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ABSTRACT

The characterisation of cannabis plants, especially the determination of specific phytocannabinoids, has
gained enormous importance in the last decade, mainly due to the recent changes in cannabis control
in several countries or states. This is particularly relevant for the forensic, medical or recreative industry
to have a rapid, inexpensive, and reliable methodology to identify and quantify phytocannabinoids.
Furthermore, spiking cannabis products with A8-tetrahydrocannabinol (THC) is a contemporary trend
that demands improving or replacing current methods to include this cannabinoid. The current study
presents an ultrasound-assisted solid-liquid extraction followed by high-performance liquid chromatog-
raphy with diode array detection (HPLC-DAD) methodology to identify and quantify A°-THC, AS-THC,
cannabidiol, cannabinol, A°-tetrahydrocannabinolic acid and cannabidiolic acid in cannabis products.
The herbal samples were extracted with ethanol:acetonitrile (50:50, v:v) by ultrasonication using only
50 mg of sample. The plant oils were diluted in ethanol. The optimised procedure allowed ~100%
extraction efficiency of the target cannabinoids. The validation assays showed that the method is linear
(R > 0.997), selective, sensitive, precise and accurate, with suitable limits of detection (0.125-0.250 pg
mL-!) and quantification (0.500 pug mL-!). The method was successfully applied to cannabis samples,
demonstrating its suitability for routine analyses. This contribution follows the current demand for fast
and straightforward analysis services of this plant and its derivatives, using small amounts of sample.
The present study compares very favourably against other works, particularly in regards to the extraction
efficiency, speed of the overall procedure, method sensitivity, and ability to monitor A8-THC spiked
samples using a novel solvent mixture.
© 2023 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

psychoactive activity, which may lead to euphoria and relaxation in
humans [8-10], CBD is associated with anti-inflammatory, anticon-

The cannabis plant has been used by humankind for several
millennia. Its use by ancient civilisations to produce textile fibres
and therapeutic purposes dates back more than 5000 years [1,2].
Cannabis has many chemical compounds, with over 120 classified
as phytocannabinoids, primarily responsible for its pharmacological
properties [3,4]. Within this broad set, A°-tetrahydrocannabinol
(AS-THC) and cannabidiol (CBD) are present in higher amounts,
primarily concentrated in the female inflorescences in their acidic
forms, A®-tetrahydrocannabinolic acid (THCA) and cannabidiolic
acid (CBDA) [5-7]. While AS-THC is primarily responsible for the
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vulsant, anxiolytic and analgesic properties, attenuating the psy-
choactive effects caused by A?-THC consumption [11,12]. However,
cannabis use can lead to undesirable effects such as cognitive im-
pairment, paranoia, anxiety, chronic psychosis, or drug addiction
[8,13,14].

The acid forms can be readily decarboxylated into their neutral
forms, namely A°-THC and CBD. Over time, A°-THC can be con-
verted to CBN or A3-tetrahydrocannabinol (A8-THC) [15,16]. CBN
content in cannabis mainly depends on time and storage condi-
tions [17]. CBN is highly stable against oxidative degradation and
has been used as a marker to identify cannabis in archaeological
findings [18]. Interestingly, A8-THC has already been synthetically
converted from CBD [19] and can be used to spike hemp plants
[20]. This is particularly important, since it has psychoactive poten-
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tial and is not controlled in several countries. Moreover, there is a
lack of public awareness that this compound is spiked in samples
to circumvent the law. Nevertheless, in some countries, A8-THC is
becoming a controlled molecule.

In the forensic context, in 2018, a report from the European
Monitoring Centre for Drugs and Drug Addiction (EMCDDA), at-
tributes 71% of registered seizures to cannabis products [21]. In
2020, cannabis remained the most commonly seized illicit sub-
stance (66% of seizures). To this end, there was a substantial con-
tribution from an increased liberalisation of cannabis (or hemp)
products available at "Cannabis shops" [22].

Regulatory legislation for substance abuse in the European
Union is essentially based on the United Nations Conventions of
1961, 1971 and 1988 [23]. However, the legal penalties for the illicit
use and supply of cannabis vary substantially between Member
States. In Portugal, as well as in other European countries, Cannabis
sativa L., as well as a set of THC isomers, including A® or A8, are
under strict control [24]. According to most EU laws, cannabis is
allowed for industrial purposes as long as THC levels do not ex-
ceed 0.2% (w/w) [25], and according to the new Common Agri-
cultural Policy, since January 1st 2023, this value must increase to
0.3% [26]. For this reason, there is a need for analytical strategies
that enable fast and reliable determination of cannabinoid content
in the cannabis plant.

Solid-liquid extraction (SLE) [27-29], followed by reverse-phase
high-performance liquid chromatography with ultraviolet (HPLC-
UV) or diode array detection (HPLC-DAD) are the most commonly
used approaches to simultaneously quantify neutral and acidic
cannabinoids in cannabis plant materials [30,31]. The main advan-
tage of HPLC is the ability to separate and quantify cannabinoids
in neutral and acidic forms without the need for a derivatisation
step [10,32,33] and with a much lower risk of sample decompo-
sition. Sonication uses sound energy above 20 kHz (ultrasonic) to
cause air bubbles in a liquid to implode in a process called cavi-
tation. Moreover, US-SLE is considered a green method due to in-
creased extraction efficiency, resulting in low solvent use [29,34].
Finally, US-SLE reduces the time required for extraction, decreases
the cost of analysis and lowers potential cannabinoid loss due to
degradation, which markedly benefits forensic science laboratories.

In the present study, we propose the development, optimisa-
tion and validation of an analytical methodology to monitor the six
most significant cannabinoids in cannabis plant material, including
AS-THC and CBD, their acid forms, CBN and A8-THC. To this end,
SLE supported by sonication was used, with subsequent detection
and quantification by HPLC-DAD.

