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Abstract

The rapidly evolving synthetic cannabinoid receptor agonist (SCRA) market poses sig-

nificant challenges for forensic scientists. Since the enactment of a generic ban in

China, a variety of new compounds have emerged capable of evading the legislation

by carrying new structural features. One recent example of a SCRA with new linker

and head moieties is CH-PIATA (CH-PIACA, CHX-PIATA, CHX-PIACA). CH-PIATA

bears an additional methylene spacer in the linker moiety between the indole core

and the traditional carbonyl component of the linker. This study describes detections

in 2022 of this new SCRA in the United States, Belgium, and Scottish prisons. CH-

PIATA was detected once in a seized powder by Belgian customs and 12 times in

Scottish prisons in infused papers or resin. The metabolites of CH-PIATA were inves-

tigated via in vitro human liver microsome (HLM) incubations and eight metabolites

were identified, dominated by oxidative biotransformations. A blood sample from the

United States was confirmed to contain a mixture of SCRAs including CH-PIATA via

presence of the parent and at least five of the metabolites identified from HLM incu-

bations. Furthermore, this paper evaluates the intrinsic in vitro cannabinoid 1 and

2 (CB1 and CB2) receptor activation potential of CH-PIATA reference material and

the powder seized by Belgian customs by means of β-arrestin 2 recruitment assays.

Both the reference and the seized powder showed a weak activity at both CB recep-

tors with signs of antagonism found. Based on these results, the expected harm

potential of this newly emerging substance remains limited.
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1 | INTRODUCTION

Synthetic cannabinoid receptor agonists (SCRAs) are the largest class of

new psychoactive substances (NPS) with over 220 individual com-

pounds monitored by the European Monitoring Centre for Drugs and

Drug Addiction (EMCDDA).1 These compounds bind to the cannabinoid

1 and 2 (CB1 and CB2) receptors and are designed to mimic the effects

of Δ9-tetrahydrocannabinol (Δ9-THC), the main psychoactive compo-

nent of cannabis.2–6 However, SCRAs are often significantly more

potent than Δ9-THC7–9 and can have adverse effects more closely

related to psychostimulants, such as methamphetamine, or opioids, such

as fentanyl, than cannabis. These adverse effects include chest pain,

acute kidney injury, stroke, rhabdomyolysis, and death.10–12

The illicit market for SCRAs is constantly evolving, often in

response to national and international legislation, particularly in pro-

ducer countries, such as China.2,13 China typically controlled one

SCRA at a time; however, in July 2021, China enacted analog controls

for SCRAs based on distinct structural components, which covered all

of the most prevalent compounds on the market at the time.14,15 This

includes the tert-leucinate- and valinate-indole- and indazole-

3-carboxamide SCRAs, which were historically among the most

potent.8,16–18 Following the enactment of these analog controls, new

structural scaffolds that circumvent the new controls emerged or re-

emerged, including the monocyclic pyrazole (e.g., 5F-3,5-AB-PFUP-

PYCA),19 oxoindolin (e.g., BZO-POXIZID),15 brominated core

(e.g. ADB-50Br-INACA),20,21 and acetamide linker (e.g., ADB-

FUBIATA), which have an additional methylene in the linker moiety of

the structure.22,23

A new SCRA with an acetamide linker that has recently emerged

is CH-PIATA (N-cyclohexyl-2-(1-pentylindol-3-yl)acetamide), also

known as CH-PIACA, CHX-PIATA, and CHX-PIACA (Figure 1). CH-

PIATA was first notified in Europe by the EU Early Warning System

on March 24, 2022, following detection in seizures of beige powder

by Spanish Customs on February 1, 2022 and State Police in Germany

on March 12, 2022.24 CH-PIATA was also detected in a sample of

beige powder seized on February 1, 2022, by the Danish Customs

Agency.25 It was first reported in the United States on April 29, 2022,

following detection in an herbal material sample submitted to the lab-

oratory on November 11, 2021, seemingly the first occurrence world-

wide.26 Additionally in the Unites States, the Drug Enforcement

Administration's (DEA's) National Forensic Laboratory Information

System (NFLIS) first reported CH-PIATA in Q2 2022.27

To date, there have not been any reported detections of CH-

PIATA in biological samples. This may be due to SCRAs being heavily

metabolized so the parent compound is often not found in biological

fluids, particularly urine.28,29 It is therefore relevant to identify puta-

tive metabolites of CH-PIATA. Several approaches to determine SCRA

metabolism are available, including in vitro, in silico, in vivo, in zebra-

fish, and using the fungus Cunninghamella elegans, with human hepa-

tocyte incubation being recommended over human liver microsome

(HLM) incubation. However, HLM incubation is the most popular

in vitro metabolism model, likely because it is a much more affordable

and simple method compared with hepatocyte incubation.30

Furthermore, the pharmacological properties of CH-PIATA, such

as its cannabinoid receptor activation potential, are currently

unknown. To assess this, two live cell- and activity-based bioassays

were employed, monitoring the recruitment of the intracellular protein

β-arrestin2 (βarr2) to the ligand-activated receptor (CB1 and CB2

receptor). The assays are based on the NanoLuc Binary Technology

(NanoBiT®, Promega), which employs the concept of functional com-

plementation. In short, the CB1 or CB2 receptors are fused to an inac-

tive subunit of a split nanoluciferase enzyme, whereas the other

complementary subunit is linked to βarr2, an intracellular signaling

protein that is recruited to the receptor upon activation. This brings

both subunits in close proximity and results in functional complemen-

tation of the enzyme and restoration of its activity. Upon addition of

its substrate furimazine, a luminescent signal is generated, which can

be measured using a standard luminometer.

