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sponse was recorded by  an intracel lular  microp ipe t te  in 
23 cr motoneurones  ident i f ied  by  an t id romic  s t imula t ion  
of the  cent ra l  cut  end of L7 ven t ra l  root.  The s t imula t ion  
f requency  of the  LGS nerves  was kep t  w i th in  values  
capable  of evoking a s t eady  f requency  of discharge,  
which  general ly  ranged  f rom 7 to 12 c/s. Then  the  s t imula-  
t ion f requency  was sudden ly  raised in order  to  inh ib i t  the  
mo toneurone  response.  Threshold  int racel lular  st imuli ,  
previous ly  es tab l i shed  when  the  m e m b r a n e  po ten t i a l  was 
a t  res t ing values,  were t hen  appl ied t h rough  the  same 
mic rop ipe t t e  4 in order  to t e s t  the  motoneurone  exci ta-  
bil i ty.  Then  the  s t imula t ion  f requency  was sudden ly  
lowered to the  previous  values. 

Dur ing  the  reflex inh ib i t ion  induced  by  repe t i t ive  
o r thodromic  s t imula t ion ,  no hyperpo la r i za t ion  of the  
pos t synap t i c  m e m b r a n e  was observed  (Figure, A) and  
the  th resho ld  int racel lular  s t imuli  were able to  evoke a 
normal  response  (Figure, A, B, C). W h e n  the  o r thodromic  
s t imula t ion  f r equency  was decreased to  the  ini t ial  values,  
the  same ini t ial  s t imulus- response  rat io was immed ia t e ly  
r e sumed  (Figure, A, B, C). 

The lack of the  hyperpo la r i za t ion  and the  normal  
exc i tab i l i ty  of the  pos t synap t i c  m e m b r a n e  seem to rule 
out  the  possibi l i ty  t h a t  any  pos t synap t i c  inh ib i t ion  is 
involved in th is  kind of reflex depression.  The peculiari t ies  

of the  reflex discharge reappearance ,  which occurs when 
the  s t imula t ion  f r equency  is lowered, rule ou t  the  hypo-  
thesis  of the  ' r ecep tor  desens i t i za t ion '  of the  pos t synap t i c  
m e m b r a n e  5. 

These expe r imen t s  suppor t  t h e  hypo thes i s  t h a t  the  
reflex discharge suppress ion observed in the  spinal  moto-  
neurones  dur ing  the  repe t i t ive  o r thodromic  s t imula t ion  
is due to a p re synap t i c  mechanism.  

Riassunto. La s t imolazione d e t t r i c a  delle fibre afferent i  
del Gruppo I 6 in grado di provocare  nel singolo moto-  
neurone spinale una  depress ione della scarica riflessa che 

funzione della f requenza  di s t imolazione.  I r isul ta t i  
delia p resen te  r icerca sembrano  d imos t ra re  che tale  de- 
pressione riflessa 6 da a t t r ibui rs i  ad un meccanismo inibi- 
torio pres inapt ico.  
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Morphogenet i c  Field Propert ies  of the Forebrain 
Area of the Neura l  Plate in an Anuran  

Background. The early amph ib i an  neural  p la te  is 
known  to be, to a large ex ten t ,  a l ready  determined for 
la ter  regional  deve lopment ,  along b o t h  the  antero-  
pos ter ior  and  the  medio- la tera l  axes 1. Thus  isolation, 
t r ansp l an t a t i on ,  or reversal  of m a n y  por t ions  of the  early 
plate  fail to p r even t  the i r  deve lopmen t  according to the i r  
prospect ive  significance. The p r e sumpt ive  forebra in  re- 
gion, for example ,  forms in isolation only  those  s t ruc tures  
charac ter i s t ic  of the  forebrain  2. Wi th in  th is  area, how- 
ever,  deve lopmen ta l  plasticity is found, since isolated 
subregions  form o ther  forebrain  s t ruc tures  in add i t ion  to  
those for which  t h e y  were specifically fa ted  2. Quan t i t a t ive  
differences be tween  the  d i f ferent ia t ion  of the  forebra in  
area in situ and in vitro also demons t r a t e  t h a t  such 
a l tera t ions  in the  deve lopmen ta l  p a t h w a y s  of cells can 
still t ake  place a t  tile early neura l  pla te  s tage 2. Finally,  
the  fact  t h a t  the  expe r imen ta l  ' ac t iva t ion '  of neura l  dif- 
fe ren t ia t ion  f rom c o m p e t e n t  ec todermal  cells typ ica l ly  
results  in an isolated b u t  comple te  forebrain  is a fu r ther  
indicat ion of tile c rea t ion  f irs t  of a field of ' forebra in '  
cells, in which  only subsequen t ly  does a he te rogeneous  
spat ia l  p a t t e r n  develop 4. Since most  of tile expe r imen ta l  
analysis  of forebra in  morphogenes is  has been  carr ied out  
in urodeles,  the  au thor ' s  previously  cited s t u d y  of the  
d e v e l o p m e n t  of neural  pla te  f ragments  of the  African 
clawed toad,  Xenopus laevis laevis (Daudin), offered an 
o p p o r t u n i t y  to  examine  th is  ques t ion  in an anu ran  form. 

