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The role of steroid hormones in regulation of the functions of the emotiogenic limbic-neocortical system has been actively studied 
over the recent decades in order to determine their synthesis in the brain structures and role in the development and maintenance of 
dependence on psychoactive substances. However, the wide range of neurosteroids and their metabolites, as well as structural specific 
features of the synthesis of  both neurohormones and their receptors make it difficult to obtain experimental data and interpret the results 
of the study. The participation of progesterone, cortisol, testosterone and estradiol in the development of alcohol dependence and the 
changes in their concentrations in the hypothalamus, hippocampus, amygdala and serum under the influence of dosed physical load 
were studied in 48 outbred adult male rats. Alcohol dependence was modeled by means of consuming food containing alcohol in the 
dose of 1.25 g of ethanol per 1 kg of rat body weight for two months. Dosed physical load was reproduced by a rat running in a wheel 
for 30 minutes daily for 7–10 days against the background of alcohol withdrawal. Neuroethological testing of craving for alcohol, EEG 
recording of the neocortex, hippocampus and amygdala was performed using a computer-diagnostic complex. The concentration of 
steroid hormones was determined in the structures of the brain and blood serum by the enzyme-linked immunosorbent assay. It was 
shown that dosed physical load attenuated the alcohol motivation of rats. On the 5th day it suppressed the electrographic manifestations 
of paroxysmal activity in the hippocampus and increased the level of the theta-rhythm in the amygdala, and on the 7th day it activated 
the neocortex with increasing beta-rhythm. This effect was accompanied by an increase in serum testosterone level against the back-
ground of maintaining functional tension of the peripheral glucocorticoid link of the hypothalamus-pituitary-adrenal system, which was 
observed in a state of alcohol dependence. The study demonstrated that progesterone plays the key role in allostatic rearrangements of 
the functional state of animals. An imbalance of progesterone levels was revealed in the brain structures: an increase – in the hypotha-
lamus and hippocampus, and a decrease – in the amygdala under alcohol dependence; a decrease – in the hippocampus with recovery in 
the amygdala against the background of its high level in the hypothalamus, which occurs under the influence of dosed physical load on 
the rats under alcohol withdrawal. Thus, the dosed physical load is a promising approach to alcohol dependence rehabilitation.  

Keywords: steroid hormones; electrical activity; brain; alcohol withdrawal; running wheel; rats.  

Introduction  
 

The effects of substances with addictogenic potential are realized on 
the basis of the intracerebral system of positive reinforcement in which the 
leading role belongs to the mesolimbic dopaminergic system. Substances 
that cause the state of dependence activate the dopaminergic neurons of 
the ventral tegmental area and cause emotionally positive hedonic reac-
tions (Costardi et al., 2015; Keiflin & Janak, 2015). At different stages of 
transformation of the state of dependence, various neurotransmitters and 
regulatory-modulatory factors are involved in the correction and mainten-
ance of structural, functional and pathological changes. Much attention is 
paid to the dopamine-, glutamate-, GABA-, opioid-, cannabinoid- and 
nitrosergic systems (Harlan et al., 2018; Tіtkоvа et al., 2018). Over the 
past decade, research on neurosteroid hormones, their activity in the regu-
lation of development, differentiation of the brain, reparative and cognitive 
functions, neurodegenerative processes in the nervous system have inten-
sively developed. The special interest in the problem is caused by the fact 
that the research proved the existence of all the necessary conditions for 
the synthesis of steroid hormones directly in the brain tissues (Mellon 
et al., 2001). The study found that the regulatory functions of neuroactive 
steroids have structural and functional differences, and are realized both at 
the genomic and non-genomic levels through the interaction with cell 

