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Abstract

Obesity contributes to a multitude of serious health problems. Given the demonstrated role of the
endogenous cannabinoid system in appetite regulation, the purpose of the present study was to
evaluate structural analogs of two cannabinoids, rimonabant (cannabinoid CB1 receptor
antagonist) and O-2050 (sulfonamide analog of A8-tetrahydrocannabinol), that showed appetite
suppressant effects in previous studies. Structure—activity relationships of these two lead
compounds were examined in several assays, including cannabinoid CB4 and CB; receptor
binding, food intake, and an in vivo test battery (locomotor activity, antinociception, ring
immobility, and body temperature) in mice. Rimonabant and O-2050 reliably decreased feeding in
mice; however, their analogs decreased feeding only at higher doses, even though some
compounds had quite good cannabinoid CB1 binding affinity. Results of the in vivo test battery
were inconsistent, with some of the compounds producing effects characteristic of cannabinoid
agonists while other compounds were inactive or were antagonists against an active dose of A°-
tetrahydrocannabinol. These results demonstrate that reduction of food intake is not a
characteristic effect of pyrazole and sulfonamide cannabinoid analogs with favorable cannabinoid
CB;1 binding affinity, suggesting that development of these classes of cannabinoids for the
treatment of obesity will require evaluation of their effects in a broad spectrum of pharmacological
assays.
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1. Introduction

Obesity contributes to a multitude of serious health problems, including diabetes, stroke, and
cardiovascular disease (Brown et al., 2009). Despite this substantial health impact,
pharmaco-therapy for treatment of obesity is largely limited to two drugs, phentermine (a
sympathomimetic) and orlistat (oral lipase inhibitor) (for a review, see Powell et al., 2011).
Current medication development efforts are focused on several avenues through which
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appetite may be modulated, including appetite-related peptides such as neuropeptide Y and
AgRP (agouti-related protein), as well as combination drugs that modulate more than one
system (Powell et al., 2011). The results of past studies strongly suggest that the endogenous
cannabinoid system plays a role in appetite regulation (for a review, see Cota et al., 2003),
and represents an additional target for medication development. Exogenous administration
of cannabinoids also has been shown to affect feeding behavior. Agonists of cannabinoid
CBy receptors, such as A%-tetrahydrocannabinol, the primary psychoactive substituent of the
marijuana plant, increase food intake in humans and rodents (Hart et al., 2002; Koch, 2001;
Williams et al., 1998), whereas antagonists, such as the prototypic cannabinoid CB receptor
antagonist rimonbant, decrease food intake (McLaughlin et al., 2003; Rowland et al., 2001,
Wiley et al., 2005). Interestingly, O-2050, a side chain analog of A8-tetrahydrocannabinol,
which has been described as a neutral cannabinoid CB; receptor antagonist (Gardner and
Mallet, 2006, but see Wiley et al., 2011), also has been reported to decrease feeding
behavior (Gardner and Mallet, 2006; Wiley et al., 2011).

In humans, rimonabant was originally marketed as an anti-obesity agent and as an aid to
smoking cessation until its adverse psychiatric effects were revealed during advanced
clinical trials after its release in Europe (Christensen et al., 2007); however, the extent to
which the latter effects are related to rimonabant interaction with the cannabinoid CB4
receptor is unknown. Although several of rimonabant’s in vivo effects in rodents have been
shown to be cannabinoid CB; receptor-mediated, including decreased feeding behavior
(Wiley et al., 2005), not all of its effects are mediated by this mechanism, e.g., stimulation of
locomotor activity (Bass et al., 2002). Similarly, the results of one study have suggested that
rimonabant’s effects on mood may be attenuated through blockade of kappa opioid receptors
(Lockie et al., 2011). Given that conclusive evidence is lacking with regard to whether
rimonabant’s negative affective effects are mediated via its actions at central cannabinoid
CB; receptors, investigation of cannabinoid-based medications for appetite regulation is still
considered a viable alternative, particularly for peripherally restricted compounds (Alonso et
al., 2012; Christopoulou and Kiortsis, 2011; Sasmal et al., 2011). One of the first steps in
this type of investigation is evaluation of the activity and efficacy of promising compounds.
To this end, the present study examined the effects of structural analogs of rimonabant and
of the sulfonamide cannabinoid, O-2050, on food intake using a model previously used to
show the appetite suppressant effects of these two lead compounds (Wiley et al., 2011,
Wiley et al., 2005).

