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UDC 577. 391 

CUMULATIVE EFFECTS IN RESPONSE TO MICROWAVE IRRADIATION 

:Moscow IZVESTIYA AKADEMII NAUK SSSR SERIYA BIOLOGICHESKAYA in Russian No 3, 
1978 pp 458-459 

[Article by V. S. Tikhonchuk] 

[Text] The cumulative effects of microwave irradiation were 
investigated in experiments on 853 mongrel mice using death 
as the criterion. The dependence on the cumulation coeffi
cient on the irradiation conditions is shown. 

Authors investigating the cumulative effects of microwave irradiation 
(2,6) view the latter as a function of systemic changes. In this case the 
functional activity indices analyzed are closely associated with the con
cept of threshold values, the quantitative determination and pathological 

.meaning of which must be closely associated with the bounds of the norm 
and adaptation of the specific systems being studied (1,3,8), their mutual 

·influences, and the integral reaction of the entire organism in time. 
Simple enumeration of these interacting factors of analysis would show the 
great complexity of interpreting, in the practical aspect as harmful or 
harmless the experimental data obtained in these approaches. 

Utilizing integral indices (mortality, average and total life span) as the 
assessment criterion and· viewing cumulative effects as an irreversibly 
accumulating component in response to microwave irradiation (7), we c.an 
employ well-studied methods (4) to give a quantitative answer to the ques
tion posed. 

Methods 

The experiments were conducted on 853 white mongrel female mice wit;h a mean 
weight of 23±0.8 gm. The animals were irradiated by a superhigh frequency 
(SHF) field with a power flux density (PFD) equal to 800 mw/cm2 (2,400 MRZ) 
at an air temperature of 22-23°C in anecholess chamber. Animals in group 
1 (consisting of subgroups containing 70, 59, 60, 60, 70, and 70 specimens) 
were subjected to one-time irradiation for 0.33, 0.42, 0.5, 0.58, 0.67, and 
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0.75 minutes (with PFD=const). The mean effective time of irradiation for 

which 50 percent animal mortality was recorded (ETso> was used as the 
criterion. The other groups--2, 3, 4, 5, 6, and 7, with 64 animals in group 

2 and 80 in the others, were irradiated for 10 seconds (O.22 of the control 
ET50 ) w~th 1.33, 2.0, 3.0; 5.0, 1O.O, and 14.3 minute intervals between 
one-time exposures respectively. Multiplying the times of one-time irra
diations by their nwnber, I obtained the actual time of irradiation at the. 
corresponding level of the effect. Applying the criterion to each of 
groups 2-5, I found ET50 and its relationship to the ETso of group 1. The 
obtained dependencies were expressed algebraically. 

· Results and Discussion 

Figure l shows the empirical distribution of the death of animals depending 
on time of actual irradiation for each of the groups. The interpolated 
values corresponding to them can be given as the following equations: 
y=9.5944x+7.OO82, y=9.9693x+6.2193, y=9.41O7x+3.2214, y=8.1546x+O.3813, 
y=lO.1541x-2.7729 (where y is death in the samples and xis the logarithm 
.of irradiation time, minutes). Their analysis would show that given the 
same PFD, 800 mw/cm2 , two mutually related processes are observed in response 
to an increase in the interval between one-time exposures--a decrease in 
slope, which causes an increase in the breadth of the effect with respect 
to time (for example between 1o·and 90 percent death), and an increase.in 
the actual irradiation time for an equal (for example 50 percent) effect 
(distributions 1-5, Figure l; xwas found from the equations above at y=5). 
On this basis we would logically expect absence of lethal effects when the 
interval between one-time exposures is optimum. In fact, when the interval 
between one-time exposures was increased in my experiment to 10 minutes, 
no animal deaths were noted following an actual irradiation time of 46.24 
minutes--the total of 30 exposures per day of irradiation in 9 experimental 
days (272 exposures in all). 

Interpreting the cumulation coefficient (Cc) "as the ratio of the cumulative, 
mean-mortality dose obtained in an experiment with repeated administration of 
a substance to the same obtained with one-time administration" (1), in our 
case the ratio of the control ET50 (group 1) to the experimental ET50 
(groups 2-5) can be interpolated by an equation of the form y=l.419x-l·8639 
(Figure 2, curve 1, solid line); assessing the obtained ratios in accordance 
with the following scale (5): >1--supercumulation; 1-O.3--pronounced 
accumulation; O.3-O.2--moderate accumulation; <O.2--weakly pronounced accumu
lation, we can conclude that for practical purposes there is a zero 
cumulation effect when the interval between one-time exposures is 5 minutes 
or higher (Figure 2, curve 1, broken line). 

Assuming this conclusion to be erroneous and the obtained experimental 
point 6 (Figure 1) to be an artifact and, consequently, assuming that the 
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Figure 1. Dependence Between Death of Mice and Actual Irradiation 
Time: 1--one-time irradiation, 2-6--multiple irradiation; 
intervals between exposures are O, 1.33, 2.0, 3.0, 5.0, 

and 10.0 minutes respectively 

Death, % 

Actual irradiation time, minutes 

ratio of the control ETso to the experimental ETso exists in relation to 

a time interval between exposures of as great a length as desired, we 

can compute an extrapolated value for the needed interval and the time of 

actual irradiation for a Cc equal, for example, to 0.01, and we can test 

this hypothesis experimentally. For this purpose we can use the equation 
y=l.419x-l.8G39 (Figure 2,· curve 1) in the first case and y==0.4887x 1 -b 3l3 

(Figure 2, curve 2) in the second. These values are 14.29 (Figure 2, 

point A) and 37.5 minutes (Figure 2, point B), respectively. 

With this goal in mind, group 7 was subjected to one-time 10 second expo

sures 230 times with 14.3 minute intervals.between exposures. Given a 

total irradiation time of 38.3 minutes, animal deaths were not noted in 8 

experimental days. Consequently the hypothesis above is so improbable 

that we can assume absence of accumulation to be entirely true when the 
interval between one-time exposure is greater than 10 minutes. 
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UDC: 576.311.612.014.426 

BIOLOGICAL OXIDATION IN CELLS UNDER THE INFLUENCE OF RADIOWAVES IN THE 
MILLIMETER RANGE 1 

Kiev TSITOLOGIYA I GENETIKA in Russian No 6, 1978 pp 232-235 

[Article by N. P. Zalyubovskaya and R. I. Kiselev, Khar'kov. State University, 
submitted 22 Mar 77] 

[Text] Introduction 

The wide use of the energy of electromagnetic fields in industry, agriculture, 
science and technology is raising the level of electromagnetic radiations, 
as compared to the radiation background, as a result of which radio-frequency 
electromagnetic fields have become a new ecological factor in the environment. 
For this reason, the problem of the deleterious effects of radiowaves was 
one of the most pressing ones in biology and medicine. At the present time, 
there is extensive coverage in the literature of the biological effects of 

.centimeter radiowaves, and it has been established that they have a deleterious 
effect on man·and animals [1-3]. There is very little information about 
the biological effects of millimeter-range radiowaves; however, it has been 
reported that they influence intimate intracellular correlations [4], among 
which energy processes play an important role. Since the functional link 
between state of metabolism and structural organization of a given system is 
the basis for development of both immediate and long-term sequelae of exposure 
to radiowaves, it was interesting to investigate the patterns of energy pro
cesses on the cellular level with exposure to millimeter radiowaves. 

Our objective here was to investigate the influence of radiowaves in the 
millimeter range on the morphological and functional state of cells in tissue 
cultures, some redox enzymes, as well as nucleic metabolism. 

Material and Methods 

We used cultures of RH, SPEV [embryonic pig kidney cells] and Hep-2 cells, 
incubated in medium 199 with 10% calf serum, using standard techniques [5]. 
Cells incubated on cover glasses or in the form of suspension in growth medium 
were exposed to a field of 6.50-mm radiowaves, with energy-flux density of 
1 mW/cm, for 45 min in a teflon tray incubated at 37°C. The irradiated 
layer was 0.8-1.0 mm in thickness. 
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Tihe general morphology of the cells was examined on preparations stained 
according to Romanovskiy-Giemsa. Preparations of metaphase chromosomes were 
made by the conventional technique [6]. The forms of pathology were classi
fied by the system of I. A. Alov, with additional classification of phases 
of cell division [7]. 

We studied nucleic acid synthesis in cells by the method of autoradiography. 
We used precursors of DNA, 3H-thymidine, ·and RNA, 3H-uridine, at the rate 
of 10 µCi/mi medium. The isotopes were added to the cells after exposure; 
incubation was pursued for 15 min at 37°; the preparations were stained with 
azure-eosin; fine-grain, type M emulsion was applied and exposed for 12 days. 
We counted labeled cells per 100 cells, and intensity of labeling of the 
nucleus and cytoplasm was determined on the basis of mean number.of granules 
per cell. 

We determined the activity of redox enzymes, glucose-6-phosphatase and ATPase, 
by the method of Vakhshteyn and Meyzel'; the Nachlas method was used for 
demonstration of succinate dehydrogenase NAD-diaphorase and NADP-diaphorase, 
as weli as cytochromoxidase activity; the Gomori method was used for acid and 
alkalin~ phosphatases [8, 9]. The results were submitted to statistical 
processing by the method of Student [10]. 

Results and Discussion 

As a result of cytological analysis, it was established that millimeter 
waves have a cytopathic effect, which was manifested by general impairment of 
the monolayer of cells, appearance of degenerative forms of cells with in
.creased eosinophilia of protoplasm, stellate, fratmented, vacuolized and pyk
notic nuclei, and a destroyed cell membrane. There was a 30-50% decrease 
in postradiation survival of RH, SPEV and HEp-2 cells. 

As compared to nonirradiatecl cells, the peak of reproduction and stationary 
phase were extended in irradiated ones; such cells perished on the 4th-5th 
day, versus 10th-12th day in the control. There was a decline of the index 
of proliferation after irradiation: in the control it was in the range of 
4.3-4.5 and after irradiation the proliferation index was in the range of 
3.8-2.0. 

As a result of irradiation from millimeter radiowaves there was a reduction 
in mitotic activity of the cells: from 28.2±0.6 to 18.8±0.8% for RH cells, from 
32. 6±1. 3 to 24. 3±1. 8% for SPEV cells and 87. 0±1. 2 .to. 60. 0±1. 4 for the HEp-2 cells; 
there was inhibition of mitotic phases and an increase in number of metaphases. 
Accumulation of cells in the metaphase coincided .with the appearance of 
anomalous mitoses. 

The appearance of pathological forms of mitosis was related to injury to .the 
chromosomes. Most (up to 50%) were referable to lag and fragmentation of 
chromosomes in the metaphases, appearance of colchicine-like metaphases. The 
metaphase chromosomes were subject to swelling and adhesion in a significant 

7 
FOR OFFICIAL USE ONLY 



FOR OFFICIAL USE ONLY 

part of the cells. Such disturbances in the course of mitosis were combined 
with a significant reduction of cells in the anaphase and telophase. Impaired 
activity of the mitotic system at later stages was manifested by the appear
ance of multipolar mitoses. 

Thus, radiowaves in the millimeter range had an active influence on cell 
proliferation, they induced delay in mitosis and depression of mitotic acti
vity. The demonstrated inhibition of mitotic activity was consistent with 
the data referable to decreased intensity of cell reproduction after ex
posure to millimeter waves, and it was indicative of changes in morphofunc·
tional state of the cells. 

In order to determine the mechanisms of primary biological effects of milli
meter radiowaves, a study was made of the activity of several redox enzymes 
in the cells (see Table). Activation of a flavinoid enzyme, succinate dehydro-
genase, and decrease in cytochromoxidase activity, as well as that of 
NAD- and NADP-diaphorases was demonstrated in RH cells. 

