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ABSTRACT 

T h i s i n v e s t i g a t i o n c o n s i d e r e d the d i f f e r e n t i a t i o n 

t e n d e n c i e s o f s p e c i f i c a n t e r i o r - p o s t e r i o r r e g i o n s o f the 

n e u r a l p l a t e i n an a t tempt to e s t a b l i s h the r e g i o n a l 

d i f f e r e n t i a t i o n c a p a c i t y f o r Ambystoma g r a c i l e 

n e u r o e p i t h e l i u m . P r e s u m p t i v e n e u r a l t i s s u e s ( h i n d b r a i n and 

t r u n k s p i n a l - c o r d ) were i s o l a t e d from the embryo a t the t ime 

o f p r i m a r y i n d u c t i o n (stage 11) to p o s t - n e u r u l a t i o n (stage 19) 

and c u l t u r e d i n v i t r o a l o n e or w i t h c o m b i n a t i o n s o f a x i a l 

mesoderm (notochord and s o m i t e ) . 

P r i o r to p r i m a r y i n d u c t i o n (stage 11), the i s o l a t e d 

p r e s u m p t i v e n e u r o e p i t h e l i u m formed o n l y a t y p i c a l e p i d e r m i s . 

Immediate ly subsequent to t h i s i n d u c t i o n (stage 11) b o t h 

r e g i o n s ( h i n d b r a i n and t r u n k cord) demonstra ted u n o r g a n i z e d 

n e u r a l h i s t o g e n e s i s , w h i l e the f o r m a t i o n o f o r g a n i z e d n e u r a l 

t i s s u e appeared l a t e r (stage 12-14 i s o l a t e s ) . By s tage 15-16, 

the h i s t o g e n e s i s o f the i s o l a t e d h i n d b r a i n r e s e m b l e d t h a t o f 

the c o n t r o l , whereas the i s o l a t e d t r u n k c o r d o n l y formed a 

n e u r a l t u b e . The presence o f somite t i s s u e enhanced 

h i n d b r a i n d i f f e r e n t i a t i o n c o n s i d e r a b l y ; n o t o c h o r d was 

e f f e c t i v e to a l i m i t e d e x t e n t . The combined e f f e c t o f b o t h 

t i s s u e s on n e u r o g e n e s i s was g r e a t e r than w i t h somite a l o n e . 



The a d d i t i o n o f n o t o c h o r d t o t r u n k s p i n a l - c o r d enhanced 

h i s t o g e n e s i s t o a g r e a t e r e x t e n t than e i t h e r s o m i t e a l o n e 

o r the c o m b i n a t i o n o f n o t o c h o r d and s o m i t e . The t r u n k n e u r a l 

t i s s u e , whether a l o n e o r i n c o m b i n a t i o n w i t h mesoderm, never 

demonstrated normal s p i n a l - c o r d morphology and seemed t o 

d e v e l o p i n d e p e n d e n t l y o f t h e t i s s u e environment d u r i n g the 

l a t e n e u r u l a s t a g e s (16-19). The presence o f i n h e r e n t 

d i f f e r e n t i a t i o n t e n d e n c i e s w i t h i n the h i n d b r a i n and the 

t r u n k s p i n a l - c o r d , as w e l l as the p o s s i b l e r o l e o f the 

mesodermal t i s s u e i n c o n d i t i o n i n g t h e n e u r a l t i s s u e 

m i c r o e n v i r o n m e n t w i t h m e t a b o l i c p r e c u r s o r s , i s d i s c u s s e d . 
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INTRODUCTION 

" . . . i n the development o f the 
c e n t r a l n e r v o u s system the 
i n i t i a l i n d u c t i v e s t i m u l i a r e 
f o l l o w e d by a c h a i n o f secondary 
t i s s u e i n t e r a c t i o n s w h i c h l e a d 
to the f i n a l s e g r e g a t i o n o f the 
t i s s u e " (Saxen and T o i v o n e n , 1962, 
p . 221) . 

E x p e r i m e n t a l a n a l y s i s o f the " i n i t i a l s t i m u l i " 

r e v e a l e d t h a t the d o r s a l l i p t i s s u e o f the a m p h i b i a n g a s t r u l a 

evoked the f o r m a t i o n o f an embryonic a x i s (Spemann, 1938). 

Spemann o b s e r v e d t h a t the d o r s a l l i p t i s s u e , w h i l e i t s e l f 

d i f f e r e n t i a t i n g i n t o n o t o c h o r d , i n d u c e d the f o r m a t i o n o f a 

n e u r a l a x i s i n the o v e r l y i n g e p i t h e l i u m and b r o u g h t about 

c o n d e n s a t i o n o f mesoderm to form s o m i t e s . A s the mesodermal 

mant le (chorda-mesoderm) comes to u n d e r l y the p r e s u m p t i v e 

n e u r o e p i t h e l i u m i n the normal embryo, d i f f e r e n t i a t i o n 

t e n d e n c i e s o c c u r i n t h i s t i s s u e l e a d i n g to the r e g i o n a l i z a t i o n 

o f the n e r v o u s system f i . t e . , f o r m a t i o n o f f o r e b r a i n , 

h i n d b r a i n and t r u n k s p i n a l - c o r d ) . R e g i o n a l d i f f e r e n t i a t i o n 

o f the c e n t r a l nervous system ( C . N . S . ) i s b e l i e v e d to be the 

r e s u l t o f r e g i o n a l i n d u c t i v e c a p a c i t i e s o f the mesodermal 

mantle o f the l a t e g a s t r u l a and n e u r u l a (see r e v i e w s by 

H o l t f r e t e r and Hamburger, 1955; D a l c q , 1960; Saxen and 

T o i v o n e n , 1962). 
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E x t e n s i v e i n v e s t i g a t i o n o f the i n i t i a l 

i n t e r a c t i o n s o f n e u r a l i n d u c t i o n have l e a d to s e v e r a l t h e o r i e s . 

Yamada (1950) d i s c u s s e d r e g i o n a l i z a t i o n as a r e s u l t o f two 

i n t e r a c t i n g morphogenet ic g r a d i e n t s , d o r s o - v e n t r a l and 

c e p h a l o - c a u d a l . Nieuwkoop et. a l . 3 (1952) o b s e r v e d the 

a c t i v a t i o n o f n e u r o e p i t h e l i u m toward f o r e b r a i n d i f f e r e n t i a t i o n 

and the subsequent t r a n s f o r m a t i o n o f t h i s a c t i v a t e d e p i t h e l i u m 

towards more p o s t e r i o r d i f f e r e n t i a t i o n s (e.g., h i n d b r a i n and 

t r u n k s p i n a l - c o r d ) . T o i v o n e n (1958), on the o t h e r hand, 

i n d i c a t e d t h a t two s e p a r a t e f a c t o r s , one n e u r a l i z i n g and the 

o t h e r m e s o d e r m a l i z i n g can o p e r a t e i n d e p e n d e n t l y i n n e u r a l 

i n d u c t i o n , and the combined e f f e c t was r e p o r t e d (Saxen and 

T o i v o n e n , 1961) t o r e s u l t i n r e g i o n a l d i f f e r e n t i a t i o n o f 

the nervous s y s t e m . I t s h o u l d be emphasized t h a t the l a t t e r 

a u t h o r s employed heterogenous i n d i c a t o r s , i . e . , g u i n e a - p i g 

t i s s u e s and HeLa c e l l s , whereas Nieuwkoop et. a l . (1952) 

(see a l s o E y a l - G i l a d i , 1954; S a l a , 1955) used b o t h l i v e and 

dead a m p h i b i a n o r g a n i z e r t i s s u e i n t h e i r i n v e s t i g a t i o n s . The 

above has e s t a b l i s h e d , however, t h a t the u n d e r l y i n g mesoderm, 

d u r i n g g a s t r u l a t i o n , i n i t i a t e s events l e a d i n g to the 

r e g i o n a l d i f f e r e n t i a t i o n o f the o v e r l y i n g n e u r o e p i t h e l i u m . 

L i m i t e d a t t e n t i o n has been g i v e n to subsequent 

t i s s u e i n t e r a c t i o n s . Takaya (1955; 1956a, b) s t u d i e d the 
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neural-mesodermal i n t e r a c t i o n s d u r i n g r e g i o n a l i z a t i o n of the 

nervous system. In e x p l a n t s o f presumptive stage 16 trunk 

s p i n a l - c o r d , subsequent n e u r a l d i f f e r e n t i a t i o n s were shown 

to be dependent upon the presence or absence of mesoderm. 

In the complete absence of mesoderm the d i f f e r e n t i a t i n g 

n e u r a l mass demonstrated f o r e b r a i n c h a r a c t e r i s t i c s . By 

v a r y i n g the amount of mesoderm t i s s u e , h i n d b r a i n or s p i n a l -

c o r d c o u l d be o b t a i n e d i n these i s o l a t e s ( v i z . , loose 

mesenchyme and notochord —» h i n d b r a i n ; somite and 

notochord —* s p i n a l - c o r d ) . These r e s u l t s seem to c o n f i r m the 

p r e v i o u s o b s e r v a t i o n s of Nieuwkoop e t aJL. (1952) t h a t the 

i n t r i n s i c d i f f e r e n t i a t i o n tendency of the n e u r a l t i s s u e i s 

toward f o r e b r a i n s t r u c t u r e s and the presence of mesoderm 

transforms the t i s s u e toward more cau d a l s t r u c t u r e s . However, 

G a l l e r a (1958, 1959, 1960) presented evidence t h a t the 

i n t r i n s i c d i f f e r e n t i a t i o n tendency of i s o l a t e d rhombencephalon 

(stage 11) i s toward n e u r a l c r e s t d e r i v a t i v e s w i t h the 

a r c h e n c e p h a l i c i n f l u e n c e of the mesoderm appearing l a t e r i n 

time. 

The q u e s t i o n o f the c o n t r o l o f r e g i o n a l 

d i f f e r e n t i a t i o n i n the d e v e l o p i n g c e n t r a l nervous system, i n 

p a r t i c u l a r the c o n t r i b u t i o n o f both i n t r i n s i c f a c t o r s and 

e x t r i n s i c i n f l u e n c e s , has not been answered f u l l y . The r o l e 
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o f t h e mesoderm t i s s u e i n d i f f e r e n t i a t i n g s y s t e m s has b e e n 

d e m o n s t r a t e d ( s a l i v a r y g l a n d , G r o b s t e i n , 1953; k i d n e y , 

G r o b s t e i n a n d D a l t o n , 1957; f e a t h e r a n d s k i n , R a w l e s , 1955; 

l i m b , Z w i l l i n g , 1961, n o s e , e y e , a n d e a r , J a c o b s o n , 1963a, 

b, c; 1966) a n d t h i s t i s s u e s h o u l d be c o n s i d e r e d a s a 

p o s s i b l e f a c t o r i n t h e d e v e l o p m e n t o f t h e n e u r o e p i t h e l i u m . 

I t was t h e p u r p o s e o f t h i s i n v e s t i g a t i o n t o a n a l y z e 

t h e d i f f e r e n t i a t i o n c a p a c i t y o f t h e n e u r a l t i s s u e d u r i n g l a t e 

g a s t r u l a t i o n a n d n e u r u l a t i o n w i t h r e s p e c t t o t h e i n t r i n s i c 

n a t u r e o f t h e i n d u c e d t i s s u e a n d t h e p o s s i b l e m o d i f i c a t i o n o f 

d i f f e r e n t i a t i o n d u r i n g t h e s e s t a g e s b y t h e u n d e r l y i n g mesoderm. 

I n o r d e r t o e n s u r e a c o m p l e t e l y n e u t r a l e n v i r o n m e n t f o r t h e 

d e v e l o p i n g t i s s u e s , t h e e c t o d e r m a l s a n d w i c h o r v e s i c l e was 

employed. T h i s s y s t e m p r o v i d e s a f a v o r a b l e e n v i r o n m e n t f o r 

t h e d i f f e r e n t i a t i o n o f t i s s u e s a n d a l l o w s t h e e x p e r i m e n t e r t o 

c o n t r o l t h e components o f t h e e n v i r o n m e n t b y a d d i n g known 

t i s s u e s ( s e e a l s o Yamada, 1959; Landesman a n d D a l t o n , 1964). 
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MATERIALS AND METHODS 

The amphibian embryos u s e d i n t h i s i n v e s t i g a t i o n 

(Ambystoma g r a c i l e ( B a i r d ) ) were c o l l e c t e d l o c a l l y . The 

d e c a p s u l a t e d eggs , s t i l l i n t h e i r v i t e l l i n e membranes, were 

washed s e v e r a l t imes i n s t e r i l e pond water and t h e n m a i n t a i n e d 

a t 7 ° C i n s t e r i l e pond w a t e r . A n t i b i o t i c (15 mg/1 o f 

s t r e p t o m y c i n s u l f a t e ) was added to a l l s o l u t i o n s u s e d . 

The d e v e l o p m e n t a l s t a g e s o f the A . g r a c i l e embryos 

c o u l d be d e t e r m i n e d g r o s s l y b y comparing them w i t h the 

p u b l i s h e d s t a g i n g schemes f o r A . punctatum and T a r i c h a t o r o s a 

(Rugh, 1962). However, s u f f i c i e n t d i f f e r e n c e s e x i s t between 

the development o f these s p e c i e s and t h a t o f e a r l y A . g r a c i l e 

to w a r r a n t the p r e p a r a t i o n o f a s e p a r a t e s t a g i n g scheme 

(see F i g . 1 ) . The l a t t e r system was used i n s t a g i n g the 

embryos f o r t h i s i n v e s t i g a t i o n . 

To d e t e r m i n e the r e l a t i v e p o s i t i o n s d u r i n g 

g a s t r u l a t i o n o f i n v a g i n a t i n g chorda-mesoderm and p r o s p e c t i v e 

n e u r o e p i t h e l i u m , as w e l l as the p a t t e r n s of m i g r a t i o n o f 

s u p e r f i c i a l c e l l s i n A . g r a c i l e , the f o l l o w i n g p r o c e d u r e s were 

u s e d . A s e r i e s o f embryos v i z . , s tages 10-19, were f i x e d i n 

a 10% amphibian R i n g e r ' s s o l u t i o n , w i t h o u t c a r b o n a t e , 

c o n t a i n i n g 1.3% s u l f u r i c a c i d (Legname, 1964). T h i s p r o c e d u r e 

p e r m i t t e d g r o s s d i s s e c t i o n o f embryos w i t h o u t d i s t o r t i o n o f 



Figure 1. The normal stages i n the early development 
of Ambystoma g r a c i l e (Baird). 
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the t i s s u e l a y e r s . In o r d e r to o b s e r v e the m i g r a t i o n o f 

r e g i o n s w i t h i n the p r o s p e c t i v e n e u r o e p i t h e l i u m d u r i n g 

g a s t r u l a t i o n , a s e r i e s o f v i t a l s t a i n i n g exper iments were 

p e r f o r m e d . A s m a l l p i e c e o f c e l l o p h a n e , p r e v i o u s l y i n t e n s e l y 

s t a i n e d w i t h n i l e b l u e s u l f a t e (1%), was p l a c e d on the s u r f a c e 

o f a d e c a p s u l a t e d embryo and s e c u r e d f o r 3 0 minutes w i t h a 

g l a s s b r i d g e (Rugh, 1962) so t h a t the v i t a l s t a i n was 

t r a n s f e r r e d t h r o u g h the v i t e l l i n e membrane to the u n d e r l y i n g 

c e l l s . The s t a i n d i d n o t appear to d i f f u s e a p p r e c i a b l y e i t h e r 

i n t o the s u r r o u n d i n g medium or to c e l l s not i n d i r e c t c o n t a c t 

w i t h the c e l l o p h a n e . The marked embryos were then o b s e r v e d 

d a i l y and the p a t t e r n o f m i g r a t i o n o f the s t a i n e d 

n e u r o e p i t h e l i a l r e g i o n ( s ) was r e c o r d e d d i a g r a m m a t i c a l l y . 

