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INTRODUCTION
Hyper-reactivity of the centres in the sympathetic nervous 
system with the stimulation of numerous neurohumoral 
factors plays a leading role in the pathogenesis of ischemic 
stroke (IS) [1, 2]. The most important are such biogenic 
monoamines as norepinephrine, adrenaline, dopamine, 
serotonin and others. It is known that their level is regu-
lated by the influence of monoamine oxidase (MAO) [3, 
4]. Increased MAO activity during IS is associated with 
increased levels of catecholamines (CA) [5].

In the regulation of the activity of the sympathoadrenal system 
(SAS) a significant place is given to adrenoceptors (ARs). The 
number of ones always compensatory increases during stress, 
atherosclerosis, hypertension, endothelial dysfunction [1, 6].

Hypersympathicotonia is an influential factor that links 
the physiological regulation of vascular tone, cardiac ac-
tivity and stable pressor response. This pool elevation in 
plasma CA is an independent marker of a high risk of acute 
cardiovascular and cerebrovascular events [1, 2, 4]. At the 
same time, the value of tissue SAS in the mechanisms of IS 
development has not been fully established to date.

Structural elements of blood are an integral part of tissue 
SAS, taking a direct part not only in ensuring adequate micro-
circulation but also in modulating the growth and differenti-
ation of tissues, physiological fluctuations of hemodynamic 

and neuroendocrine constants [7]. Erythrocytes have active 
immunoregulatory properties and are considered as an ade-
quate model for studying various diseases of polygenic nature, 
which include IS. They have an active membrane-receptor 
complex (MRC), more represented by β2-ARs [7, 8].

The effect of adrenergic drugs (AD) on cells is inextrica-
bly linked with the concept of adrenergic reactivity (AR), 
which characterizes the systemic response of the body in 
response to changes in the activity of SAS [9, 10].

Summarizing the above, it can be argued that during 
IS, the relationship between plasma CA concentrations in 
plasma, an affinity for ARs, their expression on the surface 
of erythrocytes and intracellular accumulation of CA [11]. 
As the membrane-receptor dysfunction progresses, there is 
a violation, and then a complete separation of the mecha-
nisms of production, transport and deposition of hormones, 
which leads to a complete failure of the regulatory axis 
«hormone-receptor». This is quite probable because the re-
lationship between the expression of ARs, their affinity and 
the concentration of CA over the receptor field, developed 
by the mechanism of up- / down-regulation and uncoupling 
which are typical pathological mechanisms [12].

One of the primary triggers of the cytokine system in the 
acute period of IS is interleukin-6 (IL-6), which always ac-
companies the local inflammatory reaction. It has a diverse 
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and potent effect on most organs and systems, primarily 
immune and endocrine [13].

IL-6 acts as a powerful activator of the hypothalamic-pi-
tuitary-adrenal system. It is crucial that its secretion is 
enhanced under the influence of stress on the background 
of activation of the SAS, and is regulated by the CA on the 
principle of positive feedback. Elevated levels of IL-6 in the 
blood are observed during severe inflammatory processes, 
infections, injuries, i.e. conditions when the secretion of an 
antidiuretic hormone may be impaired [14].

SAS is directly related to the immune system through the 
innervation of many immune organs (such as the spleen 
and thymus). Stress or its simulation by the introduction of 
exogenous adrenaline increases the level of endogenous IL-6 
in experimental animals. However, the previous introduc-
tion by β-adrenal blockers (β-AB) prevents the development 
of this reaction. It is assumed that the stimulation of IL-6 
secretion is also mediated by β-ARs.

In a study [15] it was shown that the introduction of adren-
aline increases the level of IL-6 in the blood. The maximum 
concentration of CA in the blood directly correlated with 
the level of IL-6. These data confirm that stress provokes 
hypersecretion of IL-6 due to stimulation of β-ARs.

Expression of tumour necrosis factor-α (TNF-α) over 
time coincides with the activation of IL-6 and precedes the 
development of a local inflammatory reaction in the area of 
ischemia. High levels of these pro-inflammatory cytokines 
are found not only in the macrophages of the infarct zone 
but also in the neurones of the necrosis nucleus, as well as 
in the penumbra. In addition, TNF-α causes the expression 
of pro-adhesive endothelial molecules, which leads to the 
concentration of leukocytes, their adhesion and migration 
from capillaries to the brain, the development of local 
inflammation and increase in the size of the lesion [16].

Today, we have many unresolved issues regarding the 
diagnosis and understanding of the leading mechanisms of 
IS. These include uncertainty with the state of MRC cells, 
which become the first target for numerous pathological 
cascades under the condition of acute cerebral ischemia 
and as a consequence there are functional changes in the 
SAS and cytokine system of the body. The significance of 
tissue SAS in the mechanisms of IS development has not 
been fully established till date. At present, there is still no 
single approach to the method of determining the activity 
of SAS; therefore, there is no unambiguous answer about 
the correct choice of its diagnostic tools.

