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Subcor t ica l  and c o r t i c a l  neurons of the audi tory  sy s t em of albino ra t s  exposed for  long 
pe r iods  to noise  were  inves t iga ted .  Marked morpho log ica l  changes were  found in the 
neurons  in these  reg ions .  In the case  of exposure  las t ing f rom 1 to 7 days the changes 
were  most  s e v e r e  in the audi tory  cor tex ,  but a f t e r  longer  exposure  to noise  (15-28 
days) the co r t i ca l  r eac t ions  were  l ess  m a r k e d  while in the b ra in  s tem the r eac t ions  
i n c r e a s e d  p r o g r e s s i v e l y .  

The w r i t e r s  have shown p rev ious ly  that prolonged exposure  to loud noise leads  to cons ide rab l e  changes 
in h igher  nervous  ac t iv i ty ,  in the e l ec t roencepha log ram and e l e c t r o c a r d i o g r a m ,  and in hemodynamic  indices  

[7, 8]. 

The morpho log ica l  changes in the inner  e a r  under  these  condit ions have been adequate ly  de sc r ibed  in 
the l i t e r a t u r e  [6, 11]. However,  only a few inves t iga t ions  have been made of the co r respond ing  phenomena 
in the cen t ra l  nervous sys tem [2, 4, 5]. In a l l  the inves t igat ions  cited, the durat ion of the exposure  to noise  
va r i ed  f rom a few minutes  to 2 h. 

No data could be found on morpholog ica l  changes in the s t r uc t u r e s  on the cen t r a l  nervous sy s t em fo l -  
lowing prolonged and continuous exposure  to acoust ic  s t imula t ion .  

In the inves t igat ion d e s c r i b e d  below an at tempt  was made to de t e rmine  the c h a r a c t e r  of the m o rpho -  
logica l  changes taking p lace  in nerve cel ls  during continuous exposure  for  many days to noise  and to iden-  
t i fy the levels  of the cen t ra l  audi tory  sy s t em at which these  reac t ions  a r e  mos t  m a r k e d  and the regions  of 
the b ra in  where the most  enduring changes develop.  

EXPERIMENTAL METHOD 

Experiments were carried out on 20 albino rats which were exposed to the continuous action of noise 

the intensity of which was 94 dB when determined by means of the Soviet Sh-3 LIOT noise meter. The fre- 

quency characteristics of the noise were determined by a type ASh-2M analyzer. The noise used was of 

the wide-band type,  with a maximum of acous t ic  energy  at  f requenc ies  of 1500-3000 Hz, i .e . ,  it could be 
c l a s s ed  as h igh- f requency  noise .  

Al l  the an imals  were  subdivided into five groups ,  each cons is t ing  of t h r ee  expe r imen ta l  an imals ,  de -  
pending on the dura t ion of exposure  to noise .  The exposures  were  of 1, 3, 7, 15, and 28 days .  An addi t ional  
5 r a t s  const i tuted the cont ro l  group, not exposed to noise .  

The an imals  were  s ac r i f i c ed  immed ia t e ly  a f te r  the end of the exposure  to noise by rapid  decapi ta t ion  
under  supe r f i c i a l  e ther  anes thes ia .  The cont ro l  r a t s  were  d e a r  with in the same  way. The b ra in  was r e -  
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TABLE 1. Dynamics  of N u m b e r  of Changed Neurons  
(M ~:m) in Di f fe ren t  P a r t s  of the Ce n t r a l  Audi to ry  Sys tem 
in Albino  Rats  du r ing  Dif fe ren t  P e r i o d s  of Exposure  
to Noise  

