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Vascular pathology keeps fundamental place in the morbidity structure among liquidators of the accident at Chernobyl 
Nuclear Power Plant in spite of the remote period after the catastrophe. This determines the significance for studying 
basic pathogenetic mechanisms of the diseases occurring due to the influence of complex disturbing factors. This re-
search paper shows that the liquidators of the accident at Chernobyl Nuclear Power Plant demonstrate the changes in 
the indices of pituitary-thyroidal-adrenal hormones, shifts in the system of lipoperoxidation and antioxidant protection as 
well as in the system of vegetative and immune regulation. These factors determine the activity of compensatory and 
adaptive processes in the human body. The authors have found out that the adaptive functions of pituitary-thyroidal-
adrenal system fade inversely proportional to the growth of pathologies ranging from the functional (the first stage of 
discirculatory encephalopathy (DE)) to organic (ischemic heart disorder of the second stage of disculatory encephalopa-
thy (IHD)), and these functions become weaker in combinations of IHD and DE in the liquidators of the Chernobyl acci-
dent. In the system of the free-radical lipid oxidation for theses patients the processes of lipoperoxidation are noticed to 
become more intensive, and the compensatory tension of antioxidant protective system shows the decrease in its activity 
in cases of comorbidities. There is a dependence of clinical manifestations of the diseases, hormonal and metabolic 
changes, state of central and peripheral hemodynamics on the direction of vegetative regulation and pathogenetic 
mechanisms of its disturbances. In proportion to the aggravation of vascular and concomitant segmental and supraseg-
mental vegetative pathologies in the liquidators of Chernobyl accident the capacity of vegetative regulation of circulatory 
system fails to function normally shifting towards the parasympathetic section and unbalancing of vegetative supply. 
Thus, the formation, manifestation, and progressing of cardio-vascular disorders under the influence of complex disturb-
ing factors are mainly caused by the pathological changes determined by the decrease in activity of compensatory and 
adaptive processes of  the organism and, therefore the proper correction is necessary. 
Key words: hormones, lipid peroxidation, antioxidant system, vegetative nervous system, liquidators of Chernobyl acci-
dent. 
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The dynamics of morbidity among the liquidators of 
the Chornobyl accident which is known as the planetary 
technogeneous world catastrophe was characterized by 
gradual growth starting in 1989-1990-s. The functional 
syndromes as vascular dystonia, asthenic syndrome, as-
theno-neurotic syndrome developed at the first stage. 
Then this pathology turned into the organic one including 
hypertension (H), dyscirculatory encephalopathy (DE), 
ischemic heart disease (IHD). Most authors connect this 
process with an action of complex damaged factors that 
affected on the human organism in the conditions of liq-
uidation consequences of Chernobyl disaster. It is impor-
tant to mention diseases of circulatory system are wide-
spread in the structure of liquidator’s morbidity and in the 
further period from the beginning stage of catastrophe 
[4,7,10,12]. Undoubtedly, certain commonly known fac-
tors also contribute to the occurrence of    vascular pa-
thology in this population. [10,16,19]. However it is im-
possible to exclude an impact produced by the limited 
adaptive resources, unbalance of many mechanisms that 
may result not only in rapid development of the diseases 
but in its progression as well. 

We examined the liquidators of Chernobyl accident 
who worked at the Chernobyl Nuclear Power Plant for 
1986 −1987, when except the radial factor (a dosage of 
exterior homogeneous gamma-irradiation for patients 
ranged from 5 to 50 rem (roentgen equivalent man). The 
mean value for 85% of the liquidators made up18.5 rem 

according to the information reported by the regional mili-
tary registration and enlistment offices. These persons 
were also severely exposed to the influence of chemically 
aggressive substances, which were used for dust reduc-
tion and deactivation of surfaces, they also experienced 
long-time chronic stress (especially in the conditions of 
objective situation, which was often changing due to 
many factors) which disturbed the motivational personal-
ity sphere [6]. The impact produced by the complex of 
above-mentioned disturbing factors resulted in the follow-
ing consequences which included the disturbance of 
general adaptative reactions, which failed to adapt to un-
wanted influences, and in some cases could lead to the 
development of pathologies [2]. The failure in functioning 
of compensatory and adapted process compensatory 
and adapted processes mainly consists in some changes 
that occur in the pituitary-thyroidal-adrenal system, in the  
system of lipid peroxidation and antioxidant protection, in 
immune status and  hemostasis   [11,15,18]. 

