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bstract

In this paper the determination of Ochratoxin A (OTA) in low volumes of human blood serum by enzyme-linked immunosorbent assay (ELISA)
s compared with an appropriate capillary electrophoresis with laser-induced fluorescence detection (CE-LIF) method. In order to use ELISA

or high-throughput analysis in epidemiological studies no sample cleanup was performed. Both methods showed a limit of detection (LOD) of
.5 ng/mL. Comparing the precisions of both methods, the data show that the quantified concentrations in ELISA are higher than the corresponding
oncentrations in the CE-LIF method. Using a matrix calibration curve instead of a standard calibration curve the reproducibilities of both methods
re comparable. No additional matrix effect could be observed by adding phenylalanine as probable matrix compound to the serum.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Ochratoxin A (OTA) is a naturally occurring mycotoxin
hich is produced by several species of the genera Aspergillus

e.g. Aspergillus ochraceus) and Penicillium (e.g. Penicillium
errucosum). OTA is found mainly in food derived from plants,
uch as cereals [1], coffee [2,3], nuts [4], dried fruits, spices [5],
nd wine and grapes [6,7]. The intake of OTA through contam-
nated feed may lead us to its occurrence in the blood, kidneys
nd liver of pigs and poultry [8]. The consumption of several
oods, including cereal products, wine, beer, as well as meat and
ausage of pork, can also cause high plasma levels of OTA in
uman blood [9]. OTA has been reported to have nephrotoxic
10], carcinogenic [11], genotoxic [12] and immunotoxic effects
13,14]. Moreover, OTA is suspected to be the causing agent

ehind the Balkan Endemic Nephropathy, a kidney disease in
outh-eastern Europe [15].

∗ Corresponding author. Tel.: +49 341 235 2639; fax: +49 341 235 2625.
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Several methods have been developed to determine OTA in
arious matrices, like milk [16], certain tissues [17], animal feeds
18], urine [19] and human blood serum [20]. Because of the low
oncentrations of OTA usually found in human blood serum, its
nalytical determination calls for sensitive techniques.

To analyze OTA in human blood serum with RP-HPLC, var-
ous sample cleanup procedures have been developed [9,16]. In
ost studies, OTA was extracted from blood serum or plasma by

hloroform after acidification to a pH below 2.5 [16]. Recently
ublished methods using immunoaffinity or RP-SPE columns
ave been developed for the determination of OTA in blood and
issues [21,22]. Depending on sample cleanup and instrumenta-
ion, limit of detection (LOD) between 5 pg/mL and 50 pg/mL
as been achieved.

In addition to these methods, capillary electrophoresis
ith laser-induced fluorescence detection (CE-LIF) has been

mployed. Corneli and Maragos developed a method for the
etermination of OTA in coffee, corn and sorghum using CE-

IF [23]. A LOD of 0.2 ng/g has been achieved with this method

23,24]. However, capillary electrophoresis has the disadvan-
age that the injection volumes are very small. To overcome
his, several injection techniques have been developed [25–28].

mailto:gabor.koeller@ufz.de
dx.doi.org/10.1016/j.jchromb.2006.04.048
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curve, and the samples optical densities are plotted against the
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ne technique to enhance the sensitivity of detection is on-line
ample concentration by sample stacking with reversed polar-
ty [29–31]. On the basis of these techniques recently a method
or the determination of OTA in human blood serum was estab-
ished [32]. This method was developed to analyze human blood
erum starting with a sample volume of 50 �L. In planned inves-
igations concerning the internal exposure of children to OTA
nly such small volumes of serum were available because of
he broad spectrum of parameters to be analyzed and the lim-
ted availability of sample material because of ethical questions.
his biomonitoring is absolutely essential in order to assess the
xisting risk in indoor environments containing mould.

Another technique often used for the analysis of OTA
s enzyme-linked immunosorbent assay (ELISA) [22,33] The
LISA technique is useful for high-throughput analysis. Addi-

ionally, only a small volume of sample is necessary for the
nalysis. Therefore, this technique should be suitable for the
iomonitoring of children, where only small sample volumes
re available. Unfortunately commercially available ELISA test
its for OTA are validated only for corn and not for human blood
erum.

