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ABSTRACT

BACKGROUND: Animals’ emotions and exploratory behavior are significant markers of its cognitive and neurobiological
health.

AIM: To investigate the effect of a melanocortin-stimulating hormone antagonist on the emotional and exploratory be-
havior of male rats.

METHODS: A series of experiments included a group of 20 male Wistar rats, with a baseline weight of 200-220 grams.
A behavioral test battery was used, including Open-Field test, Elevated Plus Maze test, Resident-Intruder test, and
Porsolt Forced Swim test. The sample size was fixed at 10 animals per group. ML-00253764, a melanocortin receptor
4/a-melanocyte-stimulating hormone receptor antagonist, diluted in distilled water at 1 mg/mL was administered in-
tranasally at 20 pg (10 y/mL in each nostril) 15 minutes prior to the behavior testing. Additionally, 0.9% sodium chloride
solution was administered in a similar dose to serve as a control.

RESULTS: Intranasal administration of the MC4R antagonist ML-00253764 has been demonstrated to reduce anxiety,
enhance research activity, and produce antidepressant effects. In the Open-Field and Elevated Plus Maze tests, an
increase in the number of locomotor responses, exploratory activities, and time in open arms was observed, sugges-
ting the activation of exploratory behavior and the anxiolytic effect of the compound. In the Porsolt Forced Swim test,
a decrease in immobilization time was documented, which is indicative of the antidepressant effect The Resident-Intrud-
er test demonstrated a decrease in aggressive and defensive behaviors, thereby indicating a normalized social behavior.
CONCLUSION: The study findings highlight the significance of the melanocortin system in the regulation of emotional
and cognitive functions, thereby offering novel insights into the potential therapeutic benefits of MC4R antagonists for
the treatment of anxiety and depression.
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UccnepoBaHue PO MeNIaHOLUTCTUMYJIUPYIOLLIETrO
ropMoHa B opraHM3auuu IMOLUOHAJNIbHOIO
U UCCsiefoBaTesIbCKOro noseaeHusa y Kpbic

C.C. Mopsees, A.A. Jlebenes, E.P. bbiukos, A.l. MweHnyHas, M.E. Abpocumos, B.A. Jlebenes,
WN.A. banaranckun, M1.[. LLlabaHoB

WHCTUTYT 3KCcnepuMeHTanbHoM Meauumnkbl, CaHkT-leTepbypr, Poccus

AHHOTALUA

060cHoBaHMe. IMOLMOHANBHOE COCTOSHUE U UCCNEeL0BaTeNbCKOE NOBEAEHNE HUBOTHBIX — BaXHble MHAWUKATOPbI UX KOTHM-
TUBHOTO U Helpobuonornyeckoro craryca.

Llenb — u3yyeHue [eicTBUA aHTaroHMCTa MeNaHOKOPTUHCTUMYTIMPYIOLLEr0 FOPMOHA Ha IMOLMOHANBHOE W UCCNe0BaTeSb-
CKOe MOBEefEHNe CaMLIOB KpbiC.

Matepuanbl M Metogbl. OnbiTbl BbIMOAHeHbl Ha 20 Kpbicax-camuax JivHum Buctap ¢ HauanbHoi Maccoi 200-220 .
Wcnonb3oBanu baTapeto MoBeeHYECKNX TECTOB: «OTKPLITOE MOAE», «MPUNOLHATLIA KPecToobpasHbIi NabUPUHT», «HyKaK —
pe3uaeHT», TecT lNopconTa. BeibopKa ans Ka o rpynnbl uBoTHbIX coctaBnsna no 10 Kpeic. [lng aHanu3a ucnonb3oBanu
aHTaronmct peuentopoB MC4R a-MSH ML-00253764, pasBefieHHbli B AUCTUAIMPOBAHHOM Boge 1 Mr/Mn, KOTOPbIV BBOAMIM
WHTpaHasanbHo B Ao3e 20 MKr (no 10 MKI/MKN B Kaayo Ho3apto) 3a 15 MUH 0 MccnesoBaHUs NoBefeHus B TecTax. B Ka-
YecTBe KOHTpOASA UCMOMb30Bau BBeAeHWe aHanornyHon fossl 0,9 % pactBopa xiopuaa HaTpus.

