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Cadmium (Cd) i s  one o f  the  most t o x i c  heavy meta ls  and 
a f f e c t s  a wide spectrum o f  organisms (Ravera 1984).  
I t s  n a t u r a l  occur rence  i n  the  env i ronment  i s  r a t h e r  
low, bu t  i t  i s  s i g n i f i c a n t l y  i nc reased  by an th ropogen i c  
i n p u t s ,  such as a g r i c u l t u r a l  and i n d u s t r i a l  
a p p l i c a t i o n s  [Dav i s  1984).  From an e c o t o x i c o l o g i c a l  
p o i n t  o f  v i ew ,  amphib ians are  u s e f u l  i n d i c a t o r s  o f  
f r e s h w a t e r  c o n t a m i n a t i o n  (Fern&ndez e t  a l .  1989),  w h i l e  
on the  o t h e r  hand amphib ian embryos and l a r v a e  are  
h i g h e r  i n  the  food cha ins  i n  wh ich Cd i s  accumulated 
(Dmowsky and Karolewsky 1979).  Accord ing  to  p r e v i o u s  
s t u d i e s ,  the  e f f e c t s  o f  Cd on amphib ian embryos t r e a t e d  
from the two b las tomere s tage onwards i n c l u d e  de layed 
development ,  reduced body s i z e ,  c o n g e n i t a l  
m a l f o r m a t i o n s ,  b e h a v i o r a l  d i s o r d e r s  and e v e n t u a l l y  
death  ( P ~ r e z - C o l l  e t  a l .  1985).  The degree o f  heavy 
metal t o x i c i t y  cou ld  be r e l a t e d  to  s tage 
s u s c e p t i b i l i t y .  For i n s t a n c e ,  lead exposure to  
d i f f e r e n t  s tages o f  Bufo arenarum embryos show t h a t  the  
neuromuscu lar  a c t i v i t y  s tage (s tage  16) i s  t w i c e  as 
s e n s i t i v e  to  lead than n e u r u l a e  or  g i l l  c i r c u l a t i o n  
s tages  ( P ~ r e z - C o l l  and H e r k o v i t s  1990).  The purpose o f  
t h i s  s tudy  i s  to  r e p o r t  the  min imal  Cd c o n c e n t r a t i o n  
caus ing  Bufo arenarum embryos a t  s i x  d i f f e r e n t  s tages 
to  a r r e s t  t h e i r  development and d i e  w i t h i n  24 hours .  

MATERIALS AND METHODS 

O v u l a t i o n  was induced by subcu taneous ly  i n j e c t i n g  Bufo 
arenarum a d u l t  females w i t h  2000 IU o f  human c h o r i o n i c  
gonado t roph in  (HCG) p l u s  1000 IU o f  p regnant  male serum 
gonado t roph in  (PMSS). Oocytes were f e r t i l i z e d  i n  v i t r o  
and the  eggs were ma in ta ined  i n  I0% H o l t f r e t e r  s o l u t i o n  
(HS) u n t i l  the 2 -b las tomere  s tage (Del Conte and S i r l i n  
1951) was reached.  
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The g e l a t i n o u s  coats were removed w i t h  2% t h i o g l y c o l i c  
ac id  s o l u t i o n  n e u t r a l i z e d  w i t h  NaOH a t  pH 7 .4 .  Three 
mating p a i r s  o f  a d u l t  Bufo arenarum c o n t r i b u t e d  i n  the 
same p r o p o r t i o n  to  the exper imenta l  groups. Batches of  
30 embryos ( i n  dup l i ca te~  a t o t a l  o f  60 i n d i v i d u a l s  f o r  
each c o n d i t i o n )  were placed i n  20 d i f f e r e n t  Cd 
concen t ra t i ons  i n  10% H a l t f r e t e r  s o l u t i o n  ranging 
between 0 . I  and 4 mg CdZ+/L (Cd atomic absorp t ion  
standard s o l u t i o n ~  Sigma) from the f o l l o w i n g  stages:  
A) 2 blastomeres (S.3)~ B) l a t e  g a s t r u l a e  (S.12) ;  C) 
neura l  tube ( S . I & ) |  D) g i l l  c i r c u l a t i o n  (S.20)~ E) 
ope rcu la r  f o l d s  (S.23) and F) complete operculum 
(S.25) .  Cont ro l  groups were mainta ined i n  I0% HS. 
S u r v i v a l  o f  c o n t r o l  embryos was over 90%. Embryos were 
kept a t  temperatures rang ing between 18-21~ The 
r e s u l t s  were s t a t i s t i c a l l y  analyzed by us ing  X ~ t e s t .  

