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ABSTRACT

BACKGROUND: The kisspeptin system in the brain is crucial for regulating reproductive functions in humans and animals. In
contrast to mammals, the brains of Danio rerio express two types of kisspeptins, Kiss1 and Kiss2. The role of these kisspeptins
in hormonal regulation in fish remains an important area of investigation.

AIM: To examine the effects of Kiss1 and Kiss2 on corticoliberin and gonadoliberin gene expression in the midbrain and
diencephalon of Danio rerio.

MATERIALS AND METHODS: Kisspeptins Kiss1 and Kiss2 are oligopeptides consisting of 13 and 9 amino acid residues,
respectively. Danio rerio fish were administered intracerebroventricular injections of 1 ng and 4 ng of each peptide at 1 pL
volumes. At 1 and 4 hours post-administration, the fish brains were extracted, and the midbrain and diencephalon were isolated
as a single complex. Gene expression levels of corticoliberin and gonadoliberin were analyzed using real-time polymerase
chain reaction (PCR).

RESULTS: Intracerebroventricular administration of Kiss1 and Kiss2 significantly modulated corticoliberin and gonadoliberin
gene expression in the midbrain and diencephalon of Danio rerio. In the group injected with 4 ng of Kiss1, corticoliberin
gene expression increased 17- and 65-fold after 4 hours compared to the control groups. In the group administered 1 ng of
Kiss2, corticoliberin gene expression increased by 23- and 92-fold compared to the control groups after 1 hour. In the group
administered 4 ng of Kiss1, gonadoliberin gene expression decreased threefold compared to the control group euthanized at
1 hour. In the group administered 1 ng of Kiss2, gonadoliberin gene expression decreased fourfold compared to the control
group after 1 hour. In the group administered 1 ng of Kiss2, gonadoliberin gene expression decreased threefold compared to
the control group after 4 hours.

CONCLUSION: The experimental results reveal that Kiss1 and Kiss2 kisspeptins in Danio rerio stimulate corticoliberin gene
expression while suppressing gonadoliberin gene expression in the midbrain and diencephalon.
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Kuccnentunbl poib Kiss1 u Kiss2 Mmogynupyiot
3KCNPEeCcCUI0 reHoB KOPTUKONIMbeprHa U roHagonnbepuHa
B CTPYKTypax ronosHoro mo3ra Danio rerio

A.B. JlusyHos, A.A. bnaxeHko, A.C. Komnes, [1.E. [eTpoBa, [1.1. Xoxnos,
E.P. Bbiukos, M1.[1. LLlabaHoB

WHCTUTYT aKcnepuMeHTanbHoi MeauumHbl, CankT-etepbypr, Poccus

AHHOTALIMA

AxrtyanbHocTb. KuccnenTuHoBasi cucTeMa Mo3ra WUrpaeT BaxHylo pofib B perynsiuMi penpofyKTMBHOW QyHKLMM YenoBeKa
W KMBOTHbIX. B oTnmune ot MnekonuTaowmx B Mo3re pbib Danio rerio skcrnipeccupyetcs 2 Tuna kuccnentuHoB — Kiss
1 Kiss2. AKTyanbHbIM SIBISIETCA BOMPOC O PO KUCCTIENTUHOB B FOPMOHANTBHOW PErynsauum y poib.

Lenb. U3yuuts Bananue Kiss1 n Kiss2 Ha aKcnpeccuio reHoB KOpPTUKONMBEpUHa M roHaaonmbepuHa B CpefHeM U NPOMEXY-
TOuHOM Mo3re y Danio rerio.

Marepuanbl u Metoapl. Kuccnentunbl Kiss1 u Kiss2 npeactaensioT coboi onmronentuabl amHon 13 u 9 aMMHOKUCTOTHBIX
0CTaTKOB COOTBETCTBEHHO. Puibam Danio rerio uHTpauepebpoBeHTpuKyNsapHO BBogwiM 1 1 4 Hr KaXaoro nentuaa B obbeme
1 mMkn. Yepes 1 v 4 u nocne BBEAEHNS ONUMONENTUAOB, Y Pbib M3BNEKANM rONOBHOM MO3T, BbILENANN CPEAHUIA U NPOMEXKY-
TOYHBIA MO3T €OUHbIM KOMMIEKCOM W WUCCNef0Bany 3KCMPECcUio reHoB KOPTMKONMOEepMHa M roHagonmbepuHa ¢ NoMoLLbIo
NosMMepasHoi LIEMHOM peakLun B PEXUME PeasibHor0 BPEMEHM.

