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Abstract: A series of in vivo and in vitro assays were 
conducted to characterize the pharmacological effects 
of the first generation abused synthetic cannabinoid 
CP47,497, a racemic bicyclic cannabinoid that is similar 
in structure to the potent, high-efficacy synthetic can-
nabinoid CP55,940. CP47,497 was less efficacious than 
CP55,940 in activating G-proteins and dose-dependently 
produced common CB1 receptor-dependent pharmaco-
logical effects (i.e. catalepsy, hypothermia, antinocicep-
tion, and hypolocomotion). CP47,497 also substituted for 
Δ9-tetrahydrocannabinol (THC) in the mouse drug dis-
crimination, indicating that both drugs elicited a simi-
lar interceptive stimulus. The pharmacological effects of 
CP47,497 underwent tolerance following repeated admin-
istration and showed cross-tolerance following repeated 
THC administration, further suggesting a common canna-
bimimetic mechanism of action. Finally, the CB1 receptor 
antagonist rimonabant precipitated similar magnitudes of 
somatic withdrawal responses in mice treated repeatedly 
with THC or CP47,497. Taken together, these data verify the 
acute cannabimimetic effects of CP47,497, and indicate 
tolerance and dependence following repeated adminis-
tration. The assays used here provide a straightforward 

approach to characterize the emerging next generation of 
abused synthetic cannabinoids.

Keywords: CB1 receptor; dependence; designer drugs; 
synthetic cannabinoid; tolerance.

Introduction
Cannabis has been utilized for medicinal and recrea-
tional purposes for millennia and remains the most 
commonly used illicit drug in the world [1]. Much of our 
understanding of the mechanisms by which marijuana 
and specifically its primary psychoactive constituent, 
Δ9-tetrahydrocannabinol (THC), produce its pharmaco-
logical effects can be attributed to the development of 
synthetic cannabinoids and their in vitro and in vivo char-
acterization. For example, the potent, bicyclic cannabi-
noid receptor agonist CP55,940 was used to identify the CB1 
receptor [2, 3], which is responsible for the majority of the 
psychoactive effects of marijuana. Many of these ligands, 
originally developed as pharmacological tools and poten-
tial therapeutic agents, have emerged as a prevalent new 
class of abused drugs that are generally added to herbal 
incense products and smoked [4–7]. The nonclassical can-
nabinoid, CP47,497, represents one of the first synthetic 
cannabinoids used illicitly in the US, which was identified 
as a powdered material confiscated by the Wisconsin State 
Crime Laboratory [4–8]. CP47,497 binds CB1 receptors with 
considerably higher CB1 receptor affinity (Ki = 2.2±0.47 nM) 
than the phytocannabinoid THC (Ki = 40.2±0.47 nM) [9–13]. 
CP47,497 has been identified in previously abused herbal 
preparations [14–16], highlighting a need to characterize 
its pharmacological effects following acute and repeated 
administration [17].

Initial studies demonstrated equipotent analgesic 
activity of CP47,497 when compared to morphine across 
several acute pain models in mice and rats [11–13]. The 
initial structure-activity relationship studies conducted 
with this compound and related compounds established 
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the benzopyran ring of THC as nonessential for analgesic 
activity. Previous studies show that cannabinoids reli-
ably produce dose-dependent cataleptic, antinocicep-
tive, hypothermic, and hypolocomotive effects in rodents 
[18–22]. Additionally, many studies have demonstrated 
that in vitro binding affinity is generally a good predictor 
of cannabimimetic in vivo effects [23–26]. Repeated treat-
ment with THC or synthetic cannabinoids leads to desen-
sitization and downregulation of CB1 receptors that occurs 
concomitantly with tolerance to in vivo responses [27]. 
Moreover, mice given repeated injections of cannabinoids 
and challenged with the CB1 receptor antagonist rimona-
bant display precipitated somatic withdrawal signs that 
include paw flutters and headshakes [28].

