https://doi.org/10.56871/PED.2025.48.38.001 UDC 57.026+159.944.4+591.147.8

The role of kisspeptin-10 in the regulation
of the hypothalamic-pituitary-gonadal axis
in post-traumatic stress disorder

Vladanka A. Golts’, Anastasiya P. Perova?, Andrei A. Lebedev', Eugenii R. Bychkov' 3,
Sarng S. Pyurveev’ 5, Viktor A. Lebedev’, Gleb V. Beznin', Sergey G. Tsikunov',
Karina V. Lenskaia?, Alekber A. Bayramov' 4, Petr D. Shabanov'

TInstitute of Experimental Medicine, Saint Petersburg, Russia

2 Saint Petersburg State University, Saint Petersburg, Russia

3Kirov Military Medical Academy, Saint Petersburg, Russia

4V.A. Aimazov National Medical Research Centre, Saint Petersburg, Russia

5 Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

Background. In post-traumatic stress disorder (PTSD), sexual dysfunctions are observed that do not respond well to psychotherapy.
Recently, kisspeptin neuropeptides have been proposed for the treatment of sexual behavior disorders. They influence the hypothalamic-
pituitary-gonadal axis, playing a role in the regulation of sexual behavior and affecting the levels of sex hormones. It has been shown
that kisspeptins can also influence stress hormones, which may play a key role in maintaining sexual function.

Aim of the study — to investigate the effect of intranasal and intraperitoneal administration of kisspeptin-10 on the levels of sex
hormones and stress hormones in animals with post-traumatic stress disorder caused by restriction and vital stress.

Materials and methods. Male Wistar rats were placed in a cage with receptive females for 15 minutes daily over 14 consecutive
days, and the presence of sexual behavior was observed. Subsequently, the rats underwent procedures of restraint or vital stress.
After the stress and intranasal and intraperitoneal administration of kisspeptin-10, blood was collected, and the concentrations of
hormones (GnRH, FSH, LH, testosterone, kisspeptin and corticosterone) were determined using the enzyme-linked immunosorbent
assay (ELISA) method.

Results. Restraint and vital stresses reduced the concentration of sex hormones and increased the level of corticosterone. The
administration of kisspeptin-10 increased the concentration of luteinizing hormone and gonadotropin-releasing hormone after different
types of stress, both with intranasal and intraperitoneal administration, while the concentration of testosterone increased only with
restraint stress and systemic administration of the drug, and the concentration of follicle-stimulating hormone did not significantly
change after the administration of kisspeptin. When evaluating the level of kisspeptin in the blood, it was found that the administration
of kisspeptin-10 increased its concentration with both intraperitoneal and intranasal administration.

Conclusion. Thus, emotional stress reduces the concentration of sex hormones and increases the level of corticosterone. Kisspeptin-10
increases the level of sex hormones and reduces the content of corticosterone.
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AHHOTALMA

AKkTyanbHocTb. [1py nocTTpaBMaTuecknx cTpeccoBbix paccTtpoiictBax (MTCP) HabnogatoTes nonoBble ANCEYHKLMK, KOTOPbIE Mio-
X0 NOAAKTCS NCUXOTEpaneBTUYECKOMY BO3OEeNCTBII. B nocnegHee Bpems 411s NEYeHUs HapyLUEHMIA penpogyKTUBHOM cdepbl npes-
NOXeHbl HeMponenTuabl rpynnbl kuccnentuHa. OHK OKa3blBaKT BIUSIHUE Ha TUMOTanaMo-runogu3apHo-rTOHagHy OCb, Y4acTBys B
perynsiLuy nonoBoro NOBEAEHNS M B KOHTPOIIE YPOBHS MOMOBbIX FOPMOHOB. [10ka3aHo, YTO KMCCMENTWHBI MOTYT BAWSITb U Ha FOPMOHI
CTpecca, YTO MOXET MrpaTh KMKYEBYIO POfb B MOAAEP)aHUN MOMOBOM (PYHKLMM MPU Pa3nnyHbIX CTPECCOBBIX BO3AENCTBHSIX.

