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Neuropeptide W (NPW) is an endogenous ligand for GPR7 and GPR8 receptors
and has recently been identified as an orexigenic factor in birds. However, the
involvement of the central opioidergic system in NPW-induced feeding has not
been investigated. The aim of this study was to determine the role of p-, 6-, and k-
opioid receptors in hyperphagia elicited by intracerebroventricular (ICV) injection
of NPW23 in neonatal broiler chicks. A total of 176 male chicks (Ross 308 strain),
aged 24 hours post-hatching, were utilized as experimental subjects across four
distinct investigations. In Experiment 1, chicks received ICV injections of control
solution or NPW23 (0.75, 1.5, and 3 nmol) to establish a dose-response curve. In
the second experiment, subjects received injections of either a control vehicle,
NPW23 at a dosage of 3 nanomoles, B-funaltrexamine (B-FNA; a selective p-
opioid receptor antagonist), or a combination of NPW23 and B-FNA. The third
experimental trial employed naltrindole (NTI; a d-opioid receptor antagonist),
whereas the fourth investigation utilized nor-binaltorphimine (nor-BNI; a k-opioid
receptor antagonist). Following the administration of treatments, cumulative feed
consumption was measured at three discrete time intervals; 30, 60, and 120 minutes
post-injection; and subsequently normalized as a proportion of each subject’s body
weight. NPW23 at 1.5 and 3 nmol dose-dependently increased food intake at all
time points (p<0.05). Co-administration of B-FNA with NPW23 significantly
potentiated NPW23-induced hyperphagia (p<0.05). In contrast, co-injection of
NTI or nor-BNI with NPW23 did not alter the orexigenic response (p>0.05). These
findings indicate that p-opioid receptor blockade potentiates NPW23-induced
feeding, suggesting that central p-opioid receptor signaling may exert an inhibitory
modulatory influence on NPW23-induced hyperphagia in neonatal broiler chicks.
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1 Introduction

Zarei et al.

he control of feeding behavior constitutes an intricate

biological mechanism  necessitating  accurate
integration between systemic metabolic cues and neural
pathways within the central nervous system, particularly
within the hypothalamus (Brining & Fenselau, 2023;
Campos et al., 2022). In poultry, understanding the
mechanisms governing appetite is of particular importance
for optimizing growth performance and feed efficiency (Gao
et al., 2025). Although considerable progress has been made
in identifying appetite-regulating neurotransmitters in birds,
differences exist between avian and mammalian species in
the functional roles of several mediators, including ghrelin,
melanin-concentrating hormone, and galanin, underscoring
the need for species-specific research (Kuenzel et al., 1999).

Neuropeptide W (NPW) was originally purified from
porcine hypothalamic tissue and identified as an endogenous
agonist for two orphan G-protein-coupled receptors, namely
GPRY (also referred to as NPBWR1) and GPR8 (designated
NPBWR?2) (Singh & Davenport, 2006). NPW is found in
two distinct molecular forms, designated NPW23 and
NPW30, each of which exhibits a high degree of
evolutionary conservation among different vertebrate
species (Bu et al., 2016). Within the central nervous system,
both Neuropeptide W (NPW) and its corresponding receptor
populations are localized in neural areas essential to the
maintenance of energy balance, such as the arcuate nucleus,
paraventricular nucleus, lateral hypothalamic region, and the
amygdaloid complex (Takenoya et al., 2010). Central
infusion of NPW has been reported to increase meal
consumption in rats under light-phase conditions (Levine et
al., 2005; Mondal et al., 2003), although suppressive effects
have been observed during the dark phase (Mondal et al.,
2003). Recent studies have demonstrated that central
infusion of NPW23 stimulates feed consumption in neonatal
broilers, an effect mediated in part by corticotropin-releasing
factor (CRF1/CRF2) and neuropeptide Y (NPY1) receptors
(Mahdavi et al., 2023). However, the potential involvement
of other central neurotransmitter systems, particularly the
opioidergic system, remains unexplored.

The opioidergic system is a well-established regulator of
feeding behavior in both birds and mammals (Morley, 1995).
Three principal classes of opioid receptors; designated p
(mu), & (delta), and « (kappa); are abundantly distributed
throughout the nervous system and have been established as
key modulators of feeding behavior (Sandoval-Caballero et
al., 2023). In broilers, p-opioid receptor agonists have been
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reported to suppress feeding (Bungo et al., 2005), while k-
and d-opioid receptor agonists consistently increase food
consumption (Alimohammadi et al., 2015). However, the
endogenous p-opioid ligand B-endorphin has been shown to
enhance feeding in broilers (McCormack & Denbow, 1988;
Yanagita et al., 2008), suggesting a more complex functional
involvement for the p-opioid system in appetite regulation.
Importantly, structural and signaling similarities exist
between NPW receptors (GPR7/GPR8) and opioid
receptors. Both belong to the Gi/o-coupled GPCR family,
share the ability to inhibit cCAMP production and activate
ERK1/2, and GPR7 has been shown to bind B-endorphin
with low affinity (O'Dowd et al., 1995; Sakurai, 2013).
Moreover, previous studies have documented functional
links between opioid-mediated pathways and additional
anorexigenic or orexigenic peptides in birds, including
serotonin (Rahmani et al., 2022), ghrelin (Baghaeikia et al.,
2022), and spexin (Badri et al., 2025).These observations
suggest the possibility of bidirectional interaction between
the NPW pathway and opioidergic networks in the control
of feeding behavior.

