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ABSTRACT

SECTION A. EFFECTS OF NITROGENOUS STEROIDS ON THE 

CENTRÆ NERVOUS SYSTM.

A s tu d y  has hGon made of t h e  p h a r n a c o l o g i o a l  

p r o p e r t i e s  of  26 n i t r o g e n o u s  s t e r o i d s ,  w i th  p a r t i c u l a r  

r e f e r e n c e  to  t h e i r  e f f e c t s  on th e  c e n t r a l  n e rv o u s  sy s tem . 

The r e s u l t s  a r e  d i s c u s s e d  i n  t o m s  o f  p o s s i b l e  c o r r e l a t i o n s  

between  ch em ica l  s t r u c t u r e  and b i o l o g i c a l  a c t i v i t y .

T w e n ty " th re e  of t h e  conpounds under  i n v e s t i g a t i o n  

were a n d r o s t a n e s  or p re g n an es  b e a r i n g  a s u b s t i t u t e d  amino 

group  i n  t h e  -  o r  3a: -  p o s i t i o n .  Two o f  t h e  r e m a in in g  

compounds c a r r i e d  an  amino s u b s t i t u e n t  a t  e i t h e r  t h e  

6 p o s i t i o n  ( compound A l8 ) ,  or  a t  t h e  1 7 ^ -  p o s i t i o n  

(compound A25) w h i l s t  t h e  m a t e r i a l  d e s i g n a t e d  compound A? 

was i n  f a c t  a n  e q u i l i b r i u m  m ix tu r e  of  2 a -  m o rp h o l in o -  

5 a  - a n d r o s t a n e - 3 ,1 7 - d i o n e  and 2 ^  - m o r p h o l i n o - 5 d i -  

a n d r o s t a n e - 3 , 1 7 - d i o n e .

The compounds wore i n v e s t i g a t e d  i n  m ice f o r  

g e n e r a l  a n a e s t h e t i c  and a n t i - P a r k i n s o n i a n  a c t i v i t y  and 

a l s o  f o r  t h e i r  a b i l i t y  t o  in d u c e  l o s s  of  th e  r i g h t i n g  

r e f l e x  and to  a n t a g o n i s e  e l e o t r i c a l l y -  and c h e m i c a l l y -  

in d u c e d  s e i z u r e s .  I n  a d d i t i o n ,  t h e  e f f e c t s  of t h e  

compounds on b loo d  p r e s s u r e  and on n e u ro m u s c u la r  and 

g a n g l i o n i c  t r a n s m i s s i o n  in  t h e  a n a e s t h e t i z e d  c a t  were 

i n v e s t i g a t e d  as  were t h e i r  e f f e c t s  on a p o l y s y n a p t i c



p r e p a r a t i o n  of  t h e  s p i n a l i z e d  o a t .

Three o f  t h e  conpounds (A12, AIT and A24) on 

i n t r a v e n o u s  a d m i n i s t r a t i o n  t o  n i c e ,  in d u ced  l o s s  o f  th e  

r i g h t i n g  r e f l e x  and t h i s  e f f e c t  was a t t r i b u t e d  t o  t h e  

p o s s e s s i o n  of  i n t e r n e u r o n a l  b l o c k i n g  a c t i v i t y  by t h e s e  

compounds. With r e s p e c t  t o  a n t i c o n v u l s a n t  a c t i v i t y ,  none 

of  t h e  compounds gave p r o t e c t i o n  a g a i n s t  e l e c t r i c a l l y -  

in d u c e d  s e i z u r e s  w i th o u t  t h e  s im u l t a n e o u s  p r e s e n c e  of  s i d e  

e f f e c t s  such a s  e x c i t a t i o n ,  s e d a t i o n  a n d / o r  l o s s  of  t h e  

r i g h t i n g  r e f l e x  w h i l e ,  a p a r t  from one example (compound A24), 

no compound was a c t i v e  a g a i n s t  l e p t a z o l - i n d u c e d  s e i z u r e s .

From t h e s e  r e s u l t s  i t  has  been  co nc lu ded  t h a t  a n t i c o n v u l s a n t  

a c t i v i t y  i s  n o t  a s p e c i f i c  p r o p e r t y  of t h e  compounds u n d e r  

i n v e s t i g a t i o n .

None of t h e  compounds i n v e s t i g a t e d  p roduced  a deg ree  

of  a n a e s t h e s i a  s u f f i c i e n t  f o r  s u rg e r y  no r  d id  th e y  a n t a g o n i z e  

t h e  t r e m o r s  in d u ced  by t r e m o r ! ne, t h e  l a t t e r  r e s u l t  

s u g g e s t i n g  t h e  a b s e n c e  o f  a n t i - P a r k i n s o n i a n  a c t i v i t y .

I t  was ob se rv ed  t h a t  a n t i c o n v u l s a n t  a c t i v i t y  and 

a b i l i t y  t o  in d u c e  l o s s  of  t h e  r i g h t i n g  r e f l e x  a p p e a re d  to  be 

a s s o c i a t e d  more w i th  compounds which have  t h e  n i t r o g e n o u s  

r a d i c a l  i n  t h e  2 ( 3 -  p o s i t i o n  t h a n  w i th  compounds which have 

t h e  n i t r o g e n  f  u n c t i o n  i n  t h e  3 oc- p o s i t i o n  and t h a t  t h e  

p r e s e n c e  o f  a d d i t i o n a l  n u c l e a r  s u b s t i t u e n t s  a p p e a re d  t o  

d im in i s h  t h e  power t o  in d u c e  l o s s  of t h e  r i g h t i n g  r e f l e x *



SECTION B » EFFECTS OF NITROGENOUS STEROIDS AT THE 

NEUROMUSCULAR JUNCTION.

A t o t a l  o f  t o n  2 p -  and 3 n o n o g u a to r n a r y  ammonium 

s t e r o i d s  o f  t h e  a n d r o s t a n e  and p reg nan e  t y p e s ,  a s  w e l l  a s  a 

s i n g l e  b i s q u a t o r n a r y  ammonium a n d r o s t a n e  h av e  b een  i n v e s t i g a t e d  

f o r  n e u ro m u sc u la r  b l o c l d n g  a c t i v i t y .  The r e s u l t s  a r e  a g a in  

d i s c u s s e d  i n  te rm s  o f  p o s s i b l e  s t r u c t u r e - a c t i o n  r e l a t i o n s h i p s .

The e v a l u a t i o n  of  t h e  m usc le  r e l a x a n t  a c t i v i t y  of 

t h e  compounds s t u d i e d  was c a r r i e d  ou t  em ploying  c o n v e n t i o n a l  

t e c h n i q u e s  v\?ith t h e  c a t  and t h e  hen  g a s t ro c n e m iu s  m u s c le -  

s c i a t i c  n e rv e  p r e p a r a t i o n s ,  t h e  r a t  p h r e n i c  n e rv e -d ia p h ra g m  

p r e p a r a t i o n  and th e  f r o g  r e c t u s  abdom in is  m u sc le  p r e p a r a t i o n .  

T o x i c i t y  t e s t s  on n i c e  wore a l s o  conduc ted  a s  w ere  s t u d i e s  o f  

t h e  e f f e c t s  o f  t h e  compounds on au tonom ic  g a n g l i a  i n  t h e  c a t  

and t h e  g u in e a  p ig  and on r e s p i r a t o r y  m u s c u l a t u r e  i n  th e  c a t  

and t h e  r a b b i t .

A p p ly in g  t h e  a c c e p te d  c r i t e r i a  f o r  t h e  q u a l i t a t i v e  

d i f f e r e n t i a t i o n  of d e p o l a r i s i n g  and n o n - d e p o l a r i s i n g  a c t i v i t y ,  

a l l  e l e v e n  compounds w ere  shown to  d i s p l a y  t y p i c a l  non­

d e p o l a r i z i n g  a c t i v i t y .  I n  bo th  t h e  c a t  and t h e  hen ,  t h e  

t im e  of  o n s e t  o f  maximum p a r a l y s i s  and t h e  d u r a t i o n  of b lo c k  

was s i g n i f i c a n t l y  l e s s  t h a n  t h o s e  f o r  t u b o c u r a r i n e .

I n  a l l  s p e c i e s  examined, w i th  t h e  e x c e p t i o n  o f  t h e  

f r o g ,  t h e  a c t i v i t y  o f  t h e  t o n  m o no qua t  orna  r y ammonium s t e r o i d s  

a s  m usc le  r e l a x a n t s  p roved  v e ry  low and a l l  were  c o n s i d e r a b l y  

l e s s  p o t e n t  t h a n  t u b o c u r a r i n e .  The most  a c t i v e  compound (B l)



was o ïüy l / l 6 t h  a s  a c t i v e  on t h e  c a t  a s  t u b o c u r a r i n e  on a 

m o la r  b a s i s .  D i f f e r e n c e s  i n  p o te n c y  betw een  t h e  v a r i o u s  

m o n o q u a te rn a ry  ammonium s t e r o i d s  have b een  i n t e r p r e t e d  

a s  a r i s i n g  from  v a r i a t i o n s  i n  t h e  n i t r o g e n  s u b s t i t u e n t s  

r a t h e r  t h a n  from a l t e r a t i o n s  i n  h y d r o p h i l i c  t o  l i p o p h i l i c  

b a l a n c e .

The one b i s q u a t e r n a r y  s t e r o i d  u n d e r  e x a m in a t io n  

(compound D l l )  showed p o ten cy  com parab le  t o  or  g r e a t e r  

t h a n  t h a t  o f  t u b o c u r a r i n e  i n  a l l  s p e c i e s ,  e x c e p t  t h e  mouse. 

C o n s i d e r a t i o n  of t h e  a c t i v i t y  of  t h i s  compound i n  te rm s  o f  

t h e  a c t i v i t i e s  of o t h e r  s t e r o i d a l  b i s q u a t e r n a r y  ammonium 

s a l t s  a l r e a d y  r e p o r t e d  i n  t h e  l i t e r a t u r e  has  been  t a k e n  

to  i n d i c a t e  t h e  r e l a t i v e  un im p o r tan ce  of a ’’f i x e d ” 

i n t e r o n i u m  d i s t a n c e  i n  d e t e r m in in g  n e u ro m u sc u la r  b l o c k i n g  

a c t i v i t y .  I n  c o n t r a s t  t o  t h e  s i t u a t i o n  p e r t a i n i n g  w i th  

t h e  m o n o q u a te rn a ry  compounds which would seem t o  be w i t h o u t  

p o s s i b l e  t h e r a p e u t i c  a p p l i c a t i o n ,  th e  s h o r t - a c t i n g  p o t e n t  

n o n - d e p o l a r i z i n g  p r o p e r t i e s  o f  t h e  b i s q u a t e r n a r y  ammonium 

compound, c o u p led  w i th  i t s  a p p a r e n t  f re ed o m  from u n d e s i r a b l e  

s i d e  e f f e c t s ,  s u g g e s t  t h a t  s e r i o u s  c o n s i d e r a t i o n  of 

c l i n i c a l  t r i a l s  f o r  t h i s  compound i s  i n  o r d e r .
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GENERAL INTRODUCTION.

.S te ro id s ,  vvbich can  be f o r m a l l y  r e g a r d e d  a s  

d e r i v a t i v e s  of t h e  perhydroG ^^o lopen tsnophenan th rene  r i n g  

sys tem  -  i n c l u d i n g  compounds r e l a t e d  to  t h e  ^uarent 

n u c l e u s  by p r o c e s s e s  of r i n g  e n la rg e m e n t ,  r i n g  c o n t r a c t i o n  

and r i n g  c l e a v a g e  -  a r e  of  v i r t u a l l y  u b i q u i t o u s  o c c u r r e n c e  

i n  bo th  t h e  p l a n t  and an im a l  kingdoms ( P i e s e r  & P i e s e r ,

1959; Deane, 1962; Holmes, P h i l l i p s  & C h e s te r  J o n e s ,  1963; 

P i n c u s ,  Thimann & Astwood, 1 9 6 4 ) .  They c o n s t i t u t e  a most 

i n t r i g u i n g  c l a s s  of compounds and embrace many b i o l o g i c a l l y -  

a c t i v e  members of p a r t i c u l a r  p h y s i o l o g i c a l  and p h a r m a c o lo g ic a l  

s i g n i f i c a n c e  ( s e e  Woodbury, 1958; V i l l e e  & E ng e l ,  1961; 

Applezw eig ,  1962 ; Bush, 1962 ; Deane, 1962 ; S a r e t t ,

P a t c h e t t  & S tee lm an ,  1963; M a r t i n i  & P e c i l e ,  1964? Dorfman, 

1 9 6 4 , 1 9 6 5 ) i n c l u d i n g  subgroups  a s  v a r i e d  and i m p o r t a n t  

a s  t h e  a d r e n o c o r t i c a l ,  male and fem a le  sex  hormones, t h e  

c a r d i a c  g l y c o s i d e s ,  t h e  b i l e  a c i d s ,  t h e  a n t i - r a c h i t i c  

v i t a m i n s ,  c e r t a i n  s a p o n in s ,  t h e  t o a d  p o i s o n s  and c e r t a i n  

a l k a l o i d s .

P r i o r  t o  1952, th e  vrew was h e l d  t h a t ,  w i th  

th e  e x c e p t i o n  of th e  o e s t r o g e u s ,  s t r u c t u r a l  r e q u i r e m e n t s  f o r  

th e  p r im a ry  b i o l o g i c a l  a c t i v i t i e s  e x h i b i t e d  by s t e r o i d s  

were  e x t r e m e ly  r i g i d  and t h a t  no s y n t h e t i c  s t e r o i d  would 

be c a p a b le  of e x h i b i t i n g  g r e a t e r  p o te n c y  t h a n  th e  n a t u r a l  

s t e r o i d  hormones s i n c e  i t  was c o n s i d e r e d  t h a t  th e  p r o c e s s e s
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of e v o l u t i o n  would e n s u re  n a t u r a l  o o o u r re n o e  o f  t h e  

most e f f e c t i v e  compound. However, t h e  d e m o n s t r a t i o n  

t h a t  9cc “ h a l o g e n a te d  a d r e n o c o r t i c a l  s t e r o i d s ,  a l th o u g h  

s t i l l  p o s s e s s i n g  p o w e r fu l  m i n e r a l o c o r t i c o i d  a c t i v i t y ,  

were more p o t e n t  a n t i - i n f l a m m a t o r y  a g e n t s  t h a n  c o r t i s o n e  

or h y d r o c o r t i s o n e  ( P r i e d  & Sabo, 1953, 1954) ,  i n d i c a t e d  t h e  

p o t e n t i a l  v a lu e  o f  e x p l o r i n g  t h e  e f f e c t s  of s t r u c t u r a l  

a l t e r a t i o n s  t o  s t e r o i d a l  m o le c u le s  and a s  a r e s u l t  t h e  

p r e p a r a t i o n  o f  s t e r o i d  hormone a n a lo g u e s  ( Applezv/eig, 1962) 

became an i n t e n s i v e l y  e x p l o i t e d  f i e l d .  A most i m p o r t a n t  

f a c t  t o  emerge from  t h e s e  s t u d i e s  was t h a t  i t  was p o s s i b l e  

t o  o b t a i n  s t e r o i d s  i n  which v a r i o u s  m inor  b i o l o g i c a l  

a c t i o n s  c h a r a c t e r i s t i c  of  n a t u r a l  s t e r o i d  hormones were 

a c c e n t u a t e d  a t  t h e  expense  of  t h e  m ajo r  p h y s i o l o g i c a l  

a c t i o n s ,  and t h e r e  a r e  now a v a i l a b l e  an d ro g e n  a n a lo g u e s  

e x h i b i t i n g  red u ced  m a s c u l i n i z i n g  bu t  i n c r e a s e d  a n a b o l i c  

p r o p e r t i e s ,  p r o g e s t e r o n e - l i k e  compounds e x h i b i t i n g  g e n e r a l  

a n a e s t h e t i c  a c t i v i t y  and o e s t r o g e n  a n a lo g u e s  h av in g  

d im in i s h e d  f e m i n i z i n g  b u t  i n c r e a s e d  l i p o d i a t i c  e f f e c t s  -  

s e v e r a l  o f  which have come to  assume a n  i m p o r t a n t  p l a c e  

i n  modern c l i n i c a l  p r a c t i c e .

In c lu d e d  among t h e  new s y n t h e t i c  s t e r o i d s  

p r e p a r e d  as p o t e n t i a l  new non-horm ona l  t h e r a p e u t i c  a g e n t s  

a r e  many p o s s e s s i n g  n i t r o g e n  a toms, and in d e e d  c o n s i d e r a b l e  

i n t e r e s t  has  been  shown i n  compounds o f  t h i s  ty p e  (A la u d d in  & 

M art in - iSm ith ,  1 9 6 2 a , M a r t i n - S m i t h  & Sugrue ,  1 9 6 4 ) .  While
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s y n t h e t i c  n i t r o g e n o u s  s t e r o i d s  e x h i b i t  a b ro a d  s p ec tru m  of 

b i o l o g i c a l  a c t i v i t y  (M ar t in -S m ith  & Sugrue ,  1 96 4 ) ,  and 

many o f  them have been  shown to  p o s s e s s  p o t e n t  a n a b o l i c  

(M atsob e r ,  l u p o  & De R u g g i e r i ,  1962; A rno ld ,  P o t t s  &

B e y le r ,  1 963) ,  a n t i - i n f l a m m a t o r y  (H irschm ann and o t h e r s ,

1963? S tee lm an  and o t h e r s ,  1963 ) and a n t i - h y p e r  oh o]. es t e r o l a a m i c  

a c t i v i t y  ( C o u n s e l l ,  K l i m s t r a  & Ranney, 1962; Ranney &

C o u n s e l l ,  1 9 6 2 ^ .^ ;  C a n t r a l l  and o t h e r s ,  1 963) ,  t h e i r  

c l i n i c a l  a p p l i c a t i o n  t o  d a t e  i s  n o t  wifUespread, a l t h o u g h  

t h e r e  a r e  i n d i c a t i o n s  t h a t  t h e  f u l l  p o t e n t i a l i t i e s  of  

t h i s  c l a s s  o f  s t e r o i d  have n o t  y e t  been r e a l i z e d  ( M a r t in -  

Smith & Sugrue ,  19 6 4 ) .

I n  p a r t i c u l a r ,  t h e  d e p r e s s a n t  e f f e c t s  of 

n i t r o g e n o u s  s t e r o i d s  on t h e  c e n t r a l  n e rv o u s  sys tem  

(La B a r r e  & Desmarez, 1959? Sugrue,  1963? H ew ett ,  Savage,

Lew is  & Sugrue ,  1964) and th e  p o t e n t i a l  o f  s t e r o i d a l  

q u a t e r n a r y  ammonium compounds i n  t h e  f i e l d  of 

n e u ro m u s c u la r  pharm aco logy  (May & B aker ,  1963, 1965? B ig g s ,  

D av is  & Y/ien, 1964 ? A lau d d in ,  Caddy, Lew is ,  Mart in -S m i th  

& Sugrue ,  1965) have a t t r a c t e d  r e c e n t  a t t e n t i o n .
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SECTION A> EFFECTS OF NITROGENOUS STEROIDS ON TliE

CENTRAL FERVOUS SYSTEI.L

With t h e  d i s c o v e r y  t h a t  a d r e n o c o r t i c a l  and s e x  

horiaones p o s s e s s  s e d a t i v e  and h y p n o t i c  p r o p e r t i e s  a s  w e l l  

a s  c o n v u l s a n t  or a n t i c o n v u l s a n t  a c t i v i t y ,  i n  a d d i t i o n  t o  

t h e i r  horm onal a c t i o n s ,  a s e a rc h  has  been  i n s t i t u t e d  f o r  

new s y n t h e t i c  s t e r o i d s  h a v in g  p o t e n t  c e n t r a l  ne rvo us  sy s tem  

a c t i v i t y  b u t  d ev o id  o f  any hormonal p r o p e r t i e s .  As a 

r e s u l t , s e v e r a l  g ro u p s  of  n i t r o g e n o u s  s t e r o i d s  have  been  

d i s c o v e r e d  which p o s s e s s  v a r y in g  d e g r e e s  of a n t i c o n v u l s a n t ,  

s e d a t i v e  and even g e n e r a l  a n a e s t h e t i c  p r o p e r t i e s  (A la u d d in  & 

M a r t in - S m i th ,  1962a_, Mart in -S m i th  & Sugrue ,  1964, and

r e f e r e n c e s  c i t e d  t h e r e i n ) . These n i t r o g e n o u s  s t e r o i d s  

i n c l u d e  v a r i o u s  amino e s t e r s  of 2 1 -h y d ro x y p re g n a n e d io n e  

which p o s s e s s  g e n e r a l  a n a e s t h e t i c  a c t i v i t y  (F ig d o r  and 

o t h e r s ,  1957) , t h e  a l k a l o i d  fu n tu m id in e  (3 cx -am ino-20 06-  

hy d rox y -5  ÛC- p r e g n a n e )  which i s  c la im ed  to  c a u se  

t r a n q u i l l i s a t i o n  com parab le  t o  t h a t  o f  r e s e r p i n e  (La B a r r e  & 

Desmarez, 1959) and s e v e r a l  2 ^ -  6 / 5 -  and 1 6 -  m o rp ho l in o  

s t e r o i d s  which d i s p l a y  c e n t r a l  n e rvo u s  sy s tem  d e p r e s s a n t  

a c t i v i t y ,  a s  e v id e n c e d  by i n d u c t i o n  o f  t h e  l o s s  o f  th e  

r i g h t i n g  r e f l e x  i n  th e  mouse (Hewett  e t  a l * 1 9 6 4 ) .  However, 

d e s p i t e  t h e  d i s c o v e r y  of  t h e s e  compounds no n i t r o g e n o u s  

s t e r o i d  o f  c l i n i c a l  v a lu e  as  a  c e n t r a l  d e p r e s s a n t  has  y e t  

been  found  and i t  seems p r o b a b le  t h a t  t h e  f u l l  p o t e n t i a l  o f
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n i t r o g e n o u s  s t e r o i d s  w i th  r e s p e o t  t o  c e n t r a l  aoti^^ 'i ty  has  

s t i l l  t o  be r e a l i z e d .

