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Abstract

In order to investigate thim vivo dopamine (DA) stimulant properties of selecté‘ijgéneration
Spice/K2 cannabinoids, BB-22, 5F-PB-22, 5F-AKB-4&1&STS-135, theirn vitro affinity and
agonist potency at native rat and mice CB1 recept@s studied. The compounds bind with high
affinity to CB1 receptors in rat cerebral cortexnfagenates and stimulate CB1l-induced
[**S]GTR/S binding with high potency and efficacy. BB-22 &fetPB-22 showed the lowest Ki of
binding to CB1 receptors (0.11 and 0.13 nM), i38.,and 26 times lower respectively than that of
JWH-018 (3.38 nM), and a potency (2.9 and 3.7 nM, respectively) and efficacy (Enzi7%
and 203%, respectively) as CB1 agonists higher #veH-018 (EGo, 20.2 nM; Emax, 163%). 5F-
AKB-48 and STS-135 had higher Ki for CB1 bindinggher EGo and lower Emax as CB1
agonists than BB-22 and 5F-PB-22 but still compaest more favourable than JWH-018.

The agonist properties of all the compounds werdistied or drastically reduced by the CB1
antagonist/inverse agonist AM251 (ul1). No activation of G-protein was observed in CBO-
mice. BB-22 (0.003-0.01 mg/kg i.v.) increased yBate DA in the accumbens shell but not in the
core or in the medial prefrontal cortex, with allsblaped dose-response curve and an effect at 0.01
mg/kg and a biphasic time-course. Systemic AM250 fhg/kg i.p.) completely prevented the
stimulant effect of BB-22 on dialysate DA in the blAhell. All the other compounds increased
dialysate DA in the NAc shell at doses consisteith wheirin vitro affinity for CB1 receptors (5F-
PB-22, 0.01 mg/kg; 5F-AKB-48, 0.1 mg/kg; STS-138,9mg/kg i.v.). 8 generation cannabinoids
can be even more potent and super-high CB1 recegonists compared to JWH-018. Future
research will try to establish if these propertias explain the high toxicity and lethality assteih

with these compounds.
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Abbreviations

AM 251 1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-methyH1-piperidyl)pyrazole-3-carboxamide
BB-22 1-(cyclohexylmethyl)-H-indole-3-carboxylic acid 8-quinolinyl ester
5F-AK B-48 N-(adamantan-1-yl)-1-(5-fluoropentyl)-1H-indazdezarboxamide
5F-PB-22 1-pentyfluoro-H-indole-3-carboxylic acid 8-quinolinyl ester

DA dopamine

mPFC medial Prefrontal Cortex

NAc Nucleus Accumbens

NPS new/novel psychoactive substance

JWH-018 1-pentyl-3-(1-naphthoyl)indole

STS-135 N-(Adamantan-1-yl)-1-(5-fluoropentyl)H-indole-3-carboxamide
THC delta-9-tetrahydrocannabinol

WIN WIN-55,212-2; (R)-(+)-[2,3-Dihydro-5-methyl-3-(4-morpholinylmethylyrrolo[1,2,3-de]-
1,4-benzoxazin-6-yl]-1-napthalenylmethanone



1. INTRODUCTION

Herbal mixtures containing synthetic cannabinoi@)&ceptor agonists and intended to be used as
a Marijuana surrogate, have been traded in Europmigh the Internet under the name of Spice
since 2004 and in North America, as K2, since 2MCDDA, 2009). Batches of the same brand
may possess highly variable SC concentrations (Atewat al., 2013; Brents and Prather, 2014;
Castaneto et al., 2015; Schifano et al., 2015; &t 2014; Zawilska and Wosjcieszak, 2013).
Over the last few years, SC have gained popularty especially so in adolescents and young
adults. A recent US survey of SC use among studdrmas/s a prevalence of 7.4-7.9 % in those
aged 15/18 years, with Spice products being thersemost used drugs after Marijuana (Johnston
et al., 2013).

SC identified in herbal mixtures can be classifietto at least 7 categories:
cyclohexylphenol (cannabicyclohexanol, CCH and GR9¥), classical cannabinoids (HU-210),
naphthoylindoles (JWH-018 and JWH-073), phenyldoetgles (JWH-250 and JWH-203),
benzoylindoles (AM-694 and RCS-4), naphthoylnaplettes (CB-13), adamantylindoles (APICA)
and adamantylindazoles (AKB-48 "APINACA”and its-B derivative). SC intake has been
associated with the occurrence of florid/acute di@mt psychosis, relapse/worsening of a pre-
existing psychosis, persisting psychotic disordspsteophrenia”, and manic-like symptoms or
relapse of pre-existing bipolar disorder (Papantile 2013; Spaderna et al, 2013; van Amsterdam
et al, 2015). A number of analytically confirmec@ental deaths/suicides have been related to SC
ingestion, either on their own or in combinatiorthwother compounds (Brents and Prather, 2014,
Papanti et al., 2014; Schifano et al., 2015).

On the basis of the temporal sequence of theirappee in Spice and K2 samples, three
generations of SC can be distinguished (ACMD 20912, 2014). First generation Spice
cannabinoids, JWH-018, CP 47,497 and HU-210 (ACMO00Q9), are full CB1 receptor agonists

with affinities that are 4.5, 8.6 and 55 times tbTHC respectively. Moreover, in functional tests



the above compounds act as full agonists, in cehtt@ the partial agonist activity of THC
(Huffman et al., 2005; Atwood et al., 2010, 2011arshell et al., 2014).

JWH-018 has been recently shown to be self-adnenm@dti.v. by rats and mice, to increase
extracellular dopamine (DA) in the shell of the lews accumbens (NAc) and to reduce GABA-A
receptor inhibition of ventral tegmental area DAurms in a cannabinoid receptor-dependent
fashion (De Luca et al., 2015). These propertiebcate that JWH-018 demonstrates positive
reinforcing properties and resembles THC in its ®#nulant properties on DA transmission in the
NAc (Tanda et al., 1997; Lecca et al., 2006; Ded_etal., 2012).

