0026-895X/01/5903-501-505$3.00
MOLECULAR PHARMACOLOGY

Copyright © 2001 The American Society for Pharmacology and Experimental Therapeutics

Mol Pharmacol 59:501-505, 2001

Vol. 59, No. 3
469/883035
Printed in U.S.A.

A Typical Y1 Receptor Regulates Feeding Behaviors: Effects of
a Potent and Selective Y1 Antagonist, J-115814

AKIO KANATANI, MIKIKO HATA, SATOSHI MASHIKO, AKANE ISHIHARA, OSAMU OKAMOTO, YUJI HAGA,
TOMOYUKI OHE, TETSUYA KANNO, NAOMI MURAI, YASUYUKI ISHII, TAKAHIRO FUKURODA, TAKEHIRO FUKAMI, and

MASAKI IHARA

Tsukuba Research Institute, Banyu Pharmaceutical Co., Ltd., Tsukuba, Japan

Received August 7, 2000; accepted November 9, 2000

This paper is available online at http://molpharm.aspetjournals.org

ABSTRACT

Neuropeptide Y (NPY) is a potent feeding stimulant. The orexi-
genic effect of NPY might be caused in part by the action of Y1
receptors. However, the existence of multiple NPY receptors
including a possible novel feeding receptor has made it difficult
to determine the relative importance of the Y1 receptor in
feeding regulation. Herein we certified that the Y1 receptor is a
major feeding receptor of NPY by using the potent and selec-
tive Y1 antagonist (—)-2-[1-(3-chloro-5-isopropyloxycarbon-
ylaminophenyl)ethylamino]-6-[2-(5-ethyl-4-methyl-1,3-thiazol-

2-yl)ethyl]-4-morpholinopyridine (J-115814) and Y1 receptor-
deficient (Y1—/—) mice. J-115814 displaced '?°I-peptide YY
binding to cell membranes expressing cloned human, rat, and
murine Y, receptors with K; values of 1.4, 1.8, and 1.9 nM,
respectively, and inhibited NPY (10 nM)-induced increases in
intracellular calcium levels via human Y1 receptors (IC5, = 6.8

nM). In contrast, J-115814 showed low affinities for human Y2
(K; > 10 uM), Y4 (K; = 640 nM) and Y5 receptors (K; = 6000
nM). Intracerebroventricular (ICV) (10-100 wg) and intravenous
(IV) (0.3-30 mg/kg) administration of J-115814 significantly and
dose-dependently suppressed feeding induced by ICV NPY (5
nQ) in satiated Sprague-Dawley rats. Intraperitoneal (IP) admin-
istration of J-115814 (3-30 mg/kg) significantly attenuated
spontaneous feeding in db/db and C57BL6 mice. Feeding in-
duced by ICV NPY (5 pg) was unaffected by IP-injected
J-115814 (30 mg/kg) in Y1—/— mice and was suppressed in
wild-type and Y5—/— mice. These findings clearly suggest that
J-115814 inhibits feeding behaviors through the inhibition of
the typical Y1 receptor. We conclude that the Y1 receptor plays
a key role in regulating food intake.

Neuropeptide Y (NPY), a linear, 36-amino-acid peptide
that belongs to a peptide family that also includes peptide YY
(PYY) and pancreatic polypeptide (PP), is a potent feeding
stimulant in the central nervous system (Tatemoto and Mutt,
1980; Tatemoto et al., 1982; Clark et al., 1984; Stanley and
Leibowitz, 1984). Chronic administration of NPY into the
brain results in hyperphagia and body weight gain (Stanley
et al., 1986; Zarjevski et al., 1993). Concentrations of NPY
and its mRNA in the hypothalamus are markedly increased
during food deprivation and in genetically obese rodents
(Guan et al., 1998; Kalra et al., 1991; Kesterson et al., 1997;
Sanacora et al., 1990; White et al., 1990). In addition, NPY-
deficient 0b/0b mice are less obese than 0b/0b mice and show
a reduction in food intake (Erickson et al., 1996). From these
data, it has been inferred that NPY is a major regulator of
energy balance.

