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A B S T R A C T   

Nowadays, more and more new synthetic cannabinoids (SCs) appearing on the illicit market present challenges 
to analytical, forensic, and toxicology experts. For a better understanding of the physiological effect of SCs, the 
key issue is studying their metabolomic and psychoactive properties. 

In this study, our validated targeted reversed phase UHPLC-MS/MS method was used for determination of 
urinary concentration of 5F-MDMB-PICA, 4F-MDMB-BICA, and their primary metabolites. The liquid-liquid 
extraction procedure was applied for the enrichment of SCs. The pharmacological characterization of investi-
gated SCs were studied by radioligand competition binding and ligand stimulated [35S]GTPγS binding assays. 

For 5F-MDMB-PICA and 4F-MDMB-BICA, the median urinary concentrations were 0.076 and 0.312 ng/mL. 
For primary metabolites, the concentration range was 0.029–881.02* ng/mL for 5F-MDMB-PICA-COOH, and 
0.396–4579* ng/mL for 4F-MDMB-BICA-COOH. In the polydrug aspect, the 22 urine samples were verified to be 
abused with 6 illicit drugs. The affinity of the metabolites to CB1R significantly decreased compared to the parent 
ligands. In the GTPγS functional assay, both 5F-MDMB-PICA and 4F-MDMB-BICA were acting as full agonists, 
while the metabolites were found as weak inverse agonists. Additionally, the G-protein stimulatory effects of the 
full agonist 5F-MDMB-PICA and 4F-MDMB-BICA were reduced by metabolites. These results strongly indicate the 
dose-dependent CB1R-mediated weak inverse agonist effects of the two butanoic acid metabolites. 

The obtained high concentration of main urinary metabolites of 5F-MDMB-PICA and 4F-MDMB-BICA 
confirmed the relevance of their routine analysis in forensic and toxicological practices. Based on in vitro 
binding assays, the metabolites presumably might cause a lower psychoactive effect than parent compounds.   

1. Introduction 

The emergence of new psychoactive substances (NPS) such as cath-
inones, synthetic cannabinoids (SCs), phenethylamines, opioids, trypt-
amines, benzodiazepines, piperazines, etc. has been associated with 
high health and social risk globally since 2008 (Luethi and Liechti, 
2020). Nowadays, the SCs have been one of the main representatives of 
NPS and their rapid appearance and relatively short presence on the 
global drug market pose great challenges in drug-related political, 

forensic, toxicological, and analytical aspects. In order to circumvent the 
applicable drug law, the combination of the structural units (core, tails, 
andlinkers) of SCs provides the opportunity for the synthesis of newer 
and newer SC representatives having presumed psychoactive properties, 
and they will appear as “legal high” products on the drug market (Potts 
et al., 2020; Angerer et al., 2018). These “developments” trigger the 
continuous updating of related analytical methods, toxicological, and 
pharmacological data having been essential in recent days. 

The 5F-MDMB-PICA as a ingredient of “spice-like” herbal incenses 
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was first described in 2017 (Risseeuw et al., 2017). In that year, twelve 
phase I and two phase II metabolites of 5F-MDMB-PICA were charac-
terized and the ester hydrolysis and mono-hydroxylation (at indole ring) 
urinary metabolites were selected as targets for proof of its consumption 
(Mogler et al., 2018; Qin et al., 2022). Several intoxications and lethal 
outcomes were reported related with the consumption of 5F-MDMB- 
PICA (Brandt, 2019; Kleis et al., 2020; Musa et al., 2020; Shi et al., 
2020). The 4F-MDMB-BICA, as one of the newest SCs, was identified in 
seized powder in Belgium (EMCDDA, 2020). 

The SCs generally show potent agonist activity with low in vitro 
binding affinity (Ki) in the nM range and thus they exert their effects at 
the cannabinoid receptors CB1 and CB2 (Mogler et al., 2018; Musa et al., 
2020). 5F-MDMB-PICA and 4F-MDMB-BICA were reported to be full 
agonists at the CB1 receptor showing higher efficacy than the full 
agonist JWH-018. However, in the literature, varied half-effective con-
centrations (EC50) can be found in the range of 0.45–27.6 nM for 5F- 
MDMB-PICA obtained by variant binding assays (Cannaert et al., 
2020; Musa et al., 2020; Truver et al., 2020; Janssens et al., 2022). 
Interestingly, changing the 5-fluoropentyl tail of 5F-MDMB-PICA to 4- 
fluorobutyl chain resulted in reduced efficiency for 4F-MDMB-BICA 
with an EC50 value of 121 nM in the CB1R β-arrestin 2 recruitment 
assay. A similar trend was observed for imidazole analogs 5F-MDMB- 
PINACA (EC50: 0.84–1.78 nM) and 4F-MDMB-BINACA (EC50: 
5.69–7.39 nM) (Cannaert et al., 2020; Lie et al., 2021). 

Nowadays, the hyphenated techniques, especially the targeted liquid 
chromatographic separation coupled to tandem mass spectrometry (LC- 
MS/MS) methods, are spread in the screening SCs (Krishnamurthy and 
Kadu, 2023). In forensic practice, detecting only the parent compounds 
of SCs, in particular, hours after consumption, cannot provide reliable 
information about their potential use because of their relatively short 
half-life (Institóris et al., 2022a). The rapid metabolism of SCs makes the 
analysis of their main characteristic metabolites necessary in order to 
obtain an accurate picture of drug abuse. However, critical questions 
arise about the drug influence on skills when only metabolites of a given 
SC are detectable and the concentration of the parent compound is lower 
than the limit of detection in the biofluids. The knowledge of quanti-
tative data of main urinary metabolites and their potency and efficiency 
on CB1 receptor might be the first steps on this road. The term “polydrug 
use” refers to the consumption of two or more illicit drugs in combina-
tion in order to achieve greater and longer enjoyment value than that 
obtained by the use of a single component (Iudici et al., 2015). The 
spread of polydrug use, in addition to its recreational benefits, entails a 
number of still unclear health risks and forensic aspects, especially for 
drug influence (Wagner et al., 2014; Besli et al., 2015; Hutton, 2022; 
Janssens et al., 2022). 

