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t r a c t u r e  of t he  slow ske le ta l  musc le  f ibres  of t h e  frog, 
in  a g r e e m e n t  w{th t he  p rev ious  r e p o r t  f rom our  l abora -  
t o ry  v. I n  cont ras t ,  even  a f te r  10 -3 g/m1 of ouaba in ,  no 
cont rac t i l e  response  could be  induced  in t he  slow skele ta l  
muscle  f ibres  of t h e  toad,  a l t h o u g h  t he  muscle  r e sponded  
to 10 -6 g /ml  of ACh w i t h  a def in i te  con t r ac tu re ,  j u s t  as 
the  slow skele ta l  musc le  f ibres of t he  frog did, i n d i c a t i n g  
t h a t  t h e  slow muscle  f ibres  of t he  t o a d  are  n o t  insens i t ive  
to  acetylchol ine .  I t  may ,  therefore ,  be  conc luded  t h a t  
the  obse rved  lack of response  of r ec tus  a b d o m i n i s  muscle  
of t h e  t o a d  to  o u a b a i n  resul ted,  no t  f rom t he  insuscept i -  
b i l i ty  of t h e  muscle  to  acetylchol ine ,  b u t  f rom t h e  insus-  
cep t ib i l i ty  of t he  smal l  m o t o r  ne rve  t ow ar ds  ca rd io ton ic  
s teroids.  

2. Potassium contracture o] the slow skeletal muscle 
fibres. P o t a s s i u m  c o n t r a c t u r e  (K-con t rac tu re )  of t he  slow 
skele ta l  musc le  f ibres was  induced  in t h e  rec tus  a b d o m i n i s  
muscle  b y  rep lac ing  a n  e q u i v a l e n t  a m o u n t  of NaC1 b y  
KC1. I t  m a y  be  seen f rom F igure  2 t h a t  10 -6 g /ml  of 
d ig i tox igen in  was w i t h o u t  effect  on  t h e  K - c o n t r a c t u r e  of 
t h e  slow skele ta l  musc le  of t he  toad ,  whi le  t h e r e  was a 
c lear -cut  p o t e n t i a t i o n  of t he  K - c o n t r a c t u r e  of t he  slow 
skele ta l  musc le  of t he  frog. 

Zusammen/assung. U n t e r s u c h u n g e n  der  W i r k u n g  yon  
g - S t r o p h a n t h i n  au f  das  T o n u s f a s e r s y s t e m  des K r 6 t e n -  
he rzens  e rgab  se lbs t  bei  e iner  K o n z e n t r a t i o n  yon  10 -3 
keine  k o n t r a k t i l e  Reak t ion .  A u c h  die K a l i u m - K o n t r a k t u r  
der  Tonus f a se rn  wurde  d u r c h  V e r a b r e i c h u n g  yon  Digi- 
t a l i s - V e r b i n d u n g e n  n i c h t  po t en t i e r t .  
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M o l e c u l a r  O r b i t a l  S t u d i e s  on  the  C o n f o r m a t i o n  of 

A t  t he  p r e sen t  t ime,  a s u b s t a n t i a l  a m o u n t  of ev idence  
is ava i l ab le  which  impl ica tes  y - a m i n o b u t y r i c  acid (GABA) 
(I) as a cen t r a l  i n h i b i t o r y  t r a n s m i t t e r  2-6. E v i d e n c e  ha s  
aIso been  p r e s e n t e d  wh ich  ind ica tes  t h a t  glycine m a y  ac t  
as an  i n h i b i t o r y  t r a n s m i t t e r  in  t h e  ca t  sp ina l  cord  v-s a n d  
on  neu rones  in t h e  c a u d a t e  nuc leus  ~. I t  was  r ecen t ly  
shown t h a t  G A B A  is cons ide rab ly  more  ac t ive  t h a n  
glycine as a n  i n h i b i t o r  of cor t ica l  neuroues  ~~ Othe r  
evidence  suggests  t h a t  glycine is p r o b a b l y  no t  a n  inhi -  
b i t o r y  t r a n s m i t t e r  in  t h e  cor tex  of severa l  species~.  

The  role of n e u t r a l  or n e u t r a l l y  cha rged  endogenous  
a m i n o  acids, inc lud ing  GABA,  in a b n o r m a l  ne rvous  con- 
d i t ions  has  been  long sough t  ~-~4. These  cond i t ions  
include seizures assoc ia ted  w i t h  d i e t a r y  deficiencies ~, 
epi lepsy 16, and  b a r b i t u r a t e  abs t i nence  convuls ions  ~7. 

I t  is conce ivab le  t h a t  t h e  design' of subs t ances  w i t h  
GABA-l ike  ac t i v i t y  capab le  of pass ing  t h e  Mood-bar r i e r  
m a y  p rov ide  a n  a p p r o a c h  to  t he  s u p p l e m e n t a t i o n  of 
G A B A  deficiencies in these  pa tho log ica l  condi t ions .  I n  
th i s  regard,  i t  is of i n t e r e s t  t h a t  a s u b s t a n c e  w i t h  G A B A -  
l ike cen t r a l  a c t i v i t y  has  been  r ecen t ly  r epo r t ed  ~8. Th i s  
compound ,  musc imol  (II), is a n  isoxazole b e t a i n e  found  
in t he  m u s h r o o m s  of t h e  genus  Aminata ~9. 

