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Abstract
The aim of this study was to investigate the difference between sexes after 8 weeks of aerobic exercise
training on cardiovascular autonomic modulation and oxidative stress. Wistar rats were distributed into
(n = 8/group): sedentary male (SM), trained male (TM), sedentary female (SF) and trained female (TF).
Arterial pressure (AP) signals were directly recorded. Cardiovascular autonomic modulation was
evaluated by spectral analysis. Aerobic exercise training was performed on treadmill (5 days/wk; 8 wks).
Oxidative stress was evaluated on cardiac and renal tissues. Both trained groups presented bradycardia.
Exercise training increased heart rate variability (VAR-PI) and decreased cardiac sympathovagal balance
in both sexes. Although, no differences observed in AP, the female groups showed a lower vascular
sympathetic modulation than the male groups. There was a positive correlation between vascular
sympathetic modulation and renal membrane lipid peroxidation (LPO) (r = 0.6, p < 0.01). LPO in cardiac
tissue was reduced in the TM, SF and TF groups when compared to the SM group and it was correlated
with cardiac sympathetic modulation (r = 0.6, p < 0.01). Only the TF group presented AP variability and
renal LPO decreased and cardiac glutathione redox balance (GSH/GSSG) improved when compared to
the other groups. Moreover, the trained females showed greater improvement on VAR-PI (~ 1.8 times), on
cardiac and renal antioxidant capacity (TRAP: ~2,1 and ~ 1.5 times, respectively), and on cardiac GSSG
(~ 2.8 times) than the trained males. In conclusion, female rats showed additional aerobic exercise
training induced-cardiovascular autonomic modulation and target organs oxidative stress pro�le
improvement than male rats.

Introduction
Indeed, in young adults and middle age, there is a higher prevalence of cardiovascular disease (CVD) in
men than in women, which suggests that sex-related differences in sex hormones might have a key role
in the development CVD [1]. Sex hormones exert metabolic, hemodynamic and cardiac autonomic effects
that may explain sex differences in the relevance of risk factors of global cardiovascular risk [1, 2].
Clinical and experimental studies report that cardiovascular autonomic regulation also plays an
important role in cardiac mortality [3, 4]. Previous studies showed that sex-related differences in cardiac
autonomic modulation [5]. Clinical and pre-clinical studies have identi�ed a higher resting heart rate,
cardiac vagal tone and lower cardiac sympathetic tonus in women compared to man [6].

In fact, Kuo et al. [7] showed that young women have a higher parasympathetic modulation and a lower
sympathetic modulation than men, however, the sex-related difference in parasympathetic regulation
diminishes after age 50 years, whereas a signi�cant time delay for the disappearance of sympathetic
dominance occurs in men. It coincides with the menopause, when there is a marked reduction on female
sex hormones. Together, these �ndings suggest that estrogen has a protective effect on cardiac
autonomic modulation response, while endogenous androgen have a detrimental effect on the
development of CVD.



Page 3/19

Oxidative stress is another important mechanism involved in the pathophysiology of a large numbers of
diseases such hypertension, stroke and other cardiovascular diseases [8, 9]. Previous studies have
suggested a link between sex and oxidative stress [9]. In this sense, Borrás et al. [10] showed that female
Wistar rats have higher antioxidant gene expression and lower oxidative stress than males. Additionally,
studies from our group have shown that autonomic dysfunctions, such as an increased cardiac
sympathetic modulation, has been correlated with increase in markers of oxidative stress [11, 12].

On the other hand, regular physical activity promotes numerous bene�cial adaptations, as well as
reduces the risk of chronic diseases [13, 14]. It is well known that acute exercise activates the
sympathetic drive and generates reactive oxygen species (ROS) [15, 16]. However, regular (chronic)
exercise training improves cardiovascular autonomic control and up-regulates the antioxidants pro�le in
heart and kidney [17, 18]. In this regard, our group has shown bene�ts on cardiovascular and autonomic
control parameters in healthy females [19] as well as in male rats [20] after a protocol of moderate-
intensity aerobic exercise training. Nevertheless, the link between cardiac autonomic modulation and
oxidative stress under aerobic exercise training stimulus in sex differences are still unclear.

