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Abstract

Lysergic acid diethylamide (LSD) is difficult to detect and to quantify in biosamples because of its very low active dose.
Although there are a number of tests available, routine analysis of LSD is rarely performed. Immunoassays largely vary in
their specificity and cross-reactivities with other molecules often make these tests unreliable. Because of its low
concentration and the instability of the derivatives (e.g. trimethylsilyl-LSD), routine gas chromatography—mass spectrometry
(GC-MS) detection and quantitation of LSD remains a difficult task. The most promising procedures for LSD determination
seems to be liquid chromatography—MS analysis using electrospray ionisation and selected ion monitoring (SIM).
Extraction, derivatization, GC or high-performance liquid chromatography conditions and the different detection modes will
be summarised.

Phencyclidine (PCP) is an abused drug seldom found outside the United States. Well established detection and quantitation
procedures include radioisotopic and nonradioisotopic immunoassays and GC—MS analysis using SIM mode with deuterated
PCP as interna standard. Alternatively, GC with nitrogen—phosphorus detection or capillary electrophoresis has been used.
Recent progress in PCP analysis will be summarised. [0 1998 Elsevier Science BV. All rights reserved.
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1. Lysergide (LSD)
1.1. Introduction

Claviceps purpurea (ergot) is a smal fungal
parasite of grain and grass seed heads known since
the early history of agriculture. Eating the ergot can
be fatal to both humans and animals. C. purpurea
thus is at the origin of terrible mass poisoning since
the middle ages [1]. In 1938 Stoll and Hofmann
synthesized lysergic acid diethylamide (LSD) from
lysergic acid, a hydrolysis product of C. purpurea
alkaloids [2]. On April 16th, 1943, Hofmann un-
intentionally absorbed a minute amount of LSD. He
reported seeing ‘‘an uninterrupted stream of fantastic
images of extraordinary plasticity... accompanied by
an intense kaeidoscopelike play of colours’ [3].
This experience, the first LSD trip, lasted 3 h.

Today, d-LSD (the only psychoactive isomer) is
one of the most potent mind-altering chemicals
known. In the 1950s—1960s, clinical experimentation
with LSD was conducted by psychiatrists but some-
times dramatic and unpleasant reactions occurred.
Since 1966 LSD is an illega drug, commonly
referred to as “‘acid”’. LSD is odourless and tastel ess;
it is often added to absorbent paper, such as blotter
paper and divided into small sguares, each square
representing one dose. The active dose is as little as
20-80 g but sometimes up to 500 g are used.
Plasma and urine concentrations are in the sub-ng/
ml range. According to a survey on drug abuse, LSD
consumption is increasing since the beginning of the
1990s after a drop in the 1980s [4]. LSD is not
considered to be physiologically addictive, but toler-
ance develops quickly when used daily which may
be dangerous given the unpredictable effects of the
drug.

1.2 Biological effects and pharmacokinetics

After ingestion of LSD, the hallucinogenic effects
start after 30—90 min. They last between 5-14 h.
The exact mechanism of LSD action is still poorly
understood; it is however established that LSD acts
as a serotonin analogue. Depending on its concen-
tration and on the presence of other molecules, LSD
has agonistic or antagonistic effects on the serotonin
receptor family [6,7]. The plasma eimination half-

life of LSD has been reported to be 5.1 h. LSD is
extensively metabolized in the liver and less than 1%
of the drug is eliminated unchanged in the urine [8].
The LSD metabolites identified are N-demethyl-
LSD (nor-LSD), 13-hydroxy-LSD, 14-hydroxy-LSD
[9] as well as, lysergic acid ethylamide (LAE) and
2-0x0-LSD [10] (Fig. 1). Today, nor-LSD is the only
confirmed in vivo human metabolite. Other metabo-
lites have been suspected but not identified [11].

1.3 Sability

The effect of freezing on LSD stability in urine
has been studied by Paul et al. [12]. No significant
loss of LSD was observed after 45 days at —18°C. It
has been shown however that LSD is sensitive to UV
light and pH values below 4. Thermal (in)stability is
still a matter of discussion. According to some
sources it is stable at 100°C [13,14], others report
decomposition at 37°C [15].

1.4 LSD analysis

1.4.1. LSD in biosamples

Nelson and Foltz reviewed early development of
LSD analysis in 1992 [9].