To the best of our knowledge, this is the first attempt to report 
quantitative results of the main urinary metabolites of 5F-MDMB-PICA 
and 4F-MDMB-BICA together, and their CB1 receptor binding affin-
ities. Additionally, our experiments included the determination of uri-
nary levels of other illicit drugs in order to investigate polydrug use. 
Regarding the pharmacological characterization of investigated SCs and 
their butanoic acid metabolites, this is the first study that describes the in 
vitro binding and signaling properties of 5F-MDMB-PICA, 4F-MDMB- 
BICA, and their major metabolites and compares their binding and 
signaling properties to those of THC and JWH-018 in brain membrane 
homogenates of the rat. 

2. Materials and methods 

2.1. Chemicals and standards 

The 2-([1-(4-fluorobutyl)-1H-indole-3-carbonyl]amino)-3,3-dime-
thylbutanoate (4F-MDMB-BICA), (S)-2-(1-(4-fluorobutyl)-1H-indole-3- 
carboxamido)-3,3-dimethylbutanoic acid (4F-MDMB-BICA-COOH) and 
(S)-N-(1-amino-3-methyl-1-oxobutan-2-yl)-1-(4-fluorobenzyl)-1H-inda-
zole-4,5,6,7-d4–3-carboxamide (AB-FUBINACA-d4) as an internal 

standard were obtained from Cayman Chemicals (Ann Arbor, MI, USA). 
The 5F-MDMB-PICA (methyl-2-{[1-(5-fluoropentyl)indole-3-carbonyl] 
amino]}-3,3-dimethylbutanoate), (S)-2-(1-(5-fluoropentyl)-1H-indole- 
3-carboxamido)-3,3-dimethylbutanoic acid (5F-MDMB-PICA-COOH), 
and Δ9-tetrahyrocannabinol (ΤHC, 1 mg/mL EtOH) were provided by 
the Hungarian Institute for Forensic Sciences, Drug Laboratory (Szeged, 
Hungary). For all standards, the purity was higher than 98%. The 
standard solutions, prepared in ethanol, were stored at − 20 ◦C. For 
urinary enzymatic hydrolysis, β-glucuronidase from Helix pomatia was 
used (Sigma Aldrich, St. Louis. MO, USA). All chemicals (LC-MS grade 
water (H2O), methanol (MeOH), acetonitrile (ACN), ethyl acetate 
(EtOAc), 2-propanol (IPA), formic acid (FA), and HPLC-grade ammonia 
solution) for sample preparation and analytical measurement were from 
VWR (Radnor, PA, USA). 

Buffer components (Tris, EGTA, MgCl2), GDP, GTPgS were pur-
chased from Sigma-Aldrich (Sigma Aldrich, St. Louis, MO, USA), fatty 
acid-free bovine serum albumin (BSA) was from VWR Life Science 
(Radnor, PA, USA). Rimonabant was obtained from Sigma-Aldrich 
(Sigma Aldrich, St. Louis. MO, USA), WIN-55,212–2 was purchased 
from Tocris Inc. (Bristol, UK). JWH-018 was prepared in the Laboratory 
of Chemical Biology (BRC, Hungary). [35S]GTPgS (s.a. >37 TBq/mmol) 
was purchased from PerkinElmer (Waltham, MA, USA). 

The radioligand [3H]WIN-55,212–2 (specific activity 485 GBq/ 
mmol) was prepared in the Laboratory of Chemical Biology (BRC, 
Hungary) (Dvorácskó et al., 2019). Tritium labeling was carried out in a 
self-designed vacuum manifold, and radioactivity was measured with a 
Packard Tri-Carb 2100 TR liquid scintillation analyzer using Insta Gel 
scintillation cocktail of PerkinElmer (Waltham, MA, USA). Drugs were 
dissolved at 1 mM in dimethyl sulfoxide (DMSO), stored at − 20 ◦C, and 
then diluted in the binding buffer. 

2.2. Sample preparation procedure of urine 

The 22 urine samples were collected from police detainees suspected 
of drug abuse in sterile plastic urine containers and stored at +4 ◦C 
degrees till analysis. The selected samples were positive for 5F-MDMB- 
PICA and/or 4F-MDMB-BICA or their main metabolites during SC 
screening. The positive and control urine samples were stored at − 80 ◦C 
until they were remeasured in one batch. The drug-free control urine 
samples were provided by volunteers. The study was performed with the 
approval of the Hungarian ethics committee (ETT TUKEB: BMEÜ/ 
2326–1/2022/EKU) and with the local Ethical Committee of the Uni-
versity of Szeged (198/2022-SZTE –IKEB). 

The sample preparation was as previously detailed (Körmöczi et al., 
2022). Briefly, after the enzymatic hydrolysis of glucuronidated phase II 
metabolites of 5F-MDMB-PICA and 4F-MDMB-BICA, the reaction 
mixture was alkalized by ammonia solution (5 v/v%). The liquid-liquid 
extraction was applied with EtOAc. After the centrifugation, the upper 
phase was collected, evaporated, and the residual was dissolved in 200 
μL 1:1:0.1 H2O/ACN/FA (v/v/v%) mixture. 

For quantitative analysis of urine samples, external calibration using 
internal standard was prepared with the following concentrations: 0, 
0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 25, 50, and 100 ng/mL for 5F-MDMB- 
PICA, 4F-MDMB-BICA parent compounds, 5F-MDMB-PICA-COOH, and 
4F-MDMB-BICA-COOH main metabolites. 

2.3. Targeted UHPLC-MS/MS parameters 

The targeted analytical method was performed on Shimadzu Nexera 
(Kyoto, Japan) ultra-high-performance liquid chromatography (UHPLC) 
system coupled to TSQ Fortis triple quadrupole mass spectrometer (MS, 
Thermo Scientific, Waltham, MA, USA). 

