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Function of Amino Acids and Neuropeptides in Feeding Behavior in Chicks
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Regulation of food intake, especially during the neonatal period, is important to ensure optimal nutrition and meet the
metabolic requirements of growing and healthy animals. However, many problems associated with neonatal chicks remain
unsolved. Feeding behavior during the neonatal stage is characterized by short resting periods between very brief times spent
taking up food. Accordingly, neuropeptides, which take time to synthesize and release, as well as nutrients that are taken
up via feeding, may be involved in feeding regulation. The present review summarizes current knowledge about the role of
amino acids and their interaction with neuropeptides on the regulation of food intake in neonatal chicks with special emphasis
on L-arginine metabolism and neuropeptide Y. Fasting and subsequent short-term refeeding influence amino acid metabolism
in the brain. Short-term refeeding induces a rapid increase in the concentrations of several amino acids, which may contribute
to satiety signals in the neonatal chick brain. The function of L-arginine is related to its metabolite, L-ornithine, which acts
as an innate satiety signal in the control of food intake. Co-injection with L-ornithine attenuates the orexigenic effect of neu-
ropeptide Y in a dose-dependent manner. This implies a potent interaction in the brain between the regulation of food intake
by neuropeptide Y and acute satiety signals by L-ornithine. The roles of other amino acids in feeding and their relationship
with the stress response are also discussed in this review. In conclusion, endogenous neuropeptides and endogenous and/or

exogenous nutrients such as amino acids are believed to coordinate the feeding behavior of neonatal chicks.
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Introduction

Controlling food intake is crucial for animals, as it allows
them to match nutrient availability with their metabolic needs.
Understanding the feeding regulatory mechanism is particularly
important in juveniles, owing to its influence on animal growth
and health. Considerable knowledge on the control of food in-
take has been gained from studies using mammalian animal
models[1-4]. Nevertheless, studying feeding behavior at an early
stage of life in rodents is difficult because of insufficient brain
size for substance administration and total dependence on par-
ents for feeding. On the other hand, Burt et al.[5] reported that
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organization of the human genome was closer to that of chickens
than the mouse one.

Chicks demonstrate well-developed feeding behavior in the
neonatal period. Domesticated chicks are a precocial nestling
species, capable of searching for their own food immediately
after hatching[6]. Furthermore, neonatal chicks have relatively
large brains; hence, the central administration of drugs makes it
easy to monitor changes in food intake. According to Davis et
al.[7], intracerebroventricular (ICV) injection in neonatal chicks
is simpler and more convenient than operating a guide cannula.
ICV does not cause stress[8], nor does it affect food intake[9]. In-
tense genetic selection has resulted in two types of chicks, broil-
ers and layers, for the production of meat and eggs, respectively,
with different mechanisms regulating food intake. Broiler chicks
develop hyperphagia, with increased food intake and body fat
deposition, which may model certain forms of obesity. Therefore,
use of neonatal chicks as animal models of food intake regulation
may be beneficial for poultry production in terms of appropriate
feeding adjustments, but it may also provide insights into feeding
behavior across species.

Studies on neuropeptide regulators of feeding in neonatal
chicks have revealed fewer orexigenic than anorexigenic candi-
dates, even at an early growth stage[6]. Given that the use neuro-
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peptides as ligands for stimulation, release, synthesis, and storage
requires some time, the short feeding interval and overall behav-
ior in neonatal chicks may not be explained by neuropeptides
alone. The central sedative, hypnotic, and excitatory functions of
amino acids and their metabolites have been widely investigated
in neonatal chicks[10], implying a key effect of free amino ac-
ids in the brain on feeding behavior. The present review outlines
the precise feeding behavior of neonatal chicks and its functional
relationship to free amino acid metabolism in the brain. To un-
derstand the mechanism underlying the central function of brain
amino acids in the feeding behavior of neonatal chicks, the inter-
actions between appetite-related neuropeptides, amino acids, and
their metabolites are discussed.

Precise feeding behavior of neonatal chicks and the
putative role of amino acids as innate signals

Early studies described the frequent feeding patterns and brief
bouts of feeding of domesticated chicks[11,12]. At the neona-
tal stage, the eating interval is very short compared to the adult
stage, regardless of whether mammals or birds are altricial or
precocial. The feeding behaviors of neonatal layer chicks are
characterized by short resting periods with a very brief time
spent on food intake[13]. A similar behavior was reported also
in neonatal broiler chicks (Katayama et al., unpublished data). In
contrast, time spent sleeping is longer in neonatal animals than
in mature animals. Tran et al.[13] reported that the average time
spent on food intake, sleeping, and resting by neonatal chicks
was 10.9%, 17.5%, and 71.5%, respectively, over 6 h of obser-
vation. During the neonatal stage, animals spend time sleeping
after ingesting food; thus, factors that inhibit food intake may
induce sleep instead. In chickens, sleep can be assessed based on
posture, such as sitting or standing motionless with eyes closed
or with the head tucked under a wing[14]. Previous studies have
demonstrated the central sedative and hypnotic functions of ami-
no acids and their metabolites in neonatal chicks[10]. The effects
of amino acids on sleep may be related to the control of feeding
behavior, because feeding and sleep occur repeatedly. When neo-
natal chicks are centrally injected with L-pipecolic acid (L-PA),
the reduction in active wakefulness, particularly feeding behav-
ior, is accompanied by an increase in sleeping posture and a mo-
tionless state[15].

The concentration of circulating amino acids during the neo-
natal period is strongly affected by catabolism. This points to the
importance of dynamic nutrient levels during this period[16].
Bird growth is associated not only with protein deposition, but
also with the availability of free amino acids[17]. Amino acids
are selectively transported from the blood to the brain, where
they act as neurotransmitters or undergo specific metabolic trans-
formations. In this review, the possible involvement of amino
acids as central regulators of feeding behavior in neonatal chicks
is described. Mellinkoff et al.[18] proposed an aminostatic con-
cept for controlling food intake, based on an existing reciprocal
relationship between serum amino acid content and appetite. In
addition, fasting alters the concentration of free amino acids in

several sites of the neonatal brain[19]. A recent study highlighted
a linear correlation between free amino acid concentration in the
plasma and different brain sites[6]. Tran et al.[13] demonstrated
the frequent feeding behavior of neonatal chicks and initially ob-
served differences in concentrations of amino acids and mono-
amines in the brain of chicks, who either attempted to obtain food
(hungry group) or turned it down (satiety group). This sparked
extensive investigation of the relationship between appetite regu-
lation induced by fasting, subsequent short-term refeeding, and
central amino acid metabolism[20]. The chicks were divided into
four treatment groups: (i) fasting for 3 h and (ii-iv) fasting for
3 h, followed by refeeding for 10, 20, or 30 min. Even though
refeeding was limited to a maximum of 30 min, it induced a rapid
increase in several amino acids within chick brains. These find-
ings suggest that free amino acids in the brain may contribute to
the regulation of feeding behavior in neonatal chicks.

