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r u n g e n  a n  r e g e n e r a t i v  g e b i t d e t e n  K e i m e n  zu u n t e r -  
sche iden .  

S iehe r  b e r u h t  a u c h  die V e r s c h i e b u n g  des  Verh~il t-  
nisses  zwi schen  S y n c o t y l e n  u n d  P l e i o c o t y l e n  z u g u n s t e n  
de r  S y n c o t y l e n  be t  d e n  m i t  schwXcher  k o n z e n t r i e r t e n  
L 6 s u n g e n  oder  zu e i n e m  sp~iteren Z e i t p u n k t  b e h a n d e l t e n  
E m b r y o n e n ,  w e n i g s t e n s  z u m  Teil ,  au f  d e m  \ ¥ e g f a l l  de r  
n u r  d u r c h  i n t e n s i v e r e  E i n w i r k u n g e n  z u s t a n d e k o m m e n -  
den,  h o c h g r a d i g  p l e ioco ty l en  R e g e n e r a t e m b r y o n e n .  

B. HACCIUS 

A u s  dem Bo tan i schen  I n s t i t u t  der Universi t i i t  M a i m ,  
den 3. A u g u s t  1954. 

S u m m a r y  

E x p e r i m e n t s  on  i n f l u e n c i n g  c o t y l e d o n  f o r m a t i o n  in 
e m b r y o s  of E r a n t h i s  h iemal is  are  r e p o r t e d .  B y  t r e a t i n g  
t h e  seeds  w i t h  100-2000  p p m  so lu t i ons  of 2, 4 -d ich loro-  
p h e n o x y a c e t i c  acid,  2,4, 5 - t r i c h l o r o p h e n o x y a c e t i c  acid,  
2 - m e t h y l - 4 - c h l o r o p h e n o x y a c e t i c  acid,  c~-naphthy lace t ic  
ac id  a n d  e v e n  i sop ropy l  N - p h e n y l  c a r b a m a t e  one  c a n  
o b t a i n  s i g n i f i c a n t  inc reases  in t w i n n i n g  a n d  in c o t y l e d o n  
a n o m a l i e s  ( s y n c o t y l y  a n d  p l e ioco ty ly  of al l  degrees) .  
E m b r y o s  c a n  be success fu l ly  t r e a t e d  u n t i l  a p p r o x i m a t e l y  
2 weeks  a f t e r  in i t i a l  o p e n i n g  of t h e  follicles.  X - r a d i a t i o n s  
a c h i e v e  t h e  s a m e  effect ,  w i t h  doses  of 2000-4000  r cor-  
r e s p o n d i n g  to  t h e  t r e a t m e n t s  w i t h  1000-2000  p p m  
2 ,4 -D- so lu t i ons .  B y  u s i n g  w e a k e r  c o n c e n t r a t i o n s  a n d  
w i t h  s u d d e n  t e m p e r a t u r e  c h a n g e s  one  can  l ikewise  ra i se  
t h e  p e r c e n t a g e  of syn- ,  t r i -  a n d  t e t r a c o t y l s ,  b u t  pleio-  
co ty l s  of t h e  h i g h e r  degrees  (5 a n d  more  co ty l edons )  
a p p e a r  o n l y  w h e n  m o r e  i n t e n s i v e  m e t h o d s  of t r e a t m e n t  
a re  e m p l o y e d .  T h e s e  fo rms  w h i c h  exceed  t h e  n o r m a l  
r a n g e  of v a r i a b i l i t y  ar ise  as b u d - l i k e  e m b r y o  r e g e n e r a t e s  
on  t h e  as ye t  u n d i f f e r e n t i a t e d  o r ig ina l  e m b r y o ,  

Fig. 1. Disposition des pseudopodcs ~ la surface de la cellule m6so- 
th61iale. N partie sup6rieure du noyau. Grossisscment: 1~000. 

I1 s e m b l e  p l aus ib l e  de r a t t a c h e r  ces f o r m a t i o n s  a u x  
p rocessus  d ' a b s o r p t i o n  tr~s d6ve lopp6s  au  n i v e a u  du  
r e v S t e m e n t  p6r i ton6a l .  

