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ABSTRACT
A target screening method for the detection of 13 synthetic cannabinoids in whole blood was developed and validated. Samples 
underwent automated solid-phase extraction, and sample extracts were analyzed by liquid chromatography-positive electrospray 
ionization-tandem mass spectrometry using two transitions in multiple reaction monitoring mode. The limit of detection was between 
0.1-2.5 ng/mL for the compounds except HU-210, and extraction recovery ranged from 59 to 78%. The method was used to screen 393 
Danish traffic cases from 2012, where the driver was suspected of driving under the influence of drugs. No synthetic cannabinoids were 
identified in these samples. Additionally, the method was applied to a clinical intoxication case, and the synthetic cannabinoid AM-
2201 was identified in serum. We conclude that the prevalence of driving under the influence of synthetic cannabinoids in Denmark is 
likely to be low, and that synthetic cannabinoids are most likely to be encountered in the clinical setting.
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ABBReviATionS

DUID - Driving under the influence of drugs, 
LOD - Limit of detection, 
MRM - Multiple reaction monitoring, 
QC - Quality control, 
RE - Extraction recovery, 
SPE - Solid-phase extraction, 
THC - Δ9-tetrahydrocannabinol 

1. inTRoDUCTion

Synthetic cannabinoids are defined by their ability to bind to the same 
receptors as the main naturally occurring, psychoactive constituent of 
cannabis, Δ9-tetrahydrocannabinol (THC), and are therefore also referred to 
as synthetic cannabinoid receptor agonists. The compounds were originally 
developed for medical research purposes, but have not progressed to clinical 
use due to undesirable psychoactive effects [1].

Synthetic cannabinoids were first identified as drugs of 
abuse in late 2008, when it became clear that herbal mixtures 
reported to have a marijuana-like effect (so-called “Spice” 
products) contained these compounds as adulterants [2,3]. The 
first identified synthetic cannabinoids were the C8 homolog of the 
cyclohexylphenol CP-47,497 and the aminoalkylindole JWH-018, but 
subsequently a vast number of compounds have been identified  
[4-6]. According to the yearly report from The European Monitoring Center 
for Drug and Drug Addiction (EMCDDA), 30 new synthetic cannabinoids 
have been identified by the EU Early warning system in 2012, which brings 
the total number of identified compounds by 2012 to more than 70 [7]. 

Given the rapid emergence of new compounds and the requirement 
for high sensitivity, most published methods for the detection of 
synthetic cannabinoids have been based on liquid-chromatography-mass 
spectrometry (LC-MS). This includes both quantitative and qualitative 
methods in whole blood [8,9], serum [10], oral fluid [11,12], as well as for 
metabolites in urine [13-15].

The pharmacokinetics has been investigated for a limited number of 
synthetic cannabinoids in humans. Following consumption of JWH-018 by 
inhalation, the serum concentrations reached maximum values of approximately 
10 ng/mL within a few minutes, and dropped within 3 h to below 0.5 ng/mL [16]. 
JWH-018 and other synthetic cannabinoids are oxidized by specific cytochrome 
P450 enzymes [17] and excreted in the urine as glucuronic acid conjugates, 
while the parent compounds are normally not present in the urine [18,19].

Reported clinical symptoms of “spice” intoxication include tachycardia, 
nausea and vomiting as well as psychic effects such as agitation, drowsiness, 
dizziness and hallucinations [16,20-22]. This means that synthetic 
cannabinoid intake is incompatible with safe driving, and according to 
Danish law [23], the legal traffic limit for synthetic cannabinoids in blood is 
0.0005 mg/kg (~ 0.5 ng/mL). 

The easy availability of these compounds over the internet and the 
possibility of circumventing routine drug screening assays suggest that 
driving under the influence of synthetic cannabinoids could pose a problem, 
but few reports have been published addressing this issue. Strano-Rossi  
et al. screened 400 oral samples collected from random traffic controls, but 
detected no synthetic cannabinoids [11]. However, Musshoff et al. recently 
published a total of seven traffic cases, in which a number of synthetic 
cannabinoids were identified in the blood [20].

