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Abstract

A liquid chromatography mass spectrometric (LC/MS/MS) method has been developed for the determination of LSD, iso-LSD and the
metabolite 2-oxo-3-hydroxy-LSD in forensic applications. The procedure involves liquid—liquid extraction of the analytes and LSD-D
(internal standard) from 1.0 g whole blood or 1.0 ml urine with butyl acetate at pH 9.8. Confirmation and quantification were done by positive
electrospray ionisation with a triple quadrupole mass spectrometer operating in multiple reaction monitoring (MRM) mode. Two MRM
transitions of each compound were established and identification criteria were set up based on the retention time and the ion ratio. The curves
of extracted standards were linear over a working range of 0.01g8@ for all transitions of LSD and iso-LSD. The limit of quantification was
0.01pg/kg for LSD and iso-LSD. The method was applied to a case investigation involving a 26-year-old male suspected for having attempted
homicide, where blood concentrations of LSD and iso-LSD were determined to 0.27 andytkg4respectively. 2-Oxo-3-hydroxy-LSD
was detected in the urine and confirmed the LSD abuse. The case illustrated the importance of analyte separation before MRM detection of a
sample due to identical fragmentation ions of the isomers.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction at the CNS. Its best studied effects are the agonistic ac-
tions at presynaptic receptors for 5-hydroxy-tryptamine in

Lysergic acid diethylamide (LSD) illustrated ig. 1is the midbrain[1,5]. LSD is an illegal drug commonly re-

a very potent hallucinogenic substance. It is considered aferred to as “acid” and it does not occur in nature but is

highly dangerous drug due to its tendency to produce panic,easily prepared from ergotamine and related ergot alkaloids

delirium and bizarre behaviour, sometimes resulting in irra- [6]. LSD is colourless, odourless and tasteless and primarily

tional and injurious act§l—4]. LSD acts on multiple sites  found on blotter papdil—5]. The LSD consumption has in-

- creased since the beginning of the 1990s after a drop in the
Abbreviations:BIAS, systematic errors, i.e. proximity to the true value;  1980s. The active oral dose is about 20—g0 but some-

ESI, electrospray-ionisation; GC/MS, gas chromatography mass spectrome-+imeg up to 50Gwg is used[1—4,7]. The active blood level

ter; IS, internal standard; I1so-LSD, iso-lysergic acid diethylamide (isomer); trati fLSD i | . |
LC/MS/MS, liquid chromatography mass spectrometer (tandem); LOQ concentration o IS very low (maXImum plasma con-

limit of quantification; LSD, lysergic acid diethylamide; LSDsRleuterated Centrati0n§ fplloyving 7@«9 dose range up tojzg/kg). The
LSD (internal standard); M-LSD, 2-oxo-3-hydroxy-LSD; MRM, multiple ~ plasma elimination half-life of LSD has been reported to
reaction monitoring; MRM1, MRM transition N, number of sample&?, be 3-6 h[1-5]. LSD is extensively metabolized in the liver
corr_elgtlon coefficient; RIA, radioimmunoassay; R.S.D., relative standard and less than 1% of the drug is eliminated unchanged in
deviation . -

the urine[1-4]. Because of the low blood concentrations,

* Corresponding author. Tel.: +45 35326241, fax: +45 35326085. L .
E-mail addressssj@forensic.ku.dk (S.S. Johansen). LSD analysis is often performed on urine. Nor-LSD, 2-ox0-3-

