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Different T y p e s  of Synapt ic  Vesicles  in A x o n s  of the Retractor  Penis  Musc le  of the Bull  
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Summary. T h r e e  t y p e s  of  a x o n  p ro f i l e s  were  o b s e r v e d  in  t h e  s m o o t h  m u s c l e  of  t h e  r e t r a c t o r  p e n i s  a n d  t h e  pen i l e  a r t e r y  
of t h e  bu l l :  1. p ro f i l e s  c o n t a i n i n g  s m a l l  g r a n u l a r  ves ic les ,  p r e s u m a b l y  r e p r e s e n t i n g  a d r e n e r g i c  a x o n s ;  2. p ro f i l e s  con -  
t a i n i n g  s m a l l  a g r a l l u l a r  ves ic les ,  p r e s u m a b l y  r e p r e s e n t i n g  c h o l i n e r g i c  a x o n s  ; 3. p ro f i l e s  c o n t a i n i n g  n u m e r o u s  l a r g e  a n d  
s m a l l  g r a n u l a r  ves ic les .  T h e  t h i r d  t y p e  of p rof i l e  w a s  n o t  f o u n d  in  t h e  v a s  d e f e r e n s  o r  t h e  m e t a t a r s a l  a r t e r y .  I t  is  t h e r e -  
fo re  p o s s i b l e  t h a t  t h i s  t y p e  of p rof i l e  r e p r e s e n t s  t h e  l l o l l - ad rene rg i c ,  n o n - c h o l i n e r g i c  i n h i b i t o r y  n e r v e s ,  t h e  p r e s e n c e  
of  w h i c h  h a s  p r e v i o u s l y  b e e n  p h a r m a c o l o g i c a l l y  i n d i c a t e d  in  t h e s e  t i s s u e s .  

I n n e r v a t i o n  of  t h e  s m o o t h  m u s c l e  e f f e c t o r s  of  pen i l e  
e r e c t i o n  h a s  l o n g  b e e n  a m a t t e r  of  d i s p u t e .  W h i l e  i t  s e e m s  
c l ea r  t h a t  t h e  e x c i t a t o r y  i n n e r v a t i o n  is a d r e n e r g i c ,  p h a r -  
m a c o l o g i c a l  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  i l l h i b i t o r y  in-  
n e r v a t i o n  is n e i t h e r  a d r e n e r g i c  n o r  c h o l i n e r g i c  2. H o w e v e r ,  
a c e t y l c h o l i n e s t e r a s e  h a s  b e e n  h i s t o c h e m i c a l l y  d e m o n -  
s t r a t e d  in  t h e  r e t r a c t o r  p e n i s  a,4 t h e  pen i l e  a r t e r y  5, a n d  

Fig. 1. Three axons in the retractor penis muscle of the bull. Note the 
close contact between the axon in the centre with agranular vesicles 
(agv) and large opaque vesicles (lov) arid the axon below it, contain- 
ing small granular vesicles (sgv). The uppernlost axon contains large 
granular vesicles (lgv) besides sgv and lov. SC, Schwann cell. Fixation 
in potassium permanganate.  • 54,000. 

t h e  c a v e r n o u s  bod ies6 ,  7 of  d i f f e r e n t  spec ies ,  a n d  a c e t y l -  
c h o l i n e  h a s  b e e n  f o u n d  ill s o m e  of  t h e s e  t i s s u e s  *, 9. T h e s e  
d a t a  s u g g e s t  t h a t  t h e r e  c o u l d  be  3 t y p e s  of  e f f e r e n t  i n n e r -  
v a t i o l l  of  t h e  s m o o t h  m u s c l e  e f f e c t o r s  of  p e n i l e  e r e c t i o n :  
1. a d r e n e r g i c  e x c i t a t o r y ,  2. l l o n - a d r e n e r g i c ,  n o n - c h o l i n -  
e rg ic  i n h i b i t o r y  a n d  3. c h o l i n e r g i c  i n n e r v a t i o n  of  u n -  
k n o w n  ef fec t .  S ince  p r e v i o u s  n l t r a s t r u c t u r a l  s t u d i e s  dea l -  
i ng  w i t h  t h e  i n n e r v a t i o n  a r e  n o t  a v a i l a b l e ,  we  h a v e  
s t u d i e d  t h e  f ine  s t r u c t u r e  of  t h e  r e t r a c t o r  p e n i s  m u s c l e  
a n d  a lso  t h e  pen i l e  a r t e r y  ill o r d e r  to  i d e n t i f y  t h e  t y p e s  of 
s y n a p t i c  ves i c l e s  in  t h e i r  a x o n s .  