The aim of this study was to compare the recently pub-
ished CE method [32] with an ELISA method. The test kit is
direct competitive ELISA in a microwell format for detection
nd quantification of OTA concentrations in parts per billion
ppb). Due to the low sample volume, sample cleanup ought
o be avoided. In the published method [33], the extraction of
mL serum followed by a solid phase extraction protocol is per-

ormed. However, avoiding cleanup step is desirable to maintain
he high-throughput feature of ELISA.

. Experimental

.1. Material and reagents

Ochratoxin A (from A. ochraceus [303-47-9]), dansylpheny-
alanine (DNS-Phe) and coumarin-3-carboxylic acid (C3A)
ere purchased from Sigma–Aldrich (Steinheim, Germany).
cetonitrile (Suprasolv grade), dichloromethane (Lichrosolv
rade), sodium chloride and phosphoric acid (80%) were
btained from Merck (Darmstadt, Germany). Di-sodium hydro-
en phosphate-7-hydrate was purchased from Riedel-de-Haën
ia Sigma. Veratox® ELISA-test-kit for Ochratoxin A was pur-
hased from Neogen.

.2. CE-LIF

For the analysis of OTA in low volumes of human blood
erum, the recently published method of Koeller et al. [32]
as used. A HP3D CE system (Agilent, Waldbronn Germany)

quipped with a laser-induced fluorescence detection system
15 mW helium-cadmium ion laser with an excitation wave-
ength of 325 nm from Picometrics, Toulouse, France) was

sed. Separation was performed on a fused silica capillary
60 cm × 50 �m; 45 cm to detector). The capillary was ther-
ostated at 20 ◦C by air. Samples kept in the autosampler were

lso thermostated at 20 ◦C.
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Prior to first use, the capillaries were conditioned by rinsing
ith methanol for 15 min, with water for 5 min, with 1N
aOH for 20 min, with 0.1N NaOH for 10 min and finally with

eparation buffer for 20 min. The capillaries were prepared for
aily use by rinsing with water for 10 min, with 1N NaOH
or 10 min, with 0.1N NaOH for 10 min and with separation
uffer for 15 min. Before each analysis the capillary was
ushed with 0.1N NaOH for 1 min and with separation buffer
or 2 min.

A 30 mM phosphate buffer (pH 7.0) was used as sepa-
ation buffer. Injection was performed hydrodynamically at

pressure of 50 mbar for 60 s. Subsequently a voltage of
20 kV was applied to the column. After 30 s the voltage
as switched to +20 kV. The run time of each analysis was
2 min.

.3. Sample cleanup for CE-LIF

Twenty microliters of 0.2 M sodium hydrogenhydrocar-
onate solution was added to 50 �L serum. In order to
emove neutral and basic matrix components the sample was
haken twice with 100 �L dichloromethane. The organic layer
as discharged. Subsequently, the water phase was acidified
ith 100 �L 10% phosporic acid and extracted with 100 �L
ichloromethane by agitation in a vortex mixer for 5 min at
oom temperature. The mixture was centrifuged at 14,000 × g
or 2.5 min. Three phases were obtained: aqueous (upper), white
ing (middle) and dichloromethane (lower). The lower phase
as transferred into a vial fitted with conical inset. The aque-
us layer and the white precipitate were extracted with 100 �L
ichloromethane again. The combined dichloromethane frac-
ions were evaporated to dryness and reconstituted in 20 �L of
he injection solution.

.4. ELISA

Veratox® for ochratoxin (Neogen) is a direct competitive
LISA in a microwell format for detection and quantification of
TA concentrations in parts per billion. This ELISA was used
nd strictly performed according to the manufacturer’s instruc-
ions. Briefly, ochratoxin is extracted from the sample with a
0% (v/v) methanol–water solution. Following this, free ochra-
oxin in the samples and controls is allowed to compete with
nzyme-labeled ochratoxin (an OTA-horse radish peroxidase
onjugate) for the antibody binding sites. After a wash step,
ubstrate is added which when catalyzed by the antibody-bound
eroxidase reacts to produce a blue color. Following exactly
0 min of incubation, stop solution is added to terminate the
nzymatic reaction. Immediately thereafter the test is read in a
pectrophotometer (SpectraImage) to yield optical densities at
wavelength of 650 nm, as stated in the manufacture’s instruc-

ions. The optical densities of the controls form the standard
urve to calculate the concentration of OTA. The data were quan-
itatively analyzed using a 4-parameter logistic curve-fit for the
tandard curve (easyWIN kinetics V6.0a, TECAN, Crailsheim,
ermany).
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.5. Experimental design

