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A B S T R A C T

New Psychoactive Substances (NPS) are an emerging class of drugs of abuse, which includes a large number of 
illicit substances belonging to various classes, with widely different chemical and pharmacological properties. 
Thus, detailed information on their properties is still lacking or debated. In the first part of this study, GC–MS was 
applied to the identification of 5F-PB-22, a synthetic cannabinoid receptor agonist (SCRA), and related sub
stances in seized material. In the second part, the in vitro metabolism of 5F-PB-22 was investigated by the 
innovative application of volumetric absorptive microsampling (VAMS), a miniaturised sampling and sorbent- 
based extraction technology typically applied to blood matrices. After addition of the analyte and incubation, 
porcine liver microsome supernatants were sampled and extracted using VAMS. Following drying and simulated 
shipping, microsamples were extracted and analysed by an HPLC-MS/MS method, developed and validated for 
this purpose (linearity 2–1500 µg/mL, precision RSD < 9.3 %, accuracy > 88 % for all analytes). The developed 
VAMS methodology has proven to be a suitable approach to the investigation of synthetic cannabinoid meta
bolism, using minute amounts (20 µL) of sample, providing reliable results and also ensuring suitable stability 
(maximum loss 6.6 % over 7 days at room temperature) for courier shipping to other locations without refrig
eration/freezing.

1. Introduction

The emergence of potentially dangerous new drugs of abuse, the so- 
called new psychoactive substances (NPS) appearing in unprecedented 
numbers, represents a recent and concerning phenomenon [1]. In most 
cases, NPS are structurally very closely related to controlled psychoac
tive molecules and may show similar clinical and toxic effects [2,3]: for 
example, cannabinoids, cathinone analogues, tryptamines and phene
thylamines. The need to incontestably identify a growing number of new 
molecules represents a critical challenge for pharmaco-toxicological and 
forensic analysis. Synthetic cannabinoid receptor agonists (SCRA, 
commonly named “synthetic cannabinoids”) are a group of substances 
that mimic the effects of natural (–)-trans-Δ9-tetrahydrocannabinol 

(THC). Like THC, they interact with CB1 and CB2 cannabinoid receptors; 
however, they tend to have higher potency and affinity [4], related to 
significantly more severe adverse effects, such as hypertension, seizures, 
tachycardia, hallucinations, psychoses and acute kidney failure [5]. 
Little is known about the pharmacology of many of these compounds or 
their potential for abuse in humans [2] and in particular the biotrans
formation occurring in the human body. To study the metabolic profile 
of new emerging drugs of abuse, in vitro drug metabolism studies using 
microsomes are among the most widely used strategies. Their use in
volves several advantages, such as being relatively cheap, easy to use 
and stable in frozen form for years after suitable preparation [6]. For 
human in vitro metabolic models of NPS, microsomes can be prepared 
starting from porcine liver due to its pronounced similarity to human 

☆ This article is part of a special issue entitled: ‘Sorbent-based microextraction’ published in Microchemical Journal.
* Corresponding authors.

E-mail addresses: jgonzalezrodriguez@lincoln.ac.uk (J. González-Rodríguez), laura.mercolini@unibo.it (L. Mercolini). 
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liver in physiology and P450 enzyme distribution [7,8].
In this work, a satisfactory in vitro metabolising model is developed, 

by preparing microsomes from porcine liver cells and using them to 
biotransform real seized samples of the synthetic cannabinoid 5F-PB-22 
(quinolin-8-yl 1-(5-fluoropentyl)indole-3-carboxylate, Fig. 1), a syn
thetic cannabinoid first identified in the USA in 2013 and generally 
classified as a “PB-22” derivative [9].