The o p e r a t i v e p r o c e d u r e employed i n p r e p a r i n g the 

v a r i o u s exper iments i n v o l v e d removing r e g i o n s o f the 

p r e s u m p t i v e c e n t r a l nervous system ( h i n d b r a i n , and s p i n a l — 

cord) w i t h and w i t h o u t u n d e r l y i n g n o t o c h o r d and somite 

mesoderm o r b o t h . O p e r a t i o n s were performed i n a 

o p e r a t i n g - d i s h w i t h a waxed s u r f a c e c o n t a i n i n g s t e r i l e u r o d e l e 

o p e r a t i n g s o l u t i o n (Rugh, 1962) . The v i t e l l i n e membranes were 

removed u s i n g f i n e l y sharpened watchmakers ' f o r c e p s . The 

p o r t i o n s o f the embryo to be i s o l a t e d were i n c i s e d w i t h a 

sharpened s t e e l n e e d l e and p e e l e d from the embryo. The depth 
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o f c u t was v a r i e d b y whether u n d e r l y i n g t i s s u e was to be 

i n c l u d e d or n o t ; however, i n a l l c a s e s , a v i s u a l check was made 

to d e t e r m i n e w h i c h c e l l s or c e l l l a y e r s were i n c l u d e d i n each 

i s o l a t e , and unwanted c e l l s o r l a y e r s were removed w i t h h a i r 

l o o p s . The f o l l o w i n g c o m b i n a t i o n s were made: p r e s u m p t i v e 

rhombencephalon a l o n e (R), p r e s u m p t i v e rhombencephalon w i t h 

n o t o c h o r d ( R n t ) , p r e s u m p t i v e rhombencephalon w i t h somite (Rs) , 

p r e s u m p t i v e rhombencephalon w i t h b o t h n o t o c h o r d and somite 

t i s s u e ( R n t s ) ; p r e s u m p t i v e t r u n k s p i n a l - c o r d a l o n e ( T ) , 

p r e s u m p t i v e t r u n k c o r d w i t h n o t o c h o r d ( T n t ) , p r e s u m p t i v e 

t r u n k c o r d w i t h somite ( T s ) , or p r e s u m p t i v e t r u n k c o r d w i t h 

b o t h n o t o c h o r d and somite t i s s u e ( T n t s ) ( s e e F i g . 2 ) . In 

a d d i t i o n to these i s o l a t e s , c u l t u r e s o f u n i n d u c e d p r o s p e c t i v e 

n e u r o e p i t h e l i u m were p r e p a r e d . The e x c i s e d n e u r o e p i t h e l i u m , 

a l o n e o r w i t h u n d e r l y i n g o r added a x i a l t i s s u e s , e i t h e r was 

a l l o w e d to c u r l up, i n n e r s u r f a c e s a d h e r i n g , o r a p i e c e o f 

v e n t r a l ec toderm was added c o v e r i n g exposed i n n e r s u r f a c e s . 

In e i t h e r c a s e , the i s o l a t e was a l l o w e d to h e a l f o r 30 

minutes and then was t r a n s f e r r e d , as an e c t o d e r m a l v e s i c l e , 

to a s m a l l s t e r i l e F a l c o n p l a s t i c P e t r i d i s h (3 5x10 mm) 

c o n t a i n i n g u r o d e l e growing s o l u t i o n (Rugh, 1962). In 

a d d i t i o n , a s i m i l a r s e r i e s o f t i s s u e s was p r e p a r e d and 

i m m e d i a t e l y f i x e d i n C a r n o y ' s s o l u t i o n , and p r o c e s s e d f o r 



F i g u r e 2. D i a g r a m m a t i c r e p r e s e n t a t i o n o f t h e 
o p e r a t i v e p r o c e d u r e u s e d f o r t h e 
p r e p a r a t i o n o f e c t o d e r m a l v e s i c l e s . 

R. p r e s u m p t i v e r h o m b e n c e p h a l o n 
T. p r e s u m p t i v e t r u n k s p i n a l - c o r d 

n t . p r e s u m p t i v e n o t o c h o r d 
s. p r e s u m p t i v e s o m i t e 
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NTS 
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s e c t i o n i n g (see below) . C o n t r o l s c o n s i s t e d o f embryos o f 

the same d e v e l o p m e n t a l s tage and from the same egg mass, 

w h i c h were m a i n t a i n e d under s i m i l a r c o n d i t i o n s i n a l a r g e r 

P e t r i d i s h (60x15 mm). B o t h embryos and i s o l a t e d t i s s u e s were 

m a i n t a i n e d a t 13°c {- 2 ° C ) u n t i l the c o n t r o l embryos r e a c h e d 

s tage 40, a p p r o x i m a t e l y 20 d a y s . Stage 40 was used as an 

e n d p o i n t s i n c e the p a t t e r n and morphology o f the C . N . S . has 

r e a c h e d a p o i n t when subsequent development does n o t a l t e r 

e x i s t i n g s p a t i a l p a t t e r n s . D u r i n g the c u l t u r i n g p e r i o d , the 

v e s i c l e s were o b s e r v e d t w i c e (about the t e n t h day , when they 

a c h i e v e maximal growth, and the l a s t d a y ) , n o t i n g the 

g e n e r a l morphology o f the v e s i c l e f o r any e v i d e n c e o f 

i n d u c t i o n s (such as the p r e s e n c e o f a f i n ) . More than 1200 

v e s i c l e s were so p r e p a r e d and o v e r 60% remained v i a b l e 

t h r o u g h o u t the e n t i r e c u l t u r e p e r i o d . D u r i n g the p r e p a r a t i o n 

o f e c t o d e r m a l v e s i c l e s and the a n a l y s i s o f t h e i r subsequent 

d i f f e r e n t i a t i o n s , s t a g i n g o f e a r l y development was done to 

the h a l f s t a g e . However, the p r e s e n t a t i o n o f d a t a o b t a i n e d 

i s to the n e a r e s t whole s t a g e . 

A t the end o f the d e v e l o p m e n t a l p e r i o d , the v e s i c l e s 

and c o n t r o l s were f i x e d i n C a r n o y ' s s o l u t i o n ( a b s o l u t e e t h a n o l : 

c h l o r o f o r m : g l a c i a l a c e t i c a c i d ; 6 : 3 : 1 ) , embedded i n 

p a r a p l a s t , and s e c t i o n e d s e r i a l l y a t 5-7 m i c r o n s . The 
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s e c t i o n s were s t a i n e d r o u t i n e l y w i t h Chromatrope 2R 

( L i i s b e r g , 1962). Sections were hand drawn w i t h the a i d of 

a Bausch and Lomb m i c r o p r o j e c t o r . 
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RESULTS 

I V i t a l S t a i n i n g 

The v i t a l - s t a i n i n g exper iments e s t a b l i s h e d the 

f o l l o w i n g p o i n t s . The p r o s p e c t i v e c e n t r a l nervous system o f 

t h i s s p e c i e s a r i s e s from a r e g i o n i m m e d i a t e l y s u p e r i o r to 

the b l a s t o p o r e a t s tage 10% (see a l s o V o g t , 1929) . D u r i n g 

g a s t r u l a t i o n the s u p e r f i c i a l l a y e r (presumptive ectoderm) 

undergoes e p i b o l y so as e v e n t u a l l y to occupy the e n t i r e o u t e r 

s u r f a c e o f the embryo. As a d i r e c t r e s u l t o f t h i s movement, 

the p r o s p e c t i v e n e u r o e p i t h e l i u m i s ex tended to occupy the 

e n t i r e d o r s a l s u r f a c e by s t a g e 12. I t i s n o t u n t i l s tage 

I I - l l h t h a t the two r e g i o n s , p r o s p e c t i v e h i n d b r a i n and 

p r o s p e c t i v e t r u n k s p i n a l - c o r d , become s e p a r a t e and d i s t i n c t , 

and w h i c h can be v i t a l l y s t a i n e d o r m e c h a n i c a l l y i s o l a t e d . 

P r i o r to s tage 11 the n e u r a l p l a t e shows no such s p a t i a l 

s e p a r a t i o n s (see a l s o D a l c q , 1964) . F u r t h e r m o r e , the r e l a t i v e 

p o s i t i o n s e s t a b l i s h e d b y s t a g e 12 a r e n o t a l t e r e d by the 

events o c c u r r i n g d u r i n g subsequent n e u r o g e n e s i s , i . e . , n e u r a l 

f o l d f o r m a t i o n and c l o s u r e o f the t u b e , o t h e r than the 

c o n s i d e r a b l e e x t e n s i o n o f the t r u n k r e g i o n (see a l s o 

J a c o b s o n , 1962) . 
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From the above i n f o r m a t i o n and w i t h the a s s i s t a n c e 

o f the p u b l i s h e d f a t e maps o f p r e s u m p t i v e b r a i n r e g i o n s 

p r e p a r e d f o r A . mexicanum (Nieuwkoop et. a l . f 1955a, 1955b; 

j a c o b s o n , 1959, 1962; Nieuwkoop and van der G r i n t e n , 1961), 

a s e r i e s o f diagrams was p r e p a r e d i n d i c a t i n g the p o s i t i o n o f 

the p r o s p e c t i v e b r a i n r e g i o n s i n A . g r a c i l e a t s u c c e s s i v e 

d e v e l o p m e n t a l s t a g e s . ( F i g . 3 ) . 

I I T i s s u e R e l a t i o n s h i p s d u r i n g G a s t r u l a t i o n and 
N e u r o g e n e s i s 

A . G r o s s D i s s e c t i o n 

A r e p r e s e n t a t i v e d e v e l o p m e n t a l s e r i e s o f A . g r a c i l e 

embryos, f i x e d i n s u l f u r i c a c i d , was examined by g r o s s 

d i s s e c t i o n and the r e s u l t s a re p r e s e n t e d i n F i g u r e 4. 

The p r o c e s s o f i n v a g i n a t i o n and e x t e n s i o n o f the 

p r e s u m p t i v e n o t o c h o r d , mesoderm and endoderm b e g i n s a t s tage 

10 and i s e s s e n t i a l l y c o m p l e t e d by s tage 12 ( F i g . 4; A - F ) . 

D u r i n g the e a r l i e r s tages o f g a s t r u l a t i o n (10-11) , r e g i o n s o f 

p r e s u m p t i v e n e u r o e p i t h e l i u m c o u l d be i d e n t i f i e d by c e r t a i n 

c h a r a c t e r i s t i c l a n d m a r k s . That i s , a t s tage 10 - 10%, two 

r e g i o n s o f ec toderm can be d i s t i n g u i s h e d ; one w h i c h i s 

u n i n d u c e d s i n c e i t i s n o t u n d e r l a i n by p r e c h o r d a l p l a t e , and 

another r e g i o n w h i c h has been i n d u c e d by the m i g r a t i n g 

p r e c h o r d a l p l a t e ( F i g . 4; A , B ) . A t s tage 10 3/4 t h r e e r e g i o n s 



F i g u r e 3. A s e r i e s o f f a t e maps i n d i c a t i n g r e l a t i v e 
p o s i t i o n s o f p r e s u m p t i v e rhombencephalon (R) 
and p r e s u m p t i v e t r u n k s p i n a l - c o r d (T) r e g i o n s 
d u r i n g the e a r l y s tages o f Ambystoma g r a c i l e 
development 
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F i g u r e 4. Diagrammatic r e p r e s e n t a t i o n of a mid-
s a g i t t a l s e c t i o n of the g a s t u l a stages 
of Ambystoma g r a c i l e 

a. archenteron 
b. b l a s t o c o e l 

pp. prechordal p l a t e endoderm 
cm. chorda-mesoderm- roof of archenteron 
yp. y o l k plug i n blastopore 
R. p o s i t i o n of presumptive rhombencephalon 
T. p o s i t i o n of presumptive trunk s p i n a l - c o r d 
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can be d i s t i n g u i s h e d ; (1) the u n i n d u c e d ec toderm, (2) the 

ectoderm u n d e r l a i n by p r e c h o r d a l p l a t e , a n d , f u r t h e r 

p o s t e r i o r l y , (3) the ectoderm w h i c h i s u n d e r l a i n by the 

a n t e r i o r chorda-mesoderm, the r o o f o f the a r c h e n t e r o n . A t 

s t a g e 11% the p r e s u m p t i v e n e u r a l ectoderm i s c o m p l e t e l y 

u n d e r l a i n by the a r c h e n t e r o n r o o f a n d , f rom the a u t h o r ' s 

knowledge o f the p r e v i o u s v i t a l s t a i n i n g r e s u l t s , the 

e c t o d e r m a l r e g i o n s w h i c h c o r r e s p o n d to the two r e g i o n s o f the 

f u t u r e C - N . S . i . e . , the h i n d b r a i n and the t r u n k s p i n a l c o r d , 

can now be i d e n t i f i e d (see F i g . 4, E - H ) . 

B . H i s t o l o g i c a l A n a l y s i s o f N e u r a l and U n d e r l y i n g 
Mesodermal T i s s u e s 

The t i s s u e r e l a t i o n s h i p s d u r i n g g a s t r u l a t i o n and 

n e u r o g e n e s i s were s t u d i e d by m i c r o d i s s e c t i o n i n the l i v i n g 

embryo as w e l l as by s t u d y i n g s e r i a l s e c t i o n s o f o p e r a t i v e 

r e g i o n s , f i x e d i m m e d i a t e l y upon removal f rom the embryo. 

These two methods p r o v i d e d the f o l l o w i n g i n f o r m a t i o n 

u n a v a i l a b l e as such i n the l i t e r a t u r e e x c e p t where n o t e d . 

P r i o r to s tage 11, the s u p e r f i c i a l n e u r o e p i t h e l i u m c o u l d be 

c l e a n l y removed from the embryo, t h a t i s , no p r e c h o r d a l p l a t e 

c e l l s a d h e r e d to o v e r l y i n g e p i t h e l i u m . A t s tage 11, the 

p r e s u m p t i v e a n t e r i o r n o t o c h o r d a l r e g i o n and the a s s o c i a t e d 

t h i n endodermal l a y e r (which t o g e t h e r form the r o o f o f the 



archenteron) underly about two-thirds of the neur a l r e g i o n . 

The i n v a g i n a t i n g mesoderm, which migrates on the t h i n 

endodermal roof of the archenteron l a t e r a l to the 

cephalo-caudal a x i s , i s f i r s t d i s t i n g u i s h a b l e only i n the 

p o s t e r i o r regions u n d e r l y i n g the presumptive trunk a t stage 11. 

This l a y e r advances a n t e r i o r l y by stage 12 approaching the 

border between the presumptive trunk and the presumptive 

h i n d b r a i n , while a t stage 13, i t u n d e r l i e s the l a t t e r r e g i o n 

completely. During stages 11 - 13, the presumptive notochord 

begins to concentrate cephalocaudally w i t h i n the archenteron 

roof to form a compact rod of c e l l s beneath the o v e r l y i n g 

ectoderm. As t h i s notochord condensation occurs, an 

in t i m a t e a s s o c i a t i o n between the condensing chorda c e l l s and 

the o v e r l y i n g presumptive neuroepithelium takes place 

p o s t e r i o r l y so that a completely clean removal of 

neuroepithelium from chorda could be obtained only by 

c a r e f u l l y t e a s i n g the l a y e r s apart. This a s s o c i a t i o n of 

notochord and n e u r a l t i s s u e became more and more i n t i m a t e 

a n t e r i o r l y throughout neurogenesis and the event was 

c o r r e l a t e d w i t h the outward appearance of a depression i n the 

m i d l i n e of the presumptive neuroepithelium. M i c r o s c o p i c 

examination of t h i s a s s o c i a t i o n revealed t h a t a s p a t i a l 

s e paration between the ectodermal and mesodermal l a y e r s 



became r e d u c e d , a n d seemed t o d i s a p p e a r , o n l y i n t h e r e g i o n 

b etween t h e n o t o c h o r d a n d o v e r l y i n g e c t o d e r m d u r i n g s t a g e s 

I I - 16. The o b s e r v a t i o n t h a t d u r i n g t h e e a r l i e r s t a g e s t h e 

e p i t h e l i u m i s more e a s i l y s e p a r a t e d b y m i c r o d i s s e c t i o n f r o m 

t h e u n d e r l y i n g n o t o c h o r a l t i s s u e s , t a k e n w i t h t h e above 

r e s u l t , i n d i c a t e s t h a t t h e o b s e r v e d t i s s u e s e p a r a t i o n i s n o t 

a f i x a t i o n a r t i f a c t . D u r i n g t h i s t i m e ( s t a g e s 12-16) t h e 

a d v a n c i n g s o m i t e mesoderm c o n d e n s e s a g a i n s t t h e c h o r d a b u t 

does n o t d e m o n s t r a t e t h e same i n t i m a t e r e l a t i o n s h i p w i t h t h e 

o v e r l y i n g e c t o d e r m a t n e u r o g e n e s i s a s does t h e c h o r d a 

( s e e a b o v e ) . E x a m i n a t i o n o f s e c t i o n s f r o m s t a g e 11 - 16 

r e v e a l e d t h a t t h e n e u r o e p i t h e l i u m i s p s e u d o s t r a t i f i e d 

c o l u m n a r , e x c e p t i n t h e a n t e r i o r m o s t r e g i o n s where i t i s 

s t r a t i f i e d w i t h t h e u p p e r l a y e r s o f c u b o i d a l ( s e e a l s o 

G i l l e t t e , 1944). The n e u r o e p i t h e l i u m i s w i t h o u t a p p a r e n t 

h i s t o g e n e s i s a l o n g t h e c e p h a l o - c a u d a l a x i s . 

