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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.  
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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. 
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na r row neck  (Figure 1). Bo th  the  surface ep i the l ium and  
the  buds  are d is t inc t ly  separa ted  f rom the  under ly ing  or 
sur rounding  ovar ian  s t roma  b y  an in tense ly  s ta in ing 
PAS-pos i t ive  b a s e m e n t  membrane .  In  our opinion, only 
the  P A S  s ta in  allows a c lear-cut  defini t ion of the  base~ 
m e n t  m e m b r a n e  on the  whole section. The buds  and  
ovigerous cords  appear  as clearer zones in which  no 
tibril lar PAS-pos i t ive  mater ia l  can  be discerned.  Counter-  
s ta in ing of the  P A S  s ta ined sect ions wi th  me thy l  green 
or U n n a  reveals  cytological  detai ls  in the  ovar ian  cells, 
b u t  makes  the  boundar ies  of the  germinal  ep i the l ium and 
its de r iva t ives  more  vague and  ha rd ly  dis t inguishable .  

Fig. 2. PAS-stained section of left ovary from a 10-day-old quail 
embryo, on which surface epithelium carbon particles have been 
applied, grown on CAM for 9 days. Nearly all the carbon particles 
are found in the ovigerous cords. 

The d e v e l o p m e n t  of t he  ovigerous cords and  cor tex  of the  
t r ansp l an t ed  ovaries seems to be similar to  t h a t  of non-  
t r a n s p l a n t e d  ovaries, found in normal  female quail  of 
cor responding  age. 

Thus  the  graf ted  ovaries cont inue  the i r  no rmal  devel-  
o p m e n t  on the  CAM and  seem no t  to be inf luenced by  
the  h o r m o n a l  s t a t e  of t he  chick embryo  on which t h e y  
have  been  t r a n s p l a n t e d  9. This is in ag reemen t  wi th  the  
observa t ions  of BRADLEY 10 WOLFF 11 and GROENENDIJK- 
HUYBERS 1~, t h a t  b i rd  gonads,  t r a n s p l a n t e d  after  the i r  
sexual  d i f ferent ia t ion  e i ther  on the  CAM or in the  coe- 
lomic cav i ty  of younger  embryos ,  cont inue  to develop 
according to  the i r  genetic sex. 

One to  2 days  af ter  the  t r a n s p l a n t a t i o n  of the  ovaries 
on CAM, the  carbon  part icles  are usual ly no longer found 
on the  surface epi thel ium,  b u t  m a y  be seen in the  nar row 
connect ions  of the  cords wi th  th is  epi thel ium.  After  6 to 
9 days  of t r ansp lan ta t ion ,  a lmos t  all the  carbon  part icles  
are found  wi th in  the  boundar ies  of the  secondary  sex 
cords (Figure 2). Ex te r io r  to the  b a s e m e n t  membrane ,  
which separa tes  the  cords f rom the  su r iound ing  ovar ian  
s t roma,  carbon par t ic les  are se ldom seen. The incor- 
pora ted  par t ic les  are irregular  in shape and  volume. The 
cros sect ional  areas of the  larger ones can usually be 
recognized in successive sections.  In the  Japanese  quail  
ovaries of 10-day embryos ,  t r a n s p l a n t e d  for 9 days  (cor- 
responding  app rox ima te ly  to  ovaries  f rom 2-day-old 
quails), a few developing intrafol l icular  oocytes  can be 
seen. The follicle develops f rom a round  bud  of the  sex 
cord and  always remains  sepa ra ted  f rom the  ovar ian  
s t roma  by  the  b a s e m e n t  membrane .  In  some of these  
follicles, ca rbon  part icles  are incorpora ted  be tween  the  
developing follicle ceils, der ived f rom the  somat ic  cells of 
the  secondary  sex cord (Figure 3). This  indica tes  tha t ,  in 
the  t r a n s p l a n t e d  ovaries, follicle cells develop from so- 
mat ic  cells p resen t  in the  ovigerous cords, which in tu rn  
are der ived f rom the  surface epi thel ium.  No evidence 
was found  for a con t r ibu t ion  of o ther  cell groups of the  
quail  ovary  to the  format ion  of follicle ceils. The bulk of 
the  surface ep i the l ium cells of 10-day-old quail  embryos  
is formed by somat ic  cells. Only a small  n u m b e r  of germ 
cells are still localized in the  surface epi the l ium at  th is  
stage. Thus  the  carbon par t ic les  m u s t  have  been main ly  
if no t  exclusively adhe ren t  to  t he  somat ic  cells of the  
germinal  epi thel ium.  Our observa t ions  show clearly t h a t  
the  par t ic les  migra te  f rom the  surtace of the  ovary,  via  
the  connect ion  of the  surface epi the l ium wi th  the  ovi- 
gerous cords, into the  la t ter .  F ina l ly  some of the  part icles  
are found  in some of the  developing follicles. This migra-  
t ion is no t  the  resul t  of gravi ta t ion ,  since the  part icles  
are found  b o t h  in the  superficial  and  deeper  regions of the  
cords. Thus  the  p a r t i c l e s s e e m  to be t r a n s p o r t e d  into the  
sex cords  b y  ingrowing epithel ial  ceils. This indicates  t h a t  
g rowth  of the  cords is no t  exclusively the  resul t  of 
localized mul t ip l ica t ion of cells wi thin  them,  bu t  t h a t  
there  is an addi t ional  supply  of somat ic  ceils or iginat ing 
f rom the  germinal  epi thel ium.  

