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ADVANCES IN MAGNETOBIOLOGY

Moscow REAKTSII BIOLOGICHESKIKH SISTEM NA MAGNITNYYE POLYA in Russian 1978
signed to press 24 Feb 78 pp 3-5

[Article by Yu. A. Kholodov, Institute of Higher Nervous Activity and Neuro-
physiology, USSR Academy of Sciences, Moscow, from book edited by Yu. A.
Kholodov, Izdatel'stvo Nauka, 2250 copies, 213 pages]

[Text] Only 6 years have passed since the first collection of works dealing
with magnetobiology {1] was published by the scientific council for the
complex problem of "Cybernetics," USSR Academy of Sciences; but in this

time many publications have appeared on this topic (especially in the USSR).
There have been All-Union symposiums on different aspects of magnetobiology
in Moscow (1971, 1972, 1974), Baku (1972), Belgorod (1973), Frunze (1974),
Leningrad (1975), Kaliningard (1975) and Yalta (1975) [1-4, 7, 8, 13, 15].
Monographs [5, 6, 14, 16-18] and survey articles [9, 10] have been published.
Tens of dissertations have been def’zded on different problems of biological
effects of magnetic fields (MF), aud this is indicative of the development
of this branch of biophysics in our country.

As of today, there are at least 2000 literature sources dealing with the
blological effects of MF. Magnetcbliology is also discussed in textbooks
{12, 20] and encyclopedias [11, 19].

At the present time, there are few who question the biological effects of

MF, but there is still no satisfactory answer to the question of how these
effects are exXpressed. For this reasun, attention is focused on the mechanism
of effects of MF on biological systems in the articles of this collection.

In essence, each author devotes some of his attention to this basic prublem
of magnetobiolcgy, but the works dealing solely with it are assembled in the
first part of the collection, Here, authors with physicochemical specializa-
tion set the style. Each of them stresses the facet he considers the most
important in the multifaceted process of interaction between MF and a
biological object, outlines the differcnt approaches to solving this important
problem and lays the foundation of general theory of primary mechanisms
(obvionsly, he is not alone) of biological effects of MF.

The second part of the collection was written by medical specialists and
biologists who concentrate primarily on the properties of biological systems

1
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(be they mitochondria or a population of organisms). There, MF often
emerges as a convenient tool for the study of biological systems, although
the ecological role of this physical factor has already been reflected in
some works. The complaint can be made that the effects of attenuated
magnetic fields (AMF) on blological objects are still not being studied
enough, while the role of biomagnetic fields in the function of biosystems
and in magnetobiological reactions is still unclear.

It has been shown that an organism also presents a reflex reaction to MF,
as it does to other stimuli, as well as a direct reaction, since MF have
penetrating action and can directly influence the CNS [central nervous
system]. The second route of influence was demonstrated in experiments
with isolated mammalian CNS preparations and surviving nervous system of
invertebrates. Interestingly enough, the isolated CNS reacted better to
MF than the intact CNS [18].

We should also mention a third route of effects of MF on an organism, which
is a mediated one. We refer to the fact that aqueous solutions of many
substances, including drinking water and solutions of pharmacological agents,
present a change in their biological properties after exposure to MF [6].

Thus, by altering the target, the researcher can vary the degreee of effects
of the same MF on a biologlcal object for control purposes. The magnitude

of exposure also makes a contribution to the nature of reaction to MF, which
is notable for a long latency period and considerable aftereffect. In the
case of intermittent exposure, summation of effects is observed, and this is
used in physiotherapy (12]; with increase in exposure one observes adapta-
tion. However, the ultimate biological effect 1s determined not only by
localization and duration of exposure, but the distinctions of the biological
object.

On the level of the organism, tbz reaction to MF is determined by species-
specific and genetic characteristicwn, age (young organisms, especially
embryos, are sensitive to MF), sex (nales are more sensitive than females),
individual distinctions and functional state.

This information is indicative of the most vulnerable elements of a biological
system to magnetism, but it does not define the degree of biotropism of
different parameters of this factor.

The third part of the book deals with the characteristics of biological
effectiveness of some parameters of MF. It was written by engineering

specialists. It is to be hoped that consideration of information given
in this section will raise the methodological standards of magnetobiological

experiments, in which only the MF intensity had previously been indicated
in most cases.

It is also necessary to indicate the gradient and vector of MF and for

VMF [variable MF], the pulse frequency and shape. The duration of exposure
to MF and its localization also determine the magnitude of the biological
effect.

2
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We discussed above the blological effects in the case of fixed MF parameters.
It was demonstrated that the effectiveness increases when one or several
parameters are altered during exposure [19]. Thus, intermittent exposure is
stronger than continuous, exposure to a changing frequency is stronger than
a fixed frequency, etc.

It should be concluded that by artificially altering the MF parameters
researchers can control the behavior of an organism to some extent,
affecting its regulatory systems by a contact-free method.

The ultimate goal of magnetobiological research--the possibility of con-
trolling the function of biosystems--can be reached with the inclusion of
z feedback in the circuit of an automated controlled experiment. The means

of reaching this goal are outlined in this collection. It is to be hoped
- that the friendly efforts of different specialists will help solve complex
theoretical and practical problems of magnetobiology.
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' MAGNETOHYDRODYNAMIC AND ELECTROHYDRODYNAMIC EFFECTS IN THE MECHANISMS OF

ACTION OF MAGNETIC FIELDS ON BIOLOGICAL OBJECTS

Moscow REAKTSII BIOLOGICHESKIKH SISTEM NA MAGNITNYYE POLYA in Russian 1978
signed to press 24 Feb 78 pp 26-38

[Article by Ye. Z. Gak, G. P, Komarov and M., Z. Gak, Agrophysical Scientific

Research Institute of the All-Union Academy of Agricultural Sciences imeni
Lenin, Leningrad]

[Text] 1In spite of the great strides made by magnetobiology in the last

few years, the basic possibility of biomagnetic effects (BME) under the influ-
ence of SMF [stationary magnetic fields] and VMF [variable magnetic

fields] is still being denied (1-4]}. The skeptical attitude toward magneto-
biology is lars~ly attributable to current thermodynamic conceptions, accord-
ing to which v « effects of MF [magnetic fields] on biological systems are
smaller by a factor of 10“-10° than the phenomena induced by the thermal

energy of these systems,

tlowever, an increasing number of experimental studies confirm the direct
effects of MF on biological objects, and this prompted an extensive search
for the primary physical mechanisms of action of MF, ranging from the quantum
mechanical level to the level of the integral organism [5-18].

To date, a large cycle of theoretical and experimental studies on model
systems, containing aqueous solutions of electrolytes, has been completed

at the Agrophysical Scientific Research Institute, since all living organisms
are referable expressly to such open systems, which cannot be described

from the positions of modern thermodynamics of irreversible processes [19-21].

These investigations warrant the belief that the most diverse macroscopic
phenomena can occur in such systems under the influence of MF, and they
overlap by several orders of magnitude any effects of a thermal nature.

In particular, it was possible to demonstrate that a change in kinetics and

rate of heterogeneous reactions are a typical property of such systems, when
they interaction of SMF or VMF, in spite of the fact that there is virtually
no change in total energy of such systems in the above-mentioned MF.
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: This article deals with the nature of occurrence of such phenomena in living
systems,

It can be demonstrated that electric currents with density j # O and space
charges with density Pg. # 0 appear in an aqueous medium usually containing
different ions and characterized by electrlc conductivity O, specific magnetic
susceptibility X, constituting an open nonequilibrated system, a property of
which is retention of a statlonary or quasistationary concentration gradient

Ve # 0 [22]. Thus, in particular, there are always endogenous electric
currents with density jend # 0, space charges with density Pgc, end # 0, while
the presence of hemoglobin and other paramagnetic ions and molecules, includ-

- ing free radicals, enables us to describe the unit of live tissue volume

and magnetic susceptibility as Xepd.

In general, one can describe the intensity of a magnetic field acting on
a living system as follows:

Nl .
= 9 A
Hp= n}_,,LH-, n(1 +kofa(8)], )

and the intensity of an electrical field as:
n
Ex= 3 E, @
N

- where H=3nis the intensity of SMF, Ho,n is the amplitude of VMF, f,(t) is

- a time function, n = 1 corresponds to EMF [electromagnetic field] of natural
origin, n = 2 are background EMF due to human activity and n = 3 are

- experimental MF. The values of E, and H, can vary over a very wide range.

Thus, an electrical field of natural origin £ can vary from 1-2 to 10" W/cm,

for example during magnetic storms or thunder [23, 24]; ky = Hu,n/ﬂ=)n-

The presence of Ey # U causes generation of currents of an exogénous
nature in biological tissue, with density of:

n
o = 3, B

nw=]

We should like to note that the considerable space devoted in this article

to the effects of electrical fields on living systems is due to the fact that
one cannot realistically consider the effects on living systems of endogenous
electric and magnetic fields separately without taking special shielding
measures.

Consequently, the overall current density per unit volume ot biological
tissue under actual conditions is:

Je= o4t Ouﬂ% E, o . 3
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Magnetohydrodynamic (MHD) and electrohydrodynamic (EHD) forces are generated
in blological tissue under the influence of HZ and Ez, and this can be
described in the most general form per unit tissue volume as:

Fy=ps(fax Azl 'i-psc’a.dfn-i-xdfngmuﬁm (4)

where Ho 1s magnetic permeability of vacuum, Psc,end isdensity of endogenous
space charges and grad H describes the intensity gradient of MF. Taking
(1), (3) and (4) into consideration, we can write down for Fz:

n

n
Pr = Mol Gend*98 | E)X( ] Ho, n (14 fn(8)) 40ge ena I BytXoligarad . (5)
n=1 n=1

In the case of a single biological cell with consideration of the region
of diffuse layer with volume AV:

v+Av
Fouby = S Fydv, (6)
0

We see from (5) and (6) that the magnitude of forces is determined not only
by the physical parameters of MF and electric fields, such as amplitude,
time, gradients, but to an equal extent by the electric, metabolic and mor-
phological parameters of the living organism., Evidently, the chief diffdi-
culties involved in this problem are related more to underestimation by
physicists of the specifics of function of living matter than to the in-
adequacy of a purely physical approach to it. Thus, it is only in a very
few works that it has been noted that it is imperative to take into
consideration, when discussing the nature of BME [biomagnetic effects],

one of its most typical properties, electric ones.

in our model experiments with aqueous solutions of electrolytes, with

current densities close to biological levels (jend), 1.e., of the order of
1-10 mA/cmz, we obtained flux rates of the order of cm/s with SMF of about
0.1-5 kOe [25-26], and when using alternating current and VMF they consti-

tuted 1-10 Oe [27].

Convective flows varying in geometry appear when MF heterogeneity VE # 0 or
nonuniform current density in space Vj # 0 is present in the electrolyte.
Thus, with the use of magnetophores as sources of polygradient static
magnetic fields, which are presently used in medicine [28-29], we observed
a large class of flows varying in geometry in thin layers of electrolyte
situated directly above the magnetophore. As an example, Figure la
illsutrates a photograph of convective flows of aqueous solution 1 and CuSO4
(magnetophore No 5), which were visualized with particles of lycopodium

T
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powder, Figure lb {llustrates the distribution of MF intensity on the
surface, visualized by means of a corresponding ferromagnetic suspensioa.

Figure 1. Shape of hydrodynamic flows in thin layer of electrolyte
situated above magnetophore 5 surface (a), structure of
MF visualized by means of ferromagnetic suspension (b).

with the use of nonstationary electric current and SMF under specific
boundary conditions, we observed effects of generation of stationary and
traveling waves in thin layers of aqueous media [30-31].

All these effects enabled us to experimentally observe a change in kinetics
of various heterogeneous reactions in aqueous media of 10 or more times,

and to discuss the reality, from the physical point of view, of any magneto-
hydrodynamic and electrohydrodynamic phenomena in aqueous media.

However, living systems consist, to a significant extent, of gel-like struc-
tures with special rheological characteristics., For this reason, it should
be noted that the same levels of forces, i.e., according teo (5), can arise
not only in aqueous media, in macrospaces, but in gels. This distinction of
MHD and EHG effects is attributable to the fact that the motility of low

8
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molecular ifons in gels 1s of the same order as in macroscoplc spaces, in
spite of the significant change in rheological characteristics.

B In a study of the microscopic mechanism of MF effects on the kinetics of
heterogeneous reactions in open systems, we discovered an interesting feature
tuereof which, in our opinion, is of special interest for living systems.

In view of the fact that this phenomenon has not been sufficiently investi-
pated, we shall discuss it in greater detail,

It was found that when the heterogeneous reactions occurs in the area of

_ mixed or diffusion kinetics there is formation, beyond the area of double
layers, of macroscopic diffuse electric space charges of relatively low
density, as compared to diffuse charges of double electric layers, but tens
and hundres of times longer. These charges are attributable to the presence
of thermal movement in fluid and a difference in diffusion coefficients of
anions and cations. The maximum length of such charges is attributable
to the thickness of the diffusion layer, which reaches 102 cm in free
spaces in the presence of natural convection.

Such space charges appear when a dispersion system in aqueous media is ex-
posed to low-frequency electric fields [32-33], This phenomenon explains the
anomalously high dielectric permeability of such systems, including a number
of blological suspensions (suspensions of cells, viruses, etc.). However,
these charges are resorbed when the electric field is removed.

In the case of heterogeneousreactions in a concentration of (€0.,1 N in

aqueous media, for open systems, such a space charge 1s an inseparable
- property of such systems, which is due expressly to the reaction and its
selectivity. Let us mention that such concentrations of electrolyte are
typical for living biological systems. Such a space charge plays the role
of an electric "barrier," inhibiting the reaction to som2 extent or other.
There may be "resorption" of the charge under the influence of various
physicochemical factors. However, after removal thereof the space charge
is completely reiaxed. We have discussed some of these properties elsewhere
(34-36]. We then conducted additional experimental studies, in which the
space charge was formed near a small electrode immersed in 0.1 N or less
electrolyte. Figure 2 {llustrates one of the techniques used to study its
properties. In the absence of forced convection, when there is only
spontaneous convection between electrode A and B (Sp «Sp, where Sy and Sp
refer to electrode area), potential difference AB appears due to the
difference in areas of electrodes that are made of the same material. As
we have already noted [34, 35], probing methods are unsuitable for the
study of properties of such charges in aqueous media. In this case, we
used the fact that the space density of a macroscopic space charge (MSC)
Pysc  and length Sygc are exceptionally sensitive to exogenous hydrodynamic
fartors, for example turbulization of flow. Convection arising near one of
the electrodes can "tear off" this layer entirely, which causes generation
of an clectric pulse between the electrodes, which is recorded by means of
an amplifier and oscillograph.

9
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Figure 2.
Diagram of device for studying pro-
J - ¥ perties of space charge
1) polyvinyl chloride pipe
2) CuSO, solution

s Uit : 3) small electrcde A
P Y | ° 4) large electrode B
S 5) dielectric sphere

6) turbulized flow

7) direct current amplifier
8) oscillograph

9) solenoid

10) low-frequency amplifier
11) sound generator

AANNN S8 SRS NN\

The parameters of such a pulse are determined by the following conditions:

- amplitude Uo, by the density of the space charge Pymscs duration of leading
edge [anterior front] Ta,f by flow rates near the small electrode and
duration of trailing edge [posterior front] Tp £ ? by the time of relaxation
of the MSC generation system. Under specific conditions determined by the
geometry of the system, concentration of electrolyte and cation and anion
diffusion coefficients, a symmetrical pulse arises, i.e., Tp.faTa‘ﬁ For

: stability of results, flow turbulization was created by passing a
dielectric sphere with diameter D, close to pipe diameter D, through the
pipe, at auy set velocity in the range of 1 to 50 cm/s. The diameters of
pipe [tube] D2 were varied from 0.1 to 2 cm in different experiments. In
these experiments, aqueous solutions of CuSOs varying in concentration,
copper and graphite electrodes were used.

Figure 3 illustrates a typical oscillogram of the observed pulses. Figure 4a
{1lustrates pulse amplitude as a function of temperature Uo * f(t'C) and
Figure 4b, pulse amplitude as a function of effects of sinusoidal VMF of
different frequencies and intensities. According to Figure 4a, the MSC
resorption effect appears at temperatures in excess of 40-50"C and it
decreases somewhat in the low temperature range. Figure 4b shows that, with
increase in frequency and amplitude there is resorption of MSC. In our
opinion, such a model is also of independent interest for the study of

- electricphenomena tbat occur when an erythrocyte passes through a blood
capillary.
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Figure 3.
Shape of electric pulse arising with
resorption of space charge near
small electrode

Imy
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- Figure 4. Amplitude (y-axis) of electric pulse as a function of
frequency and intensity of VMF (a) and electrolyte tem=
perature (b)

The appearing space charge causes diffusion potential Udifs the magnitude of
which is determined by the equation:

RT Dy (— Dy Cia -
U, = _7___-_—_.'._'_—-..][1__'_’ (g)
T i ¥ 20,000 Cua

where R is the constant of Mendeleyev-Clapeyron, T is absolute temperature,
F 4is the Faraday number, D, : and Dp ; are the diffusion coefficients for
cations and anions, Zg,7 anﬁ’kk,i are’ their charges, i is the kind of ionm,
C;,1 and Ci,2 are the ion concentrations on the phase interfaces and in
the space.

The conceptions expounded above concerning the nature of formation and role
of space charges also enriched our conceptions about the role of endogenous
electric properties of a 1iving system in the mechanism of action of MF. The
presence of diffusion transport of matter to the cell surface from the
ambient medium, their efflux via a diffusion route and gselective transfer

of ions through membranes—-all this enables us to agree that in such systems
not only are there diffusion layers outside the cell and near its actively
functioning organelles, for example, mitochondria (Figure 5), but also

MSC with their inherent properties in these layers. The presence in such

11
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pystems of both low molecular and high molecular ions, for example, of a
protein nature, warrants the belief that this charge serves not only as an
elactric barrier, but has special structurization in this region, which we
also observed in our physicochemical studies [34, 35]; in addition to -
this, with resorption of part due, for example, to the presence of low
- molecular C1~, OH™, etc., anions, and a slowly resorbing part due to protein
ions.

Figure 5.

Diagram of formation of macroscopic
space charge near membranes of isolated
’ intact cell
— ot 1) nucleus

: 2) intracellular medium
3) mitochondria
4) surface membrane of cell
5) region of diffusion layer
6) extracellular medium

No doubt, resorption of such a charge, partial or complete, does not require
considerable energy since, according to our theoretical and experimental
estimates for MSC and estimates for MSC in disperse systems (32, 33}, it

is of the following order:

Byge =3£L =~ 10* —10° v/cm, ®)
Msc _

whereas in the regions near membranes, where there is a concentration of
spgce charges of enormous density, the electric fields are of the order of
10° W/cm,

This conclusion warrants the belief that the superposition of electric fields -
of the order of hundreds of W/cm can have a direct influence on metabolism
of living cells.

In our model experiments, resorption of cuch a space charge by different
techniques enabled us to alter substantially the rates of various hetero-
geneous reactions in aqueous media with electrolyte concentrations of €<0.1 N.

We also believe that there may be effects leading to resorption of MSC, as
jllustrated in Figure 4b, in any living organisms exposed to VMF of relatively
high frequency and intensity. Blood capillaries, where hydrodynamic condi-
tions on both sides of endothelial cells are basically different, can serve

12
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3

FOR OFFICIAL USE ONLY

as a typlcal examp’e of areas of localization of such space charges. Under
such conditions, we could expect that VMF would have a direct effect on trans-

endothelial transfer and, consequently, on capillary permeability.

The EMD and MHD phenomena occurring in living systems are attributable prima-
rily to the energy of the living systems themselves. Under the influence of
SMF and VMF, there is a change in electric energy accumulated by the living
system and energy of both types of space charges into mechanical energy,
which is capable of performing work, altering barrier thickness and rate of
delivery of reagents to membranes and reaction zones.

With reference to the possibility of direct MDH and EHD effects on motabolism
of living cells leading to microvibrations, microconvection and "barrier
resorption" effects, it should be noted that the following applies when

there is additional appearance in living tissue of pressure Py, induced by
MDH and EHD forces:

¥
Py=—2>1, 9)
Py

where pg is the cross section of the cell or diffusion layer and T4 18
maximum intensity of change in protoplasm, which may become diluted or even
split, especially in the case of brief exposure to electromagnetic fields
of an impact nature, as comprehensively discussed by Yu. V. Berlin et al.

(371. -

200 um

Figure 6. Diagram of experiment dealing with blocking of AP by
heterogeneous MF (a) and set-up for stimulation of AP (b)

1) muscle preparation 5) circular magnetic space
2) nerve segment 6) magnetic system with
3) salt crystal circular apace -

4) nonmagnetic layer (film)
With preparation in position (I) there is no block, whereas in position (II)

it does occur,
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Numerous data in the literature and, apparently, our own experimental findings
with regard to the effects of SMF and VMF on living systems can serve as
experimental confirmation of the above conceptions.[11, 13-18, 38-40].

For example, as shown by calculations, one can induce a direct SMF effect

on living systems, even with the use of shields, by means of using MF gradi-
ents of the order of 10°-~107 Oe/cm and intensities of the order of kilo-
oersteds. We generated such fields under laboratory conditions, and in these
experiments we observed changes in c~-centration and vital functions of iron-
depositing bacteria [15], as well as >tal blocking of action potential (AP)
conduction in neuromuscular fibers. The techniques for this experiment were
described by A. V. Kibyakov et al., [39, 40], while Figure 6 illustrates the
experimental set-up.

Let us indicate that experimental results analogous to those reported by
A. V. Kibyakov [39, 40] were subsequently obtained by P. G, Bogach et al.
[41]. However, since the authors used lower Hgrad H, they succeeded in
inducing a partial block of AP conduction, characterized by a decrease in
amplitude and rate of conduction. All of the foregoing enabled us to
formulate the primary mechanism of interaction between MF and living systems
(see Chart) as follows: exogenous SMF and VMF, as well as spontaneous and
artificial comomitant electric fields, which interact with electric
currents and space charges of an endogenous nature that are determined by
metabolic processes in the course of function of a living organism, induce
generation of MHD and EHD pressures capable of altering the rate of meta-
bolic processes, cell permeability, rate of delivery of reagents to func-
tioning membrane surfaces and messenger macromolecules.

Equation (5) reflects only the general nature of MF effects on living systems.
A comparative quantitative analysis of the effects on living systems of
different types of MF would be of special interest to practice. In most
cases, such estimates are feasible. Thus, we consider the case where VMF

i1s involved against the background of SMF of considerable intensity, which
occurs, for example, by insufficient rectification of current in the electro-
magnetic which, in turn, causes a radical increase in all SMF effects.

The analysis revealed that analogous effects can be obtained by exposing liv-
ing systems to VMF with au intensity of Hy; ,» Hp o but provided that wz2®w,
which we also observed [16-18]. i
The mechanism we have discussed reflects only the primary effects of MF on
1iving systems. The reaction of an integral organism is a more complex
phenomenon that requires further special investigation with due consideration
of the role of the central nervous system.
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SOME DISTINCTIONS OF EFFECTS OF PULSED MAGNETIC FIELDS ON CONDUCTIVE FLUIDS
AND BIOLOGICAL SYSTEMS ‘ .