1570-0232/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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[/’ trometry clearly improves and simplify the sample prepara-
tion.
o N\f The Department of Forensic Chemistry at the Institute

of Forensic Medicine performs the toxicological analysis
on the driving and criminal cases (offences) in Denmark
and the post-mortem cases of East Denmark requested by
- the police. This paper describes a LC/MS/MS method us-
3 ing positive ESI with a triple quadrupole mass spectrom-
eter for the determination of LSD and related analytes in
biological samples from forensic cases. A case is stud-
ied involving a 26-year-old male suspected of having at-
tempted homicide. The method describes a new simple
sample preparation method of forensic samples involving
Fig. 1. Chemical structure of LSD. one-step liquid-liquid extraction using a more environmen-
tal safe/less hazardous solvent than earlier described meth-
hydroxy-LSD and the glucuronide conjugate of 13-hydroxy- ods.
LSD can be detected in urine up to 96 h after administra-
tion, whereas LSD can only be detected for 12—-24 h post
administration. 2-Oxo-3-hydroxy-LSD is present in human o Experimental
urine at concentrations 16-43 times greater than LSD, the
parent compoungB]. 1so-LSD (an inactive isomer at C-8) 5 1 chemicals and materials
is often found in urine, but it is a contaminant of LSD it-

self. . ) LSD was acquired from Lipomed GmbH (Germany), iso-
As a result of the high potency and low doses, detection | sp and the internal standard (IS) LSDs@nd 2-0x0-3-

of LSD in biological matrices poses a significant analytical hydroxy-LSD (M-LSD) from Promochem Standard Sup-
challenge. Direct GC/MS is of limited use because of the plies AB (Sweden)—all of high purity. Solvents of chro-

irreversible adsorption of LSD on GC columns and because Ofmatographic grade from Rathburn Chemicals Ltd. (UK) and
its low volatility and thermal instability at GC temperatures. perck (Germany) were used for extraction and analysis.
Selective extraction and derivatization by silylation of the gggium carbonate was of analytical grade from Merck (Ger-
indole nitrogen of LSD is necessary when using GC/MS. any) Control whole blood was obtained from horses, while

Alternatively HPLC separation together with fluorescence rine samples were achieved from healthy volentriers in the
detection has been applied, however, it lacks sensitivity a”dlaboratory.

specificity [7-12]. Consequently, LC/MS/MS is studied as
the method of choice for LSD determination in biological

samples. 2.2. Stock solutions and standards
Most publications describe methods for urine due to the
high sensitivity demandd.0-12] Only few papers have de- Standards from 0.01 to 50/l with 5.0p.g/l IS were pre-

scribed analytical methods sensitive enough for determina-pared in mobile phase, while extracted standards were made
tion of LSD and related analytes in blogti3,14] Faver-  from 0.01 to 5Qug/kg whole blood or 0.01 to 5@g/l urine
retto et al.[13] described a simple LC/MS/MS using step as described below. Blood samples were weighed prior to
liquid-liquid extraction of biological samples with the car- analysis as a standard procedure in the laboratory with whole
cinogenic solvent chloroform, while Canezin et[d4] de- blood and post-mortem blood, while urine samples were dis-
scribe a LC/MS/MS method for plasma and urine with a pensed.

similar one step liquid-liquid extraction using diethylether

(extremely explosive). Both methods involved hazardous sol-

vents but described sufficient sensitivity with acceptable sam-2.3. Sample preparation (protected from light)

ple size. Other more complicated methods involving diffi-

cult and time-consuming sample preparation are described A 1.0g whole blood or 1.0ml urine was mixed with
such as a LC/MS method by Bodin and Svensgds] in- 20pl 0.05 mg/l aqueous LSD-p The sample was extracted
volving extraction into an organic solvent (diisopropylether) with 1.0ml butyl acetate after adjusting pH with 1.0 ml
and back-extraction. Sklerov et §l.6] reported a LC/MS 1M sodium carbonate. After centrifugation for 10 min at
method for whole blood of a combined liquid—liquid ex- 3600 rpm, the organic fraction was removed and evaporated
traction and solid-phase extraction. Many earlier methods to dryness at 40C under a steam of pure nitrogen. It was re-
lack the required sensitivity for measuring LSD in blood constituted in 10@.I mobile phase and transferred to a brown
such as Bogusz et 4L7], who used LC-APCI-MS forrou-  autosampler vial and 20l was injected into the chromato-
tine in multipleanalyte analysis. Use of tandem mass spec-graphic system.
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Table 1
MS/MS conditions for the Quattro Micro
Collision energy 1 (V) Collision energy 2 (V) Transition 1, MRM1 Transition 2, MRM2 lon ratio, MRM2/MRM1
LSD 25 30 324 223 324— 208 0.61
Iso-LSD 21 30 324> 2812 324— 208 1.0
M-LSD 23 30 356 237 356 222 0.84
IS (D3-LSD) 25 - 327~ 226 - -

M-LSD: 2-0x0-3-hydroxy-LSD.
2 1s0-LSD also has the transition 324 223.