Pe3ynbtathl. bbi0 NOKa3aHo, YTO MHTpaHa3ankbHoe BeefeHWe aHTaroHucta MCAR ML-00253764 Bbi3biBaeT CHUMEHWE Tpe-
BOXXHOCTW, YBENMYEHWE WUCCIIe0BaTeNbCKOW aKTMBHOCTU W NpOSBASET aHTMAENPeccUBHoe AelicTue. B TecTax «OTKpbiToe
none» U «MpUNOLHATHLIA KPecToobpasHbIii TabUPUHT» 0TMeYanMCh NOBBILLIEHME YMC/IA JIOKOMOLIMIA, MCCNeL0BaTeNbCKUX aKTOB
1 BpEMEHM NpelbIBaHUA B OTKPBITLIX PyKaBax, YTO YKa3blBAeT Ha aKTUBALMIO UCCNEA0BATENbCKOrO NOBEEHUS U aHKCUOMN-
Tnyeckuii addeKT npenapara. B tecte MNopconTa Habnofanock CHUXEHWE BPEMEHU UMMOBMAM3aLMK, CBULETENLCTBYIOLLEE
06 aHTMAenpeccuBHOM 3dderTe. B TeCTE «UyKaK — pe3naeHT» YMeHbLUEHWE aKTOB arpeccum W 3alUMTHOro NOBEAEHUS yKa-
3blBaeT Ha HOPMaNM3aLmIo COLMAbHOTO NOBEAEHUS.

3akuitoyeHme. lonyyeHHble pe3ynbTaTbl NOAYEPKUBAOT 3HAYMMOCTb MENIAHOKOPTUHOBOM CUCTEMBI B PETYAALMM 3MOLMOHA b~
HbIX M KOTHUTUBHbIX QYHKLMIA, @ TaKXKEe OTKPbIBAKOT NEPCMEKTUBLI NPUMeHEHUS aHTaroHncToB MCAR nns Tepanum TpeBoXHbIX
W BenpeccuBHBIX PaccTpONACTB.

KnioyeBble cioBa: MeNaHOKOPTUHCTUMYNUPYHOLWMIA ropMoH; ML-00253764; nosepeHune; MCAR.
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BACKGROUND

The emotional state and exploratory behavior of
animals are important indicators of their cognitive and
neurobiological status. Peptides involved in appetite
regulation, such as anorexigenic (appetite-suppressing)
and orexigenic (appetite-stimulating) compounds, play a
central role not only in maintaining energy balance, but
also in modulating emotional and cognitive functions [1].
These neuropeptides are widely distributed throughout
the central nervous system, where they modulate the
function of the hypothalamic-pituitary-adrenal axis, do-
paminergic reward system, and stress responsiveness
[2, 3]. Among the anorexigenic peptides, particular atten-
tion is given to proopiomelanocortin (POMC) and leptin,
which are associated with the regulation of anxiety and
depression. Orexigenic peptides such as ghrelin and neu-
ropeptide Y (NPY) influence motivational and exploratory
behavior [4, 5].

POMC is a large precursor polypeptide synthesized
in the pituitary gland, which gives rise to several bio-
logically active metabolites involved in the regulation of
various physiological functions, including stress control,
energy homeostasis, skin pigmentation, and immune re-
sponses [6, 7.

The melanocortin system was first identified in 1961
during studies on the regulation of skin pigmentation in
humans. Its primary regulators are melanocyte-stimu-
lating hormones (MSH), a group of polypeptides derived
from the proteolytic processing products of POMC [8].
These peptides are involved in regulating endocrine,
cardiovascular, and reproductive functions, as well as
feeding behavior, energy metabolism, and insulin sen-
sitivity [9]. This functional diversity is due to the tissue-
specific post-translational cleavage of their precursor,
POMC, which gives rise to multiple MSH isoforms such
as a-MSH, y-MSH, and B-MSH, all containing the con-
served His-Phe-Arg-Trp sequence. The biological ef-
fects of MSH are mediated through their interaction with
melanocortin receptors (MCRs), of which five subtypes
are known: MC1R to MC5R [8, 10]. MCIR is primar-
ily expressed in skin melanocytes, MC2R in adipocytes
and adrenal glands, and MC5R in exocrine glands and
certain peripheral tissues, whereas MC3R and MC4R are
predominantly expressed in the central nervous system
(CNS) [9, 10]. This localization of MC3R and MC4R sug-
gests their involvement in the regulation of autonomic
and neuroendocrine functions. MC3R and MC4R are most
commonly found in hypothalamic structures.