Material and methods. Y o u n g  bu l l s  w e i g h i n g  250 400 k g  
we re  k i l l ed  in  t h e  s l a u g h t e r  h o u s e  a n d  b l ed .  L o n g i t u d i n a l  
s t r i p s  0 . 5 -1  m m  t h i c k  w e r e  c u t  w i t h i n  15 m i n  a f t e r  k i l l ing  
f r o m  t h e  m i d d l e  t h i r d  of  t h e  r e t r a c t o r  p e n i s  m u s c l e .  S o m e  
s p e c i m e n s  f r o m  t h e  s t e m  or  t h e  b r a n c h  to  t h e  c o r p u s  ca-  
v e r l l o s u m  u r e t h r a e  of  t h e  pen i l e  a r t e r y ,  a s  wel l  a s  s o m e  
s p e c i m e n s  of t h e  v a s  d e f e r e n s  a n d  t h e  d o r s a l  m e t a t a r s a l  
a r t e r y ,  we re  a lso  e x a m i n e d .  

T h r e e  t y p e s  of  f i x a t i o n s  we re  u s e d  a t  0 ~ 1. f i x a t i o n  
for  1.5 h ill 3 %  p o t a s s i u m  p e r m a n g a n a t e  ill K r e b s -  
R i n g e r - g l u c o s e  s o l u t i o n  a t  p H  7.01~ 2. f i x a t i o n  for  3 h 
in  3 . 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  bu f f e r ,  p H  
7.4 n ,  3. f i x a t i o n  for  3 h in  K a r n o v s k y ' s  le f i x a t i v e  con -  
r a i n i n g  0 . 5 %  f o r m a l d e h y d e  a n d  3 %  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  b u f f e r ,  p H  7.4. T i s s u e s  f i x e d  ill t h e  
g l u t a r a l d e h y d e - c o n t a i n i n g  f i x a t i v e s  we re  r i n s e d  in  w a t e r  
a n d  r e - f i x e d  for  1 h in 1 %  o s m i u m  t e t r o x i d e  n .  L o n g i -  
t u d i n a l  o r  c ro s s  s e c t i o n s  o f  t h e  e p o n - e m b e d d e d  m a t e r i a l  
were  c u t  a t  5 0 - 8 0  n m  a n d  e x a m i n e d ,  u n s t a i n e d  o r  a f t e r  
s t a i n i n g  w i t h  u r a n y l  a c e t a t e  a n d  l e a d  c i t r a t e ,  a t  40 or  
60 k V  in  a n  E M  300 (Phi l ips )  e l e c t r o n  m i c r o s c o p e .  

Results and comments. T h e  s m o o t h  m u s c l e  cel ls  of  t h e  
r e t r a c t o r  p e n i s  m u s c l e  f o r m e d  b u n d l e s  s u r r o u n d e d  b y  a 
w i d e  c o n n e c t i v e  t i s s u e  space .  ~r e a c h  b u n d l e ,  t h e  
m u s c l e  cel ls  we re  s e p a r a t e d  b y  a n a r r o w  s p a c e  c o n t a i n i n g  
c o l l a g e n  f ibr i ls .  N e i g h b o u r i l l g  m u s c l e  cel ls  we re  in  c lose  
c o n t a c t  w i t h  e a c h  o t h e r  t h r o u g h  p r o c e s s e s  b r i d g i n g  t h e  

Fig. 2. Axon profile (below) and smooth muscle cell (SM) in the re- 
tractor penis muscle. Note the small granular vesicles and the large 
granular and opaque vesicles in the axon. M, Initochondrion. SC, 
Schwann cell. Permanganate  fixation. • 44,000. 
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Fig. 3. The axon shown in Figure 2 at higher magnification. The 
arrow indicates the site of continuation between a large opaque ve- 
sicle and a tubule. M, initoehondrion; lgv, large granular vesicles; 
lov, large opaque vesicle; sgv, small granular vesicles. Permanganate 
fixation. • 86,000. 

