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Introduction: Cardiovascular risk increase after ovarian deprivation has been extensively demonstrated by our research group 
through cardiovascular autonomic analysis. Interventions involving different types of exercises, such as resistance exercises or 
combined exercises (aerobic and resistance) have been widely recommended to prevent or minimize neuromuscular decline in 
postmenopausal women, which is aggravated by a sedentary lifestyle. Experimentally, the cardiovascular effects of resistance or 
combined training, as well as comparison between aerobic, resistance, and combined training, in ovariectomized animals are scarce.
Purpose: In this study, we hypothesized that the combination of aerobic and resistance training may be more effective in preventing 
muscle mass loss, as well as improving cardiovascular autonomic modulation and baroreflex sensitivity, than aerobic or resistance 
training individually in ovariectomized rats.
Animals and Methods: Female rats were divided into 5 groups: sedentary (C); ovariectomized (Ovx); trained ovariectomized 
submitted to aerobic training (OvxAT); resistance training (OvxRT); combined training (OvxCT). Exercise training lasted 8 weeks, 
with the combined group alternating between aerobic training and resistance training every other day. At the end of the study, glycemia 
and insulin tolerance were evaluated. Arterial pressure (AP) was directly recorded. Baroreflex sensitivity was assessed by heart rate 
response to changes in arterial pressure. Cardiovascular autonomic modulation was evaluated by spectral analysis.
Results: Combined training was the only training regime that increased baroreflex sensitivity for tachycardic response and reduced all 
systolic blood pressure variability parameters. Furthermore, all animals submitted to exercise training on a treadmill (OvxAT and 
OvxCT) presented lower systolic, diastolic, and mean pressure, as well as improvements in the autonomic modulation for the heart.
Conclusion: Combined training showed to be more effective than isolated aerobic and resistance training, mixing the isolated benefits 
of each modality. It was the only modality able to increase baroreflex sensitivity to tachycardic responses, reduce arterial pressure and 
all parameters of vascular sympathetic modulation.
Keywords: combined exercise training, resistance exercise training, aerobic exercise training, ovarian hormone deprivation, 
cardiovascular autonomic modulation, baroreflex sensitivity

Introduction
According to the World Health Organization (WHO), cardiovascular diseases are responsible for approximately 
17 million deaths per year worldwide.1 Hypertension has been considered the major factor that causes elevated 

Diabetes, Metabolic Syndrome and Obesity 2023:16 1903–1913                                         1903
© 2023 Da Costa-Santos et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress. 
com/terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By 

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly 
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 20 August 2022
Accepted: 10 April 2023
Published: 26 June 2023

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-8753-0105
http://orcid.org/0000-0001-7415-0229
http://orcid.org/0000-0002-4973-9434
http://orcid.org/0000-0002-0283-7432
http://orcid.org/0000-0003-1430-7452
http://orcid.org/0000-0003-2802-8753
http://orcid.org/0000-0001-7766-7506
http://orcid.org/0000-0003-2097-3662
http://orcid.org/0000-0002-3640-9049
http://orcid.org/0000-0003-4935-3221
http://orcid.org/0000-0001-6195-4340
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


myocardial infarction risk in women compare to men,2 as well as Diabetes.3 In addition, the American heart association 
(AHA) demonstrated that the incidence of cardiovascular disease in women continues to increase with age, especially 
after menopause and in the presence of diabetes.4

Experimentally, the ovariectomized model (bilateral ovarian removal surgery) has been used in young animals to 
study the effects of ovarian deprivation and exclude bias for aging process. The effects of this model on blood pressure 
are controversial; some reports demonstrate that 8 weeks after ovariectomy surgery a statistically significant increase in 
arterial pressure (AP) can be observed compared to control females,5 or females with associated risk factors.6 However, 
other reports did not observe a statistically significant increase in blood pressure.7,8

The analysis of heart rate variability (HRV) and systolic arterial pressure variability (SAP-V) are considered measures 
of autonomic function.9 Beside the values of mean AP, the study of oscillations in AP over time is associated with 
cardiovascular and mortality outcomes;9 the SAP-V observed beat-to-beat in a rest state is the result of autonomic 
modulation.10 In the same way, HRV reflects the interaction of several factors that involve the influence of the autonomic 
nervous system on cardiac beat-to-beat modulation.11