2. Materials and methods
2.1. Subjects

Some tests described herein were performed at Virginia Commonwealth University (VCU)
and some were completed at Research Triangle Institute (RTI), as described in the drug
section. Adult male ICR mice were obtained from Harlan (Dublin, VA) for testing at VCU
or from Harlan (Frederick, MD) for testing at RTI. All animals at both institutions were
individually housed in clear plastic cages in a temperature-controlled (20-24 °C)
environment with a 12-h light—dark cycle. For the feeding experiments, each ICR mouse
was tested with each dose of a single drug, presented in randomized Latin square order.
Separate groups of mice were tested with each dose of each compound in the mouse test
battery. All tests were conducted during the light part of the light—dark cycle. The studies
reported in this manuscript were carried out in accordance with guidelines published in the
guide for the care and use of laboratory animals (National Research Council, 1996) and were
approved by the Institutional Animal Care and Use Committee at each institution.
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2.2. Apparatus

Weight of food pellets was measured with a Mettler AT261 Delta Range scale (Toledo, OH)
at 0.01 mg accuracy at VCU. At RTI, food weight was measured with an ACCULAB Model
EC-211 scale (Bradford, MA) at 0.1 g accuracy. At VCU, assessment of spontaneous
activity in mice occurred in standard activity chambers interfaced with a Digiscan Animal
Activity Monitor (Omnitech Electronics, Inc., Columbus, OH). A standard tail-flick
apparatus and a digital thermometer (Fisher Scientific, Pittsburgh, PA) were used to measure
antinociception and rectal temperature, respectively. The ring immobility device consisted
of an elevated metal ring (diameter=5.5 cm, height=16 cm) attached to a wooden stand. At
RTI, locomotor sessions with heterodimer 6b were conducted in standard activity chambers
interfaced with San Diego Instruments Photobeam Activity System software (San Diego,
CA). Antinociception was measured with the use of a standard tail-flick apparatus
(Stoelting, Wood Dale, IL). Rectal temperature was measured using a standard rodent rectal
thermometer (Physitemp, Clifton, NJ).

2.3. Procedure

2.3.1. Membrane preparations—Chinese Hamster Ovary (CHO) cells stably expressing
the human cannabinoid CB1 or CB, receptor were cultured in a 50:50 mixture of DMEM
and Ham F-12 supplemented with 100 U/ml penicillin, 100 pg/ml streptomycin, 0.25 mg/ml
G418, and 5% fetal calf serum. Cells were harvested by replacement of the media with cold
PBS containing 0.4% EDTA followed by agitation. Membranes were prepared by
homogenization of cells in 50 mM Tris-HCI, 3 mM MgCl,, 1 mM EGTA, pH 7.4,
centrifugation at 50,000 xg for 10 min at 4 °C, and resuspension in the same buffer at 1.5
mg/ml. Membranes were stored at =80 °C until use.

2.3.2. Radioligand binding—Membranes were diluted with assay buffer B (50 mM Tris-
HCI; pH 7.4, 3 mM MgCl,, 0.2 mM EGTA). Reactions containing membrane (10 g
protein) were incubated with 1 nM [3H](-)-cis-3-[2-hydroxy-4-(1,1-dimethylheptyl)phenyl]-
trans-4-(3-hydroxy-propyl)cyclohexanol [CP55,940] and varying concentrations of test
compounds in assay buffer B containing 0.5% BSA. Non-specific binding was measured in
the presence of 1 wM unlabeled CP55,940. The assay was incubated for 60 min at 30 °C,
and terminated by rapid filtration under vacuum through Whatman GF/B glass fiber filters
that were pre-soaked in Tris buffer containing 5 g/L BSA (Tris-BSA), followed by five
washes with cold Tris-BSA. Bound radioactivity was determined by liquid scintillation
spectrophotometry at 45% efficiency for 3H.

