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Abstract: Researching new pharmacological targets and developing highly effective drugs to treat 

ethanol-induced encephalopathy is an urgent task of neuroscience and pharmacology. The work aimed 

to study the neuroprotective and neuroregenerative effects of adenylate cyclase (AC) inhibitors in 

modeling alcoholic encephalopathy in experimental animals. The morphofunctional repair of the brain 

and the functioning of progenitors (neural stem cells (NSC) and neuronal-committed progenitors 

(NCP)) and neuroglial cells (astrocytes, oligodendrocytes, microglial cells) of the subventricular zone 

of the cerebral hemispheres (SVZ) have been investigated. A significant correction of brain 

morphological changes, disorders of exploratory behavior, and conditioned reflex activity in laboratory 

animals under the influence of the AС inhibitor were revealed. Increased proliferation of both types of 

progenitor cells and accelerated differentiation of the NSC were observed when AC inhibitors were 

administered to mice with neurodegeneration. Improved neurotrophin secretion by astrocytes and 

microglia was also identified. The findings show the promise of developing a novel approach to treating 

alcohol-induced encephalopathy with AC inhibitors.  

Keywords: progenitor cells, neuroglia, cAMP, adenylate cyclase, alcohol-induced encephalopathy, 

regenerative medicine. 
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1. Introduction 

Systemic ethanol abuse can develop many serious disorders, including irreversible, 

neuropsychiatric, and neurological disorders - alcoholic encephalopathy [1, 2]. 

Neurodegeneration, in this case, is a result of the effect on the central nervous system (CNS) 

of a multifactor pathogenic biochemical continuum. This is a consequence of the change in 

during prolonged intoxication of the body's ethanol [3, 4]. In many cases, this is accompanied 

by deregulation of the internal organs, which contributes to the progression of the disease. 

Existing approaches to pharmacotherapy of alcohol-induced encephalopathy consist of 

modulating the functions of mature cell elements of neural tissue preserved in pathology 

conditions. However, this concept of treatment in some cases is untenable [5, 6]. Therefore, it 

is relevant to develop drugs for the therapy of ethanol-induced encephalopathy with principally 

new mechanisms of action. 
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It is known that the dysfunction of the CNS when ethanol is used develops against the 

background of the loss of the neurogenesis ability of the nervous tissue [7, 8]. In this regard, it 

is promising to study the possibility of pharmacological stimulation of repair of affected brain 

structures by activating the functions of regeneration-competent cells of nervous tissue. The 

intensity of cell renewal processes in the CNS depends on the functional state of both postnatal 

progenitor cells [9] and glial elements [10]. Neural stem cells (NSC) and neuronal-committed 

progenitors (NCP)) can form de novo neurons, astrocytes, oligodendrocytes, and resident 

mesenchymal precursors, leading to microglia instead of dysfunctional and dead cells [11, 12]. 

Neuroglia, in turn, regulates neurogenesis due to the production of some humoral factors and 

the formation of direct intercellular contacts with progenitors and newly formed specialized 

cells [13]. 

It is known that cell functions are realized by the functioning of the intracellular 

signaling system represented by sequentially activated special proteins - signaling molecules 

[14]. One of the main signal transduction pathways is cAMP-dependent signaling [15, 16]. In 

vitro experiments, an important role of cAMP and PKA was to regulate neural stem cell 

functions, including in ethanol-induced neurodegeneration. It has been shown that blockade of 

adenylate cyclase in NSC of long-term alcoholized animals increases proliferative activity [17]. 

However, it is known that balanced neurogenesis requires close coordination of the activation 

processes of multipotent NSCs and neuronal-committed progenitors [5, 12]. Also, an 

obligatory factor of adequate morphofunctional restoration of the CNS is a conjugation of these 

processes with the pronounced compensatory reaction of glial cells [10-12]. But to date, the 

possibility of stimulating the functions of NCP and neuroglia in ethanol-induced 

encephalopathy by targeting (selective blockade) of cAMP/PKA-signaling remains unknown. 

The work aimed to study the neuroprotective activity of the adenylate cyclase (AC) 

inhibitor in modeling alcohol-induced encephalopathy. The pharmacological agent's 

mechanisms associated with the functioning of the progenitors of nervous tissue (NSC and 

NCP) and glial cells secreting neurotrophins (astrocytes, oligodendrocytes, and microglia) 

were investigated. 

