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Average (~- SD/ number of impulses in the first see of counting 
f50 msec after onset of stinmlation generated by a receptor cell in 
S. exelnpta tarvae. Stimulation with 4 purine compounds (0.03 M! 
and 3 sugars ,9.1 M~ 

Lateral sensilla N = 6 
Adenosine Adenine Guailoslne 
84.2 T 39.4 50.6 ~- 24.4 0.0 ~: 0.0 

Medial sensilla (N 121 
D-ribose Sucrose m-Inositol 
36.9 z 17.0 21.2 z: 14.3 35.5 ~- 16.3 

Hypoxanthin 
0.0 x: 0.0 

i n s t ead  s t i m u l a t e d  a neu ron  in the  med ia l  sensi l la  
(figure 51. Th i s  cell was  also ve ry  sens i t ive  to sucrose  a nd  
meso- inos i to l  ( tableL However .  m c o n t r a s t  to sucrose,  
ne i t h e r  D-r ibose  nor  meso- inos i to l  or a n y  o the r  suga r  ac t s  
as  a s t r o n g  p h a g o s t i m u l a n t  for S. exemptaS ,  5. A possible  
e x p l a n a t i o n  for th i s  a p p a r e n t  d i s c r e p a n c y  is t h a t  t he  
la rva l  feeding  reac t ions  to suga r s  are no t  p r i m a r i l y  
gove rned  b y  s ignals  f r om th i s  pa r t i cu l a r  receptor  type ,  
b u t  r a t h e r  b y  i n p u t s  f rom o the r  suga r - sens i t i ve  neu rons .  
Th i s  a r g u m e n t  is s u p p o r t e d  b y  the  obse rva t i on  t h a t  
a n o t h e r  t y p e  of suga r - s ens i t i ve  receptor  showing  a 
specific s ens i t i v i t y  t o w a r d s  sucrose  is located  in t he  
la tera l  sensi l la  (figures 1 and  51. I t  r emains ,  possible  t h a t  

t he  suga r - sens i t i ve  neuron  in the  media l  sensi l la  par t ic i -  
pa t e s  in the  to t a l  g u s t a t i o n  coding  via a sub t l e  across-  
s ens i l l um p a t t e r n i n g ,  which ,  however ,  r e m a i n s  u n d e t e c -  
t ab le  w i t h  the  c u r r e n t l y  e m p l o y e d  b e h a v i o u r  me thods% s. 
E x p e r i m e n t s  c o m p a r i n g  t h e  response  p a t t e r n s  of the  
l a te ra l  sensil la  to sucrose  and  adenos ine  show e d  t h a t  
e i ther  1 or 2 cells fired d e p e n d i n g  on w h e t h e r  the  com-  
p o u n d s  were appl ied  s ing ly  or in a m i x t u r e  (figure 1}. 
Thus .  2 s e pa ra t e  r ecep to r  t y p e s  are  inferred,  one sens i t ive  
to sucrose  a nd  t he  o the r  to  adenos ine .  B o t h  recep to rs  are 
su f f i c ien t ly  sens i t ive  to m o n i t o r  the  a m o u n t s  of sucrose  
a n d  adenos ine  as t h e y  occur  in t he  n a t u r a l  food a. I n  fact ,  
t h e  a q u e o u s  e x t r a c t  of f resh  ma ize  leaves,  f r o m  w h i c h  
adenos ine  a n d  sucrose  were i so la ted  a t  2 a n d  6 mM/1000  g 
(fresh wtl r e spec t ive ly  3, elicited v igorous  response  
p a t t e r n s  in b o t h  t he  media l  a n d  la te ra l  sensi l la  (f igures 4 
a nd  5~. If one cons iders  t he  l imi ted  n u m b e r  of 4 c h e m o -  
s e nso ry  n e u r o n s  in each  s e ns i l l um 9 i t  s e e ms  r e a s o n a b l e  to  
sugge s t  t h a t  p a r t  if no t  m o s t  of the  recorded i m p u l s e  
a c t i v i t y  o r ig ina ted  in the  adenos ine-  and  suga r - s e ns i t i ve  
neu rons .  
E x p e r i m e n t s  w i th  S. f rugiperda ,  S. l i t tora l is  a n d  S. l i t u r a  
h a v e  s h o w n  t h a t  o the r  specms of the  g e n u s  S p o d o p t e r a  
possess  a s imi la r  a r r a n g e m e n t  of c h e m o r e c e p t o r  cells as 
descr ibed  above  for S. e x e m p t a  A l t h o u g h  S. e x e m p t a  is 
t he  on ly  species wi th  an  o l igophagous  behav iour ,  i t  is 
i n t e r e s t i ng  to no te  t h a t  g rasses  h a v e  been  recorded  as p a r t  
of t he  food p l a n t  r a nge  for all these  Noctu ids4 .  
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Summary .  I n  v i t ro  d i f f e ren t i a t ion  of ch ick  e m b r y o  b ra in  ceils was  c o m p a r e d  u n d e r  severa l  cu l tu re  condi t ions .  Mor- 
phological  o b s e r v a t i o n s  a n d  ace ty lcho l ines t e rase  h i s t oc he mic a l  s t a i n i n g  revea led  t h a t  t he  d e v e l o p m e n t  was  s imi la r  
in all cond i t ions  t e s t ed  if cells h a v e  been  der ived  f rom 7 da ys  e mbryos .  Cons ider ing  t he  cu l tu res  f rom 11 d a y s  e m b r y o s ,  
t he  cell d i ssoc ia t ion  b y  t r y p s i n  a n d  the  p las t ic  sur face  p roved  to  be  t he  m o s t  f a vou ra b l e  cond i t ions  in c o n t r a s t  to 
m e c h a n i c a l  d i ssec t ion  and  col lagen surface.  

