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Abstract

The separation and on-line concentrations of lysergic acid diethylamide (li&BDlysergic acid diethylamideigo-LSD)
and lysergic acidN,N-methylpropylamide (LAMPA) in human urine were investigated by capillary electrophoresis—
fluorescence spectroscopy using sodium dodecyl sulfate (SDS) as an anionic surfactant. A number of parameters such as
buffer pH, SDS concentration, Brij-30 concentration and the content of organic solvent used in separation, were optimized.
The techniques of sweeping-micellar electrokinetic chromatography (sweeping-MEKC) and cation-selective exhaustive
injection-sweep-micellar electrokinetic chromatography (CSEl-sweep-MEKC) were used for determining on-line con-
centrations. The advantages and disadvantages of this procedure with respect to sensitivity, precision and simplicity are
discussed and comparedd 2002 Elsevier Science BV. All rights reserved.
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1. Introduction sion and simplicity of use. These methods include
radioimmunoassay (RIA) [3], thin layer chromato-
Lysergic acid diethylamide (LSD) is a powerful graphic analysis (TLC) [4], high-performance liquid

psychedelic drug that produces temporary hallucina- chromatography (HPLC)/fluorescence detection
tions and a schizophrenic psychotic state. The de- alone [5-9], or combined with tandem mass spec-
tection of LSD and its metabolites in body fluids trometry [10,11]. Needless to say, gas chromatog-
continues to represent a challenge because of the raphy—mass spectrometry (GC-MS) constitutes the
small doses which are typically taken [1,2]. A most popular and powerful technique for this analy-
number of analytical methods have been developed sis [12—-17], not only in the area of forensic research,
for its identification, and each has unique advantages but also in clinical analysis. However, a derivatiza-
and disadvantages with respect to sensitivity, preci- tion step is required, as well as additional sample
handling.
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advantages in terms of speed, higher efficiency and
resolution for separation, greater sensitivity and a
smaller injection volume than is typically used for
HPLC or GC. In particular, CE combined with laser-
induced fluorescence (CE-LIF) detection provides
high sensitivity and its use in the analysis of LSD
has been reported [18,19]. In this study, we report on
a simple and highly sensitive method for the de-
tection of LSD in urine using the techniques of
on-line sample concentration, including sweeping-
micellar electrokinetic chromatography (sweeping-
MEKC) and cation-selective exhaustive injection-
sweep-micellar  electrokinetic ~ chromatography
(CSEl-sweep-MEKC) [20-26]. These methods do
not require any derivatization procedure and permit
the detection of very small amounts of LSD in small
volumes of urine. Several electrophoretic parameters,
such as buffer pH, SDS concentration, Brij-30
concentration and the amount of organic solvent
needed for the separation were optimized. The
detection limits and the precision of these methods
are discussed. Finally, the use of liquid—liquid and
solid-phase extraction are discussed and compared.

2. Experimental
2.1. Chemicals

Lysergic acid diethylamide (LSD)jso-lysergic
acid diethylamide iéo-LSD) and lysergic acid\,N-
methylpropylamide (LAMPA) were acquired from
Radian International (Austin, TX, USA). Acetonitrile
and methanol (99.8%) were obtained from Fisher
Scientific (Fair Lawn, NJ, USA). Sodium dodecyl
sulfate (SDS) and ammonium carbonate were ob-
tained from Acros (Belgium) and Sigma (St. Louis,
MO, USA), respectively. Brij-30 was acquired from
Aldrich (Milwaukee, WI, USA). All other chemicals
were of analytical grade and are commercially
available.