Structurally, MCRs belong to the G protein-coupled
receptor (GPCR) superfamily. They consist of variable ex-
tracellular domains, including three extracellular loops
(ECL1-ECL3) and an N-terminal domain, three cytoplas-
mic loops, an intracellular C-terminal domain, and seven
highly conserved hydrophobic transmembrane segments
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that form a transmembrane channel. MC3R and MC4R
share a similar primary structure, showing 58% identity
and 76% similarity in their amino acid sequences [11, 12].
Despite their high degree of similarity in primary struc-
ture, regulatory properties, and intracellular signaling
cascades, MC3R and MCA4R differ in tissue distribution
and pharmacological profiles.

The principal ligand for MC1R through MC4R is a-MSH.
MC4R has high affinity for y-MSH and lower affinity for
both a- and B-MSH. Although MC4R primarily interacts
with a-MSH, it can also be activated, albeit less effec-
tively, by B-MSH and y-MSH [13]. The varying affinities
of different MCR types for their agonists are determined
by the specific conformation of the ligand-binding site
within the transmembrane channel and the structure of
their extracellular domains [14].

The uniqueness of the melanocortin system lies in the
fact that its activity can be inhibited by two endogenous
antagonists, agouti protein and agouti-related peptide
(AgRP), which exhibit different selectivity toward mela-
nocortin receptors (MCRs) [14].

Among the various functions of the melanocortin sys-
tem, its role in maintaining energy homeostasis and regu-
lating feeding and sexual behavior is the most thoroughly
studied. The CNS-localized MC3R and MC4R play a key
role in sustaining energy balance and controlling feed-
ing behavior. Both receptors exhibit constitutive activity,
which can vary considerably depending on the binding of
different ligands. In addition, MC3R functions as an auto-
receptor, modulating MC4R-dependent cascades through
a negative feedback mechanism [13]. The canonical sig-
naling pathway of MC3R and other MCRs is coupled to
G, proteins, leading to activation of adenylate cyclase,
an increase in intracellular cyclic adenosine monophos-
phate, and subsequent activation of protein kinase A [14].
Agonist binding to MC3R and MC4R can also activate the
mitogen-activated protein kinase cascade via stimula-
tion of phosphoinositide 3-kinase, which is associated
with ERK1/2 kinases [15, 16]. Hormone-activated MC3R
and MC4R can stimulate phospholipase C activity [14].
Thus, MCRs interact with multiple signaling pathways and
effectors.

It is known that a decrease in leptin levels directly
affects the expression of genes encoding POMC and AgRP
in the hypothalamus, leading to a reduction in the con-
centrations of MC3R and MC4R agonists and an increase
in endogenous AgRP levels [11]. In contrast, leptin ad-
ministration results in increased POMC mRNA expression
and MCA4R activation. Importantly, leptin resistance and
a reduction in leptin’s effects on the functional state of
the melanocortin system have been reported in obese
mice [17].

Thus, decreased functional activity and impaired
regulation of MC3R- and MC4R-mediated pathways in
the brain lead to disrupted feeding behavior and energy
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metabolism, reduced insulin sensitivity in peripheral
tissues, and, ultimately, morbid obesity, metabolic syn-
drome, and type 2 diabetes mellitus [17].

This work aimed to assess the effect of a melanocor-
tin-stimulating hormone antagonist on the emotional and
exploratory behavior of male rats.

METHODS

Experimental Animals

The study was conducted in accordance with the leg-
islation of the Russian Federation and the technical stan-
dards of the Eurasian Economic Union on Good Laborato-
ry Practice (GOST R53434-2009, GOST R51000.4-2011).
The overall study design, protocols of each experimental
procedure, selection of pharmacological agents, indi-
vidual animal observation records, and sacrifice method
were approved by the Local Ethics Committee of Saint
Petersburg State Pediatric Medical University.

Twenty male Wistar rats weighing 200-220 g at base-
line were used. The animals were housed in groups of
five per cage under artificial 12-hour light/dark cycles at
a temperature of 22+2°C. All animals had ad libitum ac-
cess to water and standardized dry feed. The study used
a battery of behavioral tests, including the open field test,
elevated plus maze test, resident—intruder test, and Por-
solt forced swim test. The sample size was 10 animals
per group.

