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Abstract CUMYL-PICA [1-pentyl-N-(2-phenylpropan-2-
yl)-1H-indole-3-carboxamide] and SF-CUMYL-PICA [1-
(5-fluoropentyl)-N-(2-phenylpropan-2-yl)- 1 H-indole-3-car-
boxamide] are recently identified recreationally used/
abused synthetic cannabinoids, but have uncharacterized
pharmacokinetic profiles and metabolic processes. This
study characterized clearance and metabolism of these
compounds by human and rat liver microsomes and hep-
atocytes, and then compared these parameters with in vivo
rat plasma and urine sampling. It also evaluated
hypothermia, a characteristic cannabimimetic effect.
Incubation of CUMYL-PICA and SF-CUMYL-PICA with
rat and human liver microsomes suggested rapid metabolic
clearance, but in vivo metabolism was prolonged, such that
parent compounds remained detectable in rat plasma 24 h
post-dosing. At 3 mg/kg (intraperitoneally), both com-
pounds produced moderate hypothermic effects. Twenty-
eight metabolites were tentatively identified for CUMYL-
PICA and, coincidentally, 28 metabolites for SF-CUMYL-
PICA, primarily consisting of phase I oxidative transfor-
mations and phase II glucuronidation. The primary meta-
bolic pathways for both compounds resulted in the
formation of identical metabolites following terminal
hydroxylation or dealkylation of the N-pentyl chain for
CUMYL-PICA or of the 5-fluoropentyl chain for SF-
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CUMYL-PICA. These data provide evidence that in vivo
elimination of CUMYL-PICA, 5F-CUMYL-PICA and
other synthetic cannabinoids is delayed compared to
in vitro modeling, possibly due to sequestration into adi-
pose tissue. Additionally, the present data underscore the
need for careful selection of metabolites as analytical tar-
gets to distinguish between closely related synthetic
cannabinoids in forensic settings.
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Metabolism - CUMYL-PICA - SF-CUMYL-PICA -
Delayed clearance in vivo

Introduction

Synthetic cannabinoid receptor 1 (CB) agonists comprise
a large and growing class of recreationally used novel
psychoactive substances. These synthetic chemicals pro-
duce psychoactive “cannabimimetic” effects in humans
and rodents [1-5], and their use as recreational drugs has
been linked to a number of adverse health effects [6-9].
The molecular structures of these compounds are regularly
altered in an attempt to evade drug detection and legisla-
tion [10], and consequently users of synthetic cannabinoids
are frequently exposed to novel substances with unknown
pharmacokinetic and pharmacodynamic properties.

Two such novel synthetic cannabinoids are CUMYL-
PICA [1-pentyl-N-(2-phenylpropan-2-yl)-1H-indole-3-car-
boxamide] and its fluorinated analogue SF-CUMYL-PICA
[1-(5-fluoropentyl)-N-(2-phenylpropan-2-yl)-1H-indole-3-
carboxamide]. These synthetic cannabinoids are o,o-
dimethylbenzyl analogues of SDB-006 and SF-SDB-006,
which are in turn analogues of SDB-001 (APICA) and
STS-135 (Fig. 1). They are also structurally related to a
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Fig. 1 Structures of CUMYL-PICA and 5SF-CUMYL-PICA com-
pared to benzyl analogues SDB-006 and 5F-SDB-006 and to
adamantyl analogues SDB-001 and STS-135

number of other carboxamide synthetic cannabinoids such
as AMB and 5F-AMB. CUMYL-PICA was detected first in
European synthetic cannabinoid products in 2014 [11], and
SF-CUMYL-PICA was recently detected in toxicological
analyses of blood samples in Germany [12].

To our knowledge, the pharmacokinetics of CUMYL-
PICA and SF-CUMYL-PICA have not been characterized.
A thorough understanding of these processes is important
for determining drug toxicology and for identifying these
compounds in biological matrices where they are likely
extensively metabolized [13—15]. A precise understanding
of metabolic pathways is necessary, because closely
structurally related synthetic cannabinoids can produce
identical metabolites, which can increase the difficulty of
forensic identification of a unique compound [13, 15]. In
addition, some synthetic cannabinoid metabolites retain
cannabinoid receptor efficacy and therefore may be rele-
vant to the overall pharmacological profile following drug
administration [16, 17].
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Thus, the present study aimed to characterize the phar-
macokinetics related to metabolism and clearance of
CUMYL-PICA and 5SF-CUMYL-PICA. First, these com-
pounds were assessed in vitro using rat and human liver
microsomes and hepatocytes, in order to measure clearance
and to establish metabolic pathways. These assays were
followed by in vivo kinetic assessment in rat blood and
urine sampled at several time points following drug
administration and measurement of body temperature.
These data were used to propose metabolic pathways for
CUMYL-PICA and SF-CUMYL-PICA in rats and humans,
to examine the predictive utility of in vitro approaches to
synthetic cannabinoid metabolic studies, and to suggest
viable analytical targets for forensic analysis.

