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Abstract

The aim of this study was to validate melanin-concentrating hormone (MCH)-1 receptor antagonism as a potential treatment of mood disorders.
We attempted to replicate the effects previously reported with SNAP-7941 and expanded the investigation to three other orally bioavailable MCH-
1 receptor antagonists with good brain penetration. SNAP-7941 (3—30 mg/kg, i.p.) and T-226296 (5—-60 mg/kg, p.0.) (+ racemate), were evaluated
in the rat forced swim and mouse tail suspension tests. (+)SNAP-7941 (3—10 mg/kg, p.o.) was also tested in a modified 5-min rat forced swim
protocol as previously reported. A-665798 (3—30 mg/kg, p.o.) and A-777903 (3—30 mg/kg, p.o.) were tested in mouse tail suspension and rat
Vogel tests. None of the compounds showed meaningful efficacy in the paradigms tested. The lack of efficacy with four structurally different
MCH-1 receptor antagonists does not support a role for therapeutic treatment of depression/anxiety via this mechanism of action.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Melanin-concentrating hormone (MCH) regulates a variety
of functions in mammalian brain, in particular, energy
homeostasis and feeding behavior. However, additional phys-
iological roles for this peptide remain unknown.

The MCH-1 receptor has been isolated from rodent and
human and bind MCH with high affinity (Saito et al., 1999).
The localization of MCH and MCH-1 receptors in the brain,
suggests a functional role in the regulation of arousal, stress
and emotion (Hervieu, 2003). However, the effect of central
administration of MCH in anxiety-related behaviors and
neuroendocrine responses associated with stress is contro-
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versial and not clearly understood (Gonzalez et al., 1996;
Kela et al., 2003; Kennedy et al., 2003; Ludwig et al., 1998;
Monzon and De Barioglio, 1999).

The aim of this study was to test the hypothesis as to
whether MCH-1 receptor antagonists might be useful for the
treatment of mood disorders. We evaluated the efficacy of
potent non-peptide MCH-1 receptor antagonists with unrelat-
ed chemical structures in well-established paradigms for the
screening of antidepressant and anxiolytic compounds. We
tested SNAP-7941, a selective and potent human (h) MCH-1
receptor antagonist (K;=15+0.11 nM), reported to have
anxiolytic, antidepressant and anorectic properties (Borowsky
et al., 2002), and extended the analysis to three other orally
bioavailable hMCH-1 receptor antagonists: T-226296
(IC50=87+14 nM) (Takekawa et al., 2002), A-665798
(IC59=2.0£0.9 nM) (Kym et al., 2005) and A-777903
(IC50=16%£7 nM) (Vasudevan et al., 2005). SNAP-7941 and
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T-226296 (+, racemate) were tested in the rat forced swim and
mouse tail suspension tests and A-665798 and A-777903 in
the mouse tail suspension and rat Vogel conflict tests. Based
on the potential relevance of MCH in stress-related behaviors
and the previous report by Borowsky et al. (2002), we also
attempted to replicate the data following the same experimen-
tal procedure and using the active enantiomer (+)SNAP-7941.

2. Materials and methods
2.1. Animals

Male Sprague Dawley rats (forced swim), male Wistar rats
(Vogel, both 250-350 g, unless otherwise specified) and male
Balb/c mice (tail suspension and locomotor activity, 20-25 g),
were purchased from Charles River Laboratories. Rats and mice
were group housed (5 and 10/cage, respectively) and main-
tained in a controlled environment on a 12:12 h light-dark
schedule with free access to food and water, unless otherwise
described. Protocols were approved by Abbott Laboratories
Institutional Animal Care and Use Committee, according to the
guidelines of the Association for the Assessment and Accred-
itation of Laboratory Animals Care (AAALAC).