Given the high affinity of CP47,497 to the CB1 recep-
tor [10, 12], it poses a significant risk for abuse, toler-
ance, and dependence. Moreover, the abuse of potent 
synthetic cannabinoids such as CP47,497 as an alterna-
tive to marijuana represents a public health hazard [29], 
and further scientific evaluation is required to under-
stand the consequences of use and abuse. Therefore, the 
purpose of the present study was to examine in vitro and 
in vivo pharmacological effects of CP47,497 relative to 
THC. CP47,497 was tested in assays predictive of cannabi-
mimetic activity, including agonist-stimulated G-protein 
activity [10, 25]; the tetrad assay, consisting of hypomo-
tility, antinociception, catalepsy, and hypothermia 
[9, 24, 30]; and substitution for THC in the drug admin-
istration paradigm [31–33]. To determine the pharmacol-
ogy of CP47,497, complementary pharmacological and 
genetic approaches were employed, utilizing the selec-
tive CB1 receptor antagonist rimonabant [34] in Institute 
for Cancer Research/CD-1 (ICR) mice and CB1 (+/+) and 
(–/–) mice [35]. Tolerance to cannabimimetic behavioral 
effects in the tetrad assay was evaluated after repeated 
administration of CP47,497. Lastly, dependence liability 
was assessed by giving mice daily injections of CP47,497, 
challenging them with rimonabant, and scoring somatic 
withdrawal signs.

Materials and methods
Subjects

Naïve, male, ICR (CD-1) mice (Harlan Laboratories, Dublin, VA, USA) 
weighing 22–32 g were used in cumulative dose-response, time-course, 
antagonism, tolerance, and withdrawal experiments, described 
below. Male and female CB1 (+/+) and CB1 (–/–) mice weighing 19–27 g 
backcrossed more than 15 generations onto a C57BL/6J background 
were obtained from the Transgenic Colony at Virginia Commonwealth 

University and used to infer CB1 receptor mechanism of action. Male 
C57BL/6J mice (Jackson Laboratory, Bar Harbor, ME, USA) weighing 
20–25 g were utilized in drug discrimination experiments.

Mice were housed in clear plastic cages in a temperature-
controlled (22±2 °C) animal care facility on a 12-h light/dark cycle 
with ad libitum water and standard rodent chow (7012 Teklad Mouse/
Rat Diet, Harlan Laboratories), unless otherwise described. Mice 
were individually housed the day prior to behavioral testing for acute 
dosing and drug discrimination experiments and housed four to six 
mice per cage for repeated administration (tolerance and depend-
ence) experiments.

Brain tissue used for agonist-stimulated [35S]-GTPγS experi-
ments was harvested from mice sacrificed by rapid decapitation and 
stored at −80 °C until use. All experiments were conducted in accord-
ance with the Guide for the Care and Use of Laboratory Animals 
8th edition as promulgated by the U.S. National Institutes of Health 
and approved by the Institutional Animal Care and Use Committee 
at Virginia Commonwealth University. All work complied with the 
World Medical Association Declaration of Helsinki regarding ethical 
conduct of research involving animals.

Drugs and chemicals

Racemic CP47,497 was purchased from Cayman Chemical (Ann 
Arbor, MI, USA), CP55,940 was purchased from Tocris Bioscience 
(Minneapolis, MN), and THC and rimonabant were obtained from the 
National Institute of Drug Abuse Drug Supply Program (Rockville, 
MD, USA). All drugs were dissolved in ethanol (5% of total volume), 
emulphor was added (5% of total volume), and finally 0.9% NaCl iso-
tonic saline (90% of total volume) was added. Vehicle was composed 
of this same 1:1:18 ratio of ethanol:emulphor:saline, and all treat-
ments were administered with an injection volume of 10 μL/g.

[35S]-guanosine-5′-O-(3-[35 S]thiotriphosphate (GTPγS) (1250 Ci/
mmol) was purchased from PerkinElmer (Waltham, MA, USA), and 
scintillation fluid (ScinitSafe Econo 1) and Whatman GF/B glass fiber 
filters were obtained from Fisher Scientific (Pittsburgh, PA, USA). 
Guanosine diphosphate (GDP), GTPγS, adenosine deaminase, and 
bovine serum albumin (BSA) were purchased from Sigma-Aldrich 
(St. Louis, MO, USA).

