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ABSTRACT

Kisspeptin is an important hormone involved in the stimulation of the hypothalamo-pituitary gonadal
(HPG) axis. The HPG axis can be suppressed in certain conditions such as stress, which gives rise to
the activation of the hypothalamo-pituitary-adrenal (HPA) axis. However, the physiological role of kiss-
peptin in the interaction of HPG and HPA axis is not fully understood yet. This study was conducted
to investigate the possible effects of central kisspeptin injection on HPG axis as well as HPA axis activ-
ity. Adult male Wistar rats were randomly divided into seven groups as followed: sham (control), kiss-
peptin (50 pmol), P234 (1 nmol), kisspeptin+p234, kisspeptin + antalarmin (0.1 ug), kisspeptin +
astressin 2B (1 png), and kisspeptin + atosiban (300 ng/rat) (=10 each group). At the end of the
experiments, the hypothalamus, pituitary, and serum samples of the rats were collected. There was no
significant difference in corticotropic-releasing hormone immunoreactivity in the paraventricular
nucleus of the hypothalamus, serum adrenocorticotropic hormone, and corticosterone levels among
all groups. Moreover, no significant difference was detected in pituitary oxytocin level. Serum follicle-
stimulating hormone and luteinizing hormone levels of the kisspeptin, kisspeptin + antalarmin, and
kisspeptin + astressin 2B groups were significantly higher than the control group. Serum testosterone
levels were significantly higher in the kisspeptin kisspeptin -+ antalarmin, kisspeptin + astressin 2B, and
kisspeptin + atosiban groups compared to the control group. Our findings suggest that central kiss-
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peptin injection causes activation in the HPG axis, but not the HPA axis in male rats.

Introduction

In case of acute or chronic stress conditions, the main
neuroendocrine response is the activation of the hypothalamo-
pituitary-adrenal (HPA) axis. This activation is initiated by
corticotropin-releasing hormone (CRH or CRF (corticotropin-
releasing factor)) that is secreted from the paraventricular
nucleus (PVN) of the hypothalamus to the median eminence
and hypothalamo-pituitary portal circulation. The CRH secretion
from PVN is accompanied by arginine vasopressin (aVP or
Antidiuretic Hormone (ADH)) hormone. As a result of CRH
secretion (partially with the involvement of aVP), adrenocor-
ticotropin-releasing hormone (ACTH) than releases from the
anterior pituitary into the systemic circulation, leading to the
secretion of glucocorticoids such as cortisol in humans and
corticosterone in rodents from the cortex of the adrenal glands
[1,2]. Regardless of stress, the HPA axis also has a circadian
rhythm that is governed daily by regulation of the suprachias-
matic nucleus (SCN) in the hypothalamus [3]. One of several
inhibitory physiological inputs that affect CRH release from
PVN is oxytocin secretion [4-6]. Oxytocin receptor, which is
widely distributed in the brain has abundant bioactivity in

limbic system structures such as the nucleus accumbens,
amygdala, thalamus and hypothalamus [7,8].

Kisspeptin, encoded by the KiSS1 gene (Kiss1 for rodents)
[9], is primarily involved in the activation of gonadotropin-
releasing hormone (GnRH) and the increase of gonadotro-
pins, as well as in the regulation of many physiological
functions. Kisspeptin also contributes to regulation of stress
physiology. Primary expression of kisspeptin is in the hypo-
thalamus but it also has bioactivity in the other brain areas
and peripheral organs [10]. In addition to components of the
HPG axis, kisspeptin neurons have projections to brain
regions of the HPA axis such as PVN [10]. Axons of kisspeptin
neurons extend to the PVN and reaches the CRH, aVP and
oxytocin neurons [11-13]. Although it was stated that kiss-
peptin administration did not change glucocorticoid secre-
tion in monkeys [14] and rats [15], it decreases CRH mRNA
expression in PVN cell culture [15]. It has been reported that
there is an inverse relationship between CRH expression and
medial preoptic area Kiss1 expression in PVN during puberty
in female rats [16]. However, contribution of kisspeptin activ-
ity on the HPA axis and participation of CRH receptors are
still remain unclear. There are several studies show that
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kisspeptin increases the firing rate of oxytocin neurons and
the plasma oxytocin level [9, 17]. These results indicate that
if kisspeptin has a role in HPA axis activation, this may occur
by oxytocin-mediated mechanism. There is no data on
whether kisspeptin has such an effect. Therefore, our study
aimed to investigate the effects of intracerebroventricular
(icv) kisspeptin injection on HPA and HPG activity.
Furthermore, we also investigated the possible role of CRH
and oxytocin receptors in this interaction.

Material and method
Animal ethics and research center

A total of 70 adult Wistar albino male rats (250+20g body
weight) were obtained from Karadeniz Technical University
Surgical Research Center (Trabzon, Turkey). The animals were
housed in classic polycarbonate cages and in a 12:12-h light-
dark cycle. The temperature of the room was maintained at
22°C+1°C. The rats were fed with standard chow diet ad
libitum. The experimental applications were confirmed by
Ethical Committee of Karadeniz Technical University
(Document No: 2019/35) and the rats were treated in strict
compliance with the international laws on the use and care
of experimental animals.