A small number of in vitro and in vivo studies on it are currently 
available [10], and the data indicate that 5F-PB-22 could be about 90 
times more potent than THC. The few metabolism studies on 5F-PB-22 
currently available have hypothesised the structure of twenty metabo
lites [11,12]. Fig. 2 shows the three main phase I metabolites, namely 1- 
(5-fluoropentyl)indole-3-carboxylic acid (commonly known as 5F-PB-22 
3-carboxyindole), N-(5-hydroxypentyl)PB-22 and PB-22 N-pentanoic 
acid. However, none of these studies addressed the quantitative deter
mination of 5F-PB-22 and metabolites in microsome supernatant. On the 
other hand, this task was carried out in other matrices: for the parent 
drug and the main metabolite, 5F-PB-22 3-carboxyindole, in urine 
[13,14] and whole blood [15] of users, and for the parent and the three 
main metabolites in urine [16]. 5F-PB-22 alone was also analysed in 
mouse plasma for a pharmacokinetic study [17]. No microsampling and 
microextraction procedure has ever been applied for these purposes.

In this work, an innovative volumetric absorptive microsampling 
(VAMS) approach was designed and developed for carrying out in vitro 
studies in porcine microsomes, together with the development of an 
original liquid chromatography – tandem mass spectrometry (HPLC- 
MS/MS) methodology for the determination of 5F-PB-22 and its main 
metabolites. VAMS is an advanced combined microsampling and 
extraction technique, which allows the fast and volumetrically accurate 
sampling of minute volumes (10–30 µL) of biological matrices. It ex
ploits a device consisting of a porous, hydrophilic polymeric tip about 2 
mm in diameter, designed to absorb a fixed volume (10, 20 or 30 µL) of 
biological fluid, and a plastic handle. VAMS procedures can be applied 
to a wide range of biological matrices, such as whole blood, plasma, 
urine and oral fluid [18]; devices are commercially available under the 
name MitraTM [19,20]. The VAMS technology is an evolution of the 
“classical” dried blood spot (DBS) technique [21], maintaining all main 
advantageous characteristics, such as reduced sampling volume, possi
bility of sample collection in non-dedicated locations and by non- 
medical staff, increased stability over time and ease of storage and 
transport. In addition, VAMS brings additional advantages, such as 
sampling volume accuracy, independence from haematocrit effect, 
further simplification of the sampling procedure, reduced probability of 
contamination and possibility of direct integration into analytical 
workflows and automation. VAMS microsampling in itself can be 
considered an integral part of sample pretreatment, since the polymeric 
scaffold of the tip acts like a sorbent, selectively retaining and releasing 

different analytes and matrix components. This generally avoids the 
need for further forms of sample preparation [22,23].

In this study, a gas chromatography – mass spectrometry (GC–MS) 
method was used to evaluate the content of 5F-PB-22 in real seized 
samples. Then, after microsome incubation of 5F-PB-22, microsample 
collection and analyte extraction was performed by VAMS. Analytes 
were eluted with solvent and quantitative determination of 5F-PB-22 
and its three main Phase I metabolites was carried out by an HPLC- 
MS/MS method specifically developed for this purpose. This is the 
first successful application of VAMS in the specific field of metabolic 
assays, providing sound foundations for future in-field uses with mini
mal sample and solvent consumption and no specific requirements for 
shipping and storage conditions, thanks to the dried matrix ensuring 
optimal analyte stability.

2. Materials and methods

2.1. Chemicals and materials

5F-PB-22 and 5F-PB-22 3-carboxyindole standard reference mate
rials (≥ 98 % purity) were purchased from Cayman Chem (Ann Harbor, 
MI, USA). Ethylenediaminetetraacetic acid (EDTA), glycerol, methanol 
(MeOH) and sodium pyrophosphate were all from Merck KGaA 
(Darmstadt, Germany); potassium chloride (99 %) was from Fisher 
Scientific (Waltham, Mass., USA), and tris buffer saline was from Biorad 
(Hercules, CA, USA). Porcine liver was obtained freshly from a local 
abattoir, kept ice cold and transferred directly to the analysis laboratory 
for processing. For the NADPH regeneration system, nicotinamide 
adenine dinucleotide phosphate (NADP), glucose-6-phosphate dehy
drogenase (G6PD) enzyme, and glucose-6-phosphate (G6P) were pur
chased from Merck. Deionized water was used in all preparations, 
filtered and degassed prior to use when needed. For the sampling and 
extraction procedures, 10 μL and 20 μL MitraTM VAMS devices were 
purchased from Neoteryx (now a subsidiary of Trajan Scientific and 
Medical, Victoria, Australia).

