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Abstract

Aim: Aging is associated with increased functional and morphological alteration in
cardiac tissue which in turn increases the risk of cardiovascular diseases. Recently
Growth Differentiation Factor 11 (GDF11) is suggested as anti-aging factor in cardiac
tissue, so the present study aimed at investigating the effect of aerobic and resistance
training on cardiac tissue levels of GDF11 in elderly rats. Methods: Twenty four
elderly male rats were used and divided into 3 groups: control, resistance training
(Climbing the ladder with a resistance of 55 to 85% of a maximum repetition, 3
sessions per week) and aerobic training (swimming with a load equal to 3-6% of body
weight, 4 sessions per week, 45 minutes per session). After eight weeks, heart weight
and GDF11 levels of cardiac tissue were assessed. Results: The results of one-way
analysis of variance test showed that resistance and aerobic training increased GDF11
of cardiac tissue by 5.1% and 4.6%, respectively; however, the changes were not
statistically significant (p= 0.59). Also, comparing to the control group the heart to
body weight ratio was 5.9% and 3% lower in both resistance and aerobic training
groups, respectively (p= 0.67). Conclusions: The trend of changes in GDF11 levels
and heart to body weight ratio observed in the present study supports the proposed role
for GDF11 in the control of aging related pathological hypertrophy. However, it seems
that training, at least with the intensity, duration and type used in the present study,
does not have a significant effect on the levels of this protein.
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Extended abstract

Background

World's elderly population is growing dramatically and aging is associated with morphological and functional changes in
cardiomyocytes, which are the main cause of the pathogenesis of cardiac disease and related mortality (4). One of these
changes is aging-induced cardiac hypertrophy, a pathological condition associated with diastolic heart failure (5). Growth
differentiation factor 11 (GDF11) is a protein that has recently been introduced as one of the most important mediators in
reversing the process of pathological hypertrophy (8). Generally, physiological levels of this protein decrease with age
(14).

There is a growing scientific evidence about the positive effect of regular physical activity and exercise in coping with
heart disease and mortality (15). However, there is still no precise information about the regulatory effects of exercise on
longevity-related proteins and the role of these proteins in the mechanism by which exercise may help in coping with the
pathological effects of aging on cardiac tissue. Therefore, the aim of the present study was to investigate whether GDF11
is part of the mechanism of effect of exercise training on the cardiac tissue of elderly rats.

Methodology

Twenty four elderly male rats (aged 19 months) were obtained and three days after keeping them in the laboratory, the
samples were randomly divided into 3 groups: control, aerobic training and resistance training, 8 rats in each group. The
study period was 8 weeks and the rats in the aerobic and resistance training groups performed the training protocol 4 and
3 sessions per week, respectively. The aerobic exercise protocol consisted of 45 minutes of swimming in a pool with a
load equal to 3 to 6% of body weight. In resistance training group, a ladder climbing protocol with 55 to 85% of the
maximum carrying capacity of rats were used. Each resistance training session consisted of 1 set of 10 to 15 repetitions
and 60 to 75 seconds of rest between repetitions. At the end of eighth week and 48 hours after the last training session,
rats were sacrificed and cardiac tissue samples were harvested. Overload in both training protocols was attached to the
tail base of rats. After complete anesthesia, the rats' hearts were removed under sterile conditions by splitting the chest
and after rinsing in physiological serum, they were weighed by a scale with an accuracy of 0.0001. Then, the left ventricle
of each heart was separated and transferred to special microtubes for assessments in a freezer at -80 ° C. GDF11 levels of
cardiac tissue were assessed by ELISA method using ZellBio kit, made in Germany. The Shapiro-Wilk test was used to
investigate the normality of data distribution in the study groups and one-way analysis of variance was used to examine
between group differences. Significance level was set at P <0.05 for all statistical analysis.

Results

Examination of changes in GDF11 levels in the cardiac tissue showed that 8 weeks of aerobic training increased the
amounts of this protein by 4.6% and resistance training by 5.1% compared to the control group; however, according to
the results of one-way analysis of variance there was no statistically significant difference between the groups (P = 0.59).
Figure 1 shows the changes in GDF11 protein in cardiac tissue in the control, aerobic, and resistance training groups.
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Figure 1: GDF11 levels of cardiac tissue in the study groups

Moreover, the results showed a significant increase in heart weight in the rats in the aerobic training group compared to
the control group (P =0.001), but no significant changes were observed in the resistance training group (P = 0.88). Finally,
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examination of changes in heart to weight ratio also showed that despite a 3 and 5.9% decrement in the aerobic and
resistance training groups in comparison with the control group, the changes were not statistically significant (P = 0.67).

Discussion

The findings of this study showed that aerobic and resistance training had no significant effect on the levels of GDF11
protein in the cardiac tissue of elderly rats, but exercise training led to a rising trend in GDF11 levels in cardiac tissue and
a falling trend in the heart to weight ratio in these rats. Analysis of trend changes in the data obtained from this study also
shows that despite the lack of statistical significance, there seems to be a relation between changes in GDF11 and the
heart to weight ratio. This means that an increase in GDF11 was associated with a decrease in the ratio of heart to body
weight (as a major indicator in determining the cardiac hypertrophy). However, due to the dearth of information about
the effects of exercise on the GDF11 levels, especially in the cardiac tissue, more studies with different exercise protocols
is needed to draw any conclusion about the effects of exercise on this protein levels.

Conclusion

Considering the importance of identifying the molecular mechanisms involved in the effect of exercise training on heart
health, especially in elderly population, based on findings of the present study it seems that despite the lack of statistical
significance, resistance and aerobic training might lead to a positive trend in cardiac levels of GDF11 and the heart to
weight ratio in elderly rats. However, further research is needed for better understanding the regulatory effect of exercise
training on GDF11.
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