While these βarr2 assays were initially developed to serve as a new

screening strategy to detect the presence of cannabimimetic substances

F IGURE 1 Comparison between the SCRA
scaffold controlled by the new Chinese analog
controls and the chemical structure of CH-PIATA
with an acetamide linker (additional methylene
between the core and amide). X represents a C or
N atom, Y represents N or CH, and Z represents
either O, NH, or no atom. R1 represents an
unsubstituted or substituted: C3–C8 hydrocarbyl
group, heterocyclic group containing 1–3
heteroatoms, or methyl or ethyl group substituted
by a heterocyclic group containing 1–3
heteroatoms. R2 represents a hydrogen atom,
methyl group, or no atom. R3 represents an
unsubstituted or substituted: C6–C10 aryl group,
C3–C10 hydrocarbyl group, heterocyclic group
containing 1–3 heteroatoms, or a methyl or ethyl
group substituted by a heterocyclic group
containing 1–3 heteroatoms.
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in biological matrices,31–33 they also serve as excellent tools to investi-

gate the pharmacology of these compounds. Moreover, given the con-

venience of the stable cell system and the easily applicable protocol,

without the need for highly sophisticated equipment or specialized

expertise, these assays provide an effective and straightforward way to

obtain insights in the characteristics of (new) substances.

This paper reports the detection of CH-PIATA in seized samples

in Belgium and prisons in Scotland. The in vitro metabolic fate of CH-

PIATA was studied using incubation with HLMs and the identified

metabolites were used to confirm the presence of CH-PIATA in a

blood sample from the United States. The in vitro intrinsic CB1 and

CB2 receptor activation potential of CH-PIATA was also evaluated

using an activity-based NanoBiT® bioassay.

2 | MATERIALS AND METHODS

2.1 | Materials

2.1.1 | Seized sample analysis (Dundee, UK)

Methanol (LC-MS grade) and water (LC-MS grade) were purchased

from Fisher Scientific, UK; bupivacaine and formic acid were obtained

from Sigma-Aldrich (Poole, UK). The CH-PIATA reference standard

(97.5% purity) was obtained from Chiron AS (Trondheim, Norway).

ADB-BUTINACA (>98% purity) and MDMB-4en-PINACA (98.6%

purity) were synthesized and supplied by the Sutcliffe Group at

Manchester Metropolitan University, Manchester, UK as described

previously.34,35

2.1.2 | Seized sample analysis (Belgian customs,
European Commission, and Ghent Laboratory of
Toxicology)

For Fourier transform infrared spectroscopy (FTIR), no solvents or

reagents were used. For gas chromatography coupled to mass spec-

trometry (GC-MS), methanol (LC-MS grade) was obtained from

Supelco (Lichrosolv Reag. Ph. Eur. Methanol). DMSO-d6 solvent was

obtained from Sigma-Aldrich (Milan, Italy). For liquid chromatography

coupled to time-of-flight mass spectrometry (LC-QTOF-MS), LC-MS

grade methanol and formic acid were procured from Chem-Lab NV

(Zedelgem, Belgium). Acetonitrile was purchased from Biosolve

(Valkenswaard, The Netherlands) and ammonium formate was from

Sigma-Aldrich (Diegem, Belgium).

2.1.3 | Metabolism studies (CFSRE, US)

All materials and reagents used for liquid chromatography mass spec-

trometry (LC-MS) analyses were of LC-MS grade purity. Solvents

were purchased from Honeywell Chemicals (Charlotte, NC, USA). The

CH-PIATA reference material (purity ≥98%) was purchased from

Cayman Chemical (Ann Arbor, MI, USA) and prepared at 1 mg/mL in

acetonitrile. Ammonium formate (99%) was purchased from Alfa

Aesar (Ward Hill, MA, USA). Formic acid ampoules (1 mL) were pur-

chased from Thermo Fisher Scientific (Waltham, MA, USA). Pooled

HLMs were purchased from Thermo Fisher Scientific correlating to

50 donors and pooled at 20 mg/mL. Sodium phosphate dibasic (anhy-

drous), sodium phosphate monobasic (monohydrate), and magnesium

chloride hexahydrate were purchased from VWR (Radnor, USA, PA).

Nicotinamide adenine dinucleotide phosphate (NADPH) was pur-

chased from Cayman Chemical.

2.1.4 | Detection in toxicological samples (CFSRE,
USA)

The blood sample stemmed from a police case of suspected drug intoxi-

cation. It was collected in October 2022 in the state of Indiana. The

internal standard used was a 10 ng/mL solution of JWH-018-D9, AKB-

48-D9, AB-FUBINACA-D4, XLR-11-D5, ADB-PINACA-D9, and

ADBICA-D9 purchased from Cayman Chemical. All other materials and

solvents used were from the same sources as detailed in Section 2.1.3.

