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Abstract The current study was designed to evaluate the
effects of central administration of L-arginine (The precursor
of nitric oxide), NG-nitro-L-arginine methyl ester (L-NAME),
a nitric oxide (NO) synthase inhibitor, selective opioid recep-
tor agonists and involvement of central nitrergic/opioidergic
systems on feeding behavior in neonatal layer-type chicks.
The results of this study showed that the intracerebroventric-
ular (ICV) injection of L-arginine (400 and 800 nmol) signif-
icantly decreased food intake (P<0.001) but the injection of
200 nmol L-arginine had no effect on cumulative food intake
in FD3 chickens (P>0.05). The ICV injection of L-NAME
(200 and 400 nmol) increased food intake (P<0.001) but
100 nmol of L-NAME had no significant effect (P>0.05).
On the other hand, the co-injection of 100 nmol L-NAME
significantly attenuated the anorexigenic effect of 800 nmol
L-arginine (P<0.001). Moreover, the food intake of chicks
was significantly decreased by ICV injection of DAMGO
(μ-opioid receptor agonist, 125 pmol) (P<0.001) while both
DPDPE (δ-opioid receptor agonist, 40 pmol) and U-50488H
(κ-opioid receptor agonist, 30 nmol) significantly stimulated
food intake (P<0.001). In addition, the hypophagic effect
of DAMGO was significantly amplified by administration
of L-arginine (P<0.001) while the administration of L-
NAME attenuated the hypophagic effect of DAMGO
(P<0.001). In contrast, co-injection of L-arginine or L-
NAME with DPDPE had no effect on the hyperphagia
induced by DPDPE as well as the hyperphagic effect of
U-50488H on food intake was not affected by concurrent
injection of L-arginine or L-NAME (P>0.05). These results
suggest that nitrergic and opioidergic systems have an impor-
tant role on feeding behavior in the CNS of neonatal layer-type

chicks and it seems that interaction between them is mediated
by μ-opioid receptor.

Keywords Food intake . Opioid-receptors .

NG-nitro-L-argininemethyl ester (L-NAME) .

Nitric oxide (NO) . Layer-type chicks

Introduction

Nowadays numerous neuropeptides and neurotransmitters
have been discovered that regulate food intake. Feeding
behavior is modulated by complex neurochemical mecha-
nisms in several parts of brain such as striatum, hypothal-
amus, amygdala and so on (Parker et al. 2014; Boswell
2005). Several studies propose that many features of feed-
ing regulation in chicks are similar to that in mammals but
there are some differences in the neurochemical processes
for feeding between them (Furuse 2002). For example, it
has been stated that central injection of ghrelin is acting as
an anorexigenic peptide in chicken but stimulates feeding
behavior in mammals (Zendehdel et al. 2012; Khan et al.
2006). Opioids, as a family of peptides, are recognized to
be inhibitory neurotransmitters that take part a key function
in reward, pain modulation, respiratory control, neuroendo-
crine physiology and food intake regulation (Feng et al.
2012; Kaneko et al. 2012). Opioids receptor subtypes, such
as mu (MOR), delta (DOR) and kappa (KOR) are associated
with G protein-coupled receptors (GPCRs) (Filizola and Devi
2013). Studies have shown that endogenous opioidergic sys-
tem represent important signals in the modulation of feeding
behaviour in chickens (Bungo et al. 2004, 2005; Yanagita
et al. 2008; Savory et al. 1989). For example, intracerebroven-
tricular injection of [D-Ala2, NMe-Phe4, Gly5-ol]-enkephalin
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(DAMGO) and β-casomorphin (μ-opioid receptor agonists)
inhibited food intake in neonatal meat-type chicks whereas
ICV injection of [D-Pen2, 5]-enkephalin (DPDPE) (a δ-
opioid receptor agonist) and U-50488H (a κ-opioid receptor
agonist) elevated the food intake of the chicks (Bungo et al.
2004). Debatable results concerning the role of the opioidergic
system on food intake in birds have been reported. For exam-
ple, central injection of β-endorphin (endogenous ligand for
both μ and δ opioid receptors) enhances feeding behavior in
neonatal broiler chicks via μ-opioid receptor (Yanagita et al.
2008; Dodo et al. 2005). Another feeding-regulatory factor
known to be involved in feeding behavior in avian species is
nitric oxide (NO) (Yang and Denbow 2007; Khan et al. 2007).
NO, a gaseous messenger molecule, is synthesized by nitric
oxide synthases (NOS) from L-arginine and has diverse phys-
iological effects. NOS is a family of enzymes with three major
types: neuronal NOS (nNOS), endothelial NOS (eNOS) and
the inducible NOS (iNOS) (Guix et al. 2005). It is also report-
ed that NO regulates the feeding behavior in rats (Kamerman
et al. 2002) and mice (Morley and Flood 1991; Czech et al.
2003; Han et al. 2013). Furthermore, NO is a critical mediator
in food intake (Morley et al. 2011). In chickens, intraperito-
neal (IP) administration of NG-nitro-L-arginine methyl ester
(L-NAME), a nitric oxide (NO) synthase inhibitor, signifi-
cantly decreased food intake in both broiler and layer chicks
while the intracerebroventricular (ICV) injection of L-NAME
did not affect food intake in broiler chicks. However, ICV
injection of L-NAME increased food intake in layer chicks
(Khan et al. 2007). By contrast, the study by Choi et al.
(1994) showed that ICV injection of L-NAME decreases food
intake in broiler chickens. In this regard, L-arginine (The pre-
cursor of NO) increased food intake in mice (Morley and
Flood 1991) while in the brain of layer chicks acts as a
feeding-inhibitory agent (Khan et al. 2007). Based on the re-
sults of previous studies, the effects of factors that regulate
feeding behavior are dissimilar between layer and broiler
chicks. For example, ICV injection of muscimol, GABAA

