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The aim is to experimentally test the practical approach for optimizing eating behavior and preventing 
obesity and metabolic disorders by indirect balancing of activating and reward systems. We applied 
video surveillance of the eating behavior of male laboratory animals (rats) (n = 20) with a body mass 
between 250–280 g raised and maintained in the standard conditions of alimentation ration with ad 
libitum access to food and water. Activating and reward systems relationships were indirectly 
evaluated by neuropsychological assessment based on emotion profile measurements according to the 
guide (Rat Grimace Scale (RGS): The manual). Multi sensory stimulation in the enriched 
environment associated with hedonic eating initiated a significant increased indices of physical 
activity, acts of eating and searching behavior, action units of (AU) that express positive emotional 
status through psychomotor reactions and acts of grooming and relaxation. The arrangement of the 
environment naturally (area of land along forest river or lake), the promotion of individualized 
activities based on the consolidation of sensorimotor integration that produces a hedonic action, 
generates the balancing of the energy metabolism on the background of the formation of the 
alternative addiction. Neuroplasticity in the neural circuit of the activation and the reward systems 
determines the motivated behavior under centripetal and centrifugal influences. 
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INTRODUCTION1 

Since the seventeenth century it has been 
suggested that emotional stress plays a role in the 
etiology of type 2 diabetes, and depression is a risk 
factor for the development of diabetes mellitus. 
Not only depression but also general emotional 
stress with anxiety, sleep problems, anger, and 
hostility are associated with an increased risk for 
the genesis of metabolic disorders and type 2 
diabetes. The neuropsychological etiology of 
eating behavior disorders is complex, persistent, 
and difficult to treat. Problems associated with 
metabolic imbalance, non-optimized body weight 
and body composition are mainly solved 
pharmaceutically and taking into account 
nutritional factors, whereas the cognitive and 
psycho-emotional profile of the individual is a 
superstructural determinant and the most difficult 
to correct factor. The epidemiology of bulimia and 
anorexia nervosa proves the close dependence of 
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eating behavior on the personal psycho-emotional 
status. Fine adjustment of the activity of the 
neuronal circuit system including the orexinergic 
lateral area of the hypothalamus (LH), the 
dopaminergic center in the ventral tegmental area 
(VTA), its axonal projections to the nucleus 
accumbens (NAc), and GABAergic negative 
feedback from NAc to LH is urgently needed for 
coordinating eating behavior, expression of 
emotions, motivation, digestion and nutrient 
absorption. The initiation and maintenance of the 
activity of these activating and reward systems is 
determined by the perception and recognition of 
multi sensory signals from the external 
environment and neurohumoral signals from the 
internal environment during feeding. The 
orexinergic activating system that ensures the 
regulation of the motivated behavior, the 
mesolimbic and mesocortical reward systems that 
modulate the activity of the upper cerebral 
formations are chemosensitive to the fluctuations 
of the glucose concentration in the blood 
circulation. It is important that eating high-
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carbohydrate foods and drug abuse act similarly 
and cause addictive behavior1. The energy balance 
centripetally coordinates the LH-VTA-NAc-LH 
neural circuit through leptin2 and ghrelin3,4,5,6. The 
sensitivity of this neural circuit is reduced in the 
case of food excess and obesity. The sensitivity 
threshold of the reward system increases as a result 
of consuming foods with a hedonic character, 
which facilitates the genesis of overeating and 
addictions1. Thus, peripheral signals come from 
metabolic and hormonal stimuli (glucose, leptin, 
ghrelin)7. The trigger of the activity of the 
orexinergic activating system is hunger on the 
background of a reduced concentration of glucose 
in the blood inflow to the hypothalamus, whereas 
the launch of the reward system in the search for 
and consumption of food is provided by a complex 
of reflector sensory signals that characterize the 
hedonic (palatable) properties of the food 
consumed (pleasant appearance, aroma and taste)8. 
Proportional relationships were found between the 
concentration of sucrose in the food consumed and 
the intensity of dopamine release in the terminals 
of DA-ergic neurons projecting from VTA to NAc. 
It was found that food rich in fats also activates 
DA-ergic neurons of the mesolimbic reward 
system. Shifts in the activity of the mesolimbic 
reward system are also manifested at the level of 
dopamine receptors as an increase in the binding 
capacity of D1 receptors on NAc neurons both in 
the core and in the membrane of this nucleus when 
eating tasty appetizing food9. It is for interest that 
other forms of behavior (sexual behavior, exercise, 
social play) also trigger the mechanisms of action 
of the reward systems: mesolimbic and 
mesocortical8. These forms of behavior and eating 
behavior induce neural interactions that close the 
activating system of the lateral hypothalamus and 
the mesolimbic reward system into a single 
coordinating mechanism. Insufficient activity of 
the mechanisms of interaction between the 
activating system and the reward system can lead 
to the development of anhedonia. In the case of 
anhedonia the predominance of motivated 
behavioral activity causing a feeling of pleasure, 
satisfaction and delight is reduced. As it is known, 
orexinergic LHA neurons project their axons 
directly to VTA dopaminergic neurons and receive 
collaterals of GABAergic inhibitory needle neurons 
NAc. However, axons of glutamatergic neurons are 
also projected from the LHA to the VTA10,11,12,13. 
The aim is to experimentally test the practical 
approach for optimizing eating behavior and 
preventing obesity and metabolic disorders by 
indirect balancing of activating and reward systems. 