Evidence suggests that the amino acid content in the brain
reflects the composition of dietary amino acids[21]. The uptake
and concentration of amino acids by the brain are influenced
by the availability of amino acids in the plasma, integrity of
the blood-brain barrier, and complex interactions among amino
acids[22,23]. Body homeostasis requires an optimal balance be-
tween dietary and circulating amino acids[16]. The above obser-
vations showcase how chickens are sensitive to the dietary in-
take of amino acids and respond accordingly, which is important
when formulating an optimal diet.

Role of L-arginine metabolism in regulating food
intake of neonatal chicks

L-Arginine is vital for protein synthesis and beyond[24]. In
birds, it is an essential amino acid because these animals lack
carbamoyl phosphate synthetase, a urea cycle enzyme necessary
for the synthesis of citrulline from ornithine in the liver and kid-
ney[25]. Diverse metabolites can be produced from L-arginine,
including L-ornithine, L-proline, L-glutamic acid, polyamines,
nitric oxide, creatine, and agmatine[26]. Under social separation
stress conditions in chicks, L-arginine was reported to attenuate
spontaneous activity and the number of distress vocalizations[27].
ICV injection of L-arginine attenuated the stress response in a
dose-dependent manner and induced sleep-like behavior. Suena-
ga et al.[28] found increased L-arginine and L-ornithine levels
in the telencephalon and diencephalon of chicks following the
central administration of L-arginine 10 min post-injection. In
addition, the increase in L-ornithine was proportional to that of
injected L-arginine, suggesting that the latter was metabolized
by arginases in the brain. The same study also demonstrated that
L-ornithine might induce sedative and hypnotic effects. Thus, L-
arginine metabolism is important for normal brain function.

In terms of food intake regulation, L-arginine and L-ornithine
increased in a time-dependent manner in all parts of the brain
following refeeding after fasting except for mesencephalic L-
arginine and cerebellar L-ornithine[20]. Their central exogenous
administration resulted in a dose-dependent feeding inhibitory
effect only in chicks injected with L-ornithine[20]. This implies



Tran: Central regulation of feeding in chicks 3

that endogenous L-ornithine may act as a satiety signal in neo-
natal chicks.

To clarify the mechanism by which L-ornithine inhibited
food intake in neonatal chicks, we investigated the involvement
of y-aminobutyric acid (GABA)-A receptor. Central injection of
L-ornithine exerted sedative and hypnotic effects, mediated by
the GABA-A receptor in neonatal chicks under stressful condi-
tions[29]. However, the L-ornithine-induced reduction in food
intake was not reversed by picrotoxin, a GABA-A receptor an-
tagonist (Tran et al., unpublished data). Therefore, the mecha-
nism by which L-ornithine controls feeding behavior is due to
the non-responsiveness of stress-related pathways. At the same
time, L-ornithine-induced sedation and hypnosis could occur
along with the suppression of food intake. Evidence suggests that
increased food intake inhibits sleep. For instance, ICV injection
of kyotorphin, a central dipeptide, has been reported to stimulate
food intake in chicks, together with increased peak efficiency
and decreased time spent at deep rest[30]. Taken together, these
results suggest that L-ornithine may suppress food intake due
to its physiological effect on neurocircuits that control feeding
behavior, while also causing sedation, in a GABA-A receptor-
independent manner[20].

L-Proline is also increased in the telencephalon of neonatal
chicks following ICV injection of L-arginine[28]. When ICV in-
jected, L-proline spreads quickly within the brain of chicks[7],
significantly decreasing their spontaneous activity and distress
vocalization, while promoting a sleeping posture in a dose-de-
pendent manner[19]. Although L-proline can activate the glycine
receptor, it is not involved in consequent sedative or hypnotic
effects[31]. Instead, the central functions of L-proline in neo-
natal chicks have been reported to involve several regulators,
including the N-methyl-D-aspartic acid receptor[31] and indol-
amine metabolism[32]. In terms of food intake regulation, the
concentration of L-proline in all brain parts of neonatal chicks
increases in a time-dependent manner following refeeding after
fasting[20]. Fasting for 3 h lowers the content of L-proline in the
telencephalon and diencephalon of neonatal chicks[19]. Notably,
ICV injection of L-proline stimulated food intake under ad libi-
tum conditions, while inhibiting food intake under fasting condi-
tions[33]. Hence, the mechanism by which L-proline regulates
food intake in neonatal chicks remains unclear.

Feeding and other behaviors are associated with a sophis-
ticated modulation of brain signals in neonatal chicks. For in-
stance, central injection of carnosine not only inhibits food
intake in a dose-dependent manner, but it also induces hyperac-
tivity and increases plasma corticosterone levels[34]. However,
the co-injection of B-alanine and L-histidine, the constituents
of carnosine, also inhibited food intake but induced hypoactiv-
ity[34]. Therefore, it is important to understand the central func-
tion of L-arginine metabolism within the overall neural network
controlling neonatal chick behavior. Central injection of L- and
D-amino acids affects the behavior of neonatal chicks; although
with varying effects and mechanisms[10]. The diverse impact of
L-arginine and its enantiomer D-arginine was observed during

isolation stress[35]. Specifically, ICV injection of L-arginine at-
tenuated stress through induction of sedative and hypnotic ef-
fects; whereas ICV injection of D-arginine had a stimulatory ef-
fect. It is possible that L-arginine inhibits feeding behavior under
stress, but not under normal physiological conditions, whereby
L-ornithine achieves the same result. Adaptation to stress in-
volves both behavioral and physiological changes in the central
nervous system (CNS)[36]. The suppression of feeding behavior
is a behavioral change induced by stress[37]. Because D-argi-
nine is undetectable in the neonatal chick brains[35], the central
effects of L-arginine may not be associated with physiological
feeding behavior, but with the stress response, in a manner that is
entirely independent of D-arginine.

The central role of other amino acids on food intake
regulation

The end product of L-lysine metabolism, amino adipic acid,
was also found to increase in all brain parts shortly after refeed-
ing[20]. Activation of the L-lysine metabolic pathway following
refeeding is thought to occur via L-PA, a major metabolic in-
termediate of L-lysine in the chick brain[38]. Akin to L-proline,
L-PA altered food intake depending on feeding conditions. Cen-
tral injection of L-PA significantly reduced the food intake of
neonatal chicks under fasting conditions, although a higher dose
of L-lysine was required to suppress food intake[15]. Instead, un-
der ad libitum feeding conditions, ICV-injected L-PA stimulated
feeding behavior[39]. GABA receptors contribute to the regula-
tion of food intake by L-PA. In particular, the decrease in food
intake caused by L-PA under fasting conditions is mediated by
GABA-B receptors[40]; whereas stimulation of food intake by
L-PA under ad libitum conditions is associated with both GABA-
A and GABA-B receptors[39]. The enantiomer of L-PA, D-PA,
has also been found to strongly decrease food intake in chicks,
including at lower doses than L-PA[15].

