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The decarboxylation partly occurs in vivo, analogously to the decarboxylation 
of acetoacetic acid to form acetone. In vitro, heat enhances this reaction [9]. 

The acid is detected by GC-MS within a fraction of the organic acids 
either in the form of its methyl ester with the carboxyl group left underivatized, 
or in the form of its methyl ester with the carbonyl group derivatized to the 
O-methyloxime [61, 62]. The ketone is detected within the profile of low­
molecular-weight components by GC [2, 4, 62]. Total 4-heptanone is deter­
mined after thermal decarboxylation of the 3-oxocarboxylic acid [62]. 

The biochemical pathway of the formation of 2-ethyl-3-oxohexanoic acid is 
not completely clear. However, the findings suggest that the biosynthesis of the 
acid runs parallel to the synthesis of fatty acids, with butyryl-coenzyme A as 
the starter. This hypothesis is supported by the observation that together with 
elevated 2-ethyl-3-oxohexanoic acid, ethylmalonic acid, whose coenzyme A 
form is an intermediate of this mechanism, is also increased [63] . 

A study with 28 healthy individuals, 143 patients without metabolic 
diseases, 109 diabetic patients of type I and 125 diabetic patients of type II 
revealed increased levels of total 4-heptanone in the urine of the diabetic 
patients. Whereas the mean values for total urinary 4-heptanone in healthy 
individuals and non-diabetic patients were 207 Ilg per 24 h and 246 Ilg per 24 
h, respectively, the mean urinary excretion of 2-ethyl-3-oxohexanoic acid plus 
4-heptanone in the 234 diabetic patients was 1073 Ilg per 24 h (diabetics of 
type I 1215 Ilg per 24 h and diabetics of type II 987 Ilg per 24 h) [63]. In a 
longitudinal study over 30 days, the total 4-heptanone values of two healthy 
controls were 80-410 Ilg per 24 h. 

It has also been observed that the urinary total 4-heptanone decreases during 
diabetic ketoacidosis, which is in accordance with the postulated biochemical 
origin of 2-ethyl-3-oxohexanoic acid. From the findings it is concluded that the 
excretion of total 4-heptanone is elevated in diabetes mellitus when the test is 
performed outside hyperglycaemic and keto acidotic periods. It is further con­
cluded that the excretion of total 4-heptanone is a sensitive indicator of the 
interplay between fatty acid oxidation and fatty acid synthesis. A decrease is 
observed during fatty acid oxidation and an increase during fatty acid synthesis 
[64]. 

3.2. Diabetic patients with ketoacidosis 

3.2.1. Ketones 
In the profile of volatile metabolites a number of higher molecular weight 

methyl ketones are regularly found in addition to acetone. The main 
components are 2-pentanone, 3-penten-2-one and 2-heptanone (Fig. 2). During 
ketoacidosis their urinary excretion and their concentrations in serum are 
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Fig. 2. (a) Gas chromatogram of 
(b) Gas chromatogram of the me 
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drastically increased. Acetom 
its precursor, acetoacetic aei 
i.e., 3-oxohexanoic acid, has 
[50]. 
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