Agonist-stimulated [35S]-GTPγS binding in brain

The effects of CP47,497 and CP55,940 on receptor-mediated G-protein 
activity were investigated using agonist-stimulated [S35]-GTPγS bind-
ing [36]. Whole brains were collected and stored at −80 °C. Upon 
analysis, brains were thawed and homogenized in membrane buffer 
(50 mM Tris-HCl, 3 mM MgCl2, 1 mM EGTA, pH 7.4) and then centri-
fuged at 50,000 × g for 10 min at 4 °C. The supernatant was discarded, 
and pellets were suspended with 5 mL of assay Buffer A (50 mM Tris-
HCl, 3 mM MgCl2, 0.2 mM EGTA, 100 mM NaCl, pH 7.4). Protein con-
centration was determined according to Bradford [37]. Samples were 
incubated for 15 min at 30 °C with adenosine deaminase (3 mU/mL), 
to reduce basal activity by adenosine receptors. Concentration-effect 
curves were generated by incubating 5 μg of membrane protein with 
CP55,940 (0.001–30 μM) or CP47,497 (0.0001–30 μM) and 30 μM GDP, 
0.1 nM [S35]-GTPγS in assay Buffer B (50 mM Tris-HCl, 3 mM MgCl2, 
0.2  mM EGTA, 100  mM NaCl, pH 7.4, and 1.25 g/L BSA) in a total 
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volume of 0.5 mL. Nonspecific binding was assessed in the presence 
of 20 μM unlabeled [35S]-GTPγS, and basal binding was determined 
in the absence of agonist. Samples were incubated for 2 h at 30 °C, 
and the reaction was terminated by rapid vacuum filtration through 
Whatman G/FB glass fiber filters, followed by three rinses in cold Tris 
buffer (50 mM Tris-HCl, pH 7.4). Bound radioactivity was determined 
by liquid scintillation spectrophotometry at 95% efficiency after over-
night extraction in Econo-Safe scintillation fluid. Data are reported 
as mean±SEM of three experiments performed in triplicate. Nonspe-
cific binding was subtracted from each sample. Net stimulated [35S]
GTPγS binding was defined as agonist-stimulated minus basal [35S]
GTPγS binding, and percent stimulation was defined as (net stimu-
lated/basal [35S]GTPγS binding) × 100%.

Tetrad behavioral assessment

Mice were acclimated to the test environment for at least 1  h prior 
to testing for tetrad components: spontaneous activity, catalepsy, 
antinociception, and hypothermia [30, 24, 38]. In the locomotor stud-
ies, subjects were administered vehicle or drug and 5 min later were 
placed into clear acrylic boxes (approx. 44.5 cm × 22.25 cm × 20.0 cm) 
contained within sound-attenuating cabinets equipped with an LED 
light source and fans for general air circulation and creation of white 
noise. The distance traveled (meters) and time spent immobile (s) for 
each mouse were collected and recorded for 10  min using Fire-i™ 
digital cameras purchased from Unibrain (San Ramon, CA, USA) and 
ANY-maze™ video tracking software purchased from Stoelting Com-
pany (Wood Dale, IL, USA).

Mice were assessed for baseline tail withdrawal latencies and 
body temperature, given an intraperitoneal (i.p.) injection of vehicle 
or drug (THC or CP47,497), and 30 min later assessed in the following 
order: catalepsy, tail withdrawal test, and body temperature. Cata-
lepsy was measured using the horizontal bar test in which both fore-
limbs of the mouse were placed on a horizontal bar (approximately 
1.25 cm in diameter and 4.5 cm parallel to the bench top), with the 
duration of a fixed and motionless posture (except normal breath-
ing) recorded by stopwatch over a 60 s interval. Antinociception was 
determined in the warm water (52 °C) tail immersion test whereby 
the distal end (approximately 1 cm) of the tail was immersed into 
the water bath and the latency of the mouse to withdrawal its tail 
recorded (to the nearest 0.1 s). A 10 s cutoff was used to minimize tail 
damage. Antinociception data were transformed to represent a maxi-
mum percent effect (%MPE) by the following formula: %MPE = [(test 
latency−pretreatment latency)/(10−pretreatment latency)] × 100. Body 
temperature measurements (recorded to the nearest 0.1 °C) were col-
lected by inserting a rectal probe, lubricated with mineral oil and 
attached to a telethermometer (Yellow Spring Industries Inc., Yellow 
Springs, OH, USA), to a 2 cm depth.

Cumulative dose-response studies

A cumulative dosing paradigm was used to construct dose-response 
curves according to our published methods [39]. ICR mice received 
increasing doses of drug (CP47,497 or THC) or repeated vehicle every 
40 min, with behavioral assessments 30  min after each i.p. injec-
tion. Locomotor activity was not assessed due to habituation effects 
that occur following repeated exposures. The cumulative doses for 

CP47,497 (0.3, 1, 3, 10, and 30 mg/kg) and THC (3, 10, 30, 100, and 
200 mg/kg) were then determined.

For antagonism studies, ICR mice received a subcutaneous (s.c.) 
injection of rimonabant (3 or 10 mg/kg) 10 min before test drug and 
were assessed in the tetrad, as described above. CB1 (+/+) and CB1 
(–/–) mice received an i.p. injection of vehicle or CP47,497 (30 mg/kg) 
and were tested for tetrad behaviors 30 min later.