2.1.5 | Determination of in vitro CB1 and CB2

receptor activity

Dulbecco's modified Eagle's medium (DMEM) (GlutaMAX™), Opti-

MEM I Reduced Serum, penicillin, streptomycin, and amphotericin B

were procured from Thermo Fisher Scientific (Waltham, MA, USA).

Fetal bovine serum (FBS) and poly-D-lysine were purchased from

Sigma-Aldrich (Darmstadt, Germany). The Nano-Glo® Live Cell

reagent and the Nano-Glo® LCS Dilution buffer were obtained from

Promega (Madison, WI, USA). Methanol, used for the preparation of

the stock solutions, was procured from Chem-Lab NV (Zedelgem,

Belgium). CP55,940 was purchased from Sigma-Aldrich, JWH-018

was from LGC (Wesel, Germany), and the reference standards of CH-

PIATA (purity ≥98%) and ADB-FUBIATA (purity ≥98%) were kindly

provided by Cayman Chemical (Ann, Arbor, MI, USA). The Laboratory

of Customs and Excise (Vilvoorde, Belgium) provided a sample of a

seized powder containing CH-PIATA.

2.2 | Methods

2.2.1 | Seized sample analysis (Dundee, UK)

The extraction of SCRAs from infused papers and cards and analysis

by GC-MS has been described previously. In brief, 2 � 1 cm2 pieces

from opposite corners of paper samples were extracted in 0.5 mL of

0.25 mg/mL bupivacaine in methanol by ultrasonication (5 min). For

resinous materials, 10 mg of the material was extracted in 1 mL of

0.25 mg/mL bupivacaine in methanol using a benchtop vortex (1 min).

GC-MS analysis of sample extracts was performed using a 7820A

gas chromatograph coupled to a 5977E mass spectrometer (Agilent

technologies, Santa Clara, CA, USA). Injection mode: 1-μL sample

NORMAN ET AL. 3
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injection was used with a 20:1 split into a 4-mm internal diameter

deactivated glass liner pre-packed with quartz wool, injection port

temperature: 200�C, carrier gas: He, flow: 1 mL/min. Column: HP-

5MS, 0.33 μm, 0.2 mm � 25 m (Agilent Technologies). GC oven: 80�C

held for 3 min; 40�C/min to 300�C held for 11 min; total run time:

22.5 min; transfer line: 295�C. The mass spectrometer operated in

electron ionization (EI) mode. Ionization conditions: 70 eV in full scan

mode (50–550 amu), ion source: 230�C, quadrupole: 150�C. Com-

pound identification by GC-MS criteria has been described previously.

2.2.2 | Seized sample analysis (Belgian customs,
European Commission, and Ghent Laboratory of
Toxicology)

FTIR

Analysis was performed on the powder without prior sample prepara-

tion using an Alpha-FTIR instrument from Bruker (Billerica, MA, US)

equipped with an attenuated total reflection (ATR) unit. Twenty-four

scans were recorded in the 400–4000 cm�1 wave number range, with

a resolution of 4 cm�1.

GC-MS

The powder was dissolved in methanol and a small aliquot was used

for analysis. Measurements were performed using a Shimadzu®

GCMS-QP2010 Ultra (Shimadzu Corporation, Kyoto, JP). Injection

mode: 0.5-μL sample injection was used with a 20:1 split, injection

port temperature: 280�C, carrier gas: He. Column: DB5-MS (phenyl

arylene polymer stationary phase), 0.25 μm, 0.25 mm � 30 m (Agilent

J&W). GC oven: 100�C; 15�C/min to 320�C held for 15.33 min; total

run time: 30 min; transfer line: 280�C. The mass spectrometer oper-

ated in EI mode. Ion source: 200�C.

LC-QTOF-MS

High-resolution mass spectrometry (HRMS) was performed on an aliquot

(dissolved in methanol) as described before.15,36,37 Chromatographic sep-

aration was achieved using an Agilent 1290 Infinity LC system, equipped

with a Phenomenex Kinetex C18-column (2.6 μM, 3 � 50 mm), main-

tained at 30�C. The HRMS system used was a 5600+ QTOF with an

electrospray ionization (ESI) source (Sciex) and Analyst TF 1.7.1 software,

from the same provider. TOF-MS full scan spectra combined with data

dependent acquisition of product ion spectra were obtained.

2.2.3 | Nuclear magnetic resonance spectroscopy
(NMR)

Nineteen milligrams of the seized CH-PIATA powder was dissolved in

600 μL of deuterated solvent for preparation of the NMR tube. NMR

analyses were performed as previously described.38 NMR spectra

were acquired on a Bruker (Rheinstetten, Germany) spectrometer

Avance II HD 600 (nominal proton frequency 600.13 MHz), equipped

with a 5-mm QCI cryo-probe (1H, 13C, 15N, and 19F), in DMSO-d6

solvent at 300 K. 1H and 13C NMR chemical shifts are expressed in δ

scale (ppm) and referenced to the solvent (DMSO-d6) residuals, at

2.50 ppm and 39.51 ppm, respectively. The seized powder was char-

acterized by one-dimensional 1H, 13C, 19F and APT, as well as 1H/1H

COSY, 1H/1H TOCSY, 1H/13C HMBC, and 15N/1H HMBC experi-

ments. Full NMR data (including 2D NMR COSY, TOCSY and HMBC

spectra) can be provided in electronic format upon request.

