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Demonstrat ion of Electron-Dense Material within 'Empty' Synaptic Vesicles in the CNS of Rat 

W. OVTSCHAROFF 

Department o/ Anatomy, Histology and Embryology, Medical Academy, So]ia 31 (Bulgaria), 21 July 1975. 

Summary. A m e t h o d  for d e m o n s t r a t i o n  of e lec t ron-dense  par t ic les  w i t h i n  e lec t ron  lucen t  synap t i c  vesicles f rom var ious  
regions  of CNS of r a t  is descr ibed.  On t h e  basis  of t he  con t ro l s  a v i sua l i za t ion  of p ro t e i n  s u b s t a n c e  is de tec ted .  

Our  s tudies  on  s y n a p t i c  s t r u c t u r e s  h a v e  s h o w n  t h e  
presence  of dense  par t ic les  w i t h i n  t he  s y n a p t i c  vesicles 
of r a t  b r a i n  mate r ia l ,  sub jec t ed  to acid hydro lys i s  a f t e r  
f ixa t ion  ~. Recen t ly ,  GRAY a n d  PAIJLA-BARBOSA ~ pub l i shed  
resu l t s  showing  dense  m a t e r i a l  w i t h i n  ' e m p t y '  s y n a p t i c  
vesicles fol lowing f ixa t ion  in ac id-a ldehyde .  A m e t h o d  is 
descr ibed for  d e m o n s t r a t i o n  of dense  granules  w i t h i n  
such  ' e m p t y '  s y n a p t i c  vesicles f rom var ious  areas  of t h e  
r a t  CNS. 

Materials and method. 6 a d u l t  r a t s  were used. T h e  
an ima l s  were per fused  v ia  a o r t a  w i t h  2.5 % g l u t a r a l d e h y d e  
in 0.1 M p h o s p h a t e  buffer ,  p H  7.4. Smal l  pieces of t i ssue  
were add i t i ona l ly  f ixed in 6.25 ~o g lu t a ra ldehyde ,  dissolved 
in t he  same  buf fe r  a n d  iden t ica l  p m  for  120 min.  There -  

af ter ,  t h e y  were p laced  for  120 m i n  in 0.5 N acet ic  acid, 
or  in  0.1 N I-IC1, or in  1% t r i ch lo roace t i c  acid. T h e  
m a t e r i a l  was  t r a n s f e r r e d  in 1% OsO~ for 60-90 min,  a n d  
e m b e d d e d  in d u r c u p a n  a f te r  d e h y d r a t i o n .  D e a m i n a t i o n  
a t  sma l l  t i ssue  b locks :  i n c u b a t i o n  in n i t r i c  acid ( 6 g 
n i t r i t e  of sod ium in 35 ml  dist i l led water ,  p lus  5 ml  acet ic  
acid) for 24 h a t  4~ as well  as e n z y m e  diges t ion w i t h  
t r y p s i n  before  or a f t e r  acid hydro lys i s  a were used  as 
controls .  U n s t a i n e d  a n d  d o u b l y  s ta ined ,  w i t h  u r a n y l  
a ce t a t e  a n d  lead c i t ra te ,  sect ions  (u l t r ami c ro t o me  Rei-  
cher t )  were obse rved  w i t h  e lec t ron  microscope J E M  100 B. 
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Fig. 1. Electron-dense particles within synaptic vesicles (arrows). Synaptic cleft (big arrow). Unstained section. • 240,000. 
Fig. 2. Dense material within synaptic vesicles {arrows) after double staining with uranyl acetate and lead citrate. • 200,000. 
Fig. 3. Effect of deamination. Electron-dense particles within synaptic vesicles are no longer visible. • 140,000. 
Fig. 4. Enzyme digestion with trypsin removes the electron dense material from synaptie vesicles. • 140,000. 
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Results and discussion. Elec t ron -dense  g ranu les  of 
50-120 A are vis ible  in  t h e  cen te r  of t h e  s y n a p t i c  vesicles;  
occas ional ly  t h e y  are excen t r i ca l ly  s i t u a t e d  and  b o u n d  to  
t he  ves icu la r  m e m b r a n e  (Figure  1). A d d i t i o n a l  s t a i n i n g  
w i t h  u r a n y l  a ce t a t e  and  lead c i t r a t e  increases  t he  e lec t ron-  
d e n s i t y  and  t h e  size of t he  g ranu les  (Figure  2). Vesicles 
w i th  a s imi la r  dense  cen te r  are n o t e d  s ca t t e r ed  t h r o u g h o u t  
the  p r e s y n a p t i c  p a r t  of t h e  synapses .  T r e a t m e n t  of t he  
m a t e r i a l  w i t h  t r i ch lo roace t i c  acid, emp loyed  in bio-  
c h e m i s t r y  for  t he  p r ec ip i t a t i on  of pro te ins ,  leads to  

f o r m a t i o n  of larger  a n d  denser  granules ,  b u t  cons ide rab ly  
damages  t he  s t ruc tu re .  Single par t ic les  are also found  
w i t h i n  t h e  s y n a p t i c  cieft, as well  as a long  t h e  mi to -  
chondr i a l  m e m b r a n e ,  a n d  w i t h i n  t he  sacs of t he  s m o o t h  
endop la smic  r e t i cu lnm.  T he  ad renerg ic  vesicles obse rved  
in s u b s t a n t i a  n ig ra  showed  t h e i r  t yp i ca l  dense  core. 
D e a m i n a t i o n  accoun t s  for a s t rong  r educ t i on  of t he  
c o n t r a s t  s t a in ing  of par t ic les  in  t he  vesicles up  to t h e i r  
full d i sappea rence  (Fig. 3), whereas  d iges t ion  w i t h  
t r y p s i n ,  before or a f te r  acid hydro lys i s ,  leads to  com- 
p le te ly  nega t i ve  r eac t i on  for dense  granules '  d e m o n s t r a -  
t ion.  Based  on  t he  a b o v e  da ta ,  i t  m a y  be  a s sumed  t h a t  i t  
is a m a t t e r  of p ro t e i n  s t r u c t u r e s '  v i sua l iza t ion .  Most  
p robab ly ,  t he  effect  of acids is r educed  to i m m o b i l i z a t i o n  
of t i le  p r o t e i n  s u b s t a n c e  w i t h i n  t h e  s y n a p t i c  vesicles, 
wh ich  m a k e s  possible  i ts  d e m o n s t r a t i o n  w i t h  OsO4. The  

