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1 Experiments were conducted to evaluate the e�ects of the novel non-peptide neuropeptide Y Y1

receptor antagonist, BIBP3226 (N2-(diphenylacetyl)-N-[(4-hydroxy-phenyl)methyl]-D-arginine amide) on
spontaneous, fasting-induced and NPY-induced food intake in rats. In addition to consumption of
regular chow, the e�ects of BIBP3226 on consumption of highly palatable sweetened mash were
monitored in a 1 h test on ®rst exposure and after familiarization with novel food.

2 BIBP3226 (10.0 nmol, i.c.v.) had no e�ect on the consumption of regular chow, but reduced
signi®cantly the intake of highly palatable diet and the food intake stimulated by fasting (24 h).
Neuropeptide Y (NPY, 1.0 nmol, i.c.v.) signi®cantly increased the consumption of regular rat chow. This
orexigenic e�ect of NPY was blocked by BIBP3226 (10.0 nmol, administered i.c.v. 5 min before NPY) at
30 min and 4 h, but not at 1 and 2 h. When animals were pretreated with diazepam (0.5 mg kg71, i.p.,
20 min before NPY), BIBP3226 failed to suppress NPY-induced feeding.

3 An NPY Y1 and Y3 receptor agonist, [Leu
31,Pro34]NPY and a Y5 receptor agonist human peptide

YY3±36 (hPYY3±36, both 30 pmol), microinjected into the paraventricular nucleus of the hypothalamus
(PVN) increased the consumption of regular rat chow. BIBP3226 (0.4 nmol, into the PVN) completely
blocked the stimulatory e�ect of [Leu31,Pro34]NPY but not that of hPYY3± 36. BIBP3226 (0.4 nmol) alone
failed to modify the consumption of the regular chow. Higher doses of BIBP3226 (1.0 and 2.0 nmol)
injected into the vicinity of the PVN reduced the consumption of the sweetened mash.

4 These results suggest that both the NPY Y1 and Y5 receptors in the PVN are involved in the
regulation of food intake. The stimulatory e�ect of exogenous NPY is probably mediated through an
NPY receptor subtype that is not identical with the Y1 receptor (possibly Y5 receptor). However, the
NPY Y1 receptors may mediate the e�ect of endogenous NPY in conditions of increased energy demand
or on intake of highly palatable diets.
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Introduction

Neuropeptide Y (NPY), a 36-amino acid peptide, is widely
distributed in the central nervous system (Chronwall et al.,

1985) and intraventricular or intra-hypothalamic administra-
tion of NPY has been shown to stimulate food intake (Stanley,
1993). The sequences of rat Y1, Y2, Y4 and Y5 receptor cDNAs

have been identi®ed (Eva et al., 1990; Krause et al., 1992;
Gerald et al., 1996; Lundell et al., 1996; St-Pierre et al., 1998),
whereas putative Y3 receptors (Grundemar et al., 1991) at

which NPY is at least 10 times more potent than peptide YY
(PYY) have not been cloned yet. NPY, pancreatic polypeptide
(PP), PYY and their truncated amino-acid substituted
analogues di�er in potency at NPY receptor subtypes (Gerald

et al., 1996; Michel et al., 1998). These peptides have been used
to identify the NPY receptor subtype involved in feeding
(Kalra et al., 1991; O'Shea et al., 1997). The NPY Y1, Y2 and

Y5 receptors are found in hypothalamic areas where NPY
administration evokes a feeding response in rats (Gerald et al.,
1996; Hu et al., 1996; Gehlert & Gackenheimer, 1997). The

robust e�ects of NPY on food intake are believed to be
mediated through the receptor subtype that is similar, but not
identical to the Y1 receptor. Thus, both the full molecule of

NPY and the Y1 agonist [Leu31,Pro34]NPY increase food

intake whereas the Y2 agonist NPY13± 36 is inactive (O'Shea et
al., 1996; Kalra et al., 1991). Human PYY and PP also

stimulate food intake although they bind to the NPY Y1

receptor with much lower a�nity than intact NPY (Gerald et
al., 1996). The pharmacological in vitro pro®le of the recently

cloned rat NPY Y5 receptor is distinct from other NPY
subtypes and the a�nities of various agonists closely correlate
with their in vivo potency after i.c.v. administration in feeding

assays suggesting that the NPY Y5 receptor may be the long-
sought after `feeding' receptor (Gerald et al., 1996).

Due to the lack of speci®c antagonists it has been di�cult to
establish which NPY receptor(s) subtype(s) is/are involved in

the regulation of food intake. Putative Y1 antagonists, PYX-2
(Leibowitz et al., 1992) and [D-Trp32]NPY (Balasubramaniam
et al., 1994) have been shown to reduce spontaneous and NPY-

stimulated food intake. Recent data, however, indicate that
both of these compounds are weak antagonists at NPY Y1

receptors (Palea et al., 1995; Wieland et al., 1995) and high

doses of [D-Trp32]NPY may behave as agonists in vivo (Gerald
et al., 1996; Matos et al., 1996). The inhibition of NPY
synthesis or NPY Y1 receptor synthesis by antisense oligonu-

cleotides has yielded controversial results. NPY antisense
injected i.c.v. or into the arcuate nucleus reduces food intake
(Akabayashi et al., 1994; Hulsey et al., 1995) although an
increase in food intake has also been reported after i.c.v.3Author for correspondence.
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administration of NPY antisense (Lopez-Valpuesta et al.,
1996). Furthermore, antisense oligonucleotides targeted
against the NPY Y1 receptor increase food intake (Heilig,