Pe3synbtartbl. [pu MHTpauepebpoBeHTpuKynsipHoM BBeaeHue KuccnentuHoB Kiss1 u Kiss2 otMeueHa Mopynsums skcnpeccus
reHOB KOPTUKOMBEpKUHa U roHafonmbeprHa B CTPYKTYpax CpesHero U NnpoMexyToyHoro Mo3ra Danio rerio. B rpynne, KoTopoii
BBoanm Kiss1 B fio3e 4 Hr, yepes 4 4 akcnpeccus rena Corticoliberin noBbicunach No cpaBHEHMIO C KOHTPObHBIMK FpynnamMm
B 17 v 65 pas. B rpynne, Kotopoii BBoaunu Kiss2 B fose 1 Hr, yepes 1 4 akcnpeccus reHa Corticoliberin noBbicunack no cpas-
HEHMWIO C KOHTPO/bHBIMM rpynnamm B 23 v 92 pasa. B rpynne, kotopon BBoaunu Kiss1 B KOHLEHTPaUmMm 4 Hr, Yepe3 1 4 3Kc-
npeccus reHa Gonadoliberin noHM3annack B 3 pa3a No CpaBHEHWIO C KOHTPONBLHOWM rpynmnoii, 3abuton yepes 1 yac. B rpynne,
Kotopoit BBogunu Kiss2 B koHUeHTpaumm 1 Hr, yepes 1 4 akcnpeccus reHa Gonadoliberin NoHW3MNack N0 CPaBHEHWIO C KOH-
TPOMbHOW Fpynnoi B 4 pa3a. B rpynne, Kotopoii BBoamiu Kiss2 B KOHLEHTpaLwm 1 Hr, uepes 4 u akcnpeccus reHa Gonadoliberin
MOHM3MNACch N0 CPAaBHEHMIO C KOHTPOBLHOM Fpynnon B 3 pasa.

3akuiouenue. MpoBefeHHbIE IKCNEPUMEHTaNbHbIE UCCNENO0BaAHUS CBUAETENLCTBYIOT O TOM, YTO BBEJEHUE KUCCMENTUHOB KO-
ctucTbIX pbib Kiss1 u Kiss2 npuBoavT K aKTMBaLMW reHa KOpPTUKOAMbEpUHa M NOJABNEHN0 aKTUBHOCTU reHa roHafonmbepuHa
B CTPYKTYypax rofioBHoro Mo3ra peib Danio rerio.

KnioueBbie cnosa: Danio rerio; Kiss1; Kiss2; KopTukonubepuH; roHagonnbepu.

Kak uutuposatb

Jlnzyros A.B., bnaxerko A.A., Komnes A.C., MeTpoga [1.E., Xoxnos .11, Beiukos E.P, Labatos MM.[l. KuccnenvHel peib Kiss1 v Kiss2 MogynupytoT 3kcnpeccuio
reHoB KopTVKonMbepyHa 1 roHagonvbepuHa B CTpYKTypax ronosHoro Mo3ra Danio rerio // Mcvxodapmakonorva v bronorudeckas Hapkonorus. 2024. T. 15,
N° 4. C. 355-362. DOI: https://doi.org/10.17816/phbn635902

Pykonucb nonyyena: 10.09.2024 Pykonucb opo6peHa: 13.11.2024 Ony6nukoBaHa online: 28.12.2024

4
ECOeVECTOR The article can be used under the CC BY-NC-ND 40 license
© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/phbn635902
https://doi.org/10.17816/phbn635902

ORIGINAL STUDY ARTICLE

BACKGROUND

The kisspeptin system in the brain is crucial for regulating
reproductive functions in humans and animals. Kisspeptin
activates the hypothalamic-pituitary-gonadal (HPG) axis
by stimulating the secretion of gonadotropin-releasing
hormone (GnRH) in the hypothalamus [1]. In humans,
the Kiss1 gene encodes a 145-amino-acid protein. The active
forms of kisspeptin are short peptides containing 54, 14, 13,
and 10 amino acid residues, which hind to the kisspeptin
receptor KISS1R.

