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ABSTRACT 

Products containing JWH-018 (naphthalen-1-yl-(1-pentylindol-3-yl) methanone) and 

JWH-073 (naphthalen-1-yl-(1-butylindol-3-yl) methanone) are emerging drugs of abuse.  Here, 

the behavioral effects of JWH-018 and JWH-073 were examined in one behavioral assay 

selective for cannabinoid agonism, rhesus monkeys (n=4) discriminating Δ
9-

tetrahydrocannabinol (Δ9-THC; 0.1 mg/kg i.v.) and another assay sensitive to cannabinoid 

withdrawal, i.e., monkeys (n=3) discriminating the cannabinoid antagonist rimonabant (1 mg/kg 

i.v.) during chronic Δ9-THC (1 mg/kg/12 h s.c.) treatment.  Δ9-THC, JWH-018, and JWH-073 

increased drug-lever responding in monkeys discriminating Δ9-THC; the ED50 values were 

0.044, 0.013, and 0.058 mg/kg, respectively and the duration of action was 4, 2, and 1 h, 

respectively.  Rimonabant (0.32-3.2 mg/kg) produced surmountable antagonism of Δ9-THC, 

JWH-018, and JWH-073.  Schild analyses and single-dose apparent affinity estimates yielded 

apparent pA2/pKB values of 6.65, 6.68, and 6.79 in the presence of Δ9-THC, JWH-018, and 

JWH-073, respectively.  In Δ9-THC treated monkeys discriminating rimonabant, the training 

drug increased responding on the rimonabant lever; the ED50 value of rimonabant was 0.20 

mg/kg.  Δ9-THC (1-10 mg/kg), JWH-018 (0.32-3.2 mg/kg), and JWH-073 (3.2-32 mg/kg) dose-

dependently attenuated the rimonabant discriminative stimulus (i.e., withdrawal).  These results 

suggest that Δ9-THC, JWH-018, JWH-073 act through the same receptors to produce Δ9-THC 

like subjective effects and to attenuate Δ9-THC withdrawal.  The relatively short duration of 

action of JWH-018 and JWH-073 might lead to more frequent use which could strengthen 

habitual use by increasing the frequency of stimulus-outcome pairings.  This coupled with the 

possible greater efficacy of JWH-018 at CB1 receptors could be associated with greater 

dependence liability than Δ9-THC. 
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INTRODUCTION 

Cannabis abuse and dependence remains a worldwide problem.  Recently, a series of 

cannabinoids originally synthesized by Huffman and colleagues, labeled as JWH (Huffman et al., 

2005), have entered the recreational market.  Highly purified JWH compounds, which are more 

readily synthesized than plant-derived cannabinoids, are available from online vendors in gram 

quantities with no age verification.  Herbal blends infused with these compounds (e.g., Spice) are 

being sold in 'head shops' and smoked despite warnings that the products are not intended for 

human consumption.  Several online vendors provide these drugs at similar purity to Sigma-

Aldrich (Ginsburg et al., in press), but for as little as 1/2000 of the price.  In Germany, Japan, and 

the United Kingdom, so-called herbal cannabis substitutes contain mostly JWH-018 or 

naphthalen-1-yl-(1-pentylindol-3-yl)methanone (Lindigkeit et al., 2009; Hudson et al., 2010; 

Uchiyama et al., 2010).  Samples confiscated by the United States Drug Enforcement 

Administration (DEA) were found to contain JWH-018; the drug was apparently obtained from 

online suppliers in the United States, though production appears to be occurring in Asia (Boos, 

2010).  Recently, the DEA used an emergency scheduling authority to temporarily control JWH-

018, JWH-073 (naphthalen-1-yl-(1-butylindol-3-yl)methanone), and three other cannabinoids 

(Gay, 2010).  Nevertheless, due to easy access, low cost, and absence of a convenient test for 

human use, there has been a marked increase in use of JWH-018, JWH-073, and other synthetic 

cannabinoids. 

Clinical and pre-clinical data on the effects of JWH-018 and JWH-073 are limited.  In a 

case report (Zimmermann et al., 2009), a former regular user of hashish (a concentrated 

preparation of cannabis) switched to an herbal preparation containing JWH-018.  After 

discontinuing use of the JWH-018 containing product, a severe withdrawal syndrome emerged, 
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which was alleviated by resuming use of the herbal mixture.  The subject reported the effects of 

JWH-018 to be stronger than hashish, but less euphoric.  Recent case studies indicate that JWH-

018 has effects similar to, though perhaps not identical with, those of cannabis and Δ9-

tetrahydrocannabinol (Δ9-THC); in particular, JWH compounds appear to have effects on the 

cardiovascular system that are distinct from those observed after Δ9-THC administration 

(Simmons et al, 2011; Young et al., 2011).  Δ9-THC and its actions at CB1 cannabinoid receptors 

are primarily responsible for the behavioral effects of cannabis (Wiley, 1999).  Both JWH-018 

and JWH-073 are reported to be CB1 receptor agonists in vitro, similar to Δ9-THC, although 

JWH-018 appears to have higher CB1 agonist efficacy than JWH-073 or Δ9-THC (Wiley et al., 

1998; Huffman et al., 2005; Brents et al., 2011).  For example, in one recent study, the maximal 

effect of Δ9-THC was less than 25% of that of JWH-018 (Brents et al., 2011).  While the in vivo 

effects of JWH-018 and JWH-073, which include hypoactivity, immobility, antinociception, and 

hypothermia in mice (Wiley et al., 1998), are consistent with a CB1 receptor agonist profile, there 

is currently no published evidence consistent with in vivo efficacy differences between these 

compounds. 

