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In this study, a rapid and simultaneous separation of 12 synthetic cannabinoids and A°-
tetrahydrocannabinol (A°-THC) in herbal blends was obtained by means of nano-liquid chromatography
(nano-LC). The nano-LC experiments were performed in a 100 wm i.d. capillary column packed with
Cogent® bidentate Cyg silica particles for 25.0 cm. All compounds were resolved using an isocratic elution
mode in less than 30 min. A mobile phase containing ACN/MeOH/H,O/formic acid 69/5/25/1 (v/v/v[v)was
employed for the chromatographic separation. The developed analytical method was validated in terms
of precision, linearity, sensitivity and accuracy. Under optimal nano-LC-UV conditions, the resulting RSD
percentages for intra-day and inter-day repeatability, related to retention time and peak area, were below
2.98 and 6.40%, respectively. Limits of detection and quantification were 0.2 and 0.5 pg/mL, respectively,
for all the studied compounds. Linearity was assessed in the concentration range of interest for all ana-
lytes with determination coefficients r2 > 0.9975. The method was then applied to the determination of
synthetic cannabinoids in herbal blends. Quantitative analyses of the cannabimimetic compounds in six
products showed that there was a wide difference in the concentration of the studied compounds among
different products. Further, the nano-LC system was coupled with a mass spectrometer measuring the
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MS and MS-MS spectra to unequivocally identify the cannabinoids present in smoking mixtures.

© 2012 Published by Elsevier B.V.

1. Introduction

In the last few years, different types of herbal products have
been sold in the international market via Internet and in some spe-
cialized shops. Although these products were declared as incense
and not for human consumption, “spice products” are smoked by
some users with the purpose to have psychotropic effects similar
to those of cannabis [1].

At the end of 2008, the European Monitoring Centre for Drugs
and Drug Addiction (EMCDDA) (EMCDDA-Europol, 2008. Annual
Report on the implementation of Council Decision 2005/387/JHA)
reported that analyses of the herbal products found the presence
of JWH-018 (naphthalen-1-yl-(1-pentylindol-3-yl)methanone), a
synthetic psychoactive compound. Afterwards the homologue
JWH-073 (naphthalen-1-yl-(1-butylindol-3-yl)methanone) and a
great variety of other aminoalkylindole molecules have been
identified in herbal blends. The cannabinoid-like molecules of
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aminoalkylindole family (e.g. WIN 55-212, JWH-018, JWH-019,
JWH-073) were synthesized in 1995 by Huffman [2]. These com-
pounds have been found to act as the agonists of cannabinoid
receptors CB1 and CB2 [3,4]. Due to their high receptor affinity,
the synthetic cannabinoids have been added to herbal mixtures to
achieve psychoactive effects similar to those obtained by smoking
cannabis.

Although these compounds were developed as pharmaceuti-
cal candidates for the treatment of different diseases, they exhibit
the unwanted cannabis-like psychoactive effect in addition to the
therapeutical activity.

The administration of the smoking mixtures caused several
adverse effects on human health with consequent serious risks
including tachycardia, psychosis, intoxications, etc. [5-11].

Because of the lack of specific regulations and widespread use of
products with unknown composition in terms of components and
dosages, the growing consumption of synthetic cannabinoids as
designer drugs of abuse has become a significant trouble for public
health institutions.

To counteract the distribution of these products, many of these
psychoactive molecules have been included under control by law in
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many European countries as well as in Italy. To overcome this ban,
new analogues of aminoalkylindoles and other cannabimimetics
have been continuously introduced in the market.

For this reason, forensic laboratories are increasingly involved
in the analysis of a great number of samples containing both sched-
uled and not yet identified synthetic cannabinoids.

The development of rapid and efficient analytical tools for the
identification of these compounds is of utmost importance both in
clinical and forensic toxicology.

Separation techniques so far used for the analysis of synthetic
cannabinoids are mainly based on chromatographic ones such as
liquid and gas chromatography both hyphenated with mass spec-
trometry (LC-MS and GC-MS). As reported in literature, they were
mostly applied to the determination of these compounds and their
metabolites in serum and urine [12-20] as well as for the iden-
tification and quantification of synthetic cannabinoids in herbal
blends [21-29]. Most of these studies were often focused on the
identification of one or few cannabinoids in one single run.

