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Summary  

The intensity of exercise determines the metabolic pathway and the energetic 

substrate that is spent. Our study sought to identify the effects of different intensities of 

swimming on myocardial oxidative status and the blood lipid profile. Eighty Wistar rats 

(male and female) submitted to different intensities of a swimming regimen (low, LS; 

moderate, MS; or high, HS) for 16 weeks. Samples of blood and myocardium from the left 

ventricle were collected to determine lipid profiles and oxidative status. Reactive oxygen 

species (ROS) and antioxidant capacity against peroxyl radicals (ACAP), lipid profiles and 

lipid peroxidation was analyzed. ROS levels and ACAP were higher in male rats than in 

female rats overall (p<0.05). However, ACAP in the myocardium was significantly elevated 

in LS female rats compared to the MS and HS female rats, which had a significantly lower 

ACAP compared to all other groups. LS and MS training in both sexes and HS training (in 

females) led to significant decreases in the heart’s lipid peroxidation. Amelioration of the 

lipid profile and reduction in oxidative damage contributed to a physiological state that 

benefits cardiovascular function in exercised animals. The results show that low and 

moderate intensity exercise promotes beneficial adaptations.  
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Introduction 

 Exercise training has been shown to improve cardiovascular capacity and is 

associated with lower resting and submaximal heart rates, increased ventricular weight, and 

an improved lipid profile. It also increases exercise capacity and skeletal muscle strength 

(Thompson 2003; Trejo-Gutierrez and Fletcher 2007; Sugawara et al. 2012; Perrino et al. 

2011). Exercise training represents one of the most severe, yet physiological, stresses to the 

cardiovascular system and determines which metabolic substrates are used (Perrino et al. 

2011). 

 The intensity of exercise influences the metabolic pathway and the substrate spent as 

a source of energy, affecting the levels of energy stores and the lipid profile (Hernandez-

Torres et al. 2009). Despite numerous investigations that emphasize the benefits of exercise 

training on the blood lipid profile, some uncertainty remains regarding the intensity of 

exercise that is needed to induce this and whether an optimum exercise intensity can be 

determined (Duncan et al. 2005; Ensign et al. 2002). Physiological adaptations to exercise are 

dependent on program length and session duration, frequency, and intensity. These factors 

make the prescription of physical exercise, which is intended to simulate situations similar to 

those applied to humans in experimental models, more complex (Araujo et al. 2012). The 

transposition of experimental data and physical training protocols to experimental physiology 

frequently becomes inadequate, leading to misunderstood data before publishing (Booth et al. 

2010). Studies concerning the determination of aerobic and anaerobic metabolism have been 

developed, with the intent of improving the prescription of physical training in rats (Pilis et 

al. 1993; Gobatto et al. 2001; Carvalho et al. 2005; Manchado  et al. 2006; Contarteze et al. 

2008). The control of exercise intensity can be based on the production, accumulation, and 

removal of lactate in the blood stream. The anaerobic threshold (AT) is defined as the 

workload at which the blood lactate starts to accumulate excessively during progressive 
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exercises. During physical exercise, the AT indicates the workload equivalent of the maximal 

lactate steady state (MLSS), which represents the highest concentrations of lactate in a 

determined load of work, which can be maintained over time (Manchado et al. 2006; Araujo 

et al. 2012; Ferreira et al. 2007; Gobatto et al. 2001). The MLSS intensity in rats can be 

identified during continuous exercise, considering an exercise intensity equivalent to a 

concentration of 4 mmol/L
-1

 of lactate in humans (Benek et al. 2011). The lactate 

concentrations at MLSS in rats have been studied (Carvalho et al. 2005; Gobatto et al. 2001; 

Manchado et al. 2006). During high-intensity physical activity, lactate blood levels higher 

than MLSS indicate that anaerobic metabolism predominates over aerobic (Manchado et al. 

2006; Gobatto et al. 2001).  

Some studies have shown that the cardiovascular adaptations of females differ from 

those of males; this includes the responses of morphological and physiological systems after 

exercise (Lindqvist et al. 2012; Aune et al. 2009; Dalen et al. 2010). These differences may 

stem from existing distinctions between males and females in types of muscle fuel stores, fuel 

utilization during exercise, and hormonal makeup (Steffensen et al. 2002). Following this line 

of logic, we hypothesized that exercise training at different intensities promotes distinct 

changes in the cardiovascular system and that these changes are dependent on gender. 