1995; Lopez-Valpuesta et al., 1996).
The aim of the present study was to evaluate the e�ects of

the highly selective non-peptide Y1 selective antagonist

BIBP3226 (Rudolf et al., 1994; Doods et al., 1996) on food
intake. BIBP3226 failed to a�ect forskolin-stimulated cyclic
AMP production by NPY in cells transfected with Y2, Y4 or
Y5 receptors (Gerald et al., 1996) con®rming the selectivity of

the compound. In the same study BIBP3226 had no e�ect on
NPY-induced feeding. However, recently BIBP3226 has been
shown to antagonize NPY-induced feeding in rats (O'Shea et

al., 1997). The role of the NPY Y1 receptor in feeding
behaviour is therefore unclear and these contradictory
®ndings prompted us to study the e�ects of BIBP3226 on

food intake.
We have shown that BIBP3226 has anxiogenic-like e�ects in

the elevated plus-maze test (Kask et al., 1996; 1997). In the
present investigation we studied whether an anxiogenic dose of

BIBP3226 a�ects spontaneous food intake, fasting-induced
and NPY-induced feeding. In order to test the possibility that
the antagonism of NPY-induced feeding by BIBP3226 (O'Shea

et al., 1997) may be due to the anxiogenic e�ects of BIBP3226
(Kask et al., 1996; 1997) rats were pretreated with diazepam. It
has been suggested that activation of the Y1 receptor mediates

the preference for carbohydrate rich diets (Leibowitz &
Alexander, 1991). Therefore, the e�ect of BIBP3226 on
consumption of highly palatable food has been studied. Since

in preliminary experiments BIBP3226 blocked NPY-induced
feeding (see also O'Shea et al., 1997), the possibility that both
the Y5 and Y1 receptors should be activated for the feeding
response was addressed by measuring the e�ects of BIBP3226

on feeding induced by peri-PVN injection of two agonists of
the NPY receptors, [Leu31,Pro34]NPY and human PYY3±36

(hPYY3±36). These NPY agonists have di�erent selectivity

towards the NPY Y1 and Y5 receptors (Gerald et al., 1996) and
are now recommended for characterization of the e�ects
mediated by the NPY receptor activation (Michel et al., 1998).

A preliminary report of these data has been presented at the
4th International NPY Conference, October 13 ± 14, 1997,
London, U.K.

Methods

Animals and diets

Male Wistar rats (Grindex, Latvia) weighing 240 ± 400 g at the

time of surgery were individually housed in hanging wire-mesh
cages (45637619 cm) under controlled light (the lights on
from 08:00 h to 20:00 h) and temperature (20 ± 228C), with free
access to tap water and food (Lactamin, R35, Sweden).

Surgery and animal care

The rats were anaesthetized by i.p. injection of chloral hydrate
solution (350 mg 10 ml71 kg71) and ®xed in a sterotaxic frame
(Kopf model 900, David Kopf Instruments, Tujunga, CA,

U.S.A.). The skull was exposed and 2% lidocaine solution
applied to the periost. Permanent stainless steel 25 gauge
cannulae terminating 1 mm dorsally to the planned injection

site were implanted. The correct placement of a cannula for
i.c.v. injections was veri®ed by gravity infusion during some
implantations. The coordinates taken from the atlas of Paxinos
& Watson (1986) for the PVN were A: 70.4, L: 70.4; V:

77.2, incisor bar+3.0 and for the lateral cerebral ventricle A:
+0.7, L: +1.4, V:73.2 ± 3.8, with incisor bar at +3.5. The 25
gauge guide cannula was anchored to the skull with three

stainless steel screws and dental acrylic cement, and closed with
a stylet when not in use. Rats were allowed to recover for 7
days and were handled and weighed daily to habituate them to

the partial restraint experienced during intracerebral injection.
Rats losing more than 10% of their body weight during the
postoperative period and not regaining it during 1 week were
not included in the study (n=8).

Procedure and injections

On test days the procedure was identical in all experiments.
The food was removed 1 h or 24 h (food deprivation
experiment) before i.c.v. or intra-PVN injections. Each rat

was then removed from the cage and injected. Drugs or
vehicle were injected over 2 min, through 33 gauge injector
connected to the 10 ml SGE syringe and infusion pump
(World Precision Instruments, Sarasota, U.S.A.) with PE10 or

PE20 tubing. The movement of an air bubble in the tubing
con®rmed the drug ¯ow. Following the injection, the needle
was left in place for an additional 30 s and the cannula was

closed with a stylet. Immediately after the injection, the rats
were returned to the home cage. A preweighed amount of
food pellets (approximately 20 g) or sweetened mash

(approximately 30 g) was made available on clean Petri dishes
after the last injection. The remaining food and any spillage,
collected from stainless steel plates placed beneath the cages,

was measured to the nearest 0.01 g using a Mettler balance.
Food weights were corrected for spillage at each measure-
ment. All treatments were given at least 48 h apart, between
1600 h and 2000 h.

