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ABSTRACT

BACKGROUND: Factors that may trigger episodes of binge eating include mental and physical stress, dietary restrictions
of high-calorie foods. In a rodent model it has been shown that intermittent consumption of high-calorie foods causes
binge eating regardless of body weight gain.

AIM: To investigate the effect of a novel ghrelin receptor antagonist Agrelax on binge eating in in adult rats after maternal
deprivation in early ontogeny.

MATERIALS AND METHODS: Animals were weaned for 180 min from day 2 to day 12 after birth; males 90-100 days
of age were used in the experiments. In the development of binge eating, animals received a high-carbohydrate diet
(Nutella paste — based chocolate mixture) for 1 h every day or every third day for 1.5 months. Fifteen minutes before
feeding, the chocolate paste was placed within 5 cm of reach with visual contact. Agrelax, a novel ghrelin receptor an-
tagonist, was administered intranasally Tpg/1ul, 20pl for 7 days.

RESULTS: Maternal deprivation induced bindge eating of high-calorie foods in adult rats. When chocolate was given
3 times a week, its consumption increased (p < 0.001) in the maternal deprivation group relative to the control group.
After a course of administration of agrelax, chocolate consumption did not differ significantly from that in the control
group. The daily consumption of standard food did not differ relative to the control group both before and after the course
of agrelax administration. When chocolate was given daily, the maternal deprivation rats did not develop food addiction.
At the same time agrelax did not induce a change in chocolate consumption relative to the control group.
CONCLUSIONS: The findings suggest new ways to synthesize pharmacological agents of peptide nature based on ghrelin
and its antagonists for correction of food addiction caused by psychogenic stresses in ontogenesis.
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CHM)KeHMe KOMNYNIbCUBHOIO nepeefaHus y Kpbic,
BbI3BaHHOr0 MaTePMHCKOW fenpuBaLuei B paHHeM
OTHOreHese, ¢ NPUMEHEHWEeM HOBOr0 AaHTaroHUCTa
PeLLenTopoB rpesiMHa arpenakc
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! MHCTUTYT 3KcnepuMeHTasbHON MeanumHel, CankT-etepbypr Poccus;
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AHHOTALINA

AxkmyaneHocms. QaKTopbl, KOTOPLIE MOTYT BbI3bIBaTb AMMU30/4bl KOMNYILCMBHOMO (MPUCTYNoobpa3Horo) nepeeaaHus,, BKIO-
YaKT MCUXMYECKUE U PU3NYECKME CTPECChl, OFPaHNYEHNS B MUTaHUM BbICOKOKANIOPUIHOM MUK, B Mozienm KoMnynbCMBHOMO
nepeefaHns Ha rpbi3yHax MOKa3aHo, YTo NPepbLIBUCTOE NOTPebaeHUe NPOAYKTOB BbICOKOKANOPUIAHOM MULLM BbI3bIBAET KOM-
NnyNbCUBHOE NepeeflaHne He3aBUCUMO OT YBEIMYEHWUA Macchl TeNna.

Llene — wviccnepoBaHue LENCTBUS HOBOTO aHTAarOHMCTa PELIENTOPOB FPefiMHa arpenakca Ha KOMMYAbCUBHOE MepeefaHne
Y N0JI0BO3peSIbIX KpbIC, BbI3BAHHOE MaTEPUHCKOM AenpuBaLMen B paHHEM OHTOreHe3e.

Mamepuansi u Memodel. nBOTHbIX €O 2-ro no 12- aeHb nocnie poxaequs Ha 180 MUH oTayYanu oT MaTepu, B OMbiTax UC-
nonb3oBanu camuoB B Bo3pacTe 90-100 gHei. [pu BbipaboTKe KOMNYNBLCMBHOMO NepeefaHNs UBOTHBIE MOJTy4anm B TeYeHHe
1 4 AneTy ¢ BbICOKMM CofiepKaHueM yrneBoaoB (CMecb Ha 0CHOBE LUOKoNaaHo nacTel «Nutella») Kax bl AeHb UK KaxKablii
TpeTui AeHb B TeyeHne 1,5 Mec. 3a 15 MMH L0 KOPMNIEHWSA LLIOKONAAHYI0 NacTy NoMeLLanu B 5 CM [0CAraeMocTu npu BU-
3yanbHOM KOHTaKTe. Arpeniakc, HOBbI aHTaroHMCT PeLenTopoB rPesMHa, BBOAWIM WHTpaHasanbHo B fo3e 1 MKr/ 1 MK,
20 MKN B TeyeHue 7 OHei.