2.4. Chromatography and MS/MS conditions run after injection of whole blood extracts from control blood.
However, the deutereted internal standard also illustrates (by

For separation an Agilent 1100 series HPLC system con- change in recovery) and corrects any possible suppression of
sisting of binary pump, autosampler, and thermostatted col-the samples.
umn compartment was used with a Zorbax SB-C18 column  As identification criteria both relative and absolute re-
(2.1 mmx 30 mm, 3.5.m). Gradient elution began with a tention times can be used. The absolute retention time may
mobile phase of 5% of solvent A (5% acetonitrile with 0.05% have a maximum deviation af0.1 min or the relative time
formic acid) and 95% of solvent B (100% acetronitrile with  when using the internal standard may have a maximum de-
0.05% formic acid). This composition was held for 2min viation of £2%. For each compound of interest two MRM’s
and then the percentage of solvent B was linearly increasedwere set up, one for quantification and one as “qualifier” us-
to 60% over 10 min. A total analysis time of 20 min was used ing one parent ion and two daughter ions per compound as
due to the re-equilibration time between injections. The flow shown inTable 1 Furthermore, the ratio of the responses
rate was 0.2 ml/min at 3CC. for MRM2 against MRM1 may have a maximum deviation

A Quattro Micro, tandem quadrupole mass spectrometer, of 10%. By using this principle we fulfil the requirements
Waters, was coupled to the HPLC system. Data was acquiredin EU guidelines on environmental and food analyses—this
in the positive ion mode with an electrospray (ESI) source us- method give four identification points according to EU guide-
ing MassLynx software 4.0, and calculations used extractedlines/SANCO ruleg18], where three or more are requested
ion chromatograms by QuanLynx. Mass spectrometer con-as a minimum. Finally, concerning the identification criteria,
ditions (cone, lens voltage, collision energy, etc.) were opti- detection of the metabolite, 2-oxo-3-hydroxy-LSD confirmed
mised by direct infusion of the standard into the Z-spray ion the intake of LS08]. The urine data are given although the
source. Multiple reaction monitoring (MRM) analysis was sample preparation and MS detection is not optimized for M-
used for data collection (s@@ble ). The cone energy was LSD. M-LSD is used as a marker (qualitative) for LSD abuse
optimised at 30V, while the source and desolvation temper- and an alternative detection that support the blood data.
atures were 120 and 38Q, respectively. The recovery of internal standard LSD;Bom extracted

An ion suppression experiment was performed by whole blood standards was 65% (absolute) compared to pure
injecting LSD and iso-LSD through the syringe pump into standards and similar extraction efficiencies were obtained
a T-piece with mobile phase. Suppression was examinedfor LSD, iso-LSD and M-LSD. This is a high and accept-
in an extracts of control whole blood within a normal run able recovery because a loss occurs when the organic phase
time. is transferred. The recovery is comparable with other sub-

stances such as loperamide and methaft®&0]