2. Materials and methods
2.1. Reagents, standards and solutions

HPLC-grade absolute anhydrous ethanol (EtOH, 99.9%) and
formic acid (COOH, 99.0%) were supplied by Carlo Erba (France).
HPLC-grade methanol (MeOH, 99.9%), acetonitrile (ACN, 99.9%),
and propan-2-ol (2-PrOH, 99.9%) were obtained from Honeywell
(France). The ultrapure water type I used was obtained from a
Sinergy-UV water purification system (Merck Millipore, Portugal).
All certified reference materials (CRM), i.e. cannabinoids in solu-
tion, A9-THC, CBD, A8-THC and CBN, in methanol and A°-THCA,
CBDA in acetonitrile, were obtained from Dr Ehrenstorfer (UK) at a
concentration of 1 mg mL~!. Phemprocoumon (97.1%), used as an
internal standard (IS), was obtained by Dr Ehrenstorfer (UK). Each
calibration standard (0.5; 2.5; 5.0; 10.0; 15.0, and 25.0 pg mL1)
was prepared individually from standard mixtures, thus avoiding
error propagation. All solutions were prepared in methanol and IS
to obtain a final IS concentration of 50.0 ng mL~! and then stored
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and preserved in amber glass vials at recommended temperatures
(—80 °C for mixtures containing A°-THCA).

2.2. Cannabis samples

Cannabis herbal samples (7 dried flower tops) were provided by
Kosmicare (Lisbon, Portugal), a non-profit organisation dedicated to
Drug Checking services for healthy consumption, from the recre-
ational use samples submitted for analysis. The other herbal sam-
ples (8 dried flower tops) and two "CBD oils" were purchased from
"Cannabis shops" available to the public from different local stores
in Almada (Portugal). The dried hop flowers were purchased from
Novadiet (Spain).

2.3. Extraction optimisation

To optimise the extraction process, several parameters were
evaluated using different design of experiment (DoE) approaches
and assays to facilitate sample handling and decrease the volume
of solvents and time needed for cannabinoid extraction. After the
selection of the best solvent mixture to recover the target com-
pounds, using a single centroid mixture design, another experi-
mental design was performed to establish other relevant extraction
conditions. In this case, we used a full factorial design with two
continuous (2 levels each) and one categorical (with three levels)
factors. The considered parameters were the solvent type (ACN,
methanol and ethanol) and extraction volume (0.5 - 15 mL), the
number of steps (1-3 extraction cycles) and the required sonica-
tion time (1 and 20 min). Full factorial design was used to deter-
mine the volume of extractant, ultrasonication time and the num-
ber of extraction steps.

The experiments were performed in duplicate (24 trials), test-
ing 3 mL and 10 mL of acetonitrile: ethanol (50:50, v:v). For the
extraction time, 1 min was compared with 20 min. The number
of extraction cycles (1, 2 or 3) was also analysed. The optimisation
procedures were performed using street samples previously anal-
ysed in preliminary studies to consider possible interferences of
the matrix components. DoE analysis was performed using Minitab
17 Statistical Software (version 17.1.0, 2013).

2.4. Sample preparation

Sample preparation was carried out according to the United Na-
tions Office on Drugs and Crime (UNODC) guidelines and other sci-
entific literature [3,35,36], with several adaptations and after care-
ful optimisation. All herbal samples were obtained already dried,
and therefore it was only necessary to ground them manually us-
ing mortar and pliers, followed by IS spiking, to get a concentration
of 50 pg mL~!. 50 mg of sample was used since, in preliminary
studies, it was determined that this small amount was suitable for
analysis [20,37]. The resulting powder was subjected to 1 min of
ultrasound-assisted solid-liquid extraction (US-SLE) (TPC UC-1000
Ultrasonic Cleaner, 40 kHz, 180 W, USA) using 10 mL of acetoni-
trile:ethanol (50:50, v:v). The final solution was filtered through a
0.2 pm PTEFE filter, and 1 mL was placed in a vial for subsequent
instrumental analysis. For cannabis oils, a simple dilution of the
sample with ethanol containing the IS (50 pg mL-') was adequate
[38-40].

2.5. HPLC-DAD analysis

The HPLC-DAD analysis was carried out on a benchtop Agi-
lent 1100 series LC chromatographic system (Agilent Technologies,
Germany) equipped with an autosampler (G1313A), thermostated
column compartment (G1316A), quaternary pump (G1311A) and a
diode array detector (G1315B). The data acquisition and system
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control were performed using the Clarity Chromatography Station
software (versdo 7.4.1.88; DataApex). Multiples mobile phases com-
positions were tested, using different solvent (ACN, MeOH) at dis-
tinct ratios, with organic phases ranging from 65- 90%. Isocratic
separation was performed for 30 min using a flow rate of 0.5 mL
min~!, composed of 75% acetonitrile and 25% ultrapure water with
0.1% formic acid (pH ~ 2.8), always degassed before use through
ultrasonic treatment (TPC UC-1000 Ultrasonic Cleaner, 40 kHz,
180 W, USA). A Kinetex 2.6 pm C18 (octadecyl) 150 mm x 2.1 mm
reverse phase column equipped with a guard column C18, 2.1 mm
(SecurityGuard ULTRA Cartridge, AJ0-8782, Phenomenex, USA) was
used to separate the target compounds. The thermostated column
compartment and the injection volume were set at 20 °C and
10 pL, respectively. The DAD was set at wavelengths of 230, 280,
254 and 320 nm, previously selected according to the literature re-
view and by confirmation of the maximum absorbance of the com-
pounds’ spectra [20,41]. A wavelength of 230 nm was selected for
quantification purposes since it maximised the instrument signal-
to-noise ratio (S/N).

2.6. Method validation

The proposed methodology was validated in accordance with
the guiding principles of Eurachem and UNODC [42,43]. This in-
cluded sensitivity, selectivity, working range, linearity, precision,
trueness, sample repeatability, and analytical standards stability.
Blank assays were also performed using neat methanol (with and
without IS). Except when specified, all validation assays were per-
formed in triplicate.

The validation assays were performed using neat standard so-
lutions since the proposed extraction process showed that all tar-
get cannabinoids were fully recovered from spiked hops (Humu-
lus lupulus) at two concentration levels. This was used as a surro-
gate matrix for the cannabis plant since both are members of the
Cannabaceae family [44,45].

Next, calibration standards prepared in methanol at different
concentrations were analysed in triplicate to establish linearity.
The acceptance criteria included a determination coefficient (R?)
greater than 0.99, residual plots showing model adequacy and ho-
moscedasticity assays. Goodness-of-fit (GoF) tests were performed
with a 95% confidence interval. Selectivity was assessed by deter-
mining the resolution of the analyse peaks in standard mix solu-
tions and cannabis extracts with different cannabinoid contents.
Furthermore, selectivity was evaluated by analysing hops, which
had been processed as described for cannabis flowers.

