizado, sedentdrio
ndo ovariectomizado, sedentdrio ovariectomizado e treinado ovariectomizado. Analisamos os pardmetros médios
do volume nuclear, a drea transversal dos miocitos, a densidade aparente dos capilares, intersticio, midcitos e fibras
coldgenas. Resultados: Os resultados mostram que, para a densidade do niimero de ntcleos, a atividade fisica dimi-
nuiu para valores préximos ao grupo controle ovariectomizado. Quanto ao volume nuclear médio e a drea média de
midcitos, treinamento e ovariectomia promoveram a elevacao desses valores, mas hipercolesterolemia foi menor. A
densidade de volume de midcitos, a hipercolesterolemia tiveram aumento desses valores, bem como o treinamento.
Ndéo houve mudancga da densidade volumétrica dos capilares e da densidade das fibras de coldgeno. O treinamento
causou a diminui¢do da densidade do volume intersticial, e a hipercolesterolemia mudou para menor que a do grupo
controle. Concluséo: Concluimos que a atividade aerébica moderada ou o tempo de treinamento usado em nosso
estudo ndo foram suficientes para gerar alteracoes significantes no grupo hipercolesterolémico.

Descritores: ventriculos do coragdo; exercicio; menopausa.

RESUMEN

Introduccidn: El surgimiento de la enfermedad cardiaca coronaria aumenta con la menopausia, la inactividad fisica
yladislipidemia. Se sabe que el entrenamiento fisico promueve la mejora de las funciones cardiovasculares. Objetivo:
El objetivo de este estudio fue investigar los efectos del entrenamiento fisico aerdbico sobre el ventriculo izquierdo en
ratones LDL knockout hembras ovariectomizadas. Métodos: Treinta animales fueron divididos en 6 grupos (n=5), a
saber, control sedentario no ovariectomizado; control sedentario ovariectomizado; control entrenado ovariectomi-
zado; sedentario no ovariectomizado; sedentario ovariectomizado y entrenado ovariectomizado. Se analizaron los
pardmetros medios del volumen nuclear, el drea transversal de los miocitos, la densidad aparente de los capilares, el
intersticio, los miocitos y las fibras coldgenas. Resultados: Los resultados muestran que, para la densidad del niimero
de nlcleos, la actividad disminuyd a valores cercanos al grupo control ovariectomizado. Con relacién al volumen
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nuclear promedio y al drea promedio de los miocitos, entrenamiento y ovariectomia promovieron la elevacion de
esos valores, pero la hipercolesterolemia fue menor. La densidad de volumen de los miocitos, la hipercolesterolemia
tuvieron aumento de esos valores, asi como el entrenamiento. No hubo cambio de la densidad volumétrica de los
capilares y la densidad de las fibras de coldgeno. El entrenamiento causé la disminucion de la densidad del volumen
intersticial y la hipercolesterolemia cambid para menor que la del grupo control. Conclusién: Concluimos que la
actividad aerébica moderada o el tiempo de entrenamiento utilizado en nuestro estudio no fueron suficientes para

generar cambios significativos en el grupo hipercolesterolémico.

Descriptores: ventriculos cardiacos, ejercicio; menopausia.
DOI: http://dx.doi.org/10.1590/1517-869220172306160084

INTRODUCTION

During the aging process, women experience a decrease in estro-
gen, featuring menopause, favoring the development of risk factors
such as dyslipidemia, hypertension, insulin resistance, changes in the
composition and distribution of fat and sedentary lifestyle associated
with higher prevalence development of cardiovascular disease (CD)'.

The aging process is accompanied by increased oxidative stress,
i.e., increased production of reactive oxygen species (ROS), resulting in
damage of various cellular macromolecules, partly due to a decrease
in antioxidant capacity as well as in its lesser ability to repair resulting
in increased susceptibility to apoptosis®*. Particularly in women in the
menopausal stage, neuroendocrine changes affect the functionality,
metabolic capacity and the antioxidant activity of various organs, espe-
cially due to lack of estrogen, considered a female antioxidant resulting
in a further increase in oxidative stress’.

