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Abstract

Introduction: The purpose of this work was to prove that the reaction of food self-deprivation in “fed up” rats is a
suitable model for studying the emotional overeating in the experiment.

Methods: The self-deprivation reaction, i.e. self-isolation of an animal from food during electrical self-stimulation of
the brain, was studied in animals with food deprivation. To reproduce the self-stimulation of the lateral hypothalamus,
the male Wistar rats were trained to press a pedal in a Skinner box. After training, the rats received food deprivation,
then a feeder was placed in the Skinner box, and a conditioned food reflex was developed in rats within 5 days.

Results and discussion: The food self-deprivation reaction was observed in the “’satiated” rats with a current intensity
of 10% and above the threshold for self-stimulation. Hungry animals pressed the pedal for hypothalamic self-stimula-
tion and took no notice of the feeding trough. Sulpiride, a dopamine D2 antagonist (5 and 20 mg/kg i.p.), administered
to the “satiated” rats decreased both the eating behavior and self-stimulation in food self-deprivation testing. SB-
408124, an orexin A receptor antagonist (0.5 mg/ml, 20 pl intranasally) reduced only the number of pellets eaten, but
not the number of pedal presses.

Conclusion: The orexin A receptors are preferably involved in emotional eating compared with orexin B (OX2R TCS-
0X2-29) and D2 dopamine receptors. Because emotional eating is significantly related to clinical eating disorders, like
bulimia and binge eating disorder, it seems promising to use drugs of the orexin system to treat and prevent the issue.
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Intr oduction to clinical eating disorders, like bulimia and binge eating

disorder (BED), as well as obesity and malnutrition, there
Emotional eating is a phenomenon in which a person is growing interest in learning how to treat and prevent
consumes food for reasons other than being physically  the issue. More specifically, emotional eating is linked to
hungry. Because emotional eating is significantly related a tendency to overeat in response to negative emotions,
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but little is known about emotional eating and positive
emotions, like happiness or excitement (Sultson et al.
2017). Negative emotional eaters also increase eating af-
ter experiencing positive emotions, suggesting that these
emotions may contribute to food consumption in emoti-
onal eaters as much as negative emotions (Bongers et al.
2013, 2016). New assessment tools, which in addition to
negative emotional eating also address positive emotional
eating, could be of potential help in planning interven-
tion. Further, the tendency to overeat in response to po-
sitive emotions could be integrated into current models
of eating disorders, especially when addressing relapse
prevention (Pompili and Laghi 2017; Sultson et al. 2017).

Episodes of binge eating (BE) in humans are charac-
terized by compulsive, non-homeostatic consumption
of an unusually large quantity of highly palatable food
in a short period of time. Even though they are not hun-
gry, subjects eat more rapidly than normally until feel-
ing uncomfortably full. As described by the DMS-IV-TR
(American Psychiatric Association 2000), these episodes
are accompanied by a subjective sense of loss of control
over eating, and are associated with the feelings of dis-
tress, disgust, depression, being guilty about overeating,
and eating alone because of embarrassment. Lisdexamfe-
tamine (LDX), a pro-drug of d-amphetamine, is the only
pharmaceutical drug currently approved for treatment
of BED, and works through modulation of monoamine
transmission. LDX has been shown to directly decrease
compulsive eating in rats as well as humans, as measured
by the Yale—Brown obsessive compulsive scale modified
for binge eating (Griffiths et al. 2019). LDX administra-
tion produces sustained increases in dopamine in rats,
which could recover low dopaminergic states character-
istic of compulsive overeating to relieve a negative emo-
tional state (Griffiths et al. 2019). Current medications,
like topiramate (McElroy et al. 2009) or sibutramine
(Appolinario et al 2003; Wilfley et al. 2008), have been
reported to reduce BED in clinical studies. However, their
administration is associated with a variety of adverse side
effects, which represent serious problems during chronic
treatment (Yager 2007; McElroy et al. 2009).

