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the  origin oI the  explants.  In  the  case of roots and leaves 
they  were 0.2-0.5-100 and 1.0-0.5-500 p p m  respect ively.  
In  na tura l  day- l ight  at  20-24 ~ the  explants  produced in 
10-30 days greyish yellow callus, which grew on the  same 
or s l ight ly modif ied media,  in 1-month subcultures,  for 
more than  1 year  (Figure 1). Fol lowing 3 months  of cul- 
turing, the  concentrat iol i  of 2,4-D was progressively 
lowered. 

Results and discussion. Numerous  roots and root  tr i-  
choms were formed in 3-7 days, if the  calli were t rans-  
ferred to t i le med ium wi thou t  2,4-D (Figure 2). 10-30 
days later, leaves and shoots appeared (Figure 3). 
Usual ly  40-70% of root  calli, 10-30% of calli  der ived 
f rom ovaries and 5 -20% of hypocotyIs,  cotyledons,  
leaves, s tem pith, ovules and s tamina  calli could differen- 
t ia te  ent ire  plants.  Morphogenet ic  po ten t i a l i t y  of callus 
tissues decreased wi th  t ime. Shoot- forming abi l i ty  dis- 
appeared in 6-8, and tha t  of roots in 10 or 11 subcultures.  
Regenera ted  plants  were t ransferred to soil in pots  and 
then  to the  field where they  developed normally.  

Organ-forming capacit ies of callus tissues or iginat ing 
from different  p lan t  par ts  seem to be influenced by the  
degree of funct ional  special izat ion o f  mother  tissues, or  
by  the  propor t ion  of the  genome involved  in its control.  

Rdsumd. Duns les cultures de tissus repiqu6s de Chou 
moell ier  une n6oformat ion de plantes  enti6res se p rodui t  
en cons6quance de l 'exclusion du 2,4-D du mil ien de 
culture.  
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Fig. 3. Plant of marrow stem kale regenerating from the root callus 
in the fourth subculture. • 1. 

6 We thank Miss A. ~TEMBEROVJt and Mrs. M. PALDUSOV~. for 
valuable technical assistance. 

Regenerat ion of Limbs  in Adult Rana ridibunda ridibunda Pallas  

Studies on l imb regenerat ion in most  of the  sal ientians 
among  Amphib ia  revealed tha t  t hey  lose, in general, their  
regenera t ive  capac i ty  ei ther  early or la ter  dur ing the  
me tamorph ic  period. The few salientians t h a t  par t ia l ly  
preserve the  power of regenerat ion at  the  pos t -meta-  
morphic,  and even t i l l  the  adul t  stages, form hetero-  
morph ic  l imb outgrowths  t h a t  never  a t t a in  the  normal  
pa t t e rn  of l imb morphogenesis.  

Briefly, the  sal ient ian l imb regenerat ive  capaci ty  falls 
wi th in  3 main  categories, viz. 1. early loss before the  
onset  of the me tamorph ic  period as in Rana sylvalica and 
R. p ip ieml;  2. conspicuous decline during the  meta-  
morphic  period result ing in a large cart i laginous condylar  
mass capping the  s tump skeleton as in A lyres obsXetricans 2 
and Bufo regularisa, 4; and 3. be t te r  par t ia l ly  preserved 
regenera t ive  capac i ty  up to the  adul t  stage in members  
of the  families Pipidae  5-*~ and Discoglossidae 1~ Their  
l imb regenerates  are he te romorphic  and range f rom 
simple, spike-like to spatula te  outgrowths,  sometimes 
wi th  r u d i m e n t a r y  digits. In  general, these outgrowths  
ma in ly  consist  of car t i lage and connect ive  t issue fibres 
wi th  hard ly  any  bone or  muscle fibres 5,s, a0. 

Normal ly ,  the  ranids so far s tudied lose comple te ly  
the regenera t ive  capac i ty  of their  l imbs when t ransec ted  
at  the  adul t  stage 11-13. However ,  this capac i ty  could be 
par t ia l ly  enhanced by the  use of var ious s t imula t ing  
procedures~4-1s E v e n  these exper imenta l ly  induced l imb 
outgrowths  are also mainly  suppor ted  wi th  cart i lage 
mater ia l ,  wi th  the  except ion of Rana clamitans ~s which 
showed ossification distally.  The  present  inves t iga t ion  
a imed at  repor t ing on the  power  of l imb regenerat ion in 
the  adul t  ranid, Rana ridibunda ridibunda Pallas and on 
the  osteogenet ic  pa t t e rn  wi th in  the s tump skeleton at, 
a n d  dis tal  to, the  level  of amputa t ion .  