Fig. 4. Large and small granular vesicles in an axon profile in the 
retractor penis muscle. Note the eccentric location of the dense core 
in many vesicles. Perinanganate fixation, x 86,000. 

Fig. 5. Vesicles in an axon profile in the retractor penis muscle fixed 
in glutaraldehyde and osmium tetroxide. Note the 3 extremely dense 
large vesicles and the 2 large granular vesicles with a less dense core 
pointed out by arrows. • 86,000. 

na r row space. Axons  e m b e d d e d  in Schwann  cell cyto-  
p lasm Were seen bo th  in the  wide spaces be tween  bundles  
and the  na r row spaces b e t w een  muscle ceils. No s t r ia ted  
muscle was seen. 

In  specimens  fixed in po tas s ium pe rmangana t e ,  the  
main  p a r t  of the  axon profiles of the  re t rac to r  penis  muscle 
conta ined  numerous  small  granular  vesicles abou t  50 nm 
in d iameter ,  similar to  those  in typ ica l  adrenergic  sy- 
napses  10, la. Most  of t h e m  also conta ined  a vary ing  n u m b e r  
of large granular  or agranular  opaque  vesicles of abou t  
100 n m  in d iameter .  The large vesicles were numerous  in 
several  profiles. There  were  also axons  conta in ing  m a n y  
small  agranular  vesicles abou t  50 n m  in d iamete r  of the  
t ype  found in cholinergic synapses  1~ and some large 
vesicles abou t  100 n m  in d iamete r  (Figure 1). Somet imes  
the  axons  wi th  small  agranula r  vesicles were in close, 
possibly synapt ic ,  co n t ac t  wi th  those  conta in ing  small  
granular  vesicles (Figure 1). The axon profiles were usu- 
ally only pa r t l y  e m b e d d e d  in Schwann  cell cy toplasm,  
p resen t ing  a free surface towards  the  smoo th  muscle 
(Figure 2). Similar profiles were also found in t he  penile 
ar tery .  

Few large vesicles were seen in the  axon  profiles of the  
vas  deferens  and the  dorsal  me ta t a r sa l  ar tery,  in which 
small  granular  or agranula r  vesicles were the  d o m i n a n t  
types .  While  such profiles were also seen in the  r e t r ac to r  
penis  muscle and the  penile ar tery ,  the  coexis tence of 
numerous  large granular  or opaque  vesicles character ized  
mos t  axon profiles con ta in ing  small  granular  vesicles in 
these  t issues (Figures 3 and 4). The large vesicles t en d ed  
to  be more  f requen t  in the  na r row par t s  of the  axon,  bu t  
t h e y  were of ten numerous  also in wider  axon profiles of 
t he  r e t r ac to r  penis  (Figure 4) or the  penile a r t e ry  muscle. 

The d iamete r  of the  large vesicle profiles cons iderably  
var ied a round  100 nm. Since the  sect ion th ickness  was 
50-80 nm, some of the  large vesicles, whose d iamete r  was 
abou t  twice the  sect ion thickness ,  m u s t  have  been cut  off 
centre.  Fur the rmore ,  since the  dense core was of ten  ec- 
centr ica l ly  located in t he  large vesicle (Figures 3 and 4), 
i t  is qui te  possible t h a t  t he  agranular  large vesicle profiles 
were in fact  agranular  pa r t s  of large granular  vesicles. 
Somet imes  a large vesicle was cont inuous  wi th  a tubule,  
seemingly sprout ing  f rom its end (Figure 3, arrow). 