2.2. GC–MS instrumentation and experimental conditions

The analysis of seized materials was carried out using a previously 
validated GC–MS method developed at the Joseph Bank Laboratory 
(University of Lincoln) [unpublished results]. Chromatographic sepa
rations were carried out on Perkin Elmer Clarus 680 using a SLBTM-5MS 
column (10 m × 0.1 mm; 0.1 μm). Oven temperature ramp: 100 ◦C at t =
0 min; increase by 50 ◦C/min from t = 0.1 min to t = 4.1 min (final t =
300 ◦C); constant t = 300 ◦C until run end at 14 min. Programmable 
injector port temperature was held at 280 ◦C. Carrier gas was He at 0.5 
mL/min and injection volume was 0.5 μL. The transfer line temperature 
was held at 280 ◦C. Positive ionization was achieved using an Electron 
Impact (EI +) source at 200 ◦C with electron energy of 70 eV. Chro
matographic peaks were recorded in total ion count (TIC) mode. The 
scan range was 40–500 m/z with a scan time of 0.5 s and an inter-scan 
delay of 0.01 s.

2.3. Seized sample preparation and analysis

Aliquots (100 mg) of the herbal material seized by UK Police Forces 
were extracted by using 1 mL of MeOH and subjecting the mixture to 
vortexing for 2 min and filtration through a nylon filter (0.45 μm pore 
size). A 200-μL aliquot of the solution thus obtained was then diluted by 
adding 400 μL of internal standard (IS) solution (undecane at 0.5 mg/mL 
in MeOH) and 400 μL of MeOH and finally injected and analysed in the 
GC–MS system.

2.4. HPLC-MS/MS instrumentation and experimental conditions

Chromatographic separations were carried out on a Waters (Milford, Fig. 1. Chemical structure of 5F-PB-22.
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MA, USA) Alliance e2695 chromatographic system with autosampler 
coupled to a Waters 2998 photodiode array detector and a Waters 
Micromass Quattro Micro triple quadrupole mass spectrometer equip
ped with an electrospray ion source (ESI). Data processing was per
formed using Waters MassLynx 4.1 software. Separations were obtained 
on an Agilent (Santa Clara, CA, USA) Zorbax SB-C18 column (100 × 2.1 
mm ID, 3.5 μm) maintained at 25 ◦C and coupled with a Zorbax SB-C18 
guard column. The mobile phase consisted of a mixture of 0.1 % (V/V) 
formic acid in water (Solvent A) and 0.1 % (V/V) formic acid in aceto
nitrile (Solvent B) at a flow rate of 0.300 mL/min. The composition 
gradient conditions were: 0 min, 5 % B; 0.50 min, 5 % B; 15.00 min, 95 
% B; 17.00 min, 95 % B; 18.00 min, 5 % B; 30.00 min, 5 % B.

The analytes were detected in positive ionization mode (ESI +). The 
MS/MS instrument was set at the following conditions: capillary 
voltage: 5000 V, ion transfer tube temperature: 350 ◦C, vaporiser tem
perature: 400 ◦C, CID gas: 1.5 mTorr, dwell time: 500 ms, cycle time: 0.3 
s. Signals were acquired in Multiple Reaction Monitoring (MRM) mode. 
The monitored ion transitions were m/z 377 → 232 for 5F-PB-22, m/z 
250 → 206 for 1-(5-fluoropentyl)indole-3-carboxylic acid (commonly 
known as 5F-PB-22 3-carboxyindole), m/z 375 → 230 for N-(5-hydrox
ypentyl)PB-22 and m/z 389 → 244 for PB-22 N-pentanoic acid.

