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The c h a r a c t e r  of dis t r ibut ion of synapses  in the cochlear  nuclei  of the cat  bra in  s t e m  was 
de te rmined  e l e c t r o n - m i c r o s c o p i c a l l y  by uni la tera l  des t ruc t ion  of the sp i ra l  ganglion. Most 
degenera t ing  ne rve  endings of the a f fe ren t  f ibe rs  of the auditory ne rve  are  located in the 
ven t ra l  coch lea r  nucleus,  and a s m a l l e r  number  in the dorsa l  nucleus.  The calyeine t e r m i -  
nals  and sma l l  "boutons" containing spher ica l  synaptic ves ic les  and making contact both 
with the body of neurons  and with dendr i tes  of different  ca l iber ,  degenera ted  in the ven t ra l  
cochlear  nucleus;  p resynap t ie  t e rmina l s  containing f lat tened ves ic les  r ema ined  unchanged. 
A smal l  number  of p resynap t ic  t e rmina l s  in the dorsa l  nucleus degenerated;  the ove rwhe lm-  
ing ma jo r i t y  of t e rmina l s  containing both spher ica l  and f la t tened ves i c l e s  and forming 
a x o - s o m a t i c  and axo-dendr i t i e  synapses  r ema ined  unchanged. 

The neurohis to logica l  methods of s i l ve r  impregnat ion  of degenera t ing  ne rve  f ibe r s  and the i r  endings 
used to study connections in the CNS do not r evea l  the p r ec i s e  local izat ion of degenerat ing p resynap t i c  
t e r m i n a l s .  

In the invest igat ion desc r ibed  below an e l e c t r o n - m i c r o s c o p i c  study was the re fo re  made of the d is -  
t r ibut ion of synapses  in the p r i m a r y  cochlear  nuclei  of the b ra in  s t em a f te r  des t ruc t ion  of the sp i ra l  gan-  
glion in ca ts .  

P rev ious  invest igat ions [1, 2] showed that p resynap t ic  t e rmina l s  of two types  a re  found in the cochlear  
nuclei:  some contained spher ica l  synapt ic  ves i c l e s  300-500 A in d iamete r ,  o thers  f lat tened synaptic  ves i -  
c les ,  400-600 A in length and 150-250 A in width. The overwhelming major i ty  of calycine t e rmina l s ,  which 
a re  found only in the ven t ra l  cochlear  nucleus (VCN) [4, 5, 11, 12, 13, 16], contain spher ica l  synaptic ves i -  
c les ,  whe reas  some t e rm i na l  "boutons" found in VCN and the dorsa l  cochlear  nucleus (DCN) contain sphe r i -  
cal and o thers  contain f la t tened syaapt ic  ves i c l e s .  

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

The opera t ion  of des t ruc t ion  of the inner  ea r ,  including the sp i ra l  ganglion, was  p e r f o r m e d  on 15 
adult ca ts .  In all  expe r imen t s  the sp i ra l  ganglion was des t royed  only. The an imals  surv ived  for  2, 3, 5, 7, 
and 11 days a f t e r  the opera t ion.  The bra in  was fixed by perfus ion with 2.5% glutara ldehyde solution and 
smal l  p ieces  of the cochlear  nuclei  were  subsequently fixed in 1% osmium tetroxide solution in phosphate 
buffer  [9]. After  dehydration,  the m a t e r i a l  was embedded in ]~pon-812. Sections, 300-800 A in thickness ,  
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Fig.  1. An te ro -ven t r a l  cochlear  nucleus.  Degenerat ing calycine 
t e rmina l  (CT). Thi rd  day of degenerat ion,  59,000• 

Fig .  2. P o s t e r o - v e n t r a l  cocMear  nucleus .  Degenerat ing ending 
(AT1) and unchanged smal l  "boutons" (AT2) containing f lat tened 
synapt ic  ves i c l e s  fo rm contacts  with the t runk of a dendri te  (D); 
42,000• 

were  m o u n t e d o n g r i d s  without a support ing f i lm,  s tained by Reynolds '  method [15], and examined in the 
e lec t ron  mic roscope  with an acce le ra t ing  voltage of 80 kV. 