The zebrafish (Danio rerio) is widely used as a model
organism to evaluate the pharmacological activity of new
compounds. In contrast to mammals, the brain of Danio
rerio expresses two types of kisspeptins—Kiss1 and Kiss2.
Kiss1 in fish is an ortholog of mammalian Kiss1; however,
it does not regulate gonadal function but rather suppresses
fear responses and promotes exploratory behavior [2].
At the same time, the Kiss2 peptide is involved in the
regulation of reproductive function in fish and is synthesized
in the periventricular region of the hypothalamus.
Administration of Kiss2, but not Kiss1, increased the
expression of follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) genes in the pituitary gland of female
Danio rerio [3].

GnRH is synthesized in the hypothalamus and stimulates
the release of FSH and LH from the anterior pituitary
gland. GnRH activity is also linked to sexual and social
behavior in fish. Studies have shown that cichlids with
elevated GnRH expression display a greater tendency for
dominant behavior [1, 4]. In humans, GnRH is encoded by
the GNRHT gene, whereas in Danio rerio, it is encoded by
the gnrh3 gene.

Corticotropin-releasing hormone (CRH) regulates
the activity of the hypothalamic-pituitary-adrenal (HPA)
axis. CRH stimulates the secretion of adrenocorticotropic
hormone (ACTH) from the anterior pituitary gland. It is
primarily synthesized in the paraventricular nucleus
of the hypothalamus and is encoded by the CRH gene in
humans and the crh gene in Danio rerio. CRH plays a key
role in the stress response and is one of the primary
triggers of anxiety, fear, and distress, which contribute
to reduced appetite, sleep disturbances, and decreased
sexual activity. Strong morphofunctional connections have
been observed between corticotropin-releasing hormone-
containing and kisspeptinergic neurons. One of the first
studies investigating the influence of the HPA axis on
kisspeptin suggested that both acute and chronic stress
reduce kisspeptin levels, thereby suppressing the synthesis
and secretion of pituitary LH [1, 5, 6].

AIM: To investigate the effects of intracerebroventricular
administration of fish kisspeptins Kiss1 and Kiss2 in Danio
rerio on the expression of gonadotropin-releasing hormone
and corticotropin-releasing hormone genes in the midbrain
and diencephalon.
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MATERIALS AND METHODS

The selection of experimental animals (Danio rerio) and
their housing conditions have been previously described
in detail [7]. Anesthesia and sample collection from the
midbrain and diencephalon were performed according to
standard protocols [8].

Danio rerio kisspeptins Kiss1 (NVAYYNLNSFGLRY-NH,)
and Kiss2 (FNYNPFGLRF-NH,) were synthesized using the
standard Fmoc-based solid-phase peptide synthesis method
at the Department of General Pathology and Pathophysiology,
Federal State Budgetary Scientific Institution, Institute of
Experimental Medicine (St. Petersburg) [9].

