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A MODULATED ELECTROMAGNETIC FIELD AS A FACTOR OF SELECTIVE INFLUENCE UPON
THE MECHANISMS OF GOAL-ORIENTED BEHAVIOR IN ANIMALS - - .

Moscow ZHURNAL VYSSHEY MNERVNOY DEYATEL'NOSTI in Russian No 5, 1976 pp 899-90¢

[Article by K. V. Sudakov, Scientific Research Institute of Normal Physioloqy
imeni P. K. Anokhin, USSR Academy of Medical Sciences, Moscow, dedicated to

the 200th anniversary of the Department of Physiology, Moscow Order of Lenin
and Order of the Red Labor Banner Medical Institute Ro 1 imeni I. M. Secheno

{Text] The search for directed influences upon brain functions is tradi-
tionally associated with the use of various psychopharmacological agents.
However, pharmacological influences have a nurber of undesirable side-
effects, among which difficulties in determining their individual doses,

the duration of the aftereffects, toxic effects, and sconare foremost. All
of this forces us to seek new ways of dosed, reversible influence upon

brain activity, devoid of the clearly pronounce@ shortcomings of pharma-
cological preparations. It is becoming more and more obvious today that
selective impairments of mental activity similar in their manifestations to
the action of many psychopharmacological agents can be observed when living
organisms are subjected to extreme physical factors--mechanical irritation,
temperature, a gas medium, acceleration, radiation, and so on. Among these
factors, which have a significant influence upon brain functions, a speci
role belongs to modulated electromagnetic fields in the radio-frequency rxang

{(12-14,18-20,23~26).

The systems approach, functional system theory in particular, has been foun
to be promising in research on directed influences upon brain functions
(1,3). In contrast to the sitvation in research on the influence of various
) extreme factors upon excitation and inhibition in the central nervous systen
- functional system theory raises the issue as to which key mechanisns of
goal-oriented behavior (afferent synthesis, decision making, goal setting,
assessment of the result) are influenced by the given factor.

Our task was to determine which units in the central architecture of animal
goal-oriented activity are affected by a modulated electromagnetic field
(MEMF) and the sequence in which this field acts. To answer this question
we studied the effects of dosed MEMF in the following experimental situatiol
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1) Choice, by animals, between 2 feeding and an avoidance reaction in re-
gponse to the same conditioned gignal in a changing situation (E. A.
Asratyan's switching principle (M) 2) extinction of conditioned feeding'
reactions} 3) development and extinction of conditioned!feeding reactions
in a group of communicating animals; 4) choice, by the énimals, of the
gide from which to obtain reinforcement in a T-maze; 5);sel£—stimplation-
‘reactions. - i .

’ J
pynamics of Change in Goal-Oriented Behavior of Rats in;aesponse to MEMF
when Offered a Choice Between 2 Feeding and an Avoidance Reaction to the
Same Conditioned signal in a Changing sitvation |

In order to study the influence of MEMF on,development:cf the key mechanisms
behind goal—oriented feeding and avoidance reactions, we built a special
expe:imental chamber in which we could develop and study feeding and avoid-
ance reactions in animals in response to the same conditioned triggering

. stimulus presented in different gitvations created by changing the color

of the removable rear wall of the chamber (white or black).

! .
An electric lamp and a fceder were on the left side wa}l of the chamber.
There was a brass grating to which a voltage could be applied in the left
part of the chamber floor. o :

The experiments were conducted in the following way. i conditioned feeding
reaction was developed in the presence of a white chaﬁber wall in rats which
had first been starved for 24 hours. As a result of the training, in response
to the light the animals rushed to the left half of the chamber where the
feeder was located. Then the chamber's rear wall wasfreplaced by the black
wall, and electric current of threshold intensity (30450 volts), eliciting
an avoidance reaction in the rats, was applied to the ! grating in the left
half of the chamber wall. Under these conditiona,’whén the light stimulus
was turned on, rats which headed for the feeder, in their accustomed way,
received electrocutaneous stimulation, which they could avoid only by moving
to the right half of the chamber. After two or three combinations of the
1ight and electtocu:aneous»stimuli in the presence of a black chamber wall,
the rats developed. an avoidance reaction--that is, iﬁ response, to the light
the animals remained in the right, vgafe” half of the chamber.

|
The developed reactions were gtudied in the presence;of an MEMF created in
the chamber by means of metallic plates secured to tﬁe-front and rear walls
of the chamber and connected to an EMF generator. The distance between the
plates was 40 cm. !