In this study, we investigated the presence of synthetic cannabinoids 
among Danish drivers. An automated SPE and LC-MS/MS screening method 
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aliquot of whole blood (200 µL) was transferred to a 96 well plate placed 
on a balance (XP203S, Mettler Toledo, Schwerzenbach, Switzerland). The 
registered weight of each aliquot was used in the later processing of data 
adjusting for the transferred sample mass. The IS-solution (20 µL) was added 
to each sample before protein precipitation, for which 15% MeOH in ACN 
(600 µL) was used. After centrifugation at 1000 g for 10 min, an aliquot  
(600 µL) of the supernatant was mixed with 900 µL of 0.1 M HAc and loaded 
onto the SPE-columns, which had been preconditioned with 15% MeOH in 
ACN (800 µL), and subsequently with 0.1 M HAc (800 µL). The washing steps 
consisted of 700 µL of 0.1 M HAc followed by an equal volume of 0.1 M HAc 
in ACN (70:30% v/v). Elution was performed using two portions (250 µL each) 
of 2% HAc in ACN. The eluate was evaporated to dryness under a stream 
of nitrogen at 40°C and reconstituted in 100 µL of 1% HAc in water: MeOH 
(30:70% v/v).       

2.5 LC-MS/MS

The LC-MS/MS system consisted of a Micromass Quattro Micro triple 
quadrupole mass spectrometer (Waters, Milford, MA, USA) interfaced to an 
Agilent 1100 Series HPLC system upgraded with a 1260 series autosampler 
(Agilent Technologies, Wilmington, DE, USA). Chromatographic separation 
was performed on a Kinetex 2.6 µm phenyl-hexyl 50 x 2.1 mm column 
(Phenomenex, Torrance, CA. USA) using 1% HAc in water (solvent A) and 
MeOH (solvent B) as mobile phases. The gradient had a total run-time of  
13 min starting at 70% B linearly increasing to 90% B over 7.0 min, 
isocratic for 1.5 min before returning to 70% B in 0.5 min. The system was 
re-equilibrated for 4.0 min with 70% B. The flow rate was 0.3 mL/min, the 
column temperature was 30°C, and the injection volume was 20 µL. 
The screening was performed using multiple reaction monitoring (MRM) in 
positive electrospray ionization (ESI) mode. The capillary voltage was set to 
1.0 kV and the source block temperature was set to 120°C. The desolvation 
gas (nitrogen) was heated to 350°C and delivered at a flow rate of 800 L/h, 
while the cone gas (nitrogen) was delivered at 30 L/h. The collision gas 
(argon) pressure was maintained at approx. 3 ∙ 10-3 mbar in the collision cell. 
The data acquisition was controlled with MassLynx 4.1, while the data were 
processed with the TargetLynx software (Waters, Milford, MA, USA).
Two transitions were monitored for each of the 13 analytes and one for the 
IS. The chosen transitions, collision energies, and retention times (RT) are 
listed in Table 1. The dwell time for each transition ranged between 0.017 s 
and 0.04 s with an inter-scan and -channel delay of 0.05 s.

2.6 validation

The validation of the method included selectivity, limit of detection (LOD), 
and recovery of the extraction procedure. The validation was performed on 
a single day using two sample preparation runs. 

2.6.1 Identification criteria

The criteria for a positive identification were based on guidelines proposed 
by Rivier [25]: i) RT within ± 2% from a reference standard; ii) ion ratio of the 
qualifier ion to the quantifier ion (base peak) within ± 10%, ± 12.5% and ± 
15% that of the reference standard for relative ion intensities < 25%, < 50% 
and ≥ 25%, and > 50% respectively; and iii) a signal-to-noise (S/N) ratio > 3. 

for the detection of 13 synthetic cannabinoids in whole blood was developed 
and validated. The method was used to screen 393 Danish traffic cases from 
2012, where the driver was suspected of driving under the influence of drugs 
(DUID). The method was also applied to a clinical intoxication case, where 
synthetic cannabinoid intake was suspected.

2. MATERIALS AND METHODS

2.1 Chemicals and standards

LC-MS grade acetonitrile (ACN), methanol (MeOH), and water were from 
Fisher Scientific (Leicestershire, UK). Glacial acetic acid (HAc) was from 
Merck (Darmstadt, Germany). Analytical standards were obtained from 
multiple chemical suppliers: HU-210, JWH-073 and JWH-122 were from LGC 
(Teddington, UK), JWH-015 was from Sigma-Aldrich (St. Louis, MO, USA), 
and JWH-018 from Lipomed (Arlesheim, Germany). JWH-018-d11 was from 
Chiron (Trondheim, Norway). A number of compounds were obtained from 
powders seized by the Danish customs authorities: AKB-48, AM-2201, MAM-
2201, JWH-182, JWH-203, JWH-210, JWH-370, and UR-144. The compounds 
were identified in-house by GC-MS, and for the majority of compounds 
also by NMR. The chemical structures of these compounds are shown in 
Appendix 1. 

