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DECREASE IN THE FUNCTIONAL ABILITIES OF THE HEART AS A RESULT 
OF EXPOSURE OF AN ORGANISM TO AN ELECTROJ'vlAGNETIC FIELD OF 
INDUSTRIAL FREQUENCY 

--/--/----,V----,N----, pp 0141-0143 

[Article by E.V. Prokhvatilo, The Kiev NII [Scientific Research 
Institute] for General and Municipal Hygiene] 

[Text] At the present time, electromagnetic fields (EMP] of 
industrial frequency, created by high voltage power trans
mission lines have assumed important significance for hygiene 
as physical factors in the environment which affect man. This 
phenomenon is associated with the current rapid development of 
electroenergetics which requires continual raising of through
put capacity and increasing the range of power transmission 
lines. Presently, the overall distance covered by the high 
voltage lines in the Minenergo [Ministry of Energetics and 
Electrification] power $ystem is on the order of 450,000 kilo
meters. 

In addition, questions concerning the possible biological effect 
of an EMP of industrial frequency with these intensities from 
power lines located close to populated areas have not been ex
amined • 

Investigators have determined that the intensity of the EMP de
pends on the intensity of the power transmission line; while 

, concurrently, the distance from the terminal phase can vary 
from 100-16,000 V/m [Volts/meter]. 

In the literature, data have been presented which point to an 
influence of an EMP of industrial frequency on the cardio-vas
cular system. T.P. Asanova and co-authors (1963) described 
bradycardia and a propensity for it, and !ability of arierial 
blood pressure, mainly on the side of hypotension, in workers 
at electrical substations of 400-500 kV [kilovolts]. On the 
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basis of electrocardiographic data, N.V. Revnova (1968) noted 
disturbances in rate and rhythm of cardiac activity and'.indi
cations of myocardial infarctions. Bradycardia, a slowing of 
internal cardiac conduction an~ as suggested by N.N. Goncharova 
and co-authors (1972), general vascular dystonia of a non-speci
fic character related to disturbances in autonomic nerve regu
lation have been observed in personnel servicing open control 
installations and power transmission lines. 

Disturbances in cardiac activity were observed in personnel 
servicing power transmission lines and substations, emitting 
significant levels of EMP intensities (16kV/m and higher). 

The present study was undertaken to derive an indepth descrip
tion of the character of cardiac activity changes resulting from 
exposure to low-intensity EMP of industrial frequency and to 
study the functional abilities of the heart during physical 
stress. In the experiment, the bioelectrical activity of the 
heart in rabbits was studied by electrocardiog~aphic methods. 
The rabbits were divided into three groups according to the in
tensity (E] of the EMP to which the animal was exposed.(E=l000, 
500, and 100 V/m); a fourth group served as the control (E=0). 

An electrocardiogram was recorded with the electrocardiograph 
"Elekar" prior to EMP exposure (phon) and during exposure for 
a period of 15, 30, 45, and 60 days. Thin steel needles were 
used as electrodes which were introduced subcutaneously on the 
dorsal side of the extremity, always in the same location. 

An orthostatic test was used to examine cardiac function; an 
electrocardiogram recording was taken with the animal in aver
tical position for a period of 30 seconds. 

A chart proposed by L. F. Hurik (1971) was used to interpret the 
electrocardiogram. The results were evaluated in comparison 
with accoustical indices. 

By. analysis of the data, the nature of specific changes in the 
activity of the cardiovascular apparatus of animals, exposed 
to an EMP of industrial frequency where E=l000 V/m were explained. 
These data, in many respects, correlate with the observations of 
the above-mentioned authors. We observed a slowing in the rate 
of cardiac activity; a process which increases in proportion to 
EMP exposure. If the frequency of cardiac contraction in response 
to exposure wa, 291 ud/rnin [units/minutes] (given 296 ud/min as 
a control), then in a course of 30-60 days of exposure, cardiac 
contraction was definitely lowered to 266 ud/min (given 294 ud/ 
min as a control). 
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When E=l000 V/m, a decrease in the strength of the contraction 
process in the atrium (a decrease in the height of the P wave 
by two after 60 day exposure; P< 0.01) and in the ventricles 
(a decrease in R wave voltage from 0.38 to 0.20 mV; P<0.0O,1) 
was noted. 

The processes of vetricular regulation, reflected in the T wave 
and ST segment of the electrocardiogram, were shown to be par
ticularly sensitive to EMP exposure. During 30 days of expo
sure, the T wave was significantly lower than its initial size 
(0.08 mV against 0.10 mV; P 0.01). Toward the end of the ex
posure period, the Twas 60 percent of its former height, where
as during the course of the entire experiment, the T wave vol
tage varied in the range of 0.08-0.09 mV in the untreated ani
mals. 

Changes in the height of the T wave were often accompanied by 
changes in its form (equilateral T with a sharp peak) as well 
as a shift in the ST segment below the isoelectric line. 

In a number of cases, disturbances in the relationship between 
the height of the electrocardiographic wave, perhaps connected 
with changes in the electrical axis of the heart, were observed 
(A.O. Saytanov, 1960). 

· The use of orthostatic tests helps to demonstrate that the car
diovascular system of an organism when exposed to detrimental 
factors,such as an EMP of industrial frequency, exhibits consi
derably more impaired functional ability than observed in a 
cardiovascular system of a control organism, not subject to 
exposure. Thus~ if the pulse rate of control animals after 
physical stress was 22-32 percent with a decrease in P wave 
voltage--14-23 percent, R wave--14-29 percent, T wave-~25-33 
percent, then,in animals exposed to an EMP (E=l000 V/m), these 
indices vary respectively in the ranges of 34-46 percent, 30 
percent, 39-72 percent, and 32-49 percent. · 

During the experiment, analysis of electrical impulses trans
mitted from the atrium to the ventricles (the PQ interval) and 

~ the length of the electrical systole for a given rate of cardia~ 
activity (the systolic index) did not reveal any significant 
changes in the cardiac conduction system even during conditions 
of physical stress. During the course of the experiment, the 
length of the PQ interval in all the test and control animals 
varied in the range of 0.05-0.06 seconds, and the size of the 
systolic index was 73-82 percent. 

These changes in cardiac activity pertain only to animals ex-
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posed to an EMP with an intensity of 1000 Vm. In other EMP in
tensities (500 and 100 Vm), similar changes were absent. 

Thus, an electromagnetic field of industrial frequency is bio
logically active in relationship to the cardiovascular system. 
Its impact causes a weakening of the force of myocardial con
traction. This weakening is especially pronounced during func
tional stress and perhaps is connected with electrical distur
bances (depolarization and repolarization), dystrophic processes, 
and insufficiency 6f the blood supply to the cardiac muscle. 

Thus, the widespread introduction of electromagnetic fields 
of industrial frequency in the environment,with its resulting 
biological impact, necessitates teh regulation of the above
mentioned factors for public health reasons. These data can 
be utilized as a basis for determining permissible levels of 
voltage intensity given off by electromagnetic fields of in
dustrial frequency in populated areas. 
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BIOLOGICAL EFFECTS OF A MAGNETIC FIELD 

Moscow IZVESTIYA AKADEMII NAUK SSSR Seriya biologicheskaya in Russian 
No 1 1979 pp 122-123 

[Article by V. M. Aristarkhov (USSR Academy of Sciences Institute of 
Chemical Physics, Moscow): "Critical Remarks Concerning Theoretical Sub
stantiations of Biological Effects of a Magnetic Fields"] 

[Text] The articles presents a critical analysis of 
certain authors' theoretical approach to an interpre
tation of the biological effects of a magnetic field 
(MF), adducing two hypotheses: Diffus.ion-oriented in
fluence of the MF on the association of diamagnetoani·
sotropic molecules of biopolymers in solutions, and 
the kinetic influence of the MF on biochemical reac
tions participated in by free radicals. The article 
corrects some misprints, inaccuracies in formulas, and 
an error that appeared in two articles with regard to 
calculations of the potential energy of deformation 
of the aromatic residue. The energy of deformation of 
the anisotropic aromatic residue, equal to 6.4 · 10-3 

cal/mol, is small
1

compared to that of the tetrahedral 
angle of the C-C bond and cannot serve as the basis 
for interpreting the experimental data obtained. New 
approaches are presented for interpreting the possible 
diamagnetoanisotropic effect of the MF in specifically 
imbalanced, kinetic, and non-thermodynamic processes 
involving biopolymers. The hypotheses advanced to 
explain the biological effects of the MF eannot yet be 
considered adequately argued theoretically and, conse
quently, they require further theoretical study and ex
perimental verification. 

Articles by V. M. Aristarkhov et al., "The Effect of a Constant Magnetic 
Field on Protein Solutions" and "The Role of Biochemical Processes in 
the Response Reactions of Biosystems to the Effect of Magnetic Fields" 
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(IZVESTIYA AKADEMII NAUK SSSR Seriya biologicheskaya No 1, 1977, pp 44-53; 
No 6, 1977, pp 915-919) attempted to explain the biological effects of a 
magnetic field on the molecular level. It is based on two hypotheses: 
Diffusion-oriented influence of the magnetic field on the diamagnetoaniso~ 
tropic molecules of biopolymers and the kinetic influence of the magnetic 
field on biochemical reactions taking place with the participation of 
free-radical states. A few inaccuracies, misprints, and errors occurred 
in calculations of the potential energy of deformation of the aromatic 
residue. The potential energy of deformation of an aromatic ring possess
ing a diamagnetic anisotropy of 6Xd ~ -4 · 10-5 (cm3/mol in the Gaussian 
system of units) calculated per the total deformation of the C-C bonds of 
5 · 102 aromatic residues and anisotropic residues similar to them, equals 
6.4 · 10-3 cal/mol. It is this value that should be taken into account to 
evaluate the influence of the magnetic field. It is low compared to the 
energy of deformation of the tetrahedral angle of the C-C bond and cannot 
serve as the basis for interpreting our experimental data. In large pro
tein associates, however, the total deformation can be substantial and 
promote conformational transitions in individual molecules. The reasons 
for the development of large associates of protein molecules in the mag
netic field are to be sought in analogies with similar phenomena in liquid 
crystals or in slow specific kinetic processes, in particular phenomena 
of mild denaturation of proteins. The authors propose that the idea of 
the influence of s~~ong magnetic fields on diamagnetoanisotropic molecules 
and particles is not a futile one and requires thoroughgoing theoretical 
and experimental substantiation. In this proposal the authors rely on 
the studies of a large number of researchers (Lanzheven, 1960; Mekshenkov, 
1965; Tsvetkov, 1939; Tsvetkov et al., 1973; Vysotskiy, 1974, and others). 
The diamagnetoanisotropic effect in strong magnetic fields, obviously, 
must be taken into account in the diffusion-limited and conformation
dependent stages of enzymatic reactions in the general case in specifical
ly imbalanced, kinetic, and non-thermodynamic phenomena. 

The authors also note an inaccuracy in their introduction of the averaged 
magnetic moment and in their attempt to characterize their deformation 
and orientation of the aromatic residues of the associating protein mole
cules. It is more plausible to propose that the various aromatic resi
dues can possess both diamagnetic anisotropy and paramagnetism, and these 
magnetic states should play separate roles in the proceps of interaction 
of aromatic residues during association. The authors emphasize, there
fore, that a macromolecule of protein should not always be characterized 
by diamagnetic receptivity as dominant in value when studying the influence 
of a magnetic field on its reactive capability. 

