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d i s t u r b a n c e  las ts  for  t he  f i rs t  two  weeks. R ibof l av in ,  too, 
at.  h i g h e r  c o n c e n t r a t i o n s  exe r t s  de le te r ious  effects  on  
g rowth  (Table  I I I ) .  The  e x a c t  dosage a t  wh ich  r i bo f l av in  
becomes  toxic  could  no t  be  d e t e r m i n e d  because  t he  casein 
used in t h e  d ie t  was  n o t  m a d e  free f rom th i s  v i t a m i n e .  

The  p r e s e n t  i n v e s t i g a t i o n s  reveal  t h a t  some of t he  ]3 
v i t a m i n s  a t  h i g h e r  c o n c e n t r a t i o n s  b e c o m e  tox ic  to  
Corcyra l a r v a  - a f ac t  o b s e r v a b l e  in  m a n y  h ighe r - an ima l s  3. 
(A l a rge r  q u a n t i t y  of b i o t i n  also h a s  a tox ic  ef fec t  on  
Tribolium con/usum*). T h e  p h e n o m e n o n  of t h e  m o d e  of 
ac t ion  of these  v i t a m i n s  is be ing  i n v e s t i g a t e d .  

Rdsumd. L a  b io t i ne  e t  la  r ibof lav ine ,  f o r t e m e n t  con-  
centr~es,  a d m i n i s t r 6 s  ~ la l a rve  de la  pha l ~ne  d u  riz, 

Corcyra cephalonica, son t  tox iques .  Les h a u t e s  concen-  
t r a t i o n s  de l ' ac ide  n i co t in ique  n ' o n t  des effets d6favo-  
r ab ies  que  sur  la  c ro i ssance  des p lus  j eunes  l a rves  de 
l ' insecte .  
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R e g e n e r a t i o n  i n  I s o l a t e d  T a i l s  o f  Xenopus L a r v a e  I 

N o r m a l l y  r e g e n e r a t i n g  ta i l s  of Xenopus l a rvae  possess  
a good b lood  supply .  I n  c o n n e c t i o n  w i t h  TSCHUMI'S ~ ex-  
p e r i m e n t  w h i c h  r evea l ed  a co r re l a t ion  b e t w e e n  b lood 
s u p p l y  a n d  l imb  d e v e l o p m e n t ,  i t  was  of i n t e r e s t  to  in-  
ve s t i ga t e  w h e t h e r  or n o t  a s imi la r  r e l a t i ons h i p  m a y  be  
found  in  ta i l  r egene ra t ion .  T he  cul t t i re  of i so la ted  ta i l  t i p s  
w i t h  abo l i shed  b lood c i r cu la t ion  p r o v e d  to be t he  m e t h o d  
of choice.  S imi la r  a t t e m p t s  to  cu l tu re  i so la ted  ta i ls  of 
Xenopus l a rvae  h a v e  a l r eady  been  m a d e  b y  SHAFFER 3 for 
o t h e r  purposes .  I n  t he  p r e s e n t  paper ,  a s h o r t  a c c o u n t  of 
ou r  p r e l i m i n a r y  re su l t s  will be  given.  

