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Introduction

Diabetes mellitus is a serious chronic metabolic disturbance 
which is characterized by obstinate elevation of blood 
glucose (BG) levels caused by inadequate insulin secretion 
and/or a peripheral resistance to insulin action (1).

Treatment for diabetes is traditionally performed 
using oral anti-diabetic agents and subcutaneous insulin 
injection (2). Drug therapy for diabetes, however, is 

connected with adverse effects related to pharmacokinetic 
characteristics, hypoglycemia, secondary failures, skin 
reactions, gastrointestinal disturbances, rise in hepatic 
enzyme level and hematological disorders (1). Plant-
derived hypoglycemic agents are a significant alternative 
treatment for diabetes. For thousands of years, plant 
extracts have been widely used for treatment of diabetes as a 
complementary therapy (2-5).
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As a  form of  complementary medical  method, 
bioresonance therapy or biophysical information therapy 
has been performed for diabetes and other disorders. This 
has been effectively applied by a number of practitioners 
worldwide oriented to scientific healing for 40 years. There 
are numerous pieces of positive evidence of individual 
cases concerning various indications, for instance, allergies 
such as asthma, hay fever, food hypersensitivity and 
atopic eczema, functional gastrointestinal complaints, 
metabolic disorders, spontaneous abortion, rheumatic 
forms and psychosomatic illnesses (6-8). Low-frequency, 
high-frequency and microwave bioresonance therapies or 
hypotheses were studied in a variety of experimental models 
and patients with different diseases (9-12). Diabetic patients 
have human individual characteristic frequency (ICF) of 
58.4 and 60.8 GHz for type 1 and 2 respectively, and the 
electromagnetic irradiation of low intensity below 10 mW/cm2  
has therapeutic effects by correcting ICF of a patient (13).

However, there are limited studies on the hypoglycemic 
effects of microwave which has the pharmacological 
information of anti-diabetic drugs on living organisms. 
Hence, the aim of this study was to explore the specific 
hypoglycemic frequency of insulin in microwave band 
and to assess the effects of microwave irradiation at 
the frequency on normoglycemia in normal rats and 
hyperglycemia in streptozotocin (STZ)-induced diabetic 
rats. We present the following article in accordance with 
the ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/ht-20-7).

Methods

Experimental animals

Healthy adult male Wistar rats weighing 190–230 g were 
obtained from the Laboratory Animal House of Pyongyang 
Medical College. Experiments were performed under a 
project license (No. 1354822) granted by the University 
ethics board of the Pyongyang Medical College, in 
compliance with the University guidelines for the care 
and use of animals. All rats were kept under observation 
for about a week prior to the commencement of the 
experiment. The animals were housed five animals per cage 
and allowed free access to water and pelleted standard diet. 
They were maintained under standard laboratory conditions 
(temperature of 22–24 ℃, humidity of 45–55%, and 12 h 
light/dark cycles).

Chemicals

The recombinant human insulin (Insulin Human Powder, 
I0259, Sigma, USA) expressed in E. coli was used for 
exploration of the hypoglycemic frequency. STZ and α-D-
glucose were products of Sigma Chemicals (St. Louis, 
MO, USA). Insulin reagent sets used to measure the serum 
insulin levels were purchased from Roche Diagnostics 
(Mannheim, Germany). All other chemicals and solvents 
were of analytical grades.

Experimental design

A total of 220 mature adult male Wistar rats were used in 
the present study. They comprised of 195 normal and 25 
diabetic rats and were randomly divided into 44 groups 
(35 experimental and 9 control groups) with five rats in 
each group as follows; 4 normal control groups (Group 
NC) and 1 diabetic control group (Group DC) non-
irradiated with microwaves, 17 normal groups (Group N 
+ MW) and 2 diabetic groups (Group D + MW) irradiated 
with microwaves, 3 normal control groups (Group NC 
+ GL) and one diabetic control group (Group DC+GL) 
loaded with glucose, and, 15 normal groups (Group N + 
GL + MW) and 1 diabetic group (Group D + GL + MW) 
irradiated with microwaves immediately after glucose 
loading. Fasting blood glucose (FBG) or BG levels were 
determined on rats in 3 Groups of NC, 16 Groups of N + 
MW, 3 Groups of NC + GL, 15 Groups of N + GL + MW, 
1 Group of D + MW, 1 Group of DC + GL and 1 Group 
of D + GL + MW. Serum glucose and insulin levels were 
measured on rats in each Group of NC, N + MW, DC and 
D + MW, respectively.

