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1 Activation of the hypothalamic—pituitary—adrenal axis by fasting seems to involve cholecysto-
kinin (CCK) receptors.

2 This work aims to characterize the role of endogenous CCK in the activity of the paraventricular
nucleus (PVN) of the hypothalamus during food withdrawal. We investigated, by c-Fos
immunohistochemistry, the effect of CCK, and CCK, receptor antagonists (SR-27,897 and
L-365,260, respectively) on c-Fos levels expression induced by food deprivation.

3 Under our conditions, the number of cells expressing c-Fos was reduced both by SR-27,897 and
L-365,260 in food-deprived rats.

4 To investigate the importance of glucose availability, we studied the effect of CCK receptor
antagonists on c-Fos synthesis induced by the glucose antimetabolite 2-deoxyglucose. In these
animals, only SR-27,897 decreased c-Fos expression in the PVN.

5 Our results indicate that the effect of CCK antagonists is mainly perceptible when glucose
availability decreases, and suggest that CCK-ergic inputs could drive the activity of the PVN under

fasting/low glucose conditions.
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Introduction

Food intake, in addition to the circadian cycle light/darkness
and stress, is an important factor in regulating the activity of
the hypothalamic—pituitary—adrenal (HPA) axis. Acute fasting
in rats during the dark period, which corresponds to the peak
of food intake in rodents, leads to a significant increase of both
adrenocorticotropin (ACTH) hormone and corticosterone
plasma level (Akana et al., 1994). The activation of the HPA
axis seems to be aimed at increasing glucose availability (Baxter
& Forshman, 1972). In fact, a significant decrease of glucose
plasma concentration is an early metabolic response that occurs
during starvation (Dallman et al., 1999). Such a fall in glucose
level can be detected by hypothalamic neurons responsive to
glucose (Oomura et al., 1969; Spanswick et al., 1997; 2000), and
which are involved in modulating the activity of the HPA axis
(Schwartz et al., 1996). The importance of glucose in regulating
HPA activity has been stressed in a recent work showing that
the increase in the mRNA of the corticotropin-releasing
hormone (CRH) that occurs in the hypothalamic paraventri-
cular nucleus (PVN) in adrenalectomized rats is prevented by a
high-glucose diet (Laugero et al., 2001).

The hypothalamus is a relay area that integrates both
peripheral metabolic signals and neuroendocrine responses to
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experimental manipulations of feeding behavior. Most neuro-
transmitters that regulate feeding also modulate the activity of
the HPA axis (Kalra et al., 1999). In this context, we were
interested in better characterizing the eventual role of
endogenous cholecystokinin (CCK) in the regulation of the
HPA axis. CCK is a gastrointestinal hormone released
postprandially, which acts as a peripheral signal of satiety,
and also a neurotransmitter synthesized in the central nervous
system (CNS), where it seems to be also involved in food-
intake regulation (Crawley & Corwin, 1994). CCK binds two
different receptors: the CCK, receptor (CCK,R), which is
located in peripheral organs and in some regions of the CNS,
such as the nucleus tractus solitarius (NTS) and the hypotha-
lamus, and the CCK;R, mainly located in the CNS (Noble
et al., 1999).