For analyses, we used a pooled sample of human sera which
ere specified as OTA free. This sample was used for the prepa-

ation of all dilutions of OTA.
Each series is composed of six calibration points and three

uality control samples. The concentration levels of the calibra-
ion points ranged from 0 ng/mL up to 12.5 ng/mL (0 ng/mL;
.02 ng/mL; 0.1 ng/mL; 0.5 ng/mL; 2.5 ng/mL; 12.5 ng/mL). It
as expected that ELISA has a lower LOD than the CE method.
herefore, two calibration levels (0.02 ng/mL and 0.1 ng/mL)
ere defined.
The concentrations for the quality control samples were

ng/mL, 5 ng/mL, and 10 ng/mL.
Due to the phenylalanine moiety of OTA it was suspected that

henylalanine might act as a competitor for the OTA antibody
n the ELISA immunoassay. In order to estimate these cross
eactions between OTA and phenylalanine, in series 3 and 4
sample containing 5 ng/mL OTA and 5 ng/mL phenylalanine
ere added.
The above-specified samples were aliquoted into sterile 1.5

ppendorf tubes and stored until analyses at −20 ◦C to simulate
he circumstances under which samples may be obtained before
he analyses can be carried out. The sample volume of all aliquots
as 50 �L. Randomly selected representatives of the different

liquots were taken for analyses in both methods.

. Results and discussion

.1. Calibration

According to the validation of the used CE-LIF method [32],
oncentrations lower than 0.5 ng/mL were not detectable. There-
ore, the calibration curve consisted of three points only in all
our series. In order to check the interday performance each
eries was analyzed on another day. The calibration curves on
ll four days are summarized in Table 1. The last row of Table 1
he mean calibration curve, constructed from the mean value of
he datapoints in each calibration level, is shown. The variance
f each calibration level ranged between 5.1% and 17.6%. It can
e seen from Table 1 that the slopes of the calibration curves are
eproducible from day to day.

Generally in ELISA the calibration is performed by a 4-

arametric logistic curve which is typically for ELISA. To do
o, six standard control samples, where OTA is dissolved in
ethanol, were plotted against their optical densities at 650 nm.
s stated in the manual instructions all samples of the series were

able 1
alibration curves on 4 days obtained by CE analysis

Calibration curves r2

eries 1 y = 0.0525x + 0.0753 0.9999
eries 2 y = 0.048x + 0.1259 0.9995
eries 3 y = 0.0548x + 0.1410 0.9971
eries 4 y = 0.0552x + 0.883 0.9976

ean (n = 4) ymean = 0.0524x + 0.1076 0.9972

t
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1

ig. 1. ELISA calibration curves without matrix (diamonds) and with human
lood serum as matrix (rectangles).

uantified with this curve. In Fig. 1 the calibration curves of the
tandard control samples and the serum calibration samples are
hown. It can be seen that differences occurred which can be
ddressed to matrix effects. The calibration curve with serum
alibration samples shows a plateau in the low concentration
ange. Therefore quantification below 0.5 ng/mL was not possi-
le. Under these circumstances the LOD was set to 0.5 ng/mL.

This result can be explained by contamination of the original
erum with OTA or matrix effects. The contamination with OTA
an be excluded because the CE analysis did not find OTA in the
lank sample and in the samples spiked with 0.02 ng/mL, and
.1 ng/mL.

.2. Reproducibility and precision

The results of the quantification of the quality control samples
re summarized in Table 2. Analyzing the QC-samples with
E the measured concentrations of OTA agree well with the
xpected QC-sample concentration. The reproducibility of all
C-samples was below 20%, as a rule lower than approximately
5%.