The p r e s e n t  work d e s c r ib e d  i n  t h i s  t h e s i s  

r e p r e s e n t s  p a r t  o f  th e  c o n t i n u a t i o n  o f  t h e  s e a r c h  f o r  

a c l i n i c a l l y  u s e f u l  n i t r o g e n o u s  s t e r o i d a l  c e n t r a l  n e rvous  

sy s tem  d e p r e s s a n t  -  namely th e  d e t e r m i n a t i o n  of th e  

p h a r m a c o lo g ic a l  e f f e c t s  of  a s e r i e s  of n i t r o g e n o u s  s t e r o i d s  

on t h e  c e n t r a l  ne rv o u s  sy s tem .  These s t e r o i d s  were 

s y n t h e s i s e d  by Organon L a b o r a t o r i e s  L td ,  and k i n d l y  

s u p p l i e d  by Dr.  C .L ,H ew e t t .

The r e s u l t s  o b t a in e d  i n  t h e  p r e s e n t  s tu d y  a r e  

t h e n  d i s c u s s e d  i n  te rm s  o f  t h e  s t r u c t u r a l  r e q u i r e m e n t s  

a p p a r e n t l y  n e c e s s a r y  ( i n  t h e  l i g h t  o f  p r e s e n t  day knowledge) 

f o r  a s t e r o i d  t o  e x h i b i t  a c t i v i t y  on t h e  c e n t r a l  n e rvous  

sy s tem .

SECTION B. EFFECTS OF NITROGENOUS STEROIDS AT THE

NEURQIdUSCULAR JUITOTION,

I n  r e c e n t  t i m e s ,  owing t o  t h e  p o t e n t  n e u ro m u sc u la r  

b l o c k i n g  p r o p e r t i e s  d i s p l a y e d  by b i s q u a t e r n a r y  ammonium 

and t r i s q u a t e r n a r y  ammonium compounds, co u p led  w i th  th e  

o b s e r v a t i o n  t h a t  c e r t a i n  m onoqua te rna ry  ammonium compounds 

show marked c h o l i n e r g i c  p r o p e r t i e s  (Huguenard & M a r t in ,

1950; Hey, 1 952) ,  t h e r e  has  been  a v i r t u a l  n e g l e c t  o f  

m o n o q u a te rn a ry  ammonium s a l t s  as  p o t e n t i a l  m usc le  r e l a x a n t s .  

Some r e c e n t l y  p u b l i s h e d  o b s e r v a t i o n s ,  however, have p o i n t e d
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t o  t h e  x ^ o s s i b i l i t y  of  a p r o f i t a b l e  r e ^ a s s e s s n G n t  of 

moiioquatexnaary ammonium com pounds, e s ‘o e c i a l l y  s t e r o i d a l  

m o n o q u a te rn a ry  ammonium s a l t s ,  F or  i n s t a n c e ,  th e  

d i s c o v e r y  t h a t  t h e  t r im ethylam monium  s a l t s  d e r iv e d  from 

th e  s t e r o i d a l  a l k a l o i d s ,  fu n tu m in e  (3 CX-ai?iino-20-“OxO“ 5 ^  -  

p r  e gua ne) a u d f  u n t  u mi d in e  ( 3 cc - a  mi n o -2 0 CX -  h y dr oxy -  5 oc -  

p re g n a n e )  e x h i b i t  weak n o t r - d e p o la r i z i n g  n eu ro m u sc u la r  

b l o c k in g  a c t i v i t y  (!i31an;pin & 3 r e t a u d e a u ,  1961 ; B la n p in  & 

P i e r r e ,  1961) d e m o n s t r a t e s  t h a t  m u sc le  r e l a x a n t  a c t i v i t y  

i s  c e r t a i n l y  p r e s e n t  i n  such compounds- F u r t h e r ,  th e  

p o s s i b i l i t y  t h a t  t h e  v e ry  p o t e n t  b i s q u a t e r n a r y  compound 

C '- tox i  f e r i n e  “I  m igh t  be d i s s o c i a t i n g  i n  v i vo i n t o  two 

m o le c u le s  o f  m o no qu a te rn a ry  ammonium oom;pound was s u g g e s t e d  

by t h e  known i n  v i t r o  h y d r o l y s i s  i n  m ild  a c i d  c o n d i t i o n s  

o f  C - t o x i f e r i n e - I  i n t o  t h e  m e t h o - s a l t  of  t h e  'd i e la n d -  

Gumlich a ld e h y d e  ( P a t t e r s b y  & Hodson, 1958, I9 6 0 )  -  and 

in d e e d  some m on o q u a te rn a ry  s a l t s  o f  3t r y c h n o s - ty p e  

a l k a l o i d s  a r e  c la im ed  t o  p o s s e s s  n e u ro m u sc u la r  b lo c k in g  

'potency com parab le  t o  t h a t  of t u b o c u r a r i n o  ( l ï a r r e r ,

S u g s t e r  & H s s e r ,  1 9 4 9 ) .  F i n a l l y ,  r e c e n t  work w i th  c e r t a i n  

b i sq u a  t e r  n a r y  s t e r o i d a l  compounds (k‘ay & B aker ,  1963, 1965) 

has  c a s t  doubt  upon t h e  v a l i d i t y  o f  t h e  c l a s s i c  tw o - p o in t

a t t a c h m e n t  t h e o r y  of  n eu ro m u sc u la r  b lo c k a d e  and p la c e d  new 

em phasis  on c o n c e p t s  such a s  t h e  a d u m b ra t io n  th e o ry  

(Loewe & Harvey ,  1952) w i th  i t s  p o s t u l a t e  of a on e-  

n o i n t  a t t a c h m e n t -
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A c c o rd in g ly ,  t h e  p r e s e n t  w o rk e r  has  i n v e s t i g a t e d  

a s.:^ries of 10 m o n o q u a te rn a ry  ammonium s a l t s  d e r i v e d  

from 2 /S -  and 3 oc- amino s t e r o i d s  of t h e  a n d r o s t a n e  and 

'pregnane typvos, which were k i n d l y  made a v a i l a b l e  th ro u g h  

th e  c o u r t e s y  of Dr, C.L, Hewe t t  of Organon L a b o r a t o r i e s  L td -  

I n  a d d i t i o n ,  one b i s q u a t e r n a r y  ammonium s t e r o i d  

was a l s o  i n v e s t i g a t e d  i n  view of t h e  r e c e n t  i n t e r e s t  i n  

compounds of  t h i s  ty p e ,  which have been  employed i n  

a t t e m p t s  t o  e l u c i d a t e  t h e  e x a c t  n a t u r e  and p r o p e r t i e s  of 

t h e  c h o l i n e r g i c  r e c e p t o r  (A la u d d in  e t  a l . 1965, and 

r e f e r e n c e s  c i t e d  t h e r e i n ) .  Such compounds have a l s o  

a r o u s e d  c l i n i c a l  i n t e r e s t  ( k u s h in  & M apleson ,  1964) s i n c e  

th e y  p o s s e s s ,  i n  a n im a l s ,  s h o r t - a c t i n g ,  n o n - d e p o l a r i z i n g  

a c t i v i t y  q u a n t i t a t i v e l y  s i m i l a r  t o  t h a t  o f  t u b o c u r a r i n e  

(B iggs  e t  a l .  19 64 ) .



S E C T I O N  A

I  SURVEY OP THE EPPECTS OP STEROIDS

ON THE GSNTRj'il NERVOUS SYSTEI'î PAGES 8 - 2 8

I I  PRESENT STUDIES OP TEE EPPECTS OP 

NITROGENOUS STEROIDS ON THE CENTRAL

NERVOUS SYSTETI PAGES 2 9 - 6 1



-  8

I . SIJR W  OF THE 3FFEGT3 OF S3:9R0ID8 ON THE

CENTRAL NERVOUS SYSTEM,

A w e l l - e s t a b l i s h e d  minor p h a r m a o o lo g io a l  a c t i o n  

a s s o c i a t e d  w i th  s t e r o i d s  i s  c e n t r a l  n e rv o u s  sy s tem  a c t i v i t y .  

Not o n ly  i s  t h i s  p r o p e r t y  p r e s e n t  i n  n a t u r a l l y - s e c r e t e d  

s t e r o i d  hormones of bo th  t h e  a d r e n o c o r t i c a l  s e r i e s  and t h e  

sex  hormone s e r i e s ,  b u t  i t  i s  a l s o  found  i n  many s y n t h e t i c  

non-horm onal  s t e r o i d s ,  i n c l u d i n g  a number o f  n i t r o g e n o u s  

d e r i v a t i v e s .

In d e e d ,  t h e r e  i s  a l a r g e  l i t e r a t u r e  d e a l i n g  w i th  

t h e  c e n t r a l  a c t i o n s  of  s t e r o i d s .  U n f o r t u n a t e l y ,  however, 

t h i s  i s  complex and f r e q u e n t l y  c o n t r a d i c t o r y .  N e v e r t h e l e s s ,  

i t  would a p p e a r  t h a t  s e d a t i v e  and h y p n o t i c  a c t i o n s  and 

c o n v u l s a n t  or a n t i c o n v u l s a n t  a c t i o n s  a r e  t h e  m ajo r  e f f e c t s  

o b se rv e d  a l t h o u g h  v e r y  r e c e n t l y  p o t e n t  a n a l g e s i c  a c t i v i t y  

h as  been  d i s c o v e r e d  i n  a s y n t h e t i c  s t e r o i d .  I n  a t t e m p t s  t o  

d i s c o v e r  more a b o u t  t h e  u n d e r ly i n g  'p ro c e s s e s  b r i n g i n g  a b o u t  

t h e s e  phenomena, a number of s t u d i e s  have been  made on t h e  

e f f e c t s  o f  s t e r o i d s  on b r a i n  e x c i t a b i l i t y  w h i le  a t t e n t i o n  

has  a l s o  been  d ev o ted  t o  b io c h e m ic a l  work, a l th o u g h  th e  

r e s u l t s  f rom  t h e s e  s t u d i e s  have i n  f a c t  done l i t t l e  to  c l a r i f y  

t h e  o v e r a l l  p i c t u r e .  The m a jo r  f e a t u r e s  of c e n t r a l  a c t i v i t y  

i n  s t e r o i d s  can  be b r i e f l y  summarised a s  f o l l o w s  : -  

1 )  APREMOGORTIGOIDS.

T h is  g roup  would ap p e a r  t o  have s e e n  g r e a t e r



i n v e s t i g a t i o n  t l ian  any o t h e r .  P e rh a p s  t h i s  i s  no t  

s u r p r i s i n g  i n  view o f  t h e  n a t u r a l  r o l e  of  t h e  a d r e n o c o r t i c o i d s  

i n  c o n t r o l l i n g  c a r b o h y d r a t e ,  f a t  and p r o t e i n  m o ta b o l i s r .  

and i n  c o n t r o l l i n g  th e  d i s t r i b u t i o n  and e x c r e t i o n  of  

w a te r  and e l e c t r o l y t e s  t h r o u g h o u t  t h e  body. Changes i n  

b r a i n  e x c i t a b i l i t y  p rod uced  by b o th  n a t u r a l l y - o c c u r r i n g  

a d r e n o c o r t i c o i d s  and s y n t h e t i c  s t e r o i d s  h a v in g  t h e  a b i l i t y  

t o  mimic t h e s e  a d r e n o c o r t i c a l  hormones have been  a s s e s s e d  

by t h e i r  a b i l i t y  (a )  t o  r a i s e  or lev;or t h e  t h r e s h o l d  a t  

which e l e c t r o s h o c k  s e i z u r e s  occu r ;  (b)  t o  p r o t e c t  a g a i n s t  

l e p t a z o l “ in d u c e d  c o n v u l s i o n s ;  (c )  t o  enhance  or  d im in i s h  

s e i z u r e s  in d u c e d  by a u d i t o r y  s t i m u l a t i o n  and (d )  t o  a l t e r  

t h e  normal e l e c t r o e n c e p h a l o g r a m  p a t t e r n ,  b u t  such t e s t s  

g iv e  l i t t l e  i n d i c a t i o n  of t h e  e x a c t  l o c u s  of a c t i o n  o f  t h e s e  

compounds w i t h i n  t h e  c e n t r a l  nervous  sy s tem .  C e r t a i n l y  

such e x p e r im e n ts  t e l l  n o t h i n g  of  t h e  fu n d a m e n ta l  mechanism 

by vhnich t h e  s t e r o i d s  e x e r t  t h e i r  a c t i o n s .

The e f f e c t s  p roduced  by a d r e n o c o r t i c o i d s  i n  t h e  

minim al  e l e c t r o s h o c k  s e i z u r e  t h r e s h o l d  (E3T) te s t j jw h ic h  i s  

d e f in e d  (Woodbury & D avenpor t ,  1952) a s  t h e  s m a l l e s t  amount 

of c u r r e n t ,  i n  m i l l i a m p e r e s  (mA), d e l i v e r e d  f o r  a f i x e d  

p e r i o d  o f  t im e  (0 .2  s ec o n d s )  th ro u g h  c o r n e a l  e l e c t r o d e s ,  

r e q u i r e d  t o  e l i c i t  d e t e c t a b l e  c o n v u l s i o n s  i n  e x p e r im e n ta l  

a n im a l s ^  can  i n  g e n e r a l  be c o r r e l a t e d  w i th  th e  

g l u c o c o r t i c o i d  or  m i n e r a l o c o r t i o o i d  a c t i v i t y  they  p o s s e s s .  

Thus, i n  i n t a c t  r a t s ,  t h e  g l u c o c o r t i c o i d s  c o r t i s o n e ,
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h y d r o c o r t i s o n e ,  p r e d n i s o n e ,  p r e d n i s o l o n e  and f l u d r o c o r t i s o n e  

have  been  shown t o  d e c r e a s e  t h e  EST, v / i th  t h e  p o te n c y  

o f  t h e  t h r e e  s y n t h e t i c  d e r i v a t i v e s  b e in g  a p p r o x i n a t e l y  

3 - 4  t i n e s ,  on a  w e ig h t  b a s i s ,  t h a t  o f  c o r t i s o n e  and 

h y d r o c o r t i s o n e  (Mansor, H o l tk a n p ,  H ening  & C h r i s t i a n ,

1 9 5 6 ) .  On t h e  o t h e r  hand ,  t h e  n i n e r a l o c o r t i c o i d  

d e s o x y c o r t i c o s t e r o n e  v\fould see n  to  i n c r e a s e  t h e  EST of  

normal r a t s  a l th o u g h  c o r t i c o s t e r o n e ,  t h e  m a jo r  s e c r e t o r y  

p r o d u c t  o f  t h e  a d r e n a l  c o r t e x  o f  t h i s  s p e c i e s  (Bush, 1953)» 

l i k e  a d r e n o G o r t i c o t r o p h i o  hormone (ACTH), a p p e a r s  t o  have  

l i t t l e  o r  no e f f e c t  (Woodbury & S a y e r s ,  1950; Woodbury,

1952, 1954;  f i n i r a s , Woodbury & Groodman, 1954? Woodbury, 

f i n i r a s & V e r n a d a k i s ,  1957)» N e v e r t h e l e s s ,  d e s p i t e  

h a v in g  l i t t l e  or no d i r e c t  e f f e c t  on th e  ESf i n  i n t a c t  r a t s ,  

c o r t i c o s t e r o n e ,  l i k e  a l d o s t e r o n e  (Woodbury e t  a l . 1957) ,  

would a p p e a r  t o  have t h e  a b i l i t y  t o  p r e v e n t  b o th  t h e  

i n c r e a s e  i n  t h e  ESf caused  by d e s o x y c o r t i c o s t e r o n e  and  t h e  

d e c r e a s e  i n  t h e  ESf p roduced  by h y d r o c o r t i s o n e .

A d rena lec tom y  o f  r a t s  w i th  i t s  r e s u l t a n t  

a b o l i t i o n  of c o r t i c o s t e r o n e  b i o s y n t h e s i s  has  been  found  t o  

d e c r e a s e  t h e  EST, t h i s  e f f e c t  b e in g  r e v e r s e d  b o th  by 

s a l i n e  and by d e s o x y c o r t i c o s t e r o n e  (D a v en p o r t ,  1949; f i n i r a s  

e t  a l . 1 9 5 4 ) .  I n d e e d ,  t h e  a b i l i t y  o f  d e s o x y c o r t i c o s t e r o n e  

t o  i n c r e a s e  t h e  ESf becomes more p ro n ou nced  i n  

a d r e n a l e o t om ised r a t s  a s  does t h e  a b i l i t y  o f  h y d r o c o r t i s o n e
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to  d e c r e a s e  t h e  E3f (Woodbury and o t h e r s ,  1951; Woodbury,

1 9 5 4 ) .

D e s p i t e  s u g g e s t i o n s  t o  t h e  c o n t r a r y ,  (H o a g la n d ,1954) ,  

changes  i n  b r a i n  e x c i t a b i l i t y  i n  a d r e n a l e c t o m i z e d  a n im a ls  

would n o t  seem a t t r i b u t a b l e  t o  t h e  r e d u c e d  c e r e b r a l  b lood  

f low  and oxygen con su m p tio n  imposed by a d r e n a le c to m y  s i n c e  

a d m i n i s t r a t i o n  o f  s a l i n e  t o  a d r e n a l e c t o m i z e d  r a t s  s t i l l  

p r e v e n t s  a d e c r e a s e  i n  t h e  SST i n  t h e  p r e s e n c e  of a r e d u c t i o n  

i n  c e r e b r a l  b lo o d  f low  and oxygen co n su m p t io n  (Woodbury, 1 9 5 8 ) ,

I n  t h e  l i g h t  of  t h e  above f a c t s ,  Woodbury (1954) 

h as  s u g g e s t e d  t h a t  c o r t i c o s t e r o n e  may have a r e g u l a t o r y  

r o l e  i n  t h e  r a t  s e r v i n g  to  n o rm a l iz e  a n  i n c r e a s e d  or 

d e c r e a s e d  b r a i n  e x c i t a b i l i t y .  The same a u t h o r  (Woodbury,

1958) h a s  a l s o  a t t e m p te d  t o  e x p l a i n  a b i l i t y  t o  i n t e r f e r e  

w i th  t h e  e x c i t a b i l i t y  of t h e  c e n t r a l  n e rv o u s  sys tem  by 

p o s t u l a t i n g  t h a t  a d r e n o c o r t i c a l  hormones m od ify  b r a i n  

e x c i t a b i l i t y  by a f f e c t i n g  b r a i n  sodium i o n  t r a n s p o r t  and 

ga mm a-am i n o b u t y r i c  a c i d  (GADA) m e ta b o l i s m  (v id e  i n f r a ) .

I n  c o n t r a s t  t o  i t s  a b i l i t y  t o  lo w e r  t h e  EST as 

p r e v i o u s l y  d e s c r i b e d ,  ad re n a le c to m y  ( l i k e  a d r e n o c o r t i c a l  

h y p o f u n c t i o n )  would n o t  seem t o  i n c r e a s e  t h e  s u s c e p t i b i l i t y  

of r o d e n t s  to  l e p t a z o l - i n d u c e d  c o n v u l s io n s  (Torda & W olff ,  

1952a)  and may even e l e v a t e  t h e  l e p t a z o l  s e i z u r e  t h r e s h o l d  

( L i t t l e  & Conrad, I 9 6 0 ) .

