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ABSTRACT

The investigation was aimed to evaluate the effects of
3-weeks swimming exercise on blood pressure and redox
Status in high-salt-induced hypertensive rats. Male Wistar
albino rats (n=40, 6 weeks old) were divided into 4 groups:
1. hypertensive rats that swam for 3 weeks; 2. sedentary hy-
pertensive control rats; 3. normotensive rats that swam for 3
weeks; 4. sedentary normotensive control rats. Hypertensive
animals were on high concentrated sodium (8% NaCl) solu-
tion for 4 weeks (period of induction of hypertension). After
sacrificing, hearts were isolated and perfused according to
Langendorff technique at gradually increased coronary per-
fusion pressure from 40-120 cmH,O. The oxidative stress
markers were determined in coronary venous effluent: the
index of lipid peroxidation (measured as TBARS), nitrites
(NO,), superoxide anion radical (O,) and hydrogen perox-
ide (H,0,). Swimming did not lead to significant changes in
levels of TBARS, NO,, O, in any of compared groups while
levels of H,O,were significantly higher in swimming hyper-
tensive group comparing to swimming normotensive group
at coronary perfusion pressure of 80-120 cmH,0O. Our results
indicate that the short-term swimming start to reduce blood
pressure. In addition it seems that this type of swimming du-
ration does not promote cardiac oxidative stress damages.

Keywords: hypertension, oxidative stress, swimming, rat
heart
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SAZETAK

Studija je imala za cilj da ispita uticaj plivanja od tri
nedelje na krvni pritisak i redoks status kod pacova sa hiper-
tenzijom izazvanom visokim unosom soli. Muski Wistar al-
bino pacovi (n=40, 6 nedelja starosti) su podeljeni u 4 grupe:
1. hipertenzivni pacovi koji su plivali 3 nedelje; 2. sedentarni
hipertenzivni kontrolni pacovi; 3. normotenzivni pacovi koji
su plivali 3 nedelje; 4. sedentarni normotenzivni kontrolni
pacovi. Hipertenzivne Zivotinje su 4 nedelje pile visoko kon-
centrovani rastvor natrijuma (8% NaCl). Nakon Zrtvovanja,
srca su izolovana i perfundovana prema Langendorff-ovoj
tehnici pri rastuéem koronarnom perfuzionom pritisku od
40-120 cmH, 0. Parametri oksidativnog stresa su odredivani
u koronarnom venskom efluentu indeks lipidne peroksidacije
(meren kao TBARS), nitriti (NO, ), superoksid anjon radi-
kal (O,) i hidrogen peroksid (H,0,). Plivanje nije dovelo do
znacajnih promena u nivoima TBARS, NO,, O, ni u jednoj
od poredenih grupa dok su nivoi H,0, bili znacajno veci u
grupi hipertenzivnih pacova koja je plivala u poredenju sa
grupom normotenzivnih pacova koja je plivala pri vredno-
stima koronarnog perfuzionog pritiska od 80-120 cmH,0.
Nasi rezultati ukazuju da kratak period plivanja pocinje da
snizava krvni pritisak. Osim toga, cini se da ovaj tip plivanja
ne podstice sréana oStecenja oksidativnim stresom.

Kljuéne reci: hipertenzija, oksidativni stres, plivanje,
srce pacova
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INTRODUCTION

Environmental factors, such as psychological stress, ex-
ercise, and dietary sodium intake, have long been consid-
ered relevant to both the etiology and control of human es-
sential hypertension. Reduction in the stresses of everyday
life, increased levels of exercise, and reduced dietary sodium
intake have been recommend as having a beneficial effect in
controlling arterial blood pressure. Similarly, high levels of
life stress, sedentary lifestyle, and high dietary sodium intake
have frequently been linked to cardiovascular diseases (1, 2).
Hypertension is considered to be major risk factor for coro-
nary heart diseases contributing to morbidity and mortality
worldwide. Importantly, experimental animal studies clearly
demonstrate a well-documented promotion of endothe-
lial dysfunction in hypertension by production of oxidative
stress markers (3, 4). This occurs due to imbalance between
reactive oxygen species (ROS) and antioxidant capacity in
favour of oxidants (5). Therefore, treatment of hypertension
can be focused on oxidative stress as a possible target.