Owing to the great demand for faster, efficient and less
expensive analytical methods, miniaturization has emerged as an
increasing popular tool in several field also including forensic sci-
ences. Among them, capillary zone electrophoresis (CZE), micellar
electrokinetic chromatography and capillary electrochromatogra-
phy have been successfully applied to the analysis of illegal drugs
in seized materials and in biological fluids [30-34]. Recently minia-
turization has also been introduced in HPLC with the development
of nano-liquid chromatography (nano-LC). This technique, firstly
proposed by Karlsson and Novotny [35], allows the separation of a
large number and type of compounds in capillary columns of inter-
nal diameter (i.d.) <100 pm employing flow rates in the range of
50-800 nL/min. Compared to conventional LC, nano-LC offers some
unique advantages such as high efficiency and selectivity, shorter
analysis time, lower sample dilution, need of smaller volumes of
samples and reagents as well as small amounts of packing materi-
als. In addition the low flow rates used consent to an easy coupling
with mass spectrometry (MS) and makes these tool eco-friendly.
In recent years, nano-LC has proved to be a powerful analytical
technique in various application fields such as proteomics, pharma-
ceutical, agrochemical, environmental and enantiomeric analysis
[36-39].

Considering all the above mentioned features and the good per-
formances achieved in other application fields, nano-LC can also be
considered for practical applications in forensic sciences. However,
until now, this miniaturized technique has been rarely applied to
the field of forensic toxicology. Indeed, only few papers concerning
the analysis of epoetins by nano-LC, for doping control, have been
published [40,41].

To the best of our knowledge nano-LC has not been yet applied
to the analysis of synthetic cannabinoids.

Therefore the aim of this study was to develop and validate a
rapid nano-LC method for the analysis of synthetic cannabinoids in
herbal mixtures. For this purpose, optimised separation conditions
were evaluated to resolve simultaneously 12 aminoalkylindoles
and A®-THC, generally found in herbal products. The method was
optimized employing UV-vis detection. In addition, mass spec-
trometry (MS) with electrospray (ESI) interface was used for the
identification and characterisation of the studied compounds after
measuring the MS and MS/MS spectra.

2. Materials and methods
2.1. Chemicals

All solvents used were of analytical reagent grade. Acetonitrile
(ACN), methanol (MeOH) and formic acid were from Carlo Erba

(Milan, Italy). Distilled water was deionized with a Milli-Q water
purification system (Millipore, Waters, Milford, MA, USA).

The selected synthetic cannabinoids: naphthalen-1-yl-(1-
pentylindol-3-yl)methanone (JWH-018), naphthalen-1-yl-(1-
hexylindol-3-yl)methanone = (JWH-019), naphthalen-1-yl-(1-
butylindol-3-yl)methanone (JWH-073), 4-methoxynaphthalen-
1-yl-(1-pentylindol-3-yl)methanone (JWH-081), (4-methyl-1-
naphthyl)-(1-pentylindol-3-yl)methanone (JWH-122), (1-(2-mor-
pholin-4-ylethyl)indol-3-yl) naphthalen-1-ylmethanone (JWH-
200), 2-(2-chlorophenyl)-1-(1-pentylindol-3-yl)ethanone (JWH-
203), 2-(2-methoxyphenyl)-1-(1-pentylindol-3-yl)ethanone
(JWH-250), 1-[(5-fluoropentyl)-1H-indol-3-yl]-(2-iodophenyl)
methanone (AM-694), and (R)-(+)-[2,3-dihydro-5-methyl-3-(4-
morpholinylmethyl)pyrrolo[1,2,3-de]-1,4-benzoxazin-6-yl]-1-
napthalenylmethanone  (WIN-55,212-2) were  purchased
from LGC Standards (Sesto San Giovanni, Milan, Italy). A°-
Tetrahydrocannabinol (A°-THC) was acquired from Sigma-Aldrich
(Milan, Italy). Owing to standards unavailability, a solution contain-
ing both 4-ethylnaphthalen-1-yl-(1-pentylindol-3-yl)methanone
(JWH-210) and 1-[(5-fluoropentyl)-1H-indol-3-yl]-(naphthalen-
1-yl)methanone (AM-2201), was obtained by extraction of an
herbal mixture at unknown concentration. The chemical struc-
tures of cannabimimetic molecules are reported in Fig. 1. The
analysed commercial herbal blends samples were obtained as
part of the project “Smart Search” funded by the Department for
Anti-Drug Policies, Presidency of the Council of Ministers, Italy.

