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Abstract

Independent and intraoral intake tests have been used to separate the effects of various substances on the appetitive and consummatory
phases of ingestive behavior. This study compared the ability of gastrin-releasing peptide1–27(GRP) to suppress intraoral intake of nutrient
solutions versus independent intake of the same solutions from a bottle. In a series of experiments, adult male Sprague–Dawley rats
implanted with anterior sublingual chronic intraoral catheters were injected intraperitoneally with saline control or 28mg/kg GRP before
20-min intraoral and 20-min one-bottle intake tests of a sucrose (0.1 M) and milk solution (1.2 kcal/ml). GRP potently reduced independent
intake of both sucrose and milk from a bottle but had no significant effect on intraoral intake of either solution. From these results, we
conclude that GRP affects appetitive-related aspects of the feeding process to reduce food intake. © 1999 Elsevier Science Inc. All rights
reserved.
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1. Introduction

Manipulations that affect ingestion can act during ei-
ther the appetitive or the consummatory phase [2]. The
appetitive phase includes the search for food, meal initi-
ation, preference choices, and somatic behaviors that
competewith ingestion and terminate meals. The consumma-
tory phaseincludes reflexive licking, chewing, and swallow-
ing during ingestion and reveals the animal’s direct orosen-
sory evaluation of food or drink leading to acceptance or
rejection.

These two phases of ingestion have been experimentally
dissociated by examining ad libitum intake from a bottle
and intake during infusions via an intraoral catheter. Inde-
pendent intake from a bottle includes both the appetitive and
consummatory phases, whereas intraoral infusions evoke
the consummatory phase of ingestion independent of appet-
itive behaviors. These two paradigms have produced evi-

dence suggesting that the neural circuitry underlying these
phases can be independently activated. For example, unlike
appetitive behaviors, unconditioned consummatory behav-
iors can be maintained solely by the neural circuitry of the
hindbrain in chronic decerebrate rats [5].

Most manipulations that affect ad libitum or independent
intake produce parallel effects on intraoral intake. In-
traoral intake of a sucrose solution, for example, is in-
creased by food deprivation [6]. This parallelism, how-
ever, is not evident in all manipulations. For example,
neuropeptide Y does not increase intraoral intake of su-
crose [11], although it is one of the most potent known
orexigenics [1], and amphetamine decreases ad libitum
but not intraoral intake [13].

Gastrin-releasing peptide1–27 (GRP), a mammalian ho-
molog of the amphibian-derived peptide bombesin [3], de-
creases feeding in humans and a variety of other species
including rodents (for review, see Smith and Gibbs [12]).
In the following series of experiments, we compare the
ability of GRP tosuppress intraoral versus independent intake
of the same nutrient solutions. The results provide evidence
that aids in the understanding of what aspect of the feeding
process (i.e. appetitive or consummatory) GRP affects to reg-
ulate intake.
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2. Methods

2.1. Subjects and housing

Adult male Sprague–Dawley rats (300–400 g; Charles
River, Wilmington, MA, USA) were individually housed
under a 12-h light/dark cycle. Ad libitum food (rat chow)
and water were provided except as noted below.

2.2. Surgery

Rats were implanted with anterior sublingual chronic
intraoral catheters under methoxyflurane anesthesia as pre-
viously described [7]. In brief, polyethylene tubing (Intra-
medic PE 50, Clay Adams, Parsippany, NJ, USA) was
heat-flared at one end and drawn through the floor of the
mouth midway between the root of the lower incisors and
the base of the tongue. The unflared end of the catheter was
externalized between the scapulas on the dorsal surface
of the rat’s neck, and held in place with an outer sleeve
of silicone tubing (1.02-mm inside diameter, 2.16-mm
outside diameter; Technical Products, Decatur, GA,
USA) attached to a surgical mesh disk (Marlex, Bard
Implants, Billerica, MA, USA) sutured to the dorsal neck
musculature.