In a previous work focusing on the effect of CCKR
antagonists on the activity of the HPA axis, we have shown
that CCK R antagonists prevent the increase of both ACTH
and corticosterone that occurs during acute fasting in rats, but
that they do not modify the basal release of these hormones
(Ruiz-Gayo et al., 2000). This finding suggests that endo-
genous CCK could be involved in the activation of the HPA
axis under conditions of metabolic stress. Since exogenous
CCK has been shown to stimulate CRH release in rat
hypothalamus (Kamilaris ez al., 1992), our hypothesis is that,
under fasting, endogenous CCK might stimulate hypothalamic
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sites to drive the activity of the HPA axis. The aim of the
present study was to characterize the effect of both CCK;R
and CCK,R antagonists on the activation of different brain
areas induced by food deprivation. To address this issue, rats
fasted during the dark phase were treated with CCK,R or
CCK,R antagonists. Then, we examined the effect of both
food deprivation and treatment with CCKR antagonists on c-
Fos expression in the PVN of the hypothalamus as well as in
NTS. These nuclei, which are responsive to CCK, are involved
in regulating food intake as well as the activity of the HPA axis
(Raybould et al., 1988; Schick et al., 1990). The PVN contains
neuronal cell bodies that express both CCK,R and CCK,R
mRNAs (Honda et al., 1993; Hinks et al., 1995) and all
subdivisions of the PVN possess neurons that are immunopo-
sitive for both subtypes of CCKRs (Mercer, 2000; Mercer et al.,
2000). To further investigate the role of glucose on the activity
of the PVN, we characterized the effect of CCKR antagonists
on fed rats treated with the glucose antimetabolite, 2-
deoxyglucose (2-DOG).

Methods
Animals

Adult male Wistar rats (200-230g) were housed, four per
cage, under a light/dark cycle (12h/12h) in a temperature-
controlled room (22°C), with standard chow (Panlab, Spain)
and water available ad [libitum. Animals were handled daily,
for at least 1 week, to avoid stress by manipulation on the day
of the experiment. Fasted rats were housed in the same room
as the fed animals. All experiments were carried out in
accordance with the European Communities Council Directive
(86/609/EEC) for the care and use of laboratory animals.

Chemicals

1-[[2-(4-(2-chlorophenyl)thiazol-2-yl)aminocarbonyl]-indolyl]-
acetic acid (SR-27,897) was kindly provided by Sanofi
Synthélabo (France) (Poncelet et al., 1993). (3R)-(+ )-N-(2,3-
dihydro-1-methyl-2-oxo-5-phenyl-1H-1,4-benzodiazepin-3-yl)-
3-methylphenylurea (L-365,260) was a gift of MSD (U.S.A.)
(Chang et al., 1989). Other chemicals and solvents were from
Sigma (U.S.A.).

Treatment

The variables of the study were food availability and
pharmacological treatment. For fasting, food was withdrawn
120min before the lights were off. At this time, CCKR
antagonists were administered. The CCK R antagonist SR-
27,897 was administered, s.c., at doses of 0.03, 0.3 and
I mgkg'. The CCK,R antagonist L-365,260 was given s.c. at
0.1, 1 and 10mgkg™'. The vehicle was 4% carboxymethyl-
cellulose.

In experiments with 2-DOG, this drug was administered in
saline to the fed animals, i.p., at the dose of 600mgkg~',
60 min before the lights were off and 60min after the
administration of vehicle, SR-27,897 (0.3mgkg™'") or L-
365,260 (1 mgkg™).

Rats were euthanized 210min after CCKR antagonist
administration. The gastric content in food-deprived rats was
about 50% of the content found in ad libitum animals.

Tissue preparation and immunohistochemical procedures

Rats were anesthetized with urethane 210 min after CCKR
antagonist administration and immediately perfused transcar-
dially with 300 ml saline, followed by 300 ml 4% paraformal-
dehyde. After perfusion, brains were removed and postfixed
overnight in 4% paraformaldehyde. Coronal sections (40 m)
containing hypothalamic PVN (bregma between —1.60 and
—1.88), or NTS (bregma between —13.68 and —14.30), were
obtained on a Vibratome (Leica 1000 M).