A. POLICARD, A. COLLET e t  
L. GILTAIRE-RALYTE 

Centre d'dtudes el recherches des charbonnages de France ,  
P a r i s  et Verneui l ,  Oise, le 6 ddcembre 195zi. 

T h e  sur face  of t h e  m e s o t h e l i a l  p e r i t o n e a l  cells  (Ra t )  
show w i t h  e l e c t r o n  m i c r o s c o p e  v e r y  t h i n  p s e u d o p o d s ,  
0 .6-0.8  /~ b y  0 .04-0 .045 #, s e p a r a t e d  b y  0.1-0.3 /* spac-  
ings,  a n d  d i f f e r en t  f r o m  v i b r a t i l e  cilia,  b u t  s i m i l a r  to  t h e  
s u b m i c r o s c o p i c  p s e u d o p o d s  of a lveo la r  or e n d o t h e l i a l  
cells. 

Bordure superficielle de pseudopodes  au niveau 
des cellules m6soth6Iiales du rev~tement 

periton6al chez les mammif~res  

L ' 6 t u d e  au  mic roscope  o p t i q u e  du  r e v 6 t e m e n t  per i -  
t o n 6 a l  des  M a m m i f 6 r e s  m o n t r e  que ,  s o u v e n t ,  la  l imi t e  
ex t6 r i eu re  des  cel lules  m6soth61ia les  es t  m a r q u 6 e  p a r  une  
l igne p a r t i c u l i 6 r e m e n t  6paisse.  que lquefo i s  m ~ m e  p a r  u n  
m i n c e  p l a t e a u .  

A u  cours  de r e c h e r c h e s  e x p 6 r i m e n t a l e s  su r  l ' a b s o r p -  
t i o n  de la  si l ice in j ec tde  d a n s  le p6 r i t o ine  chez  le R a t ,  
n o u s  a v o n s  pu  6 t u d i e r  au  mic roscope  61ect ronique  les 
ca r ac t~ re s  de  ce r e v 6 t e m e n t  m6soth61ial .  

I1 s u p p o r t e  de  f ins  p s e u d o p o d e s  gr~les, l a rges  d ' e n -  
v i r o n  400 /~ 450 A, longs  de 0,6 g 0,8 /~. IIs s o n t  peu  
serr6s,  avec  des  e s p a c e m e n t s  a l l a n t  de 0,1 b, 0,3 /~. Le  
c o n t e n u  de ccs p s e u d o p o d e s  a p p a r M t  h o m o g 6 n e ,  n o n  
l imi t6  p a r  une  m e m b r a n e  pe rcep t ib l e .  

Les p s e u d o p o d e s  ne  son t  pas  d ispos6s  en  c o u c h e  r6gu-  
li6re, mats  p a r  touffes ,  avec  u n  c e r t a i n  f u s i o n n e m e n t  g 
l eu r  base.  I ls  se d i s t i n g u e n t  p a r  1~ des 616ments  c o n s t i t u -  
a n t  les b o r d u r e s  en  b rosse  du  re in .  

I l s  r e s s e m b l e n t  p a r  c o n t r e  a u x  f ins  p s e u d o p o d e s  
d6cr i t s  ~ la  su r face  de  c e r t a i n e s  ce l lu les :  cel lules  endo-  
th61iales 1, cel lules  a lv6o la i res  du  p o u m o n  ~, ce l lu les  6pi- 
th61iales  de  Ia t r a c h 6 e  e n t r e  les ci ls  v i b r a t i l e s  a. 

1 W. BERNHARDT, Communication au Congr6s international 
d'H6matologie, Paris, 1954 (sous presse). 

2 A. POLICARD, A. COLLET et L. GILTAIRE-RALYTE, C. r. Acad. 
Sci. 239, 573 {1954). 

a G. BLOOM et H. ENGSTRSM, Ann. Otol. Rhin. Laryng. 62, 15 
(195a). 

