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Abstract The information emerging from the studies

demonstrates adrenergic system and nociceptin/orphanin

FQ (N/OFQ) play a crucial role on appetite regulation but

there is no information for their interaction. The purpose of

this study was to examine the effects of intracerebroven-

tricular (ICV) injection of prazosin (a1 receptor antago-

nist), yohimbine (a2 receptor antagonist), metoprolol (b1
adrenergic receptor antagonist), ICI 118,551 (b2 adrenergic
receptor antagonist) and SR59230R (b3 adrenergic receptor
antagonist) on N/OFQ-induced hyperphagia by 3-h food-

deprived neonatal broiler chicken. In experiment 1, chicken

injected with saline, prazosin (10 nmol), N/OFQ (16 nmol)

and co-injection of prazosin ? N/OFQ. In experiment 2,

ICV injection of saline, yohimbine (13 nmol), N/OFQ

(16 nmol) and yohimbine ? N/OFQ applied to the birds.

In experiment 3, injections were saline, metoprolol

(24 nmol), N/OFQ (16 nmol) and metoprolol ? N/OFQ.

In experiment 4, the birds received ICV injection of saline,

ICI 118,551 (5 nmol), (C) N/OFQ (16 nmol) and co-ad-

ministration of ICI 118,551 ? N/OFQ. In experiment 5,

chicken injected with saline, SR59230R (20 nmol), N/OFQ

(16 nmol) and SR59230R ? N/OFQ. Then, cumulative

food intake was recorded until 120 min after injection.

According to the results, ICV injection of N/OFQ signifi-

cantly increased food intake (P\ 0.001). The effect of

N/OFQ significantly amplified by co-injection of

N/OFQ ? b2 adrenergic receptor antagonist (P\ 0.001).

Also, administration of b1 or b3 adrenergic receptor

antagonist had no effect on N/OFQ-induced hyperphagia

(P[ 0.05). These results suggest that the effect of N/OFQ

on cumulative food intake is mediated via b2 adrenergic

receptors in neonatal chicken.

Keywords N/OFQ � Adrenergic system � Food intake �
Broiler chicken

Introduction

For many years a dual-center hypothesis served to explain

the neural regulation of food intake in animals (Denbow

1994). Several studies suggest many aspects of food intake

control in chickens appear similar to that in mammals but

there are some responses that are anomalous in chicks. In

particular, domestic fowl differ from mammals in the

stimulatory mechanisms for feeding (Bungo et al. 2005).

Feeding behavior is a complex physiologic phenomenon

which interacts via several neurotransmitters by a wide

distributed neurological network on food intake regulation

(D’Addario et al. 2014).

Norepinephrine (NE) is a well-known catecholamine

which acts as a neurotransmitter in the central nervous

system (CNS) (Tachibana et al. 2009). NE usually interacts

with a and b adrenergic receptors. They are divided into

two major types of a adrenergic receptors: a1 and a2 and

three types of b adrenergic receptors, b1, b2 and b3 (Lei

2014). There is evidence that the brain adrenergic system

plays an important role in the regulation of food intake in
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mammals and avian (Bungo et al. 1999). In the domestic

fowl, ICV injection of NE into the paraventricular nucleus

of the hypothalamus (PVN) stimulated food intake in

chickens (Denbow and Sheppard 1993). This response is

mediated by a2 receptors where the central administration

of NE or clonidine (a2 receptor agonist) induced feeding

and this effect was suppressed by yohimbine (a2 receptor

antagonist) not by prazosin (a1 receptor antagonist)

(Wellman et al. 1993). Controversial reports exist on role

of a-adrenergic receptors on feeding behavior in avian.

ICV injection of clonidine stimulated food intake in meat-

type chicks (broiler) (Bungo et al. 1999). Also, Denbow

et al. (1981) reported ICV administration of NE had no

effect on food consumption in broiler or layer-type chicken

(layers). Effects of b adrenergic receptors on body meta-

bolism have been detected, and a mediatory effect of b
adrenergic on appetite is possible. ICV injection of iso-

proterenol (nonselective b adrenergic receptor agonist)

reduces food intake in rats (Wellman 1992) where injection

of b3 adrenergic receptor agonist showed an anorexigenic

effect (Tsujii and Bray 1998). ICV injection of salbutamol

(b2 adrenergic receptor agonist) decreases food intake in

rats (Kanzler et al. 2011). Avian reports revealed ICV

injection of isoproterenol (b1 and b2 adrenergic receptor

agonist) decreased food and water intake in broilers,

respectively (Baghbanzadeh et al. 2010).