LSD detection often is performed using immuno-
assays. Confirmation and quantitation of LSD in
body fluids is generally performed using gas chroma-
tography (GC), capillary electrophoresis (CE) or
reversed-phase high-performance liquid chromatog-
raphy (RP-HPLC) and coupling one of these tech-
nigues to an mass spectrometer (MS). MS analysis
and quantitation is generally carried out using select-
ed ion monitoring (SIM). In fact, HPLC and GC
systems are complementary; RP-HPLC with fluores-
cence detection being recommended for quantitation
[16] and capillary GC using fused-silica bonded
phase being the recommended technique for identifi-
cation of ergot alkaloids [17].

1.4.1.1. Immunoassays. Commercial tests for quali-
tative LSD immuno testing are available from sever-
a suppliers (DPC, Roche, Boehring—Syva for exam-
ple). They include radioisotopic (RIA) and nonRIA
technologies [14,18,19]. The advantages of the non-
RIA immunoassays are the relative low costs and
easy handling because no special sample preparation
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Fig. 1. Structures of LSD and its mgjor metabolites.

is necessary. Costs of the RIA assays are high and
handling and disposal of the radioactive material is
difficult. RIA and the nonRIA assays generally have
a cut-off value of 0.5 ng/ml in urine. High cross-
reactivities were observed for nonRIA assays with
nor-LSD and compounds such as neuroleptics and
other drugs [20]. Recently, Cassdls et a. [21]
developed a solid-phase enzyme-linked immuno-
sorbent assay immunoassay with specificity and
sensitivity comparable to RIA assays. In general,

however, positive immunoassay results always need
confirmation by a second more specific method [19].

1.4.1.2. Chromatographic analysis. Direct GC-MS
is of limited use because of the irreversible ad-
sorption of LSD on GC columns and because of its
low volatility and thermal instability at GC tempera-
tures. Selective extraction and derivatization by
silylation of the indole nitrogen of LSD is necessary
when using GC-MS. The fragmentation pathway of
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trimethylsilyl-LSD (TMS-LSD) and of LSD deriva
tives has been discussed by Paul et al. [13]. Retro-
Diels reaction and cleavage of the de
shydropiperidine moiety gives the fragments m/z
268, 253 and 279. Cleavage of the TMS from the
LSD gives the peak at m/z 73. LSD fragmentation
using electrospray ionisation (ESI) is discussed by
Webb et a. [14]. The electron impact (EI) mass
spectrum of TMS-LSD is represented in Fig. 2.

Since the late 1980s, ESI-MS has developed as an
important technique for detection of molecules pres-
ent a low concentrations such as LSD. The limita-
tion of ESI-MS are the low liquid flow-rates and the
need to avoid high agueous content of the mobile
phase. Because of its high cost and the need of
highly trained manpower ESI-MS (as well as tandem
MS), is still not used in many laboratories for routine
analysis.

HPLC. HPLC separation together with fluores-
cence detection is a well-established method for
analysis of trace amounts of LSD in biosamples.
Methods based on HPL C separation and fluorescence
detection have been reviewed by Nelson and Foltz
[9]. Recently, Francis and Craston used affinity
clean-up (ACU) for HPLC separation with fluores-
cence detection [22]. The mobile phase consisted of
35% agueous ammonium acetate and 65% methanol.
Optical excitation and emission were at 320 and 400
nm respectively. The limit of detection (LOD) was at
0.5 ng/ml of LSD in urine. The main advantage of
this method is that large specimen volumes (up to 4

Abundance 73

m/z

ml of urine when using 5 wg antibody) can be
analysed in a relatively short time and that no
derivatization step is necessary. The major drawback
is that quantitation is not possible at high drug
concentrations because of antibody saturation.

HPLC fluorescence was also used by Webb et al.
for quantitative estimation of LSD concentration in
urine before final confirmation by liquid chromatog-
raphy (LC)-MS [14]. Separation was done using an
ammonium acetate buffer at pH 8. The excitation
wavelength was 330 nm and the emission wave-
length was at 420 nm. The LOD was estimated to be
0.5 ng/ml. The linear range for quantitation was up
to 10 ng/ml. Similar conditions were recently used
by White et a. before ESI-MS confirmation [23].
The mobile phase of the HPLC was a mixture of 0.1
M acetate buffer—acetonitrile—triethylamine
(75:25:0.25) at pH 8. Fig. 3 shows the separation of
LSD and lysergic acid methylpropylamide (LAMPA)
obtained under these conditions. Fluorimetric quanti-
tation after HPLC separation was also used by
Nakahara et a. [24]. The LOD was 0.05 ng/mg of
human hair.