The sensitivity of the methodology was ascertained through the
limits of detection (LODs) and quantification (LOQs) for a concen-
tration having a S/N of 3/1 and 10/1, respectively. The lower limit
of quantification (LLOQ) was also evaluated and defined as the
lowest concentration value within acceptable levels of trueness and
precision, corresponding to the lowest concentration standard of
the calibration plot (0.5 pg mL~1). The LODs were estimated by vi-
sual examination of chromatograms from standard solutions con-
taining decreasing concentrations of the target phytocannabinoids.

Intra and inter-day precision and trueness were evaluated for
three levels of quality controls (1.0, 12.5 and 20.0 pg mL~1) in pen-
taplicate. Precision was calculated as the relative standard devia-
tion (RSD) for each quality control of individual cannabinoid on a
single day (intraday precision) or on three consecutive days (inter-
day precision). Interday precision was calculated as RSDpgqjeq. In-
tra and interday trueness was calculated as the relative error per-
centage (or bias). The acceptance criteria for precision and trueness
were that bias and RSD should both be less than 15.0%.

In order to ensure the repeatability of sample results, two dis-
tinct samples of previously analysed cannabis plant material with
different phytocannabinoids content were selected. For each, anal-
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yses were performed in triplicate, on the same day (intraday) or on
three different days (interday). For intraday repeatability, RSD was
determined, and for interday repeatability, RSDqqeq Was calculated
as described for precision. The acceptance criteria were that both
RSD values should be less than 15.0% [46].

To assess the standard solutions stability, a standard mixture
of the six target cannabinoids at 10.0 pg mL~! was analysed by
the described instrumental methodology several times for three
months.

An assay was carried out with hops as a surrogate matrix to
evaluate extraction efficiency. Spiking assays were performed with
the six target cannabinoids as well as IS. The spiked extracts were
compared with a standard mixture of the same cannabinoids in
methanol at the same concentration and chromatographic condi-
tions.

2.7. Application of the study in real samples

The developed methodology was applied to the analysis of 16
cannabis samples for recreational use, including eight herbal sam-
ples bought from "Cannabis shops”, which claimed to be "legal"
(<0.2% THC), commercially available CBD-rich cannabis flowers,
and 2 "CBD oils". Every sample was analysed in duplicate.

3. Results and discussion
3.1. Method development and instrumental optimisation

In order to obtain the best instrumental conditions using HPLC-
DAD, the cannabinoids under study were analysed individually to
check their retention times and UV/Vis spectra. Different param-
eters were studied to obtain the best resolution, selectivity and
sensitivity. Based on the literature [36,47], several methods, us-
ing gradient and isocratic separation, were tested using differ-
ent mobile phases with distinct solvent ratios. The choice of 75%
ACN resulted in a more stable baseline and optimal separation
of the target cannabinoids compared to the other compositions.
Wavelengths of 230, 280, 254 and 320 nm were tested using the
DAD, in accordance with the literature [20,41]. From our stud-
ies, 230 nm was selected for the target phytocannabinoids quan-
tification since it provided the best S/N. The remaining wave-
lengths proved to be quite useful, permitting an increased speci-
ficity of the method and allowing the identification of interfering
compounds.

3.2. Extraction optimisation

The UNODC has already established an US-SLE based method-
ology to extract the target cannabinoids from herbal matrices ef-
ficiently. However, this approach uses large amounts of sample
(500 mg) and solvent, as well as several analytical cycles. In or-
der to circumvent these limitations, we decided to develop an opti-
mised US-SLE approach based on the UNODC guidelines using only
50 mg of herbal cannabis sample. This included selecting the best
extraction solvent to extract the target compounds, and to min-
imise solvent consumption. Moreover, the number of extractions
and sonication time was also optimised.

According to UNODC recommended methods for neutral and
acidic cannabinoids analysis [35], the most suitable extraction sol-
vents are methanol, ethanol and mixtures with chloroform or ace-
tonitrile [48]. Chloroform was not included in this study since it is
incompatible with the employed chromatographic conditions and
would add unnecessary analytical steps. Thus, ethanol, methanol
and acetonitrile were selected for a single centroid mixture design
to maximise extraction yields.
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Fig. 1. Contour Plot of the solvent mixture for A9 -THCA. The areas represented in
darker colour reflect greater extraction yields, suggesting that the best results were
obtained using an equivolume mixture of acetonitrile and methanol.

The choice of single centroid mixtures design resulted from the
number of solvents used. This allowed to test each solvent individ-
ually, and also mixtures of two or more solvents (DoE in Table Al
of the supplements). Fig. 1 shows the contour plot for A°-THCA,
where the ideal mixture is ethanol:acetonitrile (50:50, v/v). Simi-
lar results were obtained for all compounds (see Figure A1 in sup-
plemental files). This data suggests that the combined use of po-
lar aprotic and protic solvents positively contributed to maximising
the extraction yields of all target compounds.

This result was quite surprising since the use of acetonitrile for
phytocannabinoid extraction is scarce in the literature [29]. Previ-
ously, just two studies used water: acetonitrile [37] and methanol:
acetonitrile [49] mixtures. To the best of our knowledge, the cur-
rent study is the first using the mixture of ACN and ethanol, en-
suing a novel approach and more successful analysis of phyto-
cannabinoids in plant material, particularly in herbaceous samples.

Fig. 2 shows the results of the performed factorial design. As it
can be observed, and according to the significance values (P-value)
of each factor and respective interactions for each of the cannabi-
noids in herbaceous sample, the only significant factor affecting
the extraction performance was the volume used, for a 95% con-
fidence interval (see Figure A2 as an example). Thus, an approach
was established using only one cycle with just one minute in the
sonication step, significantly accelerating the extraction procedure.

Finally, since the extraction volumes proved to be the most
limiting factor in the proposed method, five different volumes
were tested to maximise the extraction yields and, at the same
time, minimise the usage of organic solvents. Five values, includ-
ing 0.5 mL, 2 mL, 6 mL, 10 mL, and 15 mL of solvent were tested
in triplicate. The obtained signal, up to 6.0 mL, was slightly lower
than those for greater solvent volumes. There was no significant
difference between 10.0 and 15.0 (Figure A3). Thus, the optimum
volume of extracting solvent was set at 10.0 mL.

For cannabis oils a simple dilution step using ethyl alcohol was
performed prior to instrumental analysis. The addition of methanol
resulted in an emulsion. The use of the other two alcohols (ethanol
and isopropanol) resulted in transparent and translucent samples,
with no need for extraction and centrifugation steps. Comparing
the peak areas obtained by each solvent, results were quite similar,
with ethanol giving a slightly higher signal, thus being defined as
the solvent to be used for the dilution for the cannabis oil samples.

