EFFECT OF HYDROCORTISONE ON RESPIRATION AND
PHOSPHORYLATION IN THE BRAIN AND LIVER
MITOCHONDRIA OF ALBINO RATS
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The utilization of inorganic phosphate and the P/O ratio are reduced in the mitochondria of
the rat brain and liver 3 h after a single injection of hydrocortisone, and the oxygen consump-
tion and phosphate utilization in the brain tissue are reduced 6 h after the injection. During
prolonged administration of the hormone, these parameters in the brain mitochondria re-
main unchanged, while in the liver the oxygen absorption and phosphate utilization, the P/O
ratio, and the protein content are all reduced."

Observations on the effect of an increased corticosteroid concentration in the body on oxidative proc-
esses have been made chiefly in connection with the liver mitochondria [3, 4, 6]. The results of these in-
vestigations are contradictory and they indicate that the effect of hormones may depend on their dose and
the times elapsing after their administration, and also on the initial functional state of the animals.

In the investigation described below the effect of hydrocortisone on respiration and oxidative phos-
phorylation in the brain and liver mitochondria of rats was studied in relation to the time after administra-
tion of the hormone to the animal,

EXPERIMENTAL METHOD

Male Wistar rats weighing 170-200 g were used. Hydrocortisone acetate was injected intraperito-
neally in doses of 1 and 5 mg/100 g body weight. The mitochondria of the brain and liver were isolated and
investigated 1, 3, and 6 h after injection of the hormone, In a special series of experiments the hormone
was injected daily for 7 days. The mitochondria were investigated 3 h after the last injection. The tech-
nique of isolation and incubation of the mitochondria and of recording the parameters of oxidative phos-
phorylation was described previously [2].

EXPERIMENTAL RESULTS AND DISCUSSION

The results are given in Table 1, No significant changes in the parameters studied were found 1 h
after injection of the hormone. After 3 h the oxygen consumption of the mitochondria was unchanged but
the utilization of inorganic phosphate was reduced. The P/O ratio was reduced by 14% in the brain tissue
and by 11% in the liver tissue respectively. The intensity of respiration in the brain tissue 6 h after injec-
tion of the hormone (especially in the larger dose) was slightly reduced and the utilization of inorganic
phosphate by the mitochondria also was reduced. These parameters in the liver were indistinguishable
from normal at this time. Duringprolonged administration (7 days) of the hormone significant differences
were found in its action on the mitochondria of the brain and liver. As Table 1 shows, no changes were
found in the mitochondria of the brain, whereas in the liver with both doses of hydrocortisone respiration
of the mitochondria was reduced, by 22 and 29% respectively. During prolonged administration of hydro-
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cortisone in a dose of 5 mg/100 g body weight, inhibition of respiratory activity of the mitochondria was
accompanied by lowering of the P/O ratio (by 11%). In addition, both doses of the hormone caused a decrease
in the protein concentration in a suspension of mitochondria (by 17 and 27% respectively), indicating a pos-
sible disturbance of the synthesis of mitochondrial protein in the liver., These findings are in agreement
with others in the literature [3, 6] concerning the inhibition of respiration and oxidative phosphorylation

and a decrease in the protein concentration and in the number of cristae in the liver mitochondria after
prolonged administration of corticosteroids.

Repeated injections of glucocorticoids thus caused considerable disturbances in the structure, func-
tion, and formation of the liver mitochondria. Prolonged administrationof the hormone did not cause any
such changes in the brain tissue. The absence of changes during prolonged administration of hydrocorti-
sone and their presence after a single injection have also been described in respect of the content of com-
ponents of the Krebs! cycle and of high-energy phosphates in rat brain tissue [1]. These facts may be
evidence of rapid recovery of the energy metabolism of the brain. After a single injection the action of the
hormone on the parameters studied in the mitochondria of the brain and liver was exhibited at the same
times and was similar in character, The mechanism of this action remains unknown. After injection of
labeled corticosteroids into animals they penetrate after a few minutes into the tissue of the brain and liver
and can be found in all subcellular fractions, including the mitochondria [5]. In the case of their direct ac-
tion on the respiratory chain of the mitochondria, as when large doses were given in the experiments in
vitro, rapid changes would be expected to take place in the function of these organelles in the experiments
in vivo also. However, since in the experiments described above the hormone gave a marked effect only
3 h after its injection, it is not safe to assume that it acts directly on the processes of oxidative phosphory-
lation. This problem requires further investigation.
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