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Abstract

The synthetic cannabinoid 1-pentyl-3-(1-naphthaytjele (JWH-018) has been detected
in about 140 samples of a smokable herbal mixtemmed “Spice”. JWH-018 is a CB1
and CB2 agonist with a higher affinity thak’-THC. In order to investigate the
neurobiological substrates of JWH-018 actions, welied by microdialysis in freely
moving rats the effect of JWH-018 on extracellldapamine (DA) levels in the nucleus
accumbens (NAc) shell and core and in the medetrqntal cortex (mPFC). JWH-018,
at the dose of 0.25 mg/kg i.p., increased DA sHda the NAc shell but not in the NAc
core and mPFC. Lower (0.125 mg/kg) and higher d¢8&® mg/kg) were ineffective.
These effects were blocked by CB1 receptor antato(bR-141716A and AM 251) and
were absent in mice lacking the CB1 recepxrvivo whole cell patch clamp recordings
from rat ventral tegmental area (VTA) DA neuron®whd that JWH-018 decreases
GABAA-mediated post-synaptic currents in a dose-depéerdsinion suggesting that the
stimulation of DA release observed in vivo mighsui from disinhibition of DA
neurons. In addition, on the “tetrad” paradigmdoreening cannabinoid-like effects (i.e.,
hypothermia, analgesia, catalepsy, hypomotilityy)H3018, at doses of 1 and 3 mg/kg,
i.p., produced CB1 receptor-dependent behaviouffdcts in rats. Finally, under
appropriate experimental conditions, rats (2@kg/inf iv, FR3; nose-poking) and mice
(30 pg/kg/inf iv, FR1; lever-pressing) self-administentravenously JWH-018. In
conclusion, JWH-018 shares with the active ingmetlief Marijuana,A>-THC, CB1-

dependent reinforcing and DA stimulant actions.
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Abbreviations

AM 251 1-(2,4-dichlorophenyl)-5-(4-iodophenyl)-4-methyK1-piperidyl)pyrazole-3-
carboxamide

DA dopamine

GABA gamma-aminobutyric acid

I PSC inhibitory postsynaptic currents

i.p. intraperitoneal

I.v. intravenous

mPFC medial Prefrontal Cortex

MJ Marijuana

NAc Nucleus Accumbens

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

SA self-administration

SR141716A Rimonabant5-(4-Clorofenil)-1-(2,4-dicloro-fenil) - 4-metil-Npiperidin-
1-il)- 1H-pirazole-3-carbossammide

THC delta-9-tetrahydrocannabinol

VTA Ventral Tegmental Area

WIN WIN-55,212-2;(R)-(+)-[2,3-Dihydro-5-methyl-3-(4
morpholinylmethyl)pyrrolo[1,2,3-de]-1,4-benzoxa®inyl]-1-napthalenylmethanone



Abstract

The synthetic cannabinoid 1-pentyl-3-(1-naphthaytlele (JWH-018) has been
detected in about 140 samples of a smokable herixédire termed “Spice”. JWH-018
is a CB1 and CB2 agonist with a higher affinityrth-THC. In order to investigate
the neurobiological substrates of JWH-018 actioms, studied by microdialysis in
freely moving rats the effect of JWH-018 on exttadar dopamine (DA) levels in the
nucleus accumbens (NAc) shell and core and in tbeiahprefrontal cortex (mPFC).
JWH-018, at the dose of 0.25 mg/kg i.p., incred3@drelease in the NAc shell but
not in the NAc core and mPFC. Lower (0.125 mg/kgg aigher doses (0.50 mg/kg)
were ineffective. These effects were blocked by @&Eptor antagonists (Rimonabant
and AM 251) and were absent in mice lacking the C&%¥ptor.Ex vivo whole cell
patch clamp recordings from rat ventral tegmentabgVTA) DA neurons showed
that JWH-018 decreases GARAnediated post-synaptic currents in a dose-depénden
fashion suggesting that the stimulation of DA rete@bserved in vivo might result
from disinhibition of DA neurons. In addition, ohet “tetrad” paradigm for screening
cannabinoid-like effects (i.e., hypothermia, anaigecatalepsy, hypomotility), JWH-
018, at doses of 1 and 3 mg/kg, i.p., produced @REptor-dependent behavioural
effects in rats. Finally, under appropriate expental conditions, rats (20g/kg/inf iv,
FR3; nose-poking) and mice (3®/kg/inf iv, FR1; lever-pressing) self-administer
intravenously JWH-018. In conclusion, JWH-018 skasgth the active ingredient of
Marijuana,A’-THC, CB1-dependent reinforcing and DA stimularticts.

Keywords. JWH-018, CB1 receptor, dopamine, nucleus accus)bencrodialysis,
electrophysiology
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1.0INTRODUCTION

In the past decade a large number of “herbal mestuhas been marketed as a
legal alternative to Marijuana (MJ) (SAMHSA, 2012)hese products are broadly
known as “Spice”, and have been sold under marigrdiit names (Spice Gold, nJoy,
Blaze etc.) in “smart shops” and through the Imgersince 2006. More than 140
different “Spice” products have been marketed, desbite efforts to make their sale
and use illegal they continue to be easily obtaimethout age restriction. These
products are usually made up of shredded plant rrabtthat does not contain
psychoactive constituents but laced with a var@gdtgynthetic drugs that activate the
same receptors @’-THC, the psychoactive principle of MJ (i.e. caninaid CB1 and
CB2 receptors).

“Spice” users report experiences similar to thoseluced by MJ, though their
high psychoactive potency can result in greatehdvawal symptoms and more
adverse effects than MJ (e.g. headache, vomitiagnmia, tachycardia, hypertension,
seizures, panic attacks, agitation, psychosis,utiathtion extreme anxiety/panic,
paranoia, hallucinations, etc.) (Every-Palmer, 2(84ely et al., 2012; Papanti et al.,
2013; Fantegrossi et al., 2014). This suggestseatgr prevalence of dependence on
“Spice” vs MJ and a much greater risk to health and socidlbeiag than MJ.
Accordingly, the European Monitoring Centre for Bsuand Drug Addiction has
monitored Spice consumption and abuse (EMCDDA, 2009

JWH-018 (1-pentyl-3-(1-naphthoyl) indole), a pdt&B1 and CB2 synthetic
agonist, has been frequently identified as a corapbaf many different “Spice” drugs.
When compared toA®-THC, JWH-018 exhibits a full-agonist profile witlan
approximate fourfold affinity for the CB1 recepi®ti ~ 9 nM) and tenfold affinity for

the CB2 receptorKi ~ 3 nM) (Huffman et al., 2005). Most likely, the highdfirity to



CB receptors contributes to the greater incidentalependence and withdrawal
associated with “SpiceVs MJ use. Furthermoren vitro studies carried out on both
hepatic microsomes (Wintermeyer et al., 2010) amdeusamples (Sobolesky et al.,
2010) showed the presence of pharmacologicallyweatnetabolites of JWH-018,
which might account for long ternm vivo effects produced by the substance and
homologues, in particularly after their repeated (Brents et al., 2011; Seely et al.,
2012). Drug-discrimination studies in rats havevetm that JWH-018 and®-THC can
be fully substituted, mutually (Wiley et al., 20}4dn mice, JWH-018 displays
cannabimimetic activity as estimated by the inducf a characteristic tetrad profile
of dose-dependent effects (Wiley et al.,, 2012; \get al.,, 2015). Such studies,
however, have not been performed yet in rats.