Experimental. The t r a n s p a r e n c y  of the  skin in th is  
species made  i t  possible to recognize eye fo rma t ion  in the  
living exp lan ted  t issue b y  means  of the  dark ly  p i g m e n t e d  
tapetal outer  layer.  W h e n  examined  histological ly the  
t a p e t u m  was found to be associa ted wi th  a f r agmen t  of 
ret ina,  con t inuous  wi th  a neural  vesicle or mass.  (Ret ina  
alone was no t  encoun te red  under  the  p resen t  experi-  
men ta l  condi t ions ,  which  included the  presence  of large 

amoun t s  of mesodermal  cells inside a jacket  of ectoderm).  
In  a lmost  100 p repa ra t ions  of vary ing  size and origin, bu t  
all lacking any  t issue f rom the  p re sumpt ive  forebrain  
area, there  were no cases of eye format ion .  Eye  s t ruc tures  
were found in 7 out  of 8 exp lan t s  of the  ent i re  e s t ima ted  
forebrain  area of the  ear ly  neurula,  in 2 out  of 4 explan ts  
of only  the  t r ansverse  neural  fold (presumpt ive  telen- 
cephalon) and in all 4 exp lan t s  of the  anter ior  la teral  fold 
only  (future d iencepha lon  roof). W h e n  the  anter ior  most  
region of the  neural  plate was t e s t ed  (p resumpt ive  eye and 
ven t ra l  forebrain) an eye developed in 8 out  of 17 cases. 
W i t h  s l ight ly more  caudal  p la te  (most ly d iencephalon 
floor) 4 out  of 10 did so. In  addi t ion ,  eye format ion  oc- 
curred in all seven exp lan t s  made  wi th  anter ior  neural  
fold t issue excised at  the  s tage of closed neural  folds (i.e. 
late neurula),  a region which forms only  te lencephalon in 
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velopment in particular regious of the brain.) 
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* P. D. NIEUWKOOP, Develop. Biol. 7, 255 (1963) for the most recent 
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the 'activation'. An anuran form (Rana pip.) was studied in ad- 
dition to a urodele (Amblystoma punct.). 
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n o r m a l  d e v e l o p m e n t  5, P l a s t i c i t y  of  t h e  f o r e b r a i n  r e g i o n  
w a s  a l so  e v i d e n t  in  t h e  d o n o r s  of  t h e  e x p l a n t e d  n e u r a l  
t i s s u e ,  a s  n o r m a l l y  p r o p o r t i o n e d  p a i r e d  e y e s  were  f o u n d  
in  al l  s e v e n  Xenopus  l a r v a e  e x a m i n e d  h i s t o l o g i c a l l y  a f t e r  
ea r l i e r  r e m o v a l  of  l a rge  p o r t i o n s  of  t h e  a n t e r i o r  n e u r a l  
p l a t e .  E x c e p t  for  t w o  e x p l a n t s  in  w h i c h  a p a i r  of  e y e s  
d e v e l o p e d ,  eye  f o r m a t i o n  i n  v i t r o  a l w a y s  r e s u l t e d  in  a 
s ing le ,  c o m p a c t  s t r u c t u r e .  

