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of t he  adrenerg ic  v a s o m o t o r  supp ly  to  t he  u te r ine  a r te ry .  
These  resul t s  d e m o n s t r a t e  t h a t  t he  chol inergic  vaso-  

d i l a to r  ne rves  wh ich  supp ly  t he  u t e r ine  a r t e r y  in t he  
gu inea-p ig  o r ig ina te  en t i r e ly  f rom t he  pa race rv ica l  
ganglia.  As no  degene r a t i on  of v a s o m o t o r  f ibres  was  
no t ed  fol lowing lesion of e i the r  t he  hypogas t r i c  or sacra l  
ne rves  i t  appea r s  t h a t  these  f ibres  arise a t  leas t  in  t he  
m a i n  f rom pa race rv i ca l  gangl ion  cells, r a t h e r  t h a n  
mere ly  t r ave l l i ng  t h r o u g h  t he  gangl ion  as pos tgang l ion ic  
nerves .  

The  sp ina l  or igin of t he  ne rves  r em a i ns  unce r t a in .  I t  is 
well  k n o w n  t h a t  t h e  hypogas t r i c  ne rve  synapses  in pelvic  

UTERIIq 

gangl ia  10,11 and  the  sparse  chol inerg ic  i n n e r v a t i o n  to  t he  
vas  deferens  of t h e  guinea-pig ,  w h i c h  t r ave l s  t h r o u g h  
these  gangl ia  ~2, ha s  b e e n  t h o u g h t  to  be  h y p o g a s t r i c  in  
or igin ~3. On  t he  o the r  h a n d  coagu la t ion  of t he  pa race rv i ca l  
region w i t h  phenol ,  wh ich  g rea t ly  assists  in  v i sua l iz ing  
f ine ne rvous  e lements ,  reveals  t h a t  the  f i rs t  a n d  second 
sacra l  ne rves  send  e l emen t s  in to  t he  pa race rv i ca l  
ganglion.  Cer ta in ly  a p a r a s y m p a t h e t i c  or igin would  be  in 
accord  w i t h  t h e  m a j o r i t y  of d a t a  for chol inergic  d i l a to r  
suppl ies  ~. I n  t h i s  r e g a r d  i t  m a y  be  n o t e d  t h a t  degenera-  
t ion  s tud ies  on  t h e  r a t  pa r ace rv i ca l  gang l ion  h a v e  
revea led  t h e  presence  of p r e s y n a p t i c  end ings  of b o t h  
hypogas t r i c  and  pelvic  or igins  15. 

The  fac t  t h a t  t he  chol inerg ic  d i l a to r  supp ly  to  t i le 
p a r a m e t r i a l  v a s c u l a t u r e  can  be  se lec t ively  des t royed  b y  
a b l a t i o n  a t  a gangl ionic  synapse  m e a n s  t h a t  r egene ra t i on  
is unl ikely .  Th i s  is s u p p o r t e d  b y  t he  fac t  t h a t  no  i n t a c t  
AChE-pos i t i ve  f ibres  were seen in  t he  u t e r ine  a r t e r y  of 
a n  a n i m a l  ki l led 6 m o n t h s  a f te r  b i l a t e ra l  gang l ionec to lny .  
T h u s  t h i s  t e c h n i q u e  affords  a m e t h o d  b y  wh ich  t h e  pro- 
gress of p r e g n a n c y  in t he  absence  of local chol inergic  
d i l a to r  inf luences  can  be  s tudied .  

Rdsumd. Les nerfs  chol inerg iques  v a s o d i l a t a t e u r s  de 
l ' a r t~re  u t6 r ine  du  cobaye  on t  leur  or igine  darts les 
gangl ions  pa race rv i caux .  L ' a b l a t i o n  de ces gangl ions  
p e r m i t  d ' 6va lue r  l ' i m p o r t a n c e  des nerfs  v a s o d i l a t a t e u r s  
dans  le cas d ' u n e  hype r6mie  de l ' u t e ru s  a p p a r a i s s a n t  
d u r a n t  la grossesse. 

CH. BELL 16--18 

University of Melbourne, Department o[ Physiology, 
Parkville (Victoria 3052 (Australia), 24 September 7973. 

