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Abstract

L-Carnitine is a substance natural for human body which transfers fatty acids to the place of burning—mitochondria and aids the trans-
formation of fats into energy and this way supports overweight reduction and immediate physical performance, increases resistance fror
physical load and protect heart from overload. In this study are described newly developed electrophoretic methods (ITP, CZE with direct
and/or indirect UV detection) for carnitine determination in various samples. The results were compared with results obtained by validated
HPLC method. All of these methods gave comparable results. The detection limits of the electrophoretic methods were between 2.4 an
4.7pg/ml, reproducibility (relative standard deviation, RSD%) was between 1.2 and 4.4% and recoveries were between 91 and 113% in
different samples. The shorter analysis and low running cost are the main advantages of CE methods.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction synthesise carnitine in the liver and kidney (from the amino
acidsi-lysine and.-methionine) or taken up in food. Plasma
L-Carnitine (R)-3-carboxy-2-hydroxyN,N,N-trimethyl- carnitine concentration positively correlates with the dietary

1-propaminium hydroxide inner salt) is a critical substance intake of carnitine. Exogenous supply of this conditionally es-
needed for the maintenance of health, but is not a requiredsential nutrimentis mainly supplied by meat, milk and vegeta-
nutrientin the diet.-Carnitine is used as a carrier to transport bles but also by human milk or by infant formulae with low-
long-chain fatty acids into the mitochondria of a cell for beta- carnitine supplementatidi2,3]. Generally, only very small
oxidation to produce energy-Carnitine also participates in ~ amounts of it are found in plants, with few exceptions, such
the control of the mitochondrial acyl-CoA/CoA ratio, perox- as avocado and some fermented soy products, e.g. tempeh.
isomal oxidation of fatty acids, and the production of ketone r-Carnitine is a chiral molecule. Its stereoisometarnitine
bodies. Due to their intrinsic interaction with the bioener- has been found to have a considerable toxic influence on
getic processes, they play an important role in diseases assobiochemical processes due to inhibition effects on the car-
ciated with metabolic compromise, especially mitochondrial- nitine acetyltransferase, leading to a depletion of the body’s
related disorders. A deficiency of carnitine is known to have L-carnitine stock4,5]. Several methods have been described
major deleterious effects on the CNS. Several syndromesfor the determination of carnitine in biological tissues, body
of secondary carnitine deficiency have been described thaffluid, infant formulae and drugs. Thus, enzymatic flow in-
may result from defects in intermediary metabolism and al- jection[2], radio-enzymatic assay, gas chromatography, gas
terations principally involving mitochondrial oxidative path- chromatography—mass spectrometry (GC—-MS) and fast atom
ways[1]. The absence afcarnitine affects the loss of energy bombardment mass spectrometry (FAB-MS) among other
and toxic accumulations of free fatty acidsCarnitine is methodg6-10]. Nevertheless, the most common separation
a naturally occurring quaternary ammonium compound en- technique has been liquid chromatography (LC) with UV de-
dogenous in all mammalian specigg. Adult people can  tection and electrophoresis. Capillary electrophoresis (CE)
has proved to be a highly efficient separation technique for
* Corresponding author. Tel.: +420 224 355 117; fax: +420 233 337 337. different molecules. Its detection system includes direct and
E-mail addressfrantisek.kvashicka@vscht.cz (F. Kvaiska). indirect UV or fluorescence detection, electrochemical and
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other detectorfl1]. As carnitine has no specific UV absorp- Liquid manufactory samples LC1-LC6 were only diluted
tion, it has to be derivatized for direct detection. Different according to the expected concentration in water and samples
chromophores have been described in the literature, reactingrom the market were homogenized and diluted for CZE with
either with the carboxyl or the hydroxyl group of carnitine indirect UV and ITP-ITP analyses. All samples were deriva-
[12]. CE also may have several advantages in comparisontized with FMOC for CZE with direct UV. The procedure was
to HPLC for the separation of carnitine. The preparation following: 1 ml of the sample was mixed with 1 ml of carbon-
of sample is generally easier and the amount of solvent is ate buffer, after the addition of 2 ml of FMOC solution the
smaller. The analysis is faster and less expensive. Accord-sample was derivatized for 1 h at 30. To complete the reac-
ingly, CE procedures for the separation of carnitine standardtion, 2 ml of acetic acid buffer and 4 ml of water were added
solutions have been describfg]11,13-16] Recently, it is to a final volume of 10 ml. The solution was then filtered and
produce a lot of food supplements witkcarnitine, option- injected. No further sample pre-treatment was performed.
ally with other additives (e.g. chromium), but the product
control necessary for the producers made by HPLC method2.3. Capillary isotachophoresis
is demanding and time-consuming. Consequently, this paper
describes three different electrophoretic methods (ITP-ITP,  The electrophoretic analyser EA 100 (LABECO-VILLA,
CZE with direct/indirect UV detection) for the determina- Ltd., Slovakia) with column coupling was used. The sep-
tion of L-carnitine. All of these methods were compared each aration was performed in a PTFE pre-separation capillary
other and correlated with HPLC results on model and real (90 mmx 0.8 mmi.d.), which was coupled with a PTFE ana-
samples. lytical capillary (90 mmx 0.3 mm i.d.). Zones were detected
by a conductivity detector. The isotachopherograms were
evaluated by the help of PC software package supplied with

