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The  act ion of BaC1 s was changed  in the  same manne r  
as was the  effect  of CaC1 v 

Papaver ine  an tagon i sm in depolar ized taen ia  coli  was 
pronounced  ma in ly  agains t  the  cont rac t ions  caused by  
CaC1 v This  inh ib i to ry  effect  was seen i r respect ive  of 
CaC12 addi t ion  e i ther  before or  af ter  ace ty lchol ine  action.  
The  cont rac t ions  caused by  acety lchol ine  were com- 
pa ra t i ve ly  less inh ib i t ed  t h a n  those evoked  by  Ca++ and 
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Fig. 2. Dose-response curves of CaCI~ in depolarized taenia coli 
before and after papaverine treatment. -- ,  controls; - - - ,  papaverine 
I × 10-~glml; . . . . .  , contractions reached after the addition of 
2 × 10 -4 g/ml aeetyicholine. The asterisks indicate significant de- 
crease by p < 0.025. 

Ba  ++. No inhibi t ion  was observed in the  act ion of acetyl -  
choline when i t  was added to the  ba th ing  fluid wi th  
h igh  Ca ++ concentra t ion.  

FERRARI 4 suggested t h a t  the  effect  of papaver ine  
migh t  be ascr ibed to an  i m p a i r m e n t  of Ca ++ ava i lab i l i ty  
to t he  cont rac t i le  system. Ca++ avai lab le  for the  con- 
t rac t ions  could be der ived  f rom a t  least  two  sources. 
I t  m a y  cross the  depolar ized m e m b r a n e  f rom the  ex t ra -  
cel lular  fluid, or  i t  m a y  be released f rom m e m b r a n e  store 
sites, for  example  by  acetylchol ine  3,5. Our  exper iments  
p rov ide  an  oppo r tun i t y  to  dis t inguish be tween  these  two  
possibil i t ies.  

Though  ef fec t ive  in t he  same dose, there  was a d i s t inc t  
difference in t he  effect  of papave r ine  in polar ized and 
depolar ized t aen ia  coli. Papave r ine  in the  depolar ized 
taen ia  coli  seemed to  inh ib i t  p r e d o m i n a n t l y  t he  flow of 
Ca ++ across the  membrane .  I n  polar ized t aen ia  coli, t he  
papaver ine  inh ib i to ry  act ion was directed p redominan t ly  
agains t  nicot ine and was min ima l  against  BaCI~ 1. F r o m  
our  results  i t  could be s ta ted  t h a t  papaver ine  inf luenced 
b o t h  nervous  and muscle  componen t s  of the  smooth  
muscle  prepara t ion .  The  nervous  componen t  seemed to  
be decisive for the  observed effect  in polar ized muscle,  
whereas  in the  depolar ized taen ia  coli  i t  was  the  inter-  
act ion of papaver ine  wi th  t r a n s m e m b r a n e  Ca++ fluxes. 

Zusammen/assung. Es wird die muskell/~hmende Wir-  
kung yon Papave r in  auf  die depolar is ier te  Taenia  coli 
du tch  die Blockade  des Ka lz iumionens t romes  durch  die 
Ze l lmembran  erkl/~rt. 
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Dense-Cored Vesicles at Neuromuscular Synapses 

Elec t ron  microscopy has  shown several  types  of vesicle 
in synapse-bear ing nerve  terminals .  Often,  e lectron-  
lucent  ' ag ranu la r '  synapt ic  vesicles are  observed.  'Coated '  
vesicles, smal l  dense-cored (granular) vesicles (about  
500/~ diameter) ,  and large dense-cored (granular) vesicles 
(about  1000/~ diameter) ,  are  also found in cer ta in  nerve  
terminals .  The  smal l  dense-cored vesicles are  c o m m o n  in 
adrenergic  neurons and are  t hough t  to  con ta in  noradren-  
al in 1 Large  dense-cored vesicles are  t h o u g h t  to  con ta in  
ca techolamines  (eg. dopamine)  in molluscs 8, s, and perhaps  
in o the r  mater ia l  as well  1. The  clear  (agranular)  synap t i c  
vesicles p robab ly  conta in  acetylchol ine,  ~,-aminobutyric 
acid (GABA), or  o ther  t r a n s m i t t e r  substances,  depending  
on the  neuron  in which t h e y  are  found 4-7. Some neurons,  
e.g. those  inne rva t ing  mol luscan  muscles s and a r th ropod  
hearts*,  1° possess bo th  granular  and agranula r  vesicles. 