Nociceptin/orphanin FQ (N/OFQ) is a 17 amino acid

neuropeptide that binds to NOP receptor, the fourth

member of the opioid receptor family (Alt et al. 2012). The

endogenous ligand N/OFQ binds to the opioid receptors (l,
d, and r) with a very low affinity (Alt et al. 2012). The

N/OFQ implicated in a variety of physiological functions,

including stress vulnerability, anxiety, locomotion and

memory (Roozendaal et al. 2007). N/OFQ has an important

role in appetite regulation where intracerebroventricular

(ICV) administration of N/OFQ increases food intake in

rats (Olszewski et al. 2010) and birds (Zendehdel et al.

2013, 2015). This effect reported by injection of N/OFQ

into the nucleus accumbens (NAcc), ventromedial

hypothalamus, paraventricular nucleus, arcuate nucleus

(ARC) and the nucleus of the solitary tract (Bungo et al.

2009).

Limited information exists for interaction of N/OFQ and

adrenergic system. It is reported N/OFQ inhibits nora-

drenaline release in the mouse cortex via NOP receptors

(Werthwein et al. 1999). Presynaptic N/OFQ receptors

modulate noradrenaline release in the rat neocortex (Marti

et al. 2003). The N/OFQ is able to inhibit the noradrenaline

release from the dorsal raphe and locus coeruleus (Gavioli

and Calo 2013). The information emerging from the bio-

chemical, biophysical and pharmacological studies

demonstrated adrenergic system and N/OFQ play key role

in feeding behavior but there is no information for their

interaction. Therefore, these mechanisms are important for

newly hatched chicks, which must recognize and ingest

food voluntarily to survive (Alizadeh et al. 2015). There is

no report on the interaction of adrenergic system on

N/OFQ-induced feeding behavior. So, the aim of this

present series of experiments was to establish the role of

adrenergic a1, a2, b1, b2 and b3 receptors on N/OFQ-in-

duced food intake in 3 hour food deprived (FD3) broiler

chicken.

Materials and Methods

Animals

A total of 240 one-day-old broiler chicken (Ross 308)

purchased from a local hatchery (Eshragh Co. Iran). At

2 days of age birds were randomly transferred to individual

cages and kept at a temperature of 30 ± 1 �C with

50 ± 2 % humidity (Olanrewaju et al. 2006). Birds housed

according to a completely randomized design. During the

study birds had ad libitum access to fresh water and a

starter diet containing 21 % crude protein and 2850 kcal/

kg of metabolizable energy (Animal Science Research

Institute Co., Iran). Three hours prior to the injections,

birds were food deprived (FD3) but had free access to

water. Animal handling and experimental procedures per-

formed according to the Guide for the Care and Use of

Laboratory animals by the National Institutes of Health

(USA) and the current laws of the Iranian government for

animal care.

Experimental Drugs

The N/OFQ, prazosin (a1 receptors antagonist), yohimbine

(a2 receptors antagonist), metoprolol (b1 adrenergic

receptors antagonist), ICI 118,551 (b2 adrenergic receptor

antagonist), SR 59230R (b3 adrenergic receptor antagonist)
and Evans blue purchased from Sigma Co. (Sigma, USA).

Drugs at first dissolved in absolute dimethyl sulfoxide

(DMSO) then diluted with 0.85 % saline containing Evans

blue at a ratio of 1/250. DMSO with this ratio does not

have a cytotoxic effect (Blevins et al. 2002; Qi et al. 2008).

Intracerebroventricular Injection Procedures

Intracerebroventricular (ICV) injections conducted at

five days of age. A total of five experiments designed to

investigate the interconnection of adrenergic and N/OFQ

systems on food intake in neonatal birds. Each experiment

included four treatment groups with 12 replicates per group

(n = 48 chickens per experiment). In each experiment,

chicks weighed and allocated into experimental groups
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based on their body weight so that the average weight

(45 ± 5 g) between treatment groups was as uniform as

possible. Each chicken received ICV injected once in each

experiment. Injections were done using a microsyringe

(Hamilton, Switzerland) without anesthesia based on the

method described by Davis et al. (1979) and Furuse et al.

