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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  

1~. T a n  

Atati~rk Universitesi, Fizyoloji Enstiti~si~, Erzurum (Turkey), 30 August 1976 

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-  
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leys in t h e  a n t a g o n i s t i c  f lexor  ref lex af ferents ,  i nd i ca t i ng  
fac i l i t a t ion  v e r s u s  inhib i t ion .  
~adaterials and  methods. The  e x p e r i m e n t s  were p e r f o r m e d  
on 6 dece reb ra t e  h n a n e s t h e t i z e d  cats ,  wh i ch  are also 
sp ina l ized  a t  the  f i rs t  l u m b a r  level. Af te r  l a m i n e c t o m y  
e x t e n d i n g  f rom L s to  S v t he  l u m b a r  roots  L6, L 7 and  S~ 
were cu t  on the  left  side. The  sp ina l  cord was  covered  w i th  
w a r m e d  pa ra f f in  oil a t  37 ~ The  ips i la tera l  h ind  leg was  
d e n e r v a t e d .  Th e  g a s t r o c n e m i u s  (GS) and  t he  pe ronea l  
ne rves  (PDP)  were p r epa red  for record ing  and  s t i m u l a t -  
ing, respec t ive ly .  The  a n i m a l s  were immobi l i zed  by  i. v. 
in jec t ion  of 3 m g / k g  ga l l amine  t r ie th iodide .  R e s p i r a t i o n  
was  m a i n t a i n e d  b y  a va r i ab le - s t roke  resp i ra tor .  The  ar-  
ter ia l  blood p re s su re  was  mon i to r ed  c o n t i n u o u s l y  a nd  
was a lway s  above  70 m m  Hg.  
The  exc i t ab i l i t y  of t he  cen t ra l  t e r m i n a l s  of the  GS af- 
f e ren t s  was  t e s t ed  b y  u s ing  the  Wa l l ' s  m e t h o d  a (see t igure,  
D~) : a s ta in less  steel  microe lec t rode  h a v i n g  a t ip  d i a m e t e r  
of 2 # m  was  inse r t ed  in to  the  ven t r a l  h o r n  of L 7 ne a r  
the  GS m o t o r  nuc leus  where  t he  l a rges t  a n t i d r o m i c  
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I n t e r v a l  be tween cond. and test st imul i  

Presynaptic excitability decrease in GS group II afferent terminals. 
D2: experimental arrangement; DR, dorsal root; VR, ventral root LT; 
R, recording electrode on GS nerve; S, stimulating electrode on PDP 
nerve ; S (_1]_), stimulating microelectrode. Original records (10 traces 
superposed): Group I and II GS action potentials recorded anti- 
dromically. The conditioning-test intervals 0, 15, 22 and 50 msec in 
1, 2, 3 and 4. The conditioning stimulus intensity is 1.2 T in D, 
2.5 T in A, and 6.2 T in B. C: as in B but 6 rain after injection of 
4 mg/kg bicueulline. Time : 5 msec in records 1, 2 and 3 ; 10 msec in 4 
(squares). NAP: afferent nerve action potentials recorded from PDP- 
dorsal root filament; time 4 msec for each square. The diagram shows 
the per cent excitability decrease in the antidromic test response. 
The intensities of the conditioning stimuli: 2.5 T (O), 6.0 T (O). 
(• 6 rain after bicuculline. Vertical lines plus minus standard devia- 
tions. Inset: the proposed neuronal connections; + ,  excitation; 
D, flexor interneuron depolarizing extensor group II axon terminal; 
solid interneuron excited by flexor afferents depolarizes the axon 
terminal of the internuncial D-cell; D indicates axo-axonal depolari- 
zation. 

