
Carnitine (b-hydroxy-y-trimethylaminobutyric acid)
is a carrier with an essential role in the transport of fatty
acids into mitochondria, and hence in b-oxidation and en-
ergy balance (1). Intracellular free CoA and acetyl-CoA
concentrations are regulated by carnitine acetyltrans-
ferase (CAT) (EC 2.3.1.7) via reversible formation of

acetylcarnitine (1). Carnitine has also a detoxifying role in
trapping excessive acyl-CoA metabolites and converting
them into acylcarnitines which are excreted in the urine
(2).

The discovery of carnitine deficiency states due to
primary defects in carnitine transport (3,4) or secondary
to inherited metabolic disorders like organic acidemias
and b-oxidation defects (5,6) or to valproic acid therapy
(7), has led the scientists to develop various techniques
for physiologic carnitine measurement (8-13).
Spectrophotometric methods using acid deproteinization
(14,15), dialysis (16) or ultrafiltration (17), present same
disadvantages, furthermore they are tedious and time
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SUMMARY
An improved radioisotopic assay adapted to the determi-

nation of L-carnitine and acylcarnitines in biological samples is
described. The applicability of the assay to both normal and
pathological conditions due to carnitine deficiency is discussed.

The use of N-ethylmaleimide as trapping agent has been
shown to have no inhibition on carnitine acetyltransferase and
the kinetic constant has been calculated (Km=28). The superi-
ority of this compound over other trapping agents has been dis-
cussed. Several modifications have been assayed and optimum
recovery rates (99.7-100.1%) were obtained with: a) N-ethyl-
maleimide used in a much lower concentration than other meth-
ods, b) a mixture of 14C acetly CoA and non-labeled acetyl CoA
in a ratio of 21 to 5.6 mg, c) Carnitine acetyltransferase used in
lower activitiy, d) Herpes buffer at a lower pH, e) The introduc-
tion of a correction factor for the calculation of total carnitine, f)
a standard solution of L-acetyl carnitine run through the extrac-
tion procedure, g) 3 times extraction on ice following Dowex ad-
dition. The assay was applied to serum and urine samples of 15
healthy children and of 7 children with organic acidemias and
hypotonia. The within assay coefficient of variation (CV%) was
1.3±0.15 and the within day CV% was 1.9+0.2. The possibility
of accurately quantifying a carnitine content as low as 50 pico-
moles with high recovery and precision without any interference
from acetylcarnitines, makes this assay eminently suitable for
the study of patients with abnormal carnitine metabolism and ex-
cretion.
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ÖZET
Biyolojik örneklerde L-karnitin ve açilkarnitinlerin tesbiti

amacýyla geliþtirilmiþ yeni bir metod bu yazýda tarif edildi ve bu
metodun karnitin eksikliðine baðlý normal ve patolojik durumlar-
da uygulanýlmasý tartýþýldý.

Trapping madde olarak N-etilmaleomid kullanýmýnýn kar-
nitin asetiltransferazý inhibe etmediði gösterildi ve kinetik sabite-
si (Km=28) hesaplandý. Bu bileþiðin diðerlerine olan üstünlüðü
tartýþýldý. Bu çalýþmada çeþitli modifikasyonlar deðerlendirildi ve
optimum recovery rate (99.7-10.1%). Þu durumlarda elde edildi.
a) N-etilmaleimid diðer metodlardan daha düþük kon-
santrasyonda kullanýldý, b) Ýþaretli ve iþaretsiz asetil-CoA oraný
21:5.6 olan karþým hazýrlandý, c) karnitin asetil transferaz ak-
tivitesi daha düþüktü, d) Mepes tampon pH deðeri düþüktü, e)
total karnitin hesaplamasýnda düzeltme faktörü katýldý, f) stan-
dart L-asetil karnitin solusyonu ekstraksiyon iþleminden geçirildi,
g) Dowex ilavesinden sonra buzda 3 kez ekstraksiyon yapýldý.
Bu metod 15 saðlýklý ve organik asidemi veya hipotonisi olan 7
çocuðun serum ve idrar örneklerine uygulandý. Bu metodla 50
pikomol kadar düþük karnitinin güvenle asetilkarnitinle interfer-
ans gösermeden tesbit edilebilmektedir. Bu nedenle tarif edilen
metod anormal karnitin metabolizmasý ve itrahý gösteren hasta-
larda kullanýlabilecek uygun bir metoddur.

Anahtar Kelimeler:  Karnitin asetiltransferaz, Açil karnitinler, 
Organik asidemiler, N-etilmaleimid
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consuming and are relatively insensitive to low concen-
trations. Radioisotopic assays (9,12,18-20) are selective-
ly used because they are suitable to the accurate detec-
tion of picomole quantities of carnitine in physiological
fluids.

Here we describe an alternative modification of the
previously described radioisopotic methods (9,12). We
report serum and urine carnitine concentrations mea-
sured by this technique in healthy children and in pedi-
atric patients with organic acidemias and hypotonia.

