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ABSTRACT

BACKGROUND: Intense and prolonged stress can be detrimental to both psychological and physical health. Stress often leads
to the development or worsening of compulsive overeating. Compulsive overeating is characterized by recurrent episodes of
consuming large amounts of food, accompanied by a sense of loss of control.

AIM: To study the effects of the ghrelin receptor antagonist agrelax on compulsive overeating induced by acute and chronic
stress in rats.

MATERIALS AND METHGODS: The study involved 150 male and 15 female Wistar rats. To simulate compulsive overeating,
the animals received a high-calorie mixture based on chocolate paste three times a week, while maintaining free access to
standard food and water. Compulsive behavior was assessed using the marble burying test. Different groups of animals were
exposed to various stressors, including maternal deprivation, limb electrical stimulation, partial sensory and complete social
isolation, and acute vital stress. Agrelax, a ghrelin receptor antagonist, was administered intranasally at a dose of 1 pg/pL,
10 L in each nostril, for 7 days.

RESULTS: Compulsive behavior was evaluated using the marble burying test. The experimental group on a high-calorie diet
buried significantly more marbles than the control group (p < 0.01). After a 7-day course of Agrelax, the number of buried
marbles significantly decreased, reaching the control group values (p < 0.05). A model of compulsive overeating in rats was
successfully developed by providing high-calorie food three times a week. After a 7-day course of Agrelax, the consumption of
high-calorie food significantly decreased (p < 0.05). Limb electrical stimulation significantly increased the consumption of high-
calorie food (p < 0.05). After a 7-day course of Agrelax, the consumption of high-calorie food significantly decreased (p < 0.01).
Maternal deprivation stress significantly increased the consumption of high-calorie food (p < 0.001). After a 7-day course of
Agrelax, the consumption of high-calorie food decreased, reaching the control group values. In animals raised under partial
sensory and complete social isolation, Agrelax did not significantly reduce the consumption of high-calorie food. In animals
subjected to acute vital stress, Agrelax did not reduce the consumption of high-calorie food.

CONCLUSIONS: The data obtained suggest new ways for synthesizing peptide pharmacological agents based on ghrelin and
its antagonists to treat eating disorders.

Keywords: compulsive overeating; maternal deprivation; limb electrical stimulation; social isolation; vital stress; marble
burying test; agrelax; ghrelin.
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BnusHMe HOBOro aHTaroHUCTa rpesIMHOBLIX PeL,enTopoB
arpenakca Ha KOMNynbCMBHOE NnepeeAaHue,
Bbi3BaHHOE OCTPbIM U XPOHUYECKUM CTPECCaMU Y KpbiC

H.[. Hap6urosa', C.C. Miopsees” 2, M.A. Heteca', A.A. Jlebenes’, .11, LlabaHos'

! MHCTUTYT 3KCniepuMenTasibHon Meauumhbl, CankT-Tetepbypr, Poccus;
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AHHOTALIMA

AktyanbHocTb. CunbHbIE M NPOAOIMKMTENBHBIE CTPECChl MOTYT BbITh ONACHBI KaK AN NCUXONOTUYECKOro, Tak 1 U3NYECKOro
300p0Bbs YenoBeka. HepeoKo cTpecc NpUBOAWT K pasBUTUIO UK ycyrybneHnio KoMnynbeuBHOro nepeedanus. Komnynbcus-
Hoe nepeefiaHne XapaKTepusyeTcs peLMaUBMPYIOLLMMM 3NM304aMu noeaHnsa 6onblioro obbemMa NuWM ¢ YyBCTBOM YTpaThl
KOHTpoNA Hag coboil.

LUenb — u3yunTb [eiCcTBME aQHTArOHWUCTa PeLEnTOpoOB FPefiMHa arpenakca Ha KOMMYNbCUBHOE MepeefaHue, Bbi3BaHHOE
OCTPbIM M XPOHUYECKWUM CTPECCAMM Y KpbiC.