2.3. Peptides

Gastrin-releasing peptide1–27(porcine GRP1–27; Bachem,
Torrance, CA, USA) was dissolved in bacteriostatic saline
(0.9% benzyl alcohol, 0.9% NaCl; Abbott Laboratories,
Chicago, IL, USA) to a concentration of 28mg/ml (10
nmol/ml). The GRP solution was then aliquoted and frozen
at 280°C for subsequent use in intake tests. In a similar
manner, cholecystokinin (sulfated CCK octapeptide; a kind
gift of the Bristol-Myers-Squibb Pharmaceutical Research
Institute) was dissolved in bacteriostatic saline to a concen-
tration of 8 mg/ml (7 nmol/ml), aliquoted, and frozen for
later use.

2.4. Test solutions

Two test solutions were used in intake tests, i.e. sucrose
(0.1 M) and a milk diet consisting of 396 g of sweetened
condensed milk, 792 ml of water, and 3 ml of vitamins
(Poly Vi Sol, Mead Johnson, Evansville, IN, USA). Green
food coloring was added to the sucrose solution to aid in
the detection of dripping or rejection of the sucrose solu-
tion. Before testing, rats received a daily intraoral in-
fusion of sucrose or milk for at least 5 days, or were
given daily access to sucrose or milk in a bottle for at least
5 days.

2.5. Intraoral feeding tests

Rats were tested in a glass aquarium separated into
subchambers by Plexiglas dividers, so that four rats could be

tested at the same time. During intraoral infusions, syringe
pumps (Harvard Apparatus, Holliston, MA, USA) infused
test solutions (0.1 M sucrose or milk) from 20-ml syringes
at a rate of 1.1 ml/min for 20 min through polyethylene (PE
50) tubing attached to the externalized end of the implanted
intraoral catheters. The latency for the solution to begin
dripping from the rats’ mouths during the infusion was
measured; if no dripping was observed, a latency of 1200 s
was assigned. Rats were weighed immediately before and
after each infusion (along with all feces produced during the
infusion) with the difference in weight after infusion serving
as a measure of intraoral intake during the infusion. In-
traoral catheters were flushed with distilled water after each
intraoral infusion, and the rats returned to their home cages.
All tests were conducted at midlight cycle; rats were not
food or water deprived before the tests.

2.6. Independent feeding tests

Food and water were removed from the home cages, and
the rats were weighed. Preweighed bottles (with sipper
tubes) containing a test solution (0.1 M sucrose or milk)
were placed on the home cages, and the rats were given ad
libitum access to the solution. After 20-min access, the
bottles were removed, weighed, and intakes (g) were re-
corded. Food and water were then returned to the rats. As
with the intraoral paradigm, all tests were conducted at
midlight cycle; rats were not food or water deprived before
the tests.

2.7. Statistical analyses

For all experiments, pairedt tests (P , 0.05, two-tailed)
were used to assess potential differences between testing
conditions.

2.8. Experiment I: GRP and intraoral sucrose intake

GRP potently reduces intake from bottles of sucrose or
glucose solutions, milk, and artificial diets [12]. Our initial
experiment tested the effects of GRP on intake of 0.1 M
sucrose, an innately palatable solution, during an intraoral
infusion.

2.8.1. Procedure
Rats (n 5 8) received an intraperitoneal injection of 28

mg/kg GRP or vehicle (bacteriostatic saline, 1 ml/kg). Five
min later, rats were placed in the test chamber and in-
traorally infused with 0.1 M sucrose for 20 min at a rate of
1.1 ml/min. Latency to drip sucrose and intraoral intake
(weight gain during the infusion) were measured. All rats
received both a GRP and a vehicle injection, administered in
a cross-over design on 2 consecutive days.
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2.8.2. Results
GRP failed to suppress intraoral intake of a 20-min

infusion of 0.1 M sucrose (see Table 1). Further, no effect
of GRP was observed on the latency to drip.

