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r a b b i t  heart15. The  lack of effect  of a low c o n c e n t r a t i o n  
(17 mM) of e t h a n o l  in  t he  p r e sen t  s t u d y  is in  a g r e e m e n t  
w i t h  t h a t  f ound  b y  o the r s  14,15. The  effect  of p ropy l ene  
glycol on  N A  release ha s  n o t  been i n v e s t i g a t e d  to our  
knowledge.  
I t  is conc luded  t h a t  e t h a n o l  is su i ted  to aid t he  d i sso lu t ion  
of e.g. co r t i cos te rone  in P S S  w h e n  t he  l a t t e r  d rug  is used 
as a n  u p t a k e - 2  i n h i b i t o r  in SH-NA release s tudies .  Pro-  

py lene  glycol, on t h e  o t h e r  hand ,  is n o t  su i t ab le  for th i s  
purpose ,  since i t  e n h a n c e s  the  pass ive  3H-eff lux f rom 
vascu la r  adrenerg ic  neu rones  p re loaded  w i t h  aH-NA.  

15 M. G6thert and G. Thielecke, Eur. J. Pharmac. 37, 321 (1976). 

Lens regenerat ion f r o m  cornea in tail ectopic eyes  of Xenopus  laevis  tadpoles  

Jul ie  G. Reeve  1 a n d  A. E. Wi ld  

Department o[ Biology, Medical and Biological Sciences Building, University o/Southampton, Southampton, S09 5NH 
(England), 11 March 1977 

Summary. E v i d e n c e  was found  t h a t  co rnea  in ta i l  ec topic  eyes  of X e n o p u s  t adpo le s  h a s  t h e  capac i t y  to  r egene ra t e  
a new  lens. 

I t  h a s  long been  k n o w n  t h a t  the  dorsa l  region of t i le iris of 
c e r t a i n  l a rva l  a n d  a d u l t  urodeles  ha s  t he  c a p a c i t y  to  re- 
gene ra t e  a lens shou ld  t he  ex is t ing  one be  r e m o v e d  f rom 
t h e  eye 3. I n  X e n o p u s  tadpoles ,  however ,  lens r e m o v a l  is 
fol lowed b y  r e g e n e r a t i o n  of a new lens f rom t h e  i nne r  
l ayer  of t h e  ou t e r  co rnea  3. Len to ids  h a v e  also been  re- 
p o r t e d  to fo rm in co rnea  of X e n o p u s  t adpo les  cu l t u r ed  in 
v i t r o  in  t he  absence  of o t h e r  eye s t ruc tures4 ,  b u t  in  con-  
t r a s t ,  co rnea  t r a n s p l a n t e d  to  t he  ta i l  f in a p p a r e n t l y  does 
n o t  fo rm a lens 5. I n  t he  l a t t e r  s tudies  5, co rnea  t r a n s -  
p l a n t e d  to  t he  a n t e r i o r  c h a m b e r  of l en t ec tomized  eyes, or 
to  t h e  l imb  b u d  b l a s t e m a  of X e n o p u s  tadpoles ,  some t imes  
did  fo rm a lens, i m p l y i n g  t h a t  in t he  ta i l  t he re  is e i t he r  in-  
h i b i t i o n  or absence  of s t imu la t i on .  W e  were i n t e r e s t e d  to 
k n o w  w h e t h e r  or no t  lens r egene ra t i on  would  t a k e  place 
f rom cornea  a r i s ing  f rom ta i l  e c tode rm in eyes fo rmed  in 
t adpo le  ta i ls  as a r e su l t  of p r io r  opt ic  vesicle t r a n s p l a n -  
t a t i o n  to t he  ta i l  bud .  
Opt ic  vesicle t r a n s p l a n t s  were car r ied  o u t  essen t ia l ly  
a f t e r  t h e  m e t h o d  descr ibed  in  B i l l e t t  a n d  Wi ld  ~. Nieuw-  
koop  a n d  F a b e r  s tage  24/25 e m b r y o s  were p laced  in s ter i le  
10% H o l t f r e t e r ' s  so lu t ion,  p H  8.0, and  t he  p i g m e n t e d  
e p i t h e l i u m  over ly ing  a n d  a d j a c e n t  to  t he  opt ic  vesicle was  
comple t e ly  r e m o v e d  us ing  t u n g s t e n  needles.  The  op t ic  
vesicle was  t h e n  excised  b y  m e a n s  of a f ine ha i r  loop a n d  
v i t a l l y  s t a ined  in 1:200,000 so lu t ion  of Nile B lue  Sul- 
p h a t e  in  10% H o l t f r e t e r ' s  so lu t ion ;  t h i s  was  to  m a k e  i t  
v is ible  in s u b s e q u e n t  t r a n s p l a n t a t i o n  procedures .  S tage  
28/29 e m b r y o s  ( tai l  b u d  stages) were used  as rec ip ien t s  of 
graf ts .  Fo l lowing  anaes the s i a  in  a 1 :3000 so lu t ion  of 