Martepuansl n MeTogpl. B uccnegoBaHum bbino 3agencteoBaHo 150 caMuoB 1 15 caMoK Kpbic iuHuM Buctap. [Ins Mogenupo-
BaHWSA KOMMY/NbCUBHOIO NepeefaHmst JKMBOTHbIE MOJy4anu BbICOKOKANIOPUIAHYI0 CMECh HAa OCHOBE LUOKONaAHOW nacTbl 3 pasa
B HEJEN0 NMpu coxpaHeHun cBoboLHOM AOCTYNa K CTaHAAPTHOMY KopMy 1 Bofe. KoMnynbcBHOCTL B NOBEAEHUM OLiEHWUBANM
C MOMOLLbI0 TECTA 3aKamblBaHUA LLIAPUKOB. B KauecTBe CTPeccOpHbIX BO3AEWCTBMIA NS pasHbIX FPYNN KWUBOTHBIX UCMOMb-
30Ba/IM MaTEPUHCKYI0 AENpUBaLMIO, 3MEKTPOCTUMYNALMIO KOHEYHOCTEH, YaCTUYHYID CEHCOPHYID W MONHYK BHYTPUBMEOBYIO
M30/15LMI0, OCTpbIA BUTaMbHBIA CTPecC. AHTAroHUCT PeLienTopoB FpefivHa arpenakc BBOAWIM MHTPaHasanbHo 1 MKr/1 MKN,
no 10 MKJT B Ka)KAYH0 HO34pH0 B TeueHue 7 LHeN.

Pesynbtathl. [IpoBefeHa oLeHKa KOMMYNLCUBHOMO MOBEAEHMS B TeCTe 3aKanbiBaHUA LWapWUKoB. OMbITHas rpynna XUBOTHBIX,
MnosTyyaroLLas BbICOKOKANIOPUItHOE MUTaHMe, 3aKamnblBana [OCTOBEPHO OoMbluee KOMMYECTBO LUAPMKOB, YEM KOHTPONbHas
(p < 0,01). NMocne 7-AHEBHOMO Kypca arpenakca KOfMYecTBO 3aKOMaHHbIX LUAPMKOB 3HAYMMO CHUKANOCh, JOX0AS [0 3Ha-
YeHWN KOHTpOnbHOM rpynnbl (p < 0,05). OtpabotaHa MeToaMKa KOMMYNbCUBHOMO MepeesaHus y Kpbic MpU Bblfaye BbICOKO-
KanopuitHoi nuwum 3 pasa B Hep. [locne 7-OHEBHOMO Kypca arpeniakca notpebneHne BbICOKOKANOPUIMHOW NULLM [OCTOBEp-
HO cHuxanock (p < 0,05). BospencTeue 3NeKTPOCTUMYNALMM KOHEYHOCTEN 3HAYMMO YBESIMUMBANO KONMYECTBO CbeaeMon
BbICOKOKanopuiHoi nuwy (p < 0,05). Mocne 7-gHeBHOro Kypca arpenakca notpedneHne BbICOKOKANOPUAHOM MWLM [OCTO-
BepHO cHuanoch (p < 0,01). Crpecc MaTepuHCKOM AenpuBaLMM 3HAYMMO YBeNWMYMBaN MoTpebieHne BbICOKOKaNOpUIMHO
nuwwm (p < 0,001). Mocne 7-AHEBHOMO Kypca arpenakca, notpebneHne BbICOKOKaNOpPUIAHOW MULLM CHUMANoCh 10 NoKasaTenen
KOHTPOMbHOM rpynmbl. Y KMBOTHbIX, BbIPALLEHHBIX B YCNOBUAX YaCTUYHOM CEHCOPHOW M MOSHOM BHYTPMBWAOBOW M30NALMUM,
MPUMEHEHWE arpeniakca He Aano BbIpaXeHHOro a@deKTa CHUXKEHNUA KONMYecTBa NOTPebNseMON BbICOKOKaNOPUIAHOW MULLM.
Y MBOTHBIX, NEPEHEeCLUMX OCTPOe BUTANbHOE BO3LENCTBUE, MPUMEHEHHE arpeniakca He CHKAM0 KonyecTsa notpebnsemon
BbICOKOKaNIOPUIUHOW MULLA.

