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Spontaneous Regeneration of the Gastrocnemius Muscle of the Frog, Rana tigrina 

The  role of ne rves  in  a m p h i b i a n  l i m b  r egene ra t i o n  
is well  e s t ab l i shed  1-4, b u t  s p o n t a n e o u s  r egene ra t i o n  of 
t he  muscle  ha s  been  s tud ied  ex tens ive ly  on ly  in Urodeles  
a m o n g  t he  amphib iansS-S .  Muscle r egene ra t i on  ha s  been  
o b t a i n e d  in ve r t eb r a t e s ,  i nc lud ing  t he  frog s , b y  m i n c i n g  
and  i m p l a n t i n g  t he  a b l a t e d  ske le ta l  musc le  where  t h e  
ne rve  s u p p l y  ha s  r e m a i n e d  i n t a c t  9,10. The  p r e sen t  work  
repor t s  t h e  s p o n t a n e o u s  r egene ra t i on  in t he  a b l a t e d  
ga s t rocnemius  muscle  of t he  frog Rana tigrina. 

Material and methods. A d u l t  frogs be long ing  to t he  
species Rana tigrina were col lected local ly a n d  m a i n t a i n e d  
in t h e  l a b o r a t o r y  in aquar ia ,  fed ad  l i b i t u m  on smal l  
frogs an d  insects.  Frogs  h a v i n g  a m o u t h  to  v e n t  l e n g t h  of 
8 cm were selected for t h e  p re sen t  s tudy .  I n  t h e  f i rs t  
g roup  of 6 a n a e s t h e t i s e d  animals ,  t h e  ga s t rocnemius  
muscle  of one of the  h i n d  l imbs  was excised for a l e n g t h  
of 2 cm. w i t h  leas t  i n j u r y  to  t h e  ne rves  an d  vascu la r  
supply,  l eav ing  b e h i n d  sho r t  s t u m p s  of t h e  muscle  a t  

Fig. 1. The muscle stumps immediately after ablation M.S. ~ muscle Fig. 3. Appearence of the muscle regenerate after 2 months of ablation. 
stump. 

Fig. 2. Photograph of the regenerated muscle after 1 month duration. Fig. 4. Photograph of the fully regenerated gastrocnemius muscle 
after 7 months duration. M = Muscle regenerate. 
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origin and  inser t ion  (Figure 1). In  ano the r  group of 
6 frogs, a po r t i on  of lilac nerve  f rom the  middle  of t he  
femur  to  the  pos ter ior  t ib io- f ibular  b ranches  was r emoved  
carefully w i t h o u t  in jur ing  the  major  vascular  supply,  
followed by  the  removal  of gas t rocnemius  muscle.  

Results and discussion. Two animals  f rom each group 
were sacrificed regular ly  1, 2 and 7 m o n t h s  af ter  t he  
opera t ion.  In  t he  group where  the  nerve  supply  was  kep t  
in tac t ,  1 m o n t h  af ter  ab la t ion  the  muscle  regenera te  was 
seen as a smal l  band,  8 m m  in d iameter ,  ex t end ing  be- 
tween  the  origin and  insert ion,  bu t  connect ions  were no t  
es tabl ished by  m o s t  of t he  muscle  bands  (Figure 2). 
2 m o n t h s  af ter  the  operat ion,  the  muscle regenera te  
appeared  ex t end ing  f rom the  origin to  t he  insert ion.  The 
regenera ted  muscle  was abou t  half  of the  original size, 
13 m m  in d iameter ,  b u t  lacked the  normal  shape (Figure 
3). Regenera t ion  was comple te  b y  7 m o n t h s  af ter  the  
removal .  Here  t he  muscle was  a lmos t  ident ica l  to  the  
contro l  muscle of t he  opposi te  l imb, excep t  for i ts  
s l ight ly  reduced  size (Figure 4). 

W h e r e  the  nerve  has  been  r emoved  before cu t t ing  the  
muscle,  only a heal ing of the  cut  ends  occurred and  no 
t race  of regenera t ion  was evident ,  even af ter  7 m o n t h s  of 
abla t ion.  

