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Abstract

It is known that central injection of glucagon-like peptide-1 (GLP-1) suppresses feeding in rats and chicks, but the systems for GLP-1
are still open with special reference to the chick. The present study was done to determine whether a noradrenergic mechanism contributes
to the anorexigenic effect of GLP-1 on the neonatal chick. Central administration of norepinephrine (NE) suppressed food intake with
narcolepsy as GLP-1 in chicks. However, in spite of that dopamine (DA) did not affect food intake, coadministration of inhibitor of
dopamine-3-hydroxylase (DBH), fusaric acid (FA), attenuated the suppressive effect of GLP-1 on feeding behavior. It is suggested that
there may be the interactive relationships between GLP-1 and noradrenergic system in the neonatal chick. © 2001 Elsevier Science Inc.

All rights reserved.
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1. Introduction

Glucagon-like peptide-1 (GLP-1) is known as an
inhibitor of food intake in rats (Navarro et al., 1996;
Tang-Christensen et al., 1996; Turton et al., 1996) and
chickens (Furuse et al., 1997a,b), but the systems for this
anorexia of GLP-1 are poorly defined. One of the systems
suggested by Larsen et al. (1997) is that GLP-1 activates
the hypothalamo—pituitary—adrenocortical (HPA) axis in
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the rat. This is primarily stimulation of corticotropin
releasing factor (CRF) neurons, and this activation may
be responsible for the inhibition of feeding behavior. In
fact, plasma corticosterone concentration was rapidly
increased after central administration of GLP-1 in the
rat. On the contrary, central GLP-1 did not alter plasma
corticosterone concentration in the neonatal chick (Furuse
et al., 1997c). Thus, the action of GLP-1 in the central
nervous system of chickens might at least have no relation
to CRF.

As the side effect of GLP-1, we observed that intra-
cerebroventricular (ICV) administration of GLP-1 induced
sedation or narcolepsy (sleep-like behavior) in chicks
(Bungo et al.,, 1999b). On the other hand, the reduction
in food intake after central injection of norepinephrine
(NE) was superimposed upon a sleep-inducing effect has
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been reported previously the domestic fowl (Denbow et
al., 1981) and the Leghorn chick (Steinman et al., 1987).
On the relationship between sleep and NE, it has reported
that central injection of fusaric acid (FA) (an inhibitor of
dopamine-3-hydroxylase (DBH), a late-limiting enzyme in
NE synthesis) suppressed REM sleep in cats (Satoh and
Tanaka, 1973). Young animals sleep more than adults,
and they also spend a large percentage of their time in
REM sleep (Fraser and Broom, 1990). We recently
reported that central injection of FA increased food intake
in chicks since FA may inhibit narcolepsy and/or REM
sleep by endogenous NE (Bungo et al., 1999a). These
findings hypothesized that the functional link between
GLP-1 and NE may exist and/or that suppression of food
intake by GLP-1 may be mediated by increased NE
release in the central nervous system.

The present study was to elucidate whether suppressed
food intake by the central injection of GLP-1 has relation to
NEergic system by using FA. In advance of experiments on
FA, the effects of catecholamines (NE and dopamine (DA))
that have relation to DBH on regulating food intake in the
neonatal chick were also examined.

2. Materials and methods
2.1. Animals

Day-old male broiler chicks (Cobb) were purchased from
a local hatchery (Mori Hatchery, Fukuoka, Japan). Birds
were maintained in a room with 24 h light and at a
temperature of 28 °C. They were given free access to a
commercial starter diet (Toyohashi Feeds and Mill, Aichi,
Japan) and water. Chicks were maintained in accordance
with the recommendations of the National Research Coun-
cil (National Research Council, 1985). They were distrib-
uted into experimental groups based on their body weight,
so that the average body weight was as uniform as possible
for each treatment.

