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ABSTRACT

An improved high-performance liquid chromatographic method with ultraviolet detection for the simultaneous determination of
norephedrine, norpseudoephedrine, ephedrine, pseudoephedrine, methylephedrine and ethylephedrine in urine is described. The six
substances were separated on a reversed-phase column with phosphate buffer—triethylamine (pH 5.5) as the mobile phase. The linearity
and reproducibility were satisfactory for the levels usually found in urine (1-30 pg/ml).

INTRODUCTION

Ephedrine (EPH)-pseudoephedrine (PEPH) and
norephedrine (NEPH)-norpseudoephedrine
(NPEPH) are pairs of diastereoisomeric com-
pounds [1] which are included in the doping list of
pharmacological forbidden substances indicated by
the Medical Commission of the International
Olympics Commiittee (IOC) [2]. As they are widely
available in asthma, ophthalmic, cold and allergy
products [3] and as they are found in more than 100
pharmaceutical formulations, the Commission has
defined concentrations above which they are con-
sidered positive. For this reason the determination
of such pairs of diastereoisomeric compounds is
necessary.

The most commonly used technique for such de-
terminations is gas chromatography coupled with
mass spectrometry [4]. In this event a previous selec-
tive derivatization [5] is needed (O-trimethylsilyl, N-
trifluoroacetic acid), but the reproducibility ob-
tained is not always sufficient because more than
one derivative may be obtained for the same com-
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pound. Several HPLC methods have been reported
for the determination of pseudoephedrine [6,7] and
also for the pair pseudoephedrine-norpseudoephe-
drine [8] in pharmaceutical preparations and bio-
logical fluids. In this work, attempts were made to
develop a simple, rapid, selective and accurate
HPLC method without any previous derivatization
process for the determination of the two pairs of
diastereoisomers and also  methylephedrine
(MEPH) and ethylephedrine (ETEPH) (Fig. 1).
Positive urine samples taken from athletes were
also analysed and very good results were obtained.

EXPERIMENTAL

Reagents

NEPH, NPEPH, EPH, PEPH, MEPH, ETEPH
were obtained from Sigma (St. Louis, MO, USA).
Diethyl ether was purchased from Carlo Erba (Mi-
lan, Italy) and phenylpropylamine [internal stan-
dard (I.8.)], KH,PO,, H3PO, and triethylamine
(TEA) from Merck (Darmstadt, Germany). Water
was doubly distilled, deionized and purified with a
Milli-Q system (Millipore, Milford, MA, USA). All
other reagents and solvents were of analytical-re-
agent grade.
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Fig. 1. Structures of ephedrines.

Standard solutions and calibration standards

Stock solutions of EPH, PEPH, NEPH, NPEPH,
MEPH, ETEPH and the I.S. were prepared in the
mobile phase described below at a concentration of
1000 ug/ml. These stock solutions were then diluted
further to yield appropriate working solutions for
the preparation of the calibration standards. The
solutions were sealed and refrigerated at 4°C until
used.

Preparation of mobile phase

The mobile phase was 200 mAM phosphate buffer
with TEA added to a final concentration of 150
mM. The pH was adjusted to 5.5. Before analysis,
this mobile phase was filtered through a 0.22-um
filter and pumped through the column for 30 min.
At the end of each chromatographic session, the
column was washed for 15 min with deionized wa-
ter and then with methanol.

Analytical procedure
To 5 ml of urine in a 15-ml glass tube were added
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25 ul of 1.S. solution (1000 pg/ml), 100 ul of 10 M
NaOH and 2 ml of diethyl ether, then the urine was
saturated with 3 g of sodium sulphate and shaken
for 20 min. The tubes were centrifuged at 1200 g for
5 min and the organic layer was removed and evap-
orated to dryness. The residue was dissolved in 100
ul of the mobile phase and 20 ul of the solution was
injected into the liquid chromatograph.

Chromatographic conditions

The chromatographic system consisted of a Hew-
lett-Packard (Palo Alto, CA, USA) HP 1090 Series
A liquid chromatograph equipped with an auto-
sampler/autoinjector and an HP 1040 A diode-ar-
ray UV detector. Chromatography was performed
at 40°C on a Hewlett-Packard reversed-phase ana-
lytical column (LiChrospher 60 RP Select B, 5 um)
(125 mm x 4 mm [.D.). The mobile phase was 200
mM phosphate buffer—150 mM TEA (pH 5.5) at a
flow-rate of 1.3 ml/min. The injection volume was
20 pl and the column effluent was monitored at 215
nm (band width 4 nm), where the ephedrine exhibit
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Fig. 2. Chromatograms obtained after analysis of (A) blank urine to which internal standard at a concentration of 5 ug/ml (peak 6) was
added; (B) urine standard spiked with (1) NEPH, (2) NPEPH, (3) EPH, (4) PEPH, (5) MEPH, (7) ETEPH and (6) L.S., each at a
concentration of 5 ug/ml; (C) urine sample from an athlete who had taken ETEPH, where levels close to 10 ug/ml for ETEPH and 1

pg/ml for its metabolites (NEPH and EPH) were found.

maximum absorption. For data evaluation and HP
79994 A Chemstation was used, which consisted of
an HP 900 Series 300 computer, a 10 Mbyte Win-
chester disk drive and a Thinkjet printer.
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Fig. 3. Effect of the concentration of TEA in the column on &’
values of ephedrines. Mobile phase, 200 mM phosphate (pH 4);
column, LiChrospher 60 RP Select B, 5 ym (125 mm X 4 mm
I.D.). ® = NEPH; + = NPEPH; % = PEPH; @ = MEPH;
x = 1S,; & = EPH; A = ETEPH.