2. Materials and Methods 

2.1. Chemicals and drugs. 

MACS Neuro Medium; anti-PSA-NCAM MicroBeads; anti-ACSA-2 MicroBead Kit; 

Anti-O4 MicroBeads; Anti-CD11b (Microglia) MicroBeads (all manufactured by Miltenyi 

Biotec, Germany); adenylate cyclase (AC) inhibitor «2',5'-dideoxy Adenosine» (Sigma-

Aldrich, USA); hydroxyurea (Calbiochem, USA); dimethyl sulfoxide (Sigma-Aldrich, USA); 

plastic plates for cultural studies (Costar, USA). 

2.2. Animals and experimental design.  

All animal experiments were carried out following the U.K. Animals (Scientific 

Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU for animal 

experiments. The Institute's local Ethics Committee approved the study. Experiments were 

carried out on C57B1/6 mice (n=118) at the age of 2-2.5 months, weighing 20-22 g. Animals 

of the first category (conventional mice) were acquired from Goldberg Research Institute of 

Pharmacology and Regenerative Medicine (the Experimental Biological Models Department). 

Before the start of the experiments (10 days) and during the study period, the animals were 
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kept in a vivarium (20–220C, humidity 50-60 %) in plastic cages (10-15 mice) following a 

normal diet, water ad libitum. To exclude seasonal variations from the parameters studied, all 

experiments were conducted in autumn-winter. The animals were taken out of the experiment 

(killed) by CO2 cameras. 

We studied the influence of the AC inhibitor on orientation and exploratory behavior, 

conditioned reflex activity, and brain morphology of experimental animals after modeling 

alcoholic encephalopathy.  

The AC inhibitor was injected 10 days after the last ethanol administration: 

subcutaneously once a day for 7 days at a dose of 15 mg/kg. Later in the study design 

description, the day of initiation of the AC inhibitor injection is considered "day 1." The control 

mice were injected subcutaneously with a solvent (0.2 ml of 2% dimethyl sulfoxide) in the 

same regimen and equivalent volume.  

Before the first administration of the AC inhibitor on "day 1" and at 3, 7, 14, 21, 28 

days after the start of the injection of the AC inhibitor, the neuropsychiatric status of animals 

(orientation and exploratory behavior and reproducibility of the conditioned passive avoidance 

response (CPAR)) was studied (n=34 in the experimental and control groups). On the 7th day 

after the initiation of the AC inhibitor administration, a histological examination of the brain 

was performed (n=10 in the experimental and control groups). Using the cultural methods, on 

1 (the cells for the study were taken before the first administration of the AC inhibitor), 3, 7, 

14, 21 days after the start of the injection of the AC inhibitor, the content of NSC and NCP in 

the subventricular zone of the cerebral hemispheres (SVZ), their proliferative activity and the 

intensity of specialization (differentiation/maturation) were studied. Also, at this time, the 

production of neurotrophic growth factors by glial cells (astrocytes, oligodendrocytes, 

microglia) (n=10 in the experimental and control groups) was investigated. 

2.3. Alcoholic encephalopathy modeling. 

Modeling of the ethanol-induced encephalopathy was carried out by oral administration 

of a 30% С2Н5ОН solution (through a probe daily at a dose of 3 g/kg/day for 8 weeks) [5, 12]. 

In this case, instead of drinking water of free access, a 5% ethyl alcohol solution was used. 

Cellular materials for the study were taken 10 days after the end of the introduction of ethanol 

in vivo. The control group (intact mice) under the same scheme per os injected distilled water 

in an equivalent volume (mice had free access to drinking water). 

2.4. Estimation of psychoneurological status.  

The psychopharmacologic effects of the АС inhibitor were evaluated using functional 

methods. The orientation and exploratory behavior were studied in the open field method [18]. 

Total, horizontal, and vertical locomotor activity, hole-board exploration, self-grooming, and 

defecation were evaluated in mice for 3 minutes. The values of the first minute and the next 2-

3 minutes were studied separately. The CPAR test [19, 20] was used to evaluate the effect of 

the pharmacologic substance on mnestic cerebral function. This method is based on the 

reproduction of the acquired competence in passive avoidance of the electric stimulus (0.45 

mA) by mice in the dark compartment of a special camera. To do this, they had to be in the 

light compartment of the chamber, despite the innate preference of rodents for dark space. The 

development of the reflex was carried out 3 days after the introduction of the AC inhibitor. 