A c o n t r a d i c t o r y  and c o n f u s i n g  p i c t u r e ,  which may
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be e x p l i c a b l e  i n  te rm s  e f  dosage phenomena a n d / o r  

d u r a t i o n  of  drug  a d m i n i s t r a t i o n ,  o f  t h e  e f f e c t s  of  

a d r e n o c o r t i c a l  hormones and AO'lil on th e  s e n s i t i v i t y  of 

e x p e r i m e n ta l  a n im a l s  t o  l e ; t a z o l  has emergedo Thus on 

th e  one hand d a i l y  a d m i n i s t r a t i o n  of  AOTH ( 6 - 8  mg/kg f o r  

3 t o  4 d ay s )  h a s  been  c la im e d  t o  d e c r e a s e  t h e  s u s c e p t i b i l i t y  

of i n t a c t  r a t s  t o  l e p t a z o l  w h i le  on t h e  o t h e r  hand, a 

s i n g l e  i n j e c t i o n  ( 1 - 8  mg/kg) of AOTH has  been s t a t e d  t o  

i n c r e a s e  t h e  s u s c e p t i b i l i t y  of  t h e s e  a n im a l s  to  l e p t a z o l  

(Torda & W olff ,  1951, 1 9 5 2 a ) .  Deso x y c o r t i c o s t e r o n e

a p p e a r s  t o  a c t  i n  an o p p o s i t e  manner, a c u t e  a d m i n i s t r a t i o n  

(25 mg/kg) h a v in g  been  c la im ed  t o  i n c r e a s e  (Koch, 1959) 

and p ro lo i ig ed  a d m i n i s t r a t i o n  (0 .5  mg d a i l y  f o r  8 days)  to  

d e c r e a s e  (Sw inyard ,  S c b i f fm a n  Sz Goodman, 1955) t h e  l e p t a z o l  

t h r e s h o l d .  I f  one a c c e p t s  t h e  p ro p o sed  (Woodbury, 1958) 

c o r r e l a t i o n  be tw een  changes  i n  t h e  E3T p rod uced  by 

d e s o x y c o r t i c 08 t e r o n e  and f l u c t u a t i o n s  i n  t h e  b r a i n  sodium 

r a t i o  ( t h e  r a t i o  of  t h e  c o n c e n t r a t i o n  o f  e x t r a c e l l u l a r  t o  

i n t r a c e l l u l a r  sodium i o n s  i n  th e  b r a i n ) ,  l e p t a z o l  co u ld  

c o n c e i v a b l y  be a c t i n g  by a n n u l l i n g  t h e  a n t i c o n v u l s a n t  e f f e c t  

o f  t h i s  s t e r o i d  e i t h e r  by i n t e r f e r i n g  w i th  t h e  sodium 

pump*' mechanism f o r  t h e  e x t r u s i o n  o f  i n t r a c e l l u l a r  b r a i n  

sodium i o n s  or  by f a c i l i t a t i n g  t h e  e n t r y  o f  sodium i o n s  

i n t o  b r a i n  c e l l s  (Swinyard  e t  a l .  1 9 5 5 ) .

I n  t h e  a u d io g e n ic  s e i z u r e  t e s t ,  i n  which t h e  

e x p e r i m e n ta l  an im a l  i s  exposed to  a sound s t i m u l u s  i n  th e
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90 “ 120 d e o i b e l l s  r a n g e  (Sevan, 1955) ,  a o h a r a o t e r i s t i o  

s e i z u r e  p a t t e r n  i s  o b se rv e d  (W erboff ,  Hedlund & H av lena ,

1 9 6 3 ) .  The a d r e n o c o r t i c a l  hormones have t h e  a b i l i t y  

t o  a n t a g o n i z e  t h e  d i f f e r e n t  p h ase s  o f  t h e  s e i z u r e s  

p ro d u ced  by t h i s  method and so have been  a s s a y e d  f o r  

c e n t r a l  a c t i v i t y  i n  t h i s  way. Use o f  t h i s  t e s t ,  however, 

has  g i v e n  r i s e  to  c o n f l i c t i n g  r e p o r t s  o f  t h e  a c t i v i t y  of 

c o r t i s o n e  (G in s b e rg  & R o b e r t s ,  1951; V i c a r i ,  T racy  & 

J o n g b lo e d ,  1 9 5 2 ) .  D eso x y c o r t i c o s t e r o n e  i s  c la im ed  to

d e c r e a s e  t h e  s u s c e p t i b i l i t y  of  r a t s  t o  a u d i o g e n i c  s e i z u r e s  

( G o l f e r ,  1947) w h i l e  AOTH i s  s t a t e d  t o  have no e f f e c t  i n  

t h i s  t e s t  (H urder  & S a n d e r s ,  1 9 5 3 ) .

I n t e r p r e t a t i o n  o f  t h e  ob se rv ed  ch an g es  i n  t h e  

e l e c t r o e n c e p h a l o g r a m  ( e . g . g . ) in d u c e d  by a d r e n o c o r t i c a l  

s t e r o i d s  i n  p a th o g e n ic  c o n d i t i o n s  i s  v e ry  d i f f i c u l t .  I n  

p a t i e n t s  w i th  c o l l a g e n  d i s e a s e s ,  c o r t i s o n e  or AOTH have 

been r e p o r t e d  t o  r e s t o r e  abnormal e . e . g .  p a t t e r n s  

( c h a r a c t e r i z e d  by h igh  v o l t a g e ,  s low waves of  3 -  7 / s e c )  

t o  norm al ( F r i e d l a n d e r  & R o t t g e r ,  1951; P i n e ,  E nge l  & 

S chw ar tz ,  1951) w h i le  i n  s u b j e c t s  w i th  p r e v i o u s l y  normal 

r e c o r d s ,  a d m i n i s t r a t i o n  o f  t h e s e  compounds can in d u c e  

s lo w in g  of  t h e  a lp h a  rhythm  from  12 -  1 3 / s e c  t o  7 -  8 / s e c  

(H o e fe r  & G la s e r ,  1950; Debre^ M o zz ico n acc i  t  N e k h o ro c h e f f , 

1952; G la s e r ,  K o r n f i e l d  cc K n ig h t ,  1 9 5 5 ) .  I n  t h i s  c o n n e c t io n  

i t  i s  o f  i n t e r e s t  t h a t  t h e  e . e . g .  p a t t e r n s  o f  norm al,
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n o n - h o s p i t a l i s e d  s u b j e c t s  d u r i n g  c o r t i s o n e  or ACTH 

a d m i n i s t r a t i o n  d id  n o t  d i f f e r  from t h o s e  o b t a i n e d  d u r in g  

t h e  c o n t r o l  p e r i o d  when no hormone was b e i n g  a d m i n i s t e r e d  

(F r ied m an  & E n ge l ,  19 56 ) .

Deso x y c o r t i c o s t e r o n e ,  i n  c o n t r a s t  t o  i t s  a b i l i t y  

t o  n o rm a l i z e  t h e  EST of a d r e n a le o to m iz e d  r a t s  (D avenport ,

19 4 9 ) ,  does  n o t  r e s t o r e  t o  normal t h e  e . e . g .  of  t h e s e  

a n im a ls  (B ergen ,  1951) no r  t h a t  o f  A d d i s o n ia n  p a t i e n t s  

(Hoffman, Lev/is & Thorn, 1 942) .

E x p e r im e n ta l  s t u d i e s  a t t e m p t i n g  an  a s s e s s m e n t  of  

t h e  c o n v u l s a n t  and a n t i c o n v u l s a n t  e f f e c t s  o f  a d r e n o c o r t i c o i d s  

i n  a n im a ls  a r e  few. However, c o n v u l s i o n s  have been 

obs..:rved f o l l o w i n g  a d m i n i s t r a t i o n  o f  AOTH t o  r a b b i t s  

(P in o u s ,  N a t e l s o n  & Lugovoy, 1951) or  a d m i n i s t r a t i o n  of 

c o r t i s o n e  t o  v a r i o u s  o t h e r  r o d e n t s  (H ic k s ,  1 9 5 3 ) .

C l i n i c a l  o b s e r v a t i o n s  a r e  more numerous a l th o u g h  

th e  p i c t u r e  em erging  i s  somewhat c o n f u s i n g .  Thus, on th e  

one band,  c o n v u l s i v e  e p i s o d e s ,  n o t  of h ypog lycaem ic  o r i g i n  

( S t o r r i e ,  1 9 53 ) ,  seem a not  uncommon f e a t u r e  o f  A d d iso n ’ s 

d i s e a s e  (E n ge l  & M a rg o l in ,  1941) i n  which a d r e n a l  hy p o t ro p h y  

d e c r e a s e s  p r o d u c t i o n  o f  a d r e n o c o r t i c o i d s  w h i l e ,  on th e  o t h e r  

hand, a d m i n i s t r a t i o n  o f  c o r t i s o n e  and ACTE has  been 

o bse rv ed  t o  r e s u l t  i n  g e n e r a l i z e d  c o n v u l s i o n s  and even 

s t a t u s  e p i l e p t i c u s  when employed t h e r a p e u t i c a l l y  ( E l k i n t o n  

and o t h e r s ,  1949; Astwood, Raben, Payne & O l e r o u x ,1950;
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Dor f  man, A p te r ,  Sinull, D e r g o n s ta l  & R i c h t o r ,  1951; I r o n s ,  

Ayer, Brown & A rm strong , 1951; Uayne, 1 9 5 4 ) .  These 

l a s t  o b s e r v a t i o n s  a r e  a l s o  of i n t e r e s t  i n  t h e  l i g h t  of 

th e  f a c t  t h a t  AOTH i s  w i t h o u t  e f f e c t  o r  o n ly  s l i g h t l y  

r a i s e s  t h e  EST i n  r a t s  (\Yoodbury, 1 9 5 4 ) ,  b u t  an  e x p l a n a t i o n  

f o r  t h e  a p p a r e n t  anomaly may l i e  i n  t h e  f a c t  t h a t  i n  man 

AOTH l i b e r a t e s  m a in ly  h y d r o c o r t i s o n e  (Sw eat ,  A bbo t t ,  

J e f f r i e s  & B l i s s ,  19 53 ) ,  which w i l l  i n c r e a s e  b r a i n  

e x c i t a b i l i t y ,  w h i l e  i n  t h e  r a t  AOTH l i b e r a t e s  

c o r t i c o s t e r o n e  which i s  w i t h o u t  a p p r e c i a b l e  i n f l u e n c e  on 

b r a i n  e x c i t a b i l i t y  (Woodbury, 1954) .

The f i r s t  i n t i m a t i o n  of t h e  e x i s t e n c e  of 

s e d a t i v e  and h y p n o t i c  a c t i v i t y  i n  s t e r o i d s  of  th e  

a d ren o c  o r t i c  o id  g roup  came from  th e  v7ork of  S e ly e  ( 1941a, jo, 

1942a) who showed t h a t  d e s o x y c o r t i c  e s t e r o n e  and 

d e h y d r o c o r t i c o s t e r o n e  p o s s e s s e d  a p p r e c i a b l e  c e n t r a l  

d e p r e s s a n t  a c t i v i t y .  C o r t i s o n e  was on ly  w eakly  d e p r e s s a n t  

( S e ly e ,  1 9 4 2 a ) .  S ub seq uen t  s t u d i e s  (E ig d o r  and o t h e r s ,  

1957; A tk in s o n ,  D av is ,  P r a t t ,  Sharpe  & Tomich, 1965) 

have c o n f i rm e d  t h e  s e d a t i v e  and h y p n o t i c  a c t i v i t y  o f  t h e  

n a t u r a l l y - o c c u r r i n g  a d r e n o c o r t i c o i d s  a s  w e l l  a s  many 

o f  t h e i r  s y n t h e t i c ,  non-horm ona l ,  a n a l o g u e s .

T h e o r i e s  a s  t o  t h e  Mechanism of A c t i o n  of A d r e n o c o r t i c o i d s  

i n  t h e  C e n t r a l  Nervous System,

While v a r i o u s  s t e r o i d s  i n c l u d i n g
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d e s o x y o o r t i c o s t e r o n o  i n h i b i t  b r a i n  r e s p i r a t i o n  i n  v i t r o  

( S i s e n b e r g ,  Gordan & E l l i o t ,  1 9 4 9 a ,b ;G o rd a n ,  B e n t in o k  & 

E i s e n b e r g ,  1951)? t h e r e  i s  l i t t l e  e v id e n c e  t o  i n d i c a t e  t h a t  

t h i s  p r o p e r t y  r e p r e s e n t s  th e  b a s i c  mecbanism by which t h e s e  

compounds e x e r t  t h e i r  c e n t r a l  a c t i o n  (E id u so n ,  G e l l e r ,  

Y u w ile r  & E id u so n ,  19 64 ) .  L ik e w is e ,  a t t e m p t s  t o  i n t e r p r e t  

t h e  c e n t r a l  ne rvous  sys tem  a c t i v i t y  of  v a r i o u s  s t e r o i d s  

i n  te rm s  o f  i n t e r f e r e n c e  w i th  p o s s i b l e  c e n t r a l  t r a n s m i t t e r s  

such a s  a c e t y l c h o l i n e  (G ro s s la n d ,  I9 6 0 ;  E c c l e s ,  1962) and 

S -h y d ro x y t ry p ta m in o  (5 -HT) (Erspam er,  1961; Shore ,  1962; 

G a r a t t i n i  oc V a l z e l l i ,  1965) have met w i th  l i t t l e  

d e f i n i t i v e  s u p p o r t  (Torda & V/olff, 1944, 1 9 52 b ,£ ;  Kato ,  

1960; T a k a b a s h i ,  Hasu ,  Tamura & K e r iy a ,  1961; Giarman & 

Pepeu ,  1 9 6 2 ) .

On t h e  o t h e r  hand ,  t h e  p o s t u l a t e d  a s s o c i a t i o n  

between th e  e f f e c t s  o f  a d r e n o c o r t i c a l  hormones on b r a i n  

e x c i t a b i l i t y ,  a s  m easured  by t h e  EST l e v e l s ,  and t h e  

m e ta b o l i sm  o f  gamma -  a imL n o b u t y r i c  a c i d  '(GilBA), a p o s s i b l e  

c e n t r a l  n e rv o u s  sys tem  t r a n s m i t t e r  ( E l l i o t  & J a s p e r ,  1958? 

R o b e r t s ,  I 9 6 0 ) ,  has  r e c e i v e d  a measure  o f  e x p e r i m e n ta l  

s u p p o r t  (Woodbury & V e rn a d a k i s ,  1 9 5 8 ) .  Thus, 

a d r e n a le c to m y  and t h e  a d m i n i s t r a t i o n  o f  h y d r o c o r t i s o n e  t o  

a d r e n a l e c t o m i z e d  r a t s  b o th  d e c r e a s e  b r a i n  GABA l e v e l s  and 

i n c r e a s e  b r a i n  e x c i t a b i l i t y  w hereas  a d m i n i s t r a t i o n  of 

d e s o x y c o r t i c o s t e r o n e  t o  a d r e n a l e c t o m i z e d  r a t s  m arked ly
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i n c r e a s e s  b r a i n  G-ABl l e v e l s  and d e c r e a s e s  b r a i n  e x c i t a b i l i t y .  

S in c e  i n  i n t a c t  r a t s ,  n e i t h e r  d e s o x y c o r t i c o s t e r o n e  nor  

h y d r o c o r t i s o n e  s i g n i f i c a n t l y  a l t e r s  b r a i n  GABA 

c o n c e n t r a t i o n s  i t  i s  p o s s i b l e  t h a t  h y d r o c o r t i s o n e  and 

a d r e n a le c to m y  c o u ld  r e d u c e  b r a i n  GA3A l e v e l s  by i n d u c in g  

t h e  rem oval  o f  g lu t a m ic  a c i d  from t h e  m ain  r o u t e  of GA3A 

m e ta b o l i sm  and f a c i l i t a t i n g  i t s  e n t r y  v i a  06 -  k e t o g l u t a r a t e  

i n t o  t h e  t r i c a r b o x y l i c  a c i d  c y c le  ( s e e  d iag ra m  o p p o s i t e ) ,  

w h i l s t  d e s o x y c o r t i c o s t e r o n e  cou ld  i n c r e a s e  GABA l e v e l s  by 

p r e v e n t i n g  t h e  e n t r a n c e  of g lu ta m ic  a c i d  i n t o  th e  

t r i c a r b o x y l i c  a c id  c y c l e ,  t h u s  making i t  a v a i l a b l e  f o r  

c o n v e r s i o n  to  G ABA (V e rn a d a k is  cz Woodbury, I 9 6 0 ) ,

As m igh t  be e x p e c te d  from t h e  normal f u n c t i o n  

o f  a d r e n o c o r t i c o i d s ,  e v id e n c e  has  a c c ru e d  t h a t  a d r e n o c o r t i c a l  

hormones i n t e r f e r e  with  b r a i n  e l e c t r o l y t e  m e tab o l i sm .

Both a d re n a le c to m y  (D avenp o r t ,  1949; l i m i r a s  e t  a l , 1954) 

and h y d r o c o r t i s o n e  a d m i n i s t r a t i o n  (Woodbury e t  a l .  1957) ,  

t o  i n t a c t  and a d r e n a l e c t o m i s e d  r a t s ,  d e c r e a s e  th e  b r a i n  

sodium, r a t i o  ( i . e* , i n c r e a s e  t h e  i n t r a c e l l u l a r  b r a i n  

sodium i o n  c o n c e n t r a t i o n ) ,  a s  m easured  p h o t o m e t r i c a l l y  

(D av enp o r t ,  1949? T im i r a s  ^ t  a l , 1954) ,  and i n c r e a s e  

b r a i n  e x c i t a b i l i t y .  I n  a n a lo g o u s  s i t u a t i o n s ,  

d e s o x y c o r t i c o s t e r o n e ,  i n  bo th  i n t a c t  and a d r e n a l e c t o m i z e d  

r a t s ,  i n c r e a s e s  t h e  b r a i n  sodium r a t i o  ( i . e . ,  d e c r e a s e s  

t h e  i n t r a c e l l u l a r  b r a i n  sodium i o n  c o n c e n t r a t i o n )  and
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d e c r e a s e s  b r a i n  e x c i t a b i l i t y  (Woodbury à  D aven po r t ,  1949; 

Woodbury e t  a l , 1 9 5 7 ) .

I n  th e  l i g h t  of  t h e  above o b s e r v a t i o n s  on th e  

e f f e c t s  o f  a d r e n o c o r t i c a l  s t e r o i d s  on b o th  b r a i n  sodium 

r a t i o  and b r a i n  GAD  ̂ c o n c e n t r a t i o n ,  Woodbury (1958) h a s  

p r e s e n t e d  an  i n t e g r a t e d  e x p l a n a t i o n  o f  t h e  way i n  which 

a d r e n o c o r t i c o i d s  m odify  b r a i n  e x c i t a b i l i t y  i n  te rm s  of 

b a s i c  m e ta b o l i c  phenomena. Thus he c o n s i d e r s  t h a t  th o  

p r o p e n s i t y  of t h e  g l u c o c o r t i c o i d  h y d r o c o r t i s o n e  to  i n c r e a s e  

b r a i n  e x c i t a b i l i t y  s tem s d i r e c t l y  from i t s  d ua l  f u n c t i o n  

of d e c r e a s i n g  b r a i n  sodium r a t i o  and of  d e c r e a s i n g  b r a i n  

GADA l e v e l s  w h i le  th e  a b i l i t y  of th e  m i n e r a l o c o r t i o o i d  

d e s o x y c o r t i c o s t e r o n e  t o  d e c r e a s e  b r a i n  e x c i t a b i l i t y  i s  

a d i r e c t  r e s u l t  of i t s  a c t i o n  i n  i n c r e a s i n g  b o te  b r a i n  

sodium, r a t i o  and b r a i n  GABA l e v e l s .  The lo w e r  

s u s c e p t i b i l i t i e s  of  t h e  bra : .n  of t h e  i n t a c t  r a t  as  

compared w i th  t h a t  of t h e  a d r e n a l e c t om ised r a t  t o  an 

i n c r e a s e  i n  e x c i t a b i l i t y  on a d m i n i s t r a t i o n  of h y d r o c o r t i s o n e  

or  t o  a d e c r e a s e  i n  e x c i t a b i l i t y  on a d m i n i s t r a t i o n  o f  

d e 8ox y co r t iC O 8t e r o n e  can th e n  be r a t i o n a l i s e d  i n  te rm s  of 

th e  m o d i fy in g  i n f l u e n c e  o f  c o r t i c o s t e r o n e .  Thus i n  th e  

i n t a c t  r a t ,  t h e  r e l e a s e  o f  c o r t i c o s t e r o n e  i s  c o n s i d e r e d  

t o  b lo c k  any changes  i n  b r a i n  GADA c o n c e n t r a t i o n s  and so 

e x c i t a b i l i t y  changes  s tem  m ain ly  i f  n o t  s o l e l y  f rom  chanpes  

i n  sodium r a t i o s .  I n  t h e  a d r e n a l c c to m iz e d  r a t ,  whore 

c o r t i c o s t e r o n e  s e c r e t i o n  h a s  been a b o l i s h e d ,  s i n c e  b r a i n
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e x o i t a b i l i t y  changes  w i l l  r e s u l t  from, a summation of 

changes  i n  both sodium, r a t i o s  and G-A3A l e v e l s ,  more 

p ronounced  e f f e c t s  s h o u ld  be o b se rv ed ,  a s  i s  in d e e d  th e  c a s e .  