2.2.4 | Metabolism experiments (CFSRE, USA)

CH-PIATA reference standard (50 μL) was dried to completion at 35�C

and subsequently reconstituted with 50 μL of phosphate buffer and ace-

tonitrile (50:50, v:v). The reconstituted CH-PIATA (5 μL) was combined

with varying combinations of phosphate buffer, HLMs, and/or NADPH:

595-μL buffer in sample A; 570-μL buffer and 25-μL NADPH in sample

B; and 520-μL buffer, 50-μL HLMs, and 25-μL NADPH in sample C. This

incubation process was performed over 3 days and sample C was pre-

pared in duplicate. Prepared samples were incubated in a water bath

(37�C) for 2 h. Following incubation, acetonitrile (500 μL) was added to

all samples to stop the metabolic reactions. Samples were then trans-

ferred to microcentrifuge tubes and centrifuged (10,000 rpm). The super-

natant was transferred to a new test tube and the samples were partially

dried at 35�C for 20 min to remove most of the organic solvent in the

samples. The supernatant was transferred to a Costar® Spin-X® (Corning

Inc., Corning, NY, USA) microcentrifuge tube with a microfilter to remove

any remaining cellular material or debris. The resulting sample was trans-

ferred to an autosampler vial for analysis by LC-QTOF-MS.

Samples were analyzed on a SCIEX TripleTOF® 5600+ QTOF

(Ontario, Canada) coupled with a Shimadzu Nexera XR UHPLC (Kyoto,

Japan). Ammonium formate (10 mM, pH 3) and methanol:acetonitrile

(50:50) were used as the mobile phase in a linear gradient (95:5 to 5:95)

with a flow rate of 0.4 mL/min. A Phenomenex® Kinetex C18 analytical

column (2.6 μm, 50 mm � 3.0 mm) was used to achieve chromato-

graphic separation of the metabolites. The total analysis run time was

15.5 min. Mass acquisition was performed using data dependent acqui-

sition (information dependent acquisition: IDA). Positive electrospray

ionization was used for ionization. Precursor ions were acquired by a

TOF MS scan ranging from 100 to 1000 m/z. Precursor ions were sub-

sequently filtered in the quadrupole (Q1) using traditional unit mass iso-

lation. Following this filtration, precursor ions were fragmented in the

collision cell using a collision energy spread of 35 ± 15 eV and acquired

by a TOFMSMS scan ranging from 40 to 1000 m/z. Datafiles were pro-

cessed using MetabolitePilot™ (SCIEX, Version, 2.0), MasterView™

(SCIEX, Version 1.1), and PeakView® (SCIEX, Version 2.2).

2.2.5 | Detection in toxicological samples (CFSRE,
USA)

Blood samples (0.5 mL) were prepared by liquid–liquid extraction. Sam-

ples were fortified with 50-μL internal standard (10 ng/mL), followed by

addition of 1 mL phosphoric acid in water (5%, v:v) and 3 mL of

4 NORMAN ET AL.
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extraction solvent (80:10:10 hexane:ethyl acetate: MTBE, v:v). Sample

mixtures were rotated for 15 min prior to centrifugation at 4600 rpm for

10 min. The supernatant was then removed and transferred for dry down

under nitrogen at 35�C using a Biotage TurboVap evaporator (Uppsala,

Sweden). Samples were reconstituted in 200 μL of 10:90 A:B where A

was 0.1% formic acid in water and B was 0.1% formic acid in acetonitrile.

Similar to the metabolism experiments, samples were analyzed on

a SCIEX TripleTOF® 5600+ QTOF (Ontario, Canada) coupled with a

Shimadzu Nexera XR UHPLC (Kyoto, Japan). LC setpoints (e.g., mobile

phase, stationary phase) remained the same. The total analysis run

time was 15.5 min. Mass acquisition was performed using data inde-

pendent acquisition (SWATH®). Positive electrospray ionization was

used for ionization. Precursor ions were acquired by a TOF MS scan

ranging from 100 to 550 m/z. Precursor ions were subsequently fil-

tered in the quadrupole (Q1) using SWATH® acquisition for win-

dowed (n = 27) mass isolation. Following this filtration, precursor ions

were fragmented in the collision cell using a collision energy spread of

35 ± 15 eV and acquired by a TOF MSMS scan ranging from 40 to

550 m/z. Datafiles were processed using MasterView™ (SCIEX, Ver-

sion 1.1) and PeakView® (SCIEX, Version 2.2).