membrane receptors (Ritsner & Weizman, 2008; Osterlund et al., 2016). 
The development of pathological states of dependence on psychoactive 
substances was observed to be closely related to the system of neurostero-
id regulation (Koob, 2013; Mons & Beracochea, 2016). Koob et al. 
(2014) hypothesized that the development of pathological dependence is 
based on the dysregulation of key neurochemical elements of the cerebral 
stress system, which is a part of the system of emotional motivational rein-
forcement. The authors focused on the hypothalamic-pituitary-adrenal 
axis, which is modulated by the corticotropin-releasing hormone, and on 
the dynorphin-opioid mechanisms of the amygdala as the main factors 
which support the dysphoric emotional state associated with the state of 
dependence. Other studies have shown that glucocorticoids may also have 
a positive reinforcement effect (Rose et al., 2010); and neuroactive sex 
hormones and progesterone are involved in the formation of allostasis 
specific to alcohol dependence (Lenz et al., 2012; Berchenco et al., 2017; 
Peltier & Sofuoglu, 2018). It was demonstrated that in the attempt to sup-
press the craving for alcohol, aerobic exercises (running in a wheel) can 
reduce alcohol consumption by laboratory animals (Ehringer et al., 2009; 
Brager & Hammer, 2012). In our previous study we found decrease in 
craving for alcohol due to running in a wheel in most rats with alcohol 
dependence, which was accompanied by changes in serum and hippo-
campus BDNF concentrations depending on the duration of exercise. The 
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research is focused on the nature of changes in the electrical activity of the 
emotional limbic-neocortical system of the brain, the content of neuroste-
roid hormones in the brain and serum of rats with alcohol dependence in 
the state after alcohol withdrawal and their transformation during the 
period of reduced craving for alcohol as the result of dosed physical load.  
 
Materials and methods  
 

The procedures with experimental animals were approved by the 
Commission on Ethics and Deontology of the SI “Institute of Neurology, 
Psychiatry and Narcology of the National Academy of Medical Sciences 
of Ukraine” and performed in accordance with the “General Ethical Prin-
ciples of Animal Experiments” (Kyiv, 2011), “The procedure for conduct-
ing experiments on animals by scientific institutions” (No. 249 of 
01.03.2012), and the Law of Ukraine “On protection of animals from 
cruel treatment” (No. 3447-IV of 21.02.2006).  

The studies were conducted in 48 outbred white adult male rats 
weighing 210–280 g. Alcohol dependence modeling was performed by 
consuming food containing 1 mL of 24.0% ethanol solution for two 
months. A single dose of ethanol was 1.25 mg/kg of body weight of rats. 
The state of alcohol dependence in animals was achieved as the result of 
long-term alcoholization, and its formation was controlled by a neuroetho-
logical test for the preference of alcoholic food (rats made choices be-
tween pieces of bread with or without ethanol). The vast majority of rats 
(96.2%) chose pieces with ethanol. Withdrawal of alcohol was carried out 
over 7–10 days. Dosed physical load was achieved by running in a wheel 
for small animals (Galperin & Tatarskij, 1967) for 30 minutes daily for 7–
10 days. Dosed physical load was applied both to rats after alcohol with-
drawal and to the control group of comparison – intact animals (Fig. 1).  

  
Fig. 1. Rat running in a wheel  

Stereotactic operations of implantation of electrodes into the struc-
tures of the rat brain (dorsal hippocampus and amygdala) were performed 
under general anesthesia with sodium thiopental at the dose of 50 mg/kg 
of body weight. Implantation of long-term nichrome electrodes in fibre-
glass insulation (diameter of 100 mm) was performed in accordance with 
the brain maps by Fifkova, Marshall (Buresh et al., 1962). Cortical nichro-
me electrodes were inserted into the epidural space of the frontal-parietal 
area, the reference electrode was placed into the bone of the nasal sinus. 
Bipolar recording of electrical activity of the brain and analysis of the ab-
solute spectral power density of the electroencephalogram rhythms were 
performed on the computer-diagnostic complex “Neuron Spectrum +” 
(Ukraine, Spectromed LLC, 2009). The absolute spectral power density of 
the bioelectric signal was estimated in the following frequency ranges: 
delta (0.5–4.0 Hz), theta (4.0–7.0 Hz), alpha (8.0–12.0 Hz), beta 1 (14.0–
20.0 Hz), beta 2 (20.0–35.0 Hz). Epochs without artifacts were used for 
the analysis (the duration of one epoch was 5 s).  