In 2009 various European countries and in 2010uarUS States regulated the sale and use
of cannabimimetic ingredients of Spice. This prosapa drastic reduction of the presence 9f 1
generation SC in Spice and K2-like preparations #mar substitution with ¥ generation SC
(ACMD, 2012). These compounds included haloalkyivdgives of JWH-018, AM-2201 and its
methyl derivative MAM-2201 and the fluoro alkyl, dobenzyl derivative AM-694, the n-
methylpiperidinyl AM-2233 and AM-1220, the benzagboles AM-679, RCS-4 and derivatives,
and adamantoindoles AM-1248 and AB-001. The lag. (the %) generation of cannabinoids
reported in herbal mixtures and in biological saspinclude compounds with an indazole or
benzimidazole core replacing the indole (e.g. AKB-BF-AKB-48, FUBIMINA), replacement of
the carbonyl link of JWH-018 with carboxamide orhmaxylate groups (e.g. APICA, SDBO005),
quinolinyl (PB-22 “QUPIC”, 5F-PB-22, BB-22 "QUCHC"”) or non-cyclic (ABDICA, AB-
PINACA, 5F-AB-PINACA) secondary structures and nlomadrogenized tails (AB-FUBINACA,
AB-FUBICA) (Uchiyama et al., 2012; 2013 a,b; ACMP(14).

To date, detailed information on the affinity, agrpotency, intrinsic activity anth vivo
effects of these '3 generation cannabinoids is lacking. As part of comtinuing interest on the
mechanism of the reinforcing properties and abisd®lity of natural and synthetic cannabinoids,
we selected four of thé%generation cannabinoids found in Spice/K2 produwsely BB-22, 5F-

PB-22, 5F-AKB-48 (also known as 5F-APINACA) and SI3b. In the UK, synthetic
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cannabinoids are the most frequently representeceiN®sychoactive Substance (NPS) category
identified in samples submitted for analysis byaage of sources, with 5F-AKB-48 and 5-FPB-22
(‘clockwork orange’; ‘exodus’; and others) havingem reported as the most identified NPS
molecules overall (Wedinos, 2014). The recent tredSC fluorination may increase the
compounds’ lipophilicity, hence enhancing the apson through biological membranes/blood
brain barrier (Schifano et al., 2015). The fluotethSC STS-135 can be identified either on its own
(‘clockwork orange’ and others) or in combinatiorthwother 'spice’ molecules in products such as
‘Moroccan’ (Wedinos, 2014). Similarly, 5F-PB-22 ¢Ylone’ and others) is the terminally
fluorinated analogue of QUPIC (also known as PB-P&)clone incense is priced around £10 per
gram, with users reporting intense and long-lastinghoria/relaxation/visual hallucinations effects
(Santacroce et al., 2015). Furthermore, BB-22,tiled in products such as ‘Vertex’ and others,
has recently been associated with a range of labiggitions in the UK (Plymouth Herald, 2015). In
this study, the above compounds’ binding and agqgmigperties on native CB1 receptors in brain
homogenates from rats and mice have been investight addition, then vivo effects on DA
transmission, as monitored by brain microdialysif,the compound which provided with the
highest potency and efficacy as an agonist of GREptors, namely BB-22, was studied in detail.
Thus, the effect of BB-22 on DA transmission in taeé NAc shell and core and medial prefrontal
cortex (MPFC) was investigated. The in vivo effexftthe other three compounds on NAc shell DA
transmission was also tested.

2. MATERIALSAND METHODS

2.1 Animals

Male Sprague-Dawley rats (Harlan Italy), C57BL/36 £B1 knockout (KOmice (originally bred

on C57BL/6J background were kindly donated by DrorArH. Lichtman, Department of
Pharmacology and Toxicology, Virginia, CommonwealWNirginia) were used forin vitro
experiments (rats of 200-250g and mice of 17-2@sgpectively) and fom vivo microdialysis (rats

of 275-300 g). Rats and mice were housed 4 ancefl@gpe, respectively, in standard plastic cages
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with wood chip bedding, at temperature of 22 + 2at@ 60% humidity and under a 12 h light/dark
cycle (lights on from 7.00 a.m.). Tap water andndtad laboratory rodent chow (Mucedola,
Settimo Milanese, Italy) were provided libitum in the homecage. All animal experiments were
carried out in accordance with the Guidelines far €Care and Use of Mammals in Neuroscience
and Behavioral Research according to ltalian (L16/92 and 152/06) and European Council
directives (609/86 and 63/2010) and in complianié the approved animal policies by the Ethical
Committee for Animal Experiments (CESA, Universiy Cagliari) and the Italian Ministry of
Health We made all efforts to minimize pain and sufferiagd to reduce the number of animals
used.

2.2 Drugs

5'-0-(3-[**S]thiotriphospate) {FS]GTR/S) (1250 Ci/mmol), H]CP,55940 (131.8 Ci/mmol) ((-)-
cis-3-[2-Hydroxy-4-(1,1-dimethylheptyl)phenytjans-4-(3-hydroxypropyl)cyclohexanol) were
purchased from Perkin-Elmer Life Sciences, Inc.stBn, MA, USA). Guanosin€’ 5- diphosphate

(GDP), and guanosine’ 5-O-(3-thiotriphosphate) (GTFS) were obtained from Sigma/RBI (St.

Louis, MO, USA). CP55,940, WIN-55,212-2 (WIN) JWH-8 and AM 251 were purchased from
Tocris (Bristol, UK). 5F-AKB-48, 5F-PB-22, BB-22nd STS-135 were purchased from an Internet
source (www.researchchemist.co.uk).