This experiment scheme made it possible to study the influence of the pharmacological 
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substance on the formation, consolidation, and reproduction of the commemorative trace 

(engram) simultaneously. The reflex was considered to be developed if, during all 3 minutes 

of observation, the animal never visited the dark compartment or the latent time of entry 

exceeded 150 seconds [18-20]. 

2.5. Histological study. 

Brain histological preparations were stained with hematoxylin and eosin. Prior to this, 

it was fixed in 10% neutral formalin, dehydrated in a series of alcohols with an increase in the 

concentration impregnated with paraffin and cut into pieces 4-5 microns thick [21]. The state 

of microvascularity of the meninges and brain, swelling of nervous tissue, presence of neurons 

with signs of degeneration, necrosis (hyperchromic nuclei, with vacuolar dystrophy) in the state 

of phagocytosis were evaluated. 

2.6. Determination of progenitors' functional activity. 

NSC was studied in the culture of unfractionated SVZ cells of the brain hemispheres. 

The neuronal-committed progenitors (NCP) sequence by “MIniMACS Cell Separator” 

(Miltenyi Biotec, Germany). To do this, the cells received PSA-NCAM+ (CD56+) cells [22] 

(used appropriate sets of antibodies). The cells were adjusted to 105 / ml and incubated in 

MACS Neuro Medium (Miltenyi Biotec, Germany) for 5 days in a CO2 incubator at 37°C, 5% 

SO2 and 100% air humidity. The clonogenic cell content, mitotic activity and specialization 

intensity have been calculated. The NSC and NCP amount was determined by the yield in the 

respective cultures of colony-forming units (CFU, neurospheres containing more than 100 

cells). The proliferative activity of the CFU was assessed by the method of cell suicide technic 

using hydroxyurea (1 µM) [5, 12]. The number of CFU in the S-phase of the cell cycle was 

determined using the following formula: N = [(a-b )/a] × 100%, where a - the amount of CFU 

from cells not treated with hydroxyurea; b - the amount of CFU from hydroxyurea treated cells. 

The specialization (differentiation/maturation) intensity of the progenitors was determined by 

calculating the ratio of the corresponding cluster-forming units (ClFU, neurospheres of 30 - 

100 cells) to CFU – the differentiation index [9, 17]. 

2.7. Study of neurotrophic growth factors secretion by neuroglial cells.  

Single fractions of astrocytes (ACSA-2 + cells [23]), oligodendrocytes (O4 + cells [24]) 

and microglia (CD11b + cells [25]) were isolated from the subventricular region of the cerebral 

hemispheres by the immunomagnetic positive selection method. Appropriate antibody kits of 

Miltenyi Biotec, Germany, were used. The cells (at a concentration of 2 × 106 / ml) were 

incubated in MACS Neuro Medium (Miltenyi Biotec, Germany) for 2 days in a CO2 incubator 

at 37 ° C, 5% CO2 and 100% air humidity to obtain conditioned media. To determine the  

secretory activity (neurotrophic growth factors production) of glial elements, the effect of 

supernatants from cells on the level of neurospheres formation (CFU) in the test system (culture 

of the SVZ unfractionated cells) was studied [17, 26]. 

2.8. Statistical analysis. 

Statistical analysis was performed using one-way ANOVA, followed by Dunnett's, 

Wilcoxon’s test for dependent samples, and Mann–Whitney test. The data are presented in the 
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form of arithmetic means and standard errors (in tables) or confidence intervals (in figures, at 

p = 0.05). The significance level was p < 0.05 [27]. 

3. Results and Discussion 

3.1. Characterization of the parameters in alcoholic encephalopathy. 

3.1.1. Psychoneurological status disorders.  

Chronic ethanol intoxication resulted in pronounced changes in neuropsychiatric status. 

There was a significant increase in total motor activity, mainly due to the number of horizontal 

movements of mice in the open field during all study periods. Moreover, these changes were 

recorded both in the first minute of observation (on the 1, 3, 7, 14, 21st day) and when 

determining this parameter in the 2-3 minutes (on the 1, 7, 21st day) (Table 1).  

