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Numerous investigations have shown that corticosteroids penetrate fairly rapidly into the brain where
they accumulate selectively in the pituitary and in various other brain formations [11, 12, 16, 17]. Cortico-
sterone accumulates most of all in the hypothalamus, hippocampus, septum, and amygdala, which suggests -
that adrenocortical hormones may act directly on these structures. Because of their effects on protein me-
tabolism, some workers regard glucocorticoids as catabolic hormones [3, 19], on the basis of the increased
protein breakdown, increased deamination of amino acids, and the appearance of a negative nitrogen balance
after administration of large doses of ACTH or glucocorticoids, Other workers observed increased incorpora-
tion of methionine and glycine into liver proteins under the influence of cortisone and hydrocertisone [10, 13],
indicating that glucocorticoids possess anabolic properties, Data on incorporation of various amino acids
into individual brain formations also have been published [6, 9, 14, 15, 21, 22]. However, these data are very
contradictory and difficult to analyze because the experiments were conducted on different species of animals,
different amino acids were used, different brain formations were studied, at different times after injection of
the labeled amino acids, and so on, Nevertheless systematic investigations of this sort are essential to ex-
plain the connection between nerve tissue protein metabolism and the functional state of the nervous system
(%, 7, 18, 20].

This paper describes a comparative investigation of the degree of incorporation of a labeled amino acid
into proteins of different brain formations closely connected with regulation of the hypophyseo-adrenocortical
system, depending on the body levels of hormones of that system,

EXPERIMENTAL METHOD

Experiments were carried out on 60 male rats weighing 200 g, divided into six groups: group 1 (con-
trol) — animals receiving 0.3-0.4 ml of physiological saline intraperitoneally daily for 1 week;group 2—hypoph-
ysectomized animals; group 3— adrenalectomized rats; group 4 — rats receiving AC TH-zinc-phosphate in a
dose of 10 units/kg body weight intramuscularly daily; group 5— animals receiving dexamethasone in a dose
of 500 pg/kg intraperitoneally; group 6 — rats receiving ethimizole* (one of the most powerful stimulators of
ACTH-glucocorticoid secretion) in a dose of 10 mg/kg subcutaneously, Hypophysectomy was performed on
the rats by the transauricular route [8] and the adrenals were removed by the usual paraspinal method, The
rats were used in the experiments 1 week after the operations,

The intensity of protein metabolism in the various brain formations was studied by histoautoradiography
using methionine- 39S, A1l rats of the control and experimental groups were given methione-%§ intraperito-
neallyin a dose of 0.5 mCi/g body weight (100 mCi per rat). The rats were decapitated 15-20 min after injection
of the isotope, Histoautoradiographs were obtained by Zhinkin's method [2]. Regions of the brain including the
hypothalamus (anterior or posterior), amygdala, and hippocampus, were fixed in Bouin's fluid and then de-

*1-ethylimidazole~4,5~-dicarboxylic acid-bis-methylamide,
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Fig. 1, Autoradiograph of rat hypothalamus 15 min after in-
jection of methionine-%¥$ (812x). 1) Anterior hypothalamus:
a) intact rat, b) rat receiving dexamethasone (500 pg/kg in 1
week); II) posterior hypothalamus: a) intact rat, b) rat hypoph-
ysectomized 8 days before injection of label,

hydrated and embedded in paraffin wax in the usual way. Serial brain sections, 50 u thick, cut on a microtome
were fixed on slides coated with type R emulsion (from the Motion Picture Research Institute) and exposed in
darkness for 10 days, After development and drying, the autoradiographs were stained with hematoxylin,
counterstained with eosin, and mounted in Canada balsam. Quantitative analysis of incorporation of labeled
methionine into cells of the anterior and posterior hypothalamic nuelei, into the dorsal hippocampus, and the
mediobasal region of the amygdala was undertaken by counting tracks in the photographic emulsion with the
aid of the grid of an ocular micrometer, followed by calculation of the mean value relative to an area of 100
1%, Sections from each part of the brain to be studied, 10-12 at a time, were distributed on five slides; tracks
were counted in 750 squares of the ocular micrometer grid in three sample sections of each of five slides
(i.e., in 15 sections from each part of the brain of the same animal), Data for each rat, averaged in this way,
were subjected to statistical analysis. This value served as index of the intensity of incorporation of label

by cells of the brain regions studied. Tracks were counted under the microscope with a magnification of 600
(objective 90, ocular 7).