Chromatographic separations were performed using Kinetex C18 
column (100 × 2.1 mm, 2.6 μm particle, with 4 × 2 mm, 5 μm guard 
column, Phenomenex, Torrance, CA, USA). The column was heated at 
50 ◦C. The A eluent was 0.1% FA in H2O, and 0.1% FA in ACN was used 
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for the B eluent. The applied low pressure gradient program was the 
following: 0 min - 40% B, 5 min - 80% B, 6 min - 100% B, 7.4 min - 100% 
B, 7.5 min - 40% B, 10 min - 40% B. The flow rate was kept at 0.4 mL/ 
min till 6.5 min, then 0.9 mL/min in the range of 6.6–9.4 min, and the 
initial flow rate was set back at 0.4 mL/min at 9.5 min. The injector 
needle was washed with IPA/MeOH/H2O/FA (70:25:5:0.1, v/v/v/v%) 
solution after each injection. The injection volume was 15 μL. 

The tandem mass spectrometer was operated in positive electrospray 
ionization (ESI) mode. The capillary temperature was 300 ◦C, the 
vaporizer temperature was 350 ◦C, the spray voltage was 4.5 kV, the 
sheath gas flow was 50, the sweep gas flow was 1, and the auxiliary gas 
flow was 5 in arbitrary units. The positive ions were detected in selected 
reaction monitoring mode with FWHM at 0.7 resolution for both Q1 and 
Q3 quadrupole. The collision-induced dissociation gas was maintained 
at 1.5 mTorr. The flow injection method was used to determine the 
appropriate quantifier and qualifier ions of given protonated precursor 
ions and optimization of tandem mass spectrometric parameters (Fig. 1). 
The tube lens voltages were the followings: 5F-MDMB-PICA (107 V), 4F- 
MDMB-BICA (117 V), 5F-MDMB-PICA-COOH (114 V), and 4F-MDMB- 
BICA-COOH (120 V). 

The LabSolution Verison 5.97 SP1 (Shimadzu, Kyoto, Japan) soft-
ware was used for controlling the UHPLC system. For data acquisition, 
postprocessing and quantitative evaluation of MS/MS raw file Xcalibur 
4.2 software was used (Thermo Fisher Scientific, Waltham, MA, USA). 
The unpaired t-test was performed by GraphPad Prism 5.0 (GraphPad 
Software, San Diego, CA, USA). 

2.4. Validation of UHPLC-MS/MS method for the analysis of SCs 

The UHPLC-MS/MS method was validated for the analysis of 5F- 
MDMB-PICA, 5F-MDMB-PICA-COOH, and 4F-MDMB-BICA-COOH in 
human urine samples. The validation process is detailed in the Supple-
mentary Information. For 4F-MDMB-BICA, the validation of the targeted 
method was already published (Körmöczi et al., 2022.) 

2.5. Preparation of brain membrane homogenates 

The preparation of rat brain tissue membrane homogenates was 
performed according to our previously published articles (Dvorácskó 
et al., 2019; Stefanucci et al., 2018; Dimmito et al., 2019). 

Briefly, male Wistar rats were locally bred and handled following the 
EU Directive 2010/63/EU and the Regulations on Animal Protection 
(40/2013. (II. 14.) Korm. r.) of Hungary. Male rats were anaesthetized 
with CO2, and brains were quickly removed and put in ice-cold 50 mM 
Tris–HCl buffer (pH 7.4), then homogenized with a Braun Teflon-glass 
homogenizer at the maximum rpm. In the next step, the homogenate 
was centrifuged at 20,000 g for 25 min, after the suspended pellet was 
incubated at 37 ◦C for 30 min. The centrifugation step was repeated. The 
final pellets were suspended and homogenized with a glass potter in five 
volumes of 50 mM Tris-HCl (pH 7.4) buffer that contains 0.32 M sucrose 
and stored at − 80 ◦C. The protein concentration was determined by the 
Bradford method. These membrane homogenates were used either in 
radioligand displacement assay or in [35S]GTPγS functional assays. 

Fig. 1. Structure of 5F-MDMB-PICA and 5F-MDMB-PICA mono-hydroxylated metabolite (M1–1), 5F-MDMB-PICA-COOH, 4F-MDMB-BICA and 4F-MDMB-BICA 
mono-hydroxylated metabolite (M2–1), 4F-MDMB-BICA ester hydrolysis + dehydrogenation phase I product (M2–2), and 4F-MDMB-BICA-COOH with observed 
m/z values, their proposed related fragmentations (with collision energy) and retention times. 
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2.6. Radioligand competition binding assay 

Binding assays using [3H]WIN55,212–2 were performed as reported 
previously (Dvorácskó et al., 2019; Stefanucci et al., 2018; Dimmito 
et al., 2019). 

Briefly, 0.5 mg/mL rat membrane homogenates were resuspended in 
1 mL of binding buffer (50 mM Tris-HCl binding buffer (pH 7.4), 2.5 mM 
EGTA, 5 mM MgCl2, and 0.5 mg/mL fatty acid-free BSA) in plastic tubes 
and co-incubated with different concentrations (10− 11–10− 5 M) of 
various unlabeled ligands and 6 nM of [3H]WIN55,212–2 (Kd: 10.1 nM) 
for 60 min at 30 ◦C. Nonspecific binding was determined in the presence 
of 10 μM WIN 55212–2. The incubation was stopped by diluting the 
samples with ice-cold wash buffer (50 mM Tris-HCl, 2.5 mM EGTA, 5 
mM MgCl2, 0.5% fatty acid-free BSA, pH 7.4), followed by repeated 
washing and rapidly filtered through a 0.1% polyethyleneimine pre-
soaked Whatman GF/B glass fiber filters. For filtration, the 24-well 
Brandel Cell Harvester was used, and the filters were immersed into 
Ultima Gold MV scintillation liquid. The radioactivity measurements 
were performed by TRI-CARB 2100TR counter (Packard, PerkinElmer, 
Waltham, MA, USA). 