Drug discrimination assay

C57BL/6J mice were maintained at 85%–90% of free feeding body 
weight by restricting the daily ration of standard rodent chow, with 
ad libitum water available except during training and testing ses-
sions. Training and test sessions were conducted at similar times 
during the light phase of a 12 h light/dark cycle. Sound- and light-
attenuated mouse operant conditioning chambers (MED Associ-
ates, St. Albans, VT, USA) were used for behavioral training and 
testing; each chamber housed an acrylic operant box (18 × 18 × 18 
cm) equipped with a house light and two nose poke apertures 
(left and right) with a recessed well between the two apertures. 
Houselights were illuminated during all operant sessions, and fan 
motors provided ventilation and masked outside noise. A computer 
with Logic “1” interface and MED-PC software (MED Associates) 
controlled contingency schedules and data recording. Mice were 
trained to respond in one aperture following administration of 5.6 
mg/kg THC and to respond in the opposite aperture following vehi-
cle administration. A sweetened pellet served as reinforcement and 
was delivered on a fixed-ratio 10 (FR10) schedule. Each incorrect 
response reset the FR requirement.

Daily 15-min training sessions were performed Monday to 
Friday with dosing following a double alternation sequence of drug 
or vehicle (e.g. drug, drug, vehicle, vehicle) until mice met two crite-
ria during 9 of 10 consecutive sessions: (criterion i) correct comple-
tion of the first FR10 (e.g. first 10 consecutive responses on condition 
appropriate aperture) and (criterion ii)  > 80% of all responses were 
condition (i.e. drug or vehicle) appropriate. During test sessions, 
responses in either aperture delivered reinforcement according to 
an FR10 schedule. When these two criteria were met, acquisition of 
the discrimination was established, and substitution testing began. 
Stimulus substitution tests were conducted twice per week with a 
minimum of 72 h between the 15-min test sessions, though training 
continued between test days. Control tests were conducted with the 
training dose of the drug (5.6 mg/kg THC, s.c.) or vehicle. For substi-
tution tests, CP47,497 was given via the s.c. route of administration 
(0.03–3.2 mg/kg) 30 min before the test session.

Tolerance experiments

The effectiveness of CP47,497 to produce tolerance and/or cross-
tolerance to catalepsy, antinociception, and hypothermia was 
assessed by treating mice with CP47,497 (15 mg/kg, s.c.) or THC 
(50 mg/kg, s.c.) twice daily for 5.5 days, with a cumulative CP47,497 
(1–56 mg/kg, i.p.) dose-response regimen administered 24  h after 
the last morning dose on day 6 (to allow drug washout). This dosing 
regimen was selected because our laboratory has previously dem-
onstrated tolerance and dependence using a twice daily subchronic 
dosing regimen for 5.5 days with THC [40].
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Behavioral evaluation of somatic withdrawal signs

For dependence experiments, mice received CP47,497 (15 mg/kg, s.c.) 
or THC (50 mg/kg, s.c.) twice daily (approx. 0900 and 1700 h) for 5.5 
days. The THC dose was selected based upon our previous efforts 
[40], and the CP47,497 dose was calculated to be equipotent via linear 
regression in triad measures. The same acrylic boxes and cabinets 
described for locomotor assessment were utilized to assess depend-
ence. After final drug administration (day 6, 0900 h injection), mice 
were acclimated for 30 min to behavioral chambers, which consisted 
of an opaque acrylic box (20 × 20 × 20 cm), equipped with a clear front 
panel and mirrored back panel, enclosed within the activity cabinets. 
After the 30-min period, mice were removed from the chambers, 
received rimonabant (10 mg/kg, i.p.), and were then immediately 
placed back into their boxes for a 1-h observation period. The acrylic 
boxes were cleaned with water after the acclimation but before 
the observation period to remove urine and feces present. Somatic 
withdrawal signs (paw flutters/tremors/clapping, headshakes, and 
jumping) were captured through the clear front acrylic panel (and 
by mirrored reflection of the backside of box) by Fire-i™ digital cam-
eras and recorded by ANY-maze™ digital tracking software for 1 h. 
Somatic withdrawal signs were observed and scored by a researcher 
blinded to experimental treatment.