Experimental protocols

E�ects of i.c.v. administration of BIBP3226 on food intake in
free-feeding rats Rats (280 ± 330 g) were injected with saline
or BIBP3226 (10 nmol in 6.5 ml), returned to home cages and

and given pre-weighed food pellets on clean Petri dishes. The
food intake was measured after 0.5, 1, 2, 4 and 12 h.

E�ects of i.c.v. administration of BIBP3226 on food intake in

food-deprived rats Rats (240 ± 310 g) were deprived of food
for 24 h. On the next day the rats were injected i.c.v. with
BIBP3226 (1 and 10 nmol in 6.5 ml) or saline and returned to

home cages with pre-weighed food pellets. Remaining food
and spillage were measured at 0.5, 1, 2, 4 and 12 h.

E�ects of single and combined administration of NPY and
BIBP3226 on food intake in free-feeding rats In a separate
group of non-deprived rats (280 ± 310 g) feeding was induced

with NPY (0.2 and 1 nmol in 5 ml). To investigate the potential
antagonistic activity of BIBP3226 on the NPY-induced
increase in feeding behaviour, BIBP3226 (10 nmol in 6.5 ml)
or saline was injected 5 min before NPY injection (1 nmol,

i.c.v.). This interval was selected because rats start to eat within
10 ± 15 min after i.c.v. injection of 0.2 and 1 nmol of NPY
(Stricker-Krongrad et al., 1996) and the half-life of BIBP3226

is short (MalmstroÈ m et al., 1997). Immediately after the second
injection, the rats were placed into the home cages, and the
amount of food consumed by each animal was measured at

0.5, 1, 2, 4 and 12 h.

E�ects of diazepam on the BIBP3226-induced suppression of
NPY-induced feeding To address the question whether
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BIBP3226 reduces food intake by indirect/physiological
antagonism (by generating anxiety), the rats (280 ± 330 g) were
pretreated with diazepam (0.5 mg kg71 i.p. in a volume of

2 ml kg71) or vehicle 20 min before the food presentation.
Five minutes before the test the rats were given an infusion of
BIBP3226 (10 nmol, i.c.v.) or saline into the lateral ventricle

and ®nally NPY (1 nmol) or saline was infused through the
same cannula. Thus, the rats received one of the following
combinations: (1) vehicle+saline+saline; (2) vehicle+-
BIBP3226+saline; (3) vehicle+saline+NPY; (4) vehicle+-

BIBP3226+NPY; (5) diazepam+BIBP3226+NPY; (6)
diazepam+saline+saline. The combination diazepam+sali-
ne+NPY was not used. It should be noted however, that even

when a higher dose of NPY (2 nmol) was used, a similar pro®le
of feeding response was observed with a comparable diet (Paez
et al., 1991) thus potentiation of the e�ect of NPY by

diazepam should not be expected. Remaining food and spillage
was measured at 0.5, 1 and 2 h.

E�ects of i.c.v. and intra-PVN administration of BIBP3226

on consumption of highly palatable sweet mash Non-
deprived rats (350 ± 400 g) were tested for consumption of
sweetened mash in 1 h tests. The test meal was made up

daily according to the following formula: 400 g of milled
regular rat chow (R70, Lactamin, Sweden), 250 ml of
distilled water and 50 ml of sweetened chocolate ¯avoured

condensed milk. The constituents were mixed to produce a
soft mash 1 h before the experiment. One group of rats
(n=11) was injected with saline or BIBP3226 (10 nmol in

6.5 ml, i.c.v.). Another group of rats (n=10) was familiarized
over a period of 4 days to eating a sweetened mash in daily
1 h tests preceded by i.c.v. injections of saline, by which
time the level of food intake had reached a stable level.

Starting from the ®fth day the rats were injected with
BIBP3226 (0.1, 1.0 and 10.0 nmol in 6.5 ml, i.c.v.). Rats with
cannulae aimed at the PVN (n=10) received injections of

saline or BIBP3226 (0.5, 1.0 nmol in 0.65 ml and 2.0 nmol in
1.3 ml). After injection rats were returned to home cages and
the amount of remaining mash and spillage was measured.

Regular pellets remained available throughout the testing
period. A minimum of 2 days elapsed between successive
drug treatments and the treatments were administered in a
randomized order.

E�ects of [Leu31,Pro34]NPY, hPYY3±36 and BIBP3226
microinjected into paraventricular nucleus on spontaneous food

intake The rats (350 ± 400 g, n=15) with cannulae aimed at
the PVN received the following drug combinations: (1) saline;
(2) [Leu31,Pro34]NPY or hPYY3±36 (both 30 pmol); (3)

BIBP3226 (0.4 nmol); (4) mixture of [Leu31,Pro34]NPY or
hPYY3±36 and BIBP3226 (30 pmol and 0.4 nmol, respectively).
Injections were given in a volume of 0.65 ml. The food intake

was measured in a 1 h test. A minimum of 2 days elapsed
between successive drug treatments.

