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Abstract
Introduction: The neuropeptide Y (NPY) in the neural circuits of the hypothalamus has a
stimulating effect on reproductive activities in mammals. Kisspeptin (KiSS1) is a quintessential
neurotransmitter in the reproductive axis which directly stimulates gonadotropin-releasing
hormone neurons in the hypothalamus. The distribution of KiSS1 expressing cells in the pituitary
was described previously. Despite earlier reports showing the KiSS1 receptor, G-protein coupled
receptor 54 (GPR54) expression in the pituitary, the potential physiological roles of kisspeptin
at this gland have remained obscure. Accordingly, this study investigated the role of NPY on the
relative expression of Kiss1 and Gpr54 genes in the pituitary gland in male Wistar rats.
Methods: In general, 20 male Wistar rats weighing 200-250 g in 4 groups (5 in each group)
received saline, NPY (2.3 nM), BIBP3226 (NPY receptor antagonist, 7.8 nM), and NPY+
BIBP3226. Then, they received the simultaneous injection of these molecules through the third
ventricle of the brain. Finally, the relative mean expressions of Kiss1 and Gpr54 genes in the
anterior pituitary were quantitatively analyzed by the real-time polymerase chain reaction.
Results: The central injection of NPY increased the relative mean expressions of Kiss1 and
Gpr54 genes in the pituitary gland compared to the control group although the injection of
BIBP3226 eradicated these effects. However, the gene expression of Gpr54 in the rats receiving
NPY coupled with BIBP3226 in hypophysis in comparison to the group receiving only NPY
demonstrated a significant reduction (P < 0.05).
Conclusion: Overall, the central injection of NPY stimulated the gene expression of Kiss1 and
Gpr54 in the pituitary gland.
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Introduction
The complex structure of neuronalhormonal mechanisms would influence
the release rate of gonadotropin-releasing
hormone (GnRH), luteinizing hormone
(LH), and gonadal hormones. In the
recent decade, most research has focused
on the hypothalamic-pituitary-gonadal
axis function in kisspeptin (KiSS1) and
G-protein coupled receptor 54 (GPR54).
KiSS1belongs to the RF-amide family
which is produced by the proteolytic
cleavage of the pro-kisspeptin precursor,
encoded by the Kiss1 gene.1-3

The KiSS1/GPR54 system regulates and
organizes the activity of hypothalamic
GnRH neurons and has been identified
as one of the most potential pathways for
the development of sexual maturation
pathways.4-7
Hypogonadotropic
hypogonadism is caused by mutations in
Kiss1 and Gpr54 genes. In this disease, the
symptoms of hypogonadism resulted from
a decrease in the pituitary gonadotropins
are observable.2,8-10
Given that the Gpr54 gene in addition
to the central nervous system is expressed
in peripheral tissues, the presence of non-
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neural KiSS1-secreting and Gpr54 gene expressing cells in
the pituitary is likely.11,12
Low levels of gonadotropins and testosterone are
observed in male rats that are mutated in the Gpr54
gene. The plasma levels of luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) are low in these
rats. Nevertheless, since there is still some LH and FSH
secretions, pituitary gonadotropic cells are still somewhat
functionally active in these mutants.13
Neuropeptide Y (NPY) is considered as a powerful
36 amino-acid orexigenic peptide that is expressed in
the distinct areas of the brain, especially in the arcuate
nucleus of the hypothalamus.14 Previous reports indicated
that NPY neurons directly influence GnRH cells in the
hypothalamus. Reciprocally, NPY knockout mice do not
secrete a normal level of LH.15
There is no study concerning the NPY molecular
interaction and Kiss1/GPR54 signaling pathway in male
Wistar rats at the pituitary level. In this study, the basis of
the hypothesis is that NPY acts independently of GnRH
neurons through the effect of the pituitary Kiss1/GPR54
system on the reproductive axis. To this end, this study
examined the effects of NPY and BIBP3226 and their
concomitant injections on the relative expression of Kiss1
and Gpr54 genes in the pituitary in order to determine
the molecular interaction of NPY and KiSS1 in regulating
pituitary-gonadal axis activity. In effect, the study aimed
to identify the expressions of the Kiss1 gene and its
receptor (GPR54) in the reproductive axis at the pituitary
level (i.e., outside the hypothalamus).

