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Abstract

40Cl-cumyl-PINACA (SGT-157), 40F-cumyl-5F-PINACA (4F-cumyl-5F-

PINACA, SGT-65) and 40F-cumyl-5F-PICA (4F-cumyl-5F-PICA, SGT-64) are a

series of new halogenated cumyl synthetic cannabinoid receptor agonists

(SCRAs). Due to rapid metabolism, monitoring and screening for SCRAs in

biological matrices requires identification of their metabolites. It is an essential

tool for estimating their spread and fluctuations in the global illicit market.

The purpose of this study was to identify human biotransformations of 40Cl-
cumyl-PINACA, 40F-cumyl-5F-PINACA and 40F-cumyl-5F-PICA in vitro and

characterize for the first time the metabolic pathways of halogenated cumyl

SCRAs. 40Cl-cumyl-PINACA, 40F-cumyl-5F-PINACA and 40F-cumyl-5F-PICA

were incubated with human hepatocytes in duplicates for 0, 1, 3 and 5 h. The

supernatants were analysed in data-dependent acquisition on a UHPLC-QToF-

MS, and the potential metabolites were tentatively identified. A total of

11 metabolites were detected for 40Cl-cumyl-PINACA, 21 for 40F-cumyl-5F-

PINACA and 10 for 40F-cumyl-5F-PICA. The main biotransformations were

oxidative defluorination, followed by hydroxylation with dehydrogenation, N-

dealkylation, dihydrodiol formation and glucuronidation. Hydroxylations were

most common at the tail moieties with higher abundancy for indole than inda-

zole compounds. N-dealkylations were more common for fluorinated tail
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chain compounds than the non-fluorinated 40Cl-cumyl-PINACA. In conclu-

sion, many metabolites retained halogen groups at the cumyl moieties which,

in various combinations, may be suitable as analytical biomarkers.

KEYWORD S
human hepatocytes, metabolism, metabolites, new psychoactive substances, synthetic
cannabinoids

1 | INTRODUCTION

New psychoactive substances (NPSs), commonly known
as legal highs, designer drugs and research chemicals,
have become a widespread and persistent problem for
public health and society. These substances have psycho-
active effects resembling those of traditional drugs of
abuse, and their chemical structures are constantly chan-
ged by clandestine laboratories in order to circumvent
new or revised national and international legislation.1

Synthetic cannabinoid receptor agonists (SCRAs) rep-
resent the largest group of NPS that are currently moni-
tored in Europe by the European Monitoring Centre for
Drugs and Drug Addiction (EMCDDA) through the EU
Early Warning System. By the end of December 2021, the
EMCDDA was monitoring 224 SCRAs that had appeared
on the drug market since 2008. Between 2011 and 2015,
during the peak of the “legal highs” phenomenon, an
average of 27 SCRAs appeared on the drug market in
Europe each year. Since 2016, the number dropped to
around 10 annually with a slight increase to 15 new
SCRAs in 2021.1

SCRAs are substances that activate the cannabinoid
receptors, CB1 and CB2.

2,3 These compounds cause a
range of neurological and physiological effects mainly
mediated by activation of the CB1 receptor.4–7 SCRAs
have been associated with both fatal and non-fatal poi-
sonings intoxications worldwide8 and are particularly
prevalent in vulnerable groups such as rough sleeping
populations (anyone who is living on the streets, sleeping
in parks or squatting in derelict buildings for temporary
shelter) and prisoners.1 Therefore, it is important to mon-
itor these compounds in forensic samples, which is com-
plicated by the constant structural evolution of NPSs.

SCRAs are a structurally diverse group of NPSs with
an elaborate universal characterization scheme. Their
structures are subdivided into four constituent
moieties—head, linker, core and tail (see Figure 1). The
addition of a halogen atom, most often fluorine, on the
tail moiety is a common structural change made by clan-
destine producers.1,5,9 From a pharmacological point of
view, adding halogens often changes the polarity and
electronegative charge of a molecule. This can drastically
change both the activity and the metabolism of the

compounds.10 It has been shown that terminal fluorina-
tion of the tail moiety of N-pentyl indole SCRAs in most
cases increases the potency at the CB1 receptor.