The problem of vegetative dysfunctions as one of the 
leading mechanisms of   dysadaptation takes on special 
significance for the liquidators of Chernobyl accident 
(LCA) [3,13,17]. Segmentary and suprasegmentary vege-
tative centers affect on the functional condition of human 
systems and organs as well as they are responsible for 
regulating blood circulation. Clinical researches convinc-
ingly demonstrate the close interdependence between 
the nervous system, non-specific resistance and immu-
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nogenesis. There has also been shown the development 
of immune suppression in humans under stress [9,18]. 
The investigations on immunosympathetic animals have 
demonstrated the sympathetic section of vegetative 
nervous system (VNS) is an efferent section in the regu-
lation of immune response. Depression of adrenergic 
mechanisms is accompanied with the suppression of 
specific reaction on antigen. Sympathetic nervous system 
stimulates functions of lymphoid tissue, and catechola-
mines serve as mediators activating leukocytes and 
phagocytes. Control influence of catecholamines on im-
mune reactions is performed by means of adrenorecep-
tors [9, 29]. 

Clinical studies confirm the interrelation between the 
VNS dysfunction and hormonal homeostasis [23, 24]. It 
has been shown the progress of vascular pathology in 
LСA which ranges from functional DE of the 1st stage to 
organic condition (coronary heart disease (CHD) − stable 
exertional angina of II-III FC, DE of the 2nd stage) is ac-
companied by the changes in the pituitary-thyroidal-
adrenal system, and its adaptative functions steadily 
fade, and in cases of comorbidities, for instance, in a 
case of CHD and DE of the 2nd stage they become con-
siderably exhausted [22]. So, the highest level of cortisol 
was observed in DE of the 1st  stage (943,56±34,48 
nmol/l), while in the patients with CHD, DE of the 2nd 
stage it was likely < lowered (548,37±27,61 and 
461,47±21,34 nmol/l accordingly, р1 < 02,01, р2 < 0,01). 
Thus, the prolonged tension of compensatory adaptative 
processes can lead to exhaustion of the main adaptative 
mechanisms. 

The patients with the comorbidities of CHD and DE of 
the 2nd stage manifested the course which was marked 
by more expressed clinical, biochemical and functional 
severity, and the level of cortisol was likely lowered 
(287,38±16,56 nmol/l) in comparison not only with the 
indices of the patients with DE of the 1st  stage (р1 <0,01), 
but also with the indices of the patients who had CHD (р2 
< 0,01) and DE of the 2nd stage  (р3 < 0,01). At the same 
time the patients were observed to show the changes in 
the vegetative reaction. The analysis of neurohumoral 
regulation of the heart rhythm spectrum power [5] in LCA 
under the observation found out its decrease simultane-
ously with the growth of pathology severity (in DE of the 
1st stage - 2367±1706 мс2, in CHD - 1737±1241 мс2, in 
DE of the 2nd stage - 1737±1241 мс2, CHD in combina-
tion with DE of the 2nd stage - 531±314 мс2) with the shift 
of regulation balance towards the parasympathetic sec-
tion. 

The dynamics of triiodthyronin (T3 hormone) in the 
patients was identical to the dynamics of cortisol indices 
(in DE of the 1st stage -  2,4± 0,16 nmol/l, in CHD-
2,13±0,07 nmol/l, in DE of the 2nd  stage - 1,69±0,17 
nmol/l, in CHD combined with DE of the 2nd stage - 1,41 
nmol/l,  р1<0,01, р2 <0,01, р3 <0,05). The level of thyroid-
stimulating hormone was changing statistically uncer-
tainly.  

The increase in activity of pituitary-thyroidal-adrenal 
system and sympathico-adrenal system which are the 
most important components of human adaptative system 
performs a major protective function. But prolonged 
tension of these mechanisms may turn into a damaging 
factor with time, which can interfere  the blood supply of 
systems and organs, lower the immunity and promote 
transformations of functional vascular disorders into se-
vere forms of vascular pathology as CHD, DE, essential 
hypertension. It is possible to assume that these dis-

eases which have developed against the background of 
prolonged stress produce an influence upon the depres-
sion of compensatory – accommodative processes. In 
our study this is pointed out by the indices of cortisol, 
triiodthyronin in the patients with CHD, DE of the 2nd 
stage and with their combination. 