2.2. Apparatus

The CE set-up was fabricated in-house and is
identical to that described previously [27—29]. Briefl-
y, a high-voltage power supply (Model RR30-2R,
0-30 kV, 0—2 mA, reversible, Gamma, FL, USA)
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was used to drive the electrophoresis anah a 50-
I.D. fused-silica capillary column (J&W Scientific,
CA, USA) was used for the separation (65 cm in
length/60 cm to detector). The excitation source was
selected by a monochromator (Acton Research
Corporation; Model SP-150, 1200 grooves/mm grat-
ing) connected to a Xe lamp (Muller Elektronik
Optik, SVX/LAX 1450, 500 W). The excitation
wavelength wast®m (<1 mW). Fluorescence
data were collected at a right angle to the light
source and dispersed by a second monochromator
(ARC Model SP-300i). Emission was measured at
320nm (2400 grooves/mm) or 386 nm (300
grooves/mm), followed by detection by means of a
photomultiplier tube (ARC Model P2-R928, for 190—
900 nm). Electropherograms were collected at a
speed of 200 ms/point with a data acquisition system
(ARC's Spectra-Sense NCL package), connected to a
personal computer. The solid-phase extraction equip-
ment (Baker spe-12) was purchased from J.T. Baker
(CA, USA). The cartridges (part number, 1211-3052;
column type, LRC) were obtained from Varian (CA,
USA).

2.3. Extraction procedures

2.3.1. Liquid-liquid extraction
A 2-ml aliquot of urine in a 15-ml glass tube was
made alkaline by the addition of 1p0 of saturated
ammonium carbonate and 100 of 2 M sodium
hydroxide and briefly stirred for 5 min. Two milli-
litres of toluene—methylene chloride (7:3, v/v) were
added, and the sample and solvent gently mixed for
30 min. After mixing, the tube was centrifuged. The
organic layer was transferred to a clean tube, 2.5 ml
of ®ALammonium hydroxide were added and the
solution was then mixed and centrifuged again. The
upper layer was collected (2 ml) and this organic
phase was evaporated to dryness. The residue was
dissolved in 2@l of methanol for the subsequent
CE separation. To determine the extraction ef-

ficiency, eight control urine samples containing 1
ppm of LSD were divided into equal aliquots. At this

point, the internal standard (LAMPA, 100 ppm) was
added to one set of aliquots after extraction. The
details of these procedures are summarized in Table
1 (left column).
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Table 1
Sample preparation procedures
Liquid-liquid extraction Solid phase extraction
2 mL urine 5 mL urine
150 pL of saturated N The cartridges were conditioned with 2 mL of methanol
ammonium carbonate and 2 mL of phosphate buffer (0.1 M, pH = 6.0).
100 pL of 2 M —
sodium hydroxide A 5-mL aliquot of urine was
Stirring for 5 min <«— mixed with 2 mL of 0.1 M

2 mL of of toluene/ phosphate buffer (pH = 6.0)

methylene chloride (7:3; v/v) Pour the specimen into the column reservoir.

Mixing for 30 min Loosen the flow valve to reduce the vacuum.
Draw the specimen slowly through the column.

Transfer of the organic layer to a
clean tube

The columns were then rinsed with ImL of 1 M
2.5mL of 0.1 M ammo-

. . acetic acid, then dried under vacuum for 5 min.
nium hydroxide

Mixed and centrifuged again

The columns were rinsed with 6 mL of methanol,

and then dried again under vacuum for 2 min.
Collect 2 mL of upper layer

Evaporate to drvness The analytes were eluted with 2 mL of 2 %
i " ammonia solution in ethyl acetate (freshly prepared).

Dissolve in 20 uL methanol

Evaporate to dryness

Inject into the CE (1.5 nL
nject into the CE (1.5 nL) Dissolve in 50 pL methanol

Inject into the CE (1.5 nL)

2.3.2. Solid-phase extraction 50 pl of methanol for the subsequent CE separation.
The cartridges were conditioned with 2 ml of The procedures are also summarized in Table 1

methanol and 2 ml of 0.M phosphate buffer (pH (right column).

6.0). A 5-ml aliquot of urine was mixed with the

phosphate buffer (2 ml, 0.M), and then added to . .