Baroreceptors are essential controllers of AP maintenance in the short term, and they allow neural adjustments to modulate 
the cardiovascular autonomic response.12 Baroreflex impairment precedes cardiovascular autonomic dysfunction, and both 
are strongly related to cardiac mortality.13 Aerobic exercise training is considered an important non-pharmacological strategy 
that provides cardiovascular benefits in ovariectomized rats, such as reduced blood pressure and heart rate and increased 
baroreflex sensitivity.14 At the same time, clinical investigations with resistance training primarily focus on neuromuscular 
adaptations, such as increasing strength, muscular endurance, and functional capacity in women.15 We standardized 
a resistance training model for experimental studies to investigate cardiovascular effects on different conditions and 
diseases.16 Previously, resistance training did not reverse blood pressure, cardiovascular autonomic and baroreflex impairment 
in ovarian deprivation model with hypertension or metabolic dysfunction.17,18

European Society of Cardiology (ESC) and American heart association (AHA) guidelines recommend the combination of 
aerobic plus resistance training as level of evidence A for cardiovascular prevention in adults.19,20 Experimentally, cardiovascular 
effects of resistance5,17,18 or combined training in ovariectomized animals are scarce,21,22 as well as aerobic, resistance or 
combined training comparison in ovariectomized animals.23 Thus, the aim of this study was to compare the cardiovascular and 
metabolic effects of aerobic, resistance, or combined training (aerobic plus resistance) in an experimental menopause model.

Materials and Methods
Experiments were performed on 40 female Wistar rats (8-week-old) obtained from Nove de Julho University, Brazil. The 
rats received standard laboratory chow (Nuvital, Colombo, Brazil) and water ad libitum. The animals were housed in 
cages (4 animals/cage) in a temperature-controlled room (22°C) with a 12:12-h dark-light cycle (dark cycle from 6:00 am 
to 6:00 pm). Thus, five experimental groups were used (n=8 each group): sedentary (C) and ovariectomized (Ovx); and 
trained ovariectomized submitted to aerobic training (OvxAT), or resistance training (OvxRT), or combined (aerobic + 
resistance) exercise training (OvxCT). All surgical procedures and protocols were approved by Nove de Julho University 
Ethical Committee (protocol AN0023/2015). They were conducted following the recommendations of the National 
Institute of Health’s Guide for the Care and Use of Laboratory Animals. Experimental design can be seen in Figure 1.

Ovariectomy
Animals were anesthetized (80mg/kg ketamine and 12mg/kg xylazine), and the oviduct was sectioned. The ovaries 
were removed, and the ovariectomy surgical procedure was confirmed from a previous study.24 Previous studies 
demonstrated that exercise training for eight weeks attenuates the deleterious effects in ovariectomized or diabetics 
animals.23

Aerobic Training Protocol
All animals were adapted to walk and run on a motorized treadmill (10min/day, 5 m/min) for 5 days before the initial 
maximal running test,25 which was used to calculate the exercise intensity. The test consists of placing the animal on the 
treadmill to run at a 5 m/min speed for 3 minutes. This speed was increased by 5 m/min every 3 minutes until the 
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animal’s exhaustion. This test was performed three times: to begin the protocol (1st week), to recalculate training 
intensity (4th week), and to observe the animal’s performance after the training protocol (8th week). Aerobic training was 
a voluntary exercise protocol performed without electrical stimulus, water restriction, or food restriction performed on 
a treadmill (Imbramed TK-01, Brazil) at moderate intensity (50–70% maximum capacity of running) for 8 weeks (5 days 
per week ~1 hour/day) without electrical stimulation, water, or food restriction.6

Resistance Training Protocol
Resistance training was a voluntary exercise protocol performed on a ladder adapted for rats without electrical stimulus, 
water restriction, or food restriction. The animals performed the maximal load test 3 times (1st, 4th, and 8th weeks). The 
test consisted of an initial climb with a load of 75% of body weight. After completing the first climb, a 2-min rest period 
they have preceded the next climb. For the next climbs, the loads were increased by another 15% (1st-week test), 25% 
(4th-week test), or 40% (8thweek test) of body weight. Resistance training intensity was calculated based on the maximal 
load test. The intensity was like the aerobic training protocol (5070% of maximum load) for 8 weeks, 5 days a week, with 
15 climbs per session and a 1min time interval between climbs.16