2.9. Experiment II: CCK and intraoral sucrose intake

It is well established that CCK decreases nutrient intake
in bottle tests as well as intraoral intake tests [12]. There-
fore, we tested the effects of CCK in the group of rats from
Experiment I as a positive control for peptide-induced sup-
pression of intraoral intake.

2.9.1. Procedure
The rats from Experiment I (n 5 8) received an in-

traperitoneal injection of 8mg/kg CCK or vehicle (bacteri-
ostatic saline, 1 ml/kg). Five min later, rats were placed in
the test chamber and infused intraorally with 0.1 M sucrose
for 20 min at a rate of 1.1 ml/min. Latency to drip sucrose
and intraoral intake (weight gain during the infusion) were
measured. All rats received both a CCK and a vehicle
injection, administered in a crossover design on 2 consec-
utive days.

2.9.2. Results
In contrast to that observed after GRP in Experiment 1,

CCK potently suppressed both intraoral intake and la-
tency to drip (see Table 1). The effect was large, with a
suppression of intake by'70% and latency to drip by
.90%.

2.10. Experiment III: GRP and independent sucrose
intake

GRP failed to reduce intraoral intake of 0.1M sucrose.
The dose of GRP we used (28mg/kg) has been previously
shown to reliably suppress ad libitum intake from bottles
[12]. To verify the efficacy of this dose of GRP in this
particular group of rats, the rats from Experiments I and II
were given GRP before a one-bottle test with the same 0.1
M sucrose used in the intraoral tests.

2.10.1. Procedure
Food and water were removed from the home cages. The

rats from Experiment II (n 5 8) were weighed, and then
received an intraperitoneal injection of 28mg/kg GRP or
vehicle (bacteriostatic saline, 1 ml/kg). Five min later, bot-
tles containing 0.1 M sucrose were placed on the home
cages, and the rats were given ad libitum access to the
sucrose for 20 min. The bottles were then removed and
intakes were recorded. Food and water were returned to the
animals. All rats received both a GRP and a vehicle injec-
tion, administered in a crossover design on 2 consecutive
days.

2.10.2. Results
Baseline intake of sucrose during the one-bottle, inde-

pendent intake test did not significantly differ from control
intake observed during the previous intraoral test in Exper-
iments I or II (P . 0.7). However, in contrast to that
observed in the intraoral test, GRP significantly suppressed

Table 1
Summary of intraoral and independent intake tests

Intake (g) Latency to Drip (s)

Exp. I. GRP and intraoral sucrose (n 5 8)
Saline control 11.86 1.4 4776 94
28 mg/kg GRP 11.86 2.9 3336 63

Exp. II. CCK and intraoral sucrose (n 5 8)
Saline control 11.56 1.3 5216 79
8 mg/kg CCK 3.36 0.8* 346 11*

Exp. III. GRP and independent sucrose (n 5 8)
Saline control 10.96 1.5
28 mg/kg GRP 4.36 1.4*

Exp. IV. GRP and intraoral milk (n 5 6)
Saline control 20.16 0.6 10276 90
28 mg/kg GRP 19.06 1.2 8496 114

Exp. V. GRP and intraoral milk after preload (n 5 6)
Saline control 13.96 1.6 5826 184
28 mg/kg GRP 11.96 1.6 3376 131

Exp. VI. GRP and independent milk (n 5 6)
Saline control 18.06 2.6
28 mg/kg GRP 13.16 2.1*

Data are expressed as mean6 SEM values. GRP, gastrin-releasing peptide1–27; CCK, cholecystokinin.
*Significantly different from saline control,P , 0.05, pairedt test, two-tailed.
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intake of 0.1 M sucrose in the one-bottle test when com-
pared with saline control (Table 1).