Mitotic Frequency in Normal  and Regenerat ing 
Tail Tips  of Rana pipiens Embryos  ~ 

T h e  t a i l  t i p  of t h e  A m p h i b i a n  e m b r y o  or  l a r v a  h a s  
p r o v e d  to  be  a m o s t  c o n v e n i e n t  m a t e r i a l  for  c h r o m o s o m e  
s tud ies ,  a n d  h a s  been  used  e x t e n s i v e l y  for  t h i s  p u r p o s e  
f i r s t  b y  FANKHAUSER ~, l a t e r  b y  COSTELI-O a n d  HENLEY a, 
a n d  o the r s .  U s u a l l y  t h e s e  s tud ie s  are done  on  whole  
m o u n t s  of t a i l  t ips,  w h i c h  of neces s i t y  are  a m p u t a t e d ,  
a t  t h e  ear l ies t ,  d u r i n g  l a t e r  e m b r y o n i c  s t ages  w h e n  t h e  
f in  b e c o m e s  t h i n  a n d  t r a n s p a r e n t .  R e c e n t l y ,  h o w e v e r ,  
i t  h a s  been  s h o w n  t h a t  s q u a s h  t e c h n i q u e s  a lso g ive  good  
r e su l t s  w h e n  app l i ed  to  t a i l  t i p s  (TING4). T h i s  m e a n s  t h a t  
i t  is poss ib le  to  ge t  s a t i s f a c t o r y  p r e p a r a t i o n s  of t a i l  t i p s  
a t  a n y  s t age  of d e v e l o p m e n t ,  a n d  poses  t h e  p r o b l e m  of 
se l ec t ing  t h e  s t age  (s) w h i c h  wil l  g ive  t h e  l a rg e s t  n u m b e r  
of m i t o t i c  f igures  for  s t u d y .  P r i m a r i l y  in  o rde r  to  so lve  
t h i s  p r a c t i c a l  p r o b l e m  we h a v e  m e a s u r e d  m i t o t i c  fre-  
quenc i e s  in  s m e a r s  of t a i l  t ips  t a k e n  f rom n o r m a l  f rog  
e m b r y o s  a t  s t ages  r a n g i n g  f r o m  SHUMWAY ~ s t age  18 
(4 m m  e m b r y o )  to  s t age  25 + (young  t adpo le ) ,  A com-  
p a r a b l e  ser ies  of m e a s u r e m e n t s  was  done  on  t a i l  t ips  
wh ich  were  r e g e n e r a t i n g  fo l lowing a m p u t a t i o n  a t  s tage  
18 or  s t age  19. 

M a t e r i a l s  and  M e t h o d s . - F e r t i l i z e d  eggs were  p r o d u c e d  
in t h e  l a b o r a t o r y  a c c o r d i n g  to  t h e  u s u a l  t e c h n i q u  "~ 

1 Aided by all Institutional Grant from the American Cancer 
Society. 

G. FANKrIAUSER, Proc. Amer. Phil. Soc. 79, 715 {1938}; Quart. 
Rev. Biol. 20, 20 (1945). 

D. P. COSTELLO and C. HENLEY, Proc. Amer. Phil. Soc. 93, 428 
(1949). - C. HENLEY and D. P. COSTELLO, J, Morph. 89, 91 (1951). 

4 H. P. Tmo, Stain Techn. 25, 127 (1950). 
\V. SHU~tWAY, Anat. Rec. 78, 139 (1940). 
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(RuGH 1) a n d  were  k e p t  t h r o u g h o u t  d e v e l o p m e n t  in  
s p r i n g  w a t e r  a t  18-20°C.  A t  s t ages  18 a n d  19 some  of t h e  
e m b r y o s  were  se t  as ide  for  t a i l  a m p u t a t i o n  a n d  regenera -  
t ion .  T h e y  were  a n a e s t h e t i z e d  b y  e x p o s u r e  to  M.S. 222 
(ca. 0.037 %) for  2-3  m i n  ; i.e. j u s t  long  e n o u g h  to  p r oduce  
i m m o b i l i z a t i o n L  A p p r o x i m a t e l y  t h r e e - f o u r t h s  of t h e  ta i l  
was  cu t  off, a f t e r  w h i c h  t h e  e m b r y o s  d e v e l o p e d  n o r m a l l y  
a n d  w i t h i n  2 to  3 d a y s  r e g e n e r a t e d  n o r m a l  tai ls .  