Moscow REAKTSII BIOLOGICHESKIKH SLSTEM NA MAGNITNYYE POLYA in Russian 1978
- signed to press 24 Feb 78, pp 39-48

[Article by Yu. V. Berlin, G. M. Buvin, V. I. Bel'kevich and Ye. Z. Gak,
All-Union Scientific Research Institute of Medical .Instrument Making,

Moscow; Agrophysical Scientific Research Institute of the All-Union Academy of
Agricultural Sciences imeni Lenin, Leningrad]

[Text] Of all the diversity of MF [magnetic fields] of spontaneous &nd
artificial nature that influence biological systems [6], PMF [pulsed
magnetic fields)] are biologlcally the most active and the least studied.
Yet PMF are encountered under the most diverse industrial conditions '
(when servicing radio-relay communication lines, radar statioms, in a
number of technological industries, etc.).

- Thus, artificial PMF have become one of the environmental factors that
affects man constantly. And if we consider that significant PMF are formed
in the living organism with generation of action current [1, 5, 10, 11}, the
importance of studying the effects of PMF on models of biological processes
becomes understandable.

There has been discussion of PMF that are active in a 1imited space, for
example, when an animal is placed completely or partially in a solenoid
(7-9]. Yet instances of traveling MF .(or sliding in space) are encountered,
when different parts of the body of a living object are successfully exposed
to them.

An analogous phenomenon can be observed in living systems. Evidently, the
MF accompanying propagation of action potential along an axon can be con-
- ceived of as a sliding PMF 11, 10, 11}.

Consideration of such a problem is of interest, not only to define the me-
chanism of action of a moving PMF on biological systems, but as related to
a number of technological tasks involving continuous exposure of f£lowing
1iquid to MF. There have been virtually no studies of the mechanism of
action of PMF on various processes in aqueous media, and still unclear is
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B the role of such important factors as transconductance ["steepness"] of
edges, on-off time ratio and duration of MF pulses. All this prompted us
to conduct this investigation.

The inadequate knowledge of primary physicochemical mechanisms of action of

MF on man, animals and plants retarded development of research, both on

the use of MF for treatment purposes and effects of this factor on the bio-

sphere, physiolvglcal and regulatory mechanisms in man. It must be noted

that such research is only making its first cautious steps in several

- branches of technology. This applies, in particular, to comprehension of
the mechanism of effects of PMF on transfer processes in aqueous media.

We shall dwell on the diatinctions of effects of PMF with a shape that is
close to the ideally square-wave, since other pulse shapes are much closer
- to the known types of effects of nonstationary fields, For the sake of
convenience in our further discussion of phenomena occurring in aqueous
media, we shzll successively consider the effect of a single pulse, train of
pulses and PMF moving in space.

As we know, any pulsed signal lasting for a short period of time irn relation
to an interval considered can be described in the form of a Fourler series
and written as follows:

- Q)= @Ansin(znfnt + Pn)r (1)

where 4y is the amplitude of pulse components, fn is the pulse frequency and
Y, is the phase,

In our further study of physicochemical mechanisms of phenomena that then

arise, we shall confine ourselves to the simplified form of function h(t)
for a single pulse.

_ Figure la illustrates a typical single MF pulse % = f(t), where ¢ is the
duration of the leading edge [anterior front], Tpf is the duration of the
trailing edge [posterior front] of the pulse and Tp ig the duration of the
central part of the pulse with amplitude H. Let us designate T f/Taf =m,
and mpl+5. For value h(t) with OCt<T ¢ i.e., to describe the Eeading

edge of the pulse, let us assume the ?ollowing condition:

() 3E= Kygt, @)

where with t=r1af—Kf= —”—.
Taf
At the same time with T ST+ Typ & fah(t). we should
*Taf y
assume h(:)|};f =1, @3
and with Tae + oISy b et Ttk (t) we can write down
T “pf_ o H
h(t) 13+ = Il — Rpgt, where Kpp— —, (4)
pf
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go that
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hO) = Kagt 38+ 1[5 P4t = Ry 52 TP (5)
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Figure 1. Diagram of magnetic field pulse (a) and induced electric
pulse in conductive medium (b)

As it has been noted [4], one can obtain considerable MF effects on aqueous
media and, first of all, changes in kinetics of heterogeneous reactions,
malnly when such systems have electric currents due to nonequilibrium pro-
cesses, i.e., when condition jydo # O 1s met and when there are various
space charges in the systems, i.e., Pgc, HPO ¢ 0. In addition, there may
also be different ions in aqueous media, particles with ¥ 0, where ﬁ is
the magnetic moment. The presence of solue conductivity of aqueous media
due to presence of low molecular ions determines, in turn, generation of
{nduced electric currents in the aqueous media under the influence of
induced EF [electric field] in space Jinq ¥ 0, 80 that total curreat
density in the medium can be written down as:

Inpo =% Jinwt) + Jing ¢ (6)

ret us determine function E(t) with consideration of h(t) (Figure 1).
Since E’:‘-g% f(r), where f(r) is determined by f as a functicn of coordinates,

by making a graphic differentiation of h(t) with consideration of (2)-(4),
we can describe E(t) as in Figure 1b, which shows that with Taf“’“pf + Tp
E(t) = 0, with 0stTye .

El= ‘_,"a_f = const, )
and with T + T e S ES Tpet T + "o
H
E (t) = — — = const, 8
) ok @
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Thus, at moment Tue<t€TaftTp, the MF effect on transfer processes in aqueous
media 18 determined only by force:

o™ Ho lneo % H) 4 % HgeaaHl, » (9)

where grad H characterizes the degree of MF heterogeneity, x 1s magnetic
susceptibility and MHD is magnetohydrodynamic,

- As noted in (4), under the influence of these forces phenomena of convection
and diverse hydrodynamic phenomena may arise in the aqueous medium, but the
specifics of PMF action is not manifested here, especially under condition
that T /qu » 1, In modern equipment, such a correlation constitutes up -
to 10°g10 or more. Figure lb shows that the amplitude of generated EF
pulses is inversely proportional to their duration.

In this case, the most interesting effects should be expected expressly
at time 0¢t&Taf and Tp+TafdtdTptTaftTpf. In this interval, in the space
of the electrolyte with conductivity ¢ electric currents arise with density:

H
Indrag= 05— ¥(r4,0), (10)
af

H
ihd.\'pfz'—c';E ‘P(";yve)- (11)

Then, in the volume of the aqueous medium, with 0<i€Taf, forces are gene~
rated that are defined by the following values:

i

f350=mﬂhﬂ+hun+%czf

L {r, y,8) + h(t) grad b (¢).
(12)

Analysis of the above equations enables us to demonstrate geveral distinc-
tions of PMF effects in the case of Taf€10'5+10‘7, Tp = 0.01 1 s or more,
which can be briefly formulated as follows:

1. Under the influence of PMF with high transconductance 10-3+10-% s and
duration of the order of 10-2%1 s, high density pulsed electric currents
arise, Jj, in4» the amplitude of which is determined by the conductivity of
the fluig: pulse amplitude and duration are comparable in order of
magnitude to currents generated under the influence on aqueous media of
sinusoidal jgin VMF [variable magnetic fields] at a frequency of 10%+107 Hz

with the same amplitude H.
P

23
. FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3

FOR OFFICIAL USE ONLY

Since, other conditions being equal:

A ’ . iBil\i!’_lﬂ ¢ ,
; == 3
J peind. (9

with 7 <€ vaf hinimg< /p.ind. 'whezeT = 1/{, Jind.sin.

is the density of induced current under the influence of H = Ho sine wt.

2. The magnetohydrodynamic forces arising in period 0¢i<Taf and Tp+raf<t<
STptTaptTps are equal in mean value and opposite in sign, i.e., sign-
variable pressures appear in the medium, but with interval T between them,
Herein 1ies the difference of occurring pressures from those introduced by
ultrasound, which is usually obtained from generators of sinusoidal oscilla~
tions. Censequently in the case of a low value of Tps i.e, with tp=taf,
Tp*Tpf, when the value of H is relatively lr:r, the pressures may be:

Lpmnp<Tost,
P eyp< .5t (14)

where Tg,gt 18 maximum shear stress of the liquid.

The rheological properties of the liquid medium do not necessarily change;
macroscopic effects can occur only in the time interval ToeSt&TyHTpe, as
we have noted above.

3. With significant values of Tp = 10-%+1 s or more, hydrodynamic effects
are manifested due to the fluidity effect of the liquid, i.e., there could
be generation of hydrodynamic oscillations in aqueous media or convection
due to heterogeneous distribution of forces in the volume. Thus, in our
opinion, long pulses with liquid Tp*» Trel time and with transconductance
[steepness] of edges and time of the order of 10-® s or less.

4. 1In the case of a periodic sequence of unipolar pulses with perfiod T
(Figure 3), of particular importance are the pauses between pulses, because
if Tpaugea«Trelthe relaxation effect disappears and we can refer to a
continuous spectrum of effects.

5. 1In the case of treating an aqueous medium with a single MF pulse that
moves in space at a relatively slow rate, one should also expect generation
of "running" magnetohydrodynamic and electrohydrodynamic forces in the
liquid, at the same rate. Generation of such spatially heterogeneous
forces should be associated with an increase in all types of convection
effects.
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Figure 2, Genurator of sliding pulsed magnetic field

6. All of the foregoing, with consideration of [6), causes intensification
of all heterogeneous reactions in the nonequilibrated aqueous system.

The effects of PMF on aqueous media can be demonstrated by physicochemical
experiments. As an example, we made an experimental study of the effect of
turning the electrolyte in a circular electrochemical cell by the method
described in [3].

A device was designed for experimental purposes to generate a moving PMF [4]
(GPMF), which provided for the successful formation of magnetic pulses.

Let us mention that, as demonstrated by our experiments, the generated
pulses fully met the above stipulation, i.e., Tof~10=% Tp¢=10~° and

Tp = 0.01 1 s, Moreover, with spatial separation of coils we could
ogtain the effect of an MF sliding in space [1].

The GPMF device consists of a pulse generator, distributor, oscillator
(shaper] keys, electrodes and switch, The pulse generator is assembled
as a multivibrator, yielding approximately square-wave voltage with varying

pulse recurrence frequencies. The distributor is a circular n-digit counter
with presetting of the initial state. The oscillator key is executed as an

inverter, and the coils of the circular electrode are connected to it. The
device delivered sliding PMF of 0.5-25 Oe, and the multivibrator made it

possible to select pulge recurrence frequencies of 1 to 1000 Hz with 1 to
400 mA current in the electrode coils.
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The effects of PMF on a colloid 2% suspension of analogous ferromagnetic
particles flocculating in MF are of independent interest. Such a suspension
i{s a model of relaxing medium liquid with Tpe1¥0.1%0.2 s, Depending on

- the intensity of MF, ranging from 1 to several dozen oersted, there is a
change in number of particles orlented in the field and a corresponding
change in optical coefficient of passage of light in such a medium. We
observed the action of PMF according to modulation of intensity of a laser
beam traversing the suspension. The beam of 1ight from an LG-75 laser,
reflected from a mirror, passes through the bottom of the glass with the
suspension and hits a photodetector (photodiode), ‘the glass is situated in

- an inductor fed by the pulse generator. As can be seen on the oscillogram
(Figure 3), if Ty>Trel the medium has time to alter light absorption after
MF changes, and gf TpeTrel we observe distortion of the leading edge of the
1ight pulse.

The above-described phenomena can also exist in 1iving systems exposed to

PMF, since all of the above properties of aqueous systems are present in
blological systems, i.e., induced and endogenous electric currents, diverse
space charges, paramagnetic ions and particles.

A special property of square-wave MF pulses is the possibility of obtaining
in blological tissues, under isothermal conditions, high pulse pressures
with relatively low expenditure of average power, which is analogous to
impact [shock] factors that impair biological structures.

At the same time, exposure of blological objects to spatially sliding MF
makes it possible to radically intensify the effect of heterogeneity of
forces appearing in space.

As an example of the direct effect of MF on biological objects, we shall
submit the results obtained with exposure of a skeletomuscular system to a
field (1, 2].

We tested the effect of a sliding wave field with intensity of 0.5 to 25 Oe

on the human skeletomuscular system on the basis of changes in the main
{nformative parameters of electrical activity of muscles: mean frequency and
degree of coherence (synphasing] of electrical processes in two leads.

We recorded 2 electromyograms for 1 min before exposure, immediately after
exposure and 5 min after exposure during isometric contraction of the
brachial biceps with a constant load. Analysis of electrical activity of
the muscle was made on a specialized MIAN-1 device.

The mean frequency of the electric myosignal was estimated as the mean number
of intersections (number of zeroes per unit time) of the electromyosignal
isoline. To assess synphasing of two myosignals, we determined the coeffi-

cient of the intercorrelation function with a zero shift between these
signals (1 = 0).
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Figure 3. Oscillogram of intensity of modulated light from quantum
generator (LG-75). A siagle MF pulse of 1800 Oe (a) and
sliding MF Pulses of 20 Oe, 10 Hz (b)

As shown by analysis, the change in frequency of electrical oscillations and
degree of synphasing in two leads characterize the change to an alleviated
asyncrhonous mode of stimulation of motor units, which is reflected by

an increase in frequency and decrease in synphasing. Figure 4 illustrates
the relative changes in these parameters averaged for a period of 20 s.

The indices for the first 20~-s interval prior to exposure were taken as
100%. We observed virtual smoothing of the effects in the next 5 min.

No changes in electromyosignals were observed with exposure to stationary MF
of the same intensity.

In conclusion, we should like to mention some areas of practical application
of PMF with a high transconductance [steepness] of edges [fronts].
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1, The use of PMF with Taf=10'° s permits experimental investigation of
_ their effects on aqueous media, various models of binlogical tissues and,
finally, directly on animals and man.

2. ‘There is continuous generation of endogenous electric currents, due to
metabolic energy, in living biological tissues. Electrical charges are
generated near the surfaces of membranes, and there is also continuous flow
of blood and other biological fluids at rates ranging from m/s to mm/s or
less, which determines continuous generation of flow currents.

This makes it possible for intensive magnetohydrodynamic and electrohydro-
dynamic phenomena to be generated in biological tissues, even under the
influence of low-amplitude PMF which, in turn, could have a substantial
influence on these proczsses in the organism.

3. There are also several possible applications of PMF in solving a number
of technical problems in various branches of the national economy. This
thesis is based on prior experience with MF to intensify various hetero-
geneous processes in liquids [4] and experiments described here. In our
opinion, of special interest are our experiments dealing with the effects
of PMF from different sources, including GPMF, on the kinetics of behavior
of a suspension of analogous ferromagnetic particles.

The great time and spatial heterogeneity effect makes it possible to control
the distribution of particles in a volume of 1iquid, even with MF intensities
of the order of a few oersted, which could be used to develop various types
of instruments and devices.
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DESTABILIZATION OF NONEQUILIBRATED PROCESSES AS THE BASIS OF THE GENERAL
MECHANISM OF BIOLOGICAL EFFECTS OF MAGNETIC FIELDS

Moscow REAKTSII BIOLOGICHESKIKH SISTEM NA MAGNITNYYE POLYA in Russian 1978
signed to press 24 Feb 78 pp 59-80

(Article by G. V. Plekhanov, Siberian Physico-Technical Institute, Tomsk]
{Text] Introduction

There are three scientific directions which have much in common, in spite

of apparent differences. We refer to electromagnetic biology (EMB), investi-
gation of solar and terrestrial relations (STR) and magnetic treatment of
water and aqueous systems (MTW). If we consider them from the gtandpoint of
the classical stimulus--object--reaction system of investigation, it is

not difficult to see that electromagnetic fields (EMF) are used as the
stimulus in all three directions. This stimulus is artificially created for
EMB and MTW, whereas in the study of STR EMF of spontaneous origin constitute
the direct active factor, as indicated by an analysis of the literature [6, 10-
12, 39). With the obvious difference in specific characteristics, the ob-
jects of investigation in these three directions also have at least one
property in common, since they are all referable to nonequilibrium systems.
One can alter substantially the course of processes in such systems by

means of rather weak exogenous factors. The work performed by the system
when it changes from one nonequilibrated state to another can be greater by
several orders of magnitude, due to its endogenous energy, than the work of
the acting stimulus. In view of the foregoing, the topics of these three
sections can be combined under the general title of "Effects of EMF on
Nonequilibrated Processes." But the basic similarity of the directions

in question is also demonstrable in the general nature of reactions. Here,
one observes a phenomenon that is quite familiar to researchers who have
worked in this field for a long time, but quite shocking at first to novices,
a phenomenon that we could call incomparability of the results of investiga-
tions. "Incomparability" refers to the fact that the results of studies may
differ even when they are conducted under the very same conditions. This

1s encountered in the works of different authors, occasionally in the works
of the same author and occasionally in the course of the same experiment.

30
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3

FOR OFFICIAL USE ONLY

Dozens of authors have studied the effects of magnetic fields (MF) on ESR
[erythrocyte sedimentation rate] and more than a hundred works on this topic
have been published; however, the opinions of different authors are quite
varied as to the nature of ESR changts in MF, Some authors deny the fact
that MF have an influence on ESR, even if they are of high intensity [32, 8];
others find that there is an increuse in the rate [15, 13]; others yet

find inhibition {1, 33] and, finally, there are some who state frankly that

it proceeds in different directions [5, 24, 28-30, 34],

The reaction time in an individual exposed to MF may increase, decrease or
undergo no change (2, 51, 69, 74, 75]. Nonspecific reactivity of animals in
a magnetic field increases, decreases or does not change [9, 56, 24]. There
are also changes in different directions in enzyme activity [20, 29],
behavioral reactions [4, 65, 59, 27], growth and developmental processes
(52, 54], etc., in a field, as compared to the control., Analogous findings
are reported in atudies of STR. As shown by biomedical investigations, onset
of endemics [60-63, 66, 67, 71, 75], morbidity [67, 50, 60, 62], epizootic
outbreaks (18, 19, 58, 44}, changes in harvest [52), rate of wood growth
(31], etc., are related to changes in level of solar activity. There is
a 20-50% increase in mortality due to myocardial infarction (37, 38}, an
increase in accidents involving vehicles [16, 68] and an increase in
suicides [16, 17] on the 2d day after a solar flare (with appearance of
geomagnetic perturbations), But all this is demonstrable only by submitting
large blocks of cases to statistical processing, and it may virtually fail
to be reflected in the vast majority of biological systems. Changes in
solar activity cause atmospheric perturbations [35, 36, 64], impairment of
hydrological conditions [48, 49, 53] and increase the probability of
earthquakes and eruptions of volcanoes [7], but they do not yet enable us
to unequivocally predict a change in geophysical processes in each specific
- instance, i.e., in studying STR the phenomenon of ambiguity of reactions is
even more apparent. It is encountered just as often in studies dealing with
MTW. Magnetic treatment can clear drinking water, diminishes scum formation
in boilers and improves flotation [26, 22, 23]. However, other instances
are also encountered, when magnetic treatment alters the process in the
opposite direction or does not affect it [25, 26]. Thus, the phenomenon of
ambiguity of reactions may be considered a general typical feature that is
encountered quite often in studies dealing with EMB, STR and MIW, At the same
time, magnetic treatment of water is practiced widely in industry and
ylelds millions of rubles of savings [26, 55]. In medicine, magnetic fields
elicit a distinct therapeutic response [14, 57]. Each magnetic ztorm takes
hundreds of human lives [37, 38]. This contradiction--the preseuce of
clearcut relationships in mass experimenis not always corroborated in
different tests--is the most typical element of research on the effects of
EMF on nonequilibrium processes. Repeated efforts have been made to deter-
mine the causes of ambiguity of results of studies involving EMF. Most
often, this phenomenon is interpreted from the standpoint of inadequately
sophisticated experimental set-up. The authors of such studies attribute
the incomparability of their results to the fact that either the fields
used were not the same or that the influence of some incidental stimulus

31
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3

FOR OFFICIAL USE ONLY

could not be ruled out. In some cases, it is assumed that the experimenter
worked with heterogeneous material, used the recording methods incorrectly
ot did not process the results properly. Probably some of the contradictory
works could be attributed to methodological flaws, as is the case in any
other branch of biological research., However, it is incomprekensible why
many individuals who previously worked in other directions without mistakes
would starting making them here. In this case, the contradictory data of
the same author, encountered moreover in the course of the same experiment,
are also incomprehensible. Evidently, we cannot attribute the incomparabi-
1ity phenomenon to investigative flaws alone. A. P. Dubrov offers another
{nterpretation; he believes that life is based on dyssymetry due to the
presence of dextrorotatory and levorotatory isomers of molecules that are
not in equal proportion in each 1iving object.[21]. It is difficult to
reject this thesls, since it apparently 1is valid. However, we still do

not know the extent and distribution thereof,

Efforts have also been made to attribute incomparability of results to the

presences of exogenous artificial and spontaneous electromagnetic background,

that is usually not taken into consideration in the studies. Indeed, in a
- number of investigations, a correlation between some functions of a living
system and the electromagnetic background can be tracked rather well;
occasionally the series phenomenon is clearly demonstrable and inherent
patterns are observed in the incomparability jtgelf. But the reference to
“packground" is also an inadequate explanation, since the "background"
{tself consists of the same EMF that are the stimulus considered and
studied in the expe:iment. Moreover, various "malfunctions" and incompara-
bility are also observed with different background levels and fluctuations.
Thus, this brief analysis of the literature and our considerations enable
us to formulate the topic of this investigation as follows: experimental
and theoretical determination of the causes of ambiguity of results of
studies of effects of EMF on diverse nonequilibrated processes.

pestabilizing Effects of Electromagnetic Fields on an Elementary
Nonequilibrated Reaction Chosen as a Model of a Living System

One of the fortuitous models for the study of STR is the reaction of bismuth
hydroxychloride precipitation in water, proposed by G. piccardi [45, 72, 73].
In essence it consists of the fact that when certain amounts of hydrochloric
solution of bismuth chloride are blended with water a milk-white colloid
solution is formed, the solid particles of which settle relatively rapidly
to the bottom. After reproducing this reaction many times and in different
variants, G. Piccardi established that the rate of gedimentation of the
solid particles in different glasses fluctuates quite markedly, both in the

- case of running the reaction in several identical containers at the same time
and when conducting the experiment at different times. All of his attempts
to stabilize the reaction failed, since even substantial changes in concentra=
tion of solution, purity of water, temperature, light and amount of shaking
the containers had a rather mild influence on the rate of precipitation of
colloid particles and did not diminish fluctuation. Using various experi-
mental meticds (F, D, P tests) and comparing their general results to
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indices of solar activity, G. Plccardi found a rather distinct correlation
between these two processes.

. The comprehensive studies of this phenomenon, conducted for many years by G.
Piccardi and his proponents made it possible to demonstrate a correlation
between the nature of fluctuation of different tests and time of day, season,
place, level of solar activity, etc. In view of the overt instability of

the Piccardi reaction, its simplicity, minimal dependence on purity of
reagents and experimental conditions, as well as distinct relation to solar
activity, it was decided to use it as a model, on which one could try to
investigate the patterns of effects of spontaneous and weak artificial

EMF on nonequilibrated systems, The specific methods used in this experiment,
which were chosen after conducting a series of trials, consisted of the
following:

Several thick-walled chemical beakers were filled with 5 mm sesquinormal
hydrochloric solution of bismuth chloride and 25 mf distilled water,
passed once through MF of 3200 A/m at the rate of 2 cm/s, was added to each
at the same time. Such pretreatment of the water was undertaken on the
basis of Plccardi's indications that it was desirable to "activate" the
water, as well as because a reaction run simultnaeously in several beakers
proceeds more stably with "magnetized" water, as shown by the preoiminary
trials [40]. The beakers with reagents were placed in a predetermined
area and the solid particles of colleid solution began to settle, forming
a distinct interface with cleared liquid. The reaction was considered

- completed at the time of total precipitation, which was determined when

he phase interface matched a mark on the beaker that had been made in
advance on the basis of the preliminary tests. The accuracy of determina-
tion of the time of total precipitation constitutes t10+15 s, with a mean
precipitation time of 7 10 min, i.e., the measurement error factor con-
gtitutes 1#2%. We used a stopwatch to time total pre~ipitation in each
beaker, and it fluctuated from 2 to 33 min in different tests.

