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REVELANCE

The nervous system, which consumes 20% of oxygen entering
the organism, is the most sensitive to oxygen deficiency. At the same
time, the responses of different nervous structures to hypoxia are
significantly different. The most sensitive to oxygen deficiency are
the hippocampus and the cerebral cortex 2. The most resistant to
oxygen deficiency is the peripheral nervous system. In particular,
hypoxia is great danger for the developing nervous system. Causing
morphofunctional changes in the nervous system, hypoxia delays its
development®.

In early ontogeny, hypoxia often occurs in fetal period and
childbirth. Usually, chronic hypoxia develops during pregnancy
while acute hypoxia does during childbirth. The frequency of
hypoxia occurrence in perinatal pathology reaches 21-45%.
Hypoxia/ischemia is considered to be one of the main causes of
mortality and various disorders in newborns and older children.
According to the opinions of some investigators, 75% of perinatal
mortality is associated with oxygen deficiency*”.
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Under the effects of hypoxia, the developing nervous and glial
cells are damaged or die and the volume of intercellular space
changes. The structure of the soma, processes and synapses also
change. The damage of the axon of a neuron and its myelin disturbs
the nerve conduction. Acute hypoxia can lead to a change in the total
brain structure ®’. The structural changes in the nervous system
under the effects of oxygen deficiency can appear immediately after
exposure to hypoxia or can be delayed °.

Under the conditions of oxygen deprivation, the
morphofunctional changes in the developing nervous system, first of
all, neuron impairment, are a cause of the development of many of
the pathologies. Depending on the severity, perinatal hypoxia can
lead to the neurological complications and development of severe
diseases 8.

In many ways, the nature of the action of hypoxia on the
nervous system depends not only on its type, severity, and duration
but also on the period of its influence. It is associated with the fact
that during ontogenetic development, the sensitivity of the nervous
system and its particular structures to oxygen deficiency changes.

According to the data of electrophysiological studies carried
out in the literature, it is assumed that the resistance of the nervous
system to oxygen deficiency is high in early ontogenesis and
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decreases with development °. At the same time, there are facts that
contradict this conventional wisdom appearance *°.

Electrophysiological studies carried out in recent years indicate
that the resistance of the nervous system to hypoxia also changes in
the course of embryogenesis. It (has been) was revealed that the total
electrical activity of different areas of the cerebral cortex of baby
rabbits reacts ambiguously to oxygen starvation in different periods
of intrauterine life, and this reaction changes in the process of
ontogenetic development '+ 2, However, due to the uncertainty of
these changes, it is not possible to determine the prenatal life cycle
when the nervous system is most sensitive to oxygen deficiency.

The registration of the EEG along with the clinical and
morphological methods is a key technique for studying the effects of
hypoxia on the nervous system. This is not only due to the highest
sensitivity of the total bioelectrical activity of the cerebral cortex to
oxygen deficiency but also to the fact that it better reflects the
activity of many of the brain structures®2,
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Studying the effects of hypoxia on the electrical activity of
the developing cerebral cortex, it is necessary to have an idea of the
formation pattern of the latter in ontogeny. It should be noted that
development of the total activity of the cortical areas in ontogeny has
not been adequately studied.

One of the main tasks in the study of the effects of hypoxia on
the brain is to reveal the mechanisms of the change in the EEG.
Identification of the pattern and mechanisms of the change in the
total activity of the cerebral cortex during oxygen deficiency
increases the diagnostic and prognostic significance of the EEG.

Despite the fact that, in recent years, due to the study of the
pattern of the changes ** 4, diagnostic and prognostic possibilities of
the EEG in treating consequences of hypoxia have increased, its
informativity in clinical practice is slightly limited. In particular, the
EEG does not give exact information on nature of the damage and in
case of prenatal hypoxia it is difficult to determine the time of its
action. Life expectancy of both children and adults after oxygen
deprivation is not always forecasted either. In many cases of the
same pathology of the total activity of the cerebral cortex, some
patients recovered, but others do not 4,

Revelation of the mechanisms of the action of hypoxia on the
EEG can also have theoretical significance. First and foremost, the
mechanisms of the change in the EEG are importance for
understanding of its genesis. Such studies resulted in identifying the
role of particular structures of the nervous system in the total activity
of the cerebral cortex and its particular indicators *°.

14 Pressler, R.M. Early serial EEG in hypoxic ischaemic encephalopathy / R.M.
Pressler, G.B. Boylan, M. Morton [et al] // Clin. Neurophysiol., — 2001, — 112, — p.
31-37.

5 Hellstrom—Westas, L. Electroencephalography and brain damage in preterm
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The object and subject of research. Changes in the
sensitivity of the nervous system to hypoxia during embryogenesis
were studied in rabbit and rabbit fetuse.

The purpose and objectives of the study. The purpose of
the work is to determine the sensitivity of the nervous system to
hypoxia in the embryonic period, as well as in the early postnatal
ontogeny, by recording the general activity of the cerebral cortex.

The objective can be achieved through the following
tasks:

1. To study the response of the total electrical activity of the
cerebral cortex after hypoxia in different periods of fetal life, as well
as its change in early postnatal ontogeny.

2. To study the response of the total electrical activity of the
cerebral cortex to oxygen deficiency at the end of prenatal life and at
the beginning of postnatal life.

3. To identify the development pattern of the total electrical
activity of the cerebral cortex in ontogeny on the basis of findings
obtained in the control animals.

4. To study the mechanisms of the action of hypoxia on the
EEG and its ontogenetic peculiarities.

Research methods. Electrophysiological studies were
performed on the 28-day-old rabbit fetuses and the 10-, 20-, 30-day-
old rabbit pups after severe hypoxia (5% of O). The first group of
fetuses was exposed to hypoxia during the whole embryonic period
of prenatal life (1% - 8™ days), the second one was done during the
prefetal period (8" - 18" days), and the third one was done during the
fetal period (18" - 28" days). All the 10-, 20- and most 30-day-old
rabbit pups were also exposed to oxygen deprivation during
embryonic, prefetal and fetal periods. The rest of 30-day-old rabbit
pups were exposed to hypoxia on 24" — 28" days of prenatal life or
on 1%t — 5" days of postnatal life.

An electrocorticogram (ECoG) of the auditory cortex of both
hemispheres was studied. In 28-day-old fetuses, along with the
auditory cortex, the total electrical activity of the sensorimotor cortex
was also studied. Electrical activity was isolated monopolarly from
the surface of the cerebral cortex using nichrome needle electrodes
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(thickness 0,3 mm). The reference electrode was fixed in the nasal
sinus of the fetus.

The spectral and amplitude analysis of the ECoG was
performed using analyzer of Medicor Company and a "Neuron-
Spectrum-2" computer. Standard 6—, 6—, a—, p1—, and f2-waves were
analyzed. The epochs of analysis for each animal were 30 sec.
Reliability of the findings was measured according to Student's t-test.

Main dissertation statements to be defended:

1. In our research, the patterns of development of the total
activity of the rabbit auditory cortex in ontogenesis have been
established. ECoG by the 30th day of life, during the period when the
nervous system is generally formed, acquires definitive indicators.

2. In ontogenesis, differences in the spectral composition of
ECoG and its response to hypoxia of different cortical regions appear
earlier than is assumed in the literature — even in the embryonic
period.

3. In 28-day-old fetuses and 10—, 20-, 30-day-old baby
rabbits, hypoxia in different periods of embryogenesis is
ambiguously reflected in the total activity of the auditory cortex. In
all age groups, after hypoxia in the embryonic period of
embryogenesis, the spectral parameters of ECoG deviate slightly
from the norm, whereas hypoxia at two later stages of embryogenesis
leads to more pronounced, but almost similar changes in spectral
parameters. Based on these data, it can be assumed that the nerve
structures generating the electrical activity of the rabbit's auditory
cortex are more sensitive to lack of oxygen during the prenatal and
fetal periods of embryogenesis, compared with the embryonic period
of intrauterine life.

4. Oxygen starvation at the end of embryogenesis (days 24-28)
and at the beginning of postnatal ontogenesis (days 1-5) in the
overall picture and spectrum of the ECoG of the auditory cortex of
30-day—old baby rabbits causes strong and similar changes.
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However, after postnatal hypoxia, more fundamental changes are
found in the spectrum of electrical activity.

5. Oxygen starvation greatly weakens or eliminates the
interhemispheric asymmetry of amplitude—time indicators of ECoG.

6. A new mechanism of susceptibility of the cerebral cortex to
hypoxia in early embryogenesis has been proposed. Perhaps the
subcortical white matter of the brain plays a significant role in this.
Its damage eventually leads to structural changes in the cerebral
cortex.

7. It is assumed that one of the main mechanisms of episodic
activity of developing neurons is the fluctuation of their membrane
potential. 8. The analysis suggests that synaptic inhibition of neurons
in the cerebral cortex begins to occur almost simultaneously with the
beginning of their generation of background activity. Since the
appearance of inhibitory processes, all types of cortical inhibition
have been functioning.

9. Under both pathological and normal conditions, the
generation of impulse activity of a cortical neuron is regulated by a
group of modulating and pacemaker neurons and intracellular
mechanisms of the neurons themselves. The neurons included in this
association are located in all parts of the nervous system, but are
mainly concentrated in phylogenetically ancient subcortical
structures. Disruption of the functional group of neurons regulating
the level of excitability of cortical neurons is one of the mechanisms
for the development of pathological activity on the EEG. Therefore,
EEG generation is not a random process, but is partially or
completely controlled by the brain itself.

10. It is assumed that the reaction of the total activity of the
developing cortex to the effects of hypoxia is realized, both
according to mature mechanisms characteristic of early ontogenesis.

Scientific novelty. The registration of the total electrical
activity of the cerebral cortex identified the pattern of the change in
susceptibility of the nervous system to hypoxia during
embryogenesis and early postnatal ontogeny. The novel mechanism
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of susceptibility of the cerebral cortex to hypoxia in early
embryogenesis was revealed. The studies performed on the control
animals identified the development pattern of the total activity of the
auditory cortex of the rabbits in ontogeny.