3.3. Extraction efficiency assays

The data shows that the target cannabinoids were fully ex-
tracted using the optimised approach, with efficiency values rang-
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ing from 98.8% to 105.6%. A comparison between the spiked and
non-spiked hop matrix, and IS spiked, showed that no co-elutions
occurred on the expected retention times of the target compounds.

The proposed fast US-SLE method (1 min) and the ob-
tained high extraction efficiencies clearly show that the devel-
oped approach compares very favourably with previous works.
Le., the average time of extraction times reported in the litera-
ture was above ten minutes [3,20,37,50]. Moreover, the present
method uses only one extraction cycle, greatly increasing sample
throughput.

3.4. Method validation

The working range was defined to take into account that
cannabis samples must always be submitted to a dilution step
to reduce possible interference from the matrix and avoid sat-
uration of the chromatographic column. Thus, the linearity was
established between 0.5 and 25.0 ug mL~! for all target com-
pounds. The R? values were between 0.9978 and 0.9988 for
the six analysed cannabinoids, indicating optimum linearity. Ho-
moscedasticity tests were also performed (as an example, CBD
presented F ;. of 0.0044 in contrast with F, of 19) for each
cannabinoid and residual plots, validating homoscedasticity for all
compounds.

Precision and trueness were evaluated using quality control
samples (QC) at three concentration levels, ie., 1.0, 12.5, and
20.0 pg mL-! in pentaplicates. The RSD and the resulting bias val-
ues below (4)15% showed that the developed methodology meets
the requirements of international guidelines (Table 1). The LODs
and LLOQs were determined experimentally, obtaining similar re-
sults amongst the various cannabinoids. The LLOQ was 0.5 pg mL~!
for all compounds, and LOD was 0.250 pg mL~! for CBDA and A°-
THCA, while for the rest of the cannabinoids was 0.125 pg mL-.

An independent standard mixture was quantified under the
previously described conditions for three months. The variation be-
tween the first and last analysis was minimal (<1.8%), for all com-
pounds under study. This result shows long-term stability of the
standard mixtures and the instrumental system.

The low intra and inter-day RSD values obtained in the repeata-
bility assays demonstrate that, despite the common variability as-
sociated with the complex nature of these matrices, the method,
from sampling to the chromatographic detection of cannabinoids,
showed suitable repeatability (intraday precision and intraday) and
interday precision, as it was performed on similar aliquots. All RSD
values were below 6%.

Overall, the validation parameters met the guidelines criteria,
while presenting lower LOD and LLOQ values when compared to
previous similar work [3,37,50].

3.5. Analysis of street samples

The developed methodology was applied to 17 herbal and oil
cannabis samples. The results are displayed in Table 2.

A8 -THC was only identified in sample A3, with a content of
0,06%. Therefore, this cannabinoid was not represented in Fig. 4.
The amount of each cannabinoid in the samples (%, w/w for herbal,
w/v for oil) was calculated using the applied dilution factor in
the initial weighed herbal sample. Fig. 3 shows overlayed chro-
matograms from three different sources: a standard mixture of the
six target cannabinoids, high A®-THC herbal sample (A8) and a
CBDA rich oil sample (B1), with a dilution factor of 250 and 1000,
respectively.

Sample A8, shows a relatively high peak of A°-THCA, but in
contrast, low levels of CBDA and A°-THC. CBD, CBN and A3-THC
were not detectable under these conditions. The "CBD" oil sam-
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Fig. 2. DoE results for the determination of the necessary volume of extraction solvent (left), extraction time (middle) and number of extraction cycles (right). The 10 mL
volume resulted in a higher signal for all cannabinoids. The number of extractions as well as the ultrasonic extraction time did not show significant variation.

ple, as labelled, was shown to have CBDA but residual levels of the
compound in its neutral form.

Fig. 4 shows the target phytocannabinoids content in all anal-
ysed samples. There is one set of A9-THC |A°-THCA-rich sam-
ples, represented in dark and light blue, all from Kosmicare (A),
and a second set of store-bought, CBD/CBDA-rich, dark and light
green samples. Kosmicare street samples main compound, A°-
THCA, comprised contents from 0.45% (A1) to 17.43% (A3), with an
average of 8.67%. Store-bought samples’ main compound was CBD,
with content ranging from 1.32% (A10) to 13.58% (A11), with an
average of 6.17%. For the "CBD-rich" oils, labelled values were 5%
(g mL~1) for B1 and 10% for B2, of CBD, respectively. These values
have not matched the quantified ones since CBD appears in min-

imal quantities and CBDA is the predominant compound in both
samples (green%).

Given the 11% average THC content reported in the European
Drug Report (EMCDDA, 2022) for herbal samples analysed in 2020,
the amount of A®-THC; (acid and neutral forms) that appeared
in the samples supplied by Kosmicare, with an average of 12.36%,
turns out to be slightly higher. Noteworthy are samples A3 and A8,
in which the quantified A9-THC; content was over 18%, illustrating
the high phytocannabinoid content that the samples can have, and
the heterogeneity of values that can exist in these substances of
abuse available on the illegal market.