Stock solutions of each cannabinoid (1 mg/mL) were prepared in
MeOH and stored at +4 °C. Appropriate volumes of stock solutions
were mixed and diluted with water to obtain a standard mixture
with a final concentration of 25 pg/mL of each compound except
for A®-THC (50 pg/mL). Owing to the unknown concentration of
JWH-210 and AM-2201, these two compounds were used only for
qualitative analysis.

Mobile phases used for nano-LC experiments were daily pre-
pared by mixing proper volumes of the organic solvents and water.

2.2. Instrumentation

Experiments were carried out using a nano-LC system assem-
bled in our laboratory. It included a Rheos 2000 micro-LC pump
(Flux Instrumentations, Basel, Switzerland), controlled by a soft-
ware system (Janeiro II, Version 2.0, Flux Instrumentations, Basel,
Switzerland), and a modified injector valve (Enantiosep GmbH,
Miinster, Germany) with a 50 L loop, used as reservoir for the
mobile phase. Samples were introduced into the column by means
of a nano-injector (100 nL) (VICI Valco, Houston, TX, USA). Mobile
phase reservoir and nano-injector were connected each other with
a polyetheretherketone (PEEK) tube (12 cm x 20 wm i.d.). The cap-
illary column was directly connected to the nano-injector.

To reduce the flow rate from pL/min to nL/min, a split flow
system, including a stainless steel T piece (VICI Valco Instruments,
Huston, TX, USA), was employed. The pump was connected to one
entrance of the T piece through a 50cm x 130 wm i.d. PEEK capil-
lary. The second entry of the T was coupled to the injection valve via
a stainless steel tube of 7 cm x 500 pm i.d. and joined to the waste
through a 50 cm x 50 wm i.d. fused silica capillary.

The flow rate of 500 nL/min was estimated connecting a micro-
syringe to the end of the capillary column through a Teflon tube
and measuring the mobile phase volume after 5 min.

Analytes were on-column detected at 214 nm using a Spectra
Focus PC 1000 UV-vis detector, Thermo Separation Products (San
José, CA, USA). Data were collected by Clarity™ Advanced Chro-
matography Software (DataApex Ltd., Prague, Czech Republic).

Analytes identification and characterization were performed
using an LCQ™ jon-trap electrospray mass spectrometer (Thermo-
Finnigan, San José, CA, USA) equipped with an ESI source and
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Fig. 1. Chemical structures of the analysed synthetic cannabinoids.

operating in positive ion mode. System control and data collection
were performed using Xcalibur™ 1.3 software (Thermo-Finnigan).
The chromatographic capillary column was connected to the MS
through a commercial nano-spray interface (Thermo-Finnigan).

Emitter tips were prepared in our laboratory shaping a fused
silica capillary (length, 10.7 cm, 25 pm i.d., 375 wm o.d.) supplied
by Composite Metal Services (Hallow, UK) with sand paper on a
rotating disk. The tip was positioned at 1-2 mm from the MS orifice
using a x-y-z translation stage.

The analytes were detected setting the spray voltage, capillary
voltage and capillary temperature at 1.8kV, 34V, 200°C, respec-
tively. The acquisition of ion chromatograms was realized in the
range of 150-450 m/z and 90-500 m/z in full and MS/MS scan mode,
respectively. To obtain the MS? spectra, the protonated molecu-
lar ion of each selected compound was fragmented varying the
normalized collision energy (%) in the range of 26-40%.

2.3. Capillary column preparation

Nano-LC experiments were performed in fused silica capillaries
(100 pmi.d.,375 pmo.d. purchased from Composite Metal Services
(Hallow, UK), packed in our laboratory with Cogent® bidentate
Cys 4.2 pm stationary phase (Microsolv Technology Corporation,
Eatontown, USA). The packing procedure was the same to that
reported in a previous work [42].