Enzyme activity in RH cells exposed to radiowaves in the millimeter 
range (in relative units) 

Enzyme Control! Irradi-1 
c~trg 

p 

Succinate dehydrogenase 3,6±0, 12 5, I ±0,20 <0,01 Cytochromoxidase 3,9±0, 19 1,8±0,10 <0,01 NAD-diaphorase 3,5±0, 18 2,0±0, II <0,03 
NADP-diaphorase 2,9±0,11 I, 7±0,08 <0,01 
~lucose-6-phosphatase 3,3±0,21 6,0±0, 17 <0,01 
ATPase 2,7±0,11 5,.3±0,09 <0,01 

_Alkaline phosphatase 4,2±0,20 2,9±0,18 <0,05 
Acid phosphatase 5,0±0,31 3,4±0,27 <0,05 

In control preparations, succinate dehydrogenase activity was not very high. 
There were many round blue granules of diformazan varying in size in the 
cytoplasm of irradiated cells; there was a 42% increase in enzyme activity, 
as compared to the control. 

There was a 54% reduction in cytochromoxidase activity of irradiated cells. 
It is quite probable that the injury to the cell from irradiation was re
lated to impairment or change in interaction in iron-containing enzymes that 
determine processes of tissular respiration. 

The metal-containing enzymes involved in processes of biological oxidation 
may be the limiting factor in bioenergetic processes in irradiated cells. 
One of the important stages of tissular respiration is oxidation of succinic 
acid~ which is implemented by succinate dehydrogenase. The succinate de
hydrogenase reaction is closely related to cytochrome enzymes, since the 
atoms of hydrogen that are detached from succinate, bypassing the codehydro
genase system, may directly transmit their electrons to the cytochromes. It 
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is known that when the cytochrome system is impaired there is a change in 
activity of cytochromoxidase [11]. 

.. 
In the control, NAD-diaphorase activity was higher than in irradiated cells. 
In the latter, there was a decrease in number of diformazan granules in cells 
and in size of the granules themselves, There was prevalence of fine granules. 
There was no diformazan in 25% of the cells after irradiation. The change 
in activity of NADP-diaphorase occurred in the same way as that of NAD
diaphorase. There were fewer granules in irradiated cells than in control 
preparations, and enzyme activity diminished by 43%. 

Evidently, the changes i.n universal forms of coenzymes occurring in response 
to the effects of millimeter radiowaves could not fail to distort the course 
of bioenergetic processes in which they participated, and first of all the 
transhydrogenase reaction, which caused disequilibrium in the entire redox 
system in the cell, The demonstrated disturbances in activity of metallo
enzymes and dehydrogenases responsible for electron transport in the chain of 
biological oxidation were indicative of depression of bioenergetic processes 
due to a bre~k in the chain of electron transport. 

Exposure to radiowaves in the millimeter range resulted in a 100% increase 
in ATPase activity, as compared to the control, and 42% increase in activa
tion of glucose-6-phosphatase. 

After irradiation, there was depression of acid and alkaline phosphatases in 
HEp-2 cells. Alkaline phosphatase disappeared completely from severely 

•injured cells; there was the most .marked manifestation of the cytopathic 
effects of millimeter waves in cells with low alkaline phosphatase activity. 

The decreased reaction to acid phosphatase observed after irradiation cor
responded to the decrease in number of cells retained on the slide, and it 
could be indicative of injury to lysosomal membranes and impaired permeability 
of cell membranes. These results were confirmed by electron microscopy 
findings, which revealed injury to lysosomes and ultrastructure of cell 
membranes after exposure of cells to millimeter waves. 

Substantial differences in biosynthetic activity were found in irradiated 
cells. In a series of experiments, we tracked uptake of precursors of 3H
thymidine and 3H-uridine in RH cells. In control preparations incubated with 3H-thymidine, there was uniform distribution of labeled cells above the 
nucleus. There was a 37% reduction in number of labeled cells in irradiated 
preparations, with decrease in number of silver granules over the nucleus. 
The index of labeled cells constituted 29,1±1.4% in control preparations, and 
it dropped to 18,5±2.7% after irradiation (P<0,05). The obtained data are 

• indicative of the influence of radiowaves on the intensity and rate of uptake 
of 3H-thymidine in the DNA of RH cells. We tracked the decrease in DNA in 
cells exposed to radiowaves by means of concurrent use of a biochemical 
method. The DNA content constituted 201.1±4.5 mg% in the control and 
172±2.8 mg% in irradiated cells (P<0.05). 
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There was depression of 3H-uridine uptake in cells exposed to radiowaves in 
the millimeter range. There were 146±12 silver granules in nuclei of control 
cells, versus 87±8 in irradiated ones (P<0.01). Evidently, this depression 
of ineorporation of labeled precursors in RNA and DNA of RH cells is related 
to a change in nucleic acid metabolism. 

Conclusions 

As a result of exposure to radiowaves in the millimeter range, there was a 
decrease in survival rate and development of substantial morphological and 
functional disturbances in tissue culture cells. 

The demonstrated changes in ~ctivity of dehydrases and nucleoprotein forms of 
coenzymes, as well as in nucleic acid metabolism in cells, indicated that 
irradiation induced inhibition of oxidative reactions and, consequently, 
impairment of energy balance in the cell. As a result of decreased produc
tion of energy, there was impairment of the process of cell division and 
mitotic activity. Evidently, millimeter radiowaves can injure various organic 
molecules; however, impairment of the process of tissular respiration, re
lated to transfer of energy of biological oxidation for the formation of 
macroergic bonds, is due to changes in metal-containing enzymes. The 
change in bioenergetics of the cell affected nucleoprotein metabolism, which 
requires a large amount of energy, and it was manifested by a depression of 
the mitotic system. 
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UDC: 615.849.11:576.3.343:612.1.112 

DISTINCTIONS REFERABLE TO THE EFFECTS OF ELECTROMAGNETIC ENERGY IN THE 
SUPERHIGH-FREQUENCY RANGE ON CYTOCHEMICAL BLOOD INDICES 

Kiyev TSITOLOGIYA I GENETIKA in Russian No&, 1978 pp 237~240 

[Article by N. M. Gonchar, Scientific Research Institute of General and 
Municipal Hygiene, Kiev, submitted 11 May 77] 

[Text] Introduction 

At the present time, increasing attention is being given to investigation of 
biologically active components of white blood cells exposed to physical 
environmental factors. This is related to their importance to processes of 
cell metabolism, adaptation and innnunogenesis. 

At the same time, it is known that a change in levels of cytochemical com
ponents of blood cells under the influence of environmental factors is a non
specific manifestation of reactivity of hemopoiesis [1]. 

Studies have been pursued by a number of authors [2-5] of different indices 
of the cytochemical status of blood cells as related to exposure to SHF 
[superhigh-frequency] electromagnetic fields; however, they dealt primarily 
with the effects of high levels of microwave radiation. 

Our objective was to demonstrate the effects of low-intensity SHF electro
magnetic fields on cytochemical indices of leukocytes as related to the 
energy flux density (EFD). 

Material and Methods 

We pursued our study on 40 mongrel albino rats weighing 180-200 g, which were 
kept under the same conditions. The animals were exposed to a low-intensity 
electromagnetic (EM) field in the SHF range, at a wavelength of 12.6 cm and 
EFD of 10, 50, 500 µW/cm 2

• Irradiation was delivered in special chambers 
using a Luch-2 magnetron generator. The animals were divided into four groups, 
according to EFD level, the first group constituting the intact control. The 
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experimental conditions involved 30-day exposure, for 7 h daily. Blood for 
the tests was taken from the caudal vein after 3, 7, 10) 14, 21 and 30 
sessions of irradiation. Smears were prepared from a leukoconcentrate. The 
conventional techniques were used to stain them for demonstration of glycogen 
and alkaline phosphatase [6]. 

·we recorded the percentage of cells that reacted positively and the mean 
cytochemical coefficient (MCC) according to Astaldi and Verga [7]. 

Results and Discussion 

The Table illustrates the dynamics of cytochemical indices of glycogen and 
alkaline phosphatase in neutrophils under the influence of the SHF EM field; 
it shows that there was a reliable increase in glycogen content of neutro
phils in animals exposed to microwaves at EFD of 10 and 50 µW/cm 2 3 days 
after the start of irradiation; the stimulating effect of this factor was 
more marked in animals exposed at 10,µW/cnf (MCC = 2.26±0.03). After exposure 
for 7 days, there was a decline of MCC in both groups of animals to the 
control level. Then there was another elevation of this index, and the 
glycogen content of neutrophils held at this level to the end of the exposure 
period (see Table). 

In animals exposed to SHF fields at EFD of 500 µW/cm 2
, there.were the opposite 

changes in MCC of glycogen in the course of irradiation. Here, there was 
distinct manifestation of the depressing effect of this factor. The first 
significant decline of the index occurred after 7 days of exposure (MCC = 
1.3±0.08). MCC held at this level from the 7th to 14th days; by the 21st day 
it rose almost to the base level, but after 30 days of irradiation there 
was another sharp decline of glycogen level, even more significant than the· 
first •time (MCC = 1.1±0.4). 

This difference in direction of changes in the index under study may be indi-· 
cative of a different mechanism o·f action of levels of SHF energy on the 
system that regulates the glycogen level in neutrophils. Evidently, in
tensities of 10 and 50 µW/cm 2 trigger compensatory and adaptational reactions 
of the organism, whereas microwaves at EFD = 500 µW/cm 2 have a depressing 
effect on the system of regulation of glycogenolysis. 

With reference to the process of redistribution of glycogen granules in the 
course of irradiation of the animals, it should be noted that the amount of 
cells with third grade staining (+t+) corresponds to the value of glycogen MCC. 
The number of cells with second grade staining(++) in animals exposed to 
microwaves at EFD = 10 and 50 µW/cm 2 increased in the course of irradiation, 
exceeding the control level by 1. 3-1. 4 times (after 7, and 30 days). The 
number of second grade cells in animals exposed to EFD = 500 µW/cm 2

, on the 
contrary, decreased and was down to 1:2.8 of the control level by the end of 
the exposure period. In this group of animals, there was prevalence of 
first grade cells (+). 
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Dynamics of glycogen and ~lkaline phosphatase content of neutrophils of albino rats exposed to 
SHF fields as function of EFD level 

EFD 
level 

IO ~ 
CAl 1 

so µw 
CM 2 

µw 
500~ 

Note: 

Stage of investigation, ~av 

Indices 
Background I I 7 I JO I 14 I 21 I 30 3 

Glycogen 1,64::1:0,2 2.26±0,03 1,9:!:0,03 2, 1 :!:0,04 2,17::1:0,06 2.0::1:0,05 2.0::1:0,04 

95,6::1:0,9 96,2±0,6 96,2::1:0,6 96,8±0, 7 99,2±0,3 96,2±0, 7 96,0±0,8 

Alkaline 1,9±0,1 2,73::1:0,06 2,1±0,2 1,85±0,1 2,0::1:0,1 2,0±0,1 1,54±0, I 

phosphatase 93,4::1:2,0 JOO 93,9±1 ,7 95,1 ±1,3 96,4± 1,0 93,8± 1 ,0 93,6± 1,0 

1,64::1:0,2 2, 1 ±0,06 1,83±0,06 2 .0:1:0,06 2,18±0,05 2 JJ±0,04 2,2±0,0t 
Glycogen 95,6::1:0,9 97,3±0,5 94,8± 1,0 94,9±1,0 96,9±0,6 97, I ±0,6 9ti,4±0,Y 

Alkaline 1,9±0,1 2,27±0, 1 2,16±0,l 2,0::1:0,07 2,22±0,08 2,33±0,11 I ,6± 0.08 

phosphatase 93,4±2,0 100 96,4±1,1 95,5±0, 7 94,9±1,8 97,8±1,2 96,6±1, I 

Glucogen 1,64::1:0,2 1,5±0,09 1,3±0,08 1,3±0,2 1,3±0,08 1,6±0,1 1.1::1:0,4 

95,6±0,9 93,4±0,7 89,8±1,6 90,0±1,6 88,8± 1,3 92,0±1,5 95,6±1,.3 

Alkaline 1,9±0,l 1,97±0,06 2,3±0,05 2,2±0,04 2,2±0,06 1,9:1:0,09 1,85±0,06 

phosphatase 93,4±2,0 97,6±0,6 97,8±0,6 98,6±0,6 99,4±0,3 95,5±1,6 96,4± 1,0 

MCC is given in the numerator and percentage of cells with positive reactions, in the 
denominator. 
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The changes in MCC of alkaline phosphatase as-function of EFD were unidirec
tional (Table). A reliable increase in enzyme content of neutrophils was 
ob~erved after 3 sessions of irradiation in the second and third groups of 
animals (EFD = 10 and 50 µW/cm 2

) and after 7 sessions in the fourth group 
(EFD - 500 µW/cm 2

). In the second group, the increase was the most marked 

------7 

(MCC = 2.73±0.06, versus 1.9±0.1 in the. control). By the 10th day of exposure, 
the MCC of alkaline phosphatase in this group of animals dropped to the base 
leve'l and remained there to the end of the 3d week. After 30 days of irradi
ation, there was a new and reliable decline of the index (1. 54±0.1). 