2.3.3. Feeding behavior—Twenty-four hours before the start of a feeding trial, all food
was removed from the home cages of mice to be tested. The next day mice were transported
to the laboratory at least one hour before the beginning of the feeding trial. They were
injected with the test compound at the specified pre-session injection interval. Subsequently,
they were placed in a clear plastic cage with paper towels lining the bottom and allowed
access to a pre-measured amount of their regular lab chow. At the end of one hour, mice
were removed from the test cage and placed back into their home cage. The amount of food
left in the test cage, including crumbs, was measured, and amount consumed was calculated.
Mice received up to two feeding trials per week, separated by at least 72 h.

2.3.4. In vivo pharmacology—The pyrazole and sulfonamide analogs were also
evaluated in separate groups of mice in a battery of four tests, in which cannabinoid agonists
produce a characteristic profile of in vivo effects (Martin et al., 1991): suppression of
locomotor activity, antinociception in the tail flick assay, decreased rectal temperature and
ring immobility. Prior to injection, rectal temperature and baseline latency in the tail flick
test were measured in the mice. The latter procedure involved exposing the mouse’s tail to
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an ambient heat source (i.e., bright light) and recording latency (in s) for tail removal.
Typical control latencies were 2—4 s. A 10 s maximal latency was used in order to avoid
damage to the mouse’s tail. After measurement of temperature and baseline tail flick
latency, mice were injected i.v. with vehicle or drug. Five minutes later they were placed
into individual activity chambers for 10 min. Spontaneous activity was measured as the total
number of beam interruptions during the entire session, which was expressed as percent
inhibition of the control (vehicle) group’s activity. Tail-flick latency was measured at 20
min post-injection. Antinociception was expressed as the percent maximum possible effect
using a 10-s maximum test latency. Rectal temperature was measured at 30 min after
injection and was expressed as the difference between pre- and post-injection rectal
temperatures. At 40 min post-injection, the mice were placed on a 5.5 cm ring attached at a
height of 16 cm to a ring stand, and the amount of time the animals remained motionless
during a 5 min period was recorded. The time that each animal remained motionless on the
ring was divided by 300 s and multiplied by 100 to obtain a percent immobility rating.
Hetero-dimer 6b was also tested in separate groups of mice; however, the procedure at RTI
differed from that described for VCU above in the following ways: (1) i.p. (vs. i.v.)
administration, (2) mice were placed into the locomotor chambers 40 min after injection for
5 min and were re-evaluated in the tail flick and temperature assays immediately upon
removal, and (3) mice were not tested in the ring immobility procedure.