Materials and methods
Chemicals and reagents

CUMYL-PICA and 5F-CUMYL-PICA were obtained from
Cayman Chemicals (Ann Arbor, MI, USA). Acetonitrile
and formic acid were purchased from Fisher Scientific
(Raleigh, NC, USA). Rat and human liver microsomes and
hepatocytes were obtained from XenoTech (Kansas City,
KS, USA). Polysorbate 80 was purchased from Fisher
Scientific (Pittsburgh, PA, USA) and saline from Patterson
Veterinary Supply (Devens, MA, USA). All chemicals and
solvents were at least ACS or high-performance liquid
chromatography grade, respectively.

In vitro incubations
Rat and human liver microsomes

CUMYL-PICA and 5F-CUMYL-PICA were incubated at
1 uM with male human (pooled) or rat (pooled IGS
Sprague-Dawley) liver microsomes at 37 °C, in triplicate,
with gentle shaking. A solution of each compound was
prepared in acetonitrile at a concentration of 0.1 mM. An
assay mixture containing microsomes (1 mg protein/mL
final concentration), nicotinamide adenine dinucleotide
phosphate reduced form (NADPH; 1 mM final) and a
buffer consisting of 50 mM potassium phosphate buffer,
pH 7.4, with 3 mM MgCl, was prepared and pre-incubated
at 37 °C for 5 min. Ten microliters of the 0.1 mM drug
solutions was added to 990 pL of assay mixture in a glass
test tube in a 37 °C water bath to initiate the assay; 100-uL
samples were removed at 0, 5, 10, 30, and 60 min and
added to 100 pL acetonitrile. Samples were centrifuged
and stored at —80 °C until analysis.
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Rat and human hepatocytes

Incubation of CUMYL-PICA and 5F-CUMYL-PICA at
10 uM with male human or rat hepatocytes was performed
in triplicate, with 1 mL cell suspension (rat: 0.86 x 10°
cells/mL, 80% viability; human: 0.80 x 10° cells/mL,
81.6% viability) in 24-well polystyrene cell culture plates
in a 37 °C incubator with 5% CO, atmosphere. Both
compounds were formulated in acetonitrile at 10 mM and
further diluted to 1 mM in acetonitrile so that the final
concentration of acetonitrile in the incubation was 1% after
the addition of 10 pL drug solution to 990 pL of hepato-
cyte suspension. Incubation was conducted simultaneously
using 1 mL incubation cell blank containing live cells and
solvent blank; this incubation was treated exactly as the
cell incubations. At 0, 10, 60, and 180 min, a 100-uL
sample was removed and terminated with 100 pL ace-
tonitrile, vortexed (11,000 g for 1 min) and stored at
—80 °C until analysis.

In vivo dosing and sampling in rats
Animals

Twelve 49-day-old male Long—Evans rats (226.8-286.7 g)
with jugular vein catheters were purchased from Charles
River Laboratories (Raleigh, NC, USA). Different groups
of rats (n = 4 per group) were used to test each compound
and vehicle control. Prior to testing, all animals were kept
in a temperature-controlled environment (20-22 °C) on a
12-h light-dark cycle (lights on at 6 a.m.), with access to
food and water ad libitum. All in vivo work was carried out
in accordance with guidelines published in the Guide for
the Care and Use of Laboratory Animals (National
Research Council 2011), and were approved by the RTI
International Institutional Animal Care and Use
Committee.

Procedures

The animals were placed individually into glass metabolic
cages (Prism Research Glass, Raleigh, NC, USA). Ani-
mals were administered intraperitoneal injections, in case
of 3 mg/mL CUMYL-PICA or 3 mg/mL 5F-CUMYL-
PICA dissolved in vehicle solution comprising 7.8%
polysorbate 80 NF (Fisher Scientific, Pittsburgh, PA,
USA) and 92.2% saline USP (Patterson Veterinary Sup-
ply, Devens, MA, USA), with an injection volume of
1 mL/kg of rat body weight. Blood samples (200 pL)
were drawn 15 min pre-injection and 15 min, 30 min,
1 h,2 h, 4 h, 8 h, and 24 h post-injection, put into chilled
K3EDTA collection tubes, and centrifuged at 2800 g for
10 min at 4 °C. The plasma supernatant was decanted and

stored at —80 °C until further analysis. Rectal tempera-
ture was also recorded at these time points using a digital
thermometer (Physitemp Instruments Inc., Clifton, NJ,
USA). Urine was collected at 8 and 24 h post-injection.
At 24 h post-injection, rats were euthanized via CO,
asphyxiation, and blood was rapidly collected and stored
as specified above.

Analyte extraction

Extractions of all analytes (parent compounds and
metabolites) from all matrices (microsomes, hepatocytes,
plasma, and urine) was performed as follows. Acetonitrile
was added in a 3:1 ratio to the sample volume (micro-
somes/hepatocytes sample volume 50 pL; plasma 25 pL;
urine 100 pL) and centrifuged at 4000 g for 15 min at
4 °C. Supernatants were transferred to vials for immediate
analysis via liquid chromatography—tandem mass spec-
troscopy (LC-MS/MS).

