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Noise, used as a s t r e ss  factor,  is known to induce chromatolysis  in neurons of the rat  auditory cortex 
[1, 2, 3]. Since noise exerts  its action on cort ical  neurons through the synaptic apparatus,  it was decided to 
study how the quantitative charac te r i s t i cs  of the bra in  synapses  of animals change under these c i rcumstances .  

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

Exper iments  were ca r r i ed  out on 12 male albino rats  weighing 200-220 g. The experimental  animals 
(three in a group) were exposed to the action of sound for 17 h daily for 1, 2, and 3 weeks. The power of the 
sound was 80-90 dB above the threshold of audibility of the human ear ,  and the frequency range was 350-3500 
Hz. The noise was interrupted in charac te r :  noise for 2 sec, res t  for 1 sec; three control animals were kept 
under normal  animal house conditions. The auditory and sensomotor  cortex - a reas  41 and 6 in Kr ieg ' s  atlas 
[8] - served  as the test  object. After rapid decapitation on the last  day of the experiment ,  pieces of cor tex 
were removed perpendicular ly  to the pial surface of the hemispheres  and fixed in 5% glutaraldehyde solution 
in phosphate buffer,  and then stained in a 1% solution of phosphotungstic acid (PTA) in absolute alcohol [7]. 
The t issue was embedded in Araldite.  For  each animal three blocks were taken at random and sections were 
cut on the LKB-III  Ultratome.  

The number of synapses was counted direct ly f rom the sc reen  on the IEM 100B electron microscope .  An 
a rea  of section equal to 13.5 #2 was studied on the sc reen  measur ing  6 • 9 cm, under a magnification of 20,000 
(Fig. 1). The number of synapses was counted during random movement of the sections.  The forbidden lines 
rule was used when counting. The number  of synapses  in five fields of vision (67.5 #2) was regarded  as a s in-  
gle resul t  m. Samples of 10m were taken for the upper l ayers  I - IV and for the lower l aye rs  V-VI in the audi- 
tory  and sensomotor  cortex.  These values formed a var iance se r ies  with normal  distribution of the member s .  
The ar i thmet ic  mean (X) for this se r ies  was then calculated and its confidence interval  L determined by 
Strelkov 's  equation L = a • R, where a is the amplitude of the variance ser ies ,  equal to the difference between 
the highest and lowest values of its members ,  and R is Stre lkov 's  coefficient for the given number of member s  [5]. 

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

The resul ts  at each t ime,  compared with the control, are  given in Table 1. Normally the number of 
synapses in the auditory cortex is significantly higher in its upper levels .  In the seasomotor  cortex there  are  
no significant differences.  After  exposure to sound for 1 week the number of synapses was significantly in- 
creased in all four zones studied. After  exposure to sound for 2 weeks the number of synapses in the lower 
l ayers  of the auditory and upper l ayers  of the sensomotor  cortex was significantly reduced, whereas in the up- 
per l aye rs  of the auditory and lower l aye rs  of the sensomotor  cortex it remained at the same level as after  1 
week. 

Exposure to sound for  3 weeks led to a significant increase  in the number of synapses (by 200-230%) in 
the auclitory cortex and upper l aye rs  of the sensomotor  cortex (by 180%). In l ayers  V-VI of the sensomotor  
cortex the number of synapses  was 130% of normal .  
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Fig. 1. Active zones of synapses in neuropil of 
rat  cerebra l  cortex. Stained with PTA, magnif i-  
cation 20,000. 

TABLE 1. Number of Synapses in Different Lay-  
e rs  of Cerebra l  Cortex of Rats Exposed to Noise 
~X~L) 

Experimental 
conditions 

Control 
poise: 

week 
weeks 

:~ weeks 

~ corEex 

layers layers 
I --iv V--VI 

8,6-+0,7 7,0--+0,5 

12,7-+0,8 10,3-+1,0 
11,5+-1,8 7,8-+0,9 
17,4-+1,9 16,3-+2,1 

S ensolTlotor cor tex  

laye~, layer.~ 
1--tV V--VI 

10,5-----1,2 9,5+--0,6 

I7,5+-1,5 12,7d= 1,5 
13,2+-0,9 11,3--+I,7 
19,0-+ 1,4 12,5--+1,3 

Under normal  conditions the different l ayers  of the auditory and sensomotor  cortex thus do not differ s ig-  
nificantly. The action of sound causes a significant increase  in the number  of synapses in all l ayers  of the cor -  
tex studied, evidence of increased  activation of synapses .  Neurons of cort ical  l aye r s  I-IV and V-VI reacted 
differently to noise. The number of synapses  was g rea te r  in l ayers  I-IV than in l ayers  V-VI, in both the audi- 
to ry  and the sensomotor  cortex. The reason evidently is that neurons receiving afferent impulses and exposed 
to a g rea t e r  functional load in these exper iments  are  located in the uppe r l aye r s  (III, IV) [4, 6]. 

The rel iabil i ty of this morphological  cr i ter ion (the number of synapses per unit a rea  of section) and the 
possibil i ty of i ts  use to a ssess  the functional state of neurons were demonstrated by e lectron microscopy.  The 
resul ts  of single measurements  on all three  animals in the group were regarded  as a single variance ser ies  of 
30 var iables  for  each region. The resul ts  suggest  that prolonged excitation of the nervous sys tem by noise leads 
to activation of many synaptic junctions and also, possibly,  to the format ion of new synapses.  Increased  act iva-  
tion of synapses  leads to exhaustion of the internal r e sources  of the nerve cells and to the development of total 
chromatolys is .  
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