2.2. Rat forced swim test

Each experiment consisted of a pre- and a test-swim.
Naive rats were placed inside cylinders containing 25 cm of
water at 23-25 °C for 15 min. After 24 h, the rats were
replaced in the cylinder for 5 min (test-swim), and the total
duration of immobility and escape behaviors was measured.
The active enantiomer (+)SNAP-7941, was tested using a
non-standard protocol where the rats (150-180 g) were
placed only once in a cylinder with 30 cm of water at 23—
25 °C for a 5 min test-swim session (no pre-swim)
(Borowsky et al., 2002). Test-swims were videotaped and
assessed for the following behaviors: immobility, climbing
and swimming (Detke et al., 1995).

2.3. Mouse tail suspension test

Following the pretreatment time, a piece of tape was
wrapped around the tail 20 mm from the tip. The mouse was
hung by the tape from a hook attached to a transducer,
which communicated information about duration of move-
ments to a computer. Immobility time was recorded for
6 min.

2.4. Vogel conflict test

Rats were water-deprived for 48 h before testing. After 24 h
of deprivation, rats were habituated to the testing chambers and
allowed to drink for 15 min, with an additional 15 min drinking
in their home cages. Water deprivation then continued for
another 24 h. On the test day, rats were placed in the chambers
with access to the water spigot for 5 min. Every 20 licks, they
received one shock of 0.5 mA, 1 s duration delivered through

the drinking tube. The number of punished responses was
recorded.

2.5. Locomotor activity

Mice were habituated to the testing room under dim lighting
for 1 h. Locomotor activity was recorded for 90 min by
individually placing the mice into activity chambers
(42 cmx42 cm % 30 cm) after the drug administration. Activity
was detected by infrared photo beam sensors and recorded as
total distance moved (cm) during 90 min.

2.6. Drugs

SNAP-7941 [methyl (4 S)-3-[(3-4-[3-(acetylamino) phenyl]-
1-piperidinyl propyl) amino] carbonyl-4-(3,4-difluorophenyl)-
6-(methoxymethyl)-2-oxo-1,2,3,4-tetrahydro-5-pyrimidinecar-
boxylate hydrochloride] (racemate and active enantiomer),
T-226296 [(£)N-[6-(dimethylamino)-methyl]-5,6,7,8-tetrahy-
dro-2-naphthalenyl]-4’—fluoro[1,1’—biphenyl]-4-carboxamide]
(racemate), A-665798 [4-(1-Benzo[1,3]dioxol-5-ylmethyl-piperi-
din-4-ylamino)-6-chloro-chromen-2-one] (designated as com-
pound 7 in Kym et al,, 2005) and A-777903 [(1-Benzo[l,3]
dioxol-5-ylmethyl-piperidin-4-yl)-(5-chloro-1H-indazol-3-yl)-
amine] (designated as compound 19 in Vasudevan et al., 2005),
were synthesized at Abbott Laboratories. (+£)SNAP-7941 was
solubilized in 1% dimethylsulfoxide in water with methanesul-
fonic acid 1 N, pH=4.5-5.5 and (+)SNAP-7941 in lactic acid
solution, pH=5-6. T-226269 was suspended in 0.5% methyl-
cellulose in water. A-665798 and A-777903 were suspended in
1% Tween 80 in water. Imipramine and chlordiazepoxide
hydrochloride (Sigma, St. Louis, MO, USA) were dissolved in
water.

2.7. Experimental procedure

(+)SNAP-7941 was administered i.p. 24, 5 and 0.5 h
before the test-swim session (1 ml/kg), with the first
administration 15 min after the pre-swim session. For the
tail suspension test, (+)SNAP-7941 was administered 0.5 h
before the test (10 ml/kg). Doses of (x)SNAP-7941 in both
models were 3, 10 and 30 mg/kg. (+)SNAP-7941 was tested
in the rat forced swim test as described by Borowsky et al.,
2002, being administered acutely at 3 and 10 mg/kg, p.o.
(1 ml/kg), 1 h before the 5 min test-swim session.