Combined Training Protocol
Combined exercise training was performed for 8 weeks, 5 days a week, at moderate intensity (50–70% of maximum). It 
was performed on alternate days: one day on the treadmill and one day on the ladder, using half of the weekly frequency 
of isolated aerobic and resistance training.21

Insulin Tolerance Test
At the end of the 8th week, animals’ blood glucose level was measured after a 4-hour fast with a glucometer 
(ACCU-CHEK Advantage, Roche, Brazil). Rats fasted for two more hours, totaling 6 hours of fasting. They were 
anesthetized with pentobarbital sodium (40 mg/kg) and given a caudal intravenous injection of insulin (0.75U/kg 
body weight) as described in another study.26,27 The glycemia values from minutes 4 to 16 were used to calculate the 
plasma glucose drop constant. The constant rate for plasma glucose disappearance (Kitt) was calculated from the 
formula 0.693/t½.28

Hemodynamic Assessment
In the 9th week, 24 hours after the last training session, two catheters filled with 0.06mL of saline were implanted into 
anesthetized rats’ carotid artery and jugular vein (80mg/kg ketamine and 12mg/kg xylazine). The arterial cannula was 

Figure 1 Experimental design. In the 1st week of the protocol were performed the maximum running capacity test (MRT), maximum load test (MLT) and ovariectomy 
surgery. The three types of exercise training were performed for 8 weeks at moderate intensity (50–70% MRT and MLT). In the 4th week MRT and MLT were performed to 
readjust exercise intensity for the next 4 weeks. At the 8th week, glycemia and insulin tolerance test were measured. In the 9th week hemodynamic assessments were 
performed to evaluate blood pressure, baroreflex sensitivity and cardiovascular autonomic modulation. Then, euthanasia was performed to measure body fat and muscle 
weight.
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connected to a transducer (Blood Pressure XDCR; Kent Scientific), and AP signals were recorded for a 30-min period 
using a microcomputer equipped with an analog-to-digital converter (CODAS, 2KHz; DATAQ Instruments). The 
recorded data were analyzed beat-to-beat to quantify changes in mean arterial pressure (MAP), and heart rate (HR) 
was calculated from systolic peaks over 60 seconds.26 To avoid detraining, the hemodynamic measurements were made 
in conscious, freely moving rats in their cage at least 48 hours after the last training session.

Cardiovascular Autonomic Modulation
Baroreflex sensitivity was evaluated by increasing doses of phenylephrine (0.5 to 2.0 μg/mL) and sodium nitroprusside (5 
to 20 μg/mL) that were given as sequential bolus injections (0.1mL) to produce pressure responses ranging from 5 to 40 
mmHg for both higher and lower AP responses. A 3- to 5-min interval between doses was needed for AP to return to 
baseline. Baroreflex sensitivity was evaluated by a mean index, calculated as the ratio between changes in HR to the 
changes in MAP, allowing separate analysis of reflex bradycardia and reflex tachycardia as described elsewhere.21,29

For time and frequency domain analysis of cardiovascular autonomic modulation, more stable time series were 
chosen (3-time series of 5 min for each animal) of pulse interval (PI) and systolic arterial pressure (SAP). Spectral power 
is composed of a low-frequency band (LF, 0.20–0.75Hz) and high-frequency band (HF, 0.75–3.0Hz) calculated using 
a customized routine (CardioSeries V2.4) as described elsewhere.21,24 The sympathovagal ratio (LF/HF) was calculated 
based on normalized LF and HF.30 The normalized units (nu) were obtained by dividing the power of a given component 
by the total power (from which the very low frequency-VLF was subtracted) and multiplied by 100.

Tissue Samples
After cardiovascular measures, the animals were preanesthetized with ketamine and killed by decapitation. Muscle 
tissues (gastrocnemius, soleus, and extensor digitorum longus EDL) were extracted and weighed by the same blinded 
technician; their values were normalized (divided by the animal’s body weight and multiplied by 100). Likewise, adipose 
tissues (visceral and ovarian) were weighed, added, and their values were normalized. No animals were excluded or died 
during the experimental protocol.

Statistical Analysis
Data from each group were presented as mean ± standard error of the mean and included in the results section for 
systematic reviews with meta-analyses. GraphPad Prism 8.0.1 software was used for statistical analysis. The Shapiro– 
Wilk test was used to verify the normality of the variables. The control group (C) was used only to demonstrate the 
baseline values of fertile female rats of the same age and body weight. It was not included in the statistical comparison. 
One-way ANOVA, followed by Tukey’s post hoc test, was applied to compare the sedentary and trained Ovx groups. 
Values of p<0.05 were considered significant.

