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Abstract: Objective: In this study, we mainly observed the expression of NPY5 receptor in the hypothalamic
arcuate nucleus (ARC) in normal rats and obesity rats, and the effect of the NPY5 receptor agonist [D-Trp34] NPY
and NPY5 Receptor antagonist CGP-71683 on Food Intake in the normal and obesity rats . Methods:
Immunohistochemistry was used to observe the expression of NPY5 receptor in ARC of normal rats and obesity rats.
RT-PCR was used to observe the expression of NPY5 receptor mRNA in ARC of normal and obesity rats. The
NPY5 receptor agonist [D-Trp34] NPY and NPY5 receptor antagonist CGP-71683 were injected into the ARC via
intraventricular catheters to observe the food intake of rats. Results: The results of immunohistochemistry and
RT-PCR experiments showed that the expression of NPY5 receptor was observed in the hypothalamus ARC, and the
expression of NPY5 receptor in obesity rat was significantly higher than that in normal rats. Compared with the
normal saline group, the food intake of the normal rats and obesity rats significantly increased during the 0-4h after
the injection of NPY into the ARC. Similarly, the food intake of the normal rats and obesity rats significantly
increased during the 0-4h after the injection of NPY5 receptor agonist [D-Trp34] NPY into the ARC. The NPY5
receptor antagonist CGP-71683 could block the NPY and NPY5 receptor agonist [D-Trp34] induced the feeding.
After injection of NPY and NPY5 receptor agonist [D-Trp34] in the ARC of obesity rats, the food intake was
significantly higher than in normal rats during 0-4 h. Conclusion: The NPY5 receptor in the hypothalamus ARC is
involved in the regulation of feeding behavior and may be related to the formation of obesity.
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Introduction
The prevalence of obesity in the world is increasing.
National Nutrition Survey and Association (NHANES)
from 1999--2002 year data report shows that in the
20-year-old adults, 29.8% were overweight, 30.4%
were obese, 4.9% were extremely obese [1]. At present,
most researches about the mechanism of feeding
regulation focus on neuromodulation, neuronal afferent
pathways, information integration of the hypothalamus
center, and efferent neural pathway could coordinate
and regulate the feeding behavior. The literature reports
that the hypothalamus is a key brain area involved in
the regulation of food intake [2].
Neuropeptide Y (NPY), one of the most abundant
neuropeptides in the brain, is mainly expressed in the
central nervous system and is composed of 36 amino
acids [3]. Recent studies have shown that NPY is an
important signaling molecule in the feeding regulation

