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Abstract

In June 2018, a 'research chemica'l labeled 'AB-FUB7AICA' was purchased online and
analytically identified as 5F-AB-P7AICA, the 7-azaindole analog of 5F-AB-PINACA.
Here we present data on structural characterization, suitable urinary consumption
markers, and preliminary pharmacokinetic data. Structure characterization was per-
formed by nuclear magnetic resonance spectroscopy, gas chromatography-mass
spectrometry, infrared and Raman spectroscopy. Phase | metabolites were generated
by applying a pooled human liver microsome assay (pHLM) to confirm the analysis
results of authentic urine samples collected after oral self-administration of 2.5 mg
5F-AB-P7AICA. Analyses of pHLM and urine samples were performed by liquid
chromatography—time-of-flight mass spectrometry and liquid chromatography-
tandem mass spectrometry (LC-MS/MS). An LC-MS/MS method for the quantifica-
tion of 5F-AB-P7AICA in serum was validated. Ten phase | metabolites were
detected in human urine samples and confirmed in vitro. The main metabolites were
formed by hydroxylation, amide hydrolysis, and hydrolytic defluorination, though - in
contrast with most other synthetic cannabinoids - the parent compound showed the
highest signals in most urine samples. The compound detection window was more
than 45 hours in serum. The concentration-time profile was best explained by a two-
phase pharmacokinetic model. 5F-AB-P7AICA was detected in urine samples until
65 hours post ingestion. Monitoring of metabolite M07, hydroxylated at the alkyl
chain, next to parent 5F-AB-P7AICA, is recommended to confirm the uptake of
5F-AB-P7AICA in urinalysis. It seems plausible that the shift of the nitrogen atom
from position 2 to 7 (e.g. 5F-AB-PINACA to 5F-AB-P7AICA) leads to a lower meta-

bolic reactivity, which might be of general interest in medicinal chemistry.
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1 | INTRODUCTION

Synthetic cannabinoids (SCs) are a class of exceptionally widespread
recreational designer drugs and new psychoactive substances (NPS),
produced to mimic the effects of delta-9-THC and sold as alleged legal
and safe cannabis alternatives. Since the first identification of SCs in
'Spice' products, which dates back to 2008, the European Monitor-
ing Centre for Drugs and Drug Addiction (EMCDDA) has reported and
identified more than 179 compounds pertaining to the subgroup of
SCs, with a continuous production of novel molecules,® despite an
overall decrease in the number of substances entering the market in
the last years. Nevertheless, still more than 50 NPS per year were
detected for the first time in Europe in 2017 and 2018.

Between 2013 and 2014, several indazole-based SCs, includ-
ing N-(1-amino-3-methyl-1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-
indazole-3-carboxamide (semisystematic name: AB-FUBINACA), N-(1-
amino-3-methyl-1-oxobutan-2-yl)-1-pentyl-1H-indazole-3-carboxamide
(semisystematic name: AB-PINACA) and its 5-fluorinated analog N-
[(15)-1-(aminocarbonyl)-2-methylpropyl]-1-(5-fluoro)pentyl-1H-indazole-
5F-AB-PINACA), were

discovered on the Japanese drug market*> These compounds were

3-carboxamide  (semisystematic  name:
shown to be full agonists at the CB; cannabinoid receptor with high
potencies (CB4 receptor binding and activation occur at low nanomolar
concentrations).¢® in vitro studies have also shown that AB-PINACA
displays a greater efficacy than delta-9-THC in activating the G-coupled
proteins at CB; receptors and that some of its metabolites retain
high affinity and activity.” Even if in vivo pharmacology and toxicology
data related to these compounds are still lacking, some intoxications
and even death cases have recently been reported in association to
AB-FUBINACA, AB-PINACA, and 5F-AB-PINACA consumption.2%12 A
structurally related SC, methyl-[2-(1-(5-fluoropentyl)-1H-indazole-3-car-
boxamido)-3,3-dimethylbutanoate] (semisystematic name: 5F-MDMB-
PINACA or 5F-ADB), which bears an aminoalkylindazole structure, was
reported in associations with about 10 fatal intoxications in Japan and
detected for the first time in a death case in 2014.2° It was described
as one of the most dangerous SCs'! and detected in several autopsies
after that,131¢

While the majority of SCs are characterized by an indole or
indazole core structure, SCs with a 7-azaindole (7-Al) core structure
have been synthesized and introduced into the NPS market most
likely in response to regulations like the German act on the NPS
(NpSG), and now represent about 3% of all monitored SCs®. Among
these, a 7-Al analog of AB-FUBINACA, N-(1-amino-3-methyl-
1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-pyrrolo[2,3-b]pyridine-3-car-
boxamide (semisystematic name: AB-FUB7AICA; also referred to as
AB-7-FUBAICA) entered the market as pure substance in powder
form (‘'research chemical') and started to proliferate in online shops
and NPS user forums. Recently, the 7-Al analog of 5F-ADB, methyl
2-(1-(5-fluoropentyl)-1H-pyrrolo[2,3-b]lpyridine-3-carboxamido)-
3,3-dimethylbutanoate (semisystematic name: 7'N-5F-ADB or 5F-
MDMB-P7AICA) also appeared on NPS user forums. SCs of the
7-Al type usually present relatively low binding affinity and

functional activity at the CB; receptor.!”*® From an analytical
point of view, these compounds may lead to additional difficulties
for identification, due to the similarity in physicochemical proper-
ties and identical masses with the corresponding indazole analogs.
The occurrence of benzimidazole analogs or other azaindoles (car-
rying the nitrogen in 4, 5, or 6 position) could further complicate
the situation, although such compounds have not been seized in
large amounts so far, assuming that they have been correctly
identified. In June 2018, a 'research chemical' labeled 'AB-
FUB7AICA' was purchased online and analytically identified as a
novel 7-Al-derived SC, N-(1-amino-3-methyl-1-oxobutan-2-yl)-
1-(5-fluoropentyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxamide (semi-
systematic name: 5F-AB-P7AICA) in our laboratory and reported
to the EMCDDA. In Figure 1, chemical structures and semi-
systematic names of these SCs are shown.

In both clinical and forensic settings, it is fundamental to prove
an SC intake by the analysis of biological samples, with serum and
urine samples being the most common matrices to screen for these
compounds and their metabolites. In this context, the drug's post-
dosing detectability as well as a clearance model are of major con-
cern in forensic toxicology, as the detection windows for SCs are
often short after acute intake and significantly longer after chronic
use. Due to extensive metabolism, for most SCs the parent com-
pound is rarely found in urine samples.'”?2 To the best of our
knowledge, no pharmacokinetic data of this substance have been
published.

The aim of the present study was to characterize and identify
human phase | metabolites in human urine samples by means of liquid
chromatography—time-of-flight mass spectrometry (LC—qToF—MS)
and liquid chromatography—triple-quadrupole mass spectrometry
(LC-MS/MS). As no commercially reference standards of 5F-AB-
P7AICA phase | metabolites were available, reference spectra had to
be generated in vitro using a pooled human liver microsome assay
(pHLM). Finally, the most reliable urinary marker metabolites were
evaluated, taking into consideration the pharmacokinetic profile of

the substance.

