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Abstract:    Neuropeptide Y (NPY) is one of the most important orexigenic agents in central regulation of feeding behavior, body 
weight and energy homeostasis in domestic chickens. To examine differences in the hypothalamic NPY between layer-type and 
meat-type of chickens, which are two divergent kinds of the domestic chickens in feeding behavior and body weight, we detected 
mRNA levels of NPY in hypothalamic infundibular nucleus (IN), paraventricular nucleus (PVN) and lateral hypothalamic area 
(LHA) of these two types of chickens using one-step real time RT-PCR. The meat-type chicken had more food daily (about 1.7 
folds) and greater body weights (about 1.5 folds) and brain weights than the layer-type chicken at the age of 14 d. In the meat-type 
of chicken, NPY mRNA levels of the IN and PVN were significantly greater than those of the LHA, and were not significantly 
different between the IN and PVN. However, in the layer-type of chicken, NPY mRNA levels were significantly greater in the IN 
than those in the LHA and PVN, and were not significantly different between the PVN and LHA. In all these hypothalamic regions, 
the layer-type of chicken had significantly higher NPY mRNA levels than the meat-type chicken did. These results suggest the 
expression of NPY in the hypothalamus has a type-dependent pattern in domestic chickens. 
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INTRODUCTION 
 

The hypothalamus of the central nervous system 
is well documented as an important region in regula-
tion of food intake and body weight in domestic 
chickens (Kuenzel et al., 1999; Furuse, 2002; Boswell, 
2005). In the chicken hypothalamus, several nuclei 
including the infundibular nucleus (IN), the paraven-
tricular nucleus (PVN) and the lateral hypothalamic 
area (LHA) are involved in the regulation of food 
intake and body weight (Kuenzel et al., 1999). LHA is 

termed the hunger center, and contains abundant 
glucose-sensitive neurons (Oomura et al., 1967). The 
bilateral lesions of the LHA induce aphagia and de-
crease body weight (Kuenzel et al., 1999). The PVN 
acts to integrate neuropeptide signals from brain areas 
including the IN and brainstem. These connections 
between hypothalamic pathways and the caudal 
brainstem are essential for the long-term regulation of 
appetite and body weight (Kuenzel et al., 1999). IN is 
thought to play a pivotal role in integration of signals 
regulating appetite (Wang et al., 2001). Neurons in 
the IN are situated adjacent to the floor of the third 
ventricle, so they can directly respond to peripheral 
signals with a reduced brain-blood barrier (Kuenzel et 
al., 1999; Schwartz et al., 2000; Boswell, 2005), and 
may also have IN-PVN and IN-LHA connections 
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(Aste et al., 1991; Esposito et al., 2001). 
Previous studies proved that several neuropep-

tides were involved in the central regulation of food 
intake and body weight in the domestic chicken (Fu-
ruse, 2002; 2007). Neuropeptide Y (NPY), a 
36-amino acid peptide, belonging to a member of the 
pancreatic polypeptide family that includes peptide 
YY and pancreatic polypeptide (Tatemoto et al., 
1982), is one of the most orexigenic agents in birds. 
Intracerebroventricular (ICV) administration of NPY 
in the birds has been found to elicit a marked increase 
in feeding (Kuenzel et al., 1987; Furuse et al., 1997) 
and to decrease rectal temperature (Tachibana et al., 
2004). On the other hand, dense NPY-like immuno-
reactivity cells and abundant NPY mRNA expression 
have been identified in the hypothalamic IN of the 
domestic chicken (Esposito et al., 2001; Kameda et 
al., 2001; Wang et al., 2001), and dense NPY-     
immuno-reactivity fibers, projecting from the IN into 
the PVN and the LHA were observed (Aste et al., 
1991; Boswell et al., 1998; Kameda et al., 2001). 
Food deprivation or restriction significantly increased 
feeding behavior, and also elevated messenger ribo-
nucleic acid (mRNA) levels (Boswell et al., 1999), 
protein contents (Zhou et al., 2005) and neuron ac-
tivity (Boswell et al., 2002) of the hypothalamic NPY 
in birds. These findings suggest that the NPY plays an 
important role in regulations of feeding behavior and 
energy homeostasis in birds. 