A. M. Opalinskaya used this method to conduct experiments for 7 years, and
they consisted of 8 series of special investigations.

a. In the first series, a study was made of the relation between average
rate of precipitation of bismuth hydroxychloride in water and various
heliophysical and geophysical indices: For this purpose, the reaction rate
in 3-5 beakers was measured daily for several years, and the arithmetic
mean thereof was selected as the index of precipitation rate on a given
day. Experiments were conducted at the same time in a building of the Physico-
Tehcnical Institute. In all, 690 tests were conducted, including 2629 spe-
cific measurements. The smoothed distribution thereof is illustrated in
Figure 1. Calculation of the coefficient of correlation between 24-h
reaction times and local 3-h K index revealed a positive relationship
between these series, with r = 0.57 and significance level of P<0.01.

A link between the reaction under study and magnetic storms was also
demonstrated according to the criterion of Wilcoxsen-Mann-Whitney, with
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P<0,01 [40, 42]. Upon subsequent analysis of overall data, seasonal,

daily and multiyear variations were demonstrated in the relationship between
the reaction under study and geophysical processes [42]. The presence of a
correlation between the test in question and the geomagnetic field made it
necessary to investigate this phenomenon under model conditions, by means

of using shields against spontaneous and artificial MF, as well as additional
use of artificially generated MF in the test.

ne mro—

.. Permalloy

Iron shield
Background

0 5 0 5 a0 I Jo t

Figure 1, Effect of shielding from magnetic field on rate of precipita-
tion of bismuth hydroxychloride in water.
X-axis, time in minutes; y-axis incidence of readings in a series.

b. Effect of shielding from EMF on course of Piccardi reaction: We used
three methods to shield the reaction from exogenous MF: 1) distance,

2) welded iron shield (coefficient of attenuation ~10%), 3) four-layer perm-
alloy shield* with a coefficlent of attenuation of ~10°%,

1. In order to attenuate the effects of industrial MF, a gpecial
series of experiments was conducted far from industrial installations
in the building for geomagnetic measurements. The results of this
series, which are illustrated in Figure 2, indicate that the mere
reduction of industrial sources stabilizes the reaction somewhat,
lowering the range of variation to 2-24 min, with a mean value of

a = 9.2 min. A comparison of these data to the results of back=~
ground experiments conducted in the institute building revealed a
substantial difference between them, with a significance level of
P<0,001 according to the criterion of Student.

2. The summary results of experiments conducted with the iron and
permalloy shields are illustrated in Figures 1 and 2. A comparison
thereof to one another and to the background distribution curve

*We wish to express our sincere appreciation to V. A. Troitskaya, head of
EMF sector of the Institute of Physics of the Earth, USSR Academy of
Sclences, and the staff of this sector for their assistance in making
the shield and estimating degree of shielding with it.
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shows rather distinct stabilization of the course of the reactilon
as a function of quality of screening. The most important and
basic fact is that the reaction in a permalloy shield is vir-
tually stable, with a range of 'variation of only 3 to 7 min, i.e.,
the coefficient of stabilization, according to extreme values,
expressed as the ratio of background range of variations to

the analogous index in the shield, constitutes 33-2/7-3 = 7.7,
There are more marked fluctuations of the reection in the iron
shield, and here the coefficient of stabilizatlon constitutes
only K = 3. Accordingly, when distance is used as protection,
this coefficient decreases to Ky = 1.4, i.e., there is only 40%
reduction of fiuctuation.

PSHIF
PS
[ - IS+MF
- Is
L ] P+HMF
] T+MF
[ BP
1 | | BI

2 4 6 8 10 1214 16 18 20 22 24 26 28 JO 32 J4 J6

Figure 2, Mean and extreme values of time of complete precipitation
- of bismuth chloride in water in each experimental series

A Key:
B) background IS) iron shield
P) proving ground PS) permalloy shield
I) institute MF) magnetic field

c. Effect of artificial infralow-frequency field on course of Piccardi

- reaction: However, shielding is only one of the two possible means of
deterrining the role of EMF in fluctuation of the reaction of precipitation
of bismuth hydroxychloride in water. For thils reason, another series of
studies was conducted on the effect of artificial MF on the course of the

reaction run under different conditions.

A magnetic fileld was generated within a solenoid with passage through its
coils of current from an infralow-frequency generator. The amplitude in-
tensity of the field corresponded to the maximum levels of spontaneous
geomagnetic perturbations, and it ranged in different variants from 50 to
1000 Y with frequency changing from 0 to 100 Hz. The beakers with the
reagents on special, nonmagnetic trays, were placed in the middle of the
golenoid, where heterogeneity of the field did not exceed 30%. The back-
ground reaction was run in a similar solenoid with a time shift of 30 min,
without current. As demonstrated by the study of the daily course of the
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background reaction, such a time shift does not lead to appreciable changes
Ln the results. We then calculated the differences between them according

- to daily paired values. In all, we conducted 24 variants of studies, with
different values of il and f, the results of which are illustrated in
Figure 3. Analysis of these data indicates that starting with # = 50Y we
already observe some influence of the artificial MF on the Piccardi test,
conslsting of a change in mean reaction time. For a more comprehensive
investigation of the effect of MF on the course of the reaction, we selected
the most typical of the entire amplitude and frequency set of varilants
(# = 500y, f = 0,1 Hz) and used it in all subsequent experiments. 1In all,
we took 410 readings with these field parameters. The smoothed distribution
of results is illustrated in Figure 2. A comparison of background and ex-
perimental curves shows that variation decreased to 3-22 min, with @ = 8,
under the influence of MF, which corresponds to a stabilization coefficient
of Ky = 1,63, The reliability of difference between the background and
experiment constituted P<0,001 according to the criterion of Student and
P<0.0001 according to the criterion of Wilcoxson. This warrants the state-
ment that one observes stabilization of the reaction of precipitation of
bismuth hydroxychloride in water under the influence of artificial MF
with regular parameters # = 500 y and f = 0.1 Hz.

! ;

P NEALAVAREN ALY Figure 3.
- Rate of precipitation of bismuth

_;q‘f:D <:> <:){<:> (:) (:) chloride as a function of intensity

| and frequency of VMF [variable
_2.’_0 O‘ O O O magnetic fleld].
500 O'[ 'sHOlOHO Striped circles--reliable acceleration,

' ; white circles--unreliable acceleration.
PR EEE

However, a comparison of experimental data on the effects of artificial
sinusoidal MF on the test under study to data pertaining to the effect on

it of spontaneous magnetic storms shows that the mean reaction time in these
cases shifts in different directions, as compared to a nonperturbed background.
The magnetic storm increases reaction time due to a higher incidence of

cases of slow precipitation, whereas sinusoidal MF leads to a decrease in
number of such cases.

The findings are aralogous, but less marked, when the Piccardi reaction is
exposed to a low-voltage electric field (EF) (Figure 4). This series of
experiments was conducted in a condenser following the same method.

In summing up the obtained data, it can be concluded that sinusoidal infralow-

frequency EMF lead to some stabilization of bismuth hydroxychloride precipita-
tion time in water, as compared to the background.
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, Two additional series of investigations of the effects of artificial MF on
the course of shielded reactions were conducted in order to determine the
causes of difference in direction of effects of EMF on the Piccardi test
during magnetic storms (slowing) and with exposure to artificial MF
(acceleration). The results of these studies, 1llustrated in Figure 2,
warrant the belief that MF affecting the shielded reaction lead to its
destabilization, whereas MF stabilizes it somewhat under background condi-
tions.

- Analysis of summary data (see Figure 2) enables us to voice several consider-
ations: a) maximum fluctuations of rate of precipitation of bismuth hydroxy-
chloride in water are observed when the reaction is run under background
conditions in the building of the Physico-Technical Institute, which con-
tains a considerable amount of various electrical and electronic equipment;
b) there is a consistent increase in background fluctuations during periods
of geomagnetic perturbations; c) fluctuations can be reduced by using
shields against external artificial and natural MF, and the stability of

the reaction depends on the extent of shielding; d) additional use of
artificial sinusoidal infralow-frequency MF on the Piccardi reaction leads
to a reduction of fluctuations if they were originally high (background--
institute, background--proving ground) and appreciable increase in fluctua-
tions if the level thereof had been substantially reduced by shielding.

All of the foregoing enables us to formulate the general pattern observed
in this investigation as follows: Weak, chaotic MF increase fluctuation
of the reaction of precipitation of bismuth hydroxychloride in water,

which can be reduced either by means of shielding from exogenous inter-
ference or use of additional MF with specific amplitude and frequency

parameters known to be of greater intensity.

Destabilizing Effects of Electromagnetic Fields on Biological Processes

a. Effect of MF on the course of the agglutination reaction: In the pre-
~ ceding section it was demonstrated that weak MF can alter appreciably the

course of a process in a nonequilibrated physicochemical system. Since
living systems are also referable to the nonequilibrated ones, it may be
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assumed that, in this case, weak MF should constitute a factor that causes
an increase in fluctuations of different biological processes, The immuno-
logical agglutination reaction, which involves the use of typhoid serum

and special [ON] diagnosticum, was chosen as a model reaction on the border-
1ine between physicochemical and biological processes. The experimental
part of this study was also performed by A. M. Opalinskaya.

Trial experiments demonstrated fluctuations in the course of the reaction
and changes in the former as a function of fluctuations of the spontaneous
geomagnetic background. It was established that when the reaction was
run many times using the standard method and with logarithmic dilution of

- gerum (1/1, 1/2, 1/4, 1/8, ..., 1/160, i/320), using diagnosticums from the
same batch, the result of the reaction, interpreted by the usual method
and expressed in plus signs, would be ambiguous. A change from four to
three pluses is observed with dilutions of 1/16 to 1/24; there is an analo-
gous change in boundary at which there is a change from three to two pluses,
etc. Fluctuations are observed when several standard reactions are run
at the same time, as well as when they are run at different times. The
fluctuating nature of agglutination is even more graphic when smaller
dilutions of serum are used and the logarithmic scale is replaced by a
linear one, i.e., 1/2, 1/3, 1/4, etc. The main serles of experiments was
conducted with these nonstandard dilutions. In this case, the ghift in
boundary between adjacent changes in results, expressed as plus signs,
could constituted 3-5 test tubes. In view of the fact that the contribution
of each estimated change to the overall reaction should be about the same
for each series of dilutions, we calculated the averaged index of agglutina-
tion using the following formula:

4ny 4 3ny 4- 209 -+ 1,
T= R

- where nj is the number of test tubes in which the reaction constitute a
number of pluses corresponding to i. The series of daily values of T was
then compared to the indices of geomagnetic perturbation, and the coeffi-
cient of correlation between them was calculated. The estimates revealed
that, with n = 143, r = 0.235 with a significance level of P<0.01, i.e.,
the course of fluctuations of this reaction is related to changes in the
geomagnetic field.

To study the effect of MF on the course of agglutination, we used a field
with the same parameters as in the studies using the physicochemical test
(# = 500 v, f = 0.1 Hz), exposing the series of tubes to it for 2 h, while
they were in the incubator. In view of the fluctuating nature of the
reaction itself, we selected only one serum dilution, 1/24,000, for both
the background and experiment, with which estimation of a three and four

plus reaction was found to be equally probable in the preceding tests. To
increase the reliability, the test was run in 20 tubes at a time, and

half of them were put in the MF. The tests were conducted daily, and the
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difference between the experiment and control was evaluated according to
the paired criterion of Wilcoxson., The results of this series, which are
listed in Table 1, warrant the belief that agglutination is more intensive
in the field, i.e., the pattern demonstrated in the physicochemical test
is also confirmed here.

Table 1. Agglutination reaction as a function of MF

Number of test tubes

Index

3 4 ] 8 7 8 9 10
Backﬁround - 2 (i (i} 20 10 - =
Fiel - - (i} (i 5 17 1o 2
Shield 8 1 3 - | - — | -

b, Effect of MF on fermentation process: Demonstration of the stabilizing
or destabilizing effect of MF on the course of a nonequilibrated physico-
chemical and immunological reaction enabled us to turn to an attempt to
extent this thesis to biological systems. We selected the anaerobic phase
of glycolysis as the test, and we studied it on the model of fermentati~u
of glucose by yeast. This process is at the basis of metabolism of any
organism, and the patterns of effects on it of MF could be extended, withouc
particular error, to other biological o»jects. For this purpose, 1.5 ¢

- standard dry yeast dissolved in 30 mf d!rtilled water was added to 10 mf,
15% glucose solution, and the mixture wis put in a tube set vertically in
an incubator at 30°C., The dynamics of ihe fermentation reaction was evalu-

- ated according to the number of carbon dioxide bubbles, and it was recorded
automatically using electromechanical counters throughout the experiment.
All of the test tubes were in solenoids, by means of which we could
generate magnetic fields with specified parameters. For the purpose of
pair-by-pair comparison, in each experiment we examined the same number of
daily alternating experimental and control material., The results, in the
form of hourly and overall number of carbon dioxide bubbles, for experimental
and control material were submitted to processing using the paired criterion
of Wilcoxson. Two series of studies were conducted by A. G. Kartashov
using this method of recording. In the first, a study was made of the
effect of a vertical SMF [stationary magnetic field], the intensity of
which changed from +500 to -500 A/m in different experimental variants.

The positive direction of the field corresponded to the direction of the

vertical component of GMF [geomagnetic field]. The results of this geries,
which are listed in Table 2, show that on the average the amount of carbon
dioxide discharged during fermentation changes consistently with change in

magnitude and direction of the additional SMF. At the same time, specific
readings taken in the course of each experimental variant were not always

comparable. Thus, in the experiments with an intensity of +500 A/m, the
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the mean number of bubles discharged during the experiment constituted 2193
{n control tubes. With exposure to the field, this figure dropped by a
mean of 66 bubbles. At the same time, paired comparison of different ex-
periments showed the figure to range from =240 to +100, However, increased
gas production was encountered only twice in this experimental variant
(+100 and +40) and decreased, in 17. Analogous findings were made in the
series with intensity of 500 A/m, where inhibition of the reaction was
encountered 5 times out of 28 tests, the absolute figures being rather low
(=40, =30, -10, -10, -10). There was more marked acceleration (4260, +230,
+180, etc.), and it was observed in 22 experiments. If we compare these
data to the results of the preceding studies, it ig easy to see that, here
too, some experiments yield opposite results, in the presence of a rather
distinct mean statistical function. In the gsecond series of studfies, the
same method was used to test the effect of VMF [variable magnetic fields) on
the fermentation process., The summary data of these experiments, processed
{n a similar manner, are listed in Table 3. Analysis shows that we have
here a very unequivocal dependence of the fermentation process on amplitude
and frequency characteristics of the field, and it is demonstrable upon
statistical processing. However, the distribution of specific readings

in each individual variant 1s quite heterogeneous, and we always encountered
some readings with the opposite sign against the general background of
slowing or acceleration of tie reaction.

Table 2. Fermentation process as a function of intensity and direction of
SMF vector

Change

HAm | n| oM o Teiang || AN Y Change | p

in field

= 500(20] — 66 [Inhibition; 0,01 § —125{30 | +-6,3|Scatter | 0,05
+ 37510 — 40 " 0,01 | —250(51 | +22 |Acceler. | 0,01
- 950|511+ 3,5 pcatter | v,05 ) —300725 | +4t " 0,01
—125|18] — 26 [nhibitior 0,05

Key: HA/m) intensity of artificial SMF
n) number of experiments
AM) mean difference between number of bubbles discharged in 6 h
in experiment and control
P) level of significance according to Wilcoxson's paired criterion

¢. Stabilizing effect of SMF on motor activity of white mice: The existence
of a rather distinct mean statistical dependence of the fermentation process
on intensity and direction of SMF vector enabled us to turn to analogous
experiments on mammals; they were performed by A. G. Kartashov. In view of
the static nature of the effect of the field on nonequilibrium systems, it
was decided to conduct the chronic variant of experiment, which made it
possible to operate with similar accumulated data., For this purpose, male
white mice of the same age were placed in special solenoid cages, omne in
each, where they were kept for 4-9 months. In all, we used four such set-ups
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in the experiments, two of which alternately served as controls. A 24 A/m
field, directed from West to East, was generated in the experimental sole-
noid cages by turning on direct current from a battery. When added to

the GMF, the total field vector increased by 17% and its horizontal compo=-
nent, which is 13,6 A/m in Tomsk, doubled and deviated 65° to the East.
Alternation of periods of exposure of experimental animals to the field

and with no field ranged from 1 to 4 weeks, constituting a mean of 20 days.
Such a variable mode was set in order to track the field aftereffect.

Motor activity of the wice was recorded continuously with a series of photo-
diodes illuminated with a lamp, the intersection of light from which was
recorded on an automatic recorder when the animal moved. The overall
results of these studies are summarized in Tables 4 and 5, which clearly
ghow a decrease in activity of mice when they are in the field. A more
comprehensive analysis of the data revealed that there was no field after-
effect in these tests. A comparison of these data to the results of studies
involving physicochemical and elementary biological tests shows that the
general nature of the reaction is the same in all cases: Under the influence
of a regular MF there is some stabilization of the process, although some
values of the measured parameter may vary over a rather wide range. Thus,

a pair-by-pair comparison of mean daily activity of the same animals showed
it to be distinctly diminished in the field. But if the comparison is made
for the entire series as a whole, we see that some mice moved more in the
fleld than in the control (Table 5). Thus, a weak MF present for a long
time inhibits mouse activity, causing some gtabilization thereof.

Table 3. Fermentation process as a function of VMF intensity and frequency

- Frequency,
HAn Hz . n aM 4
9,5 0,01 15 —5,7 —
19,1 0,0t 28 + 4t 0,01
4,7 0,1 10 -1 -
9,5 0,1 k1 —4 -
19,1 0,1 k] +3 0,05
38,1 0,1 14 + 68 0,01
Y| 2,3 1 15 +12 -
4,7 1 30 —41,3 0,05
9,5 1 18 -85 0,05
19,1 1 23 —51,4 0,01
2,3 10 12 +2 -
4,7 10 10 -3 -
9,5 1] 17 -17,6 -
19,1 10 54 +3 0,01

Key:
HA/m) amplitude intensity of artificial VMF
n) number of experiments
AM) mean difference between experiment and control, relative units
P) level of significance according to Wilcoxson's paired criterion
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Table 4, Change in hourly activity of white mice in SMF

umber |Number Scat=- Change 1in
Index
rmgce seggea Median) “ter P field
Control 5 8 15 =30 )
Fleld 5 " M 1—21 0,01 | Decrease

Table 4. Pair-by-pair comparison of mean daily activity of mice in SMF

Number| Total mean dail
““ﬁge of activity p Chﬁgge
serieqControl | Field field
| 3 457 402
2 1 220 200
3 2 236 124 0,05 Decrease
4 i 134 76
5 1 189 111

d. Destabilizing effect of variable electric and magnetic fields on human
reaction time: * In order to verify the phenomena of stabilization and desta-
bilization on the psychophysiological level, L. P. Agulova conducted a spe-
cial series of studies of the effects of VMF and VEF [variable electric
fields) on reaction time (RT). The subject was put in a soundproof and
shielded chamber, in which one could create horizontal (back--chest) EF or
MF, Heterogeneity of the field in the working space did not exceed 20%.

In the first experimental variant, MF with amplitude intensity of 320 Alm
and frequency of 0.033 Hz was used. Exposure time constituted 3 min., The
simple reaction time to a sonic signal was recorded for 3 min before and
after exposure to the field, as well as during exposure. At unequal
intervals, 9-11 signals were delivered per 3-min segment of time. Some
experiments were conducted similarly without the field, for the purpose of
comparison to spontaneous dynamics of RT changes, and the results of experi-
ments with the field were calculated in relation to the background readings.
The summary results of this experimental variant, calculated on the basis

of Wilcoxson's criterion, are listed in Table 6. Analysis thereof shows
that the field accelerated the reaction unreliably in 3 cases and slowed

it down in 2, with a significance level of P<0.01:0.02, i.e., we see here
the same difference in reaction direction as in all preceding studies. In
the second variant of this series, a study was made of the effect of EF

of 100 V/m intensity and 50 Hz frequency on the same reaction. The results,
processed analogously, are iisted in Table 7. Here the destabilization
phenomenon is even more apparent. In 1 out of 9 subjects, the RT diminished
in the field (P<0.001), it did not change in 3 cases (P<0,05) and increased
appreciably in 5 (P<0.01£0.001), But when we averaged al). the data for the
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group of subjects, slowing of RT in the field was found at a significance
level of P<0,0001, Thus, in this series of studies we could track rather
distinctly the presence of the destabilizing phenomenon in the field, when
the results were analyzed element=-by=element, and a unidirectional shift
on the average for the entire group.

Table 6. Effect of magnetic field of 4 Oe, 0.033 Hz on human simple reaction
time to sonic 1000 Hz stimulus

Number of{Number of | Median, Trend of-
Subject tests |readings ms p | change in
No RT in the
field
{ 1 4 7 | 40 | 170 | 162 | 0,056 | No change
2 9 5 03 51 | 191 | 207 | 0,01 | Increase
3 8 8 80 | 78 | 205 | 197 | 0,05 | No change
4 9 7 il 76 | 182 | 199 | 0,02 [ Increase
5 10 8 |fo1 | 81 j 195 | 182 [ 0,05 | No change

Table 7. Effect of electric field of 1000 V/m, 50 Hz on time of human simple
motor reaction to 1000 Hz sonic stimulus

Number of | Number of| M Trend of
Subject tests [RT measur. etcrléan, P change 1§T
No field

BG| F |BG F|BG| F
{ 3 4 | 242 | 320 | 347 | 357 { 0,05 | Increase
2 3 3 240 210 | 264 | 270 { 0,05 ’
3 3 3 240 242 | 202 { 307 | 0,01 *
4 3 4 240 320 | 244 | 254 | 0,001 »
5 2 4 162 | 2 212 | 233 | 0,001 .
6 3 2 242 130 | 306 | 265 | 0,001 | Decrease
7 2 4 160 | 200 | 313 | 328 | 0,01 | Increase
8 3 3 242 242 | 285 | 311 | o,0t ’
9 3 4 210 | 289 | 44% | 475 | 0,05 *

To conclude this experimental section, we should like to stress that,
regardless of the nature of the nonequilibrium system, specific field para-
meters, experimenter's personality, etc., in all cases one observes a
difference in reactions with gimilar mean statistical direction of changes
of the nonequilibrated process proper.