2 | MATERIALS AND METHODS

2.1 | Chemicals and reagents

Methanol (HiPerSolv. CHROMANORM®) for the solutions was
purchased from VWR Chemicals (Darmstadt, Germany); ethyl ace-
tate (p.a.) from Honeywell Riedel-de Hien® (Seelze, Germany);
sodium carbonate (299.5%, anhydrous) and n-hexane (LiChrosolv)
from Merck (Darmstadt, Germany); sodium hydrogen carbonate
(299.5%, anhydrous), formic acid (Rotipuran® 298%, p.a.), and
potassium hydrogen phosphate (299%, p.a.) from Carl Roth
(Karlsruhe, Germany); acetonitrile (ACN) (LC-MS grade), ammo-
nium formate 10 M (99.995%), potassium hydroxide (puriss. p.
a. 2 86% (T) pellets), and superoxide dismutase (SOD)
(23000 units/mg protein from bovine erythrocytes) from Sigma-
Aldrich (Steinheim, Germany); pHLM (50 donors, 20 mg/mL
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protein in 250 mM sucrose), NADPH regenerating solutions A
and B (reductase activity 0.43 pmol/min/mL), and potassium
phosphate buffer 0.5 M (pH 7.5) from Corning (Corning,
NY, USA); and p-glucuronidase (E. coli K 12) from Roche Diagnos-
tics (Mannheim, Germany).

Deionized water was prepared using a Medica® Pro deionizer
from ELGA (Celle, Germany). Mobile phase A (1% v/v ACN, 0.1% v/v
HCOOH, 2 mM ammonium formate in water) and mobile phase B
(0.1% v/v HCOOH, 2 mM ammonium formate in ACN) were freshly
prepared prior to analysis.

Deuterated methanol (CD3;OD) was obtained from Euriso-top
(Saarbrticken, Germany).

D5-JWH-200 (Internal standard or IS) was purchased from Chiron
AS (Trondheim, Norway) and Cayman Chemical (Ann Arbor, MI, USA).
A mix of SCs and one of SCs commercially available metabolites were
also used. 5F-AB-P7AICA was purchased as a 'research chemical'
named AB-FUB7AICA from an Internet shop. Identities and purities
(>95%) of 5F-AB-P7AICA were confirmed by *H nuclear magnetic res-
onance (NMR) spectroscopy and gas chromatography-mass spec-
trometry (GC-MS). Stock solutions (1 mg/mL) were prepared in ACN

and stored at —20°C until analysis.

FIGURE 1 Chemical structures and semisystematic names of
synthetic cannabinoids mentioned [Colour figure can be viewed
at wileyonlinelibrary.com]

2.2 | Structure elucidation
2.2.1 | Sample preparation (5F-AB-P7AICA)

5F-AB-P7AICA was analytically confirmed by GC-MS, NMR, infrared
and Raman spectroscopy as described in the following sections. Fur-
thermore, a solution of the compound was studied by liquid chroma-
tography and electrospray ionization quadrupole time-of-flight mass
spectrometry (LC-ESI-qToF-MS). Briefly, 1 mg 5F-AB-P7AICA was
dissolved in 1 mL of methanol. Then, 10 pL of this solution was evapo-
rated to dryness at 40°C under nitrogen. Prior to the injection into
the GC-MS system (injection volume: 1 ulL), the sample was rec-

onstituted in 100 pL of dry ethyl acetate.

2.2.2 | GC-MS method

The GC-MS system consisted of a 6890 N-series gas chromatograph
combined with a 5973-series mass selective detector and a 683 B
series injector. The software used was Chemstation G1701GA version
D.03.00.611. Mentioned products were purchased from Agilent
(Waldbronn, Germany). The detailed method used is described

elsewhere.?®
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Briefly, carrier gas was helium, injection port temperature was
270°C, flow rate 1 mL/min, oven temperature 100°C for 3 minutes,
then ramped to 310°C at 30°C/min, 310°C were kept for 10 minutes.
Electron ionization (El, 70 V) was used and the MS was operated in
scan mode (m/z 40 to 550 amu). The obtained mass spectra were
compared to commercially available EI-MS spectra libraries (Cayman
Chemical, Wiley, MPW) and an in-house library of previously identi-

fied synthetic cannabinoids.

2.2.3 | Solid-state infrared spectroscopy (IR)

Nicolet 380 FT—IR spectrometer with Smart Golden Gate Diamond
ATR. Software: OMNIC, Ver. 7.4.127 (Thermo Electron Corporation,
Dreieich, Germany). Wavelength resolution: 4 cm~Y: scan range
650-4000 cm™2; 32 scans/spectrum. IR spectra were recorded from
salts and from free bases as neat film after following sample prepara-
tion procedure: For generation of the free bases, 2-5 mg of the salt
were dissolved in demineralized water and were alkalized with one
drop of NaOH (5% w/w). The solution was extracted with 1 mL dieth-
ylether, the ethereal phase was transferred in a new glass vial and the
solvent was evaporated under a gentle nitrogen flow until the volume
reached approximately 100 pL. The remaining fluid was aspirated with
a glass pipette and transferred directly on the ATR crystal where the
remaining diethylether was continuously evaporated.

2.2.4 | Gas chromatography solid-state infrared
spectroscopy

A GC-solid phase-IR (GC-sIR) system consisting of an Agilent GC
7890B (Waldbronn, Germany) with a probe sampler Agilent G4567A
and a DiscovIR-GCTM (Spectra Analysis, Marlborough, MA, USA) was
used. The column eluent was cryogenically accumulated on a spirally
rotating ZnSe disk cooled by liquid nitrogen. IR spectra were recorded
through the IR-transparent ZnSe disk using a nitrogen-cooled MCT
detector.

GC parameters: injection: 1 pL (approximately 2 mg compound in
2 mL appropriate solvent), splitless mode; injection port temperature:
240°C; carrier gas: helium; flow rate: 2.5 mL/min.

Chromatographic conditions: fused silica capillary DB-1column
(30 m x 0.32 mm i.d., 0.25 pm film thickness); oven temperature pro-
gram: 80°C for 2 minutes, ramped to 290°C at 20°C/min, and held at
for 20 minutes; transfer line: 280°C.

Infrared conditions: oven temperature: 280°C; restrictor tempera-
ture: 280°C; disc temperature: —40°C; dewar cap temperatures: 35°C;
vacuum: 0.2 mTorr; disc speed: 3 mm/s; spiral separation: 1 mm;

wavelength resolution: 4 cm™2; IR range: 650-4000 cm™?

; acquisition
time: 0.6 s/file; 64 scans/spectrum.

Data were processed using GRAMS/AI Ver. 9.1 (Grams Spectros-
copy Software Suite, Thermo Fischer Scientific, Dreieich, Germany)
followed by implementation of the OMNIC Software, Ver. 7.4.127

(Thermo Electron Corporation, Dreieich, Germany).

2.2.5 | Raman spectroscopy

B&W TEK Inc., i-Raman® Plus system: laser wavelength: 785 nm with
BWS465-7855 spectrometer: scan range: 174-3200 cm™; resolution:
< 45 cm™ @ 912 nm and laser wavelength: 1064 nm with
BWS485-10645-05 spectrometer: scan range: 170-2502 cm™?; reso-
lution: ~ 9.5 cm™ @ 1296 nm, with BAC151B Raman Video Micro-
sampling System: objective lens magnification: 20x; camera: active
pixels: 1280 x 1024, Software: BWSpec® 4.03_23_C. Integration time
(in ms) was chosen and adjusted in that way that a relative intensity pref-
erably above 45 000 for the most intensive peak was reached. Additional
information on parameters in spectrum title: sample_mc (for microscope)
_wavelength_laser power level_integration time_average number of
recorded spectra. For the analysis of powders: the powder material was
measured directly through a grip-bag or on a cap with the Video Micro-
sampling System.