Dur. of expJ Dorsal 
to noise (in cochlear 
days) nucleus 

Inferior 
colliculi 

Medial Auditory cortex 
bodygeniculate Control 

I7,7• 
32,2~+3,0 

4,7 
<0,00l 

13,3• ,2 
!7,8• 

0,7 
>0,2 

13,7• 
2Y, I• 

2,8 
<0,05 

15,7• ,8 
36,1• 

5,8 
<0,00t 

3 32,0• 18,5• l 19,8• 34,8• 
t 2,6 1,2 [,1 3,3 
P <0,005 >0,2 >0,2 <0,02 

7 37,7• 35,[• 29,5• 33,3• 
t 3,9 4,0 4,8 3,4 
P <0,01 < 0,01 <0,0I <0,02 

[5 47,5• 29,2+4,4 30,7+--5,7 29,7~.~ 1,4 
! 8,5 3,4 2,9 6,0 
P <0,001 <0,02 <0,05 <0,001 

28 
t 
p 

46,7• 
4,7 

<0,01 

37,7• ,5 
13,9 

<0,001 

39,8• l 
I6,2 

<0,001 

22,3• 
1,6 

>0,1 

F ig .  1. Changes  in n e u r o n s  of the aud i to ry  cor tex  a f t e r  exposu re  
to no i se  for  d i f fe ren t  pe r iods :  a) cont ro l ;  b) exposu re  for  7 days 
to no ise :  p e r i n u c l e a r  c h r o m a t o l y s i s  v i s i b l e  in  m a n y  ce l l s ;  e) ex-  
p o s u r e  for  15 days  to no i se :  ce l l s  with ev idence  of p e r i p h e r a l  
e h r o m a t o l y s i s  and with two nuc l eo l i  in t h e i r  nuc leus  can be seen;  
d) exposu re  for  28 days to noise :  n u m b e r  of changed ce l l s  is l e s s  
than at p r e c e d i n g  p e r i o d s .  N i s s l ,  400 x.  

moved  f rom the skul l ,  f ixed in  50 ~ e thanol ,  and p a s s e d  th rough  a s e r i e s  of a lcohols  of i n c r e a s i n g  c o n c e n -  
t r a t i on ,  a f t e r  which it was embedded  in pa ra f f in  wax. F r o n t a l  s e r i a l  s ec t ions  w e r e  then cut to a t h i cknes s  
of 15 # .  The  s ec t i ons  were  s t a ined  by N i s s l ' s  method  with 0.1% th ionine  so lu t ion .  Subsequent ly  the ce l l s  
of spec i f ic  b r a i n  s t r u c t u r e s  we re  s tudied.  The d o r s a l  nuc le i  of the c o c h l e a r  n e r v e  (the t u b e r c u l a  aeus t i ca ) ,  
i n f e r i o r  eo l l i eu l i ,  m e d i a l  gen icu l a t e  bod ies ,  and aud i to ry  co r t ex  were  inves t iga ted .  In the  s t r u c t u r e s  of the 
r a t s '  b r a i n  b e a r i n g s  w e r e  t aken  f r o m  C r a i g i e ' s  a t las  [9]. 
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F i g .  2. Changes  in n e u r o n s  in d o r s a l  c o c h l e a r  nuc l eus  a f t e r  e x -  
p o s u r e  to n o i s e  f o r  d i f f e r e n t  p e r i o d s :  a) con t ro l ;  b) e x p o s u r e  f o r  
7 days  to no i se :  n e u r o n s  with d e f o r m e d  n u c l e i  and a l so  ghos t  c e l l s  
a r e  v i s i b l e ;  c) e x p o s u r e  f o r  15 days  to no i se :  c e l l s  with m a r k e d  
c h r o m a t o l y s i s  and v a c u o l a t i o n  of the  c y t o p l a s m  can  be seen ;  d) 
e x p o s u r e  f o r  28 days  to no i se :  s e g m e n t a l  c h r o m a t o l y s i s  v i s i b l e  
in m a n y  c e l l s .  N i s s l ,  400 •  

In  the  b r a i n  of the c o n t r o l  a n i m a l s  a c e r t a i n  n u m b e r  of m o d i f i e d  n e u r o n s  could  a lways  be  found, t h e i r  
p r e s e n c e  not be ing  i n d i c a t i v e  of pa tho logy  [1, 4]. F o r  th i s  r e a s o n  the  n u m b e r  of  changed  c e l l s  was  d e t e r -  
m i n e d  in each  of the  b r a i n  s t r u c t u r e s  to  be  i n v e s t i g a t e d ,  and t h i s  index,  e x p r e s s e d  as  a p e r c e n t a g e ,  was 
c o m p a r e d  with  the  c o n t r o l .  The  index i t s e l f  was  d e t e r m i n e d  by  count ing  at  l e a s t  100 n e u r o n s  in each  r e g i o n .  

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

U n d e r  the  in f luence  of a c o u s t i c  s t i m u l a t i o n  the  n u m b e r  of changed  n e u r o n s  in the  e x p e r i m e n t a l  a n i -  
m a l s  r o s e  c o n s i d e r a b l y  by  c o m p a r i s o n  with t he  c o n t r o l .  The  m o s t  s i gn i f i c an t  changes  w e r e  t h o s e  a f fec t ing  
the  N i s s l  s u b s t a n c e ,  which  showed v a r i o u s  f o r m s  of c h r o m a t o l y s i s :  p e r i n u c l e a r ,  p e r i p h e r a l ,  o r  t o t a l .  
S e g m e n t a l  l y s i s  of the  t i g r o i d  was  found in m a n y  of the  c e l l s .  In m a n y  c a s e s  t he  c h r o m a t o l y s i s  was so 
s e v e r e  that  the  c e l l  a p p e a r e d  to be v e r y  f a in t ly  s t a ined ,  and n u m e r o u s  ghos t  c e l l s  a p p e a r e d .  T h e  n u m b e r  
of n e u r o n s  wi th  d e e p l y  s t a i n e d  c y t o p l a s m  a l s o  was i n c r e a s e d .  