For biochemical experiments, drugs were dissolvedimethyl sulfoxide (DMSO). The DMSO
concentration used in the different assays neveeetled 0.1% (v/v) and had no effects B¢ P-
55,940 binding and®{S]GTP/S binding assay. Fan vivo microdialysis, drugs were solubilized in
2% EtOH, 2% Tween 80 and 96 % saline and admimgteritravenously (i.v.; 1 ml/kg) at different
doses depending on the group of animals. BB-2203®M1 mg/kg; 5F-PB-22: 0.01 mg/kg; 5F-
AKB-48 0.1 mg/kg; STS-135 0.15 mg/kg. AM-251 wasmawistered intraperitoneally (i.p.; 3
ml/kg) at the dose of 1 mg/kg.

2.3 Chemical Characterization of Cannabinoids Sour ced from the Internet



To confirm their identity and purity, the substasmeeere evaluated using gas chromatography mass
spectrometry with electron ionisation (GC-EI-MS)P04 MHz nuclear magnetic resonance
spectroscopy (NMR), and high performance liquidoomatography (HPLC). Reference standards
of the four cannabinoids were purchased from Ch{idarway) for comparison. GC-EI-MS was
used for the initial identification where the fragmtation pattern of all four Internet products
correlated to the cannabinoid claimed on the lallkén compared to that of the reference standard
as well as the SWG Drug library (Version 2.1). Tilentification was further confirmed using
NMR where the number of peaks and splitting pattenrere consistent with the cannabinoid
chemical structures and in line with spectra preduby SWG Drug. HPLC was then used to
evaluate the purity of the cannabinoid productsretiee purity of 5F-AKB-48, 5F-PB-22, BB-22,
and STS-135 were determined to be 93 + 1%, 95.83%090.6 + 0.6%, and 91 * 2%, respectively.
Full methods and data interpretation are availabtae Supplementary Information.

24 1n Vitro Experiments

2.4.1 [*H]CP-55,940 Binding Assay. Rats were sacrificed by decapitation. Brains werdéected
and cerebral cortices were rapidly dissected aadepl on an ice-cold plate. After thawing, tissues
were homogenated in 20 volumes (w/v) of ice-coldETBuffer (50 mM Tris-HCI, 1 mM EDTA,
and 3 mM MgCI2, pH 7.4). The homogenates were dagad at 1006 for 10 min at 4 °C, and the
resulting supernatants were centrifuged at 4§06030 min at 4 °C. Aliquots of membranes were
frozen at -80 °C until the day of experimemhe Bradford protein assay was used for protein
determination using bovine serum albumin (BSA) astaadard in accordance with the supplier
protocol (Bio-Rad, Milan, ltaly)[®H]CP-55,940 binding was carried out as previousgadibed
(Manera et al., 2006). Briefly, the membranes (8Q:$ of protein) were incubated for 1 h at 30 °C
with [*H]CP-55,940 (0.5 nM) in a final volume of 0.5 mL ®ME buffer containing 5 mg/mL
BSA. Nonspecific binding was determined in the pree of 10uM CP-55,940. Incubation was
terminated by rapid filtration through Whatman GFflters pretreated with 0.5% (w/v)

polyethyleneimine (PEI), using a Brandell 30-sampevester (Gaithersburg, MD). Filters were
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washed three times with ice-cold Tris-HCI buffeH(jd.4) containing 1 mg/ml BSA. Filter-bound
radioactivity was counted in a liquid scintillatiarounter (Packard Tricarb 2810 TR, Packard,
Meridien, CT), using 3 mL of scintillation fluid (tma Gold Packard, MV, Meridien, CT).
[*H]CP-55,940 displacement curves were plotted usér@l dilutions ranging from 18 to 10° M
unlabeled compounds antH|CP-55,940 (0.5 nM). Independent experiments wepeated on
membrane preparations from at least three diffeegperimentsThe calculation of the 1§ (the
concentration that inhibits 50% of specific radjaind binding) was performed by nonlinear curve
fitting of the concentration-effect curves usinga@mPad Prism, San Diego, CA. Thdest was
used to determine the best approximation of a neali curve fit to a one- or two- site model<
0.05). I1Go values were converted Ki values by means of the Cheng and Prusoff equéGbteng
and Prussoff, 1973).

2.4.2 [®*S|GTPyS Binding Assay. Rat and mouse cortical membranes were suspendé@d in
volumes of cold centrifugation buffer (50 mM TrisSgH 3 mM MgCI2, 1 mM EDTA, pH 7.4) and
homogenized using a homogenizer system (Glass-Tawte Haute, IN). The homogenate was
centrifuged at 480@pPfor 10 min at 4 °C. The pellet was then resuspendeithe same buffer,
homogenized, and centrifuged as previously destribehe final pellet was subsequently
resuspended in assay buffer (50 mM Tris-HCI, 3 migQ\2, 0.2 mM EGTA, 100 mM NacCl, pH
7.4), homogenized, and diluted to a concentratibn-® mg/mL with assay buffer. Membrane
aliquots were then stored at -80 °C until us&S]GTP/S binding was measured as previously
described (Manera et al., 2006). Briefly, mouse mtdrain membranes (5-1@ of protein) were
incubated with compounds at 30 °C in assay buffertaining 0.1% BSA in the presence of 0.05
nM [**S]GTP/S and 3QuM GDP in a final volume of 1 ml. After 60 min incation, samples were
filtered using a Packard Unifilter-GF/B, washeddgvwith 1 ml of ice-cold 50 mM Tris-HCI, pH
7.4 buffer, and dried for 1 h at 30 °C. The radindty on the filters was counted in a liquid
microplate scintillation counter (TopCount NXT, Raod, Meridien, CT) using 3Qul of

scintillation fluid (Microscint 20, Packard, Mergh, CT). Concentration-effect curves were
9



determined by incubating membranes with variousentrations of compounds (0.1 nM-LM)

in the presence of 0.05 nNPE]GTP/S and 3QuM GDP. Nonspecific binding was measured in the
presence of 1@M unlabeled GTIS. Basal binding was assayed in the absence ofstgord in
the presence of GDP. Stimulation by the agonist deded as a percentage increase above basal
levels (i.e., {{[dpm(agonist) - dpm(no agonist)]/dgm agonist)} x 100). Nonlinear regression
analysis of concentration-response data was peewmnsing Prism 6.0 software (GraphPad Prism
program, San Diego, CA) to calculainax (maximal stimulation over basal levels) andsEC
(concentration of agonist to obtain 50% of the malieffect) values.