The analysis of the mechanisms of the action of hypoxia on
the EEG clarified some issues related to the brain development in
ontogeny. As a result, the hypothesis was proposed which explained
the episodic nature of the background activity of the developing
cortical neurons. The formation patter of the cortical inhibition in
ontogeny was identified.

Significant contribution was made to the neurophysiological
mechanisms of generation of the total activity of the cerebral cortex.
Its generation was proved not to be random and it was regulated by
the brain itself under normal and pathological conditions. The novel
appearance mechanism of pathological activity in the EEG was
proposed. The response of the total activity of the developing
cerebral cortex to hypoxia was supposed to realize through the
mature and early ontogeny-associated mechanisms.

Scientific and practical significance. The dissertation has
theoretical significance for revealing the mechanisms of the action of
hypoxia on the EEG and morphofunctional development of the
cerebral cortex in ontogeny. The identification of the pattern of the
change in the sensitivity of the nervous system to hypoxia during
embryogenesis is important for understanding the mechanisms of the
brain damage. These findings are of interest for identifying the role
of the particular structures of the nervous system in the EEG genesis.

The present work clarified the development mechanisms of the
impulse activity of the cortical neurons and identified the pattern of
cortical inhibition, which are key issues in the study of the brain
development in ontogeny.

Our studies have exclusive importance for understanding the
genesis of the electrical activity of the brain. Up to the present
moment, it is not known whether the total electrical activity of the
cerebral cortex is a random process or has pacemaker characteristics.
The performed analysis indicates that under either normal or
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pathological conditions, the generation of the EEG is not a random
process but partially or completely regulated by the brain.

The present dissertation also has practical significance. The
identification of the pattern and the mechanisms of the response of
the total electrical activity of the cerebral cortex to hypoxia can
significantly increase its informativity in medical practice and,
subsequently, increase it prognostic possibilities.

Approbation of the work. The materials of the dissertation
were presented at: |1 Russian Congress of Pathophysiology (Moscow
1996), Scientific-practical conference dedicated to anniversary of
T.G.Kadirova (Baku 2003), Il Congress of Physiologists of the CIS
(Kishinev 2008), and the Azerbaijan Society of Physiologists.

The dissertation materials were set out in 23 scientific articles
and 8 theses. The published scientific papers completely reflect the
content of the dissertation.

Organization, where the work was performed: Academician
Abdulla Garayev Institute of Physiology, Azerbaijan National
Academy of Sciences.

The total volume of the dissertation, indicating the volume
of the structural divisions of the dissertation separately. The total
volume of the dissertation work is 374843 characters (introduction —
20121 characters, results — 92992 characters, discussion — 121725
characters, conclusions — 4912 characters and recommendations —
1008 characters. The work is presented on 307 pages, includes 42
figures and 3 tables. 618 literature sources were used in the
dissertation.

MAIN CONTENT OF THE DISSERTATION

The first chapter contains a description of the structural
development of the cerebral cortex of rabbit and development of the
total activity of the brain in ontogeny. The following parts generalize
the data on the action of oxygen deficiency on the morphological
development of the nervous system and the EEG development.

The second contains the experimental materials.
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1. The effects of hypoxia in different periods of
embryogenesis on the amplitude-temporal indices of the
ECoG of the auditory cortex of the 28-day-old rabbit
fetuses

The performed analysis indicated the presence of all
standard waves in the total activity spectrum of the auditory cortex of
the control 28-day-old rabbit fetuses. The ECoG was distinguished
by stability, and there was no decrease in the amplitude of the waves
or appearance of the isoelectric line.

Summarizing the activity indices of the slow 6— u 6—band
oscillations and the fast a— and p—waves, we can note the dominance
of fast activity in the spectrum. However, the ECoG was
distinguished by large slow activity (27.2 %). In the slow spectrum,
0—waves were dominant. The indices of 6— u 6-activity were
11.4+2.1% and 15.8+2.4%, respectively.

In the fast spectrum, B2-band oscillations dominated
(33.5+2.6%), which had the highest frequency among the standard
waves. Bl-waves were slightly less pronounced. The percentage of
a—waves among the fast waves was the smallest (15.7+1.8% of the
spectrum). (Fig. 1).
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Fig.1. Spectral composition of the ECoG of the auditory cortex of the 28-
day-old rabbit fetuses: (a) control, after hypoxia in (b) embryonic, (c)
prefetal, (d) fetal periods of embryogenesis. *— (p<0.05), **— (p<0.01).

The fast waves of the ECoG spectrum of the auditory cortex
appeared seldom along the pathway of the potential conduction and
mainly superimposed on the slower waves and thereby masked them.
Due to that, it was complicated to track the rhythms formed by all
standard waves except for o—ones. The dominant rhythm was in 6—
band, occupying most of the electrical activity record. Such pattern is
specific to the ECoG of the control animals of all age groups.

The ECoG spectrum analysis of the rabbit fetuses exposed to
oxygen deprivation in fetal period of embryogenesis did not reveal
the significant differences from the control indices. (Fig. 1).

Oxygen deficiency led to minor increase in percentage of the
slow waves in the ECoG spectrum. Their percentage (29.0%) was
larger than the control by 6.6%. The spectral indices of the waves
deviated slightly from the norm (statistical reliability of a change in
the indices of the waves of the ECoG spectrum is given in the
figures).

Oxygen deprivation during prefetal period of embryogenesis
induced more pronounced changes in the spectral composition of the
ECoG of the auditory cortex. However, the spectral indices of the
standard waves did not deviate significantly from the norm. 6— and,
especially 6-waves, got more pronounced. Their percentage being
10.3 % larger than the control made up 30.4% (Fig. 1).

After oxygen deprivation, in fetal period of prenatal life, there
were no large changes in the spectral indices of the electrical activity
of the auditory cortex. Under the effects of hypoxia, the percentage
of the slow spectrum got slightly larger by 7.4%. That increase was
associated mainly with 6—activity (Fig. 1).

Regardless of the exposure timing, hypoxia did not affect the
pattern and rhythms of the total activity of the cerebral cortex.

It should be noted that in all age groups, the amplitude of the
total activity, compared to the spectral composition, weakly
responded to oxygen deprivation. Under hypoxia, it deviated slightly
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from the norm towards increase or decrease. Those changes were not
statistically reliable. The pattern of the amplitude change was not
revealed depending on the age or timing of hypoxia exposure.
Consequently, the response of the electrical activity of the cerebral
cortex could be identified only due to the change in its spectral
composition (the amplitude of the ECoG of the control animals is
given in the figure 8).

Summarizing the above, we can say that oxygen starvation in
the embryonic period of intrauterine life leads to a slight — 2.5%
increase in the specific gravity of the slow spectrum. In the
subsequent groups, the electrical activity of the auditory cortex of the
rabbits reacts more strongly and almost equally to hypoxia. This
increase, they have, respectively, is 10.3% and 7.4%. However, the
detected spills are not statistically reliable. Consequently, stronger
and almost identical changes in the electrical activity of the auditory
cortex of 28—day-old rabbit fetuses are detected after hypoxia in the
prenatal and fetal periods, and less in the embryonic period of
prenatal ontogenesis.

2. The effects of hypoxia in different periods of
embryogenesis on the amplitude-temporal indices of the
ECoG of the auditory cortex of the 10-day-old rabbit pups

The performed analysis indicated that, in the spectrum of the
total electrical activity of the auditory cortex of the 10-day-old rabbit
pups, the ratio of slow and fast waves was strongly shifted towards
the latter. However, the ECoG was distinguished by high content of
low-frequency &— and 6—waves whose percentage was 25.6%. In the
slow spectrum, O-activity (14.4+2.2%) was dominant and the
percentage of 6—waves was slightly less (11.2+1.2%).

Large percentage of a—band oscillations (index: 15.0+1.6%)
was also specific to the spectrum of the ECoG. The largest
percentage (almost 60 %) of the total activity spectrum was made up
by B—waves. Moreover, the percentage of B2-activity was twice as
large as Pl-activity in the spectrum (41.3+3.6% and 18.1+2.1%,
respectively) (Fig. 2).
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In embryonic period, oxygen deficiency induced minor
changes in the spectrum of the ECoG of the auditory cortex. Only the
indices of o— and p2— waves deviated slightly from the norm. The
ratio of slow and fast waves in the spectrum remained almost
unchanged. The overall percentage (24.6%) of slow 6— and 6—waves
was smaller than that in the normal rabbit pups by 3.9% (Fig. 2).

After exposure to hypoxia, the significant changes in the
spectrum of the total activity of the auditory cortex were identified in
prefetal period of embryogenesis. In particular, the percentage of the
slow spectrum got larger by 9.4 % and reached a value of 28.0%.
That increase was associated only with d&-activity; 6-activity
compared to the other waves did not respond to hypoxia.

This increase was associated only with é—activity; 6—activity
did not respond to hypoxia compared to other waves.

In the fast spectrum, the spectral indices of o— and f1-band
oscillations changed significantly. If a—activity decreased by 25.3 %,
then B1-activity increased by 22% (Fig. 2).
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Fig. 2. The spectral composition of the ECoG of the auditory cortex of the
10-day-old rabbit pups: (a) control, after hypoxia in (b) embryonic, (c)
prefetal and (d) fetal periods of embryogenesis. *— (p<0.05), **— (p<0.01).

Oxygen deprivation in fetal period induced significant changes
in the spectral composition of the ECoG of the auditory cortex.
Under hypoxia, the percentage of the slow waves in the ECoG
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spectrum increased up to 28.7 %. There were more significant
changes in the composition of the slow spectrum compared to its
percentage. Under the effects of oxygen deficiency, the activity index
of d—waves significantly increased by 39 % (p<0,05); as for 06—
waves, this index was lower by 9 %. Such changes led to the
dominance of d&-activity in the slow spectrum compared to the
control (Fig. 2).

There were the ambiguous changes also in the fast spectrum.
The percentage of o—band oscillations got smaller by almost 20% in
the background activity (p<0,05). Weakening of f2—activity was less
pronounced in contrast to the control indices (precisely by 11%).
However, the percentage of f1-waves increased by 25% (Fig. 2).