Regular physical exercise has been shown to improve the lipid profile and increase 

mean life span (Kraus et al. 2002; Radak et al. 2008). An inevitable consequence of exercise 

is that the increased oxygen consumption induced by exercise creates favorable conditions for 

increased generation of reactive oxygen/nitrogen species (RONS), an increased cardiac 

oxidative metabolic rate, leading to alterations in the cellular redox status and activating 

pathways of cell death (Ascensão et al. 2007).  

In addition to RONS generation, the products of lipid peroxidation may cause 

alterations in the cell membrane, as well as damage to proteins and DNA (Radak et al. 1999). 
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Together, lipid oxidation and inflammation of vessels play a fundamental role in the 

development of atherosclerosis (Wang et al. 2006). Exercise training in diverse experimental 

protocols is capable of augmenting peroxidation in humans and murine models (Groussard et 

al. 2003; Chirico et al. 2012). Oxidative conditions in the heart have been associated with 

cardiovascular diseases, mainly myocardial infarction (Shiomi et al. 2004). Scientific 

evidence indicates that physical exercise may improve antioxidant capacity and reduce 

damage to cardiac tissue caused by oxidative stress (Pinho et al. 2012; Powers et al. 2008). 

During and after exercise, various mechanisms are activated in different organs and systems 

to maintain or restore cell homeostasis and exercise intensity can affect the cardiovascular 

system. Few studies have focused on the chronic effects of aerobic and anaerobic exercise on 

oxidative status and lipid profile. The aim of this study was to investigate the effects of 

different intensities of exercise training (low, moderate, and high) on the oxidative status of 

the myocardium and lipid profile in male and female rats. 

  

Methods 

Experimental model  

 Sixty-day-old Wistar rats (Rattus norvegicus), forty males and forty females, were 

obtained from the Central Animal House of the Universidade Federal do Rio Grande 

(FURG), Brazil. Mean weight was 312±10 g (male rats) and 214±4 g (female rats). Animals 

were housed in plastic cages (five animals per cage) and maintained at 24°C±1°C in a 12-

hour light-dark cycle, and they received commercial rodent food and water ad libitum. Rats 

were weighed once a week, and food consumption was monitored daily by weighing leftover 

food. Training sessions were performed during the dark cycle. The experiments were 

performed according to Guide for the Care and Use of Laboratory Animals and Use of 

Vertebrate Animals in Research and Training and official Brazilian governmental guidelines, 
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in compliance with the Federation of Brazilian Societies of Experimental Biology. The study 

was approved by the Ethics Committee on Animal Use, Universidade Federal do Rio Grande 

(CEUA-FURG).  

Training protocol  

Training protocol followed Guerreiro et al. (2015). Rats were randomly distributed into 

four groups (n = 10): sedentary control (SC); low-intensity swimming training (LS) and 

moderate-intensity swimming training (MS), both of which induced aerobic metabolism; and 

high-intensity swimming training (HS), which induced anaerobic metabolism. The untrained 

SC group was placed in the swimming apparatus for 1 minute one time per day, 5 days per 

week, to mimic the water stress associated with the experimental protocol and handling.  

 The continuous exercise swimming system of low and moderate intensity consisted of a 

rectangular tank (90 cm width × 100 cm length × 80 cm height) filled with water up to 50 cm. 

Ten PVC pipes of 20 cm width and 50 cm length were placed inside the tanks. The water 

temperature was kept close to 32ºC. Therefore, the animals were able to realize the exercise 

individually, each individual in a different PVC pipe. The high-intensity intermittent 

swimming system was realized using a pulley system coupled to a cylinder of 60 cm width 

with 10 PVC pipes. The cylinder was immersed in the swimming tank described above for 15 

seconds, forcing the animals to swim vigorously. Then the cylinder was lifted by the pulley 

system, allowing the animals to recover for 15 seconds out of the water (Guerreiro et al. 

2015). 