Table 1. Parameters of orientation and exploratory behavior of intact C57B1/6 mice (1); mice after prolonged 

ethanol intoxication (2) and mice treated with an AC inhibitor after simulating alcoholic encephalopathy (3), 

arb. units (M±SEM) 

Day Groups 

Total 

locomotor 

activity 

Horizontal 

locomotor 

activity 

Vertical 

locomotor 

activity 

Hole-board 

exploration 

Self-

grooming 
Defecation 

1 

Frist period (minute 1) 

1 14.79±2.24 8.33±1.72 2.33±0.51 3.27±0.80 0.73±0.25 0.13±0.09 

2 38.26±4.25* 25,27±1,95* 5,53±0,6* 5,40±0,92 0,73±0,30 0,33±0,16 

3 37.2±4.26* 26,2±1,34* 5,33±0,64* 5,47±0,85 0,07±0,07 0,13±0,09 

Second period (minutes 2-3) 

1 38.53±3.47 21.0±2.81 3,02±0,69 11,33±2,89 2,67±0,53 0,53±0,19 

2 56.34±5.42* 34,47±4,51* 5,13±0,63* 13,80±2,21 2,67±0,52 0,27±0,15 

3 54.34±2.98* 31,07±3,32* 5,67±0,60* 15,78±2,85 1,47±0,32 0,33±0,21 

3 

Frist period (minute 1) 

1 25.66±2.36 15,4±3,28 3,53±0,65 5,73±0,9 0,73±0,21 0,27±0,15 

2 36.46±3.01* 23,67±2,73* 6,33±0,48 5,00±0,93 1,33±0,36 0,13±0,09 

3 28.60±2.97 19,6±2,52 3,33±0,56 5,07±1,07 0,53±0,17 0,07±0,07 

Second period (minutes 2-3) 

1 39.74±2.57 25,80±4,34 5,60±0,83 6,21±1,79 1,27±0,33 0,87±0,36 

2 33.34±5.56 21,47±5,12 4,00±0,63 5,27±1,09 1,87±0,45 0,73±0,27 

3 38.72±4.37 24,73±4,03 5,87±1,14 5,00±1,12 2,27±0,51 0,73±0,28 

7 

Frist period (minute 1) 

1 21.4±2.45 15,67±1,70 1,80±0,40 1,80±0,50 1,27±0,23 0,60±0,27 

2 29.33±2.03* 22,67±1,91* 2,93±0,98 2.87±1.00 0.53±0.13 0.33±0.16 

3 21.28±2.56# 15,87±1,55# 2,00±0,59 2.07±0.48 1.09±0.23 0.27±0.12 

Second period (minutes 2-3) 

1 17.53±1.96 11,8±1,63 2,13±0,32 1,73±0,58 1,27±0,27 0,60±0,29 

2 32.4±3.07* 21,00±3,06* 4,6±0,7* 2,87±1,0 0,53±0,13 0,33±0,16 

3 22.87±2.25# 15,07±1,97# 2,47±0,89 2,07±0,48 1,07±0,23 0,27±0,12 

14 

Frist period (minute 1) 

1 20.47±2.01 15,07±1,96 2,27±0,42 2,07±0,51 0,93±0,18 0,13±0,09 

2 28.06±1.96* 22,2±2,17* 2,20±0,48 2,93±0,68 0,53±0,19 0,20±0,11 

3 21.34±2.43# 16,27±2,77# 2,47±0,49 1,87±0,40 0,60±0,21 0,13±0,09 

Second period (minutes 2-3) 

1 25.73±2.41 17,8±2,28 4,33±0,90 2,00±0,49 1,13±0,19 0,47±0,17 

2 26.26±2.22 18,80±2,43 2,33±0,58 3,93±1,08 0,80±0,20 0,40±0,19 

3 27.21±3.97 19,27±4,4 3,20±0,88 2,79±0,48 1,27±0,36 0,67±0,21 

21 

Frist period (minute 1) 

1 16.40±1.41 13,53±1,29 1,40±0,61 0,87±0,29 0,53±0,17  0,07±0,07 

2 22.86±1.39* 19,41±1,51* 1,40±0,35 0,93±0,30 0,73±0,18 0,40±0,19 

3 18.73±1.57 14,0±1,46 1,21±0,43 0,93±0,34 0,47±0,17 0,13±0,09 

Second period (minutes 2-3) 