receptor agonist, stimulates food intake in layer-type chicks
but had no effect on meat-type chicks (Bungo et al. 2003)
whereas, zendehdel et al. (2009) revealed that muscimol in-
creases food consumption in broilers. Findings have demon-
strated that NO might mediate the effect of other orexigenic
and anorexigenic factors in neonatal chicks. For instance, ICV
co-injection of L-NAME attenuated the anorexigenic effect of
corticotropin-releasing hormone (CRH) while NPY-induced
feeding behavior was not affected by the L-NAME treatment
(Khan et al. 2008). There is also evidence that the leptin-
induced hypophagia is mediated by nitric oxide in broilers
and Leghorns (Yang and Denbow 2007). In the process of
food intake regulation, a widely distributed neural network
appears to determine the feeding status of the humans and
animals. Intricate physiological mechanisms control feeding
behaviors, including those dependent on interaction between

neuropeptidergic pathways (Olszewski and Levine 2004).
Interaction between nitrergic and opioidergic systems on a
number of physiological and pathological processes have
been identified. For example, nitric oxide may be involved
in the morphine self-administration in rats (Sahraei et al.
2004). Zhu et al. (2004) reported that morphine can motivate
the release of NO from limbic tissues. There is also evidence
that morphine administration stimulates the release of nitric
oxide in rabbit aqueous humor (Dortch-Carnes and Russell
2007). On the other hand, several experiments have shown
that relationships between the nitrergic and the opioidergic
systems have been paired in many functions including periph-
eral antinociception induced by codeine (Ortiz et al. 2005),
thermoregulation (Benamar et al. 2002), neuropathic pain
(Hervera et al. 2011) stress-induced anxiety (Anand et al.
2012), seizure susceptibility (Homayoun et al. 2002) depen-
dence and withdrawal (Cuellar et al. 2000).

Based on findings in the previous literature and considering
that NO and opioid have identical effects on a number of
physiological and pathological processes, the present study
was designed to evaluate the possible NO-opioid interaction
on feeding behavior in neonatal layer-type chicks.

Materials and methods

Animals

One-day-old male layer chicks were purchased from a local
hatchery (Morghak company, Tehran, Iran). The chicks were
maintained in stabilized electrically heated batteries at a tem-
perature of 32 °C ± 1, kept at 40–50 %relative humidity and
housed in continuous lighting condition. They were provided
with water and a commercial starter diet containing 21 %
crude protein and 2850 kcal/kg metabolizable energy
(Chineh Co, Tehran, Iran) ad libitum. The chicks were kept
as flock for 3 days then were placed in individual cages and
had free access to food and water up to the time of the exper-
iments. The experiments started when the chicks were 5 days
old. Three hours before initiating the ICV injection, animals
were deprived of food (FD3).

