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" The estimation of ketone bodies in biological fluids is an important part of the
clinical and preclinical diagnosis of energy-metabohsm disturbances in animals
and man. Clinically, the term ketone bodies encompasses acetone, aceto-
acetic ac1d ‘isopropanol and 3—hydroxybutync acid. Acetone and acetoacetic
acid may be clinically termed oxidized ketone bodies and their reduced forms
isoproranol and 3-hydroxybutyric acid (hydroxy-compounds) similarly termed
reduced ketone bodies. The sum of oxidized and reduced ketone bodies is then
termed total ketone bodies. } _
To prove levels of oxidized ketone bodies the classical colour reaction with
" nitroprusside [1] known as Legal-probe is still widely used. More recently,
" acetoacetic and 3-hydroxybutyric acids have been determined photometrically
[2, 3] or fluorimetrically [4] after their mutual enzymic conversion. The most
frequently used determination of free acetone is the photometric one [5—8].
The vnlah‘lifv of iennrnnannl and acetone, to which all other ketone hodies
mentioned may be- converted in a relatlvely simple manner, has facilitated
their succesful determination by several workers [9—14] using gas chromato-
graphy. The head-space technique of analysis [15—17] has provided a further
mpmvement on the methods available for the solution of this problem [10,
12, 18]. -
‘ In this research note we have given the condltmns under whlch we were
-successful in the application of gas chromatographic head-space analysis to
the expedltmus control of ketone-body levels ina broad range of cattle body
ﬂmds. : ,
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MATERIALS AND METHODS

As acid standards, we used a 1 M solution of ethylacetoacetate in 5 M KOH,
stored at 4°, and the sodium salt of DL-3-hydroxybutyric acid (BDH, Pocle,
Great Britain). For analysis, there were three proven reagents: (i) alkaline
reagent, 5 M KOH with 2 mM butanone as internal standard; (ii) acidic reagent,
5 M H;PO, with 2 mM butanone; (iii) oxidative reagent, 0.1 M K, Cr, O, in 5
M H3PO4. We recommend storage of the reagents with butanone at rocom
temperature as reproducibility of the results deteriorates with the use of
cooled reagents. The acetone standard solutions stored at 4° are not stable
after one week.

In separate stages of the analysis the following were pipetted:

Free acetone: 0.1 ml of sample without deproteination, plus 0.1 ml of

alkaline reagent, equilibration for 15 min before GC an: analysis.

Oxtd;zed ketone bodies: the same procedure with ac1dlc reagent replacing
the alkaline one.

Total ketone bodies: 0.1 ml of sample without deproteination plus 0.1 ml
of acidic reagent, heated in a boiling water bath for 3—5 min; after cooling
to room temperature 0.5 ml of oxidative reagent is added as rapidly as possible
through the septum, using a polypropylene syringe; the bottle set is immediat-
ely returned to the boiling water bath for 40 min and equilibrated for 15
min before GC analysis.

Samples and reagents were dosed with a micropipette into 15-ml dry test-
bottles (biochemical test-bottles e.g. by Boehringer, Mannheim, G.F.R.) to
which approximately 0.5 g of crystalline potassium sulfate had previously
been added. The sets of bottles capped with rubber septa and perforated
covering-stoppers were equilibrated in a thermostated water bath (70°). Sam-
ples of 1.5 ml of vapour were taken for analysis using a wai:er-,]acketed and
temperature-controlled (70°) 2-ml injection syringe (Fig. 1) and injected into
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Fig. 1. Sampling device: A = rubber stopper, B = glass thermostating jacket, C = injection
syringe, D = metal ring, E = rubber septum.
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the gas- chmmatogtaph (CHROM 4, Laboratory Equipment, Prague, Czecho-
slovakla) Flame-ionization detection was used and expenmental conditions
were_as . follows: glass column 120 X 0.3 L.D.; Porapak R resin (100—120
mesh);: eolumn. temperature, 180°; injector temperature 185°; carrier gas,
nitrogen; flow-rate, 57 ml/min. The retention time of butanone was 3.2 min
and the retention ratio-of acetone 0.47. For quantifation, the peak-height.
ratios' of ‘acetone—butanone were used following prior -confirmation of the
full acetone recovery by the standard-additions method [19]. The calibration
curve was without a blank value (passed the zero) and was linear at least to a
100 mM concentration of acetone. Thls limit mcludes all practical cllmcal