2.5. HPLC-MS/MS method validation

The HPLC-MS/MS method was validated according to the interna
tional guidelines of the European Medicines Agency (EMA) [24] and the 
Food and Drug Administration (FDA) [25]. The parameters considered 
for validation were linearity, sensitivity, precision, matrix effect and 
accuracy.

2.5.1. Linearity and sensitivity
Method linearity was evaluated by injecting seven different standard 

mixtures at known concentration of the analytes (n = 3) and setting up 
the resulting calibration curve. For the HPLC-MS/MS method, all stan
dard solutions were prepared in a simulated microsome supernatant (see 
Section 2.6.1. for details). Method sensitivity was evaluated by deter
mining the limit of detection (LOD) and limit of quantification (LOQ), 
which were defined as the analyte concentrations whose signal corre
sponds to 3 and 10 times the background noise signal, respectively.

2.5.2. Precision
Method precision was evaluated by intra-day and inter-day studies, 

taking into consideration three different concentrations, corresponding 
to the lower limit, an intermediate concentration and the upper limit of 
the analyte calibration curve. The solutions were injected six times 
during the same day to obtain intra-day precision, and six times over six 
different days for inter-day precision. Final results were expressed as 
percentage relative standard deviation (RSD%).

2.5.3. Matrix effect
Matrix effect was evaluated by extracting blank supernatant VAMS 

as described in Section 2.7, then fortifying the extract with a standard 
analyte solution. The percentage bias of the fortified analyte concen
trations was calculated.

2.5.4. Accuracy
Accuracy was calculated from absolute recovery assays on fortified 

supernatant samples. Known amounts of the analytes were added to the 
samples, to obtain analyte fortification at three concentration levels 

Fig. 2. Main 5F-PB-22 metabolic pathways.
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(corresponding to the lower limit, a middle level and a high level of the 
calibration curve). The fortified samples were then analysed and the 
percentage recovery of added analytes were calculated.

2.6. In vitro 5F-PB-22 metabolism study procedure

2.6.1. Buffers and solutions
Stock solutions of either 5F-PB-22 powder or seized herbal material 

were prepared in MeOH at different concentrations: powder at 50 μg/mL 
and 100 μg/mL; herbal material at 20 μg/mL, 200 μg/mL, and 14 mg/ 
mL.

The homogenising buffer and the microsome preservation buffer 
were a mixture of 0.1 M tris buffer, 10 mM EDTA and 150 mM KCl and a 
mixture of 0.05 M tris buffer, 10 mM EDTA and 20 % glycerol, respec
tively. The final pH value was adjusted to 7.4. The NADPH regenerating 
system (30 mM G6P, 5 U/mL G6PD, 10 mM NADP and 30 mM MgCl2) 
was prepared freshly every day before incubation.

2.6.2. Isolation of liver microsomes
Liver microsomes were isolated following previously published 

protocols with minor modifications [26,27]. Porcine liver was donated 
and obtained freshly from a local abattoir and collected less than 5 min 
after slaughtering in the very early morning and directly kept ice-cooled 
in an icebox until delivery to the laboratory. The organ was washed with 
homogenising buffer and sliced into 4-g portions. The sliced portions 
were further cut into smaller pieces using a surgical blade, broken apart 
with 3 volumes of ice-cold homogenizing buffer using a handheld bio- 
homogenizer and homogenized using a teflon mortar and pestle. The 
homogenate was centrifuged for 15 min at 12,500 × g at 4 ◦C, and the 
pellet was further ultra-centrifuged for 45 min at 76,800 × g at 4 ◦C. The 
pellet was re-suspended with 2 volumes of ice-cold pyrophosphate 
buffer, further homogenized and ultra-centrifuged for 70 min at 76,800 
× g at 4 ◦C. The supernatant was discarded, and the pellet was suspended 
with 3 volumes of microsome preservation buffer and further homoge
nized and stored at − 80 ◦C until needed. All steps were performed over 
an ice bath.