L-Tryptophan is an essential amino acid, which functions as
a precursor for several compounds via the serotonin (5-hydroxy-
tryptamine, 5-HT) and kynurenine[10] pathways. Melatonin
and 5-HT are products of the 5-HT pathway; whereas kynurenic
acid (KYNA) is generated from I-kynurenine. Bungo et al.[41]
reported that central injection of L-tryptophan reduced the food
intake of neonatal layer chicks over 30 min of feeding, through a
mechanism that involved the serotonergic system. Central 5-HT
administration induces anorexia in chicks[42-44]. More than
95% of L-tryptophan is metabolized via the KYNA pathway[45].
KYNA appeared to have a stronger sedative effect than L-tryp-
tophan under social isolation stress[46]. However, the effect of
KYNA on the regulation of feeding behavior in neonatal chicks
has not yet been clarified.

The feeding behavior of neonatal chicks is related also to
other amino acids. Central injection of L-leucine significantly
stimulated food intake; whereas L-isoleucine and L-valine had
no effect[47]. Moreover, sedative and hypnotic responses have
been reported in association with L-serine, L-glutamic acid, L-
aspartic acid, and L-asparagine; although their effects on food
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Schematic illustration of the central regulation of feeding behavior

through neuropeptides and amino acids in neonatal chicks. CNS, central nervous

system; (+), stimulation; (-), inhibition.

intake regulation have not been confirmed.

Interactions between appetite-related neuropep-
tides and amino acids or their metabolites: the role
of neuropeptide Y

Feeding behavior is tightly regulated by a series of neuronal,
metabolic, and endocrine signals in the CNS[1,48]. The roles of
numerous neuropeptides with orexigenic and anorexigenic effects
in neonatal chicks have been already reviewed elsewhere[6]. The
function and mechanism of neuropeptides has been compared
between neonatal chicks and mammals, and between different
strains of chickens. Although most neuropeptides induce simi-
lar feeding mechanisms in chicks and mammals, some have no
or opposite effects[6]. Because the growth curve at the neonatal
stage in animals is very steep, orexigenic signals were thought
to be stimulated at this stage. Instead, more anorexigenic than
orexigenic neuropeptides were detected in neonatal chicks[6].
However, because intense genetic selection has led to the produc-
tion of broiler and layer chicks, food intake regulation differs be-
tween these two types, with the former displaying hyperphagia.
The mechanism underlying this phenomenon can be explained
by the involvement of neuropeptide activities, namely the lower
synthesis of anorexigenic neuropeptides and modification of the
receptor structure[6].

The contribution of neuropeptides to the regulation of food
intake may be important in adult chickens, because the feeding
interval is long enough for the actions of these compounds. At
the neonatal stage, the feeding behavior is characterized by very
short intervals of eating time, which is difficult to explain by the
action of neuropeptides alone. Appetite regulation encompasses
complex interactions between neurotransmitters, including neu-
ropeptides and classical amino acid neurotransmitters, such as
L-glutamic acid and GABA[49]. Accordingly, a possible col-
laboration between brain nutrient signals such as amino acids

and appetite-related neuropeptides is hypothesized to regulate
food intake in neonatal chicks (Fig. 1). Among orexigenic neu-
ropeptides, neuropeptide Y (NPY) has been confirmed in both
layers[50] and broiler chicks[51]. Since its first discovery in the
CNS of chickens using antibodies against porcine NPY[52],
growing evidence has pointed to the key regulatory role of NPY
on feeding behavior in chickens[53-58]. Additionally, the NPY
pathway is reportedly involved in the action of multiple feeding
regulators[59]. Tran et al.[60] recently investigated interactions
between NPY and L-ornithine in the neonatal chick brain and
their role in controlling feeding behavior. In particular, the au-
thors examined the role of L-ornithine signaling in the orexigenic
effect induced by NPY. To this end, they evaluated food intake af-
ter direct central co-injection of NPY and L-ornithine. This, and
an assessment of free amino acid metabolism in the central and
peripheral systems of chicks, showed that L-ornithine induced
significant dose-dependent suppression of NPY-elicited eating
and correlated positively with brain L-ornithine levels.

The interaction between NPY and L-ornithine has been pro-
posed to take several forms, all aimed at controlling food intake
in neonatal chicks. Turton et al.[61] suggested that central NPY
stimulated feeding by blocking inhibitory factors. Accordingly,
L-ornithine may interact with NPY through several inhibitory
signaling pathways originated from amino acid metabolism in
the brain. This hypothesis is supported by changes in brain amino
acid content following co-injection of NPY and L-ornithine. No-
tably, brain L-proline goes up when brain L-ornithine remains
high following an increase in the injected dose. NPY may en-
hance the activity of ornithine aminotransferase and pyrroline-
5-carboxylate reductase in the brain, because both enzymes con-
tribute to the production of L-proline from L-ornithine. Second,
a drop in L-methionine, a precursor of L-cysteine, and glycine
was observed in chicks co-injected with NPY and L-ornithine.
L-Ornithine is also converted to L-glutamic acid via ornithine
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a-ketoglutarase aminotransferase. One possibility is that L-orni-
thine attenuates the orexigenic effect of NPY through the produc-
tion of glutathione, a tripeptide consisting of L-glutamic acid,
L-cysteine, and glycine, which was previously reported to inhibit
food intake in neonatal chicks[62]. The third point to highlight is
a decline in diencephalic L-tryptophan in chicks co-injected with
NPY and L-ornithine. This finding implies a potent contribution
of L-tryptophan catabolism to the interaction between NPY and
L-ornithine in regulating feeding behavior in neonatal chicks. In
contrast, in a study by Konishi et al.[63], the suppression of feed-
ing by L-ornithine in rats involved the activation of hypothalamic
pro-opiomelanocortin neurons, which stimulated the production
of melanocortins. These act as anorexigenic factors in both mam-
mals[64] and neonatal chicks[6]. Therefore, central NPY may
interact either directly or indirectly with L-ornithine to mediate
food intake in neonatal chicks.

Tran et al.[60] examined the effect of co-injecting NPY and
L-ornithine on amino acid content in the peripheral system. In-
terestingly, the concentration of nearly all free amino acids in
the plasma decreased significantly after a short but robust feed-
ing period, stimulated by injection of NPY. A reduced free amino
acid pool implies enhanced transfer of free amino acids to the
body protein pool, suggesting that central NPY may stimulate
protein synthesis in chicks. The concentration of free amino ac-
ids in the plasma was further reduced upon co-administration of
NPY and L-ornithine. Hence, L-ornithine present in the CNS
may be a regulator of protein metabolism. On the other hand,
Tachibana et al.[65] reported that NPY shifted the utilization of
metabolic fuels from carbohydrates to lipids and proteins. Nev-
ertheless, further studies are required to determine the effects of
NPY and L-ornithine on protein metabolism.

