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During the action of a uhf electromagnet ic  field with a frequency of 48 MHz and of nonthermogenic 
intensity, the concentration of lactic and pyruvic acids in the rat  brain t issue r i ses  while the glycogen con- 
tent falls. These effects a re  dependent on the intensity of the field and the duration of its action. In the 
case of prolonged exposure to a field of intensity 800 W/m,  the lactic acid concentration in the brain r e -  
mains elevated one month af ter  the end of exposure. 

Electromagnet ic  fields of ultrahigh frequency are  widely used in radio, television, medicine,  and in- 
dustry.  

Disturbances of function of the nervous system have been discovered in workers  in charge of uhf 
equipment [2, 9]. Abnormali t ies  of the condit ioned-reflex and bioelectr ical  activity of the brain have been 
discovered experimentally in animals [3, 71, together with morphological  changes in nerve tissue [1]. 

The object of the present  investigation was to study the carbohydrate  metabol ism of nerve tissue dur-  
ing exposure to a uhf electromagnetic  field. Because the use of protective measures  has resulted in ex- 
posure to only low intensities under industrial conditions [4], the effect of e lectromagnet ic  fields not caus-  
ing a r i se  of body tempera ture  of animals was studied. 

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

Experiments  were car r ied  out on 80 female rats  weighing 150-170 g. The source of the uhf e lec t ro-  
magnetic field was a UVCh-4 generator  operating on a frequency of 48 MHz. The experimental  animals were 
placed between the plates of a condenser in cages made of organic glass.  

Three ser ies  of experiments were ca r r i ed  out. In ser ies  I the experimental  ra ts  were exposed to a 
uhf electromagnetic  field of intensity 400 W/m (15 sessions each lasting 1 h), in Series II the intensity was 
800 W/m for the same duration, and in se r ies  III the intensity was 800 W/m and 75 sess ions  were given. 
Investigations were ca r r i ed  out 24 h af ter  the end of exposure. Some animals of se r ies  II and III were sac-  
r if iced one month af ter  the end of exposure to the uhf field. Simultaneously with the experimental  animals,  
ra ts  of the control groups of corresponding sex and age were sacrif iced.  The glucose concentration in the 
brain was investigated by Nelson's  method, glycogen by K e r r ' s  method, lactic acid by the method of Barker  
and Summerson,  pyruvic acid by the method of Friedeman and Haugen as modified by Prokhorova and Tup- 
ikova [6]. The concentration of lactic and pyruvic acids in the r a t s '  blood was also investigated by the same 
methods.  

EXPERIMENTAL RESULTS 

The results of these experiments are given in Table I. After repeated exposure to a uhf electromag- 

netic field of intensity 400 W/m the concentrations of lactic and pyruvic acids in the brain of the experi- 

mental animals were identical with those in the controls. However, the blood lactic acid level of these an- 
imals was considerably increased. This suggests that changes had taken place in the carbohydrate metab- 
olism of other organs (liver and muscles). 
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TABLE 1. C o n c e n t r a t i o n  of  L a c t i c  and P y r u v i c  A c i d s  in Blood and 
B r a i n  of Ra t s  fo l lowing  E x p o s u r e  to uhf F i e l d s  of  D i f f e r en t  I n t en -  
s i t i e s  o r  D i f f e r en t  D u r a t i o n s  

~temity of uhf field and 
~ation of exposure 

tOO W/m 

[5 Sessions 

300 W/m 

15 Sessions 

Test object 
Lactic acid 
(in mg%) 

O0 W/rn 
, Sessions 

Control [ Expt. 

Blood 

Brain 

22,2-+ 4,1 33,0+2,3 
(4) (7) 

32,2-+ 2,1 
(S) 

Pyruvic acid 
(in m~]o) 

Control [ Expt~ 

Blood 15,1--+3,2 
(S) 

Brain 22,8-- + 1,9 
(7) 

47,7• 3,7 
(17) 

Brain 

3,2_+ 0,4 
(7) 

3 , 5 ~ 0 , 4  
(D 

P<0,05 
31_+ 2,9 2,1_+ 0,2 

03) (7) 

26,7_I,8 2,4___0,2 
(12) (8) 

P<O,Ol 
30,4--2,1 1,7_+ O,l 

(8) (8) 
p=0,02 

9,5--- 1,9 
(11) 

P<O,O1 - -  - -  

2,2_-.0,1 
(15) 

3,2_+ 0,1 
(22) 

P<O,OI 
2,0---0,I 

(19) 
P=0,01 

Note.  H e r e  and in Tab le  2 the n u m b e r  of o b s e r v a t i o n s  i s  g iven  in  
} ) a r en these s .  

TABLE 2. L a c t i c  Ac id  C o n c e n t r a t i o n  
in Blood and B r a i n  of  Ra t s  One Month 
a f t e r  End of  E x p o s u r e  to uhf F i e l d  of 
I n t e n s i t y  800 W / m  in Re la t ion  to Dur -  
a t ion  of E x p o s u r e  

Duration 
of ex-  
posure 

15 Sessions 

15 Sessiom 

75 Session 

Test 
Object 

Blood 

Brain 

Lactic acid concen- 
tration (in mg%) 

Control Expt. 