2.7. Ligand stimulated [35S]GTPγS binding assay 

Agonist stimulated [35S]GTPγS binding assays were carried out as 
described previously (Dvorácskó et al., 2019; Stefanucci et al., 2018; 
Dimmito et al., 2019). 

Briefly, 30 μg brain membrane homogenate per tube was diluted in 
assay buffer (50 mM Tris-HCl buffer (pH 7.4), 100 mM NaCl, 3 mM 
MgCl2, 1 mM EGTA and 30 μM GDP) incubated with 0.05 nM [35S] 
GTPγS (PerkinElmer) and different concentrations (10− 11–10− 5 M) of 
various unlabeled ligands for 60 min at 30 ◦C. Nonspecific binding was 
determined in the presence of 10 μM unlabeled GTPγS. Incubation, 
filtration, and radioactivity measurements steps are the same as 
described in 2.6. part. 

2.8. Data analysis of in vitro biological assays and in vitro radioligand 
binding assay 

Results are expressed as means ± SEM of at least three independent 
experiments, each performed in duplicate or triplicate. The competition 
binding data evalution were detailed in our previous paper (Dvorácskó 
et al., 2021). 

In [35S]GTPγS binding studies, data were expressed as the percent-
age stimulation of the specific [35S]GTPγS binding over the basal ac-
tivity and are given as means ± SEM. Each experiment was analyzed 
with a sigmoid dose-response curve fitting to obtain potency (EC50) and 
efficacy (Emax) values. One-way ANOVA followed by the Bonferroni’s 
multiple comparison test was used to statistically compared Emax and 
EC50 values (***, P < 0.001; **, P < 0.01; *, P < 0.1, GraphPad Prism 
5.0, San Diego, CA, USA). 

3. Results 

3.1. Validation of targeted UHPLC-MS/MS method for analysis of SCs 

In our previous paper, we were the first to report 20 urinary and 13 
blood in vivo phase I metabolites of 4F-MDMB-BICA, and the ester hy-
drolysis metabolic product was suggested as the primary biomarker in 
both urine and blood. For urine samples, the mono-hydroxylation 
metabolite while the ester hydrolysis + dehydrogenation phase I prod-
uct were selected in blood as secondary confirmatory targets for the 
screening of 4F-MDMB-BICA (Körmöczi et al., 2022). 

For UHPLC-MS/MS analysis of 5F-MDMB-PICA, 4F-MDMB-BICA, 5F- 
MDMB-PICA-COOH, and 4F-MDMB-BICA-COOH, the mass spectro-
metric parameters of the selected transitions (quantifier and qualifier 
ions) were optimized, and the targeted method was updated. The 

analytical method was validated for urinary quantification of investi-
gated SCs with the recovery, matrix effect, process efficiency, limit of 
detection (LOD), limit of quantification (LOQ), linearity, accuracy, 
precision, carry-over, and stability. The validation method, criteria, and 
obtained validation results for targeted compounds are summarized in 
Supplementary Information and Table S1. The methanol solution of 
standard SCs was infused at 5 μL/min through static mixing tee in the 
initial UHPLC eluent flow at 395 μl/min of flow rate and then introduced 
into the ESI source. For targeted UHPLC-MS/MS analysis, two transi-
tions per compound were selected for quantitative analysis and quali-
tative confirmation with a related retention time window. The proposed 
fragmentation pathways of SCs with optimized collision voltage are 
shown in Fig. 1. The obtained validation results are summarized in 
linear regression analysis was used to determine the limit of linearity of 
the assay, and the concentration range was found from 0.2 to 25 ng/mL, 
with the coefficient of determination (R2) being greater than 0.980 for 
all components. For 5F-MDMB-PICA and its ester hydrolyzed metabo-
lite, the targeted UHPLC-MS/MS method provided 0.005 ng/mL and 
0.005 ng/mL of LOD, while 0.030 ng/mL was obtained for 4F-MDMB- 
BICA metabolite. Concerning LOQ values, 0.015 ng/mL for 5F-MDMB- 
PICA, 0.014 ng/mL for 5F-MDMB-PICA-COOH, and 0.090 ng/mL for 
4F-MDMB-BICA ester hydrolyzed metabolite were determined. For 5F- 
MDMB-PICA and 5F-MDMB-PICA-COOH, the obtained LOD and LOQ 
values were better than those in the literature published previously 
(Kleis et al., 2020; Krotulski et al., 2021; Tokarczyk et al., 2022; Szpot 
et al., 2022; Wu et al., 2023). The accuracy was passed within the 
accepted bias of ±30% in three concentration levels. Within-run and 
between-run precision data for all compounds were within the accept-
able limits ranging in coefficient of variation (%CV) from 0.00 to 8.7%. 
The process efficiency values were in the range of 63.3–97%. Studying 
recovery and matrix effect helps to understand their contribution to 
obtained process efficiency. Recovery for all compounds was between 
53% and 88%. ESI leads to a slight ion enhancement effect up to 34% of 
the matrix effect value for all compounds in three concentration levels. 
During the validation of an analytical method, an important aspect is the 
examination of the stability of the investigated compounds. The pro-
cessed samples of urine extracts have satisfactory stability for all ana-
lytes. No significant analyte loss was noted in any of the QC, suggesting 
that samples awaiting analysis are stable for up to 3 days both in urine 
and in the extract form. The calculated carry-over of compounds was 
also negligible (< 0.01%). Overall, the obtained main validation pa-
rameters verify that our targeted UHPLC-MS/MS method with related 
sample preparation procedures is suitable to screen both 5F-MDMB- 
PICA and 5F-MDMB-PICA ester hydrolyzed metabolites as well as 4F- 
MDMB-BICA and 4F-MDMB-BICA ester hydrolyzed metabolites in 
human urine samples. 