5 Similar
potency increases due to terminal fluorination of the tail
moiety have also been detected for SCRAs with a cumyl
head moiety, for example, cumyl-PICA (EC50 4.2 and
11.98 nM) to cumyl-5F-PICA (EC50 2.8 and 5.83 nM)
and cumyl-PINACA (EC50 2.3 nM) to cumyl-5F-PINACA
(EC50 0.43 nM).9,11 Although Asada et al. reported a sim-
ilar increase in potency for cumyl-5F-PICA (from 777 to
20.9 nM), they observed a decrease in potency from
cumyl-PINACA (EC50 5.12 nM) to cumyl-5F-PINACA
(EC50 15.1 nM).12 Similarly, Gamage et al. reported a
small decrease in 5F-cumyl-PICA potency (from 1.33 to
2.34 nM) by an alternative pathway activation.11 The dif-
ference could be due to the different evaluation methods
used by the research groups.9,11,12

The cumyl head moiety has become more frequent
among SCRAs on the illicit market (e.g., cumyl-PINACA,
cumyl-4CN-BINACA and cumyl-FUBICA) since its
invention and publication in a patent from Stargate Inter-
national (New Zealand) in 2014.13 Included in this patent
were SGT-157 (40Cl-cumyl-PINACA), SGT-65 (4F-cumyl-
5F-PINACA also known as 40F-cumyl-5F-PINACA) and
SGT-64 (4F-cumyl-5F-PICA also known as 40F-cumyl-5F-
PICA). While casework detections of these compounds
have not been reported, they have been mentioned on
psychonaut/user forums, indicating some use of these
compounds in the community.14 These compounds are
available as reference standards from different vendors
and mass spectra are available as a result of project
RESPONSE.15 However, despite the present structural
knowledge about these SCRAs with direct halogenation
of the cumyl moiety, the metabolic and pharmacological
characterization is still missing.

Metabolite characterization is an important task for
drug monitoring since many SCRAs are rapidly metabo-
lized making the detection of the parent compound
challenging.16,17 Furthermore, the variable lipophilic
nature of SCRAs and their wide distribution in adipose
tissues and the cardiovascular system further impacts
their detection limits.18,19 In acute cases, the parent
compound can be detected in serum for up to 20 h;
however, the most common matrix used for the
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detection of drugs is urine, mostly due to non-invasive
sampling.16,17,19 Identification of metabolites and their
characterization is therefore important as a basis for
expanding screening to a variety of structurally related
compounds. For structurally related compounds that
share the same metabolites, usually more than one
characteristic metabolite is assigned as the biomarker of
each compound.16,20,21

This study aimed to characterize the metabolism of
three novel SCRAs: 40Cl-cumyl-PINACA, 40F-cumyl-5F-
PINACA and 40F-cumyl-5F-PICA. The metabolites were
identified with ultra-high performance liquid chromatog-
raphy coupled with a quadrupole time of flight mass
spectrometer (UHPLC-QToF-MS) following incubation of
the SCRAs with pooled human hepatocytes. The acquired
data were used to identify potential metabolites, propose
a metabolic pathway for each substance and suggest fea-
sible biomarkers for forensic diagnostics. The pathways
were also compared with those of related substances to
find common structure-related patterns.

2 | METHODS

In this study, the SCRAs 40Cl-cumyl-PINACA, 40F-cumyl-
5F-PINACA and 40F-cumyl-5F-PICA were incubated with
pooled cryopreserved human hepatocytes in duplicates

for 0–5 h. Formed metabolites were analysed with LC-
QToF-MS and identified by their MS/MS spectra using
Mass Hunter Qualitative Analysis B.07.00 software.

2.1 | Chemicals and reagents

All cryopreserved hepatocytes and inVitro Gro HT thaw-
ing medium were obtained from Bioreclamation IVT
(Brussels, Belgium). LiverPool 10 donor pool hepatocytes
were used for incubations with 40Cl-cumyl-PINACA and
40F-cumyl-5F-PINACA while 20 donor pool hepatocytes
were used with 40F-cumyl-5F-PICA.

LC–MS grade methanol was purchased from Merck
(Darmstadt, Germany). HPLC grade acetonitrile (ACN);
LC/MS grade formic acid; Williams E medium; L-gluta-
mine; HEPES buffer; trypan blue 0.4% solution; the inter-
nal standard solution mixture of D8-amphetamine
15 μg/ml, D5-diazepam 5 μg/ml, D3-mianserin 2.5 μg/ml
and D5-phenobarbital 15 μg/ml; and the positive control
stock of caffeine 5 mg/ml, bupropion 1 mg/ml, diclofenac
1 mg/ml, omeprazole 1 mg/ml, dextromethorphan
1 mg/ml, chlorzoxazone 1 mg/ml and midazolam
1 mg/ml were obtained from Thermo Fisher Scientific
(Gothenburg, Sweden).