Regarding the contents indicated on their labels, both for anal-
ysed oils and herbaceous samples, only one of the quantifications
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Table 1
Inter and intra-day precision, trueness, LOD and LOQ values for each cannabinoid at each Quality Control (QC) level.
Trueness (%bias) Precision (%RSD) Inter-day
Cannabinoid QC (pg/mL) Day 1 Day 2 Day 3 Day 1 Day 2 Day 3 Trueness Precision
(%bias) (%RSD pooled)
CBD 1,00 11,64 14,49 14,49 8,02 1,83 3,51 —13,00 4,90
12,50 2,32 -5,30 -5,30 0,36 4,43 0,94 4,00 2,90
20,00 -2,75 —2,22 —2,22 1,39 0,59 0,32 2,60 1,00
CBDA 1,00 -0,53 -9,61 -9,61 6,96 6,48 4,60 5,80 6,90
12,50 0,99 -3,54 —3,54 1,74 3,02 0,65 2,80 2,30
20,00 -0,70 —0,41 —0,41 1,23 0,49 0,44 0,20 0,90
CBN 1,00 12,30 13,02 13,02 0,20 0,82 3,16 -13,30 4,40
12,50 2,88 —4,81 —4,81 0,04 4,91 0,62 2,70 3,20
20,00 -3,17 -2,91 -2,91 0,02 0,09 0,34 3,10 0,80
A9-THC 1,00 7,68 4,42 4,42 12,72 11,38 10,67 —6,40 13,00
12,50 1,89 -1,15 -1,15 1,29 2,90 1,52 1,10 2,30
20,00 -1,24 —0,06 —0,06 2,03 0,87 0,53 0,90 1,50
A8-THC 1,00 -1,95 2,21 2,21 0,30 11,10 12,84 1,10 3,60
12,50 1,72 3,39 3,39 0,01 0,76 1,95 -3,30 1,60
20,00 0,41 —0,55 -0,55 0,02 0,29 0,70 0,10 0,80
A9-THCA 1,00 14,50 9,03 9,03 0,05 10,45 8,78 -10,10 8,90
12,50 0,66 —6,84 —6,84 0,01 4,20 0,60 5,90 2,70
20,00 —4,61 -3,97 -3,97 0,03 0,32 0,32 4,50 0,90
Table 2
Herbaceous (A) and oil (B) samples analysed by HPLC-DAD and respective contents in each of the phytocannabinoids analysed by
the method developed. The cases of non-quantifiable contents are indicated, as they are below the LOQ or not detectable when
below the LOD.
Sample CBD CBDA CBN A°-THC A°-THCA CBDy A°-THCr
Al 0,03% 2,38% 1,48% 11,81% 0,45% 2,41% 12,26%
A2 0,05% 2,22% 0,69% 2,23% 8,61% 2,27% 10,83%
A3 0,04% 0,48% 0,02% 0,81% 17,43% 0,51% 18,24%
A4 0,02% <LOD 0,86% 0,07% 0,45% 0,02% 0,52%
A5 7,87% 2,02% 0,02% 0,19% 0,25% 9,89% 0,45%
A6 0,08% 1,38% 0,04% 1,98% 13,63% 1,46% 15,61%
A7 0,04% 0,78% 0,09% 2,26% 7,94% 0,83% 10,20%
A8 0,04% 0,74% 0,02% 6,68% 12,18% 0,78% 18,86%
A9 7,36% 2,33% <LOD 0,20% 0,15% 9,69% 0,35%
A10 1,32% 5,69% <LOD 0,05% 0,05% 7,01% 0,09%
All 13,58% 1,87% <LOD 0,21% 0,60% 15,46% 0,81%
A12 9,93% 2,68% <LOD 0,28% 0,26% 12,61% 0,54%
A13 2,68% 1,12% <LOD 0,11% 0,06% 3,80% 0,17%
Al14 2,72% 1,85% <L0Q 0,12% 0,06% 4,57% 0,18%
A15 3,89% 7,38% 0,03% 0,30% 0,05% 11,27% 0,35%
B1 <LoQ 2,59% 0,01% 0,11% <LOD 2,59% 0,11%
B2 0,03% 3,78% 0,08% 0,02% <LOD 3,82% 0,02%
45 ASTHCA far below the information provided on the product packaging, as
40 : reported by Hddener and Zivovinovic and collaborators on legally
35 sold and recreational use cannabis samples [3,37]. These results
- __Standard Mix demonstrate the need to control the products available in these
: shops and the importance of services providing analysis and infor-
25 | cBD - Herbal Sample X .
5 mation to the general public. These products are sold as "collector’s
E '\ CBN =B gl Sanple items" and are not "fit for human consumption”, although they

AS-THC  AS-THC \
23 28
Time (min)

Fig. 3. Overlayed chromatograms of standard mix containing the 6 target cannabi-
noids at 5.0 pg mL-! (solid line), as well as the analysis of a herbal cannabis sample
(dotted) and a "CBD" oil sample (dashed).

resulted in information in agreement with the labelled one. For
the oils, the levels of A%-THC were found to be within the le-
gal limits (<0.2% THC), but in the herbal samples, less than half
complied. Regarding CBD/CBDA levels, most sample contents were

guarantee “relaxing sensations” and being the “cure” for "pain,
stress, PTSD and nausea". Nevertheless, following Regulation (EU)
No. 1307/2013 if plant varieties do not have THC levels exceed-
ing 0.2%, they are considered fit for industrial use. What is less
clear is what the term "THC levels" indicates. If only the neutral
form of A9-THC is considered, the compound from which it pre-
cedes, A9-THCA, is left aside. This compound is found in larger
quantities in plants, making it extremely important to establish
the total (A%-) THC content. It should be emphasised that when
subjected to heat, by smoking or being cooked, this compound
decarboxylates and is converted to its neutral form [51,52], with
the known psychoactive effects attributed. In practical terms, us-
ing samples A4, A5 and A9 as examples, taking or not taking the
acid form into account, changes their disposition in legal terms
(see appendices).
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Fig. 4. Samples analysed and their quantified levels of cannabinoids. “A” represents herbal samples while “B” refers to oil samples. “A” refers to street samples. Blue values
(%(w/w)) represent total A° -THC while green ones refer to CBDA only (w/v). (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)

4. Conclusions

In the present work, we propose a new US-SLE/HPLC-DAD
method that meets the increasing demand for fast, cost-effective,
and reliable cannabis monitoring. The developed method proved to
be linear, sensitive, selective, true, and precise, with high extrac-
tion efficiencies, allowing effective discrimination of the six main
phytocannabinoids in real herbal and oil cannabis samples. Overall,
the developed method reduces the sample preparation time and
the amount of solvents used, increasing the laboratorial efficiency
in cannabis analysis. Additionally, the disparity of contents found,
show the need for established analytical techniques that can mon-
itor, not only the main compounds in these products (i.e., A9-THC
and CBD), but other substances that can be used to circumvent le-
gal loopholes (ex. A°-THCA and AS8-THC). It’s necessary rigorous
control of phytocannabinoids content in cannabis samples, namely
those available to the community, due to consequences for public
health while posing an economic and legal issue. Furthermore, the
lack of clear and objective legal definitions, that allows for misin-
terpretation of analytical results, must be revised. In the future, it
is intended to extend the study to a larger number and nature of
samples.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.
CRediT authorship contribution statement

Beatriz Correia: Conceptualization, Methodology, Writing -
original draft, Investigation. Samir Marcos Ahmad: Conceptual-
ization, Methodology, Supervision, Validation. Alexandre Quintas:
Writing - review & editing, Supervision.
Data availability

Data will be made available on request.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.chroma.2023.464191.