BoiBoapbl. onydeHHble faHHble NpeLnonarakT HoBble MyTU CWHTE3a (hapMaKOMOrMYeckUX CPeAcTB NENTUAHOW Mpupogbl
Ha OCHOBE FPe/IMHa U ero aHTaroHUCTOB NS KOPPEKLMM MULLEBON 3aBUCUMOCTM.

KnioueBble cnosa: KOMNynbCMBHOE NepeenaHne; MatepuHCKaa AenpuBauna; aNeKTpocTuMynauna KOHEYHOCTeN; coumanbHas
U30M1ALMS; BUTANbHbIN CTpecc; 3aKanbiBaHWe LLIApPUKOB; arpeniakc; rpesinH.
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BACKGROUND

The World Health Organization defines overweight and
obesity as conditions characterized by abnormal or excessive
fat accumulation that may impair health [1]. Obesity results
from a sustained positive energy balance, where excessive
calorie intake exceeds energy expenditure [2]. Obesity
is associated with an increased incidence of pathological
conditions, including type 2 diabetes, cardiovascular
diseases, and cancer, and significantly reduces life
expectancy [3-6].

Pharmacological treatment of obesity is an evolving area
of pharmacology burdened with severe drug-related side
effects and challenges due to the lack of data on the long-
term effects of medications on obesity-associated morbidity
and mortality. For example, the anti-obesity drug sibutramine
poses cardiovascular concerns [7], while rimonabant has
been linked to an increased risk of suicide [8]. Orlistat, a
specific inhibitor of intestinal lipases [9], is used to manage
obesity. However, the high frequency of pronounced clinically
significant side effects, mainly gastrointestinal, complicates
its widespread use in clinical practice [10, 11].

The drug with the fewest side effects, semaglutide, a
glucagon-like peptide-1 receptor (GLP-1R) agonist, can only
be used in combination with physical activity and a low-
calorie diet [12].

New opportunities in the treatment of obesity have
emerged due to the discovery of the role of orexigenic
peptides (ghrelin, orexins, and obestatin) in the mechanisms
of eating behavior [13, 14].

Ghrelin is a peptide hormone produced in the gastric
mucosa and the arcuate nucleus of the hypothalamus, which
consists of 28 amino acids and includes three isoforms:
acylated ghrelin, nonacylated (desacyl ghrelin), and obestatin
[15]. The ghrelin receptor has two molecular forms, GHSR1A
and GHSR1B, but only GHSRIA is biologically active.
GHSR1A receptors are primarily located in the pancreatic
islets, adrenal glands, thyroid gland, myocardium, and brain
structures such as the anterior pituitary gland, arcuate
nucleus of the hypothalamus, hippocampus, substantia
nigra, and ventral tegmental area [16]. Ghrelin is involved
in the regulation of eating behavior, dependence on
psychostimulants and alcohol [17], body weight [18], energy
expenditure [19], and also influences glucose homeostasis
[20] and insulin secretion [21]. Ghrelin has also been shown
to be involved in stress response [22]. In patients with binge
eating disorder (compulsive overeating), low peripheral
ghrelin levels were observed before meals, which may be
associated with the neurochemical mechanisms of this
disorder [16].

Food addiction has not been yet recognized in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) as a distinct disorder, however, there are
some similarities between certain eating disorders and
substance use disorders [23, 24]. These similarities include
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cravings, decreased control over consumption, increased
impulsivity, and altered reward sensitivity. Binge eating
disorder and bulimia nervosa have been proposed as
phenotypes that may reflect these similarities to a greater
extent.