11) 3EX HORîÆONBo.

I n  a d d i t i o n  t o  t h e i r  r o l e  i n  s e x u a l  f u n c t i o n ,  

t h e  o e s t r o g e n s  o b v io u s ly  have t h e  a b i l i t y  t o  in d uce  

changes  i n  b r a i n  e x c i t a b i l i t y  a s  i n d i c a t e d  by c o m p a ra t iv e  

d a t a  w i th  m a tu re  and o v a r ie o to m iz e d  fe m a le  r a t s  and m atu re  

male r a t s .  Thus i n t a c t ,  m a tu re ,  f e m a le  r a t s  have been  

r e p o r t e d  t o  e x h i b i t  lo w e r  s e i z u r e  t h r e s h o l d s  of 

e x c i t a b i l i t y  t h a n  i n t a c t  males  (W oolley, T im ir a s ,

Rosenzweig ,  Krech & B e n n e t t ,  1961) or o v a r i e c to m iz e d  fe m a le s  

o f  t h e  same age and s t r a i n  (Woolley & T im i r a s ,  1962^) .

Again, v a r i a t i o n s  i n  o e s t r o g e n  l e v e l s  ( a s  d e te rm in e d  by 

d a i l y  v a g i n a l  sm ears )  d u r i n g  th e  oe .s trus  c y c l e  a p p a r e n t l y  

p a r a l l e l  a l t e r a t i o n s  i n  b r a i n  s e i z u r e  t h r e s h o l d s ,  w i th  

t h e  EST b e in g  h i g h e s t  d u r i n g  d i o e s t r u s  and l o w e s t  d u r in g  

o e s t r u s  (W oolley, T im i r a s ,  S ro b n ik  & S i l v a ,  19 6 1 ) .  D a i ly  

a d m i n i s t r a t i o n  of o e s t r a d i o l  t o  r a t s  o f  e i t h e r  sex  

(0 ,0 4  ” 5*0 mg/kg) has  a l s o  been o b se rv e d  (Woolley & T im ir a s ,  

1962a) t o  lo w e r  m ark ed ly  t h e  EST and t o  g i v e  r i s e  t o  a 

c o n v u l s a n t  e f f e c t ,  c h a r a c t e r i z e d  by t o n i c  f l e x o r  p h a s e s  

o f  a s h o r t e r  d u r a t i o n  th a n  t h o s e  of u n t r e a t e d  c o n t r o l  

a n im a l s ,  on th e  maximal e l e c t r o s h o c k  s e i z u r e  (lIES) p a t t e r n  

which can  be employed (v /ool ley  & T im i r a s ,  1962b, c )  a s
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a m easure  of t h e  a b i l i t y  o f  s t e r o i d s  t o  i n t e r f e r e  w i th  

th e  c h a r a c t e r i s t i c  p a t t e r n  of e l e c t r o s h o c k  c o n v u l s i o n s  

e l i c i t e d  i n  c o n t r o l  a n im a ls  by th e  p a s s a g e  o f  a f i x e d ,  h ig h  

d e n s i t y  c u r r e n t  of 150 mA th ro u g h  c o r n e a l  e l e c t r o d e s ,

I n  c o n t r a s t  t o  o e s t ra d j .  o l ,  which u n i  form], y 

e x e r t s  a d i r e c t  e x c i t a t o r y  e f f e c t  on b r a i n  f u n c t i o n ,  th e  

male sex  hormone, t e s t o s t e r o n e ,  a p p e a r s  a b l e  t o  i n c r e a s e  

or d e c r e a s e  b r a i n  e x c i t a b i l i t y  i n  t h e  r a t  d ep e n d in g  on 

t h e  t y p e  o f  s e i z u r e  s t u d i e d ,  t h e  age of  t h e  an im a l  and 

t h e  dose o f  hormone a d m i n i s t e r e d  (Woolley & T im i r a s ,  1962ic), 

For example,  t e s t o s t e r o n e  i n  d a i l y  d o se s  of  8 ,0  mg/kg h as  

been  r e p o r t e d  t o  i n c r e a s e  t h e  EST and t o  e x e r t  an  

a n t i c o n v u l s a n t  e f f e c t  on t h e  i f ] 8 p a t t e r n  of 10 week o ld  

r a t s .  However, by th e  t im e  th e  r a t s  have r e a c h e d  13 

weeks of age ,  c o n t in u o u s  a d m i n i s t r a t i o n  o f  t h e  same d a i l y  

dose  of t h e  hormone i s  s t a t e d  t o  r e s u l t  i n  a change from 

a n t i c o n v u l s a n t  a c t i o n  on t h e  UE8 p a t t e r n  t o  a 

c o n v u l s a n t  a c t i o n  i n  s p i t e  o f  which t h e  E8T re m a in s  

i n c r e a s e d  (Woolley & T im i r a s ,  1962_g),

P r o g e s t e r o n e  ( 5 -0  m g/kg /day)  has  been  s t a t e d  

to  p ro d u ce  an i n i t i a l  r i s e  i n  t h e  EST i n  fem a le  ( b u t  n o t  

i n  m ale)  r a t s ,  an e f f e c t  s u b s e q u e n t l y  r e p l a c e d ,  a f t e r  20 

days ,  by a m odera te  c o n v u l s a n t  e f f e c t  i n  b o th  s e x e s  

(W oolley & T im i r a s ,  1 9 6 2 a ) .  I t  has  been s u g g e s t e d  (Woolley 

& T im i r a s ,  1962a) t h a t  t h e  i n i t i a l  a n t i c o n v u l s a n t  e f f e c t
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of p ro g  i s to r o n e  i n  tho  fem a le  may bo duo t o  a r a p i d  

m e ta b o l i sm  i n  t h i s  s e x  (Y a te s ,  " ie rb s t  & U rq u h a r t ,  1958) 

w i th  c e r t a i n  r e d u c t i o n  p r o d u c t s  e x e r t i n g  a more p o t e n t  

d e p r e s s a n t  e f f e c t  t h a n  t h e  p a r e n t  compound (F ig d o r  and o t h e r s ,  

1957) a l t h o u g h  t h i s  s u g g e s t i o n  may be d i f f i c u l t  t o  

r e c o n c i l e  w i th  t h e  e s t a b l i s h e d  b i o g e n e t i c  pathway from 

p r o g e s t e r o n e  v i a  a n d r o s t e r o n o  t o  o e s t r o g e n s  (C la y to n ,  1 9 6 5 ) .

S p a rse  a t t e n t i o n  has  been p a id  t o  th e  e f f e c t s  

of  s e x  hoxmiones on l e p t a z o l  “ in d uced  s e i z u r e s .  Of t h e  

compounds examined, p r o g e s t e r o n e  (lOO mg/kg, S e ly e ,  1942Jo) 

and t e s t o s t e r o n e ,  (50 mg/kg, Koch, 1959) have been  c la i r io d  

t o  a n t a g o n i z e  such c o n v u l s i o n s  i n  t h e  r a t .

On th e  o t h e r  hand, th e  e f f e c t s  of sex  hormones 

on a u d i o g e n i c  s e i z u r e s  have been more t h o r o u g h ly  

i n v e s t i g a t e d  (? /o rbo ff  & C orcoran ,  1961 ; W erbo ff  e t  a l . 1963, 

1 9 6 4 ) .  I n  t h o s e  s t u d i e s ,  tho  a n im a ls  were c l a s s i f i e d ,  

b e f o r e  t e s t i n g ,  a s  s e i z u r e - r e s i s t a r t  o r  s e i z u r e - s u s c e p t i b l e ,  

d ep en d in g  upon t h e i r  r e s p o n s e  t o  an  a u d i o g e n i c  s e i z u r e  

s t i m u l u s .  S e i z u r e - r e s i s t a n t  and s e i z u r e - s u s c e p t i b l e  

a n im a l s  were c o n s i d e r e d  t o  have a s e i z u r e  i n c i d e n c e  of 

09" and 100% r e s p e c t i v e l y ,  and t h e  r e s u l t s  o b t a i n e d  f o r  

t h e  a c t i o n  of sex  hormones f o r  each g roup  were th e n  

a n a ly s e d  s e p a r a t e l y .  For  t h e  s e i z u r e - r e s i s t a n t  g roup ,  

th e  s e i z u r e  i n c i d e n c e ,  a f t e r  hormonal a d m i n i s t r a t i o n  

a n d / o r  c a s t r a t i o n ,  was e x p r e s s e d  a s  a p e r c e n t a g e  and
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compared f o r  s i g n i f i c a n c e  w i th  th e  p r e - t r e a t m e n t  

s e i z u r e  i n c i d e n c e  of 09  by means o f  a z - t e s t  (Edwards,

1 9 5 0 ) .  The r e s u l t s  f o r  t h e  s e i z u r e - s u s c e p t i b l e  

a n im a ls  were a n a ly s e d  s i m i l a r l y .  The s e i z u r e  i n c i d e n c e  

a f t e r  t r e a t m e n t  was compared w i th  t h e  p r e - e x p )e r im e n ta l  

l e v e l  o f  1 0 0 9  and t e s t e d  f o r  s i g n i f i c a n c e  a s  p r e v i o u s l y  

i n d i c a t e d .

O e s t r a d i o l ,  i n  low doses  (0 .0 2  -  0 .0 8  mg/kg),  

i n c r e a s e s  t h e  i n c i d e n c e  of a u d io g e n ic  s e i z u r e s  i n  i n t a c t  

or g o nad ec tom ized  male and fem a le  r a t s ,  i r r e s p e c t i v e  of 

t h e i r  i n i t i a l  s u s c e p t i b i l i t y  t o  s e i z u r e s .  T h is  r e s u l t  

i s  i n  ag reem en t  w i th  th e  r e s u l t s  o f  e x p e r im e n ts  em ploy ing  

t h e  EST a s  t h e  in d e x  o f  b r a i n  e x c i t a b i l i t y  (Woolley & 

T im i r a s ,  1 9 6 2 a ,b ) .  T e s t o s t e r o n e  ( 2 .5  -  1 0 .0  mg/kg) 

and p r o g e s t e r o n e  (1 .2  5 -  5*0 mg/kg), however, may 

p ro du ce  c o n v u l s a n t  or a n t i c o n v u l s a n t  e f f e c t s  dep en d in g  

on t h e  sex  o f  t h e  a n im a l  and i t s  s u s c e p t i b i l i t y  to  

in d u c e d  s e i z u r e s .  For example, p r o g e s t e r o n e ,  i n  

s e i z u r e - r e s i s t a n t  fem ale  r a t s ,  i n c r e a s e s  t h e  i n c i d e n c e  

o f  a u d i o g e n i c  s e i z u r e s  w h i l e ,  i n  s e i z u r e  s u s c e p t i b l e  

f e m a le s  i t  r e d u c e s  s e i z u r e  i n c i d e n c e  (W erboff  e t  a l .  1964)

I t  would seem t h a t  of t h e  s e x  hormones only 

o e s t r o g e n s  have been i n v e s t i g a t e d  f o r  t h e i r  a b i l i t y  

t o  i n t e r f e r e  w i th  th e  e . e . g .  During  m e n s t r u a t i o n  

(D u esse r  de Baronne & Gibbs,  1942) or i n  p re g n a n c y  when
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p r o g e s t e r o n e  l e v e l s  a r c  r e l a t i v e l y  h ig h  and o e s t r o g e n  

l e v e l s  r e l a t i v e l y  low (G ibbs & R eid ,  1942) t h e r e  i s  

a d o o re a se  i n  th e  e l e c t r i o a l  a c t i v i t y  of  t h e  b r a i n  

c h a r a c t e r i z e d  by a s lo w in g  of  t h e  norm al a lp h a  rhythm  

of t h e  c o r t e x .  I n t r a v e n o u s  i n j e c t i o n  of  o e s t r o g e n s  

has  an  a c t i v a t i n g  e f f e c t  on t h e  e . e . g .  o f  e p i l e p t i c  

women ( L o g o t h e t i s ,  I H r n e r ,  II or  r e  11 & T o r r e s ,  1959) 

and on bo th  normal and e p i l e p t i c  r a b b i t s  o f t e n  r e s u l t i n g  

i n  s e i z u r e s  and even d e a th  i n  s t a t u s  e p i l e p t n c u s  

( L o g o t h e t i s  & E a r n e r ,  1963) .

With r e g a r d  to  th e  c o n v u l s a n t  a c t i v i t y  of 

o e s t r o g e n s ,  c l i n i c a l  s t u d i e s  have shown t h a t  t h e r e  may 

be an  i n c r e a s e  i n  t h e  i n c i d e n c e  and s e v e r i t y  of a t t a c k s  

i n  e p i l e p t i c s  d u r i n g  th e  im m edia te  p r e m e n s t r u a l  p e r i o d  

( i n s e l l  & C la rk ,  1956; L a id law ,  1 9 5 6 ) .  Those changes  

o cc u r  c o n c o m i t a n t l y  w i th  an  i n c r e a s e d  o e s t r o g e n i c  

p r o d u c t i o n  ( L o g o t h e t i s  e t  a l .  1959) ,  r e f u t i n g  t h e  viov^ 

t h a t  t h e  c a t a m é n ia l  e x a c e r b a t i o n  of s e i z u r e s  i s  a 

p r o g e s t e r o n e - w i t h d r a w i n g  phenomenon (L a id l a w , 1956) .

I n  c o n t r a s t  t o  t h e  c o n v u l s a n t  a c t i v i t y  of  t h e  

o e s t r o g e n s ,  i t  has been  c la im ed  (S c ly e ,  1941_^. 1942a_) 

t h a t  a n d r o s t e r o n e ,  e p i a n d r o s t e r o n o  and p r o g e s t e r o n e  

p o s s e s s  c o n s i d e r a b l e  s e d a t i v e  and h y p n o t i c  a c t i v i t y .  I n  

a t t e m p t s  t o  e l u c i d a t e  t h e  p o s s i b l e  b io c h e m ic a l  mechanisms 

u n d e r l y i n g  t h i s  c e n t r a l  d e p r e s s a n t  a c t i o n ,  i t  has  been
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shown (Wade & J o n e s ,  1956) t h a t  p r o g e s t e r o n e  r e d u c e s  

b r a i n  l e v e l s  of  a d e n o s i n e t r i p h o s p h a t e  (ATP), th e  

breakdown o f  which i s  g e n e r a l l y  a c c e p t e d  t o  be th e  

most i m p o r t a n t  s o u rc e  of c e l l u l a r  en e rg y  (E ro bs  & K ornberg ,

1 9 5 7 ) and which i s  i m p l i c a t e d  i n  numerous p h y s i o l o g i c a l  

p r o c e s s e s ,  i n c l u d i n g  m u scu la r  c o n t r a c t i o n  (Weber à  

P o r t z e h l ,  1954; ICora 1 e s , 3 01 1 s , B1 urn & H i l l ,  1955) and 

nerve  im p u lse  t r a n s m i s s i o n  (l luennekens & W h i te le y ,  I 9 6 0 ) .  

However, a r e d u c t i o n  i n  t h e  amount of a v a i l a b l e  ATP 

c a n n o t  e n t i r e l y  a c c o u n t  f o r  t h e  c e n t r a l  a c t i v i t y  of 

d e p r e s s a n t  s t e r o i d s  s i n c e  o t h e r  d e r i v a t i v e s  e . g . ,  

p r e g n e n o lo n e  sodium s u c c i n a t e ,  w h i le  i n h i b i t i n g  o x i d a t i v e  

p h o s p h o r y l a t i o n ,  have no a n a e s t h e t i c  a c t i v i t y  ( T r u i t t ,

B e l l  & K r a n tz ,  1956) .

i i i )  HITROGEHOUS 8TBROID8 WITH EFFBCT3 ON THE 

CENTRAL IIERV0ÏÏ3 SYdTmù 

C e r t a i n  g rou p s  o f  n i t r o g e n o u s  s t e r o i d s  a p p e a r  

t o  p o s s e s s  a n t i c o n v u l s a n t  and s e d a t i v e  p r o p e r t i e s  ( s e e  

i n t e r  a l i a  l ia r  t i n - S m i t h  D 8 u g rue ,  1964; Overbeek & Bonta ,  

1964) * These i n c l u d e  va r j .ous  s t e r o i d a l  monoximos 

(Babcock, 1 9 5 8 ; Y/echtor, O c h r o e te r  & B u h le r ,  1961 ) and 

d iox im es  (Babcock & W echter ,  1962, W ech ter ,  1962; Upjohn, 

1 9 6 2 a ,b ) ,  some a n d r o s t a n e - 1 6 ^  ,17  ^ - d i c a r b o x y l i c  a c id  

im id e s  (C rabbe ,  1 96 3 ) ,  a number of  17 - a o e t a m id o - a n d r o s t a n ;  

d e r i v a t i v e s  (de R u g g i e r i ,  F e r r a r i  & G a n d o l f i ,  1963) ,
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c e r t a i n  3 ‘“ (am in om eth ox y )-5 “ a n d r o s t e n " 1 7 - o n e s  (Upjohn, 

1964) and 2 , 1 6 - b i s  (a ra lnon ie thy?^ene)-secoandros tanes  

(Knox & K i n d ,  1963) a s  w e l l  a s  c e r t a i n  amino a c id  e s t e r s  

o f  2 1 -b y d ro x y p re g n a n e d io n o .  These l a s t  compounds 

were p r e p a r e d  d u r in g  s t r u c t u r a l  m o d i f i c a t i o n  s t u d i e s  

t o  t h e  h yd ro x y d io n e  m o le c u le  (P ig d o r  and o t h e r s ,  1957) 

b u t  a l th o u g h  a number o f  t h e  amino a c e t a t e s  p o s s e s s e d  

p o t e n t  a n a e s t h e t i c  a c t i v i t y ,  t h e i r  h igh  t o x i c i t y  p r e c l u d e s  

t h e i r  c l i n i c i l  u s e .

The c la im  t h a t  t h e  s t e r o i d a l  a l k a l o i d

f u n tu m id in e  (3 <%-aminO"-20 cX™hydroxy-5(X -p r e g n a n e )

p o s s e s s e d  s e d a t i v e  p r o p e r t i e s  q u a n t i t a t i v e l y  s i m i l a r

t o  t h o s e  of  r e s e r p i n e  ( l a  B a r r e  & Desmares ,  1959)

s t i m u l a t e d  t h e  p r e p a r a t i o n  o f  a s e r i e s  of  amino s t e r o i d s

s t r u c t u r a l l y  r e l a t e d  t o  t h e  fo rm er  ( U t a b l i s s e m o n t s

C l in - B y l a ,  196l_a, 1964 5 S c h m i t t  and o t h e r s ,  1962a,

B irk en m ey er ,  L e d n ic e r ,  Kagan à  L la g e r le in ,  1 9 6 5 ) .  3 OC -  Amino-

5 /9 - p r e g n a n - 2 0 - one, 3 p - a m in o -5 X  - p r e g n a n - 2 0 - o n e  and 3 ^ -

amino-5jg - p r e g n a n - 2 0 - ono a r e  c la im od to  p o s s e s s  c e n t r a l

n e rv o u s  sy s tem  d e p r e s s a n t  a c t i v i t y  ( é t a b l i s s e m e n t s  01i n -  
B yla ,  1 9 6 l a , b ) .

S e v e r a l  2 j g - ,  6 -  and 16 ^ - m o r p h o l i n o  s t e r o i d s

a l s o  d e p r e s s  t h e  c e n t r a l  nervous  sys tem  a s  e v id e n c e d  by 

th e  i n d u c t i o n  o f  l o s s  o f  t h e  r i g h t i n g  r e f l e x  i n  t h e  mouse. 