2.2.6 | In vitro activity (Ghent University, Belgium)

Intrinsic activation potential at CB1 and CB2 receptors of both the

CH-PIATA reference standard and a seized powder (Belgian customs)

was evaluated using live cell βarr2 recruitment assays, as described

before.31–33 In short, human embryonic kidney (HEK) 293T cells with

stable expression of either the CB1-βarr2 or CB2-βarr2 system were

routinely maintained under a humidified atmosphere at 37�C and 5%

CO2 and were cultured in DMEM (GlutaMAX™) supplemented with

10% heat-inactivated FBS, penicillin (100 IU/mL), streptomycin

(100 μg/mL), and amphotericin B (0.25 μg/mL). On the day prior to

the assay, cells were trypsinized and seeded in white poly-D-lysine

coated 96-well plates at 5 � 104 cells/well, followed by overnight

incubation. The next day, cells were rinsed twice with Opti-MEM

before adding 100 μL of this medium to each well. Next, the Nano-

Glo® Live Cell Reagent, containing the furimazine substrate, was

diluted 20-fold in Nano-Glo® LCS Dilution buffer and 25 μL of this

mix was added to each well. Subsequently, the plate was placed into a

TriStar2 942 Multimode Microplate Reader (Berthold Technologies

GmbH & Co., Germany) and luminescence was monitored for 10–

15 min during an initial equilibration phase. Upon stabilization of the

luminescence signal, 10 μL of a 13.5� concentrated test solution was

added, followed by a final 2-h luminescence measurement. Test solu-

tions were prepared by serial dilution in Opti-MEM containing 50%

MeOH and used within 24 h. A concentration range of CP55,940 was

run on every plate and served as a reference compound for further

normalization of the generated data. JWH-018 and ADB-FUBIATA

were included for comparison with earlier work9,22,39,40 and appropri-

ate solvent controls were included on every plate. All compounds

were analyzed in duplicate in a minimum of three independent experi-

ments (n ≥ 3). To investigate a potential antagonistic behavior exerted

by CH-PIATA, cells (both CB1-βarr2 or CB2-βarr2) were pre-treated

for 5 min with solvent control or 10 μM of CH-PIATA (13.5� concen-

trated) after initial equilibration in the system. Subsequently, following

a protocol employed for past experiments,22 10 nM (CB1 receptor) or

100 nM (CB2 receptor) of JWH-018 (14.5� concentrated) was added

and luminescence was measured for 2 h.

Raw luminescence signals were corrected for inter-well variability in

Microsoft Excel 2019, using data from the initial equilibration run, fol-

lowed by calculation of the area under the curve (AUC). Signals were

then blank corrected by subtracting the mean AUC of the solvent con-

trols and the obtained values were used to generate concentration–

response curves using the GraphPad Prism software (Version 9.3.0)

(San Diego, CA, USA) via fitting the data to a nonlinear regression model

(three-parametric logistic fit). Pharmacological parameters EC50

(a measure for a substance's potency) and Emax (a measure for relative

efficacy, representing the maximal obtained effect) were calculated

based on the obtained curves. Data were normalized to the Emax of

CP55,940, arbitrarily set at 100%. AUC values from the highest concen-

trations were excluded in case of a signal reduction of 20% or more

compared with the next (lower) dilution, as this may imply some form of

solubility issue or cell toxicity at these high concentrations. The Grubbs

test was used to screen for potential outliers, leading to the omission of

2 data points from the complete dataset (420 points) (p value <0.05).

For the antagonist experiments, signals from solvent-treated cells were

compared with those from CH-PIATA-treated cells, using the nonpara-

metric Mann–Whitney U test in GraphPad Prism.

3 | RESULTS AND DISCUSSION

3.1 | Detection in seized samples

Between February 2 and November 23, 2022, CH-PIATA was

detected 12 times in five out of 15 Scottish prisons. Data and further

information on each sample can be found in the Supporting Informa-

tion (S1). All samples were infused paper apart from two samples that

were incorporated into a resinous material found to be low-THC,

high-CBD resin (see Figure 2). In addition to CH-PIATA, four of the

infused paper samples contained another SCRA, either MDMB-4en-

PINACA (n = 2) or ADB-BUTINACA (n = 2), and one of the resin sam-

ples also contained ADB-BUTINACA. One paper also contained low

levels of heroin (6-MAM, paracetamol, and caffeine), although this

was likely due to cross-contamination from the handling or storage of

multiple drugs by prisoners rather than purposeful addition.

In March 2022, the Belgian customs seized a powder from a sus-

pect package being shipped to Moldova. The identity of the seized

powder was confirmed to be CH-PIATA following FTIR, GC-MS,

HRMS and NMR analysis. Data and more information can be found in

Supporting Information (S2–S5). Some impurities were also found;

however, despite substantial efforts, unequivocal identification of

these impurities was not possible. Combined, several analyses indi-

cated the presence of CH-IATA (i.e., CH-PIATA analog lacking the

pentyl tail) in the seized powder, although compounds with structures
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similar to more conventional SCRAs (JWH-type) seemed to be pre-

sent. Extensive analytical experiments, including fractionation experi-

ments to enrich the impurities, would be needed to allow the

complete analytical characterization of the seized sample; however,

this lies beyond the scope of the current paper. Overall, combining

findings from multiple analytical techniques, the presence of CH-

PIATA (approximately 80 molar %) could be concluded, together with

several other SCRAs or SCRA precursors (including CH-IATA).

3.2 | Metabolism

Following incubation with HLMs, eight metabolites (M1–M8) were

identified for CH-PIATA. The identified metabolites are listed in

Table 1 with the molecular formulas, exact masses, retention times,

mass errors, peak areas, and diagnostic fragment ions. The metabolites

are numbered according to their total peak area, from the highest to

the lowest area. Although this does not necessarily reflect a metabo-

lite's abundance (as for example ionization efficiencies may differ

between compounds), it is referred to as “abundance” below for sim-

plicity. Proposed structures of the metabolites are organized in a sug-

gested metabolic pathway in Figure 3. The mass spectra of the parent

compound and all metabolites can be found in the Supporting Infor-

mation (S6).