Discussion

A brief analysis of the literature and our own experimental data shows that
the course of nonequilibrium processes in living systems and models thereof
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changes can be described by three tendencies, encountered concurrently in
most studies. In the first place, under the influence of the fields there
is destabilization of nonequilibrium processes, as a result of which the
measured parameters of the living system deviate from their base state in
different directions. By virtue of asymmetry of most nonequilibrium pro-
cesses, these deviations are ambiguous and there is prevalence of a uni-
directional change in the overall reaction. This 18 illustrated the most
graphically by the experiments involving precipitation of bismuth chloride
in water, where the mean reaction time increases consistently under the
influence of spontaneous or artificial fields used with a shield. The same
tendency is observed in other experiments: Unidirectional changes 1in
agglutination, fermentation and motor activity of mice are combined with

the mandatory presence of some tests ylelding the opposite results. This
trend is also quite demonstrable in the psychophysiological test, when some
subjects presented a distinct opposite change, as compared to the mean group
result., A comparison of the obtained data to those in the literature shows
them to be totally similar. And, while there is no direct indication of
assymetrical change in different directions of the reaction under study

with exposure to weak fields in some of the sources, this is most likely
attributable to the author's desire to submit more graphic, averaged
results. For this reason, it would not be very wrong to maintain that the
phenomenon of destabilization of processes under study is always observed

in all studies of EMB. The second tendency, which ensues from the first,
consists of the fact that nonequilibrated processes, on the average, change
consistently under the influence of the fields, in the direction of slowing
or accelerating. Although there may be other causes for this pattern, it

is opportune to consider it here as the consequence of destabilization.

As already indicated, nonequilibrium processes are usually asymmetrical.
This is manifested by the fact that the range of fluctuation thereof

extends dissimilarly in both directions from the mean value (median). The
asymmetry is obvious for biological processes. Indeed, spontaneous variations
of any blological process are rather rigidly confined, and this limitation
is usually more rigid on one side. Thus, maximum arterial pressure of man
constitutes 120 mm Hg under normal conditions. Double this figure is
encountered in hypertensive individuals quite often. But with zero pressure
life is impossible, and the minimum cannot comstitute less than 50-60 mm Hg,
i.e., 1f we were to consider a random group of individuals, their distribution
would be asymmetrical for this parameter, and it would be rather rigidly
limited on the side of minimum values. An analogous phenomenon is observed
in toxicology, where a homeopathic dose is lower by several orders of magni-
tude than the mean therapeutic dose, while the lethai dose is less than

one order of magnitude higher than the therapeutic. The same applies to
respiration rate and pulse, blood coagulation and sedimentation rate, renal
and endocrine gland function. After analyzing similarly most biological
processes, it can be stated that they are all asymmetrical. Incidentally,
this means that the use of statistical criteria, which work well with normal
distribution (criterion of Student), are not valid always by far when analyz-
ing nonequilibrated processes. But in the case of asummetrical distribtuion,
even uniform destabilization would lead to a shift of mean value in the
direction of the less rigid boundary. If we consider that destabilization
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itself and a living system in its original state may be asymmetrical for
any of the self-regulation parameters, the oxistence of some differences in
reaction direction under the influence of a field becomes understandable.
Also understandable is the congistent shift of reactions studied on mass
- scale material, since shifting of the median as a result of averaging would
be observed mainly in the direction of the leas rigid boundary. Accordingly,
in order to obtain a consistent functional change under the influence of
- weak fields, one must standardize the objects under study as much as possible
and conduct the study either on a large number of identical objects or
for a long time on one object, These initial theses were used as the basis
for the experimental part of this work., Many repetitions of the reaction
of bismuth hydroxychloride precipitation under different conditions made it
possible to demonstrate distinct patterns in the course of the reaction as
related to presence and parameters of EMF. A multimillion colony of standard
yeast automatically led to averaging of individual reactions and made it
possible to detect a clearcut relationship between fermentation reaction and
field parameters. An experiment lasting many months on white mice made it
possible to gather sufficient statistical data for one object. Although
an animal underwent certain changes in the course of several months, they
were still less significant that the differences between different animals,
and this was well corroborated by experimental data. The same phenomenon
can be tracked in the experiments involving human reaction time, Many
readings taken on the same object demonstrated a consistent change therein
under the influence of fields, while averaging for a group of individuals
led to demonstration of a general species-specific tendency. Thus, the
destabilization of an asymmetrically distributed blological process can be
considered one of the causes of consistent change in any function of a living
system under the influence of weak EMF. The third trend, that is encountered
quite frequently in studies of EMB, can be called stabilization of a non-
equilibrated process by EMF with specific parameters. The meaning of
stabilization consists of the fact that the wide scatter of variation of
a feature under study, which is observed under background conditions,
diminishes appreciably under the influence of regular EMF. This phenomenon
is the most distinctly demonstrable in the model experiments with bismuth
chloride also, where the reaction in fields of a specific frequency and
intensity is more stable than in the control and, conversely, when an in-
creane. in the industrial EM background leads to some destabilization of the
process. The fact that the random [chaotic] field destabilizes the reaction
much more than a field with regular parameters may be considered the cause
of this oppoiste effect. Stabilization is observed to a lesser extent, but
quite apparently, in the experiments on biological objects as well. There
is decrease in fluctuation of motor activity of mice and the fermentation
process in SMF; there is some stabilization of background variations of
reaction time of an individual in regular variable fields. Evidently, this
is related to the fact that, with significant standardization of the objects
under study, regular fields alter an unequilibrated process more uni-~
directionally, thereby causing grouping of fluctuating values within a
certain range.
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To sum up all the foregoing, the main conclusion derived from the work that
has been done can be formulated as follows: Weak EMF induce destabiliza-
tion of nonequilibrated processes, which can be attenuated either with the
use of an additional field with regular parameters and higher intensity

or by means of even more shielding from all exogenous natural and artificial

fields. Extending this thesis to living systems, it can be stated that the

mechanism of blological effects of EMF is based on the destabilization pheno-
menon which, by virtue of asymmetry of biological processes, leads to a
consistent unidirectional change therein.
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BIOENERGETICS AND REGULATORY SYSTEMS OF THE ORGANISM DURING EXPOSURE TO
MAGNETIC FIELDS

Moscow REAKTSII BIOLOGICHESKIKH SISTEM NA MAGNITNYYE POLYA in Russian 1978
signed to press 24 Feb 78 pp 81-102

(Article by M. A. Shishlo, S. Kh., Kubli and V. P, Nuzhnyy, Central Scientific
Research Institute of Balenology and Physiotherapy, Moscow]

[{Text] Numerous and diverse evidence of the biological effects of stationary
and low-frequency variable MF [magnetic fields] over a wide range of inten-
sities (from fractions to thousands of oersted) is indicative of the high
gsensitivity of biological objects to mild factors.

It is known that the energy of interaction of SMF and VMF with biological
macromolecules is lower by several orders of magnitude than the mean energy
of thermal movement of molecules at ordinary temperatures. For this reason,
interpretation of magnetobiological phenomena from the standpoint of thermo-
dynamics leads to the conception of probabilistic fluctuating effects of

MF, which initiates triggering processes in the organism that enhance sig-
nificantly a mild exogenous perturbation [1, 2].

In addition, in the course of investigation of biological effects of EMF
{electromagnetic fields], the conception was formed and recognized of a

- resonance or informative mechanism of interaction between an exogenous
physical factor and a target, in which multiple amplification of the end
result of interaction by the system is interpreted as the consequence of
resonance, i.e., a certain consistency between physical and time and space
characteristics of the exogenous factor and properties of the target [3, 4].

The works of A. L. Buchachenko, which which he formulated a conception of
the mechanism of action of MF unrelated to a change in energy of reactions,
but due to the effect of the field on probability of reactioms occurring

in the form of states at different spin multiplicity, made a basic contribu-
tion to the study of the molecular mechanism of biological effects of MF.
The field induces intercombinative transitions or alters the probability of

such transitions. Hence, the probability of occurrence of free radical reac-
tions depends on the MF, and the greater the difference of g factors of
- reacting particles and field intensity, the stronger these reactions. In
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this respect, reactions involving iron ions, interaction of which with oxygen
or diamagnetic macromolecules may depend appreciably on SMF intensity [5],

are of special interest to biolugy.

The proposed mechanism ensues from studies dealing with interpretation of
nonequilibrated density of Zeeman levels occurring in free radical reactions.
It can thus be expected that chemical polarization of nuclei and electrons,
like the effects of MF, may have the most direct bearing on formation of

nonequilibrated living biological systems.

Instability of Conformation of Polyatomic Systems and Its Role in Biological
Processes. The Vibron Mechanism of Enhancement of Weak Low=Symmetry

Perturbances

Basic research on instability of conformation of polyatomic systems due to
electronic oscillatory interactions was pursued by I. B. Bersuker et al.

{6, 71.

The prerequisite for formation of instability in polyatomic systems is
{nteraction between atoms accompanied by marked (three-dimensional) delocali-
zation of electrons in chemical bonds. The latter are called coordinated

or donor-acceptor bonds. They are widesparead in blological systems and,

in essence, an inherent feature thereof.

It is known from spectroscopy that the frequency of electron movement in
molecules is about 10 times higher than the frequency of oscillation of
nuclei. This permits the use, in describing polyatomic systems, the Born-
Oppenheimer method of adiabatic approximation, in which it is assumed that
movement of nuclel and electrons is independent. However, the applicability
of adiabatic approximation is restricted by the condition of correlation
between energy of oscillatory quantum of the nucleus AVgge and difference

in energles of electron levels of the molecule:

hvoge<<Ek™€j

With decrease in E-€j, the adiabatic approximation is less valid, and in

the presence of electron degeneration €k = €j, it is inapplicable.

The conditions for occurrence of instability of nuclear configuration of a
polyatmoc system were formulated by L. D. Landau and proven in the form of
a theorem by Yan and Teller, according to whom the configuration of a non-
linear polyatomic system with electron degeneration 1is unstable in relation
to a shifting of nuclei that eliminate this degeneration. Hence, the
electron states of a degenerated therm lose physical meaning, since they
are mixed with nuclear shifts and the states of the system become electron-

nuclear, or vibronic.

A situation that is analogous in many respects occurs in polyatomic systems
with rather close electron levels, which is called pseudodegeneration, as well
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in linear molecules with a strong electron oscillatory bond. It should be
noted that appearance of instability of a polyatomic system can occur with
both orbital and spin degeneration (with the exception of Kramers' degene-
ration).

Analysis of the form of adiabatic potential of Yan-Teller systems shows that,
in all cases of electron degeneration, the multidimensional surface of the
potential has several minimums that are equivalent in energy and symmetry,
which correspond to the same number of equivalent, equiponderant configura-
tions of nuclei with potential barriers between them. If there is sufficient
depth of minimums, the configuration in each of them becomes quasistationary
and the transitions between minimums are in the nature of tunneling, which
causes cleavage of electron-oscillatory levels in each of them (inversion
or tunnel cleavage [or segmentation]).

Let us discuss some of the consequences of tunnel segmentation of adiabatic
potential [6] that are important to comprehension of a number of biological
processes.

1f there are two minimums of adiabatic potential situated close to one
another and they are not deep enough, the system is nonstationary and it
continuously undergoes tunnel transitions.

The typical property of Yan-Teller systems is their behavior in the presence
of distoring perturbations. The latter can be conceived of in the form of
differences in ligands proper or influences originating from the coordina-
tion sphers following the first one.

- 1f the magnitude of low-symmetry perturbation is comparable or greater than
vibron interaction, i.e., if the produced cleavage is greater than the
Yan-Teller cleavage, the exogenous perturbation depresses the Yan-Teller
effect completely, and all changes in the system are determined by the mag-
nitude of the perturbing factor. In addition, in the case of minimal low-
symmetry perturbatoons, the magnitude of distorion in the Yan-Teller system
is virtually independent of the distorting perturbation and it is deter-
mined in essence by the Yan-Teller effect. Moreover, a minimal distorting
perturbation is enhanced by vibron interaction, and this enhancement may
be 20-40-fold. Expression of this effect at ordinary temperatures, includ-
ing biological phenomena, is possible only 1f there is a cooperative Yan-
Teller effect, i.e., correlated interaction between a large enough number
of Yan-Teller centers.

The Yan-Teller system, being conjugated with a chemical reaction, may change
from a symmetrical configuration to a quasistationary, distorted one.

The above properties of cooperative Yan-Teller systems make it possible
to come closer to understanding a number of typical biological phenomena,
such as high sensitivity to weak factors and "glipping away" from them,
nonspecificity of vibron excitation with regard to the nature of
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perturbation and multi-optimum correlation between vibron excitation and

magnitude and dyssymetry of perturbation.

The interaction between MF and cooperative Yan-Teller structure is deter=-
mined both by its properties and characteristics of magnetic perturbations.

in the latter, induction of EMF {electromotive force] plays a su

bstantial role;

{t emerges in charge-conducting media as the main low-symmetry component
forming nonadiabatic mechanisms. On this basis, one should expect maximum
effectiveness of periodic magnetic perturbations with marked asymmetry

thereof in time and space.

Such characteristics as energy of interaction of distortions between indi-
vidual centers and symmetry of the process of interaction of perturbations
with the anisotropic system acquire a special importance in the mechanism
of action of MF. The maximum intrinsic frequencies of tunneling, rate of
propagation and decrement of extinction of the vibron wave in an extended
continuous medium depend directly on the magnitude of energy of interaction

of correlated distortions.

With decrease in energy of interaction of correlated distortions, decrease

{n characteristic frequencies of tunnel transitions and approximation of

the system to the coordinate of stationary instability, the effectiveness

of MF effects will increase and, under certain conditions, one can expect

that low-frequency MF will stimulate tunnel transitions in polyatomic systems.

Finally, in a nonstationary polyatomic system that continuously effects
tunnel transitions between two closely situated minimums of adiabatic
potential, the magnitude of magnetic segmentation may be insufficient to

depress the yan-Teller effect and tunnel transitionms.

Thus, the MF effects at the usual temperatures should be expected in
structures with low energy of interaction of distortions, low characteristic
frequencies of tunnel transitions and high decrement of vibron wave ex-
tinction in an extended medium. One could expect both depression of
tunnel transitions and an increase in their incidence, depending on the
correlation between magnitude of Yan-Teller and magnetic splitting.

At the same time, with increase in energy of distortion interaction and
characteristic tunneling frequencies, there will be a rise of thresholds
of vibron excitation and radical decline in MF effects. In cooperative
Yan-Teller systems, in the presence of a strong electron-oscillatory bond
and marked correlation of distortions, the mechanism of vibron amplifica-
tion should cause achange from local Mexcitation" to nondecremental,

spreading excitation.

Thus, the property of vibron enhancement inherent in Yan-Teller systems
makes it possible to approach the mechanisms of formation of such typical
properties of biological systems as irritability and excitability on

the same physical basis. In view of the foregoing, there is every reason
to believe that some physiological patterns (threshold, optimum, pessimum
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of irritation, etc.) demonstrable during interaction of electric current with
excitable structures is in essence a manifestation of characteristic proper-
ties of blological, cooperative Yan-Teller systems and nonadiabatic mechanisms
of interaction between current and living tissue; the symmetry of interaction
is expressed in the ambiguity of "anode" and "cathode" effects.

Let us further imagine that there is a certain set of cooperative structures
with different energy of distortion interaction in living cells and various
tissues of the integral organism. Then, by selecting the parameters of
exogenous perturbation in such a way that the magnitude of introduced
segmentation [splitting, cleavage] does not exceed the magnitude of Yan-Teller
splitting, one can effect selective vibron excitation of various ctructures,

R Such a multiphasic nature of interaction between exogenous perturbation
and the integral organism has been experimentally demonstrated under the
effect of MF (see Garkavi et al., in this collection).

The aggregate of the above data and analysis thereof very obviously shows
that the model of cooperative Yan-Teller systems discloses the physical
mechanism of interaction of perturbations, the energy of which 1s below kT,
with living biological objects.

Conformation instability of macromolecules has been found in many proteins

of the actomyosin complex, which are involved in energy transformation during
muscular contraction and conjugation of redox reactions with processes of

ion transport and ATP synthesis in membranes [8-10]. Moreover, the accumu-
lated experimental data warrant the belief that actomyosin-like protein is

a mandatory component of most biological membranes [11].

The surface of the protein macromolecule, which interacts with solvent, plays

- the leading role in formation of conformational instability. This is indi-
cated by the data on the effects of various nonspecific agents (alcohol,
salt, etc.) on the amplitude of conformational oscillations [8]. Protein
macromolecules are characterized by the possibility of regulating donor-
acceptor levels of theilr cooperative bonds by means of changing the concen-
tration of hydrogen ions in the medium. Such regulation is based on the
amphoteric properties of amino acids.

The fact that the PO, group has four minimums of adiabatic potental and KH2PO,
crystals present the behavioral patterns of Yan-Teller systems (7] could
serve as ponderable proof of the Yan-Teller mechanism of formation of
conformational instability of biological macromolecules, In biology, the
phenomenon of activation of macromolecules by phosphorylation thereof is

well known. In view of the foregoing, it becomes obvious that such activa-
tion can be interpreted as one of the means of vibronic excitation, in which
phosphate groups are the centers of generation of vibronic oscillations of

5T
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3

FOR OFFICIAL USE ONLY

macromolecules,* while a solvent with thermal noise serves as the source of
low-symmetry perturbations that activate this process nonlinearly. A tem-
perature drop should lower the amplitude of vibron oscillations and radically
alter the cooperative properties of such a system.

In accordance with the conceptions that are being developed, Mn, Co, Cr

and certain other cations, with unfilled d-envelopes, should participate in
formation of Yan-Teller centers of biological systems. In this regard,

the role of the above cations in processes of energy transformation in
mitochondria, chloroplasts and the plasma membrane merits special attention
(12, 13, 14].

Analysis of the mechanisms of involvement of Yan-Teller systems in biological
phenomena leads to the conclusion that they have universal significance in
processes of deliberate transfer and separation of charges, the fundamental
basis, forming active transport of ions and metabolites in biological mem-
branes. This vector process occurs in heterogeneous systems [15] in the
presence of hydrophil-hydrophobic gradients and functional conjugation of
anisotropic media with different symmetry of their crystal lattice. The role
of macromolecular complexes with Yan-Teller properties amounts to formation

of symmetry properties of the medium, accumulation of dipole and deformational
distortions, and use thereof in molecular transport phenomena. The effective-
ness of transfer should be determined by the magnitude of intramolecular dis=-
tortion (magnitude of gradient) and incidence of generation of vibron in-
stability of the macromolecular complex; a correlation should be demonstrable
between effectiveness of processes of molecular transfer and characteristic
properties of the vibron generator, and there should be tightening of

the characteristic functional mode.

The Role of Vibronic Instability and Symmetry of Heterogeneous Polyatomic
Systems in Effects of MF on Processes of Energy Transformation in Mitochondria

Current conceptions of the mechanism of transformation of energy in the
mitochondrial membrane are based on the principle of Mitchell, according to
which the transmembrane transfer of electrons in the respiratory chain is
associated with formation of electrochemical ion potential H {16]. The
latter Aﬁh is the moving force of the thosphorylation system, and it con-
sists of electric component Ay and an osmotic component represented by the
difference between concentration of ions gt within and without the membrane:

Aiuo
F

= AY— ZApH,

where F is the Faraday number, Ay is the membrane potential in volts and
7 is the coefficient of proportionality, which equals 0.06.

*A certain chemical interaction implementing the oscillatory-electron
bond between phosphate and the macromolecule is a mandatory prerequisite
for the activation mechanism under discussion.
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The principle of chemiosmotic conjugation of respiration and phosphorylation
is usually described in the following form:

-
e.“:.‘A H* :~,

where € 1ig electron transfer and ~ is a high-energy compound of the ATP type;
- 0T+ is used not only for ATP synthesis but for generation of heat, electric,
osmotic, mechanical and other types of work.

According to the above-described mechanism of conjugation of the vibron with
ion transfer,* the system of conjugation of electron transfer and generation
of O+ can be described as follows:

=y
eﬁ~}:_ﬁ?(p,

where @ is transmembrane electron transfer, “K is the vibron, = is the hydro-
philic-hydrophobic gradient, 4 is the electric difference in potentials that
implements functional conjugation of transfer Ht, ~ and e.

An increase in transmembrane A pH leads to increase in dipole distortions,
lowering of frequency and ultimately depression of vibron generation in the
molecular system that implements proton transfer.

At the same time, an increase in A to a certain critical level opens up the
possibility of intramolecular electron transfer over the Ap gradient in Yan-
Teller structures with electron conductivity of the Fe-S protein type,
inserted in the same anisotropic membrane layer. Such a mechanism may be
responsible for reverse transport of electrons in mitochondria and certain
other routes of energy transformation in the membrane.

At the same time, the process of ADP phosphorylation may be described as
antisymmetrical to the mechanism of A¢ formation:

afw
i H* 3
€ e ApH wemcey ~ %,
i__transfert
ate

*Involvement of the phonon (vibron) in mechanisms of energy transformation
in mitochondria was theorized by C. McClare, D. Green and others [17].
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Such a supramolecular bond of AP and ApH with “K becomes possible in the
presence of spatial charge asymmetry of the membrane due to the hydrophil-
hydrophobic gradients generated by interaction of proteins with lipids, and
the difference in pH on either side of the membrane. Transmembrane transfer

of ¢, € and ﬁ+ by the mitochondrial respiratory chatin and presence of proton
carriers in the lipid layer, the function of which is performed by ubiquinone
1s a mandatory condition for such a bond (18, 19].

There is accumulation of ApH on the internal hydrophobic barrier upon transfer
of electron & in the respiratory chain to the external hydrophobic barrier

of the mitochondrial membrane. Upon recaching a critical value of ApH

are tunneled into ATP synthetase, There is transfer of § to the inside in

the respiratory chain and increase of A§ in the external macromolecular

block.

Consequently, the effectiveness of ATP accumulation, cation absorption and
heat production in mitochondria are a function of the frequency of nonlinear
oscillations in the system and integrity of hydrophobic "proton valves." The
time of ApH accumuls-ion is the limiting element of the phosphorylation pro-
cess. Transport of Ca** and several other cations capable of discharging
[deopping] Ad and altering the time and space symmetry of processes in the
mitochondrial membrane should depress the process of ADP phosphorylation.

The proposed mechanism of #t transfer through hydrophobic "valves" can
occur in the case where protein macromolecules interacting with lipids are
cooperative Yan-Teller structures with dipole distortion (AP). This pro-
vides for the bond of AP1, AF and ~¢, ApH, ~K and 8Pz in the external and
internal hydrophobic 'valves," respectively.

It could then be expected that, with lowering of temperature and correspond-
ing depression of active transfer, MF would induce in a conjugate mito-
chondrial preparation a decrease in spatial-charge asymmetry of the membrane
and narrowlng of the working range of the respiratory change, with decline
of maximum values of characteristic frequencies of tunnel transitions in
cooperative Yan-Teller structures of mitochondrial membranes.

Let us refer to the results of experiments dealing with the effect of MF on
isolated mitochondria stored at 0—+4°C in a medium containing 0.3 mole
saccharose and 0.02 mole tris-HCl, pH = 7.5. 1In this study, heterogeneous
SMF were used, with intensity of 350-4500 Oe, and VMF of 50 Hz, with in=-
tensity of 30 and 180 Oe.