Experimental procedure

Animals were randomly divided into seven groups as fol-
lowed: sham (control), kisspeptin, P234, kisspeptin + p234,
kisspeptin + antalarmin, kisspeptin + astressin 2B, and Kkiss-
peptin + atosiban (n=10 each group). In the sham group,
4ul artificial cerebrospinal fluid was injected to ventricles.
Kisspeptin was injected at dose of 50 pmol, and its antagon-
ist p234 at dose of 1nmol. Antalarmin, CRH receptor-1
antagonist, was administered at dose of 0.1 ug [18]. Astressin
2B, CRH receptor-2 antagonist, was injected at dose of 1pg
[18]. Atosiban, oxytocin receptor antagonist, was adminis-
tered at dose of 300 ng/rat (Benoussaidh et al. 2005). In the
combination groups, kisspeptin injection was performed
5min after the injection of receptor antagonists. Experiments
were completed 30 min after the last icv injection.

Iev injection procedure

Animals were anesthetized with urethane (1.25 g/kg, intraper-
itoneal) after 12h fasting and then placed in on stereotaxic
device. Depth of anesthesia was controlled step by step dur-
ing experimental process. Scalp was perforated by a scalpel
and the bone tissue was removed from soft tissues. By deter-
mining the Bregma point in the skull, stereotaxic coordinates
were determined by means of a guide cannula placed in a
holder of the stereotaxic device by a clip. By using a rat
brain atlas [19], lateral ventricular coordinates (lateral:
1.70mm, anteroposterior: — 0.72mm and ventral: 4 mm)
were calculated and marked. Then, skull was drilled by a
dental tour device, and injections were applied by a
Hamilton injector.

After icv injection process

Following the last icv injection, the rats were sacrificed by
cervical dislocation. Immediately after sacrifice, abdomen was
opened and blood was drawn from the left ventricle.
Following this procedure, skull was separated from the body
and brain was completely removed. The brain was then
placed dorsally on a chilled plate supported with dry ice. The
pituitary gland was dissected on this plate. Tissue and serum
samples were kept at —20°C for further analysis.

Three animals from each group were used for immunohis-
tochemical analysis. In these animals, following the collection
of blood from the left ventricle after cervical dislocation, a
mixture of heparin 4 physiological saline was perfused trans-
cardially. After this procedure, 4% paraformaldehyde solution
transcardially delivered to the brain tissue, and then the
brain was removed.

Immunohistochemical analysis

Brain samples were kept in 4% paraformaldehyde at 4°C for
3-4h. After the solution was refreshed with fresh 4% parafor-
maldehyde, fixation of the brain was continued for an add-
itional 16-20h at 4°C. Then, 4% paraformaldehyde solution
was replaced with 25% sucrose solution and waited for 24—
48h at 4°C until to the saturation of the brains by sucrose.
The saturation sign with sucrose was considered as the col-
lapse of the brain to the bottom of the sucrose solution. This
process is important in order to preserve the morphology of
the brain areas and to obtain higher quality sections. Brains
removed from sucrose solution were stored at —20°C. The
brain samples were placed in a cooled microtome for sec-
tioning, thus ensuring that the frozen brains were kept at a
constant coldness. By using a stereotaxic atlas, coronal sec-
tions of 25 um thickness were taken from the hypothalamic
PVN area. The sections were placed in cryoprotective solu-
tion and used for immunohistochemistry analysis. In these
procedures, serial sections were taken from the sections
including the beginning and the end of the 3rd ventricle
(oregma —1.80, —1.88 and —2.12mm), after serial slicing
based on the optic chiasm and the 3rd ventricle area to
reach the PVN area by using the rat brain atlas [19]. Serial
sections were taken from the indicated brain areas.

Fluorescent immunohistochemistry

CRH fluorescent immunohistochemistry experiments were
performed on 25pum-thick free-floating sections obtained
from brain regions. Sections were washed at room tempera-
ture in 0.05M PBS (pH 7.3, 8 x 15min), followed by incuba-
tion in 3% hydrogen peroxide for 30 min and washed again
in 0.05M PBS (6 x 5min). Sections were incubated overnight
on a shaker in PBS solution containing 5% normal horse
serum, 0.1% BSA and 0.05% Triton X-100 at 4°C to eliminate
nonspecific bindings. After this procedure, the sections were
incubated with primary antibodies (Anti-CRF antibody,
ab272391, Abcam, UK) prepared in PBS-Donkey serum solution
for 48h at 4°C on a shaker and then washed (4 x 5min) in



0.05M PBS at room temperature. To detect immunofluores-
cence, the sections were incubated with secondary antibody
(AlexaFluor®488, ab150077, Abcam, UK) in PBS-at serum solu-
tion for 1h at room temperature in the dark, and after wash-
ing again (4 x 5min) in 0.05M PBS at room temperature, the
sections were placed on slides. After the sections were dried
on the slide in the dark, they were covered with liquid GEL/
MOUNT preservative and stored at 4°C until analysis. For CRH
immunofluorescence expression in the hypothalamus, the
images taken from the sections with a 20-angle lens were
imaged by using ImagelJ program. Density measurements were
made with Image) program on digital images. In the first
image, a hollow box with a field was created. Then, the cre-
ated box was added to the ROl manager section by selecting
Analysis, Tools, ROl manager. The box is named (Measuring
box) and the dimensions of the box being adjusted. Thus, a
size and area standardization were made. By selecting mean
intensity value from the analysis and set measure section, it is
possible to calculate the average intensity of the area con-
tained in the box. Then, measurements were made in the ana-
lysis and measure section. The average of the obtained
densities being taken by moving the box in 5 different areas
over the digital picture. The operations were repeated using
the same size measuring box for each image.