Tran et al.[13] associated altered brain monoamine levels with
frequent feeding behavior in neonatal chicks. Catecholamines
have been shown to be unequivocally involved in the regulation
of food intake in avian species, as evidenced by their elevated
content in the brains of birds[66]. NPY co-localizes with cate-
cholaminergic neurons that project to the paraventricular nucleus
of the hypothalamus[67]. In chickens, co-injection of NPY and
clonidine, an a,-adrenoceptor agonist, resulted in the attenuation
of NPY-induced feeding[68]. Instead, co-injection of NPY with
yohimbine, an adrenergic o,-receptor antagonist, diminished the
orexigenic effect of NPY[69]. Tran et al.[70] investigated the in-
teraction between NPY and brain monoamine metabolism in the
regulation of feeding behavior under either ad libitum feeding
or fasting conditions. The results showed that central injection
of NPY significantly increased dopamine metabolites, including
3,4-dihydroxyphenylacetic acid and homovanillic acid, while
significantly attenuating diencephalic gene expression of cat-
echolaminergic synthetic enzymes, such as tyrosine hydroxylase,
L-aromatic amino acid decarboxylase, and GTP cyclohydrolase
I, under ad libitum feeding conditions, but not under fasting con-
ditions. In contrast, central NPY did not influence indolamine
metabolism in chicks. Thus, it is possible that NPY exerts an
orexigenic effect by activating dopaminergic neurons and down-

stream dopamine metabolism, while modulation of NPY in the
catecholaminergic system is mediated by nutrients through food
intake.

Conclusions and future perspectives

The regulation of feeding behavior in neonatal chicks in-
volves multiple interactions and a synergistic action between en-
dogenous neuropeptides, endogenous and/or exogenous nutrients
such as amino acids and their metabolites.

The central function of L-arginine metabolism is manifested
by the role of its metabolite, L-ornithine, in regulating feeding
behavior in the chick brain. The specific receptor mediating the
inhibitory effect of L-ornithine on feeding in the CNS should be
further investigated to better understand the relationship between
endogenous L-ornithine and other brain amino acids involved in
the physiological regulation of food intake.

Neural circuits involved in the regulation of feeding behavior
have been extensively reviewed[4,6], and there is evidence for
the contribution of non-neural cells, such as glial cells, to neuro-
nal circuits associated with appetite[71,72]. Neuroglia can modu-
late synaptic neurotransmission by releasing several amino acids
as gliotransmitters[73]. Therefore, it is important to explore these
histochemical aspects in future studies on the control of feeding
behavior.

Adequate provision of dietary amino acids is essential for
optimal efficiency in poultry production[74]. The early stage of
growth is crucial for animal health and performance. The key
role played by amino acids in the overall network of the neonatal
chick CNS can be used to adjust dietary amino acids for optimal
performance in poultry production and to attain further insights
on appetite biology across species.

Acknowledgements

The author received the 2023 Encouragement Award from
the Japan Poultry Science Association. The author expresses her
deepest gratitude to M. Furuse for his mentoring in the regulation
of food intake, and thanks M. Nagasawa, H. Ikeda, A. Shige-
mura, P.H. Do, H. Yang, G. Han, M. A. Bahry, C.V. Pham, L.T.N.
Nguyen, M.Z. Elhussiny, Y. Wang, K. Torii, and Y. Tamura for
their contribution to this study. The author also expresses spe-
cial thanks to V. S. Chowdhury, A. Murai, T. Bungo, and many
other renowned scientists for their constructive suggestions and
encouragements.

Conflicts of interest
The author declares no conflict of interest.
References

[1] Schwartz MW, Woods SC, Porte D Jr, Seeley RJ and Baskin
DG. Central nervous system control of food intake. Nature,
404: 661-671. 2000. https://doi.org/10.1038/35007534,
PMID:10766253

[2] Woods SC. The control of food intake: behavioral versus mo-
lecular perspectives. Cell Metab, 9: 489-498. 2009. https://


https://doi.org/10.1038/35007534
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10766253?dopt=Abstract
https://doi.org/10.1016/j.cmet.2009.04.007

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Journal of Poultry Science, 62, jpsa.2025013 (2025)

doi.org/10.1016/j.cmet.2009.04.007, PMID: 19490904
Cifuentes L and Acosta A. Homeostatic regulation of food in-
take. Clin Res Hepatol Gastroenterol, 46: 101794.2022. https:/
doi.org/10.1016/j.clinre.2021.101794, PMID:34481092
Briining JC and Fenselau H. Integrative neurocircuits that con-
trol metabolism and food intake. Science, 381: eabl7398. 2023.
https://doi.org/10.1126/science.abl7398, PMID:37769095
Burt DW, Bruley C, Dunn IC, Jones CT, Ramage A, Law AS,
Morrice DR, Paton IR, Smith J, Windsor D, Sazanov A, Fries
R and Waddington D. The dynamics of chromosome evolu-
tion in birds and mammals. Nature, 402: 411-413. 1999.
https://doi.org/10.1038/46555, PMID:10586880

Tran PV, Chowdhury VS and Furuse M. Central regulation of
feeding behavior through neuropeptides and amino acids in
neonatal chicks. Amino Acids, 51: 1129-1152. 2019. https:/
doi.org/10.1007/300726-019-02762-x, PMID:31302780
Davis JL, Masuoka DT, Gerbrandt LK and Cherkin A. Auto-
radiographic distribution of L-proline in chicks after intracere-
bral injection. Physiol Behav, 22: 693-695. 1979. https://doi.
org/10.1016/0031-9384(79)90233-6, PMID:482410

Koutoku T, Takahashi H, Tomonaga S, Oikawa D, Saito S,
Tachibana T, Han L, Hayamizu K, Denbow D and Furuse M.
Central administration of phosphatidylserine attenuates iso-
lation stress-induced behavior in chicks. Neurochem Int, 47:
183-189. 2005. https://doi.org/10.1016/j.neuint.2005.03.006,
PMID: 15916832

Furuse M, Ando R, Bungo T, Shimojo M, and Masuda Y. Intra-
cerebroventricular injection of orexins does not stimulate food
intake in neonatal chicks. Br Poult Sci, 40: 698—700. 1999.
https://doi.org/10.1080/00071669987115, PMID: 10670685
Furuse M. Screening of central functions of amino acids and
their metabolites for sedative and hypnotic effects using chick
models. Eur J Pharmacol, 762: 382-393. 2015. https://doi.
org/10.1016/j.ejphar.2015.06.036, PMID:26101060

Duncan [JH, Horne AR, Hughes BO and Wood-Gush DGM.
The pattern of food intake in female Brown Leghorn fowls as
recorded in a Skinner box. Anim Behav, 18: 245-255. 1970.
https://doi.org/10.1016/S0003-3472(70)80034-3

Kaufman L and Collier G. Meal-taking by domestic chicks
(Gallus gallus). Anim Behav, 31: 397-403. 1983. https://doi.
org/10.1016/S0003-3472(83)80058-X

Tran PV, Chowdhury VS, Nagasawa M and Furuse M. Chang-
es in free amino acid and monoamine concentrations in the
chick brain associated with feeding behavior. Springerplus,
4: 252. 2015. https://doi.org/10.1186/s40064-015-1058-8,
PMID:26191470

van Luijtelaar ELJM, van der Grinten CPM, Blokhuis HJ
and Coenen AML. Sleep in the domestic hen (Gallus do-
mesticus). Physiol Behav, 41: 409—414. 1987. https://doi.
org/10.1016/0031-9384(87)90074-6, PMID:3432393