120 t 

t O O  

~" (; ONTROkS ~-~ ~ - -REOEN£ RATES 

6 0  

4 0  

20  

I , I t t , ' Illl 13 , 1 
18 20 22 24 25 14 15 

EMBRYONIC S'rAGE. LARVAL AGE 
DAYS 

Fig. 1.-Mitotic frequency represents the mean number of mitoses 
per 1,000 cells. 

Ta i l  t i p  s q u a s h e s  were  p r e p a r e d  a t  da i l y  i n t e r v a l s  
s t a r t i n g  a t  s t age  18 for  t h e  n o r m a l  ( n o n r e g e n e r a t i n g )  
series, a n d  a t  s t age  19 or 20 for  t h e  r egene r a t e s .  T h e  t ips ,  
a p p r o x i m a t e l y  3 m m  in l e ng t h ,  were f i r s t  f ixed  for 15 m i n  
in C a r n o y ' s  f lu id  a n d  were  t h e n  t r a n s f e r r e d  to  ace t ic -  
o rce in  (LACot;R 3) for  2 h. (Our  s t a i n  was  p r e p a r e d  b y  
r e f l u x i n g  a 2 % so lu t i on  of orce in  in 60 % ace t ic  ac id  for 
1 h. T h e  s o l u t i o n  was  f i l t e red  a f t e r  coo l ing  to  r o o m  
t e m p e r a t u r e . )  F o l l o w i n g  t he  s t a i n i n g  p e r i o d  t h e  t i p s  
were  s q u a s h e d ,  s t o r e d  in t h e  a l coho l  v a p o r  b a t h  over -  
n i g h t ,  a n d  f ina l ly  m o u n t e d  in d i a p h a n e .  T he  m o u n t i n g  
was  d o n e  w i t h o u t  r e m o v i n g  t h e  covers l ip ,  s i m p l y  b y  
a p p l y i n g  d i a p h a n e  to  3 edges  of t h e  covers l ip .  As t h e  
a l coho l  e v a p o r a t e d  t h e  d i a p h a n e  was  d r a w n  u n d e r  t h e  
covers l ip ,  g iv ing  a p e r m a n e n t  m o u n t .  

I n  o r d e r  to  d e t e r m i n e  m i t o t i c  f r equenc ie s  t h e  s q u a s h e s  
were  o b s e r v e d  a t  a m a g n i f i c a t i o n  of a b o u t  660 d i a m e t e r s ,  
t h e  f ie ld u n d e r  o b s e r v a t i o n  b e i n g  d e l i m i t e d  b y  m e a n s  of 

1 R. RUGH, Experimental Embryology (Burgess Publishing Co., 
Minneapolis, Minn., 1948), p. 102. 

2 Although the embryos were exposed to M.S. 22`2 for only a very 
brief period, and developed normally thereafter, it is still necessary 
to consider the possibility of there being effects of the chemical on 
mitosis. According to D. P. COSTELLO and C. HENLEY [Proc. Amer. 
Phil. Soc. 98, 4'28 (1949)], M.S. 2`22 used as an anaesthetic in a con- 
centration of 1 :`2000 (0-05%) has no noticeable effect on mitosis in 
regenerating tail tips of Triturus torosus larvae. Also, in this labora- 
tory the anaesthetic has been used on young tadpoles without de- 
tectable effect on the mitotic mechanism during subsequent regenera- 
tion. Finally, it may be noted from data presented in this paper that 
the mitotic frequency peak in regenerating tips occurs at stage `25, 
whether the anaesthesia and mnputation occurred at stage 18 or at 
stage 19. If there were a significant inhibiting effect of the chemical 
on mitosis one would expect embryos exposed to it at stage 19 to 
exhibit the peak at a later stage than those exposed at stage 18. 
Considering these points, we think it unlikely that the M.S. 2̀̀ 2̀ 2, as 
used in these experiments, has significant effects on mitosis. 