the column reservoir. The flow valve was then S Resultsand discussion

Iooser_led to r_educe the vacuum. The columns were 5 ;. Separation condition

then rinsed with 1 ml of M acetic acid followed by

drying under vacuum for 5 min. The columns were Fig. 1A shows the molecular structures of LSD,
again rinsed with 6 ml of methanol, and then dried iso-LSD and LAMPA. It should be noted that LSD is
again for 2 min. Finally, the analytes were eluted convertedsteLSD under a variety of different
with 2 ml of 2% ammonia solution in ethyl acetate conditions, such as pH, temperature and UV-light.
(freshly prepared). This organic phase was then McNally et al. have previously reported on the

evaporated to dryness. The residue was dissolved in stability of LSD under various storage conditions and
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Fig. 1. (A) Molecular structures of (A) LSD, (Biso-LSD and (C) LAMPA. (B) Typical excitation and fluorescence spectra of LSD
( ), i1S0-LSD (- --) and LAMPA (— -) in methanol §,,=320 nm, A_,,=390 nm; monochromator resolutier®.3 nm) at room
temperature.
pH [30,31]. This is the main reason why LAMPA is in electropherogram c). In order to investigate the
used as an internal standard. Fig. 1B shows the effects of organic solvents, under exactly the same
excitation and emission fluorescence spectra of LSD experimental conditions, a methanol—-water solution
( ), is0-LSD (---) and LAMPA (- -)ina (15:85, v/v), a methanol-water solution (35:65, v/v)
methanol matrix 4,,=320 nm; A,,=390 nm), re- and an acetonitrile—water solution (25:75, v/v) were
spectively. The fluorescence spectra are analogous to used and the findings showed that the separation ha
each other and easily detected when excited by a UV degraded, as shown in frame B (electropherograms e,
lamp source or lasers. fand g). In order to examine the effects of phosphate

Fig. 2A-D shows typical fluorescence elec- buffer under exactly the same experimental con-
tropherograms of the three analytes under different ditions as were used for electropherogram c, 25, 75
separation conditions. In frame A, the CE buffers and 100 af phosphate buffer were then used and
were acetonitrile—methanol-water solutions the findings showed that the separation became
(5:35:60, v/v), containing 3 M Brij-30, 50 mM progressively worse, as shown in frame C (elec-
H,PO, and different concentrations of SDS (elec- tropherograms h, i and j). Finally, Brij-30 was also
tropherograms a—d: 25, 50, 100 and 15MnThe tested, as shown in frame D (electropherograms k
sample concentration was 134, 66 and 100 ppm for and I: 0 and MI). ”A concentration of 3 il
LSD, iso-LSD and LAMPA, respectively. The op- Brij-30 was found to be the best concentration for

timum concentration of SDS was 100Mn(as shown stabilizing the sample solution. Thus, the complete,
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Fig. 2. Effects of different parameters on CE separation. Conditions: capillary, 65 cm (60 cm to detegiar).BD; applied voltage;- 20

kV; current ~—30 pA; A,,=320 nm, A,,=390 nm. Sample concentrations: 134, 66 and 100 ppm for LS®L.SD and LAMPA,
respectively. Buffers: (A) 3 i Brij-30 and 50 nM H,PO, in an acetonitrile—methanol-water solution (5:35:60, v/v); pH 2.1; SDS
concentrations: 25, 50, 100 and 15Mn{electropherograms a—d). (B) 100MnSDS, 3 nM Brij-30 and 50 nM H,PO, in different
solutions (acetonitrile—methanol-water): 0:18:85, 0:35:65, 25:0:75, v/v (electropherograms e—f). (CM180&) 3 nM Brij-30 in an
acetonitrile—methanol—-water solution (5:35:60, v/v), H PO : 25, 75 and 1dQ(efectropherograms h—j). (D) 100NMhSDS and 50 ri
H,PO, in an acetonitrile—methanol-water solution (5:35:60, v/v), Brij-30: 3 and WD(etectropherograms k and ).
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optimal separation of the three analytes could be 3.2.2. CSEl-sweep-MEKC

achieved with phosphate buffer (50Mn) containing
SDS (100 nm), Brij-30 (3 mM) in an acetonitrile—
methanol-water solution (5:35:60, v/v). Such a
modification had no significant effect on sensitivity.
Furthermore, a different surfactant (sodium cholate)
was also tested, but resulted in a poor separation of

The cation-selective exhaustive injection-sweep

MEKC model was first reported by Terabe et al.

