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Fig. 2. Egg of Ciona intestinalis. (a) x 145 ; (b) × 4900. c, dense core of chorion; chc, chorion cell; p.m., plasma membrane ; t, test cell. Arrow : 
area of contact between 2 chorion cells. 

ma te r i a l .  I n  Ciona, t h e  t e s t  cells fo rm a c o n t i n u o u s  shee t  
a r o u n d  t h e  pe r iv i t e l l ine  space,  whe reas  in  A scidia t h e  t e s t  
cells are  wide ly  spaced.  I n  b o t h  egg types ,  t h e  i n n e r m o s t  
enve lope  is a p l a s m a  m e m b r a n e .  

Bas ica l ly  t h e n  t h e  2 eggs do  n o t  d i f fer  in  t h e i r  envelopes .  
B o t h  h a v e  cho r ion  cells, chor ion ,  t e s t  cells, a n d  p l a s m a  
m e m b r a n e .  W h e t h e r  or  n o t  t he  m e r e l y  q u a n t i t a t i v e  
d i f fe rences  t h a t  we obse rved  are  causa l ly  r e l a t ed  to  t h e  
d i f fe rence  in fe r t i l i za t ion  b e h a v i o r  was  n o t  s tud ied  in  t h i s  
ana lys is .  

Zusammen[assung. U n b e f r u c h t e t e  Eie r  de r  T u n i k a t e n  
Ascidia nigra (selbstfert i l )  u n d  Ciona intestinalis (selbst-  

steri l)  w u r d e n  e l e k t r o n e n m i k r o s k o p i s c h  u n t e r s u c h t .  Q u a n -  
t i t a t i ve ,  n i c h t  a b e t  q u a l i t a t i v e  U n t e r s c h i e d e  w u r d e n  in 
de r  F e i n s t r u k t u r  de r  Eizel len  de r  b e i d e n  A r t e n  ge funden .  
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The Occurrence of Nerve Growth Factor in Teleost  Fishes 

BUEKER 1 i n v e s t i g a t i n g  t h e  effects  of i m p l a n t e d  t u m o r s  
on  t h e  d e v e l o p m e n t  of t h e  n e r v o u s  s y s t e m  of t h e  ch i ck  
e m b r y o  f o u n d  t h a t  s a r c o m a  180 caused  e n l a r g e m e n t  
( h y p e r t r o p h y  a n d  hype rp la s i a )  of t h e  sp ina l  gang l i a  in  
t h e  s e g m e n t s  a d j a c e n t  to  it. LEvI-MONTALCINI a n d  HAM- 
BURGER 2 f o u n d  t h a t  t h e  s a r c o m a  s t i m u l a t e d  g r o w t h  of 
t h e  s y m p a t h e t i c  gang l i a  to  a g r e a t e r  e x t e n t  t h a n  t h e  

sp ina l  gangl ia .  S u b s e q u e n t l y  t he se  worke r s  i so la ted  a 
' n e r v e  g r o w t h  s t i m u l a t i n g  factor"  f rom t h e  s a r c o m a  a n d  
dev i sed  a n  in v i t r o  b ioa s say  in wh ich  a sp ina l  gang l ion  
f rom a 7- or 8 -day  ch ick  e m b r y o  was  p laced  in  h a n g i n g  
d r o p  cu l t u r e  c o n t a i n i n g  t i s sue  cu l t u r e  m e d i u m ,  ro o s t e r  
p l a s m a  a n d  t h e  f r ac t i on  to  be  a s sayed  3. A t  o p t i m u m  
c o n c e n t r a t i o n s  of t h e  n e r v e  g r o w t h  f a c t o r  (NGF)  a dense  
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halo of ou tgrowing  nerve  fibers ( '4-plus growth ' )  is seen 
a round the  gangl ion af ter  18-24 h of incubat ion  a t  37 °C. 
The  assay is s emiquan t i t a t i ve  and growth  is descr ibed as 
1-plus, 2-plus, 3-plus and 4-plus as de te rmined  by  the  
dens i ty  and length  of the  nerve  fibers. 

Subsequen t ly  much  richer sources of N G F  were  found 
in snake v e n o m  4 and in mouse  submaxi l la ry  sa l ivary  
glands  6. N G F  has been de tec ted  in the  serum and  var ie ty  
of organs,  especially the  axial  region of mouse  and chick 
e m b r y o s t  Modera te  amount s  h a v e  been de tec ted  in the  
axial  region of young  tadpoles,  the  sympa the t i c  chain of 
new-born  mice, and the  axial  region of goldfishL The  
present  research was under taken  to inves t iga te  t he  e x t e n t  
to which N G F  could be de tec ted  in te leost  fishes. 

Mater ia ls  and  methods. A to ta l  of 12 families of fishes 
compris ing 22 species was sampled  for the  presence of 
NGF.  Most  specimens were adults,  wi th  the  except ion  of 
Brachydanio  rerio and Rhin ich thys  atratulus which were 
young.  I n  tes t ing  the  var ious fishes for the  presence of 
N G F ,  spinal axes were homogenized,  centr i fuged a t  
500 r p m  for 10 min, and the  superna tan t  mixed  wi th  
t issue cul ture  med ium 199 in 5-, 25- and 125-fold dilutions.  
The  bioassay was performed wi th  0.04 cm s of the  f ract ion 
to  be assayed and 0.02 cm s rooster  plasma,  using lumbo-  
sacral  spinal ganglia dissected ou t  f rom 7- or  8-day chick 
embryos .  Control  ganglia received only  tissue cul ture  
medium.  Fo r  small  fish the  ent ire  spinal axis was homo-  
genized.  However ,  for large specimens wi th  hard  bones 
th is  was impract ical ,  so the  spinal cord and ganglia  were 
dissected ou t  and  homogenized.  

