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Abstract

Rationale and objectives—Novel synthetic cannabinoid compounds continue to appear in the
market advertised as legal alternatives to marijuana and the older synthetic cannabinoid
compounds which are now controlled substances. Most of these newer compounds have been
found to act at CB1 receptors, so the purpose of this study was to study the abuse liability of these
compounds.

Methods—Five of these compounds (BB-22, FUB-PB-22, 5F-AMB, NM2201, and MAB-
CHMINACA) were tested for their ability to produce discriminative stimulus effects similar to A®-
tetrahydrocannabinol (A%-THC) in rats. The ability of the CB1 receptor inverse agonist rimonabant
to antagonize the discriminative stimulus effects of the five test compounds was also tested.

Results—All five of the test compounds fully substituted for the discriminative stimulus effects
of A%-THC at some dose, although MAB-CHMINACA produced an inverted-U shaped dose
effect. Rimonabant fully antagonized the AS-THC-like discriminative stimulus effects of BB-22,
5F-AMB, NM2201, and MAB-CHMINACA, but only reduced the effects of FUB-PB-22 to 40-
50% of A%-THC-appropriate responding.

Conclusions—These findings suggest that all 5 of the test compounds produced AS-THC-like
effects and will likely have abuse liability similar to that of the controlled cannabinoid compounds.
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Introduction

Synthetic compounds that mimic the effects of controlled substances such as
psychostimulants, cannabis, and hallucinogens have continued their increase in popularity
among recreational users as many of these new synthetic compounds are not legally
controlled and are not detectable by blood tests for illicit drug use (UNODC 2014). Before
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2008, there was little or no observation of synthetic cannabinoids in the recreational drug
market, but currently, they have become the mostly widely used class of recreational
psychoactive compounds (Nelson et al. 2014), and comprise 28% of the designer drug
market, greater than synthetic cathinones (25%), or tryptamine hallucinogens (4%)
(UNODC, 2014). Several of these compounds, including BB-22 (QUCHIC, 1-
(cyclohexylmethyl)-1H-indole-3-carboxylic acid 8-quinolinyl ester), FUB-PB-22
(quinolin-8-yl 1-[(4-fluorophenyl)methyl]-1H-indole-3-carboxylate), 5F-AMB (5F-MMB-
PINACA and 5F-AMB-PINACA, Methyl (2S)-2-{[1-(5-fluoropentyl)-1H-indazol-3-
yl]formamido}-3-methylbutanoate), NM2201 (CBL-2201, naphthalen-1-yl 1-(5-
fluoropentyl)-1H-indole-3-carboxylate), and MAB-CHMINACA (ADB-CHMINACA, N-
[(2S)-1-amino-3,3-dimethyl-1-oxobutan-2-yl]-1-(cyclohexylmethyl)indazole-3-
carboxamide), have seen increased recreational use. MAB-CHMINACA has been
temporarily controlled as a schedule | compound in the United States (Drug Enforcement
Administration 2016).

All five of these novel compounds have been found in seized materials in recent years in
Europe, Asia, and the United States (Kondrasenko et al. 2015; Lobo Vincente et al. 2016;
Odoardi et al. 2016; Shevyrin et al. 2014; Uchiyama et al. 2013), and MAB-CHMINACA is
commonly found in forensic samples from impaired drivers, post-mortem exams, etc.
(Tynon et al. 2016). Two of these compounds in particular have been associated with serious
adverse effects following recreational use. 5SF-AMB has been implicated in fatal poisonings
(Hasegawa et al. 2015a; Shanks and Behonick 2016) and MAB-CHMINACA has been
associated with toxicities including agitation and aggression, delirium and hallucinations,
vomiting, convulsions, acute Kidney injury, cardiotoxic effects, coma, and death (Adamozicz
and Gieron 2016; Hasegawa et al. 2015b; Katz 2016; Trecki et al. 2015). Taken together,
these findings indicate that these synthetic cannabinoids produce serious risks to public
health.

