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Abstract

A selective gas–liquid chromatographic method with mass spectrometry (GC–MS) for the simultaneous confirmation and
quantification of ephedrine, pseudo-ephedrine, nor-ephedrine, nor-pseudoephedrine, which are pairs of diastereoisomeric
sympathomimetic amines, and methyl-ephedrine was developed for doping control analysis in urine samples. O-Tri-
methylsilylated and N-mono-trifluoroacetylated derivatives of ephedrines — one derivative was formed for each ephedrine
— were prepared and analyzed by GC–MS, after alkaline extraction of urine and evaporation of the organic phase, using

2d -ephedrine as internal standard. Calibration curves, with r .0.98, ranged from 3.0 to 50 mg/ml depending on the analyte.3

Validation data (specificity, % RSD, accuracy, and recovery) are also presented.  2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction analysis, the use of chromatography coupled with
mass spectrometry for the final confirmation of

Ephedrine, pseudo-ephedrine, nor-ephedrine, nor- suspected compounds is mandatory [3,4]. The prob-
pseudoephedrine are pairs of diastereoisomeric sym- lem with gas chromatography–mass spectrometry
pathomimetic amines [1] known to have central (GC–MS) in the determination of ephedrines is that
nervous system stimulating properties [2] and are the reproducibility obtained is not always sufficient,
therefore included — along with methyl-ephedrine because more than one derivative may be obtained
— in the doping list of pharmacological forbidden for the same compound [5,6].
substances indicated by the Medical Commission of In this work, an accurate, selective, rapid GC–MS
the International Olympic Committee (IOC) [3]. method with derivatization (O-trimethylsilylated and
From an analytical perspective, in doping control N-mono-trifluoro-acetylated derivatives) was de-

veloped for the confirmation and quantification of
ephedrine, nor-ephedrine, pseudo-ephedrine, nor-*Corresponding author. Fax: 13-1-6868-549.
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was applied to doping control analysis. It is im- volume was injected in the split mode (30:1). Split
portant to emphasize that only one derivative was inlet liner with cup (Agilent Technologies, Hellamco,
formed for each ephedrine and the analysis of the Athens, Greece, part no. 18740-80190) was used.
samples was carried out by using the same instru- Initial oven temperature was set at 808C for 2 min,
mentation as for screening analysis. This work was then ramped at 108C/min to 1508C and at 108C/min
occurred in the framework of the preparation of the to 3108C and held for 1 min. Time of sample
doping control laboratory of Athens for the Olympic analysis 13.2 min. MSD was run in a scan mode
Games 2004. (mass range 70–400) with electron impact ionization

(70 eV).

2. Experimental
2.3. Analytical procedure

2.1. Chemicals and reagents
Standard aqueous solutions of ephedrine, norephe-

Ephedrine–HCl (purity 99%), 1S,2S-(1)-pseudo- drine, pseudoephedrine, norpseudoephedrine and
ephedrine–HCl (purity 98%), 1S,2R-(1)-norephe- methylephedrine were prepared, sealed and refriger-
drine–HCl (purity 99%), S,S-norpseudoephedrine– ated at 48C until used.
HCl (purity 98%), 1S,2R-(1)-N-methylephedrine Blank urine spiked with ephedrines or urine
(purity 99%) and hepta-fluorobutyric anhydride obtained from positive doping case were extracted as
(HFBA) were obtained from Sigma–Aldrich follows: to 1.0 ml of urine was added 10 ml
(Athens, Greece). 1S,2R(1)-d -Ephedrine–HCl in d -ephedrine–HCl 1000 mg/ml (internal standard)3 3

methanol (purity 99%) was obtained from Promo- and 0.250 ml potassium hydroxide 5.0 M. The
chem (Welwyn Garden City, UK). Potassium hy- mixture was extracted twice with 5.0 ml diethyl
droxide, diethylether, anhydrous sodium sulphate ether, in the presence of 1.5 g anhydrous sodium
were of analytical reagent grade and provided from sulphate, by vortexing for 1 min. After centrifuging
commercial sources. Chlortrimethylsilane and dich- at 1900 g for 10 min, the organic phase was gently
lordimethylsilane were purchased from Merck evaporated to dryness under stream of nitrogen.
(Darmstadt, Germany). N-Methyl-N-(trimethylsilyl)- Samples were kept in a desiccator for 30 min. A
trifluoroacetamide (MSTFA), trimethyl-silyl- 75-ml volume of MSTFA:TSIM (100:10) was added
imidazole (TSIM), N-methyl-bis-trifluoroacetamide to the dried residue, vortex-mixed and kept at 808C
(MBTFA), trifluoroacetic anhydride (TFAA) were for 15 min to obtain the trimethylsilyl derivatives of

¨purchased from Macherey–Nagel (Postfach, Duren). hydroxyl group. After cooling at room temperature,
N-tert.-Butyl-dimethyl-silyl-N -methyl-trifluoro-acet- 30 ml MBTFA were added and the mixture was
amide (MTBSTFA) and N,O-bis(trimethylsilyl)-tri- vortexed and incubated for 15 min at 808C to obtain
fluoro-acetamide (BSTFA) were obtained from Fluka trifluoroacetamide (TFA) derivatives of primary and
(Athens, Greece) and Serva Feinbiochemica (Heidel- secondary amines. One ml of the mixture was
berg), respectively. subjected to GC–MS analysis.