Veri®cation of injection sites

At the end of the study, the rats were overdosed with chloral
hydrate and methylene blue dye was injected to mark the

injection site. The brains were removed and ®xed in 10%
bu�ered neutral formalin or inspected for distribution of the
dye. Fixed tissues were embedded in para�n and sliced at

15 mm, mounted and stained with hematoxilin-eosin. Histolo-
gical sections were examined microscopically. The rats with
injection sites within or close to the PVN or with uniform
distribution of the dye in the ventricles were used for data

analysis. Two animals in which the dye was not injected due to
clogging of the cannulae, but which responded earlier to i.c.v.
injection of NPY with vigorous feeding were also included.

The percentage of correctly placed i.c.v. cannulae varied from
70% in ®rst experiments to 95% when cannulae were
implanted under gravity infusion. All PVN cannulae were

accurately located (Figure 1). In addition to histological
veri®cation of injection sites, 10 satiated rats with PVN
cannulae were injected with hPYY3± 36 before dye injection.
Food intake was increased in all rats above 2.5 g in a 1 h test,

suggesting that the injection sites remained responsive to
hPYY3±36 over time.

Side e�ects

The main drawback of BIBP3226 is that after i.c.v. or PVN

application unwanted side e�ects appear (Doods et al., 1996).
In some cases (55% of correctly localized injections) turning
behaviour (circling and barrel-rolling) was observed after i.c.v.
injection of BIBP3226 (10 nmol only). One BIBP3226-treated

rat, instead of eating, started to `play' with the Petri dish
during the palatable food test. These rats were excluded from
data analysis. We did not observe any toxic e�ects after

microinjections of BIBP3226 into the PVN.

Drugs

BIBP3226, (N2-(diphenylacetyl)-N-[4-hydroxy-phenyl)methyl]-
D-arginine amide) was dissolved in saline (0.77 mg ml71) after

brief sonication. NPY, [Leu31,Pro34]NPY and hPYY3±36, all
from Bachem (Bubendorf, Switzerland), were dissolved in
distilled water to provide a concentration of 100 pmol ml71

and stored in aliquots at 7208C, ®nal dilutions were made

with saline. Diazepam (Ho�mann-LaRoche, Switzerland) was
dissolved in distilled water to which a drop of Tween-80 had
been added. The doses of i.c.v. BIBP3226 and i.p. diazepam

were selected on the basis of earlier studies (Gerald et al., 1996;
Kask et al., 1996). The dose of intra-PVN [Leu31,Pro34]NPY
was selected on the basis of the study by Kalra et al. (1991) as a

minimal e�ective dose producing a reliable feeding response.
The doses of intra-PVN BIBP3226 were maximal possible and
were limited by the poor solubility of BIBP3226 and
limitations in the injection volume.

Statistical evaluation

The data from food intake tests are expressed as cumulative
values and are represented as mean+s.e.mean. Data were
analysed by one-way analysis of variance (ANOVA) followed

by Sche�e's test where appropriate with the exception of two
experiments (spontaneous food intake and ®rst exposure to
sweet mash) where two groups were compared using Student's

t-test. Di�erences were considered to be signi®cant when
P50.05.

Results

E�ects of the intraventricular administration of
BIBP3226 on food intake in free-feeding rats

The potentially anxiogenic dose of BIBP3226 (10 nmol),

administered i.c.v. immediately before the test, did not
signi®cantly alter food consumption over 4 h at any point of
measurement. Food intake during the ®rst 30 min of the test
was 1.99+0.57 g for saline treated (n=7) and 1.51+0.36 g for
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BIBP3226 (10.0 nmol) treated rats (n=10). This di�erence was
not statistically signi®cant.

E�ects of the intraventricular administration of
BIBP3226 on food intake in food-deprived rats

The e�ects of BIBP3226 (1.0 and 10.0 nmol, i.c.v. immediately
before the test) on food intake over 12 h in food deprived

(24 h) rats is shown in Figure 2. BIBP3226 had a signi®cant
e�ect on cumulative food intake over 4 h, [F(2,28)=4.23,
P50.05]. Individual comparisons with Sche�e's test revealed
that the higher dose of BIBP3226 (10.0 nmol) signi®cantly

reduced the increase in food intake induced by 24 h food
deprivation during the ®rst 4 h of testing, while 1.0 nmol of
BIBP3226 was without e�ect. The feeding occurring between 4

and 12 h after injection (feeding during the dark phase) was
used as an additional measure to evaluate the e�ects of
BIBP3226 on nocturnal feeding. By the 12th hour the total

amount of food consumed during the dark-phase was not
di�erent between the groups.

E�ect of single and combined administration of NPY
and BIBP3226 on NPY-induced feeding in free-feeding
rats

NPY (0.2 and 1 nmol) injected into the lateral ventricles
produced a signi®cant stimulation of feeding over the course of
the following 4 h period [F(2,10)=8,23, P50.01]. The increase

in food intake in NPY-treated rats was evident at 30 min and

the cumulative food intake was signi®cantly higher in NPY-
treated animals during the ®rst 2 h. At 4 h the cumulative food

intake was signi®cantly increased only in rats treated with
1 nmol NPY. The e�ect of BIBP3226 (10.0 nmol) and NPY
(1.0 nmol) alone and the combined administration of

10.0 nmol BIBP3226 (5 min before NPY) and 1.0 nmol NPY
on cumulative food intake is shown in Figure 3. Repeated
measures ANOVA revealed that these treatments had a

signi®cant e�ect on cumulative food intake over 4 h
(F3,34=21.99 P50.005). Post-hoc analysis indicated that
food intake was increased both in NPY-treated rats and in
rats pretreated with BIBP3226 before injection of NPY.