2. Experimental analyser (KasComp Ltd., Slovakia). The samples and/or stan-
dard solutions were injected either by a valve with fixed inter-
2.1. Chemicals and samples nal sample loop (3Ql) or by a 10wl Hamilton syringe. The

terminating electrolyte was 10 mM acetic acid and leading

All used chemicals were of analytical grade. Only dem- electrolyte was 40 mM acetic acid and 20 mM NBH. The
ineralized distilled water was added to standard solutions andseparation was carried out with cationic mode and constant
buffers.L-Carnitine (F-]-B-hydroxy-y-[trimethylammonio] driving current was of 250 and 26A on the pre-separation
butyrate; Vitamin B) was purchased from Sigma (Prague, capillary and the analytical capillary, respectively. The anal-
Czech Republic) and carnitine-tartrate was provided by ysis took 25 min.
Lonza Biotec Ltd (Ko@im, Czech Republic). Acetic
acid, phosphoric acid, nitric acid, NJ@H, NaOH and 2.4. Capillary zone electrophoresis
NaHCG; were obtained from Lach—Ner s.r.o. (Neratovice,
Czech Republic), FMOC (9-fluorenyl-methylchlorformate) Electrophoretic analyzer EA 101 (Villa-Labeco, Slo-
and TRIS {,o,a-TRIS-(hydroxymethyl)-methylamin) were  vakia) with FEP capillary — 90 mm 0.3 mm i.d. and®CE
from Sigma—Aldrich (Prague, Czech Republic). Acetonitrile (Hewlett-Packard, USA) with fused silica capillary — effec-
was obtained from Merck (Darmstadt, Germany), Quinine tive length 255 mm, 50.m i.d. were used for CZE with in-
anhydrous was from Fluka (Buchs, Switzerland). Series of six direct UV detection. The wavelengths for detection were
manufactory samples LC1-LC6 with different concentration 254nm (EA 101) and 200 nmP{CE). The background
of L-carnitine were supplied from Lonza Biotec Ltd (Kion, electrolyte (65mM TRE + 7 mM HPO,; +0.5mM quinine)
Czech Republic). Four samples of food supplemelite was the same for both instruments. The analysis time was
nitin + chrom Naturvita a.s., Czech RepubliChroma Slim 6 min.
Ultra, GSN, USANeo carnitarginNutrend D. S., a.s., Czech 3DCE-Hewlett-Packard capillary electrophoresis instru-
Republic;Viaredin Walmark a.s., Czech Republic) were ob- ment (Hewlett-Packard, USA) equipped with a diode array

tained from the Czech market. detector operating at 200, 205 and 254 nm was used-for
carnitine determination with direct UV detection. The sepa-

2.2. Standard solutions, sample preparation and ration took place in a 360 mm (255 mm to detectoB0um

derivatization i.d. fused-silica capillary thermostated at“Z5 A voltage

of 15kV was applied in a constant and cationic mode (cur-

A stock 1 mg/miL-carnitine solution was prepared in wa- rent about 4QwA). The samples were hydrodynamically in-
ter, stored at 4C and diluted with water to the desired jected by pressure 25 mbar for 5s. The carrier electrolyte was
concentration just before use. Fresh stock 100 mM solu- 15mM TRIS and 25 mM BPOy. The time of analysis was
tion of FMOC was prepared in acetonitrile before deriva- 10 min. The capillary was conditioned each morning during
tization, 50 mM carbonate buffer (pH 10.4) and 1 M acetic 5minwith 1 M HCland 1 M and then during 10 min with the
acid were prepared in water and stored at ambient tempera+unning buffer. Between runs, a 2 min wash with the running
ture. buffer was performed.
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Table 1

Comparison of method characteristics fecarnitine

Method Concentrationug/ml) r LOD (png/ml) LOQ (g/ml) Recovery (%) RSD (%)
ITP-ITP 0.5-10 0.9999 0.5 .Q 91-113 1.6-7.8
CZE (indirect UV} 10-200 0.9992 3.7 12 - 1.7

CZE (indirect UVfJ 10-200 0.9991 4.2 la 104-106 1.2

CZE (direct UV) 5-50 0.9982 4.4 14 96-98 2.7-4.4

2 Villa Labeco.
b Hewlett-Packard.

2.5. Liquid chromatography tection limit and quantification limit were slightly worse for
capillary zone electrophoresis.