I I I M o r p h o l o g y o f N o r m a l S t a g e 40 H i n d b r a i n a n d 
T r u n k S p i n a l - C o r d 

The a p p e a r a n c e o f a t y p i c a l s e c t i o n t h r o u g h t h e 

h i n d b r a i n r e g i o n i s s e e n i n F i g u r e 5. The ..rhombencephalon 

i s d i s t i n g u i s h a b l e f r o m a l l o t h e r r e g i o n s o f t h e a m p h i b i a n 

b r a i n b y v i r t u e o f i t s w i d e v e n t r i c l e , t h i n e p i t h e l i a l r o o f 

w i t h much t h i c k e r v e n t r a l w a l l s a n d t h e a s s o c i a t e d 



F i g u r e 5. A t y p i c a l s e c t i o n t h r o u g h a normal s tage 
40 embryo showing c h a r a c t e r i s t i c h i n d b r a i n 
morphology , b i l a t e r a l l y p o s i t i o n e d o t i c 
v e s i c l e s (OV), v e n t r a l n o t o c h o r d (NT) and 
a u d i t o r y g a n g l i a (G) . 

i n s e t : A Mauthner c e l l , a g i a n t n e u r a l 
c e l l i n the f l o o r o f the h i n d b r a i n . Note 
t h a t the w h i t e f i b r o u s c o a t demonstrates two 
l a y e r s ; a t h i n n e r l a y e r o f n e u r o f i b e r s r u n n i n g 
a t r i g h t a n g l e s to an o u t e r l o n g i t u d i n a l 
l a y e r (Traced f rom a p r o j e c t i o n ; s c a l e 
e q u a l s 0 .1 mm) 
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d o r s o - l a t e r a l l y p o s i t i o n e d o t i c ( a u d i t o r y ) v e s i c l e s . 

F u r t h e r m o r e , the two g i a n t c e l l s o f Mauthner ( M - c e l l s ) 

l o c a t e d a t the l e v e l o f the V I I I r o o t f i b e r s and V I I v i s c e r a l 

s e n s o r y r o o t ( H e r r i c k , 1914, 1948) c h a r a c t e r i z e the m e d u l l a 

o b l o n g a t a o r rhombencephalon o f Ambys toma and were f o u n d i n 

A . g r a c i l e c o n t r o l embryos (see F i g . 5 ) . The o u t e r w h i t e 

f i b e r c o a t c o m p r i s i n g the f l o o r o f the h i n d b r a i n p a r t l y 

c o n t a i n s l o n g i t u d i n a l f i b e r - t r a c t s ( E y a l - G i l a d i , 1954) . 

A t y p i c a l s e c t i o n t h r o u g h the t r u n k s p i n a l - c o r d 

r e g i o n s r e v e a l s (see a l s o B a l i n s k y , 1965) a t u b e , the l a t e r a l 

w a l l s b e i n g t h i c k e r than e i t h e r the r o o f o r the f l o o r 

( F i g . 6 ) . The w h i t e mat ter (or f i b e r s ) i s r e s t r i c t e d to the 

v e n t r o - l a t e r a l w a l l s and f i b e r s pass o u t to s e g m e n t a l l y 

a r r a n g e d s p i n a l g a n g l i a . The t r u n k n e u r a l tube shows g i a n t 

g a n g l i o n i c or R o h o n - B e a r d c e l l s a r r a n g e d s e g m e n t a l l y a l o n g 

the d o r s a l m i d - l i n e . These c o r r e s p o n d to a l a r g e e x t e n t to 

the segmented somite t i s s u e (Dushane, 1938) w h i c h i s 

j u x t a p o s e d to the l a t e r a l w a l l s o f the t r u n k s p i n a l - c o r d . 

The t r u n k r e g i o n i s c h a r a c t e r i z e d by the appearance o f a 

d o r s a l f i n w h i c h shows i n t e r n a l l y a l a d d e r - l i k e arrangement 

o f the mesenchymal and pigment c e l l s (see F i g . 6 ) . In the 

i s o l a t e s , f i n s were c o n s i d e r e d p r e s e n t o n l y when the 

i n t e r n a l mesenchyme p a t t e r n appeared s i m i l a r to the above . 



F i g u r e 6. S e c t i o n t h r o u g h the a n t e r i o r t r u n k r e g i o n 
o f a s tage 40 embryo. Note l a d d e r - l i k e 
arrangement o f mesenchyme c e l l s and f i b e r s 
f o r m i n g the core o f the d o r s a l f i n ( F ) . 
(Traced f r o m a p r o j e c t i o n ; s c a l e e q u a l s 0.1 mm) 

E . endoderm 
F . d o r s a l f i n 

N T . n o t o c h o r d 
S. somite m u s c l e 
T . t r u n k s p i n a l - c o r d 





IV R e s u l t s o f the O p e r a t i v e S e r i e s 

A . G e n e r a l C o n s i d e r a t i o n s 

B e f o r e p r e s e n t i n g the r e s u l t s o b t a i n e d i n each 

s e r i e s , a g e n e r a l c o n s i d e r a t i o n o f the c r i t e r i a u s e d i n t h i s 

i n v e s t i g a t i o n i s n e c e s s a r y . O n l y those v e s i c l e s r e m a i n i n g 

v i a b l e , t h a t i s showing no e v i d e n c e o f c e l l s l o u g h i n g o r 

c y t o l y s i s a t the end o f the d e v e l o p m e n t a l p e r i o d , were 

p r o c e s s e d f o r m i c r o s c o p i c e x a m i n a t i o n . F o r the purposes o f 

t h i s i n v e s t i g a t i o n the term n e u r a l h i s t o g e n e s i s r e f e r s to the 

appearance o f n e u r a l c e l l s , w h i c h a r e r e c o g n i z e d by the c e l l 

arrangement ( o r i e n t e d r a d i a l l y about a lumen) , n u c l e a r 

c h r o m a t i n p a t t e r n and s t a i n i n g a f f i n i t i e s o f these c e l l s as 

compared to normal c o n t r o l embryos. F u r t h e r m o r e , t h i s n e u r a l 

t i s s u e can be e i t h e r o r g a n i z e d , i . e . , p r e s e n t as a n e u r a l 

r e g i o n r e s e m b l i n g the h i n d b r a i n or f o r m i n g a n e u r a l t u b e - l i k e 

s t r u c t u r e (see F i g . 7 ) , o r p r e s e n t as an u n o r g a n i z e d n e u r a l 

mass e i t h e r r e m a i n i n g s o l i d o r c o n t a i n i n g numerous lumina 

( F i g . 8 ) . A c o n d i t i o n , w h i c h has been o b s e r v e d i n 

e x p e r i m e n t a l l y i n j u r e d b r a i n s as w e l l as i n c u l t u r e s o f 

n e u r a l t i s s u e , has been termed p o l y m y e l y (Townes and 

H o l t f r e t e r , 1955) . In b o t h o f these s i t u a t i o n s , i . e . , 

o r g a n i z e d o r u n o r g a n i z e d n e u r a l t i s s u e , n e u r a l f i b e r f o r m a t i o n 

( f i b r o g e n e s i s ) i s o b s e r v e d to o c c u r i n v a r y i n g amounts as p a r t 

o f n e u r a l h i s t o g e n e s i s . 



F i g u r e 7. Examples o f o r g a n i z e d n e u r a l h i s t o g e n e s i s 

A . s e c t i o n t h r o u g h an e c t o d e r m a l v e s i c l e 
d e m o n s t r a t i n g a h i n d b r a i n - l i k e m o r p h o l o g y . 
Note a s s o c i a t e d o t i c v e s i c l e (OV) and 
l o o s e mesenchyme (LM). (Traced f rom a 
p r o j e c t i o n ; s c a l e e q u a l s 0.1 mm). 

B . s e c t i o n t h r o u g h an e c t o d e r m a l v e s i c l e 
d e m o n s t r a t i n g n e u r a l t u b e - l i k e m o r p h o l o g y . 
Note s c a t t e r e d mesenchyme and pigment c e l l s , 

(melanophores) (P) . (Traced f rom a p r o j e c t i o n ; 
s c a l e e q u a l s 0.1 mm). 
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LM 

OV 



F i g u r e 8- S e c t i o n t h r o u g h an e c t o d e r m a l v e s i c l e 
d e m o n s t r a t i n g u n o r g a n i z e d n e u r a l 
h i s t o g e n e s i s . Note many l u m i n a . 
(Traced f rom a p r o j e c t i o n : 
s c a l e e q u a l s 0.1 mm). 





The f o l l o w i n g s p e c i f i c c r i t e r i a were used to 

c l a s s i f y the e x p e r i m e n t a l r e s u l t s : 1) the n e u r a l s t r u c t u r e ( s ) 

formed s h o u l d be m o r p h o l o g i c a l l y i d e n t i f i a b l e i n comparison 

w i t h c o r r e s p o n d i n g s t r u c t u r e s i n c o n t r o l embryos (see F i g . 7) 

and 2) the n e u r a l s t r u c t u r e s must occupy one h a l f or more o f 

the v e s i c l e ' s volume. 

The d a t a g a t h e r e d i n t h i s i n v e s t i g a t i o n a r e 

p r e s e n t e d i n b o t h t a b l e s and h i s t o g r a m s . The former a r e 

p r e s e n t e d to i n d i c a t e the t y p e s o f d i f f e r e n t i a t i o n s o b s e r v e d 

i n one v e s i c l e i s o l a t e d a t any g i v e n d e v e l o p m e n t a l s t a g e . 

The h i s t o g r a m s i n d i c a t e , i n p e r c e n t a g e s , the cases i s o l a t e d 

from each d e v e l o p m e n t a l s t a g e w h i c h p r e d o m i n a n t l y e x h i b i t one 

o f the f o l l o w i n g l e v e l s o f d i f f e r e n t i a t i o n : 1) o n l y 

a t y p i c a l e p i d e r m i s ; 2) u n o r g a n i z e d n e u r a l t i s s u e ; 3) 

o r g a n i z e d n e u r a l t i s s u e ; 4) a secondary i n d u c t i o n a s s o c i a t e d 

w i t h e i t h e r u n o r g a n i z e d or o r g a n i z e d n e u r a l t i s s u e . 

B . C o n t r o l S e r i e s 

U n i n d u c e d p r o s p e c t i v e n e u r o p i t h e l i u m (8 c a s e s ) , when 

i s o l a t e d and c u l t u r e d , always formed an i r r e g u l a r l y shaped 

e c t o d e r m a l v e s i c l e w h i c h upon h i s t o l o g i c a l e x a m i n a t i o n , 

r e v e a l e d o n l y u n d i f f e r e n t i a t e d or a t y p i c a l e p i d e r m i s (see 

a l s o H o l t f r e t e r , 1933, 1938) . F u r t h e r m o r e , these v e s i c l e s 

showed no v i s i b l e s i g n o f i n d u c t i o n w i t h o u t i n d u c e r 
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( B a r t h , 1941; H o l t f r e t e r , 1945), or l o c a l a c t i v a t i o n s , i . e . , 

s m a l l n e u r o i d p l a c o d e s i n s u p e r f i c i a l r e g i o n s o f the o u t e r 

v e s i c l e w a l l b r o u g h t about b y exposure to c u l t u r i n g medium 

( H o r i and Nieuwkoop, 19 55; S a l a , 1956). 

C . P r e s u m p t i v e Rhombencephal ic I s o l a t e s C u l t u r e d 
A l o n e (R) 

The r e s u l t s f o r t h i s s e r i e s a r e p r e s e n t e d i n T a b l e I 

and i n F i g u r e 9. 

Of the i s o l a t e s examined f rom s tage 11 (12 c a s e s ) , 

e i g h t cases d e v e l o p e d o n l y a s o l i d mass o f u n d i f f e r e n t i a t e d 

o r a t y p i c a l e p i d e r m i s , whereas f o u r cases showed, i n 

a d d i t i o n , a c e n t r a l l y l o c a t e d u n o r g a n i z e d n e u r a l mass. These 

l a t t e r cases demonstra ted a tendency f o r the s u p e r f i c i a l 

e p i d e r m i s to c o n t a i n r e g i o n s o f c u b o i d a l c e l l s , though 

d e v o i d o f a m i c r o s c o p i c a l l y v i s i b l e basement membrane. In 

a l l cases examined no e v i d e n c e o f any secondary n e u r a l 

d e r i v a t i v i e s , e . g . m e l a n o p h o r e s , c o u l d be s e e n . 

The i s o l a t e s examined f rom s tage 12 (3 2 cases) 

p r o d u c e d a l a r g e i n c r e a s e i n u n o r g a n i z e d n e u r a l h i s t o g e n e s i s 

showing a l a r g e r n e u r a l mass w i t h more lumina than i n the 

p r e v i o u s l y d e s c r i b e d s e r i e s . In a d d i t i o n , two i s o l a t e s 

d i f f e r e n t i a t e d w e l l o r g a n i z e d h i n d b r a i n s . O n l y one case 

appeared r e s t r i c t e d to f o r m i n g o n l y a t y p i c a l e p i d e r m i s , 

a l t h o u g h n i n e o t h e r s had some o f t h i s t i s s u e a s s o c i a t e d w i t h 
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TABLE I 

D i f f e r e n t i a t i o n i n Isolates of 
Presumptive Rhombencephalon Cultured Alone 

Total number A t y p i c a l Neural histogenesis Secondary 
Stage of Isolates epidermis unorganized organized inductions 

11 12 10 4 0 0 

12 32 10 29 2 0 

13 13 2 10 3 0 

14 17 2 11 6(1)* 1 

15 25 1 15(6) 10(5) 11 

16 19 0 9(7) 10(7) 14 

a. the number i n parenthesis (1) indicates that part of the 
t o t a l cases (6) showing an associated secondary induction. 



F i g u r e 9 - The h i s t o g e n e t i c p r o f i l e o f p r e s u m p t i v e 
rhombencephalon c u l t u r e d a l o n e (R) . 

| j a t y p i c a l e p i d e r m i s 

j—j u n o r g a n i z e d n e u r a l t i s s u e 

j* »| o r g a n i z e d n e u r a l t i s s u e 

secondary i n d u c t i o n s 
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the s u p e r f i c i a l e p i d e r m i s o f the v e s i c l e . The l a t t e r t i s s u e 

tended to be composed o f squamous a n d / o r c u b o i d a l c e l l s , 

w i t h mesenchymal c e l l s , p r o b a b l y d e r i v e d f rom the n e u r a l 

c r e s t , a d h e r i n g to the i n n e r s u r f a c e . The a t y p i c a l e p i d e r m i s 

a s s o c i a t e d w i t h these more d i f f e r e n t i a t e d v e s i c l e s was 

l i m i t e d to the most p e r i p h e r i a l p o r t i o n s , i . e . , f u r t h e r m o s t 

f rom the c e n t e r , o f the v e s i c l e s o u t e r w a l l . There were 

two cases n o t i n c l u d e d i n T a b l e I or F i g . 9 . These showed, 

i n a d d i t i o n to an a p p a r e n t l y u n o r g a n i z e d n e u r a l mass, the 

development and d i f f e r e n t i a t i o n o f a m o r p h o l o g i c a l l y 

r e c o g n i z a b l e e y e . The n e u r a l component, the o p t i c cup, 

and i n d u c e d e p i d e r m a l component, the l e n s , were b o t h p r e s e n t 

( F i g . 10) . 

The i s o l a t e s f rom s t a g e 13 (13 cases) demonstra ted 

n e u r a l h i s t o g e n e s i s w i t h a r e d u c t i o n i n the amount o f 

u n d i f f e r e n t i a t e d e p i d e r m i s w h i c h i s a s s o c i a t e d w i t h the 

v e s i c l e ' s s u p e r f i c i a l o u t e r l a y e r . I t s h o u l d be n o t e d t h a t , 

f r o m s tage 12 to s tage 13, the p e r c e n t a g e o f cases w h i c h 

showed an o r g a n i z e d h i n d b r a i n i n c r e a s e d f rom 6% to 23% and a 

c o r r e s p o n d i n g d e c r e a s e (from 91 to 77%) o c c u r r e d i n the 

u n o r g a n i z e d n e u r a l masses . 

Stage 14 i s o l a t e s (17 c a s e s ) , f o r the most p a r t , 

were s i m i l a r to the p r e v i o u s l y d e s c r i b e d cases e x c e p t f o r a 

s l i g h t i n c r e a s e i n the number w i t h o r g a n i z e d n e u r a l t i s s u e . 