Regular physical exercise has been considered an ef-
fective method which can perform a multitude of ben-
eficial effects for health, such as promotion of health and
lifespan, betterment of quality of life and reduce the inci-
dence of disease (6). In addition it has been published in
some papers that physical exercise lowers blood pressure
(BP) patients with essential hypertension (7) and in male
spontaneously hypertensive rats (SHR) (8, 9). Interestingly,
controversial effects were determined in female SHR (10).
Although the antihypertensive mechanisms of exercise are
not completely understood yet, numerous mechanisms are
supposed to be involved in reduction of BP while exercis-
ing such as decrease in levels of angiotensin II and meliora-
tion of nitric oxide (NO) production (11), higher concen-
tration of the plasmatic atrial natriuretic peptide (8), lower
production of oxidative stress markers (12). Changes in
redox status caused by swimming represent modification
in an antioxidant enzyme, alters muscle gene expression
thus contributing to exercise-induced adaptations to skel-
etal muscle. However, it should be taken into consideration
that various factors influence the oxidative stress response
to swimming training, such as type of exercise, intensity,
duration, gender and age of athletes etc (13). Physical ex-
ercise may be of potential importance for prevention or
treatment of hypertension or hypertension-associated pat.

In recent years there are increased interest on effects of
short time physical load on cardiovascular system. Therefore,
the objective of this investigation was to explore effects of
short-term exercise training on BP and oxidative stress pa-
rameters in a rat model of high-salt-induced hypertension.

MATERIAL AND METHODS
Ethical approval

The study was performed in the laboratory for the car-
diovascular physiology of the Faculty of Medical Sciences,
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University of Kragujevac, Serbia. It was approved by Ethi-
cal committee of the Faculty, and performed according to
the Faculty’s rules for the welfare of laboratory animals,
which are in consent with Good laboratory practice and
European Council Directive (86/609/EEC).

Animals and high-salt-induction of hypertension
Forty male Wistar albino rats, body weight between
180 and 200 g (at the beginning of the experiment), six
weeks old (obtained from the Military Medical Academy,
Belgrade, Serbia) were housed under controlled environ-
mental conditions, with a temperature of 22+2 °C and a
12-h light/dark cycle. The rats had ad libitum access to
food and tap water or NaCl soluted in water (8% solution).
At 6 weeks old rats were randomly divided into the fol-
lowing groups (10 animals per group):
1. hypertensive rats that swam for 3 weeks (S-HTA-3);
2. sedentery hypertensive control rats (HTA-3);
3. normotensive rats that swam for 3 weeks (S-NTA-3);
4. sedentery normotensive control rats (NTA-3).

Hypertensive animals were on high sodium (8% NaCl
solution) diet for 4 weeks (period of induction hyperten-
sion), and this animals did not drink tap water during the
experimental protocol.

BP was monitored before (initial values), after period
of induction hypertension (confirmation of hypertension)
and after the training period (assessment of the impact of
swimming on hypertension).

Swimming training protocol

Rats swam in a specially constructed swimming pool
made of glass (80x60x100 c¢cm) in which water tempera-
ture (37 £ 1 °C) was maintained by an electric heater, and
a pump continuously made waves in order to prevent rats
from floating. The training protocol was conducted dur-
ing the same period of the day (8:00—10:00 am) for all the
training sessions. The first week consisted of an adapta-
tion period, initiated with 10 min of continuous swimming
training on the first day. Swimming time was increased
daily until reaching 60 min at the end of the fifth day. From
the second week, the exercise duration was kept constant
(60 min/day, 5 days/week) with 2 days of rest. Rats from
the control group were put in water for 1 min a day, 5 days
a week, in order to achieve the water-induced stress effect.
This was maintained until the end of the training period,
which lasted 3 weeks. To avoid effects related to acute ex-
ercise, animals rested for 48 h before being sacrificed for all
additional procedures. The swimming was continuously
supervised. Body weight was monitored weekly.