D{scussion. I t  is c l ea r  f r o m  t h e  a b o v e  r e s u l t s  t h a t  in  a n  
a n u r a n  as  wel l  a s  in u r o d e l e s  t h e  f o r e b r a i n  a r e a  of  t h e  
f u t u r e  c e n t r a l  n e r v o u s  s y s t e m  b e h a v e s  i n i t i a l l y  l ike a 
' m o r p h o g e n e t i c  f ie ld ' .  T h e  f i na l  d e v e l o p m e n t a l  i n s t r u c -  
t i ons ,  a l t h o u g h  l i m i t e d  to  f o r e b r a i n  t y p e s ,  a r e  n o t  y e t  
f i x e d  in  t h e  i n d i v i d u a l  cel ls .  A l t h o u g h  t h e  k i n e t i c s  of  
' c r y s t a l l i z a t i o n '  i n t o  t h e  d e f i n i t i v e  p a t t e r n  a re  u n k n o w n ,  
f ie ld p r o p e r t i e s  a r e  in  e v i d e n c e  a t  l e a s t  t h r o u g h  t h e  e n d  
o f  n e u r u l a t i o n .  T h i s  is n o t  n e c e s s a r i l y  to  s ay ,  h o w e v e r ,  
t h a t  t h e  p r e s u m p t i v e  f o r e b r a i n  a r e a  is u n i f o r m  ( ' equ i -  
p o t e n t i a l ' )  a t  t h e  t i m e  of t e s t i n g .  R e c e n t  q u a n t i t a t i v e  
e x p e r i m e n t s  h a v e  in  f a c t  e s t a b l i s h e d ,  b y  m e a s u r i n g  t h e  
di/ferentiation tendencies of  d i f f e r e n t  a r ea s ,  t h a t  r e g i o n a l  
d i f f e r e n c e s  e x i s t  a t  l e a s t  a s  e a r l y  as  t h e  o p e n  n e u r a l  p l a t e  
s t a g e  a. A p p a r e n t l y  t h e  p o s t u l a t e d  in i t i a l  equipotentiali ty 
of  t h e  f ie ld  is q u i c k l y  los t .  T h e  w a y  in  w h i c h  t h i s  oCCUlS 
is n o t  k n o w n ,  b u t  i t  is  n o t e w o r t h y  t h a t  a q u a l i t a t i v e l y  
n o r m a l  s t r u c t u r a l  p a t t e r n  d e v e l o p s  e v e n  in  t i s s u e  ac-  
t i v a t e d  in  v i t r o  4. T h i s  i m p l i e s  t h a t  s l i g h t  d i f f e r e n c e s  in  
t h e  ' m i c r o - e n v i r o n m e n t '  a t  d i f f e r e n t  p o i n t s  w i t h i n  t h e  
cell m a s s  a r e  s u f f i c i e n t  to  s e l ec t  d i f f e r e n t  d e v e l o p m e n t a l  
p a t h w a y s .  S u c h  d i f f e r e n c e s  c o u l d  in  t u r n  c o n s i s t  p a r t l y  of  
g r a d i e n t s  r e s u l t i n g  f r o m  m e t a b o l i c  o r  s e c r e t o r y  a c t i v i t y L  