Results .  The  results of the  bioassays per fo rmed  on 
spinal  axes  of fishes f rom different  families are  sum- 
mar ized  in t he  Table,  and i t  can be  observed t h a t  a va r i e t y  
of d i f ferent  species gave  posi t ive  results.  Many  of the  
ganglia,  including controls,  showed ex tens ive  ou tg rowth  
of f ibroblasts,  which can be dis t inguished f rom nerve  
fibers. The  s t rongest  fract ion from mos t  of  t he  fishes 
p roved  le thal  to the  ganglion, and var ious  lipid droplets  
and cell debris  were seen in these cultures.  The  5- and 
25-fold di lut ions most  f requent ly  provided  the  best  sub- 

Results of bioassays of spinal axes of teleost fishes for NGF 

Family Species Best 
growth 

Cyprinidae Carassius auratus 2-plus 
Brachydanio rerio 2-plus 
Pimepkales promdas 0 
Rhinichthys alratulus 1-plus 
Notemigonus ckrysoleucas trace 

Centrarchidae A mbloplites rupestris 1-plus 
Lepomis rnacrochirus 1-plus 
Lepomis gibbosus 1-plus 
Pomoxis nigromaculatus trace 

Poeciliidae xiphophorus helleri trace 
Gambusia manni 0 
Lebistes reticulatus 0 

Cyprinodontidae Rivulus strigatus 0 
Fundulus heteroclitus trace 

Pleuronectidae Pseudopleuronectes americanus 0 
Serranidae Centropristes strialus 1-plus 
Labridae Tautogolabrus adspersus 1-plus 

Tautoga onitis trace 
Batrachoididae Opsanus tau trace 
Tetraodontidae Spheroides maculatus 0 
Percidae Perca flavescens 0 
Anguillidae A nguilla rostrata trace 

s t ra te  for growth.  Control  gangl ia  showed, in general,  no 
nerve  outgrowth .  

Discussion.  Many species of fishes gave  pos i t ive  resul ts  
when tes ted on embryon ic  chick gangl ia  ind ica t ing  t h a t  
the i r  spinal axes have  a ne rve  growth  p romot ing  substance.  
One should no t  conclude t h a t  t he  species which gave  
nega t ive  results  lack N G F  or  a s imilar  substance,  since i t  
m a y  be  t h a t  only  young  fish have  enough  to  be de tec ted  
by  these methods ,  or  t h a t  there  was insuff icient  mate r ia l  
in the  preparat ions .  Also, in a c rude  homogena te ,  the  
presence of pro teoly t ic  enzymes  which could  des t roy  the  
nerve  growth  p romot ing  prote in  is l ikely. I n  this  t ype  of 
assay only  a posi t ive  resul t  is conclusive.  A nega t ive  
resul t  is not  since there  are m a n y  factors  which could a l ter  
the  response. In  m a n y  of the  fish which gave  pos i t ive  
results  the  growth  obta ined  was comparab le  to t h a t  
obta ined  f rom crude homogena tes  of spinal axes of o ther  
animals.  BUEKER, SCHENKEIN and BANE ° used micro-  
somal, nucleoprotein,  and prote in  fract ions of the  tissues 
assayed, and so obta ined  much  be t te r  results t han  could 
be obta inable  f rom a crude homogenate .  Thei r  use of 
embryonic  mater ia l  in large quant i t i es  is also favorable  to 
good growth.  W i t h  the  m a j o r i t y  of fishes tes ted only 
adul ts  were avai lable,  and in ve ry  l imi ted  supply.  Despi te  
these drawbacks  m a n y  species gave  1-plus and 2-plus 
ac t iv i ty .  F r o m  the  l imi ted a m o u n t  of d a t a  obta ined  i t  
migh t  appear  as if fish in the  fami ly  Cyprinidae  have,  in 
general,  h igher  amoun t s  of N G F  in thei r  axia l  regions 
t h a n  o ther  famil ies  of teleosts.  B u t  this  m a y  be  only an  
ar t i fac t  due  to  the  use of younger  fish or  the  ava i lab i l i ty  
of larger amoun t s  of mater ia l  f rom larger  numbers  of 
specimens assayed together .  

Conclusion. I t  has  been shown t h a t  a number  of species 
in a va r i e ty  of families of te leost  fishes possess, in the i r  
spinal  axes, a ne rve  g rowth  p romot ing  substance which 
can cause ou tg rowth  of ne rve  fibers f rom spinal  gangl ia  
exp lan ted  f rom 7- and  8-day chick embryos  8. 

Rdsumd. Le ,ne rve  growth  factors  a 6t6 d & o u v e r t  dans  
les axes sp inaux de quelques  poissons lors d ' un  essai bio- 
logique, in vi t ro,  p r o v o q u a n t  la croissance de fibres ner- 
reuses  des gangl ia  spinaux des embryons  de poulet .  
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