4 After exposure to heterogeneous SMF of 3500 Oe for 40-50 min, a decline is
observed in the saccharose-magnesium incubation medium in rate of respiration
on succinate as the oxidative substrate (Vo), with addition of 200 Hmole ADP
(V3) and in the controlled state (V). There is negligible rise of ADP/0
coefficient and increase in phosphorylation time (At). However, the rate of
respiration on DNP {dinitrophenol] does not differ from the parallel control
of preparation aging time.
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Addition of 15 pmole KCl and reduction of MgCl, from 7.5 to 2,5 mmole in the
incubation medium is assoclated with even more marked reduction of V; as com-

pared to the control, even greater increase in phosphorylation time, negligible N
decrease of ADP/0 coefficient and reliable decrease in respiratory rate on

DNP in mitochondria exposed to SMF, The latter is unrelated to OAA [oxalacetic
acid] inhibition of SDH [succinate dehydrogenase], since it is not eliminated

by glutamate, and it depends on the presence of KCl in the incubation medium

(Figure 1). -
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Figure 1. Rate of mitochondrial respiration in the presence of
different metabolic states, in the control (dash 1ine) and
after 50-min exposure to SMF of 3500 Oe with a gradient
of 380 Oe/cm (solid line)

A. C) incubation medium in mmoles: 230 saccharose, 7.5 MgCla, 10 KH,PO,,
5 succinate, pH 7.40
B) incubation medium in mmoles: 200 saccharose, 2.5 MgClz, 20 KH;PO,,
15 KC1, pH 7.40
The following were added: mitochondria (MC), 3-4 mg protein, 5 mmole
succinate (S), 210 mmole ADP, 30 umole DNP and 50 umole FeSOy

An increase in duration of exposure to 3500 Oe SMF to 75~100 min leads to
elevation of Vo and V4 in the medium with KCl on succinate; the rate of
phosphorylation is restored to control levels, while VpNp remains low. This
phase of the mitochondrial reaction is also observed in the aftereffect
period following brief exposure to 3500 Oe SMF, and it is typical of the
case of exposure for 30-40 min to VMF of 50 Hz and 180 Oe (Figure 2).

In the first and second stages of mitochondrial reactions to MF, one observes
typical changes in their interaction with iron ions. In the first phase,
with addition of Fe ions to the incubation medium there is a decrease in
stimulation of respiration in state III, whereas in the controlled state
there is appearance of a second respiratory wave ending with a change to
marked energetic control, as demonstrable with subsequent addition of DNP. In
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the second phase, along with decline of V3 Fe ions raise Vy stationarily,
which is indicative of irreversible impairment of mitochondrial membrane
permeability and energetic regulation of the respiratory chain (Figures 1

and 2).
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Figure 2. Rate of mitochondrial respiration in various metabolic
states after exposure to VMF for 40 min, 50 Hz, 180 Oe.
Designations are the same as in Figure 1.

: The decline of respiratory rate in the third state and appearance of a second
respiratory wave in the fourth state with addition of Fe to the mitochondrial
incubation medium warranted the assumption that SMF inhibits reduction of Fe'"®
conjugated with function of the respiratory chain and leads to secondary
mild activation of 1ipid peroxidation. The direct effect of MF on free radical
processes of lipid peroxidation, which involve endogenous iron, could be the

cause of these changes.

For this reason, experiments were conducted on the effects of SMF and VMF
on high-amplitude mitochondrial swelling in a KNOs or NH4NO3 medium induced
by Fe'* (5°10~" mole) or Fe'® + ADP (5¢10-" and 5+10~* mole, respectively).
The respiratory chain was blocked by antimycin A. Causing swelling at a
temperature of 22°C directly in the MF showed that the rate of reduction of
optic density did not differ reliably from the control with all of the

intensities used.

Thus, the data indicated that MF induces primary depression of distortions
in Yan-Teller structures of mitochondrial membranes containing Fe and
involved in conjugation of electron transport along the respiratory chain
with formation of membrane potential., Activation of lipid peroxidation
induced by MF is secondary and limited in strength, due to decline of A} and
charge asymmetry of the membrane, which disrupt regeneration of reduced

iron by the respiratory chain.
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The obtained data were consistent with the scheme, according to which ATP -
synthesis and cation transport are antisymmetrical processes (Figure 3).
There is a decrease in spatial charge asyimetry of the mitochondrial membrane
under the influence of MF tunnel effects, with retention of transmembrane pH.
As a result, we observe vibron excitation of the system of cation transport,
_ and in a medium with potassium chloride there is penetration and adsorption
of the chlorine ion in the region of maximum jump of electrical potential
on the membrane, which causes stationary decline of gradient A and lowering
of characteristic frequencies of tunnel transitions.

\ Extramitochon-
1 1 drial pH
ATP 3 |r
- Synthe u ransf?ﬁ,
\‘/ \g L~
v = f =
. NN
: X <<]N. BpH | 5 pmx o "
\LL/ _Jl g/l \_"./,
/,S" P ~=
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I

Intramito~ ! !
chondrial pH -

Figure 3. Diagram of conjugation of mitochondrial respiratory chain
with cation transfer and ATP synthesis.

- Circles: respiratory chain electron carriers; ~X--vibron; pH--"spagen"
[?] pH on the protein-lipid interface; A¢ ~-electric difference in
potentials; white arrow--hydrophil-hydrophobic gradient. The diagram
corresponds to the SDH-dependent segment of the respiratory chain
(described in detail in the text)

Inhibition of oxidative phosphorylation (increase of At, decrease of ADP/0,

as well as Vpyp), similar to the observed effect of MF, occurs upon alkaliniza-
tion of the mitochondrial incubation medium [20], but in this case it is the
result of equilibrated decrease in charge-spatial asymmetry due to a decline

of transmembrane pH gradient.

Typically enough, after exposure to SMF, the mitochondria restore charge

asymmetry of the membrane during ADP phosphorylation. The dependence of

this restoration on specific functional activity of mitochondria is dis-

tinctly demonstrable with a mixture of malate and glutamate, when a de-

crease in added ADP from 200 to 100 umole causes a 30% reduction of V3 and -
80% recution of Vpyp; DNP -was added in the fourth state after ADP phosphorula-
tion. In the control, the change in these indices was in the range of 5-10%.
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These data are indicative of the high sensitivity of the NAD-FAD [nicotine
adenine dinucleotide-~-flavine adenine dinucleotide] segment of the mitochon-
drial respiratory change to the state of the spatial-charge membrane asymmetry
and demonstrate the possible role of tunnel electron transport over Fe=S
proteins in the mechanism of MF action.

One can observe the first inhibitory phase under the influence of SMF
not only in isolated mitochondria but with exposure of the integral organism
(7 days, 30 min, 500 Oe daily).

In a saccharose-magnesium incubation mecdium, we observed a tendency toward
lowering of V3 and Vpyp on succinate, reduction of all rates, particularly
(P<0.01) on a mixture of malate and glutamate, and dissociation of oxidation
of a-ketoglutarate--a tendency toward elevation of Vo and reduction of ADP/0
(P<0.05). The latter most probably reflects activation of the nucleoside
diphosphate kinase reaction, and it can be interpreted as the compensatory
component of mitochondria with decline of Opyy and production of ATP.

A comparison of these findings to in vitro experiments warrants expectation
of an increase in monovalent cations in hepatic mitochondria of animals
exposed to SMF many times.

The reduction of mitochondrial membrane potential and impairment of reduction
of nonhemin iron by the respiratory change could inhibit processes of lipid
peroxidation and alter resistance of the organism to the toxic effect of
oxygen and ionizing radiation. Experiments conducted with Maksimova and
Demurov confirmed this assumption: preliminary exposure to SMF (7 days,

500 Oe, 30 min daily) increases with statistical reliability rat resistance
to the toxic effect of oxygen under pressure of 7 atm(abs.).

Let us now return to the second phase of the mitoctondrial reaction to MF,
when there is "slipping away" from the inhibitory response and a chan{:

to stimulation of Vo and V4 in a medium with KCl, and attenuation of ener-
getic regulation of respiration. According to the functional scheme of the
mitochondrial membrane, this "slipping away" is quite likely with depression
of symmetry of the bond of ATP synthetase with structural protein, i.e.,

with decrease in capacity properties of the lipid layer and hydrophobic proton
valves.

= It is known that activation of lipid peroxidation leads to appearance of
proton, potassium and certain other channels of permeability of model lipid
membranes [21]. This effect is enough to weaken hydrophobic interactions
between proteins and lipids [22, 23], depress the antisymmetrical bond
between ATP synthetase and structural transfer protein, and lead to a change
in function of ATP synthetase into ATP hydrolase.

Confirmation of the hypothetical mechanism of the second phase of reaction
to MF was obtained in experiments with rat testicular mitochondria, where
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the animals were exposed once to VMF for 6,5 h, at 50 Hz and 200 Oe. The
tesults of these expeirments, which were conducted together with S. M.
Khlynin, revealed that 48 h after exposure testicular mitochondria in a
saccharose-magnesium incubation medium with succinate as the oxidative sub-
strate presented a 20% increase of Vo, 14% decline of V3 and insignficant
{ncrease of Vy; there was also a reliable increase, to 26% versus 5% in the
control, inthe inhibitory effect of dicyclohexyldiimide (DCHD) added in the
4th state (50 Mmole). Subsequent addition of DNP stimulates respiration,
. the absolute level of which was virtually the same in the experiment and
control.

It is known that the oligomycin-like effect of DCHD is attributable to the

reduction of proton conductivity of hydrophobic areas of mitochondrial mem-

branes [24]. The obtailned data indicated that the second phase of MF

effect 1s manifested by activation of ATPase, appearance of excessive proton
- conductivity of the membrane and impairment of energetic regulation of res-

piration.

The mechanism of mitochondrial membrane function discussed here could br
called chemivibron-electric. According to this mechanism, ATPase could be
the source of infrared radiation, whereas structural protein could raise

the "temperature' of tissue without transfer of heat in the form of infrared
radiation. Excitation of electron nuclear oxcillations, synchronized by
means of Ad, in cooperative Yan-Teller systems of cell membranes with

bond symmetry of ~K and A¢ inherent in structural transfer protein (see
Figure 3), is this specific biological heating mechanism. In such a system,
cyclic discharge of A9 by means of Ca'’ or other mechanism (see above) should
lead to excitation 1f vibron oscillations of actomyosin-like protein and
elevation of its "structural" temperature. Without touching upon many aspects
of this complex problem [14, 16] and, in particular, the possibility of
raising the "structural” temperature of other specialized cell membranes,

1t should be noted that SMF and pulsed MF are capable of altering the rate

of restoration of body temperature in hypothermic animals that had not been
previously adapted to the cold. Under controlled experimental conditions,
with and without administration of amytal, MF can both increase and

decrease the rate of restoration of body temperature [25, 26].

These data indicate that there are alternative routes of thermogenesis in
tissues of warm-blooded animals, with the opposite space and time symmetry
of internal molecular mechanisms. It becomes obvious that ATPase and vibron
mechanisms are these antisymmetrical routes of biological heating of tissues.

Thus, theoretical and experimental substantiation of molecular mechanisms of
biological effect of MF indicates that it is based on probabilistic quantum
processes, in which symmetry plays a decisive role, along with the law of
minimum energy.
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Instability and symmetry, which are the basic properties of 1ife [27, 28],
enable us to interpret many facts from new vantage polnts. It is assumed
and there is much evidence of the fact that development of hypoxic and a
number of other pathological processes is determined by the rate of occur=
rence of successive mutually determined states of mitochondria: impairment
of oxidative phosphorylation, passage of K into mitochondria, absorption of
Ca, etc, {29-32]. Most probably, this sequence reflects instability and
symmetry of processes in the mitochondrial membrane, and it is in essence
determined, since expression of various forms of regulation of the
mitochondrial respiratory chain--by ADP, cations, substrates--is the

form of manifestation of the law of minimum rate of increased entropy in a
stationary nonequilibrium system as permitted by symmetry.

Effects of Magnetic Fields on Adrenergic and Cholinergic Mechanisms of
Regulating Cardiac Function

When a conductive material moves in an MF, an electric difference of poten-
_ tials occurs under the influence of Lorentz forces., For this reasonm, the

heart and blood vessels can be viewed as stationary electrodes to which

is directed EMF upon movement of blood in them in an MF, and both the

vascular and cardiac walls, as well as the moving components of blood are

exposed to the influence of polarization currents and conduction currents.

It was demonstrated above that interaction of weak electric perturbations
with biological structures must be based on nonadiabatic mechanisms expressed
in cooperative Yan-Teller systems.

Let us now discuss the results of experiments dealing with the effects of

MF on rhythmic contractile function of the heart, reactivity of itz

adrenergic and cholinergic gtructures, as well as some concomitant metabolic

reactions. Experiments were conducted on isolated rat hearts subjected to
flow-through perfusion and frog hearts perfused according to Shtraub, The

methodological aspects of the experiments have been published [33, 34].

Systolic pressure in the rat aorta was recorded on an Alvar polygraph,

and the mechanogram of the frog heart, on a kymograph. In this study,

- flame photometry was used to assay Na and K ions in the perfusate and
cardiac tissue; polarography was used to investigate oxygen uptake; fluoro-
metric methods were used to assay catecholamines and the method of recording
the intensity of spontaneous extraweak fluorescence of 1ipids extracted
from cardiac tissues.

In different segments of the study, SMF were used with intensities of 1000
and 50 Oe, and VMF at a frequency of 50 Hz and intensity of 180 Oe. The
studies were pursued after exposure of the isolated heart to MF for 50 min.

The specific activity of the frog heart, isolated according to Shtraub
without additional aeration of the perfusate, i.e., in the case where an

oxygen deficiency occurs, is associated with lowering of perfusate pH
and impairment of ion balance in the form of passage of Na into the myocardium
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and exit of K into the perfusate. Under such conditions, 50-min exposure

to 1000 Oe SMF potentiates the hypoxic effect. This 1s expressed by an
additional decline of perfusate pH and increase in extra weak fluorescence
of cardiac lipids (Figure 4), which is indicative of activation of processes
of 1ipid peroxidation under the influence of MF with an intensity of 1000 Oe.
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Examination of processes of tissular respiration in pieces of ventricular
myocardium from the frog revealed that their intensity is low and regula-
tion of respiration by releasing protonophores is poor. For this reason,
it may be assumed that the rates of aerobic oxidative processes, magnitude
of pH gradients on membranes and maximum frequency of tunnel transitions

in cooperative structures of the frog myocardium are minimal, as compared
to most tissues of warm-blooded organisms, as can be judged from the com-
parative characteristics of tissular respiration under analogous conditions
(Figure 5).

No substantial changes in respiration on succinate, as well as with addition
of DNP, were demonstrable after exposure to SMF of 1000 Oe; there was merely

a tendency toward decline of endogenous respiration. At the same time,

50 Oe SMF led to a rellable decrease of endogenous respiration of pieces of
myocardium, in spite of the wide scatter of the obtained results; there

was no substantial difference in rate of respiration on succinate and kinetics
of activation of respiration with DNP, as compared to the control. It seems
probable that addition of succinate stabilizes the indices of myocardial
tissular respiration and eliminates variations thereof related to the effect
of MF (Figure 5).

The obtained data warranted the assumption that inhibition of endogenous
myocardial respiration is attributable to a decrease in spatial charge
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asymmetry of membranes responsible for aerobic processes of energy production, -
while activation of processes of free radical oxidation is the result of

impairment of hydrophobic interactions and depression of cooperative proper=

ties of Fe~containing macromolecular membrane complexes.

' a0t s ioxp Figure 5.
¥ | eessssssany Effects of 50 and 1000 Oe SMF on
o 3 Lo tissular respiration of frog heart
] ventricles (30-40 mg tissue)
5 ot T Incubation medium (mmoles): -
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T 4ok I 7.5 MgCl2
" }: 10 KH2POy
g J=== 10 S (succinate) B
o S e 20 pmole DNP
ot 20k 1) 50 Oe 3) control
§ ! 2) 1000 Oe 4) rat liver
o

1 1
- 0 [ 2 J min

Artificial aeration induced a decrease in changes in perfusate pH and neg-

ligible increase in extra weak fluorescence of lipid extracts in the controlj;
- there was complete elimination of perfusate pH difference between the control
and experiment, with a marked tendency toward decreased extra weak fluores-
cence of lipids of hearts functioning in SMF (see Figure 4). The results of
these experiments indicated that the mechanism of the Pasteur effect is
due to the symmetry properties of cell membranes: 1000 Oe SMF depresses
the spatial charge asymmetry of membranes involved in aerobic processes of
energy transformation and dissociates intramembrane redox reactions from
processes of active transport; attenuation of the Pasteur effect is observed
also. Conversely, molecular oxygen increases the asymmetry of these mem-
branes, due to its role as acceptor, not only in some chains of electron
transfer but in free radical reactions leading to vibron perturbation of
macromolecular complexes involved in ion transfer and energy transformation.
Vibron perturbation of actomyosin-like protein is associated with activation
of processes of lipid peroxidation in membranes [35].

Interaaction of nervous system mediators with receptors of plasma membranes

is associated with cooperative conformational changes in membranes, in their
permeability, electric potential and ion flux [36]. The cooperative confor-
mational changes in cell membranes cause changes in biloenergetic processes,

which form feedback between the end effects of mediators and their receptors
in the plasma membrane [271.
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These investigations revealed that SMF alters the correlation between bio-
energetic processes: it decreases ATP production and causes compensatory
activation of GTP [guanosine triphosphate] production; this is assoclated
with intensification of glycolytic processes [25]. For this reason it

was interesting to compare the reactivity of adrenergic and cholinergic
structures of the isolated frog heart. After exposure to SMF for 50-60 min,
we observed an appreciable decrease in reactivity to epinephrine over the
entire range of tested concentrations thereof (see Table 1). In addition,
{nteraction of the isolated heart with several concentrations of acetyl-
choline revealed increased cholinergic reactivity after exposure to 1000 Oe
SMF. The degree of demonstrable changes in cholinergic reactivity was
largely related to season and a number of other factors [34].

Table 1. Positive inotropic effect (%) of epinephrine on frog heart after
60-min exposure to 1000 Oe SMF*

Epinephrine m
Experimental pinep y 8/mR
series 1,40~ | L 10=0 l om
con 54,3 12,832 15,6£4,2%
Gonerol 20.6+8,3 37,6£9,6 20,8x1,2

*Conditions: Ringer's solution for cold-blood organisms without
**gﬁacgge; perfuslon according to Shtraub without aeration.

The aggregate of findings referable to the effects of SMF indicated that

there is a correlation between decrease in ATP-dependent bioenergetic pro-

- cesses and depression of B-adrenoreceptors, while compensatory activation of
cholinergic mechanisms corresp nds to increased GTP production. The change
in levels of cyclic cAMP and cGTP nucleotides probably plays an important
mediatory role in the mechanism of SF effects on reactivity of different

_ types of cells and tissues.

It was demonstrated that treatment of the isolated frog heart with chelate-
forming compounds (8-hydroxyquinol, EDTA and certain others) attenuates the
positive inotropic effect of catecholamines, which can be restored by lons
of bivalent iron Fe'®. Ions of other metals, including Fe'"®, do not

elicit such restoration. This indicates that the adrenoreceptors are Fe-
containing macromolecular complexes [38]. The demonstrated high sensitivity
to weak electromagnetic perturbation warrants consideration of these com-
plexes as cooperative Yan-Teller systems, in which there is conjugation of
ion fluxes with the vibron. Then the incidence of tunnel transitions initi-
ated by an agonist in receptor membrane complexes should determine the mag-
nitude of inotropic effects of catecholamines, and it should depend on the
spatial charge asymmetry of the plasma membrane, regulated under ordinary
conditions by transmembrane ApH, ApNat and electrochemical potentials of
other ions, as well as intramembrane redox processes. The latter are
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linked with the main metabolic cycles of the cell through NADH and NADPH
{11, 39].

In addition to the foregoing, the obtained data definitely describe the
symmetry properties of cholinoreceptors and adrenoreceptors of the plasma
membrane, which determine the direction of their conjugate changes under
the influence of MF.

It is known that the level and correlation of different metabolic routes,
as well as molecular organization of receptors of nervous system mediators,
may differ in cold- and warm-blooded animals. In particular, it is known

: that complexons do not alter the effects of catecholamines on the rat heart
[40]. There are also substantial differences in conjugate excitation and
contraction in the myocardium [41].

In spite of these differences, the results of the experiments were indicative
of a decrease in reactivity of adrenergic structures of the isolated rat
heart after exposure to 1000 Oe SMF. The effects of VMF of 180 Oe were in=-
significant, The latter 1s apparently attributable to effective triggering
of compensatory mechanisms and the fact that plasma membranes of the heart
egcape from the influence of VMF (Table 2).

Table 2. Positive inotropic effect of epinephrine (%) 6ﬁ isolated rat
heart with exposure to 1000 Oe SMF and 180 Oe VMF (exposure
time, 50 min; N 8%9)%

S
Epinephrine, ME VME
; g/mg Control Experim. Control { Experiment
1.10-0 18,04£5,0 | 12,042,0

1.10-8 17,343,0 3,042,0%* 12,4-4-2,8 6,64-2,0

5.10-8 10,04:4,0 5,042,0 16,84-2,9 12,843,1

1.40%7 9,04-3,0 9,04:2,0 12,642,9 16,64-3,0

1.10-¢ 13,442,7 13,043,0
*Flow-through refusi K ' 7 Y/ .
**sggusion %gmpgratﬁrgn37.§gg? mggégtéggﬁbggé 0245% €02 aeration;

Deposition of catecholamines in the myocardium is an important factor that
characterizes the state of the sympathoadrenal system, and it is related to
energy and electrolyte metabolism of tissue, It was demonstrated that DNP,
but not fluoride or cyanide, effectively depresses absorption of cate-
cholamines in specific granules of sympathetic nerve endings, as it increases
proton conductivity of membranes {42, 43].

A comparison of the results obtained (Table 3) to the molecular mechanism
of MF action warrants the belief that the influence of MF of the tested
intensities on deposition and levels of catecholamines in the isolated
heart is based on a decline of Apy+ on intracellular membrane structures of
the myocardium.
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- Table 3. Catecholamine content of isolated rat heart with exposure to
1000 Oe SMF and 180 Oe VMF (exposure time, 50 min; N = 89)%*
Catecholamines, SHE - VHE
vg/g Control Experim, | Control Experim.
- ‘Norepinephrine | 0,624-0,10 | 0,56::0,04%* 0,72::0,03 | 0,58-4-0,04*
Epinephrine 0,144-0,02 | 0,0740,02 0,17-+0,01 | 0,114-0,02*

*See Table 2 for experimental conditions. **P<0,05

* %

The theoretical and experimental data submitted in this report lead to con-
ceptions of the fundamental significance of the effect of vibron enhancement
and symmetry properties of Yan-Teller systems in processes of self-regulation
of flows of energy, matter and information in biological objects. Bilological

- membranes play a substantial role in systemic organization of functions on
the supramolecular and cellular levels of organization, and they form the

- symmetry of intramembrane separation of charges, thereby determining the

vector nature of transmembrane transfer and separation of substance.

It becomes obvious that the mechanism of vibron intensification and separa-
tion of the proton and electron, expressed in Yan-Teller systems, is the
specific biological phenomenon that enables the supramolecular system to
utilize free energy of chemical reactions in processes of transfer and
separation of substance and, on the other hand, the opposite: it determines
utilization of endogenous energy of the system in energonic reactions.

MF, which are capable of affecting quantum physical processes when a system
passes through an unstable state, play the role of a distinctive indicator
and regulator of dyssymmetry and vibron instability, the main moving forces
of information and energy conversions on the supramolecular level of organi-
zation of biological objects.
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MAGNETIC FIELDS, ADAPTATION REACTIONS AND RESISTANCE OF THE ORGANISM

Moscow REAKTSII BIOLOGICHESKIKH SISTEM NA MAGNITNYYE POLYA in Russian 1978
signed to press 24 Feb 78 pp 131-148

[Arficle by L. Kh. Garkavi, Ye. B. Kvakina and M. A. ﬁkolova, Rostov
Scientific Research Oncological Institute, RSFSR Ministry of Health,
Rostov-na-Donu]

[Text] Among the biologically active environmental factors, under the
influence of which life evolved, recently an important role is being
attributed to GMF [geomagnetic field], the mediator between solar activity
and the blosphere [48, 32, 16]. Magnetobiology has accumulated a large
amount of information about changes in vital functions of the organism
with both attenuation of GMF and geomagnetic perturbances, as well as
under the effects of all sorts of artificial MF [magnetic fields].