The content of progesterone, cortisol, testosterone and estradiol in the 
brain structures (hypothalamus, amygdala, hippocampus) as well as corti-
sol and testosterone in serum were determined in the rats with alcohol de-
pendence and in rats with dosed physical load immediately after running 
in the wheel. Although corticosterone is the predominant glucocorticoid 

hormone in rats, cortisol is also synthesized and released in the blood and 
brain structures, and the sensitivity of mineralocorticoid and glucocortico-
id receptors has similar parameters for both neurosteroids (Carroll & 
Heath, 1975; Chapman еt аl., 2013; Gong et al., 2015; Samidurai et al., 
2018). The review (Taves et al., 2011) provides an analysis of the methods 
for determining steroid hormones in brain tissues. We used the ethyl ace-
tate extraction. For this purpose the brain structures were homogenized in 
0.5 mL of 0.1 N HCl, 1.5 mL of ethyl acetate was added, then the struc-
tures were shaken on a shaker for 15 min and frozen overnight at – 20 ºC.  

The unfrozen organic phase was decanted and evaporated in a water 
thermostat at + 56 ºC. The precipitate was dissolved in 0.2 mL of double-
distilled water and centrifuged at 7000 rpm for 5 min. The concentration 
of steroid hormones in the supernatant and blood serum was determined 
using the enzyme-linked immunosorbent assay kits: “Progesterone”, “Corti-
sol”, “Testosterone” and “Estradiol” (Granum, Ukraine). The optical den-
sity of the samples was measured on an analyzer Stat-Fax 2100 (Aware-
ness Technology Inc., USA, 2010). The concentration of steroids in brain 
tissues was expressed in pmol/g of wet weight, in serum – in nmol/L. 
The similar studies were carried out in control groups (non-alcoholic rats 
received the same dosed physical load and intact animals).  

Statistical analysis of the obtained data was performed using the pro-
gram “Statistica 6.0” (Statsoft Inc., USA, 2001) with the mean and stan-
dard deviation (x ± SD) for each group. One-way analysis of variance 
ANOVA was used to detect statistically significant differences between 
groups. Differences were considered significant at P  ˂0.05 according to 
the Tukey test.  
 
Results  
 

Neuroethological testing of alcohol craving revealed that the long-
term alcohol intake resulted in rats preferring alcoholic food to non-
alcoholic food. There was a 100.0% dependence on alcohol in rats, which 
manifested itself in an instant reaction to alcoholic food, which the rats ate 
quickly (Fig. 2).  

 

0% 20% 40% 60% 80% 100%

a

b

c

alcohol dependence
reduction of alcohol dependence

28,8 % 71,2 %

42,7 % 57,3 %

100 %

 
Fig. 2. The effect of dosed physical load on the craving to alcohol in rats in the test  

of the preference of alcoholic food to non-alcoholic: a – alcohol dependence,  
b – after 5 days of dosed physical load, c – after 7 days of dosed physical load  

Consumption of the next dose of alcoholized food by rats with alco-
hol dependence led to the increase of inhibitory processes on the electro-
encephalograms of the neocortex, hippocampus and amygdala. The hip-
pocampus played the pacemaker role in initiation of paroxysmal activity 
with generalization of paroxysmal process in the neocortex (Fig. 3).  

Dosed physical load (5 days for 30 minutes with an intensity of 15–
20 revolutions per minute) in the state of alcohol withdrawal led to de-
crease of alcohol motivation in 57.3% of the rats. The animals demonstra-
ted a prolonged orientation – research reaction to situational afferentation 
with inhibition of purposeful movement towards alcoholic food and its 
partial consumption after presentation. On day 7, dosed exercise led to 
suppression of alcohol motivation in 71.2% of the rats. The animals were 
in a comfortable condition and showed positive grooming reactions and 
lost interest in alcoholic food (Fig. 2). Suppression of alcohol motivation 
persisted the next day without dosed exercise use.  