 Rats performed a training program one time per day, 5 days per week, during a 16-week 

period divided into two periods. An initial period of acclimation was 8 weeks long; during 

this period, the training load and duration of swimming progressively increased (20 minutes 

in the first week, up to 60 minutes at the eighth week; Figure 1). The second training period 

was characterized by the maintenance of higher loads of swimming training and duration of 
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exercise (60 minutes and a workload of 5% [MS] or 15% [HS]) for 8 more weeks. The load 

was adjusted weekly according to body weight (Table 1). The protocols were as follows: 

The LS experimental group performed low-intensity aerobic swimming without overload, 

during 60 minutes, 5 times a week, for 8 weeks. This methodology intended to simulate an 

exercise in which the intensity is not controlled by overload. This protocol aimed to simulate 

a common physical activity that is performed by humans, such as walking or jogging at 

controlled frequency and duration. The MS experimental group engaged in moderate 

swimming for 60 minutes, 5 times a day, with progressive overload during acclimatization 

periods (increased from 1% to 5% of body weight). This overload was created by attaching 

pieces of lead to the back of the animal, and was equivalent to the MLSS. The HS 

experimental group performed high-intensity intermittent anaerobic swimming during 60 

minutes, 5 times a week, for 16 weeks. Each 60-minute session consisted of alternate periods 

of vigorous swimming for 15 seconds, followed by a recovery resting period for 15 seconds, 

with overload increased from 8% to 15% of body weight equivalent at intensities above the 

MLSS (Figure 1) (Guerreiro et al. 2015). 

Determination of blood lactate levels 

The lactate levels were determined during the exercising procedure. The lactate was 

collected at three different time points. First, to determine the loads of swimming, a test of 

initial lactate was conducted. Second, another collection was made after 8 weeks of 

acclimation training. The third collection of lactate was made after 12 weeks of training. 

During the exercise, the rats were removed removed from the water at 10, 20, 30 and 40 min 

and dried, and blood samples (25 μL) were collected by cutting off the tip of the tail 

(Voltarelli et al. 2002). Lactate concentrations were determined in mmol/L with a lactate 

analyzer (Accutrend).  

 



8 
 

 

Tissue samples  

At the end of the acclimation period of swimming training (eighth week), the rats 

were sedated and blood samples were collected from the retro-orbital sinus. Seventy-two 

hours after the end of the training period (16 weeks), the rats were euthanized by beheading. 

The period of 72 hours before euthanasia was chosen because it is known that some effects of 

physical exercise on the lipid profile and oxidative stress can last up to 48 hours (Hughes et 

al. 1990; Abernethy and Azarnoff 1990). Their blood was collected in tubes and centrifuged 

to obtain plasma for analyses of the blood lipid profiles. The hearts were rapidly removed by 

dissection, weighed, and stored at –80°C.  

Lipid Profile 

Levels of total cholesterol (TC), triglycerides (TG), and high-density lipoprotein 

cholesterol (HDL-C) were determined by colorimetry kits (Labtest). Plasma samples were 

mixed and incubated with the specific reagent for 10 minutes at 37°C, and the absorbance 

(510, 520, and 505 nm, respectively) was read by spectrophotometer. The difference between 

TC and HDL-C was recorded as the low-density lipoprotein cholesterol (LDL-C) 

concentration. All levels were expressed as mg/dL.  

Generation of reactive oxygen species  

Left ventricle tissue (approximately 100 mg) was homogenized in potassium chloride 

(KCl) 1.15% and phenylmethanesulfonyl fluoride (PMSF) (10 mmol/L) for 30 seconds, 

followed by 3000 ×g centrifugation for 10 minutes at 4°C (Jacob et al. 2006). Total protein 

content was determined by colorimetric assay (Biuret method, Labtest) in triplicate using a 

microplate reader (BioTek LX 800) at 550 nm. Each sample was diluted to 2 mg of 

protein/mL in homogenization buffer. Reactive oxygen species (ROS) generation was 

assayed by 2′,7′-dichlorodihydrofluorescein diacetate (H2DCF-DA) indicator (Invitrogen). 

The non-fluorescent compound H2DCF-DA is first de-acetylated and then oxidized by ROS 
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to the fluorescent compound dichlorofluorescein (DCF), which is detected at 488 and 525 nm 

for excitation and emission, respectively, into a fluorescence microplate reader (Victor 2, 

Perkin Elmer). Readings were performed every 5 minutes during a 30-minute period. 

