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1 The circadian activity of the hypothalamic-pituitary-adrenal (HPA) axis is regulated by caloric
¯ow in rats. During the dark cycle, it has been shown that, in fasted rats, the time-course pro®le of
plasma concentrations of adrenocorticotropin (ACTH) and corticosterone parallels the pro®le of
food intake in ad libitum fed animals.

2 Cholecystokinin (CCK) is involved in regulating food intake in rodents. CCK-8 reduces food
intake by acting on CCK-A receptors subtype.

3 This work aims at establishing an eventual relationship between the modulatory role of CCK on
food intake and its e�ect on HPA axis activity during fasting.

4 We studied the e�ect of CCK-A and CCK-B receptor antagonists on food intake during the ®rst
period of the dark cycle. Under these conditions we observed that the CCK-A receptor antagonist,
SR-27897 (0.3 mg kg71), but not the CCK-B receptor antagonist, L-365260 (1 mg kg71), increases
food-intake.

5 In a second series of experiments we observed that the increase of both ACTH and
corticosterone plasma level elicited by fasting, was prevented by SR-27897, but not by L-365260.

6 These results indicate that CCK-A receptor blockade during fasting prevents the activation of
the HPA axis.
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Introduction

Feeding behaviour is known to be regulated by both glucose

utilization and lipid expenditure. The involvement of lipid
deposits has been stressed by the recent discovery of leptin.
This hormone originates in adipose tissue and acts on

hypothalamic centres. As an additional factor of feeding
regulation, the role of some neuropeptides has been
established. On this context, neuropeptide Y (NPY) is known

to stimulate feeding, whereas cholecystokinin (CCK) is
considered as one of the major satiety signals (Barrachina et
al., 1997 and references cited therein)

In the hypothalamus, both CCK-A and CCK-B receptor
gene expression has been detected in the paraventricular
nucleus (PVN) (Meister et al., 1994). In addition, intraper-
itoneal administration of CCK-8 activates catecholaminergic

neurons in the caudal medulla projecting to the PVN
(Rinaman et al., 1995). These anatomical considerations seem
to be endowed with functional relevance since systemically

administered CCK-8 induces corticotropin-releasing hormone
(CRH) release (Kamilaris et al., 1992; Calogero et al., 1993),
and activates c-fos gene transcription in PVN neurons

containing CRH (Verbalis et al., 1991). Moreover CCK, in
synergy with leptin, increase c-Fos synthesis in the PVN
(Barrachina et al., 1997).

The role of CCK in hypothalamus seems to be linked to the

control of feeding behaviour. CCK appears to be released as a
satiety signal. Accordingly, administration of CCK-8 into the
PVN or into the ventromedial hypothalamus (VMH) inhibits

feeding, and lesions of the VMH or PVN suppress CCK-8

induced satiety (Dourish et al., 1989 and references cited
therein). Akana et al. (1994) have demonstrated that food
intake rhythm drives the activity of the hypothalamic-

pituitary-adrenal axis (HPA) axis. These authors have shown
that food deprivation during the dark phase of the circadian
rhythm, i.e., the period of maximal HPA activity and food

intake in rodents, activates the HPA axis. These results, taken
together with the involvement of CCK in satiety, led us to
speculate that CCK could play a role in the relationship

between the rhythm of food intake and the activity of HPA
axis.

The goal of this work has been to investigate the role of
CCK on the modulation of the HPA axis activity both in

fasted and fed rats. With this aim we have studied the
e�ect of selective CCK-A and CCK-B receptor antagonists
on ACTH and corticosterone plasma levels both in fed and

in food deprived rats during the initial period of the dark
cycle, which corresponds to the period of maximal food
intake in rodents.

Methods

Animals

Male Wistar rats (Charles River, Spain) weighing 150 ± 180 g

at the time of the experiment were housed under inversed
controlled dark/light cycle (8 ± 20 h/20 ± 8 h) for a week before*Author for correspondence; E-mail: ruigayo@ceu.es
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the experiment. Water and food were available ad libitum.
Animals were pair housed, even in food intake experiments, in
order to avoid stress by isolation. Red light was on full time.

Chemicals

SR-27897 (1-[[2-(4-(2-chlorophenyl)thiazol-2yl)aminocarbo-

nyl]-indolyl]-acetic acid) was kindly provided by Sano®
Recherche (France). L-365260 [(3R)-(+)-N-(2,3-dihydro-1-
methyl-2-oxo-5-phenyl-1H-1, 4-benzodiazepin-3-yl)-3-methyl-

phenylurea) was a gift of Merck Sharp & Dohme Research
Laboratories (U.S.A.). Human ACTH was supplied by
Bachem (Switzerland). Corticosterone hydrochloride was

obtained from Sigma (U.S.A.). [3H]-Corticosterone and [125I]-
ACTH were obtained from Amersham (U.K.). ACTH
antiserum (IgG-ACTH-1) and second goat antirabbit serum

(IgG-GARGG) were purchased from IgG-Corporation
(U.S.A.). Corticosterone antiserum was supplied by Bioclin
(U.K.). Trypsin and trypsin inhibitor were supplied by
Boehringer Mannheim (Germany). Other reagents and

solvents were from Sigma (U.S.A.).