Among behavioral assays, drug discrimination is an especially powerful tool for 

examining the in vivo effects of cannabinoids, not only because this approach is associated with 

a high degree of selectivity for CB1 receptor agonism, but also because it is highly predictive of 

the subjective effects of cannabis (Balster and Prescott, 1992).  Typically any one of a variety of 

species, including pigeons, mice, rats, monkeys, and humans, responds on one manipulandum 

after receiving Δ9-THC and another after receiving vehicle (Lile et al., 2009; Wiley et al., 1993; 

Henriksson et al., 1975; McMahon, 2006; McMahon et al., 2008).  Once adequately trained, 

subjects respond on the Δ9-THC-associated manipulandum after receiving Δ9-THC or other CB1 
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receptor agonists and, in general, the vehicle-appropriate manipulandum after receiving non-

cannabinoids.  Two assays were used here; in one, rhesus monkeys discriminated Δ9-THC (0.1 

mg/kg i.v.) from vehicle.  In a second assay, monkeys discriminated the CB1 antagonist 

rimonabant (1 mg/kg i.v.) while receiving a relatively large dose (1 mg/kg s.c.) of Δ9-THC every 

12 h, which has resulted in tolerance and dependence, with the latter being evidenced by 

rimonabant-induced withdrawal (Stewart and McMahon, 2010; McMahon, 2011). 

 JWH-018 and JWH-073 are alkylindole derivatives that appear to act as cannabinoid 

agonists.  Recreational use of these and other similar compounds is becoming widespread, due to 

marketing that promotes them as alternatives to marijuana.  Drug discrimination assays were 

conducted in non-human primates trained to discriminate Δ9-THC from vehicle in order to 

examine whether JWH-018 and JWH-073 exhibit a Δ9-THC like behavioral profile.  To assess 

the extent to which these discriminative stimulus effects are likely mediated by action at the CB1 

receptor, quantitative (i.e., Schild) analyses of antagonism of JWH-018, JWH-073, and Δ9-THC 

by the CB1-selective antagonist rimonabant were conducted.  In addition, Δ9-THC, JWH-018, 

and JWH-073 were examined for their capacity to modify the dose-response curve for 

rimonabant in Δ9-THC treated monkeys.  
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METHODS 

Subjects 

One female and three male adult rhesus monkeys (Macaca mulatta) discriminated Δ9-

THC from vehicle and one male and two female rhesus monkeys discriminated rimonabant 

during chronic Δ9-THC (1 mg/kg/ 12 h s.c.) treatment.  Monkeys were housed individually on a 

14-h light/10-h dark schedule, were maintained at 95% free-feeding weight (range 5.8-10.4 kg) 

with a diet consisting of primate chow (High Protein Monkey Diet, Harlan Teklad, Madison, 

WI), fresh fruit, and peanuts; water was provided in the home cage.  Monkeys received 

cannabinoids and non-cannabinoids in previous studies (Stewart and McMahon 2010; 

McMahon, 2011).  Monkeys were maintained in accordance with the Institutional Animal Care 

and Use Committee, The University of Texas Health Science Center at San Antonio, and with the 

“Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral Research” 

(National Research Council, 2003). 

Surgery 

Monkeys were anesthetized with ketamine (10 mg/kg i.m.) followed by isoflurane (1.5-

3.0% inhaled via facemask).  A catheter (heparin coated polyurethane, od = 1.68 mm, id = 1.02 

mm, Instech Solomon, Plymouth Meeting, PA) was inserted approximately 5 cm into a 

subclavian or femoral vein.  Suture silk (coated vicryl, Ethicon Inc., Somerville, New Jersey) 

was used to anchor the catheter to the vessel and to ligate the section of the vessel proximal to 

the catheter insertion.  The other end of the catheter passed s.c. to the mid-scapular region of the 

back and was attached to a vascular access port (Mida-cbas-c50, Instech Solomon). 

Apparatus 

Monkeys were seated in chairs (Model R001, Primate Products, Miami, FL) that provided 
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restraint.  Chairs were placed in ventilated, sound-attenuating chambers equipped with 2 levers; a 

light was positioned above each lever.  Feet were placed in shoes containing brass electrodes to 

which a brief electric stimulus (3 mA, 250 ms) could be delivered from an a/c generator.  The 

chambers were connected to a computer with an interface (MedAssociates, St. Albans, VT); 

experimental events were controlled and recorded with Med-PC software. 

Drug discrimination procedure 

Four monkeys discriminated Δ9-THC (0.1 mg/kg i.v.) from vehicle (1 part absolute 

ethanol, 1 part Emulphor-620, and 18 parts saline) while responding under a fixed ratio 5 (FR5) 

schedule of stimulus-shock termination.  Three other monkeys received 1 mg/kg/12 h of s.c. Δ9-

THC (at 0600 and 1800 h) and discriminated rimonabant (1 mg/kg i.v.) from the same vehicle at 

1200 h under an FR5 schedule of stimulus-shock termination.  This reinforcer was chosen 

instead of food presentation due to a concern that the appetite-suppressant effects of rimonabant 

(Colombo et al. 1998) would interfere with responding in the rimonabant discrimination assay.  

Experimental sessions were divided into 10-min multiple cycles; each cycle began with a 5-min 

timeout.  Responses during the timeout had no programmed consequence.  The timeout was 

followed by a 5-min schedule of stimulus-shock termination, the beginning of which was 

signaled by illumination of red lights.  Five consecutive responses on the correct lever 

extinguished the red lights, prevented delivery of an electric stimulus, and initiated a 30-s 

timeout.   Otherwise, an electric stimulus was delivered every 40 s (Δ9-THC discrimination) or 

10 s (rimonabant discrimination).  Responding on the incorrect lever reset the response 

requirement on the correct lever.  Determination of correct levers varied among monkeys (i.e., 

left lever associated with the training dose of the training drug; right lever associated with 

vehicle) and remained the same for that monkey for the duration of the study. 
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Training sessions were conducted by administering the training drug (Δ9-THC or 

rimonabant) or vehicle within the first min of a cycle followed by vehicle or sham (dull pressure 

applied to the skin overlying the vascular access port) within the first min of subsequent cycles.  