In the modern poultry, an intensive selection 
produces two very divergent genotypes of domestic 
chickens: meat and egg production genotypes (Den-
bow, 1999). The meat-type chicken eats more food 
than the layer-type chicken does in order to support its 
larger daily gain in body weight (Masic et al., 1974; 
Savory, 1974). It is well proven that hyperphagia is 
due to the elevated hypothalamic NPY level in obese 
mice (Jang and Romsos, 1998) and obese Zucker rats 
(Hensley et al., 2001). However, it is not clear 
whether the hyperphagia of the meat-type chicken, as 
observed in obese mice, also is ascribed to the ele-
vated hypothalamic NPY level, or whether there is 
any difference in the hypothalamic NPY between 
meat-type and layer-type chickens. 

In the present study, we measure mRNA levels 
of NPY in the hypothalamic PVN, LHA and IN using 
one-step real time reverse transcription polymerase 
chain reaction (RT-PCR), and compare their differ-

ences between the meat-type and layer-type chickens 
at the age of 14 d. 
 
 
MATERIALS AND METHODS 
 
Animals 

Two-day-old male layer-type (Hy-line) and 
meat-type (Ross) chickens were purchased from local 
farms. They were fed in an electrically heated brooder 
with 30 °C central temperature and 25 °C room 
temperature. Layer-type chickens were allowed ad 
libitum to access a grower diet (crude protein: 21.0%; 
metabolisable energy: 12.1 MJ/kg), whereas meat- 
type chickens were fed with broiler starter diet (crude 
protein, 22.0%; metabolisable energy, 12.9 MJ/kg), 
with water available for both throughout the experi-
ment. At the age of 7 d, chickens were selected by 
body weight, and the selected chickens were moved 
into another room. They were individually fed in 
metabolism cages at the same room temperature, 
lighting, and feeding schedules as in the previous 
room. At the age of 14 d, 6 chickens were killed by 
decapitation after recording their body weights and 
daily food intakes. The brains were removed in a 
procedure of less than 3 min, and then frozen quickly 
on dry ice. The frozen brains were stored at −80 °C 
until used for mRNA analysis. 
 
Isolation of hypothalamic nuclei 

After weighing brain samples, the hypothalamic 
PVN, LHA and IN (In this study, the IN partly con-
tained the hypothalamic inferior nucleus, median 
eminence and the ventromedial hypothalamus) were 
separated according to the method of Zhou et al. 
(2005). Briefly, the frozen brain sample was placed 
on a slide over dry ice, and the rostral part was cut 
away until the face of the anterior commissure dis-
appeared (Kuenzel and Masson, 1988). The chiasma 
opticum, the third ventricle and the lateral forebrain 
bundle were used as landmarks for identification of 
the PVN (A7.8) and LHA (A7.4), and the chiasma 
opticum, the paraventricular organ and the median 
eminence were for identification of the IN (A5.6). 
The PVN (2 mm×2 mm×1.5 mm, length, width, 
depth), LHA (2 cylinders; 1 mm×1 mm×2 mm) and 
IN (2 mm×1 mm×1 mm) were removed quickly for 
subsequent homogenization and RNA isolation. 
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Total RNA isolation 
Total RNA from chicken hypothalamus was 

isolated using a commercial RNeasy Lipid Tissue 
Mini Kit (QIAGEN Sciences, Maryland, USA). 
Briefly, the collected tissue was quickly put into 
QLAzol Lysis Reagent and homogenized for about 30 
s. After addition of chloroform (Zhejiang Deyer 
Pharmaceutical Co., Ltd., Jinhua, China) and shaking 
vigorously, the homogenate was separated into 
aqueous and organic phases by centrifuging at 
12 000×g for 15 min at 4 °C. Appropriate binding 
conditions of the aqueous phases were adjusted using 
70% ethanol solution, and sample was then applied to 
the RNeasy Spin Column, where total RNA binds to 
membrane, and contaminants were efficiently washed 
away. Finally, the RNA was eluted using RNase-free 
water. Concentration of the isolated total RNA was 
determined by measuring the absorbance at 260 nm in 
a spectrophotometer, and the ratio of 260 to 280 nm 
was determined for RNA quality. 
 