Although indirect evidence exists, no study has directly
tested whether central opioid receptors mediate
NPW-induced hyperphagia in any species. Hence, the
present study examined the hypothesis that NPW23-evoked
feeding in neonatal broiler chicks involves p-, §-, and
K-opioid receptors, using selective antagonists delivered by
ICV injection.

2 Materials and Methods
2.1  Animals

A cohort comprising 176 male broiler chicks of the Ross
308 strain, aged 24 hours post-hatching (mean body weight:
42.3+1.2 @), was sourced from a commercial supplier
(Mahan Company, Tehran, Iran). For the initial 48 hours, the
birds were reared in collective pens under standardized
environmental parameters (temperature: 30+1°C; relative
humidity: 50-55%; photoperiod: 23L:1D). Feed and water
were provided without restriction, utilizing a conventional
starter ration (metabolizable energy: 2850 kcal/kg; crude
protein: 21%) formulated with corn (52.85%), soybean meal
(31.57%), wheat (5%), gluten meal (2.50%), wheat bran
(2.47%), di-calcium phosphate (1.92%), oyster shell
(1.23%), soybean oil (1%), and mineral/vitamin
supplements (0.5%). On day 3 post-hatch, each animal was
relocated to an individual enclosure to facilitate
acclimatization. All experimental manipulations involving
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intracerebroventricular (ICV) administration were carried
out on the fifth day post-hatch. All ICV administrations were
carried out on day 5 post-hatch following a 3-hour fasting
period with free access to water.

Zarei et al.

2.2 Drugs

The following drugs were used: NPW23 (Tocris, USA),
B-funaltrexamine (B-FNA, p-opioid receptor antagonist,
USA), (NTI, o-opioid receptor
antagonist, Sigma, USA), nor-binaltorphimine (nor-BNI, -
opioid receptor antagonist, Sigma, USA), and Evans Blue
dye (Sigma, USA). All drugs were dissolved in sterile saline
(0.9% NaCl) containing 0.1% Evans Blue to verify injection
site accuracy. The control solution consisted of saline with
0.1% Evans Blue. All drug solutions were prepared to a final
volume of 10 pL per chick, and the control group received
the vehicle (saline+Evans Blue) alone. Drug doses were
selected based on previous studies in neonatal chicks and
were confirmed in our preliminary experiments to be sub-
effective doses that did not alter baseline feeding when
administered alone (Hamidi et al., 2022; Mahdavi et al.,
2023).

Sigma, naltrindole

2.3 Intracerebroventricular (ICV) injection

ICV administrations were carried out according to a
previously validated technique specifically adapted for
neonatal chicks, which does not require anesthetic agents or
surgical intervention (Davis et al., 1979; Furuse et al., 1997).
In brief, each chick's cranium was secured within an acrylic
stereotaxic apparatus, with the beak holder adjusted to a 45°
inclination such that the dorsal surface of the skull became
horizontally aligned with the laboratory bench. A miniature
aperture was subsequently drilled through the calvarium
above the right lateral cerebral ventricle. A Hamilton
microsyringe equipped with a 30-gauge needle was then
introduced to a depth of 4 mm to access the ventricular
cavity. The test solution was infused slowly over a
30-second
demonstrated not to induce appreciable physiological
distress in avian subjects (Saito et al., 2005). All procedures
were performed by an experienced investigator, and chicks
were monitored for signs of distress throughout the
procedure. Any bird showing signs of distress, discomfort,

interval. This methodology has been
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or abnormal behavior was humanely euthanized and
excluded from the study (none occurred). Upon completion
of each experimental trial, the animals were humanely
euthanized via cervical dislocation, in accordance with the
American Veterinary Medical Association (AVMA)
Guidelines. Thereafter, the brains were harvested and
inspected for the presence of Evans Blue dye. Any subject in
which the dye was not detected within the ventricular system
was excluded from subsequent data analysis; a total of 4
chicks died during or immediately after the injection
procedure across all experiments (2 chicks in Experiment 2,
1 chick in Experiment 3, and 1 chick in Experiment 4; no
mortality occurred in Experiment 1), and these birds were
excluded from the final analysis.

2.4 Experimental design

Four experiments were conducted with the following
sample sizes: Experiment 1: 44 chicks divided into 11-bird
treatment groups (no mortality; final n=11 per group);
Experiment 2: 44 chicks divided into 11-bird treatment
groups (2 chicks died, resulting in n=11 for control and
NPW23 groups, and n=10 for B-FNA and NPW23+3-FNA
groups; total n=42); Experiment 3: 44 chicks divided into
11-bird treatment groups (1 chick died, resulting in n=11 for
control, NPW23, and NTI groups, and n=10 for the
NPW23+NTI group; total n=43); Experiment 4. 44 chicks
divided into 11-bird treatment groups (1 chick died, resulting
in n=11 for control, NPW23, and nor-BNI groups, and n=10
for the NPW23+nor-BNI group; total n=43). Chicks were
randomly assigned to treatment groups using a stratified
randomization procedure based on body weight to ensure
balanced group means. Feed-intake measurements were
performed by an investigator blinded to treatment allocation.
Injections were performed in randomized order to minimize
any potential time-of-day effects. Post-infusion feed intake
was measured at 30, 60, and 120 minutes and normalized as
a percentage of body weight (%BW). Following injection,
chicks were individually housed with pre-weighed feeders.
Cumulative consumption was calculated by subtracting
residual feed from initial weight and expressed as grams per
100 g body weight. Detailed information regarding treatment
groups, drug doses, and injection protocols for all
experiments is presented in Table 1.
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Table 1. Intracerebroventricular (ICV) injection protocols for experimental groups

