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Abstract: To investigate the anorectic potential of NPY5
receptor antagonists, we have profiled the in vitro and in vivo
properties of 3-{2-[6-(2-tert-butoxyethoxy)pyridin-3-yl]-1H-imi-
dazol-4-yl}benzonitrile hydrochloride salt (1). This compound
was found to have excellent NPY5 receptor affinity and
selectivity, potent functional antagonism, and good peripheral
and central nervous system exposure in rats. This compound
attenuated bovine pancreatic polypeptide induced food intake
in rats but failed to demonstrate anorectic activity in rodent
natural feeding models.

Introduction. Neuropeptide Y (NPY) is a 36 amino
acid peptide with broad distribution within the central
nervous system (CNS). On the basis of the potent
orexigenic effects of NPY in vivo, many researchers have
investigated the utility of NPY antagonists as potential
anorectic agents. The pharmacological activity of NPY
is mediated by at least six receptor subtypes: Y1-Y5
and y6 (in mouse and rabbit, a pseudogene in humans).
Two of these NPY receptor subtypes, NPY1 and NPY5,
have been implicated in mediating the orexigenic effects
of NPY. Evidence supporting the role of the NPY5
receptor subtype in regulating food intake and body
weight includes the finding that the orexigenic effects
of peptide analogues of NPY correlate with affinity for
the NPY5 receptor,1 the anatomical location and physi-
ological regulation of NPY5 receptors in areas of the
CNS relevant to feeding,2 and the determination that
NPY5 antisense oligodeoxynulceotides have anorectic
effects in rodents.3 In addition, a number of papers have
been published claiming anorectic effects with NPY5
receptor antagonists.4 However, the relative importance
and physiological roles of NPY1 and NPY5 receptors in
mediating feeding behavior are still not fully defined,5
and differences have been observed in the anorectic
effects of NPY5 receptor antagonists on food intake
induced by exogenous NPY5 agonists versus the effect
observed in natural feeding models (vide infra).

We originally identified a series of 2,4-diarylimida-
zoles6 as NPY5 antagonists from a high-throughput
screen and subsequently optimized the in vitro potency
and PK properties of this series. We now report on our
in vitro and in vivo findings with a key compound in
this series, 3-{2-[6-(2-tert-butoxyethoxy)pyridin-3-yl]-
1H-imidazol-4-yl}benzonitrile hydrochloride salt (1).7

Chemistry. Compound 1 was synthesized as outlined
in Scheme 1. Condensation of the anion of 2-tert-
butoxyethanol, generated using lithium bistrimethylsi-
lylamide as the base, with 6-chloronicotinonitrile af-
forded the 2-alkoxy-5-cyanopyridine 2 in 87% yield.
Construction of the imidazole ring of 1 relied on the
condensation of the amidine, generated from the nitrile
moiety of 2, with an R-bromo ketone.

To circumvent difficulties in isolating and purifying
the polar and often water-soluble amidines, we devel-
oped a convenient one-pot method to convert aryl- and
heteroarylnitriles to amidines in situ, followed by
further condensation with an R-bromoketone to obtain
the corresponding aryl- or heteroarylimidazole. By use
of this methodology, treatment of 2 with lithium bist-
rimethylsilylamide followed by addition of 3-bromoacetyl-
benzonitrile and conversion to the HCl salt afforded
imidazole 1 in 23% yield from 2.

Results and Discussion. As shown in Table 1,
compound 1 has high affinity for the human and rat
NPY5 receptors (human Ki ) 1.2 nM; rat Ki ) 1.7 nM)
and low affinity (IC50 . 1 µM) for the NPY1 and NPY2
receptors. Compound 1 also potently antagonized NPY-
induced Ca2+ mobilization in a stably transfected mela-
noma cell line expressing the human NPY5 receptor.
In addition, compound 1 did not have any significant
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Scheme 1a

a Reagents: (i) lithium bistrimethylsilyamide/THF; (ii) H2O/
NaHCO3/K2CO3, then 3-bromoacetylbenzonitrile; (iii) HCl.