MATERIALS AND METHODS

The principle of the assay is based on the following
reaction conducted by CAT:

L-carnitine+Acetyl-CoA Acetyl-L-carnitine+(CoASH)

The equilibrium of the reactions is deplaced to the right
by the capture of Coenzyme A (CoASH= by N-ethyl-
maleimide (NEM). We use 14C-acetyl CoA, and the
acetyl-14C-carnitine formed is seperated from acetyl-
CoA by the use of an anion-exchange resin. For the de-
termination of total carnitine, the acylated esters of carni-
tine are hydrolysed; free carnitine is measured together
with carnitine liberated from its esters.

Sources of chemicals were as follows: Acetyl-DL-
carnitine and L-carnitine HCl from Sigma; (Acetyl-L-C)-
acetyl CoA (specific activity 51.9 mCiper mmole),
Carnitine acetyltransferase (CAT) and Acetyl-CoA (trilithi-
um salt) from Boehringer; N-ethylmaleimide (NEM),
Hepes and Dowex 2x8 anion-exchange resin in its chlo-
ride from (200-400 mesh) from Merck; Aquasol-2 from
Dupont New England Nuclear. Standart solutions of
Acetyl-DL-carnitine (20 mmol/L) and L-carnitine (0.5,
1.25, 2.5, 5, 7.5, 10, and 12.5 mmol/L) were prepared.
The anion exchange resin (Dowex) was prepared as fal-
lows: 200 g of the resin was stirred (without use of mag-
netic bar) with 400 ml H2O and 600 ml HCl (2 mol/4) and
let to stand an overnight. The mixture was filtered and
rinced with demineralized water until the pH of the
rincage solution became neutral. The resin was then
dried and kept at 4oC. The Dowex was suspensed in 3
volumes of bidistilled H2O before the day of analysis,
mixed and conserved at 4oC.

The experimental procedure involved mainly 2
steps;

a) Hydrolysis of carnitine esters (Total carnitine): After
the addition of 100 ml of KOH  (0.6 N) to 500 ml of  the sam-
ple, the standard of acetyl-DL-carnitine (20 mmol/L), and
the standard blank, the mixtures were vortexed and incu-
bated 60 min at 56oC. 70 ml of HCl (0.5 N) and Hepes tam-
pon solution (2.5 mol/L, pH=6.7) were then added, vor-
texed and put on ice. The pH was controlled in order to be
6.7. A factor of correction was introduced for the calcula-
tion of the concentration of free carnitine from the standard
curve. 100 ml of the hydrolysate was pipetted into Eppen-
dorf tubes and proceeded as follows with free carnitine.

b) Determination of free and total carnitine: To 100
ml of the sample, carnitine standarts, standart blank and
the hydrolysates of total carnitine was added 100 ml of an
ingredient mix (MIX) containing: (14C) acetyl-CoA (26

nmoles, 1.4 mCi), acetyl-CoA (6.8 nmoles) in cold H2O;
NEM (16 nmoles); and Hepes buffer (23 mmoles,
pH=6.7). The MIX was made immediately before use and
stored on ice reactions were initiated by addition of 20 ml
of a carnitine acetyltransferase (CAT= solution (0.8 U),
diluted 10 fold with bidistilled H2O just prior to use. The
mixture was vortexed and allowed to stand for 30 min at
room temperature. At this time, 300 ml of Dowex 2x8 an-
ion exchange resin was added, vortexed 15 to 20 sec.
and placed on ice for 5 min. This step was repeated three
times, after which the tubes were centrifuged at 4oC for
10 min at 10.000 rpm. 300 ml of the supernatant fluid was
mixed with Aquasol-2 scintillation fluid and the vials were
counted in the b-counter TRI CARB 2500 TR. Quench
correction was set up automatically (Quench indicator:
tSIE/AEC, Quench Set: 14C). The quantity of (14C)
acetyl-carnitine was stoichiometrically related to the
amount of carnitine present.

All determinations were made in duplicate. The
method was applied to the determination of carnitine in
plasma and urine.

RESULTS AND DISCUSSION
Various trapping agents have been used both in

spectrophotometric and radioisotopic assays. 5.5�-dithio-
bis-2-nitrobenzoic acid (DTNB) (8,14,16,17), tetrathion-
ate (12,18), oxidized glutathione (GSSG) and 4.4�-
dithiopyridine have been reported to result in non-linear
standard curves (13). In the conditions of the technique
described in this report, optimum linearity of different
concentrations of carnitine versus the counts of desinteg-
ration per minute (DPM) and a perfect stoichiometry for
the conversion of carnitine to acetyl carnitine was ob-
served (r>0.997) with NEM used in a much lower con-
centration than that of other studies (13,19,20) (Figure 1).
Analytical recovery of L-carnitine and acylcarnitine added

Figure 1. Effect of different trapping agents on the linearity of
the standard curve for L-carnitine. Without any addition (-ÿ-ÿ-),
with 1.6 mM (-x-x), 2 mM sodium tetrathionate (-O-O-), 5 mM
GSSG (-O-O-) and 0.09 mM DTNB (-s-s-). With NEM, a linear
response was obtained up to 260 mmol/L L-carnitine.
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to the assay medium with NEM used in higher concen-
trations is shown in Table 1.