Binge eating disorder is the most common eating
disorder, characterized by recurrent episodes of overeating
during which a person consumes an excessive amount
of food without feeling hungry. Overeating episodes are
usually accompanied by a feeling of lack of control with
an inability to refrain from eating or to stop eating once
it has started [24]. Like psychoactive substances, highly
processed foods contain increased amounts of potentially
addictive substances (e.g., refined carbohydrates) that are
rapidly absorbed and can quickly affect the central nervous
system. In an experiment, rats preferred saccharin over
cocaine when given a choice [25].

Currently, only one drug (lisdexamfetamine dimesylate)
has been approved by the US Food and Drug Administration
in 2015 for the treatment of binge eating disorder [26].
However, its use is limited by side effects, including a high
risk of misuse and cardiovascular diseases [27].

A number of models of compulsive overeating have
been developed in rodents. The restricted access model is
of greatest interest. It involves intermittent exposure to fats
to induce episodes of binge eating [28-30].

Intense and prolonged stress can be detrimental to both
psychological and physical health. Stress disorder can be
triggered by a traumatic experience, including vital stress
or life-threatening situations, characterized by a subjective
sense of threat to life, with rapid dynamics, significant loss
of the body’s functional reserves, and a “trace of reactions”
in the delayed period [31]. Most often, vital stress can be
observed among participants in armed conflicts [32].

Equally relevant are the stress of social isolation
associated with restrictive measures during COVID-19 [33],
and the stress of maternal neglect, which is increasingly
observed in a society marked by rapid technological
development. Unfortunately, it is not uncommon for mothers
to show more interest in their smartphones than in their
own children, which inevitably leaves an imprint on the
developing psyche of children.

The negative impact of stress on the body is comparable
to the risks that arise from alcohol and psychoactive
substance use. The consequences of the aforementioned
stressors include sleep disturbances, lack of physical
activity, and eating disorders, which often lead to obesity.

The neurotransmitter dopamine plays a key role in the
brain's reward system. Experiments have shown that the
metabolic circuits of the hypothalamus interact with the
brain’s dopamine system to regulate eating behavior [34, 35].

It has been demonstrated that the brain's reward circuit
associated with compulsive overeating is similar to that of
substance addiction. Enzyme immunoassay revealed that
body weight in rats negatively correlated with D2 receptor
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levels. In other words, the heavier the rat, the lower the
density of D2 receptors in the striatum [36].

An intermittent feeding schedule with palatable food
resulted in increased activation of dopamine D1 and p1-
opioid receptors, as well as reduced binding to dopamine D2
receptors in the dorsal striatum [10].

Existing therapeutic approaches to correct excess
weight and obesity do not always lead to significant
clinical and physiological effects, indicating the need for
exploring new treatment strategies for the pharmacological
management of obesity. Moreover, the available drugs
for obesity treatment are typically administered orally
or via injection, as are many experimental medications.
Therefore, the development of innovative, effective, and
safe pharmacological methods that ensure high-quality
weight loss is of critical importance.

AIM: To study the effects of the ghrelin receptor
antagonist Agrelax on compulsive overeating induced by
acute and chronic stress in rats.

MATERIALS AND METHODS

The study involved 150 male and 15 female Wistar rats
weighing 200-250 g, obtained from the Rappolovo laboratory
animal breeding facility (the Leningrad Region). The animals
were housed in vivarium in standard plastic cages with free
access to water and food, under inverted light conditions
(8AM to 8PM) at a temperature of 22 + 2 °C. Throughout the
experiment, the principles of humane treatment of laboratory
rats were observed in accordance with the rules of laboratory
practice (Order of the Ministry of Health of Russia No. 267,
dated 19.06.2003).

After being received from the breeding facility, the
animals underwent a 2-week quarantine in the designated
block of the vivarium.

Female Wistar rats were housed in plastic cages
(40x50%20 cm) in groups of five, with ad libitum access to
food and water. One male was placed into each cage, and the
next day, vaginal smears were collected from the females to
detect spermatozoa. Using light microscopy, pregnancy was
confirmed, and it was considered day zero. Once pregnancy
was confirmed, the animals were placed in individual cages.
Pregnancy lasted for 20 + 2 days.