The animals were divided into ten groups: Group 1
(Control 1), intracerebroventricular (ICV) injection of 1 pL
saline, euthanized 1 hour post-injection; Group 2 (Control 2),
ICV injection of 1 pL saline, euthanized 4 hours post-injection;
Group 3 (Kiss1, 1 ng, 1 pg/mL, 1 hour), ICV injection of 1 ng
Kiss1, euthanized 1 hour post-injection; Group 4 (Kiss1, 1 ng,
1 pg/mL, & hours), ICV injection of 1 ng Kiss1, euthanized
4 hours post-injection; Group 5 (Kiss1, 4 ng, 4 pg/mL,
1 hour), ICV injection of 4 ng Kiss1, euthanized 1 hour
post-injection; Group é (Kiss1, 4 ng, 4 pg/mL, 4 hours), ICV
injection of 4 ng Kiss1, euthanized 4 hours post-injection;
Group 7 (Kiss2, 1 ng, 1 pg/mL, 1 hour), ICV injection of 1 ng
Kiss2, euthanized 1 hour post-injection; Group 8 (Kiss2, 1 ng,
1 pg/mL, 4 hours), ICV injection of 1 ng Kiss2, euthanized
&4 hours post-injection; Group 9 (Kiss2, 4 ng, 4 ug/mL, 1 hour),
ICV injection of 4 ng Kiss2, euthanized 1 hour post-injection;
Group 10 (Kiss2, 4 ng, 4 pg/mL, 4 hours), ICV injection of 4 ng
Kiss2, euthanized 4 hours post-injection. All intracerebral
injections were performed in a total volume of 1 pL.

To assess the expression of corticoliberin and
gonadoliberin genes, the fish brains were extracted 1 and
4 hours after Kiss1 and Kiss2 administration. The midbrain
and diencephalon were isolated as a single unit, and
total mRNA was extracted using a standard protocol. The
dissected brain tissue was homogenized in 100 pL of TRIzol
reagent and incubated for 5 minutes at 40 °C. Then, 40 pL of
chloroform was added to each sample, mixed thoroughly, and
incubated for 5 minutes with gentle agitation. The samples
were centrifuged at 13,000 g for 10 minutes, and the upper
phase was collected. An equal volume of isopropanol was
added to the collected upper phase, mixed, and incubated
at -20 °C for 24 hours. The samples were then centrifuged
at 13,000 g for 10 minutes to collect the pellet. Isopropanol
was removed, the pellet was washed with 70% ethanol, dried
in a thermal block at 40 °C, and resuspended in 50 pL of
deionized water containing 1% RNase inhibitor. After mRNA
extraction, reverse transcription reactions were performed.
Real-time PCR was then performed using primers specific to
the mRNA of corticotropin-releasing hormone (corticoliberin,
JN859047.1) and gonadotropin-releasing hormone
(gonadoliberin, AJ304429.1). The reference housekeeping
genes used were cyclophilin and glyceraldehyde-3-phosphate
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dehydrogenase (gapdh). The expression levels of corticoliberin
and gonadoliberin genes were normalized to the geometric
mean of the two reference genes (cyclophilin and gapdh)
and calculated as relative expression values compared to
the control groups.

Statistical analyses were performed using GraphPad
PRISM 8.0. The Kolmogorov—Smirnov test was used to
assess the normality of data distribution. If the data followed
a normal distribution, one-way ANOVA was applied, followed
by Tukey's post hoc test for pairwise comparisons between
experimental groups. If the data distribution was non-
normal or unknown, the Kruskal-Wallis test was performed,
followed by Dunn’s post hoc test for multiple comparisons.
Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION

The mRNA expression levels of the corticoliberin gene in
the midbrain and diencephalon of Danio rerio exhibited
the following patterns. In the control group (CG) sampled
1 hour after injection, corticoliberin gene expression was
four times higher than in the CG sampled 4 hours after
saline administration. In Group 3, 1 hour post-injection,
corticoliberin expression was lower than in the CG
(4 hours). In Groups 4 and 5, corticoliberin expression did
not significantly differ from either CG at the 1-hour time
point. In Group 6, corticoliberin expression increased 17-fold
and 65-fold compared to both CGs after 4 hours. In Group 7,
1 hour post-injection, corticoliberin expression increased
23-fold and 92-fold compared to both CGs. In Group 8,
after 4 hours, corticoliberin expression increased 17-fold
and 64-fold compared to both CGs. In Group 9, 1 hour post-
injection, corticoliberin expression increased 41-fold and
167-fold compared to both CGs. In Group 10, 4 hours post-
injection, corticoliberin expression increased 19-fold and
75-fold compared to both CGs. These data are presented
in Figure 1.