M oreover ,  2 ^  -m o rp h o l in o -3  cc -hydroxy-5  c ^ -p re g n a n -2 0 -o n e  

p r o t e c t s  mice from  l e p t a z o l - i n d u c e d  s e i z u r e s  a t  a dose  one
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t h i r d  o f  t h a t  n e c e s s a r y  t o  produco  l o s s  o f  r i g h t i n g  

r e f l e x  (o u g ra e ,  1963 5 H ew et t  1 9 6 4 ) .  I n  a d d i t i o n ,

s e v e r a l  o f  t h e  compounds a r e  a c t i v e  i n  p r o t e c t i n g  m ice  

from e l e c t r i c a l l y - i n d u c e d  s e i z u r e s  b u t  u n f o r t u n a t e l y  

t h i s  a n t i c o n v u l s a n t  p r o p e r t y  i s  accom panied  by s i m u l t a n e o u s  

s e d a t i o n  a n d / o r  l o s s  o f  r i g h t i n g  r e f l e x  (S u g ru e ,  1963) ,  

e f f e c t s  which would a p p e a r  t o  p r o h i b i t  t h e  c l i n i c a l  use 

o f  t h e s e  compounds. In d e e d ,  a t  p r e s e n t  none o f  t h e  

n i t r o g e n o u s  s t e r o i d s  w i th  d e p r e s s a n t  e f f e c t s  on th e  c e n t r a l  

n e rv o u s  sy s tem  would ap p e a r  t o  be of t h e r a p e u t i c  v a l u e .

Iv )  STEROIDS WITH AHAlGEoIO AGflVIIY.

Very r e c e n t l y ,  a new ty p e  o f  c e n t r a l  a c t i o n  

a s s o c i a t e d  w i th  t h e  s t e r o i d  n u c le u s  has  b een  u nco ve red ,  

t h a t  o f  p o t e n t  a n a l g e s i c  a c t i v i t y  i n  a s e r i e s  of o e s t r a n e  

d e r i v a t i v e s ,  t h e  p r o t o t y p e  o f  which i s  2 , 3 , 4 -  

t r i m e t h o x y o e s t r a - 1 , 3 ,5  ( l O ) - t r i e n - 1 7  P “ Ol (A x e l ro d ,  Rao & 

B aed e r ,  1966;  A x e l ro d  & B aede r ,  1 9 6 6 ) ,  T h is  compound 

a p p e a r s  t o  be d ev o id  o f  o e s t r o g e n i c  a c t i v i t y  and i n  t h e  

" r a t - t a i l  f l i c k "  method (D*Amour & Sm ith ,  1941) i t  i s  

c la im e d  t o  be 40  and 160 t im e s  more p o t e n t  t h a n  m orph ine  

s u l p h a t e  and p e t h i d i n e ,  r e s p e c t i v e l y .  I t  i s  r e p o r t e d  

t o  be s u c c e s s f u l  i n  man i n  t h e  c o n t r o l  o f  p o s t - o p e r a t i v e  

p a i n  and c h r o n ic  p a i n  due t o  m a l ig n an cy  (A xe lrod  & B aed e r ,  

1956) and a d m i n i s t r a t i o n  t o  c a t s  and dogs o f  d o se s  of 

3“ 5 m g/kg a l lo w  abdom ina l  s u r g e r y  t o  be p e r fo rm ed  w i t h o u t



27 -

f u r t h e r  m e d i c a t i o n .  T o x i c i t y  i s  low and no u n d e s i r a b l e  

s i d e  e f f e c t s  on t h e  b lood  p r e s s u r e ,  r e s p i r a t i o n  or  

e l e c t r o c a r d i o g r a m  o f  dogs were o b se rv e d  a f t e r  i n t r a v e n o u s  

a d m i n i s t r a t i o n #

v)  FHARI.iACQLOGIGAL 033ERYATI0IT3 HID STRUGTUHE-  

AGTIOÏÏ RELATIONSHIPS MQNG- STHRQIDS.

F o l lo w in g  th e  p h a r m a c o lo g ic a l  i n v e s t i g a t i o n s  

which e s t a b l i s h e d  t h e  e x i s t e n c e  of  g e n e r a l  a n a e s t h e s i a  

among h o r m o n a l l y - a c t i v e  s t e r o i d s  such a s  p r o g e s t e r o n e ,  

d e s o x y c o r t  r o o s t e r  one and a n d r o s t e r o n e  ( S e l y e ,  194-l£,b, 

1942a_), s e v e r a l  a t t e m p t s  t o  c o r r e l a t e  t h i s  e f f e c t  v^ith 

s t r u c t u r a l  e n t i t i e s  i n  t h e  s t e r o i d  n u c l e u s  have been  

made ( F i g d o r  and o t h e r s ,  1957? W i t z e l ,  1959; Ovorbeek & 

B on ta ,  1964? A tk in s o n  e t  a l .  1 9 6 5 ) .  W hile  c o n s i d e r a b l y  

more s t e r o i d a l  compounds need  t o  be i n v e s t i g a t e d  i n  

t h i s  f i e l d  b e f o r e  any c l o s e l y  d e f in e d  s t r u c t u r e - a c t i o n  

r e l a t i o n s h i p s  can  be f o r m u l a t e d ,  t h e  b ro a d  g e n e r a l i z a t i o n s  

have b e e n  made t h a t  c e n t r a l  nervous  sy s tem  d e p r e s s a n t  

a c t i v i t y  i s  n o t  l i m i t e d  t o  h o r m o n a l l y - a c t i v e  d e r i v a t i v e s  

and t h a t  maximal a c t i v i t y  i s  found  i n  r e l a t i v e l y  s im p le ,  

s a t u r a t e d  s t e r o i d s  oxygena ted  a t  t h e  e x t r e m i t i e s  o f  t h e  

m o le c u le  i . e . ,  a t  t h e  3 and 17 p o s i t i o n s  f o r  a n d r o s t a n e s  

and a t  t h e  3 and 20 or t h e  3 ,2 0  and 21 p o s i t i o n s  f o r  

p r e g n a n e s .  A d d i t i o n a l  n u c l e a r  s u b s t i t u t i o n  or  

u n s a t u r a t i o n  n o rm a l ly  r e d u c e s  a c t i v i t y .  S t e r e o c h e m ic a l
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f a c t o r s  such  a s  w h e tn e r  t h e  s t e r o i d  h a s  an  A/B t r a n s  or 

an A/B c i s  r i n g  f u s i o n ,  a p p e a r  t o  e x e r t  l i t t l e  e f f e c t ,  

Y / i th in  t h e  s t e r o i d s  examined f o r  g e n e r a l  

a n a e s t h e t i c  a c t i v i t y ,  t h o s e  p o s s e s s i n g  a 5 Oc- o r  5 

s a t u r a t e d  p re g n an e  s lc e le to n  have p roved  t o  be th e  most 

a c t i v e  compounds (Overbeek & B on ta ,  1964; P^An & Laubach,

1964) t I n  p a r t i c u l a r ,  21-hydroxy-9/o^ - p r e g n a n e - 3 ,  2 0 -d io n e  

sodium s u c c i n a t e  ( h y d r o x y d io n e ) (P*An and o t h e r s ,  1955) 

has  a c h i e v e d  c l i n i c a l  r e c o g n i t i o n  a s  a b a s a l  a n a e s t h e t i c  

( J o r d a n ,  G-uadagni, P i c c h i  & Adams, 1956; Dow, 1 9 6 1 ) .  I n

c o n t r a s t  t o  t h e  s t u d i e s  made on p re g n a n e  d e r i v a t i v e s ,  

l i t t l e  a t t e n t i o n  a p p e a r s  t o  have been d e v o te d  to  t h e  

s y n t h e s i s  and t e s t i n g  o f  a n d r o s t a n e  d e r i v a t i v e s ,  d e s p i t e  

t h e  f a c t  t h a t  b o th  a n d r o s t e r o n e  and e p i a n d r o s t e r o n e  

p o s s e s s  a n a e s t h e t i c  a c t i v i t y  com parab le  t o  t h a t  o f  

p r o g e s t e r o n e  ( S e ly e ,  1 9 4 2 a ) .
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a ) SXPEÎlIÏ-nilNTAL METHODS

Three  of th e  compounds u nder  i n v e s t i g a t i o n  

were r e a d i l y  s o l u b l e  i n  d e i o n i s e d  w ate r*  The re m a in in g  

compounds were r e l a t i v e l y  i n s o l u b l e  i n  w a te r  and th e  

s o l u b l e  h y d r o c h l o r i d e  o f  each was p r e p a r e d  by ad d in g  

t o  an  a c c u r a t e l y  weighed q u a n t i t y  o f  th e  compounds t h e  

t h e o r e t i c a l l y  e q u i v a l e n t  amount o f  p / l O  h y d r o c h l o r i c  

a c id  p l u s  0*2 ml* e x c e s s .  The m ix tu r e  was t h e n  h e a t e d ,  

i f  r e q u i r e d ,  on t h e  w a t e r  b a th  t o  f a c i l i t a t e  s o l u t i o n  

and made up t o  t h e  r e q u i r e d  volume u s i n g  d e i o n i z e d  

w a t e r .  C l e a r ,  c o l o u r l e s s  s o l u t i o n s  wore o b t a in e d  i n  

a l l  c a s e s .

The pH of  t h e  d ru g  s o l u t i o n s  employed ran g ed  

from  2 ,5  t o  4*5. C o n t r o l  s o l u t i o n s  o f  a c i d i f i e d  

d e i o n i z e d  w a te r  of  a  s i m i l a r  pH ra n g e  were a l s o  p r e p a r e d .

EXPHRILONTS USING MICE,

S o l u t i o n s  o f  th e  compounds were a d m i n i s t e r e d  

by slow i n t r a v e n o u s  i n j e c t i o n  i n t o  th e  d o r s a l  t a i l  v e i n  

o f  male a l b i n o  mice ( l 8 g  -  22g) u s i n g  a 1 ml. g ra d u a te d  

t u b e r c u l i n  s y r i n g e .  I n  no i n s t a n c e  was a volume g r e a t e r  

t h a n  0 .4  ml. p e r  20g o f  mouse i n j e c t e d .  An i n j e c t i o n  of  

s i m i l a r  pH and volume was a l s o  a d m i n i s t e r e d  a s  a c o n t r o l .
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T o x i c i t y T e s t s *

F iv e  t o  t e n  mice a t  t h r o e  t o  f o u r  dose l e v e l s  

were used  f o r  each compound.

The mice were ob se rv ed  i n  v a r i o u s  ways t o  

m easure  t h e  f o l l o w i n g  e f f e c t s  : -  i n c r e a s e d  or d e c re a s e d  

s p o n ta n e o u s  a c t i v i t y ,  e x c i t a t i o n ,  c o n v u l s i o n s ,  s e d a t i o n ,  

m u s c u la r  p a r a l y s i s ,  l o s s  of  r i g h t i t i g ,  p in n a  a n d / o r  c o r n e a l  

r e f l e x e s  and f i n a l l y  a n a l g e s i a .

T h is  o b s e r v a t i o n a l  t e c h n iq u e  g i v e s  an o v e r a l l  

p r o f i l e  of  t h e  g r o s s  e f f e c t s  o f  a d rug  t o g e t h e r  w ith  an 

i n d i c a t i o n  o f  t h e  o n s e t ,  peak ,  d u r a t i o n ,  c h a r a c t e r  and 

i n t e n s i t y  o f  a c t i o n .

S k e l e t a l  muscle  p a r a l y s i s  was m easured  by 

p l a c i n g  t h e  mice on a f in e -m e sh  w ire  s c r e e n  i n c l i n e d  a t  

6 0  ̂ t o  t h e  h o r i z o n t a l  (Thomson, 1 9 46 ) .  Those mice which 

s l i d  a b r u p t l y  o f f  t h e  s c r e e n  w i t h i n  30 m in u te s  a f t e r  

p r e t r e a t m e n t  w i th  t h e  d ru g  were deemed t o  show a p o s i t i v e  

r e a c t i o n .

Loss of t h e  r i g h t i n g  r e f l e x  was c o n s id e r e d  t o  

have o c c u r r e d  i f  t r e a t e d  mice were u n a b le  t o  r e g a i n  t h e i r  

b a la n c e  when p l a c e d  on t h e i r  backs  f o r  one m in u te  (Hine, 

C h r i s t e n s e n ,  Murphy & D av is ,  1 94 9 ) .

A f i n e  n y lo n  s u t u r e  was used t o  c o n f i rm  th e  

p r e s e n c e  of t h e  p in n a  and c o r n e a l  r e f l e x e s .  The p in n a  

r e f l e x  i n v o l v e s  a t w i t c h ,  t r e m o r ,  or  l a y i n g - b a c k  of t h e
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e a r s  when t h e  e x t e r n a l  a u d i t o r y  m eatus  i s  s t i m u l a t e d  

u s in g  t h e  n y lo n  s u t u r e  (W itk in ,  S p i t a l e t t a  & Plummer,

1959)* The r e f l e x  was c o n s id e r e d  t o  be a b o l i s h e d  when 

no r e s p o n s e  c o u ld  be e l i c i t e d  i n  e i t h e r  e a r  f o l l o w i n g  

t r e a t m e n t  w i th  t h e  d ru g s  under  t e s t .  The c o r n e a l  r e f l e x  

was e l i c i t e d  by t o u c h i n g  t h e  co rn e a  and c o n j u n c t i v a  and 

deemed a b s e n t  when th e  s u t u r e ,  p l a c e d  on t h e  ey es ,  p ro d uced  

no c l o s u r e  o f  t h e  l i d s .  The a b i l i t y  o f  t h e  compounds 

under  t e s t  t o  e x e r t  an  a n a l g e s i c  e f f e c t  was d e t e c t e d  

by t h e  a b s e n c e  o f  s q u e a k in g  and b i t i n g  i n  mice 

f o l l o w i n g  p i n c h i n g  o f  t h e i r  t a i l s  w i th  a f i n e  p a i r  of 

f o r c e p s .

Compounds w i th  a c e n t r a l  s t i m u l a n t  a c t i o n  would 

be e x p e c te d  t o  p ro d u ce  i n c r e a s e d  m o to r  a c t i v i t y ,  e x c i t a t i o n  

and p e r h a p s  c o n v u l s i o n s .  C o n v e rse ly ,  compounds 

p o s s e s s i n g  a h y p n o t i c  a c t i o n  would e x h i b i t  d e c r e a s e d  

m o b i l i t y ,  m u s c u la r  p a r a l y s i s ,  l o s s  o f  t h e  r i g h t i n g  

r e f l e x ,  d i s a p p e a r a n c e  o f  t h e  c o r n e a l  b e f o r e  a b o l i t i o n  of  

t h e  p i n n a  r e f l e x  (G o o d s e l l ,  Toman, E v e r e t t  & R ic h a r d s ,

1 9 5 4 ) and s e d a t i o n .

Loss  o f  t h e  R i g h t i n g  R e f l e x .

D u r ing  t o x i c i t y  e x p e r im e n ts  on m ice  c e r t a i n  

compounds p roduced  a marked l o s s  of t h e  r i g h t i n g  r e f l e x  

a t  d o s e s  below t h e  t o x i c  r a n g e .  M oreover ,  t h e  p in n a



r e f l e x  d i s a p p e a r e d  b e f o r e  t h e  c o r n e a l  r e f l e x  s u g g e s t i n g  

t h a t  i n t e r n e u r o n a l  b l o c k i n g  a c t i v i t y  m ig h t  be a p r o p e r t y  

o f  t h e  compounds u n d e r  i n v e s t i g a t i o n  ( G o o d s e l l  e t  a l . 1954) 

However, t h e s e  e f f e c t s  must be i n t e r p r e t e d  c a u t i o u s l y  

s i n c e  a v a r i e t y  o f  p h a r m a c o l o g ic a l  a g e n t s  a r e  known t o  

p ro d u c e  l o s s  o f  t h e  r i g h t i n g  r e f l e x  (0^ D e l l ,  I 9 6 0 ) .

V a r io u s  i n v e s t i g a t o r s  have used th e  l o s s  o f  t h e  r i g h t i n g  

r e f l e x  t o  compare t h e  p o t e n c i e s  o f  s e r i e s  of compounds 

s u s p e c t e d  o f  p o s s e s s i n g  i n t e r n e u r o n a l  b l o c k i n g  a c t i v i t y  

(Roszkowski ,  1960$ Burke,  P a p a n d r i a n o s ,  B ra n n ic k  &

H a s s e r t ,  1 9 6 1 ) .

C o n s e q u e n t ly ,  an  a c c u r a t e  d e t e r m i n a t i o n  of t h e  

dose  c a u s i n g  l o s s  o f  t h e  r i g h t i n g  r e f l e x  i n  50^ o f  th e  

i n j e c t e d  mice (ED50) was made. The dose k i l l i n g  50/7 

o f  t h e  m ice  (LD50) on i n t r a v e n o u s  i n j e c t i o n  was a l s o  

fou n d .

Each compound was .given a t  f o u r  dose l e v e l s  : -  

one dose  l e v e l  p ro d u c in g  z e ro  l o s s ,  a n o t h e r  100^^ l o s s  and 

two i n t e r m e d i a t e  dose l e v e l s  p ro d u c in g  a p p r o x im a te ly  30fo 

and 70fo l o s s  r e s p e c t i v e l y  of t h e  r i g h t i n g  r e f l e x .  The 

ED50 and  LD50 v a l u e s  o f  t h e  compounds p r o d u c in g  a l o s s  

of t h e  r i g h t i n g  r e f l e x  vmre c a l c u l a t e d  u s i n g  a g r a p h ic  

method ( M i l l e r  & T a i n t e r ,  1944)•  The ED50 and LD50 of 

m ep h en es in ,  t h e  most s e l e c t i v e  i n t e r n e u r o n a l  b l o c k i n g  

a g e n t  known (Domino, 1 9 6 4 ) ,  was a l s o  c a l c u l a t e d .
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Soma o f  t h e  compounds un de r  i n v o s t i g a t i o n  

p ro d u c ed  a more p ro lo n g e d  l o s s  of t h e  r i g h t i n g  r e f l e x  t h e n  

o t h e r s .  Em ploying t h e  method used by P 'A n  and h i s  

c o -w o rk e r s  (1955) t o  e s t i m a t e  t h e  d u r a t i o n  o f  a c t i v i t y ,  

one and a h a l f  t im e s  t h e  ED50 dose of t h e s e  compounds, 

p r o v id e d  t h a t  i t  was l e s s  t h a n  t h e  t h e  LD50, was a d m i n i s t e r e d  

t o  a g ro up  o f  t e n  mice and th e  d u r a t i o n  o f  l o s s  o f  t h e  

r i g h t i n g  r e f l e x  o b s e rv e d .

A n t i c o n v u l s a n t  A c t i v i t y .

A d r e n o c o r t i c a l  hormones p o s s e s s  bo th  c o n v u l s a n t  

and a n t i c o n v u l s a n t  p r o p e r t i e s .  D e s o x y c o r t i c o s t e r o n e  

may r a i s e  t h e  ESI and c o r t i s o n e  and h y d r o c o r t i s o n e  may 

lo w e r  i t  i n  r a t s  (Woodbury, 1954)# Sex hormones can

a l s o  a l t e r  t h e  EST of r a t s ,  o e s t r a d i o l  l o w e r i n g  i t  

(W oolley  & T im ir a s ,  1962^)  and t e s t o s t e r o n e  e i t h e r  

r a i s i n g  or  l o w e r i n g  i t  d ep e n d in g  on s e v e r a l  f a c t o r s  such 

a s  t h e  dose  o f  t h e  hormone a d m i n i s t e r e d  and t h e  ago of  

t h e  a n im a l  (Y/oolley & T im i r a s ,  1962c_).

P u r th e rm o re ,  i n t e r n e u r o n a l  b l o c k i n g  a g e n t s  

such a s  m ep h en e s in  have a n t i c o n v u l s a n t  a c t i o n s  a g a i n s t  

l e p t a z o l  ( B a o t i a n ,  1 9 6 1 ) ,  s t r y c h n i n e  (B e r g e r ,  1949) and 

e l e c t r i c a l l y “ in d u c e d  s e i z u r e s  (Domino, 1 9 6 4 ) .  I t  was 

d e c id e d  t h e r e f o r e  t o  t e s t  t h e  n i t r o g e n o u s  s t e r o i d s  f o r  

t h e i r  a b i l i t y  t o  a n t a g o n i z e  bo th  e l e c t r i c a l l y -  and
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c h e m i c a l l y“ in d u c e d  s e i z u r e s .