LC-MS/MS analyses

Parent compounds CUMYL-PICA and SF-CUMYL-PICA
in the media following incubation with rat and human liver
microsomes and in rat plasma were quantified using LC—
MS/MS. The LC-MS/MS system consisted of a Waters
Acquity UPLC system, equipped with a Waters BEH C18
column (100 mm x 2.1 mm i.d., particle size 1.7 pm;
Waters Corp., Milford, MA, USA), coupled to an API 5000
tandem mass spectrometer (AB Sciex, Framingham, MA,
USA). Gradient elution was used with mobile phase solu-
tions 0.1% formic acid in water (A) and acetonitrile (B),
which started at 10% B for 0.5 min and was then ramped to
95% B over 10 min, held until 12.5 min and then returned
to 10% B for 2.5 min, with a total run time of 15 min. The
mass spectrometer was operated in positive electrospray
ionization mode with multiple reaction monitoring. The
monitored transitions were m/z 349.1 — 231.1 for
CUMYL-PICA and m/z 367.1 — 249.1 for SF-CUMYL-
PICA.

Metabolites were also identified using LC-MS/MS, with
a Thermo Fisher LTQ Orbitrap Velos mass spectrometer
(Thermo Fisher Scientific, Waltham, MA, USA) coupled to
a Waters Acquity UPLC system (Waters Corp.). Chro-
matographic conditions were identical to those specified
above. The mass spectrometer was operated in positive
electrospray ionization mode, with scan range of m/z
100-910 and capillary temperature of 250 °C. Because
during method development, poor fragmentation was
observed across a range of collision energies, higher-en-
ergy collisional dissociation was implemented, with a
collision energy at 35 eV.
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Data analysis

Hypothermic effects were statistically analyzed using a
two-factor mixed ANOVA with drug treatment (vehicle,
3 mg/kg CUMYL-PICA, or 3 mg/kg SF-CUMYL-PICA)
as the between-subject factor and time (pre-dose, 15 min,
30 min, 1 h, 2 h, 4 h, 8 h, and 24 h) as the within-subject
factor. Simple effects of drug treatment were then analyzed
using Dunnett’s tests (x = 0.05), which compared the
CUMYL-PICA or SF-CUMYL-PICA cohort to the vehicle
cohort at each time point.

Microsomal intrinsic clearance (CL;ymicr) and half-life
were calculated from plots of chromatographic peak areas
against time. Intrinsic clearance (CL;,) was calculated by
scaling CLjpmicr to whole-liver dimensions for rats and
humans [18, 19]. Hepatic clearance (CLy) and extraction
ratios (ER) were estimated based on the corresponding rat
and human CL;,; values and estimates of liver blood flow
rate (rat 13.8 mL/min; human 1400 mL/min) [20]. Plasma
concentrations of CUMYL-PICA and 5SF-CUMYL-PICA
were calculated via a standard curve of the corresponding
calibrator samples using a reference standard. Plasma kinetic
parameters were then computed from plasma concentrations
of each compound via non-compartmental analysis per-
formed with WinNonlin® (Certara, Princeton, NJ, USA).

Metabolites were identified in hepatocyte incubations,
rat plasma, and rat urine using Compound Discoverer 2.0
software (Thermo Fisher Scientific) and manual inspection
and interpretation of mass spectra.

Results
Body temperature

Compared to vehicle injection, 3 mg/kg CUMYL-PICA
and SF-CUMYL-PICA produced hypothermic effects in
rats (Fig. 2). The mean rectal body temperature was sig-
nificantly reduced following treatment with CUMYL-PICA
at 15 and 30 min and 1, 2, and 4 h post-injection. Simi-
larly, significant hypothermic effects were observed fol-
lowing SF-CUMYL-PICA treatment at 15 and 30 min and
1, 2, and 4 h post-injection.

Liver microsome clearance

Clearance of CUMYL-PICA and SF-CUMYL-PICA was
rapid in rat and human liver microsome incubations
(Fig. 3a—d; Table 1). However, both compounds were still
detectible after 3 h incubations. Kinetic parameters were
similar across all incubations except for CUMYL-PICA in
human liver microsomes, which had a substantially longer
half-life and correspondingly reduced extraction ratio.
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Plasma Kinetics

Following intraperitoneal administration of 3 mg/kg
CUMYL-PICA or 5F-CUMYL-PICA, plasma concentra-
tions of the parent compounds rose quickly, followed by
gradual and incomplete elimination over the following 24 h
(Fig. 3e, f). Table 1 contains parameters generated from
non-compartmental analysis of the pharmacokinetic data.
Overall, the pharmacokinetics of both compounds in rat
plasma were similar, although the maximum concentration
of CUMYL-PICA was greater and occurred earlier than that
of SF-CUMYL-PICA. CUMYL-PICA had a shorter half-life
than SF-CUMYL-PICA, and the apparent clearance (CL/F)
values for both compounds were lower than clearance values
predicted by microsome preparations.

CUMYL-PICA metabolism
Phase I metabolites

Phase I metabolism of CUMYL-PICA was extensive, with
oxidation occurring at numerous sites (Figs. 4a, 5;
Table 2). Parent CUMYL-PICA eluted at 8.94 min, and
was confirmed by matching fragmentation and retention
times with an analytical standard (Fig. 4a). The [M+H]"
molecular ion of CUMYL-PICA was m/z 349.2258, and
produced product ions at m/z 231.1472, 214.1220, and
188.1449, corresponding to fragmentation along the car-
boxamide linking group, and 119.0848 and 91.0542, cor-
responding to fragmentation of the o,a-dimethylbenzyl
moiety and subsequent formation of a tropylium ion.