Experimental drugs

Drugs used included L-arginine hydrochloride (L-Arg) (The
precursor of NO), L-NAME (NO synthase inhibitor), [D-Ala2,
NMe-Phe4, Gly5-ol]-enkephalin (DAMGO) (a μ-opioid re-
ceptor agonist), [D-Pen2, 5]-enkephalin (DPDPE) (a δ-opioid
receptor agonist) and U-50488H (a κ-opioid receptor agonist)
were purchased from Sigma Co. (Sigma, USA). The drugs
were dissolved in a 0.1 % Evans Blue solution, which was
prepared in 0.85 % saline. Saline containing Evans Blue was
also used as the control solution.
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ICV injection

Prior to each experiment, chicks were weighed and based on
their body weight divided into experimental groups so that the
average weight between treatment groups was as uniform as
possible. In this study, 8 experiments were conducted on each
of the four treatment groups. Each group included at least 11
chicks (n=44 neonatal chicks in each experiment). The birds
were injected intracerebroventricularly using a microsyringe
without anesthesia according to the methods of used by Davis
et al. (1979) and Furuse et al. (1997). In this method, head of
the chick was held with an acrylic device in which the bill
holder was 45° and the calvariumwas parallel to the surface of
table as described by Van Tienhoven and Juhasz (1962). An
orifice was made in a plate that was located over the skull
immediately over the right lateral ventricle. A microsyringe
was inserted into the ventricle through the orifice in the plate
and the tip of the needle perforated only 4 mm below the skin
of the skull (Jonaidi and Noori 2012). Each chick was injected
with saline or drugs solution in a volume of 10 μl. This pro-
cedure does not induce any physiological stress in neonatal
chicks (Saito et al. 2005). After the injection, chicks were
returned to their cages immediately. Then, fresh water and
food were supplied and the cumulative food intake (gr) was
measured at 30, 60 and 120 min after the injection. Food
consumption is expressed as a percentage of body weight that
body weight impact on the amount of food intake to a mini-
mum. At the end of the experiments, to recognize accuracy of
injection, the chicks were sacrificed by decapitation. Only
data from individual chicks were used for analysis that were
confirmed by the existence of Evans Blue color in the lateral
ventricle.

Feeding experiments

Experiment 1 was designed to examine the effect of ICV
injection of L-arginine at doses of 200, 400 and 800 nmol
on the food intake of FD3 chickens. In experiment 2, chicks
were ICV injected with 100, 200 and 400 nmol of L-NAME.
Experiment 3 was performed to evaluate the effect of ICV
injection of 800 nmol L-arginine, 100 nmol L-NAME and
combined solution of L-arginine and L-NAME.

In Experiment 4, four groups of chicks received a dose of
either the control solution, 200 nmol L-arginine, 125 pmol
DAMGO or a combination of L-arginine plus DAMGO.
Experiment 5 was similar to experiment 4 except that
100 nmol L-NAMEwas used in place of 200 nmol L-arginine.
In Experiment 6, four groups of chicks received a dose of
either the control solution, 200 nmol L-arginine, 40 pmol
DPDPE or a combination of L-arginine plus DPDPE.
Experiment 7 was conducted in a manner similar to
Experiment 6 except that the chickens received 100 nmol L-
NAME instead of 200 nmol L-arginine. In Experiment 8, four

groups of chicks received a dose of either the control solution,
200 nmol L-arginine, 30 nmol U-50488H or a combination of
L-arginine plus U-50488H. Experiment 9 was identical to
experiment 8 except that chickens received 100 nmol L-
NAME instead of 200 nmol L-arginine. These doses of drugs
were determined according to the previous (Bungo et al. 2004,
2005; Khan et al. 2007) and pilot studies (un-published).

Statistical analysis

Cumulative food intake was analyzed by repeated measure
two-way analysis of variance (ANOVA) and is presented as
the mean ± SEM. For treatments found to have an effect ac-
cording to the ANOVA, mean values were compared with
post hoc Tukey-Kramer test. p-values <0.05 were considered
to indicate significant differences between the treatments.