Injection procedure

Either SR-27897 or L-365260 were administered s.c. in
ethanol: polyethyleneglycol 200 (5 : 95) in a volume of

1 ml kg71, 120 min before lights o�. At this time food was
weighed (feeding experiments) or retired (hormone experi-
ments). Doses of these drugs (0.3 mg kg71 for SR-27897 and

1 mg kg71 for L-365260) have been shown to elicit long-lasting
CCK-A (Poncelet et al., 1993; Gully et al., 1993) and CCK-B
selective responses (Hernando et al., 1994; 1996) after i.p.
administration. In our model we have administered all drugs

s.c., which ensure a blunter and wider plasma level time course
pro®le for this administration route than i.p.

Feeding experiments

Food was weighed 120 min before the lights were o�. Drugs

were administered at the same time. Food was weighed 90 min
after lights o�. Food intake was expressed in g rat71. Food
intake was determined for two animals during a period of
210 min.

Hormone studies

Animals had food and water available ad libitum until the
beginning of the experiment. Rats were distributed in four
experimental groups. The variables of the study were food

availability and pharmacological treatment. In the food
deprived groups, food was removed 120 min before the lights
were o�. Non-deprived animals had food and water ad libitum

during the experiment. Either drugs or vehicle were adminis-
tered 120 min before lights o�. Ninety minutes after the lights
were o� (and 210 min after drugs administration and/or food
deprivation) rats were killed by decapitation. Animals

belonging to the same cage were killed with a delay less than
30 s. Trunk blood was collected in chilled EDTA-coated tubes
and then centrifuged at 2000 r.p.m. during 10 min at 48C.
Plasma aliquots were kept at 7708C until RIA.

Measurement of ACTH and corticosterone plasma level

ACTH was measured by double antibody precipitation RIA,
as described by Woods et al. (1992). Rabbit IgG-ACTH-1 was
used as the primary antiserum. Separation of the bound

fraction was carried out by precipitation with a second
antiserum (IgG-GARGG) and PEG 6000, 6%. Synthetic
human ACTH was used as a reference standard and [125I]-

ACTH as a tracer. Under the conditions employed, the assay
detects 0.5 fmol/tube of human ACTH, the intra assay
coe�cient of variation being 10%. Dilutions curves of the
sample were parallel with those of the standard.

Corticosterone was determined according to the method
described by Armario & Castellanos (1984). Brie¯y, plasma
samples were incubated for 1 h with trypsin, then the

digestion was stopped with a trypsin inhibitor (30 min).
Speci®c corticosterone antiserum and tracer were then
added, and the mixture incubated at 48C during 24 h. Free

tracer was precipitated with charcoal 1%. Corticosterone
was used as reference standard and [3H]-corticosterone as
tracer. The sensitivity was 12 pg tube71. The intra-assay

coe�cient of variation was 7%. As in the case of ACTH,
dilutions curves of the sample were parallel with those of
the standard.

Analysis of data

Comparisons were made using a two-way ANOVA. The

factors of variation were drug treatment and food availability.
Individual comparisons within a given group (fasted or food-
deprived) were analysed by the Student's t-test (Snedecor &

Cochran, 1980).

Results

Hormone studies

The e�ect of SR-27897 (0.3 mg kg71, s.c., 120 min before
lights o�) on both ACTH and corticosterone plasma level was
determined 90 min after lights were o�. As indicated in Table

1, two-way ANOVA revealed signi®cant drug treatment
(F(1,24)=7.382; P50.05) and food deprivation
(F(1,24)=4.701; P50.05) e�ects with signi®cant interaction

between treatment and fasting (F(1,24)=9.618; P50.01). In
food deprived animals, SR-27897 signi®cantly reduced the
increase of ACTH plasma level (Student's t-test; P50.01)
whereas in non-fasted animals, SR-27897 was without e�ect.

In the case of corticosterone, two-way ANOVA indicated a
signi®cant e�ect of fasting (F(1,40)=26.692; P5001) and a
non-signi®cant e�ect for treatment (F(1,40)=2.591). The

interaction between treatment and fasting was signi®cant
(F(1,40)=7.221; P50.05). In food deprived animals, SR-
27897 signi®cantly reduced the increase of corticosterone

plasma levels (Student's t-test; P50.05) whereas in non-fasted
animals, SR-27897 was without e�ect.

Table 1 E�ect of SR-27897 (0.3 mg kg71) on plasma
ACTH (fmol ml71) and corticosterone (ng ml71) levels 210
min after food deprivation

Group ACTH Corticosterone

Control+Vehicle
Control+SR-27897
Fasted+Vehicle
Fasted+SR-27897

249.8+5.1
263.3+22.2
411.6+57.1**
232.8+19.9

20.1+7.5
29.1+6.8
88.3+12.6*
51.6+8.4

Vehicle or SR-27897 were given 120 min before the lights
were o�. *P50.05, **P50.01 when compared to the
fasted+SR-27897 group (Students t-test)
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The e�ect of L-365260 (1 mg kg71, s.c., 120 min before
lights o�), a CCK-B receptor antagonist, was tested under

identical experimental conditions. No e�ect for L-365260 was
detected either on ACTH (440.6+83.1 fmol ml71 in fasted+
vehicle group vs 475.3+42.7 fmol ml71 in fasted+L-365260

group) or on corticosterone (103.2+6.4 ng ml71 in fasted+
vehicle group vs 90+10.4 ng ml71 in fasted+L-365260 group)
plasma concentrations.