Llenb uccnepoBanusi — 13y4nTb BIMSHWE KYPCOBOIO MHTPAHA3asbHOro 1 BHYTPUBPHOLWIMHHOMO cnocoboB BBeeHMs kncecnenTiHa-10
Ha YPOBHU MOMOBbIX TOPMOHOB 1 FOPMOHOB CTPECCA Y KMBOTHBIX C MOCTTPaBMAaTUYECKIM CTPECCOBBIM PACCTPONCTBOM, BbI3BaHHbIM
PECTPUKLMOHHBIM U BUTAMNbHBLIM CTPECCAMM.

Matepuansi n metoabl. CamLOB KpbIC IMHUM BucTap B TeyeHne 14 nocnefoBaTenbHbIX AHE NOMELLANN B KNETKY C PELENTUBHBIMM
camkamm Ha 15 MUHYT 1 OLiEHMBANM XapaKTep NOIOBOrO MOBEAEHNS, 3aTEM KpbIChl-CaMLibl OABEPranich NPoLeaype peCTpUKLMOHHO-
FO M BUTaNbHOO CTPECCOB C NOCIeayHoLLMM KypcoBbIM BBeeHneM kucenentuHa-10. Mocne cTpecca u BBegeHus kucenentuHa-10
Y VBOTHBIX MPOW3BOAMIN B3SITUE KPOBYW 11 OMPEAENSANMN KOHLEHTPALMIO TOPMOHOB (FOHaZ0oTPONMH-pUAM3NHI ropMoHa (THPT), donnn-
Kynoctumynupytowero ropmoHa (®Cr), nioTenHnampytoLero ropmoHa (M), TectocTepoHa, KUccnenTHa U KOPTUKOCTEPOHA) METOAOM
MMMYHO(EPMEHTHOIO aHanuaa.

Pe3ynbTatbl. PECTPUKLUMOHHBINA 1 BUTAMbHBIA CTPECCHI CHIKamNM KOHLEHTPALMIO MOMOBbLIX FOPMOHOB W MOBbILIANN YPOBEHb KOPTHKO-
cTepoHa B kposu. KucenentuH-10 yBenuumBan KOHLEHTPALWMKO FOHALOTPOMMH-CTUMYMPYIOLLETO FOPMOHA W IIOTEMHW3UPYHOLLLETO rop-
MOHa Mocne pasHbIX BUGOB CTPeCca Npy MHTpaHa3anbHOM 1 BHYTPUOPIOLLIMHHOM BBEAEHUW, TOrAA Kak KOHLIEHTPaLMs TECTOCTEPOHa
MoBbILLAMACh TONBKO MY CUCTEMHOM BBEAEHWUN NpenapaTta nocrne PeCTPUKLMOHHOMO cTpecca. KoHLeHTpauus (onnmkynocTumynmpy-
IOLLIEr0 FOPMOHa 3HA4MMO He U3MeHsinach nocne BeeaeHus kucenentiHa-10. MNpu OLeHKe YPOBHS KNCCTENTHHA B KPOBW YCTaHOBIEHO,
4TO BBEAEHMe kuccnenTuHa-10 NOBbILANO ero KOHLEHTPaLMIO Kak Npy BHYTPUOPIOLIMHHOM, TaK M NPy MHTPaHa3arnbHOM BBEAEHUM.
3akntoveHue. Takum 06pa3om, Mpu NOCTTPaBMaTUYECKOM CTPECCOBOM PaCCTPOMCTBE, MHAYLMPOBaHHbBIM PECTPUKLIMOHHBIM 1 BUTaSb-
HbIM CTpeccami, HaboAaeTCs CHUKEHWE KOHLEHTPALMM MOMOBbIX FOPMOHOB 11 MOBLILLEHWE YPOBHS KOPTUKOCTEPOHA B KpoBu. Kypco-
BOE MHTpaHa3amnbHOE M BHyTPHOPIOLLMHHOE BBEAEHNE KuccnenTuHa-10 HopManuayeT ypoBeHb MOMOBbIX FTOPMOHOB M KOPTUKOCTEPOHA
B KPOBW.