RESULTS

Representative chromatograms for urine analy-
ses are shown in Fig. 2. The peaks of interest were
well separated from potential interferences. Prelimi-
nary experiments indicated that the separation de-
pends significantly on the column used. The best
results were obtained when a Select B column was
used.

The composition of the mobile phase was select-
ed in such a way that all the ephedrines were re-
solved in the shortest analysis time possible. As it is
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Fig. 4. Effect of pH on k' values. Concentration of TEA in the
mobile phase, 150 mM; other conditions and compounds as in
Fig. 3.
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TABLE I

BETWEEN-DAY ACCURACY AND REPRODUCIBILITY
OF THE DETERMINATION OF EPHEDRINES IN HU-
MAN URINE OVER A PERIOD OF 2 WEEKS (n = 6)

Concentration NEPH NPEPH
added
(ug/ml) Mean £ S.D. R.S.D. Mean + S.D. RS.D.
(ug/ml) (%)  (ug/mD (%)
2 1.98 + 0.07 3.5 205+ 003 1.3
8 8.04 £ 0.05 53 8.22 £ 0.06 0.7
24 2593 +£ 0.26 09 2434 +£ 028 1.1
EPH PEPH
Mean £ S.D. R.S.D. Mean + S.D. RS.D.
(ug/ml) (%)  (ug/ml) (%)
2 1.96 + 0.09 2.2 1.92 £ 0.02 1.0
8 827 £ 0.04 04 8.07 £ 0.06 0.7
24 26.00 + 1.17 4.5 2559 £ 0.23 0.9
MEPH ETEPH
Mean + S.D. R.S.D. Mean + S.D. R.S.D.
(ug/mb) (%) (ug/ml) (%)
2 1.97 +£ 0.05 2.69 1.87 £ 0.12 3.1
8 795 + 0.04 0.56 723 £ 021 4.4
24 2247 £ 028 1.26 2514 £ 1.49 64

shown in Fig. 1, ephedrines have a hydroxyl group
on the f-carbon and hence they can interact with
free silanol groups. With TEA in the mobile phase
these interactions decrease because such silanol
groups are masked [9]. When the concentration of
TEA in the mobile phase is increased, the k£’ values
decreased (Fig. 3).

The pH of the mobile phase also influences the
determination of the six ephedrines (Fig. 4). The &’
values increased with increase in the pH of the mo-
bile phase, but a better resolution was achieved, es-
pecially for the pseudoephedrine-methylephedrine
pair, where resolution was complete at pH 5.5 (R,
= 1.25).

The precision and accuracy were measured using
urine samples spiked at concentrations of 2, 8 and
24 ug/ml. The samples were extracted and subjected
to HPLC. Each concentration was calculated on the
basis of the peak-height ratio with respect to the I.S.
The results are given in Table 1. The linearity was
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Fig. 5. Linear calibration graphs for the ephedrines specified in
Fig. 3.

evaluated over the range of concentrations 1-30 ug/
ml using duplicate samples spiked at levels of 1, 5,
10, 15 and 30 ug/ml. The calibration graphs ob-
tained and the equations of the mean plots are
shown in Fig. 5§ and Table II, respectively.

The limit of detection was defined as the lowest
concentration of each ephedrine resulting in a sig-
nal-to-noise ratio of 3. For NEPH, NPEPH and
EPH the limit of detection was 0.2 ug/ml and for

TABLE 11
EQUATIONS OF LINEAR CALIBRATION GRAPHS

Compound  Equation® r?

NEPH y = 33.38x — 13.63 0.9978
NPEPH y = 27.02x + 30.64 0.9983
EPH y = 24.58x — 0.92 0.9991
PEPH y = 19.27x + 10.82 0.9987
MEPH y= 912x + 8.78 0.9975
LS. y = 23.55x + 3.66 0.9993
ETEPH y = 1293x + 13.08 0.9971

@ y = Peak height (arbitrary units); x = concentration (mg/l).
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PEPH, MEPH and ETEPH it was 0.5 ug/ml. The
limit of detection in urine is dependent on the
amount of interferences present, but in all instances
it was less than the stated limits.

Other pharmacological substances examined in
order to establish possible intereferences were am-
fepramone, amphetamine, caffeine, chlorphenter-

mine cacaing

i11iilv, VUlailiiv, crotetha-

ViU Ll

(\rnnrnnamu‘lp
MiUpivpalaaay,

codeine
VULV,

mide, dimethylamphetamine, etamivan, fencam-
famine, heptaminol, leptazol, lidocaine, methoxa-
mine, methylamphetamine, methylphenidate, nico-
tine, niketamine, pethidine, phendimetrazine,
phenmetrazine, pipradol, procaine, prolintane and
strychnine. None of these interfered with the deter-
mination of the ephedrines.

CONCLUSION

The elution and separation of ephedrines were
clearly affected by the column used, the concentra-
tion of TEA and the pH of the mobile phase. As the
use of a modifier was not necessary, endogenous
compounds were eluted at very long times, resulting
in very clear chromatograms where no interferences
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from such endogenous compounds were observed.
This method has been applied since January 1992 to
urine samples taken from athletes. Over this period,
we have analysed more than 20 physiological sam-
ples with different levels of ephedrines.
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