Experiment Group ICV Injection
A Control solution
B NPW23 (0.75 nmol)
1
Cc NPW?23 (1.5 nmol)
D NPW23 (3 nmol)
A Control solution
B B-FNA (5 ng)
2
C NPW23 (3 nmol)
D NPW23 (3 nmol)+B-FNA (5 pug)
A Control solution
B NTI (5 pg)
3
c NPW23 (3 nmol)
D NPW23 (3 nmol)+NTI (5 pg)
A Control solution
B nor-BNI (5 pg)
4
c NPW23 (3 nmol)
D NPW23 (3 nmol)+nor-BNI (5 pg)

ICV, intracerebroventricular; NPW23, neuropeptide W (23 amino acid isoform); B-FNA, B-funaltrexamine (p-opioid receptor antagonist); NTI, naltrindole
(8-opioid receptor antagonist); nor-BNI, nor-binaltorphimine (x-opioid receptor antagonist). Control solution: 0.9% saline containing 0.1% Evans Blue.

Injection volume: 10 pL per chick.
2.5  Statistical analysis

All data are shown as Mean+SEM. A two-way repeated-
measures ANOVA was applied for each experiment, with
Tukey’s test used for post hoc comparisons. SPSS 26 (IBM,
USA) served for statistical analysis, and SigmaPlot 14.0 for
graphing. Significance was defined as P p<0.05.

3 Results

3.1  Dose-dependent influence of NPW23 on feeding
behavior

As shown in Fig. 1, ICV administration of NPW23
resulted in a dose-related elevation of cumulative feed
consumption across every measured post-injection interval.

Two-way repeated-measures ANOVA revealed significant
effects of treatment [F(3,40)=17.23, p<0.05] , time
[F(2,80)=138.91, p<0.05] , and treatmentxtime interaction
[F(6,80)=4.67, p=0.003]. At the lowest dose (0.75 nmol), no
statistically significant change in feed consumption was
observed relative to the control condition, regardless of the
time point examined (p>0.05). Delivery of NPW23 at a
dosage of 1.5 nmol led to a statistically significant
enhancement of feed consumption at 60 and 120 minutes
(p<0.05), and the highest dose (3 nmol) increased feeding at
30, 60, and 120 minutes (p<0.05). The 3 nmol dose was
selected for subsequent antagonist studies because it
produced the most robust and sustained hyperphagic effect.
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Figure 1. Effect of ICV injection of NPW23 (0.75, 1.5, and 3 nmol) on cumulative food intake in neonatal chickens. Data are expressed as
mean = SEM. Each group included 11 chicks, with no mortality recorded during the experiment (total N = 44). Different letters (a, b, and c)
indicate statistically significant differences among treatments at the same time point (p < 0.05).
3.2 Effect of u-opioid receptor blockade on NPW23- ICV infusion of NPW23 alone (3 nmol) significantly
induced hyperphagia increased cumulative food intake at all intervals compared
to the control group (p<0.05). Administration of B-FNA (5
pg) alone had no significant effect on feeding behavior
(p>0.05). Notably, co-administration of NPW23 with -
FNA significantly potentiated the hyperphagic response to
NPW23 (p<0.05), indicating that blockade of p-opioid
receptors enhances NPW23-induced feeding.

Fig. 2 illustrates the effect of p-opioid receptor blockade
on NPW23-induced hyperphagia. Two-way repeated-
measures ANOVA revealed significant effects of treatment
[F(3,38)=20.45, p<0.05] , time [F(2,76)=148.92, p<0.05] ,
and treatmentxtime interaction [F(6,76)=5.21, p=0.002].
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Figure 2. Effect of ICV injection of B-FNA (5 pg), NPW23 (3 nmol), and their combination on cumulative food intake in neonatal chickens.
B-FNA: mu-opioid receptor antagonist. Each of the control and NPW23 groups included 11 chicks, whereas the f-FNA and NPW23 + (-
FNA groups each included 10 chicks (two chicks were excluded due to mortality during injection; total N = 42). Different letters (a, b, and
¢) indicate statistically significant differences among treatments at the same time point (p < 0.05).
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3.3 Effect of o-opioid receptor blockade on NPW23-
induced hyperphagia

Zarei et al.

In Fig. 3, treatment with NPW23 alone once again elicited
a marked elevation in feed consumption relative to the
control condition. Two-way repeated-measures ANOVA
revealed significant effects of treatment [F(3,39)=18.76,
p<0.05] , time [F(2,78)=145.23, p<0.05] , and treatment x

6 _
B Control
BNTI (5 ug)
5 4| ONPW23 (3 nmol)
ONTI + NPW23
4 -
b
3 A b T
L

Cumulative food intake (g/100 g BW)
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time interaction [F(6,78)=4.12, p=0.009]. The &-opioid
receptor antagonist NTI (5 pg) administered alone had no
effect on baseline meal consumption (p>0.05). Simultaneous
infusion of NPW23 together with NT1 failed to produce any
statistically significant modification of the NPW23-induced
hyperphagic effect (p>0.05), indicating that &-opioid
receptors are not involved in mediating NPW23-induced
feeding under the present experimental conditions.

i

b

%

- T

120

Time (min)

Figure 3. Effect of ICV injection of NTI (5 pg), NPW23 (3 nmol), and their combination on cumulative food intake in neonatal chickens.