In this study, since that autonomic nervous system has an important role of the management oxidative
stress status and that aerobic exercise training would induce bene�ts in these important mechanisms in
both sexes. We tested the hypothesis that healthy females present better cardiovascular autonomic
control and oxidative status in target organs than healthy males and are more responsible to exercise
training-induced adaptations. To address this issue, we investigated the difference between sexes after 8
weeks of aerobic exercise training on cardiovascular autonomic modulation and oxidative stress in
heathy male and female rats.

Material And Methods

Animals and groups.
Male and female Wistar rats (200–230 g) were obtained from the Animal Facilities of São Judas Tadeu
University (São Paulo, SP, Brazil). The animals received freely available standard laboratory chow and
water and were housed in a controlled room temperature (22° C) and kept under controlled 12-h light-dark
cycle. Were assigned into 4 groups (n = 8 each): sedentary male (SM), trained male (TM), sedentary
female (SF) and trained female (TF). All surgical procedures and protocols were approved by the ethics
committee of São Judas Tadeu University (Protocol #076/2004), and were conducted in accordance with
the National Guidelines for the Care and Use of Laboratory Animals. For the female groups, all in vivo
evaluations and euthanasia were conducted on non-ovulatory phase of estrous cycle.

Aerobic exercise training.
Aerobic exercise training (AT) was performed on a motor treadmill (Imbramed TK-01, Brazil) at low-to-
moderate intensity (~ 50–60% maximum running speed) for 1 h a day, 5 days a week for 8 weeks, with a
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gradual increase in speed from 0.3 to 1.0 km/h. All animals were adapted to the procedure (10 min/day;
0.3 km/h) for 5 days before the beginning of the exercise training protocol. After adaptation, the
sedentary group was exposed to exercise only during the maximum treadmill test. In order to provide a
similar environment and manipulation, sedentary animals were placed on the stationary treadmill three
times a week. Sedentary and trained rats were submitted to a maximum treadmill test as described in
detail in a previous study [21].Tests were performed at the beginning of the experiment and in the 4th and
8th weeks of the training protocol. The purpose was to determine physical capacity and exercise training
intensity [21].

Cardiovascular measurements.
On the day following the last exercise session, rats were anaesthetized with an intraperitoneal injection of
ketamine (90 mg/kg) and xylazine ( 20 mg/kg) to implant 2 polyethylene-tipped Tygon cannulas �lled
with heparinized saline into the right carotid artery and jugular vein for direct measurements of arterial
pressure and drug administration, respectively. The free ends of the cannulas were tunneled
subcutaneously and exteriorized at the top of the skull. To avoid detraining, hemodynamic measurements
were made in conscious, freely moving rats in their home cage 24 h after surgery, since at that time no
signi�cant differences had been observed in AP values (7,32). The arterial cannula was connected to a
transducer (Blood Pressure XDCR, Kent® Scienti�c, USA), and AP signals were recorded for a 30-min
period using a microcomputer equipped with an analog-to-digital converter (Windaq, 2Kz, DATAQ
Instruments, USA). The recorded data were analyzed on a beat-to-beat basis to quantify changes in
systolic (SAP), diastolic (DAP) and mean AP (MAP) and heart rate (HR).

After basal AP measurements, barore�ex sensitivity was evaluated using increasing doses of
phenylephrine (0.5 to 2.0 µg/mL) and sodium nitroprusside (5 to 20 µg/mL), given as sequential bolus
injections (0.1 mL) to produce AP rise and fall responses ranging from 5 to 40 mmHg each. Barore�ex
sensitivity was assessed by a mean index relating changes in HR to changes in MAP, allowing a separate
analysis of gain for re�ex bradycardia and re�ex tachycardia as described elsewhere [22–24]. Standard
deviation from the mean of three time series of 5 min for each animal was used to obtain the pulse
interval (PI) and SAP variabilities in time-domain. For frequency domain analysis, the same time series of
PI and SAP were cubic spline interpolated (250 Hz) and cubic spline decimated to be equally spaced in
time after linear trend removal; power spectral density was obtained through the Fast Fourier
Transformation. Spectral power for low-frequency (LF; 0.20–0.75 Hz) and high-frequency (HF; 0.75-
4.0 Hz) bands were calculated by power spectrum density integration within each frequency bandwidth,
using a customized routine (MATLAB 6.0, Mathworks). The coherence between the PI and SAP signal
variability was assessed through cross-spectral analysis [24].