It is well established that the rewarding propertoé natural and drug stimuli
are tightly coupled to brain dopamine (DA) neurogmission (Schultz, 2002; Di
Chiara et al., 2004; Wise, 2008). Drugs of abusesHzeen shown to increase DA
transmission in the ventral striatum/nucleus acamsb(NAc) (Di Chiara, 1990;
Volkow et al., 2003; Fillenz, 2005) and it has bdsmothesized that this property,
depending on the specific drug class, mediatesicespecific properties of drugs of
abuse and therefore are instrumental to their &ddigroperties (Di Chiara and
Imperato, 1988; Koob and Bloom, 1988; Wise and R@n{989; Volkow et al., 2012).
Like other drugs of abuse, the activation of DAgmission by naturah-THC) and
synthetic (e.g. WIN 55.212-2) cannabinoids is dpeadly associated to the shell
subdivision of the NAc (Tanda et al., 1997; Lectalg 2006; De Luca et al., 2012). In
humans,A®-THC induces DA release in the ventral striatum §8mg et al., 2009)
whereasA®-THC and WIN 55.212-2 are self-administered by neysk and rats,

respectively (Justinova et al., 2003; Fattore et2801; Lecca et al., 2006). These



behavioural effects result from stimulation of CBdceptors and are thought to be
mediated by pre-synaptic mechanisms on the vetdgahental area (VTA); opioid-
dependent disinhibition of GABAergic terminals lgntnabinoids leads to increases of
DA extracellular levels in the NAc shell (Tandaaét 2007).

In spite of the popularity of “Spice” and JWH-018nly few data on the
neurobiological mechanisms of their rewarding d@feand abuse potential are
available. To fill this gap, we investigated théeet of JWH-018 on DA transmission
in the NAc shell and core and medial prefrontal tecor (MPFC) byin vivo
microdialysis andex vivo electrophysiological recordings. We also invesgdathe
behavioural properties of JWH-018 and its ability support intravenous self-
administration.
2.0MATERIALSAND METHODS
Detailed methods are provided in Supplement 1.

2.1 Animalsand Surgeries

Male Sprague-Daweley rats, C57BL/6 mice and CB1 lkdnozygous mutant mice
(CB1") and wild type (CBY") littermates were employed for the studies. Ferlth
self-administration studies, animals were prepas#tti intravenous catheters in the
right jugular vein. For the intracranial surgerfetanimals underwent stereotaxic
surgery in which microdialysis probes were implanéad aimed at the NAc shell and
core and mPFC.

2.2 Drugs

JWH-018 and WIN-55212 were purchased from Tocrigs(Bl, UK). Rimonabant
hydrochloride (SR141716A) and AM 251 were purchafedh RD-Sigma (Italy).
Drugs were dissolved and administered as desciibik supplementary materials.

2.3 Microdialysis



Dialysate samples (10 ul) were injected into an BRquipped with a reverse phase
column (C8 3.5 um, Waters, Mildford, MA, USA) andAllhas been quantified by a
coulometric detector (ESA, Coulochem II, BedfordaM

2.4 Electrophysiology

Neurons were visualized using apright microscope with infrared illumination
(Axioskop FS 2 plus, Zeiss), and whole-gatch-clamp recordings were performed
by using an Axopatch 200B amplifi@volecular Devices, CA).

2.5 Screening for cannabinoid-like effectsin vivo

Tests for body temperature, nociception, and maidivity were performed after
injection of vehicle, JWH-018 and AM 251. Tests &v@erformed at different times
post-injection depending on the effect under ingasibn, as previously described
(Vigolo et al., 2015).

2.6 Statistical Analysis

All the numerical data are given as mean + SEM.aDaére analyzed by utilizing
repeated measures ANOVA or T-test. Results fromatrtments showing significant
overall changes were subjected gost hoc Tukey tests if vivo microdialysis), to
Bonferroni’'s or Dunnett's tests (electrophysiol@icstudies and cannabinoid-like
screening effects), with significance fox 0.05. As to the self-administration studies,
nose-pokes/lever-presses emitted during each sesioough acquisition and
extinction phases were analyzed by two-way ANOVAhwnose-pokes/lever-presses
(i.e., activevs. inactive) and daysis within factors. Reacquisition was analyzed by
two-way ANOVA, with nose-pokes/lever-presses (iaetivevs. inactive) and days in
respect to the corresponding final JWH-018 sesasofactors. Results from treatments

showing significant overall changes were subjetbdgabst hoc LSD.



3.0RESULTS

3.1IN VIVOMICRODIALYSISSTUDIES

Rat basal values of DA, expressed as fmoles/1@mpte (mean + SEM), were: NAc
shell 52 £+ 5 (N = 55), NAc core 55 = 4 (N = 26), RtP16x 2 (N = 29). Mouse basal
values of DA, expressed as fmoles/20 pl sample iinteSEM), were: CB1" NAc

shell 53+14 (N= 4), CB1 NAc shell 33+11 (N=5).

3.1.1 Effect of JWH-018 administration on DA transmission in the NAc shell and
core, and in the mPFC

In this first experiment, we studied the effecttlofee doses of JWH-018 (0.125, 0.25
and 0.5 mg/kg i.p.) on extracellular DA levels id&Nshell and core, and mPFC. As
shown in Fig. 1, the dose-response curve of trecetif JWH-018 on dialysate DA is
bell-shaped with the dose of 0.25 mg/kg i.p. insmag DA levels preferentially in the
NAc shell as compared to the NAc core and mPFC.shymificant effects were
observed in the NAc core and mPFC. Three-way ANO3hawed a main effect of
dose [f 75=4.46; p < 0.01], brain area [F:=7.72; p <0.001] and time [} go01=4.24

p < 0.001], and a significant dose x brain arearaution [F; ;5=6.46; p < 0.0001].
Tukey’s post hoc tests showed a larger increase of dialysate DAenNAc shell after
0.25 mg/kg i.p. of JIWH-018 as compared to basaketoicle, to the 0.125 and 0.5

mg/kg i.p. doses and to the same dose (0.25 mgikbe NAc core, and mPFC.