F i g u r e 10. Two e c t o d e r m a l v e s i c l e s each d e m o n s t r a t i n g 
eye cup (EC) and l e n s (L) d i f f e r e n t i a t i o n 
w i t h a s s o c i a t e d u n o r g a n i z e d n e u r a l t i s s u e . 
(Traced f rom a p r o j e c t i o n ; s c a l e e q u a l s 0.1 mm) 
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Of the s i x cases d e v e l o p i n g a h i n d b r a i n , one had an 

a s s o c i a t e d o t i c v e s i c l e . 

The v e s i c l e s examined from stage 15 (25 cases) 

d e v e l o p e d a l a r g e r number o f secondary i n d u c t i o n s (11 cases) 

w h i c h were a s s o c i a t e d e q u a l l y w i t h u n o r g a n i z e d (6 cases) and 

o r g a n i z e d (5 cases) n e u r a l masses . The o r g a n i z e d n e u r a l system 

was the predominant d i f f e r e n t i a t i o n i n these i s o l a t e s . 

The i s o l a t e s f rom s tage 16 (19 cases) showed an 

e q u a l tendency to form e i t h e r an u n o r g a n i z e d or an o r g a n i z e d 

n e u r a l mass, b o t h o f w h i c h demonstra ted o t i c v e s i c l e s . A v e r y 

n o t i c e a b l e i n c r e a s e i n secondary i n d u c t i o n s o v e r the p r e v i o u s 

s tages was o b s e r v e d . 

In summary, i t s h o u l d be n o t e d t h a t , i n i t i a l l y 

(s tage 12) , the d i f f e r e n t i a t i o n o f n e u r a l t i s s u e i s l a r g e l y 

u n o r g a n i z e d (91%). The i s o l a t e s from subsequent s tages (13 - 16) 

show a r e d u c t i o n o f the u n o r g a n i z e d n e u r a l t i s s u e , a t f i r s t , 

w i t h a subsequent i n c r e a s e i n o r g a n i z e d n e u r a l t i s s u e 

(s tages 13 - 14) . W i t h the appearance o f o r g a n i z e d n e u r a l 

t i s s u e t h e r e i s a c o r r e s p o n d i n g i n c r e a s e i n the number o f cases 

showing o t i c v e s i c l e s (stages 14 - 16)(see F i g . 7 A ) . However, 

the number o f secondary i n d u c t i o n s a s s o c i a t e d w i t h u n o r g a n i z e d 

and o r g a n i z e d n e u r a l t i s s u e o c c u r r e d w i t h e q u a l f r e q u e n c y . 
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D . P r e s u m p t i v e Rhombencephalic I s o l a t e s C u l t u r e d w i t h 
A x i a l T i s s u e s 

The a x i a l t i s s u e s , n o t o c h o r d and s o m i t e , c o u l d be 

o b t a i n e d from two s i t e s a l o n g the a n t e r i o r - p o s t e r i o r a x i s o f 

the embryo: 1) d i r e c t l y beneath- the p r e s u m p t i v e t r u n k n e u r a l 

t i s s u e . No d i s c e r n a b l e d i f f e r e n c e s were d e t e c t e d i n the 

r e s u l t i n g n e u r a l o r mesodermal d i f f e r e n t i a t i o n s i n e i t h e r c a s e . 

F u r t h e r m o r e , the s tage o f the embryos d o n a t i n g a x i a l t i s s u e s 

sometimes d i d n o t c o r r e s p o n d to the s tage o f the n e u r o e p i t h e l i a l 

donor b u t , a g a i n , no d i f f e r e n c e s i n n e u r a l o r mesodermal 

d i f f e r e n t i a t i o n c o u l d be d e t e c t e d . The number o f v e s i c l e s 

i s o l a t e d from s tage 11 were i n s u f f i c i e n t and a r e n o t i n c l u d e d 

i n t h e s e r e s u l t s . 

1. P r e s u m p t i v e Rhombencephalon p l u s P r e s u m p t i v e 
N o t o c h o r d (Rnt) 

M i c r o s c o p i c e x a m i n a t i o n r e v e a l e d t h a t a l m o s t h a l f o f 

the i s o l a t e s p r e p a r e d f o r t h i s s e r i e s showed d i f f e r e n t i a t e d 

muscle t i s s u e . T h i s d i f f e r e n t i a t i o n was a t t r i b u t e d to an 

i n a b i l i t y to i s o l a t e p r e s u m p t i v e n o t o c h o r d a l m a t e r i a l f r e e from 

p r e s u m p t i v e somite mesodermal c e l l s . These cases were added to 

(and a r e c o n s i d e r e d w i t h ) the Rnts s e r i e s (see below) . However, 

the r e m a i n i n g cases (29) p r o v i d e d s u f f i c i e n t data f o r 

c o n s i d e r a t i o n (see T a b l e T I and F i g . 11) . I s o l a t e s from s tages 

12 and 13 demonstra ted n e u r a l h i s t o g e n e s i s , showing b o t h 

u n o r g a n i z e d and o r g a n i z e d types w i t h a l m o s t e q u a l f r e q u e n c y . 



TABLE I I 

D i f f e r e n t i a t i o n i n I s o l a t e s o f 
P r e s u m p t i v e Rhombencephalon c u l t u r e d w i t h 

P r e s u m p t i v e Notochord T i s s u e 

T o t a l number A t y p i c a l N e u r a l h i s t o g e n e s i s secondary melano-
Stage o f I s o l a t e s e p i d e r m i s u n o r g a n i z e d o r g a n i z e d i n d u c t i o n s phores 

12 8 2 5 3 0 0 

13 3 0 1 2 0 1 

14 4 0 2 2 ( 2 ) a 2 1 

15 8 0 2 6(6) 6 5 

16 4 0 0 4(4) 4 2 

a . the number i n p a r e n t h e s i s (2) i n d i c a t e s t h a t p a r t 
o f the t o t a l c a s e s (2) showing an a s s o c i a t e d secondary i n d u c t i o n . 



F i g u r e 11. The h i s t o g e n e t i c p r o f i l e of presumptive 
rhombencephalon c u l t u r e d w i t h presumptive 
notochord (Rnt) 

fj unorganized neural t i s s u e 

|*•[ organized n e u r a l t i s s u e 

secondary i n d u c t i o n s 
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S e v e r a l v e s i c l e s f rom s tage 12 showed s m a l l amounts o f 

p e r i p h e r a l l y l o c a t e d a t y p i c a l e p i d e r m i s d e v o i d o f a d h e r i n g 

mesenchyme, b u t the remainder o f the o u t e r v e s i c l e e p i t h e l i u m 

i n these and a l l o t h e r cases was squamous or c u b o i d a l , w i t h 

a d h e r i n g mesenchyme c e l l s . Of the f o u r cases examined a t s tage 

14, two had d i f f e r e n t i a t e d u n o r g a n i z e d n e u r a l t i s s u e w h i l e 

two demonstra ted o r g a n i z e d n e u r a l masses w i t h a s s o c i a t e d o t i c 

v e s i c l e s . E x a m i n a t i o n o f s t a g e 15 (8 cases) r e v e a l e d t h a t a 

l a r g e number o f i s o l a t e s (6) formed an o r g a n i z e d n e u r a l mass, 

a l l o f w h i c h had a s s o c i a t e d secondary i n d u c t i o n s . The 

r e m a i n i n g two cases formed o n l y u n o r g a n i z e d n e u r a l t i s s u e . 

A t s tage 16 a l l f o u r cases demonstra ted a h i n d b r a i n 

o r g a n i z a t i o n and a l s o showed o t i c v e s i c l e s . In a d d i t i o n , 

melanophores were f i r s t n o t e d i n a s tage 13 i s o l a t e and were 

f o u n d to be p r e s e n t i n most o f the subsequent i s o l a t e s examined. 

B e g i n n i n g a t s tage 14, the number o f cases showing 

h i n d b r a i n d i f f e r e n t i a t i o n s w i t h o t i c v e s i c l e s i n c r e a s e s f rom 

50% to 75% (stage 15) and to 100% by s tage 16. F u r t h e r m o r e , i n 

c o n t r a s t to the p r e v i o u s (R) s e r i e s these Rnt c u l t u r e s showed 

no secondary i n d u c t i o n s a s s o c i a t e d w i t h u n o r g a n i z e d n e u r a l 

t i s s u e . The a p p a r e n t d e c r e a s e i n the p e r c e n t a g e o f cases showing 

u n o r g a n i z e d n e u r a l t i s s u e i n i s o l a t e s from s tage 12 to s tage 

13, and the subsequent i n c r e a s e i n s tage 14 i s o l a t e s , p r o b a b l y 
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r e f l e c t s the r e d u c e d number o f c a s e s , and i s n o t thought to 

have any d e v e l o p m e n t a l s i g n i f i c a n c e . 

I t was f o u n d t h a t the d i f f e r e n t i a t e d n o t o c h o r d was 

l o c a t e d i n a ' v e n t a l ' or 1 v e n t r o - l a t e r a l * p o s i t i o n i n r e l a t i o n 

to the d i f f e r e n t i a t e d h i n d b r a i n i n n e a r l y a l l the e c t o d e r m a l 

v e s i c l e s examined i n t h i s s e r i e s ( F i g . 12 ) . The melanophores 

w h i c h d i f f e r e n t i a t e d i n t h i s s e r i e s (and i n a l l subsequent 

cases) were u s u a l l y d i s t r i b u t e d i n the l o o s e mesenchyme between 

the n e u r a l mass and the o u t e r v e s i c l e w a l l , a n d / o r were 

adhering to the inner surface of the l a t t e r , ftAelanophores were 

r a r e l y f o u n d w i t h i n a n e u r a l mass or on the e x t e r n a l s u r f a c e 

o f the v e s i c l e . 

2. P r e s u m p t i v e Rhombencephalon C u l t u r e d w i t h 
P r e s u m p t i v e Somite Mesoderm (Rs) 

The r e s u l t s o f t h i s s e r i e s a r e p r e s e n t e d i n T a b l e I I I 

and F i g u r e 13. 

A m a j o r i t y o f these i s o l a t e s demonstra ted the a b i l i t y 

to d e v e l o p o r g a n i z e d n e u r a l masses and secondary i n d u c t i o n s 

o c c u r r e d i n a l m o s t a l l o f these c a s e s . Compared to the 

p r e v i o u s (Rnt) s e r i e s , the secondary i n d u c t i o n s a r e e v i d e n t 

i n 40% o f the s tage 12 i s o l a t e s , 74% o f the s t a g e 14, and 

i n c r e a s e to 78% and 87% i n the s tage 15 and 16 i s o l a t e s , 

r e s p e c t i v e l y . A l i m i t e d number (10 out o f 41) showed o n l y an 

u n o r g a n i z e d n e u r a l mass w h i l e f o u r cases (10%) d e v e l o p e d o n l y 



F i g u r e 12. S e c t i o n t h r o u g h an e c t o d e r m a l v e s i c l e 
d e m o n s t r a t i n g h i n d b r a i n o r g a n i z a t i o n and 
a ' v e n t r a l ' n o t o c h o r d (NT) . ( T r a c e d from 
a p r o j e c t i o n ; s c a l e e q u a l s 0.1 mm) 





TABLE I I I 

D i f f e r e n t i a t i o n i n I s o l a t e s of 
P r e s u m p t i v e Rhombencephalon C u l t u r e d 

W i t h P r e s u m p t i v e Somite T i s s u e 

T o t a l number A t y p i c a l N e u r a l h i s t o g e n e s i s Secondary M e l a n o - N e p h r i c 
Stage o f i s o l a t e s e p i d e r m i s u n o r g a n i z e d o r g a n i z e d i n d u c t i o n s phores muscle t u b u l e s 

12 10 0 5 ( D a 5(3) 4 4 0 3 

13 6 0 3 3(3) 3 1 1 2 

14 8 0 1 7(6) 6 3 0 3 

15 9 0 3(2) 6(5) 7 5 3 3 

16 8 0 1 7(7) 1 5 4 3 

a . the number i n p a r e n t h e s i s (1) i n d i c a t e s t h a t p a r t o f the 
t o t a l c a s e s (5) showing an a s s o c i a t e d secondary i n d u c t i o n . 

00 



F i g u r e 13. The h i s t o g e n e t i c p r o f i l e of presumptive 
rhombencephalon c u l t u r e d w i t h presumptive 
somite mesoderm (Rs). 
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h i n d b r a i n o r g a n i z a t i o n w i t h no secondary i n d u c t i o n s . Of the 

number o f cases showing secondary i n d u c t i o n s (24) o n l y t h r e e a r e 

a s s o c i a t e d w i t h u n o r g a n i z e d n e u r a l t i s s u e . 

O n l y e i g h t o f the 41 cases demonstra ted any d e f i n i t e 

muscle t i s s u e w h i l e the r e m a i n i n g cases r e v e a l e d l a r g e masses 

o f y o l k y c e l l s r e p r e s e n t i n g the u n d i f f e r e n t i a t e d somite t i s s u e . 

T h i s o b s e r v a t i o n i s i n agreement w i t h those o f Muchmore (1958; 

1964) i n d i c a t i n g the i n h i b i t o r y r o l e o f the b r a i n on muscle 

h i s t o g e n e s i s . In a d d i t i o n t o , and i n some cases i n s t e a d o f , 

muscle h i s t o g e n e s i s , the d i f f e r e n t i a t i o n o f n e p h r i c t u b u l e s 

was o b s e r v e d ( F i g . 14 ) . These t u b u l e s , o r i g i n a t i n g from the 

somite mesoderm (Yamada, 1937; Muchmore, 1957; F i n n e g a n , 1961), 

a r e c h a r a c t e r i z e d by the a c i d o p h i l i c s t a i n i n g o f the c y t o p l a s m 

and the s e r i e s o f t h i n c o n v o l u t e d t u b u l e s . 

In a l l the cases examined i n t h i s s e r i e s , the somite 

t i s s u e (whether u n d i f f e r e n t i a t e d , o r d i f f e r e n t i a t e d as muscle 

o r n e p h r i c t u b u l e s ) was f o u n d ' v e n t r a l ' and ' l a t e r a l ' o r b o t h , 

to the h i n d b r a i n . In the case o f u n o r g a n i z e d n e u r a l t i s s u e , no 

a x i s c o u l d be e s t a b l i s h e d b u t the added t i s s u e s were l i m i t e d 

i n t h e i r d i s t r i b u t i o n and u s u a l l y apposed to one s i d e o f the 

n e u r a l mass. 



F i g u r e 14- An ectodermal v e s i c l e demonstrating 
nephric tubule d i f f e r e n t i a t i o n . Note 
a l s o d i f f e r e n t i a t e d h i n d b r a i n w i t h an 
a s s o c i a t e d o t i c v e s i c l e (OV). (Traced 
from a p r o j e c t i o n ; s c a l e equals 0.1 mm) 
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3. P r e s u m p t i v e Rhombencephalon C u l t u r e d w i t h 
P r e s u m p t i v e N o t o c h o r d and P r e s u m p t i v e Somite 
T i s s u e s ( R n t s ) . 

The r e s u l t s o f t h i s s e r i e s a re p r e s e n t e d i n T a b l e IV 

and F i g u r e 15. Of 57 v e s i c l e s p r e p a r e d f o r t h i s s e r i e s , 47 

p r o d u c e d an o r g a n i z e d n e u r a l mass and 90% o f these cases showed 

a s s o c i a t e d o t i c v e s i c l e s . Of the 10 cases showing o n l y 

u n o r g a n i z e d n e u r a l masses , h a l f a l s o had o t i c v e s i c l e s . In 

c o n t r a s t to the somite added (Rs) s e r i e s , a l l o f the Rnts 

v e s i c l e s demonstra ted muscle h i s t o g e n e s i s . Muchmore (1958, 1964) 

demonstra ted the i n h i b i t o r y r o l e o f b r a i n t i s s u e as compared 

w i t h t r u n k n e u r a l t i s s u e on somite h i s t o g e n e s i s , w h i l e n o t i n g 

the enhancement o f muscle h i s t o g e n e s i s when n o t o c h o r d and t r u n k 

n e u r a l t i s s u e a r e combined. The p r e s e n t o b s e r v a t i o n s a l s o show 

t h a t p r e s u m p t i v e h i n d b r a i n t i s s u e i n h i b i t s muscle h i s t o g e n e s i s 

and t h a t the a d d i t i o n o f n o t o c h o r d seems to n e u t r a l i z e t h i s 

e f f e c t o f b r a i n t i s s u e , thus a l l o w i n g muscle h i s t o g e n e s i s to 

o c c u r i n these i s o l a t e s . The d i f f e r e n t i a t i o n o f n e p h r i c t u b u l e s 

was l i m i t e d to a few c a s e s . In many o f the cases examined i n 

t h i s s e r i e s , a few l a r g e f i b r o u s c e l l s w i t h i n the c e l l u l a r mass 

o f the h i n d b r a i n were e v i d e n t b u t these c e l l s were n o t a s s o c i a t e d 

w i t h any r e c o g n i z a b l e g a n g l i a and c o u l d not be i d e n t i f i e d 

p o s i t i v e l y as Mauthner c e l l s . In two cases (s tage 11% and 12% 



TABLE IV 

D i f f e r e n t i a t i o n i n I s o l a t e s o f 
P r e s u m p t i v e Rhombencephalon C u l t u r e d With 

P r e s u m p t i v e N o t o c h o r d and Presumptive Somite T i s s u e s . 

