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The nonthermal action of microwaves on the heart rate was first found in investigations into the working con- 
ditions and health of personnel operating microwave generators. A. ~. Orlova [2] showed that the prolonged action 
of microwaves of nonthermal intensity ( less than 10 row/cm 2) induces bradycardia in a considerable proportion of 
subjects studied. N. V. Tyagin [4] found that a change in the heart rate in dogs under the influence of microwaves 
of 5 - 10 m watts/cm2was induced by either chronic irradiation or irradiation for 30 minutes. However, although 
in some dogs the heart rate was slowed, in others it was increased, and in some cases it was alternately speeded and 
slowed. 

Up till now, only very general suggestions have been made concerning the nonthennal action of microwaves. 
Thus A. A. Orlova and N. V. Tyagin consider that the changes of the heart rate result from reflex action of the mi-  
crowaves, although they do not exclude the possibility of some direct action of the waves on the nervous conductors 
or on the autonomous action of the heart and vessels. 

To explain the action of the microwaves in slowing the heart, we must note that the effect was produced di- 
rectly during the irradiation of various parts of the body. 

METHOD 
The experiments were carried out on 8 male rabbits weighing 3 - 3.5 kg. Each animal was irradiated 12 - 13 

times for 20 minutes. 

Irradiation was applied from a specially built apparatus (A. S. Presman [3]) by means of a horn radiator sup- 
plied from a continuous microwave generator (X=12.5 era). For irradiation of the dorsal parts of the body, the anima 
was placed in a sitting position in a box beneath the 40• cm z aperture of the horn; the box was lined with plastic 
which absorbed microwaves. For the irradiation of the ventral parts of the body the animal was placed above the 
aperture of the horn on a plate of foam polystyrene, which is almost completely tramparent to the microwaves used. 
Dosage was regulated by measuring the power conducted into the horn, taking account of the surface area of the 
body irradiated. In all the experiments, the intensity was q - 12 mw/cm ~. The nonirradiated parts of thebody 
were covered with plates which absorbed microwaves. 

The electrocardiogram was recorded from plate electrodes (N. A. Levitina [1]). The first records were made 
15 minutes after the animal had been placed beneath or above the horn, and were repeated ten times: they were 
made l0 minutes before irradiation, for 20 minutes during irradiation, and 10 minutes afterwards. Each record last- 

ed 20 seconds. 

Control experiments were made on the same rabbits under precisely similar conditions, but without irradiation. 
The first set of control experiments was made before the beginning of the irradiation series, and the second after all 
of the latter had been completed. 

RESULTS 
The results obtained for the heart rate were treated statistically as follows: a) in all experiments for a given 

type of irradiation, for each moment of the recording (beginning or irradiation) we calculated the arithmetic 
mean of the deviation from the mean rate before irradiation; b) from the results of the control experiments, we 
calculated in the same way the mean arithmetic deviations from the mean heart rate in the first 10 minutes of the 
experiment; c) for corresponding recording times, we calculated the relative change in the rate, i.e. the difference 
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between the mean  changes of rate  in the i r radiated and in the control group. 

Figures 1 and 2 show graphs o f  the re la t ive  changes in the rate  ca lcu la ted  in this way: We may  consider as 
significant re la t ive  changes which exceed twice the mean error of the difference between the a r i thmet ic  means (on 
the graphs, the magnitudes of twice the mean  error are shown by two-headed arrows). 
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Fig. 1. Relat ive changes in heart  rate in rabbits irradiated on dorsal surface of the 
body with continuous microwaves of X = 12.5 cm at nonthermal  intensit ies (7-12 
mw/cm2) .  Each point represents the mean result of 16 experiments.  

As can be  seen from Fig. 1, with to ta l  dorsal i r radia t ion there was a smal l  reduct ion in the  hear t  ra te ,  and 
when the back  was i r radia ted  the  change in the  rhythm was no greater  than the random error. During i r radiat ion of  

the dorsal part  of the head,  a smal l  increase in the rhythm was noted which increased considerably after i r radiat ion.  

In a l l  cases of  vent ra l  i r radiat ion (Fig. 2) ,  the h e a r t  ra te  was slowed. With genera l  i r radiat ion i t  was slowed 

more  and the reduced ra te  continued afterwards. When the be l ly  was i r radia ted the change was less wel l  shown, and 
there was no effect  af ter  the i r radiat ion.  When the head was t reated,  a srnaU change was not iced only in the first 
10 minutes  of i r radiat ion,  and subsequently the rate  was increased. 
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Fig. 2. Relat ive changes in hear t  ra te  of  rabbits i r radiated on the ventra l  surface of  the 

body by continuous microwaves  of k=12,5 cm a t  nonthermal  intensit ies (7-12 mw/cm2) .  