ELISA analysis

Hormone levels in pituitary gland and serum samples were
analyzed using commercial ELISA kits. In the pituitary gland,
oxytocin (MBS750178, MyBioSource, Inc. San Diego, CA, USA)
levels were analyzed. Levels of ACTH (MBS2502683,
MyBioSource, Inc. San Diego, CA, USA), corticosterone
(DEV9922, Demeditec Diagnostics GmbH, Kiel, Germany), FSH,
LH and testosterone (MBS580154, MyBioSource, Inc. San Diego,
CA, USA; CSB-E05100r, Cusabio Technology LLC, Houston, TX,
USA) were measured in the serum samples. Antigen binding
was achieved by first adding serum samples and standards to
plates coated with rat FSH, LH, and testosterone antibodies.
Then, a biotinylated detection antibody specific to the relevant
rat hormone and Avidin Horseradish Peroxidase (HRP) conju-
gate were successively added to each microplate well and
incubated. After incubation, washing was performed and sub-
strate was added and incubated again. After incubation, optical
densities obtained from standards and serum samples were
measured at 450 nm wavelength in an automatic ELISA plate
reader (Thermo Scientific, USA). The analyses were carried out
by the guidance of the kit protocols.

Statistical analysis

All results were presented as meanz+standard error. Data
were analyzed with the SPSS 26.0 (licensed for Karadeniz
Technical University, Turkey). The differences between groups
were determined using one-way ANOVA with post hoc the
Tukey’s honest significance test. Significance was accepted at
values of p < 0.05.
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Results

CRH immunoreactivity results in PVN are presented in Figure 1.
There was no significantly difference in the kisspeptin
(1.68+0.13), p234 (1.43+0.11), kisspeptin + p234 (1.37 +0.09),
kisspeptin 4+ antalarmin (1.29+0.06), kisspeptin + astressin 2B
(1.47 £0.06) and kisspeptin + atosiban (1.34 +0.09) groups com-
pared to the control group (1.39+0.58).

Serum ACTH results are presented in Figure 2. Although
there is no significant difference, serum ACTH levels of kiss-
peptin  (86.73+£3.71pg/ml), p234  (90.23+5.84 pg/ml),
kisspeptin +p234 (90.43+6.38pg/ml) and kisspeptin +
atosiban (86.94 +5.56 pg/ml) were higher compared to con-
trol group (79.6 + 1.63 pg/ml). Serum ACTH concentrations in
the kisspeptin + antalarmin (81.53 £4.99 pg/ml) and kisspep-
tin + astressin 2B (78.14+2.2 pg/ml) groups were similar to
the control group value.

Serum corticosterone levels are presented in Figure 3. There
was no statistically significant difference in serum cortico-
sterone levels of the kisspeptin (396.65+23.70 ng/ml), p234
(425.33 £21.35 ng/ml), kisspeptin + p234 (457.53 +36.17 ng/ml),
and kisspeptin + astressin 2B (403,71 +£19.79 ng/ml), kisspep-
tin + antalarmin (365.55+13.13ng/ml) and kisspeptin + atosi-
ban (379.92+12.12ng/ml) groups compared to the control
group (364.17 +12.15 ng/ml).

Pituitary oxytocin results are presented in Figure 4. No
statistically significant difference was determined in the
serum pituitary oxytocin levels of kisspeptin (52.19+2.71 pg/
mg protein), kisspeptin+ p234 (54.21+2.26 pg/mg protein),
kisspeptin + astressin 2B (53.61+ 1.66 pg/mg protein), kiss-
peptin + atosiban (53.60+2.51 pg/mg protein), p234 (49.92
2.65 pg/mg protein) and kisspeptin + antalarmin (48.43 +3.33
pg/mg protein) groups compared to the control group
(48.58 + 1.78 pg/mg protein).

Serum FSH results are presented in Figure 5. It was deter-
mined that serum FSH levels of the kisspeptin (23,04 +0,40
mlU/ml, p <0.05), kisspeptin + antalarmin (23,91 +1,53 mlU/
ml, p < 0.01) and kisspeptin + astressin 2B (22,66 +0,93 mlU/
ml, p < 0.05) groups were significantly higher than the con-
trol group (17,98 + 0,88 mlU/ml). Although the FSH value was
higher in the kisspeptin + atosiban group (20,56 +1,82 mIU/
ml) than in the control group, there was no statistically dif-
ference. FSH values of the p234 (16.95+0.46 mIU/ml) and
kisspeptin + p234 (18.16 £0.47 mlIU/ml) groups were similar
to the control group value.

Serum LH results are presented in Figure 6. Serum LH lev-
els were found to be significantly higher in kisspeptin
(39,05+1,33 mlU/ml, p<0.001), kisspeptin+ antalarmin
(39,11 +0,92 mIU/ml, p<0.001) and kisspeptin + astressin 2B
(36,37 £ 1,41 mlU/ml, p<0.01) groups compared to the con-
trol group (26,32+1,35 mlU/ml). There was no statistically
significant difference in serum corticosterone levels of the
kisspeptin + atosiban (32,06 +1,56 mlU/ml), p234
(29.05+1.05 mIU/ml) and kisspeptin+p234 (31.73+2.57
mIU/ml) groups compared to the control group.