Factorial ANOVA demonstrated that food intake was
di�erent between treatment groups at 0.5, 1, 2 and 4 h but
not at 12 h. Individual comparisons with Sche�e's test revealed

that i.c.v. administration of NPY induced a signi®cant increase
in food intake at 0.5, 1, 2 and 4 h. NPY-induced feeding was
prevented by i.c.v. BIBP3226 pretreatment at 30 min, but not

at 1 and 2 h. BIBP3226 decreased the e�ect of NPY also at 4 h.
I.c.v. administration of BIBP3226 followed by saline injection
did not a�ect food intake over the 12 h time period at any time

point.

E�ect of diazepam on the BIBP3226-induced suppression
of NPY-induced feeding

The results of this experiment are shown in Figure 4.
BIBP3226 (10.0 nmol, i.c.v.) alone did not a�ect food intake

while NPY (1.0 nmol) signi®cantly increased it. When the rats

Figure 1 Diagram of coronal sections of rat forebrain: circles represent sites microinjected with [Leu31,Pro34]NPY, hPYY3±36 (both
30 pmol), BIBP3226 (0.5 ± 2.0 nmol) or mixture of BIBP3226 (0.4 nmol) and NPY peptides (30 pmol). Plates are adapted from
Swanson's atlas of rat brain (1992).
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were treated with BIBP3226 5 min before NPY infusion, NPY

failed to increase food intake during the ®rst 30 min of the test
replicating the data from the previous experiment. Subse-
quently, the food intake increased and at 1 and 2 h the food

intake in rats treated with a combination of BIBP3226 and
NPY was signi®cantly increased compared to controls (Figure
4). The inhibitory e�ect of BIBP3226 on NPY-induced feeding,

which was only evident at the 30 min time point, was
completely abolished by diazepam pretreatment. Diazepam
(0.5 mg kg71) itself tended to increase the food intake. The

food intake in rats treated with diazepam was statistically
di�erent from both controls and NPY-treated rats at 2 h
indicating that diazepam increased food intake at this point of
measurement but this e�ect was considerably lower than the

e�ect of NPY.

E�ect of i.c.v. and PVN administration of BIBP3226 on
ingestion of sweet mash

Non-deprived rats were tested for consumption of sweetened
mash in a 1 h test. Sweet mash was readily consumed on the

®rst exposure but a stable intake was only observed by the 4th
day. A potentially anxiogenic dose of BIBP3226 (10.0 nmol,
i.c.v.) suppressed the consumption of sweet mash on the ®rst

exposure (7.29+0.72 g and 3.1+0.81 g for saline (n=5) and
BIBP3226-treated (n=5) rats, respectively, P50.01). The
e�ects of BIBP3226 (0.1, 1.0 and 10.0 nmol/6.5 ml, i.c.v.) on
consumption of sweet mash after habituation are shown in

Figure 5a. BIBP3226 had a signi®cant e�ect on sweet mash
consumption (F3,24=4.66, P50.05). Post-hoc analysis re-
vealed that only the high dose of BIBP3226 (10.0 nmol)

decreased food intake (P50.05). A lower dose (1.0 nmol)
tended to decrease mash consumption but this e�ect was not
signi®cant (P=0.104). The consumption of the sweet mash

was also a�ected when BIBP3226 was injected into the vicinity
of the PVN (F3,26=5.99, P50.005). BIBP3226 (1.0 and
2.0 nmol, PVN) signi®cantly reduced the consumption of the
sweetened mash (Figure 5b).

The e�ect of [Leu31,Pro34]NPY, hPYY3±36 and
BIBP3226 microinjected into paraventricular nucleus on
spontaneous food intake

The e�ect of [Leu31,Pro34]NPY (30 pmol), BIBP3226

(0.4 nmol), [Leu31,Pro34]NPY-BIBP3226 mixture (30 pmol and
0.4 nmol, respectively) and vehicle are shown in Figure 6a.
These treatments had a signi®cant e�ect on food intake during

a 1 h test period (F3,25=12.19 P50.005). Post-hoc analysis
revealed that [Leu31,Pro34]NPY increased food intake
(P50.01), and this e�ect was completely abolished by
coadministration of BIBP3226. An hPYY3±36 and an

hPYY3±36-BIBP3226-mixture injected into the PVN had a
signi®cant e�ect on food intake in a 1 h test (F3,34=6.88
P50.001) as shown in Figure 6b. Post-hoc analysis revealed

that both treatments signi®cantly increased food intake
(P50.05), thus BIBP3226 failed to a�ect the feeding response
induced by hPYY3±36. In both experiments BIBP3226 alone

had no e�ect on food intake.

Figure 3 The e�ect of BIBP3226 on NPY-induced feeding over
12 h. BIBP3226 (10.0 nmol, i.c.v.) or saline was administered 5 min
before NPY (1.0 nmol, i.c.v.). Thus, the rats were injected with
following combinations of drugs: (1) saline+saline (n=8); (2)
BIBP3226+saline (n=4); (3) saline+NPY (n=5); (4) BIBP3226+
NPY (n=4). Results are shown as cumulative food intake in grams
(mean+s.e.mean). *P50.005 ± signi®cantly di�erent from controls.
#P50.005 ± signi®cantly di�erent from rats treated with saline and
NPY (Sche�e's test).

