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Abstract: Neurotensin (NT) and an NT-related peptide (Lys, Asn, NT
8–13

; LANT-6) are produced in the chicken brain and 

intestine, and these peptides are encoded by the same precursor gene (NT/LANT-6 precursor). Although it has been reported 

that the central administration of NT suppresses food intake in mammals, the effect of NT and LANT-6 on feeding behavior in 

birds has not yet been investigated. In this paper, we analyzed the expression levels of NT/LANT-6 precursor and the NT 

receptor (NTR1) mRNAs in the hypothalamic infundibulum, an important region for regulating feeding behaviors. We also 

examined the effects of NT and LANT-6 administration on food intake in chicks. Real-time PCR analysis showed that 

NT/LANT-6 precursor and NTR1 mRNAs had moderately high expression in the hypothalamic infundibulum. Further, in the 

hypothalamic infundibulum, the mRNA level of NT/LANT-6 precursor showed a trend toward increasing during postnatal 

development and increased 2.9-fold after a 48 hour fast, although the NTR1 mRNA level was not changed in both analyses. 

Contrary to our expectations, central administration of NT or LANT-6 had no effect on food intake in chicks. 
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1. Introduction 

Neurotensin (NT) is a 13-amino-acid peptide first isolated 

from the bovine hypothalamus [1]. An NT-related 

6-amino-acid peptide has also been isolated from porcine 

spinal cord, named neuromedin N (NMN) [2]. NT and NMN 

have an identical amino acid sequence of Pro-Tyr-Ile-Leu at 

the C-terminus and are encoded by the same precursor gene 

[3]. There are 3 types of NT receptors (NTR1, NTR2, and 

NTR3/sortilin) in mammals [4-7], and NT has the highest 

affinity to NTR1. NT and NMN are found in the brain and 

the gastrointestinal tract, where they contribute to a number 

of functions in mammals. In gastrointestinal tract, NT is 

involved in digestion, gut motility, intestinal 

neuroinflammation, and regeneration [8]. In the central 

nervous system, NT participates in hypothermia, 

antinociception, dopamine neurotransmission, and anterior 

pituitary hormone secretion [9]. Furthermore, it has been 

demonstrated that the central administration of NT reduces 

food intake in rats [10-12]. 

In avian species, NT and an NT-related 6-amino-acid 

peptide corresponding to mammalian NMN (Lys, Asn, 

NT
8-13

; LANT-6) have been purified from chicken intestine 

[13,14]. NT and LANT-6 also have an identical 4-amino acid 

sequence at the C-terminus and are encoded by the same 

precursor gene as in mammals [15]. Figure 1 shows the 

amino acid sequence of the chicken NT/LANT-6 precursor 

protein. With regard to the receptors, only NTR1 has been 

characterized from chicken intestine [16]. 

We have recently identified NT and LANT-6 in the 

chicken brain and used in situ hybridization to reveal that the 

NT/LANT-6 precursor mRNA-expressing cells were mainly 

located in the telencephalon, which contains the nidopallium, 

hyperpallium, and hippocampus; and the hypothalamic 

infundibulum, which contains the infundibular nucleus and 

medial mammillary nucleus [17]. Above all, the 

hypothalamic infundibulum is known to be involved in 

regulation of food intake, and the avian infundibular nucleus 

corresponds to the mammalian arcuate nucleus. For instance, 

neuropeptide Y (NPY) is an orexigenic peptide expressed in 

the arcuate nucleus in mammals [18]. In the avian 

hypothalamus, NPY is expressed in the infundibular nucleus 

[19] and acts to potently increase food intake [20-22]. As 
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described above, the central administration of NT inhibits 

food intake in rats [10-12]. These facts suggest that NT and 

LANT-6 may also regulate feeding behavior in birds. 

In this study, we first quantified the expression of 

NT/LANT-6 precursor and NTR1 mRNAs in the 

hypothalamic infundibulum of the chick brain. Then, we 

analyzed changes in each mRNA expression during postnatal 

development and after fasting. Furthermore, effects of NT 

and LANT-6 on food intake were investigated. 