The presence of at least six distinct subtypes of NPY re-
ceptors has been described, and five of them (Y1, Y2, Y4, Y5,
and Y6) have been cloned (Blomqvist and Herzog, 1997).
Recent investigation showed that NPY-mediated feeding

might be regulated by multiple subtypes of NPY receptors
(Marsh et al., 1998; Pedrazzini et al., 1998; Inui, 1999; Ka-
natani et al., 2000b;). Of the subtypes, the Y1 receptor is
considered to be a major feeding receptor because structur-
ally diverse Y1 antagonists suppressed feeding behaviors
(Daniels et al., 1995; Kanatani et al., 1996, 1998, 1999; Hips-
kind et al., 1997; Ishihara et al., 1998; Wieland et al., 1998).
However, the possible existence of a novel subtype of feeding
receptor has been reported (Kanatani et al., 2000b; O’Shea et
al., 1997), which has made it more difficult to correctly ad-
dress the role of the Y1 receptor in feeding regulation.

The participation of the Y1 receptor in ingestive behaviors
is also supported by findings in Y1 deficient (Y1—/—) mice
because exogenous NPY- and fasting-induced feeding is sig-
nificantly suppressed in Y1—/— mice (Pedrazzini et al., 1998;
Kanatani et al., 2000b). However, genetic deficiency of the Y1
receptor causes complete inactivation of the Y1 signals. Be-
cause the feeding paradigm is essential to life, compensation
by other systems presumably occurs. Thus, it might be diffi-
cult to predict the precise physiological role of the Y1 receptor

ABBREVIATIONS: NPY, neuropeptide tyrosine; PYY, peptide tyrosine-tyrosine; PP, pancreatic polypeptide; BSA, bovine serum albumin; CHO,
Chinese hamster ovary; FBS, fetal bovine serum; SD, Sprague-Dawley; ANOVA, analysis of variance; IP, intraperitoneal; ICV, intracerebroven-
tricular; 1V, intravenous; PG, propylene glycol; PEG, polyethylene glycol.
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in feeding regulation in Y1—/— mice. By using receptor se-
lective antagonists proved in knockout mice, a clearer under-
standing of the role of the Y1 receptor will emerge.

In this study, we show that J-115814 is a potent and
selective antagonist for the Y1 receptor in vitro and prove the
actual specificity of J-115814 in Y1 deficient mice. Using this
highly selective Y1 antagonist, we investigate the role of the
Y1 receptor in physiological feeding regulation.

Experimental Procedures

Materials

NPY was purchased from Peptide Institute (Osaka, Japan). PYY
and PP were from Sigma (St. Louis, MO). '2°I-PYY and '?°I-PP were
obtained from New England Nuclear-DuPont (Boston, MA). The
culture reagents and bovine serum albumin (BSA) were from Life
Technologies (Grand Island, NY). All other chemicals were of
analytical grade. J-115814 [(—)-2-[1-(3-chloro-5-isopropyloxycarbon-
ylaminophenyl)ethylamino]-6-[2-(5-ethyl-4-methyl-1,3-thiazol-2-yl)
ethyl]-4-morpholinopyridine] was synthesized by Banyu Pharmaceu-
tical Co., Ltd. (Fig. 1).

Cell Culture. CHO-K1 cells expressing recombinant human Y1,
Y2, and Y4 receptors were grown in Iscove’s modified Dulbecco’s
medium supplemented with 10% fetal bovine serum (FBS), penicil-
lin-G (100 IU/ml), streptomycin (100 pg/ml), and G418 (1 mg/ml).
LMtk™ cells expressing recombinant human Y5 receptors were
grown in Dulbecco’s modified Eagle’s medium (high glucose) with
10% FBS, penicillin-G (100 IU/ml), streptomycin (100 wg/ml), and
G418 (0.8 mg/ml). COS-7 cells transiently expressing recombinant
rat and murine Y1 receptors and human embryonic kidney 293T
cells expressing murine y6 receptors were grown in Dulbecco’s mod-
ified Eagle’s medium supplemented with 10% FBS, penicillin-G (100
IU/ml), and streptomycin (100 pg/ml). All cells were grown in a 95%
air/5% CO, humidified atmosphere at 37°C.

Binding Experiments

Cells were washed with 50 mM HEPES buffer, pH 7.4, containing
20% sucrose, homogenized and centrifuged at 1000g for 15 min. The
supernatant was centrifuged at 100,000g for 45 min. The pellets
were resuspended in 5 mM HEPES buffer, pH 7.4, and centrifuged
again. The membrane fraction was resuspended by a homogenizer in
the same buffer and used for this study.