Drug training consisted of 3 cycles and was immediately preceded by 0-3 vehicle-training 

cycles; some training sessions included vehicle or sham only at the beginning of 3-6 cycles.  

Completion of the FR on the correct lever was required for a reinforcer during each training 

cycle.  Monkeys had previously satisfied the criteria for testing, i.e., at least 80% of the total 

responses occurred on the correct lever and fewer than five responses occurred on the incorrect 

lever before completion of the first FR on the correct lever within a cycle for all cycles during 5 

consecutive or 6 of 7 training sessions. Tests were conducted after performance for consecutive 

training sessions, including both vehicle and drug training sessions, satisfied the test criteria.  

The order of training with drug or vehicle varied non-systematically. 

During test sessions, five consecutive responses on either lever postponed the shock 

schedule.  In monkeys discriminating Δ9-THC, dose-effect functions for Δ9-THC, JWH-018, and 

JWH-073 were determined by administering vehicle in the first cycle followed by doses 

increasing by 0.5 log unit in subsequent cycles.  The dose-effect function included ineffective 

doses (i.e., doses producing responses predominantly on the vehicle lever) up to doses that 

produced greater than 80% of responses on the Δ9-THC lever.  To establish a time course, Δ9-

THC (0.1 mg/kg) or JWH-018 (0.032 mg/kg) were administered at the beginning and in 1-h 

increments prior to a 6-cycle test; vehicle was administered in the first cycle when drug was 

administered prior to the session and sham was administered at the beginning of subsequent 

cycles.  Tests with rimonabant were conducted by administering a dose i.v. in the first cycle 

followed by cumulative doses of Δ9-THC, JWH-018, or JWH-073 in subsequent cycles.  In Δ9-
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THC treated monkeys, Δ9-THC (1-10 mg/kg), JWH-018 (0.32-3.2 mg/kg), and JWH-073 (3.2-32 

mg/kg) were studied in combination with rimonabant by administering vehicle or a dose of 

agonist at the beginning of the first cycle followed by doses of rimonabant increasing by 0.25 or 

0.5 log unit in subsequent cycles.  Rimonabant was studied from ineffective doses up to doses 

that produced greater than 80% of responses on the rimonabant lever or up to a dose of 5.6 

mg/kg, whichever occurred first.  Due to limitations in the solubility of rimonabant in the vehicle 

used for intravenous administration, 5.6 mg/kg was the largest dose studied. 

Drugs 

Δ
9-THC (100 mg/ml in absolute ethanol) and rimonabant (The Research Technology 

Branch of the National Institute on Drug Abuse, Rockville, MD), JWH-018 (IU Chem Holding 

Co, Ltd., Shanghai, China), and JWH-073 (www.researchchemicalsupplier.com, Scottsdale, AZ, 

USA) were dissolved in a mixture of 1 part absolute ethanol, 1 part Emulphor-620, and 18 parts 

physiologic saline (Rhodia Inc., Cranbury, NJ) and were administered i.v. in a volume of 0.1-1 

ml/kg.  Doses were expressed as the weight of the forms listed above in milligrams per kilogram 

of body weight. 

Data analyses 

Discrimination data were expressed as a percentage of responses on the drug lever out of 

total responses on both the drug and vehicle levers.  Rate of responding on both levers (i.e., drug 

and vehicle) was calculated as responses per s excluding responses during timeouts.  Rate of 

responding during a test was expressed as the percentage of the control response rate for 

individual animals.  The control was defined as the average response rate for all cycles during the 

five previous vehicle training sessions excluding sessions during which the test criteria were not 

satisfied.  Discrimination and rate data were averaged among subjects, separately for the four 
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monkeys discriminating Δ9-THC and the three Δ9-THC treated monkeys discriminating 

rimonabant, and were plotted as a function of dose.  The drug time courses were plotted as an 

average of data collected every two cycles (i.e., 20 min). 

To estimate the ED50 value or dose producing 50% responding on the drug lever, 

individual dose-response data were analyzed with linear regression (GraphPad Prism version 5.0 

for Windows; San Diego, CA).  The analyses included doses spanning the linear portion of the 

dose-response curve and a common, best-fitting slope was used for further analyses (Kenakin, 

1997).  Doses corresponding to the 50% level of effect (ED50 value), potency ratios, and their 

95% confidence limits were calculated by parallel line analyses of data from individual subjects 

(Tallarida, 2000).  Potencies were considered significantly different when the 95% confidence 

limits of the potency ratio did not include 1.  The time course data were converted to area under 

the curve per animal and differences among Δ9-THC, JWH-018, and JWH-073 were analyzed 

with repeated measures one-way ANOVA and post-hoc Tukey’s multiple comparison test 

(p<0.05) with GraphPad. 

Schild plots were constructed by expressing the logarithm of the dose ratio-1 as a 

function of the negative logarithm of the molar dose of rimonabant for individual monkeys 

(Arunlakshana and Schild 1959). Straight lines were simultaneously fit to individual Schild plots 

with the equation log(dose ratio-1)=-log(molar dose of rimonabant) x intercept. Schild plots for 

rimonabant in combination with Δ9-THC and JWH-018 were compared using two mathematical 

models: a simpler model (i.e., slope constrained to unity or −1) and a more complex model that 

allowed slopes for each Schild plot to vary. The two models were compared with an F-ratio test. 

If the calculated F value was not significant, then the pA2 value was calculated with both the 

constrained and unconstrained slope.  For rimonabant in combination with JWH-073, a single-
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dose apparent affinity estimate was calculated for individual monkeys with the following 

equation: pKB=-log(B/dose ratio-1), with B expressed in moles per kilogram of body weight. 

In Δ9-THC treated monkeys discriminating rimonabant, the potencies of Δ9-THC, JWH-

018, and JWH-073 were calculated by expressing the mean shift in the rimonabant dose-response 

curve (i.e., ED50 value determined in the presence of agonist divided by the control ED50 value) 

as a function of dose for individual monkeys.  Linear regression of the individual data was used 

to estimate the dose of agonist producing a 2-fold rightward shift in the rimonabant dose-

response curve. 