Hemodynamic parameters determination

Systolic BP (SBP), diastolic BP (DBP), mean arterial
pressure (MAP) and heart rate (HR) were evaluated in
conscious rats before and after period of induction of hy-
pertension and after the training or sedentary period and
was determined by an indirect tail-cuff method (IITC Life



Science, Inc., USA). Animals were restrained for 5-10 min
and conditioned to the procedure with cuff inflation-defla-
tion cycles. The results of three stable measurements of BP
were averaged.

Isolated rat heart preparation

The hearts of male Wistar albino rats (n=40, 10 in each
experimental subgroup) were excised and retrogradely
perfused according to Langendorff technique (Experime-
tria Ltd,1062 Budapest, Hungary). After a short-term nar-
cosis induced by intraperitoneal application of ketamine
(10 mg/kg) and xylazine (5 mg/kg), animals were sacri-
ficed by cervical dislocation (Schedule 1 of the Animals/
Scientific Procedures, Act 1986, UK), and premedicated
with heparin as an anticoagulant. After emergency thora-
cotomy and rapid cardiac arrest by superfusion with ice-
cold isotonic saline, hearts were rapidly excised, the aortas
were cannulated and retrogradely perfused at gradually
increased coronary perfusion pressure (CPP) from 40 to
120 cmH, O in order to establish coronary autoregulation.

The composition of the non-recirculating Krebs-
Henseleit perfusate was as follows (mM): NaCl 118, KCI
4.7, CaCI x2H,0 2.5, MgSO,x7H,0 1.7, NaHCO, 25, KH-
,PO, 1.2, glucose 11, pyruvate 2, equilibrated with 95 % O
plus 5% CO, and warmed to 37 °C (pH 7.4).
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Biochemical analysis

Samples of coronary venous effluent were collected
on each value of perfusion pressure (40-120 cmH,O). The
following parameters of oxidative stress were determined
spectrophotometrically (UV-1800 Shimadzu UV spectro-
photometer, Japan): the levels of index of lipid peroxida-
tion, measured as thiobarbituric acid-reactive substances
(TBARS), nitrites (NO,"), superoxide anion radical (O,")
and hydrogen peroxide (H,0,).

Determination of index of lipid peroxidation (TBARS)

The degree of lipid peroxidation in the coronary ve-
nous effluent was estimated by measuring TBARS, using 1
% thiobarbituric acid in 0.05 NaOH, which was incubated
with the coronary effluent at 100 °C for 15 min and mea-
sured at 530 nm. Krebs—Henseleit solution was used as a
blank probe (14).

Determination of nitrites (NO,")

Nitric oxide decomposes rapidly to form stable nitrite/
nitrate products. The nitrite level (NO,") was measured
and used as an index of nitric oxide (NO) production,
using Griess’s reagent. A total of 0.5 ml of perfusate was
precipitated with 200 pl of 30 % sulpho-salicylic acid, vor-
texed for 30 min, and centrifuged at 3000 x g. Equal vol-
umes of the supernatant and Griess’s reagent, containing
1 % sulphanilamide in 5 % phosphoric acid/0.1 % naph-
thalene ethylenediaminedihydrochloride were added and
incubated for 10 min in the dark and measured at 543 nm.
The nitrite levels were calculated using sodium nitrite as
the standard (15).

Determination of hydrogen peroxide (H,0,)

The measurement of the level of hydrogen peroxide
(H,O,) was based on the oxidation of phenol red by hydro-
gen peroxide in a reaction catalyzed by horseradish peroxi-
dase (HRPO). Two hundred microliters of perfusate was
precipitated using 800 ml of freshly prepared phenol red
solution; 10 pl of (1:20) HRPO (made ex tempore) was sub-
sequently added. For the blank probe, an adequate volume
of Krebs—Henseleit solution was used instead of coronary
venous effluent. The level of H,O, was measured at 610
nm (16).

Determination of superoxide anion radical (0,")

The level of the superoxide anion radical (O,) was
measured via a nitro blue tetrazolium (NBT) reaction in
TRIS buffer with coronary venous effluent, at 530 nm.
Krebs—Henseleit solution was used as a blank probe (17).

Statistical analysis

Complete statistical evaluation was performed with
SPSS Statistics 18. Normality of parameter distribution
was checked with the Kolmogorov—Smirnov test. Mann—
Whitney U test was used for comparison of groups. Sta-
tistic p values less than 0.05 were considered to be statisti-
cally significant.

