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Abstract The present study was designed to examine the
effects of intracerebroventricular injection of para-chlor-
ophenylalanine (PCPA) (cerebral serotonin depletive),
fluoxetine (selective serotonin reuptake inhibitor), 8-OH-
DPAT (5-HT,, autoreceptor agonist) and SB 242084
(5-HT,. receptor antagonist) on nociceptin/orphanin FQ
(N/OFQ) induced feeding response in chickens. A guide
cannula was surgically implanted into the lateral ventricle
of chickens. Before the experiments, 3-h fasting periods
had been given to all experimental birds. In experiment 1,
chickens were injected with PCPA (1.5 pg) followed by an
N/OFQ injection (16 nmol) intracerebroventricularly. In
experiment 2, birds received fluoxetine (10 pg) prior to the
injection of N/OFQ. In experiment 3, chickens were
administered with N/OFQ after the 8-OH-DPAT adminis-
tration (15.25 nmol). In experiment 4, birds were injected
with SB 242084 (1.5 pg) followed by an N/OFQ injection.
Cumulative food intake was measured at 3 h post injection.
The results of this study show that N/OFQ increases food
intake in broiler cockerels (P < 0.05) and that this effect is
amplified by pretreatment with PCPA and SB 242084 in an
additive manner (P < 0.05). The effect of N/OFQ is not
changed by pretreatment with 8-OH-DPAT (P > 0.05).
Furthermore, the stimulatory effect of N/OFQ on food
intake was significantly attenuated by pretreatment with
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fluoxetine. These results suggest that N/OFQ induced
hyperphagia is mediated by serotonergic mechanisms, and
possibly imply an interaction between N/OFQ and the
serotonergic system (via 5-HT,c receptors) on food intake
in chickens.

Keywords Nociceptin/orphanin FQ - Serotonergic
system - Food intake - Chicken

Introduction

The brain integrates diverse signals from the mouth, gas-
trointestinal system and other organs to regulate food
intake. Elaborate physiological mechanisms control feed-
ing behaviors, including those dependent on interplay
between neuropeptidergic pathways [1]. Importantly, a
single neuropeptide does not act alone in the process of
food intake regulation; instead, a wide distributed neural
network that hosts a variety of peptides appears to control
the feeding status of the humans and animals. Via the
organization of this system, neuropeptides interact with
each other; for example, by affecting the release of each
other or by reaching the same target cells [1].

Nociceptin or orphanin FQ (N/OFQ) is widely distrib-
uted in the central nervous system (CNS). It is found in
many regions of the hypothalamus, brainstem and forebrain
as well as in the ventral horn and dorsal horn of the spinal
cord [2]. The term “N/OFQ” refers to heptadecapeptide
orphanin FQ (OFQ), where orphanin refers to the peptide
affinity for the newly cloned orphan opioid receptor; F
(phenylalanine) and Q (glutamine) denote the first and the
last amino acids of the peptide, respectively, previously
described by Reinscheid et al. [3]. Nociceptin acts at the
nociceptin receptor (NOP1), formerly known as ORL-1.
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The receptor is also widely distributed in the brain,
including the cortex, anterior olfactory nucleus, lateral
septum, hypothalamus, hippocampus, amygdala, central
gray, pontine nuclei, interpeduncular nucleus, substantia
nigra, raphe complex, locus coeruleus and spinal cord [2].
It is derived from the prepronociceptin protein, including
two further peptides, nocistatin and Nocll [4]. Nociceptin/
orphanin FQ, a neuropeptide closely related to the opioid
family, induces a mild orexigenic response in a way similar
to classical opioids to some extent. N/OFQ is capable of
initiating and maintaining food intake. However, it does
not appear to mediate rewarding properties of consumption
[1]. This peptide affects food intake by acting through the
CNS. Data suggest that the orexigenic properties of N/OFQ
originate from its interactions with other feeding related
neuropeptidergic systems [2]. It has been reported that
intracerebroventricular (ICV) administration of N/OFQ
increases food intake in food deprived rats [1].

Neurons of the raphe nuclei are the principal source of
serotonin (5-HT) release in the brain. The raphe nuclei are
neurons grouped into nearly nine pairs and distributed
along the entire length of the brainstem, centered near the
reticular formation [5]. Neural axons in raphe nuclei form a
neurotransmitter system, reaching almost every part of the
CNS. Axons of neurons in the lower raphe nuclei are ter-
minated in the cerebellum and spinal cord, while axons of
the higher nuclei spread out in the entire brain, including
the arcuate nucleus [5]. The 5-HT-ergic system action is
terminated primarily via uptake of 5-HT from the synapse.
This is accomplished through the specific monoamine
transporter for 5-HT (SERT) on the presynaptic neurons.
Various agents can inhibit 5-HT reuptake, including
MDMA (ecstasy), amphetamine, cocaine, dextromethor-
phan (an antitussive), tricyclic antidepressants (TCAs) and
selective 5-HT reuptake inhibitors (SSRIs) [6].

