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M e s o d e r m a l  a n d  E n d o d e r m a l  D i f f e r e n t i a t i o n  o f  
t h e  P r e s u m p t i v e  E c t o d e r m  of  Tri turus  G a s t r u l a  

t h r o u g h  I n f l u e n c e  o f  L i t h i u m  I o n  1 

Since t h e  f ind ing  of HERBST 2, LiCI h a s  been  p r o v e d  to  
h a v e  t h e  pecu l i a r  effect  of m o d i f y i n g  t h e  e m b r y o n i c  
d e v e l o p m e n t  in s o m e  a n i m a l s .  I n  sea  u r c h i n  e m b r y o s  th i s  
chemica l  is k n o w n  to ac t  m a i n l y  on t he  a n i m a l  ha l f  of t he  
egg to cause  t r a n s f o r m a t i o n  of t he  p r e s u m p t i v e  e c t o d e r m  
in to  t h e  e n d o m e s o d e r m a l  t issues~,  ~. On  t he  o t h e r  h a n d ,  in 
a m p h i b i a n  e m b r y o s  t h e  effect  of t he  chemica l  h a s  be e n  
recognized  to be t h e  b r i n g i n g - a b o u t  of  m a l f o r m a t i o n  of 
t he  n e r v o u s  a n d  s e n s o r y  o r g a n s  t o g e t h e r  w i th  de fec t  of 
t he  ax ia l  m e s o d e r m  s. Recen t l y ,  however ,  t he  a u t h o r S 3  
a n d  ~GI  s h a v e  s h o w n  t h a t  t h e  g a s t r u l a r  e c t o d e r m  of 
Triturus pyrrhogaster, t r e a t e d  w i t h  LiC1, u n d e r g o e s  n o t  
on ly  n eu ra l  b u t  a lso m e s o d e r m a l  d i f f e r en t i a t i ons  in  
r e s pon se  to  t h o se  i n d u c t o r s  w h i c h  n o r m a l l y  evoke  o n l y  
t h e  n e u r a l i z a t i o n  of e c tode rm,  s u c h  as  l iv ing p r echo rda l  
p la te ,  hea t -k i l l ed  o rgan ize r  or  gu inea -p ig  liver. F r o m  th i s  
fac t  it  can  eas i ly  be a s s u m e d  t h a t  in a m p h i b i a n  e m b r y o s ,  
s imi l a r ly  as in sea  u rch ins ,  t he  effect  of Li ion is to  a f fec t  
t he  d i f f e r en t i a t i on  of p r e s u m p t i v e  e c t o d e r m  to  g ive  rise to  
meso-  a n d  e n d o d e r m a l  d i f f e ren t i a t ions .  I n  o rde r  to  ge t  
f u r t h e r  ev idences  c o r r o b o r a t i n g  th i s  view,  t he  fol lowing 
e x p e r i m e n t s  were u n d e r t a k e n .  

T h r o u g h o u t  the  e x p e r i m e n t s ,  e x p l a n t a t i o n  was  carr ied  
o u t  w i t h  pieces of t h e  p r e s u m p t i v e  e c t o d e r m  t a k e n  f r o m  
the  a n i m a l  pole  of ea r ly  g a s t r u l a e  of Triturus pyrrho- 
gaster. I n  t h e  f i rs t  e x p e r i m e n t ,  the  e c t o d e r m  exc ised  was  
i m m e r s e d ,  before e x p l a n t a t i o n ,  in 0 . 0 6 M  LiC1 so lu t ion  of 
d i f fe ren t  p H  v a lu e  for 3.5 to 4.0 h. T h e  p H  was  a d j u s t e d  
r a n g i n g  f r o m  7.0 to  9.8 by  a d d i n g  a s m a l l  q u a n t i t y  of 
Li~CO 3 to  t h e  so lu t ion .  As cont ro l ,  t h e  e c t o d e r m  was  ex-  
p l a n t e d  a f t e r  t r e a t m e n t  w i t h  0.06 M NaC1 so lu t ion  of t he  
s a m e  r a n g e  of p H  va lue .  In  th i s  case  t h e  a d j u s t m e n t  of  p H  
was  m a d e  w i th  Na~CO a. I n  t he  second  e x p e r i m e n t ,  t h e  
e c t o d e r m  was  exposed  to  an  a m m o n i a  so lu t ion  of p H  11.8 
to  12.0 for 2 to 6 rain a f t e r  t r e a t m e n t  w i t h  L i - so lu t ion  a t  
p H  7.0, a n d  t h e n  e x p l a n t e d .  All t he  p r o c e d u r e s  were  
car r ied  o u t  a t  r o o m  t e m p e r a t u r e  r a n g i n g  f rom 23.5 ° to  
26.5°C. C u l t i v a t i o n  of t he  e x p l a n t s  was  done  in Ho l t -  
f r e t e r ' s  so lu t ion  a t  18°C for 2 to  5 weeks.  

