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Abstract

The cannabinoid CB1 receptor system is involved in feeding behaviors and the

CB1 receptor antagonist SR141716A is an effective antiobesity drug. However,

SR141716A also has serious side effects, which prompted the exploration of

alternative strategies to modulate this important drug target. Recently a CB1
receptor allosteric modulating site has been discovered and the allosteric

modulating activity of several modulators including ORG27569 has been char-

acterized in vitro. Yet, little is known of the in vivo pharmacological effects of

ORG27569. This study examined the behavioral pharmacology of ORG27569

in rats. ORG27569 (3.2–10 mg/kg, i.p.) selectively attenuated the hypothermic

effects of CB1 receptor agonists CP55940 (0.1–1 mg/kg) and anandamide (3.2–
32 mg/kg). In contrast, SR141716A only attenuated the hypothermic effects of

CP55940 but not anandamide. SR141716A but not ORG27569 blocked

CP55940-induced catalepsy and antinociception. In addition, ORG27569 did

not modify SR141716A-elicited grooming and scratching behaviors. In feeding

studies, ORG27569 decreased palatable and plain food intake which was par-

tially blocked by CP55940. The hypophagic effect of ORG27569 developed

tolerance after 4 days of daily 5.6 mg/kg treatment; however, the effect on

body weight gain outlasted the drug treatment for 10 days. These data sug-

gest that ORG27569 may not function as a CB1 receptor allosteric modula-

tor in vivo, although its hypophagic activity still has potential therapeutic

utility.

Abbreviations

Anandamide, (5Z,8Z,11Z,14Z)-N-(2-hydroxyethyl)icosa-5,8,11,14-tetraenamide; 2-BFI,

(2-(2-benzofuranyl)-2-imidazoline); CP55940, 2-[(1R,2R,5R)-5-hydroxy-2-(3-hydroxy-

propyl) cyclohexyl]-5-(2-methyloctan-2-yl)phenol; MK212, (6-chloro-2-(1-piperazinyl)

pyrazine hydrochloride); ORG27569, 5-chloro-3-ethyl-1H-indole-2-carboxylic acid

[2-(4-piperidin-1-yl-phenyl)ethyl]amide; SR141716A, 5-(4-chlorophenyl)-1-(2,4-di-

chloro-phenyl)-4-methyl-N-(piperidin-1-yl)-1H-pyrazole-3-carboxamide.

Introduction

The cannabinoid CB1 receptor system comprises the en-

docannabinoids, their receptors, and the key enzymes for

synthesis and hydrolysis of endocannabinoids. The endoc-

annabinoid system is an important regulator of many

central and peripheral physiological and pathophysiologi-

cal processes, including energy homeostasis, inflamma-

tion, emotion, memory, pain perception, and motivation

for food and drug intake (Kirilly et al. 2012; Fine and

Rosenfeld 2013; Silvestri and Di Marzo 2013; Morena and

Campolongo 2014; Vlachou and Panagis 2014; Witkamp

and Meijerink 2014). Therefore, great efforts have been

made to pharmacologically modulate the endocannabi-

noid system for the treatment of various disorders, with

some notable success. For example, Sativex�, a combination
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of the cannabinoids tetrahydrocannabinol and cannabidiol,

shows significant efficacy in the control of spasticity due to

multiple sclerosis and is also in the development for the

treatment of terminal cancer pain and neuropathic pain

(Johnson et al. 2013; Serpell et al. 2013).

The first synthetic cannabinoid CB1 receptor antago-

nist/inverse agonist SR141716A effectively attenuates the

daily food intake and body weight gain both in normal

rats and in obese Zucker rats (Colombo et al. 1998;

Vickers et al. 2003), suggesting the modulation of CB1
receptor blockade on energy balance and feeding behav-

ior. Several large clinical trials confirmed these effects in

overweight or obese patients (Pi-Sunyer et al. 2006;

Despres et al. 2008; Van Gaal et al. 2008). These drug

development efforts eventually moved SR141716A (Rimo-

nabant�) into clinical practice for the management of

obesity. However, it soon became clear that rimonabant

induces severe adverse psychiatric events in some patients,

including depression, anxiety, and suicidal ideation

(Despres 2009; Kirilly et al. 2012). These adverse effects

led to the withdrawal of rimonabant from the market

(Traynor 2007). Although this withdrawal somewhat

dampens the enthusiasm of targeting CB1 receptors for

body weight control, alternative strategies have been pro-

posed. For example, it is possible to circumvent the cen-

tral actions by designing peripheral CB1 receptor

antagonists, which may decrease the central adverse events

related to CB1 receptor blockade but preserve the antiobe-

sity effects (Kirilly et al. 2012).

CB1 allosteric negative modulators could be another

possible strategy. Besides the orthosteric binding site,

allosteric binding site(s) on CB1 receptors has been

reported although the exact location remains elusive

(Price et al. 2005). Thus, theoretically drugs that act on

this allosteric binding site can modulate the receptor

activity through conformational changes in the receptor

that are transmitted from the allosteric to the orthosteric

site and/or to effector coupling sites (Christopoulos and

Kenakin 2002). Several compounds demonstrate allosteric

modulating activities on CB1 receptors in in vitro assays

(Price et al. 2005; Horswill et al. 2007; Navarro et al.

2009; Pamplona et al. 2012). For instance, ORG27569,

ORG27759, and ORG29647 all increase the binding affin-

ity of CB1 receptor agonist CP55940 (positive allosteric

modulation) and decrease the specific binding of CB1
receptor antagonist SR141716A (negative allosteric mod-

ulation), indicative of allosteric binding cooperativity

(Price et al. 2005). In contrast, other compounds such as

lipoxin A4 and RTI-371 increase the affinity and efficacy

of CB1 receptor agonists and function as CB1 receptor

allosteric enhancers (Navarro et al. 2009; Pamplona et al.