Data analysis and statistics

Unless specifically stated otherwise, presented data are reported as 
mean (±SEM). Data were analyzed by one- or two-way ANOVA and 
were further analyzed by Holm-Sidak post hoc test when appropri-
ate. In drug discrimination studies, Dunnett’s post hoc analysis was 
used to make comparisons versus control. Overall, significance was 
denoted for p-values  < 0.05 with all statistical analyses performed 
using GraphPad Prism® statistical software (Version 6.0; LA Jolla, 
CA, USA). ED50 values and 95% confidence limits (CL) were calcu-
lated by standard linear regression analysis of generated drug dose-
response curves. Following the method described by Colquhoun 
et al. [41], potency ratio with 95% CL were determined by comparing 
potency between drug treatments groups, and ED50 and potency ratio 
for hypothermia data were calculated using an Emax of −6 °C, which 
represents the maximal mean decrease in temperature from the 
CP47,497-treated group. Agonist-stimulated [35S]-GTPγS binding data 
were analyzed utilizing nonlinear regression to determine maximum 
Emax (±standard error) EC50 values (with 95% CL) for CP55,940 and 
CP47,497. To verify apparent differences in Emax in agonist-stimulated 
[35S]-GTPγS binding, a t-test was used.

Results

CP47,497 and CP55,940 stimulate [35S]-
GTPγS binding in whole brain homogenate

To assess functional activation of G-proteins by the 
cyclohexylphenol CP47,497, we employed the ago-
nist-stimulated [35S]-GTPγS binding assay [36, 42]. 

Figure 1: CP47,497 produces functional activity at the CB1 receptor.
Whole mouse brain membranes were incubated with cannabinoid 
agonist (CP55,940 or CP47,497) and [35S]GTPγS to assess functional 
activity of cannabinoids at the CB1 receptor. Each dose-response 
curve was performed in triplicate, and data are expressed as 
mean±standard error. CP47,497 (Emax±SE = 62.09±2.12% net stimula-
tion above basal) exhibited relatively less metabotropic recep-
tor activation compared to CP55,940 (Emax±SE = 79.81±3.26% net 
stimulation above basal) and was approximately 10-fold less potent 
[EC50 (with 95% CL) = 0.135 (0.084–0.187) μM for CP47,497 and 
0.014 (0.006–0.021) μM for CP55,940].

Concentration-effect curves were generated using CP47,497 
and CP55,940 for comparison. CP47,497 stimulated [35S]
GTPγS binding with an Emax (±SEM) value of 62.1±2.1%, and 
CP55,940 produced an Emax value of 79.8±3.3% (Figure 1). 
The EC50 (±SEM) values of CP47,497 and CP55,940 were 
135±25.2 SEM nM and 13.5±3.6 SEM nM, respectively. Thus, 
the relative efficacy of CP47,497 for G-protein activation in 
whole brain was approximately ~78% that of CP55,940, 
and CP47,497 was approximately 10-fold less potent than 
CP55,940. Student’s t-test confirmed a significant differ-
ence in Emax (p < 0.05).

CP47,497 elicits potent cannabimimetic 
effects in mice

A cumulative dose-response study was used to compare 
the potency between CP47,497 and THC in producing acute 
cataleptic, antinociceptive, and hypothermic effects. Both 
CP47,497 [F(5,35) = 91.61, p < 0.0001; ED50 (95% CL) = 4.7 (3.8–
5.9) mg/kg] and THC [F(5,35) = 113.8, p < 0.0001, ED50 = 33.8 
(26.1–43.7) mg/kg] dose-dependently produced catalepsy 
(Figure 2A). CP47,497 was 7.2-fold (5.4–9.6; 95% CL) more 
potent than THC in eliciting catalepsy. Furthermore, 
CP47,497 (p < 0.0001) and THC (p < 0.0001) produced sig-
nificant antinociceptive effects, with maximal effects of 
70.3±13.2%MPE and 38.3±10.1%MPE (Figure 2B), respec-
tively. In addition, CP47,497 [F(5,35) = 55.4, p < 0.0001; 
ED50 = 7.1 (4.7–10.6) mg/kg] and THC [F(5,35) = 29.8, p < 0.0001; 
ED50 = 66.6 (69.7–172.7) mg/kg] produced dose-dependent 
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hypothermic effects (Figure 2C). CP47,497 was 8.1-fold 
(4.8–13.7) more potent than THC in producing hypothermia. 
Because the dose range evaluated for CP47,497 and THC 
did not completely capture the linear portion of the dose-
response curve, ED50 and potency ratio values were not cal-
culated for antinociception.