NTI: delta-opioid receptor antagonist. Data are expressed as mean + SEM. Each of the control, NPW23, and NTI groups included 11 chicks,

whereas the NPW23 + NTI group included 10 chicks (one chick was excluded due to mortality during injection; total N = 43). Different

letters (a and b) indicate statistically significant differences among treatments at the same time point (p < 0.05).

3.4  Effect of x-opioid receptor blockade on NPW23-
induced hyperphagia

As shown in Fig. 4, blocking k-opioid receptors failed to
affect the orexigenic response to NPW23. Two-way
repeated-measures ANOVA revealed significant effects of
treatment [F(3,39)=19.45, p<0.05] , time [F(2,78)=149.67,
p<0.05] , and treatmentxtime interaction [F(6,78)=4.38,
p=0.006]. A significant rise in feed intake was observed

following NPW23 (3 nmol) at every measured interval
(p<0.05), while nor-BNI administered alone did not alter
consumption (p>0.05). Co-infusion of nor-BNI with
NPW?23 did not significantly alter the orexigenic effect of
NPW23 at any time point (p>0.05), indicating that k-opioid
receptors do not participate in the mediation of the
orexigenic effect induced by NPW23 under the present acute
co-injection conditions.
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Figure 4. Effect of ICV injection of nor-BNI (5 ug), NPW23 (3 nmol), and their combination on cumulative food intake in neonatal chickens.

nor-BNI: kappa-opioid receptor antagonist. Data are expressed as mean + SEM. Each of the control, NPW23, and nor-BNI groups included

11 chicks, whereas the NPW23 + nor-BNI group included 10 chicks (one chick was excluded due to mortality during injection; total N = 43).

Different letters (a and b) indicate statistically significant differences among treatments at the same time point (p < 0.05).

4 Discussion

The present study offers the initial demonstration that the
hyperphagic effect of central NPW23 in neonatal broiler
chickens is modulated through p-opioid receptors, with
blockade of these receptors potentiating the feeding
response. In contrast, 8- and k-receptors do not appear to
participate in this effect under the present experimental
conditions. These data implicate a convergent pathway
wherein  NPW signaling interfaces with opioidergic
networks to influence appetite in birds, with p-opioid
receptor signaling playing an inhibitory modulatory role.

4.1  NPW23 dose-dependently stimulates food intake in
broilers

Our dose-response data confirm and extend the recent
findings of Mahdavi et al. (2023), who reported that central
infusion of NPW23 at 2 and 4 nmol increased meal
consumption in broiler chicks. In the present study, 3 nmol
NPW?23 produced a clear and sustained hyperphagic effect,
while 0.75 nmol was ineffective and 1.5 nmol produced an
intermediate response. This dose-dependent orexigenic
action aligns with mammalian studies in which NPW
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injected into the paraventricular nucleus increased feeding
(Levine et al., 2005; Mondal et al., 2003). The rapid onset of
action (as early as 30 minutes post-injection) suggests a
direct central mechanism, likely involving activation of
hypothalamic feeding circuits. The similarity in amino acid
sequence between chicken NPW and its mammalian
counterparts (93% homology with human NPW)) supports
the functional conservation of this peptide's orexigenic
properties across vertebrates (Bu et al., 2016).

4.2  u-Opioid receptors mediate NPW23-induced

hyperphagia

Co-infusion of B-FNA significantly potentiated NPW23-
induced hyperphagia, indicating that p-opioid receptor
signaling normally limits the orexigenic effect of NPW23.
In other words, activation of p-opioid receptors may exert an
inhibitory brake on NPW23-induced feeding. This
observation aligns with previous studies indicating that
direct p-opioid receptor activation reduces feeding in
chickens (Alimohammadi et al., 2015; Bungo et al., 2004).
Notably, B-endorphin (an endogenous p-opioid agonist) has
been demonstrated to increase feeding in broilers
(McCormack & Denbow, 1988; Yanagita et al., 2008).
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Taken together, these observations suggest the following
hypothesis: NPW23 may act as a secretagogue for -
endorphin or other endogenous opioids, which then act
through p-opioid receptors to influence food intake. The
potentiation of NPW23-induced hyperphagia by B-FNA
could be explained by the removal of an inhibitory feedback
mechanism that normally limits feeding. However, we
acknowledge that this model is speculative and requires
direct confirmation through measurement of opioid peptide
release, receptor activation, or downstream signaling. An
alternative explanation is that NPW23 and opioid signaling
converge on common downstream pathways without direct
peptide interaction. Anatomically, dense p-receptor
localization ~ characterizes  the  arcuate  nucleus,
paraventricular nucleus, and nucleus accumbens (Zheng et
al., 2005), regions that also contain NPW fibers and
receptors (Chottova Dvorakova, 2018; Mondal et al., 2003).
Thus, it is possible that NPW23 acts directly on p-opioid
receptor-expressing neurons or indirectly through promoting
the secretion of endogenous substances that activate p-
opioid receptors. The partial nature of the potentiation
observed with B-FNA may reflect that NPW23 acts through
multiple parallel orexigenic pathways beyond the p-opioid
system.