Maternal deprivation model. Rats were placed in
individual plastic cups for 180 min for ten consecutive days
from Day 2 to Day 12 of the postnatal period. Visual contact
with the mother was excluded. After maternal deprivation
and milk feeding, the rats were raised in standard cages with
5 animals in each. Males aged 90-100 days and weighing
200-250 g were used in the experiment [37].

Raising animals under conditions of partial sensory and
complete social isolation. Social isolation during ontogenesis
can alter the psycho-emotional status of animals and cause
disturbances in the neurotransmitter systems of the brain
during the establishment of neuroendocrine interactions.
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This subsequently leads to persistent modifications of
neuroendocrine, immune and visceral responses in the adult
organism [38]. The litters of rats were separated from their
mothers on Day 21 of life and housed in individual plastic
cages measuring 40x30x25 cm. From Day 93 of life, the rats
were included in the main experiment.

The rats included in the experiment were divided into five
groups:

1) without stress (n = 30);

2) maternal deprivation stress (n = 30);

3) partial sensory and complete social isolation (n = 30);

4) electrical stimulation of limbs (n = 30);

5) acute vital stress (n = 30).

Each group was further divided into two subgroups:

1) intact animals (n = 10);

2) experimental group that included animals with access
to high-calorie sweet mixture three times a week (n = 20).

To simulate compulsive overeating, the experimental
group was provided with additional high-calorie food three
times a week, with access for one hour. Throughout the
entire experiment, animals had free access to water and
standard pelleted food. The high-calorie food consisted
of a paste prepared by mixing chocolate paste, crushed
rat pelleted food, and water in the following weight ratio:
52% of chocolate paste, 33% of pelleted food, and 15%
of water. The calorie content was 3.63 kcal/g. Before the
overeating session, the standard rodent food present in
each cage was weighed to assess food consumption over
24 h the following day. The recorded parameters included:
the amount of standard food consumed; the amount of
chocolate paste consumed during the 1-hour access
period; and the animals’ weight (measured once a week on
a strictly scheduled day) [39].

Marble burying test. This test was proposed as a model
for obsessive-compulsive disorder, related to obsessive
thoughts and behavior [40]. A cage measuring 20x25x17 cm
was filled with a 5 cm layer of sawdust, and 20 glass marbles
of 1 cm in diameter were placed evenly spaced on top. A rat
was placed in the cage for 30 min. After this time, the number
of marbles covered by sawdust by more than two-thirds was
counted [41, 42]. In this experiment, each animal was tested
three times.

Electrical stimulation of limbs (or foot shock; FS). FS
has been widely used as a method for inducing measurable
discomfort in animals for over 100 years. To induce stress, the
animal was placed in a special chamber with an electrified
floor, where electrical stimulation of the limbs was applied
with a current of 0.6 mA for 30-60 s [43]. The FS chamber
used in the experiment was designed by the staff of the
Institute of Experimental Medicine (IEM).

Experiments were conducted in 5-day cycles. The effect
of stress and the drug on the rats’ behavior was assessed on
Day 5. On Day 1, rats were given the chocolate-food mixture
without additional stimuli, as described above. On Day 3,
one hour before feeding the treat, rats underwent electrical
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stimulation of the limbs for 30 s, and on Day 5, for one
minute. The drugs were administered intranasally on Day 5,
30 min after FS and 30 min before feeding the mixture.

Method for modeling psychological trauma.
Psychological trauma is defined as a strong, brief exposure to
external negative circumstances, leading to the development
of negative emotional reactions such as fear, anxiety, terror,
despair, etc., as well as the formation of somatic disorders
(ICD-10, 1993). Psychological trauma was modeled by a
stressful situation in which the animal experienced its
partner's death caused by a predator’s actions [44]. Each
animal was subjected to an acute psychotraumatic situation
once. A group of 20-22 rats was placed in a terrarium
(dimensions 1.2x0.7x1 m) with a tiger python. The python
strangled and swallowed one of the animals in the presence
of the others, who experienced the death of their conspecific.
During the experiment, the following behavioral acts were
recorded: locomotion, sniffing, movement in place, upright
posture, grooming, freezing, and resting (sitting quietly
without motion). After this, the rats were removed from the
terrarium and their behavior was tested over the next few
days.

