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SUMMARY
The work is devoted to the study of the effectiveness of exposure to low-intensity 

electromagnetic fields of endogenous origin (endogenous bioresonance therapy) in the healing of 
postoperative wounds in the experiment. Planimetric, cytological and immunohistochemical studies 
were carried out. It has been established that bioresonance therapy accelerates and stimulates the 
wound healing process, both the epithelialization process and the process of cell proliferation in the 
wound area.
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RESUME
The efficiency of use of low-intensity electromagnetic fields of endogenous origin (endogenous 

bioresonance therapy) was studied in experiment on the model of postoperative wound healing. Planimetric, 
cytological and immunohistochemical studies were conducted. We have demonstrated that bioresonance 
therapy accelerates and stimulates the healing process, both the process of epithelialization, and the process of 
cell proliferation in the wound area.

Keywords: low-intensity electromagnetic fields, endogenous bioresonance therapy, postoperative 
wounds, mitotic activity, proliferative activity.

Treatment of wounds of various origins remains one of the important problems of modern 
medicine. Even after operations classified as "clean", the postoperative period is sometimes 
accompanied by various complications. Therefore, the search for effective methods to accelerate the 
healing process is relevant at the present time. There are many treatments for postoperative 
wounds [1-3]. However, from the point of view of modern requirements for the regulation of 
inflammation and regeneration, neither antibacterial, nor enzymatic, nor vacuum aspiration, nor 
ultrasonic cavitation, nor treatment of wounds with a pulsating jet, etc. do not have a direct impact 
on these processes.

There are data in the literature indicating the possibility of the influence of low-intensity 
electromagnetic radiation on the processes of tissue regeneration [4–5]. Thus, according to the 
literature [7–9], studies are carried out, possible mechanisms of the effect of low-intensity 
electromagnetic radiation on biological objects are discussed. Disclosure of the mechanisms of 
regulation of bioenergetic processes occurring in the cellular structures of the body under the 
influence of low-intensity electromagnetic radiation will undoubtedly contribute to the development 
of clear indications for appropriate therapy in various pathological conditions.

There are reports in the literature on the effect of low-frequency electromagnetic fields on 
biological objects [7–11], but there are no publications reporting on the use of low-intensity 
electromagnetic fields of endogenous origin in the treatment of postoperative wounds. In foreign 
literature, there are isolated works devoted to the study in the experiment of low-intensity 
electromagnetic fields of endogenous origin.
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[12-14]. Meanwhile, electromagnetic fields of both endogenous and exogenous origin play an 
important role in biological processes in the human body [15, 16].

The method of endogenous bioresonance therapy (BRT) [18–20] is one of the options for 
therapy with low-intensity electromagnetic fields of endogenous origin.

Experimental substantiation of the use of BRT in the treatment of wounds and the prevention 
of disorders of their healing opens up new perspectives in the fight against disorders of the wound 
process in the early postoperative period, provides prerequisites for improving the quality of 
postoperative management of patients, including cardiac surgery, and reducing the likelihood of 
postoperative complications.

Purpose of the study
healing rateEstimate

immunohistochemical studies of the effect of endogenous bioresonance therapy (BRT) on the healing of 
wounds in white rats.

the change wounds, conduct cytological and

Material and research methods
Experimental studies were carried out on 260 sexually mature rats weighing 130–140 g. All 

animals were divided into control and experimental groups. All animals, both the control and the 
experimental group, were kept under the same conditions. A 2 x 2 cm flap of skin was cut out from 
the back of the animals of both groups. The experimental group of animals underwent daily sessions 
of bioresonance therapy according to strategy 4 with the implementation of exposure to the animals 
using a device for magnetic therapy "loop" for 7 days for 1 hour ... Within one month, every second 
day after the operation, the area of   wounds was measured in both groups. The results obtained 
were processed using computer programs (CorelDraw 11 and AutoCAD-2002). The reliability of the 
results was assessed by the Student criterion (p <0.05).

To assess the mitotic (MI) index of skin cells, 10 animals from the control and experimental 
groups were selected, three hours before sacrifice, a colchicine solution was injected 
intraperitoneally (1 μg / g weight). The material (pieces of skin tissue from the wound area) was fixed 
in a 4% formalin solution prepared in Na, K-phosphate buffer (pH 7.2–7.4). Fixed pieces of tissue 
were embedded in paraffin, sections of 5–7 µm thick were prepared, which were then stained with 
hematoxylin-eosin. The preparations were examined under a LOMO light microscope (magnification 
90 × 10). The mitotic index in ppm (‰) was determined by counting at least 5000 cells for each case. 
Individual sections were processed by the immunohistochemical method using monoclonal 
antibodies to the Ki67 protein. To assess the epithelialization process, we used antibodies to a 
specific marker protein of keratinocytes (pan Cytokeratin antibody, PCK-26, ab6401). The more 
euthanized animals were carried out under ether anesthesia. The reliability of the data obtained was 
assessed using the Student's test.

Results and discussion
Measurement of the surface of skin wounds in dynamics in animals that underwent 

bioresonance exposure showed that wound healing in this group begins earlier than in animals of 
the control group.

The dynamics of the wound healing process in animals of the experimental and control groups is shown in Fig. 
1. As can be seen from the data presented in the figure, the dynamics of the healing process of skin wounds in the 
control and experimental groups until the 13th day after the application of skin wounds is not much different. But, 
starting from the 13th day, the difference in the size of skin wounds in the experimental group significantly differs 
from the control (p <0.05). The healing process in the control group begins on day 18 and ends on day 29. As you 
know, 15–20 days correspond to the third phase of wound healing - the phase of scar formation and its 
epithelialization [22, 23]. In the experimental group, the healing process of skin wounds is completely completed by 23 
days after the application of the skin wound.