Induction of experimental diabetes

Exper imenta l  d i abe te s  was  induced  by  a  s ing le 
intraperitoneal injection of 55 mg/kg body weight of 
STZ (0.2 g dissolved in 10 mL of fresh 0.1 mol/L cold 
sodium citrate buffer of pH 4.5) into 18 h fasted rats (14). 
The same dosage of sodium citrate buffer was injected 
intraperitoneally to the non-diabetic normal rats at 18 h 
fasted state for measurement of both serum glucose and 
insulin levels. After 6 h of STZ injection, the STZ-treated 
rats were given with 5% dextrose solution for the next 
24 h to prevent fatal hypoglycemia as a result of massive 
pancreatic release of insulin (15). After 3 days of STZ 
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injection, blood samples were taken from tail vein of STZ-
treated rats after overnight fasting and the rats with FBG 
levels >230 mg/dL were considered diabetic. After 7 days of 
STZ injection the diabetic rats were included in the present 
study.

Determination of BG and serum insulin levels

The tails of rats were washed with 70% alcohol solution and 
blood samples were collected from the tail vein to determine 
the BG levels. The levels were determined immediately 
after collecting blood samples according to the glucose-
oxidase principle (16), using the digital glucometer (Accu-
Check Advantage, Roche Diagnostics, Germany), and were 
expressed as mg/dL (17). Furthermore, blood samples were 
withdrawn cleverly from the orbital plexus of rats under 
light ether anesthesia. The samples in non-anticoagulant 
tubes were left for 30 minutes at room temperature and 
then were centrifuged at 3,000 rpm for 15 minutes using 
centrifuge (5415C, Eppendorf, Germany), after which the 
supernatants were obtained and used for the determination 
of both serum glucose and insulin levels. Insulin levels in 
serum samples were measured by electrochemiluminescence 
immunoassay method developed by Roche Diagnostics 
(Mannheim, Germany), and were recorded as μU/mL (18).  
The automated Elecsys insulin immunoassay was 
performed on the Elecsys 2010 analyzer according to the 
manufacturer’s instructions.

Oral glucose tolerance test

Blood samples were obtained from tail vein of 18 h fasted 
rats to determine the FBG levels. Forty percent of glucose 
solution in a dose of 3 g/kg body weight was then given 
orally by gastric intubation (19). Blood samples were 
withdrawn from tail of rats again 2 h after glucose loading 
and BG levels were determined.

Exploration of the hypoglycemic frequency in microwave 
band

Frequency-intensity curve of insulin solution was 
obtained by using Network Analyzer (Agilent 83623S, 
USA). The analyzer gets the curve by radiating the 
electromagnetic waves at the identical power density in 
microwave band (<30 GHz) and also receiving the waves 
transmitted through the material to be tested, while 
minutely increasing or decreasing the frequencies in an 

automatic fashion. The insulin solution was made by 
dissolving 105 mg of human insulin powder in 30 mL of  
10 mmol/L HCl at room temperature. Then the solution 
was filled into the resonant tube between radiating and 
receiving antennas, and the frequency-intensity curve 
was obtained as mentioned above. The experiment was 
performed in an electromagnetically shielded darkroom. 
Peaks of the curve were identified. Polyethylene cages 
were used for microwave irradiation on rats. FBG levels 
of normal rats were measured before the microwave 
radiation, then the whole-body irradiation was performed 
with the intensity of 0.1 mW/cm2 for 1 hour at one of 
the peak frequencies, and finally, FBG levels 2 h after the 
commencement of irradiation or BG levels 2 h after glucose 
loading were measured. All peak frequencies were tried with 
the same method to find out the hypoglycemic frequency. 
Hypoglycemic effect on FBG levels and levels 2 h after 
glucose loading at the found frequency was further evaluated 
by varying the intensity of the irradiated microwave (i.e., 0.01, 
0.1, 1.0 or 10 mW/cm2) (13).

Effect of the hypoglycemic frequency on glucose and insulin 
levels

Ninety mg/dL α-D-glucose solution was made and the 
levels were measured with glucometer. The solution was 
put on the polyethylene dish (height 1 cm, diameter 8 cm) 
and irradiated with intensity of 0.1 mW/cm2 for 1 hour at 
the hypoglycemic frequency, and the glucose levels were 
measured 2 h after the commencement to compare with 
levels before the irradiation. Under the same method, 
the effects of microwave irradiation at the hypoglycemic 
frequency were evaluated on fasting serum glucose levels 
and fasting insulin levels in normal and diabetic rats, and on 
the BG levels after glucose loading in diabetic rats.

Statistical analysis

Data obtained from each group were expressed as the 
mean ± SE. All statistical analysis was evaluated using SPSS 
version 16.0 software. Paired-samples or independent 
samples t-test was used to compare the differences between 
groups’ means. P value of less than 0.05 was considered 
statistically significant.