Individuals ,  wi th  average head- t runk  length  of 7 cm, 
were collected from the  fields of H a m m a n  A1-Alil (south 
of Mosul). One fore-l imb in each was t ransec ted  th rough  
the  dis tal  level  of the  an tebrachium.  Out  of a to ta l  of 
82 Cases, 56 were opera ted  on the  left-side l imb, t he  
remaining  animals  on the  r ight  side one. The series 
opera ted  on the  left  side was reared for 5 months,  f rom 
Apri l  t i l l  September,  while the  r ight  s ide  series was reared 
for 4 months  during the  same season. The  ra te  of mor ta l i ty  
reached 12% of the  to ta l  number  of cases. Soon af ter  



15. 8. 1970 Specialia 921 

wound  heal ing was accompl ished  dur ing the  early pos t -  
opera t ive  days,  cases were reared toge the r  under  more  
or less na tu ra l  condit ions,  in a large ground  concre te  
pond  (4•  2 • 0.75 m) found  in the  fields of t he  same 
locality. The b o t t o m  was covered wi th  sand on which  
large pieces of s tone  were placed. The pond  was kep t  
full of water ,  p rov ided  wi th  p l en ty  of wa te r  plants .  To 
keep the  opera ted  cases in capt iv i ty ,  a fence of fine wire 
gauze was erected,  2 m a p a r t  f rom the  p o n d  boundar ies .  
P l en ty  of wa te r  insects  as well as te r res t r ia l  ones bur-  

rowing in tunnels ,  served as a na tu ra l  source of diet. At  
the  end of the  rear ing period,  cases were  f ixed in 10% 
formalin.  

A m p u t a t e d  l imbs had  failed to regenera te  comple te ly  
(Figure 1) in 10% of the  to ta l  n u m b e r  of f ixed cases. All 
the  remain ing  cases had  deve loped  into he t e romorph ic  
l imb ou tg rowths  t h a t  were:  a) simple, dark ly  p i g m e n t e d  
wi th  e i ther  an a t t e n u a t i n g  (Figure 2) or a b lunt ,  semi-  
circular apex  (Figure 3) in 56% ; b) apical ly i nden ted  in to  
2 digi toid p rominences  (Figure 4) in 25% ; and c) paddle-  
shaped  wi th  digi toid p ro tube rances  (Figure 5) or w i th  
folded digi toid  lobes (Figure 6) in the  r e m a i n i n g  9% of 
the  cases. 

Alizarin t ransparenc ies  19 of various cases showed t h a t  
the  t r ansec ted  radioulna  had  th i ckened  cons iderab ly  a t  
the  plane of ampu ta t ion .  This merges  dis ta! ly in to :  
a) a s tout ,  cone-shaped  b o n y  suppor t  (Figures 7 and  8); 
or b) an a t t e n u a t i n g  bony,  claw-like s t ruc tu re  t h a t  is 
car t i laginous apical ly (Figure 9); or c) an  ossified base  
which  is conf luent  w i th  conspicuous  cart i lage mate r ia l  
t h a t  is e i ther  s imple (Figures 10 and 11) or b i furca ted  
(Figure 12). The padd le - shaped  regenera tes  were mos t ly  
suppor t ed  wi th  cart i lage m a t e r i a l .  

I t  m a y  be concluded t h a t  Rana ridibunda ridibunda 
Pallas  devia tes  f rom all o ther  known  adul t  ran ids  11-13 in 
par t ia l ly  preserv ing  the  capac i ty  of l imb regenera t ion  b u t  
a t  compara t ive ly  lower level t h a n  t h a t  of t he  m e m b e r s  
of t he  families P ip idae  and  Discoglossidae 10. 

The skeletal  suppor t  of t he  regenera tes  is tJere un ique  
in being par t ia l ly  or comple te ly  ossified as compared  

w i t h  t he  dominance  of cart i lage mater ia l  in  regenera tes  
of b o t h  normal ly  s-l~ and  ma jo r i t y  of ar t i f icial ly acti-  
va t ed  t4-17 adul t  sal ientians.  The only  sa l ient ian ,  so far 
known,  t h a t  showed ossif icat ion in the  skeletal  e lements  
of t he  l imb regenera tes  is Rana clamitans is, af ter  t he  
t r a n s p l a n t a t i o n  of the  adrenal  gland to  its jaws. 

Zusammen/assung. Nachweis  der  Bei l i regenerat ion bet 
adu l ten  Fr6schen  Rana ridibunda ridibunda Pallas.  Ske le t t  
war  we i tgehend  verkn6cher t .  
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Fig. 1. Non-regenerating fore limb stump. • 2. 

Figs. 2 6. 2, heteromorphic regenerates: simple and attenuating; 
3, simple with a blunt apex; 4, indented with 2 digitoid lobes; 
5, and paddle-shaped with digitoid protrusions that are straight; 
6, or folded. Magnification x 2. 

Fig. 7. Alizarin stained regenerating radio-ulna denuded of its sur- 
rounding soft tissues and skin. Magnification • 3. 

Figs. 8-12. AlizariI1 transparencies of fore limb regelaerates. Bone 
appears dark and opaque, while cartilage is pale and transparent. 
Magnification • 2.5. 
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