. The EMF source was a uvch-2 instrument modified in oﬁr laboratory by A. A.

Lyubovnyy: used together with a 2G-10 acoustic generator, it created an
EMF with a frequency of 39 Miz, sinusoidally modulated at a frequency of
S0 Hz. Modulation depth waS~about-80fpercent. In most experiments the
intensity of the field inside the chamber was 30-12q w/m. The intensity
of the electric ccmponent of the EMF inside the chamber was monitored with
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a diode voltmeter; intensity was determined using the formula E=sU/d, where
U is the voltage measured at the capacitor plates, volts, and d is the dige
tance between the plates, meters. In addition wefmade control measurements
of the EMF intensity using an IEMP-1 instrument.
== |
G. D. Antimoniy (4) studied the particular manifestations of conditioned
2 avoidance and feeding reactions in the presence of an MEMF using the des-
o ‘ . cribed procedure in experiments on 28 rats. Initial training was terminated
. when the rats displayed 100 percent adequate reaétions in response to 10
pPresentations of the triggering stimulus in the presence of a white chamber
wall. As a rule, just exchanging the white and black walls itself elicited
a distinct avoidance reaction in trained animals: The rats crowded them-
selves into a corner, hugged the chamber floor, and breathed faster. In
subsequent experiments the developed reactions were analyzed in the presence
- of the MEMF .. ; ) . :

In the presence of the MEMF, in 5-20 minutes the rats first experienced a
disturbance in avoidance reactions. 1In response 'to the triggering stimulus,
i animals in the avoidance situation (black chambeﬁ wall) rushed persistently
to the feeder despite the fact that they experienced an intense electrocut-
aneous stimulus (in this case the rumber of motor reactions towards the
feeder in response to light attained an average of more than eight attempts’
in a single experiment; one animals made 24 such attempts). 1In the time
during which the MEMF was present, replacement of the light wall by the
black wall failed to elicit the avoidance reactiqn seen in intact animals.
Feeding reactions in the presence of a white rear chamber wall in response
to the triggering stimulus were the same as before. However, certain changes
were revealed in the feeding behavior of the animals. Among trained intact
rats, the reaction time to the triggering stimul@s (the time between the
moment the stimulus was turned on and the moment ﬁhe rat pressed the feeder
\ . bar) was rather stable, exhibiting extremely insignificant fluctuations
f o (5.7-6.610.08 sec). When the MEMF was present. the fluctuations in the
| t- reaction time to the conditioning stimulus grew dramatically (3.2-9.920.3
j ’ sec). However, the difference in the mcans of the reaction times before
B and during irradiation turned out to be statistic?lly insignificant. Arisal
. of frequent motor reactions toward the feeder in the interval between sig-
5 nals, which was practically not observed among intact animals, was also
3 highly typical of short-term exposure to the MEMF. The noted changes in
" behavioral reactions following a 5-20-minute exposure to the MEMF were
observed in 64 percent of the rats. f
I
. When the animals were exposed to the MEMF for a anger period of time, the
changes in avoidance reactions described above were compounded by more
highly pronounced and more diverse disturbances in feeding reactions (see
. table below). |
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Changes in Conditioned Reflex Reactions of Rats Exposed to an MEMF
i
i
stage| Time of Avoidance Behavior Feeding Behavior
Exposure - !
1 5-15 min pisturbances in avoidance Increase in fluctuations .
reactions of the animals of reaction time to
in the choice situation cqnditioned atimulus
11 20-45 min As above !né:ease in reaction -.

time to conditioned
stimulus. Arisal of
avoidance reactions in
the »feeding” situation.
Motor reactions toward
the feeder failing to
‘culminate in feeding.

I11 45-60 min Absence of a reaction to A%sence of a reaction to
coqﬁitioned stimulus * ¢conditioned stimulus

wv 1.5-2 hours profound inhibition of gen~
eral motor activity

)

. Absence of 2 reaction to ﬁailure to chew and
direct nociciptive stim- ;svallcw food ingerted
i ulation in mouth

1n order to reveal whether the noted disturbances in behavioral reactions in

_ response to an MEMF are reversible or irreversible, we excluded 10 rats

gubjected to a 2-hour MEMF exposure from the experimehts for 24 days. Then
these animals were once again placed in the experimedtal chamber, and their

conditioned reactions developed prior to MEMF exposure were analyzed.

Ten rats in the control group not subjected to the MﬁMF were also excluded
f£zom the experiments for 24 days after completion of their training. This
time interval was not chosen randomly. Restoration of pxeviously’developed
conditioned reactions after MEMF exposure occurs 20-25 days later (13,19).

