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According to the literature [5] and to our own data
[2,3], newborn animals and those at early stages of post-
natal development are considerably more sensitive than
mature animals to narcotics. Since this greater sensiti-
vity of very young animals has been observed with the
use of both medinal [barbital sodium] and ether, narco-
tics which are not broken down in the organism, it can-
not, as some authors believe [5], be heldto depend on
the rate of the drug's detoxication in the organism,

According to the literary data [11, 14], extirpation
of the adrenal glands prolongs and deepens narcosis in
rats and mice. This prolongation is due to the higher
barbiturate content in the brain of adrenalectomized
animals [14]. .

Because the function of the hypophyseal-adrenal
system is insuificient during the early stages of post-
natal development in rats and other animals [7,9,12],
these very young animals can be compared with mature
animals from which the adrenohypophysis has been re~
moved.

This led us to propose that the the higher sensitivity
of newborn animals to barbiturates might be due to
their underdeveloped hypophyseal-adrenal system,

This hypothesis could be confirmed by experimentally
determining whether the removal of the adrenal glands
from baby rats (in which the hypophyseal-adrenal sys-
tem is not yet fully developed) would have a lesser ef-
fect on the duration of the narcotic influence than in the
case of mature rats.

According to the data of Hungarian authors [12],
the hypothalamus does not begin its regulation of the
hypophyseal-adrenalsystem function in rats until the
animals are two weeks old; therefore, one can propose
that, from this time on, gluco-corticoids, hitherto not
secreted in physiologically adequate quantities, increase
the resistance of the vascular wall, thereby inhibiting
penetration of the barbiturates into the central nervous

system and, in this way, decreasing their narcotic effect.

The greater permeability of the blood-brain barrier in
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newborn rats is attested to in the works of L. S. Shtern
[6], Bakay [8] et al.

In this work, we determined: 1) the effect of adre-
nalectomy on the narcotic effect of hexenal and 2) the
content of medinal in the brain of rats of various ages.

EXPERIMENTAL METHODS

The first series of experiments were carried out in
75 rats from three age groups (adult males, six-week=~
old males and females and month~old males and fe-
males from the same nursery). Adrenalectomy was per-
formed from the dorsal aspect. To keep the animals
alive, we administered cortisone (Roussel) before the
operation in a dose of 30-50 y/1 g of animal weight.
After the operation, the animals were fed only water and
a 0.%% sodium chloride solution. After 1-5 days, we
again determined the duration of the lateral (reclining)
posture induced in the rats by hexenal, intraperitoneally
or subcutaneously injected in a dose of 80-150 y/g and
compared this with the duration of the lateral posture in
the control rats. The individual animals were usually
given the barbiturate injections only once every 5 days.
The observation period was limited to 2-3 weeks by the
fact that most of the adrenalectomized animals died
within this period.

A second series of experiments was performed on
250 rats from one nursery. In the three-week=-old or
younger age groups, we used both male and female rats
in the experiment; the older rats used were all females.
The rats of each age group (except for the mature age
group) were all used in the experiment the same day.
Every rat was intraperitoneally injected with a uniform
dose of medinal (200 y/ g each). Medinal was chosen
for two reasons: one, because it does not break down
in the organism, and two, because the medinal dose in-
ducing the lateral posture in mature rats can be tolerat-
ed by newborn rats. The rats were decapitated at fixed
time intervals (10, 20, 40, 60 and 150 min)after the
medinal injection, and the medinal content of the brain
was determined according to the method described by



TABLE 1. Medinal Content in Brain of Experimental Rats of Different Ages after Its

Intraperitoneal Injection

Amount of medinal(in y/100 mg of dry brain weight)
Time atter intraperitoneal medinal injection
Age of rats "