There was a rise of alkaline phosphatase MCC in animals exposed at EFD = 
50 µW/cm 2

, from the 10th to 21st days, but by the end of the experiment the 
index was just as low as in the second group of animals. 

The electromagnetic field with EFD = 500 µW/cm2 had a somewhat less marked 
effect on alkaline phosphatase content of neutrophils, and it was shifted in 
time. Thus, the first peak was observed after 7 days of exposure. Phos
phatase activity began to decline after 14 sessjons of irradiation, but the 
MCC remained within the physiological norm for rats to the end of the 
irradiation period. 

The redistribution of alkaline phosphatase in neutrophils as function of EFD 
was characterized by the following distinctions: the number of cells with 
maximum enzyme content (+I-+) changed in accordance with change in MCC in 
animals irradiated at EFD = 10 and 50 µW/cm 2

• Such a correlation was not 
observed with exposure to microwaves at EFD = 500 µW/cm 2

• By the end of the 
experiment, the number of cells with third grade staining was reduced to 
half the number in control animals. 

Conclusions 

Electromagnetic fields in the SHF range, with EFD = 10 and 50 µW/cm 2 intensify 
processes of energy metabolism in neutrophils for the first 3 weeks of 
exposure. This is indicated by the reliable increase in alkaline phosphatase 
and glycogen content of cells. 

Evidently, the changes are compensatory during this period. 

With continued irradiation, there is a decrease in alkaline phosphatase 
content, which is apparently due to the inhibitory effect of the SHF field on 
activity of this enzyme. 

Microwaves of 500 µW/cm 2 intensity sctivate glycolysis in neutrophils, and 
this leads to a decrease in glycogen content of cells by the end of the 4th 
week of irradiation. 

The number of cells with low _glycogen and alkaline phosphatase content, or 
cont;:iining none of these biocomponents, constitutes a low percentage of the 
counted cells and, consequently, this did not play a substantial role in the 
change in MCC. 
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UDC: 616.1-057 

THE CARDIOVASCULAR SYSTEM AS AFFECTED BY OCCUPATIONAL FACTORS 

Moscow SERDECHNO-SOSUDISTAYA SISTEMA PRI DEYSTVII PROFESSIONAL'NYKH FAKTOROV 
in Russian 1976 signed to press 6 Aug 76 pp 2, 256. 

ffenotation, table of contents and chapter 5 from the book "Serdechno
sosudistaya sfstema pri deystvii professional'nykh faktorov" edited by 
Prof N. M. Konchalovskaya, USSR Academy of Medical Sciences, Izdatel'stvo 
Meditsina, Moscow, 1976, 6000 copies, 256 pageiJ 

[Text] This publication has been approved and recommended 
for publication by the Scientific Publication Council of 
the Presidium of the USSR Academy ot Medical Sciences. 

This monograph summarizes clinical data pertaining to the state of the 
cardiovascular system of individuals whose work involves exposure to such 
occupational and industrial factors as noise, radio waves, ionizing radiation 
and chemicals. The book offers methodological approaches and defines the 
diagnostic possibilities with regard to evaluation of cardiovascular dis
turbances. Special attention is devoted to the mechanism of formation of· 
cardiovascular reactions under the influence of various occupational factors~ 
The authors singled out and ~escribed comprehensively the clinical cardio
vascular disorders that are most frequently encountered among workers,. 
as related to the nature and intensity of different occupational factors. 
Recommendations are offered for expert determination of disability, rational 
employment and rehabilitation therapy of states that develop. 

This book is intended for physicians specializing in occupational pathology. 
. . 

The book includes 15 figures,15 tables, and the bibliography lists 257 items. 
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CHAPTER 5. THE CARDIOVASCULAR SYSTEM AS AFFECTED BY EXPOSURE TO MICROWAVE 
RADIATION 

Moscow SERDECHNO-SOSUDISTPYA SISTEMA PRI DEYSTVII PROFESSIONAL'NYKH FAKTOROV 
in Russian 1976 signed to press 6 Aug 76 pp 129-152 

[Chapter 5 by K. V. Glotova, M. N. Sadchik~va and Ye. M. Kochanciva from 
the book "Serdechno-sosudistaya sistema pri deystvii professional'nykh 
faktorov" edited by Prof N. M. Konchalovskaya, USSR Academy of Medical 
Sciences, Izdatel'stvo Meditsina, Moscow, 1976, 6000 copies] 

[Text]· Natural electromagnetic fields are a constant component of the 
environment of man. Changes in their intensity and frequency are related to 
fluctuations in solar activity. The fluctuations in intensity of natural 
electromagnetic fields also depend on electric conductivity of earth's atmos
phere which, in turn, is related to humidity, temperature, rate of movement 
of air layers and other meteorological factors. Thus, in the course of evolu
tion, animals and man had to adapt to natural electromagnetic fields and the 
significant fluctuations of their parameters. 

At the present time, in view of development of electronics and use, in different 
branches of the national economy, of equipment that emits-electromagnetic 
fields in the radiowave range; there are local changes in the natural electro
magnetic background affecting limited groups of people. 

In.view of the urgency of the problem, many studies have been pursued in the 
last decades of the biological effects of electromagnetic fields (EMF). More 
comprehensive investigation has been made of the thermal effects of micro
waves at a flux density (incident energy) of the order of 10 mW/cm 2 or more. 
Onthis energy level, the biophysical mechanism is related to transformation 
of electromagnetic energy into thermal energy when absorbed by tissues. De
pending on the wavelength and properties of tissues, primary heating may 
occur at different depths from the surface of the body; de~per tissues are 
heated with exposure to decimeter waves, while exposure to centimeter and 
millimeter waves induces heating of superficial tissues, just like infrared 
and direct solar radiation. Poorly vascularized tissues are subject to 
more intensive heating. The change in tissue temperature leads to intensifi
cation of metabolic processes, irritation of excitable cells and injury to 
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tissular structures. The biophysical mechanisms have not been studied at 
a lower intensity of radiation, which is the case in modern industry (the 
energy levels are lower than those that cause a temperature change). It is 
believed that they are due to development of reactions on the molecular and 
cellular levels. This includes the effect of dielectric saturation (Schwan, 
1958), the phenomenon of molecular resonance (Vogelman, 1968), the phenomenon 
of nonthermal denaturation of protein and change in membrane potential related 
to the change in permeability of the cell membrane (V. I. Shtemler, 1973; 
Portela, Vaccari, 1973, and others). There may also be impairment of electro
magnetic regulation of functions in the integral organism (A. S. Presman, 1968). 

The main mechanisms of these phenomena may be relaxation oscillations of ions 
and dipole molecules in the aqueous phase, rotation thereof and reorientation 
in space under the influence of the energy of electromagnetic radiation (Yu. 
A. Sebrant, 1969; Illinger, 1969). With specific parameters of radiation, 
not only redirection of side chains of large molecules, but separation thereof 
are possible. This effect becomes po~sible in the case of resonance absorp
tion of electromagnetic energy by naturally oscillating molecules on the 
interface of media (Vogelman, 1968). The difficulty in studying the early 
physiological changes are attributable to the complexity of conducting an 
experiment, which includes electrophysiological studies, the difficulty in 
determining absorbed energy and its distribution in organs, tissues, physio
logical and submicroscopic structures. Research on the effects of electro
magnetic waves on the integral organism is represented the most extensively 
in the literature, this applies to a lesser extent to different organs and 
cells, and very seldom to relatively sill\)le subcellular models. 

The hemodynamics related to microwave irradiation were investigated in 
experiments on the basis of pulse and arterial pressure of different animal 
species. 

A comparison of studies conducted on large and small laboratory animals shows 
.that microwaves lead to a significant change in pulse and arterial pressure 
of rats, rabbits, mice and pigeons (Z. V. Gordon, 1964; I. M. Yakovleva, 1973, 
and others), with negligible fluctuations of these parameters in dogs (Ye. V. 
Gembitskiy, D. Ye. Gavrilova, 1968; N. V. Tyagin, 1971; V. P. Svetlova, N. I. 
Chubarova, 1973). Brief exposure to a thermal mode leads to acceleration 
of heart rate, while exposure in the nonthermal mode induces persistent 
drop of arterial pressure and slowing of heart rate after a brief rise of 
arterial pressure or short latent phase. This led z. V. Gordon to the con
clusion that the hypotensive effect is a typical reaction to this factor. 
A. S. Presman (1964) believes that the effect depends largely on the localiza
tion and mode of exposure. N. A. Levitina (1964) and V. V. Markov (1973) 
established that intermittent irradiation elicits a more marked effect 
than continuous exposure. 

The experiments of McAfee (1969) and others, involving anesthetization of the 
skin, warrant the belief that the changes in the cardiovascular system with 
exposure to microwaves depend largely on the direct effect of radiation on 

20 
FOR OFFICIAL USE ONLY 

., ~ 



FOR OFFICIAL USE ONLY 

on superficial reflexogenic zones.and reflex change in hemodynamics, which 
is consistent with the usual conceptions of physiology of nervous regulation 
of ·the cardiovascular system. 

Studies of ecological and species specificity of regulation of cardiac acti
vity under the influence of superhigh-frequency (SHF) magnetic fields 
revealed that, in the course of ontogenesis, there is a decrease in extent 
of acceleration of cardiac contractions in response to microwaves, i.e., 
ecological and species specificity of function of the cardiovascular system 
has a substantial influence on the nature of animal reactivity. The change 
in cardiac function with exposure to microwaves reflects the general patterns 
of regulation of this system, formed in the course of evolutionary development 
of the animal kingdom (M. I. Yakovleva, 1973). 

Hemodynamic reactions are an integral response of the cardiovascular system 
to a given factor, and they may be identical in the presence of different 
routes of expression and primary mechanisms of effects on the organism. For 
this reason, it is important to investigate primary and intermediate mechan
isms to assess reactions to microwaves: to study structure and function of 
tissues that are the first to perceive radiation, their enzymatic activity, 
exchange of gases, electrolyte balance, microcirculation, etc., investiga
tion o.f balance of humoral regulatory systems, in particular, the sympatho
adrenal system, investigation of distinctions of reflex regulation of the 
circulatory system during exposure to microwaves and clinical manifestations 
of adaptation to this factor. 

Many researchers have studied the morphological changes occurring under the 
influence of microwaves. Histochemical studies (G. K. Gerasmiya, 1963) of 
the heart of rats exposed to SHF electromagnetic waves of thermal intensity 
(density flux of 150-250 mW/cm2

) showed that.there were marked vascular dis
orders and dystrophic changes in muscle fibers, to the extent of formation 
of areas of granular and clumped breakdown. A sharp decrease in glycogen con
tent of the myocardium was observed in animals exposed to SHF radiation, as 
compared to control animals. The author interprets this as the result of 
stimulation of anaerobic glycolysis, which emerges as a process of functional 
compensation in this instance. 