T hree  dose  l e v e l s  were used  f o r  each compound 

and th e  a n t i c o n v u l s a n t  a c t i v i t y  d e te rm in e d  5 and 20 m in u te s  

a f t e r  i n t r a v e n o u s  i n j e c t i o n .  Y/here a n t i c o n v u l s a n t  a c t i v i t y  

was d i s c o v e r e d  a t  t h e s e  t im e s ,  t h e  PD50 v a l u e s  were 

c a l c u l a t e d  by t h e  method of  M i l l e r  and T a i n t e r  (1 9 44 ) .

i ) P r o t e c t i o n  A g a in s t  El e c t r i c a l l y - I n duced S e i z u r e s .

The method used was based  upon t h a t  o f  Ahmad 

and Lew is  ( i9 6 0 )  b u t  e a r - c l i p  e l e c t r o d e s  were employed 

(Hoyt & R o sv o ld ,  1 9 5 1 ) .  The c i r c u i t  d iag ra m  and 

a p p a r a t u s  a r e  shown on t h e  o p p o s i t e  page ( P i g s ,  1 and 2 ) .

Each mouse was p l a c e d  i n  a p e r s p e x  box, one 

e l e c t r o d e  c l i p p e d  t o  each e a r  and th e  l i d  c l o s e d .  A 

s u p r a t h r e s h o l d  c u r r e n t  of 20 nA a p p l i e d  f o r  5 seconds  

caused  t o n i c  e x t e n s i o n  of t h e  h ind  l im b s ,  t h e  a p p e a ra n c e  

o f  which was t a k e n  a s  th e  e n d - p o i n t .  A l l  mice t o  be used  

were t e s t e d  24 h o u rs  b e f o r e  t h e  e x p e r im e n t  and t h o s e  which 

f a i l e d  t o  c o n v u l s e  w i t h i n  f i v e  sec o n d s  were d i s c a r d e d .

E i g h t  mice were u sed  a t  each dose l e v e l .

Sodium d i p h e n y l h y d a n t o i n  and sodium 

p h e n o b a r b i to n e ,  compounds used i n  t h e  t r e a t m e n t  o f  m ajor  

e p i l e p s y ,  were  compared w i th  t h e  p r o t e c t i o n  a f f o r d e d  by 

t h e  s t e r o i d s  un der  i n v e s t i g a t i o n .

The supram axim al e l e c t r i c  shock  method i s  th e
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m ost a c c u r a t e  means o f  i n d i c a t i n g  t h e  u s e f u l n e s s  o f  

drugs  i n  a b o l i s h i n g  t h e  s e i z u r e s  c h a r a c t e r i s t i c  o f  c l i n i c a l  

g rand  mal i n  t h a t  a h ig h  d eg re e  of c o r r e l a t i o n  of e f f e c t  

e x i s t s  be tw een  man and l a b o r a t o r y  a n im a l .  A d d i t i o n a l l y ,  

t h e  method a l s o  f a v o u r s  d ru g s  u s e f u l  i n  t h e  t r e a t m e n t  of 

p sy cho m oto r  e p i l e p s y  (Toman & E v e r e t t ,  1 9 6 4 ) .

i i )  P r o t e c t i o n  A g a in s t  L e p t a z o l - I n d u c e d  S e i z u r e s .

The method (B e rg e r ,  1954) d e te rm in e d  t h e  

a b i l i t y  o f  compounds t o  a n t a g o n i z e  t h e  c o n v u l s a n t  e f f e c t  

of a p r e - d e t e r m i n e d  dose of  l e p t a z o l .

C o n t r o l  mice were i n j e c t e d  i n t r a p e r i t o n e a l l y  

w i th  120 mg/kg of  l e p t a z o l .  W i th in  30 m in u te s  a 

seq u en ce  o f  e x c i t e m e n t ,  m yoc lon ic  j e r k s ,  c l o n i c  s e i z u r e s  

and d e a th  d e v e lo p e d .  The a b i l i t y  o f  t h e  s t e r o i d s  

under  i n v e s t i g a t i o n  t o  a n t a g o n i z e  th e  c o n v u l s a n t  a c t i o n  

of t h i s  dose  was a s s e s s e d .

Ten mice were used a t  each dose  l e v e l  and t h e  

e n d - p o i n t  o f  t h e  a s s a y  t a k e n  a s  t h e  a p p e a ra n c e  o f  p e r s i s t e n t  

c l o n i c  c o n v u l s i o n s .  The mice were o b s e rv e d  f o r  30 

m in u te s  f o l l o w i n g  i n j e c t i o n  o f  t h e  l e p t a z o l .

Sodium p h e n o b a r b i to n e  and t r i m e t h a d i o n e ,  d ru g s  

used  i n  t h e  t r e a t m e n t  o f  human m in o r  e p i l e p s y ,  were 

s i m i l a r l y  compared. The l e p t a z o l  t e s t  c a n n o t  be used  

w i th  c e r t a i n t y  t o  p r e d i c t  t h o s e  d ru g s  which w i l l  be
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e f f e c t i v e  a g a i n s t  human p e t i t  m al .  I t  i s  n o t  a s p e c i f i c  

t e s t  and d ru g s  e f f e c t i v e  a g a i n s t  g ra n d  mal ca n  a l s o  show 

a n t i c o n v u l s a n t  a c t i v i t y  (Toman & E v e r e t t ,  1 9 6 4 ) ,

A n t i - P a r k i n s o n i a n  A c t i v i t y .

C l i n i c a l l y  u s e f u l  a n t i - P a r k i n s o n i a n  d rug s  a l s o  

p o s s e s s  a n t i c o n v u l s a n t  (Goodman & Gilman, 1965) and 

s e d a t i v e  a c t i v i t y  (Lewis ,  1 9 6 4 ) ,  The e x i s t e n c e  of 

s e d a t i v e  and a n t i c o n v u l s a n t  p r o p e r t i e s  among t h e  n i t r o g e n o u s  

s t e r o i d s  j u s t i f i e d  t h e i r  e x a m in a t io n  f o r  a n t i - P a r k i n s o n i a n  

a c t i v i t y .

The T r em orine  T e s t ^

T rem o r in e  ( 1 ,4  d i p y r r o l i d i n o - 2 - b u t y n o ) , when 

a d m i n i s t e r e d  t o  e x p e r i m e n t a l  a n im a ls ,  p ro d u c e s  t r e m o r s ,  

r i g i d i t y ,  a s t h e n i a  and hy po th e rm ia  i n  a d d i t i o n  t o  a 

number of p a ra s j rn ip a th e t i c  e f f e c t s  such a s  marked 

s a l i v a t i o n ,  u r i n a t i o n  and d e i a o c a t i o n ,  an  o v e r a l l  p i c t u r e  

c l o s e l y  r e s e m b l i n g  P a rk in s o n i s m  i n  man ( E v e r e t t ,  1956) .

Drugs a c t i v e  c l i n i c a l l y  a g a i n s t  P a r k in s o n * s  d i s e a s e  have 

t h e  a b i l i t y  t o  a n t a g o n i z e  t h e  t r e m o r i g e n i c  and 

p a r a s y m p a t h e t i c  a c t i v i t y  o f  t r e m o r i n e  ( P a r q u h a r s o n  & J o h n s to n ,  

1959? E e ra n e n ,  Z a r a t z i a n  & Coleman, 1961;  P r iedm an  &

E v e r e t t ,  1964) and t h e  a n t i t r e m o r i n e  t e s t  i s  now used  

w id e ly  i n  t h e  i n v e s t i g a t i o n  o f  new compounds f o r  p o t e n t i a l



37

a n t i - P a r k i n s o n i a n  a c t i v i t y .  The t e s t  can  a l s o  be 

employed to  d e t e c t  d rugs  w i th  c e n t r a l  a n t i c h o l i n e r g i c  

or c e n t r a l  p a ra sy m p a th o m im e t ic  a c t i v i t y  (S p e n c e r ,  1965)*

I n  a d d i t i o n ,  s i n c e  i t  i s  b e l i e v e d  t h a t  t r e m o r i n e  i s  

c o n v e r t e d  i n  t h e  l i v e r  t o  i t s  a c t i v e  m e t a b o l i t e  

0X0 t r e m o r i n e  (Cho, H a s l e t t  & Jen d e n ,  1 9 6 1 ) ,  t h e  t e s t  

can  a l s o  be u t i l i z e d  t o  d e t e c t  t h o s e  compounds which 

p r e v e n t  th e  a p p e a ra n c e  o f  t r e m o r s  by i n h i b i t i n g  th e  

m e ta b o l i s m  of  t r e m o r i n e  i n  t h e  l i v e r  ( L e s l i e  & Maxwell,  

1 9 6 4 ) ,

E i g h t  m ice ,  p r e t r e a t e d  w i th  t h e  t e s t  d rug ,  

were  used  a t  each o f  two dose l e v e l s .  F i f t e e n  m in u te s  

l a t e r  t r e m o r i n e  (20 mg/kg) was I n j e c t e d  i n t r a p e r i t o n e a l l y .  

T h i s  dose  was found  t o  be c o m p le t e ly  e f f e c t i v e  i n  

p r o d u c in g  t r e m o r s  and s a l i v a t i o n  i n  u n t r e a t e d  m ice .  The 

t e s t  m ice w ere  compared w i th  c o n t r o l  m ice t o  a s s e s s  t h e  

d e g re e  o f  p r o t e c t i o n  a f f o r d e d .

A p o i n t s - 8 c o r i n g  sy s tem  was a d o p te d  i n  an 

a t t e m p t  t o  a s s e s s  t h e  r e s u l t s  s e r a i - q u a n t i t a t i v e l y .  Viz : -  

co m p le te  p r o t e c t i o n  -  0 p o i n t s ;  a lm o s t  co m p le te  

p r o t e c t i o n  -  1 p o i n t ;  m o d e ra te  p r o t e c t i o n  -  2 p o i n t s ;  

s l i g h t  p r o t e c t i o n  -  3 p o i n t s ;  no p r o t e c t i o n  -  4 p o i n t s .  

C o n s e q u e n t ly ,  a compound a f f o r d i n g  co m p le te  p r o t e c t i o n  

t o  e i g h t  mice would s c o r e  0 p o i n t s  w hereas  a compound 

c o n t r i b u t i n g  no p r o t e c t i o n  would s c o r e  t h e  maximum of
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32 p o i n t s .  The mice were o bse rved  a t  15, 30, 45, 60 and 

90 m in u te  i n t e r v a l s  r e s p e c t i v e l y  a f t e r  i n j e c t i o n  of  

t r e m o r i n e  and t h e  p e r c e n t a g e  d eg ree  o f  p r o t e c t i o n  a t  

each of  t h e s e  t im e s  c a l c u l a t e d .  A c o m p ar iso n  was made 

w i th  t h e  c l i n i c a l l y  used a n t i - P a r k i n s o n i a n  a g e n t ,  a t r o p i n e ,

EXPERItlENTS USIHG OAT3.

C a ts  o f  e i t h e r  s e x  (2 « 4kg) were  u sed .

E x c lu d in g  th e  c r o s s e d  e x t e n s o r  r e f l e x  p r e p a r a t i o n ,  f o r  

which e t h e r  was employed, a n a e s t h e s i a  V'/as in d u c e d  by 

i n t r a p e r i t o n e a l  i n j e c t i o n  o f  sodium p e n t o b a r b i t o n e  (60 mg/kg) 

The t r a c h e a  was c a n n u la t e d  t o  p e rm i t  t h e  a p p l i c a t i o n  of 

a r t i f i c i a l  r e s p i r a t i o n  when n e c e s s a r y ,  t h e  amount o f  a i r  

e n t e r i n g  o r  l e a v i n g  t h e  c a n n u la  b e in g  c o n t r o l l e d  by an  

a d j u s t a b l e  s l e e v e .  The e x t e r n a l  j u g u l a r  v e i n  on one 

s i d e  was exposed  and a h e p a r i n i z e d  p o l y t h e n e  can n u la  

i n s e r t e d .  The c a n n u la  was c o n n e c te d  t o  a 50 ml. b u r e t t e  

c o n t a i n i n g  s a l i n e  by means of  a p i e c e  o f  r u b b e r  t u b i n g .

The compounds un d e r  i n v e s t i g a t i o n  v\?ere i n j e c t e d  i n t o  t h e  

r u b b e r  t u b i n g  c o n n e c t in g  t h e  b u r e t t e  and t h e  c a n n u la te d  

j u g u l a r  v e i n .  Each i n j e c t i o n  o f  d ru g  was washed i n  u s in g  

3 ml. o f  norm al  s a l i n e .

To Record  t h e  Blood P r e s s u r e  of t h e  A n a e s t h e t i z e d  C a t .

The common c a r o t i d  a r t e r y ,  on t h e  o p p o s i t e  s i d e
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of  t h e  neok from t h e  c a n n u la t e d  j u g u l a r  v e i n ,  was f r e e d  

from  t h e  accom panying  v a g o - s y m p a tb o t i c  t r u n k  and 

l i g a t e d  a s  n e a r  t h e  c e p h a la d  end a s  p o s s i b l e .  A " b u l l ­

dog^' c l i p  was t h e n  p l a c e d  round  t h e  a r t e r y  a b o u t  3 cm 

d i s t a l  t o  t h e  l i g a t u r e  and  a h e p a r i n - f i l l e d  p o ly th e n e  

c a n n u la  i n s e r t e d  i n t o  th e  a r t e r y  w i th  i t s  p o i n t e d  end 

to w a rd s  t h e  h e a r t .  The c a n n u la  was c o n n e c te d  t o  a 

m ercury  manometer by r u b b e r  t u b i n g  f i l l e d  w i th  h o p a r i n i z o d  

norm al s a l i n e  s o l u t i o n  a s  an  a n t i c o a g u l a n t .  The p r e s s u r e  

i n  t h e  m ercu ry  manometer was s e t  a t  a p p r o x im a t e l y  100 t o  

120 mm o f  m ercu ry  ( i . e . ,  t h e  normal b lo od  p r e s s u r e  o f  t h e  

c a t ) .  The ’’bu ll-dog* ' c l i p  was t h e n  r e l e a s e d  and t h e  

b lood  p r e s s u r e  r e c o r d e d  on a moving smoked s u r f a c e .

The Cat G a s t ro c n e m iu s  M u s c l e - S c i a t i c  Nerve P r e p a r a t i o n .

S k e l e t a l  m u sc le  p a r a l y s i s  i n  a n im a ls  can  be 

p ro d u ced  by n e u ro m u s c u la r  blocld_ng a g e n t s ,  i n t e r n e u r o n a l  

b l o c k i n g  a g e n t s ,  h y p n o t i c s  and o t h e r  c e n t r a l  n e rvous  

sys tem  d e p r e s s a n t s .  The c a t  g a s t r o c n e m iu s  m u s c l e - s c i a t i c  

n e rv e  p r e p a r a t i o n  ( B u l b r i n g  & Burn, 1942) can  d e t e c t  t h e  

p r e s e n c e  o r  a b s e n c e  o f  n eu ro m u sc u la r  b l o c k i n g  a c t i v i t y .

The p r o d u c t i o n  o f  m u s c u la r  p a r a l y s i s  by t h e  compounds 

u n de r  r e v ie w  w a r r a n t e d  t h e i r  f u r t h e r  e x a m in a t io n  on t h i s  

p r e p a r a t i o n  t o  more a c c u r a t e l y  d e t e r m in e  t h e  n a t u r e  of  

t h e  p a r a l y s i s  p ro d u c e d .



î i g .  5 The cat gastrocnem ius m u s c le -s c ia t ic

nerve preparation^
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len t h e  t r a c h e a ,  a s  w e l l  a s  one of  t h e  e x t e r n a l  

j u g u l a r  v e i n s  and t h e  c a r o t i d  a r t e r y  had been  c a n n u l a t e d  

a s  p r e v i o u s l y  d e s c r i b e d ,  one l e g  was s e l e c t e d  f o r  

i n d i r e c t  s t i m u l a t i o n  o f  t h e  g a s t r o c n e m iu s  m usc le  v i a  

t h e  s c i a t i c  n e r v e .  The l o g  was h e ld  w i th  i t s  l o n g  a x i s  

p e r p e n d i c u l a r  t o  t h e  o p e r a t i n g  t a b l e  and r i g i d l y  f i x e d  

by means o f  two c lam ps ,  one a t  t h e  knee j o i n t  and th e  

o t h e r  a t  t h e  a n k l e .  The g a s t r o c n e m iu s  m usc le  was 

p a r t i a l l y  d i s s e c t e d  f r e e  from  s u r r o u n d i n g  t i s s u e  and 

th e  A c h i l l e s • t e n d o n  s e v e r e d  a t  a p o i n t  n e a r  t o  i t s  i n s e r t i o n  

i n t o  t h e  c a l c a n e u s .  A s t r o n g  l i n e n  t h r e a d  was th e n  

t i e d  s e c u r e l y  round  t h e  te n d o n  and t h e  f r e e  end of t h e  

t h r e a d  c o n n e c te d  v i a  a systera  o f  p u l l e y s  t o  a B ro w n -o c h u s te r  

s p r i n g “l o a d e d ,  myograph l e v e r ,  t h e  w r i t i n g  p o i n t  of 

which r e c o r d e d  t h e  m usc le  c o n t r a c t i o n s  on a moving 

smoked s u r f a c e  (P ig .  3 ) .

The s k i n  c o v e r i n g  t h e  l a t e r a l  a s p e c t  of t h e  

t h i g h  was i n c i s e d  and th e  s c i a t i c  n e rv e  l o c a t e d  betv^een 

th e  h a m s t r i n g  m u s c l e s .  A p a i r  o f  p l a t i n u m  e l e c t r o d e s  

was p l a c e d  round  t h e  exposed  ne rv e -  The n e rv e  was t h e n  

s t i m u l a t e d  su p ra m a x im a l ly ,  u s i n g  a Bobbie-^MoInnes s q u a r e  wave 

s t i m u l a t o r  (6 t o  8 /m in ,  5 t o  10 V, 1 t o  2 m sec ) .  These 

v a l u e s  and t h e  t e n s i o n  on th e  m usc le  ( 0 . 2  t o  0 .3  kg)  

re m a in e d  c o n s t a n t  d u r in g  any one e x p e r im e n t .
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The Gat C ro ssed  E x t e n s o r  R e f l e x  P r e p a r a t i o n .

The s t e r o i d s  u n d e r  e x a m in a t io n  v;ere t e s t e d  

on t h e  c a t  c r o s s e d  e x t e n s o r  r e f l e x  p r e p a r a t i o n  which 

can bo used t o  i n d i c a t e  t h e  p r e s e n c e  o r  a b s e n c e  o f  

i n t e r n e u r o n a l  b l o c k i n g  a c t i v i t y  (Domino, 1 9 6 4 ) .

A n a e s t h e s i a  was in d u c e d  by e t h e r  i n h a l a t i o n  and 

th e  c a t  was s p i n a l i z e d  u s i n g  t h e  method d e s c r i b e d  by 

Burn ( 1 9 5 2 )* The a n a e s t h e t i z e d  c a t  was t i e d  on to  a 

warm o p e r a t i n g  t a b l e ,  t h e  t r a c h e a  c a n n u l a t e d  and a r t i f i c i a l  

r e s p i r a t i o n  a p p l i e d .  Both common c a r o t i d  a r t e r i e s  were 

f r e e d  from th e  accompanying v a g o - s y m p a th e t i c  t r u n k s  

and t i e d  o f f  a s  n e a r  t h e  c e p h a la d  end a s  p o s s i b l e .  The 

c a t  was r e v e r s e d ,  v e n t r a l  s i d e  r e s t i n g  on t h e  t a b l e  and 

s e c u r e d .  The head was p l a c e d  on a g rooved  wooden b lo c k  

t o  p r e v e n t  o b s t r u c t i o n  of t h e  ru b b e r  t u b i n g  c o n n e c t in g  

t h e  t r a c h e a l  c a n n u la  t o  t h e  r e s p i r a t i o n  pump. The s k i n  

o f  t h e  d o r s a l  r e g i o n  o f  t h e  neck was d i v i d e d  down th e  

m i d l i n e  by a s c a l p e l  from t h e  to p  o f  t h e  head  t o  th e  

l e v e l  o f  t h e  s h o u l d e r s  and t h e  s p i n a l  c o rd  f r e e d  f rom  

a l l  c o n n e c t i n g  t i s s u e s .  The v e r t e b r a l  a r t e r i e s  were 

o c c lu d e d  by t y i n g  them w i th  a s t r o n g  l i n e n  t h r e a d  p a s s e d  

u n d e r  t h e  s p i n a l  co rd  a t  t h e  l e v e l  of t h e  t h i r d  c e r v i c a l  

v e r t e b r a .  The exposed  co rd  was s e c t i o n e d  a t  t h e  l e v e l  

of t h e  seco nd  c e r v i c a l  v e r t e b r a  by a p a i r  o f  bone f o r c e p s .  