Rimonabant, obtained from the National Institute on Drug Abuse (Rockville, MD), was
suspended in a vehicle of absolute ethanol, Emulphor-620 (Rhone-Poulenc, Inc., Princeton,
NJ), and saline in a ratio of 1:1:18. The pyrazole and sulfonamide analogs (Fig. 1) were
synthesized at Organix, Inc. (Woburn, MA) and were prepared in the 1:1:18 vehicle. The
following pyrazole compounds were assessed: 6-bromo-1-(2,4-dichlorophenyl)-N-
(piperidin-1-yl)-1H-indazole-3-carboxamide [O-1654], 1-(2,4-dichlorophenyl)-5-[4-
(hexan-2-yl)phenyl]-4-methyl-N-(piperidin-1-yl)-1H-pyrazole-3-carboxamide [O-1690], 4-
(4-chlorophenyl)-3-(2,4-dichlorophenyl)-N-(piperidin-1-yl)-5-propylbenzamide [O-1788],
3-bromopropyl carboxamide analog [O-2154], 3-cyanopropyl carboxamide analog
[O-2155], 5-[4-(5-bromopentyl)phenyl]-pyrazole analog [O-3258], and N-allyl carboxamide
analog [0-4373]. The following sulfonamide analogs were assessed: 6-[(6a/,10aR)-1-
hydroxy-6,6,9-trimethyl-6a,7,10,10a-tetrahydro-6H-benzo[c]chromen-3-y1]-6-methyl- - (4-
sulfamoyl-phenyethyl)heptanamide [O-606], 7-[(6aR,10a/)-1-hydroxy-6, 6,9-trimethyl-6a,
7,10,10a-tetrahydro-6H-benzo[c]chromen-3-yl]-7-methyl- A-(4-
sulfamoylphenethyl]octanamide [O-1689], 7-[(6a”,10a/)-6,6,9-trimethyl-6a,7,10,10a-
tetrahydro-6H-benzo[c]-chromen-3-yl]-N-(4-sulfamoylphenethyl)]]hept-5-ynamide
[O-1720], N-{6-[(6aR,10aR)-1-hydroxy-6,6,9-trimethyl-6a,7,10,10a-tetrahydro-6H-
benzo[c]chromen-3-yl]hex-4-yn-1-yl}ethane-sulfonamide [O-1991], N-{5-[(6aR,10aR)-1-
hydroxy-6,6,9-tri-methyl-6a,7,10,10a-tetrahydro-6H-benzo[c]chromen-3-yl]-5-
methylhexyl}ethanesulfonamide [0-2113], and 3-(6"-methane-sulfamidohex-2-yne)-A8-
tetrahydrocannabinol [O-2050]. All pyrazole and sulfonamide analogs were evaluated at
Virginia Commonwealth University. N,N’-[(methylimino)diheptane-7, 1-diyl]bis[5-(4-
chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide] [heter odimer
6b] and 5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-N-{[4-(methanesulfonamido-
methyl)cyclohexyllmethyl}-4-methyl-1H-pyrazole-3-carboxamide [13226—70] were
synthesized at RTI (Research Triangle Park, NC) and were mixed in a solution of 95%
sesame oil and 5% dimethylacetamide. Hemopressin (NIDA) was dissolved in saline and the
pH was adjusted to 7+0.5 with sodium phosphate. These three compounds were evaluated at
RTI. For feeding studies at both locations, all drugs were administered to the mice
intraperitoneally (i.p.) at a volume of 0.1 ml/10 g body weight. Pre-session injection time
was 60 min for all feeding studies. Since all in vivo effects were believed to be cannabinoid
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CB; receptor mediated, choice of test doses for each compound was based upon cannabinoid
CB1 binding affinity, although limited quantities of some of the compounds prevented
testing of higher doses. In addition, our maximum dose for the feeding experiments was 100
mg/kg due to limits of solubility for many of the compounds.

2.5. Statistical analysis

3. Results

Amount of food eaten (in g) was divided by body weight (in g) and converted to a
percentage to obtain % body weight eaten, the dependent measure for the feeding
experiments. For each dose-effect curve in the feeding study, a repeated measures analysis
of variance (ANOVA) was used to analyze this dependent measure. Tukey post-hoc tests
(a=0.05) were used to specify differences revealed by significant ANOVAs.

For the tetrad tests, rectal temperature values were expressed as the difference between
control temperature (before injection) and temperature following drug administration (A
°C). Spontaneous activity was measured as total number of photocell beam interruptions
during the entire session and was expressed percent inhibition of the control (vehicle)
group’s activity. Antinociception was calculated as percent of maximum possible effect {%
maximal possible effect=[(test—control latency)/(10—control)] x 100}. Ring immobility (or
catalepsy) was expressed as percent of time spent immobile during a 300-s session. Based
on data obtained from numerous previous studies with cannabinoids, maximal cannabinoid
effects in each procedure were estimated as follows: 90% inhibition of spontaneous activity,
100% maximum possible effect in the tail flick procedure, —6 °C change in rectal
temperature, and 60% ring immobility. ED5gs were defined as the dose at which half
maximal effect occurred. For drugs that produced one or more cannabinoid effects, ED5gs
were calculated separately using least-squares linear regression on the linear part of the
dose-effect curve for each in vivo measure, plotted against log,q transformation of the dose.