The effects of drugs on response rate were examined with linear regression; a significant 

dose-dependent decrease in responding was evidenced by the slope not being significantly 

different from 0 (p<0.05).  ED50 values and potency ratios were calculated when response rate 

was decreased to below 50%.  If the slope was significantly different from 0 and response rate 

was not decreased to below 50%, then ED75 values and potency ratios were calculated. 
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RESULTS 

Effects of JWH-018 and JWH-073 in monkeys discriminating Δ9-THC.  JWH-018 

and JWH-073 dose-dependently increased mean responding on the Δ9-THC lever (Figure 1 top 

left, squares); maximum responding on the drug-lever was 91% at 0.032 mg/kg of JWH-018 and 

97% at 0.1 mg/kg of JWH-073.  Similarly, Δ9-THC dose-dependently increased responding on 

the Δ9-THC lever, from 0% at a dose of 0.01 mg/kg to 100% at the training dose (0.1 mg/kg) 

(Figure 1 top left, open circles).  Following administration of vehicle, mean responding on the 

Δ
9-THC lever was 0% (Figure 1 top left, VEH).  The slopes of the dose-response curves for Δ9-

THC, JWH-018, and JWH-073, when determined alone and in combination with various doses 

of rimonabant, were not significantly different from each other (F9,88=1.19, p=0.31).  The ED50 

values (95% confidence limits) calculated from the common slope were 0.044 (0.032-0.061) 

mg/kg for Δ9-THC, 0.013 (0.0091-0.019) mg/kg for JWH-018, and 0.058 (0.036-0.094) mg/kg 

for JWH-073.  JWH-018 was 3.4- and 4.4-fold more potent than Δ9-THC and JWH-073, 

respectively (Table 1).   

When discriminative stimulus effects were examined over time, Δ9-THC was found to 

have a significantly longer duration of action as compared with JWH-018 and JWH-073 

(F2,9=33.5, p<0.001).  JWH-018 and JWH-073 did not significantly differ in their duration of 

action.  All three drugs produced greater than 80% drug-lever responding for up to 40 min 

(Figure 1 right).  Responding on the drug lever remained greater than 80% for up to 3 h after Δ9-

THC, whereas responding on the Δ9-THC lever was predominantly on the vehicle lever 

beginning at 2 h and 20 min for JWH-018 and 1 h and 40 min for JWH-073. 

Rimonabant (0.32-3.2 mg/kg) alone produced a maximum of 1% responding on the Δ9-

THC lever and antagonized the discriminative stimulus effects of Δ9-THC, JWH-018, and JWH-
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073 (Figure 2 top).  Rimonabant, at doses of 0.32, 1, and 3.2 mg/kg, increased the ED50 value of 

Δ
9-THC 5.5-, 9.7-, and 30-fold, respectively; likewise, the ED50 value of JWH-018 was increased 

5.4-, 11-, and 33-fold, respectively (Table 1).  A dose of 1 mg/kg of rimonabant (1 mg/kg) 

produced a 15-fold increase in the ED50 value of JWH-073. 

Absolute rate of responding for individual monkeys was 1.31, 1.75, 2.57, and 2.75 

responses per s.  Up to the largest doses tested, JWH-018 dose-dependently decreased rate of 

responding (F1,10=8.21, p<0.05), whereas Δ9-THC and JWH-073 alone did not significantly 

modify response rate (Figures 1 bottom left and 2 bottom).  The ED75 value of JWH-018 to 

decrease response rate was 0.018 mg/kg; the ED75 value was increased by 2.6- and 8.0-fold in 

the presence of 0.32 and 3.2 mg/kg of rimonabant, respectively.  The fold-shift in the dose 

response curve for JWH-018 produced by a dose of 1 mg/kg of rimonabant could not be 

calculated, i.e., response rate was not decreased to less than 75% of the control. 

The Schild plots for antagonism of the discriminative stimulus effects of Δ9-THC and 

JWH-018 are shown in Figure 3 (top and middle, respectively); the coefficients of determination 

(r2) were 0.94 and 0.79, respectively, and the unconstrained slopes (95% confidence limits) were 

-0.93 (-1.08 to -0.77) and -0.97 (-1.32 to -0.62), respectively.  Neither slope was significantly 

different from unity (i.e., -1; p=0.32 and p=0.86, respectively) nor from each other (p=0.79).  

The apparent pA2 values of rimonabant calculated from the constrained slopes were 6.70 in the 

presence of Δ9-THC and 6.74 in the presence of JWH-018.  When the slopes were constrained to 

-1, the apparent pA2 values (95% confidence limits) were 6.65 (6.58-6.71) in the presence of Δ9-

THC and 6.68 (6.55-6.82) in the presence of JWH-018.  The single dose apparent affinity (pKB) 

value (95% confidence limits) of rimonabant (1mg/kg) determined in the presence of JWH-073 

was 6.79 (6.47-7.11) (Figure 3 bottom). 
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Effects of Δ9-THC, JWH-018, and JWH-073 in Δ9-THC treated monkeys 

discriminating rimonabant. Rimonabant dose-dependently increased drug-lever responding, 

with 0.032 mg/kg producing relatively low levels of drug-lever responding (10%) and 0.32 and 1 

mg/kg of rimonabant producing higher levels of drug-lever responding (81% and 99%, 

respectively; Figure 4 top, circles).  The ED50 value of rimonabant was 0.20 mg/kg (Table 2).  

Vehicle produced 1% responding on the rimonabant lever and Δ9-THC (1-10 mg/kg), JWH-018 

(0.32-3.2 mg/kg), and JWH-073 (3.2-32 mg/kg) produced 0% responding on the rimonabant 

lever. When monkeys received an acute i.v. dose of Δ9-THC in addition to the chronic Δ9-THC 

treatment prior to the session, the rimonabant discriminative stimulus was attenuated; doses of 1, 

3.2, and 10 mg/kg of Δ9-THC increased the ED50 value of rimonabant by 2.9-, 8.5-, and 29-fold, 

respectively.  JWH-018 and JWH-073 produced similar dose-dependent increases in the ED50 

value of rimonabant (Table 2). 