2.2.6 | NMR analysis

NMR spectra of the pure research chemical 5F-AB-P7AICA were
recorded in DMSO-dg (1D and 2D spectra) at room temperature with
a spectrometer Bruker AVANCE Il HD 500 with probe: Bruker 5 mm
CryoProbe Prodigy BBO with z-gradient. Sample preparation: approx.
10 mg of the sample were dissolved in deuterated solvents directly in
the NMR tube. Measurement: All measurements were performed
without sample spinning. Set of experiments used for structure eluci-
dation: 1D-1H: 500 MHz, pulse program: zg, number of scans: 4.90°
pulse, spectral width: 17 ppm, transmitter offset: 5.5 ppm, time
domain: 128 k, spectrum size: 128 k, exponential multiplication with
line broadening 0.2 Hz. 1D-13C: 125 MHz, pulse program: jmod
(APT), number of scans: 512 or more. Assignments are supported by
COSY, HSQC, and HMBC.

2.3 | In-vitro sample preparation (pHLM assay)

Microsomal incubations were performed as previously described.?#2>

Briefly, 5 uL pHLM solution, 1 pL parent compound stock solution
(1 mg/mL 5F-AB-P7AICA in ACN), 5 uL NADPH regenerating sol-
ution A, 1 uL NADPH regenerating solution B, 10 pL SOD, 20 puL
phosphate buffer and 58 pL deionized water were incubated for
60 minutes at 37.5°C (100 pL total assay volume). To quench the
incubation, 100 pL of ice-cold ACN were added. After centrifugation,
the supernatant was transferred into a separate glass vial and stored at
—20°C. Two negative control samples were prepared and processed
accordingly: one solution containing no pHLM solution and one without
the substrate (5F-AB-P7AICA). Prior to LC-MS/MS analysis, the superna-
tant was diluted 1:10 in mobile phase A/B (80:20, v/v). For LC-qToF-MS
analysis, 100 pL supernatant was evaporated until dryness and rec-
onstituted in 25 pL mobile phase A/B (80:20 v/v). Triplicates of pHLM
incubates were performed and analyzed by LC-qToF-MS and LC-
MS/MS. Applying the same conditions, a pHLM incubation with 1 mg/mL
of 5F-AB-PINACA was also performed and results were compared to
those obtained with 5F-AB-P7AICA.
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2.4 | Self-administration study

A self-administration study, which does not require an approval by an
ethics committee in Germany, was performed by one of the authors
(Caucasian male, 32 years old, 80 kg body weight). The volunteer took
a single oral dose of 2.5 mg of 5F-AB-P7AICA. Blank blood and urine
samples were obtained from the subject directly before starting the
experiment, which was performed at the Institute of Forensic Medi-
cine in Freiburg (Germany) under medical supervision. Blood samples
were collected from the cubital vein in S-Monovettes with clot activa-
tor, acquired from Sarstedt AG & Co (Nimbrecht, Germany) and
immediately centrifuged. The serum obtained after centrifugation was
transferred to separate glass vials and then stored at —20°C. Sampling
took place approximately every 10-20 minutes for the first 4 hours,
then progressively lowering the frequency, till 3 days post administra-
tion. Blood samples were not collected during the night. Urine sam-
ples were collected during 3 days and also stored at —20°C prior to

analysis.

2.5 | Invivo sample preparation
2.5.1 | Serum sample preparation

The alkaline carbonate buffer (ph 10) was prepared by mixing 534 mL
of a sodium carbonate solution (0.1 mol/L) and 466 mL of sodium
hydrogen carbonate solution (0.1 mol/L). For preparation of Extrac-
tion Mixture 1, 990 mL of n-hexane and 10 mL of ethyl acetate (99:1,
v/v) were mixed. For preparation of Extraction Mixture 2, 800 mL of
n-hexane and 200 mL of ethyl acetate (80:20, v/v) were mixed. For
analysis, a sample volume of 1 mL of serum and an alkaline liquid-lig-
uid extraction was used. After the sample was fortified with 10 pL of
IS (d5-JWH-200, final concentration 1 ng/mL), 0.5 mL of carbonate
buffer and 1.5 mL of Extraction Mixture | were added. Subsequent to
gentle overhead mixing for 5 minutes, the sample was centrifuged at
4000 rpm for 20 minutes (Heraeus Megafuge 1.0, Thermo Scientific,
Schwerte, Germany). Following this, 1 mL of the organic supernatant
was transferred to a glass vial and evaporated to dryness under a gen-
tle stream of nitrogen at 40°C. Extraction Mixture 2 (1.5 mL) was
added to the remaining sample, which was processed accordingly
(overhead mixing and centrifuging the sample, transferring the super-
natant and evaporating to dryness with the same conditions). After
complete evaporation, the sample was reconstituted in 100 pL of
mobile phase A/B (80:20, v/v).

2.5.2 | Urine sample preparation

A sample of 0.5 mL of urine was treated with 0.5 mL phosphate buffer
(pH 6) and 30 pL pg-glucuronidase for conjugate cleavage at 45°C for
60 minutes. Liquid-liquid extraction (LLE) was performed by adding
1.5 mL ACN and 0.5 mL of a 10 M ammonium formate solution. After
overhead mixing for 5 minutes and centrifugation at 4000 rpm for
10 minutes (Heraeus Megafuge 1.0, Thermo Scientific, Schwerte, Ger-

many) the organic layer was transferred into a separate glass vial and

evaporated to dryness under a nitrogen stream at 40°C. Reconstitu-
tion was done in 200 pL mobile phase A/B (80:20, v/v) prior to LC-
MS/MS analysis or in 25 pL mobile phase A/B (80:20, v/v) prior to
LC-gToF-MS analysis.

2.6 | LC-qToF-MS experiments

LC-gToF-MS analysis for metabolites was performed on an impact
™ gToF instrument coupled with an Elute HPLC system (both from
Bruker Daltonik, Bremen, Germany). Chromatographic separation was
achieved on a Kinetex® C18 column (2.6 pm, 100 A, 100 x 2.1 mm;
Phenomenex, Aschaffenburg, Germany), protected by an equivalent
Security Guard™ ULTRA catridge precolumn (Phenomenex,
Aschaffenburg, Germany), applying gradient elution as follows: mobile
phase B starting concentration was 20%, linearly increased to 25% in
2.5 minutes, further increased to 40% in 2.5 minutes, further
increased to 65% in 1.5 minutes, further increased to 95% in
1.0 minutes, held for 1.0 minutes, decreased to starting conditions of
20% in 0.1 minutes and held for 1.4 minutes for re-equilibration. Total
run time was 10 minutes. The total flow rate was set to 0.4 mL/min.
The autosampler was cooled down to 10°C. Column oven tempera-
ture was 40°C. The injection volume was 10 pL.

The qToF—MS was operated in positive ionization mode acquiring
spectra in the range of m/z 30-600 at an acquisition rate of 4.0 Hz.
Full scan and broadband collision-induced dissociation (bbCID) data
were acquired in one run. The collision energy applied for bbCID was
30 + 6 eV. Instrument parameters were set as described previ-
ously.2*?> bbCID fragmentation experiments for 5F-AB-P7AICA were
performed with the solution at 1 pg/mL, with LC-qToF-MS parame-
ters stated above. Results were compared with 1 pg/mL of a refer-
ence standard solution of 5F-AB-PINACA, analyzed with the same
method. HyStar™ version 3.2 and DataAnalysis version 4.2 (both from
Bruker Daltonik, Bremen, Germany) were used for data acquisition
and processing, respectively. pHLM incubations and authentic urine

sample (sample #04) were also studied by LC-qToF-MS.