I n  t h e  t r e a t m e n t  w i th  N a - s o l u t i o n  d i s a g g r e g a t i o n  of t h e  
e c t o d e r m  a l w a y s  took  place,  w h e r e a s  in t h e  case  of Li-  
t r e a t m e n t  i t  occur red  on ly  w h e n  p H  of t he  so lu t ion  w a s  
a b o v e  9.2. B u t  in e i t he r  case  r e a g g r e g a t i o n  of t h e  t r e a t e d  
t i s sue  was  b r o u g h t  a b o u t  by  t r a n s f e r r i n g  t he  t i s sue  in to  
H o l t f r e t e r ' s  so lu t ion .  Genera l ly  the  e x p l a n t s  showed  good 
d i f fe ren t i a t ion ,  b u t  q u a l i t y  of t he  t i s sues  d i f f e r en t i a t ed  in 
t h e  e x p l a n t s  was  d i f fe ren t  b e t w e e n  Li-  a n d  N a - t r e a t m e n t s  
as  is seen  in  Tab l e  I. I n  t h e  L i - t r e a t m e n t s  n e u r a l  t i s sue  
was  f o u n d  a n d  v a r i ous  k inds  of m e s o d e r m a l  t i s sues  
(F igure  1, 2, 3, a n d  4) a n d  s o m e t i m e s  e n d o d e r m a l  t i s sue  
of gu t - l ike  a p p e a r a n c e  (F igure  5). On  t he  o t h e r  h a n d ,  in 
t h e  t r e a t m e n t s  wi th  Na- so tu t ion ,  neu ra l  t i s sue  a lone  was  
found  to  be  p r o d u c e d  on ly  w h e n  t h e  p H  va lue  of t h e  
s o lu t i o n  w a s  a b o v e  9.2. N e i t h e r  m e s o d e r m a l  no r  endo-  
d e r m a l  d i f f e r en t i a t i on  was  seen in th i s  case.  F u r t h e r ,  i t  
was  no t ed  t h a t  in t h e  case of L i - t r e a t m e n t s  a t e n d e n c y  
was  fo u n d  in wh ich  f r e q u e n c y  a n d  q u a l i t y  of t he  meso-  
d e r m a l  t i s su e s  p r o d u c e d  va r ied  wi th  c h a n g e  of t h e  p H  
va lue  of L i - so lu t ion .  As seen in Tab l e  I, f r e q u e n c y  of t h e  
m e s o d e r m a l  d i f f e r en t i a t i on  s h o w e d  m a r k e d  inc rease  w i th  
rise of t h e  p H ,  an d  a t  t he  s a m e  t i m e  n o t o c h o r d  a n d  somi t e  
b e c a m e  m o re  f r e q u e n t l y  f ound  t h a n  p r o n e p h r o s  a n d  blood 
cells. F r o m  th i s  resul t ,  i t  s e ems  l ikely t h a t  Li ion ac t s  u p o n  
t he  p r e s u m p t i v e  e c t o d e r m  to  cause  meso -  a n d  e n d o d e r m a l  
d i f f e ren t i a t ions ,  b u t  t he  effect  is modi f ied  by  c h a n g i n g  p H  
va lue  of t h e  m e d i u m .  