Six monohydroxylated metabolites (C21, C22, C24-C27)
with m/z 3652210 were identified in rat hepatocytes.
Metabolites C26 and C27 were likely hydroxylated on the
benzene ring of the o,0-dimethylbenzyl moiety, as they
produced product ions at m/z 135.0791 and 107.0493,
15.99 Da higher than product ions at m/z 119.0848 and
91.0542 of the parent molecule, respectively. However, C26
and C27 were not observed in human hepatocyte incuba-
tions. Metabolites C21 and C22 produced an ion at m/z
161.0707, suggesting that hydroxylation did not occur on the
indole moiety, and also produced a product ion at m/z
119.0848, excluding the o,0-dimethylbenzyl moiety, leaving
the N-pentyl chain as the likely hydroxylation location. C24
and C25 lacked the ion at m/z 161; thus hydroxylation may
have occurred on the indole moiety for these metabolites,
although the expected product ions at m/z 160 and 177
(144 + 16 and 161 + 16) were not observed.

Although fragmentation was insufficient to localize each
hydroxylation to the exact molecular site, corresponding
data from SF-CUMYL-PICA incubations were informa-
tive. A metabolite (F22) with retention time and frag-
mentation identical to that of C21 was also formed
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following hepatocyte incubation or rat dosing with SF-
CUMYL-PICA. Because this metabolite could only occur
following oxidative defluorination of SF-CUMYL-PICA,
we conclude that metabolite C21 is hydroxylated at the
terminal position of the N-pentyl chain. C21 was further
oxidized to form a carboxylic acid metabolite C20
(IM+H]" m/z 379.2005). Product ions at m/z 200.1076 and
119.0848 exclude this transformation from the indole and
a,o-dimethylbenzyl moieties, strongly suggesting forma-
tion of the carboxylic acid on the N-pentyl chain. Similar
hydroxylation and carboxylation has been reported for
AMB, 5F-AMB, JWH-018, AM-2201, RCS-4, UR-144,
JWH-073, JWH-210, and others [15, 16, 21-24].

The monohydroxylated metabolites underwent further
hydroxylation to form two dihydroxylated metabolites
(C11 and C13) with m/z 381.2261 (Fig. 5; Table 2). Sim-
ilar to metabolites C26 and C27, metabolite Cl11 was
hydroxylated once on the a,0-dimethylbenzyl moiety based
on product ion at m/z 135.0791, while the ion at m/z
144.0444 suggests that the other hydroxylation occurred on
the N-pentyl chain. C13 produced product ions at m/z
263.1379 and 246.1144, 32 Da higher than CUMYL-PICA
product ions at m/z 231.1472 and 214.1220, respectively,
and also produced a product ion at m/z 119.0848, but not at
m/z 135.0791, indicating that both hydroxylations occurred
on the indole and/or N-pentyl moieties. In SF-CUMYL-
PICA preparations, we observed a metabolite (F15) with
retention time and mass identical to those of C13; however
product ions differed substantially, suggesting formation of
a similar but non-identical dihydroxylated metabolite.

CUMYL-PICA was also carbonylated, forming
metabolite C23 with [M+H]" m/z 363.2056. The product

T T 1 —r—
2 4 8 24

Time (h)

ions at m/z 245.1312 and 228.1023 were 13.98 Da larger
than the corresponding CUMYL-PICA product ions at m/z
231.1472 and 214.1220 (i.e., +O-2H). Ions at m/z
119.0848 and 144.0444 indicate that this carbonylation did
not occur on the o,u-dimethylbenzyl or indole moieties,
respectively, while the product ion at m/z 85.0646 localized
this transformation to the N-pentyl chain. Metabolite C28
had a molecular ion at m/z 347.2103, 2.0155 Da less than
CUMYL-PICA, suggesting a dehydrogenation. Product
ions at m/z 229.1315, 212.1048, 186.1290, and 119.0848
indicate that dehydrogenation occurred on the indole or N-
pentyl moieties; however, this likely occurred on the N-
pentyl chain, given the lack of suitable sites for dehydro-
genation on the indole moiety, and in light of similar
reports of dehydrogenation on the N-pentyl chain for other
synthetic cannabinoids [15].

Additionally, CUMYL-PICA appears to undergo
dealkylation of the N-pentyl chain, producing metabolite
C18 with m/z 279.1978. The product ions at m/z 161.0707,
144.0444, 119.0848, 118.0642, and 91.0542 are consistent
with this interpretation. Similar dealkylation occurred in
some synthetic cannabinoids containing an N-pentyl or N-
fluoropentyl chain [23, 25]. Four monohydroxylations of
this metabolite were identified (m/z 295.1429). Two of
these (C9 and C10) occurred on the indole moiety, evi-
denced by product ions at m/z 177.0669 and 160.0407,
16 Da higher than 161.0707 and 144.0444, respectively.
The other two hydroxylations (C7 and C8) lacked these
ions, and instead produced a product ion at m/z 135.0791
while retaining ions at m/z 161.0707 and 144.0444,
strongly indicating that hydroxylation occurred on the o,a-
dimethylbenzyl moiety.
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Fig. 3 Mean chromatographic peak areas of CUMYL-PICA and 5F-
CUMYL-PICA following incubation with rat and human liver
microsomes (panels a—d, n = 3), and mean plasma concentrations