2012). Importantly, some of these compounds (e.g.,

ORG27569 and ORG27759) behave as insurmountable

antagonists in the mouse vas deferens bioassay via inhibi-

tion of G protein coupling, suggesting that they function

as allosteric negative modulators (Price et al. 2005; Caw-

ston et al. 2013). Although CB1 receptor allosteric modu-

lators could have important therapeutic potentials due to

their functional antagonist activity on CB1 receptors

through distinct mechanism from orthosteric receptor

antagonist such as SR141716A, the behavioral pharmacol-

ogy of such compounds is largely unknown until recently

(Gamage et al. 2014). This study examined the behav-

ioral effects of one putative CB1 receptor allosteric mod-

ulator, ORG27569, in several behavioral assays that are

known to be related to CB1 receptor activity in rats. The

effects of ORG27569 on food intake to palatable food

(Ensure�) and plain food on free-fed normal rats were

also studied.

Materials and Methods

Subjects

Adult male Sprague–Dawley rats (Harlan, Indianapolis,

IN) with initial weight of 250–300 g were housed individ-

ually on a 12/12 h light/dark cycle (behavioral tests were

conducted during the light period) with free access to

water and food except during test sessions. Animals were

maintained and experiments were conducted in accor-

dance with the 2011 Guide for the Care and Use of Labo-

ratory Animals (Institute of Laboratory Animal Resources

on Life Sciences, Washington, DC). All studies were

approved by the Institutional Animal Care and Use Com-

mittee, University at Buffalo, the State University of New

York.

Behavioral procedures

Body temperature measurement

Body temperature was measured in a quiet procedure

room maintained under identical environmental controls

(temperature, humidity, and lighting) with the animal

colony room. Rats (n = 5–8 per group) were habituated

to the procedure room for at least 30 min before each

test. Body temperature was measured by gently inserting

a rectal probe (5.0 cm) and recording temperature from

the digital thermometer (BAT7001H; Physitemp Instru-

ments Inc., Clifton, NJ) (Li et al. 2009; Thorn et al.

2012). During a test session, a baseline body temperature

measurement was immediately followed by the injection

of a dose of a drug, and the follow-up measurements

were conducted every 15 or 30 min until the effect of the

drug dissipated. When a drug combination was studied,

the first drug was administered 10 min before the first
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measurement, which was immediately followed by the

administration of a second drug. Rats were handled for at

least 3 days before testing drugs in order to habituate rats

to the procedure and were only used in one test.

Catalepsy

Drug-induced catalepsy was measured with a bar test. In

the bar test, the two forelimbs of the rats (n = 7–8 per

group) were placed on a horizontal, cylindrical metal bar

(diameter, 1.0 cm; height, 10 cm; custom made) and the

time until both forelimbs touched the table surface was

recorded up to a maximum of 60 sec. Both hind limbs

were placed on the same location for all the tests. The

dose–effect relationships of the CB1 receptor agonist

CP55940-induced catalepsy were determined using a

cumulative dosing procedure with 0.5 log unit increments

and 30 min intertest intervals as described previously (Li

et al. 2011, 2014). When a pretreatment drug was studied

in combination with CP55940, the pretreatment time was

10 min.

Antinociception

Warm water tail flick test was used to detect the antinoci-

ceptive effects as described in detail elsewhere (Thorn

et al. 2011; Sampson et al. 2012). Briefly, a water bath

(model RS-PB-200; Revolutionary Science, Lindstrom,

Minnesota) filled with tap water was maintained at 52°C
and tail flick latencies were recorded with a hand-oper-

ated digital timer. During the test session, a baseline

latency test and a postdrug test was separated by 30 min

with a test drug being administered immediately after the

baseline test. When a pretreatment drug was studied, the

drug was administered 10 min prior to the baseline

latency test. A 20-sec cutoff time was applied during the

test to avoid tissue damage.

Grooming and scratching

The observation protocols of grooming and scratching

behaviors were reported previously (Jarbe et al. 2002).

Briefly, rats (n = 9–10 per group) were habituated to a

quiet procedure room for at least 30 min before the test.

A standard acrylic rat cage (26 9 47 9 22 cm) served as

the observational arena and was cleaned between tests.

Based on the literature (Jarbe et al. 2002) and our preli-

minary study, test began 15 min after SR141716A was

administered and the duration of the observation was

10 min. For the tests, a rat was gently moved into the

observation cage and two observers blind to the treatment

monitored the frequency of grooming (the number of

cleaning bouts) and scratching as defined according to

the literature (Darmani and Pandya 2000) for 10 min.

When ORG27569 was studied as a pretreatment, it was

administered 10 min prior to SR141716A treatment. Rats

were only used once.

Palatable food intake

Palatable food intake studies (n = 8) were conducted

daily in a quiet procedure room adjacent to the animal

colony room beginning at 12:00 noon. During initial

training sessions, rats were removed from their home

cages, weighed, and gently placed individually in acrylic

standard rat cages equipped with a glass dish containing

40 mL of liquid food (milk chocolate-flavored Ensure�

protein drink, 100 mL containing 148 kcal, including

4.6 g fat, 21.1 g carbohydrates, and 5.5 g protein; Abbott

Laboratories, Lake Forest, IL). After 60 min, rats were

returned to their home cages, and the amount of food

consumed during the 60-min period was determined by

subtracting the weight of the dish at the end of the ses-

sion from its weight at the beginning of the session. Test

began when daily food intake stabilized under these con-

ditions (three consecutive days with ≤20% variability in

consumption). For drug tests, ORG27569 or its vehicle

was administered 30 min prior to test initiation. At least

two baseline sessions were interspersed between drug test

sessions.

