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Abstract. The purpose of our research was to study the effect of 

transcranial electrical stimulation on the regeneration of damaged nerve 

fibers in laboratory animals. In the experiment, an operation was 

performed to cut the sciatic nerve at the level of the midthigh and to 

connect its ends with an epiperineural microsurgical suture. After the 

operation, one group (experimental) of animals was subjected to electrical 

exposure using electrodes inserted subcutaneously in the forehead and 

behind the auricles. The electric current was supplied in the mode of a 

combination of a direct current of 0.8±0.2 mA and a pulse current of 

0.4±0.1 mA with a frequency of 70 Hz, a pulse duration of 3.0-3.5 ms. 

There were 4 sessions of exposure lasting 1 hour with an interval of three 

days for two weeks after the operation. The animals were monitored for 9 

months. Transcranial electroanalgesia (electrostimulation) was found to 

activate regenerative morpho-functional processes in the nerve fibers of the 

damaged sciatic nerve in rats. 

1 Introduction 
The problem of analgesia affects many theoretical and practical aspects, both in medicine 

and in veterinary medicine [2-13]. Recently, the method of transcranial electroanalgesia 

(TCA) has been widely used in practice (stimulation). It has been established that electrical 

stimulation of certain brain structures (hypothalamus, mesencephal, medulla oblongata, 

etc.) can cause pronounced analgesia in animals by activating the nocic-antinociceptive 

system [2-13]. This system is involved not only in the regulation of pain sensitivity and the 

conduct of pain impulses in the central nervous system, but is also involved in trophic 

regulation in pathological processes in the body [16]. Therefore, the trophic effect of 

transcranial electrical stimulation (TCES) is fully manifested in the organs and tissues 

affected by the pathology, which in turn leads either to the predominance of regeneration 

processes, or can provoke the opposite effect - an increase in dystrophic processes at the 

local level. 

Regeneration of peripheral nervous tissue is a complex process, in functional terms. It is 

assumed that endogenous opioid peptides released into the blood as a result of electrical 
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stimulation of brain structures can contribute to the acceleration of regeneration processes, 

namely, there is a possibility of accelerating the effect of the opioid-ergic system on the 

nerve fibers regeneration. It follows that the possible effectiveness of the TCEA therapeutic 

effects is to a certain extent limited by the limits of the homeostatic capabilities of the body, 

which, although very large, are by no means unlimited and have significant individual 

differences [11]. All of the above is of particular interest in the study of the reparative 

capabilities of tissues, as a result of indirect exposure to them, through the central nervous 

system under the stimulating effect of electric currents of analgesic parameters.

The purpose of research: to study the effect of transcranial electrical stimulation on 

the regeneration of damaged nerve fibers in laboratory animals.

2 Material and research methods
The research was conducted on the basis of the Irkutsk State Agrarian University. The 

objects of the research were clinically healthy 50 heads of male Wistar rats weighing 200-

250 g. In 40 animals previously anesthetized with Zoletil (1 mg/100 grams of weight, 

intramuscularly), an operation was performed to cut the sciatic nerve at the level of the 

midthigh and to connect its ends with an epiperineural microsurgical suture [1, 14, 15].

After the operation, one group (experimental) of animals pin the amount of 20 heads 

was subjected to electrical exposure using electrodes inserted subcutaneously in the 

forehead and behind the auricles. The electric current was supplied in the mode of a 

combination of a direct current of 0.8±0.2 mA and a pulse current of 0.4±0.1 mA with a 

frequency of 70 Hz, a pulse duration of 3.0-3.5 ms. There were 4 sessions of exposure 

lasting 1 hour with an interval of three days for two weeks after the operation. The second 

group of 20 animals which underwent surgery was used for control.

Reinnervation of the rat's foot with efferent nerve fibers was evaluated using the 

vestibular motor test reflex hind limb fingers opening during a sharp lowering of the 

animal. The regeneration of afferent nerve fibers was studied by the method of impulse 

activity withdrawing from the sciatic nerve bundles during mechanical stimulation of the 

foot skin.

