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Fig. 4. High power view of part of the germinal vesiele.(upper left 
hand corner) and of the perinuclear basophilie organelles of the same 
o0eyte as in Figure 3. The cross-sectional area of most of these orga- 
nelles is stirrup-shaped in this tangential section. 

Fig. 5. High power view of perpendicular germinal disc section of an 
oocyte, 4,5 mm diameter after staining with toluidine blue. The peri- 
germinal cortex is indicated by an arrow. 

organelles are usual ly the  last  to  d isappear .  In  oocytes  
wi th  a d i ame te r  grea ter  t h a n  8 m m  (in a laying quail  
there  are  usual ly only some 3 oocytes  of th is  size) these  
subcort ical  masses  are usually no longer visible. 

Conclusion. In  Japanese  quail  oocytes  of 4.5 to  7 m m  
d iamete r  subcort ical  cy top lasmic  organelles,  s i tua ted  
abou t  the  germinal  vesicle, show the  s ingular  p r o p e r t y  of 
being a r ranged  in concent r ic  circles (often also a radial  
d ispos i t ion  can be seen) abou t  the  dorsoven t ra l  axis of the  
fu ture  quail  em bryo  (the dorsal  side being s i tua ted  at  the  
surface of the  cicatr icular  region, t he  ven t ra l  side towards  
the deeper  part) .  This  indica tes  an  ev iden t  RNA-  and  
p robab ly  also DNA-bound  cy top lasmic  polar i ty .  As no 
o ther  g rad ien t  is to be seen by  th is  technique,  it  seems as 
t hough  the  quail  oocyte  in the  s tage s tudied  exhib i t s  
s y m m e t r y  around th is  axis only. 

Rdsumd. Chez la caille japonaise  pondeuse  la r6gion 
ci=atriculaire des oocytes,  au d6bu t  de Ieur p6riode de 

grand accroissement ,  pr4sente  une sym6tr ie  radiale cyto-  
p lasmique  uniaxiale.  Cette  symfitrie radiale est  caract6- 
ris6e par  l ' e m p l a c e m e n t  d 'o rgani tes  cy top lasmiques  sub- 
cor t icaux sur des cercles concent r iques  au tour  de la v6si- 
cule germinat ive .  
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Occurrence of Synapses in Olfactory Epithelium 

The ol fac tory  ep i the l ium of ve r t eb ra t e s  is known  to  
compr ise  1-5 o l fac tory  or sensory  ce l l s  in te rmingled  wi th  
suppor t ing  cells. Other  cellular e lements  p resen t  are the  
mucin-secre t ing  goblet  cells and  the  basal  ceils, the  la t t e r  
being a r ranged  in a layer  a t  the  base of t he  epi the l ium.  
The s t ruc tu re  of the  o l fac tory  ep i the l ium in fishes has  been 
s tudied  by  several  workers  6-9 and  it has  been  concluded 
t h a t  it  shows no f u n d a m e n t a l  va r ia t ion  f rom the  general  
ve r t eb ra t e  pa t t e rn .  

The com m on ly  accepted  p ic ture  of a sensory cell of the  
o l fac tory  ep i the l ium is t h a t  it  is a b ipolar  p r ima ry  neurone  
wi th  its per iphera l  dendr i t i c  end swollen in to  an ol factory  
vesicle bear ing  sensory hairs or cilia. The grea ter  p a r t  of 
the  body  of t he  sensory cell is occupied b y  its spherical  
nucleus, there  being only scan t  cy top la sm presen t  a round  
it. The thin ,  cent ra l ly  d i rec ted  axons  of sensory cells reach 
the  o l fac tory  bulb  directly,  there  being no  in te rconnec t ing  
neurones.  This  being so, the  o l fac tory  organ  of ver te -  
brates ,  as po in ted  out  by  KLEEREKOPER 10, is ' t he  mos t  
p r imi t ive  among  the  receptors  which  has r emained  un- 
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affected  by  evolu t ionary  changes  in its per iphera l  organi-  
zat ion ' .  On reaching the  o l fac tory  bulb,  the  axons  o f  
sensory  cells inter lace wi th  dendr i tes  of mi t r a l  cells in 
s t ruc tures  called glomeruli .  The axons  of mi t ra l  cells gra- 
dual ly  join to const i tu te ,  toge ther  w i th  axons of spindle  
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cells, the  secondary  o l fac tory  fibres which  ex t end  di rec t ly  
to  the  te lencephalon,  w i thou t  synapses11-15. 

