ANALYSIS OF THE ROLE OF ADRENERGIC BRAIN
STRUCTURES IN THE GENESIS OF GROWTH
RETARDATION
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The catecholamine (CA) content in the brain and adrenals of physiologically mature and im-
mature rats aged 1-30 days was compared with changes in the weight of the whole body,
brain, and adrenals and with certain indices of development. The CA content in the brain and
adrenals of physiologically immature animals was much lower than in mature rats; there was
a corresponding delay in growth of the whole body, the brain, and the adrenals. The heart
rate in the physiologically immature animals was reduced and the time of acquiring vision
and cutting of the teeth was delayed. The role of CA in the genesis of retardation of growth
in physiologically immature rats in the postnatal period is confirmed by the lower rate of
growth of the whole body and brain and by the increase in their CA content.

Physiologically mature animals whose physiological age corresponds to their calendar age are char-
acterized in early postnatal development by a high level of oxygen consumption and high activity of their
respiratory and cardiovascular systems [2]. A contributory factor to these features is the earlier onset of
the functioning and the predominantly sympathico-adrenergic character of the mechanisms of regulation,
and it produces a high growth constant at an early age [6]. Catecholamines (CA) are known to increase O,
consumption, especially at an early age [9], and to activate various enzymes and metabolic processes [7, 10].
Physiological immaturity, defined as disparity between the physiological and calendar ages 2], is charac~
terized by retardation of growth and development and by a decrease in energy expenditure and in the level
of activity of the autonomic systems {1, 8]. In previous research in the author's laboratory, physiological
immaturity was induced by administration of atdrenergic blocking drﬁgs [3, 5, 6].
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TFig. 1. Rate of change of body weight and of increase in CA content in
brain and adrenals of physiologically mature (unshaded columns) and
immature (shaded columns) rats. Abscissa: ageperiods (in days); or-
dinate: A) rate of increase of body weight (in g/day); B) rate of in-
crease of CA content in brain (in pg/g tissue/day); C) rate of increase
of CA content in adrenals (in pg/g tissue/day).
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In the investigation described below, the relationship between rates of growth and development and the
CA content in the brain and adrenals was studied in rats whose physiological maturity or immaturity was
determined at birth.

EXPERIMENTAL METHOD

Experiments were carried out on 175 physiologically mature and immature rats during the first month
of life. The body weight of the physiologically mature newborn animals was 6.2 # 0,17 g, their body tem-
perature 32.3  0.12°, and their heart rate 288.0 * 6.5/min. The corresponding parameters of the physio-
logically immature rats were 4.0 = 0.09 g, 29.3 + 0.4°C, and 267.0 + 5.,0/min (P < 0.01). On the 1st, 5th,
7th, 10th, 20th, 25th, and 30th days of life in both groups of animals the noradrenalin (NA) content in the
brain and the total content of NA and adrenalin (A) in the adrenals were determined fluorimetrically and
changes in the weight of the whole body, brain, and adrenals, the times of acquisition of sight and cutting of
the teeth, and the heart rate judged from the ECG, were investigated. At each of the above times 15 phy-
siologically mature and 10 immature rats were decapitated.

EXPERIMENTAL RESULTS AND DISCUSSION

The results are given in Table 1. The rate of increase of body weight of the mature rats between the
1st and 10th days was much higher than between the 10th and20thdays, There was a correspondingly sharper
increase in the CA content in the brain and adrenals during the first 10 days of life and a subsequent slow-
ing of the increase between the 10th and 20th days. From the 20th to the 30th day there was a fresh sharp
increase in body weight accompanied by a second considerable increase in the CA content in the brain and
adrenals. Periods of acceleration or slowing of gain in body weight of physiologically mature rats thus cor-
respond to acceleration or slowing of the increase in the CA content in the brain and adrenals,

In the physiologically immature rats the initial deficit of body weight compared with the mature ani- -
mals increased with age. The brain of the immature rats also increased in weight much more slowly.
Throughout the period of the experiment these reduced rates of growth of the whole body and brain corre-
sponded to lower NA concentrations in the brain than in the mature rats. There was a very close resem-
blance between the slower rate of increase of the NA level in the brain, on the one hand, and of the body
weight on the other hand, in the physiologically immature rats.

The weight of the adrenals and their CA content also were lower in the physiologically immature than
in the mature rats. ‘

To compare the dynamics of growth and of the CA content in the brain and adrenals,the rate of change
of body weight (in g/day) and the rate of increase of CA in the organs (in pg/g tissue/day) were calculated
for the 1st, 2nd, and 3rd 10-day periods after birth (Fig. 1). The rates of rise of these indices in the phy-
siologically mature rats were higher at all stages of development than in the immature rats.

The physiologically immature rats with delayed growth were characterized by delayed developments
as reflected in several indices: cutting of the teeth and development of sight occurred 2 days later in these
animals; their heart rate was lower than that of the mature rats (Table 1), The heart of the physiologically
mature rats reached a maximum (520 * 4.7/min) on the 35th day, but not until the 45th day in the immature
rats (510.0 = 8.3/min).

The lowered indices of development of the physiologically immature rats during the first month of
life were thus accompanied by a correspondingly reduced CA content in the brain and adrenals.

These observations confirm the view that adrenergic mechanisms of regulation are concerned with
the establishment of normal rates of growth and development in the early postnatal period and also on the
role of CA deficiency in the genesis of retarded growth and of physiological immaturity.

By activating the enzyme adenyl cyclase, catecholamines increase the conversion of ATP into 3',5'-
AMP, an activator of phosphorylase and other enzymes [11]. In connection with the increase in adenyl
cyclase activity in the brain of rat during the first month of life [10,12],’it can be postulated that the ob-
served correlation between changes in the CA content and the rate of development may be connected with
the influence of CA on metabolic processes.
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