Musshof and Daldrup [5] described a sensitive
method for LSD determination in serum samples.
Liquid—liquid extraction (LLE) was performed using
n-butyl chloride and derivatization using N-methyl-
N-(trimethylsilyl)trifluoroacetamide (MSTFA). GC—
MS analysis in the SIM mode gave a linearity range
for TMS-LSD from 0.1-10 ng/ml.

GC-MS. Nelson and Foltz developed a GC-MS—

395

253

293

268

337

w2 T
_

Fig. 2. El mass spectrum of TMS-LSD.
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Fig. 3. HPLC separation of LSD (1) and LAMPA (2) [21].

MS method using either positive or negative chemi-
cal ionisation (Cl) in order to detect LSD, iso-LSD
and nor-LSD [25]. Ammonia and methane were used
as reagent gases for the production of protonated
(MH™) and negative (M ") ions. LOD for TMS-LSD
and TMS-iso-LSD were found to be 10 pg/ml in
spiked urine samples when using the positive ion CI;
the calibration curves were linear from 20-1000
pg/ml. The LOD and limit of quantitation (LOQ) for
nor-LSD were 100 pg/ml and 400 pg/ml, respec-
tively. Detection and quantitation of iso-nor-LSD-
TFA was possible down to 10 pg/ml and 50 pg/ml
respectively. The same technique has been used by
McNally et a. for confirmation of positive RIA
results [18].

A recent publication discussed the GC-MS analy-
sis of LSD and metabolite in rat and human hair after
derivatization [24]. Using the SIM mode, LSD was
detectable in rat pigmented hair following the lowest
dose of intraperitoneal administration of LSD (0.05
mg/kg b. w.) and nor-LSD was detectable after the
highest dose (2 mg/kg). In 2 out of 17 human hair
samples of self-reported LSD users GC—MS analysis
detected the presence of LSD, whereas nor-LSD was
not detected. The internal standards used were d, -
LSD or LAMPA.

LC—-MS and CE—MS. Rule and Henion proposed
an ACU-HPLC-MS method to detect LSD in urine
[26]. Extraction of the drug was performed by a
high-performance protein G column primed with
antiLSD antiserum to capture the LSD from urine.

The ACU column was then coupled to a LC-MS
system using an ion spray source and working in the
SIM mode. The m/z 324 (MH™) ion was used for
SIM monitoring. The LOD was found to be 0.5
ng/ml.

High-flow electrospray LC-MS for detection of
LSD was first introduced by Hopfgartner et al. [27].
The protonated form of LSD was analysed by HPLC
using a 80:20 mixture of acetonitrile—water con-
taining 5 mM ammonium acetate at a flow-rate of 1.2
ml/min. Using a special shield between the sprayer
and the ion sampling capillary of the MS, they
avoided column split and were able to use relatively
high flow-rates. The LOD for LSD was 250 pg
injected on-column with a dynamic linear range of
two orders of magnitude.

Webb et al. proposed a LC-MS method for
confirmation of positive immunoassays [14]. Again,
affinity chromatography was used for isolation and
clean-up of LSD. Conventional HPLC fluorescence
allowed an estimation of the LSD concentration.
Final confirmation and quantitation without deri-
vatization were performed using LC-MS with ESI.
By applying 10-20 V to an octapole rod assembly
between the ESI source and the quadrupole analyser
a characteristic fragmentation pattern for LSD was
obtained with significant ions at m/z 223 and 281.
The interna standard used in this study was
methysergide. The LOD was found to be 0.5 ng/ml.

White et al. developed a LC—MS method for LSD
analysis in urine, which has the advantage of avoid-
ing derivatization [23]. The HPLC column was
coupled to a mass spectrometer fitted with an
electrospray interface. Using positive ion MS and
monitoring the [MH ] ion at m/z 324, the linear
range for quantitation was 0.5-10 ng/ml. The inter-
nal standard used was methysergide.