 

Figure 1. Amino acid sequence of chicken NT/LANT-6 precursor protein (NP_001264289). Signal peptide, NT, and LANT-6 are underlined and processing 

sites are indicated by boldface. 

2. Materials and Methods 

2.1. Animals 

Male layer chicks (Gallus gallus domesticus) were 

purchased from a commercial company (Nihon-Layer, Gifu, 

Japan). 

For molecular biological analysis, chicks were kept in a 

room at 28°C with continuous lighting and were given food 

and tap water ad libitum. The experimental protocol was 

performed in accordance with the Guide for the Care and Use 

of Laboratory Animals prepared by Hiroshima University 

(Higashi-Hiroshima, Japan). 

For behavioral studies, chicks were kept in a room at 30°C 

with continuous lighting and were given commercial diet 

(crumble, crude protein: 24%, metabolizable energy: 3,050 

kcal/kg; Toyohashi Feed Mills, Aichi, Japan) and tap water 

ad libitum. Chicks were placed in individual cages 1 day 

prior to each experiment. They were weighed and divided 

into experimental groups as uniformly as possible for each 

treatment. Chicks were maintained in accordance with the 

recommendations of the National Research Council [23]. The 

experimental protocol was approved by the Committee of 

Animal Care and Use in Ehime University (Ehime, Japan). 

2.2. RNA and cDNA Preparation 

Chicks were killed by decapitation. The telencephalon, 

diencephalon, hypothalamic infundibulum, optic tectum, 

pons and medulla oblongata, and cerebellum were dissected, 

snap-frozen in liquid nitrogen, and used for RNA isolation. 

RNA from the chick brain was extracted using a TRIzol 

reagent or an RNAqueous-Micro kit (Life Technologies, 

Carlsbad, CA) in accordance with the manufacturer’s 

instructions. 

The first strand of cDNA was synthesized from RNA 

prepared from each brain regions using a ReverTra Ace 

qPCR RT Kit Master Mix with gDNA Remover (TOYOBO, 

Osaka, Japan) in accordance with the manufacturer’s 

instructions. 

2.3. Real-Time PCR 

To analyze the expression levels of NT/LANT-6 precursor 

and NTR1 mRNAs, the cDNA prepared from each brain 

region was amplified. PCR amplifications were carried out 

with the THUNDERBIRD SYBR qPCR Mix (TOYOBO) 

using the following program: 95°C for 20 sec, 40 cycles at 

95°C for 3 sec, and at 60°C for 30 sec. The PCR products in 

each cycle were monitored using a real-time thermal cycler 

(StepOne; Life Technologies). The each level of mRNA 

expression was normalized to the level of β-actin (ACTB) 

mRNA. The nucleotide sequences of primers for the 

amplification are shown in Table 1. 

Table 1. Nucleotide sequence of primers. 

Target gene Primer sequences (5' to 3') 

NT/LANT-6 precursor 
Forward: CATTTCTGGAAGACAGTTCC 

Reverse: GCGTCTTGCTGAAGTAACTC 

NTR1 
Forward: TTTGCTACGTCCCCTCCAAC 

Reverse: ATGGGGTTGATTGCCGAACT 

β-actin (ACTB) 
Forward: AGCCAACAGAGAGAAGATGA 

Reverse: CCAGAGTCCATCACAATACC 

2.4. Peptide Preparation 

NT and LANT-6 were synthesized by Fmoc solid-phase 

peptide synthesis using a peptide synthesizer, Syro Wave 

(Biotage, Uppsala, Sweden). The peptides were purified by 

reverse-phase high-performance liquid chromatography 

(HPLC) using a C18 column (YMC-Pack Pro C18, 10×150 

mm; YMC, Kyoto, Japan). The collected peaks were 

evaporated and lyophilized. Synthetic peptides were 

confirmed by matrix-assisted laser desorption-ionization 

time-of-flight mass spectrometry (MALDI-TOF-MS) analysis 

on AXIMA-CFR plus (Shimadzu, Kyoto, Japan). 

The synthetic NT and LANT-6 were dissolved in a saline 

solution containing 0.1% Evans blue dye, which included 

0.005 N HCl to support the dissolution of peptides. This 

vehicle was used for the control treatment. 