The sample analysis was performed at Lonza Biotec The relative standard deviation (RSD) was determined by
on a Waters 515 HPLC pump with Rheodyne 7725i eight measuring of three individual samples with different
(20pl) with conductivity detector. A Supelcosil LC-SCX, concentration levels of-carnitine and the recoveries were
250 mmx 4.6 mm, 5um, Cat. No. 5-89975 column and a Su- obtained by measuring of samples and the same samples with
pelco Supelguard LC-SCX, 20 mmyn, Cat. No. 5-9519  addition of 100% of standard. The RSD was lower for all type
as precolumn was used. The mobile phase was 5 MM £HINO of CZE then for 2D-CITP. The ranges of linearity, correla-
in 5% acetonitrile and the flow rate was 1.5 ml/min. The run tion factors and other characteristic parameters of all applied
time took 25 min. methods are shown ifeble 1

The comparison of characteristic parameters of the elec-

trophoretic methods denoted that the results were very sim-

3. Results and discussion ilar and consequently was necessary to notice difficulty of
sample preparation, instrumentation and automatic injection

All electrophoretic systems were compared in order to possibilities. In this case CZE with indirect UV detection
determine the best linear range, sensitivity and reproducibil- performed on Hewlett-Packard was seemed to be the best.
ity for the L-carnitine determination in food supplements. Good linearity and sensitivity was obtained for capillary iso-
The linearity was tested over a concentration range of tachophoresis. Disadvantage of this CITP method and of CZE
0.5-20Qu.g/ml for L-carnitine, and the peak area was used with indirect performed on Electrophoretic analyzer EA 101
under the optimal operation conditions. An external calibra- was impossibility of automatic injection. Derivatization with
tion method was used and individual area/concentration setsFMOC was necessary for electrophoresis with direct UV de-
were subjected to linear least-square regression. There was ection and this is not practical for series of samples. Ad-
good linearity { > 0.99) for all applied methods. The limits of  ditionally, the calibration curve had to be done always with
detection (LOD) and quantification (LOQ) were calculated new sample series. Capillary electrophoresis with direct UV
as a signal-to-noise ratio of 3 and 10, respectively. The de- has another advantages: the first one is possibility to separate

Table 2

Comparison of results obtained by different methods; carnitine content (9/100 g) in factory samples

Sample HPLC ITP-ITP CZE(indirect UV) CZP (indirect UV) CZE (direct UV)
LC1 14 16 11 16 13

LC2 11 18 15 20 14

LC3 389 382 362 355 359

LC4 7.3 7.6 7.3 7.4 75

LC5 368 338 373 373 358

LC6 415 408 412 456 377

2 Villa Labeco.
b Hewlett-Packard.

Table 3

Content ofL-carnitine in some food supplementsi(garnitine/100 g sample)

Food supplement Declared by producer ITP-ITP  @HRdirect UV) CZE (indirect UV) CZE (direct UV)
“Karnitin +chrom” Naturvita a.s., Czech Republic 21 253 251 193 216

“Chroma Slim Ultra” GSN, USA 37 11 13 10 12

“Neo carnitargin” Nutrend D.S., a.s., Czech Republic .02 20 19 18 22

“Viaredin” Walmark, a.s., Czech Republic 40 0.3 0.2 - 03

2 Villa Labeco.
b Hewlett-Packard.
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Fig. 1. Electropherograms of food supplement sample “Chroma Ultra Slim”; ITP mode (A); CZE mode with indirect UV detection (B), CZE mode with direct
UV detection (C); R, response of conductimeter; UV, response of UV detector; for conditions see in text.
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L-/D-carnitine and the further is the removal of all interferon Capillary zone electrophoresis with direct UV detection
proteins and peptides takes place during the derivatizationcan be used for analysis of carnitine after derivatization. This
procedure, therefore not many interfering components haveanalytical procedure is unfortunately not suitable for routine
been observed during the separation. Some of sample elecanalysis in industrial laboratories.
tropherograms are shown kig. 1 Another available pos-
sibility to choose the accurate and the best of tested elec-
trophoretic method was to compare them with HPLC results. Acknowledgements
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