The mRNA expression levels of the gonadoliberin gene
in the midbrain and diencephalon of Danio rerio showed
the following results. In the CG sampled 1 hour after
saline administration, gonadoliberin gene expression was
three times higher than in the CG sampled after 4 hours.
In groups that received ICV injections of Kiss1 and Kiss2 at
a concentration of 1 ng, gonadoliberin expression did not

Table 1. Primer Sequence
Ta6nuua 1. MocnegoBatenbHOCTb NpaiiMepoB
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significantly differ from either CG at the 1-hour or 4-hour
time points. In the group that received an ICV injection of
Kiss1 at a concentration of 4 pg/mL, gonadoliberin expression
decreased threefold compared to the CG sampled at 1 hour.
In Group 6, 4 hours post-injection, gonadoliberin expression
decreased 1.2-fold compared to the CG sampled at 1 hour.
In Group 7, after 1 hour, gonadoliberin expression decreased
fourfold compared to the CG sampled at 1 hour. In Group 8,
after 4 hours, gonadoliberin expression decreased threefold
compared to the CG sampled at &4 hours. In Group 9, after
1 hour, gonadoliberin expression decreased threefold
compared to the CG sampled at 1 hour. In Group 10, after
4 hours, gonadoliberin expression decreased 2.4-fold
compared to the CG sampled at 4 hours. These data are
presented in Figure 2.

Previous behavioral experiments have demonstrated
that various types of stress induce anxiety-like behavior
in bony fish [2]. It has been established that this is
associated with increased levels of CRH and GnRH in
the brain of the studied animals [2, 11]. The regulation
of peptide synthesis occurs both at the level of gene
expression and at the post-translational level. Therefore,
when investigating the mechanisms of action of drugs
that alleviate stress-related conditions, it is essential to
study changes in the expression levels of stress-related
peptide genes. Kisspeptin-based drugs have previously
been investigated as anti-stress agents [12]. The present
study demonstrated that administration of the Kiss2 peptide
in Danio rerio increased the expression of the corticoliberin
gene while simultaneously decreasing the expression of
the gonadoliberin gene in the brain of the studied fish.
In contrast, the Kiss1 peptide significantly affected the
upregulation of corticoliberin and the downregulation
of gonadoliberin gene only at higher concentrations
and longer exposure times. This suggests that different
kisspeptins activate distinct signaling pathways in neural
cells, leading to differential regulation of target genes.
Previous studies have shown that CRH plays a key role
in the stress-induced anxiety response [6]. Additionally, it
has been demonstrated that GnRH is involved in activating
reproductive and territorial behaviors in fish, which are
linked to stress [4]. Therefore, a compound that activates
the corticoliberin gene simultaneously represses the
gonadoliberin gene in the brain of Danio rerio. It is worth

Primer sequences

Gene
Forward (5'-3') Reverse (3'-5')
Cyclophilin AGCATCCGCAAACGGAAAAG CCCTTGTAGCCATAGCCAGG
Gapdh GATACACGGAGCACCAGGTT GCCATCAGGTCACATACACG
Corticoliberin GGTAACGGGATCCTGAGCAG ATGATCTTGCGGTTGTGGGT
Gonadoliberin CACTGGTCATACGGTTGGCT GCAAACCTTCAGCATCCACC
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noting that this effect at the cellular signaling level may
arise from the interaction of different kisspeptins with
various components of the signaling cascade. The opposing
effects on the expression of corticoliberin and gonadoliberin
genes are consistent with previous research findings [13,
14]. Multiple studies have demonstrated that regulatory
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Fig. 1. Corticoliberin gene expression in the midbrain and

diencephalon of Danio rerio. * — p < 0.05, *** — p < 0.001 relative
to the control group euthanized after 1 hour; #* — p < 0.001 relative
to the control group euthanized after 4 hours. Data are presented
in arbitrary units normalized to the expression levels of Cyclophilin
and Gapdh genes and calculated relative to the mean corticoliberin
expression in the groups. The alignment was performed using
the geometric mean of the reference genes (Cyclophilin and
Gapdh). Data are presented as mean + standard error of the
mean (M + SEM)