Oxidative stress evaluations.
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After cardiovascular evaluations, the animals were killed by decapitation, the heart (ventricles) and kidney
(right) were immediately removed, rinsed in saline, and trimmed to remove fat tissue and visible
connective tissue. Tissues were then cut into small pieces, placed in ice-cold buffer, and homogenized in
an ultra-Turrax blender with 1 g of tissue per 5 mL of 150 mmol/L KCl and 20 nmol/L phosphate buffer,
pH 7.4. Homogenates (6–8 animals/group) were centrifuged at 600 g for 10 minutes at 2 °C. Protein was
determined by the method of Lowry et al. using bovine serum albumin as the standard [25].

Lipid peroxidation.
Lipid peroxidation (LPO) was measured by the tert-butyl hydroperoxide-initiated chemiluminescence (CL)
assay, as previously described by Gonzalez Flecha et al. [26] CL assay was carried out with an LKB Rack
Beta liquid scintillation spectrometer 1215 (LKB Producer AB) in the out-of-coincidence mode at room
temperature (25 °C to 27 °C). The supernatants were diluted in 140 mmol/L KCl and 20 mmol/L
phosphate buffer, pH 7.4, and added to glass tubes, which were placed in scintillation vials; 3 mmol/L
tert-butylhydroperoxide was added, and CL was determined as the maximum level of emission.

Total radical- trapping antioxidant potential. TRAP, which indicates the total antioxidant capacity present
in a homogenate was measured by chemiluminescence using 2,2´-azo-bis(2-amidinopropane) (ABAP, a
source of alkyl peroxyl free radicals) and luminal. A misture consisting of 20 mmol.L-1luminol, and
50 mmol.l− 1phosphate buffer (pH = 7.4) was incubated to achieve a steady-state luminescente from the
free radical-mediated luminal oxidation. A calibration curve was obtained by using different
concentrations (between 0.2 and 1 µmol.L− 1) of Trolox (hydrosoluble vitamim E) [27]. Luminescence was
measured in a liquid scintillation counter using the out-of-coincidence mode.

Antioxidant enzyme.
Superoxide dismutase activity (SOD) was measured spectrophotometrically in heart homogenates by rate
inhibition of pyrogallol autooxidation at 420 nm (22). Catalase activity (CAT) was measured by
monitoring the decrease in H2O2 concentration at 240 nm [28]. Glutathione peroxidase activity (GPx) was
determined by monitoring NADPH oxidation spectrophotometrically at 340 nm [29].

Determination of oxidized and reduced glutathione concentration. To determine oxidized and reduced
glutathione concentration, only cardiac tissue was deproteinized with 2 mol/l perchloric acid, centrifuged
for 10 min at 1000 g, and the supernatant was neutralized with 2 mol/l potassium hydroxide. The
reaction medium contained 100 mmol/l phosphate buffer (pH 7.2), 2 mmol/l nicotinamide dinucleotide
phosphate acid, 0.2 U/ml glutathione reductase, and 70 mmol/l 5,50 dithiobis (2-nitrobenzoic acid). To
determine reduced glutathione, the supernatant was neutralized with 2 mol/l potassium hydroxide, to
react with 70 mmol/l 5,50 dithiobis (2-nitro benzoic acid), and the absorbance values measured at
420 nm [29].
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Statistical analysis
Data are presented as mean ± SEM. Levene’s test was used to assess variance homogeneity. Analysis of
variance (ANOVA) was used to compare the 4 groups, followed by Student Newman Keuls post hoc test.
Pearson correlation was used to study the association between variables (n = 6–8 animals/group). The
signi�cance level was established at p < 0.05.