Behavioral Tests

Open field test. The spontaneous locomotor activity
of rats was assessed using the open field test, which
consisted of a circular arena with a diameter of 80 cm
enclosed by opaque walls 30 cm high. A total of 16 even-
ly spaced holes (burrows) with a diameter of 3 cm were
distributed across the field's surface to evaluate the spe-
cies-specific component of exploratory behavior in ro-
dents (hole exploratory behavior). The illumination level
in the open field was set at 100 lux. Each test session
lasted 3 minutes. A series of elementary motor acts and
postures, which collectively characterize the rats’ over-
all behavior in the open field, were selected based on
a behavioral atlas for rodents. For observation and
statistical analysis, each elementary act was assigned
a specific numerical code: 0=locomotion (forward move-
ment of the body in the horizontal plane); 1=sniffing (head
movements and orienting responses without substantial
displacement of the body in horizontal or vertical planes).
This act may be performed in either a sitting or stand-
ing position, which are difficult to distinguish without
compromising its core biological meaning; therefore, no
distinction was made during recording based on the posi-
tion in which it occurred; 2=rearing (standing on hind legs
in the center of the open field); 3=grooming (all forms
of grooming behavior); 4=immobility (resting or sitting,
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visually defined as a lack of movement, typically in
a sitting position with limbs tucked under the body and
a hunched back); 5=in-place movement (head and trunk
movements within a notional circle centered on the hind
legs, with coordinates remaining largely unchanged.
Typically achieved by stepping with the forelegs whereas
the hind legs remain stationary); 6=hole-poking (hole ex-
ploratory behavior); 7=wall-rearing (rearing with forelegs
resting against the wall of the arena).

Elevated plus maze test. The behavior of rats in
the elevated plus maze was assessed using an appa-
ratus consisting of two open arms (50x10 cm) and two
closed arms (50x10 cm) with open tops, arranged per-
pendicularly. The maze was elevated 1 meter above the
floor. Each animal was placed in the center of the maze.
By pressing a key of an ethograph connected to a com-
puter, the following parameters were recorded: time
spent in open and closed arms, time spent hanging over
the edge in open arms, and time spent peering out of
closed arms. The duration of the test was 5 minutes.

Porsolt forced swim test. The forced swim test is
based on the observation that when forced to swim in
a water-filled cylinder, rodents (rats or mice) adopt an
immobile posture (immobility). In this test, the animal’s
immobility is interpreted as a passive reaction to stress,
indicating depressive behavior, also known as behavioral
despair. Each rat was placed in a transparent cylinder
70 cm in height, filled with water at 25°C, for 6 min-
utes. To facilitate adaptation, each animal was exposed
to the same water immersion conditions for 5-6 minutes
the day before testing. On the test day, animals were
placed in the water-filled cylinder in such a way that they
could neither escape nor find any support, i.e., their legs
could not touch the bottom. When placed in water, animals
initially displayed vigorous motor activity in order to es-
cape the aversive stressful situation, but then abandoned
these attempts and floated in a characteristic posture,
remaining completely motionless or making only minor
movements to keep their heads above the water surface.
This behavior is regarded as a manifestation of despair,
suppression, or a depressive-like state. The main indica-
tor of the severity of this condition in this test is the du-
ration of immobility, that is, the total time of immobility
episodes for each animal during the 6-minute observa-
tion period.

Resident—intruder test. The test animal (“resident,”
a rat weighing 220-240 g) was placed in a cage
(20x36x20 cm) for 1 hour, after which a second animal
(“intruder”) was introduced for 5 minutes. The “intruders”
were male rats weighing 170-180 g, deliberately smaller
than the “residents,” to create conditions that favored the
resident’s zoosocial dominance. The number of aggres-
sive and defensive behavioral manifestations, as well as
the total number of behavioral acts characterizing the
interaction between the two rats, were recorded.
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Pharmacological Agents

To assess behavioral effects, the MC,R/a-MSH re-
ceptor antagonist ML-00253764 (Tocris, UK), diluted in
distilled water to a concentration of 1 mg/mL, was ad-
ministered intranasally at a dose of 20 pg (10 pg/uL per
nostril) 15 minutes prior to testing in the open field test,
elevated plus maze test, resident—intruder test, and Por-
solt forced swim test. A 0.9% sodium chloride solution
was administered in an equivalent dose as a control.