T-226296 was administered p.o., 24, 5 and 1 h before the
forced swim (5 ml/kg) and 1 h before the tail suspension
(10 ml/kg). Doses of T-226296 were 20, 40 and 60 mg/kg for
the rat forced swim test and 5, 10, 15, 20, 40 and 60 mg/kg for
the tail suspension test. A-665798 and A-777903 were
administered p.o., 1 h before Vogel and 45 min before the
tail suspension at 3, 10 and 30 mg/kg (1 ml/kg for Vogel and
10 ml/kg for tail suspension). T-226296 and A-777903 were
tested in locomotor activity to better understand the results in
tail suspension. Route of administration and pre-treatment
times were selected in accordance with pharmacokinetic data
obtained in house, showing acceptable plasma and brain
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Fig. 1. Effects of (+)SNAP-7941 on A) mouse tail suspension and B) rat forced swim test; effects of (+)SNAP-7941 on C) rat forced swim test; and effects of T-226296
on D) mouse tail suspension and E) rat forced swim test. Graphs represent mean+S.E.M. *P<0.05, **P<0.01 and ***P<0.001 compared to vehicle (Fisher test).

IMI=imipramine.

concentrations at the time of testing. Doses of the compounds
were selected according to demonstrated efficacy in previous
in vivo experiments (Borowsky et al., 2002; Kym et al., 2005;
Vasudevan et al., 2005).

Each experimental group was n=9-10, except for (+)SNAP-
7941 in rat forced swim (n=12-13), T-226296 in tail
suspension (n=10-22) and A-777903 in Vogel test (n=38).
Positive control compounds were tested in parallel. Animals
were used only once in a single experiment.

2.8. Statistical analyses

Data were analyzed using a one-way analysis of variance
(ANOVA) for treatment groups including the data for the
reference compound. When the ANOVA revealed a significant
effect, post hoc analysis for individual group comparisons
(Fisher PLSD test) followed the overall ANOVA. Data are
expressed as the mean+S.E.M. Significance was defined at
least as P<0.05.

3. Results

3.1. Effect of SNAP-7941 and T-226296 on the mouse tail
suspension test and the rat forced swim test

(+)SNAP-7941 did not show antidepressant-like properties
at the doses tested in either of the two animal models used:
tail suspension test and rat forced swim test. The reference

compound imipramine, but not (+)SNAP-7941, induced a
significant decrease in immobility in the tail suspension
[(ANOVA F, 45=13.177, P<0.001) (P<0.001 Fisher test)]
(Fig. 1A).

Data for the forced swim test indicated that imipramine
elicited a significant effect decreasing immobility [(ANOVA Fj,
42=3.483, P<0.05) (P<0.01 Fisher test)], and increasing
climbing [(ANOVA F, 4,=15.287, P<0.001) (P<0.001 Fisher
test)]. (£)SNAP-7941 failed to induce a significant effect in the
rat forced swim test (Fig. 1B). The active enantiomer (+)SNAP-
7941, did not show antidepressant-like efficacy in the rat
forced swim test when administered acutely 1 h before the 5-
min swim session. ANOVA revealed a non-significant
treatment effect for immobility (£,34=0.233, n.s.), climbing
(£234=0.5468, n.s.) and swimming (F,34=1.131, ns.)
(Fig. 10).

T-226296 did not show antidepressant-like activity in the
tail suspension test. ANOVA revealed a significant treatment
effect for immobility (£, 193=13.747, P<0.001) that was
related with the efficacy of imipramine (P<0.05). Moreover,
doses of 20, 40 and 60 mg/kg of T-226296 induced a
significant increase in immobility time, the opposite effect
than that expected for an antidepressant-like profile (Fig. 1D).

ANOVA for the forced swim test with T-226296 indicated
a significant treatment effect for immobility (Fy 45=3.567,
P<0.05), climbing (Fy4 45=5.330, P<0.01), and swimming
(Fa, 45=7.453, P<0.001). T-226296 at the highest dose of
60 mg/kg induced a significant decrease in immobility (P<0.01)
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and an increase in swimming time (P<0.001). As expected,
imipramine decreased immobility (P<0.05), and increased
climbing (P<0.01) (Fig. 1E).

3.2. Effect of A-665798 and A-777903 on the mouse tail
suspension test and Vogel conflict test in rat

A-665798 and A-777903 did not show antidepressant- or
anxiolytic-like effects in the tail suspension test and Vogel test.

