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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 METHODS: 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 μg/μL, 
10 μL 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.
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АННОТАЦИЯ
Актуальность. Сильные и продолжительные стрессы могут быть опасны как для психологического, так и физического 
здоровья человека. Нередко стресс приводит к развитию или усугублению компульсивного переедания. Компульсив-
ное переедание характеризуется рецидивирующими эпизодами поедания большого объема пищи с чувством утраты 
контроля над собой.
Цель — изучить действие антагониста рецепторов грелина агрелакса на компульсивное переедание, вызванное 
острым и хроническим стрессами у крыс.
Материалы и методы. В исследовании было задействовано 150 самцов и 15 самок крыс линии Вистар. Для моделиро-
вания компульсивного переедания животные получали высококалорийную смесь на основе шоколадной пасты 3 раза 
в неделю при сохранении свободного доступа к стандартному корму и воде. Компульсивность в поведении оценивали 
с помощью теста закапывания шариков. В качестве стрессорных воздействий для разных групп животных исполь-
зовали материнскую депривацию, электростимуляцию конечностей, частичную сенсорную и полную внутривидовую 
изоляцию, острый витальный стресс. Антагонист рецепторов грелина агрелакс вводили интраназально 1 мкг / 1 мкл, 
по 10 мкл в каждую ноздрю в течение 7 дней.
Результаты. Проведена оценка компульсивного поведения в тесте закапывания шариков. Опытная группа животных, 
получающая высококалорийное питание, закапывала достоверно большее количество шариков, чем контрольная 
(p < 0,01). После 7-дневного курса агрелакса количество закопанных шариков значимо снижалось, доходя до зна-
чений контрольной группы (p < 0,05). Отработана методика компульсивного переедания у крыс при выдаче высоко-
калорийной пищи 3 раза в нед. После 7-дневного курса агрелакса потребление высококалорийной пищи достовер-
но снижалось (p < 0,05). Воздействие электростимуляции конечностей значимо увеличивало количество съедаемой 
высококалорийной пищи (p < 0,05). После 7-дневного курса агрелакса потребление высококалорийной пищи досто-
верно снижалось (p < 0,01). Стресс материнской депривации значимо увеличивал потребление высококалорийной 
пищи (p < 0,001).  После 7-дневного курса агрелакса, потребление высококалорийной пищи снижалось до показателей 
контрольной группы. У животных, выращенных в условиях частичной сенсорной и полной внутривидовой изоляции, 
применение агрелакса не дало выраженного эффекта снижения количества потребляемой высококалорийной пищи. 
У животных, перенесших острое витальное воздействие, применение агрелакса не снижало количества потребляемой 
высококалорийной пищи.
Выводы. Полученные данные предполагают новые пути синтеза фармакологических средств пептидной природы 
на основе грелина и его антагонистов для коррекции пищевой зависимости.

Ключевые слова: компульсивное переедание; материнская депривация; электростимуляция конечностей; социальная 
изоляция; витальный стресс; закапывание шариков; агрелакс; грелин.
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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 GHSR1A 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 

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 



DOI: https://doi.org/10.17816/phbn635868

202
БИОЛОГИЧЕСКАЯ НАРКОЛОГИЯ Том 15, № 3, 2024 Психофармакология и биологическая наркология

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 µ1-
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 
(40×50×20 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. 

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 40×30×25 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 20×25×17 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 1.2×0.7×1 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 μg/1 μl 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 µL 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 
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Fig. 1. Compulsive behavior assessment in the marble burying test. 
CO — compulsive overeating. **p < 0.01; #p < 0.05 
Рис. 1. Оценка компульсивного поведения в тесте закапывания 
шариков. CO — компульсивное переедание. **p < 0,01; #p < 0,05 

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 
Рис. 2. Влияние агрелакса на потребление стандартного бреке-
тированного корма и высококалорийной пищи у крыс в модели 
компульсивного переедания (CO). *p < 0,05

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 
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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-6 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. 5. Effects of agrelax on compulsive overeating (CO) in rats kept 
under partial sensory and complete social isolation 
Рис. 5. Оценка действия агрелакса на компульсивное перееда-
ние (CO) у крыс, выращенных в условиях частичной сенсорной 
и полной внутривидовой изоляции

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 
Рис. 4. Оценка действия нового антагониста грелиновых рецеп-
торов агрелакса на потребление стандартного корма и компуль-
сивное переедание у крыс, выращенных в условиях материн-
ской депривации (MD). Показано среднее суточное потребление.  
***p < 0,001 относительно контрольной (интактной) группы животных 

Fig. 6. Effects of Agrelax on compulsive overeating (CO) in rats 
subjected to acute vital stress 
Рис. 6. Оценка действия агрелакса на компульсивное перееда-
ние (CO) у крыс, перенесших острое витальное воздействие
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Fig. 3. Effects of limb electrical stimulation and agrelax on the 
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Рис. 3. Оценка действия электростимуляции конечностей 
и агрелакса на потребление шоколадно-кормовой смеси в мо-
дели компульсивного переедания (CO) у крыс. FS — электро-
стимуляция конечностей. #p < 0,05; **p < 0,01
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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 

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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