Plain food intake

Rats that participated in the plain food intake experiment

(n = 6–8 per group) were free fed throughout the study

and the experiment occurred in their home cages. The

daily food intake and body weight gain were monitored

for 4 days before the experiment was initiated. Animals

and their total food amount were weighed daily before

the dark cycle started. On the first day of the experiment,

drug or its vehicle was administered immediately before

the start of the dark cycle and food intake was monitored

by weighing the total residual food at 6, 12, and 24 h.

For rats that participated in repeated dosing experiment,

the test day was followed by repeated daily drug (8 days

of daily 5.6 mg/kg ORG27569 followed by 4 days of daily

10 mg/kg ORG27569) or vehicle treatment (a total of

12 days). The ORG27569 dose was increased during the

study because it was found that a significant tolerance to

the hypophagic effect of 5.6 mg/kg ORG27569 was devel-

oped and thus a larger dose was used to confirm the pres-

ence of tolerance and recoup the effect. After that, daily

treatment was terminated but the daily intake and body

weight gain were continuously monitored for another

14 days. Thus, the entire repeated dosing experiment

lasted for 30 days.

ª 2014 The Authors. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.

2014 | Vol. 2 | Iss. 6 | e00069
Page 3

Y. Ding et al. Behavioral Pharmacology of ORG27569



Data analyses

For the body temperature data, the body temperature

changes (°C, mean � SEM) were calculated by subtract-

ing the baseline body temperature readings (first measure-

ment of each test session) from all the subsequent

measurements and plotted as a function of time. When

single drug was studied, the data with 95% confidence

limits not including 0 were considered significantly differ-

ent from the baseline. When two drugs were studied,

two-way repeated measures analysis of variance (ANOVA)

(treatment 9 time) followed by Bonferroni’s post hoc test

was used to analyze the data. The area under curves

(AUC) between times 0–135 min of individual doses of

CP55940 alone and in combination with ORG27569 or

SR141716 were also calculated and analyzed using two-

way ANOVA (dose 9 treatment) followed by Bonferroni’s

post hoc test or Student’s t-test. For the catalepsy, groom-

ing and scratching experiments, the data were plotted as a

function of drug dose and analyzed using two-way

repeated measures ANOVA (dose 9 treatment) followed

by Bonferroni’s post hoc test. For the antinociception

experiment, the tail flick data were analyzed using one-

way ANOVA followed by Bonferroni’s post hoc test. For

the palatable food intake data, the total intake before

drug test was used as control and the data after drug or

vehicle treatment were normalized as % of control and

were analyzed using one-way repeated measures ANOVA.

For the plain food intake experiment, data from acute

drug treatment were normalized as % of control and ana-

lyzed using one-way ANOVA, and data from repeated

dosing study were analyzed using two-way repeated mea-

sures ANOVA (time 9 treatment) followed by Bonfer-

roni’s post hoc test. For all the statistical analyses,

P < 0.05 was considered statistically significant.

Drugs

CP55940 (2-[(1R,2R,5R)-5-hydroxy-2-(3-hydroxypropyl)

cyclohexyl]-5-(2-methyloctan-2-yl)phenol), anandamide

(5Z,8Z,11Z,14Z)-N-(2-hydroxyethyl)icosa-5,8,11,14-(tetra-

enamide), and SR141716A (5-(4-chlorophenyl)-1-(2,4-di-

chloro-phenyl)-4-methyl-N-(piperidin-1-yl)-1H-pyrazole-

3-carboxamide) were provided by Research Technology

Branch (National Institute on Drug Abuse, Rockville,

MD). Clonidine hydrochloride and MK212 (6-chloro-2-

(1-piperazinyl) pyrazine hydrochloride) hydrochloride

were purchased from Sigma-Aldrich (St. Louis, MO).

ORG27569 and 2-BFI (2-(2-benzofuranyl)-2-imidazoline)

hydrochloride were synthesized at Research Triangle Insti-

tute and verified by high-performance liquid chromatog-

raphy (>95% pure), nuclear magnetic resonance, and

elemental analysis. CP55940, anandamide, SR141716A,

and ORG27569 were dissolved in a mixture of 1 part

absolute ethanol, 1 part Emulphor-620 (Rhodia Inc.,

Cranbury, NJ), and 18 parts physiological saline. Cloni-

dine, MK212, and 2-BFI were dissolved in 0.9% physio-

logical saline. Doses were expressed as the weight of the

forms listed above in milligrams per kilogram of body

weight. All drugs were administered intraperitoneally. All

drug/molecular target nomenclature used here conforms

to British Journal of Pharmacology’s Guide to Receptors and

Channels (Alexander et al. 2011).

Results

The synthetic CB1 receptor agonist CP55940, the endoge-

nous cannabinoid anandamide, the a2 adrenoceptor

agonist clonidine, and the imidazoline I2 receptor ligand

2-(2-benzofuranyl)-2-imidazoline (2-BFI) all dose depen-

dently decreased the body temperature in rats. For

CP55940, 0.32 and 0.56 mg/kg markedly decreased the

body temperature with the nadirs reaching �2.9 � 0.2

and �2.6 � 0.3°C 60 min after drug administration. The

duration of the hypothermic effect lasted between 2.5 and

3 h. A higher dose of CP55940 (1 mg/kg) did not further

decrease the body temperature (nadir: �2.8 � 0.2°C),
but the effect lasted for at least 5 h (left panel, Fig. 1).