Serum testosterone results are presented in Figure 7. Serum
testosterone levels were significantly higher in the kisspeptin
(6.65+0.24ng/ml, p<0.001), kisspeptin+ antalarmin (6.90£0.
23ng/ml, p<0.001), kisspeptin + astressin 2B (6.74+0.38 ng/
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Figure 1. CRH immunoreactivity in PVN. (A: control, B: Kisspeptin, C: P234, D: Kisspeptin + p234, E: Kisspeptin + antalarmin, F: Kisspeptin -+ astressin 2B, and G:
Kisspeptin + atosiban). There was no significantly difference in the CRH immunoreactivity between control group and treatment groups. (The values were

expressed as mean + Standard error of the mean).

|

Figure 2. Serum ACTH levels. There was no significantly difference in the
serum ACTH levels between control group and treatment groups. (The values
were expressed as mean + Standard error of the mean).

ml, p<0.001) and kisspeptin+ atosiban (5.17 £0.26 ng/ml,
p<0.01) groups compared to the control group
(3.21+0.19ng/ml). Although the testosterone level of P234
(2.37£0.41 ng/ml) was lower than the control group, there was
no statistical difference. Testosterone level in the
kisspeptin + p234 group (3.65+0.18 ng/ml) was similar to the
control group value.
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Figure 3. Serum corticosterone levels. There was no significantly difference in
the serum corticosterone levels between control group and treatment groups.
(The values were expressed as mean + Standard error of the mean).

Discussion

There is a close relationship between the HPA and HPG axes,
especially in terms of the regulation of reproductive hor-
mones; because increased glucocorticoid levels due to stress

typically inhibit reproductive functions [20,21].
Glucocorticoids negatively induce GnRH promoter activity
and reduce GnRH receptor transcription [22], thereby
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Figure 4. Pituitary oxytocin levels. There was no significantly difference in the
pituitary oxytocin levels between control group and treatment groups. (The val-
ues were expressed as mean + Standard error of the mean).
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Figure 5. Serum FSH levels. Central kisspeptin, kisspeptin 4 antalarmin and
kisspeptin + astressin 2B treatments caused a significantly increase in the serum
FSH levels compared to control group. (The values were expressed as
mean + Standard error of the mean. *: p < 0.05 and **: p < 0.01).

impairing gonadal functions as a result of reduced levels of
circulating gonadal steroid hormones. The gonadal hormones
can also regulate the physiological parameters of the HPA
axis such as, testosterone in men reduces circulating gluco-
corticoid levels [23], while estradiol has the opposite effect in
women [24]. Gonadal steroid hormones also regulate the
central expression of CRH, the critical upstream activator of
the HPA axis [25,26]. Therefore, a physiologically reciprocal
interaction occurs between these two systems, and this path-
way establishes an important homeostatic regulation to
ensure optimal reproductive success.
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Figure 6. Serum LH levels. Central kisspeptin, kisspeptin + antalarmin and kiss-
peptin + astressin 2B treatments caused a significantly increase in the serum
LH levels compared to control group. (The values were expressed as
mean + Standard error of the mean. **: p < 0.01, ***: p < 0.001).
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Figure 7. Serum testosterone levels. Central kisspeptin, kisspep-

tin -+ antalarmin, kisspeptin + astressin 2B and kisspeptin + atosiban treatments
caused a significantly increase in the serum testosterone levels compared to
control group. (The values were expressed as mean + Standard error of the
mean. **: p < 0.01, ***: p < 0.001).

Activation of the HPA axis is not only under stress, but
also has a circadian rhythm regulated daily by the hypothal-
amic SCN in a stress-independent manner [3]. This activation
begins with the secretion of CRH primarily from the PVN
area of the hypothalamus into the hypothalamo-pituitary
portal circulation. Considering the particular importance of
kisspeptin in the regulation of the HPG axis, as well as the
fact that recent data indicate neuronal projections of kiss-
peptin to the PVN [10], it seems likely that kisspeptin is
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involved in the control of the HPA axis. Kisspeptin neurons
extend to the PVN and reach to CRH, aVP and oxytocin neu-
rons [11-13]. However, effects of kisspeptin on HPA axis
activity and the role of CRH receptors are quite limited and
the findings are controversial. In our study, we found that
central injection of kisspeptin did not change CRH immunor-
eactivity in PVN. Moreover, there were no changes in serum
ACTH and corticosterone levels.

Although it has been suggested that kisspeptin reduces
CRH mRNA expression in PVN cell culture [15], it also has
been reported that kisspeptin application does not change
glucocorticoid secretion in monkeys [14] and rats [15]. The
findings of our study confirm the data from monkeys and
rats regarding to kisspeptin. However, HPA activation may
also show gender-dependent variability. It has been sug-
gested that there is an inverse relationship between CRH
expression and medial preoptic area Kiss1 expression in PVN
during puberty in female rats [16]. As a result of absence of
female rats, our findings are far from answering the possibil-
ity of gender-dependent variability.