Fluorescence data were adjusted to a second-order polynomial function and integrated to 

calculate the area that expressed ROS concentration (Amado et al. 2009). 

Antioxidant capacity against peroxyl radicals  

Total antioxidant capacity against peroxyl radicals (ACAP) is a new method described 

by Amado et al. (2009) that determines the tissue’s capacity to confront peroxyl radicals. 

According to these authors, peroxyl radicals are produced by thermal decomposition of the 

generator 2,2′-azobis(2-methylpropionamidine) dihydrochloride (ABAP) 4 mM (Aldrich) at 

35°C. The assays were run at 37°C because this temperature is indicated for mammalian 

models. This methodology is conducted as an ROS assay, but in this case DCF production is 

increased by ABAP-peroxyl radical generation. ROS concentration in the presence of ABAP 

is also expressed by the area calculated from the second-order polynomial function, resulting 

from the adjustment of fluorescence units during the measurement time. Total antioxidant 

competence was expressed as relative area calculated by the rate of the difference between 

ROS area, with ABAP and without ABAP, divided by ROS area without ABAP, as a 

standardization factor of ROS background production.  

Lipid peroxidation 

Myocardium samples (50 mg) were homogenized with KCl 1.15% plus 35 mM of 

butylated hydroxytoluene according to Oakes and Van Der Kraak (2003). This method, 

previously described, involves the reaction of malondialdehyde (MDA), a degradation 

product of lipid peroxidation (LPO), with 2-thiobarbituric acid (TBA) under conditions of 

high temperature and acidity to generate a fluorescent adduct that was measured by 

spectrofluorometry (Victor 2, Perkin Elmer). After excitation at 515 nm and emission of 553 
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nm, the concentration of TBA-reacting substances (TBARS) was calculated and expressed in 

nmol/mg of proteins. 

Statistical analysis 

  Data were expressed as means ± standard deviations (SDs) and analyzed by one-way 

analysis of variance (ANOVA) or Kruskal-Wallis ANOVA when the assumption of 

normality or homoscedasticity was not reached, followed by posteriori Tukey Highly 

Significant Difference test. Sex differences were compared by an independent Student’s T-

test. Statistical significance was set at p-values ≤ 0.05.  

Results  

Lactate levels during swimming training behaved according to expectations for each 

workload intensity. LS training did not change the rats’ lactate levels versus the SC group, 

confirming the low workload. Lactate rose significantly (p<0.05) in HS rats (female rats: 

9.881.77 mmol; male rats: 9.273.4 mmol) and MS rats (female rats: 5.260.56 mmol; male 

rats: 5.680.84 mmol) compared to SC rats (female rats: 2.40.3 mmol; male rats: 3.040.2 

mmol) (Figure 2), demonstrating that both loads resulted in high and moderate efforts, 

respectively. Gender was not statistically related to changes in lactate levels (p>0.05). 

Male rats had significantly (p<0.05) higher weights than female rats throughout the 

experiment. A significant reduction in body weight of male rats in the MS and HS groups (-

11% and -12%, respectively) was observed at the end of the adaptation period (p<0.05; Table 

1). In female rats, body weight reduction became apparent only in the 12th week of the 

experiment (Table 1). At that time, male rats in the MS (-10%) and HS (-16%) groups and 

female rats in the LS (-5%), MS (-6%), and HS (-6%) groups presented a significant (p<0.05) 

lower weight than the SC group rats (Table 1).  

Food intake might explain the observed reductions in body weight. Rats of both sexes 

in the MS and HS groups consumed a significantly smaller quantity of food (in grams) than 
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the SC and LS rats (Table 1). Following the tendency to observe the highest body weight in 

male rats, food intake was also significantly higher in male rats than in female rats (Table 1).  

 After the adaptation period, female rats did not show any change in lipid profile 

between treatments (Figure 3), while male rats showed a significant reduction (p<0.05, MS -

28% and HS -26%) in TC (Figure 3 A). LDL-C and HDL-C also decreased in male rats in the 

HS group (p<0.05). TG levels in male rats did not differ significantly between intensities, and 

they were higher than in female rats during this period (p<0.05, Figure 3 B).  