In the other article, in analyzing the S-T transitions in a one-P.roton 
radical pair in the Tor S initial state an inaccuracy occured in desig
nating the multiplicity of the radical pair: 

(HR!s ~s). 
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The multiplicity of the free radical is a doublet, while the radical pair 
can be either in the Tor the S state, depending on the orientation of the 
spins in Ra and Rb, in which case it should properly be written as 

(HRaJ\)TS. 

In a number of cases, however, it is possible to speak of S-T transitions 
in one radical as well. Further, the expression 

(C~ S(t)) 2 ~ (6gµH ± l/2a+j)Z 

should not contain j, because it is proposed that j « gµH in strong fields. 
But if we take account of j, it should enter into the cited expression in 
complex form; this follows from the expansion of sin2Dt, where 

D = ✓ (1/26gµH ± l/4a)2 + j)L , 

and simplification of the term sin2Dt/D2. In our case, then, it is more 
correct to say that it is the rate rather than the probability of recom
bination of the radical pai~ that is proportional (6gµH ± l/2a) 2 . It must 
also be clarified that the expression 6gµH » j is more correctly written 
as gµH » j, where g = l/2(gl + g2), while 6g = g1 - g2 , although this 
condition can also be met for 6g, if 6g is substantial. 

Having more thoroughly analyzed their theoretical substantiations, the 
authors assert that their proposed hypotheses to explain the biological 
effects of a magnetic field are not yet adequately argued theoretically 
and, consequently, they require further theo~etical research and experi
mental verification. 

The authors believe that the kinetic mechanism of the influence of the mag
netic field on radical biochemical reactions has more potential for ex
plaining the biological effects of a magnetic field; this is indicated 
by the present state of the theory explaining the influence of a.magnetic 
field on radical chemical reactions (Buchachenko, 1974; Sokolik, Frankevich, 
1973; Sagdeyev et·al., 1977). 
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EFFECT OF RADIO WAVES OF A MILLIMETER FREQUENCY RANGE ON THE BODY OF MAN 
AND ANIMALS 

Moscow GIGIYENA I SANITARIYA in Russian No 8, 1978 received 14 Jun 77 pp 
35-39 

LArticle by N. P. Zalyubovskaya and R. I. Kiselev, Khar'kov Scientific Re

search Institute of Microbiology, Vaccines and Serums imeni I. I. Mech

niko~ 

LTexi] We made observations of the state·of health of 72 engineers and 
technicians aged 20 to 50 servicing ultra-high frequency generators of a 

millimeter frequency range fr~m 1 to 10 years. The power flux density 
sometimes reached 1,000 µW/cm. A total of 30 people (average age, 35), 
who had no contact with ultra-high frequency energy in their practical ac

tivity, constituted the control group. All the examined people were under 

observation for 3 years and during winter months (December-February) under
went a periodic medical and biological examination. 

Workers servicing ultra-high frequency generators complained of fatigue, 

drowsiness, headaches and loss of memory. The body temperature was normal 
throughout the period of examination. The changes in the pulse and arte
rial pressure did not exceed the limits of physiological fluctuations. Dur

ing a study of the morphological composition of the peripheral blood in in
dividuals servicing ultra-t:iigh frequency generators a decrease in the amount 

of hemoglobin and in the number of erythrocytes, a drop in the color blood 

index and a tendency toward hypercoagulation were observed. A variational
statistical processing of results showed a significant drop in these indices. 
An analysis of the white blood picture showed that under the effect of radio 

waves there was a significant change in the total number of leukocytes (from 
4.71±0.33.103 to 4.10±0.60.103 per µl with 5.98±0.21·103 in control) and lym
phocytes (from 30.3±1.20•103 to 37.8±1.13.103 per µl with 22.9±1.62-103 in 

control) and the number of segmentonuclear neutrophils decreased by 20%. At 

the same time, the number of reticulocytes and thrombocytes was reduced and 
the osmotic resistance of erythrocytes decreased by 18% and the acid resist

ance, by 26%. Thus, a pronounced reaction on the part of the blood appeared 

under the effect of radio waves of a millimeter frequency range, but the 
changes that appeared were noted for instability. 
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The immunobiological reactivity of the body as an integral index of the ef
fect of a set of environmental factors is studied ever more extensively in 
hygienic investigations. It is well known that a decrease in natural im- r 
munobiological resistance can be the cause of a high morbidity. To clarify 
the effect of radio waves o'f a millimeter frequency range on immunobiologi-
cal reactivity, the following were determined: barrier properties of the ,, 
body--microflora of the mucous membrane of the oral cavity and the bacteri-
cidal action of the skin--as well as a number of indices reflecting humoral 
and cellular natural immunity, that is, lysozyme and complement titers and 
the phagocytic activity of blood neutrophils. These indices characterize 
the state of natural nonspecific resistance of the body. The results of in
vestigations are presented in table 1. 

Table 1. Indices of Nonspecific Resistance in Individuals Servicing Ultra
High Frequency Generators of a Millimeter Frequency Range (M±m) 

Key: 

(6) 

(7) 
(8) 

(10) 
(il) 

1. Index 

( 1) noKa38TMI, 

<l>nopa CJJIBIICTOl°I 060.,o~KH 
~- noJJOCTH pT3 

p 
DilKTCpllllH/llfOCTb KOniH 

p 
Tn1p JJIIJOIUIMa 
Tn1p KOM ... ~cMCHTa ( n' 
Ai;11m11ocrb lj1aroun~I ' p 
<l>armu1rnp11w'l 1111/\CKC 

p 

2. Control group 

510±20 

79,9±4,1 

320 
20 

25,2±1,03 

1,0±0,02 

3, Individuals servicing ultra-
high frequency generators 

4. From 1 to 5 years 
5. From 6 to 10 years 
6. Flora of the mucous membrane 

of the oral cavity 

Jlnu,a, 00c.11y>K11oatotllHe CBtt-rcttcpaTopw ( 3) 

OT { ~. AO 5 ,m I OT 6(/j) o .m 

697±17 1437±50 
<0,01 <0,01 

,. 

65,2±2,3 63,0±1,9 
<0,01 <0,01 
160 lcO 
10 10 

20,1 ±0,96 18,3±1,02 
<0,01 <0,01 

0,G0±0,02 0,7±0,01 
<0,01 <0.01 

7, Bactericidal actioniof the 
skin 

8. Lysozyme titer 
9, Complement titer 

10. Phagocytosis activity 
11. Phagocytic index 

As a result of observations it was established that, as compared with the 
control group, in workers servicing ultra-high frequency generators the seed
ing of the oral cavity with autoflora microbes increased considerably, the 
bactericidal action of the skin decreased, lysozyme and complement titers in 
the blood serum were lowered by one-half and the phagocytic activity of neu
trophils decreased. 

In the process of observation (during 3 years) significant differences were 
not detected when the determined indices established during previous periods 
were compared (P>0.05), but during all the periods of observation these val
ues were highly significant as compared with control (P<0.01). Thus, there 
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is reason to believe that some inhibition of the hum.oral and cellular fac
tors of nonspecific immunity occurs in man under the effect of radio waves 
of a millimeter frequency range. These changes are not big, but statisti
cally significant, which attests to disturbances in the immunity system. 

A more profound clarification of the effect of radio waves on the irnmunocom
petent system and its specific functions was the object of the experiments 
on animals. The experiments were conducted on 350 mice of the CBA line (250 
irradiated and 100 control). The animals were irradiated 15 minutes every 
day for 20 days in the integrating chamber of an experimental unit operating 
on the basis of a generator of the type of backward wave tube (0V-12). The 
wave length was 6.50 mm and the power flux density, 1,000 µW/cm2. The use 
of this intensity stemmed from the data in the literature attesting to the 
occurring functional changes. Intensities of such an order occur at work 
places. 

The results of experiments showed (table 2) that in the irradiated animals 
the number of leukocytes in the peripheral blood decreased and the indices 
characterizing the nonspecific resistance of the body changed. Lysozyme and 
complement titers, as well as the phagocytic activity of neutrophils, were 
lowered by one-half and the bactericidal properties of the skin were inhi
bited. The data obtained indicate that multiple irradiation of animals with 
radio waves of a millimeter frequency range affects the state of nonspecific 
reactivity and confirm the results of examination of individuals working with 
ultra-high frequency generators. 

Table 2. Change in Indices of Nonspecific Reactivity in Animals Irradiated 
With Radio Waves of a Millimeter Frequency Range (M±m) 

(1) noK838Ten1i, L KoHTponbHSR 
) .rpynn•_ 06nyq'"""'' p 

~ ~ ~ lfHC.10 JICHKOllllTOB B ( MK.1 7,2· 103 6,(. (03 <O.OS 
<llarOUHT:1p11a11 aKTlfllllOCTb, % 32,3±1,07 19,6±1,22 <0,001 
<l>arol{IITapllLIH mr,cJ( 6) 1,0±0,1 0,56±0,04 <0,001 

(8) THTp JllfJOUllMa 7 l(i0±4,6 40_±1,4 >0,05 
TflTp l<OMIIJICMCIIT3 . 25±1,0 10±2,0 <0,05 

(9) fiaKTCpHUHJlllOCTb KO>KH, % 98±1,39 57±2,12 <0,01 

Key: 
1. Index 6. Phagocytic index 
2. Control group 7, Lysozyme titer 
3. Irradiated 8. Complement titer 
4. Number of leukocytes per µl 9, Bactericidal action of the 
5, Phagocytic activity, % skin 

A histological investigation of internal organs disclosed changes in the 
thymus, spleen and lymph nodes. In the cortical substance of the thymus 
the number of mature lymphocytes decreased and cells with pyknotic nuclei 
appeared. Dilatation and plethora of sinuses were noted in the red pulp 
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of the spleen and the number of immature lymphoid cells decreased in the 
center of follicle reproduction. In regional lymph nodes and the spleen 
the number of plasma cells decreased by 20 to 30% (P<0,01). The total mass 
of the spleen, thymus and regional lymph nodes was lowered considerably in 
irradiated animals, as compared with control animals. The discl9sed mor
phological changes can be considered a sign of nonspecific irritation of 
the lymphoid tissue in animals. 

Evaluation of the resistance of the body to induced infections is an infor
mative criterion in the study of the effect of microradio waves.: Under the 
effect of irradiation with radio waves of a millimeter frequency.range re
sistance to infection induced with a typhoid culture was lowered by 40% in 
animals. The difference was manifested with special clarity when mice were 
infected with small doses of the causative agent (on the order of 2 to 4 LD50 ), 
with which mortality in the control group did not exceed 10%. When preirra
diated animals were infected with a typhoid culture, the number of antibodies 
in their blood serum was lowered by one-half or one-third as compared with 
control. During reinfection with this culture 3 weeks after irradiation 
changes in the antibody level in the blood of animals were not detected, but 
their susceptibility to infection increased by 20% and more. Decrease in 
the function of immunological mechanisms may be one of the causes of the more 
severe course of microbial infections in case of irradiation with radio waves. 