Binding of ?*’I-PYY and '?°I-PP to membrane preparations was
performed in 0.2 ml of 25 mM Tris buffer, pH 7.4, containing 10 mM
MgCl,, 1 mM phenylmethylsulfonyl fluoride, 0.1% bacitracin, and
0.5% BSA. The membranes (100-300 pg/ml) were incubated at 25°C
for 120 min with 2°I-PYY (25 pM) and '?°I-PP (25 pM), respectively.
Bound and free peptides were separated by filtration using a GF/C
glass filter (Whatman Japan, Tokyo, Japan) presoaked with 0.3%
polyethylenimine. The remaining radioactivity on the filter was
quantified using a TopCount (Packard Japan, Tokyo, Japan). Spe-
cific binding of '*’I-PYY and '?°I-PP was defined as the difference
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Fig. 1. Structure of J-115814.

between total binding and nonspecific binding in the presence of 1
M PYY and PP, respectively. Binding affinities are the average of
more than three determinations.

Measurement of Intracellular Calcium lon Concentrations

[Ca%*]; was measured fluorometrically using a Ca®*-sensitive flu-
orescent dye, Fura-2. Cells expressing human NPY receptors were
harvested using 0.25% trypsin and 0.02% EDTA. The cells (1.0 X 107
cells) were washed once with Krebs-Henseleit HEPES buffer con-
taining 0.1% BSA, pH 7.4, suspended in 1 ml of the buffer, and
incubated with 2 uM fura-2 acetoxymethylester at 37°C for 60 min.
The fura-2-loaded cells were washed with the buffer and resus-
pended in 10 ml of the buffer. In a cuvette, 0.5 ml of the resultant
suspension was stirred continuously at 37°C during the measure-
ment. J-115814 or dimethyl sulfoxide was added 5 min before the
addition of NPY and the related ligands, and fluorescent intensity at
an emission wavelength of 500 nm and excitation wavelengths of 340
and 380 nm were monitored with a CAF-110 intracellular ion ana-
lyzer (JASCO, Tokyo, Japan). [Ca®?"]; values were calculated accord-
ing to the method reported previously (Grynkiewicz et al., 1985).

In Vivo Experimental Protocols

Male Sprague-Dawley (SD) rats (7-8 weeks) and male db/db mice
(10-12 wks) were purchased from Charles River Japan (Tokyo, Ja-
pan). C57BL6 mice were from CLEA (Tokyo, Japan). Male Y1—/—,
Y5—/—, and wild-type mice (10-12 weeks) were generated as re-
ported previously (Kanatani et al., 2000b). They were housed in
individual cages under controlled temperature (23 = 2°C), humidity
(65 £ 15%), and light/dark cycle (light, 7:00 AM-7:00 PM). Water
and food pellets (CE-2; CLEA, Tokyo, Japan) were available ad
libitum.

All experimental procedures followed the Japanese Pharmacolog-
ical Society Guideline for Animal Use. Results are given as means =
SE. Statistical analysis was performed using ANOVA followed by
Bonferroni test.

Anorexigenic Effects of J-115814 in Rats. SD rats were anes-
thetized by IP injection of pentobarbital sodium (50 mg/kg; Dinabot,
Osaka, Japan), and a 21-gauge guide cannula was implanted into the
right lateral ventricle. The experiments were performed at least 1
week after surgery. The day before the experiment, food was changed
to a palatable diet (protein, 15.9%; fat, 14.5%; carbohydrate, 57.0%;
water, 6.6%; Oriental Bio Service, Tokyo, Japan) to guarantee sati-
ety, and nocturnal food intake was measured. Rats that ate more
than 15 g were used in the following experiments. In the case of
intracerebroventricular (ICV) administration, each rat was injected
with either NPY (5 pug, n = 10) or NPY + J-115814 (10, 30, or 100 pg,
n = 10) dissolved in 50% propylene glycol (PG) with distilled water
and their food intake was monitored for 2 h. The volume of ICV
injection was 10 pl. With respect to intravenous (IV) administration,
0.3, 1, 3, or 10 mg/kg of J-115814 [dissolved in ethanol/polyethylene
glycol (PEG) 400/saline (10:25:65)] or the respective vehicle was admin-
istered to groups of 10 animals 1 h before ICV administration of NPY
dissolved in PBS. The injection was given between 9:00 AM and 11:30
AM. Consumption of a palatable diet, which was employed to maintain
sufficient food intake, for 2 h after ICV NPY dosing was measured.