By the end of the training period, female rats (LS -27%, MS -50%, HS -52%) and male 

rats (MS -28% and HS -27%) presented a significantly (p<0.05) lower TC content compared 

to SC rats (Figure 4 A). Also, LDL-C showed the same reduction pattern (female rats LS: -

44%; MS: -60%, HS: -74%; male rats MS: -48% and HS: -29%) compared to the respective 

SC group (Figure 3 D). Swimming training, regardless of intensity, decreased TG in male rats 

(LS -28%, MS -28%, HS -27%) compared to SC. Male rats continued to present higher levels 

of TG than female rats in the SC and MS groups (p<0.05, Figure 4 B). There were no 

changes in the TG and HDL-C levels in female rats. HDL-C in male rats increased in the MS 

group and decreased in the HS group relative to SC (p<0.05, Figure 4 C). Female rats showed 

higher levels of HDL-C in SC, LS, and HS groups compared to the respective groups of male 

rats.  

Cardiac ROS generation at 72 hours after the end of the experiment did not show any 

difference between training and SC groups (p>0.05). However, sex-related differences were 

observed, with male rats presenting higher ROS generation than female rats (p<0.05, Figure5 

A). Myocardium ACAP was significantly increased only in LS female rats compared to the 

MS and HS groups (Figure 5 B). The MS and HS female rats showed a significant reduction 

in ACAP compared to all groups (Figure5 B). ACAP levels in male rats were not altered by 

swimming training. LPO in myocardium was significantly diminished in female rats (LS, 
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MS, and HS groups) and in male rats (LS and MS groups only) compared to SC rats (p<0.05, 

Figure 6). Male rats had higher LPO than female rats (p<0.05, Figure 6). 

Discussion  

Studies in experimental physiology need to acclimate animals to the intended loads 

and activities to be performed. Araujo et al.(2013), who studied rats using a monotonous 

training regimen without progressive habituation to load/time volume, observed a reduction 

in the amount of training (less time spent engaged in physical activity), increased muscle 

damage and reduced anaerobic capacity. To guarantee the execution of an exercise program 

completely, it is important to progressively acclimate subjects to load/time volume, although 

this is commonly missing from studies of experimental exercise physiology (Booth et al. 

2010; de Araujo et al. 2013). To this purpose, was included here an acclimation period, with 

gradual increment of time and load until reach 60 minutes of exercise 5 times per week and to 

achieve a maximum load at 5% for MS and 15% for HS. Such protocol was effective for 

inducing aerobic and anaerobic metabolism, as observed by the expected blood lactate values, 

similar to those already reported (Voltarelli et al. 2002). Chronic exercise can have negative 

effect on mitochondrial glycerol phosphate dehydrogenase, reducing lactate generation 

(Casimiro-Lopes et al. 2012).  In our experiment, it was not seen, because the physical 

training loads are incremental over time, allowing an increased effort during swimming 

keeping lactate levels adequate for the intended intensity.  

The relationship between swimming intensity and reduced body weight detected 

herein could be associated with the reduction in food intake. Fatty acid oxidation increases in 

response to prolonged low- and moderate-intensity exercise for the purpose of skeletal 

muscle maintenance (Trejo-Gutierrez and Fletcher 2007; Ensign et al. 2002). Our swimming 

protocol could be promoting fatty acid oxidation, not exclusively in LS or MS, but also in HS 

training. This overall weight reduction is one of the changes stimulated by exercise that may 
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ameliorate cardiovascular risk factors (Durstine and Haskell 1994). Herein, males ate more 

food than females but lost weight faster; A study of obesity (Ropelle et al. 2006) observed 

that physical exercise suppressed hyperphagia, which was to linked to central action of 

insulin and leptin in the hypothalamus of mice. Our swimming protocols at all intensities and 

in both genders could be promoting weight loss by: (1) increasing the amount of fat burned 

and/or (2) changing the central mechanism that signals satiety.  