2.2. Intracerebroventricular (ICV) injections

The birds were ICV injected with the solutions (10 pl)
using a microsyringe according to the methods by Davis et
al. (1979). NE (bitartrate salt) and DA (hydrochloride)
were purchased from Sigma (St. Louis, MO, USA), and
chicken GLP-1 and FA were purchased from Peptide
Institute (Osaka, Japan) and Funakoshi (Tokyo, Japan),
respectively. Drugs were dissolved in a 0.1% Evans Blue
solution, which was prepared in a 0.85% saline. At the end
of the experiments, birds were sacrificed by decapitation
after which the location of the injection site was con-
firmed. Data from the individuals that were not verified by
the presence of Evans Blue dye in the lateral ventricle
were deleted.

2.3. Experimental procedure

2.3.1. Effect of ICV injection of NE on food consumption

Although ICV administration of NE failed to stimulated
food intake in young chickens (Denbow et al., 1981)
because of narcolepsy, it is unclear as to whether central
injection of NE influences feeding behavior in neonatal
chicks or not. This experiment was conducted to determine
the effect of NE on food intake in the neonatal chick. Birds
(2-day-old) were in free access to food. Birds were injected
by the ICV route with saline or NE (25, 50 and 100 pg) and
food intake was determined at 30, 60 and 120 min. The
numbers of birds used were: control, 10; NE, 25 g, 9;
50 pg, 8 and 100 pg, 8, respectively.

2.3.2. Effect of ICV administration of DA on
food consumption

Since FA, which is used on the following experiments,
inhibits NE synthesis from DA, this experiment was con-
ducted to determine whether DA influenced food intake of
chicks. Birds (2-day-old) were in free access to food. Birds
had ICV administration of saline or DA (25, 50 and 100 pg).
Food intake was determined at 30, 60 and 120 min. The
numbers of birds used were: control, 9; DA, 25 pg, 9; 50 pg,
9 and 100 pg, 9, respectively.

2.3.3. Effect of ICV injection of FA on GLP-I-suppressed
food consumption

This experiment was conducted to determine whether the
anorexic effect of GLP-1 was affected by altering NE
synthesis through the action of FA. After being deprived
of food for 3 h, birds (2-day-old) were injected by ICV route
with saline, GLP-1 (0.03 pg) or GLP-1 coinjected with FA.
Food intake was measured at 1 and 2 h. The numbers of
birds used were: control, 5; GLP-1 alone, 8 and GLP-1 with
FA, 6, respectively.

2.3.4. Dose response of FA on GLP-I-suppressed
food consumption

This experiment was conducted to determine whether FA
attenuated the anorexigenic effect of GLP-1 in a dose-
dependent-manner. Birds (2-day-old) with 3 h fasting were
divided into four groups, i.e., saline, GLP-1 (0.03 pg) alone
and GLP-1 coinjected with two levels of FA (50 and 100 pg).
Food intake was determined for 2 h immediately after
treatment. The numbers of birds used were: control, 8;
GLP-1 alone, 9; GLP-1 with FA 50 pg, 6 and GLP-1 with
FA 100 pg, 8.

2.4. Data analysis

Data were analyzed by one-way ANOVA by the General
Linear Model procedure using a commercially available
package (SAS Institute and SAS User’s Guide, 1985), and
comparisons between means were made using Duncan’s
multiple range test in the effects of ICV injection of NE and
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Fig. 1. Cumulative food intake over a 2-h period after ICV injection of
norepinephrine or saline in 2-day-old chicks. Values are means+S.E.M.
* P<.05 compared to control saline. Numbers of birds used were: 10
(saline), 9 (25 pg), 8 (50 pg) and 8 (100 pg).

DA, and GLP-1 coinjected with FA. In the dose response
experiment, regression analysis was applied for the values
obtained by three doses of FA (0, 50 and 100 pg) with
GLP-1. The results are presented as mean + SEM.