In our study, even there is no statically difference, we
found that the serum ACTH levels of the kisspeptin, p234
and kisspeptin 4+ p234 and kisspeptin + atosiban groups were
higher than the control group. Moreover, serum ACTH con-
centrations in the kisspeptin + antalarmin and
kisspeptin + abstresin2B groups were similar to the control
group values. Since the tendency to increase ACTH levels in
the kisspeptin group was not observed in the kisspep-
tin +antalarmin and kisspeptin + abstresin 2B groups, we
can conclude that kisspeptin interacts with the CRH 1 and
CRH 2 receptors, albeit partially. Interestingly, we determined
that the trend of increase in serum corticosterone level in
the kisspeptin group was not valid in the kisspep-
tin + antalarmin and kisspeptin + atosiban groups.
Considering both the ACTH and corticosterone results, we
can say that kisspeptin interacts with the CRH 1 receptor in
particular. These results may indicate the possibility of a
dose-dependent interaction between kisspeptin and HPA.
However, it is unknown whether kisspeptin has a dose-
dependent effect on the activation of the HPA axis in male
rats. In our study, being able to use single dose was among
our limitations.

Kisspeptin neuron axons that project to PVN in the hypo-
thalamus reach oxytocin neurons as well as CRH [11-13].
This indicates that kisspeptin may interact with oxytocin.
Regarding the subject, it has been suggested that kisspeptin
increases the firing rate of oxytocin neurons and also
increases plasma oxytocin level [9, 17]. In our study, even
there is no statically difference, we observed that the pituit-
ary oxytocin values of the kisspeptin, kisspeptin + p234, kiss-
peptin + astressin 2B and kisspeptin + atosiban groups were
higher. Oxytocin levels of the P234 and kisspep-
tin + antalarmin groups were similar to the control group
value. An increase trend in pituitary oxytocin levels in the
kisspeptin group was not observed in the kisspeptin CRH 1
receptor antagonist group. For this reason, it seems to be an
interesting finding as it indicates a possible interaction in
HPA parameters for oxytocin.

The well-known physiological function of kisspeptin is
potent stimulation of the HPG axis [27]. Mutations in kisspep-
tin receptor (KISST1R in humans, Kiss1r in rodents, formerly
known as GPR54) results in sexual immaturity and infertility
indicates the important role of kisspeptin on reproduction
[28-30]. The effects of kisspeptin on the onset of puberty
and stimulation of gonadotropins have been demonstrated
in both male and female rodents [29, 31]. In current experi-
ments, we found that both FSH and LH levels were signifi-
cantly higher in the kisspeptin, kisspeptin + antalarmin and
kisspeptin + astressin 2B groups. Although there is no static-
ally difference, the kisspeptin + atosiban group had higher
FSH and LH levels than the control group. Regarding testos-
terone, we determined that this hormone was significantly
higher in the kisspeptin, kisspeptin + antalarmin, kisspep-
tin 4 astressin 2B and kisspeptin + atosiban groups. In our
study, as expected from kisspeptin, gonadotropins and tes-
tosterone levels increased significantly with icv application of
this hormone. Likewise, significant increases in gonadotro-
pins and testosterone were observed in the groups in which
kisspeptin was administered together with CRH receptor 1
and CRH receptor 2 antagonists. We also determined that
kisspeptin-induced gonadotropin and testosterone increase
was blocked by kisspeptin and its receptor antagonist p234
co-administration. An interesting finding in our study is that
the potent stimulant effect of kisspeptin on gonadotropins
was decreased in the oxytocin receptor antagonist group.
This result indicates that oxytocinergic interaction contrib-
utes positively to the effect of kisspeptin on gonadotropins.
However, since we used only a single dose in our study, we
do not know whether this effect varies dose-dependently.
Again, we think that it is valuable to determine its agonistic
effect as well as the oxytocin antagonist in further studies.
Oxytocin neurons in supraoptic nucleus increase their firing
rate following intravenous administration of kisspeptin-10
[17]. There is a relationship between circulating kisspeptin
level and oxytocin because intravenous administration of
kisspeptin increases plasma oxytocin levels in non-pregnant
female rats [9]. It was reported that when oxytocin is admin-
istered intranasally, it increases kisspeptin expression in the
hypothalamus. It also reduces gonadotropin-inhibiting hor-
mone (GnlH, mammalian homologue RFamide-related pep-
tide 3 (RFRP3)). Depending on these effects, exogenous
oxytocin stimulates the secretion of GnRH [32]. Moreover, it
has been reported that endogenous oxytocin stimulates
GnRH neurons and stimulates gonadotropin secretion [33].
These results indicate that gonadotropins may be negatively
affected due to the effect of kisspeptin and oxytocin signal-
ing in the event of stress-induced HPA axis activation. After
oxytocin production its transvers to the posterior pituitary by
neurophysin 1-mediated transport [34]. In the PVN area,
which is the beginning of the activation pathway of the HPA
axis, there are CRH neurons as well as oxytocin neurons.
Therefore, oxytocin also has contribution to the activation of
the HPA axis. Oxytocin secretion is one of the inhibitory
physiological input affecting CRH releasing from PVN [5,6,
35]. Therefore, oxytocin has a suppressive effect on HPA
activity [36-38]. Moreover, oxytocin injection decreased



locomotor activity in rats, and it was observed that this hor-
mone was anxiolytic at low doses and sedative at high doses
[39]. Oxytocin suppresses HPA and decreases cortisol level
[38]. It has also been reported that the inhibitory effects of
oxytocin on the HPA axis can be reduced by an oxytocin
receptor antagonist, and an increase in corticosterone level
in rats due to this antagonistic effect [35]. According to these
results, it can be said that the stimulating effect of kisspeptin
on gonadotropins may weaken in conditions that affect oxy-
tocin production in the hypothalamus. Considering the pos-
sible role of oxytocin in HPA axis activity, this finding is one
of the important results of our study.