Absolute rate of responding for individual monkeys was 0.79, 1.80, and 2.31 responses 

per s.  Rimonabant alone did not alter response rates (Figure 4 bottom).  Likewise, Δ9-THC, 

when studied up to a dose of 10 mg/kg, did not significantly modify response rate (Figure 4 

bottom left).  However, across the dose range producing comparable rightward shifts in the 

rimonabant dose-response curve for discriminative stimulus effects, both JWH-018 and JWH-

073 markedly and dose-dependently decreased response rate (Figure 4 bottom middle and right, 

respectively).  The ED50 values and 95% confidence limits were 0.58 (0.31-1.1) mg/kg for JWH-

018 and 7.9 (5.6-11) mg/kg for JWH-073; JWH-018 was significantly more potent than JWH-

073 by 14-fold, i.e., the 95% confidence limits of the potency ratio were 7.6-24.  However, co-

administration of rimonabant antagonized the rate-decreasing effects of every dose of JWH-018 

and JWH-073 tested.   
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Figure 5 shows the magnitude of shift in the rimonabant dose-response curve expressed 

as a function of dose of JWH-018, Δ9-THC, and JWH-073.  The slopes of the lines were not 

significantly different from each other (p=0.33).  Linear regression was used to estimate the dose 

of each agonist producing a 2-fold shift in the rimonabant dose-response curve; the values were 

0.33 mg/kg for JWH-018, 1.1 mg/kg for Δ9-THC, and 3.2 mg/kg for JWH-073.  The relative 

potency of JWH-018 and Δ9-THC to attenuate the rimonabant discriminative stimulus and to 

substitute for the Δ9-THC discriminative stimulus were similar.  In contrast, the relative potency 

of JWH-073 was somewhat less in Δ9-THC treated monkeys discriminating rimonabant (i.e., 9.7-

fold relative to JWH-018) as compared to monkeys discriminating Δ9-THC (i.e., 4.4-fold relative 

to JWH-018). 
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DISCUSSION 

With the availability and abuse of novel synthetic cannabinoids on the rise, there is a need 

to understand pharmacologic mechanism(s) of these novel compounds in vivo, especially with 

respect to that of the prototypic cannabinoid Δ9-THC.  Here, JWH-018 and JWH-073 fully 

substituted for the discriminative stimulus effects of Δ9-THC, with JWH-018 being 

approximately 4-fold more potent than Δ9-THC and JWH-073, which were equipotent.  The 

duration of action of i.v. Δ9-THC was longer (i.e., approximately 4 h) than that of JWH-018 (i.e., 

2 h) and JWH-073 (i.e., 1 h).  Rimonabant produced orderly antagonism of the discriminative 

stimulus effects of all three drugs.  Up to the smallest dose producing near maximal responding 

on the Δ9-THC lever, JWH-018, but not Δ9-THC or JWH-073, decreased response rates in 

monkey discriminating Δ9-THC from vehicle, and this effect was antagonized by rimonabant.  

Schild analyses of drug discrimination data were consistent with a simple, competitive, and 

reversible interaction; the apparent pA2 or pKB values (i.e., potency) of rimonabant did not differ 

significantly among Δ9-THC, JWH-018, and JWH-073, suggesting that the agonists produce 

discriminative stimulus effects through the same receptors.   

In a separate group of Δ9-THC treated monkeys discriminating rimonabant, the 

discriminative stimulus effects of rimonabant were attenuated not only by Δ9-THC but also by 

JWH-018 and JWH-073.  Although overall potency for attenuating the rimonabant discriminative 

stimulus was less than potency in substituting for the Δ9-THC discriminative stimulus, relative 

potency was similar across conditions, with the exception of JWH-073 being somewhat less 

potent than expected in Δ9-THC treated monkeys discriminating rimonabant.  Across the dose 

range producing comparable attenuation of the rimonabant discriminative stimulus, JWH-018 

and JWH-073, but not Δ9-THC, reduced response rate; these effects were abolished by even the 
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lowest dose of rimonabant. 

Results similar to those obtained in the current study were reported previously in rats, i.e., 

JWH-018 substituted for the discriminative stimulus effects of Δ9-THC at training doses of 1.8 

and 3.0 mg/kg and also for the CB1 agonist methanandamide at a training dose of 10 mg/kg 

(Järbe et al., 2010; Järbe et al., 2011).  The ED50 values for JWH-018 were consistent with a 

greater potency as compared with Δ9-THC or methanandamide.  The ED50 value for JWH-018 

generalization to Δ9-THC shifted over 10-fold to the right by acute pretreatment with 1 mg/kg of 

rimonabant, suggesting that CB1 receptors mediated discriminative stimulus effects in rats.  Here 

we demonstrate with Schild analyses that Δ9-THC, JWH-018, and JWH-073 exert overlapping 

discriminative stimulus effects via the same, and presumably CB1, receptors in non-human 

primates.  Thus, the effects observed in rats and anecdotal evidence from humans are consistent 

with our present results in monkeys. 

While the Δ9-THC discriminative stimulus is highly selective for CB1 receptors, actions 

of JWH-018 and JWH-073 at non-CB1 or Δ9-THC insensitive receptors cannot be excluded.  

However, any actions at non-CB1 receptors do not appear to interfere with the capacity of JWH-

018 and JWH-073 to share discriminative stimulus with Δ9-THC.  Thus, experienced cannabis 

users are likely to find similarities between the subjective effects of JWH-018 or JWH-073 and 

cannabis.  This is despite the large number of constituents in cannabis that are not present in the 

synthetic preparation, and the possibility that JWH-018 and JWH-073 exert actions at receptors 

not targeted by agents in cannabis.   Thus, the growing popularity of Spice and other products 

containing JWH-018 or similar chemicals appears to be due, in part, to their capacity to produce 

the subjective high produced by marijuana. 