Changes in the electrical activity of the brain structures on the 5th day 
after dosed exercise were expressed in the suppression of delta-range paro-
xysmal complexes in the hippocampus and the enhancement of theta-
biopotentials in the amygdala. The experiment has revealed a significant 
(P  ˂0.05) increase in the spectral power of the theta range in the spectro-
gram of the amygdala (Fig. 4). Probably, such changes on the electroence-
phalogram of the amygdala occurred due to the manifestation of motiva-
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tional arousal as a consequence of alcohol withdrawal. On the 7th day 
after dosed physical load an increase in biopotentials of the fast frequency-
es of the alpha- and beta-ranges in the electrical activity of the neocortex 
was detected as a reflection of the increased tonus of the neocortex (Fig. 3). 
A decrease (P ˂  0.05) in the spectral power of the theta-range in the amyg-
dala was also observed (Fig. 4).  

 
Fig. 3. Dynamics of electrical activity of brain structures in the rat No. 7  

with alcohol dependence (a), on the fifth (b) and seventh (c) day after dosed physical  
load 1 – neocortex, 2 – hippocampus, 3 – amygdala; calibrate signal 10 μV/s  

Formation of a short-term allostatic state during the period of absti-
nence usually ends up with the craving for the next dose of alcohol. In our 
study after 7–10 days of alcohol withdrawal the rats tested for the level of 
dependence revealed the preservation of their craving for alcohol. A study 
of the spectrum of neurosteroid hormone concentrations during this period 
showed that a few days after alcohol withdrawal the state of the rats could 
be described as stress-like. It was proved by a significant increase in serum 
cortisol concentration by 50.4% and a decrease in testosterone concentra-
tion by 35.8% compared to the level of intact animals (Fig. 5, Table 1).  

Table 1  
The content of steroid hormones in the brain structures  
and serum of intact rats (x ± SD)  

Hormone 
Hypothalamus, 
pmol/g of wet 

weight 

Amygdala, 
pmol/g of wet 

weight 

Hippocampus, 
pmol/g of wet 

weight 

Serum, 
nmol/L 

Cortisol   8.8 ± 5.6   68.0 ± 10.1 55.4 ± 7.8 7.9 ± 1.4 
Testosterone 130.5 ± 19.0 97.5 ± 9.9   89.7 ± 12.7 4.8 ± 1.5 
Progesterone   7.3 ± 1.3 10.1 ± 2.3   8.4 ± 1.4 – 
Estradiol 37.0 ± 1.3 28.6 ± 2.5 50.2 ± 8.1 – 

 

The state of alcohol withdrawal was accompanied by multidirectional 
changes in neurosteroid concentrations in the brain structures. In the hypo-
thalamus the progesterone level was increased by 58.7% against intact rats 
without significant changes in the content of other hormones. Similar 
changes took place in the hippocampus: an increase in the concentration 
of progesterone by 34.4% compared to the level of intact rats. In the 
amygdala the opposite changes were revealed: a significant decrease in the 
content of progesterone by 44.2% against its value in intact rats and testo-
sterone – by 24.1% against the level in intact animals. The level of cortisol 
on the 7–10th days of alcohol withdrawal did not change significantly in 
the examined structures of the brain (Fig. 5, Table 1).  

The use of dosed physical load for 7 days led to a decrease in craving 
for alcohol in 71.2% of the rats (Fig. 2). In the serum, a significant (P  ˂

0.05) increase in cortisol concentration was recorded in both rats in the 
state of alcohol withdrawal and in animals that did not take alcohol, but the 
effects of dosed exercises and alcohol withdrawal were not summarized. 
A significant (P  ˂0.05) decrease in the level of cortisol by 32.3% compa-
red to its values in intact animals was observed in the hypothalamus of rats 
of the control group with dosed exercises. The effect of dosed physical 
load on the background of alcohol withdrawal on serum testosterone 
levels was unexpected: the concentration of the hormone was higher by 
125.8% compared to its level in intact rats immediately after running in a 
wheel, while no significant changes in this index were registered imme-
diately after dosed physical load in animals which did not take alcohol.  