In 1998, two groups independently identified a new
class of neuropeptides originating in hypothalamic nuclei
(De Lecea et al. 1998; Sakurai et al. 1998). These pep-
tides, called orexin-A (OXA) and orexin-B (OXB), also
denoted as hypocretin 1 and hypocretin 2, are produced
from proteolytic processing of the pre-pro-OX peptide
and bind to two GPCRs, namely OX-1 and OX-2 recep-
tors (OX1R and OX2R), also denoted as HertR1 and Her-
tR2. OX1R is coupled to Gq/11, whereas studies using
neuronal cells suggest that OX2R is coupled to Gq, Gs,
and Gi proteins. In the central nervous system, OX1R and
OX2R show partially overlapping, but largely distinct
and complementary, distribution patterns (Sakurai 2007).
Brain areas, such the infralimbic cortex, hippocampus,
and locus coeruleus, exhibit high expression of OXIR,
whereas OX2R is the only receptor expressed in arcuate
nucleus, tuberomammillary nucleus, and dorsomedial

and lateral hypothalamus. Both receptors are present in
the prefrontal cortex, amygdala, bed nucleus of stria ter-
minalis, paraventricular thalamic nucleus, dorsal raphe,
ventral tegmental area, and laterodorsal tegmental nucle-
us — peduncolo pontine nucleus (Trivedi et al. 1998; Lu
et al. 2000; Marcus et al. 2001). These findings suggest
that orexins and their receptors are likely to play a broad
regulatory role in the central nervous system. Injection of
OXA into the lateral ventricle of rats during early light
phase induced a dose-related increase in a food intake in
rats (Sakurai et al. 1998), which was blocked by pre-treat-
ment with the OX1R antagonist SB-334867 (Haynes et
al. 2000; Rodgers et al. 2001). Hypothalamic OX neu-
rons are activated by cues associated with consummatory
rewards, such as food (Harris et al. 2005), suggesting a
potential role of the orexin system in response to external
environmental cues linked to cognitive aspects of feed-
ing. Recent reports support a role for orexin signaling
in the neurobehavioral and motivational effects of drugs
of abuse (Harris and Anthenelli 2005; Jupp and Dalley
2014; Baimel and Borgland 2015; Matzeu et al. 2018;
Schmeichel et al. 2018). Neural systems that motivate and
reinforce drug abuse have also been proposed to underlie
behaviors associated with compulsive food seeking and
food intake (Volkow and Wise 2005; Johnson and Kenny
2010; Corwin et al. 2011; Schulte et al 2019).

A number of binge eating testing methods are current-
ly being used in animal models (Corwin and Buda-Levin
2004; Corwin et al. 2011). These models are considered
within the context of their effects on brain reward sys-
tems, including dopamine, opioids, cholinergic systems,
serotonin, and GABA. All of the models demonstrate that
binge-type consumption of palatable food can occur in-
dependently of obesity (Boggiano and Chandler 2006).
There are three commonly used models. First, a model
of sugar bingeing in which animals with repeated, inter-
mittent access to a sugar solution develop behaviors and
brain changes that are similar to the effects of some drugs
of abuse, serving as the first animal model of food addic-
tion (Avena et al. 2008). Second, another model in which
a history of dieting and stress can perpetuate further binge
eating of palatable and non-palatable food (Boggiano and
Chandler 2006). Lastly, a limited access model in which
non-food deprived rats with sporadic limited access to a
high-fat food develop binge-type behaviors (Corwin and
Buda-Levin 2004). When using these models, periods of
elements of stressful, negative emotional effects are as-
sumed: food deprivation, foot-shock, intermittent access
to a sugar solution, or sporadic limited access to a high-fat
food. At the same time, models with positive emotion-
al effects, like happiness or excitement, often associated
with emotional eating, have not been used previously.