Figure 4 The e�ect of diazepam on BIBP3226-induced suppression
of NPY-induced feeding. Diazepam (0.5 mg kg71) was injected i.p.
20 min before and BIBP3226 (10 nmol, i.c.v.) 5 min before NPY
(1 nmol, i.c.v.) administration. Thus, the rats received one of the
following combinations: (1) vehicle+saline+saline (n=12); (2)
vehicle+BIBP3226+saline (n=5); (3) vehicle+saline+NPY (n=5);
(4) vehicle+BIBP3226+NPY (n=8); (5) diazepam+BIBP3226+N-
PY (n=4); (6) diazepam+saline+saline (n=5). After last injection
rats were returned to home cages with preweighed food pellets.
Results are presented as cumulative food intake (mean+s.e.mean).
*P50.005 ± signi®cantly di�erent from controls. #P50.005 ±
signi®cantly di�erent from rats treated with vehicle+saline+NPY

Figure 2 Cumulative food intake over 12 h in food deprived rats
(24 h) after i.c.v. injection of saline (n=16) or BIBP3226 (1.0 nmol
(n=7); 10.0 nmol (n=8). The drugs were infused in a volume of
6.5 ml immediately before the test. Columns represent mean
cumulative food intakes (g) and bars show s.e.mean. *P50.05 ±
signi®cantly di�erent from saline treatment (Sche�e's test).
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Discussion

NPY is the most potent stimulant of feeding so far known and
NPY mRNA is overexpressed in the hypothalamus in
genetically obese animals (Kesteson et al., 1997). Several
di�erent NPY receptors have been identi®ed and initially it

was thought that the NPY Y1 receptor mediates the orexigenic
e�ect of NPY. Recently, it was suggested that a receptor
subtype which is similar, but not identical to the NPY Y1

receptor regulates food intake (Stanley et al., 1992). Following
the cloning of the NPY Y5 receptor (Gerald et al., 1996; Hu et
al., 1996), which is now believed to be the `feeding' receptor,

contradictory data describing the e�ect of the selective NPY
Y1 receptor antagonist BIBP3226 have been published (Gerald
et al., 1996; O'Shea et al., 1997) and the role of the NPY Y1

receptor activation in feeding behaviour is unclear.

Our ®ndings indicate that BIBP3226 reduces food intake in
several feeding paradigms and are in agreement with previous
®ndings supporting the involvement of the NPY Y1 receptor in

the regulation of food intake (Kanatani et al., 1996; O'Shea et

al., 1997). In the present study BIBP3226 (10.0 nmol, i.c.v. and

0.4 nmol PVN) did not a�ect spontaneous food intake. Our
experimental conditions did not allow the detection of the
e�ects of BIBP3226 onmacronutrient selections. Therefore, it is

still possible that BIBP3226 may decrease basal carbohydrate
ingestion, as demonstrated for another putative NPY Y1

receptor antagonist, PYX-2 (Leibowitz et al., 1992). Testing

was carried out near the end of the light period. It has been
shown however, that the activity of NPY-ergic systems peaks
during the dark period (McKibbin et al., 1991) and the maximal
response to NPY following injection into the PVN occurs in the

early portion of the dark period (Tempel & Leibowitz, 1990).
Thus, it could be argued that BIBP3226 may be without e�ect
when the activity of NPY-ergic neurotransmission is low. It was

not possible to administer higher doses of BIBP3226 intracere-
brally due to the low solubility of this compound. Hence, it can
not be excluded that more potent and better soluble novel NPY

Y1 antagonists will reduce also spontaneous food intake.
Food deprivation increases NPY-like immunoreactivity and

NPY release in the hypothalamus (Sahu et al., 1988; Calza et

al., 1989; Beck et al., 1990; Yoshihara et al., 1996) and prepro-
NPY mRNA in the arcuate nucleus (O'Shea & Gundlach,
1991). To investigate the e�ects of BIBP3226 in the conditions
of increased NPY-ergic activity, the e�ects of BIBP3226 on

food intake stimulated by fasting were studied. The food
intake induced by fasting was reduced only by the highest dose
of BIBP3226 (10.0 nmol) tested. This dose of BIBP3226 also

reduced the food intake in another paradigm, namely the

Figure 5 The e�ect of BIBP3226 on consumption of palatable sweet
mash in habituated rats. BIBP3226 was injected (a) i.c.v. (0.1 (n=5),
1.0 (n=7) and 10.0 (n=7) nmol in 6.5 ml), or (b) into the vicinity of
the paraventricular nucleus (0.5 (n=6), 1.0 (n=8) and 2.0
(n=6) nmol in 0.65 or 1.3 ml) immediately before the test. The
results are shown in terms of mean intake of palatable food (g) in a
1 h test (s.e.mean shown by bars). *P50.05-vs saline treated rats
(n=9± 10, Sche�e's test).