surgery for identifying the coordinates of the injection
zone after anesthetization. Next, the area for cannulation
was specified15 based on the coordinates provided in the
Paxinos and Watson atlas (anterior-posterior = -2.3, midline = 0.0, and dorsoventral = 6.5). After inserting the
cannula into the brains of the animals, they were slowly
transferred to their individual sterile cages. Then, the rats
were maintained in the animal room for one week in order
to undergo the recovery period. Having gone through
this one-week recovery period, they were subdivided into
four groups which intracerebroventricularly received 3 μL
vehicle, NPY [YY-36-NH2] (2.3 nmol), BIBP3226 [RR-1]
(7.8 nmol), and BIBP3226 (7.8 nmol) + NPY (2.3 nmol)
for gene expression analysis (n = 5 per groups). Next,
BIBP3226 (GL Biochem Ltd, Shanghai, China) and NPY
(GL Biochem Ltd, Shanghai, China) were dissolved in a
saline for the micro-injection of intracerebroventricular.
By the microinjection method, the solutions were slowly
injected into the third ventricle of the rodents in one
minute, followed by utilizing the tube of polyethylene and
the syringe of Hamilton (5 μL, USA).

Materials and Methods
Animals
In the current research, the Neuroscience Research Center
of Shahid Beheshti University, Iran provided the male
Wistar rats (n = 20) weighing 200-250 g. The animals
were placed in cages. During the project, they were kept
under the following controlled environments: the relative
humidity of 50%, the ambient temperature of 22 ± 2 °C,
and photoperiod of 12:12 darkness and light. Moreover,
the animals did not have any limitations in terms of water
and food availability.

The RNA Extraction and Gene Expression
From the pituitary samples of the experimental groups,
the total RNA was elicited using the GeneJet RNA
Purification Kit (Thermo Scientific, USA). In addition, the
total RNA was treated with DNase I (Thermo Scientific,
USA) for eliminating the probability of DNA infection.
Then, the gleaned total RNA yield was determined by a
spectrophotometer at 260 nm. Next, the purified RNA (1
μg) was adopted by the utilization of the RevertAid First
Strand cDNA Synthesis Kit (Thermo Scientific, USA) for
the cDNA synthesis. All the counted phases took place in
accordance with the instructions of the manufacturer.

Intracerebroventricular Cannulation and Injections
The rats were anesthetized deeply by a mixture of xylazine
(10 mg kg-1) and ketamine (80 mg kg-1). It was carried out
for conducting cannulation and intra-cerebroventricular
injection. In a nutshell, the rats underwent stereotaxic

Brain Dissection and Hypophysis Isolation
At the final stage of the experiment, the animals were
anesthetized deeply with an amalgam of xylazine (10
mg kg-1) and ketamine (80 mg kg-1). Next, the removal
of the brain took place very quickly with the excision of
hypophysis. Then, the tissues were promptly immersed in
the nitrogen liquid and kept under a temperature of -80 °C
until the implementation of further research.

Quantitative Real-time Polymerase Chain Reaction
(qPCR)
The procedure was adopted to gauge the target genes
with the specified primers of each gene (Table 1). The

Table 1. Primers Used for qPCR
Gene

Primer Sequence (5′–3′)

Accession Number

Amplicon Size (bp)