The duration of action of both synthetic agents is shorter than that of Δ9-THC.  Because 
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of a relatively short duration of action, JWH-018 and JWH-073 might be administered more 

frequently than Δ9-THC to achieve a similar time course of effect as Δ9-THC.  Such frequent, 

repeated use could present additional abuse and dependence liability for these shorter-acting 

drugs by strengthening the association between stimulus and drug effects, thereby leading to 

more habitual use.  Indeed, an inverse relationship between duration of action and the rate of 

self-administration has been established for psychostimulants, i.e. the shorter a drug effect lasts, 

the greater the rate of responding it maintains under limited access conditions (Lile, 2006).  

Furthermore, withdrawal from discontinuation of use of shorter-acting compounds is more robust 

than withdrawal associated with longer-acting compounds (Boisse and Okamoto, 1978).   It is 

likely that similar relationships exist for other drugs of abuse, including cannabinoids.  The short 

duration of action coupled with the potentially greater efficacy of JWH-018 or other similar 

compounds could lead to greater dependence liability and more severe withdrawal effects.  

Δ
9-THC is a low efficacy agonist in vitro (Breivogel and Childers, 2000) and as such its 

discriminative stimulus effects are not expected to be particularly sensitive to differences in CB1 

receptor agonist efficacy inasmuch as higher efficacy agonists fully mimic the effects of Δ9-THC.  

Receptor theory predicts that decreases in CB1 receptor function, either from decreased receptor 

number, desensitization, or both, increases the efficacy required for agonist activity.  This can be 

achieved by treating animals chronically with Δ9-THC and the functional consequences include 

greater tolerance and cross-tolerance to lower efficacy agonists than to higher efficacy agonists 

in mice (Fan et al., 1994; Falenski et al., 2010; Singh et al., 2011) and rhesus monkeys 

(McMahon, 2011).  In the current study, chronic Δ9-THC treatment did not seem to differentially 

alter the potency of Δ9-THC, JWH-018, and JWH-073 as evidenced by attenuation of the 

rimonabant discriminative stimulus (i.e., as compared with substitution for the Δ9-THC 
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discriminative stimulus).  

In earlier work from our laboratory, the full efficacy agonists CP 55940 and WIN 55-212-

2, but not Δ9-THC, dose-dependently decreased response rates in monkeys treated chronically 

with Δ9-THC and trained to discriminate rimonabant from vehicle at the same doses that reversed 

the rimonabant discrimination (Stewart and McMahon, 2010).  Yet these same drugs did not 

affect response rates in a separate group of monkeys trained to discriminate Δ9-THC from 

vehicle (McMahon, 2006).  Here we saw a similar pattern for JWH-073: doses that reversed the 

rimonabant discrimination in monkeys chronically treated with Δ9-THC produced pronounced 

rate-reductions, but doses that substituted for Δ9-THC in a Δ9-THC discrimination assay did not 

affect response rate.  In contrast, JWH-018 produced rate reductions in both assays, making it 

unique among the cannabinoid agonists we have studied with these procedures to date.  The 

implications of these results remain unclear, however greater CB1 receptor efficacy or alternative 

sites of action for JWH-018 as compared with the other CB1 agonists are possible reasons for 

these findings, though in vitro studies suggest similar efficacies among CP 55940, WIN 55-212-2 

and JWH-018 (Wiley et al., 1998). 

We have previously shown that the potency of the CB1 receptor agonist WIN 55212-2 in 

attenuating cannabinoid withdrawal was less than expected based on its relative potency with Δ9-

THC and other cannabinoids in monkeys not dependent or tolerant to Δ9-THC (Stewart and 

McMahon, 2010).  This same discrepancy between the potency for producing Δ9-THC 

discriminative stimulus effects and reversing cannabinoid withdrawal was observed for JWH-

073, but not JWH-018.  As both JWH compounds and WIN 55212-2 are alkylindoles, this 

discrepancy cannot be explained by differences among the chemical class of the CB1 agonist.  

Further, JWH-018 and JWH-073 differ in their structures by only a single methyl group on a side 
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chain. Thus, this discrepancy is unexpected based on such a subtle difference in the structures of 

the two JWH compounds.  The mechanism and implications for this feature of WIN 55212-2 and 

JWH-073 activity remains unclear.  Another recent study showed that antagonism of the Δ9-THC 

like discriminative stimulus effect of WIN 55212-2 by rimonabant in rats was less pronounced as 

compared with JWH-018 (Järbe et al., 2011).  The authors interpret this result in the context of 

potential differences in the way various CB1 receptor agonists interact with rimonabant, and that 

this might suggest a difference in the mode of action among the drugs.  

Taken together, the present results demonstrate that JWH-018 and JWH-073 exhibit 

similar discriminative stimulus effects to Δ9-THC.  Further, these compounds attenuate 

rimonabant-induced Δ9-THC withdrawal in monkeys. This represents the first published report 

of the discriminative stimulus effects of this class of drug that is growing in popularity among 

recreational users in nonhuman primates.  Schild analyses suggest that the discriminative 

stimulus effects are all mediated via a common receptor, likely the CB1 receptors.  JWH-018 and 

JWH-073 have substantially shorter durations of action than Δ9-THC, which could enhance their 

abuse liabilities relative to Δ9-THC.  Discrimination studies did not reveal any differences among 

the drugs which might reflect reported differences in efficacy in vitro, though the parameters in 

the present study were not optimized to identify such differences.  However, differences in rate-

reducing effects of the drugs between the Δ9-THC and rimonabant discrimination assays might 

be due, in part, to efficacy differences.  Similarly, the discrepancy between the relative potency 

of JWH-073 to produce Δ9-THC appropriate responding in the Δ9-THC discrimination and to 

attenuate rimonabant appropriate responding in the rimonabant discrimination might reflect 

efficacy differences between JWH-073 and JWH-018 at a common site or differential binding to 

alternative, yet unidentified, sites of action.  Indeed anecdotal reports of intoxication with JWH 
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compounds include effects that are not typical of CB1 agonists, such as elevated blood pressure, 

which could owe to alternative sites of action.  In summary, JWH-018 and JWH-073 exhibit a 

discriminative stimulus profile similar to Δ9-THC, and appear to exert agonist activity at CB1 

cannabinoid receptors, consistent with in vitro results, limited work in rodents, and anecdotal 

reports from humans.  These drugs pose a mounting concern for health-care practitioners as 