The lipid metabolism is also influenced by physiological changes in
menopause, resulting in increased LDL and decreased HDL and contri-
butes to the development of cardiovascular diseases®”. When compared
with men of the same age, postmenopausal women have an increased
risk of developing heart disease®®. It is a major cause of morbidity and
mortality at this physiological stage.'

Regular physical activity alleviates the effects of aging and menopause
and improved aerobic fitness, maintaining body weight index of visceral
fat, plasma levels of lipids, increased insulin sensitivity increase baroreflex
sensitivity and improving endothelial function, increasing shear stress on
the capillary walls by increasing blood flow by stimulating nitric oxide
release’ "3, These factors promote better quality of life related to health
and prolonging survival and can be considered as a non-pharmacologi-
cal standards essential in the treatment of postmenopausal effects and
other physiological and pathological conditions'*>,

This study aims to verify the effects of moderate aerobic exercise
training on left ventricular (LV) cholesterol knockout female mice sub-
mitted to ovarian hormone deprivation.

MATERIALS AND METHODS

Were used 30 female mice, with 10 months of age, 15 wild animals
C57BL / 6J and LDL-15 Knockout animals, obtained from the Central
Animal Facility of the University of Sdo Paulo. The animals were kept in
avivarium of USJT in temperature (22-24 ° C) and controlled illumination
(12 hours cycle of day and 12 hours night) received commercial feed
(NUVILAB CR1, Nuvital Nutrients LTDA, Curitiba, PR) and water “ad libitum".
The experimental protocol was approved by the Ethical Committee in
Research of the Universidade Sao Judas Tadeu (CEP-Protocol: 058/2007),
and this investigation was Conducted in Accordance with the Principles
of Laboratory Animal Care Formulated by the National Institutes of Health.

The animals were divided into 6 groups (n = 5): non-ovariectomi-
zed sedentary control (CS), sedentary ovariectomized control (COS);
trained ovariectomized control (TOC); LDL-Knockout not sedentary
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ovariectomized (LDL-S), LDL-Knockout ovariectomized sedentary (LDL-OS)
and LDL-Knockout ovariectomized trained (LDL-OT).

At nine months of age, the rats underwent ovariectomy procedure.
The effectiveness of the procedure was determined by observation of
vaginal smear for secretion by light microscopy.

Training protocol

All animals underwent an adjustment period (7 days / 10 min) on
treadmill. After this period, the TOC groups and LDL-OT began training
protocol moderate intensity, with speed and phase load (1 hour per day,
5 days a week, with 50 to 60% of maximum effort speed, for 4 weeks).
All animals underwent the maximal exercise test °.

Processing of samples

At the end of training, the animals were sacrificed by decapitation.
Thoracotomy was performed in which the heart was removed, washed
with brine, the atria were removed and separate the right ventricle of
the left ventricle. The left ventricle was fixed in 10% formaldehyde solu-
tion for 24 hours, dehydrated in increasing alcohol series, diaphanized
with xylene, embedded in paraffin and sectioned in 6 mm thick and
examined under a light microsc ope cuts. The sections were stained by
hematoxylin-eosin and picrosirius methods.

Histomorphometric analysis

Twenty photomicrographs were captured by animal with increase
of x100 and x400, totaling 100 frames per group and transferred to an
image analysis software (Axio Vision, Zeiss) and Image J. The following
parameters were analyzed: number density of nuclei (Nv [nu]) and Nu-
clear Medium Volume (V); the cross-sectional area of myocytes (AST).
To obtain the mean nuclear volume (V) was used the formula V = a2
xb/a=191 where a = the smallest diameter of the core, B = greater
core diameter and 1.91 is a constant.