fa i lure  to  d e m o n s t r a t e  t h i s  p r e s u m a b l y  low-molecular  
p ro t e in  4 us ing  ti le rou t ine  e lec t ron  microscopic  m e t h o d ,  
m a y  be  a t t r i b u t e d  to t he  loss of p ro t e in  d u r i n g  OsO 4 
f ixat ion,  a n d  d u r i n g  t he  fol lowing d e h y d r a t i o n  5. R e c e n t  
d a t a  r epo r t ed  b y  WHITTAKER a n d  ZIMMERMANN 6 p rove  
t h a t ,  in  t he  compos i t i on  of t h e  acid pro te in-ves icu l in ,  
wh ich  p lays  t he  role of a n  ace ty lcho l ine  car r ie r  subs tance ,  
a g rea t  a m o u n t  of amino  acids pa r t i c ipa te ,  such  as:  
g lu tamine ,  asparagine ,  serine, p ro l ine  and  lysine, wh ich  
reac t  ac t ive ly  w i t h  OsO4L I t  is p r e s u m e d  t h a t  acid 
hydro lys i s  a ccoun t s  for sp l i t t i ng  of a n u m b e r  of pep t ide  
bonds  in th i s  p ro t e in  or in  t h e  t r a n s m i t t e r s  of p ro t e in  
c h a r a c t e r  s , a n d  t he  amino  acid g roups  l i be ra t ed  b y  th i s  
w a y  e n t e r  in to  r eac t ion  w i t h  OsO,. 
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Cobalt-Staining of Motor Nerve Endings in the Locust (Locusta migratoria) 
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Summary. A m e t h o d  is descr ibed  for a x o n a l  c o b a l t - s t a i n i n g  of p e r i p h e r a l  ne rve  b ranches .  F i r s t  e x p e r i m e n t s  were 
car r ied  o u t  on  a b d o m i n a l  muscles  of t he  locust .  

I t  is o f ten  des i rab le  to  conf i rm e lec t rophys io log ica l  
resu l t s  a b o u t  t he  p e r i p h e r a l  b r a n c h i n g  of a p a r t i c u l a r  
ne rve  b y  h is to logica l  me thods .  Fo r  the  ana lys i s  of c e n t r a l  
p ro jec t ions  of iden t i f i ed  neurones ,  i n t r ace l lu l a r  s t a in ing  
w i t h  P roc ion  Yellow ~ or coba l t  2 a n d  a x o n a l  i o n t o p h o -  
rests 3 of these  dyes  h a v e  p r o v e d  m o s t  va luab le .  In  t he  

fol lowing paper ,  i t  is shown  t h a t  a x o n a l  ion tophores i s  of 
coba l t  is also app l icab le  to  p e r i p h e r a l  n e r v e  b ranches .  

I n  o rder  to  p e r m i t  s t a in ing  of v e r y  s h o r t  a n d  t h i n  
ne rve  s tumps ,  d i f f icul t  to  h a n d l e  o therwise ,  a gap-  
e lec t rode  was developed.  The  dorsa l  n e r v e  of t h e  second 
free a b d o m i n a l  gang l ion  of Locusts rnigratoria was chosen  
as a t e s t  ob j ec t  for o p t i m a l  s t a i n i n g  condi t ions .  USHER- 
WOOD 4 saline,  modi f ied  b y  a d d i t i o n  of 5 m M  sodium-  
ace t a t e  a n d  5 m M  glucose was used. 

Procedure. The  a b d o m e n  of t h e  locus t  is opened  b y  
l ong i t ud ina l  incis ions  and  p i n n e d  ou t  in  a c h a m b e r  c o n -  
t a i n i n g  sal ine c o n t i n u a l l y  b u b b l e d  w i t h  carbogen .  The  
n e r v e  is sec t ioned  nea r  t h e  respec t ive  gangl ion . .Then ,  t he  
e lec t rode  is pos i t ioned  a b o v e  t h e  ne rve  s t u m p  w i t h  t he  
aid of a n  a p p r o p r i a t e  holder .  The  e lec t rode  bas ica l ly  
cons is t s  of 2 concen t r i c  r ings  of p l a t i n u m  wire  (Figure  1). 
The  ou t e r  r ing  holds  a d rop  of low v i scos i ty  l iquid  pa ra f -  
fin. B y  means  of a f i re-pol ished microcap i l l a ry ,  a d rop  of 
d is t i l led  w a t e r  is appl ied  to t he  i n n e r  r ing.  The  ne rve  
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Fig. 1. Electrode and preparation. I, inner ring (diameter 1 mm) 
containing COC12; O, outer ring (diameter 3 ram) containing liquid 
paraffin. Dimensions may be adapted for finer nerve branches. I~, 
silicon gum coating to provide electrical insulation of the inner ring 
in order to allow passage of current; G, supporting glass capillary 
(diameter 1.5 ram); E, Epoxi-glue; DN, dorsal nerve. 


