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In our previous work, we suggested that analogs of mammalian kisspeptin Kiss1 reduce anxiety and phobic reactions
novel in Danio rerio. The most effective dose for the action of the studied analogs of kisspeptin corresponded to 0.1 mg per
1000 mL of water. In this study, other analogs of mammalian Kiss1 at a dose of 0.1 mg per 1000 mL of water also reduced the
anxious behavior of Danio fish. The effect of Kiss1 and Kiss2 kisspeptins on the behavior of Danio rerio was also evaluated.
In the novel test, the number of freezing decreased by two times with the introduction of kisspeptin 10 and by three times
after the introduction of the kisspeptin analog. An analog of mammalian kisspeptin reduced the freezing time by two times.
The length of the trajectory decreased by two times under the influence of the mammalian Kiss1 kisspeptin analog. With the
action of kisspeptin 10, the number of transitions to the upper part of the tank increased by two times. After the introduction
of the kisspeptin analog, the number of transitions to the upper part of the aquarium increased by three times. In the predator
test, the number and time of freezing decreased by 1.5 times with the action of mammalian kisspeptins. The length of the
trajectory after the introduction of kisspeptin bony fish and kisspeptin 10 mammals increased. The length of the trajectory
after the introduction of Kiss1 increased by 1.5 times. The length of the trajectory after the introduction of Kiss2 increased
by three times. After the introduction of kisspeptin 10, the trajectory increased by two times, and the time spent in the lower
part of the tank decreased by two times. Kisspeptins of bony fish also reduced the anxiety and phobic reactions in fish,
but to a lesser extent. Thus, kisspeptin 10 and an analog of mammalian kisspeptin in response to the presentation of a predator
had more significant effects on anxiety in Danio rerio compared with the action of kisspeptin bony fish Kiss1 and Kiss2.
Thus, bony fish kisspeptins and mammalian kisspeptins can reduce anxiety and phobic reactions in Danio rerio; however,
mammalian kisspeptins are the most effective. Bony fish kisspeptin Kiss1 has an anxiolytic effect in contrast to Kiss2, which
suggests that it affects fear reduction, and Kiss2 appears to be responsible for social and sexual behavior. The results support
the hypothesis that kisspeptins may be involved in the regulation of anxiety and phobic states, apparently to maintain the
emotional aspects of reproductive behavior, such as sexual motivation and arousal.
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CpaBHeHMe aHKCMOAUTUYECKOro AeUCTBUS KUCCNENTUHOB
MJIEKOMUTAKOLLUX U KOCTUCTLIX pblb y Danio rerio

B.A. Tonbu', A.A. Nebepes’, A.A. bnaenko', B.A. llebenes’, A.A. baiipamos™ 2, .M. Xoxnos',
E.P. Beiuxos', C.C. Miopsees’, C.B. Kasakos', .. LLlabaHos'

T MIHCTUTYT 3KCrepuMeHTanNbHOIM MeauUmHBI», CankT-TeTepbypr, Poccus;
2 HaumoHanbHbIA MEANLIMHCKWIA UCCNeNIoBaTeNbCKMIA LieHTp M. B.A. AnMasosa, CaHkT-TleTep6ypr, Poccua

AkTyanbHocTb. PaHee HaMy Obiio BbICKa3aHO NPeLNooXEeHWe, YTO aHanoru KuccnentuHa Kiss1 MneKonuTalowwmx cHU-
XaloT TpeBoXHO-hobuueckne peakumm Ha HoBusHy y Danio rerio. Hanbonee addeKTBHas [03a ans LeUCTBUS U3YUEHHBIX
aHanoroB KuccnentuHa cooteetctBoBana 0,1 Mr Ha 1000 Mn Bofbl B TeCTe HOBU3HBI.

Llenb — noka3atb, 4to apyroii aHanor kuccnentuHa Kiss1 mnekonutatowmx, KSé, B no3e 0,1 Mr TakKe CHUMXan TpeBOX-
Hoe noBefieHune poibok Danio rerio.

Martepuanbl U MeTogbl. OueHMBaANOCH AeiCTBME KUCCNENTUHOB KOCTUCTLIX pbib Kiss1 u Kiss2 Ha noseaenue Danio rerio
B TeCTe HOBU3HbI.