3 L. LACO~'R, Stain Techn. 16, 169 (1941). 

an  ocu la r  gr id.  W i t h i n  t h i s  f ie ld  we c o u n t e d  (a) t h e  
n u m b e r  of m i t o t i c  nuc le i  (nucle i  in  m i t o t i c  p h a s e s  
r a n g i n g  f rom m i d - p r o p h a s e  to  t e lophase ) ,  a n d  (b) t h e  
t o t a l  n u m b e r  of nucle i .  Th i s  was  r e p e a t e d  on  a ser ies  of 
fields in a g iven  p r e p a r a t i o n  u n t i l  a t o t a l  of 1000 nuc le i  
h a d  been  c o u n t e d .  

Results and Discuss ion . -The  r e su l t s  of ou r  d e t e r m i n a -  
t ions  of mi to t i c  f r equenc ies  are  s u m m a r i z e d  in  t h e  T a b l e  
a n d  t he  Figure .  T h e y  show t h a t  in  t h e  case of t h e  n o r m a l  
(non regene ra t i ng )  ta i l  t i p  t he  m i t o t i c  f r e q u e n c y  is a t  
f i r s t  low, t h e n  rises to  a s h a r p  p e a k  a t  s t a g e  22, a n d  
s u b s e q u e n t l y  s inks  a g a i n  to a low level .  W h e n  t h e  ta i l  
is a m p u t a t e d  a t  s tage  18 t h e  r e su l t  is q u i t e  d i f fe ren t .  T h e  
m i t o t i c  f r e q u e n c y  of t he  r e g e n e r a t e  inc reases  s lowly  
d u r i n g  s tages  19 to  24, d i s p l a y i n g  a p l a t e a u  a t  s t a g e s  
21 to  23. T h e n  a t  s tage  25 m i t o t i c  f r e q u e n c y  i n c r e a s e s  
s u d d e n l y ,  a n d  s u b s e q u e n t l y  is r e d u c e d  a g a i n  to  a low 
level .  A m p u t a t i o n  a t  s tage  19 also r e su l t s  in  a p l a t e a u  a t  
s t ages  21 to 23 and  displaces  t he  f r e q u e n c y  p e a k  f r o m  
s t age  22 to  s tage  25 (see TaMe) .  

Stage I Age 
(days) 

18 4 
19 5 
20 6 
21 7 
22 9 -  
23 9 +  
24 10 
25 12 
25+ 13 
25+ 14 
25+ 15 

Number of mitoses per 1000 cells 
Normal (non- Regenerates Regenerates 
regenerating) (amputation at (amputation at 

N - -  5 stage 18) N = 8  stage 19) N=`2  

29 (21-35) 
25 (15-32) 
13 (8-23) 
27 (19-37) 
91 (84-101) 
d7 (41 55) 
19 (14-20) 
t7 (13-20) 
13 (12-15) 
13 (9-16) 
9 (8-10) 

13 (10-17) 
26 (17-36) 
dO (32-45) 
#2 (33.49) 
4/ (35-47) 
55 (51-59) 

109 (95-120) 
23 (21-25) 
13 (9-18) 
7 (5-n); 

N = 7  

23 (21-24) 
42 (40-44) 
d3 (42-44) 
52 (50-54) 
63 (62-63) 
78 (77-78) 
69 (68-70) 
dd (41-46) 
25 (23-26) 

The italic values give the mean number of nfitoses per 
1,000 cells; the values in parentheses give the range. N = nmnber of 
tail tips upon which each mean is based. 

