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The functions of certain endocrine glands were compared in the early period of resuscitation
after clinical death from acute blood loss lasting 2, 8, and 10 min in experiments on dogs. To
prevent hypovolemia, dextran was injected in repeated small doses. Regardless of the dura-

tion of clinical death, for a period of 9 h after resuscitation the activity of the components of

the sympathico-adrenal system showed phasic changes of similar type. In dogs resuscitated
after clinical death lasting 8 and 10 min, the plasma glucocorticoid level was maintained through-
out the period of investigation at a much higher level than after clinical death lasting 2 min,
while the adrenocorticotropic function of the pituitary was weakened; less marked inhibition

of thyroid function of phasic changes in the plasma protein-bound iodine concentration were
observed.

Hypoxia during the terminal state leads to profound disturbances of the functions of ail organs and
systems of the body, the severity of which rises with an increase in the duration of clinical death. These
disorders subsequently determine the course of recovery during resuscitation and its outcome.

The disturbances of endocrine gland activity in the period after resuscitation have not yet been ade-
quately studied.

The object of this investigation was to study reactions of the thyroid gland and of the sympathico-
adrenal and hypophysio-adrenal systems in the early period of resuscitation after short and prolonged
clinical death.

EXPERIMENTAL METHOD

Altogether three groups of experiments were carried out on 23 dogs. The terminal state was produced
by acute blood loss. The animals were resuscitated by Negovskii's method [9]: in six experiments after
clinical death lasting 2 min (group 1), in 11 experiments — 8 min (group 2), and in six experiments — 10 min
(group 3). The experiments of groups 1 and 3 were carried out between November and January, and those
of group 2 between February and May. Samples of arterial blood for the estimation of ACTH [8], total and
biologically active forms of 11-hydroxycorticosteroids (11-HCS) [10], catecholamines [7], and protein-bound
iodine (PBY) [11], were taken before the beginning of bleeding and in the period after resuscitation: after
restoration of the corneal reflexes and 1, 6, and 9 h thereafter. The volume of blood lost through the taking
of blood samples was replaced by dextran. After the 9-h sample, an additional 150-200 ml dextran was in-
jected intravenously, so that its total content was 35-40 ml/kg. The hematocrit index in the last sample
was reduced on the average by 15.7% (P < 0.02) compared with the initial level.
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EXPERIMENTAL RESULTS

The duration of the period of agony (9.8 = 1.4, 12 = 1.7, and 10.3 + 0.8 min) and the volume of blood
loss (68 + 5; 80 = 4; 81 + 6%) leading to death, did not differ significantly in the 3 groups. Restoration of
the vital functions took place more rapidly as the result of resuscitation after clinical death lasting 2 min
than after clinical death lasting 8 and 10 min. With an increase in the period of clinical death, among the
surviving dogs incomplete restoration of cerebral cortical functions was observed in one half of the cases
(in five of nine surviving dogs of group 2 and in three of five surviving dogs of group 3). Three of the 17
dogs of groups 2 and 3 died after resuscitation.

The intensity and character of responses of the sympathico-adrenal system to the experimental pre-
parations (immobilization of the animals, dissection of the blood vessels, and so on), just as in the period
after resuscitation, showed no significant difference in the dogs of the different groups (Table 1). In ani-
mals of all groups 10-20 or 60 min after resuscitation the plasma noradrenalin concentration was increased,
whereas the adrenalin level was increased only in some animals of group 2. A decrease in the total plasma
catecholamine concentration was observed after 6 h (P = 0.05), mainly on account of noradrenalin. Activity
of the adrenal component of the system began fo predominate 6 and 9 h affer resuscitation, In the present
experiments there was no sign that prolonged activation of the sympathicoadrenal system observed pre-
viously [2] between 9 and 12 h after resuscitation from clinical death lasting 7 min. The reason was evi-
dently connected with the beneficial action of dextfran on the circulation by preventing the posthypoxic effu-
sion of plasma into the intercellular space [4, 15, 16].