M. S. Tolgskaya and Z. V. Gordon (1971), who exposed animals to electromagnetic 
waves in the millimeter, centimeter and decimeter ranges at thermal intensity 
(140-100 mW/cm 2

), found significant vascular disorders in the.form of severe 
plethora, perivascular and percellular edema ano multiple small hemorrhages 
in the myocardium. Exposure to all ranges of waves resulted in irregular 
staining and fragmentation of myocardial muscle fibers. 

Morphelogical examination of animals exposed to low intensities (1-10 mW/cm2 

for 5-9 months) failed to demonstrate vascular disorders and dystrophic 
changes. M. S. Tolgskaya, Z. V. Gordon et al. (1973), who made a morpholo
gical study of the hypothalamic region, hypophysis, adrenals and thyroid 
during intermittent and continuous exposure to microwaves approximating 
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industrial conditions, demonstrated phasic changes in functional activity, 
which were reversible. 

In a study of regulation of autonomic functions, M. I. Yakovleva (1973) 
demonstrated that changes may develop in the autonomic system under the 
influence of microwave energy as a result of impairment of function of 
higher autonomic centers, as well as changes in afferent and efferent elements 
of the autonomic nervous system. 

Authors who investigated the effects of SHF on the central nervous system 
by means of electrograms observed that the hypothalamus and cortex (Yu. A. 
Kholodov, 1966, and others), stem regions and reticular formation (Mickey, 
1963; M. S. Bychkov, 1973) and limbic structures of the brain (K. V. Sudakov, 
G.D. Antimoniy, 1973) are the most sensitive to this factor. 

Experiments involving parallel recording of biopotentials of the cortex, 
mesencephalic reticular formation and posterior hypothalamus (exposure to 
a flux density of 100 µW/cm 2 for 30 min) revealed that changes occur in the 
cortex in the 5th-10th min after exposure. Changes were demonstrable, 
virtually simultaneously, in the hypothalamus and mesencephalic reticular 
formation 10 or more minutes after exposure to SHF fields (I. S. Dronov et 
al., 1973). 

Analysis of electrographic data after exposing rabbits to a flux density of 
50 µW/cm2 revealed that the posterior hypothalamic region was more sensitive. 
The changes in background activity in the hypothalamic region either 
diminishes or remained at the former level 1-2 weeks after exposure. With 
this level of radiation, the authors failed to detect a cumulative effect; 
however, in their opinion, such a prolonged altered functional state of the 
diencephalic systems is a tension reaction close to stress. The observed 
electrographic changes in function of diencephalic systems are considered 
by the authors as direct proof of the hypothesis of diencephalic genesis of 
the main clinical syndromes in individuals exposed to low-intensity micro
waves. 

It was experimentally established that EMF have a selective effect on limbic 
structures of the brain (K. V. Sudakov, G.D. Antimoniy, 1973). These authors 
attribute to this the change in behavioral reactions, conditioned reflex 
activity in animals and mental disorders in man under the influence of EMF, 
since we know from numerous investigations that limbic structures have a 
direct bearing on formation of emotions, motivations and memory. 

In assessing the findings of studies dealing with the effects of microwaves 
on the central nervous system and changes associated with this in the cardio
vascular system, we must mention the significance of ecological factors, 
which influence experimental animals. 

Another series of studies dealt with humeral regulation, electrolyte balance, 
exchange of gases and activity of other systems of the organism under the 
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influence of microwaves. Evidently, the demonstrated changes should be 
interpreted, .on the one hand, as the consequence of the above-described 
changes in the central nervous system and its autonomic branches and, on the 
other hand, as the possibl~ result of local processes occurring in the 
regions of maximum absorption of energy. 

S. N. Nikogosyan (1964) and V. A. Syngayevskaya (1968) demonstrated that a 
drop of blood and organ cholinesterase is observed in animals with exposure 
to microwaves. This warrants the assumption that there is an increase in 
acetylcholine ·content, to which the hypotensive and negative chronotropic ef
fect observed by other authors may be related, to some extent. 

It is known that the condition of the heart and vessels is closely related to 
oxygenation of tissuei and level of redox processes. Studies of exchange of 
gases after exposure of animals to microwaves revealed that, at intensities 
under the level of the thermal effect, there is an increase in tissular 
oxygen requirement, in arteriovenous difference for oxygen, due to more 
intensive utilization of oxygen by tissues (L.A. Khambazarova, .1968, and 
others), whereas at thermal intensities there is a decrease in tissular oxygen 
uptake, apparently due to chemical thermoregulation (V. I. Mirutenko, Ya. I. 
Serkii, 1968). · 

Research on activity of oxidative and reduction enzymes supplements, to ~ome 
extent, the studies of gas exchange; these investigations established that 
exposure to nonthermogenic intensities increases activity of succinate 
dehydrase and cytochrom6xidase, while thermal radiation depresses their 
activity. In the opinion of V. A. Syngayevskaya, these processes depend on 
the intensity and duration of exposure, wavelength and initial state of the 
animal. 

When studying the cardiovascular system, it is important to know the state of 
electrolyte balance. With exposure of rabbits to microwaves for 10 and 20 min 
at a flux density of 100 mW/cm2

, the potassium ion content of blood serum. 
dropped ftom 23±0.92 to 20±0.92, that of sodium ions rose from 252±8.0 to 
274±4.8 and that of calcium ions dropped from 13±0.40 to 8.2±0.5 (V. A. 
Syngayevskaya, 1970). 

A chronic experiment, involving exposure of rats to decimeter waves at 40 mW/cm 2 

(V. V. Kulakova, 1964),. failed to demonstr~te changes in sodium and potassium 
ions either in blood plasma or urine, while the calcium level rose substan
tially, first in plasma·, then in urine. 

In the experiments of N. R. Chepikova (1963) on rabbits and dogs, with contact 
exposure of the region of the heart and remote exposure of the ventral aspect 
of the body (A= 12.6 cm, flux density 0.1-0.5 W/cm2

), the changes in blood 
and myocardial potassium.ion content were phasic and in opposite directions. 

We can comprehend the causes of impaired electrolyte balance by studying the· 
works dealing with the state of cell membranes under the influence of 
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of microwave energy. V. I. Shtemler (1973) and E. · Sh. Ismailov (1971), who 
investigated the effects of decimeter waves on permeability of human erythro
cytes (flux density of 45 mW/cm 2

) in vitro, detected a significant increase in 
overa 11 flow of potassium ions through the cell membrane out and that of 
!-!odium Lons, within. The nuthon1 hc•l levt• th1lt thta t•ff,•l·t lfl clut• to ll drnnge 
in membrane permeability as a result of changes in properties of l1ydrntvd Cluld 
in the cell membran~ under the influence of decimeter waves. Obviously, 
changes in ion content on either side of the cell membrane must change its 
electrical potential. The results of these studie.s are quite comparable to 
the experiments of N. R. Chepikova. The decrease in potassium ion content of 
the myocardium, which she demonstrated, is apparently related to a change in 
membrane potent.ial, which is related to the change in membrane permeability 
and impairment of depolarization processes. 

At the present time, some significance is attributed to· autoimmune reactions 
in pathology of the cardiovascular system (P. N. Yurenev, 1970; I. S. Golod 
et al., 1973~ and others). 

Experimental· investigation of the effect of microwaves on immunological acti
vity of the organism revealed that microwave energy of thermal intensity, in 
the case of total body exposure, depresses production of antibodies to foreign 
allergen and, at the same time, has a sensitizing effect, inducing production 
of autoantibodies in the ·irradiated organism (G. I. Vinogradov, I. M. 
Karandakova, Ye. M. Makarenko, 1972). Thus, we cannot rule out the possibility 
that autoimmune reactions, with fixation under specific conditions of 
"antigen--aritibody" complexes on the vascular walls, which could probably 
lead to a change in vascular tonus and other undesirable reactions, also play 
some role in the complex mechanism of changes in cardiovascular system func
tion under the influence of microwaves. 

As we conclude this survey of the experimental data, we should dwell specially 
on the experiments of A.G. Subbota (1972), who established the deadaptational 
and decompensating effects of microwaves on the nervous and cardiovascular 
systems, with respect to developing resistance to diverse environmental fac
tors (noise, high ambient temperature, physical load). In addition, this 
author demonstrated that one can develop adaptation in animals of their 
cardiovascular system to microwave energy of thermal and nonthermal inten
sities. It is manifested by hemodYnamic stability, and it is related to 
involvement. of the nervous system. The autqor evaluates progression of 
changes in these functions under the influence of microwave energy and appear
ance of symptoms of functional impairment of an organ or system as a manifesta
tion of the cumulative effect of microwaves. A.G. Subbota interprets the 
signs of adaptation and accumulation, as well as reliability of adaptational 
mechanisms referable to microwaves as the main criteria for determination 
of radiosensitivty and radiovulnerability referable to microwaves. 

To sum up the results of experimental studies, it can be assumed that the 
effect of microwaves on the cardiovascular system reflects several pathogenetic 
mechanisms: 
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1) direct effect of microwave energy on the central nervous system; 
2) changes in the system of peripheral reception with absorption of energy; 
3) reflex reactions of the heart and vessels in response to stimulation 

of exteroceptors and interoceptors that absorb radiation energy; 
4) direct effect of radiatiori on the myocardium, vessels and nerve 

centers of cardiovascular regulation (at the appropriate wave lengths). 

· All th.ese mechanisms undergo substantial modification, depending on the eco
logical and species specificity, and the original functional state of the 
nervous and cardiovascular systems. 

In view of the similarity of action of primary biophysical m.echanisms of micro
wave radiation on animals and man, let us discuss some of the clinical facts. 
First of all, it must be noted that, in the opinion of some authors, "cardiac" 
symptoms only appear when the changes in the nervous system reach a suffi
cient degree (V. M. Malyshev, F. A. Kolesnik, 1968). The nature and extent 
of functional changes in the nervous system depend on the intensity and 
duration of exposure, individual sensitivity of the organism and premorbid 
state. 

Our studies and the data in the literature (N. V. Tyagin, 1962--1968; I. G. 
Ramzen-Yevdokimov, V. A. Sorokin, 1970; Klimkova-Deutschova,· 1963, and others) 
enable us to single out three typical syndromes due to radiowaves: asthenic, 
which is observed at the early stages of illness; asthenovegetative, with 

· vascular dysfunction, and hypothalamic. Efforts have been made to single out 
an independent nosological form of occupational disease, radiowave sickness, 
on the basis of investigation of the distinctions of development and order 
of formation of these clinical srndromes. 

Studies of the cardiovascular system of individuals exposed to SHF radiation 
demonstrated objectively !ability of the pulse and changes in arterial pressure 
(h)l>otension and hypertension). Tables 6 and 7 list data on the incidence of 
hypotension and hypertension, and they show that the highest percentage of 
.cases of arterial hypotension was observ~d by authors who pursued their studies 
in 1948-1961, and the highest percentage of cases of hypertension, by those 
who worked in 1966-1973. We cannot rule out the possibility that this could 
be related to the general increase in incidence of arterial hypertension in 
the last few years, as well as the fact that the average age of workers is 
older. 

The results of studies of peripheral circulation, according to findings from 
capillaroscopy and plethysmography, are quite contradictory and indicate 
both the presence of spams and atonia of capillaries and arterioles (M. T. 
Sverdlipa, 1968, and others). 

We failed to demonstrate pathology of the circulatory system in a rheographic 
study of the hands and feet of· 59 patients with rad.iowave sickness •. 