T h e s e  p h e n o m e n a  can  be r e g a r d e d  a s  the  r e s u l t  of i n c r e a s e d  func t iona l  a c t i v i t y  of the  c e l l  u n d e r  the  
i n f luence  of an i n t e n s e  f low of a f f e r e n t  i m p u l s e s  [1, 3, 10]. So f a r  a s  t he  i n c r e a s e  in n u m b e r  of h y p e r -  
c h r o m i c  c e l l s  i s  c o n c e r n e d ,  th i s  was  p o s s i b l y  connec t ed  with the  d e v e l o p m e n t  of an i n h i b i t o r y  s t a t e  in a 
c e r t a i n  p r o p o r t i o n  of the  n e u r o n s ,  due to the  p r o l o n g e d  ac t i on  of the s t i m u l u s .  Th i s  cou ld  a l s o  exp la in  the  
a p p e a r a n c e  of a l a r g e  n u m b e r  of c e l l s  wi th  p e r i p h e r a l  c h r o m a t o l y s i s ,  f o r  a c c o r d i n g  to K l o s o v s k i i  and K o s -  
m a r s k a y a  [3], the  d e v e l o p m e n t  of a s t a t e  of inh ib i t ion  of a n e u r o n  i s  a c c o m p a n i e d  by  d i s p l a c e m e n t  of c h r o -  
m a t i n  into the  p e r i n u c l e a r  l a y e r s  and by  i t s  i n t e n s i v e  s t a in ing .  

B e s i d e s  r e a c t i o n s  of the  N i s s l  s u b s t a n c e ,  changes  a f fec t ing  the  nuc l e i  and n u c l e o l i  a l so  w e r e  o b s e r v e d  
in the  e x p e r i m e n t a l  a n i m a l s .  The  n u m b e r  of c e l l s  with the  nuc leus  s i t u a t e d  at  the  p e r i p h e r y  was  i n c r e a s e d ,  
and in s o m e  c a s e s  the  nuc leus  was f r a g m e n t e d  o r  pycno t i c  in shape .  C e l l s  with 2 o r  3 n u c l e o l i  w e r e  e n -  
c o u n t e r e d  much  m o r e  of ten than n o r m a l l y .  T h e s e  w e r e  c o n s i d e r e d  to be a s ign  of r e s t o r a t i v e  p r o c e s s e s  
a f t e r  the  p e r i o d  of i n c r e a s e d  c e l l  a c t i v i t y .  

The  c h a n g e s  d e s c r i b e d  above  d i f f e r e d  in d e g r e e  in d i f f e r e n t  p a r t s  of the  b r a i n ,  l a r g e l y  depend ing  on 
the  d u r a t i o n  of e x p o s u r e  to n o i s e .  

With  s h o r t e r  p e r i o d s  of e x p o s u r e  to n o i s e  ( f rom 1 to 7 days)  the  m o s t  m a r k e d  m o r p h o l o g i c a l  changes  
w e r e  found in the  a u d i t o r y  c o r t e x ,  e s p e c i a l l y  in l a y e r  II (F ig .  1). The  r e a c t i o n s  o b s e r v e d  in the  s t r u c t u r e s  
of the  b r a i n  s t e m  w e r e  l e s s  c l e a r l y  def ined ,  a l though they  i n c r e a s e d  in i n t e n s i t y  with an i n c r e a s e  in the  
d u r a t i o n  of the  p e r i o d  of a c o u s t i c  s t i m u l a t i o n .  
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With longer exposures to noise (15-28 days) the changes taking place in the ce rebra l  cortex became 
progress ive ly  less marked,  while those in the subcort ical  s t ruc tures  (medial geniculate body, infer ior  
colliculi, dorsa l  cochlear  nucleus) gradually increased in sever i ty  (Fig. 2). 

The dynamics of the changes in neurons in different par ts  of the auditory system after  different pe r i -  
ods of exposure to noise is shown in Table 1. 

It must  be considered that the intensive influx of afferent impulses into the cortex, giving r ise  to a 
t raumat iz ing effect, occurs  only during the f i rs t  days of exposure to noise. Later ,  as a result  of blocking 
of these ascending influences at the subcort ical  level, as the wri ters  demonstrated previously by e lec t ro-  
physiological  investigations, their  influx into the higher levels of the central  nervous system is reduced, so 
that restorative processes can take place in them. On the other hand, the morphological changes arising 
in the structures of the brain stem become progressively more marked through the continued action of the 
acoustic st imulus.  

These  differences in the Iocalization of morphological  changes during exposures of different duration 
to noise and their  concentrat ion in the subeort ical  s t ruc tures  after  longer exposures would appear to be of 
great  prac t ica l  significance. 
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