Zarei et al.

4.3  0- and x-Opioid receptors do not participate in this
process

The failure of NTI and nor-BNI to alter NPW23-induced
hyperphagia suggests that - and x-opioid receptors are not
involved in mediating this feeding response under the
present experimental conditions. This finding is noteworthy
because «-opioid receptor agonists (e.g., U-50488H,
dynorphin) are well-documented to increase meal
consumption in broilers (Bungo et al., 2004). The absence of
k-opioid involvement in NPW-induced hyperphagia
suggests that NPW does not engage this orexigenic pathway,
despite its robust feeding-stimulatory effect. Similarly, the
lack of 3-opioid involvement, despite the known orexigenic
effect of 3-agonists such as DPDPE in broilers (Bungo et al.,
2004), indicates that NPW selectively recruits p-opioid
signaling without affecting 8- or k-pathways. This selectivity
is not without precedent; Baghaeikia et al. (2022) similarly
reported that ghrelin-induced anorexia in layers was
conveyed through p-opioid receptors, whereas o- and
k-opioid receptor subtypes did not contribute to this effect.
Thus, the opioid receptor subtype dependence appears to be
specific to the orexigenic or anorexigenic peptide involved.
However, we note that nor-BNI has a distinctive delayed and

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2027, VOL. 5,NO. 1, 1-11

long-lasting antagonist profile in many experimental
systems. The acute co-administration used in the present
study may not fully establish functional «k-receptor blockade
at the time of NPW23 action. Therefore, the absence of
effect with nor-BNI should be interpreted cautiously.

4.4 Comparison with other appetite-regulating systems

Recent work by Mahdavi et al. (2023) demonstrated that
NPW23-induced hyperphagia in broilers is additionally
facilitated via CRF1/CRF2 and NPY1 receptors. The present
findings add p-opioid receptors to this complex regulatory
network. The interplay between opioidergic and NPY
systems is well documented (De Pedro et al., 2000; Desai et
al., 2013). Given that NPY1 receptor blockade suppressed
NPW-induced hyperphagia (Mahdavi et al., 2023) and p-
opioid receptor blockade potentiated this effect (present
study), it is plausible that NPY1 and p-opioid receptors
function in a common downstream pathway, with p-opioid
receptors exerting inhibitory modulation. Alternatively,
NPW may act independently on both systems. It is worth
noting that a study in rats reported that the non-selective
opioid antagonist naltrexone did not alter NPW23-induced
feeding but significantly reduced deprivation-induced
hyperphagia (Levine et al., 2005). This suggests that the
interaction between NPW and the opioid system may be
species-specific or context-dependent, potentially reflecting
differences in the relative contribution of opioid tone to
feeding behavior between altricial (rats) and precocial
(chicks) species. Furthermore, evidence from pain studies
indicates that co-administration of NPW23 with morphine
reduces the required analgesic dose of morphine while
mitigating its side effects (likely via GPR7-mediated
pathways), suggesting the existence of a more extensive
functional crosstalk among these pathways that extends
beyond the control of feeding behavior (Xing et al., 2021).
Future studies should explore the hierarchical relationship
between these mediators; for example, whether NPY1
receptor blockade affects p-opioid receptor activation
following NPW administration, or vice versa.

4.5 Limitations

A number of constraints inherent to the present
investigation warrant recognition. First, we only used one
dose of each antagonist based on previous literature; dose-
response studies for antagonists could reveal more nuanced
interactions. Second, while the ICV injection method is well-
established, it does not allow site-specific localization within
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the brain. Future studies using microinjection into specific
hypothalamic nuclei would provide greater anatomical
resolution. Third, we did not measure expression of opioid
peptides or receptors following NPW administration;
molecular studies (QPCR, in situ hybridization, or Western
blot) would help determine whether NPW alters opioid gene
expression or signaling. Fourth, the present research did not
include a positive control group using a known opioid
agonist to confirm the efficacy of the antagonists under our
experimental conditions, although the doses were selected
based on published effective and sub-effective doses. Fifth,
the use of cumulative food intake measurements creates non-
independent time points; although repeated-measures
ANOVA accounts for within-subject correlation, future
studies might consider reporting incremental intake or area
under the curve. Sixth, the nor-BNI acute co-injection
protocol may not be sufficient to fully exclude k-opioid
involvement due to the known delayed and long-lasting
antagonist profile of this drug. Seventh, baseline control
values varied slightly across experiments, which is expected
given that each experiment was separately performed, but
this could be addressed in future studies by including an
internal control in each experimental block.

Zarei et al.

5 Conclusion

ICV administration of NPW23 dose-dependently
increased cumulative feed intake in neonatal broiler chicks.
Acute blockade of p-opioid receptors with B-FNA
potentiated the feeding response to NPW23, suggesting that
central p-opioid receptor signaling may exert an inhibitory
modulatory tone on NPW23-induced hyperphagia. Under
the present acute co-injection conditions, 8- and k-opioid
receptor antagonists did not significantly alter the NPW23
response. These findings improve basic understanding of
central appetite regulation in neonatal broiler chicks. Further
studies using antagonist dose-response designs, site-specific
brain injections, positive-control opioid agonists, and
molecular assessment of opioid signaling are needed to
clarify the mechanism.