(1997). In this technique, the head of the chick was held

with an acrylic device in which the bill holder was at 45�
and the calvarium was parallel to the surface of table (Van

Tienhoven and Juhasz 1962). An orifice was made in a

plate that was located over the skull immediately over the

right lateral ventricle. The microsyringe was inserted into

the ventricle through the orifice in the plate. The tip of the

needle perforated only 4 mm below the skin of the skull

(Jonaidi and Noori 2012). There is no physiological stress

using this technique in neonatal chicken (Saito et al. 2005).

Injections were done in a volume of 10 lL (Furuse et al.

1999). The control group received control solution as

10 lL of saline containing Evan’s blue (Furuse et al.

1999). At the end of the experiments, to recognize the

accuracy of injection, chicken were killed by decapitation.

Accuracy of placement of the injection in the ventricle was

verified by the presence of Evans blue followed by slicing

the frozen brain tissue. Only data from individuals in which

dye was present in their lateral ventricle were used for

analysis. All experimental procedures were done from 8:00

A.M. until 3:30 P.M. Also, the time course of food con-

sumption was selected by previous studies (Jonaidi and

Noori 2012; Zendehdel and Hassanpour 2014; Hassanpour

et al. 2015; Zendehdel et al. 2016).

Food Intake Measurement Procedure

In this study, five experiments designed, each with four

treatment groups (A–D) (n = 48). In experiment 1, FD3

chickens were ICV injected with (A) saline, (B) prazosin

(10 nmol), (C) N/OFQ (16 nmol) and (D) co-administra-

tion of prazosin ? N/OFQ. In experiment 2, ICV injection

of (A) saline, (B) yohimbine (13 nmol), (C) N/OFQ

(16 nmol) and (D) co-injection of yohimbine ? N/OFQ

were applied to the birds. In experiment 3, ICV injections

were (A) saline, (B) metoprolol (24 nmol), (C) N/OFQ

(16 nmol) and (D) metoprolol ? N/OFQ. In experiment 4,

the birds received an ICV injection of (A) saline, (B) ICI

118,551 (5 nmol), (C) N/OFQ (16 nmol) and (D) co-ad-

ministration of ICI 118,551 ? N/OFQ. In experiment 5,

chickens were ICV injected with (A) saline, (B) SR

59230R (20 nmol), (C) N/OFQ (16 nmol) and (D) SR

59230R ? N/OFQ. To find the possible relationship

between these two systems, effective and sub-effective

doses of pharmacologic agents administered to confront

nullifying effects of the agents. In other words, when an

effective dose of a system administered, the sub-effective

dose of the other system considered. Immediately after

injection, chickens were returned to their individual cages

and provided with access to pre-weighed food ad libitum

and water. Cumulative food intake (g) was measured at 30,

60 and 120 min after the injection. Food consumption was

calculated as a percentage of body weight (%BW) to

minimize impact of body weight on the amount of food

intake. Each bird just used once in each experimental

group. These doses of antagonists and N/OFQ were cal-

culated based on previous and pilot studies (Bungo et al.

1999; Abbasnejad et al. 2005; Tachibana et al. 2009;

Zendehdel and Hassanpour 2014; Zendehdel et al.

2013, 2015).

Statistical Analysis

Data is presented as mean ± standard error of the mean

(SEM). Cumulative food intake (as percent of body weight)

analyzed by repeated measure two-way analysis of vari-

ance (ANOVA) using SPSS 16.0 for Windows (SPSS, Inc.,

Chicago, IL, USA). For treatment showing a main effect by

ANOVA, means compared by Tukey–Kramer test.

P\ 0.05 was considered as significant differences between

treatments.

Results

Effects of central adrenergic system on N/OFQ-induced

hyperphagia in FD3 neonatal broiler chicks presented in

Figs. 1, 2, 3, 4 and 5. In experiment 1, ICV injection of sub

effective dose of prazosin (10 nmol) had no significant

effect on food intake compared to control group in FD3

neonatal broiler (P[ 0.05). The ICV injection of an effec-

tive dose of N/OFQ (16 nmol) significantly increased food

consumption at 30, 60 and 120 min post-injection

(P\ 0.001). Co-injection of prazosin (10 nmol) and N/OFQ

(16 nmol) had no effect on N/OFQ-induced hyperphagia at

30, 60 and 120 min post-injection (P[ 0.05).