Specific immunity in animals was attained by immunization with a typhoid 
vaccine or a tetanic anatoxin. In animals irradiated simultaneously with 
immunization, when infected with the causative agent of typhoid fever or a 
tetanic anatoxin, mortality increased by 30 to 40%, the number of leukocytes 
decreased and the antibody level and lysozyme and complement titers in the 
blood serum were lowered. The data obtained indicate that radio-waves of a 
millimeter frequency range affect specific immunity and contribute to the 
generalization of the infectious process. 

To clarify the cause of activation of the development of infection and in
crease in the death of mice, the effect of radio waves on the characteristics 
of formation of specific immunity was investigated. Animals were irradiated 
for 10 days and then immunized with ram erythrocytes (0.2 ml 50% suspension). 
Irradiation was continued and on the 4th day of immunization the,number of 
antibody forming cells in the spleen was calculated by the Yerne method. 
The intensity of antibody formation was lowered in irradiated animals (see 
figure). On the fourth day after immunization the number of antibody forming 
cells in the spleen of irradiated mice was reduced by one-third as compared 
with control (P<0.001) and the titers of humoral antibodies were 1also lower, 
that is, 256 in experiments and 726 in control. In secondary immunization 
activation of antibody formation was noted. However, the average number of 
antibodies e.nd antibody forming cells remained below the control ;number. 

The data obtained attest to the inhibiting effect of radio waves -0f a milli
meter frequency range on the immunocompetent system. The established decrease 
in immunobiological reactivity may be largely due to the changes in the hema
topoietic system, the neuroendocrine system and so forth. In connection with 
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this it seemed advisable to investigate the state of the hypophysial-adre
nal system according to the content of 17-0CS in the blood (N. A. Yudayev 
and Yu. A. Pankov) and the functional state of the sympathico-adrenal sys
tem according to the number of catecholamines in the blood and tissues (V. 
V. Men' shikov) . 
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Inhibition of Antibody Synthesis in Animals Irradiated With Radio Waves of 
a Millimeter Range 

X-axis (cross-ha~ched)--day of irradiation; Y-a.xis--number of antibody form
ing cells per 10 spleen cells (arrows--time of antigen administration); 
1--irradiated animals; 2--control animals. 

It can be seen from the data presented in table 3 that an increase in the 
amount of 17-0CS in the blood of animals after irradiation was combined with 
a decrease in the content of ascorbic acid in the adrenal cortex as compared 
with control indices. Thus, systematic irradiation with millimeter waves 
produces marked changes in animals in the hypothalamus-hypophysis-adrenal 
cortex, which, as is well known, performs a special role in triggering and 
regulating the adaptive reactions of the body in response to disturbing ef
fects. 

Since catecholamines have the property of rapidly joining in ensuring the a
daptive reactions of the body, a question arose as to the characteristics of 
the changes of catecholamines in animals subjected to multiple irradiation 
with waves of a millimeter frequency range. As a result of irradiation 
changes of different directions in the content of adrenalin and noradrenalin 
both in brain tissues and in the blood occurred. It is noteworthy that, along 

, with a decrease in the noradrenalin level in the hypothalamus, adrenalin con
centration in the blood and adrenal glands increased, that is, changes char
acteristic of a state of stress appeared (E. Sh. Matlina). At the same time, 
the change in the activity of hypothalamic-hypophysial and sympathico-adrenal 
systems attests to the presence of a reaction of a nonspecific nature appear
ing in response to an unfavorable effect and developing according to the mech
anisms of bodily reactions to stress situations. Apparently, the mechanism of 
action of radio waves of a millimeter frequency range is based on the onset of 
a state of stress having a direct effect on the body by means of the hypothal
amic-hypophysial-adrenal system. 
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Table 3. Change in the Content of 17-0CS, Ascorbic Acid and Catecholamines 
in the Blood and Tissues of Animals Irradiated With Radio Waves 

Key: 
1. 
2. 
3. 
4. 

5. 

of a Millimeter frequency Range (M±m) ~ 

-----

(1) noK831TUII 

{4.} 17-OKC, MKr a 100 MJI 
n11aJMbl 

p 

(5). . AcKop6!1HOB3 R KHCII0T8' 
aMr Hit 100 r TK3HH 

(6) 
p 

A.npeHZIIHH, MKr/r: 

(8) B Kp08H J 7) 
a rnnoranaMy p na.nnoqeqHHKax ( 9) 

(10) Hopa.npe11a11HH, MKrlr: 
B KpOBH i J.) { 8) e rnnora a ce p Ha.nno•1cq1111KaX ( 9) 

Index 
Control group 
Irradiated 
17-0CS, µg per 100 ml of 
plasma 
Ascorbic acid, mg per 100 g 
of tissue 

KOHTpOllbHIR 
064 qe HW< rpynna 

13,78±1,57 22,21 ±2,03 
<0,01 

27,63±0,91 18,47±0,72 
<0.05 

1,22±0,11 1,60±0,13 
0,23±0,02 0,45±0,04 
3,50±0,27 5,17±0,60 

<0.05 

2,21 ±0,15 3,97±0,20 
0,50±0,06 0,32±0,01 
2,63±0,17 3,11 ±0,26 

<0,05 

6. Adrenalin, µg/g 
7. In the blood 
8. In the hypothalamus 
9. In adrenal glands 

10. Noradrenalin, µg/g 

Conclusions 

1. During an examination of individuals servicing ultra-high frequency gen
erators of a millimeter frequency range for 5 to 15 years tendencies toward 
a fluctuation in the content of red and white blood elements, increase in 
the seeding of the oral cavity with autoflora microbes, decrease in the bac
tericidal action of the skin and in lysozyme and complement titers in the 
blood serum and reduction in the phagocytic activity of neutrophils are 
observed. 

2. During systematic irradiation of animals with radio waves of a milli
meter frequency range and a power flux density of 1,000 µW/cm2 significant 
differences in the indices,of nonspecific reactivity, drop in the total mass 
of lymphoid organs and morphological changes in the thymus, spleen and lymph 
nodes were established. The number of plasma cells decreased in regional 
lymph nodes and the spleen. 

3. Under the effect of irradiation in animals resistance to infections in
duced with a typhoid culture or a tetanic toxin decreases and specific im
munity developed by immunization with a typhoid vaccine or a tetanic ana
toxin is inhibited. 
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4. Systematic irradiation produces in animals a change in the activity of hypophysial-adrenal and sympathico-adrenal systems. 
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[Text] Superhigh frequency (SHF) electromagnetic waves have now become 
quite widespread. Extensive use of superhigh frequencey oscillators of 
various purposes, and the associated increase in the number of persons ex
posed to microwaves and the difficulties of providing protection against 
intense antenna fields have made the biological action of SHF energy one 
of the most important problems. Within the overall complex of investigations 
being conducted in this direction, little research has been conducted on 
the action of this factor on the body's immunological reactions. 

The work we did in our laboratory was aimed at revealing reactions of the 
body's immune system in response to a low intensity SHF electromagnetic 
field (EMF) characterized by different power flux densities (PFD's)--50, 10, 
5, and 1 µm/cm2. The experimental conditions foresaw daily irradiation of 
guinea pigs for 30 days in specially outfitted chambers with a Luch-2 appa
ratus while syst'ematically monitoring the. P.E'D. The immunological analyses 
were performed prior to irradiation, 2 and 4 weeks after it was begun, and 
2, 4, and 8 weeks after termination of exposure. In experiments on guinea 
pigs, we studied the dynamics of the principal indicators of the body's 
nonspecific immunological reactivity--the phagocytic reaction of neutrophils 
in peripheral blood, and the complement titer in blood serum. 

In our assessment of the phagocytic reaction we considered not only the 
absorptive function of phagocytic cells but also their capability for 
digestion. Figure 1 shows the dynamics of the completeness of the phago
cytic reaction, which is described by an index representing the percent 
killed microbes out of the total number of those ingested by phagocytes. 
It was established that microwaves of the analyzed intensities promote 
stimulation of phagocytosis, the phagocytic reaction being higher at the 
lower PFD. Higher PFD's (50 µw/cm 2 ) elicit a decline in the phagocytic 
activity of neutrophils. 
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our preliminary data show that at a PFD of 500 µw/cm2 the capability cells 
have for absorbing and digesting test-microbes (white qtaphylococcus in 
this case, strain No 236) is inhibited. This is an indication that the 
process is phasal in nature: Stimulation of the phagocytic fnnction alter
nates with its inhibition. Two months after termination of microwave ex
posure the capability neutrophiis have for capturing and subsequently 
destroying microbes basically returns to its initial level. Analysis of 
complement titer, an indicator of immunological protection, also leads 
to the conclusion that the body's protective mechanisms are brought into 
action in response to SHF electromagnetic energy, the most significant 
changes in complement concentration being observed at lower intensities of 
microwave irradiation. Thus an SHF field with a PFD of 1 µw/cm2 caused the 
most highly pronounced rise in complement titer, even 4 weeks following 
termination of irradiation (0.08±0.004, the control level being 0.14±0.006). 
By the end of the 2-month aftereffect period the blood serum complement 
titer of irradiated animals did not differ from that of control animals. 

Key: 

100 

80 

80 

70 

BO 

50 

40 • J 
..t>--~lKI 2 

30 4 

~J ' ' ' ' ' ' ' ,' 
(lrOH1 HW.j& .. Ja. ~~2} 4a. /locne 1:(1.J 

( 3) 06ny4eHUe flocneaeucm8ue ( w-i (5) 

Figure 1. Dynamics of the Phagocytic Reaction of 
Neutrophils in Peripheral Blood in 
Response to Microwaves: Abscissa--obser
vation time; ordinate--percent digestion; 
1--control; 2--1 µw/cm 2; J--5µw/cm 2 ; 4--
10µw/cm2; 5--50µw/cm2. 

1. Background 4. Aftereffect 
2. weeks 5. Following a load 
3. Irradiation 
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To answer the question as to the significance of the shifts occurring 
in immunological indicators, we imposed loads on the animals taking the 
form of altitude chamber hypoxia and anaphylactic shock. In this case we 
based ourselves on the assumption that application of additional effects 
when assessing the irradiated body's immune reactivity would permit us to 
reveal deficient physiological functions even in the absence of sharply 
pronounced changes in functional indicators used to assess the body's 
state. Considering that 2 months after termination of irradiation of 
guinea pigs with SHF energy the analyzed immunological indicators .returned 
to normal, it was precisely at this time that we sensitized the animals 
with the objective of revealing latent disturbances of the body's .allergic 
reactivity. 

The animals were sensitized by 1-time intraperitoneal injection of 0.5 ml 
normal equine serum. After a 2-week incubation period anaphylactic shock was re
produced by intracardiac injection of 1.0 ml of equine serum (the resolving 
dose). Preliminary irradiation of the guinea pigs with SHF electromagnetic 
energy having PFD's of 50 and 10 µw/cm2 promoted inhibition of the body's 
immune response to injection of the foreign protein, which manifested it-
self as a significant decline in the intensity of anaphylactic shock. This 
phenomenon was not observed when the animals were irradiated by 5 and 1 µw/cm 2 

microwaves. These data are consistent with research results obtained with 
the use of altitude chamber hypoxia as the load (a simulated altitude of 
6000 meters for 20 minutes). In this case in contrast to control animals, 
experimental animals exhibited significant inhibition of the absorptive 
function in neutrophils (reduction of the phagocytic number and the phago
cytic index) and of the capab_ility of phagocytes for microbe digestion 
(reduction of the percent and index of digestion). A decline in the comple
ment titer was noted in blood serum, being more significantly pronounced 
than among intact animals after the load. Only the absorptive function 
of neutrophils changed significantly in guinea pigs that had been initially 
irradiated by an EMF with a PFD of 10 µw/cm2• Other indicators did not 
differ from control. Nor did we reveal significant changes on the part of 
the immunological indicators of animals initially irradiated with PFD's of 
1 and 5 µw/cm2. 