Real time RT-PCR 

mRNA expression of the hypothalamic NPY 
was measured using real time RT-PCR with Taqman 
One-step RT-PCR Master Mix Reagent kits (Roche 
Molecular Systems Inc., New Jersey, USA). In the 
present study, ribosomal 18S RNA (18S rRNA) was 
used as an internal control, and results of mRNA level 
of NPY were presented as its ratio to 18S rRNA. 
Primers and Taqman probes for chicken NPY (Gen-
Bank Accession No. NM_205473) and 18S rRNA 
(GenBank Accession No. AF173612) were commer-
cially synthesized (Shanghai Invitrogen Biotechnol-
ogy Co., Ltd., China). NPY primers were forward 
5′-CTA CTC GGC TCT GAG GCA CTA CA-3′ and 
reserve 5′-TCA GTG TCT CTG GGC TTG ATC 
TC-3′, and the probe was 5′-FAM-CAA CCT CAT 
CAC CAG GCA GAG ATA TGG AA-TAMRA-3′; 
the GAPDH primers were forward 5′-CTC CGA CTT 
TCG TTC TTG ATT AA TG-3′ and reserve 5′-ATT 
GTG CCG CTA GAG GTG AAA T-3′, and the probe 
was 5′-FAM-CTT TAG TTC GTC TTG CGC CGG 
TCC A-TAMRA-3′. In the Taqman probes, FAM 
(6-carboxy-fluorescein) and TAMRA (6-carboxy- 
tetramethyl-rhodaminie) are fluorescent dyes for 
reporter and quencher, respectively. The emission of 
the FAM at 5′-end is quenched by the TAMRA at 
3′-end. During the extension of the PCR, the poly-

merase cleaves the Taqman probe, resulting in a re-
lease of fluorescence dye. The increasing amount of 
reporter dye emission was detected. 

In a typical reaction, 5 µl total RNA (50 ng for 
NPY, and 1 ng for 18S rRNA) was mixed with 20 µl 
2× Master mix w/o UNG, 10 µl 40× MultiScrible and 
Rnase Inhibitor (Roche Molecular Systems Inc., New 
Jersey, USA), 300 nmol/L from forward primer (100 
µmol/L), 900 nmol/L from reverse primer (100 
µmol/L), and 200 nmol/L Taqman probe (5 µmol/L) 
in 40 µl total volume. The reaction for one-step real 
time RT-PCR was performed in a 96-well Optic Re-
action Plate (Applied Biosystems, California, USA) 
on 7500 Real Time RT-PCR System (Applied Bio-
systems, California, USA). The following RT-PCR 
protocol was used for both genes: 48 °C for 30 min for 
RT, one cycle of PCR initial activation at 95 °C for 10 
min plus 45 cycles of PCR denaturation and com-
bined annealing and extension, PCR denaturation 
stage at 95 °C for 15 s, and combined annealing and 
extension stage at 60 °C for 1 min. 

The regression equations of NPY (y=−3.3347x+ 
33.009, R2=0.9996, P<0.01) and 18S rRNA (y= 
−3.1463x+29.125, R2=0.9951, P<0.01) were obtained 
by applying the least square regression method, using 
logarithmic value of diluting times (logC0) as the X 
axis, and the threshold cycle (Ct) values as the Y axis. 

 
Data analysis 

All results are presented as means±SEM. Statis-
tical differences in brain weight, food intake, body 
weight and mRNA level of the hypothalamic NPY 
between meat-type and layer-type of chickens were 
assessed by two-tailed Student’s unpaired t-test, re-
spectively. Data for mRNA levels within a group 
were analyzed by one-way ANOVA, with brain re-
gions used as classification variables. When ANOVA 
showed that the brain regions had significant main 
effects, we performed comparisons among different 
brain regions using Tukey’s multiple comparison 
tests. A confidence level of P<0.05 was considered to 
indicate statistical significance. 

 
 
RESULTS 
 

Fig.1 shows brain weight, daily food intake and 
body weight of the meat-type and layer-type chickens 
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at the age of 14 d. The meat-type chickens ate more 
daily food (about 1.7 folds), resulting in a greater 
body weight (about 1.5 folds) than the layer-type 
chickens. Brain weight in the meat-type chickens was 
also significantly greater than that in the layer-type 
chickens. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
mRNA levels of the hypothalamic NPY and 18S 

rRNA (as an internal control) in the two types of 
chickens were determined using one-step real time 
RT-PCR. Fig.2 shows mRNA levels in the hypotha-

lamic PVN, IN and LHA of the meat-type and 
layer-type chickens at the age of 14 d. In the 
meat-type of chicken, NPY mRNA levels were sig-
nificantly greater in the IN and PVN than those in the 
LHA, and were not significantly different between IN 
and PVN. However, in the layer-type of chicken, 
NPY mRNA levels were significantly greater in the 
IN than those in the LHA and PVN, and were not 
significantly different between PVN and LHA. In all 
these brain regions, NPY mRNA levels were sig-
nificantly greater in the layer-type chicken than those 
in the meat-type chicken. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 

In the modern poultry, the meat-type chicken has 
been intensively selected for rapid body weight gain 
and high meat yield, whereas layer-type chicken has 
been selected for high egg production. The difference 
in growth rate could be due partly to the difference in 
food intake between two types of chickens (Savory, 
1974; Denbow, 1999). As a result, in the present study, 
body weight and daily food intake of the meat-type 
chicken were 1.5 and 1.7 folds greater than those of 
the layer-type chicken at the age of 14 d, respectively. 
Significant difference in brain weight was observed 
between the layer-type and meat-type of chickens. 
This result is in accordance with our previous findings 
in the embryonic stage of chicken (Zhou et al., 2006). 