A n o t h e r  e x p e r i m e n t ,  no t  i n c l u d e d  in t he  Tab le ,  gave  
t h e  s ame  t y p e  of resu l t  as t h a t  desc r ibed  in t h e  p r eced -  
ing p a r a g r a p h .  In  t h i s  e x p e r i m e n t  t a i l  t i p s  of a p p r o x i -  
m a t e l y  u n i f o r m  size were s q u a s h e d  a t  al l  s t a g e s  f r o m  
18 to  25 (normal  embryos ,  3 to  5 p e r  s t age ) ;  a n d  f r o m  
19 or 20 to 25 ( regenera tes ,  2 to  4 pe r  s t age) .  I n  e a c h  
s q u a s h  we c o u n t e d  all  t h e  mi toses ,  b u t  d id  n o t  c o u n t  t h e  
t o t a l  n u m b e r  of nuclei .  I n  t h e  case of t h e  n o r m a l  e m b r y o s  
t h e  m e a n  n u m b e r  o1 mi toses  pe r  s q u a s h  i n c r e a s e d  f r o m  
1 a t  s tage  18 to  123 a t  s t age  22, a n d  t h e n  d e c r e a s e d  to  
26 a t  s tage  25. In  t he  r e g e n e r a t e s  t h e  n u m b e r  of m i t o s e s  
inc reased  g r a d u a l l y  f rom 1 a t  s t a g e  19 to  43 a t  s t a g e  24, 
w i t h  a p l a t e a u  a t  s t ages  21 to  23. T h e n  a t  s t a g e  25 t h e  
n u m b e r  of mi toses  inc reased  s u d d e n l y  to  134. T h u s ,  in  
t h i s  e x p e r i m e n t  as well  as in t h e  one  p r e v i o u s l y  d e s c r i b e d  
we f ind  for t h e  n o r m a l  e m b r y o s  a d i s t i n c t  p e a k  in 
n u m b e r  of mi toses  a t  s t age  22, a n d  for  t h e  r e g e n e r a t e s  
a d i s p l a c e m e n t  of t h i s  p e a k  to  s t a g e  25. 

We  shou ld  n o w  cons ide r  b r i e f l y  t h e  q u e s t i o n  of h o w  
to  a c c o u n t  for t he se  c h a n g e s  in m i t o t i c  f r e q u e n c y .  T h e  
m o s t  o b v i o u s  f ac to r s  t h a t  m i g h t  a f f ec t  m i t o t i c  a c t i v i t y  
are  (a) t h e  d e v e l o p m e n t  of t h e  t a i l  f in  c i r c u l a t i o n ,  a n d  
(b) c h a n g e s  in t h e  y o l k  supp ly .  A t  f i r s t  s i g h t  i t  s eems  
r e a s o n a b l e  to  a t t r i b u t e  t h e  m i t o t i c  f r e q u e n c y  p e a k  f o u n d  
in n o r m a l  e m b r y o s  a t  s t age  22 to  t h e  f ac t  t h a t  t a i l  f in 
c i r cu l a t i on  is e s t a b l i s h e d  a t  t h i s  t i m e ,  a n d  t h e  subse -  
q u e n t  decl ine  in m i t o t i c  a c t i v i t y  to  t he  d i m i n u t i o n  in t he  
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yolk  supp ly  dur ing  the  la te r  e m b r y o n i c  stages.  Howeve r ,  
obse rva t ions  which  we h a v e  m a d e  on ta i l  t ip  whole 
m o u n t s  ind ica te  (a) t h a t  t he  ta i l  t ip  c i rcu la t ion  is 
es tab l i shed  in bo th  the  no rma l  and  the  r egene ra t ing  ta i l  
a t  abou t  the  same  t ime  (stage 22); and  (b) t h a t  t he  
subsequen t  ra te  of u t i l i za t ion  of yo lk  is also abou t  the  
same in t he  n o r m a l  and r egene ra t ing  ta i l  t ips.  Thus ,  if 
these factors  are a f fec t ing  mi to t i c  a c t i v i t y  in t he  no rma l  
tail ,  t he  effects  are eas i ly  superseded  by  o the r  and 
u n k n o w n  int luences which  are ope ra t ing  in the  course 
of r egenera t ion  in such a w a y  as to  e l imina te  the  mi to t i c  
peak  at  s tage  22 and  to s t imu la t e  mi to t i c  a c t i v i t y  
cons iderab ly  la te r  on, a t  s tage  25. 
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Rdsumd 
L ' a u t e u r  d4 te rmine  la f r6quence  m i t o t i q u e  au cours  

du d 6 v e l o p p e m e n t  no rma l  e t  de la r6g6n6rat ion cauda le  
chez R a n a  pipiens.  Les obse rva t ions  s ' 6 t enden t  du s tade  
18 (embryon  de 4 ram) au s tade  25 ( jeune t~tard) .  Les 
num6ra t ions  son t  fai tes  sur  des p r6para t ions  par  6erase- 
meri t  de l ' ex t r6mi t6  de la  queue .  