15,1---3,2 [9,9_+ 2,7 
(s) (5) 

P>0,1 
23,3_+ 1,4 22,5-+ 1,3 

(3) (5) 
47,7--+ 3,7 75,2_+ u,~l 

(17) (5) 
P<0,01 

R e p e a t e d  e x p o s u r e  to a uhf e l e c t r o m a g n e t i c  f i e ld  of i n t en -  
s i t y  800 W / m  c a u s e d  m a r k e d  c h a n g e s  in the c o n c e n t r a t i o n  of  
l a c t i c  and p y r u v i c  a c i d s  in both the  b r a i n  t i s s u e  and b lood  of the 
a n i m a l s .  A c c u m u l a t i o n  of t h e s e  p r o d u c t s  of  c a r b o h y d r a t e  m e t a -  
b o l i s m  in n e r v e  t i s s u e  m a y  r e f l e c t  a d i s t u r b a n c e  of  t h e i r  o x i -  
da t ion  and a l s o ,  p o s s i b l y ,  an i n c r e a s e  in g l y c o l y s i s .  

Changes  of  a s i m i l a r  c h a r a c t e r  in the l a c t i c  a c i d  c o n c e n -  
t r a t i o n  in the n e r v e  t i s s u e  of  the r a t s  w e r e  o b s e r v e d  a f t e r  a 
l o n g e r  e x p o s u r e  (75 s e s s i o n s )  to a uhf f ie ld  of i n t e n s i t y  800 W / m .  
I t s  a c c u m u l a t i o n  u n d e r  t h e s e  c i r c u m s t a n c e s  was  s t i l l  m o r e  
m a r k e d .  The g lycogen  c o n c e n t r a t i o n  in the b r a i n  of  r a t s  of  th i s  
g roup  w a s  s i g n i f i c a n t l y  be low tha t  of  the c o n t r o l  a n i m a l s  in the 
a b s e n c e  of  any  def in i t e  c ha nge s  in the  g l u c o s e  c o n c e n t r a t i o n .  

F l u c t u a t i o n s  in the l a c t i c  a c i d  c o n c e n t r a t i o n  in the c o n t r o l  
r a t s  w e r e  e v i d e n t l y  due to d i f f e r e n c e s  in the cond i t i ons  of  the 
v a r i o u s  s e r i e s  of  e x p e r i m e n t s  o r  to s e a s o n a l  f a c t o r s .  C o n s i d e r -  
a b l e  d i f f e r e n c e s  a r e  found in the f i g u r e s  f o r  the l a c t i c  a c id  c o n -  
c e n t r a t i o n  in the  b r a i n  of i n t ac t  r a t s  g iven in the  l i t e r a t u r e :  22 
mg% [5], 28 -54  rag% [8], 36 mg% [10], and so on. 

The l a c t i c  a c i d  c o n c e n t r a t i o n  in the  b r a i n  and b lood  of  the r a t s  in the  e x p e r i m e n t s  of  s e r i e s  II one 
mon th  a f t e r  e x p o s u r e  to t he  uhf f i e ld  was  i n d i s t i n g u i s h a b l e  f r o m  tha t  in the c o n t r o l  a n i m a l s  (Tab le  2). The 
l a c t i c  a c id  c o n c e n t r a t i o n  in the  b r a i n  of  r a t s  e x p o s e d  fo r  l o n g e r  p e r i o d s  to a uhf f i e l d  of n o n t h e r m o g e n i c  
i n t e n s i t y  (75 s e s s i o n s )  r e m a i n e d  a t  the s a m e  l e v e l .  

E x a m i n a t i o n  of  the  da t a  g iven  in T a b l e s  1 and 2 c l e a r l y  shows  tha t  the  m a g n i t u d e  of the  c ha nge s  d e -  
p e n d s . o n  the i n t e n s i t y  of  the e l e c t r o m a g n e t i c  f i e ld  and the d u r a t i o n  of  i t s  ac t ion .  A f t e r  e x p o s u r e  to a uhf 
f ie ld  of  i n t e n s i t y  400 W / m ,  no c h a n g e s  in the i n d i c e s  of  c a r b o h y d r a t e  m e t a b o l i s m  i n v e s t i g a t e d  w e r e  found 
in the  b r a i n  of  the  e x p e r i m e n t a l  r a t s .  A f t e r  e x p o s u r e  to a f i e ld  of  800 W / m  the c h a n g e s  w e r e  we l l  m a r k e d ,  
and  a f t e r  a l o n g e r  e x p o s u r e  to a f i e ld  o f  th is  s a m e  i n t e n s i t y  the  l a c t i c  a c id  c o n c e n t r a t i o n  in the b r a i n  was  
m o r e  than doub led  and had  not  r e t u r n e d  to n o r m a l  one month  a f t e r  the  end of  e x p o s u r e .  I t  is  an i n t e r e s t i n g  
f ac t  that  a l l  the  d o s e s  u s e d  in th i s  e x p e r i m e n t  w e r e  much  be low the t h r e s h o l d  l e v e l  c a u s i n g  a m i n i m a l  
t h e r m o g e n i c  e f f ec t  (1200 W / m ) .  
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The chief  subs t ra te  of oxidation in the brain  supplying it with energy is known to be glucose.  During 
exposure  to a uhf e lec t romagnet ic  field of f requency 48 MHz and of nonthermogenic intensity,  accumulat ion 
of in te rmedia te  oxidation products  of glucose and a dec rea se  in the glycogen r e s e r v e s  were  detected in the 
nerve  t issue of the ra t s .  The c h a r a c t e r  and seve r i ty  of these d is turbances ,  taken in relat ion to the inten- 
s i ty  and duration of exposure  to the field, can be d i rec t ly  assoc ia ted  with the d is turbance of bra in  function 
occur r ing  during exposure  to this factor�9 
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