2.51n vivo microdialysis

25.1 Surgery. Male Sprague-Dawley rats (275-300 g; Harlan, Italgre anaesthetised with
Equitesin (3ml/kg ip; chloral hydrate 2.1 g, sodipentobarbital 0.46 g, MgSQ.06 g, propylene
glycol 21.4 ml, ethanol (90%) 5.7 ml,,@& 3 ml) placed in a stereotaxic apparatus and imeth
with vertical dialysis probgd.5 or 3 mm dialyzing portion for NAc or mPFC, pestively) in the
NAc shell (A+2.2, L+1.0 from bregma, V-7.8 from djyiror core (A+1.4; L+1.6 from bregma; V-
7.6 from dura) or in the mPFC (A+3.7, L+0.8 frone@yma, V-5.0 from dura), according to the rat
brain atlas of Paxinos and Watson (1998). In ortler perform intravenous (i.v.) drug
administration, a catheter (Silastic, Dow Corningrgdration, Michigan, USA) was inserted in the
right jugular vein as previously described (De Letal., 2014).

2.5.2 Analytical Procedure. On the day following surgery, probes were perfusgtth Ringer's
solution (147 mM NaCl, 4 mM KCI, 2.2 mM Caflat a constant rate of 1 pl/min. Dialysate
samples (10 pl) were injected into an HPLC equippéh a reverse phase column (C8 3.5 um,
Waters, USA) and a coulometric detector (ESA, Cchdon 1) to quantify DA. The first electrode
of the detector was set at +130 mV (oxidation) #imel second at -175 mV (reduction). The
composition of the mobile phase was: 50 mM ha@&;, 0.1 mM Na-EDTA, 0.5 mM n-octyl

sodium sulfate, 15% (v/v) methanol, pH 5.5. Thesgesity of the assay for DA was 5 fmol/sample.
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25.3 Histology. At the end of the experiment, animals were saetfiand their brains removed and
stored in formalin (8%) for histological examinatido verify the correct placement of the
microdialysis probe.

2.6 Statistical Analysis

All the numerical data are given as mean + SEM.aDaere analyzed by utilizing one-way
ANOVA or repeated measures ANOVA or T-test. Restiten treatments showing significant
overall changes were subjected to Tukey’s tesiBuwmett’s tests fopost hoc comparisons, with
significance fomp < 0.05.

3.RESULTS

3.1IN VITRO STUDIES

3.1.1 Agonist-stimulated [*S]GTPyS binding

As shown in Fig. 2 A-B, at 1 uM concentration WINdaJWH-018, our reference compounds,
stimulated {°S]JGTP/S binding to rat cortex membranes to approximateh% and 170%,
respectively, of the basal activity. BB-22, 5F-PB-BF-AKB-48, and STS-135 produced greater
G-protein stimulation than the full CB1 receptoroagt, WIN. Specifically, the stimulation of
GTPYS induced by 1 pM of BB-22 and 5F-PB-22 was sigaiftly (p<0.01) greater than the
amount of stimulation produced by WIN (Fig. 1A). Wand all compounds produced no GBP
stimulation when co-incubated with AM 251 (0.1 uM)CB1 receptor antagonist/inverse agonist
(Fig. 2 A-B), suggesting that all four test compdsimactivate a G protein coupled to the CB1
receptor.

[**S]GTHS binding was stimulated in a concentration-depended saturable manner by the
prototypic indole-derived synthetic cannabinoid M8 and by all four synthetic cannabinoids
5F-AKB-48, STS-135, BB-22 and 5F-PB-22 (Fig. 3, [Eab). All compounds possess nanomolar
potency at CB1 receptors, with BB-22 and 5F-PB-2ihdp approximately 5-7 fold more potent
than JWH-018. E§p values for BB-22 and 5F-PB-22 were significantdyer than Eg value for

JWH-018 (ANOVA: Ra14)= 14.78, P< 0.0001p<0.05, Dunnett's test), while no difference was
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recorded in the E4s value for STS-135 and 5F-AKB-48 (ANOV/AE (414) = 14.78 P< 0.001).
These latter compounds display similar potencyWHJ018 for stimulating GT#S binding-CB1
mediated (Table 1). The maximal efficadyn{ax) of G-protein activation by JWH-018 and STS-
135 was similar while the other compounds (5F-AKB-8B-22 and 5F-PB-22) exhibited
significant enhanced efficacy compared to JWH-0ARQVA F (414)= 11.56 P< 0.001). The rank
order of potency and efficacy was BB-22 = 5FP-2W¥H-018 = 5F-AKB-48= STS-135 and BB-
22 = 5FP-22 > 5F-AKB-48> STS-135 = JWH-018, respebt (Table 1). Lastly, to confirm the
involvement of the cannabinoid CB1 receptor in #aivation of G protein we performed
concentration-effect curves of our compounds in seceortex membrane homogenates of CB1-KO
and wild-type mice. As shown in Fig. 4, all compdanstimulated ¥S]GTP/S binding in a
concentration-dependent manner in cortex of wijgktynice with EG, and Emax values of 38 +
5.7nM and 158 + 2.4 %, 28 + 3.2 nM and 167 + 3,71%=+ 1.7 nM and 159 + 1.5 %, 4 + 0.9 nM
and 183 +5.5 %, 1.46 +0.14 nM and 187 + 3.6686JWH-018, 5F-AKB-48, STS-135, 5F-PB-22
and BB-22, respectively. Importantly, no activatafrG protein was observed in CB1-KO mice.
3.1.2 Effects of JWH-018, 5F-AKB48, STS-135, BB-22 and 5F-PB-22 on cannabinoid CB1
receptor binding