MS222 in 10% FIol t f re te r ' s  solut ion,  a smal l  incis ion was 
m a d e  in the  ta i l  b u d  w i t h  a t u n g s t e n  needle  a n d  a t u n n e l  
e x c a v a t e d  such  t h a t  i ts  roof  cons is ted  of ta i l  b u d  ec toderm.  
S t a ined  gra f t s  were t h e n  inse r t ed  keep ing  the  o r i e n t a t i o n  
the  same as in  t h e  n o r m a l  fo rming  eye, i.e. p r e s u m p t i v e  
r e t i n a  apposed  to ec toderm.  Af te r  g ra f t s  h a d  hea l ed  in, 
e m b r y o s  were t r a n s f e r r e d  to 250 ml  f inger  bowls  con-  
t a i n i n g  10% H o l t f r e t e r ' s  so lu t ion  where  t h e y  r e m a i n e d  
for  24 h. T h e y  were t h e n  t r a n s f e r r e d  to  aged t a p  w a t e r  
a n d  rea red  to s tage 49/50. 
Di rec t  e x a m i n a t i o n  of ec topic  eyes u n d e r  a d issec t ing  
microscope ind ica t ed  t h a t  cornea,  as well  as a lens a n d  eye 
cup,  h a d  deve loped  in 22 o u t  of 100 successful  t r a n s p l a n t s .  
E x a m p l e s  of such  eyes are  s h o w n  in f igures 1 an d  2. Con- 
f i rma t ion  of t h e  p resence  of cornea  compr i sed  of a n  i nne r  
an d  ou te r  l ayer  (as in  t h e  n o r m a l  t adpo le  eye) was  ob-  
t a i n e d  b y  s u b s e q u e n t  h is to logica l  ana lys i s  in  2 selected 
cases (figure 3). L e n t e c t o m y  was pe r fo rmed  on t h e  re- 
m a i n i n g  20 s tage 49/50 a n a e s t h e t i z e d  tadpoles .  A smal l  
semi-c i rcu lar  cu t  was  m a d e  t h r o u g h  t h e  ou te r  cornea  a long  

1 Supported by an award from the Science Research Council. 
2 T. Yamada, in: Current Topics in Developmental Biology, vol. 

2, p. 247. Ed. A. A. Moscona and A. Monroy. Academic Press, 
New York. 

3 G. Freeman, J. exp. Zool. 154, 39 (1963). 
4 j .C .  Campbell and K. W. Jones, Dev. Biol. 1 17, (1968). 
5 P .R .  Waggoner, J. exp. Zool. 786, 97 (1973). 
6 F .S .  Billett and A. E. Wild, in: Practical Studies of Animal 
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Fig. 1 and 2. Examples of ec- 
topic eyes produced in tadpole 
tails showing cornea (C) and 
lens (L) differentiation. E. C., 
eye cup. • 
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Fig. 3. T. S. of the ectopic eye shown in figure 1. Both inner (I.C.) 
and outer (O.C.) eornea can be seen to be present. L, lens. (Stained 
with haematoxylin and eosin.) 

Fig. 4. T. S. of an ectopic eye 7 days after lentectomy showing an 
early stage 4 lens regenerate (L. R.) attached to the inner layer of the 
outer cornea (O.C.). (Stained with haematoxylin and eosin.) 

Fig. 5. T. S. of an ectopic eye 14 days after lentectomy showing 
a middle stage 5 lens regenerate (L. R.) still attached to the inner 
layer of the outer cornea (O.C.). (Stained with haematoxylin and 
eosin.) 

7 R.H. Reyer, Q. Rev. Biol. 29, 1 (1954). 
8 A.G. Jacobson, J. exp. Zool. 139, 525 (1958). 
9 B.I .  Balinsky, Experientia 7, 180 (1951). 
10 K.B. Liedke, J. exp. Zool. 117, 573 (1951). 

the  ven t r a l  edge o f  the  eye cup close to the  corneal-epi-  
dermal  junct ion ,  and the  outer  cornea was ref lected dor-  
sally. Pressure  appl ied wi th  forceps to the  back  of the  eye 
then  forced the  lens t h r o u g h  an incision, m a d e  in tile 
inner  cornea.  L e n t e c t o m y  was carr ied out  in th is  way  in 
b o t h  tile ectopic eye and a no rma l  eye of the  same t ad -  
pole. In  some cases, due to the  eye being smal ler  in the  tai l  
and absence  of the  sclera mak ing  the  eye more  delicate,  
excessive damage  occurred to  t he  eye cup or t he  lens was 
incomple te ly  r emoved ;  these animals  were therefore  ex-  
c luded f rom the  results.  The opera t ion  was, however ,  
judged  to be successful  in 11 t adpo les  and  these  were sub- 
sequen t ly  sacrificed on days  3, 7, 10 and 14 af ter  lentec-  
tomy.  

