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In the heart, a nutritional state (fed or fasted) is characterized by a unique energy metabolism 

pattern determined by the availability of substrates. In fed-state physiology an insulin-activated 

glucose and lactate utilization is increased. We have shown that the increased level of glucose 

oxidation or reduction of fatty acid load in the fed state provides the basis for protection against 

myocardial infarction in an experimental rat model of ischemia-reperfusion. Further 

experiments provided evidence that the changes in long chain acylcarnitine contents orchestrate 

the interplay between the metabolism of pyruvate-lactate and long chain fatty acids, and thus 

determine the pattern of energy metabolism in cardiac mitochondria. The accumulation of L-

carnitine and its fatty acid esters, acylcarnitines, in tissue or plasma have been linked to the 

development of type 2 diabetes mellitus and atherosclerosis.  

Recently, we discovered a potent inhibitor of L-carnitine biosynthesis and transport, methyl-γ-

butyrobetaine (Methyl-GBB), which significantly decreases contents of L-carnitine and acyl-

carnitines in heart tissue. As a result, in Methyl-GBB-treated isolated rat hearts, the uptake and 

oxidation rates of labeled palmitate were significantly decreased by 40%, while glucose 

oxidation was significantly increased 2-fold. Methyl-GBB at dose 5 mg/kg and 20 mg/kg 

decreased the infarct size by 45 and 48%, respectively. In vivo pretreatment with Methyl-GBB 

attenuated the infarct size by 45% and improved 24 h survival of rats by 30%. In apolipoprotein E 

knockout (apoE-/-) mice Methyl-GBB treatment at a dose of 10 mg/kg decreased the 

acylcarnitine and L-carnitine levels in the aortic tissues by seventeen- and ten-fold, 

respectively. This resulted in reduced size of atherosclerotic plaques and decreased 

accumulation of macrophages and monocytes in the atherosclerotic lesions.  

In conclusion, the reduction of L-carnitine and long chain acyl-carnitine content by the inhibition 

of L-carnitine biosynthesis and transport represents an effective strategy to protect against 

ischemia–reperfusion-induced damage and atherosclerosis. Methyl-GBB treatment leads to 

cardioprotective effects by limiting long chain fatty acid oxidation and facilitating glucose 

metabolism.  
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