Statistical Analysis

The significance of differences was evaluated using
the SPSS Statistica v.10 software package. The Student’s
t-test for independent samples was used to compare the
control and experimental groups. Differences were con-
sidered significant at p <0.05. Results are presented as
meanzstandard error of the mean (M+SEM).

RESULTS

In the open field test, intranasal administration of
ML-00253764 led to alterations in behavioral patterns:
there was a marked trend toward an increase in loco-
motor activity, from 18.6+3.97 acts in the control group
to 27.80+6.97 acts after ML-00253764 administration,
indicating enhanced motor activity. A significant in-
crease in the number of exploratory acts was observed
following intranasal administration, from 45.20+3.67 to
61.00+3.35 (p <0.01), reflecting enhanced exploratory be-
havior (Table 1). The total number of behavioral acts after
ML-00253764 administration increased from 103.80+6.61
to 145.80+7.39 (p <0.01), underscoring a general activa-
tion of exploratory activity (Table 2).

Thus, ML-00253764 enhances exploratory and loco-
motor activity in rats while reducing anxiety. This sup-
ports the MSH antagonist’s potential as a modulator of
exploratory behavior.

In the elevated plus maze test, intranasal administra-
tion of ML-00253764 resulted in a significant reduction
in the time spent in closed arms: from 274.38+9.13 s in
the control group to 224.18+13.42 s in the experimental

Table 1. Amino acid sequences of natural melanocortins
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group (p <0.01). Moreover, there was a significant in-
crease in the number of head dips, from 5.70+2.91 in the
control group to 29.64+8.67 in the experimental group
(p <0.05) (Table 3).

Thus, the MSH antagonist reduces anxiety and en-
hances exploratory behavior in rats, as evidenced by the
decreased time spent in closed arms and increased fre-
quency of head dips. These findings confirm its anxiolytic
effect.

In the resident—intruder test, intranasal administra-
tion of ML-00253764 reduced the number of acts asso-
ciated with defensive behavior (0 vs. 3.20+1.28 in the
control group, p <0.05) (Table 4).

In the Porsolt forced swim test, ML-00253764 admin-
istration in the experimental group significantly (p <0.05)
reduced immobility time compared to the intact con-
trol group: from 43.04+15.37 s in the control group to
7.63+6.21 s following ML-00253764 administration. There
was also a significant decrease in the total number of be-
havioral acts: from 71.80+18.36 in the control group to
23.60+11.08 in the experimental group (p <0.05) (Table 5).
Thus, ML-00253764 administration is associated with
a pronounced antidepressant effect, as evidenced by re-
duced immobility time.

DISCUSSION

The findings of the present study underscore the sig-
nificance of the melanocyte-stimulating hormone and its
antagonist in the regulation of emotional and exploratory
behavior in rats. The results of the open field test, el-
evated plus maze test, resident—intruder test, and Porsolt
forced swim test demonstrate that administration of an
MSH antagonist has a marked influence on behavioral
parameters. These observations suggest that the mela-
nocortin system may be a promising target for the regu-
lation of emotional states.

In the open field test, animals that received the MSH
antagonist showed a marked increase in exploratory ac-
tivity, as evidenced by an increase in locomotion, rearing,
and sniffing episodes. These changes may be attributed

