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The  u l t r a s t r u c t u r e  of n e u r o m u s c u l a r  synapses  of pa t ients  with the L a m b e r t - E a t o n  m y a s -  
thenic syndrome  was inves t iga ted .  An inc rea sed  content of synapt ic  v e s i c l e s  in the axon 
t e r m i n a l s  and an i nc r ea s e  in the n u m b e r  and depth of anas tomos ing  synapt ic  folds were  
found in mos t  synapses .  Local  des t ruc t ive  changes were  detec ted  in the t e rmina l s  of some 
synapses .  The  obse rva t ions  conf i rm the v iew that this synd rome  is  ba sed  on a d is turbance  
of the l ibera t ion  of med ia to r  f r o m  the p resynap t i e  s t r u c t u r e s .  
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The v iew that the accumulat ion,  s t o r age ,  and l iberat ion of synapt ic  m e d i a t o r s  a r e  connected with the 
synapt ic  v e s i c l e s  (the quantum v e s i c u l a r  theory) is  nowadays hardly  in question. At the s a m e  t ime,  it  is  
r a r e  to find co r re la t ion  between the s ta te  of the v e s i c u l a r  s y s t e m  of axon t e r m i n a l s  and the level of  function 
of the n e u r o m u s c u l a r  synapse .  Th i s  is  evidently because  the no rma l  n e u r o m u s c u l a r  synapse  has  a high 
degree  of re l iabi l i ty .  S t ruc tura l - funct ional  co r r e l a t ions  a re  m o r e  eas i ly  obse rved  following de l ibe ra te  
injury to the m e c h a n i s m s  lying at  the b a s i s  of synapt ic  t r a n s m i s s i o n  [3-6, 8, 13, 14]. 

Th i s  p a p e r  d e s c r i b e s  the r e s u l t s  of an invest igat ion of the u l t r a s t r u e t u r e  of n e u r o m u s c u l a r  synapses  
in the myas then ic  syndrome,  a condition cons idered  [1, 10-12] to be due to a d i s tu rbance  of the l iberat ion of 
med ia to r  f r o m  the p re synap t i c  s t r u c t u r e s .  

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

Pieces  of m us c l e s  f r o m  the synapt ic  zone of the p a l m a r i s  longus musc le ,  taken at diagnost ic  b iopsy  
f r o m  two pat ien ts  with the L a m b e r t - E a t o n  myas then ic  syndrome were  invest igated.  The  ma te r i a l  was fixed 
success ive ly  in f o r m o l - s u c r o s e  and o s m i u m  te t roxide  and embedded in Araldi te .  Sections were  stained 
with uranyl  aceta te  and lead c i t r a te  by Reynolds '  method and examined in the IEM-7A e lec t ron  mic roscope .  

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

E lec t romyograpMc  invest igat ion of the pat ients  revea led  a synaptic  defect  cha r ac t e r i s t i c  of this d i s -  
ease .  

On e l e c t r o n - m i c r o s c o p i c  invest igat ion changes were  found in the p r e -  and pos t - synap t i c  s t r u c t u r e s  
of the neu romusc u l a r  junctions.  In mos t  synapses  the number  of synaptic ve s i c l e s  in the axon t e r m i n a l s  
was inc reased ,  s o m e t i m e s  cons ide rab ly  (Figs.  1-3).  P rac t i ca l ly  the whole of the i r  f r ee  volume in the axon 
t e rmina l s  of some synapses  was filled with ves i c l e s .  T h e i r  axoplasm was e lec t ron  dense and g ranu la r .  
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Fig. I. 

Fig. 1 Fig. 2 

Neuromuscular  synapse in L a m b e r t - E a t o n  myasthenic syndrome:  increased number 
of synaptic ves ic les  in an axon terminal  (40,000•176 Here and in Figs.  2 and 3: AT) axon t e r -  
minal; SV) synaptic ves ic les ;  M) axoplasmic mitochondria;  SS) synaptic space; SF) synaptic 
folds; SC) p roces se s  of Schwann cells;  PrM) presynapt ic  membrane;  PoM) postsynaptic mem-  
brane.  