3.1. Rimonabant/pyrazole analogs

Fig. 1 shows the effects of rimonabant/pyrazole analogs with a range of cannabinoid CB;
receptor binding affinities on food intake in mice. As expected, the prototypic pyrzole
cannabinoid CB receptor antagonist rimonabant significantly decreased feeding at doses of
1 and 10 mg/kg by 47% and 41% compared to vehicle, respectively [panel A; F(4,40)=6.3,
FP<0.05]. Significant decreases in feeding were also observed with the 3-substituted pyrazole
analogs, including 56 mg/kg 0-2154 [panel B; F(5,45)=8.37, £<0.05], 30 mg/kg O-2155
[panel C; F(1,9)=21.49, P<0.05], and 30 mg/kg O-4373 [panel D; F(3,27)=14.47, P<0.05],
producing 60%, 55%, and 73% decreases compared to vehicle, respectively. In contrast,
neither 133226-70 (the other 3-substituted analog) nor heterodimer 6b (with dimer attached
at the 3 position) affected food intake at doses up to 30 mg/kg [13226-70: panel E,
F(5,45)=1.43, P>0.05; heterodimer 6b: panel F, F(5,45)=0.42, P>0.05]. 5-Substituent
pyrazole analogs showed similar diversity. Whereas 30 mg/kg O-3258 significantly
decreased feeding by 39% compared to vehicle [panel G; F(5,50)=6.45, £<0.05], O-1690
did not alter food intake at doses up to 30 mg/kg [panel H; F(5,45)=1.38, ~>0.05]. Finally,
conversion of the pyrazole core to an indazole (O-1654) also did not affect food intake at
doses up to 100 mg/kg [panel I; F(3,24)=0.5, ~>0.05] whereas its conversion to a phenyl
(0-1788) significantly decreased feeding at a dose of 56 mg/kg by 56% compared to vehicle
[panel J; F(3,27)=6.21, F<0.05].

As described above, manipulation of the substituents of the rimonabant/pyrazole template
resulted in varying effects on food intake that were not necessarily predicted by the
substituent’s position. The effects of the set of rimonabant analogs on food intake also were
not predicted by their cannabinoid CB; receptor binding affinities or by their effects in a
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battery of in vivo tests in mice (Table 1). For example, the cannabinoid CB4 receptor
binding affinities of compounds that decreased feeding at a dose of 30 mg/kg (O-2155,
0-3258, and 0-4373) ranged from 1.5 to 222 nM whereas another compound (O-1690) with
a cannabinoid CB1 receptor affinity of 2.6 nM did not affect feeding at doses up to 30 mg/
kg. Further, effects of the compounds differed in the test battery in mice. Some of the
compounds produced effects that are characteristic of cannabinoid agonists (O-2154,
0-2155, and 0-4373), including suppression of locomotor activity, antinociception,
hypothermia, and catalepsy. O-4373 was moderately potent at producing these effects, with
EDsgps ranging from 2.3 to 7 mg/kg. While limited quantities of O-2154 and O-2155
precluded testing a full dose-effect curve for these compounds, doses of 3 and 10 mg/kg,
respectively, produced at least 50% of maximal cannabinoid agonist-like activity (see
maximums in statistical analysis section) in each of the four tests. Each of these compounds
also decreased feeding at higher doses (30 or 56 mg/kg). Other compounds were inactive
when tested alone in mice (O-1690, O-1788, and heterodimer 6b) and/or blocked the
characteristic agonist effects of an active dose of A%-tetrahydrocannabinol (O-3258 and
0-1690) (Wiley et al., 2001). Notably, O-3258, one of the compounds that acted as an
antagonist in vivo, increased motor activity when administered alone and suppressed
feeding, effects that are shared by rimonabant (Wiley et al., 2005).