T o t a l number A t y p i c a l N e u r a l h i s t o g e n e s i s Secondary M e l a n o - N e p h r i c 
Stage o f i s o l a t e s e p i d e r m i s u n o r g a n i z e d o r g a n i z e d i n d u c t i o n s phores M u s c l e t u b u l e s 

12 17 4 4 ( 2 ) a 13 (12) 14 13 17 1 

13 9 1 2 7(7) 7 6 9 2 

14 5 0 0 5(3) 3 5 5 0 

15 11 0 1 ( D 10(9) 10 11 11 2 

16 14 0 3(2) 11(10) 12 13 14 5 

a . the number i n p a r e n t h e s i s (2) i n d i c a t e s t h a t p a r t o f the 
t o t a l cases (4) showing an a s s o c i a t e d secondary i n d u c t i o n 



F i g u r e 15. The h i s t o g e n e t i c p r o f i l e of presumptive 
rhombencephalon c u l t u r e d w i t h presumptive 
notochord and presumptive somite t i s s u e s . 
(Rnts) 

unorganized n e u r a l t i s s u e 

organized n e u r a l t i s s u e 

secondary i n d u c t i o n s 
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i s o l a t e s ) , the l e v e l o f n e u r a l h i s t o g e n e s i s and o r g a n o g e n e s i s 

w i t h a s s o c i a t e d o t i c v e s i c l e s approached t h a t seen i n the n o r m a l 

embryo ( F i g . 16) . 

In a l l o f the cases examined the n o t o c h o r d assumed a 

' v e n t r a l ' p o s i t i o n w i t h r e s p e c t to the d i f f e r e n t i a t e d h i n d b r a i n 

and the muscle t i s s u e was s p r e a d o u t l a t e r a l l y f rom the 

n o t o c h o r d ( e . g . F i g . 16 ) . In those cases h a v i n g u n o r g a n i z e d 

n e u r a l masses , the n o t o c h o r d and somite t i s s u e s showed a 

normal r e l a t i o n s h i p w i t h each o t h e r , b o t h t e n d i n g to o r i e n t 

to one s i d e o f the n e u r a l mass. 

E . P r e s u m p t i v e Trunk S p i n a l - C o r d I s o l a t e s C u l t u r e d 
A l o n e (T) 

The r e s u l t s o f t h i s s e r i e s a r e p r e s e n t e d i n T a b l e V 

and F i g . 17. Of the 15 i s o l a t e s p r e p a r e d from s tage 11, e i g h t 

d e v e l o p e d as an e n t i r e l y s o l i d mass o f a t y p i c a l e p i d e r m i s 

w h i l e the r e m a i n i n g seven demonstra ted an u n o r g a n i z e d n e u r a l 

h i s t o g e n e s i s . In these l a t t e r cases a s u p e r f i c i a l c u b o i d a l 

l a y e r a l s o d i f f e r e n t i a t e d a l t h o u g h some p o r t i o n s o f the 

e p i d e r m i s s t i l l remained a t y p i c a l . Two a d d i t i o n a l cases a r e 

not i n c l u d e d i n T a b l e V s i n c e they each d i f f e r e n t i a t e d an 

u n o r g a n i z e d n e u r a l mass w i t h an a s s o c i a t e d e y e . The eye 

p o s s e s s e d an o p t i c cup and l e n s . 

The i s o l a t e s examined from s tage 12 (17 cases) 

showed an i n c r e a s e over the p r e v i o u s s tage i n the number 



F i g u r e 16. S e c t i o n through an ectodermal v e s i c l e 
demonstrating normal h i n d b r a i n morphology. 
Note that o t i c v e s i c l e s and notochord are 
o r i e n t e d 'normally' w i t h respect to the 
h i n d b r a i n . (Traced from a p r o j e c t i o n , 
s c a l e equals 0.1 mm). 
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TABLE V 

D i f f e r e n t i a t i o n i n I s o l a t e s of 
Presumptive Trunk S p i n a l - C o r d C u l t u r e d Alone 

T o t a l number A t y p i c a l Neural h i s t o g e n e s i s Secondary Melano-
Stage o f i s o l a t e s epidermis unorganized h i n d b r a i n n e u r a l tube i n d u c t i o n s phores 

11 12 7 5 0 0 0 0 

12 17 7 1 4 ( l E ) a 3 0 1 4 

13 25 1 21(3E) 3 (2E) b 3 5 12 

14 20 1 13 3 4 0 18 

15 21 2 14(2E) 3 c 7(2F) 4 20 

16 19 0 9 7 b 4 (IE) 1 17 

17 8 0 1 2 (IE) 5 1 8 

18 8 0 2 1 b 6 (IF) 1 8 

19 13 0 4 2 7(2F) 2 13 

a. The number i n p a r e n t h e s i s (1) i n d i c a t e s t h a t p a r t of the t o t a l cases 
(14) showing an a s s o c i a t e d secondary i n d u c t i o n and the l e t t e r i n d i c a t e s the 
c l a s s o f i n d u c t i o n ; E, o t i c v e s i c l e ; F, F i n . 
b. i n c l u d e s one case which demonstrated both types o f organized n e u r a l t i s s u e . 
c. i n c l u d e s t h r e e cases which demonstrated both types of org a n i z e d n e u r a l 
t i s s u e . 



F i g u r e 17. The h i s t o g e n e t i c p r o f i l e of presumptive 
trunk s p i n a l - c o r d c u l t u r e d alone (T). 

j | a t y p i c a l epidermis 

|—| unorganized n e u r a l t i s s u e 

| » » J organized neu r a l t i s s u e 

secondary i n d u c t i o n s 
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f o r m i n g an u n o r g a n i z e d n e u r a l mass. H a l f o f the v e s i c l e s 

e v i d e n c e d l i m i t e d amounts o f p e r i p h e r a l l y l o c a t e d a t y p i c a l 

e p i d e r m i s , and a s m a l l number ( three cases) showed an o r g a n i z e d 

n e u r a l mass o f h i n d b r a i n - l i k e morphology . One i s o l a t e , 

h a v i n g an u n o r g a n i z e d n e u r a l mass d i f f e r e n t i a t e d an o t i c 

v e s i c l e . One v e s i c l e d i f f e r e n t i a t e d a m o r p h o l o g i c a l l y 

r e c o g n i z a b l e eye s t r u c t u r e and was d i s c a r d e d . A b o u t 2 5% o f the 

o b s e r v e d cases r e v e a l e d the d i f f e r e n t i a t i o n o f m e l a n o p h o r e s . 

The s tage 13 i s o l a t e s (25 cases) r e v e a l e d 21 

v e s i c l e s showing an u n o r g a n i z e d n e u r a l mass o f w h i c h t h r e e had 

an a s s o c i a t e d o t i c v e s i c l e . There were f i v e v e s i c l e s w h i c h 

demonstra ted o r g a n i z e d n e u r a l masses . Two formed a h i n d b r a i n 

and a l s o p o s s e s s e d o t i c v e s i c l e s , two showed a t u b e - l i k e 

n e u r a l s t r u c t u r e , i . e . u n i t s w i t h one lumen and w i t h w a l l s o f 

more or l e s s even t h i c k n e s s (see F i g . 7B) , and one case had 

d e v e l o p e d b o t h . A p p r o x i m a t e l y 50% o f these s tage 13 cases 

d i f f e r e n t i a t e d n e u r a l c r e s t as e v i d e n c e d b y the appearance 

o f m e l a n o p h o r e s . 

The m a j o r i t y o f v e s i c l e s i s o l a t e d from s tage 14 (13 

o u t o f 20) demonstra ted an u n o r g a n i z e d n e u r a l mass, a n d , o f 

the seven w h i c h formed o r g a n i z e d n e u r a l t i s s u e , t h r e e were 

h i n d b r a i n and f o u r were t u b e - l i k e . There were no secondary 

i n d u c t i o n s , b u t an i n c r e a s e d number (9 0% o f these cases) 

demonstra ted m e l a n o p h o r e s . 



50 

E x a m i n a t i o n o f the 21 cases i s o l a t e d from s tage 15 

i n d i c a t e d t h a t 14 demonstra ted u n o r g a n i z e d n e u r a l t i s s u e , 

w i t h 2 i s o l a t e s d i f f e r e n t i a t i n g o t i c v e s i c l e s . Of the 

r e m a i n i n g seven c a s e s , f o u r were n e u r a l t u b e - l i k e , w i t h f i n s , 

and t h r e e demonstra ted h i n d b r a i n - l i k e and n e u r a l t u b e - l i k e 

n e u r a l masses . The number o f cases showing melanophores was 

20 (9 5%). 

The s tage 16 i s o l a t e s demonstra ted an e q u a l tendency 

to f o r m b o t h u n o r g a n i z e d and o r g a n i z e d n e u r a l t i s s u e . Among 

the cases o f o r g a n i z e d n e u r a l t i s s u e , s i x showed h i n d b r a i n 

t h r e e formed a n e u r a l tube and one had b o t h types o f n e u r a l 

s t r u c t u r e s . O n l y one case o f f i n i n d u c t i o n (see F i g . 18) was 

o b s e r v e d i n a v e s i c l e h a v i n g a n e u r a l t u b e - l i k e s t r u c t u r e , b u t 

90% o f a l l the cases had m e l a n o p h o r e s . 

The m a j o r i t y o f the v e s i c l e s i s o l a t e d from s tage 17 

(7 out o f 8 cases) demonstra ted an o r g a n i z e d n e u r a l mass; two 

p o s s e s s e d a h i n d b r a i n and f i v e showed n e u r a l tube morphology . 

One case had d e v e l o p e d a h i n d b r a i n - l i k e mass w i t h a s s o c i a t e d 

o t i c v e s i c l e s . In t h i s g r o u p , a l l cases demonstra ted 

m e l a n o p h o r e s . 

O n l y two o f the s t a g e 18 i s o l a t e s (8 cases) f a i l e d 

to d i f f e r e n t i a t e an o r g a n i z e d n e u r a l mass. The predominant 

n e u r a l s t r u c t u r e to appear was a n e u r a l tube and two o f these 



F i g u r e 18. An example of f i n formation i n an 
ectodermal v e s i c l e w i t h a n e u r a l t u b e - l i k e 
d i f f e r e n t i a t i o n . Note l a d d e r - l i k e 
arrangement of mesenchyme c e l l s and f i b e r s 
i n core of f i n . (Traced from a p r o j e c t i o n ; 
s c a l e equals 0.1 mm). 
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cases e v i d e n c e d a f i n - l i k e d i f f e r e n t i a t i o n . O n l y one case 

showed b o t h a h i n d b r a i n - l i k e and n e u r a l t u b e - l i k e 

o r g a n o g e n e s i s . As i n the s t a g e 17 i s o l a t e s , a l l v e s i c l e s 

d e v e l o p e d m e l a n o p h o r e s . 

The s t a g e 19 i s o l a t e s were s i m i l a r to the s tage 18 

s e r i e s d e s c r i b e d above , a l t h o u g h the p e r c e n t a g e s o f v e s i c l e s 

f a l l i n g i n t o each c a t e g o r y v a r i e d somewhat (see F i g . 17 ) . 

The s tage 19 i s o l a t e s demonstra ted an i n c r e a s e i n the number 

o f cases o f u n o r g a n i z e d n e u r a l t i s s u e and a c o r r e s p o n d i n g 

d e c r e a s e i n o r g a n i z e d n e u r a l t i s s u e s , c o n t r a r y to e x p e c t e d 

r e s u l t s . These p a t t e r n s a r e e s t a b l i s h e d i n the l a t t e r 

s tages (17., 18, 19) . 

A comparison between t h i s s e r i e s and the R a l o n e 

s e r i e s (see F i g s . 17 and 9, r e s p e c t i v e l y ) r e v e a l s t h a t b o t h 

s'how a l a r g e p e r c e n t a g e o f cases c o n t a i n i n g u n o r g a n i z e d n e u r a l 

t i s s u e i n i t i a l l y (s tages 11 - 13) , w h i l e the l a t e r i s o l a t e s 

(s tages 14 - 16) show an i n c r e a s e i n o r g a n i z e d n e u r a l t i s s u e 

w i t h a c o r r e s p o n d i n g d e c r e a s e i n u n o r g a n i z e d s t r u c t u r e s . 

In summary; the d i f f e r e n t i a t i o n tendency o f 

p r e s u m p t i v e t r u n k s p i n a l c o r d i s l a r g e l y f o r u n o r g a n i z e d 

n e u r a l t i s s u e (stages 11 - 15) , w h i l e the l a t e r s tages show 

an i n c r e a s e i n the number o f cases w i t h a n e u r a l t u b e - l i k e 

c o n f i g u r a t i o n . None o f the 36 i s o l a t e s i n t h i s s e r i e s w h i c h 



53 

d i f f e r e n t i a t e d a n e u r a l - t u b e - l i k e mass demonstra ted the 

c h a r a c t e r i s t i c morphology o f the s p i n a l c o r d seen i n the 

normal embryo. Throughout the e n t i r e s e r i e s , however, numerous 

cases a l s o demonstra ted h i n d b r a i n morphology , and o t i c 

v e s i c l e s were f o u n d a s s o c i a t e d w i t h e i t h e r u n o r g a n i z e d o r 

h i n d b r a i n - o r g a n i z e d n e u r a l t i s s u e (except i n one c a s e ) . A l l 

cases o f f i n i n d u c t i o n were f o u n d i n c o n j u n c t i o n w i t h t u b e - l i k e 

n e u r a l masses . E v i d e n c e has i n d i c a t e d a d i r e c t r e l a t i o n s h i p 

between n e u r a l c r e s t d i f f e r e n t i a t i o n and f i n i n d u c t i o n 

( T w i t t y and B o d e n s t e i n , 1941; B o d e n s t e i n , 1952) . In t h i s 

i n v e s t i g a t i o n a v e r y l a r g e p e r c e n t a g e o f cases demonstra ted 

melanophores ; however, few f i n s d e v e l o p e d . 

F . P r e s u m p t i v e Trunk S p i n a l - C o r d C u l t u r e d w i t h 
A x i a l T i s s u e s 

The a x i a l t i s s u e s added to the i s o l a t e d p r e s u m p t i v e 

s p i n a l c o r d were t a k e n f rom the r e g i o n u n d e r l y i n g the 

i s o l a t e d n e u r a l t i s s u e . T h i s p r o c e d u r e c o u l d be a c c o m p l i s h e d 

e i t h e r by i s o l a t i n g the n e u r a l t i s s u e a l o n e and a d d i n g the 

u n d e r l y i n g t i s s u e i n whatever c o m b i n a t i o n d e s i r e d , or by 

e x c i s i n g the n e u r a l t i s s u e t o g e t h e r w i t h u n d e r l y i n g mesoderm, 

and then removing unwanted c e l l s or c e l l l a y e r s . In e i t h e r 

c a s e , the e x p e r i m e n t a l system r e v e a l e d no d e t e c t a b l e 

d i f f e r e n c e s i n the r e s u l t s . 
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1. P r e s u m p t i v e Trunk S p i n a l C o r d C u l t u r e d w i t h 
P r e s u m p t i v e N o t o c h o r d (Tnt) 

The r e s u l t s o f t h i s s e r i e s a r e p r e s e n t e d i n T a b l e VI 

and F i g . 19. A l a r g e p e r c e n t a g e (almost 75%) o f these cases 

r e v e a l e d the d i f f e r e n t i a t i o n o f muscle t i s s u e . I t i s f e l t 

t h a t t h i s t i s s u e c o u l d a r i s e e i t h e r from c e l l s m e c h a n i c a l l y -

i n t r o d u c e d a l o n g w i t h the n o t o c h o r d t i s s u e , or as a 

d i f f e r e n t i a t i o n from the more p o s t e r i o r r e g i o n s o f the t r u n k 

n e u r a l p l a t e (see F o r d , 1949), a s m a l l p o r t i o n o f w h i c h may 

have been i n c l u d e d i n each o f these i s o l a t e s . 

E x a m i n a t i o n o f the T n t s e r i e s r e v e a l e d t h a t a l l b u t 

3 d i f f e r e n t i a t e d an o r g a n i z e d n e u r a l mass. T h i s n e u r a l 

h i s t o g e n e s i s was o f b o t h types ( h i n d b r a i n i n 18 cases and 

n e u r a l tube i n 28) w i t h a s s o c i a t e d o t i c v e s i c l e s and f i n s . 