Briefly, one end of the capillary was connected to a mechanical
temporary frit (VICI Valco, Houston, TX, USA) to retain the packing
material and the other end to a stainless steel HPLC pre-column
(10cm x 4.1 mm i.d.) which was used as reservoir for the slurry.
Particles suspended in acetone were packed into the capillary using
a LC pump (Perkin-Elmer series 10 LC, Palo Alto, CA, USA), for a
length of about 35.0 cm. Afterwards, the column was flushed for
30 min with water at 20 MPa to remove the packing solvent from
the capillary. The inlet and outlet frits were prepared sintering the

particles for 6 s at 700 °C using a laboratory made heating wire and
flushing the capillary continuously with water. The temporary frit
was removed and the excess of packing material was eliminated
by flushing with water. The detection window was prepared by
removing 0.5 cm of the polyimide layer with a razor.

The capillary columns were packed for 25.0 cm and the effective
and total lengths were 25.5 cm and 34.0 cm, respectively.

2.4. Sample preparation

Six herbal mixtures sold for their cannabis-like effects were pur-
chased in Italian “smart shops” and via Internet. All the products
were presented in the form of dried leaves.

For quantitative analysis, the whole content of the package was
crushed into powder in a mortar. For the extraction of the synthetic
cannabinoids, methanol (1 mL) was added to 10 mg of the herbal
mixture in glass tubes. The mixture was stirred for 3 min, ultrason-
icated (10 min) and centrifuged at 3600 rpm for 3 min. An aliquot
(100 L) of supernatant was withdrawn and diluted 10 times with
MeOH. Before injection, the solution was further diluted to the
desired concentration with water.

3. Results and discussion
3.1. Optimization of nano-LC cannabimimetics separation

The studied cannabimimetics (JWH-018, JWH-019, JWH-073,
JWH-081, JWH-122, JWH-200, JWH-203, JWH-210, JWH-250, AM-
694, AM-2201 and WIN-55,212-2) belonging to the class of
N-alkylindoles, possess similar chemical structures differing from
each other for the presence of several substituents such as ben-
zoyl, phenyl-acetyl and naphthoyl groups. Hence, a highly efficient
and selective method for the discrimination of such structurally
related compounds is needed. From the data reported in literature,
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Fig. 2. Comparison of the chromatographic separation of five synthetic cannabi-
noids achieved with different organic modifiers in the mobile phase. Experimental
conditions: capillary columns packed with Cogent® bidentate C;g stationary phase,
100 wm i.d. x 25cm packed length, effective and total lengths 25.5 and 34cm,
respectively; mobile phases: (a) MeOH/H,0 (80/20, v/v) and (b) ACN/H,0 (80/20,
v/v) containing both 0.1% formic acid; flow rate 667 nL/min; UV detection at 214 nm
and injected volume 100 nL.

reversed-phase chromatographic methods have been developed
using a gradient elution mode. However, only few papers deal
with the simultaneous separation of a limited number of synthetic
cannabinois [12,22].

In order to obtain the greatest column selectivity, an RP packing
material called Cogent® bidentate C{g was employed for the nano-
LC experiments. This stationary phase was previously used, with
good results, for the separation of basic drugs by means of nano-LC
[43].

In this packing material, silicon hydride groups (Si—H) replace
95% of the silanols on the surface. Good separation efficiency
and resolution of complex mixtures were obtained also using this
sorbent in the capillary column format with the miniaturized tech-
niques [44].

In order to properly separate all studied compounds, experi-
mental parameters such as mobile phase composition influencing
retention and selectivity were evaluated.

For this purpose, several mixtures containing the solvents com-
monly used inreversed-phase chromatography e.g. ACN, MeOH and
H, 0, were investigated. Preliminary experiments were carried out
using mobile phases composed by ACN/H,0 and MeOH/H,0 (80,20,
v/v) both containing 0.1% (v/v) formic acid.

As a model, a mixture of 5 synthetic cannabinoids (JWH-018,
JWH-019, JWH-073, JWH-210, AM-2201) was analysed to evaluate
the effect of the organic modifier nature on the chromatographic
separation. As showninFig. 2, ACN/H, O mixture allowed a good and
rapid separation of all compounds. On the other hand, with MeOH
as organic modifier, the compounds were strongly retained with
consequent long analysis time and broaden peaks. For this reason,
ACN was selected as the organic solvent of choice to optimise the
separation of a mixture of 10 selected compounds.

