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Abstract

Occidental life styles, including physical inactivity, are related to risk of developing heart diseases. To prevent or
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Introduction

Worldwide, cardiovascular diseases are the main cause of death in
the occidental lifestyle [1]. In the countries of America, 75% of deaths
are associated with heart diseases [2].

e risk of developing heart diseases can be explained by side-
reactions of the metabolism, which has been shown to promote oxidative
stress through the elevated reactive oxygen species (ROS) production
and/or reduced antioxidant defense that provokes the decrease of health
and well-being of biological systems and their functions [3-6].

According to biochemical theories, lipotoxicity may be an important
target for the deleterious action of free radicals and trigger oxidative
stress in the cardiac tissue [7,8], due to the imbalance between lipid
entry in cardiac tissue and its ability to oxidize them [9].

In addition, it was possible to evidence that, in young people,

protein, 3.8% fat, 44.5% carbohydrate and 3.81 kcal/g of metabolizable
energy] and watead libitum. Experimental procedures were approved
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[protocol no. 421] by the Ethical Committee for Conduction of Animaldescribed elsewhere [26], through the inhibition of the reduction of
Studies at the Institute of Biosciences of Botucatu, Universidadstro blue tetrazolium [NBT] in the presence of reduced nicotinamide
Estadual Paulista [UNESP], in accordance with guidelines of tredenine dinucleotide (NADH) and phenazine. e amount of enzyme
Canadian Council on Animal Care as outlined‘@uide to the Care that gave 50% inhibition of NBT reduction/mg protein was taken as one
and Use of Experimental Animal€’ animals were randomly divided  unit of enzyme activity. Glutathione peroxidase (GSH-Px, EC 1.11,1.9)
into two groups [n=8]: sedentary control [C] and group submitted toactivity was indirectly determined by measuring the consumption of
swimming sessions, considered trained [TR]. Food and water intaéADPH during the reduction of oxidized glutathione (GSSG) in a
was daily measured [9:00-10:00 a.m.] and body weight was weetdgction catalyzed by glutathione reductase, one unit of enzyme was
measured. de ned as the amount required to oxidize 1 mole GSH/min, which

_ corresponded to 0.5 mol NADPH oxidized/min [27].
Training protocol

e rats were submitted to swim in a rectangular polyethylene Statistical analysis

tank with dimensions 80 cm deep, 80 cm wide and 100 cm length, Data normality was con rmed using the Shapiro-Wilk test. Results
containing water at 31 + 1°C. e adaptation period was initiated atare presented as the mean + standard deviation. Comparisons betweel
a depth of 10 cm of water for 10 minutes, which gradually increasggoups were performed by analysis of variance (t-student test). For
10 cm/day and 10 min/day, for six consecutive days. A er this periodll the analyses, the level of signi cance was set at p<0.05 (Sigma PIc
the animals initiated swimming training sessions at 60 cm deep for 82.0;USA).
min daily [always between 18:00 and 19:00 p.m.], ve times per week
during eight weeks [experimental period]. e exercise intensity wasR€SUlts
obtained by_ placing small weights i_n the thoracic region of the a.nimal, According to Table 1, the trained group (TR) gained less weight
corresponding 5% of body weight. is load was previously establisheghan the control group [C], butit is not enough to evidence a statistically
by determining the anaerobic threshold into progressive test swimmingynj cant value (p>0.05). e TR group showed for the Lee index, feed
[21], ensuring therefore the physical exercise of moderate intensity. jtake, energy intake and energy e ciency of this study higher absolute
values when compared with the C group, but it is not e ectively and
statistically di erent (p>0.05). Changes in calorimetric parameters
e parameters calorimetrics were obtained in rats, fasted overnightare illustrated in Figure 1. Firstly, the TR group showed extremely
(for 12-12 h) con ned in metabolic cages (air ow=1.01/min) coupledincrease in the parameters Y@nd RQ, which evidenced statistically
to calorimetric (CWE, Inc, St. Paul, USA), a er experimental period ofli erence between TR and C groups (p<0.01). Secondly, the C group
56 days. Oxygen consumption (Y&nd carbon dioxide production showed lower values for the parameters Y GMR and oxidation of
(VCO,) were registered by respiratory-based so ware program (MMXgarbohydrates, which resulted in statistical signi cance (p<0.05) and
CWE, Inc., USA) every 5 min for 20 min. e resting metabolic rate thirdly the parameter oxidation of lipids showed homogeneity between
(RMR), respiratory quotient (RQ) and oxidation of carbohydrates werdR and C groups, which means that there is not a statistical signi cance
calculated from 0, and VCQ, according to Strohl et al. [22]. (p>0.05).

Morfometric and nutritional parameters On the blood, this study analyzed Glucose, Total Cholesterol,
o ) ] ) LDL-C, VLDL-C, TG and HDL-C, as shown in Table 2. e TR group
A er obtaining the calorimetric measurements, the animals wergaye shown statistical signi cance to the Glucose when compared
anaesthetized (0.1 mL/100 g body mass of 2:1 solution of 10% ketamjpg, ¢ group (p<0.05). Total Cholesterol and LDL-C statistically
chloride and 2% xylaziqe) for measurement body length, which Waf ered C group (p<0.01) from TR group. Serum levels of VLDL-C
used to determine Lee index (LI) [g/cm]=cube root of body weighting TG showed statistical signi cance between the groups of this

length. Total energy intake (EI, kcal/day=mean food consumptioy,qy (n<0.05). TR group increased the plasmatic level of HDL-C
per day [g] x metabolizable energy of the ration [kcal/g]) and feeﬂK0.00l) when compared with C group. e trained group (TR),

e ciency (FE, g/kcal=weight gain [g]/El) were calculated according t‘]ipids hidroperoxide (HP) and glutathione peroxidase (GSH-Px)
Kawahara et al. [23] and Santos et al. [24]. activity decreased signi cantly when compared with control group (C),

Obtaining serum samples and cardiac tissue samples while the activity of superoxide dismutase (SOD) and catalase (CAT)
) ] _were not e ect to promote a statistical signi cance (p>0.05) when
A er corporal measurements, animals were anaesthetized Wltgomparing C and TR grosp(Table 3).