Results

Metabolic evaluations.
In the beginning and at the end of the protocol, the male groups showed a higher body weight (BW) than
the female groups (SM: 285 ± 4 and TM: 297 ± 2 vs SF: 215 ± 5 and TF: 207 ± 5 grams). The aerobic
exercise was not able to attenuate the increase of the body weight throughout the protocol (Delta BW -
SM: 96.8 ± 4.7 vs TM: 86.2 ± 6.7 and SF: 49.4 ± 2.7 vs TF: 40.0 ± 4 grams).

Maximal exercise capacity.
At the beginning of the experiment, maximal exercise capacity was similar among the studied groups
(SM: 1.75 ± 0.03, TM: 1.71 ± 0.04, SF: 1.83 ± 0.06 and TF: 1.86 ± 0.17 km/h). However, after 8 weeks of
exercise training, the trained animals (TM and TF) demonstrated an increase in maximal speed of
running compared with sedentary animals (TM: 2.2 ± 0.06, TF: 2.4 ± 0.11 vs. SM: 1.71 ± 0.10 and SF 1.8 ± 
0.15 km/h). There were no signi�cant differences between sexes.

Cardiovascular measurements.
Hemodynamic data are described on Table 1. Both sedentary groups exhibited similar values in arterial
pressure. Exercise training did not change AP (systolic, diastolic and mean) in both sexes. However,
trained groups exhibited reduced HR when compared to sedentary ones.
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Table 1
Hemodynamic and cardiac autonomic control in sedentary male (SM), trained male (TM), sedentary

female (SF) and trained female (TF).
Measurement SM TM SF TF

MAP (mmHg) 117 ± 2 116 ± 2 113 ± 2 110 ± 3

DAP( mmHg) 100 ± 2 99 ± 3 95 ± 2 96 ± 2

SAP (mmHg) 134 ± 2 135 ± 2 128 ± 2 131 ± 2

HR (bpm) 351 ± 6 331 ± 4† 357 ± 6 334 ± 7†

Data are reported as mean ± SEM. † P < 0.05 vs. SF. MAP: mean arterial pressure; SAP: systolic arterial
pressure; DAP: diastolic arterial pressure; HR: heart rate.

 
Table 2

Cardiac and renal antioxidant enzyme activity in sedentary male (SM), trained male (TM), sedentary
female (SF) and trained female (TF).

Measurement SM TM SF TF

Cardiac        

CAT (pmol/mg protein) 0.5 ± 0.02 0.8 ± 0.04* 0.8 ± 0.04* 0.7 ± 0.05*

SOD (U/mg protein) 15 ± 0.64 14 ± 0.78 16 ± 0.58 16 ± 0.37

GPx (µmol/mg protein) 27 ± 0.73 11 ± 0.64* 32 ± 3.55# 35 ± 1.57*#

Renal        

CAT (pmol/mg protein) 1.97 ± 0.19 4.15 ± 0.17*† 1.72 ± 0.16 2.44 ± 0.43*#

SOD (U/mg protein) 10.8 ± 0.54 8.24 ± 1.08 9.48 ± 0.52 10.97 ± 1.18

GPx (µmol/mg protein) 60.7 ± 5.22 36.7 ± 3.36* 43.0 ± 3.0* 33.6 ± 5.33*

Data are reported as mean ± SEM. * P < 0.05 vs. SM; # P < 0.05 vs. TM; † P < 0.05 vs. SF. CL:
chemiluminescence; CAT: catalase; SOD: Superoxide dismutase; GPx: Glutathione peroxidase).