To determine the affinity of JWH-018 and the otkempounds to the CB1 receptor, we used a
radiolabelled competition binding assay in rat icait membranes. Indeed, high levels of CB1
receptors are expressed in the central nervousmysivhile only negligible CB2 receptors
guantities are present (Pertwee, 2005). In gooédeamgent with previous published data (Devane et
al., 1988; Thomas et al., 1998), the Kd and Bmarinbd by Scatchard analysis 3H][CP55,940
saturation binding were 2.08 + 0.16 picomol/mg emotand 0.33 = 0.06 nM, respectively (n=3,
data not shown). As expected, JWH-018 in rat calrtmembranes caused complete inhibition of
the specific binding of’H]CP55,940 with a Ki of 3.4 + 0.6 nM (Fig. 4). Aeawn in Table 1, all
four test compounds displacetH[CP55,940 binding with varying affinities rangifigm 0.11 +

0.03 for BB-22 to 1.9 + 0.18 for STS-135. IndeedyH&lues of these compounds were significantly
12



lower compared to our reference compound JWH-01i8, the rank order of CB1 receptor affinity
BB-22 = 5FPB-22 > 5F-AKB-48 > STS-135 > JWH-018Ifleal).

3.2IN VIVOMICRODIALYSISSTUDIES

Rat basal values of DA, expressed as fmoles/1@mpke (mean + SEM), were: NAc shell 52 £ 5

(N =50), NAc core 55 + 4 (N =25), mPFC 16% 2 (N F21

3.2.1 Effect of BB-22 administration on DA transmission in the NAc shell and core, and in the

mPFC

In this first experiment, we studied the effecfafr doses of BB-22 (0.003, 0.01, 0.03, 0.1, mg/kg
i.v.) on extracellular DA levels in NAc shell andre, and mPFC. As shown in Fig. 6, the dose-
response curve of the effect of BB-22 on dialysa#eis bell-shaped with the dose of 0.01 mg/kg
increasing DA levels preferentially in the NAc dheed compared to the NAc core and mPFC. No
significant effects were observed in the NAc cand emPFC. Three-way ANOVA showed a main
effect of dose [ ;5=4.46; p < 0.01], brain area fF5=7.72; p <0.001] and time [f; go054.24 P <
0.001], and a significant dose x brain area intesacF ;,5=6.46; p < 0.0001]. Tukepost hoc
tests showed an increase of dialysate DA in the Nidall after 0.01 mg/kg of BB-22 revealing
differences at the 20-40 and 90-120 min sample wedpect to basal value, to vehicle treated
animals implanted in NAc shell, and to the sameed0901 mg/kg) treated animals implanted in the

NAc core (90 min sample) and in the mPFC (30, 90 saimple).

3.2.2 Role of CB1 receptorson the NAc shell DA stimulation induced by BB-22

In this experiment, we studied the effect of CBlcemor blockade by the inverse
agonists/antagonists AM 251 on the NAc shell DAoese to BB-22 (0.01 mg/kg i.v.) in rats (Fig.
7). In AM 251 pre-treated animals, two-way ANOVAosted a main effect of treatment

[F1.11712.07; p< 0.005], and treatment x time interac{iBfg 19572.2 P < 0.005]. Tukey'sgpost
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hoc tests revealed that pre-treatment with AM-251 digantly reduced dialysate DA in the NAc
shell as compared to rats pre-treated with velififde 140,150,180 min sample).
3.2.3 Effect of 5F-PB-22, 5F-AKB-48, and ST S-135 administration on DA transmission in the

NAc shell

In this set of experiments, we studied the effectb-PB-22, 5F-AKB-48, and STS-135 on
extracellular DA levels in the NAc shell. As shownFig. 8, all the drugs tested stimulated DA
transmission in the NAc shell. A two-way ANOVA shed the following main effects: 5F-PB-22
treatment [f ;4=15.97; p< 0.005]; SF-AKB-48 treatment {f;=63.39; p< 0.001], 5F-AKB-48
time x treatment [ffg 10=1.7, P< 0.05]; STS-135 time [f 14472.16 p< 0.05], STS-135 time x
treatment [fig 144572.1 p< 0.005]. Tukeyost hoc tests showed a larger increase of dialysate DA in
the NAc shell after all the cannabinoids testeceadimg differences at the 30 and 40 min samples
with respect to basal value (5F-PB-22); at the 8I) and 150 min samples with respect to basal
value and at the 60 and 100 min samples compareehicle (5F-AKB-48); at the 60 min sample

with respect to basal value and to vehicle (STS:135
4. DISCUSSION

The main findings of this study are that the follrg@neration cannabinoids, BB-22, 5F-PB-22, 5F-
AKB-48 and STS-135 are high affinity ligands andgmb full agonists at the native rat and mice
brain CB1 receptors and stimulatevivo DA transmission in the NAc shell at doses consistéth
their in vitro CB1 receptor affinity. Oun vitro findings demonstrate that BB-22, 5F-PB-22, 5F-
AKB-48 and STS-135 bind with nanomolar affinity ©B1 receptors in rat cerebral cortex
homogenates and stimulate CB1-induc&8]GTP/S binding with high potency and efficacy.
Previous research has shown that JWH-018, ourereercompound, binds with and activates CB1
receptors with high affinity and potency and digplan vivo cannabimimetic activity, i.e.,