Determination of the sensitizing action of this form of nonionizing radiation 
is an important direction in research on the effect of microwaves·on the 
body's immune system. Research conducted at our institute (3) established 
for tl:e,first time that an SHF EMF (particularly at PFD' s of 50 and 500 µw/cm2) 
causes change in the antigenic structure of tissue and serum proteins. This 
change is typified by arisal of a new antigenic quality unusual in normal 
conditions, and disappearance of a certain proportion of normal antigens-
that is, simplification of the antigenic structure of tissues. Apparently 
as a consequence of these changes in antigenic structure the animal's own 
tissue proteins become immunologically foreign and can stimulate development 
of an autoallergic process. These ideas were confirmed by research demon
strating that continuously generated microwaves with a PFD of 50 µw/cm 2 

promote autosensitization of the body. 

18 

A 
) 



In our experiments on guinea pigs and white rats, we revealed autoanti
bodies attacking tissue elements (Figure 2) in Shelley's basophil degran
ulation reaction, V. A. Fradkin's reaction for determining the neutrophil 
damage index, the autoimmune hemolytic plaque formation reaction, and in 
serological reactions using brain tissue from irradiated animals as the 
antigen. Moreover, the revealed brain autoantibodies are capable of 
reacting not just with the damaged cells against which they were formed; 
in some cases, when general determinant groups are present, they can also 
react with undamaged tissues, changing their antigenic structure. This is 
an .indication that autoimmune mechanisms do participate in the development 
of pathological reactions in response to 50 µw/cm2 microwaves. At lower 
intensities (10, 5, 1 µw/cm2) an effect of this sort is not revealed. But 
the possibility is not excluded that an autoimmune state can arise in this 
case as well, perhaps if the acting factor of the immune system is first 
subjected to damage, owing to which genetically altered lymphoid cells 
would form, capable of reacting against normal antigens in the body. But 
this hypothesis requires experimental confirmation. 

In our study of the immunological reactivity of the body exposed to micro
wave radiation we turned our principal attention to just some indicators of 
immunity that could not fully describe the state of the immune system as a 
whole. Inasmuch as the problems concerning methods are an object of 
primary importance, they must be resolved in accordance with today's 
successes and achievements in immunological science. The research exper
ience of our institute to date has been generalized in the recently 
published methodological recommendations "Determination of the Immunological 
Reactivity of the Body Exposed to Environmental Factors." It has been 
establishedthat if we are to clarify the nature and degree of influence of 
the environment's physical factors (SHF energy in particular) on the 
immune system of the body, we would have to utilize the most informative 
immunological indicators, ones which yield to quantitative evaluation-
cellular allergic reactions utilizing an allergen in vitro (degranulation 
of basophils in peripheral blood, degranulation of fat cells in peritoneal 
fluid, determination of the neutrophil damage index, the plaque formation 
reaction), and serological reactions (cold complement fixation reaction, 
or Boyden's passive hemagglutination reaction). We must also improve the 
modern methods of immunoallergological analysis for use in hygienic in
vestigations (the lymphocyte blast transformation reaction, spontaneous and 
immune rosette formation, immunoglobulin determination, and so on). 

Factors acting concurrently with microwave radiation play an important role 
in arisal of damage. Some might reduce the body's resistance and create 
conditions in which SHF fields of intensities that do not normally elicit 
damage become injurious to the body. Other concurrent factors that in
crease the body's resistance can apparently prevent arisal of pathological 
phenomena caused by SHF energy. All of this must be considered in both 
scientific development of the problem and development of preventive 
measures, but these problems have not been studied sufficiently as yet. 

According to our data (2) the nature and degree of combination of the 
effects of SHF electromagnetic energy and some atmospheric pollutants 
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Figure 2. Dynamics of Cellular Allergic Reactions in 
Animals of Different Species Irradiated by 
Microwaves With a PFD of 50 µw/cm2 : Abscissa-
observation time; ordinate--percent plaque
forming cells (I), neutrophil damage (II), 
percent basophil degranulation (III); I-
guinea pigs; 2--white rats. 

1. Background 3. After weeks 
2. Immediately after irradiation 

(formaldehyde, carbon monoxide) on the body's immune system depend on the 
expressiveness of the sensitizing action and the temporal characteristics 
of the influence of each of the environmental factors analyzed. When the 
body is previously exposed to microwave radiation promoting development of 
autoallergic processes, the result of the combined action is determined by 
the influence of microwaves. If because of low intensity the EMF does not 
elicit an autoallergic reaction and the chemical substance is an allergen, 
the end effect would be determined by the chemical allergen. Microwave 
irradiation of a body previously poisoned by a chemical allergen causes 
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inhibition of immunological reactivity and suppression of allergic reactions. 

When the body is first poisoned by a chemical substance which is not an 

allergen and then exposed to an SHF field with a PFD that does not.cause 

autosensitization, the nature of the combined action is determined.by the 

effect of microwaves. The general laws we have revealed behind the irranune 

reactions of the body in response to the combined action of SHF electro

magnetic fields and chemical compounds permit us to define the dominant 

factor which must be given priority consideration when writing hygienic 

standards. 

Determining the permissible levels of microwaves in the environment is an 

important hygienic task. But immunological indicators have never been 

considered in the standards yet, though many researchers assert that the 

indicators of immunological reactivity can be viewed as among the most 

sensitive criteria in an integrated evaluation of the biological action of 

microwave radiation, and that they must be interpreted as significant and 

necessary to hygienic standardization. From our point of view the signif

icance of changes in immunological reactivity resulting from exposure to 

low intensity SHF fields must be evaluated from a hygienic standpoint with 

a consideration for reactions of the imrnune system to a load that would 

permit us to reveal this system's compensatory and adaptive possibilities 

(1,5). This confirms the opinion previously stated by Shanalon and Dumanskiy 

(4) that the criterion of the biological effect of radio frequency EMF, 

including SHF EMF, should be not pathological changes but rather the functional 

compensatory changes arising in the body in response to this factor. 

If we are to increase the effectiveness of scientific prediction of the 

danger of immunological changes to the body, in the future we will have to 

deeply study the mechanisms behind immune defenses against the isolated, 

combined, and joint action of factors, and we would have to thoroughly in

vestigate the dependence of irranunological effects on microwave intensity. 
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[Text] The effect of a magnetic field (MF) on the free radical peroxide 
oxidation of lipids in the biological membranes was reported in previous 
papers (1,2). The increased yield of singlet oxygen (102) in external MF 
during the recombination reaction of peroxide radicals of the unsaturated 
fatty acids (UFA) leads to different concentrations of the oxidation products. 
Since the free radical oxidation process involves a complex chain reaction, 
the magnetic effects should be utilized in studying the kinetics and mechan
ism of individual component reactions. 

Our goal was to study the eftect of MF on the consumption rate of oxygen 
in the autooxidation process of UFA using model membrane structures - the 
liposomes. The lipids were obtained from white matter of a bull's brain 
according to the methodology reported in (3); the solvents were removed on 
a rotary evaporator during the dessication of lipid extract in an atmosphere 
of nitrogen. The liposomes were obtained by a 20 min ultrasonification 
(✓ = 40 kHz, t = 0°C) of the dry lipids fraction in H20 (tris-HCl-buffer, 
pH 7.4) and n2o (tris-HCl-buffer, pD 7.4) solutions at a 1 mg/ml concentra
tion. It was known that 102 existed in heavy water 10 times as long as in 
H20 (4). Therefore, an increased yield of 102 in the magnetic field should 
have been primarily reflected in the kinetics of the reaction involving 
oxygen in liposomes which formed in D20, reflecting the reactivity of 102, 
Liposome specimens (10 ml) were placed in hermetically sealed chamber be
tween electromagnetic poles, maintained at 30°C. Oxygen consumption was 
determined using a platinum electrode against an Ag/AgCl reference. The 
solution was stirred continuously. The changes in the diffusion current 
were registered on a polarograph OH-102. Table 1 shows the results of the 
determination of oxygen consumption rate ~ J / 6 t (relative units). 
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Table 1 Table 2 

MF Solution Intensity Sample }',,mpoise cr-,dyne 
Intensity 

HzO DzO 
MF, kE cm 

Linoleic 
0 Linolenic 388:!::5 32,5:!::0,l 

0,05 0, 7:t:0, I 0, 9±0, I Linoleic 
277:1::3 29,1:!::0,l 

9 1,8:1::0,2 2,7:1::0,2 9 363:!:5 31,7:1::0,l 
Linolenic 254:!::2 28,3±0,l 

Analysis of the peroxide oxidation of lipids showed that the observed 
changes of AJ /At in the MF could have been caused by the following 
processes: 

RH+ 10 2 -+ ROOH, 
ROOH-Ro· +H0'~:,.-2Ro; 

(1) 
(2) 

An increase in the effective rate constant of the formation of hydroperoxides 
in the MF, according to the proposed reaction of 1oz with a molecule of UFA 
(1), leads to a more rapid consumption of oxygen in the generalized reaction 
of the thermal breakdown of hydroperoxides (2) and to the formation of per
oxide radicals. It should be noted that when iron ions are present in the 
oxidized system, one must investigate the magnetic sensitivity of the re
action with inclusion of Fe2+. 

Thus, under the influence of a MF, changes may occur in the reaction kinetics 
of the free radical oxidation of lipids, which may lead to macroscopical 
alterations in lipid components of the biomembranes. In table 2 results of 
the determination of the coefficient of dynamic viscosity and surface tension 
o- on the air-liquid interface are reported for UFA samples exposed for 
2 hrs to a 9 kE MF at t = 30°C. Control samples were maintained at analogous 
conditions without the MF. 

Qualitatively, this material supports the assumption that the coefficient 
of diffusion of ionophores in biomolecular phospholipid membranes (2) 
increases in a MF. 