network [3, 4]. The NPY receptor receptors (Y1, Y2, Y4,
Y5, Y6) have been found in mammals, and the
distribution of these five receptors is different in the
brain [6,7]. Previous studies have shown that among the
five receptors mentioned above, NPY is involved in
regulating energy balance mainly through Y1, Y2, and
Y5 receptor signaling pathways [7-10]. Based on the
above findings, Y1, Y2, and Y5 receptor signals play
an important role in obesity susceptibility.
NPY neurons are mainly expressed in the hypothalamic
arcuate nucleus (ARC), and their nerve fibers can be
projected to the hypothalamic paraventricular nucleus
(PVN), the lateral hypothalamic area (LHA), the
hypothalamic ventromedial nucleus (VMH), and other
brains area. In addition, studies have shown that 90%
of NPY neurons co-express AGRP [11]. Under the
condition of negative energy balance such as lower
leptin level, hypoglycemia state and hypoinsulinemia,
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the expression of NPY mRNA in ARC increased.
Central injection of NPY can inhibit heat production in
rats, increase food intake, and promote the formation of
fat in rats [12].
NPY neurons respond to changes in food intake during
obesity. Studies have confirmed that the NPY5 receptor
in ARC is involved in the regulation of feeding
behavior[13]. The NPY5 receptor may be a
pharmacological target for obesity treatment. Therefore,
the purpose of this experiment was to investigate the
role of NPY5 receptors in feeding regulation in ARC.
To achieve this goal, we mainly observed the
expression of NPY5 receptors in ARC and observed
effect of intra-ARC injection of NPY5 receptors
agonist [D-Trp34] NPY and NPY5 receptor antagonist
CGP-71683 on food intake in normal rats and obesity
rats.
1 Experimental materials and methods
1.1 Animals
Healthy male Sprague-Dawley rats, weighing 180-200
g. All rats were housed in room temperature is 25±2° C
and 12 h: 12 h of day and night cycling light, given a
standard laboratory diet, free access to food and
drinking water. All animal experiments were strictly
conducted according to the "Qingdao University
Laboratory Animal Protection and Use Management
Measures."
1.2 Establishment of obesity rats model
The rats were given a standard laboratory diet for 7
days to adapt to the experimental environment. The rats
were then given high-fat diet, single-cage rearing.
Record the amount of food and spread, and weigh once
a week. After 2 weeks, according to the order of weight
gain, the middle 1/3 rats was selected as the normal
control group giving basal diet. The remaining rats
continued to be fed with high-fat diet. At the 8th week,
they were re-ordered according to weight gain. The
upper 1/3 of the rats were used as obesity rats, and the
remaining rats were not used in this experiment.
1.3 Fluorescent Immunohistochemistry Experiment
3 normal rats and 3obesity rats were randomly selected
and rats were anesthetized with sodium pentobarbital
(50 mg/kg, ip) and fixed on the operating table. Then
injection of 250 ml 0.9% saline and 250 ml 4%
paraformaldehyde for perfusion fixation. The brains of
rats were decapitated and consecutively sectioned using
a cryostat. The thickness of the slices was 15 μm. All
the slices were placed in a refrigerator at -20° C. The
ARC sections were selected for immunofluorescence
staining of NPY5 receptors and then the experimental
results were observed under a fluorescence microscope.
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1.4 PT-PCR
(1) RNA extraction: normal rats and obesity rats were
anesthetized with sodium pentobarbital (50 mg/kg, ip)
and the brain was decapitated. Bilateral hypothalamic
ARC was isolated and ARC total RNA was extracted.
(2) Reverse transcription (RT): In a 25 μl reaction
system, cDNA was reverse-transcribed using 2.5 μg
RNA as a template. (3) Polymerase chain reaction: The
target gene and β-actin cDNA sequence acquire from
the gene library. Upstream primer sequence of β-actin
cDNA:
5'-CATCACTATCGGCAATGAGC-3';
Downstream
primer
sequences:
5'-GACAGCACTGTGTTGGCATA-3';
Expected
fragment size is 156 bp. The β-actin cDNA sequence
amplification conditions were: 95 °C 60 s, 55 °C 40 s,
2 °C 40 s, 30 cycles. NPY-5R Upstream Primer
Sequence: 5' -CATTCGTAAGTCTTCTTGGC -3';
Downstream
primer
sequences
：
5'-ATCCAACAAGACAGAGGTCAGG -3'; Expected
fragment size is 170 bp. NPY-5R amplification
conditions: 92 °C 60 s, 58 °C 50 s, 72 °C 50 s, 35
cycles. All genes were pre-denatured at 95°C for 5 min,
and expanded at 72°C for 7 min. The PCR product was
electrophoresed on a 1.5% agarose gel and compared
with the standard molecular weight of the DNA. Image
and image analysis were performed using a
Biometragel imaging system.
1.5 Brain cannula implantation
Obesity rats and normal rats were anesthetized with
sodium pentobarbital (50 mg/kg, ip) and placed on a
stereotaxic apparatus. A stainless steel cannula was
placed in the ARC according to the Paxinos & Watson
rat brain map [14]. And then secured with screws and
dental cement, stainless steel tube probes closed the
catheter. The scalp incision was made and the animals
were placed in separate cages. The rats were free to
drink water. Rats intraperitoneal antibiotics prevent
infection. Rats can recover for at least 7 days.
1.6 Drug administration and food intake
measurement
This experiment is divided into 2 parts: in the first part,
25 rats were randomly divided into 5 groups: (1) NS
group; (2) NPY (3 nmol); (3) NPY5 receptor agonist
[D-Trp34] NPY (3 nmol); (4) NPY (3 nmol) + NPY5
receptor antagonist CGP-71683 (12 nmol); (5) NPY5
receptor agonist [D-Trp34] NPY (3 nmol) + NPY5
receptor antagonist CGP-71683 (12 nmol). In the
second part, 25 obesity rats were randomly divided into
5 groups: (1) NS group; (2) NPY (3 nmol); (3) NPY5
receptor agonist [D-Trp34] NPY (3 nmol); 4) NPY (3
nmol) + NPY5 receptor antagonist CGP-71683 (12
nmol); (5) NPY5 receptor agonist [D-Trp34] NPY (3
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nmol) + NPY5 receptor antagonist CGP-71683 (12
Nmol). After a recovery period of 7 days, the drugs
administration into the ARC of each group in normal
and obesity rats. The rats were then given a previously
weighed food and the remaining amount of food was
measured within 4 hours. Calculate the cumulative
food intake of normal rats and obesity rats during 0-4
h.
1.7 Histological veriﬁcation
In order to detect the accuracy of the positioning,
administration indole sky blue solution in the ARC h at
the end of the experiment. Then the rats were
anesthetized, fixed by perfusion, and the brain was
taken for decapitation. A 50 μm coronal frozen section
was made and the position of the drug injection was
observed under a microscope. Experimental data where