KntoueBble cnosa: kucenenTiH-10, BUTANbHbIN CTPECC, PECTPUKLIMOHHBIN CTPECC, NON0BbIE FOPMOHbI, KOPTUKOCTEPOH
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INTRODUCTION

The impact of extreme stressful situations on humans,
followed by the development of post-traumatic stress dis-
order, leads to significant changes in the human body,
and severe and prolonged stress can lead to reproductive
dysfunction [1]. At the same time, the levels of a number
of hormones can change significantly [2]. Currently, the
neurotropic effects of a number of neuropeptides aimed at
overcoming the effects of stress and developing appropri-
ate behavioral strategies in response to stress have been
studied [3, 4].

Kisspeptins (KP) are a family of peptides encoded by
the Kiss1 gene. The product of this gene is a hydrophobic
protein consisting of 145 amino acids, a precursor of meta-
statin, a 54-amino acid protein that was originally named
for its ability to inhibit metastasis [5].

KP belong to a large family of peptides known as
RF-amid peptides, which carry a common arginine-
phenylalanine-amide at the C-terminus. During the
cleavage of the precursor of kisspeptins, kisspeptins
54,13, 14, and 10 are formed, but the biological activity
of kisspeptin is associated specifically with the last ten
amino acid residues at the C-terminus [6]. Kisspeptins
are involved in the regulation of mood, emotions, and
fertility, have vasoconstrictor activity, and have a direct
effect on the reproductive system [7]. Kisspeptins are
actively synthesized in the anterior ventral-periventricu-
lar and arcuate nuclei of the hypothalamus, as well as in
extrahypothalamic structures such as the medial amyg-
dala, hippocampus, bed nucleus of the stria terminalis,
thalamus, frontal cortex, midbrain, and pons [8]. From
a functional point of view, these brain structures are
key limbic and paralimbic areas that perform important
functions in mood and behavior control [9].

Glucocorticoid receptors that respond to levels of
adrenocorticotropic hormone (ACTH) and corticosterone
are expressed on kisspeptin neurons. It has been shown
that in mice with a knockout of the glucocorticoid receptor
gene in the kisspeptin neurons of the hypothalamus, the
levels of follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) in response to stress did not decrease, in
contrast to this indicator in wild-type mice [10]. However,
another study found no correlation between glucocor-
ticoids and decreased sex hormone levels, suggesting
other mechanisms of interaction [11].

Reproductive behavior is a complex sequence of
behavioral and hormonal responses aimed at producing
offspring. It includes the selection of mating partners,
courtship and copulatory behavior, as well as caring for
offspring. It has been shown that kisspeptin is involved
in various aspects of reproductive behavior [9]. Sex hor-
mones, along with regulating the reproductive sphere,
can also modulate the body’s response to stress. Testo-
sterone in rats inhibits the hormonal response to stress,

while estrogens enhance it. Hormonal balance can deter-
mine the degree of the body’s response to stressors [12].

Kisspeptins indirectly affect the reproductive system
by influencing the levels of gonadotropin-releasing hor-
mone (GnRH), FSH, and LH in the body. GnRH-containing
neurons form a common pathway for fertility regulation, as
GnRH secreted by axons can stimulate LH and FSH secre-
tion by the anterior pituitary gland. Gonadotropins, in turn,
stimulate the reproductive system through the processes
of steroidogenesis and gametogenesis [13].

We have previously shown that intraperitoneal admi-
nistration of kisspeptin-10 increased testosterone levels
and sexual motivation in rats, whereas intranasal admi-
nistration of kisspeptin increased only motivation without
altering blood testosterone levels [14-16]. However, the
concentrations of other sex hormones after stress, as well
as a comparison of different types of stress and their effect
on hormone levels, have not been studied, which deter-
mined the aim of our study.