Fig~ 2. Neuromuscular  synapse in L a m b e r t - E a t o n  myasthenic syndrome: large number  of 
synaptic ves ic les  in axon terminal  in which areas  of destruct ion a re  present  (arrows}; synaptic 
space var iable  in width and electron density; increased folding of postsynapt ic  membrane  
(30,000• 

Fig. 3. P a r t  of axon terminal  of 
a neuromuscula r  synapse in Lam-  
b e r t - E a t o n  syndrome; X) s t ruc ture  
containing e lec t ron-dense  ves ic les  
(100,000x). 

The presynapt ic  membrane  was i r r egu la r ly  stained, giving the 
impress ion  of discontinuity.  Because  of the increased number  
of synaptic ves ic les ,  hardly any neurofi laments  could be detected. 
The axoplasmic mitochondria  were normal  in s t ruc ture  and their 
number was not increased  on the average.  Sometimes s t ruc tu res  
bounded by double membranes ,  containing e lec t ron-dense  Vesicular 
format ions of the same size as synaptic ves ic les ,  could be seen 
in the terminals  (Fig. 3). 

Degenerat ive changes were  observed in some terminals  and 
caused their par t ia l  des t ruct ion (Fig. 2) with a dec rease  in a rea  
of synaptic contacts The synaptie space in such synapses was 
variable in width and in the electron density of its contents. 

Changes in the postsynaptic  s t ruc tures  concerned chiefly 
the synaptic folds, the number and depth of which were  cons ider-  
ably increased;  the folds branched repeatedly and anastomosed 
with each other (Fig. 2). The substance of the synaptic folds usu-  
ally had uniform electron density and a central  band could be 
clear ly distinguished in it. 

The end-plate of the neuromuscular  synapses as a rule was widened. P r o c e s s e s  of Schwann cells,  
adjacent to the axon terminals ,  had increased electron density.  

The most  charac te r i s t i c  features  of the neuromuscu la r  synapses  in L a m b e r t - E a t o n  myasthenic 
syndrome are  thus an accumulation of synaptic ves ic les  in the axon terminals  and excessive folding of the 
postsynaptic membrane .  The accumulation of synaptic ves ic les  in the terminals  has been found during the 
action of large doses of tetanus toxin on the neuromuscu la r  synapse,  blocking the l iberation of mediator  as 
shown by electrophysiological  investigations [3-5]. An inc rease  in the number  of synaptic ves ic les  also was 
observed when magnesium ions were added to the fixative; under these c i rcumstances  the p rocess  of neuro-  
secret ion is also known to be disturbed [7]. 

Electrophysiological  investigations (including microe lec t rode  studies) in Lamber t - -Ea ton  syndrome 
[1, 10:12]  indicate a deficiency of acetylcholine mediator  in the neuromuscu la r  synapses ,  result ing f rom a 
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dis turbance  of i ts  sec re t ion .  The r e su l t s  of the p r e sen t  invest igat ion conf i rm this mecl~anism of the d i s -  
turbance  of synaptic function. 

The i n c r e a s e  in num ber  and size of the synaptic  folds can be i n t e r p r e t e d  as a secondary  compensa to ry  
react ion  of the pos tsynapt ic  m e m b r a n e  to chronic  med ia to r  insuff iciency.  An increase  in the a r ea  occupied 
by synaptic folds and in the i r  num ber  was d i scovered  in a h i s t o m e t r i c  invest igat ion of the n e u r o m u s c u l a r  
synapses  of pa t ien ts  with the L a m b e r t -  Eaton myas then ic  syndrome  [9]. However ,  no accumulat ion of  
synaptic  ve s i c l e s  in the t e r m i n a l s  was found in that invest igat ion.  In the p r e sen t  w r i t e r s '  view,  the r eason  
for  this could be d i f f e rences  in the method used to t r ea t  the t i ssue ,  fo r  f ixation has been shown to have a 
powerful  effect  on the p r o c e s s  of m e d i a t o r  l ibera t ion  in the neu romuscu la r  synapse  [2]. 
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