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Inhibi tory Effect of A c t i n o m y c i n  D on Tai l  
A t r o p h y  in Xenopus Larvae at M e t a m o r p h o s i s  ~ 

T h e  i n v o l u t i o n  of t he  ta i l  in  m e t a m o r p h o s i n g  t adpo les  
r e p r e s e n t s  a s t r i k ing  e x a m p l e  of  physio logica l  t i ssue  re- 
gress ion wh ich  like the  o t h e r  e v e n t s  of m e t a m o r p h o s i s  is 
k n o w n  to  be  u n d e r  t he  con t ro l  of t h y r o i d  ho rmones .  A t  
t h e  b i o c h e m i c a l  level,  t a i l  a t r o p h y  h a s  been  f o u n d  to  
coincide  w i t h  a m a r k e d  increase  in  t he  ac t iv i t i e s  (ex- 
pressed  pe r  tai l)  of c a t h e p s i n s  2,3, acid p h o s p h a t a s e  ~ a n d  
o t h e r  ac id  hydro lases  s, w h i c h  are a p p a r e n t l y  i nvo lved  in 
t i ssue  des t ruc t ion .  H i s t o c h e m i c a l  m e t h o d s  revea led  a 
p rogress ive  a c c u m u l a t i o n  of acid h y d r o l a s e s  b y  mac ro -  
phages ,  p r o b a b l y  in  response  to  t he  i n i t i a t i on  of phago-  
cy tos i s  in  t he  regress ing  ta i l  t i ssue  6,7. F r o m  these  a n d  
o t h e r  f ind ings  i t  was  conc luded  t h a t  t he  increase  in ac- 
t i v i t y  of acid hyd ro l a se s  in  t h e  regress ing  ta i l  of t h e  t ad -  
pole  m i g h t  ref lec t  t h e  synthesis of such  enzymes  b y  
a c t i v a t e d  m a c r o p h a g e s  8, r a t h e r  t h a n  t h e i r  release f rom 
p re fo rmed  c y t o p l a s m i c  c o n s t i t u e n t s  - a m e c h a n i s m  of 
t i ssue  i n v o l u t i o n  or ig ina l ly  p roposed  b y  t he  ' lysosome '  
t h e o r y  ~. 

I n  o rde r  to e luc ida te  f u r t h e r  t he  m e c h a n i s m  of t i s sue  
i n v o l u t i o n  in r e l a t i on  to  m e t a m o r p h i c  s t imul i ,  t he  appl ica-  
t ion  of actinomycin ~o a p p e a r e d  of p a r t i c u l a r  in te res t .  Th i s  
c o m p o u n d ,  w h i c h  ha s  b e e n  r e p o r t e d  to  i n h i b i t  specif ical ly 
D N A - d e p e n d e n t  syn thes i s  of R N A  should,  therefore ,  
in te r fe re  w i t h  e n z y m e  s y n t h e s i s  b y  mac rophages ,  b u t  n o t  
w i t h  t h e  release of p r e f o r m e d  e n z y m e s  in t he  regress ing  
t issue.  P r e l i m i n a r y  o b s e r v a t i o n s  on  the  effect  of Ac t ino-  
m y c i n  D on  m e t a m o r p h o s i n g  Xenopus  l a rvae ,  especia l ly  
o n  t h e  a c t i v i t y  of c a t h e p s i n s  in  t h e  ta i l  t issue,  will  be  
r epo r t ed  below. 

A c t i n o m y c i n  D (AMD) was a d m i n i s t e r e d  to  Xenopus 
l a r v a e  a t  the  onse t  of t h e  ' m e t a m o r p h i c  c l imax ' ,  as indi-  
c a t e d  b y  t h e  e r u p t i o n  of t he  fore l imbs.  As s h o w n  in T a b l e  
I, t h e  i m m e r s i o n  m e t h o d  p r o v e d  to  be m u c h  less e f fec t ive  
t h a n  i n t r a p e r i t o n e a l  i n j ec t ion  of AMD. W i t h  doses of 
0.1 pg  pe r  a n i m a l  t h e  su rv iva l  t i m e  was suf f ic ien t ly  long 
so t h a t  t h e  i n h i b i t i o n  of m e t a m o r p h o s i s  was  c lear ly  dis- 
cernible .  Accord ing  to  o u r  p r e s e n t  exper ience ,  AMD-  
t r e a t e d  l a rvae  e x h i b i t  a cons ide rab le  de l ay  in the  t r a n s -  
f o r m a t i o n  of t he  head  (gill region) a n d  the  in tes t ine ,  as 
well as in  t he  i n v o l u t i o n  of t he  ta i l  (Figure) .  A t  h i g h e r  
doses, however ,  t h e  s u r v i v a l  t i m e  is cons ide rab ly  reduced ,  
t he  m o s t  consp icuous  ef fec t  of AMD be ing  cha rac t e r i s t i c  
m a l f o r m a t i o n s  in /ore-  a n d  h ind l imbs .  I t  m a y  be men-  
t i o n e d  t h a t  t he  t e r a togen i c  ac t ion  of a c t i n o m y c i n s  ha s  

Table I. Effect of Actinomycin D on survival and progress of meta- 
nlorphosis in Xenopus larvae 

been  r epo r t ed  r e p e a t e d l y  since the  or ig ina l  o b s e r v a t i o n  
b y  TUCHMANN-DUPLESSIS a n d  MERCIFR-PAROT H on r a t  
embryos .  