Af ter  f ixat ion in g lu ta ra ldehyde  and  osmium te t roxide ,  
the  e lectron dens i ty  of t he  core grea t ly  var ied in indivi-  
dual  large granular  vesicles, some of which  were da rk  al- 
m o s t  th roughout ,  while o thers  had  smaller  cores of lower 
dens i ty  (Figure 5). In  g lu ta ra ldehyde- f ixed  specimens,  
only  some small  g ranular  vesicles were seen in the  axon 
terminals ,  a f inding typ ica l  also of adrenergic  axons  in 
immers ion- f ixed  mater ia l  1~. In  specimens fixed in Kar-  
novsky ' s  fo rma ldehyde -g lu t a ra ldehyde  mix ture  and  os- 
m i u m  te t roxide ,  all small  vesicles were agranular ,  al- 
t h o u g h  dense cores were seen in some of the  large vesicles. 
These differences in spec imens  fixed in different  f ixa t ives  
are p robab ly  due to  differences in the  amine-localizing 
power  of t he  f ixat ives  10, la. Tha t  dense cores a lmost  filled 
the  large vesicles in g lu ta ra ldehyde- f ixed  mater ia l  (Figure 
5) m a y  be due to diffusion of the  amine  wi th in  the  vesicle 
before format ion  of the  insoluble reac t ion  p roduc t  dur ing  
f ixat ion.  

Discussion.  Some large granular  vesicles are normal ly  
p re sen t  toge the r  w i th  numerous  small  granular  vesicles in 
adrenergic  t e rmina l  axons  1~ 1K However ,  in the  p resen t  
s t u d y  unusual ly  numerous  large granular  vesicles were 
observed  in mos t  axon profiles of the  re t rac to r  penis  

ia T. H6KFELT, Progr. Brain Res. 34, 213 (1971). 
1~ A. PELLEGRINO DE IRALDI, l~. GUEUI)ET and A. M. SUBURO~ 

Progr. Brain Res. 3d, 161 (1971). 
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muscle.  I t  m a y  even be t h a t  profiIes wi th  numerous  large 
granular  vesicles, t oge the r  w i th  small  granular  vesicles 
(Figures 2-5), ac tua l ly  r ep resen t  axons  separa te  from 
axons  conta in ing  a lmos t  exclusively small  granular  ve- 
sicles (Figure 1). If it  is so, the  r e t r ac to r  penis  muscle  of 
t he  bull would be i nne rva t ed  by  3 morphological ly  dif- 
fe ren t  types  of nerve  f ibres:  1. axons  conta in ing  small  
agranular  vesicles, p r e s u m a b l y  cholinergic;  2. axons  con- 
ta in ing  small  granular  vesicles, p r e sumab ly  adrenergic ;  
3. axons  conta in ing  large and  small  granular  vesicles, 
whose  na tu re  m a y  differ f rom t h a t  of adrenergic  axons.  I t  
must ,  however ,  be  po in ted  out  t h a t  the  relat ive numb er  
of large granular  vesicles m a y  va ry  in d i f ferent  pa r t s  of 
the  same axon. 

In  any  case, numerous  large granular  vesicles charac-  
ter ize mos t  of the  axon profiles of the  smoo th  muscle of 
the  r e t r ac to r  penis  and the  penile a r t e ry  of the  bull, in 
con t r a s t  w i th  those  of t he  vas deferens  and the  me ta t a r sa l  
a r t e ry  of the  same animal,  in which  typ ica l  adrenergic  
axon  profiles were  seen wi th  numerous  small, b u t  few 

large granular  vesicles. In  view of the  pharmacologica l  evi- 
dence for the  presence  of non-adrenergic ,  non-cholinergic  
inh ib i to ry  nerves  in t he  re t rac to r  penis  muscle  ~, it  is of 
special in teres t  t h a t  large opaque  vesicles have  been con- 
sidered as a charac ter i s t ic  of the  inh ib i to ry  non-adrener -  
gic, non-cholinergic,  poss ib ly  pnr inergic  axons  innerva t ing  
various tissues~S, ~6. In  those  axons,  small  vesicles are 
p resen t  besides the  large ones~6, .7. I t  is, however ,  un- 
likely t h a t  adenosine  t r i phospha t e  serves as an inh ib i tory  
t r a n s m i t t e r  in the  r e t r ac to r  penis  muscle or the  penile 
a r t e ry  of the  bull2. On the  o ther  hand ,  s tudies  w i th  dif- 
fe rent  f ixat ives  are necessary  in order  to  charac ter ize  the  
fine s t ruc tu re  of the  so-called purinergic  nerves.  