D 6 v e l o p p e m e n t  n o r m a l  : la  f r6quence  est  t o u t  d ' a b o r d  
basse  (18-21) puis  a t t e i n t  son m a x i m u m  au s tade  22 et  
s ' aba i sse  ensui te  j u squ '~  un  faiMe n iveau  (23-25). 

R6g6n6ra t ion :  si la  queue  a 6t6 ampu t6e  au s tade  18, 
la f r6quence  m i t o t i q u e  a u g m e n t e  l e n t e m e n t  du s tade  19 
au s t ade  24, la courbe  6rant  hor izon ta le  du s tade  21 au 
s t ade  23. Au s tade  25, la f r6quenee  a u g m e n t e  subi te-  
m e n t  e t  r e t ombe  ensui te .  L ' a m p u t a t i o n  au s tade  19 d6- 
place aussi la f r6quence  m a x i m u m  du s tade  22 au s tade  25. 

Die Regenera t ion  he terop las t i scher  
chim~irischer Extremit~iten bei Triturus vulgaris 

und Triturus cristatus 1 

Zur Kl~rung  der  F rage  nach  der  H e r k u n f t  und  den 
Po t enzen  des B l a s t e m m a t e r i a l s  bei der  Ext remi t /~ ten-  
regenera t ion  der Urode len  wurden  he te roplas t i sche  
chim~rische E x t r e m i t ~ t e n  zwischen Tr. vulgaris und Tr. 
cristatus herges te l l t  und  sp/i ter  durch  A m p u t a t i o n  
Regenera t ion  ausgel6st  (Abb. 1). 

Dazu  erfolgte  im fr i ihen S c h w a n z k n o s p e n s t a d i u m  
(Harr .  27, 28) e in  Aus tauseh  ganzer  Ex t r emi t~ i t enan lagen  
zwischen den beiden Ar t en  e. Zu d iesem Z e i t p u n k t  ist  das 
Gang l i en le i s t enmate r iM noch n ich t  in die E x t r e m i t i i -  
t enan lage  e ingewander t .  Man erh~tt  also Ext remi t /~ ten ,  
deren mesode rma le r  und  ek tode rma le r  Ante i l  yon  der 
Spendera r t  s t a m m e n ,  deren  Cor ium einschliessl ich Pig-  
mentze l l en  j edoch  aus d e m  W i r t  e ingewande r t  ist s. F o r m  
und Gr6sse dieser  E x t r e m i t l i t e n  sind spenderartgem~tss,  
die Ausb i ldung  des P i g m e n t m u s t e r s  wiihrend der  Meta-  

1 Die vorliegenden Untersuchungen sind auf Anregung yon 
E. ROTMANN begonnen worden und wurden nach dessert Tod im 
September 1950 unter der F0rderung von O. KUHN weitergefiihrt. 

E. ROT~A~N, Die Rolle des Ektoderms und Mesoderms bei der 
FormbiMung der Kiemen und Extremitdten yon Triton, I. Operation¢~* 
im Gastrulastadium. Roux' Arch. 124, 747 (1931) ; 1I. Operationen im 
Gastrula- und Schwanzknospenstadium, Roux' Arch. 129, 85 (1933). 
- V. C. TWITTY and J. L. SCHWIND, J. exper. Zool, 59, 61 (19,31). 

s CHR. P. RAVEN, ROUX' Arch. 134, 1~2 (1936). 

