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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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5 M. A. CoR~R,  J. exp. Zool. 153, 301 (1963) and 1 for an approxi- 
mate fate map of the major brain divisions in the Xenopus 
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. 
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r CBF-Regional cerebral blood flow ml/lOOg/min 

]~XPERIENTIA XXII/3  

Inverse of mean transit time of RISA (1/t. 100) on the ordi- 
nate, and rCBF calculated from the regional clearance of Kr 85 
on the abscissa. Radioactivity was recorded over the temporo- 
parietal area, ipsilateral to the injected internal carotid 
artery. The following values are given in the figure: the 
equation of the regression line, the standard deviation of the 
coefficient b (SDbyx), and the coefficient of correlation r. 
The confidence limits of the regression line of y on x and 
tolerance limits of y are shown in graphical form. 

B o t h  a s sumpt ions  are faced wi th  serious l imitat ions,  as 
has  been  ex tens ive ly  discussed in previous  papers  4& 
Therefore,  in the  absence  of convincing  evidence,  para-  
me te r s  of the  curve of t r ans i t  of rad ioa lbumin  ex te rna l ly  
recorded on the  head  have  only  been  used in the  pas t  as 
approximate and non-linear indices o / C B F  4,5. 

The p resen t  s t u d y  aims a t  a be t t e r  def ini t ion of the  
re la t ionships  be tween  the  indices of CBF as measured  
wi th  rad ioa lbumin ,  and  the  quan t i t a t i ve  value of CBF 
in the  same region measured  by  the  regional  iner t  gas  
clearance t echn ique  of LASSEN et  al. s. 

Fol lowing incannula t ion  of an in te rna l  carot id  a r t e ry  
wi th  a 0.9 m m  polye thy lene  ca the ter ,  3 ml  of K r  86 solut ion 
(specific ac t iv i ty  ,~ 1 mc/ml) were injected,  and  the  build-  
up and  subsequen t  clearance of r ad ioac t iv i ty  in the  b ra in  
recorded b y  an ex te rna l  de tec tor .  The clearance curve 
was  ana lysed  in to  two  compar tmen t s ,  a n d  the  m e a n  
cerebral  blood flow in t he  explored region (rCBF) was 
calcula ted according to LASSEN et  al.~. 

Af te r  15 rain, a bolus of radioiodized se rum a lbumin  
(I TM RISA)  was rap id ly  in jec ted  t h rough  the  same 
ca the t e r  (40 #c d i lu ted  in 0.5 ml), and  the  passage of the  
rad ioac t ive  molecules recorded by  means  of t he  same de- 
tector .  Due to  a similar  energy  of y-emission (I 1~1 = 0.364 
MeV, I~2rS6 = 0.562 MeV), b o t h  t racers  are seen wi th  a 
r a t he r  s imilar  count ing  efficiency in the  same brain area. 
The m e a n  t r ans i t  t ime  of R I S A  was ca lcula ted  according 
to FIESCttI e t  al.6. 

27 pa t i en t s  were s tudied.  Among  t h e m  there  were 8 
normal  subjec ts  and  19 pa t i en t s  wi th  cerebra l  vascular  
lesions. In  9 pa t ien t s ,  two  inject ions  of K r  s5 and  R I S A  
were made,  the  second one dur ing  admin i s t r a t i on  of a gas 
mix tu re  conta in ing  5% CO s in O v As the  ma jo r i t y  of 
pa thologica l  cases had  a reduced  CBF, and  - on the  o the r  
h a n d  - 5% CO s br ings  abou t  a cons i s ten t  increase of 
CBF, a wide range of C B F  values  (from 14-104 ml/100 
g/min) and  of 7 (from 1.2-18 sec) is r ep resen ted  in our  
sample .  

The resul ts  are given in graphical  form in the  Figure,  
where  a do t  indica tes  each couple of m e a s u r e m e n t s  of 
r C B F  and  t of R I S A  in basal  condit ions,  and  measure-  

men t s  t aken  dur ing  CO s inha la t ion  are deno ted  by  a 
square.  

The analysis  of the  results,  and  the  conclusions der iv ing 
theref rom,  can be summar ized  as follows: (1) The regres- 
sion equa t ion  has  been  calculated,  and  i ts  l inear i ty  tes ted ,  
showing t h a t  there  is a l inear regression be tween  r C B F  
and ~ of R I S A ;  the  coefficient  of corre la t ion is 0.91. (2) 
Confidence l imits  (p < 0.05) of the  regression line and tol- 
erance l imits  (p < 0.05) of expec ted  C B F  values, for any  

observed,  have  also been  calculated,  and  are graphical ly  
represen ted  in the  Figure.  A wide range of values  of CBF 
can be expec ted  for any  observed values  of ~. To give an 
example ,  a g of 5 sec (1/3 �9 100 = 20 on the  ordina te  of t he  
Figure) to lera tes  C B F  values ranging  f rom 24-46 ml/100 
g/min.  

These resul ts  p rove  t h a t  t he  m e a n  t r ans i t  t ime in 
cerebral  vessels of a bolus of non-diffusible  indica tor  is a 
l inear,  t h o u g h  approx ima te ,  index  of regional  cerebral  
blood flow. 

Riassunto. I1 Ilusso sanguigno cerebrale ~ s ta to  misura to  
con il me todo  delia clearance regionale del K r  sS. I valori  
del  flusso sono s ta t i  conf ron ta t i  con le misure del t empo  
medio di t r ans i to  di r ad ioa lbumina  nella s tessa regione 
cerebrale.  ]~ s t a t a  d imos t r a t a  una  correlazione significa- 
t iva  t ra  le due serie di misure, e sono s taff  calcolati  i l imiti  
fiduciali  e di to l leranza per  la regressione.  
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