Does hyperglycaemic heart failure reflect inadequate Randle cycle-based homeostasis?
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Introduction. Most organs are “metabolic omnivores”, with flexibility of predominant metabolic pathways (the Randle cycle) largely reflecting relative availability of major metabolic substrates (glucose and fatty acids) to undergo oxidation within mitochondria via the Krebs cycle. However, severe hyperglycaemia is associated with mitochondrial energetic impairment despite supranormal glucose availability. This distortion of the expected Randle cycle-based activation of glucose utilization has previously been unexplained, limiting development of specific therapies for diabetic heart failure, which is usually subacute and life-threatening. 
Aims. To determine the mechanisms underlying impaired glucose utilization in hyperglycemia, focusing on impaired activation of a transporter controlling transfer of the glucose metabolite pyruvate across the mitochondrial membrane (mitochondrial pyruvate carrier, MPC). 
Methods. Comparisons were made between male diabetic rats (induced by diet/streptozotocin, n=8) and controls (n=5). The expression (via immunoblotting) and activity (via measurement of 14C-pyruvate uptake into the mitochondria) of MPC were measured initially in rat liver, followed by pilot experiments in the heart.
Results. In diabetic rats, mean blood glucose levels were severely elevated (27.3±4.3 vs 9.1±0.4 mM in controls, p<0.05), and both systolic (LVEF) and diastolic LV function (E/E’) assessed by echocardiography were significantly impaired (both p<0.01). MPC expression did not vary significantly between control and diabetic livers (Figure), in contrast with previous reports of carrier up-regulation in obese mouse model. Furthermore, MPC activity was virtually identical in control and diabetic hepatic mitochondria. Analogous experiments are in progress in myocardium. 
Discussion. Despite development of considerable hyperglycaemia, rat hepatic mitochondria fail to establish a basis for incremental glucose utilization, resulting in impairment of the Randle cycle and provision of an energetic basis for the development of heart failure. Ongoing experiments will evaluate whether pharmacological stimulation of MPC activity is possible, and test the Koch’s Postulates regarding resultant amelioration of heart failure.