40Cl-cumyl-PINACA (purity ≥ 99.0%, IUPAC name:
N-[2-(4-chlorophenyl)propan-2-yl]-1-pentyl-1H-indazole-

F I GURE 1 Structures of cumyl-PINACA, cumyl-PICA, cumyl-5F-PINACA, cumyl-5F-PICA and the analogue SCRAs used in this study

40Cl-cumyl-PINACA, 40F-cumyl-5F-PINACA and 40F-cumyl-5F-PICA.
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3-carboxamide), 40F-cumyl-5F-PINACA (purity ≥ 100%,
IUPAC name: 1-(5-fluoropentyl)-N-[2-(4-fluorophenyl)pro-
pan-2-yl]-1H-indazole-3-carboxamide) and 40F-cumyl-5F-
PICA (purity ≥ 98.8%, IUPAC name: 1-(5-fluoropentyl)-N-
[2-(4-fluorophenyl)propan-2-yl]-1H-indole-3-carboxamide)
were obtained from Cayman Chemicals (Ann Arbor, MI,
USA) and diluted to 1 mg/ml in methanol.

2.2 | Incubation with hepatocytes and
sample preparation

In this study, the three SCRAs were incubated with
pooled human hepatocytes for 0, 1, 3 and 5 h in
duplicates.

The cryopreserved hepatocytes were thawed and
transferred to 48-ml inVitro Gro HT media preheated to
37�C, centrifuged at room temperature (RT) for 5 min at
100g and washed twice with 50-ml Williams E medium
supplemented with 2-mM L-glutamine and 20-mM
HEPES buffer. Using the 0.4% trypan blue exclusion
method, the cell concentration was adjusted to 2 � 106

cells/ml with supplemented Williams E medium.
The 1-mg/ml SCRA solutions were diluted to 10 μM

in supplemented Williams E medium. 50 μl of this SCRA
working solution and 50 μl of the hepatocyte solution
were mixed in 96-well plates. The hepatocytes were incu-
bated for 0, 1, 3 and 5 h at 37�C, 5% CO2 and the reac-
tions were quenched by 100-μl ice-cold ACN mixed with
the internal standard solution (diluted in methanol with
final concentrations of 150-ng/ml D8-amphetamine,
50-ng/ml D5-diazepam, 25-ng/ml D3-mianserin and
150-ng/ml D5-phenobarbital). For the 0 h, the ice-cold
ACN mix was added to the wells before the hepatocytes.
Positive control wells consisted of hepatocytes and the
positive control stock (diluted in methanol with the final
concentration of 500 μM) containing compounds selec-
tively metabolized by CYP 450 1A2, 2B6, 2C9, 2C19, 2D9,
2E1 and 3A4; the negative control wells consisted of
hepatocytes and medium; and the degradation control
wells contained SCRA solutions and medium. All control
samples were incubated for 3 h. After terminating the
reaction, the plates were shaken for 2 min at RT at
600 rpm, placed at �20�C for 10 min and centrifugated
for 10–15 min at 1100g at 4�C. 120 μl of the supernatants
was transferred to an injection plate and used for the LC-
QToF-MS experiments.

2.3 | LC-QToF-MS analysis

To identify the produced metabolites, 4 μl of the super-
natant was injected into the LC-QToF-MS system com-
posed of an Agilent 1290 infinity Ultra-High-

Performance Liquid Chromatography (UHPLC) system
(Agilent Technologies, Kista Sverige) coupled with an
Agilent 6550 iFunnel QToF mass spectrometer (Agilent
Technologies, Kista, Sweden) with a dual Agilent Jet
Stream electrospray ionization source. UHPLC separa-
tion was achieved with an Acquity HSS T3 column
(150 mm � 2.1 mm, 1.8 μm; Waters, Sollentuna,
Sweden) fitted with an Acquity Van Guard pre column
(Waters, Sollentuna, Sweden) kept at 60�C. The initial
mobile phase composition was 99% mobile phase A,
0.1% formic acid in MilliQ water and 1% mobile
phase B, 0.1% formic acid in ACN. The gradients were
pre-selected to ensure retention of the parent com-
pounds between 10 and 13 min, and the same gradient
program was used for all three substances. The flow rate
was 0.500 ml/min. The gradient was 1% B (0–0.6 min),
1%–20% B (0.6–0.7 min), 20%–85% B (0.7–13 min),
85%–95% B (13–15 min), 95% B (15–18 min), 95%–1%
B (18–18.1 min) and 1% B (18.1–19 min).

The QToF-MS was operated in positive electrospray
ionization mode. The used parameters were gas tempera-
ture, 150�C; gas flow, 18 L/min; nebulizer gas pressure,
345 kPa; sheath gas temperature, 375�C; and sheath gas
flow, 11 L/min. For metabolite identification, Auto
MS/MS acquisition mode was used with parameters: scan
rate, 6 spectra/s (MS) and 10 spectra/s (MS/MS); scan
range, 100–950 m/z; precursor intensity threshold, 5000
counts; precursor number per cycle, 5; precursor isolation
width �1.3 m/z; fragmentor voltage, 380 V; and collision
energy (CE), 3 eV at 0 m/z ramped up by 8 eV per
100 m/z.

