
C H A N G E S  IN T H E  E L E C T R O E N C E P H A L O G R A M  OF THE R A B B I T  

IN A C O N S T A N T  M A G N E T I C  F I E L D  

(UDC 612.822.8.014.426-087.87) 

R. A. C h i z h e n k o v a  

Laboratory of Electrophysiology of Condit ioned Reflexes (Head, Corresponding Member 

of the Academy of Sciences of the USSR M. N. Livanov), Institute of Higher Nervous Act iv i ty  
and Neurophysiology, Academy of Sciences of the USSR, Moscow 
(Presented by Act ive Member of the Academy of Medica l  Sciences of the USSR 
P. D. Gorizontov) 
Translated from Byulleten'  EksperimentaI 'noi  Biologii i Meditsiny, Vol. 61, No. 6, 

pp. 11-15, June, 1966 
Original  ar t ic le  submitted July 23, 1964 

Many investigations have been made of the effect  of a constant magne t ic  field (CMF) on plants and animals  
a t  different  levels of the scale of evolut ion [7]. Some workers consider that the CMF has no b io logicaI  action, even 

when some form of effect is observed during its appl icat ion;  this effect  is at tr ibuted to the e .m.f ,  produced at the 
moment  of appearance  and disappearance of the f ie ld [1, 4]. However, it  has recent ty been found that the threshold 
of appearance of phosphene in response to the appl ica t ion  of a CMF is determined by the product of the intensity of 
the CMF and the duration of its impulse [3]; these investigations have the defect  that no objec t ive  control  was 
provided.  

In the present invest igat ion the changes in the e lec t roencephalogram (EEG) evoked in a CMF, which were de -  
scribed ear l ie r  by Yu. A. Kholodov [5] and by Becket [6], were studied and an a t tempt  was made,  by using this c r i -  
terion, to analyze  the role of the e .m.f ,  of induction in the observed react ion.  

E X P E R I M E N T A L  M E T H O D  

Experiments were carried out on 20 rabbits. The EEG was recorded by a monopolar technique using needle 
electrodes implanted  into the brain (6 animals) or inserted into the bone (14 animals)over  the sensorimotor and optic 
areas of the cerebra l  cortex. The EEG was recorded on an "Ediswan" ink-wri t ing e lect roencephalograph.  An e l e c -  
t romagnet  with poles 29 cm in d iameter  and 16 cm apart  produced a uniform CMF with an intensity of 300 Oe. The 
rabbi t ' s  head was p laced  between the poles. The e lec t romagne t  was switched on for I min, 20 sec, and 1.5 sec. 

The EEG was recorded for 1 min before the e lec t romagnet  was switched on, during the act ion of the CMF, and one 
or severai  minutes after its ac t ion had ceased.  In some experiments  the EEG was recorded continuously. The in-  
tervals between periods of exposure to the CMF were 5-10 rain in duration. 

E X P E R I M E N T A L  R E S U L T S  

In experiments on six rabbits (604 exposures) the character  of the e lec t roencephalographic  react ion to the 
CMF was studied. The following cr i ter ia  were used for the analysis of the EEG: the number of areas with increased 
or diminished ampl i tude  re la t ive  to a mean  for the experiment ,  the number of  spindles, the number of pointed waves, 
of separate slow waves (with a frequency of 3 cps or less), and of groups of slow waves. For the s ta t is t ica l  analysis 
the a l ternat ive  var iance  [10] was used, obtained by dividing the EEG tracing into equal  intervals (3-5 sec) and r e -  
cording the presence or absence of the cr i ter ia  listed above.  

As a result of the s ta t i s t ica l  analysis i t  was found that only the number of spindles showed a significant in-  
crease. For the sensorimotor area the value of P was less than 0.0005 both during and after exposure. For the oc -  
c ip i t a l  region, in which spindles also were occasional ly  recorded, during exposure the differences were significant 
(P < 0.05), but after the e lec t romagnet  had been switched off they were not significant.  The other cri teria,  a p a r t  

f rom the number of areas with lowered ampli tude,showed only a tendency to increase. 
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Change in number of spindles of EgG of 

the sensorimotor area of the right hemisphere 
caused by a constant magnet ic  f ield (604 expo-  
sures). AIong the axis of o rd ina te s -abso lu te  
number of spindles per 10-second cut; along the 

axis of absc i s sa s - t ime  (in seconds). The arrows 
indicate  switching the e lec t romagne t  on and off. 