In the present study, the highest mRNA level of 
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Fig.1  Brain weight (a), daily food intake (b) and body
weight (c) of the meat-type and layer-type chickens at
the age of 14 d  
Values are shown as means±SEM (n=5~6). *P<0.05,
**P<0.01 between two types of chickens 
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NPY was observed in the hypothalamic IN of two 
types of chickens. This result agrees with previous 
studies, in which the denser NPY-immunoreactive 
cell bodies and higher NPY mRNA expression 
(Esposito et al., 2001; Kameda et al., 2001; Wang et 
al., 2001) were located, and the higher NPY content 
was determined in the hypothalamic IN of chickens 
(Zhou et al., 2005). However, in the meat-type 
chicken, NPY mRNA level in the PVN was signifi-
cantly greater than that in the LHA, and was not sig-
nificantly different between the IN and PVN. In the 
layer-type chicken, NPY mRNA level in the PVN 
was similar to that in the LHA. These results are 
slightly different from our previous data, where the 
order of NPY protein content amount is: IN> 
PVN>LHA in the meat-type chicken at the age of 14 
d (Zhou et al., 2005). These findings suggest that 
patterns of NPY expression in the different regions 
vary with chicken types, and NPY plays different 
roles in the hypothalamic regions. 

Significantly higher mRNA levels of NPY in the 
PVN, IN and LHA in the layer-type chicken than 
those in the meat-type chicken at the age of 14 d were 
observed. These results agree with our previous data 
in the embryonic stage, in which the hypothalamic 
NPY peptide content was significantly greater in the 
layer-type chicken than that in the meat-type chicken 
(Zhou et al., 2006). It could not directly explain that 
the different food intake and body weight between 
two types of chickens are associated with different 
mRNA levels of NPY in the hypothalamic PVN, IN 
and LHA. Cassy et al.(2004) suggested that the hy-
perphagic feeding of the meat-type chicken might be 
less sensitive to respond to leptin (an anorectic factor), 
but not to higher NPY level (an orexigenic factor). On 
the other hand, NPY exerts its actions via multiple 
receptor subtypes, and receptors Y1 and Y5 may 
mediate the orexigenic action in chickens (Kuenzel 
and Fraley, 1995). Thus, it could be considered that 
the expressions of hypothalamic Y1 and Y5 receptors 
differ between two types of chickens. However, 
knowledge about a possible different expression in 
NPY receptors between meat-type and layer-type 
chickens is limited. 

Compared with the layer-type chicken, the be-
havior of the meat-type chicken was less active, and 
had less capability to adapt to a novel environment or 
was much less sensitive to changes in environment 

(Saito et al., 2005; Furuse, 2007). NPY administrated 
into PVN significantly increased searching behaviors 
for food in rats (Stanley and Leibowitz, 1984). These 
findings, together with our results, suggest that the 
higher mRNA level of hypothalamic NPY in the 
layer-type chicken is due to increased behaviors, 
including feeding behaviors. On the other hand, 
growth hormone inhibits the hypothalamic NPY in 
chickens (Wang et al., 2000), and the peak of growth 
hormone secretion appears at the age of 14~28 d 
(Burnside and Cogburn, 1992). Body weight of the 
meat-type chicken was significantly greater than that 
of the layer-type chicken at the same age, suggesting a 
rapid growing rate in the meat-type chicken. There-
fore, the lower mRNA level of NPY in the PVN, IN 
and LHA may be due partly to a rapid increase of 
growth hormone in the meat-type chicken. 

In conclusion, the meat-type chicken ate more 
food daily and had a greater body weight and brain 
weight than the layer-type chicken did at the age of 14 
d. The orders of NPY mRNA levels were: 
IN>PVN=LHA in the meat-type of chicken, and 
IN=PVN>LHA in the layer-type of chicken. NPY 
mRNA levels in the IN, PVN and LHA were sig-
nificantly greater in the layer-type chicken than those 
in the meat-type chicken. These results suggest the 
expression of NPY in the hypothalamus has a 
type-dependent pattern in the domestic chicken. 
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