Fig. 3. Developing follicle of the same ovary as in Figure 2. Carbon 
particles are localized in the follicle cell layer at the inner side of the 
basement membrane. 
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Characteristic organelles of follicle cells, the so-called 
'lining-bodies' la were also found in the surfac e epithelium 
of the left gonad of chick embryos from the 6th day 
onwards I~. These ultrastructural observations are like- 
wise in favour of the classical hypothesis of the origin of 
avian follicle cells. RAHIL and NARBAITZ 1~ found 'bour- 
souflures' (emerging from the somatic cells of the ovarian 
epithelium I~ together with a network of fine microfila- 
ments, especially concentrated at the apical poles of the 
surface epithelium cells. According to the latter authors, 

these  organelles pe rhaps  p lay  a r61e in the  change of celi 
shape,  and  m a y  be re la ted  to the  fo rma t ion  of sex cords. 
Our observa t ions  seem to afford addi t iona l  evidence for 
th is  supposi t ion.  
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Summary .  Mast  cells in the  newborn  ra t  occur in haemopoie t i c  foci of liver and  spleen, bu t  d isappear  f rom those  foci 
as ex t r amedu l l a ry  haemopoies is  ceases dur ing  the  initial  pos tna t a l  month .  At  the  same time, mas t  cells increasingly 
popu la te  bone  mar row and connect ive  t issues of hear t ,  lung, s tomach  and por ta l  t r ac t  of liver. 

In  the  foetal  rat ,  mas t  cells appea r  on the  15th or 16th 
day  of ges ta t ion  in caudal  mesenchyme  near  the  ven t ra l  
por t ion  of the  developing  brain  ~ 7. They  subsequen t ly  
become widely  d is t r ibu ted ,  being par t icu lar ly  associated 
in the  adul t  wi th  connect ive  tissues, b u t  are sparse in 
p a r e n c h y m a l  organs  such as liver and k idney  s. On the  
o ther  hand ,  there  is l i t t le in format ion  on the  d i s t r ibu t ion  
and popula t ion  dens i ty  of mas t  cells in the  ma tu r e  foetus,  
or on the  prol i fera t ion of these  cells in the  neona ta l  ra t  to 
achieve the i r  abundance  in the  adul t  s, 10. 