Free-floating sections were bathed in 60% methanol
containing 0.3% H,0O, for 30 min to block the endogenous
peroxidase activity. Sections were rinsed 3 x 5 and 1 x 10 min
in 0.1 M phosphate-buffered saline (PBS) pH 7.4, and then
1 x 10 min in PBS containing 0.1% Triton X-100 (PBS-Triton).
Sections were preincubated 1 x 30 min in PBS-Triton contain-
ing 5% normal goat serum (PBS-Triton-NS). Anti-c-Fos
rabbit antiserum (Calbiochem, U.S.A.) was added at a final
dilution of 1:5000, and incubated overnight at 4°C. The next
day, sections were washed with PBS (3 x 5 and 1 x 10 min) and
incubated with goat anti-rabbit secondary antiserum (Vector,
U.S.A.) diluted in PBS 1:200 for 2h. Sections were rinsed in
PBS (3 x5 and 1 x 10min) and incubated with the avidin—
biotin—peroxidase complex (ABC kit, Vector, U.S.A.). After
washing with 0.05M Tris-HCI (pH 7.4), sections were
developed with 3,3’-diaminobenzidine (Vector, U.S.A.), then
mounted and coverslipped with DPX (Aldrich, U.S.A.).
Counting was performed through a x 20 air objective by
using a Leika DMLS microscope. For each animal, the
number of c-Fos-stained cells, either in PVN or NTS, was an
average value from 4-6 sections, taken between the coordi-
nates indicated above. For counting cells in the parvocellular
area of the PVN, a region of approx. 300 um from the midline
was considered (Paxinos & Watson, 1986). Cell counts were
made randomly by two individuals. The specificity of c-Fos
antiserum was checked by using the corresponding blocking
peptide (Calbiochem, U.S.A.) (data not shown).

Plasma sample analysis

Plasma concentrations of glucose and insulin were determined
in troncal blood from fasted and fed rats. In fasted animals,
food was withdrawn 120 min before the lights were off. Rats
were killed by decapitation 90 min after the lights were off.
Glucose was measured by a spectrophotometric method
(Glucose Trinder Method, Roche) (Barham & Trinder,
1972). Insulin was determined by using a specific EIA kit for
rat insulin (Mercodia, Denmark), based on the direct sandwich
technique in which two monoclonal antibodies are directed
against separated antigenic determinants on the insulin
molecule. Plasma samples were within the detection range of
the assay 0.7-5.5 uginsulinml™' (1.8% intra-assay variation,
3.8% interassay variation).

Statistical analysis

Individual group comparisons were made using a two-way
ANOVA. The factors of variation were treatment and food
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availability. Individual dose effects within a given group were
analyzed by using a one-way ANOVA, followed by the
Newman—Keuls’ test. Statistical significance was set at
P<0.05.

Results

Effect of food deprivation on glucose and insulin plasma
concentration

Plasma samples were obtained from troncal blood from both
fed and fasted animals. As summarized in Table 1, the plasma
concentration of both glucose and insulin were significantly
lower in fasted than in fed rats, confirming that our
experimental conditions lead to characteristic metabolic
signals of acute fasting.

Effect of the CCK;R antagonist SR-27,897 and the
CCK,R antagonist L-365,260 on c-Fos expression in the
hypothalamus

The effect of both SR-27,897 (0.03, 0.3 and 1 mgkg™") and L-
365,260 (0.1, 1 and 10mgkg™!) on c-Fos expression was
examined, in both food-deprived and fed rats, 90 min after the
lights were off and 210min after drug administration

(Figure 1).
Table 2 summarizes the effect of SR-27,897 in the PVN.
Two-way  ANOVA  revealed  significant  treatment

(F30)=8.151, P<0.01) and fasting effects (F 30 =17.766,
P<0.01) as well as a significant interaction between treatment
and fasting (F;330=7.182, P<0.01). In food-deprived ani-
mals, SR-27,897 significantly decreased the expression of c-Fos
(one-way ANOVA, F;,9=13.378, P<0.01) from the dose of
0.3mgkg™". In the parvocellular area of PVN, all treatment,
food deprivation and their interaction were significant
(F3.32)=16.083, P<0.01; F (132 =40.543, P<0.01,
F.32,=8.980, P<0.01, respectively). In this area, treatment
with SR-27,897 induced significant change in the number of
c-Fos-positive cells from the dose of 0.03mgkg™" in food-
deprived animals (one-way ANOVA, Fg,9=12.238,
P<0.01), but lacked any effect in fed rats.

