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Fasting Affects More Markedly Neuropeptide Y
Than Monoamines in the Rat Brain
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PAGES, N., M. OROSCO, C. ROUCH, O. YAO, C. JACQUOT AND C. BOHUON. Fasting affects more markedly
neuropeptide Y than monoamines in the rat brain. PHARMACOL BIOCHEM BEHAV 44(1) 71-75, 1993. —Monoamine
turnover and neuropeptide Y (NPY) levels were evaluated in the CNS of 48- and 72-h-fasting adult, male rats in four brain
areas: the hypothalamus, cortex, hippocampus, and striatum. In 48-h-fasted rats, NPY levels increased in the cortex and
decreased in the striatum. The dopaminergic turnover increased in the hippocampus. The serotonergic turnover decreased in
the hippocampus, striatum, and cortex and was still decreased after 72 h of fasting. In 72-h-fasted rats, an overall significant
increase of NPY levels was observed except in the striatum, where it decreased significantly. No relationship appeared between
NPY and monoamine levels, suggesting that NPY can act independently in feeding behavior and play, in different brain

areas, an important role in its regulation.
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NEUROPEPTIDE Y (NPY), a 36 amino acid residue of the
pancreatic polypeptide family, is located in large dense-core
vesicles of nerve cell bodies and terminals both in the periph-
eral and central nervous system (1,2,10,14,22,34), in particu-
lar in hypothalamic areas that regulate feeding behavior (18).
Indeed, one of its physiological functions is to be a potent
stimulator of food intake in mice and rats because the injec-
tion of NPY into the paraventricular nucleus of the hypothala-
mus (PVN) or into different central nuclei stimulates drinking
and feeding behavior, in particular carbohydrate ingestion, in
satiated animals (8,9,20,24-26,30,31). In the rat, its action is
further characterized by an indirect effect on pancreatic 8-cells
because it stimulates insulin release at doses that enhance food
intake (23).

NPY has been found to coexist with catecholamines in
central and peripheral structures (15,21), suggesting that this
peptide interacts with other systems and especially with the
adrenergic system (3). Specifically, NPY is found to coexist
with norepinephrine (NE) in the PVN (11,29). Extensive work
has identified the PVN as a primary site in the mediation of
feeding elicited by NE (19). The implication of the remaining
monoamines in feeding behavior has been also reported. De-
struction of dopaminergic or catecholaminergic fibers can lead
to hypophagia (25). Dopamine (DA) infusion can increase or
decrease feeding according to the site of injection (18). Fi-
nally, various studies suggest that serotonin functions as a
satietogen agent (18,26). However, the interrelationships be-

tween NPY and monoamines in feeding behavior remain un-
clear. It seems that, at least in the PVN, NPY can act indepen-
dently of NE (17). The aim of the present work was to study
simultaneously the variations induced by 48 or 72 h of fasting
on the physiological levels of NPY and on the turnover of
monoamines in four distinct cerebral areas: the hypothala-
mus, cortex, hippocampus, and striatum.

METHOD

Animals and Treatment

Male Sprague-Dawley rats (IFFA Credo, France) weighing
170-190 g were used. They were kept under a controlled 12
L: 12 D schedule (light from 6:00 a.m.-6:00 p.m.) at 23 +
1°C and had free access to food and tapwater for 1 week
before experimentation. They were assigned at random to one
control and two experimental groups (» = 5) and housed at a
maximum of three per cage. The experimental groups were
deprived of food in the middle of the light period. Then,
48 or 72 h following initiation of food deprivation rats were
sacrificed.

Tissue Collection

Animals were decapitated between 12:00 and 2:00 p.m.
to eliminate the influence of diurnal variations. Brains were
quickly removed and dissected on a chilled plate to separate
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TABLE 1
EFFECT OF FASTING IN RATS ON CEREBRAL NPY LEVELS (pM/g)
Brain Area

Fasting (h) HT HC S CX
0 920 + 20 473 £+ 20 392 + 35 436 + 46
48 902 + 33 474 + 28 259 + 30* 557 + 51f
72 1220 + 311t 618 + 3089 267 + 22* 561 + 14}

HT, hypothalamus; HC, hippocampus; S, striatum; CX, cortex.
*p < 0.05; tp < 0.001, §p < 0.01 vs. controls; $p < 0.001, Ip < 0.0l vs. 48-h-

fasting rats.

the hypothalamus, hippocampus, striatum, and cortex, which
were then stored at —80°C. After thawing, the brain areas
were homogenized in 0.4 N perchloric acid containing 0.1%
EDTA, Na,S,0,, and cystein for NPY assay. The homoge-
nates were centrifuged (3,500 X g, 15 min, 4°C) and the su-
pernatants were stored at — 80°C until monoamine determina-
tions.

