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Abstract

Background and Objectives: Low-intensity aerobic training along with limbs blood
flow restriction (BFR) can improve mass and strength of skeletal muscle in aged people.
However, its effects on aging heart structure and performance is unidentified. In this study,
the effects of this model of training on myocardial function, histology, angiogenesis and
cardiac resistance to isoproterenol (ISO) induced heart injury in old male rats were evaluated.
We also examined the hypothesis that BFR along with Low-intensity training may interfere
with age-associated impairment of mitochondria by the inhibitory phosphorylation of GSK-3f3
at Ser9.

Methods: In the first part of this study old Old male Wistar rats were divided into
control (CTL), sham-operated (Sh), limbs blood flow restriction (BFR), sham-operated plus
10 weeks low intensity treadmill exercise (Sh+Ex), and BFR plus exercise (BFR+Ex) groups.
Finally, blood pressure, heart physiological and stereological parameters, myocardial oxygen
consumption index and expression of vascular endothelial growth factor (VEGF) and its
receptors (Flt-1 and kdr) were assessed. In the second part, animals were divided into the
following six groups: CTL (control), ISO (isoproterenol-treated), Sh+ISO (sham-operated
plus ISO), BFR+ISO (blood flow restriction plus ISO), Sh-Ex+ISO (sham-operated subjected
to exercise and ISO), and BFR-Ex+ISO (blood flow restriction along with exercise and ISO).
10 weeks of exercise training was considered. Then, cardiac injury was induced by injection
of 85 mg/kg isoproterenol subcutaneously for two consecutive days and physiological,
histological and biochemical parameters were recorded and assessed.

Result: BFR+Ex group had significantly lower heart rate (P<0.05 vs. CTL and Sh
groups), rate-pressure product (RPP) and left ventricular end diastolic pressure (P<0.05 and
P<0.01 vs. untrained groups, respectively). BFR+Ex group also had greater +dp/dt max
(P<0.01) and -dp/dt max (P<0.05) than untrained groups. A significant increase in volumes of
left ventricle and myocytes (P<0.05, vs. CTL and Sham), ventricular hypertrophy index and
capillary length density (P<0.05 vs. untrained groups) were observed in BFR+Ex group. The
level of VEGF and Flt-1 proteins and their mRNAs increased in the BFR+Ex group compared
to CTL, Sh and BFR (p<0.01) and Sh+Ex (p<0.05) groups. The kdr mRNA and its protein
level were significantly higher in the BFR+Ex group.



In the other hand, compared to CTL group, isoproterenol administration significantly
reduced the systolic arterial pressure (SAP), left ventricular systolic pressure (LVSP), and
+dp/dt max (P<0.05). BFR training improved these parameters in the way that BFR-Ex+ISO
group had higher SAP, LVSP and +dp/dt max (P<0.05) and lower LVEDP (left ventricular
end diastolic pressure) (P<0.01) than untrained and Sh-Ex-+ISO groups. The pS9-GSK-3f and
pS9-GSK-3B/GSK-3p ratio were increased in the BFR-Ex+ISO group compared to CTL, ISO,
Sh+ISO, and BFR+ISO groups (p<0.05). The level of plasma cardiac troponin-I and the
severity of the injuries were significantly reduced in BFR-Ex+ISO group versus other cardiac

damaged groups).

Conclusion: Our findings suggested that BFR plus exercise can promote cardiac
performance in the elderly rats through improving the angiogenesis, physiological cardiac
remodeling, increased phosphorylated GSK-3 and oxygen demand/supply matching.
Findings confirmed the cardioprotective effect of BFR training against ISO-induced
myocardial injury. A part of the positive effect of this model of exercise on the resistance of
old hearts in dealing with stressful conditions can be attributable to increase in phosphorylated

GSK-3p and angiogenesis.

Key words: low intensity training, cardiac performance, aging, blood flow restriction,

VEGF receptors, Myocardial Injury, GSK-3f3
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