2.5. Intracerebroventricular (ICV) Injections 

Six-day-old chicks were injected ICV with NT or LANT-6. 

All injections were given between 8:00 and 10:00 a.m. and 

performed according to a previously reported method [24]. In 

brief, the head of the chick was inserted into an acrylic box 

with a hole in the top plate. The injection coordinates 
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targeting the left lateral ventricle were 3 mm anterior from 

the parietal bone, 1 mm lateral from the sagittal suture, and 3 

mm deep. Anatomical landmarks were determined visually 

and by palpation. The peptide solution was injected through 

the hole using a micro-syringe at a volume of 10 µl. This 

procedure is quick and does not stress the neonatal chicks 

judging from food intake and corticosterone release [25,26]. 

At the end of each experiment, the chicks were euthanized 

with an overdose of pentobarbital. The brain was then 

removed to confirm the accuracy of injection. Any chicks in 

which Evans blue dye could not be defined in the lateral 

ventricle were not used for further analyses. 

 

Figure 2. Expression levels of NT/LANT-6 precursor and NTR1 mRNAs in 

each brain region of 1-day-old chicks (n = 4–6). Each value represents mean 

± SEM. 

2.6. Measurement of Food Intake 

Food intake was measured under ad libitum feeding 

conditions. A pre-weighed feeder was given to each chick, 

and food intake was measured at 30, 60, and 90 min after the 

injection using a digital balance with an accuracy of 1 mg. 

2.7. Statistical Analysis 

Data were analyzed with Student’s t-test or two-way 

analysis of variance (ANOVA) followed by the 

Tukey-Kramer test as a post hoc test. The significance level 

was set at P < 0.05. All results are expressed as the mean ± 

SEM. The numbers of chicks for each experiment are noted 

in the figure legends. 

3. Results 

3.1. Expression of NT/LANT-6 Precursor mRNA 

The expression levels of NT/LANT-6 precursor and NTR1 

mRNAs in the following brain regions of 1-day-old chicks 

were examined by real-time PCR: the telencephalon, the 

diencephalon, the hypothalamic infundibulum, the optic 

tectum, the pons and medulla oblongata, and the cerebellum. 

The expression level of NT/LANT-6 precursor mRNA was 

highest in the telencephalon, followed by the hypothalamic 

infundibulum, and lowest in the cerebellum, whereas the 

expression level of NTR1 mRNA was highest in the 

hypothalamic infundibulum and below measurable limits in 

the cerebellum (Fig. 2). 

Furthermore, changes in each mRNA expression in the 

hypothalamic infundibulum were examined. During postnatal 

development at days 1, 8, and 15, the expression level of 

NT/LANT-6 precursor mRNA showed a trend toward 

increasing (Fig. 3A). In 7-day-old chicks, the NT/LANT-6 

precursor mRNA level was increased 2.9-fold after 48-hour 

fasting (Fig. 3B). On the other hand, the NTR1 mRNA level 

was not changed in both analyses (Fig. 3) 

 

Figure 3. Expression levels of NT/LANT-6 precursor and NTR1 mRNAs in the hypothalamic infundibulum. (A) Changes in the level of mRNA expression 

during postnatal development (n = 4–6). (B) Changes in the level of mRNA expression after a 48 hour fast in 7-day-old chicks (n = 6–8). Each value 

represents mean ± SEM. An asterisk indicates a statistically significant difference (P < 0.05). 
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Figure 4. Effects of ICV injection of NT or LANT-6 on food intake. Six-day-old chicks were injected with NT (A and B) and LANT-6 (C and D) under ad libitum 

feeding (A and C) or 15-hour fasting conditions (B and D), respectively. Each value represents mean ± SEM (n = 6–10). 

3.2. Effects of NT and LANT-6 on Food Intake 

ICV injection of either NT (Figs. 4A and B) or LANT-6 

(Figs. 4C and D) had no effect on food intake under either ad 

libitum feeding (Figs. 4A and C) or 15-hour fasting (Figs. 4B 

and D) conditions in 6-day-old chicks. 