This study used the reaction of self-stimulation of the
lateral hypothalamus with the threshold current inten-
sity as a positive emotional component of the environ-
ment for eating behavior in fed rats. The self-deprivation
phenomenon shown earlier, assessed as a maladaptive
preference in a hungry animal, was retrieved after pos-
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itively reinforcing electrical stimulation of certain brain
areas rather than food. The earliest account of the phe-
nomenon stemmed from the pioneering work of J. Olds
(1958), who demonstrated that rats receiving rewarding
hypothalamic electric stimulation would self-stimulate
to exhaustion, neglecting other bodily needs. According
to J. Olds, the highly rewarding properties of the hypo-
thalamic electric stimulation represented the activation
of the neural systems that sub serve conventional reward
(Margules and Olds 1962). G. Spies (1965) demonstrat-
ed that rats having rewarding electrodes in the so-called
“feeding center” of the lateral hypothalamus preferred
hypothalamic electric stimulation to food in a discrete
choice situation even during prolonged periods of food
deprivation. The issues of modeling and studying the ef-
fects of hypothalamic activation from the point of view of
reproducing the non-chemical dependence of emotional
overeating, in particular, binge eating, have not been pre-
viously conducted. The aim of this work was to prove the
role of orexin brain system in mechanisms of BED in the
model of food self-deprivation in well-fed rats. To date,
the self-deprivation reaction has been studied exclusively
in animals with food deprivation (Frank et al. 1982; Frank
and Stutz 1984).

Material and methods

Animals

The experiments were performed on 29 Wistar male
rats weighing 240430 g (12—-13 weeks of age) each, in
accordance with EU Directive 2010/63/EU for animal
experiments and were approved by the local biomedical
ethics committee. The animals were obtained from the
Rappolovo laboratory animal nursery (Leningrad region,
Russia). At the beginning of the experiment, the rats were
housed individually in standard rodent cages (43x28x15
cm, length-width-height) with wood-chip bedding. Stan-
dard rat lab chow (Rappolovo) and filtered tap water were
freely available throughout the experiment. Artificial light
was provided daily from 08.00 am to 08.00 pm; the room
temperature and humidity were maintained at 21+21°C
and 40-70%, respectively. When food-deprived, the spe-
cial diet-fed animals daily had limiting access to food for
4 hours, with free access to water. Accordingly, prior to
each test, food deprivation was maintained for 20 hours.

Surgery

The rats were anesthetized with Xyla (Xylazine hy-
drochloride 20 mg/1 ml, Metaalweg 8, 5804 CG Venray,
Netherlends) and Zoletil 100 (tiletamine hydrochloride/
zolazepam hydrochloride, 250 mg/5 ml, Valdepharm,
France). Bipolar stainless steel electrodes of 0.2 mm
thickness (Plastic One), insulated except at the cross sec-
tion at the tip, were stereotaxically implanted using a mi-
cromanipulator (IEM, St. Petersburg, Russia). The elec-

trodes were lowered into the left or right medial forebrain
bundle as it passes through the lateral hypothalamic area
(coordinates: 2,5 mm posterior to bregma, 2.0 mm lateral
to the midline suture, 8.4 mm below the dorsal surface of
the skull). The electrodes were attached to the skull with
optical screws and dental acrylic, and one week was allo-
wed for recovery from surgery.

Apparatus

Standard operant conditioning chambers (RITEC, St. Pe-
tersburg, Russia) were housed in ventilated, sound-atte-
nuating cubicles, equipped with a 2.8-W house light and
a lever. An operant chamber (29.2x30.5%24.1 cm) had a
response lever 4.5 cm wide, 2.0 cm inside, 3.0 cm abo-
ve the floor, with a stimulus light centered 7.6 cm above
the lever (Bespalov et al. 1999; Shabanov and Lebedev
2013). The chamber was connected to an IBM clone mi-
crocomputer through an MED interface and controlled
by MED-PC software (MED Associates Inc., East Fair-
field, Vermont, USA). Electrical pulses were produced
by the constant current stimulators (PHB-150B; MED
Associates Inc.). The electrical stimuli were delivered to
the animal through an electrical swivel assembly (Plastic
One, Roanoke, Virginia, USA), which extended into the
test chamber. Depression of a lever resulted in a single
500-msec of rectangular bipolar waves with a pulse fre-
quency of 100 Hz and a pulse duration of 0.1 ms (FR1).
The animals were tested for self-stimulation for 10 min
each day for 5 days. During these daily 10-min sessions,
the current level was adjusted to produce maximum le-
ver pressing rates in each animal without disruptive mo-
tor involvement or convulsions. The animals that did not
lever-press for intracranial self-stimulation (ICSS) more
than 50 times in the 10-min sessions were dropped from
the experiment. The remaining animals were run for 30-
min sessions on 5 additional days in order to establish
stable base rates of responding.