Results
The animals submitted to exercise training in the treadmill, aerobic OvxAT, and combined OvxCT groups, presented 
higher running capacity than the OvxRT group (Table 1). On the other hand, only trained animals on ladder showed 
increased performance in the maximal load test than the sedentary ovariectomized group (Ovx). In addition, OvxRT 
showed an additional increase compared with OvxAT (Table 1).

Notably, there was no increase in body weight in trained ovariectomized animals with a reduction in the OvxAT vs 
Ovx group. There was a reduction in % WAT, regardless of training modality vs Ovx group (Table 1). Regarding muscle 
tissue, the three types of exercise training increased soleus mass compared to the OVX group (Table 1). Gastrocnemius 
and EDL muscle mass were increased only in OvxRT vs Ovx group (Table 1). Although there was no difference in 
glycemia among the studied animals (Table 1), the insulin tolerance test showed that aerobic training alone promoted 
insulin sensitivity increase in the OvxAT group compared to all groups (OvxAT vs Ovx p= 0.0008 vs OvxRT p= 0.0007 
and vs OvxCT p= 0.0275) (Table 1).

Animals submitted to exercise training on a treadmill (OvxAT and OvxCT groups) presented lower systolic pressure values 
compared to the Ovx group (C 130.2±2.8, Ovx 137.3±2.9, OvxAT 122.8±2.4, OvxRT 124.3±4.3, OvxCT 116.7±5.1 mmHg; 
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OvxAT vs Ovx p= 0.0295; OvxCT vs Ovx p= 0.0010) (Figure 2A) and diastolic pressure regardless training modality (C 102.8 
±3.6, Ovx 108.9±2.2, OvxAT 95.3±1.4, OvxRT 95.9±4.4, OvxCT 88.0±5.1 mmHg; OvxAT vs Ovx p= 0.0040); OvxRT vs 
Ovx p=0.0225 OvxCT vs Ovx p=0.0001) (Figure 2B) compared to sedentary ovariectomized animals, while mean AP was 
reduced in both animals submitted to exercise training on a treadmill and in the OvxCT group compared to OvxRT (C 112.0 
±1.8, Ovx 121.5±1.7, OvxAT 110.9±1.7, OvxRT 114.1±5.1, OvxCT 99.6±4.6 mmHg; OvxAT vs Ovx p= 0.0218; OvxCT vs 
Ovx p<0.0001; OvxCT vs OvxRT p= 0.0235) (Figure 2C) showing an additional benefit of combined training versus OvxRT 
on the mean AP. The HR was lower in trained animals than in sedentary ovariectomized regardless of training modality (C 
408.3±5.4, Ovx 411.0±18.2, OvxAT 342.2±8.4, OvxRT 355.3±4.7, OvxCT 351.7±4.9 bpm; OvxAT vs Ovx p=0.0212; OvxRT 
vs Ovx p=0.0100; OvxCT vs Ovx p= 0.0027) (Figure 2D). Baroreflex sensitivity for tachycardic responses was increased only 
in the OvxCT group, compared to the Ovx group C 3.30±0.12, Ovx 2.43±0.14, OvxAT 2.95±0.42, OvxRT 2.75±0.23, OvxCT 
3.40±0.27 bpm/mmHg; OvxCT vs Ovx p= 0.0316) (Figure 2E). There was no difference between groups in baroreflex 
sensitivity for bradycardic responses (C: −2.13±0.23; Ovx: −1.66± 0.16; OvxAT: 1.98 ± 0.23; OvxRT: −1.86± 0.12; OvxCT: 
−1.84± 0.18 p= 0.6326) (Figure 2F). For cardiac autonomic modulation in the time domain, both OvxAT and OvxCT groups 
showed an increase in SD-PI (C: 5.37±0.23; Ovx: 5.39±0.23; OvxAT: 8.55±0.38; OvxRT: 7.05±0.85; OvxCT: 8.02±0.67 - ms) 
and VAR-PI (C: 29.34±2.39; Ovx: 29.15±2.46; OvxAT: 61.70±5.90; OvxRT: 51.07±8.12; OvxCT: 56.71±8.40 - ms2), 
compared to Ovx group (Figures 3A and B, respectively). In addition, the trained groups (OvxAT and OvxCT) showed an 
increase in RMSSD compared to the Ovx group (C: 6.39±0.24; Ovx: 5.66±0.27; OvxAT: 7.45±0.13; OvxRT: 6.18±0.29; 
OvxCT: 7.24±0.38 - ms) (Figure 3C). For the frequency domain, exercise training in the groups OvxRT and OvxCT reduced 
the LF-PI band compared to the Ovx group (C: 19.94±2.18; Ovx: 31.48±2.66; OvxAT: 21.48±0.50; OvxRT 17.43±2.13; 
OvxCT: 18.92±1.92 - nu), and HF-PI band was increased regardless the training modality (C 81.91±2.18, Ovx 69.80±1.74; 
OvxAT 78.52±0.50; OvxRT 79.76±1.45; OvxCT: 79.48±2.10 - nu) (Figures 3D and E, respectively). All trained groups 
(OvxAT, OvxRT, and OvxCT) reduced the LF/HF compared to the Ovx group (C 0.23±0.021; Ovx 0.34±0.025; OvxAT 0.24 
±0.013; OvxRT 0.24±0.013; OvxCT 0.23±0.032 (Figure 3F). Vascular sympathetic modulation parameters such as SD-SAP 
and VARSAP were only reduced in the combined exercise group (Figure 3G and H, respectively). The vascular sympathetic 
autonomic modulation, represented by the LF-SAP band, was reduced for both trained groups OvxRT and OvxCT (C 5.40 

