PRIMARY RESPONSE OF THE HYPOPHYSEO-ADRENOCORTICAL
SYSTEM TO THE ACTION OF IONIZING RADIATION
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The primary response of the hypophysec-adrenal system to irradiation in doses of 650, 850,
and 1,000 R was studied. The primary response of activation of hormone formation and se-
cretion in the adrenals of the irradiated rats was shown to be biphasic in character during
the first few hours after exposure. The first phase of the early response appeared 5 min
after irradiation, the second 1-5 h after whole-body irradiation with all doses of ionizing ra-
diation used. It is postulated that the first phase of the early response is the ordinary non-
specific stress reaction, which also takes place in response to other extremal stimuli, while
the second phase is evidently specific for irradiation and is induced by disturbances taking
place during the "latent period of radiation sickness."

Ionizing radiation is known to cause an increase in hormone formation and in the secretion of corti-
costeroids in the adrenals of rats during the first few minutes after exposure [4, 10]. As previous experi-
ments have shown, an increased level of corticosterone is observed both in the peripheral blood plasma of
rats and also in the adrenals during the first 20 min after irradiation in a dose of 650 R {4]. At the same
time, in most investigations of adrenal activity during irradiation it is pointed out that the "primary activa-
tion response" arises 1-5 h after irradiation {1, 3, 13]. The data in the literature on the time of onset of
activation and the dynamics of the changes in adrenal activity during the first few hours after irradiation
are thus clearly contradictory.

The object of the present investigation was to study the dynamics of changes in hormone formation
and secretion in the adrenals of rats during the first few minutes and hours after irradiation.

EXPERIMENTAL METHOD

Experiments were carried out on 280 noninbred male albino rats weighing 200-250 g. The animals
were subjected for 14 days to mock irradiation so as to habituate them to the experimental situation. They
were then divided into 4 groups: the animals of group 1 (control) received mock irradiation; the rats of
groups 2, 3, and 4 were irradiated in doses of 650, 850, and 1,000 R, respectively, by means of an EGO-2
apparatus. True and mock irradiation were given at the same time of day. The rats were sacrificed by de~-
capitation 5 min and 20 min and 1, 2, 3, 4, 5, and 6 h after true or mock irradiation. Corticosterone in the
plasma and adrenals was determined fluorometrically [6, 9, 11]. Fluorescence was measured by means of
a Hitachi MPF-2A spectrofluorometer at wavelengths of excitation of 470 nm and fluorescence of 530 nm.
Student's criterion was used for the statistical analysis.

EXPERIMENTAL RESULTS

Activation of hormone formation and secretion in the adrenal cortex was virtually absent in the rats
of group 1 receiving mock irradiation, indicating that the animals were adequately adapted to the experi-
mental conditions (Fig. 1:1; Fig. 2:1). In the rats of groups 2, 3, and 4, irradiated in doses of 650, 850,
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Fig. 1

Fig. 1. Dynamics of changes in corticosterone concentration in plas-
ma of rats during first few hours after irradiation: 1) mock irradia~
tion; 2) dose 650 R, 3) 850 R, 4) 1,000 R. Confidence limits for P =<
0.05. Abscissa, time after irradiation; ordinate, corticosterone con-
centration {in pg/100 ml plasma).

Fig. 2. Dynamics of changes in corticosterone concentration in adre-
nals during first few hours after irradiation. Ordinate, corticosterone
concentration in adrenals (in ug/g adrenal tissue). Remainder of leg-
end as in Fig. 1.

and 1,000 R, respectively, a biphasic response of activation of adrenal activity was observed during the
first few hours after irradiation. The first phase of the early response appeared during the first 5 min,
when the corticosterone level rose both in the blood and in the adrenals; this phase was of high intensity
but short duration (Fig. 1, 2-4, Fig. 2, 2-4). The corticosterone concentration both in the plasma and in the
adrenals fell 20 min after irradiation in a dose of 650 R and 40 min after irradiation in doses of 850 and
1,000 R and it was indistinguishable from the initial level. The second phase of activation of hormone for-
mation and corticosteroid secretion then took place in the adrenals of the irradiated animals whatever the
dose of irradiation given (Fig. 1, 2-4; Fig. 2, 2-4) becoming visible 1-5 h after irradiation.

The results of these experiments thus show that the early response of activation of adrenal activity
to irradiation consists of two phases of activation of hormone formation and secretion, whereas in the over-
whelming majority of investigations aimed at studying the dynamics of stress reactions to various extremal
stimuli,other than irradiation,the monophasic character of these responses during the first few hours after
exposure is emphasized [5, 8, 12]. The rapid intensification of hormone formation and secretion during
irradiation demonstrated in the present investigation is in agreement with data in the literature [10}, but no
mention is made in the investigations cited of the phasic character of changes in activity of the hypophyseo~
adrenocortical system during the first few hours after irradiation. This may be because in the present
investigations more frequent time intervals were used when studying hypophyseo-adrenocortical activity
during the first few hours after exposure to ionizing radiation. The first phase of the early response is
evidently an ordinary nonspecific stress reaction, such as is found in response to the action of widely dif~
ferent pathogenic agents [5, 8, 12]. The second phase of the early response, however, is probably specific
for irradiation and is produced by the pathological processes which take place during the "latent period of
radiation sickness" (i.e., breakdown of lymphoid tissue, biochemical disturbances in several organs and
systems, etc.) [2, 7].
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