Oxygen deprivation was slightly reflected in the overall pattern
and rhythmical activity of the ECoG only during last 2 periods of
fetal life. It induced only increase in 6—rhythms.

Making a comparison, we can say that the lack of oxygen in the
last two periods of embryonic life, compared with the previous
period, has a stronger and similar effect on the spectral indicators of
the total activity of the auditory cortex.

3. The effects of hypoxia in different periods of
embryogenesis on the amplitude-temporal indices of the
ECoG of the auditory cortex of the 20-day-old rabbit pups

The performed analysis showed that in the spectrum of the
ECoG of the 20-day-old rabbit pups, the fast waves were dominant,
and the percentage of the slow ones was 25.4%. In the slow
spectrum, the index of &-activity made up 11.3+1.5% which was
smaller than the index of the dominant 6—activity (14.1+1.3%). The
fast B1— and B2—waves had the largest indices in the spectrum of the
electrical activity — 19.5£2.2% and 40.7+4.2%, respectfully. The
percentage of a—activity was 14.4+ 1.7% of the spectrum (Fig. 3).

Under the effects of hypoxia in embryonic period of
embryogenesis, slow-wave activity increased in the ECoG spectrum.
The increase in the 6— and 6—waves was 21-23% and their spectral
indices were 13.9£1.9% and 17.0£1.4%. The overall percentage of
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those waves made up 30.9% of the spectrum, which was 21% larger
that the norm. Hypoxia also reduced the fast waves (Fig. 3).
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Fig. 3. The spectral composition of the ECoG of the auditory
cortex of the 20-day-old rabbit pups: (a) control, after hypoxia in (b)
embryonic, (c) prefetal and (d) fetal periods of embryogenesis. *—
(p<0.05), **— (p<0.01).

The analysis of the ECoG of the auditory cortex of the rabbit
pups exposed to oxygen deficiency in prefetal period of
embryogenesis demonstrated that the percentage of the slow 6— and
f—waves in the spectrum increased by 33% and eventually got
33.9%. In addition, that increase was mainly associated with &—
activity, which became dominant in the slow spectrum (p<0,001).

Under the effects of hypoxia, the percentage of the slow o—
waves decreased by 1.5 times (p<0.05). p—activity was decreasing
more moderately. If the index of the f2—waves was lower by 12% in
comparison to the control, then the decrease of Pl-activity was
minor (Fig. 3).

The effects of hypoxia in fetal period of embryonic life
induced large changes in the spectral composition of the total
electrical activity of the cerebral cortex. In its spectrum, the
percentage of low-frequency 6— and 6—waves increased dramatically
by 32% and reached 33.6%. The increase in the percentage of the
slow spectrum was mainly associated with d—activity (p<0,001). The
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index of O—waves was almost identical to the control. Thus, 60—
frequency band became dominant in the slow spectrum.

The decrease in the percentage of all fast waves was
identified. If a-activity decreased by 40% (p<0,001), then the
changes in the spectral indices of Bl— and P2-waves were less
pronounced (Fig. 3).

The change in the spectral composition of the ECoG under
the effects of hypoxia was reflected in the pattern of the latter. In the
rabbit pups exposed to oxygen deprivation in embryonic period of
embryogenesis, the changes in the electrical activity was manifested
only in increase in &—rhythm. After hypoxia in prefetal and fetal
periods of prenatal life with reducing activity of the fast waves in the
spectrum, the slow waves, as well as their rhythms became clearer.
The dominant &-rhythm intensified and became continuous.
Pathological 6— and 6-rhythms consisting mainly from one
frequency were reported in most rabbit pups. Simultaneously there
was decrease in activity of the fast rhythms.

Summarizing the presented findings, we can assert that
oxygen deficiency in last 2 periods of embryonic life, compared to
the first one, induced larger and equal changes in the spectral
composition of the total activity.

4. The effects of hypoxia in different periods of
embryogenesis on the amplitude-temporal indices of the
ECoG of the auditory cortex of the 30-day-old rabbit pups

The analysis showed that, in the spectrum of the ECoG of the
30-day-old rabbit pups, the fast waves were dominant while the
percentage of the high amplitude slow waves was only 26.9% of the
spectrum. In the slow spectrum, 6— and 6—waves were represented
irregularly with dominance of little difference in the latter. The
indices of &— and 6-activities were 12.2+1.8% and 14.7+1.5%,
respectfully. In the fast spectrum, the percentage of o—waves was the
smallest (15.1£1.7%). The spectral index of B2—waves was twice as
high as the index of PBl-ones and made up 38.4+4.1% and
19.6+2.1%, respectfully, of the ECoG spectrum. (Fig. 4).
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The spectral composition of the ECoG of the rabbit pups
exposed to oxygen deprivation in embryonic period of
embryogenesis deviated slightly from the norm. First of all, the ratio
of the fast and slow waves in the spectrum shifted towards the latter.
The percentage of the slow waves being 15% larger than the control
made up 31.1% of the spectrum. The increase in the index of the
slow waves was associated with both 6— and 6—activities. As it was in
norm, the percentage of O—activity was higher than that of d—activity
(Fig. 4).

Hypoxia slightly affected the indices of o— and f1-waves of
the fast spectrum. The percentage of the first ones decreased and of
the second ones increased. The 2—activity also reduced slightly.

The analysis revealed the significant changes in the spectral
composition of the electrical activity of the auditory cortex under the
effects of oxygen deprivation in prefetal period. The total percentage
of slow 6— and 6—waves compared to the control increased by 27%
and made up 34.2% The increase in activity of slow oscillations was
due to o-waves (p<0.01), while the index of 6—waves remained
almost unchanged. a—activity reduced by 50% (p<0.01), the change
in the indices of the other fast waves was less pronounced. The
activity index of Pl-waves decreased while B2-waves increased.

(Fig. 4).
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Fig. 4. The spectral composition of the ECoG of the auditory cortex of the
30-day-old rabbit pups: (a) control, after hypoxia in (b) embryonic, (c)
prefetal and (d) fetal periods of embryogenesis. *— (p<0.05), **— (p<0.01).

Hypoxia in fetal period of prenatal life led to large change in
the spectral composition of the ECoG in the 30-day-old rabbit pups.
The percentage of the slow waves significantly increased up to
38.4% in the spectrum (p<0.01). That index was 42.5% larger than
the control. The increase in the slow spectrum was associated with
both &— and 6-waves. In addition, d6—activity, whose increase was
twice as high as 6—activity (p<0.001), became dominant frequency in
in the slow spectrum.

Simultaneously, the percentage of all fast waves decreased in
the spectrum. The largest changes (by about 30%) occurred in the
percentage of a—waves (p<0.01), while the smallest ones occurred in
B1- and B2-activitis (Fig. 4).

The change in the spectral composition of the ECoG under
the effects of hypoxia affected the overall pattern and rhythmic
activity of the latter. The overall pattern of the electrical activity in
the rabbit pups exposed to oxygen deprivation in embryonic period
of embryogenesis was almost identical to the control. However, the
dominant &-rhythms compared to the control became almost
continuous. After oxygen deprivation in prefetal and fetal periods of
embryonic life, the overall pattern and rhythmic activity of the ECoG
changed significantly. Because of the decrease in the percentage of
the fast waves in the spectrum, the slow waves and their rhythms
became more pronounced. The index of the increasing d—rhythm
equaled 100%. In most animals, 6— and 6—rhythms consisting mainly
of one frequency appeared. Simultaneously, B1— and B2-rhythms
became less pronounced.

In 30-day-old baby rabbits, the spectral parameters of the
ECoG auditory cortex after oxygen starvation in the prenatal and
fetal periods of prenatal development, compared with the embryonic
period, deviate more from the norm. Accordingly, in the three
experimental groups, the slow waves of the spectrum increase by
15%, 27% and 42.5%. In the last experimental groups, the specific
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gravity of the slow ECoG spectrum, respectively, is 34.2% and
38.4%. However, the differences between them are statistically
unreliable.

Summarizing these data, we can say that the lack of oxygen
in the embryonic period of prenatal development leads to minimal
changes, while hypoxia at later stages of embryogenesis causes more
noticeable and almost identical changes in the spectral parameters of
ECoG 30.day rabbits.

5.The effects of hypoxia in different periods of
embryogenesis on the amplitude-temporal indices of the
ECoG of the sensorimotor cortex of the 28-day-old
rabbit fetuses.

The total electrical activity of the sensorimotor cortex of the
28-day-old rabbit fetuses contained all standard waves of the
spectrum (Fig. 5). The electrical activity was distinguished by
stability and there were no cases of appearance of isoelectric lines.

In the spectrum of the total activity of the cerebral cortex, the
fast waves were dominant, while the percentage of the slow waves
was the lowest and made up 14.9%. 6—activity was twice as high as
d—activity in the low-frequency spectrum. Their indices were
5.2+0.9% and 9.7£1.2%.

Among all standard waves, the percentage of [-band
oscillations was the largest in the electrical activity of the cerebral
cortex and made up 64% of the spectrum. In addition, the indices of
Bl1- and P2-waves were almost the same (32.4+3.1% and
31.5£2.9%, respectfully) The large percentage of o—waves was
specific to the total electrical activity of the cerebral cortex. Those
waves made up 1/5 of all waves of the background activity — 21.2+
2.2% (Fig. 5).
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Fig. 5. The spectral composition of the ECoG of the sensorimotor
cortex of the 28-day-old rabbit fetuses: (a) control, after hypoxia in
(b) prefetal and (c) fetal periods of embryogenesis. *— (p<0.05), **—
(p<0.01).

The analysis revealed the significant changes in the spectral
composition of the ECoG of the fetuses exposed to hypoxia in
prefetal period of embryonic life. (Fig. 5). First of all, there was a
shift towards the slow waves in the ECoG and their percentage
increased from 14.9% to 25.4% (P < 0.01). The percentage of 6— and
f—waves also increased significantly (P < 0.05 and P < 0.01,
respectfully) (Fig. 5). However, there was more dramatic increase in
d-waves: their index was almost twice as high as that of the control.