Another LC—MS method using atmospheric pres-
sure ESI was developed by Hoja et a. [28]. Clean-up
of the sample was achieved using solid-phase ex-
traction (SPE). HPLC was used for chromatographic
separation using a mixture of ammonium formate
buffer at pH 3 and acetonitrile (70:30). The MS
parameters were optimised for the protonated molec-
ular ion of LSD. LOQ were found to be 0.05 ng/ml
and 0.10 ng/ml for LSD and nor-LSD respectively.
The linear range of quantitation was 0.05—-20 ng/ml.

Ca and Henion detected LSD and severa of its
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metabolites in liver microsomes by HPLC and CE
coupled with ion-spray MS. They also discussed the
fragmentation of LSD and of several analogues and
identified LAE and 2-oxo-LSD [10]. CE separation
was performed under a potential difference of 25.5
kV using a 100 cmx50 pwm I.D. column. The CE
electrolyte was ammonium acetate at pH 4.5 con-
taining 20% methanol. The RP-HPL C was used with
a linear gradient of two solvent mixtures.

1.4.2 LD inillicit preparations

In the illicit market LSD is sold in a variety of
forms such as ‘“microdot’’, tablets, gelatine squares
or most commonly on impregnated paper shests. A
systematic study of the parameters affecting the LSD
extraction efficiency from these sheets has been
presented by Veress [29]. Ultrasonic extraction in
methanol—water (1:1) of the blotters for 20 min at
20°C and subsequent RP-HPLC separation gave
highly reproducible results. HPLC separation was
carried out in acetonitrile—phosphate buffer at pH
3.5, UV absorbance detection was at 220 nm.

Kilmer describes extraction of LSD from sugar
cubes and from a liquid using ammonium hydroxide
and dichloromethane [30]. The dichloromethane was
evaporated and methanol was added to the extract.
GC-MS analysis then confirmed the presence of
LSD.

Ripani et a. describe a method for quantitative
capillary GC determination of LSD in street samples
[31]. GC with silica Kieselgel was used in the split
mode with a 20:1 ratio. After extraction of the LSD
with methyl-tert.-butyl ether from “‘blotters’, the
extracts were injected into the capillary GC using
triacontane as internal standard. LSD quantitation
was possible from 0.03—-2 mg/ml when injecting 1
wl of the extract.

2. Phencyclidine (PCP)
2.1. Introduction

Phencyclidine (PCP) is a synthetic drug devel oped
in the 1950s by Parke-Davis and tested as anaes-
thetic and analgesic. Because of very serious side
effects it was removed from the pharmaceutical
market and used in veterinary surgery until 1978. In

the 1960s PCP became popular as a recreational
drug, synthesized in clandestine laboratories. Today,
PCP remains a serious problem for a small number
of users in some areas of the US (Southern Califor-
nia and Washington DC). It is often smoked with
marijuana, either intentionally or unintentionally.
Outside the US phencyclidine is a very rare drug.

2.2. Biological effects and pharmacokinetics

The effects of PCP may vary with the dose, the
user's settings and previous experiences. Violence
and agitation occur in about one third of PCP users
[32]. PCP has been reported to have effects on the
respiration, the cardiovascular system, the liver and
the central nervous system [33,34]. Findly, there is
evidence that both physiologica and psychological
dependence develops [35,36].

It has been suggested that as little as 0.34 ng/ml
of PCP in serum may cause psychotic effects. Blood
concentrations generally range from 4-100 ng/ml.
PCP tends to accumulate in the liver, lungs, brain
and the fat tissue of the user [34]. It is then slowly
released from fat tissues into the blood stream.
Detection in urine is possible up to 7 days after a
single dose and as long as 21 days after chronic use.

PCP has been shown to be extensively metabo-
lized by hydroxylation to (4-phenyl-4-piperidino-
cyclohexanol, (PPC), 1-(1-phenylcyclohexyl)-4-hy-
droxypiperidine, (PCHP) [37] or through formation
of 5-(N-(1'-phenylcyclohexyl)-amino)pentanoic acid
(PCA) [38,39] (Fig. 4). The later is supposed to be
the major urinary excretion product.