Tabnuua 1. AMMHOKUCIOTHbIE NOCNIEA0BATENIbHOCTM NPUPOAHbLIX MeJTAaHOKOPTUHOB

Peptide Amino acid sequence
ACTH Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-Gly-Lys-Lys-Arg-Arg-Pro-Val-Lys-Val-Tyr-Pro-Asn-Gly-Ala-
Glu-Asp-Glu-Ser-Ala-Glu-Ala-Phe-Pro-Leu-Glu-Phe
a-MSH Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH,
B-MSH H-Ala-Glu-Lys-Lys-Asp-Glu-Gly-Pro-Tyr-Arg-Met-Glu-His-Phe-Arg-Trp-Gly-Ser-Pro-Pro-Lys-Asp-0H
y1-MSH H-Tyr-Val-Met-Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-NH2
y2-MSH H-Tyr-Val-Met-Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-Gly-0H
y3-MSH  H-Tyr-Val-Met-Gly-His-Phe-Arg-Trp-Asp-Arg-Phe-Gly-Arg-Arg-Asn-Ser-Ser-Ser-Ser-Gly-Ser-Ser-Gly-Ala-Gly-Gln-OH
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Table 2. Animals’ behavior in the Open-Field test after the intranasal administration of ML-00253764, M+SEM
Ta6nuua 2. MNoBefieHMe XKMBOTHBIX B TECTE «OTKPLITOE MoJie» Moc/e MHTpaHa3anbHoro BBeaeHns ML-00253764, M+SEM

Pattern Control animals Experimental animals

n 18.6+3.97 27.80+6.97
Locomotion

t 12.25+2.88 23.92+6.69

n 45.20+3.67 61.00+3.35**
Sniffing

t 100.03+13.07 91.88+5.73

n 28.4+4.62 36.60+4.99
In-place movement

t 15.55+3.14 28.65+6.13

n 2.59+1.32 5.00+2.07
Grooming

t 30.01£15.31 13.16+6.71

n 1.51£0.77 2.20+1.02
Rearing

t 1.40+0.72 1.96+0.96

n 3.00+0.89 6.00+1.07
Wall-rearing

t 2.88+0.74 8.10+4.06

n 3.60+1.29 7.00+1.52
Hole exploratory behavior

t 8.91+4.06 9.90+2.09

n 0 0
Freezing

t 0 0

n 1.80+0.73 0.39+0.20
Rest

t 13.48+6.74 4.86+2.48
Total behavioral acts 103.806.61 145.80+7.39**
Squares crossed n 18.40+2.38 33.60+8.96
Number of boli 1.80+0.20 1.40+0.24

Note. n, number of actions per experiment; t, time of the action per experiment, s. **p <0.01 for the control group.
[lpuMeyaHue. n — 4MCNO aKTOB 3a OMbIT; t — BpeMsA aKTa 3a onbIT, ¢. **p <0,01 K rpynne KoHTpons.

Table 3. Animals’ behavior in the Elevated Plus Maze test after the intranasal administration of the melanocortin-stimulating hormone

antagonist ML-00253764, M+SEM

TaGnuua 3. MoBeaeHMe XMBOTHBIX B TECTE «I'IpVII'IOJJ,HFITbIVI KPECT006p33HbIﬁ ﬂa6MpMHT» nocsie UHTpaHa3aNbHOro BBeAeHNA aHTaroHUCTa

MeTaHOKOPTUHCTUMYMpYtoLLero ropmoHa ML-00253764, M+SEM

Time spent in maze arms, s Control animals Experimental animals
Center 5.82+2.53 14.80+6.45
Open arm 1477176 31.40+8.46
Head-dipping 0 0
Open arm + head-dipping 14.77+7.76 31.40+8.46
Closed arm 274.38+9.13 224.18+13.42*
Head-dipping 5.70£2.91 29.64+8.67*
Closed arm + head-dipping 278.8+8.68 253.82+11.53
Number of arm-to-arm transitions, n 8.00+2.28 13.003.11

Note. *p <0.05; **p <0.01 for the control group.
lpumeyanue. *p <0,05; **p <0,01 K rpynne KoHTpon.
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Table 4. Animals’ behavior in the Resident-Intruder test after the intranasal administration of the melanocortin-stimulating hormone

antagonist ML-00253764, M+SEM

Tabnuua 4. loBeaeHue KMBOTHBIX B TECTE «YYXaK — pe3naeHT» nocyiie MHTpaHasanbHOro BBEAEeHNA aHTaroHUCTa

MeNaHOKOpPTUHCTUMYAMpYIoLLero ropMoHa ML-00253764, M+SEM

Behavior Control animals Experimental animals
n 48.00+6.04 45.80+6.88
Individual behavi
neviduat benavior p 0.7670.05 0.881+0.05
L ) n 11.80+4.49 6.00+2.41
Communicative behavior
p 0.176+0.06 0.120+0.05
0.39+0.20 0
Aggressive behavior " §
p 0.007+0.01 0
n 3.20+1.28 0*
Defensive behavi
efensive behavior » 0.054:0.02 o
Total behavioral acts n 63.20+7.65 51.80+6.49

Note. n, number of actions per experiment; p, probability; *p <0.05 for the control group.
[MpuMeyaHue. N — KONMYECTBO aKTOB; p — BEPOATHOCTb; *p <0,05 K rpynne KOHTPOSA.