Ambiguous changes were also identified in the spectral
indices of the fast waves. Under the effects of hypoxia, a—activity
was suppressed very much (P < 0.05). Statistically unreliable
changes were identified in the indices of f1— and f2—waves. The first
ones significantly decreased, while the second ones slightly
increased. Consequently, the shift towards the slow waves in the
spectrum was due to decrease in a— and f1-waves.

The frequency analysis revealed the minor changes in the
ECoG of the sensorimotor cortex of the fetuses exposed to hypoxia
in fetal period of prenatal life. The percentage of the slow waves in
the spectrum increased by 15% and made up 17.2%. It should be
noted that, in the previous experimental group, that index increased
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by 70%. The percentages of 6—, o— u f1-waves were almost identical
to the norm. (Fig. 5).

Oxygen deprivation in prefetal period compared to fetal
period of embryogenesis was greatly reflected in the overall pattern
and rhythms of the total activity of the sensorimotor cortex. The slow
waves and rhythms became clearer.

Summarizing the findings, we can assert that the electrical
activity of the sensorimotor cortex of the 28-day-old rabbit fetuses
was affected by hypoxia more in prefetal period than in fetal one.

Oxygen deprivation in the prenatal period, in contrast to the
fetal period of embryogenesis, is significantly reflected in the overall
picture and rhythms of the total activity of the sensorimotor cortex.
Slow waves and rhythms get a clearer look. The electrical activity of
the sensorimotor cortex of 28-day-old rabbit fetuses reacts more
sharply to hypoxia during the pre-fetal period of embryogenesis than
the fetal period.

6. The effects of hypoxia in late embryogenesis (24" — 28th
days) and early postnatal ontogeny (15t — 5™ days) on the
amplitude-temporal indices of the ECoG of the auditory
cortex of the 30-day old rabbit pups

Oxygen deprivation on 24" - 28" days of embryogenesis
significantly changed the spectral composition of the total activity of
the auditory cortex of the 30-day old rabbit pups. First of all, the ratio
of the slow and fast waves in the spectrum shifted dramatically
towards the first ones. Their percentage significantly (p<0.05)
increased from 26.9% to 32.4%. There was increase in both 6— and
O—activities. If the index of the first one increased slightly up to
14.2+2.4%, then the second one increased twofold. So, 6—frequency
continued to be dominant in the slow spectrum — 18.2+1.9% (p<0.05)
(Fig. 6).

Hypoxia did not affect the spectral index of a-activity —
14.9£1.6% and induced ambiguous changes in the spectral indices of
B-activity. The percentage of Bl-waves increased slightly in the
spectrum and reached 21.4+2.5%. The decrease in activity of the fast
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waves of the spectrum was directly associated with f2—activity and
the index of the latter compared to the control decreased by 20% and
made up 31.3+4.2%. (p<0.05) (Fig. 6).

The analysis of the ECoG registered in the auditory cortex of
the 30-day-old rabbit pups exposed to hypoxia on 1%t — 5" days of
postnatal life revealed large increase in the percentage of the slow
spectrum. That increase occurred due to both 6— and 6-waves.
Consequently, 6-activity, like in the control, continued to be
dominant. Their percentages were 17.9+2.1% u 20.3£1.9% of the
spectrum (overall — 38.2%). That index was 42% larger than that in
the control (Fig. 6).
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Fig. 6. The spectral composition of the ECoG of the auditory cortex of the
30-day-old rabbit pups: (a) control, after hypoxia in (b) fetal, (c) 24" — 28™"
days of embryogenesis and (d) 1% — 5" days of postnatal ontogeny. *—
(p<0.05), **— (p<0.01).

The index of a—waves was 13.1+1.6% (slightly less that the
norm). The spectral indices of Pl-activity remained almost
unchanged — 19.442.3%. At the same time, the percentage of p2—
waves dramatically decreased by 28% and made up 29.3+3.1%
(p<0.01). Thus, the decrease in the fast spectrum was associated with
B2-activity.
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Both prenatal and postnatal hypoxia were equally reflected in
the overall pattern and rhythms of the ECoG. Those changes were
similar to those in the previous experimental groups.

We can assert that hypoxia on 24" — 28" days of prenatal life
and 1% — 5" days of postnatal one induced large and similar in nature
changes in both the spectrum and the overall pattern of the ECoG of
the auditory cortex of the 30-day-old rabbit pups. Under the effects
of hypoxia there was increase in the slow waves, and in the slow
spectrum, the ratio of 6— and 6-waves, specific to the control,
remained unchanged. The peculiarity of the effects of oxygen
deprivation in the period mentioned above on the total activity of the
cerebral cortex was dramatic decrease in f2—activity of the spectrum.
In addition, the indices of the other fast waves did not change.
However, hypoxia during the first day of life compared to embryonic
period induced larger changes in the spectrum of the ECoG of the
auditory cortex. If under the effects of hypoxia, the percentage of the
slow waves increased by 42%, then after the prenatal hypoxia it
increased by only 20%.

7. Development of the ECoG of the auditory cortex of
rabbit in ontogeny

Studies performed on the control 28-day-old rabbit fetuses
and 10-, 20-, 30-day-old rabbit pups make it possible to get an idea
of the development of the ECoG of the auditory cortex and auditory
analyzer in ontogeny.

As mentioned above, the fast waves were dominant in the
electrical activity of the auditory cortex of the control 28-day-old
rabbit fetuses. Nevertheless, the spectrum of the ECoG was
distinguished by the large percentage of slow waves (fig. 7). The
amplitude indices of the electrical activity are given in the fig. 8.

To the 10" day of postnatal ontogeny, there were not any
changes in the overall pattern and rhythmic activity of the ECoG of
the auditory cortex. However, the changes in ontogeny were reflected
in the spectral composition of the total activity of the cerebral cortex.
They were associated with B-activity. While the percentage of B—
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activity remained unchanged, there were decrease in f1-waves and
increase in f2—waves. At the same time, the indices of 6—, 6— and o—
waves did not change (fig. 7).

Simultaneously with the spectral composition, the amplitude
indices of the electrical activity changed as well. They were 30%
larger than those in the previous period. There was increase in the
amplitudes of all standard waves of the spectrum (fig. 8). However,
the changes in the amplitude-temporal indices of the ECoG were
statistically unreliable.

The spectral composition of the total activity of the cerebral
cortex of the 20-day-old rabbit pups did not differ from that of the
10-day-old ones. There were no differences in the overall pattern and
rhythmic activity in the ECoG either (fig. 7). In addition, the
amplitude indices of the electrical potentials dramatically changed.
They significantly increased by 40% (p<0.5) (fig. 8).
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Fig. 7. The spectral composition of the ECoG of the auditory cortex
of the (a) 28-day-old rabbit fetuses, (b) 10-, (c) 20-, (d) 30-day old
rabbit pups. *— (p<0.05), **— (p<0.01).

To the 30" day of postnatal life, the pattern and rhythms
of the total activity of the auditory cortex of the brain resembled
those of the previous age. There were not any changes in the spectral
composition either (fig. 7). The changes were associated only with
the amplitude indices of the electrical potentials which were 20%
larger than those in the previous age. In particular, the average
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amplitude of d—waves increased from 115 uV to 141 uV. However,
that increase was statistically unreliable (fig. 8).
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Fig. 8. The amplitude of the waves of the ECoG of the auditory
cortex of the (a) 28-day-old rabbit fetuses, (b) 10-, (c) 20-, (d) 30-day
old rabbit pups. *- (p<0.05), **— (p<0.01).

Summarizing the obtained findings, we can assert that the
spectral indices and the pattern of the total activity of the auditory
cortex of rabbit was developed very early — on the 10" day of
postnatal life. As it developed, only the amplitude of the waves of the
ECoG increased. On the 30" day of life, there also developed the
amplitude indices of the ECoG of the auditory cortex.

The electrical activity of the auditory cortex acquired slight
asymmetry in the spectral composition from the 10" day of postnatal
life and in both the spectral and amplitude indices from the 20" day.
There were slightly more fast waves in the electrical activity of the
left auditory cortex compared to the right. The former had higher
amplitude as well.

8. The effects of hypoxia on the interhemispheric asymmetry
in the amplitude-temporal indices of the ECoG

In most cases, hypoxia reduced or eliminated the
interhemispheric asymmetry in the amplitude-temporal indices of the
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total activity of the cerebral cortex. So, the central interaction of the
brain got impaired.

9. The effects of prenatal hypoxia on the development of the
rabbit fetus

Oxygen deprivation during fetal period disturbed the
development of the rabbit fetus. In 43 female rabbits exposed to
hypoxia in embryonic and prefetal periods of embryogenesis, the
gestational age exceeded 30-31 days. In one of the female rabbits
after oxygen deprivation in prefetal period, the gestational age made
up 37 days. After hypoxia in embryonic period of prenatal life, it was
significantly difficult to obtain offspring. Oxygen deficiency in fetal
period of embryogenesis almost did not affect the gestational age.

The fourth chapter discusses the data obtained.

First of all, for understanding the effects of hypoxia on the
electrical activity of the developing cerebral cortex, it is necessary to
identify the pattern of its development in ontogeny. Our research has
established that even before the completion of the formation of the
nervous system, on the 10th day of postnatal life, the spectral
composition of the ECoG auditory cortex acquires definitive
indicators. By the end of the 1st month, during the period when the
rabbit's nervous system is generally formed, the development of
amplitude-time indicators of ECoG is completed.

Comparing the amplitude—time indicators of the electrical
activity of the sensorimotor and auditory cortex of 28—day-old rabbit
embryos, it can be argued that the total electrical activity of the
projection areas of the cerebral cortex even before birth acquires a
characteristic feature. The ECoG of the sensorimotor cortex, in
comparison with the auditory cortex, contains fewer slow waves, has
a slightly larger amplitude and reacts more strongly to hypoxia.
Hypoxia in the prenatal period, compared to the fetal period of
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embryogenesis, causes more changes in the spectral composition of
the ECoG auditory cortex.