It is necessary to emphasize that the patients with 
CHD and DE who did not take part in the elimination of 
the Chernobyl Nuclear Power Station accident show  the 
reverse dynamics of cortisol and triiodthyronin levels 
which increases in accordance with the aggravation of 
the pathology. The highest cortisol level was observed in 
the patients with CHD (it exceeded in 1,4 times), in the 
patiens  with DE of the 2nd stage (it exceeded in 1,5 
times), and in the patients with both CHD and DE of the 
2nd stage  this level was doubled in comparison with the 
patients who had DE of the 1st stage. The changes in 
triiodthyronin level were characterized by the identical 
directedness.  

The prolonged stress and the presence of vascular 
pathology in LCA lead to the activation of lipid peroxida-
tion processes and to the tension of SAOP which gradu-
ally runs out as the vascular disorders progress [22, 24]. 
It results in the cellular membranes damage, the distur-
bances in microcirculation, rheological blood properties, 
immunity, and complicates the course of the disease. 
The patients with CHD and DE who did not take part in 
the elimination of consequences of the Chornobyl acci-
dent demonstrate the increase in the activity of prooxi-
dant system but against the background of SAOP tension 
according to the severity of the pathology.  

We investigated the characteristics of the course of 
CHS in LCA against the background of thyroid-vegetative 
dysfunctions [23]. It is known that CHD is complicated 
with disturbances of vegetative nervous system (VNS) [3, 
20, 21, 28, 30]. These disturbances rank the leading po-
sition in the development of lethal arrhythmias [8], latent 
myocardial ischemia [14], sudden cardiac death [27].  

When comparing the parameters of the functional 
state of the VNS and the thyroid gland (TG) it is possible 
to observe an interdependence between the character of 
autonomic reactions and the concentrations of thyroidal 
hormones: thus, sympathicotony is characterized by their 
elevation, while parasympathicotony is characterized by 
their lowering. Some attention should also be pain to the 
absence of appropriate response of central regulatory 
mechanisms to the dynamics of thyroidal hormones 
(comparing the indices of thyroid-stimulating hormone in 
the patients with both their elevated and lowered level, p> 
0.5), that may contribute to the aggravation of thyroid 
dysfunction. 

The patients with elevated indices of thyroidal hor-
mones mainly demonstrate the increase in autonomic 
reactivity (AR), vegetative supply of body vitality (VSV) 
that determines the disturbances in regulatory mecha-
nisms, in the adaptive responses of the cardiovascular 
system and affects the clinical manifestations of CHD. 
The patients were observed to have not only anginal 
pain, but long-lasting diffuse cardiac pain, palpitation, 
vegetative crises of sympatho-adrenal character, tachy-
cardia, cardiac fibrillation, extrasystole, the growth of ar-
terial pressure. According to the data obtained by 
rheoencephalography (REG) and rheovasography (RVG) 
the patients predominantly had increased vascular tone. 
Such conditions as the thyroid hyperplasia (TH), essen-
tial hypertension (EH) of the I stage, EH of the II stage, 
and DE of the I stage were registered to be the concomi-
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tant pathologies for CHD. The patients with lowered indi-
ces of thyroidal hormones mainly manifested the reduc-
tion of vegetative reactions and VSV. This might be con-
sidered as a sign of profound disturbances in adaptive 
functions of VNS and was accompanied with the absence 
or even paradoxical vascular response under exertion 
that was shown with the REG functional tests. This may 
lead to the failure of compensatory reserves as well as to 
the inadequacy of myocardial blood supply and in this 
way to the aggravation of coronary pathology. The pa-
tients of this group were observed to have the respiratory 
disorders, vegetative-vascular paroxysms of vago-insular 
nature, signs of heart failure, bradycardia, extrasystole.  
TH and the DE of the II stage were registered as the 
commonest concomitants diseases.  REG findings found 
out the weakening of vascular tone and difficulties in ve-
nous outflow. 