References

[1] LA. Charitos, R. Gagliano-Candela, L. Santacroce, L. Bottalico, The cannabis
spread throughout the continents and its therapeutic use in history, En-
docrine, Metab. Immune Disord. - Drug Targets. 21 (2021) 407-417, doi:10.
2174/1871530320666200520095900.

[2] A. Leghissa, Z.L. Hildenbrand, K.A. Schug, A review of methods for the chemical
characterization of cannabis natural products, J. Sep. Sci. 41 (2018) 398-415,
doi:10.1002/jssc.201701003.

[3] M. Hédener, S. Konig, W. Weinmann, Quantitative determination of CBD and
THC and their acid precursors in confiscated cannabis samples by HPLC-DAD,
Forensic Sci. Int. 299 (2019) 142-150, doi:10.1016/j.forsciint.2019.03.046.

[4] K.B. Walsh, AEE. McKinney, A.E. Holmes, Minor cannabinoids: biosynthesis,
molecular pharmacology and potential therapeutic uses, Front. Pharmacol. 12
(2021), doi:10.3389/fphar.2021.777804.

[5] M. Pourseyed Lazarjani, S. Torres, T. Hooker, C. Fowlie, O. Young, A. Seyfoddin,
Methods for quantification of cannabinoids: a narrative review, J. Cannabis.
Res. 2 (2020), doi:10.1186/s42238-020-00040-2.

[6] CAS. Tanney, R. Backer, A. Geitmann, D.L. Smith, Cannabis glandular tri-
chomes: a cellular metabolite factory, Front. Plant Sci. 12 (2021), doi:10.3389/
fpls.2021.721986.

[7] D. Namdar, M. Mazuz, A. lon, H. Koltai, Variation in the compositions of

cannabinoid and terpenoids in Cannabis sativa derived from inflorescence po-

sition along the stem and extraction methods, Ind. Crops Prod. 113 (2018) 376-

382, doi:10.1016/j.indcrop.2018.01.060.

R. Martin-Santos, J.A. Crippa, A. Batalla, S. Bhattacharyya, Z. Atakan, S. Borg-

wardt, P. Allen, M. Seal, K. Langohr, M. Farre, A. Zuardi, PK. McGuire, Acute

effects of a single, oral dose of d9-tetrahydrocannabinol (THC) and cannabidiol

(CBD) administration in healthy volunteers, Curr. Pharm. Des. 18 (2012) 4966-

4979, doi:10.2174/138161212802884780.

M.A. ElSohly, D. Slade, Chemical constituents of marijuana: the complex mix-

ture of natural cannabinoids, Life Sci. 78 (2005) 539-548, doi:10.1016/j.Ifs.

2005.09.011.

[10] B.T. Borille, M. Gonzilez, L. Steffens, R.S. Ortiz, R.P. Limberger, Cannabis Sativa:
a systematic review of plant analysis, Drug Anal. Res. 1 (2017) 1-23, doi:10.
22456/2527-2616.73676.

[11] K. Iffland, F. Grotenhermen, An update on safety and side effects of cannabid-
iol: a review of clinical data and relevant animal studies, Https://Home.
Liebertpub.Com/Can. 2 (2017) 139-154. https://doi.org/10.1089/CAN.2016.0034.

[12] EA. Pamplona, LR. da Silva, A.C. Coan, Potential clinical benefits of CBD-rich
cannabis extracts over purified CBD in treatment-resistant epilepsy: obser-
vational data meta-analysis, Front. Neurol. 9 (2018), doi:10.3389/fneur.2018.
00759.

[13] RJ.M. Niesink, M.W. van Laar, Does cannabidiol protect against adverse psy-
chological effects of THC? Front. Psychiatry 4 (2013) 130, doi:10.3389/fpsyt.
2013.00130.

[14] NJ. Schlienz, T.R. Spindle, EJ. Cone, E.S. Herrmann, G.E. Bigelow, J.M. Mitchell,
R. Flegel, C. LoDico, R. Vandrey, Pharmacodynamic dose effects of oral cannabis
ingestion in healthy adults who infrequently use cannabis, Drug Alcohol. De-
pend. 211 (2020) 107969, doi:10.1016/j.drugalcdep.2020.107969.

[15] M.E. Bergman, B. Davis, M.A. Phillips, E. Swiezewska, L. Surmacz, B. Loll, Med-
ically useful plant terpenoids: biosynthesis, occurrence, and mechanism of ac-
tion. 24 (2019) 3961. https://doi.org/10.3390/MOLECULES24213961.

[16] E.B. Russo, J. Marcu, Cannabis pharmacology: the usual suspects and a few
promising leads, Adv. Pharmacol. (2017) 67-134 Academic Press, doi:10.1016/
bs.apha.2017.03.004.

8

[9


https://doi.org/10.1016/j.chroma.2023.464191
https://doi.org/10.2174/1871530320666200520095900
https://doi.org/10.1002/jssc.201701003
https://doi.org/10.1016/j.forsciint.2019.03.046
https://doi.org/10.3389/fphar.2021.777804
https://doi.org/10.1186/s42238-020-00040-2
https://doi.org/10.3389/fpls.2021.721986
https://doi.org/10.1016/j.indcrop.2018.01.060
https://doi.org/10.2174/138161212802884780
https://doi.org/10.1016/j.lfs.2005.09.011
https://doi.org/10.22456/2527-2616.73676
https://Home.Liebertpub.Com/Can
https://doi.org/10.3389/fneur.2018.00759
https://doi.org/10.3389/fpsyt.2013.00130
https://doi.org/10.1016/j.drugalcdep.2020.107969
https://doi.org/10.1016/bs.apha.2017.03.004

B. Correia, S.M. Ahmad and A. Quintas

[17] X. Nadal, C. del Rio, S. Casano, B. Palomares, C. Ferreiro-Vera, C. Navarrete,
C. Sanchez-Carnerero, 1. Cantarero, M.L. Bellido, S. Meyer, G. Morello, G. Ap-
pendino, E. Mufioz, Tetrahydrocannabinolic acid is a potent PPARy agonist
with neuroprotective activity, Br. J. Pharmacol. 174 (2017) 4263-4276, doi:10.
1111/BPH.14019.