In both sexes, exercise led to reduced TC and LDL-C concentrations compared to SC 

animals. In addition, all swimming intensities promoted a significant reduction in TG in male 

rats. These findings support that exercise induces fatty acid lipolysis, resulting in the 

improved blood lipid profile (Tunstall et al. 2002). However, HDL-C in female rats was not 

altered by any swimming training, although its levels were decreased in HS male rats. Such a 

decrease in HDL-C in male rats could also be a consequence of exacerbated fatty acid 

oxidation, including cholesterol, promoted by the high-intensity protocol.  

The increase in HDL-C seen in MS male rats could be mediated by some key 

enzymes, such as lecithin cholesterol acyltransferase and lipoprotein lipase (Hamilton et al. 

1998; Wittrup et al. 1997), as has already been verified in Sprague-Dawley rats exercised 

with voluntary running wheels. This augmented HDL-C profile imparts a benefit to 

cardiovascular health and could be considered a good physiological adaptation to exercise 

that is achieved with moderate-intensity activity. LS or HS training may be too mild or too 

intense, respectively, to promote this benefit. Female rats, for instance, already had a higher 

HDL-C than male rats, so exercise could not result in higher values. 

An interesting finding of this work was that the HS training protocol was able to 

reduce TC, TG, and LDL-C. Another study, which examined 22-month-old rats submitted to 

swimming training for 60 minutes/day for 4 months in a high-intensity (5% load) situation, 

did not observe significant changes in lipid profile (Ravi et al. 2006). The reason for this 
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difference could be that 5% for older rats may be too intense to promote an alteration in lipid 

profiles. Another study, in which rats utilized a resistance exercise protocol for 3 days a week 

for 8 weeks, did not observe any reduction in lipid profile (Yang et al. 2006).  

Our results suggest that low-intensity (in female rats only), moderate-intensity, and 

high-intensity swimming training may increase fatty acid oxidation. These findings point to 

the possibility that high-intensity training could be beneficial in elevating fatty acid oxidation 

and reducing TC, LDL-C, and TG, as was commonly observed in LS and MS rats.  

The varying patterns of body weight reduction and lipid profile amelioration observed 

in male rats and female rats could be caused by different adaptive enzyme responses and/or 

influenced by sex hormones. Some authors (Campbell and Febbraio 2001), who studied the 

effect of ovarian hormones on mitochondrial enzyme activity in the fat oxidation of female 

rats, observed that ovarian sex steroids participated in the control of the maximal activity of 

several key enzymes of lipid oxidation. 

We observed that even low-intensity swimming might reduce female rats’ body 

weight, food intake, and TC and LDL-C levels, while these benefits were observed only in 

MS and HS male rats. This could be a result of a dimorphic interaction between exercise and 

sex hormones. In contrast, neither TG nor HDL-C changed in trained female rats, regardless 

of exercise intensity, attesting to the hypothesis that exercise does not have a similar 

influence on lipid metabolism in the different genders. Perhaps as a means of hormonal 

protection, female rats tend to have a higher HDL-C concentration than male rats. Another 

sex difference observed was the lapse in time response to exercise: whereas male rats 

presented significant differences after the 8-week adaptation period, female rats did not show 

differences until after the 16-week training period. The present protocol was effective in 

promoting reductions in body weight and blood lipids, although these reductions were the 
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slowest in female rats on the low-intensity regimen. In spite of these differences, both sexes 

benefited from the swimming protocols. 

An inevitable consequence of the increased oxygen consumption induced by exercise 

is a favorable condition for increased generation of RONS and, apparently, an increase in 

oxidative stress (Powers et al. 2008). Previously, Storey (1996) showed that ascorbic free 

radical signals were increased in the rat heart after several consecutive days of exercise. 

Using DCF, another study (Kumar et al. 1992) demonstrated that the ROS production rate 

was significantly increased in the muscle of rats that were exhaustively exercised. Ramos et 

al. (2013) presented data that the oxidative stress biomarkers measured in the plasma 

immediately after a single bout of swimming exercise were generated primarily in the liver, 

not in muscle. Our data showed that long-term training (16 weeks) via a low-, moderate-, or 

high-intensity swimming protocol did not alter basal ROS generation in myocardium at 72 

hours after the last training session in resting rats. But do not rule out the hypothesis that 

there may be oxidative modifications in other organs in response to physical training. Several 

works have verified elevation of ROS following exercise, and this is probably a result of very 

close analysis of an exercise session. In this situation, higher ROS levels could reflect an 

acute response to exercise, rather than a chronic effect of it. In addition, overtraining could be 

responsible for the increase in ROS, indicating a maladaptive effect of exhaustive exercise. 

