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Selective Choliner~ic Denervation of the Uterine Artery in the Guinea-Pig 

I t  has been repor ted  recent ly  tha t  the pa ramet r i a l  
arteries of the  guinea-pig, dog, p ig  and human,  bu t  not  
those of a number  of o ther  m a m m a l i a n  species, are 
innerva ted  by  cholinergic nerves ~-s. Physiological  studies 
have  shown that ,  at  least in guinea-pig and dog, these 
nerves are vasodi la tor  1, 4 and in the  guinea-pig they  can 
exert  the i r  effect only dur ing the l a t t e r  half  of p regnancy  
or af ter  adminis t ra t ion  of oestrogens, due to insens i t iv i ty  
of the  ar ter ial  muscle to acetylchol ine under  o ther  
c i rcumstances ' ,  5. This  s i tua t ion  has led to the  suggestion 
tha t  tonic neurogenic d i la ta t ion  of the  pa ramet r i a l  vessels 
dur ing p regnancy  is concerned in the  product ion  of the  
uter ine hyperaemia  which is necessary for foeto-placental  
growth 1, 6, 7. 

In  order to test  the  ve rac i ty  of this hypothesis  it  is 
necessary to be able to  s tudy  the  course of p regnancy  in 
the  absence of d i la tor  nervous  influence�9 A his tochemical  
inves t iga t ion  has therefore  been carried out  in order to 
del ineate  the  per ipheral  course and ganglionic synapses 
of the  cholinergic fibres, and to develop a surgical tech- 
nique for the i r  select ive destruction~ 

Virgin female guinea-pigs weighing between 300 and 
500 g were anaes thet ized  wi th  sodium pen tobarb i tone  
38 mg/kg  i.p. Under  aseptic condit ions a midl ine  laparo- 
t o m y  was per formed and var ious  nerve  t runks  and vessel 
surfaces in the  pelvic region were coagulated using a 
small  co t ton  wool swab dipped in 80% aqueous phenol.  
The field of operat ion was dusted wi th  ant ib iot ic  powder  
(Cicatrin| the  muscle and skin incisions closed wi th  
b lanke t  sutures  and the  suture  lines sprayed wi th  
surgical adhesive (Nobecutane| The animals  were 
t rea ted  immed ia t e ly  pos t -opera t ive ly  wi th  oxyte t ra -  
cycline (Terramycin  | 10 mg  i.m.. 7 days to several  
months  after  opera t ion  the  animals  were killed by cervical  
dislocation and the pa ramet r i a l  vascu la tnre  was cleared 
of surrounding fat, f ixed overnight  in 10% formol-sucrose 
buffered wi th  CaCO 3 and stained for the  demons t ra t ion  
of acetylchol inesterase  (ACHE) by the  me thod  of KAR- 
NOVSKY and ROOTS s, using acetyl th iochol ine  iodide 
substrate.  The  tissues were pre incubated  wi th  8 • 10 -6 2VI 
iso-OMPA ( te t ramono-isopropyl  pyrophosphor te t ramide)  
to p reven t  s taining of pseudo-cholinesterase.  Fol lowing 
s taining the  tissues were dehydrated,  cleared and 
mounted  in D e P e X  for microscopic examinat ion .  

The sites and results of regional coagulat ion are shown 
in the  Table  and in the  Figure.  Bi la tera l  des t ruct ion of 

the hypogas t r ic  t runks  below the  inferior mesentr ic  
ganglion, or of the first  and second sacral nerves la teral  
to the  rectum, had no effect on the  cholinergic nervous  
plexus which surrounded the  paramet r ia l  ar tery.  
Coagulat ion of the  surface of the  common iliac a r te ry  
(site 1 in Figure) the  in ternal  iliac a r te ry  below the  origin 
of the  uter ine ar tery  (site 2) or the  uter ine  a r te ry  at  the  
level of its vagina l  b ranch  (site 3) s imilar ly  had no effect. 
In  contrast ,  coagulat ion of the  surface of the  uter ine  
a r te ry  above the  level  of the  cervix  (site 4) resul ted in 
comple te  degenerat ion of the  cholinergic nervous  supply  
to the  a r te ry  on t h a t  side, ind ica t ing  tha t  these nerves 
jo ined the a r te ry  in the  paracervica l  region. 

E x a m i n a t i o n  of careful ly prepared tissues f rom normal  
animals  af ter  s taining revealed the  existence of a small  
ganglionic mass lying in the  broad l igament  be tween  the  
uter ine ar tery  and the  cervix  (Figure)�9 F r o m  this ganglion, 
AChE-s ta in ing  nerves could be seen to  run  to the  uter ine 
a r te ry  above  the  cervix  and form the  AChE-pos i t ive  
vasomoto r  plexus.  The origin of the  cholinergic vasodila-  
to t  supply in this paracervical  ganglion was confirmed by  
the  observat ion  t h a t  its bi la teral  coagula t ion caused 
complete  bi la teral  degenerat ion of the  AChE-pos i t ive  
per ivascular  plexus�9 Uni la tera l  coagulat ion (site 5) 
caused degenerat ion of only abou t  two- th i rds  of the  
nerves on the  ipsi lateral  ar tery,  suggest ing tha t  some 
degree of crossover occured, and this was conf i rmed by 
the  fact  t ha t  complete  degenerat ion of the  ipsi lateral  
nerves was seen if uni la teral  abla t ion was combined wi th  
coagula t ion of the  ven t ra l  surface of • cerv ix  (sites 5 and 
6). F luorescent  microscopy for the  visual izat ion of 
catecholamines9 showed tha t  the  degenerat ion of cholin- 
ergic vasomotor  nerves after  coagulat ion of the  para-  
cervical  ganglia was not  accompanied  by  any degenerat ion 
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The effect of phenol  coagula t ion  of var ious  pelvic nerves  and  vessel surfaces on the cholinergic innerva t ion  of the pa rame t r i a l  a r t e ry  in  the 

guinea-pig 

Site of lesion No. of an imals  Effect  

hypogas t r ic  t r unk  2 

sacral  nerves  1 and 2 3 

1 1 
common iliac (site 1) 2 
internal iliac (site 2) 4 
uterine artery (site 3) 3 

(site 4) 4 
paracervical region (site 5) 
bilateral 4 
unilateral 2 
unilateral + cervical surface {sites 5 and 6) 2 

none 

none 

none 

none 

none 

none 

complete ipsilateral denervation 

complete bilateral denervation 
e/3 denervation on ipsilateral side 
complete denervation on ipsilateral side 
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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  
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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. 
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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  
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