Takagi T, Ando R, Ohgushi A, Yamashita T, Dobashi E,
Hussain-Yusuf H, Onodera R, Bungo T, Sato H and Furuse
M. Intracerebroventricular injection of pipecolic acid inhibits
food intake and induces sleeping-like behaviors in the neo-
natal chick. Neurosci Lett, 310: 97-100. 2001. https://doi.
org/10.1016/S0304-3940(01)02059-6, PMID: 11585576

Wu G. Amino acids: metabolism, functions, and nutrition.
Amino Acids, 37: 1-17. 2009. https://doi.org/10.1007/s00726-
009-0269-0, PMID:19301095

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

He W, Li P and Wu G. Amino Acid Nutrition and Metabolism
in Chickens. In: Wu, G. (eds) Amino Acids in Nutrition and
Health. Advances in Experimental Medicine and Biology, vol
1285. Springer, Cham. 2021.

Mellinkoff SM, Frankland M, Boyle D and Greipel M. Rela-
tionship between serum amino acid concentration and fluctua-
tions in appetite. J Appl Physiol, 8: 535-538. 1956. https://doi.
org/10.1152/jappl.1956.8.5.535, PMID: 13295170

Hamasu K, Haraguchi T, Kabuki Y, Adachi N, Tomonaga S,
Sato H, Denbow DM and Furuse M. I-Proline is a sedative
regulator of acute stress in the brain of neonatal chicks. Amino
Acids, 37: 377-382. 2009. https://doi.org/10.1007/s00726-
008-0164-0, PMID: 18696178

Tran PV, Chowdhury VS, Do PH, Bahry MA, Yang H and
Furuse M. 1-Ornithine is a potential acute satiety signal in
the brain of neonatal chicks. Physiol Behav, 155: 141-148.
2016. https://doi.org/10.1016/j.physbeh.2015.12.007,
PMID:26687893

Heeley N and Blouet C. Central amino acid sensing in the
control of feeding behavior. Front Endocrinol, 7: 148. 2016.
https://doi.org/10.3389/fendo.2016.00148, PMID:27933033
Fernstrom JD. Large neutral amino acids: dietary effects
on brain neurochemistry and function. Amino Acids, 45:
419-430. 2013. https://doi.org/10.1007/s00726-012-1330-y,
PMID:22677921

He W and Wu G. Metabolism of Amino Acids in the Brain and
Their Roles in Regulating Food Intake. In: Wu, G. (eds) Ami-
no Acids in Nutrition and Health. Advances in Experimental
Medicine and Biology, vol 1265. Springer, Cham. 2020.

‘Wu G and Morris SM Jr. Arginine metabolism: nitric oxide and
beyond. Biochem J, 336: 1-17. 1998. https://doi.org/10.1042/
bj3360001, PMID:9806879

Tamir H and Ratner S. Enzymes of arginine metabolism in
chicks. Arch Biochem Biophys, 102: 249-258. 1963. https://
doi.org/10.1016/0003-9861(63)90178-4, PMID: 14064979
Morris SM Jr. Enzymes of arginine metabolism. J Nutr, 134:
2743S-2747S.2004. https://doi.org/10.1093/jn/134.10.27438,
PMID:15465778

Suenaga R, Tomonaga S, Yamane H, Kurauchi I, Tsuneyoshi
Y, Sato H, Denbow DM and Furuse M. Intracerebroventricu-
lar injection of l-arginine induces sedative and hypnotic effects
under an acute stress in neonatal chicks. Amino Acids, 35:
139-146. 2008. https://doi.org/10.1007/s00726-007-0610-4,
PMID:18163184

Suenaga R, Yamane H, Tomonaga S, Asechi M, Adachi N,
Tsuneyoshi Y, Kurauchi I, Sato H, Denbow DM and Furuse M.
Central 1-arginine reduced stress responses are mediated by 1-
ornithine in neonatal chicks. Amino Acids, 35: 107-113. 2008.
https://doi.org/10.1007/s00726-007-0617-x, PMID: 18219550
Kurata K, Shigemi K, Tomonaga S, Aoki M, Morishita K,
Denbow DM and Furuse M. 1-Ornithine attenuates corticotro-
pin-releasing factor-induced stress responses acting at GAB-
AA receptors in neonatal chicks. Neuroscience, 172: 226-231.
2011. https://doi.org/10.1016/j.neuroscience.2010.10.076,
PMID:21056090

Webster RI, Newmyer BA, Furuse M, Gilbert ER and Cline
MA. The orexigenic effect of kyotorphin in chicks involves
hypothalamus and brainstem activity and opioid receptors.
Neuropeptides, 47: 193—198. 2013. https://doi.org/10.1016/j.


https://doi.org/10.1016/j.cmet.2009.04.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19490904?dopt=Abstract
https://doi.org/10.1016/j.clinre.2021.101794
https://doi.org/10.1016/j.clinre.2021.101794
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34481092?dopt=Abstract
https://doi.org/10.1126/science.abl7398
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37769095?dopt=Abstract
https://doi.org/10.1038/46555
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10586880?dopt=Abstract
https://doi.org/10.1007/s00726-019-02762-x
https://doi.org/10.1007/s00726-019-02762-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31302780?dopt=Abstract
https://doi.org/10.1016/0031-9384(79)90233-6
https://doi.org/10.1016/0031-9384(79)90233-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=482410?dopt=Abstract
https://doi.org/10.1016/j.neuint.2005.03.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15916832?dopt=Abstract
https://doi.org/10.1080/00071669987115
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10670685?dopt=Abstract
https://doi.org/10.1016/j.ejphar.2015.06.036
https://doi.org/10.1016/j.ejphar.2015.06.036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26101060?dopt=Abstract
https://doi.org/10.1016/S0003-3472(70)80034-3
https://doi.org/10.1016/S0003-3472(83)80058-X
https://doi.org/10.1016/S0003-3472(83)80058-X
https://doi.org/10.1186/s40064-015-1058-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26191470?dopt=Abstract
https://doi.org/10.1016/0031-9384(87)90074-6
https://doi.org/10.1016/0031-9384(87)90074-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3432393?dopt=Abstract
https://doi.org/10.1016/S0304-3940(01)02059-6
https://doi.org/10.1016/S0304-3940(01)02059-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11585576?dopt=Abstract
https://doi.org/10.1007/s00726-009-0269-0
https://doi.org/10.1007/s00726-009-0269-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19301095?dopt=Abstract
https://doi.org/10.1152/jappl.1956.8.5.535
https://doi.org/10.1152/jappl.1956.8.5.535
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13295170?dopt=Abstract
https://doi.org/10.1007/s00726-008-0164-0
https://doi.org/10.1007/s00726-008-0164-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18696178?dopt=Abstract
https://doi.org/10.1016/j.physbeh.2015.12.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26687893?dopt=Abstract
https://doi.org/10.3389/fendo.2016.00148
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27933033?dopt=Abstract
https://doi.org/10.1007/s00726-012-1330-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22677921?dopt=Abstract
https://doi.org/10.1042/bj3360001
https://doi.org/10.1042/bj3360001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9806879?dopt=Abstract
https://doi.org/10.1016/0003-9861(63)90178-4
https://doi.org/10.1016/0003-9861(63)90178-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14064979?dopt=Abstract
https://doi.org/10.1093/jn/134.10.2743S
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15465778?dopt=Abstract
https://doi.org/10.1007/s00726-007-0610-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18163184?dopt=Abstract
https://doi.org/10.1007/s00726-007-0617-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18219550?dopt=Abstract
https://doi.org/10.1016/j.neuroscience.2010.10.076
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21056090?dopt=Abstract
https://doi.org/10.1016/j.npep.2012.10.007

