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of 20 eggs each were in jec ted  wi th  0, 1, 10, 100, 1000 or 
10,000 ~g/egg CPZ at  96 h of incubat ion.  W h e n  ha tched ,  
the  chicks were exposed to the  following behaviora l  tes ts  : 
impr in t ing  (beginning at  3 days  of age); open field (14 
days  of age); condi t ioned avoidance response to l ight  
onset  (21 days  of age); pos i t ion hab i t  in a T maze for a 
food reward  (21 days  of age). All chicks t h a t  survived to 
ha t ch ing  were sub jec ted  to a s t andard ized  au topsy  
procedure  23, 33 

Results. The le thal  dose 50%, as de t e rmined  by  the  exac t  
p rob i t  m e t h o d  24, was 4000 ~xg/egg. The groups t r ea ted  
wi th  1, 10, 100 vg CPZ took fewer tr ials to reach cr i ter ion 
on the  T maze t h a n  the  control  group, while the  1000 and 
10,000 txg groups took more  tr ials (Kruskal-Wall is ,  0.05 
confidence level) 25. While i~ot s ta t is t ica l ly  significant,  the  
following observa t ions  also suggest  long t e r m  al tera t ions  
in behav io r .  The d rug- t r ea ted  chicks t ended  to have  
shor ter  la tencies  in an impr in t ing  s i tuat ion,  less ac t iv i ty  
in an open field appara tus ,  and t ended  to require  more 
tr ials  to cr i ter ion in the  condi t ioned  avoidance  problem.  
17% of all of the  d rug- t rea ted  chicks t h a t  survived to 
ha t ch ing  showed a 'curled toe '  anomaly.  The 'curled toe '  
could be re la t ively  mild and  involve 1 or 2 toes on 1 foot, 
or re la t ively  severe, as shown in the  figure, and involve all 
of the  toes on 1 or bo th  feet. The effective dose 50~o for 
'curled toes '  is 88 ag/egg as de t e rmined  b y  the  exact  
p rob i t  m e t h o d  34. 
Discussion. The 'curled toe '  anomaly  was no t  repor ted  by  
o ther  inves t iga tors  who exposed chick embryos  to 
CPZ3",2L However ,  the  'curled toe '  anomaly  is qui te  
similar to  t h a t  r epor ted  for chicks born  of r iboflavin-  
def ic ient  mo the r s  3s. I t  seems likely t h a t  the  curled toe is 
a physiological  r a the r  t h a n  s t r ic t ly  an ana tomica l  anomaly  

since the  'curled toe '  released to  some e x t e n t  dur ing  
N e m b u t h a l  anes thes ia  (1.0 mg/kg).  While grea t  cau t ion  
should be exercised in ex t rapo la t ing  f rom animal  s tudies  
to humans ,  it  is clear t h a t  p rena ta l  exposure  to CPZ is 
associated wi th  long t e r m  behaviora l  a l te ra t ions  2. -36 .  I t  
is also c l e a r  t h a t  p rena ta l  exposure  to CPZ can be 
associated wi th  e x t r a p y r a m i d a l  dys func t ion  in hu-  
mans  la-15. Since the  animals  in th is  s tudy  also demon-  
s t ra ted  behaviora l  as well as a po ten t i a l  neurological  
anomaly,  it  would be i m p o r t a n t  to reconsider  the  admini-  
s t ra t ion  of CPZ to  h u m a n  females of chi ldbear ing  age and  
in par t icular ,  as an an t i emet ic  dur ing the  cri t ical  f i rs t  
t r imes te r  of pregnancy.  
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Toxicity of ouabain on Drosophila melanogaster  
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Summary. Ouabain,  also called g -s t rophan t in ,  is an inhib i tor  of the  Na+/K+-ac t iva ted  p lasma  m e m b r a n e  ATPase.  
T r e a t m e n t  of Drosophi la  melanogas te r  wi th  3-6 mM of th is  subs tance  leads to a marked ly  reduced  survival  of the flies. 