Table 1 Body Weight, White Adipose Tissue, Maximum Running Capacity, Maximum Load Test, Blood Glucose, Insulin Tolerance and 
Muscle Mass by Group: Sedentary (C); Sedentary Ovariectomized (Ovx); Aerobic Training (OvxAT); Resistance Training (OvxRT); and 
Combined Training (OvxCT)

MEASUREMENTS C Ovx OvxAT OvxRT OvxCT P value

Body weight (g)
Final 288.7±16.8 329.7±5.6 297.5±12.3a 311.0±8.5 310.6±2.8 <0.0490
WAT (% of body weight)
Final 0.236 1.033 0.527a 0.623a 0.502a <0.0016

MRC (minutes)
Final 12.53±1.19 11.61±0.93 20.74±1.46a 12.40±0.96b 20.68±1.55ac <0.0001

MLT (% of body weight)
Final 172.1±7.0 167.6± 11.4 207.7±13.9 274.8±10.7a,b 252.7±11.7a <0.0001

Blood glucose (mg/dl)
Final 105.7±2.9 98.2±1.6 100.7±2.2 96.6±1.13 100.9±2.8 <0.4529
Insulin tolerance (KITT)
Final 3.599±0.230 2.700±0.209 4.847±0.829a 2.476±0.125b 3.136±0.086b <0.0001

Muscle mass (% of body weight)
Soleus muscle 0.046±0.001 0.044±0.001 0.050±0.001a 0.051±0.001a 0.051±0.001a <0.0014

Gastrocnemius muscle 0.532±0.040 0.431±0.012 0.465±0.028 0.506±0.018a 0.495±0.019 <0.0117

EDL muscle 0.042±0.001 0.041±0.001 0.044±0.001 0.048±0.001a 0.044±0.002 <0.0243

Notes: Data are presented as mean ± standard error (SEM) and P value obtained in one-way ANOVA (n=8 each group). ap<0.05 versus the Ovx group; bp<0.05 versus the 
OvxAT group; cp<0.05 vs versus the OvxRT group. 
Abbreviations: WAT, white adipose tissue; MRC, maximum running capacity; MLT, maximal load test; KITT, insulin tolerance test.
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±0.46; Ovx 8.45±0.98; OvxAT 6.44±1.10; OvxRT 4.83±0.54, OvxCT 3.81±0.31 mmHg2; Ovx vs C p=0.0389; OvxRT vs Ovx 
p=0.0082; OvxCT vs Ovx p=0.0002) (Figure 3I).