F r o m  a v a r i e t y  of n u t r i e n t - f r e e  cu l t u r e  media ,  the  b e s t  
r e su l t s  were  o b t a i n e d  w i t h  H o l t f r e t e r  so lu t ion  4. I n  o rde r  
to  a v o i d  bac t e r i a l  i n fec t ions  we l a t e r  a d d e d  0.05 % sulfo- 
t h i a z o l  (Geigy). P r io r  to  a m p u t a t i o n  t he  l a r v a e  were  
t h o r o u g h l y  r insed  w i t h  glass d is t i l led  wa te r ,  a n d  t h e n  
t r a n s f e r r e d  i n t o  aqueous  so lu t ion  of  0.05 % su l fo th iazo l  
for 24 h.  The  i so la ted  t a i l  t ips  were  k e p t  i n d i v i d u a l l y  in  
sma l l  P e t r i  dishes,  c o n t a i n i n g  5 ml  of c u l t u r e  m e d i u m  a t  
c o n s t a n t  t e m p e r a t u r e  (18°C). Since t h e y  were  ly ing  close 
to t he  surface  of the  cu l t u r e  m e d i u m ,  suf f ic ien t  s u p p l y  
of oxygen  was p rov ided .  U n d e r  these  c o n d i t i o n s  i t  was  
possible  t o s u p r e s s  m o r t a l i t y  a l m o s t  comple t e ly  a n d  to 
keep  e v e n  whole  ta i ls  al ive.  Due  to  t he  abs ence  of b lood  
c i rcu la t ion ,  t he  s u p p l y  of n u t r i e n t  m a t e r i a l  is of course  
reduced ,  t h u s  a l lowing  i so la ted  ta i ls  to  s u r v i ve  on ly  for  a 
l imi ted  per iod  of t ime.  I n  a f i rs t  e x p e r i m e n t  in w h i c h  7 
m m  of t he  ta i l  t i p s  of Xenopus l a rvae ,  m e a s u r i n g  30 m m  
in l eng th ,  were  a m p u t a t e d ,  t h e  fol lowing t i m e s  of s u r v i v a l  
were obse rved  in t he  absence  of su l fo th iazol .  F r o m  a t o t a l  
n u m b e r  of 12 ta i l  t ips ,  3 d ied  u n t i l  t h e  6 t h  d a y  a f t e r  a m p u -  
t a t i on ,  t he  r e m a i n i n g  9 spec imens  su rv ived ,  b u t  showed  
some d i s to r t ions ,  a n d  t h e  musc le  t i ssue  g r a d u a l l y  b e c a m e  
t r a n s p a r e n t .  ]3etween t h e  30 th  a n d  t h e  44 th  d a y  a f t e r  
a m p u t a t i o n  these  t a i l  t i p s  died.  I t  is l ike ly  t h a t  t i ssues  are  
pa r t i a l l y  abso rbed .  Accord ing  to  our  p r e s e n t  exper ience ,  
however ,  also whole  tai ls ,  m e a s u r i n g  20 m m  in  l eng th ,  
s u r v i v e d  in good c o n d i t i o n  for  a t  l eas t  one  m o n t h .  

T h e  v i t a l i t y  of i so la ted  ta i ls  is be s t  i l l u s t r a t ed  b y  (1) t he  
pe r s i s t ence  of m u s c u l a r  c o n t r a c t i o n ,  e v e n  r e su l t i ng  in  dis- 
p l a c e m e n t  of t h e  tai ls ,  a n d  (2) in  t h e  f o r m a t i o n  of a 
regenerate a t  t he  (proximal )  s i te  of a m p u t a t i o n .  I n  i so la ted  
t a i l  t ips ,  m e a s u r i n g  7 m m  in l eng th ,  t he  m a x i m u m  of 
r e g e n e r a t i o n  is o b t a i n e d  on  the  ave rage  15 days  a f t e r  
a m p u t a t i o n .  The  r egene ra t e  is t h e n  a b o u t  I m m  long 
(Figure  1A). I n  con t r a s t ,  t h e  ta i ls  of t he  t adpo le s  f r o m w h i c h  
these  t ips  were a m p u t a t e d ,  a n d  wh ich  h a v e  a n o r m a l  b lood 
supply ,  p r o d u c e d  w i t h i n  15 d a y s  r egene ra t e s  of 4.0 to  
4.5 m m  in l e n g t h  (Figure  1B). T he  h is to logica l  ana lys i s  

revea ls  a l imi ted  c a p a c i t y  of t i ssue  r e g e n e r a t i o n  in i so la ted  
tai ls .  Thus  the  epidermis r egene ra t e s  r a t h e r  well, b u t  
shows  i r regula r  p ro l i fe ra t ions  a n d  vesic les  a t  t h e  s i te  of 
a m p u t a t i o n .  In  the  regenera te ,  notochord as well  as  neural 
tube d i f fe ren t i a t e  a lmos t  no rma l ly ,  a l t h o u g h  t h e y  are  con-  
s i de r ab ly  redl~ced in size (F igure  2 a n d  3). I n  a d d i t i o n ,  
a p p a r e n t l y  new blood capillaries m a y  be  found  in  t h e  
regenera te ,  even  c o n t a i n i n g  b lood  cells, whe reas  in  t h e  
or ig ina l  tai l  t ip  these  s ame  e l e m e n t s  are  s u b j e c t  to  de-  
genera t ion .  The  b e h a v i o u r  of t he  muscle cells is s t i l l  ob -  
scure,  s ince we h a v e  no  ev idence  as ye t  t h a t  m y o b l a s t s  
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Fig. t. (A): Isolated tail tip (7 ram), 15 days after amputation, with 
small heteropolar regenerate. 