Pe3ynbtatbl. B TecTe HOBU3HbLI BLIAIBNIEHO, YTO KOJIMYECTBO (PU3MHIOB Ha (oHe BBeAeHUs KuccnenTtuHa 10 cHMXanoch
B 2 pasa, nocne BBEEHUA aHa/ora KuccnenuHa — B 3 pasa. AHanor KUCCMenTUHA MAEKONUTAIOWMX CHUMKAN BpeMs dpu-
31HroB B 2 pa3a. [liMHa TpaeKTopuM CHUKanach nog, BO3AecTBMEM aHasora kuccnentuHa Kiss1 mnexonuTaiowmx B 2 pasa.
Takke Ha doHe pencteua kuccnentuHa 10 B 2 pa3a yBeNMYMBANOCh YUCIO NEPEXOAOB B BEPXHIOK YacTb akBapuyMa, nocne
BBEJEHMA aHaora KuccnentuHa — B 3 pasa. B Tecte ¢ XMLLHWKOM Yncio 1 BpeMA QPU3MHIOB COKpaLLanuch Ha oHe feu-
CTBMS KUCCMENTUHOB MNeKonuTaowwmx B 1,5 pasa. [LMHa TpaeKTopum nocne BBeAEHUS KUCCMENTUHOB KOCTUCTBIX pbib 1 KuC-
cnentuHa 10 MnekonuTaloLwmx yeennumeanach. [inHa TpaeKktopum nocne BeeaeHua Kiss1 ysenmumnsanack B 1,5 pasa, nocne
BeefeHus Kiss2 — B 3 pasa. [locne BeegeHus kuccnentuHa 10 TpaeKTopus yBenMuuBanach B 2 pasa, BPeMS HaX0XAeHus
B HUXHEW 4aCTW aKBapWyMa yMeHbLUanoch B 2 pa3a. KuccnenTuHbl KOCTUCTLIX pbib TaKKe CHUKanM TPeBOXHO-hobuyeckue
peakummn y pbib, HO B MeHbLUeN cTeneHu. TakuM obpa3oM, kuccnentuH 10 M aHanor KuccnenTuHa MaekonuTalowmx KSé B
OTBET Ha MpeabsBleHNe XWLLHUKA OKa3anu bonee 3HauMMoe BO3AEMCTBME Ha TPEBOXKHOCTL Y Danio rerio no cpaBHEHUIO
C KuccnentHamu Koctuctblx poib Kiss1 u Kiss2. CaenaH BbIBoA, YTO KUCCMENMTUHBI KOCTUCTBIX Pblb M KMCCMENTUHBI MIie-
KOMUTAOLWMX CNOCOBHbI CHIKATb TPeBOXKHO-Pobuyeckne peakumm y Danio rerio, Ho Hanbonee 3PEKTUBHBI KUCCMENTUHLI
MIEKOMUTAIOLLIMX.

3akntovenne. KuccnentuH Kiss1 KOCTUCTBIX pbib OKa3bIBaeT aHKCUONMTUYECKOE AeicTBUE B oTmume ot Kiss2, 4Tto aaet
OCHOBaHWe nosiaraTb, Y4TO OH B/IMAIET HA CHUXEHWe CTpaxa, a Kiss2, no-BManMMoMy, 0TBEYaeT 3a COoLMasnbHOe W NooBoe Mo-
BefleHWe. PesynbTathl MCCNenOBaHWA NOATBEPMAAIOT MMMOTE3y 0 TOM, YTO KMUCCMENTMHbI MOTYT Y4acTBOBaTb B Perynauum
TPEBOXHO-(Q0OOMUECKMX COCTOSHMIA, NO-BUAMMOMY, AN1S NOAAEPXaHUA 3MOLIMOHANbHBIX acNeKToB penpoayKTMBHOM NoBefe-
HMS, TaKMX KaK NojioBas MOTUBALMS W BO3bYXaeHMe.