[21]. This method provides for a more sensitive

detection than sweeping-MEKC and is sufficiently
flexible to offer the potential to afford a detection
limit for positively chargeable analytes even in parts

the three analytes. per trillion (ppt) levels. At the beginning of the runs,
the capillary was conditioned with a nonmicellar
background buffer, followed by the injection of a

high conductivity buffer void of organic solvent, and

3.2. On-line sample concentration

As mentioned above, the detection of LSD in body
fluids continues to be difficult because of the small
dosage used. Therefore, a technique involving online
concentration has become increasingly important.
Recently, a series of reports appeared by Terabe et
al., as well as other groups, concerning the so-called
“sweeping” technique [15-21]. In the following
sections, the applications of sweeping-MEKC and
the CSEl-sweep-MEKC model are described and
compared.

3.2.1. Sneeping-MEKC
This is the most simple and convenient method for
determining online concentration. The concentration

effect relies on the pseudostationary phase that enters

the sample solution zones. In this experiment, the
background solution (BGS) consisted of 100Mm
SDS, 3 mM Brij-30 and 50 M H,PO, in a mixed
acetonitrile—methanol—water solution (5:35:60, v/v),
the pH of which was 2.06. The samples (LSD, 0.4
ppm; iso-LSD, 0.20 ppm; LAMPA, 0.3 ppm) were
dissolved in the same solution (without SDS) re-
sulting in a non-micelle buffer, and adjusted to the
conductivity of the BGS (5.37 mS/cm) by the
addition of 100 MM H,PQO,, the pH of which was
1.92. Hydrodynamic injection was achieved by rais-
ing the sample reservoir 20 cm relative to the exit
reservoir for a period of 900 s. Using this procedure,
a 30-cm length of solution can be injected into the
capillary. When the injection was completee,20

kV (current,~—18 wA) was applied to power the CE
separation. As a result, in comparison with a normal
injection (20 cm relative to the exit reservoir for 3 s,
~0.5 mm) and separation (Fig. 2, electropherogram
c), ~400-fold improvement /N = 3) in detection
sensitivity could be obtained, as shown in Fig. 3A.

finally, by the injection of a short water plug. By
electrokinetic injection (at positive polarity) the
cationic analytes were then prepared in a low
conductivity matrix or water. Herein, the cationic
analytes focus or stack at the interface between the
water zone and the high conductivity buffer. The

injection was then stopped and the micellar back-

ground solutions are placed at both ends of the
capillary. The voltage was then switched to negative

polarity. This permits the entry of micelles from the
cathodic vial into the capillary to sweep the stacked
and introduced analytes to the narrow brands. Final-

ly, the separation was performed using MEKC.
Herein, the background buffer consisted of only

M5HPPO, in a mixed acetonitrile—methanol-

water solution (5:35:60, v/v). The capillary was

initially filled with the background buffer, followed
by a 10-cm length of capillary with 100MTH,PO,

solution and, lastly, a plug of wate fnm) was
injected. By providiZb kV for a period of 20

min (electrokinetic injection for cation), the currents

changed frd pA to ~20 pA. Meanwhile, the
samples can be concentrated into the zone of the
water. Following this, by quickly shifting the voltage

to—20 kV (~—18 pA), the separation can be

completed within the next 18 min, as shown in Fig.
3B. The sample concentrations ofsbS[{D and

LAMPA were 1.3, 0.7 and 1.0 ppb, respectively.
Compared to a typical separation as shown in Fig.

2A (electropherogram c), an100,000-fold improve-
men®/( = 3) in detection sensitivity can be ob-

tained. Furthermore, as shown in the inset, when the
grating was changed from 2400 to 300 grooves/mm,
the detection limit of ISBID.SD and LAMPA can

be further improved by 12-, 13-, and 11-fold, respec-

tively.
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Fig. 3. (A) Sweeping-MEKC analysis of LSso-LSD and LAMPA in the presence of a small amount of organic solvent in the sample
matrix: BGS, 100 v SDS, 3 nM Brij-30, 50 mM H,PO, in a mixed acetonitrilie—methanol-water solution (5:35:60, v/v); S, three
analytes in the same solvent (containing 81nBrij-30 and 50 nM H,PO,) adjusted to the conductivity of BGS (5.37 mS/cm) by the
addition of 100 ™M H,PO, ; injected length of S, 30 cm; applied voltage20 kV; concentrations of LSOso-LSD and LAMPA were 0.4,