a  

b  

c  

Fig. 4. Influence of dosed physical load on the absolute spectral power density of the 
bioelectric signals of rhythms in the neocortex (a), hippocampus (b) and amygdala 

(c) in rats with alcohol dependence: 1 – alcohol dependence; 2 – after 5 days of dosed 
physical load; 3 – after 7 days of dosed physical load; x ± SD, n = 10; * – P ˂  0.05 

compared to alcohol dependence, # – P ˂  0.05 compared to the 5th day of dosed phy-
sical load; here and in Figure 5 the significance of the differences between the samp-
les was estimated with one-way analysis of variance ANOVA using the Tukey test  

Intense functioning of the animal adaptation system was accompa-
nied by a 3-fold increase in progesterone levels in the hypothalamus after 
dosed physical load on the background of alcohol withdrawal compared 
to this index in rats of the intact group, which was not observed in rats 
without alcohol consumption. At the same time recovery of the reduced 
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by alcohol dependence progesterone and testosterone levels in the amyg-
dala, and the decreased concentrations of progesterone by 28.1% and est-
radiol by 32.3% in the hippocampus against their content in intact rats 
were registered (Fig. 5, Table 1).  
 
Discussion   
 

Dosed physical load in rats with alcohol dependence causes a restruc-
turing of the functional relationship between the structures of the emotion-
al limbic-neocortical system of the brain depending on the duration of 
exercise. These changes are reflected in the level of alcohol motivation. 
Thirty-minute running in a wheel for 5 experimental days inhibits hyper-
synchronic paroxysmal activity on the EEG of cortical structures of the 

brain, which is an electrographic correlate of craving for alcohol (Huang 
et al., 2018; Veselovska et al., 2020). The increase in the spectral power of 
theta-rhythm in the amygdala, the brain structure, associated with negative 
emotional and motivational arousal, is a manifestation of functional ten-
sion as a consequence of the conflict of two motivations: craving for alco-
hol under alcohol withdrawal and interest in physical activity which sup-
presses negative emotional arousal (Seo, 2018). Further physical activity 
causes an increase in the tone of the neocortex as the result of the increased 
activation of the ascending pathways of the midbrain reticular formation, 
along with the suppression of alcohol drive. Thus, the primary target of 
dosed physical load is the phylogenetically ancient cortical structures of 
the brain (hippocampus and amygdala) with subsequent involvement of 
the neocortex.  

 

 

Fig. 5. Changes in the concentration of progesterone, cortisol, testosterone and estradiol in the serum (Serum), hypothalamus (Hpt), hippocampus (Hip) and amygdala (Am)  
of rats with alcohol dependence, in the state of alcohol withdrawal with dosed physical load and in animals after dosed physical load as a percentage to the level of intact rats 
(100.0%): a – alcohol dependence, b – dosed physical load on the background of alcohol withdrawal, c – dosed physical load; x ± SD, n = 30; * – P ˂  0.05, ** – P ˂  0.01  

when compared with intact animals; # – P ˂  0.05 when compared with rats with alcohol dependence  

Based on the known facts about the influence of neurosteroids on the 
development of the embryonic brain with the formation of neuronal net-
works associated with emotionally motivational behaviour, it was of inte-
rest to identify the implementation of these manifestations in the changes 
of the neuronal and peripheral hormone spectrum under alcohol depen-
dence and its correction. Our study has demonstrated the varying degrees 
of preservation and regulatory sensitivity of peripheral mechanisms of 
cortisol synthesis in the adrenal glands and testosterone in the testes of 
male rats under the influence of dosed physical load on the background of 
the alcohol withdrawal after prolonged alcohol consumption. The fact of 
existence of functional tension in the adaptation system of the organism 
under physical loads was demonstrated as well. It is well known that 
alcohol dependence, as well as the alcohol withdrawal syndrome is ac-
companied by an increase in the concentration of glucocorticoids in the 
blood (Rose et al., 2010; Osterlund et al., 2016). Dosed exercise at the 
initial stage of run training in a wheel can have an imposed character, but 
later rats get used to it and run on their own. Therefore, the stress-like 
increase in cortisol levels in the serum of rats may be regarded as the result 
of increased motor activity which has an adaptive nature. The fact that the 
effects of alcohol withdrawal and dosed exercise have not been summa-
rized may indicate that both factors have a strong impact on the adrenal 
mechanisms of regulation of glucocorticoid synthesis, more pronounced 
under physical loads. The content of cortisol in the hypothalamus of rats of 
both groups with alcohol dependence did not differ significantly from the 
level of intact animals. In contrast, in the control group with dosed physi-
cal loads (without alcohol intake) the level of glucocorticoid was signifi-