(B) : Normal homopolar tail regeneration of a Xenopus larvae, 15 days 
after amputation (removed 7 mm). 

M = muscle, N = notoehord, NT = neural tube, P = pigment bound- 
ary, Rg = regenerate, Vs = vesicles. 
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Fig. 2. Sagittal section of the proximal end of an isolated tail tip 
{7 ram), with beginning regeneration, 5 days after amputation. 

Ep = epidermis, Nr = regenerated notoehord, Ns = notoehord of the 
stump. For legends see Figure 1. 

Fig. 3. Heteropolar regenerate of a tail tip (7 ram), 15 days after 
amputation. For legends see Figure 2. 

grow ou t  in to  t he  regenera te .  So far  no  d i f f e r en t i a t i ng  
m y o b l a s t s  h a v e  been  obse rved  in r egene ra t e s  of i so la ted  
tails.  

i s o l a t e d  ta i l s  w i t h  abo l i shed  c i r cu la t ion  fo rm smal l  
h~.teropolar regenera tes ,  whe reas  the  a m p u t a t e d  ta i l  
s t u m p s  c o n n e c t e d  w i t h  the  n o r m a l  s t u m p  vessels deve lop  
i n to  r a t h e r  large h o m o p o l a r  t a i l  r egenera tes .  The  p rob l e m 
as to  w h e t h e r  the  di f ference in p o l a r i t y  a c t u a l l y  a c c o u n t s  
for t he  r e s t r i c t ed  c a p a c i t y  of r e g e n e r a t i o n  in i so la ted  ta i l s  
needs  f u r t h e r  i nves t iga t ion .  The  c o m p l e t i o n  of t h e  
cu l tu re  m e d i u m  b y  n u t r i e n t  c o m p o n e n t s  m i g h t  be decis ive 
in assessing t he  m a x i l n u m  c a p a c i t y  of h e t e r o p o l a r  regene-  
r a t i o n  in i so la ted  tails.  Since our  i m p r o v e d  m e t h o d  enab les  
us to  c u l t i v a t e  whole  i so la ted  tai ls ,  d i s ta l  r e g e n e r a t i o n  of 

t ips  m a y  poss ib ly  also be o b t a i n e d  an d  c o m p a r e d  w i t h  
r e g e n e r a t i o n  of vascu la r ized  s t u m p s .  

Zusammen/assung. Isol ier te  Schw~tnze v o n  Xenopus- 
l a r v e n  lassen sich in H o l t f r e t e r l 6 s u n g  + 0 . 0 5 %  Sulfo- 
th i azo l  m i n d e s t e n s  e inen  M o n a t  a m  L e b e n  e rha l t en .  Sic 
b i lden  t r o t z  A b w e s e n h e i t  des  B lu tk re i s l au fe s  ein kleines,  
he t e ropo la re s  Regene ra t ,  in we lchem Chorda  u n d  Neura l -  
rohr ,  n i c h t  a b e r  die M u s k u l a t u r ,  t yp i sche  Differenzie-  
r u n g s l e i s t u n g e n  zeigen. 
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I n d u c e d  M e t a m o r p h o s i s  i n  I s o l a t e d  T a i l s  o f  