Kinetic analysis of CAT activity was performed and
the Km value of the enzyme for acetyl CoA was found to
be 28 mmol/L, which is in agreement with the findings of
other studies (13). An inhibition of enzyme activity of 40%
was observed with DTNB, of 29.7% with tetrathionate,
and of 9.8% with GSSG (Figure 2). Figure 2 also shows
that NEM (80 mmol/L) didn�t inhibit CAT activity.

The useful lower limit of the method was 0.5 mmol/L
(50 pmoles) of L-carnitine. The recovery of free carnitine
in the presence of acetyl carnitine was found to be 99.7-
100.1% for a molar ratio of acetyl to free carnitine as high
as 1/80 (Table 1).

Since the calculation of total carnitine values on the
basis of the free carnitine standard curve results in un-
derestimation of the former by an average of 20% (20), a
standard of acetyl-DL-carnitine for total carnitine and L-
carnitine for free carnitine determination was run through
the excretion. Moreover, to calculate the concentration of
total carnitine after the carnitine curve, a correction factor
was introduced which varied in relation to the volume of
the HCl used. The highest recovery was obtained with
CAT used in lower activity (0.8 U) than in previous stud-
ies (16,18-20) (Table 1).

To overcome the interference of endogenous acetyl
CoA and acylcarnitines in biological samples, radiola-
beled (RL) and non-labeled (NL) acetyl-CoA must be
used in concentrations adapted to the conditions of the
assay. Few reports have mentioned to the use of a mix-
ture of these compounds in their assay medium (18,19).
Thus, we assayed varying proportions of RL:NL acetyl-

CoA and found optimum recovery with a ratio of 21 mg:
5.6 mg (3.75) (Table 1).

We obtained higher recovery with Hepes buffer
used in a lower pH than other studies (16,20) probably
because the extraction with the  Dowex of total acid so-

Table 1.  Effect of Modifications on the Recovery of Serum Free Carnitine in the Presence of added Acetyl-L-
Carnitine and L-Carnitine

Acetyl-L-
L-Carnitine Carnitine
(0.25 nmol) (20 nmol) Found Expected Recovery

Addition (DPM) (DPM) (DPM) (DPM) (%)

NEM
2 mM (13)
4 mm (19)
10 mM (20)
72 mM (*)

1268
1289
1275
1310

650
625
638
695

2119
2067
1963
2003

1918
1914
1913
2005

110.5
108.0
102.6
99.9

RL/NL
Acetyl
CoA

0.9 (18)
1.8

3.75 (*)

1280
1293
1320

682
715
700

2115
2168
2022

1962
2008
2020

107.3
108.0
100.1

CAT
0.4

0.8  (*)
0.9  1.6 (13)

1256
1273
1315

636
718
694

1828
1987
2021

1892
1991
2009

96.6
99.8
100.6

pH
7.3 (12,18,20)

7.5  (16)
7.6  6.7 (*)

1289
1278
1318

715
721
697

1904
1871
2009

2004
1999
2015

95.0
93.6
99.7

Assays were carried out as described under Materials and Methods.
Average of duplicates are given.
(*) Conditions used in this assay.
RL/NL: Radiolabelled/Non-labeled
CAT: Carnitine Acetyltransferase
DPM: Desintegration Per minute
References are given in brackets.

Figure 2. Lineaweaver-Buck Plots of CAT without any trapping
agent (-n-n-), with 80 mM NEM (-x-x-), 6 mM sodium tetrathio-
nate (-l-l-), 7 mM GSSG (-O-O-) and 0.4 mM DTNM (-s-s-). The
reaction mixture contained, in a final volume of 0.2 m1, 1 M
Hepes buffer (pH 6.7), 1.5 mM L-carnitine, 2.5 to 20 mM 14C
Acetyl CoA (specific activity 51.9 nCi/nmol) and 10 ng CAT.
Incubations were 2 min at 30oC. The reactions were stopped by
the addition of 0.3 ml Dowex. Average of duplicates is shown.
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luble carnitines (free+short chain acylcarnitines) is more
efficace (Table 1).

Three times extraction on ice after the addition of
the Dowex increased the sensitivity of the assay, pre-
venting the desintegration of 14C-acetyl CoA (Table 1).

This assay was applied to serum and urine samples
of 15 healthy children, 4 children with organic acidemia,
and 3 children with hypotonia. Mean values were in
agreement with the literature (20-22) (Table 2). Pediatric
patients had significantly decreased serum free and total
carnitine concentrations compared to controls.
Acylcarnitine excretion was significantly increased, par-
ticularly in patients with methylmalonic acidemia.

The response of the assay was linear up to 200 ml
of sample. The within assay coefficient of variation
(CV%) for 10 analyses was 1.3%+0.15, and the within
day CV% was 1.9±0.2. The presently described proce-
dure offers the advantages of quantifying a L-carnitine
content as low as 0.5 mmol/L (50 pmoles) in 100 ml of
plasma or urine with optimum recovery and precision. No
interference from acetylcarnitines is present. Thus the
assay is suitable for the study of pathological states in
concern with carnitine metabolism and excretion.
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