T h e  obv ious  i n h i b i t i o n  of t a i l  a t r o p h y  b y  m o d e r a t e  
doses  of  AMD h as  m a d e  i t  poss ible  to  a s say  acid h y d r o l a s e s  
u n d e r  the  cond i t ion  of de layed  his tolys is .  Since ear l ier  
work  has  s h o w n  ca theps in s  to  increase  co n s i d e r ab l y  in 
regress ing ta i l  t i s sue  a,3, t h i s  e n z y m e  s y s t e m  a p p e a r e d  
m o s t  p romis ing  for  exp lo r ing  t h e  effects  of A M D  on  acid  
hydrolases .  T a b l e  I I  c o n t a i n s  the  resu l t s  of t he se  exper i -  
m e n t s  in wh ich  c a t h e p t i c  a c t i v i t y  was d e t e r m i n e d  on  ta i l  
h o m o g e n a t e s  b y  o u r  s t a n d a r d  p rocedure  1~. I t  is n o t e d  
t h a t  in  ta i l s  ( reduced  to  a p p r o x i m a t e l y  ha l f  t h e  or ig ina l  
l ength)  of n o r m a l l y  m e t a m o r p h o s i n g  t adpo le s  (controls)  
there  is a m u c h  h ighe r  a c t i v i t y  of c a t h e p s i n s  per  un i t  t o t a l  
n i t r ogen  (TN) t h a n  in ta i ls  of A M D - t r e a t e d  larvae .  Since 
in all  e x p e r i m e n t s  l a rvae  of equa l  size were used, the  t o t a l  
a c t i v i t i e s  (per  tai l)  m a y  be  r ega rded  as a n  equa l ly  m e a n -  
ingful  c r i te r ion .  In  fact ,  these  d a t a  u n e q u i v o c a l l y  revea l  
g r ea t l y  r educed  levels of c a t h e p s i n s  in t h e  ta i l  t i ssue  of 

B 

Effect of Actinomyciu D on metamorphosis. A: Control, 7 days 
after the eruption of the forelimbs. B: Tadpole, same age as A, but 
injected with 0.1 /,g Actinomycin I). Inhibition of metamorphic 
transformatiou indicated by larval appearance of head region and 
persistance of tail. Besides slight teratogenic eIfects are noticed in 

hind- and forelimbs. 

Mode of AMD N Mean survival Inhibition of 
administration time (days) metamorphosis 

Immersion 5 pg/ml ~ 3 10.3 0 

10 ,ug/ml ~ 4 5.6 + 

Injection 0,1/~gb 10 ca. 7 ++ 

0.2 #g" 10 ca. 5 +, teratogenic 
effects 

0.5pg~ 2 4 +, teratogenie 
effects 

Solutions made up in tap water at this concentration, b Dose per 
animal, injected in 5 ,ul Holtfreter solution. N = Number of animals. 
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AMD- t r ea t ed  tadpoles .  F r o m  the  close ag reemen t  of the  
values obta ined ,  the  inh ib i to ry  6ffect of AMD on the  ac- 
cumula t ion  of ca theps ins  in the  tails of p r o m e t a m o r p h i c  
tadpoles  appears  to be h ighly  reproducible .  

On the  basis of this  evidence it is concluded t h a t  ea thep-  
sins are, indeed,  funct ional ly  re la ted  to his tolysis  and  t h a t  

Table II. Effect of Actinomycin D on catheptic activity in tail tissue 

Experi- Days AMD Specific Ratio Total Ratio 
ment after ~g/aninlal activity C]T activity C]T 

AMD /zg fig 
injection casein]h]tug casein/b/tail 

TN 

1 C 5 30.77 13.6 2981.6 3.82 
T 5 0.2 2.26 781.1 

the  accumula t ion  of these  enzymes  in the  regressing tail 
m u s t  be due  to  neosynthes i s .  F u r t h e r  work  on the  mecha- 
n ism of ac t ion  of AND,  par t i cu la r ly  in re la t ion  to  macro- 
phages ,  is now in progress  1~,:*. 

Zusammen[assung. Xenopuslarven, denen  zu Beginn 
der  ,Metamorphoseklimax~> 0,1 ~ A c t i n o m y c i n  D intra-  
per i tonea l  in j iz ier t  wurden ,  zeigten eine erhebl iche Ver- 
z6gerung der  Metamorphose .  Biochemisch  ist  die Hem- 
m u n g  der  Schwanzreso rp t ion  bei b e h a n d e l t e n  Larven 
du rch  die geringe Akt iv i t / i t  der  Gewebeka theps ine  ge- 
kennze ichne t .  

e .  WEBER 

Abteilung ]iir ZeUbiologie, Zoologisches Institut der 
Universitiit Bern (Switzerland), July 21, 1965. 