antinociception, hypothermia, catalepsy and locametippression (Brents et al., 2011; Wiley et
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al., 2012; Vigolo et al., 2015). The G protein @ation induced by JWH-018 and by all compounds
was completely suppressed by the CB1 antagonistéevagonist AM 251 and totally absent in
CB1-KO mice. Taken together these data indicateBBa22, 5F-PB-22, 5F-AKB-48 and STS-135
activate a G-protein coupled CB1 receptor. The @adler of potency and efficacy as CB1 receptor
agonists correlated with CB1 receptor binding dffirand all four compounds were full agonists in
[**S]GTHS binding studies as compared to JWH-018. Notablky,most potent compounds, the
fluorinate 5F-PB-22 and BB-22, possess greater @REptor agonist potency (5 and 7 fold,
respectively) and efficacy and a higher bindingnetif (26 and 30 fold, respectively) at CB1
receptors compared to JWH-018. Among the 4 SC, BBt compound provided with the highest
affinity for CB1 receptors and the highest intriactivity as a CB1 receptor agonist, was selected
to be tested for itsn vivo effects on DA transmission, as estimated by DArad@lysis. We
examined BB-22 in three terminal DA areas, namie&/NAc shell and core and the medial PFC.
Using a range of 4 doses (0.003-0.1 mg/kg i.v.);B2Bncreased dialysate DA in the NAc shell at
the intermediate dose of 0.01 mg/kg i.v. Most int@otly, this effect was prevented by AM 251 at
a dose that did not affect basal dialysate DA. dbse of BB-22 that increased dialysate DA in the
NAc shell is about 10 times lower than the dos€\WWH-018 that elicits a quantitatively similar
peak increase of dialysate DA in the NAc shell (&d80% over basal) and compares favourably
with the difference in Ki between the two compourdsligands of native rat CB1 receptors (BB-
22, 0.11 nM; JWH-018, 3.38 nM). BB-22 also sharéf WVH-018 the bell shaped dose-response
curve of the increase in NAc shell DA, with loss thie effect at the highest dose tested.
Interestingly, the stimulation of dialysate DA inetNAc shell took place within a rather narrow
range of doses, a feature that differentiates thmmapounds from THC as well as from
psychostimulants, nicotine and narcotic drugs afsab(Di Chiara et al, 2004; Pontieri et al., 1995
and 1996; Tanda et al., 1997). The other three ocomis were tested for their effects on dialysate
DA in the NAc shell at a single dose level, seldote the basis of the ratio between the Ki of

JWH-018 and BB-22 for CB1 receptors and the do$élseopsame compounds that activate/ivo
15



NAc shell DA transmission. Thus, doses of 0.01 mg/i. of 5F-PB-22, 0.1 mg/kg of 5F-AKB-48

and 0.15 mg/kg of STS-135 were tested. At thesesjadl compounds increased dialysate DA in
the NAc shell to a similar extent to BB-22 (max 8% over basal). In the case of 5F-AKB-48 the
increase of dialysate DA was delayed. In the cd€®Be22 the biphasic time-course of dialysate
DA in the NAc shell could be due to the formatidraotive metabolites while the delayed effect of
5F-AKB-48 might be due to slow passage throughhiloed-brain-barrier due to steric hindrance

related to the bulky adamantyl residue.

In conclusion, we have shown that four represematiof 3 generation Spice/K2
cannabinoids are highly potent and effective aderni$ CB1 receptors and, consistent with the
properties of THC and synthetic cannabinoids adgstilse WIN 55,2012-2 (Lecca et al., 2006) and
JWH-018 (De Luca et al., 2015), activate DA trarssmn selectively in the rat NAc shell. In the
absence of direct evidence for reinforcing propsrtas deduced from i.v. self-administration
studies, the property of activating DA transmissiorthe NAc shell provides circumstantial pre-
clinical evidence for a putative abuse liability thfese compounds. The present findings are a
reason for further clinical concern. Users do redns to be aware of the serious adverse effects
related to SC misuse, since these compounds magyetmeived to be somehow equivalent to
Marijuana and hence “safe” and “natural” (Santaerat al., 2015; Schifano et al., 2015).
Appropriate, non-judgemental, prevention campaignth a special focus on the differences
between SC and cannabis may need to be organizadarge scale. At the same time, clinicians
need to be regularly updated about NPS, includi@gt6 promptly recognize signs/symptoms of

intoxication (Simonato et al., 2013; Papanti et2014; Schifano et al., 2015).
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Figurelegends

Figurel

Structures of selected synthetic cannabinoids.

Figure2

Effect of WIN, JWH-018 and its derivatives on [®S|GTPyS binding in rat cortical
membr anes.

WIN, JWH-018, BB-22, 5F-PB-22 (2A), 5F-AKB-48 and $135 (2B) were tested alone or in
combination with the CB1 receptor antagonist/ingesigonist, AM 251 (0.1M). Data, expressed
as percentage of basal values, are means + SEMIedst three determinations in triplicate. The
horizontal dotted line indicates baseline valuese-@ay ANOVA: 2A, ko 39 =42,45 P<0.0001,
2B: Ro,39= 37,30 P< 0.0001 **p< 0.01 vs WIN, Tukey’ test.

Figure3

Concentration-response curves of compound-stimulated [®*S|GTPyS binding in rat cortical
membr anes.

Data are expressed as mean percentage of bases\&#IGTRS binding + SEM of at least four
independent experiments. Rat cortical membraneg weubated with various concentrations of
BB-22 (black squares), 5F-PB-22 (ed triangles), 5SF-AKB-48 @reen triangles), STS-135 iflagenta
diamonds), and JWH-018 Hue circles), as described in Material and Methods. The pararse
describing the different curves are given in Tdble

Figure4

Concentration-response curves of compounds-stimulated [*S]GTPyS binding in mouse
cortical membranes of CB1-KO and wild-type mice.

Data represent a typical experiment out of threlependent experiments. B®fWild-Type mice:

BB-22 (black squares), 1.7 nM; 5F-PB-22rgd triangles), 3.4 nM; 5F-AKB-48 @reen triangles),
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28 nM; STS-135ragenta diamonds), 15 nM; JWH-018 iflue circles): 36 nM. All compounds fail

to activate GTPQgS binding in CB1-KO miaiofted lines).