Prev ious  descr ipt ions  of ver tebra te* ,  5 and a r th ropod  e, 7 
skeletal  neuromuscula r  synapses have  repor ted  the  occur- 
rence of agranula r  synap t ic  vesicles in the  presynapt ic  
nerve  terminals .  In  this  report ,  we wish to  show t h a t  
dense-cored vesicles also occur in a wide va r i e ty  of neuro-  
muscular  synapses in bo th  ve r t eb ra tes  and ar thropods .  

of ArthropodS and Vertebrates 

E x a m p l e s  of a r th ropod  neuromuscula r  synapses are 
shown in the  F igure  (A, B, D). These  examples  are f rom 
crayfish,  spider  and sp iny  lobster,  respect ively .  In  each 
case, bo th  clear  synapt ic  vesicles and dense-cored vesicles 
(700-1100 ]k d iameter)  are present.  

In  crayfish,  exc i t a to ry  and inh ib i to ry  neurons can be 
ident i f ied by  the  shapes of the  clear  synapt ic  vesiclesS, 7. 
The  t r ansmi t t e r  agents  are t hough t  to be g l u t a m a t e  and 
GABA,  respec t ive ly  8. B o t h  types  of neuron con ta in  
s imi lar  dense.-cored vesicles. T r e a t m e n t  w i t h  reserpine,  
which depletes  monoamines ,  m a y  deple te  t he  d e n s e - c o r ~  
vesicles of these  neurons  11. 

The  m o t o r  neurons  of the  lobster  s tomach  muscle  
conta ined  large numbers  of dense-cored vesicles (Figure D). 
The  cell  bodies and ganglionic  processes of these  neurons  
are  known f rom flourescence microscopy  to  con ta in  large 
amoun t s  of monoamines  lz. E lec t ron  microscopy has  
shown bo th  clear  and dense-cored vesicles in t he  same 
regions 13. 

Dense-cored vesicles were also found a t  neuromuscu la r  
synapses of m a m m a l i a n  muscles (Figure C, E). Deve lop ing  
neuromuscular  junct ions  had a h igher  ra t io  of dense-cored 
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Examples of dense-cored vesicles in arthropod 
and vertebrate presynaptic nerve terminals. 
Fixation was accomplished using glutaralde- 
hyde and osmium tetroxide; staining was 
done with lead citrate and uranyl acetate. 
A) Fresh-water crayfish (Procambarus clarkii) 
leg opener muscle, excitatory axon (ax). 
Several synaptic contacts (s) witb the musclc 
fiber (m) are evident. The axon terminal is 
filled with clear synaptic vesicles, and con- 
tains a prominent dense-cored vesicle of 
800 A diameter (arrow). B) Excitatory nerve 
terminal in the depressor muscle of the tarsal 
claw of a tarantula  spider, Eurypelma marxi. 
The presynaptie axon (ax) contains many  
synaptie  vesicles, and a dense-cored vesicle 
of 1050 A diameter (arrow). C) Developing 
neuromuscular  junction of a new-born mouse 
(soleus muscle). An axon (ax) in close contact 
with the muscle fiber (m) contains clear 
synaptic vesicles and a dense-cored vesicle 
(arrow) of 1050,~ diameter.  D) Stomach 
muscle of the spiny lobster (Panulirus argus). 
An excitatory nerve terminal forms a synapse 
(s) with a muscle fiber (m). Numerous dense- 
cored vesicles (d) are present, in addition to 
clear synaptic vesicles. E) Mouse neuro- 
muscular  synapse (extensor digitorum longus, 
adult  muscle). The axou terminal (ax) con- 
tains numerous synaptic vesicles and mito- 
chondria. A dense-cored vesicle (d, circled) 
of 750 A diameter,  and two 'coated'  vesicles 
(c, circled) appear in this terminal. Calibration 
marks:  0.5 btm in A, B, C, D; lb tm in E. 
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v e s i c l e s  t h a n  t h e  n e u r o m u s c u l a r  j u n c t i o n s  o f  a d u l t  
a n i m a l s .  ' C o a t e d '  ve s i c l e s ,  w h i c h  m a y  b e  p r e c u r s o r s  t o  
s y n a p t i c  v e s i c l e s  5,1,, w e r e  a l so  o b s e r v e d  ( F i g u r e  E) .  