With the registration of the total activity of the auditory cortex,
a pattern of changes in the sensitivity of the nervous system to
hypoxia during intrauterine life was revealed. It was found that
hypoxia in later periods, compared with the embryonic period of
prenatal development, leads to more noticeable and almost identical
changes in the spectral parameters of ECoG. These data indicate that
the nerve structures generating the electrical activity of the rabbit's
auditory cortex in the last two periods of intrauterine life exhibit a
higher sensitivity to oxygen deficiency 6 7.

In recent years, it has been found that during embryogenesis,
the sensitivity to hypoxia of the cerebral cortex, subcortical white
and gray matter of the brain and a number of other structures of the
nervous system changes ® 8. Given the role of subcortical white and
gray matter of the brain in the genesis of EEG *°, it can be assumed
that oxygen deficiency in different periods of embryogenesis affects
the morphofunctional state differently not only the cortex, but also
the subcortical structures of the brain, which is expressed in
differences in the spectral characteristics of ECoG recorded in
different periods of postnatal development.

I'yceitnoB, A.I'. ®opmupoBaHHE CyMMAapHOH 3JEKTPHYECKOH aKTUBHOCTH
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18 Buser, J. Timing of appearance of late oligodendrocyte progenitors coincides
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Metabolism, — 2010, — 30, — p. 1053-1065.
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Hypoxia in relatively early periods of embryonic life leads to
significant changes in the cerebral cortex and subcortical white
matter in the postnatal period®!8. This period is critical for the
cerebral cortex, since its basic elements are laid at this time 6. The
main reason for the high susceptibility of subcortical white matter to
hypoxia is the appearance of young oligodendrocytes®®. By the end
of embryonic life, these structures acquire relative resistance to lack
of oxygen, and subcortical gray matter, on the contrary, becomes
susceptible to its action %8,

An increase in the sensitivity of gray matter, or rather
subcortical nuclei, to hypoxia by the end of embryogenesis is
attributed by some authors to a lack of energy due to an increase in
their activity?>. However, in studies conducted on sheep fetuses, it
was found that in late embryogenesis, compared with its early
periods, with a weakening of the ability to maintain blood pressure
and membrane functions of neurons, subcortical nuclei become more
susceptible to hypoxia .

Ours studies revealed a new mechanism of susceptibility of
the cerebral cortex to hypoxia in early embryogenesis. It can be
supposed that damage of the immature subcortical white matter of
the brain also plays the role in high susceptibility of the cortical
neurons and the entire cerebral cortex to hypoxia in relatively early
periods of embryogenesis'?.

It was found, the neurons migrating from the matrix layer to
the cortical plate and subplate in the developing white matter are
more susceptible to pathological factors. Due to that cause, in early
ontogeny, the structural changes in white matter of the brain are

20 Billiards, S. Is the late preterm infant more vulnerable to gray matter injury than
the term infant? / S. Billiards, C. Pierson, R. Haynes [et al] // Clin Perinatol., —
2006, — 33, — p. 915-933.

21 Mallard, E. Increased vulnerability to neuronal damage after umbilical cord
occlusion in fetal sheep with advancing gestation / E. Mallard, C. Williams, B.
Johnston [et al] // Am. J. Obstet. Gynecol., — 1994, — 170, — p. 206-214.
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accompanied with death of the cortical neurons migrating in it,
including GABAergic ones %,

The consequences of damage of immature subcortical white
matter of the brain for the developing cortical neurons are not
probably limited to that. The findings in recent years have shown that
one of the major causes of damage or death of the brain neurons
under the effects of hypoxia or other pathological factors is their
deafferentation as a result of disturbance of the neural nets?.
Consequently, the destructive changes in the developing subcortical
white matter of the brain, disturbing the formation of the afferent
connections of the cerebral cortex, lead to damage or death of the
cortical neurons after the end of migration *2,

According to the studies performed on rodents, two critical
periods were identified in early embryogenesis when the developing
organism was more susceptible to pathological factors. The first one
is prior to the attachment (implantation) of the embryo to the uterine
wall, when the most common cases of death of embryos under
various impacts occur. The second one is the period when the
primordial organs form and the adverse factors can contribute into
formation of various defects 2.

In rabbits, both the preimplantation and implantation periods
correspond to embryonic period of fetal life**. As mentioned in our
studies, after hypoxia in embryonic period compared to the other
periods it is very difficult to obtain offspring. Mortality of newborns
compared to the other experimental groups is also higher.

22 Leviton, A. Neuronal damage accompanies perinatal white matter damage / A.
Leviton, P. Gressens // Trends Neurosci., — 2007, — 30, — p. 473-478.
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Nevertheless, in our studies, the nervous system of the rabbit
pups is less susceptible to oxygen deprivation in embryonic period of
embryogenesis. Perhaps, the relative tolerance of the nervous system
to oxygen deficiency during embryonic period of prenatal life is
associated with little needs of the embryo in oxygen in the mentioned
period %,

It is supposed that the synaptic signals also play the role in
damage of the nervous system under the effects of hypoxia®®.
Consequently, it cannot be ruled out that in early periods of
embryogenesis, the absence of the synaptic connection in neurons is
one the causes of their relative tolerance to the effects of hypoxia.

In rabbits, prefetal period of embryonic life is characterized
by the intensive processes of organogenesis 2. Impairment of these
processes under the effects of hypoxia, undoubtedly, are reflected in
the structures of the nervous system. In the mentioned period, the
cerebral cortex and subcortical white matter are still sensitive to
oxygen deficiency ®!8. It can be supposed that these structural
impairments are the key causes of large change in the ECoG under
the effects of hypoxia during prefetal period of fetal life.

At the beginning of fetal period of prenatal life of rabbit, the
cerebral cortex and subcortical white matter are still susceptible to
hypoxia and only at the end of embryogenesis, they become
relatively tolerant to oxygen deficiency®*8. The studies performed on
rabbit revealed that when young oligodendrocytes appear, subcortical
white matter of the brain of rabbit can again become susceptible to
hypoxia by the end of embryonic life 2.

Presumably, damage of the grey matter of the subcortical
structures of the brain under oxygen deficiency in fetal period of
prenatal life'® can also play the significant role in change in the
ECoG spectrum. 3OKol'. BpICOKyl0 YyBCTBUTEIBHOCTH HEPBHOM

% Webster, W. The effect of hypoxia in development / W. Webster, D. Abela //
Birth Defects Res. C. Embryo Today, — 2007, — 81, — p. 215-228.

26 Rothman, S. Synaptic activity mediates death of hypoxic neurons // Sciense. —
1983, — 220, — p. 536-537.
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CUCTEMBI K THUIIOKCHUU B HJIOI[HBIﬁ nepuon 3M6pI/IOF CHC3a TaK»XeE
MOYXHO OOBSICHUTH YCUIICHUEM €€ (byHKHHOHaHBHOﬁ AKTHNBHOCTH,
YTO MPHUBOJUT K MOBBINICHHBIM S3HCPIrETUYCCKUM 3aTpaTaM.

It is known that cortical areas differ in sensitivity to hypoxia.
This is primarily due to the fact that in different cortical egions,
neurons, nerve fibers and the subcortical white matter adjacent to it
react differently to lack of oxygen. An important role in this is also
played by the ability to maintain blood circulation in the structures
of the nervous system 2. However, presumably, the main reason for
these differences is that these cortical areas are at different stages of
development. The sensorimotor analyzer is characterized by high
rates of development in ontogenesis, while the auditory analyzer is
formed in the late periods of ontogenesis. Neurons of the
sensorimotor cortex, developing at an accelerated pace, are more
susceptible to hypoxia during the pre-fetal period of
embryogenesis. It is known that differentiated neurons, compared
with undifferentiated ones, are more sensitive to oxygen
deficiency.?®

The electrical activity of the sensorimotor cortex, in contrast to
the auditory cortex, also reacts more sharply to hypoxia in the
prenatal than fetal period of embryogenesis. As already mentioned,
by the end of embryogenesis, the sensitivity of the cerebral cortex
and subcortical white matter to hypoxia decreases, and subcortical
gray matter, on the contrary, increases %8, Consequently, in a rabbit
at the beginning of the fetal period of prenatal life, the cerebral
cortex and subcortical white matter, and at the end of this period,
subcortical gray matter are susceptible to lack of oxygen. Damage to
these structures under the influence of oxygen deficiency can change
the electrical activity of the sensorimotor cortex. It can be assumed
that due to accelerated development, the sensorimotor cortex and the
subcortical white matter adjacent to it acquire immunity to hypoxia
at an earlier period. As a result, oxygen deficiency in the late period
of embryogenesis in these structures causes minor changes, which is
reflected in the ECoG.

As the rabbit pups develop in ontogeny, the changes in
responses of their nervous systems to hypoxia in different periods of
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embryogenesis reflect the delayed morphofunctional changes in the
nervous systems themselves. The structural changes can occur in all
structures of the nervous system immediately or delayed after a
certain time after exposure to hypoxia. In most cases, they occur after
a long time. After the first ones are followed by the second waves of
damage or death of the nervous structures®?’,

Hypoxia at the beginning of postnatal ontogeny (1% — 5" days)
compared to embryonic period (24" — 28" days) induces larger
changes in the ECoG of the auditory cortex of the 30-day-old rabbit
pups. These findings indicate that after birth, sensitivity of the
nervous system to hypoxia increases. However, it is difficult to
objectively evaluate it, because the rabbit pups of both groups were
exposed to hypoxia under different conditions. Perhaps, higher
sensitivity of the nervous system to oxygen deficiency is associated
with deficiency of energy due to its increasing activity. In case of
prenatal hypoxia, maternal organism can compensate oxygen
deficiency to a certain extent.

In addition, the nature of changes in the indices of the
ECoG of the 30-day-old rabbit pups is largely similar. These findings
indicate that the mechanism of changes of the total activity under the
effects of hypoxia have a lot in common at the end of prenatal and at
the beginning of postnatal period and differ from those in the rabbit
pups of the same age, exposed to oxygen deprivation in fetal period
of embryogenesis %,

During the analysis of the mechanisms of the influence of
hypoxia on the EEG, some key issues related to the development of
the brain in ontogenesis were clarified.