25 
FOR OFFICIAL USE ONLY 



FOR OFFICIAL USE ONLY 

Table 6. Incidence of arterial hypotension among individuals exposed for 
long periods of time to SHF fields (according to the data of 
different authors) 

Number of Incidence of 
Author and year Subjects' occupation subjects hypo tension, 

A. A. Kevork'yan, 1948 Blue-collar worker 87 38 
Yu. A. Osipov, 1952 II II II 108 22.2 
v. A. Shipkova, 1959 Radar specialist - 110 About 20 
A. A. Orlova, 1960 Blue-collar worker 525 26-33 
N. v. Uspenskaya, 1961 II II II 100 30 
R. N. Vol'fovskaya et al., 

1961 II II II 101 27-45 
Ye. I. Smurova et al., 1962 II II II 54 53.7 
L. T. Frolova, 1963 II II II 172 25.6 
F. r. Komarov, L. v. Zakharov, 

F. A. Kolesnik, 1963 II II II 53 22.6 
Ye. V. Gembitskiy, 1966 Radar specialist 210 14 
M. N. Sadchikova, K. v. Blue- and white-

Nikonova, 1971 collar workers 100 7-3 

% 

----------------------------------------------------------------------------
Table 7. Incidence of arterial hypertension under the chronic effect of 

SHF fields 
Number of Incidence of 

Author and year Subjects' occueation subjects - hy~otension, % 

L. G. Froiova, 1963 Blue-collar worker 172 5.8 
A. M. Kapitanenko, 1964 Operator 66 7.6 
E. A. Drogichina et al., 

1966 Blue-collar worker 100 17 
G. G. Lysina, M. B. 

Rappaport, 1969 II II II 85 15 
N. Ya. D'yachenko, 1970 Operator 62 29 
M. N. Sadchikova, K. v. 

Nikonova, 1971 Blue-collar worker 215 14-23 
V. L Muratov, A. P. 

Turayeva, 1972 Operator 25 28 
V. P. Medvedev, 1973 Mental labor 222 12.6 

A study of central hemodynamics of healthy young people with short work tenure, 
as well as individuals with neurocirculatory dystonia of the hypotensive 
type, conducted by many authors, revealed increased blood minute volume 
and decreased peripheral resistance. In individuals with lengt_hy tenure, 
which of course means that they are older, as well as in those with neuro
circulatory dystonia of the hypertensive type, the opposite findings were 
made for these parameters. Many have reported increased tonus of arteries 
of the muscular type. 
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Authors who.studied circulation believe that changes in parameters thereof 
develop primarily as a result of impairment of structure and function of 
systems involved.in maintaining homeostasis, namely the central nervous 
system, endocrine and neurohumoral systems. 

Various authors studied exchange of gases in tissues and blood, as well as 
electrolyte balance of individuals subject to exposure to microwaves in order 
to investigate the pathogenetic mechanisms of hemodynamic disorders (I. V. 
Pavlova, E. A. Drogichina, M. N. Sadchikova, I. A. Gel'fon, 1968; G. G. 
Lysina, 1972). According to their findings, there is some decrease in oxygena
tion of blood and greater tissular capacity to absorb oxygen in individuals 
exposed to microwave radiation. Th.e change in electrolyte balance consists 
of a drop in blood serum potassium and chlorides and elevation of sodium and 
chlorides in erythrocytes. 

According to our data, hypercholesterolemia was demonstrated in over 50% of 
the cases of radiowave sickness. V. P. Medvedev (1973) observed hypercholes
terolemia and alteration of blood lipid content, the mean indices of which 
differed appreciably from the corresponding age-related control, in esientially 
healthy individuals engaged in mental work related to sources of SHF radia
tion. This.fact, along with the increased number of cases of essential hyper
tension and cardiac ischemia in the group engaged in mental labor, which 
currently or previously had co~tact with microwaves, led to the conclusion 
that contact with microwave radiation may be considered a substantial risk 
factor in development of essential hypertension and cardiac ischemia. 

The results of observations of over 1500 individuals whose work involved 
exposure to EMF of high (HF) ultrahigh (UHF) and superhigh (SHF) frequencies 
enabled us to determine that deviations in function of the nervous and cardio
yascular systems are observed primarily among workers involved with regula
ting, adjusting and testing the equipment of radar stations in the final 
completion shop of radio industry enterprises. The main clinical syndromes 
of cardiovascular disorders _with exposure to SHF fields developed against 
the background of progressive asthenia (neurasthenia); more often after work
ing for 5-10 years on jobs involving e~posure to SHF EMF (flux density of 
up to several mW/cm2

). The clinical distinctions of the observed syndromes 
consisted of the following: 

1. Asthenic (neurasthenic) syndrome, with vegetovascular dysfunction of the 
hypotensive type. Typically, there are complaihts of headaches (heaviness 
of the head), increased fatigability, irritability, sleep disorders and • 
periodic pain in the region of the heart. No organic pathology of the car
diovascular system was observed. Half the subjects presented periodic, 
moderate hypotension (systolic arterial pressure 90-95 mm Hg). Diastolic and 
pulse pressure were in the normal range. In some cases, arterial hypotension 
was associated with sinus bradycardia (pulse rate up to 59/min). The latter 
was observed less often in seated position (142 patients) and more often 
in supine position (222 people), which was indicative of lability of the 
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pulse when counted in orthostatic position. There was no substantial 
change in general condition on the days that low arterial pressure was 
recorded, and only a few people presented more complaints of an asthenic 
nature. Electrocardiography failed to demonstrate pathology. We should 
only mention that, in the presence of bradycardia, there was appearance of 
a high, sharp-peaked T wave, mainly in the chest leads and this, in view 
of the clinical data, is interpreted as a manifestation of vegetative dys
function. As a rule, stroke and minute volumes, all forms of arterial pres
sure and peripheral resistance remained normal. Only a few individuals pre
sented a minor drop of mean dynamic arterial pressure and increase in minute 
blood volume. Peripheral resistance was lower than it should be, but cor
responded to the working, i.e., actual minute blood volume. 

Thus, the increased minute volume in such patients could be considered an 
adequate reaction to decreased peirpheral resistance. Studies of cerebral 
circulation by the method of rheoencephalography failed to reveal disturbances 
with regard to pulse filling and tonus of intracranial and extracranial 
vessels. Consequently, the hypotensive reactions observed were mild, and they 
had no adverse effect on the condition of the heart and indices of systemic 
and local hemodynamics. 

2. Asthenic (neurasthenic)syndrome with vegetovascular dysfunction of the 
hypertensive type proceeded, in some cases, with attacks of a sympatho
adrenal nature and marked neurasthenic symptoms. The patients were 
excitable, emotionally labile, suffered from sleep disorders, diminished 
memory, sporadic headaches associated with nausea. Over one-third of the 
patients compalined of vertigo, brief fainting spells, noise in the head 
and obscured vision. Hyperhidrosis, bright red, diffuse and persistent 
dermographism, cooling and marbling of the integument of the limb~, pal
pebral and digital tremor, with the hands extended, were observed. In 
several cases, several years later, against such a background there was 
development of marked vegetovascular dysfunction of the hypertensive type, 
with periodic cerebral crises of the sympathoadrenal type. During an 
attack of severe headache, there was trembling, pallor or reddening of 
the face, generalized hyperhidrosis, marked emotional disorders and faint
ing spells. The patients reported compression pain in the region of the 
heart, the sensation of difficult breathing, "shortage of air"; as a rule, 
there was moderate elevation of arterial pressure, particularly diastolic 
(110 to 110 mm Hg) followed by severe weakness and normalization of arterial 
pressure. A typical finding was a change in sugar curves (diabetic and 
double), impairment of correlation between excretion of epinephrine and nor
epinephrine, especially during an attack. Between the paroxysmal attacks, 
administration of epinephrine (0.3 mt 0.1% solution) elicited marked vegeto
vascular reactions and a marked change in physiological dynamics of cate
cholamine excretion. Subfebrile temperature was not uncommon in patients 
with vegetovascular dysfunction. The chief complain was pain in the region 
of the heart, which was encountered in almost 70% of the cases. In 23%, the 
pains were of a compressing nature, with irradiation into the left hand and 
scapula. As a rule, the cardiac pain appeared against a marked neurasthenic 
background, with vivid emotional coloration; it was persistent and responded 
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poorly to treatment with vasodilating agents. Some patients reported periodic 
palpitations and arrhythmia in the region of the heart and dyspnea upon 
exercising. There was marked lability of the pulse when moving from horizon
tal to vertical position (tendency toward bradycardia in horizontal posi-
tion in 22% of the cases and in seated position, in 7%; tachycardia in 
sup:ine position in 20% and in seated position, in 36%). Arterial pressure 
was unstable, and it was elevated in almost 50% of the patients. Individuals 
with normal arterial pressure not infrequently presented a pathological 
reaction to a physical load, with elevation of systolic and, particularly, 
diastolic pressure. Constriction of retinal arteries was observed. Tachy
oscillography revealed a tendency toward elevation of all forms of arterial 
pressure and an increase in peripheral resistance. If we consider that the 
rate of propagation of the pulse wave in musclar vessels was higher, which 
was also associated with an increase in correlations between modulus of 
elasticity of vessels of the musclar and elastic type, it may be assumed 
that the increase in resilient properties of vessels of the.muscular type 
was due to angiospastic reactions. 

More often, with elevation of arterial pressure blood minute volume decreased, 
and this was evaluated as an adequate reaction to increased peripheral re
sistance, which was above the proper level (by 20-30%), and in some cases 
working level, i.e., corresponding to a given minute volume. Thus, in this 
group of subjects, tiypertension was spastic in nature. 

In some patients with marked vegetovascular disturbances, we observed an 
increase in minute blood volume combined with elevation of all forms of 
arterial pressure and high indices of peripheral resistance. This was indi
cative of marked impairment of mechanisms that regulate the correlation 
between peripheral and central hemodynamics, and this was also consistent 
with the clinical findings. According to rheoencephalography, there was a 
decrease in intensity of pulsed filling, with predominant increase in tonus 
of intracranial and extracranial vessels (70%). The changes were functional 
in nature, as confirmed by the reaction to nitroglycerin. Some patients 
presented some extension of the margin of the heart to the left, due to 
hypertrophy of the left ventricle; heart tones were dull in almost half 
the cases, and in some of them there was a systolic murmur. Electrocardio
graphy revealed a decline, smoothing or inversion of T wave, most often in 
the two standard or left chest leads, combined with a shift of the S-T 
segment in 32% of the patients with predominantly hypertensive reactions 
and especially vegetovascular attacks. These changes usually occurred 
during an attack; not infrequently, they were Jssociated with persistent 
pain in the region of the heart. Vasodilating agents often failed to 
give relief (including nitroglycerin). In some cases, during the period of 
an attack, ventricular extrasystole was recorded, and one patient had 
attacks of paroxismal fibrillation. In most cases, the EKG changes were 
transient and rapidly regressed after an attack. Not infrequently, it was 
difficult to differentiate between the diagnosis of coronary insufficiency 
and metabolic disturbances, occurring as a result of vegetative dysfunction 
with output of catecholamines, in•the presence of a persistent pain syndrome 
and lack of response to vasodilating agents. Dynamic observation of the 
patients acquired special importance to settle this question. 

29 
FOR OFFICIAL USE ONLY 



FOR OFFICIAL USE ONLY 

Let us submit two. typical cases: 

1. Patient R., began to work at the age of 27 years as a controller 
involving contact with microwave sources. There is no hereditary or 
prior history burden. After 5 years hedeveloped increased fatigability, 
irritability, poor sleep, persistent headaches and pain in the 
region of the heart, which did not respond to vasodilating agents. 
No pathological changes were found in the cardiovascular system; 
arterial pressure 110/39 mm Hg. After 7 years he began to have 
attacks of severe general weakness with vertigo, sensation of 
"shortage of air," perspiration and brief elevation of arterial 
pressure (140-150/100 mm Hg). The EKG, taken during an attack, 
periodically showed vetricular extrasystole and decline of the T 
wave in the left chest leads (Ty ). After the attack, the EKG 
reverted to normal relatively rapi~ly. Examination of the eye 
grounds revealed constriction of retinal arteries. 