2.3, Sability

It has been found that PCP concentration in spiked
urine samples stored at room temperature may
decrease at variable rates [40]. Five out of 15
samples had a >40% decrease in PCP concentration.
PCP stability in blood stored at room temperature
over a 5 year period also showed a significant
decrease in concentration each year. The decrease
ranged from 17.6% after 6 months to 69.4% after 5
years [41]. When stored at —16°C to —20°C, no
significant loss of PCP in urine was observed
[12,42].
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Fig. 4. Structures of phencyclidine (PCP) and its major metabolites.

2.4. PCP analysis in biosamples

PCP in urine or serum specimens is mainly
analysed by immunoassay and by GC-MS. Other
techniques such as CE and GC with nitrogen—phos-
phorus detection (GC-NPD) have also been used.
Because of interference with other molecules, im-
munoassays provide qualitative or semiquantitative
results only. Quantitation is generally performed
using GC-MS in the SIM mode and using an
internal standard. The present review describes the
detection and quantitation of PCP in biological
specimens from 1985 to 1996.

2.4.1. lmmunoassays

Because of its speed and simplicity, initial testing
of specimens is generally performed by immuno-
assay. Most authors propose method adaptations or
improvements of the commercialy available tests.
Their aim generaly is to lower the cut-off values
and/or to obtain faster measurement times [43—54].
Roche [55] and Biosite Diagnostics [56] developed
immunoassays based on visual detection of the
results. Several authors [57-62] studied the impact
of adulterating agents on PCP immunoassays.

An alternative to urine or blood analysis is saliva
analysis by immunoassay [63]. It has been found that
the concentration of PCP is higher in saliva than in
plasma and that PCP analysis in saliva gave more

reliable results than PCP analysis in urine because of
the stability of the pH in the saliva when compared
to urine.

242 GC-MS

Today GC-MS is the method of choice for
screening and confirmation of many toxicants vola-
tile in GC [64]. A typical GC-MS analysis of PCP
in urine includes a SPE at pH 6-8; PCP is eluted
from the columns with basic ethyl acetate, the extract
is evaporated to dryness and the residue is reconsti-
tuted in ethyl acetate. Quantitation is generally done
by adding an internal standard (pentadeuterated PCP,
difluoro-PCP) and working in the SIM mode. The
EI-MS spectrum of PCP is shown in Fig. 5.
Cleavage of the cyclohexyl ring gives the base peak
at m/z 200 [65].

Ishii et al. detected and quantified PCP in whole
blood and in urine specimens using GC separation
and surface ionisation detection (SID) [66].
Pethidine was used as internal standard. The LOD
was 0.75 ng/ml, the quantitation range of spiked
samples was 1.25-20 ng/ml

Because of extensive metabolism of PCP, ElSohly
et a. [67] developed a method for detection of the
PCA metabolite in human urine. The SPE of PCA
from urine specimens (5 ml probes) was done using
Prep-Sep C,, cartridges. Pentadeuterated PCA was
used as internal standard. A linear relationship
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between peak height ratio and PCA concentration
was observed over a concentration range from 10—
150 ng/ml.

A qualitative and quantitative assay for PCP and
other drugs of abuse using SIM was developed by
Mulé and Casella [68]. Urine (0.2 ml) spiked with
50 ng of ketamine as interna standard was extracted
with chloroform—isopropanol and analysed in the
SIM mode after evaporation. A linear relationship
between peak height and concentration was observed
from 10-100 ng/ml PCP in urine.

Stevenson et a. [69] described a SPE method for
PCP in urine. To 5 ml of urine was added d.-PCP as
internal standard and the pH was adjusted to 4.8-5.5.
The mixture was then extracted with ammonium
hydroxide using Clean Screen™ DAU columns. The
extracts were reconstituted with 100 wl of ethyl
acetate and GC-MS analysed. The LOD and LOQ
were 0.47 and 1.38 ng/ml respectively. Extraction
efficiency was found to be 100.8+6.5% and between
run precision was 3.5% at 25 ng/ml. According to
the authors this method consistently produces cleaner
chromatograms than liquid—liquid extraction.

PCP (and other drugs of abuse) where separated
and quantified in urine using SPE and ion trap MS
following El ionisation [70]. Difluorophencyclidine
was used as internal standard. Recoveries of PCP
fluctuated between 90% and 112%. The LOD and
LOQ were 0.25 ng/ml and 0.5 ng/ml in the screen
mode and 0.25 and 0.32 ng/ml in the SIM mode.