Through stereological analysis, using the test system with a total of
204 points, corresponding to 100% of the image, were analyzed volume
densities of the capillary (Vv [cap]), the interstitium (Vv [int]), myocytes
(Vv [myo]) and collagen fibers (Vv [cf]), and the amounts are expressed
in percentages. The results were presented as mean and standard error.

The analysis of variance (ANOVA) two way, and post-hoc Tukey have been
duly applied for data analysis. The significance level for all tests was set at p <0.05.

The 7200 ApopTag® Peroxidase in situ kit (Millipore, Germany) was
used according to manufacturer’s instructions. TdT enzyme, in exception,
was used in a ratio of 15% diluted in 85% of reaction buffer.

The numbers of apoptotic ventricular cells were assessed manually
by one operator (C.G.C) who was blinded to the different groups. A light
microscope coupled to a digital camera (Zeiss, Germany) was used to
obtain the images and the photomicrographs were scanned with the
AxioVision software (Zeiss, Germany). For the quantification of apoptotic
cells 30images for each experimental group were captured (n =3 animals/
group; 400x magnification). Results were expressed as media of the relative
frequency (%) of apoptotic cells in relation to the total number of cells.
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RESULTS

The results showed that ovariectomy, animals from control groups
(COS), promoted a significant increase in cross section area parameters
(AST) (+ 66%), medium nuclear volume (V) (+1%), interstitial volume
density (Vv [int]) (+46%) and decrease in volume density of myocytes
(Vv [mio]) (-8%) when compared to sedentary control group (CS). We
observed that the exercise (COT), promoted significant increases in AST
(+64%), V (+88%), Nv [nu] (+21%), Vv [int] (+350%), Vv [cap] (+305%), Vv
[myo] (+10%) and decreased Vv [cf] (-319%) compared to the sedentary
control group (COS) (Figures 1,2 and 3).

As for dyslipidemic animals (LDL-S) we found a significant increase
in Nv [nu] (+649%), Vv [myo] (+4%) and decrease in Vv [int] (-40%) com-
pared with the group CS. Ovariectomy (LDL-OS) induced a significant
increase in Nv [nu] (+14%), AST (+33%) and V (+37%) when compared
to the LDL-S group. Exercise (LDL-OT) promoted increased AST (+10%),
V (+ 21%), Vv [mio] (+ 2%) and decrease in Vv [int] (-20%) and Nv [nu]
(-32%) compared to LDL-OS group (Figures 1, 2 and 3).

By Tunel assay it was found that ovariectomy increased the rate of
apoptosis in the control groups (COS) and the physical training was not

able to restore this rate (COT). In sedentary dyslipidemic animals and
ovariectomized (LDL-S and LDL-OS) cell death increased considerably com-
pared to the control groups, however, physical training (LDL-OT) reduced
cell death to levels close to the sedentary control group (CS) (Figure 1).

DISCUSSION

In this study, ovariectomized and / or hypercholesterolemic mice
were subjected to physical training and morphometric variables of the
left cardiac ventricle were evaluated in order to investigate the effect of
exercise training on the heart of postmenopausal females individuals.
Several trials using biochemical and physiological parameters in ova-
riectomized females, have shown that physical activity has beneficial
effects for both cardiac tissue and other body tissues. In ascending aortic
dyslipidemic ovariectomized female mice, subjected to physical training,
was evidenced lower percentage of visceral adipose tissue and decreased
blood pressure as well as quantitative changes in the volume densities
of elastic lamellae and collagen fibers'.In women with low levels of
estrogen, physical activity resulted in reduction in blood pressure and
improvements in myocardial activity and cardiac function'”.
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Figure 1. Effects of moderate exercise in the left ventricle in sedentary control (CS), sedentary ovariectomized control (COS), trained ovariectomized control (COT), LDL
sedentary knockout (LDL-S), LDL knockout sedentary ovariectomized (LDL-OS ), LDL knockout ovariectomized trained (LDL-OT). (A) cores numerical density (Nv [nu); (B)
the cross-sectional area of myocytes (AST); (C) Nuclear Medium Volume (V); (D) density volume of capillaries (Vv [cap]); (E) volume density of myocytes (Vv [myo)); (F) bulk
density of the interstitium (Vv int []); (G) density volume and of the collagen fibers (Vv [ms]) and (H) Apoptosis.