The anatomical course of the cholinergie dilator nerves supplying 
the parametrial artery of the guinea-pig. Note that the preganglionic 
fibres may be of sacral or of hypogastric origin. The ringed numbers 
denote sites of phenol-induced coagulation. 
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The Package of Vesicle Content in Octopus Synapses 

The  zinc iod ide -osmium (ZIO) m e t h o d  was f i rs t  in t ro -  
duced  in  i n v e r t e b r a t e s  b y  MARTIN et  al. 1 The  m e t h o d  
t u r n e d  ou t  to  r eac t  w i t h  severa l  t ypes  of s y n a p t i c  vesicles 
in  t h e  Octopus bra in ,  caus ing  a homogeneous ly  b l a c k  
p rec ip i t a t e  w i t h i n  t h e  vesicle m e m b r a n e .  The  s u b s t a n c e  
w h i c h  reac ts  w i t h  ZIO has  no t  been  d e t e r m i n e d  as yet .  
I n  all  i nves t iga t ions  r epo r t ed  so far, t h e  Z I O - i m p r e g n a t i o n  
of s y n a p t i c  vesicles proceeds  in an  a l l -or -none  fash ion  : t he  
c o n t e n t  of a vesicle e i the r  reac ts  comple t e ly  or no t  a t  all. 
Th i s  t y p e  of r eac t ion  can  be  modi f ied  b y  t he  use of un-  
buf fe red  ZIO. 

Medium-s ized  an ima l s  were a n a e s t h e t i z e d  in u r e t h a n e  
(3% in seawater)  a nd  f ixed b y  pe r fus ion  t h r o u g h  t he  

as Revealed by Unbuffered Zinc Iodide-Osmium 

cephal ic  a r t e r i a  w i t h  g l u t a r a l d e h y d e  (3.5% ill seawater ,  
p H  a d j u s t e d  to  7.2 w i t h  N a O H  0.1 N).  Smal l  t i s sue  slices 
(0.5-1 m m  th ick)  were d issected  f rom t h e  per fused  b r a i n  
lobes a n d  t h e  iris and  w a s h e d  3 • 10 ra in  in  a n  u n b n f -  
fered s tock  so lu t ion  c o n t a i n i n g  0.57 M NaC1, 0.0054 M 
CaC]2 a n d  0.0015 M MgCI~,6 H20,  (pH 5.7). T h e n  t h e  
t i ssue  was r e a d y  for i n c u b a t i o n  in ZIO.  1 h before  incu-  
b a t i o n  2 so lu t ions  were  p repared ,  A) a n d  B). A) c o n t a i n e d  
5% OsO~ a n d  13) 7.5% Zn-powder  + 2.5% iod ium bisubl i -  
m a t e  in  t he  u n b u f f e r e d  s tock  solut ion.  B) was s h a k e n  a n d  

i R. MARTIN, J. BARLOW and A. MIRALTO, Brain Res. 15, 1 (1969). 
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f i l tered i m m e d i a t e l y  before  use. A) and /3 )  were t h e n  mixed  
in a r a t io  of 2 : 3 a n d  f ina l ly  t h e  t i ssue  slices were i n c u b a t e d  
in t h i s  Z I O - m i x t u r e  for  13 h a t  4~ Contro ls  were  1. incu-  
b a t e d  a t  t he  same  -~ime in t he  u n b u f f e r e d  s tock  so lu t ion  
a n d  2. i n c u b a t e d  in ZIO buffered  w i t h  iris a t  7.2. The  
slices were d e h y d r a t e d  w i t h  E t O t t  a n d  e m b e d d e d  in T a a b  
res in  ~. The  t h i n  sect ions  were s t a i ned  w i t h  lead c i t r a t e  
a n d  u r a n y l  ace ta te .  

S y n a p t i c  vesicles of 3 b r a i n  lobes a n d  of t h e  nerve-  
musc le  j unc t ions  in  t h e  iris were inves t iga ted .  The  follow- 
ing synapses  con t a in  Z I O - r e a c t i n g  vesicles:  1. Synapses  

Fig. 1. Profiles of synaptic vesicles in the Octopus brain after ZIO- 
incubation. • 180,000. a) control, incubated in unbuffered stock so- 
lution; b) control, incubated ill buffered ZIO, following1; c)-f) in- 
cubated in unbuffered ZIO, pH ca. 4; the reaction product appears 
divided into 2, 3 or 4 lobes. In f) the precipitate shows a striation. 

of a f fe ren t  f ibres  f rom t h e  l a te ra l  basa l  to  t h e  c h r o m a t o -  
p h o r e  lobes,  2. opt ic  af ferents ,  e n d i n g  in  t h e  l a t e ra l  basa l  
lobe a n d  3. n e r v e  t e r m i n a l s  of t h e  iris s p h i n c t e r  a n d  
c h r o m a t o p h o r e  muscles.  All t h e  vesicles in  these  synapses  
a p p a r e n t l y  be long  to the  same class, 38 n m  in d i a m e t e r  
a n d  e l e c t r o n - t r a n s p a r e n t  in  t i ssue  f ixed w i t h  o s m i u m  or 
g l u t a r a l d e h y d e  w i t h o u t  s u b s e q u e n t  ZIO incuba t ion .  The  
p r o p o r t i o n  of Z IO-pos i t i ve  vesicles pe r  synapse  is a lways  
b e t w e e n  85 a n d  100%. 