Results

The food intake response to ICV injection of L-arginine and
L-NAME in chickens is presented in Figs. 1, 2 and 3.
Furthermore, the role of L-arginine/NO pathway and opioids
interaction on feeding behavior in neonatal layer-type chicks
is shown in Figs. 4, 5, 6, 7, 8 and 9.

In Experiment 1, ICV injection of 200 nmol L-arginine had
no significant effect on cumulative food intake (% BW) in
comparison with control group [F(l,27) = 0.068, P>0.05];
but 400 and 800 nmol of L-arginine significantly decreased
cumulative food intake in a dose-dependent manner [F(l,27) =
183.51, P<0.001] (Fig. 1).

In Experiment 2, ICV administration of L-NAME at dose
of 100 nmol had no significant effect on food intake in FD3
chickens [F(l,27) = 0.009, P>0.05]; while food intake was
significantly increased by L-NAME (200 and 400 nmol) com-
pared to control group [F(l,27) = 148.27, P<0.001] (Fig. 2).

Fig. 1 Effect of intracerebroventricular injection of L-arginine (The
precursor of NO) at different doses on cumulative food intake (% BW)
in neonatal layer type chicks. Data are expressed as mean ± SEM.
Different letters (a, b and c) indicate significant differences between treat-
ments [F(l,27) = 183.51, P<0.001]
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In Experiment 3, the application of 800 nmol L-arginine
significantly decreased food intake [F(l,27) = 183.01,
P<0.001]; but the L-NAME treatment at dose of 100 nmol
had no significant effect on food intake [F(l,27) = 5.318,
P>0.05]. Considerable hypophagic effect of L-arginine was
significantly attenuated by co-injection of L-arginine and L-
NAME [F(l,27) = 128.45, P<0.001] (Fig. 3).

In Experiment 4, ICV injection of DAMGO (125 pmol)
significantly decreased food intake compared to control group
[F(l,29) = 138.36, P<0.001]. The 125-pmol DAMGO dose was
selected for experiments on the basis of our pilot study, because
it was found to induce a decrease in food intake in chickens
without affecting other noningestive behavioral parameters such
as sedation (e.g., activity of chicks). The hypophagic effect of

DAMGO was significantly amplified by administration of
200 nmol L-arginine [F(l,29) = 174.08, P<0.001], while
200 nmol of L-arginine alone had no effects on food intake in
FD3 chickens [F(l,29) = 0.014, P>0.05] (Fig. 4).

In Experiment 5, the combined administration of L-NAME
(100 nmol) and DAMGO (125 pmol) attenuated hypophagic
effect of DAMGO [F(l,29) = 147.12, P<0.001]; but 100 nmol
of L-NAME alone could not alter food intake in FD3 chickens
[F(l,29) = 0.007, P>0.05] (Fig. 5).

Fig. 2 Effect of intracerebroventricular injection of L-NAME (NO
synthase inhibitor) at different doses on cumulative food intake
(% BW) in neonatal layer type chicks. Data are expressed as
mean ± SEM. Different letters (a, b and c) indicate significant
differences between treatments [F(l,27) = 148.27, P<0.001]

Fig. 3 Effects of intracerebroventricular injection of control solution, L-
arginine, L-NAME and a combination of L-arginine plus L-NAME on
cumulative food intake (% BW) in neonatal layer type chicks. Data are
expressed as mean ± SEM. F and P value for within and between subject
factors are as follows: Time, F(2,61) = 76.03, P<0.001; L-arginine,
F(l,27) = 183.01, P<0.001; L-NAME, F(l,27) = 5.318, P>0.05; L-
arginine × L-NAME interaction, F(l,27) = 128.45, P<0.001. Different
letters (a and b) indicate significant differences between treatments
(P<0.001)

Fig. 4 Effects of intracerebroventricular injection of control solution, L-
arginine, DAMGO(μ-opioid receptor agonist) and a combination of L-
arginine plus DAMGO on cumulative food intake (% BW) in neonatal
layer type chicks. Data are expressed as mean ± SEM. F and P value for
within and between subject factors are as follows: Time, F(2,43) = 64.72,
P<0.001; L-arginine, F(l,29) = 0.014, P>0.05; DAMGO, F(l,29) =
138.36, P<0.001; L-arginine × DAMGO interaction, F(l,29) = 174.08,
P<0.001. Different letters (a, b and c) indicate significant differences
between treatments (P<0.001)