2.2. Apparatus

A Hewlett-Packard 6890 gas chromatograph cou- 3. Results and discussion
pled with a 5973 quadrupole mass spectrometric
detector (MSD) with a crosslinked 5% diphenyl– 3.1. Optimisation of the analytical procedure
95% dimethylsiloxane capillary column (12.5 m30.2
mm I.D.; 0.33-mm film thickness, HP Ultra 2) was The solvent of choice for the extraction of ephe-
used. Helium was used as carrier gas at flow 1.0 drines is diethylether due to its low boiling point
ml /min. Injection port and transfer zone tempera- (34.48C) and its analytical properties for this pur-
tures were maintained at 2508C. A 1-ml sample pose. Recovery studies for the extraction procedure
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proved that a double extraction with 5.0 ml of
diethylether was needed.

Evaporation step is very crucial for ephedrines due
to their high volatility [6]. Triplicate experiments
were carried out in order to examine three ways of
evaporation: (a) evaporation under gentle stream of
nitrogen at room temperature, (b) evaporation by
using rotavapor, (c) over night evaporation at room
temperature. Furthermore, in order to prevent loss of
ephedrines, the presence of 20 ml MBTFA [4] or two
to three drops of chlortrimethylsilane or dichlor-
dimethylsilane was also examined, but no improve-
ment has been shown. The loss of ephedrines was
less in the case of evaporation under gentle stream of
nitrogen at room temperature.

The classical derivatization reaction of ephedrines
is with MSTFA/MBTFA [7]. However, with the Fig. 1. Structures of ephedrines, ephedrines O-trimethylsilylated
above procedure, nor-ephedrine and nor-pseudo- and N-mono-trifluoro-acetylated derivatives and fragmentation

pattern of structural diagnostic ions m /z.ephedrine form two derivatives, N-trifluoroacetyl-O-
trimethylsilyl- and N-trifluoroacetyl-bis-N,O-tri-
methylsilyl derivatives, which is not desirable [6,8]. 3.2.2. Mass spectrometry, full scan mode (low

Many derivatization reagents were examined, like resolution)
HFBA [9], MSTFA, MTBSTFA, BSTFA. In all the The following ions are of structural diagnostic
above cases, either derivatives of nor-ephedrine and importance: m /z 179, 154, 227, 318 for ephedrine-N-
nor-pseudo-ephedrine were not separated, either two TFA-O-TMS and pseudo-ephedrine-N-TFA-O-TMS,
derivatives were formed. In order to prevent hydro- m /z 179, 163, 304 for nor-ephedrine-N-TFA-O-TMS
gen atom on amino group from receiving a trimethyl- and nor-pseudo-ephedrine-N-TFA-O-TMS, m /z 72,
silyl (TMS) group, TSIM was added to the de- 163, 236 for methyl-ephedrine-O-TMS. Ephedrine
rivatization mixture. Several ratios MSTFA:TSIM and pseudo-ephedrine have the same mass spectrum,
were tested in different temperatures and heating- as it is expected, and the same exists for the pair
time periods. The best results were obtained by using nor-ephedrine /nor-pseudo-ephedrine.
MSTFA:TSIM (100:10), heating at 808C for 15 min
and then addition of MBTFA, heating at 808C for 15 3.3. Validation of the method
min (Fig. 1).

For the validation of the method for the de-
termination of the mixture of ephedrines, data of

3.2. Detection criteria calibration curves, specificity, precision and accuracy
of the method were calculated [10]. Analysis of

3.2.1. Chromatography blank urine samples (n510) and spiked blank urine
Ephedrines derivatives from spiked with ephe- samples with ephedrines proved that there is not

drines blank urine samples, which were analysed interference from urine matrix in the determination
according to the procedure described in Section 2.3, of ephedrines. Five calibration curves (n55
were detected at retention times relative to d -ephed- standards3232 injections), were established in the3

rine of 0.833 for methyl-ephedrine-O-TMS, 0.893 range 5.0–30 mg/ml for ephedrine and methyl-
for nor-pseudo-ephedrine-N-TFA-O-TMS, 0.902 for ephedrine, 10–50 mg/ml for pseudo-ephedrine and
nor-ephedrine-N-TFA-O-TMS, 0.999 for ephedrine- nor-ephedrine and 3.0–20 mg/ml for nor-pseudo-

2N-TFA-O-TMS and 1.02 for pseudo-ephedrine ephedrine, showing to be linear with r .0.99 for all
N-TFA-O-TMS. ephedrines. Quantification was achieved using peak
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area ratios of the ephedrines to internal standard. For were obtained in comparison to quality control
the quantification of pseudo-ephedrine, nor-ephed- samples (accuracy, % RSD,10%), which were
rine, nor-pseudo-ephedrine the most abundant ion included in the analysis. Since the concentrations of
m /z 179 was used, whereas for ephedrine and these ephedrines are usually higher than 5.0 mg/ml,
d -ephedrine ions m /z 227 and 230 were used, the products were easy to detect. Several positive3

respectively. The signal-to-noise ratio of the above urine samples were analysed and the method has
ions was greater than 10:1. been shown no interference from endogenous com-

Precision (% RSD) within day ranged from 2.0 to pounds in urine or from a variety of drugs with
7.0% for all ephedrines at a concentration of 10 similar structure.
mg/ml (n510). Precision (% RSD) between days
ranged 1.6–2.9% for ephedrine, 2.1–3.8% for
pseudo-ephedrine, 3.3–9.4% for nor-ephedrine, 4.0– Acknowledgements
14% for nor-pseudo-ephedrine and 2.9–7.7% for
methyl-ephedrine, calculated from all standards of M-E. S. is grateful to the Greek State Scholarships
the five calibration curves. Foundation for financial support.
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