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Ketone bodies

Chemical structures of the three
ketone bodies: acetone (top),
acetoacetic acid (middle), and

beta-hydroxybutyric acid
(bottom).

Ketone bodies are three water-soluble compounds that are produced as by-products
when fatty acids are broken down for energy in the liver and kidney. Two of the
three are used as a source of energy in the heart and brain while the third is a waste
product excreted from the body. In the brain, they are a vital source of energy during
fasting.[1] Although termed "bodies", they are dissolved substances, not particles.

The three endogenous ketone bodies are acetone, acetoacetic acid, and
beta-hydroxybutyric acid,[2] although beta-hydroxybutyric acid is not technically a
ketone but a carboxylic acid. Other ketone bodies such as beta-ketopentanoate and
beta-hydroxypentanoate may be created as a result of the metabolism of synthetic
triglycerides such as triheptanoin.

Uses in the heart and brain

Ketone bodies can be used for energy. Ketone bodies are transported from the liver
to other tissues, where acetoacetate and beta-hydroxybutyrate can be reconverted to
acetyl-CoA to produce energy, via the citric acid cycle.

The heart gets little energy from ketone bodies except under special circumstances;
it uses mainly fatty acids.[3]

The brain gets a portion of its energy from ketone bodies when glucose is less
available (e.g., during fasting, strenuous exercise, low carbohydrate, ketogenic diet and in neonates). In the event of
low blood glucose, most other tissues have additional energy sources besides ketone bodies (such as fatty acids), but
the brain does not. After the diet has been changed to lower blood glucose for 3 days, the brain gets 25% of its
energy from ketone bodies.[4] After about 4 days, this goes up to 70% (during the initial stages the brain does not
burn ketones, since they are an important substrate for lipid synthesis in the brain).

Production

Acetyl-CoA

Ketone bodies are produced from acetyl-CoA (see ketogenesis) mainly
in the mitochondrial matrix of hepatocytes when carbohydrates are so
scarce that energy must be obtained from breaking down fatty acids.
Because of the high level of acetyl CoA present in the cell, the
pyruvate dehydrogenase complex is inhibited, whereas pyruvate
carboxylase becomes activated. The oxaloacetate produced will enter
gluconeogenesis rather than the citric acid cycle, and the latter is also
inhibited by the elevated level of NADH resulting from ß-oxidation of fatty acids. Unable to be used in the citric acid
cycle, the excess acetyl-CoA is therefore rerouted to ketogenesis. Such a state in humans is referred to as the fasted
state.

Acetone is produced by spontaneous decarboxylation of acetoacetate (meaning this ketone body will break down in
five hours if it is not needed for energy and be removed as waste. This "use it or lose it" factor contributes to much of
the weight loss found in ketogenic diets.). Acetone cannot be converted back to acetyl-CoA, so it is excreted in the
urine, or (as a consequence of its high vapor pressure) exhaled. Acetone is responsible for the characteristic "fruity"
odor of the breath of persons in ketoacidosis.[5]
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Ketosis and ketoacidosis
Any production of these compounds is called ketogenesis, and this is necessary in small amounts.
However, when excess ketone bodies accumulate, this abnormal state is called ketosis. Ketosis can be quantified by
sampling the patient's exhaled air, and testing for acetone by gas chromatography.[6] Many diabetics self test for the
presence of ketones using blood or urine testing kits.
When even larger amounts of ketone bodies accumulate such that the blood's pH is lowered to dangerously acidic
levels, this state is called ketoacidosis.

Impact upon pH
Both acetoacetic acid and beta-hydroxybutyric acid are acidic, and, if levels of these ketone bodies are too high, the
pH of the blood drops, resulting in ketoacidosis.
This happens most often in untreated Type I diabetes, and somewhat less often in Type II (see diabetic ketoacidosis).
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