AIM

The aim is to investigate the effect of intranasal and
intraperitoneal administration of kisspeptin-10 on sex
hormone and stress hormone levels in animals with post-
traumatic stress disorder caused by restrictive and preda-
tor stress.

MATERIALS AND METHODS

During the experiments, 42 male Wistar rats of re-
productive age (90-100 days) were studied. The animals
were preliminarily divided into 7 groups, which were kept
in standard cages with free access to water and food.
The first group consisted of intact control males. The
second group consisted of males subjected to restric-
tive stress without drug administration. The third group
included males receiving intranasal kisspeptin-10, and
the fourth group included males receiving intraperitoneal
administration of the drug after restrictive stress. A similar
division was observed for males that underwent preda-
tor stress (groups 5-7). Each animal male was placed in
a cage with receptive females for 15 minutes a day for
14 consecutive days, and the presence of sexual beha-
vior was recorded.

Restrictive stress was produced according to the
method [17], in which the animal was immobilized in an
individual pen for 6 hours a day for 5 days. Ten days af-
ter restraint stress, the animals were administered kiss-
peptin-10 intranasally and intraperitoneally for 5 days. On
the last day of kisspeptin-10 administration, blood was
collected from males to determine hormone levels using
enzyme-linked immunosorbent assay (ELISA).

Predator stress in animals was induced using the me-
thod described in [18], according to which they were placed
with a tiger python to create a model of psychological
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Fig. 1. Effect of intranasal and intraperitoneal administration of kiss-
peptin-10 on the level of corticosterone in the blood of animals with
PTSD induced by restriction and vital stress. * — p <0.01 relative to
intact control; # — p<0.01 relative to the group of rats with vital stress

Puc. 1. BrivsiHne nHTpaHa3anbHoro 1 BHYTPUOPIOLUMHHOMO BBEAEHMS
kuccnentuHa-10 Ha ypoBEHb KOPTUKOCTEPOHA B KPOBW XMBOTHbIX C
MTCP, uHBYLMPOBAHHBIM PECTPUKLIMOHHBIM W BUTANbHBIM CTPECCaMM.
* — p <0,01 oTHOCMTENnbHO WHTaKTHOro KoHTpons; # — p <0,01
OTHOCUTENbHO IPYNMbl KPbIC C BUTaMbHBIM CTPECCOM
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Fig. 2. Effect of intranasal and intraperitoneal administration of kiss-
peptin-10 on the level of kisspeptin in the blood of animals with PTSD
induced by restriction and vital stress. * — p <0.01 relative to the intact
control group

Puc. 2. BnnsHue MHTpaHa3anbHOro 1 BHyTPUOPIOLWMHHOTO BBEAEHNS
kuccnenTuHa-10 Ha ypoBeHb KUCCNENTUHA B KPOBM XMBOTHbIX ¢ MTCP,
WHAYLMPOBaHHbLIM PECTPUKLMOHHBIM W BUTaNbHbIM CTpeccamn. * —
p <0,01 oTHOCMTENbBHO FPYNMbI UHTAKTHOTO KOHTPONS

trauma. Male rats were subjected to predator stress once.
On the 10" day after stress, the animals were adminis-
tered kisspeptin-10 for 5 days. Thirty minutes after the last
administration, the animals were decapitated and total
blood sampling was performed.

The drug used was an analogue of mammalian kis-
speptin, kisspeptin-10. The drug was administered intra-
nasally at a dose of 20 pg in 20 pl, 10 pl in each nostril,
and intraperitoneally at a dose of 1 mg/kg in a volume of
0.5 ml [14]. Saline solution was used as a control.

The concentrations of corticosterone, GnRH, FSH, LH,
testosterone, and kisspeptin in the blood of animals were
determined by solid-phase competitive enzyme-linked im-
munosorbent assay using the ELISA Kit for Corticosterone
(Cort), ELISA Kit for GnRH, ELISA Kit for Follicle Stimu-
lating Hormone (FSH), ELISA Kit for Luteinizing Hormone
(LH), ELISA Kit for Testosterone (Testo), and ELISA Kit for
Kisspeptin 1 (KISS1) from Cloud Clone (USA) in full accor-
dance with the manufacturer’s instructions.