10 min 20 min 40 min 60 min 150 min
Newborn 117.44-4.4 |184.248.4 |165.64-2.4 |167.24-11.6 {170.2-411.
1 week 168.54-10.8 {171.44-7.7 1195,34+13.3 |253,.34-22.4 {229.4-1-32,
2 weeks 49.64-3.1 [130,24-7.7 (142.64+7.1 |107.514. 6 90.2-4+-4. 4
3 weeks 91.33-1.17 |108.4%3.9 [109.945.7 [111.9F4.5 [132.7£1.7
4 Yeeks 60.1+6.6 [114.513.2 | 98.045.4 [103.44+2.3 | 87.4+4.2
1Y, mos 38.246.7 198.844.3 li47.639.0 |94.5%52.1 | 71.243.7
Adult 66.418.7 | 74,516.8 |112.649.1 | 99.3%10.0 | 66.51-8.9

Goldschmidt and co-workers [13]. Five animals were
sacrificed for each determination of the medinal con-
tent of the brain. In the experiments with newborn ani-
mals, the brains of two rats were used for each determi-
‘nation. The medinal was extracted from the cerebral
hemispheres (barbiturates are known to disperse rather
evenly in the brain [16]). Since the water content of
the brain varies in rats of different ages [10], one wonld
expect different quantities of medinal to be extracted.
However, the addition of medinal to and its subsequent
extraction from brain homogenates taken from newborn
and adult rats showed that 80% of the medinal added
was extracted.

EXPERIMENTAL RESULTS

Fig. 1 illustrates the data from the experiments
with extirpation of the adrenal glands, showing the
change in the ratio of the average duration of the late-
ral posture in the experimental rats(M,) to that in the
control (M), It is evident from the graph that remo-
val of the adrenal glands sharply prolonged hexenal
narcosis in the case of adult males; 14 days after the
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Fig. 1. Change in duration of the
lateral posture induced by hexenal

in adrenalectomized rats of differ-

ent ages, 1) Adult males; 2) six-week -
old males; 3) six-week old females;

4) month-old females; 5) month-old
males.

operation, the duration of narcosis was 6% times longer
than the control. According to the literary data [11,
19], it has been observed to become 20-360 times long-
er. Insix-week-old rats, extirpation of the adrenal
glands had less influence on the duration of the lateral
posture, and this influence was more marked io the
males than in the females. In month-old females,
only a slight (statistically unreliable) prolongation of
the lateral posture was observed in some of the experi-
ments (on the 5th and 15th days) after adrenalectomy.
In month-old males, no changes in the duration of the
lateral posture were observed after extirpation of the
adrenal glands.

Table 1 and Fig. 2 illustrate the medinal content
in the brains of rats of different ages. The data cited
indicate that the greatest amounts of medinal were
found in the brains of newborn and week-old rats. The
medinal content in the brains of rats two or more weeks
old was smaller, and by the 3rd-4th weeks approximated
that found in adult rats. In almost all the age groups,
the maximal content of medinal in the brain was ob~
served 20-40 min after its injection. The week-old
group of rats were, however, an exception, as the
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Fig. 2. Medinal coatent in brains of
experimental rats after intraperitoneal
injection of 200y medinal per 1 g of
weight, 1) Week-old rats; 2) adults,
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TABLE 2. Lateral Posture in Rats of Different Ages with Intraperitoneal

Injection of Medinal

Ratio of number of rats in lateral posture (num-

erator) to number of rats used in e¥pt.(denomin-
ator) °

Age of rats o Time aftpr medinal injection
10 min 20 min| 40 min | 60 min l150 min
‘ |
Newborn 8/8 10/10 10/10 10,10 10/10
1 week 4/4 8/8 8/8 8/8 474
2 weeks 4/5 5/5 5/5 4/5 5/5
3 weeks 0/5 4/5 5/5 4/5 5/5
4 weeks 0/5 2/5 5/5 5/5 5/5
1Y, mos 0/5 | 0/5 4/5 5/5 5/5
Adule 0/5 | 2/5 | /5 5/5 3/5

medinal content of their brains continued to increase
for one hour,

The speed with which the rats went into the lateral
posture corresponded to the rate of medinal accumula=
tion in the brain. Table 2 gives the number of animals
in each group found in the lateral posture. Up to the
age of two weeks, as Table 2 shows, the lateral posture
developed very quickly (within 10 min) and continued
throughout the 2% hours of observation. The lateral
posture was slower to occur in rats aged three weeks or
more, and narcosis ceased in some of the adult rats to-
wards the end of the observation period.