W h a t  has been  recorded by o ther  workers  relates  
main ly  to regenera t ion  af ter  minc ing  and  implan t ing  
muscle  f ragments .  The p resen t  s t u d y  reveals  for t he  f i rs t  
t ime  the  spon taneous  regenera t ive  abi l i ty  of t he  gastroc-  
nemius  muscle  of frog and  also the  significance of the  
nerve  in muscle regenera t ion  process  n; ~ 

Zusammenfassung. Die spon tane  Neub i ldung  des 
Gas t rocnemiusmuske ls  und  die Rolle des Nerven  in der 
Muskelneubi ldung des Frosches  Rana tigrina sind un te r -  
sucht  worden.  
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The Cyclic AMP Response to Noradrenalin in Young Adult Rat Brain Following Post-Natal 
Injections of 6-Hydroxydopamine ~ 

Catecholamines  readi ly  s t imula te  the  fo rma t ion  of 
cyclic 3",5"-adenosine m o n o p h o s p h a t e  (cycIic AMP) in 
incuba ted  t issue slices of r a t  b ra in  2-4. Moreover,  an 
i nvo lvemen t  of cyclic AMP in adrenergic  t ransmiss ion  
processes has been  descr ibed 5. I n t r a v e n t r i c u l a r  in jec t ions  
of 6 -hyd roxydopamine  (6-OHDA) which  produce  a 
selective des t ruc t ion  of ca techolamine  nerve  endings  in 
the  r a t  bra in  6-~1, subsequen t ly  lead to an enhanced  s t im-  
u la t ion  of cyclic A M P  by  noradrena l in  (NA) in v i t ro  3,~. 
Fur the rmore ,  dur ing pos tna t a l  deve lopmen t  of the  bra in  
prior  to  t he  appearance  of monoamine  conta in ing  nerve  
endings  9,~2,~ the  adenyl  cyclase receptor  t h a t  is re- 
spons ive  to  these  neurohormones  exis ts  in a s imilar  
hype rac t ive  condi t ion  14. Recen t ly  i t  was r epor ted  t h a t  
in ject ions  of 6-OI-IDA into  roden t s  a t  b i r t h ; r e s u l t e d  in 
behaviora l  changes,  we igh t  loss and defici ts  in bra in  NA 
con t en t  when  the  animals  reached  adu l thood  9, ls-17. In  
t he  p resen t  s t u d y  6 -OHDA was in jec ted  in t rac ran ia l ly  
into ra t s  a t  var ious t imes  af ter  b i r t h  in order  to  assess 
the  effect  of des t ruc t ion  of adrenergic  neurons  on the  
subsequen t  NA- induced  s t imula t ion  of cyclic AMP in 
incuba ted  t issue slices of cerebral  cortex::' f rom young  
adul t  animals .  

Methods. The expe r imen t s  were carried out  using 
Sprague D a w l e y - H o l t z m a n  rats.  L i t t e r m a t e s  were inj ec ted  
in t racrania l ly  w i th  e i ther  a cont ro l  solut ion (0.1% 
ascorbic acid) or 6 -OHDA (250 ag in 0.1% ascorbate  in 
10 tzl) a t  var ious  t imes  af ter  b i r t h  and  were ma in t a ined  
wi th  the i r  respect ive  mothers .  At  35 days  p o s t p a r t u m  
the  animais  were  sacrificed and the  cerebral  cortices 
removed,  sliced and  p re incuba ted  for 30 miu in Krebs-  
Ringer  b i ca rbona te  buffer.  The buffer  was changed and 
af ter  15 min  fu r ther  incubat ion,  NA (10 -~ M) was added.  

6 rain la ter  t he  samples  were homogenized  and cyclic 
AMP was isolated and de t e rmined  by  me t h o d s  descr ibed 
previous ly  2-4. Cyclic AMP is  expressed as picomoles  per  
mg sample  prote in .  

Results. The resul ts  of t he  p re sen t  expe r imen t s  are 
dep ic ted  in the  Figure.  In  the  presence  of NA cyclic 
AMP levels were cons i s ten t ly  e levated  2-3-fold in the  
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