ICSS/food competition

After stable self-stimulation rates had been established,
the animals were placed on a food-deprivation schedule.
They were trained to reach a feeder with a lot of pellets
(45-mg Noyes food pellet) within 30 min for 5 days. This
training was conducted in the box for self-stimulation tes-
ting. The ICSS lever was inactive during this phase of
training. Further experiments were carried out using food/
ICSS competition: the feeder was placed and the ICSS
lever was active with the same current intensity. All the
animals were required to maintain a stable weight level
for 3 consecutive days.

Test for stimulus-bound behavior

After a series of ICSS/food competition, the animals were
switched for access to a pelleted standard rat chow diet
and ad libitum water. The satiated experimental animals
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were individually placed into the chamber which contain-
ed a dish of food pellets and some small wooden blocks
and allowed to explore the chamber for a 5-min period.
At the end of this familiarization period, brain stimula-
tion was turned on for 30 sec at the threshold intensities
for behavior changes used during ICSS/food competition.
The 30-sec train of stimulation was followed by 60 sec
of “no-stimulation”. In total, 10 stimulation periods were
presented. Records were made of any eating or gnawing
responses elicited by the stimulation. Although stimu-
lus-bound behaviors are usually controlled by different
stimulation parameters, this test was included to ensure
that the parameters actually used did not elicit consum-
matory behaviors.

Test for ICSS induced emotional overeating

The current threshold for pedal pressings was used for
ICSS-induced emotional overeating in well-fed rats. ICSS
blocks of three trials are presented to the rat for evaluating
a threshold at a given stimulation intensity (Koob et al.
1993), and the intensity is altered systematically between
blocks of trials by 5 pA steps. The initial stimulus intensity
is set 40 pA above the baseline current threshold for each
animal. Each test session typically lasts 30—40 min. The
current threshold for a descending series was defined as
the midpoint between stimulation intensities that suppor-
ted responding (i.e. positive responses to at least two of

the three trials) and current intensities that failed to sup-
port responding. The threshold for an ascending series was
defined as the midpoint between stimulation intensities
that did not support responding and current intensities that
supported responding for two consecutive blocks of tri-
als. Four threshold estimates were recorded, and the mean
of these values was taken as the final threshold (Koob et
al. 1993). After the stimulation threshold were found, the
feeder was placed in an experimental box, and the ICSS
lever was active. The number of approaches to the fee-
ding trough, the number of pellets eaten, and the number
of pedal pressings at a fixed threshold current intensity
were determined, and the parameters of eating behavior
and self-stimulation reactions at various current intensities
were determined for 10 min. On the following days, drugs
were injected to an animals in an individual cage 20 minu-
tes before testing, and then the rat was placed into a cham-
ber to study overeating caused by self-stimulation of the
brain; the threshold current in the satiated rats was used.

Histology

When the tests were completed, the animals were sacri-
fied with an overdose of Nembutal and perfused with
saline followed by Formalin. The brains were removed,
embedded in celloidin, sliced and stained with cresylfast
violet (Fig. 1). The electrode placements were determined
using the atlas (Konig and Klippel 1963).

Figure 1. The trace after the electrode in the lateral hypothalamus (arrow), located below the conditional border between fornix (f) and
the forebrain inner capsule (ci). Note: A line drawn from the fornix down to the brain surface separates the lateral hypothalamus from

the medial hypothalamus with an extended complex of the arcuate nucleus (Arc). Stained by cresyl violet. The scale bar is 500 pm.
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Drugs and chemicals

A dopamine D2 antagonist sulpiride (Sigma, USA) at
doses of 5 and 20 mg/kg i.p., a selective orexin A re-
ceptor (OX1R) antagonist SB-408124 (N-(6,8-Diflu-
oro-2)-methyl-4-quinolinyl)-N'-[4-(dimethylamino)
phenyljurea, cat. No. S2694) and a selective antago-
nist of the orexin B receptors (OX2R) TCS-OX2-29
(2S)-1-(3,4-Dihydro-6,7-dimethoxy-2(1H)-isoquinoli-
nyl)-3,3-dimethyl-2-[(4-pyridinylmethyl)amino]-1-bu-
tanone hydrochloride (Sigma, USA), diluted in distilled
water, 0.5 mg/ml, were used as pharmacological analy-
zers. Solutions of orexin antagonists were administered
intranasally at a dose of 20 pl (10 pl in each nostril). As
a control, the intranasal administration of a 0.9% sodium
chloride solution (isotonic solution) was used.