The steps in identifying abuse liability include determining whether the compounds, 1) have
chemical structures closely related to known drugs of abuse, 2) share common
pharmacological mechanisms of action with known drugs of abuse, 3) produce similar
subjective effects as known drugs of abuse, and 4) produce reinforcing effects. These five
compounds (BB-22, FUB-PB-22, 5F-AMB, NM2201, and MAB-CHMINACA) have
structures closely related to abused synthetic cannabinoids such as JWH-018 (Figure 1).
BB-22, FUB-PB-22, 5F-AMB, and NM2201 all bind to the CB1 and CB2 cannabinoid
receptors and act as high potency, high efficacy receptor agonists (Banister et al. 2016; De
Luca et al. 2016; Hess et al. 2016). Despite the large number of reports on the adverse
effects of MAB-CHMINACA, there are no published reports on its mechanism of action.
Steps 1 and 2 have mostly been addressed for these compounds, but because there is a dearth
of behavioral studies investigating these compounds, steps 3 and 4 remain unanswered.

The purpose of the present study was to identify whether these compounds produce similar
subjective effects as A%-THC. The drug discrimination assay is a widely-used animal model
of the subjective effects of psychoactive compounds. Because A%-THC does not produce
consistent, reliable conditioned place preference or self-administration in rodents (see review
by Tanda, 2016), drug discrimination remains the best model for the abuse liability of
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cannabinoids. Fortunately, drug discrimination data are well correlated with the likelihood of
human recreational use (Horton et al. 2013). Antagonist experiments were conducted to
confirm that the behavioral effects of these compounds are mediated by CB1 receptors.

Male Sprague-Dawley rats were obtained from Envigo. All rats were housed individually
and were maintained on a 12:12 light/dark cycle (lights on at 7:00 AM). Body weights were
maintained at 320-350 g by limiting food to 15 g/day, which included the food received
during sessions. Water was continuously available in the home cage.

Discrimination procedures

Standard behavior-testing chambers (Coulbourn Instruments, Allentown, PA) were
connected to IBM-PC compatible computers via Med Associates interfaces (East Fairfield,
V/T). The computers were programmed in Med-PC for Windows, version IV (Med
Associates, East Fairfield, VT) for the operation of the chambers and collection of data.

Rats were first trained to discriminate A%-THC (3 mg/kg) from vehicle (ethanol/Cremophor
EL/0.9% saline in a ratio of 1:1:18) using a two-lever choice methodology. Thirty minutes
prior to the training sessions, rats received an injection of either saline or A%-THC and were
subsequently placed in the behavior-testing chambers, where food (45 mg food pellets; Bio-
Serve, Frenchtown, NJ) was available as a reinforcer for every ten responses (FR10) on a
designated injection-appropriate lever. Each training session lasted a maximum of 10 min,
and the rats could earn up to 20 food pellets. Rats were used in tests of substitution of the
experimental compounds once they had achieved 9 of 10 sessions at 85% or greater
injection-appropriate responding for both the first reinforcer and total session, which
occurred after approximately 60 training sessions. The training sessions occurred on
separate days in a double alternating fashion (drug-drug-vehicle-vehicle-drug; etc.) until the
training phase was complete, after which substitution tests were introduced into the training
schedule such that at least one vehicle and one drug session occurred between each test
(drug-vehicle-test-vehicle-drug-test-drug; etc.). The substitution tests occurred only if the
rats had achieved 85% injection-appropriate responding on the two prior training sessions.

Fifty-four rats drawn from a larger pool of A%-THC trained rats were used for testing the
compounds in the present study, and may have previously been used to test other
compounds. During test sessions, both levers were active, such that 10 consecutive responses
on either lever led to reinforcement. For dose-effect experiments, sessions lasted until 20
reinforcers were obtained or for a maximum of 20 min. Each compound was tested in a
group of at least six rats using a repeated-measures design such that each rat was tested at all
doses of a given drug. Vehicle (1 ml/kg) and A®-THC (3 mg/kg) controls were tested before
the start of each compound evaluation. Doses of A%-THC (0.01 — 0.1 mg/kg), BB-22 (0.01 —
0.25 mg/kg), FUB-PB-22 (0.025 — 1 mg/kg), 5F-AMB (0.025 — 1 mg/kg), NM2201 (0.01 to
0.1 mg/kg), MAB-CHMINACA (0.025 - 0.25 mg/kg), and cocaine (10 and 25 mg/kg) were
tested. A dose range was tested from no effect (<20% A°-THC-appropriate responding) to
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full effect (=80% A°-THC-appropriate responding or suppression of responding to less than
20% of vehicle control). Doses were tested in no particular order. Pretreatment times were
based on the time of peak depression for each compound in previous locomotor activity
testing (data not shown), and a time-course study was conducted using the dose producing
peak effect to confirm an appropriate pretreatment period. All compounds were tested using
a 30-min pretreatment. 5F-AMB was also tested using a 60-min pretreatment.