Taking into the consideration the important role of 
VNS in the regulation of the cardiovascular activity [26], 
we carried out the studied vegetative status conjunction 
with the parameters of central and regional hemodynam-
ics in the patients who had underlaying CHD and such 
comorbidities as vegetative disorders in spinal osteo-
chondrosis (SOCH), DE, TH [25]. The patients having 
CHD and no comorbidities demonstrated the prevalence 
of eutony, adequate VR and VSV, and in most patients 
(40%) the eukinetic type of hemodynamics was ob-
served. In cases of CHD and concomitant SOCH the 
sympathicotony and hypokinetic type of hemodynamics 
dominated (cardiac index - CI - 1,76 ± 0,05 l/ min • m2 , 
total peripheral resistance  - GPR - 2591,56 ± 65,71 dyn • 
cm • s-5) mainly in patients who had longer course of 
SOCH,  pronounced pain syndrome, muscular tonic neu-
rodystrophic changes, anxiety and hypochondriacal dis-
orders. The LCA made up 59% of there patients. Accord-
ing to the RVG and REG findings there were registered 
differently directed vectors of vascular tone, but mostly it 
increased, that led to the lowering of CI and the formation 
of hypokinetic circulation type. The patients with CHD 
and increased indices of thyroidal homeostasis demon-
strated the predominance of sympathopathy was domi-
nated, increased VR and VSV. 69.8% patients (among 
whom LCA constituted 31%) were observed to have hy-
perkinetic type of hemodynamics. REG findings pointed 
to the signs of vascular dystony, neuropsychological 
status showed increased anxiety, neuromuscular excit-
ability, irritability. 

59.7% of the patients with CHD and DE (among 
whom LCA made up 42%) demonstrated hypokinetic 
type of hemodynamics (CI - 1,83 ± 0,04 l/min•m2, 
General peripheral resistance (GPR) - 2001,4 ± 92, 8 
dynes•cm•s-5), prevalent parasympathycotony, 
weakening of mechanisms responsible for autoregulation 
of VNS and especially its sympathetic division. In the 
patients with DE of 2nd and 3rd stages GPR was recorded 
to decrease in all the hemodynamic types that pointed 
out the decrease in sympathetic influences upon the 
vascular tone. According to REG findings most patients 
had venous outflow obstruction, decreased volume and 
rate of cerebral circulation. Thus, in cases of the 
combination of CHD and DE, especially in increasing 
severity of DE, sympathetic (hyperergic) regulatory 
influences become weaker while parasympathetic 
(trophotropic) ones become stronger, the hypokinetic 
type of hemodynamics develops as well as depressive 
disorders and passive attitude to the disease, which 
complicates the rehabilitation of the patients may occur.   

The analysis of parameters of autonomic balance 
obtained by cardiointervalography has shown that the 
most appropriate reactivity is registered in hyperkinetic 
type of hemodynamics. Lowered and reversed reactivity 
points to the disturbances in interaction between 
ergotropic and trophotropic structures. The least 
sufficient autonomic balance was combined with 
hypokinetic type of hemodynamics and prevailed in 
patients with CHD and such comorbidities as SOCH and 
/ or DE. There was a particular regularity in changes of 
vegetative supplying of vitality (VSV) in different variants 
of circulation. The hyperkinetic variant was marked by 
excessive VSV in heart rate and blood pressure, while 
hypokinetic variant was characterized by insufficient or 
uncoordinated with components (excessive in heart rate 
and insufficient in blood pressure), which might be 
regarded as the most inadaptative changes. 
Decompensation of autonomic functions disturbs the 
adaptive responses of the heart and blood vessels, the 
adequacy of myocardial blood supply in a variety of 
conditions and certainly produces an impact on the 
development of CHD.  

Thus, the formation, manifestation and progression of 
vascular disease in liquidators of the Chernobyl accident 
is based on the mechanisms of inadaptability, among 
which the leading role belongs to hormonal disorders, 
changes in lipid peroxidation and antioxidant protection 
system, immune homeostasis in close association with 
autonomic disorders of the central and peripheral 
genesis. This should be taken into account when 
developing patient-oriented therapeutic and preventive 
measures for the rehabilitation of each member of those 
tragic and at the same time heroic events.  

A quarter of a century has passed since the 
Chernobyl accident happened, but it gave rise to grave 
medical and social consequences which are still urgent 
nowadays. This is evidenced by recent events in the 
nuclear power plant "Fukushima" in Japan. Unfortunately, 
the consequences of technogenous catastrophes are still 
threatening the mankind. 
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