2.2 Blood samples

Venous whole blood samples were obtained from persons suspected by the 
police of driving under the influence of drugs (DUID), and stored in collection 
tubes containing NaF and potassium oxalate (Venosafe, Terumo Europe 
N.V.). Blood samples used for the validation were obtained from traffic cases. 
The quality controls (QCs) were made in pooled whole blood obtained from 
the Blood Bank at Copenhagen University Hospital (Copenhagen, Denmark). 
All samples were stored at -20°C and thawed immediately before solid-phase 
extraction (SPE). 

2.3 Preparation of spiked blood samples

All analytical standards were dissolved in methanol at a concentration of 100 
or 1000 mg/l, and subsequently stored in ampoules at -25°C. The standard 
solutions were mixed to generate working solutions of 1000 ng/mL and  
50 ng/mL in water: MeOH (50:50, v/v). The working solutions were spiked 
into whole blood to generate QC low (5 ng/mL) and QC high (50 ng/mL) 
as well as the other concentrations used in the validation. The volume-
percentage of methanol in the samples did not exceed 10%. The internal 
standard (IS) solution consisted of JWH-018-d11 dissolved in water: MeOH 
(50:50 v/v) at a concentration of 50 ng/mL. 

2.4 Sample preparation

Fully automated sample preparation was performed on a Freedom EVO 
200 robotic platform (Tecan, Männerdorf, Switzerland) using Strata X-C SPE 
96-well plates 30 mg/well (Phenomenex, Torrance, CA, USA) as previously 
described by Andersen et al. [24]. The entire sample preparation took 
approximately 3 h, and consisted of an initial protein precipitation step 
followed by SPE, evaporation and reconstitution in mobile phase. Briefly, an 
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Analyte Q1 
m/z

Q3*

m/z
Cone energy (V) Collision energy (eV) RT (min) q/Q ratio (%)

AKB-48 366.3 135.1 30 20 6.4 8.0 

79.0 30 50

AM-2201 360.2 155.1 36 24 3.9 30 

127.1 36 44

HU-210 387.3 71.1 30 24 5.5 43 

57.0 30 26

JWH-015 328.2 155.1 34 22 3.3 53 

127.1 34 42

JWH-018 342.2 155.1 32 24 5.1 51 

127.1 32 45

JWH-073 328.2 155.1 34 22 4.2 53 

127.1 34 42

JWH-122 356.2 169.1 32 24 5.9 54 

141.1 32 40

JWH-182 384.2 197.1 36 26 7.3 58 

141.0 36 46

JWH-203 340.2 125.0 36 24 4.2 12 

89.1 36 66

JWH-210 370.2 183.1 38 24 6.7 19 

155.1 38 46

JWH-370 382.2 155.1 29 20 6.4 39 

127.1 29 48

MAM-2201 374.2 169.1 42 25 4.7 86 

141.1 42 44

UR-144 312.2 125.1 38 22 4.7 15 

144.0 38 36

JWH-018-d11 (IS) 353.3 155.1 32 24 5.1 -
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which due to sensitivity issues were included at ten times higher concentration 
at each level. The LOD for an analyte was defined to be the concentration level 
where the identification criteria were fulfilled for all eight samples. 

2.6.4 Extraction recovery

Extraction recovery (RE), was evaluated by comparing the peak areas of 
the analytes spiked after (B), and before (C) the extraction, and calculated 
according to RE (%) = C/B. This procedure was performed for two 
concentration levels (5 and 50 ng/mL) in 4 different blank blood samples. 

2.6.5 Carry-over

Carry-over was investigated by injecting a sample containing a high 
concentration of synthetic cannabinoids (100 ng/mL), followed by repeated 
injections of a blank sample. 

2.6.2 Selectivity

Eight blank blood samples from different donors were analyzed to evaluate 
interference from endogenous substances. The selectivity of the method was 
further analyzed in two samples spiked with a mixture of 200 therapeutic 
drugs and drugs of abuse including cocaine, codeine, amphetamine, and 
various benzodiazepines (100 ng/mL). Finally, two blank samples spiked 
only with the IS (zero blanks) were analyzed. Adequate selectivity was 
achieved when none of the included analytes were identified based on the 
identification criteria. 