] Normalization of the basic changes in human psy#honeuroloqy after
cessation of contact with MEMF sources is observed in this same time interval
(18). : 7

|

1 ) Comparison of data acquired cn animals in the control and experimental groups
ghowed that disturbances in pehavior noted in response to the MEMF have a
functional, reversible nature, and the acquired habits are restored in the
time interval jndicated above ptactically without acditional training.

: : |

! ‘ Thus the experiments show that when subjected to MEMF for a long period of
! time, rats display a certain sequence of selective changes in the central
architecture of gcal-oriented behavioral reactions:ot different biological
quality. Avoidance reactions guffer first of all.;dynamic disturbances

|
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occurring in the mechanism behind assessment and synthesis of afferenta-
tions differing in biological quality.

In response to short-term MEMF exposure, assessment of the significance of
situational afferentation in relation to avoidance is disturbed first of
all. After longer exposure the conditioned stimulus loses its triggering
action. Certain motor components of integral feeding and avoidance reac-
tions disappear last of all.

As we had noted above, in response to an MEMF the animals made numerous

persistent attempts to approach the feeder in response to the conditioned

stimulus in

stimulation.

in response
turbance of
predict the
act suffers

the avoidance situation, despite intense electrocutaneous

This fact permitted the hypothesis that behavioral disturbances
to short-term MEMI exposure are not only the product of dis-
pretriggering integrations the capability of the animals to
result of their action and to correct an incorrect behavioral
significantly as well.

peculiarities of Extinction of a Conditioned Feeding Reaction in Rats
Exposed to an MEMF )

Many scientists (14,20,24) point to the inhibitory action of an EMF upon
various aspects of the behavioral and, especially, conditioned reflex
activity of animals. At the same time the nature of the inhibitory influence
of an ENMF remains unrevealed in many respects. A significant amount of exper-
imental data have appeared in recent years which clearly do not fall in line
with the notion that an EMF has inhibitory action (12,19,25,26).

1f an MEMF does elicit inhibition in the central nervous system (CNS), then
the question as to the sort of influence an MEMF has on development of in-
ternal inhibition of conditioned reactions is fundamental. .

. I
In this connection, in G. D. Antimoniy's experiments (S) we analyzed the
action of an MEMF upon development of extinctional inhibition of the condi-
tioned feeding reaction. The experiments were conducted on ‘30 rats which
had been .initially starved for 24 hours prior to the experiment. A condi-
tioned feeding reaction was developed in all experimental animals in the
chamber described in the first section of this article. In this reaction,
in response to each light flash the animals rushed toward the feeder and
ate the food presented to them when the rear wall of the chamber was white.

After the conditioned feeding reaction was developed, the rats were divided
into two groups (experimental and control) containing 15 animals each. Both
groups of animals underwent extinction of the conditioned feeding reaction.
Extinction was performed in the presence of an MEMF for rats in the experi-
mental group.. Absence of a motor reaction toward the feeder in response to
presentation of the conditioned stimulus served as the criterion of condi-

tioned reaction extinction. -
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ts showed that exposure to the MEMF signi#icantly hindered
£ extinctional inhibition in the rats (Figure 1).
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Figure l. Mean Number of Failures to Reinforce a Conditioned

Stimulus With Food, Necessary for Complete Extinction

nﬁMgkuuwtnmuxAuWMMl

1s during expos?re to the MEMF; verti-
£ conditioned

of the Conditioned
groupy B--for anima
cal axis shows the number of failures o

stimulus reinforcement. |
I

animals in the control group, five to ei%ht.failures to reinforce
the conditioned stimulus with food elicited extinction of the conditioned
reaction. Eight rats required 8-10 nonreinforcemenﬁs. while only two

animals needed over 10 nonreinforcements. \

" among five

|
which experienced extinction in the
nonreinforcements; geven animals needed
inforcements of the

six rats. in the experimental group,
presence of an MEMF, needed 12-15 .
15-20 nonreinforcements, and two rats needed 20 nonre

conditioned stimulus withvtood. !
r of nonreinforcements of the cond}tioned stimuls with food
inction of the conditioned feeding reaction increased by

rats subjected to extinction in the presence of an
e control group of animals. Thus development of condi-

tioned extinctional {nhibition worsens significantly in the presence of an

-MEMF. Similar observations were gade by other autﬁors (6,10}, who noted

that an MEMF dramatically hinders alteration of previously developed condi-
. |

‘tioned re(lexes. .