Discussion
Combined training reduced arterial pressure compared to control and OvxRT and it was the only modality to increase 
baroreflex sensitivity to tachycardic responses and reduce all parameters of vascular sympathetic modulation. It also 
combined the effects of aerobic and resistance training in all parameters. Combined training (OvxCT) was effective in 
associating the improvement in running capacity observed in all animals submitted to isolated aerobic training (OvxAT) 
with the increase in climbing strength observed in animals submitted to isolated resistance training (OvxRT). Previously, 
our group demonstrated that greater running capacity was correlated with VO2 max improvement.31 It has been 
established in the literature that VO2 max. It is a “gold standard” for assessing human functional health through caption, 
transport, and oxygen utilization.32

Figure 2 Hemodynamic and baroreflex sensitivity data. (A). Systolic arterial pressure; (B) Diastolic arterial pressure; (C) Mean arterial pressure; (D) Heart rate; (E) 
Tachycardic response; (F) Bradycardic response in studied groups (n=8 each group). *p<0.05 versus Ovx group; #p<0.05 vs versus OvxRT group.
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In addition, increased performance in the full load test demonstrates a specific functional improvement in the skeletal 
muscle system in all climbing trained animals (OvxRT and OvxCT). Previously our group demonstrated that ovaries 
hormone deprivation promotes reduction in gastrocnemius muscle and increases adipose tissue compared to fertile 
females33,34 In this sense, the three types of exercise training (OvxAT, OvxRT, and OvxCT) increased soleus muscle in 
relation to Ovx group indicating that can be considered a high standard strategy to avoid sarcopenia-induced by estrogen 
deprivation. Gastrocnemius and Extensor digitorum longus muscle increase was observed only in the resistance training 
group (OvxRT). The bidirectional relationship between insulin resistance and autonomic dysfunction is unquestionable. It 
has been widely demonstrated that the sympathetic vasoconstriction affects glucose uptake,35 while we previously 
demonstrated that insulin resistance through fructose overload promotes reduced parasympathetic tone.27 Weight loss 
has been considered a primary treatment goal to reverse metabolic dysfunctions observed in diabetes type II patients.

About 15% or more of body weight can effectively promote glucose control.36 Animals submitted only to aerobic 
exercise training (OvxAT) showed improved insulin tolerance with 10% less body weight than the Ovx group. However, 
no differences were observed in glycemia between the studied groups. The animals submitted to aerobic exercise training 
isolated or combined (OvxAT and OvxCT) presented lower systolic, diastolic, mean arterial pressure, and HR values 
compared to the ovariectomized group (Ovx), evidencing resting bradycardia, an essential marker of training efficacy. 
Regarding the mechanisms involved in the reduction of AP after aerobic exercise, it was shown that a reduction in 
cardiac output accompanies a reduction in heart rate without a reduction in total peripheral resistance in hypertensive 
rats.37 Thus, the bradycardia at rest observed in the present study could induce a reduction in cardiac output and 

Figure 3 Heart rate and blood pressure variability data. (A) Total power of pulse interval (PI) standard deviation (SD): SD-PI; (B) Total power of pulse interval (PI) variability 
(VAR): VAR-PI; (C) The arithmetic mean of standard deviations between cardiac intervals: RMSSD; (D) Low-frequency (LF) band of (PI): LF-PI band; (E) High-frequency (HF) 
band of (PI): HF-PI band; (F) Sympatho-vagal balance: LF/HF; (G) Total power of systolic arterial pressure (SAP) standard deviation (SD): SD-SAP; (H) Total power of systolic 
arterial pressure (SAP) variability (VAR): VAR-SAP; (I) Low frequency (LF) band of (SAP): LF-SAP band in studied groups (n=8 each group). *p<0.05 versus Ovx group.
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contribute to a reduction in blood pressure. Furthermore, Da Palma et al18 demonstrated that resting bradycardia 
positively correlated with the increase in cardiac parasympathetic modulation. In the OvxRT group, resting bradycardia 
was not accompanied by increased cardiac parasympathetic modulation (RMSSD). This finding indicates that another 
pathway might explain the changes in this group, such as intrinsic heart rate change. In trained young males, resting 
bradycardia is associated with improved function of the sinoatrial node, the primary regulator of intrinsic heart rate.38