Puc. 1. kcnpeccus reHa KopTukonubepuHa B CpeaHEM U MpoMeXxy-
To4HoM Mo3re Danio rerio. * — p < 0,05, *** — p < 0,001 no oTHo-
LLIEHWIO K rpynne KoHTpons, 3abutoi yepes 1 vac; #* — p < 0,001
M0 OTHOLLEHUIO K rpynne KoHTposis, 3abutoi Yepes 4 yaca. [laHHble
BbIpaXKeHbl B YCNOBHBIX €AMHMLAX U HOPMUPOBaHBI K YPOBHIO 3KC-
npeccum reHoB umnknodunmta (Cyclophilin) v ruuepansgeryn-3-
tocoatnermpporeHassl (Gapdh) n paccuntaHbl B OTHOCUTENBHbIX
€MHULLAX MO OTHOLLEHWIO K CPEAHEN BEIMYMHE IKCMPECCUM reHa
Corticoliberin B rpynnax. BelpaBHWBaHMe NpOM3BOAUNOCH NO CPef-
HeMy reoMeTpuyeckoMy ABYX pedepeHcHbix reHos (Cyclophilin
n Gapdh). [anHble npepcTaBneHbl Kak cpedHee + CTaHAapTHas
owwubKa cpenHero
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pathways through signaling cascades in humans and
other animal species may function in entirely opposite
directions [15, 16]. Consequently, in human cell culture
experiments, unlike in fish, the regulation of CRH and
GNRH1 gene expression by kisspeptin drugs may be co-
directional rather than opposing.
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Fig. 2. Gonadoliberin gene expression in the midbrain and
diencephalon of Danio rerio. ** — p < 0.01, ** — p < 0.001
relative to the control group euthanized after 1 hour; # — p < 0.01,
### — p < 0.001 relative to the control group euthanized after
4 hours. Data are presented in arbitrary units normalized to the
expression levels of Cyclophilin and Gapdh genes and calculated
relative to the mean gonadoliberin expression in the groups.
The alignment was performed using the geometric mean of the
reference genes (Cyclophilin and Gapdh). Data are presented as
mean + standard error of the mean (M + SEM)

Puc. 2. Jkcnpeccus reHa roHagonmbepuHa B cpegHeM M NpoMeXxy-
ToYHOM Moz3re Danio rerio. ** — p < 0,01, *** — p < 0,001 no o1-
HOLLIEHWIO K rpynne KoHTpons, 3abutoil yepes 1yu; # — p < 0,01,
## — p < 0,001 No OTHOWEHWIO K rpynne KOHTPOnsA, 3abuToi
uepe3s 4 u. [laHHble BbipayeHbl B YCIOBHBIX eAMHULIAX U HOPMM-
POBaHbl K YPOBHIO 3KCMpeccumn reHoB umknogunuHa (Cyclophilin)
U ruuepanbaerua-3-docdataernaporeHassl (Gapdh) v paccum-
TaHbl B OTHOCUTENbHBIX €MHMLIAX NO OTHOLLEHUH K CpefHen Be-
NumMHe 3Kcnpeccun reHa Gonadoliberin B rpynnax. BoipaBHuBaHue
MpOMU3BOAMIOCH MO CPeSHeMY reoMeTpUYecKoMy AByX pedepeHc-
Hbix reHoB (Cyclophilin v Gapdh). laHHble npeAcTaBneHbl Kak cpea-
Hee + CTaHJapTHas oLWKOKa cpenHero
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CONCLUSION

The obtained data expand current understanding of the
mechanisms of action of kisspeptin-based drugs and suggest
their potential for further investigation as anti-stress agents.
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AOMO/THUTE/IbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECNM CYLLECTBEHHbIA BKNAA
B pa3paboTKy KOHLENUuK, NpoBefeHWe UCCNEA0BaHUS U MOAT0-
TOBKY CTaTbW, MPOYAM v 0806punmn GuHambHylo BEpCUIio neped ny-
bnmkaupmen. Bknag kaxaoro astopa: A.B. JInsyHoB — npoBeneHune
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