We have tr ied to take  into account  changes of  card iac  rhythm which were no greater  than the random changes, 

For this purpose we treated the exper imen ta l  results as follows: a) in a l l  the exper iments  with a given type of i r ra-  
d ia t ion,  we ca lcu la ted  the percentage  of cases in which the rhythm was slowed or speeded,  both during the t r ea t -  
men t  and subsequently, as compared  with the mean va lue  before t rea tment ;  b) s imilar  calculat ions  were made  for 
the control  experiments;  c) we then ca lcu la ted  the difference between the percentages of  cases of change in the ex-  

pe r imen ta l  and control  groups; the differences were taken as s ignif icant  when they exceeded  twice  the mean  error 
of  the difference of  the percentages;  d) for a quant i ta t ive  and qual i ta t ive  description of the effect  on the hear t  ra te  
of i r rad ia  ring different parts of the body we used the rat io  K, which we cal led  the coeff ic ient  of the chronotropic effect ,  

100 + mI  
K = 100 + md " 

where m i and m d are the respect ive  signif icant  values of changes in the percentage of cases with rates increased or 
decreased from the control  values  (with due account  of  sign).  Insignificant values were recorded as zero. 

Evidently,  when K > 1, a posi t ive ehronotropic ef fec t  is recorded,  and i f  K < 1 the ef fec t  is negat ive ,  and when 
K =  1 there is no effect .  
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These results are given as a table, from which it can be seen that in all  cases of  ventral irradiation, the rate 
was significantly reduced. With total irradiation, the shift was better shown, both during and after irradiation; when 
the belly was irradiated, the change was less well shown, and there was almost none subsequently. When the head 
was irradiated, the slowing was shown still less, and there was none after irradiation. 

Change in the Percentage of Cases of Slowing or Speeding of the Sinus Rhythm in Rabbits Irradiated 
in Different Parts of the Body by Continuous Microwaves of k = 12.5 cm, power = 7 - 12 m w / c m  z 

During 20 During i0 minutes 
minutes irradiation after irradiation 

Dorsal aspect 

Ventral aspect 

Part of body irradiated 
0 

o ~ E  
0 ~ 

.~  ~0 

~ 0 

Whole dorsal surface 
Back 
Head 

Whole ventral surface 
Belly 
Head 

-13 

-15 

r 

.z = o 

0 In 

~ : ~ 0  

0 1.0 
0 1.0 

-14 1.3 

+22 0.67 

+19 O. 73 

+12 O. 76 

0 1.0 

+16 O. 76 
-17 1.42 

+22 0.67 
+ I I  0.91 

0 1.0 

Not e. +) increase in percentage of cases over control value; - decrease. 

With general dorsal irradiation there was no significant change in the heart rate. Irradiation of the back caus- 
ed a decreased rate which was not observed until after the irradiation. Irradiation of the head caused a marked in-  
crease in frequency during the irradiation, and a further increase subsequently. 

The changes in the rate were reversible. In cases when changes were observed after irradiation, they continued 
for not more than 30-40 minutes. A comparison of the results of  the two series of control experiments, before 
irradiation and afterwards, showed that the meanrandom change of the heart rate after 12 - 13 irradiations of  each 
animal  did not differ from the mean value before ~rradiation, Thus, the 12 - 13th irradiation under the conditions 
described apparently exerted insufficient influence to produce a cumulative chronotropic effect. 

From these studies we may conclude that irradiation of  animals with continuous microwaves at nontherrnal 
intensitites causes a change in the heart  rate both during irradiation, and afterwards. This effect  may be considered 
to result reflex autonomic changes. As evidence we may quote the appearance of  a cbxonotropic effect, its rapid 
reversibility, and finally the difference in the nature of  the effect (whether positive or negative) according to which 

part of  the body was irradiated. 

The primary cause of  the reflex autonomic reactions was most likely the action of the microwaves on the re-  
flexogenous zones lying in the superficial tissues (receptors of  the skin and of  the superficial vessels), because the 
waves are almost completely absorbed in these layers. Evidence for this view is supplied by the increased slowing 
of  the heart  rate when greater areas of the ventral surface were irradiated. When irradiation was applied to the dor-  
sal surface of  the head, an appreciable proportion of the waves could penetrate into the brain cells, tt is possible 
on this account  that there was then an increase in the heart  rate. 

These considerations must be regarded only as a working hypothesis to be used as a basis for further studies 
with a view to working out the mechanism of  the effect of  microwaves on the heart rate and of  other effects caus- 
ed by their nonthermal action. 

S U M M A R Y  
Irradiation of_various parts of the rabbit body by microwaves of  X=12.5 crn at an intensity below the thermal 

level  (7 - 12 r o w / c m  z) influenced the sinus rhythm. This ehronotropie effect  of  the microwaves was observed 
during the 20-minute  period of  ix~,tdiation, and for 10 minutes immediately after it. Irradiation of  the ventral  
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parts of the body slowed the heart, and irradiation of the dorsal part of the head speeded it. It is suggested that the 
effect observed was the result of reflex autonomic reactions provoked by the direct action of the microwaves on the 
superficial reflexogenous zones, and that the effect from irradiation of thehead was produced by action onbrain cells. 
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b ib l i ography  are l e t ter -by* le t ter  t r a n s l i t e r -  

a t i o n s  of  the  a b b r e v i a t i o n s  as  g iven  in the  o r ig in a l  R u s s i a n  journal .  Some or  all of this peri- 

odical  li terature may well  be available in English translation. A c o m p l e t e  l i s t  o f  the  cover -  to-  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  of  th i s  i s s u e .  
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