MATERIALS AND METHODS 

An experimental model in laboratory animals 
(rat) was applied for indirect testing of activating 
and reward central systems relationships during 
eating behavior by means of facial psychomotor 
reaction evaluation. We utilized video surveillance 
of the eating behavior of male laboratory rats (n = 
20) with a body mass between 250–280 g raised 
and maintained in the standard conditions of 
alimentation ration with ad libitum access to food 
and water with lighting from 8:00 a.m. to 06:00 
p.m. At least 3 days before the start of the 
experiment, for the purpose of adaptation, the 
experimental (n = 10) and control (n = 10) animals 
were placed in cages equipped with a dosed feeder 
and drinker. Control and experimental animals 
were subjected to food deprivation for 24 hours 
before the start of the experiment to initiate 
motivation. During the experiment, the control 
group was kept on a standard diet, and the animals 
of the experimental group alternated the use of 
various foods they preferred: meat, fish, cottage 
cheese, eggs, dried sunflower and pumpkin seeds, 
wheat grains, oatmeal, beets, carrots, apples. The 
condition was met: the daily diet for experimental 
animals for 5 days should never be repeated, 
providing the effect of novelty and attractiveness. 
The set of products met the requirements 
highlighted in international publications14,15. 
Neuropsychological assessment was based on 
mood and emotion profile measurements: the 
duration and frequency of grooming acts, the 
duration of the relaxed position and the action units 
(AU) characteristic for certain emotional 
expressions according to the guide (Rat Grimace 
Scale (RGS): The manual)16. To estimate by 
morphometric analysis of the expression of 
emotions in laboratory animals, the following 
criteria were used: opening and bulging of the 
eyes; raising and movement of vibrissae; flattening 
of the nose and cheeks; the location of the auricles 
relative to the head; wrinkling and color of the 
inner surface of the auricles; as well as arching the 
back; lifting of hair and tension of the fingers. 
Quantitative measurements of the expression of 
emotions in the head area of the animal included 
the determination of: 1 – the ratio of the height and 
length of the eyeball; 2 – the ratio of the height and 
length of the eyebrows; 3 – the angle of inclination 
of the eyebrows; 4 – the angle of the auricles 
relative to the head (Fig. 1).  
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Figure 1. Morphometric indices used to quantify the expression of emotions in laboratory 
animal (rat): A – the manifestation of relaxation and pleasure; B – manifestation of tension 
and pain; a – eye height; b – the width of the eye; c – eyebrow height; alpha – the angle of 
             inclination of the eyebrows; beta – the angle of inclination of the auricle. 

 
In combination with experimental research in 

laboratory animals we performed the measurements 
of certain movements in areas of the face (facial 
psychomotor reactions) in voluntary healthy 
human beings, placing the serial face images in a 
coordinate system and plotting points on the key 
most mobile areas. Considering the anatomy of 
facial muscles when identifying each point on the 
face we applied Facial Action Coding System 
(FACS). FACS is a methodology that allows 
classification, qualitative and quantitative evalua-
tion of the mimic psychomotor reaction of a person 
when his emotion profile is changed17,18. Personal 
eating behavior was assessed by the application of 
the questionnaire (Adult Eating Behavior 
Questionnaire, AEBQ) in humans19.  

