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                                       Abstract 

 

     The main objective of the study is to investigate the sensitivity of ECoG in 

fetuses of immature animals to hypoxia during different periods of embryogenesis. 

     The spectral composition of the auditory cortex ECoG was studied in 20-day-

old rabbits exposed to hypoxia during different periods of intrauterine life. Oxygen 

deficiency during the embryonic (E1–8), prefetal (E8–18), and fetal (E18–28) 

periods of prenatal development has different effects on the formation of the 

auditory cortex ECoG spectrum in rabbits. These differences are primarily 

expressed in the degree of increase in the number of slow waves in the electrical 

activity of the auditory cortex. In rabbits exposed to hypoxia during the embryonic 

period, ECoG spectral parameters deviate from the norm only slightly, whereas 

hypoxia at two later stages of embryogenesis resulted in more pronounced, but 

similar, changes in spectral parameters. 

     It has been shown that in 20-day-old rabbits, following hypoxia in the final 

stages of intrauterine life, compared to the first (embryonic) period, changes in the 

ECoG spectrum of the auditory cortex are more pronounced. While in the first 

experimental group, the increase in slow waves in the spectrum was 21%, in 

subsequent experimental groups, it increased by exactly one-third. 

 

Keywords: prenatal hypoxia, electrocorticogram, embryonic period, prefetal 

period, fetal period, rabbit 
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Introduction 
 

     Oxygen participates in oxidation-reduction reactions, resulting in energy 

production in the body. Therefore, oxygen deficiency causes morphofunctional 

disorders in all organs of the body. It is known that the nervous system is most 

sensitive to hypoxia in the prenatal period [5, 9, 10, 17]. Morphological and 

electrophysiological studies of recent years show that during embryonic 

development, the sensitivity of the nervous system and its individual structures, in 

particular, the cerebral cortex, to hypoxia changes [1, 11, 15, 17]. It was found that 

the total electrical activity of different areas of the cerebral cortex of rabbits reacts 

ambiguously to oxygen starvation at different periods of intrauterine life, and as 

they develop during ontogenesis, this reaction changes [9, 14]. However, due to the 

ambiguity of these changes, it is not possible to determine the period of prenatal 

life when the nervous system exhibits the greatest sensitivity to oxygen deficiency. 

The objective of this study was to investigate the sensitivity of ECoG in fetuses of 

preterm animals to hypoxia during different periods of embryogenesis. 

 

     Methods 

 
     The studies were conducted on 20-day-old Chinchilla rabbits. All studies were 

conducted in accordance with the principles of the Basel Declaration and the 

recommendations of the ARRIVE Bioethics Committee [7].  

     Electrophysiological studies were conducted on 4 groups of rabbits. One group 

of animals served as a control. Rabbits in the first experimental group were exposed 

to hypoxia throughout the entire embryonic period (from days 1 to 8), the second – 

during the prefetal period (from days 8 to 18), and the third – during the fetal period 

(from days 18 to 28) of prenatal life (Schmidt classification of prenatal ontogenesis 

[13]). The control and experimental groups included 17, 14, 16, and 17 rabbits. To 

induce a hypoxic state in fetuses using B.M. Khvatova's method ("Methods for 

Determining the Severity of Hypoxia." Author's Certificate No. 2986388.1983), a 

pregnant female rabbit was placed daily in a transparent, specially ventilated 

chamber with a volume of 0.12 m³. A gas mixture of oxygen (5%) and nitrogen 

(95%) was supplied to the chamber for 20 minutes. The carbon dioxide content in 

the chamber did not exceed 0.1%. Before giving birth, the pregnant female rabbits 

were transferred to a cage suitable for caring for their offspring. Until 

electrophysiological studies were conducted, the kits were kept with their mother. 

     The electrocorticogram (ECoG) study of the auditory cortex was performed in 

both hemispheres. The coordinates of the auditory cortex were determined using 

rabbit cerebral cortex maps [2]. Before recording the electrical activity of the 

cerebral cortex, the animals were anesthetized intravenously with a sodium 

ethylamine solution at a dose of 40 mg/kg of animal weight. To record the electrical 

activity, a 0.5 cm2 area of the auditory cortex was exposed. ECoG was recorded 

from the surface of the auditory cortex using needle electrodes, and the indifference 

electrode was fixed in the nasal sinus. ECoG was recorded on an 8-channel 

electroencephalograph from Medicor (Hungary) and a Neuron Spectr 2 computer  
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(Russia). The electroencephalograph amplifier filters were set in the range of 0.1–

70 Hz. Recording from each area continued for 20 minutes. At the end of the 

experiments, the animals were euthanized with a solution of sodium ethaminal. 

     Spectral analysis of the ECoG was performed using a Neuron Spectrum 2 

computer. Standard waves in the δ, θ, α, β1, and β2 ranges were analyzed. Analysis 

epochs for each animal were 30 s.   

     Statistical processing of the obtained data was performed on a Neuron Spectrum 

2 computer using the Excel software package. The statistical significance of 

differences in mean values of spectral parameters was assessed using Fisher's exact 

F-test. Data were considered significant at p < 0.05. 