Using 100% ACN as mobile phase, a partial separation of the
compounds was achieved in few minutes. Decreasing ACN con-
centration, stronger interactions between the analytes and the
stationary phase with consequent increment of the resolution were
achieved.

G. Merola et al. / Journal of Pharmaceutical and Biomedical Analysis 71 (2012) 45-53

With 93% (v/v) of ACN almost all the compounds were separated
from each other, with the exception of JWH-019 and JWH-122 that
co-eluted. To obtain the separation of these two compounds, the
content of ACN in the mobile phase was further decreased up to
70% without obtaining any resolution improvement.

Also a step gradient mode using several ACN/H,0 mixtures was
applied without good results.

In order to improve the standard mixture separation, the addi-
tion of MeOH to the mobile phase was also taken into account. As
reported in the preliminary experiments, the analytes eluted slowly
when MeOH was used as organic modifier in the mobile phase. A
mixture of ACN/H,0 (70/30, v/v) was selected as starting point,
varying the concentration of MeOH in the range 4-25% in spite of
water. All the mobile phases tested were prepared by adding 0.1%
formic acid.

Among all the examined conditions, a mixture of
ACN/MeOH/H,0 (70/5/25, v/v[v) allowed the partial resolu-
tion of JWH-019 and JWH-122 (R=0.89). An improved resolution
of the two mentioned analytes was obtained increasing the
concentration of formic acid from 0.1 to 1.0%.

Other three aminoalkylindoles (JWH-200, JWH-203, WIN-
55,212-2) were subsequently added to the standard mixture and
analysed in the above chromatographic conditions. The separation
of all synthetic cannabinoids considered was achieved, with the
exception of JWH-200 that co-eluted with the dead time.

To overcome this problem, a mobile phase containing
ACN/MeOH/H,0/formic acid 69/5/25/1 (v/v/v/v) was employed
allowing the resolution of all thirteen compounds within 30 min.
In Fig. 3 the nano-LC chromatogram of the separated compounds
is depicted.

Owing to the high selectivity and efficiency of nano-LC tech-
nique, for the first time the simultaneous separation of a high
number of synthetic cannabinoids is presented.

3.2. Method validation

Under the optimal conditions, in order to perform the quantita-
tive analysis of the studied cannabimimetics, the nano-LC method
was validated in terms of precision, sensitivity, linearity range and
recovery. In the validation study, a standard mixture containing
11 cannabimimetics with the exception of JWH-210 and AM-2201
(unknown concentration) was employed.

3.2.1. Precision and reproducibility column to column

The analytical precision was performed by assessing a mixture
at a concentration of 25 pg/mL for each analyte and 50 p.g/mL for
A°-THC. Intra-day and inter-day precision were calculated for six
consecutive runs in the same day and over three different days
(n=9). The relative standard deviation (RSD) was taken as a mea-
sure of precision.

In Table 1, inter-day, and intra-day precision data concerning
retention time (t;) and peak areas, expressed as the relative stan-
dard deviation percentage (RSD), are reported. The RSD values for
retention time were lower than 1.68% and 2.98% for intra-day and
inter-day precision, respectively. Good results were also achieved
for peak areas with RSD <4.33% and 6.40% for intra- and inter-day
experiments.

Column-to-column reproducibility was also evaluated perform-
ing the analysis of the cannabimimetics in three different capillary
columns packed with the same procedure.

For column-to-column reproducibility, satisfactory results were
obtained with RSD values of retention time and peak area in the
range 3.14-5.12% and 3.77-7.93%, respectively (results shown in
Table 1).
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Table 1

Analytical nano-LC-UV precision data expressed as intra-day, inter-day and column reproducibility RSD% of retention time (t,) and peak areas.