2.4 | Data analysis

A library of potential metabolites, including hydroxyl-
ations, dehydrogenations, oxidative and non-oxidative
defluorinations/dechlorinations, N-dealkylations, dihy-
drodiol formation, glucuronidations and combinations
thereof, was compiled. Using the library, metabolites
were identified with the Agilent MassHunter Qualitative
analysis (version B.07.00) software. The search was per-
formed with the following parameters: mass error,
50 ppm; absolute peak area threshold, 20 000 counts; the
maximum number of matches, 20; and extraction win-
dow, 100 ppm. The metabolites were identified if mass
errors of protonated molecules were <5 ppm (unless sat-
urated peak), the retention time was between 4 and
15 min, an MS/MS spectra was present, peak area was
>20 000, peak absence in negative controls and degrada-
tion controls and an isotopic pattern were consistent with
the parent compound and positive control compounds
were metabolized accordingly to their selective enzymes.
All the biotransformations and the potential structures of
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the metabolites were identified based on the HRMS m/z
and the MS/MS spectra. After metabolite identification in
≥1 sample, other incubation samples were manually
assessed for the metabolite presence at lower abundancy
with peak area below the set threshold of 20 000. Further
confirmation was based on the retrieved MS/MS frag-
mentation pattern.

The study was conducted in accordance with the
Basic & Clinical Pharmacology & Toxicology policy for
experimental and clinical studies.22

3 | RESULTS

From incubations with human hepatocytes, in total
11 metabolites were identified for 40Cl-cumyl-PINACA,
21 metabolites for 40F-cumyl-5F-PINACA and 10 metabo-
lites for 40F-cumyl-5F-PICA. The metabolites are num-
bered in this article according to their total peak area,
from the highest to the lowest total area detected.

The most common biotransformations included
hydroxylations, hydroxylations with dehydrogenation, N-
dealkylations, oxidative defluorinations and glucuronida-
tions in various combinations. The MS/MS spectra and
the fragmentation patterns of the parent compounds are
shown in Figure 2. The identified metabolites are listed
in Tables 1, 2 and 3 with the diagnostic fragment ions,
respective retention times, formulae, mass errors and
peak areas obtained from 1-, 3- and 5-h incubations.
Figures of the mass spectra and the proposed fragmenta-
tion patterns of all the metabolites can be found in the
Supporting Information.

3.1 | The metabolic profile of 40Cl-cumyl-
PINACA

All 11 metabolites (A1–A11) of 40Cl-cumyl-PINACA
had a retention time between 7.03 and 11.12 min while
the parent compound had the highest retention time

F I GURE 2 The MS2 spectra and

the fragmentation patterns of the parent

compounds 40Cl-cumyl-PINACA, 40F-
cumyl-5F-PINACA and 40F-cumyl-5F-

PICA. Elaborated peak structures are

presented in the Supporting

Information.
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of 13.66 min (see Table 1). The most abundant metab-
olite was monohydroxylated (monoOH) with dehydro-
genation at the pentyl tail chain (A1) followed by
monoOH at the pentyl tail chain (A2). However, the
metabolite abundancy and area of 40Cl-cumyl-PINACA
should be viewed with caution due to atypical increase
of the parent area during 1- to 5-h incubation. Except
for the trihydroxylated metabolite (triOH) (A11), where
one hydroxylation was observed at the indazole ring,
all other biotransformations were observed at the pen-
tyl tail chain. These included dihydroxylations (diOH)
(A3, A6), diOH with dehydrogenation (A5, A9),
monoOH with glucuronidation (A8) and
N-dealkylation metabolite (A10). Notably, no dechlori-
nation at the head moiety was detected. Structures of
the metabolites with respective fragmentation patterns
are organized in a proposed metabolic pathway in
Figure 3, and all MS and MS/MS spectra of the 40Cl-
cumyl-PINACA metabolites are shown in the Support-
ing Information.