3.2. Sulfonamide analogs of A8-tetrahydrocannabinol

Fig. 2 shows the effects of sulfonamide analogs of A8-tetra-hydrocannabinol on food intake
in mice. In addition, the effects of the neuropeptide hemopressin are presented. The
sulfonamide analogs, O-606 and O-1689, failed to affect food intake, despite their
reasonable cannabinoid CB receptor affinity of 29 nM and 38 nM, respectively [O-606:
panel A, F(4,36)=0.23, P>0.05; O-1689: panel B, F(4,40)=1.18, ~>0.05]. In contrast,
0-1720 has poor cannabinoid CB; receptor affinity (921 nM), yet it significantly decreased
feeding by 24% at a dose of 100 mg/kg [panel C, F(3,30)=5.25, /A<0.05], as did 30 mg/kg
0-2113 and 56 mg/kg 0-1991, which resulted in 97% and 79% decrease, respectively
[0-2113: panel D, F(4,36)=21.34, /A<0.05; 0-1991: panel E, F(4,32)=5.67, /<0.05]. The
neuropeptide hemopressin did not affect food intake at doses up to 3 mg/kg [panel F,
F(4,36)=0.39, ~>0.05].

As with the rimonabant analogs, the cannabinoid CB; receptor binding affinities of the
sulfonamide cannabinoids (Table 2), did not reflect their efficacy in suppressing food intake.
For example, although four sulfonamide cannabinoids showed reasonable cannabinoid CB;
receptor binding affinities, only two compounds (0-1991 and 0O-2113) affected food intake.
These two compounds were also the only two to exhibit agonist-like in vivo effects in mice,
including suppression of locomotor activity, antinociception and hypothermia. Interestingly,
0-2050, a sulfonamide analog previously shown to decrease food intake in this procedure
(Wiley et al., 2011), did not affect responses in the in vivo test battery in mice.

4. Discussion

The primary purpose of this study was to examine the effects of analogs of rimonabant, the
prototypic cannabinoid CB4 receptor antagonist, and O-2050, a sulfonamide analog of A8-
tetrahy-drocannabinol, on feeding behavior in mice. As expected, rimonabant decreased
food intake in moderately deprived mice in the present study and in a previous study using
the same procedure (Wiley et al., 2005). These results are consistent with previous studies in
which rimonabant decreased food intake over a range of experimental conditions, including
in deprived and non-deprived rats (De Vry et al., 2004; McLaughlin et al., 2003; Rowland et
al., 2001; Verty et al., 2004), in wildtype mice (Di Marzo et al., 2001; Poncelet et al., 2003),
in lean and obese (7a/fa) Zucker rats (Vickers et al., 2003), in rats fed diets high in fat or
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carbohydrates (Verty et al., 2004), and in a diet-induced obesity model in mice (Ravinet
Trillou et al., 2004).