0.2 and 0.3 ppm; capillary, 60 cm to the detector (65 cm total). (B) CSEI-sweep-MEKC analysis ofsbS[3D and LAMPA. Steps: (1)
capillary is filled with the background buffer (75MhH,PO, in a mixed acetonitrile—methanol-water solution; 5:35:60, v/v), (2) a 10-cm
length of capillary containing a 100vh H,PO, solution was injected, (3) a plug of waterl(6 mm) is injected, (4)-25 kV is applied for

20 min, (5) the voltage is shifted te-20 kV (~—18 pA) for normal CE separation. The sample concentrations of LiS®|.SD and
LAMPA were 1.3, 0.7 and 1.0 ppb, respectively. Inset, higher sensitivity when a 300 grooves/mm grating was applied.

3.3. Accuracy and precision detection, a combination of the sweeping techniques
and LIF clearly lead to further improvement in the

Using the conditions described in Fig. 3A and B, LOD values.
linearity, limit of detection (LOD) values, relative In terms of extraction and recovery, Fig. 4A
standard deviations (RSD %) of peak area and (electropherogram a) shows a typical fluorescence
migration times, and plate numbers were calculated electropherogram of an extract of normal human
and these data are summarized in Table 2. Both the urine by liquid—liquid extraction. Only one major
sweeping-MEKC and the CSEl-sweep-MEKC peak (indicated as “*")~dt0 min was detected.
showed good linearity. Sweeping-MEKC provides Thus, it is clear that in typical human urine samples,
better RSD values, but poor LOD values, compared only a few natural fluorescent compounds are present

to CSEl-sweep-MEKC. Although the lamp source is which fluoresce in the wavelength range o2 390

still not superior to laser-induced fluorescence (LIF) nm. With this fluorescence detection, the elec-
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Table 2

Limit of detection (LOD) values, RSD values, and plate numbers for LiS®L.SD and LAMPA with sweeping-MEKC/CSEI-sweep-
MEKC

LSD iso-LSD LAMPA
A. Sweeping-MEKC
Equation of the line y=4.58x 10°x — 1.65x 10" y=3.23x 10°% — 3.75x 10° y=3.74x 10% — 1.07x 10*
Coefficient of variation r?=0.9934 r?=0.9934 r’=0.9914
LOD (S/IN=23) 16 ppb 22 ppb 18 ppb
(4.8x107% M) (6.9x107% M) (5.6x107% M)
RSD
(@) Migration time (=6) %
Intra-day 1.0 1.01 1.04
Inter-day 2.36 2.30 2.69
(b) Peak arean=6) %
Intra-day 3.36 4.37 4.54
Inter-day 5.03 7.80 7.36
Plate number 1.810° 2.0x10° 1.8x10°
B. CSEl-sweep-MEKC
Equation of the line y=2.59X 10°x — 5.69x 10" y=1.98X 10% — 3.24x 10" y=2.01x 10% — 3.53x 10"
Coefficient of variation r*=0.9904 r?=0.9963 r?=0.9948
LOD (S/IN=23) 58 ppt 68 ppt 80 ppt
(1.8x10° ™ M) (2.1x10° " M) (2.5x107*° M)
RSD
(@) Migration time (=6) %
Intra-day 2.29 2.78 2.40
Inter-day 4.32 4.40 4.26
(b) Peak arean=6) %
Intra-day 5.66 6.43 5.01
Inter-day 9.35 8.87 8.38
Plate number 3510° 3.6x10° 3.3x10°

Fluorescence emission was measured att30@m (2400 grooves/mm).

tropherogram was considerably simpler than UV shown in electropherogram c. Again, electrophero-
detection due to the UV-absorption of numerous gram d shows the results of an experiment where
organic compounds in a urine sample. Becaisee LAMPA (100 ppm) was added to one set of aliquots
LSD can be converted to LSD under a variety of after solid-phase extraction. The average recovery
conditions, as described above, for the calculation of was 8P6. Thus, solid-phase extraction is more
recovery, only LAMPA was selected for comparison. efficient and provides cleaner extracts than can be