Analytes Precision Reproducibility
Intra-day (n=6), RSD% Inter-day (3 days, n=9), RSD% Column-to-column (3 columns, n=9),RSD%
tr Peak area t Peak area t Peak area
JWH-200 1.41 2.96 2.98 3.65 3.73 4.54
WIN-55,212-2 1.16 433 1.96 5.81 3.14 6.21
AM-694 1.31 4.01 1.78 4.41 3.64 4.69
AM-2201 1.44 4.14 1.89 4.46 3.77 4.50
JWH-250 1.47 2.48 1.96 3.54 3.99 3.77
JWH-073 1.68 3.17 2.03 3.86 3.93 3.99
JWH-203 1.39 3.33 2.02 6.40 4.35 7.93
JWH-018 1.50 2.78 2.23 5.86 4.34 6.97
JWH-081 1.59 411 2.20 6.00 4.55 7.69
JWH-122 1.44 1.48 2.17 2.49 4.73 4.59
JWH-019 1.35 3.45 2.17 412 4.81 6.52
A°-THC 1.55 2.48 2.18 3.85 4.88 4.55
JWH-210 1.57 2.88 2.21 3.75 5.12 6.75
Table 2
Linearity and sensitivity parameters.
Analytes Regression line Sensitivity
Linearity range (jug/mL) Slope Intercept Determination coefficient r2 LOD (j.g/mL) LOQ (pg/mL)
JWH-200 0.5-50.0 10.101 + 0.045 3.598 + 0.983 0.9998 0.2 0.5
WIN-55,212-2 0.5-50.0 7.181 + 0.092 1.507 + 2.274 0.9988 0.2 0.5
AM-694 0.5-50.0 6.085 + 0.059 1.053 + 1.393 0.9987 0.2 0.5
JWH-250 0.5-50.0 6.363 + 0.031 2.057 +£0.705 0.9990 0.2 0.5
JWH-073 0.5-50.0 11.015 + 0.064 3.404 £+ 1.503 0.9992 0.2 0.5
JWH-203 0.5-50.0 4.068 + 0.042 4.459 + 0.995 0.9975 0.2 0.5
JWH-018 0.5-50.0 11.162 + 0.071 2.870 + 1.673 0.9990 0.2 0.5
JWH-081 0.5-50.0 6.007 £ 0.037 2.171 + 0.879 0.9984 0.2 0.5
JWH-122 0.5-50.0 10.378 + 0.059 4.526 + 1.404 0.9989 0.2 0.5
JWH-019 0.5-50.0 8.494 + 0.045 3.684 + 1.056 0.9991 0.2 0.5
A°-THC 1.0-100.0 6.345 + 0.089 2.369 + 1.543 0.9982 0.4 1.0

3.2.2. Sensitivity and linearity

To investigate the nano-LC method sensitivity under the pro-
posed conditions, limits of detection (LOD) and quantification
(LOQ) were determined at a signal to-noise ratio of 3 and 10 times,
respectively. LODs and LOQs values of 0.2 pg/mL and 0.5 pg/mL,
for all selected cannabimimetics and 0.4 p.g/mL and 1.0 p.g/mL for
A®-THC, respectively, were found (see Table 2). The limits of detec-
tion obtained were in accord with the sensitivity requirements for
forensic analyses of synthetic cannabinoids in herbal mixtures.

Method linearity was evaluated in the concentration range of
0.5-50.0 pg/mL for all the analytes and 1.0-100.0 p.g/mL for A°-
THC, assessing six concentration levels in triplicate runs for each
analyte. The calibration curves were obtained plotting the peak
areas as a function of analytes concentration. The regression anal-
ysis was performed by calculating the coefficient of determination

20
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r2 which ranges between 0.9975 and 0.9992 confirming a good
linearity (Table 2).

3.3. Analysis of commercial herbal blends

The developed nano-LC method was applied to the analysis
of cannabimimetics in herbal blends purchased in several “smart
shops” and via Internet.

The herbal products were subjected to a liquid extraction pro-
cedure testing two different organic solvents (ACN and MeOH).
Employing ACN, the analytes were extracted with a maximum
yield of 76% with respect to the extraction performed with MeOH.
The extraction procedure performed with the latter solvent was
described in Section 2.4. The extraction procedure recovery was
estimated fortifying an herbal blend sample with a standard

TWH-018
JWH-122
JWH-019
AP-THC

0 5 10
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Fig. 3. Nano-LC separation of synthetic cannabinoids and A°-THC in the optimum conditions: mobile phase ACN/MeOH/H,0/formic acid 69/5/25/1 (v/v/v/v); flow rate
500 nL/min; concentration of all analytes 25 p.g/mL and A°-THC 50 pg/mL. Other conditions as given in Fig. 2.
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Table 3
Mean recovery data.