Acknowledgements

The authors would like to extend their gratitude to the
central laboratory (Dr. Rastegar Lab.) of the Faculty of
Veterinary Medicine, the University of Tehran, for their
cooperation.

7
G
L\ SANA®
AVLAN HOSPITAL

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2027, VOL. 5,NO. 1, 1-11

Use of Artificial Intelligence

During the preparation of this work, the author(s) used
Perplexity Al in order to identify and correct potential
grammatical errors and improve the overall flow and
readability of the manuscript. After using this tool, the
author(s) reviewed and edited the content as needed and
take(s) full responsibility for the content of the published
article.

Conflict of Interest

The authors declare no conflict of interest.

Author Contributions

H.Z. and M.Z. conceived and designed the research and
methodology. R.F. conducted the experiment, performed the
literature search, and drafted the original manuscript. H.Z.
and K.H. supervised the research. M.Z. performed the
statistical analyses and data interpretation. H.Z., M.Z., and
K.H. edited and finalized the manuscript. All authors read
and approved the final version of the manuscript before
submission for publication.

Data Availability Statement

The data supporting the findings of this study are
available from the corresponding author upon reasonable
request.

Ethical Considerations

All experimental procedures were conducted in strict
accordance with the guidelines for the care and use of
laboratory animals established by the Research Ethics
Committee of the Islamic Azad University. The animal study
protocol was reviewed and formally approved by the
Institutional Animal Care and Use Committee (IACUC) of
the Islamic Azad University, Garmsar Branch (official
name: Research Ethics Committee of the Islamic Azad
University, Garmsar Branch), under approval code
IR.IAUGB.REC.1403.737 on 1 May 2024. All efforts were
made to minimize animal suffering and to reduce the number
of animals used, in compliance with the ARRIVE guidelines
and national regulations for animal research.

Funding

The research grant from Islamic Azad University,
Garmsar Branch, supported this work.



https://jpsad.com
https://jpsad.com

7
G
K SANA®
AVIAN HOSFITAL

References

Zarei et al.

Alimohammadi, S., Zendehdel, M., & Babapour, V. (2015).
Modulation Of Opioid-Induced Feeding Behavior By Endogenous
Nitric Oxide In Neonatal Layer-Type Chicks. Veterinary research
communications, 39(2), 105-113. [PMID: 25677536] [DOI]
Badri, M., Alimohammadi, S., Zendehdel, M., & Hassanpour, S.
(2025). Involvement Of Central Opioid And Melanocortin
Receptors  In  Spexin-Induced = Hypophagia  Following
Intracerebroventricular Injection In Neonatal Broiler Chicks. BMC
Veterinary Research, 21(1), 110. [PMID: 40011886] [PMCID:
PMC11863689] [DOI]

Baghaeikia, S., Fallah, H., Khodadadi, M., Yousefvand, S.,
Mahdavi, K., Zendehdel, M., & Rahmani, B. (2022). Opioid
receptor L, not & and k, modulate food intake induced by ghrelin in
laying chickens. Canadian Journal of Physiology and
Pharmacology, 100(10), 983-992. [DOI]

Briining, J. C., & Fenselau, H. (2023). Integrative Neurocircuits
That Control Metabolism And Food Intake. Science, 381(6665),
eabl7398. [PMID: 37769095] [DOI]

Bu, G., Lin, D., Cui, L., Huang, L., Lv, C., Huang, S., Wan, Y.,
Fang, C. Li, J, & Wang, Y. (2016). Characterization Of
Neuropeptide B (Npb), Neuropeptide W (Npw), And Their
Receptors In Chickens: Evidence For Npw Being A Novel
Inhibitor Of Pituitary Gh And Prolactin Secretion. Endocrinology,
157(9), 3562-3576. [PMID: 27399877] [DOI]

Bungo, T., Dodo, K.-l., Kawamura, K., lzumi, T., & Ueda, H.
(2005). Effects of various p-and d-opioid ligands on food intake in
the meat-type chick. Physiology & Behavior, 85(5), 519-523.
[DOI]

Bungo, T., Kawamura, K., Izumi, T., Dodo, K.-l., & Ueda, H.
(2004). Feeding responses to p-, 8-and k-opioid receptor agonists
in the meat-type chick. Pharmacology Biochemistry and Behavior,
78(4), 707-710. [DOI]

Campos, A., Port, J. D., & Acosta, A. (2022). Integrative Hedonic
And Homeostatic Food Intake Regulation By The Central Nervous
System: Insights From Neuroimaging. Brain sciences, 12(4), 431.
[PMID: 35447963] [DOI]

Chottova Dvorakova, M. (2018). Distribution And Function Of
Neuropeptides W/B Signaling System. Frontiers in Physiology, 9,
981. [PMID: 30087623] [PMCID: PMC6067035] [DOI]

Davis, J. L., Masuoka, D. T., Gerbrandt, L. K., & Cherkin, A.
(1979). Autoradiographic Distribution Of L-Proline In Chicks
After Intracerebral Injection. Physiology & Behavior, 22(4), 693-
695. [PMID: 482410] [DOI]

De Pedro, N., Lopez-Patifio, M. A., Guijarro, A. 1., Pinillos, M. L.,
Delgado, M. J., & Alonso-Bedate, M. (2000). Npy Receptors And
Opioidergic System Are Involved In Npy-Induced Feeding In
Goldfish. Peptides, 21(10), 1495-1502. [PMID: 11068096] [DOI]
Desai, S. J., Upadhya, M. A., Subhedar, N. K., & Kokare, D. M.
(2013). Npy Mediates Reward Activity Of Morphine, Via Npy Y1
Receptors, In The Nucleus Accumbens Shell. Behavioural brain
research, 247, 79-91. [PMID: 23511250] [DOI]

