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[ Abstract] Objective To observe whether appropriate intermittent exercise at the ischemic threshold can
safely promote collateral circulation in an ischemic area of the myocardium through the increased expression of vascu-
lar endothelial growth factor (VEGF) and its receptor fetal liver kinase-1 (Flk-1). Methods A balloon constrictor
was surgically implanted in the first obtuse marginal coronary artery (OM1) of miniature pigs. The subjects were di-
vided into 3 groups: a sham-operation group, a pure ischemia group, and an exercise training group. Subjects in the
exercise training group performed individualized treadmill programs 30 min daily, 5 d per week, for 8 weeks, inclu-
ding 2 two-minute episodes of exercise-induced ischemia. Two pre-exercise episodes of pure ischemia induced by brief
OM1 occlusion were also conducted. Only pure ischemia was induced in the pure ischemia group, and the sham-oper-
ation group remained sedentary for the experimental period. Relative myocardial blood flow ( RMBF) was measured
using microspheres. VEGF and Flk-1 expression levels were measured by Western blotting and real time RT-PCR an-
alyses. Cardiac troponin I (ctnl) levels were determined using an enzyme-linked immunosorbent assay ( ELISA).
Light and electron microscopy were employed to examine myocardia damage in the ischemic area. Results RMBFs
in the exercise training group were significantly higher than those in the pure ischemia and sham-operation groups.
RMBFs in the pure ischemia group were significantly higher than those in the sham-operation group. The expression of
VEGF and Flk-1 proteins and mRNAs in the exercise training group were significantly higher than those in the pure
ischemia and sham-operation groups, and the levels in the pure ischemia group were also significantly higher than
those in the sham-operation group. After training, no myocardial damage and no ctnl increase was observed in the

pure ischemia group. Microscopy revealed no obvious structural changes. Conclusion Intermittent exercise at the
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ischemia threshold intension can safely promote coronary collateral formation through upregulation of VEGF and Flk-1

expression in the ischemic myocardial area of a porcine model.
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