For anandamide, a dose of 10 mg/kg decreased the body

temperature up to �1.1 � 0.4°C, but the effect only

lasted for 30 min. A larger dose of anandamide (32 mg/

kg) further decreased the body temperature to

�2.2 � 0.0°C and the effect lasted for 60 min (middle

panel, Fig. 1). Clonidine at 1 mg/kg significantly

decreased the body temperature and reached the nadir to

�3.3 � 0.2°C 3 h after the drug treatment. 2-BFI at

10 mg/kg significantly decreased the body temperature

and reached the nadir to �1.7 � 0.3°C 30 min after the

drug treatment (right panel, Fig. 2). By contrast,

ORG27569 did not significantly alter the body tempera-

ture within the dose range studied (3.2–10 mg/kg) (right

panel, Fig. 1).

When studied as a combination, ORG27569 at doses of

3.2 and 10 mg/kg markedly attenuated the hypothermic

effect of 0.32 mg/kg CP55940 (top left, Fig. 2). Two-way

ANOVA revealed a significant main effect of time

(3.2 mg/kg, F13,52 = 17.22, P < 0.0001; 10 mg/kg,

F9,36 = 21.13, P < 0.0001) and a significant time 9 treat-

ment interaction (10 mg/kg, F9,36 = 3.74, P < 0.01). Post

hoc analyses indicated that the hypothermic effect of

0.32 mg/kg CP55940 was significantly attenuated between

60 and 120 min (3.2 mg/kg ORG27569) and between 45

and 135 min (10 mg/kg ORG27569). Similarly, 10 mg/kg

ORG27569 also significantly attenuated the hypothermic

effect induced by 32 mg/kg anandamide (top right,

Fig. 2). Two-way ANOVA revealed significant main
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Figure 1. CP55940 (left) and anandamide (center) but not ORG27569 dose dependently decreased the rectal temperature in rats. Body

temperature change (°C; ordinate) was plotted as a function of time (min; abscissa). Data are mean � SEM of five rats/group (the 0.56 mg/kg

CP55940 group included six rats). Filled symbols represent data that were significantly different from predrug control (95% confident limits not

including 0).

Figure 2. Effects of ORG27569 (top) or SR141716A (bottom, n = 9) on CP55940- (left, n = 5), anandamide- (middle, n = 5), clonidine- (right

top, n = 6), or 2-BFI (right bottom, n = 6)-induced hypothermia in rats. Filled symbols represent data significantly different from control data (gray

circles). See Figure 1 for other details.
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effects of time (F6,24 = 31.97, P < 0.0001), treatment

(F1,4 = 17.87, P < 0.05), and time 9 treatment interac-

tion (F6,24 = 10.82, P < 0.0001). Post hoc analyses indi-

cated that the hypothermic effect of 32 mg/kg

anandamide was significantly attenuated between 15 and

60 min. The CB1 receptor antagonist SR141716A (1 mg/

kg) also significantly attenuated the hypothermic effect of

0.32 mg/kg CP55940 (bottom left, Fig. 2). Two-way

ANOVA revealed a significant main effect of time

(F14,56 = 10.97, P < 0.0001) and a significant

time 9 treatment interaction (F14,56 = 2.92, P < 0.01).

Post hoc analyses indicated that the hypothermic effect of

0.32 mg/kg CP55940 was significantly attenuated between

30 and 150 min (3.2 mg/kg ORG27569). However,

SR141716A (1–3.2 mg/kg) did not significantly alter

32 mg/kg anandamide-induced hypothermia (bottom

middle, Fig. 2). ORG27569 at a dose of 10 mg/kg did not

significantly change clonidine- and 2-BFI-induced hypo-

thermia (bottle right, Fig. 2).

Two-way ANOVA analyses of the AUC data revealed

that for the combination of 10 mg/kg ORG27569 with

CP55940, there was a significant main effect of treatment

(F1,34 = 9.95, P < 0.01). Post hoc analysis indicated that

the AUC of 0.32 and 0.56 mg/kg CP55940-induced hypo-

thermia was significantly decreased by 10 mg/kg

ORG27569. Student’s t-test also revealed that 1 mg/kg

SR141716A significantly decreased the AUC of 0.32 mg/

kg CP55940-induced hypothermia (t12 = 3.31, P < 0.01)

(Fig. 3).

CP55940 dose dependently and significantly increased

the duration of catalepsy (top left, Fig. 4) (one-way

ANOVA: F4,24 = 9.56, P < 0.0001). Post hoc analyses

indicated that 1 mg/kg CP55940 produced significant cat-

aleptic effect in rats. Pretreatment with 3.2 or 10 mg/kg

ORG27569 did not significantly alter the cataleptic effect

of CP55940. However, 1.78 mg/kg SR141716A signifi-

cantly decreased CP55940-induced catalepsy. Two-way

ANOVA revealed a significant main effect of dose

(F2,12 = 10.52, P < 0.01) and significant dose 9 treatment

interaction (F2,12 = 7.72, P < 0.01). Post hoc analyses

indicated that SR141716A significantly decreased the cata-

leptic effect induced by 0.1–1 mg/kg CP55940 (P < 0.05).

CP55940 (0.32 mg/kg) produced significant antinocicep-

tion, which was significantly attenuated by SR141716A

but not ORG27569 (F5,30 = 24.52; P < 0.0001) (bottom

left, Fig. 4).

SR141716A dose dependently and significantly

increased the frequency of grooming (top right, Fig. 4)

(one-way ANOVA: F3,34 = 10.37, P < 0.0001) and

scratching (bottom right, Fig. 4) (one-way ANOVA:

F3,34 = 11.26, P < 0.0001). Post hoc analyses indicated

that 1.78 and 5.6 mg/kg SR141716A significantly

increased the frequency of grooming and 5.6 mg/kg

SR141716A significantly increased the frequency of

scratching. ORG27569 alone did not elicit increased

grooming and scratching behaviors (symbols above “V”)

and also did not significantly modify the grooming and

scratching behaviors induced by SR141716A. Two-way

ANOVA revealed a significant main effect of SR141716A

(grooming: F2,80 = 22.99, P < 0.0001; scratching:

F2,80 = 34.42, P < 0.0001). Post hoc analyses found no

significant difference.

