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Ketone Body Formation 

In humans and most other mammals, acetyl-CoA formed in the liver during oxidation of fatty 

acids can either enter the citric acid cycle or undergo conversion to the “ketone bodies,” acetone, 

acetoacetate, and D-β-hydroxybutyrate, for export to other tissues. Acetone, produced in 

smaller quantities than the other ketone bodies, is exhaled. Acetoacetate and D-β-

hydroxybutyrate are transported by the blood to tissues other than the liver (extrahepatic tissues), 

where they are converted to acetyl-CoA and oxidized in the citric acid cycle, providing much of 

the energy required by tissues such as skeletal and heart muscle and the renal cortex. The brain, 

which preferentially uses glucose as fuel, can adapt to the use of acetoacetate or D-β-

hydroxybutyrate under starvation conditions, when glucose is unavailable. The production and 

export of ketone bodies from the liver to extrahepatic tissues allow continued oxidation of fatty 

acids in the liver when acetyl-CoA is not being oxidized in the citric acid cycle.  

 

The first step in the formation of acetoacetate, occurring in the liver, is the enzymatic 

condensation of two molecules of acetyl-CoA, catalyzed by thiolase. The acetoacetyl-CoA then 

condenses with acetyl-CoA to form β-hydroxy-β -methylglutaryl-CoA (HMG-CoA), with the 

help of enzyme HMG-CoA synthase, which is cleaved to free acetoacetate and acetyl-CoA by 

HMG-CoA lyase.  The acetoacetate is reversibly reduced by D-β-hydroxybutyrate 

dehydrogenase, a mitochondrial enzyme, to D-β-hydroxybutyrate. This enzyme is specific for the 

D stereoisomer; it does not act on L-β-hydroxyacyl-CoA. 

 

In healthy people, acetone is formed in very small amounts from acetoacetate, which is easily 

decarboxylated, either spontaneously or by the action of acetoacetate decarboxylase. In 

extrahepatic tissues, D- β -hydroxybutyrate is oxidized to acetoacetate by D- β -hydroxybutyrate 

dehydrogenase. The acetoacetate is activated to its coenzyme A ester by transfer of CoA from 

succinyl- CoA, an intermediate of the citric acid cycle, in a reaction catalyzed by β-ketoacyl 

CoA transferase. The acetoacetyl-CoA is then cleaved by thiolase to yield two acetyl-CoAs, 

which enter the citric acid cycle. Thus the ketone bodies are used as fuels.  
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FIGURE: KETONE BODY FORMATION 

FIGURE: β HYDROXYBUTYRATE AS FUEL 