With respect to generation of ROS, males showed significantly greater production of ROS 

than females. Previous studies demonstrate that estrogen confer favorable effects on 

cardiovascular system, diminishing generation of reactive species of oxygen elicited by 

regulation of ROS-generating enzymes or by  promoting ROS eliminating (Colom et al. 

2007, Arias-Loza et al. 2013). Protection of females against ROS can be explained by sexual 

dimorphism in the transcriptional levels of genes associated with fatty acid metabolism, 
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pyruvate dehydrogenase complex, and oxidative phosphorylation in hearts, highering 

resistance to oxidative stress (Vijay et al. 2015)  

Our data also point to a beneficial effect of exercise in myocardial reduction of LPO 

in female rats (all swimming groups) and male rats (LS and MS groups). These results agree 

with other studies that observed a LPO reduction in skeletal muscle of mice exercised with a 

low-intensity treadmill (Kaczor et al. 2007). Another study (Ravi et al. 2006) observed that 

swimming training (low, moderate, and high) decreases myocardial MDA content compared 

to sedentary controls. We also found significantly lower levels of MDA in females than in 

males, which is in agreement with previous studies (Bloomer and Fisher-Wellman 2008; 

Goldfarb et al. 2007). In contrast, other research found increased MDA in the hearts of rats 

submitted to chronic (8 weeks) and acute exhaustive treadmill exercise (Liu et al. 2000), but 

this was probably an effect related to overtraining. However, the apparently unexpected 

uncoupled response of LPO, which diminished in all swimming groups, and ACAP, which 

rose only in LS female rats, could be explained by the differing influences of exercise 

intensities on the antioxidant systems. This was already detected in one study; different 

combinations of exercise intensity (low, moderate and high) and duration (30, 60, and 90 

min/day) of swimming protocols were observed, and they produced different regulations of 

the antioxidant enzymes superoxide dismutase, catalase, and glutathione peroxidase (GPX) in 

the left ventricle of trained rats (Powers et al. 2008). In Sprague-Dawley rats submitted to 

endurance and exhaustive swimming training, during exercise of increased intensity, 

glutathione and glutathione reductase enzyme activity decreased, whereas an increase was 

observed in GPX activity (Aydin et al. 2007). 

The adaptive responses of the antioxidant system, and the expression of the various 

indirect markers of oxidative tissue damage, would be specific to either the type of tissue or 

the different defense mechanism affected (Ascensão et al. 2007). It would explain why only 
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LS showed an elevated antioxidant capacity against peroxyls, indicating an exercise 

intensity–specific response. However, MS and HS rats did not show increases in antioxidant 

capacity, which does not exclude the possibility that other defense systems are being affected 

by these workloads. Radicals may seem beneficial, as they act as signals to enhance defenses, 

rather than as deleterious, as they are when cells are exposed to high levels of them (Jones 

2006; Powers et al. 2008). Following this point of view, the ROS generation that is habitually 

observed during exercise could be a sign of an adaptive antioxidant response. Our swimming 

training program caused a reduction in lipid peroxidation, no alteration in ROS during rest, 

and, under a low-intensity regimen, enhanced antioxidant systems.  

In humans, genetic endowment and nutritional habits can lead to increased lipid 

profile, oxidative stress, inflammatory process, hypertension, myocardial infarction, 

atherosclerosis, collectively known the cardiovascular diseases  (CVDs), contribute greatly to 

the mortality, morbidity (Buttar et al. 2005). This study, in rats we observed that intensity of 

exercise can modulate blood lipid profile and myocardial oxidative status, indicated that all 

levels of intensity of exercise training promoted amelioration of lipid profiles, especially 

reducing TC and LDL-C, which could improve health and diminish the risk of cardiovascular 

disease in both sexes. This study suggested that female rats showed improvement in lipid 

profiles following low-intensity exercise, while male rats required moderate- and high-

intensity exercise to achieve this same benefit. Male rats and female rats responded similarly 

to the exercise intensities, but some sex-specific patterns were distinguished, as male rats 