Acute treatment with ORG27569 dose dependently

decreased the palatable food intake (F7,21 = 8.02,

P < 0.01) (left panel, Fig. 5) with 5.6 and 10 mg/kg

ORG27569 reaching statistical significance. Similarly,

acute treatment with 5.6 mg/kg ORG27569, 0.32 mg/kg

CP55940, and 3.2 mg/kg MK212 all significantly

decreased food intake (F5,42 ≥ 6.77, P < 0.0001; right

panel, Fig. 5). In addition, a combination of 3.2 mg/kg

MK212 with 5.6 mg/kg ORG27569 further significantly

decreased the plain food intake (P < 0.05) while a combi-

nation of 0.32 mg/kg CP55940 with 5.6 mg/kg

ORG27569 did not. In rats that continued to receive daily

ORG27569 treatment, the drug continued to decrease the

daily food intake in the rats (top panel, Fig. 6). Two-way

repeated measures ANOVA revealed significant main

effects of time (F29,145 = 6.92, P < 0.0001) and

time 9 ORG27569 treatment (F29,145 = 4.67, P < 0.0001).

Post hoc analyses indicated that for the first 4 days of

daily 5.6 mg/kg ORG27569 treatment and for the first

2 days of daily 10 mg/kg ORG27569 treatment, food

intake was significantly less compared with rats that

received daily vehicle treatment (top panel, Fig. 6).

Figure 3. ORG27569 and SR141716A decreased the AUC of

CP55940-induced hypothermia in rats. Ordinate: area under curve

(AUC) between 0 and 135 min postdrug administration; abscissa,

CP55940 dose (mg/kg). *P < 0.05 as compared to CP55940 alone.
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During the course of daily ORG27569 treatment, the

body weight gain in rats that received ORG27569 was sig-

nificantly less compared with those that received daily

vehicle treatment (bottom panel, Fig. 6). Two-way

repeated measures ANOVA revealed significant main

effects of time (F29,145 = 119.30, P < 0.0001), ORG27569

treatment (F1,5 = 13.77, P < 0.05), and time 9

ORG27569 treatment interaction (F29,145 = 6.42,

P < 0.0001). Post hoc analyses indicated that the body

weight gain was significantly less between days 5 and 26

in rats that received daily ORG27569 treatment compared

with rats that received daily vehicle treatment.

Discussion

This study reported the behavioral pharmacology of the

putative allosteric CB1 receptor modulator ORG27569

in rats. We found that ORG27569 selectively attenuated

the hypothermic effects of two CB1 receptor agonists,

CP55940 and anandamide, but did not alter CP55940-

induced catalepsy and antinociception. ORG27569 also

did not alter the CB1 receptor antagonist SR141716A

induced grooming and scratching behaviors. Impor-

tantly, ORG27569 decreased the intake of both palat-

able food and plain food. Together, these results

suggest that ORG27569 may not function as an alloste-

ric negative modulator in vivo in rats, although its effi-

cacy on feeding behavior may have potential

therapeutic utility.

Cannabinoid receptor agonists produce various behav-

ioral effects including hypothermia, antinociception, and

catalepsy (Little et al. 1988). Both synthetic CB1 receptor

agonist CP55940 and the endogenous cannabinoid

anandamide can produce hypothermia in rodents (De

Vry et al. 2004; Singh et al. 2011), as shown in the cur-

rent study. The hypothermic effects of CP55940 can be

Figure 4. Effects of ORG27569 on CP55940-induced catalepsy (top left, n = 7–8), antinociception (top right, n = 6) and SR141716A-induced

grooming (top right, n = 9–10) and scratching (bottom right, n = 9–10) behaviors in rats. Ordinate: top left, the duration of catalepsy (sec);

bottom left, tail flick latency (sec); right, frequency of grooming (top) and scratching (bottom) behaviors as measured within a period of 10 min.

Abscissa: dose of CP55940 (mg/kg, left) or dose of SR141716A (right). *P < 0.05 as compared to vehicle; $P < 0.05 as compared to CP55940

alone.
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blocked by CB1 receptor antagonists (De Vry et al. 2004;

Giuffrida and McMahon 2010), but the hypothermic

effects of anandamide are usually not attenuated by CB1
receptor antagonists such as SR141716A, suggesting the

involvement of non-CB1 receptor mechanism (Adams

et al. 1998; Giuffrida and McMahon 2010; Singh et al.

2011). In the present study, ORG27569 attenuated the

hypothermic effects induced by both CP55940 (CB1-med-

iated effect) and anandamide (possibly non-CB1-mediated

effect), suggesting that ORG27569 may work through

non-CB1 mechanism. In addition, the antihypothermic

effect of ORG27569 seems to be pharmacologically spe-

cific because ORG27569 did not alter the hypothermic

effects induced by two pharmacologically unrelated drugs,

although the potential underlying mechanism is

unknown. The hypothermic effect of clonidine is medi-

ated by a2 adrenoceptors and that of 2-BFI is mediated

by imidazoline I2 receptors (Thorn et al. 2012). This

study also showed that ORG27569 did not alter CP55940-

induced cataleptic and antinociceptive effects while

SR141716A markedly blocked both effect in rats, which is

consistent with a previous study in mice (Gamage et al.

2014). Combined, these results suggest that ORG27569

may not function as an active CB1 allosteric negative

modulator.