The average numbe
necessary for ext
almost two times among
MEMF as compared to th
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& We should note that failure to reinforce conditioned stimuli as a rule

. . elicited emotional reactions expressed to varying degrees--from orientational
: ) exploratory to aggressive--among control animals. These reactions were not

i clearly expressed among rats exposed to the MEMF, and the reactions never

ke had an aggressive coloration.

According to P. K. Anokhin's functional system theory (2), the biologically

negative reaction arising upon failure to reinforce a conditioned feeding

reflex due to inconsistency between the real result and the properties of

the programmed apparatus of the action result acceptor is the principal

h cause leading to development of internal inhibition. From this standpoint
the delay in development of extinctional inhibition of the conditioned
feeding reaction in rats during the time of exposure to an MEMF may be

3 - . dependent chiefly upon selective suppression of a biologically negative

* emotional reaction arising in response to nonreinforcement of the conditionec

. reflex. It can be believed that absence of a negative emotional reaction
hat when corditioned feeding stimuli are not reinforced in the presence of an
-4 MEMF is what leads to the arisal of a large nurnber of reactions to nonrein=
1 Co forced conditioned stimuli. - On the other hand, according to P. K. Anokhin's
: idaas, internal inhibition occurring during extinction of conditioned
feeding reactions is associated with formation of a new acceptor of the
result of action in response to nonreinforcement in animals. It may be
possible that formation of this apparatus in the presence of an MEMF is
encumbered when the negative emotional reaction is suppressed.

Peculiarities in Extinction of Conditioned Reactions of Two Comnunicating
Animals in the Presence of an MEMF ‘

The capability for assessing a situation reveals itself especially distinctl:
when several animals interact (11), and chiefly in cases where individuals

b _ with the same dominant motives interact. ;

AL 7

£ In this connection the research of our colleagué. A. V. Masterov (16) had
: CT the task of revealing the way an MEMF influences extinction of conditioned
- feeding and avoidance reactions of two 1nteract$ng rats. The research was

conducted on rats subjected to 1 to 2 days of starvation.

The idea behind the experiments in this series was to determine changes in
the goal-oriented conditioned reflex activity of the animals in conditions
where one of the trained animals is subjected to extinction of its condi-

° tioned feeding reaction in isolation, after which anothecr animal, also
trained in these conditions, is added to its cage.

.. Control experiments were first performed with 10 pairs of rats (18 males,
two females). A conditioned feeding reaction to a light stimulus was -
developed in each of the two rats separately using the procedure described
above. After the conditioned feeding reaction was developed, in response
to a light flash the animals rushed toward the feeder on the left wall of

7
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e the food presented to them after S seconds. Then one of
extinction of the developed coﬁditioned feeding
ther rat was placed in the chamber with it. After
minutes, the planted rat was sub-
d feeding reaction .in the presence of
{

the chamber and at
the rats was subjected to
reaction. After this ano
being allowed to communicate for 30-40
jected to extinction of its conditione
the first, main rat.

. i ]
The experiments showed that in the presence of main rats ;which had been sub- .
jected to extinction of the feeding reaction previously, all planted rats
exhibited faster extinction of the conditioned feeding reaction. At the

game time, in the presence of planted animals all of the:main rats first .

exhibited restoration of conditioned feeding reactions in response to the

. conditioned signal, and it was only after one or two nonreinforcements that
repeated extinction of these reactions was observed (Figure 24). All of
this points to distinct mutual influence between the rats during extinction

of conditioned feeding reactions.

/4 of
10+
1.3
5- L
¥k T i
z-. ,;-‘. I
44 'é: |
R 7R /334 '
S c |

Mean Number of Failures to Reinforce' a. Conditioned Stimulus
With Food Necessary for Complete Extinction of a Conditioned

| Feeding Reaction in Communicating Rats: A--Before; B--

; during exposure to the MEMF, with the main rat subjected

I to extinction of the conditioned reaction beforehand;

‘ C--rats in the main group were exposed to the MEMF before- -
hand. Light column--number of nonreinforcements for main
rats in the absence of planted ratsy striped column--the
‘same, in the presence of planted rats; cross-hatched
column--number of nonreinforcements ifor planted rats in
the presence of main rats; vertical jaxis--number of non-
reinforcements of the conditioned stimulus..

‘Piqure 2.
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After revealing the background laws governing extinction of conditioned
feeding reactions of two interacting animals in the next series of experi-
ments conducted on‘10 other pairs of rats (16 males, four females), we
analyzed the peculiarities of the extinction of conditioned feeding reac-
tions in rats developed beforehand as they interacted in an MEMF.