cases.
RESULTS AND DISCUSSION

The method for the determination of physiological ketone-body levels has
to be extremely sensitive. Higher sensitivity of the gas chromatographic head-
space analysis may be achieved through increasing the acetone vapour tension
by using a higher temperature (70°) and by the addition of an inorganic salt
(K;S0;) to the reaction mixture. The salt simultaneously suppresses the in-
fluence of different matrices (sample composition). During the determination
of total ketone bodies the sulfate must not be completely dissolved at 100°
as the. conversion of 3-hydroxybutyric acid to acetone would be drastically
reduced. The sulfate addition is advisable particularly for high-protein sam-
ples which may be reproducibly, analyzed without deproteination. Variations
in the amount of sulfate from 0.5 to 1.6 g do not influence the results, there-
fore weighing is unnecessary. Addition of K, SO, is also desirable if the stan-
dard addition method [17, 19] is used, the resulis of which are, by nature,
mdependent of matrix differences.

The optimal reagent compositions were found, by trial and error, from wide
ranges of component concentrations. The alkaline reagent ensures sufficient
stability of acetoacetic acid for at least an hour during which time series of
12—14 samples may be analyzed. The acidic reagent with phosphoric acid
breaks the sample buffer system and decreases the pH to a point where aceto-
acetic acid decarboxylation is rapid and quantitative at equilibration tempera-
ture and there is no risk of conversion of the 3-hydroxybutyric acid to crotonic
acid [5]. Sulfuric acid works more slowly and the samples must be heated in a
boiling water bath. Consequently, for the determmatlon of total ketone bodies,
the decarboxylation step must be performed before the addition of oxidative
reagent in order to prevent decomposition mechanisms other than that to
acetone (loss of about 90% of acetoacetic acid) [20].

The compusition of the acidic and oxidative reagents ensures quantitative
conversion of reduced ketone bodies to acetone. Older methods [22] have
used exclusively the dichromate—sulfuric acid mixtures, compositions of which
were determined using the 3-hydroxybutyric acid standard solutions. But
the degree of conversion was only acceptable for a relatively low and narrow
concentration range of sulfuric acid and dichromate, and could be mcorrectly,
applied to the biological samples. A higher amount of eaily-oxidizable com-
pounds decreases the oxidative capacity of the reagent substantially and the
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composition of the reaction mixture leaves the optimal range. As a conse-
quence, the actual conversion of the ketone bodies to -be estimated decrease and
the use of previously estimated standard factors leads to lower results. The
most expressive decrease was found with milk samples. The oxidative reagent
with phosphoric acid fully converts the ketone bodies present both in the
standard and the milk sample. The conversion using an analogous reagent with
sulfuric acid produces the value of 75% for the standard and about 50% for the
milk sample.

Further, the parameter of time must be taken into conmderatlon. After ad-
dition of oxidative reagent to the sample it is necessary to heat the reaction
mixture as quickly as possible in a boiling water bath. At room temperature,
3-hydroxybutyric acid decomposes to products other than acetone [20, 21].
A long contact (days) with acidic oxidant causes loss of ketones probably due
to complex-formation [20]. Both effects are much more evident in the case of
oxidative reagent with sulfuric rather than phosphoric acid.

Vapour sampiing and injection with the described device is simple and with
the use of internal standard also surprisingly precise. Duplicate vapour sampling
from the same bottle gives only negligible differences between the results of
the first and second analyses. The syringe may be inserted into the bottle
empty or a volume of air, equal to the volume of vapour withdrawn [10, 17]
may be added, but the chosen procedure must be consistent.

The use of butanone as internal standard is fully justified in the case of
human samples [14], butf its presence in the body fluids of other species
always has to be verified. Table I contains the natural butanone concentra-
tions found in some stages of the body-fluid analyses of healthy and ketotic
late-pregnancy cows together with the values for the relative inerease of the
total butanone concentration over the 2 mM butanone used as internal stand-
ard. At coincident stages of analysis, the calibration factors obtained with
standard solutions have to be divided by the appropriate value for the relative
increase in -order to correct for the natural butanone background. It is true
that this background changes slightly in cases of ketosis but the changes are
neghglble for our purpose [20].