2 C 7 - 45.38 12.5 2913.8 3.82 
T 7 0.1 3.63 763.4 

3 C 7 - 32.88 13.5 3224.2 3.48 
T 7 0.1 2.44 924.4 

Mean ratio C/T 13.2 3.71 

C = Controls, undergoing normal metamorphosis. T = AMD-treated 
tadpoles. 

la The author is greatly indebted to the Merck Sharp & Dohme 
Research Laboratories, Rahway (N.J. USA) for the generous 
supply of Actinomycin D. The able technical assistance of Mr. T. 
WYLER is also gratefully acknowledged. 

14 Note added in proof: Further experiments have shown that the 
inhibitory effect of AMD is not abolished by the exposure of the 
injected tadpoles to L-thyroxine (1150 million). This indicates 
that AMD exerts its action by suppressing the responding capacity 
of the larval tissues. 

On the  H e p a t o - P r o t e c t i v e  Effect  of  S e l e n i u m  in  
C a r b o n  T e t r a c h l o r i d e  P o i s o n i n ~  in  A l b i n o  R a t s  

A group of researches  (SCHWARTZ et  al. 1,2) es tab l i shed  
t h a t  in the  liver of ra t s  s u b m i t t e d  to  a d ie t  con ta in ing  suf- 
f icient a m o u n t s  of prote ins ,  v i t amins ,  sa l ts  and  calories, 
necrotic lesions appear  in cases where  t he  p ro te in  is given 
in the  form of cer ta in  species of b rewer ' s  yeas t .  

According to the  f indings of SCHWARTZ, in cer ta in  yeas t s  
this  hepa to -p ro tec t ive  fac tor  is p resen t ,  while in o the r s  i t  
is lacking. In  the  yeas t  ex t r ac t s  showing  a hepa to -  
pro tec t ive  effect,  i t  was possible to  d e m o n s t r a t e  t he  
presence of a selenium compound .  

The lack of selenium causes  var ious  morphologica l  
modif icat ions,  va ry ing  f rom one species of an imal  to  
another .  In  ra t s  the  effect  assumes  the  form of hepa t i c  
necroses. The hepato-ce l lu lar  modi f ica t ions  show a grea t  
var ie ty ,  f rom hydrop ic  aspects  or those  of f a t t y  degenera-  
t ion up  to  s y m p t o m s  suggest ing the  presence  of hepa to -  
cellular necroses.  Several  au thors  s-° have  s tudied  the  ef- 
fect  p roduced  b y  the  lack of selenium. The ob jec t  of th is  
paper  is to  inves t iga te  the  effect  p roduced  by  the  admin-  
is t ra t ion of small  doses of se lenium upon  the  course of 
acute  carbon te t rachlor ide  poisoning.  

Our exper iments  were m a d e  on a lbino ra ts  of b o t h  
sexes, weighing be tween  120-150 g. The an imals  were  
divided into 4 groups,  each consis t ing of 30 ra ts .  The  
animals  were kep t  on a semi - syn the t i c  diet ,  poor  in 
selenium, while the  controls  were given the  c u s t o m a r y  
non- t r ea t ed  diet.  The  selenium was given per  os in t he  
form of sod ium selenite dissolved in dist i l led wate r .  

Group I. During  the  f irs t  10 days  of our  exper iments ,  
each animal  was given in t raper i tonea l ly  0.1 ml  of a mix-  

tu re  of ca rbon  te t rach lor ide  and  sunf lower  oil in the  pro- 
por t ion  of 111. Fol lowing the  carbon  te t rachlor ide  
poisoning,  t he  ra t s  received per  os a da i ly  dose of 1 
selenium/100 g b o d y  weight ,  in the  fo rm of sodium 
selenite,  for 21 days.  

Group II .  The animals  were s u b m i t t e d  to  in toxicat ion 
dur ing  10 days  wi th  a m e t h o d  s imilar  to  t h a t  used in the 
case of group I ' w i t h  ca rbon  te t rach lor ide ,  b u t  s imulta-  
neously  we also in i t i a ted  the  admin i s t r a t i on  of a daily 
dose of 1 y selenium/100 g b o d y  weight .  The  adminis t ra-  
t ion of se lenium las ted 31 days,  i.e. a n o t h e r  21 days  fol- 
lowing ca rbon  t e t r ach lo r ide  poisoning.  

Group I I L  During  the  first  21 days,  t he  animals  re- 
ceived a dai ly  dose of 1 ~ selenium/100 g b o d y  weight.  
Then,  s t a r t i n g  wi th  t he  21st day,  in add i t ion  to  selenium, 
the  animals  were  also given ca rbon  te t rachlor ide ,  using 
the  same m e t h o d  as t he  one appl ied  in group  I. 

Group IV. The  an imals  rece ived the  c u s t o m a r y  diet  to 
serve as controls .  Af te r  comple t ion  of t he  exper iments ,  
t he  an imals  were  sacrificed. 
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