3.1.2 Role of CB1 receptorson the NAc shell DA stimulation induced by JWH-018

In this set of experiments, we studied the effédd€B1 receptor blockade by inverse
agonists/antagonists Rimonabant (SR141716A) and 28 on the NAc shell DA

response to JWH-018 (0.25 mg/kg i.p.) in rats (Rig). The effect of CB1 genetic

deletion on changes in NAc shell DA levels afterHMY18 administration was also



evaluated in CB1 KO mice (Fig. 2B). In Rimonabapte-treated animals, two-way
ANOVA showed a main effect of treatment [F=17.22; p< 0.005], of time
[F1215673.13 P < 0.0001], and treatment x time significanenaiction [F, 5672.5 P

< 0.001]. Tukey'spost hoc tests revealed that pre-treatment with Rimonabeahtged
dialysate DA in the NAc shell as compared to rakstpeated with vehicle. Similarly,
in AM 251 pre-treated animals, two-way ANOVA showadnain effect of treatment
[F16728.32; p < 0.005], of time [F ;4.6 p < 0.0001], and treatment x time
significant interaction [f, ,,=2.75 p< 0.005]. Tukey'spost hoc tests revealed that
AM 251 pretreatment reduced dialysate DA in the Ngkell as compared to rats
pretreated with vehicle (Fig. 2A). In addition, vgéudied the effect of JWH-018
administration (0.3 mg/kg i.p.) on extracellular Drelease in NAc shell of
homozygous mutant mice (CB)Y and wild type (CBY") littermates. Two-way
ANOVA showed a main effect of treatment [~=8.25; p < 0.05], of time
[Fo6374.64 p < 0.0001], and treatment x time significanenaction [ ¢3=5.23 p <
0.0001]. Tukey'spost hoc tests revealed that JWH-018 treatment did not aszeDA
levels in NAc shell of knockout mice lacking the CBeceptor (Fig. 2B).
3.2EXVIVOELECTROPHYSIOLOGICAL STUDIES

3.2.1 Effect of JWH-018 on inhibitory afferentsto VTA dopaminergic cells
CB1l-induced changes in extracellular DA levelseémtinal regions critically depend
upon VTA DA neuron spontaneous activity (Gessalefl@98; Diana et al., 1998),
which mainly results from activation of CB1 recagtdocated on afferents arising
from the Rostromedial Tegmental Nucleus (RMTg) anginging onto VTA DA cells
(Lecca et al., 2012; Melis et al., 2014). Therefose investigated whether or not
JWH-018 might affect inhibitory synaptic transm@sipresumably arising from the

RMTg onto VTA DA cells, by recording inhibitory psynaptic currents (IPSCs), in a



whole-cell configuration, from lateral posterior XT Fig. 3A shows that bath
application of JWH-018, at a concentration of M (5 min), significantly reduced
IPSCs (by ~50 %, N= 7; one-way ANOVA + Dunnett'stieRis 108= 21.85, p <
0.0001). Fig. 3B shows that the effect of JIWH-0l&svaccompanied by an increased
paired-pulse ratio (from IPSC2/ IPSC1= 0.69 + M1IRSC2/ IPSC1= 1.66 + 0.3
before and after JWH-018, respectively; N = 7; taibed paired-test, t = 2.08p <
0.05). Fig. 3A also shows that JWH-018 effects BS8Cs required activation of CB1
receptors, since it was blocked in the presencahef CB1 receptor antagonist
Rimonabant (SR141716A, IM; two-way ANOVA, R1,190=31.51,P=0.0002, N=5).
The decrease of GABAIPSCs produced by JWH-018 was concentration degend
over the concentration range 100 nM taM (Fig. 4C, N= 7). In addition, its effect
was mimicked by the structurally dissimilar CB1 aigd WIN 55,212-2 (300 nM- 3
uM, n= 6; IPSCs: one-way ANOVA, b= 20.68,p = 0.0003). The statistical analysis
revealed that JWH-018 was more potent than WINeoucing GABA. IPSCs (one-
way ANOVA + Bonferroni’s test; 300 n\Mp < 0.05, t=3.68; 1 uMp < 0.05, t=3.57;
Fig. 4C). In addition, the following IC50 value lekieen observed, for WIN 55,212-2:
between 0.9914 to 2.661 and for JWH-018: betwe2039® to 0.3804; (Fig. 3C).

3.3 SCREENING FOR CANNABINOID-LIKE EFFECTS

3.3.1 Effect of JWH-018 on hypothermia and analgesia

Fig. 4 shows that systemic administration of JWH-QQ.125-3.0 mg/kg i.p.) induces
hypothermia (Fig. 4A), two-way ANOVA showed a sifytaint effect of drug [f5,216)=
43.83; p < 0.0001], time [E216724.51; p<0.0001] and time x drug interaction
[F1s,21677.906; p<0.0001] and increases the threshold ¢ateathermal nociception
(Fig. 4C), two-way ANOVA showed significant effeaf drug [Rs216715.81;

p<0.0001], time [z 216730.03; p<0.0001] and time x drug interactiogdbie=7.267;
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p<0.0001] in rats. Changes of both body temperatamd tail withdrawal were
evaluated, respectively, at 20-70-120 min, and @8@&130 min after JWH-018
administration. AM 251 (3 mg/kg, i.p., 30 min befatWH-018) prevents hypothermia
(Fig. 4B), two-way ANOVA showed significant effeciof agonist drug
[Fz.112770.26;p<0.0001], time [F112713.37;, p<0.0001], interaction §12715.91;
p<0.0001] and the anti-nociceptive effect (Fig 4wo-way ANOVA showed
significant effect of agonist drug @112-14.86; p<0.0001], time [k11272.86;
p<0.05], interaction [f5,11253.955; p < 0.0002] caused by JWH-018 (1 mg/kg.i.p.
3.3.2 Effect of JWH-018 on catalepsy and hypomotility

Fig. 4 also shows that JWH-018 (0.125-3 mg/kg iimpairs motor skills in rats,
causing an increase in the time spent on bars @HyY. two-way ANOVA showed a
significant effect of drug [{52167430.8; p<0.0001], time [k2167183; p<0.0001] and
time x drug interaction [fs 216748.52; p<0.0001]; and a reduction in time spenthen
rotarod (Fig. 4G): two-way ANOVA showed a signifita effect of drug
[F5.21677.293; p<0.0001], time [k21678.985; p<0.0001] and time x drug interaction
[Fas.21671.829; p<0.05]. Motor effects were assessed €04040 min in the bar test
and at 70-120-170 min in the rotarod test after JOI8 administration. AM 251 (3
mg/kg, i.p., 30 min before JWH-018) prevents thiea$ induced by JWH-018 (1
mg/kg) in the bar (Fig. 4F): significant effect @fgonist drug [f112743.08;
p<0.0001], time [ 11276.740; p<0.005], interaction {11273.849; p<0.005] and in
the rotarod (Fig 5F): significant effect of agonistig [R3112712.38; p<0.0001], time
[F3.11273.566; p<0.0001], interaction fr1273.422; p=<0.0001] tests.