As a result of the analysis of the mechanisms of formation of
impulsive activity of neurons, it can be concluded that not in all cases

27 Tanaka, H. Effect of neonatal hypoxia on the development of intraspinal
serotonergic fibers in relation to spinal motoneurons / H. Tanaka, S. Amamiya, S.
Takahashi [et al] // Brain Dev., — 2010, — 32, — p. 268-274.

I'yceitnoB A.I'. BnusHue mnpeHaTanbHOM U MOCTHATANbHOM TUIOKCHU Ha

DIIEKTPUUYECKYIO aKTHBHOCTH KOpPBI ToyioBHOro wmosra /A.M. Asumosa, M.C.
Cyurranosa // Milli Nevrologiya Jurnali, 2018, Ne 1 (13), s . 45-49.
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it is possible to detect a correlation between obstructing factors and
the episodic nature of background impulses of developing cortical
neurons. On this basis, it can be assumed that in different types of
cortical neurons, individual obstructing factors have different values,
and the episodicity of background activity is carried out by different
mechanisms °.

The results of the analysis of impulse activity development
mechanisms of neurons allow to conclude that there is no correlation
between hindering factors and episodic character of the background
impulse activity of the developing cortical neurons. On this basis, it
can be supposed that particular hindering factors of different kinds of
the cortical neurons have unlike values, and episodicity of the
background activity is implemented through various mechanism?°.

Fluctuation of the level of membrane potential, specific to the
immature cortical neurons in early periods of development, is
supposed to be one of the causes of their episodic activity.
Significant decrease in the level of membrane potential, at which
generation of action potential become impossible, can lead to long-
term periods of neuronal inactivity. Long-term periods of inactivity,
sometimes measured in minutes, are hardy associated only with low
lability of the cell membrane 2.

To understand the process of the development of the cerebral
cortex and the brain in ontogeny, it is necessary to the identify the
range of key issues, one of which is development of cortical
inhibition. It is impossible to reveal the mechanisms of electrical
activity of the developing cerebral cortex, as well as its responses to
hypoxia without determining the start time of the functioning of
cortical inhibition and the functional peculiarities of the cortex on
early stages of ontogeny. To date, the timing of appearance of
synaptic inhibition in the cerebral cortex is not fully determined. The

29 o . o
I'yceiinoB A.I'. Mexann3msl popMupoBaHus (POHOBOW aKTHBHOCTH HEHPOHOB

KOPBI TOJIOBHOTO MO3Ta B oHTOTeHe3e // XKypH. 3Boi. 6uox. u puzmon., 2007, 43
(6), —c. 451-459.
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functional peculiarities of cortical inhibition on early stages of
ontogeny are still unclear.

We have brought some clarity to the issues mentioned above
based on the analysis of morphological, neurochemical and
electrophysiological findings on cortical inhibition development. As
a result of the performed analysis, the synaptic inhabitation of the
neurons of the cerebral cortex is supposed to develop simultaneously
with generation of background activity by them. Since the
appearance of inhibitory processes, all types of cortical inhibition
start to function. Thus, the key mechanisms involved in cortical
inhibition in the mature cerebral cortex begin to function since the
activation of the latter in ontogeny *.

Revealing the mechanisms of the action of hypoxia on the total
activity of the cerebral cortex, one of the key issues is identifying the
relationship between activity of the cortical neurons and the EEG
pattern. At present, little was known about the neuronal mechanisms
of the EEG, and the EEG pattern is not an indicator of the activity of
cortical neurons in all cases. Alpha-rhythms are supposed to be
possibly generated by both the activated and inhibited cerebral cortex
31

However, some investigators consider that decrease in
discharge activity of cortical neurons leads to increase in slow waves
in the EEG *2. That opinion is corroborated by the results of a lot of
studies. In rats exposed to hypoxia, the initial activation of the EEG
coincides with enhanced background impulsation of cortical neurons,

30 I'yceitnoB A.I'. ®opMupoBaHie KOPKOBOTO TOPMOXEHHs B oHTOreHe3e // XKypH.
3BOJL. OHOX. 1 pusuoi., — 2013, 49 (3), — c. 180-186.

31 Hughes, S. Just a phase they're going through: The complex interaction of
intrinsic high—threshold bursting and gap junctions in the generation of thalamic o—
and 6-rhythms. Inter / S. Hughes, V. Crunelli // J. Psychophysiol., — 2007, — 64, —
p. 3-17.

3 Muller, M. ATP-independent anoxic activation of ATP—sensitive K+ channels
in dorsal vagal neurons of juvenile mice in situ / M. Muller, J. Brockhaus, K.
Ballanyi // J. Neurosci., — 2002, — 109, — p. 313-328.
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and as that impulsation is being suppressed, the percentage of the
slow waves increases®®. Postsynaptic depression of the impulse
activity od cortical neurons are reflected in the EEG by reduction of
the high frequencies of the spectrum .

It has been found that upon activation of thalamocortical
neurons, higher frequencies are generated as a result of
depolarization of their membranes®:. In sheep’s fetuses,
disappearance of high-frequency waves in the EEG during asphyxia
is associated with acute damage of cortical neurons 3°. On the basis
of these findings, we can suppose that increase in the slow waves in
the EEG during hypoxia is associated with decrease in the impulse
activity of cortical neurons and vice versa.

In case of hypoxia, the morphofunctional changes in the
nervous system can activate or inhibit its impulse activity through the
changes in membrane potential of cortical neurons. In turn, this can
lead to increase or decrease in the EGG activity. However, during
oxygen deprivation, as usual, the percentage of the slow waves
increase in the EGG, which is supposed to be associated with
suppression of discharge activity of cortical neurons. This suggests
that those changes are not random but focused and carried out by
intracellular mechanism of the neurons themselves and maybe under
the effects of certain brain structures.

It is known that intracellular mechanisms can control
generation of the nerve impulse of neuron, as well as the rhythmic
activity of neurons through the regulation of synaptic activity and

3 Akopyan, N. Effects of acute hypoxia on the EEG and impulse activity of the
neurons of various brain structures in rats/ N. Akopyan, O. Baklavadzhyan, M.

Karapetyan // Neurosci. Behav. Physiol., — 1984, — 5, — p. 405-411.

34 Urrestarazu, E. High—frequency intracerebral EEG activity (100-500 Hz)

following interictal spikes / E. Urrestarazu, J. Jirsch, P. Le Van [et al] // Epilepsia,
— 2006, — 47, — p. 1465-1476.

% Keogh, M. Limited predictive value of early changes in EEG spectral power for
neural injury after asphyxia in preterm fetal sheep / M. Keogh, P. Drury, L. Bennet
[et al] // Pediatric Res., — 2012, — 71, — p. 345-353.

37



non-synaptic signals. Thus, they can play a significant role in the
generation of different EEG waves and rhythms 36:37,

There are findings indicating the role of the intracellular
mechanism in the change in the electrical activity of both subcortical,
and central neurons under oxygen deficiency. The change in the
permeability of the membrane channels of neurons can occur
immediately after the effects of hypoxia, when their energy supply is
not disturbed so far. It was found that in case of anoxia of the
neurons of the vagus, activation of K*—channels of the membranes is
not associated with the level of ATP32®, Based on the findings
mentioned above, it cannot be ruled out that during oxygen
deprivation, hyperpolarization or strong depolarization of the
membranes of neurons, which lead to reduction or termination of
their impulse activity, can also be induced by the effects of the
intracellular mechanisms.

It is known that some cortical neurons, in comparison with
others, play a more significant role in the genesis of the EEG. In the
rat cerebral cortex, a small number of neurons provide the
appearance of 6-rhythm, spindles and arousal waves and strongly
affect the acuity of the EEG .

Some investigators consider that individual cortical neurons
play a more significant role in the development of both normal and
pathological EEG. In the cerebral cortex of rat, joint activity of a
relatively small number of neurons can produce theta-rhythms,

% Karameh, F. Modeling the contribution of lamina 5 neuronal and network
dynamics to low frequency EEG phenomena / F. Karameh, M. Dahleh, E. Brown

[et al] // Biol. Cybern., — 2006, — 95, — p. 289-310.

37 Lytton, W. Control of slow oscillations in the thalamocortical neuron: a

computer model / W. Lytton, A. Destexhe, T. Sejnowski // J. Neurosci., — 1996, —
70, — p. 673-684.

38 Fujimura, N. Contribution of ATP—sensitive potassium channels to hypoxic
hyperpolarization in rat hippocampal CA1 neurons in vitro / N. Fujimura, E.
Tanaka, S. Yamamoto [et al] // J. Neurophysiol., — 1997, — 77, — p. 378-385.
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spindles and arousal waves through modulation of activity of the
other neurons and has a great effect on the severity of the EEG .

According to some of investigators, in the subcortical
structures, there are hypothetic pacemaker neurons that can affect the
activity of the cortical neurons. It was found, the decrease in the
pacemaker effects on the neurons of the cerebral cortex during
hypoxia is one of the causes of disorganization of the standard slow
complex of the EEG #°. The cortical and subcortical neurons,
functioning of which is regul ated by endogenic mechanism is
believed to form descending pathways modulating activity of the
sensory pathways and receptors L,

Based on the performed analysis, it is supposed that
modulating and pacemaker neurons, the functioning of which are
mainly controlled by the intracellular mechanisms, form a functional
group that can affect the activity of neurons of the cerebral cortex
and other brain structures during hypoxia. Neurons, both excitatory
and inhibitory, forming the system, are located in all parts of the
nervous system, but are mainly concentrated in phylogenetically
ancient subcortical structures. They have connections with all
structures of the nervous system, from the center to periphery,
through direct ascending and descending or indirect pathways.

Under the effects of hypoxia, the group of modulating and
pacemaker neurons, together with the intracellular mechanisms of
cortical neurons, is able to regulate their activity, thereby
determining the nature of the EEG. The regulation of activity of
cortical neurons can be carried out by synaptic contacts and non-

39 Kitazoe, Y. Theoretical analysis on relationship between the neural activity and
the EEG / Y. Kitazoe, N. Hiraoka, H. Ueta [et al] // J. Theoret. Biol., — 1983, —

104, — p. 667-683.