15 G. BURNS'rOCK, Proc. 6th Int. Congr. Pharmac. Helsinki (Ed. L. 
A~TEE; 1975), VO1. 2, p. 49. 

16 G. EURNSTOCK and T. IWAYAMA, Progr. Brain Res. 34, 402 (1971). 
1~ p. M. ROBINSON, J. McLEAN and G. BURNS'rocK, J. Pharmac. exp. 

Ther. 179, 149 (1971). 
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Summary.  In  the  embryonic  Japanese  quail  ovary,  t r ansp l an t ed  on chicken chorioal lantoic  m e m b r a n e  (CAM), follicle 
ceils are der ived f rom somat ic  cells of the  ovar ian  surface epi the l ium.  No evidence was found for a con t r ibu t ion  of o ther  
cell groups of the  quail  ova ry  in the  format ion  of follicle cells. This m a y  be d e m o n s t r a t e d  on P A S  s ta ined  sections,  by  
following the  t ransfer  of ca rbon  particles,  init ial ly appl ied on the  surface epi thel ium.  

I t  was classically accep ted  t h a t  follicle cells or iginate 
f rom the  somat ic  cells of t he  'germinal  epi the l ium' .  How-  
ever,  in several  groups  of ver tebra tes ,  the  origin of 
follicle cells is still  a m a t t e r  of d i spute  2. For  ins tance,  in 
m a m m a l i a  the re  is much  d o u b t  as to  t he  cort ical  origin 
of follicle cells a-6. In  birds,  ano the r  h igher  ve r t eb ra t e  
class, the  fo rma t ion  of secondary  sex cords (Pfliiger or 
ovigerous cords) f rom the  surface epi the l ium can usual ly 
be seen dis t inct ly .  However  later,  w h e n  the  cor tex  has 
fully developed,  a possible i ng rowth  of ovar ian  s t roma  
ceils into the  ovigerous cords c anno t  be ent i re ly  ruled out  
af ter  rout ine  histological  invest igat ions .  

Material and Methods. Ovaries of 8- to  l 1-day-old 
chicken or J apanese  quail  embryos  were used in this  
s tudy.  Af te r  opening the  emb ry o ' s  ab d o men  and  re- 
moving  the  in t raper i tonea l  organs,  a small  q u a n t i t y  of 
u l t rasonica ted  an imal  charcoal  is spr inkled on the  surface 
of the  left  ovary,  while i t  is still in situ. Af te r  excision the  
left ova ry  is t r a n s p l a n t e d  on the  CAM of a 7- to 9-day-old 
chicken embryo,  according to the  t echn ique  of HARRIS 7. 
1 to 9 days  later,  the  graf t  is excised and  f ixed in acetic- 
alcohol (1:3 v) for 1 h. The sex of the  hos t  embryo  is 
no ted  for each t r ansp lan t .  Af ter  embedd ing  in paraff in,  
the  t r a n s p l a n t e d  ovaries are serially sect ioned a t  5 to 
7 b~m thickness.  Af te r  deparaf f ina t ion ,  t he  sect ions are 
s ta ined  witla t he  P A S  t echn ique  s. PAS-s t a ined  sect ions 
of ovaries f rom older embryos  are used as controls.  Some 
of the  sect ions are coun te r s t a ined  wi th  me thy l  green or 
Unna.  

Results and discussion. During the  format ion  of the  
cortex,  P A S  s ta ined  sect ions of embryon ic  quail  or 
chicken ovaries clearly show the  d e v e l o p m e n t  of vase- 
shaped  buds  connec ted  wi th  the  surface ep i the l ium via a 

Fig. 1. PAS-stained section of the left ovary from a 15-day-old 
chicken embryo. 

1 The author is very grateful to Prof. L. VAKAEr, R.U.C.A. Antwerp, 
for his vaIuables suggestions, and to Miss C. VAN HO~CKE for her 
technical assistance. 
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