In experiment 2, ICV administration of sub effective

dose of yohimbine (a2 receptor antagonist, 13 nmol) had

no effect on cumulative food consumption in FD3 neonatal

broiler (P[ 0.05). ICV injection of 16 nmol of N/OFQ had

a hyperphagic effect at 30, 60 and 120 min post-injection

(P\ 0.001). However, there was no significant effect on

N/OFQ-induced feeding behavior by combine injection of

yohimbine ? N/OFQ (P[ 0.05).

In experiment 3, ICV injection of sub effective dose of

b1 adrenergic receptor antagonist, metoprolol (24 nmol)

had no effect on food consumption in comparison to con-

trol group (P[ 0.05). ICV injection of 16 nmol N/OFQ

induced hyperphagia (P\ 0.001); and this effect was not

altered by co-injection of metoprolol (24 nmol) and
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N/OFQ (16 nmol) at 30, 60 and 120 min post-injection

(P[ 0.05).

In experiment 4, ICV injection of ICI 118,551 (b2
adrenergic receptor antagonist, 5 nmol) had no significant

effect on feeding behavior in FD3 neonatal broiler chicks

compared to control group (P[ 0.05). The ICV injection

of N/OFQ (16 nmol) significantly increased food

consumption in chickens (P\ 0.001). Also, the hyper-

phagic effect of N/OFQ significantly amplified by co-in-

jection of ICI 118,551 ? N/OFQ at 30, 60 and 120 min

post-injection (P\ 0.001).

In experiment 5, ICV injection of b3 adrenergic receptor
antagonist (SR 59230R) at dose of 20 nmol, had no effect

on food intake in FD3 neonatal broiler compared to control

Fig. 1 Effect of ICV injection of prazosin (10 nmol), N/OFQ

(16 nmol) and their combination on percent of body weight cumu-

lative food intake in neonatal layer type chicken (n = 48). prazosin:

a1 receptor antagonist, N/OFQ: nociceptin/orphanin FQ. Data are

expressed as mean ± SEM. F and P value for within and between

subject factors are as follows: Time, F(2,18) = 41.29, P\ 0.001;

prazosin, F(l,64) = 0.01, P[ 0.05; N/OFQ, F(l,64) = 71.25,

P\ 0.001; prazosin 9 N/OFQ interaction, F(l,64) = 0.42,

P[ 0.05. Asterisk indicates significant difference with saline group

(P\ 0.001)

Fig. 2 Effect of ICV injection of yohimbine (13 nmol), N/OFQ

(16 nmol) and their combination on percent of body weight cumu-

lative food intake in neonatal layer type chicken (n = 48). yohim-

bine: a2 receptor antagonist, N/OFQ: nociceptin/orphanin FQ. Data

are expressed as mean ± SEM. F and P value for within and between

subject factors are as follows: Time, F(2,94) = 60.18, P\ 0.001;

yohimbine, F(l,43) = 0.08, P[ 0.05; N/OFQ, F(l,43) = 53.71,

P\ 0.001; yohimbine 9 N/OFQ interaction, F(l,43) = 1.06,

P[ 0.05. Asterisk indicates significant difference with saline group

(P\ 0.001)

Fig. 3 Effect of ICV injection of metoprolol (24 nmol), N/OFQ

(16 nmol) and their combination on percent of body weight cumu-

lative food intake in neonatal layer type chicken (n = 48). metopro-

lol: b1 adrenergic receptor antagonist, N/OFQ: nociceptin/orphanin

FQ. Data are expressed as mean ± SEM. F and P value for within and

between subject factors are as follows: Time, F(2,13) = 114.37,

P\ 0.001; metoprolol, F(l,46) = 1.34, P[ 0.05; N/OFQ,

F(l,46) = 113.01, P\ 0.001; metoprolol 9 N/OFQ interaction,

F(l,46) = 0.17, P[ 0.05. Asterisk indicates significant difference

with saline group (P\ 0.001)

Fig. 4 Effect of ICV injection of ICI 118,551 (5 nmol), N/OFQ

(16 nmol) and their combination on percent of body weight cumu-

lative food intake in neonatal layer type chicken (n = 48). ICI

118,551: b2 adrenergic receptor antagonist, N/OFQ: nociceptin/

orphanin FQ. Data are expressed as mean ± SEM. F and P value

for within and between subject factors are as follows: Time,

F(2,55) = 154.39, P\ 0.001; ICI 118,551, F(l,75) = 0.05,

P[ 0.05; N/OFQ, F(l,75) = 51.97, P\ 0.001; ICI 118,551 9 N/

OFQ interaction, F(l,75) = 40.16, P\ 0.001. Asterisk indicates

significant difference with saline group (P\ 0.001). Double asterisk

indicates significant difference with N/OFQ group (P\ 0.001)
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group (P[ 0.05). ICV injection of 16 nmol N/OFQ sig-

nificantly increased food intake in neonatal chickens

(P\ 0.001). Co-injection of SR 59230R and N/OFQ was

not able to fluctuate N/OFQ-induced hyperphagia at 30, 60

and 120 min post-injection (P[ 0.05).