THE AIM
The aim was a comprehensive study of the features of 
changes in the structural and functional parameters of 
brain tissue, cytokine profile and β-ARs in the acute period 
of IS to optimise diagnosis and treatment.

MATERIALS AND METHODS 
Measurements of complex dielectric constant (CDC, Δε ‘)  
were performed by EHF dielectrometry. Determination 

of plasma levels of IL-6 and TNF-α was performed by 
solid-phase enzyme-linked immunosorbent assay.

The work was based on the materials of a comprehensive 
examination of 350 patients with the first in the life of IS on the 
1st, 10th and 21st day of the disease. The criteria for selecting 
patients were: age from 46 to 79 years; the first in the life of 
IS with localisation in the pool of blood supply to the middle 
cerebral artery; hospitalisation of the patient up to 24 hours 
from the beginning of the disease; MRI results that ruled out 
intracranial haemorrhage or other non-ischemic brain damage.

Males accounted for 185 patients (52.8%), females – 165 
(47.2%). The mean age of the examined patients was 65.2 ±  
0.7 years (range from 46 to 79 years). As a comparison 
group, 30 conditionally healthy individuals (17 men and 
13 women, mean age – 60.4 ± 0.8 years), who are homo-
geneous in sex and age with a group of patients with IS, 
were additionally examined.

All human studies were performed according to the 
Declaration of Helsinki (1964, last revision of the 64th 
WMA General Assembly, Brazil, 2013).

The severity of the condition and the degree of the neuro-
logical deficit was determined using the stroke scale of the 
US National Institutes of Health (NIHSS) with a score in 
the first hours of the disease, in the dynamics of treatment 
on the 10th and 21st day.

Based on this, all patients were divided into 2 clinical 
groups: 1st (n = 183) – patients in a state of moderate 
severity (mean score on the NIHSS scale 11.74 ± 0.33); 
2nd (n = 167) – patients with severe IS (mean score on the 
NIHSS scale 24.06 ± 0.29).

RESULTS AND DISCUSSION
Given the pathogenetic significance of functional disorders 
of the adrenergic receptor system in the acute period of 
IS using EHF dielectrometry, the dynamics of changes in 
β-AR and the values of CDC under the action of biologi-
cally active substances (BAS) was studied.

As a result, it was found that the relative values of Δε’ 
were differentiated by groups (Table 1).

In the control group, a significant decrease in the dielec-
tric constant Δε’ was observed after exposure to adrenaline 
solution. In patients with IS, the response to adrenaline 
was virtually absent, which may be due to a decrease in the 
sensitivity of β-ARs erythrocytes to stimulants due to their 
desensitisation. However, according to the magnitude of 
changes in Δε’ in the group of patients with moderate severi-
ty, it can be stated that their erythrocytes were more reactive 
than in the group of patients with a more severe variant of IS.

A similar effect was also observed when comparing 
the dynamics of changes in the values of Δε’ erythrocyte 
suspensions under the influence of β-AB propranolol de-
pending on the severity of IS.

Effects in the control group in 100 % of cases had a neg-
ative sign, the magnitude of the impact in 44 % of cases 
exceeded 10 % relative to samples with an equal volume 
addition of 0.9 % saline. In the group of patients with severe 
IS, all changes were within error. In the group of patients 
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with moderate disease, a reaction to β-AB was observed; 
however, the sign of the effect was opposite to the control 
indicator, as in the case of adrenaline.

As for the combined action of adrenaline and proprano-
lol, when the adrenaline was added after previous incuba-
tion of cells with β-AB, the reactions were observed only 
in 46.3 % of cases in the group of patients with moderate 
IS. No responses in the control group were expected due 
to previous β-ARs blockade.

In all samples of patients with moderate severity, there was 
a tendency to increase the absolute values of CDC on the 
background of prescribed treatment, which indicates chang-
es in the levels of hydration of erythrocytes. All this indicates 
an increase in the amount of free water in the samples and 
a decrease in the amount of bound. This assumption can 
be made based on the fact that the dynamics of the disease 
reduces the thickness of the pre-membrane layer to 20 %.

This affects the rate of metabolic processes in the system 
«cell-intercellular environment», thereby changing the 
mode of functioning of both the cell and its MRC.

Correlation analysis of the relationship between CDC 
values and the total clinical score on the NIHSS scale also 
showed some features. There was a significant negative 
correlation between the values of Δε ‘and the level of the 
neurological deficit on the NIHSS scale in patients with 
IS at the onset of the disease (r = -0.83; p <0.05). In the 
dynamics of observation between these indicators also 
remained a significant correlation, which did not lose its 
strength and direction (r = -0.77; p <0.05).

Given that IS is a classic example of an aseptic inflamma-
tory reaction that develops after the formation of a zone 
of necrosis, a study of cytokine status in the dynamics of 
drug treatment.