RESULTS

Body weight weight

The mean values of body weight of S-HTA-3 and S-
NTA-3 rats and their controls did not significantly differ
throughout the first week of research, while the values of
body weight of S-HTA-3 compared to S-NTA-3 rats were
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Fig. 1 - Mean body weight of hypertensive and normotensive rats. The
values are represented as mean + SD. S-HTA-3- hypertensive rats that
swam for 3 weeks; HTA-3-sedentery hypertensive control rats; S-NTA-3-
normotensive rats that swam for 3 weeks; NTA-3-sedentery normoten-
sive control rats. * statistical significance between S-HTA-3 vs S-NTA-3;
# statistical significance between HTA-3 vs NTA-3.
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Table 1. The average values of hemodynamic parameters of hypertensive and normotensive rats that swam for three weeks and their controls in last week

Hemodynamic parameters
Groups
SBP (mmHg) DBP (mmHg) MAP (mmHg) HR (bpm)
S-HTA-3 196,37 + 6,87 *P 104,31 + 7,12 ** 137,68 + 6,64 ** 330,19 + 19,27
HTA-3 205,69 + 7,19 115,81 + 8,73 142,23 + 7,12 325,17 + 14,37
S-NTA-3 120,01 + 4,27 80,18 + 6,45 92,03 + 6,75 339,28 + 17,21
NTA-3 123,98 + 6,15 83,23 + 7,65 96,13 + 4,27 327,48 £ 16,57

Data are means + SD. SBP, systolic pressure; DBP, diastolic pressure; MAP, mean arterial pressure; HR, heart rate. Statistical significance was consid-
ered for a p value less than 0.05 (*p<0.05); ®p < 0.05- S-HTA-3 vs. HTA-3;%p < 0.05- S-HTA-3 vs. S-NTA-3; S-HTA-3- hypertensive rats that swam for 3
weeks; HTA-3-sedentery hypertensive control rats; S-NTA-3- normotensive rats that swam for 3 weeks; NTA-3-sedentery normotensive control rats.

significantly higher from the second week to the end of the
study (II week - p = 0.043; III week - p = 0.033; IV week - p
= 0.028; week - p = 0.028; VI week - p = 0.028; VII week - p
= 0.011). The mean values of body weight of hypertensive
controls compared to normotensive controls were signifi-
cantly higher from the second week to the end of the study
(IT week - p = 0.033; III week - p = 0.023; IV week - p =
0.018; V week - p = 0.018; VI week - p = 0.008; VII week - p
= 0.008) (Figure 1).

Hemodynamic parameters

Initial levels of BP (period of induction of hyperten-
sion) were not different between the groups (average value
115.58/82.340 + 8.14/5.18). After 4 weeks of treatment with
high salt water, hypertension was confirmed in hyperten-
sive groups (198.85/114 + 9.31/6.23). There was significant
differences between HTA-3 and S-HTA-3 group in values
of SBP, DBP, MAP. The value of pressures (SBP, DBP, MAP)
in S-HTA-3 rats were significantly higher compared with
S-NTA rats, while there were no difference in values of HR
between groups (Table 1).

Oxidative stress parameters

Parameters of oxidative stress in coronary effluent at
different coronary perfusion pressures in swimming and
sedentary hypertensive and normotensive rats are shown in
Figures 2-5, statistical significance is presented in Table 2.

There were no significant differences in values of TBARS,
NO, and O, between the groups (swimming vs sedentary
and normotensive vs hypertensive) (Figures 2-4).

Comparing S-HTA-3 and S-NTA-3 with sedentary
groups significant changes was not observed in values of
H,O, (Figure 5). Significantly higher levels of H,O, was
noticed in S-HTA-3 group comparing to S-NTA-3 group
at CPPs (80 cmH,O - p=0.049, 100 cmH,O - p=0.037, 120
c¢cmH,O - p=0.029).