Mean + SEM. Values represent mean + SEM. * p <0.05 vs. CS; # p <0.05 vs. WAISTBAND; t p <0.05 vs. COT; £ p <0.05 vs. LDL-S; € p <0.05 vs. LDL-OS.
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animals in the studied groups (hematoxylin-eosin stain).

Notes: The characteristic homogenous structure seen in S-C. Myocyte hypertrophy evidenced by karyomegaly and
hyperchromatic nuclei in OT-C and lower intensity in OT-LDL KO. Bar=100um.

1 os-LbLKO

—— | OT-LDL KO
Figure 3. Photomicrographs of longitudinal sections of the myocardium stained by
Picrossirius, viewed through polarized light. Bar="100um.

Notes: Note the birefringent collagen fibers and their arrangement in the cardiac muscle tissue. Check the increase
in collagen fibers in the OS-C and OS- LDL KO compared to S-C group.

Our data also showed that exercise training has beneficial effect
on the heart tissue of ovariectomized and dyslipidemic females mice.
We observed that the ovariectomy associated with exercise training
in wild and / or dyslipidemic mice increased cross-sectional area of
cardiomyocytes (AST) and the medium nuclear volume (V), suggesting
myocyte hypertrophy. Similar results'®!® were observed in ovariectomi-
zed and trained rats, and in metabolic syndrome animals' subject only
to physical training. The hypertrophy of the heart muscle is an attempt
to heart adaptation to the overload work 29?1 Increased AST can, in
a way, offer improved contractile function of the heart tissue and is an
important mechanism in compensatory response to exercise. Morvan
et al.””in an experimental model of metabolic syndrome, suggested that
the increase in AST may be due to local mechanical stimuli generated by
the exercise itself associated with an inflammatory reaction caused by
metabolic syndrome, which active growth factors, leading to hypertrophy
of the fibers. As an example of this model, ovariectomy could be causing
increased AST through a similar mechanism. In sedentary dyslipidemic
animals increased AST was more discreet than the control group. This may
be related to the high rate of apoptosis found in LDL-knockout group.

The maintenance or increase in myocyte volume density is considered
fundamental to the normal heart function being related to changes in
mechanical stress and associated with exercise??. In ovariectomy control
animals (COS) decreases the Vv [myo] and the exercise recovered these
values, both control as dyslipidemic mice, corroborating the literature
data demonstrating the role of physical activity in cardiac function??,

Additionally, the practice of aerobic training of moderate intensity
(COT and LDL-QT) resulted in a significant increase in vascular network
of the myocardium (Vv [ch]) and reduced interstitial density volume
(Vv [int]) of the left ventricle of the animals when compared to control
groups (CS, COS). The components of the cardiac interstitium have close
relationship with the cell share being critical in transmitting extracellular
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information to the cardiac cells?®. The decrease in interstitial space in
the trained group may be explained by greater proportion occupied
by vessels, along with increase in the number of myocytes per field and
increase the area of myocytes.

LDL Knockout groups did not show significant differences among
themselves and with the control animals (CS and COS) in Vv [cap] and
Wv [int] suggesting that hyperlipidemia, even with physical exercise, not
promoting growth of vascular network and predisposes an increase in the
interstitial density volume. These adjustments improve heart function by
increasing the nutritional content but can also be correlated with oxidative
stress tissue as a result of angiogenesis and capillary density volume'.

Other studies have shown that aerobic exercise with or without the
resistance training, improved myocardial vascularization and normalized
the myocardial fibrosis in rats?#'>'°>, The high concentrations of PCR (C
reactive protein) act directly on leukocyte recruitment and apoptosis in
the vessel wall?>?%. High PCR levels further inhibit nitric oxide synthesis
in endothelial cells, facilitating apoptosis of these cells and by blocking
angiogenesis?’ contributed by high levels of apoptosis found in hyper-
lipemic groups.