For the time course experiments, a repeated-measures design was used, such that each rat
was tested at several time points following a single administration of the test compound,
except MAB-CHMINACA, which was tested in separate groups of rats for each time point.
The lowest dose that fully substituted without significant rate effects in the dose-effect
studies was selected. The rats were injected with the test compound and placed in the test
chambers 5 min after administration. Sessions lasted until 5 reinforcers were obtained, or for
a maximum of 5 min, and the rats were immediately removed from the chambers. Testing
was repeated at 15, 30, 60, and 120 min after administration. If necessary, testing was
continued at 4, 8, 24, and 48 h after administration until AS-THC-appropriate responding had
decreased to below 30-40%.

Antagonism studies were conducted in a between-subjects design such that separate groups
of 6 rats received a dose of agonist (selected from peak effects in the dose-effect studies) and
either vehicle or a dose of rimonabant. There was also a vehicle-alone control group. Each of
the synthetic cannabinoids was tested against three doses of rimonabant (0.025, 0.25 and 2.5
mg/kg) except FUB-PB-22 (0.25, 2.5 and 5 mg/kg) and A%-THC (1.2, 1.8 and 2.4 mg/kg).
Rimonabant was administered 10 min before administration of agonist.

AS-Tetrahydrocannabinol, BB-22 (1-(cyclohexylmethyl)-1H-indole-3-carboxylic acid 8-
quinolinyl ester), FUB-PB-22 (quinolin-8-yl 1-[(4-fluorophenyl)methyl]-1H-indole-3-
carboxylate), 5SF-AMB (methyl (2S)-2-{[1-(5-fluoropentyl)-1H-indazol-3-yl]formamido}-3-
methylbutanoate), NM2201 (naphthalen-1-yl 1-(5-fluoropentyl)-1H-indole-3-carboxylate),
MAB-CHMINACA (N-[(2S)-1-amino-3,3-dimethyl-1-oxobutan-2-yl]-1-(cyclohexylmethyl)
indazole-3-carboxamide) and cocaine hydrochloride were provided by the National Institute
on Drug Abuse Drug Supply Program. Rimonabant was obtained from Cayman Chemical
(Ann Arbor, MI). All drugs were dissolved in ethanol/Cremophor EL/0.9% saline (in a ratio
of 1:1:18) and were administered i.p. in a volume of 1 ml/kg. Cremophor EL was obtained
from Sigma Aldrich (St. Louis, MO).

Data Analysis

Drug discrimination data were expressed as the mean percentage (+ standard error) of drug-
appropriate responses occurring in each test period. Rate of responding was calculated by
dividing the total number of responses for each rat tested by the session time. Response rate
data are expressed as the mean (+ standard error) of all rats tested. Because response
suppression may compromise stimulus control, rats failing to complete at least 10 responses
during the test session were excluded from the analysis of the discriminative stimulus effects
of that dose of test compound. If three or more of the rats did not complete the first
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reinforcer at a given dose, the discrimination data for that dose is not shown. Graphs for
percent drug-appropriate responding and response rate were plotted as a function of dose of
test compound (log scale). Percent drug-appropriate responding was shown only if at least 3
rats completed the first fixed ratio, whereas all rats are shown for the response rate data.

Full substitution was defined as =80% drug-appropriate responding and not statistically
different from the training drug. The potencies of BB-22, FUB-PB-22, 5F-AMB, NM2201,
and MAB-CHMINACA were calculated by fitting straight lines to the dose-response data
for each compound by means of OriginGraph (OriginLab Corporation, Northampton, MA).
Straight lines were fitted to the linear portion of dose-effect curves, including not more than
one dose producing <20% of the maximal effect and not more than one dose producing
>80% of the maximal effect. Other doses were excluded from the analyses. Response-rate
data were analyzed by one-way repeated measures analysis of variance. Effects of individual
doses were compared to the vehicle control value using a priori contrasts. The criterion for
significance was set a priori at p<0.05.

BB-22, FUB-PB-22, 5F-AMB, NM2201, and MAB-CHMINACA produced full substitution
for the discriminative stimulus effects of AS-THC, although MAB-CHMINACA produced an
inverted U-shaped dose-effect function. Dose-effect curves are illustrated in Figure 2, EDsg
values are shown in Table 1, and time course functions are illustrated in Figure 3. The slopes
of the dose-effect curves were not parallel F(5,41)=2.84; p=0.027) so the EDsgq values may
not be comparable. The slopes for FUB-PB-22 and 5F-AMB were significantly lower than
those for BB-22 and NM-2201 (p<0.05). Cocaine failed to substitute for THC (data not
shown), producing a maximum of <1% drug-appropriate responding at 10 mg/kg, and
almost completely suppressing responding at 25 mg/kg F(2,10)=55.83; p<.001.