Anorexigenic Effects of J-115814 in db/db and C57BL6
Mice. Each group of 6 to 7 obese db/db and lean C57BL6 mice was IP
administered 3, 10, or 30 mg/kg of J-115814 [dissolved in ethanol/
PEG400/saline (10:25:65)] or the respective vehicle around the last
hour of the light period. Nocturnal food consumption (14 h) was
measured.

Anorexigenic Effects of J-115814 in Wild-Type, Y1—/—, and
Y5—/— Mice. Mice were anesthetized with sodium pentobarbital (80
mg/kg IP). A permanent 24-gauge stainless steel cannula was ster-
eotaxically implanted into the right lateral ventricle. Animals were
allowed 1 week of recovery, and they were handled daily with mock
injection to avoid nonspecific stress. Each mouse (n = 8-12/group)



was ICV-injected with NPY (5 ug) dissolved in PBS 1 h after IP
administration of J-115814 (30 mg/kg), and food intake of a palatable
diet was monitored for 2 h.

Plasma and Hypothalamic Concentrations of J-115814.
Male db/db mice (n = 3) that had been surgically cannulated at the
abdominal aorta and vein via the carotid artery and femoral vein,
respectively, received an IP dose of 30 mg/kg (dissolved in 50% PG).
Blood samples (0.05 ml) were drawn from the orbital venous plexus
at selected time points after dosing. After a terminal blood collection
and euthanasia, the brain was removed and the hypothalamic area
was dissected.

Concentrations of J-115814 in plasma were determined after pro-
tein precipitation with 3 volumes of ethanol. Brain samples were
homogenized with 2 and 0.5 ml of water, respectively. An aliquot of
homogenates was deproteinized with 3 volumes of ethanol. Quanti-
fication was achieved by liquid chromatography/mass spectrometry/
mass spectrometry (PerkinElmer SCIEX, Norwalk, CT).

Results

Selectivity and Potency of J-115814 in NPY Recep-
tors. '2’I-PYY specific binding to human, rat, and murine Y,
receptors in the cell membranes was inhibited by J-115814
with high affinities (K, = 1.4, 1.8, and 1.9 nM) (Table 1). In
contrast, J-115814 showed low affinity for other cloned NPY
receptors such as Y,, Y, Y5, and Y¢ receptors (Table 1).

J-115814 dose dependently inhibited the NPY (10 nM)-
induced [Ca®"]; increase with an IC5, value of 6.8 nM in CHO
cells expressing human Y1 receptors (Table 1), whereas
J-115814 did not induce a [Ca®*]; increase, even at 1 uM
(data not shown).

Inhibitory Effects of J-115814 on NPY-Induced Feed-
ing in Satiated SD Rats. ICV injection of NPY (5 ng)
induced rapid and robust feeding in satiated SD rats (Fig. 2).
J-115814 (100 pg alone) did not change the cumulative food
intake compared with the respective vehicles (data not
shown). Additionally, we did not observe any remarkable
changes in gross behavior at any of tested doses of J-115814
and the respective vehicles alone (data not shown). Simulta-
neous ICV injection (10-100 pg) of J-115814 significantly
suppressed food consumption induced by ICV NPY (5 ug)
(Fig. 2A). In addition, IV administration of J-115814 (0.3 to 3
mg/kg) 1 h before ICV NPY (5 pg) also inhibited NPY-induced
feeding with significant responses at 3 and 10 mg/kg (Fig.
2B).

Effects of J-115814 on Spontaneous Feeding in Obese
db/db and Lean C57BL6 mice. Fig. 3 shows changes in
spontaneous food intake in obese db/db mice and lean
C57BL6 mice after IP injection of J-115814. J-115814 re-
duced spontaneous food intake with a minimum effective
dose of 10 mg/kg in db/db mice. The amounts of spontaneous

TABLE 1
Pharmacological profiles of NPY and J-115814 for mouse NPY receptors
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food intake in lean C57BL6 mice was considerably lower than
that of db/db mice; however, J-115814 also attenuated the
food intake in C57BL6 mice with the same minimum effec-
tive dose as in db/db mice. Residual food intake after the
administration of 30 mg/kg of J-115814 was almost the same
between db/db and C57BL6 mice. As shown in Fig. 4, 0.08 uM
J-115814 was observed in the hypothalamus 15 h after ad-
ministration. The concentration of J-115814 was more than
10-fold higher than the IC;, value of J-115814 in the calcium
functional assays.