Furuse, M., Matsumoto, M., Saito, N., Sugahara, K., & Hasegawa,
S. (1997). The Central Corticotropin-Releasing Factor And
Glucagon-Like Peptide-1 In Food Intake Of The Neonatal Chick.
European journal of pharmacology, 339(2-3), 211-213. [PMID:
94731371 [DOI]

Gao, Z., Zheng, J., & Xu, G. (2025). Molecular Mechanisms And
Regulatory Factors Governing Feed Utilization Efficiency In
Laying Hens: Insights For Sustainable Poultry Production And
Breeding Optimization. International Journal of Molecular
Sciences, 26(13), 6389. [PMID: 40650167] [PMCID:
PMC12250216] [DOI]

Hamidi, B., Zendehdel, M., Vazir, B., & Asghari, A. (2022). The
Effect Of The Central Administration Of The Neuropeptide Vf On

10

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2027, VOL. 5,NO. 1, 1-11

Feed Intake And Its Possible Interactions With Glutamate And
Opioid Systems In Broiler Chicken. International Journal of
Peptide Research and Therapeutics, 28(3), 101. [DOI]

Kuenzel, W. J., Beck, M. M., & Teruyama, R. (1999). Neural Sites
And Pathways Regulating Food Intake In Birds: A Comparative
Analysis To Mammalian Systems. Journal of Experimental
Zoology Part A: Ecological Genetics and Physiology, 283(4-5),
348-364. [DOI]

Levine, A. S., Winsky-Sommerer, R., Huitron-Resendiz, S., Grace,
M. K., & De Lecea, L. (2005). Injection Of Neuropeptide W Into
Paraventricular Nucleus Of Hypothalamus Increases Food Intake.
American Journal of Physiology-Regulatory, Integrative and
Comparative Physiology, 288(6), R1727-R1732. [PMID:
15886360] [DOI]

Mahdavi, K., Zendehdel, M., & Baghbanzadeh, A. (2023). The
Effects Of Neuropeptide W On Food Consumption And Feeding
Behavior In Neonatal Meat-Type Chicks: Role Of Crf1/Crf2 And
Npyl Receptors. Neuroscience letters, 817, 137531. [PMID:
37863422] [DOI]

McCormack, J. F., & Denbow, D. M. (1988). Feeding, drinking and
temperature responses to intracerebroventricular B-endorphin in
the domestic fowl. Peptides, 9(4), 709-715. [DOI]

Mondal, M. S., Yamaguchi, H., Date, Y., Shimbara, T., Toshinai,
K., Shimomura, Y., Mori, M., & Nakazato, M. (2003). A Role For
Neuropeptide W In The Regulation Of Feeding Behavior.
Endocrinology, 144(11), 4729-4733. [PMID: 12959997] [DOI]
Morley, J. E. (1995). The Role Of Peptides In Appetite Regulation
Across Species. American Zoologist, 437-445. [DOI]

O'Dowd, B. F., Scheideler, M. A., Nguyen, T., Cheng, R,
Rasmussen, J. S., Marchese, A., Zastawny, R., Heng, H. H., Tsui,
L.-C., & Shi, X. (1995). The Cloning And Chromosomal Mapping
Of Two Novel Human Opioid-Somatostatin-Like Receptor Genes,
Gpr7 And Gpr8, Expressed In Discrete Areas Of The Brain.
Genomics, 28(1), 84-91. [PMID: 7590751] [DOI]

Rahmani, B., Mahdavi, K., Zendedel Kheybari, M., Khodadadi, M.,
Keshavarz, M., Shahabi, M., & Baghbanzadeh, A. (2022). Role Of
Central Opioid Receptors On Serotonin-Induced Hypophagia In
The Neonatal Broilers. Iranian Journal of Veterinary Science and
Technology, 14(1), 9-19.

Saito, E.-S., Kaiya, H., Tachibana, T., Tomonaga, S., Denbow, D.
M., Kangawa, K., & Furuse, M. (2005). Inhibitory Effect Of
Ghrelin On Food Intake Is Mediated By The Corticotropin-
Releasing Factor System In Neonatal Chicks. Regulatory peptides,
125(1-3), 201-208. [PMID: 15582733] [DOI]

Sakurai, T. (2013). Npbwrl And Npbwr2: Implications In Energy
Homeostasis, Pain, And Emotion. Frontiers in endocrinology, 4,
23. [PMID: 23515889] [PMCID: PMC3600615] [DOI]
Sandoval-Caballero, C., Luarte, L., Jiménez, Y., Jaque, C.,
Cifuentes, F., Arenas, G., Figueroa, M., Jara, J., Olszewski, P., &
Teske, J. (2023). Meta-Analysis Of Pre-Clinical Studies On The
Effects Of Opioid Receptor Ligands On Food Intake, Motivation,
And Choice. Neuroscience & Biobehavioral Reviews, 152,
105288. [PMID: 37331611] [DOI]

Singh, G., & Davenport, A. P. (2006). Neuropeptide B And W:
Neurotransmitters In An Emerging G-Protein-Coupled Receptor
System. British journal of pharmacology, 148(8), 1033-1041.
[PMID: 16847439] [PMCID: PMC1752024] [DOI]