2.6.3. Metabolism study
Five series of in vitro models were prepared using different stock 

concentrations and different amounts of microsomes (Table 1).
Twenty 1.5-mL microcentrifuge tubes were prepared for each of 

them and used as follows: three tubes for each time point (0, 1, 2 and 3 
h), four tubes (one for each time point) for negative controls and four 
tubes (one for each time point) for positive controls. The tubes contained 
375 μL of pH 7.4, 0.1 M phosphate buffer prewarmed to 37 ◦C, 50 μL of 
NADPH regeneration system and 50 μL of test compound stock solution. 
The mixture was then incubated in a water bath for 5 min at 37 ◦C. For 
negative controls, 50 μL of NADPH regeneration system were replaced 
by 50 μL of 0.1 M phosphate buffer. For positive controls, 50 μL of test 
compound were replaced by 50 μL of a diclofenac solution in DMSO at 
the same concentration. Prepared microsomes were thawed and diluted 
to 10 mg/L and 25 or 50 μL were added to each tube. Samples were 
mixed and incubated at 37 ◦C in a shaking water bath. The process was 
terminated by adding 250 μL ice cold MeOH at different times (0, 1, 2 
and 3 h). Sample tubes were centrifuged for 10 min at 13,000 × g. The 

supernatant was then filtered through nylon filters (0.45 μm pore 
diameter).

The simulated supernatant used for the validation of the HPLC-MS/ 
MS method was prepared by mixing together 375 μL of phosphate 
buffer, 50 μL of NADPH regeneration system, 25 μL of microsomes and 
250 μL of ice-cold MeOH.

2.7. VAMS sampling and extraction procedure

After incubation, each sample was vortexed for 10 s to ensure uni
formity and then immediately collected using VAMS devices. For sample 
collection and analyte extraction, the tip of a VAMS device was put for 5 
s into contact at a 45◦ angle with the surface of the filtered solution 
obtained from the in vitro metabolism procedure. Then, the VAMS was 
dried within its dedicated clamshell box at RT in a dry place and in the 
dark for 1 h. Once dried, the device was inserted into a sealable plastic 
bag with desiccant until analysis.

At the destination laboratory, the tip was removed from the VAMS 
device, put in a microtube with 1 mL of MeOH and subjected to 
ultrasound-assisted elution (UAE) for 10 min. After that, 150 μL of eluate 
were collected and transferred into an autosampler vial for HPLC-MS/ 
MS analysis (Fig. 3).

The concentrations of 5F-PB-22 and its metabolites in the final su
pernatant were determined by interpolation on the respective calibra
tion curves.

2.8. Analyte stability in VAMS

Additional VAMS devices were used to sample and extract all 
microsome supernatant series. They were stored in an opaque, sealed 
plastic bag with desiccant for 7 days to simulate shipping by courier. 
Afterwards, they were subjected to the same elution procedure as 
detailed in Section 2.7. above and the eluate was injected into the HPLC- 
MS/MS system.

3. Results and Discussion

3.1. GC–MS analysis of seized samples

Prior to metabolism studies, the exact drug content inside some 
“herbal samples” seized by the police of the city of Lincoln was deter
mined. The samples were in solid form and included plant material 
contained in its original packet bearing the label: “ULTRA EXTREME 
INCENSE, NOT FOR HUMAN CONSUMPTION”.

After sample preparation as described in Section 2.3., samples were 
analysed by GC–MS to determine 5F-PB-22 concentrations. Quantitative 
analysis showed that the average analyte content in the samples was 14 
% (w/w). The obtained TIC chromatograms (an example is shown in 
Fig. 4) include the 5F-PB-22 and IS peaks at retention times of 14.33 min 
and 2.32 min, respectively. At the same time, another two relevant peaks 
were detected at retention times of 3.25 min and 5.49 min. Through the 
use of the National Institute of Standard and Technology (NIST) research 
database, it was possible to hypothesise that these peaks can be attrib
uted to the 8-hydroxyquinoline and methyl 1-(5-fluoropentyl)-1H- 
indole-3-carboxylate derivatives of 5F-PB-22, respectively, due to the 
high correspondence of the experimental mass spectra with the database 
ones (>90 % for both). It is highly likely that these two compounds 
represent degradation products of 5F-PB-22 formed by ester hydrolysis. 
This has been previously demonstrated to occur during the GC–MS 
analysis of PB-22 (or QUPIC, a structural analogue of 5F-PB-22) espe
cially in the presence of MeOH or EtOH [28].