Slawson et al. developed a method for quantitation
of PCP in hair using GC—ion trap MS [71]. d.-PCP
was used as internal standard, extraction was carried
out with Bond Elut Certify columns. The LOD was
25 pg of PCP, the quantitation range covered 0.1-50
ng/mg of PCP in hair. When comparing the incorpo-
ration of PCP into pigmented and nonpigmented hair
of rats, it has been found that PCP is incorporated
preferentially into the pigmented hair.

A method for the detection of PCP, PCHP and
PPC in pigmented rat hair was developed by
Sakamoto et a. [65]. The extraction was performed
with methanol-5 M HCI (20:1). The extract was
purified by Bond Elut Certify columns and deriva
tized with N,O-bis(trimethylsilyl)acetamide. PCP,
PCHP-TMS and trans-PPC-TMS as well as their
deuterium labelled isomers were GC separated; the
LODs were determined to be 0.2 ng/mg hair for
PCP and 0.04 ng/mg hair for PCHP and trans-PPC.
It was observed that PCP was incorporated into hair
from blood at relatively high rates.

Only PCP but no metabolites was detected in
human hair using tandem mass spectrometry [72].
According to the authors, external contamination of
hair by PCP appears to be a significant problem and
potential source of false positive results.

Two papers describe the detection and quantitation
of PCP in meconium. After preliminary immuno-
assay testing, Moriya et a. [73] extracted the
meconium at pH 6 with a Bond Elut Certify column.
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The GC-MS was used in the SIM mode and
quantitation was achieved using d.-PCP as internal
standard. The LOD was determined to be 20 ng/g.
Moore et al. [74] quantified PCP using selected ion
storage (SIS) of an ion trap mass spectrometer. SPE
was done at pH 3 and deuterated PCP used as
internal standard. The LOQ was found to be 5 ng/g.
The essentia information on GC-MS methods for
PCP in biological samples is summarised in Table 1.

2.4.3 Other analytical techniques

NPD has been used for the detection of the
nitrogen containing PCP in serum. Detection thres-
holds ranging 5-150 ng/ml have been described by
severa authors at the beginning of the 1980s [75—
77]. A two-step assay of PCP in serum has been
developed by Werner et a. using SPE (Bond Elut-
CN column) and GC-NPD [78]. A 2.5 ml volume of
serum was required and the LOD of this technique
has been determined to be 0.5 ng/ml. The peaks for
PCP and the internal standard (methapyrilene) were
well separated and no interference with other com-
mon drugs of abuse has been observed.

Holsztynska and Domino describe GC—NPD of
PCP and its metabolites in tissues, and body fluids of
animals and in human urine [79]. After liquid—liquid
extraction the extracts were derivatized with hepta-
fluorobutyric acid and injected into the GC-NPD
system. The LOD was about 1.2 ng per injection

with a linear standard curve to 3.9 ng. The recovery
rates of PCP and the metabolites was 80—98%.

Another PCP detection technique using conven-
tional GC-NPD with acetylated column packing
material was proposed by Kandiko et a. [80].
Acetylation of Chromosorb W AW-DMCS columns
reduces their adsorptive properties towards akaloids,
thus increasing the GC sensitivity. Liquid-liquid
extraction of 10 ml urine at pH 6.5—7 was performed
with diethyl ether. The LOD of PCP was found to be
15 ng/ml in spiked urine samples. The internal
standard used was ketamine. Because of the lack of
specificity however all identification of PCP using
the NPD technique needs confirmation by another
method, for example GC-MS.

CE has been defined as the differential migration
of charged species in an electric field. High voltages
are used to generate electroosmotic flow of buffer
solutions and charged molecules in a column [81].
The molecules are separated as a function of their
charge and their size. A detector (UV, MS,...) at the
end of the column allows detection and quantitation.
CE is avery fast analytical method requiring minute
amounts of sample and reagents and is applicable to
a wide selection of analytes including stereoisomers.