Statistical analysis

The data were expressed as the mean =+ standard error of
the mean (SEM). Differences among groups were statis-
tically tested by oneway analysis of variance (ANOVA)
followed by the Tukey-Kramer post hoc multiple compa-
risons test. The behavior data were presented as the me-
dian (interquartile range) and analysed using a non-para-
metric Kruskal-Wallis test followed by Dunn’s post-test
for multiple comparisons. All statistical analyses were
conducted using Graph Pad Prism version 6.0 (Graph Pad
Software, San Diego, California, USA). Statistical signi-
ficance was assumed at P<0.05.

Results

The five animals that did not lever-press for ICSS more than
50 times in the 10-min sessions were dropped from the ex-
periment. In food/ICSS competition test, the food-deprived
animals were classed as self-deprivers when using current
strength causing maximum lever-pressing rates without dis-
ruptive motor involvement or convulsions. All 18 animals
deprived themselves of food during the food/ICSS compe-
tition: the animals almost totally neglected food during the
competition phases. Eating behavior was not observed after
an increase in the duration of the experiment for 1.5 hours.
A food reaction with self-stimulation reaction intervals was
observed only when threshold currents were used.

The rats that had completed an extensive series of com-
petition tests over 3 days were later tested for stimula-
tion-bound feeding using the procedure described above.
Twelve of the 18 tested animals showed evidence of any
of the three responses measured during the tests for stimu-
lus-bound behavior. Neither eating, nor gnawing could be
elicited by the administration of long durations (30 sec) of
stimulation adjusted to the current level used in the self-dep-
rivation tests. Subsequently, these 12 rats were taken for
experiments with overeating induced by self-stimulation.

The average threshold intensity capable of evoking eat-
ing was 26 pA, and the average number of times when the
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Figure 2. The effect of current intensity on the number of pedal
pressings for self-stimulation and pellets eaten in the self-depri-
vation test in “well-fed” rats.

animals ate out of the 20 stimulations at optimal current
intensities was 13.2. Self-stimulation rates for the animals
ranged between 62 and 350 presses per 10 minutes and av-
eraged 135.4 and 154.2 for the 6 positive and 12 negative
stimulation-bound feeders, respectively. This difference
was not statistically significant. The slight trend being in
the opposite direction to that seen in the rats supports the
conclusion that there is no relationship between behavior
in the competition and stimulus-bound eating tests.

In the next series of experiments, 12 non food-de-
prived, negative stimulus-bound eaters were used in ICSS/
food competition. Mean lever press rates for ICSS and the
number of pellets eaten during competition are shown in
Figure 2. It is apparent from this figure that the animals
almost totally neglected food, even during the competi-
tion phases. At the same time, when assessing ICSS/food
competition by threshold currents for the self-stimulation
reaction, there were observed transitions from the pedal
to the feeder, and the animals ate up to 60 pellets in 10
minutes of the experiment.

Drug investigation

After administration of a D2 dopamine antagonist sulpiri-
de at a dose of 5 mg/kg i.p., the number of approaches to
the feeder practically did not change, the number of pellets
eaten and the number of pedal pressings did not decrease
significantly. After administration of sulpiride at a dose of
20 mg/kg, the number of approaches to the feeder and the
number of pellets eaten decreased by more than 2 times, and
the number of pedal-pressings by more than 3 times (Fig. 3).