3. Results

3.1. Effect of ICV injection of NE on food consumption

The result on the effect of central injection of NE is
shown in Fig. 1. Food intake was significantly decreased by
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Fig. 2. Cumulative food intake over a 2-h period after ICV injection of
dopamine or saline in 2-day-old chicks. Values are means=S.E.M.
Numbers of birds used were: 9 (saline), 9 (25 pg), 9 (50 pg) and 9 (100 pg).
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Fig. 3. Cumulative food intake (after 3-h fasting) of chicks injected ICV
with saline, GLP-1 (0.03 pg) or GLP-1 coinjected with fusaric acid (FA;
100 pg). Values are means+S.E.M. Means with a different letter are
significantly different at P<.05. Numbers of birds used were: 5 (saline), 6
(GLP-1 with FA) and 8 (GLP-1 alone).

50 and 100 pg NE when compared with control and the
level of 10 pg at 30 min postinjection, F(3,31)=5.31,
P<.05. On the other hand, each level of NE failed to
suppress food intake of chicks at 60 and 120 min when
compared with control (P>.05).

3.2. Effect of ICV administration of DA on food consumption
Fig. 2 depicts the effect of central injection of DA in
chicks. Throughout the 2 h experimental period, food intake

was not affected by each level of DA (25, 50 and 100 pg)
when compared with the saline control (P>.05).
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Fig. 4. Food intake (after 3-h fasting) during 2 h of chicks injected ICV with
saline, GLP-1 (0.03 pg) or GLP-1 coinjected with two levels of FA (50 and
100 pg). Values are means + S.E.M. The following regression equation was
obtained between food intake and the doses of FA: food intake
(2)=1.4607+0.0113X (R*=.3074, P=.006). Numbers of birds used were:
8 (saline), 9 (GLP-1 alone), 6 (GLP-1 with FA 50 pg) and 8 (GLP-1 with
FA 100 pg).
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3.3. Effect of ICV injection of FA on GLP-1-suppressed
food consumption

The result on the effect of central injection of GLP-1 alone
and GLP-1 with FA is given in Fig. 3. Although central
administration of GLP-1 significantly decreased food intake,
an anorexigenic effect of GLP-1 was attenuated by FA
(100 pg) used in this experiment at 60 min, F(2,16)=7.96,
P<.05 and 120 min, F(2,16)=11.27, P<.05.

3.4. Dose response of FA on GLP-1-suppressed
food consumption

Fig. 4 shows the effect of each level of FA upon
hypophagia by GLP-1. Two levels of FA (50 and 100 pg)
attenuated the suppression of food intake by in a dose-
related fashion. Dose level of FA (100 pg) produced a
recovery from anorexic effect of GLP-1 to approximately
80% of baseline (control) level (see Fig. 4). The following
regression equation was obtained between food intake and
the doses of FA: food intake (g)=1.4607(S.E. 0.2385)
+0.0113(S.E. 0.0037) X (R*=0.3074: P=.006).

4. Discussion

As regards the NEergic system, the paraventricular nuc-
leus (PVN) of the hypothalamus is the sensitive site to NE-
stimulated feeding in the rat (Leibowitz, 1978). This
response is mediated by «,-receptors (Schlemmer et al.,
1981), since central injection of clonidine (o-adrenoceptor
agonist) stimulates feeding behavior in rats (Goldman et al.,
19852) and chickens (Bungo et al., 199a; Choi et al., 1995).
On the other hand, NEergic mechanisms are important in the
sleep-waking cycle, for example it is believed that the locus
coeruleus prevents motor activity during rapid eye move-
ment (REM) sleep (Kruk and Pycock, 1991). Denbow et al.
(1981) observed that ICV injection of NE failed to stimulated
food intake in the domestic fowl, presumably because it
induced a narcoleptic response. Similar to Denbow et al.
(1981), we found that higher level of NE reduced food intake
of satiated chicks (see Fig. 1). Harsing et al. (1989) also
suggested that stimulation of c,-adrenoceptors with pre- and
postsynaptic locations or inhibitor of oj-adrenoceptors in the
central nervous system might shift the depression/vigilance
balance to the direction of depression, which might be
accompanied by decreased activity of cortical NEergic
neural transmission. On the other hand, we observed that
ICV administration of GLP-1 induced sleep-like behavior in
the neonatal chick (Bungo et al., 1999b). Thus, there is the
possibility that the anorexigenic effect of GLP-1 was due to
hypersecretion of NE. Actually, it was demonstrated that
fasted chicks were also suppressed feeding behavior by
central injection of NE (unpublished data; food intake at
30 min after treatment was: control, 1.08 £0.15 g; NE 25 pg,
0.394+0.10 g; NE 50 g, 0.56+0.13 g; NE 100 pg,