Monoamine and NPY Assays

NPY concentrations were measured on brain homogenates
by an immunoradiometric assay (IRMA) using two mono-
clonal antibodies (MAB) (12). The first MAB (NPY 02) was a
mouse IgG 1 with a K, of 5.5 x 107'® M for the total NPY
and recognizing an epitope localized in the 10-15 region of the
NPY. The second MAB (NPY 05) was a mouse IgG 2 with a
K, of 2.5 x 107! M for the total NPY and recognizing an
epitope localized in the 32-36 CONH, region of the NPY.
NPY 02 was used as the uptaker and was coated on polysty-
rene tubes and NPY 05 was used as the indicator after labeling
it with '®I using the iodogen method. The assay was per-
formed by adding 250 ul of the sample to NPY 02-coated
tubes followed by the addition of 50 pl of the labeled NPY
05. The tubes were incubated overnight at +4°C. After incu-
bation, the tubes were washed three times with 0.15% Tween-
20 in distilled water and counted in a y-radioactivity counter.
Results were expressed as pM/g tissue.

Monoamine and metabolite concentrations in the superna-
tant of brain were analyzed as previously described (27) using
a liquid chromatography technique with an electrochemical
detection. NE, DA, dihydroxyphenylacetic acid (DOPAC),
3-methoxytyramine (3-MT), S-hydroxytryptamine (5-HT),
and 5-hydroxyindolacetic acid (5-HIAA) were separated and
quantified in the brain. Results were expressed as ng/g tissue.

Statistical Analysis

Results were expressed as the mean + SEM of five deter-
minations. Statistical significance was calculated by analysis
of variance (ANOVA). The difference between the different
groups was calculated using the multiple-comparisons Dun-
nett’s test.

RESULTS

After starvation, NPY levels were affected differentially
according to the cerebral area (Table 1). In the 48-h-fasted rat
group, NPY increased, F(2, 14) = 60.47, p < 0.001, only in
the cortex (+24%). The same tendency was observed in the
hippocampus but did not reach the level of significance. No
changes were observed in the hypothalamus. In the 72-h-

fasted rat group, NPY levels were increased in the hypothala-
mus up to 32%, F(2, 14) = 38.15, p < 0.001, in the hippo-
campus up to 30%, F(2, 14) = 9.99, p < 0.01, and in the
cortex up to 28%, F(2, 14) = 60.47, p < 0.001, as compared
to controls. In the hypothalamus, NPY levels after 72 h of
fasting were significantly increased when compared to the 48-
h-starved rat group, F(2, 14) = 38.15, p < 0.001. In the stri-
atum, NPY levels decreased significantly after 48 h (—34%),
and 72 h (— 32%) of fasting, F(2, 14) = 6.30, p < 0.05.

In any brain area, the noradrenergic levels were not altered
(data not shown). The dopaminergic turnover increased only
in the hippocampus of the 48-h-fasted rat group and returned
to normal values after 72 h of fasting (Table 2). DA and
DOPAC levels were significantly increased as compared to
controls and to the 72-h-fasted rat group [F(2, 13) = 32.06,
p < 0.001, and F(2, 13) = 17.47, p < 0.001, respectively].
3-MT did not vary.

In contrast, the 5-HIAA/5-HT ratio showed an overall
tendency to decrease during fasting as a result of two opposite
but not always significant variations of the two parameters
(Table 3). The serotonin level increased in the striatum, F(2,
14) = 6.54, p < 0.01, and cortex, F(2, 14) = 3.94, p <
0.05, in 72-h-starved rats as compared to controls and to the
48-h-fasted rat group. 5S-HIAA level decreased in the cortex in
both fasted groups, F(2, 14) = 7.76, p < 0.01. Finally, the
5-HIAA/5-HT ratio was significantly decreased in the hippo-
campus, F(2, 13) = 20.95, p < 0.001, striatum, F(2, 14) =
4.06, p < 0.05, and cortex, F(2, 14) = 5.40,p < 0.05.