When analyzing the average values of IL-6 in patients 
with IS, it was found that the highest levels of IL-6 in the 
serum were determined in patients with the severe process 
during hospitalization (Table 2). At the same time, their 
levels exceeded the indicators of the control group by al-
most ten times (34.33 ± 2.9 pg/ml in severe IS against 3.51 ±  
0.28 pg/ml in the control group, p <0.001). In patients 
with moderate IS, IL-6 levels exceeded the control group 
5 times (17.62 ± 2.3 pg/ml, p <0.001). All detected changes 
indicate the maximum intensity of the stress-implementing 
immune system in severe IS.

In all subgroups, the severity of both groups showed a 
significant decrease in IL-6 levels after treatment relative 
to the indicators on the 1st day during hospitalization  
(p <0.05). In patients with moderate IS, IL-6 levels on the 
10th day of the disease were close to each other in the 
1st and 2nd groups. Their significant decrease compared 
to the indicators on the 1st day after the onset of acute 
neurological symptoms occurred by 15.5 % and 37.3 %, 
respectively. This can be explained by the fact that with a 
small lesion of brain tissue, the stress-realization reaction 
can limit the physiological stress-limiting systems, and it 
is not yet distressful.

In all groups of patients with IS of severity revealed elevated 
levels of TNF-α relative to control (p <0,05). The maximum 

Table 1. Dynamics of values of Δε’ erythrocyte suspensions after exposure to adrenaline in patients with IS depending from the severity of the disease
Group of patients The term of the study The value of Δε’

1 2 3

1 Group

1st day 0,21±0,08

10 th day 0,33±0,04

21 st day 0,35±0,1

2 Group

1st day -0,48±0,18

10 th day -0,33±0,09

21 st day -0,31±0,04

Control group -1,21±0,15

Note. All indicators are reliable for control (p<0,05).

Table 2. General levels of pro- and anti-inflammatory cytokines in the serum of patients with IS in the dynamics of treatment (M ± m, pg/ml)

Group of patients
Іl-6 TNF-α

1 st day 10 th day 21 st day 1 st day 10 th day 21 st day

All 32,75±3,44 16,13±0,77 13,2±0,66 16,13±0,77 13,2±0,66 6,97±0,44

1 st Group 34,58±2,77 15,89±1,05 14,57±0,38 15,89±1,05 14,57±0,38 8,62±0,24

2 nd Group 33,78±3,03 16,38±0,78 11,84±0,67*^ 16,38±0,78 11,84±0,67*^ 5,33±0,37

Control Group 3,51±0,28 4,12±0,34

Notes:
All indicators are reliable for control (p<0,05);
* - p <0.05 between the 1st and 2nd groups of patients;
^ - p <0.05 before and after treatment within the group.
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values of the indicator were observed in severe patients in 
the 1st and 2nd groups (20.15 ± 0.71 and 21.06 ± 0.50 pg/ml, 
respectively), which indicates the maximum intensity of the 
neuroendocrine response in IS.

The dynamics showed a tendency to decrease the levels of 
TNF-α on the 10th day of IS relative to baseline values record-
ed on the 1st day, but it did not reach the degree of reliability. 
Evaluating the dynamics of TNF-α levels on the 21st day of 
treatment, the closest values to the control were observed in 
the group of patients with the moderate condition (p <0.05).

Correlation analysis of the relationship between the activity 
of the sympathoadrenal and cytokine systems, the severity of 
patients with IS revealed many features.

During the statistical processing of the relationships between 
the levels of IL-6 and TNF-α in patients with IS, a significant 
direct correlation was found between these indicators on the 
1st day of the disease (r = + 0.91; p <0.05 ), which confirms the 
unidirectionality of their action in the induction of pathological 
processes during IS.

Inverse correlations of values of IL-6 and TNF-α in blood 
serum and CDC (r = -0.78; p <0.05 and r = -0.85; p <0.05, 
respectively) were also revealed, which indicates the inhibito-
ry effect of pathophysiological processes associated with the 
activation of the cytokine system on the functional state of the 
adrenoceptors system of patients with IS.

The dependence of the levels of factors of the cytokine system 
on the severity of the disease is evidenced by the identified 
correlations. Thus, in the debut of IS were recorded direct links 
between the levels of IL-6, TNF-α in serum and the total clinical 
score (r = + 0.895; p <0.05 and r = + 0.9; p <0, 05 respectively).

The reduced ability of ARs on erythrocyte membranes to bind 
blockers due to the desensitization effect due to MRC damage 
is evidenced by the established direct, reliable relationship be-
tween the area of the infarct zone and the values of β-AR (r = 
+ 0.88; p <0.05).

CONCLUSIONS
Summarising the above, it is clear that there is a strong 
link between mechanisms that damage the MRC of cells 
during acute cerebral ischemia with functional changes 
in both the sympathoadrenal and cytokine systems. At 
the same time, under conditions of hypo-perfusion, acute 
endothelial dysfunction, energy deficiency, free radical and 
mediator aggression develop very quickly.

Before an acute vascular catastrophe, which is IS, changes 
in the adrenoceptor and cytokine systems adversely affect 
the course of the disease, with morphological cell damage 
rapidly joining. They very quickly change the synthetic 
ability to catabolic, increasing the permeability of their 
membranes to pro-inflammatory agents with a violation 
of their barrier functions.
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