Results

Peak frequencies in the frequency-intensity curve of human 
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insulin, obtained with Network Analyzer were 10.53, 13.17, 
13.82, 15.37, 16.03 and 17.35 GHz. In normal rats, FBG 
level 2 h after the commencement of irradiation was shown 
to be significantly (P<0.01) decreased only in Group N + 
MW irradiated at 15.37 GHz compared to the level before 
irradiation (see Table 1).

In Group NC + GL, to which only glucose loading 
had been applied, BG level 2 h after loading was shown to 
increase compared to that before loading. The BG level 
2 h after loading was shown to be significantly (P<0.01) 
decreased almost to that before loading only in Group NC 
+ GL + MW irradiated at 15.37 GHz compared to that of 
Group NC + GL, and it showed no significant difference 
compared to the level before loading. In other groups BG 
levels 2 h after loading showed no significant differences 
compared to that of Group NC + GL, but were significantly 
(P<0.01) increased compared to the levels before loading (see 
Table 2).

Therefore, it was demonstrated that only microwave 

at 15.37 GHz was able to exert the hypoglycemic effect. 
However, it could be assumed that there might be more 
effective frequency around 15.37 GHz. To dispel such a 
suspicion, we varied the frequencies at intervals of 0.002 
around 15.37 GHz (in the range of 15.366 to 15.374 GHz), 
observing their effects on FBG levels and BG levels 2 h 
after loading. FBG levels 2 h after irradiation in Groups of 
N + MW and BG levels 2 h after loading in Groups of N 
+ GL + MW were shown to be the lowest at 15.370 GHz, 
followed by 15.372, 15.368, 15.366 and 15.374 GHz. All 
the results so far suggest that irradiation of 15.370 GHz 
microwave could exert the highest hypoglycemic effect.

At the frequency of 15.370 GHz, we tested the 
hypoglycemic effects on normal rats irradiated with 
microwaves of low intensities less than 10 mW/cm2. 
Compared to FBG levels before irradiation, 0.01 mW/cm2 
microwave showed no significant change in those 2 h after 
irradiation. FBG levels 2 h after irradiation with microwaves 
of 0.1, 1 and 10 mW/cm2 of intensity significantly (P<0.01) 

Table 1 FBG levels of normal rats irradiated with microwaves at peak frequencies

Groups Irradiation frequency (GHz) Before irradiation (mg/dL) 2 h after irradiation (mg/dL)

NC – 91.4±3.3 90.2±2.8

N + MW 10.53 92.2±2.7 91.3±3.1

13.17 93.2±3.8 90.6±3.0

13.82 91.8±3.7 89.6±3.8

15.37 92.2±2.7 74.9±3.7*

16.03 90.8±3.8 92.5±3.3

17.35 89.2±3.8 91.6±3.5

Values were expressed as mean ± SE (n=5). *, P<0.01 vs. level before irradiation. FBG, fasting blood glucose.

Table 2 BG levels after glucose loading of normal rats irradiated with microwaves at peak frequencies

Groups Irradiation frequency (GHz) Before loading (mg/dL) 2 h after loading (mg/dL)

NC + GL – 92.2±2.7 120.2±5.3†

N + GL + MW 10.53 90.6±3.4 122.2±6.8†

13.17 93.3±3.0 125.2±5.6†

13.82 91.2±3.5 117.2±5.3†

15.37 93.6±3.3 96.6±4.8*

16.03 90.8±2.8 124.2±5.3†

17.35 88.2±2.9 120.2±6.2†

Values were expressed as mean ± SE (n=5). *, P<0.01 vs. NC + GL; †, P<0.01 vs. levels before loading. BG, blood glucose.



Health Technology, 2021 Page 5 of 8

© Health Technology. All rights reserved. Health Technol 2021;5:3 | http://dx.doi.org/10.21037/ht-20-7

decreased, while significant differences were not found 
between them. In the group irradiated with 0.01 mW/cm2 
microwaves, BG level 2 h after loading was significantly 
(P<0.01) higher than that before loading and not 
significantly different from Group NC + GL. At intensities 
of 0.1 to 10 mW/cm2, however, the level 2 h after loading 
was lower than that of Group NC + GL, being close to that 
before loading.

When 90 mg/dL glucose solution was irradiated with 
15.370 GHz microwave, its concentrations were 88.5–
91.3 mg/dL 2 h after irradiation, showing no significant 
differences compared to those before irradiation. The range 
of concentrations might be attributed to measuring errors 
of digital glucometer.