Figure5

Displacement curves of [*H]CP55,940 in rat cortical membranes by BB-22, 5F-PB-22, 5F-
AKB-48, STS-135, and JWH-018.

Data are expressed as means + SEM of at leastrfdapendent experiments, each performed in
triplicate. The calculation of l§gwas performed by non-linear curve fitting of thencentration-
effect curves using GraphPad Prism. The F-testusad to determine the best approximation of a
non-linear curve fit to one or two site modgbs<(0.005). IG values were converted Ki values

by means of the Cheng and Prusoff equation (Cheddarsoff, 1973).

Figure 6

Effect of BB-22 administration on DA transmission in the NAc shell, NAc core, and mPFC.
Results are expressed as mean + SEM of change irex@@acellular levels expressed as the
percentage of basal values. The arrow indicatesttre of BB-22 i.v. injection at the dose of 0.003
mg/kg (nmagenta triangles), 0.01 mg/kg Ked triangles), 0.03 mg/kg @green squares), 0.1 mg/kg
(blue diamonds), or vehicle Black circles) in the NAc shell (A), NAc core (B), and mPFC (C).

Solid symbol:p < 0.05 with respect to basal valuep;< 0.05 vs veh NAc shell groups p < 0.01

vs 0.01 NAc core groupé: p < 0.01 vs 0.01 mPFC group; (NAc shell N= 29; NAcecdi= 27;
MPFC N= 21) (Three-way ANOVA, Tukeyf®st hoc).

Figure7

Blockade of BB-22 effect on increase of DA transmission in the NAc shell by AM 251.

Results are expressed as mean + SEM of change irexacellular levels expressed as the
percentage of basal values. The arrow indicatesttré of BB-22 i.v. injection at the dose of 0.01

mg/kg in rats pre-treated with AM 251 (1.0 mg/kg.,i.30 min before agonistgicles) or vehicle
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(triangles). Solid symbolp < 0.05 with respect to basal valuep;< 0.05 vs veh group. (NAc shell
veh N=6; NAc shell AM N=3) (Two-way ANOVA, Tukey’gost hoc).

Figure8

Effect of 5F-PB-22, 5F-AK B-48, ST S-135 administration on DA transmission in the NAc shell.
Results are expressed as mean + SEM of change ireX@@acellular levels expressed as the
percentage of basal values. The arrow indicatesttreof cannabinoid i.v. injection: (A) 5F-PB-22
0.01 mg/kg friangles), (B) 5F-AKB-48 0.1 mg/kg diamonds), and (C) STS-13%.15 mg/kg
(squares), or vehicle €ircles) in the NAc shell. Solid symbop < 0.05 with respect to basal values;
*p < 0.05 vs Veh group (5F-PB-2R= 6; 5F-AKB-48 N= 7 ; STS-135N= 5; Veh N=17) (Three-

way ANOVA, Tukey’spost hoc).
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Table 1. Binding affinity, potency and efficacy for stimulation of [*S]GTPyS binding in rat

cortical membranes

GTPyS binding
Compounds CB1 ECso Emax
Ki (nM) nM % over basal

BB-22 0.11+0.03** 2.9+0.6 217 + 4
S5F-PB-22 0.13+0.01** 3.7+0.6 203 + 2°*
S5F-AKB48 0.87 +0.14** 31.0+7.5 190 + 1T
STS-135 1.93+0.18 32.3+29 168+ 9
JWH-018 3.38 £ 0.63 20.2+1.3 163 +3

Data are the means + SEM of at least four expetisnesach performed in triplicate. The
calculation of 1Gywas performed by non-linear curve fitting of thencentration-effect curves
using Graphpad Prism. §gvalues were converted Ki values by means of the Cheng and Prusoff
equation (Cheng and Pursoff, 1973). Compound-mediaf°S]GTP/S binding data represent
percentage of stimulation over basal values (s&D8%6). Emax and EC50 were determined by non
linear regression curve fit (GraphPad Prism). Oag WNOVA: Ki: F4 14721.24, P<0.0001; EG
Fua14) = 14.78 P<0.0001; Emax:afs =11.56 P< 0.001*P<0.05, **P<0.01 and***P<0.001

compared to JWH-018 (Dunnett’s test).
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Supplementary Material

Characterisation of NPS Internet Products using Nuclear Magnetic Resonance Spectroscopy
(NMR)

Nuclear Magnetic resonance spectra were record28%K using a Jeol Eclipse-400 spectrometer.
The data is reported as chemical shif} (h ppm relative to the residual protonated salven
resonance. Relative integral, multiplicity (s =glet, d = doublet, t = triplet, m = multiplet),
coupling constants are reports in Hz. All deutetatelvents were purchased from Sigma Aldrich
(Gillingham, UK). The number of peaks and splittipgtterns are consistent with the chemical
structures and in line with spectra produced by SIWGy*™*.

SF-AKB-48

H-NMR (400 mHz, CDGJ) 5 (ppm) 1.45-2.20 (21H, m, alkyl), 4.36-4.37 (1H, @H), 4.47-4.49
(3H, m alkyl), 6.80 (1H, s, NH), 7.25-7.37 (3H, m, Ar;H$36-8.38 (1H, dJ=8 Hz, Ar-H)

BB-22

'H-NMR (400 mHz, CROD) & (ppm) 1.02-1.31 (5H, m, alkyl), 1.62-1.79 (5H, atkyl), 1.90-2.03
(1H, m, CH), 4.12-4.13 (2H, d=4 Hz, CH), 7.22-7.26 (1H, m, Ar-H), 7.28-7.32 (1H, m Hz,-Ar
H), 7.56-7.60 (2H, m, Ar-H), 7.62-7.70 (2H, m,Ar-H}.88-7.91 (1H, ddJ=7.6, 1.6 Hz, Ar-H),
8.11-8.14 (1H, dtJ=8.1 Hz, Ar-H), 8.29 (1H, s, Ar-H), 8.40-8.43 (1Hk, J=12 Hz, Ar-H), 8.82-
8.85 (1H, ddJ=12 Hz, Ar-H)