In the present study, substitutions at the 3, 4 and 5 positions on the pyrazole core of the
rimonabant template affected cannabinoid CB receptor affinity, nature of and potency of
activity in a tetrad of in vivo tests in mice and food intake, as did conversions of the
pyrazole to phenyl (O-1788) or indazole O-1654. O-3258, a pyrazole analog with
substitution of a 4-(5-bromopentyl)phenyl group for the 4-phenylchloro at the 5-position of
the pyrazole core, had excellent affinity for the cannabinoid CB receptor and showed a
profile that was most like that of rimonabant, including reduction of food intake, stimulation
of motor activity, and antagonism of the effects of an active dose of A®-
tetrahydrocannabinol in the tetrad tests in mice (Bass et al., 2002; Compton et al., 1996;
Wiley et al., 2005). While these effects were also shared by O-3257 [5-(4-(5-
azidopentyl)phenyl)-1-(2,4-dichlorophenyl)-4-methyl- A~ (piperidin-1-yl)-1H-pyrazole-3-
carboxamide and O-3259 1-(2,4-dichlor-ophenyl)-4-methyl-5-(4-(5-nitropentyl)phenyl)-/A-
(piperidin-1-yl)-1H-pyrazole-3-carboxamide], as shown in a previous study with the same
protocol for measuring food intake (Wiley et al., 2005), O-3258 was less potent at
decreasing food intake than would have been predicted by its cannabinoid CB receptor
affinity. Whereas doses as low as 1 mg/kg of O-3257 or O-3259 suppressed eating
previously, a dose of 30 mg/kg O-3258 was required here. Each of the former compounds is
structurally similar to O-3258, with the exception that the terminal moeity on the pentyl
group contains nitrogen (N3 and NO, for O-3257 and O-3259, respectively), and all three
have similar cannabinoid CB receptor binding affinities (K; =1.5 nM for O-3258 versus 2.2
nM and 1.2 nM for O-3257 and 0O-3259, respectively) (Wiley et al., 2005), suggesting that
ability to bind to the cannabinoid CB; receptor may not be the sole factor in determining the
propensity of this class of compounds to decrease feeding. In further support of this
hypothesis, elimination of the bromo and branching of the pentyl group (as in O-1690)
resulted in loss of the effect on feeding without change in cannabinoid CB; receptor affinity
or loss of antagonism of A®-tetrahydrocannabinol’s in vivo effects. In contrast, conversion
of the pyrazole core to an indazole (O-1654) or phenyl (O-1788) resulted in substantial loss
of cannabinoid CB1 receptor affinity, as well as loss of activity in the tetrad tests in mice,
albeit O-1788 did decrease feeding at a high (100 mg/kg) dose.

Three of the 3-substituted pyrazoles (0-2154, 0O-2155, and 0-4373) tested here also
decreased feeding at higher doses. Although differences in routes of administration (i.p. for
feeding and i.v. for tetrad) prevent absolute comparison of dose effects across procedure, it
is nonetheless likely that these decreases in food intake were related to suppression of
locomotor activity rather than to a specific anorexic effect, as all three analogs produced
agonist-like effects in the tetrad tests (including hypomobility) at doses that were 3- to 18-
fold lower. Previous work with these and similar 3-substituted pyrazoles demonstated
conclusively that the cannabinoid agonist-like effects of this class of analogs were not
cannabinoid CB receptor-mediated, despite the excellent cannabinoid CB receptor binding
affinities possessed by some (but not all) of the analogs (Wiley et al., 2012). In contrast, in a
series of pyrazole analogs with substitutions at the 3-position, Compound 31 [5-(4-
chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl- A-(1-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)-cyclopropyl)-1H-pyrazole-3-carboxamide] showed good cannabinoid CBy
receptor affinity, antagonized the hypothermic effects of WIN55,212-2, and decreased
feeding in mice following acute adminstration as well as in a mouse model of diet-induced
obesity (Sasmal et al., 2011). These results suggest that substitutions at the 3-position
produce compounds with diverse in vivo profiles that range from traditional cannabinoid
antagonist effects to pseudo-agonist effects. Some (but not all) of these compounds share
rimonabant’s appetite suppressant effects.
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Each of the 3-substituted pyrazoles described above undoubtedly reaches the brain, as
indicated by full efficacy in each of the tetrad tests following systemic administration.
However, previous research has suggested that central action may not be necessary for
anorexic action of cannabinoid CB; receptor antagonists. For example, Gomez et al. (2002)
showed that systemic, but not central, administration of rimonabant reduced food intake rats
and that destruction of the sensory neurons enervating the gut resulted in loss of
rimonabant’s effectiveness in reducing food intake. In addition, peripherally restricted
cannabinoids based upon a pyrrole template, have shown promise in reducing food intake in
nondeprived mice (LoVerme et al., 2009). In contrast, compound 13226-70, designed as a
peripherally restricted 3-substituted rimonabant analog (Fulp et al., 2011), has reasonable
cannabinoid CB; receptor affinity (K; =54.8 nM), but failed to alter food intake, as did
heterodimer 6b, a bivalent ligand composed of two identical cannabinoid CB; receptor
antagonist pharmacophores that is unlikely to cross the blood-brain barrier due to its large
topological polar surface area. Further, heterodimer 6b was also not active when tested at
doses up to 30 mg/kg (i.p.) in a test battery in mice nor did it antagonize the cannabimimetic
effects of A9tetrahydrocannabinol in these tests (present study). These results are consistent
with its failure to antagonize the antinociceptive effects of A%-tetrahydrocannabinol
previously, albeit it partially attenuated those of CP 55,940 (Zhang et al., 2010). Together,
these results suggest that these two peripherally restricted analogs would not be effective
appetite control agents when administered acutely, but are too limited in nature to be useful
in determining whether peripheral restriction of pyrazole analogs is a viable option for this
therapeutic indication.