(32]

[35]

[42]

(43]

Tran: Central regulation of feeding in chicks 7

npep.2012.10.007, PMID:23261360

Hamasu K, Shigemi K, Tsuneyoshi Y, Yamane H, Sato H,
Denbow DM and Furuse M. Intracerebroventricular injection
of L-proline and D-proline induces sedative and hypnotic ef-
fects by different mechanisms under an acute stressful con-
dition in chicks. Amino Acids, 38: 57-64. 2010. https:/doi.
org/10.1007/s00726-008-0204-9, PMID:19023642

Hamasu K, Shigemi K, Kabuki Y, Tomonaga S, Denbow DM
and Furuse M. Central l-proline attenuates stress-induced
dopamine and serotonin metabolism in the chick forebrain.
Neurosci Lett, 460: 78-81. 2009. https://doi.org/10.1016/j.
neulet.2009.05.036, PMID: 19450655

Haraguchi T, Tomonaga S, Kurauchi I, Hamasu K, Sato H,
Denbow DM and Furuse M. Intracerebroventricular injection
of L-proline modifies food intake in neonatal chicks. J Anim
Vet Adv, 6: 1255-1257. 2007.

Tomonaga S, Tachibana T, Takagi T, Saito ES, Zhang R, Den-
bow DM and Furuse M. Effect of central administration of
carnosine and its constituents on behaviors in chicks. Brain
Res Bull, 63: 75-82. 2004. https://doi.org/10.1016/j.brainres-
bull.2004.01.002, PMID:15121241

Tran PV, Nguyen LTN, Yang H, Do PH, Torii K, Putnam
GL, Chowdhury VS and Furuse M. Intracerebroventricular
injection of L-arginine and D-arginine induces different ef-
fects under an acute stressful condition. Biochem Biophys
Res Commun, 533: 965-970. 2020. https://doi.org/10.1016/j.
bbrc.2020.09.111, PMID:33008589

Furuse M. Behavioral regulators in the brain of neonatal
chicks. Anim SciJ, 78: 218-232.2007. https://doi.org/10.1111/
j-1740-0929.2007.00429.x

Maniam J and Morris MJ. The link between stress and feeding
behaviour. Neuropharmacology, 63: 97-110. 2012. https://doi.
org/10.1016/j.neuropharm.2012.04.017, PMID:22710442
Nomura Y, Schmidt-Glenewinkel T and Giacobini E. In vi-
tro formation of piperidine, cadaverine and pipecolic acid in
chick and mouse brain during development. Dev Neurosci, 1:
239-249. 1978. https://doi.org/10.1159/000112578

Takagi T, Tachibana T, Saito ES, Tomonaga S, Saito S, Bungo
T, Denbow DM and Furuse M. Central pipecolic acid in-
creases food intake under ad libitum feeding conditions in the
neonatal chick. Neurosci Lett, 347: 93-96. 2003. https://doi.
org/10.1016/S0304-3940(03)00701-8, PMID: 12873736
Takagi T, Bungo T, Tachibana T, Saito E-S, Saito S, Yamasaki
I, Tomonaga S, Denbow DM and Furuse M. Intracerebro-
ventricular administration of GABA-A and GABA-B recep-
tor antagonists attenuate feeding and sleeping-like behavior
induced by L -pipecolic acid in neonatal chicks. J Neurosci
Res, 73: 270-275. 2003. https://doi.org/10.1002/jnr.10656,
PMID: 12836170

Bungo T, Yahata K, Izumi T, Dodo KI, Yanagita K, Shiraishi
J, Ohta Y and Fujita M. Centrally administered tryptophan
suppresses food intake in free fed chicks through the sero-
tonergic system. J Poult Sci, 45: 215-219. 2008. https://doi.
org/10.2141/jpsa.45.215

Denbow DM, Van Krey HP and Cherry JA. Feeding and
drinking response of young chicks to injections of serotonin
into the lateral ventricle of the brain. Poult Sci, 61: 150-155.
1982. https://doi.org/10.3382/ps.0610150, PMID:7088779
Denbow DM, Van Krey HP and Siegel PB. Selection for

[47]

[52]

[55]

[56]

growth alters the feeding response to injections of biogenic
amines. Pharmacol Biochem Behav, 24: 39-42. 1986. https://
doi.org/10.1016/0091-3057(86)90041-9, PMID:3945664
Sashihara K, Bungo T, Ando R, Ohgushi A, Kawakami SI,
Denbow DM and Furuse M. Role of central serotonergic sys-
tems on the regulation of feeding behavior of chicks in two
different strains. J Appl Anim Res, 21: 17-23. 2002. https://
doi.org/10.1080/09712119.2002.9706353

Maddison DC and Giorgini F. The kynurenine pathway and
neurodegenerative disease. Semin Cell Dev Biol, 40: 134—
141. 2015. https://doi.org/10.1016/j.semecdb.2015.03.002,
PMID:25773161

Yoshida J, Tomonaga S, Ogino Y, Nagasawa M, Kurata K and
Furuse M. Intracerebroventricular injection of kynurenic acid
attenuates corticotrophin-releasing hormone-augmented stress
responses in neonatal chicks. Neuroscience, 220: 142-148.
2012.  https://doi.org/10.1016/j.neuroscience.2012.06.041,
PMID:22732505

Izumi T, Kawamura K, Ueda H and Bungo T. Central ad-
ministration of leucine, but not isoleucine and valine, stimu-
lates feeding behavior in neonatal chicks. Neurosci Lett, 354:
166-168. 2004. https://doi.org/10.1016/j.neulet.2003.09.071,
PMID:14698464

Richards MP. Genetic regulation of feed intake and energy
balance in poultry. Poult Sci, 82: 907-916. 2003. https://doi.
org/10.1093/ps/82.6.907, PMID: 12817445