The results of the study indicate that the wound healing process in the experimental group 
ends in an average of 20 ± 2.5 days, while in the control group - in 26 ± 3 days.

The results of histological studies obtained by us are consistent with the results
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authors [24] on the acceleration of wound healing processes under the influence of electromagnetic 
waves of the millimeter range.

In fig. Figures 2a, 2b show the results of the effect of BRT on changes in the MI of skin cells of 
white sexually mature rats in dynamics. As can be seen from the results of the study presented in the 
figure, a surge in mitosis in animals of the experimental group is observed already 24 hours after the 
operation. In addition, by the 28th hour, mitotic activity reached its peak (the first peak of mitotic 
activity) and amounted to almost 45 ppm (p <0.001). After the first burst, a decline in mitotic activity 
was observed. The second, however, a relatively small burst of mitosis was again detected three days 
after resection of the skin area. It should be noted that the mitotic activity of cells in the area of   
wounds of animals of the control group did not change for 4 days and averaged 10 ppm (p <0.001).

Conducted in parallel with this, the assessment of the proliferative activity of skin cells by 
determining the activity of the marker protein in the wound area of   adult white rats showed that the 
marker protein of proliferation Ki67 is manifested in the interphase cell only in the nucleus, while during 
mitosis it is found on the chromosomes. In a number of works [25], based on the study of the localization 
of cytokeratins 5 and 13, the dynamics of re-epithelialization of skin wounds and the distribution of the Ki 
67 antigen proliferation marker in them were traced, which made it possible to detect proliferating 
fibroblasts starting from 1.5 days after injury.

In fig. 2d shows the curves reflecting the number of cells stained for the marker protein of 
proliferation in dynamics. As can be seen from the data presented in the figure, the number of skin 
cells stained for the marker protein of proliferation Ki67 from the area of   wounds of white mature 
rats of the experimental group during the first day significantly exceeds the corresponding indicator 
of animals in the control group (p <0.05).
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Rice. 1. Dynamics of changes in the size of skin wounds as a result of bioresonance effects. *p <
0.05.

If we compare the curves shown in Fig. 2b and 2d, which reflect the proliferative activity of 
cells in the wound area, it can be seen that in both cases two peaks appear corresponding to the 
number of stained cells by the 32nd (p <0.001) and 96th hour (p <0.05) and mitotic cells by the 28th 
and 72nd hours.

In the dynamics of observation of the change in the mitotic index of skin cells from the 4th to the 
21st day after surgery (Fig. 2c, 2e), it was shown that the difference between the MI indices of animals
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the control and experimental groups is not reliable, from which it follows that ten days after the operation, the 
effect of BRT sessions on the proliferative activity of cells is not observed (p> 0.3).

Similarly to mitotic activity, ten days after surgery, the effect of BRT sessions on the number of 
Ki 67 positive cells was also not observed (Figs. 2e, 2f). We also evaluated the process of wound 
healing in animals on tissue sections obtained from the wound area (Fig. 3). In fig. 3 shows 
micrographs of paraffin sections of animals of the control and experimental groups, respectively. 
According to the data obtained, skin regeneration in the control group on the 21st day is still 
ongoing. As for the animals of the experimental group, the process of skin regeneration, as shown in 
the micrographs, after the BRT sessions proceeds faster. As seen from Fig. 3a, the epithelialization 
process in the experimental group was completely completed on day 21, which once again confirms 
the stimulating effect of BRT on the wound healing process.

An indicator of success in wound treatment is the epithelialization of the wound surface. The 
high rate of epithelialization of wounds is provided by three processes: migration, division and 
differentiation of cells [26]. This process is a series of sequential events including mobilization, 
migration, mitosis and cellular differentiation of epithelial cells. Regeneration of the epithelium is an 
essential point in tissue restoration, provides an effective barrier against bacterial invasion, the 
necessary function and appearance. This process includes the mobilization of basal cells from their 
attachment to the dermis, migration to the site of injury, mitotic proliferation, and replacement of 
antecedent cells. To assess the epithelialization process, antibodies to a specific marker protein of 
keratinocytes were used.
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Rice. 2. Dynamics of the wound healing process as a result of exposure to low-intensity
electromagnetic fields of endogenous origin (a, b, c - dynamics of changes in the mitotic 

index (MI) of skin cells of white sexually mature rats; d, e, f - dynamics of changes
the number of skin cells stained for the marker protein of proliferation (Ki 67)).

Studies have shown that the cells of stratified squamous epithelium move from the edges of the 
wound, i.e. there is a normal epithelialization process. The positive effect of BRT on the wound healing 
process manifests itself 96 hours after surgery (Fig. 3b). In fig. 3b clearly shows the newly formed 
stratified squamous epithelium in the wound area of   the animals of the experimental group.

Rice. 3. Dynamics of wound healing as a result of bioresonance effects in sexually mature whites
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rats. a - microphoto-paraffin sections of the wound surface of the skin in dynamics; b - migration
epithelial cells in the wound area; c - photographs of the wound surface of the skin in dynamics.

conclusions
Based on the experimental studies carried out to study the effect of BRT on the wound healing 

process, a significant acceleration of the healing process of skin wounds was shown by an average of 6 
days. The stimulating effect of BRT on both the epithelialization process and the process of cell 
proliferation in the wound area was revealed. It was found that a burst of mitosis in animals of the 
experimental group is observed already 24 hours after the operation, reaching its peak by 28 hours, and 
is almost 45 ppm.

The results of the studies carried out indicate that bioresonance therapy with low-intensity 
electromagnetic fields of endogenous origin accelerates the processes of regeneration and 
reparation in the body.
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