The b r a i n  was d e s t r o y e d  by a b l u n t  p ro b e  pushed  th ro u g h  t h e
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fo ram en  magnum. A s m a l l  amount o f  b l e e d i n g  o c e u r re d  

and t h i s  was a r r e s t e d  by t h e  a p p l i c a t i o n  o f  swabs of  

c o t t o n  wool so ak ed  i n  h o t ,  normal s a l i n e .  P l a s t i c i n e  

was u sed  t o  p lu g  t h e  s p i n a l  column and a pad o f  s a l i n e -  

m o is te n e d  c o t t o n  wool p l a c e d  over  t h e  o p e r a t e d  a r e a .  The 

s k i n  a t  t h e  back of t h e  neck  was sewn t o g e t h e r  and 

t h e  c a t  t u r n e d  ov er ,  v e n t r a l  s i d e  up. One e x t e r n a l  

j u g u l a r  v e i n  and one common c a r o t i d  a r t e r y  were t h e n  

c a n n u l a t e d  a s  p r e v i o u s l y  d e s c r i b e d .

To o b t a i n  t h e  c r o s s e d  e x t e n s o r  r e f l e x ,  th e  

method employed was b a s e d  upon t h a t  u sed  by L i d d e l l  and 

S h e r r i n g t o n  (1 9 2 9 ) .

The s k i n  c o v e r i n g  t h e  p a t e l l a r  t e n d o n  o f  th e  

l e f t  l e g  was removed, t h e  t e n d o n  d e t a c h e d  f rom  t h e  

t i b i a l  t u b e r c u l e  and t h e  p a t e l l a  f r e e d  f ro m  t h e  a r t i c u l a r  

a t t a c h m e n t s .  By means of a n e e d le ,  a s t r o n g  l i n e n  

t h r e a d  was p a s s e d  s e v e r a l  t im e s  a ro u n d  and s e c u r e l y  

k n o t t e d  t o  t h e  d e ta c h e d  p a t e l l a r  t e n d o n .  The l e g  was 

s e m i f l e x e d  a t  t h e  h ip  and s u p p o r t e d  by a b r a s s  rod  under  

t h e  knee  j o i n t .  The f r e e  end of t h e  l i n e n  t h r e a d  was 

a t t a c h e d  v i a  a sys tem  of  p u l l e y s  t o  a B ro w n -S c h u s te r  sp r ing*  

lo a d e d ,  myograph l e v e r ,  t h e  w r i t i n g  p o i n t  of which 

r e c o r d e d  on a moving smoked s u r f a c e .  The t e n s i o n  on th e  

m u sc le  ( 0 .3  t o  0 .4  kg) rem ained  c o n s t a n t  d u r i n g  any one 

e x p e r im e n t .



43 ^

The r i g h t  l e g  was h e ld  i n  a v e r t i c a l  p o s i t i o n  

by two c lam ps,  one a t  t h e  a n k l e  and t h e  o t h e r  a t  t h e  

knee j o i n t .  The s k i n  c o v e r i n g  t h e  l a t e r a l  a s p e c t  o f  

t h e  t h i g h  was p a r t e d  and t h e  s c i a t i c  n e r v e  exposed .  The 

n e rv e  was c r u s h e d  a s  low i n  t h e  t h i g h  a s  p o s s i b l e .  A 

p a i r  o f  p l a t i n u m  e l e c t r o d e s  were t h e n  p l a c e d  around  t h e  

n e rv e  a s  h ig h  i n  t h e  t h i g h  a s  p o s s i b l e  and t h e  ne rv e  

s t i m u l a t e d  su p ra m a x im a l ly  by a D o b b ie - I Ic In n es  s q u a r e  wave 

s t i m u l a t o r  (6 t o  8 /m in ,  2 t o  4 V, 1 t o  3 m sec ) .  These 

v a l u e s  re m a in e d  c o n s t a n t  d u r i n g  any one e x p e r im e n t .  To 

m in im is e  f a t i g u e  o f  t h e  p r e p a r a t i o n ,  5 m in u te s  s t i m u l a t i o n  

p e r i o d s  a l t e r n a t e d  w i th  5 m in u te s  r e s t .

The Cat N ic t i t a t i n g  Membrane P r e p a r a t i o n .

A marked and s u s t a i n e d  f a l l  i n  t h e  b lo od  

p r e s s u r e  of t h e  a n a e s t h e t i z e d  c a t  was o b s e rv e d  w ith  

s e v e r a l  o f  t h e  compounds u nder  t e s t . To i n v e s t i g a t e  t h e  

p o s s i b i l i t y  t h a t  t h i s  e f f e c t  was m e d ia te d  by s y m p a th e t i c  

g a n g l i o n  b lo c k a d e ,  t h e  c a t  n i c t i t a t i n g  membrane 

p r e p a r a t i o n  was u s e d .

The head  of  t h e  a n a e s t h e t i z e d  c a t  was k e p t  i n  a 

r i g i d  p o s i t i o n  d u r i n g  t h e  ex p e r im e n t  by t y i n g  th e  jaws 

s e c u r e l y  t o  a b r a s s  ro d  p a s s e d  be tw een  t h e  t e e t h .  The 

rod  was c lamped t o  two u p r i g h t s  f i x e d  t o  e i t h e r  s i d e  of 

t h e  o p e r a t i n g  t a b l e .  The t r a c h e a ,  e x t e r n a l  j u g u l a r  

v e i n  and common c a r o t i d  a r t e r y  were  c a n n u l a t e d  as  p r e v i o u s l y
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d e s o r i b e d .  U s in g  a f i n e  n e e d lo ,  a l i n e n  t h r e a d  was 

p a s s e d  th ro u g h  t h e  m i d - p o i n t  of t h e  m a rg in  o f  t h e  

n i c t i t a t i n g  membrane o f  t h e  r i g h t  eye and s e c u r e l y  

k n o t t e d  i n  p l a c e .  The t h r e a d  was t h e n  p u l l e d  fo rw a rd  

and t o  t h e  s i d e  t o  make a n  a n g le  o f  a b o u t  30  ̂ w i th  th e  

l o n g  a x i s  o f  t h e  c a t .  I t  was t h e n  l e d  over  a sys tem  

of  p u l l e y s  and a t t a c h e d  t o  a c a r e f u l l y  b a l a n c e d  f r o n t a l -  

p o i n t  w r i t i n g  l e v e r .  The c o n t r a c t i o n s  o f  t h e  n i c t i t a t i n g  

membrane were  r e c o r d e d  on a moving smoked s u r f a c e .

The r i g h t  c e r v i c a l  s y m p a th e t i c  n e rv e  was t h e n  

c a r e f u l l y  f r e e d  from bo th  t h e  r i g h t  common c a r o t i d  

a r t e r y  and t h e  vagus  and l i g a t e d  a t  a s  low a p o i n t  a s  

p o s s i b l e  i n  t h e  nock.  The c e r v i c a l  s y m p a t h e t i c  c h a i n  

was s e v e r e d  j u s t  above t h e  l i g a t u r e  and p l a c e d  on a 

p a i r  of p l a t i n u m  e l e c t r o d e s .  A p i e c e  o f  c o t t o n  wool 

so ak e d  i n  norm al s a l i n e  k e p t  th e  exposed p a r t  o f  t h e  

n e rv e  m o i s t .

The n e rv e  was s t i m u l a t e d  su p ra m a x im a l ly  f o r  

15 se c o n d s  ev e ry  3 m in u te s  by means o f  a D obb io -I Ic lnncs  

s q u a r e  wave s t i m u l a t o r  a t  a f r e q u e n c y  o f  800 t o  1 ,2 0 0  

p e r  m in u te ,  a t  8 t o  15 V, t h e  p u l s e  w id th  b e in g  0 .5  

t o  1 . 0  msec, a l l  t h e s e  v a l u e s  r e m a in in g  c o n s t a n t  f o r  any 

one e x p e r im e n t .  When s t a n d a r d  r e p r o d u c i b l e  c o n t r a c t i o n s  

o f  t h e  n i c t i t a t i n g  membrane were o b t a i n e d  t o  e l e c t r i c a l  

s t i m u l a t i o n  o f  t h e  s y m p a th e t i c  c h a in ,  t h e  compounds under
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i n v e s t i g a t i o n  were i n j e c t e d  i n t o  t h e  c a n n u l a t e d  l e f t  

e x t e r n a l  j u g u l a r  v e i n  one m in u te  b e f o r e  t h e  n e x t  p e r i o d  

of  s t i m u l a t i o n .

The n a t u r e  of th e  i n n e r v a t i o n  of t h e  

n i c t i t a t i n g  membrane and i t s  u se  i n  p h a r m a c o l o g ic a l  

a n a l y s i s  h a s  been  t h e  s u b j e c t  o f  much c o n t r o v e r s y .  The 

h y p o t h e s i s  t h a t  a l l  p o s t g a n g l i o n i c  s y m p a t h e t i c  f i b r e s  

p o s s e s s  c h o l i n e r g i c  i n n e r v a t i o n  (Burn, 1962; Burn & Rand, 

1962, 1965) h a s  n o t  been  u n i v e r s a l l y  a c c e p t e d  ( B e n t l e y ,

1962; L o a d e r s ,  1963, 196 5? Boura & Green, 1 9 6 5 ) .  Thus, t h e  

f a i l u r e  t o  d e m o n s t r a t e  t h e  p r e s e n c e  of a c e t y l c h o l i n e s t e r a s e  

i n  t h e  smooth m u sc le  c e l l s  o f  t h e  membrane (Heilman & 

Thomson, 1961; G a r d in e r ,  H ei lm an  & Thomson, 1962) co u p led  

w i th  t h e  o b s e r v a t i o n  t h a t  i n  an  jln y i t r o ( G a r d in e r  & 

Thomson, 1961 ) and i n  v i vo (W ilson  & Long, 1959) membrane 

p r e p a r a t i o n  h em io h o l in iu m  was i n e f f e c t i v e  i n  p r e v e n t i n g  

t r a n s m i s s i o n  c o n f i r m  t h e  v a l i d i t y  of t h e  use  o f  t h i s  

p r e p a r a t i o n  i n  t h e  a n a l y s i s  o f  a g e n t s  a c t i n g  a t  

s y m p a th e t i c  s y n a p s e s .

S t i m u l a t i o n  of t h e  c e r v i c a l  s y m p a th e t i c  n e rv e  

c h a in  r e a c h e s  t h e  n i c t i t a t i n g  membrane a c r o s s  t h e  s y n a p s e s  

o f  g a n g l i o n  c e l l s  i n  t h e  s u p e r i o r  c e r v i c a l  g a n g l i o n .  I f  

a d ru g  under  t e s t  p o s s e s s e d  s y m p a th e t i c  g a n g l i o n  

b l o c k i n g  a c t i v i t y ,  a r e d u c t i o n  i n  t h e  h e i g h t  of t h e  

c o n t r a c t i o n  o f  t h e  n i c t i t a t i n g  membrane i n  r e s p o n s e  to
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n e rv e  s t i m u l a t i o n  would be e x p e c t e d .
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Table 1 Structural Formulae of Nitrogenous Steroids  

with E ffec ts  on the Central Nervous System*



w h e r e  e i t h e r  X = o r

N

N

N
I

CH^ "c H a
,N

O

N

Y =O R

N o r N

0

, X = OR

R' =  H , CH3CO o r  00(01^2)2COOH

F ig . 4 General form ula  o f  tw enty  th ree  Of th e  tw enty  s i x  

n itro g en o u s s t e r o id s  iv ith  e f f e o t s  on th e  c e n tr a l

nervous system ,
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b) RESULTS.

Twenty t h r e e  of  t h e  tw en ty  s i x  oompounds under  

i n v e s t i g a t i o n  were d e r iv e d  from 2 p -  and 3 oc -am ino  s t e r o i d s  

o f  t h e  a n d r o s t a n e  and p re g n an e  t y p e s  and f i t t e d  th e  

g e n e r a l  fo rm u la  shown i n  F ig .  4-* Compounds A5, A6 and A12 

a l s o  p o s s e s s e d  a d d i t i o n a l  s u b s t i t u e n t s  a t  t h e  3, 11 or  16 

p o s i t i o n s  o f  t h e  s t e r o i d  n u c l e u s .

Two of th e  r e m a in in g  t h r e e  oompounds 

p o s s e s s e d  an  amino s u b s t i t u e n t  a t  e i t h e r  t h e  6 o c -  

p o s i t i o n  (compound Al8) o r  a t  t h e  17/3 -  p o s i t i o n  (compound 

A25) w h i l s t  t h e  m a t e r i a l  d e s i g n a t e d  compound AT was i n  

f a c t  an  e q u i l i b r i u m  m i x tu r e  o f  2 (X-morpholino"-5cx,-androstane* 

3 ,1 7 " d i o n e  and  2 p  - m o r p h o l i n o - 5 u e - a n d r 0 8 t a n e - 3 , 1 7 - d i o n e  

(S avage ,  D .S . ,  p e r s o n a l  com m u n ica t io n ) .  The s t r u c t u r a l  

fo rm u la e  o f  t h e  compounds un der  i n v e s t i g a t i o n  a r e  shown 

i n  T a b le  1 .

EXPERIMENTS USINC HIOB.

T o x i c i t y  T e s t s .

A p o s i t i v e  b i o l o g i c a l  r e s p o n s e  e . g . ,  p a r a l y s i s ,  

c o n v u l s i o n s  or  l o s s  o f  t h e  r i g h t i n g  r e f l e x  i s  i n d i c a t e d  by 

a p l u s  s i g n ,  t h e  i n t e n s i t y  of  e f f e c t  b e i n g  d e n o te d  by t h e  

number of p l u s  symbols a s s i g n e d  : -  f o u r  p l u s  symbols 

i n d i c a t e d  a v e ry  p ronounced  e f f e c t ;  t h r e e  a marked e f f e c t ;  

two a m o d e ra te  e f f e c t ;  one a s l i g h t  e f f e c t .
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C onvtila Io n s Soda t l o n Loas o f
R ig h t in g
R o flo x

Loofl o f  j Loao o f  
C o rn e a l  P in m  
R o flo x  I R o flo x

D ea th

A20 50

8 7 ,5

100 1002
A21 60

76 202++

100 602++
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100
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200
100

160
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25
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6 2 ,6
++76

SOA26

78
1002100

75
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The compounds under  i n v e s t i g a t i o n  e x h i b i t e d  

v a r y i n g  d e g r e e s  o f  c e n t r a l  n e rvous  s y s tem  a c t i v i t y  

i n c l u d i n g  s t i m u l a t i o n  and d e p r e s s i o n  (T a b le  2 ) .  Twelve 

o f  t h e  amino s t e r o i d s  (compounds Al, A2, A3, A4, A8, A13,

A14, A15, A16, A21, A25 and A26) on i n t r a v e n o u s  i n j e c t i o n  

a t  d o s e s  (25 t o  50 mg/kg) h a l f  t o  t w o - t h i r d s  below t h a t  o f  

t h e i r  t o x i c  r a n g e ,  i n i t i a l l y  p roduced  i n c r e a s e d  s p o n ta n e o u s  

a c t i v i t y ,  e x c i t a t i o n  and c o n v u l s i o n s  s u p e r s e d e d  by 

d e c r e a s e d  movement, s e d a t i o n  and p a r a l y s i s ,  none o f  th e  

e f f e c t s ,  however, b e in g  v e ry  s t r i k i n g .  As t h e  dose 

l e v e l s  were i n c r e a s e d  i n t o  t h e  l e t h a l  r a n g e ,  t h e  e f f e c t s  

o b s e rv e d  became more i n t e n s e  i n  n a t u r e .

Compounds A12 (75 m g/kg) ,  A17 (75 m g/kg) ,

A19 (2 5 0  mg/kg) and A24 (3 7 -5  m g /kg ) ,  however ,  t h e s e  

d o se s  p r o d u c in g  no f a t a l i t i e s  i n  m ice ,  p o s s e s s e d  m o d e ra te  

s e d a t i v e  and p a r a l y z i n g  a c t i v i t y  w i t h o u t  p r e v i o u s  

s t i m u l a t i o n  of  t h e  c e n t r a l  ne rvous  sy s te m .  Oompounds A12,

AI7 and  A24 a l s o  a b o l i s h e d  r i g h t i n g  and p in n a  r e f l e x e s  

b u t  n o t  t h e  c o r n e a l  r e f l e x  a t  doses  (55 mg/kg, 79 mg/kg, 

and 28 mg/kg r e s p e c t i v e l y ) c o n s i d e r a b l y  below t h e i r  LD50 

(1 1 0  mg/kg, 98 mg/kg, and 49 mg/kg r e s p e c t i v e l y ) .

None o f  t h e  26 compounds p ro d u c ed  s t r y c h n i n e -  

or l e p t a z o l - l i k e  c o n v u l s i o n s  and no a n a l g e s i a  was 

o b se rv e d  a t  n o n - l e t h a l  d o s e s .  Death  i n  a l l  o a s e s  

f o i l  owed r e s p i r a t o r y  f a i l u r e ,  u s u a l l y  -preceded by c o n v u l s i o n s .



TABLE 4 ( c o n t i n u e d )

P r o t e c t i v e  e f f e c t  o f  compounds a g a i n s t
L e p t a z o l  and E l e c t r i c a l l y  i n d u c e d  S e i z u r e s
i n  m i c e .

Compound PD50 a t  
5 min  
mg/kg

PD50 a t  
20 min 
mg/kg

1D50
mg/kg

A25
E le c tr o s h o c k 0 0 75-100

L e p ta z o l 0 0

A26
E le c tr o s h o c k 33 -  2 .8 5 0

L e p ta z o l 0 0
6 2 .5

T r im eth a -
d io n e

L e p ta z o l 327 -  7 .0 335 -  9 .3

Sodium
L iphenylhyd"
a n to in

E le c tr o s h o c k 21 i  1 .2 5 20 -  1 .9

Sodium
P h en o b arb i-
to n e

E le c tr o s h o c k 30 -  3 .1 26 i  2 .6

L e p ta z o l 29 -  2 .2 27 -  1 .9
,



Table  4 ( c o n t i n u e d )

P r o t e c t i v e  e f f e c t  o f  compounds a g a in s u
L e p t a z o l  and E l e c t r i c a l l y  in d u c e d  S e i z u r e s
i n  m ic e .

Compound PD50 a t  
5 m in  
m g /k g

PD50 a t  
2 0  m in  
m g / k g

LD50
m g / k g

A19
E l e c t r o s h o c k 0 0

L e p t a z o l 0 0
3 0 0 - 4 0 0

A20
E l e c t r o s h o c  k 0 0

L e p t a z o l 0 0
8 7 . 5 - 1 0 0

A21 1
4 5  ±  4 . 5E l e c t r o s h o c k 64  Î  7 . 7

L e p t a z o l 0 0
1 0 1  t  1 1 . 2

A22
E l e c t r o s h o c k 0 0

L e p t a z o l »
1 5 0

A23
E l e c t r o s h o c k 0 0

1 7 5 - 2 0 0
L e p t a z o l 0 0

A24
E l e c t r o s h o c k 2 0 . 5  t  2 . 5 4 7  ±  5 . 2

4 9  t  4 . 4
L e p t a z o l 4 6  i  4 . 4 4 8  i  6 . 7



TABLE 4 ( c o n t i n u e d )

P r o t e c t i v e  e f f e c t  o f  compounds a g a i n s t
L e p t a z o l  and E l e c t r i c a l l y  in d u c e d  S e i z u r e s
i n  m i c e .

Compound PD50 a t  
20 min  
m g/kg

LD50
m g/kg

PD50 a t  
5 min
m g/kg

A13
E l e c t r o s h o c k

7 5 - 1 0 0
L e p t a z o l

A14
E l e c t r o s h o o k

46 4 . 5
L e p t a z o l

A15
E l e c t r o s h o c k  | s l i g h t  a c t i o n

5 0 - 6 2 . 5
L e p t a z o l1

A16
E l e c t r o s h o c k

75
L e p t a z o l

A17
E l e c t r o s h o c k 53 81 % 8 . 46 . 5

L e p t a z o l

I
A18

E l e c t r o s h o c k

L e p t a z o l

!



TAB IE 4 ( c o n t i n u e d )

P r o t e c t i v e  e f f e c t  o f  compounds a g a i n s t
L e p t a z o l  and E l e c t r i c a l l y • in d u c e d  S e i z u r e s
i n  mice*

Compound PD50 a t  
5 min  
m g/kg

. PD50 a t  
20 min  
m g/kg

LD50
m g/kg

A7
E le  c t r o  sh ock 0 0

L e p ta z o 1 0 0
1 5 0 -1 7 5

AS
E l e c t r o s h o c k 3 5 .5  1  5 . 7 0

L e p t a z o l 0
....