1 17.00±1.72 10,20±1,42 2,87±0,92 2,13±0,58 1,00±0,20 0,8±0,31 

2 22.47±2.03* 17,07±2,23* 1,60±0,41 1,39±0,61 1,07±0,23 1,33±0,37 

3 14.14±1.47# 8,87±1,51# 1,80±0,45 1,47±0,32 0,93±0,23 1,07±0,34 

28 Frist period (minute 1) 
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Day Groups 

Total 

locomotor 

activity 

Horizontal 

locomotor 

activity 

Vertical 

locomotor 

activity 

Hole-board 

exploration 

Self-

grooming 
Defecation 

1 19.47±2.09 15,47±1,68 1,00±0,24 2,00±0,76 0,47±0,17 0,53±0,13 

2 17.6±1.57 14,27±1,85 1,20±0,35 1,27±0,33 0,73±0,18 0,13±0,09 

3 22.4±2.34 18,00±2,22 1,80±0,49 1,41±0,34 0,87±0,24 0,33±0,13 

Second period (minutes 2-3) 

1 18.66±2.48 13,60±2,51 1,53±0,65 1,60±0,51 1,13±0,39 0,80±0,26 

2 19.01±5.39 14,47±5,34 2,07±0,59 1,27±0,80 0,87±0,17 0,53±0,22 

3 22.53±3.04 16,73±2,83 2,13±0,67 2,13±0,52 0,87±0,22 0,67±0,19 

Here and in table 2: p < 0.05 in comparison with *intact mice, #alcoholized mice. 

Also, the alcoholization of animals was accompanied by a drop in the CPAR 

reproduction level at the 7, 14, 21 days (up to 43.7% of the level of the same indicator in intact 

mice on day 21) (Table 2). 

Table 2. Parameters of conditioned passive avoidance response of intact C57B1/6 mice (1); mice after 

prolonged ethanol intoxication (2) and mice treated with an AC inhibitor after simulating alcoholic 

encephalopathy (3), (M±SEM). 

Day 
Groups 

Percentage of animals with 

reflex,% 

7 1 93,33±4,63 

2 66,67±6,75* 

3 86,67±6,31# 

14 1 66,67±5,75 

2 33,33±6,75* 

3 56,67±6,26# 

21 1 53,33±4,26 

2 23,33±5,85* 

3 43,33±6,20# 

 

The revealed shifts in animal behavior during the first observation period indicated 

marked changes in their research activity. To a large extent, they were determined by the high 

anxiety and increased excitability of long-term alcoholized animals [20]. While the increased 

motor activity of mice in the second period of observation (2-3 minutes) indicated disorders of 

predominantly cognitive rather than the locomotor activity of the CNS. At the same time, it is 

obvious that a violation of the mnestic function of the brain played a role in this [19, 20]. 

Thus, long-term ethanol administration was accompanied by the appearance of 

"persistent" functional disorders of CNS activity, reflecting the severe toxic brain damage 

characteristic of alcohol-induced encephalopathy [28]. 

3.1.2. Histological changes in nervous tissue.  

A histological examination of the brain in animals with ethanol-induced 

encephalopathy, significant hyperemia of the pia mater, perivascular and pericellular edema of 

the nervous tissue was observed. A significant number of neurons with hyperchromic and 

pyknotic nuclei and neurons and vacuole dystrophy and neurons in the state of phagocytosis 

by microglia were observed. These neuronal changes were particularly pronounced in the 

hippocampus (Figure 1, A). 
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A    B  

Figure 1. Effects of the AC inhibitor on mice brain on day 7th day after the initiation of the AC inhibitor 

administration (hematoxylin and eosin staining; magnification ×100). (A) alcoholic encephalopathy; (B) 

alcoholic encephalopathy + AC inhibitor. 

3.1.3. Content and functional activity of progenitors. 

Administration of ethanol to experimental animals per os led to a decrease in the 

content of both multipotent NSC (on days 1 and 3) and NCP (on days 1, 3, 14, 21 days) in the 

SVZ (Figure 2, A; 3, A).  

  
Figure 2. (A) Count of CFU-NNSС; (B) their 

proliferative activity; (C) differentiation index in 

the cell culture of the SVZ. Here and in figures 2 

and 3: White bars - intact mice; shaded bars - 

alcoholic encephalopathy; grey bars - alcoholic 

encephalopathy + AC inhibitor. Confidence 

intervals at p = 0.05. 