Statistical significance was assessed using GraphPad
Prism 10 software. Normality of distribution was assessed
using the Shapiro-Wilk and Kolmogorov—Smirnov test.
To compare the groups, we used one-way ANOVA and the
Kruskal-Wallis test, followed by Tukey’s post-hoc analy-
sis. Differences were considered statistically significant at
a significance level of p <0.05. The data are presented as
“mean % standard error of the mean”.

RESULTS AND DISCUSSION

Post-traumatic stress disorder (PTSD), caused by
restrictive and predator stress, is characterized by chan-
ges in the activity of the hypothalamic-pituitary-gonadal
and adrenal systems. Repeated administration of kiss-
peptin-10 partially normalizes hormonal disorders in ani-
mals with PTSD.

The concentration of corticosterone in the blood of
male rats was significantly higher in stressed animals
compared to intact ones: 2.72-fold increase in cases of re-
strictive stress and 3.28 times higher in cases of predator
stress. With intraperitoneal administration of kisspeptin-10,
the group with predator stress had significantly lower cor-
ticosterone levels compared to stressed animals — 1.8
times lower (Fig. 1).

Intranasal and intraperitoneal administration of kiss-
peptin-10 statistically significantly increases its content in the
blood of animals subjected to restrictive and predator stress.
Under restrictive stress and intranasal administration of the
drug, the concentration of kisspeptin in the blood increases
2.6 times compared to the control, and with intraperitoneal
administration, it increases 2.8 times compared to the con-
trol. Under predator stress and intranasal administration, the
concentration of kisspeptin increases 1.85 times compared
to the control, and with intraperitoneal administration, it
increases 2.24 times compared to the control. No statisti-
cally significant difference in the concentration of kisspeptin
in the blood was found with intranasal and intraperitoneal
administration of the drug (Fig. 2).

The concentration of GnRH in the blood of male rats
is significantly reduced in stressed animals compared




to intact controls, both under restrictive and predator
stress. In animals subjected to restrictive stress, GnRH
decreased 2.69 times, and in animals subjected to preda-
tor stress, blood GnRH decreased 2.61 times. Intranasal
administration of kisspeptin-10 did not show a significant
increase in blood GnRH, but there was a tendency toward
an increase, and intraperitoneal administration of the drug
showed a significant increase in blood GnRH after restric-
tive stress—by 2.18 times, and after predator stress — by
1.75 times (Fig. 3).

LH concentration was significantly lower after exposure
to both restrictive and predator stress —2.55 and 1.96 times
lower, respectively. Intranasal and intraperitoneal adminis-
tration of kisspeptin-10 increases blood LH levels in animals
with PTSD induced by restrictive and predator stress. LH
levels after intranasal and intraperitoneal administration in-
creased by 1.42 and 1.62 times, respectively, compared to
the group of rats with restrictive stress. In the group of rats
with predator stress, LH levels increased by 1.40 and 1.56
times, respectively, with intranasal and intraperitoneal ad-
ministration of kisspeptin-10 (Fig. 4).

During the study of FSH levels in the blood of male
rats, it was found that the concentration of the hormone
statistically significantly decreased by 1.8 times under
restriction stress and by 1.3 times under predator stress
compared to the intact control, however, no statistically
significant differences were found between the restriction
and predator stress groups and the groups with the admi-
nistration of kisspeptin-10 (Fig. 5).

Blood testosterone levels decrease statistically sig-
nificantly under restrictive stress (p=0.0012). There are no
statistically significant differences during predator stress, but
there is a tendency toward a decrease in testosterone levels.
Intraperitoneal administration of kisspeptin-10 increases
testosterone concentration in male rats under restrictive
stress (p=0.0126). In predator stress, both intranasal and
intraperitoneal administration of kisspeptin-10 had no statisti-
cally significant effect on testosterone levels (Fig. 6).