Table 2 also shows the effect of the CCK,R antagonist L-
365,260. Two-way ANOVA revealed, in PVN, significant
treatment (F;3,,=10.811, P<0.01) and fasting effects
(Fas=21.834, P<0.01) with significant interaction
(F31y=8.659, P<0.01). In fasted animals, L-365,260 sig-
nificantly decreased c-Fos expression (Fg9)=11.747,

Table 1 Plasma concentration of glucose and insulin
in fed and fasted rats

Fed Fasted
Glucose (mg/dl) 144.943.8 130.9+3.8%
Insulin (ug/l) 2.0+0.2 0.74+0.2%

Values are mean+s.e.m. of eight individual determinations.
*P<0.05 compared to the fed group (Newman—Keuls’ test).
Rats were fasted during 210 min from 2h before the lights
were off.

P<0.01), at the dose of 1 mgkg™', but was without effect in
fed rats. In the parvocellular area of this nucleus, all treatment,
fasting and their interaction were significant (F 3, =16.083,
P<0.01; F(3,=40.543, P<0.01, F;3,=8.980, P<0.0l,
respectively). In this area, treatment with L-365,260
also induced significant change in the number of
c-Fos-positive cells from the dose of 1mgkg™' (one-way
ANOVA, F;,0=12.238, P<0.01), but lacked any effect in
fed rats.

Effect of SR-27,897 and L-365,260 on c-Fos expression in
the NTS

Figure 2 illustrates the effect of SR-27,897 (0.3mgkg™") and
L-365,260 (1 mgkg™") on c-Fos expression in the NTS. In the
case of SR-27,897, two-way ANOVA revealed a significant
effect of fasting (F(; 14=170.591, P<0.01), but both treatment
effect and the interaction between fasting and pharmacological
treatment lacked statistical significance (F 14)=2.659,
P=0.119; F(14=1.604, P=0.176). Similar results were
obtained with L-365,260 (F; 14y=121.857, P<0.01 for fasting;
Fui14=3.109, P=0.096 for treatment; F5=1.904,
P=0.157 for the interaction). Table 3 resumes the effect of
SR-27,897 and L-365,260 on c-Fos expression in the NTS.

il
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Figure 1 Effect of CCKR antagonist on c-Fos expression in the
hypothalamic PVN in both fed and fasted rats. Images (a—f) are
representative of c-Fos immunostaining in a PVN containing section
from a fasted rat (a) or a fasted rat treated either with 0.3 mgkg™"
SR-27,897 (b) or Imgkg™' L-365,260. (c) Images (d—f) are
representative of fed rats treated with vehicle (d), 0.3mgkg™"' SR-
27,897 (e), or 1mgkg ' L-365,260 (f). Scale bar corresponds to
100 pm.
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Table 2 Effect of treatment with CCKR antagonists on c-Fos expression in total PVN and in the parvocellular (PVNp)

zone of the PVN of the hypothalamus

Treatment Fed Fasted
PVN PVNp PVN PVNp

Vehicle 43.3+13.5(5) 15.3+3.5(5) 188.3+29.7%(5) 104.14+20.8*(5)
SR-27,897 (0.03mgkg ') 24.34+7.6 (3) 9.6+1.0 (3) 125.2+423.0 (3) 65.246.2%(3)
SR-27,897 (0.3mgkg™") 64.6+8.9 (4) 24.343.6 (4) 65.5414.4** (5) 28.243.7%*%(5)
SR-27,897 (1 mgkg™") 87.0+13.1 (3) 28.0+4.0 (3) 40.0+9.5%*(5) 16.0+5.2%%(5)
L-365,260 (0.1 mgkg ') 51.5+8.5 (4) 14+7.8 (4) 166.2+24.2 (5) 73.5+11.3 (5)
L-365,260 (1mgkg™") 86.6+4.5 (4) 26.3+7.0 (4) 117.5+18.2% (5) 48.7+9.9% (5)
L-365,260 (10mgkg™") 80.4+6.3 (3) 33.649.1 (3) 111.3+14.8% (3) 26.348.2% (3)