3.2. HPLC-MS/MS method validation and metabolism studies

3.2.1. VAMS sampling and extraction procedure optimisation
At first, contact time of the VAMS tip with the supernatant was 

Table 1 
Microsome and analyte amounts for metabolism studies.

Sample series 
name

Amount of microsome solution 
(10 mg/L)

Stock solution 
concentrations

PI 25 µL 50 µg/mL
PII 25 µL 100 µg/mL
PIII 50 µL 200 µg/mL
PIV 25 µL 25 µg/mL
PV 50 µL 14 mg/mL
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optimised to obtain reliable tip filling. Usual VAMS sampling times for 
biological fluids range from 2 to 5 s, with the tip being saturated within 
1–2 seconds and contact time being prolonged to 4–5 s to ensure filling 
and for easier, more reproducible measurement. This was verified for 
supernatant VAMS as well, sampling for exactly 1, 2, 3, 4, 5, 6, 10 and 
15 s (n = 6 each) and weighing the VAMS afterwards. It was verified that 
constant weight was always reached in 3 s, and that no oversampling 
was obtained even at the longest sampling time (15 s). Five seconds was 

chosen as a reasonable sampling time, also easily measurable in the field 
or in non-controlled settings.

Drying time, temperature and humidity were also tested. When 
drying VAMS at RT, it varied between 21 and 27 ◦C, while relative 
humidity (RH) was between 48 and 57 %. These conditions did not 
appear to overly influence drying times: complete dryness was consis
tently achieved within 45 min (range: 35–42), therefore 1 h was set as 
the final chosen drying time for prudence and to account for possible 

Fig. 3. Schematic VAMS sampling and pretreatment workflow applied to 5F-PB-22 metabolic study.

Fig. 4. GC–MS (EI+ TIC) chromatogram of a seized 5F-PB-22 sample.
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random factors and wider temperature and humidity changes.
Then, several procedures were tested for application to the incuba

tion supernatant VAMS, including vortex-assisted extraction (VAE), 
ultrasound-assisted extraction (UAE) and microwave-assisted extraction 
(MAE), each under different conditions; and different solvents (meth
anol, acetonitrile, water, aqueous buffers, and mixtures thereof) and 
volumes as the extraction media. The main results of these preliminary 
assays are reported in Table S1 (Supplementary Material), however in 
brief the best combination of extraction yield, analyte purification and 
processing time was obtained extracting with 1 mL of MeOH and 
applying UAE for 10 min. Longer extraction times did not provide 
significantly better performance, while unnecessarily increasing total 
workflow times.

As one can note, sample miniaturisation leads to a notable reduction 
in sample and solvent volume usage, with undeniable advantages in 
comparison to traditional extraction and sample preparation techniques. 
While at present procedure times are not outstandingly short, VAMS is 
designed with automation in mind, and automation application could 
dramatically increase throughput and productivity in future 
applications.

3.2.2. HPLC-MS/MS method validation
Satisfactory linearity data were obtained over the 2–1500 µg/mL 

concentration range for both 5F-PB-22 and 5F-PB-22 3-carboxyindole 
(r2 = 0.9929 and 0.9911, respectively). Method sensitivity likewise 
provided good results in terms of LOD and LOQ, which were determined 
to be 1.5 µg/mL and 5 μg/mL, respectively, for both analytes.

Precision results, expressed as percentage relative standard deviation 
(RSD%) were very satisfactory, with values consistently lower than 6.6 
% for intra-day precision and 9.3 % for inter-day precision (Table 2).