2.11. Experiment IV: GRP and intraoral milk intake

GRP failed to decrease intake of 0.1 M sucrose during a
20-min intraoral infusion. However, 0.1 M sucrose is nei-
ther maximally palatable to rats nor is it very calorically or
osmotically dense. To test the possibility that GRP might
decrease intraoral intake of a more palatable or concentrated
solution, we tested the effects of GRP on intraoral intake of
a palatable milk diet.

2.11.1. Procedure
A new group of rats (n 5 6) received an intraperitoneal

injection of 28mg/kg GRP or vehicle (bacteriostatic saline,
1 ml/kg). Five min later, rats were placed in the test cham-
ber and intraorally infused with milk for 20 min at a rate of
1.1 ml/min. Latency to drip milk and intraoral intake
(weight gain during the infusion) were measured. All rats
received both a GRP and a vehicle injection, administered in
a cross-over design on 2 consecutive days.

2.11.2. Results
Consistent with the high palatability of the milk diet, rats

consumed significantly more of the milk under control con-
ditions during the intraoral test when compared with that
observed with control intake of 0.1 M sucrose in Experi-
ments I and II (P , 0.001, independentt tests, two-tailed).
However, consistent with the results from Experiment I with
intraoral intake of sucrose, GRP failed to suppress both
intake and latency to drip during an intraoral infusion of
milk (Table 1).

2.12. Experiment V: GRP and intraoral milk intake after
preload

GRP failed to decrease intraoral intake of milk. The
baseline intake of the palatable milk diet, however, was high
(i.e. average intake was 20 g of a potential 22 g total during
the 20-min intraoral tests). To ensure that a potential GRP-
induced reduction of intraoral intake of milk was
not masked by a ceiling effect in baseline intake, rats
were tested after an intraoral preload of milk. Preloads
reliably decrease intake in subsequent intake tests, and
data indicate that preloads may potentiate the anorexic ef-
fects of GRP under some conditions [8]. Therefore, the
combination of a preload and GRP might reduce intraoral
intake.

2.12.1. Procedure
The same rats from Experiment IV (n 5 6) were placed

in the test chamber and intraorally infused with milk for 20
minutes at a rate of 1.1 ml/min. At the end of the infusion,
rats were returned to their home cages without access to
food. Twenty-five min after the end of the intraoral infusion,

rats received an intraperitoneal injection of 28mg/kg GRP
or vehicle (bacteriostatic saline, 1 ml/kg). Five minutes
later, rats were placed in the test chamber and again in-
traorally infused with milk for 20 min at a rate of 1.1
ml/min. Latency to drip milk and intraoral intake (weight
gain during the infusion) were measured. All rats received
both a GRP and a vehicle injection, administered in a
crossover design on 2 consecutive days.

2.12.2. Results
Consistent with 20-min intraoral milk intake observed

during control conditions in Experiment IV, rats consumed
19.5 6 0.5 ml during the 20-min intraoral preload before
saline injection and 19.66 0.6 ml before the GRP test. As
predicted, the preload of milk significantly (P , 0.02)
reduced baseline intake during the 20-min intraoral infusion
test to'70% of that observed in Experiment IV. However,
despite the lower baseline intake, GRP failed to reduce both
intake and latency to drip during an intraoral infusion of
milk (Table 1).

2.13. Experiment VI: GRP and independent milk intake

To verify that GRP could decrease intake of milk when
independently ingested from a sipper tube and bottle, the
effects of GRP in a one-bottle test were evaluated using the
rats from Experiments IV and V.

2.13.1. Procedure
Food and water were removed from the home cages. The

rats from Experiments IV and V (n 5 6) were weighed, and
then received an ip injection of 28mg/kg GRP or vehicle
(bacteriostatic saline, 1 ml/kg). Five min later, bottles con-
taining milk were placed on the home cages, and the rats
were given ad libitum access to the milk for 20 min. The
bottles were then removed and intakes were recorded. Food
and water were returned to the animals. All rats received
both a GRP and a vehicle injection, administered in a
crossover design on two consecutive days.