2.7 | LC-ESI-MS/MS experiments

LC-ESI-MS/MS analysis was performed with an Ultimate 3000RS
UHPLC (Dionex, Sunnyvale, CA, USA) coupled to a QTRAP® 6500 tri-
ple quadrupole-linear ion trap instrument (SCIEX, Darmstadt, Ger-
many). Chromatographic parameters, injection volume, autosampler
and column oven temperature were as described above (para-
graph 2.6).

The QTRAP-MS was operated with positive ionization in multiple
reaction monitoring (MRM) mode and enhanced product ion (EPI) scan
mode. The respective potentials [declustering potential (DP), entrance
potential (EP), collision energy (CE), and collision cell exit potential
(CXP)] of the precursor ion and main product ions were optimized
under direct infusion of a 10 ng/mL solution (Table S1).

For metabolite identification EPI scan experiments with the hypo-
thetical masses of anticipated phase-I metabolites were conducted

and the obtained spectra were compared with the EPI spectrum of
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the parent compound. All detected precursor ions were further char-
acterized by EPI scans.

2.8 | Invitro and in vivo metabolite identification

Metabolites generated in the pHLM assay were tentatively identified
and characterized by means of LC-qToF-MS. On the basis of
previous studies regarding the metabolism of structurally related SCs,
particularly of AB-PINACA and 5F-AB-PINACA,2¢%’ 3 list of hypo-
thetical metabolites, most probably formed in vitro and in vivo, was
generated. Data were processed manually, applying the following
criteria: MS peak area > 1 x 10° cps, mass error of the precursor ion
<5 ppm, signal-to-noise ratio > 3:1 and mass tolerance for fragment
ions £10 ppm. To avoid missing the main metabolites, precursor ions
were searched in the full scan data which were coeluting with typical
fragment ions (m/z 145 and m/z 233%2) in the bbCID data. Subse-
quently, EPI spectra of each metabolite precursor mass identified by
LC-qToF-MS was recorded by LC-MS/MS. Therefore, EP was set to
10V and a CE of 35 V with a spread of £15 V was applied. Once iden-
tified the most abundant fragment ions for each precursor mass, an
LC-MS/MS scheduled MRM-method (sMRM) was developed, com-
prising the two most abundant ion transitions of each metabolite.

Optimized MRM parameters of the parent compound (Table S1)
were adopted for the selected ion transitions of the identified metab-
olites, assuming similar fragmentation behavior (Table S2 shows the
optimized MS parameters for metabolites).

For each metabolite, a ratio between the two most abundant ion
transitions was calculated and used as an identification criterion in the
authentic urine samples.

For each fragment ion of each metabolite, the absolute mean peak
area across the pHLM triplicates was calculated as a rough estimate
of their concentrations. Furthermore, considering the most abundant
fragment ion for each metabolite, metabolites were ranked by dividing
the mean peak area of detected metabolites by the mean peak area of
the most abundant one (M07).

Metabolites identified in vitro were confirmed in vivo by the anal-
ysis of the urine samples of the voluntary, analyzed by means of LC-
MS/MS and LC—qToF-MS analysis. For this purpose, sample #04,
identified as the sample with the most abundant signals through a
preliminary LC-MS/MS run with the developed SsMRM method, was
used. The following criteria were used for identification: signal-to-
noise ratio > 3:1; peak area > 1 X 104 cps; retention time
(RT) £0.1 minutes from the expected RT; matching EPI spectra (when
in vitro reference spectra where available); variability of the ion
ratio < 20%; metabolites which were not detected in the pHLM assay
were additionally confirmed by accurate mass (LC—qToF—MS analy-
sis). Following the identification process, the parent compound and
the main metabolites were confirmed by the same criteria in all urine
samples and assessed by their peak area to construct a ranking and a
concentration-time profile. Ranking was assessed in two different
samples (sample #04 and #07, collected 4.67 hours and 10.83 hours
after oral intake, respectively) to check for differences overall all the

urine samples, related to the distance from consumption.

2.9 | Method validation

The LC-MS/MS method for quantification of 5F-AB-P7AICA in serum
samples was validated in accordance with the literature recommenda-
tions.2® Analytical parameters validated included selectivity, linearity,
accuracy, precision, limit of detection (LOD), limit of quantification
(LOQ), and matrix effects. To assess selectivity, six serum samples
from five individual non-drug users, five of which without (blank sam-
ples) and one of which with the addition of IS (zero sample), were ana-
lyzed. Moreover, two serum blank samples spiked with a mix of SCs
and of a mix of commercially available SC metabolites were analyzed
to check for interferences (i.e. co-eluting matrix peaks that could give
rise to false positive or false negative results).

Linearity was assessed using an 8 point calibration curve (0.1, 0.5,
1, 2.5,7.5, 15, 22.5, and 30 ng/mL). Six calibration batches, all includ-
ing a blank serum sample and a blank serum sample spiked with IS
only (zero sample, final concentration of IS: 1 ng/mL), were analyzed
on six different days. An eight-point calibration curve was plotted
using the ratio of peak area of analytes/peak area of IS versus the
analyte concentration. A Grubbs test, a Cochran test, and a Mandel-F-
test, as well as the best-fitting calibration model, were performed
using Valistat 2.0 software (Arvecon GmbH, Walldorf, Germany), in
accordance with the guidelines of the German Society of Toxicological
and Forensic Chemistry (GTFCh).2?

For the assessment of accuracy and precision, quality control sam-
ples of pooled serum spiked at concentrations of 1 ng/mL (QC low)
and 10 ng/mL (QC high), were analyzed in two replicates for each
concentration per day (intra-day precision), and on six consecutive
days (inter-day precision). Accuracy and precision were obtained by
bias calculation and relative errors.

LOD and LOQ were determined by analyzing a six-point calibra-
tion curve spiked in zero serum (0.025, 0.035, 0.05, 0.07, 0.09, and
0.1 ng/mL).

Matrix effects were assessed at two different concentrations (1 ng/mL
and 10 ng/mL) by comparison of neat solutions of the analyte in the
mobile phase A/B (80:20, v/v), pre-extraction and post-extraction spiked

samples according to the protocol suggested by Matuszewski et al.*°

2.10 | Pharmacokinetic data

The validated LC-MS/MS method was used for the quantification of
5F-AB-P7AICA in serum samples and allowed to build a concentra-
tion-time profile in serum with the samples collected after a single
controlled oral self-administration of 5F-AB-P7AICA. A 'qualitative'
concentration-time profile was also built for the parent compound
and the main metabolites in urine specimens sampled after the intake
(concentrations are represented by the corresponding peak area and
were normalized to the creatinine concentration). The analysis of the
urine samples was repeated after six months of freezing at —20°C, in
order to assess the stability of the hypothetical urinary biomarkers.
Data were analyzed using GraphPad Prism (version 7.00 for Mac,
GraphPad Software, La Jolla, CA, USA, www.graphpad.com). Distribu-

tion and elimination data were calculated on a semi-logarithmic scale,
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starting from the maximum serum concentration measured and apply-
ing a non-linear regression with one phase-fit and two phase-fit decay
model. The models were compared to choose the best fit-to-data with
the Akaike's Informative Criteria (AlCc).