Baroreflex adjustments are redefined and modulated by the reciprocal interconnectivity between different nuclei of 
central regulation and efferent neurons.39,40 However, evidence demonstrates that coordinated activation of the vaso-
pressinergic (VPergic) and oxytocinergic (OTergic) supra bulbar neurons is essential to adjust heart rate and cardiac 
output to circulatory demand at rest during exercise.41 In the present study, only animals submitted to combined exercise 
training (OvxCT) showed improved baroreflex sensitivity for tachycardic responses. No differences in baroreflex 
sensitivity were observed for bradycardic responses in any of the groups studied. The improvement in tachycardic reflex 
response may be related to a possible chronic effect of exercise training, increasing the efficiency of the VPergic flow, 
since Morris,42 observed in rats pretreated with vasopressin or V1 antagonist, significant potentiation or marked blunting 
of the tachycardia induced by the exercise. In contrast, the absence of improvement in reflex bradycardia can be 
attributed to the increased Otergic flow after 8 weeks of exercise training in elderly rats43 and rest bradycardia. Thus, 
preventing higher tachycardic values and not requiring further bradycardic reduction. It has also been established that 
a more significant sympathetic nervous system activity is related to increased cardiovascular risk. In contrast, the 
parasympathetic nervous system works oppositely and has been related to cardiovascular protection.21 However, whether 
the LF band of pulse interval (LFPI band) represents, cardiac sympathetic modulation is controversial. Although reports 
demonstrate that pharmacological blockade of cardiac sympathetic tone does not reduce the LF-PI band, the same 
experimental condition reduced the LF/HF index.44 Whereas pharmacological vagal blockade by atropine was shown to 
altogether, abolish the HF-PI band and affect the LF-PI band.45 Thus, the LFPI band has been considered by some 
researchers as a parameter not representative but predominantly of sympathetic modulation. It was recently demonstrated 
that the LF band in the QT interval seems to represent isolated cardiac sympathetic modulation, being suggested to be 
combined with the HF-PI band as a strategy to reduce the risk of bias in the analysis of autonomic cardiovascular 
modulation. Despite this, the results with this type of combination in different experimental models remain unknown.46 

However, the results of the present study corroborate previous studies, which demonstrate that the increase in the LF-PI 
band and the LF / HF index is present along with conditions or diseases that affect the cardiovascular system.18,33

Regular physical activity promotes essential benefits for preventing vascular diseases in the female sex.47 Combined 
exercise training was able to associate LF-band reduction observed in resistance training isolated (OvxRT) with all 
cardiovascular autonomic modulation improvement observed with aerobic exercise isolated (OvxCT and OvxAT), such 
as, increase of the standard deviation and the variance of the pulse interval (SD-PI, VAR-PI) and the parasympathetic 
modulation through increase RMSSD, both contributing to reduce LF/HF index compared to Ovx group. Quinteiro et al48 

demonstrated similar results in a study with menopausal diabetic rats. After 8 weeks of aerobic exercise training, they 
improved cardiovascular dysfunction, thus confirming the beneficial effects of aerobic physical training in an experi-
mental menopause model. Previously, evidence has shown that the projections of PVN otergic neurons into the dorsal 
vagus motor nucleus (DMV) and ambiguous nucleus are responsible for increased cardiac parasympathetic stimulation 
and reduced sympathetic pre-ganglionic neuronal flow during exercise-induced tachycardia45 or pharmacological 
tachycardia,49 possibly suggesting, that these adaptations may become chronic as observed in the present study.

Clinical reports have been suggesting resistance exercise training in association with aerobic exercise training as an 
important non-pharmacological strategy for the prevention and/or attenuation of some risk factors associated with 
metabolic and cardiovascular diseases.18,48,50 In the present study, only animals trained in climbing reduced the LF- 
SAP band compared to the Ovx group. However, combined training extended these benefits to all vascular sympathetic 
modulation parameters, reducing SD-SAP and VAR-SAP compared to the Ovx group. Resistance training, even when 
performed at low intensity, promote an increase in the bioavailability of eNOS as proved by Stanisic,51 and other 
metabolites (adenosine, prostaglandins) that attenuate sympathetically mediated vasoconstriction, a phenomenon known 
as “functional sympatholytic”. This finding supports that aerobic and resistance training combination can enhance the 
cardiovascular health obtained in each modality.
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Conclusions
In ovariectomized animals, combined training showed to be more effective than isolated aerobic and resistance training, 
mixing the isolated benefits of each modality. It was the only modality able to increase baroreflex sensitivity to 
tachycardic responses, reduce arterial pressure and all parameters of vascular sympathetic modulation.
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