3. Results and discussion 3.2. Linearity and limit of quantification

3.1. Chromatography and MS/MS conditions A linear correlation was observed from 0.02 to 2afl
in pure standards made up in mobile phase with acceptable
The presence of metabolites, inactive isomers, etc. with correlation coefficients and residuals. The linear function of
the same molecular masses and common fragments madé&SD in pure standards was 1¥4 0.0007 with a correlation
the good chromatographic separation a necessity. A gradientcoefficient R2) of 0.9997 for MRM1 and 11%6— 0.0002 with
system was setup that elute the compounds from 2 to 9 min:R? of 0.9996 for MRM2.
the internal standard and LSD eluted at the retention time  The calibration curves of extracted whole blood stan-
of 7.60 min, M-LSD at 2.60 min, and iso-LSD at 8.80 min. dards were linear over a working range of 0.01450kg
Baseline separation was obtained between the analytes.  for all four transitions of LSD and iso-LSD. The calibra-
Screening of drug-free whole blood showed no endoge- tion graphs were derived by plotting the peak area ratio of
nous interference at the retention times of the compounds andanalyte to the IS versus the whole blood concentration of the
no ion suppression was observed on LSD oriso-LSD during a analyte: linear regression withxiweighting was used. The
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Table 2
Linear parameters (range, function, correlation coefficient) and limit of quantification (LOQ)
LSD MRM1 I1s0-LSD MRM1 M-LSC* MRM1
Blood Linear rangei(g/kg) 0.01-50 0.01-50
Function F(x) = 1750+ 0.0044 F(x)=1610<— 0.0014
R? 0.9994 0.9984
LOQ (ng/kg) 0.01 0.01
Urine? Linear range tg/l) 0.01-50 0.01-50 0.5-50
Function F(x) = 1680« + 0.0009 F(x)=1610«— 0.0140 F(x) = 44.2+0.002
R2 0.9978 0.9984 0.9926
LOQ (ng/l) 0.01 0.01 0.5

@ Not optimised and validated only for qualitative work.
b Urine samples are mostly used for qualitative work and as an alternative matrix.

linear function of LSD and iso-LSD for MRML1 are given in  3.3. Precision and accuracy

Table 2 All had acceptable residuals. Fig. 2, typical stan-

dard curves of LSD are shown. The linear function of M-LSD The intra-day repeatability expressed by relative standard

in urine are shown iffable 2 The linear range was assessed deviation (R.S.D.) studied at several concentration levels in

from 0.5 to 50ug/l, however, urine samples are mostly used whole blood was generally less than 10% for both analytes

for qualitative work and therefore only LSD and iso-LSD as illustrated inTable 3 The R.S.D. was highest at limit of

were optimised and validated for quantitative analysis in this quantification. The inaccuracy did not exceed 14% for LSD

study. and iso-LSD, and the accuracy was better for LSD than iso-
The limit of quantification was 0.01g/kg for LSD and LSD probably due to the nature of the internal standard.

iso-LSD in whole blood as illustrated iRig. 3. The limit

of quantification was defined as the lowest concentration at3 4. Case investigation

which the signal-to-noise level (S/N) of the extracted sample

was highel’than 10. All four transitions fulfilled this S/N level. The method was app“ed for acase investigation involving
The SenSitiVity of transition 2 was a little better than transition a 26-year-o|d male in connection with attempted homicide.
1 of both compounds as shownfig. 3 He admitted to have been abusing LSD and the analysis was

Compound name: LSD 324.07>223.2

Correlation coefficient: r = 0,998887, r*2 = 0,997775

Calibration curve: 1674,59 * x+ 0,00892401

Response type:Internal Std (Ref 1), Area * (IS Conc. /IS Area) M RM 1 Of LSD
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

799X

Residual -
-12,93 . - mg/l
92,1+
Response ] //
0,0- - r - - - — - — - . — mg/l
(a) 0,000 0,005 0,010 0,015 0,020 0,025 0,030 0,035 0,040 0,045 0,050 0,055
Compound name: LSD 324.07>208.1
Correlation coefficient: r = 0,999386, r'2 = 0,998773
Calibration curve: 1180,73 * x+-0,00302867
Response type: Internal Std ( Ref 1), Area * (IS Conc./IS Area)
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None M RM2 Of LSD
17,05
Residual X
»g( x
-9,9 13— X . S S — —— — : —_—— — mg/l
64,9 -
Response -
-0,0 g ] " " T T y - mg/l
(b) 0,000 0,005 0,010 0,015 0,020 0,025 0,030 0,035 0,040 0,045 0,050 0,055

