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Insuscept ib i l i ty  to the Act ion of Cardiotonic  Steroids  of the 'S low Muscle  Fibre Sys t em'  of the Toad 

Since the  work  of VULPIAN1 in the  middle  of the  last  
century ,  i t  has  become a wel l -es tabl ished fact  t h a t  the  
hea r t  muscle  of the  toad  is qui te  insensi t ive  to the  cardio- 
tonic act ion of cardiac glycosides and the i r  genins (to be 
called in t he  following 'eardiotonic  s teroids ' ) .  According 
to HERRMANN, PORTIUS and ~REPKE 2 and  REPKE, EST 
a n d  PORTIUS 3, th is  re la t ive  insensi t iveness  of t he  toad  
hea r t  muscle  towards  cardio tonic  s teroids  canno t  be 
ascr ibed e i ther  to an inadequa te  absorp t ion  of these  
compounds  by  the  hea r t  muscle,  or to  a rapid  metabol ic  
b r eakdown  and/or  a rap id  excret ion,  and  m a y  be expla ined 
on the  basis of an insuscept ib i l i ty  of the  receptor  per  se 
of the  effector  organ. 

In  con t ras t  to these  f indings  in the  hear t ,  the  act ive  
t r a n s p o r t  of sodium in the  toad  bladder ,  as ref lected in 
the  shor t -c i rcu i t  current ,  (SCC) was found by  several  
inves t iga tors  4-~ to be inh ib i ted  by  the  cardio tonic  
steroids.  

We  repor ted  previous ly  7 t h a t  the  cardio tonic  s teroids 
could induce a sus ta ined  con t rac tu re  of the  slow skeletal  
muscle  of the  frog, Rana nigromaculata, t h rough  the i r  
ac t ion upon  the  small  m o t o r  nerve.  U n d e r  the  influence 
of these  compounds  a cer ta in  change  occurs wi th in  the  
nerve  in close p r o x i m i t y  to the  nerve-muscle  junc t ion  
and, as a result ,  acetylchol ine  is l ibera ted  f rom its  
endings,  which,  in turn ,  p roduces  a con t rac tu re  of the  
muscle.  In  view of the  above ci ted confl ic t ing repor t s  
concerning  the  insuscept ib i l i ty  of the  t oad  to  t he  act ion 
of the  cardiotonic  steroids,  i t  seemed to  us of in teres t  to  
know whe the r  the  card io tonic  s teroids  can induce a 
con t rac tu re  in t he  slow skeletal  muscle  of the  toad.  

W i t h  a ven t r icu la r  s t r ip  p repa ra t ion  of the  frog, 
OTSUKA and  NONOMURA 8 found a po t en t i a t i on  of the  
po ta s s ium con t rac tu re  (K-cont rac ture)  by  cardiotonic  
steroids.  Since the  re la t ion  be tween  the  m e m b r a n e  
po ten t i a l  and  the  ex te rna l  po ta s s ium concen t ra t ion  was 
no t  apprec iab ly  af fec ted  by  these  compounds ,  t h e y  con- 
c luded t h a t  cardio tonic  s teroids a l tered the  re la t ion 
be tween  the  depolar iza t ion  and  contrac t i le  tens ion  so 
t h a t  a smaller  depolar iza t ion  is required for t he  develop- 
m e n t  of a given tension.  Similar  po t en t i a t i on  of K-con-  
t r ac tu re  of the  slow skeletal  muscle  fibres by  cardiotonic  
s teroids  was observed  in th is  l abora to ry  using the  rectus  
abdomin i s  muscle  of the  frog 9. In  order  to  know w h e t h e r  
the  slow skeletal  muscle  fibres of t he  toad  are sensi t ive 
to  cardio tonic  s teroids  or not,  th is  p h e n o m e n o n  was  
made  use of. 

E x p e r i m e n t s  were pe r fo rmed  a t  room t e m p e r a t u r e  
(15-25 ~ on the  rectus  abdominis  muscle of the  toad,  
Bu/o vulgar;s, ob ta ined  f rom May th rough  October .  
A s t r ip  of the  muscle,  15-25 m m  long and  abou t  5 m m  
wide, consis t ing of i or 2 segments  was dissected out  and 
suspended  in an organ b a t h  conta in ing  10 ml  of modif ied  
Ringer ' s  solut ion aera ted  wi th  95% O 2 + 5% CO~. The 
composi t ion  of the  Ringer ' s  solut ion was:  NaC1 110 m M ,  
KC1 2 r a M ,  CaC12 1 .2 raM,  NaHCO 3 1 2 m M ,  glucose 
5.5 raM. For  compar i son  the  rectus  abdomin is  muscle  
of the  frog, Rana nigromaculata, or the  bullfrog, Rana 
catesbiana, was also used. Using a s t ra in-gauge  t ransducer ,  
a carrier amplif ier  and a DC amplifier ,  the  con t rac t ion  
of these  p repara t ions  was recorded isometr ical ly  on an 
ink-wr i t ing  oscillograph. In  some exper iments ,  the  con- 
t r ac t ion  of t he  p repa ra t ion  was recorded wi th  a tens ion  
lever on a smoked  drum.  

Stock solutions of ouabain  (g-s t rophanth in ,  Merck) was  
p repared  dissolving 10 mg of th is  subs tance  in 1 ml  of 
redist i l led water .  Digi toxigenin  was dissolved in 70% 
e thanol  to make  1 m g / m l  solution.  Jus t  before use these  

s tock solutions were di luted wi th  redist i l led wa te r  to a 
desired concen t ra t ion  and  a small  vo lume of which  
(usually 0.1-0.3 ml) was added  to the  organ bath .  The 
doses of acetylchol ine  chloride (ACh) used refer to the  
salt. 

1. E/[ect o/ cardiotonic steroids on the small motor 
nerve. As i l lus t ra ted in Figure 1, ouabain,  in a dose of 
3 • 10 -6 mg/ml  or more, could produce  a defini te  con- 
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Fig. 1. Effect of cardiotonic steroids on the 'slow skeletaI muscle 
fibre system' of the toad and the frog. a) Lack of the contraeture- 
inducing action of ouabain (10 -a g/ml) in rectus abdominis muscle 
of the toad, Bu]o vulgaris, b) Ouabain-contracture of rectus abdo- 
minis muscle of the frog, Rana nigromaculata. 
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Fig. 2. Potassium contracture of rectus abdominis muscle and the 
effect of cardiotonic steroids on it. a) Potentiation of the contracture 
observed in the frog after administration of digitoxigenin (10 .6 g/ml). 
To prevent the development of contracture by digitoxigenin itself, 
the muscle was treated previously with 10 -s g/ml of tetrodotoxin 
for 20 min. b) Lack of the potentiation by digitoxigenin in the toad. 
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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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