According to the literary data,the hypophyseal-
adrenal system does not mature in rats until the animal
is 2-3 weeks old [7,9]. This opinion was based on tests:
decrease in the ascorbic acid content of the adrenal
glands or in the blood eosinophils in response to stimu-
lations inducing a condition of stress. The results of
owr experiments, however, indicate that the function of
the hypophyseal-adrenal system is still insufficient in
rats a month old, as at this age, removal of the adrenal
glands had hardly any influence on the duration of the
lateral position induced in the rats by hexenal, The
reason for the variance of our observations with the li-
-terary data may be that the various systems and organs
of the body acquire the ability to react to secreted corti-
coids at different stages in the animal's development,
the peripheral organs (the hematopoietic organs and the
adrenal glands) acquiring this ability earlier than does
the central nervous systern.

Now, how canthe maturation of the hypophyseal-
adrenal system affect the reactivity of the developing
organism to narcotics, in particular to barbiturates?

Gluco-corticoids are known to raise the tonus of
the central nervous system. This is evinced by the in-
crease in the "electroconvulsive threshold” of experi-
mental animals and in the greater excitability of the
ceniral nervous system in people who have taken corti-
sone or ACTH for a long time [19]. Therefore, because
of the deficiency of gluco-corticoids in very young ani-
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mals, it is possible that the tonus of their central nervous
system is comparatively low, and this too would promote
barbiturate narcosis.

Gluco~corticoids are also known to strengthen the
resistance of the vascular walls [4, 17], and a deficiency
of these substances could increase the penetration of
various substances, barbiturates included, into the cen-
tral nervous system.

The fact that we found a greater amount of medi-
nal in the brains of the very young experimental rats
confirms the hypothesis of its greater penetration into
the brain tissue. The medinal content is lower when
the hypophyseal-adrenal system of the rats is mature
[12). At about this time, the sensitivity of the young
rats to medinal becomes equal to that of adult rats [2,3].
Also at this time, ACTH injections begin to have an
abbreviating effect on barbiturate narcosis [1].

Hexenalis known to penetrate the central nervous
system more strongly and quickly than medinal [15].

It is only natural, therefore, that hexenal penetration is
not affected as soon as that of medinal by the increase
in vascular wall resistance. A considerably greater de-
gree of development is required to inhibit hexenal pene-~
tration into the brain of a growing animal,

Yugoslav researchers have recently published an
observation [18] to the effect that the hypophyseal-
adrenal system of newborn animals, because of the transi-
tion to life under new conditions, is in a state of hyper~
function and therefore cannot react to additional stress.
Our data do not favor this hypothesis. If the hypophy-
seal-adrenalystem of newborn animals were in a state
of hyperfunction, their sensitivity to narcotics should be
less than that of adults; in the latter, injections of
ACTH, which intensifies the function of the adrenal
cortex, diminish the narcotic effect of barbiturates [19].
Newborn animals, however, are extraordinarily sensi~
tive to narcotics [2, 3, 5]. If the hypophyseal-adrenal
system were in a state of hyperfunction, extirpation of
the adrenal glands from infant animals would acutely
intensify and prolong narcosis. Even in animals a month



old, however, adrenalectomy does not affect the narco-
tic action of barbiturates.

SUMMARY
Removal of the adrenals in adult rats markedly
prolongs the lateral posture induced by the intraperi-
toneal injection of hexenal; in one~month-old rats, the
removal of the adrenals exerts no such effect. After
the intraperitoneal injection of 200 y of medinal per g

of body weight, spectrography revealed a high medinal

content in the brains of the newly born and one~week-
old rats; in two-week-old rats, the content of medinal
in the brain decreases, and after 3— 4 weeks, it reaches

the level observed in adult rats. The greater penetra-
tion of medinal into the brain of very young rats is be-
lieved to be due to the underdevelopment of the hypo~
thalamohypophyseal-adrenal system. These data shed
light on the earlier investigations: after three weeks of
life the sensitivity of rats to medinal becomes equal to
the tolerance of the adult animals, and from the same
age, injections of ACTH begin to shorten the duration
of barbiturate narcosis.
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