Kiss1

F:TGGCAAAAGTGAAGCCTGGA

R:TCTCTGCATACCGCGATTCC

NM_181692

80

Gpr54

F: GGTGCTGGGAGACTTCATGT

R: AGTGGCACATGTGGCTTG

NM_023992

105

GAPDH

F:TGATGGGTGTGAACCACGAG

R:GCCCTTCCACAATGCCAAAG

NM_017008

106

Note. qPCR: Quantitative real-time polymerase chain reaction; Kiss1: Kisspeptin; Gpr54: G-protein coupled receptor 54; GAPDH: Glyceraldehyde
3-phosphate dehydrogenase; Primer orientation: F: Forward; R: Reverse.
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relative expression of each specimen was delineated with
SYBR® Premix Ex Taq™ II (Takara, Japan) by the use of
the real-time PCR device (Corbett Research, Australia).
Further, PCR was carried out for each given transcript in a
duplicate manner with a final volume of 20 µL based upon
the following thermal cycle: 10 minutes at 95 °C, 40 cycles
of 95 °C, 60 °C, and 72 °C each for 30 seconds, respectively.
Based on efficiency, for each reaction, the analysis of the
transcript level was rectified by the calculation of the cycle
threshold (Ct). Next, ΔCt was calculated by the deduction
of the calibrator average from the Ct of each gene.
Accordingly, the calculation of the relative expression of
each target gene was made compared with the reference
gene using formula 2-ΔΔCt 16.
Statistical Analysis
The gleaned data from the experimental groups were
calculated with SPSS software, version 25. The elicited
results were probed and expressed as the mean ± standard
error from the mean (SEM). Then, the KolmogorovSmirnov test was used to test the normality distribution
of the results. Furthermore, one-way variance analysis
and Tukey post hoc test were used to compare the results.
Differences between data with P< 0.05 were deemed
to be significant and charts were drawn with the use of
GraphPad Prism software, version 8.
Results
The Effects of Intracerebroventricular Injection of NPY
and BIBP3226 on Kiss1 Gene Expression
The analyses of the obtained results from qPCR showed
that the central injection of NPY increased the relative
gene expression of Kiss1 (P< 0.001). On the other hand,
the injection of BIBP3226 decreased the gene expression
level of Kiss1 in a significant way (P< 0.01). In addition,
the combined injection of BIBP3226 and NPY decreased
the gene expression of Kiss1 significantly (P< 0.01). It was
suggested that pretreatment with BIBP3226 could block
the simulative effects of NPY on the transcription level of
the Kiss1 gene to some extent.
The expression of the Kiss1 gene demonstrated a
significant reduction in the group receiving BIBP3226
vs. the NPY-injected group (P > 0.001), indicating that
BIBP3226 was capable of obviating the stimulatory effect
of neuropeptide Y on the Kiss1 gene expression. The
concomitant injections of NPY and BIBP3226 revealed
similar results compared to the NPY injection although it
did not result in any significant changes compared to the
BIBP3226 group (Figure 1).
The Effects of the Intracerebroventricular Injection of
NPY and BIBP3226 on Gpr54 Gene Expression
The relative gene expression of Gpr54 in the NPYtreated group showed a significant difference with that
of the control group (P < 0.001). The central injection
of BIBP3226 increased the gene expression level of

Figure 1. Relative Expression of Kiss1 mRNA in the Rat Pituitary
Gland After the Administration of NPY, BIBP3226, and Coadministration of NPY and BIBP3226 (n = 5 in each group).
Note. Kiss1: Kisspeptin; mRNA: Messenger ribonucleic acid;
NPY: Neuropeptide Y; Data are shown as mean ± SEM. **P< 0.01,
***
P< 0.001 compared to the control group, and ### P< 0.001
compared to the NPY group.

Gpr54 (P < 0.01). However, pretreatment with BIBP3226
decreased the simulative effects of NPY on Gpr54 gene
transcription so that at the time of the combined injection
of the drugs, a significant difference was observed at the
level of Gpr54 gene expression in comparison with that of
the control group.
The results further represented that the injection of the
NPY receptor antagonist was able to significantly inhibit
NPY stimulatory effects on Gpr54 gene expression in
the pituitary gland (P > 0.01) because the co-injection
of NPY and BIBP3226 significantly decreased Gpr54
gene expression compared to the NPY group (P > 0.01).
Eventually, this group revealed a significant decline in
Gpr54 gene expression (P > 0.001) in comparison to the
group receiving BIBP3226 (Figure 2).
Discussion
Studies unveiled that high levels of NPY mRNA were
expressed in the peripheral organs of the rats. This signals
the production of NPY by non-neural cells in the body.18
The results of the present study confirmed that NPY in
the pituitary gland leads to a significant elevation in Kiss1
and Gpr54 gene expressions. Further, NPY plays a role in
regulating reproductive activity outside the hypothalamus.
This neuropeptide enhances the binding of GnRH to its
receptor in LH-secreting cells in the pituitary gland.19
The molecular findings in this study also confirmed
the interaction of the hormonal data on KiSS1 and
NPY20 and pointed to the fact that the interaction of
these drugs requires the presence of non-neuronal cells
which produce isoforms from KiSS1 and its receptor
in the gonadotroph cells of the pituitary gland. This
system justifies the effect of KiSS1 on the production and
secretion of LH, as well as the secretory and feedback
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Figure 2. Relative Expression of Gpr54 mRNA in the Rat Pituitary
Gland After the Administration of NPY, BIBP3226, and Coadministration of NPY and BIBP3226 (n = 5 in each group).
Note. Gpr54: G-protein coupled receptor 54; mRNA: Messenger
ribonucleic acid; NPY: Neuropeptide Y; Data are shown as mean ±
SEM. **P < 0.01, *** P< 0.001 compared to control group, # P< 0.05, ###
P < 0.001 compared to the NPY group, and ††† P < 0.001 compared
to the BIBP3226 group.

