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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 
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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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Increased cesium-iilduced catecholamine release from isolated 
adrenals by lidocaine, 0.1 mM 

Total catecholamine 
~zg/min above resting secretion 

Experiment Control Lidocaine 

1 78.2 119.3 
2 224 235 
3 75.6 165.7 
4 87.5 76.6 
5 24.5 36 
6 28.1 69.3 
7 92.7 119.3 
8 126.6 213.6 
Mean 92.2 129.4 

Paired glands from the sanle animal were used for each experiment. 
4 right glands and 4 left glands were used in each group. Release was 
measured during a i-rain-exposure to 56 mM Cs +. Lidocaine signifi- 
c antly enhanced release by comparison of paired differences (p < 0.05). 
Lidocaine alone has no effect on arenal catecholamine release. 
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Fig. 2. Effect of a calciunl-free medium on the response of bovine 
adrenal medulla to Rb + and Cs +. Glands were infused for 20 miri 
with calcium-free Lockes solution and then stimulated with 10 ml 
(1 rain) of Rb + or Cs + containing solution (sodium content was de- 
creased to maintain isotonicity) in the absence of calcium. 2 rain 
after the initial stimulation, calcium was added back to the medium 
and the glands were restinmlated with the same ion 18 rain later. 
4 glands were used for each ion. 

s m a l l  r e s p o n s e  is s e e n  w h e n  c a l c i u m  is a b s e n t  f r o m  t h e  
m e d i u m  ( f igure  2). T h e  r e s p o n s e  to  Cs  +, b y  c o n t r a s t  is 
g r e a t e r  w i t h o u t  c a l c i u m  in  t h e  m e d i u m  ( f igure  2): 
T h u s ,  m e c h a n i s m  of  a d r e n a l  c a t e c h o l a m i n e  r e l ea se  b y  
a lka l i  m e t a l  v a r i e s  w i t h  a t o m i c  w e i g h t .  I n  t h e  a b s e n c e  of 
e x t r a c e l l u l a r  c a l c i u m ,  t h e  l i g h t e s t  ion  K +  is i n e f f e c t i v e ,  
R b  + is s l i g h t l y  a c t i v e ,  a n d  t h e  h e a v i e s t  ion  Cs + s h o w s  
g r e a t e r  e f f e c t i v e n e s s  t h a n  in  t h e  p r e s e n c e  of  c a l c i u m .  
P o t a s s i u m  p r o b a b l y  a c t s  o n  a d r e n a l  m e d u l l a  in  t h e  c las -  
s i ca l  m a n n e r  to  d e p o l a r i z e  t h e  p l a s m a  m e m b r a n e  a n d  
a d m i t  e x t r a c e l l u l a r  c a l c i u m  i n t o  t h e  cell.  C e s i u m  as  wel l  
a s  B a  +2 m a y  a c t  i n t r a c e l l u l a r l y  s i nce  t h e s e  i o n s  a r e  m o r e  
p o t e n t  u n d e r  c o n d i t i o n s  of  i n c r e a s e d  m e m b r a n e  p e r -  
m e a b i l i t y  ( c a l c i u m - f r e e  m e d i a ) .  L i d o c a i n e  m a y  i n c r e a s e  
m e m b r a n e  ' f l u i d i t y '  o r  i n d u c e  ' p r e l y t i c '  changes~  w h i c h  
a l low i n c r e a s e d  p e n e t r a t i o n  of  B a  +2 a n d  Cs + (see ref.S). 
R u b i d i u m ' s  e f f ec t  a p p e a r s  t o  be  a m i x t u r e  of  Cs+- t ike  a n d  
K + - l i k e  a c t i o n s .  M a n y  s m a l l  m e t a l l i c  c a t i o n s  a r e  e s s e n -  
t i a l l y  i n e f f e c t i v e  as  a g o n i s t s  in  a d r e n a l  m e d u l l a ,  e.g.  
Mg+2, Co+2, Ni+2, Mn+2, Zn+2, Li+ ~,6,8, w h e r e a s  l a rge  
m e t a l l i c  c a t i o n s  l ike Hg+2 a r e  v e r y  g o o d  r e l e a s e r s  of  
a d r e n a l  c a t e c h o l a m i n e s T .  S o m e  m e t a l s  m a y  fai l  to  r e l e a se  
b e c a u s e  t h e y  c a n n o t  a c t i v a t e  t h e  s e c r e t o r y  a p p a r a t u s  9. 
O t h e r  i o n s  e.g.  B a  +2, Cs+ a n d  p o s s i b l y  Sr  +2 9, m a y  fai l  to  
r e l e a se  o r  r e l ea se  r e l a t i v e l y  s m a l l  a m o u n t s  b e c a u s e  t h e y  
c a n n o t  p e n e t r a t e  wel l  i n t o  a d r e n o m e d u l l a r y  cells.  P l a s m a  
m e m b r a n e  s u r f a c e s  of  a d r e n o m e d u l l a r y  cel ls  m a y  c a r r y  
w e a k  f i x e d  n e g a t i v e  c h a r g e s  w h i c h  w o u l d  f a v o u r  p e n e t r a -  
t i o n  of  i o n s  of low c h a r g e  d e n s i t y  10. 

