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Electromagnetic radiation (EMR) with various frequency spectra are extensively implemented in practical medicine that determines 
further experimental studies of the impact on the development of biochemical effects and possible side effects on the body.

The aim of the investigation was to assess the effect of a course of non-thermal microwaves with different broadband frequency 
ranges on the parameters of the metabolic status of animals in experimental ischemia of a skin flap.

Materials and Methods. We studied the change of necrosis area of distal ischemic dorsal skin flap and the main biochemical indicators 
in Wistar male rats in the postoperative period, their occipital prominence being exposed to the irradiation in the range 53–78 and 110–
170 GHz.

Results. The most pronounced vascular effect was recorded when exposed to EMR 110–170 GHz, in this range there are spectra 
of nitric oxide and oxygen, with the smallest ischemic and necrotic area in a flap compared to the control group of operated animals. The 
unexposed animals after surgery were found to have high blood glucose and total cholesterol, as well as the elevated concentration of urea 
in comparison with control animals. The most significant homeostatic effect on biochemical metabolism indices (total bilirubin, urea, total 
cholesterol and glucose) was recorded under the influence of EMR 53–78 GHz.

Conclusion. The exposure of microwaves of sub- and millimeter range in noise radiation mode plays the role of control signals to 
develop biological effects in the body. No side effects on the body of experimental animals indicates the safe use of microwave exposure.
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The development of tissue ischemia is accompanied 
by the marked disorders of the metabolic status, that is 
one of the leading causes of unsatisfactory outcomes of 
reconstructive and restorative treatment. Low-intensity 
electromagnetic radiation (EMR) of submillimeter 
(terahertz) and millimeter (extremely high frequencies,  
EHF) ranges is used as an up-to-date therapeutic 
corrective physical factor [1, 2].

EMR of 30 GHz–10 THz is a unique range, as 
being impeded by the dense atmospheric layers, 
it does not affect bio-objects from the space and, 
therefore, they lack adaptation to them [3]. But living 
organisms generate microwaves themselves and apply 
this “noiseless range” in the process of intercellular 
interactions [4]. A distinctive feature of EMR of the given 
frequency range is the content of molecular spectra 
of emission and absorption (MSEA) of endogenous 
bioregulators (molecules-metabolites) in it: NO, O2, H2O, 
СО2, СО, ОН– and others, as well as the frequencies 
of interlevel transitions of the large organic molecules: 

DNA, protein and others, that must hypothetically rise 
the efficiency of the corrective action [5, 6].

One of the mechanisms of terahertz therapy 
effect is connected with nitric oxide, which is a 
secondary messenger involved in numerous 
patho- and physiological processes (vasodilatation, 
neurotransmission, lipid peroxidation, and also in 
the regulation of smooth muscle tonus, reparative 
regeneration and so on), which is manifested by the 
development of polyfunctional systemic influence on the 
organism [7–9].

Recent investigations in the field of non-thermal 
(informational) interactions of low-intensity microwaves 
with the organism allow the researchers to draw a 
conclusion on the advantages of using noise wideband 
frequency ranges, which influence the structural 
transformations of large organic molecules (intensify 
loop formation in DNA structure), which can change 
directly the process of biochemical reactions in the 
development of metabolic effects [10, 11]. The reaction 
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capability of molecules, excited by terahertz quantum is 
by an order of magnitude greater than that excited by 
EHF range [12].

However, the main drawback of EMR is the possibility 
of side-effects and complications in case of using 
inadequate frequency-energy radiation parameters, that 
can result in inhibition of physiological reactions — evoke 
not only dysfunctional, but destructive disorders as well 
[13, 14]. This fact shows the necessity of continuing 
researches to elucidate the mechanism of action, and 
choosing the safest radiation mode when developing 
rehabilitating methods of microwave therapy.

The aim of the investigation was to compare the 
effects of a course exposure to microwaves of non-
thermal intensity with various wideband frequency 
ranges on the parameters of animal metabolic status 
under the conditions of experimental ischemia of a skin 
flap.