Another important aspect concerns the search for and the study of magneti
cally sensitive processes involving enzymes in biomembranes. It has already 
been shown (5) that most of the oxidation-reduction reactions of the enzymes 
occur via a radical mechanism; the most recent theoretical and experimental 
results suggest the possibility of the MF effect on radical chemical reactions 

.in a condensed phase. For instance, during the reaction of a radical pair 
in a MF, the spin multiplet may change because of the difference between 
Zeeman radical frequencies (Ag-mechanism) or because of the difference in 
the ~onstants of supertonic interaction of the noncompensated electrons with 
their magnetic nuclei inside the radicals (HTB-mechanism), the reaction rate 
being comparable with the rate of intercombinational conversion (1010_108 s-1). 
When these conditions are not met, a magnetic field may bring about the "spin 
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control'' of the reaction and eventually alter its rate constant. It has 
been established (6) that the oxidation-reduction reactions involving enzymes, 
including the flavinemononucleotide group, go through the stage of the forma
tion of an intermediate free radical product with a characteristic adsorption 
band in the range of 500-600 mp, On the basis of this, we studied the effect 
of a constant MF on the oxidation rate of riboflavin (RF) ("Reanal"). As a 
preliminary step, 100 mg of,RF was placed in a thermostatically controlled 
chamber between two electromagnetic poles and reduced in an atmosphere of 
nitrogen by an equimolar quantity of nicotinamidadeninindinucleotide ("Reanal") 
in 70% of aqueous ethanol. The chamber was then blown through and the MF 
changes in the concentration of the intermediate products were determined 
at /\ = 600 mp, as shown by the results cif photometric determinations obtained 
directly in the MF by means of two 1 m long fibroplastic probes with an 
illuminator 0.1-18 and an interference filter (the optic path in the chamber 
was 5 cm long). The signal from the photoelectronic amplifier, proportional 
to the light intensity, was passed through the specimen, amplified on I-37 
and directed towards the Y-inlet of a dicoordinated automatic recorder 
PDS-021; the signal from the counter DX-511, proportional to the intensity 
of the MF, was passed onto the X-inlet. The relationship between the rates 
of optical transparence changes obtained in the magnetic field of 9 kE and 
50 E (residual magnetic field) demonstrate the effect of MF on the kinetics 
of RF oxidation with molecular oxygen (Fig. 1). Fig. 2 shows a drop in the 
concentration of the intermediate produce Casa function of the MF intensity. 
The reaction mechanism of flavins with molecular oxygen may be represented 
schematically as follows (7, 8): 

. . + P<l> -H2 + 0 2 ~ P<l> · H2 • 0 2 -+- P<l> • H . ; • 02 + H 
+ . . H + e- + P<I> • H ... 0 2 -+ P<I> • H202 

P<I> · H2 ••• ot-+- P<I> • I-I° + H20 2 

P<I> · H; •.. ot -+- P<P .ff + 0 2 

+ . . 
H + P<I> • H2 ... 02 -+- P<I> + H202• 

Obviously, an increase in the oxidation rate of the reduced form RF·H2 is 
related to the magnetic sensitivity of the phase involving the reaction of 
intermediate radical RF·H2 with the superoxide radical 02·-, the manifesta
tion of the magnetic effect being caused by the Ag-mechanism. Data showing 
an increased decomposition rate of Hz02 in a MF by a catalyse has been re
ported in (7) where the authors assumed magnetic sensitivity of the electron 
transfer stage in the pair Fe3+ ... 0z. 

It is noteworthy that when ferricyanide is used as the oxidizing agent, the 
MF exhibits no effect on the oxidation rate of RF. 

Investigations of the magnetic sensitivity of the electron transfer reactions 
along the respiratory chain and of the related oxidative phosphorylation re
actions are quite interesting. We have determined the oxygen consumption of 
rats' liver mitochondria. The respiration of mitochondria was depressed in 
a 9 kE MF by 37+5%. 
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Fig. 1. Kinetic function Q = JH1/J0 , (relative units), where JH, and J0 , 
are the rates of optimal transmission change at"-= 600 mu in a MF of 9 kE 
and 50 E respectively, t = 30°C. 

tin minutes is plotted on the abscissa. 

Fig. 2. 
where CH 
9 kE and 

c~ 
(0 
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C = Ctt/Co as a function of the intensity of the magnetic 
and Co are concentrations of the intermediate product at 
50 E respectively, t = 30°C. 

field (MF), 
the MF of 

C in relative units is plotted on the ordinate axis and H, kE on the abscissa. 

Without additional experiments on simple model systems, it is impossible to 
state positively which of the functional segments of the respiratory chain 
are magnetically sensitive. It may be pointed out that, since the enzymes 
present in the electron transfer chains contain metals with variable valences, 
considerable magnetic effect could possibly be found in these entities. 

When studying magnetic effects in biology, it is important to investigate 
the influence of MF's and radiation-stimulated reactions accompanied by the 
formation of paramagnetic states: free radicals, charge transfer complexes, 
and hydrated electrons (e-hyd). In these processes, the magnetically Bensi
tive stages may involve recombination of the radicals formed. We have in
vestigated the MF transformations of free radicals formed during the radiolysis 
of aqueous solutions (1 mole/1) of human serum albumin ("Reanal") in 0.1 
mole/1 NaCl, ¥ -irradiated with 22Na and 60co sources. It has already been 
established (9) that the positive ion-radicals of aromatic aminoacid residues 
of the proteins are the~ -induced paramagnetic centers in polar solutions 
of the albumins, and that the e-~yd (10) react with each other at a rate 
constant of the order of 1010 s- (11), which is comparable to the inter
combinational transitions. Photometric determinations at/\= 632 ffi#-1 
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[wavelength of the absorption of e-hyd (10)] using laser LG-44 sh9wed an 
increase in the effective recombination of this radical pair by 1,8±0,2% 
in the 9 kE MF. It is feasible that this result will make it possible in 
some cases to explain the protective property of a MF against the effects 
of ionizing radiation on living organisms (12). 

Hence, it can be stated that currently available experimental data supports 
the feasibility of utilizing magnetic effects in studying the kinetics, the 
reaction mechanisms and properties of the free radicals in biological membranes. 
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[Article by V. R. Faytel'berg-Blank and A. V. Orlova (presented by Ukrainian 
SSR Academy of Sciences Academician P. K. Kostyuk)] 

[Text] Extremely weak luminescence discovered in mammals [1] is universal 
for all tissues of the living organism and accompanies a complex of 
metabolic and destructive processes which are taking place in it and its 
substrates. Biochemiluminescence is caused, as the authors of [2-4] believe, 
by two heterogeneous independent reactions: luminescence which occurs during 
the transport of electrons; and spontaneous oxidation of biolipids, which 
transitions to transient development with a decrease in concentration of 
antioxidants. 

Studies [5-7] contain data on biochemiluminescence of one-celled organisms, 
as well as variovs tissues in the normal and pathologic state under the 
influence of factors of the external environment. However, the effect of 
superhigh-frequency electromagnetic fields on the biochemiluminescence of 
organs and organism tissues has not been adequately studied up to the present 
time. Centimeter-band electromagnetic fields are not capable of generating 
the free-radical processes which are essential for the occurrence of bio
chemiluminescence in tissues [3]. But they can indirectly influence the 
intensity of free-radical oxidation, activating tissue respiration and 
altering competitive interaction between enzymatic and nonenzymatic free
radical oxidation [7]. 

The purpose of our study is to investigate the intensity of this ultra-weak 
luminescence and to determine how the tissues of the central nervous sys
tem and liver become enriched with products of peroxide oxidation of lipids 
under the effect of different doses of a superhigh-frequency electromagnetic 
field (SHF EMF). We employ~d SHF EMF intensities which are utilized in 
clinical practice to treat the gastrointestinal tract and liver. 
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We performed experiments on'78 male ~hite rats under conditions of acute 
experiment. We prepared from the tissues of the central nervous system 
and liver of the experimental animals a homogenate with Ringer-tris-HCl 
medium, pH 7.4. Incubation temperature was maintained at 38°C. Luminescence 
was recorded on a photometric unit, with an FEU-35A radiation detector, 
photocathode sensitivity of 90 µA/lu, and dark current of 10-llA. 

The obtained signals were boosted with the aid of an amplifier and were 
fed to an integrating device and an EPP-09MZ automatic recording instrument. 
The unit's background was 18-20 imp/s. Enrichment with lipid peroxide 
oxidation products was determined with the aft:re TBA test. The rats were 
irradiated with an SHF EMF with a wavelength of 12.6 cm and intensity of 
12-23-30.5 mw/cm2 for a period of 10 seconds, employing a Luch-58 unit. 
The experiment results were statistically processed on a Minsk-22M computer. 

Our data indicate that in intact animals brain tissue has a maximum in
tensity of luminescence (136±14 imp/s), with maximum luminescence duration 
of 90 seconds. A 10-second exposure to anSHF EMF of an intensity of 12 mw/cm2 
reliably increased maximum brain luminescence to 270±imp/s (P<0.001), but 
its duration showed a tendency to decrease (81 seconds). 

With an increase in SHF EMF intensity to 23 mw/cm2, the kinetics of brain 
tissue luminescence changes significantly, and maximum luminescence reaches 
408±19 imp/s (P<0.001). 

A further increase in SHF EMF irradiation to 30.5 IrM/cm2 was accompanied by 
a decrease in maximum brain tissue luminescence in comparison with the 
preceding intensities, while the kinetics of luminescence changed in a 
statistically unreliable manner in relation to the norm (Figure lA). 
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Figure 1. Intensity of Biochemiluminescence of the.Brain (A), Spinal Cord 
(5) and Liver (B) in intact Rats Following SHF EMF Irradiation, mw/ cm2 
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Key to Figure 1 on preceding page: 

1. 12 1. 23 1. 12 
2. 23 2. 12 2. 23 
3. 30.5 3. Norm 3. 30.5 
4. Norm (~ 4. 30.5 (5) 4. Norm (B) 

Symbols: I -- imp/s; t -- time, seconds 

Similar changes in processes of biochemiluminescence under the effect of 
SHF EMF were also observed in the spinal cord. 

The results of our experiments showed that intensity of chemiluminescence 
of the spinal cord, both in intact and SHF irradiated animal~ is less than intensity of luminescence of brain tissues (Figure 1 5). 

The dynamics of luminescence of the liver are shown in Figure 1 B. As we see, under conditions of the physiological norm, ultraweak luminescence 
of the liver is less clearly-marked in comparison with the brain and spinal cord. Under the effect of SHF EMF of different intensities, processes of 
biochemiluminescence change, both in the liver and in other tissues. These changes, however, show a different pattern. As .is evident from Figure 1 B, the effect of SHF EMF at an intensity of 12 mw/cm2 with a 10-second exposure produces a maximum increase in ultraweak luminescence of liver homogenate. 

On the basis of examination of the quantity of lipid peroxide oxidation products (enrichment of dialdehydes and diketones in reaction with thiobarbi
turic acid (TBA test)) one can conclude that the process of biochemiluminescence and enrichment of peroxide radicals in the examined tissues are in a direct relationship; changes in content of lipoperoxides in the tissues 
of the brain, spinal cord and liver are determined by the intensity of 
SHF EMF irradiation (Figure 2). 
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Figure 2. Accumulation of Lipoperoxides in Examined Tissues Under the Effect of SHF EMF. 

1 liver, brain (2) and spinal cord (3). On the X axis: N -- norm; 
I 12, II -- 2, III -- 30.5 mw/cm2 

As is evident from Figure 2, the level of lipoperoxide content in intact 
animals differs in different tissues and diminishes as follows: liver> 
brain>spinal cord. The effect of SHF EMF at 12 mw/cm2 is accompanied by a statistically reliable increase in TBA active product content in all 
examined tissues. 
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Maximum increase in lipoperoxides in brain and spinal cord tissues occurs 
under the effect of SHF EMF at an intensity of 23 mw/cm2, and in the liver 
at 12 rnw/cm2. With an increase in EMF value to 30.5 rnw/cm2, activity of 
lipid peroxide oxidation reaction in the tissues diminishes. 

As is indicated by the results of our experiments, the processes of ultra
weak luminescence of brain, spinal cord and liver tissue take place in an 
unidentical manner. These figures agree with those of other authors [8] and 
are due to a different content of phospholipids and free lipids, which pos
sess antioxidizing activity. 