Anorexigenic Effects of J-115814 in Y1—/— Mice. ICV
injection of NPY (5 ug) significantly stimulated feeding be-
havior in wild-type, Y1 deficient (Y1—/-), and Y5 deficient
(Y5—/—) mice, although the level of food intake induced by
ICV NPY was reduced considerably in Y1—/— mice compared
with that of wild-type and Y5—/— mice (Fig. 5). IP-injected
J-115814 (30 mg/kg) significantly suppressed food consump-
tion induced by ICV NPY (5 ug) in wild-type and Y5—/— mice
(Fig. 5, A and C), but had no effect on feeding in Y1—/— mice
(Fig. 5B).

Discussion

Accumulating findings show that the Y1 receptor is in-
volved in feeding regulation. However, the participation of
multiple subtypes of NPY receptors including a possible
novel subtype make it more difficult to correctly address the
role of the Y1 receptor in ingestive behavior, especially in
physiological feeding. In this study, we show that a highly
selective Y1 antagonist, J-115814, which had no anorexigenic
effects in Y1—/— mice, suppressed physiological feeding in
lean and obese mice. Our results give a critical insight on the
actual role of the Y1 receptor in feeding regulation.

J-115814 inhibited ?°I-PYY binding to human, rat, and
mouse Y1 receptors with similar efficacy, but J-115814
showed low affinity for other NPY receptors in the membrane
binding experiments. J-115814 potently inhibited the NPY-
stimulated increase in intracellular calcium levels in
CHO-K1 cells expressing human Y1 receptor. Moreover, we
could not detect any significant cross reactivity with 50 other
binding sites (data not shown). These results demonstrate
that newly synthesized J-115814 is a potent and selective Y1
antagonist.

J-115814 considerably suppressed NPY-induced feeding
after ICV and IV injection in satiated SD rats. Taken to-
gether with the in vitro profile, J-115814 suppresses NPY-
induced food intake by inactivation of the Y1 receptor. To
confirm the in vivo selectivity of J-115814, we compared the
effects of J-115814 on NPY-induced food intake among wild-

Y1, Y2, Y5, and Y6 affinities determined using 2°I-PYY, Y4 affinity determined using '2°I-PP. Data represent the mean of more than three independent determinations

performed in duplicate.

Binding affinity (K;) R([aggz;iies
hY1 rY1l mY1l hY2 hY4 hY5 mY6 hY1
nM
(ECyp; nM)
NPY 0.47 = 0.04 0.98 = 0.16 0.96 = 0.21 0.10 = 0.02 130 = 37 1.2 +0.33 3.7 +0.88 0.76 = 0.33
(IC5o; nM)
J-115814 1.4 +0.16 1.8 = 0.18 1.9 +0.22 >10000 620 = 50 6000 + 460 >10000 6.8 +2.1
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type, Y1—/— and Y5—/— mice. Although IP injected J-115814
significantly inhibited ICV NPY-induced feeding in wild-type
and Y5—/— mice, J-115814 had no effect on feeding in Y1—/—
mice. These results clearly demonstrate that J-115814 sup-
pressed NPY-mediated feeding behavior by inhibiting the
typical Y1 receptor, but not other subtypes of NPY receptors.

Maximum inhibition of J-115814 in ICV NPY-induced
feeding was approximately 50% in satiated SD rats. The
extent of feeding suppression was well matched to that in
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Fig. 2. Anorexigenic effect of J-115814 on NPY-induced feeding after ICV
and IV injection in Sprague-Dawley rats. Both NPY (5 pg) and J-115814
were ICV-injected simultaneously. J-115814 was injected 1 h before ICV
injection of NPY (5 pg). Data are expressed as the mean = SE. n = 10;
#*P < 0.01 (ANOVA followed by Bonferroni test).
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Fig. 3. Anorexigenic effect of J-115814 on spontaneous feeding in db/db
and C57BL6 mice. J-115814 (3 to 30 mg/kg) was IP administered in both
types of mice at the beginning of the dark cycle. Data are expressed as the
mean = SE. n = 6 to 7; *P < 0.05, **P < 0.01 (ANOVA followed by
Bonferroni test).
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Fig. 4. Plasma and hypothalamic concentrations of J-115814 in db/db
mice. J-115814 (30 mg/kg) was IP administered. Data are expressed as
the mean = SE. n = 3.