Stanley BG, Urstadt KR, Charles JR and Kee T. Glutamate
and GABA in lateral hypothalamic mechanisms controlling
food intake. Physiol Behav, 104: 40-46. 2011. https:/doi.
org/10.1016/j.physbeh.2011.04.046, PMID:21550353
Tachibana T, Takagi T, Tomonaga S, Ohgushi A, Ando R,
Denbow DM and Furuse M. Central administration of co-
caine- and amphetamine-regulated transcript inhibits food in-
take in chicks. Neurosci Lett, 337: 131-134. 2003. https://doi.
0rg/10.1016/S0304-3940(02)01321-6, PMID: 12536041
Furuse M, Matsumoto M, Mori R, Sugahara K, Kano K and
Hasegawa S. Influence of fasting and neuropeptide Y on the
suppressive food intake induced by intracerebroventricular in-
jection of glucagon-like peptide-1 in the neonatal chick. Brain
Res, 764: 289-292. 1997. https://doi.org/10.1016/S0006-
8993(97)00623-9, PMID:9295227

Kuenzel WJ and McMurtry J. Neuropeptide Y: brain lo-
calization and central effects on plasma insulin levels in
chicks. Physiol Behav, 44: 669-678. 1988. https://doi.
org/10.1016/0031-9384(88)90334-4, PMID:3070587
Leibowitz SF. Hypothalamic neuropeptide Y, galanin, and
amines. Concepts of coexistence in relation to feeding be-
havior. Ann N'Y Acad Sci, 575: 221-235. 1989. https://doi.
org/10.1111/5.1749-6632.1989.tb53245 .x, PMID:2483798
Boswell T, Dunn IC and Corr SA. Physiology, biochem-
istry and neurobiology neuropeptide Y gene expression
in the brain is stimulated by fasting and food restriction
in chickens. Br Poult Sci, 40: 42-43. 1999. https://doi.
org/10.1080/00071669986774, PMID:10661437

Boswell T, Dunn IC and Corr SA. Hypothalamic neuropeptide
Y mRNA is increased after feed restriction in growing broil-
ers. Poult Sci, 78: 1203—1207. 1999. https://doi.org/10.1093/
ps/78.8.1203, PMID: 10472848

Wang X, Day JR and Vasilatos-Younken R. The distribution


https://doi.org/10.1016/j.npep.2012.10.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23261360?dopt=Abstract
https://doi.org/10.1007/s00726-008-0204-9
https://doi.org/10.1007/s00726-008-0204-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19023642?dopt=Abstract
https://doi.org/10.1016/j.neulet.2009.05.036
https://doi.org/10.1016/j.neulet.2009.05.036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19450655?dopt=Abstract
https://doi.org/10.1016/j.brainresbull.2004.01.002
https://doi.org/10.1016/j.brainresbull.2004.01.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15121241?dopt=Abstract
https://doi.org/10.1016/j.bbrc.2020.09.111
https://doi.org/10.1016/j.bbrc.2020.09.111
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33008589?dopt=Abstract
https://doi.org/10.1111/j.1740-0929.2007.00429.x
https://doi.org/10.1111/j.1740-0929.2007.00429.x
https://doi.org/10.1016/j.neuropharm.2012.04.017
https://doi.org/10.1016/j.neuropharm.2012.04.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22710442?dopt=Abstract
https://doi.org/10.1159/000112578
https://doi.org/10.1016/S0304-3940(03)00701-8
https://doi.org/10.1016/S0304-3940(03)00701-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12873736?dopt=Abstract
https://doi.org/10.1002/jnr.10656
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12836170?dopt=Abstract
https://doi.org/10.2141/jpsa.45.215
https://doi.org/10.2141/jpsa.45.215
https://doi.org/10.3382/ps.0610150
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7088779?dopt=Abstract
https://doi.org/10.1016/0091-3057(86)90041-9
https://doi.org/10.1016/0091-3057(86)90041-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3945664?dopt=Abstract
https://doi.org/10.1080/09712119.2002.9706353
https://doi.org/10.1080/09712119.2002.9706353
https://doi.org/10.1016/j.semcdb.2015.03.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25773161?dopt=Abstract
https://doi.org/10.1016/j.neuroscience.2012.06.041
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22732505?dopt=Abstract
https://doi.org/10.1016/j.neulet.2003.09.071
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14698464?dopt=Abstract
https://doi.org/10.1093/ps/82.6.907
https://doi.org/10.1093/ps/82.6.907
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12817445?dopt=Abstract
https://doi.org/10.1016/j.physbeh.2011.04.046
https://doi.org/10.1016/j.physbeh.2011.04.046
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21550353?dopt=Abstract
https://doi.org/10.1016/S0304-3940(02)01321-6
https://doi.org/10.1016/S0304-3940(02)01321-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12536041?dopt=Abstract
https://doi.org/10.1016/S0006-8993(97)00623-9
https://doi.org/10.1016/S0006-8993(97)00623-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9295227?dopt=Abstract
https://doi.org/10.1016/0031-9384(88)90334-4
https://doi.org/10.1016/0031-9384(88)90334-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3070587?dopt=Abstract
https://doi.org/10.1111/j.1749-6632.1989.tb53245.x
https://doi.org/10.1111/j.1749-6632.1989.tb53245.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2483798?dopt=Abstract
https://doi.org/10.1080/00071669986774
https://doi.org/10.1080/00071669986774
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10661437?dopt=Abstract
https://doi.org/10.1093/ps/78.8.1203
https://doi.org/10.1093/ps/78.8.1203
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10472848?dopt=Abstract

[57]

[59]

[60]

[63]

[64]

[65]

Journal of Poultry Science, 62, jpsa.2025013 (2025)

of neuropeptide Y gene expression in the chicken brain. Mol
Cell Endocrinol, 174: 129—-136. 2001. https://doi.org/10.1016/
S0303-7207(00)00436-6, PMID:11306179

Zhou W, Murakami M, Hasegawa S, Yoshizawa F and Suga-
hara K. Neuropeptide Y content in the hypothalamic paraven-
tricular nucleus responds to fasting and refeeding in broiler
chickens. Comp Biochem Physiol A Mol Integr Physiol, 141:
146-152. 2005. https://doi.org/10.1016/j.cbpb.2005.04.015,
PMID: 15982913

Saneyasu T, Honda K, Kamisoyama H, Ikura A, Nakayama
Y and Hasegawa S. Neuropeptide Y effect on food intake in
broiler and layer chicks. Comp Biochem Physiol A Mol In-
tegr Physiol, 159: 422-426. 2011. https://doi.org/10.1016/j.
cbpa.2011.04.008, PMID:21554973

Herzog H. Neuropeptide Y and energy homeostasis: insights
from Y receptor knockout models. Eur J Pharmacol, 480:
21-29. 2003. https://doi.org/10.1016/j.ejphar.2003.08.089,
PMID: 14623347

Tran PV, Elhussiny MZ, Tsuru Y, Wang Y, Han G, Chowdhury
VS and Furuse M. Central interaction between L-ornithine
and neuropeptide Y in the regulation of feeding behavior of
neonatal chicks. J Poult Sci, 60: 2023004. 2023. https://doi.
org/10.2141/jpsa.2023004, PMID:36756047

Turton MD, O’Shea D and Bloom SR. Central effects of neu-
ropeptide Y with emphasis on its role in obesity and diabetes.
In: Neuropeptide Y and Drug development (Grundemar L and
Bloom SR eds.). pp. 15-39. Academic Press Inc California
USA. 1997.