TABLE I

NATURAL BUTANONE CONCENTRATIONS AND THE VALUES OF R.ELATIVE N—
CREASE OF THE TOTAL BUTANONE CONCENTRATIONS OVER THE 2 mM OF
INTERNAL STANDARD

Sample - Number of = Determined - Natural butanone = Relative
samples ketone bodies mM (x = S.D.) increase
Urine 24 Oxidized 0.078:0.017 1.04
Urine 24 Total 0.38 £0.05 119
Blood plasma 36 Total 0.133:0.008 - 1.065
Annniotic fluid 18 Total 0.053+0.007 1.025
Allantoic fluid 20 _ Total 0.087+0.007 . 104
Foetal serum 18 Total 0.117:0.007 . 1.06

Faetal urine 12 Total - - 0.052:0.008 1.025
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A serious problem is caused by the presence of additional compounds
which can decompose to acetone or other interfering substances. Among
these belong - especially - glycides (glucose, fructose, lactose), lactate and dis-
infectants. The strongest interference occurs with alkaline reagent, as these
compounds then give acetone values almosft comparable to physiological levels
[20] . This problem cannot be solved by subtraction of the correction factor
as samples ‘anticipated to contain high amounts of glycide (e.g. foetal fluids)
often give acetone values much lower than the corresponding glycide standard
and vice versa. Samples without provable amounts of glycide (urine) some-
times give higher values for free acetone than for oxidized ketone bodies. We
found that the use of acidic and oxidative reagents is almost free from this
interference. As the determination of free acetone is of questionable diag-
nostic value [23] we recommend, for current diagnostic analyses, the deter-
mination of oxidized and total ketone bodies only. The interference of dis-
infectants is rare and often may be overcome by changing the analytical con-
ditions [18].

The presented method permits precise determination of total and/or reduced
ketone-body amounts. Older methods converted isopropanol and 3-hydroxy-
butyric acid to the acetone in different degrees and the precise calculation
was not possible unless the separate determination of isopropanol was made
[24]. With our procedure, the reproducibility expressed as coefficient of
variation of a six-times-repeated analysis of the same sample is better than
2.5% for both standard and biological samples. This precision, together with
the total conversion of the reduced ketone bodies to acetone, is especially
valuable in the case of analyses of non-traditional samples (mllk foetal fluids)
which were poorly reproducible using older methods.

In Table II are given some physiological levels of oxidized and total ketone
bodies in body fluids of late-pregnancy cocws.

Besides direct measurements of the concentrations of ketone bodies, the
ratio of oxidized to total ketone bodies concentrations (O:T) expressed as a
percentage may be of greater diagnostic value. This ratio is more sensitive
and rapidly exceeds the physiological range during bovine ketosis [20 23]

TABLE IT

PHYSIOLOGICAL LEVELS OF OXIDIZED AND TOTAL KETONE BODIES IN BODY
FLUIDS OF LATE-PREGNANCY COWS

Sample Number of Ketone bodies mM (Z+8.D.) -
samples Oxidized Total
‘Urine 7 0.039:0.007 1.01+0.16
Blood plasma 9 0.063:0.016 1.23:0.16
Amnioticfluid 8 0.034+0.006 0.33:0.03
Allantoic fluid 9 0.030:0.005 1.06:0.10
Foetal serum 8 0.023:0.002 0.64+0.06
Foetal urine 4 0.028+0.069 0.55+0.17
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CONCLUSIONS

- For ketone-body determination gas chromatographic head-space' analysxs

was used successfully. The matrix effect of different biological samples was
suppressed by addition of crystalline potassium sulfate together with the use
of concentrated reagents and internal standard. The optimized reagents com-
prised 5 M KOH, 5 M H;PO,, and 0.1 M K,Cr,0, in-5 M H3P04 As the
internal standard 2 mM butanone was used.

For determination of oxidized and total ketone bodles 0.2 ml of the blo-.
logical sample without deproteination is sufficient. Reproducibility of the
method is better than 2.5% and stoichiometric conversion of isopropanol,
3-hydroxybutyric and acetoacetic acids to acetone and total recovery- of
acetone is reached with all samples mentioned. The method was succesfully
verified in serial analyses and is suitable for diagnosis of ketotic states in
animals and man. The mean physiological values for different body fluids of
late pregnancy cows are given.
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