3 | RESULTS AND DISCUSSION

3.1 | Structure elucidation

A GC-MS analysis of the 'research chemical' originally sold as 'AB-
FUB7AICA' was performed. GC-MS spectrum is shown in Figure S1
(retention time 12.21 minutes). By comparing the mass spectrum with
the GC-MS libraries, no compound which matched the spectrum
could be found. Within the Cayman Spectral Library, a match of 64%
was found with 5-fluoro-7-QUPAIC (quinolin-8-yl 1-(5-fluoropentyl)-
1H-pyrrolo[2,3-b]pyridine-3-carboxylate). The structure of the main
component of the 'research chemical' was analyzed by means of 1D
and 2D-NMR and revealed a 7-Al core structure. Although AB-
FUB7AICA contains a 7-Al core, there was no indication of the pres-
ence of a 4-fluorobenzyl moiety bound to the nitrogen in position
1 of the core structure. Both GC-MS and 1D/2D-NMR data con-
firmed that the 'research chemical' purchased online instead contained
a 5-fluoropentyl group bound to the indole nitrogen, and was finally
identified as 5F-AB-P7AICA by the EU-funded project ADEBAR. The
complete analytical data in converted exchangeable data formats and
as a report are available online.®%*2 Regarding purity measurements,
1H and *3C spectra allowed to assess the absence of contaminations
greater than 5% (in sum) and of any solvent signals. Furthermore, no
signals for water were detectable with IR, resulting in an estimated
purity greater than 95%. For simple identification IR- and GC-sIR
spectra are presented in Figures S2—S16.

LC-qToF-MS was used to investigate the fragmentation pathway
of 5F-AB-P7AICA and to compare it to the indole analog 5F-AB-
PINACA. As shown in Figure 2, 5F-AB-P7AICA showed a RT of
4.7 minutes, while 5F-AB-PINACA eluted at 6.3 minutes when the
substances were analyzed with the same method used for metabolism
study. Despite the short run time, the isomers could be separated and
most of the metabolites showed baseline separation.

Five characteristic fragment ions could be detected for 5F-AB-
P7AICA (M + H]* = 349.2034, [M + Na]* = 371.1854) (Figure 3). The
most abundant fragment ion 'a' (C13H14FN,O", m/z 233.1085, mass
error — 0.5 ppm) is consistent with the fluoro-pentyl-7-Al acylium ion
(formed by a-cleavage). An additional fragmentation of this structure
resulted in the 'b' fragment ion (CgHsN,O", m/z 145.0396, mass error

0.0 ppm), which corresponds to the indazole acylium ion after the loss of
the 5F-pentyl chain. Elimination of the terminal carboxamide group leads
to the production of fragment ‘c’ (C17H»3FN3O", m/z 304.1820, mass
error — 1.4 ppm), as previously described for 5F-AB-PINACA.X¢ The
localization of double bond is not clarified and would require further
analysis. Further HF elimination leads to fragment ‘d’ (C17H,,N30%, m/z
284.1757, mass error 3.6 ppm). Finally, the cleavage between the carbon
and the nitrogen atoms at the carboxamide unit generates fragment 'e'
(C1gH23FN30,*, m/z 332.1769, mass error — 0.4).

5F-AB-PINACA not only displayed a different retention time, but
also non-identical fragmentation pattern (Figure 3). Indeed, despite sev-
eral similarities, two additional fragment ions (CoHsFN,O", m/z
177.046, mass error — 0.5 ppm, no structure known, and C;3H;3N,0%,
m/z 213.1022, mass error 0.0) were observed, according to previously
published data.®® Both substances showed extensive formation of
sodium adducts (C1gH25FN4NaO,*, m/z 371.1854, mass error 0.5 ppm
for 5F-AB-P7AICA; mass error 0.3 ppm for 5F-AB-PINACA).

3.2 | In vitro metabolism

In total, 14 metabolites were detected in the pHLM assay samples. The
following metabolic reactions were observed: mono- and di-hydroxyl-
ation, hydrolytic defluorination, elimination of hydrofluoric acid, dehydro-
genation and amide hydrolysis. The metabolites were ordered from lower
to higher retention times (RTs) and numbered accordingly. As expected,
none of the previous were found in the negative control samples.

A qualitative ranking of the metabolites produced by in vitro phase |
metabolism was obtained. As shown in Table S3, the mono-hydroxylated
metabolites, particularly M07, M09, and M04, presented the most intense
peaks, while amide hydrolysis (M13) and a di-hydroxylated metabolites
(M01) were the lowest in the in vitro metabolite ranking.

3.3 | Invivo metabolism

The parent compound was detected in the urine samples after oral self-
administration, as the most intense peak in the majority of the urine
samples (Figure S17). This has never been described in the metabolism of
SCs, since parent compounds are only seen in high concentrated urine
and, normally, the peak intensity is far lower than that of metabolites.
The fragment ions detected for the parent substance (C17H3FN3O*, m/z
304.1820, mass error 2.3 ppm; C13H14FN,O", m/z 233.1085, mass error
0.2 ppm and CgHsN,O", m/z 145.0396, mass error — 0.6 ppm) were con-
sistent with the aforementioned fragmentation pattern.

FIGURE 2 Extracted ion chromatograms of
5F-AB-P7AICA and 5F-AB-PINACA after LC-
gToF-MS analysis of 1 pg/mL solutions in positive

_ SF-AB-PTAICA SE-AB-PINACA

Z 125 4.7 min 63 min

23 I

o 100

=

o 075

£ 050

&

2 025

=

= 000

0 1 2 3 4 5 6 7 8 9
= 5F-AB-PINACA: EIC 349.20340.001

Time [min] — SF-AB-PTAICA: EIC 349.2034+0.001

ionization full scan mode [Colour figure can be
viewed at wileyonlinelibrary.com]
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FIGURE 3 LC-QToF-MS bbCID spectra showing the main

characteristic fragment ions for 5F-AB-P7AICA (upper part) and 5F-
AB-PINACA (lower part), with measured m/z. -HF: Elimination of
hydrofluoric acid, — NH3: Loss of ammonia; +Na: Substitution of a
proton with sodium [Colour figure can be viewed at
wileyonlinelibrary.com]

Overall, ten of the metabolites retrieved through pHLM analysis
were confirmed in vivo in the urine sample of the volunteer (sample
#04, which was characterized by the most intense signals in a prelimi-
nary LC-MS/MS analysis, was used for this purpose) (Figure S18). The
in vivo metabolic reactions which generated the metabolites included
hydroxylation, hydrolytic defluorination, dehydrogenation and amide
hydrolysis. Parent compound or metabolites were not detected in any
of the blank urine samples. Six of these in vivo phase | metabolites
have been fully (including two fragment ions for each metabolite) con-
firmed in vitro by means of LC-qToF-MS/MS. For the other four
metabolites, signal intensity was not sufficient to produce bbCID
spectra and the confirmation required EPI spectra. The postulated
metabolic pathway of 5F-AB-P7AICA is shown in Figure 4.

Due to the presence of isomeric compounds with identical frag-
ment ions the unambiguous identification of the position of the func-
tional groups introduced by metabolic reactions would require
isolation of metabolites for structure elucidation, for example, by
NMR spectroscopy or synthesis of reference material. Thus, the exact
chemical structures of some metabolites remain unclear. In Table 1,
the in vivo phase | metabolites are shown, in conjunction with the
proposed biotransformation step, the tentative localization of the
metabolic modification(s), the detected [M + H]* precursor ion, the

proposed elemental composition including the mass error,

characteristic fragment ions with proposed elemental composition
and their mass errors and the rank position in two different authentic
urine sample (samples #04 and #07). In Figure S19, EPI spectra of
each metabolite, detected in vivo and in vitro, are provided.