4. Discussion 

In the hypothalamic infundibulum, an important region for 

regulating feeding behaviors, the expression levels of 

NT/LANT-6 precursor and NTR1 mRNAs were moderately 

high. Furthermore, the expression level of NT/LANT-6 

precursor mRNA was increased 2.9-fold after 48-hour 

fasting.  

Despite the anorexigenic effect of NT in mammals, neither 

NT nor LANT-6 had an effect on food intake in chicks. It has 

been reported that the reduction of food intake induced by 

ICV injection of NT is greater in rats after fasting than after 

feeding ad libitum [12]. However, in chicks NT and LANT-6 

had no effect on food intake even under the fasting condition. 

The required dose of NT to suppress feeding was 2 nmol in 

rats and 0.1 nmol in mice under fasting conditions [10,27]. In 

general, most bioactive substances take effect at lower doses 

in chicks than in rats. Thus, the doses of NT (up to 1 nmol) 

and LANT-6 (up to 2 nmol) used in this study would seem to 

be sufficient. Although we tested a higher dose of LANT-6 

(10 nmol) in ad libitum feeding conditions since LANT-6 

was shown to be 10 times less potent than NT on the colon 

contraction [17], food intake still did not change (data not 

shown). 

The mechanisms for central regulation of food intake are 

slightly different between mammals and chicks [28]. For 

example, growth hormone-releasing hormone (GHRH) 

facilitates feeding behavior in mammals [29,30] but 

suppresses feeding in chicks [31]. In contrast, 

prolactin-releasing peptide (PrRP) suppresses feeding 

behavior in rats [32,33] but increases feeding in chicks [34]. 

These results suggest that the effects of NT on food intake in 

chicks are also different from those observed in mammals.  

Leptin is an anorexigenic peptide found in mammals [35]. 

NT neurons in the hypothalamus express leptin receptors [36], 

and ICV injection of leptin has been shown to increase gene 

expression of hypothalamic NT in rats [37]. Furthermore, 

leptin induced feeding suppression was blocked by prior 

administration of NT antiserum or NT receptor antagonist in 

rats [38]. These data suggest that there is a close relationship 

between leptin and NT in mammals. Recently, leptin has 

been identified in avian species such as peregrine falcon [39], 

rock dove [40], and zebra finch [41]. In the chicken, although 
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leptin has not yet been identified, there are several reports 

concerning effects of leptin on feeding behavior. Central 

administration of leptin decreased food intake in 4 or 7 week 

old chickens [42] but had no effect on feeding in 2-day-old 

chicks [43]. These results indicated that the responsiveness to 

the same substance could change with age. Leptin could 

suppress feeding by acting through NT release, which would 

explain why it has no effect in chicks. This study showed that 

the expression level of NT/LANT-6 precursor mRNA in the 

hypothalamic infundibulum tended to increase during 

postnatal development. Therefore, it is possible that NT 

could still decrease food intake in older chickens.  

On the other hand, there are several reports suggesting a 

relationship between NT and histamine. Histamine decreases 

food intake in rats [44], and the effect is mainly mediated by 

activation of the histamine H1 receptor in the brain [45]. 

Furthermore, the anorexigenic effect of NT is partially 

blocked by treatment with a H1 receptor antagonist or by 

knockout of the H1 receptor in mice [27]. In chicks, 

histamine is expressed in the medial mammillary nucleus of 

the hypothalamic infundibulum [46], and ICV injection of 

histamine decreases food intake [46,47], whereas in this 

study NT had no effect on food intake. These results suggest 

that the relationship between NT and histamine in avian 

species is different from that observed in mammals. 

5. Conclusion 

NT/LANT-6 precursor and NTR1 mRNAs were expressed 

at a moderately high level in the hypothalamic infundibulum. 

Within this region, the expression level of NT/LANT-6 

precursor mRNA showed a trend toward increasing during 

postnatal development and increased 2.9-fold after 48-hour 

fast, although NTR1 mRNA level was not changed in both 

analyses. In contrast to the anorexigenic effect of NT in 

mammals, ICV injection of NT and LANT-6 had no effect on 

chick food intake. To develop a better understanding about 

the effects of NT and LANT-6 on chicken feeding behavior, 

further study with older chickens will be required.  
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