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Enantiomeric Determination of Ephedrine Derivatives in Unregulated
Drugs Using Capillary Electrophoresis
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Capillary electrophoresis (CE) was applied to enantiomeric separation of chiral ephedrine derivatives (d//-ephed-
rine, d/I-methylephedrine, d//-pseudoephedrine, and d//-norephedrine) in unregulated drug products. Unregulated
drugs, referred to as dietary supplements in U.S.A., have been used legally as tonic agents, but illegal substances such as
ephedrine were often detected. Baseline separation of all enantiomers of ephedrine derivatives was achieved using an
electrophoretic solution containing heptakis (2,6-di-O-methyl) --cyclodextrin (DM—-CD) as a chiral selector. The op-
timal conditions were established to be: capillary column of fused silica (50 um i.d. X 56 cm) ; running buffer of 20 mm
DM-CD with 50 mM potassium dihydrogenphosphate background electrolyte, pH 2.6; capillary temperature of 20°C;
applied voltage of 30 kV; on-column detection at 195 nm; and injection pressure of 50 mbar X 3 s. Under these condi-
tions, all four pairs of enantiomers were sufficiently resolved, and eight peaks were observed with resolution factors of
greater than 1.5. The calibration curves of all enantiomers showed good linearity over the concentration range of 2.5—
10 ug/ml (r =0.999) . The present method was used in a survey of marketed products. The resultant chiral contents were
reported and the analytical data were also compared with those from HPLC. This method is useful in the simple and
rapid analysis of ephedrine derivatives in marketed products.

Key words——chiral separation; ephedrine derivatives; unregulated drugs; capillary electrophoresis; heptakis (2,6-di-O-
methyl) -B-cyclodextrin
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FEAER, ¢ (1R,2S)-(—)-Ephedrine hydrochloride
(I-EP), (1S5,2R)-(+)-Ephedrine hydrochloride (d-
EP), (15,2S5)-(+)-Pseudoephedrine hydrochloride
(d-PE), (1R,2R)-(—)-Pseudoephedrine (/-PE),
(1R,2S) - (—) -N-Methylephedrine (I-ME), (1S,2R)-
(4)-N-Methylephedrine (d-ME), (1R,2S)-(—)-
Norephedrine (I-NE), (1S,2R)-(+)-Norephedrine
(d-NE) , Ephedrine hydrochloride (dI-EP)
DlEdwdns 78U v FHE, HgAFIITT «
KU (d-ME) [ SZHAERGES S, HKR7 ==
VT8 =)V 7 2> (dI-NE) (13 H LR B
WzE/MAL 7.

# # © heptakis (2,6-di-O-methyl) -f-cyclodextrin
(DM-CD) 7))V KU v F&, U R _IKFEF b
U AR, U B TIAKENV T LKA
EROFIAFIVY I/ ALY AIFEHISE TR H
Al RN 2 Wz, HHE BT (D 0.02 mol/1
B 300, (1D 0.05 mol/1 ¥iEE 2 F W\ /=, /K A8
k#LE % (TORAY PURE LV-50, # 1) Zffio
THELEbOEFRALL. TOMOHAIEITRT
milRRr R 2 U 7z,

Table 1. The Background of Samples Studied

P Package unit Weight or .
roduct and form Volume per Indicated label
piece
A 3 capsules 0.638 g Ma Huang extract
B 4.7ml, liquid 4.7 ml —
C 2 capsules 0.783 g —
D 40tablets 0.859 g Ma Huang
E 6tablets 0.982¢g —
F 4 capsules 0.746 g Ma-huang
G 3 capsules 0.712 g —
H 4 capsules 0.447 g Ma-huang
J 4 capsules 0.863 g Ma Huang extract
K 4tablets 1.041 g Ma Huang
L 4tablets 0.704 g Ephedra Sinica
M 4 capsules 0.717 g Ma Huang extract
—: no labeling
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Fig. 1. Electropherogram of Standard Mixture

Concentrations: 10 ug/ml each one. Conditions: capillary, 50 um i.d.X64.5 cm (effective length 56 cm) ; applied voltage, +30 kV; temperature, 20°C; detec-
tion wavelength, 195 nm; injection, vacuum, 50 mbar for 3s; running buffer, 50mm potassium dihydrogenphosphate (pH 2.6) containing 20 mm heptakis (2,6-di-O-
methyl) -B-cyclodextrin. Peaks: 1; /-norephedrine (/-NE), 2; d-norephedrine (d-NE), 3; /-pseudoephedrine (/-PE), 4; /-ephedrine (/-EP), 5; /-methylephedrine
(I-ME), 6; d-ephedrine (d-EP), 7; d-methylephedrine (d-ME), 8; d-pseudoephedrine (d-PE) .
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Fig. 2. Electropherograms of Products
Conditions and peak identities are the same as in Fig. 1.
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KX 1: 1 THBZEMS, {LEARMBZRML
HDTHDIENGMNoT. TOMOD 11 FFHI
FTRTCFIIMETHO, -EP XU d-PE NERS T,
IME KN INE DD TNICEETHHDTH S
. Zas 11 B 8 513 Table 1 IZ5EH T 5
DIk A Y (Ma Huang, Ephedra Sinica) @
FORIND D, TDRHEN 5 B F T DR AN
IFANEEINTNBE I ENHSNERS 2. F
7z, FBROBWIESY (C,E, G) & I-EP Xy
LTBHIATEEETIHHDOTHD, BRRHEDTEM
BhRWEERTHIENTES., ®EFIZ,
HPLC i CEP NEma A &2 RLIZ®HHTH S