8 P. Seeman, Pharmac. Rev. 24, 583 (1972). 
9 W. Douglas and R. Rubin, J. Physiol. 175, 231 (1964). 
10 J. Diamond and E. Wright, Ann. Rev. Physiol. 31, 581 (1969). 

P o s s i b l e  ro l e  of G A B A  in  the  d e v e l o p m e n t  of t o l e r a n c e  to  a l c o h o l  1 
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Summary. R a t  c e r e b e l l a r  G A B A  leve ls  w e r e  r e d u c e d  fo l l owing  2 w e e k s  a l c o h o l  a d m i n i s t r a t i o n .  A n i m a l s  a l so  ex -  
h i b i t e d  a l c o h o l  t o l e r a n c e  w i t h  a n  a i r  r i g h t i n g  re f lex .  T h i s  t o l e r a n c e  w a s  m i m i c e d  b y  p i c r o t o x i n  a d m i n i s t r a t i o n  in  c o n t r o l  
a n i m a l s  a n d  w a s  r e d u c e d  in  a n i m a l s  c h r o n i c a l l y  a d m i n i s t e r e d  a l c o h o l  b y  a m i n o o x y a c e t i c  ac id .  

A c u t e  e x p o s u r e  to  e t h a n o l  a p p e a r s  to  h a v e  a v a r i a b l e  
e f f ec t  o n  c e n t r a l  n e r v o u s  s y s t e m  G A B A  ( g a m m a  a m i n o  
b u t y r i c  ac id)  leve ls .  B o t h  i n c r e a s e s  24 a n d  d e c r e a s e s  4,5 in  
t h e  l eve l  of  t h i s  p u t a t i v e  t r a n s m i t t e r  h a v e  b e e n  r e p o r t e d .  
C h r o n i c  a l c o h o l  a d m i n i s t r a t i o n  m o r e  g e n e r a l l y  c a u s e s  a 
r e d u c t i o n  in  G A B A  leve l s  a, a n d  s u c h  a r e d u c t i o n  is g r e a t -  
e s t  a t  t h a t  t i m e  w h e n  t h e  s i g n s  of  a l c o h o l  w i t h d r a w a l  a re  
m o s t  s e v e r e  6. D r u g s  t h a t  i n c r e a s e  b r a i n  G A B A  leve l s  
r e d u c e  a l c o h o l  w i t h d r a w a l  c o n v u l s i o n s  7. T h e  p r e s e n t  
c o m m u n i c a t i o n  d e a l s  w i t h  t h e  q u e s t i o n  of w h e t h e r  o r  n o t  
G A B A  is i n v o l v e d  in  a l c o h o l  t o l e r a n c e .  T h e  a i r  r i g h t i n g  
r e f l ex  w a s  u s e d  as  t h e  t e s t  p r o c e d u r e  as  i t  i n v o l v e s  a 

c e r e b e l l a r  c o m p o n e n t ,  w h i c h  i n c l u d e s  G A B A e r g i c  n e u -  
r o n e s  s. 
Materials and methods. M a l e  S p r a g u e - D a w l e y  r a t s ,  200 g 
(CD o u t b r e d ,  C h a r l e s  R i v e r s  B r e e d i n g  L a b s . ,  Inc., W i l -  
m i n g t o n ,  MA.)  we re  d i v i d e d  i n t o  3 g r o u p s .  T h e  c o n t r o l  
g r o u p  w a s  fed  u n s u p p l e m e n t e d  P u r i n a  l a b  c h o w  m e a l  a n d  
w a t e r  a d  lib. T h e  a l c o h o l  g r o u p  w a s  fed  one  h a l f  t h e  m e a n  
w e i g h t  of  food  c o n s u m e d  b y  t h e  c o n t r o l  a n i m a l s ,  a n d  1 0 %  
e t h a n o l  w a s  t h e i r  o n l y  s o u r c e  of  d r i n k i n g  w a t e r .  T h e  
g l u c o s e  g r o u p  w a s  fed  t h e  s a m e  a m o u n t  of  m e a l  a s  t h e  
a l c o h o l  g r o u p ,  w a s  g i v e n  a g l u c o s e  s o l u t i o n  i s6ca lor ic  
w i t h  t h e  m e a n  d a i l y  a l c o h o l  c o n s u m p t i o n  of  t h e  a l c o h o l  