At the S.V. Anichkov Department of Neuropharmacology
of the IEM, a peptide analog of the ghrelin antagonist Agrelax
(1 pg/1 pl was) was synthesized using genetic engineering
methods. During Week 6 of the experiment, it was intranasally
administered to half of the experimental group, with 1 pL per
nostril, for 7 consecutive days.

Statistical analysis. The normality of the data distribution
in the samples was tested using the Kolmogorov—Smirnov
test. For normally distributed data, one-way ANOVA analysis
was used to detect statistical differences between multiple
groups, while the Student’s t-test for independent samples
was performed to compare two groups. In the absence of
normal distribution, a non-parametric analog for analysis
of variance was used. For pairwise comparisons, the

20
= Il Control
— *%
S # O co
E 15 T [ co + Agrelax
3
c 10 -
- s
£
= 54
IS
=
0 -

Fig. 1. Compulsive behavior assessment in the marble burying test.
CO — compulsive overeating. **p < 0.01; #p < 0.05

Puc. 1. OueHKa KOMMyNbCMBHOMO NOBEAEHMS B TECTE 3aKanblBaHUs
wapuKos. C0 — koMnynbcuBHoe nepeenarue. **p < 0,01; #p < 0,05
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Mann—Whitney test was used. Differences were considered
significant at a significance level of 95% (p < 0.05). Statistical
data processing was performed using GraphPad Prizm v.6.

RESULTS

In this study of compulsive behavior using the marble
burying test, the experimental group of animals that received
additional high-calorie food buried a significantly greater
number of marbles (p < 0.01) compared to the control group.
This indicates increased compulsive behavior and confirms
the development of compulsive overeating. After a 7-day
course of Agrelax administration, the number of buried
marbles significantly decreased, reaching the control group
values (p < 0.05), which indicates an improvement in the
compulsive behavior manifestations (Fig. 1).

In this study of compulsive overeating in rats, the average
consumption of the high-calorie mixture was shown to be
9.1+ 0.6 g. After a 7-day course of Agrelax, the consumption
of high-calorie food significantly decreased (p < 0.05) to
5.6 + 0.6 g. Despite the additional high-calorie mixture,
daily consumption of standard food in the experimental
group did not differ from that in the control group. After the
7-day course of Agrelax, the consumption of standard food
decreased (p < 0.05) but did not significantly differ from the
consumption of standard food by intact animals (Fig. 2).

Exposure to FS significantly increased the average
consumption of the high-calorie mixture (p < 0.05). Intranasal
administration of Agrelax significantly reduced (p < 0.01) the
average amount of the treat consumed (Fig. 3).

Evaluation of the effect of maternal deprivation on the
consumption of standard food showed that the average daily
consumption of the high-calorie mixture did not change
relative to the control group, while the overall consumption
increased (p < 0.001) compared to the control group.
Following Agrelax administration, the consumption of the

95 - * Il Control
! Cco
20 1 L [ co + Agrelax
L
154 S

Average daily consumption, g

5l [y
i NI

Standard food Chocolate paste

Fig. 2. Effects of agrelax on the consumption of standard pelleted
and high-calorie food in the compulsive overeating rat model (CO).
*p < 0,05

Puc. 2. Bausnue arpenakca Ha notpebnexue ctaHaapTHoro 6peke-
TUPOBAHHOIO KOPMa M BbICOKOKaNOPUIAHOM MULLM Y KPbIC B MOAENH
KomnynbcueHoro nepeenanus (CO). *p < 0,05
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N
(3]
]

Il Control
[ Co+FS
[] co +Fs + Agrelax

# *%

]

Fig. 3. Effects of limb electrical stimulation and agrelax on the
consumption of chocolate-feed mix in the compulsive overeating
(CO) rat model. #p < 0,05; **p < 0,01