A

the injection site is not in the ARC is not used in this
experiment.
1.8 Statistical analysis
The experimental data were expressed in mean ± SD
and statistical analysis was performed using SPSS 17.0
software. T test or one-way ANOVA was used for
comparison between the two groups. P <0.05 was
considered statistically significant.
2 Results
2.1 Fluorescent immunohistochemical experiment
Immunohistochemistry results showed that the
expression of NPY5 receptor was observed in ARC of
normal rats (Fig. 1A) and obesity rats (Fig. 1B).
Compared with normal rats, the number of NPY5
receptors in the ARC of obesity rats increased (Fig. 1).

B

100μm

100μm

Fig.1 Expression of NPY5 receptor in ARC of normal and obesity rats. A: Expression of NPY5 receptor in ARC of
normal rats; B: Expression of NPY5 receptor in ARC of obesity rats. Scale: 100μm.
2.2 Expression of NPY5 receptor mRNA in ARC of
normal rats and obesity rats
The results of RT-PCR showed that the expression of

NPY5 receptor mRNA in the hypothalamus of obesity
rats was significantly higher than that of normal rats
(Fig. 2).
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Fig. 2 The expression of NPY5 receptor mRAN in the ARC of normal and obesity rats
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2.3 Effects of NPY5 receptor agonist [D-Trp34] NPY
and NPY5 receptor antagonist CGP-71683 on
feeding of normal rats and obesity rats
To investigate whether the NPY5 receptor influences
food intake in normal rats and obesity rats, we
investigated the effects of microinjection of NPY5
receptor agonist [D-Trp34] NPY and NPY5 receptor
antagonist CGP-71683 into the ARC on food intake in
normal rats and obesity rats. The experimental results
showed that compared with the NS group, after
microinjected of NPY in ARC, the food intake
increased significantly during the 0-4h in normal and
obesity rats (P<0.05, Fig. 3B). Similarly, compared
with the NS group, after microinjected of NPY5
receptor agonist [D-Trp34] NPY in ARC, the food
intake increased significantly during the 0-4h in normal
and obesity rats(P<0.05, Fig. 3B). However, the
injection of NPY5 receptor antagonist CGP-71683
alone had no significant effect on the food intake of