M04, M06, M07, and M09, with [M + H]*at m/z 365.1983 suggest
the molecular formula C;gH2sFN4O3" and mass error — 3.4 ppm,
0.2 ppm, 0.3 ppm and — 1.9 ppm were consequently formed by an
in vivo metabolic phase | reaction consistent with monohydroxylation.
In the case of M04 and MO7 the typical fragment ions include m/z
249.1034 (mass error 1.7 ppm and — 2.8 ppm, respectively) and the
unaltered indazole acylium ion. The latter allows to exclude that the
hydroxylation took place at the core ring system. As the MS/MS spec-
tra contained similar product ions, monohydroxylation at the
5-fluoropentyl side chain seem likely.

On the contrary, M06 and M09 produce the fragment ions at m/z
233.1085 (mass error 1.3 ppm and — 0.5 ppm, respectively),
suggesting a location of the mono-hydroxylation at the valine amide
substituent, and at m/z 145.0396 (mass error — 2.4 ppm and 1.3 ppm).

Further hydroxylation of M0O4 and MO07 at the valine amide sub-
stituent or, as also possible, of M06 and M09 at the 5-fluoropentyl
chain, led to the production of MO1 and M03 (C1gH26FN4O4*, m/z
381.1932). These metabolites were formed by dihydroxylation and
were characterized by both the unaltered acylium ion and hydroxyl-
ated fluoropentyl chain fragment ions, which were confirmed by
means of EPI scan. Due to the relatively low signal intensities of these
metabolites in the pHLM assay (cfr. rank #13 and #8, respectively;
Table S3) it was not possible to confirm the molecular ions by means
of LC-qToF-MS.

The exchange of the fluorine atom by a hydroxyl function
occurred for MO5 (C1gH27N403*, m/z 347.2078, mass error — 3.0 ppm),
which is produced by human phase | metabolism through hydrolytic
defluorination. Typical fragment ions, confirmed by LC-qToF-MS,
were detected at m/z 231.1128 (mass error 2.4 ppm) and at m/z
145.0396 (mass error 2.0 ppm).

The same phenomenon occurred for M02, which is most probably
formed by monohydroxylation in combination with hydrolytic
defluorination. Fragment ions detected in the EPI scans (both in
pHLM and in urine samples) were consistent with an exchange of the
fluorine atom by a hydroxyl group and an additional hydroxylation at
the pentyl chain (m/z 247). The fragment ion of the 7-Al core (m/z
145) remained unaltered.

As can be deduced from the accurate mass, M11 (C1gH24FN4O5,
m/z 347.1878, mass error — 2.4 ppm) is produced by the metabolic
reaction of dehydrogenation. The detected fragment ions at m/z
233.1085 (mass error — 1.2 ppm) and m/z 145.0402 (mass error
2.0 ppm), suggest that the dehydrogenation does not involve the side
chain, but most probably occurs at the valine amide scaffold.

Finally, M13 is most probably formed in vivo by amide hydrolysis.
This metabolite was also found in the pHLM assay, though in
extremely low signal intensities, and was confirmed by LC-qToF-
MS analysis (C1gH»5FN3O3*, m/z 350.1874, mass error — 3.5 ppm).
Main fragments were detected at m/z 233.1077 (C13H14FN,O*, mass
error 45 ppm) and at m/z 304.1820 (C;7H23FN3O*, mass
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error — 0.3 ppm). In the urine sample, M13 could be confirmed by LC-
qToF-MS analysis by the detection of [M + H]" at m/z
350.1874 (mass error 0.70 ppm), and its fragment ions at m/z
304.1820 (C17H23FN3O, mass error 2.60: ppm), m/z 233.1085
(C13H14FN50, mass error — 2.10 ppm) and m/z 145.0396 (CgHsN,0,
mass error -2.80 ppm).

Urine analysis did not show additional metabolites in the bbCID
scan approach when compared to pHLM, indicating the usefulness of
this type of in vitro assay in the process of identification of possible
urinary biomarkers. It is known that pHLM could not perfectly repro-
duce the full spectrum of in vivo metabolism, as they are restricted to
certain types of enzymes, mainly involve metabolic phase | reactions,
and usually produce less metabolites formed by two or more meta-
bolic reactions.?* Moreover, the interpretation of comparisons of peak
areas should be performed cautiously, as signal intensities are affected
by matrix effects and might not only correlate with concentrations
but display differing ionization efficiencies for different structures.
Notwithstanding this limitation, the comparison offers the possibility
of interpreting metabolite prevalence and tentatively identifying suit-
able urinary markers.

As for the identification of the preferred urinary biomarkers, in
authentic urinary samples collected after an oral administration of 5F-
AB-P7AICA, the parent compound showed the most intense peaks,
until 28.83 hours after the intake. The most abundant metabolites in

the urine samples changed during the concentration-time profile

Proposed human phase | biotransformation pattern of 5F-AB-P7AICA. The (tentative) localization of the metabolic reactions is
highlighted in blue [Colour figure can be viewed at wileyonlinelibrary.com]

analysis. Taking as a reference the sample with the most abundant
peaks (sample #04, 4.67 hours after oral intake), parent compound
excluded, the most abundant metabolites were the hydroxylation and
hydrolytic defluorination products (M07, followed by M0O5 and M04).
At the fourth rank position in the urine sample #04 (parent compound
excluded) M13, the amide hydrolysis product, was seen. However,
this ranking was not fixed overall all the urine samples. When consid-
ering another sample, e.g. sample #07 (10.83 hours after oral intake),
MO07 was followed by M13, while M0O5 was only located at the
third place. After 29 hours (sample #15), the peak area of M13
exceeded the peak area of the parent compound. The re-analysis of
the urine samples after 6 months of sample storage at —20°C did not
show changes in the relative abundances of parent compound and
metabolites, thus confirming analyte stability under these storing
conditions.

Although the unchanged parent compound has also been seen in
AB-PINACA?”  and  5F-AB-

PINACA consumption (own unpublished data), main metabolites were

human urine samples after
always much more abundant than the parent compound. For most of
the SCs, the detection of parent compound is only seen in samples
with extraordinarily high metabolite concentrations.*?-2? This discrep-
ancy in the metabolic pattern between 5F-AB-P7AICA and 5F-AB-
PINACA was confirmed by a comparison of the ratios between
metabolites and parent compounds in pHLM assays: when comparing