Table 1. In Vitro Potency of Compound 1 at NPY Receptors

rat NPY5,
Ki,a,e nM

hu NPY5
Ki,b,e nM

NPY1
IC50,c,e µM

NPY2
IC50,c,e µM

NPY5 Ca2+ mobil.
IC50,d,e nM

1.7 ( 0.3
(n ) 4)

1.2 ( 0.4
(n ) 4)

.1
(n ) 1)

.1
(n ) 1)

0.4 ( 0.3
(n ) 2)

a [125I][Leu31,Pro34]PYY binding in the whole rat brain in the
presence of 1 µM BIBP3226 to block the NPY-1 receptors. b Cloned
human chimeric receptors, using [125I]PYY as the radioligand.
c Cerep data (Cerep, Paris, France; values are from one experi-
ment, performed in duplicate). d Ca2+ mobilization in NPY5 trans-
fected human Bowes melanoma (HMCB) cell line. e All values are
mean values ( SEM.
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activity at over 50 receptors, ion channels, and trans-
porters (,50% inhibition at 1 µM).

To assess the exposure of compound 1 in rat, we
performed a time-course study of plasma, whole brain,
and cerebrospinal fluid (CSF) levels at a dose of 30 mg/
kg, po. This study showed that 1 was well exposed in
both the periphery and CNS (Table 2). The Tmax for
plasma, CSF, and brain occurs at 30 min, and the Cmax
was 4.42, 0.213, and 8.55 µM, respectively. Even after
6-8 h, significant levels of compound 1 in the plasma,
brain, and CSF were observed. The essentially parallel
time courses of exposure among plasma, brain, and CSF
suggest that rapid equilibrium is achieved with the
CNS. In vitro equilibrium dialysis studies indicate that
compound 1 has unbound fractions of 0.013 ( 0.001 and
0.006 ( 0.0006 in rat plasma and brain tissue, respec-
tively (n ) 6). The ratio of unbound plasma to brain
fractions (2.2) from the in vitro dialysis is entirely
consistent with the brain-to-plasma ratio at tmax (e.g.,
1.9 at 30 min). This concordance also indicates that
compound 1 efficiently penetrates the brain such that
equivalent free plasma and brain concentrations are
achieved within the first 30 min after dose.8 Overall,
these studies demonstrate that 1 has sufficient oral
exposure (peripheral and central) to be an excellent in
vivo probe for investigating NPY5 mediated feeding
effects in the rat.

Our initial objective was to verify that compound 1
could block the orexigenic effects of a selective NPY5
agonist. We performed a study in which male Sprague-
Dawley (SD) rats were dosed orally (30 mg/kg) with
compound 1, and after 1 h, animals were treated with
either the NPY5-selective agonist bovine pancreatic
polypeptide9 (bPP, 5 µg ICV (intracerebral ventricularly)
or artificial CSF. Two hours later, food intake was
measured. As shown in Figure 1, compound 1 produced
a 53% percent inhibition of bPP-induced food intake.

We next explored the effect of 1 in a study measuring
rat food intake for a 3 h period following 24 h of food
deprivation. At a dose of 40 mg/kg, 1 produced no
significant changes in food consumption in SD rats (see
Figure 2). Compound 1 also did not cause any significant

changes in spontaneous locomotor activity (data not
shown), suggesting that the compound does not cause
any overt behavioral effects. In a separate experiment
designed to evaluate potential thermogenic effects of a
selective NPY5 antagonist, 1 was found to cause no
significant changes in oxygen consumption or respira-
tory quotient in male SD rats when dosed at 30 mg/kg,
po (data not shown).

Table 2. Time-Course Study of Plasma, Whole Brain, and CSF
Exposure of Compound 1 in Male Wistar Ratsa

Cmax (µM) tmax (h) t1/2 (h)

plasma 4.42 0.5 1.1
brain 8.55 0.5 1.1
CSF 0.213 0.5 1.6

a Male Wistar rats (implanted with a jugular vein cannula) were
allowed free access to water and food. The oral dose of compound
1 (30 mg/kg, po, dosed in 30% w/v â-cyclodextrin) was administered
via oral gavage. Data represent one animal at each time point.