The experiments showed that as compared to control experiments, on the
background of exposure to an MEMF all animals planted a second time exhibited
an increase in the number of nonreinforcements required for complete extinc-
tion of the conditioned feeding reaction in the presence of the main rats.
While in control experiments the number of nonreinforcements was two to four,
after exposure to the electromagnetic field it increased to 6-9 (Figure 28).
As in the control experiments, main rats subjected to the MEMF recovered
their conditioned feeding reactions in the presence of planted rats. The
nunber of nonreinforcements required to extinguish this reaction remained

the same as in the control experiments--that is, one to three.

These experiments thus indicate that in the presence of an MEMF the usual
interaction between two animals is disturbed in the process of developing
conditioned inhibition of feeding reactions. Planted animals cease to
react to animals in the main group, while the MEMF has no pronounced influ-
ence upon the latter. :

We revealed from a special series of experiments the way two rats interact
after preliminary extinction of the conditioned feeding reaction of the main
rats in an MEMF. The essence of this series of experiments was to determine
whether or not the main rats would exhibit ordinary behavior in the presence
of planted rats after preliminary exposure to an MEMF. The experiments were
conducted with five pairs of experimental rats (nine males, one female).

The experiments showed the following. As in experiments conducted by G. D.
Antimoniy (4), after extinction of the conditioned feeding reaction the
number of nonreinforcements required by main rats increased from 6-9 to .
10-14. After this other rats with previously developed conditioned feeding
reactions were planted together with the main rats} It was found that in
response to the conditioned light stimulus the humber of nanreinforced food-
getting reactions required by the main rats increased. The same was observed
for planted rats as well (Figure 2C).

Experiments in this series thus show that preliminﬁry_extinction of conditioned
feeding reactions in the presence of an MEMF also disturbe interaction be-
tween two animals. )

And so, the experiments we conducted showed that an MEMF has a noticeable
effect upon the mutual influences of two rats after conditioned feeding
reactions are extinguished.: This effect is exhibited both when the rats
are subjected to an MEMF during interaction and prior to interaction.

-
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Peculiarities i{n the Change in neinforcemen; Side Choice Reactions in a
T-Maze Under the Influence of an MEMF

e conducted by our colleagues, G. p. Antimoniy
igned by D. §. Nadezhdinyy

Experiments jn this series wer

and G. K. vasina on rats with a special T-maze des
‘17, .

The rats, which had first been deprived of water for 24 hours, were placed
in the start compartment of the maze, the exit from which was blocked by a
curtain. Lamps were located on both sides of the start‘compartment. Turn=-
ing one on meant that the animal could obtain water from ejither the right
or left feeder of the T-maze. Next to each feeder there was a safety cur~
tain which:was opened only if the animal made the right choice in response
to the stimulus indicating the side of reinforcement. The animals were able
to return to the start compartment after both right and wrong choice of the

side of reinforcement.

: The animals were exposed to the MEMF in the start compartment by means of
capacitor plates connected to the generator; the MEMF was turned on simul-
taneously with the signal lamp, and it was turned off after the animal

. exited to the central corridor.

1 The time required by the animal to pass through the maze was recorded by
: photoelectric cells. Only preliminatily trained animals, for which wrong
‘1 reinforcement side choice reactions were completely absent in the course
¢ of two or three expetimental days and for which the latent time and total
reaction time were stable, were subjected to the MEMF.

The experiments were conducted with 18 rats. It was demonstrated that the
i hoice at an average level of

MEMF elicited errors in reinforcement side ¢

18 percent i{n 15 rats on the day of exposure. on the second and third days

. after exposure to the MEMF the rats exhibited a decline in the total number
of wrong teactions,averaginq up to 11 percent. Later, the number of wrong
reactions grev to an average of 15 percent. On subsequent experimental
days the pumber of wrong reactions made by the rats decreased continuously,
and by the sth day all dnimals had, for ptactical purposes, completely re=
covered their capability for choosing the side of reinforcement (Figure 3).
In the first days after exposure to the MEMF we observed additional dis-
turbances in the developed pehavioxr as follows. As a rule, after water
reinforcement the rats remained at the feeder and would not return to the
start compartment for a long period of rime.  The time the animals remained
in the start cod artment before exiting increased, and the total number of

runs to the feeders decreased.