Puc. 3. OueHKa AeiACTBUS 3NEKTPOCTUMYNALMM KOHEYHOCTEM
W arpeniakca Ha noTpebneHue LLOKONaAHO-KOPMOBOI CMeCU B Mo-
nenn komnynbcusHoro nepeefanus (CO) y kpeic. FS — anekTpo-
cTUMynauns KoHeuocteid. *p < 0,05; **p < 0,01

N
o
1

J—
(3]
1

N
o
1

Average daily consumption, g

(3]
|

25 - Il Control
- *k%k D MD
§ 20 [] MD + Agrelax
(=9
IS
3
5 15 4
=
S 10
(<&}
g
2 s

Chocolate paste

Standard food briquettes
for rodents
Fig. 4. Effects of the new ghrelin receptor antagonist Agrelax on
the consumption of standard food and compulsive overeating in
rats raised under maternal deprivation (MD) conditions. Average
daily intake is shown ***p < 0.001 compared to the control (intact)
group of animals

Puc. 4. OueHKa [eiicTBMS HOBOMO @HTArOHWUCTA MPENMHOBLIX peLien-
TOPOB arpenakca Ha notpedreHne CTaHAAPTHOrO KopMa M KOMMyfb-
CMBHOE NepeefiaHu e Y KpbIC, BbIPALLEHHbIX B YCNOBUAX MaTepuH-
cKoit aenpueauun (MD). TMokasaHo cpegHee cyTouHoe NoTpebneHue.

*%k%

' < 0,001 0THOCUTENBHO KOHTPOJTBHO (MIHTAKTHOA) MPYMbl KUBOTHBIX

10 5
=l [ co
%_ [] CO + Agrelax
1S
g 6- T
=
g 4
S 2-
=
U_

Fig. 5. Effects of agrelax on compulsive overeating (CO) in rats kept
under partial sensory and complete social isolation

Puc. 5. OueHKa pelicTBus arpenakca Ha KOMMynbCUBHOE Nepeesa-
Hue (CO) y Kpbic, BbIPALLEHHBIX B YCNOBUAX YACTUHHON CEHCOPHOM
W NOSHOI BHYTPUBMOBOW M30NALMM
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chocolate-food mixture decreased, reaching the control
group values (Fig. 4).

In animals raised under conditions of partial sensory and
complete social isolation, the administration of Agrelax did
not produce a pronounced effect on reducing the consumption
of the chocolate-food mixture (Fig. 5).

In animals subjected to acute vital stress, the adminis-
tration of Agrelax did not reduce the consumed amount of
chocolate-food mixture (Fig. 6).

DISCUSSION

In the present study, compulsive overeating was induced
using the high-calorie food overconsumption method.
Episodes of overeating were triggered through intermittent
exposure to sources of carbohydrates and fats in a
restricted-access model of compulsive overeating [28, 30].
The advantage of using intermittent food exposure in the
development of compulsive overeating is supported by our
earlier data, which demonstrated reduced consumption
of high-calorie food in rats following maternal deprivation
and a daily feeding regimen [37]. Additional assessments of
compulsive behavior during the experiment helped confirm
the development of compulsive overeating and evaluate
its dynamics during the administration of Agrelax. Recent
studies have shown the involvement of the ghrelin system
in stress response mechanisms. In a study, the ghrelin
receptor antagonist D-Lys GHRP-é reduced pronounced
compulsive behavior induced by the psychological trauma
of partner loss [45]. Obsessive-compulsive disorder (OCD)
is interpreted as a condition associated with intrusive and
disturbing thoughts (obsessions) accompanied by compulsive
behaviors (compulsions) aimed at reducing anxiety [46].
The pharmacotherapy of OCD is primarily based on
antidepressants, benzodiazepine anxiolytics, and low doses
of neuroleptics [46-48]. These drugs differ in their spectrum
of action and effects and are associated with numerous side
effects, indicating the need to develop new effective treatments
for OCD, including those with demonstrated anti-compulsive
activity in experimental models. Agrelax developed at the IEM
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Fig. 6. Effects of Agrelax on compulsive overeating (CO) in rats
subjected to acute vital stress