cantly lower, which can help maintain the high level of the hormone in the 
blood by weakening the negative feedback from the cortisol in the hypo-
thalamus. Because glucocorticoids are not accumulated in the tissues 
where they are synthesized (Walker, 2015), the findings indicate a constant 
activation of the hypothalamic-pituitary-adrenal system of adaptation.  

Through non-genomic mechanisms glucocorticoids promptly regu-
late (diminish) the secretion of adrenocorticotropic hormone by pituitary 
corticotropic cells which allows synchronization of the rhythms of secre-
tion of these hormones under normal operating conditions. Under pro-
longed enhanced loading on the system of adaptation, the central mechan-
isms of regulation become stronger at the level of the hypothalamus. 
Increased synthesis and release of the corticotropin-releasing hormone 
lead to transformation of the pulsatile nature of glucocorticoid secretion 
into a constantly increased release of the hormone (Gjerstad et al., 2018). 
According to the data (Koob, 2013) the corticotropin-releasing hormone is 
a leading factor in the mechanisms of formation of a stable pathological 
state under alcohol dependence. In one study (Osterlund et.al., 2016) it 
was directly demonstrated that rapid negative regulatory feedback caused 
by an increase in the blood glucocorticoids’ concentration does not work 
at the background of the developed stress response. The data obtained by 
us confirm this fact.  

Chronic tension in the hypothalamic-pituitary-adrenal system results 
in hormonal disregulation which was revealed only in the groups of rats 
with alcohol dependence and was not observed in the control group of ani-
mals with dosed exercise. On the 7th day of the alcohol withdrawal the 
hormonal disregulation was manifested in the increase of the progesterone 
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content in the hypothalamus and multidirectional changes in its concentra-
tions in the structures of the limbic system: an increase (in the hippocam-
pus) and a decrease (in the amygdala). The described changes underwent 
transformations under the influence of dosed physical load. There was an 
even greater increase in progesterone levels in the hypothalamus and op-
posite changes in the structures of the limbic system: a decrease – in the 
hippocampus and an increase – in the amygdala (Fig. 5). It seems that 
progesterone is an important regulator of changes in the emotional and 
motivational status of rats dependent on alcohol.  

Changes in the hormonal balance also affected the sex hormones of 
the brain. Testosterone contents were reduced in the amygdala and serum 
in rats with alcohol withdrawal. Dosed exercises stimulated hormone syn-
thesis in the amygdala and on the periphery of the organism, but this effect 
was accompanied by a decrease in the estradiol content in the hippocam-
pus (Fig. 5). The role of sex hormones in the regulation of motor activity 
was studied for a century, but only in recent decades have methodological 
opportunities made it possible to demonstrate the important and specific 
role of testosterone, estradiol and their receptors in maintaining body’s 
activity. In the classical model of motor activity – running in a wheel – it was 
shown that the introduction of testosterone propionate or 17β-estradiol to 
mice restores motor activity of animals, which was reduced after gonadec-
tomy, and the effect of testosterone was much more pronounced (Bowen 
et al., 2012). In our experiment we observed the opposite effect of the do-
sed physical load: the restoration of hormone levels reduced by chronic 
alcohol intake not only in the blood but also in the amygdala against the 
background of reduced estradiol content in the hippocampus. This sug-
gests that testosterone levels, both central (in the amygdala) and peripheral, 
are not only important in maintaining the physical activity of rats, but are 
also the result of this activity. It may be a short-term release of the hor-
mone after dosed exercise (we have not studied the long-term effects), but 
this indicates the presence of a significant compensatory resource for 
testosterone synthesis in animals with alcohol dependence in a state of 
alcohol withdrawal.  