Kniouesbie cnoBa: Danio rerio; Kiss1; Kiss2; kuccnentud 10; aHanorn KMcCnenTHa MAEKOMUTAIOLLMX; TPEBOXHOCTb; TECT
HOBM3HbI.
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BACKGROUND

Kisspeptin and its receptors (Kiss-R) were identified in
lower and higher vertebrates. Kisspeptin is more frequently
considered a behavioral hormone that affects the limbic
system, including the hypothalamic—pituitary—gonadal and
hypothalamic—pituitary—adrenal neuroendocrine axes [1-4].
In turn, these chains regulate the activity of signaling
neurotransmitters and hormones, particularly gonadal
steroids and stress hormones [5, 6]. In the central nervous
system, kisspeptin acts as an endocrinological regulator of
human sexual development and reproductive functions [7, 8].
Structurally, it is a neuropeptide consisting of 145 amino acid
residues that undergo proteolytic cleavage to a C-terminal
active peptide consisting of 54 residues, which further breaks
down into shorter forms, i.e., kisspeptins 10, 13, and 14 [9].
Kisspeptin is encoded by the KissT gene. For example, two
homologous genes (Kiss T and kiss2) encoding kisspeptin were
identified in bony fish, with Kiss1, and kiss2 having a higher
affinity for Kiss-R1 and Kiss-R2, respectively [10]. The Kiss1
gene is a conserved ortholog of the mammalian Kiss! gene,
whereas the kiss2 gene was found in hypothalamic nuclei
only in nonmammalian vertebrates, including amphibians and
bony fish [11]. In Danio rerio fish, Kiss! and kissr1 matrix
ribonucleic acids (mRNAs) are predominantly expressed in
the ventral habenula [12]. In nonmammalian vertebrates,
the dorsal and ventral habenulas are homologous to the
medial and lateral habenulas in mammals [13]. Kisspeptin
is expressed in several regions of the rat central nervous
system, including the hypothalamic nuclei (e.g., arcuate
nucleus and anteroventral paraventricular nucleus), thalamic
nuclei, amygdala, hippocampus, lateral septum, bed nucleus
of the stria terminalis, corpus striatum, nucleus accumbens,
circumventricular gray matter, and locus coeruleus [14, 15].
Similarly, kiss1r was localized in rat hypothalamus (e.g.,
paraventricular, arcuate, and supraoptic nucleus), thalamus,
hippocampus, amygdala, septum, corpus striatum, suture
nuclei, and cerebral cortex [16, 17]. Evidence reveals that
kiss2 is more efficient than Kiss1, being the most responsible
for reproductive behavior. Results of real-time polymerase
chain reaction showed that Kiss7 neurons were localized in
the dorsomedial and ventromedial habenulas, with their nerve
fibers projecting into the ventral parts of the interpeduncular
nucleus and suture nuclei. In turn, kiss2r mRNA was widely
expressed in the brain, including the olfactory bulb, terminal
medulla, preoptic area, midbrain, hypothalamic nuclei,
cerebellum, and spinal cord. kiss2 neurons are mostly
localized in the dorsal and ventral hypothalamus, with neural
projections passing to several brain regions such as the
preoptic area and ventral hypothalamus. Its wide distribution
suggests having multiple functions [18, 19].

The preoptic area and hypothalamus are important
regions for the distribution of pituitary neurons. In the ventral
hypothalamus, kiss2 neurons were thought to be possibly
responsible for regulating reproduction. However, whether
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these kiss2 neurons project to the pituitary gland is unclear.
A recent study found that kissZ, but not Kiss7, mRNAs were
expressed in the pituitary gland of female Danio fish. The
distribution patterns of these kiss2-positive structures were
similar to that of Gnrh3 fibers, whereas kiss2 cells were
in close contact with Gnrh3 fibers. The kiss2 gene directly
regulates the expression levels of lhp, fshB, and prl1 mRNAs
in the pituitary gland of female fish [20]. For example, Kiss],
and kiss2 mRNAs were detected in the pituitary gland of
several teleost species. In chub mackerel, Kiss1 mRNAs were
detected in both female and male pituitary glands [21]. By
contrast, kiss2 mRNAs were expressed in the pituitary gland
of grass puffer during spawning [22]. In European sea bass,
Kiss1 and kiss2 mRNAs were detected in the pituitary of
males and females [23].