Figure 6 The e�ect of BIBP3226 on food intake induced by
microinjection of (a) [Leu31,Pro34]NPY (n=9) or (b) hPYY3±36

(n=9) into the paraventricular nucleus. BIBP3226 (0.4 nmol) was
mixed with [Leu31,Pro34]NPY (n=6), hPYY3±36 (n=11) or saline
(n=7 in both experiments). Each group of rats was injected
immediately before the test. Data are presented as the amount of
food consumed (g) in 1 h test (mean+s.e.mean). *P50.05,
**P50.005-signi®cantly di�erent from controls (n=7 and 11).
#P50.05-signi®cantly di�erent from rats treated with NPY agonist
alone (Sche�e's test).
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NPY-induced food intake. Gerald et al. (1996) reported that
BIBP3226 had no e�ect on NPY-induced food intake when
measured 4 h after injection. However, antagonism of NPY

(1.2 nmol)-induced feeding by BIBP3226 (60 nmol) was
recently reported by others (O'Shea et al., 1997). These studies
used the same dose of BIBP3226 as used by Gerald and

colleagues (10.0 nmol) and show that if BIBP3226 is
administered before NPY, the NPY-induced feeding is reduced
at 0.5 and 4 h. Previously it has been shown that 10.0 nmol
BIBP3226 has anxiogenic-like e�ects in an elevated plus-maze

test (Kask et al., 1996; 1997). Thus, it is possible that the ability
of BIBP3226 to reduce fasting and NPY-stimulated food
intake after i.c.v. administration is an unspeci®c, anxiety-

related e�ect. If the ability of BIBP3226 to suppress food
intake is caused by increased anxiety, it could be possible to
antagonize this with established anxiolytic drugs. In our

laboratory a low dose of diazepam (0.5 mg kg71) antagonized
the anxiogenic-like e�ect of BIBP3226 (Kask et al., 1996) and
the same dose also counteracted the neophobia caused by the
noradrenergic neurotoxin, DSP-4 (Harro et al., 1995).

Benzodiazepines themselves have the propensity to increase
food intake, but this usually occurs at high doses or when
highly palatable diets are used (Cooper, 1980; Higgs & Cooper,

1996). In this study diazepam antagonized the e�ect of
BIBP3226 on NPY-induced food intake suggesting that the
ability of BIBP3226 to reduce NPY-induced food intake may

be explained by anxiogenic e�ects of BIBP3226. Such an
interpretation could be questioned because of the aforemen-
tioned ability of benzodiazepines to increase food intake (this

study and our unpublished ®ndings). However, the increase in
food intake after diazepam in the present study was small,
occurred at 2 h and as such does not explain the complete
reversal of the e�ects of BIBP3226 on NPY-induced food

intake. Thus, it is possible, that after i.c.v. administration
BIBP3226 suppresses the food intake by generating anxiety.

When ad libitum fed rats are o�ered sweet carbohydrate rich

diets, some animals overeat and become obese (Sclafani et al.,
1996; Levin & Dunn-Meynell, 1997). On the other hand, NPY
selectively increases the ingestion of carbohydrates (Leibowitz

& Alexander, 1991; Welch et al., 1994) and repeated injections
of NPY into the PVN lead to increased weight gain mimicking
the development of diet-induced obesity (Stanley et al., 1989).
Although palatability induced ingestional response has not

been used widely for pharmacological analysis, this relatively
simple test based on diet-induced ingestional response may be
useful for identifying the classes of drugs for treatment of

human eating disorders. Palatable diets also have another
advantage, they o�er the possibility of distinguishing between
the e�ects of drugs on appetite and hunger (Blundell &

Thurlby, 1980). BIBP3226 reduced the food consumption in
rats on ®rst exposure to sweet carbohydrate rich mash. It could
be argued that BIBP3226 did not reduce appetite, but

enhanced neophobia towards novel food. However, this seems
unlikely, as BIBP3226 also reduced the mash consumption in
rats which were trained to eat sweetened mash and readily
consumed it. The e�ect of BIBP3226 was signi®cant only at an

`anxiogenic' dose (10.0 nmol) and a lower dose (1.0 nmol) only
tended to reduce mash intake. Although this lower dose of
BIBP3226 was not anxiogenic in our previous study (Kask et

al., 1996), this does not provide conclusive evidence that
BIBP3226 can suppress the food intake without increasing
anxiety. A mapping study was performed to ®nd the brain site

which mediates the anxiogenic e�ect of i.c.v. BIBP3226.
BIBP3226 (1 nmol) microinjected into the PVN, central
nucleus of amygdala or into vicinity of the locus coeruleus
did not a�ect the behaviour of the rats in an elevated plus-

maze test, whereas such treatment signi®cantly enhanced
neophobia after injection into the dorsal periaqueductal gray
matter (Kask et al., 1998). Though elevated plus-maze and

food intake experiments cannot be directly compared, the
inactivity of intra-PVN BIBP3226 in this test of anxiety
suggests that the PVN is a brain area where anxiogenic-like

and food intake-inhibiting e�ects of BIBP3226 can be
dissociated.