In Fig. 4A, electropherogram b shows that LAMPA obtained by liquid—liquid extraction.
(100 ppm) was added to one set of aliquots after

extraction. Due to the fact that the fluorescence

intensity of LAMPA (in methanol) and LSD is 8 to  3.4. Analysis of LSD in urine samples
10, as evidenced by comparing the ratio to the

LAMPA standard in each pair of aliquots, the In the analysis of an actual sample (either urine or
extraction efficiency of liquid—liquid extraction for blood), the application of sweeping techniques con-
LSD was determined to be-51%. The average tinues to be a challenge because of complicated
recovery was 566%. In contrast, the average matrix effects. In Fig. 5, frames A, B and C, D show
recovery by solid-phase extraction was higher, as results obtained for liquid—liquid extraction and
shown in Fig. 4B. No natural fluorescent compound solid-phase extraction, respectively. The elec-

is present in the wavelength range of 33 nm, as tropherograms a, b (liquid—liquid extraction) and
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Fig. 4. Comparison of recoveries by liquid—liquid extraction (A) and solid-phase extraction (B) by spiking 1 ppm LSD. Electropherogram a
and ¢, normal human urine extracts. Electropherogram b and d, LAMPA (100 ppm) was added to one set of aliquots, after extraction.

electropherograms e, f (solid-phase extraction) show 4. Conclusions

typical electropherograms of normal human urine
extracts, and the LSD and LAMPA standards (spiked
with 50 ppb of each for the same urine sample) after
applying the sweeping-MEKC technique. Using this
approach, LSD can be efficiently extracted, concen-
trated and detected. In contrast, using CSEl-sweep-
MEKC, electropherograms ¢, d (liquid—liquid ex-
traction) and g, h (solid-phase extraction) show
electropherograms of normal human urine extracts,
and the LSD and LAMPA standards again (spiked
both at 5 ppb for the same urine sample). Because of
the numerous unknown matrix effects, many un-
known peaks appear when the CSEl-sweep-MEKC
technique was applied. The detection limit of LSD in
urine was 0.6 ppbS/N = 3), much higher than that

of a regular separation.

We demonstrate here that the method of capillary
electrophoresis—fluorescence spectroscopy can be
successfully used for the separation and on-line
concentration of three similar analytes akad-SD,

LSD and LAMPA using the sweeping-MEKC and

CSEl-sweep-MEKC techniques. The former provides

higher plate numiéys better RSD values for
migration times and peak area, but poor LOD;
whereas the latter provides much better LOD. When
the CSEl-sweep-MEKC technique was applied to a
urine containing LSD, the analysis of LSD can be
achieved in a short time, without the need for a
derivatization step and additional sample handling,

which are necessary when MS is used. Although all

of the separation conditions are discussed as well as
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Fig. 5. Comparison of the detection limit of LSD and LAMPA by liquid—liquid extraction (frames A and B) and solid-phase extraction
(frames C and D) with different on-line concentration techniques (sweeping-MEKC, frames A and C; CSEl-sweep-MEKC, frames B and
D). Electropherograms a, e, ¢ and g, normal human urine extracts; electropherograms b and f, the same samples spiked with LSD and
LAMPA at a level of 50 ppb after applying the sweeping-MEKC; electropherograms d and h, the same samples spiked with LSD and
LAMPA at a level of 5 ppb after applying the CSEI-sweep-MEKC technique.



C. Fang et al. / J. Chromatogr. B 775 (2002) 37-47 a7

the results of excitation by a lamp, it is definitely ~[10] J. Henion, J. Anal. Toxicol. 20 (1996) 27.
clear that the use of a combination of a Sweeping [11] J. de Kanel, W.E. Vickery, B. Waldner, R.M. Monahan, F.X.

. : Di d, J. F ic Sci. 43 (1998) 622.
technique and a laser, especially a He—Cd laser (325 famon orensic Sci. 43 (1998)
. . . [12] H.K. Lim, D. Andrenyak, P. Francom, R.L. Foltz, R.T. Jones,
nm), can further improve the analysis of LSD in Anal. Chem. 60 (1988) 1420.
urine. [13] D.I. Papac, R.L. Foltz, J. Anal. Toxicol. 14 (1990) 189.
[14] B.D. Paul, J.M. Mitchell, R. Burbage, M. Moy, R. Sroka, J.
Chromatogr. 529 (1990) 103.