Conclusion

This study suggests that icv injection of kisspeptin at a dose
of 50pmol has no direct effect on HPA axis activation.
However, kisspeptin strongly stimulates the HPG axis. The
stimulatory effects of kisspeptin on HPG activation can be
modulated by oxytocin receptor antagonism. Therefore, we
can suggest that suppression of kisspeptin and oxytocin
interaction may play role in HPG axis inhibition due to HPA
activation. It is possible that CRH 1 receptor signaling is
involved in suppression of the HPG axis due to HPA axis acti-
vation. In summary, although the central injection of kisspep-
tin does not have direct effect on the HPA axis, it strongly
stimulates the HPG axis.

Disclosure statement

The authors declare that they have no known competing financial inter-
ests or personal relationships that could have appeared to influence the
work reported in this paper.

Funding

This study was supported by The Scientific and Technological Research
Council of Turkey (TUBITAK; Project no: 1165480)

ORCID

Zafer Sahin http://orcid.org/0000-0001-7982-7155

Osman Aktas http://orcid.org/0000-0001-7647-2037

Omer Faruk Kalkan http://orcid.org/0000-0002-7574-1183
Gokhan Cuce http://orcid.org/0000-0003-1781-5292

Ahmet Alver http://orcid.org/0000-0002-9617-6689

Elif Sahin http://orcid.org/0000-0001-5864-9548

Seniz Erdem http://orcid.org/0000-0001-5643-3057

Neslihan Saglam http://orcid.org/0000-0001-5274-3111

Zulfikare Isik Solak Gormus http://orcid.org/0000-0001-6762-6225
Selim Kutlu http://orcid.org/0000-0001-9257-4797

Data availability statement

All data generated or analyzed during this study are included in this
published article.

JOURNAL OF RECEPTORS AND SIGNAL TRANSDUCTION 7

References

(1

[2]

B3

[71

[10]

(1l

[12]

[13]

[14]

[15]

[1e]

[171

(18]

Stephens MAC, Wand G. Stress and the HPA axis: role of gluco-
corticoids in alcohol dependence. Alcohol Res Curr Rev. 2012;34:
468-483.

van Bodegom M, Homberg JR, Henckens MJAG. Modulation of
the hypothalamic-pituitary-adrenal axis by early life stress expos-
ure. Front Cell Neurosci. 2017;11:87. doi:10.3389/fncel.2017.00087.
Kalsbeek A, van der Spek R, Lei J, et al. Circadian rhythms in the
hypothalamo-pituitary-adrenal (HPA) axis. Mol Cell Endocrinol.
2012;349(1):20-29. doi:10.1016/j.mce.2011.06.042.

Neumann ID, Wigger A, Torner L, et al. Brain oxytocin 1inhibits
basal and stress-induced activity of the hypothalamo-pituitary-
adrenal axis in male and female rats: partial action within the
paraventricular nucleus. J Neuroendocrinol. 2001;12(3):235-243.
doi:10.1046/j.1365-2826.2000.00442 X.

Nishioka T, Anselmo-Franci JA, Li P, et al. Stress increases oxyto-
cin release within the hypothalamic paraventricular nucleus. Brain
Res. 1998;781(1-2):57-61. doi:10.1016/s0006-8993(97)01159-1.
Torner L, Plotsky PM, Neumann ID, et al. Forced swimming-induced
oxytocin release into blood and brain: effects of adrenalectomy and
corticosterone treatment. Psychoneuroendocrinology. 2017;77:165-
174. doi:10.1016/j.psyneuen.2016.12.006.

Tribollet E, Dubois-Dauphin M, Dreifuss JJ, et al. Oxytocin recep-
tors in the Central nervous system: distribution, development,
and species differences. Ann N Y Acad Sci. 1992;652(1):29-38.
doi:10.1111/j.1749-6632.1992.tb34343 x.

Ross HE, Freeman SM, Spiegel LL, et al. Variation in oxytocin
receptor density in the nucleus accumbens has differential effects
on affiliative behaviors in monogamous and polygamous voles. J
Neurosci. 2009;29(5):1312-1318. doi:10.1523/JNEUROSCI.5039-08.
2009.

Kotani M, Detheux M, Vandenbogaerde A, et al. The metastasis
suppressor gene KiSS-1 encodes kisspeptins, the natural ligands
of the orphan G protein-coupled receptor GPR54. J Biol Chem.
2001;276(37):34631-34636. doi:10.1074/jbc.M104847200.

Clarkson J, d’Anglemont de Tassigny X, Colledge WH, et al.
Distribution of kisspeptin neurones in the adult female mouse
brain. J Neuroendocrinol. 2009;21(8):673-682. doi:10.1111/j.1365-
2826.2009.01892.x.

