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Abstract. During 6 years after the accident (1987-1992) a functional state of endocrine system
that regulate the adaptation, reproduction, metabolism, vessels tonicity and water-electrolyte balance
were investigated in 249 liquidators with doses absorbed less then 1 Gy. The changes of these systems
activity in state of basal secretion and peculiarities of their reactions under influence of perturbation
(adrenaline, insulin) were revealed. Post-radiation endocrinopathy was characterised and its role in
decrease of the organism's adaptation and in mechanism of sanogenesis and pathogenesis was found.

An organism's cells, tissues, organs and systems response on irradiation is not isolated. It has a
co-operative (systemic) character and depends on quantitative and qualitative peculiarities of internal
secretion glands' reaction which parenchyma belongs to slow renewal tissues. The reaction quality, as
increase or decrease of hormone secretion, and it quantitative character determines by phenomenology
of radiobiological effects among which a hormesis, adaptive response, radiation reaction and acute
radiation syndrome of different severity are exist. These effects are conditioned by doses absorbed.
Therefor it is supposed that endocrine changes are equal during every radiation phenomena would take
place.

In the present article the data the hormonal system activity and circle nucleotid concentration in
the Chernobyl accident liquidators' plasma are submitted. The liquidators worked at the Chernobyl NPP
in 1986, their age was 22-43 years old and dose range was less then 1 Gy. No one liquidator had any
sign of bone marrow syndrome. Doses range pointed in special documents laid from 20 till 96 cSv. This
fact allows to characterise primary biological effects in these persons as a radiation reaction and this
group as a homogenous. A clinical examination of 249 liquidators had been done in three following
stages: 1987-1988, 1989-1990 and 1991-1992. Before the accident all persons were healthy. During or
after the work at the NPP the original complex of symptoms was developing. It was characterised by
multiple neurovegatative disorders which are known as vegetative dystonia. A control group consists of
healthy men the same age as liquidators and that had no contact with radiation.

Hypophisis-corticoadrenal system. At the stage 1987-1988 an increased activity of central and
peripheral links of this system (hypercorticotropinemia and hypercortisolism) is revealed. In following
times a level of adrenocorticotropic hormone (ACTH) basal secretion decreased while glucocorticoids
suprarenal activity increased (Fig. 1). Steady hypercortisolism on a background of decreased
adrenocorticotropic hormone concentration in plasma (out of central stimulation) we can regard as a
forming and consolidating regulation disorders that limits an irradiated organism's adaptation potential.
The activation of hypophisis-corticoadrenal system in distant period after an irradiation are caused by
the increased organism's needs in glucocorticoids which as J. Baxter said: "... are almost ubiquitous as
physiological regulators" [1].
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Stage of examination (in this and following figures):1 -1987-1988; 2 -1989-1990; 3 -1991-1992
Fig. 1. Cortisol and ACTH blood plasma concentration in liquidators with doses absorbed less then 1
Gy
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Hvpophisis-gonads system. An increased sexual hormone productive function
(hypotestosteronemia) was revealed on the stage of 1987-1989. In following times a normalisation of
this hormone secretion basal level took place (Fig. 2). At the same time there was found an increase of
estradiol blood concentration and expressed tendency to decrease luteinizing hormone (LH) basal level
that achieved a reliability in 1991-1992. A blood concentration of follicle-stimulating hormone (FSH)
and prolactin didn't change essentially. In a mechanism of temporary hypotestosteronemia we can't
exclude following factors:

• direct radiation damage of Leidig cells;
• inhibition of Leidig cells physiological activity by high concentration of cortisol;
• an absence of stimulation from the side of gonadotropic hypophisis function. In other words

there is the absence of necessary condition to realise intersystem mechanism of back connection
because an essential diencephalon component took place in pathogenesis of sexual dysfunction in these
people. An increased concentration of non specific sexual hormone estradiol in peripheral blood of
young irradiated men could be connected with weakened processes of estrogens decompose in liver by
hydroxylase. The last is a "typical organ of late effect after an irradiation" despite of high regenerative
possibilities of this organ [2]. One of the possible reason of blood testosterone concentration decrease
and the increased level of estradiol can be an increase peripheral (out of sexual gland) testosterone
conversion to estrogens.