One of the  tadpoles  sacrificed on day  7 was found to have  
regenera ted  an ear ly  s tage 4 lens (staging according to 
F r e e m a n  3) in the  ectopic eye (figure 4). The inner  layer of 
the  ou te r  cornea appeared  to  be cont inuous  wi th  the  de- 
veloping lens (a condi t ion  similar  to t h a t  found  in the  
l en tec tomized  eye of a normal  tadpole)  ind ica t ing  t h a t  i t  
was f rom here t h a t  the  lens had  or iginated.  E n l a r g e m e n t  
of nucleus  and nucleolus was also ev iden t  in the  cells 
fu r thes t  f rom the  cornea,  th is  being the  p r i m a r y  stage 
of lens fibre fo rmat ion  and charac ter i s t ic  of ear ly  s tage 
4 lens regenerat ion.  In  5 animals  sacrificed on day  14, 
middle  s tage 5 lens regenera tes  were found,  Secondary  
fibre fo rma t ion  f rom the  equator ia l  zone was ev iden t  and 
in the  case shown in figure 5, the  lens still  r emained  at-  
t ached  to  the  inner  layer  of the  outer  cornea.  The animals  
sacrificed on days  3 and  10 showed no evidence  of lens 
regenerat ion,  

These resul ts  show t h a t  lenses can regenera te  f rom cornea 
of l en tec tomized  tail  ectopic eyes. In no t  regenera t ing  a 
lens in every  case, cornea in ectopic eyes is no d i f fe rent  
f rom t h a t  in  normal  t adpole  eyes where  in the  p re sen t  
s t u d y  57% lens regenera t ion  was found.  Reye r  ~ has  re- 
po r t ed  t h a t  regenera t ion  of a lens f rom iris t issue in tai l  
ectopic  eyes of Tr i tu rus  t adpo les  can occur  af ter  lentec-  
tomy.  However ,  in Reye r ' s  expe r imen t s  optic  vesicles 
w i th  over lying p r e sumpt ive  lens e c t o d e rm were t rans -  
p l an t ed  and regenera t ion  was f rom t issue of graf t  origin. 
Our resul ts  d e m o n s t r a t e  t h a t  t issue which  or iginates  no t  
f rom the  graft ,  bu t  f rom tail  ec toderm,  also has  the  ca- 
pac i ty  to  regenera te  a lens. 

Lens  and  cornea in normal  t adpo le  eyes are der ived f rom 
head ec toderm which has n o t  only  come under  the  in- 
f luence of the  optic  vesicle, b u t  also of the  a r chen te ron  
wall. Non-neura l  t issue under ly ing  the  p r e sumpt ive  epi- 
dermis  dur ing neura la t ion  has  been  shown b y  Jacobson  8 
to also be of some significance in the  induc t ion  of lens. 
Indeed ,  it  has  been  sugges ted  t h a t  the  p h e n o m e n o n  of 
free-lens fo rma t ion  exh ib i t ed  b y  cer ta in  Anurans  in- 
c luding Xenopus  9, can be a t t r i b u t e d  to  these  non-neura l  
t issues 1~ Evidence  p resen ted  by  Jacobson  showed t h a t  
the  non-neura l  t issue effect  on p r e s u m p t i v e  lens epidermis  
was no t  specific to head  mesode rm;  thus  f lank mesode rm 
could induce lens in p r e s u m p t i v e  lens epidermis .  Clearly 
th is  effect  is d e p e n d e n t  on some p r o p e r t y  inhe ren t  in 
p r e s u m p t i v e  lens epidermis  since ne i ther  head  mesode rm 
nor  f lank mesode rm induced  free lens fo rma t ion  in tai l  
e c tode rm 8. The p resen t  s t u d y  shows however ,  t h a t  opt ic  
vesicles, t oge the r  wi th  any  mesode rm t h a t  m a y  have  in- 
a d v e r t a n t l y  been t ransfer red ,  have  the  capac i ty  no t  only  
to confer  on ' unp r imed '  ta i l  ec toderm the  abi l i ty  to form 
a lens, bu t  to regenera te  a lens as well. Fu r the rmore ,  t he  
presence  of o the r  eye s t ruc tu res  can clear ly offset  a n y  
inh ib i to ry  influence(s) or lack of s t imula t ion  associated 
wi th  tai l  t issues t h a t  have  been ascr ibed to  th is  region b y  
corneal  t r a n s p l a n t s  5. 