The metabolites eluted between 6.82 and 8.76 min with the par-

ent compound eluting the latest at 10.15 min. The observed biotrans-

formations included hydroxylations, carboxylation, and N-dealkylation

in various combinations. The most abundant metabolite (M1) had a

F IGURE 2 Examples of samples seized from
the Scottish prisons: (a) paper seized on April
27, 2022, found to contain CH-PIATA and
MDMB-4en-PINACA; (b) resinous material seized
on May 9, 2022, found to be high-CBD, low-THC
resin with CH-PIATA; (c) zoom-in of the resinous
material in (b); and (d) paper seized on February
2, 2022, found to contain CH-PIATA.

TABLE 1 CH-PIATA metabolites with biotransformation; molecular formula; retention times; exact masses of the protonated molecules; mass
errors; peak areas; and major fragment ions. Metabolites are ordered from most to least abundant across both incubations.

Met # Biotransformation Formula RT (min)

Exact mass
[M + H]+

(m/z)

Error

(ppm)

Peak area

(�105) Major fragment ions

Parent CH-PIATA C21H30N2O 10.15 327.2422 �2.6 792 83, 100, 130, 144, 200,

245

M1 MonoOH (n-pentyl tail) C21H30N2O2 8.27 343.2364 �4.6 39.8 69, 100, 130, 144, 216,

261, 325

M2 Carboxylation (n-pentyl tail) C21H28N2O3 7.69 357.2172 �0.2 4.59 85, 100, 230, 258, 339

M3 N-dealkylation + MonoOH

(indole)

C16H20N2O2 6.82 273.1599 0.6 4.25 100, 128, 146, 173

M4 MonoOH (indole/acetamide) C21H30N2O2 8.76 343.2380 �0.1 4.19 100, 160, 216, 240, 261

M5 DiOH (indole/acetamide) C21H30N2O3 8.11 359.2324 �1.5 3.53 100, 134, 162, 218, 232,

259

M6 DiOH (indole/acetamide + n-

pentyl tail)

C21H30N2O3 6.99 359.2327 �0.5 2.77 100, 146, 200, 214, 232,

341

M7 MonoOH (cyclohexyl) C21H30N2O2 8.53 343.2367 �3.8 1.26 116, 130, 200, 225, 240

M8 N-dealkylation C16H20N2O 7.33 257.1651 0.9 1.21 55, 100, 130, 175

6 NORMAN ET AL.
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monohydroxylation (monoOH) at the pentyl tail (e.g., 5-OH-CH-

PIATA) and the second most abundant metabolite (M2) had a car-

boxylation at the pentyl tail (e.g., CH-PIATA N-pentanoic acid). The

next four most abundant metabolites had biotransformations at the

indole core or acetamide linker including monoOH at the indole

core in combination with dealkylation (cleavage of the pentyl tail)

(M3); monoOH at the indole core or acetamide linker (M4); dihy-

droxylation (diOH) at the indole core or acetamide linker (M5); and

diOH with a monoOH at the indole core or acetamide linker in

combination with a monoOH at the pentyl tail (M6). The least

abundant metabolites had a monoOH at the cyclohexyl head moi-

ety (M7) and dealkylation (M8).

It should be noted that there are several possible sites of hydrox-

ylation for each of the four main structural components of the SCRA

molecule and as such, multiple isomeric hydroxylated metabolites

could appear that are not distinguishable with this analysis alone

(e.g., 3-OH-CH-PIATA vs. 4-OH-CH-PIATA vs. 5-OH-CH-PIATA, etc.,

for M1). This holds true for all metabolites with a hydroxylation

(M1 and M3–M7) and the molecules are denoted as such in Figure 3.

The metabolite with dealkylation (M8) is the tail-less analog of

CH-PIATA, CH-IATA, which has been detected in seized samples

as notified by the EU Early Warning System on August 17, 2022.41 In

addition, as the metabolism of CH-IATA has yet to be examined,

the metabolite with depentylation in combination with monoOH at

the indole core (M3) may also be a metabolite of CH-IATA. This

indicates that the presence of either of these metabolites (M3 and

M8) in biological fluids could be indicative of the use of either CH-

PIATA or CH-IATA, so additional metabolites would be required in

order to unequivocally confirm the compound used. This should

be further explored through the study of the in vitro metabolism of

CH-IATA.