The effects of progesterone at a dose of 0.5 mg/kg body weight and 
the rat running in a wheel on the self-administration of a cocaine solution 
were studied (Zlebnik & Saykao, 2014). The authors found a reduction in 
the animal’s craving for the drug to be more effective when both factors 
were used. In our study it was shown that in the state of alcohol dependence 
on the background of alcohol withdrawal the level of progesterone in the 
brain changed unevenly: it was increased in the hypothalamus and hippo-
campus and decreased in the amygdala. Dosed exercise caused the oppo-
site changes: a decrease in the concentration of the hormone in the hippo-
campus and normalization of its level in the amygdala (Fig. 5). Thus, pro-
gesterone has specific structurally dependent concentration changes both in 
the state of alcohol dependence and under the influence of dosed exercises, 
which gives reason to consider it as one of the key factors in allostatic re-
structuring of the functional state of animals under alcohol dependence.  

Summarizing the data obtained, it can be argued that the state of alco-
hol withdrawal under the formed alcohol dependence is characterized by 
activation of the peripheral glucocorticoid link with a decrease in the con-
centration of testosterone in the serum. Hormonal imbalance in the struc-
tures of the central nervous system manifested in increased concentration 
of progesterone in hypothalamus and opposite changes in the structures of 
the limbic system: an increase – in the hippocampus with a decrease – in 
the amygdala it is accompanied by a decreased level of testosterone.  

The amygdala is known to be the central structure of the limbic sys-
tem that responds to negative emotional stimuli. There is evidence that 
progesterone and testosterone act as synergists at physiological concentra-
tions and sex hormones can modulate the interaction of progesterone with 
membrane receptors: to enhance hormone receptor binding in the struc-
tures of the hypothalamus and to diminish these connections in the amyg-
dala by testosterone (Caldwell et al., 2001; Cooke, 2006; Peters et al., 
2015). These results indicate not only the special status of the amygdala in 
the emotional and motivational control of behaviour, but also the features 
of its neuroregulatory mechanisms (Ciocca et al., 2016).  

The use of dosed physical load suppresses alcohol dependence with 
the formation of a new allostatic state, metabolic and regulatory support of 
which is largely determined by the specific neurochemical composition 
and functional connections of the amygdala. This is manifested in oppo-

site changes in the neurosteroid regulatory system of the amygdala and 
hippocampus: a restoration of progesterone and testosterone concentra-
tions in the amygdala and a decrease of progesterone level in the hippo-
campus. Further study of the mechanisms of the central neurosteroid regu-
lation and their influence on allostasis may take their place in approaches 
to improving the efficiency of alcohol dependence correction.  
 
Conclusion  
 

The allostatic state of maintaining alcohol dependence is formed un-
der the alcohol withdrawal situation. The nature of hormonal dysfunction 
is manifested in an increase of progesterone level in the hypothalamus and 
hippocampus and in a decrease of progesterone and testosterone contents 
in the amygdala against the background of functional tension of the peri-
pheral glucocorticoid regulatory link and a decrease of testosterone con-
centration in serum. Dosed physical load leads to the suppression of alco-
hol motivation of rats with alcohol dependence and causes positive chan-
ges in the electrogenesis of the brain: inhibits the hypersynchronic paro-
xysmal activity of the amygdala and hippocampus and increases the tone 
of the neocortex. A new allostatic state of alcohol dependence attenuation 
is formed on the background of the accumulation of progesterone in the 
hypothalamus and restoration of its level and testosterone content in the 
amygdala, as well as a decrease of progesterone and estradiol in the hip-
pocampus.  
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