2.6.3 Limit of detection

The LOD was determined by spiking eight different blank blood samples with a 
mixture of synthetic cannabinoids at seven concentration levels. The levels were 
0.1, 0.25, 0.5, 1, 2.5, 5 and 10 ng/mL for all analytes except AKB-48 and HU-210, 

Table 1. MRM settings.

*The first listed Q3 ion is the quantifier (Q) ion, and the second is the qualifier (q) ion
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Concentration levels (ng/mL) % RE

Compounds 0.10 0.25 0.50 1.0 2.5 5.0 10.0 LOD (ng/mL) 5 ng/mL  50 ng/mL

AKB-48¶ 6/8* 8/8 8/8 8/8 8/8 8/8 8/8 2.5 63 74

AM 2201 7/8 8/8 8/8 8/8 8/8 8/8 8/8 0.25 67 74

HU-210¶ 1/8 3/8 5/8 6/8 8/8 8/8 8/8 25 N.A 59

JWH-015 8/8 8/8 8/8 8/8 8/8 8/8 8/8 0.10 64 72

JWH-018 8/8 8/8 8/8 8/8 8/8 8/8 8/8 0.10 66 73

JWH-073 7/8 8/8 8/8 8/8 8/8 8/8 8/8 0.25 66 74

JWH-122 8/8 8/8 8/8 8/8 8/8 8/8 8/8 0.10 65 73

JWH-182 7/8 8/8 8/8 8/8 8/8 8/8 8/8 0.25 63 74

JWH-203 8/8 8/8 8/8 8/8 8/8 8/8 8/8 0.10 66 77

JWH-210 7/8 8/8 8/8 8/8 8/8 8/8 8/8 0.25 65 70

JWH-370 8/8 8/8 8/8 8/8 8/8 8/8 8/8 0.10 67 78

MAM 2201 4/8 5/8 7/8 6/8 8/8 8/8 8/8 2.5 65 70

UR-144 6/8 8/8 8/8 8/8 8/8 8/8 8/8 0.25 61 66
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and therapeutic drugs. THC was the most common drug reported in 105 (41%) 
of these cases, follow by amphetamine (12%), cocaine (11%), methadone 
(10%), and morphine (4%). Benzodiazepines as a group were detected above 
the legal limit in 61 cases (22%) with clonazepam being the most frequently 
detected drug. These prevalences are roughly the same as our findings from 
2011 (27). In 107 (27%) of the 393 cases no drugs were detected above the 
legal limit.

3.3 Clinical case

A 40-year old male was admitted to the emergency department at Bispebjerg 
University Hospital (Copenhagen, Denmark) after smoking the spice-product 
“doob”. The elapsed time from smoking to hospital admission was unknown. 
He was found drowsy and in a slow-reacting condition at home, but was 
otherwise alert upon arrival to the emergency department (Glasgow Coma 
Scale of 14). Physical examination revealed normal vital signs except for 
tachycardia (98 beats/min). Serum and urine were collected at admission. 
Twenty hours after admission he was fully awake without intoxication 
symptoms and was discharged. 

An opened package of “doob” was found at his  home, and the patient 
acknowledged smoking a self-estimated 0.5 g together with concomitant 
intake of α-methyltryptamine (AMT) and a substance he described as 
benzodiazepine-like. GC-MS analysis of the content of the package identified 
the synthetic cannabinoids 1-(5-fluoropentyl)-3-(1-naphthoyl)indole 
(AM-2201) and trace amounts of 1-[(N-methylpiperidin-2-yl)methyl]-3-(2-
iodobenzoyl)indole (AM-2233), in agreement with a label on the package. 

The presented screening method was applied to the serum sample, and 
AM-2201 was identified (Figure 1). As the response for AM-2201 was found to be 

3. ReSULTS

3.1 validation

The method showed satisfactory selectivity as none of the analytes were 
detected in the blank samples or in the blank samples spiked with a panel 
of common drugs of abuse and therapeutic drugs. There was no interference 
from the internal standard. The LOD was 0.1-0.25 ng/mL for most JWH-type 
synthetic cannabinoids and AM-2201, 2.5 ng/mL for AKB-48 and MAM-2201, 
and 25 ng/mL for HU-210 as shown in Table 2. A number of compounds, 
e.g., JWH-018, could be positively identified in all 8 samples at the lowest 
concentration level used. The extraction recovery ranged from 59-78%, with 
HU-210 having the lowest recovery. There was no carry-over. Some synthetic 
cannabinoids were from seized material. Even though materials from illegal 
sources are often of high purity [26], it is possible that the compounds were 
not pure. This would, however, likely lead to the apparent LOD being higher 
than the real LOD.