Based on this in vitro data, to identify consumption of this newly

emerged SCRA, it is recommended that the parent compound (after

β-glucosidase treatment), metabolite M1 with monoOH at the pentyl

tail (e.g., 5-OH-CH-PIATA), and metabolite M2 with carboxylation at

the pentyl tail (CH-PIATA N-pentanoic acid) may be suitable urinary

markers for CH-PIATA. It is important to note that the metabolites

obtained from incubation with HLMs do not always or necessarily

F IGURE 3 Proposed metabolic
pathways of CH-PIATA following in vitro
incubation with HLMs. Metabolites in
dashed line boxes are suggested as
suitable urinary markers for toxicological
identification.
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reflect the metabolites found in biological samples, particularly urine,

because HLMs do not contain the enzymes responsible for phase II

metabolism. However, the majority of SCRA metabolites have been

found to involve only phase I biotransformations. In addition, phase II

biotransformations are most prevalent for SCRAs with halogenated

tails and good agreement has been found in the metabolites for

SCRAs without halogenated tails obtained from incubation with HLMs

and human hepatocytes and in human urine and blood.30,42,43 The

recommendation of metabolites M1 and M2 as potentially suitable

urinary markers for CH-PIATA is not only based on them being the

most abundant metabolites identified from the incubation with HLMs

but also that they are two of the most commonly observed metabo-

lites for most pentyl tail-containing SCRAs (e.g., AB-PINACA, Cumyl-

PICA, 5F-MDMB-PICA, etc.) in both in vitro data obtained from HLMs

and hepatocytes and in vivo data.44–46

3.3 | Detection in toxicological samples

CH-PIATA was detected in a blood sample received on 27th October

2022 from Indiana in the United States along with a mixture of other

SCRAs: ADB-BUTINACA and one of its metabolites with mono-

hydroxylation at the n-butyl tail moiety, 4-OH-ADB-BUTI-

NACA35,47,48; ADB-INACA, the tail-less analog of ADB-BUTINACA;

and MDMB-4en-PINACA and its metabolite with ester hydrolysis,

MDMB-4en-PINACA 3,3-dimethylbutanoic acid.43,49 For the detec-

tion of CH-PIATA, the parent was the most abundant (peak area:

5586) but five of the metabolites identified from incubation with

HLMs were also detected: M1 (peak area: 3174), M2 (peak area:

1304), M8 (peak area: 590), M5, and M6. M4 and M7 may have also

been present as there were small peaks for their masses; however,

the fragment data for these metabolites was either poor or not

detected. M3 was determined to be not present at detectable levels

in this one blood sample.

Although the metabolites differ in their relative abundance, the

detection of the CH-PIATA metabolites in the blood sample shows

good correspondence with the metabolites identified from incubation

with HLMs.

3.4 | In vitro activity

In vitro functional characterization of CH-PIATA was done using two

live cell-based bioassays, monitoring the βarr2 recruitment to either

the activated CB1 or CB2 receptor. Concentration–response curves

are depicted in Figure 4 and show a comparison of the activation pro-

files obtained for the reference standard and the seized sample.

Table 2 shows the accompanying pharmacological parameters (EC50

and Emax).

For the reference standard CP55,940, EC50 values of 0.11

(at CB1) and 0.08 nM (at CB2) were found, which were slightly lower

than previously reported data.22 Overall, CH-PIATA showed weak

receptor activation potential at both CB receptors. A plateau of maxi-

mal activation could not be reached for the reference standard of CH-

PIATA, thereby precluding the calculation of accurate EC50 values. At

both CB receptors, a maximal receptor activation of less than 10%

(relative to CP55,940) was observed at the highest concentration of

1 μM. Given the pronounced rightward shift of the concentration

response curves compared with the reference, the potency of CH-

PIATA is predicted to be low. To put this into perspective, the CB1

receptor relative efficacy and potency found for prototypical SCRA

JWH-018 were 348% and 13.4 nM, respectively, in line with earlier

reported data.15,19,22 At the CB2 receptor, an Emax of 76.6% and an

EC50 value of 3.23 nM was found. Based on these results, the esti-

mated threat to a user of CH-PIATA can be considered low.

At the CB1 receptor, CH-PIATA was clearly demonstrated to be

substantially less active than ADB-FUBIATA, a substance which can

be considered the first emerging acetamide SCRA (for comparison,

F IGURE 4 Concentration–response curves for the CH-PIATA reference standard and seized powder, alongside SCRA CP55,940 and JWH-
018 at the CB1 (panel a) and CB2 (panel b) receptors. Data points represent the mean AUC value ± standard error of the mean (SEM) of minimally
three independent experiments, run in duplicate. Note the difference in scaling of the y-axis.
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ADB-FUBIATA [orange] is plotted in Figure 4 alongside CH-PIATA).50

Interestingly, here and in earlier reports, ADB-FUBIATA showed very

distinct CB1 and CB2 receptor activation profiles, with a moderate

CB1 receptor activity but a complete lack of CB2 activity.22 This is in

stark contrast with our results for CH-PIATA, demonstrating an

equally low activity at both CB receptors. Given the absence of a pro-

nounced receptor activation potential, the potential antagonistic

behavior by CH-PIATA was also evaluated, as depicted in Figure 5. At

both receptors, high concentrations (10, 2.5, and 1 μM) of CH-PIATA

were found to be able to compete with lower concentrations of JWH-

018 (10 nM at CB1, 100 nM at CB2) in a concentration dependent

manner. As this indicates that CH-PIATA can block the receptor and

inhibits cannabinoid signaling by JWH-018, it can be deduced that the

low activation potential is not caused by an absence of receptor bind-

ing, similar to what was observed previously for ADB-FUBIATA.22

Although interesting, investigating the true underlying cause for this

phenomenon lies beyond the scope of this report. Obviously, as both

the head and tail moiety differ between the two SCRAs, a further, in-

depth comparison of their cannabinoid activity is not valid.