JWH-018 and JWH-073 are likely to have abuse liability that is similar to and perhaps even 

greater than that of Δ9-THC. 
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LEGENDS FOR FIGURES 
 
Figure 1 Discriminative stimulus effects of Δ9-THC, JWH-018, and JWH-073 as a 

function of dose (left) and time (right).  Abscissae: vehicle or dose in milligram per 

kilogram body weight (left) and time in hours (right).  Ordinates: mean (± S.E.M.) 

percentage of responding on the Δ9-THC lever (top) and mean (± S.E.M.) response 

rate expressed as a percentage of control (VEH training days) rate [Rate (% Control)] 

(bottom). 

 

Figure 2 Discriminative stimulus effects of Δ9-THC (left), JWH-018 (middle), and JWH-

073 (right): antagonism by rimonabant. Abscissae: dose in milligram per kilogram 

body weight or vehicle (VEH). Ordinates: mean (±SEM) percentage of responses on 

the Δ9-THC lever (top) and mean (±SEM) response rate expressed as a percentage of 

control (VEH training days) rate [Rate (% control)]. The control dose-response curves 

for Δ9-THC, JWH-018, and JWH-073 are re-plotted from Figure 1 

 

Figure 3 Schild plots for Δ9-THC (top) and JWH-018 (middle) and a log (DR-1) value for 

JWH-073 (bottom) constructed from the mean data shown in Figure 2. 

Abscissae: negative logarithm of the dose in moles per kilogram. Ordinates: mean 

(±SEM) logarithm of the dose ratio −1. Schild plots were constructed from the 

unconstrained slopes (dashed lines) and by constraining the slopes to -1 (solid lines) 

 

Figure 4 Discriminative stimulus effects of rimonabant: attenuation by Δ9-THC (left), 

JWH-018 (middle), and JWH-073 (right). Abscissae: dose of rimonabant in 
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milligram per kilogram body weight or vehicle (VEH). Ordinates: mean (±SEM) 

percentage of responses on the rimonabant lever (top) and mean (±SEM) response 

rate expressed as a percentage of control (VEH training days) rate [Rate (% control)]. 

The control dose-response curve for rimonabant is the same in each panel 

 

Figure 5  Magnitude of rightward shift in the rimonabant dose-response function 

expressed as a function of JWH-018, Δ9-THC, and JWH-073 dose.  Abscissa: dose 

in milligram per kilogram body weight.  Ordinate: mean (±SEM) rightward shift in 

the rimonabant dose-response function, calculated as the rimonabant ED50 value 

following pretreatment with a cannabinoid agonist divided by the control rimonabant 

ED50 value 
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Table 1 ED50 values and 95% confidence limits for Δ9-THC, JWH-018, and JWH-073, alone and 

in combination with rimonabant, in rhesus monkeys discriminating Δ9-THC (0.1 mg/kg i.v.) 

Drug ED50 value (95% CL) in mg/kg Potency ratio (95% CL)† 

Δ
9-THC 0.044  (0.032-0.061) 3.4  (2.1-5.3) vs. JWH-018** 

   

+ Rimonabant (0.32 mg/kg) 0.24    (0.16-0.36)* 5.5  (3.4-8.9) 

+ Rimonabant (1 mg/kg) 0.43    (0.31-0.59)* 9.7  (6.3-15) 

+ Rimonabant (3.2 mg/kg) 1.3      (0.98-1.8)* 30   (20-46) 

   

JWH-018 0.013  (0.0091-0.019)  

+ Rimonabant (0.32 mg/kg) 0.070  (0.044-0.11)* 5.4  (3.1-9.2) 

+ Rimonabant (1 mg/kg) 0.15    (0.11-0.20)* 11   (7.0-18) 

+ Rimonabant (3.2 mg/kg) 0.44    (0.32-0.60)* 33   (21-53) 

   

JWH-073 0.058  (0.036-0.094) 4.4  (2.6-7.7) vs. JWH-018** 

+ Rimonabant (1 mg/kg) 0.89  (0.57-1.4)* 15  (8.3-28) 

 
†Potency ratios and 95% confidence limits are the ED50 values of the agonist alone divided by 
the ED50 value of the agonist in combination with URB 597 

*Significantly different from the respective controls (i.e., Δ9-THC alone or JWH-018 alone) 
**Significantly less potent than JWH-018 
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Table 2 ED50 values and 95% confidence limits for rimonabant, alone and in combination with 

Δ
9-THC, JWH-018, and JWH-073, in Δ9-THC (1 mg/kg/12 h) treated rhesus monkeys 

discriminating rimonabant (1 mg/kg i.v.) 