Feeding studies

As illustrated in Figure 1, SR-27897 (0.3 mg kg71, s.c.,

120 min before lights o�) signi®cantly increased food intake
(55.5% over the control group; Student's t-test *P50.05). In
contrast, L-365260 (1 mg kg71, s.c., 120 min before lights o�)

did not modify food intake. Animals in the control group fed
1.8+0.15 g rat71.

Discussion

In this work we describe the e�ect of both CCK-A and CCK-B

receptor antagonists on the activity of the HPA axis both in
fasted and in fed rats. Under our conditions, the CCK-A
receptor antagonist, SR-27897 prevented the increase of both

ACTH and corticosterone plasma level induced by food
deprivation during the dark period of the circadian rhythm.
Under the same conditions, no e�ect of the CCK-B receptor

antagonist, L-365260, was detected. Both SR-27897 and L-
365260 are highly selective drugs with KD values about 1 nM
and are endowed with selectivity factors ranging between 500-

1000 (Gully et al., 1993; Chang et al., 1989).
The dose of SR-27897 used in this study has been shown

to elicit long-lasting e�ects in other experimental paradigms
(Gully et al., 1993) and to antagonize the hypophagic e�ect

of CCK in rats (Poncelet et al., 1993). Under our
experimental conditions, 0.3 mg kg71 SR-27897 signi®cantly
increased food intake. The involvement of CCK-A

receptors in the satiating e�ect of CCK is a controversial
matter. Although most data in this ®eld suggest the
involvement of CCK-A receptors (Crawley et al., 1991),

some authors have indicated, in turn, that CCK-B
receptors, rather than CCK-A receptors, are involved

(Dourish et al., 1989). Most of the experiments have been
carried out during the light period of the circadian rhythm
and in previously fasted animals. On the basis that rodents

specially feed during the ®rst phase of the dark cycle, we
have performed our experiments in satiated animals, during
the dark period. In our opinion, if CCK is physiologically
involved in satiety phenomena, as it is generally considered,

these conditions should evidence more accurately the e�ect
of CCK antagonists than those used in previous studies.

Our experimental protocol was based on that reported

by Akana et al. (1994). These authors showed that food
deprivation during the dark period of the circadian rhythm
leads to the activation of the HPA axis. Our study was

aimed at characterizing an eventual role for CCK in this
activation of the HPA during fasting. In fact, Akana et al.
(1994) have suggested that during fasting, the normal drive

to food intake is switched to drive the HPA axis. This
mechanism is probably responsible for the increase in
corticosterone-induced gluconeogenesis (Baxter & Forsham,
1972). Our hypothesis is that CCK may be a candidate to

regulate this phenomena. Interestingly, it has been proposed
that CCK, through CCK-A receptors, may be a regulatory
factor of glucose homeostasis, since exogenous CCK

increases glucose elimination at high carbohydrate levels,
and elicits a glucagon-like e�ect at low carbohydrate levels
(Verspohl et al., 1992). Thus, under fasting conditions,

endogenous CCK, through CCK-A receptors, may activate
the HPA axis to stimulate glucose production.

From our data, we cannot indicate the anatomical

substrate for the e�ect observed. SR-27897 could act
peripherally on adenohypophysis to stimulate ACTH
release. However, it has been demonstrated that CCK-
induced release of ACTH is secondary to hypothalamic

activation (Kamilaris et al., 1992). SR-27897 could also act
on vagal a�erents leading to the activation of catecholami-
nergic inputs of the PVN (Rinaman et al., 1995). On the

other hand, the hypothalamus could be an alternative site
for a central action of the CCK-A antagonist. In any case,
our results show that under fasting conditions, but not in

satiated rats, CCK regulates both ACTH and corticoster-
one release. Interestingly, we have previously demonstrated
that devazepide, another CCK-A receptor antagonist, does
not modify plasmatic concentrations of these hormones in

other situations leading to the activation of the HPA axis,
such as forced-swim stress (Hernando et al., 1996).

In summary our data show that CCK-A receptor

blocking prevents the activation of the HPA axis that
occurs during fasting in rats. Under the same conditions,
CCK-B receptor blocking has no e�ect either on ACTH or

on corticosterone plasma levels. These data suggest that
CCK could be a regulatory factor of HPA axis activity
under conditions of food deprivation, i.e. low glucose

sources intake.
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Figure 1 E�ect of SR-27897 (0.3 mg kg71, s.c., 120 min before
lights o�) and L-365260 (1 mg kg71, s.c., 120 min before lights o�)
on food intake. Food intake was expressed in g rat71. SR-27897
signi®cantly enhanced food intake (Student's t-test *P50.01).
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