3.2. Screening of 5F-MDMB-PICA, 4F-MDMB-BICA, 5F-MDMB-PICA- 
COOH, and 4F-MDMB-BICA-COOH 

In the screening of urine samples for 5F-MDMB-PICA-COOH and 4F- 
MDMB-BICA-COOH metabolites were analyzed beside the parent mol-
ecules. In order to quantify the main metabolites of 5F-MDMB-PICA and 
4F-MDMB-BICA, the ester hydrolysis metabolic products were selected 
as primary biomarker targets (5F-MDMB-PICA-COOH for 5F-MDMB- 
PICA and 4F-MDMB-BICA-COOH for 4F-MDMB-BICA) according to 
Giorgetti’s suggestions and our previous study (Giorgetti et al., 2022; 
Körmöczi et al., 2022). As the selection of primary confirmatory targets, 
the mono-hydroxylation products (M1–1 and M2–1) of both parent 
compounds and ester hydrolysis + dehydrogenation metabolites (M2–2) 
of 4F-MDMB-BICA were added as additional target ion to the analytical 
method (Qin et al., 2022; Körmöczi et al., 2022). The appropriate 
transitions with related main chromatographic and optimized tandem 
mass spectrometric parameters of seven investigated analytes are sum-
marized in Fig. 1. For quantitative and semi-quantitative comparisons of 
targeted compounds, 22 positive drug urine samples were analyzed in 
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one batch. The concentration values were given only for compounds 
with standards available. The obtained quantitative and qualitative data 
are summarized in Table S2. In the case, when the level of the parent 
molecule is lower than LOD, the urine sample is positive for SC if both 
metabolites can be detected. Abuse of 5F-MDMB-PICA could be deter-
mined in 12 of the 22 urine samples examined, while 11 were positive 
for 4F-MDMB-BICA. By comparing the median concentration values of 
parent compounds of two SCs, in the case of 4F-MDMB-BICA, higher 
urinary levels (0.312 ng/mL) were obtained than for 5F-MDMB-PICA 
(0.076 ng/mL). In the literature, few quantitative data have been 
found for the urinary concentration of 5F-MDMB-PICA and 4F-MDMB- 
BICA, and only qualitative information is available for their metabo-
lites (Kleis et al., 2021; Tokarczky et al. 2022; Institóris et al., 2022b). 
Naturally, in the absence of information of the exact time of consump-
tion and the amount of SCs administered, including other not controlled 
parameters, no conclusions can be drawn from the obtained values. 
However, it is clear that the analysis of the main metabolites has great 
importance in forensic practice. This is well demonstrated by the fact 
that the parent compound of 4F-MDMB-BICA was detected in only 3 
cases and 5F-MDMB-PICA molecular ion in 9 samples of 22 samples. 

For the urinary levels of a butanoic metabolite of 5F-MDMB-PICA, 
the concentration range was 0.029–881.02* ng/mL, and the concen-
tration of 4F-MDMB-BICA-COOH was found to be 0.396–4579* ng/mL. 
The obtained high metabolite concentrations support their fast meta-
bolism theory by examining the main metabolite/parent molecule uri-
nary level ratio (Institóris et al., 2022a). 

3.3. Urinary level of 5F-MDMB-PICA and 4F-MDMB-BICA in polydrug 
use aspect 

In this study, the urinary samples investigated were also screened for 
classic narcotics, stimulants, opiates, and benzodiazepines, as detailed in 
Table S2. The obtained concentration results are summarized in 
Table S1. The routine forensic GC-MS analysis of 22 urine samples 
confirmed the abuse of the following illicit drugs besides 5F-MDMB- 
PICA and 4F-MDMB-BICA: THC, N-ethylhexedrone, 3,4-methylenediox-
ymethamphetamine (MDMA), 3,4-Methylenedioxyamphetamine 
(MDA), chlonazepam, amphetamine, and alprazolam in 19 cases. The 
results clearly show that N-ethylhexedrone and THC were used most 
often in combination with SCs in 68% of 22 suspects. The concentration 
range of N-ethylhexedrone was 173–14,087 ng/mL, which was in good 
agreement with the concentration found with suspected drug-influenced 
drivers reported by Institóris et al. (Institóris et al., 2022b). MDMA and 
MDA are also frequently used in combination with other illicit drugs. For 
these three urine samples, MDMA and MDA were detected besides 5F- 
MDMB-PICA (1) and 4F-MDMB-BICA (2). For comparing these sam-
ples, the presence of THC-COOH and N-etylhexedrone was additionally 
confirmed for only the 4F-MDMB-BICA positive samples. For the number 
13 sample, the use of the highest number of illicit drugs was verified, 
including 4F-MDMB-BICA, THC, N-ethylhexedrone, MDMA, MDA, 
chlonazepam, and alprazolam. In Fig. 2, the calculated mean and me-
dian concentrations of seven illicit drugs and metabolites are summa-
rized and detailed according to their combination with 5F-MDMB-PICA 
or 4F-MDMB-BICA, or both of them. Comparable concentration results 
were observed for the seven compounds in both 5F-MDMB-PICA and 4F- 
MDMB-BICA positive samples. For samples containing both N-ethyl-
hexedrone and 4F-MDMB-BICA, higher mean and median concentration 

Fig. 2. The calculated mean concentration (cavg) of sevenillicit drugs and metabolites (THC-COOH, N-ethylhexedrone, MDMA, MDA, clonazepam, 7-aminoclonaze-
pam, alprazolam) in 22 urine samples (gray columns), the mean concentration of seven illicit drugs in 5F-MDMB-PICA positive samples (green columns), and the 
mean concentration of seven illicit drugs in 4F-MDMB-BICA positive samples (blue columns) with calculated median concentration (cmedian) and the number of 
samples (n). The standard deviations are labeled on the columns. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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values were obtained than in samples with a combination of 5F-MDMB- 
PICA and N-ethylhexedrone. However, this difference was not statisti-
cally significant. 

The combination of SCs is also frequent among consumers. Inter-
estingly, only number 12 of the urine samples was positive for both SCs. 
Fig. 3 represents the extracted ion chromatogram of the number 15 urine 
sample, which was positive for 4F-MDMB-BICA, because of detected 
M2–1, M2–2, and 4F-MDMB-BICA-COOH metabolites as well as the 
parent compound. However, only the 5F-MDMB-PICA-COOH metabolite 
was detectable; therefore, the urine sample was designated as negative 
for 5F-MDMB-PICA. 