What then is the nature of the general reaction of an organism as a whole

to MF? The reactions to artificially enhanced MF are considered nonspecific,
i,e., they can also be induced by other biologically active factors [43-47,
32, 7, 8, 26]. Moreover, we believe that this reactions are adaptive,

since the organism adjusts to existence in a given MF with their help.

An organism adjusts to numerous stimuli by means of reactions to these stimuli.
It would be difficult to imagine that there are just as many absolutely
different reactions in the integral organism as there are stimuli. This
suggests that there are not so many standard reactions. In this regard,

of special interest is the thesis expounded by H. Selye in 1936 concerning

the general adaptation syndrome (GAS), a "stress" reaction appearing
standardly in response to the qualitatively most diverse, but potent,

stimuli, or stressors [52-54]., H. Selye makes a distinction between three
successive stages of development of stress: 1) anxiety reaction; 2) stage

of resistance; 3) stage of depletion [exhaustion]. Signs of the anxiety
reaction are quite noticeable 6 h after exposure to the stressor: involution
of the thymus, increased weight of adrenals, leukocytes, lymphopenia, eosino-
penia and appearance of ulcers in the mucosa of the gastrointestinal tract.
There 1s intensification of ACTH secretionm, which leads to hyperactivation

of adrenocortical glucocorticoid funmction, impairment of correlation between
glucocorticoids and mineralocorticoids in favor of the former, with depression
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of the thymolymphatic system, connective tissue and immunogenesis. At the
same time, there i1s a decline of thyroid and reproductive gland functions.

In other words, there is depression, rather than activation, of defense
systems of the organism, of its inflammatory potential. At first glance,

this may appear undesirable. Yet a response commensurate to a potent stimulus
could be devastating as a result of an excessive inflammatory reaction.

The move to the second stage is associated with reorganization of the hor-
monal background: diminished secretion of glucocorticoids, there may be
more intensive secretion of hypophyseal thyrotropic hormone (HTH) and
development of hyperplasia of the thyroid. Nonspecific resistance is
distinct at this stage.

If the action of the stressor is prolonged, the stage of depletion occurs:
decrease in resistance of the organism and even death, Again, there is
activation of endoc rine mechanisms that characterize the anxiety reaction.

From Selye's description of the anxiety reaction, it is apparent that there
is close interweaving of defense and injury. Such a response is bilologically
desirable only with exposure to an excessive and potent stimulus. The
changes assoclated with the anxiety reaction make it possible to rapidly
mobilize energy, even at the cost of injury, since the former is vitally
needed in extreme situations.

Severe excitation develops in the CNS [central nervous system] under the
influence of strong, escessive stimuli, followed by supraliminal inhibition
which 1is an extreme defense measure. The biological expedience of this is
reduction of excitability and reactivity. Attenuation of che defense
reaction of the organism is effected via the endocrine system (increased
secretion of ACTH, glucocorticoids) and autonomic branch of the nervous
system.

At the present time, we observe a tendency to reduce to the stress reaction

the reactions of the body not only to excessive, but any nonspecific stimuli.
The theory of N, V. Lazarev concerning development of a state of nonspecific
heightened resistance (SNHR), different from stress, that occurs physiologically
in response to administration of certain pharmacological agents is an exception
[24, 25, 33, 6].

Development of the stress reactlon, in which defense is interwoven with
injury, is biologically undesirable with exposure to mild and moderate
physiological factors. Nevertheless, the reaction of diverse biological
activity to MF is often equated with stress, regardless of MF parameters and
duration of exposure. The influence of Selye's theory is so strong that

if the change under the influence of MF does not fit into the concept of
stress or even contradicts it, authors still try to attribute the changes

they demonstrate to development of stress. Thus, activation of the reticulo~
endothelial system was observed in mice after long-term exposure to SMF
[stationary magnetic fields] with intensity of 4200 Oe: lack of increase (even
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gome decrease) in weight of adrenals, constriction of fascicular zone (in-
stead of expansion during stress) and lack of increased corticosterone
secretjon, demonstrable both in blood plasma and the adrenals [50]. The
anthors called these changes "specific stress"; however, the concept of
"specific" is incompatible with the concept of "gtress," which reflects
expressly nonspecific changes in the organism.

The foregoing does not mean that we consider it impossible to induce stress
with MF, Like any stimulus raised to a certain level, MF can also be a
gtressor.

It was possible to obtain development of typical stress by means of MF,
with reduction of the thymus, lymphopenia, increased secretion of gluco-
corticoids, decrease in mineralocorticoids, functional activity of the
thyroid, reproductive glands, and development of trophic ulcers.

The question of siguificance of strength of stimulation to the nature of
occurring changes was repeatedly raised in physiology. N. Ye. Vvedenskily
discovered the patterns of force relations: parabiotic phases related to a
change in functional state of the reacting substrate. I. P. Pavlov and his
disciples demonstrated that the conditioned reflex depends on the strength
of a stimulus as the universal pattern of cortical activity (30, 31, 27a).

With increase in dosage (strength) of a factor, one observes three stages
in the CNS reaction: preventive inhibition, excitation and secondary (supra-
liminal) inhibition [34]. The phase of initial depression is particularly

: typical of weak stimuli. The CNS appears to be protected by inhibition on

- two sides. Primary (preventive) inhibition protects the CNS against the

- effects of weak stimuli that are not significant to the organism., Secondary
supraliminal inhibition protections the CNS from overstimulation, depletion
and death.

Since factors of different strength induce different responses in the CNS,
the reaction to them of the organism as a whole must also vary. Our studies
. revealed that at least three adaptational reactions can develop, cepending
on the force of the stimulus: 1) reaction to weak, threshold (for general
reactions) stimulation (low doses), 2) reaction to moderately strong (dose)
and 3) reaction to excessive, strong stimulation--stress. The reaction to
a weak, threshold stimulus is called the "conditioning reaction" [39]. This
name stresses the fact that any sort of training or conditioning is based on
an adaptational rzaction, which develops in time with repeated exposure to
threshold stimuli and leads to greater resistance of the organism. In
response to a stimulue of moderate force (dosage), -ere is development of
another reaction, which is called the activation reaction [9], since stable
4 activation of physiological defense systems 1s observed with it.

The above reactions differ from both stress and one another, with regard to

the sets of chaages in the nervous and endocrine system, metabolism, state
of defense forces and nature of resistance; like stress, these reactions
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occur in stages. At the first stage of the conditioning reaction, the
“orientation stage," there is concurrent increase in secretion of glucocor-
ticolds and mineralocorticoids, some increase in thyroid and reproductive
gland function, without depression of the thymolymphatic system. The thymus
does not decrease in size, 1t is even somewhat enlarged during the entire
first stage of the conditioning reaction. There are none of the other
signs inherent in the first stage of stress: leukocytosis, aneosinophilia,
leukopenia, neutrophilia and ulcers of the gastrointescinal mucosa. In the
brain, there is prevalence of protective inhibition, with some decrease in
excitability. By virtue of these changes, readiness to respond to the next
stimulus 18 developed at the orientation stage.

Thereafter, with regular repetition of weak, threshold stimuli, there is
development of the "reorganization stage," the essence of which consists of
gradual change in correlation between glucocorticolds and mineralocoxticoids
in favor of the latter, and a change in metabolic processes to s lower,

more economical level,

The "conditioned stage" occurs after the "reorganization stage.' This stage
is characterized by some prevalence of mineralocorticoids over glucocorti-~
coids, incrcased function of the thyroid and reproductive glands. The
thymus is enlarged. There are minimal energy expenditures and prevalence

of anabolic type of metabolism.

An increase in nonspecific resistance of the organism is already noted at the
first stage of the conditioning reaction, but at the conditioned stage there
is more significant increase in resistance,

There is development of the activation reaction in response to moderate
strength (dose) of stimulation, for which two stages are described [9, 10].
The biological sense of the activation reaction is to enhance the defense
response to the stimulus, with which the organism can cope, unlike the
case of an excessively strong stimulus, by increasing the activity of
defense systems and which, at the same time, is no longer a weak stimulus.
At the first stage, the "stage of primary activation," there is an increase
in adrenocortical activity, mainly due to secretion of mineralocorticoids,
- increased function of the thyroid, sex glands, thymolymphatic system and
connective tissue system., The thymus is considerably enlarged, not only
in comparison to the anxiety reaction, but to the orientation stage, and it
remains enlarged throughout the first stage of the activation reaction. The
number of eosinophils 1s in normal range, the lymphocyte count is higher
and that of neutrophils is lower than in the orientation phase. There are
no ulcers or effusions of blood in the gastrointestinal mucosa. In the
- brain, there 1is prevalence of moderate physiological excitation. Good
equllibrium of processes of anabolism and catabolism is observed at the stage
of primary activation.

The stage of stable activation develops upon systematic repetition of
moderate stimuli. The changes in the neuroendocrine system are analogous to
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those observed at the stage of primary activation. Activation of the thymo-
lymphatic system and connective tissue system is also retained. Relatively
stable function of these systems is maintained by phasic metabolic changes.
. There is more expenditure of energy than in the conditioning reaction and
- less than with stress.

With development of the activation reaction, nonspecific resistance of the
organism increases faster and more significantly than with the conditioning
reaction.

In order to determine the nature of general, nonspecific, adaptation reac-
tions that develop with exposure to MF, we undertook a study of the same
indices, on the basis of which GAS, SNHR, the conditioning and activation
reactions were demonstrated, i.e., we examined the parameters of functional
activity of the pituitary, adrenal cortex, thyroid and state of the thymus-
lymphatic system,

We exposed the head of animals of SMF and VMF [variable magnetic fields] with

intensities of 100-500 Oe, at a frequency of 0.03 and 1 Hz, obtained by

eccentric rotation of permanent magnets and VMF at a frequency of 50 Hz in

intermittent and continuous modes using the Polyus apparatus of the All-Union
. Scientific Research Institute of Medical Instrument Making [35]. We examined

hormonal indices 6 h after 10-20 min exposure and once a week in the case

of dally exposure for several (2-3) months.

After single exposure to SMF and VMF, there was no substantial change in
levels of 17-hydroxycorticosteroids (17-HCC) in blood; blood serum sodium
content did not change with exposure to SMF and increased with VMF; blood
serum potassium was lower in both cases. These changes are an indirect
indication of prevalence of mineralocorticoids over glucocorticoids. Examina-
tion of cellular composition of the hypophysis revealed that there was a sub-
stantial increase in gonadotrophs after exposure to VMF (9.50.37%, versus

\ 5.4%1,0%,1in the control), whereas the amount of acidophils and thyrotrophs
remained in the normal range. The thymus became enlarged, particularly under
the effect of 1 Hz VMF. Leukocyte count, percentage of lymphocytes, neutro-
phils and eosinophils with exposure *o SMF did not differ from normal (the
lymphocyte count being in the lower have of the normal range and that of
neutrophils, in the upper half). With exposure to VMF (both intermittent,
low-frequency, 50 Hz, and infralow-frequency, 1 Hz), there was also no
significant change in total number of leukocytes and relative number of
lymphocytes, but the percentage of lymphocytes increased with decrease in
number of neutrophils (Table).

Concurrently with the increase in number of lymphocytes, there was an

increase in blast transformation (43.7t4.27%, versus 22,0+3.3% in the control),
which is indicative of activation of T lymphocytes.

Hyperplasia of the thymus indicates indirectly (in addition to the data on
elevation of blood Na/K ratio) a prevalence of secretion of adrenocortical

80
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100030004-3

FOR OFFICIAL USE ONLY

mineralocorticoids over secretion of glucocorticoids. This 1s also indicated
by the relative lymphocytosis, which usually accompanies hyperplasia of the
thymus.,

t,- /. o ":‘v‘;"
Aiﬁ&m > ?’ ils

Figure 1, Sections of rat adrenals in the presence of stress (A)
and activation reaction induced by VMF (b). Staining
according to Purvis and Grisbach; objective 40X, ocular 7x

Number of leukocytes, lymphocytes, neutrophils, eosinophils and
weight of rat thymus after single exposure to SMF and VMF

SME, | VMF
Control | 300 g]e 300 0é,114 z:‘)mﬁz%ggt(e):-’-
Index (n=25) (=) =2 Imit, nm2n
Mtm Mim,P | Mtm, P | Mim, P
Leukocyte count | 10720-:705 | 11800:950 | 110105500 | 117652340
>0,2 >0,2 >0,2
- Lymphocytes, % |  62+1,5 58+2,5 73+1,5 69+1,5
>0, £0,001 £0,005
Neutrophils, 7% 301,5 3042,0 2212 2441
>0,2 Z£0,01 Z£0,005
Eosinophils, 7% 2:£0,5 3,040,5| 2,040,5 20,5
>0,1 >0,5 >u,5
Thymus weight, 1335 206+8,5 | 232410 180422
mg/100 g £0.001 £0,001 £0,05
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After numerous exposures to MF, there was no difference in 17-HCC level over
a period of 1 month, as compared to the norm (5.14%0,62 pg%). Sodium content
was elevated already after the first week of exposure and continued to rise
for 2 weeks, more so in the case of VMF (135,210.88 ugZ, versus 123.5t2.9 ug%,
P<0.005). Potassium content was somewhat elevated, more so with the use of
SMF (7.420,15 mg%, versus 6,0t0.1, P<0,01), Thus, the Na/K ratio was
higher under the influence of VMF than SMF; consequently, with repeated
- exposure to MF the ratio of mineralocorticoids to glucocorticoids was
higher under the influence of VMF, With exposure to SMF, although the ratio
was somewhat lower, it was also indicative of prevalence of mineralocorticoids.
This was also indicated by enlargement of the glomerular zone of the adrenal
cortex and hypertrophy of cell nuclei (Figure 1). The weight of the thymus
and percentage of lymphocytes were higher. Studles of these parameters for
several months (with daily exposure to MF) revealed minor phasic changes.
Protein bound iodine (PBI) content of plasma was equally increased after 1
week and 1 month of exposure to VMF (5.6+0.5 ug%, versus 2,6+0.15, P<0.01).

Functional and morphological studies revealed that there was an increase in
number of thyrotrophs in the anterior lobe of the pituitary (9.6%0.4%, versus
3.2%0.9% in the control, P<0.001), in height and size of thyroid epithelial
nuclei (12,1%0.1 ym, versus 8t0,7 pm, P>0,001 and 6.1*0.1 um, versus

5.4%0,1 um, P<0.001, respectively) [4]. Thyroxine uptake, determined 24 h
after giving labeled thyroxine ( 311) (in doses of 1 uCi and 1.5 uCi/100 g
weight) by tissues varied after exposure to SMF and VMF for 1 month. SMF
did not alter thyroxine uptake and VMF increased it. There was a decrease
in fixing of administered thyroxine in the tissues of the thyroid proper
under the influence of both SMF and VMF, which is also indicative of in-
creased hormonal activity thereof at this time (1 month) under the influence
of both types of stimuli. Thus, as a result of exposure to the MF we used,
thyroid function increased, whereas an increase is typical of the "stress"
reaction, as we have already indicated.

Examination of the cellular composition of the hypophysis also revealed that
not only an increase in thyrotrophs, but in gonadotrophs, is observed after
numerous exposures to MF (Figure 2). There was no change in number of acido-
phils. It is known that a decline of gonadotropic function of the pituitary
is observed in the presence of stress. The lack of changes in number of
acidophils with exposure to MF also distinguishes the reaction induced by

MF with the parameters tested from stress, since acidophils are considered

- to be ACTH producers.

Thus, the adaptive reactions induced by MF of the parameters used differed
from stress, and they were characterized by hormonal changes, changes in
morphological composition of blood inherent in the conditioning reaction in
the case of exposure to SMF, and the activation reaction in the case of VMF
[20, 19].

A special study of the reaction of the thymicolymphatic system to MF
revealed signs of stimulation combined with hyperplastic processes [8].
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Although, in the authors' opinion, these changes resemble the resistance
stage of the GAS, to us it is important that, in essence, a different effect
was obtained with VMF of relatively low intensity (200 Oe) and low frequency
(50 Hz), with respect to the thymicolymphatic system, than in the case of
gtress: after 6 h there were no changes in the thymicolymphatic system,

- in particular, no involution of the thymus;after 12-24 h there were signs of
irritation and by the 3d day there was development of proliferative processes.

Figure 2, Sectlons of hypophysis of intact rat (A, ) and after
exposure to VMF (B, I',
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The changes in the CNS also differed with exposure to SMF and VMF.

caused a decrease in excitability--30-40% elevation of thresholds of direct
electrical stimulation, which is consistent with data on the predominantly
inhibitory effect of SMF on the CNS [43, 26]. VMF of the same intensity

led, on the contrary, to {ncreased excitability (20-307% lowering of thresholds

of stimulation, as compared to base levels) (18, 23].

The possibility of enhancing the excitatory process bty VMF is of great
interest, with regard to gaining understanding of the mechanism of action

of MF. A special study of the nature of the effects of magnetic and electric
flelds on the CNS stressed the fact that with MF one could obtain only
varying degrees of enhancement of inhibitory processes, whereas only the
electric field could raise the level of excitability [51]. Thus, MF was

described as a special stimulus, with inhibitory action on the CNS.

We believe that an explanation of the difference in directions of changes
in excitability under the influence of SMF and VMF can be offered from the

a vantage point of MF being 8 nonspecific stimulus, on the basis of the pattern
of action of nonspecific stimuli: nature (quality) of developing changes as
a function of strength (quantitative measure) of effect on the organism.
we have already stated, development of a reaction of the CNS with three phases
is typical of the effects of such stimuli, with increase in strength of
stimulation: primary (preventive) inhibition, excitation and secondary (supra-
liminal) inhibition [34]. The effect of SMF is similar to the first phase
of the reaction, the reaction to weak stimuli, while that of VMF resemb.les

the second reaction to stimuli of a “noderate" force (dosage).

Although VMF increased excitability immediately after exposure, it dropped

- to the base level or lower in the intervals between daily exposures.

would think that intensification of the excitatory process occurred in the
presence of a rather strong inhibitory process. According to {34], this is

typical of stimuli of "moderate" force (dosage).

The obtained facts corroborate the conceptions found in the literature con-
cerning the greater biological activity of VMF, as compared to SHF [38, 15

- and others].

As was demonstrated by I. P. Pavlov, excitation and inhibition are two pro-
cesses that interact constantly. For thls reason, a stimulant such as
caffeine, for example, strengthens cortical inhibition and has a tonic
effect on the cortex in small doses, while bromide affects not only the

inhibitory process but, in large doses, the excitatory process [271.

There are also morphological changes corresponding to the functional change
in the brain under the influence of MF. Glioneuronal correlations are a
fine indicator of the functional state of the CNS. Activation of neuroglia
with change in glioneuronal correlations is considered a manifestation of

o
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cortex in the presence of all nonsupraliminal inhibitory states, including
sleep inhibition [22, 1, 2]. Weak stimuli--small doses of toxic agents,

low doses of radiation--induced activation of neuroglia in the cerebral
cortex, whereas severe poisoning led to depression of neuroglia, associated
with dystrophic changes and destruction of neurons. An increase in number

of astrocytes, oligodendroglial and microglial cells varying in degree,
depending on MF exposure, were observed under the influence of SMF {3]. Long-
term, continuous exposure to SMF induced productive-dystrophic changes in

the neroglia with dystrophis changes in neurons [46].

In our experiments with VMF, we also observed glial activation, mainly in
the hypothalamus. The reaction of microglia and oligodendroglia was more
marked, that of astrocytes was less marked. There was thickening and frag-
_ mentation of microglial cell processes with increase in number. The reactive
_ changes in the microglia were diffuse, but more marked in the hypothalamus.
The oligodendroglial changes consisted of appearance of markedly argyrophilic
granules in the cell processes. Intensification of glioneuronal contacts
was particularly typical, and it consisted of the fact that the nuclel of
glial satellites were closely adherent to neuronal perikaryons (Figure 3),
to the extent of accumulation of several satellites on one perikaryon [21].

Figure 3. Arrangement of satellite nuclei on the perikaryon surface
of large neurons from the lateral hypothalamic nucleus of
an animal with activation reaction and resorption of tumor
following exposure to VMF. Stairing according to
Einarson; objective 100%, ocular 6,3X
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With reference to neurons, there was hyperchromatosis of cytoplasm (when
gtained for RNA and tigroid), increased argyrophilia and hypertrophy of

some neurons. The destructive changes typical of stress were mnot observed
under the above experimental conditions. Thus, activation of neuroglia

may characterize not only a state of protective inhibition, induced by weak
stimuli, but a state of moderate excitation induced by moderate stimuli.
Physiologically, this is justified, since restoration of metabolilc resources
of the neurons through the glia is necessary to maintain a state of active
function.

The nature of the changes in the organism observed with various adaptation
reactions determines their influence on the pro- and anti-inflammation
potential of the organism. The first stage of stress has a very marked
anti-inflammation effect. The use of glucocorticolds in the presence of
various inflammatory processes 1s related to this. However, in view of the
adverse effect of this stage of stress on the defense systems of the
organism, glucocorticoids should be used with great caution.

The first stage of the conditioning reaction has a mild anti-inflammation
effect without elements nf lesion. The anti-inflammation effects of SMF and
VMF, with parameters that induce development of the conditioning reaction,
is related to the developing of this reaction.

The activation reaction increases the inflammation potential, so that it is
desirable to induce this reaction for therapeutic purposes in the presence
of pathological processes associated with a decrease thereof: neoplasms,
chronic inflammatory processes with a sluggish course.

Each of the adaptation reactions affects the level of noaspecific resistance
of the organism., However, the mechanism of enhancement of resistance varies.
In the case of stress, the increase in resistance is obcained, as Selye
himself indicates, at a high price: aside from elements of injury, stress

is assoclated with great expenditure of energy and prevalence of catabolic

processes. For this reason, the resistance stage (with exposure to a strong

stressor) 1s followed by the depletion stage. During the depletion stage,

- the changes in the neurocendocrine system are similar to those of the anxiety
reaction. However, there is gradual decline of the reaction level due to
depletion of reserves. In our opinion, ‘the change to the resistance stage
is related to development in the brain, after exposure to a strong stimulus,
of marked excitation at first, then supraliminal inhibition leading to de-
creased excitability. Against the background of dimiuished excitability,
strong stimuli induce the responses inherent to moderate or even weak
stimuli, rather than strong ones.

At the first stage of the conditioning reaction, there is some increase in
resistance due to prevalence of protective inhibition in the brain and
decreased excitability, i.e., resistance is passive. At the conditioning
stage, which occurs only after numerous repetitions of weak stimuli, there
is more significant increase in resistance of the organism due to a genuine
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EXY

increase in activity of the organism's defense systems, i.e., an increase in L
active resistance. At the first stage of the conditioning reaction, induced

by various means including SMF, it is possible to obtain a protective effect

against the deleterious influence on the organism of antineoplastic chemo-

therapy and radiation therapy [42, 17]. No influence on growth of experi- -
mental tumors was observed at the first stage. At the conditioned stage, a
protective effect against antineoplastic chemopreparations and radiation was

also obtained. Moreover, growth of tumors transferred to animals at the

conditioned stage (after exposure to MF for 1,5-2 months) was inhibited to

total resorption, i.e., at this stage of the conditioning reaction an

increase was observed in antineoplastic resistance of the organism.