CP47,497 and THC have a similar duration  
of action

Next, we sought to examine the time course of the phar-
macological effects of CP47,497, with particular interest 
in comparison to the temporal effects of THC. In these 
studies, mice received a single bolus dose of CP47,497 
(30 mg/kg), THC (100 mg/kg), or vehicle with measure-
ments taken at 0.5, 1, 2, 4, 8, 12, and 24 h. These doses 
were selected because they reliably produced measurable 
in vivo effects, as shown in Figure 2.

The cataleptic effects of CP47,497 (30 mg/kg) and 
THC (100 mg/kg) persisted for up to 8  h and returned 

to baseline levels by 12  h [Figure 3A, F(12, 144) = 29.3, 
p < 0.0001]. CP47,497-induced catalepsy was greater in mag-
nitude than that by THC at 0.5 and 4 h after injection (Figure 
3A). The time course of antinociceptive effects of CP47,497 
and THC lasted up to 8 h, similar to those of catalepsy 
[Figure 3B, F(12, 146) = 4.2, p < 0.0001] but only differed at 
the initial 0.5 h time point (Figure 3B). CP47,497- and THC-
induced hypothermia was longer in duration than the other 
measures, lasting 8 and 12 h, respectively [Figure 3C, F(12, 
146) = 35.4, p < 0.0001]. In addition, CP47,497-treated mice 
exhibited statistically significant decreases in body temper-
ature from 0.5 to 4 h versus THC-treated mice (Figure 3C).

CP47,497-induced catalepsy, antinociception, 
hypothermia, and hypolocomotor effects are 
mediated by CB1 receptors

Rimonabant (3 and 10 mg/kg) blocked the catalep-
tic [Figure 4A, F(4, 69) = 33.4, p < 0.0001], antinocicep-
tive [Figure 4B, F(4, 73) = 4.9, p < 0.01], and hypothermic 
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[Figure  4C, F(4, 75) = 36.9, p < 0.0001] effects of both THC 
and CP47,497 but had no effects on these measures when 
given alone. Pretreatment with rimonabant prevented 
locomotor depression elicited by THC and CP47,497 
[Figure 4D, F(4, 75) = 4.8, p < 0.01].

To further assess whether CB1 receptors mediate the 
pharmacological effects of CP47,497, age-matched CB1 
(–/–) mice and wild type CB1 (+/+) mice were assessed 
in the tetrad assay after receiving an acute dose of 
CP47,497 (30 mg/kg, i.p.). CP47,497-treated CB1 (+/+) mice 
showed significant increases in catalepsy [Figure  5A, 
F(1,13) = 34.7,  p < 0.0001], antinociception [Figure 5B, 
F(1,16) = 36.9, p < 0.0001], hypothermia [Figure  5C, 
F(1,16) = 142.3, p < 0.0001], and both measures indicative 
of locomotor depression – distance traveled [Figure 5D, 
F(1,16) = 16.5, p < 0.001] and immobility time [Figure 5E, 
F(1,16) = 24.4, p = 0.0001]. In contrast, CP47,497 lacked 
activity in CB1 (–/–) mice. Also, during catalepsy testing, 
67% of CP47,497-treated CB1 (+/+) mice displayed hyper-
reflexia, whereas this behavior was not exhibited by 
CP47,497-treated CB1 (–/–) mice.

CP47,497 produces THC-like subject effects 
in the drug discrimination assay

The data in Figure 6 show that CP47,497 substitutes for 
THC in the drug discrimination assay. CP47,497 (0.03–
3.2 mg/kg, ED50 = 0.25 (0.14–0.44) and THC [3.2–10 mg/kg, 
ED50 = 1.47 (1.11–1.96)], respectively substituted and gener-
alized for the training dose of THC (Figure 6A). CP47,497 
was 6.3-fold (3.5–10.8) more potent than THC in this assay. 
Post hoc analyses indicated that response rates were 
reduced at the highest dose of CP47,497 (3.2 mg/kg) tested 
when compared to mice that received vehicle (Figure 6B, 
p < 0.001).

Assessment of repeated administration  
of CP47,497

Separate groups of mice were given two daily s.c. injections 
per day for 5.5 days of vehicle, CP47,497 (15 mg/kg), or THC 
(50 mg/kg). On the test day (i.e. day 7), the cumulative 
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Figure 4: Cannabinoid tetrad effects of CP47,497 and THC are mediated by CB1 receptors.
The (A) cataleptic, (B) antinociceptive, (C) hypothermic, and (D) immobility effects of CP47,497 (30 mg/kg) and THC (100 mg/kg) are blocked 
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dose-response relationship of CP47,497 was evaluated in 
each mouse. Mice in the vehicle group displayed dose-
dependent catalepsy following cumulative dosing with 
CP47,497, whereas mice treated repeatedly with THC or 
CP47,497 displayed diminished cataleptic responses 
[Figure 7A, F(12, 112) = 14.1, p < 0.0001]. Neither THC- nor 
CP47,497-treated groups exhibited increases in tail with-
drawal latency after cumulative CP47,497 challenge, while 
the vehicle group showed significant dose-related antino-
ciceptive effects [Figure 7B, F(12, 112) = 10.4, p < 0.0001]. 