Cardiovascular autonomic evaluations.
Regarding the autonomic modulation evaluation in time and frequency domains, there was an increase in
total variance of PI (VAR-PI) in the trained groups when compared to the sedentary groups (TM: 69.2 ± 7.2
and TF: 76.2 ± 7.6 vs. SM: 49.5 ± 5.8; SF: 44.5 ± 5.7 ms2) (Fig. 1a). There was no difference in RMSSD
between groups. The LF band of PI was reduced in both trained groups (TM:19.3 ± 1.0 and TF: 20.9 ± 1.6
vs. SM: 26.3 ± 1.4; SF: 27.5 ± 2.1 nu), while the HF band of the PI was increased in both trained groups
when compared to their respectively sedentary groups (TM:80.7 ± 1.0 and TF: 79.1 ± 1.6 vs. SM: 73.7 ± 
1.4; SF: 72.5 ± 2.1 nu). Additionally, the trained group showed decreased LF/HF ratio when compared with
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the sedentary groups (Fig. 1b). There was no difference observed in VAR-SAP between groups (Fig. 1c).
However, the LF band of SAP in both female groups was lower when compared to the male groups (SF:
3.9 ± 0.4; TF: 4.5 ± 0.6 vs. SM: 7.3 ± 0.6 and TM: 6.9 mmHg2) (Fig. 1d). Correlations were obtained
between SAP and LF band of SAP (r = 0.7, p < 0.001) (Fig. 4a), as well as between heart rate and VAR-PI
(r=-0.6, p < 0.001) and LF/HF ratio (r = 0.7, p < 0.001) (Fig. 4b).

Cardiac oxidative stress.
Membrane lipid peroxidation (LPO) as assessed by CL, showed signi�cant reduction in the TM, SF and
TF groups (TM: 3442 ± 172; SF: 2661 ± 358 and TF: 3228 ± 363 µmol/mg protein) when compared to the
SM group (SM: 7323 ± 457 µmol/mg protein) (Fig. 2a). CAT activity showed higher values in the TM, SF
and TF groups when compared to the SM group (Table 2). GPx activity exhibited similar values in either
sedentary groups. After aerobic exercise training, GPx activity showed a signi�cant increase in the TF
group when compared to the TM group (Table 2). There was no signi�cant difference observed in SOD
activity between studied groups (Table 2). The SF group showed decrease in GSSG when compared to
the SM group. However, both trained groups showed lower levels of GSSG when compared with their
respective sedentary groups. An additional decrease was observed in TF group when compared to TM
group (Fig. 3a). We did not observe differences between groups at GSH levels (Fig. 3b) Aerobic exercise
training increased the GSH/GSSG in females (FT group) when compared to other groups (Fig. 3c). The
training in males (TM group) had a signi�cant in�uence on TRAP levels when compared with sedentary
groups (TM: 17.6 ± 2.31 vs. SM: 7.6 ± 1.57 and SF: 7.4 ± 1.19 µM/trolox). Additionally, trained females
showed additional increase on TRAP levels when compared to trained males (TF: 28.4 ± 3.24 µM/trolox)
(Fig. 2b). A positive correlation was observed between LF band of PI and cardiac LPO (r = 0.6, p < 0.01)
(Fig. 4c).

Renal oxidative stress.
Membrane lipid peroxidation (LPO) as assessed by CL, showed signi�cant reduction in trained females
when compared to the other groups (TF: 1831 ± 170 vs. SM: 4825 ± 395; TM: 4415 ± 350 and SF: 4320 ± 
358 µmol/mg protein) (Fig. 2c). CAT activity showed higher values in the TF group when compared to the
SM group. Nevertheless, the TM group showed higher CAT activity when compared to the other groups
(Table 2). There was no signi�cant difference observed in SOD activity (Table 2). GPx activity showed
signi�cant reduction in the TM, SF and TF groups when compared to the SM group (Table 2). The training
in males (TM group) had a signi�cant in�uence on TRAP levels when compared with sedentary groups
(TM: 102 ± 15 vs. SM: 42.84 ± 8.29 and SF: 64.74 ± 5.78 µM/trolox). Additionally, the trained female group
showed additional increase on TRAP levels when compared to the trained male group (TF: 196 ± 18
µM/trolox) (Fig. 2d). Positive correlations were obtained between renal LPO and SAP (r = 0.6, p < 0.01)
and LF band of SAP (r = 0.6, p < 0.01) (Fig. 4d).
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Discussion
In the present study we investigated the difference between sexes on cardiovascular autonomic
modulation and oxidative stress in target organs after eight weeks of aerobic exercise training. The major
�nding of this study is that, besides both trained groups showing improvement on cardiovascular
autonomic control and cardiac and renal oxidative stress when compared to the sedentary groups, the
female group was more responsive to the exercise training protocol than the male group. This suggests
that the sexes may respond differently to aerobic exercise training regarding cardiovascular autonomic
control and oxidative stress.