Kisspeptin's role in teleosts is still unclear. However, in
mammals, kisspeptin is fairly well known to be involved
in at least fear and reproduction reactions. Most likely,
kisspeptin in mammals has similar functions to those in fish.
Since the pituitary gland is responsible for the production
of gonadotropins, which participate in the development and
maturation of the sex glands, and, consequently, sex hormone
secretion, an acute stressor may decrease the production
of sex hormones and the main regulator gonadotropin.
Conversely, evidence reveals KissZ-R immunoreactivity in
pituitary corticotropes but not in gonadotropes. This study
showed that Kiss2 and Kiss2-R signaling directly performed
nonreproductive functions and indirectly subordinate
reproductive functions in teleosts [24], presenting difficulties
at this stage in knowing the functions of the kiss2 system.
For example, in sea bass, Kiss! encodes a peptide identical
to rodent kisspeptin 10, whereas the KissZ2 peptide is not
identical. A genome database search showed that both genes
are present in the genomes of nonplacental vertebrates.
These data were consistent with the results of phylogenetic
and mapping analyses that Kiss! and kissZ are paralogous
genes that arose from ancestral gene duplication, although
kiss2 was lost in placental mammals. In addition, mRNA
analysis showed the presence of Kiss! and kiss2 in the brain
and gonads of sea bass, medaka, and Danio rerio fish. In the
hormone assay, Kiss2 induced the secretion of luteinizing and
follicle-stimulating hormones in sea bass to a greater extent
than Kiss1. By contrast, Kiss2 peptide only weakly induced
luteinizing hormone secretion in rats, whereas the Kiss/
peptide was maximally effective [25].

Danio rerio species have recently become a study object for
neurobiologists, geneticists, neuropsychopharmacologists,
and toxicologists owing to the following advantages:
active swimming, adaptation to new environment, short
reproductive period, high fecundity, and low production cost.
All these made Danio rerio animal models for laboratory
studies [26]. Currently, behavioral tests for anxiety, stress,
and fear are frequently performed on fish. The novelty test
of Danio rerio revealed signs corresponding to fear, namely,
increased number of freezing (immobilization), diving to the
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bottom, and decreased number of transitions to the upper and
lower parts of the aquarium; however, increased locomotor
activity, decreased freezing, and increased number of
transitions to the upper part of the aquarium were observed
with acclimatization to the new environment [27-29]. The
“predator—prey” model has long been used to assess anxiety
state. The prey receives information about the predator’s
location through olfactory, visual, acoustic, and vibratory
signals. Studies have revealed sufficient information on
predator perception in fish [30, 31]. The combinations of these
predator signals induce an anxious-phobic state in fish [32].
Currently, not much data regarding the predator presentation
model used on Danio rerio are available.

In this study, novelty stress, and predator stress were
assessed along with the administration of bony fish
kisspeptins and mammalian kisspeptins. The study aimed to
examine the comparative characteristics of these peptides to
test their effectiveness.

The study used Kiss! and Kiss2 preparations of
kisspeptins in bony fish, a novel kisspeptin analog, and Kiss 10
in mammals. In our previous studies [33, 34], the novelty test
was used to analyze the behavioral characteristics of fish in
response to a stressful situation. In addition, predator—prey
stress studies were conducted along with the administration
of bony fish kisspeptins and mammalian kisspeptins.

The study aimed to investigate the anxiolytic action of
mammalian kisspeptins and bony fish kisspeptins in Danio
rerio fish.

MATERIALS AND METHODS

Animal selection. Tests were conducted on 105 sexually
mature Danio rerio (zebrafish or striped Danio) fish aged 6-8
months (young sexually mature animals with a life cycle of up
to 5 years) from the Aqua Peter Company and Danio rerio (wild
type) bred in the Institute of Experimental Medicine. Intact
animals were used for testing after 2 weeks of adaptation to
the space and aquariums of 40 L of water displacement, with
20-30 animals in each. A water temperature of 25°C-27°C
was maintained constantly. Animals were kept under standard
light conditions (8:00-20:00) at a temperature of 22°C + 2°C
and fed two times a day with the standard food “Tetramin
tropical flakes.” Each group contained at least 1012 fish.