Drug ED50 value (95% CL) in mg/kg Potency ratio (95% CL)† 

Rimonabant 0.20    (0.14-0.29)  

   

+ Δ9-THC (1 mg/kg) 0.59    (0.53-0.66)* 2.9      (1.9-4.4) 

+ Δ9-THC (3.2 mg/kg) 1.7      (0.84-3.5)* 8.5      (4.5-16) 

+ Δ9-THC (10 mg/kg) 5.8      (0.93-52)* 29       (17-70) 

   

+ JWH-018 (0.32 mg/kg) 0.63    (0.41-0.97)* 3.1      (1.9-5.0) 

+ JWH-018 (1 mg/kg) 2.2      (1.2-4.1)* 11       (6.1-20) 

+ JWH-018 (3.2 mg/kg) 5.7      (2.5-13)* 29       (16-50) 

   

+ JWH-073 (3.2 mg/kg) 0.40    (0.14-1.2) 2.0      (0.9-4.0) 

+ JWH-073 (10 mg/kg) 1.3      (1.2-1.6)* 6.5      (4.3-10) 

+ JWH-073 (32 mg/kg) 2.1      (1.2-3.7)* 11       (6.0-17) 

 
†Potency ratios and 95% confidence limits are the ED50 values of rimonabant alone divided by 
the ED50 value of rimonabant in combination with the agonist 

*Significantly different from rimonabant alone 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 30, 2011 as DOI: 10.1124/jpet.111.187757

 at A
SPE

T
 Journals on Septem

ber 16, 2016
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


0

25

50

75

100

VEH

0.0
03

2

0.0
1

0.0
32 0.1

Δ9-THC

JWH-018

JWH-073
%

Δ9 -T
H

C
 L

ev
er

0 1 2 3 4 5

0

25

50

75

100

Δ9-THC (0.1 mg/kg)

JWH-018 (0.032 mg/kg)

JWH-073 (0.1 mg/kg)

0

50

100

150

VEH

0.0
03

2

0.0
1

0.0
32 0.1

         Dose (mg/kg)

R
at

e 
(%

 C
o

nt
ro

l)

0 1 2 3 4 5

0

50

100

150

Hours

Figure 1

T
his article has not been copyedited and form

atted. T
he final version m

ay differ from
 this version.

JPE
T

 Fast Forw
ard. Published on Septem

ber 30, 2011 as D
O

I: 10.1124/jpet.111.187757
 at ASPET Journals on September 16, 2016 jpet.aspetjournals.org Downloaded from 

http://jpet.aspetjournals.org/


0

25

50

75

100

VEH 3.20.0
1

0.0
32 0.1 0.3

2 1

Rimonabant
Dose (mg/kg):

1

0.32
0

3.2

%
Δ9 -T

H
C

-L
ev

er

0

25

50

75

100

VEH

0.0
03

2

0.0
1

0.0
32 0.1 0.3

2 1

0

25

50

75

100

VEH

0.0
32 0.1

0.3
2 1

3.20.0
1

0

50

100

150

VEH 3.20.0
1

0.0
32 0.1 0.3

2 1

Δ9-THC Dose (mg/kg)

R
at

e 
(%

 C
o

nt
ro

l)

0

50

100

150

VEH

0.0
03

2

0.0
1

0.0
32 0.1 0.3

2 1

           JWH-018 Dose (mg/kg)

0

50

100

150

VEH

0.0
32 0.1

0.3
2 1

3.20.0
1

          JWH-073 Dose (mg/kg)

Figure 2

T
his article has not been copyedited and form

atted. T
he final version m

ay differ from
 this version.

JPE
T

 Fast Forw
ard. Published on Septem

ber 30, 2011 as D
O

I: 10.1124/jpet.111.187757
 at ASPET Journals on September 16, 2016 jpet.aspetjournals.org Downloaded from 

http://jpet.aspetjournals.org/


4.5 5.0 5.5 6.0 6.5 7.0

-0.5

0.0

0.5

1.0

1.5

2.0

pKB = 6.79 (6.47 - 7.11)

4.5 5.0 5.5 6.0 6.5 7.0

-0.5

0.0

0.5

1.0

1.5

2.0

pA2 = 6.65 (6.58 - 6.71)

4.5 5.0 5.5 6.0 6.5 7.0

-0.5

0.0

0.5

1.0

1.5

2.0

pA2 = 6.68 (6.55 - 6.82)

Δ9-THC

JWH-018

Rimonabant Dose (- log)

lo
g

 (
D

R
-1

)

JWH-073

Figure 3

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on September 30, 2011 as DOI: 10.1124/jpet.111.187757

 at A
SPE

T
 Journals on Septem

ber 16, 2016
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


VEH

0.0
32 0.1 0.3

2 1 3.2 10

0

20

40

60

80

100

Δ9THC
Dose (mg/kg):

Control

1

3.2

10

%
 R

im
on

ab
an

t L
ev

er

VEH

0.0
32 0.1 0.3

2 1 3.2 10

0

20

40

60

80

100

JWH-018
Dose (mg/kg):

0

1

0.32

3.2 

VEH

0.0
32 0.1 0.3

2 1 3.2 10

0

20

40

60

80

100

JWH-073
Dose (mg/kg):

0
3.2 

10

32

VEH

0.0
32 0.1 0.3

2 1 3.2 10

0

50

100

150

200

R
at

e 
(%

 C
o

nt
ro

l)

VEH

0.0
32 0.1 0.3

2 1 3.2 10

0

50

100

150

200

VEH

0.0
32 0.1 0.3

2 1 3.2 10

0

50

100

150

200

Rimonabant Dose (mg/kg)

Figure 4

T
his article has not been copyedited and form

atted. T
he final version m

ay differ from
 this version.

JPE
T

 Fast Forw
ard. Published on Septem

ber 30, 2011 as D
O

I: 10.1124/jpet.111.187757
 at ASPET Journals on September 16, 2016 jpet.aspetjournals.org Downloaded from 

http://jpet.aspetjournals.org/


1

3

10

3.2 320.032 0.32

Δ9-THC

JWH-073

JWH-018

30

Dose (mg/kg)

R
im

o
n

ab
an

t D
o

se
 R

at
io

(E
D

50
 T

es
t /

 E
D

50
 C

o
n

tr
o

l)

Figure 5

T
his article has not been copyedited and form

atted. T
he final version m

ay differ from
 this version.

JPE
T

 Fast Forw
ard. Published on Septem

ber 30, 2011 as D
O

I: 10.1124/jpet.111.187757
 at ASPET Journals on September 16, 2016 jpet.aspetjournals.org Downloaded from 

http://jpet.aspetjournals.org/