F r o m  t h e s e  r e s u l t s ,  i t  a p p e a r s  t h a t  d e n s e - c o r e d  v e s i c l e s  
a r e  a c o m m o n  f e a t u r e  o f  a r t h r o p o d  a n d  v e r t e b r a t e  m o t o r  
a n d  p e r i p h e r a l  i n h i b i t o r y  n e r v e  t e r m i n a l s .  A s  n o t e d  a b o v e ,  
t h e r e  is  s o m e  e v i d e n c e  f r o m  flourescence m i c r o s c o p y  a n d  
r e s e r p i n e  t r e a t m e n t s ,  t h a t  t h e s e  v e s i c l e s  m a y  c o n t a i n  
r n o n o a m i n e s  a s  in  o t h e r  s y s t e m s  x,3, as. T h e  f u n c t i o n  o f  
t h e  d e n s e - c o r e d  v e s i c l e s  in  n e u r o n s  w h i c h  a r e  k n o w n  t o  
r e l e a s e  a c e t y l c h o l i n e ,  G A B A ,  o r  o t h e r  s u b s t a n c e s  a s  
t r a n s m i t t e r  a g e n t s  i s  o b s c u r e .  T h e y  m a y  m e d i a t e  s o m e  
' t r o p h i c '  e f f e c O  8 o n  t h e  m u s c l e  f i b e r s  x~. 

Rdsumd. L e s  v 6 s i c u l e s  s y n a p t i q u e s  g r a n u l 6 e s  se  t r o u v e n t  
d a n s  l e s  j o n c t i o n s  n e u r o m u s c u l a i r e s  d e  m a m m i f ~ r e s ,  d e s  
c r u s t a c 6 s ,  e t  d e s  a r a i g n S e s .  O n  n e  c o n n a i t  p a s  l e u r  
f o n c t i o n .  
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Isolation of Intracellular Yolk Granules  in Early Chick Embryos  and Est imat ion of their DNA Content 

Q u a n t i t a t i v e  a n a l y s i s  o f  D N A  i n  e a r l y  c h i c k  e m b r y o s  
h a s  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  u n u s u a l l y  h i g h  a m o u n t s  
of  D N A  in  t h e  e a r l y  e m b r y o  ce l l s  d u r i n g  t h e  f i r s t  18 h 
o f  d e v e l o p m e n t  1. S i n c e  p h o t o m e t r i c  d e t e r m i n a t i o n s  o f  
t h e  n u c l e a r  D N A  c o n t e n t  s h o w e d  v a l u e s  s i m i l a r  t o  t h o s e  
in  o l d e r  e m b r y o  s t a g e s ,  i t  w a s  c o n c l u d e d  t h a t  t h e  e x c e s s  

D N A  w a s  l o c a l i z e d  t o  t h e  c y t o p l a s m ,  t h e  m o s t  l i k e l y  s i t e  
b e i n g  t h e  i n t r a c e t l u l a r  y o l k  g r a n u l e s .  T h e  l a t t e r  r e p r e s e n t  
o v o c y t e  m a t e r i a l  s e g r e g a t e d  a t  t h e  f o r m a t i o n  o f  t h e  
b l a s t o d e r m  a n d  t h e y  d i f f e r  m a r k e d l y  f r o m  t h e  y e l l o w  
g r a n u l e s  w h i c h  m a k e  u p  m o s t  o f  t h e  y o l k  in  t h e  h e n ' s  
e g g  ~-4. A l a t e r  i n v e s t i g a t i o n  h a s  c o n f i r m e d  t h e  p r e s e n c e  