it S

Thus the experiments in this series also distinctly demonstrated that an
oal

‘ MEMF significantly disturbs afferent synthesis and formulation of the g
for action--the acceptor of the result of action--in the animals. Quite
typically, these disturbances are manifested in the animals only for a

particular period of time after ona-time exposure, and they are~subseqpent1y
compensated. Other authors also indicate that animals have 3 capability for
adapting to the action of MEMF of various parameters (9,23).
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Figure 3. Graphical Characteristics of Rat Behavior in a T-Maze
.. ) Before, During, and After Exposbre to an MEMF: Abscissa--
experimental days; ordinate--percent wrong reactions with
respect to total number of presentations of conditioned
stimuli in the experimental day; the arrow indicates the
day of exposure to the MEMF. Averaged. for 18 animals.
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B 1. Experimental days i
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Dynamics of the Disturbance of the Self-Stimulation Reaction in Rats in the
Presence of an MEMF . i

The results of experiments described in the previous sections show that in
all cases an MEMF has a selective action upon the capability of animals to
adequately assess a situation, on the action of triggering stimuli and rein-
forcement and so on. In P. K. Anokhin's opinion (2) this apparatus for
assessing the results of behavior depends to a significant degree on emo-
tional states taking an active part in the strucﬁure of the acceptor of

the results of action. :

S0 BT PN L S 03 4y AT AT S AR b AL LN W TN

- Research by Yu. A. Makarenko (15) showed that thé mechanism behind the emo-

. tional component of the acceptor of the result of laction manifests itself
clearly in the self-stimulation reaction: Application of current stimulating
cerebral structures immediately leads to an inconsistent reaction--an in-
crease in the frequency with which the stimulus }evez is pressed.

stsm s

. . | .
" We analyzed the dynamics behind the self-stimulation reaction in rats exposed
i to MEMF characterized by different modulation frequencies in order to reveal
the .possible action of the MEMF upon the emotionfl reactions of the animals.

: : . The experiments were conducted with 30 rats of bbth sexes using electrodes

. chronically implanted in various subcortical formations--the anterior, latera
and posterior hypothalamus, and the mesial and lateral septal nuclei. ‘
Stimulation of these brain structures by electric current elicited a self-

. stimulation reaction in all animals when the current parameters were 10-12
wolts, S5 Hz, pulse duration 0.1-0.5 msec, and pulse train duration 0.3-0.6 se

| : wWe studied the self-stimulation reaction of thes;‘animals in a special

i : chamber in which a 39 MHz MEMF, modulated at 2, 7, and 50 Hz, was created
between two plates located on the side walls. Exposure time was 10 minutes
in all experiments. '

H
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The experiments showed the following (Figure 4).

i
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Figure 4. pynamics Behind Change in the Self-Stimulation Frequency
~f Rats Exposed to EMF Modulated at Different Frequencies:
A--Modulation frequency 2 Hz, B--7 Hz, and C--50 Hz.
Each column represents the number of times the pedal was
pressed in a 30-second interval, averaged for 10 animals.
The lines below the grapts indicate time of exposure to the
MEMF .

An increase in the frequency of self-stimulation reactions to 93 percent
was observed in the first two minutes of exposure to an MEMF with a modula-
tion frequency of 2 Hz; then the frequency of self—st}mulation reactions
declined sharply, disappearing entirely after 4 minutes. When the rest

. were exposed to an MEMF with a modulation frequency of 7 Hz, the gelf-stimula-
tion reaction hardly differed from the background reaction in the first 2
minutes; only after this time was a reduction in its frequency observed,
continuing for 12-15 minutes. '

A different pattern was observed in the presence of an MEMF with a modulation
frequency of 50 Hz, which blocked the self-stimulation reaction practically
immediately in all animals. Typically, these effects of the MEMF did not
depend on the locations of the tips of the stimulating electrodes. -

Thus these experiments clearly showed that an MEMF having a modulation fre-
quency of 50 Hz has the most highly ptonounced block}ng influence upon
emotional reactions of the animals. The experimental data we acquired
indicate a fundamental possibility for directed influence upon the emo=
tional reactions of animals by an MEMF; the MEMF activates these reactions
when its modulation frequency is 2 Hz and blocks them when it is 50 Hz.
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Considering that an MEMF with a modulation frequency of 50 Hz blocks not
only positive but also, as we had noted above, negative emotional reactions,
it can be believed that initial disturbance of the emotional apparatus lies
at the basis of the changes experienced in the 9o§1-oriented behavior of
animals exposed to an MEMF. i
: And so, the experiments we conducted indicate clear selective action of an
MEMF having a modulation frequency of 50 Hz upon éertain key mechanisms in
the central architecture of behavioral functional systems in animals directed
at satisfying biological needs. i