N, RiLITX 20 MkE%1E, FEP 80.7 mg, d-PE
6.3mg, I-ME 1.7mg, IlNE0.4mg THVD, IXT
FINVKTEEL TS Z ENGhoTz. ZOHEE,
&, BT IVAICEBEEBaOMREFRIELZHDT,
AT RIEATHEIN TV ZODBEED
3 AT IV ONEEENL 0.7463+£0.0147g TH D,
3ATRIEDOE S DEI o/~ I-EP & d-PE
DERMBOEFZ2TL 7 R VEBICHETS L, 1
AT H T1.3mg THO, 9.6%ITHELE. 4
IR WAL O BSE (10%) % FE-> T
7, EICHEANT SR ENIREIN TS Z &t
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D KL @2 8%, d-PE DEEN EP L0 3
BUEEWHERETH > 7=, SEEBEL & 12 f§
W, BRICRAEINT0WE IR RENSHEEL T
TRTEHART, FITKENS EEZA SN KE
MHBITHBEL TNWEY A ZYY =T YA MO
Iz RUZT7IVhOA FOEHEE&ZHEL Z#®
2D TIL, d-PE OF &N FEP & 0 & W HL I3 B
U7z 45 Bghp 2 L E D ieino 72, AT O ERK
5> D I-EP & d-PE OB A EOAZRIT, RFEMODE
WRAEFEHICEDAEUSEFONTNSD, IS
CBL TiE, SIEkERAEZITOIDODBD THS.

Table 2. Analytical Results of Ephedrine Derivatives in Unregulated Drugs

Found?
Product HPLC method? Proposed method
EP PE ME NE I-EP d-PE -ME I-NE d-NE
A 52.4 5.4 2.0 0.5 50.7 5.2 2.1 0.9 —
B — — — 3.6 — — — 1.9 1.8
C 1.6 0.1 — — 1.7 0.1 — — —
D 2.5 13.3 1.6 — 2.8 13.3 1.7 — —
E 14.7 5.6 0.8 0.2 15.0 5.0 0.7 0.2 —
F 78.3 6.6 2.2 0.4 80.7 6.3 1.7 0.4 —
G 55.0 16.1 0.2 0.2 58.5 15.8 0.4 0.2 —
H 30.4 2.8 1.2 0.2 28.9 2.5 1.1 0.3 —
J 43.3 14.7 0.8 — 43.9 14.1 0.7 — —
K 48.6 2.2 — — 50.8 2.1 — — —
L 4.6 15.6 0.5 — 4.7 15.1 0.4 — —
M 62.1 2.1 0.6 — 59.9 2.2 0.5 — —

@) Each value is mg/cap. or tab. or 1 ml and given as the means of two measurements. Contents of ephedrine derivatives were calculated
with each hydrochloride salt type. ») Conditions: column, L—column ODS (4.6i.d. X 150 mm) ; mobile phase, a mixture of sodium dodecyl
sulfate (1—128), acetonitrile and phosphoric acid (620 : 380 : 1); flow rate, 1.0 ml/min.; temperature, 40°C; detection, 210 nm. ¢) —: Not

detected. The practical detection limit was 1.5 ppm.
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HOILT7 o RY DN ERIEER G ITEZRE L
o, TORER, KBKELTS0mM U g kFE
AU T L (pH2.6) I2F )53 DM-CD %
20mM ERDEIMAZREHA NS ZEITKDRE
GEIR o BEEE R OIS SNz, AREZE Tk R
w7 WOILT x R DI RAEAR B
ALEEZA, HhEBDRIBEEIS ORI EHIEN
T&E., £k dERKO IHEDORKEHE HPLC TOE
BiERERXS =KL ko HPLC X I 2
RELTERTDZHETHDDIIHL, KEEIFS
Vo BEERMNAEETH D, oMb ERT 2 2 &
INTEBHZERE, FRBHBIETHD Z ENGH
Sz, RERFELEEBAERLATOTLT 2 RY >
DN BRI FMERE IO TH S
EEZS.

MBLUAEEGBDOS B, kB &R\ 11 85,
3, ERENEET D ENHS NS BT
I7xRYUCEREORbEHVWES (F) BV T
HHEEEARELTERLTEBD, ZOEHAREDE
JFEETH/ERETH o 2. HEWEIERE I KA
Lo 7zb00, ZOEFHENSHEREITIULEE
RBEAHRREE L TWA A T d 0, 5%
EHEIEHEERAL TV BLERH S, Tz, H
£l THRHIMNORLTHY, BHTHEINSEET
HBDENDIF OB ERIET D20, BT S
LI X BEBREIZ DWW T O E M O EME AU D THE
HIN.
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