3.2 | The metabolic profile of 40F-cumyl-
5F-PINACA

For 40F-cumyl-5F-PINACA, 21 metabolites (E1–E21)
were identified which eluted between 5.71 and 9.70 min
(see Table 2). The retention time of the parent compound
was 11.43 min. Oxidative defluorination with and with-
out additional monoOH were the two most abundant
metabolites (E2 and E1, respectively), followed by
monoOH on the fluoro-pentyl tail (E3 and E5) and N-
dealkylation of the fluoro-pentyl tail (E4). Three of the
metabolites detected were glucuronides (E6, E11 and
E15) detected only in combinations with a second bio-
transformation. Of these, E6 glucuronide was comple-
mented with oxidative defluorination while E11 and E15
were complemented with monoOH at the fluoro-pentyl
tail. Oxidative defluorination was also observed for the
head moiety leading to phenol formation (E14, E18 and
E21). This biotransformation was accompanied by one
monoOH at the head moiety (E21) or monoOH at the
head moiety and fluoro-pentyl tail (E14 and E18). Other
metabolites were monoOH with dehydrogenation (E7) in
combination with oxidative defluorination (E12 and E13)
and dihydrodiol formation (E10) in combination with
monoOH at the fluoro-pentyl tail (E16 and E19), oxida-
tive defluorination (E9) or diOH at the fluoro-pentyl tail
(E20). All metabolite structures with the proposed frag-
mentation patterns are organized in a proposed meta-
bolic pathway in Figure 4, and the MS and MS/MS
spectra of all the metabolites are shown in the Supporting
Information.T
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3.3 | The metabolic profile of 40F-cumyl-
5F-PICA

Ten metabolites were identified (M1–M10) for 40F-cumyl-
5F-PICA. These eluted between 5.50 and 8.74 min with
the parent compound having the highest retention time of
10.70 min (see Table 3). The most abundant metabolites
were oxidative defluorination (M1) and monoOH with
dehydrogenation (M2), followed by N-dealkylation (M3).

Other metabolites included different combinations of
N-dealkylation, oxidative defluorination, hydroxylation
with dehydrogenation and glucuronidation. Interestingly,
no defluorinations were detected at the cumyl moiety
and diOH at the indole ring was detected only in combi-
nation with glucuronidation (M8). Structures of all
metabolites of 40F-cumyl-5F-PICA with the respective
fragmentation patterns are shown in a proposed meta-
bolic pathway in Figure 5, and all MS and MS/MS spectra
of the metabolites are shown in the Supporting
Information.

4 | DISCUSSION

From hepatocyte incubations with three SCRAs, 40Cl-
cumyl-PINACA, 40F-cumyl-5F-PINACA and 40F-cumyl-
5F-PICA, 11, 21 and 10 metabolites, respectively, were
identified along with their proposed metabolic pathways.
Using the same experimental conditions for all com-
pounds allowed for comparison of the metabolism of the
three compounds, and the identified biotransformations
were found to be similar.

4.1 | Parent fragmentations

Structures of the metabolites were elucidated based on
their respective parent compound MS/MS fragmentation
pattern. The three most common fragmentations for 40Cl-
cumyl-PINACA detected in this study were at m/z
215, 145 and 125. This fragment ion pattern is largely
compatible with data from the RESPONSE project where
the major product ions were at m/z 215 and 145.23 In this
study, the ion at m/z 215 is comparable with a pentyl
indazole moiety with cleavage at the amide bond. Further
fragmentation and cleavage of the pentyl tail result in the
next fragment of m/z 145. The ion of m/z 125 represents
the chloro-cumyl moiety with the loss of two methyl
groups at carbon 7. The cleavage of this fragment seems
to be common among SCRAs with cumyl moieties, where
m/z 91 has been previously reported for SCRAs with
cumyl moieties without halogens.16,20,21,24 However, the
difference in methodologies must be noted as the
RESPONSE project characterized the compounds with
GC-EI-MS, which is hardly comparable with LC-ESI-MS/
MS due to different separation methods, and harder ioni-
zation and fragmentation techniques.

For the second indazole compound, 40F-cumyl-5F-
PINACA, the three most common ion fragments were at
m/z 233, 145 and 213. This is in agreement with the
RESPONSE project, which reported their two most abun-
dant fragments of m/z 233 and 145,23 and Krotulski 2020,

F I GURE 3 The metabolic scheme of 40Cl-cumyl-PINACA

with proposed fragmentation patterns resulting from incubation

with human hepatocytes. Markush bonds represent the probable

location of the group. Dashed arrows represent the fragmentations.
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who listed fragment ions of m/z 233, 137, 213, 250 and
177 in their LC-QToF-MS library.25 The fragment of m/z
233 is related to the m/z 215 fragment of 40Cl-cumyl-
PINACA with an additional fluoro group at the terminal
end of the pentyl tail. The fragment m/z 145 is the same
as the fragment of 40Cl-cumyl-PINACA with further N-
dealkylation of the tail of fragment m/z 233. The frag-
ment m/z 213 corresponds to a structure also related to
the m/z 233 fragment with the cleavage of hydrogen fluo-
ride. Interestingly, the m/z 213 fragment has also been
observed by Staehli et al.21 and Bovens et al.24 for 5F-
cumyl-PINACA, but not for the 7-azaindole analogue,
5F-cumyl-P7AICA, which also has a fluoro-pentyl
tail.21,24 Additionally, the fourth most abundant fragment

of 40F-cumyl-5F-PINACA in this study was m/z
137, which corresponds to a fluoro-cumyl moiety.