Novelty stress test. For novelty assessment, a standard
viewing aquarium (trapezoidal in shape, 1.5-L displacement,
15 ¢m high, and 7 cm wide) was used to evaluate anxiety—
phobic reactions in Danio rerio [35, 36]. The aquarium was
22 and 28 c¢m long at the base and top, respectively. This
design allows for observation of the vertical and horizontal
movements. Since this behavioral test is based mainly on the
instinct to seek protection from an unfamiliar environment
by diving to the bottom [37, 38], the aquarium was divided by
a line into two equal parts, i.e., upper and lower. Fish were
first placed in a 200-mL measuring beaker with a dissolved
pharmacological substance (or water) for 5 min, then in a
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pre-start aquarium with water (10x10x10 cm?) for 5 min, and
in a viewing aquarium for 6 min, where motor activity during
the experiment (fish track length), number of transitions to
the upper and lower halves of the aquarium, and time spent
therein were recorded. The number and time of freezing
(immobilization) patterns per experiment, which are commonly
observed during novelty stress and reflect the anxiety level
of the animal, were automatically scored [39]. Behavior was
recorded automatically using the EthoVision XT7 system
(Noldus, Netherlands), which allows both digital recording of
readings and visual control of the fish’s video track.

Predator-prey test. The test is similar to posttraumatic
stress exposure in rats. Intact animals were used for the
experiment after 2 weeks of adaptation to the space and
aquariums of 40 L of water displacement with 20-30 fish in
each. The water temperature of 23°C-25°C was maintained
constantly. Animals were kept under standard light conditions
(8:00-20:00) at a temperature of 22°C + 2°C and fed two times
a day with the standard food Tetramin tropical flakes.

All animal manipulations were approved by the Local
Ethical Committee of the Institute of Experimental Medicine
(Minutes No. 12 of September 26, 2019).

A standard viewing aquarium, which was utilized
to evaluate anxiety—phobic responses in zebrafish (1.5-
L displacement, trapezoidal in shape, 15 cm high, and
7 cm wide), was used to assess the predator stress test.
The aquarium was 22 and 28 cm long at the base and top,
respectively. In this case, fish were placed in a 200-mL
measuring beaker with a dissolved pharmacological agent for
5 min, then in a pre-start aquarium (10x10x10x10 cm®) with
the predator Hypsophrys nicaraguensis for 5 min, and in a
viewing aquarium for 6 min, which is usually used to assess
stimulus novelty. Kiss1, Kiss2, Kiss10, and KSé were dissolved
in @ measuring cup at a dosage of 0.1 mg/L.

Pharmaceuticals. Kiss? (pyroglut-NVAYYNLNNSFGLRY-
NH,), KissZ (FNYNPFGLRF-NH,) of the bony fish synthesized
in the Department of General Pathology and Pathophysiology,
Kiss1 mammalian kisspeptin analog of Cloud Clone (USA)
KSé (differed from Kiss1 by the terminal fragment), and
kisspeptin 10 (Tyr-Asn-Trp-Asn-Ser-Phe-Gly-Leu-Arg-Phe-
NH,) of mammals (State Research Institute of Highly Pure
Biopreparations, Russia) were used for pharmacological
analysis. All preparations were dissolved in water at a
dosage of 0.1 mg/L.

Statistical analysis. The statistical significance of
differences was assessed using GraphPad Prism 8.4
(GraphPad Software, USA) and one-factor analysis of
variance (ANOVA). One-factor ANOVA was conducted to
compare the control group (CG) and the experimental group.
The results obtained by analyzing biological materials were
determined by Student’s t-test. The Newman—Keuls criterion
for group comparison was used among nonparametric
criteria. Differences were considered statistically significant
at p < 0.05. Data are presented using descriptive statistics
such as the arithmetic mean and the error of the mean.
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RESULTS

In the novelty stress test without a predator, Kiss10 and
the Kiss! analog of the mammalian Kiss7 kisspeptin Clone
(USA) KSé were statistically significant in the “number
of freezing.” Table 1 shows a significant reduction in the
number of freezing in the experimental group compared
with the control group. Kisspeptins of bony fish insignificantly
reduced this pattern. In addition, KSé significantly reduced
the freezing time and increased the number of transitions
to the top of the aquarium. Moreover, exposure to Kiss10
increased the number of transitions. However, bony fish
kisspeptins reduced anxiety—phobic reactions in fish but to
a lesser extent.