Pe3ynemamel. MaTepuHcKas [enpuBauyms Bbi3biBajla KOMMYNbCUBHOE NepeefiaHne BbICOKOKANOPUAHOM MMM Y MOMOBO3-
pesbix Kpbic. [1pn Bblgaye WoKonaaa 3 pasa B Heflelo B rpymnne ¢ MaTepPUHCKOW [LenpuBaLyeii ero notpedneHne yBenmun-
Basiock (p < 0,001) oTHocUTeNbHO KOHTPONBHOM rpynnbl. ocne Kypca BBeAeHUs arpenakca noTpedneHme LWOKolaaa AocTo-
BEPHO He OT/IMYANOCh OT MOKa3aTeNis B KOHTPOsbHOW rpynne. CyToyHoe noTpebneHne CTaHAAPTHOrO KOpMa He OTMYanochb
OTHOCMTENIHO KOHTPOJILHOM Fpynnbl KaK A0 Kypca BBEAEHWA arpenakca, Tak u nocne. lpu Bblgaye LIOKONaAa eXxefHEBHO
Y KpbIC C MaTEPMHCKON AenpuBaLMen NULLEeBas 3aBMCMMOCTb He BbipabaTbiBanack. [1py 3TOM arpenakc He Bbi3biBa U3MeEHe-
HWS NOTPEBEHNS LLIOKONaAa OTHOCUTESIBHO KOHTPOJIbHOM MpynNMbl.

3aknwyeHue. MNonyyeHHble faHHbIE NPeANoNnaraloT HOBbIE MYyTU CUHTE3a (hapMaKONOrMYecKUX CPeACTB NenTULHOW NpUPo-
Obl Ha OCHOBE FPeIMHA U ero aHTaroHUCTOB [ KOPPEKLMM MULLEBOMN 3aBUCUMOCTH, BbI3BAHHOW NCUMXOreHHbIMU CTpeccamu
B OHTOreHese.
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INTRODUCTION

Compulsive (binge) overeating disorder is characteri-
zed by the intermittent and excessive consumption of pal-
atable food in short periods. Unlike bulimia or anorexia
nervosa, this behavior is not accompanied by compensa-
tory behaviors [1]. Factors triggering episodes of com-
pulsive overeating include mental and physical stress and
dietary restrictions on high-calorie foods.

Intermittent consumption of high-calorie foods
was shown in a rodent model to cause binge overea-
ting, irrespective of weight gain or obesity [2]. Se-
veral rodent models of binge overeating were investi-
gated. Intermittent exposure to a fat source was used
in a restricted access model to induce episodes of
overeating [2]. The experiment indicated the involve-
ment of several neurotransmitter systems in binge
overeating, particularly opioids, serotonin, dopamine,
and hormones [3].

Ghrelin, an orexigenic peptide identified and described
in the late 20th century, comprises 28 amino acids. Ghre-
lin is predominantly synthesized in the lateral region of
the arcuate complex of hypothalamic nuclei by endocri-
nocytes of the cardiac mucosa of the cardiac part of the
stomach and enters the bloodstream [4]. Ghrelin isoforms
include acylated ghrelin (acetyl-ghrelin), nonacylated
(desacyl-ghrelin), and obestatin, as well as two molecu-
lar forms of the ghrelin receptor (GHSR1A and GHSR1B).
GHSR1A is the only one with biological activity [4].
Ghrelin receptors are localized in the digestive tract,
adrenal glands, thyroid gland, heart muscle, and brain
(hypothalamus, pituitary, hippocampus, amygdala, trunk
nuclei, and neocortex) [4]. Ghrelin regulates eating be-
havior, psychostimulant and alcohol dependency [5], and
stressor reactions [6]. Patients with compulsive over-
eating had decreased levels of peripheral ghrelin before
eating, possibly related to the disorder’s neurochemical
mechanisms [7].