Materials and Methods. Investigations were carried 
out in vivo on 32 white male rats of Wistar line weighing 
350–400 g. All animals were kept in the standard 
conditions of vivarium in cages with a free access to food 
and water according to the State Standard “Maintenance 
of experimental animals in the nursing areas of 
Research Institutes” [15]. Microcirculation disturbance 
was modeled using a modified method of dorsal 
skin flap dissection that resulted in blood circulation 
disorders in its distal part. The work was performed 
in accordance with ethical principles established by 
European Convention for the Protection of Vertebrata 
used for Experimental and other Scientific Purposes (the 
Convention was passed in Strasburg, March, 18, 1986, 
adopted in Strasburg, June, 15, 2006).

In the course of the study four groups of animals 
were formed. A control group consisted of intact rats 
(n=8). The rest of the animals were operated on using 
intramuscular anesthesia (Zolethyl + Xyla) after picking 
their fur. A skin pedicle flap with an axial type of blood 
circulation was dissected from the rat backs and fixed 
by atraumatic sutures. It caused acute ischemia with 
necrosis in the distal part of the flap, which made this 
model suitable for investigating positive and negative 
effects of physical factors on flap “survival”.

In the postoperative period the rats were divided 
into three experimental groups for comparison. In 
group 1 (n=8) animals had been observed after the 
operation throughout the experiment without any 
medical procedures. During 7 days the rats of two other 
groups underwent a course of 10-minutes exposure to 
EMR in the dose of 0.06 mJ on the zone of the occipital 
protuberance near the flap basis, where a projection 
of the vegetative regulation center responsible for 
adaptative reactions is located [16].

Animals included into group 2 (n=7) received EMR 
with the frequency range 110–170 GHz, in which MSEA 
of nitric oxide and oxygen were present. In group 3 (n=9) 
the rats were exposed to the similar EMR in the range 

53–78 GHz, where MSEA of the molecules-metabolites 
were absent.

After operative intervention animals were kept 
separately. Data on clinical rat examination were 
recorded before the operation, after it, on day 3 and 7 
after the exposure under the control of photo archiving. 
The area of ischemic damages was registered by 
overlaying a transparent lined template. Microcirculation 
dynamics in the operated flap was controlled by a 
thermovision method using TH-9100 WR Thermo 
Tracer (NEC, Japan) and laser Doppler flowmetry using 
LАKK-М laser blood flow analyzer (Lazma, Russia). 
Observation lasted during 10 days after the operation, till 
the final formation of necrotic zone with a clear line of 
demarcation.

A batch-produced device AMFIT-0, 2/10-01 with a 
noise 53–78 GHz EMR (FizTech, Russia) was used 
as a source of low-intensity EHF EMR, as well as an 
experimental model, developed on its basis, with a 
frequency range 110–170 GHz. The power level (1 mW) 
and signal spectrum of the device generators were 
close to the self-radiation of the bio-object that greatly 
reduces the probability of immediate and delayed side 
effects. The spectral density of the device noise power 
(4·10–17 W/Hz) was characterized by a high uniformity 
(±3 dB) and provided a therapeutically significant signal 
level at all bio-object resonance frequencies, that 
suggests repeatability and unambiguity of exposure 
result interpretation [17]. A cylindrical nozzle was used 
in such a way, that the distance between the waveguide 
and the object was 2–5 mm.

Blood for examination of metabolic indices was 
collected on day 14, when rejection of necroses 
started; animals were withdrawn from the experiment 
by decapitation under anesthesia. A biochemical 
assessment of the probable unfavorable effect of the 
studied physical factors on the organism was performed 
using the methods of clinical chemistry, whose data are 
officially recognized as criteria of toxic and damaging 
effects [18]. Determination of metabolic parameters 
of glucose, total bilirubin, urea, creatinine, total 
protein, albumins, cholesterol, AST, ALT and alkaline 
phosphatase was carried out using automatic ILAB 650 
analyzer (Instrumentation laboratory, USA).

Statistical analysis was performed using Statistica 
6.0 program (StatSoft, Inc., USA). Quantitative data 
were described with the help of the median, the first and 
third quartiles Me [Q1; Q3]. Independent variables were 
compared using Mann–Whitney U-test. The results were 
considered statistically significant at p<0.05.