In PTSD induced by restraint and predator stress, a
decrease in sex hormone concentration and an increase
in blood corticosterone levels were observed. A course
of intranasal and intraperitoneal administration of kis-
speptin-10 normalizes sex hormone and corticosterone
levels in the blood.

PTSD in humans can cause sexual dysfunction that is
difficult to treat with psychotherapy [19]. Recently, the use
of neuropeptide drugs of the kisspeptin group has been
proposed for the drug therapy of reproductive disorders
[20]. They affect the hypothalamic-pituitary-gonadal axis,
participating in the regulation of sexual behavior and
control of sex hormone levels [21]. It has been found that
kisspeptins can also affect stress hormones, i.e., they can
play a key role in maintaining sexual function under various
stressful conditions [15, 22].
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Fig. 3. Effect of intranasal and intraperitoneal administration of kiss-
peptin-10 on the level of gonadotropin-releasing hormone in the blood
of animals with PTSD induced by restriction and vital stress. * —
p <0.01 relative to the intact control group; # — p <0.05 relative to the
group of animals with restriction stress, @ — p <0.05 relative to the
group of animals with vital stress

Puc. 3. BninsHne nHTpaHas3anbHOTO 1 BHYTPUOPIOLLMHHOTO BBEAEHWS
kuccnentuHa-10  Ha  ypoBeHb  rOHaLOTPOMUH-PUNM3UHI-TOPMOHA
B KpoBU XMBOTHbIX C [MTCP, MHLyLMPOBAHHBLIM PECTPUKLMOHHBIM
1 BuTanbHbIM cTpeccamn. * — p <0,01 oTHOCMTENbHO TrpynMbl
WHTaKTHOrO KOHTpons; # — p <0,05 0THOCUTENBHO rPYMMbl KUBOTHBIX
C PECTPUKLMOHHBIM cTpeccoM; @ — p <0,05 oTHOCUTENBHO rpynMbl
KMBOTHBIX C BUTaNbHbIM CTPECCOM
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Fig. 4. The effect of intranasal and intraperitoneal administration of
kisspeptin-10 on the level of luteinizing hormone (LH) in the blood of
animals with PTSD induced by restriction and vital stress; * — p <0.01
relative to the intact control group; # — p <0.05 relative to the group
of animals with restriction stress; @ — p <0.05 relative to the group
of animals with vital stress

Puc. 4. BnngHne nHTpaHasanbHOTO U BHYTPUOPIOLMHHOMO BBEAEHUS
kuccnentuHa-10 Ha ypoBeHb NtoTeuHu3Mpytowlero ropmona (J1N)
B kpoBM MBOTHbIX C MMTCP, WHOYLMPOBaHHBIM PECTPUKLIMOHHBIM
W BUTanbHbIM CcTpeccamu. * — p <0,01 oTHOCWTENbHO rpynmbl
WHTaKTHOrO KoHTpons; # — p <0,05 0THOCWTENbBHO TPYNMbl XMBOTHBIX
C PeCTPUKLMOHHbIM cTpeccoM; @ — p <0,05 oTHocuTenbHO rpynnbl
KMBOTHbIX C BUTaNbHbIM CTPECCOM
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Fig. 5. The effect of intranasal and intraperitoneal administration of
kisspeptin-10 on the level of follicle-stimulating hormone (FSH) in the
blood of animals with PTSD induced by restriction and vital stress. * —
p <0.05 relative to the intact control group

Puc. 5. BnusHue MHTpaHa3anbHOro 1 BHYTPMOPHOWNHHOTO BBELEHNS
kuccnentuHa-10 Ha ypoBeHb (HONMMKYNOCTUMYMNPYIOLLETO FOPMOHa
(®CT) B kpoBw k1BOTHBIX ¢ MTCP, MHOYLMPOBAHHBIM PECTPUKLIMOHHBIM
W BWTamnbHbIM CcTpeccamu. * — p <0,05 oTHocuTenbHO rpynnbl
NHTaKTHOrO KOHTpONS
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Fig. 6. Effect of intranasal and intraperitoneal administration of kis-
speptin-10 on the level of testosterone in the blood of animals with
PTSD induced by restriction and vital stress. * — p <0.01 relative to the
intact control group; # — p <0.05 relative to the group of animals with
restriction stress