BB-22 (30-min pretreatment) fully substituted for the discriminative stimulus effects of A%-
THC at 0.05 and 0.1 mg/kg. BB-22 decreased response rate following 0.1 and 0.25 mg/kg
doses F(5,25)=29.98, p<.001, and completely suppressed responding in all 6 rats following
0.25 mg/kg. Similarly, 0.1 mg/kg BB-2 fully substituted from 30 to 120 min during the time
course study. Peak effect was observed at 60 min. Effects had diminished by 4 h after
administration. Response rate was decreased such that 2 of 6 rats failed to complete the first
reinforcer 15 min after administration, and 1 of 6 rats failed to complete the first reinforcer
30 min after administration of BB-22 F(7,35)=4.123, p=0.002.

FUB-PB-22 (30-min pretreatment, n=12) fully substituted for the discriminative stimulus
effects of A%-THC at 1 mg/kg without affecting rate of responding. In the time course study,
1 mg/kg FUB-PB-22 fully substituted for A%-THC at 30 min, and effects had diminished by
4 h after administration. Responding was decreased at 5 and 15 min after administration
F(6,30)=2.534, p=0.042.

MAB-CHMINACA (30-min pretreatment) produced an inverted-U shaped dose effect such
that full substitution for the discriminative stimulus effects of A%-THC was observed at 0.18
mg/kg, whereas a higher dose (0.25 mg/kg) produced only 34% drug-appropriate
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responding. MAB-CHMINACA decreased response rate at 0.25 mg/kg such that 3 of 6 rats
did not complete the first reinforcer F(5,25)=4.06, p=.008. In the time course study, 0.18
mg/kg fully substituted at 30 and 60 min after administration, with peak effect following 30
min. Response rate was not affected at any time point following 0.18 mg/kg MAB-
CHMINACA. A time course of 0.25 mg/kg was also conducted to confirm the low level of
drug-appropriate responding. Peak effect was 31% drug-appropriate responding, which is
similar to the peak effect observed in the dose-effect experiment (Fig. 4).

NM-2201 (30-min pretreatment) fully substituted for the discriminative stimulus effects of
AS-THC at 0.05 and 0.1 mg/kg without affecting rate of responding. In the time course
study, effects of 0.05 mg/kg peaked at 30 min and diminished by 2 h after administration.
Rate of responding was not affected at any time point following 0.05 mg/kg NM-2201.

5F-AMB (60-min pretreatment, n=7) fully substituted for A>-THC at 1 mg/kg. Response rate
was decreased following 1 mg/kg 5F-AMB F(6,36)=5.352, p<.001. In the time course study,
1 mg/kg 5F-AMB fully substituted at 60 to 120 min following administration. Responding
was suppressed in 5 of 6 rats at 5 and 15 min following administration, and in 2 of 6 rats at
30 min F(6,30)=7.653, p<0.001. In a preliminary experiment, 3 of 5 rats failed to complete
the first reinforcer following 2.5 mg/kg (30-min pretreatment), and convulsions were
observed in 2 of 5 rats.

Rimonabant (1.2 to 2.4 mg/kg) dose-dependently blocked the discriminative stimulus effects
of the training dose of A%-THC (Figure 6). Rimonabant (0.025 to 2.5 mg/kg) dose-
dependently antagonized the ability of the peak doses of BB-22 (0.1 mg/kg), 5SF-AMB (1
mg/kg), NM2201 (0.05 mg/kg), and MAB-CHMINACA (0.18 mg/kg) to substitute for the
discriminative stimulus effects of AS-THC. In contrast, rimonabant 2.5 and 5 mg/kg only
reduced drug-appropriate responding produced by FUB-PB-22 (1 mg/kg) to 42-48%. The
slopes for the synthetic cannabinoids were parallel to each other; however, the slope for A%-
THC was 2-fold steeper.