There is currently a lack of research papers address-
ing the involvement of the ghrelin system in food ad-
diction. The mechanisms of ghrelin receptors’ impact on
reinforcement and emotional behavior systems under
various environmental influences are unclear. Agrelax,
a peptide antagonist of ghrelin developed by the Insti-
tute of Experimental Medicine, is active against GHSR1A
ghrelin receptors [8].

The study aimed to investigate the effect of a new
antagonist of ghrelin receptors agrelax on compulsive
overeating induced by maternal deprivation in early on-
togenesis in adult rats.
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MATERIALS AND METHODS

The experiments were conducted on 32 male and five
female Wistar rats weighing 200-250 g from the Rap-
polovo Laboratory Animal Nursery (Leningrad region).
The animals were kept in vivarium conditions in standard
plastic cages with free access to water and food from
8:00 to 20:00 at 22°C + 2°C under inverted light condi-
tions. During the experiment, the principles of humane
laboratory rat treatment were observed in accordance
with the Rules of Laboratory Practice in the Russian
Federation (Order of the Ministry of Health of the Russian
Federation, 2003, No. 267).

After they arrived from the nursery, the animals were
quarantined for 2 weeks in the appropriate block of the
vivarium. Female Wistar rats were kept in plastic cages
(40 x 50 x 20 cm) of five individuals, each with access
to water and food ad libitum. One male was placed in
each cage. The next day, females' vaginal swabs were
obtained to identify spermatozoa, and the onset of
pregnancy was recorded using light microscopy, which
was considered Day 0. Animals were housed in sepa-
rate cages after pregnancy onset. The pregnancy lasted
20 + 2 days.

The animals were divided into groups. Group 1 in-
cluded nonstressed animals who had access to the
chocolate diet daily. Group 1md included animals after
maternal deprivation accessing the chocolate diet daily.
Group 2 consisted of nonstressed animals that accessed
the chocolate diet thrice weekly. Group 2md had animals
after maternal deprivation accessing the chocolate diet
thrice weekly.

A model of maternal weaning

From Days 2 to 12 of the postnatal period, rats were
placed in individual plastic cups for 180 min every day for
10 days. Visual contact with the mother was excluded.
Rats were grown in standard cages with five individuals
in each cage after maternal deprivation and milk feed-
ing. The experiment used males aged 90-100 days and
weighed 200-250 g.

Method of compulsive overeating of high-calorie food

Animals in the experimental groups were given
1-h access to a high-carbohydrate diet (Nutella chocolate
paste-based mix) every day (group 1md) or every third
day (group 2md). The control animals consumed only
standard pelleted rat food. The high-calorie food consist-
ed of a paste made from Nutella chocolate paste (Ferrero,
Alba, Turin, and ltaly), ground rat pellet food (4RF18;
Mucedola; Settimo Milanese), and water in the following
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ratio: 52% chocolate paste, 33% food pellets, and 15% wa-
ter. The diet had a calorie value of 3.63 kcal/g. Stan-
dard pelleted rat food was placed inside a metal mesh
container suspended from the front wall of the cage;
it was taken from the cage to estimate food intake by
weighing it. The Nutella paste mixture was poured into
a cup; the handle of the cup was put into the metal wall
of the cage. The chocolate paste feeder was positioned
within 5 c¢cm of the animals and in full visual contact
15 min before feeding. The cup with the chocolate paste
was placed inside a container with a metal mesh sus-
pended from the cage’s front wall. The animal was able
to see and smell the paste. During this 15-min period,
the rat performed repetitive movements of the forelegs,
head, and trunk to access the paste but failed to reach it.
This manipulation increased serum corticosterone levels [9].
The cup was placed in the cage after 15 min to make the
paste available to the rats. Before the overeating period,
the standard rodent food in each cage was weighed to
estimate the following day's 24-h food intake. The rats
were situated in separate cages 15 days after the start
of the chocolate diet experiment and fed the chocolate
diet for another 30 days. The amount of standard food
eaten and the amount of chocolate paste eaten per 1 h
of access were recorded. The weight of the animals was
measured once a week on a certain day.