According to the results of mechanocardiography, recorded in a 
period free from attacks, when the patient had normal arterial 
pressure (120/70 mm Hg), there was a significant increase in 
peripheral resistance, 68% higher than it should be, there was a 
corresponding 30% decrease in minute blood volume. There was an 
increase in rate of propagation of the pulse wave, mainly in vessels 
of the muscular type, with increase in relationship b~tween elasti
city moduli (EM/EE 1. 76). Thus, a patient, who had worked for a 
long time with radiowave sources in the SHF range, subsequently 
developed asthenoneurotic reactions, then attacks of the dience
phalic type with elevation of arterial pressure and extrasystole, 
The clinical findings and results of instrument tests were indica
tive of the spastic nature of the hypertensive reactions. 

2. Patient K., began to work as a controller at the age of 25 years 
and came in contact with microwave sources. There is no hereditary 
or prior history burden. After 5 years there was development of 
neurasthenic manifestations in the form of headache, increased 
fatigability, irritability and poor sleep. Arterial pressure was 
in the range of 120/70-130/80 mm Hg. Eight years after he started 
on that job, when he was 33 years old, he began to have frequent 
cerebral attacks: severe headache, trembling, reddening of the 
face, generalized hyperhidrosis, occasional, brief fainting spells; 
arterial pressure remained normal. After one of the attacks, marked 
changes were found on the EKG: S-Tv interval is elevated in an 
arch and changes into a negative Ti-~ wave with biphasic ±Ty. 
After 1.5 h, the EKG indices improveA {Ty wave became less 3 

negative) and reverted to normal after 1 Jiori.th. The patient did 
not work with microwave sources for 1 year. The attacks stopped 
and arterial pressure was normal. The patient became calmer, 
but pain in the region of the heart persisted and was curbed only 
after intake of nitroglycerin. 
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Thus, a patient with no burden in his history (no history of head trauma, in
fections processes, hereditary predisposition for essential hypertension and 
cardiac ischemia, as well as no bad habits) developed marked vegetovascular 
dysfunction with signs of hypothalamic insufficiency, hypertensive reac
tions and angina pectoris after working for 13 years on a job involving 
exposure to EMF in the SHF range. 

Observations revealed that the hypertensive reactions are gradually added 
to vegetative attacks. Such changes, with subsequent development of chronic 
coronary insufficiency, were diagnosed in 7% of the cases. In 4 of the 
individuals who had worked under adverse conditions for over 10 years, there 
was development of myocardial infarction, which was preceded by a long period 
of asthenoneurotic reactions and marked vegetovascular dysfunction. In iso
lated cases, there was dynamic impairment of cerebral circulation. At the 
long term, we observed development of essential hypertension (cerebral or 
cerebrocardiac form). Investigation of the order in which different symptoms 
develop, with due consideration of the nature of work, intensity of exposure 
and occupational tenure, is of special importance to determination of the 
etiological link between the above-mentioned nonspecific cardiovascular 
syndromes and effects of microwaves. 

In order to define the distinctions of development of cardiovascular dis
orders, a dynamic study was made of a group of workers in the final shops 
for a period of 3-6 years, and in some cases 9-12 years. 

Analysis of the data revealed that there were 3 groups, depending on the 
arterial pressure at the first examination: the first group of workers 
(17 people), with periodically recorded arterial hypotension (systolic 
pressure 90-100 mm Hg); second group (17) with normal arterial pressure; 
third group (9) with hypertensive reactions (arterial pressure of 145/90 mm 
Hg or higher). The mean age and work tenure of individuals in these groups 
were about the same (31 to 32 years of age; tenure of 7, 6 and 8 years, 
respectively). 

Most of the 17 workers with a tendency toward arterial hypotension were in 
good health when first examined (asthenic syndrome in 9 cases and mild 
vegetovascular dysfunction in 3). Only 4 workers presented mild hyperten
sive reactions 3-6 and 9-12 years later. No pathology referable to the 
heart and vessels was found in any of the first group of patients. The 
first examination of the se'cond and third groups of workers, with normal or 
high arterial pressure, revealed that only 5 out of 26 were in good health, 
asthenia with vegetovascular dysfunction was diagnosed in 11. After 3-5 
years, 16 of the 26 workers in the second and third groups presented marked 
vegetovascular dysfunction with attacks of the diencephalic type, associ
ated with elevation of systolic and, particularly, diastolic pressure to 
105-110 mm Hg. Chronic coronary insufficiency developed in 7 workers and 
essentia~ hypertension, in 3. 
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Thus, several years of observations revealed that, in controllers, reactions 
referable to the cardiovascular system follow changes in the nervous system, 
particularly its higher autonomic branches, while the nature and severity 
thereof depend on individual distinctions of the organism: in some cases, 
only mild asthenic reactions, with sinus bradycardia and arterial hypotension, 
without signs of systemic and local hemodynamic disorders, may be observed 
for a long time; in others (in whom hypotensive reactions were never observed), 
there is development of vegetovascular dysfunction of the hypertensive type, 
with signs of hypothalamic insufficiency and angiospastic reactions, which 
lead to impairment of cerebral and coronary circulation in a number of cases. 
P. M. Medvedev (1968), G. G. Lysina, M. B. Rappoport (1968) and others have 
also observed analogous changes in individuals working with SHF field 
sources. 

The presence of hypotensive reactions with relatively benign course and 
hypertensive reactions with unfavorable course raises a number of questions, 
with respect to the role of the original state of pressor and depressor 
mechanisms in formation of adaptational and pathological reactions of the 
cardiovascular ysstem to SHF fields. Vegetovascular dysfunction with hyper
tensive reactions is of greatest clinical significance. 

In order to form a prognosis, treat and make an expert determination of 
disability of such patients, it is quite important to evaluate the pathogenesis 
of the hypertensive syndrome, to pinpoint the role of disturbances in central 
and peripheral hemodynamics in development thereof. Depending on the dis
tinctions of hemodynamic disturbances, two main forms of hypertension are 

. identified; spastic, due to peripheral angiospasm, and hyperkinetic, which 
is due essentially to an increase in minute blood volume. The two forms are 
interrelated; the hyperkinetic one not uncommonly precedes the spastic (I. K. 
Shkhvatsabaya, 1972; Ye. M. Tareyev, A. V. Sumarokov, 1972; Richard, 1969, 
and others). Differential diagnostics of these forms of hypertension is 
of much practical significance, main for the choice of rational therapy. rhe 
angiospastic form of hypertension, with considerable increase in peripheral 
resistance, was present in virtually all of the patients under our observation. 

The measured exercise test is of some value in detecting early vascular 
reactions. In a mass screening of essentially health individuals with long 
work tenure presenting normal arterial pressure at rest, not infrequently 
we observed elevation not only of systolic, but diastolic pressure after 
the physical load (60 hops in 30 s), which is indicative of impaired regula
tion of vascular tonus with a tendency toward angiospastic reactions. This 
conclusion is confirmed in the latest works of T. A. Sorokina (1972) and 
R. P. Kalyuzhnaya (1972), who demonstrated that significant activation of the 
sympathoadrenal system is observed in individuals with hypertension of any 
etiology, when submitted to the exercise test. In the patients we screened, 
a high output of catecholamines was observed during the attack periods. The 
·submitted data confirm the nonspecificity of vegetovascular dysfunction in 
individuals whose work involves exposure to SHF EMF. 
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The changes referable to the heart are not specific either. Pain in the 
cardiac region, lability of pulse, extrasystole, not infrequent decline or 

, rise of T wave on the resting EKG or after a load may be observed in the 
presence of vegetovascular dystonia of any etiology. Experimental and clinical 
observations warrant the assumption that the cardiac pain in most such cases 
is due primarily to lowering of the threshold of nociceptive sensitivty, 
impairment of central nervous regulation and, during sympathoadrenal attacks, 
to the effect of catecholamines. These factors may induce myocardial dys
trophy, with impairment of its bioelectrical activity (I. B. Gordon, M. P. 
Stepanov, 1970; S. V. Rutsay, 1972; B. Yu. Dobrin, 1972, and others). 

Coronary insufficiency, with the typical pain syndrome and EKG changes, may 
be related to exposure to SHF fields in some cases, with gradually developing 
and long-lasting vegetovascular dysfunction. These data are. confirmed in 
experiments on animals and clinical observations (0. M. Gorbachev, 1965; 
Ye. F. Lobkova, M. Kh. Pluzhnikova, 1966, and others). 

The lack of specificity of some symptoms and clinical syndromes of cardio
vascular pathology, with reference to SHF fields, makes it necessary to 
take into consideration the set of all factors characterizing individual dis
tinctions of the body (heredity, age, constitution, prior illnesses, bad 
habits) and working conditions (density flux, radiowave range, tenure of 
work under specific conditions, as well as other deleterious work-related 
factors, such as microclimate, intensity of physical and mental load, etc.) 
in order to determine the etiology of the disease. 

Recognition of the leading role of SHF fields as a risk factor in development 
of illness, also makes it necessary for there to be a specific order of 
development of symptoms, with functional changes in the nervous system play
ing the leading role: long-term asthenic background with neurasthenic mani
festations, marked emotional instability, then vegetovascular dysfunction, 
which often proceeds with periodic attacks and signs of hypothalamic insuf
ficiency. The differential diagnosis must also be made, first of all, with 
reference to diencephalic syndromes of infectious and traumatic etiology, as 
well as essential hypertension. Essential hypertension, like cardiac is
chemia, may be interpreted in some cases as the outcome of an occupational 
disease induced by microwaves. It is imperative to take into consideration 
other etiological causes (endocrine dysfunction due t6 thyrotoxico~is, 
menopause, etc.) in determining the role of SHF fields in development of 
vegetovascular dysfunction. 

There is no specificity or independent diagnostic significance to cardiac 
changes demonstrable on the EKG, to which prime significance is sometimes 
attributed in determining the link. between illness and SHF fields. Such 
symptoms as bradycardia, tachycardia, decline or elevation of T wave, are 
usually due to a change in autonomic regulation. The presence of persistent 
rhythm disturbances (blockirtg of the bundle of His limbs, fibrillation, 
persistent extrasystole) and considerable myocardial dystrophy with stasis 
rules out; rather than confirms a link between cardiac pathology and the 
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effects of SHF fields. Thus, comprehensive analysis of each specific case, 
with due consideration of the aggregate of industrial, domestic and clinical 
data, is required to determine the etiological role of electromagnetic 
waves at radio frequencies in development of vegetatovascular dysfunction, 
hypertension and cardiac ischemia. 

Treatment of vegetovascular dysfunction in individuals whose work involves 
exposure to SHF fields should be administered with consideration of the etio
logy of the disease, individual distinctions of the organism and type of 
vegetative reactions with development of a given syndrome. It is imperative 
to remove patients from work involving contact with SHF fields for the 
duration of treatment (issuing a disability certificate for 1-2 months). 

For patients with the asthenic syndrome, it is·sufficient to prescribe 
general fortifying therapy and sedatives (bromides, Leonorus, valerian root, 
hawthorn, corvalol). Cholinolytics (atropine, amizil) and products with com
bined action (belloid, bellaspon) are recommended when there is prevalence 
of vegetovascular disorders. Occasionally, intravenous infusion of glucose 
preceded by administration of low doses of insulin elicits a good response. 
The therapy includes therapeutic exercise, hydrotherapy and psychotherapy. 