It is well recognized that fluoxetine tends to decrease
serotonin reuptake in animals and humans. In contrast,
SERT is of considerable interest as a target molecule for a
variety of antidepressants such as serotonin-selective re-
uptake inhibitors (SSRIs) including citalopram, fluoxetine
and paroxetine. SERT is a domain protein that cotransports
one 5-HT molecule inwardly in protonated form together
with one Na* and one C1~ ion. An internal K* ion is bound
and counter transported after the dissociation of 5-HT, Na™
and Cl™, as SERT returns to its initial state [7]. The
pharmacological action of fluoxetine (a selective serotonin
reuptake inhibitor) is observed by blocking 5-HT trans-
porter mediated reuptake; therefore, causing enhancement
of extracellular 5-HT levels [8].

5-HT has been used in the control of eating behavior and
body weight gain. The 5-HT-ergic system is known to
decrease food intake in mammalian species, and experi-
mental situations that increase S-HT system activity
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decrease feeding behaviors [9—11]. In chickens, 5S-HT-ergic
systems are involved in the regulation of various physio-
logical functions such as an inhibitory effect on feeding
behavior [12-15]. ICV injection of 5-HT induces a potent
decrease in food intake in chickens and turkeys [16, 17].
Studies with agonists have demonstrated that 5-HT acts on
different receptor subtypes [10, 11, 15].

The effects of central injection of 5-HT and its inter-
action with other neuropeptides in avian species, have
been sparsely studied. Based on previous studies, 5-HT
stimulates corticotropin releasing factor (CRF) secretion,
and the hyperphagic effect of N/OFQ is mediated by the
activation of central glucocorticoid receptors [18, 19]. In
the current study, the interaction of N/OFQ and the central
5-HT-ergic system on feeding behavior in chickens has
been assessed.

Materials and methods
Animals

Ninety-six broiler cockerels (each six birds in a replicate)
(Eshragh Co., Iran) were reared in heated batteries with
continuous lighting until 3 weeks of age. Before the
experiments, birds were weighed and randomly assigned
into experimental groups (average live body weight (LBW)
950 £ 30 g in each group). Birds were provided with
water and a mash diet (21 % protein and 2,869 kcal/kg of
metabolizable energy) ad libitum. The birds were trans-
ferred to individual cages at approximately 2 weeks of age.
The temperature and relative humidity of the animal room
were maintained at 22 £+ 1 °C and 50 %, respectively.

Drugs

N/OFQ, para-chlorophenylalanine (PCPA) (cerebral 5-HT
depletive), fluoxetine (selective 5-HT reuptake inhibitor),
8-OH-DPAT (5-HT1A autoreceptor agonist) and SB
242084 (5-HT2c receptor antagonist) were purchased from
Sigma, USA. All solutions were prepared in pyrogen-free
0.9 % NaCl solution (saline), which was also used as the
control.

Surgical preparation

Three-week-old birds were anesthetized with xylazin
(1 mg/kg body weight, IM) and ketamin (30 mg/kg body
weight, IM) [20] to insert a 23-gauge thin-wall stainless
steel guide cannula into the right lateral ventricle stereo-
taxically [21]. The stereotaxic specifications were
AP = 6.7 mm, L = 0.7 mm and H = 3.5-4 mm with the
oriented head [22]. Three stainless steel screws were placed
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in calvarias to protect the guide cannula, then acrylic dental
cement (Pars acryl, Iran) was applied to the screws and
guide cannula. While the chickens were not being used in
experiments, an orthodontic #014 wire (American Ortho-
dontics, USA) trimmed to the exact length of the guide
cannula, was inserted into it. Lincospectin (Razak, Iran)
was applied to the incision to prevent possible infections.
The birds were allowed a minimum of 5 days of recovery
prior to injections [23].

Experimental procedures

For the possible involvement of central serotonergic sys-
tem on N/OFQ induced eating response, the effects of
centrally administered PCPA, fluoxetine, 8-OH-DPAT
and SB 242084 were assessed in chickens. Injections were
carried out with a 29-gauge, thin-wall stainless steel
injection cannula which extends 1 mm beyond the guide
cannula. This injection cannula was connected through a
60-cm-long PE-20 tube to a 10-pl Hamilton syringe.
Solutions were injected over a period of 60 s. An addi-
tional time period of 60 s was applied to allow the
solution to diffuse from the tip of the cannula into the
ventricle. All experiments were performed between 10:00
a.m. and 2:00 p.m. Birds were mock injected daily during
the 5-day recovery period to get acquainted with the
injection procedure. Three hours of fasting had been
given for all experimental birds before the injections.
After the injection, birds were returned to their cages
immediately. Then, fresh water and food were supplied
and the food intake was recorded at 15, 30, 60, 120 and
180 min after the injection.