We have  been  s tudy ing  the  s t ruc tu re  of o l fac tory  epi- 
the l ium in t he  te leost  Channa ( = Ophicephalus) punctatus. 
Besides the  sensory,  suppor t ing ,  basal  and  goblet  cells, we 
have  been able to iden t i fy  ye t  ano the r  t y p e  of cell, the  
sp ind le -shaped  cell or the  secondary  neurone.  These se- 
condary  neurones  lie a t  a level lower t h a n  t h a t  of the  pri-  
m a r y  neurones  or o l fac tory  cells. The axon of a p r i m a r y  
neurone  in C. punctatus does no t  ex t end  as an i n d e p e n d e n t  
e l ement  towards  t he  b a s e m e n t  membrane .  Ins tead ,  the  
axonal  end of th is  cell synapses  wi th  the  dendr i t ic  end of a 
secondary  neurone  and i t  is the  axon  of the  secondary  
neurone  which  ac tua l ly  passes out  of the  ba semen t  mem-  
brane.  F igure  1 is a p h o t o g r a p h  of a synapse  be tween  the  
p r i m a r y  and  secondary  neurones  as seen in s ta ined  pre- 
pa ra t ion  of a paraf f in  sect ion of the  ol factory  epi thel ium,  
while Figure 2 shows the  same t aken  af ter  isolat ing indi-  
v idual  cellular e lements  t h rough  cent r i fuga t ion  of fresh 
and unf ixed ol factory  lamellae s ta ined wi th  me thy lene  
blue. An examina t i on  of frozen sect ions processed accord- 
ing to  Baker ' s  acid haema te in  m e t h o d  for de te rmin ing  
the  local izat ion of phosphol ip ids  in the  o l fac tory  epi the-  
l ium conf i rmed the  above observat ions ,  since, apa r t  f rom 
mucin  granules of goblet  cells, a pos i t ive  react ion was ob- 
t a ined  exclusively in the  p r ima ry  and secondary  neurones  
and  in the i r  synap t i c  connect ions  (Figure 3). 

In  fishes and  all o the r  ve r t eb ra t e s  s tudied  so far, the  
axon  of the  p r i m a r y  neurone is s t a t ed  to  synapse  wi th  the  
dendr i t e  of a mi t ra l  cell a f ter  it  has  reached the  ol factory  
bulb.  The synaps is  of t he  axonal  end of the  p r i m a r y  neu- 
rone wi th  t he  dendr i t i c  end of a secondary  neurone wi th in  
the  o l fac tory  epi thel ium,  therefore ,  p resen ts  a unique  si- 
t ua t ion  in C. punctatus. Is it  conceivable  t h a t  the  second- 
ary neurone in th is  f ish represents  a mi t ra l  cell and  i ts  
axon,  therefore,  corresponds  to a secondary  ol factory  
fibre which  con t r ibu tes  to the  fo rmat ion  of the  olfac- 
tory  t r ac t  ? There  is a poss ibi l i ty  t h a t  this  m a y  be so. 
In  C. punctatus the  ol factory  lobes are d is t inguishable  
while the  bulbs  are absen t  and  two lateral  and one medial  
bundles  of f ibres arise d i rec t ly  f rom the  o l fac tory  organ 
and  cons t i tu te  t oge the r  the  o l fac tory  t ract .  We  are ex- 
t end ing  our s tudies  to  some o ther  species of fish in order  to  
de te rmine  whe the r  or no t  synapses  similar  to  those  ob- 
served in C. punctatus occur in the i r  o l factory  epi thel ia  
and,  af ter  a p re l imina ry  examina t ion ,  we are convinced 
t h a t  there  is need for a careful r eexamina t i on  of th is  as- 
pec t  in fishes, and p robab ly  in o ther  ve r t eb ra t e s  as well. 

Fig. 2. Synapse (S) between primary (PN) and secondary (SN) neu- 
rones as seen after isolation of cellular elements through eentrifuga- 
tion of fresh and unfixed olfactory lamellae of C. punctatus stained in 
methylene blue. • 400. 

Fig. 3. Synapse (S) between primary (PN)and secondary (SN) neu- 
rones as seen after processing frozen sections according to Baker's 
acid haematein method for demonstrating phospholipids in olfactory 
epithelium of C. punctatus. • 1,000. 

Zusammenfassung. Nachweis  von Synapsen  in der  
R iechsch le imhau t  des Fisches  Channa punctatus, die als 
Verb indung  zwischen prim~irer und  sekund~irer Riechzelle  
aufgefasst  werden.  
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Fig. 1. Olfactory epithelium of C. punctatus to show the synapse (S) 
between primary (PN) and secondary (SN) neurones. • 1,000. 
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