After intranasal administration of a selective antagonist
of orexin A receptor (OX1R) SB-408124 (20 pl, 0.5 pg),
there was a significant decrease in the number of pellets
eaten — from 54.2 to 32.1, and the number of pedal-press-
ings significantly increased from 97.6 to 138.2 (Figs 3,
4). The number of approaches to the feeding trough did
not change significantly. After intranasal administration
of a selective antagonist of the orexin B receptor (OX2R)
TCS OX2 29 (20 pl, 0.5 mg/ml), there was no decrease
in the number of pellets eaten, and the number of pedal
pressings did not change (Fig. 5). Neither significantly
changed the number of approaches to the feeder.
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Figure 3. The effect of sulpiride, SB-408124 and TCS OX2 29 on
the number of pedal pressings for self-stimulation in the self-dep-
rivation test at a threshold current strength in “well-fed” rats.
Note: * p<0.05 — compared with the control group of animals.
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Figure 4. The effect of sulpiride, SB-408124 and TCS OX2 29
on the number of approaches to the feeder in the self-depriva-
tion test at a threshold current strength in “well-fed” rats. Note:
* p<0.05 — compared with the control group of animals.
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Figure 5. The effect of sulpiride, SB-408124 and TCS OX2 29
on the number of pellets eaten in the self-deprivation test at a
threshold current strength in “satiated” rats. Note: * p<0.05 —
compared with the control group of animals.

Discussion

The current studies of ICSS/food competition are consis-
tent with the results of the studies conducted by a number
of authors. The self-deprivation phenomenon was demon-

strated when ICSS was placed in competition with food
reward in food-deprived animals (Spies 1965; Routten-
berg 1968; Frank et al. 1982; Wise 2005). No effect from
the noncontingently administered electrical stimulation
of the brain (ESB) on food intake in 12 experimental
rats indicated that self-deprivation was not due to dri-
ve-reducing, transient satiety, or consummatory response
suppression functions of the ESB. At the same time, in 6
out of 18 rats, noncontingently administered ESB caused
food intake. The slight trend being in the opposite directi-
on to that seen in the rats supports the conclusion that the-
re is no relationship between behavior in the competition
and stimulus-bound eating tests, which is consistent with
other research (Frank et al. 1982).

The results of the competition test indicate that stim-
ulation of the medial forebrain bundle in the lateral hy-
pothalamic-ventral tegmental area has a greater reward
value than primary food reward, thus producing a general
self-deprivation phenomenon. In ICSS/food competition
test, 18 of the animals were classed as self-deprivers. The
animals deprived themselves of food during the ICSS/
food competition.

The current work evaluated for the first time the
self-derivation reaction in “well-fed” rats, using threshold
current values. When current was reduced to a threshold
value for the self-stimulation reaction, ICSS/food compe-
tition was transformed into ICSS/food cooperation. In this
case, excessive food intake is modelled under conditions
of an emotiogenic environment looking like production
of binge eating (DMS-V-TR) in humans. This study used
the self-stimulation reaction to the lateral hypothalamus
of the threshold current intensity in the satiated rats as an
additional positive emotional component of the environ-
ment for food reinforcement.

Research on positive emotional eating is largely based
on data on its effects in humans. The Positive-Negative
Emotional Eating Scale (PNEES) was constructed and
tested on 531 women, who also completed Eating Dis-
orders Assessment Scale. The results showed that a
two-factor model constituting Positive emotional eating
(PNEES-P) and Negative emotional eating (PNEES-N)
fit the data well (Sultson et al. 2017). The analysis
showed that after controlling for the mediating effect of
PNEES-N, PNEES-P continued to significantly predict
binge eating. The tendency to overeat in response to pos-
itive emotions could be integrated into current models of
eating disorders, especially when addressing relapse pre-
vention (Pompili and Laghi 2017; Sultson et al. 2017). In
the present experiments, out of 18 animals, only 12 were
used in which direct stimulation of the hypothalamus did
not cause a food reaction, but only an exploratory reac-
tion. Thus, the feeding of the satiated rats in ICSS/food
cooperation was not observed as a result of direct elec-
trical stimulation of the hypothalamus. The feeder and
pedal turn out to be pragmatically different environmental
signals causing a general activation background of the
emotional-motivational arousal. It can be assumed that
this condition is similar to that which occurs during the
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development of emotional overeating in humans. Multi-
ple runs to the feeder during self-stimulation reaction with
threshold current in the satiated rats were seen (Fig. 4).