Acknowledgements [15] C.C. Nelsom, R.L. Foltz, Anal. Chem. 64 (1992) 1578.
[16] M.J. Bogusz, K.D. Kruger, R.D. Maier, J. Anal. Toxicol. 24
. (2000) 77.

This work was Supported by a grant from the [17] G.K. Poch, K.L. Klette, D.A. Hallare, M.G. Manglicmot, R.J.
National Taiwan Normal University under contract Czarny, L.K. McWhorter, C.J. Anderson, J. Chromatogr. B
no. ORD-91-2. Permission was obtained from Phar- 724 (1999) 23.
maceutical Affairs, Department of Health, Taiwan [18] M. Frost, H. Kohler, Forensic Sci. Int. 92 (1998) 213.
(License Number: ARR089000035). [19] ?19:;())3;,1? Kohler, G. Blaschke, J. Chromatogr. B 693

[20] J.P. Quirino, S. Terabe, Anal. Chem. 71 (1999) 1638.
[21] J.P. Quirino, S. Terabe, Anal. Chem. 72 (2000) 1023.

References [22] J.P. Quirino, S. Terabe, Science 282 (1998) 465.
[23] J.P. Quirino, S. Terabe, P. Bocek, Anal. Chem. 72 (2000)
[1] L.E. Hollister, S. Radouco-Thomas (Eds.), Hallucinogens, 1934.
1974, p. 173. [24] J.-B. Kim, J.P. Quirino, K. Otsuka, S. Terabe, J. Chromatogr.
[2] R.N. Smith, K. Robinson, Forensic Sci. Int. 28 (1985) 229. A 916 (2001) 123.
[3] A. Taunton-Rigby, S.E. Sher, P.R. Kelley, Science 181 [25] J.-B. Kim, K. Otsuka, S. Terabe, J. Chromatogr. A 912
(1973) 1665. (2001) 343.
[4] J. Christie, MW. White, J.M. Wiles, J. Chromatogr. 120 [26] R.B. Taylor, R.G. Reid, A.S. Low, J. Chromatogr. A 916
(1976) 496. (2001) 201.
[5] M.M. McCarron, C.B. Walberg, R.C. Baselt, J. Anal. Tox-  [27] C.-H. Lin, Y.-L. Chung, Y.-H. Chen, Analyst 126 (2001) 302.
icol. 14 (1990) 165. [28] Y.-L. Chung, J.-T. Liu, C.-H. Lin, J. Chromatogr. B 759
[6] P. Marquet, G. Lachatre, J. Chromatogr. B 773 (1999) 93. (2001) 219.
[7] H. Hoja, P. Marquet, B. Verneuil, H. Lotfi, J.-L. Dupuy, G.  [29] Y.-H. Chen, C.-H. Lin, Electeophoresis 22 (2001) 2574.
Lachatre, J. Chromatogr. B 692 (1997) 329. [30] Z. Li, A.J. McNally, H. Wang, S.J. Salamone, J. Anal.
[8] J.M. Francis, D.H. Craston, Analyst 121 (1996) 177. Toxicol. 22 (1998) 520.
[9] D. Bergemann, A. Geier, L. vonMeyer, J. Forensic Sci. 44 [31] S.J. Salamone, Z. Li, A.J. McNally, S. Vitone, R.S. Wu, J.

(1999) 372. Anal. Toxicol. 21 (1997) 492.



	Optimization of the separation of lysergic acid diethylamide in urine by a sweeping techniqu
	Introduction
	Experimental
	Chemicals
	Apparatus
	Extraction procedures
	Liquid-liquid extraction
	Solid-phase extraction

	Results and discussion
	Separation condition
	On-line sample concentration
	Sweeping-MEKC
	CSEI-sweep-MEKC

	Accuracy and precision
	Analysis of LSD in urine samples
	Conclusions
	Acknowledgements

	References