Puc. 6. BnusHne nHTpaHa3anbHoOro 1 BHYTPUOPIOLLMHHOTO BBEAEHNS
kncenentHa-10 Ha ypoBEHb TECTOCTEPOHA B KPOBW KMBOTHBIX C
[TCP, nHAYyuMpoBaHHbLIM PECTPUKLMOHHBIM 1 BUTANbHBIM CTPECcamiu.
* —p <0,01 oTHOCWTENBHO rPYNMbI MHTAKTHOTO KOHTpONs; # — p <0,05
OTHOCUTEIBHO FPYNMbl XNBOTHBIX C PECTPUKLMOHHBIM CTPECCOM

It is known that various stressors cause an increase
in glucocorticoid levels, which suppresses reproductive
function and reduces the level of hormones in the hypo-
thalamic-pituitary-gonadal axis [23]. In the hypothalamus,

glucocorticoids suppress GnRH release [24]. After expo-
sure to predator stress — the presence of a predator (py-
thon) — male rats exhibited sexual dysfunction in the form
of impaired appetitive phase of sexual behavior [15]. In the
present study, male rats were subjected to predator stress
and restrictive stress, after which their concentrations of
sex hormones and stress hormones were determined.
Against the background of PTSD induced by restrictive
or predator stress, the concentrations of sex hormones
(GnRH, FSH, LH, and testosterone) decreased, and the
level of corticosterone in the blood increased. A more pro-
nounced decrease in sex hormone levels was demonstra-
ted with restrictive stress compared to predator stress.

When assessing the level of kisspeptin in the blood,
it was found that the administration of kisspeptin-10 in-
creased the concentration of the peptide both with intra-
peritoneal and intranasal administration. It is known that
one of the causes of hypogonadotropic sexual dysfunction
is a mutation in the Kiss1 gene. Kisspeptin may therefore
be key to initiating and maintaining the function of the hy-
pothalamic-pituitary-gonadal axis [25]. At the same time,
glucocorticoid receptors are also expressed in kisspeptin-
containing neurons of the hypothalamus [26], suggesting
that glucocorticoids may influence the reproductive func-
tion of the body through these neurons.

In the present study, the administration of kisspeptin-10
increased the concentration of GnRH and LH after various
types of stress and with both intranasal and intraperitoneal
administration, whereas the concentration of testosterone
increased only with restrictive stress and systemic adminis-
tration of the drug, and FSH concentrations did not change
significantly after administration of kisspeptin. It is likely that
kisspeptin-10 stimulated GnRH-containing neurons in the
hypothalamus, leading to activation of the hypothalamic-
pituitary-gonadal system and normalization of reproductive
function in PTSD. Experimental models have demonstrated
that kisspeptin plays a key role in modulating reproductive
behavior, including sexual motivation and erection in male
rats [27, 28]. Kisspeptin also has a positive effect on sexual
behavior in humans. The administration of kisspeptin in men
caused a decrease in sexual aversion and activation of the
limbic system in response to sexual stimuli [20]. Along with
the influence of kisspeptin-10 on sex hormone levels, its ef-
fect on glucocorticoid content in the development of PTSD
has been proven. Intraperitoneal administration of kiss-
peptin-10 reduced elevated corticosterone levels in animals
after predator stress, suggesting possible stress-limiting ef-
fects of kisspeptins in rats.

CONCLUSION

1. During the development of PTSD, the hypothala-
mic-pituitary-gonadal system is suppressed, characterized
by a decrease in sex hormone levels and an increase in
corticosterone content in the blood.




2. Intranasal and intraperitoneal administration of kis-
speptin-10 can normalize the levels of sex hormones and
corticosterone in the blood, which indicates the possibility
of using kisspeptin group peptide-based agents to correct
reproductive function disorders in PTSD.
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