responded earlier to exercise, whereas female rats responded later but after lower-intensity 

exercise than male rats. Over a chronic (16-week) training period, the exercise intensities that 

helped females were LS and MS. In male rats, MS was the best intensity for cardiac 

adaptation, considering adaptation patterns observed for TC, LDL-C, antioxidant capacity, 

and LPO. 
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 Future investigations in this model will unveil novel molecular, cellular, and oxidative 

stress and integrative mechanisms of adaptation to different intensities of swimming training 

in comparing genders. Understanding the mechanisms of training-induced amelioration of 

cardiovascular function may help identify molecular targets for the beneficial adaptation of 

the cardiovascular system induced by exercise.  
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Table 1. Body weight and food intake of groups submitted to different intensities of 

swimming training. 

 SC LS MS HS 

 Female Male Female Male  Female Male Female Male 

BW initial (g) 225±12 320±18* 217±13 313±24*  222±17 295±33* 227±23 295±25* 

BW (8 week)(g) 250±16 385±16a* 238±14 381±32a*  243±15 350±41b* 244±22 343±31b* 

BW (12week)(g) 269±20a 450±16a* 257±16b 447±35a*  257±22b 419±48b* 256±26b 396±46c* 

BW end (g) 285±22a 467±23a* 268±18b 460±35ab*  268±23b 440±45b* 271±24b 403±43c* 

Food intake 

(g/day) 

19.590.40a 27.440.72a* 19.010.90ab 26.250.85a*  18.350.35bc 23.581.47b* 17.610.88c 22.551.43b* 

         

BW initial: body weight before initiation of exercise training. BW (8 week): body weight 

after eight weeks of exercise training. BW (12 weeks): body after twelve weeks of exercise. 

BW end: body weight after the end of the experiment (16 weeks) Food intake: mean of food 

consumption through of the experiment. Treatments: SC (sedentary control); LS (low-

intensity); MS (moderate-intensity); HS (high-intensity). Data were expressed as mean ± S.D. 

Different letters mean significant differences between treatments and (*) means statistical 

differences between sexes at the significant level of 5%. 

 

CAPTIONS 

 

Fig. 1 Training program during a 16-week period divide into two periods: Acclimation (8 

weeks) and maintenance (8 weeks) LS: low-intensity swimming, without workload. MS: 

moderate-intensity swimming with load equal to 5% of body weight. HS: high-intensity 

swimming with load equal to 15% of body weight. 

 

Fig. 2 Lactate Test in acclimation period (8 weeks). SC: sedentary control. LS: low-intensity 

swimming, without workload. MS: moderate-intensity swimming. HS: high-intensity 

swimming.  Data are expressed as mean ± SDs (mg/dL). Different letters indicate significant 

differences between groups at significance level of 5%. 
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Fig. 3 Lipid profile at the end of the acclimation period (8 weeks) of Rattus norvegicus 

submitted to different intensities of swimming training. (A) TC; (B) TG; (C) HDL-C; (D) 

LDL-C. Data are expressed as means ± SDs (mg/dL); white bars, female rats; black bars, 

male rats. Different letters indicate significant differences between groups; *statistically 

significant differences between sexes at the 5% significance level. 

 

Fig. 4 Lipid profile at the end of the experiment (16 weeks) of Rattus norvegicus submitted to 

different intensities of swimming training. (A) TC; (B) TG; (C) HDL-C; (D) LDL-C. Data 

are expressed as means ± SDs (mg/dL); white bars, female rats; black bars, male rats. 

Different letters indicate significant differences between groups; *statistically significant 

differences between sexes at the 5% significance level. 

 

 

Fig. 5 (A) Generation of ROS in the myocardium; (B) ACAP in the myocardium after 

different intensities of swimming training. Data are expressed as means ± SDs (fluorescence 

area); white bars, female rats; black bars, male rats; *statistically significant differences 

between sexes at the 5% significance level. 

 

Fig. 6 Lipid peroxidation determined by MDA levels in the myocardium of Rattus norvegicus 

submitted to different intensities of swimming training. Data are expressed as means ± SDs 

(mg/protein); white bars, female rats; black bars, male rats. Different letters indicate 

significant differences between groups; *statistically significant differences between sexes at 

the significant level of 5%. 
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