For the indole compound, 40F-cumyl-5F-PICA, the
three most common fragment ions detected were m/z
206, 137 and 232, but m/z 144, which represents the
indole core, was also present. These detected ions are dif-
ferent from those reported by the RESPONSE project,
m/z 232 and 144.23 In this study, the fragment ion m/z
144 was detected, although in smaller abundancy, and
ion m/z 248 from the RESPONSE project might be simi-
lar to the ion m/z 249 detected in this study. However,
the differences between the LC-ESI and GC-EI have to be
considered. The ion m/z 232 corresponds with a fluoro-
pentylindole moiety with cleavage at the amide bond.

F I GURE 4 The metabolic scheme of 40F-cumyl-5F-PINACA with proposed fragmentation patterns resulting from incubation with

human hepatocytes. Markush bonds represent the probable location of the group. Dashed arrows represent the fragmentations.
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Further cleavage of the carbonyl group leads to the for-
mation of the fragment ion m/z 206. The fragment ion
m/z 137 is also formed from 40F-cumyl-5F-PINACA frag-
mentation, corresponding to a fluoro-cumyl moiety, as
also identified with 40F-cumyl-5F-PINACA.

Interestingly, the formation of a fragment with oxida-
tive defluorination at the tail moiety is a high-intensity
fragment in this study for 40F-cumyl-5F-PINACA but a
low-intensity fragment for 40F-cumyl-5F-PICA. It could
be a common fragmentation among cumyl compounds
containing an indazole with a fluoro-pentyl tail moiety as
it has been previously reported for cumyl-5F-PINACA
with m/z 21321,24 but not for related indoles with m/z

212.20,26 It might also be a detectable fragmentation for
indoles with different head moieties since Kleis et al.
detected a fragment of m/z 212 for 5F-MDMB-PICA but
at low intensity.27

4.2 | The metabolite characteristic
fragment ions

In this study, the metabolites were determined by the
detection of the corresponding fragment ions of the par-
ent compound. A common biotransformation for all
three tested compounds was hydroxylation at the tail

F I GURE 5 The metabolic scheme

of 40F-cumyl-5F-PICA with proposed

fragmentation patterns resulting from

incubation with human hepatocytes.

Markush bonds represent the probable

location of the group. Dashed arrows

represent the fragmentations.
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moiety. For 40Cl-cumyl-PINACA, nine out of 11 metabo-
lites had biotransformations attached to the tail chain, as
the fragment m/z 145 was consistent with the parent
compound. These biotransformations were hydroxyl-
ations and dehydrogenations assigned by the presence of
the fragment ions m/z 231 (an increase of 16 for hydro-
gen substitution with a hydroxyl group), m/z
247 (an increase of 32 for two hydrogen substitutions
with two hydroxyl groups), 229 (an increase of 14 for two
hydrogen substitutions with a carbonyl group) and m/z
245 (an increase of 30 for two hydrogen substitutions
with a hydroxyl group and carbonyl group). Also, one
glucuronide was detected for this compound, which was
also associated with attachment to the tail as the frag-
ment m/z 231 was observed. The tenth metabolite was N-
dealkylation with characteristic m/z 145 fragment. The
eleventh and final metabolite was triOH, where fragment
m/z 161 indicated monoOH at the indazole moiety
(an increase of 16 from the parent m/z 145 fragment) and
m/z 263 indicated three hydroxylations in total at the
indazole and tail moiety. Interestingly, triOH was not
observed for the other two SCRAs, 40F-cumyl-5F-
PINACA and 40F-cumyl-5F-PICA.

One difference between 40Cl-cumyl-PINACA, 40F-
cumyl-5F-PINACA and 40F-cumyl-5F-PICA is the haloge-
nated tail, which is common among novel
SCRAs.1,5,9,21,28 For such SCRAs, common biotransfor-
mation at the tail is oxidative dehalogenation to alcohol
and further to carboxylic acid.16,21,28 In this study, deha-
logenation to alcohol was detected with the fragment of
m/z 231 for 40F-cumyl-5F-PINACA and m/z 230 for 40F-
cumyl-5F-PICA, which biotransformed from fragments
145 and 144, respectively, accounting for the �1
difference for indazole and indole moieties. Of both
SCRAs, oxidative defluorination at the tail was present in
six out of 21 metabolites (46% of total metabolite abun-
dancy) for 40F-cumyl-5F-PINACA and four out of
10 metabolites (70% of total metabolite abundancy) for
40F-cumyl-5F-PICA. The characterizing fragment ions for
these were m/z 145 and 231 for 40F-cumyl-5F-PINACA
and m/z 118 and 230 for 40F-cumyl-5F-PICA. Excluding
N-dealkylation, 13 metabolites of 40F-cumyl-5F-PINACA
and three metabolites of 40F-cumyl-5F-PICA preserved
the terminal fluorine on the tail moiety. Additionally,
non-oxidative dehalogenation at the tail or cumyl group
was detected.