Consequently, to detect  the e lect roencephalographic  r eac -  

tion of the rabbit  to the CMF al l  that was necessary was to ex-  

amine the changes in the number of spindles in the sensori- 

motor region. The changes in the number of spindles caused 
by the CMF are shown in Fig. 1. An example  of the e lec t roen-  
cephalographic react ion to the CMF is given in Fig. 2. 

An increase in the number of spindles was not observed 
during every exposure to the CMF. The re l iab i l i ty  of the r eac -  
t ion (the rat io between the number of reactions and the to ta l  
number of exposures, in percent) was 51.99%. In control record-  
ings (260 exposures) changes in the EEG similar  to the reactions 

were observed in 21.57% of cases. Comparison of the re l iab i l i ty  
of the reactions with the results of the control  experiments 
showed that the difference was signif icant  (P = 0.0005). Changes 

in the EEG appeared 21.53 ~2.22 see after switching the e l e c -  
t romagnet  on and 17.59 • sec after switching it off. 

The most marked react ion as regards the difference in the  
number of spindles before, during, and after exposure was ob-  
served when there were from 4 to 7 spindles per minute in the 
background EEG. If less or more (up to 13) were present, the ef-  

fect ei ther could not be detected or was slight. 

To establish the role of the magni tude of the e .m.f ,  of induction, arising at the moment  of switching the e l e c -  
t romagnet  on and off, i n t h e r e a c t i o n  of the EEG to the CMF, the f ield was applied by switching the e lec t romagnet  
on and off gradual ly  through a rheostat (over a period of 2 sec) and suddenly with a tumbler  switch. Direct  measure-  

ments showed that the e .m,f ,  of induction arising when the e lec t romagnet  was switched on was 5 t imes greater,  and 

when it was switched o f f - 1 0  t imes greater  when the tumbler  switch was used than when the rheostat was used for 
this purpose. In three rabbits the CMF was applied 300 times, for 1 min each t ime,  with the e lec t romagnet  switched 

on and off by the rheostat, and 110 t imes using the tumbler switch. The results of these experiments are given in 
the table .  They show that  the reac t ion  was more intensive in the series of experiments in which the rheostat was 

not used. 

Since it was observed that  the same rabbits, on different days of the experiment,  gave reactions of different 
intensity to the CMF, it was decided to carry out experiments in which the animals were exposed to a CMF switched 

on and off a l ternate ly  by means of the rheostat  and the tumbler  switch. 
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Fig. 2. Changes in EEG of a rabbit  caused by a constant magnet ic  f ield.  1) Background; 
2) during exposure; 3) after switching e lec t romagnet  off; a) EEG of sensorimotor area; 

b) of occ ip i t a l  region. 
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Results of Analysis of Number of Spindles in Experiments When the Electromagnet Was 

Switched On and Off through a Rheostat and a Tumbler  Switch (1 rain of background, 

I min of exposure, and 1 min after switching field off) 

Series] Switching 

of expl  procedure 

1 

11 

Through rheostat 
By tumbler  switch 
Through rheostat 
By tumbler  switch 

I$ raoCukndl During exposure 

~ In0. o}[no, of]in- I 
~ o ]spin- spin- crease: P 
Z x ]Ales dies in % I 

I After exposure 

no. of in-  r 

spin- crease P 
dles l i n% 

300 
110 

150 
150 

498 653 
36 108 

182 281 
219 304 

31,1 
200 

54,4 
38,8 

<0,025 
<0,000~ 

<0,05  
<0 ,05  

609 22,3 I <0 ,05  
79 119,51 <0 ,05  

290 59,3 [ <:0,001 
306 39,7 / <0 ,05  

Note. The experiments of series I were performed on different days, and in series 
the exposures were a l ternated on the same day. 
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Changes in the number of spindles 

evoked by a constant magne t ic  field with e x -  
posures of 1 rain and 1.5 sec. Along the axis 
of o r d i n a t e s - r e l a t i v e  changes in the number 

of spindles (in %): along the axis of absc i s sas -  
t ime  (in seconds). The arrows denote switch-  
ing the e iec t romagnet  on and off. 