Values are mean +s.e.m. from 3—5 animals. For each animal, 4—6 sections were counted and an average value obtained. Fasting increased
c-Fos expression in both magno- and parvocellular PVN (* P<0.01 compared to the vehicle-fed group; Newman—Keuls test). The effect
of SR-27,897 was significant, in fasted rats, from 1 mgkg~"' in PVNm and from 0.03mgkg~"' in PVNp (*P<0.05, **P<0.01 compared to
the vehicle-fasted group; Newman—Keuls’ test). The effect of L-365,260 was significant also in fasted rats from 1 mgkg ' only in PVNp
(*P<0.05, #P<0.01 compared to the vehicle-fasted group; Newman—Keuls’ test). The number within parentheses corresponds to the

number of animals used.

Figure 2 c-Fos expression in the NTS of fasted rats treated with
vehicle (a), SR-27,897 (b) or L-365,260 (c). (d—f) Representative of
fed rats treated with vehicle, SR-27,897 or L-365,269, respectively.
Scale bar corresponds to 100 um.

Effect of SR-27,897 and L-365,260 on c-Fos expression in
the hypothalamus and NTS of rats treated with 2-DOG

The effect of i.p. 2-DOG on hypothalamic c-Fos immuno-
staining in fed rats is illustrated in Figure 3. 2-DOG was
administered 60 min before the lights were off and 60 min after
administration of vehicle, SR-27,897 (0.3mgkg™') or L-
365,260 (1 mgkg™'). Treatment with 2-DOG (Figure 3b) led
to a significant increase of c-Fos expression in PVN, which was
not detectable in animals previously treated with the CCK;R

Table 3 Effect of CCKR antagonists on the expres-
sion of c-Fos in the NTS

Treatment Fed Fasted
Vehicle 6.5+2.1 92.5413.3%*
SR-27,897 (0.3mgkg™") 45+1.1 59.0+10.2%*
L-365,260 (1mgkg™") 4.040.9 44.5411.9*

Values are mean+s.e.m. from four animals. For each animal,
4-6 sections were counted and an average value obtained
(**P<0.01; *P<0.05, compared to the vehicle-fed group;
Newman—Keuls’ test).

"_

Figure 3 c-Fos expression on the hypothalamic PVN of fed rats
treated with (a) vehicle, (b) 2-DOG, (c) 0.3mgkg ' of SR-
27,897 +2-DOG and (d) 1mgkg™" of L-365,260+2-DOG. Scale
bar corresponds to 100 um.

antagonist SR-27,897 (Figure 3c) (F35,=186.4, P<0.01). In
contrast, the CCK,R antagonist L-365,260 was without effect
(Figure 3d). In the parvocellular area, the CCK, receptor
antagonist also prevented the effect of 2-DOG (F4 =113.3,
P<0.01; P<0.01 between 2-DOG and 2-DOG + SR-27,897
groups, Newman—Keuls test). Under the same conditions, the
CCK,R antagonist L-365,260 (1 mgkg') was without effect
(Table 4).

British Journal of Pharmacology vol 140 (5)
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Table 4 Effect of CCKR antagonists on the expression of c-Fos in fed rats treated with 2-deoxyglucose (2-DOG)

Treatment PVN

Vehicle + vehicle
Vehicle +2-DOG
SR-27,897 + vehicle
SR-27,897+2-DOG
L-365,260 + Vehicle
L-365,260 +2-DOG

4334111 (5)
2210.0+269.7%* (5)
64.7+12.7 (4)
113.0439.9 (5)
86.7+3.7 (3)
2732.0+338.7 (5)