Phase Il metabolites

No direct phase II transformations of CUMYL-PICA were
observed, but several phase I metabolites underwent
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of CUMYL-PICA and 5F-CUMYL-PICA following a 3-mg/kg i.p.
injection in male rats (panels e and f, n = 4). Error bars are SEM

glucuronidation. Five discrete peaks at m/z 541.2510 were
identified in rat and human hepatocytes (C12, C14, C15,
C17, and C19), 176 Da greater than monohydroxylated
metabolites (m/z 365.2210), indicating glucuronidation. A
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Table 1 Pharmacokinetic parameters of CUMYL-PICA and S5F-
CUMYL-PICA incubated in rat and human liver microsomes in vitro
and in rat plasma in vivo

Pharmacokinetic parameter CUMYL-PICA 5SF-CUMYL-PICA

Rat liver microsomes

Half-life (min) 2.24 1.19
CLin¢micr (mL/min/mg) 0.31 0.58
CLjy (mL/min/kg body wt.)  556.88 1048.24
CLy (mL/min/kg body wt.) 50.22 52.44
ER 091 0.95
Human liver microsomes
Half-life (min) 5.92 1.77
CLintmicr (mL/min/mg) 0.12 0.39
CL;,, (mL/min/kg body wt.)  135.46 453.05
CLy (mL/min/kg body wt.) 17.43 19.15
ER 0.87 0.96
Rat plasma
Half-life (h) 7.26 12.00
CL/F (mL/min/kg body wt.) 43.31 147.88
Chnax (ng/mL) 130.50 65.25

Thax (h) 0.50 0.50
AUC 0-24 h (h ng/mL) 1086.57 581.78
AUC 0-o0 (h ng/mL) 1214.85 843.28

AUC area under the curve, CL/F observed apparent clearance, CLy
estimated hepatic clearance, CL;,, estimated intrinsic clearance,
CL;.. micr intrinsic microsome clearance, C,,,, mean maximum
observed concentration, ER extraction ratio, 7,,,, mean time of C,,,,

metabolite identical to C15 in mass, retention time, and
product ions was observed in SF-CUMYL-PICA incuba-
tions (F19), indicating that this metabolite is the glu-
curonide of C21. C19 was found following incubation
with human hepatocytes, which likely excludes it as a
glucuronide of the o,a-dimethylbenzyl hydroxylated
metabolites (C26 and C27), because these metabolites
were not found in human hepatocyte incubations
(Table 2).

Dihydroxylated metabolites were glucuronidated to four
identifiable glucuronides (C3-C5, C16). Mass spectral data
were not sufficient to assign each glucuronide to a specific
dihydroxylated metabolite. Interestingly, C16 was far more
abundant and eluted much later than C3-C5 (Fig. 4a),
indicating a substantially less polar structure. Carboxylic
acid metabolite C20 formed glucuronide C6 (m/z
555.2334). Either C7 or C8 formed glucuronidated
metabolite C1, which had a mass of m/z 471.1746 and
product ions at m/z 161.0707, 144.0444, and 135.0791.
Similarly, C9 or C10 was glucuronidated to C2 (IM+H]*
m/z 471.1746, product ions at m/z 177.0669, 160.0407, and
119.0848). No sulfation or other phase II transformations
were observed.

SF-CUMYL-PICA metabolism
Phase I metabolites

Similar to CUMYL-PICA, 5SF-CUMYL-PICA was exten-
sively oxidized and glucuronidated (Fig. 6; Table 3). The
[M+H]" molecular ion was m/z 367.2161 for the unaltered
compound, and major product ions were m/z 249.1417,
232.1116, and 206.1317, all 17.99 Da higher than corre-
sponding CUMYL-PICA ions (i.e., +F—H), in addition to
identical ions at m/z 119.0848 and 91.0542. Compound
identity was also confirmed by matching retention time and
fragmentation to the reference standard (retention time
8.11 min; Fig. 4b).

Six monohydroxylations of 5F-CUMYL-PICA were
identified (F23-F28, m/z 383.2103, 15.99 Da larger than
parent). Metabolites F23-F25 and F27 produced a product
ion at m/z 119.0848, suggesting hydroxylation on the
indole or N-fluoropentyl moiety, while metabolites F26 and
F28 produced an ion at m/z 135.0791, indicating hydrox-
ylation on the o,0-dimethylbenzyl moiety. Unfortunately,
metabolites F23-F25 and F27 did not produce product ions
that might be used to distinguish between indole or N-
fluoropentyl chain oxidations (e.g., 144 vs 160, or 161 vs
177). However, we suggest that SF-CUMYL-PICA
hydroxylation likely proceeds in a manner similar to
CUMYL-PICA, and that these metabolites are likely
5-fluoropentyl analogues of CUMYL-PICA metabolites
C22, C24, and C25.