The autonomic nervous system is a key regulator of cardiovascular homeostasis [5]. There are multiple
ways to measure cardiac autonomic control; in this study, we used the heart rate and arterial pressure
variability, which allows us to assess the role of autonomic nervous system �uctuations in normal
healthy individuals and in patients with various cardiovascular and non-cardiovascular disorders [30].
Recent data support that estrogen provides a degree of cardiovascular protection by in�uence of the
autonomic nervous system [5, 31]. In this sense, Kuo et al. [7] showed that healthy women had lower
cardiac sympathetic modulation when compared to men before post menopause stage. That result is
also in concordance with the lower LF band of SAP observed in the female groups in the present study.
These results could explain the lower cardiovascular risk between pre-menopausal women compared to
men. Additionally, the aerobic exercise training was able to improve HR variability and simpathovagal
balance (LF/HF) independent of sex, which can be explained by a decrease of the LF band of PI and an
increase in HF band of PI. In fact, the cardiac bene�ts induced by aerobic exercise training seems to be
not dependent of sex, even with difference on cardiovascular autonomic modulation in sedentary
condition [31].

Moreover, studies have shown that dynamic aerobic exercise training does not change arterial blood
pressure in male [32] and female [19] normotensive rats. Indeed, in the present study, the AP values
obtained did not change after aerobic exercise training in both sexes; however, the female animals
showed lower vascular sympathetic modulation than males, which may explain a reduced
vasoconstriction and a lower vascular resistance in females in comparison to males, especially after
exercise [33]. Interesting, we observed a positive correlation between LF band of SAP and SAP, showing
that, despite similar basal values of AP between sexes and condition of training, animals with lower
sympathetic vascular modulation presented reduced values of SAP. In the present study, we observed
resting bradycardia in trained male and female rats compared to sedentary groups, which can be related
with an important reduction in cardiac sympathovagal balance. In fact, supporting this hypothesis we
obtained signi�cant correlations involving all groups between HR and VAR-PI (r=-0.6) and LF/HF ratio (r = 
0.7), demonstrating that animals with higher cardiac total variance of PI or lower cardiac sympathovagal
balance showed reduced basal HR.

Previous studies also have shown that female rats run more than male rats [34]. In the present study, 8
weeks of the aerobic exercise training induced an increase of exercise capacity, as evaluated by the
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response to the maximal exercise test, in both sexes. This result corroborates with previous studies in
males and females Wistar [34] and ovarectomized rats [11].

Reactive oxygen species (ROS) are formed under both physiological and pathological conditions and
have been implicated of a large number of diseases [8, 9]. Some studies have shown an association with
a decreased sympathetic modulation and an enhanced oxidative stress central and peripherally [11, 12].
Moreover, accumulating evidences indicate a protective role of estrogen on cardiovascular disorder [22,
35]. In the present study, we observed that sedentary female rats showed less membrane lipid
peroxidation in cardiac tissue as assessed by CL when compared to sedentary male rats. Indeed,
estrogen seems to act centrally reducing BP, sympathoexcitation and oxidative stress [36]. Some studies
have reported an important role of sex difference in antioxidant capacity and exercise-induced reactive
oxygen species production [34, 37]. On the other hand, some studies claim that sex does not affect
oxidative stress parameters after exercise training [38]. Therefore, the impact of exercise training on
oxidative stress between sexes remains contradictory.