Severa l  s tud ie s  h a v e  s u g g e s t e d  t h a t  p r i m a r y  cu l tu res  of 
d i ssoc ia ted  n e r v o u s  t i s sues  are v e r y  good mode l  s y s t e m s  
to  i n v es t i g a t e  morpho log ica l  a n d  b iochemica l  a spec t s  of 
n e r v e  a n d  glial cell d i f f e ren t i a t ion  8-9. However ,  cu l tu re  
cond i t ions  can  m o d i f y  t he  p a t t e r n  of t he  d i f f e ren t i a t ion  
process  7-9. Therefore ,  i t  was  cons idered  to be wor thwh i l e  
to s t u d y  t h e  s t ages  of d i f f e ren t i a t ion  as a f u n c t i o n  of 1. 
t he  age of t h e  e m b r y o  y ie ld ing  t h e  b ra in  cells, 2. t he  d i s -  
soc ia t ion  m e t h o d  of t he  b ra in  t i s sue  and  3. t he  sur face  
s u b s t r a t e  on wh ich  t he  ceils were cu l t iva t ed .  I n  t he  pre-  
s en t  inves t iga t ion ,  we h a v e  u n d e r t a k e n  s u c h  a c o m p a r a -  
t ive  s t u d y  of t h e  morpho log ica l  d i f fe ren t ia t ion ,  c o m b i n e d  
w i t h  t h e  p resence  of ace ty lcho l ines t e rase  (ACHE) ac- 
t iv i t ies  in chick e m b r y o n i c  b ra in  cells. 
Mater ia ls  and methods. Chick e m b r y o s  of e i the r  7 or 11 
d a y s  of age were used  for cell p r epa ra t i on .  T h e  cells were 
p r e p a r e d  accord ing  to one of t he  2 fol lowing m e t h o d s .  I n  
t he  f i rs t  g ro u p  of e x p e r i m e n t s ,  t h e  cerebra l  h e m i s p h e r e s  
were p a s sed  t h r o u g h  a n y l o n  sieve of 48 v m  pore size to 
d issocia te  cells, as  was  descr ibed  before  8,1% These  cu l tu res  
were c o m p a r e d  to those  o b t a i n e d  b y  s tepwise  t r y p s i n  
d iges t ion  u s in g  0.05 ~o of t r y p s i n  (l : 250) d issolved in Ca-Mg 
free B S S  (balanced sa l t  solut ion)  s u p p l e m e n t e d  w i th  
0.3% of glucose.  3 t i m e s  5 m i n  of i n c u b a t i o n  a t  37~ 