In Week 6 of the experiment, rats were administered
a peptide analog of the ghrelin antagonist agrelax intra-
nasally at a dose of 1 pg/1 pL, 20 pL for 7 days, which
was synthesized in the S.V. Anichkov Department of Neu-
ropharmacology at the Institute of Experimental Medicine
using a genetically engineered method [8].
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Average daily food volume (g

Chocolate
paste

Standard food briquettes
for rodents

Control B Maternal deprivation

Maternal deprivation + agrelax

Fig. 1. The effect of maternal deprivation on the consump-
tion of standard feed and chocolate during daily chocolate
delivery. *p < 0.05 relative to the control (intact) group of
animals

Puc. 1. BausHue mMatepuHckon genpusauum (M) Ha noTpebre-
HWe CTaHA4APTHOrO KOpPMa U LLIOKOMAAa NpU eXeHEBHON Bblgaye
wokonafa. *p < 0,05 oTHOCUTENIbHO KOHTPOSbHOMW (MHTAKTHOM)
TPYNNbl XUBOTHBIX
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The Graph Pad Prizm v.6 software was used for sta-
tistical processing of quantitative data. The statistical
significance of differences between groups was deter-
mined using a one-factor analysis of variance. Only two
groups were compared using the Student’s ¢ test for in-
dependent samples.

RESULTS AND DISCUSSION

When the effect of maternal deprivation on daily choc-
olate intake was examined, it was shown that the aver-
age daily chocolate consumption over 10 days of testing
decreased (p < 0.05) in group 1md compared with the
control (intact) group 1. Similarly, it reduced (p < 0.05)
when aggrelax was introduced compared with the control
(intact) group 1. When the effect of maternal deprivation
on standard feed intake was investigated, the average
daily intake in group 1md was found to be unchanged
relative to the control (intact) group 1 and did not differ
from the control (intact) group 1 after the introduction of
aggrelax (Fig. 1).

When the effect of maternal deprivation on choco-
late consumption was studied three times a week,
it was found that the average daily chocolate intake
over the 10 days of testing was increased (p < 0.001) in
group 2md relative to the control (intact) group 2 and re-
mained unchanged relative to the control (intact) group 2
after consumption of the standard feed. The average daily
intake of chocolate in group 2md after administration of
aggrelax three times per week for 10 days did not differ
relative to the control (intact) group 2 and did not dif-
fer from the control (intact) group 2 after consumption
of standard feed (Fig. 2).

Average daily food volume (g)

Chocolate
paste

Standard food briquettes
for rodents

Control B Maternal deprivation

Maternal deprivation + agrelax

Fig. 2. The effect of maternal deprivation on the consumption of
standard feed and chocolate paste when giving out chocolate 3 times
a week. The average daily intake is shown. **p < 0.001 relative to the
control (intact) group of animals

Puc. 2. BnusiHue MatepuHcKoi aenpueauim (MJI) Ha noTpebneHue cTaH-
[LapTHOr0 KOPMa W LLIOKONaAHOM NacThl MU Bblaaye LoKonaaa 3 pasa
B Hepdento. [oKasaHo cpepHee cytoyHoe notpebnenue. **p < 0,001
OTHOCUTESIbHO KOHTPOJTbHOM (MHTaKTHOIA) FpYNMbl UBOTHBIX
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The term “food addiction” refers to compulsive eating
behavior associated with a lack of control over food [1, 2].
Eating behavior can be regulated by both homeostatic
(related to energy need/storage) and hedonic (dopami-
nergic brain reward system) pathways, which control
energy intake and body weight [10].