Fig. 2. Standard curves of extracted whole blood with LSD of transitions 1 and 2 including plot of the residuals.
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blod gent.0.00002mg/kg + 1S0.005mg/l

031126-23 2: MRM of 5 Channels ES+
S SIN:P1P=13,38 324,1 > 281,05
6,64e3
Iso-LSD MRM1 1s0-LSD:
Yo SIN=13
8,
51 B2 878 B? 888 8,96 904
0 T T T T T T T T T T T B T T
031126-23 2: MBM of 5 Channels ES+
100 S/N:PP=20,10 324,1 > 208,05
06 6,10e3
Iso-LSD MRM2 ~ 1so-LSD: ©
S/N =20
[ D/‘o,
857 B67 875 884 BI6 IO
0 n T T T T T T T T - T T T .
031126-23 ' ' ' 2 MRM of 5 Channels ES+
100- SINPtP=3159 324,07 > 2232
1,004
LSD: LSD MRM1
%+ SIN=20 8,03
719 7,29 N 818 53g35 8,72 8,80 9,10
0 T T T T T T T T — T T T T T T T T —— T T
031126-23 2: MBM of 5 Channels ES+
iy 8,03 324,07 > 208, 1
7,64e3
LSD: LSD MRM2
O/o <
854 862 874
0 T T LR TFYTITT T T T T T T Ty T P B Time

6,80 7,00 720 740 | 7,60 7.80 8,00 820 8,40 '8.60 8,80 9,00

Fig. 3. LC/MS/MS chromatograms of spiked whole blood at ug&g of LSD at 7.6 min and iso-LSD at 8.0 min, respectively. The absolute recovery of the
internal standard was 65%. For each compound their two MRM transitions are shown with the signal to noise level (S/N).

therefore requested. The described LC/MS/MS method was The metabolite, 2-oxo-3-hydroxy-LSD, was detected at
applied, and blood concentrations of LSD and iso-LSD were about 8.8.g/l in the urine sample and confirmed the abuse
determined at 0.27 and 0.44/kg, respectively (see also of LSD. Free LSD and iso-LSD were also detected in the
Table 4. The identification criteria were fulfilled concerning urine sample at 3.0 and 24/l although only 1-4% of oral
the retention time and ion ratio. The internal standard was re- dose excreted in the urine as unchanged LSDOFsgeb.
covered about 85% in the whole blood sample—relatively. A It has been demonstrated that M-LSD is present in human
chromatogram of the whole blood extract is showifrig. 4 urine at concentrations 16—43 times greater than LSD, the
together with a blank blood extract. parent compound. This study observed a ratio of about 3.
lllegally produced LSD contains often the impurity iso- Notice that it is only free LSD that is determined. Canezin
LSD—an inactive diastereoisomer that is formed during the et al. [14] reported a case of similar levels. The presence
synthesis from lysergic acid. This isomer was detected in the of M-LSD is a direct result of LSD metabolism in human
whole blood (sed@able 4andFig. 4). system[8] conforming the blood results. Furthermore, the
detection of the metabolite in urine can increase the period for
confirmation of LSD ingestion. This is very relevant because

gab'? 3 ] < based o studies mad dave (i O the short half-life of LSD[1].
| af(;';g?y?” accuracy results based on studies made on several days (intfa- - o -2 o6 jjlystrated the importance of analyte separation
. before selective monitoring reaction mode detection of a sam-
Concentration Mean BIAS% R.S.D.% N
added f.g/kg) (rg/kg)
LSD 0.02 0.022 12 228 8 Table 4
0.05 0.050 —0.2 6.6 12 The measured concentrations of LSD and related compounds in blood and
0.50 0.509 e} 8.1 8 urine from a 26-year-old male
5.00 5.29 ® o1 8 LSD Iso-LSD M-LSD
Iso-LSD  0.02 0.022 18 7 4 Whole blood (mg/kg) 0.27 0.44 N.D.
0.05 0.053 @ 34 4 Urine? (mg/l) 3.0 2.4 8.8
0.50 0434  —135 33 4