Recent ly ,  the  use of ouabain  as a selective agent  in m a m -  
mal ian  cell cul tures has been  descr ibed by  some authors ,  
and t h e y  were able to show t h a t  th is  compound  can be 
appl ied in an in vi t ro  sy s t em for mu tagen ic i ty  tes t ing  1-3. 
In  an a t t e m p t  to use ouabain  res is tance as a selective 
sys t em no t  only  for cells in cul ture b u t  also for whole 
animals,  we tes ted  the  tox ic i ty  of the  compound  wi th  
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adul t  Drosophi la  flies and the  d e v e l o p m e n t  of the i r  
progeny.  The used s t ra in  was Berlin wild ( + K ) .  The 
animals  were fed wi th  a co rnmea l -agar - sy rup  med ium 
conta in ing  d i f ferent  concen t ra t ions  of ouabain.  For  each 
concen t ra t ion  10 t es t  tubes  were used. 3 pairs  of flies were 
p u t  into each tube.  Af ter  a t r e a t m e n t  per iod of 6 days  a t  
28 ~ (this t e m p e r a t u r e  was chosen to  shor ten  the  usual 
genera t ion  t ime of 14 days  a t  26~ the  p a r en t  flies were 
removed.  Af ter  an addi t ional  t r e a t m e n t  per iod of 6 days,  
t he  F 1 p rogeny  was scored. 
At  a low concent ra t ion ,  the  tox ic i ty  of ouabain  increases 
wi th  increasing concen t ra t ion  (table). At  higher  con- 
cent ra t ions ,  a sa tura t ion  effect  is clearly d e m o n s t r a t e d  in 
the  figure where the  average n u m b e r  of l iving F 1 animals  
per  tube  is p lo t t ed  agains t  the  ouabain  concent ra t ion .  An 
exac t  e s t ima t ion  of the  dead flies in the  tubes  was no t  
possible. W i t h  the  resul ts  descr ibed,  it  is possible to t e s t  
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Effect of ouabain on Drosophila melanogaster 

Concentration Dead parent flies Living F 1 flies in 10 
of ouabain (out of 30) in 10 tubes after 12 days 
(mM/1) tubes after 6 days 

Males Females Males Females Total 

0 2 266 288 554 
3.0 13 72 42 114 
3.5 - 9 12 19 31 
4.0 17 12 10 22 
4.5 - 13 11 9 20 
5.0 18 6 5 11 
5.5 2 21 7 10 17 
6.0 2 21 2 2 4 

if t he  i n d u c t i o n  of r e s i s t ance  a g a i n s t  o u a b a i n  can  be 
ach ieved  in D r o s o p h i l a .  S o m e  q u e s t i o n s  r e m a i n  open .  I t  
is n o t  clear  if t h e  dec reased  s u r v i v a l  of t he  p r o g e n y  a f t e r  
o u a b a i n  t r e a t m e n t  is t h e  r e su l t  of a n  effect  on  the  g e r m  
cells of t he  ma le  p a r e n t s ,  on  the  g e r m  ceils of t he  f ema le  
p a r e n t s  or  on  the  d e v e l o p m e n t  of t he  p r o g e n y  itself.  
T h e r e  m i g h t  be a m o r e  c o m p l e x  effect,  too.  Th i s  q u e s t i o n  
m i g h t  be a n s w e r e d  b y  t e s t i n g  t h e  fe r t i l i ty  of a d u l t  flies 
a f t e r  o u a b a i n  t r e a t m e n t .  
A p r o b l e m  t h a t  shou ld  also be m e n t i o n e d  is t he  m a r k e d  
dif ference of t he  t o x i c i t y  of t he  s u b s t a n c e  a g a i n s t  a d u l t  
flies. F e m a l e  flies are killed b y  o u a b a i n  to  a m u c h  h i g h e r  
e x t e n t  t h a n  male  ones.  Th i s  m i g h t  be o v e r c o m e  b y  t a k i n g  
an  inc reased  n u m b e r  of f emales  in t h e  tes t ,  b u t  f u r t h e r  
i n v e s t i g a t i o n s  m u s t  c la r i fy  t he  sex dif ference of D r o s o -  
ph i l a  m e l a n o g a s t e r  a g a i n s t  o u a b a i n .  

E n h a n c e m e n t  of b a r i u m -  and c e s i u m - i n d u c e d  adrenal  c a t e c h o l a m i n e  re l ease  by l idoca ine  I 

J.  L. B o r o w i t z  a n d  I.  S h a n b a k y  

Department o~ Pharmacology and Toxicology, School o/ Pharmacy and Pharmacal Sciences, Purdue University, West 
La/ayette (Indiana 47907, USA), 27 September 1976 

S u m m a r y .  C a t e c h o l a m i n e  re lease evoked  f r o m  iso la ted  p e r f u s e d  bov ine  a d r e n a l s  b y  Ba  +2 or  Cs+ is e n h a n c e d  b y  lido- 
caine or  b y  a ca lc ium-f ree  m e d i u m .  T h e  ac t ion  of Cs+ the re fo re  differs  f r o m  t h a t  of K~ or  R b  + in a d r e na l  medul la .  Di- 
v a l e n t  and  m o n o v a l e n t  meta l l ic  ca t ions  of r e l a t ive ly  large a t o m i c  w e i g h t  like Ba  +2 a n d  Cs~, p r o b a b l y  p e n e t r a t e  t he  
cell m o r e  eas i ly  t h a n  smal l  h igh ly  c h a r g e d  ions  a n d  ac t  i n t r ace l lu l a r ly  to cause  a d r e n a l  c a t e c h o l a m i n e  release.  Loca l  
a n e s t h e t i c s  and  ca lc ium-f ree  med ia  m a y  al low g r e a t e r  in f lux  of Ba  ~ 2 and  Cs + in to  a d r e n o m e d u l l a r y  cells. 