In the predator exposure test, kisspeptin decreased the
freezing time in both fish and mammals; however, Kiss10
and KS6 were statistically significant. In comparison with
the CG, freezing under the influence of these drugs was
reduced by two times. Simultaneously, the length of the fish's
trajectory increased; however, whether motion reactivity may
be considered a positive effect of the drug, or whether it is
still determined by the fear response, is unclear. In particular,
fish-derived kisspeptins did not affect the preference of fish
to be at the top of the aquarium compared with the CG. In
this case, the fish preferred to be in the lower part, whereas
Kiss10-, and KSé-treated fish had significantly decreased
stay in this area. If the number of freezing was assessed, all
kisspeptins lowered this parameter, although no statistically
significant preparations were identified. Furthermore, the
number of movements increased in all groups compared
with the CG. The results revealed that Kiss70 and KSé had
the strongest effect in response to predator presentation
(Table 2).

DISCUSSION

An ecosystem, as a basic natural unit, includes a set of
organisms interacting with each other and occupying certain

Vol 14 (2) 2023
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levels in the food chain. The interaction between the predator
and the prey, or two-order consumers, is the most common
type of relationship. This model is most commonly used by
experimenters as one of the stressors that involve a threat
from a predator when present [40-42] or the odor of a
predator [43-45]. While predator—prey relationships between
mammals are still one of the most common research topics,
similar interactions between herbivorous, and predatory fish
have not gained as much popularity. In an aquatic system,
chemical signals are the primary means by which fish
detect a predator and assess the possibility of predation
[46, 47]. Predator-specific signals allow the prey to develop
adaptive defense mechanisms. These most frequently include
behavioral, morphological, and physiological changes [46,
48-52]. In response to a predator signal, the prey exhibits
a set of short-term behavioral responses such as decreased
activity or freezing [51], decreased feeding intensity, stealth
displays, and environmental changes [49, 53, 54]. Currently,
a distinct lack of information exists on the sensory pathways
by which the prey processes the predator’s odor. This is
partly explained by the lack of intensive studies on fish
pheromones. Olfaction and touch are the main sensory
pathways for detecting chemicals present in the aquatic
environment [55]. Three types of olfactory receptor neurons
(ORNs) exist in fish, namely, ciliated, microvillous, and
cryptocytic cells, which are assembled into rosettes in the
olfactory epithelium. These ORNs project to tubules located in
specific regions within the olfactory bulb, resulting in tubules
with the same chemosensitivity located next to each other.
Chemical information is then transferred from the olfactory
bulb through mitral cells to the forebrain, where higher-
order olfactory information is processed [56, 57]. ORNs are
sensitive to different classes of odors; accordingly, food odors,
pheromones, and alarm signals are predominantly processed
by separate pathways [56-58]. Exposure to predator odors
alters various cognitive traits related to behavior. For
example, exposure to a predator’s odor may promote learning
in general [59-61]. Although exposure to predation risk may

Table 1. Effect of Kiss1, Kiss2, Kiss10, and KSé (0.1 mL/L) on the behavior of Danio rerio fish in the novelty stress test without presenting

a predator
Tabnuua 1. Jleictsue Kiss1, Kiss2, Kiss10, KSé (0,1 mn/n) Ha noBenenme poi6 Danio rerio B TecTe cTpecca HOBU3HbI 6e3 npegbsBieHns
XWLLHWKa
Group Number of freezing, Freezing time, Trajectory length, Time at the l?ottom of Nuzbtilit);ri?ii}:?ns
n s cm the aquarium, s .
aquarium
Control 81.38 £ 4.95 41.35+2.3 1643 + 289.8 213.9 + 32.46 20.67 + 6
Kiss1 61.33 + 3.61 35.92 + 1.52 1310 + 205.8 275.3 + 22.67 34.67 +8
Kiss2 64.25 + 6.67 38.85+1.75 1792 + 476 210.6 + 44.83 30.33+6.8
Kiss10 46.17 £ 11.15* 28.42 +7.96 1163 + 155.6 224.4 + 38.58 4417 +£5.5*
KSé 29.67 + 4.88*** 18.92 + 5.520** 663.6 + 188.6* 183.1 + 84.21 42.0 + 6.0*

Note: *p < 0.05; **p < 0.005; ***p < 0.0001 relative to the control group.
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Table 2. Effect of Kiss1, Kiss2, Kiss10, and KSé (0.1 mL/L) on the behavior of Danio rerio fish in the novelty stress test with the presentation

of a predator

Tabnuua 2. [eicTaue Kiss1, Kiss2, Kiss10 u KSé (0,1 mn/n) Ha noBeaeHue pbi6 Danio rerio B TecTe CTpecca HOBU3HbI C NPenbsSBNEHNEM