The oxidative defluorination at the cumyl moiety was
only observed for 40F-cumyl-5F-PINACA in combination
with a hydroxylation at the cumyl moiety. For these
metabolites (E14, E18 and E21), the usual m/z 137 frag-
ment present in all other metabolite fragmentation pat-
terns was absent. Instead, only the other characteristic
fragments of m/z 145 and 233 (249 for the E14 and E18

with an additional hydroxyl group at the tail) were pre-
sent in the mass spectra. It must be noted that biotrans-
formations at fluorinated cumyl group are rarely detected
due to the strong aromatic C (sp2)-F bond and the
reduced electron density in the aromatic ring lowering
the rate of oxidation by P450.10

All metabolite retention times and abundancies com-
pared with each parent compound are shown in overlaid
chromatograms in Figure 6. In the figure, due to contam-
ination, only retention time is presented for E12 and E13
metabolites. The excluded chromatograms and the pro-
posed structures of these metabolites can be found in the
Supporting Information.

Overall, in this study, 40F-cumyl-5F-PINACA had the
largest number and widest variation in metabolites com-
pared with the other two SCRAs tested. In addition to the
previously mentioned metabolites, it included two N-
dealkylated metabolites, three glucuronides and four
dihydrodiol metabolites.

4.3 | Trends in metabolic pattern

For the three SCRAs tested, all of their metabolites were
formed after 1-h incubation with the exception of the N-
dealkylation with monoOH (M9) of 40F-cumyl-5F-PICA,
which was detected only in samples incubated for 3 and
5 h. MonoOH is a highly abundant and rapid biotrans-
formation for all three parent compounds as the pres-
ence of monoOH with dehydrogenation is the most
abundant metabolite for 40Cl-cumyl-PINACA and
monoOH area sharply decreases after 1-h incubation
measurements for 40F-cumyl-5F-PINACA and 40F-
cumyl-5F-PICA. For parent compounds with a fluori-
nated tail chain, the most abundant metabolites were
oxidative defluorinations; however, these metabolites do
not have a rapid area decrease after 1-h incubation and
were still present in high abundance even after 5-h
incubation. The N-dealkylation metabolites also had a
high area value for compounds with a fluorinated tail
chain; however, this biotransformation was not as
common for 40Cl-cumyl-PINACA. This could suggest
that N-dealkylation is more common for compounds
with a tail chain terminally altered with fluorine as
observed by this study or a cyano group as observed by
Staehli et al.21

MonoOH and further hydroxylations on an indole
moiety were more common (6/10 metabolites of 40F-
cumyl-5F-PICA) and more abundantly (28% of total
metabolite peak area) observed than for its related inda-
zole compound (5/21 metabolites of 40F-cumyl-5F-
PINACA and 5% of the total metabolite peak area). This
trend should be viewed with caution as metabolite

276 STALBERGA ET AL.

 17427843, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bcpt.13829 by L

inkoping U
niversitet, W

iley O
nline L

ibrary on [21/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



abundancy compared with the parent compound was
very different between both compounds; however, a simi-
lar trend was observed by Haschimi et al., where cumyl-
CBMICA had slightly more detected biotransformations
at the indole moiety (15/27 metabolites) than cumyl-
CBMINACA at the indazole moiety (9/22 metabolites).29

This is likely due to the shift in polarity as an additional
nitrogen is introduced within the core ring structure.
Even more, hydroxylation at the indazole ring for 40Cl-
cumyl-PINACA was detected in even smaller amounts
than the other two SCRAs, with only 1/11 metabolites
with this biotransformation and 2% of the total metabo-
lite peak areas.

Glucuronide metabolites were present in all three
SCRA metabolic profiles, more commonly for the fluori-
nated compounds. The glycosidic bond formation was
associated with the tail moieties, with the exception of
the indole compound, 40F-cumyl-5F-PICA. Based on the
three detected glucuronides of the 40F-cumyl-5F-PICA,

the bond is most likely formed at the hydroxylated indole
group. This again shows the indole being more targeted
as a biotransformation site than related indazole
compounds.