Table 5. Animal’s behavior in the Porsolt Forced Swim test after the intranasal administration of ML-00253764, M+SEM
Ta6nuua 5. MoseaeHue x1BoTHbIX B TecTe MopconTa nocne nHTpaHasansHoro BeeaeHus ML-00253764, M+SEM

Pattern Control animals Experimental animals
, . n 33.0049.73 10.2024.16
Active swimming
t 354.64+67.38 310.66+71.89
_ o n 11.40+2.50 7.00+2.23
Passive swimming
t 196.59+82.45 272.87+75.36
. n 25.40+9.78 7.63+3.89
Immobility
t 43.04£15.37 7.63£6.21*
. n 2.000.32 1.90+0.96
Diving
t 5.72+1.44 16.078.19
, . . n 35.009.96 12.00+5.06
Active swimming + diving
t 360.36+68.49 320.40+73.50
Total behavioral acts n 71.80£18.36 23.60+11.08*

Note. n, number of actions; t, time of the status, s; *p <0.05 for the control group.
[MpumeyaHue. N — KONMYECTBO aKTOB; t — BpeMs cocTosHus, ¢; *p <0,05 K rpynne KoHTpons.

to the antagonistic effects on MCR, particularly MC3R
and MCA4R, which are known to play a role in the regu-
lation of stress responsiveness and cognitive functions.
Our findings confirm that the melanocortin system,
through its regulation of the hypothalamic-pituitary-ad-
renal axis and interactions with dopaminergic pathways,
modulates exploratory behavior by reducing anxiety and
enhancing motivation to explore new environments. It has
been demonstrated that preventive MC4R blockade using
the intranasally administered antagonist HS014 modu-
lates transcriptomic changes in the rat brain induced by
a single episode of prolonged stress. An accelerated in-
hibition of stress-response systems (within 30 minutes)
was observed, along with attenuation or prevention of
aberrant gene expression associated with post-trauma-
tic stress disorder seven days after a single episode of

DOl https://doi.org/10.17816/RCF651368

prolonged stress. These findings suggest a potential neu-
roprotective role of MC4R antagonists in relation to tran-
scriptional disturbances associated with post-traumatic
stress disorder [18, 19].

The elevated plus maze test revealed a marked re-
duction in anxiety levels in rats that received the MSH
antagonist, as evidenced by increased time spent in open
arms and a higher frequency of head dips. These findings
indicate a pronounced anxiolytic effect of the compound.
Activation of melanocortin receptors such as MC4R may
enhance stress responsiveness, whereas their blockade
by an antagonist contributes to anxiety reduction. This
can be explained by decreased activation of hypothalamic
pathways involved in corticosteroid secretion. In a study
by Sarkar et al. [20], the effect of a-MSH on cAMP re-
sponse element-binding protein (CREB) phosphorylation

97



98

OPYMHATIBHOE CCIEIOBAHVIE

was assessed in hypothalamic paraventricular nucleus
neurons producing thyrotropin-releasing hormone (TRH)
and corticotropin-releasing hormone (CRH). The results
demonstrated that intracerebral administration of a-MSH
increased CREB phosphorylation in these neurons, sug-
gesting a potential role of a-MSH in regulating TRH and
CRH function via CREB activation [19]. Intra-structural
administration of an MC4R agonist into the medial amyg-
dala produced an anxiogenic effect, as evidenced by
a reduction in both the number of entries into open arms
and the time spent there in the elevated plus maze test.
In contrast, injection of SHU9110 into the medial amygda-
la blocked the anxiogenic effect elicited by immobilization
stress [20]. In the resident—intruder test, administration
of the MSH antagonist reduced the number of defensive
behavior acts and completely eliminated aggressive re-
sponses. This suggests a normalizing effect of the drug
on social behavior, which may also be related to reduced
anxiety [21]. Previous studies have demonstrated that
the melanocortin system is involved in the regulation of
social interactions through its influence on the amygdala
and hypothalamus. MC4R antagonists are capable of re-
ducing stress responses to social stimuli, which is con-
sistent with our observations [22, 23].