Figure 1. Effects of compound 1 (30 mg/kg, po, dosed in 0.5%
aqueous methyl cellulose, dosed 1 h before bPP treatment) on
bPP-elicited feeding (5 µg, icv) in male Sprague-Dawley rats.
Values represent food intake after 2 h. (/) P e 0.05 for
comparisons against vehicle group unless otherwise noted. All
values are mean values ( SEM (n ) 6).

Figure 2. Feeding effects of compound 1 (40 mg/kg, po, dosed
in 0.5% aqueous methyl cellulose) in Sprague-Dawley rats
following 24 h of food deprivation. Food intake was measured
following a 3-h test session. All values are mean values ( SEM
(n ) 8).

Figure 3. Effect of compound 1 (30 mg/kg, po, dosed in 30%
w/v â-cyclodextrin) on spontaneous food intake in Wistar rats
habituated to powdered chow. All values are mean values (
SEM (n ) 5).
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Compound 1 was further evaluated for anorectic
effects in a natural feeding model using a continuous
monitoring food intake system in which cumulative food
intake was measured every 10 min throughout the dark
phase. This system allows for a detailed analysis of
feeding behavior throughout the night. As shown in
Figure 3, compound 1, at a dose of 30 mg/kg, po, failed
to show any inhibition of spontaneous feeding.

Thus, we have found 1 to be a potent and selective
NPY5 antagonist with good peripheral and central
exposure in rats when dosed at 30 mg/kg, po. Compound
1 blocks bPP-induced feeding in the rat, demonstrating
that this compound can antagonize a central NPY5-
mediated effect in vivo. This result is consistent with
the potency and CNS exposure of this compound, since
CSF levels of 1 were >100 above the rat binding IC50
value. Thus, the question remains why 1 failed to
demonstrate anorectic effects in the natural feeding
models.

The demonstration that NPY5 antagonists have an-
orectic activity via NPY5 receptor blockade in natural
feeding models is a key and obligatory criterion in
establishing a physiological role for the NPY5 receptor
in feeding. The early publications reporting NPY5
antagonists with anorectic activity added weight to the
concept that the NPY5 receptor was the “feeding recep-
tor”. However, in some cases, the specificity of the
anorectic effects has since been questioned, 10-12 and
in other cases, the specificity of the anorectic action is
not clearly determined. In addition, two recent publica-
tions9,13 have reported findings similar to our own, i.e.,
that potent and selective NPY5 antagonists with good
peripheral and CNS penetration block selective NPY5
receptor agonist induced feeding but have no effect in
natural feeding models in rodents. That these findings
hold true over a number of structurally distinct chemical
series provides persuasive evidence that NPY5 receptor
blockade does not produce anorexia in rodents under
normal physiological conditions.

Thus, the physiological role of the NPY5 receptor
remains unclear. It has been reported that NPY-induced
food intake was significantly reduced in the NPY1
receptor knockout mouse but not significantly reduced
in the NPY5 receptor knockout mouse.14 Also, NPY5
receptor-null ob/ob mice, unlike the NPY-deficient mice,
are equally obese compared to the ob/ob mice.15 These
collective findings using genetically modified rodents
would suggest that endogenous NPY modulates feeding
primarily, or at least to a large degree, through the
NPY1 receptor. Recent publications16,17 demonstrating
that very selective and potent NPY1 antagonists blocks
NPY-induced feeding and have anorectic effects in
natural feeding models support this idea.

In summary, we have developed a potent and selective
NPY5 antagonist that can block NPY-5 agonist induced
feeding but has no anorectic effects at doses of 30-40
mg/kg, po, in natural feeding models. Further studies
will be needed to fully understand the role NPY and its
various receptors play in regulating food intake in
animals and how the NPY-ergic system is integrated
with other orexigenic and anorectic systems to control
ingestive behavior and energy homeostasis. Compound
1 should be a useful tool to further probe the function
of the NPY5 receptor.
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