Accuracy was evaluated through absolute recovery assays, with good 
results: mean accuracy over the full linearity range was always higher 
than 88 % (3 concentration levels, n = 6).

Matrix effect was likewise very satisfactory, producing bias values 
within the − 10 % to + 7 % range (3 concentration levels, n = 6) 
(Table S2, Supplementary Material).

3.2.3. HPLC-MS/MS study of in vitro 5F-PB-22 metabolism
After incubation of the drug with the metabolic system, the whole set 

of aliquots was sampled and extracted using VAMS devices. For each 
sample, two VAMS volumes were used: 10 μL and 20 μL. The 20-μL 
VAMS samples were immediately extracted according to the procedure 
reported in the Experimental section above and then analysed by HPLC- 
MS/MS; 10-μL VAMS samples were stored and analysed later to confirm 
the results and to test VAMS stability. The results thus obtained were 
then used to construct plots in order to highlight the concentration 
changes of the different compounds with incubation time.

The time points (0, 1, 2, 3 h) were chosen according to expected 
metabolic saturation times, taking cues from previously published pa
pers on 5F-PB-22 metabolism [12] and from the previous experience of 
the authors with similar systems.

In the PI series, it can be noted that the concentration of non- 
metabolised drug decreases sharply in the first hour and becomes un
detectable thereafter. On the contrary, the 5F-PB-22 3-carboxyindole 

metabolite increases its concentration at first and then decreases again 
after 2 h of incubation (Fig. 5a-b). This result is expected: the decrease in 
5F-PB-22 concentration shows that the in vitro metabolic system is 
effective. It is possible that the decrease in 5F-PB-22 3-carboxyindole 
concentration may be due to degradation or further metabolism. 
Regarding the other two metabolites of interest (N-(5-hydroxypentyl) 
PB-22 and PB-22 N-pentanoic acid), they were not identified in these 
samples.

In the PII series samples, the concentration of 5F-PB-22 again de
creases sharply during the first hour, while 5F-PB-22 3-carboxyindole 
increases its concentration with increasing incubation time (Fig. S1a-b).

Comparing this series of samples with the PI ones, the most notice
able difference is in the behaviour of 5F-PB-22 3-carboxyindole, whose 
concentration did not decrease after the initial increase, unlike in the 
previous series. The reason behind this difference can probably be found 
in the different drug/microsome ratio, which was double that of series 
PI. Like for the PI series, it was not possible to identify the other two 
metabolites in series PII either.

In the PIII series, the parent drug concentration decreased with 
increasing incubation time, while 5F-PB-22 3-carboxyindole increased 
with increasing incubation time (Fig. S2a-b). The concentrations trends 
are comparable to those observed in the PII series. In fact, the drug/ 
microsome ratio is the same, only the concentrations were increased.

In the PIV series, the concentration of 5F-PB-22 is again undetectable 
after the first hour (Fig. S3a-b). Conversely, 5F-PB-22 3-carboxyindole 
increases in the first hour but then decreases sharply. This trend is even 
more pronounced than that observed in the PI series, probably due to the 
lower drug/microsome ratio.

In neither PIII nor PIV series samples was it possible to detect other 
metabolites. Indeed, PV series samples were the only ones where N-(5- 
hydroxypentyl)PB-22 and PB-22 N-pentanoic acid were detectable and it 
was possible to follow their concentration changes over time. In this 
case, the parent drug did not decrease significantly as the incubation 
time increases, due to the very high concentration used (14 mg/mL, 
Fig. 6a). The behaviour of 5F-PB-22 carboxyindole follows the 
increasing trend already observed for the other previously analysed 
series at high drug/microsome ratios, but with an even more pro
nounced slope (Fig. 6b). Both PB-22 N-pentanoic acid and N-(5- 
hydroxypentyl)PB-22 increase their concentration at first and then 
decrease again after the second hour of incubation (Fig. 6c-d).

