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The analysis of specific acylcarnitines in body
fluids has become an important clinical tool for
the diagnosis of inborn errors of amino acid and
fatty acid metabolism. It is particularly useful for
clusive diseases like medium-chain acyl-CoA
dehydrogenase (MCAD) deficiency for which
the routine analysis of organic acids in urine is
unreliable [1]. Recent data on the influence of
nutrition and drugs on carnitine ester profiles
suggest that quantitation of acylcarnitines in
urine or plasma may be required for accurate
diagnosis [2].

Two different high-performance liquid chro-
matography (HPLC) methods have been sug-
gested: (a) pre-column enzymatic exchange of
radiolabeled carnitine into the acylcarnitine pool
first described by Kerner and Bicber {3,4] and
adapted by us for clinical use [2,5]; and (b)
pre-column derivatization of carnitine esters with
a phenacyl reagent. The latter method has been
subject of two recent publications in this journal
[6.7].

In both papers, the radioisotopic exchange
method [3,4,8] is criticized on the basis of
theoretical problems that might arise with the
use of commercial carnitine acetyl transferase
(CAT) in the exchange reaction. The following
addresses the 3 major concerns:
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(1) Limited substrate specificity of the enzyme:
We have demonstrated that the following car-
nitine esters exchange with commercial CAT:
acetyl-, propionyl-, (iso)butyryl-, C;-acyl- (3
isomers), hexanoyl-, octanoyl- and decanoylcar-
nitine [2]. Fortunately, most metabolic discases
that affect carnitine metabolism will be detected
by abnormal concentrations of these metabolites.
Dicarboxylic acylcarnitines and valproylcarnitine
are not substrates for the enzyme and therefore
cannot be detected. The achievement of isotopic
equilibrium for individual carnitine esters, a
prerequisite for reliable quantitation, depends on
the conditions of the exchange reaction. For
example, incubation with 4 U CAT (Boehringer,
Mannheim, Germany) at room temperature for
1-2 h is optimal for complete radioisotopic
exchange of all of the above listed carnitine
esters except C;-acylcarnitines. The latter re-
quire longer incubation times.

(2) Possible inhibition of the enzyme by un-
usual carnitine esters in patient samples: In our
cxperience, this does not occur in plasma. It may
occur in urine, but can easily be overcome by
diluting the specimen to ca. 25 pmol total
carnitine/l without loss of sensitivity.

(3) Presence of acylcarnitine hydrolase activity
in commercial CAT [9]: We found no significant
release of free carnitine after incubating a mix-
ture of authentic acylcarnitine standards with
desalted CAT for up to 2 h at room temperature.
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Measurement after addition of different concen-
trations of authentic standards to urine and
plasma showed excellent recovery of added
acylcarnitines [2]. Moreover, there was good
agrecement  between the measurements of
acetylcarnitine (the substrate found to be most
sensitive to hydrolysis, ref. 9) by the
radioisotopic exchange/HPLC and an indepen-
dent spectrophotometric method [8]. These data
do not suggest that hydrolysis of acylcarnitines
under our incubation conditions significantly
affects the results.

In summary, although the criticism put for-
ward in refs. 6 and 7 may theoretically be valid,
in practice, problems with the enzymatic ex-
change can be overcome if incubation conditions
are carefully controlled. The major advantage of
the method is its high sensitivity achieved by
specific labeling of the acylcarnitines at the
carnitine moiety. This contrasts with other pub-
lished HPLC procedures that use non-specific
derivatization of carboxyl groups for detection
and require extensive sample clean-up. These
procedures may not be sensitive enough for the
reliable diagnosis of inborn errors of metabolism
in all cases. For example, urinary concentrations
of octanoyicarnitine, the most important car-
nitine metabolite for the detection of MCAD
deficiency, were reported to be in the order of 10
mmol/mol creatinine using these methods [7,10].
In contrast, in a multicenter blinded analysis of
79 urine specimens from 47 patients with MCAD
deficiency using’ the radioisotopic exchange/
HPLC method, we found concentrations of oc-

tanoylcarnitine in urine as low as 0.1 mmol/mol
creatinine [2]. In a similar study, we have also
recently established the reliability of this method
for plasma and blood spots [3].

We suggest that any method of acylcarnitine
analysis should be tested in a blinded fashion to
establish its sensitivity and specificity for the
detection of metabolic diseases before its clinical
applicability is proposed.

References

[1] C.R. Roe and P.M. Coates, in C.R. Scriver, A.L.
Beaudet, W.8. Sly and D. Valle (Editors), The Metabolic
Buasis of Inherited Disease, McGraw-Hill, New York,
1989, pp. 889-914.

[2] E. Schmidt-Sommerfeld, D. Penn, P. Rinaldo et al.,
Pediarr. Res., 31 (1992) 545-551.

[3] L. Kerner and L.L. Bieber, Anal. Biochem., 134 (1983)
459-466.

|4] L.L. Bieber and I. Kerner, Methods Enzymol., 123
(1986) 264-276.

[5] E. Schmidt-Sommerfeld, D. Penn, M. Duran, M.J.
Bennett, R. Santer and C.A. Stanley, J. Pediarr., 122
(1993) 708-714.

[6] T A.T.G. van Kempen and 1. Odle, J. Chromatogr.,
584 (1992) 157-165.

[7] P.E. Minkler and C.L. Hoppel, J. Chromatogr., 613
(1993) 203-221.

[8] E. Schmidt-Sommerfeld, D. Penn, J. Kerner and L.L.
Bieber, Clin. Chim. Acta, 191 (1989} 231-238.

[8] F. DiLisa, N. Siliprandi, R. Barbato, R. Beanbo and G.
Finocchiaro, FASEB J., 6 (1992) A1383.

[10] A.K.M.J. Bhuiyan, S. Jackson, D.M. Turnbull, A.
Aynsley-Green, 1V. Leonard and K. Bartlett, Clin.
Chim. Acta, 207 (1993) 185-204.