O n  t he  o t h e r  h a n d ,  doub le  t r e a t m e n t  of  t he  e c t o d e r m  
w i th  L i - so lu t ion  a n d  a m m o n i a  ga ve  a r e su l t  c o m p a r a b l e  
to  t h a t  of t he  L i - t r e a t m e n t  a t  h i g h e r  p H  va lue s  (Table II).  
W h e r e a s  t he  t r e a t m e n t  w i th  L i - so lu t ion  a lone b r o u g h t  
a b o u t  m e s o d e r m a l  d i f f e r en t i a t i on  on ly  ra re ly ,  a d d i t i o n a l  
t r e a t m e n t  w i t h  a m m o n i a  w a s  fol lowed b y  f r e q u e n t  
p r o d u c t i o n  of no t  on ly  n o t o c h o r d  a n d  s o m i t e  b u t  a lso 
e n d o d e r m a l  t i ssue .  A l t h o u g h  it  is a we l l -es tab l i shed  fac t  
t h a t  t r e a t m e n t  of t he  e c t o d e r m  w i th  a lka l ine  so lu t ion  
b r ings  a b o u t  d i f f e r en t i a t i on  of t he  n e u r a l  a n d  m e s e n c h y m a l  
t i s sues ,  no  case  h a s  been  f o u n d  in w h i c h  de f in i t ive  me so -  
d e r m a l  t i s sues  a re  deve loped  b y  t h e  s a m e  t r e a t m e n t  9,t°. 
There fore ,  we are inc l ined  to  cons ide r  t h a t  O H  ion en-  
h a n c e s  t he  effect  of Li ion u p o n  t h e  p r e s u m p t i v e  e c t o d e r m  
of g a s t r u l a  w h ic h  elicits  m e s o d e r m a l  a n d  e n d o d e r m a l  
d i f f e ren t i a t ions .  

Tab. I. Differentiation of the explants treated with 0.06M LiCI or 
NaC1 at different pH. 

pH HC1 NaC1 
6.8 8.0 9.2 9.6 6.8 8.0 9.2 9.6 

d 1 I I I I I I 
7.0 8.2 9.4 9.8 7,0 8.2 9,4 9.8 

Available case 93 68 11 9 
Neural tissue - 5 7 
Mesenchyme 9 37 2 
Mesodermal 1 16 5 7 
tissue(total) (1%) (240/o) (45%)(78%) 

Blood 1 1 
Pronephros 4 - 
Somite - 13 5 7 
Notochord - 5 6 

Endodermal 29 18 3 1 
tissue(total) (31%) (26%) (27%)(11%) 

72  3 0  10  7 
- 4 4 

Tab. II. l)ifferentiation of the explants treated with ammonia 
solution after the treatment with 0.06 M LiC1 of pH 7.0 

Ammonia- Li- Li- plus 
treatment treatment ammonia- 
alone alone treatments 

Available case 37 93 30 
Neural tissue 22 - 10 
Mesenchyme 3 9 5 
Mesodermal tissue (total) 1 6 

(1%) (20%) 
Blood - 1 - 
Pronephros . . . . .  
Sonfite - - 6 
Notochord - - 2 

Endodermal tissue - 29 13 
(31%) (43%) 
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Fig. 1. Blood cells differentiated in Li-explant treated at pH 7.0 
for 4 h. 

Fig. 4. Notochord and neural tissue differentiated in Li-explant 
treated at pH 9.8 for 3.5 h. 

Fig. 2. Pronephric tubules differentiated in Li-explant treated at 
pH 8.2 for 4 h. 
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Fig. 5. Endodermal tissue of gut-like structure differentiated in Li- 
explant treated at pH 8.~ for 4 h. 

Fig. 3. Muscle differentiated in Li-explant treated at pH 8.2 for 4 h. 

Zusammen/assung. Stticke des p rAsumpt iven  Ek to-  
de rms  der  j ungen  Gas t ru la  von  Triturus pyrrhogaster 
w u r d e n  nach  4s t i indiger  B e h a n d l u n g  mi t  0 ,06M LiC1- 
L6sung  exp lan t i e r t .  Das p H  wurde  d u t c h  Zusatz  yon  
Li2CO 3 auf  7.0 bis 9.8 eingestet l t .  Die E x p l a n t a t e ,  die bei 
p H  9,2 oder  9,8 b e h a n d e l t  wurden ,  d i f fe renz ier ten  sich in 
z u n e h m e n d e r  HAufigkeit  neben  Neura lgewebe  zu Chorda  
und  Muskula tur .  Bei B e h a n d l u n g  mi t  LiC1-L6sungen von 
pH 7,0 und 8,0 wurden  nur  Blutzellen,  VornierenkanXlchen 
oder  Musku la tu r  in ger ingem P r o z e n t s a t z  p roduz ie r t ,  
j edoch  weder  Neura lgewebe  noch Chorda.  Diese E x -  
p l a n t a t e  e rgaben  aber  Di f fe renz ie rungen  w m  Chorda  und  
Neura lgewebe,  wenn  sie nach  der  L i -Behand lung  kurz  
e iner  A m m o n i a k - L 6 s u n g  yon p H t  2,0 ausgese tz t  wurden .  

YOSHIO MASUI 

Department o/ Biology, Faculty o~ Science, K6nan Univer- 
sity, K~be (Japan), June 20, 1961. 