The practice of aerobic training, COT group, resulted in decreased
of collagen fibers volume density (Vv [fc]) in relation with the control CS
and COS groups, correlating with the results obtained with Vv [int]. The
values of sedentary ovariectomized animals (COS) showed no significant
difference in collagen fibers volume density (Vv [fc]) in relation with the
control group (CS). These results suggest that the lack of production
of hormones does not affect the volume of collagen fiber density, but
the practice of moderate intensity aerobic training results in significant
decreases. Animals LDL Knockout (LDL-S LDL-OS and LDL-OT) showed
no significant difference between them, suggesting that the lack of
hormones production associated with hyperlipidemia and practice of
aerobic training of moderate intensity does not result in a change in
density volume of collagen fibers, for animals of these groups. When
comparing the animals from wild groups (CS and COS) with the animals
LDL Knockout (LDL-S LDL-OS and LDL-T) was not observed significant
differences between groups, suggesting that hyperlipidemia does not
change the density profile volume of collagen fibers in the myocardium
of these animals.

Studies show that in animals who exercise, the density of collagen
fibers decreased probably due to remodeling in heart tissue in response
to stimuli caused by mechanical or humoral agents released in response
to exercise on the myocardium''>, This remodeling of the tissue, can
improve cardiac function by increasing ventricular compliance, increased
coronary reserve potential of oxygen and nutrition to the myocytes,
which reduces the risks of ventricular dysfunction®.

The significative increased apoptosis rate in ovariectomized suggests
that the reduction in hormone production during menopause can de-
crease the antioxidant capacity of the body, resulting in increased cell
death rate. In the control group (COT), the training has not been able
to reverse the effects of ovariectomy (COS) once the apoptosis rate was
similar in both groups. Thus, there was no direct relationship between
physical activity and increased apoptosis, unlike studies in various cell
lines indicating that oxidative stress caused by physical activities meta-
bolism is associated with apoptosis?®. Among the sedentary animals and
ovariectomized of LDL knockout groups (LDL-S and LDL-OS) apoptosis
rate was even higher when compared to the animals of the control
group, suggesting that ovariectomy is not the main factor for induction
of apoptosis, and the dyslipidemia an important role in increased cell
death. Similarly, Qin et al*® observed that dyslipidemia increases the rate
of apoptosis in the endothelium of arteries and heart cells relating this
fact to the release of reactive oxygen species released by the oxidation
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of LDL in the tissues. Unlike controls, training reversed cell death in
LDL-OT group significantly, approaching its rate than sedentary control
group (CS). Kaidah et al.*° also verified this action of physical activity in
the hippocampus of ovariectomized rats trained. Comparing the wild
groups and knockout, it can infer that the effect of physical activity
on cell death may depend on the oxidative stress of the tissue level.
That would explain the differentiated behavior training in both groups.
However, larger studies are needed to demonstrate this relationship.

In general, it became clear in this study that for most of the parameters
evaluated responses to training, have always been more evident in the
trained wild group (COT). Even when the knockout group had similar
response, she was always less pronounced. This shows that in animals
dyslipidemic signaling pathways are damaged in any way, leading to
cell response is always smaller.

CONCLUSION

The data of this study indicate that the aerobic training influen-
ced beneficially histophysiology the heart and ovariectomized female
Hyperlipemic mice. The trained ovarectomized group (COT) presented
myocyte hypertrophy, increased myocyte density, increase in density
capillaries, reduction in volume density and decrease interstitial volume
density of collagen fibers. The LDL-OT group achieved a reduction in
the number density of nuclei in the cross section of myocytes, myocyte
hypertrophy, increased myocyte density and a reduction in the interstitial
volume density, and significant reduction in the process of apoptosis
in cardiomyocytes.
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