We observed that exercise training induced a decrease in both trained groups on membrane lipid
peroxidation in cardiac tissue; however, only the trained female group showed a reduced membrane lipid
peroxidation in renal tissue. This data reinforce results showing that the response to oxidative stress
induced by exercise training is dependent of tissue [39]. However, this response occurred probably due an
increase in the antioxidant enzymes activity, such as CAT and GPx, which may be associated with a
marked increase of nonenzymatic antioxidant capacity, evidenced by TRAP. In agreement with the present
�ndings, previous data of our group showed a reduction on cardiac oxidative stress markers after aerobic
exercise training in female ovariectomized [11] and male hypertensive rats [40]. Glutathione redox
balance (GSH/GSSG) in cardiac tissue also was improved in the trained female group in the present
study. It is important to note that this nonenzymatic endogenous antioxidant has a major role against
oxidative stress [41]. Thus, the better antioxidative pro�le in trained females in both cardiac and renal
tissues may be explained by female sex hormones, which can induce antioxidant enzyme expression by
stimulating the antioxidant defense system [42], inhibit the formation of lipid peroxidase in some tissues
[43] and lead to a higher mitochondrial/systemic antioxidant capacity [10].

It is important to remain that unfavorable changes in BP or HR variability were correlated with end organ
damage in humans and rats, despite normal values of AP [44–46]. Furthermore, it well known that
oxidative stress is one of the key mechanisms involved in end organ damage that can be developed
during life spam [8]. In this sense, our data provide evidence that changes in cardiovascular autonomic
modulation related to sex or condition of training can impact in oxidative stress markers in target organ.
We observed signi�cant positive correlations between LF band of PI and cardiac LPO, as well as, between
SAP or LF band of SAP with renal LPO. Together, these results suggest that animals with lower
cardiac/vascular sympathetic modulation or SAP presented reduced levels of cardiac/renal oxidative
damage.
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Indeed, in this study, we showed that there are some differences in autonomic modulation and oxidative
stress markers between males and females. Interestingly, female rats seem to be more responsive to a
moderate intensity aerobic exercise training. When we compared the sedentary and trained groups, we
observed that the TF group showed an increase of 71% in VAR-PI and 272% in cardiac and 206% in renal
TRAP, as well as a reduction of 50% in cardiac GSSG, while the TM group showed an increase of 39% in
VAR-PI and 131% in cardiac and 142% in renal TRAP, as well as a reduction of 18% in cardiac GSSG.
Thus, the trained female animals showed greater improvement on VAR-PI (~ 1.8 times), on cardiac and
renal TRAP (~ 2,1 and ~ 1.5 times, respectively) and on cardiac GSSG (~ 2.8 times) than trained male
animals. Moreover, despite trained males reduced cardiac LPO to similar levels observed in trained
females, only females rat reduced VAR-SAP and renal LPO and improved cardiac glutathione redox
balance in response to aerobic exercise training.

In conclusion, aerobic exercise training protocol improved cardiovascular autonomic modulation and
oxidative stress pro�le in target organs in both sexes. The favorable changes on BP and HR variability
were associated with hemodynamic improvement and reduced end organ damage. The exercise training
bene�ts were more pronounced in females than males. Therefore, �ndings from the current study suggest
that sex was an important determinant of changes induced by aerobic exercise training. Our data
reinforce that sex should be considered to understand autonomic modulation and oxidative stress-
induced cardiovascular dysfunction, as well as, the effects of different approach to prevent/treat
cardiovascular disease.

Perspectives and Signi�cance
There is a higher prevalence of cardiovascular disease in men than in women, which suggests that sex-
related differences in sex hormones might have a key role in the development CVD. Additionally, regular
physical activity promotes numerous bene�cial adaptations, as well as reduces the risk of chronic
diseases. Our �ndings contribute to a fuller understanding of the impact of aerobic exercise training on
cardiovascular autonomic control and oxidative stress between gender. In this since, we observed in an
experimental model that female rats showed additional aerobic exercise training induced-cardiovascular
autonomic modulation and target organs oxidative stress pro�le improvement than male rats. As the
estimates of cardiovascular mortality in the coming years are still quite challenging, our data reinforce
the need for further research on the effects of regular exercise on the mechanisms of autonomic
cardiovascular control, oxidative stress and immunity between genders.
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Figures

Figure 1

Female showed lower Sympathetic modulation in experimental model.
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Figure 2

Trained female showed better cardiac and renal oxidative stress pro�le
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Figure 3

Trained females presented higher antioxidant capacity
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Figure 4

cardiovascular autonomic modulation was correlated with basal hemodynamics and oxidative damage
in target organs