As currently known, BED refers to non-chemical de-
pendence and, apparently, is formed like other types of
addictive behavior (Iemolo et al. 2012; Pompili and Laghi
2017). It was shown that an activating effect of post-train-
ing lateral hypothalamic self-stimulation on aversive and
appetitive classical conditioning (Ettenberg and White
1978), as well as post-training ICSS could also be an ef-
fective treatment for improving implicit visual discrim-
ination learning and memory (Garcia-Brito et al. 2017).
Stimulation of the medial forebrain bundle was linked to
activation of general arousal systems, due to activity of
dopaminergic, noradrenergic and serotoninergic ascend-
ant fibers (Wise 2005). Only indirect evidence exists for
addictive behavior on natural environmental stimuli. In
particular, conditioned taste preferences were observed in
rats which drank flavored water, followed by a session of
self-stimulation. The control groups neither self-stimulat-
ed, nor exhibited conditioned taste preferences (Ettenberg
and White 1978). It was shown that self-stimulation of
brain zones with higher thresholds and lower pedal press-
es than medial forebrain bundle, lateral hypothalamus
and ventral tegmental area activated feeding, contributing
to obesity. In particular, prefrontal cortex self-stimula-
tion induced feeding and weight gain over several weeks
of exposure to stimulation. Overall, it appears that pre-
frontal cortex self-stimulation modulates energy balance
(McGregor and Atrens 1991). The use of moderate stimu-
lation by threshold currents in the present work confirms
the data obtained.

In the present work, it was shown that after adminis-
tration of D2 dopamine receptors antagonist sulpiride,
the number of approaches to the feeder, the number of
pellets eaten and the number of pedal pressings during
self-stimulation decreased dose-dependently. In other
words, both feeding and reinforcing properties of electri-
cal stimulation decreased during food self-deprivation. It
was demonstrated that another D2 antagonist raclopride
reduced pedal-pressing responses reinforced with elec-
trical stimulation of the ventral tegmental area and those
reinforced with food within 30 min after injection. An in-
crease in the frequency of brain-stimulation pulses and
a change in the schedule of food reinforcement, which
respectively increased the baseline rate of responding, did
not alter the effectiveness of raclopride (Nakajima and
Baker 1989).

At the same time, after administration of orexin A re-
ceptor (OX1R) antagonist SB-408124 (but not after ad-
ministration of orexin B receptor antagonist TCS OX2
29) only a decrease in the number of eaten pellets was
observed, whereas the number of pedal pressings was not
significantly changed or mainly increased (see Figs 3, 5).

Thus, the current studies have shown the selectivity
of OX1R (SB-408124) in relation to food reactions dur-
ing self-deprivation in the well-fed rats. This is largely
consistent with the literature. It is known that orexins and

their receptors modulate food intake, arousal, stress and
the use of addictive drugs (Shabanov et al. 2016; Ayra-
petov et al. 2018; Thyssen et al. 2018). OX1R antagonist
GSK1059865 and OX1/OX2R antagonist SB-649868,
but not the OX2R antagonist JNJ-10397049, have been
shown to reduce binge eating in female rats at doses that
do not cause sleep. However, in this work, the highly
preferred food was served in the regime (Boggiano and
Chandler 2006), with three cycles of food restriction and
a foot-shock, i.e. negative emotional influences were
summarized (Piccoli et al. 2012).

