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Isovaleric acidemia is an inborn error of leucine metabolism; large amounts
of isovalerylglycine (8300—1200 mg/day) are known to be excreted in the urine
as a detoxication product [11]. The determination of this compound has been
achieved by the use of gas chromatography [1] or thin-layer chromatography
[2]. However, these methods are time-consuming for the pretreatment of the
sample.

Recently, we had an opportunity of examining a patient with isovaleric
acidemia who was found in Okayama, and a new simple and rapid method for
detecting urinary isovalerylglycine was devised. The isotachophoretic method
~ [3—10] presented here has several advantages over previously described

techniques.

EXPERIMENTAL

The capillary apparatus used was a Shimadzu IP-IB isotachophoretic analyser
[12] (Shimadzu Seisakusho, Kyoto, Japan). The separations were carried out
in a capillary tube 20 c¢m long with an I.D. of 0.5 mm, which was maintained at
a constant temperature of 20°, The detector cell had an I.D. of 0.5 mm and
length 0.05 mm. The migration currents were 50, 100 and 150 yA. The leading
electrolyte consisted of 0.01 M hydrochloric acid and g-alanine (pH 3.1 and pH
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4.5) and 0.01 M hydrochloric acid, $-alanine and 0.001 M cupric chloride
{pH 3.1). The terminating electrolyte was 0.01 M caproic acid.

The chemicals used were analytical grade. Authentic isovalerylglycine was
synthesized from the corresponding isovalerylchlorides and glycine.

The normal urine samples were from laboratory personnel. The samples
from the patient with isovaleric acidemia were obtained from Okayama
National Hospital. The samples were kept frozen if not analysed immediately.

RESULTS AND DISCUSSION

The patient with isovaleric acidemia was found in Okayama using gas
chromatography, but the method is time-consuming on account of the pretreat-
ment of the samples. Therefore, the purpose of our investigation was to
develop a simple and rapid method for the determination of urinary isovaleryl-
glycine in cases of isovaleric acidemia. Isotachophoresis is a method of high
resolution for the separation of compounds according to their net mobility in a
given electrolyte system.

We tried to determine isovalerylglycine in the urine of the isovaleric acidemic
patient by isotachophoresis. Aliquots (0.1 ul) of normal human urine and of
the urine of the isovaleric acidemic patient were subjected to isotachophoresis.
No zone was detected in normal human urine, but a large zone was detected in
the urine of the isovaleric acidemic patient. It was necessary to identify this
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Fig. 1. Isotachophoretic runs of urine from a patient with isovaleric acidemia and of
authentic isovalerylglycine. (A) Synthetic isovalerylglycine; (B) urine sample of patient with
isovaleric acidemia; (C) mixture of synthetic isovalerylglycine and urine sample of patient.
The leading electrolyte was 0.01 M HCI and g-alanine (pH 3.1) and the terminator was 0.01

M caproic acid. Migration current, 150—100 A; chart speed, 10 mm/min; temperature of
electrolyte, 20°.
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large zone as isovalerylglycine by the addition of authentic isovalerylglycine.
Authentic isovalerylglycine was added to the urine of the isovaleric acidemic
patient and the mixture was subjected to isotachophoresis. The zones were
coincident (Fig. 1). However, when members of the tricarboxylic acid cycle
and acidic amino acids were subjected to isotachophoresis, it was found im-
possible to distinguish the zones of aspartic acid and isovalerylglycine in
the same electrolyte (pH 3.1). Isovalerylglycine and aspartic acid could be
separated by ion exchange, but this method was as time-consuming as the gas
chromatographic method for determining isovalerylglycine in the urine of the
isovaleric acidemic patient. We then studied high-resolution methods for the
separation of these compounds by changing the electrclyte system. When
aspartic acid and isovalerylglycine were run separately (pH 4.5) good resolution
was obtained, but their mixture did not give good separation in the same
leading electrolyte.

Eventually, we obtained good results, as shown in Fig. 2, by adding 0.001
M cupric chloride to the leading electrolyte (pH 3.1).

The standard curves for aspartic acid and isovalerylglycine were linear. In a
given electrolyte system, the separation pattern of isovalerylglycine was
reproducible and its identification generally did not cause problems. The
coefficient of variation for our technique was 2.15% (n = 7). wiation of 2.15%

When there is any ambiguity, it is possible to add an authentic sample to an
actual sample or change the leading electrolyte. The patient with isovaleric
acidemia excreted 600--950 mg of isovalerylglycine per day.
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Fig. 2. Isotachophoretic runs of aspartic acid and isovalerylglycine. (A) Synthetic aspartic
acid; (B) synthetic isovalerylgiycine; (C) mixture of aspartic acid and isovalerylglycine. The
leading electrolyte was 0.01 M HC], g-alanine and 0.001 M CuCl, (pH 3.1) and the
terminator was 0.01 M caproic acid. Conditions as in Fig. 1.
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This method can measure isovalerylglycine by applying 0.1 pl of urine
directly without any pretreatment. The method is very simple and rapid com-
pared with gas chromatography or thin-layer chromatography and is very useful
for screening inborn errors of metabolism such as isovaleric acidemia.

ACKNOWLEDGEMENTS

The authors are grateful to Dr. Shunzi Mizuhara for his useful suggestion,
and to Mr. J. Akiyama, Scientific and Industrial Instrument Division, Shimadzu
Seisakusho Ltd., for his kind and useful advice regarding the leading
electrolyte.

REFERENCES

K. Tanaka and K.J. Isselbacher, J. Biol. Chem., 242 (1967) 2966.

T. Ando and W.L.. Nyham, Clin. Chem., 16 (1970) 420.

H. Haglund, Sci. Tools, 17 (1970) 2.

R J. Routs, Thesis, University of Eindhoven, 1971.

A.J.P. Martin and F. M. Everaerts, Proc. Roy. Soc. Ser. A_, 316 (1970) 493.
L. Arlinger, Biochim. Biophys. Acta, 393 (1975) 396.

F M. Everaerts, J. Chromatogr., 65 (1972) 3.

A. Kopwillem, Acta Chem. Scand., 27 (1973) 2426.

M. Deml, P. Bocek and J. Jan3k, J. Chromatogr., 109 (1975) 49.

dJ. Sollenberg and A. Baldesten, J. Chromatogr., 132 (1977) 469.

K. Tanaka, M.A. Budd, M.L. Efron and K.J. Isselbacher, Proc. Nat. Acad. Sci. U.S., o6
(1966) 236.

H. Miyazaki and K. Katoh, J. Chromatogr., 119 (1976) 369.

= OW N0 Uk W

r—

o
[