Discussion

Based on the literature this paper is the first report on rela-

tionship between N/OFQ and adrenergic system on food

intake in FD3 neonatal broiler chickens. According to the data

N/OFQ had a hyperphagic effect (Figs. 1, 2, 3, 4, 5) which

was in agreement with previous reports in rats (Economidou

et al. 2006; Olszewski et al. 2010) and meat-type chickens

(Abbasnejad et al. 2005; Tajalli et al. 2006; Bungo et al.

2009). The distribution of adrenergic receptors differs in

different parts of the avian brain. It is known that a2 adren-
ergic receptors increase food intake by poultry (Baghban-

zadeh et al. 2010) while b adrenergic receptor agonists

decreased food intake by rats (Wellman et al. 1993; Tsujii and

Bray 1998) and poultry (Zendehdel and Hassanpour 2014).

In this study, there was no relationship between a
adrenergic receptors and N/OFQ on food intake regulation.

In poultry, injection of NE into the ventromedial nucleus,

paraventricular nucleus, and medial septal sites stimulated

food intake while inhibited when injected near the lateral

septal organ and the anterior portion of both the nucleus

reticularis superior and pars dorsalis (Denbow 1999). The

ICV injection of clonidine (a2 receptor agonist) simulated

ingestion by post-synaptic a2 receptor in the layer-type

chicken (Tachibana et al. 2009). The arcuate nucleus

(ARC) is accessible to circulating signals of energy balance

via the underlying median eminence, as this is not pro-

tected by the blood–brain-barrier (Chen et al. 2006). There

are two primary neurons within the ARC which integrate

signals of nutritional status and influence energy home-

ostasis: pro-opiomelanocortin (POMC) and cocaine and

amphetamine regulated transcript (CART) which inhibits

food intake while neuropeptide Y (NPY) and agouti related

protein (AgRP) stimulates food consumption (D’Addario

et al. 2014). The NE excites approximately half of the

neurons in the ARC, probably because of a direct postsy-

naptic response via a1 or b receptors. Peripherally admin-

istered ghrelin may activate NPY/AgRP neurons in the

ARC through the noradrenalin system (Date et al. 2006). It

is revealed orexigenic effect of a adrenergic receptors

mediates via NPY in chicks (Tachibana et al. 2009). In

mammals, orexigenic effects of NPY at least partially

mediated by brain a adrenergic receptors. It is therefore

likely there are similar orexigenic mechanisms related to

NPY and a adrenergic receptors in chicks and mammals

(Tachibana et al. 2009). In this study, we used sub-effective

dose of a adrenergic receptors antagonists, which blocks

receptor without effect on food intake to assay possible

interaction(s) with N/OFQ. However, no interconnection

detected for a1 and a2 adrenergic receptors with N/OFQ.

As seen in this study, blockade of b2 adrenergic recep-

tors with sub effective dose of ICI 118,551, amplified

N/OFQ-induced hyperphagia in FD3 neonatal broiler. In

the chicken, b1 and b3 receptor antagonists had no effect on
food intake (Zendehdel and Hassanpour 2014). It is

reported, ICV injection of propranolol (a nonselective b
receptor antagonist) alone in the third ventricle increase in

food intake by a tonic inhibitory influence of the b1 or b2
adrenergic receptors in rat (Tsujii and Bray 1998). In all

rodent species studied, N/OFQ inhibits release of NE. it is

revealed the NOP1 receptors involved in preventing of NE

(Siniscalchi et al. 2002). There is evidence that food intake

regulation mechanisms are different among mammals and

birds. For example, ghrelin known as an orexigenic neu-

rotransmitter in mammals but has anorexigenic effect in

avian (Zendehdel and Hassanpour 2014). So far, numerous

researches done to the determine effect of neurotransmit-

ters on feeding behavior in mammals, but aspects of food

intake regulation in avian still unclear (Hassanpour et al.