The l a t t e r i n d u c t i o n was o n l y d i f f e r e n t i a t e d i n cases showing 

a n e u r a l t u b e - l i k e n e u r a l mass, whereas the o t i c v e s i c l e s 

were a s s o c i a t e d (except i n s t a g e 12) w i t h h i n d b r a i n s t r u c t u r e s . 

The l a t e r s tages (17 and 18) demonstra ted no s e c o n d a r y 

i n d u c t i o n s . No cases i n t h i s s e r i e s demonstra ted n e p h r i c 

t u b u l e d i f f e r e n t i a t i o n , thus c o n f i r m i n g the s o u r c e o f the 

mesoderm as o t h e r than a n t e r i o r s o m i t e . The n o t o c h o r d always 

d i f f e r e n t i a t e d and was o b s e r v e d to be a d j a c e n t to the n e u r a l 

mass. The n o t o c h o r d was u s u a l l y a s s o c i a t e d w i t h the t h i n n e r 

w a l l o f the n e u r a l tube ( F i g . 20 ) . 



TABLE V I 

D i f f e r e n t i a t i o n i n I s o l a t e s o f 
P r e s u m p t i v e Trunk S p i n a l - C o r d C u l t u r e d 

W i t h P r e s u m p t i v e N o t o c h o r d T i s s u e 

T o t a l number A t y p i c a l N e u r a l h i s t o g e n e s i s Secondary M e l a n o -
Stage o f i s o l a t e s e p i d e r m i s u n o r g a n i z e d h i n d b r a i n n e u r a l - t u b e i n d u c t i o n muscle phores 

12 7 0 0 4 ( l E ) a b 4 ( 3 E ) 
V1F 5 5 7 

13 8 0 2 3(3E) b 4(2P) 5 6 6 

14 3 0 1 0 2 (2F) 2 3 3 

15 8 0 0 5 (IE) b 4(3F) 4 6 8 

16 8 0 0 3 5 (IF) 1 6 8 

17 7 0 0 3 4 0 4 7 

18 5 0 0 0 5 0 4 5 

a . the number i n p a r e n t h e s i s (1) i n d i c a t e s t h a t p a r t o f the t o t a l cases 
(4) showing an a s s o c i a t e d secondary i n d u c t i o n and the l e t t e r i n d i c a t e s 
the c l a s s o f i n d u c t i o n ; E_, o t i c v e s i c l e ; F_, f i n . 
b . i n c l u d e s one case showing b o t h types o f o r g a n i z e d n e u r a l t i s s u e . 

U l 



F i g u r e 19. The h i s t o g e n e t i c p r o f i l e of 
presumptive trunk s p i n a l - c o r d c u l t u r e d 
w i t h presumptive notochord (Tnt). 

unorganized n e u r a l t i s s u e 

».| organized n e u r a l t i s s u e 

secondary i n d u c t i o n s 
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F i g u r e 20. S e c t i o n through an ectodermal v e s i c l e 
demonstrating the r e l a t i o n s h i p of ne u r a l 
tube to notochord. (Traced from a p r o j e c t i o n ; 
s c a l e 0.1 mm). 
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2. P r e s u m p t i v e Trunk C o r d C u l t u r e d w i t h 
P r e s u m p t i v e Somite Mesoderm ( T s ) . 

The r e s u l t s o f t h i s s e r i e s a r e p r e s e n t e d i n T a b l e 

V I I and as F i g . 21. The i s o l a t e s p r e p a r e d from s tage 12 

embryos (22 cases) showed, on m i c r o s c o p i c e x a m i n a t i o n , t h a t 

14 v e s i c l e s had p r o d u c e d an u n o r g a n i z e d n e u r a l mass. One o f 

these cases a l s o showed an o t i c v e s i c l e and a n o t h e r a f i n as 

a s e c o n d a r y i n d u c t i o n . Of the e i g h t cases i n w h i c h o r g a n i z e d 

n e u r a l t i s s u e s had d e v e l o p e d , f i v e were h i n d b r a i n - l i k e 

(of w h i c h two formed o t i c v e s i c l e s ) , and t h r e e formed a 

n e u r a l t u b e . O n l y 23% o f these cases showed any muscle 

h i s t o g e n e s i s , whereas about 90% demonstra ted melanophore 

d i f f e r e n t i a t i o n . W i t h the a d d i t i o n o f n o t o c h o r d (Tnts) a t 

t h i s s t a g e , the p e r c e n t a g e o f cases d e m o n s t r a t i n g myogenesis 

i n c r e a s e d (to 9 2%) and a l l demonstra ted m e l a n o p h o r e s . 

The s tage 13 i s o l a t e s (6 cases) f a i l e d to demonstrate 

any secondary i n d u c t i o n s , b u t 83% o f the cases d i f f e r e n t i a t e d 

o r g a n i z e d n e u r a l t i s s u e , as compared w i t h 45% o f s tage 12 

i s o l a t e s . Of a l l the c a s e s , h a l f had d e v e l o p e d muscle t i s s u e , 

a l l showed melanophores , and n e p h r i c t u b u l e s were o b s e r v e d i n 

f i v e c a s e s . 

The r e s u l t s f rom the s tage 14 and 15 i s o l a t e s were 

i d e n t i c a l and a r e c o n s i d e r e d t o g e t h e r . In each s t a g e , f i v e 

e x p l a n t s were p r e p a r e d . Two o f these d e v e l o p e d an 



TABLE V I I 

D i f f e r e n t i a t i o n i n I s o l a t e s o f 
P r e s u m p t i v e Trunk S p i n a l - C o r d C u l t u r e d w i t h 

P r e s u m p t i v e Somite Mesoderm 

T o t a l number A t y p i c a l N e u r a l h i s t o g e n e s i s Secondary M e l a n o - n e p h r i c 
Stage o f i s o l a t e s e p i d e r m i s u n o r g a n i z e d h i n d b r a i n n e u r a l tube i n d u c t i o n s muscle phores t u b u l e s 

12 22 0 1 4 ( 2 E ) a 

^ l F 7 
3 4 5 20 0 

13 6 0 1 3 2 0 3 6 5 

14 5 0 2 (IF) 0 3 1 2 5 4 

15 5 0 2 (IP) 0 3 1 5 5 1 

16 8 0 0 1(1E) 7 1 6 8 0 

17 6 0 0 1 5 0 5 6 4 

a . the number i n p a r e n t h e s i s (2) i n d i c a t e s t h a t p a r t o f the t o t a l cases 
(14) showing an a s s o c i a t e d secondary i n d u c t i o n and the l e t t e r i n d i c a t e s 
the c l a s s o f i n d u c t i o n ; E , o t i c v e s i c l e ; F , f i n . 



F i g u r e 21. The h i s t o g e n e t i c p r o f i l e of presumptive 
trunk s p i n a l - c o r d c u l t u r e d w i t h presumptive 
somite mesoderm (Ts). 

unorganized n e u r a l t i s s u e 

•7] organized n e u r a l t i s s u e 

secondary i n d u c t i o n s 
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u n o r g a n i z e d n e u r a l mass; one showed, i n a d d i t i o n , a f i n . 

The r e m a i n i n g v e s i c l e s (3 cases) were o r g a n i z e d i n t o t u b e - l i k e 

n e u r a l masses . The o b s e r v e d d i f f e r e n c e s between the two 

s tages are w i t h r e s p e c t to muscle d i f f e r e n t i a t i o n . Two 

cases from s tage 14 and a l l cases f rom s tage 15 (5 cases) 

showed muscle f i b e r s . N e p h r i c t u b u l e s were e v i d e n t i n f o u r 

o f the s tage 14 i s o l a t e s and i n o n l y one case from s tage 15. 

A l l cases from b o t h s tages showed the d i f f e r e n t i a t i o n o f 

m e l a n o p h o r e s . I t s h o u l d be n o t e d t h a t one case from s tage 15 

i s o l a t e s showed a n e u r a l tube morphology a p p r o a c h i n g the 

s p i n a l - c o r d seen i n the n o r m a l embryo o f s tage 40. 

Of the e i g h t cases examined f rom s tage 16, a l l 

d e v e l o p e d o r g a n i z e d n e u r a l t i s s u e , seven formed n e u r a l tubes 

and one had " h i n d b r a i n o r g a n i z a t i o n , p l u s an o t i c v e s i c l e . 

A l l cases showed m e l a n o p h o r e s . No n e p h r i c t u b u l e s were 

e v i d e n t , b u t 75% o f the cases showed muscle h i s t o g e n e s i s . 

Those v e s i c l e s examined from s t a g e 16 i s o l a t e s (6 cases) 

showed no s e c o n d a r y i n d u c t i o n s , one l a c k e d muscle h i s t o g e n e s i s , 

f o u r showed n e p h r i c t u b u l e s and a l l d i f f e r e n t i a t e d 

m e l a n o p h o r e s . The predominant o r g a n i z e d n e u r a l s t r u c t u r e was 

o f the n e u r a l tube t y p e . I t was o f i n t e r e s t to note t h a t , 

i n one c a s e , muscle h i s t o g e n e s i s had been supplemented by 

r e c o g n i z a b l e s e g m e n t a t i o n . 
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In the c u l t u r e s examined from t h i s e n t i r e s e r i e s , 

50% demonstrated muscle h i s t o g e n e s i s , always found l a t e r a l 

to the n e u r a l mass ( F i g . 22), whereas only 17% of the Rs 

i s o l a t e s demonstrated muscle t i s s u e . The percentage of cases 

demonstrating somite h i s t o g e n e s i s increased between stages 

12 - 14 and remained a t a constant l e v e l i n the l a t e r stages 

(15 - 17). No cases of nephric tubule d i f f e r e n t i a t i o n s were 

observed i n the Rs s e r i e s , compared w i t h 27% of the cases i n 

the Ts s e r i e s . This observation i s c o n s i s t e n t w i t h the idea 

t h a t b r a i n t i s s u e i s i n h i b i t o r y to somite d i f f e r e n t i a t i o n , 

i . e . , myogenesis. The n e u r a l tube morphology demonstrated 

i n these i s o l a t e s d i d not resemble the trunk cord i n normal 

embryos and, i n most cases, resembled the n e u r a l mass i n 

F i g . 22. 

3. Presumptive Trunk S p i n a l Cord C u l t u r e d w i t h 
Presumptive Notochord and Presumptive Somite Tissues. 

The r e s u l t s of t h i s s e r i e s are presented i n Table 

V I I I and as F i g . 23. The examination of the v e s i c l e s i s o l a t e d 

from stage 12 embryos (17 cases) revealed 5 c o n t a i n i n g 

unorganized n e u r a l t i s s u e , and 12 w i t h organized n e u r a l 

t i s s u e s . Of the l a t t e r cases, e i g h t had h i n d b r a i n s , three 

possessed only a n e u r a l tube, and one case showed a n e u r a l 

mass composed of both r e g i o n s . Of the 6 cases of secondary 



Figure 22. S e c t i o n through an ectodermal v e s i c l e 
demonstrating n e u r a l tube morphology. 
Note b i l a t e r a l l y l o c a t e d masses of 
somite mesoderm. 
(Traced from a p r o j e c t i o n ; s c a l e equals 0.1 mm) 
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TABLE V I I I 

D i f f e r e n t i a t i o n i n I s o l a t e s of Presumptive Trunk S p i n a l - C o r d 
C u l t u r e d w i t h P r e s u m p t i v e N o t o c h o r d and Presumptive Somite T i s s u e s 

T o t a l number A t y p i c a l N e u r a l h i s t o g e n e s i s Secondary M e l a n o - N e p h r i c 
Stage o f i s o l a t e s e p i d e r m i s u n o r g a n i z e d h i n d b r a i n n e u r a l tube i n d u c t i o n s muscle phores t u b u l e s 

12 17 0 5 ( l E ) a 9(2E) b 4(4E) 6 15 17 4 

13 4 0 2 1(1E) 1 1 4 4 0 

14 4 0 0 4 0 0 4 4 0 

15 10 0 1 2 b 8(2F) 2 10 9 1 

16 8 0 0 1 b 8 0 8 8 1 

17 5 0 0 0 5 0 5 5 2 

18 3 0 0 1 b 3 0 3 3 0 

a . the number i n p a r e n t h e s i s (1) i n d i c a t e s t h a t p a r t o f the t o t a l cases 
(5) showing an a s s o c i a t e d secondary i n d u c t i o n and the l e t t e r i n d i c a t e s 
the c l a s s o f i n d u c t i o n ; E , o t i c v e s i c l e ; F , f i n . 
b . i n c l u d e s one case showing b o t h types o f o r g a n i z e d n e u r a l t i s s u e . 



The h i s t o g e n e t i c p r o f i l e of presumptive 
trunk s p i n a l - c o r d c u l t u r e d w i t h presumptive 
notochord and presumptive somite t i s s u e s (Tnts) 

unorganized neu r a l t i s s u e 

organized n e u r a l t i s s u e 
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i n d u c t i o n s , the o t i c v e s i c l e s (3 cases) were a s s o c i a t e d 

o n l y w i t h h i n d b r a i n - l i k e or u n o r g a n i z e d n e u r a l t i s s u e , 

whereas the f i n s (3 cases) were o n l y i n a s s o c i a t i o n w i t h 

n e u r a l t u b e s . . Melanophores were p r e s e n t i n a l l cases and 

muscle was o b s e r v e d i n a l l b u t one c a s e . In t h r e e c a s e s , the 

muscle t i s s u e was segmented and f o u r cases d i f f e r e n t i a t e d 

n e p h r i c t u b u l e s . A l l cases demonstra ted d i f f e r e n t i a t e d 

n o t o c h o r d . 

Of the s t a g e 13 i s o l a t e s (4 c a s e s ) , two c o n t a i n e d 

u n o r g a n i z e d n e u r a l t i s s u e and two were o f the o r g a n i z e d t y p e . 

Of the l a t t e r , one formed a n e u r a l tube and the o t h e r a 

h i n d b r a i n w i t h an a s s o c i a t e d o t i c v e s i c l e . A l l f o u r cases 

showed muscle h i s t o g e n e s i s and melanophore development , as 

w e l l as n o t o c h o r d a l t i s s u e . 

The s tage 14 v e s i c l e s (4 cases) a l l demonstra ted 

h i n d b r a i n o r g a n i z e d n e u r a l t i s s u e b u t w i t h no e v i d e n c e o f o t i c 

v e s i c l e s o r f i n s . A l l had muscle and n o t o c h o r a l t i s s u e as 

w e l l as m e l a n o p h o r e s . 

Of the s tage 15 v e s i c l e s examined (10 c a s e s ) , 90% 

demonstra ted a n e u r a l t u b e - l i k e morphology, b u t o n l y two o f 

these cases had an a s s o c i a t e d f i n - l i k e s t r u c t u r e . A l l the 

cases demonstra ted muscle h i s t o g e n e s i s , n i n e had melanophores 

and o n l y one case showed n e p h r i c t u b u l e d i f f e r e n t i a t i o n . 
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E x a m i n a t i o n o f the v e s i c l e s f rom s tage 16, 17 and 

18 r e v e a l e d no secondary i n d u c t i o n s and a l m o s t a l l v e s i c l e s 

formed an o r g a n i z e d n e u r a l t u b e - l i k e mass. The s t a g e 16 and 

18 i s o l a t e s each d e v e l o p e d one case w i t h b o t h n e u r a l 

t i s s u e types i n the same v e s i c l e . A l l o f the cases from 

these s tages demonstra ted m u s c l e , n o t o c h o r d t i s s u e and 

m e l a n o p h o r e s , w h i l e o n l y one case from s tage 16 and two from 

s tage 17 showed n e p h r i c t u b u l e s . 

In a l l o f the v e s i c l e s examined i n t h i s s e r i e s ( T n t s ) , 

the n o t o c h o r d always d i f f e r e n t i a t e d a d j a c e n t to the n e u r a l 

mass, w h i l e the muscle t i s s u e , formed i n a l l b u t 2 c a s e s , was 

u s u a l l y l a t e r a l to the n o t o c h o r d t i s s u e and j u x t a p o s e d to 

the n e u r a l mass ( F i g . 24 ) . In the i s o l a t e s c o n t a i n i n g t r u n k 

n e u r a l t i s s u e and somite mesoderm, muscle h i s t o g e n e s i s 

o c c u r r e d i n 50% o f the c a s e s , whereas , w i t h the a d d i t i o n o f 

n o t o c h o r d t i s s u e ( T n t s ) , muscle d i f f e r e n t i a t i o n o c c u r r e d i n 

a l l b u t 2 o u t o f the 51 c a s e s . T h i s o b s e r v a t i o n agrees w i t h 

the p r e v i o u s r e p o r t on the combined r o l e o f the n o t o c h o r d and 

t r u n k n e u r a l t i s s u e i n e n h a n c i n g myogenesis i n Salamanders 

(Muchmore, 1958). The n e u r a l tube morphology e x h i b i t e d i n 

t h i s s e r i e s was more or l e s s s i m i l a r i n a l l cases (see F i g . 