ANOVA for A-665798 in the tail suspension revealed a
significant treatment effect for immobility (F4 44=6.455,
P<0.001), related with the antidepressant-like effect of
imipramine (P<0.01, Fisher test). No significant effect was
elicited by A-665798 (Fig. 2A).

None of the doses of A-665798 showed anxiolytic-like
activity in Vogel test. ANOVA revealed a significant treatment
effect for the number of punished responses (F4, 4,=10.015,
P<0.001), which was associated with the efficacy of chlordi-
azepoxide (P<0.001) (Fig. 2B).

ANOVA for A-777903 in the tail suspension test revealed
a significant effect for immobility (Fy4, 44=24.116, P<0.001).
Imipramine, but not A-777903, decreased immobility time
thereby demonstrating an antidepressant-like effect (P<0.01).
The highest dose of A-777903, 30 mg/kg, elicited a robust
increase in immobility, a pattern opposite to an antidepres-
sant profile, which may be reflective of changes in activity
(Fig. 2C).

ANOVA for Vogel test, revealed a significant treatment
effect for the number of punished responses (£ 3,=3.306,
P<0.05), associated with the anxiolytic-like activity of
chlordiazepoxide (P<0.001), but not A-777903 (Fig. 2D).
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3.3. Effect of T-226296 and A-777903 on locomotor activity in
mice

T-226296 and A-777903 decreased spontaneous locomotor
activity in mice at most of the doses tested (Fs, s4=14.167,
P<0.001 for T-226296 and F; ;,=13.75, P<0.001 for A-
777903). Fisher post hoc revealed a decrease in distance
moved at 5 mg/kg (P<0.01), 10, 20, 40 and 60 mg/kg of T-
226296 (P<0.001), as well as at 10 and 30 mg/kg of A-
777903 (P<0.05 and P<0.001, respectively). Spontaneous
locomotor activity supports the data from tail suspension test
showing higher immobility time in the model (data not
shown).

4. Discussion

In the present study we attempted to validate the efficacy of
MCH-1 receptor antagonists for the potential treatment of
affective disorders as proposed by a previous report (Borowsky
et al., 2002). Our study was not able to demonstrate efficacy for
SNAP-7941 in two models of depression: mouse tail suspension
test and rat forced swim test. These findings led us to study other
MCH-1 receptor antagonists with diverse chemical structures. T-
226296 was tested in the mouse tail suspension and the rat forced
swim tests, and two novel MCH-1 receptor antagonists, A-
665798 and A-777903 (Kym et al., 2005; Vasudevan et al.,
2005), were evaluated in the mouse tail suspension and the Vogel
tests. None of the compounds showed efficacy in animal models
of depression and/or anxiety.

SNAP-7941 has been reported as having efficacy in
models of antidepressant and anxiolytic activity. Borowsky
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Fig. 2. Effects of A-665798 on A) mouse tail suspension and B) Vogel conflict test; and effects of A-777903 on C) mouse tail suspension and D) Vogel conflict test.
Graphs represent mean=+S.E.M. **p<0.01 and ***P<0.001 compared to vehicle treated rats (Fisher test). CDP=chlordiazepoxide.
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et al. (2002) tested the compound in only one model of
depression, the rat forced swim test, using a different
procedure than the standard protocol involving a pre-swim
session followed 24 h later by a 5 min swim session, between
which the compound is usually administered 3 times in a 24 h
period (Detke et al., 1995; Porsolt et al., 1978). Their
modified version included a single 5 min swim session after a
single drug administration. Due to the differences in the
methodology as well as the possible impact of using the
racemate of SNAP-7941 instead of the active enantiomer, we
did an additional study following exactly the experimental
procedure described in Borowsky publication. The active
enantiomer of SNAP-7941 did not show antidepressant-like
efficacy in the rat forced swim when administered acutely
before a single swim session. It has been proposed that
exposure to the pre-swim session will elicit altered behavior
in response to subsequent stressors (swim session), such as a
more rapid adoption of the immobility posture and for a
longer period than that seen in naive animals, suggestive of a
“depressive-like state”. If animals have not been exposed to
the pre-swim session, it becomes more likely that lower
immobility times observed in those animals could be related
to changes in spontaneous activity induced by the drug, rather
than a specific antidepressant effect.