[18] S. Vladimir-KneZevi¢, B. Blazekovié¢, M.B. Stefan, M. Kindl, Phytochemical as-
pects and therapeutic perspective of cannabinoids in cancer treatment, Nat.
Prod. Cancer Drug Discov., 2017, doi:10.5772/67746.

[19] W. Bernhard, T. Heeb, ]. Tytgat, Delta-8-Tetrahydrocannabinol, an emerging
NPS and other structurally related cannabinoids, Toxicol. Anal. Clin. 34 (2022)
S174, doi:10.1016/j.toxac.2022.06.300.

[20] L. Song, G. Valenzuela, S. Carlson, Z. Dodson, M. Adisa, Potency testing of up
to twenty cannabinoids by liquid chromatography diode array detector with
optional electrospray ionization time-of-flight mass spectrometry, Anal. Chim.
Acta. 1207 (2022) 339827, doi:10.1016/].ACA.2022.339827.

[21] EmcddaEuropean Drug Report 2020: Trends and Developments, 2020, doi:10.
2810/123451.

[22] European Monitoring Centre for Drugs and Drug Addiction (EMCDDA)European
Drug Report 2022: Trends and Developments, 2022, doi:10.2810/776597.

[23] United Nations Office on Drugs and Crime (UNODC)The International Drug
Control Conventions, 2013, doi:10.18356/5f5bd72f-en.

[24] Procuradoria-Geral Distrital de Lisboalegislagio Do Combate a Droga, 2021
https://www.pgdlisboa.pt/leis/lei_mostra_articulado.php?nid=181&tabela=leis
accessed September 29, 2022.

[25] Official website of the Europeam UnionREGULATION (EU) No 1307/2013, 2013
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC129505/ accessed Oc-
tober 03, 2022.

[26] Council of the European Union, Overview of the EU Acquis Applicable
to Cannabis in Its Different Forms and Components, 2021, p. 45 https:
//data.consilium.europa.eu/doc/document/ST-10189-2021-INIT/en/pdf accessed
September 22, 2022.

[27] M. San Nicolas, A. Villate, M. Gallastegi, O. Aizpurua-Olaizola, M. Olivares,
N. Etxebarria, A. Usobiaga, Analysis of cannabinoids in plants, Marijuana Prod-
ucts and Biological Tissues, 1st ed., Elsevier B.V. 2020, doi:10.1016/bs.coac.
2020.04.002.

[28] M.P. Lazarjani, O. Young, L. Kebede, A. Seyfoddin, Processing and extraction
methods of medicinal cannabis: a narrative review, ]. Cannabis. Res. 3 (2021),
doi:10.1186/S42238-021-00087-9.

[29] KJ. Olejar, M. Hong, S.-Y. Lee, T.-H. Kwon, S.-U. Lee, C.A. Kinney, ].-H. Han,
S.-H. Park, Ultrasonic-assisted extraction of cannabidiolic acid from cannabis
biomass, J. Vis. Exp. (2022), doi:10.3791/63076.

[30] A. Nemeskalova, K. Hajkova, L. Mikuld, D. Sykora, M. Kuchaf, Combination of
UV and MS/MS detection for the LC analysis of cannabidiol-rich products, Ta-
lanta 219 (2020) 121250, doi:10.1016/j.talanta.2020.121250.

[31] O. Aizpurua-Olaizola, J. Omar, P. Navarro, M. Olivares, N. Etxebarria, A. Uso-
biaga, Identification and quantification of cannabinoids in Cannabis sativa L.
plants by high performance liquid chromatography-mass spectrometry, Anal.
Bioanal. Chem. 406 (2014) 7549-7560, doi:10.1007/s00216-014-8177-x.

[32] S. Chandra, H. Lata, M.A. ElSohly, Cannabis Sativa L. - Botany and
Biotechnology, Springer International Publishing, Cham, 2017, doi:10.1007/
978-3-319-54564-6.

[33] C. Citti, D. Braghiroli, M.A. Vandelli, G. Cannazza, Pharmaceutical and biomed-
ical analysis of cannabinoids: a critical review, ]J. Pharm. Biomed. Anal. 147
(2018) 565-579, doi:10.1016/j.jpba.2017.06.003.

[34] Ultrasonication, Royal Society of Chemistry, 2022 https://www.rsc.org/
publishing/journals/prospect/ontology.asp?id=cmo:0001708 accessed April 11.

[35] Recommended Methods for the Identification and Analysis of Cannabis
and Cannabis Products, UNODC, Vienna, 2022 https://www.unodc.org/
unodc/en/scientists/recommended-methods-for-the-identification-and-
analysis-of-cannabis-and-cannabis-products.html accessed April 18, 2022.

Journal of Chromatography A 1705 (2023) 464191

[36] S. Fekete, V. Sadat-Noorbakhsh, C. Schelling, I. Molnar, D. Guillarme, S. Rudaz,
J.L. Veuthey, Implementation of a generic liquid chromatographic method de-
velopment workflow: application to the analysis of phytocannabinoids and
Cannabis sativa extracts, J. Pharm. Biomed. Anal. 155 (2018) 116-124, doi:10.
1016/J.JPBA.2018.03.059.

[37] S. Zivovinovic, R. Alder, M.D. Allenspach, C. Steuer, Determination of cannabi-
noids in Cannabis sativa L. samples for recreational, medical, and forensic pur-
poses by reversed-phase liquid chromatography-ultraviolet detection, ]. Anal.
Sci. Technol. 9 (2018) 27, doi:10.1186/s40543-018-0159-8.

[38] L. Calvi, D. Pentimalli, S. Panseri, L. Giupponi, F. Gelmini, G. Beretta, D. Vitali,
M. Bruno, E. Zilio, R. Pavlovic, A. Giorgi, Comprehensive quality evaluation of
medical Cannabis sativa L. inflorescence and macerated oils based on HS-SPME
coupled to GC-MS and LC-HRMS (qg-exactive orbitrap®) approach, J. Pharm.
Biomed. Anal. 150 (2018) 208-219, doi:10.1016/].JPBA.2017.11.073.

[39] A. Casiraghi, G. Roda, E. Casagni, C. Cristina, U.M. Musazzi, S. Franzé, P. Rocco,
C. Giuliani, G. Fico, P. Minghetti, V. Gambaro, Extraction method and analysis
of cannabinoids in cannabis olive oil preparations, Planta Med. 84 (2018) 242-
249, doi:10.1055/S-0043-123074.