SR141716A induces various behavioral effects on its

own including increased grooming and scratching behav-

iors and the effects are at least partially mediated through

CB1 receptors (Jarbe et al. 2002), although SR141716A

also exerts non-CB1-mediated effects (Erdozain et al.

2012). In contrast, ORG27569 did not elicit grooming

and scratching behaviors at doses that markedly blocked

CB1 agonist-induced hypothermia. Because ORG27569

induces a CB1 receptor state that decreases the receptor

affinity of SR141716A (Ahn et al. 2012), we hypothesized

that ORG27569 will attenuate the behavioral effects of

SR141716A. No significant attenuation was observed. This

is surprising and suggests that the in vitro results do not

translate to in vivo conditions where behavioral changes

are a result of integrated actions by exogenous and

Figure 5. Effects of ORG27569 on palatable food (left, n = 8) and plain food intake (right, n = 6–8) in rats. Left: normalized total palatable food

intake (no treatment condition set as 100%) within a period of 1 h. Right: normalized cumulative plain food intake after treatments with

ORG27569, CP55940, and MK212 alone or in combination. *P < 0.05 as compared to control condition. $P < 0.05 as compared to 5.6 mg/kg

ORG27569 or 3.2 mg/kg MK212 alone. n.s., no statistical significance. CP: CP55940; ORG: ORG27569.

Figure 6. Effects of daily ORG27569 treatment on food intake (top)

and body weight gain (bottom) in rats (n = 6). Vertical dashed lines

indicate time frames that daily 5.6 or 10 mg/kg ORG27569 were

administered. *P < 0.05 as compared to vehicle-treated conditions.
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endogenous ligands, brain region-specific receptor expres-

sion, and cross-talk among multiple systems (Herkenham

et al. 1990). Nevertheless, ORG27569 also did not poten-

tiate the effects of SR141716A for inducing grooming and

scratching behaviors, which further suggests that

ORG27569 does not function as an CB1 receptor allosteric

modulator.

Acute treatment with ORG27569 markedly decreased

palatable food intake. The attenuation was transient as the

1-h palatable food intake 24 h later was not different from

that without drug treatment (data not shown). It is well

established that marijuana (Cannabis sativa) stimulates

appetite, particularly for sweet and palatable foods, and

that CB1 receptor antagonism decreases the motivation for

palatable foods both in laboratory animals and in humans.

For instance, SR141716A has been shown to decrease pal-

atable food self-administration, decrease the motivation to

consume palatable food, and decrease plain food intake

(Rowland et al. 2001; Ward and Dykstra 2005; Ward and

Walker 2009). This property is the main drive that eventu-

ally led to the clinical development of SR141716A as an

effective medication for overweight and obesity.

ORG27569 reduces food intake in food-restricted mice

(Gamage et al. 2014). In free-fed animals, ORG27569 also

markedly decreased the intake of plain food, although the

receptor mechanism of such effect is unclear. In drug

combination studies, when two compounds with different

pharmacological mechanisms produce similar hypophagic

effects, it is expected that a combination of the two com-

pounds should produce a larger effect than that of each

compound alone (enhancement), as seen here with the

serotonin 5-HT2C receptor agonist MK212 and

ORG27569. However, a combination of CP55940 and

ORG27569 did not further reduce plain food intake, sug-

gesting that the combined effect is less than expected

(attenuation), an effect that is unlikely due to “floor effect”

as much larger suppression is achievable (Varga et al.

2012). In animals, it is well studied that SR141716A-

induced hypophagic effect develops tolerance over

repeated drug treatment (Colombo et al. 1998; Gessa et al.

2006; Rigamonti et al. 2006), although the effect of

SR141716A for delaying body weight gain usually lasts

much longer (Colombo et al. 1998; Rigamonti et al.

2006). In the current study, ORG27569 showed a similar

effect for decreasing plain food intake and delaying body

weight gain. Tolerance developed within 5 days of daily

5.6 mg/kg ORG27569 treatment, and increasing the daily

treatment dose to 10 mg/kg further decreased the food

intake for two more days. The body weight gain slowly

increased and 10 days later the difference between drug-

and vehicle-treated groups became insignificant after

ORG27569 treatment stopped. Despite the unclear recep-

tor mechanism, the clear suppression of palatable and

plain food intake and the lasting effect after the termina-

tion of drug treatment suggest that ORG27569 may be

useful for the control of food intake and body weight.

ORG27569 is one of the first described CB1 receptor

allosteric modulators (Price et al. 2005). The in vitro

modulating activity of ORG27569 on a novel CB1 recep-

tor allosteric modulating site has been extensively studied

(Ahn et al. 2012, 2013; Cawston et al. 2013; Shore et al.

2014). This study described the behavioral pharmacologi-

cal effects of ORG27569 in rats in a battery of behavioral

assays, which largely suggests that ORG27569 does not

modulate CB1-receptor-mediated behavioral effects in

rats and, as reported previously (Gamage et al. 2014),

fails to function as a CB1 receptor allosteric modulator.

This lack of translation of ORG27569 from in vitro to in

vivo does not support the potential usefulness of this

compound as a research tool to understand CB1 receptor

allosteric sites. However, given the clear efficacy on feed-

ing behaviors, ORG27569 may have potential for the

control of overweight and obesity, although its underly-

ing mechanism is unclear and may not be mediated via

CB1 receptors.

Acknowledgements

This work was supported by the National Institute on

Drug Abuse of the National Institutes of Health (awards

nos R21DA033426 and R21DA032837) and by National

Natural Science Foundation of China (81373390). The

content is solely the responsibility of the authors and does

not necessarily represent the official views of the National

Institutes of Health.

Disclosures

None declared.