Compounds Spiked concentration Recovery (%) RSD %
(ng/mL)

JWH-200 5 85.5 4.75
25 93.2 3.18

WIN-55,212-2 5 839 3.52
25 98.1 2.86

AM-694 5 88.3 5.26
25 102.5 3.82

JWH-250 5 86.3 5.86
25 98.4 2.85

JWH-073 5 93.4 4.87
25 101.9 4.12

JWH-203 5 92.1 3.94
25 105.5 2.45

JWH-018 5 88.7 5.17
25 100.4 2.95

JWH-081 5 90.1 3.51
25 102.3 217

JWH-122 5 86.6 4.87
25 98.5 2.24

JWH-019 5 91.1 3.87
25 99.8 141

A°-THC 10 89.7 5.27
50 101.9 3.82

mixture of the 11 selected analytes at two different concentration
levels (5.0 and 25.0 pg/mL, final concentration added) and calculat-
ing the average values of three repeated runs. Recovery data with
the RSD values are reported in Table 3 showing the good efficiency
of the extraction method.

The estimated amounts of synthetic cannabinoids found in six
different herbal blends analysed are shown in Table 4. As shown,
each herbal product contained at least two of the cannabinoids
tested. The psychoactive ingredients in the analysed samples varied
in a wide range of concentrations between 3.3 and 81.4 mg/g. Fur-
thermore, psychoactive substances amounts can vary from batch to
batch within the same brand name. For example, the two samples
of “Orange Alesya New”, contained different concentrations of the
same cannabinoids (JWH-073 and JWH-081).

In Fig. 4, the chromatograms of two herbal products labelled
“Jamaican Spirit” and “n’joy” containing JWH-250, JWH-081 and
JWH-073, JWH-018, respectively, are shown. The peak identifica-
tion was done by comparing retention times and spiking the herbal
products with standard solutions of cannabimimetics to confirm
the identity of the peaks.

The synthetic cannabinoids found in the herbal products ana-
lysed in the present work were in accordance with the results
published by Gottardo et al. [26] concerning the screening of syn-
thetic cannabinoids in herbal blends by MALDI-TOF MS.

3.4. Synthetic cannabinoids characterization by nano-LC-MS

With the aim to certainly identify the analysed compounds, the
nano-LC system was coupled with the ion-trap mass spectrometer
detector through a nano-LC interface. Nano-LC-MS experiments
were performed using the optimised conditions with UV detector,
as described above. The cannabimimetics were analysed in positive
ion mode.

In Fig. 5, the total ion and base peak chromatograms of a stan-
dard mixture containing the 12 studied synthetic cannabinoids and
A°-THC are reported. The method developed allowed the chro-
matographic separation of all compounds including JWH-019 and
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Fig. 4. Nano-LC profiles of two different herbal blends: chromatograms obtained
after the extraction procedure: (a) Jamaican Spirit and (b) n’joy. Experimental con-
ditions as in Fig. 3.

JWH-122 which possess the same molecular masses, resulting in
identical MS spectra. To unambiguously characterize the two iso-
mers, tandem MS (MS?) experiments were carried out by applying
a normalised collision energy in the range 26-40%.