2015). Given the estimated 300 million years of evolu-

tionary distance between mammals and avian, it is not

surprising that significant differences have been found in

the activities of a number of components involved in the

regulation of energy homeostasis between mammals and

birds(Alizadeh et al. 2015).

Fig. 5 Effect of ICV injection of SR 59230R (20 nmol), N/OFQ

(16 nmol) and their combination on percent of body weight cumu-

lative food intake in neonatal layer type chicken (n = 48). SR

59230R: b3 adrenergic receptor antagonist, N/OFQ: nociceptin/

orphanin FQ. Data are expressed as mean ± SEM. F and P value

for within and between subject factors are as follows: Time,

F(2,35) = 127.61, P\ 0.001; SR 59230R, F(l,42) = 1.37,

P[ 0.05; N/OFQ, F(l,42) = 86.11, P\ 0.001; SR 59230R 9 N/

OFQ interaction, F(l,42) = 0.19, P[ 0.05. Asterisk indicates signif-

icant difference with saline group (P\ 0.001)
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Based on the literature, the ARC is the site where

N/OFQ exerts most potent orexigenic effect (Abbasnejad

et al. 2005). N/OFQ elicits hyperphagic role in the ARC

neurons by activation of inward K? currents. N/OFQ may

therefore influence CART’s effect on food intake by

attenuating its release from ARC neurons via the NOP

receptor (Barnes et al. 2006). The CART and AgRP neu-

rons in the ARC express NOP receptors (Bewick et al.

2005). N/OFQ via NOP receptors decreased and increased

the release of CART and AgRP, respectively. So, the ARC

is the main site of action for the hyperphagic effect of

N/OFQ (Polidori et al. 2000). It is reported interconnection

exist between the a2 and NOP at the level of the receptors

themselves or at a step behind the receptors via G-protein-

coupled receptors (GPCRs) or ion channels (Werthwein

et al. 1999). However, no relationship found between a
adrenergic receptors and N/OFQ on food intake regulation,

but blockade of b2 adrenergic receptors with sub effective

dose amplified N/OFQ-induced hyperphagia in FD3

neonatal broiler chickens. In a sole study, Roozendaal et al.

(2007) reported b1 adrenergic receptors antagonist atenolol
(2.0 nmol) administered concurrently into the basolateral

complex of the amygdala potentiated the dose–response

effects of OFQ/N, but, there is no report for b2 adrenergic
receptors (Roozendaal et al. 2007). We think this can be

one of the differences between avian and mammalian for

central neurotransmitters activity.

Recently a new mechanism reported corticotropin-re-

leasing factor (CRF) facilitates the memory-modulatory

effects of noradrenergic via b adrenergic receptors

(Roozendaal et al. 2008). The NE effects on memory con-

solidation involve activation of both postsynaptic a1 and b
adrenergic receptors. The b adrenergic receptors coupled to

adenylate cyclase to stimulate the cAMP signaling pathway

while a1 receptors activation indirectly modulates the b
receptors (Roozendaal et al. 2008). CRF and its receptors,

play crucial effects on energy intake, body weight regulation

and known as a hypophagic neurotransmitter (Zendehdel

et al. 2016). N/OFQ inhibited stress-induced anorexia by

blockade of hypothalamic CRF2 receptors (Ciccocioppo

et al. 2004). The CRF, b adrenergic receptors and N/OFQ

belong to GPCRs. Because CRF receptors like the b adren-

ergic receptors influence adenylate cyclase activity and

cAMP accumulation, presumably activation of b adrenergic

receptors increases CRF levels in the brain (Roozendaal

et al. 2008). On the other hand,microinjection ofN/OFQ into

the ventromedial hypothalamus increase food intake by

blockade of CRF. The mechanisms underlying how N/OFQ

interacts with CRF is still unknown (Ciccocioppo et al.

2004). Based on new findings of the current study, a rela-

tionship exists between N/OFQ and b adrenergic receptors

via CRF on central food intake regulation in broiler chicken.

However, because of limitation of the current study, wewere

not able to determine CRF level following co-injection of

N/OFQ and b1 or b2 adrenergic receptor antagonists. Based
on our knowledge, there was no report on molecular and

cellular interaction between b adrenergic receptors and

N/OFQ. So, we think further researches needed to determine

molecular pathway(s) for the relationship. Importantly, very

little information is present on this topic even in mammals.

Presumably, obtained results can use for the first time as base

information and further studies are necessary to investigate

the possible involvement of N/OFQ and adrenergic system

with other neurotransmitters on feeding regulation.
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