2.13.2. Results
Consistent with previous reports, GRP significantly re-

duced intake of milk in a one-bottle test (Table 1).

3. Discussion

Using two nutrient solutions varying in both caloric
density and palatability (0.1 M sucrose and milk), we have
compared the ability of GRP to suppress intraoral versus
independent intake in an attempt to dissociate the peptide’s
effects on appetitive and consummatory behaviors. As ex-
pected from the findings of numerous previous reports [12],
GRP potently reduced independent intake of both sucrose
and milk from a bottle. However, the same dose of GRP that
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reduced independent intake had no significant effect on
intraoral intake of either solution in the same groups of rats.

In contrast to our current findings, there is one report [4]
that GRP reduced intraoral intake of 0.1 M sucrose in rats.
The study examined the role of the hindbrain in the effects
of bombesin and bombesin-like peptides (e.g. GRP) by
using decerebrate rats. Because these animals lack the abil-
ity to independently ingest food, they received nutrients via
oral gavage. Control animals, therefore, were also main-
tained solely by oral gavage throughout the study. It is
unclear how daily oral gavage or the sustained absence of
independent feeding might have altered the effects of GRP
on intraoral intake.

It is clear, however, that GRP failed to affect intraoral
intake in the present study, using both 0.1 M sucrose and
milk in separate groups of rats; the same dose of GRP
potently reduced independent intake from a bottle in the
same animals. As a positive control for peptide-induced
suppression of intraoral intake and to establish the sensitiv-
ity of our intraoral paradigm, we demonstrated that CCK
potently reduced intraoral sucrose intake in the same group
of rats that failed to show a GRP effect. Further, to eliminate
the possibility that the absence of a GRP-induced suppres-
sion of intraoral milk intake was not the result of a ceiling
effect in baseline intake, rats were tested after an intraoral
preload of milk. Despite the lower baseline intake observed
after a preload, GRP again failed to affect intraoral intake.
This is a particularly strong demonstration of the inability of
GRP to reduce intraoral intake, because data indicate that
preloads potentiate the anorexic effects of GRP under some
conditions [8].

Our current findings fit nicely with recent observations of
the microstructural pattern of GRP’s inhibitory effect on ad
libitum feeding [9,10]. This work examined the effects of
brief, meal-contingent infusion of GRP on the lick micro-
structure of spontaneous liquid (milk) meals in freely feed-
ing rats. Doses of GRP from 2.5 to 20 nmol/kg potently
decreased both meal size and duration. Examination of the
microstructural parameters revealed significant reductions
in the numbers of bursts and clusters of licks with no effect
on other variables including burst and cluster size and initial
and overall lick rate (licks/min). In other words, the pattern
of eating during the shorter meals after GRP infusion was
indistinguishable from that observed during a normal con-
trol meal. Thus, GRP’s inhibitory effect on spontaneous
meal size can be totally explained by a reduction in meal
duration.

One hypothesis that can explain both this truncation in
spontaneous meal size and the failure of GRP to affect
intraoral intake is that GRP results in a failure to reinitiate
consummatory behaviors (e.g. licking, chewing, and swal-
lowing). Specifically, in the intraoral paradigm that isolates

the consummatory aspects of ingestion independent of ap-
petitive behaviors, reinitiation is not necessary for continu-
ation of nutrient infusion. One would predict from this
hypothesis, therefore, that GRP would have little effect on
intraoral intake. The shortening in spontaneous meal size by
GRP could result from a GRP-induced failure to reinitiate
another burst of licking at some point during the meal. It is
also possible that GRP promotes moving away from the
food. This could also explain the failure of GRP to reduce
intraoral intake, because moving away is not an option in
the intraoral paradigm. In summary, both our current find-
ings and previous results indicate that rather than directly
altering consummatory behavior, GRP affects appetitive-
related aspects of the feeding process to reduce food intake.
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