Results and Discussion. In the course of previous 
investigations we found out, that EMR of EHF and 
terahertz ranges exerts essential dose-dependent effect 
on the process of peroxidation of lipids and tissue blood 
flow [19, 20].

After operative intervention a final zone of margin 
necrosis amounted, on average, to 46.5% of the flap 
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area in animals of group 1. In the rats of experimental 
groups 2 and 3, exposed in the postoperative period 
to EMR of terahertz and EHF-wave range, zones 
of necrosis appeared comparable and amounted 
to 26.3 and 31%, respectively. Clinical examination 
data were similar to those of laser Doppler flowmetry 
and thermovision, which confirms the influence of 
microwaves on the vascular link of microcirculation.

The analysis of biochemical adaptation to the 
conditions of experimental ischemia has revealed 
changes of the main indices of metabolic status in the 
rats of different groups, which differed both inter se and 
in the comparison with the control.

Operation-induced stress caused essential shifts in 
the content of metabolic products participating in the 
energy exchange in all animals. In the rats of group 1 
the concentration of glucose and total cholesterol in 
the postoperative period turned out to be statistically 
significantly higher (almost twice as high) than in intact 
rats (Table 1).

This may be connected with the fact, that traumatic 
damage of the tissues stimulates secretion of stress 
hormones — glucocorticosteroids, which are used 

to stimulate gluconeogenesis leading finally to 
hyperglycemia [21].

The total cholesterol was established to be higher 
in groups 1 and 2 than in the control group. Energy 
deficiency is known to develop after the operative 
intervention as a result of tissue damage, lipids being 
given a special role, as cholesterol is used by the 
organism as a structural and plastic material for building 
cell membranes. Its rise is likely to be linked with 
activation of gluconeogenesis, whose action is directed 
to the use of lipid exchange products as a source of 
energy [22, 23].

After a course of radiation the content of glucose and 
total cholesterol in the rats of group 3, exposed to 53–
78 GHz EMR, appeared significantly lower (compared 
to the control) than similar indices in the blood serum of 
the animals in groups 1 and 2, which can speak of the 
homeostasing influence of EHF range of EMR on the 
energy metabolism indices.

The content of total bilirubin was noted to be lower in 
groups 1 and 2 compared to the control group. Bleeding 
caused by the operative intervention was likely to result 
in the decrease of pigment concentration in the blood 

T a b l e  1
Comparative analysis of biochemical indices in the groups (Me [Q1; Q3])

Analyzed indices Control  
(intact animals; n=8)

Group 1  
(unexposed; n=8)

Group 2  
(110–170 GHz; n=7)

Group 3  
(53–78 GHz; n=9)

Glucose (mmol/L) 13.30
[12.00; 16.65]

24.0
[22.55; 24.90]

р1<0.001

22.50
[2.20; 22.60]

р2<0.001
р4>0.5

19.70
[19.60; 20.40]

р3<0.02
р5<0.001
р6<0.001

Urea (mmol/L) 5.05
[4.05; 5.85]

8.60
[7.85; 9.60]
р1<0.001

6.40
[5.10; 7.70]

р2>0.05
р4<0.02

5.30
[4.90; 5.90]

р3>0.2
р5<0.05
р6>0.05

Creatinine (μmol/L) 66.85
[64.90; 68.65]

62.95
[59.95; 66.50]

р1>0.05

55.80
[55.20; 60.70]

р2<0.001
р4<0.01

68.50
[67.10; 69.40]

р3>0.2
р5<0.05

р6<0.001
Total bilirubin (μmol/L) 1.63

[1.570; 1.830]
0.90

[0.755; 1.120]
р1<0.02

1.09
[1.00; 1.32]

р2<0.01
р4>0.1

1.67
[1.565; 2.070]

р3>0.2
р5<0.001
р6<0.001

Total cholesterol (μmol/L) 1.55
[1.350; 1.700]

2.60
[2.10; 2.90]

р1<0.02

2.10
[1.90; 3.10]

р2<0.01
р4>0.5

1.70
[1.60; 1.90]

р3>0.1
р5<0.01
р6<0.01

N o t e s: (p1) statistical significance of differences of the analyzed parameters in the control group and group 1; (p2) in the 
control group and group 2; (p3) in the control group and group 3; (p4) in groups 1 and 2; (p5) in groups 1 and 3; (p6) in groups 
2 and 3.
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Urea indices in different groups of animals after the operation

serum due to a small content 
of erythrocytes [24], which, 
respectively, reduced their 
damage. The concentration of 
bilirubin in the experimental 
animals exposed to EHF-
therapy returned to the norm 
after the operation.