There is rapid increase in resistance with the activation reaction, and -
it is significant due to rapid stimulation of defense systems. For this
reason, when it is necessary to increase resistance rapidly, preference
should be given to this reaction., It was possible to obtain protection
against toxic antineoplastic chemotherapeutic agents and radiation by in-
- ducing the activation reaction using different methods, including low- '
frequency VMF. Systematic maintenance of the activation reaction by means
of numerous exposures to VMF of specific parameters led to inhibition of
growth and total resorption of experimental tumors, both transferred and
those induced by carcinogens [40, 17, 41]. In the cases where it was not
possible to systematically maintain the activation reactions and animals
often developed stress, there was even enhancement of tumor growth,

_ On the basis of the foregoing, we do not recommend the use of stress to
enhance resistance for therapeutic purposes. The activation reaction is
the most suitable for this. If it is necessary to obtain and anti-inflamma-
- tion effect, one should first induce development of the conditioning reac-
tion, and when the acuity of the inflammatory process regressa2s ome can
turn to the activation reaction.

= Attribution of the mechanism of therapeutic effects of MF to development of
systemic reactions does not rule out the role of local reactions in these
effects. However, there are extremely convincing data indicative of the
priority of systemic reactions over local ones. Thus, it was found possible
to obtain a therapeutic response in patients with various pathological pro-
cesses in the lungs from brief magnetization of the food in an SMF, which
the author relates tn stimulation of immunobiological activity of the _
- organism [36, 37]. An optimum response was obtained in patients, whose blood i
changes were typical of the activation reaction: increased number of lympho-

cytes in peripheral blood. The author obtained analogous changes in experi-

ments on albino rats with local exposure of the tail to the same MF. Pro-
liferation of lymphoid tissue was also observed.

The results we obtained indicate that the antineoplastic effectiveness of _
MF, with local exposure of the tumor, does not differ appreciably from the
antineoplastic efficacy of MF with direct exposure of the head. Thus,

with the use of MF on the tumor, the number cf animals presenting inhibition
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of tumor growth coastituted 73.8%, and with exposure of the head to MF, the
figure was 81%. The morphological changes associated with tumor resorption
consisted of lymphouytic infiltration of the tumor, lysis of tumor cells
and replacement of tumor tissue with connective tissue.

During resorption of tuwmors, regardless of point of application of MF, in
" the leukocyte formula we observed an increase in number of lymphocytes,

i decrease in segmented neutrophils and normalization of number of leukocytes.
There was significant increase in weight of the thymus. Functional acti-
vity of the thyroid increased. There was a drop in blood plasma 17-HCC
and potassium, enlargement of the glomerular zone of the adrenal cortex, and
the condition of the thymicolymphatic system was indicative of prevalence
of mineralocorticoid function of the adrenal cortex, over glucocorticoid
function.

Thus, the changes occurring in the organism during tumor resorption, under
the influence of exposure -to MF of both the head and the tumor, were indi-
cative of development of the general, nonspecific, adaptational activation
reaction [41].

In view of the fact that magnetotherapy is being used more and more for

the most diverse diseases, while th= nature of MF (SMF, VMF, etc.), condi-
tions and parameters thereof are oft»n selected empirically, the possibility
of deliberately inducing specific adaptation reactions with MF acquires
special significance. Simple indices have been developed, that permit
description of the developing reaction (according to morphological composi-
tion of formed elements of white blood) within 6-24 h after exposure [12, 13].
This makes it possible to operationally and flexibly alter the MF parameters
or magnetization conditions for adjustment purposes, to obtain the desired
changes. Thus, in the case of development of stress, the initial MF para-
meters--intensity or exposure time --should be reduced until the required
reaction is obtained, and in the case of development of the conditioning
reaction they should either be left unchanged if it is desirable to develop
tnis reaction, or else increased until the activation reaction is obtained, etc.

Thereafter, a specific adaptation reaction should be maintained in the organism
for a long time to obtain the therapeutic response. The experimental and
clinical studies have shown that, for this purpose, it is necessary to
regularly monitor the organism's response, since delivery of the same
dosage (properly selected at the start) does not elicit development of the
same (as initially induced) reaction. Moreover, both experimental and cli-
nical studies revealed that numerous exposures to MF of the same intensity
and with the same exposure time (VMF of 30 Oe, 50 Hz, delivered by a Polyus
apparatus for 10 min daily) consistently lead to an undulant pattern of
adaptation reactions, with prevalence of the one that was originally
induced (Figure 4). Each reaction lasts for 1 to 3 weeks.

One cannot obtain stable maintenance of the same reaction in such cases,
and the therapeutic response is not optimal, although it may be opserved
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by virtue of the beneficlal effect of MF at the time it inducen (be it
temporarily) the required adaptation reaction.

Conditioning 4

Stress 3040

igse (constant)

10420 we elcs
Loe ! 2 J 4 3 6 7 )

a0
Conditionings "

[; 2 J 4 5 5 7 weeks

Figure 4. Course of nonspecific reactions in rats, with constant
VUMF parameters (top) and undulant changes therein (bottom).
X-axis, time; y-axis, lymphocytes (L).

In order to maintain development of the same adaptation reaction, experiments
were conducted with MF of varying intensity (Figure 4, bottom). After
the initial selection of intensity and exposure time, we worked with those
that induced the activation reaction. The MF intensity was then gradually
decreased over a period of 1 week, then gradually increased over the next
week to the original level. Blood tests were made at this time. It was
possible to induc: and maintain for a long time (3 months) the same reaction,
the activation reaction, with such undulant change in dosage. Consequently,
in order to maintain the adaptation reaction that is the most desirable in
- a given case, one should periodically (undulantly) alter the "dosage" of
MF (with respect to either intenmsity and other field parameters, or exposure
time).

Thus, with long-term use (repeated many times) of a stimulus of the same
force (MF with the same parameters), different adaptation reactions appear
in a living system, and they are related to the force of the excitatory and
inhibitory processes in the CNS and correlation between them. A fluctuating
(undulant) process of alternation of different reactions occurs. Conversely,
- in order to purposefully maintain a specific reaction, the dosage should
be systematically altered in the direction of increase or decrease, which
should also be fluctuating (undulant) in nature and adjusted in accordance
with the organism's reaction.
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Understanding of the nature of correlation between dosage of treatment and
the organism's response makes it possible to control the resistance level
of the organism by means of MF as nonspecific stimuli for preventive and
therapeutic purposes. Adaptation reactions can be used for theoretically
substantiated and purposeful magnetotherapy.

However, the reactions of the organism to MF varying in biological activity
are not limited to the three adaptation reactions. If only these reactions
developed with increase in intensity (or exposure time), the last one being
stress, further increase in excess of the stressor "dosage" should, according
to H. Selye, lead to death of the organism. Conversely, with any decrease
in dosage inducing the conditioning reaction, one should not observe any
changes in the organism, since the dosage would become subliminal. However,
this is not the case in reality. There is extensive material in the litera-
ture dealing with magnetobiology on the biological effects oi MF over an
enormous range of intensities, from fractions of an oersted to hundreds of
thousands, and over an exposure time range of seconds to many months. More-
over, the changes in the organism are not so different with a wide range of
intensities, exposure time and other parameters of MF, and they often

fail to show an increase with increase in "dosage." Occasionally, weaker
fields have a stronger effect than powerful ones [32, 29, etc.], and the
same changes are observed withk different intensities [14].

We succeeded in inducting the "activation" reaction with both low-frequency
MF (0.03 and 1 Hz), 100-300 Oe and daily exposure for 10-20 min, and 50 Hz
- MF of 19-20, 57 and even less than 1 Oe, with daily exposure for 2 min
(3 times for 40 s at a time, at 3-5 min intervals), and then even a
negligible increase in "dosc¢” with regard to intensity or exposure time
led to development of stress in a number of cases. At the same time, the
use of superstrong MF (40,000 Oe) failed to elicit any particular changes [5].

How then can we interpret all these facts, if we agree with Selye that an
increase in magnitude of a stressor or duration of its action leads to
development of depletion and subsequent death?

To examine this question, we tested on white rats the effects of MF with
intensities of 1 to 300 Oe, delivered by the Polyus device of the All-Union
Scientific Research Institute of Medical Instrument Making, with step-by-
step 1.5-fold change in intensity in each experimental series. The
current was sinusoidal, field frequency was 50 Hz and the field was inter-
mittent (2 s field, 2 s pause). The developing adaptation reaction was
evaluated by the correlation between formed white blood elements, number
of leukocytes, weight nf thymus and proportion of glucocorticoid and
mineralocorticoid hormones of the adrenal cortex. MF were used daily for
2 min (3 times, 40 s at a time, 3-5 min intervals). The results revealed
that there is a periodic succession of triads of adaptation reactions
(conditioning, activation, stress) to the terted range of intensities,

n with a "zone of areactivity" between these reactions, within which the MF
appears to be inefiective [11].
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- A comparison of adaptation reactions developing on different levels (of reacti-

vity) revealed that the set of changes characterizing each of the reactions

is similar in many respects. This explains the production of similar

changes in the organism with different intensities of MF. At the same time,

there are also some differences in level of hormone secretion and energy

metabolism (studies conducted with M. N. Kondrasheva, Ye. I. Mayevskiy et

al.). Further investigation of differences with the development of the same

- reaction on different levels of reactivity will make it possible to
deliberately induce a specific reaction on a specific level of reactivity.

The possibility of development of stress with low intensities, of conditioning
and activation reactions with high intensities enables us to comprehend why
= weak fields occasionally have a strouger effect than strong ones. The
organism reacts on each level only to an increment of MF in relation to
the "zone of areactivity," rather than the entire magnitude oi MF.

Investigation of the nature of enhancement of resistance in the presence of
the very same adaptation reactions developing on different levels also

failed to demonstrate a substantial difference. Thus, A. I. Shikhlyarova
was able to obtaln increased antineoplastic resistance, to induce inhibition
and resorption of tumors in about the same percentage ofcases by means of
development of the activation reaction induced by MF of 1, 7, 30 and 200 Oe
(with the same exposure time) [49]. Subsequent experiments even demonstrated
the advantage of using low intensities for development of activation.

- The "principle of periodicity,"” formed in the course of many certuries of
evolution, with respect to development of adaptation reactions is a highly
purposeful form of preserving homeostaslis in the presence of a wide range

of changes in environmental factors. Knowledge of this principle and use
therecf will broaden substantlally the possibilities of controlling resistance
of the organism by means of MF.
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PSYCHOPHYSIOLOGICAL ANALYSIS OF NERVOUS SYSTEM REACTIONS TO MAGNETIC FIELDS -

Moscow REAKTSII BIOLOGICHESKIKH SISTEM NA MAGNITNYYE POLYA in Russian 1978 -
signed to prese 24 Feb 78 pp 167-177

[Article by Yu. A. Kholodov, Institute of Higher Nervous Activity and
Neurophysiology, USSR Academy of Sciences, Moscow]

[Text] It is known from the history of magnetobiology that the first
- experiments in this branch of science were conducted on man [6]. Then
- animal experiments began to prevail, but we are no again witnessing a
revival of interest in human magnetophysiology, since the results have a -
direct bearing on magnetotherapy and magnetohygiene. Theoretical hygienic
- research is being pursued the must intensively [2], and it includes investi-
gation of human reaction time.

Human Reaction Time During Exposure to Magnetic Fields

- it was shown in the comprehensive work of Yu. A. Ryabchuk [5] that most sub-

- Jects presented an increased time of reaction to photic, sonic and tactile
stimuli with exposure of the heed to SMF [stationary magnetic field] or

- VMF [variable magnetic field] of 50 Hz and intensity of 100 Oe, i.e., an
inhibitory process occurred in the CNS [central nervous system].

However, it is known that the hands are subjected to maximum influence of MF
in the course of performing work [2]. We failed to find information in the
literature concerning change in human reaction time in the case of local
exposure of the upper extremity co MF, and for this reason decided to test

- the possibility of such an effect under experimental conditions.

The subject, who was in an isolated soundproof chamber, sat in a comfortable
armchair (Figure 1). A solenoid (C,), which we previously used in experiments

on rabbits, was attached to the left arm of the chair, and a tumbler (K;)

was put on theright arm; the subject could use the latter to switch sound

on or off (according to position of the key (K;) controlled by the experi- -
menter). Other keys (K3 and K,) controlled MF exposure time and localization,

since a second solenoid (C2) was put on the subject's head. A 1000 Hz sound
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was generated by means of a sound generator (SG) and dynamic loudspeaker (D),
and concurrently a counter was switched on (CT) that measured time with
accuracy of 0,001 s,

The subject was instructed to press
tumbler K as quickly'as possible in
response to sound. He thereby

turned both the sound and counter off.
The experimenter recorded the reaction
time. The tast was repeated after
30-60 s. The experimenter could

turn on one of the solenoids for 1-2 min
without being noticed by the subject,
and then determine reaction time under
the influence of the PMF [pulsed mag-
netic field] (most often at a frequency
of 9 Hz) on different locations. The
subject would report to the experi-
il actacrcrratrinrsrr 7 e menter appearance of any sensations,

1f he related them to the suspected
SG effect of PMF. The experiment lasted
\ / AT 10-20 min.

" oy A

A total of 109 PMF stimuli were de-
i1ivered to 15 subjects. The overall
conclusion is that, in most of the
subjects, PMF inhibited reaction time,
and the most vivid effect was observed
with the first few exposures to PMF,
For example, reaction time changed from 3377 to 407122 ms (P<0.01) for
the sum of the firaf 2 deliveries of PMF to subject E., i.e., it increased by
about 20%. After discontinuing exposure of the hand to PMF, reaction time
reverted to the initial level of 348+18 ms. Consequently, exposure of the
hand to PMF of about 200 Oe and 9 Hz could reliably and reversibly extent
the latency period of the motor reaction of the other hand.

SRAAMARAKURRNNARANNN

SN,

Figure 1.
Diagram of experimental set-up for
studying the effects of MF on the
N human CNS. Described in the text.

Interestingly enough, exposure of the head to PMF altered reaction time to

a lesser extent. While the subjects often guessed correctly the time of
exposure (especially with the first few deliveries) in the case of PMF

to the hand, the sensations occurred very seldom with exposure of the head.
It is opportune to mention here that concurrent determination of reaction
time to sound and possibility of sensation under the influence of PMF
increased tension in the subjects, and we decided to conduct a separate
series of experiments dealing with sensory indication of magnetic effects.
Extensive experimental material is needed to derive comprehensive conclusions
about the nature of changes in human reaction time under the influence of
PMF, and we hope to accumulate it as a result of our subsequent investigations.
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Sensory Indications of Magnetic Effects on Man

Experiments were conducted under the same conditions as in the preceding
series of tests. The only difference was that the subject was instructed
to press tumbler K» (Figure 1) upon appearance of a sensation in the region
- of the left hand or head. This turned on the loudspeaker, and the experi-
i menter recorded the time of appearance of the sensation. Since our subjects
= very rarely reported a sensation with delivery of PMF to the head, we cc¢n-
ducted the main part of the experimrnts with delivery of 9 Hz PMF to the
hand, If the subject did not react to the PMF over a period of 60 s, the
solenoid was switched off, and the experimenter recorded absence of reaction
to PMF. If the sensation accurred sooner than 30 s after turning the sole-
noid on, the duration of the effect constituted half a minute (Table 1).

- Table 1. Log of experiment (subject M., 30 October 1975); experiment
started at 1127 hours and ended at 1139 hours.

PMF exposure time, Duration of signal §386t10n
h, min and s delivery, s paLeney
11.28.30—29.00 28.55 25
11.30.00—-30.30 29.40 29
_ 30.29
11.31.30—-32.30 — —
11.33.30—=34.30 34.25 55
11.36.00—-36.30 36.29 29
11.37.00—-38.00 37.35 5

In other words, the PMF functioned for no more than a minute and not less
than 30 s. These conditions enabled us to separate the test time, which
did not exceed 20 min, into 30-s intervals, and to describe each interval
(regardless of whether the solenoid was on or off) according to presence or
absence of reaction. The reliability of differences between "magnetic" and
"nonmagnetic" intervals was evaluated with the criterion of Student for
alternative variability. The calculations were made using the Jollowing

formulas:
K,~-K
Py ==t (1)
o=V (N, + No) P, (1 =Py, 2)
_ NP, — K.
¢ =|'"i£;-i" (3)

where N is the number of 30-s intervals with exposure to PMF, Nz is the
number of 30-s interva's without PMF, K; is the number of signals with PMF,
K2 1s the number of signals without PMF, Pg is the probability of appearance
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of signal provided that the intervals with and without PMF belong to the
- same gset, 0 is the standard deviation and ¢ is the criterion of Student.

The results of experiments conducted on 6 subjects are listed in Table 2.

- Table 2. Results of sensory indication of effects of pulsed magnetic
field on left hand (6 subjects)

Number of | Numb f Relative
Num=| 30 umber o Student
Sub- | ber igtgggggg signals Eigggfgﬁyinscriterion

Jects |pagdwith [without|with|withou withivithout

B PMF | EMF OMl'j PMF | PMF | PMF

- Kh. 16 267 207 16 10 6 5 0.05
R. 5 i 75 14 24 34 32 0,1
G. 5 32 80 14 24 41 30 0,1
E. 7 62 110 38 24 61 22 2,9
M. 6 88 | 18 59 a8 67 20 3,6
V. 9 08 159 50 38 73 24 3,3

The results listed in Table 2 show convincingly that the first 3 subjects
could not determine, with statistical reliability, the time of exposure to
PMF, whereas the last 3 could reliably distinguish (P<0.05, when £>2.0)
between intervals with and without PMF. Interestingly enough, the results
for subjects E. and M. were similar.

There are radical differences that emerge between the two groups of subjects,
one of which could be called "magnetosensitive." Incidentally, expressly in
subjects E. and M. there was themost distinct change in reaction time to
sound during exposure to PMF., The method of sensory indication of MF can be
used for occupational screening of individuals who will have to be exposed
to MF under industrial conditions.

Vague sensations, similar to pricking, cold, heat or heaviness of the hand,
occurred after a certain latency period, which constituted 21.8t3.3 s for
subject E. and 23.8t2,7 s for M. We see that these figures do not differ
from one another. ’

A comparison of mean latency periods of human sensory reactions and rabbit
EEG reactions (24.4*1.4 s, taken from the work of our graduate student,

R. A. Chizhenkova [7]) indicates the similarity of central and peripheral
mechanisms of action of MF on the organism.

- The similarity of these reactions is even more demonstrable in the analysis
of distribution of latency periods of reactions to MF (Figure 2). The
three peaks in distribution of latency periods of sensory reactions to MF
of subjects E. and M., and of the EEG reactions of rabbits to MF are
indicative of similar dynamics of expression of effects of MF on different
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Figure 2,
Dynamics of latency periods of sensory
reactions to MF in subject M. (1),
subject E. (2) and EEG reaction of
rabbits (3).

X-axis, time (8); y-axis, number
of reactions (%)

L J | A

5 15 25 35 45 55 65 s

biological systems. Determination of the causes of this similarity would
permit wiser use in the future of magnetobiological effects for practical
purposes. At any rate, the similarity of distribution of latency periods
of human sensory reactions and rabbit EEG reactions lead us to expect that
it will be possible to extrapolate to clinical practice the data obtained
on the rabbit, on whom more extensive experimental interventions are
feasible.

Changes in Rabbit Spontaneous EEG After Exposure of the Head to Pulsed
Magnetic Fields

Of the seven blotropic parametcrs listed in the introduction, we selected
for experimental analysis the frequency, pulse shape (sinusoidal and square
wave) and localization of MF (on the CNS and peripheral parts of the body).

- In this series of experiments, only the animal's head was exposed to the
field.

We took into consideration mainly the frequency characteristics of MF, and
this determined the choice of methods of analyzing the EEG. We planned to
evaluate the frequency spectrum of each EEG lead and coherence function
between pairs of leads from different parts of the cerebral cortex.

The selected MF parameters implied in advance that the EEG could not be
recorded during exposure due to induction, but the data in the literature,
which were indicative of a prolonged magnetoblological aftereffect led us
to expect that the information from the brain immediately after exposure
would furnish an adequate amount of data about the reaction,

For these experiments, we outfitted a shielded, soundproof chamber for
electrophysiological tests., We set up concurrent recording of biopotentials
on an ink-tracing recorder and magnetic tape. In some cases, the bio-
potentials were fed directly into a Dnepr digital computer (Figure 3).

A waking rabbit, in whom nichrome electrodes were implanted epidurally in
the cranial bones (4 or 6 electrodes, depending on the objective of the
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experiment), was immobilized with bandages around the paw to a wooden joint.
The head was also secured sith bandages to a narrow ledge on the stand. The
stand with the animals was put in the chamber.

Stimuli Modulator |
Light| SHF| VMF
——H Amplifier HTape rec. |
LIRS
{Brain? DC=digital
computer
‘ Photg-
. recorder

Figure 3. Diagram of experimental set-up for recording and processing
biopotentials of the rabbit brain. Explained in the text.

A solenoid, with inside diameter of 15 mm and height of 60 mm, which was
put on the rabbit's head, was used to generate MF. The solenoid was sus-
pended on a cord and did not touch the rabbit or stand.

Sinuso‘dal current was fed to the solenoid by means of a low-frequency ampli-
fler, which assured generation of the selected frequencies of WMF. To
generate PMF, a VS-26 rectifier was used to power the solenoid by means of

an electronic key controlled by an ESU~1l electrostimulator, which formed
pulses lasting 90-100, 15 or 1.5 ms, depending on the frequency of delivery
of pulses of 2, 5, 9, 50 or 500 Hz.

Measurement of MF intensity with a teslameter showed that it constituted 50 Oe
in the middle of the solenolid and about 200 Oe at the coil. Comsequently,

we were using heterogeneous PMF with force line directed along the longitu-
dinal axis of the body. No vibration was observed when the solenoid was on.

Exposure to PMF and VMF lasted 1-2 min (longer exposure caused the solenoid
to heat up), and the interval between exposures constituted 15~20 min, which
ruled out summation or adaptation processes in the rabbits' CNS.

In all, about 1000 deliveries of various MF and about the same number of
background EEG's were recorded on 20 rabbits.

A comparison of results of computer processing of a 4-s segment of the EEG
recorded before MF to the same EEG segment recorded 30-40 s after turning
the solenoid off showed that slow rhythms in the delta range began to
dominate in the cortical regions examined after exposure to PMF or VMF.
This trend was more marked after the use of PMF at a frequency of 2 Hz.

- The frequency characteristics of the EEG {Figure 4) of the visual cortex of
the left hemisphere (A) and sensorimotor cortex of the right hemisphere (B)
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of rabbit No 51 illustrate the above thesis well. While the background

EEG (I) shows frequencies in both the delta and theta ranges, after use of

2 Hz PMF (1I) delta rhythm began to dominate in both EEG's. Usually, such

EEG changes were observed after exposure to any of the MF used, but in this
experiment, after use of 5 Hz PMF (III), the stimulation rhythm began to
dominate on the EEG (particularly in the sensorimotor cortex). Such "atypical
EEG changes, manifested by prevalence of theta frequencies after MF, were
observed in only six experiments,

Figure 4. Curves of power gspectrum of EEG of visual region of left
hemisphere (A) sad sensorimotor cortex of right hemisphere
(6) in the rabbit, background (I) and after exiposure to
PMF of 2 Hz (II), 5 Hz (III) and 9 Hz (IV).
X~-axis, EEG frequency (Hz); y-axis, incidence of indicated
frequencies in relative units.