PVNp NTS
15.342.9 (5) 6.5+ 1.5 (5)
236.3419.3%* (5) 119.7+8.4%* (5)
21.043.5 (4) 45109 (4)
23.343.9 (5) 31.3+4.74(5)
26.3+5.7 (3) 40109 (3)

224.0+15.4 (5) 130.7+6.1 (5)

Values are mean+s.e.m. from 3—5 animals. For each animal, 4—6 sections containing the area were counted and an average value
obtained. The effect of SR-27,897 (0.3mgkg™") was significant in total PVN and also in parvocellular PVN (**P<0.01, compared to
vehicle + vehicle, SR-27,897 + vehicle and SR-27,897+2-DOG groups; Newman—Keuls’ test). In the NTS, SR-27,897 significantly
decreased c-FOS expression (**P<0.01, compared to vehicle + vehicle, SR-27,897 + vehicle and SR-27,897 +2-DOG groups; *P>0.05
compared to vehicle + vehicle, SR-27,897 + vehicle groups; Newman—Keuls’ test). The number within parentheses corresponds to the

number of animals used.

In NTS (Table 3), 2-DOG led to significant increase of c-Fos
expression that was prevented by previous treatment with SR-
27,897 (F.10) = 159.6), but not with L-365,260.

Discussion

The anatomical data reported in this paper show that food
deprivation, during the dark phase of the circadian cycle,
increases c-Fos expression in the rat hypothalamus, through a
mechanism involving CCK. Previous reports have demon-
strated that food deprivation stimulates c-Fos expression in
the hypothalamus (Timofeeva & Richard, 1997). This effect is
probably linked to a decrease of glucose plasma level, since
insulin-induced hypoglycemia also stimulates c-Fos expression
in this area (Niimi et al., 1995).

Our experimental conditions, that is, food withdrawal only
during the initial nocturnal period of feeding, were chosen to
avoid deep metabolic changes occurring during starvation but
leading to characteristic metabolic signals of acute fasting
(Dallman et al., 1999), such as a slight decrease of glucose and
insulin plasma concentration. The main result of our work is
that either CCK R or CCK,R blockade decreased, in a dose-
dependent manner, c-Fos expression in the PVN of the
hypothalamus of fasted rats to values similar to those of fed
animals. This finding firstly suggests that, during fasting,
endogenous CCK drives, at least partially, the activity of the
PVN. The effect of CCKR antagonists seems to be relatively
specific of this metabolic situation, since, in a similar
experimental design, we have previously reported that CCK;R
antagonists reduce the increase of both corticosterone and
ACTH that occurs in fasted rats (Ruiz-Gayo et al., 2000), but
are without effect in other stressful situations (Hernando et al.,
1996).

In this work, the effect of CCKR antagonists was only
detected in fasted rats since these drugs, even at the highest
doses used, did not modify the expression of c-Fos in ad
libitum fed rats. This result points to an effect of CCKR
antagonists linked to a situation of metabolic stress and
suggests a physiological role for endogenous CCK in regulat-
ing neuroendocrine adaptative responses to acute fasting.

Concerning the CCKR subtype involved in this response, we
have shown that both SR-27,897 (a CCK,R antagonist) and L-
365,260 (a CCK,R antagonist) decreased c-Fos immunoreac-
tivity in the PVN of fasted rats to the values found in fed
animals. The effect was significant at the doses of 0.03 and

Imgkg™', which are considered selective for CCK,Rs and
CCK,Rs, respectively (Dourish et al., 1989; Poncelet et al.,
1993; Ruiz-Gayo et al., 2000). Thus, it seems that both
CCK,Rs and CCK,Rs are involved in the effect of endogenous
CCK. Nevertheless, the fact that SR-27,897 is effective at a
very low dose (0.03mgkg™') suggests that the partial
contribution of CCK;Rs would be more important than the
contribution of CCK,Rs. In fact, the effect of L.-365,260 could
eventually be related to the anxiolytic/antidepressive effect of
this drug (Crawley & Corwin, 1994; Hernando et al., 1994), as
food deprivation is a stressful situation that could, theoreti-
cally, evoke mood alterations involving the hypothalamus
(Hauger & Dautzenberg, 2000). The importance of CCK;Rs
was stressed in experiments carried out with 2-DOG, which
clearly showed that, under low glucose availability, the effect
of CCK in the PVN is mediated by CCK,R subtype.