T h e  d e t e r m i n a t i o n  of  t h e  f o r e b r a i n  s t r u c t u r a l  p a t t e r n  
in  s i t u  is s t r o n g l y  i n f l u e n c e d  b y  r e g i o n a l  f a c t o r s  w h i c h  
a re  n o n - e x i s t e n t  u n d e r  in  v i t r o  c o n d i t i o n s .  T h e  b e s t  
e s t a b l i s h e d  of  t h e s e  is a n  eye-depressing i n f l u e n c e  f r o m  
t h e  u n d e r l y i n g  m e d i a l  m e s o d e r m  8 T h i s  e f f ec t  c o u l d  a lso  
e x p l a i n  w h y  no  eye  d e v e l o p e d  in  a p e r c e n t a g e  of c a s e s  in  
t h e  X e n @ u s  f o r e b r a i n  m a t e r i a l  r e p o r t e d  h e r e " .  T h e  
r e l a t i v e l y  s m a l l  s ize of  t h e  n e u r a l  f r a g m e n t s  u s e d  w a s  
p o s s i b l y  a lso  a c o n t r i b u t i n g  f a c t o r  s i nce  i t  is k n o w n  t h a t  
eye  f o r m a t i o n  f r e q u e n t l y  fa i l s  to  o c c u r  if t h e  m a s s  o f  fore-  
b r a i n  cei ls  is s m a l D  ,s. T a k i n g  in  p e r s p e c t i v e  t h e  k n o w n  
f a c t s  a b o u t  t h e  h i s t o g e n e s i s  of  t h e  eye ,  i t  b e c o m e s  c l ea r  
t h a t  t h e  d e v e l o p m e n t a l  f a t e  of  i n d i v i d u a l  eye  cells  is 
spec i f i ed  in  t h e  fo l l owing  s t e p - w i s e  s e q u e n c e .  D u r i n g  
' p r i m a r y  i n d u c t i o n '  al l  p o t e n t i a l i t i e s  ( ' g e n e s '  ?) b e c o m e  
b l o c k e d  for  ce l lu l a r  d i f f e r e n t i a t i o n  o t h e r  t h a n  to  one  of  
t h e  /orebrain t y p e s .  T h e  p o t e n t i a l i t i e s  b e c o m e  f u r t h e r  
r e s t r i c t e d  in  t h e  f u t u r e  e y e - f o r m i n g  r e g i o n  b y  a s e c o n d a r y  
p r o c e s s  of  segregation d u r i n g  n e u r u l a t i o n ,  so  t h a t  u l t i -  
m a t e l y  o n l y  cell  t y p e s  o f  t h e  eye  c a n  d e v e l o p .  E y e  m o r p h o -  

g e n e s i s  b e g i n s  s h o r t l y  a f t e r w a r d s  b y  c e l l u l a r  m i g r a t i o n  
a n d  f i na l l y ,  a t  a b o u t  t h e  o p t i c  c u p  s t a g e ,  t h e  d e f i n i t i v e  
d e v e l o p m e n t  of  e a c h  cell is  d e t e r m i n e d  a c c o r d i n g  t o  i t s  
l o c a t i o n  w i t h i n  t h e  ' eye  f i e ld '  ~0 

Rdsumd. U n e  a n a l y s e  d u  d 6 v e l o p p e m e n t  d e s  y e u x  f a i t e  
s u r  de  p e t i t s  f r a g m e n t s  de  l ' 6 b a u c h e  n e u r a l e  (<meural  
plate~>) a m o n t r 6  q u e  la r~g ion  d u  f u t u r  p r o s e n c 6 p h a l e  se 
c o m p o r t e  c o m m e  u n  champ m o r p h o g 6 n ~ t i q u e .  B i e n  q u e  
ee r i e  r 6g ion  ne  so i l  p l u s  <~dquipotentielle~ m ~ m e  d a n s  la  
n e u r u l a  j e u n e ,  les p r o p r i 6 t 6 s  d u  c h a m p  p e r s i s t e n t  p e n d a n t  
r o u t e  la  n e u r u l a t i o n .  
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neurula. - C. O. JACOBSON, J. Embr. exp. Morph. 7, 1 (1959). - 
C. VON WOELLWARTH, ROUX Arch. Entw. Mech. 752, 602 (1960). 
(For precise maps of the forebrain area in the early neurulae of 
Amblystoma mex. and Triturus alp. respectively.) 

6 p. D. N~uwKooe ,  J. Anita. Morph. Physiol. II, 2l (1964) using 
Triturus alp.; also from unpublished experiments of the author 
with Amblystoma mex.: the presumptive eye region of the early 
neurula formed almost exclusively eye in vitro while relatively less 
eye and more neural material developed from the other forebrain 
areas. 
W. F. LOOMIS, in Biological Structure and Function (Academic 
Press, New York 1961), p. 509, suggests a differential gene activa- 
tion according to the pCO z built up at each point in the tissue, 
while S. M. RosE, Biol. Rev. Cambr. Philos. Soc. 32, 351 (1957) has 
proposed that  a hierarchy ol specific self-inhibitory cell products 
initiates the spatial pattern. BOTERENBROOU 2 has suggested that  
teleneephalic differentiation i3 favoured in cells located towards 
the surface of the neural mass, which in itself is consistent with 
either of the mechanisms mentioned above. 