separate pHLM incubations of parent compounds after 1 hour of
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TABLE 1 High-resolution mass spectrometric data showing parent compound and metabolites from authentic urine sample in order of their
retention times (RTs)
Location  Ranking Diagnostic Diagnostic
of Position Mass Production Diagnostic Product lon
RT Metabolic Metabolic (sample lon Calculated Error Calculated Production Mass Error
ID [min] Reaction Reaction #04, #07) ratio [M+H]* lon Formula [ppm] [m/z] Formula [ppm]
M01 1.2  Dihydroxylation S5FP+VA #09; #09 50% 381.1933 CigHxsFN4O4" nd. 249 Ci3H14FN2O2"  nud.
145 CgHsN,O" n.d.
M02 1.2  Defluorination + OH 5FP #08; #08 22% 363.2026 CygH,yN4O4° —4.7 247 Ci3H17N30,"  nad.
145 CsH11NOy* n.d.
MO03 1.4  Dihydroxylation 5FP + VA #07; #07 17% 381.1933 CygH,FN,O," nd. 249 C13H14FNL,OL,"  nd.
145 CgHsN,O" n.d.
M04 2.0 Hydroxylation 5FP #03; #04 20% 365.1983 CigH2sFN4O3" —3.4 249.1034  Ci3H14FN,O5" 1.7
145 CgHsN,O* n.d.
MO5 2.1  Hydrolytic defluorination 5FP #02; #03  28% 347.2078 CygH,7N4O3" —3.0 2311128  Cy3H4sN,0," 2.4
1450396  CgHsN,O" 2.0
M06 2.1  Hydroxylation VA #06; #06 91% 365.1983 CigH2sFN4O3" 0.2 233.1085  Cy3H14FN,O" 1.3
145.0396  CgHsN,O" -24
M07 2.3  Hydroxylation 5FP #01; #01 12% 365.1983  Ci1gH2FN4O3" 0.3 249.1034  Cy3H14FN,O," —2.8
145.0396 CgHsN,O" 1.8
M09 3.0 Hydroxylation VA #05; #05 54% 365.1983  CygHasFN4O3" —1.9 233.1085  Cy3H14FN,O" 0.5
1450396  CgHsN,O" 1.3
M11 43 Dehydrogenation VA #10; #10 61% 347.1878 CigH24FN4O," —2.4 233.1085 Ci3H14FN,OF =12
145.0396  CgHsN,O* 2.0
MO0 4.6  5F-AB-P7AICA #00; #00 51% 349.2034 CigH2FN4O," —1.2 233.1085  Cy3H14FN,O" 1.4
145.0396  CgHsN,O" -13
M13 54  Amide hydrolysis VA #04; #02 49% 350.1874  CygH,sFN3O3" —3.5 233.1085  Cy3Hy4FN,O" 45
1450396  CgHsN,O" —2.8%
304.1820  Cy7H»3FN3O" -0.3

Rank position is shown in two different samples, collected 4.67 hours and 10.83 hours after oral intake (sample #04 and #07, respectively). M08, M10,
and M12 are not shown as such metabolites were not identified in authentic urine samples. 5FP: 5F-pentyl chain; VA: valine amide; n.d.: not detected

in LC-qToF-MS analysis,
*obtained from LC-qToF-MS analysis only of authentic urine samples.

incubation time, the most abundant OH-metabolite of 5F-AB-P7AICA
represented about 5% of the parent compound and the amide hydro-
lysis only 0.08%. In contrast, the most abundant OH-metabolite showed
about 10% of the peak area of 5F-AB-PINACA and the amide hydrolysis
product accounted for about 14%. So far, we were not able to identify
authentic urine samples with confirmed uptake of 5F-AB-P7AICA (which
is usually smoked) to confirm the results after oral administration and we
are aware of the possibility that ratios might change in such samples due
to the different route of administration or to the different sampling time
from intake. Nevertheless, we hypothesize that the 7-Al core is responsi-
ble for the reduction of metabolic reactivity.

In a recent paper, Franz et al. demonstrated that the heterocyclic
core structure has an impact on several metabolic reactions, and espe-
cially on the hydrolysis of terminal or secondary amide functionality.
Particularly, indoles were shown to be significantly less reactive than
their indazole analogs.3*

The metabolism of the 7-Al analog of 5F-ADB, 7'N-5F-ADB, was

also recently investigated. The parent compound presented relatively

high peaks in authentic human urine samples, though being the most
abundant only in one of four samples.?® Contrarily, regarding the
indazole analog, Yeter et al.3¢ showed that in most of the authentic
urine samples the concentration of the carboxylic acid metabolite
M20 was much higher than the concentration of the parent com-
pound 5F-ADB. This observation supports the hypothesis that the
shift of a nitrogen atom from position 2 (indazole) to position 7 (7-Al)
significantly lowers the metabolic reactivity.

Overall, the metabolic profile of 5F-AB-P7AICA was very similar to
the metabolic profiles of AB-PINACA and 5F-AB-PINACA, the metabo-
lites of which have been studied by means of pHLM and authentic
human urine samples.%'z7 Several SCs, such as 5F-MDMB-PICA, AB-
FUBINACA and AB-PINACA 273738 undergo extensive ester/amide
hydrolysis. This is one of the main reactions in vivo, although the
abundancy of ester/amide hydrolysis products, which are mainly pro-
duced by carboxylesterases,®® appeared to be comparatively lower
in vitro.2”8 This effect was particularly seen in the present case, where
M13 switched from rank position #12 in pHLM to the rank position #2
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in the in vivo sample #07. This is a further confirmation that a verifica-
tion of pHLM results by analyzing authentic urinary samples, as done in
the present work through oral self-administration, is necessary for final
selection of reliable marker metabolites.

As described for other 5-fluoropentyl-containing SCs, 5F-AB-
P7AICA is subjected to hydrolytic defluorination (M05) and the main
fragment ions of the parent compound (m/z 145, 231, 302, 330) are
analogous to those found for 5F-AB-PINACA.2” The metabolic pro-
cess of hydrolytic defluorination, with the production of a 5-hydro-
xypentyl-metabolite, is also among the most common for other
5-fluoropentyl analogs. In contrast to the human hepatocytes meta-
bolic profile of 5F-AB-PINACA,?” in our study no metabolite consis-
tent with a reaction of hydrolytic defluorination and further oxidation
to the N-pentanoic acid metabolite was shown, neither in vitro nor
in vivo by means of LC-qToF-MS analysis for 5F-AB-P7AICA.

In contrast to previously investigated compounds, the parent
5F-AB-P7AICA should be monitored to confirm the uptake of this
drug in routine urine screening in addition to the main metabolites,
though the ratio among parent compound and metabolites depends
on the time of analysis after intake and might change due to smoking
consumption. In addition, due to the possibility of different pharmaco-
kinetic patterns in individuals or to a parenteral consumption of the
drug, MO7 appeared to be a highly specific marker, which could be
applied to confirm the intake of 5F-AB-P7AICA by urine analysis and
differentiate from other structurally related 7-Al derivatives poten-
tially marketed in the future like 5F-AMB-P7AICA, AB-P7AICA, or
AMB-P7AICA. These closely related 7-Al derivatives might in fact
share the same carboxylic acid or defluorinated metabolite. The moni-
toring of M13 is also suggested, since it might be the only detectable
substance after a longer time span between 5F-AB-P7AICA intake
and sampling.

3.4 | Method validation

In the selectivity testing, no interferences with 5F-AB-P7AICA
occurred, neither in the blank serum nor in the blank samples con-
taining IS or a mixture of SCs and SC metabolites.

Good linearity was shown for 5F-AB-P7AICA in serum in the con-
centration range 0.1-30 ng/mL. According to the results of the Man-
del test, a linear calibration model was proven, with no need for a
weighting factor (correlation coefficients (R%) 0.997).

For the proposed validated method, 0.02 ng/mL and 0.06 ng/mL
were defined as the LOD and LOQ, according to Valistat (DIN 32645)
using a six-point calibration curve in the range 0.025-0.1 ng/mL.

Accuracy and precision are shown in Table 2, where the results of

the matrix effect analysis are also given.

3.5 | Preliminary pharmacokinetic data

After validation, the proposed method was successfully applied for the
quantification of 5F-AB-P7AICA in serum samples (n = 34) collected
pre and after a controlled oral self-administration of 2.5 mg of the com-

pound. In Figure 5, the concentration-time profile is displayed.