0.51£0.10 g). In the purpose of inhibition for this hyper-
secretion of NE, we used FA (an inhibitor of DBH), because
FA suppressed REM sleep that has relation to NEergic
mechanism (Satoh and Tanaka, 1973). In fact, it was con-
firmed that NE concentration was decreased to the level of
80% by central injection of FA compared with control saline
(unpublished data).

Recently, we reported that food intake of satiated chicks
was enhanced by the central injection of FA in a dose-
dependent manner (Bungo et al., 1999a), but not fasted
chicks (unpublished data). The dose of FA used in the effect
of ICV injection of FA on GLP-1-suppressed food con-
sumption, was highest level in the previous report (Bungo
et al., 1999a). Because FA attenuate the synthesis of NE, we
predicted that coinjection of FA does not have strong
influence on the anorexia by GLP-1 in the beginning of
the experiment. Thus, food intake was measured at 60 and
120 min. As the result of this experiment, central adminis-
tration of GLP-1 significantly decreased food intake as
previously reported (Furuse et al., 1997a; Furuse et al.,
1997b). However, an anorexigenic effect of GLP-1 was
attenuated by FA used in this experiment at both time
determined (see Fig. 3). Although there was no systematic
attempt to quantify other behavioral measurement, FA
seemed to inhibit sleep-like behavior induced by GLP-1
in chicks. Moreover, two levels of FA attenuated the
suppression of food intake by GLP-1 in a dose-related
fashion (Fig. 4). Therefore, it seemed that anorexic effect
by central injection of GLP-1 might have relation to
NEergic system. Anyway, this result was very interesting,
because the suppressed food intake by central administra-
tion of GLP-1 could not be attenuated by a strong orexi-
genic factor, neuropeptide Y (NPY) in the neonatal chick
(Furuse et al., 1997a). We observed in the neonatal chick
that central coinjection with NPY and clonidine, a specific
,-agonist, decreased food intake enhanced by NPY alone
(Bungo et al., 2000).

On the other hand, there is the possibility for the
attenuation of the anorexia of GLP-1 induced by FA that
DA in the ventromedial hypothalamic nucleus (VMH)
might mediate an increase in food intake. The amount of
DA may be increased in VMH as a result of DBH inhibition
with FA. Meguid et al. (1997) reported that DA concentra-
tion in VMH decreased during eating. However, evidence
that this possibility may be wrong can be seen in the effect
of ICV administration of DA on food consumption (Fig. 2).
This result coincided with other report that central injection
of DA had no effect on food intake in broiler and White
Leghorn chickens (Denbow et al., 1981; Denbow et al.,
1983). Recently, we found that central injection of FA
decreased the concentration of DA, but not modified that
of serotonin (5-HT) in the hypothalamus of chicks (unpub-
lished data). However, the depression of DA induced
anorexia in chicks (Bungo et al., 2001). Collectively, it is
unlikely that both DA and 5-HT might not have direct
relationship with the effect of FA on food intake.
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From the standpoint of the relationship between GLP-1
and NE, coworker found that after 2 h central injection
GLP-1 produced a decrease of catecholamines in VMH, but
not PVN and suggested that ICV injection of GLP-1 may
induced a drastic release in catecholamines (Tachibana et
al., unpublished data). This result implies that the regulation
of GLP-1 on the suppressive effect of food intake may be
through the action of NE.

In conclusion, NEergic system affects directly or indi-
rectly the anorexic effect of GLP-1 on food intake of chicks.
However, these relationships remain to be studied in future.
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