Fig. 5 Effects of intracerebroventricular injection of control solution, L-
NAME, DAMGO and a combination of L-NAME plus DAMGO on
cumulative food intake (% BW) in neonatal layer type chicks. Data are
expressed as mean ± SEM. F and P value for within and between subject
factors are as follows: Time, F(2,79) = 78.072, P<0.001; L-NAME,
F(l,29) = 0.007, P>0.05; DAMGO, F(l,29) = 164.05, P<0.0001; L-
NAME × DAMGO interaction, F(l,29) = 147.12, P<0.001. Different
letters (a and b) indicate significant differences between treatments
(P<0.001)
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In Experiment 6, ICV injection of DPDPE (40 pmol) sig-
nificantly increased food intake when compared with control
group [F(l,29) = 117.92, P<0.001]. However, Co-injection
of L-arginine + DPDPE had no effect on the hyperphagia
induced by DPDPE in FD3 chickens [F(l,29) = 1.047,
P>0.05] (Fig. 6).

In Experiment 7, the stimulatory effect of DPDPE on food
intake was not affected by Co-injection of L-NAME and
DPDPE in FD3 chickens [F(l,64) = 3.018, P>0.05] (Fig. 7).

In Experiment 8, ICV administration of U-50488H
(30 nmol) significantly increased food intake compared to

the control group [F(l,30) = 128.13, P<0.001]. The mixture
of L-arginine and U-50488H failed to change the hyperphagia
induced by U-50488H in FD3 chickens [F(l,30) = 1.005,
P>0.05] (Fig. 8).

In Experiment 9, the hyperphagic effect of U-50488H on
food intake was not affected by concurrent injection of L-
NAME and U-50488H in FD3 chickens [F(l,64) = 0.081,
P>0.05] (Fig. 9).

All doses that were used for experiments in this study had
no behavioral changings such as sedation or hyperactivity by

Fig. 6 Effects of intracerebroventricular injection of control solution, L-
arginine, DPDPE (δ-opioid receptor agonist) and a combination of L-
arginine plus DPDPE on cumulative food intake (% BW) in neonatal
layer type chicks. Data are expressed as mean ± SEM. F and P value
for within and between subject factors are as follows: Time, F(2,93) =
57.162, P<0.001; L-arginine, F(l,29) = 0.019, P>0.05; DPDPE,
F(l,29) = 117.92, P<0.001; L-arginine × DPDPE interaction,
F(l,29) = 1.047, P>0.05. Different letters (a and b) indicate significant
differences between treatments (P<0.001)

Fig. 7 Effects of intracerebroventricular injection of control solution, L-
NAME, DPDPE and a combination of L-NAME plus DPDPE on
cumulative food intake (% BW) in neonatal layer type chicks. Data are
expressed as mean ± SEM. F and P value for within and between subject
factors are as follows: Time, F(2,59) = 77.072, P<0.001; L-NAME,
F(l,64) = 0.138, P>0.05; DPDPE, F(l,64) = 149.04, P<0.001; L-
NAME × DPDPE interaction, F(l,64) = 3.018, P>0.05. Different letters
(a and b) indicate significant differences between treatments (P<0.001)

Fig. 8 Effects of intracerebroventricular injection of control solution, L-
arginine, U-50488H (κ-opioid receptor agonist) and a combination of L-
arginine plus U-50488H on cumulative food intake (% BW) in neonatal
layer type chicks. Data are expressed as mean ± SEM. F and P
value for within and between subject factors are as follows: Time,
F(2,13) = 85.162, P<0.001; L-arginine, F(l,30) = 2.628, P>0.05;
U-50488H, F(l,30) = 128.13, P<0.001, L-arginine × U-50488H
interaction, F(l,30) = 1.005, P>0.05. Different letters (a and b) indicate
significant differences between treatments (P<0.001)