3.4INTRAVENOUS SELF-ADMINISTRATION STUDIES

11



3.4.1 Acquisition, extinction, and reacquisition of JWH-018 self-administration in
male Sprague-Dawley rats and involvement of CB1 cannabinoid receptorsin this
behaviour
In this experiment, acquisition, extinction, andaaguisition of JWH-018 self-
administration (SA) of rats were studied. Fig. S#ows that rats implanted with a
jugular catheter were trained to self-administerH}@18 (10 pg/kg/12 pl o220
pno/kg/12 pl infusion) in single daily 1h sessionmdar an initial Fixed Ratio (FR) 1
schedule, than increased to FR3. Fig. 5A also shibevsiverage number of active and
inactive nose-pokes performed by rats trained oHDA8 SA during acquisition,
extinction and reacquisition phases. Two-way ANQAffalysis of active/inactive nose
pokes during acquisition, session with Rimonab&mR-141716A) pre-administration,
and extinction phases (sessions 1 to 47, N of=rdtd) showed a significant effect of
nose-pokes [fros= 55.51; p<0.0001), of sessionddr19er 4.8; p < 0.0001] and a
significant nose-pokes x session interactiqus[frosr 8.93; p < 0.0001]. LSIpost-hoc
test showed significant differences between acti/éactive nose-pokes at the™6
21% 239 to 28" and from the 30 to the 4% sessions. Two-way ANOVA analysis of
the reacquisition phase, applied to th& #8the 54 session (N of rats = 6), showed a
main effect of activers inactive nose-pokes o= 21.53; p < 0.001]. LS[post-hoc
test showed significant differences between acttwénactive nose-pokes in all the
sessions during the reacquisition phase. No diffeze were observed in active nose-
poking on each Monday, following the weekend alesto®, compared with the last
session of the preceding week. The percentaget®fthat acquired JWH-018 self-
administration was 90%.

Fig. 5B shows that rats failed to acquire vehis&df-administration (12 pl

infusion) in single daily 1h session, under aniahiEixed Ratio (FR) 1 schedule, than

12



increased to FR3. Two-way ANOVA analysis did nobwhsignificant differences
between active and inactive nose-pokes.

3.4.2 Acquisition, extinction, and reacquisition of JWH-018 self-administration in
male C57B/6 mice

In this experiment, acquisition, extinction, andaagguisition of JWH-018 self-
administration (SA) of mice were studied. Fig. 8ws that mice implanted with a
jugular catheter were trained to self-administer H}@18 (15 pg/kg/25 pl or
30ug/kg/25 ul infusion) in single daily 2 hs sessionder an initial Fixed Ratio (FR) 1
schedule, than increased to progressive ratio RR. 3B also shows the average
number of active and inactive lever-presses pewdriny mice trained on JWH-018
SA during acquisition, extinction and reacquisitjgimases. Two-way ANOVA analysis
of lever-presses during acquisition, session wkhdaad extinction phases (sessions 1
to 28, N of mice = 8) showed a significant effeEsession [[z7,27075.2; p < 0.001]).
LSD post-hoc test showed significant differences between acttveénactive lever-
presses at the T2and 18 session. Two-way ANOVA analysis of the reacquisiti
phase, applied to the ®90 the 44 session (N of mice = 8), showed a main effect of
sessions [fra= 9.2; p < 0.05]. LSDpost-hoc test showed significant differences
between activers inactive nose-pokes in at the™and 4% sessions. The percentage
of mice that acquired JWH-018 self-administraticesv®0%.

4.0DISCUSSION

In the present study, we show that a synthetic aaimoeid component of “Spice”,
JWH-018, stimulates DA transmission preferentialiythe NAc shell as compared to
the NAc core and mPFC, and decreases GAB#®diated post-synaptic currents in
VTA DA neurons through the activation of CB1 rea#pt In addition, we observed

that JWH-018 induces hypothermia, increases theshimid for acute thermal
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nociception and impairs motor skills in rats in @se-dependent manner. Moreover,
JWH-018 serves as a reinforcer in a self-admirtistigparadigm in rats and mice.

The ability of a substance to increase DA transimispreferentially in the
NAc shell is common to drugs with abuse potentidl Chiara et al. 2004; Di Chiara
and Bassareo, 2007). JWH-018 increases DA trangmisslectively in the NAc shell
similarly to A>-THC itself and the synthetic cannabinoid agonish\@5,212-2 (Tanda
et al., 1997; Lecca et al., 2006). At the dose .860ng/kg, the maximal increase of
DA in the NAc shell was about 65% over basal valpeaking at 20-60 min after
JWH-018 and remaining at about 45% for the addiid0 min. Remarkably, DA
transmission was not stimulated in the shell at#ministration of a higher dose (0.5
mg/kg i.p.) (Fig.1). Thus, the dose response cuw¥édhe effect of JWH-018 on
dialysate DA had an inverted U-shape. This suggbstsa narrow range of JWH-018
concentration activate DA release in the NAc shidiis biphasic dose-response curve
might be due to formation of active metabolitesJ#¥H-018, produced by phase |
metabolism, that can readily cross the blood-bbarrier and act as partial agonists or
antagonists, thus inhibiting the effect of the pardrug (Dhawan et al., 2006;
Wiebelhaus et al., 2012). Indeed, some hydroxylatethbolites of JWH-018 retain
significant in vitro and in vivo activity (Brents et al.,, 2011). A glucuronidated
metabolite (i.e. JWH-018-N-(5-hydroxypenty#}D-glucuronide) is an antagonist at
CB1lreceptors (Seely et al., 2012), but it is unlikétat this metabolite crosses the
blood-brain-barrier. On the other hand, some studigggest the involvement of pre-
synaptic CB2 receptors located on DAergic terminalthe NAc (Xi et al., 2011,
Morales and Bonci, 2012). JWH-018-induced increadialysate DA in the NAc
shell of rats was completely prevented by pretreatnwith CB1 receptors inverse

agonists/antagonists Rimonabant and AM 251 (Fig, 2Ad was absent in mice with
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genetic deletion of CB1 receptors (Fig. 2B). Noyalihe dose of JWH-018 (0.25
mg/kg i.p.) able to stimulate NAc shell DA transsas was one-fourth the dose of
A®-THC (1 mg/kg i.p.) (De Luca et al., 2012). This@nsistent with the higher affinity
of JWH-018 for CB1 receptors, and with the IC50 ifgribition of GABA-A receptor
mediated transmission over VTA DA neuraxsvivo produced by JWH-018 (048V)
compared with WIN 55,212-2 (M) (see below).

It has already been established that administraifo®~-THC and other more
potent cannabinoid agonists (e.g. WIN55, 212-2, 210; and CP55940) increases DA
neuron activity (i.e. firing ratesh vivo in both anesthetized and non-anesthetized rats
(French et al., 1997; Gessa et al., 1998) andide greparations containing the VTA
(Cheer et al., 2000). This effect does not dependiect activation of DA neurons in
the VTA, but is mediated by the activation of CBLeptors located on presynaptic
GABAergic terminals onto VTA DA neurons (Matyasatt 2008; Melis et al., 2014).
Indeed, CB1 receptors are located on about 40%MfT dRafferents impinging upon
VTA DA cells (Melis et al., 2014), and cannabinogtsongly reduce the inhibition of
these extrinsic GABA afferents (Lecca et al., 201Ziven that, the observation that
JWH-018 decreases inhibitory synaptic transmisgoesumably arising from the
RMTg onto VTA DA cells is consistent with its phaanological profile. Although we
cannot identify definitively the sources of inhdoy afferents, we can assume that
most of the caudal inputs electrically stimulatedour preparation are presumably
originating from the RMTg (Matsui and Williams, 201 given that it is one of the
main caudally located inhibitory sources to the VTiAe effect of JWH-018 was not
reversible on washout for 10 min, probably becabge highly lipophilic drug is not
readily washed out from the brain slice. Indeed,simlikely due to the strong

lipophilicity of cannabinoid drugs, their effectsbrain slices are usually not reversible
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(Ameri, 1999; Melis et al., 2004; Lecca et al., 2D1The effect of JWH-018 was
accompanied by an increased paired-pulse ratio 88y Since changes in transmitter
releasehave been reported to generally affect the pairddlepratio in several brain
regions, including the VTA (Bonci and Williams, I8Melis et al., 2002; Melis et al.,
2009), these results suggest that JWH-018 mighticeedCSABA release at a pre-
synaptic site in agreement with CB1 receptor laca{Melis et al., 2014).