T-226296 showed efficacy in blocking the increase in food
intake induced by MCH (Takekawa et al., 2002). T-226296 did
not produce antidepressant-like activity in the tail suspension
test. In addition, the compound elicited a significant increase in
immobility, probably due to reduction of spontaneous activity
as demonstrated in the mouse locomotor activity study. T-
226296 showed no efficacy in the rat forced swim test at doses
of 20 and 40 mg/kg. The highest dose of 60 mg/kg induced a
reduction in immobility, an effect that could be due to the
activity of the compound on other receptors. A receptor
profiling study at CEREP revealed that T-226296 at 10 pM
(n=2), produced a 98% inhibition of ligand binding to
muscarinic receptors and to a lesser extent to serotoninergic
and alpha-adrenergic receptors (unpublished data). Binding to
muscarinic receptors could be implicated in this effect since
tricyclic antidepressants are potent muscarinic antagonists and
antimuscarinic agents show antidepressant-like activity in this
test (Mancinelli et al., 1988).

It has been reported that intracerebral administration of an
MCH-1 receptor antagonist to rats produces antidepressant-like
effects in the forced swim test, similar to the behavioral profile
observed in mice with a deletion in the MCH gene (Georgescu
et al., 2005). Differences between the cited paper and our results
could be explained by possible differences in effective
concentrations of the compounds in specific areas of the brain
following intracerebral or systemic administration. Another
report indicated that MCH-1 receptor knockout mice are
hyperactive when evaluated in their home-cages, making it
difficult to conclude about a particular behavioral and/or
antidepressant-like phenotype (Marsh et al., 2002). Null
mutations of particular receptors have been developed to
generate a genetic model for the phenotype of the receptor
antagonist. Nevertheless, pharmacological antagonists not

always induce the same effects observed in knockout mice
phenotype, since developmental and plastic changes might be
present to compensate for the mutation of a gene.

Chaki et al. 2005, have described anxiolytic- and antidepres-
sant-like effects for two hMCH-1 receptor antagonists ATC0065
and ATCO0175, however these compounds also behave as h5-
HT,p receptor antagonists and 5-HT 5 receptor partial agonists,
making difficult the differentiation of the involvement of MCH-
1 receptor antagonism versus the involvement of 5-HT receptor
activity in the behavioral effects of these compounds.

The compounds in the current study have adequate
bioavailability and show good plasma and brain levels after
systematic administration. In addition, they all decreased body
weight and food intake in diet-induced obese mice, in agreement
with the proposed role of MCH in feeding behavior (Kym et al.,
2005; Vasudevan et al., 2005). Thus, pharmacokinetic properties
or brain penetrability are not likely sources for the lack of
efficacy of these compounds in the present study (data not
shown).

The effect of central administration of MCH in anxiety-
related behaviors is unclear. MCH induces anxiogenic-like
effects (Gonzalez et al., 1996), as well as anxiolytic-like effects
(Kela et al., 2003; Monzon and De Barioglio, 1999). The role of
MCH modulating neuroendocrine responses associated with
stress is also controversial, since there is evidence for both
stimulatory and inhibitory action on the hypothalamic—
pituitary—adrenal axis (Kennedy et al., 2003; Ludwig et al.,
1998). Thus, the idea that MCH may have opposite actions in
the neuroendocrine system and in stress-mediated behaviors
requires further investigation.

In summary, in the present study we have not been able to
demonstrate activity of SNAP-7941 and three additional,
structurally distinct, non-peptide MCH-1 receptor antagonists
in animal models of depression/anxiety. This suggests that the
lack of efficacy is not related to the structure-activity mechanism
of these compounds. Finally, our current findings do not support
arole for MCH-1 receptor antagonists as a potential therapeutic
treatment for depression and/or anxiety disorders.
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