Changes in the processes of biochemiluminescence of brain, spinal cord and 
liver homogenates are determined by the intensity of SHF effect on the or
ganism of the experimental rats. 

The authors of [9-10] demonstrated that biochemical and physiological 
processes in the organism of animals change in a differing manner, depending 
on SHF EMF dose. The observed changes in the processes of luminescence 
under the effect of SHF EMF are due to change in lipid peroxide oxidation 
reactions. As we know, EMF alter the potential energy of molecules, which 
is expended on the one hand on increasing tissue temperature, and on the 
other on change in oxidation-regenerative processes [11]. 

The data on our experiments show that a direct relationship occurs between 
processes of ultraweak luminescence in the examined tissues and content of 
peroxide oxidation products in them under the effect of SHF radiation of 
various intensities, which is in agreement with the data of other authors 
[6, 8, 12]. 
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(USSR Ministry of Hea1th Institute of Medical-Biological Problems, Moscow): 
"The Effect of Infra-Low-Frequency Magnetic Fields of High and Super-High 
Intensity on Cell Division of Mammals in vivo"] 

[Text] The article studies the effect of an IMF [infra
low-frequency magnetic field] with an intensity of 3-127 
koer of one hour duration on the mitotic activity, fre
quency of chromosomal aberrations, and quantity of cells 
of the epit,helium of a mouse cornea. It is shown that 
the resulting changes in the mitotic activity can be ex
plained by reversible delay of cell division in the 
later stages of the mitotic cycle and their synchronic 
entry into mitosis after the delay is eliminated. The 
nature of the relation of the effect to the intensity of 
the IMF testifies to the difference of its molecular 
mechanisms in the field of high and super-high intens
ities. No increase in the frequency of aberrant mitoses 
in the cells of the epithelium of the cornea was observed 
as a result of the influence of the IMF of the particu
lar intensity and duration. There was also practically 
no change in the quantity of cells in the microscope's 
standard field of vision. 

The recent sharp expansion of the utilization of strong magnetic fields 
in science and technology has given rise to increased interest to the 
study of their biological effect. However, existing information concern
ing the problem (Vilenchik, 1967; Busby, 1968; Nakhil'nitskaya, 1974) 
deals primarily with CMF's [constant magnetic fields], while the biologic
al effects of IMF's, which are similar in effect to CMF's, have been 
studied very little. Meanwhile, even in the case of contacts with CMF's 
in· the process of production activities the position of the human body 
.with respect to the field can vary, so that a variable infra-low-frequence 
component generally develops in connection with the magnetobiological 
effect. 

33 

J 



On the basis of the foregoing, we considered it advisable to study the 
influence of IMF's in a broad range of intensities on the process of cell 
division of marmnals in vivo. In addition to a certain practical impor
tance, the findings of these studies are also of substantial theoretical 
interest. Calculations based on general physical considerations indicate 
(Liboff, 1965; Valentinuzzi, 1966; Dorfman, 1971) that starting with in
tensities of 10-100 koer we may expect the occurrence of new magpetobio
logical effects that are not observed under conditions of weaker magnetic 
fields. If such changes in the nature of the response reaction with the 
intensity do exist, an ,.analysis of them would make it possible to verify 
the correctness of the initial postulates of the theory and obtain the 
information concerning the mechanisms of the biological effect of a mag
netic field. 

Material and Procedures 

Used as the source of the IMF was a water-cooled electromagnet with a 
cylindrical active zone. The field induced in it consisted of two com
ponents, one of which was constant and the second varied in accordance 
with the saw-tooth law with a period of T = 30 seconds. The intensity 
of the constant constituent coincided with a saw-tooth amplitude. The 
total intensity of the IMF H amounted to 130 koer in the center of the 
active zone and dropped to 1.4 koer on the edges, at a distance of 35 
centimeters on both sides of the center. 

The experimental mice, in duraluminum cases, were placed in different 
areas of the active zone and subjected to the effect of the IMF for one 
hour. The direction of the IMF coincided with the axis of the animal's 
body. During.the exposure, the animals were supplied with fresh air from 
forced ventilation; as a result, the temperature of the active zone was 
practically identical to that of the environment. 

At various times after being removed from the active zone the experimental 
animals were decapitated simultaneously with the control animals, and 
total specimens of cornea were prepared and tinted with hematoxylin by 
the Caracci method. Then in the two lower reproductive layers of the cells 
we computed the number of cells in the standard field of vision, the mito
tic index, and the frequency of aberrant mitoses in the anaphase stage 
(pontes and acentric fragments). The experiments utilized a total of 
110 mice and analyzed 217 specimens of cornea epithelium. 

Results and Discussion 

This research testifies to the mice's ability to endure the effects of 
an IMF of given intensity and duration. The mobility of the experimental 
animals was substantially lower for some time after the exposure ceased, 
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but not one animal died in the active zone of the electromagnet or 15 
days after being removed from it. The results of determining the mitotic 
index immediately after cessation of exposure to IMF's of differing in
tensity are presented in Figure 1. It is easy to see that the effective
ness of the influence of the IMF, characterized by deep suppression of 
mitotic activity per unit of field intensity, reaches its maximum in the 
range of weak fields and sharply declines as intensity is increased. The 
most pronounced change in the effectiveness of the IMF is observed in the 
range between 3 and 8 koer, ,'.where the mitotic index of the cornea epi
thelium is about 50 percent of its normal level. The average slope of the 
curve of the dependency of the effect on intensity in the range up to 3 
koer is 14.3 percent per koer, compared with 0.24 percent per koer charac
teristic of the range 8-127 koer. 

Figure 1. 
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Dependency of the mitotic activity of the cornea epithelium on the in
tensity of the IMF. The abscissa shows the intensity of the IMF, koer; 
the ordinate shows the mitotic index immediately after cessation of ex
posure to the IMF, as a percentage of the control. 

Judging'by the character of the curve in question, the changes in mitotic 
activity arising under the influence of the IMF in a relatively broad 
range of intensities can be explained as due to modifications of both 
"magnetic-sensitive" and "magnetic-resistant" processes. The latter begin 
to decline at H ~ 10 koer and are substantially inhibited at H ~ 100 koer; 
this is in accordance with predictions by the theory made without taking 
account of the specific structure of the biological tissue. As a con
sequence, they can be identified with elementary physical and chemical 
processes having rather large levels of energy of activation and taking 
place both in living and in non-living matter. 

The processes which we classify as "magnetic-sensitive," evidently, are 
not taken account of at all in existing quantitative theories. Neverthe
less, the development of various magnetobiological reactions to the in
fluence of magnetic fields with an intensity on the order of 1 koer has 
been repeatedly confirmed experimentally and is considered realiable by 
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most researchers at the present time. It is quite probable that it 
results from the deformation of supermolecular biological structures 
characterized by low levels of bonding energy and high lability. 

The maximum effect relating to modification of "magnetic-sensitive" pro
cesses comes to about one-half of the normal level of mitotic activity 
of the corneal epithelium. Judging by the results of our previous re
search (Strzhizhovskiy, Galaktionova, 1976), it is a characteristic con
cept of tissue and is uniform both for the IMF in question and for CMF's 
possessing differing biological effectiveness that are variously-oriented 
with respect to the position of the body of the experimental animals. 
The biological effectiveness of an IMF oriented along the axis of the ani
mal's body (about 14 percent per koer) substantially exceeds the.biologic
al effectiveness of a similar CMF (less than 2 percent per koer) and is 
close to the level corresponding to the reciprocally perpendicular direc
tion of the CMF and the axis of the body (12 percent per koer). 

As is well known, the corneal epithelium consists of several parallel 
layers of cells which are rather strictly oriented in space. Since the 
level of magnetic forces depends on the angle between the directions of 
the field and magnetic moments of supermolecular biological structures 
modified by it, differences in the biological effectiveness of variously
oriented magnetic fields can be explained as due to differences in the 
sizes of these angles. Of great significance, in our opinion, is the 
fact that the range of variations in biological effectiveness accompanied 
by changes in the field's direction practically overlaps differences in 
the biological effectiveness of single-orientation IMF's and CMF's. In 
addition to the constancy of the maximum level of the effect, relating to 
modification of the "magnetic-sensitive" processes, it speaks in favor of 
the identity of mechanisms and structures involved in the organism's re
sponse reaction to the influence of IMF's and CMF's. 

Some information concerning the nature of the magnetobiological effect 
can be obtained on the basis of analyzing the curves of recuperation of 
mitotic activity after cessation of the IMF influence. Two such curves, 
corresponding to the minimum (3 koer) and the maximum (127 koer) of the 
intensities utilized, are .presented in Figure 2. It is easy to see that 
despite considerable differences in the intensities of the utilized IMF, 
the curves in question are relatively close both in terms of quality and 
quantity. Judging by their form, the effect of the IMF, like that of the 
CMF (Strzhizhovskiy, Galaktionova, 1976), causes reversible delay of the 
cells in the later stages of the mitotic cycle, in particular in the 
premitotic period G2 . This reaction is not specific to magnetic fields 
and can occur in various populations of proliferating cells under condi
tions of the introduction of physiologically active substances, the in
fluence of ionizing radiation, and changes of other conditions in the 
environment. Evidently it constitutes a vital link in the cell's general 
reaction to outside influences. 
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Figure 2. 
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Recuperation of mitotic ac1tivity in corneal epithelium after cessation 

of exposure to IMF of varying intensity. The abscissa represents the 

time after cessation of the exposure to IMF, days; the ordinate represents 

the mitotic index as a per.centage of the control. The dots represent the 

effect of an IMF with an intensity of 3 koer; circles--127 koer. 

One of the reasons that mitotic activity subsequently exceeds the normal 

level is the synchronic entry of the cells into mitosis after the delay 

is eliminated in G2, It must be pointed out, however, that in the inte

gral sense this excess is more pronounced than the primary inhibition of 

mitotic activity, and synchronization of the cells alone is inadequate to 

explain it. Quite probable consequences of the influence of the IMF are 

the activation of certain of the processes of the cell's preparation for 

mitosis or inclusion in the mitotic cycle of cells in the stage of rest 

Go. Thus, as the cells are shifted from the beginning of the mitotic 

cycle to the end of the cycle, the nature of their reaction to the in

fluence of the IMF changes sharply: The movement of the celis is accel

erated in the early stages and slowed down in the later stages. As a re

sult, a defficiency of cells develops in the "magnetized" tissues in the 

early stages of the cycle, which subsequently should cause a second decline 

in mitotic activity. Because of the shortage of experimental points we 

were not able to record it in the present study, but it was observed in 

our previous experiments with CMF's (Strzhizovskiy, Galaktionova, 1976). 