8 See Discussion in NIEUWKOOP et al. a, this factor may in fact be 
identical with the ' t ransforming pritlciple', which blocks all fore- 
brain differentiation tendencies m the more caudal neural regions. 
It  appear~ also to favour dieneephalic differentiation within the 
forebrain area at the expense of teleneephalic. 
M. A. CORNER, unpublished (Amblystoma mex.): the inclusion even 
of ventral mesoderm in an explant led to the formation of 
extensive mesenehyme and absence of eye formation in pre- 
sumptive eye tissue. A neural structure formed in its place. 
V. LoeAs~mv and O. E. S~ROEVh, in Advances in Mo*phogenesis 
(Academic Press, New York 1961), p. 331 : differentiation can still 
be guided into either tapetum or retina, by properly choosing the 
environmental conditions. The experiments of L. S. STONE, 
J. exp. Zool. 745, 85 (1960) and of G. SZ~KELY, Acta biol. hungar. 
5, 157 (1954) have demonstrated,  moreover, tha t  at about this 
time individual retinal cells become specified to nlake synaptie con- 
nections at appropriate points in tile optic tectum. 

R e l a t i o n s h i p s  B e t w e e n  Cerebral  T r a n s i t  T i m e  
of N o n - D i f f u s i b l e  I n d i c a t o r s  and Cerebral  B l o o d  
F l o w .  A C o m p a r a t i v e  S tudy  w i t h  K r y p t o n  8s and 

R a d i o a l b u m i n  

M e t h o d s  a v a i l a b l e  a t  p r e s e n t  h a v e  n o t  y e t  y i e l d e d  re-  
l i ab le  m e a s u r e m e n t s  o f  t h e  p a r a m e t e r s  o f  t h e  c e r e b r a l  
c i r c u l a t i o n  s u i t a b l e  for  c l in i ca l  use .  I n  r e c e n t  y e a r s  a con -  
s i s t e n t  e f fo r t  h a s  b e e n  d i r e c t e d  t o w a r d s  e s t i m a t i o n  of  in-  
d i c e s  of  c e r e b r a l  b lood  f low (CBF)  b y  e x t e r n a l l y  r e c o r d i n g  

t h e p a s s a g e  t h r o u g h  c e r e b r a l  v e s s e l s  of  a b o l u s  of  a 7- 
e m i t t i n g ,  n o n - d i f f u s a b l e  t r a c e r ,  s u c h  as  r a d i o h y p p u r a n e  
o r  r a d i o a l b u m i n  1,2. 

T h e  r e l i a b i l i t y  of  s u c h  m e t h o d s  is  b a s e d  e s s e n t i a l l y  o n  
t w o  a s s u m p t i o n s :  (1) t h e  r e c o r d e d  c u r v e  of r a d i o a c t i v i t y  
v e r s u s  t i m e  s e c u r e s  r e l i ab l e  i n f o r m ~ t i o n  a b o u t  t h e  m e a n  
t r a n s i t  t i m e  (~) o f  t h e  b l o o d  c i r c u l a t i n g  in  t h e  e x p l o r e d  
r e g i o n  of t h e  h e a d ;  (2) t h e  c e r e b r a l  b l o o d  v o l u m e  is a 
c o n s t a n t .  U n d e r  t h e s e  c o n d i t i o n s ,  ~ w o u l d  b e h a v e  as  a 
l i nea r  i n d e x  of C B F :  1/~ = F / V ,  w h e r e  F is t h e  b l o o d  f low 
a n d  V t h e  b l o o d  v o l u m e  in  t h e  e x p l o r e d  r e g i o n  a. 

1 \~r. H. OLD~DORF, J. nuel. Med. 3, 382 (1962). 
2 C. FAZIO, C. FIESCHI, and A. AauoLI, Neurology 13, 561 (1963). 
a M. ZIERLER, in Dynamic Clinical Studies with Radioisotopes (Ed., 

R. KNISELEY, Atomic Energy Commission, 1964), p. 55. 