In the Porsolt forced swim test, the experimental
group demonstrated a marked reduction in immobil-
ity time and the total number of acts, indicating a pro-
nounced antidepressant effect. These results may be
attributed to the activation of dopaminergic and seroto-
nergic systems, as previously confirmed in studies using
depressive behavior models [24, 25]. MC4R antagonists
exert modulatory effects on neurotransmitter pathways
involved in mood regulation, suggesting that the melano-
cortin system may be a promising target for antidepres-
sant therapy [26, 27].

Our findings emphasize the crucial role of the mela-
nocortin system in regulating emotional and cognitive
functions. The MSH antagonist may be considered a po-
tential candidate for the development of novel therapies
for anxiety and depressive disorders, as well as for the
management of social and cognitive impairments.

CONCLUSION

The present study demonstrates that the melanocortin
system affects emotional and exploratory behavior, in-
cluding anxiety, depressive-like states, and exploratory
activity. MSH antagonists may serve as tools for modu-
lating these processes, thereby opening new perspec-
tives for the development of psychotropic agents.
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A0NOJIHATENIbHAS! UHOOPMALIUA

Bknap aetopos. C.C. Miopsees, A.A. Jlebenes, E.P. Bbbiu-
KOB — HarucaHue CTaTbW, aHa/u3 AaHHbIX, NPOBEAEHNE OMbITOB;
A.T. NMwennyHas, M.E. A6pocumos, B.A. Jlebenes, N.A. banaraH-
CKun — npoBeeHue onbiToB; [1.[. LLlabaHoB — pa3paboTka o6bLuen
KoHLenuun. AsTopbl 0f0bpunn Bepcuto ans nybnukaumm, a Takxe
COr/IacMIMNCh HECTW OTBETCTBEHHOCTb 3a BCe acmeKTbl paboThl, rapaH-
TUPYA HaZTEXaLLLee pacCMOTPEHME U PeLLEeHV e BONPOCOB, CBA3AHHbIX
C TOYHOCTbI0 M A0DPOCOBECTHOCTHIO JIt0BOI ee YacTu.

3Tnuyeckas akcneptusa. [lpoBefieHWe MCCNeaoBaHUS 040-
OpeHo NoKanbHbIM 3TUdeckuM KomutetoM OIBEOY BO «CaHkt-
[eTepbyprckuin rocyaapcTBeHHbIA NeAMaTPUYECKUA MeAULIMHCKUN
yHuBepcuTeT» MuHagpasa Poccum (N2 17/05 ot 14.10.2022).

UcTouHuK dmHaHcupoBaHus. PaboTa BbINosHEHA B paMKax ro-
CYyAapCTBEHHOrO 3aAaHns MuHobpHayku Poccum OTBHY «MHcTuTyT
3KCnepuMeHTanbHon MeanumHbl» FGWG-2025-0020 «Mownck Mone-
KYNSPHBIX MULLEHeN Ans (apMaKonorMiyecKoro BO3AencTBus npu
a[AMKTUBHBIX 1 HEMPO3HAOKPUHHBIX HapyLUEHMSX C Lesblo co3a-
HWS! HOBbIX (hapMaKOMOTUYECKM aKTUBHbIX BELLECTB, LENCTBYOLLMX
Ha peuienTtopbl LIHC».
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PackpbiTne uMHTepecoB. ABTOpbI 3asBNAOT 06 OTCYTCTBUM OT-
HOLLIEHWI, [EATENbHOCTA U MHTEPEeCOB 3a MociefHWe TpU roaa, CBs-
3aHHbIX C TPETBAMM JiULIAMK (KOMMEPYECKUMM 1 HEKOMMEPYECKUMM),
MHTEpeChl KOTOPbIX MOrYT BbITb 3aTPOHYTLI COAEPIKAHMEM CTaTby.

OpuruHanbHocTb. [1py co3naHUM HacTosLlen paboTbl aBTopbI
He WUCMonb30Banu paHee onybNMKoBaHHbIE CBEAEHUS (TEKCT, Ui-
NIOCTPALMK, SaHHbIE).

[Joctyn K paHHbIM. Bce faHHble, nonyyeHHble B HACTOALLEM
uccnefoBaHuM, AOCTYMHbI B CTaTbe.
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