Higo S, Honda S, lijima N, et al. Mapping of kisspeptin receptor
mRNA in the whole rat brain and its co-localisation with oxytocin
in the paraventricular nucleus. J Neuroendocrinol. 2016;28(4)
Seymour AJ, Scott V, Augustine RA, et al. Development of an
excitatory kisspeptin projection to the oxytocin system in late
pregnancy. J Physiol. 2017;595(3):825-838. doi:10.1113/JP273051.
Marraudino M, Miceli D, Farinetti A, et al. Kisspeptin innervation
of the hypothalamic paraventricular nucleus: sexual dimorphism
and effect of estrous cycle in female mice. J Anat. 2017;230(6):
775-786. doi:10.1111/joa.12603.

Ramaswamy S, Gibbs RB, Plant TM. Studies of the localisation of
kisspeptin within the pituitary of the rhesus monkey (Macaca
mulatta) and the effect of kisspeptin on the release of non-
Gonadotropic pituitary hormones. J Neuroendocrinol. 2009;21(10):
795-804. doi:10.1111/j.1365-2826.2009.01905 X.

Rao YS, Mott NN, Pak TR. Effects of kisspeptin on parameters of
the HPA axis. Endocrine. 2011;39(3):220-228. doi:10.1007/512020-
011-9439-4.

Kinsey-Jones JS, Li XF, Knox AMI, et al. Corticotrophin-releasing
factor alters the timing of puberty in the female rat. J
Neuroendocrinol.  2010;22(2):102-109.  doi:10.1111/j.1365-2826.
2009.01940.x.

Scott V, Brown CH. Kisspeptin activation of supraoptic nucleus
neurons in vivo. Endocrinology. 2011;152(10):3862-3870. doi:10.
1210/en.2011-1181.

Bagosi Z, Csabafi K, Palotai M, et al. The effect of urocortin | on
the hypothalamic ACTH secretagogues and its impact on the
hypothalamic-pituitary-adrenal axis. Neuropeptides. 2014;48(1):
15-20. doi:10.1016/j.npep.2013.11.002.


https://doi.org/10.3389/fncel.2017.00087
https://doi.org/10.1016/j.mce.2011.06.042
https://doi.org/10.1046/j.1365-2826.2000.00442.x
https://doi.org/10.1016/s0006-8993(97)01159-1
https://doi.org/10.1016/j.psyneuen.2016.12.006
https://doi.org/10.1111/j.1749-6632.1992.tb34343.x
https://doi.org/10.1523/JNEUROSCI.5039-08.2009
https://doi.org/10.1523/JNEUROSCI.5039-08.2009
https://doi.org/10.1074/jbc.M104847200
https://doi.org/10.1111/j.1365-2826.2009.01892.x
https://doi.org/10.1111/j.1365-2826.2009.01892.x
https://doi.org/10.1113/JP273051
https://doi.org/10.1111/joa.12603
https://doi.org/10.1111/j.1365-2826.2009.01905.x
https://doi.org/10.1007/s12020-011-9439-4
https://doi.org/10.1007/s12020-011-9439-4
https://doi.org/10.1111/j.1365-2826.2009.01940.x
https://doi.org/10.1111/j.1365-2826.2009.01940.x
https://doi.org/10.1210/en.2011-1181
https://doi.org/10.1210/en.2011-1181
https://doi.org/10.1016/j.npep.2013.11.002

8 (&) Z SAHIN ET AL.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Paxinos G, Watson C. The rat brain in stereotaxic coordinates. 6th
ed. New York: Academic Press; 2006.

Berga SL, Marcus MD, Loucks TL, et al. Recovery of ovarian activ-
ity in women with functional hypothalamic amenorrhea who
were treated with cognitive behavior therapy. Fertil Steril. 2003;
80(4):976-981. doi:10.1016/s0015-0282(03)01124-5.

Brundu B, Loucks TL, Adler LJ, et al. Increased cortisol in the cere-
brospinal fluid of women with functional hypothalamic amenor-
rhea. J Clin Endocrinol Metab. 2006;91(4):1561-1565. doi:10.1210/
jc.2005-2422.

Chandran UR, Attardi B, Friedman R, et al. Glucocorticoid recep-
tor-mediated repression of gonadotropin-releasing hormone pro-
moter activity in GT1 hypothalamic cell lines. Endocrinology.
1994;134(3):1467-1474. doi:10.1210/end0.134.3.8119188.

Viau V, Meaney M. Testosterone-dependent variations in plasma
and intrapituitary corticosteroid binding globulin and stress
hypothalamic-pituitary-adrenal activity in the male rat. J
Endocrinol. 2004;181(2):223-231. doi:10.1677/joe.0.1810223.
Weiser MJ, Handa RJ. Estrogen impairs glucocorticoid dependent
negative feedback on the hypothalamic-pituitary- adrenal axis via
estrogen receptor alpha within the hypothalamus. Neuroscience.
2009;159(2):883-895. doi:10.1016/j.neuroscience.2008.12.058.

Viau V, Chu A, Soriano L, et al. Independent and overlapping
effects of corticosterone and testosterone on corticotropin-releas-
ing hormone and arginine vasopressin mRNA expression in the
paraventricular nucleus of the hypothalamus and stress-induced
adrenocorticotropic hormone release. J Neurosci. 1999;19(15):
6684-6693. doi:10.1523/JNEUROSCI.19-15-06684.1999.