24) , n o t q u i t e r e s e m b l i n g the normal c o n f i g u r a t i o n . 



F i g u r e 24 S e c t i o n through an ectodermal v e s i c l e 
demonstrating a ne u r a l tube, b i l a t e r a l l y -
s i t u a t e d somite masses and a ' v e n t r a l 1 

notochord. (Traced from a p r o j e c t i o n ; 
s c a l e equals 0.1 mm). 



6 8 
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DISCUSSION 

The r e s u l t s o f c u l t u r i n g p r e s u m p t i v e rhombencephalon 

(R) a l o n e (Table I and F i g . 10) o r p r e s u m p t i v e t r u n k 

s p i n a l - c o r d (T) a l o n e (Table V and F i g . 18) demonstrate t h a t 

the i n t r i n s i c d i f f e r e n t i a t i o n tendency o f r e c e n t l y i n d u c e d 

n e u r o e p i t h e l i u m from A . g r a c i l e (stage 1 1 ) ( e i t h e r p r e s u m p t i v e 

rhombencephalon o r p r e s u m p t i v e t r u n k cord) i s toward 

u n o r g a n i z e d n e u r a l h i s t o g e n e s i s . The a b i l i t y to undergo 

o r g a n o g e n e s i s and i n d u c t i o n o f s e c o n d a r y s t r u c t u r e s ( v i z . , 

o t i c v e s i c l e s , t r u n k f i n ) i s a c q u i r e d p r o g r e s s i v e l y by these 

r e g i o n s a t a l a t e r time (stage 13 - 14 ) . F u r t h e r m o r e , w h i l e 

the development o f n o r m a l h i n d b r a i n morphology i s o b s e r v e d , 

the development o f t r u n k c o r d i n c u l t u r e s o f t r u n k n e u r a l 

t i s s u e a l o n e i s never seen (see a l s o T a k a y a , 1959) . The 

d i f f e r e n t i a t i o n o f the n e u r a l c r e s t , a secondary n e u r a l 

d e r i v a t i v e , w h i c h i s e v i d e n c e d by the appearance o f 

melanophores , o c c u r s i n the t r u n k - a l o n e , b u t not i n i s o l a t e s 

o f rhombencephalon. T h i s seems to c o n f i r m the o b s e r v a t i o n 

t h a t a x i a l ( c e p h a l o - c a u d a l ) d i f f e r e n c e s e x i s t i n d i f f e r e n t i a t i o n 

p o t e n t i a l s o f the n e u r a l c r e s t ( N i u , 1947) . These r e s u l t s a re 

c o n t r a r y , i n p a r t , to r e s u l t s o f p r e v i o u s l y r e p o r t e d 

exper iments w i t h u r o d e l e embryos ( G a l l e r a , 1958; 19 59; 1960; 

Nieuwkoop and van der G r i n t e n , 1961) . 
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G a l l e r a (19 59) was a b l e to demonstrate t h a t the 

d i f f e r e n t i a t i o n tendency o f s tage 11 p r e s u m p t i v e 

rhombencephalon ( T r i t u r u s a l p e s t r i s ) was toward n e u r a l c r e s t 

d e r i v a t i v e s v i z . , ectomesenchyme and melanophores , w h i l e 

i s o l a t e s o r g r a f t s f rom l a t e r s tages (12 - 13) d e v e l o p e d 

i r r e g u l a r l y d e f i n e d n e u r a l masses . G a l l e r a r e p o r t e d a l s o 

t h a t c r e s t d e r i v a t i v e s were always a s s o c i a t e d w i t h 

r h o m b e n c e p h a l i c d i f f e r e n t i a t i o n s , a r e s u l t c o n t r a r y to those 

p r e s e n t e d i n t h i s i n v e s t i g a t i o n . On the o t h e r hand, Nieuwkoop 

and van der G r i n t e n (1961), r e p e a t i n g the work o f G a l l e r a 

(1958) i n A . mexicanum, demonstra ted t h a t the p r e s u m p t i v e 

r h o m b e n c e p h a l i c region; , becomes i r r e v e r s i b l y d e t e r m i n e d a t 

s tage 13%, b u t i s c a p a b l e o f d i f f e r e n t i a t i n g a c h a r a c t e r i s t i c 

h i n d b r a i n morphology a t s tage 11. The l a t t e r o b s e r v a t i o n i s 

n o t i n agreement w i t h the p r e s e n t r e s u l t s . An i n t e r e s t i n g 

r e s u l t p r e s e n t e d , b u t n o t commented o n , b y these a u t h o r s was 

the appearance o f o t i c v e s i c l e s i n s tage 12 i s o l a t e s and the 

subsequent d e c r e a s e i n the f r e q u e n c y o f t h e i r o c c u r r e n c e 

d u r i n g the e x p e r i m e n t a l s e r i e s ( i . e . , f rom s tage 11 - 15 ) . 

From the p r e s e n t i n v e s t i g a t i o n and o t h e r s (see J a c o b s o n , 1966), 

i t has been shown t h a t the competence to i n d u c e and 

d i f f e r e n t i a t e a secondary s t r u c t u r e ( e . g . eye , ear o r nose) 



i s p r o g r e s s i v e l y a c q u i r e d b y the t i s s u e systems i n v o l v e d , 

a l t h o u g h minor s p e c i e s d i f f e r e n c e s , e . g . , t ime o f t h e i r 

appearance , a r e e x p e c t e d . 

W h i l e a c c o r d i n g to the r e s u l t s o f t h i s 

i n v e s t i g a t i o n , the d i f f e r e n t i a t i o n t e n d e n c i e s o f the 

p r e s u m p t i v e h i n d b r a i n and p r e s u m p t i v e t r u n k c o r d c u l t u r e d 

a l o n e ( F i g s . 9 and 17, r e s p e c t i v e l y ) seem s i m i l a r (s tages 

11 - 14) , each r e g i o n responds d i f f e r e n t l y to the a d d i t i o n o f 

a x i a l mesoderm t i s s u e s . The added t i s s u e s (notochord a n d / o r 

somite) demonstrate i n d i v i d u a l as w e l l as combined e f f e c t s on 

n e u r a l d i f f e r e n t i a t i o n . The appearance o f o r g a n i z e d n e u r a l 

h i s t o g e n e s i s and secondary i n d u c t i o n s i n the i s o l a t e s o f 

rhombencephalon (R) (s tage 15, F i g . 9) i s demonstra ted i n 

s tage 12 - 13 i s o l a t e s when somite t i s s u e i s added (Rs) 

( F i g . 13 ) . The number o f cases showing t h i s enhanced 

d i f f e r e n t i a t i o n i s i n c r e a s e d f u r t h e r a t these s tages by the 

a d d i t i o n o f n o t o c h o r d ( R n t s ) ( F i g . 15 ) . S i n c e the i n f l u e n c e o f 

n o t o c h o r d a l o n e (Rnt) on n e u r a l h i s t o g e n e s i s i s n o t o b s e r v e d 

u n t i l s tage 14 ( F i g . 11) , i t i s s u s p e c t e d t h a t one o f the 

p r o b a b l e r o l e s o f the n o t o c h o r d i s to enhance somite 

h i s t o g e n e s i s (see a l s o Muchmore, 1959); the combined e f f e c t 

then a s s i s t s n e u r a l t i s s u e d i f f e r e n t i a t i o n . 



On the o t h e r hand, the r e s p o n s e o f the t r u n k n e u r a l 

t i s s u e to e n v i r o n m e n t a l i n f l u e n c e s d i f f e r s f rom t h a t o f the 

h i n d b r a i n r e s p o n s e (s tages 11 - 14) . In the s e r i e s w i t h 

t r u n k c o r d , the a d d i t i o n o f n o t o c h o r d ( T n t ) ( i n s tages 12 -

15) enhances the l e v e l o f h i s t o g e n e s i s o f the n e u r a l t i s s u e 

( F i g - 1 9 ) , w h i l e the a d d i t i o n o f somite mesoderm (Tnts) 

d e p r e s s e s the l e v e l o f h i s t o g e n e s i s ( F i g - 23 ) . F u r t h e r m o r e , 

i n these i s o l a t e s (Tnt and T n t s ) , h i n d b r a i n o r g a n i z a t i o n was 

o b s e r v e d i n many cases (s tages 12 - 14) (Table VI and V I I I , 

r e s p e c t i v e l y ) . T h i s i s p r o b a b l y due to the f a c t t h a t the 

a n t e r i o r t r u n k n o t o c h o r d i s a d e u t e r e n c e p h a l i c , o r h i n d b r a i n , 

i n d u c t o r d u r i n g the e a r l i e r s t a g e s (12 - 14) o f n e u r u l a t i o n 

( S a l a , 1955) . In a l l t r u n k c o r d i s o l a t e s w i t h added t i s s u e s , 

the o r g a n o g e n e s i s o f the n e u r a l t i s s u e i n l a t e r s t a g e s 

( a f t e r s t a g e 13) i s toward n e u r a l t u b e . In i s o l a t e s from 

s t a g e s 16 - 19 the n e u r a l t i s s u e seems to d e v e l o p i n d e p e n d e n t l y 

o f the e x p e r i m e n t a l t i s s u e e n v i r o n m e n t . In the p r e s e n t 

i n v e s t i g a t i o n , the n e u r a l o r g a n o g e n e s i s o f the t r u n k c o r d 

a l o n e (T) o r w i t h added t r u n k a x i a l t i s s u e s (Tnt , T s , Tnts ) 

never demonstrates the normal s p i n a l - c o r d morphology ( F i g . 6) 

b u t i n s t e a d tends to form a n e u r a l tube (see F i g s . 733; 20; 

22; 24 ) . Takaya (1955) c l a i m e d t h a t , i n T r i t u r u s p y r r h o g a s t e r , 

i s o l a t e d s tage 16 b r a c h i a l ( a n t e r i o r t runk) n e u r a l t i s s u e w i l l 

d i f f e r e n t i a t e i n t o f o r e b r a i n s t r u c t u r e s i n the absence o f 
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u n d e r l y i n g mesoderm, w h i l e the a d d i t i o n o f v a r y i n g mesodermal 

amounts w i l l b r i n g about h i n d b r a i n d i f f e r e n t i a t i o n a n d / o r 

normal s p i n a l - c o r d m o r p h o l o g y . These o b s e r v a t i o n s would 

appear to be c o n t r a r y to the p r e s e n t r e s u l t s . The f o r m a t i v e 

r o l e p l a y e d by the s o m i t e s , i . e . , t h i c k e n i n g n e u r a l tube w a l l s 

and t h i n n i n g o u t the w a l l a d j a c e n t to the n o t o c h o r d , r e p o r t e d 

t o be r e s p o n s i b l e f o r a l t e r i n g n e u r a l morphology (Takaya, 

19 56 a , b) does n o t cause the d i f f e r e n t i a t i o n o f the normal 

s p i n a l - c o r d o r g a n i z a t i o n i n t h i s i n v e s t i g a t i o n . However, the 

c a u d a l i z i n g i n f l u e n c e o f t r u n k mesoderm r e p o r t e d by Takaya 

(1956a, b) d i d n o t s h i f t the d i f f e r e n t i a t i n g tendency o f the 

rhombencephalon, c u l t u r e d w i t h t r u n k mesoderm (Rnt, R s , R n t s ) , 

toward t r u n k o r g a n i z a t i o n . R a t h e r , the c o n t r a r y r e s u l t was 

o b s e r v e d , i . e . , enhanced h i n d b r a i n o r g a n o g e n e s i s . 

The d i f f e r e n t i a t i o n o f a f i n was a d e v e l o p m e n t a l 

tendency o f the t r u n k c o r d i s o l a t e s i n t h i s i n v e s t i g a t i o n , 

e s p e c i a l l y those d e m o n s t r a t i n g a n e u r a l t u b e . The i n d u c t i o n 

and development o f a f i n depends on the i n d u c t i v e c a p a c i t y 

o f the n e u r a l c r e s t and the competence o f t r u n k e p i d e r m i s 

( T w i t t y and B o d e n s t e i n , 1941; B o d e n s t e i n , 1952) . The low 

f r e q u e n c y o f f i n i n d u c t i o n i n the p r e s e n t i n v e s t i g a t i o n , i n 

s p i t e o f the many cases d e m o n s t r a t i n g n e u r a l c r e s t 

d i f f e r e n t i a t i o n , m i g h t be the f a u l t o f the p r e s e n t 



e x p e r i m e n t a l s y s t e m . E a r l i e r i n v e s t i g a t o r s employed embryos 

r a t h e r than e c t o d e r m a l v e s i c l e s and i t i s p o s s i b l e t h a t the 

m o r p h o g e n e t i c movements, i . e . , s t r e t c h i n g o f ectoderm and 

m i g r a t i o n o f mesenchyme, o c c u r r i n g d u r i n g f i n f o r m a t i o n might 

have p h y s i c a l r e q u i r e m e n t s n o t a c h i e v e d i n the p r e s e n t 

s y s t e m . 

T h i s i n v e s t i g a t i o n has e s t a b l i s h e d t h a t d u r i n g 

e a r l y embryogenesis ( l a t e g a s t r u l a t i o n and n e u r u l a t i o n ) b o t h 

i n t r i n s i c and e x t r i n s i c f a c t o r s p l a y a r o l e i n the 

development o f the a m p h i b i a n C . N . S . The i n t r i n s i c f a c t o r s 

a r e e v i d e n c e d by the d i f f e r e n t i a t i n g t e n d e n c i e s o f the 

i s o l a t e d n e u r o e p i t h e l i a l r e g i o n s , w h i l e the enhancement o r 

i n h i b i t i o n o f these r e s p o n s e s by the mesodermal t i s s u e 

envi ronment r e p r e s e n t s the e x t r i n s i c f a c t o r s . The i n t r i n s i c 

d i f f e r e n t i a t i o n tendency o f the i s o l a t e d n e u r o e p i t h e l i u m i s 

toward n e u r a l h i s t o g e n e s i s a f t e r b e i n g u n d e r l a i n by the 

a d v a n c i n g a r c h e n t e r o n r o o f . The l a t t e r ' s i n f l u e n c e on 

competent g a s t r u l a ec toderm has been examined by Saxen (1961) 

and a d i f f u s i b l e s u b s t a n c e ( s ) was f o u n d t h a t can pass a 

m i l l i p o r e f i l t e r and n e u r a l i z e competent e c t o d e r m . F u r t h e r m o r 

n e u r a l i z a t i o n o f competent a m p h i b i a n g a s t r u l a ectoderm can 

be b r o u g h t about by n o n - s p e c i f i c s t i m u l i , e . g . , pH changes 

( H o l t f r e t e r , 1945) o r L i C l (Bar th and B a r t h , 1963, 1964) . 



Recent e v i d e n c e i n d i c a t e s t h a t n e u r a l i z i n g s u b s t a n c e s can 

be o b t a i n e d f rom a d u l t f r a c t i o n s o f a d u l t g u i n e a - p i g t i s s u e s 

s u c h as bone marrow, k i d n e y and l i v e r (Saxen and T o i v o n e n , 

1962); the r e l a t i o n s h i p to n o r m a l i n d u c t i v e events has n o t 

been d e m o n s t r a t e d . 

N e u r a l i n d u c t i o n i n the a m p h i b i a n i s e v i d e n c e d , i n 

t h i s and o t h e r i n v e s t i g a t i o n s , by the d i f f e r e n t i a t i o n o f the 

i s o l a t e d e p i t h e l i u m toward n e u r a l s t r u c t u r e s ; whereas p r i o r 

to the c o n t a c t between the e p i t h e l i u m and i n v a g i n a t i n g 

chorda-mesoderm, o n l y a t y p i c a l e p i d e r m i s d i f f e r e n t i a t e s . 