References

Adams IB, Compton DR, Martin BR (1998). Assessment of

anandamide interaction with the cannabinoid brain receptor:

SR 141716A antagonism studies in mice and autoradiographic

analysis of receptor binding in rat brain. J Pharmacol Exp

Ther 284: 1209–1217.

Ahn KH, Mahmoud MM, Kendall DA (2012). Allosteric

modulator ORG27569 induces CB1 cannabinoid receptor high

affinity agonist binding state, receptor internalization, and Gi

protein-independent ERK1/2 kinase activation. J Biol Chem

287: 12070–12082.

Ahn KH, Mahmoud MM, Shim JY, Kendall DA (2013).

Distinct roles of beta-arrestin 1 and beta-arrestin 2 in

ORG27569-induced biased signaling and internalization of the

cannabinoid receptor 1 (CB1). J Biol Chem 288: 9790–9800.

ª 2014 The Authors. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.

2014 | Vol. 2 | Iss. 6 | e00069
Page 9

Y. Ding et al. Behavioral Pharmacology of ORG27569



Alexander SP, Mathie A, Peters JA (2011). Guide to receptors

and channels (GRAC), 5th edition. Br J Pharmacol 164(Suppl.

1): S1–S324.

Cawston EE, Redmond WJ, Breen CM, Grimsey NL, Connor

M, Glass M (2013). Real-time characterization of cannabinoid

receptor 1 (CB1) allosteric modulators reveals novel

mechanism of action. Br J Pharmacol 170: 893–907.

Christopoulos A, Kenakin T (2002). G protein-coupled

receptor allosterism and complexing. Pharmacol Rev 54:

323–374.

Colombo G, Agabio R, Diaz G, Lobina C, Reali R, Gessa GL

(1998). Appetite suppression and weight loss after the

cannabinoid antagonist SR 141716. Life Sci 63: PL113–PL117.

Darmani NA, Pandya DK (2000). Involvement of other

neurotransmitters in behaviors induced by the cannabinoid

CB1 receptor antagonist SR 141716A in naive mice. J Neural

Transm 107: 931–945.

De Vry J, Jentzsch KR, Kuhl E, Eckel G (2004). Behavioral

effects of cannabinoids show differential sensitivity to

cannabinoid receptor blockade and tolerance development.

Behav Pharmacol 15: 1–12.

Despres JP (2009). Pleiotropic effects of rimonabant: clinical

implications. Curr Pharm Des 15: 553–570.

Despres JP, Van Gaal L, Pi-Sunyer X, Scheen A (2008).

Efficacy and safety of the weight-loss drug rimonabant. Lancet

371: 555, author reply 556–557.

Erdozain AM, Diez-Alarcia R, Meana JJ, Callado LF (2012).

The inverse agonist effect of rimonabant on G protein

activation is not mediated by the cannabinoid CB1 receptor:

evidence from postmortem human brain. Biochem Pharmacol

83: 260–268.

Fine PG, Rosenfeld MJ (2013). The endocannabinoid system,

cannabinoids, and pain. Rambam Maimonides Med J 4: e0022.

Gamage TF, Ignatowska-Jankowska BM, Wiley JL,

Abdelrahman M, Trembleau L, Greig IR, et al. (2014). In-vivo

pharmacological evaluation of the CB1-receptor allosteric

modulator Org-27569. Behav Pharmacol 25: 182–185.

Gessa GL, Orru A, Lai P, Maccioni P, Lecca R, Lobina C,

et al. (2006). Lack of tolerance to the suppressing effect of

rimonabant on chocolate intake in rats. Psychopharmacology

185: 248–254.

Giuffrida A, McMahon LR (2010). In vivo pharmacology of

endocannabinoids and their metabolic inhibitors: therapeutic

implications in Parkinson’s disease and abuse liability.

Prostaglandins Other Lipid Mediat 91: 90–103.

Herkenham M, Lynn AB, Little MD, Johnson MR, Melvin LS,

de Costa BR, et al. (1990). Cannabinoid receptor localization

in brain. Proc Natl Acad Sci USA 87: 1932–1936.

Horswill JG, Bali U, Shaaban S, Keily JF, Jeevaratnam P, Babbs

AJ, et al. (2007). PSNCBAM-1, a novel allosteric antagonist at

cannabinoid CB1 receptors with hypophagic effects in rats. Br

J Pharmacol 152: 805–814.

Jarbe TU, Andrzejewski ME, DiPatrizio NV (2002).

Interactions between the CB1 receptor agonist Delta 9-THC

and the CB1 receptor antagonist SR-141716 in rats: open-field

revisited. Pharmacol Biochem Behav 73: 911–919.

Johnson JR, Lossignol D, Burnell-Nugent M, Fallon MT

(2013). An open-label extension study to investigate the

long-term safety and tolerability of THC/CBD oromucosal

spray and oromucosal THC spray in patients with terminal

cancer-related pain refractory to strong opioid analgesics. J

Pain Symptom Manage 46: 207–218.

Kirilly E, Gonda X, Bagdy G (2012). CB1 receptor antagonists:

new discoveries leading to new perspectives. Acta Physiol

(Oxf) 205: 41–60.

Li JX, Koek W, France CP (2009). Food restriction and

streptozotocin differentially modify sensitivity to the

hypothermic effects of direct- and indirect-acting serotonin

receptor agonists in rats. Eur J Pharmacol 613: 60–63.

Li JX, Zhang Y, Winter JC (2011). Morphine-induced

antinociception in the rat: supra-additive interactions with

imidazoline I(2) receptor ligands. Eur J Pharmacol 669: 59–65.

Li JX, Thorn DA, Qiu Y, Peng BW, Zhang Y (2014).

Anti-hyperalgesic effects of imidazoline I receptor ligands in

rat models of inflammatory and neuropathic pain. Br J

Pharmacol 171: 1580–1590.