3.4. Pharmacological characterization of 5F-MDMB-PICA, 4F-MDMB- 
BICA, and their main urinary metabolites 

Two novel SCs, 5F-MDMB-PICA and 4F-MDMB-BICA which differ 
only in a single methylene group at the tail, and the carboxylic acid 
metabolites of these methyl esters were studied for their binding prop-
erties to cannabinoid receptor 1 (CB1R) and for their ability to activate G 
protein-coupled receptors in rat brain membrane homogenate that 
abundantly contains CB1 receptors (Sim et al., 1995; Dvorácskó et al., 
2019; Zádor et al., 2020; Mollica et al., 2017). 

The CB1R binding affinities of the SCs were determined in compet-
itive binding assays using the radioligand [3H]WIN55,212–2. The assay 
conditions were validated with the reference cannabinoid compounds 
THC and JWH-018. It was found that both 5F-MDMB-PICA and 4F- 
MDMB-BICA exhibited nanomolar affinity to the [3H]WIN55,212–2 
binding sites, and both SCs displaced almost 100% of the radioligand. 
5F-MDMB-PICA had the highest binding affinity to the CB1R (Ki = 0.38 
nM), which was 121-fold and 8-fold higher than that of THC and JWH- 
018, respectively. In our system, the constant inhibitory value of 5F- 
MDMB-PICA against [3H]WIN55,212–2 was 14-times higher than that 
reported by Janowsky (Ki = 5.4 nM) on HEK cells using the radioligand 
[3H]CP-55,940 (WHO, 2019). The differences between our binding re-
sults and those reported by Janowsky et al. could be attributed to the use 
of different membrane homogenates (HEK cells vs rat brain) and 
different radioisotopes. 

In the case of 4F-MDMB-BICA, where the indole N-substituent 5-flu-
oro-1-alkyl chain is shorter, the CB1R binding affinity was found to be 

16-fold weaker, but still nanomolar (Ki = 6.4 nM), than that of the ho-
mologue SC 5F-MDMB-PICA as compared to THC and JWH-018. The 4F- 
MDMB-BICA exhibited 7-fold higher and twice lower CB1R binding af-
finity. Currently, no information is available about the in vitro 
displacement studies of 4F-MDMB-BICA. The constant inhibitory values 
of 4F-MDMB-BINACA and the indazole homologue of 4F-MDMB-BICA 
was reported to be 14.3 nM on HEK cells in the presence of the radio-
ligand [3H]CP-55,940 (WHO, 2019). 

The affinity of the main butanoic acid metabolites to the [3H] 
WIN55,212–2 labelled binding sites significantly decreased as compared 
to the methyl ester SCs. 5F-MDMB-PICA-COOH was able to compete 
with [3H]WIN55,212–2, with an apparently high inhibitory constant of 
3.2 μM, whereas 4F-MDMB-BICA-COOH displaced only 80% of the 
radioligand with a constant inhibitory value of 2.9 μM. The obtained 
concentration range of inhibitory constant for 5F-MDMB-PICA-COOH 
agrees with the value of its indazole analog 5F-MDMB-PINACA-COOH 
(1.9 μM) newly reported by Cabanlong et al. (Cabanlong et al., 2022). 
In our experimental model, the investigated compounds competed for 
the [3H]WIN55,212–2 labeled binding sites with the following order of 
binding affinities: 5F-MDMB-PICA > JWH-018 > 4F-MDMB-BICA >
THC > > 4F-MDMB-BICA-COOH >5F-MDMB-PICA-COOH (Fig. 4A, 
Table 1). A similar trend was reported in the rank of affinity for 5F- 
MDMB-PINACA, its butanoic acid metabolite, and THC using radio-
ligand [3H]CP-55,940 in mouse brain homogenates (Cabanlong et al., 
2022). 

In order to determine whether the SC parent ligands and their me-
tabolites are able to stimulate the CB1R-associated G proteins (GPCR), 
these compounds were subjected to ligand-stimulated [35S]GTPγS 
binding assays in rat brain membrane homogenate. This assay directly 
measures the early event after GPCR activation. It was found that 5F- 
MDMB-PICA and 4F-MDMB-BICA were 31-times and 7.4-times more 
efficacious, respectively, than the partial agonist THC and they acted as 
full agonists. 5F-MDMB-PICA increased the G-protein basal activity up 
to a maximum efficacy of 191% and with a high potency of 7.8 nM 
(Fig. 4B, Table 1). The stimulatory activity of the butyl homolog 4F- 
MDMB-BICA was slightly lower (Emax = 179%), and its potency was 4- 
fold lower than that of 5F-MDMB-PICA. The efficacy of 5F-MDMB- 
PICA and 4F-MDMB-BICA was 37% and 25% greater, respectively, 
than that of the prototypical synthetic cannabinoid JWH-018. 5F- 

Fig. 3. UHPLC-MS/MS extracted ion chromatogram of number 15 urine sample.  
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MDMB-PICA was 2.3-times more potent than JWH-018, while 4F- 
MDMB-BICA was 1.8-times less potent than JWH-018. In our system, 
truncation of the alkyl chain of 5F-MDMB-PICA resulted in a decrease in 
both efficacy and potency, in harmony with the agreement of Cannaert 
et al. in the in vitro β-arrestin 2 recruitment assay. In contrast, no dra-
matic reduction can be observed in the G-protein activation of 4F- 
MDMB-BICA, with only a 4-time decrease in potency and a drop of 
12% in efficacy compared to that of 5F-MDMB-PICA (Cannaert et al., 

2020). However, our EC50 results only partially agree with previous 
findings and the Emax values were lower than those reported previously 
in the β-arrestin-based assay. Finally, the 5F-MDMB-PICA > JWH-018 >
4F-MDMB-BICA relative rank order of potency was similar (Banister 
et al., 2016; Noble et al., 2019; Cannaert et al., 2020; Truver et al., 
2020). 