N.D.: not detected.
N: number of samples. a Free concentration.
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blod blind + IS

031126-21 2: MAM of 5 Channels ES+

7,56 327,1 > 226,1
15 3,20e5
%] MRM of LSD-D 3

07 T T T T T T T T T T ¢ T Trarryyreey T T T T T
031126-21 TUTTTT U7 nels ES+

o 7,60 ’ | >281,05
100 : 75 il MRM1 of iso-LSD 946

] 700 7247 e B 2

] 6,735.806.88 ’ i 9,03

WAV JTAA

0 T i T P IUP TR RNEE) \L S e .
031126-21 hannels ES+
100+ wre MRM2 of iso-LSD e

o j 7,51 .

-

1 609 643680 ¢ ¢ 831 g4g.Bdg o0
7 T T T T T T T T T T
031126-21 2: MAM of 5 Channels ES+
100+ 324,07 > 2232
oo~ 1,46e3
] I 8585 62865 g79 9.0
% i 79 885

0 ot T T T T T T T T T T T T T T T T T T TP | T T T
031126-21 2: MRM of 5 Channels ES+
100 7,36 i 324,07 > 208,1

2,25e3
4 MRBM2 of LSD
% - 782786 182 780 792,64 006
E ¥ ! 06 8,15
D 6,36 B4 664657674 686 6,987,02 714 8,31 8,40 850

L R R R R R R R R R R B R B R S R T L R B T R R SRS 14111
(a) 6,20 6,40 6,60 6,80 7,00 7,20 7,40 7,60 7,80 8,00 8,20 8,40 8,60 8,80 9,00
RK 510/03 i 0.888g blod B
031126-33 2: MAM of 5 Channels ES+
1005 7,57 327,1 > 226,1

2,41e5
MRM of LSD-D 5

%

11 D — S—— L L Lia Laaas SR T —
031126-33 2: MAM of 5 Channels ES+
100- 8,03 324,1 > 281,05

1‘ 1,62e5
% MRM1 of iso-LSD
7.56

4 IS SRR B s aaa AL . T
031126-33 2: MRM of 5 Channels ES+
100, 804 324,1 > 208,05

1,62e5

%] 757 MRM2 of iso-LSD

T T T T T T T T T T T T T T T T T T T T T | RARAN LLESE LEALE EALAL ] T T T T T
031126-33 2: MRM of 5 Channels ES+
100+ 324,07 > 2232

1,04e5
MRM1 of LSD

%

R — S Ly AtmmmeSm————— S A ——— U o s
031126-33 2 of 5 Channels ES+
100~ 804 324,07 > 208,1

1,665
«%.  MRM2 of LSD

(K8 SALAR RRARS REALAS RARAS EEC RS RS AR R AR R RAR R RARAR SR ART L MG R

] Time
(b) 7,00 710 7,20 7,30 7,40 7,50 7,60 7,70 7,":’!0 7,90 8,00 8,10 8,20 8,30 I 8“4[) 8,50 860 8,70 8,80 8,90 9,00

Fig. 4. (a) A typical LC/MS/MS chromatogram of blank whole blood with internal standard (recovery: 75%). S/IN<LOD. The arrows indicate the retention
time of LSD and iso-LSD. (b) A chromatogram of an extracted whole blood sample from a 26-year-old male who admitted having abused LSD. The relative
recovery of the internal standard was 85% in his blood sample. All identification criteria were fulfilled for all analytes. The determined consemtréisted

in Table 3
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100+ 804 324,1 > 208,05
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(L s
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MRM2 of LSD 7,57 1,16e6
%
O R S S S B i B R R e T T T T T T Time
2,00 2,50 3,00 3,50 4,00 4,50 5,00 5,50 6,00 6,50 7,00

Fig. 5. A chromatogram of an extracted urine sample from the 26-year-old male. The relative recovery of internal standard was 91% in the sanitile The pos
sample contained 8;8y/l M-LSD, 3.0 mg/l free LSD and 2.4g/l free iso-LSD. All identification criteria were fulfilled.
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