c o m b i n e d  w i th  gent le  p i p e t t i n g  was  e n o u g h  to d issoc ia te  
t he  t i s sue  pieces. All t he  s t eps  were s t oppe d  b y  a d d i n g  
ice-cold s e r u m  to t he  samples .  The  cells were col lected b y  
5 rain c e n t r i f u g a t i o n  a t  250 g x g .  
E a c h  e x p e r i m e n t a l  g roup  was  t h e n  s u b d i v i d e d  aga in  for 
u s ing  one ha l f  on a p las t ic  sur face  a nd  t he  o the r  ha l f  on a 
sur face  p r e v ious ly  coa ted  b y  1% col lagenl l l  The  d i f fe ren t  
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7 Mechanical Plastic 
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Enzymatic Plastic 
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11 Mechanical Plastic 
collagen 

Enzylnatic Plastic 
collagen 

Fig. 1 4. Cultures from l l -day-old  chicken embryo hemispheres. 
1 Dissociated by trypsin digestion, cultivated on collagen surface. 
4 days in culture. 2 Dissociated by passing through a nylon sieve, 
cult ivated on collagen. 4 days in culture. Phase contrast • 400. 
,3 Dissociated by trypsin digestion, cultivated on plastic surface. 
14 days in culture, d Dissociated by passing through a nylon sieve, 
cultivated on plastic surface. 14 days in culture. Acetylcholinesterase 
staining • 500. 
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e x p e r i m e n t a l  g roups  are s u m m a r i z e d  in t he  tab le .  The  
ceils were seeded a t  a s t a r t i n g  p o p u l a t i o n  dens i ty  of ca. 
3 • 10 5 cel l /cm 2 a nd  c u l t i v a t e d  in Eagle  m i n i m u m  es- 
sen t ia l  m e d i u m  ( I n s t i t u t  Pas teu r ,  Paris)  plus  15% of fe ta l  
calf  s e rum (Gibco) in Fa l con  pe t r i  dishes.  
The  morpholog ica l  d i f f e ren t i a t ion  of t he  cells was  fol- 
lowed b y  phase  c o n t r a s t  microscopic  o b s e r v a t i o n  on l iv ing 
p repa ra t ions .  To d e t e r m i n e  t he  s tage of d i f f e ren t i a t ion  of 
n e u r o n a l  cells, we es tab l i shed  t he  fol lowing cr i te r ia :  t he  
size of the  cell b o d y ;  tile length ,  t h i ckness  and  n u m b e r  of 
processes;  w h e t h e r  t he  processes are fo rming  bund l e s  or 
n o t ;  t he  n u m b e r  of t he  cells r e m a i n i n g  in c lumps  w i t h o u t  
processes  or sp read ing  ou t  f rom t he  c lumps  and  develop-  
rag. 

Af te r  2, 3 or 4 weeks of cu l t i va t i on  some cu l tu res  were 
f ixed a n d  s t a ined  for A C h E  b y  the  m e t h o d  of K a r n o v k y  
and  Roots12. The  s e m i q u a n t i t a t i v e  A C h E  ac t i v i t y  in t he  
cell b o d y  and  processes  was m e a s u r e d  because  th i s  en- 
Zyme is k n o w n  to cha rac te r i ze  the  n e u r o n a l  d i f teren-  
t i a t i o n  la 17. 