Mice treated repeatedly with CP47,497 displayed dimin-
ished hypothermia compared to vehicle-treated mice, with 
THC-treated mice remaining near baseline levels through-
out dosing [Figure 7C, F(12, 112] = 20.4, p < 0.0001).

The final experiment investigated whether repeated 
administration of CP47,497 would lead to physical depend-
ence. Rimonabant challenge to groups treated repeatedly 
with THC or CP47,497 precipitated significant increases in 
paw flutters [Figure 8A, F(2, 13) = 8.8, p < 0.01] and head 
shakes [Figure 8B, F(2, 13) = 5.9, p < 0.05].
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Figure 5: Mice lacking CB1 receptors did not display tetrad effects following CP47,497 (30 mg/kg) administration.
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Discussion
Previous agonist-stimulated [35S]GTPγS binding studies 
showed that THC is a low-efficacy agonist, whereas 
CP55,940 is a high-efficacy agonist [43]. As CP47,497 and 
CP55,940 belong to the bicyclic family of synthetic can-
nabinoids [44], it is not surprising that both of these com-
pounds stimulated [35S]GTPγS binding, though CP47,497 
(i.e. 62.1% above basal activity) produced a significantly 
lower maximal stimulation of G-protein activity than 
CP55,940 (i.e. 79.8% above basal activity). CP47,497 has 
also been shown to inhibit neurotransmission via CB1 
receptors in hippocampal cultures, an effect elicited by 
JWH018 and other synthetic cannabinoids [45]. These 
results support the idea that CP47,497 produces its central 
effects via activation of G-proteins and subsequent inhibi-
tion of neurotransmission in the brain.

The tetrad assay has historically been used to assess 
cannabimimetic activity [9]. Here, we compared the 
potency between THC and CP47,497 to elicit catalepsy, 
hypothermia, and antinociception. Route of administra-
tion plays an important role in potency and efficacy of 

cannabinoids in this assay, as intravenous injection of THC 
has been shown to be 45-fold more potent than subcuta-
neous THC administration in producing antinociception 
in ICR mice [46]. Regardless, CP47,497 produced signifi-
cant increases in tail withdrawal latency at much lower 
doses than THC (10 mg/kg vs. 200 mg/kg, respectively) 
via the i.p. route of administration, indicating a large 
difference in potency, concordant with previous reports 
showing that CP47,497 is far more potent than THC [9, 13, 
30, 35, 47, 48]. Time course studies revealed similar dura-
tions of action for THC- and CP47,497-induced catalepsy, 
hypothermia, and antinociception. Although the doses 
selected were intended to be equipotent based upon triad 
measures in ICR mice, the differences in magnitude may 
reflect an imperfect estimation of potency or potential 
pharmacokinetic differences between CP47,497 and THC. 
Nonetheless, THC and CP47,497 readily enter the CNS [49, 
50] which is consistent with their in vivo effects. Whereas 
CP47,497 possesses higher efficacy than THC in activating 
Gαi/o proteins, both drugs produce similar magnitudes of 
effects in the in vivo assays assessed in the present study. 
Given the high expression levels of CB1 receptors in the 
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CNS [2], it is plausible that sufficient CB1 receptor reserve 
obfuscates the impact of efficacy in the whole animal.

Complementary genetic and pharmacological 
approaches were utilized to determine whether CB1 recep-
tors mediate the pharmacological effects of CP47,497 and 
THC in the tetrad. Pretreatment with the CB1-selective 
antagonist rimonabant (3 or 10 mg/kg) blocked the catalep-
tic, hypothermic, antinociceptive, and locomotor depres-
sive effects of CP47,497 (30 mg/kg) and THC (100 mg/kg). 
Similarly, CP47,497 (30 mg/kg) produced robust catalepsy, 
hypothermia, antinociception, and hypomotility in CB1 
(+/+) mice but not in CB1 (–/–) mice. These complemen-
tary approaches indicate that the pharmacological effects 
of CP47,497 in the tetrad require CB1 receptors. These 
findings are consistent with studies demonstrating that 
a structural variant of CP47,497, CP47-497-C8, elicits inhi-
bition of neurotransmission in a CB1 receptor-dependent 
manner [45].

