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With the introduction of radioelectronic techniques on a wide scale into the national economy, increasing ira- 
�9 portance is attached to studies of the biological action of electromagnetic waves of various ranges of frequency at 

present being undertaken. Particular attention is being concentrated on the biological effectiveness of microwaves 
or waves in the very high frequency range (X ranging from 1 mm to several tens of centimeters). 

Several clinical, physiological, biochemical,  and immunological  changes and also morphological changes in 
certain tissues have been observed in persons exposed to very high frequency electromagnetic waves-and  also in ex-  
perimental  conditions. However, the threshold intensities of energy of electromagnetic waves producing organic 
changes ( inflammation and destruction), together with functional changes, have not yet been dea r ly  defined. To 
study this question, it seems desirable to use the reaction of determination of C-react ive protein in man and C x-  
reactive protein in rabbits, a technique increasingly used in clinical and experimental investigations. This reaction 
is nonspecific, and for this reason it may be compared with tests such as the ESR, the leukocyte formula, the ratio 
between the blood protein fractions, and so on, but at the same time it has at least two important advantages over 
these others: first, in the heaIthy organism C- and Cx-react ive protein is absent and, second, its high sensi t ivi ty-  
C-  and Cx-react ive protein can usually be detected before changes developed in the ESR, the leukocyte formula, 
and the other nonspecific indices of a pathological  state of the organism. 

C-react ive protein, also known as the protein of the acute phase, discovered in 1930 [4] in the sera of patients 
with pneumonia, is widely used for diagnostic purposes as a test of inflammatory and destructive changes in the 
organism arising under the influence of various biological, physical, and chemical  agents [1-2]. In 1943, a protein 
of the acute phase (Cx-reactive protein) was discovered in rabbits. 

The authors have determined C-react ive protein in human subjects and Cx-react ive protein in rabbits exposed 
to graded doses of very high frequency electromagnetic waves in the decimeter and centimeter range. 

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

Investigations on human subjects were carried out only with radiation of low intensity, whereas in animals the 
effectiveness of energies with different levels of power flux density (PFD) was determined. 

Investigations were carried out on four persons, two of whom were irradiated with electromagnetic waves of 
decimeter range at a PFD of 2-3 mW/cm 2 in the course of their work for periods of ten days, for 1 h daily, while the 
other two were in similar conditions but not exposed to radiation. The blood serum was investigated twice before 
and three times during irradiation (on the second, third, and ninth days) and four days after its ending. The blood 
serum was obtained from these subjects in the usual way. The reaction was carried out by the capillary method, 
with antiserum to C-react ive protein made by the Leningrad Research Institute of Vaccines and Sera, 24 h after tak-  
ing the blood. 

For the experiments on rabbits, antiserum to Cx-react ive protein prepared by the authors themselves at the 
Leningrad Research Institute of Vaccines and Sera was used in the reaction. 
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Presence of C x-React ive  Protein in Rabbits Following a Single Irradiation with Very High 

Frequency Electromagnetic  Waves 

PFD 
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c m  2) 

120 

go 

10 

3 

c o n -  

t r o l  

No, of 
animals 

Number of posit ive reactions for C x -  
reac t ive  protein 

i m m e  - 
dia te ly  
after 
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t ime after i r radiat ion 

3 h 1 day 3 days 5 days 

To ta l  
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of an i -  
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with 
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react ion 

P (during 
compar i -  

sonwith 
control) 

0.025 

0.025 
> 0.025 
> 0.025 

Severi ty 

of react ion 

3 x  

2 x - 4 x  
2 x - 3 x  
2 x - 3 x  

2 x - l x  

Cx- reac t ive  protein was determined in 379 experiments  on 55 rabbits,  Altogether two series of investigations 

were carried out: I - w i t h  a single exposure, and I I - w i t h  repeated exposures (5-30 irradiations, given once dai ly)  to 
very high frequency e lec t romagnet ic  waves. The animals were i r radia ted with very high frequency e lec t romagne t ic  

waves of cen t imete r  range g iven  ei ther  as separate pulses or continuously at  PFD values of 3, 10, 50, and 120 roW/  
cm z. The duration of i r radiat ion at PFD 3 and 10 mW/cm 2 was 1 h dai ly.  With a PFD of 50 and 120 mW/cm z, the 
duration of exposure was l imi ted  to 30 and 15 rain respect ively .  

Since no marked differences could be found in the b io log ica l  effect  when this test was used between continuous 
and pulsed irradiat ion,  the results were considered together and different iated only as regards PFD. 

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

No C- reac t i ve  protein was found in the blood serum of the human subjects, whether i r radiated or not. 

The results of the investigations of series I on rabbits (exposed once to irradiation) are shown in the table.  

The table  shows that  following i r radia t ion of rabbits by e lec t romagnet ic  waves with a PFD of 50 m W / c m  2 for 

a period of exposure of 30 rain, Cx- reac t ive  prote in  appeared in the blood of most animals,  and when the PFD was 
120 roW/era  z, Cx- reac t ive  protein was found in a l l  animals .  Significant differences were found between the results 
obtained in the exper imenta l  groups and the controls in accordance with the tables of V. S. Genes (1964) (P= 0.025). 
In the groups of animals  i r radiated at a PFD of 3 and 10 m W / c m  z, the value of P in re la t ion to the number of posi -  
tive reactions was greater  than 0.025, so that the difference between the results in the exper imenta l  and control  

groups cannot be considered significant.  However, taking into account the much longer duration and severity of the 
posit ive reactions in the exper imenta l  animals  and in the controls, it  is permissible to speak of a tendency towards 

the appearance of C x - r eac t ive  protein during the act ion of e lec t romagnet ic  energy of these low intensities.  

This effect  appeared more c lear Iy  in those cases (not included in the table) when Cx- reac t ive  protein was 
ac tua l ly  present in the blood at the moment  of irradiation,  i .e. ,  when the an ima l  had some pa tho log ica l  process at 
this t ime:  the content of Cx- reac t ive  protein in the blood was increased as a result of the ac t ion of  a VHF f ield of 
low intensity.  

The appearance of smal l  quanti t ies of C x - reac t ive  protein for a short period in individual  control  animals  was 
evident ly  due to the pre l iminary  taking of the blood and the inf l ic t ion of slight trauma (incision of the vein). 

In the investigations of series I I - w h e n  the animals  were i r radiated for the same exposure, but dai ly  for 5-30 
d a y s - t h e  results obtained were s imilar  to those in series I: with an increase in PFD the severity and frequency of 
the reac t ion  for C x - reac t ive  protein increased.  However, repeated exposures did not always cause increase in the 
content of C x - reac t ive  protein in the blood; often the Cx- reac t ive  protein  appearing after the first i r radiat ion sub- 
sequently disappeared from the blood although the sessions of i r radiat ion continued. The reason for this phenomenon 
is uncertain,  but i t  may be suggested that it  is due to antibodies against  Cx- reac t ive  protein appearing after some 
t ime,  in the conditions of adapta t ion  of the organism to the stimulus, when they fac i l i t a te  r emova l  of Cx- reac t ive  p ro-  
tein from the blood. 
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