A very unique result (IV) was obtained, when we observed a 9 Hz rhythm
imposed by the stimulus after delivery of PMF of 9 Hz, and it appeared in

4 out of the § cortical regions recorded. However, this exception (the
only one!) merely confirms the rule, according to which there is most often
a nonspecific synchronization reaction, characterized by prevalence of delta .
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rhythm on the EEG of the cortical regilons studied, to exposure of the cabbit
heat to PMF or VMF of the indicated parameters (as well as SMF, SHF field
or moving MF generated by a GIMP generator), in all of the EEG leads. -

Analysis of spatial synchronization of biopotentials of different parts of
the cerebral cortex reveasled that there was a decrease in coherence between
biopotentials of the tesied cortical reglons in the theta range after ex-
posure to varlous MF, as compared to the background EEG's.

More encouraging data were obtained when we compared the coefficients of
correlation of biopotentials of the 4 regions of both cerebral hemispheres
(Table 3) in rabbits Nos 61-64, ‘

Table 3. Mean values of ccefficients of correlation between bioelectric -
potentials of sensorimotor (1, 3) and visual (2, 4) regions of
cerebral cortex of 4 rabbits and relative (%) change in these
indices after exposure of the head to pulsed magnetic fields

Number |Treat~|fFre- Pairs of leads
of ment jquen— . | 1=3 I 1=y | -8 | 24 34
tracings cy,H
\ 55 |B8SKRa| — | o.ces| 0,738 o.6m 0,588 0,614 0,502
: 33 | PMF 2 | =40 | =47 —2.1 —1,1 |—-11,7 +6,9
4% | PMF 5 +4,9 45,4 |4+13,9 +17,6 | +6,8 +29,8 _
29 | PMF 0 | 481 |+12,9 |[4+10,7 [+11,3 | —1,6 [+27,8
18 | PMF 50 | 42,1 |-29,4 —0,6 122 | 49,1 —-19,9 -
8 | pMF 500 |4+10.5 |426,0 |[420,7 |+36.2 |[+31,2 [+51,2 -

- The submitted results indicate that a finer analysis of bioelectrical poten~
tials of the brain can demonstrate a certain specificity, against the back-
ground of predominant nonspecific reactions of the brain, which occur under
the influence of any of the electromagnetic fields used.

It is important to stress that visual and computer processing of the EEG
clearly indicates the prevalence of inhibitory processes in the CNS after
exposure to MF, since prevalence of slow waves on the EEG, decreased cohe-
rence of theta rhythm and decline of coefficient of correlation are

- associated with sleep, extinction of conditioned reflex and development
of inhibitory assoclations. The results 1isted in Table 2 suggest that with
increase in frequency of PMF there is an increase in contribution of the
excitatory process in CNS function.

For a reasonable hygienic assessment of MF, one must know the mechanism of
onset of the inhibitory process in the CNS, which can lower the productivity
of an operator's mental work. For this purpose, we broadened the plan of _
studies on animals, including in it experiments for determination of the

effects of MF on processing of visual signals.
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Investigation of Evoked Potentials in Rabbit Visual Cortex in Response to
Flash After Exposure to Various Magnetic Fields

We selected a photic stimulus for analysis, since visual stimuli deliver
most information to the mammaliut CNS. Experiments were conducted on three
rabbits. The methods of recrzding the EEG and delivering MF to the animal's
head were described previously (see Figure 3).

Determination of parameters of the evoked potential (EP) in response to a
0.6 ms flash of light varying in brightness was made using the Dnepr digital
computer, The retina of one eye was exposed to the flash (the flash was
delivered to the retina after attachment of a blepharostat via a light
guide, locally) 10 times before exposure to MF of the indicated parameters
and 10 times after exposure. Averaged EP indices were recorded on photo-
graphic film and compared to one another.

In all, each of the 3 rabbits was exposed for 10 5-min periods to PMF of
2, 5 and 9 Hz, 19 times to VMF of 50 Hz and 16 times to SMF.

Figure 5 shows that after exposure to PMF (boldface line) there was no
change in EP latency period (distance between the arrow and start of the
first positive wave along a horizontal line). The amplitude and duration
of components of the primary EP, positive phase (downward deflection),
negative phase (upward deflection) and the next positive phase did not pre-
sent changes in the same directions, although they did vary. It was found
that the slow negative wave is the most labtile index of EP. After exposure
to the PMF, this wave had a tendency toward increase in both duration and
amplitude. A similar type of EP change was observed after use of VMF and
SMF. In other words, as in the case of analysis of the spontaneous EEG of
the rabbit, the study of EP demonstrated the nonspecific aspect of the CNS
reaction to various MF.

The second similarity in the series of studies we compared was that the
increase in the slow nogative wave corresponds to onset of inhibitory post-
synaptic potentials in cortical neurons, i.e., prevalence of the inhibitory
process in the CNS.

Discussion

The results submitted raise the question of similar effects on the CNS of
reflex and central magnetic factors. True, the head was exposed to them

in experiments on rabbits, while peripheral exposure involved experimentation
with human subjects. However, G. Ya. Mar'yanovskaya [4] also mentions this
similarity in her study on rats of the model of the neoplastic process

under the central and peripheral effects of MF.

Consequently, under certain conditions, local, peripheral exposure to MF

can demonstrate a response of the organism similar to the one induced under
the direct effect thereof on the CNS. When analyzing this effect, one should
make a more comprehensive study of the local reactions of the cutaneous
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analyzer, Let us recall that the sen-

A gsations occurring in man with peripheral
eposure to MF are related expressly to
the cutaneous analyzer, However,
since MF has a penetrating action, it

1 can directly affect sensory nerve
fibers or composition of flowing blood
(see this collection).

Recently, an interesting report was

1 published [8] concerning the magnetic
) properties of the frog's sciatic nerve,
which was attracted to the pole of a
permanent magnet with intensity of

580 Oe after being suspended on a
thread. Other frog tissues failed to
demonstrate this effect. However, the
frog's olfactory nerve and rat's peri-
4 VU T a— . pheral nerve were also attracted to

t the magnet's pole.

[ R |
.
~
=

Such magnetic properties of the nerve

) persisted after it was treated with
- T " distilled water, 107 table salt solu-
tion or formaldehyde, as well as after
air-drying the nerve. The demonstrated
- effect disappeared only after soaking
T the nerve in chloroform or methyl
¢ alcohol solution.

r
>

Figure 5.
Averaged EP of visual cerebral
cortex of the rabbit in the back-
ground (1) and after PMF (2)
of 2 Hz (1), 5 Hz (II) and 9 Hz
(111). X~-axis, time, 20 ms
spacing; v-axin, amplitude,
200 mV spacing; arrow--flash
of light

It 18 assumed that phospholipids may
be responsible for such unusual
magnetic properties of nerves.

Another report (1] should be consid-
ered equally interesting; it deals
with the change in nature of reaction
of a fish central neuron with change
in direction of MF. This fact could
be interpreted as a specific nature
of MF perception by electric fish, as well as difference in reactions of
sensory and motor nerves to MF. It then becomes understandable why MF lowers
sensitivity to a peripheral stimulus [6] but increases motor activity. A
report has been published to the effect that a 4-fold increase in horizontal
component of the geomagnetic field led to an increase in motor activity of

3 out of 12 salmon [9]. Similar exposure of birds also increased their
motor activity and disrupted their orientation (3].
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Determination of the causes of such individual differences is one of the
pressing problems of neuromagnetobiology.

2l

l..

8.
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EFFECTS OF VARIABLE INDUSTRIAL FREQUENCY MAGNETIC FIELD ON FUNCTIONAL
STATE OF THE THYROID AND THYROXINE UPTAKE BY RAT ORGANS

Moscow BYULLETEN' EKSPERIMENTAL'NOY BIOLOGIL I MEDITSINY in Russian No 11,
1978 pp 544=546

[Article by N. A. Udintsev, V. Yu. Serebrov and G. I. Tsyrov, Department
of Biochemistry (headed by Prof N, A, Udintsev), Magnetobiological Labora-
- tory (headed by S. V. Taranov) and Clinical Radioisotope Laboratory (headed
by Docent G, I. Tsyrov), Tomsk Medical Institute, submitted 25 Jan 78
(presented by N. V. Toroptsev, Academician of the USSR Academy of Medical
. Sciences)]

[Text] A etudy was made of uptake of !3!'I by the thyroid

and of thyroxine by tissues of several organs, as well

as protein-bound iodine (PBI) content of blood plasma of
albino rats exposed to variable magnetic fields (MF) of

200 Oe intensity at the industrial frequency for differemut
periods of time and at different intervals. It was estab-
lished that there is an increase in PBI in response to

15-min exposure, With increase in exposure time to 6.5 h

and especially 24 h, the PBI level drops and there is a
decrease in thyroxine uptake by tissues of the testes, heart,
liver and spleen, In the case of multiple exposure to variable
MF (up to 6.5 h a day for 5 days), there is a substantial
increase in !3'I content of the thyroid, PBI level, whereas
uptake of thyroxine by tissues diminishes significantly. It
is assumed that thyroid function and the reaction of tissues
to thyroxine change in accordance with the duration and fre-
quency of exposure to MF (BYULL. EKSPER. BIOL., No 11, 1978,
p 544).

Key words: variable magnetic field; thyroid gland; thyroxine.

The increasing use of devices that generate magnetic fields (MF) in industry
and the national economy, and use thereof for therapeutic purposes in medi-
cine make it necessary to conduct a comprehensive analysis of the biological
effects of MF on man and animals. MF are stress factors [1, 6], in the
adaptation to which the thyroid plays an important role [9]. However, its
condition when exposed to variable MF has not been sufficiently studied.
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Our objective here was to test the reactions of this gland and uptake of
labeled thyroxine by animal tissues after exposure to variable MF of
industrial frequency for different periods of time.

Methods

Experiments were conducted on 280 mongrel albino rats weighing 150-180 g,
which were put in a variable 200 Oe, 50 Hz MF for 15 min, 6.5 and 24 h,

as well as for 6.5 h per day for 5 days. We assessed the functional state
of the thyroid according to uptake of !3?!I 2-48 h after subcutaneous
injection of 0.5 uCi of the isctope on a DSU-61 unit. We assayed PBI of
blood plasma per milliliter of heparinized plasma by the method in [5] using
a GAMMA instrument (Hungary--United States). Thyroxine-i31T1 (Institute of
Nuclear Research, Poland) content, after hypodermic injection at the rate of
1 uCi/100 g weight, was assayed in the adrenals, heart, thymus, spleen,
testes, hypothalamus, lymph nodes, liver and thyroid 24 h after injecting
the thyroxine [8]. The isotope was given immediately after exposure to MF
and there was 15-min exposure to MF after administration of the isotope.

The obtained data were submitted to processing with the use of the
Wilcoxson~Mann-Whitney criterion [3].

Results

It was established (Table 1) that single 15-min exposure to variable MF
raised appreciably the plasma PBI level; however, no marked accumulation
of iodine in the thyroid was demonstrated; nor was there any change in
uptake of thyroxine by tissues. Other researchers also observed a similar
reaction in the thyroid [2].

It is known that the hypothalamus is the most sensitive to MF [7]. In-
creased ACTH synthesis was also observed under the influence of MF [11].
It may be assumed that stimulated secretion of hypophyseal thyrotropic
hormone is the cause of activation of thyroid function.

Table 2 shows that with increase in exposure to 6.5 h and, especially, 14 h,
a negligible decrease in iodine uptake by the thyroid is associated with a
substantial decrease in PBI. In the case of exposure for 6.5 h, there is
decreased thyroxine uptake by hepatic and spleen tissue, and in the case of
24~h exposure this also applies to tissues of the heart, testes and thymus.
The cause of these changes may be hypoxia [10, 12], which develops under the

- influence of variable MF, in which there is inherent decrease in thyroid
function [1].

A different response was demonstrated in the case of multiple exposure to
variable MF (€.5 h per day for 5 days). Under these conditions, there was
an increase both in iodine content of the thyroid and PBI level; however,
uptake of labeled thyroxine was reliably diminished in virtually all organs
examined (see Table 2).
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The results of these studies warrant the conclusion that variable MF (200 Oe)
of industrial frequenc¥ has a substantial effect on thyroid function., The
correlation between !3'1 uptake by this gland, PBI content of plasma and
degree of uptake of thyroxine by tissues changes according to duration and
frequency of exposure to variable MF,
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PECULIARITIES OF DISRUPTIONS IN THE SELECTION REACTION IN RATS EXPOSED TO
A MODUIATED AND PERMANENT ELECTROMAGNETIC FIELD

Moscow UPRAVLENIYE POVEDENIYEM ZHIVOTNYKH in Russian 1978 pp 6-7

[Article by G. D. Antimoniy and G. K. Vasina, Institute of Normal Physiology,
USSE Academy of Medical Sciences]

ETaxt] This study investigated the effect of an electromagnetic field (EMF)
on the selection process by an animal of the reinforcement side in a maze,

A comparison was made of the effect of modulated and non-modulated EMF and
the nature of the restoration of the behavioral reaction in the days following
irradiation. The experiments were conducted in a special automated maze,

It was shown that the effect of the modulated EMF (80-100 V/ms 39 MHz) on

the day of irradiation produces errors in the selection of the reinforcement
side on an average up to 18% (d > 0.01). On the second day after irradiation
a reduction in the number of mrroneous reactions on the average to 11% (d >
0.01) occurred practically in all the animals, Further the number of
erroneous reactions again rose to 15% (d > 0,01). 1In different animals the
secondary rise in the number of errors in selecting the reinforcement side
was traced from the third through the sixth day after single irradiation,

In the following days of observations the number of erroneous reactions was
continuously reduced, and by tho eighth day all the animals had practically
completely restored their ability to select the reinforcement side.

The effect of the non-mojulated EMF with the same intensity of the field did
not result in the appearance of erroneous reactions in selecting the rein-
- forcement side either on the day of irradiation, or in the subsequent days,

In the intact trained animals there was a natural increase in the reaction
time as the drinking motivation was satisfied. Here the total numbser of

drinking reactlons during the experiment averaged 30, Exposure to modu- -
lated EMF resulted in a considerable increase in the reaction time already
after the animal had run 3-5 times to the drinking bowl, 1In addition, in

animals during the irradiation with modulated EMF the total number of drinking

reactions during the experiment was reduced on the average to 15 (d > 0.01).
Exposure to non-modulated EMF, despite the complete absence of erroneous
reactions, was also accompanied by a faster increase in the reaction time
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an comparod to Lhe Intacl animals, as well as a reduction in the total
numbor of drinking reactions in the experiment on the average to 13 (a »
0.01)., 1In the restorative period in the rats after exposure to modulated
EMF the number of drinking reactions during the experiment practically
approached that of the intact rats, however the time of the actual reaction
increased from the first approach of the animals to the drinking bowl,
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REACTION OF DROSOPHIIA TO EIECTRICAL FIELD
Moscow UPRAVLENIYE POVEDENIYEM ZHIVOTNYKH in Russian 1978 pp 13-14

[Article by V. M. Afonipa and V. B, Chernyshev, biological department of
Moscow State University]

trext] It can bo hypothesized that insects perceive the electrical field as
the force of interactlon between the charge of their body and the surroudning
field (Chernyshev, 1975)., A scan of the soil surface from the fields re-
vealed a pronounced accumulation of small insects in this zone (Tshernyshev,
Ershova, Tikhonova, Shakhanova, 1979).

Edwards (1960) showed that drosophila can react to an artificial electrical
field by stopping movement. We studied this reaction of drosoprhila (Droso-
phila melanogaster) and drew the following conclusions. The percentage of
individuals reacting to the field is directly proportional to its intensity.
The minimum potential at which a reaction was still observed--2 volts per

1 em, The natural gradient of the atmospheric potential is altered in the
interval approximately from one te hundreds of volts per centimeter, Con-
sequantly, drosophila react to an increase in the gradient of the potential
(usually occurring before bad weather) by a reduction in activity, and most
likely, withdrawal to shelter, The higher the air humidity promoting the
escaps of the body charge ofthe insect, the lower the level of its reaction,
However, with relative air humidity below 30%, which cleariy goes beyond

the limits of the norm for drosophila, the reaction to the electrical fisld
is reduced to zero,

The level of reaction is always higher in the variable fisld than in the
permanent; it is especially high with frequency of changes in the field--
10 Hz. Apparently, the strength of the interaction of charges can be
perceived through oscillations in the setae on the body of the drosophila
or extremitles, including the wings.

Besides these relatlonships, we observed a variability in the level of the
reaction that is difficult to explain., With the standard experiments for
almost two summer months on individual days the reaction dropped almost to
zero, or was raised almost to 100%. We add that in the city laboratory
the level of the reaction was, as a rule, considerably lower than in the
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rural locality, In winter the flies were practically insensitive to the
fleld,

No correlation was observed between the reaction level and the natural changes
in ionization and electrical conductlvity of the air and the level of
electromagnetic oscillations of atmospheric origin, An artificial rise, as
woll as decrease in the level of these factors in natural limits did not
affect the reaction of drosophila to the electrical field, The reaction
level of the drosophila alsoc was not 1linked to atmospheric pressure and the
turbulence of the geomagnetic field, We succeeded in showlng experimentally
that the artificially created weak subsonics of frequency 0.1 and 16 Hz

reduces the level of the drosophila reaction to the electrical field on the
average by 40%.,
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UDC 612.014,43/46

SPECIAL CHARACTERISTICS OF THE INTERACTION OF ELECTROMAGNETIC FIELDS WITH
BIOLOGICAL ENTITIES

Moscow OSOBENNOSTI VZAIMODEYSTVIYA ELEKTROMAGNITNYKH POLEY S BIOOB'YEKTAMI
(Special Characteristics of the Interaction of Electromagnetic Fields with
Biological Entities) in Russian 1978, pp 5-9

[Foreword by the editors, Professors B, M, Savin and G. A, Stepanskiy, and
table of contents from book by V. M, Shtemler and S. V. Kolesnikov)

[Text] The problem of the biological effects of radio-frequency electromag-

netic fields has become particularly urgent in recent years. As a result of

the rapid development of radio communications, radar, and television, a con- -
siderable part of the earth's population is constantly exposed to electro-

magnetic radiation of the radio-wave rauge. The wide use of electromagnetic

energy in the uational economy, science, and medicine is arcompanied by fur- .
ther increase in the number of persons exposed to hygienically significant -
levels of electromagnetic radiation with various characteristics: from quasi-

static radiation to radiation of the optical band.

Devices which are sources of radio waves are extremely useful to man, however,
when used without proper control, they create extremely high levels of radia-
tion and can be hazardcus to human health, This determines the special sig-
nificance of problems of hygienic normalization of radio-wave radiation in
solving problems of ensuring safe working conditions and environmental pro-
tection,

It should be noted that the Soviet Union is the first country in the world
where the levels of radio-frequency exiects were regulated by the government.

In recent years, international attention to the problems of the biological _
effects of electromagnetic radio-frequency radiation and its hygienic normal-

1zation has increased considerably. The formation of the International Com~

mittee on Nonionizing Radiation within the framework of IRPA (International

Commission on Radiological Protection) is significant in this respect. The

tasks of the committee include the analysis of the biological effects of

various types of nonifonizing radiation, as well as the development of recom-

mendations for the maximum permissible levels of radiation and normative

documents of international nature., Just since 1973, the time of the first
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large-scale international symposium "Biological Eftects of Microwaves and
Health Hazards," 15 international forums were held on various aspects of
this problem,

The problem of the blological effects of electromagnetic radiation of the
radio-wave range 1s one of the main divisions of the radiohinlogy of non-
ionizing radiation, which is an independent area of scientific knowledge.

It includes a number of scientific directions connected with the establish-
ing of regularities in the responses of live systems to the effects of radio
waves at varlous levels of their organization: subcellular, cellular, sys-
temic, and the organism level,

Being engendered primarily by practical needs -~ the necessity of preventing
the unfavorable effects of this type of radiation on the human organism, as
well as the intereasts of clinical medicine (particularly, physiotherapy) --
in recent years, it has been increasingly acquiring a heuristic importance,
contributing to the discovery of the most intimate vital activity processes
of the organism,

Although the first studies on the biological effects (therapeutic) of elec-
tromagnetic radiation of the radio-frequency rangz were done as early as the
end of the last century, a systematic development of this problem was started
only at the end of the forties,

At the present time, the bibliography on the problems connected with the bio-
logical effects of electromagnetic radio-frequency fields has several thou-
sand titles. Nevertheless, .. considerable part of them are descriptive in
nature and deal chiefly with phenomenology. Only in recent years there has
developed a definite tendency toward increasing the number of publications
treating special characteristics of the absorption and distribution of the
energy of electromagnetic fields in biological entities, and the investiga-
tion of the intimate mechanisms of their action, as well as the improvement
of research methods and experimental techniques.

This collection was prepared by the members of the laboratory of electromag-
netic radio-frequency waves of the Institute of La“or Hygiene and Occupational
Diseases of the USSR Academy of Medical Sciences.

The surveys contained in it are dealing with three key aspects of the pro-
blem: its clinicohygienic aspects, effects of radio-wave radiation on the
central nervous system, and biophysical aspects of the interaction of elece-
tromagnetic fields with biological entities,

The correct estimation of the hazards of radio-frequency radiation and extra-
polation of the data of experimental studies conducted on animals in appli-
cation to the human organism are possible only on the basis of the establish-
ment of a strict interrelation between the incident energy and the energy
absorbed by the blological entity, between the electromagnetic fields which
are really acting (induced in the biological entity) and the biological ef-
fects occurring at that time. These problems are discussed in the first sur-
vey of the collection.
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Until recently, very little was known about these problems. It is very re-
cently that considerable progress has been made in this area, which has cre-
ated the prerequisites for a more correct evaluation of the results of ex-
perimental studies, There is no doubt that the authors of this survey had

a difficult task of making the problems of the interaction of the electro-
magnetic field with a biological entity accessible for broad sections of
medicobiological speclalists without resorting to the comparatively complex =
mathematical apparatus. The authors limited themselves to a minimal number

of formulas which, af: the same time, make it possible to perform practical
computations extremely important in plunning the experiments and analyzing -
the results of the studies.

The next survey analyzes the works dealing with the effects of radio waves

on the activity of the central nervous system, It should be mentioned that

the largest number of works published in recent years are dealing with this

problem, This ig quite understandable because the accumulated data indicate

that the central nervous system is one of the systems of the organism which

18 the most sensitive vo the effect of electromagnetic fields of the radio- -
frequency range, and changes in the indexes of its functional state are con-

sidered to be of decisive importance in substantiating the thresholds of harm-

ful factors,

- As has been mentioned above, the problems of hygienic normalization of radio-
wave radiation have become particularly urgent in recent years, In this con-
nection, the concluding survey, along with the discussion of the published
data on the clinical manifestations of radio-frequency effects, gives infor-
mation on the exposure standards adopted in various countries, modern ap~
proaches to the hygienic evaluation of factors, measurement methods, and
levels of radiation to which people are exposed under industrial conditions
and in everyday 1life, It should be mentioned that, in spite of the great
importance of these problems, the number of publications treating them is
rather limited, and most of them belong to Soviet authors.

It is notable that the number of works by foreign authors on the methodology
- of hygienic standardization is extremely limited in spite of the fact that
it is in this problen that there are substantial differences both in the
treatment of clinical changes connected with the effects of this factor, and
in the exposure levels permitted by the standards of various countries.

This collection is irtended primarily for scientists engaged in research on -
the problem of nonionizing radiation, However, it is believed that the ma-

terials contained in it will also be of interest for broader sections of

medical and radio engineering specialists,
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