In experiment 1, each bird received two injections. The
first injection consisted of either 0 or 1.5 pg of PCPA in
5 pl of saline and the second injection consisted of either 0
or 16 nmol of N/OFQ in 5 pl of saline as described in
Table 1 (n = 6 for each group). In the control group, the
first and the second injections consisted of 5 pl of saline.
The interval time for these injections was 15 min.

Experiments 2, 3 and 4 were conducted similar to the
first one except that the chickens received 0 or 10 pg of
fluoxetine in experiment 2; 0 or 15.25 nmol of 8-OH-
DPAT in experiment 3 and 0 or 1.5 pg of SB 242084 in

Table 1 Treatment procedure in experiment 1

First injection Second injection Treatments

Saline Saline Saline + Saline* (n = 6)
Saline N/OFQ (16 nmol) Saline + N/OFQ (n = 6)
PCPA (1.5 pg) Saline PCPA + saline (n = 6)

PCPA (1.5 pg)  N/OFQ (16 nmol)  PCPA + N/OFQ (1 = 6)

* 5 0.9 % NaCl: control

experiment 4 instead of PCPA. Each bird was only used in
one experiment. Animals were killed painlessly following
the study according to the guidelines mentioned. Placement
of the guide cannula into the ventricle was verified by the
presence of cerebrospinal fluid and ICV injection of
methylene blue was followed by slicing the frozen brain
tissue at the end of each experiment.

In the current study, the selection of PCPA, fluoxe-
tine, 8-OH-DPAT and SB 242084 doses were chosen
based on the preliminary and previous studies [24-28].
These doses alone had no effects on food intake in FD3
chickens. Selection of N/OFQ dose was based on a study
by Tajalli et al. [29]. According to our previous findings,
injection of 1.5 pg PCPA diminished brain serotonin
levels without causing any suppression in food intake in
chickens [30].

Statistical analysis

Cumulative food intake was analyzed by two-way analysis
of variance (ANOVA), and is presented as mean = SEM.
For treatments showing a main effect by ANOVA, means
were compared using post hoc Bonferroni and Dunnett
tests. P < 0.05 was considered as significant differences
between the treatments.

Results

In all experiments, injected N/OFQ (16 nmol) into the
lateral ventricle of chickens caused an increase in food
consumption 180 min post injection when compared with
control groups (F3, »5 = 18.43) (P < 0.05) (Figs. 1, 2, 3,
and 4).

In experiment 1, the stimulatory effect of N/OFQ on
food intake was amplified by 1.5 pg PCPA pretreatment
(F5, 25 = 16.28) (P < 0.05), but 1.5 ng PCPA alone failed
to change the food intake in FD3 chickens (F5, 5 = 1.63)
(P > 0.05) (Fig. 1).

In experiment 2, the effect of N/OFQ was significantly
attenuated by the administration of 10 pg of fluoxetine
60-180 min post injection in FD3 chickens (F3, ,5 = 23.58)
(P < 0.05) (Fig. 2), while 10 pg of fluoxetine alone had no
effects on food intake (F5, 5 = 1. 08) (P > 0.05).

In experiment 3, 8-OH-DPAT (15.25 nmol) had no
effects on food intake and failed to change the N/OFQ
induced food intake in FD3 chickens (F3 25 = 2.39)
(P > 0.05) (Fig. 3).

In experiment 4, the hyperphagic effect of N/OFQ was
significantly increased by SB 242084 pretreatment in FD3
chickens (F3, 5 = 32. 47) (P < 0.05) (Fig. 4). Further-
more, 1.5 pg of SB 242084 alone had no effects on food
intake in chickens (F5 5 = 1.09) (P > 0.05).
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Fig. 1 Effect of
intracerebroventricular injection
of PCPA (1.5 pg) followed by
N/OFQ (16 nmol) on food
intake in chickens: Saline

0.9 % NaCl, PCPA
parachlorophenylalanine,
N/OFQ nociceptin/orphanin FQ.
Data are presented as

mean = SEM. There are
significant differences between
groups with different codes in a
column in each time
(superscript letters a, b, c;

p < 0.05)

Fig. 2 Effect of
intracerebroventricular injection
of fluoxetine (10 pg) followed
by N/OFQ (16 nmol) on food
intake in chickens: Saline 0.9 %
NaCl, N/OFQ nociceptin/
orphanin FQ. Data are presented
as mean = SEM. There are
significant differences between
groups with different codes in a
column in each time
(superscript letters a, b, ¢ and d;
p <0.05)