The two sulfonamide substituted compounds, O-606 and O-1689, failed to affect food
intake, despite their reasonable cannabinoid CB; receptor affinity of 29 nM and 38 nM,
respectively. In contrast, O-1720 has poor cannabinoid CB; receptor affinity (921 nM), yet
it significantly decreased feeding at a dose of 100 mg/kg, as did 30 mg/kg O-2113 and 56
mg/kg O-1991. The latter two compounds have good affinity at the cannabinoid CB;
receptor (1.7 and 30 nM, respectively) and each produced hypomobility, antinociception and
hypothermia at EDsggs that were several-fold lower than doses that decreased feeding,
suggesting that the feeding effects were nonspecific and may have resulted from overall
suppression of activity. In addition, the fact that the sulfonamide cannabinoids did not
increase food intake at any dose distinguished this class of compounds from A°-
tetrahydrocannabinol and other cannabinoid agonists that increased appetite (Wiley et al.,
2005; Williams and Kirkham, 2002). Interestingly, O-2050, the only sulfonamide analog
that suppressed food intake at doses that did not affect locomotion, did not have agonist or
antagonist effects in the mouse pharmacological test battery even when injected centrally
(Wiley et al., 2011). While these results suggest that O-2050 may represent a promising lead
for development of an appetite suppressant, regulatory issues related to the
tetrahydrocannabinol structural template of the compound may be prohibitive in terms of
development of this motif.

Finally, in an attempt to replicate previous work showing that low doses of the neuropeptide
hemopressin decreased feeding following systemic administration and that this anorexic
effect was related to its action as an antagonist of cannabinoid CB; receptors in the brain
(Dodd et al., 2010; Heimann et al., 2007), the effects of hemopressin were evaluated in the
present feeding model. In contrast with previous findings, hemopressin did not affect
feeding. Further, hemopressin failed to displace [3H]CP55,940 from either cannabinoid CB;
or CB5, receptors (present study and H.A. Navarro, personal communication). Hence, there
remains controversy concerning hemopressin’s effects on the endocannabinoid system.

In summary, while the prototypic cannabinoid CB1 receptor antagonist rimonabant and the
sulfonamide tetrahydrocannabinol analog O-2050 reliably decrease feeding in moderately

Eur J Pharmacol. Author manuscript; available in PMC 2013 November 15.
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food-restricted mice, a series of analogs of these lead compounds were not as effective.
Further, this limited efficacy was not reliably associated with poor cannabinoid CB receptor
binding affinity, as some of the ineffective compounds showed good binding as well as
evidence of CNS activity in a test battery in mice. The pharmacological profile of the
pyrazoles was especially variable across manipulations of substituents surrounding the
pyrazole core, with some compounds producing agonist-like effects and others producing
antagonist-like effects. Together, these results emphasize the complex nature of the
pharmacological profile of analogs of cannabinoid antagonists and suggest that thorough
evaluation of their effects on non-cannabinoid CB; receptor systems will be necessary if this
class of compounds is to be developed for the treatment of obesity.
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Fig. 1.

Effects of rimonabant and pyrazole-derived cannabinoids on food intake expressed as % of
body weight. For each compound, bars represent the mean (+ S.E.M.) of data from the same
10 mice at each dose. * Indicates significant difference from vehicle control (0<0.05).
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