rats (P>0.05, Fig. 3B). Compared with the NPY5
receptor agonist [D-Trp34] NPY group, administration
of the NPY5 receptor agonist [D-Trp34] NPY and the
NPY5 receptor antagonist CGP-71683 mixture into the
ARC, the food intake of normal and obesity rats was
significantly reduced during the 0-4h (P>0.05, Fig. 3B).
This indicates that NPY5 receptor antagonist
CGP-71683 blocks NPY5 receptor agonist [D-Trp34]
NPY-induced food intake.
After NPY was injected microinjected into the ARC of
obesity rats, the food intake at 0-4h was significantly
higher than that of normal rats (P>0.05, Fig. 3A). At
the same time, the NPY injection of NPY5 receptor
agonist [D-Trp34] in the ARC of obesity rats was
significantly higher than that of normal rats (P>0.05,
Fig. 3A). This may be related to increased expression
of NPY5 receptors in the ARC of obesity rats.
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Fig.3 Effect of Injection of NPY and [D-Trp34] NPY in the ARC on Food intake in normal and obesity Rats.
*P<0.05, compared with the NS group; #P< 0.05，compared with the NPY group; △P<0.05, compared with the
normal rats.
3 Discussion
experiments we found that selective activation of
The hypothalamus is the main brain area involved in
NPY5 receptors in ARC significantly increased food
regulating energy balance. In the hypothalamus, a
intake in rats. As we all know, the hypothalamus
series of hormone and visceral afferent signals are
maintains physiological through the regulating energy
processed [15]. Previous studies have shown that NPY
balance and feeding. The experimental results of
interacts with other neuropeptides in the central
electrical damage the hypothalamus indicate that the
regulatory mechanism of feeding [15,16]. NPY
hypothalamic lateral area (LHA) is a “starvation center”
immunopositive neurons are mainly expressed in
and the hypothalamic ventromedial nucleus (VMH) is a
ARC[17].
“satisfactory center” [18]. Recent studies have found that
hypothalamic nuclei and neural pathways are important
This experiment is mainly to study the role of NPY5
factors in regulating food intake. At the same time,
receptor in feeding regulation in ARC. In the
ARC is a key brain area that regulates feeding
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behavior.
Most diet-induced obesity studies have shown that SD
rats can exhibit different susceptibility to obesity. NPY
is abundant in the mammalian central nervous system
and is a strong pro-feeding factor. Central injection of
NPY can result in excessive feeding and reduced
energy expenditure in rats [19,20]. In addition, a large
number of studies have shown that NPY mainly
participates in the regulation of energy balance through
NPY1 receptor, NPY2 receptor, and NPY5
receptor[21-24]. Therefore, in this study we observed the
expression levels of NPY5 receptor in ARC in normal
rats and obese rats. It is well known that weight is
maintained by the balance between energy intake and
energy expenditure. NPY served as an ingestion
regulator, but there is no significant difference in
plasma NPY levels between normal and obese rats. It is
suggested that peripheral NPY signals are not as
sensitive to changes in nutritional status and are not
important to feeding regulation. This suggests that NPY
in the hypothalamus may play a more important role in
the pathogenesis of obesity than peripheral NPY. Our
experimental results showed that the expression of
NPY5 receptor in the hypothalamus ARC in obese rats
was significantly higher than that in normal rats, and
NPY5 receptor agonist [D-Trp34] NPY was injected
into the ARC of normal rats and obese rats could
increased food intake significantly, and obese rats was
more pronounced. It is precisely because in NPY5
receptor mRNA expression that promotes energy intake,
visceral adipose tissue accumulation, and body weight
gain in rats, thereby inducing obesity;
Microinjection of the NPY5 receptor agonist [D-Trp34]
NPY into the ARC of normal and obesity rats promotes
food intake in rats. It suggested that NPY-induced food
intake is at least partially mediated by activation of the
NPY5 receptor. In this experiment, we also observed
the effect of NPY5 receptor antagonist CGP-71683 on
feeding behavior. The experimental results show that
intra-ARC injection of NPY5 receptor antagonist
CGP-71683 can eliminate the promoting efftect of
NPY5 receptor agonist [D-Trp34] NPY on food intake ,
which indicates that [D-Trp34] NPY is specific for the
activation of NPY5 receptor. The NPY5 receptor
agonist [D-Trp34] NPY has a weaker promote effect on
food intake than the NPY, possibly because the NPY
has a higher affinity for the NPY5 receptor than the
NPY5 receptor agonist [D-Trp34] NPY in the
regulation of feeding.
In conclusion, this experiment demonstrated that NPY
neurons in ARC play an important role in regulation of
feeding. The regulation of feeding behavior in ARC is

http://www.ijSciences.com

at least partly through the NPY5 receptor signaling
pathway. In addition, the food intake of obesity rats
was higher than that of normal rats, which may be due
to the expression of NPY5 receptor increased in obesity
rats. The above studies provide a new idea for the
treatment of obesity.
References:
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.
13.

14.

15.

16.

17.