Appropriate responding to aversive and rewarding
stimuli is essential for survival, and subcortical neural sys-
tems for regulating emotions are evolutionarily conserved
(Coulombe and White 1980). The precise mechanisms
underlying approach and avoidance behaviors are begin-
ning to be uncovered, with efforts focused on the intricate
connectivity of the lateral hypothalamus (Giardino 2018).
The lateral hypothalamus receives dense synaptic inputs
from the amygdala, a brain region critical for emotional
processing. Multiple distinct cell types are co-mingled in
the lateral hypothalamus, and posterodorsal lateral hypo-
thalamic neurons expressing the neuropeptide hypocretin
(Hert) are particularly important for motivated behaviors.
HecrtR signaling has been hypothesized to promote both
negative and positive emotional states, but a nuanced
theory for how Hert-lateral hypothalamic neurons pro-
cess oppositely-valenced stimuli remains under devel-
opment. Inputs to the lateral hypothalamus originating
from the extended amygdala may govern complex behav-
ioral responses to emotional stimuli. Bed nuclei of stria
terminalis (BNST) is sufficient to drive emotion-related
behaviors (Giardino 2018). Corticoliberin and cholecys-
tokinin neurons of BNST respectively provide abundant
and sparse inputs onto orexin lateral hypothalamic neu-
rons, display discrete physiological responses to salient
stimuli, drive opposite emotionally valenced behaviors,
and receive different proportions of inputs from upstream
networks. The data provide an advanced model for how
parallel BNST-lateral hypothalamus pathways promote
divergent emotional states via connectivity patterns of
genetically defined, circuit-specific neuronal subpopula-
tions (Giardino 2018).

In recent years, excessive food consumption in an
emotiogenic environment (contributing to the develop-
ment of binge eating) has been associated with changes
in the brain, similar to those observed during the forma-
tion of dependence (Gearhardt et al. 2011). It has been
shown that in patients with bulimia nervosa and BED in
the striatum, the dopamine content can change, similar to
that observed after taking the drug of abuse (Wang et al.
2011). The release of dopamine and its receptor binding
in animals with binge eating also resembles a response
to drug administration (Avena et al. 2008). Orexigenic
neuropeptides, which are synthesized in the lateral hypo-
thalamus, can modulate the activity of neurons in the ven-
tral tegmental region and ventral striatum. In particular,
orexin-containing neurons send projections from the lat-
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eral hypothalamus to the ventral tegmental region, where
OXIR play a key role in regulating the release of dopa-
mine by the mesolimbic system of the brain and are thus
involved in the effects of various drugs and mechanisms
of dependence (Cason et al. 2010). In addition, episodes
of binge eating can be controlled through the influence on
the processes of reward and reinforcement of highly pre-
ferred food (goodies). In this regard, neurons of the lateral
hypothalamus containing orexin are a key link for food
reward (Koob 2008) and are activated by reward signals,
such as food or drugs. Moreover, stimulation of neurons
of the lateral hypothalamus containing orexin leads to the
reinstatement of drug use in rats (Stuber and Wise 2016).

In terms of practical orientation, the intranasal introduc-
tion that was used in the work has obvious prospects. One
of the most challenging problems facing modern medicine
is how to deliver a given drug to a specific target at the
exclusion of other regions. For example, a variety of com-
pounds have beneficial effects within the central nervous
system (CNS), but unwanted side effects in the periphery.
For such compounds, traditional oral or intravenous drug
delivery fails to provide benefit without cost. However,
intranasal delivery is emerging as a noninvasive option
for delivering drugs to the CNS with minimal peripheral
exposure. Additionally, this method facilitates the delivery
of large and/or charged therapeutics, which fail to effec-
tively cross the blood-brain barrier. Thus, for a variety of
growth factors, hormones, neuropeptides and therapeutics
including insulin, oxytocin, orexin, and even stem cells,
intranasal delivery is emerging as an efficient method of
administration, and represents a promising therapeutic
strategy for the treatment of diseases with CNS involve-
ment, such as obesity, Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease, depression, anxiety, autism
spectrum disorders, seizures, drug addiction, eating disor-
ders, and stroke. In 2004, intranasal hypocretin-1 (orex-
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Conclusion

Thus, it is necessary to conclude the selectivity of the or-
exin A antagonist SB-408124 with respect to binge ea-
ting compared with the action of orexin B antagonist TCS
0X2 29 and dopamine D2 receptors antagonist sulpiride,
i.e. blockade of only one dopaminergic link in the regu-
lation of brain supporting mechanisms (Lebedev et al.
2013). Food self-deprivation caused by electrical self-sti-
mulation of the lateral hypothalamus in well-fed rats is a
promising and adequate model for studying the mechanis-
ms of binge eating in an experiment.
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