DISCUSSION

The regulation of food intake is an extremely complex pro-
cess including peripheral and central feeding systems and is far
from being completely elucidated. The central feeding system
integrates peripheral signals through a cascade of various neu-

TABLE 2

EFFECT OF FASTING ON
HIPPOCAMPAL DOPAMINERGIC TURNOVER (ng/g)

Fasting

(h) DA DOPAC 3-MT
0 69 + 12 47 + 7 249 + 11
48 154 + 4*} 80 + 3*1 274 + 13
72 87 + 4 49 + 3 272 + 12

*p < 0.001 vs. controls, tp < 0.001, ip < 0.01, vs. 72-h-
fasting rats.
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rotransmitters, involving monoamines and peptides (25). Re-
cent works have shown that NPY has a potent stimulatory
effect on feeding. Many studies have focused on the hypothal-
amus, suggesting a physiological role of NPY in food intake
regulation at the PVN level (6,33). The increase in food con-
sumption is linked to an important increase in body weight
and body fat when NPY is chronically injected (32). Recently,
significant increases in NPY content were described in geneti-
cally obese Zucker rats in various nuclei of the hypothalamus
involved in the control of food intake, feeding periodicity
(16), and energy balance and also in the arcuate mediane emi-
nence, where NPY is produced in large amounts (5). It was
also shown that NPY levels rise and fall with the nutritional
state of animals in various hypothalamic nuclei (4,6,28). Fi-
nally, NPY arises notably before the onset of the active period
(16). Conversely, an increase in NPY levels in 72-h-fasting
rats has been recently described in the microdissected area of
the hypothalamus including the PVN by means of radioimmu-
noassay (28) and immunochemistry (6). In contrast, there are
few findings in the literature on the role of NPY in feeding
regulation in other brain areas.

In the present work, we studied the effect of 48- and 72-h
starvation on the levels of monoamines and NPY in four dis-
tinct central areas: the hypothalamus, cortex, hippocampus,
and striatum. In a previous study in mice (unpublished data),
we observed a steady-state or even a slight but unsignificant
decrease in hypothalamic NPY levels when animals were
starved 12-48 h. In the present study, the NPY level was also
unchanged in the hypothalamus of 48-h-fasted rats. It may be
assumed that an increase, if any, in some nuclei could not
be observed in the whole hypothalamus. In contrast, and in
agreement with previous studies (6,28), it increased signifi-
cantly in the hypothalamus (+ 32%) of 72-h-starved rats, thus
suggesting important variations in various hypothalamic nu-
clei. A significant increase was also observed in the hippocam-
pus after 72 h (+30%) and in the cortex after 48 and 72 h
of fasting (+24% and +28%, respectively). However, this
increase was not generalized in the brain because a significant

PAGES ET AL.

decrease in the striatal NPY level by about 30% was observed
after 48 and 72 h of starvation. The physiological significance
of these changes needs to be investigated.

Except for the striatum, the generalized increase of NPY
in the brain could be due either to an increase of NPY synthe-
sis or a decrease of NPY release or metabolism or to both of
these mechanisms. It may be hypothetized that, at least in the
hypothalamus, an increased synthesis of NPY takes place as
a consequence of the decrease of peripheral satiety signals
including vagal (cholecystokinin, somatostatin, glucagon) and
nonvagal inputs (bombesin, calcitonin).

In contrast, fasting induced little change in cerebral mono-
amines. NE levels did not vary in any area. According to
Kyrkouli et al. (17), who showed that NPY injected into the
PVN remains effective in eliciting feeding in the presence of
ay-receptor antagonists and catecholamine synthesis inhibi-
tors, it seems that NPY can act independently of endogenous
NE. The dopaminergic turnover was not altered in the cortex
although DA utilization has been shown to be increased in the
prefrontal cortex after fasting, but this was ascribed to stress
(7). The increases in DA and DOPAC observed in the hippo-
campus after 48-h fasting may also be ascribed to stress. The
serotonergic turnover decreased in the hippocampus, stria-
tum, and cortex but not in the hypothalamus, in agreement
with other authors (13). This indicates that serotonin, consid-
ered a satietogen agent, is slowly released in these areas during
fasting. However, the variations in NPY in these regions may
be either opposite or parallel to those of 5-HT, indicating a
lack of relation between these two systems. Like for NPY,
the absence of significant changes in monoamine levels in the
hypothalamus could be due to the fact that discrete variations
occurring in some nuclei could not be observed in the whole
hypothalamus.

In conclusion, it seems that NPY is more sensitive than the
monoamines to the stress of feeding. In any brain area, no rela-
tionship between NPY and monoamine variations appeared,
suggesting that NPY can act independently and may beinvolved
in the regulation of feeding in many cerebral areas.
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