Takenoya, F., Yagi, M., Kageyama, H., Shiba, K., Endo, K.,
Nonaka, N., Date, Y., Nakazato, M., & Shioda, S. (2010).
Distribution Of Neuropeptide W In The Rat Brain. Neuropeptides,
44(2), 99-106. [PMID: 19948359] [DOI]

Xing, Y., Liu, Y., Deng, M., Wang, H.-P., Abdul, M., Zhang, F.-
F., Zhang, Z., & Cao, J.-L. (2021). The Synergistic Effects Of
Opioid And Neuropeptide B/W In Rat Acute Inflammatory And
Neuropathic Pain Models. European journal of pharmacology,
898, 173979. [PMID: 33639195] [DOI]

)

G
l\ SANA®
AVIAN HOSPITAL


https://jpsad.com
https://jpsad.com
https://pubmed.ncbi.nlm.nih.gov/25677536
https://doi.org/10.1007/s11259-015-9631-8
https://pubmed.ncbi.nlm.nih.gov/40011886
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11863689
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11863689
https://doi.org/10.1186/s12917-025-04564-8
https://doi.org/https:/doi.org/10.1139/cjpp-2022-0061
https://pubmed.ncbi.nlm.nih.gov/37769095
https://doi.org/10.1126/science.abl7398
https://pubmed.ncbi.nlm.nih.gov/27399877
https://doi.org/10.1210/en.2016-1141
https://doi.org/https:/doi.org/10.1016/j.physbeh.2005.05.015
https://doi.org/https:/doi.org/10.1016/j.pbb.2004.05.015
https://pubmed.ncbi.nlm.nih.gov/35447963
https://doi.org/10.3390/brainsci12040431
https://pubmed.ncbi.nlm.nih.gov/30087623
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6067035
https://doi.org/10.3389/fphys.2018.00981
https://pubmed.ncbi.nlm.nih.gov/482410
https://doi.org/10.1016/0031-9384(79)90233-6
https://pubmed.ncbi.nlm.nih.gov/11068096
https://doi.org/10.1016/S0196-9781(00)00303-X
https://pubmed.ncbi.nlm.nih.gov/23511250
https://doi.org/10.1016/j.bbr.2013.03.018
https://pubmed.ncbi.nlm.nih.gov/9473137
https://pubmed.ncbi.nlm.nih.gov/9473137
https://doi.org/10.1016/S0014-2999(97)01391-5
https://pubmed.ncbi.nlm.nih.gov/40650167
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12250216
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12250216
https://doi.org/10.3390/ijms26136389
https://doi.org/10.1007/s10989-022-10407-z
https://doi.org/10.1002/(SICI)1097-010X(19990301/01)283:4/5%3c348::AID-JEZ5%3e3.0.CO;2-5
https://pubmed.ncbi.nlm.nih.gov/15886360
https://pubmed.ncbi.nlm.nih.gov/15886360
https://doi.org/10.1152/ajpregu.00638.2003
https://pubmed.ncbi.nlm.nih.gov/37863422
https://pubmed.ncbi.nlm.nih.gov/37863422
https://doi.org/10.1016/j.neulet.2023.137531
https://doi.org/https:/doi.org/10.1016/0196-9781(88)90110-6
https://pubmed.ncbi.nlm.nih.gov/12959997
https://doi.org/10.1210/en.2003-0536
https://doi.org/10.1093/icb/35.6.437
https://pubmed.ncbi.nlm.nih.gov/7590751
https://doi.org/10.1006/geno.1995.1109
https://pubmed.ncbi.nlm.nih.gov/15582733
https://doi.org/10.1016/j.regpep.2004.09.003
https://pubmed.ncbi.nlm.nih.gov/23515889
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3600615
https://doi.org/10.3389/fendo.2013.00023
https://pubmed.ncbi.nlm.nih.gov/37331611
https://doi.org/10.1016/j.neubiorev.2023.105288
https://pubmed.ncbi.nlm.nih.gov/16847439
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1752024
https://doi.org/10.1038/sj.bjp.0706825
https://pubmed.ncbi.nlm.nih.gov/19948359
https://doi.org/10.1016/j.npep.2009.10.007
https://pubmed.ncbi.nlm.nih.gov/33639195
https://doi.org/10.1016/j.ejphar.2021.173979

2

E‘ ? Zarei et al. JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2027, VOL. 5,NO. 1, 1-11
SANA®

Yanagita, K., Shiraishi, J.-l., Fujita, M., & Bungo, T. (2008).
Effects of N-terminal fragments of B-endorphin on feeding in
chicks. Neuroscience letters, 442(2), 140-142. [DOI]

Zheng, S. X., Bosch, M. A., & Rannekleiv, O. K. (2005). M-opioid
receptor mRNA expression in identified hypothalamic neurons.

Journal of Comparative Neurology, 487(3), 332-344. [PMID:
25677536] [DOI]

7
G
K SANA®
AVIAN HOSFITAL

11


https://jpsad.com
https://jpsad.com
https://doi.org/https:/doi.org/10.1016/j.neulet.2008.07.018
https://pubmed.ncbi.nlm.nih.gov/25677536
https://pubmed.ncbi.nlm.nih.gov/25677536
https://doi.org/10.1007/s11259-015-9631-8