wild-type and Y5—/— mice. Moreover, it was also coincident
with the reduced food intake evoked by ICV NPY in Y1—/—
mice. These findings suggest that almost half of the food
intake evoked by exogenous NPY is stimulated by the action
of the Y1 receptor in rodents. Therefore, the Y1 receptor is
one of the major feeding receptors in NPY-induced feeding.
The residual food intake after J-115814 treatment also
raises a question as to which NPY receptor subtypes are
involved in residual food intake. The Y5 receptor has been
proposed to be a feeding receptor based on the correlation
between the in vitro functional and binding activity of differ-
ent peptide agonists and their potent stimulation of food
intake in rodent models (Gerald et al., 1996). This proposal
was supported by the finding that food intake stimulated by
ICV Y5-preferring agonists decreases significantly in Y5—/—
mice (Marsh et al., 1998; Kanatani et al., 2000b). However,
we could not detect a significant reduction of NPY-induced
food intake in Y5 —/— mice (Kanatani et al., 2000b; Fig. 5).
Furthermore, an orally active Y5 antagonist, 1.-152,804,
failed to significantly attenuate NPY-induced feeding (Kana-
tani et al., 2000a). These findings suggest that the participa-
tion of the Y5 receptor in NPY-induced feeding is marginal.
Although we could not completely exclude the participation
of the Y5 receptor in wild-type and Y1—/— mice, the decrease
in residual food intake after J-115814 administration in
Y5—/— mice strongly suggests the involvement of additional
NPY receptors in feeding regulation. The contribution of the
remaining subtypes of NPY receptors, Y2, Y4, and Y6, in
feeding regulation might not be very large (Gerald et al.,
1996; O’Shea et al., 1997; Mullins et al., 2000). Thus, our
findings support the concept that another novel NPY recep-
tor is involved in NPY-mediated feeding regulation.
Increased hypothalamic expression of NPY and its mRNA
had been reported in leptin-signaling deficient rodents such
as Zucker fatty rats, db/db mice, and ob/ob mice and is con-
sidered to be an important cause of obesity (Sanacora et al.,
1990; McKibbin et al., 1991; Dryden et al., 1995; Stephens et
al., 1995). We previously demonstrated that Zucker fatty rats
are sensitive to a peptide Y1 antagonist, 1229U91, compared
with lean rats (Ishihara et al., 1998). Therefore, we evaluated
the effects of J-115814 on food intake in db/db mice to com-
pare it with that in lean control C57BL6 mice. IP adminis-
tration of J-115814 (10 and 30 mg/kg) reduced spontaneous
food intake with similar efficacy in both db/db and C57BL6
mice. In addition, food intake after the highest dose of
J-115814 (30 mg/kg) in both types of mice was almost iden-

A) Wild-type mice B) Y1 -/- mice C) Y5 /- mice
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Fig. 5. Anorexigenic effect of J-115814 on NPY-induced feeding in wild-
type, Y1—/— and Y5—/— mice. J-115814 (30 mg/kg) was IP injected 1 h
before ICV injection of NPY (5 pg). Data are expressed as the mean + SE.
n = 8 to 12; **P < 0.01 (ANOVA followed by Bonferroni test).
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tical, but the amount of spontaneous food intake in db/db
mice was 1.7-fold greater than that in C57BL6 mice. These
findings showed that the Y1 receptor is also involved in
spontaneous feeding and that the increased extent of Y1
participation might play a critical role, at least in part, in
pathophysiological food intake in db/db mice. It has been
reported that NPY-deficient ob/ob mice show a significant
reduction of food intake and body weight compared with
ob/ob mice (Erickson et al., 1996). Taken together, NPY sig-
naling transduced by the Y1 receptor might be a critical
factor in obesity caused by the inactivation of leptin signals.

Newly developed J-115814 is a potent and selective Y,
receptor antagonist. The results of this study with Y1—/—
mice clearly suggest that the anorexigenic effects of J-115814
are mediated by inactivation of the typical Y1 receptor. Con-
sequently, the reduction of spontaneous food intake after
J-115814 administration unquestionably suggests a pivotal
role for the Y1 receptor in feeding regulation, and likely
pathophysiological food consumption.
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