It is to be expected that involving new mechanisms of biological influence 

of IMF's in the area of super-high intensities will have its own effect 

on changing the character of the affection. One of the characteristics 

of such change could be a difference in the form of the curves or the 

rate of recuperation of mitotic activity after cessation of the influence 

of an IMF of high and super-high intensity. In connection with this, it 

is of special interest to make a more detailed examination and c.omparison 

of the curves shown in Figure 2. 
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The identity of the form of the curves in question gives reason'to assume 
that despite differences in the molecular mechanisms of the biological 
effect of an IMF of high and super-high intensity, the reaction'at the 
cellular level is qualitatively identical. This fact is evidently a con
sequence of the nonspecificity of the block of cells during the period 
G2, which underlies the influence of the IMF on mitotic activity. In the 
case of an IMF of 3 koer, practically the entire magnetobiological effect 
can be ascribed to modification of "magnetic-sensitive" processes; they 
fully determine the rate of recuperation of mitotic activity after ces
sation of exposure. Increasing the intensity to 127 koer causes the de
gree of suppression of mitotic activity to almost double--primarily due 
to modification of "magnetic-resistant" processes, so that in this case 
the rate of recuperation depends equally on "magnetic-sensitive" and 
"magnetic-resistant" processes. It is easy to see from Figure 2 that the 
rate of recuperation of mitotic activity after cessation of exposure to 
an IMF of 127 koer is faster than in the case of 3 koer. It follows, 
therefore, that the intensity of reparation of "magnetic-resistant" struc
tures exceeds that of "magnetic-sensitive" structures. This correlation 
between the intensities of reparation is not unexpected. It is caused by 
the easy reversibility and high levels of bonding energy characteristic 
of elementary physical processes. 

By comparing the curves shown in Figure 2 it is also easy to see that the 
duration of the period of heightened mitotic activity after removal of the 
block of cells in the G2 phase is extended as the intensity of the IMF 
rises, whereas no such increase is observed in the duration of the block
itself. This paradox, evidently, occurs only under the influence of super
powerful IMF's and is due to the specific correlation of kinetic parameters 
characteristic of the range of intensities in question. The relative con
stancy of the duration of the block in G2 is due to the intensive repara
tion of "magnetic-resistant" structures, while the lengthening of the 
phase of heightened mitotic index relates to the progressing activation of 
the cells in the earliest stages of the mitotic cycle--Go and G1, 

A vital criterion of the wholeness of genetic structures of tissue cells 
is the frequency of chromosomal aberrations. No increase was observed in 
the frequency of aberrant mitoses in the cells of corneal epithelium as 
a result of the influence of IMF's of the utilized intensity and dura
tion. It must be pointed out, however, that in anaphase analysis only 
relatively gross damage to the chromosomes was recorded. As a result, 
we cannot rule out the possibility of the development of more subtle 
genetic effects and assoctated long-term consequences of exposure to IMF's. 

Neither were any degenerative changes observed in the study of the inter
phase cells of the corneal epithelium of experimental animals; the number 
of cells in the standard field of vision of the microscope remained 
normal. This indicates the absence of any influence of the utilized 
IMF on the intensity of cell atrophy and that the inhibition of mitotic 
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activity induced by it is not sufficient to disrupt the balance between 
cell reproduction and atrophy in the process of natural aging. Thus, the 
findings of the present study point to the high resistance of proliferat
ing tissues in mannnals to the influence of IMF's of high and super-high 
intensity. 
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THE INFLUENCE OF SHF ELECTROMAGNETIC FIELDS OF THE SECRETORY FUNCTION OF 
THE STOMACH 

Alma'.'"'Ata IZVESTIYA AKADEMII NAUK KAZAKHSKOY SSR in Russian No 6 1978 pp 
75-79 

[Article by N. I. Pospelov, Karagandinskiy Medical Institute, Karaganda] 

[Text] In long-term experiments on dogs with isolated Pavlov stomachs 
·under irradiation of the epigastrium by a SHF field, it was established 
that during a 10-12 day course of exposure the gastric juice-excretory, 
enzyme-excretory and, to a lesser degree, the acid-forming functions 
changed in a two-phase manner: depression gave place to intensification, 
with the intensification of juice excretion persisting subsequently for 
three days after termination of 10-12-fold irradiation of the epigastric 
region. 

Lately, in connection with the widespread use of apparati and units gen
erating super high frequency (SHF) electromagnetic fields (EMF), interest 
in the biological action of these waves on the organism of man and animals 
has heightened (1,2,3,4,5,6). 

Although there have been a sufficient number of works dealing with the 
effect of SHF electromagnetic fields on various processes in the organism, 
the changes in the juice and enzyme excretory functions of the stomach 
under the influence of this physical factor on the organism have been little 
studied (2,3,5), and are of various types. Thus, R. 0. Faitel'berg, et al. , 
(5) observed an increase in the amount of juice, acidity and enzyme in 
gastric juice; other authors--the opposite effect (2,3). 

Taking this into account and influenced by the need for further investiga
tion into the effect of SHF electromagnetic fields on the quantity and 
quality of excreted gastric juice in irradiation of the epigastric region, 
we undertook our experiment~! investigation. 

The observations were conducted in long-term experiments on 14 dogs with 
isolated stomachs created by using I. P. Pavlov's method as modified by 
A. V. Solov'yev, and stomach fistula tubes as described by Bakuradze-
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Robinson. The experimental dogs, which had been fasted for 15-18 hours, 
were fed before the experiment (200 g bread and 150 ml tap water), and for 
5 hours gastric juice was collected from them hourly. With every portion 
of juice we determined its quantity (ml), the amount of total acidity and 
free hydrochloric acid by Mikhaelis' titration method; and the qu'antity of 
pepsin by V. N. Tugolukov's method (7). After establishing the background 
of the secretory-enzymatic function of the stomach daily for 10-12 days, 
we exposed the epigastric region to an SHF field (Luch-2 apparatus, wave 
-length 12. 6 cm) at a power of 10-20 W for 10 minutes. The quantity and 
quality of gastric juice was determined in each experiment before, during 
and after irradiation. Altogether 215 experiments were conducted. The 
results were developed by the method of analysis.of variance. 

During the first hour of secretion following irradiation of the epigastric 
region by an SHF field a few minutes after feeding the animals, a tendency 
for the juice excretion (2.90+0.14 ml) to decrease was observed in compar-
ison with the background duri;g the entire course of exposure (Fig 1). The 
most pronounced shifts were observed with the 3rd to 6th irradiations 
(lvi±m=2.50±0.28 ml,_p<O.l); and the least pronounced with the 7-12th irra
diations (2.76±0.37 ml,,P <0.5). It should be noted that during the entire 
course of irradiation the amount of juice in the first portion before 
repeated exposure increased in comparison with the background after 1-6 
irradiations to 4.12_±().32 ml (p<::.0.01), after 7-12 irradiations to 6.07±1.32 
ml (y~0.025). Against the background of such increased secretion, a decrease 
in the volume of the first portion of juice was noted with repeated irradiation, 
the most pronounced such decrease being after 2-6 irradiations (,,P<0.01). 

During the second hour after irradiation, juice secretion essentially did 
not change. 

During the third hour the first six irradiations demonstrated only a ten
dency to increased juice excretion, but the following irradiations provoked 
a reliable increase in it from 1.45+0.08 to 1.97± 0.19 ml (? <:0.025). 

During the entire course of exposure in the fourth and fifth hours after 
irradiation juice secretion increased, reaching its maximum after 7-12 
irradiations, changing from 1.22±0.09 to 2.09±0.26 ml (f'< 0.01) in the 
fourth (Fig. 2) and from l.0+0.07 to 1.83±0.28 ml (p < 0.01) ,during the 
fifth hour (Fig. 3). 
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Figure 1. The dynamics of the secretory and enzyme-excretory functions 
of isolated stomachs of dogs with irradiation of the epigastrium by an SHF 
field over 10-12 days (first portion of gastric juice); l= total acidity; 
2= free hydrochloric acid; 3= the concentration of pepsin (unit/ml); the 
columns indicate the quantity of juice collected in 1 hour. The asterisks 
indicate reliable values. 

Key: 1. Acidity, titration units 
2. Norm 
3. SHF 
4. The following day 
5. After the course of irradiation 
6. Days 

The ensuing reaction, in the form of an increase in the volume of secretion 
during five hours of irradiation, persisted for three days, with maximum 
secretion during the first honr of juice excretion (4.57±0.73 ml,p <0.05). 

120 

cli 
Qi 100 
ci 
i: 
:::s 80 £: .. 
~ 60 e 
'-.> 
C) 
:: /JO 
~ 
0 

(1) S 20 
~ 1,22 1,51,• t,67* 2,09• 1,ae• t,50 t,86 t,72 ( ) 

L-----+--t----L..-,.._-t--_ _.____.__...__-;-Cym 5 
lfop"a f-2 J-6 1-,2 t-3 4- 7 8-14 >11; 

CS'i lloc11e lf!Jf}CO o011!J"eHuP 
(2) (J) (4) 

42 



Figure 2. The dynamics on the secretory and enzyme-excretory functions 
of the isolated stomachs of dogs during the fourth hour of gastric juice 
:w<'rt•r-1011 on the dny of irrndiatinn hy nn SHF fit~ld rrnd nfU•rw11rdR ·In a 
10-12-fold course of exposure to the epigastric region. Designations 
are the same as in Fig. 1. 

Key: 1. Acidity, titration units 
2. Norm 
3. SHF 
4. After the course of irradiation 
5. Days 

After irradiation of the gastric region with an SHF field, the concentration 
·of free acid in all portions of gastric juice did not change materially in 
comparison with the background during the entire course of exposure (See 
,Figs 1-3). On the day after irradiation, however, the concentration of free 
acid in the first portion increased, with a maximum after one to pix irradia
tions of from 67.0+2.45 to 80.45+4.65 titration units, (p<0.05) (See Fig 1). 

In the first portion total acidity decreased in comparison with the back
ground from 124.50_±3.85 titration units to 111.80_±5.62 titration units 
(p <0.05) only after three to six irradiations. In the remaining portions, 
total acidity essentially did not change (See Figs 1-3). 
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Figure 3. The dynamics of the secretory and enzyme excretory functions of 
isolated stomachs of dogs during the fifth hour of gastric juice secretion 
on the day of SHF irradiation and afterwards, in a course of 10-12-fold 
exposure to the epigastric region. Designations are the same as in Fig 1. 
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4. After the course of irradiation 
5. Days 
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The concentration of pepsin in the first portion of gastric juice decreased 
after three to six irradiations from 38.11_±4.23 to 28.0_±2.66 mg/ml(; 0.05) 
(See Fig. 1), and on the other days only a tendency to decrease in concentra
tion was observed. In the second to fourth portions, material changes in 
concentration were not observed, and over the entire course of irradiation, 
only in the fifth portion was a tendency to increase in proteolytic activity 
discovered. 

Thus, irradiation of the epigastric region with electromagnetic waves of the 
SHF range for a 10-12 day course of exposure provoked biphasic changes in 
the juice-excretory, enzyme, excretory and, to a lesser degree, acid-forming 
functions of the stomach: depression gave way to intensification, the 
intensification of gastric juice excretion persisting subsequently for three 
days after cessation of 10-12-fold irradiation. 

In the majority of dogs the inhibition of gastric Juice excretion and espec
ially acid formation on bread was more distinct after repeat irradiations 
(starting with three irradiations), which fact evidences the cumulative 
action of irradiation (2). 

It is characteristic that in the dogs parallelism between change in the 
quantity of gastric juice excreted, acidity and the digestive power of the 
gastric juice was not always observed, findings which agree with the research 
of I. R. Petrov (2). The absence of parallelism apparently can be explained 
by the well-known thesis that gastric juice in the product of three groups 
of cells of the gastric glands, having their own innervation apparatuses. 
Acting selectively on these apparati, SHF irradiation apparently also pro
vokes a dissociated effect (2). 