Figure 3. (A) Count of CFU-NPSA-NCAM+; (B) 

their proliferative activity; (C) differentiation index in 

the cell culture of the SVZ. 
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At the same time, the drop in the number of CFU-NPSA-NCAM+ was longer and 

significantly more pronounced (up to 49.7% of the same indicator in intact mice on day 3). The 

lowest amount of CFU-NNSС in the SVZ of alcoholized animals was also recorded on day 3 

(62.0% of the control). The observed dynamics were the result of a drop in proliferative activity 

of both types of progenitors on days 1 and 3 of the experiment (Figure 2, B; 3, B). At the same 

time, an increase in the number of NCP in the S-phase of the cell cycle (up to 138.0% of the 

level of this parameter in intact mice) was observed on day 21. However, changes in 

specialization intensity in different types of progenitors were the opposite (Figure 2, C; 3, C). 

Ethanol-induced neurodegeneration was accompanied by a decrease in the differentiation rate 

of multipotent NSC (on days 1 and 3) against the background of, in contrast, an acceleration 

of maturation neuronal-committed progenitors (on days 1 and 14). 

Thus, the results of experiments indicate a pronounced failure of the systems of cellular 

renewal of the CNS in alcohol-induced encephalopathy. At the same time, the identified 

violations of the realization of the growth potential of progenitors are not directly related to the 

impact of ethanol on them. The duration of their retention after the end of ethanol 

administration indicates severe damage to the brain and the formation of a new pattern for 

regulating its functions [5, 12]. 

3.1.4. Secretion of neurotrophic growth factors by glial cells. 

The simulations of alcoholic encephalopathy have been accompanied by an increase in 

the production of neurotrophins stimulating the functions of progenitors of nervous tissues, by 

astrocytes (on days 1 and 3), and oligodendrocytes (at all study times) (Figure 4, A, B).  

 
Figure 4. Effect of conditioned media of (A) astrocytes; (B) oligodendrocytes; (C) microglial cells on the level 

of neurosphere formation in the test system. 
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At the same time, the level of changes in the secretory function of O4+ cells was 

significantly higher (with a maximum of up to 228.6% of the same parameter in intact animals 

on day 3 of observation). Another pattern was recorded by microglia. Neurodegeneration has 

resulted in a significant reduction in the production of growth factors by these 

immunocompetent cells (up to 55.4%, 58.8%, and 70.1% of intact control on days 1, 3, 7, 

respectively) (Figure 4, C). 

The revealed phenomena were a reflection of the compensatory response of macroglia 

to brain damage by neurotoxic effects [10, 29]. The detected decrease in the colony-stimulating 

activity of conditioned media from microglia was probably not associated with their impaired 

production of neurotrophins but with an increase in the secretion of proinflammatory cytokines 

(inhibiting the progenitor's proliferation [30]). 

3.2. Effects of the AC inhibitor. 

3.2.1. Correction of psychoneurological status disorders. 

The AC inhibitor administration significantly corrected the manifestation of functional 

signs of the brain pathology (Table 1, 2). There was a reversal of changes in the estimated 

research behavior of animals on the 7 and 21 days at both the first and 2-3 minutes of the study 

(Table 1). On day 14, there was also a restoration of mice's total locomotor and horizontal 

activity in the open field, but only in the first observation period. Besides, the course use of the 

AC inhibitor reversed the decrease in CPAR reproduction level in alcoholized mice (Table 2). 

Statistically significant differences of this score in AC inhibitor-treated mice with such in intact 

animals were not recorded throughout the study period. 

3.2.2. Correction of nervous tissue histological changes.  

The AC inhibitor therapy of animals with alcohol-induced encephalopathy led to a 

significant decrease of hyperemia of the pia mater and a reduction in the severity of pericellular 

and perivascular edema of nervous tissue. In this case, neurons with vacuole dystrophy and 

neurons in the state of phagocytosis were found in isolated cases, even in the hippocampus 

(Figure 1, B). 