DISCUSSION

First research that was conducted in 1978, gave infor-
mation about the association between exercise and oxida-
tive stress (18). After many investigations in this field, it was

Table 2. Significance in level of oxidative stress parameters between hypertensive and normotensive rats who swam for three weeks at different values

of coronary perfusion pressures

(055[1:0) O, (nmol/min/g wt) NO (nmol/min/g wt)

S-HTA-3vs. | S-NTA-3vs. S-HTA-3 vs. HTA-3vs. | S-HTA-3vs. | S-NTA-3 vs. S-HTA-3 vs. HTA-3 vs.

HTA-3 NTA-3 S-NTA-3 NTA-3 HTA-3 NTA-3 S-NTA-3 NTA-3

40 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
60 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
80 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
100 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
120 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050

H,0, (nmol/min/g wt) TBARS (pmol/min/g wt)

S-HTA-3vs. | S-NTA-3vs. S-HTA-3 vs. HTA-3 vs. S-HTA-3vs. | S-NTA-3 vs. S-HTA-3 vs. HTA-3 vs.

HTA-3 NTA-3 S-NTA-3 NTA-3 HTA-3 NTA-3 S-NTA-3 NTA-3

40 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
60 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
80 p>0,050 p>0,050 p=0,049 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
100 p>0,050 p>0,050 p=0,037 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050
120 p>0,050 p>0,050 p=0,029 p>0,050 p>0,050 p>0,050 p>0,050 p>0,050

S-HTA-3- hypertensive rats that swam for 3 weeks; HTA-3-sedentery hypertensive control rats; S-NTA-3- normotensive rats that swam for 3 weeks;

NTA-3-sedentery normotensive control rats.
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Fig. 2- Effects of 3 weeks of swimming on TBARS levels of hyperten-
sive and normotensive rats. The values are represented as mean + SD.
S-HTA-3- hypertensive rats that swam for 3 weeks; HTA-3-sedentery
hypertensive control rats; S-NTA-3- normotensive rats that swam for 3
weeks; NTA-3-sedentery normotensive control rats. *statistical signifi-
cance at the level of p < 0.05 is shown in Table 2.
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Fig. 4- Effects of 3 weeks of swimming on O, levels of hypertensive and
normotensive rats. The values are represented as mean + SD. S-HTA-3-
hypertensive rats that swam for 3 weeks; HTA-3-sedentery hypertensive
control rats; S-NTA-3- normotensive rats that swam for 3 weeks; NTA-
3-sedentery normotensive control rats. *statistical significance at the
level of p < 0.05 is shown in Table 2.

described that increased aerobic meabolism is prospective
sourse of oxidative stress during anaerobic exercise (19).
Futrhermore, aerobic exercise has been shown to be effec-
tive in a significant reduction of ROS and in decrease of the
occurrence of ROS associated diseases, including hyper-
tension (20). Although many studies aimed to determine
the influence of tredmill or cycle ergometer exercise on
oxidative stress markers (21), our aim was to examine the
effects of short-term swimming exercise considering that
swimming has been proposed as a convenient model for
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Fig. 3- Effects of 3 weeks of swimming on NO,levels of hypertensive and
normotensive rats. The values are represented as mean + SD. S-HTA-3-
hypertensive rats that swam for 3 weeks; HTA-3-sedentery hypertensive
control rats; S-NTA-3- normotensive rats that swam for 3 weeks; NTA-
3-sedentery normotensive control rats. *statistical significance at the
level of p < 0.05 is shown in Table 2.
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Fig. 5- Effects of 3 week of swimming on H,0, levels of hypertensive and
normotensive rats. The values are represented as mean + SD. S-HTA-3-
hypertensive rats that swam for 3 weeks; HTA-3-sedentery hypertensive
control rats; S-NTA-3- normotensive rats that swam for 3 weeks; NTA-
3-sedentery normotensive control rats. *statistical significance at the
level of p < 0.05 is shown in Table 2.

identifying the physiological, biochemical and molecular
responses to acute exercise training and the adaptations to
chronic exercise training (22, 23).

Due to the fact that numerous patients choose a non-
weight-bearing physical activity such as swimming, it is
important to determine if this kind of practice has poten-
tial antihypertensive effects (24). Regular physical activity
contributed in reduction of elevated BP in hypertensive pa-
tients and hypertensive animals in which hypertension was
induced by N(w)-nitro-L-arginine methyl ester (L-NAME)
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(25, 26), deoxycorticosterone acetate (DOCA) (27) as well
as in spontaneously hypertensive (28), Dahl saltsensitive
and salt-resistant rats (29).