In addition, the delayed effect of transcranial electrical stimulation on the restoration of 

the functions of the cut and sutured sciatic nerve was studied 9 months after surgery. The 

functional state of the regenerating nerve was assessed by recording the compound action 

potential (CAP), followed by calculating the speed of nerve conduction and by recording 

the pulse activity of nerve fibers of the sciatic nerve during mechanical stimulation of the

foot skin. The results were compared with the data obtained in 10 intact rats.

For mathematical analysis of the obtained data, the software package "Statistica" was 

used.

3 Research results
The study of the vestibular motor reflex in the animals which underwent surgery showed 

that the first signs of recovery of motor functions were observed in the experimental group 

after 5.0±1.0 days, and in the control group after 9.0±1.5 days (P≤0.05) (Figure 1 A). When 

registering the pulse activity of the nerve fibers of the sciatic nerve, it was revealed that the 

first impulse reactions to strong mechanical irritations of the foot skin (tingling, pricking) 

were observed in animals that were subjected to electrical stimulation after 14.0±1.0, and in 

controls after 19.1±1.0 days after surgery (P≤0.05) (Figure 1 B). Transcranial 

electroanalgesia accelerated the reinnervation of foot skin by motor and sensitive nerve 

fibers, i.e. it stimulated the growth of regenerating nerve fibers.
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Fig. 1. Time of the beginning of foot skin reinnervation by nerve fibers of the damaged sciatic nerve, 

days.

Studies conducted 9 months after the operation revealed that the conduction of the 

sciatic nerve was completely restored in both study groups in the animals which underwent 

surgery (Figure 2). Nevertheless, the conduction speed along the most rapidly conducting 

nerve fibers, which was determined by the CAP registration method, was noticeably lower 

than in the norm (37.1 ± 0.4 ms) and amounted to 23.1 ± 1.0 and 25.9 ± 1.1 ms (P≤0.05) in 

control and experiment, respectively.

Fig. 2. Distribution of durations of the action potentials of nerve fibers in mechanical irritation of foot 

skin.

The analysis of the action potentials (AP) of afferent nerve fibers recorded during 

mechanical irritation of the foot skin showed that the AP duration in all three groups (intact, 

control, experimental) of animals ranges from 0.5 to 1.2 ms. In intact animals, nerve fibers 

with AP duration of 0.5-0.6 ms predominate (the average value is 0.6±0.05 ms). In control 

animals, 9 months after surgery, nerve fibers predominate with AP duration of 0.8-1.0 ms, 

with an average value of 0.9±0.05 ms (P≤0.05). In animals that underwent electrical 
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stimulation, there is a significant decrease in AP duration in most nerve fibers, which brings 

the average value to the norm of 0.7±0.05 ms (P≤0.05).

4 Conclusion
The results of the study showed that transcranial electrical exposure has a positive effect on 

regenerative processes in the peripheral nervous system. In the early stages of regeneration, 

electroanalgesia stimulates the growth of regenerating nerve fibers, which is manifested in 

the acceleration of the beginning of foot reinnervation by efferent nerve fibers, on average, 

by 30%, and by afferent nerve fibers - by 25%. A comparison of foot reinnervation terms 

by sensitive and motor nerve fibers revealed a slower regeneration of sensitive nerve fibers. 

Comparison of AP duration in intact and two groups (control, experience) of operated 

animals showed that transcranial electroanalgesia contributes to a better restoration of the 

functional properties of damaged afferents.

Thus, transcranial electroanalgesia (electrical stimulation) activates reparative morpho-

functional processes in the nerve fibers of the damaged sciatic nerve in rats. The trophic 

effect of electrical stimulation of brain structures is fully manifested in the tissues affected 

by the pathology due to endogenous opioid peptides, which are released into the blood as a 

result of the stimulating effect of the electric current of analgesic parameters. The results of 

this study allow to consider the method of transcranial electrical stimulation as promising 

for the treatment of nerve trunk injuries and the consequences of neurosurgical operations 

in animals.
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