When irradiated with 15.370 GHz microwaves, Group 
DC showed higher fasting serum glucose and lower fasting 
serum insulin levels compared to Group NC before and 2 h 
after irradiation. 2 h after irradiation, fasting serum glucose 
levels were significantly decreased in Groups N + MW and 
D + MW compared to those before irradiation, but showed 
no changes in fasting serum insulin levels (see Table 3).

Normal and diabetic rats irradiated with 15.370 GHz 
microwaves for an hour showed lowered FBG levels lasting 
for 3 h and 2 h respectively (measured at 1 hour interval 
after the commencement of irradiation), compared with 
those before irradiation.

When irradiated with 15.370 GHz microwaves, in 

Groups DC + GL and DC + GL + MW, BG levels 2 h 
after loading were significantly (P<0.05, P<0.01) higher 
compared to those before irradiation, but that of Group DC 
+ GL + MW was significantly (P<0.05) lower than that of 
Group DC + GL (see Table 4).

After microwave irradiation, rats may be a little uneasy, 
moving to and from, rubbing their nose, stiffening of 
hair with tail reaction, etc. We looked for any sign of 
these behaviors but noticed no adverse effects in case of 
microwave irradiation for 1 hour at low intensities below  
10 mW/cm2.

Discussion

The incidence of diabetes mellitus is increasing worldwide, 
especially in developed countries, and various bioresonance 
therapies as well as conventional anti-diabetic agents have 
been used for the treatment (20).

The structural dependent characteristics of the water 
samples are influenced by microwave irradiation of low 
intensity. Hence, the distilled water irradiated at the 
frequency of the microwave corresponding to the human 
ICF might serve as an information carrier for the treatment 
of a patient (13).

Some investigators demonstrated that by transferring 
drug (e.g., amphotericin B and metronidazole) information 
to water molecules by means of resonant circuit coupled 

Table 3 Fasting serum glucose and insulin levels in normal and diabetic rats irradiated with 15.370 GHz microwaves

Groups
Fasting serum glucose level (mg/mL) Fasting serum insulin level (μU/mL)

Before irradiation 2 h after irradiation Before irradiation 2 h after irradiation

NC 92.6±2.9 93.7±3.1 11.2±1.2 10.8±1.3

N + MW 95.5±3.1 77.5±3.3*§ 10.0±1.4 11.3±1.2

DC 281.7±16.5† 288.2±18.6† 3.5±0.3† 3.3±0.4†

D + MW 287.2±19.2 226.4±13.3¶§ 3.2±0.3 3.4±0.3

Values were expressed as mean ± SE (n=5). *, P<0.05 for N + MW vs. NC; †, P<0.01 for DC vs. NC; ¶, P<0.05 for D + MW vs. DC; §, P<0.05 
vs. levels before irradiation.

Table 4 BG levels after glucose loading in diabetic rats irradiated with 15.370 GHz microwaves

Groups Before loading (mg/dL) 2 h after loading (mg/dL)

DC + GL 288.2±17.8 423.4±26.6¶

D + GL + MW 283.6±14.7 338.4±19.3*†

Values were expressed as mean ± SE (n=5). *, P<0.05 vs. DC + GL; †, P<0.05 vs. levels before loading; ¶, P<0.01 vs. levels before loading. 
BG, blood glucose.
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to electronic amplifier (bioresonance therapy device, 
Bicom), the growth of candida and amoeba was remarkably 
inhibited. They suggested that it is possible to store and 
transfer biological information to distilled water, and that 
water samples subjected to such information transfer, could 
successfully interact with other biological systems (21,22).

In living organisms, most of the biological information 
is transferred via a carrier like water mentioned above. For 
example, human insulin molecules could also be considered 
information carriers. Proinsulin consists of insulin and 
C-peptide; an initial cleavage by a trypsin-like enzyme 
followed by several cleavages by a carboxypeptidase-like 
enzyme results in the production of the heterodimeric insulin 
molecule and the C-peptide. The C-peptide has no known 
biological activity. It is a distinct molecule from an antigenic 
standpoint. Thus, C-peptide immunoassays can distinguish 
insulin secreted endogenously from insulin administered 
exogenously and can quantitate the former when anti-insulin 
antibodies preclude the direct measurement of insulin. The 
main target tissues of insulin include muscle, connective 
tissue, adipose tissue and liver (23).