Xenopus L a r v a e  

In  Xenopus l a rvae  t he  i n v o l u t i o n  of t a i l  t i ssue  d u r i n g  
m e t a m o r p h o s i s  coincides  w i th  cha r ac t e r i s t i c  changes  in 
t h e  a c t i v i t y  of a n u m b e r  of e n z y m e s  ~-4. Since a n u r a n  
m e t a m o r p h o s i s  se ts  in as a response  to t he  t h y r o i d  hor-  
m o n e  b y  c o m p e t e n t  l a rva l  t i ssues  5, the  p r o b l e m  arises 
w h e t h e r  or  n o t  t h y r o x i n e  ha s  a d i r ec t  ef fec t  on  e n z y m e  
levels in r e s p o n d i n g  l a rva l  t issues.  In  a p p r o a c h i n g  t h i s  
p r o b l e m  i t  was  t h o u g h t  essen t ia l  to  real ize  f i r s t  a s imple  
l a rva l  s y s t e m  in which  t he  m e t a m o r p h i c  r e sponse  could  
be o b t a i n e d  a t  will a n d  w i t h  a m i n i m u m  of i n t e r f e r ing  
factors .  B y  fol lowing a n  e x p e r i m e n t a l  des ign  of SHAFFER 6 
iso la ted  ta i l  t ips  of Xenopus l a rvae  were found  to  repre-  
s en t  a v e r y  su i t ab l e  ma te r i a l ,  for t h e y  su rv ive  well  in  cul- 
tu re  ~ a n d  in a d d i t i o n  p r o m p t l y  r e spond  to  t h y r o x i n e  
t r e a t m e n t .  Cons ider ing  the  wide poss ibi l i t ies  of th i s  
m e t h o d  in t he  e x p e r i m e n t a l  s t u d y  of a n u r a n  m e t a m o r -  
phosis,  a sho r t  desc r ip t ion  of t he  p rocedure ,  as well  as of 
the  resu l t s  on  m e t a m o r p h o s i s  in vitro a p p e a r s  to  be jus t i -  
fied. 

F r o m  Xenopus l a rvae  of s tage  53/548, ta i l  t ips,  m e a s u r i n g  
7-20  m m  in l eng th ,  were a m p u t a t e d  a n d  t r a n s f e r r e d  in to  
I to l t f r e t e r - so lu t ion ,  c o n t a i n i n g  0.05°/0 sul fo thiazol .  Th e  
ta i l  t ips  were k e p t  i n d i v i d u a l l y  in  5 ml  of t h i s  so lut ion,  
us ing  Pe t r i -d i shes  w i t h  a d i a m e t e r  of 3 cm. At  18°C, 
t h r ee  days  were r equ i red  for w o u n d - h e a l i n g  a t  t he  s i te  of 
a m p u t a t i o n ,  a n d  t h e n  t he  h e a l t h y  spec imens  were se lected 

for t h y r o x i n e  t r e a t m e n t .  M e t a m o r p h o s i s  was  i n d u ced  b y  
a d d i n g  t h y r o x i n e  ~ Roche~ to t h e  cu l t u r e  m e d i u m  a t  f inal  
c o n c e n t r a t i o n s  of 1:1 mil l ion an d  1:5 mil l ions  respec t ive ly .  
E v e r y  second d a y  t h e  so lu t ions  were changed .  

U n d e r  these  condi t ions ,  t r e a t e d  ta i l  t ips  s h r u n k  to ha l f  
or o n e - t h i r d  of t h e  or ig ina l  l e n g t h  w i t h i n  3-6  d a y s  of 
t r e a t m e n t ,  d e p e n d i n g  u p o n  t h e  c o n c e n t r a t i o n  of t h y r o x i n e  
(Figure  1). In  all cases the  i n v o l u t i o n  of t h e  ta i l  fin, be-  
g i n n i n g  f rom t h e  v e r y  t ip ,  was  t h e  f i rs t  d e t e c t a b l e  s ign 
of m e t a m o r p h o s i s .  Th i s  qu ick  response  s h o w n  b y  i so la ted  
ta i l s  to  t h y r o x i n e  t r e a t m e n t  is of p a r t i c u l a r  in te res t ,  
s ince in o u r  exper ience ,  ta i l s  on  tadpoles ,  exposed  to  
s imi la r  c o n c e n t r a t i o n s  of t h y r o x i n e ,  e.g. 1:5 mil l ions,  ex-  
h i b i t  a c o m p a r a b l e  degree  of r eac t i on  on ly  a f t e r  a b o u t  10 
days  of t r e a t m e n t .  

As seen f rom sec t ions  (Figure  2) the  s h r i n k a g e  of t r e a t e d  
ta i l  t ips  coincides  w i t h  m a r k e d  h is to logica l  c h a n g e s  in 
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