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Short communication
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Abstract

The objective of this study was to establish the possibility of using liquid chromatography coupled to mass spectrometry for the detection of
hydroxyethylstarch (a corn starch derived product) in urine as an alternative to the current time consuming GC–MS methods. Analyses were
performed using an ion trap instrument after acidic hydrolysis. Ionization was carried out using atmospheric pressure chemical ionisation (APCI)
operated in negative ionization mode and detection was performed using MS2. The results indicate that the developed method can successfully be
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pplied as a fast and reliable method for the detection and identification of hydroxyethylstarch.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Hydroxyethylstarch (HES) is a corn starch derived prod-
ct. It is commercialised as a 6% solution of HES containing
alanced electrolytes, lactate buffer and physiological levels of
lucose.

HES is used as plasma volume expander in the acute treat-
ent of shock or severe haemorrhage and as priming fluid for

xtracorporeal units [1]. Plasma volume expanders have the
bility to retain water to the body by increasing the intravas-
ular volume [2]. Hence this product gained interest amongst
thletes taking part in endurance sports where dehydration
s common. In sports where blood controls are performed
e.g.: cycling, skating) and where athletes are temporarily sus-
ended if the hematocrite exceeds a certain level, HES can be
sed to increase the blood volume resulting in a decrease of
he hematocrite value. The first positive cases for HES were
eported during the Lahti Nordic World Championship (2001,
inland).

In doping control laboratories, HES is screened for by either
mass spectrometric techniques including GC–MS [3,4] and
MALDI-TOF [5] or colometric microtiter assays [6–8]. The
latter technique is most often preferred for screening purposes
because of the low cost and sample work up. However, to
confirm the presence of HES in a urine sample, mass spec-
trometry must be applied. Due to the polar nature of HES
identification by GC–MS requires a time consuming derivati-
zation. During the last decade LC–MS has proven to be the
ideal technique for the analysis of polar compounds and to
be useful in the detection of monosaccharides [9–10]. As a
result a sensitive method for the identification and quantifi-
cation of dextran, another plasma volume expander, has been
reported recently [11]. In this work the applicability of LC–MS
for the detection and identification of HES in human urine was
investigated.

2. Experimental

2.1. Chemicals and reagents
∗ Corresponding author. Tel.: +32 9 3313295; fax: +32 9 3313299.
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Hetastarch (6% Hydroxyethylstarch), glucose and glucose-
13C6 were purchased from Sigma (Bornem, Belgium). To
avoid degradation of HES and glucose standards, all stock
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solutions and diluted solutions were prepared using a mixture
of water/acetonitrile (80/20).

Analytical grade methanol, hydrochloric acid (HCl) and
glacial acetic acid (HAc) were purchased from Merck (Darm-
stadt, Germany), HPLC grade acetonitrile (ACN) was from
ACROS (Geel, Belgium).

2.2. Excretion samples

Excretion urine samples were obtained from different
sources: two samples were obtained from the World Anti-
Doping Agency (WADA), another sample was a kind gift from
the German anti doping laboratory of Cologne.

2.3. Sample preparation

Sample preparation was based on a previously described
method [4]. An internal standard solution (25 �l glucose-13C6,
1 mg/ml) and 100 �l HCl (3 M) were added to 100 �l urine fol-
lowed by hydrolysis of the sample at 80 ◦C for 30 min. The
sample was evaporated until dry under oxygen free nitrogen
(OFN) at 80 ◦C. To prevent corrosion by HCl during evapora-
tion, teflon coated needles were used. The remaining residue was
dissolved in 200 �l mobile phase. Fifty microliter was injected
in the chromatographic system.
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Table 1
MS2-settings and product ions for glucose-13C6 and �-hydroxyethylglucose in
APCI negative ionisation mode

Compound MW PI CE Product ions

Glucose-13C6 186 245 20 185
�-Hydroxyethylglucose 224 283 25 223, 205, 161, 143, 113

PI, precursor ion; CE, collision energy; MW, molecular weight.

spheric pressure chemical ionisation (APCI). The capillary and
vaporizer temperature were maintained at 150 and 350 ◦C,
respectively. The discharge current was maintained at 5 �A and
sheath gas and auxiliary gas were set at 80 and 10 (arbitrary
units). Voltages of the capillary and lenses were optimized auto-
matically. When MS2 was applied the isolation width was set at
3.0, the activation q at 0.250 and the activation time at 30 ms. Ions
observed during the MS2-experiments are presented in Table 1.

3. Results and discussion

LC–MS and GC–MS detection of HES is based on the detec-
tion of the monosaccharide units glucose and the structural
isomers 2-, 3- and 6-hydroxyethylglucose (Fig. 1) after acidic
hydrolysis of the polymerized HES. Due to their polar nature
saccharides cannot be analysed using reversed phase liquid chro-
matography, hence an amine-type column was preferred [10].

In solution, glucose is in a permanent equilibrium between
two forms, namely the � and � structure (anomers). Under
the described conditions no chromatographic separation was
observed between these two forms.

To determine mass spectrometrical parameters for HES, the
monosaccharide glucose was infused. In ESI (positive and nega-
tive mode) no ions were detected for glucose. APCI operated in
positive mode did not result in the detection of glucose neither.
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.4. Instrumentation

The HPLC system consisted of a P4000 quaternary pump
quipped with a AS 3000 autosampler (all from Thermo Sepa-
ation Products, Thermo, San Jose, CA, USA). The autosampler
as equipped with a 100 �l sample-loop.
A Microsorb amine-type column 100 mm × 4.6 mm (3 �m)

rotected with a polar guard column 10 mm × 2 mm (both from
hrompack, Antwerp, Belgium), was used for chromatographic

eparation. The column was maintained at a temperature of
5 ◦C.

The mobile phase consisted of 1% acetic acid (in water) and
CN (20/80). Isocratic elution was performed at a flow rate of
.5 ml/min (run time: 10 min).

Ionisation of the analytes was carried out on an LCQ-Deca
ass spectrometer (Thermo, San Jose, CA, USA) using atmo-

Fig. 1. Molecular structure for
owever, using full scan APCI in the negative mode [M − H]−
nd [M + CH3COO]− ions could be detected. Analysis of a
ydrolysed HES solution (100 �g/ml) resulted in the detection
f 1 peak and analogous ions, i.e. taking into account the hydrox-
ethyl substituent. The identity of the structural isomers could
ot be determined due to the lack of individual reference com-
ounds.

ose and hydroxyethylglucose.
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Fig. 2. Ion chromatograms and mass spectra for glucose-13C6 and �-hydroxyethylglucose obtained after analysis of an excretion urine sample (a) and a negative
urine sample (b).
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Because full scan LC–MS spectra contains few diagnostic
ions, MS2 was applied on the acetate adduct of hydroxyethyl-
glucose. The most abundant ion observed in MS2 was [M − H]−
resulting from the loss of the acetate adduct (Fig. 2). Loss of the
hydroxyethyl moiety, loss of formaldehyde and several smaller
ions, resulting from the additional loss of water, could also be
observed.

Chromatograms and product spectra for an excretion urine
and a negative urine sample are presented in Fig. 2.

4. Conclusions

From this preliminary study it seems that LC–MS is a suit-
able technique for the detection and identification of HES and
can be used as a simple alternative for the current GC–MS
methods.
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