Dihydroxylated metabolites F14 and F17 were also
detected. F14 produced a product ion at m/z 135.0791
suggesting that one hydroxylation occurred on the o,a-
dimethylbenzyl moiety, while ions at m/z 265.1363 and
248.1018 indicate that the other hydroxylation occurred on
the indole or N-fluoropentyl portion of the molecule. F17
produced ion at m/z 119.0848 instead of m/z 135.0791,
suggesting both hydroxylations occurred on the indole or
N-fluoropentyl portion of the molecule. This interpretation
is supported by the presence of ions at m/z 281.1266 and
264.1018 (15.99 Da higher than ions at m/z 265.1363 and
248.1107, respectively).

Oxidative defluorination was a predominant metabolic
pathway, forming metabolite F22 at m/z 365.2210 and
product ions at m/z 247.1448, 230.1149, 204.1378, and
119.0848, identical to CUMYL-PICA metabolite C21.
Similar dehalogenation has been reported as a major
metabolic pathway for AM-2201, SF-AMB, XLR-11, and
AM-694 [15, 22, 26]. Additional hydroxylation of F22
produced dihydroxylated metabolite F15 ([M+H]" m/z
381.2169), which produced ions at m/z 263.1379,
246.1144, 202.1207, and 119.0848, indicating that the
second hydroxylation occurred on the pentyl chain or
indole moiety. Oxidation of F22 formed carboxylic acid
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Fig. 4 Combined extracted ion chromatograms of a CUMYL-PICA and b SF-CUMYL-PICA metabolites after 3-h incubation with rat
hepatocytes, obtained by liquid chromatography—single-stage mass spectrometry

metabolite F21, identical to CUMYL-PICA metabolite the a,0-dimethylbenzyl moiety, and ion at m/z 200.1076
C20. F21 was then hydroxylated, forming metabolites  further localized this modification to the benzene ring.
F11 and F13 ([M+H]" m/z 395.1937). F11 produced  F13 produced ions at m/z 277.1163, 260.0936, 216.10009,
product ion at m/z 135.0791, indicating hydroxylation on ~ and 119.0848, suggesting hydroxylation of the indole
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moiety. Interestingly, these hydroxylation reactions were

concentrations of subsequent metabolites. This is sup-
not detected in CUMYL-PICA incubations. Oxidative

ported by our chromatographic data that show a larger

defluorination may occur more readily than terminal
hydroxylation of the N-pentyl chain, thereby increasing

extracted ion peak (m/z 365.2) for F22 compared to C21
(Fig. 4).
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Table 2 CUMYL-PICA metabolites following incubation with rat and human hepatocytes, and their presence in rat plasma and urine following
a 3-mg/kg intraperitoneal (i.p.) injection

Metabolite RT Transformation Molecular ion ~ Major product Rat Human Rat Rat
(min) IM+H]" (m/z)  ion(s) (m/z) hepatocyte hepatocyte plasma urine
Cl1 4.15  N-Pentyl dealkylation + hydroxylation 471.17 177, 161, 135 ¢ v
(o,0-dimethylbenzyl) + glucuronidation
C2 4.51  N-Pentyl dealkylation 4 hydroxylation 471.17 177, 119 v v v
(indole) + glucuronidation
C3 4.68  Dihydroxylation + glucuronidation 557.24 381, 263 v (4
C4 4.83  Dihydroxylation + glucuronidation 557.24 381, 263 v v
C5 495  Dihydroxylation + glucuronidation 557.24 381, 263 v v
Co6 5.01  Carboxylation + glucuronidation 555.23 379 v v v
C7 5.11  N-Pentyl dealkylation + hydroxylation 295.14 161, 144, 135 v v v
(o,0-dimethylbenzyl)
C8 5.17  N-Pentyl dealkylation + hydroxylation 295.14 161, 144, 135 ¢ 4
(o,0-dimethylbenzyl)
c9 5.30  N-Pentyl dealkylation + hydroxylation 295.14 177, 160 (4 (4
(indole)
C10 5.34  N-Pentyl dealkylation + hydroxylation 295.14 177, 160 v v v
(indole)
Cl1 5.65 Dihydroxylation (a,0-dimethylbenzyl, N-  381.22 247, 230, 144, ¢ 4
pentyl) 135
Cl12 5.78  Hydroxylation + glucuronidation 541.25 365, 230 (4 v
C13 5.87  Dihydroxylation (N-pentyl, indole) 381.22 263, 246, 220, Vv v v
119
Cl4 5.92  Hydroxylation + glucuronidation 541.25 365, 230 v
C15 6.02  Hydroxylation (N-pentyl, 541.25 423, 247, 230, V¥ v v
terminal) + glucuronidation 204, 119
Cl16 6.12  Dihydroxylation + glucuronidation 557.24 381, 263 v v
C17 6.30  Hydroxylation + glucuronidation 541.25 365, 230 v
Cl18 6.41 N-Pentyl dealkylation 279.19 161, 144, 119, v (4
118, 91
C19 6.50  Hydroxylation + glucuronidation 541.25 365, 230 v v v
C20 6.68  Carboxylation 379.20 261, 244, 218, v v 4
200, 119, 91
C21 6.76  Hydroxylation 365.22 247, 230, 204, Vv v v v
(N-pentyl, terminal) 119
C22 7.11  Hydroxylation (N-pentyl) 365.22 247, 230, 161, ¢ v v
119
C23 7.13  Carbonylation (N-pentyl) 363.21 245,228, 144, v v v
119, 85
C24 7.37  Hydroxylation (indole) 365.22 247, 230, 204, ¢ v 4 v
119
C25 7.46  Hydroxylation (indole) 365.22 247, 230, 204, ¢ v v
119
C26 7.80  Hydroxylation (benzene ring) 365.22 231, 214,135 ¢
C27 7.86  Hydroxylation (benzene ring) 365.22 231,214,135 ¢ 4
C28 8.52  Dehydrogenation (N-pentyl) 347.21 229, 212, 186, ¢ v 4
119, 91
CUMYL- 894  Parent compound 349.22 231, 214, 188, v v v
PICA 119, 91