Fig. 9 Effects of intracerebroventricular injection of control solution, L-
NAME, U-50488H and a combination of L-NAME plus U-50488H on
cumulative food intake (% BW) in neonatal layer type chicks. Data are
expressed as mean ± SEM. F and P value for within and between subject
factors are as follows: Time, F(2,59) = 68.072, P<0.001; L-NAME,
F(l,64) = 0.017, P>0.05; U-50488H, F(l,64) = 138.14, P<0.001; L-
NAME × U-50488H interaction, F(l,64) = 0.081, P>0.05. Different
letters (a and b) indicate significant differences between treatments
(P<0.001)
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drugs in chicks. In addition, we used from sub effective dose
for L-arginine (200 nmol) and L-NAME (100 nmol) in exper-
iments 4–9 for evaluation of interaction between nitrergic and
opioidergic systems. Also, in experiment 3 for assessment the
effect of L-NAME on L-arginine induced hypophagia, we
utilized from L-NAME at dose of 100 nmol plus 800 nmol
L-arginine.

Discussion

The present study was designed to investigate the possible
involvement of nitrergic and opioidergic systems on food
intake in neonatal layer-type chicks. Nitric oxide has been
shown to be implicated in the regulation of numerous
physiological functions such as the feeding behavior
(Morley et al. 2011).

According to the results from Experiment 1 and 2, ICV
injection of L-arginine significantly decreases cumulative
food intake in a dose-dependent manner while ICV adminis-
tration of L-NAME at higher doses increases food intake in
FD3 chickens (Figs. 1 and 2). These findings propose that NO
might act as one of anorexigenic mediators in the brain of
layer chicks. Controversial results have been reported about
the effect of L-arginine analog on food intake in animals. In
accordance with our study, Khan et al. (2007) reported that
ICV injection of L-NAME increased food intake in layer
chicks while the injection of D-NAME did not affect food
intake, suggesting that the effect of L-NAME might be due
to NOS inhibition. This result was inconsistent with the data
obtained from mammals which ICV injection of L-NAME
reduced food consumption (De Luca et al. 1995).
Interestingly, food ingestion was depressed by the ICV injec-
tion of L-NAME in broiler chickens, then the anorectic effect
was reduced by administration of L-arginine (Choi et al. 1994,
1995). It is reported that ICV injection of L-NAME did not
affect food intake in broiler chicks. Likewise, the IP adminis-
tration of L-NAME decreased food intake in both broiler and
layer chicks (Khan et al. 2007). The study by Yang and
Denbow (2007) revealed that ICV injection of L-NNA, a com-
petitive NOS inhibitor, decreased food intake in both broilers
and Leghorns. In addition, L-arginine is demonstrated that
might act as an orexigenic factor in mice (Morley and Flood
1991). On the other hand, it was expressed that dietary argi-
nine regulates food intake via the nitric oxide pathway in
ducks. In fact, increasing the dietary arginine promoted
nitric oxide synthesis and leading to increased of food in-
take (Wang et al. 2014). The obvious discrepancy between
alteration of feeding behavior in animals by L-arginine analog
administration may be due to injection site, experimental pro-
cedure and species differences.

In experiment 4 we found that ICV injection of μ-opioid
receptor agonist (DAMGO) decreased cumulative food intake

in neonatal layer-type chicks, which is consistent with previ-
ous studies in broiler (Bungo et al. 2004). In line with this
result, another study by Bungo et al. (2005) reported that
anorexic effect of DAMGO in meat-type chicks attenuated
by ICV injection of β-funaltrexamine (β-FNA: μ-opioid an-
tagonist). In the CNS, opioid receptors constitute the most
extensive and different peptidergic transmission system and
are involved in various functions (Feng et al. 2012). Several
reports have shown that endogenous opioid system play an
important role in the ingestion of food in chicks. For example,
central injection of β-endorphin increased food intake in do-
mestic fowl (McCormack and Denbow 1988) and broiler
chicks (Yanagita et al. 2008) through the μ-opioid receptor.
Similar to this result, ICV injection of endomorphin-2 into the
chick brain produces the orexigenic effect through its interac-
tion with MOR (Bungo et al. 2007). It is suggested that μ-
opioid receptor involve in orexigenic effect of metastin in
broiler chicks (Khan et al. 2009). In contrast, injection of the
DAMGO into the nucleus accumbens stimulated feeding be-
havior in rats (Zheng et al. 2007). As can be seen, there is
various findings regarding the effects of μ-opioid receptor
on food intake between birds and mammals.