To compare  the  d i s t r ibu t ion  and  dens i ty  of m a s t  cells 
in the  newborn  ra t  and  young  adul t ,  ba tches  of 4 albino 
ra ts  (each animal  f rom a d i f fe rent  litter) were sacrificed 
at  in tervals  of 1/2 to 90 days  af ter  bir th .  Pieces of hear t ,  
lung, t hymus ,  spleen, liver, s tomach ,  kidney,  abdomina l  
skin and t ibia  f rom each animal  were f ixed in Lillie 's 
neu t ra l  buffered formalin,  and 5 Ixm paraff in  sect ions 
were s ta ined  for 5 sec wi th  0.25% eosin Y in 80% e thanol  
conta in ing  0.25% acetic acid, r insed brief ly in t a p  wa te r  
and then  s ta ined  for 10 min wi th  0.01 or 0.1% toluidine 
blue in aqueous  0.3% acetic acid. Mast  cells were enu- 
me ra t ed  in 100 fields per  sect ion wi th  a Carl Zeiss N.A. 
0.95 •  objec t ive  and  x 8 compensa t ing  oculars (field 
d i am = 440 ~zm), the  n u m b e r  of ceils being expressed as 
the  cor responding  n u m b e r  per  m m  a of t issue. No cell 
cor responding  to  the  basophi l  leucocyte  of non-rout ine  
m a m m a l s  has been  ident i f ied in the  p resen t  work,  a resul t  
cons i s t en t  wi th  repor t s  of the  ve ry  low incidence of baso- 
phils  in the  bone  m ar row  of adul t  r a t s n .  In  the  p resen t  
inves t igat ion,  m a s t  cells have  been  dis t inguished f rom 
basophi ls  by  a h is tochemica l  t echn ique  based  on the  
vigorous hydro lys is  of n a p h t h o l  AS-D chloroace ta te  ob- 
t a ined  wi th  m a s t  cells and the  feeble hydrolys is  wi th  
basophi ls  ~2. Dis t inc t ion  of m a s t  ceils f rom 'mucosal  m a s t  
cells' has  been  verif ied by  the  inabi l i ty  to  d e m o n s t r a t e  
me t ach romas i a  in the  la t t e r  when  f ixed in buffered 10% 
formal in  ~a. 

E n u m e r a t i o n  of m a s t  cells in neona ta l  ra t s  has  revealed 
t h a t  the  above organs  fall in to  4 groups (Figure). I n  t he  
1st, which  comprises  skin and  t h y m u s  (Figure, block 1), 
the  coun t  a t  b i r t h  is re la t ively  high and  remains  so 
t h r o u g h o u t  the  init ial  90 pos t -na t a l  days.  In  skin, m a s t  
cells occur ma in ly  in the  dermis  and  panniculus  adiposus,  
while in the  t h y m u s  80-90% lie in or near  the  inter-  
tobular  connec t ive  tissue. 

In  the  2nd group - viz., liver and spleen (Figure, 
block 2), and to less ex ten t ,  t h y mi c  pa renchyma ,  the  
popula t ion  of m a s t  cells is charac ter ized  by  an initial  high 
coun t  followed b y  a rapid  decline to v i r tua l  absence by  
the  30th day  of life and thereaf te r .  In  the  liver, mas t  cells 
dur ing  the  initial  14 days  a lmost  invar iab ly  lie free in the  
sinusoids of the  haemopoie t i c  foci. The hepat ic  coun t  
becomes minimal  by  the  18th day, b u t  t h e n  s teadi ly  rises 
(Figure;  see below). In  the  spleen of neona ta l  rats,  m a s t  
cells occur main ly  in the  red pulp  and f r equen t ly  in the  
lumen of associated small  blood vessels. Beyond  the  30th 
day, a few mas t  cells appear  in the  capsule.  Of the  
10-20% of t h y mi c  m a s t  cells no t  associa ted wi th  inter-  
lobular  s t roma  (see above),  r a the r  more  occur in medul la  
t h a n  in cortex.  Bu t  even in the  cortex,  the  m a s t  cells are 
closely associated wi th  fibres of reticulin.  In  t h y mic  
pa renchyma ,  the  n u m b e r  of mas t  cells becomes  max ima l  
by  the  6th day  and  progress ively  declines thereaf ter .  

In  t he  3rd group (Figure, block 3), compris ing  the  
connective tissue of hear t ,  lung, gastr ic  wall  and liver, 
m a s t  cells are prac t ica l ly  absen t  a t  bir th ,  b u t  rapidly  and 
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