The present study produced compulsive overeating
using the high-calorie food overeating method. Chronic
maternal deprivation stress was shown to cause in-
creased signs of compulsive overeating of high-calorie
foods. In a restricted access model of compulsive over-
eating, episodes of overeating are generated by inter-
mittent exposure to a carbohydrate and fat source [2].
Our findings of reduced high-calorie food intake in rats
after maternal deprivation with a daily food ration sup-
port using an intermittent food regimen in developing
compulsive overeating. In the control group of rats who
received chocolate paste daily, elements of compulsive
overeating behavior and withdrawal from the chocolate
diet were found. This can be explained by the inclusion in
the experiment of elements of waiting for food for 15 min
during visual contact with food, which is consistent with
literature data [9].

The chronic stress of maternal deprivation in ani-
mals is a model of human maternal neglect. Data from
an experimental model of weaning from the mother in
early ontogenesis show that stress significantly impacts
the formation of compulsive overeating [9]. Early men-
tal stress has a long-term impact on development and
socialization in children and adolescents, increasing
the risk of developing eating disorders and compulsive
overeating. Adolescence is characterized by hormonal
changes and an imbalance of excitation and inhibition
processes, highlighting the vital role of neurochemical
intracerebral processes in the formation of compulsive
overeating [9].

Experimental modeling of several clinical manifesta-
tions allows direct investigation of neurochemical mech-
anisms underlying compulsive overeating. The experi-
ment demonstrated the involvement of neuroendocrine
processes and several neurotransmitter systems, par-
ticularly in its occurrence. In addition, opioid, dopamine,
and serotonin systems are involved in forming positive
emotions in compulsive overeating [3]. In addition to
these primary mediators, the ghrelin system is involved
in the mechanisms of compulsive overeating, as demon-
strated in the present study.

Ghrelin acts primarily in the hypothalamus and stimu-
lates eating behavior to regulate energy homeostasis [11].
Previously, we found that chronic stress of isolation rear-
ing activated eating behavior and weight gain in rats [12].
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Ghrelin signaling in brain regions outside the hypothala-
mus is important because of its impact on learning and
memory, reward and motivation, and anxiety and depres-
sion. Corticoliberin-producing (CRH) neurons of the hy-
pothalamic paraventricular nucleus are potential targets
of ghrelin activity during stress. Ghrelin administration
has been demonstrated to activate these neurons [13].
The target of ghrelin action under stress appears to be
the extended amygdala system, which includes the bed
nucleus of the terminal striatum, the central nucleus of
the amygdala, the nerveless substance, and the shell of
the contiguous nucleus, being an extrahypothalamic CRH
system [13]. The extended amygdala structures receive
inputs from dopaminergic neurons in the ventral tegmen-
tal area and are the main functional system for realizing
the emotional-motivational effects of various narcogens.
Blocking CRH in the central nucleus of the amygdala, the
bed nucleus of the terminal striatum, and the contiguous
nucleus eliminates or significantly reduces the activating
effects of addictive drugs [14].

CONCLUSIONS

In conclusion, the study found that chronic maternal
deprivation stress causes increased signs of compulsive
overeating of high-calorie foods. Intranasal adminis-
tration of agrelax, a novel ghrelin receptor antagonist,
reduces food addiction manifestations in rats after ma-
ternal deprivation with intermittent consumption of high-
calorie foods. This approach suggests new methods for
synthesizing and using peptide-based pharmacological
agents based on ghrelin and its antagonists for treating
food addiction caused by psychogenic stresses in early
ontogenesis. When daily chocolate consumption was ex-
amined, the average daily consumption, pre- and postin-
duction of agrelax, was lower (p < 0.005) in the maternal
deprivation group than in the control group, indicating no
food addiction was evident. Therefore, the development
of compulsive overeating in rats with maternal depriva-
tion depends on intermittent consumption of high-calorie
tasty foods.
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