It must be supposed that in the mechanism of the effect of SHF electromag
netic waves in irradiation of the epigastric region, a dual action on the 
secretory and enzymatic functions of the digestive tract is noted! mediate 
(with changes in the function of the central nervous system) and direct (on 
the organ or on its local innervation apparatus). It is also impossible to 
exclude humorchemical changes, which may lead to the same shifts (2,4). 

This may be envisioned in the following manner. Electromagnetic exposures 
directed at the epigastric region provoke in the cutaneous receptors and 
the interoceptors of the s.tomach and intestinal loops a stream of· impulses 
which, traveling along the afferent fibers of the vagus nerve and ,the con
ductive ascending pathways of the spinal cord, reach the central nervous 
system (brain, thalamus, hypothalamus, reticular formation) and its highest 
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branch--the cerebral cortex. These impulses activate neural and endocrine 
structures, which through the efferent systems change the blood circulation 
in the irradiated organs and tissues, the trophicity of the tissues and also 
tit(! [unctional condition of the interoceptor apparatus (4). In addition, 
electromagnetic fields acting on the organism apparently have a direct 
effect on the cellular elements, changing their functional condition (4). 

The initial reaction (depression) apparently is provoked by the predomi
nance of the functions of the sympathoadrenal system (6) and is part of the 
general nonspecific adaptive reactions of the organism .. Yet, the, increase 
in gastric juice excretion dur_ing the second, neurochemical phase\ and also 
on the second day and for three days thereafter, apparently are explained 
by parasympathetic directivity in the reaction of the glands of the stomach 
in response to irradiation of the epigastric region with a SHF electromag
netic field. 
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CHANGES IN CALCIUM ION ACTIVITY DUE TO MAGNETIZATION OF SOLUTION-AS THE 
POSSIBLE MECHANISM OF BIOLOGICAL ACTION OF MAGNETIC FIELDS 

Kishinev ELEKTRONNAYA OBRABOTKA MATERIALOV in Russian No 6, 1978'.pp 65-68 

[Article by A.G. Kartashev, V. A. Kalyuzhin, R. A. Plyushch and 
A. V. Vokhmintsev, Tomsk] 

[Text] It has been established [1-3] that magnetic fields (MF) alter 
appreciably the physicochemical parameters of aqueous solutions. . This 
author [4] has expounded the hypothesis that magnetization of liquid 
media may play a part in the mechanism of biological action of MF. This 
thesis was further developed by L. D. Kislovskiy, who analyzed the condi
tions of existence of metastable structures in water and demonstrated 
that it is possible to inactivate calcium ions by magnetizing solutions 
[5]. Experimental verification of this hypothesis revealed that when 
a nonmagnetized solution of calcium chloride (CaCl2) containing water 
thyme is replaced by a magnetized solution of the same concentration there 
is a reduction in resting potential of the cell, analogous to the reduction 
of biologically active concentration of calcium ions [6] 

To verify these results and extrapolate more extensively the theses of this 
hypothesis to other biological objects, a series of experiments was conducted 
on the effects of magnetized solutions of calcium chloride, magnesium 
chloride (MgCl2) and sodium chloride (NaCl) on the rate of fermentation of 
glucose by yeast, function of myoneural preparations from the frog and 
rate of firbinolysis of rabbit blood plasma. 

On the basis of magnetobiological investigations, it can be concluded that, 
in theory, any of the parameters of MF can be biologically significant: 
intensity, frequency, direction and field gradient. In our study, in· 
different series of tests, the MF intensity was discretely changed in the 
range from 320 to 64,000 A/m, at frequencies of 1 and 50 Hz, with both 
vertical and horizontal orientation of force lines; the degree of hetero
geneity was varied from 20 to 50%. For magnetization, the solution was 
passed through a steady MF (SMF) 100 and 10 times, as well as exposing it 
in test tubes to a variable MF (VMF). To rule out the influence,1 in this 
case, of vibration and temperature, the test tubes with experimental solu
tions were suspended and cooled by a jet of air from a fan. The ~ifference 
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between experimental and control solutions after magnetization, with regard 
to temperature, did not exceed 1°. 

In the first series of experiments we selected a yeast (Saccharomyces 
cerevisiae) culture as our object and rate of fermentation of glucose as the 
recorded reaction. The choice of the fermentation reaction was attributable 
to the universality of the biochemical glycolytic reactions inherent in all 
biological systems, as well as the possibility of quantitative evaluation 
of the rate of this process and rather thorough investigation of .all stages 
of fermentation [7]. 

The experiment was conducted as follows: To 10% glucose solution we added 
0.05% magnesium hydroxide and 0.01% phenophthalein, which turned·the liquid 
to a raspberry color. We added the yeast to this solution. At a 'fixed 
time, the prepared aqueous suspension of yeast was decanted in 12 tubes 
kept in the incubator at 29° and containing the solution under study. Half 
the tubes contained magnetized solution and the other, control solution. 
The concentration of calcium or magnesium ions in each tube constituted 0.16%. 
In the course of fermentation, there is accumulation of bubbles of carbon 
dioxide in the layer of yeast that settles at the bottom, and this causes 
t_he layer to float to the surface with concurrent radical d.ecoloiization 
of the superficial layer of liquid. This recorded time was the quantitative 
characteristic of the reaction rate. The extent of effect of premagnetiza
tion of solutions was determined according to the difference in reaction 
rate between the experiment and control.. In all experiments of this series, 
magnetization was performed with horizontal direct of field force lines, 
with the exception of .1 Hz VMF, when the force lines were vertical. 

In the second series of experiments, a frog's myoneural preparation was 
used as our object and minimum frequency of Vvedenskiy' s pessimum was the 
recorded reaction, The myoneural preparations was placed in 0,8% CaCl2 solu
tion, and a preparation from one limb was in magnetized solutionrand that 
from the other (contralateral), in a solution passed similarly through an 
activation system but without MF. A well-known t-echnique was u~ed [8] to 
determine the minimum frequency, at which the pessimum of Vvedenskiy 
appeared. Magnetization was performed by passing the solution 10 times 
through a SMF of 6.4•10~ A/m, gradient of ~20%, at the rate of 1.5 m/s. 

In the third series of experiments., we tested the effect of CaC1 2 solutions 
magnetized in MF on the rate of resorption of a rabbit blood plasma fibrin 
clot. We selected this reaction because, in the first place, there is high 
sensitivity of fibrinolysis to concentration of free calcium ions and, in 
the second place, the blood is a popular object in magnetobiology; 

Blood was taken from the lateral veins of the rabbit ear. Blood plasma was 
separated by centrifugation for 15 min at 1500 r/min; it was purified by 
increasing the revolutions to 4500. Globulins were precipitated,by addition 
of acetic acid to a pH of 1.7 and centrifugation at 2500 r/min. [The solution 
was decanted and to the obtained sediment we added 0.2 ml each of borate 
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and 0.6% CaCl2. To half the test tubes we added magnetized CaC1 2 solution 
and to the others, CaCl2 passed through the magnetization system·in the 
absence of a field. The formed clot was resorbed at 37°. Resorption time 
was considered the fibrinolysis rate. The test solution was passed 100 times 
through SMF of 8•10 3 A/m with a gradient of ~50% and solution flow rate of 
0.5 m/s. The reliability of the obtained results was evaluated in all cases 
according to the criteria of Student and Wilcoxson [9]. 

In a preliminary series of experiments, it was demonstrated that :a reduction 
in concentration of calcium ions retards fermentation, as compared to the 
control. Table 1 lists the results on the effects of CaC1 2, MgC1 2 and 
double distilled water magnetized by different methods on the reactions 
studied. 

Table 1. Change in fermentation time under the influence of premagnetized 
solutions 

:1 I 
-

Magnetization method Magnetized l Numb. I lx±ml P* solution of exp. 
r 

10-fold passage through SMF 
(H = 64xl0 3 A/m; 20% heterogene-
ity; 1.f m/s rate of flow) i 

VMF (f = 50 Hz; H = 8•10 3 A/m, 
CaCl2 60 -13±5 <0,01 

50% heterogen.; 60-min exposure) CaCl 2 54 -15±8 <0,01 

m:lF ~same garamefers~ MgCl 2 60 6±8 >0,05 
same arame ers Distilled water 53 8±9 >0,05 

VMF (same parameters) Distilled water in 
which CaCl2 was 
diluted after 54 -2±9 >0,05 · 

VMF (f = 1 Hz; H ~ 320 A/m; 10% 
magnetization 

- heterogeneity; 60-min exposure) CaCl2 56 -23±20 <0,05 

Note: ~; :':mt-mean diff 11 ~~t\y, exp er. & control in fermentation tim~ 
with P = v.vJ ~s). ; 

*Accordin£ to Wilcoxson criterion. 

Table 1 shows that, regardless of the method used to magnetize the CaC1 2 solu
tion, there was a qualitatively similar effect in all experiments, consisting 
of slowing of fermentation rate, as compared to the control, which corres
ponds to a reduction of biologically active concentration of calcium ions. 
In the experiments with preactivation of ions of magnesium, distilled water 
and distilled water to which CaCl2 was subsequently added, no differences 
were demonstrable. 

·Magnetization of 0.8% NaCl solution did not affect the function of the myo
neural preparation. An analogous lack of effect of magnetization was also 
observed for NaCl solution, with regard to resting potential of water thyme 
leaves, in spite of the fact that, in this case, even minor fluctuations 
of concentration of sodium ions alter the resting potential appreciably [10]. 
The results of the second series of tests are listed in Table 2. 
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Table 2. Effects of magnetized and nonmagnetized CaC12solutions on 
fibrinolysis time (min) 

-··-

!control Experim. I 
Difference betw. 
exper. & control 

120 180 - 60 
120 150 - 30 
110 150 - 40 
60 90 - 30 

110 130 - 20 
200 270 - 70 
110 200 - 90 
270 270 0 
130 240 -110 
100 300 -200 

Mean.diff,with P=0,05 -122±44 
Paccording to Wilcoxson <0,01 

Table 3. Minimum frequency of Vvedenskiy pessimum under the influence 
of magnetized and nonmagnetized solutions (Hz) 

Exper. I 
]Differen~~ betw. 

Control exper. & control 

58 34 24 
38 31 7 
43 42 1 
35 32 3 
51 44 7 
88 49 39 
46 38 8 
84 50 34 
35 27 8 
39 31 8 

Mean diff. with P=0,05 14± 7,5 

P aceor•ding to Wilcoxson <0,01 

In the third series of experiments, it was demonstrated that reduction of 
CaCl2 concentration from 0.8 to 0.7% raises the minimum frequency required 
for onset of Vvedenskiy's pessimum, whereas an analogous change in concentra
tion of NaCl is not biologically significant. The magnetized CaC12 solutions 
appear to lower the biologically active concentration of calcium ions, as 
manifested by elevati0n of minimum frequency of stimulation leading to 
frequency pessimum of Vvedenskiy (Table 3). 

Thus, regardless of magnetization method, experiments on different biological 
objects have shown that activation of solutions in MF leads to an effect that 
is analogous to biological inactivation of calcium ions and does not have an 
appreciable effect on biological actfvity of MgCl2 and NaCl solutions. All 
this confirms the hypothesis of L. D. Kislovskiy, that calcium ions play a 
dominant role in the mechanism of mediated effects of MF on liquid media of 
organisms. 
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