In these assays, method sensitivity was always suitable at all time 
points for the parent drug and the main metabolite. For the two minor 
metabolites, detection was difficult unless high initial parent drug 
concentration was used. Direct comparison of method performance with 
published studies is not possible, since this is the first account of the 
quantitative determination of these analytes in in vitro metabolic studies.

Microsome supernatant sample stability was also tested by carrying 
out a simulated shipping assay. In all cases, the 10-µL VAMS samples, 
analysed after 7 days at RT in sealed bags and in the dark, yielded results 
comparable to those of the 20-µL samples analysed immediately after 
drying. Indeed, maximum variation was estimated to be from + 4.1 % to 
− 6.6 % for all analytes. This confirmed that VAMS samples were stable 
over the timespan typical of courier shipping practices.

This successful application of VAMS to a metabolic assessment could 
open the way to further studies, providing several advantages, such as 
the possibility of carrying out experiments with field collection and 
simulation of real sample handling, miniaturisation with consequent 
savings in sample and solvent consumption, extended stability allowing 
shipping and storage at RT with reduced space requirements, simplified 
sample preparation and easy automatability.

This innovative use of VAMS differs very little mechanically from 
more common uses on biological fluids such as blood, plasma or urine. 
The procedure and times of sampling are very similar, and it has been 
verified that this leads to the same reproducible and accurate sampling 
volumes. The extraction procedure is also very similar, using very small 
amounts of organic solvent to desorb the analytes from the polymeric 

Table 2 
Intra-day and inter-day precision results of the HPLC-MS/MS method on 5F-PB- 
22 and 5F-PB-22 3-carboxyindole.

Level Concentration 
(µg/mL)

Intra-day precision 
(RSD%)

Inter-day precision 
(RSD%)

5F- 
PB- 
22

5F-PB-22 3- 
carboxyindole

5F- 
PB- 
22

5F-PB-22 3- 
carboxyindole

Low 2 6.2 6.5 8.7 9.2
Middle 750 2.1 3.0 3.4 5.8
High 1500 1.7 2.2 1.9 2.9
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tip.
Ultimately, the VAMS sampling and extraction workflow developed 

herein could very easily be ported to other biological or biological-like 
fluids with no need for significant adjustments, thus testifying to the 
notable flexibility of VAMS technology as a tool in miniaturised 
bioanalysis.

4. Conclusion

In this study, a feasible GC–MS method was employed to detect and 
quantify 5F-PB-22 in seized samples. Two possible degradation products 
were tentatively identified.

Then, for the first time the parent drug was used for in vitro studies on 
the metabolism of 5F-PB-22 using porcine liver microsomes and the 
new-generation VAMS microsampling and sorbent-based extraction 
technique. An original HPLC-MS/MS method was used to detect 5F-PB- 
22 and its three main metabolites and to monitor concentration changes 
over incubation time in 20-µL dried microsamples. The samples mostly 

showed similar behaviour: as incubation time increases, the parent drug 
concentration decreases and metabolite concentration increases and 
subsequently decreases in some samples.

In conclusion, the development of an advanced VAMS micro
sampling and sorbent-based extraction approach proved to be suitable 
for studying an in vitro metabolism model of 5F-PB-22. The dried min
iaturised matrix provides facilitated storage and shipping, with optimal 
stability at RT. It is thus conceivably applicable to other illicit drugs for 
similar metabolism study purposes, also including studies using other in 
vitro models, such as human microsomes. Application to human or an
imal biological fluids is certainly also possible, but would likely require 
some adaptation to the extraction procedure and would surely need re- 
validation.

The main limitations of the study include the use of non-human 
microsomes and the limited timespans of incubation and of stability 
studies.

Fig. 5. Average change in concentration of a) 5F-PB-22 and b) 5F-PB-22 3-carboxyindole in PI series samples.

Fig. 6. Average change in concentration of a) 5F-PB-22, b) 5F-PB-22 3-carboxyindole, c) PB-22 N-pentanoic acid and d) N-5-hydroxypentyl-PB-22 in PV sam
ple series.
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