STS135

'H-NMR (400 mHz, CROD) & (ppm) 1.35-1.44 (2H, m, G# 1.61-1.76 (3H, m, Ch), 1.77 (7H,
bs, alkyl), 1.85-1.95 (2H, m, Gl 2.10 (3H, bs, alkyl), 2.20 (7H, m, alkyl), 4.22H, t,J = 6.7
Hz, CH), 4.32 (1H, tJ = 8 Hz, CH), 4.43 (1H, tJ = 8 Hz, CH), 6.92-6.96 (1H, br, s, NH), 7.11-
7.24 (2H, m, Ar-H), 7.41-7.44 (1H, d= 8 Hz, Ar-H), 7.84 (1H, s, CH), 8.00-8.02 (1H,Xk8 Hz,
Ar-H)

SF-PB-22
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'H-NMR (400 mHz, CDGJ) § (ppm) 1.47-1.57 (2H, m, Gi 1.68-1.82 (2H, m, C}), 1.96-2.09
(2H, m, CH), 4.22-4.24 (2H, , t) = 8 Hz, CH), 4.39 (1H, t, Ch), 4.51 (1H, t, CH)7.27-7.35
(2H, m, Ar-H), 7.41-7.44 (2H, m, Ar-H),7.54-7.64H2m, Ar-H), 7.75-7.78 (1H, dd] = 7.9, 1.5
Hz, Ar-H), 8.17 (1H, s, Ar-H), 8.19-8.24 (1H, dbl= 8.5, 1.7 Hz, Ar-H), 8.29-8.31 (1H, nAr-H),

8.90-8.92 (1H, dd) = 4.1, 1.5 Hz, Ar-H)

References 1-4

http://www.swqdrug.org/Monographs/5F-AKB48.pdf

http://www.swgdrug.org/Monographs/5FPB22.pdf

http://www.swgdrug.org/Monographs/5FPB22.pdf

http://www.swqdrug.org/Monographs/STS-135.pdf

Characterisation of NPS Internet Products using Gas Chromatography Mass Spectrometry with
Electron lonisation (GC-EI-MS).

HPLC grade methanol was purchased from Fisher fterflLoughborough, UK). Samples
prepared for chromatography analysis were placeddar DP ID 2 mL glass vials, fitted with
PTFE/silicone septa certified caps. Analysis wasedasing electron ionisation (EI) with a scan
range of 40 - 1000 m/z. lon trap, manifold and $fanline temperatures were set to 150, 50 and
250°C, respectively. Gas chromatographic separationaghgeved using a Varian FactorFour 5%
phenyl-methyl capillary column (30 m x 0.25 mm 2®um) using helium as a carrier gas (1 ml
min®) and a split ratio of 10:1. The column was hea®d&0 °C for 2 min following sample
injection, increased to 30 (15°C min), held for 5 min and then cooled back to°&D(50°C
min™), with a total run time of 28.67 min. Solutionsezfch product were prepared of each product

using methanol (0.1 mg i) and filtered (0.2 pm PTFE membrane filters) ptmanalysis. Mass
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spectra of selected peaks were compared to thptirehased reference standards and the SWG
Drug Library (Version 2.1).

The EI fragmentation peaks for the products arented below as m/z (% abundance) for mass
peaks> 25% abundance.

SF-AKB-48

355 (100), 383 (74), 233 (72), 294 (52), 338 (395 (34), 213 (30), 298 (27), and 356 (25%)
SF-PB-22

232 (100), 144 (25), and 116 (25%)

BB-22

240 (100) and 144 (31%)

STS135

232 (100), 382 (85), 307 (51), 144 (43), and 368/4R

Characterisation of NPS Internet Products using High Performance Liquid Chromatography
(HPLC)

HPLC grade methanol, acetonitrile, water and opghosphoric acid were purchased from Fisher
Scientific (Loughborough, UK). Reverse phase HPIo@lgsis was performed using an integrated
Perkin Elmer Flexar system fitted with an in-linegdsser, 100-place auto injector and a photodiode
array (PDA) detector (recording 210 nm). Data asialywas carried out using Chromera-flexa
software version 3.4.0.5712. A core kinetix 5y XiBeRomenex C18 columns (150 x 4.6 mm) was
used for the analysis. An Isocratic mobile phase used of 60% orthophosphoric acid (2.1 pH):
40% AN. The flow rate was 1.5 mL mirwith an injection volume of 5 pL. Stock solutionfseach
NPS were prepared by adding 5.0 mg of each compowerghed accurately into 10 mL
volumetric flasks and made up to volume with methakach NPS sample was prepared and
analysed in triplicate. A calibration curve was stoacted using the following standards: 1, 0.66,

0.44,0.29, 0.19, and 0.13 mg 'l
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HPLC was used to run the reference standards 5F-AKBRT = 16.3 min), 5F-PB-22 (RT =3.4
min), BB-22 (RT = 8.9 min), STS-135 (RT = 9.2 mia)d evaluate the purity of the Internet
products. Correlation coefficients for all caliboat curves were0.999. The purity of the 5F-AKB-

48, 5F-PB-22, BB-22, and STS-135 Internet produase determined to be 93 + 1% (RT = 16.2
min), 95.2 £ 0.8% (RT = 3.4 min), 90.6 + 0.6% (RT8 min), and 91 + 2% (RT = 9.2 min),

respectively.
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HIGHLIGHTS
« STS135, 5F-AKB-48, BB-22, 5F-PB-22 are 3" generation Spice/K2 synthetic
cannabinoids
* They are CB1 receptor ligands with higher affinity than JWH-018
» They are CB1 agonists with higher potency and intrinsic activity than JWH-018

* They increase NAc shell dopamine at doses consistent with their in vitro potency