In all groups of experiments a high plasma 11-HCS eoncentration was observed before the beginning
of bleeding. In the animals of group 2 the plasma 11-HCS concentration was considerably higher and the
blood ACTH level lower than in dogs of the other groups. After clinical death lasting 2 min (group 1) the
plasma 11-HCS concentration fell slowly when tested over a period of 9 h. The blood ACTH concentration
was 2.6 times higher (P = 0.05) 1 h after resuscitation, it fell insignificantly toward 6 h, and 9 h after re~
suscitation it rose again to reach a level 3.4 times higher than initially. The increase in the ACTH level
in the initial period of resuseitation, in the absence of a simultaneous reaction of 11-HCS,suggested pre-
dominance of extraadrenal effects of ACTH at this time and, in particular, inhibition of corticosteroid meta-
bolism and an increase in the volume of their distribution [12, 14].

After clinical death lasting 8 min (group 2) the plasma concentration of total 11-HCS fell after 1 and
6 h to 77% of the initial level, and the concentration of biologically active 11-HCS fell to 49 and 63%, respec-
tively (P < 0.05). After 9 h the 11-HCS concentration did not differ significantly from that initally. The
blood ACTH concentration showed a tendency to rise 6 h after resuscitation, while after 9 h if was 3.3 times
above its initial level (P < 0.05).

By contrast, after clinical death lasting 10 min (group 3) the plasma total 11-HCS eoncentration was
increased by 40% after 20 and 60 min, and the concentration of biologically active forms was increased by
89 and 95% compared with that initially (P < 0.05). Later, toward 9 h, the 11-HCS concentration fell to its
initial 1level. The blood ACTH concentration showed no significant change during the period of investigation,
and 9 h after the beginning of resuscitation it was only 1.4 times higher than initially. The absence of
changes in the ACTH eoncentration during elevation of 11~HCS level in the initial period of resusecitation
could be evidence of posthypoxic disturbances of pituitary adrenocorticotrepic function and of the predom-
inance of parahypophyseal pathways of adrenocortical activation at that time. The fact that the changes in
the plasma 11-HCS concentration were opposite in direction in the animals of groups 2 and 3 was evidently
due to differences in the initial reactivity of the adrenal cortex. Meanwhile, in the dogs of groups 2 and 3
the plasma 11-HCS concentration at all stages of resuscitation was 1.5-3.5 times higher than in the animals
of group 1; this was presumably because of, first, the greater activation of the adrenal cortex and, second,
changes in the distribution of hormones in the body, in their metabolism, and in their excretion after pro-
longed clinical death. Disturbances of pituitary regulation of the adrenal cortex were found after clinical
death lasting 10 min,

Judging from changes in the plasma PBI concentration (Table 1), after clinical death lasting 2 min
thyroid function was deeply inhibited even in the initial stage of resuscitation (P < 0.05), and this inhibition
persisted throughout the investigation; i.e., a response typical of the state of stress in normothermia was
found [13]. After clinical death lasting 8 min, the decrease in the PBI concentration was less marked, while
after clinical death lasting 10 min the plasma PBI concentration was increased for 1 h, decreased below the
initial 1evel after 6 h, and again increased after 9 h (P < 0.05). The possibility cannot be ruled out that the
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increase in the PBI level in the initial period of resuscitation in the animals of group 3 was responsible for
the simultaneous increase in the 11-HCS concentration [5, 6].

After long periods of clinical death (groups 2 and 3) the plasma glucocorticoid concentration was thus
maintained at a higher level than after brief clinical death (group 1), while the adrenocorticotropic function
of the adenohypophysis was weakened. A less marked inhibition of the thyroid or phasic changes in the
plasma PBI concentration were observed. When dextran was injected to prevent hypovolemia in the period
after resuscitation, no prolonged activation of the sympathico-adrenal system, such as was observed pre-
viously [2], occurred. Regardless of the duration of clinical death, for 1 h after resuscitation activation of
the sympathetic component of the system was observed, followed by a decrease in the plasma noradrenalin
concentration after 6 and 9 h and some degree of predominance of activity of the adrenal component at these
stages. The protective-compensatory and pathological significance of the changes observed are confirmed
by the results of simulation of endocrine responses in the period after resuscitation. A gignificant improve-
ment in the results of resuscitation after prolonged clinical death has been obtained by giving ACTH and
cortisol from the beginning of resuscitation [1, 9] and also in cases of prevention of prolonged activation of
the thyroid gland [9, 17] and of the sympathico-adrenal system [3}.
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