An important question raised from our data is whether the
effect of CCKR antagonists is due to the binding of these
drugs to central receptors or is an indirect effect linked to the
blockade of vagal receptors (Corp et al., 1993). Both SR-
27,897 and L-365,260 are known to enter the brain and elicit
strong neurobehavioral effects (Dourish et al., 1989; Singh
et al., 1991; Poncelet et al., 1993; Vasar et al., 1994). Although
we cannot discard a vagus-mediated effect of CCKR
antagonists, our results point to a central effect since we have
not detected a significant effect of CCKR antagonists on c-Fos
expression in the NTS of fasted rats. This nucleus, which
receives vagal inputs, is very sensitive to peripheral CCK
(Crawley et al., 1981; Barber et al., 1990; Reidelberger, 1992;
Yuhan et al., 2000) and also contains also CCK;Rs and
CCK;Rs (Branchereau et al., 1992). In fact, central actions
elicited by peripheral CCK often involve the NTS (Broberger
et al., 1999) and it can be assumed that an eventual antagonism
of the central effects of peripheral CCK by CCKR antagonists
should be detected at the level of NTS. On the other side, a
peripheral effect of CCK in fasted rats is rather unexpected
since peripheral CCK is a postprandial hormone with low
plasma levels during fasting (Linden, 1989; Linden &
Sédersten, 1990). The increase in c-Fos expression in the
NTS observed in fasted rats could be related to the presence of
glucose-responsive neurons in this nucleus (Adachi et al.,
1995). Thus, our data suggest that endogenous CCK could be
released in brain during fasting and stimulate central CCKRs
involved in the activation of hypothalamic nuclei. Such a
hypothesis has anatomical support since there is increasing
evidence of CCK neurons and somata that are immunopositive
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for CCKRs in the PVN itself (see Introduction) as well as in
both the supraoptic and ventromedial hypothalamic nuclei,
which are connected to the PVN (Thompson & Swanson,
2003), and are involved in feeding/satiety mechanisms.
Interestingly, both the hippocampus and amygdala, which
are involved in regulating the activity of the HPA axis (see
review in Jacobson & Sapolsky, 1991), contain mRNA
encoding CCK (Vanderhaeghen et al., 1980; Schiffmann &
Vanderhaeghen, 1991) and are connected to the PVN
(Sawchenko & Swanson, 1983; Swanson & Sawchenko, 1983;
Herman et al., 2002). This allows to speculate about a putative
CCKergic input from those areas, recruited under fasting/low
glucose conditions and aimed at increasing HPA activity. In
order to assess the importance of glucose availability in the
effect of endogenous CCK in hypothalamic neuronal activity,
we have simulated fasting by an i.p. dose of 2-DOG. This
nonmetabolizable glucose analogue impairs glucose utilization
by neurons and can theoretically simulate a metabolic
situation of low glucose intake. Under our conditions
(administration 2h before the onset of the dark phase), 2-
DOG produced a significant increase of c-Fos expression in
the PVN of the hypothalamus as well as in the NTS. Such an
effect of 2-DOG in the hypothalamus and in the brain stem has
been previously described by several authors (Briski & Brandt,
2000; Briski & Marshall, 2000). Under our experimental
conditions, the effect of 2-DOG was dramatically abolished by
SR-27,897 but not by L-365,260. This result, taken together
with the preceding data, demonstrates that, when glucose
availability decreases, endogenous CCK can activate the PVN,
which is involved in the activation of the HPA axis and in
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