According to instruction manual, using the standard sample
alibration curve the reproducibility of ELISA method is very
oor. It ranges between 11% and 32% (Table 3). To improve

he reproducibility the matrix calibration curves were used for
uantification. Every QC-sample is quantified with the matrix
alibration curve of its own series. The reproducibility with this
alibration is below 20%. This shows that matrix components in

able 2
uantification of samples analyzed by CE

TA samples CE

Mean concentration
(n = 4) (ng/mL)

Variation (%)

ng/mL (LQC) 1.06 15.9
ng/mL (MQC) 5.01 6.8
0 ng/mL (HQC) 9.80 9.9
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Table 3
Quantification of samples analyzed by ELISA

OTA samples ELISA with standard sample calibration ELISA with matrix sample calibration

Mean concentration (n = 4) (ng/mL) Variation (%) Mean concentration (n = 4) (ng/mL) Variation (%)

1 ng/mL 1.73 31.9 1.73 19.6
5 ng/mL 7.21 11.1 7.21 9.8
1 12.06 10.0

D atrix calibration curve.
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0 ng/mL 12.80 17.4

ata were quantified with the standard calibration curve (no matrix) and with m

LISA can become significant in spite of washing. The found
oncentrations for the quality control samples are higher than
xpected in ELISA. The phenomenon that ELISA overestimates
he OTA concentrations was also observed by other groups [34].
n Fig. 2 the found concentrations of the control samples of
LISA method are plotted against those found with CE method.
he slope of the linear curve is bigger than 1. This leads to a
oncentration-dependent overestimation of the OTA concentra-
ion by the ELISA. Additionally, the axis intercept is 0.7 ng/mL.
his concentration-independent factor amplifies the overestima-

ion. One reason for that might be the nonlinear calibration.
dditionally, in competitive ELISA small changes in the lower

oncentration range cause high changes of the optical density.
n the other hand, small changes in optical density show high

hanges in the OTA concentration.

.3. Crossreaction with phenylalanine

In order to study the matrix effects phenylalanine was chosen.
lood serum from healthy humans contains 2–10 ng/mL pheny-

alanine. Due to the structural similarity of phenylalanine and
TA (Fig. 3) it was suspected that phenylalanine can mimic the
TA binding site of the antibody. Therefore, in each of the series
and 4 a sample containing 5 ng/mL OTA as well as pheny-

alanine (also in a concentration of 5 ng/mL) was measured. In
amples containing phenylalanine analyzed by CE OTA were
ound at concentrations of 4.95 ng/mL and 5.17 ng/mL, respec-
ively. Concentrations obtained from ELISA were 7.53 ng/mL

nd 6.57 ng/mL. The values obtained by ELISA are higher than
hose expected. Nevertheless, this value agrees very well with the
TA concentrations of those samples not spiked with phenylala-
ine. The quantification revealed that neither significant additive

Fig. 2. Plot of quantified samples analyzed by CE vs. ELISA.
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Fig. 3. Ochratoxin A (OTA) and phenylalanine.

or subtractive effects of phenylalanine interfere with the anal-
sis of OTA. This means that the observed matrix effects cannot
e explained by the presence of phenylalanine in serum.

. Summary

Based on the experimental results it can be concluded, that
enerally CE and ELISA can be used to analyze OTA in serum.
he analysis of 50 �L serum was possible in the calibrated con-
entration range from 0.5 ng/mL to 12.5 ng/mL. The LOD of
.5 ng/mL agreed well with the earlier published method val-
dation [32]. The working range of the ELISA method was
stimated from 0.5 ng/mL up to 12.5 ng/mL. Using the stan-
ard calibration curve leads to low reproducibility. To increase
he reproducibility a calibration curve constructed with matrix
ontaining samples has to be used. However, the precision of
LISA is worse than those of the CE method. In order to
imic the matrix effects measurements with phenylalanine were

one. The results showed that the presence of phenylalanine in
quimolar concentrations has no effect on the ELISA process.
bviously other matrix compounds can interact with the anti-
ody or interfere with the staining reaction. Doubtless ELISA is
good method to analyze low volume samples. In epidemiolog-

cal studies with high sample throughput ELISA can be used as
fast semi quantitative screening method, in order to preselect

he samples. On the other hand, actually there are no ELISA
its for the analysis of OTA in human blood serum commer-
ially available. Using ELISA kits validated on other matrices

e.g. cereals) matrix effects and poorer LOD might be expected.
herefore, for the exact determination of the OTA concentra-

ion a chromatographically method (HPLC or CE) and a sample
leanup is required.
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