In addition to general fortifying therapy, minor tranquiliziers, such as 
seduxen, elenium, trioxazine and antihistamines that potentiate their 
action (dimedrol, pipolphen, suprastin), as well as vasodilating agents 
are indicated for patients with vegetovastular dysfunction of the hypertensive 
type, especially if their are attacks of a sympathoadrenal nature. Of the 
wide assortment of modern hypotensive agents, it is preferable to prescribe 
magnesium sulfate, which has a sedative effect, combined with reserpine, 
which is a tranquilizer. If necessary, agents that have a direct effect 
on the vascular wall (papaverine, no-shpa [6, 7, 3',4'-tetraethoxy-l-benzal-
1,2,3,4-tetrahydroisoquinolone hydrochloride] and others) are prescribed. 

In the presence of ischemic heart disease, agents are required that improve 
coronary circulation (nitroglycerin, sustac) and metabolic processes in the 
myocardium (falicor, intensain and others). ATP and group B vitamins elicit 
a good therapeutic response. In view of the high sensitivity of patients, 
the choice of drugs requires a strict and individual approach. One should 
be particularly cautious in prescribing narcotics. In the presence of 
attacks (of the sympathoadrenal type), one can recommended low doses of 
aminazin, propazin, and occasionally pipolphen combined with injectable 
vasodilating agents is sufficient. 

With proper organization of dispensary supervision and treatment of patients 
with the asthenic syndrome and negligible vegetovascular dysfunction, without 
hypertensive reactions, they can continue to work. 

The results of many years of observations indicate that patients with marked 
vegetovascular dysfunction and hypertensive reactions, particularly with 
attacks, require rational counseling with regard to employment. One can 
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expect recovery or stabilization of a pathological process only with prompt 
transfer of such patients to another job, unrelated to SHF radiation. 

The data in the literature and our own investigations enable us to summarize 
some of the pathogenetic mechanisms of biological effects of microwaves, 
to voice some general comments on clinical diagnostics of radiowave effects 
and outline the prospects of research on primary mechanisms, as well as 
detection of early preclinical signs of the effects of microwave energy on 
the cardiovascular system. 

Experimental and clinical studies have shown that the cardiovascular system 
presents nonspecific reactions to microwaves; the changes in individuals whose 
work involves contact with such radiation are charac,terized by the syndrome 
of neurocirculatory dystonia. This syndrome probably develops as a result 
of the effects of microwave energy on peripheral reception and microcircula
tion, the myocardium, great vessels and interoceptors of internal organs 
(in the presence of the appropriate wavelengths), as well as various branches 
of the central nervous system related to regulation of cardiac function. 

Expression of the reflex mechanism apparently begins with a change in pro
perties of excitable cell membranes, which leads to an increased influx of 
afferent impulsation to specific branches of the central nervous system. 
Concurrently, there may also be a change in efferent impulsation, in view of 
the selective effect of radiation on radiosensitive structures: cortex, 
hypothalamus, reticular formation of the brain stem and limbic strµctures. 
Summation of these mechanisms evidently leads to impairment of normal 
neuroregulation in the organism, aggravating metabolic processes, already 
altered after the first contact with radiation, in tissues, thus closing 
a vicious circle. 

The above-described pathogenetic mechanism is clinically manifested by labi
lity of the pulse and arterial pressure, inadequate reactions of the cardio
vascular system to physiological loads, as well as dosorders referable to 
correlations between central and peripheral hemodynamics. 

The severity of cardiovascular disorders depends, as shown by several 
authors, on individual distinctions, ecological and species specificity of 
the nervous and cardiovascular systems. 

Since the syndrome of neurocirculatory dystonia is not specific to the 
effects of microwaves and numerous other etiological factors play a signi
ficant role in its development, while the quantitative characteristics of 
radiation are unknown, it is difficult to determine the prime factor in 
the origin of illness and there areseveral important problems to solve 
for demonstration of reliable early signs of the reaction to microwaves 
in individuals engaged in different professions. It is interesting to 
investigate the role of pressor and depressor mechanisms in formation of 
adaptive and pathological reactions of the cardiovascular system to 
electromagnetic fields. The question of the role of microwave radiation 
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in development of essential hypertension and cardiac ischem:i,.a, which is 
presently debated in the literature, requires further investigation. Re
liable results on this score can only be obtained by conducting epidemiologi
cal studies of large groups of people, using standard criteria for 
ident:i,.fying these states. 

COPYRIGHT:, Izdatel' stvo "Meditsina", Moskva, 1976 

10,657 
CSO: 1870 
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CHANGES IN THE RABBIT ELECTROENCEPHALOGRAM UNDER THE INFLUENCE OF A STEADY 
MAGNETIC FIELD 

Moscow ZHURNAL VYSSHEY NERVNOY DEYATEL'NOSTI in Russian Vol 17, No 6, 1967 
pp 11-15 

[Article by R. A. Chizhenkova, LaboratoryofElectrophysiology of Conditioned 
Reflexes (headed by M. N. Livanov, corresponding member of the USSR Academy 
of Sciences), Institute of Higher Nervous Activity and Neurophysiology~ USSR 
Academy of Sciences, Moscow, presented by Academician P. D. Gorizontov, of 
the USSR Academy of Medical Scien~es, submitted 23 Jul 64] · 

[Text] There are many works dealing with investigation: of 
the effects of steady magnetic fields (SMF) on plant and 
animal organisms that are on different steps of the evolu
tionary ladder [7]. Some researchers believe that SMF have 
no biological effect, and when any effect is observed from 
SMF it is presumably elicited by the electromotive force that 
is induced at the times of appearance and disappearance of 
the field [1, 4]. However, it was recently established that 
the threshold of appearance of phosphene in response to ex
posure to SMF is determined by the product of SMF intensity 
multiplied by duration of its pulse [3]; there is one flaw 
in these experiments, the lack of an objective control. 

In this work, we investigated EEG changes induced by SMF, which were previously 
described by Yu. A. Kholodov [5] and R. Becker [6], and we tried to analyze 
the role of induction electromotive force in the observed reaction, using 
this index. 

Methods 

Experiments were conducted on 20 rabbits. The EEG was recorded monopolarly 
by means of implanted (6 animals) or bone-inserted {14 animals) needle elec
trodes over the sensorimotor and visual regions of the cerebral cortex. We 
used an Ediswan ink-tracing electroencephalograph to record the EEG. A homo
geneous SMF of 300 Oe was created with an electromagnet, with 22 cm diameteF 
of poles and 16 cm distance between poles. The electromagnet was switched on 
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for 1 min, 20 and 1.5 s. We recorded the EEG for 1 min before switching the 
electromagnetic on, during exposure to SMF and another EEG for several min 
after. In some of the experiments, we made a continuous recording of the 
EEG. The intervals between exposures constituted 5-10 min. 

Results 

In expe~iments on 6 rabbits (604 exposures), we studied the nature of the EEG 
reaction to SMF. We used the following parameters to analyze the EEG: number 
of segments with increased or decreased amplitude in relation to a certain 
average 'in the course of the experiments, number of spindles, number of sharp 
waves, different slow waves (3 Hz or less) and groups thereof. For statis
tical processing, we used alternative variability [10], which was obtained by 
dividing the EEG tracing into equal intervals (3-5 s) and recording the pre
sence or absence of the above indices. 

I 

As a result of statistical processing, it was found that only the number of 
spindles underwent a reliable increase. For the sensorimotor region, P was 
less than 0.0005 both during and after exposure to SMF. For the occipital 
region~ in which spindles were also recorded occasionally, the differences 
were significant (P<0.05) during exposure and unreliable after switching the 
electromagnet off. The other indices, with the exception of number of 
segments with decreased amplitude, merely

0

presented a tendency toward in
creasing. 

Consequently, in order to demonstrate the EEG reaction of rabbits to SMF, it 
is sufficient to track the changes in number of spindles in the sensorimotor 
region. Figure 1 illustrates changes in number of spindles induced by SMF. 
Figure 2 illustrates an example of the EEG reaction to SMF. 

110 
110 
110 
IJ. 
110 
/IQ 
/ll/J 
JD 
ID 
7/J 
Ill 
JP 
fl/ 
JD 
10 
ID 
Q 

Ill s -._ 

et I '~. I 
I,. 

Figure 1. 
Change in number of spindles on EEG of 
sensorimotor region of right hemisphere 
induced by SMF (604 exposures) 

X-axis, time (s); y-axis, absolute 
number of spindles per 10-s segment. 
Arrows show when electromagnetic was 
switched on and off. 

An increase in number of spindles was not observed with each exposure to SMF. 
The stability of the reaction (percentage of reactions to total number of 
exposures) constituted 51.99%. In control tracings (260 exposures), EEG 
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changes similar to these reactions were noted in 21.57% of the cases. A comparison of stability of reactions to the results of control tests revealed reliable differences (P = 0.0005). The EEG changes occurred 21.53±2.22 s after switching the electromagnet on and 17.59±2.26 s after switching it off. 

a 

IPO µVL-.. 
Is 

Figure 2. Changes in the rabbit EEG induced by SMF 
1) background a) EEG of sensorimotor region 2) during exposure b) occipital region 3) after switching electromagnet off 

The most marked reaction, according to difference in number of spindles before, during and after e~posure, was observed when there were 4-7 spindles in the background tracing 1 min before exposure. With fewer or more (up to 13) spindles, the _effect was. either vague or mild. 

In order to determine the role of magnitude of induction electromotive force appearing at the time the electromagnet is switched on and off in the EEG reaction to SMF, we exposed the rabbits switching the electromagnet on and off smoothly through a rheostat (over a period of 2 s) and abruptly, with a tumbler. Direct readings revealed that the.induction electromotive force was 5 times higher when the electromagnet was switched on with a tumbler and 10 times higher when switched of[ with the tumbler than when a rheostat was used for both operations. We exposed 3 rabbits 300 times, for 1 min at a time using a rheostat and 110 times using a tumbler. The results of these experiments are listed in the Table. As can be seen in this table, a more intensive reaction was observed in the series of experiments without the use of the rheostat. 

Since we observed that the same rabbits may present reactions to SMF differing in intensity on different experimental days, we decided to conduct experiments involving alternate use of the rheostat and tumbler to switch the electromagnet on and off. 
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Results of analysis of number of spindles in experiments using 
rheostat and tumbler to switch electromagnet on and off (1 min 
background [BG], 1 min exposure and 1 min after exposure) 
.. 

Series 
of 

expe
riments 

I 

II 

44 Cl) 
0 (1) 

R~ - Durin2 exposure Atter exryosure 
Electromagnetic 

turned on 
1-l 

1-l ::I 
(1) Cl) 

..c 0 s 0. 
::, ~ z (1) 

Through rheostat 300 498 653 
With tumbler 110 36 108 
Through rheostat 150 
With tumbler j 150 

182 281 
219 304 

p 

31,1 <:0,025 609 
200 <0,0005 79 
54,4 <0,05 
38,8 <;p,05 

290 
306 

p 

22,3 <0,05 
119,5 <0,05 
59,3 <0,001 
39,7 <0,05 

Note: Series I experiments were conducted on different days; in series II 
exposures alternated on the same days. 

Five rabbits were submitted to 300 such exposures. The results of these 
experiments are also listed in the Table. In this case, unlike the preceding 
experiments, a more intensive reaction was observed with the use of the 
rheostat. 

No differences were observed between the use of the rheostat and tumbler, 
with respect to stability and latency periods of the reactions (P>0.05). 

Evidently, the 5-10-fold difference in induction electromotive force did not 
have a substantial effect on the observed reaction, at least not with the 
field intensity used. 