Chen and Evangelista [82] developed a method
allowing simultaneous qualitative and quantitative
analysis of multiple drug analytes in urine including
PCP. The drug was immunolabeled and then sepa-

Table 1

GC-MS analysis of phencyclidine and metabolites in different biosamples

Analyte Specimen Extraction Derivatization Internal Detection LOD ROQ or LOQ Ref.

standard mode

PCP Blood SPE - Pethidine SID 0.75 ng/ml 1.25-20 ng/ml [66]
PCP Urine SPE Methylation d;-PCA SIM-EI nr 10-150 ng/ml [67]
PCA Urine SPE Methylation d.-PCA SIM-EI nr 10-150 ng/ml [67]
PCA Urine LLE - Ketamine SIM-EI nr 10 ng/ml [68]
PCP Urine SPE - d.-PCP SIM-EI 0.47 ng/ml 1.38-1000 ng/ml [69]
PCP Urine SPE - Difluoro-PCP Full scan 0.25 ng/ml 0.50-500 ng/ml [70]
PCP Urine SPE - Difluoro-PCP SIM-EI 0.25 ng/ml 0.32-500 ng/ml [70]
PCP Hair SPE - d.-PCP Full scan nr 0.10-50 ng/ml [71]
PCP Hair SPE T™MS ds-PCP SIM-EI 0.05 ng/mg 0.20-4 ng/mg [65]
PCHP Hair SPE ™S d,;-PCHP SIM-EI nr 0.04-1 ng/mg [65]
PCP Hair SPE T™MS d,-PPC SIM-EI nr 0.04-1 ng/mg [65]
PCP Hair - - Me-PCP MS-MS nr nr [72]
PCP Meconium SPE - d,-PCP SIM-EI 20 ng/g nr [73]
PCP Meconium SPE - d.-PCP SISEI 5 ng/g 5-250 ng/g [74]

nr: not reported.
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rated by CE and detected by laser induced fluores-
cence. Separation of the analytes takes less than 5
min, the LOD of PCP was found to be 1 ng/ml.

3. Conclusions

PCP as well as LSD remain a significant health
problem for a small group of users. Screening of
biological specimens for these drugs of abuse is well
established for PCP and its major metabolites but
remains difficult for LSD.

Immunoassays are prone to adulteration of the
specimens or may give false positive results because
of interference with other drugs. For LSD, only
nonforensic samples may be analysed by immuno-
assay, HPLC or CE using fluorescence detection.
Unambiguous identification can only be provided by
chromatographic separation coupled to MS detection.
Conventional GC-MS screening however is not
sufficient for determination of the very low LSD
concentrations in biological specimens. ACU purifi-
cation coupled to LC-MS working in the SIM mode
is the most promising technique. Implantation of an
LC-MS system however is costly and needs highly
trained manpower. Conducting these assays on a
routine daily basis remains a difficult task. Develop-
ment of this technique may allow us in the future to
gain a new insight into LSD metabolism, thus
confirming the postulated presence of several human
metabolites.

GC-MS is the method of choice for PCP detection
in urine and quantitation in blood. Using an internal
standard (d;-PCP, difluoro-PCP) and operating the
GC-MS in the SIM mode, allows LOD and LOQ in
the ng/ml range. Alternatively, other techniques such
as tandem MS, NPD and CE have been used. Each
of these methods has its advantages and disadvan-

tages.

4. Abbreviations

ACU affinity clean-up

CE capillary electrophoresis

CE-MS capillary electrophoresis—mass spec-
trometry

Cl chemical ionisation

El electron impact

ESI electrospray ionisation interface

ESI-MS  electrospray ionisation—mass  spec-
trometry

GC-MS  gas chromatography—mass spectrometry

GC-NPD gas chromatography—nitrogen—phos-
phorus detection

HPLC high-performance liquid chromatog-
raphy

LAE lysergic acid ethylamide

LAMPA lysergic acid methylpropylamide

LC-MS liquid chromatography—mass  spec-
trometry

LLE liquid—liquid extraction

LOD limit of detection

LOQ limit of quantitation

LSD lysergic acid diethylamide (from the
German: Lysergsaure-diethylamid)

PCA 5-(N-(1'-phenylcyclohexyl)-amino)-pentanocic
acid

PCHP 1-(1-phenylcyclohexyl)-4-hydroxypiperidine

PCP phencyclidine, 1-(1-phenylcyclohexyl)-
piperidine

PPC 4-phenyl-4-piperidinocyclohexanol

RIA radioimmunoassay

RP-HPLC reverse phase high-performance chro-
matography

SID surface ionisation detection

SIM selected ion monitoring

SIS selected ion storage

SPE solid-phase extraction

TFA trifluoroacetyl

T™MS trimethylsilyl
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