To assess the internal stimulus properties of CP47,497 
relative to THC, dose-response studies were conducted in 
mice trained to discriminate THC (5.6 mg/kg). Consistent 
with both in vitro functional activity assessment and can-
nabinoid tetrad measures, CP47,497 substituted for the 
training dose of THC. CP47,497 was 6.3-fold more potent 
than THC in eliciting responses in the drug-associated 
aperture, a finding that is consistent with previous studies 
indicating a 3- to 14-fold difference in potency in drug dis-
crimination studies in rats [13] and 5.6-fold more potent 
than THC in another mouse drug discrimination study [51]. 
Previous work has shown that CB1 receptor agonists (e.g. 
CP55,940 and WIN55,212-2) substitute for THC [52] and that 
THC substitutes for other CB1 receptor agonists (JWH-018) 
[53], corroborating our findings. Likewise, the C8 homolog 
of CP47,497 fully substituted for THC in a rat drug discrimi-
nation study, though it displayed a relatively slow onset 
and considerably long duration of action, which was 
interpreted as its possessing the potential of increased 
hazardous effects [54]. As the present study did not assess 
time course in the mouse drug discrimination paradigm, it 
is unclear whether equivalent doses of CP47,497 and THC 
would have similar durations of discriminative stimulus 
effects, as they did in the tetrad assay. Nonetheless, the 
present findings indicate that CP47,497 possesses similar 
subjective effects as THC, perhaps conferring a similar 
abuse liability.

Repeated administration of cannabinoid agonists 
produces adaptive changes in CB1 receptors that occur 
concomitantly with tolerance and dependence [55]. 
Tolerance develops following repeated administration 
of several synthetic cannabinoids, including CP55,940 
[56]. Similarly, the pharmacological effects of CP47,497 

underwent tolerance following repeated administra-
tion and showed cross-tolerance to repeated injections 
of THC. Moreover, the degree of tolerance was similar 
across catalepsy, antinociception, and hypothermia 
between both THC- and CP47,497-treated mice. The 
expression of cross-tolerance further supports a common 
mechanism of action involving CB1 receptors. Although 
the consequences of repeated CP47,497 treatment on CB1 
receptor expression and function in brain have not been 
investigated, other studies demonstrated that repeated 
administration of the structurally related CP55,940 pro-
duces CB1 receptor desensitization and downregulation 
[57]. Studies in cell models showed that treatment with 
CP47,497-C8, as well as JWH-018 and JWH-073, pro-
moted CB1 receptor internalization [45]. The findings that 
CP47,497 variants produce tolerance and CB1 receptor 
internalization suggest similar adaptive mechanisms in 
response to repeated treatment as other synthetic can-
nabinoids and THC [55].

Cannabis-dependent humans display a well-recognized 
withdrawal syndrome with a characteristic set of criteria 
including anxiety, gastrointestinal complications, malaise, 
and sleep disturbances [58]. In order to investigate depend-
ence liability of CP47,497, we assessed cannabinoid with-
drawal signs in mice treated repeatedly with THC or CP47,497 
and then challenged with rimonabant [59]. Rimonabant (10 
mg/kg) challenge precipitated robust expression of head 
twitches and paw tremors in THC- and CP47,497-treated 
mice. These findings suggest that repeated administration 
of THC or CP47,497 leads to adaptive changes in the CNS that 
subserve dependence [60]. Together, these data suggest that 
repeated CP47,497 exposure leads to a similar dependence 
spectrum as THC, suggesting a potential risk for depend-
ence in humans repeatedly using CP47,497.

In conclusion, the present study demonstrates that 
the abused synthetic cannabinoid CP47,497 produces in 
vivo tetrad and discriminative stimulus effects similar 
to THC and other cannabinoid receptor agonists. These 
effects are mediated by CB1 receptors, supporting the 
idea that THC and abused synthetic cannabinoids share 
a common mechanism of action. In addition, CP47,497 
possesses increased potency compared with THC and acts 
as a high-efficacy partial agonist for G-protein activation. 
Finally, the finding that rimonabant precipitated with-
drawal signs in mice given repeated injections of CP47,497, 
suggests that this drug poses a risk of dependence. The 
results of the present study expand the body of knowledge 
regarding the pharmacology of abused synthetic cannabi-
noids and provides an experimental strategy that can be 
used to test acute and chronic effects of emerging abused 
synthetic cannabinoids.
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