In order to further determine the effect of induction electromotive force 
occurring at the·moment the electromagnet was switched on and off, we con
ducted experiments on four rabbits. The rabbits were exposed to SMF for 1 min 
and 1.5 s (150 exposures). The. electromagnet was switched on and off with a 
tumbler. We alternated the two exposures on the same experimental days. 
Figure 3 illustrates the results of processing the results of these experi
ments. To make it easier to compare the 2 curves, we considered the 
number of spindles per 10 s background in each series to constitute 100. As 
can be seen in Figure 3, SMF with exposure for 1 min induced the usual EEG 
reaction inherent in this factor, whereas exposure for 1.5 s (induction electro
motive force present, but SMF present for less than 1.5 s) did not lead to an 
increase in number of spindles; it even decreased immediately after exposure. 
As shown by control exp~riments, switching the electromagnetic, disconnected 
from the power source, on and off did not cause a decrease in number of 
spindles. We observed some increase in number of spindles virtually always 
immediately after turning the magnet off and, less often, immediately after 
switching it on. This decrease could be attributed to the influence of 
induction electromotive force proper or a mild, orienting type reaction, or 
else to both. The inconsistency of decrease in number of spindles when 
the electromagnet was switched on is probably related to the reaction to SMF, 
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or else to the fact that when the magnet is switched on the induction electro
motive force is lower than when it is switched off. 

10 s -

Figure 3. 
Changes in number of spindles induced 
by SMF with exposure for 1 min and for 
1.5 s. 

Y-axis, relative changes in number of 
spindles (%); x-axis, time (s). 

Arrows indicate when electromagnetic 
was switched on and off. 

Thus this EEG", reaction is the result, at least essentially, of exposure to 
SMF rather than induction electromotive force at the times the electromagnet 
is switched on and off. 

In another series of experiments conducted on 7 rabbits, we used SMF with 
exposure for 20 s (200 exposures). During exposure to SMF' for 20 s, we were 
able to observe a very minor increase in number of spindles, since the 
reaction did not have time to develop. After switching the SMF off, there 
was virtually no increase in number of spindles (P>0.5), whereas the reac
tion after switching the magnet off lasted about 2.5 min in 3 rabbits 
exposed for 1 min 194 times. Evidently, a specific exposure time is required 
for development of the reaction during and after SMF. 

The results of these experiments do not furnish a direct answer to the 
question of whether the reaction after switching the magnet off is an after
effect distinct from the main reaction, of the response to discontinuation, 
or whether this is an independent reaction. However, we found that in those 
cases where there was visual demonstration of an appreciable reaction the 
EEG reaction could occur only during exposure or only after exposure; and 
it appeared with a specific, rather constant latency period. This enables 
us to give some preference to the second hypothesis. The effect of switching 
the magnet on has been found in some analyzers [8], and it depends on the 
duration of exposure with reference to the eye [9]. Although we are dealing 
with a reaction, the appearance and development of which are measurable in 
values that differ substantially from those obtained with specific stimuli, 
and the question of whether we are dealing with some sort of SMF receptor 
has not been settled, we can still compare the reaction of the organism to SMF to reactions to other factors. Exposure to low doses,of ionizing radia
tion (a form of electromagnetic fields) also elicits a "switch-on" reaction 
[2]. 
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UDC 577. 3 

EFFECT OF A HIGH INTENSITY CONSTANT MAGNETIC FIELD ON PROLIFERATION OF 
EPITHELIAL CELLS IN THE MOUSE DUODENUM 

Moscow IZVESTIYA AKADEMII NAUK SSSR SERIYA BIOLOGICHESKAYA in Russian No 3, 
1978 pp 477-479 

[Article by V. M. Mastryukova and 1 S. V. Rudneval 

[Text] Proliferation of epithelial cells in the duodenum of 
mice exposed to a 1,000 oe constant magnetic field (CMF) was 
studied. It was established that a one-day exposure to a 
high intensity CMF causes transitory impairment of cell divi
sion. This is indicated by' changes in the mitotic index and 
the number of cells in the duodenal crypt and by an increase 
in the frequency of pathological forms of mitosis with chromo
some damage dominating. 

Many researchers (9,11) have studied the effect of a high intensity CMF on 
growth and multiplication of mammalian cells. In vitro experiments pro
ducing the basic information confirming the nature of the effect of a CMF 
on cell proliferation have been unable to provide an unambiguous answer 
(6,10,15). In vivo studies demonstrated that a CMF inhibits the mitotic 
activity of epithelial cells in the mouse cornea (2) and healing of skin 
wounds on mice (14), and that it intensified mitotic activity an~ patho
logical mitosis in rat corneal epithelium (3). 

The lack of information and its inconsistency encouraged us to study the 
effect of a CMF on proliferation of epithelial cells in the mouse duodenum, 
which are distinguished by a high rate of mitosis. 

Earlier, one of us (5) demonstrated that 1- and 15-day exposure to a 
1,000 oe CMF increases the number of chromosomal aberrations, in the first 
hours following termination of exposure, in mouse duodenal epithelium. 
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Materials and Methods 

S57Vl and SVA line mice were used in the experiments. The animals were 
exposed to a 1,000 oe CMF for 1 day. The experiments were conducted 
with an SP-15 electromagnet with flat parallel polar tips with- dimensions 
400x300 mm separated by a distance of 100 mm. The induced magnetic field 
was practically uniform in a central 300X200 mm area between the poles; 
the drop in field intensity within other parts of the interpolar space 
did not exceed 15-20 percent of its magnitude in the·center~ A rectifier 
based on a full-wave circuit was used as the power source; a storage 
battery with a capacity of about 20,000 microfarads was connected to the 
rectifier to reduce pulsations. Pulsation intensity was 1. 8 percent. The 
South pole was at the upper polar tip. Air temperature between the poles 
exceeded ambient temperature by not more than 1°C. The animals were 
placed in the magnet's gap in plexiglass cages. Control animals were kept 
in the same room with experimental animals in similar cages. The intensity 
of the magnetic field did not exceed 1.5 oe where the control animals were 
located. 

Animals exposed to the CMF and control animals were killed by decapitation 
0, 1, 3, and 24 hours and 3, 6, 10, 20, and 30 days after termination of 
exposure. Cross sections of the duodenum were prepared, and they were 
stained with hematoxylin in accordance with Karachchi's method. The number 
of cells in longitudinal sections of 10 crypts and the number of mitoses in 
50 crypts were determined from thepreparations. These date were used to 
compute the average number of cells per crypt and the mitotic index (Ml). 
In addition we studied mitotic pathology as classified by I. A. Alov (1). 
We studied 10 experimental and five control animals in each variant of 
the experiment. The results of all computations were treated by Fisher's 
method of variational statistics. 

Results 

The results of determining the mitotic index and the number of cells in a 
longitudinal section of crypts in the mouse duodenum at different times 
following 1 .-day exposure to the CMF are shown in the table, from which 
we can see that immediately after exposure is terminated (1 and 3 hours 
after it) the mitotic index (Ml) declines, indicating suppression of cell 
division. Its degree is low however. Maximum reduction of the Ml does 
not exceed 24 percent. By 24 hours the Ml returns to its initial level, 
and later its magnitude even somewhat exceeds the control value. A statis
tically significant increase in the Ml is noted on the 6th, 10th, and 12th 
days. 

The number of·cells per crypt decreases immediately after exposure is 
terminated. This decrease coincides with a decline in the mitotic index. 
It is most significant 1 hour after exposure. By the 3d hour the number 
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Mitotic Index, 0; 00 , and the Number of Cells 
in Crypts of the Mouse Duodenurn·Following 1-Day 

Exposure to a 1,000 oe CMF 

<,J,) j2> """"""'"' "''"'· %, 
o6c.neAOB8HHR M ± m _ p . POK I '3!!.CJIO KJJeTOK ll KPHnTe 

M ±m I P 

. . 

0HTp0JJb 49,3±2,51 - 70,1±1,39 -
0 'lac (5) 37,4±1,30 <0,001 63,8±0,69 <0,001 
1 'lllC 41,6±2,60 <0,05 55,6±0,86 <0,001 
3 !{(JC 43,5±1,50 <0,05 77 ,4:::1 ,70 <0,001 
24 'lQC 47 ,1±2,54' - 69,8±1,20 -
6-e. cyTKH ( 6 60,5±3,05 <0,01 75,1±1,80 
10-e cyTKH 57,2±2,05 <0,02 69,0±1,80 
12-e cyTKH 69,6±2,20 <0,001 70,7±1,70 

<0,02 20-e cyTKH 53,3±1,50 66,1±1,20 
24-e cyTKH 52,7±1,90 66,3±1,00 <0,05 
30-e cyrKH 54,8±1,50 62,4±1,10 <0,001 

Time of observation 4. Control 
Mitotic index, 0

100 5. Hours 
Number of cells per crypt 6~ Day 
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Figure 1. Total Number of Pathological Forms of Mitosis in Mouse 

Duodenal Epithelium Following One""'.time 1-Day Exposure 
to a 1,000 oe CME' (percent of the number of dividing 
cells): 1--Control, 2--Experiment. Vertical--percent; 
horizontal--time of observation. 

Hours 
Days 
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6 711 30Cfim 
(2) 

Figure 2. Concentration of Pathological Forms of Mitosis Associated 
With Damage to Chromosomes (1,2) and Mitotic Apparatus 
(3,4) in Epithelial Cells of the Duodenum Following 
One-Time 1-Day Exposure to a 1,000 oe CMF (percent of 
total number of pathological mitoses): 1--control, 
2--experiment, 3--control, 4--experiment; vertical-
percent; horizontal--time of observation 

Hours 
Days 

of cells per crypt increases, exceeding the control level. Subsequently, 

at later times, the number of cells per crypt fluctuates within limits 

close to the control level. However, a statistically significant decrease 

in their number can be observed on the 20th, 24th, and 30th days. 

Analysis of mitotic pathology showed that immediately after exposure to 

the CMF the quantity of pathological mitoses doubles as compared to the 

control level (Figure 1). While it is 6.3±0.86 percent in control, it 

becomes 13.0±0.78 percent in experiment. By the 3d day a decline in the 
quantity of pathological mitosis to 6 percent is observed; this twice 

exceeds the quantity in control (2.8 percent). An increase in abnormal 

mitoses to 8.7 percent is observed on the 6th day, the figure being 2.6 

percent in control at the same time of observation. Pathology begins to 

decrease gradually to control values on the 10th-30th days. 

It should be noted that pathological mitoses in control associated with 

chromosomal damage (fragments, bridges, breakage) dominate over pathology 

involving impairment of the mitotic apparatus (scattering of chromosomes, 

multipolar mitosis, monocentric mitosis, asymmetrical mitosis). Changes 

in the form of pathology of mitosis are not observed in response to the 

CMF. Enlargement of the percentage of abnormal mitoses occurs mainly 

due to an increase in chromosomal damage (Figure 2). 
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Comparison of our data with pathomorphological research on the gastro
intestinal tract in response to prolonged exposure to a 7,000 oe CMF 
(4) permits the statement that intestinal epithelium does not remain 
unaffected by a high intensity CMF. 

As far as arisal of chromosomal aberrations and pathological forms of 
mitosis is concerned, several authors have noted this phenomenon and 
attempted to theoretically substantiate the action of a CMF as a physical 
factor altering the magnetic situation in the cell and causing the divi-. 
sion abnormalities listed above (10-13, etc.). Ambrose et al.. (8). 
suggested the hypothesis that in accordance with the electroosmotic 
theory of protoplasm movement, intense magnetic fields must have an effect 
on protoplasm movement, active ion transport, and mitosis, inasmuch as 
they disturb movement of ions associated .with this sort of activity. 

Todorov and Racheva (7) suggest that a magnetic field damages the chromo
somal matrix, and the chromosomes become "sticky". 

Thus the research showed that 1 .-day exposure to a 1,000 oe CMF elicits 
transitory impairment of cell division in duodenal epithelium. This is 
indicated by changes in the mitotic index and the number of cells per 
duodenal crypt, and by enlargement of the number of pathological forms 
of mitosis. The latter occurs due to both an increase in chromosomal 
damage and disturbance of the mitotic apparatus. However, the former 
type of damage dominates over the latter. 
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