Fig. 3 Effect of
intracerebroventricular injection
of 8-OH-DPAT (15.25 nmol)
followed by N/OFQ (16 nmol)
on food intake in chickens:
Saline 0.9 % NaCl, N/OFQ
nociceptin/orphanin FQ. Data
are presented as mean = SEM.
There are significant differences
between groups with different
codes in a column in each time
(superscript letters a and b;

p < 0.05)
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Discussion

The present study was designed to investigate the possible
involvement of 5-HT-ergic paths in N/OFQ induced
hyperphagia in chickens. A hyperphagic effect of N/OFQ
was observed after its administration into the third ventricle
and ARC but not in the central amygdale (CA), VMH,
hypothalamic paraventricular nucleus (PVN) or fourth
ventricle [31]. Furthermore, microinjection of N/OFQ into
the shell of the nucleus accumbens (NA) and ventromedial
hypothalamus (VMH) caused a significant increase in food
intake [32]. Central injection of N/OFQ induces feeding in
satiated rats which can be blocked by the peripheral
administration of opioid antagonist naloxone [33]. In all
experiments in this study, injecting N/OFQ into the lateral
ventricle of chickens caused an increase in food con-
sumption. It has been stated that the hyperphagic effect of
N/OFQ is mediated by the activation of central glucocor-
ticoid receptors, and central injection of glucocorticoid
receptor antagonist RU486, 30 min prior to injection of
N/OFQ significantly reduces N/OFQ induced food intake
[18]. The effect of ICV injection of CRF on various
behaviors in chickens was assessed at 15-min intervals over
a 30-min time period. Food intake of the chickens was
significantly decreased, and pecking rhythm was signifi-
cantly delayed by the CRF during the first 15 min post
injection [34]. Multiple studies have reported the effects of
5-HT on food intake in avian species. 5-HT exerts an
inhibitory effect on feeding behavior in animals, including
birds [26]. Cell bodies of 5-HT-secreting neurons are
identified primarily in the midline raphe region and retic-
ular system of the medulla, pons and upper brain stem [35,
36]. Axons of the neurons in the lower raphe nuclei are
terminated in the cerebellum and spinal cord while axons
of the higher nuclei are spread out in the entire brain
including the arcuate nucleus [5].

30 60 120 180

Time (mmin)

Studies with agonists have demonstrated that 5-HT acts
on various receptor subtypes [9, 37-41] and the hypopha-
gic effects of ICV injection of 5-HT can be mediated by
5-HT,, and 5-HT,, receptors. It is worth noting that ICV
injection of 5-HT,, agonists (8-OH-DPAT) in 24FD
pigeons had no effects on amount of food intake but ele-
vated the duration of food consumption [15]. Additionally,
ICV injection of 5-HT was able to induce a decrease in
food consumption in 24-h food-deprived or satiated leg-
horn chickens, turkeys and pigeons [13, 16, 26]. In a
similar study, it has been observed that central injection of
5-HT led to a modest decrease in food consumption in
satiated broiler chickens. However, no effects were
observed in 24-h food-deprived chickens [12, 21]. In the
current study, we showed that the stimulatory effect of
N/OFQ on food intake was significantly strengthened by
PCPA (Fig. 1), and that this effect was attenuated with
pretreatment of fluoxetine (selective 5-HT reuptake inhib-
itor SSRI) (Fig. 2). The increased food consumption
induced by the ICV injection of N/OFQ was not signifi-
cantly fortified by pretreatment with 8-OH-DPAT (5-HT; A
receptor agonists) (Fig. 3), but this effect of N/OFQ sig-
nificantly increased with pretreatment with SB 242084
(selective antagonist for the 5-HT,C receptor) (Fig. 4).

Based on the current study, there is possibly an inter-
action between N/OFQ and 5-HT neurons and feeding
behavior in chickens. In birds, central injection of a glu-
cocorticoid receptor antagonist apparently affects food
intake. The effects of serotonergic agonists and antagonists
on CRF secretion have been investigated by explanted rat
hypothalamus. 5-HT stimulates CRF secretion in explanted
rat hypothalami and this effect appears to be mediated
mainly through a 5-HT, receptor mechanism [19].

In chickens, both CRF and 5-HT stimulate the hypo-
thalamo-pituitary-adrenal (HPA) axis and the stimulatory
role of 5-HT on CRF secretion is mediated mainly by a
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5-HT, receptor [42]. It has been reported that pharmaco-
logical blockade of 5-HT reuptake by fluoxetine increases
CRF in portal plasma [43]. Furthermore, based on the
previous studies, the hyperphagic effect of N/OFQ is
mediated by the activation of central glucocorticoid
receptors [18]. These results indicate that central N/OFQ
and central serotonergic systems affect food intake and
presumably these effects occur on the same pathway by
interacting with endogenous CRF and its receptors.
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