 

Results and discussion 

 
     The analysis shows that the ECoG spectrum of 20-day-old rabbits is dominated 

by fast waves. However, the ECoG is distinguished by a very high content of slow 

activity – 25.4%. In the slow spectrum, δ activity is slightly less represented – 11.3 

± 1.5%, compared to the dominant θ activity, whose index is 14.1 ± 1.3%. Fast 

waves in the β1- and β2-ranges have the highest indices in the electrical activity 

spectrum – 19.5 ± 2.2% and 40.7 ± 4.2%, respectively, while α activity occupies 

14.4 ± 1.7% of the spectrum (Figs. 1, 2).  

     After hypoxia during the embryonic period, the expression of slow activity in 

the spectrum increases. The increase in the number of δ- and θ-waves is 21–23%. 

Together, these waves occupy 30.9% of the spectrum, which is 21% more than 

normal. The proportion of all fast waves in background activity decreases. 

 

 
 

     Fig. 1. ECoG of the auditory cortex of 20-day-old rabbits: a – control, b – after 

hypoxia during the embryonic period (E1–8), c – prefetal period (E8–18), and d – 

fetal periods of embryogenesis (E18–28). Calibration: 100 μV, 1 s. 
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     An ECoG analysis of the auditory cortex of rabbits exposed to oxygen deficiency 

during the prefetal period of embryogenesis shows a sharp increase in the 

proportion of slow δ- and θ-waves in its spectrum, amounting to 33.9% (p < 0.05). 

This figure is 33% higher than the norm. Moreover, the increase in slow waves is 

mainly associated with δ-activity, which becomes dominant in the slow-wave 

spectrum (p < 0.01). The number of α-range waves decreases quite sharply—by 1.5 

times (p < 0.05). β-activity is more moderately weakened. While the β2-wave index, 

compared with the control, is 12% lower, the weakening of β1-activity is very 

insignificant. 

 

 
     Fig. 2. Spectral composition of the ECoG of the auditory cortex of 20-day-old 

rabbits: a – control (n=17), b – after hypoxia in the embryonic period (E1–8, n=14), 

c – prefetal (E8–18, n=16) and d – fetal period of embryogenesis (E18–28, n=17). 

*– (p < 0.05), **– (p < 0.01). 
 

     Following hypoxic exposure during fetal life, the electrical activity of the 

auditory cortex is also characterized by a significantly altered spectrum. The 

proportion of low-frequency δ- and θ-waves in the spectrum increases sharply—by 

a third—to 33.6% (p < 0.05). As in the previous experimental group, δ-activity (p 

< 0.01) becomes predominant in the slow spectrum, while the θ-wave index differs 

only slightly from the control. The activity of all fast waves is weakened to varying 

degrees. While the number of α-band oscillations decreases by 40% (p < 0.05), the 

change in the spectral indices of β1- and β2-waves is less pronounced (Figs. 1, 2).       

     Summarizing these data, we can conclude that in 20-day-old rabbits, following 

hypoxia in the final stages of intrauterine life, compared to the first (embryonic) 

period, changes in the ECoG spectrum of the auditory cortex are more pronounced. 

While in the first experimental group, the increase in slow waves in the spectrum 

was 21%, in subsequent experimental groups, it increased by exactly one-third.  

     It is known that two critical periods are distinguished during early 

embryogenesis, when the developing organism is most susceptible to adverse  
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influences. The first precedes implantation, and the second, the formation of organ 

rudiments, when adverse factors can contribute to the development of various 

defects [5]. In rabbits, these critical periods almost correspond to the embryonic 

period of intrauterine life [3]. However, our studies have observed less pronounced 

changes in the nervous system of rabbit pups caused by oxygen starvation during 

the embryonic period of embryogenesis. It is possible that the relative resistance of 

the developing nervous system to oxygen deficiency during the embryonic period 

of prenatal life is associated with the lower oxygen requirements of dividing 

embryonic cells during this period [17].  

     It is believed that neuronal death during oxygen starvation is also mediated by 

their synaptic activity. Studies conducted on hippocampal neuron cultures have 

shown that cyanide-induced anoxia has no effect on undifferentiated neurons, while 

differentiated neurons die [8]. It has been shown that in the cerebral cortex, the 

death of GABAergic neurons in turn causes the death of neurons connected to them 

via synaptic transmission [12].  

     Therefore, it cannot be ruled out that during the early periods of embryogenesis, 

the absence of synaptic connections in neurons is one of the reasons for their relative 

resistance to the effects of hypoxia. In rabbits, the pre-fetal period of embryonic life 

is characterized by intensive organogenesis [17]. Disruption of these processes 

under the influence of hypoxia undoubtedly affects the structures of the nervous 

system. During this period, the cerebral cortex and subcortical white matter exhibit 

high sensitivity to oxygen deficiency [16].  

     This period is critical for the cerebral cortex, since its basic elements are laid 

down at this time [6-vas]. The main reason for the high susceptibility of the 

subcortical white matter to hypoxia is the appearance of oligodendrocyte precursors 

[4].  

     By the end of embryonic life, these structures acquire relative resistance to 

oxygen deficiency, while the subcortical gray matter, on the contrary, becomes 

susceptible to its effects [6].  

     Some authors associate the increased sensitivity of the gray matter, or more 

precisely the subcortical nuclei, to hypoxia by the end of embryogenesis with a lack 

of energy due to an increase in their activity [6]. However, studies conducted on 

sheep fetuses have 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, the subcortical nuclei become more susceptible to hypoxia 

[14]. 
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