Results and discussion. T a k i n g  the  c r i t e r ia  descr ibed above,  
we could  no t  f ind  essent ia l  di f ferences  in  t h e  g r o w t h  pa t -  
t e r n  of t he  cu l tu res  der ived  f rom 7-day-old  ch ick  em- 
b ryos  c o m p a r i n g  t he  2 m e t h o d s  of dissociat ion.  The  devel-  
o p m e n t  of the  n e u r o n a l  cells appea red  v e r y  similar .  Com- 
p a r i n g  the  2 cu l t i va t i on  surfaces,  i t  was  revea led  t h a t  t he  
a t t a c h m e n t  of t he  cells was qu icker  on col lagen t h a n  on  a 
p las t ic  surface  and  t he  cell d e v e l o p m e n t  was  accelera ted.  
This  conf i rmed  p rev ious ly  r epo r t ed  resu l t s  1~ W i t h i n  
5 days  of cu l t iva t ion ,  the  n e u r o n a l  ceils on col lagen 
r eached  a d i f f e ren t i a t ed  s t a t e  s imi lar  to  t h a t  r eached  on  
p las t i c  w i t h i n  16 days,  a n d  th i s  was  i n d e p e n d e n t  of t he  
d issoc ia t ion  m e t h o d  used. However ,  a f t e r  longer  cul t i -  
v a t i o n  t ime  (4 weeks), as the  A C h E  s t a in ing  showed,  t he  
s t a r t i n g  differences caused  b y  the  c u l t i v a t i o n  surfaces  
were e l imina ted ,  and  t he  n e u r o n a l  cells were p r e s e n t  in 
s imi la r  dens i ty ,  and  t he  same s tage of d i f f e r en t i a t i on  was 
r eached  in all t y p e  of cu l tu res  s tudied .  

I n  t h e  e x p e r i m e n t s  in which  ceils were der ived  f rom 11 
days  ch ick  embryos ,  s ign i f ican t  differences  were evoked  
b y  t he  2 d issoc ia t ion  me thods .  I t  a p p e a r e d  f rom t he  mor-  
phologica l  e x a m i n a t i o n  of r e l a t ive ly  y o u n g  cu l tu res  t h a t  
t he  t ryps in -d i s soc ia t ed  cells a t t a c h  b e t t e r  to  the  surface,  
t h e y  m u l t i p l y  d u r i n g  a longer  per iod  of t ime,  a n d  t he  
n e u r o n a l  ceils were less d i f f e ren t i a t ed  t h a n  those  der ived  
b y  m e c h a n i c a l  dissect ion.  I t  can  be seen f rom figures 1 
and  2 t h a t  t he  t ryps in i zed  cell p o p u l a t i o n  a f te r  4 days  in 
cu l tu re  con t a in s  m a n y  r o u n d - s h a p e d  cells in c lumps,  
whi le  in  the  m e c h a n i c a l l y  d issocia ted  cu l tu res  more  bi-  