Hedley AA, Ogden CL, Johnson CL, et al. Prevalence of
overweight and obesity among US children, adolescents, and
adults, 1999-2002. [J]. AMA, 2004, 291(8): 2847 50
Paris LP, Usui Y, Serino J. A. Challenging Form of
Non-autoimmune Insulin-Dependent Diabetes in a Wolfram
Syndrome Patient with a Novel Sequence Variant[J]. Diabetes
Metab, 2015, 6(7): 1-5
Riccardo Natoli, Nilisha Fernando, Tess Dahlenburg.
Obesity-induced metabolic disturbance drives oxidative stress
and complement activation in the retinal environment[J]. Mol
Vis, 2018, 24(7): 201–217
Fehm HL, Born
J, Peters A. Glucocorticoids and
melanocortins in the regulation of body weight in
humans[J].Horm Metab Res, 2004, 36(6): 360–364
Leibowitz SF, Alexander J, Dourmashkin JTet al. Phenotypic
proﬁle of SWR/J and A/J mice as compared to control strains:
possible mechanisms underlying resistance to obesity on a
high-fat diet.[J]. Brain Res, 2005, 1047(7): 137 –147
Koichiro Ogawa, Hidetaka Suga et al. Vasopressin-secreting
neurons derived from human embryonic stem cells through
specific induction of dorsal hypothalamic progenitors.[J]. Sci
Rep, 2018, 8(7): 3615
Tulipano G, ergoni AV, Soldi D et al. Characterization of
the resistance to the anorectic and endocrine effects of leptin in
obesity-prone and obesity-resistant rat fed a high-fat diet[J].
Endocrinol, 2004, 183(8): 289–298
Melanie H, Lorraine G, Jun G et al. Energy metabolic proﬁ
le of mice after chronic activation of central NPY Y1, Y2, or
Y5 receptors[J].Obes Res, 2005, 13(7): 36–47
Chantacha A, Alexandra R, John ME et al. Expression of NPY
and POMC in the hypothalamic arcuate nucleus of genetically
lean and fat sheep[J]. Front Neuroendocrinology, 2006, 27(5):
9-10
Xuefeng Yuan, Alexandre Caron, Hua Wu. Leptin Receptor
Expression in Mouse Intracranial Perivascular Cells[J]. Front
Neuroanat, 2018, 12(6): 4
Schwartz MW, Woods SC, Porte D, et al. Central nervous
system control and food intake.[J]. Nature, 2000 ,404(4):
661-671
Williams G, Cai XJ, Elliot JC et al. Anabolic neuropeptides[J].
Physiol Behav, 2004, 81(7): 211-222
Peoples JN, Taylor DG, Katchman AN et al. Intact calcium
signaling in adrenergic-deficient embryonic mouse hearts[J].
Biochem Biophys Res Commun, 2018, 495(4): 2547-2552
Svehla P, Bédécarrats A, Jahn C et al. Intracellular manganese
enhanced MRI signals reflect the frequency of action
potentials in Aplysia neurons[J]. J Neurosci Methods, 2017,
295(8): 121-128
Ayça Altıncık, Oya Sayın. Serum Nesfatin-1 Levels in Girls
with Idiopathic Central Precocious Puberty[J]. J Clin Res
Pediatr Endocrinol, 2018, 10(1): 8–12
Chihiro Yamada, Sachiko Mogami, Tomohisa Hattori.
Psychological stress exposure to aged mice causes abnormal
feeding patterns with changes in the bout number.[J]. Aging
(Albany NY), 2017, 9(11): 2269–2287
Horvath, T.L, Diano, S., and van den Pol, A.N. J. Neurosci,

Volume 7 – April 2018 (04)

90

Effects of Hypothalamic Arcuate Nucleus NPY5 Receptor Signaling Pathway on Feeding Regulation in Normal Rats
and Obesity Rats

18.

19.

20.

21.

1999,19(7): 1072–1087
Gao S, Guo F, Sun X, et al. The Inhibitory Effects of
Nesfatin-1 in Ventromedial Hypothalamus on Gastric Function
and Its Regulation by Nucleus Accumbens[J]. Front Physiol,
2017, 7(5): 634
Beck B: Intracerebroventricular injection of proinsulin
C-peptide does not influence food consumption in male
long-Evans rats[J]. Horm Metab Res, 2006, 38(7): 314–316
White BD, Martin RJ: Evidence for a central mechanism of
obesity in the Zucker rat: Role of neuropeptide Y and leptin[J].
Proc Soc Exp Biol Med, 1997, 214(7): 222 – 232
Tulipano G, Vergoni AV, Soldi D et al. Characterization of the
resistance to the anorectic and endocrine effects of leptin in

http://www.ijSciences.com

22.

23.

24.

obesity-prone and obesity-resistant rat fed a high-fat diet[J].
Endocrinol, 2004, 183(3): 289 – 298
Melanie H, Lorraine G, Jun G, Joyce JH: Energy metabolic
profile of mice after chronic activation of central NPY Y1, Y2,
or Y5 receptors. [J]. Obes Res, 2005, 13(3): 36 – 47
Chantacha A, Alexandra R, John ME, Iain C: Expression of
NPY and POMC in the hypothalamic arcuate nucleus of
genetically lean and fat sheep.[J]. Front Neuroendocrinology,
2006, 27(4): 9–10
Christopher T. Fields, Benoit Chassaing, Alexandra
Castillo-Ruiz. Effects of gut-derived endotoxin on anxiety-like
and repetitive behaviors in male and female mice[J]. Biol Sex
Differ, 2018, 9(7): 7

Volume 7 – April 2018 (04)

91