Additionally, a sample of a powder seized by Belgian customs was

analyzed at both CB receptors alongside the reference standard. Max-

imal effects of 19% and 36% compared with CP55,940 were observed

at the highest concentration of 1 μM at the CB1 and CB2 receptors,

respectively (no plateau of maximal activation was reached). Based on

the obtained concentration–response curves and estimated efficacy

values, the seized powder exhibited a more pronounced receptor acti-

vation potential, which was most outspoken at the CB2 receptor. As

discussed above, the seized sample consisted of approximately 80%

CH-PIATA together with several other SCRAs, which may have

contributed to the discrepancy between the activation profiles of the

reference standard and the sample. This finding also highlights the rel-

evance of the use of activity-based bioassays to evaluate seized pow-

ders: they allow an appreciation of the overall activity contained

within a sample, rather than solely the activity of a major component.

Given the fact that there are large differences in the intrinsic receptor

activation potential of distinct SCRAs (and NPS in general), this is rele-

vant for a correct risk assessment of recreational SCRA preparations.

For instance, a preparation may contain a large amount of a weakly

active cannabinoid that is easily picked up using routine analytical

techniques and a small amount of an ultrapotent, unidentified canna-

binoid, which may be much more difficult to detect despite its major

contribution to the total cannabinoid activity of the sample. Hence, an

advantage of the activity-based approach is that it allows the assess-

ment of the total cannabinoid activity of a product or preparation,

from a receptor activation perspective, which is associated with the

potential harm to the user upon consumption.

Although these assays are of value for screening and obtaining

insights into the total cannabinoid activity contained in a seized prod-

uct, there are some limitations that should be noted. For instance,

activity-based bioassays cannot be used for identification and qualifi-

cation of substances. Analytical confirmation of the contents of a

preparation are therefore always essential. Of relevance here is that

the potential (co-) occurrence of compounds with antagonistic proper-

ties (as is the case in the sample investigated here), may lead to a

powder being mislabeled as “negative” for (active) cannabinoids in

case of an absence of a rise in luminescence signal. Hence, due to the

inherent ability of antagonists to block the receptor, receptor-based

screening may fall short. Further testing, such as the antagonist

TABLE 2 Potency (EC50) and efficacy (Emax, relative to CP55,940) values obtained for the CH-PIATA reference standard and seized powder,
as well as JWH-018.

CB1 CB2

EC50 (nM) (95% CI) Emax (%) (95% CI) EC50 (nM) (95% CI) Emax (%) (95% CI)

CH-PIATA (ref. stand.) >690a <10b >259a <10b

CH-PIATA (seized powder) >71a 19b >176a 36b

JWH-018 13.4 (6.11–30.7) 348 (311–387) 3.23 (1.14–9.21) 76.6 (67.1–86.5)

CP55,940 0.11 (0.05–0.26) 99.8 (89.4–111) 0.08 (0.05–0.13) 100 (93.6–107)

aEC50 values for the CH-PIATA reference standard could not be calculated accurately because saturation was not reached.
bMaximal activation observed at a concentration of 1 μM.

F IGURE 5 Activation of the CB1 (panel a) and
CB2 (panel b) receptors by 10 nM (CB1) and
100 nM (CB2) of JWH-018 in cells pre-treated
with solvent (black) or 10, 2.5, or 1 μM of CH-
PIATA. Data are represented as % activation
(compared with receptor activation of 10-nM
JWH-018 in solvent-treated cells, set at 100%)
± SEM (n = 3). Bars assigned with an asterisk (*)

are significantly different from solvent-treated
controls (p < 0.05).
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experiments performed in this study, can provide additional informa-

tion. Of note, such preparations would likely be devoid of psychoac-

tive effects (given the overall lack of CB1 receptor activation

potential) and hence would be less likely to be used by recreational

drug users. Lastly, given the fact that these assays monitor a single

pharmacological event (βarr2 recruitment), it cannot be fully ruled out

that new compounds may preferentially result in alternative (non-

βarr2) downstream intracellular pathways (e.g., biased agonists). How-

ever, at this point, no such substances have been identified.

4 | CONCLUSION

CH-PIATA is a newly emerged SCRA that circumvents the new

Chinese SCRA analog controls through the addition of an extra meth-

ylene spacer in the linker moiety of the structure. Its detection in

seized samples from Scotland and Belgium and in a blood sample in

the United States demonstrates the international proliferation of this

SCRA on the drug market. In vitro functional characterization of CH-

PIATA demonstrated low efficacy and potency at the CB receptors,

indicating it is unlikely to produce the desired psychoactive effects for

users. Despite this fact, CH-PIATA has continued to be detected

through the end of 2022. Therefore, clinical and forensic toxicologists

are advised to add the CH-PIATA characteristic ions and metabolites,

particularly M1 and M2, to their targeted and semi-targeted analytical

methods. They should also remain vigilant to the emergence of other

SCRAs with an acetamide linker and/or cyclohexyl head group that

evade the Chinese SCRA ban, such as ADB-IATA (ADB-IACA) and

CH-IATA (CH-IACA) which have already been notified to the EU Early

Warning System.41,51
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