RESULTS AND DISCUSSION 

Th is  study conf i rms the severe t o x i c i t y  o f  Cd to  
amphibian embryos. A concen t ra t i on  of  0.25 mg Cd2+/L 
a r r e s t s  the development o f  I00% of  Bufo arenarum 
embryos a t  neuru lae (stage i&)  w i t h i n  24 hours ( F i g . i ) .  

With respect  to  t h i s  stage-dependent s u s c e p t i b i l i t y  
study~ we emphasize embryo l e t h a l i t y  ins tead of  
mal format ions or o the r  d i so rde rs  because: i )  a l though  
the s a m e  t e r a t o g e n i c  e f f e c t  can be obta ined by 
d i f f e r e n t  t o x i c  agents and even a t  d i f f e r e n t  embryonic 
stages (P~rez-Co l l  e t  a l .  1985 and 198b| P~rez-Co l l  
and He rkov i t s  1990)~ some o the r  t e r a t o g e n i c  e f f e c t s  are 
stage-dependent (Herkov i t s  and Fern&ndez 1978)~ and 
2) t h i s  study a lso  i nc l udes  embryonic stages i n  which 
the morphogenic processes are advanced or even 
completed. 

The s u r v i v a l  o f  Cd- t reated embryos i s  markedly s tage-  
dependent (p<O,Oi)~ w i t h  the neura l  tube stage i& t imes 
more s e n s i t i v e  than the b l a s t u l a e .  Dur ing pos tneura l  
stages~ the embryos become g r a d u a l l y  more r e s i s t a n t .  At 
the end o f  embryonic development~ however~ the 
t o l e rance  to  Cd i s  s t i l l  one f o u r t h  t h a t  o f  the 
b l a s t u l a  s tage.  The i n t e r f e r e n c e  t h a t  Cd e x e r t s  on 
embryonic development appears to  be r e l a t e d  to  i t s  
m u l t i p l e  e f f e c t s  upon n u c l e i c  ac ids  and s t r u c t u r a l  and 
enzymatic p r o t e i n s  (Jacobson and Turner  1980), as w e l l  
as on the a v a i l a b i l i t y  o f  e s s e n t i a l  elements~ energy-  
r i c h  molecules (Reddy e t  a l .  1988) and oxygen 
consumption (He rkov i t s  and J a t i m t i n s k y  1986) which 
r e s u l t  i n  a c r i t i c a l  r educ t i on  o f  embryonic performance 
and f i n a l l y  death.  
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Figure  I .  Concen t ra t ions  of  cadmium t h a t  cause 100% 
m o r t a l i t y  o f  Bufo arenarum embryos w i t h i n  24 hours of  
t rea tment .  

The stage-dependent s u s c e p t i b i l i t y  to  Cd o f  Bufo 
arenarum embryos could be r e l a t e d  to  stage-dependent 
f ea tu res  i n  the uptake of  t h i s  heavy metal (M ich iba ta  
1981}. P r e l i m i n a r y  r e s u l t s  on uptake of  Cd by Bufo 
arenarum show t h a t  Cd i n c o r p o r a t i o n  i s  not  s tage-  
dependent, a t  l e a s t  between the l a s t  developmental 
stages (Zeni e t  a l .  1988). A l though embryos a t  the 
g i l l  c i r c u l a t i o n  (S.20) and complete operculum (S.25) 
stages present  s i m i l a r  l e v e l s  o f  Cd uptake, S.25 i s  
about th ree  t imes more r e s i s t a n t  to  Cd than S.21. 
There fo re ,  i n  the stage-dependent s u s c e p t i b i l i t y  o the r  
mechanisms such as changes i n  the d e t o x i f i c a t i o n  
capac i t y ,  e . g . ,  s y n t h e s i s  o f  m e t a l l o t h i o n e i n s  (Suzuki 
e t  a l .  198&) could a l so  be i n v o l v e d .  I t  i s  noteworthy 
t h a t  the most s u s c e p t i b l e  per iod of  embryonic 
development o f  Bufo arenarum to Cd,as w e l l  as o the r  
t o x i c  agents,  i s  du r ing  the beg inn ing of  organ and 
t i s s u e  d i f f e r e n t i a t i o n  (He rkov i t s  and Fernandez 1978). 
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