In our study, the decrease in food intake caused by the
injection of DAMGO was amplified by ICV injection of L-
arginine (Figs. 4), whereas the combined administration of L-
NAME and DAMGO attenuated hypophagic effect of
DAMGO (Fig. 5). These results suggest that a possible rela-
tionship seems to be exist between opioidergic and nitrergic
systems involved in feeding behavior in chickens. In trying to
assess the interaction of opioidergic and nitrergic systems,
previously (Llorente et al. 2012), in agreement with our
results, described that NO enhanced μ-opioid receptor de-
sensitization in rat locus coeruleus neurons. Likewise, there
is pharmacological evidence that anxiolytic action of mor-
phine (prototype of μ-opioid receptor agonist) is modulated
via nitric oxide. In this regard, co-administration of L-
arginine and morphine induced synergistic anxiolytic effects
while L-NAME, neutralized the anxiolytic effects of mor-
phine in rats (Anand et al. 2012).

Glutamate N-methyl-D-aspartate (NMDA)- receptors stim-
ulation bring Ca2+ into the cell which then mediates Ca2+-
dependent nNOS activation (Southam et al. 1991).

The NO formed by nNOS, diffuses to adjacent nerve
terminals to modify neurotransmitter release (Kiss and Vizi
2001).

Interestingly, some studies have shown that NOS staining
appears in the hypothalamus that is also abundant in opioid
receptors (Bredt and Snyder 1992).

Furthermore, higher numbers of nNOS-positive cells were
observed in the hippocampal dentate gyrus treated with mor-
phine (Yoo et al. 2006).

Reports have indicated that NO appears to participate in
potentiation of analgesia induced by morphine via μ-opioid
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receptors and the nitric oxide/cyclic GMP pathway may be
involved (Toda et al. 2009).

Glutamate participates in synaptic interactions. It is also
mentioned that, there is a dual control comprised of the
excitatory NMDA and the inhibitory μ-opioid receptors in
modulating cyclic GMP/ NO release in the medial preoptic
area (MPOA) of brain and morphine affects NMDA-
receptor binding activity and increases nNOS expression
(Pu et al. 1997).

Increased activity of excitatory NMDA receptors following
to opioid receptor activation have been suggested as possible
mechanisms that mediate DAMGO-induced hypophagic effect.
Consequently, it is probable that an increase in intracellular
Ca+2 concentrations and thereby the release of nitric oxide
that modifies the μ-opioidergic receptor hypophagic effect.
In this study, L-arginine potentiated and L-NAME inhibited
hypophagic effect of DAMGO.

On the other hand, ICV administration of DAMGO to rats
increased endogenous NO production. In contrast, administra-
tion of the δ-agonist and the κ-agonist had no effect on the
production of NO (Schneider and Lysle 1998).

Hence, it seems that μ-opioid receptor within the CNS
appears to be involved in the regulation of NO production.

In the current study, we showed that the ICV injection of δ-
opioid receptor agonist (DPDPE) increased cumulative food
intake in neonatal layer-type chicks in comparison with con-
trol group. This result is in agreement with previous reports,
which showed that DPDPE stimulated food intake after cen-
tral administration in neonatal meat-type chicken (Bungo et al.
2004) and mice (Kaneko et al. 2012). Also, ingestive behav-
iour was enhanced by ICV and intramuscular (IM) adminis-
tration of metenkephalin (highly specific ligands of the δ-
opioid receptor) in cockerels (McCormack and Denbow
1989). Moreover, DPDPE-induced orexigenic activity was
blocked by naltrindole, an antagonist of δ-opioid receptor,
suggesting that DPDPE stimulates food intake via δ opioid
receptor which has been reported to be expressed in the rat
CNS (Gray et al. 2006).