Viau V, Lee P, Sampson J, et al. A testicular influence on
restraint-induced activation of medial parvocellular neurons in
the paraventricular nucleus in the male rat. Endocrinology. 2003;
144(7):3067-3075. doi:10.1210/en.2003-0064.

Fergani C, Navarro VM. Expanding the role of tachykinins in the
neuroendocrine control of reproduction. Reproduction. 2017;
153(1):R1-R14. doi:10.1530/REP-16-0378.

De Roux N, Genin E, Carel JC, et al. Hypogonadotropic hypo-
gonadism due to loss of function of the KiSS1-derived peptide
receptor GPR54. Proc Natl Acad Sci U S A. 2003;100(19):10972-
10976. doi:10.1073/pnas.1834399100.

Funes S, Hedrick JA, Vassileva G, et al. The KiSS-1 receptor GPR54
is essential for the development of the murine reproductive

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

system. Biochem Biophys Res Commun. 2003;312(4):1357-1363.
doi:10.1016/j.bbrc.2003.11.066.

Seminara SB, Messager S, Chatzidaki EE, et al. The GPR54 gene as
a regulator of puberty. N Engl J Med. 2003;349(17):1614-1627.
doi:10.1056/NEJM0a035322.

Sahin Z, Canpolat S, Ozcan M, et al. Kisspeptin antagonist pre-
vents RF9-induced reproductive changes in female rats.
Reproduction. 2015;149(5):465-473. doi:10.1530/REP-14-0683.
Salehi MS, Khazali H, Mahmoudi F, et al. Oxytocin intranasal
administration affects neural networks upstream of GNRH neu-
rons. J Mol Neurosci. 2017;62(3-4):356-362. doi:10.1007/s12031-
017-0943-8.

Evans JJ. Peptides interact in gonadotrophin regulation. Arch
Physiol Biochem. 2002;110(1-2):154-161. doi:10.1076/apab.110.1.
154.902.

Kawakami N, Otubo A, Maejima S, et al. Variation of pro-vaso-
pressin processing in parvocellular and magnocellular neurons in
the paraventricular nucleus of the hypothalamus: evidence from
the vasopressin-related glycopeptide copeptin. J Comp Neurol.
2021;529(7):1372-1390. doi:10.1002/cne.25026.

Neumann ID, Torner L, Wigger A. Brain oxytocin: differential
inhibition of neuroendocrine stress responses and anxiety-related
behaviour in virgin, pregnant and lactating rats. Neuroscience.
2000;95(2):567-575. doi:10.1016/50306-4522(99)00433-9.

Neumann ID. Chapter 12 involvement of the brain oxytocin sys-
tem in stress coping: interactions with the hypothalamo-pituitary-
adrenal axis. Vasopressin oxytocin from genes to clin appl.
Elsevier; 2002. p. 147-162.

Petersson M, Hulting AL, Uvnas-Moberg K. Oxytocin causes a sus-
tained decrease in plasma levels of corticosterone in rats.
Neurosci Lett. 1999;264(1-3):41-44. doi:10.1016/50304-3940(99)
00159-7.

Uvnas-Moberg K. Oxytocin may mediate the benefits of positive
social interaction and emotions. Psychoneuroendocrinology.
1998;23(8):819-835. doi:10.1016/50306-4530(98)00056-0.
Uvnas-Moberg K, Ahlenius S, Hillegaart V, et al. High doses of
oxytocin cause sedation and low doses cause an anxiolytic-like
effect in male rats. Pharmacol Biochem Behav. 1994;49(1):101-
106. doi:10.1016/0091-3057(94)90462-6.


https://doi.org/10.1016/s0015-0282(03)01124-5
https://doi.org/10.1210/jc.2005-2422
https://doi.org/10.1210/jc.2005-2422
https://doi.org/10.1210/endo.134.3.8119188
https://doi.org/10.1677/joe.0.1810223
https://doi.org/10.1016/j.neuroscience.2008.12.058
https://doi.org/10.1523/JNEUROSCI.19-15-06684.1999
https://doi.org/10.1210/en.2003-0064
https://doi.org/10.1530/REP-16-0378
https://doi.org/10.1073/pnas.1834399100
https://doi.org/10.1016/j.bbrc.2003.11.066
https://doi.org/10.1056/NEJMoa035322
https://doi.org/10.1530/REP-14-0683
https://doi.org/10.1007/s12031-017-0943-8
https://doi.org/10.1007/s12031-017-0943-8
https://doi.org/10.1076/apab.110.1.154.902
https://doi.org/10.1076/apab.110.1.154.902
https://doi.org/10.1002/cne.25026
https://doi.org/10.1016/s0306-4522(99)00433-9
https://doi.org/10.1016/s0304-3940(99)00159-7
https://doi.org/10.1016/s0304-3940(99)00159-7
https://doi.org/10.1016/s0306-4530(98)00056-0
https://doi.org/10.1016/0091-3057(94)90462-6

	Intracerebroventricular injection of kisspeptin in male rats activates hypothalamo-pituitary-gonadal axis, but not hypothalamo-pituitary-adrenal axis
	Abstract
	Introduction
	Material and method
	Animal ethics and research center
	Experimental procedure
	Icv injection procedure
	After icv injection process
	Immunohistochemical analysis
	Fluorescent immunohistochemistry
	ELISA analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