Discussion

All five of the test compounds fully substituted for the discriminative stimulus effects of A%-
THC. Evidence for the full substitution of the test compounds for A%-THC was robust, as
full substitution was observed in the time course and antagonism studies using separate
groups of rats at the same doses and time points as observed in the dose-effect studies.
Adverse effects were not observed up to doses that fully substituted; however, a higher dose
of 5F-AMB (2.5 mg/kg) produced convulsions. These findings agree with earlier findings
that synthetic cannabinoids fully substitute for the discriminative stimulus effects of A%-THC
in rats (Gatch and Forster 2014, 2015, 2016, Jarbe et al. 2011; Wiley et al. 2014), mice
(Wiley et al. 2013, 2015) and monkeys (Ginsburg et al. 2012). In general, the cannabinoids
tested have not produced adverse effects at doses which fully substitute, although one other
compound, JWH-210, produced tremors (Gatch et al., 2016). These compounds come from
several different structural classes with a wide range of structural substitutions, yet all act at
CB1 receptors and produce full substitution for A%-THC. Taken together, these findings
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suggest that constructing novel cannabinoid molecules to evade detection and control by law
enforcement will continue to be easy and profitable.

However, it should be noted that MAB-CHMINACA and FUB-PB-22 produced nonlinear
dose-effect curves. MAB-CHMINACA produced an inverted U-shaped dose effect in the
dose-effect study, such that the 0.25 mg/kg dose produced lower A°-THC-appropriate
responding than 0.18 mg/kg. As previously noted, MAB-CHMINACA 0.18 mg/kg fully
substituted in the dose-effect, time-course and antagonism studies in separate groups of rats.
The decrease in A%-THC-appropriate responding following 0.25 mg/kg was replicated in a
time course study using a different group of rats.

FUB-PB-22 produced a peak that nearly reached full substitution, followed by a sharp
decrease in drug-appropriate responding, and then nearly 100% drug-appropriate responding
at the top dose. In a previous study, RCS-4 produced a similar effect, although the initial
peak was much lower (Gatch et al. 2016). Both FUB-PB-22 and RCS-4 produced a wide
range of variability in the middle doses, ranging from 40% to 83% drug-appropriate
responding. For this reason, a sample size of 12 was reported for the FUB-PB-22 data in the
present study.

It is not clear why FUB-PB-22, MAB-CHMINACA and RCS-4 produced non-linear dose-
effect curves. It would be convenient if they possessed a common structural moiety that
conferred the effects; however, the three compounds come from different structural classes
of cannabinoids and are more structurally similar to compounds that produced linear, full
substitution than they are to each other. It is also possible that the descending limb of the
MAB-CHMINACA was due to the rate-decreasing effects at that dose. However, the rate-
decreasing effects were not observed during the time-course experiment, but the drop in A%-
THC-appropriate responding was still present.

The A9-THC-like discriminative stimulus effects produced by the five test compounds in the
present study were attenuated by rimonabant (2.5 mg/kg). This is consistent with earlier
findings that the discriminative stimulus effects of synthetic cannabinoids are mediated by
CB1 receptors (Ginsberg et al. 2014; Hruba and McMahon 2017; Rodriguez and McMahon
2014). However, the effects of FUB-PB-22 were only partially attenuated. The dose-effect
functions of rimonabant in blocking the discriminative stimulus effects of the test
compounds had similar slopes; however, the slope of rimonabant antagonism of A%-THC
was significantly steeper, which may limit the validity of direct comparison of potencies.

In our previous reports, adverse effects were not observed following most of the synthetic
cannabinoids at the doses tested, although JWH-210 produced tremors in mice (Gatch et al.
2014, 2015, 2016). In the present study, 5F-AMB produced sustained vocalization and
convulsions when tested in rats at 2.5 mg/kg. As previously mentioned, 5F-AMB and MAB-
CHMINACA produce serious adverse effects in humans, including lethality (Hasegawa et al.
20153, 2015b, Katz 2016; Shanks and Behonick 2016). Adverse effects besides suppression
of responding were not observed in the present study during testing of the other synthetic
cannabinoid compounds, but there is a possibility that adverse effects would be observed if
higher doses were tested. Because the endpoint of interest was substitution for the
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discriminative stimulus effects of AS-THC, doses were not tested once full substitution was
observed.