Puc. 6. OueHKa peiicTBMS arpenakca Ha KOMNY/bCUBHOE nepeesa-
Hue (CO) y KpbiC, NepeHecLUnX OCTPOe BUTaNbHOe BO3LENCTBUE
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offers several advantages. Due to its peptide nature, the drug
is suitable for intranasal administration, enabling not only a
reduction in the used dose and rapid central action but also a
significant decrease in potential toxic effects.

In this study, the marble burying test was used to evaluate
compulsive behavior in rats. This test has traditionally been
used to assess the severity of compulsive behavior in
rodents and to screen anti-compulsive drugs [42, 49, 50].
Animals are believed to use the available bedding material
to bury undesirable sources of discomfort in their home
environment. The number of marbles buried reflects the
intensity of stereotypical behavior in animals [42]. The effects
of ghrelin and its analogs on behavior in the marble burying
test in rats are poorly understood. Similar effects have been
observed in mice and rats following the administration of
anxiolytics, antidepressants, and low-dose neuroleptics [47].
Compulsive behavior serves as a functional component of
addictive behavior and is considered a neurobiological factor
in alcohol, drug, gambling, and other addictions [51], as well
as food-related dependencies [52].

The hypothalamus is the main brain region involved in
feeding behavior. Ghrelin acts primarily in the hypothalamus,
stimulating food intake behavior aimed at regulating energy
homeostasis [53]. The significance of ghrelin signaling in
brain regions outside the hypothalamus lies in its influence
on learning and memory, reward and motivation, anxiety
and depression. Possible targets of ghrelin action include
corticotropin- producing neurons in the paraventricular
nucleus of the hypothalamus. It has been shown that ghrelin
administration activates these neurons [54]. Another possible
target of ghrelin is the extended amygdala system, which
includes the bed nucleus of the terminal striatum, the central
nucleus of the amygdala, the substantia innominata, and the
shell of the nucleus accumbens [54]. The extended amygdala
structures receive inputs from dopaminergic neurons of
the ventral tegmental area and constitute a main functional
system for mediating the emotional and motivational effects
of various addictive agents [55].

Evidence from various studies indicates that stress
increases vulnerability to addiction, likely by enhancing the
reward value associated with addictive substances through
a sensitization-like mechanism [56]. This study showed that
FS-induced stress increases signs of compulsive overeating
of high-calorie foods. Intranasal administration of Agrelax
reduces the manifestations of food addiction following
electrical stimulation of limbs, suggesting novel avenues
for the synthesis and application of peptide pharmacological
agents based on ghrelin and its antagonists to address food
addiction.

Chronic maternal deprivation stress in animals can serve
as a model of maternal neglect in humans. Analysis of
experimental data on maternal separation in early ontogenesis
shows a significant impact of stress on the development
of compulsive overeating [39]. Early psychological stress
exerts long-term effects on development and socialization
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in children and adolescents, increasing the risk of eating
disorders and compulsive overeating. During adolescence,
hormonal changes and imbalances in excitation and
inhibition processes occur, making the role of neurochemical
intracerebral processes critical in the development of
compulsive overeating [39]. Intranasal administration of
Agrelax reduces the manifestations of food addiction,
suggesting novel avenues for the synthesis and application
of peptide pharmacological agents based on ghrelin and its
antagonists to address food addiction.

CONCLUSION

Administration of the novel ghrelin receptor antagonist
Agrelax reduces the manifestations of compulsive overeating
in rats under conditions of intermittent consumption of high-
calorie foods. This approach opens new possibilities for
the synthesis and application of peptide pharmacological
agents based on ghrelin and its antagonists to address food
addiction. Moreover, the studied drug was administered
intranasally, enabling not only a reduction in the used dose
and rapid central action but also a significant decrease in
potential toxic effects.
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