Vesicles showing  a n  en t i r e ly  e lec t ron-dense  c o n t e n t  
a f te r  n o r m a l  Z I O - t r e a t m e n t  1 (pH 7.2) e x h i b i t  i ncomple t e  
i m p r e g n a t i o n  b y  us ing  u n b u f f e r e d  ZIO (pH ca. 4). More- 
over, t h e  r eac t ion  p r o d u c t  of u n b u f f e r e d  ZIO gets  a r r a n g e d  
in a r egu la r  fash ion  w i t h i n  t h e  m e m b r a n e  of t h e  vesicle. 
The  m o s t  f r e q u e n t  p a t t e r n s  of vesicle c o n t e n t  o b t a i n e d  
in t h i n  sect ions  are  s h o w n  in F igure  1. T h e  spa t i a l  
s t r u c t u r e  of t h e  r eac t ion  p r o d u c t  (Figure  2.) is d e m o n s t r a t -  
ed b y  c o m b i n i n g  t h e  sec t iona l  p a t t e r n s .  T h u s  a r eac ted  
vesicle consis ts  of a spher ica l  m e m b r a n e  wh ich  enve lops  
4 lobes a r r a n g e d  a r o u n d  a c en t r a l  axis. T h e  lobes are  
s h a p e d  l ike o range  s egmen t s  a n d  each  one consis ts  of 
a b o u t  8 to  10 lamellae.  

T h e  Z I O - m e t h o d  was d i scovered  in 1962 b y  MAILLET ~, 
who  mod i f i ed  t h e  old t e c h n i q u e  of CHAS~PY 4. T h e  first  
sc ien t i s t  who  t e s t e d  t h e  m e t h o d  w i t h  t h e  E M  was GAR- 
RETT 5 Since t hen ,  a g r ea t  a m o u n t  of work  h a s  been  done  
us ing  t h i s  t e c h n i q u e ;  h o w e v e r  t h e  discuss ion a b o u t  t he  
n a t u r e  of t h e  r eac t ive  subs t ances  is st i l l  going on. W h i l e  
i nves t i ga t i ons  on  t h e  spec i f i ty  of severa l  t r a n s m i t t e r s  d id  
n o t  p rov ide  c o n v i n c i n g  resul ts%L t h e  h y p o t h e s i s  of 
MAILLET 3 a n d  NIEBAUER s s t i l l  h a s  n o t  b e e n  r e j ec t ed ;  
t h e y  suppose  l ipopro te ins  to  be  t h e  s i te  of reac t ion .  The i r  
bes t  pieces of ev idence  are 1. t h e  fa i lure  of t h e  ZIO-  
i m p r e g n a t i o n  a f t e r  t h e  use of l ip id  so lven ts  a n d  2. 
t heo re t i ca l  cons ide ra t ions  a b o u t  t h e  ab i l i t y  of ZIO to  
uncoup le  l ipids  f rom p ro t e i n  a n d  to  depos i t  m e t a l  on  t he  
free l ipids.  

T h e  p r e s e n t  i nves t i ga t i on  shows t h a t  t h e  h o m o g e n e o u s  
b l ack  vesicle c o n t e n t  of t h e  n o r m a l  Z I O - t e c h n i q u e  1 can  
be  m a d e  to e x h i b i t  a p a r t i c u l a r  p a t t e r n  b y  t h e  use  of 
u n b u f f e r e d  solut ions .  Th i s  suggests  that t h e  con f igu ra t ion  
of t h e  vesicle c o n t e n t  is p H - d e p e n d e n t :  a t  p H  7.2 t h e  
p rec ip i t a t e  is a m o r p h o u s  a n d  a t  p i t  ca. 4 crys ta l l ine .  The  
hypothes i sa ,  s, t h a t  t h e  s i te  of Z IO - reac t i o n  is p r o b a b l y  
e i t he r  a p r o t e i n  or a l ipoprote in ,  is s u p p o r t e d  b y  t h e  
p r e s en t  result ,  s ince t h e  conf igu ra t ion  of these  subs t ances  
is also p H - d e p e n d e n t .  However ,  t h e  ques t ion  of t he  
or ig in  a n d  t h e  n a t u r e  of t h e  r eac t ive  s u b s t a n c e  a n d  i ts  
role in  t h e  fa te  of s y n a p t i c  vesicles needs  f u r t h e r  work.  

Zusammenfassung. Die I n k u b a t i o n  s y n a p t i s c h e r  Bl~s- 
chert yon  Octopus in  u n g e p u f f e r t e m  Z ink  J o d i d - O s m i u m  
15sst eine regelm~ssige S t r u k t u r i e r u n g  des Blgschen in-  
ha l t s  e rkennen .  
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Fig. 2. The spatial structure of vesicular content after the incubation 
in unbuffered ZIO. It results from combining the profiIes e)-f} in 
Figure 1. The diameter of the vesicle is about 38 nm. 
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