polar  a n d  m u l t i p o l a r  n e u r o n s  w i t h  wel l -developed pro-  
cesses were p resen t .  The  p ic tu res  were s imilar  on col lagen 
a n d  on plast ic .  
F r o m  these  resul ts ,  i t  c an  be  sugges ted  t h a t  t he  dis- 
soc ia t ion  b y  t r y p s i n  causes  a re la t ive  ded i f f e ren t i a t ion  of 
the  cells s imi la r  to  w h a t  was  obse rved  for h e a r t  muscle  b y  
Mc Lean  e t  al. 1*. This  effect  seemed to change  the  ab i l i t y  
of the  cells to  grow and  d i f f e ren t i a t e  in v i t ro  c o m p a r e d  to 
t he  m e c h a n i c a l l y  d issocia ted  cul tures .  Indeed ,  a f t e r  a 
longer  c u l t i v a t i o n  period,  t he  t ryps in i zed  cell popu la t i ons  
c o n t a i n e d  m u c h  more  n e u r o n a l  ceils t h a n  t he  mechan i ca l l y  
d issocia ted  popu la t i on .  
Consider ing  t h e  resu l t s  of t he  A C h E  h i s t o c h e m i s t r y  pre-  
sen ted  in f igures 3 and  4, t h e  n e r v e  ceils of t he  t ryps in i zed  
cu l tu res  were heav i l y  s ta ined ,  and  t he  f ibres were as- 
sembled  in to  fibre, bundles .  I n  t he  mechan i ca l l y  dis- 
socia ted popu la t ion ,  t he re  were less neu rons  and  the i r  cell 
body ,  as  well  as t he i r  fibres, were less s ta ined .  The  mos t  
s t r ik ing  differences  could be  seen on the  p las t ic  surface.  
These  n e u r o n s  were  even  more  d i f fe ren t i a ted  t h a n  t he  
cells c u l t i v a t e d  in s imi lar  cond i t ions  b u t  der ived  f rom 
7-day-old embryos .  
F r o m  all  our  obse rva t ions ,  i t  can  be concluded t h a t  the  
ages of the  e m b r y o  f rom wh ich  t he  b r a i n  cells or ig ina ted ,  
t he  d issoc ia t ion  p rocedures  used, as well  as the  c u l t i v a t i o n  
surfaces  used, evoke  differences  in g r o w t h  and  dif feren-  
t i a t i on  of n e u r o n a l  cells in v i t ro .  Concern ing  the  cen t r a l  
ne rvous  s y s t e m  of y o u n g  embryos ,  the  t r y p s i n i z a t i o n  
t e c h n i q u e  gives resul t s  as good as the  mechan ica l  dis- 
sect ion,  b u t  for  older  e m b r y o s  t he  e n z y m a t i c  d iges t ion  
seems to be  be t t e r .  On t h e  con t r a ry ,  for t he  pe r iphe ra l  
ne rvous  sys tems,  t he  m e c h a n i c a l  d issocia t ion  m e t h o d  ha s  
p r o v e d  to  be b e t t e r  19. Therefore ,  b y  us ing  such cu l tu re  
sys tems,  morpho log ica l  s tud ies  in  para l le l  to  b iochemica l  
i nves t iga t ions  seem to be  of g rea t  impor t ance .  
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Presynapt ic  exci tabi l i ty  decrease  in the ex tensor  group II afferent t erminat ions  
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Summary. The  exc i t ab i l i t y  of the  ex t enso r  s econda ry  a f fe ren t  t e r m i n a l s  is decreased  b y  vol leys appl ied  to the  f lexor  
g roup  n afferents .  This  p r e s y n a p t i c  exc i t ab i l i t y  decrease  was comple t e ly  abol i shed  a f te r  bicucull ine,  i nd ica t ing  
G A B A  m a y  ac t  as t r a n s m i t t e r  in th i s  circuit .  

The  exc i t ab i l i t y  of the  p r e s y n a p t i c  axon  t e r m i n a l s  of t he  
p r i m a r y  a f fe ren t  f ibres is m o d u l a t e d  b y  a p r e s y n a p t i c  
con t ro l  m e c h a n i s m .  A p r e s y n a p t i c  depola r iz ing  ac t ion  
reduces  the  e x c i t a t o r y  ef fec t iveness  of t he  ac t ion  p o t e n t i a l  
p r o p a g a t i n g  t owards  t he  axon  t e rmina l s .  The  re su l t ing  
decrease  in synap t i c  eff icacy has  been  cal led p r e s y n a p t i c  
inh ib i t ion ,  wh ich  was sub jec t ed  to  a de ta i l ed  analys is  b y  
S c h m i d t  1. The  p r inc ipa l  f indings  are t h a t  g roup  Ia  a n d  

Ib  t e r m i n a l s  are depolar ized  b y  vol leys in g roup  I muscle  
afferents ,  a n d  c u t a n e o u s  a f fe ren ts  are genera l ly  depo-  
lar ized b y  o t h e r  c u t a n e o u s  afferents .  Concern ing  t he  h igh  
t h r e sho ld  muscle  af ferents ,  Eccles e t  al. 2 found  t h a t  g roup  
I I  muscle  a f fe ren t s  are genera l ly  depolar ized  b y  f lexor re- 
flex afferents .  However ,  as will be seeI1 in the  p r e s e n t  
work,  the  p r e s y n a p t i c  depo la r i za t ion  of t he  h igh  t h r e sho ld  
ex t enso r  a f f e r en t  t e r m i n a l s  m a y  also be  b locked b y  vol-  