The mechanisms experiencing the greatest disturbaﬁce include those of the
animal's assessment of the action of situational and triggering stimuli and
of surrounding individuals of the same species and, on this basis, the
- mechanisms behind decision making and prediction of future results--the
. apparatus of the ecceptor of action results. Alll!of this is accompanied
by significant disturbances in emotional reaction#. .
4 1
It can be believed that the disturbances we have noted in goal-oriented
activity of animals exposed to an MEMF are associéted chiefly with selective
disturbance of emotional apparatus, that unique emotional component of goal-
oriented activity which our research revealed in man (22). This is also
indicated by previous works which showed the selective action of MEMF upon
limbic structures of the brain (21). Stimulation|of the limbic structures
.of the brain in turn blocks the reticular formation of the midbrain and re=-
verse afferentation passing to cortical cells from the environment.

B

Comparing the results of our MEMF experiment with research on the action of
psychopharmacologicul agents of different series (@), we can note almost com=-
plete similarity in the spectrums of their action:upon emotional reactions
and the states of animals. S
‘. We should note that animals have a capabilityvfot:adapting to the action of

* an MEMF. The mechanismslying behind such adaptation are still not clear.
This question will be the object of research we will conduct in the future.

.

i
BIBLIOGRAPHY |
i .
1. Anokhin, P. K., in "Problema tsentra i perife?ii v fiziologii nerwvnoy

deyatel’nosti” (The Problem of the Center and Periphery in the Physiology
of Nervous Activity), Gor'kiy, 1935, p 9. .
i
2. - Anokhin, P. K., "Biologiya i neyrofiziologiya! uslovnogo refleksa”
. . (The Biology and Neurophysiology of the CondiFioned Reflex), Moscow,

1zd-vo Meditsina, 1968. i
|

3. Anokhin, P. K., in "Printsipy sistemnoy organﬁzatsii funktsii™ (The
Principles of Systemic Organization of Function), Moscow, Izd-vo Nauka,
1973, p S. '

13

< GOVERNMENT USE ONLY

A

; ‘f‘ o 5., 2.5 A
RDP88B01125R0003001



| I )

! —l..

e T R S

- Declassified and Approved

et L T - - R e - < e = WL e ——— -

I TEE TR e EELTE e e S
For Release 2012/05/10 : CIA-RDP88B01125R000300120008-3 -

G

10.

11.

12.

13.

GOVERNMENT USE ONLY

Antimoniy, G. D., "Analysis of Changes in Goal-Oriented Behavior of Rats
in Response to the Action of a Modulated Electromagnetic Field,” candi-
date dissertation abstract, Moscow, Izd-vo 1MMI AMN| SSSR, 1975.

Antimoniy, G. D., and Sudakov, K. V., in "Gigiyena Fruda i biologich-
eskoye deystviye elektromagnitnykh voln radiochastot”™ (Labor Hygiene
and the Bioloyical Action of Radio-Frequency Electromagnetic Waves),
Moscow, Izd-vo In-t gigiyeny truda i profzabol. AMN SSSR, 1972, p 45.

Asabayev, Ch., in "Voprosy uslovnoreflektornoy deyatel'nosti i obshchey

fiziologii mozga™ (Problems in Conditioned Peflex AFtivity and General
Brain Physiology), Moscow, Izd-vo In-t VND i NF AN FSSR, 1970, p S.

|
Asratyan, E. A., F1ZIOL. 2H. SSSR, Vol 30, No 1, 1941, p 13.

Val'dman, A. V., and Kozlovskaya, M. M., in "Eksperimental'naya ney-
rofiziologiya emotsiy" (Experimental Neurophysiology of Emotions),
Leningrad, Izd-vo Nauka, 1972, p 211. ’

Gordon, 2..V., "Voprosy gigiyeny truda i biologicheskogo deystviya
elektromagnitnykh poley sverkhvysokikh chastot®™ (Problems in Labor
Hygiene and Biological Action of Superhigh-Frequency Electromagnetic
Fields), Moscow, Izd-vo Meditsina, 1966.

Kruglikov, R. I., "Contributions to the Problem of phelInfluence of
Superhigh-Frequency Electromagnetic Fields Upon Higher Divisions of
the Central Nervous System,” doctorate dissertation!abstr¢ct, Moscow,
Izd-vo In-t VND i NF AN SSSR, 1968.