It has been reported that high doses or chroniosxe to “Spice” produce
severe medical consequences, including psychogient behaviours, tachycardia,
hyperthermia, and even death (Baumann et al., 20t649rder to investigate if the
range of doses of JWH-018 that are able to stirauls transmission preferentially in
the NAc shell could also induce similar behaviowféécts as other natural or synthetic
cannabinoids, we used the “tetrad” paradigm foeewing the cannabinoid-like effects
in a wide range of doses (0.125-3 mg/kg i.p.). Weeoved that injection of JWH-018
induces dose-dependent changes in body temperanciEeption and motor activity
(Fig. 4). In particular, JWH-018 produced hypothexrthat lasted at least 2h post
injection, at least for the highest dose. This assistent with the well-established
effects of A>-THC and synthetic cannabinoids on body temperafwéey et al.,
2012,2014; Vigolo et al., 2015). JWH-018 also irehiclose-dependent analgesia, as
revealed by the increased latency of the animavimd a noxious stimulus. Finally,
the drug induced catalepsy and impaired motor fanah the rat as shown by the bar
and rotarod tests. These data are also consistémprevious studies on cannabinoids
(Martin et al., 1996; Wiley et al., 2012; Vigolo ak, 2015). Noteworthy, JWH-018
facilitates DArgic transmission at a dose that does change the behavioural
parameters in the tetrad. This is suggestive ofdbethat the possible rewarding effect

induced by JWH-018 (supported by the increase ofib#&e NAc Shell) appears at
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lower doses that do not produce significant behawioalterations such as those
highlighted in the tetrad.

In the present study, we also demonstrate that DABHis self-administered by
rats (Fig. 5) and mice (Fig. 6). First, rats cotesifly acquired operant behavior (nose-
poking into an optical switch) that results in aogéent intravenous infusions of JWH-
018 (20 pg/kg/infusion) in single daily 1 h FR3 siess. The reinforcing effects of
JWH-018 in SA behavior were significantly reducedthe administration of the CB1
receptor inverse agonist/antagonist Rimonabangesiog that these effects of JWH-
018 are mediated through CB1 receptors. Interdgtidter Rimonabant, the rate of
responding for JWH-018 increased, suggestive adbmund effect in the attempt to
cope for the reduction of JWH-018 mediated reirdarent. Moreover, when JWH-
018 was replaced by vehicle (838A session, extinction phase), the respondingasite
well as the number of injections did not decred$e possibility that this behavior is
unrelated to response-contingent training on JWBI-&lexcluded by the fact that
vehicle failed to induce responding (Fig. 5B). Wiggest that the apparent resistance
to extinction of instrumental responding after astjion of JWH-018 SA is related to
the acquisition of a habit modality, consistenthwat role of cannabinoids in the habit
learning (Hilario et al., 2007; Goodman and Packa@d5). In this case it is likely that
contextual cues instrumentally conditioned to JWI8-Qvere sufficient to maintain
responding (Fig. 5A). Notably, when the vehicle weglaced once again with JWH-
018, SA behavior immediately recovered (reacquisiphase) (Fig. 5A). Additionally,
we found that C57BL/6 mice acquire operant behavievdt-pressing) that results in
intravenous JWH-018 infusion (30 pg/kg/infusion, IfRand that their behavior
increases under progressive-ratio (PR) schedulerenfforcement, showing that

responding is specifically directed at obtaining tirug. Similarly to the rats’ nose-
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poking behavior, in mice, active lever-pressing diot decrease during extinction
phase, in spite of the absence of drug associatesl ¢mportantly, when the vehicle
was replaced once again with JWH-018, SA behaviomediately recovered
(reacquisition phase) and the inactive lever-pegeereased (Fig. 6), showing that the
animals’ behavior was specifically modulated by dineg infusion.

These observations suggest that prolonged use ¢1-0Y8 may induce a
withdrawal syndrome related to significant altewai in emotional processing,
cognitive functioning and disruption in affectiveates, as already observed in humans
(Zimmermann et al., 2009). JWH-018, similar or eg&onger than THC, may disrupt
cortical processes responsible for context updating the automatic orientation of
attention (D’Souza et al., 2012). Indeed, cannabds;onodulate prefrontal cortex
activity by increasing extracellular glutamate & levels and decreasing the release
of GABA (Ferraro et al., 2001; Pistis et al., 200R)rther studies aimed at investigate
the nature and persistence of JWH-018 dependeree progress.

In conclusion, we have shown that JWH-018 sharés the active principle of
CannabisA®-THC, the property of stimulating DA transmissionvivo in a specific
DA terminal area, the NAc shell, most likely, bydoeing GABAs-receptor mediated
inhibition of DA neuronal activity in the VTA. Momver, JWH-018 shares with®-
THC its main behavioural properties. These propsrtare predictive of JWH-018
reinforcing properties and abuse liability as sstee by the ability of JWH-018 to be

self-administered by rats and mice.
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Figurelegends

Fig.1

Effect of JWH-018 administration on DA transmission in the NAc shell, NAc core,
and mPFC

Results are expressed as mean + SEM of change iex@Acellular levels expressed
as the percentage of basal values. The arrow itedicdoe start of JWH-018 i.p.
injection at the dose of 0.125 mg/kdigmonds), 0.25 mg/kg gquares), 0.5 mg/kg
(triangles) or vehicle ¢ircles) in the NAc shell (A), NAc core (B), and mPFC (C).

Solid symbol:p < 0.05 with respect to basal valueq € 0.05 vs veh NAc shell

group; § p < 0.05 vs 0.25 NAc core group;p< 0.05 vs 0.25 mPFC group;p< 0.05
vs 0.5 NAc shell group (NAc shell N= 32 ; NAc cdde 23; mPFC N= 29) (Three-
way ANOVA, Tukey’s HSD post hoc).

Fig.2

Blockade of JWH-018 effect on increase of DA transmission in the NAc shell by
SR141716A and AM 251 and by genetic deletion

Results are expressed as mean + SEM of change iaxi¥Acellular levels expressed
as the percentage of basal values. TAg arrow indicates the start of JWH-018 i.p.
injection at the dose of 0.25 mg/kg i.p. in rate-peated with Rimonabant
(SR141716A, 1.0 mg/kg i.p., 30 min before agon{sipmonds) or AM 251 (1.0
mg/kg i.p., 30 min before agonistircles) or vehicle gquares). Solid symbol:p <
0.05 with respect to basal valueg;< 0.05 vs veh group. (NAc shell veh N= 13 ; NAc
shell SR N=7; NAc shell AM N= 3) (Two-way ANOVA, key’'s HSD post hoc). (B)
The arrow indicates the start of JWH-018 i.p. itit at the dose of 0.3 mg/kg in CB1

** (squares) and CB1™" (circles) mice. Solid symbolp < 0.05 with respect to basal

25



values; p < 0.05 vs CBI"* group. (NAc shell CB*"* N= 32; NAc shell CBI" N=
26) (Two-way ANOVA, Tukey’'s HSD post hoc).