Five rabbits were exposed 300 t imes in this way. The results 
of these experiments are likewise given in the table.  In this case, 
in contrast to the preceding experiments,  a more intensive r eac -  
tion was observed when the rehostat was used. 

No difference in the re l iab i l i ty  and the latent  period of the 

react ion was observed when the e lec t romagnet  was switched on 
and off through the rheostat and the tumbler  switch (P > 0.08). 

Evidently the f ive-  or tenfold difference in the magni tude 
of the e .m.f ,  of induction had no signif icant  influence on the ob-  
served reaction,  at  least with a field of the intensity used. 

For further c la r i f ica t ion  of the influence of the e .m.f ,  of in -  
duction arising at  the moment  of switching the e lec t romagnet  on 
and off, experiments  were carr ied out on four rabbits. The an i -  
mals were exposed to the ac t ion of the CMF for periods of 1 rain 
and 1.5 sec (150 exposures to each). The e lec t romagnet  was 
switched on and off by a tumbler  switch. The two different expo-  

sures were al ternated on the same days of the experiments.  The 

results of an analysis of these experiments  are given in Fig. 3. To 
fac i l i t a te  the comparison of the two graphs, the mean  number of 
spindles in 10 sec of background in each series was taken as 100. 
As Fig. 3 shows, a CMF with an exposure t ime of 1 rain evoked the 

usual e lec t roencephalographic  react ion character is t ic  of this fac -  
tor, while a CMF with an exposure t ime of 1.5 sec (the e .m.f ,  of induction was present but the CMF lasted for only 
1.5 sec) did not produce an increase in the number of spindles; their number ac tua l ly  diminished immedia t e ly  
after exposure. As control  experiments  showed, switching the e lec t romagne t  on and off when disconnected from the 
power supply did not cause a decrease in the number of spindles. Some reduction in the number of spindles was 
nearly always observed i m m e d i a t e l y  after switching the e lec t romagne t  off, and less frequently, immed ia t e ly  after 
switching it on. This decrease may be at tr ibuted to the effect of the e .m.f ,  of induction itseIf or to a weak r e a c -  
tion of the orienting type, or to both. The inconstancy of the reduction on the number of spindles when the e l ec t ro -  
magnet  was switched on was probably associated with a react ion to the CMF or with the fact that, when the magnet  
was switched on, the magnitude of the e .m.f ,  of induction was smal ler  than when it was switched off. 

The e lec t roencephalographic  reac t ion  under invest igat ion was thus, mainly  at least, the result of the act ion 
of the CMF and not of the e .m.f ,  of induction at  the moment  of switching the e lec t romagnet  on and off. 

In another series of experiments  carried out on seven rabbits, exposures of 20 sec to the CMF were used 
(200 exposures). During exposure to the CMF for 20 sec onty a very slight increase in the number of spindles took 
place;  the react ion fai led to develop further. After switching the CMF off p rac t i ca l ly  no increase occurred in the 
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number of spindles (P > 0.5), whereas in the case of three rabbits exposed 194 times to the CMF for a period of 1 
rain the reaction after switching the magnet  off lasted approximately 2.5 rain. Evidently the development of the 
reaction during and after exposure to the CMF is possible only if the duration of exposure is long enough. 

The results of these experiments do not show directly whether the reaction after switching the electromagnet 
off is an after effect, and effect separate from the main reaction to switching off, or whether it is an independent 
reaction. However, it was noted that in cases when a reaction could be observed visually, the electroencephalo- 
graphic reaction took place only during the exposure or only after switching the magnet off, and it appeared, more-  
over, after a definite, fairly constant, latent period. This is rather in favor of the second suggestion. The effect of 
switching off has been demonstrated for several analyzers [8], and in the eye it depends on the duration of i l lumina- 
tion [9]. Although the reaction under investigation is one whose appearance and development are measured in 
magnitudes essentially different from those associated with specific stimuli, and although the question of whether 
any receptor for a CMF exists or not remains unsolved, the reaction of the animal organism to the CMF may never- 
theless be compared with its reactions to other agents. Exposures to ionizing radiation (one type of electromagnetic 
field) in small doses also evokes an off-reaction [2]. 
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