The metabolism of 40Cl-cumyl-PINACA, 40F-cumyl-
5F-PINACA and 40F-cumyl-5F-PICA has shown to be
similar to previously reported cumyl carboxamide
SCRAs, including cumyl-PINACA, 5F-cumyl-PINACA,
cumyl-PICA and 5F-cumyl-PICA.16,20,21 The only out-
standing and rare biotransformation metabolites were
oxidative defluorination at the cumyl moiety, E21, and a
further hydroxylation of tail, E14 and E18, of 40F-cumyl-
5F-PINACA.

Oxidative defluorination at aromatic structures has
been previously detected for GW420867X, an antiviral
HIV drug withdrawn from clinical trials30; famitinib, cur-
rently in Phase III trials in cancer treatment31,32; and
sunitinib and gefitinib, both currently used in cancer
treatment.33,34 From the listed pharmaceuticals, only

F I GURE 6 The overlaid chromatogram shows the abundancy and the retention times of all the metabolites from 3-h incubation

samples. 40F-Cumyl-5F-PINACA peaks of E12 and E13 are excluded from this figure as their chromatogram showed contamination with

higher abundancy than the parent compound. The chromatograms of these metabolites are shown in the Supporting Information of 40F-
cumyl-5F-PINACA. For more observable peaks in 40F-cumyl-5F-PICA chromatograms, metabolites M9 and M10 were taken from 5-h

incubation samples. All the quantitative data of the peak areas are shown in Tables 1–3.
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famitinib and sunitinib share the same fluorinated ring
structure. Although these ring structures are not cumyl
groups, the oxidative defluorination metabolites have cre-
ated concerns about hepatoxicity mostly due to down-
stream reactive quinoneimine formation31,33,35 and to a
lesser extent formation of quinone imine in gefitinib
metabolism.34 This may give rise to a concern of addi-
tional hepatoxicity from fluorinated aromatic NPS enter-
ing the market.

Furthermore, the presence and abundance of these
metabolites can also be dependent on the interindividual
genetical variability of the hepatic enzymes. In this study,
a pool of 10 and 20 donor hepatocytes was used reflecting
an average functional liver metabolism. Although the
hepatocyte enzymatic activity (of 14 enzymes) is tested by
the manufacturer, the genetic variability within the pool
is unknown.

Furthermore, as these three SCRAs have not been
characterized before, it is uncertain if the proposed met-
abolic patterns and trends are universal; therefore, con-
firmational studies with the same or analogue
compounds in the future are necessary to provide more
certainty.

In this study, the parent compounds were still
detectable with a large area value even after 5 h incu-
bation with human hepatocytes. In comparison, cumyl-
PINACA was detectable in human serum within 24 h
after oral administration16 and cumyl-PICA and 5F-
cumyl-PICA were still detectable after 24 h in rat
plasma after intraperitoneal administration, which
could also be true for the SCRAs tested in this study.
The rapid and similar metabolism of known related
SCRAs can make detection and distinction of com-
pounds a complex task. However, metabolites of 40Cl-
cumyl-PINACA, 40F-cumyl-5F-PINACA and 40F-cumyl-
5F-PICA are currently easily distinguishable due to
their characteristically halogenated cumyl moieties and
the formation of metabolites with additional hydroxyl
groups with intact halogen groups at cumyl and/or ter-
minal tail chain moieties.

5 | CONCLUSION

In human hepatocyte incubations, 11 metabolites of
40Cl-cumyl-PINACA, 21 metabolites of 40F-cumyl-5F-
PINACA and 10 metabolites of 40F-cumyl-5F-PICA were
detected. These SCRAs were found to undergo similar
metabolism with common biotransformations, such as
hydroxylation, oxidative defluorination, N-dealkylation
and glucuronidations. Overall, hydroxylations were
more common at the tail chain moieties; however, the
core ring structure was more targeted for indole rather

than indazole compounds. Oxidative defluorination was
the most abundant metabolite for both 40F-cumyl-5F-
PINACA and 40F-cumyl-5F-PICA and, in combination
with other biotransformations, was the most abundant
biotransformation in each metabolic profile. N-
dealkylation was more common for the compounds
with a fluorinated tail chain moiety than the compound
without (40Cl-cumyl-PINACA). The metabolites with
biotransformation at the cumyl moiety or dihydrodiol
formation were only detected for 40F-cumyl-5F-
PINACA.

In summary, all three SCRAs undergo a classical
phase I metabolism in various combinations. Most of the
metabolites include preserved halogen groups at the
cumyl moiety, which, in combination with other metabo-
lites, can be used as analytical biomarkers.
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