40 Ginsburg, D.A. Correlation analysis of delta activity generated in cerebral

hypoxia / D.A. Ginsburg, E.B. Pasternak, A.M. Gurvitch // Clin. Neurophysiol. —
1977. — 42. — p. 445455,

al Dubner, R. Endogenous mechanisms of sensory modulation / R. Dubner, K.
Ren // Pain, — 1999. — 82. — p. 45-53.
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synaptic signals, as well as activation of the endogenic mechanisms
of the neurons themselves. The control of excitability of cortical
neurons can be carried out indirectly — by the regulation of
functioning of those structures of the nervous system, that can affect
the cortical activity.

The signals for activation of the system can come from its
neurons. They, like some neurons of the medulla oblongata, can

indirectly respond to the beginning of hypoxia 2. Perhaps, some of
the neurons are activated by oxygen deficiency. As hypoxia
develops, because of the action of the system’s neurons and
endogenic mechanisms, the discharge activity of the neurons is
depressed so that their damage or death are prevented. This process
is reflected in the EEG by the increase in the slow waves and
generation of the slow rhythms.

It is difficult to determine which neurons form the system. It
can be assumed that gabaergic neurons of the RAT, which exert
pacemaker effects on cortical neurons and play an exceptional role in
the generation of EEG *, are its key element. This may also apply to
Cajal-Retzius neurons, which are resistant to hypoxia, are able to
generate ectotopic action potentials and have synaptic connections
with a large number of cortical neurons 44,

One of the candidates for the constituent elements of the
system are the principle neurons. In studies conducted on slices of

42 Nolan P. Ventrolateral medullary neurons show age—dependent depolarizations
to hypoxia in vitro / P. Nolan, T. Waldrop // Dev. Brain Res., 1996, v. 91, p. 111-
120.

43 Thomas, E. A computational model of spindle oscillations / E. Thomas, R.

Wyatt // Mathematics and Computers in Simulation, — 1995, — 40, — p. 35-69.

a4 Keros, S. Ectopic action potential generation in cortical interneurons during

synchronized GABA responses / S. Keros, J. Hablitz // J. Neurosci, — 2005, — 131,
—p. 833-842.
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the rat cerebral cortex, it was found that during reperfusion, their
activity increases more compared to other neurons.*®

Studies show that in the first days of newborns, EEG acuity is
associated with damage to the basal ganglia, thalamus, subcortical
white matter, internal capsule, but not with the cerebral cortex*.
Undoubtedly, this fact indicates the important role of subcortical
structures in the regulation of excitability of cortical neurons. Based
on this, it cannot be ruled out that the weakening or cessation of the
effects of modulating and pacemaker neurons of subcortical
structures on central neurons in violation of subcortical—cortical
relationships is one of the reasons for their increased excitability,
underlying the pathological activity of the EEG.

A lot of investigators consider that the overall pattern and most
parameters of both the normal and pathological EEG are genetically
determined #’. It can be supposed, that the system of modulating and
pacemaker neurons is one of the mechanisms of realization of genetic
condition of the electrical activity of the cerebral cortex.

Presumably, the regulation of EEG generation by modulating
and pacemaker neurons is carried out under both pathological and
normal conditions. Consequently, EEG generation is not a random
process, but is partially or completely controlled by the brain itself*®.

As a result of the analysis, it is supposed that the response of
the total activity of the developing cortex to the effect of hypoxia is

45 Wang J. Short—term cerebral ischemia causes the dysfunction of interneurons
and more excitation of pyramidal neurons in rats // Brain Res. Bull., 2003, v. 60, p.
53-58.

46 Briatore, E. EEG findings in cooled asphyxiated newborns and correlation with
site and severity of brain damage / E. Briatore, F. Ferrari, G. Pomero [et al] // Brain
Dev., — 2013, — 35, — p. 420-426.

ar Smit, D. Individual differences in EEG spectral power reflect genetic variance
in gray and white matter volumes / D. Smit, D. Boomsma, H. Schnack [et al] /
Twin. Res. Hum. Genet., — 2012, — 15, — p. 384-392.
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realized through mature mechanisms, as well as the ones specific to
early ontogeny .

CONCLUSION

1. In our studies, it was found that spectral indicators and the
overall picture of the total electrical activity of the rabbit's auditory
cortex are formed on the 10th day, and amplitude indicators — on the
30th day of postnatal life. From the 10th day of life, the ECoG
acquires an interhemispheric asymmetry in spectral composition, and
from the 20th day in amplitude. The total activity of the left auditory
cortex, compared with the right, contains more fast waves and has a
higher amplitude.

2. In ontogenesis, differences in the electrical activity of
different cortical regions appear even in embryogenesis. During this
period, the ECoG of the auditory and sensorimotor regions of the
cerebral cortex differ sharply in spectral composition and amplitude,
and they react differently to hypoxia.

3. As a result of our research, a pattern of changes in the
sensitivity of the nervous system to oxygen deficiency during
embryogenesis has been revealed. It was found that hypoxia in the
embryonic, prenatal and fetal periods of prenatal development has a
different effect on the formation of the ECoG spectrum of the
auditory cortex of baby rabbits. In the ECoG spectrum of the
auditory cortex of 28—day—old fetuses, 10—, 20— and 30-day-old baby
rabbits, lack of oxygen in late periods of prenatal development,
compared with embryonic, leads to more noticeable and almost
identical changes in the spectral parameters of ECoG. With age,
oxygen starvation in all periods of prenatal ontogenesis has a more
intense effect on the electrical activity of the cerebral cortex. Based

48 I'yceitnoB A.I'. MexaHu3Mbl BIUSIHUSA TMIIOKCHMM Ha CyMMapHYyIO aKTHBHOCTb
KOpBI TOJIOBHOTO Mo3ra // Pocc. ¢usuon. xypH., — 2017, 103 (11), — ¢. 1209-1224.
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on these data, it can be assumed that the nerve structures generating
the electrical activity of the rabbit's auditory cortex in the last two
periods of intrauterine life show a higher sensitivity to lack of
oxygen.

4. Oxygen starvation at the end of embryogenesis (days 24-
28) and at the beginning of postnatal ontogenesis (days 1-5) causes
strong and similar changes in the overall picture and spectrum of the
ECoG of the auditory cortex of 30-day—old baby rabbits. However,
after postnatal hypoxia, stronger changes are detected in the spectrum
of electrical activity.

5. Under the influence of hypoxia, asymmetry in the
amplitude—time indices of ECoG is weakened or eliminated, and the
interhemispheric interaction of the brain is disrupted.

6. A new mechanism of susceptibility of the cerebral cortex to
hypoxia in early embryogenesis has been proposed. Damage to the
subcortical white matter of the brain with a lack of oxygen eventually
leads to structural changes in the cerebral cortex.

7. A hypothesis has been put forward that the fluctuation in
the level of membrane potential of developing cortical neurons is one
of the reasons for their episodic activity.

8. The regularities of the formation of cortical inhibition in
ontogenesis have been established; As a result of the analysis, it is
assumed that synaptic inhibition of neurons of the cerebral cortex
begins to occur almost simultaneously with the beginning of their
generation of background activity. The main mechanisms that carry
out cortical inhibition in the mature cerebral cortex begin to function
from the moment it is included in ontogenesis.

9. Under conditions of hypoxia, the generation of impulse
activity of a cortical neuron is regulated by a group of modulating
and pacemaker neurons and intracellular mechanisms of the neurons
themselves. With oxygen starvation, the weakening of the impulse
activity of cortical neurons is reflected in the EEG by an increase in
the severity of slow waves of the spectrum and the generation of
slow rhythms. Disruption of the functional group of neurons
regulating the level of excitability of cortical neurons is one of the
mechanisms for the development of pathological activity on the
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EEG. Such regulation of EEG generation takes place under both
pathological and normal conditions. Therefore, the generation of
EEG is not a random process, but is partially or completely
controlled by the brain itself.

10. It is assumed that the reaction of the total activity of the
developing cortex to the effects of hypoxia is realized, as well as by
mature mechanisms characteristic of early ontogenesis.

THEORETICAL RECOMMENDATIONS

1. The description of the morphological development of the rabbit
cerebral cortex in embryogenesis has theoretical significance for
understanding the development of the brain as a whole. This work
gives an idea of the development of the mammalian cerebral cortex
in the prenatal period and can be recommended for inclusion in
works on brain development in ontogenesis.

2. The study of the mechanisms of formation of the impulse activity
of cortical neurons and the establishment of patterns of formation of
cortical inhibition are very important for understanding the
functional development of the brain in ontogenesis. The results of the
research can be recommended for inclusion in textbooks on age
physiology.

3. The results of studies on changes in the sensitivity of the nervous
system to hypoxia in embryogenesis and the mechanisms of the
effect of hypoxia on the EEG can be recommended to doctors for the
treatment of children who have undergone prenatal hypoxia.

4. The results of research on the mechanisms of the effect of hypoxia
on the EEG have very important theoretical significance for
understanding the generation of electrical activity of the brain. These
data can be recommended for inclusion in books on
electrophysiology.

44



List of published works on the topic of the dissertation:

I'yceiinoB A.I'. Pa3zBuTre TaKTUIBLHOTO aHAM3AaTOPa KPOJIUKa
B IIpEHATaJbHOM OHTOreHe3e // Bompochl 3BONIIOLMOHHOM
¢usuonoruu, — JI., — Hayka, — 1986, — c. 75-76.

I'yceitnoB A. I'. OyHKUMOHAIBHOE PA3BUTHE TAKTUIHLHOIO
aHamM3aTopa KpOJIMKa B IPEHATAIbHOM OHTOreHese //
N3Bectus AH Azep6. CCP, — 1987, — Ne 5, — c. 112-119.
MawmenoB X.b., I'amxues @.10., 'yceitnoB A.I'. 931" monos
KPOJIMKA JI0 ¥ TOCIIe TIepekaTus myrnoBuHbI // Marepuanst XI
Hpanckoro koHrpecca mo (u3HOIOTHH U (hapMaKoJIOTUH, —
1993, —c. 185.