Renin-angiotensin-aldosterone system and antidiuretic hormone. In liquidators an "isolated"
hyperangiotensinemia II with normal level of plasma renin activity and aldosterone concentration was
found (Table I). This phenomenon we explained by acceleration of angiotensin formation from
angiotensinogen produced by liver. Angiotensinogen accelerated production caused by glucocorticoids
(cortisol) abundance [3]. The cells of zone glomerulosa of suprarenal cortex, that produce of
aldosterone, have a sensitivity to stimulating action of angiotensin II only in condition of decreased
natrium plasma concentration but examined people had no change in electrolyte balance.
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Fig. 2. Blood plasma concentration of sexual and gonadotropic hormones in liquidators with doses
absorbed less then 1 Gy

Table I. Healthy men (control group) and liquidators blood plasma basal concentration of hormones that
regulate water-electrolyte balance and vessels tonicity (M±m)

Hormones
Plasma renin activity, ng/ml/h

Angiotensin II, ng/1
Aldosterone, ng/1
Antidiuretic hormone, ng/1

Control
1.51+0.12(20)
20.5±2.96(18)
121.5±12.1 (20)
2.57±0.07 (44)

Liquidators
1.48 ±0.21 (24)
62.5 ±9.7 (36)
146.7±15.4(44)
2.63±0.12(75)

P
>0.05
< 0.001
>0.05
>0.05

Note (in this and following tables): P - reliability of difference in comparison with control; in the
brackets - number of persons examined
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The level of antidiuretic hormone basal secretion didn't change. It is caused by absence of
change out cells liquid osmosis and these volumes.

System of hormonal regulation of metabolism. In the liquidators the insulin basal concentration
was twice higher than in the control. Hyperinsulinemia combines with reliable somatotoropic hormone
(STH) and C-peptid secretion increase. A glucagon level has no essential difference from the control
group (Table II).

Table II. Healthy men (control group) and liquidators blood plasma basal concentration of hormones
that regulate metabolism (M±m)

Hormones
Insulin, ptnol/1
Glucagon, ng/1
STH, mkg/1
C-peptid, mkg/1

Control
63.2±14.3(25)
140.1 ±12.0 (28)
0.76±0.07(31)
0.88±0.02 (29)

Liquidators
128.6±8.7 (72)
119.9±15.9(24)
2.0±0.25 (62)
2.36±0.54 (24)

P
< 0.001
>0.05
<0.01
<0.01

This changes were observed in first four years after the accident. Progressive increase of insulin
blood concentration was replaced by it essential decrease on the stage of 1991-1992. The STH
concentration was high increased in 1989-1990 and reduced in 1991-1992 (Fig. 3). The changes of
these hormones basal secretion shows that the most intensive period in hormonal regulation of
metabolism was the 3rd and the 4th years after the taking part in a liquidation of the accident. This shows
an expressed activation of reparative processes.
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Fig. 3. Blood plasma concentration of insulin and STH in liquidators with doses absorbed less then 1
Gy

Cyclic nucleotids. An increased basal concentration of cyclic nucleotids in blood plasma was
found in the liquidators. Cyclic adenosinemonophosphate (cAMP) and cyclic guanosinemonophosphate
(cGMP) was increased on 53% and 83%, respectively (Table III). During years after the accident the
increase of whole pool of cAMP and cGMP was observed (Fig. 4). In comparison with control group at
the stage of 1989-1990 the cAMP concentration was increased in 1.76 times and cGMP in 2.82. So the
nucleotid index (ratio cAMP/cGMP) was reduced.

Table III. Healthy men (control group) and liquidators blood plasma basal concentration of cyclic
nucleotids (M±m)

Nucleotids
cAMP, nmol/1
cGMP, nmol/1

Control
16.5+2.65 (17)
140.1 ±12.0 (28)

Liquidators
25.2±2.00(64)
16.8±1.92 (60)

P
<0.02
< 0.01
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Fig. 4. Blood plasma concentration of cyclic nucleotids in liquidators with doses absorbed less then 1
Gy

According to the getting results the activity of the secondary messengers system in long term
period after the accident was increased. It reflects the total effort of adrenergic (connected with cyclic
AMP) and cholinergic (connected with GMP) processes. During a time the role of cholinergic influences
intensifies that leads to nucleotid index reduced. Hence, our data adds the H. Langendorf and M.
Langendorf ideas [4] that the increase the cyclic nucleotids concentration in cells, tissues and
bioenvironments can reflect an intensity of an organism's radioprotective potential in connection with a
preceding irradiation.

So in the liquidators with doses absorbed less then 1 Gy the non specific polyfactors changes in
endocrine homeostasis were revealed. In spite of their pre-clinical character its can be, in complex with
neurovegetative disorders, the reflection of the system non-stability and the causes of many structural or
functional and metabolic changes on all levels of the organism's integration.
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