3.2 Method application

The Section of Forensic Chemistry, Copenhagen University receives blood 
samples from persons suspected of driving under the influence of drugs 
(DUID) in the eastern part of Denmark. The new method was applied to 393 
consecutive forensic traffic cases from 2012. No synthetic cannabinoids were 
identified. As part of routine analysis, 118 (30%) of the cases were investigated 
for only THC, and 99 (84%) of these samples were reported positive above the 
Danish legal limit (0.0015 mg/kg with correction for analytical uncertainty). 
254 cases (65%) were screened both for THC and a number of drugs of abuse 

¶AKB-48 and HU-210 were present in 10 times higher concentration at each level. *Number of samples that met the identification criteria

Table 2. Validation data on LOD and extraction recovery (RE)
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during 2011-2012 [28]. In the report by Musshoff et al., the most frequently 
detected compounds were AM-2201, JWH-018, JWH-210, JWH-122, and JWH-
307 [20]. The blood concentrations measured in the latter study were all above 
0.5 ng/mL with typical concentrations in the range of 1-8 ng/mL [20]. Thus, the 
analytical method presented here has an acceptable sensitivity for most JWH-
type synthetic cannabinoids to allow for its use in screening of traffic cases. 

We identified AM-2201 in a clinical intoxication case, but due to the 
patient’s intake of multiple drugs, it was not possible to conclude that AM-2201 
alone caused the intoxication. We identified two previously described [19] 
N-hydroxy metabolites of AM-2201 in the urine. AM-2201 has been suggested 
to undergo enzymatic defluorination to produce JWH-018 [19], which could 
explain the presence of JWH-018 N-hydroxy and N-pentanoic acid metabolites 
in the urine. We also tentatively identified JWH-072 N-propanoic acid, which 
has been suggested to be a common metabolite for selected naphthoylindole-
based synthetic cannabinoids [29]. 

Our section also receives postmortem blood samples if drug intake 
is suspected to be involved in or to be the cause of death, and it could 
be interesting in the future to investigate these samples for synthetic 
cannabinoids. Shanks et al. have recently identified JWH-018 and JWH-073 in 
high concentrations in such postmortem cases [9]. 
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linear in the range from 0.25 to 10 ng/mL (R2 > 0.99, weighting 1/x) during the 
validation, the concentration of AM-2201 in the serum was semi-quantitatively 
determined to be 3.1 ng/mL by comparing the response to the response from 
the QC low (5 ng/mL). Additionally, AMT and two isomers of APB (2-aminopropyl)
benzofuran were detected in the serum with one isomer being 5-APB.

 In urine, two isomeric hydroxy metabolites of AM-2201 were identified 
using an in-house developed high-resolution accurate mass (HRAM) method 
(unpublished). One was verified by reference material to be AM-2201-N-(4-OH),
while the identity of the second isomer could not be unambiguously 
determined. We also detected JWH-018-N-pentanoic acid, an N-hydroxy JWH-
018 isomer, and, tentatively, JWH-072-N-propanoic acid. Neither AM-2201 nor 
JWH-018 was detected in the urine. 

4. DiSCUSSion

In the present study we screened nearly 400 Danish DUID samples from 2012, 
but did not identify synthetic cannabinoids in the traffic samples. This study 
is the first investigation of its kind in Denmark and the results suggest that 
the prevalence of driving under the influence of synthetic cannabinoids is low. 
This conclusion is similar to that of an Italian study using 400 samples from 
random traffic controls [11]. In a case series article from 2012, Musshoff et al. 
reported 7 cases of driving under the influence of synthetic cannabinoids, but 
unfortunately it was not stated how many samples were screened in total [20].

The analytes included in the method cover the majority of synthetic 
cannabinoids identified in material seized by the Danish customs authorities 

Figure 1. MRM traces showing the presence of AM-2201 in the serum of an intoxicated patient. The sample underwent automated SPE and sample extract was 
analyzed by LC-MS/MS. The concentration was semi-quantitatively determined to be 3.1 ng/mL 
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