Fig. 3

JWH-018 inhibits GABA synaptic transmission elicited by stimulation of caudal
afferentsin rat posterior VTA DA cells

(A) JWH-018 (0.3uM, 5 min) reduces IPSCs amplitude (one-way ANOVJAL
0.0001) through activation of CB1 receptors (twopwdNOVA, p < 0.0001). All data
are normalized to the respective baseline (5 mibaskline). Black bar shows time of
superfusion of JWH-018 in the presenopefi circles) and absencegley circles) of
the CB1 receptor antagonist Rimonabant (SR141716/81). SEM bars are smaller
than symbols in some cases. Representative traeeshawn in the inset. Scale bar:
100 pA, 15 ms. (B) JWH-018 enhances the pairedepidto of GABA, IPSCs (two-
tailed pairedt:-test;p < 0.05). The circles represent the paired-pulse faticcach of
the experiments in A before (basal) and after fhd@ieation of JWH-018 (JWH-018),
while the bars represent the averaged paired-pals® (C) Concentration-response
relationship for percentage decrease in GABRSCs amplitude produced by JWH-
018 (0.1-1uM) and WIN (0.3-3uM). Each point shows the mean + SEM of responses
of different neurons (N= 6 and 7, respectively).

Fig.4

Systemic administration of JWH-018 (0.125-3 mg/kg ip) induces hypothermia,
increases the threshold for acute thermal nociception, and impairs motor skillsin
rats

Changes of the body temperature (A) and of thewdidrawal (C)were evaluated,
respectively, at 20-70-120 min, and at 30-80-130 after JWH-018 administration.

The selective CB1 receptor antagonist AM 251 (3kmgi.p., 30 min before JWH-
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018) prevents hypothermia (B) and the anti-nocigeffect (D), caused by JWH-018
(2 mgl/kg ip). Data are expressed in absolute véheely temperature in C° and
nociception threshold in seconds), and correspandhé mean + SEM of 8-10
determinations per group.p< 0.05, * p < 0.01, *** p < 0.001 vs veh, # < 0.05,
### p < 0.001 vs JWH-018 (1 mg/kg ip). (N=10) (Two-way AN@YVBonferroni’s
test post hoc)Motor effects were assessed at 40-90-140 min irbéneest (E) and at
70-120-170 min in the rotarod test (G) after JIWH-Gdministration. The selective
CB1 receptor antagonist AM 251 (3 mg/kg, ip, 30 roefore JWH-018) prevents the
effects induced by JWH-018 (1 mg/kg) in the bardRdl in the rotarod (H) tests. Data
are expressed as absolute values (seconds) ardmond to the mean + SEM of 8-10
determinations per group.p< 0.05, *** p< 0.001 vs veh, ##g< 0.001 vs JWH-018
(2 mg/kg ip). (N= 10) (Two-way ANOVA, Bonferronitest post hoc).

Fig. 5

JWH-018 self-administration in rats

(A) JWH-018 self-administration by Sprague Dawleysrand involvement of CB1
cannabinoid receptors in this behavioNumber of active nose pokesircles) that
resulted in JWH-018 infusion (10 or 2@/kg/infusion) or inactive onedr{angles)
during each 1-h daily session under FR1 and FRrBhgacquisition (sessions 1 to
37), extinction (sessions 38 to 47) and reacqaisi{sessions 48 to 54) phases. On
sessions 28 and 29th the effect of Rimonabant (SR141716A) le JWH-018 SA
was tested. Results are expressed as mean + SEds@ibns 1-47 = 14, sessions 48-
54 = 6) *p<0.05 vs inactive nose pokes; ANOVA felled by LSDpost hoc test. (B)
Number of active nose pokesr(les) that resulted in Vehicle infusion (12 infusion)

or inactive onest(iangles) during each 1-h daily session under FR1 and FRrég
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acquisition (sessions 1 to 26). Results are expdeas mean + SEM (N = 7); ANOVA
followed by LSDpost hoc test.
Fig. 6

JWH-018 self-administration in mice

JWH-018 self-administration by C57BL/6 mice undied (FR1) and progressive
(PR) reinforcement schedules. Number of activerkpvessesdrcles) that resulted in
JWH-018 infusion (15 or 3Qag/kg/inf) or inactive lever-pressesi@ngles) during each
2 hs daily session under FR1°'(15" sessions), and PR (1&ession) reinforcement
schedules. Results are expressed as mean = SEM), (Np=®.05 vs inactive lever-

presses; ANOVA followed by LSPost hoc test.
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HIGHLIGHTS

 JWH-018 is a full CB1 and CB2 agonist that has been frequently identified in
Spice.

* JWH-018 increases NAc shell DA and decreases GABAa-mediated IPSC in VTA
DA neurons

* JWH-018 induces dose-dependent tetrad-like effects and IV SA in rats and mice

» Spice effects suggest a greater prevalence of dependence and risk to heath than

MJ



STIMULATION OF IN VIVO DOPAMINE TRANSMISSION AND INTRAVENOUS
SELF-ADMINISTRATION IN RATS AND MICE BY JWH-018, ASPICE

CANNABINOID

Supplemental I nformations

Supplemental Materialsand M ethods
Animals

Male Sprague-Dawley rats (Harlan, Italy) weighingb2800 g were used fan vivo
microdialysis, cannabinoid-like effects screeningeariments and IVSA studies. For
additional IVSA studies, adult male mice C57BL/®t@ned from The Scripps Research
Institute breeding colony), aged 3-6 months , 2520 the beginning of the experiments
were used. Male Sprague-Dawley rats (Harlan, Itatypostnatal day 14-21 were used
for ex vivo electrophysiological studies. For additional mdiedysis experiments, young
adult (8-10 weeks) homozygous mutant mice (CBdnd wild type (CBY") littermates
derived from heterozygous mattings were generated genotyped as described
previously (Marsicano et al., 2002). All animal expnents were carried out in
accordance with the Guidelines for the Care and a#dddammals in Neuroscience and
Behavioral Research according to Italian (D.L. 9264nd 152/06) and European Council
directives (609/86 and 63/2010) and in compliandé e approved animal policies by
the Ethical Committee for Animal Experiments (CES4yiversity of Cagliari) and the
Italian Ministry of Health We made all efforts to minimize pain and sufferiagd to
reduce the number of animals used. Animals weresdubun groups of three to six in
standard conditions of temperature (21 + 1°C) annitity (60%) under a 12h/12h

light/dark cycle (lights on at 7.00 am) with fooddawater availabled libitum. Adult



male mice C57BL/6 obtained from The Scripps Resetnstitute breeding colony, and
housed 2-4 mice/cage in Plexiglas cages 28x17xdm5Animals were then housed
singly in these cages 1 week prior to beginning ititeavenous self-administration
experiments and throughout the experiments, inrotaerotect catheterized subjects.
Colony temperature was maintained at 24°C. Subjgete provided with free access to
food and maintained under conditions of a reveiga Idark cycle: lights on at 22:00
hours, lights off at 10:00 hours.