Ticks denote detection of compounds in a given matrix

RT retention time

@ Springer



Forensic Toxicol (2017) 35:333-347

343

OH
160
B —— _—
2R NPt
F7,F8 F20 177 <-4 F9, F10
m/z 29514 m/z 279.15 m/z 295.14
\ . Glucuronide
[C:51Iucuron|de F3. F6

Glucuronide
/ F19
NS~ F NS~ F NN~ OH
oIS 4= =119
F26, F28 5F-CUMYL-PICA F22
m/z 383.21 m/z 367.21 m/z 365.22

Glucuronide
F12, F16, F18

F23, F24, F25, F27 263 < ---+"
m/z 383.21

Glucuronide
- _/LOJ:OH F2, F4,F5
\ 244
F Yo
T s 119407
17 2614‘::_—;_
m/z 399.21 119 m/z 379.21
" OH
200 <
4 216
o ' A
M MO
OH OH
F11
F13
m/z 395.19 m/z 395.19

Fig. 6 Proposed SF-CUMYL-PICA metabolic pathways in rats and humans. Dashed arrows between compounds denote formation of
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Similar to CUMYL-PICA, the N-fluoropentyl chain of  further oxidized on the ao,0-dimethylbenzyl moiety (F7 and
SF-CUMYL-PICA was eliminated, leaving metabolite F20, F8, product ions at m/z 161.0707, 144.0444, 135.0791) or
identical in retention time and fragmentation to CUMYL- indole moiety (F9 and F10, product ions at m/z 177.0669,

PICA metabolite C18. As was the case for C18, F20 was 160.0376, 119.0848).
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Phase Il metabolites

As was the case for CUMYL-PICA, SF-CUMYL-PICA did
not undergo direct phase II metabolism. Monohydroxylated
metabolites formed three glucuronides of mass 559.2445
(F12, F16, and F18). Like monohydroxylated CUMYL-
PICA glucuronides, mass spectra were not sufficient to
localize each glucuronidation to a specific monohydroxy-
lated metabolite.

Ocxidatively defluorinated metabolite F22 was glu-
curonidated to F19, which was identical in retention time
and fragmentation to CUMYL-PICA metabolite C12. F15,
the hydroxylated metabolite of F22, was also glu-
curonidated. Interestingly, three distinct glucuronidations
were identified (F2, F4, and F5). It is likely that glu-
curonidation occurred on either hydroxyl group of F15,
which accounts for two glucuronides, but the presence of a
third glucuronidated compound suggests that an additional
dihydroxylated metabolite may have been formed but not
detected.

F9 and F10 were glucuronidated to F3 and F6 (IM+H]t
m/z 471.1746, product ions at m/z 177.0669, 160.0407, and
119.0848), while either F7 or F8 was glucuronidated to F1
(IM+H]t 471.1746, product ions at m/z 161.0707,
144.0444, and 135.0791). No sulfation or other phase II
transformations were observed.

Discussion

This study examined the metabolism and clearance of syn-
thetic cannabinoids CUMYL-PICA and SF-CUMYL-PICA
in rat and human liver microsomes and hepatocytes
(in vitro), and in whole animals following administration of
each compound in adult male rats. Both compounds pro-
duced moderate hypothermic effects at an intraperitoneal
dose of 3 mg/kg. While rapid clearance for both compounds
was predicted by in vitro data, actual elimination in vivo
occurred slowly (Fig. 3). Both compounds were extensively
metabolized via oxidative transformations and subsequent
glucuronidation, and produced several identical metabolites.

CUMYL-PICA and S5F-CUMYL-PICA produced
hypothermic effects of similar magnitude across a 4-8-h
period (Fig. 2). For the most part, the magnitude of
hypothermia was mirrored by blood drug concentration,
although there was some delay between peak hypothermia and
peak blood concentration. Rats dosed with CUMYL-PICA
also returned to baseline body temperature more rapidly than
might be expected from blood concentration. This could be the
result of homeostatic mechanisms including rapid receptor
internalization or down-regulation. Analogous hypothermic
effects in rodents have been observed following administra-
tion of a wide variety of number of CB; agonists, including

other synthetic cannabinoids [1, 2, 27-29] and phyto-
cannabinoids [30]. These effects are blocked by the CB;
antagonist rimonabant (SR141716), indicating a CB{-depen-
dent mechanism [2, 31]. Although we did not block
hypothermia with rimonabant in this study, it is likely that
CUMYL-PICA and SF-CUMYL-PICA produce hypothermia
via CB; given their structural similarity to several synthetic
cannabinoids assessed in previous reports.