S i n c e the events o f c y t o d i f f e r e n t i a t i o n r e f l e c t , i n p a r t , 

s p e c i a l i z e d p r o t e i n s y n t h e s i s ( F l i c k i n g e r , 1963), a system 

comparable to t h a t demonstra ted i n f e r t i l i z a t i o n might o p e r a t e 

i n n e u r o g e n e s i s . P r i o r to f e r t i l i z a t i o n the sea u r c h i n egg 

i s i n a c t i v e b i o c h e m i c a l l y and shows no i n c o r p o r a t i o n o f amino 

a c i d s ( w i l t , 1964) . However, i m m e d i a t e l y f o l l o w i n g 

f e r t i l i z a t i o n , i n c o r p o r a t i o n i s d e t e c t e d ( T y l e r , 1963; G r o s s , 

1964; W i l t , 1964) and i s b e l i e v e d to be the r e s u l t o f the 

a c t i v a t i o n o f a p r e f o r m e d m e s s e n g e r - r i b o n u c l e i c a c i d ( W i l t , 

1964) . I t i s p o s s i b l e t h a t i n the n e u r a l e p i t h e l i u m , an 

i n a c t i v e b i o c h e m i c a l system, i s " t u r n e d ' o n " by the i n f l u e n c e ( s ) 

o f the chorda-mesoderm, r e s u l t i n g i n n e u r a l h i s t o g e n e s i s . 
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The e x t r i n s i c i n f l u e n c e s , the p r o d u c t o f the t i s s u e 

e n v i r o n m e n t , were o b s e r v e d i n t h i s i n v e s t i g a t i o n (stages 

12 - 13) to e i t h e r enhance or i n h i b i t the d i f f e r e n t i a t i n g 

n e u r a l t i s s u e s . Rhombencephal ic development i s enhanced i n 

i s o l a t e s i n the p r e s e n c e o f somite (Rs) ( F i g . 13) and added 

n o t o c h o r d (Rnts) ( F i g . 15 ) . However, w h i l e t r u n k n e u r a l t i s s u e 

d i f f e r e n t i a t i o n i s enhanced b y added n o t o c h o r d (Tnt) ( F i g . 19) , 

the a d d i t i o n o f somite ( T n t s ) ( F i g . 23) i n h i b i t s n e u r a l 

d i f f e r e n t i a t i o n . T h e r e f o r e , the r e s p o n s e ( s ) o f 

rhombencephalon to the a x i a l mesodermal environment appears 

to be d i f f e r e n t f rom the r e s p o n s e o f t r u n k s p i n a l - c o r d . These 

o b s e r v a t i o n s i n d i c a t e t h a t i n t r i n s i c d i f f e r e n c e s may e x i s t 

i n the r e s p o n d i n g t i s s u e s ( h i n d b r a i n and t r u n k cord) w i t h 

r e s p e c t to the i n f l u e n c e ( s ) o f the a x i a l mesoderm. The r o l e 

o f the mesoderm d u r i n g n e u r o g e n e s i s has been s u g g e s t e d 

(Takaya, 1955; 1956a, b) to determine the r e g i o n a l c h a r a c t e r 

o f the n e u r a l c e l l p r o l i f e r a t i o n and c e l l w a l l t h i c k n e s s 

(see a l s o K a l l e n , 1965) . 

An e x a m i n a t i o n o f o t h e r mesodermal-dependent 

d i f f e r e n t i a t i n g systems may i n d i c a t e the s p e c i f i c r o l e o f 

the mesoderm i n n e u r a l d i f f e r e n t i a t i o n . A s e r i e s o f 

exper iments b y W i l d e (1955a, b , 1956, 1959, 1961) i n d i c a t e d 

t h a t , d u r i n g normal a m p h i b i a n (urodele) development 



(s tages 11 - 14) , the mesodermal t i s s u e s ( s p e c i f i c a l l y the 

r o o f o f the a r c h e n t e r o n ) r e l e a s e d a m e t a b o l i c p r e c u r s o r , 

p h e n y l a l a n i n e , r e q u i r e d by the d i f f e r e n t i a t i n g n e u r a l c r e s t 

c e l l s f o r m e l a n i n s y n t h e s i s . T h i s i s e v i d e n c e o f an 

e n v i r o n m e n t a l c o n t r o l o f c e l l u l a r ( n e u r a l c r e s t ) d i f f e r e n t i a t i o n 

by mesoderm. F u r t h e r m o r e , t h e r e a re i n d i c a t i o n s t h a t , under 

i n v i t r o c o n d i t i o n s , the i n f l u e n c e o f one c e l l type on the 

d i f f e r e n t i a t i o n o f another ( e . g . , n e u r a l c r e s t and somite) can 

be mimiced by e x p o s i n g the former c e l l type to c o m b i n a t i o n s o f 

known macromolecules ( v i z . , n u c l e i c a c i d s , m u c o p o l y s a c c h a r i d e s , 

p r o t e i n s ) ( F i n n e g a n , u n p u b l i s h e d ; see a l s o Moser and F l i c k i n g e r , 

1963; B e l l , 1964; W e s s e l l s , 1964) . A m b e l l a n and Webster 

(1962) and A m b e l l a n (1964) have i n d i c a t e d a r o l e o f added 

n u c l e o t i d e s i n a c c e l e r a t i n g n e u r a l tube c l o s u r e , w h i l e F i n n e g a n 

and B i g g i n (1965) s u g g e s t e d t h a t n o n - s p e c i f i c RNA causes 

h y p e r p l a s i a o f c e r t a i n n e u r a l t i s s u e s . There i s e v i d e n c e 

t h a t , i n the d e v e l o p i n g c h i c k embryo, the d i f f e r e n t i a t i o n o f 

the b r a i n and n o t o c h o r d may be enhanced by the a d d i t i o n o f RNA 

o b t a i n e d from the r e s p e c t i v e t i s s u e s ( H i l l m a n and N i u , 1963) . 

The r o l e o f the t i s s u e environment d u r i n g n e u r o g e n e s i s might 

be to e l a b o r a t e m e t a b o l i c p r e c u r s o r s a n d / o r macromolecules 

i n t o the m i c r o e n v i r o n m e n t w h i c h may be i n c o r p o r a t e d by the 

s u r r o u n d i n g c e l l s y s t e m s . 
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There i s i n c r e a s i n g e v i d e n c e t h a t g a s t r u l a t i o n 

r e p r e s e n t s the b e g i n n i n g o f i n c r e a s e d m e t a b o l i c a c t i v i t y 

(Brown, 1964; Brown and L i t t i n a , 1964 i n a m p h i b i a n s ; G r o s s , 

1964 i n sea u r c h i n s ) . In Xenopus l a e v i s t h e r e i s a 

s u b s t a n t i a l i n c r e a s e i n RNA s y n t h e s i s (stage 10) i n the 

i n v a g i n a t i n g chorda-mesoderm (the i n d u c t o r ) f o l l o w e d b y 

a n o t h e r i n c r e a s e i n RNA m e t a b o l i s m i n the o v e r l y i n g 

p r e s u m p t i v e n e u r o e p i t h e l i u m (stage 11 - 12 ) (Bachvarova e t a l . , 

1966) . Such i n c r e a s e d m e t a b o l i c a c t i v i t y by one t i s s u e 

(mesoderm) c o u l d r e s u l t i n an i n c r e a s e o f s m a l l m o l e c u l e s 

(amino a c i d s , n u c l e o t i d e s ) and o f macromolecules 

( m u c o p o l y s a c c h a r i d e s , p r o t e i n s ) i n the environment w h i c h may 

be p r e f e r e n t i a l l y u t i l i z e d b y d i f f e r e n t i a t i n g r e g i o n s o f 

a n o t h e r t i s s u e (the a m p h i b i a n C . N . S . ) . 

R e g i o n a l d i f f e r e n c e s i n the d e v e l o p m e n t a l p a t t e r n s 

w i t h i n the nervous system m i g h t be a p r o p e r t y o f the r e a c t i n g 

system (the e p i t h e l i u m ) and n o t o f the mesoderm. I n h e r e n t 

d i f f e r e n c e s i n d i f f e r e n t i a t i o n t e n d e n c i e s between the 

p r e s u m p t i v e rhombencephalon and t r u n k s p i n a l - c o r d a r e o b s e r v e d 

(stage 12 - 14) , i n the p r e s e n c e o f n o t o c h o r d and somite 

t i s s u e s . These d i f f e r e n c e s i n n e u r a l r e s p o n s e might be 

p r e f o r m e d and p r e d e t e r m i n e d . C u r t i s (1960; 1962a, b ; 1963) 

demonstra ted t h a t , i n the a m p h i b i a n , Xenopus l a e v i s , the 
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c o r t e x o f the f e r t i l i z e d u n c l e a v e d egg c o n t a i n e d 

m o r p h o g e n e t i c i n f o r m a t i o n . Damage t o , o r t r a n s p l a n t a t i o n 

o f , r e g i o n s o f the c o r t e x c o u l d r e s u l t i n d e v e l o p m e n t a l 

a b n o r m a l i t i e s i n the d e v e l o p i n g embryo. C o r t i c a l 

o r g a n i z a t i o n i s i m p o r t a n t i n the r e g i o n a l i z a t i o n and 

r e g e n e r a t i o n i n S t e n t o r ( T a r t a r , 1961) . C o r t i c a l o r g a n i z a t i o n 

may, i n the a m p h i b i a n , as i n the i n v e r t e b r a t e s - (see Raven, 

1958, 1961), l e a d to b i o c h e m i c a l l y d i f f e r e n t i a t e d c y t o p l a s m s . 

A s Waddington (1962) has s u g g e s t e d , b i o c h e m i c a l d i f f e r e n c e s , 

i n t e r - and i n t r a - c e l l u l a r , can l e a d to d i f f e r e n t i a l gene 

a c t i v i t y and subsequent d i f f e r e n t i a t i o n . I t i s then p o s s i b l e 

t h a t a m o s a i c p a t t e r n o f o r g a n i z a t i o n c o u l d be p r e s e n t i n 

the p r e s u m p t i v e n e u r o e p i t h e l i u m o f A . g r a c i l e a l o n g the f u t u r e 

c e p h a l o - c a u d a l a x i s p r i o r to s t a g e 11; a l t e r a t i o n by 

m e t a b o l i c a l l y a c t i v e i n v a g i n a t i n g and u n d e r l y i n g c e l l s may 

thus b r i n g about the o b s e r v e d p r o g r e s s i v e n e u r a l 

d i f f e r e n t i a t i o n s . 

In summary, d u r i n g l a t e g a s t r u l a t i o n (stage 11 - 12) 

and n e u r u l a t i o n (stage 13 - 19) i n A . g r a c i l e , the 

p r e s u m p t i v e h i n d b r a i n and p r e s u m p t i v e t r u n k s p i n a l - c o r d 

demonstrate d i f f e r e n t i a t i o n t e n d e n c i e s , i n i t i a l l y f o r 

u n o r g a n i z e d n e u r a l h i s t o g e n e s i s , and s u b s e q u e n t l y f o r n e u r a l 

o r g a n o g e n e s i s . There i s a p r o g r e s s i v e , g r a d u a l and c u m u l a t i v e 
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e f f e c t on the d i f f e r e n t i a t i o n of the pro s p e c t i v e regions of 

the amphibian c e n t r a l nervous system brought about by exposure 

to the t i s s u e environment v i z . , notochord and somite mesoderm. 

While the d i f f e r e n t i a t i o n tendencies appear s i m i l a r 

i n i t i a l l y (stage 11 - 14), i n t r i n s i c d i f f e r e n c e s between 

rhombencephalon and trunk cord n e u r a l t i s s u e s are evident 

when these t i s s u e s are c u l t u r e d i n the presence of notocord 

and somite t i s s u e s . These added t i s s u e s show e i t h e r 

enhancement or i n h i b i t i o n , both m o r p h o l o g i c a l l y and 

temporally, of n e u r a l h i s t o g e n e s i s and organogenesis. 
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1. The d i f f e r e n t i a t i o n t e n d e n c i e s o f p a r t s o f the 

a m p h i b i a n C . N . S . were i n v e s t i g a t e d i n an a t tempt to e s t a b l i s h 

the r e g i o n a l d i f f e r e n t i a t i o n c a p a c i t y o f Ambystoma g r a c i l e 

n e u r a l e c t o d e r m . 

2. P r e s u m p t i v e n e u r a l t i s s u e s ( h i n d b r a i n and t r u n k 

s p i n a l - c o r d ) were i s o l a t e d and c u l t u r e d a l o n e o r w i t h 

c o m b i n a t i o n s o f a x i a l mesoderm (notochord and s o m i t e ) . 

3. The t i s s u e i s o l a t e s were c u l t u r e d i n v i t r o as e c t o d e r m a l 

v e s i c l e s f o r t h r e e weeks or f o r a p e r i o d c o r r e s p o n d i n g to 

the d e v e l o p m e n t a l t ime o f a s tage 40 embryo. 

4. P r i o r to i n d u c t i o n (stage 11) i s o l a t e d rhombencephalon 

and t r u n k c o r d formed o n l y a t y p i c a l e p i d e r m i s . 

5. Subsequent to i n d u c t i o n (stage 11) b o t h r e g i o n s 

demonstra ted u n o r g a n i z e d n e u r a l h i s t o g e n e s i s , w h i l e the f o r m a t i o n 

o f h i n d b r a i n became e v i d e n t a t l a t e r s tages (12 - 14 ) . 

6. By s t a g e 15 - 16 the h i s t o g e n e s i s and o r g a n o g e n e s i s o f 

the i s o l a t e d h i n d b r a i n r e g i o n r e s e m b l e d t h a t o f the c o n t r o l 

whereas the i s o l a t e d t r u n k c o r d o n l y formed a n e u r a l t u b e . 

7. The p r e s e n c e o f somite mesoderm enhanced h i n d b r a i n 

d i f f e r e n t i a t i o n c o n s i d e r a b l y , n o t o c h o r d was e f f e c t i v e to a 

l i m i t e d e x t e n t , w h i l e the combined e f f e c t was g r e a t e r than 

somite a l o n e . 
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8. The a d d i t i o n o f n o t o c h o r d to t r u n k c o r d enhanced 

h i s t o g e n e s i s to a g r e a t e r e x t e n t than e i t h e r somite a l o n e o r 

the c o m b i n a t i o n o f n o t o c h o r d and s o m i t e . 

9 . The t r u n k n e u r a l t i s s u e , whether a l o n e or i n c o m b i n a t i o n 

w i t h mesoderm, never demonstra ted normal s p i n a l - c o r d 

morphology and seemed to d e v e l o p i n d e p e n d e n t l y o f the 

environment d u r i n g the l a t e r s tages o f n e u r u l a t i o n . ( 1 6 - 19 ) . 

10. The r h o m b e n c e p h a l i c d i f f e r e n t i a t i o n was enhanced by 

the a d d i t i o n o f somite t i s s u e a l o n e and by b o t h somite and 

n o t o c h o r d . The t r u n k r e s p o n s e was enhanced by the a d d i t i o n 

o f n o t o c h o r d . The s u g g e s t i o n t h a t i n h e r e n t d i f f e r e n t i a t i o n 

t e n d e n c i e s e x i s t w i t h i n the two b r a i n r e g i o n s i s p r e s e n t e d . 

11. The p o s s i b l e r o l e o f the mesodermal t i s s u e s i n 

c o n d i t i o n i n g the n e u r a l t i s s u e m i c r o e n v i r o n m e n t w i t h 

m e t a b o l i c p r e c u r s o r s i s d i s c u s s e d . 
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APPENDIX 

U s i n g the method o f S k o r y (19 52 A u t o m a t i c machine 

2 

method o f c a l c u l a t i n g c o n t i n g e n c y X . B i o m e t r i c s 8: 

380-382.) an r x c c o n t i n g e n c y t e s t was p e r f o r m e d on the 

r e s u l t s o b t a i n e d i n t h i s i n v e s t i g a t i o n (Tables I - V I I I ) . 

The appearance of u n o r g a n i z e d , o r g a n i z e d and secondary o t i c 

d i f f e r e n t i a t i o n s i n each e x p e r i m e n t a l s e r i e s and a t each 

d e v e l o p m e n t a l s tage were c o m p i l e d and s u b j e c t e d to 

s t a t i s t i c a l a n a l y s i s . The p r o b a b i l i t y v a l u e s o b t a i n e d from 

t h i s a n a l y s i s a re p r e s e n t e d b e l o w . 

D e v e l o p m e n t a l s tages 
E x p e r i m e n t a l 

s e r i e s 12* 13 14 15 16 12- -16 

R 
Rnt 
R s t 
Rnts 

>- 01 <- 025 >.005 >. 1 >. 005 
R 
Rnt 
Rs 
Rnts 

> . 005 
> . 050 
>.9 
> . 005 

Rnt 
Rs 
Rnts 

> • 005 <• 500 >.'900 <.5 <. 5 

12 13 14 15 16 17 12- -17 

T 
T n t 
Ts 
T n t s 

>• 005 >. 025 < . 010 <.9 <. 9 < .95 
T 
T n t 
Ts 
T n t s 

> . 005 
>.005 
>. 005 

T n t 
Ts <. 025 <. 5 < .5 < . 1 
T n t s 

* each d e v e l o p m e n t a l s tage i n c l u d e s the c a t e g o r i e s o f 
u n o r g a n i z e d , o r g a n i z e d , and secondary o t i c f o r m a t i o n . 