g roup  I ac t ion  p o t e n t i a l  could be recorded  f rom the  pe r iph-  
eral  e nds  of the  GS ne rve s  d u r i n g  i n t r a s p i n a l  s t i m u l a -  
t ion  wi th  0.2 mse c  c u r r e n t  pu l ses  e ve ry  5 sec. Group  I I  
a n t i d r o m i c  GS ac t ion  po t e n t i a l s  were p roduc e d  b y  in- 
c reas ing  the  i n t r a s p i n a l  s t i m u l u s  i n t e n s i t y  up  to t h e  
s u p r a m a x i m a l  va lue s  for t h e  g roup  I GS afferents .  A con-  
d i t ion ing  single shock  s t i m u l u s  was  appl ied  to the  P D P  
ne rve  in order  to revea l  exc i t ab i l i t y  c h a n g e s  in t he  GS 
a f fe ren t  t e r m i n a l s  s t i m u l a t e d  a n t i d r o m i c a l l y  b y  t he  
microe lec t rode  ( test  shock).  The  i n c o m i n g  cond i t i on ing  
vol ley  was  recorded  as a P D P  a f f e ren t  ne rve  ac t ion  po- 
t en t i a l  f rom a t h i n  dorsa l  root  f i l ament .  The  i n t e n s i t y  of 
the  t e s t  s t i m u l u s  was  ke p t  c o n s t a n t  t h r o u g h o u t  t he  ex-  
pe r ime n t .  
Results  and discussion. I n  t he  figure,  t he  i n t r a sp ina l  t e s t  
shock  p roduc e d  g roup  I a nd  I I  ac t ion  po t en t i a l s  recorded 
f rom the  GS ne rve s  (D1). T h e  cond i t i on  ve loc i ty  of t he  
g roup  I f ibres was  93.3 m/sec ,  and  t h a t  of the  g roup  I I  
f ibres 61.2 m/sec.  W h e n  t he  t e s t  shoc k  was  preceeded  b y  a 
single cond i t i on ing  s t i m u l u s  of 1.2 t h r e sho ld  (T) appl ied  
to the  P D P  ne rve  a t  i n t e rva l s  of 0, 15, 22 and  50 msec,  
the  exc i t ab i l i t y  of t he  g roup  I a nd  I I  a f f e ren t  t e r m i n a l s  
r e m a i n e d  u n c h a n g e d  (D]: 0 msec ;  D 3 : 2 2  msec  delay) .  As 
i n t e n s i t y  of the  c ond i t i on ing  s t i m u l u s  was  m a d e  2.5 T, 
the  g roup  I c o m p o n e n t  of the  P D P  ac t ion  po ten t i a l  in-  
creased a nd  smal le r  a f fe ren t s  were rec ru i t ed  as seen in 
n e u r o g r a m  (NAP:  1.2 T a nd  2.5 T). W h e n  these  a f fe ren t s  
were s t i m u l a t e d ,  t h e  cond i t i on ing  s t i m u l u s  caused  a de- 
crease in the  area  of the  a n t i d r o m i c  g roup  I I  ac t ion  po- 
ten t ia l .  Th i s  effect  b e g a n  a t  5 msec  c ond i t i on ing - t e s t  in- 
t e rva l  (A~ : 0 msec),  increased  a t  15 a n d  22 msec  i n t e rva l s  
(A2,3) a n d  d i s a ppe a re d  a t  50 msec  i n t e rva l  (A4). The  di- 
m i n u t i o n  of the  a n t i d r o m i c  g roup  I I  ac t ion  po t e n t i a l  be- 
c a m e  m o s t  p r o m i n e n t ,  as  t he  i n t e n s i t y  of t he  condi t ion-  
ing s t i m u l u s  was  m a d e  6.2 T (NAP:  6.2 T). Th i s  s t age  of 
the  e x p e r i m e n t  is s h o w n  in B. I n  the  control ,  t h e  con-  
d i t ion ing  and  a n t i d r o m i c  t e s t  s t imu l i  were g iven  s imul -  
t a n e o u s l y  (B1). A t  15 and  22 msec  c ond i t i on ing - t e s t  in ter -  
va ls  (B2,a), t he  g roup  II  t e s t  r e sponse  d i s appea red  com-  
pletely .  At  50 mse c  de lay  the  t e s t  r esponse  was  iden t ica l  
w i th  the  cont ro l  (B4). As seen in C, t he  i.v. in jec t ion  of 
4 m g / k g  bicucul l ine  abol i shed  the  effect  of the  condi t ion-  
ing s t i m u l u s  appl ied  to the  P D P  ne rve  a t  6.2 T. 
The  d i a g r a m  in the  f igure s u m m a r i z e s  the  resu l t s  of 6 ex- 
pe r ime n t s .  The  a rea  of the  g roup  II  t e s t  r e sponses  was  
m e a s u r e d  p lan imet r i ca l ly ,  a n d  t h a t  a t  0 msec  cond i t ion-  
ing - t e s t  i n t e rva l  was  t a k e n  as 100 (ordinate) .  W h e n  t he  
m e d i u m  th re sho ld  (�9 2.5 T) or the  h igh  th r e sho ld  ( . :  
6.0 T) P D P  a f fe ren t s  were s t i m u l a t e d ,  the  t e s t  r esponse  
u s u a l l y  began  to decrease  a t  a b o u t  5 mse c  cond i t ion ing-  
t e s t  in te rva l ,  b e c a m e  sma l l e s t  a nd  even  d i s appea red  a t  
15-35 msec  in te rva l s ,  a nd  a p p r o a c h e d  g radua l ly  to i ts  
cont ro l  va lue  a t  a b o u t  50 msec  in te rva l .  The  i.v. in ject ion 
of 4 m g / k g  b icucul l ine  abol i shed  c omple t e ly  t he  depress-  
ing effect  of the  cond i t i on ing  s t i m u l u s  on t he  t e s t  r esponse  
(~) .  
As seen above,  t he  h igh  t h r e s h o l d  P D P  a f fe ren t s  m a y  
decrease  the  exc i t ab i l i ty  of the  g roup  I I  GS af fe ren t  te r -  
mina l s .  This  p h e n o m e n o n  m a y  h a v e  been  p roduc e d  b y  a 
p r e s y n a p t i c  m e c h a n i s m ,  s ince t he  l a t e n c y  for t he  ex- 
c i tab i l i ty  decrease  of the  GS s e c o n d a r y  a f fe ren ts  was  5 
msec,  a n d  the  exc i t ab i l i t y  decrease  b e c a m e  m o s t  effect ive  
a t  15-35 msec  c o n d i t i o n i n g - t e s t  in te rva l s .  The se  are well- 
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known  proper t ies  of presyr!apt ic  inhibi t ion.  MendelD re- 
po r t ed  the  occurrence of posi t ive  dorsal  root  po ten t ia l s  in- 
duced  by  s t imula t ion  of group I I I  muscle afferents  and 
sugges ted  t h a t  posi t ive  dorsal  root  po ten t ia l s  m a y  be the  
resul t  of inhib i t ion  of a tonic  depolar iz ing pa thway .  Sim- 
i larly one can propose  t h a t  the  exci tabi l i ty  decrease in 
the  GS secondaries  m a y  resul t  f rom the  inhib i t ion  of the  
in te rnunc ia l  D-cells depolar iz ing the  in t rasp ina l  t e rmina ls  
of the  GS group II  afferents .  GABA m a y  ac t  as neuro-  