XMLLIHWKA
Group Number (’)1f freezing Freezinsg time, Trajectc::rrzl1 length, Ti":ﬁea:; clll;z rIiJlt:rtTt:'Jn; of Nu:‘;btire()tf():iﬁ:ieons

aquarium

Control 104.7 £ 15.7 53.14£7.38 608.7 £ 96.19 326.6 +22.92 9.6 +4.2

Kiss1 61.86 £ 12.7 33.43 £5.51 993.2 + 143.6* 352 £ 4.95 23.86 +5.2

Kiss2 69.71 £ 10 34.93 +5.02 1810 + 499.8* 350.3 + 4.55 .43+ 4.2

Kiss10 61.3 +5.13* 34.36 + 2.8* 1108 + 208.8 185.7 + 11.75*** 15+£26

KSé 62.93 +5.8* 32.8+29* 1135 + 191.9* 188.9 + 12.69*** 24 +5.6

Note: *p < 0.05; **p < 0.005; ***p < 0.0001 relative to the control group.

enhance cognitive traits related to predator recognition,
other cognitive functions, such as spatial learning, may be
impaired [62]. Thus, if mammals produce a characteristic set
of persistent behavioral responses to a single exposure by a
predator, this stress will cause similar changes in fish as a
confirmation of the hypothesis of common genes responsible
for the development of affective disorders among different
evolutionary chains [63].

Previous studies have shown that the novelty stress test
is sensitive to anxiety—phobic reactions in Danio rerio. Our
studies confirmed that the response to the novelty of being
placed in a viewing aquarium demonstrates typical behavioral
patterns in Danio rerio (zebrafish). The fish reacted by diving
to the bottom, freezing, and having decreased locomotor
behavior [33, 36, 39]1. Freezing was frequently observed, with
quite high number, and time per experiment, as was the time
the fish spent at the bottom of the aquarium. The results
obtained largely agree with the literature [29, 64].

In the analysis of the behavioral activities of lower
vertebrates, predator-related stress showed the most
striking reaction compared with novelty stress. However,
these techniques represent anxiety—phobic reactions quite
well, which suggests that fish behavior may be considered
a screening model for the development of new drugs
that normalize mental state. In this study, kisspeptin
preparations were examined, which were hypothesized
to have anxiolytic effects. In the comparative analysis,
kisspeptins indeed inhibit the anxiety—phobic state of fish
after both novelty and predator stresses. The present study
showed that the number of kisspeptin-induced freezing and
freezing time decreased in models of novelty stress and
predator stress in comparison with the CG. The number of
transitions to the top of the aquarium increased. However,
no significant difference in the time the fish were in the
lower part of the aquarium was found when compared with
the CG. Kiss10, the mammalian kisspeptin analog of KSé,
exhibited the most characteristic signs of anxiolytic effect.

DO https://doi.org/ 1

The highest number of statistically significant indices was
found in KSé. In addition, bony fish kisspeptins reduced
anxiety patterns, but to a lesser extent. KissZ in teleosts,
which predisposes fish to sexual behavior (Table 2), has
a minor anxiolytic effect and does not differ significantly
from the CG; however, some evidence reveals that fear
reduction leads to mate-seeking. Thus, the hypothesis that
these drugs have these expected effects was confirmed.
Nevertheless, their effectiveness for further application is
still unclear, providing a reason to continue the study in
lower vertebrate biochemistry.

CONCLUSIONS

1. Bony fish kisspeptins and mammalian kisspeptins
reduced anxiety—phobic responses in Danio fish; however,
mammalian kisspeptins were more effective.

2. The results support the hypothesis that kisspeptins
may be involved in the regulation of anxiety—phobic states,
apparently to maintain emotional aspects of reproductive
behavior such as sexual mativation and arousal.

3. Compared with Kiss2, Kiss! kisspeptin has anxiolytic
effects, suggesting that Kiss 1 affects fear reduction, whereas
Kiss2 appears to be responsible for social and sexual behavior
in Danio rerio fish.
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NO0NONHUTENIbHAA UHOOPMALIUA
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