Drugs

JWH-018 and WIN-55212 were purchased from Tocrisis(Bl, UK). Rimonabant
hydrochloride (SR141716A) and AM 251 were purchasech RD-Sigma (Italy). Fom
vivo microdialysis and cannabinoid-like effestsreening studies JWH-018, SR 141716A
and AM 251 were solubilized in 2% EtOH, 2% Tween &dd 94 % saline and
administered intraperitoneally (i.p.) at a differestoses depending on the group of
animals. JWH-018: 0.125- 3.0 mg/kg (3 ml/kg) fornvimo studies in rats; 0.3 mg/kg (10
ml/kg) for in vivo studies in mice. SR 141716A aill 251: at doses of 1 and 3 mg/kg
(3 ml/kg), 30 min prior to JWH-018or ex vivo electrophysiological studies, JWH-018,

WIN-55212 and SR 141716A were solubilized in DMSi@4] concentration <0.001%).

In vivo microdialysis

Surgery. Male Sprague-Dawley rats (275-300 g; Harlan, Italgye anaesthetized 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 mpCH3 ml) and implanted with vertical

dialysis probe¢l.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 djiror core (A+1.4; L+1.6 from
bregma; V-7.6 from dura) or in the mPFC (A+3.7, 1l8f@om bregma, V-5.0 from dura).
For additional microdialysis experiments, young enweighing between 25-30 g were
anaesthetized (Sodium Penthobarbital, 50 mg/kg, ifigma-Aldrich, Italy) and
implanted with vertical dialysis probes (1 mm gmhg portion) in the NAc shell
(A+1.4, L 0.4 from bregma, V-4.8 from dura). In edises, the experimenter was blind to

the genotype.

Analytical Procedure. On the day following surgery, probes were perduséh Ringer's

solution (147 mM NaCl, 4 mM KCI, 2.2 mM Cafflat a constant rate of 1 pl/min.
Dialysate samples (10 or 20 pl) were injected i@mtoHPLC equipped with a reverse
phase column (C8 3.5 um, Waters, USA) and a couliengetector (ESA, Coulochem
II) to quantify DA. The first electrode of the deter was set at +130 mV (oxidation) and
the second at -175 mV (reduction). The compositbthe mobile phase was: 50 mM
NaH,PO4, 0.1 mM Na-EDTA, 0.5 mM n-octyl sodium sulfate, 15% (v/v) rhahol, pH

5.5. The sensitivity of the assay for DA was 5 ffsample.

Histology. At the end of the experiment, animals were saeidfiand their brains
removed and stored in formalin (8%) for histologieaamination to verify the correct

placement of the microdialysis probe.

Whole cell patch clamp recordings ex vivo

The preparation of VTA slices was as describediptsly (Melis et al., 2014). Briefly,
male Sprague Dawley rats (14-21 d, Harlan, Italre anesthetized with isoflurane and

euthanized by guillotine. A block of tissue contaghthe midbrain was rapidly dissected



and sliced in the horizontal plane (300 and 230fpmnat and mouse slices, respectively)
with a vibratome (Leica) in ice-cold low-€asolution containing (in mM): 126 NaCl,
1.6 KClI, 1.2 NaHPQ,, 1.2 MgC}, 0.625 CaCGl 18 NaHCQ, and 11 glucose. Slices were
transferred to a holding chamber with artificialred@ospinal fluid (ACSF, 37°C)
saturated with 95% Oand 5% CQ@ containing (in mM): 126 NaCl, 1.6 KCI, 1.2
NaH,PQ,, 1.2 MgCh, 2.4 CaCJ, 18 NaHCQ, and 11 glucose. Slices were allowed to
recover for at least 1 h before being placed, asidliees, in the recording chamber and
superfused with the ACSF (36°C) saturated with 96%and 5% CQ. Cells were
visualized with an upright microscope with infrardddmination (Axioskop FS 2 plus,
Zeiss), and whole-cell patch clamp recordings weesle by using an Axopatch 200B
amplifier (Molecular Devices, CA). Whole cell valf@-clamp recordings were made with
electrodes filled with a solution containing théidwing (in mM): 144 KCI, 10 HEPES,
3.45 BAPTA, 1 CaGl 2.5 MgATP, and 0.25 MgGTP (pH 7.2-7.4, 275-285 mOsm).
Experiments were begun only after series resisthadestabilized (typically 10-30 M).
Series and input resistance were monitored contisiyoon-line with a 5 mV
depolarizing step (25 ms). Data were filtered &H2, digitized at 10 kHz, and collected
on-line with acquisition software (pClamp 8.2, Aximstruments, CA). DA neurons from
the posterior lateral VTA were identified accorditg the already published criteria
(Melis et al., 2014): cell morphology and anatorhiogation (i.e. medial to the medial
terminal nucleus of the accessory optic tract)wspmcemaker-like firing rate (<5 Hz),
long action potential duration (>2 ms), and thespree of a large, turrent £100 pA)
(Johnson and North, 1992) that was assayed imnedgiafter break-in, using 13

incremental 10 mV hyperpolarizing steps (250 msinfia holding potential of -70 mV. A



bipolar stainless steel stimulating electrode (FHSA) was placed ~50Qm caudal to
the recording electrode and was used to stimutaaer@quency of 0.1 Hz. Paired stimuli
were given with an interstimulus interval of 50 raad the ratio between the second and
the first IPSCs (IPSC2/IPSC1) was calculated amdamed for a 5 min baseline (Melis et

al., 2002).

Screening for cannabinoid-like effectsin vivo

Tests were performed after i.p. injection of velicddWH-018 and AM 251. Tests were
performed at different times post-injection depegdon the effect under investigation.
For body temperature, at 20, 70 and 120 min pgsttion; for nociception at 30, 80 and
130 min; for motor activity, bar test was perfornadiO, 90 and 140 min and rotarod test
at 70,120 and 170 min.

Body temperature. Core temperature was evaluated by a probe (1 rmameder) gently
inserted, after lubrication with liquid vaselinefa the rectum of the rat (to about 2 cm)
and left in position until stabilization of temparee (about 10 sec; adapted from Vigolo

et al., 2015).

Thermal pain. Acute thermal nociception was evaluated using #iewithdrawal test
(adapted from Vigolo et al., 2015). Rats were esad in a dark plastic cylinder closed
at both sides with plastic mesh, which allowedrtits to breathe normally. Then half of
the tail was dipped in water of 48 °C and the layefin seconds) until the tail was left in
the water was recorded. A cut off of 15 secondssea$o avoid tissue damage. No signs
of damage, burn or variation in rat tail sensijiwtere observed after the repetition of

three consecutive tests at 48 °C.



Motor activity. Changes in motor activity induced by JWH-018 wstedied using a
battery of behavioral tests validated to specificassess different aspects of motor
behavior in static (bar test) and dynamic condgigrotarod test) (Marti et al., 2004,
2005).

Bar test: It measures the degree of akinesia/catalepsy,ighéte time the rat remained
immobile once his forelimbs are placed on a wodd@nat three different heights (3, 6
and 9 cm). The time spent each paw on the bar &suned. The total time spent on the
three tests was recorded (cut off, 20 sec).