regulation of gonadal hormones at the pituitary level. The
present findings highlight that to facilitate the effect of
GnRH on gonadotrophic cells in the anterior pituitary,
the mediating molecules function through ways such as
enhancing receptor gene expression, enhancing mingling
potency to the receptors, or removing the receptors
from the potential desensitization state when the ligand
is continuously present in the intercellular fluid. One
of these mediating molecules is NPY that acts outside
the central nervous system and at the pituitary level by
boosting the expression of the Kiss1 gene and its receptor.
On the other hand, the central injection of BIBP3226
significantly diminished the expression of the Kiss1 gene
in the pituitary. Moreover, in the co-injection with NPY,
it could significantly reduce the stimulatory effects of
NPY in this regard. The facilitating effects of NPY on
the stimulation of LH secretion by GnRH were reported
by Bauer-Dantoin et al, which is in harmony with our
results.21
The purpose of the present study was to determine
whether, in addition to the upstream pathways in the
hypothalamus, the regulation of the KiSS1/GPR54
signaling pathway is mediated at the pituitary level or not.
The injection of BIBP3226 with NPY inhibited the NPY
stimulatory effects on the relative mean expression of the
Kiss1 gene and significantly reduced the relative expression
of the Kiss1 gene in the pituitary compared to the control
group. In fact, NPY through the induction of constructive
KiSS1 secretion cells in the target cells somehow
augments its synergistic effects on the reproductive axis.
140

The experiment of Navarro et al gives testimony to this,7
indicating that these two stimulatory neuropeptides can
have synergistic effects on reproductive processes.
BIBP3226 and the concomitant injection of BIBP3226
and NPY, unlike NPY, have a negative significant effect on
the expression of the Kiss1 gene in the pituitary. Crowley
et al reported that NPY works directly on the pituitary
gland both alone and in collaboration with luteinizing
hormone-releasing hormone to moderate LH secretion.22
Our findings are consistent with the results of the
above-mentioned study due to the effects of regulatory
neuropeptides extra-cerebrally and at the pituitary levels.
Therefore, the NPY receptors do exist in anterior pituitary
gonadotroph cells and can be affected by the agonistic
and antagonistic drugs of the NPY receptor. They further
can alter cell activity after running the intracellular
transduction pathway up to the transcriptional level
from the receptor genes.23,24 In the current experiment,
gonadotroph cells designed and implemented the gene
expression of KiSS1 signaling by receiving antagonists
Y1, namely, BIBP3226 in order to inhibit post-translation
processes.
Our results showed that NPY in the pituitary gland
significantly increased Kiss1 gene expression. This
may boil down to the fact that there was sufficient time
to activate compensatory mechanisms to renew the
acceptable levels of the receptor and provide the receptor
sensitization mechanism with KiSS1 as a specific ligand.
The increased receptor number in the pituitary gland
is a consequence of this event. Gonadotrophs may also
have increased their receptor gene expression to induce
an increased sensitivity to the ligand (KiSS1) and be
responsive to the increased concentration of KiSS1
which was induced under the influence of NPY. In fact,
this finding is partly consistent with that of the previous
research which reported a significant increase in GPR54
following the central injection of ghrelin, 48 hours before
starvation in adult rats or 72 hours after starvation in
immature male and female rats.25-27 Specifically, NPY is
closely linked to food intake, energy balance, and hunger.
In terms of its metabolic function and food-finding
behavior, it also interacts with ghrelin and leptin.26,28,29
Simultaneous injection of NPY and BIBP3226 reduced
the expression of the Gpr54 gene in the pituitary gland.
In this case, the synergistic or combined effects of either
drug alone were not observable. Nonetheless, contrary to
what was expected, the developed behavior of pituitary
gonadotrophs was observed regarding receiving both
substances to inhibit receptor gene expression. The
interaction of Y1 receptor agonist and antagonist
function has activated which secondary peaks in pituitary
gonadotropic cells is a particular research desideratum
that warrants further research.30
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Conclusion
Data from qPCR showed that the injection of NPY
significantly increased the gene expression of Kiss1 and
Gpr54 in the pituitary while treatment with BIBP3226
blocked the stimulatory effects of NPY on the gene
expression of Kiss1 and Gpr54 in this gland.
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