TABLE 2 Precision, accuracy bias and matrix effects of the LC-
MS/MS method for the quantification of 5F-AB-P7AICA in serum

Concentration Precision
Substance [ng/mL] [RSD%]

Accuracy Matrix
[bias %] Effect [%]

5F-AB- 1 Intra-day 0.8 98
P7AICA (repeatability) 3.0
Inter-day 7.3
10 Intra-day 2.2 116

(repeatability) 4.2
Inter-day 6.9

The blank samples collected directly before and after the ingestion
tested negative for the compound. 5F-AB-P7AICA was detected and
quantified 0.35 hours after the intake, and remained relatively low
until 0.85 hours. The compound reached the maximum concentration
measured (29.5 ng/mL, Ca) 2.53 hours (T after the intake, dis-
playing a relatively rapid gastrointestinal absorption. More than
7 hours later, 10.70 hours after intake, serum concentrations were still
above 2.0 ng/mL. The substance remained above the LOQ
(0.06 ng/mL) for more than 45 hours and was not detected in the
serum sample collected 70.33 hours after the intake.

The comparison of a one-phase and a two-phase pharmacokinetic
elimination model allowed to establish that the latter presented a
much better fit-to-data, with a probability for the two-phase model
of being correct of 97% (R? 0.9937) according to GraphPad Prism
software. The fast phase showed a perceived elimination half-life
(t1/2) of 0.23 hours and a K (rate constant) value of 2.96 1/h, while
the slow phase had a t1,, of 2.38 hours and a K value of 0.29 1/h.
During the first plasma decline, the drug that has been absorbed into
the central compartment of highly perfused tissues such as kidney,
lung and heart, distributes into peripheral/deeper compartments,
i.e., less perfused tissues (distribution phase). During the second
phase, both re-distribution from the peripheral/deeper compart-
ments and elimination (by metabolism and/or direct excretion) are
assumed to occur at the same time. If this is the case, it is likely for
the compound to show an accumulation in less perfused tissues such

as muscles and fatty tissue after chronic consumption.

1000

-e- SF-AB-P7AICA

€ 100 One-phase model
'? — Two-phase model
S 10
-
S
-1
<
S |
S —e
0.1 T T 1
40 45 50
Time after uptake [h]
FIGURE 5 Semi-logarithmic time-concentration profile after a

controlled self-administered oral dose of 2.5 mg of 5F-AB-P7AICA
and application of a one-phase and a two-phase decay model
regression [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 6 Peak area-time profile, normalized to creatinine
concentration, for the parent compound and the four metabolites
with the most intense signals after a controlled self-administered oral
dose of 2.5 mg of 5F-AB-P7AICA [Colour figure can be viewed at
wileyonlinelibrary.com]

The volunteer experienced no physical or mental drug-related
effects at any stage of the experiment. This was probably due to the
low dosage ingested, motivated by the will of limiting potential haz-
ardous effects, the relatively slow resorption after oral ingestion and
possibly a first pass effect (extensive first pass effect has been shown
for the cannabis constituent THC as well as for other lipophilic com-
pounds).*>*! However, concentrations reached after oral ingestion
were relatively high when compared to those shown for other SCs
like AM-2201 under similar conditions.*? This would again be in line
with a relatively low metabolic reactivity of 7-Al core.

None of the main metabolites of 5F-AB-P7AICA, as identified in
the in vitro and in vivo urinary samples, was detected in the serum of
the voluntary in its free form (phase Il metabolites like glucuronidates
were not targeted).

In the authentic urine samples collected after a single controlled
oral administration the parent compound, M07 (rank #1), MO5 (rank
#2), and M13 (rank #4) showed the highest intensities at 4.67 hours
post intake, remained above the threshold of MS peak area > 1 x 10%
cps for 67 hours (peak areas were normalized for the creatinine
levels), and was not detected anymore in a urine sample collected
75.67 hours after the intake. As visible in Figure 6, MO7 was the most
abundant metabolite in the first 5 hours, showed a plateau from
4.67 hours until 10 hours and then slowly decreased. MO5 was in rank
position #2 for approximately the first 5 hours, then rapidly
decreased, with intensities lower than M13, which, on the contrary,
passed from a #4 to a #2 rank position.

The relatively low amount of amide hydrolysis product (M13)
when compared to the parent compound and the abundance of the
latter could be partially explained by the oral intake of the substance.
Since hydrolysis products might be formed during smoking even

before entering the body,*3%*

it is reasonable to assume that smoking
results in a different ratio of metabolites. However, the amount of
hydrolysis products is comparatively low with respect to metabolic
hydrolysis.*%4

Only a small number of studies investigating human pharmacoki-

netics of SCs are found in the literature.*> Thus, data on distribution

and elimination phases widely lacks, especially for new SCs.** In the
present case, an oral intake was deemed most appropriate in order to
avoid severe potential side effects in the absence of data on pharma-
codynamics. Indeed, smoking self-experiments retrieved in the litera-
ture mostly cover substances which have already been listed as illicit
in most of the European countries, and are therefore no longer pre-
sent on the drug market.** A point of strength of the present study is
the consideration of a substance with a relatively new core structure
(7-Al derivative).

Although these results could be useful for understanding the
pharmacokinetics of 5F-AB-P7AICA, a limitation that has to be kept
in mind is that SCs are mainly consumed by smoking, and not by
oral administration. Parenteral intake could results in stronger
effects at the same dose and a differing kinetic profile. Particularly
when analyzing urine, higher signal intensities for the amide hydro-
lysis product could be expected due to artefactual formation of the

hydrolysis product during smoking*3*4

or to metabolism in lung,
where carboxylesterases are also expressed.®’ However, as previ-
ously discussed and confirming data regarding other indole-indazole
analogs, it is highly plausible that the shift of a nitrogen atom from
position 2 (indazole) to position 7 (7-Al) significantly increases the
metabolic stability. A second limitation resides in the fact that data
refers to a single volunteer. It is well known that the pharmacoki-
netic behavior of drugs may vary within different subjects, thus
studies on a larger sample are highly encouraged, even though lim-
ited by ethical reasons. In the attempt to confirm the in vivo results,
an in vitro comparison between 5F-AB-P7AICA and 5F-AB-PINACA
was performed and confirmed the qualitative data. Further, we did
not target phase Il metabolites in our study because the sample
work-up for SCs screening usually involves fg-glucuronidase treat-

ment to enhance sensitivity.3®4¢

4 | CONCLUSIONS

The present study gives a further example of a wrongly labeled SC
sold online as a 'research chemical'. The questionable identity of sub-
stances purchased on the Internet could lead to serious adverse
events, particularly if drug potencies differ.

The investigated 7-Al analog of 5F-AB-PINACA only partially fit
the expected pattern of urinary metabolites, as based on the meta-
bolic profiles of other SCs of the pentyl indole/indazole type and their
5-fluoropentyl analogs. In contrast to previously investigated com-
pounds, the parent 5F-AB-P7AICA should be monitored to confirm
the uptake of this drug in routine urine screening in addition to the
main metabolites. The hydroxylated metabolite MO7 is suggested as a
highly specific marker in authentic urine samples with the potential to
clearly differentiate from closely related 7-Al derivatives sharing, for
example, the same carboxylic acid or defluorinated metabolite. In
addition, a validated method to quantify 5F-AB-P7AICA in serum
samples was presented, together with preliminary data on pharmaco-

kinetics after oral intake of the drug.
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From the presented data, it seems plausible that the shift of the
nitrogen atom from position 2 (indazole) to position 7 (7-Al) leads to a
lower metabolic reactivity, which might be of interest in terms of the
development of medicinal drugs featuring similar structural elements.
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