Kryazhev, V. Ya., "Vysshaya nervnaya deyatel'nost' 'zhivotnykh v uslov-
iyakh obshcheniya" (Higher Nervous Activity of Communicating Animals),
Moscow, Medgiz, 1953. ' ' ' :

|
Kozlova, L. N., Rogatnykh, A. A., and Sergeyeva, L. P., “Mater. IX
Vses. soveshch. po izucheniyu vliyaniya magnitnykh ipoley na biologich-
eskiye ob"yekty" (Proceedings of the Second All-Union Conferéence on
Research on the Influence of Magnetic Fields Upon Bioclogical Objects),
Moscow, 1969, p 117.
Lobanova, Ye. A., in "Gigiyena truda i biologichesﬂoye deystviye elek-
tromagnitnykh voln radiochastot,” Moscow, Izd-vo In-t gigiyeny truda
i profzabol. AMN SSSR, 1972, p 42.

14.

" 18,

Lobanova, Ye. A., "Tr. lab. EMP radiochastot In-ta
profzabol. AMN SSSR" (Works of the Radio-Frequency
Field Laboratory of the USSR Academy of Medical Sci
Labor Hygiene and Occupational Diseases), Moscow, 1

Makarenko, Yu. A., "Analysis of the Central Mechani
Stimulation Reaction,” candidate dissertation abstr

gigiyeny truda i
Electromagnetic
ences Institute of
964, p 13.

smy of the Self-
act, Moscow, Izd-vo

G4 Fépaki KL

“Declassified and Approve

In~t norm. i patol. fiziol. AMN SSSR,. 1964.
14

GOVERNMENT USE ONLY

i
)
&

8

TR o

| 125R000

2

f‘ ca XL
581

d For Release 2012/05/10 : CIA-RD 1

(@]
Y



— P (S I .. . ool - . L DT R R e~ et/ YO oy T Py B3

RN Declassmed and Approved For Release 2012/05/10 : CIA- RDP88801125R000300120008 3

- . . !

- mee taie -

. . ) GOVERNMENT USE UNLY

i
i
'
i
i

16. Masterov, A. V., in "Voprosy fiziologii VND 1‘neyrofizidlogii" (Problems
in the Physiology of Higher Nervous Activity and Neurophysiology),
Moscow, Izd-vo MGU, 1963, p 84.

17. Nadezhdin, D. S., ZH. VYSSH. NERVN. DEYAT., Vti)l 23, No 6, 1973, p 1219.

. 18. Orlova, T. N., in "Tserebral'nyye mekhanizmy i:sikh:lcheskik.h zabolevaniy”
(Cerebral Mechanisms of Mental Diseases), __Kazan', 1971, p 16.

° 19. Svetlova, 2. A., TR. VOYENNO-MEDITSINSKOY AKADEMII Leningrad, Vol 166,
1966, p 38.

i

|

. |
i

20. Subbota, A. G., BYU’L. EKSPERIM. BIOL. I MED., Vol 46, No 10, 1958, p 55.

- 21. Sudakov, XK. V., and Antimoniy, G. D., USPEXHI: FIZIOL. NAUK, Vol 4,
- : No 2, 1973, p 10l. A:
. |
o 22. Sudakov, K. V., Dashkevich, 0. V., and Kostyukhina, N. A., FIZIOLOGIYA
: CHELOVEKA, Vol 1, No 2, 1975, p 283. .

23. Tyagin, N. V., »*Klinicheskiye aspekty oblucheﬁiya SvCh-diapazona®
(Clinical Aspects of Superhigh-Frequency Range Irradiation), Leningrad,
Izd-vo Meditsina, 1971. |

. I

24. Xholodov, Yu. A., "Vliyaniye elektromagnitnykh i magnijtnykh poley na
tsentral’nuyu nervnuyu sistemu” (Influence of Electromagnetic and Mag-
netic Fields Upon the Central Nervqus System), Moscow, Izd-vo Nauka,
1966. | ’

25. Becker, R. O., in "Biological Effects of Magnet:.c melds.' Vol 2, New
York, Plenum Press, 1969, p 207. i
-8
26. Cavalas, R., Walter, D., Hamer, J., and Adey,lw. R., BRAIN RES., Vol 18,

5 ‘ No 3, 1970, p 491. !
. . |

COPYRIGHT: Izdatel'stvo Nauka, ZHURNAL- VYSSHEY NERVNOY DEYA'I'EL NOSTI, 1976

"
i
I
i
)
i
'

11004
Cso: 1870

. ’ 15

GOVERNMENT USE ONLY

SIfled and Approved For Release 2012/05{10 CIA RDPSBBO‘I 125R000300120008