Taken together, these studies suggest the beneficial
effects of aerobic training upon arterial blood pressure
which seems to be intensity-dependent (28, 30). Our find-
ings are in accordance with previous work that showed de-
crease in arterial pressure and MAP after four and eight
weeks of a swimming program in spontaneously hyper-
tensive rats (31-33). Nevertheless, it is important to rec-
ognize that even a 5-6 mmHg decrease in arterial blood
pressure which is similar to that observed in our study can
be associated with a approximately 42% reduction in stroke
incidence and a approximately 14% reduction in coronary
heart disease as noted in several epidemiologic studies
(34). Significant reduction of SBP, DBP and MAP in our
study proved that swimming training can be prescribed
to patients with hypertension as a non-pharmacological
treatment. Reason for reduction of BP may be due to lower
sympathetic activity induced by physical activity which can
be a consequence of progression of arterial baroreflex and
chemosensitive cardiopulmonary baroreflex sensitivity in
SHR. In present study swimming also led to maintenance
of body weight in hypertensive rats which certainly con-
tributed to reduction of BP (35).

A link between hypertension and oxidative stress is well
established. Redox imbalance, increased bioavailability of
ROS or/and decreased antioxidant capacity has been dem-
onstrated both in humans and animals (36). However the
presence of oxidative stress within the myocardium have
been very poorly investigated. Therefore we sought to assess
the changes in cardiac oxidative stress parameters of hyper-
tensive rats after short-term swimming or sedentary period.

Analysis of parameters that we determined in the coro-
nary venous effluent during coronary autoregulation refers
to the oxidative stress in the endocardium of the left ven-
tricle. Our data have shown that values of pro-oxidant mark-
ers such as TBARS, NO,, O, were not affected by 3 weeks
swimming protocol. According to Claudio et al excercise
training prevented the increase of ROS production in ovari-
ectomized hypertensive rats demonstrating increased ex-
presion of antioxidative enzymes. Potential explanation for
non excessive production of ROS besides above mentioned
mechanism, may also be lower electron leakage from mito-
chondria or chronic exposure of tissue to ROS, induced by
training, which makes the organ more resistant to the effects
that derive from the mechanisms of oxidative stress (37).

On the other hand, investigation conducted on hy-
pertensive rats trained 6 weeks showed that exercise lead
to significant reduction of TBARS values in serum when
compared to sedentary group. Also significant decrease
of NO was noticed in sedentary hypertensive group but
level of NO increased in trained hypertensive group (38).
Furthermore, Bertagnolli and co-workers noticed similar
changes in favor of lipid peroxidation in 10 weeks trained
SHR group. These significant changes in ROS release may
be due to longer duration of physical load (39).
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Surprisingly, none of the researchers has not dealed
with determination of H,0, levels in hypertensive physi-
caly active subjects. We noticed that levels of H,O, were
significantly higher in S-HTA-3 group comparing to S-
NTA at CPP of 80-120 cmH,O. Other researchers mea-
sured tissue total oxidant status (TOS) in heart tissue and
expressed their results in terms of micromolar hydrogen
peroxide equivalent per liter (Imol H,0O, equiv/L/mg pro-
tein). Their observation was that hypertensive animals
had higher tissue oxidative stress levels than normoten-
sives (40). Assumption for high concentration of hydro-
gen peroxide in hypertensive swimming rats may be ac-
tivation of angiotensin II probably through angiotensin
AT1 receptor-dependent stimulation of NADPH oxidase
(Nox) enzymes (41).

On the basis of all mentioned above it can be assumed
that the most important determinating factors of exrcise
induced modification of cardiac oxidative stress can be du-
ration and/or intensity.

CONCLUSION

Our results clearly indicate that reduction of BP may
start after 3™ week of training. In addition it seems that
duration of three weeks of swimming does not promote
cardiac oxidative stress damages. These findings could be
one step closer for better understanding of short-time ex-
ercise on blood preassure and oxidative stress of the heart.
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