morphose  aber  er fo lg t  wir tsgem~ss.  Cris tatus-Extremi-  
t~ t en  auf  Tr.  vulgaris f~rben sich wie der  Wi r t  bri iunlich- 
gelb  und besi tzen wie dieser  nu r  wenige  schwarze  Pig- 
men t f l ecken .  I n  den vulgaris-Extr ,  mit&ten auf  Tr. 
cristatus bi lde t  sich i h r em Tr~tger e n t s p r e c h e n d  eine 
d ich te  Sch ich t  schwarzen  P i g m e n t e s  (Abb. 2). Aus dem 
Regene ra t i onsve r l au f  solcher  Ex t remi t~ i ten  ist  deut l ich  
ersicht l ich,  welchen  Ante i l  die be iden a r tve r sch iedenen  
K o m p o n e n t e n  im S t u m p f  der  a l ten  E x t r e m i t ~ t  a m  Auf-  
bau  des Regene ra t e s  haben ,  und  zu welchen  Le is tungen  
sie bef~ihigt sind. 

or{st. vu~g, 

.: / 

O 
Abb. I, Sehematische Darstellung der beiden Operationsphasen und 
des Aufbaues der chimfirischen Extremit/iten vorund nach der Re- 
generation (E = Ektoderm, ME = Mesektoderm, M = Mesoderm). 

Durch  V o r u n t e r s u c h u n g e n  wurde  fes tgeste l l t ,  dass der 
R e g e n e r a t i o n s v o r g a n g  in der  L a r v e n z e i t  bei  be iden 
Ar ten  morpho log i sch  der  e m b r y o n a l e n  E x t r e m i t ~ t e n -  
e n t w i c k l u n g  * en t spr ich t .  Die  du rch  he te roplas t i sche  
T r a n s p l a n t a t i o n  e n t s t a n d e n e n  E x t r e m i t A t e n  ve rha l t en  
sich h ins ich t l i ch  Regene ra t ionsgeschwind igke i t ,  F o r m  
und  Gr6sse ebenso.  Die  auf  Tr.  vulgaris regener ie-  
rende  cr i s ta tus -Ex tremi t~ t  durchl~iuft  alle Regenera -  
t ionss tad ien  in der  ffir ihre Ar t  t yp i schcn  "vVcise. Im  
Vergle ich  zu der als Kon t ro l l e  r egener ie renden  vulgaris- 
E x t r e m i t i i t  auf  der  anderen  Sei te  er folgt  die B las t em-  
b i ldung  spAter, die W a c h s t u m s r a t e  der  j ungen  Regene-  
r a t ionsknospe  ist  r e l a t iv  geringer ,  und die Gl iederung 
des A u t o p o d i u m s  se tz t  zei t l ich sp~.ter ein. Das chimiiri-  
sche R e g e n e r a t  wird  aber  der  H e r k u n f t  seines Mater ia ls  
gem~ss grOsser Ms die vulgaris-Kontrol le .  Charak te r i -  
s t isch ist  bei  den cris tatus-Regeneraten die fff ihzei t ige 
s ta rke  S t r eckung  des e rs ten  und  zwei ten  F inger s  und ein 
noch schnetleres \ V a c h s t u m  des d r i t t en  F ingers  un- 
m i t t e l b a r  nach  se inem Ersche inen .  U m g e k e h r t  ver l~uf t  
die Regene ra t i on  der  vu lgar i s -Ex t remi t~ ten  auf  Tr. 
cristalus schnel ler  als die der  cris tatus-Kontrol len.  Auch 
jene lassen, obwohl  sie v o n d e r  k le ineren Ar t  s t ammen ,  
keiner le i  Wir tse inf luss  e rkennen ;  sich schnel ler  ent-  
wickelnd,  durch laufen  sie die ihrer  A r t  en t sp rechenden  
Stadien.  Im  fer t igen Zus t and  gle ichen sie v611ig nicht-  
ve rp I l anz ten ,  n o r m a l e n  vulgar is -Extremi t~ ten .  

D a d u r c h  ist  nachgewiesen,  dass ein E x t r e m i t i i t e n -  
r egene ra t  aus  Mate r i a l  des E x t r e m i t ~ t e n s t u m p f e s  gebil-  
de t  wird,  und  dass die gene t i sehe  Qual i tAt  des Blas tem-  
mate r ia l s  Regene ra t i onsgesehwind igke i t  und  Ausge- 
s t a l t ung  der  Neub i l dung  b e s t i m m e n .  Die wir tsgem/isse  

1 S. GLCcKsoHN, Roux' Arch. 125, 34t (1932). 


