CHARACTERISTICS OF THE ELECTRICAL ACTIVITY
AND THE CONSTANT POTENTIAL OF THE CEREBRAL CORTEX
DURING SLEEP AND WAKING IN CHILDREN UNDER 3 MONTHS OF AGE
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Investigations carried out in the authors' laboratory have shown that in mammals (dogs, rabbits), the typical
differences characterizing the individual pattern of electrical activity of the brain during waking and sleep in the
adult organism do not develop in the process of postnatal ontogenesis until a certain age (after the appearance of
the standing posture and organization of the resting state) {1-5,141. Meanwhile, investigations of newborn children
have shown that the characteristics of their electroencephalogram (EEG) distinguishing it from the EEG of young
animals are not identical in the waking state (during regular excitation of the food center) and in the state of sleep
arising soon after taking food [51.

There are reports in the literature that no difference exists between the EEG during sleep and waking [9,10,
24-28]3, and also others indicating the presence of differences [6,15-23,29].

Are the differences found in the sleep-waking cycle in newborn infants and children during the first weeks and
months of life analogous to those observed in the adult person? This problem is extremely complicated and remains
unsolved.

The object of the present investigation was to investigate the characteristics of the EEG in children during the
first three months of life, differentiating strictly between the state of sleep and waking. The constant potential, i.e.,
the electrotonic state of the cerebral cortex, was also recorded.

EXPERIMENTAL METHOD

Bipolar recordings of the EEG were made in three leads: from the point of projection of the anterior central
gyrus (subsequently called the frontal lobe) the parietal, and the occipital lobes of the cerebral cortex. The record-
ing electrodes were silver disks 6 mm in diameter, fixed to the head by strips of adhesive plaster. Contact between
the electrodes and the head was made by means of paste and a pad of gauze soaked in 2% NaCl solution. The dis-
tance between the electrodes was 1.0-1.5 cm. For control purposes, the electrical activity from the muscles of
facial expression was also recorded. The cot containing the child was placed in a screened room. The EEG was re-
corded in an ink-writing electroencephalograph (Galileo). To record the changes in the electrotonic state of the
cerebral cortex, the principle of modulation of the discreet recording of the constant potential through one of the
channels was used, by means of a special adaptor described by K. K. Monakhov and V. I. Loginov [12]. The obser-
vations were made on 36 healthy, physiologically mature children aged between 20 days and 2.5-3 months. *

EXPERIMENTAL RESULTS

In the great majority of investigations of the EEG in young infants, no attention has been paid to the state of
the child depending on the degree of its physiological maturity, or to whether the child is asleep or awake, The re-
sults of the present investigations demonstrated the need for distinguishing the following states: natural sleep arising
after a full feed; active waking associated with regular excitation of the food center; waking rest, when the child
lies with his eyes open and with minimal motor activity, and active waking, unconnected with excitation of the food
center. In the present investigation, the duration of active waking developing after feeding was determined chrono-
metrically. In children during the first 10-15 days of life this form of waking was absent; sleep developed

*The investigation was carried out at the Moscow Central Children's Home (Principal, E. V. Shulyat’eva).
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Fig. 1. EEG of children under 3 months of age: a) a child 20 days old in a state of active
waking; b) a child aged 1 month when sucking a teat; ¢) a child aged 2 months before
going to sleep (quiet waking); d) a child aged 1 month just going to sleep; e) a child aged
2 months in a state of sleep; f) a child aged 2 months in a state of drowsiness. From top
to bottom: frontal, parietal, occipital leads, potentials from muscles of facial expression.

immediately after food was taken. To assess the topographical organization of the bioelectrical activity of different
parts of the cortex and its variation with age, a graphic analysis was made of the distribution of frequencies in the
EEG, i.e., the relative duration of particular waves was determined in the course of a unit of time and expressed in
percent. This type of analysis has been described fully by 1. A. Arshavskii and I. 1. Gokhblit [4].

In children under 3 months of age the characteristics of the EEG during active waking differed from one area
to another. In the frontal lobe, mainly high-frequency waves were present (16-20, 20-30, and 30-40/sec) super-
posed on slow rhythm (2-3 and 4-5/sec) of low amplitude (Fig. 1a). In the parietal lobe, slow activity was predomi-
nant (2-3 and 4-5/sec), on which ill-defined waves with frequencies of 16-20 and 20-30/sec were superposed. In
the occipital lobe, slow activity of this frequency was more marked, while the fast activity was less marked. The
amplitude of the slow waves was 35-45 pV, and of the fast 5-15 pv. The high-frequency activity was not the result
of spreading of the action potentials from the muscles of facial expression. A parallel recording of the action poten-
tial from the muscles of facial expression revealed no similarity as regards frequency (the difference was almost
100%). The high-frequency activity in the frontal lobe, which could be recorded only after waking in association