I n  c o n t r a s t  to  t he  d i m i n i s h e d  ac t ion  of ace ty l cho l ine  or  
IK+ in a ca lc ium-f ree  m e d i u m ,  Ba  +2 is m o r e  effect ive  in 
a d r e n a l  m e d u l l a  in t he  absence  of ex t r a -ce l lu l a r  ca l c ium 2. 
Ces ium ion is r e p o r t e d  a to  release a d r e n a l  c a t e c h o l a m i n e s  
in a m a n n e r  s imi la r  to K +, and  wou ld  a p p e a r  to h a v e  a 
d i f f e ren t  m e c h a n i s m  t h a n  Ba  +'-' in th i s  t issue.  H o w e v e r ,  
t he  p r e s e n t  s t u d y  s h o w s  t h a t  the  ac t i ons  of b o t h  these  
ions  are e n h a n c e d  b y  l idocaine  in ad r ena l  m e d u l l a  a n d  
s u g g e s t s  t h a t  t h e y  h a v e  m e c h a n i s m s  in c o m m o n .  
F r e s h  bov ine  ad rena l s  were  pe r fu sed  (10 m l / m i n )  w i t h  an  
a e r a t e d  t r i s  bu f f e r ed  Lockes  so lu t ion ,  22 ~ as  p r e v i o u s l y  
descr ibed4.  A d d i t i o n  of Ba  ~2 to  t he  m e d i u m  caused  ca t -  
e c h o l a m i n e  release (figure 1). The  p e r f u s a t e  w a s  a s s a y e d  
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Fig. 1. Enhancement of Ba+2-induced catecholamine release from 
bovine adrenals by 0.1 mM lidocaine. The barium solutions were in- 
fused (10 ml/inin) one after the other. Each point is the mean of 4 
experiments, a = p < 0.05 compared to control. Lidocaine alone 
has no effect on adrenal eatecholamine release. 

for  t o t a l  c a t e c h o l a m i n e s  b y  t h e  co lo r ime t r i c  m e t h o d  of 
v o n  E u l e r  and  H a m b e r g  5. W h e n  l idocaine,  0.1 raM, w a s  
added  a long  w i t h  Ba  +", an  e n h a n c e d  r e sponse  w a s  seen 
(f igure 1). The  t ab le  s h o w s  t h a t  ad rena l  c a t e c h o l a m i n e  
release b y  Cs + is also e n h a n c e d  b y  0. l m M  lidocainc.  The  
s t i m u l a t o r y  effect  of Cd ~,2 on  a d r e n a l  m e d u l l a  G w a s  n o t  
a l t e red  b y  0.1 m M  lid()caine (4 g lands) .  Dose r e s p o n s e  
c u r v e s  to La  ~a in 6 pa i r s  of b o v i n e  a d r e n a l s  s h o w e d  a de- 
c reased  c a t e c h o l a m i n e  re lease (20%) w h e n  l idocaine,  
0.1 mM, w a s  also p r e s e n t  b u t  t he  d i f ference  w a s  n o t  s t a -  
t i s t ica l ly  s igni f icant .  T h u s  e n h a n c e m e n t  of a d r e n a l  ca t -  
c c h o l a m i n e  re lease b y  l idocaine  occur s  w i t h  on ly  a few 
m e t a l  ions of r e l a t ive ly  large a t o m i c  w e i g h t  a n d  r e l a t ive ly  
low cha rge  dens i ty .  
Since local a n e s t h e t i c s  b lock  ca l c ium f lux  across  a d r e n o -  
m e d u l l a r y  p l a s m a  m e m b r a n e s  7, i t  is n o t  s u r p r i s i n g  t h a t  
b a r i u m ' s  a c t i on  on  a d r e n a l  m e d u l l a  is e n h a n c e d  b o t h  b y  
l idocaine a n d  b y  o m m i s s i o n  of ca l c ium f r o m  the  p e r f u s i n g  
fluid. C e s i u m ' s  effect  in r a b b i t  a d r e n a l s  h o w e v e r  is r e p o r t -  
ed ly  n o t  e n h a n c e d  b y  a ca l c ium-f ree  m e d i u m  a. Th i s  s e e m e d  
illogical so the  effect  of c a l c ium lack on  c e s i u m ' s  ac t ion  w a s  
r e t e s t ed  in i so la ted  b o v i n e  ad rena l s .  R u b i d i u m  w a s  s t ud i ed  
for  c o m p a r i s o n .  A d r e n a l  c a t e c h o l a m i n e  re lease b y  R b  + 
is la rge ly  d e p e n d e n t  on  e x t r ac e l l u l a r  ca l c ium a l t h o u g h  a 
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