[40] UNODCRecommended Methods for the Identification and Analysis of Cannabis
and Cannabis Products, United Nations Office on Drugs and Crime, 2009
https://www.un-ilibrary.org/content/books/9789210555890 accessed February
27, 2022.

[41] 0. Aizpurua-Olaizola, U. Soydaner, E. Oztiirk, D. Schibano, Y. Simsir, P. Navarro,
N. Etxebarria, A. Usobiaga, Evolution of the cannabinoid and terpene content
during the growth of cannabis sativa plants from different chemotypes, J. Nat.
Prod. 79 (2016) 324-331, doi:10.1021/ACS.JNATPROD.5B00949.

[42] EurachemThe Fitness for Purpose of Analytical Methods- A Laboratory
Guide to Method Validation and Related Topics, 2nd ed., 2014 https:
/[www.eurachem.org/images/stories/Guides/pdf/MV_guide_2nd_ed_EN.pdf ac-
cessed June 18, 2022.

[43] Guidance For the Implementation of a Quality Management System in
Drug Testing Laboratories, UNODC, 2009 https://www.unodc.org/documents/
scientific/QMS_Ebook.pdf accessed June 11, 2022.

[44] KewCannabaceae, 2022 https://powo.science.kew.org/taxon/urn:lsid:ipni.org:
names:77126717-1#source-SP accessed June 13, 2022.

[45] J.M. Mcpartland, Cannabis systematics at the levels of family, Genus Species 3
(2018) 203-212, doi:10.1089/can.2018.0039.

[46] European Network of Forensic Science Institutes (ENFSI)Guidelines On
Sampling of Illicit Drugs For Quantitative Analysis, 2014 http://enfsi.eu/
wp-content/uploads/2016/09/guidelines_quant_sampling_dwg_printing_vf4.pdf
accessed August 5, 2022.

[47] L. Nahar, A. Onder, S.D. Sarker, A review on the recent advances in HPLC, UH-
PLC and UPLC analyses of naturally occurring cannabinoids (2010-2019), Phy-
tochem. Anal. 31 (2020) 413-457, doi:10.1002/pca.2906.

[48] World Health Organization (WHO)WHO Expert Committee On Drug Depen-
dence: Fortieth Report, 2018 https://apps.who.int/iris/handle/10665/279948
accessed May 14, 2022.

[49] W. Gul, S.W. Gul, S. Chandra, H. Lata, E.A. Ibrahim, M.A. Elsohly, Detection and
quantification of cannabinoids in extracts of cannabis sativa roots using LC-
MS/MS, Planta Med. 84 (2018) 267-271, doi:10.1055/S-0044-100798.

[50] M. Mandrioli, M. Tura, S. Scotti, T. Gallina Toschi, Fast detection of 10 cannabi-
noids by RP-HPLC-UV method in cannabis sativa L, Molecules 24 (2019) 2113,
doi:10.3390/molecules24112113.

[51] M.N. Tahir, F. Shahbazi, S. Rondeau-Gagné, J.F. Trant, The biosynthesis of
the cannabinoids, ]. Cannabis Res. 3 (2021) 1-12 2021 31, doi:10.1186/
S42238-021-00062-4.

[52] J.A. Hartsel, J. Eades, B. Hickory, A. Makriyannis, Cannabis sativa and Hemp,
Nutraceuticals (2016) 735-754, doi:10.1016/B978-0-12-802147-7.00053-X.


https://doi.org/10.1111/BPH.14019
https://doi.org/10.5772/67746
https://doi.org/10.1016/j.toxac.2022.06.300
https://doi.org/10.1016/J.ACA.2022.339827
https://doi.org/10.2810/123451
https://doi.org/10.2810/776597
https://doi.org/10.18356/5f5bd72f-en
https://www.pgdlisboa.pt/leis/lei_mostra_articulado.php?nid=181&tabela=leis
https://www.fao.org/faolex/results/details/en/c/LEX-FAOC129505/
https://data.consilium.europa.eu/doc/document/ST-10189-2021-INIT/en/pdf
https://doi.org/10.1016/bs.coac.2020.04.002
https://doi.org/10.1186/S42238-021-00087-9
https://doi.org/10.3791/63076
https://doi.org/10.1016/j.talanta.2020.121250
https://doi.org/10.1007/s00216-014-8177-x
https://doi.org/10.1007/978-3-319-54564-6
https://doi.org/10.1016/j.jpba.2017.06.003
https://www.rsc.org/publishing/journals/prospect/ontology.asp?id=cmo:0001708
https://www.unodc.org/unodc/en/scientists/recommended-methods-for-the-identification-and-analysis-of-cannabis-and-cannabis-products.html
https://doi.org/10.1016/J.JPBA.2018.03.059
https://doi.org/10.1186/s40543-018-0159-8
https://doi.org/10.1016/J.JPBA.2017.11.073
https://doi.org/10.1055/S-0043-123074
https://www.un-ilibrary.org/content/books/9789210555890
https://doi.org/10.1021/ACS.JNATPROD.5B00949
https://www.eurachem.org/images/stories/Guides/pdf/MV_guide_2nd_ed_EN.pdf
https://www.unodc.org/documents/scientific/QMS_Ebook.pdf
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:77126717-1#source-SP
https://doi.org/10.1089/can.2018.0039
http://enfsi.eu/wp-content/uploads/2016/09/guidelines_quant_sampling_dwg_printing_vf4.pdf
https://doi.org/10.1002/pca.2906
https://apps.who.int/iris/handle/10665/279948
https://doi.org/10.1055/S-0044-100798
https://doi.org/10.3390/molecules24112113
https://doi.org/10.1186/S42238-021-00062-4
https://doi.org/10.1016/B978-0-12-802147-7.00053-X

	Determination of phytocannabinoids in cannabis samples by ultrasound-assisted solid-liquid extraction and high-performance liquid chromatography with diode array detector analysis
	1 Introduction
	2 Materials and methods
	2.1 Reagents, standards and solutions
	2.2 Cannabis samples
	2.3 Extraction optimisation
	2.4 Sample preparation
	2.5 HPLC-DAD analysis
	2.6 Method validation
	2.7 Application of the study in real samples

	3 Results and discussion
	3.1 Method development and instrumental optimisation
	3.2 Extraction optimisation
	3.3 Extraction efficiency assays
	3.4 Method validation
	3.5 Analysis of street samples

	4 Conclusions
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Supplementary materials
	References