t r a n s m i t t e r  in this  p resynap t i c  d i s inh ib i to ry  circuit,  since 
the  GABA an tagon i s t  bicucull ine ~ an tagonized  the  de- 
press ing effect  of the  condi t ion ing  P D P  volleys on the  
GS secondary  af ferent  exci tabi l i ty .  

4 L. Mendell, J. Physiol., Lond. 226, 769 (1972). 
5 D.R.  Curtis, A. W. Duggan, D. Fellix and G. A. R. Johnston, 

Nature, Lond. 228, 676 (1970). 
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Summary. Quan t i t a t i ve  analysis  of adrena i  responses  to  mo d e ra t e  h y p o x i a  and  h y p e r c a p n i a  in t he  conscious calf shows 
t h a t  the  sens i t iv i ty  of the  adrena l  cort ical  response  far  exceeds  t h a t  of t he  adrenal  medulla.  

i 

Adrena l  responses  to h y p o x i a  and h y p e r c a p n i a  have  
been quant i f ied  in conscious calves, 3-5 weeks af ter  
bir th ,  using the  ' adrena l  c lamp '  t echnique  3 to  collect the  
eff luent  venous  blood f rom the  r ight  adrenal  gland.  Af te r  
recovery  f rom surgery  the  animals  were h a b i t u a t e d  to  
wear  a light, t r a n s p a r e n t  ' he lme t '  t h rough  which  air was 
perfused at  a ra te  of 15 1/min. H y p o x i a  or hype rcapn i a  
was induced  by  infusing a mix tu re  of gases t h roug h  the  
' he lme t '  for 30 rain as follows: 

Air Nitrogen Carbon 
(l/mffl) dioxide 

(1/min) (l/min) 

Grade I (n = 7) 7.5 7.5 - 
Hypoxia [ Grade II (n 4) 11.5 3.5 - 

�9 [G rade I  (n = 7) 13.5 - 1.5 
Hypercapnla ~ Grade II (n 6) 14.25 - 0.75 
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Fig. 1. Comparison of the changes in the output of cortisol from the 
right adrenal gland in response to hypoxia (A) and hypercapnia (B). 
Open circles: Grade I stimuli. Closed circles: Grade II stimuli. 
Horizontal bars: duration of stimulus. Vertical bars: SE of each 
mean value. 

Cortisol and cor t icos terone were measured  by  compet i t ive  
p ro te in  b inding  4 and ca techo lamines  by  a modif ica t ion 
of the  t r i hydroxy indo le  me t h o d  5. Adrenal  blood flow 
was  de t e rmined  grav imet r ica l ly  dur ing  each  sample  to  
allow calculat ion of ho rmone  ou tpu t .  
Dur ing  grade I hypox ia  the  Po2 of t he  ar ter ia l  blood fell 
to  less t h a n  hal f  the  init ial  value wi th in  5 min. Thereaf ter  
i t  decl ined more  slowly to be tween  20 and 25 m m  Hg 
dur ing the  las t  10 rain. Grade  I I  h y p o x i a  cons t i tu t ed  a 
less severe s t imulus;  ar ter ia l  Po2 was  reduced  by  c60% 
b u t  did no t  fall below 30 m m  Hg  a t  any  stage.  Grade I 
hype rcapn i a  caused a progressive increase in ar ter ia l  
Pcos f rom c40 m m  Hg  to m a x i m u m  values of be tween  
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Fig. 2. Comparison of the changes in cateeholamine output from the 
right adrenal gland in response to hypoxia or hypercapnia. 
A Grade I hypoxia. �9 = noradrenaline; A = adrenaline. B Grade II 
hypoxia. �9 = noradrenaline; O = adrenaline. C Hypercapnia. 
�9 = noradrenaline, grade I ; A = adrenaline, grade I ; �9 = noradren- 
Mine, grade II; O = adrenaline, grade II. 
Horizontal bars: duration of stimulus. Vertical bars: SE of each 
mean value. 