EXPERIMENTAL RESULTS

Analysis of the autoradiographs obtained from the brains of the control rats showed that 15 min after
injection of labeled methionine the isotope was incorporated with unequal intensity into neurons of the different
brain formations (Figs. 1 and 2), Whereas the number of tracks (per 100 p?) in the anterior hypothalamic and
mammillary nuclei of the hypothalamus, and also in the amygdala, varied from 1.4 to 2,25, in the dorsal hip-
pocampus the intensity of incorporation of radiomethionine was over five tracks,

Counting the tracks (Fig. 3) showed that the intensity of incorporation of the label and, consequently, the
rate of protein metabolism in nerve cells of the dorsal hippocampus, were considerably higher than in the
other brain formations studied, The number of tracks above the nerve cells, it will be noted, was greater than
the number above glial cells, The intensity of incorporation of radiomethionine into the supraoptic nuclei of
the anterior hypothalamus was greater than the intensity of its incorporation into the parvocellular formations
of the hypothalamus,

The way in which the degree of incorporation of methionine-S into the various brain formations changed
as a result of extirpation of the endocrine glands and injection of the hormone is shown in Fig. 3. Clearly the
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Fig. 2. Autoradiographs of limbic structures of rat brain 15
min after injection of methionine-®§ (812x), I) Mediobasal
amygdala: a) intact rat; b) rat receiving ACTH (10 units/kg)
for 8 days; II) dorsal hippocampus: a) intact rat, b) rat adre-
nalectomized 1 week before injection of 1abel,
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Fig. 3, Comparative intensity of methionine-
%3 incorporation into brain structures (in tracks
per 100 1% 15 min after injection of label., A)
Anterior hypothalamus; B) posterior hypothala-
mus; C) mediobasal part of amygdala; D) dor-
sal hippocampus, 1) Control; 2) hypophysecto-
my; 3) adrenalectomy; 4) injection of ACTH
(10 units /kg daily for 8 days): 5) dexamethasone
(500 pg/kg daily for 1 week); 6) ethimizole
(10 mg/kg twice daily for 1 week).



intensity of incorporation of label into the anterior hypothalamus was significantly lower in the adrenalecto-
mizedor hypophysectomized animals and also after injection of ACTH; this process was definitely enhanced

by chronic administration of dexamethasone or ethimizole. Changes in the same direction also were observed
in the mammillary region of the posterior hypothalamus of the hypophysectomized animals and of rats re-
ceiving glucocorticoids, In the remaining groups of animals of this series the changes were not so clear.
Incorporation of radiomethionine into nerve cells of the mediobasal amygdala was increased in the adrena-
lectomized rats and in animals receiving ACTH; this increase was less marked in rats receiving ethimizole,
The intensity of incorporation of labeled methionine into the dorsal hippocampus rose considerably in the
animals after adrenalectomy or administration of ACTH, and was reduced just as appreciably during chronic
administration of dexamethasone or ethimizole,

Comparison of the intensity of methionine-%S incorporation into the different brain formations shows
that hypophysectomy led to a decrease in the number of tracks in the hypothalamic regions of the brain with
no significant change of incorporation in the limbic structures, After adrenalectomy incorporation of the
labeled amino acid into the anterior hypothalamus was reduced and the intensity of incorporation of the label
into the amygdala and hippocampus was considerably increased, The same pattern was produced by injection
of ACTH although, admittedly, the changes were less marked, Repeated injections of dexamethasone were
accompanied by an increase in the number of tracks in the hypothalamic zones and a decrease in the intensity
of incorporation of radioactive label into the dorsal hippocampus, After injections of ethimizole, incorpora-
tion of labeled methionine was increased in the anterior hypothalamic region and, to a lesser degree, in the
amygdala, and was reduced in the dorsal hippocampus.

The changes in the intensity of incorporation of methionine-*S observed as a result of the various
treatments can hardly be attributed to changes in the permeability of the blood—brain barrier [5, 6], for
Manina [4], in experiments with subcutaneous and intracerebral injection of radiomethionine into rats, showed
that the intensity of incorporation of label into proteins was the same in the two groups of animals,

Changes in the intensity of incorporation of methionine-%$ in the present experiments, characterizing
the degree of protein metabolism in nerve cells in different brain formations, evidently depends on the function-
al state and activity of neurons of these brain structures in response to changes in the level of hormones of
the hypophyseo-adrenal system in the body as a result of extirpation of glands or administration of extrinsic
hormones,

The results of the histoautoradiographic studies are evidence primarily of changes in the rate of protein
synthesis in the different brain formations as a result of a change in the level of hormones of the hypophyseo-
adrenal system in the animals, H adrenalectomy is regarded as a factor promoting accumulation of endog-
enous ACTH in the body, the following relationship can be sufficiently clearly discerned: Under the influ-
ence of a raised ACTH level the rate of protein metabolism is increased in the amygdala and hippocampus,
whereas elevation of the corticosteroid level is accompanied by an increase in the number of tracks in the
hypothalamic formations and by a decrease in their number in the hippocampus. Changes in protein synthesis
in these structures, it can be tentatively suggested, are important in the mechanism of the change in excita-
bility of brain structures under the influence of hormones of the hypophyseo-adrenal system, The results of
the present investigation thus point to a certain selectivity of action of the hormones of this system on dif-
ferent parts of the brain and they are evidence of the different andunequal influence of ACTH and glucocorticoids
on brain structures which control activity of the hypophyseo-adrenocortical system, It can be concluded from
these results that all the brain formations studied participate in the mechanism of the negative feedback action
of glucocorticoids, whereas mainly the amygdala and hippocampus are involved in the mechanism of the feedback
action of ACTH.

According to some workers [16] corticosterone is concentrated mainly in the cell nuclei and to a lesser
degree in the cytoplasm and isalmost absent in the membranes. Hormones binding with the receptor macro-
molecule induced RNA and protein synthesis, thus leading to specific functional changes in all parts of the
brain,
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