A substantial increase of 
urea index (See Figure) in the 
animals of group 1 is probably 
to be considered as a reaction 
of adaptation to the operation 
stress, occurring together with 
destructive and inflammatory 
processes, that is connected 
with detoxication of excessive 
quantity of free ammonia — a 
final product of protein and 
amino acid exchange [25]. 
Besides, it was established, 
that in the rats of groups 2 and 
3, exposed to EMR of terahertz 
and EHF range, the urea 
contents decreased relative 
to the animals of group 1 in the process of microwave 
course treatment. This confirms antitoxic and anti-
inflammatory effects of microwaves (especially that of 
EHF EMD).

During the study it was found out, that creatinine 
concentration in groups 1 and 3 did not differ significantly 
from the values in the control group, whereas in group 
2 it was lower. It is likely to be connected with the 
presence of nitric oxide MSEA in the 110–170 GHz 
frequency range, when one and the same amino acid, 
agrinin, participates in the synthesis of nitric oxide and 
creatinine [26]. The decrease of creatinine in the animals 
of group 2 is thought by the authors to be connected with 
the deficiency of this amino acid [27].

When EMR of terahertz range was applied, decrease 
of total proteins and albumins was also noted in the 
blood serum of the animals in group 2 (Table 2), 
which may be associated with the increased protein 
decomposition to compensate great energy consumption 
due to the shortage of plastic resources in the organisms 
of the experimental animals [28].

Statistically significant reduction of ALT index was 
registered in animals exposed to EHF EMR, and 
similar tendency was observed in animals undergone 
EMR of terahertz range compared to group 1 and the 
control group. Microwaves are known to affect the cell 
membranes resulting in their structural and functional 
alterations [29, 30]. Electromagnetic millimeter waves 
make the arrangement of lipid molecules more 
ordered in the cell membrane, increasing the power of 
hydrophobic interactions both among the lipids and lipid-
protein complexes, which leads to the higher membrane 

stability. The results obtained may be supposed to be 
connected with the decrease of membrane permeability, 
preventing the release of the enzyme to the bloodstream 
under the action of EHF radiation.

The results of exposure of the animal vegetative 
regulation centers to a low-intensity wideband EMR 
of sub- and millimeter range showed, that microwaves 
influenced favorably the restoration of homeostasis, 
impaired by the operation stress, which occurs within 
the frames of general adaptive syndrome. Taking 
into account the fact, that the sympathetic nervous 
system provides rapid mobilization of energy resources 
and activates functional responses to the stimulus, 
while parasympathetic one corrects and maintains 
homeostasis, providing reserves for emergency 
regulation, it may be concluded, that ergotropic and 
trophotropic function regulation is activated under the 
action of low-intensity  microwaves on the organism.

The comparative analysis of the efficacy of EMR in 
the given ranges under the conditions of experimental 
ischemia has demonstrated the paramount influence of 
110–170 GHz EMR (the range where MSEA of oxygen 
and nitric oxide are located) on the vascular link of 
microcirculation, which is confirmed by the marked 
reduction of the skin flap necrosis area. In respect to the 
metabolic correction, the results do not allow us to draw 
an unambiguous conclusion on the preference of this or 
that range.

In the group of animals receiving 53–78 GHz EMR 
a more prominent homeostasing influence was noted 
with the restoration of initial level of biochemical indices 
(total bilirubin, urea, total cholesterol) and the tendency 
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to normalization of the glucose level in the postoperative 
period.

A negative effect of the irradiated physical factors 
on the state of the tissue bloodstream and biochemical 
indices has not been found.

Conclusion. The exposure to microwaves of sub- and 
millimeter range in the noise radiation mode plays the 
role of control signals in the development of biological 
effects in the body. Absence of side effects on the body 
of the experimental animals testifies to the safe use of 
microwave exposure.
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