The hydrolysis of the methyl ester function of 5F-MDMB-PICA and 
4F-MDMB-BICA results in carboxylic acid metabolites. It was found that 
the full agonist character of the methyl esters changed to a weak inverse 
agonist/antagonist after ester hydrolysis. The maximum efficacy of 5F- 
MDMB-PICA-COOH and 4F-MDMB-BICA-COOH was between 77% and 
80%, and their potency was between 1 μM and 2.8 μM (Fig. 4B, Table 1). 
The introduction of the carboxyl functional group in 5F-MDMB-PICA 
and 4F-MDMB-BICA gave a weak inverse agonist. This is in agreement 
with our previous work with ADB-FUBINACA/rimonabant hybrids 
(Stefanucci et al., 2018). Interestingly, for 5F-MDMB-PINACA-COOH, 
Cabanlong et al. reported the potency (EC50: 5,5 μM) was five times 
lower but was in the same micromolar range that we found in our 
physiological system for 5F-MDMB-PINACA-COOH (EC50: 1,1 μM). 
However, the 5F-MDMB-PINACA-COOH was found to remain an agonist 
similar to its parent compound, while our results suggested a 5F-MDMB- 
PICA-COOH ligand switched to a weak inverse agonist. (Cabanlong 
et al., 2022). 

To explore the CB1R-mediated inverse agonist/antagonist effects of 
5F-MDMB-PICA and 4F-MDMB-BICA metabolites, the G-protein activa-
tion of 5F-MDMB-PICA and 4F-MDMB-BICA was investigated in the 
absence or presence of the corresponding carboxylic acid metabolites, or 

Fig. 4. (A) Cannabinoid receptor binding affinity of 
THC, JWH-018, novel synthtetic cannabinoids, and 
their butanoic acid metabolites in [3H]WIN55,212–2 
competition binding assays to rat whole brain mem-
brane homogenates. Figures represent the specific 
binding of the radioligand in percentage in the pres-
ence of increasing concentrations (10− 11–10− 5 M) of 
the indicated ligands. Data are expressed as a per-
centage of mean specific binding ± SEM. (n ≥ 3). The 
affinity values (Ki) of the unlabeled compounds are 
indicated in Table 1. (B) G protein activation effects 
of the indicated ligands in [35S]GTPγS binding assays 
in rat brain membrane homogenates. 
Figures represent relative specific binding of [35S] 
GTPγS in the presence of increasing concentrations 
(10− 10–10− 5 M) of the indicated compounds. Data are 
expressed as a percentage of mean specific binding ±
SEM. (n ≥ 3). The maximum efficacy (Emax) and 
potency (EC50) values of the unlabeled compounds 
are indicated in Table 1.   

Table 1 
In vitro binding affinity (Ki) and signaling efficacy (Emax) and potency (EC50) of 
synthetic cannabinoids and and their carboxylic acid metabolites.  

compounds Ki ± SEM [3H]WIN55,212–2 
binding (nM) 

[35S]GTPγS binding 

Emax ±

SEM (%) 
EC50 ± SEM 
(nM) 

JWH-018 3.2 ± 0.6 154 ± 3.9 18 ± 2.5 
THC 46 ± 5.1 116 ± 3.7 245 ± 21 
5F-MDMB-PICA 0.38 ± 0.02 191 ± 4.1 7.8 ± 2.1 
5F-MDMB-PICA 

COOH 
3216 ± 414 77 ± 5.2 1016 ± 19 

4F-MDMB-BICA 6.4 ± 0.6 179 ± 2.8 33 ± 3.1 
4F-MDMB-BICA 

COOH 2881 ± 216 80 ± 9.3 2892 ± 357 

Ki values were calculated from the corresponding displacement curves of Fig. 2. 
(A). The Emax and EC50 values were calculated from the dose-response curves of 
Fig. 2. (B). Each data represents the mean ± SEM from least 3 independent 
experiments. 
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the control CB1 inverse agonist rimonabant in rat brain membrane ho-
mogenate by [35S]GTPγS binding assays. The G-protein stimulatory ef-
fect of the full agonist 5F-MDMB-PICA was reduced by 20% or 66% in 
the presence of 1 μM or 10 μM 5F-MDMB-PICA butanoic acid metabolite, 
respectively. In the case of the potent agonist 4F-MDMB-BICA, 
maximum efficacy decreased by 22% or 49% in the presence of 1 μM 
or 10 μM 4F-MDMB-BICA butanoic acid metabolite. In both cases, the 
CB1R inverse agonist rimonabant decreased the stimulatory effect of the 
two SC agonists under the basal level. These results strongly indicate the 
dose-dependent CB1R-mediated weak inverse agonist effects of the two 
butanoic acid metabolites. The strong inhibitory effect of rimonabant 
was in agreement with its full inverse agonist effect (Fig. 5, Table 2). 