In Fig. 6 the MS and MS?2 spectra of JWH-019 and JWH-122,
respectively, are depicted. As shown, the two synthetic cannabi-
noids have the identical MS spectrum characterised by the same
precursor ion m/z 356.13 (Fig. 6a). The selection and subsequent
excitation of the precursor ion produced characteristic fragments
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Fig. 5. Total ion and base peak chromatograms of the separation of synthetic
cannabinoids and A®-THC: chromatographic conditions as in Fig. 3; nano-ESI-MS
conditions: spray voltage 1.8 kV, capillary voltage 34V and capillary temperature
200°C.
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Table 4
Synthetic cannabinoids content in herbal blends.
Commercial brand Net weight (g/pack) Content
Synthetic cannabinoids Amount (mg/g + SD)
Jamaican Spirit 3 JWH-250 81.4+2.34
JWH-081 36.3+1.87
n’joy 2 JWH-073 9.0+3.03
JWH-018 55.4+1.94
Orange Alesya New 4 JWH-073 16.9+2.35
JWH-081 55.0+1.32
Lucy 3 AM-694 33+3.41
JWH-081 30.6 £4.02
Maya 2 AM-2201 n.qg.
JWH-122 23.0+2.57
JWH-210 n.g.
Orange Alesya New 25 JWH-073 15.8+1.33
JWH-081 46.6 £2.64
n.q.: not quantified.
Table 5
Collision energy values, m/z of molecular ions and their main fragments.
Analytes Collision energy (%) M.W. (g/mol) Precursor ion [M +H]* MS/MS fragments
JWH-200 29 384.5 385.0 155.0 298.2 145.2
WIN-55,212-2 29 426.5 427.0 155.1 145.1 1271
AM-694 32 4353 435.9 309.0 230.9 234.3
AM-2201 36 359.4 360.1 155.1 232.2 145.1
JWH-250 31 3354 336.0 121.0 188.1 148.5
JWH-073 35 3274 328.1 155.1 200.1 145.1
JWH-203 37 339.9 340.1 188.1 125.1 132.1
JWH-018 34 341.5 342.0 155.0 214.1 145.1
JWH-081 34 3715 372.0 185.1 214.0 156.9
JWH-122 39 355.5 356.1 169.1 2141 141.2
JWH-019 38 355.5 356.1 155.1 228.1 1271
A°-THC 32 314.5 315.1 259.2 193.2 233.1
JWH-210 36 369.5 370.1 183.1 2141 155.0
JWH-122 JWH-019
a MS MS
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Fig. 6. MS and MS? spectra of JWH-122 and JWH-019. For MS conditions see Fig. 5; for MS? conditions, range scan (m/z) 90-500, normalised collision energy, 39 and 38%,
respectively.
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for the two different isomers. JWH-019 and JWH-122 differ in
the length of the N-alkyl chain and for the methyl substituent on
the naphthalene moiety. Those structural differences can be eas-
ily detected in the MS? spectra of the two cannabinoids. JWH-122
was characterised by three main product ions m/z 169.1, 214.1,
141.2 corresponding to 4-methylnaphtalene-1-carbaldehyde, 1-
penthylindol-3-carbaldehyde and 1-methylnaphthalene, respec-
tively (Fig. 6b). While, three representative fragments were
detected in the MS2 spectrum of JWH-019 including naphtalene-1-
carbaldehyde, m/z 155.1, 1-hexylindole-3-carbaldehyde m/z 228.1
and naphthalene m/z 127.1 (Fig. 6b). Thus the discrimination of the
two isomers previously obtained by the nano-LC separation, was
confirmed by MS.

Ion trap collision induced fragmentation was carried out for all
the studied cannabimimetics providing fragment patterns similar
to that reported in literature. The results are shown in Table 5.

4. Conclusion

A rapid nano-LC method for the simultaneous separation of 12
synthetic cannabinoids and A°-THC in a single run was developed.
A laboratory assembled nano-LC system was used for chromato-
graphic experiments employing capillary columns packed with
Cogent® bidentate Cyg. The studied cannabimimetics were sepa-
rated in less than 30 min using an isocratic elution mode.

The nano-LC method developed showed satisfactory results
concerning precision and accuracy with good linearity within the
calibrated range. The chromatographic performance allowed the
determination of synthetic cannabinoids in herbal mixtures. The
quantification was carried out with a nano-LC-UV system while an
ion-trap mass spectrometer was coupled with the chromatographic
apparatus to certainly identify the studied compounds.

The positive results reached have proved that nano-LC can
be used as an alternative to well-established LC-MS and GC-MS
methods, for the monitoring of “herbal incenses” because of high
chromatographic resolution. Besides, other advantages including
short analysis time, minimal consumption of reagents and samples,
make it a cost effective and eco-friendly analytical system.

Further studies will be carried out to increment method sensi-
tivity for the analysis of synthetic cannabinoids in biological fluids
such as plasma and serum.
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