The experimental model of the prophylaxis 
practical approach consists of placing the animals 
in cages with the multi sensory enriched 
environment (Environmental Enrichment, EE) and 
feeding them with hedonic foods on the 
background of nutritional deprivation. Alterna-
tively, in healthy humans this practical approach 
for prevention of obesity and metabolic disorders 

can be health promoting and realized at the 
recreation and training summer camp under natural 
forest river environment conditions.  

The statistical analysis was performed with the 
application of the ANOVA test and by the use of 
the Student criterion and the non-parametric 
Wilkoson criterion. 

RESULTS AND DISCUSSION 

Multi sensory stimulation in the enriched 
environment associated with hedonic eating in 
limited quantities initiated a significant increase in 
the frequency and duration of physical activity, 
acts of eating and searching behavior, action units 
of (AU) that express positive emotional status 
through psychomotor reactions and acts of 
grooming and relaxation.  

Our quantitative morphometric measurements 
of the expression of emotions in the head region of 
the animal also confirm the presence of significant 
changes in motivated eating behavior based on the 
consumption of hedonic food. The ratio of the 

A 

B 
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height and length of the eyeball undergoes a shift 
in the direction of its increase (from 0.832 to 
0.955; 0.960 and 0.947, P <0.05, on the 1st, 3rd 
and 5th day of the hedonic diet, respectively). The 
ratio of eyebrow height and length increases 
associated with a similar ratio for the eyes (from 
1.187 to 1.235; 1.245 and 1.252, P <0.05, on the 
1st, 3rd and 5th day of the hedonic diet, 
respectively). Shifts in the angle of inclination of 
the eyebrows are very indicative for the expression 
of positive and negative emotions; under these 
experimental conditions in the course of eating 
behavior, the angle changed from 41.2° to 46.3°; 
46.8° and 47.3°, P <0.05, on the 1st, 3rd and 5th 
day of the hedonic diet consumption, respectively). 
The angle of the auricles relative to the head also 
significantly changed with pronounced dynamics 
from 110.2° to 136.0°; 133.0° and 131.8°, P <0.05, 
on the 1st, 3rd and 5th days, respectively. 

An unexpected transition to a diet based on the 
pronounced hedonic properties of the food 
consumed immediately affects the emotional 
profile of the experimental animal. This psycho-
motor reaction manifested central reward system 
triggering. Unfortunately, most of the works 
devoted to the recognition of emotions in 
laboratory animals describe the response to pain 
associated with the activation of the nocicetive 
systems of the body, while the expression of 
positive emotions, reflecting the induction of the 
activity of the reward system, is little represented 
in the literature16. 

The comparison of the indices of eating 
behavior in students of the Faculty of Physical 
Education and Sports during the summer camp 
recreation and training program and in those of the 
Faculty of Natural Sciences non-trained persons 
manifested an improvement of nutrition and 
neuropsychological indices in athletes. Indices of 
the aerobic abilities of the body are authentically 
increased in individuals who have undergone 
summer camp in comparison with non-trained 
persons. Pulse oximetry obtained results revealed a 
shift in blood oxygen saturation in the dynamics of 
aerobic effort after camp training program on the 
forest river bank. In combination with favorable 
adaptive changes in the gas exchange system 
psychomotor mimic reactions of individuals dem-
onstrates the predominance of facial movements in 
the area of muscles localization: m. zigomaticus 
major and m. buccinator (Action Unit, AU12 – 
pleasure expression), proving the maintenance of a 
positive emotional state. Moreover, in response to 
imitation of a threatening environment (disaster 

video presentation) the manifestation of facial 
movements in the muscles area: m. corrugator 
supercilii and m. orbicularis oculi (AU4 – fear 
expression) is significantly reduced. 

CONCLUSION 

Thus, the arrangement of the environment 
naturally (area of landscape along forest river-lake 
bank or environmental enrichment for laboratory 
animals), the promotion of individualized locomo-
tor activities based on the consolidation of 
sensorimotor integration could produce an 
essential hedonic action. This hedonic effect of 
novel changed life style indirectly generates a 
balance of central activating and reward systems 
activity. As a result, optimized eating behavior is 
stabilized on the background of the formation of 
alternative addiction.  

Neuroplasticity in the neural circuit of the 
activating and the reward systems determines the 
motivated attention focused behavior under 
centripetal and centrifugal influences. 
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