EXPERIMENTAL RESULTS 

Invest igat ion of the c h a r a c t e r  of dis t r ibut ion of the degenerat ing axon t e r m i n a l s  in the cochlear  nu- 
clei  at di f ferent  t imes  a f t e r  des t ruc t ion  of the sp i r a l  ganglion showed that the degenera t ion  was most  in-  
tensive  in VCN (especia l ly  in the an t e ro -ven t r a l  nucleus) .  Degenerat ing axon t e rmina l s  in VCN were  in 
contact both with the pe r ika ryon  and with dendr i tes  of different  d i a m e t e r .  After des t ruc t ion  of the sp i ra l  
ganglion all calycine endIngs containing both spher ica l  and f lat tened synaptic  ve s i c l e s  degenera ted  (Fig. 1) 
while only so l i t a ry  calycine t e rmina l s ,  containing g rea t ly  f lat tened ves ic les ,  r ema ined  unchanged. So far  
as sma l l  axon t e rmina l s  were  concerned,  in this case  all  "boutons" with spher i ca l  ves i c l e s  had degenerated,  
whereas ,  "boutons" containing f lat tened ves i c l e s  r emaIned  intact  (Fig. 2); however,  it cannot be a s s e r t e d  
ca tegor ica l ly  that all  t e rmina l s  with f lat tened ves i c l e s  without exception r ema ined  unchanged. Rough count- 
ing (not paying attention to ealycine t e rmina l s )  showed, admit tedly,  that whereas  the ra t io  between the num- 
ber  of p resynap t i c  t e r m i n a l s  with spher ica l  synapt ic  ve s i c l e s  and the number  of t e rmina l s  with f lat tened 
ves i c l e s  in the VCN of an imals  with an intact  sp i ra l  ganglion was 3 : 4 ,  in expe r imen ta l  ma t e r i a l  the r a t io  
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between the number  of degenera t ing  t e rmina l s  and the number  of intact  t e r m i n a l s  with f lat tened ves ic les  was 
3 .2 :4 ,  i .e. ,  4 : 5 .  

The o rde r  of dis t r ibut ion of both degenerat ing and unchanged p resynap t ic  t e rmina l s  in VCN may be 
of any kind. In some cases  s eve ra l  degenerat ing t e rmina l s  we re  located on the cel l  bodies,  while in o thers  
degenerat ing and intact  endings a l te rna ted  with each  other;  cases  were  obse rved  in which seve ra l  "normal"  
t e rmina l s  were  side by side.  

No re la t ionship  could be found between the number  of degenerat ing synapses  and the i r  localization; 
degenera ted  endings were  found jus t  as often on the dendr i tes  as on the pe r ika ryon .  

Damage to the sp i ra l  ganglion caused degenera t ion  of most  t e rmina l s  par t ic ipa t ing  in the fo rmat ion  
of g l o m e r u l a r  complexes  both with the cen t ra l  dendri te  and with the cen t ra l  axon as desc r ibed  by the wr i t -  
e r s  p rev ious ly  [2]. 

A different  p ic ture  was obse rved  in DCN; in this case ,  by con t ras t  with the changes in VCN, only a 
few presynap t ic  t e r m i n a l s  degenera ted  a f t e r  des t ruc t ion  of the sp i ra l  ganglion and mos t  of them, containing 
both spher ica l  and f lat tened synapt ic  ves ic les ,  r ema ined  anchaged. The unchanged p resynap t i c  t e rmina l s  
fo rmed  synaptic  contacts  with the body of the ne rve  cel ls  and with dendr i tes  of different  ca l ibe r s .  The 
c h a r a c t e r  of d is t r ibut ion of the t e rmina l s  containing synaptic ves i c l e s  of different  shapes  was var iab le .  

In both VCN and DCN degenera t ing  p resynap t ic  t e rmina l s  made contact  both with the body and with 
the dendr i tes .  

It can be concluded f r o m  the r e su l t s  of this invest igat ion that mos t  a f fe ren t  f i be r s  of the cocMear  
ne rve  t e rmina t e  in VCN and a s m a l l e r  number  in DCN. Endings of f i be r s  of pe r iphe ra l  neurons  of the 
audi tory s y s t e m  consis t  of sma l l  "boutons" and calycine t e rmina l s  containing spher ica l  synaptic  ve s i c l e s .  
These  endings f o r m  both a x o - s o m a t i c  and axo-dendr i t i c  synapses .  Endings of axons reaching  the cochlear  
nuclei f r o m  higher levels  of the bra in  a r e  r e p r e s e n t e d  in VCN by t e rmina l s  containing f lat tened synaptic 
ves ic les  and in DCN by t e r m i n a l s  with both spher ica l  and with f lat tened ves i c l e s .  These  endings take pa r t  
in the fo rmat ion  of a x o - s o m a t i c  and axo-dendr i t i c  synapses .  

Some inves t iga tors  [3, 8, 10, 17] at tach impor tance  to the shape of the synapt ic  ves i c l e s  f r o m  the 
point of view of functional d i f ferent ia t ion of synapses .  It follows f rom the conclusions given above and f r o m  
the view that a f ferent  f i be r s  of the cochlear  ne rve  always t r a n s m i t  impulses  of excitat ion,  whereas  endings 
of axons coming f r o m  the higher  auditory cen te r s  have an inhibitory effect  on the VCN neurons  [6, 7, 14], 
that  p resynap t i c  t e rmina l s  containing spher ica l  synaptic ves ic les  f o r m  exc i ta to ry  synapses  in VCN, w h e re -  
as t e rmina l s  containing f lat tened synaptic ves i c l e s  fo rm inhibitory synapses .  
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