As in previous studies (Kalra et al., 1991; Stanley et al.,
1992), [Leu31,Pro34]NPY, microinjected into the PVN, in-

creased food intake. This e�ect was completely blocked by
BIBP3226. The ability of BIBP3226 to suppress [Leu31,-
Pro34]NPY-induced feeding is particularly interesting as

BIBP3226 is inactive at the recently cloned NPY Y5 receptor
(Gerald et al., 1996), whereas [Leu31,Pro34]NPY has some
a�nity also for this `feeding' receptor. As the e�ect of

[Leu31,Pro34]NPY was blocked completely, probably only the
NPY Y1 receptors were activated by this dose of [Leu31,-
Pro34]NPY. These data suggest that [Leu31,Pro34]NPY in-
creases food intake by acting at the Y1 receptors in the PVN.

Peri-PVN injections of BIBP3226 e�ciently reduced the mash
consumption. Hence, BIBP3226 attenuated palatability-in-
duced ingestional responses and our ®ndings are well in line

with the hypothesis, that the activation of the NPY Y1

receptors increases the consumption of carbohydrates (Lei-
bowitz and Alexander, 1991).

Feeding is an evolutionally shaped behaviour, which occurs
only when there is no imminent danger from the environment.
The NPY Y1 receptors mediate the anxiolytic-like e�ects of

NPY, and the PVN, which mediates hormonal reactions to
stress (Sawchenko et al., 1992), receives nerve terminals from
several NPY-containing brain areas involved in the processing
of anxiogenic stimuli (Chronwall et al., 1985; Holets et al.,

1988). Therefore, it can be hypothesized that the activation of
the NPY Y1 receptor has a permissive role and increase in food
intake occurs only when both NPY Y5 and Y1 receptors are

simultaneously activated. To test this hypothesis and the
speci®city of BIBP3226 e�ects for NPY Y1 receptor mediated
events, the e�ect of BIBP3226 on feeding induced by hPYY3±36

was studied. PYY3±36, which may be formed endogenously
(Eberlein et al., 1989), has high a�nity for NPY Y2 and Y5

receptors and is virtually inactive at Y1 receptor (Gerald et al.,
1996). In addition to the NPY Y5 receptors (Gerald et al.,

1996), low levels of Y1 and Y2 binding sites have been found in
the PVN (Gehlert & Gackenheimer, 1997). Apparently, the
NPY Y2 receptors are not involved in the regulation of feeding

directly, as the food intake is not increased by i.c.v. and intra-
PVN administration of the NPY Y2 agonist NPY13± 36 even in
high doses (Kalra et al., 1991; O'Shea et al., 1997). Therefore,

hPYY3±36 microinjected into the PVN may be used for the
stimulation of the NPY Y5 receptors in feeding studies.
BIBP3226 did not a�ect the feeding induced by hPYY3±36.

This ®nding does not con®rm our hypothesis and suggests that
feeding induced by hPYY3±36 is independent of Y1 receptor
activation. The inability of BIBP3226 to a�ect hPYY3±36

induced feeding also rules out the possibility that BIBP3226

antagonized [Leu31,Pro34]NPY-induced feeding by physico-
chemical incompatibility (e.g. by damaging or changing the
biological properties of the peptide before the agonist reached

the receptors) which could occur theoretically when two
compounds are administered as a mixture. Interestingly,
BIBP3226 has also been shown to antagonize galanin- and

noradrenaline-induced feeding (O'Shea et al., 1997). This
suggests that NPY Y1 receptor activation may be the ®nal
common pathway initiating feeding response, although
physiological antagonism (anxiety) or non-speci®c e�ects of
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BIBP3226 (toxicity) could be considered. The ine�ectiveness of
BIBP3226 to modify hPYY3±36-induced feeding con®rms that
BIBP3226 is indeed a Y1-selective antagonist and BIBP3226

does not suppress the feeding behaviour as a result of toxic
e�ect on hypothalamic neurons. As both [Leu31,Pro34]NPY
and hPYY3±36 increased food intake and only the e�ects of

[Leu31,Pro34]NPY were blocked by BIBP3226, it can be
concluded that the two pharmacologically distinct NPY
receptors (Y1 and Y5?) regulate food intake. Alternatively,
BIBP3226 may also act at the novel unidenti®ed `feeding'

receptor (O'Shea et al., 1997) which is not sensitive to
hPYY3± 36. The reason for the existence of several NPY
receptors in the hypothalamus mediating feeding response is

presently unknown. It has been proposed that that Y1 receptor
activation increases carbohydrate ingestion, whereas Y2

receptors reduce it (Leibowitz & Alexander, 1991). Such data

are not available for the selective NPY Y5 agonist hPYY3±36

and the function of this receptor subtype in macronutrient
selection remains unknown. Most recently, the inhibition of
the NPY Y5 synthesis by antisense oligonucleotides has been

shown to inhibit spontaneous food intake in rats (Scha�hauser

et al., 1997). The development and pharmacological evaluation
of NPY Y5 antagonists will clarify the role of NPY receptor
subtypes in the regulation of feeding behaviour and food

selection.
In conclusion, the results of the present study have shown

that selective NPY Y1 receptor antagonist BIBP3226 inhibits

food intake induced by agents activating the NPY Y1 receptor.
The suppression of fasting-induced and palatability-induced
ingestional response by BIBP3226 suggests that this compound
also antagonized the e�ects of endogenous NPY, as both

conditions are associated with increased NPY-ergic activity in
the hypothalamus. These ®ndings provide additional evidence
for the involvement of the NPY Y1 receptor in the regulation

of food intake.
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