The insulin action begins when it binds to a specific 
glycoprotein receptor on the surface of the target cell. 
The insulin receptor has been studied in great detail using 
biochemical and recombinant DNA techniques. It is a 
heterodimer consisting of two subunits, designated α and 
β, in the configuration α2β2, linked by disulfide bonds. 
Each of these glycoprotein subunits has a unique structure 
and function. The α subunit is entirely extracellular, and 
it binds insulin, probably via a cysteine-rich domain. 
The β subunit is a transmembrane protein that performs 
the second major function of a receptor, i.e., signal 
transduction. The cytoplasmic portion of the β subunit 
has tyrosine kinase activity and an autophosphorylation 
site. Both of these are thought to be involved in signal 
transduction and insulin action. When insulin binds to the 
receptor, the conformational change and cross-link, form of 
microaggregates of the receptor, and generation of one or 
more signals occur. The diverse actions of the insulin can 
occur within seconds or minutes (glucose transport, protein 
phosphorylation, activation and inhibition of enzymes, 
RNA synthesis) or after a few hours (protein and DNA 
synthesis and cell growth) (23).

There might be suspicions whether the insulin molecule 
should necessarily bind to its receptor for information 
transmission. According to bioresonance theory, the 
activation of insulin receptor could be achieved through 
electromagnetic resonance of the hormone molecule and 

its receptor, not through their chemical binding with each 
other. In other words, irradiation of electromagnetic wave at 
the insulin characteristic frequency, which causes resonance 
with the target receptor, could exert action effects of the 
insulin. Therefore, if the characteristic frequency of insulin 
exerting the hypoglycemic effect is identified, patients with 
diabetes mellitus could be treated without insulin injection. 
In some studies (13,21,22), water was used as information 
carrier, while electromagnetic waves were used in the 
current study.

Having assumed that insulin’s hypoglycemic characteristic 
frequency would be in microwave band, we identified six 
peak frequencies in the frequency-intensity curve of insulin, 
obtained with Network Analyzer. Insulin is a polypeptide 
consisting of A (21 amino acids) and B (30 amino acids) 
chains, linked by two disulfide bridges. Besides, it is 
considered that several regions including the three disulfide 
bonds, the hydrophobic residues in the carboxyl terminal 
region of the B chain, and the amino and carboxyl terminal 
regions of the A chain are crucial for bioactivity. It seemed 
to be reasonable that insulin has several peak frequencies 
as it is a complex molecule that comprises two polypeptide 
chains each of which also includes a few functional regions. 
Only one or two among six peak frequencies might have 
receptor-activating information, the information for 
hypoglycemic effects.

Among the frequencies, only 15.37 GHz could exert 
the ability to lower the FBG level and glucose tolerance, 
especially, 15.370 GHz showed the highest effect. This 
frequency causes electromagnetic resonance of the insulin-
binding domains of α subunits, changing the conformation 
of receptor, thus leading to lowering of BG level.

15.370 GHz, the frequency obtained from our results, 
would be the closest to insulin’s hypoglycemic characteristic 
frequency. Microwave irradiation at the frequency had 
remarkable hypoglycemic effects even in low intensities 
less than 10 mW/cm2, resulting in bioresonance therapy 
relatively independent on the amount of transferred energy 
unlike other physical therapies. The frequency specificity 
and low energy requirement suggested that resonance 
phenomenon underlies the hypoglycemic effect of the 
microwave.

Microwave irradiation at 15.370 GHz also showed 
marked hypoglycemic effects in pancreas-resected rats just 
like in normal rats (data not shown), but did not degrade the 
glucose in vitro. In addition, the decreased BG levels and 
unchanged serum insulin levels were observed in normal and 
STZ-induced diabetic rats. This indicates the microwave 
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irradiation at this frequency does not directly stimulate 
the β cells of the islets of Langerhans and decreases the 
BG level, but indirectly lowers the level in a way in which 
irradiation of microwave at this frequency would exert 
additive effects to that of insulin secreted from β cells of 
pancreas. It is considered that the microwave at 15.370 GHz  
has the “hypoglycemic information”, thus is able to transmit 
the information to insulin receptors.

Conclusions

This study demonstrates that irradiation of microwave 
at the frequency of 15.370 GHz with intensities of 0.1 to  
10 mW/cm2 for 1 hour could decrease the FBG and the 
BG levels after glucose loading in normal rats just like 
insulin. The hypoglycemic effects of microwave irradiation 
were also significant in STZ-induced diabetic rats. Normal 
and diabetic rats irradiated with 15.370 GHz microwaves 
for an hour showed lowered FBG levels lasting for 3 h 
and 2 h respectively (measured at 1 hour interval after the 
commencement of irradiation). However, further studies 
should be made to elucidate the mechanism by which 
microwave irradiation lowers the BG level, and to develop 
the therapeutic apparatus. Besides, randomized double 
blind clinical trials should be undertaken to confirm efficacy 
of irradiation of microwave among diabetic patients.
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