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a The ketone bodies:
* Acetone
* Acetoacetate 
* b-hydroxybutyrate

aKB produce less energy than fatty acids, but have the 
credit of been “water-soluble molecules” that are 
more readily transported in the blood plasma. 

a In fasting, most tissues get energy from oxidation of 
both ketone bodies and fatty acids, but the  brain 
gets its energy from oxidation of ketone bodies

Ketone bodies

Brain never oxidizes fatty acids.



aOccurs when there is high rate of fatty acid 
oxidation (during fasting, starvation, diabetes),
large amounts of acetyl-CoA are generated. 
aWhen levels exceed the capacity of the TCA 
cycle, the acetyl-CoA are used in synthesis of 
ketone bodies (ketogenesis).
aIn mammals, ketone bodies are synthesized in 
the liver (mitochondria) and exported for use by 
other tissues.

Ketogenesis process



Four steps:
1st step 1 (Condensation): 2 molecules of 
Acetyl CoA condense to form acetoacetyl
CoA. Catalysed by a thiolase (or acyl CoA 
acyltransferase – also used in b-oxidation).
2nd step: a 3rd molecule of acetyl CoA is 
added to acetoacetyl coA by HMG CoA 
synthase to produce HMG-CoA
(Hydroxymethylglutaryl-CoA) .
HMG-CoA synthase is the rate limiting 
enzyme in the synthesis of ketone bodies and 
is present in significant amounts only in the 
liver.
3rd step: HMG-CoA is cleaved by HMG-CoA 

lyase to produce acetoacetate and acetyl CoA
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4th step: 
- Acetoacetate, spontaneously 
decaroxylated producing acetone
-Acetoacetate, reduced by
hydroxybutyrate dehydrogenase 
with NADH,H+ as hydrogen donor, 
producing b-hydroxybutyrate.
While acetoacetate and 3-
hydroxybutyrate are readily 
oxidized by extrahepatic tissues, 
acetone is difficult to oxidize in 
vivo and it is volatilized in the lungs 
(giving typical smell in breath).

Ketogenesis process



A- After CHO diet (after meal):
- Insulin is release 

1. Inhibits HMG-CoA synthase, leads to decreased ketogenesis.
2. Activates ACC, increases Malonyl Co A (fatty acid synthesis) 

production.
- Glucagon has ketogenic activity: 
1. Activate HMG CoA synthase increases ketogenesis
2. Activates FA oxidation at the expense of TG synthesis
- The Glucagon / Insulin ratio:
More important than  the absolute value of either, in determining 
the metabolic events in the hepatocyte (Exp: the increased ratio 
promotes ketogenesis).

B- Prolonged fasting & starvation, low CHO diet, uncontrolled 
diabetes Mellitus:
- All these factors stimulate HMG-CoA synthase 

Regulation of HMG-CoA synthase



Ketolysis
3 steps:
1st step: Oxidation of b-hydroxybutyrate
to acetoacetate by hydroxybutyrate
dehydrogenase producing NADH.
2nd step: acetoacetate is provided with 
CoA from succinyl CoA catalysed by 
acetoacetate succinyl-CoA transferase, 
produce acetoacetyl Co A & succinate.
3rd step: Acetoacetyl CoA is split to 
acetyl CoA by thiolase.

Site: KB catalyzed in the mitochondria 
in all tissues (extrahepatic) except: 
a. The liver, as it lack transferase.
b. RBCs due to lack of mitochondria.

Acetoacetate
succinyl CoA
transferase



Overproduction of ketone bodies
a Normal blood ketone bodies must not exceed 
1.5-2 mg. 
aHigh plasma levels of KB is known as ketonemia

(hyperketonemia). 
aThe presence of KB in urine is called ketonuria. 
aThe overall condition is called ketosis.
a Acetoacetic and 3-hydroxybutyric acids are both 
moderately strong acids and are buffered when 
present in blood or other tissues. However, if levels 
of these ketone bodies are too high, the pH of the 
blood drops resulting in ketoacidosis. 



THE END!