In mice, Kaneko et al. (2012) previously reported that the
central δ-opioid receptor activation stimulated food intake via
the PGD2–NPY system which may be involved in food intake
regulation under normal physiological conditions. In addition,
we found that co-injection of L-arginine and DPDPE had no
effect on the hyperphagia induced by DPDPE. Similar to this
condition, the stimulatory effect of DPDPE on food intake
was not affected by simultaneous injection of LNAME and
DPDPE in FD3 chickens (Figs. 6 and 7). This findings pro-
posed that the orexigenic effect of DPDPE in neonatal chicks
was not linked to NO in contrast to mammals which it was
observed that the antinociceptive effect of SNC80 (δ-opioid
receptor agonist) attenuated by the NO synthase inhibitor in
rats. This result suggested that nitric oxide is involved in
antinociception of δ-opioid receptor (Pacheco et al. 2005).

In experiment 8, we ascertained the effect of κ-opioid re-
ceptor on cumulative food intake in neonatal layer-type
chickens. According to our data, ICV injection of κ-opioid
receptor agonist (U-50488H) increased food intake in FD3
chickens. This finding is in accordancewith the result reported
by Bungo et al. (2004) and Koch et al. (1992) which explained
that ICV injection of κ-opioid receptor agonist evoked hyper-
phagic responses in broiler chiks and rats, respectively. By
contrast, injection of mu and delta opioid receptor agonists
into the nucleus accumbens (NAc) or ventral tegmental area
(VTA) were able to induce a increase in food consumption in
rats while the kappa receptor agonist had no influence on
feeding behavior (Le Merrer et al. 2009). Based on the current
study, the increased food intake induced with the ICV injec-
tion of U-50488H was not affected by co-injection of L-
arginine and U-50488H or L-NAME and U-50488H in FD3
chickens (Figs. 8 and 9). Although the hyperphagic effect of
U-50488H was not related to nitric oxide pathway in neonatal
chicks, recently it was demonstrated that ICV administration
of L-NAME reduced the U-50488H-induced hypothermia in
rats, suggesting that NO production in the CNS plays an im-
portant role in the development of the hypothermic response
(Benamar et al. 2002).

The involvement of nitric oxide in other actions produced
by opioids, such as the antihyperalgesia induced by κ-opioid
receptor agonist bremazocine was reduced when NO biosyn-
thesis blockers were administered, has been also demonstrated
(Amarante and Duarte 2002). In this regard, Barjavel and
Bhargava revealed that NOS activity was inhibited by the κ-
opioid receptor agonist U-50488H and was not affected by
selective δ-opioid receptor agonist in rat cerebral cortex
(Barjavel and Bhargava 1994). Previous investigations have
shown a functional interaction between the κ-opioid receptors
and nNOS in the same intracellular network of the rat
periaqueductal gray appears to control the development of
morphine tolerance and dependence (Herráez-Baranda et al.
2005).

The accurate mechanisms by which opioids induce varia-
tions in NO synthesis is not completely established. However,
some studies have shown that, opioids have stimulatory as
well as the inhibitory effects on neurotransmission which in-
volve not only disinhibition of interneurons, but also direct
stimulation via cAMP, phospholipase C and calcium (Smart
and Lambert 1996). Regarding the complexity of interactions
between nitric oxide and opioid systems (e.g. in analgesia or
other effects as mentioned above), the present study provides
no evidence about the role of nitrergic/opioidergic systems
interactions on food intake in neonatal layer-type chicks
through the δ or κ-opioid receptors.

Most research on feeding behavior regulatory mechanisms
have done in rat models whereas considering few investiga-
tions done in birds. Actually, there was no similar research to
compare our results on mediatory role of NO on κ and δ
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opioid release as poultry model. Presumably central appetite
regulation mechanisms are somewhat different among ani-
mals. These controversial data might be the consequence of
injection methods and species difference. Additionally, it
seems genetic selection for meat or egg production has altered
chicken brain neurological pathways associated with appetite
regulation. Also, it seems more researches needs on other
physiological systems to clarify physiology of food intake
regulation in poultry.

Conclusion

In summary, based on our findings, it seems DAMGO-
induced hypophagia is maybe modulated by nitrergic system
through the μ-opioid receptor (not δ or κ-opioid receptors) in
chicks. However, further investigation is required to elucidate
the underlying cellular and molecular signaling pathways in
the interconnection between nitrergic and opioidergic systems
on feeding behavior in neonatal layer-type chicks.
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