4. Discussion 

This is the first attempt to quantitatively analyze 5F-MDMB-PICA, 
4F-MDMB-BICA, and their butanoic acid main metabolites in human 
urine samples in a quantitative manner using our validated targeted 
UHPLC-MS/MS method. For 5F-MDMB-PICA and 5F-MDMB-PICA- 
COOH, lower LOD and LOQ values were obtained than the literature 
data. Up to our knowledge, it is the first time to publish LOD and LOQ 
values of 4F-MDMB-BICA-COOH for biological samples. A primary 
question was how the 5F-MDMB-PICA-COOH and 4F-MDMB-BICA- 
COOH parent molecules in urine compare quantitatively with their 
primary metabolites. The urinary concentrations of the 5F-MDMB-PICA- 
COOH and 4F-MDMB-BICA-COOH metabolites spanned a more exten-
sive range compared to the parent molecules. Specifically, the corre-
sponding data found are 0.029–881.02* ng/mL for 5F-MDMB-PICA- 
COOH, 0.396–4579* ng/mL for 4F-MDMB-BICA-COOH, while 
0.050–11.39 ng/mL for 5F-MDMB-PICA and 0.023–0.411 ng/mL for 4F- 
MDMB-BICA were found. Our study extended to investigate the com-
bination of other illicit drugs with 5F-MDMB-PICA and 4F-MDMB-BICA. 
Eight illicit drugs and metabolites were analyzed by investigating the 
polydrug use of 22 urine samples, such as THC-COOH, N-ethyl-
hexedrone, MDMA, MDA, clonazepam, 7-aminoclonazepam, amphet-
amine, and alprazolam in 19 cases. N-ethylhexedrone was to be 
combined most frequently with both SCs in the urinary concentration of 
173–14,087 ng/mL range in 13 cases. Interestingly, the 5F-MDMB-PICA 
and 4F-MDMB-BICA combinative use was verified only in a single 
sample. Overall, the obtained results confirm the great importance of the 
targeted analysis of the main characteristic metabolites of SCs in the 
screening procedure. Another important question from a forensic point 
of view is the CB1 receptor binding properties of the parent compounds 
and their primary metabolites. We studied the binding properties of 5F- 
MDMB-PICA, 5F-MDMB-PICA-COOH, 4F-MDMB-BICA, and 4F-MDMB- 
BICA-COOH in one study first. According to our results, the following 
order of binding affinity was determined: 5F-MDMB-PICA > JWH-018 
> 4F-MDMB-BICA > THC > > 4F-MDMB-BICA-COOH >5F-MDMB- 
PICA-COOH. Regarding the parent compounds, 5F-MDMB-PICA had 
binding affinities 121-fold and 8-fold higher than that of THC and JWH- 

018. Interestingly, the contribution of tail length for binding affinity was 
found to be determinative as the values of 4F-MDMB-BICA with a tail 
shorter by one methylene group has 16-fold lower than were for 5F- 
MDMB-PICA. However, the constant inhibitory values of butanoic acid 
metabolites were in the μM range compared with nM concentration of 
the parent compound. Consequently, 5F-MDMB-PICA-COOH and 4F- 
MDMB-BICA-COOH presumably might cause a lower psychoactive ef-
fect. The study of CB1R-mediated inverse agonist/antagonist effects of 
5F-MDMB-PICA-COOH and 4F-MDMB-BICA-COOH revealed that the 
butanoic acid metabolites have dose-dependent CB1R-mediated weak 
inverse agonist effects. 

According to our in vitro displacement and functional assays, the 5F- 
MDMB-PICA, 4F-MDMB-BICA primary metabolites retained affinity and 
efficacy at CB1R. Additionally, the high urinary concentration of the 
main metabolites highlighted that they might be relevant to the overall 
pharmacological profile following SCs consumption. The weaker but 
detected binding capacity of the metabolites when the parent compound 
is not present or in low concentration anymore may result in an elon-
gated subjective experience of drug consumption or “post-drug symp-
toms”, which may have clinical or even forensic consequences. 
However, further in vivo studies are necessary to clarify this issue. 
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Fig. 5. The cannabinoid receptor-mediated antagonist effect of (A) 5F-MDMB-PICA and (B) 4F-MDMB-BICA butanoic acid metabolites in agonist-induced [35S] 
GTPγS binding assays in rat brain membrane homogenates. Figures represent relative specific binding of [35S]GTPγS with the increasing concentrations (10− 10–10− 5 

M) of 5F-MDMB-PICA and 4F-MDMB-BICA in the absence or in the presence of 1 μM or 10 μM of (A) 5F-MDMB-PICA and (B) 4F-MDMB-BICA butanoic acid me-
tabolites or rimonabant. Data are a mean percentage of specific binding ± SEM (n ≥ 3) over the basal activity of 100%. The calculated parameters are listed 
in Table 2. 

Table 2 
Calculated parameters of the antagonist effect of 5F-MDMB-PICA and 4F- 
MDMB-BICA butanoic acid metabolites and rimonabant in agonist induced 
[35S]GTPγS binding assays in rat brain membrane homogenates.  

compounds [35S]GTPγS binding 

Emax ± SEM (%) EC50 ± SEM (nM) 

5F-MDMB-PICA 191 ± 4.1 7.8 ± 2.1 
+ 1 μM 5F-MDMB-PICA COOH 171 ± 5*** 4.1 ± 2.9 
+ 10 μM 5F-MDMB-PICA COOH 125 ± 7.1*** 0.9 ± 0.1** 
+ 1 μM rimonabant 88 ± 3.2*** n.r. 
+ 10 μM rimonabant 43 ± 2.8*** n.r. 

4F-MDMB-BICA 179 ± 2.8*** 33 ± 3.1 
+ 1 μM 4F-MDMB-BICA COOH 157 ± 4.7*** 30 ± 2.4 
+ 10 μM 4F-MDMB-BICA COOH 130 ± 5.6*** 40 ± 5.1* 
+ 1 μM rimonabant 82 ± 2.4*** n.r. 
+ 10 μM rimonabant 55 ± 5.6*** n.r. 

Calculated maximal G-protein stimulation efficacy (Emax) and ligand potency 
(EC50) values of the agonists 5F-MDMB-PICA and 4F-MDMB-BICA in the absence 
or presence of 1 μM or 10 μM of 5F-MDMB-PICA and 4F-MDMB-BICA butanoic 
acid metabolites or rimonabant. Statistical comparison of the Emax and EC50 
values were performed by one-way ANOVA followed by the Bonferroni multiple 
comparison test (***, P < 0.001; **, P < 0.01; *, P < 0.1). n.r. not relevant. 

S. Dvorácskó et al.                                                                                                                                                                                                                              



Toxicology and Applied Pharmacology 470 (2023) 116548

9
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Fubinaca/Rimonabant hybrids as endocannabinoid system modulators. Amino Acids 
50, 1595–1605. https://doi.org/10.1007/s00726-018-2636-1. 

Szpot, A., Nowak, K., Wachełko, O., Tusiewicz, K., Chłopaś-Konowałek, A., Zawadzki, M., 
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