Although rapid clearance of CUMYL-PICA and S5F-
CUMYL-PICA was observed in microsomal incubations, rat
plasma half-lives were 7 and 12 h, respectively, and both
untransformed compounds were detectible in plasma at 24 h
post-dosing (Fig. 3; Table 1). In addition, apparent in vivo
clearance was substantially slower than clearance values
predicted by microsomal incubations. Several factors may
account for this discrepancy; lipophilicity seems to be the
most likely contributor. These compounds, including A°-
tetrahydrocannabinol (A°-THC), are largely non-polar and
dissolve poorly in aqueous solutions. In rats and humans,
A°-THC is sequestrated into adipose tissue and appears to
passively and slowly diffuse back into blood during satiety
[32, 33], or more rapidly during periods of food deprivation
[34]. In a case of fatal poisoning involving synthetic
cannabinoids AB-CHMINACA and 5F-AMB, unaltered
parent compounds were found at higher levels in adipose
tissue than in blood [35]. Thus it is plausible that similar
sequestration of CUMYL-PICA and SF-CUMYL-PICA in
adipose tissue, followed by slow passive diffusion back into
blood, could be at least partly responsible for the long half-
lives of these compounds in vivo. Analysis of adipose tissue
following synthetic cannabinoid administration may prove
fruitful in future studies. It should also be noted that our
in vitro calculations ignored protein binding, because it is
presently uncharacterized for CUMYL-PICA and S5SF-
CUMYL-PICA. Regardless of the mechanisms, the rapid
clearance of synthetic cannabinoids in microsomal incuba-
tions observed in this and similar studies should be inter-
preted with caution in light of rodent data and human case
studies that point to long elimination periods in vivo.

A total of 28 metabolites of CUMYL-PICA and 28
metabolites of SF-CUMYL-PICA were identified in hepa-
tocyte preparations. However, some metabolites produced
small peaks (Fig. 4), and subsets of 18 and 22 metabolites
were detectable in rat plasma or urine for CUMYL-PICA
and SF-CUMYL-PICA, respectively (Tables 2, 3).
CUMYL-PICA and 5F-CUMYL-PICA were generally
metabolized similarly by rat and human hepatocytes,
although a notable exception was that hydroxylation of the
ao,o-dimethylbenzyl moiety was rarely observed using
human hepatocytes. Unsurprisingly, a greater number of
phase I metabolites were detected in plasma than in urine,
and most metabolites detected in urine were glucuronides.
For urinalysis, glucuronide hydrolysis is recommended in
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order to increase urinary metabolite concentrations to aid
detection and identification. Extensive glucuronidation
appears to be common in the metabolism of other synthetic
cannabinoids [14, 15, 36] and phytocannabinoids [37, 38].

The terminally hydroxylated metabolite of CUMYL-
PICA was abundant (as measured semi-quantitatively by
peak area; Fig. 4), but it was identical to the oxidatively
defluorinated metabolite of SF-CUMYL-PICA. Similarly,
the carboxylated metabolite of SF-CUMYL-PICA was
abundant but identical to the corresponding CUMYL-PICA
metabolite. Consequently, CUMYL-PICA and SF-CUMYL-
PICA cannot be distinguished from each other using either
of their most abundant metabolites. Additionally, elimina-
tion of the N-pentyl or 5-fluoropentyl chains of CUMYL-
PICA and 5F-CUMYL-PICA, respectively, formed identical
metabolites. Similar metabolic convergence has been
observed with other pairs of structurally related compounds,
including AMB and 5F-AMB, JWH-018 and AM-2201, and
UR-144 and XLR-11 [15, 23].

Considering these data, analytical targets for forensic
purposes must be selected with care. Long elimination
periods in vivo suggest that screening for parent com-
pounds in blood may be sufficient in cases of acute expo-
sure. For less recent exposure, monohydroxylated
metabolites are potentially useful analytical targets in these
matrices, because they (or their glucuronides) were
observed at levels well above detection thresholds. For
CUMYL-PICA, a reasonable strategy would be to target
monohydroxylations occurring on the indole moiety (con-
sidering that o,a-dimethylbenzyl hydroxylation was not
observed in human hepatocyte preparations). Such
hydroxylation was difficult to distinguish from the termi-
nally hydroxylated metabolite, but the presence of more
than one monohydroxylated metabolite at m/z 365 would
be selective for CUMYL-PICA. For SF-CUMYL-PICA,
monohydroxylated metabolites retaining the terminal flu-
orine may be useful analytical targets.

Conclusions

CUMYL-PICA and SF-CUMYL-PICA produced moderate
hypothermic effects in male rats, and both compounds were
metabolized primarily via oxidative transformations fol-
lowed by glucuronidation in both rat and human models.
In vivo clearance of CUMYL-PICA and SF-CUMYL-
PICA was substantially longer than predicted by in vitro
incubations, possibly due to the high lipophilicity of these
compounds or blood-protein binding. As is the case for
other structurally related pairs of synthetic cannabinoids,
formation of identical metabolites necessitates careful
selection of analytical targets in order to differentiate
between CUMYL-PICA and 5F-CUMYL-PICA.
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