Rotarod test: The test measures different motor parameterseasbtor coordination, the
locomotive ability (akinesia/bradykinesia), the dade ability, the muscular tone. The
animals are placed on a rotating cylinder thateases velocity automatically in a
constant manner (0-60 rotations/min in 5 min). Tihee spent on the cylinder is
measured.

I ntavenous self administration studies

Rats

Daily SA sessions were carried out in chambers éairs sound proof boxes (Coulbourn
Instruments, Allentown, NJ, USA), provided with twose-poke holes, one active and
the other inactive. A yellow/green light was plaaaeer the active hole and a red light
over the inactive one as discriminative stimuliioPto each daily session, the jugular
catheter was flushed with 0.1 ml of sterile sahne the rats were placed in the SA box.
Rats were anaesthetized with Equitesin (3 ml/kgaperitoneal (ip); chloral hydrate 2.1 g,
sodium pentobarbital 0.46 g, MgSO 1.06 g, propylgiyeol 21.4 ml, ethanol (90%) 5.7

ml, H,O 3 ml) and implanted in the right jugular vein hvia catheter, consisting of



Medical-Grade tubing (Silastic, Dow Corning Corgaa, Michigan, USA) according to
the technique previously described (Lecca et &062 A stable fixation in the mid-
scapular region of the back was embedded by a prgyfene mesh (Evolution, BULEYV,
weight 48g/mq, Dipromed, Italy). During the recoygreriod, at least seven days after
surgery, the catheters were daily flushed withrlof gentamicin (40 mg/ml) and with
heparinized saline (heparin 250 U/ml in 0.9% stesdline). Ten days after recovery from
surgery 14 rats were trained to self-administer JO8 (10pg/kg/inf, 12 ul, iv) in 1
hour-daily sessions (5 days/week) for nine con$eesessions, according to a fixed ratio
1 schedule of reinforcement (FR 1, 1 nose-pokejection). On the 1B session the self-
administered dose increased to 20ug/kg/inf andhatthird week, when all rats had
fulfilled the criterion of 85% responses in theiaethole and stable responding over three
sessions, the schedule of reinforcement was inede@sFR 3 (3:1) (19to 27" session).
Nose-poke in the active hole resulted in a 1-ségsion of JWH-018. Each JWH-018
infusion was followed by a 20-séiene-out period, during which further nose-pokes were
recorded but did not result in additional intravesoinfusions. To investigate the
involvement of CB1 cannabinoid receptors, the CBaeptor antagonist Rimonabant
(SR-141716A), was administered 30 min before pgtthe rat in the operant boxes for
two consecutive sessions {2@&nd 28"). After these two sessions the FR 3 schedule
continued as before till the $%ession where the rats were studied in extingtivase.
At this phase, JWH-018 solution was substitutegdyicle (39'— 47" sessions). A group
of 6 rats were also studied in reacquisition whehicle was replaced with JWH-018
(48" 54" session). At the end of each SA session, the teatheere flushed with 0.1 ml

of heparinized saline and the rats were returnatids home cages where a daily ration



of 20 g of food was made available, which maintdim®dy weights at stable levels
throughout these studies. The weight of rats ab#gnning of SA studies was 300-325
g. Rats were weighed every day for the duratiothef SA experiments. No significant
reduction of body weight was observed.The respopseformed by each rat on both
holes for the entire 1-h daily session and the esponding number of reinforcers
received was recorded (Graphic State 2 softwarald©arn instruments, PA, USA).

Mice

Daily SA sessions were carried out in chambers éobus sound proof boxes (model
ENV-300; Med Associates, St. Albans, VT, USA). Clhars were equipped with two

levers, and the responses on one lever (active)leladivered one reinforcer, whereas
responses on the second lever had no programmedaquences (inactive lever). A white
light was placed over the active lever and a reghtliover the inactive one as
discriminative stimuli. Prior to each daily sessitime jugular catheter was flushed with
0.1 ml of sterile saline and the rats were placetthé SA box.

Mice were anaesthetized with isoflurane and a dbrartravenous catheter for mice,

prepared as previously described (David et al. 120é8nd implanted with an indwelling

intravenous catheter in the right jugular, as dbsdr previously (Rocha et al., 1998).
Three days after surgery, mice started JWH-018 f-ashinistration under a FR1

schedule (15 or 30 ug /kg0.025 ml); each daily session lasted 2 hr. After 15
consecutive days, mice were switched to the pregresratio (PR) schedule, under
which the number of active lever presses requicedttain each subsequent injection
was based on the adapted exponential sequence:73,95 12, 15, 18... (Rocha et al.,

1998). PR sessions lasted for 3 hr or until micerdit complete the ratio for delivery of



one injection within 1 hr. After one session, salimas substituted for JWH-018 to test
extinction of lever pressing.

DataAnalysis

All the numerical data are given as mean + SEM.aDaere analyzed by utilizing
repeated measures ANOVA or T-test. Results fromtitnents showing significant overall
changes were subjecteddost hoc Tukey testsif vivo microdialysis), to Bonferroni’s or
Dunnett’s tests (electrophysiological studies aahabinoid-like screening effects), with
significance fop < 0.05.

For the self administration studies nose-pokesfipvesses emitted during each session
through acquisition and extinction phases wereyaedl by two-way ANOVA with nose-
pokes/lever-presses (i.e., active inactive) anddays as within factors. Reacquisition
was analyzed by two-way ANOVA, wittose-pokes nose-pokes/lever-presses (i.e., active
vs. inactive) anddays in respect to the corresponding final JWH-018 isesas factors.
Results from treatments showing significant ovecathnges were subjected gost hoc

LSD.



Figurelegends
Fig.1 (Supplemental)

Daily intake of JWH-018(g/kg) per session during all SA phases of JWH-048 Y-
axis) or vehicle (l; right Y-axis) and the correspondent number ahfarcements
obtained in each 1-h session, under a FR1 or FR&dsite, from rats that acquired JWH-
018 SA. Data are expressed as mean = SEMgdkg/session of JWH-018 (10 or 20
ug/kg during acquisition, after SR administratiord asturing (reacquisition phases) or

vehicle (extinction phase) intake.

Fig.2 (Supplemental)

JWH-018 self-administration by C57BL/6 mice undeedl (FR1) and progressive (PR)
reinforcement schedulegA) Number of active lever-presses during JWH-OHH¥-s
administration at FR1 (15 or 3@g/kg/inf) during acquisition, extinction, and
reacquisition phases. Bars represent the meantSEtkeolast 3 sessions at 15 or 30
ug/kg/inf or Vehicle . *p<0.05 vall groups. ANOVA followed by LSpost hoc test.(B)
Number of active llack bars) and inactive lever-pressegréy bars) during JWH-018
self-administration at FR (15 or 3(@g/kg/inf) and PR (30ug/kg/inf) schedule of
reinforcement Bars represent the meanzSEM of the last 3 sessibrisR1 and PR.
*p<0.05 vsinactive JWH-30;”p<0.05 vsall groups. ANOVA followed by LSOpost hoc

test.
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