Yamane H, Tomonaga S, Suenaga R, Denbow DM and Fu-
ruse M. Intracerebroventricular injection of glutathione
and its derivative induces sedative and hypnotic effects un-
der an acute stress in neonatal chicks. Neurosci Lett, 418:
87-91. 2007. https://doi.org/10.1016/j.neulet.2007.03.003,
PMID: 17368722

Konishi Y, Koosaka Y, Maruyama R, Imanishi K, Kasahara
K, Matsuda A, Akiduki S, Hishida Y, Kurata Y, Shibamoto
T, Satomi J and Tanida M. 1-Ormithine intake affects sym-
pathetic nerve outflows and reduces body weight and food
intake in rats. Brain Res Bull, 111: 48-52. 2015. https:/doi.
org/10.1016/j.brainresbull.2014.11.004, PMID:25526897
Parker JA and Bloom SR. Hypothalamic neuropeptides and
the regulation of appetite. Neuropharmacology, 63: 18-30.
2012. https://doi.org/10.1016/j.neuropharm.2012.02.004,
PMID:22369786

Tachibana T, Sato M, Oikawa D, Takahashi H, Boswell T

[66]

[67]

[68]

[69]

[70]

and Furuse M. Intracerebroventricular injection of neuropep-
tide Y modifies carbohydrate and lipid metabolism in chicks.
Regul Pept, 136: 1-8. 2006. https://doi.org/10.1016/j.reg-
pep.2006.04.005, PMID: 16713643

Juorio AV and Vogt M. Monoamines and their metabolites
in the avian brain. J Physiol, 189: 489-518. 1967. https://doi.
org/10.1113/jphysiol.1967.sp008181, PMID:6040158
Sawchenko PE, Swanson LW, Grzanna R, Howe PRC, Bloom
SR and Polak JM. Colocalization of neuropeptide Y immu-
noreactivity in brainstem catecholaminergic neurons that
project to the paraventricular nucleus of the hypothalamus. J
Comp Neurol, 241: 138-153. 1985. https://doi.org/10.1002/
¢ne.902410203, PMID:3840810

Bungo T, Choi YH, Denbow DM, Shimojo M, Masuda Y
and Furuse M. Intracerebroventricularly administered neu-
ropeptide Y and clonidine: effects on feeding behavior in the
neonatal chick. Jpn Poult Sci, 37: 27-32. 2000. https://doi.
org/10.2141/jpsa.37.27

Tachibana T, Sugahara K, Ueda H and Cline MA. Role of ad-
renergic alpha-2-receptors on feeding behavior in layer-type
chicks. Gen Comp Endocrinol, 161: 407-411. 2009. https://
doi.org/10.1016/j.ygcen.2009.02.006, PMID:19233186

Tran PV, Tamura Y, Pham CV, Elhussiny MZ, Han G, Chow-
dhury VS and Furuse M. Neuropeptide Y modifies a part of
diencephalic catecholamine but not indolamine metabolism
in chicks depending on feeding status. Neuropeptides, 89:
102169. 2021. https://doi.org/10.1016/j.npep.2021.102169,
PMID:34229214

Kim JG, Suyama S, Koch M, Jin S, Argente-Arizon P, Argente
J, Liu ZW, Zimmer MR, Jeong JK, Szigeti-Buck K, Gao Y,
Garcia-Caceres C, Yi CX, Salmaso N, Vaccarino FM, Chowen
J, Diano S, Dietrich MO, Tschép MH and Horvath TL. Leptin
signaling in astrocytes regulates hypothalamic neuronal cir-
cuits and feeding. Nat Neurosci, 17: 908-910. 2014. https://
doi.org/10.1038/nn.3725, PMID:24880214

Yang L, Qi Y and Yang Y. Astrocytes control food intake by
inhibiting AGRP neuron activity via adenosine Al receptors.
Cell Rep, 11: 798-807. 2015. https://doi.org/10.1016/j.cel-
rep.2015.04.002, PMID:25921535

Gundersen V, Storm-Mathisen J and Bergersen LH. Neuro-
glial Transmission. Physiol Rev, 95: 695-726. 2015. https:/
doi.org/10.1152/physrev.00024.2014, PMID:26084688

Baker DH. Advances in protein—amino acid nutrition of poul-
try. Amino Acids, 37: 29-41. 2009. https://doi.org/10.1007/
$00726-008-0198-3, PMID: 19009229


https://doi.org/10.1016/S0303-7207(00)00436-6
https://doi.org/10.1016/S0303-7207(00)00436-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11306179?dopt=Abstract
https://doi.org/10.1016/j.cbpb.2005.04.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15982913?dopt=Abstract
https://doi.org/10.1016/j.cbpa.2011.04.008
https://doi.org/10.1016/j.cbpa.2011.04.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21554973?dopt=Abstract
https://doi.org/10.1016/j.ejphar.2003.08.089
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14623347?dopt=Abstract
https://doi.org/10.2141/jpsa.2023004
https://doi.org/10.2141/jpsa.2023004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36756047?dopt=Abstract
https://doi.org/10.1016/j.neulet.2007.03.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17368722?dopt=Abstract
https://doi.org/10.1016/j.brainresbull.2014.11.004
https://doi.org/10.1016/j.brainresbull.2014.11.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25526897?dopt=Abstract
https://doi.org/10.1016/j.neuropharm.2012.02.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22369786?dopt=Abstract
https://doi.org/10.1016/j.regpep.2006.04.005
https://doi.org/10.1016/j.regpep.2006.04.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16713643?dopt=Abstract
https://doi.org/10.1113/jphysiol.1967.sp008181
https://doi.org/10.1113/jphysiol.1967.sp008181
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6040158?dopt=Abstract
https://doi.org/10.1002/cne.902410203
https://doi.org/10.1002/cne.902410203
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3840810?dopt=Abstract
https://doi.org/10.2141/jpsa.37.27
https://doi.org/10.2141/jpsa.37.27
https://doi.org/10.1016/j.ygcen.2009.02.006
https://doi.org/10.1016/j.ygcen.2009.02.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19233186?dopt=Abstract
https://doi.org/10.1016/j.npep.2021.102169
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34229214?dopt=Abstract
https://doi.org/10.1038/nn.3725
https://doi.org/10.1038/nn.3725
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24880214?dopt=Abstract
https://doi.org/10.1016/j.celrep.2015.04.002
https://doi.org/10.1016/j.celrep.2015.04.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25921535?dopt=Abstract
https://doi.org/10.1152/physrev.00024.2014
https://doi.org/10.1152/physrev.00024.2014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26084688?dopt=Abstract
https://doi.org/10.1007/s00726-008-0198-3
https://doi.org/10.1007/s00726-008-0198-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19009229?dopt=Abstract