3.2.3. Changes of content and functional activity of progenitors. 

In the group of animals treated with the AC inhibitor, there was a significant increase 

in the number of both NSC and CPN in SVZ on days 3 and 7 of observation (Figure 2, A; 3, 

A). The identified phenomena were based on an increase in their mitotic activity. The amounts 

of CFU-NNSС and CFU-NPSA-NCAM+ in the S-phase of the cell cycle were highest at 3 and 5 days 

(up to 799.3% and 311.7% of similar rates in untreated mice, respectively) (Figure 2, B; 3, B). 

Also, the intensity of NSC specialization increased considerably on days 3, 7, 21 after AC 

inhibitor initiation (with a maximum of up to 151.7% of control on day 3) (Figure 2, C). 

Changes in the NCP maturation rate were not recorded (Figure 3, C). 

3.2.4. Changes in secretion of neurotrophic growth factors by glial cells. 

The AC inhibitor administration after modeling ethanol-induced neurodegeneration 

was accompanied by a marked increase in the secretion of neurotrophic growth factors by 

astrocytes (7, 14 days) and microglia (3, 7, 21 days). The most significant growth in secretory 
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activity of ACSA-2+ cells was observed on day 3 (up to 223.5% of the control) and of CD11b+ 

cells - on day 7 (up to 227.6% of the control) (Figure 4, A, C). A different pattern was noted 

on the part of oligodendrocytes. The neurotrophin production by O4+ cells, in contrast, 

decreased (to 65.7% and 66.0% of similar parameters in mice that did not receive an AC 

inhibitor on days 3 and 7, respectively) (Figure 4, B). 

In general, the obtained results confirm the data on significant dysfunction of systems 

of cellular renewal of nervous tissue of "deep reserve" (progenitor cells) under the influence of 

the biochemical pathogen continuum induced by ethanol in the brain [6, 26]. This circumstance 

is one of the main reasons for the irreversible disorganization and dysadaptation of the CNS, 

accompanied by disorders of its integrative and regulatory activities [5, 7]. Damage to the 

compartment of regeneration-competent cells makes the process of neurogenesis impossible 

[9].  

The efficiency of stimulation (recovery) of the progenitor's growth potential by 

modification of intracellular signaling is demonstrated. Evidence from the experiments 

suggests pronounced neuroprotective and neuroregenerative effects of the AС inhibitor in 

alcoholic encephalopathy. Blockade of cAMP synthesis in ethanol-induced neurodegeneration 

leads to rapid morphofunctional brain repair. A wide range of disorders of CNS activity 

(locomotor activity, research behavior, cognitive and mnestic functions) caused by multi-

targeted exposure to ethanol and its metabolites are normalized [5, 26]. The key role in the 

process of restoring the functions of the CNS, in this case, belongs to the repair of nervous 

tissue due to the synchronized activation of resident multipotent NSC and neuronal-committed 

precursors (constituting the most mobile cell section for tissue-specific regeneration [6, 12]). 

The reduced intracellular concentration of cAMP leads to the increased proliferative activity 

of both types of progenitors and accelerates the differentiation of NSC and the formation of 

specialized cells [7, 31]. These changes in the realization of the growth potential of progenitors 

result from the direct stimulating effect of the AC inhibitor on them [17] and an increase in the 

production of neurotrophic growth factors by astrocytes microglial cells (Figure 5). 

 
Figure 5. Mechanisms of neuroregenerative action of the AC inhibitor. Blue arrows - stimulating effect; white 

arrows - inhibitory effect. 
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Thus, the neuroregenerative action of the AС inhibitor in alcoholic encephalopathy 

depends on a coordinated stimulation of the functions of progenitor cells and the neurotrophic 

activity of astroglia and microglia [32, 33]. It was found that the AC blockade in 

oligodendrocytes in ethanol-induced neurodegeneration causes a decrease in their secretory 

activity. However, it is known that the main function of these cells is not in the production of 

neurotrophins but the myelination [34, 35] and some types of metabolic activity of neurons 

[36-38]. Therefore, this fact did not affect the integrative effect of humoral support of neuroglia 

progenitor cells. However, further studies are expected to determine the effect of AC 

inactivation on the aforementioned oligodendrocytic functions' performance. 

4. Conclusions 

The results show the promise of developing, within the framework of the "Strategy for 

pharmacological regulation of intracellular signal transduction in regeneration-competent 

cells" [5, 11, 14], a novel approach to therapy alcoholic encephalopathy with AC inhibitors. 
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