In summary, these compounds have substantial abuse liability, since their chemical
structures (fig. 1) are similar to those of abused cannabinoids, they bind to CB1 receptors
and are high-efficacy agonists (Banister et al. 2016; De Luca et al. 2016; Hess et al. 2016),
and data from the present study indicate that they produce discriminative stimulus effects
very similar to those of A%-THC and other synthetic cannabinoid compounds known to be
abused. Whether the synthetic cannabinoids produce effects at other receptors that may
contribute to their abuse liability or adverse effect profile has not been determined. The
inverted U-shaped dose-effect curve produced by MDA-CHMINACA may indicate that it
has a very narrow window of A%-THC-like effects and may be of less interest to recreational
users. In general, the compounds tested in the present study produced full AS-THC-like
effects at doses that did not produce adverse effects. However, given that 5SF-AMB produced
toxicities at a higher dose in the present study and has produced substantial toxicity in
recreational users, inadvertent overdosing of these compounds may be more dangerous than
using marijuana.
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Fig. 1.
Chemical structures of the five cannabinoid test compounds and of the controlled synthetic

cannabinoid compound JWH-018.

Psychopharmacology (Berl). Author manuscript; available in PMC 2019 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gatch and Forster

100

80

40

THC-Appropriate Responding (%)

o
[}

Responses per Second

60

20

Page 12
—A—BB-22 —— NM-2201
—m— FUB-PB-22 —w— 5F-AMB
—A— MAB-CHMINACA —O—THC
—O— Vehicle Control [ —— Vehicle Control
- © —o—THC Control £ 100 -  —O— THC Control
o L
i S 80
c F
S
B o 60 |
[0
[ E
- & 40
() L
=
r o 20
I
E |
L 2 ok ®©
1 /ol L i s g ] i T AT ) 1 Ill-l P | MR |
ctrl 0.0 0.1 p ctrl '0.01 01 1
_ 15
el
}
B [o]
3
5 w 1.0
— 8 I]—'T
0
? 2
- (7]
505
(=
]
[0]
r 14
L 0.0}
1 N L o v gl 1 o e b 1 I/" el PSP |
ctrl 0.0 0.1 1 ctrl 0.01 0.1 1
Dose (mg/kg) Dose (mg/kg)
Fig. 2.

Substitution for the discriminative stimulus effects of A>-THC: Dose-Effect. Upper panels
show mean percentage of total responses (+ standard error of the mean) made on the drug-
appropriate lever as a function of dose, for doses with three or more rats completing the first
fixed ratio. Bottom panels show rate of responding (+ standard error of the mean) in
responses per second (r/s). All of the cannabinoids fully substituted for the discriminative
stimulus effects of A%-THC (>80% drug-appropriate responding). Sample size for BB-22,
MAB-CHMINACA, NM2201, and 5F-AMB was n=6 except where shown; for FUB-PB-22,
sample size was n=12. Ctrl indicates vehicle and drug control. * indicates response rate
different from vehicle control (p < 0.05).
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Fig. 3.
Substitution for the discriminative stimulus effects of A%-THC: Time-course. Upper panels

show mean percentage of total responses (+ standard error of the mean) made on the drug-
appropriate lever as a function of time, for doses with three or more rats completing the first
fixed ratio. Bottom panels show rate of responding (+ standard error of the mean) in
responses per second (r/s). Cannabinoids, n=6 except where shown. V indicates the vehicle
control values. * indicates response rate different from vehicle control (p < 0.05).
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Fig. 4.

Antagonism of the discriminative stimulus effects of BB-22, FUB-PB-22, MAB-
CHMINACA, NM2201, and 5F-AMB by the CBL1 receptor inverse agonist rimonabant. The
figure shows show mean percentage of total responses (+ standard error of the mean) made
on the drug-appropriate lever as a function of dose of rimonabant, for doses with three or
more rats completing the first fixed ratio. Figure legend shows the dose of cannabinoid
tested. Cannabinoids, n=6 except where shown. Ctrl indicates the effects of cannabinoid

alone.
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Table 1
EDgq values (mg/kg) for the locomotor depressant effects in mice and the discriminative stimulus effects of

cannabinoids in A%-THC-trained rats. Data are depicted as mean with 95% confidence interval.

Drug Locomotor Activity  Drug Discrimination
A%-THC 12.46 (1.09t0 142.75)  0.61 (0.08 to 4.72)
BB-22 0.06 (0.01 to 0.39) 0.03 (0.004 to 0.15)
FUB-PB-22 0.07 (0.01 to 0.33) 0.13 (0.001 to 7.45)
5F-AMB 0.61 (0.15 to 2.43) 0.19 (0.001 to 9.39)
NM-2201 0.29 (0.12 to 0.67) 0.03 (0.01 to 0.16)

MAB-CHMINACA 0.08 (0.01 to 0.65) 0.07 (0.01 to 0.91)
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