MawmenoB X.b., I'azueB A.I'., Araesa D.H., I'yceitnoB A.l'.
Pa3BuTHe ciayxoBoro aHaiuszaropa KpoJivka B IIpeHAaTaIbHOM
OHTOreHese // Marepualibl IEpBOro POCCUKUCKOrO KOHrpecca
o marogusuonoruu, — M., — 1996. — ¢.122-123.

I'yceitnoB A.I'., MamenoB X.b. @yHKIMOHANBHOE pa3BUTHE
TaKTUJIBHOTO M CIYXOBOI'O AaHAJM3aTOPOB KpOJIMKA B
npeHaTaJbHOM oHToreHese // IlaTomoruueckue mporeccel u
METO/bI UX Koppekuuu, — baky, — 1998, — c. 84-85.
I'yceitnoB  A.I'., MawmenoB  X.b.,, Tasuen A.l.
DyHKIIMOHAJILHOE Pa3BUTHE CEHCOMOTOPHOW KOpPBI KpOJHUKa
B IIOCTHaTajibHOM OHTOreHesze // CoBpeMeHHbIE MpOoOJIeMbl
cpaBHUTENbHOU (pru3monornu u 6moxumuy, — baky, — 2002, —
c. 198-201.

I'yceitnoB A.I'. CrpykTypHast opraHuzauus HEOKOpTEeKca
KpOJMKa B TpEHAaTalbHOM OHTOreHese // Ycmexu (Qpu3HOIIL.
Hayk, —2003, — 1. 34, — Ne 3, — ¢. 64-75.

I'yceitnoB A.I'., Mamenos X.b., I'azueB A.I'. Dnextpuueckas
AKTUBHOCTh HEWPOHOB CEHCOMOTOPHOW KOPBI KpOJIMKA B
npeHaTaabHOM oOHToreHese // COOpHHMK cTarell Hay4HO—
MpakTH4YecKoW KoH(epeHIuN mocBseHHol KanpipoBoii
T.I'., — baky, — 2003, — c. 125-126.

I'yceitnoB A.I'., Mameno X.b., T'aszuer A.I'. Bausaue
XpOHUYECKON rumnokcuu Ha O3l ciyxoBOH KOpel MoO3ra

45



10.

11.

12.

13.

14.

15.

16.

17.

18.

10708 kponuka // Pocc. @usmnon. xxypH. — 2004, — 1. 90, — Ne

8, —c. 172.

Mawmeno X.b., T'yceitnoB A.I'., T'azueB A.I'. Brausinue

TUIMOKCUM Ha OMO3JIEKTPUUYECKYI0 AKTHUBHOCTH 3PHUTEIHHOM

KOpBI Yy SMOpHOHOB Kpomwuka // Pocc. ®uznon. xxypH., — 2004,

—71.90,—Ne 8, —c. 181-182.

I'yceitnoB A.I'., I'azueB A.I'., Mamenos X.b. ®opmupoBanue

MMITYJIbCHOM aKTUBHOCTH HEHPOHOB KOPBI TOJIOBHOT'O MO3TI'a B

ontorenese // [Ipobmemsr ¢pusnonorun u ouoxumuu, — bakxy,

—2006, — . 24, — c. 235-251.

I'yceiinoB A.I'. Mexanusambel (GopmupoBanusi (HOHOBOMH

AKTUBHOCTH HEWPOHOB KOPbI T'OJIOBHOTO MO3ra B OHTOTE€HE3E

// KypH. 3Boi. 6uox. u ¢pusuon., — 2007, — 1. 43, — Ne 6, — c.

451-459.

Guseynov A.G. Mechanisms of formation of background
activity of cerebral neurons in ontogenesis // Journal of
Evolutionary Biochemistry and Physiology — 2007, — v. 43. —
Ne 6, — p. 537-547.

l'azues, A.T'., Mamenos X.b., I'yceitnoB A.I'.u np. Bnusinue

TUIIOKCUH B Pa3HbIE NEPHO/bI IIPEHATAIBHOIO OHTOIEHE3a Ha

¢opmupoBanne IOI' // Hayunsle Ttpynsr |l cbe3na

¢uznonoros CHI', — Kummunes, — 2008, — c. 245.

I'yceitnoB A.I'., MamenoB X.b. Biusinue runokcuu B pa3Hbie
NEPUOBI IIPEHATAIBHOIO OHTOT€HE3a Ha
AIIEKTPOKOPTUKOTpaMMy TUIOZ0B Kposiuka // Pocc. ¢uzmonn.

KypH., — 2012, — 1. 98, — c. 1250-1257.

I'yceitnoB A.I'. @opmupoBaHHe KOPKOBOTO TOPMOXKCHHS B

onrorenese // XypH. 3Bon. 6uox. u ¢usmon., — 2013, — 1. 49,

—No 3, —c. 180-186.

Guseynov A.G. Formation of cortical inhibition in ontogenesis
/I Journal of Evolutionary Biochemistry and Physiology —
2013, —v. 49. — Ne 3, — p. 275-282.

I'yceitnoB A.I'., Mamenos X.b. ®opMupoBaHue CEHCOPHBIX

MPEJICTAaBUTENILCTB B KOPE TOJIOBHOTO MO3ra B OHTOreHese //

[Tpobnems! ¢uznonorun u 6uoxumun, — 2014, — 1. 32, — c.

46



19.

20.

21.

22.

23.

24.

25.

26.

27.

207-212.

Hiiseynov ©.H., Mommodov X.B. Ontogenezin miixtolif
dovrlorinds aparilan hipoksiyanin dovsan dollerinin beyin
gabigimin yekun aktivliyino tosiri // Fiziologiyanin va
biokimyanin problemlori, — 2016, — . 34, —s. 66—70.
I'yceitnoB A.I'. MexaHu3mbl BJIMSHUS TUIIOKCHUM  Ha
CyMMapHyI0 aKTUBHOCTh KOpBI TOJIOBHOro mo3ra // Pocc.
¢dbuzmon. xypH., — 2017, — 1.103, — Ne 11, — c. 1209-1224.
I'yceitnoB A.I'., MamenoB X.b. CTpykTypHO€E pa3BUTHE KOPBI
TOJIOBHOTO MO3Ta KPOJHKa B MOCTHATaJLHOM OHTOTEeHE3e //
N3ectus HAH Azep6aiimxkana, — 2017, — 1. 72, — Ne 2, — c.
126-131.

I'yceitnoB A.I'., AsumoBa A.M., Cynranosa M.C. Buusinue
MPEHATAIBHOM 5 MMOCTHATAIIBHOMN TUTIOKCUU Ha
JJIEKTPUYECKYI0 aKTUBHOCTh KOpbI rosioBHOro mo3ra // Milli
Nevrologiya Jurnali, —2018, — Ne 1 (13), —s. 45-49.
I'yceitnoB  A.I'., Mamenos X.b., [TIyceitnoa [I'.I.
Embriogenezin miixtolif ddvrlorinde hipoksiyanin beynin
elektrik aktivliyino tosiri. Miasir Tibbin Problemlori //
Miiasir Tibbin Problemlori, — 2018, — Ne 3, — 5. 78-81.
I'ycelinoB A.I'. BnusHHMEe THMIOKCHM Ha SJIEKTPUUYECKYIO
aKTHBHOCTh MO3Ta KpoJsibuaT pa3Horo Bospacta // Tpynbl
UHCTUTYTA 30070ruu, — 2018, — €. 36. Ne 1, —c. 143-152.
I'ycetinoB A.I'., MamenoB X.b. BnusHue rumnokcun B
pasHble  MepuoAbl  SMOpHOreHe3a Ha  CyMMAapHYIO
AIIEKTPUYECKYI0 AaKTHBHOCTh KOpBI TOJOBHOrO Mosra //
[Tpo6nems! ¢usunonorun u 6uoxumuu, — 2018, — 1. XXXVI,
—c.291-295.

I'yceiinoB A.I'. l3MeHeHue 4YyBCTBUTEIBHOCTHM HEPBHOMU
CHCTEMBbI K THIOKcHU B amOpuorenese // 3sectus HAHA, —
2018, —1.73, Ne 1, —¢. 3-9.

I'yceitnoB A.I'. @opMHpoOBaHHE CYMMAapHOM 3JIEKTPHUYECKOU
AKTUBHOCTH CIYXOBOH KOpBI KpOJHMKa B OHTOreHese //
WzBectust BJ1Y. Cepust ecrecTBeHHBIX Hayk, — 2018, — No 4, —
c. 27-33.

47



28.

29.

30.

31.

I'yceitnoB A.I'. BiusHue TrHUIOKCMM Ha CTPYKTYpy
pa3BUBAIOIIEHCS KOPBI TOJI0BHOTO Mo3ra // Tpynbl oOuiecTBa
3o0s0r0B A3epOaiimkana, — 2018, — c¢. 10, — Ne 1, — s. 136—
142.

I'yceitnoB A.T'., MamenoB X.b., I'yceitnosa I'.I'. CoBpemennoe
MpeACTaBICHUE O Helpodu3nonmornyeckux mexanuzmax IO
/l Buomenunuua, — 2019, — Ne 1, —¢. 3-8.

I'yceitnoB A.I'. BiausHue TOCIEACTBUM TMIOKCHUYECKUX
BO3JCHUCTBUII B pasHble IIepuoJbl AMOpHOreHe3a, Ha
ANEKTPUYECKY0 aKTUBHOCTH CIIyXOBOM KOPBI B IIEPBBII MECSIL]
MOCTHATAJIBHOTO Pa3BUTHA KPOJMKOB // JKypH. 3BOI. OMOX. H
¢uzmon., — 2021, — 1. 57, — Ne 6, — ¢. 63—75.

Guseynov A.G. The Impact of Hypoxic Exposures in Different
Periods of Prenatal Development on Electrical Activity of the
Rabbit Auditory Cortex in the FirstMonth of Postnatal Life //
Journal of Evolutionary Biochemistry and Physiology — 2021,
— V.57, —p. 1277-1289.

48



LIST OF ABBREVIATIONS

ATP — adenisine triphosphate
GABA — gamma-amino butyric acid
EEG — electroencephalogram
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