with regular excitation of the food center, also persisted if the child was given the teat of the feeding bottle, i.e.,
when sucking movements were carried out (Fig. 1b).
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Fig. 2. Graph of distribution of frequencies in different areas of the
brain in states of waking and sleep in children under 3 months of age:
a) frontal lead; b) parietal; ¢) occipital; 1) waking; 2) sleep. Along the
axis of abscissas — frequencies; along the axis of ordinates — distribution

of frequencies (in percent).
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Fig. 3. Changes in the constant potential in states of waking and sleep: a) in an
adult; b) in a child aged 1 month; ¢) in a child aged 2 months,

Hence, in early childhood, a state of active waking is revealed mainly in the EEG of the frontal lobe. Mor-
phological maturation of the cells of the cortical ends of the motor analyzer is known to take place before matura-
tion of the neurons of other areas [7,8,18]. Statistical analysis of the frequency composition of the EEG by Student’s
method, comparing the frontal and occipital lobes by the x? criterion, revealed complete noncoincidence between
them (probability of coincidence 0.20). The probability of coincidence during comparison of the frontal and parie-
tal lobes was 0.75, indicating that the differences between them were smaller. The equally marked difference be-
tween the characteristics of the EEG of the various cortical areas during waking may naturally be explained by dif-
ferences in the degree and rate of maturation of the cells in the different parts of the cortex.

In children under 1 month old, the high-frequency activity ceased to dominate the EEG after food had been
taken and before going to sleep {quiet waking). In these circumstances slow activity began to predominate, and
was more marked as the child was going to sleep (Fig. 1). In the frontal lobe, the high-frequency activity almost
completely disappeared. In all the lobes a faster rhythm (9-11 and 12-15/sec) was superposed on the slow activity
(2-3 and 4-5/sec). The amplitude of the slow waves increased during sleep to 80-100 uV. As Fig. le shows, the
electrical activity of the muscles of facial expression persisted not only in a state of rest, but also during sleep.

At the age of 2.0-2.5 months, the slow activity became still more pronounced. The graphs of distribution of
frequencies in the different parts of the cortex illusirated in Fig. 2 demonstrate the marked differences in the char-
acteristics of the EEG in states of waking and sleep in children aged under 3 months. At the age of 2 months, in
certain cases it can be seen that during the transition from waking rest to sleep, an o-like rhythm (12-15/sec) ap-
peared for the first time, and was most prominent in the parietal lobe (Fig. 1f). This activity did not have the char-
acter of the typical spindles (a gradual increase in amplitude to a maximum followed by a decrease to the mini-~

mum). Before this age, no activity of a-type could be observed.
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Under one month of age, sleep developed comparatively quickly after taking food without an intermediate C
stage corresponding to drowsiness. Starting from 1, and especially 1.5 months, when the child first begins to raise
his head into a vertical position, sieep no longer develops at once. It is preceded by waking, gradually becoming
active in character. For instance, in children aged 1 month this form of waking lasted 13 + 3.1 min, in children
aged 2 months 18 + 2.4 min, and by the age of 3 months it had increased to 34 + 4.2 min. The electroencephalo-
graphic activity in this form of waking was closer to the electroencephalographic activity characteristic of regular
excitation of the food center.

The characteristics of the constant potential may next be considered. As in adult dogs [1,2], in adult persons
waking is characterized by electronegativity, with a mean value of 6 mV. In a state of rest or drowsiness, slight
electropositivity (1-2 mV) may be recorded. The transition to sleep is characterized by a change from elecironega-
tivity to positivity, with a value of 8 mV or more. In children under 3 months of age, the state of active waking
was characterized by electropositivity. Its mean value was 4.0 + 0.2 mV. In a state of sleep, the positivity in-
creased, but only very slightly, on the average of 6.2 + 1.1 mV. The increase in the intensity of the anelectrotonic
state, although only slight, explains the increase in amplitude of the slow wave during sleep by comparison with
their amplitude in a state of waking. In Fig. 3, a tracing of the constant potential and of its changes depending on
waking and sleep are demonstrated.

In children (in contrast to young animals), therefore, at a very early age marked differences may be seen in
the electroencephalographic activity during the sleep-waking cycle. They differ significantly, however, from
those in adults. Can it be concluded that the slow activity in a state of sleep in young infants is analogous to the
"sleep potential” (A-rhythm), i.e., to the stage of sleep corresponding to stage E in adults? Additional study of this
problem will be considered in the next paper by one of the authors of this article.
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cover English translations appears at the back of the first issue of this year.
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