Little PJ, Compton DR, Johnson MR, Melvin LS, Martin BR

(1988). Pharmacology and stereoselectivity of structurally novel

cannabinoids in mice. J Pharmacol Exp Ther 247: 1046–1051.

Morena M, Campolongo P (2014). The endocannabinoid

system: an emotional buffer in the modulation of memory

function. Neurobiol Learn Mem 112: 30–43.

Navarro HA, Howard JL, Pollard GT, Carroll FI (2009).

Positive allosteric modulation of the human cannabinoid (CB)

receptor by RTI-371, a selective inhibitor of the dopamine

transporter. Br J Pharmacol 156: 1178–1184.

Pamplona FA, Ferreira J, Menezes de Lima O Jr, Duarte FS,

Bento AF, Forner S, et al. (2012). Anti-inflammatory lipoxin

A4 is an endogenous allosteric enhancer of CB1 cannabinoid

receptor. Proc Natl Acad Sci USA 109: 21134–21139.

Pi-Sunyer FX, Aronne LJ, Heshmati HM, Devin J, Rosenstock

J (2006). Effect of rimonabant, a cannabinoid-1 receptor

blocker, on weight and cardiometabolic risk factors in

overweight or obese patients: RIO-North America: a

randomized controlled trial. JAMA 295: 761–775.

Price MR, Baillie GL, Thomas A, Stevenson LA, Easson M,

Goodwin R, et al. (2005). Allosteric modulation of the

cannabinoid CB1 receptor. Mol Pharmacol 68: 1484–1495.

Rigamonti AE, Giordani C, Bonomo SM, Cella SG, Muller EE

(2006). Early tolerance to the hypophagic effect of the

2014 | Vol. 2 | Iss. 6 | e00069
Page 10

ª 2014 The Authors. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,

British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.

Behavioral Pharmacology of ORG27569 Y. Ding et al.



cannabinoid receptor antagonist SR141716 does not impede

blockade of an orexigenic stimulus. Eur J Pharmacol 542: 116–

120.

Rowland NE, Mukherjee M, Robertson K (2001). Effects of the

cannabinoid receptor antagonist SR 141716, alone and in

combination with dexfenfluramine or naloxone, on food

intake in rats. Psychopharmacology 159: 111–116.

Sampson C, Zhang Y, Del Bello F, Li JX (2012). Effects of

imidazoline I2 receptor ligands on acute nociception in rats.

NeuroReport 23: 73–77.

Serpell MG, Notcutt W, Collin C (2013). Sativex long-term

use: an open-label trial in patients with spasticity due to

multiple sclerosis. J Neurol 260: 285–295.

Shore DM, Ballie GL, Hurst DP, Navas FJ III, Seltzman HH,

Marcu JP, et al. (2014). Allosteric modulation of a

cannabinoid G protein-coupled receptor: binding site

elucidation and relationship to G protein signaling. J Biol

Chem 289: 5828–5845.

Silvestri C, Di Marzo V (2013). The endocannabinoid system

in energy homeostasis and the etiopathology of metabolic

disorders. Cell Metab 17: 475–490.

Singh H, Schulze DR, McMahon LR (2011). Tolerance and

cross-tolerance to cannabinoids in mice: schedule-controlled

responding and hypothermia. Psychopharmacology 215: 665–

675.

Thorn DA, Zhang Y, Peng BW, Winter JC, Li JX (2011).

Effects of imidazoline I(2) receptor ligands on morphine- and

tramadol-induced antinociception in rats. Eur J Pharmacol

670: 435–440.

Thorn DA, An XF, Zhang Y, Pigini M, Li JX (2012).

Characterization of the hypothermic effects of imidazoline I(2)

receptor agonists in rats. Br J Pharmacol 166: 1936–1945.

Traynor K (2007). Panel advises against rimonabant approval.

Am J Health Syst Pharm 64: 1460–1461.

Van Gaal L, Pi-Sunyer X, Despres JP, McCarthy C, Scheen A

(2008). Efficacy and safety of rimonabant for improvement of

multiple cardiometabolic risk factors in overweight/obese

patients: pooled 1-year data from the rimonabant in obesity

(RIO) program. Diabetes Care 31(Suppl. 2): S229–S240.

Varga B, Kassai F, Gyertyan I (2012). Interactions of CB1 and

mGlu5 receptor antagonists in food intake, anxiety and

memory models in rats. Pharmacol Biochem Behav 103: 425–

430.

Vickers SP, Webster LJ, Wyatt A, Dourish CT, Kennett GA

(2003). Preferential effects of the cannabinoid CB1 receptor

antagonist, SR 141716, on food intake and body weight gain

of obese (fa/fa) compared to lean Zucker rats.

Psychopharmacology 167: 103–111.

Vlachou S, Panagis G (2014). Regulation of brain reward by

the endocannabinoid system: a critical review of behavioral

studies in animals. Curr Pharm Des 20: 2072–2088.

Ward SJ, Dykstra LA (2005). The role of CB1 receptors in

sweet versus fat reinforcement: effect of CB1 receptor deletion,

CB1 receptor antagonism (SR141716A) and CB1 receptor

agonism (CP-55940). Behav Pharmacol 16: 381–388.

Ward SJ, Walker EA (2009). Sex and cannabinoid CB1

genotype differentiate palatable food and cocaine

self-administration behaviors in mice. Behav Pharmacol 20:

605–613.

Witkamp R, Meijerink J (2014). The endocannabinoid system:

an emerging key player in inflammation. Curr Opin Clin Nutr

Metab Care 17: 130–138.

ª 2014 The Authors. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.

2014 | Vol. 2 | Iss. 6 | e00069
Page 11

Y. Ding et al. Behavioral Pharmacology of ORG27569