The  sugges t ion  was m a d e  t h a t ,  w i t h  the  o b s e r v a t i o n  oI 
the  GABA-l ike  ac t ion  of muscimol ,  t he  e x a m i n a t i o n  of 
s imi lar  molecules  w i t h  th i s  t y p e  of c o n f o r m a t i o n a l  restr ic-  
t i on  m i g h t  be  r eward ing  in u n d e r s t a n d i n g  t he  i n t e r ac t i on  
of G A B A  and  i ts  r ecep tor  is. I f  G A B A  and  musc imo l  ac t  
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a t  t he  same  receptor ,  a n d  if t he i r  p re fe r red  c o n f o r m a t i o n s  
are p e r t i n e n t  to  th i s  in te rac t ion ,  t h e n  b o t h  G A B A  and  
musc imol  should  be  able  to  read i ly  exis t  in  c o n f o r m a t i o n s  
in wh ich  c o m p a r a b l y  cha rged  a t o m s  or g roups  are pre-  
sen ted  to a recep tor  in  a s imi la r  p a t t e r n  20. 

I n  t he  p r e sen t  s tudy ,  we h a v e  u n d e r t a k e n  p red ic t ions  
of t he  p re fe r red  c o n f o r m a t i o n  of G A B A  a n d  musc imo l  
us ing  molecu la r  o rb i t a l  theory .  Th i s  same  a p p r o a c h  has  
been  used in th i s  l a b o r a t o r y  to p r ed i c t  t he  c o n f o r m a t i o n a l  
preference  of n u m e r o u s  physio logica l  m e d i a t i n g  agen t s  20. 
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The calculat ions were made  using the  molecular  orbi ta l  
p rocedure  of HOFFMANN2t known  as ex t ended  HUCKEL 
theory .  The m e t h o d  calculates~ the  to ta l  energy  of t he  
molecule as a func t ion  of t he  coordina tes  of all of t he  
a toms.  Thus  the  geomet ry  m a y  be var ied  in a regular  
m a n n e r  and the  m i n i m u m  energy sought  in a series of 
conformat ions  and  cor responding  to ta l  energies. The con- 
fo rma t ion  associa ted wi th  t he  lowest  calcula ted energy  
is p red ic t ed  to  be the  prefer red  conformat ion .  

The calculat ions ind ica ted  t h a t  t he  GABA molecule 
prefers  a conformat ion  in which  the  on ium and me thy lene  
groups are all t r ans  or s taggered,  while  t he  ca rboxy la te  
is free to  ro ta t e  360 ~ A rep resen ta t ive  set  of evergy  vs. 
angle curves are shown in Figure  1. A range of d is tance  

be tween  the  n i t rogen a tom and one oxygen  a t o m  was 
calculated to be 5.0 to 6.1 A. 

The calculat ions indica ted  t h a t  t he  muscimol  molecule 
prefers  a conformat ion  in which  the  s idechain  is coplaner  
w i th  the  r ing and  d i rec ted  toward  the  r ing oxygen,  as 
depic ted  in I I  (see Figure  2). In  th is  calculated conforma-  
t ion,  the  charged exocyclic oxygen, a t o m  is 5.8 X f rom 
the  on ium ni t rogen  a tom.  

The s t ruc tu ra l  re la t ionship  be tween  the  two molecules, 
wi th  respec t  to  an on ium group and  an ionized oxygen  
a t o m  in each molecule, is obvious f rom the  calculations.  
The 0e -N  �9 d is tance  in muscimol,  5.8 A, is well wi th in  
the  range calculated to  o prevai l  in GABA be tween  com- 
parable  a toms,  5.0-6.0 A. 
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Fig. 1. Calculated energy vs. bond angles in GABA. a) Rotation of 
first methylene-methylene bond with other bonds in trans positions. 
b) Rotation of second methylene-methyIene bond with other bonds 
in trans positions (solid line), first methylene-methylene bond trans 
and carboxylate group 90 ~ from trails (dashed line), and first gauche 
and carboxylate group 90 ~ from trans (dotted line), c) Rotation of 
carboxylate group with other bond trans. 
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Fig. 2. Calculated energy vs. angle of side chain in muscimol. At 
180 ~ the side chain is coplaner with the ring and directed toward 
the ring oxygen. 

The f inding of a closely similar  p a t t e r n  of c o m p a r a b l y  
charged a toms  in 2 chemical ly  d i f ferent  molecules w i th  
the  same biological ac t iv i ty  suggests  t h a t  th is  p a t t e r n  
has a re levance to  receptor  in terac t ion .  We  have  made  
th is  same observa t ion  in s tudies  of o ther  p o t e n t  agonists  20, 
in which  more  t h a n  one molecule in a pharmacologica l  
class was found  to possess comparab le  p a t t e rn s  of 
charged a toms  or groups.  

Our calculat ions on GABA and musc imol  lead us to  
the  hypo thes i s  t h a t  t he  cent ra l  i nh ib i to ry  receptor  
requires  a molecule possessing at  least  2 h ighly  charged  
regions, of opposi te  sign, separa ted  by  at  least  5 A, bu t  
more  likely ap p ro x i ma t e l y  6 A. 

Zusammen/assung. Mit Hilfe der  Molecular Orbi ta l  
Theorie  werden  die bevorzug ten  K o n f o r m a t i o n e n  ffir die 
~-Aminobut te rs~ure  und  das s t rukture l l  v e r w a n d t e  Musci- 
mol, die neurologisch b e d e u t s a m  sind, berechnet .  
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