10% of cetamin and 2% xilazin and euthanized by decapitation. Firstly,

total blood was collected and centrifuged (1,400 g/10 min) to obtain tHiscussion
serum, which determined glycemia, concentration of total cholesterol,
triacylglycerol and its lipoproteic fractions low-density lipoprotein
(LDL-C cholesterol) and high-density lipoprotein (HDL-C cholesterol)
by enzymatic colorimetric method (test Laborf.dkrazil). Secondly,
the cardiac tissue (Sample of 200 mg) was removed and washe
saline solution (9%).

Parameters calorimetrics

In fact, the bene ts of physical exercise are already well known in
the literature regarding the prevention and control of risk factors. ey
need, however, a more comprehensive view and a specic detail of
&hl%ir relation with the pathophydiogy of diseases. us, it is essential

Wtg LI g/cm Fl g/day El kcal/day EE g/kcal
Estimation of oxidative stress markers

Lipid hydroperoxide (HP) was estimated through the oxidation
of ferrous ion, which in the presence of xylenol orange led to the
formation of a F&— xylenol orange complex, then measured at 560 nm
[25]. Superoxide dismutase [SOD, EC 1.15,1.1] activity was assayed as
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6LIJQL,FDQW GLIIHUHQFH EHWZHHQ FRQWURO & DQG WUDLQHG JURXS 75
*: p<0.05; ** p<0.01

Figure 1: Consumption of O, (VO,) (A) Production of CO, (VCO,) (B) Respiratory quotient (RQ)
& OHWDEROLF UDWH EDVDO 70% ' 2[LGDWLRQ RI FDUERK\GUDWHYV ( 2[LGDWLRQ RI
EHWZHHQ GLIIHUHQW H[SHULPHQWDO JURXSV

Glucose mg/dL Total cholesterol  mg/dL LDL-C mg/dL VLDL-C mg/dL TG mg/dL HDL-C mg/dL
C 75,98 £ 7,70 151,10 + 13,76**2 210.8317 Tm (75,98 + 7,70)Tj ET EMC DC BT48B/MCID 315 >>BDC BT700741>81SQq 1001 316.,.8MC /Sp18390t7 67
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to identify the factors and to know the e ects of physical exercise on
modulating cardiovascular risks, with the predominant purpose of
medical conduct and the treatment of cardiopathy individuals [5,15,16].

Physical exercise can cause deviation in the homeostasis of an
organism leading to reorganization of responses in di erent organ
systems [21,28,29]. Intensity, duration and frequency of exercise have
a key role in determining the metabolic responses to the e ort, and
may increase it or reduce it. It is recommended the intensity of physical
exercise between mild to moderate, regularly performed, for the
prevention of cardiovascular diseases [24,30]. Studies by Delmondes et
al. [31] and Figueira et al. [32] also did not perform direct measurement
of lactate and considered intense exercise as used when an overload of
5% of body weight, considering as reference the study by Gobatto et al.
[21] and sorting the intense term as intense aerobic, in other words,
corresponding to maximum steady state of blood lactate, which is the
upper limit of heavy exercise domain.

Understanding factors related to morphometry is essential in
the prevention of cardiovascular diseases because it allows better
knowledge of the complications associated with overweight and diets
[33]. e body weight has homogeneity between C and TR groups.
Given this, it may be suggested that the in uence of exercise on body
weight loss is dependent on the feeding behavior, as exercised animals
fed ad libitum diet showed no decrease in body weight. ese results
are consistent with McArdle et al. [34]. It is possible to observe that
the Lee index also showed statistical di erence between the groups.
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some way at low levels of LDL-cholesterol. e training protocol used

in this study was able to reduce the level of total cholesterol and LDL-
cholesterol in serum, regardless of feeding behavior, to less than those
obtained for the control group. ese ndings are con rmed by the
study of Ishikawa et al [55] who observed decrease in the concentration
of both total cholesterol and LDL-cholesterol during aerobic exercise.
In addition, the literature reports that exercise decreases the likelihood
of present values for these parameters considered normal according to
what was previously mentioned [56].

e concentration of triglycerides and VLDL-cholesterol in C
group showed a signi cant change compared with TR group, suggesting
that hepatic synthesis of triacylglycerols and consequently of VLDL-
cholesterol lipoprotein, has been changed due to regular practice of
physical exercise the TR animals were submitted. Kraus and Slentz
reported that the triglyceride level was lower in individuals subjected
to the intensity of exercise.
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13. 1IRXQRX +$ 'HLI 00 6KDODE\ 0% (I!THFW RI AD[VHHG VXSSOHPHQWDWLRQ

DQG H[HUWUWLQLQJ RQ OLSLG SUR¢{;OH R[LGDWLYH VWUHVV DQG LQADPPDWLRQ LQ UDWYV

ZLWK P\RFDUGLDO LVFKHPLD /LSLGV +HDOWK 'LV
14. 'ROLQVN\ 9: -RQHV .( 6LGKX 56 +D\NRZVN\ 0O &]XEU\W 03 HW DO

Improvements in skeletal muscle strength and cardiac function induced

E\ UHVYHUDWURO GXULQJ H[HUFLVH WUDLQLQJ FRQWULEXWH WR HQKDQFHG H[HUFLVH

performance in rats. J Physiol 590: 2783-2799.
15.
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