0
1 0 2 .3  ± 6 . 7

A9
E le  c t r o s h o c k 0 0

L e p t a z o 1 0 0
2 5 0

AlO
E l e c t r o s h o c k 0 0

L e p t a z o l 0 0
2 5 - 5 0

A l l
E l e c t r o s h o c k 0 0

L e p t a z o l 0 0
50

A12
E l e c t r o s h o c k 90 i  6 . 2 5 0

L e p t a z o l 0 0
110  i  5 . 0



TABLE 4

P r o t e c t i v e  e f f e c t  o f  compounds a g a i n s t
L e p t a z o l  and E l e c t r i c a l l y  in d u c e d  S e i z u r e s
i n  m ic e .

Compound PD50 a t  
5 min * 
mg/kg

PD50 a t  
20 m in *  
m g/kg

LD50
m g /k g

1
j A1
: E l e c t r o s h o c k  
1
t

1 L e p t a z o l
j

0

0
_____________________  _

0

0
1 5 0 -1 7 5

A2
1 E l e c t r o s h o c k
1
1 L e p t a z o l
!.. - ___________  _

0

0
...........- -- - ______  - -

0

0
50

1 ^  
' A3 

E l e o t r o s h o c k 0
5 0 - 7 5

L e p t a z o l 0 0

A4
E l e c t r o s h o c k 0 0 100
L e p t a z o l  | 0 

1
0

A3
E l e c t r o s h o c k 4 7 . 3  1  3 . 8 86 i  5 . 2 1 1 0 ,5  i  5 . 0
L e p t a z o l 0 0

A6
E l e c t r o s h o c k  

L e p t a z o l

108 -  6 . 0  

0

0

0
114 Î  6 . 3

*

iPI)50
!

= Time b e tw e e n  i n j e c t i o n  o f  compound and e l e o t r o s h o c k  
= Time b e tw e e n  i n j e c t i o n  o f  compound and i n j e c t i o n  

o f  L e p t a z o l .
“ T h at d o se  p r o t e c t i n g  50^ o f  t h e  m ic e  i n j e c t e d  w i t h  

t e s t  com pound.



TABLE 3

I L o ss  o f  r i g h t i n g  r e f l e x .  LD50 and ED50. V a lu e s  
I and d u r a t io n  o f  l o s s  o f  r i g h t i n g  r e f l e x  In  m ice  

o f  compounds A 12, A 17, A24 and m e p h e n e s in .

Compound ED50
m g/K e

Doaa*
mgAg

**
D u r a t io n  
i n  min

LD50
mgAs

T h e r a p e u t ic
In d e x

: A12 55 i  4 . 2 8 2 . 5 8 . 8  -  4 . 5 110  i  5 . 0 2 , 0

; A17 79  Î  4 . 7 98 i  3 . 6 1 .2 4

1 A24 28 i  1 , 6 4 2 . 0 1 6 . 8  i  8 . 1 49 ± 4 . 4 1 .7 5

Mephen­
e s i n

97 Î  8 . 2 1 4 5 .0 9 , 8  ±  5 . 3 154 i  1 1 . ( ) 1 .5 9

^ One and a h a l f  t im e s  th e  ED50

D u r a t io n  o f  l o s s  o f  r i g h t i n g  r e f l e x .
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Fig* ; 5 Histogram of lo s s  of r ig h tin g  r e f l e x  a c t iv ity *  . LDJO and
I

SD50 values of conpounds AI2, h l j ,  A24 and mephenesin*.
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L o ss  o f  t h s  R i g h t i n g  R e f l e xW WJi W I WiT ■*!* a** " -**

D u r in g  t o x i o i t y  t e s t s  on mioo o n ly  compounds 

A12, A17, and A24 ca u sed  a m od era te  l o s s  o f  t h e  r i g h t i n g  

r e f l e x  a t  d o se s  c o n s i d e r a b l y  below t h e i r  t o x i c  range* The 

ED50 was t h e r e f o r e  d e te rm in e d  f o r  t h e s e  compounds and 

a l s o  f o r  m ep h en e s in  ( F i g * 5 )*

Compound A24 p ro du ced  l o s s  of t h e  r i g h t i n g  

r e f l e x  o f  a p p r o x im a t e l y  tw ic e  t h e  d u r a t i o n  o f  t h a t  found  

f o r  compound A12 or m ep h en es in  when one and a h a l f  t im e s  

t h e  ED50 d o se  was a d m i n i s t e r e d  t o  a g roup  o f  t o n  mice 

(T a b le  3)* On t h e  o t h e r  hand ,  t h e  t h e r a p e u t i c  in d e x  

was lo w e r  t h a n  t h a t  o f  compound A12 b u t  h i g h e r  t h a n  t h a t  

of m ephenesin* The t h e r a p e u t i c  i n d i c e s  o f  compounds A12 

and A24 compared v e r y  f a v o u r a b l y  w i th  t h a t  o f  m ep h en e s in  

( F i g .  5 ) .

A n t i c o n v u l s a n t  A c t i v i t y ,

T a b le  4 shows t h e  doses  of t h e  compounds 

r e q u i r e d  t o  p r o t e c t  50^ o f  th e  mice a g a i n s t  e l e o t r o s h o c k  

and l e p t a z o l - i n d u o e d  s e i z u r e s .  T h e i r  LD50 v a l u e s  a r e  

a l s o  shown.

i )  P r o t e c t i o n  A g a in s t  E l e c t r r c a l l y - I n d u e e d  S e i z u r e s .

Compounds A5, A6, A8, A12, AI4 , A17, A21, A24, 

and A26, a t  d o se s  rang-ing from 20 to  108 mg/kg, were a c t i v e  

i n  p r o t e c t i n g  50fo o f  t h e  mice from e l e c t r i c a l l y - i n d u c e d
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s e i z u r e s  5 m in u te s  a f t e r  i n j e c t i o n .  However, when t h e  

p e r i o d  o f  t im e  from  i n j e c t i o n  t o  t e s t i n g  was i n c r e a s e d  

to  20 m in u te s  on ly  compounds A5, A17 and A24 in  doses  

(86 mg/kg, 8 l  mg/kg and 47 mg/kg r e s p e c t i v e l y )  c l o s e  to  

t h e i r  LD50  and compound A21 (64 mg/kg) were a c t i v e  i n  

p r o t e c t i n g  m ice  from s e i z u r e s  ( F i g .  6 ) .

When t h e  PD50 (5 min) v a l u e s  o f  th e  compounds 

were compared w i th  t h e i r  HD50 v a l u e s  f o r  t h e  l o s s  o f  t h e  

r i g h t i n g  r e f l e x  compound A17 was shown to  have t h e  most 

f a v o u r a b l e  in d e x  o f  u o t i f i t y  (53 mg/kg v 79 m g /k g ) .

However, t h e  PD50 v a lu e  o f  compound A17 i n c r e a s e d  t o  

8 l  mg/kg when t h e  i n t e r v a l  be tw een  t e s t i n g  and i n j e c t i o n  

became 20 m i n u te s  ( P i g . 8 ) .

I t  i s  o b v io u s  t h a t  marked a n t i - e l e c t r o s h o c k  

a c t i v i t y  i s  n o t  a s p e c i f i c  p r o p e r t y  o f  th e  amino s t e r o i d s  

under  i n v e s t i g a t i o n  s i n c e  none showed a n t i c o n v u l s a n t  

a c t i v i t y  w i t h o u t  t h e  a p p e a ra n c e  o f  s i d e  e f f e c t s  ,suoh as  

e x c i t a t i o n ,  s e d a t i o n  a n d / o r  l o s s  o f  r i g h t i n g  r e f l e x .

F i g u r e  8 shows t h a t  a marked c o r r é l a t i o n  e x i s t s  b e tw een  

a n t i - e l e c t r o s h o c k  a c t i v i t y  and t h e  a b i l i t y  t o  p ro d u c e  

l o s s  o f  t h e  r i g h t i n g  r e f l e x *  I n  c o n t r a s t ,  t h e  c l i n i c a l l y  

u s e f u l  a n t i c o n v u l s a n t  d ru g s  sodium d i p b e n y l h y d a n t o i n  and 

sodium p h e n o b a r b i to n e  p r o t e c t e d  a g a i n s t  e l e c t r i c a l l y -  

in d u c e d  s e i z u r e s  w i t h o u t  th e  a p p e a ra n c e  o f  any v i s i b l e  s i d e  

e f f e c t s .  F u r th e rm o re ,  t h e i r  PD50 v a l u e s  a t  5 and 20 m in u te s



TABLE 5

Anti-ParAinson Activity of compounds A5, A12, A17, A19, 
A21, A24 and atropine in mice.

min 30 min 60 min45 min 90 min
C om— 
pound

Dose
mg/kg Scor Score Score Score, Score

2845 28 12.5
1628

28A12
100 28 12.5

28 12.5AI7
75 22

28125 12.5AI9
18.75250

2825 28 12.5A21
15.5

2812.520 28A24
2240

93.75100100Atro­
pine 100100100100

* For description of Scoring System employed, see page
Percentage Degree of Protection Afforded against 
Tremorine-induced Seizures,

;*** Observation taken 15 min after injection of Tremorine.
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were v i r t u a l l y  t h e  same.

11 ) P r o t e c t i o n  A g a in s t  L e p t a g o l - Incluced SeigureSo

Only compound A24* was a c t i v e  a g a i n s t  l e p t a z o l -  

Induced  s e i z u r e s  ( P i g .  7 )  and t h i s  was a t  a dose  

a p p r o x im a t e l y  t w ic e  t h a t  n e c e s s a r y  t o  p r o t e c t  30fo of  th e  

mice a g a i n s t  e l e c t r i c a l l y - l n d u c o d  s e i z u r e s  (T a b le  4 ) ,

The PD50 v a l u e  (5 min) and PD50 v a lu e  (20 m in)  were  both  

v e r y  c l o s e  t o  t h e  LP50 and much h i g h e r  t h a n  t h e  EP50 v a l u e  

f o r  l o s s  of  r i g h t i n g  r e f l e x  ( P l g .  8 ) .

I n  view o f  t h e s e  f i n d i n g s ,  p r o t e c t i o n  a g a i n s t  

l e p t a z o l - i n d u c e d  s e i z u r e s  would n o t  a p p e a r  t o  be an  

i m p o r t a n t  f e a t u r e  o f  t h e  p h a r m a c o l o g ic a l  a c t i v i t y  of t h e  

compounds under  I n v e s t i g a t i o n #

A n 11 -Pa r  k l  ns 0 n l  a n

Compounds A5, A12, A17, A19, A21 and A24 were 

s e l e c t e d  f o r  t h i s  t e s t  s i n c e  d u r i n g  p r e c e d i n g  e x p e r im e n ts  

t h e s e  a p p e a re d  t h e  m os t  a c t i v e  I n  p ro d u c in g  s e d a t i o n ,  

l o s s  o f  r i g h t i n g  r e f l e x  a n d / o r  p r o t e c t i o n  a g a i n s t  

e l e c t r i c a l l y - i n d u c e d  s e i z u r e s .

The r e s u l t s  I n  T a b le  5 I n d i c a t e  t h a t  none of t h e  

compounds In  d o s e s  o f  f rom  20 to  250 mg/kg a p p e a r  t o  

p o s s e s s  t h e  a b i l i t y  t o  a b o l i s h  e i t h e r  t h e  t r e m o r l g e n l c  

or p a r a s y m p a t h e t i c  e f f e c t s  o f  t r e m o r i n e .  A t r o p in e  

s u l p h a t e ,  2 ,5  mg/kg, I n j e c t e d  i n t r a v e n o u s l y ,  a lm o s t
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i<lg* 10  Cat* P en tobarb itone a n a esth es ia *  Blood

p ressu re  record from common c a r o t id  artery*  Drugs 

ad m in istered  in traven ou sly* . V e r t ic a l  sc a le *  

on l e f t  hand side*, in d ic a t e s  th e  b lood  

p ressu re  in  mn o f  mercury*.

At A* B and U* confound Alt) 1* 2 and 4 mg/kg 

r e s jje c t iv e ly *

üt Uf S* F and G, compound A ll 1* 2* 4 and 

8 mgAg r e s p e c t iv e ly *

At H* I  and j  compound A l)  1* 2 and 4 m gAg

r e s p e c t iv e ly ,
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1 2 0

30

P ig . 9 C at. P en tobarb itone a n a e sth es ia *  Blood  

p ressu re  record  from common c a r o tid  a rtery*  

Drugs ad m in istered  in tra v en o u sly *  V e r t ic a l  

scale*, on l e f t  hand s id e *  in d ic a t e s  th e  b lood  

p ressu re  in  mm o f  mercury.

At A* B and C* compound AL8 1* 2 and 4 mg/kg 

r e s p e c t iv e ly *
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c o m p l e t e l y  i n h i b i t e d  t h e  t r e m o r s  and c o m p l e t e l y  

a n t a g o n i z e d  th e  s a l i v a t o r y ,  u r in u u y  and  d e f a e o a t o r y  e f f e c t s  

in d u c e d  by t r e m o r i n e .  M oreover ,  i t  p ro d u ced  no n o t i c e a b l e  

s i d e  e f f e c t s .

I t  a p p e a r s  u n l i k e l y  t h a t  a n t l - P a r k l n s o n l a n  

a c t i v i t y  I s  a p r o p e r t y  of t h e  s t e r o i d s  u n d e r  i n v e s t i g a t i o n .

EXPERIIMTS V S i m  CATS.

E f f e c t  on t h e  B lood P r e s s u r e  of t h e  P e n t o b a r b i t o n e -

Anae s t h e t i z e d  C a t ,

A l l  t h e  compounds p roduced  a d e p r e s s o r  

r e s p o n s e  on I n t r a v e n o u s  a d m i n i s t r a t i o n .  Compounds A2, A3, 

A6, A12;A14, A16, A17, Al8, A2j. and A 2 4 ( a l l  a t  a dosage  

o f  4 mg/kg) had a m o d e ra te  d e p r e s s a n t  e f f e c t ,  p ro d u c in g  a 

f a l l  o f  a b o u t  30 mm. of m ercu ry .  Compounds A4, A5, AlO, 

A l l ,  A13 and A20 ( 4 - 5  mg/kg) had  a more p ronounced  

e f f e c t ,  each p ro d u c in g  a f a l l  of  40 t o  60 mm. F i g u r e s  

9 and 10  show t h e  e f f e c t s  of compounds AlO, A l l ,  A13 

and Al8 on t h e  b lo o d  p r e s s u r e .

The c a t  N i c t i t a t i n g  Memb r a n e P r e p a r a t i o n .

S in c e  compounds A4, A5, AlO, A l l ,  A13 and A20 

had t h e  m ost  p ronounced  h y p o t e n s i v e  e f f e c t ,  t h e i r  p o t e n t i a l  

s y m p a t h e t i c  g a n g l i o n  b l o c k i n g  a c t i v i t y  was a s c e r t a i n e d .

None o f  t h e  compounds In  d o se s  o f  up to  10 mg/kg 

p roduced  any  r e d u c t i o n  I n  t h e  h e i g h t  of  t h e  c o n t r a c t i o n  of
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Pig* 14 Cat gGLstrooiemlus oouacle-s c i a t i c  nerve

p r e p a r a tio n . Pant obarb i t  one a n a e sth es ia *

C on traction  dofnmrards* In d ir e c t  s t im u la tio n  

v ia  th e  s c i a t i c  n erve a t a  Arequenqy o f  

6A in *  é y  and 1 msec*

Drugs ad m in istered  in tr a v e n o u s ly .

At A# B and C* confound AlO 2* 4 and 

a  m gAg r e s p e c t iv e ly *  

i t  D and S» conpound i l l  $ and 1 0  m gAg  

r e s p e c t iv e ly *

i t  P# d-tubocurarine 0 .1 0  mgAg»

There was an in te r v a l  o f  7 min betw een th e  

a d m in is tra tio n  o f  S and F*
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* i g .  15 Cat gastrocnem ius m u s d e - s c ia t ic  n erve p r e p a r a tio n . 

P en tobarb itone a n a e s th e s ia . C on traction  

downwards* In d ir e c t  s t im u la tio n  v i a  th e  

s c i a t i c  nerve at a  ft*equençy o f  6 /m in ,  5  ̂

and 2 m sec.

Drugs ad m in istered  in tra v en o u sly *

At A. B» C and D. compound a6 1 ,  2,  3 and 

10 mgAg r e s p e c t iv e ly *

At E, d -tu b o cu ra rin e  0*10 mgAg»



F ig . 12 Cat. P en tob arb iton e a n a e s th e s ia . C on traction s  

of th e  n i c t i t a t i n g  meobrane e l i c i t e d  a t J min 

in t e r v a ls  by p r e g a n ^ io n ic  s t im u la t io n  o f  th e  

s ip e r io r  c e r v ic a l  nerve trunk a t  a  frequ en cy  o f  

1200 impul ses/m in *  6 V and 0*$ msec for  1$  sec*  

Drugs ad m in istered  in tr a v e n o u s ly  1 min b e fo r e  

st im u la tio n *

At A and B* conpound A$ $ and 10  mgAg 

r e a p e c tiv e ly *

At 0# hezajnethonium 0 .$  mgAg»



F ig .  11 Cat. P e n to b a r b itoiB a n a e s t h e s ia .  C on trac tio

o f  th e  n i c t i t a t i n g  membrane e l i c i t e d  a t  3 min. 

i n t e r v a l s  by p r e g a n g l io n ic  s t im u la t io n  o f  th e  

su p e r io r  c e r v i c a l  nerve  trunk  a t  a freq u en cy  c 

1200 im p u lse s /m in , 8 7  and 1 .0  msec f o r  15 sec  

Drugs a d m in is te red  in tr a v e n o u s ly  1 min b e fo r e  

s t im u la t io n .

At A and B, compound A20 4 and 8 mg/kg

r e s p e c t i v e l y .

At 0 ,  hexaméthonium 0 .5  mg/kg.
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t h e  n i c t i t a t i n g  membrane. I n  c o n t r a s t ,  hexaméthonium,

0 .5  mg/kg, a lw ays  m a rk e d ly  d e c re a s e d  t h e  h e i g h t  o f  

c o n t r a c t i o n  ( P i g s .  11 and 12)  i n  r e s p o n s e  t o  e l e c t r i c a l  

s t i m u l a t i o n .

I n  view o f  t h e  a b s e n c e  of  a c t i v i t y  i n  t h i s  

p r e p a r a t i o n ,  i t  seems u n l i k e l y  t h a t  s y m p a t h e t i c  g a n g l i o n  

b lo c k a d e  a c c o u n t s  f o r  t h e  h y p o t e n s i o n  o b se rv e d  w i th  th e  

s t e r o i d s  i n v e s t i g a t e d .

E f f e c t  on t h e  G a s t ro c n e m iu s  l i u s c l e - S o i a t i o  Nerve 

P r e p a r a t i o n  o f  t h e  A n a e s t h e t i z e d  C at .

A l l  t h e  compounds we ore i n a c t i v e  on t h i s  

p r e p a r a t i o n  i n  do ses  up t o  10 mg/kg ( P i g s .  13 and 1 4 ) .

I n  c o n t r a s t ,  doses  o f  0 .1 0  t o  0 .1 5  mg/kg o f  t u b o c u r a r i n e  

a lw ays  p ro d u c e d  marked n e u ro m u s c u la r  p a r a l y s i s .

N eu ro m u scu la r  b lo c k a d e ,  t h e r e f o r e ,  does n o t  

seem to  be t h e  c a u se  o f  t h e  p a r a l y s i s  and l o s s  of r i g h t i n g  

r e f l e x  s e e n  i n  mice d u r in g  t h e  t o x i c i t y  t e s t s .

E f f e c t  on t h e  Cr o s sed  E x t e n s o r  P r e p a r a t i o n  of t h e  

S p in a l l z e d  C a t ,

T h i s  p r e p a r a t i o n  i s  used  t o  i d e n t i f y  compounds 

w i th  i n t e r n e u r o n a l  b l o c k i n g  a c t i v i t y .  Only compounds A12, 

A17, and A24 (20 mg/kg) p ro du ced  an  i n h i b i t i o n  of t h e  

c r o s s e d  e x t e n s o r  r e f l e x  p r e p a r a t i o n .  They were a l l  l e s s  

a c t i v e  on t h e  p r e p a r a t i o n  t h a n  m ep h en e s in  which a t  a dose
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FLg. 16 % )inalized  cat* Crossed ex ten so r  r e f l e x

preparation *  C on traction  downwards* In d ir e c t  

s t im u la t io n  v ia  c o n tr a la te r a l  s c i a t i c  nerve  

a t a  frequ en cy  o f  6/m in* )  V and 2 msec*

Drugs ad m in istered  in tra v en o u sly *

At A# m ephenesin )0  mg/kg»

At B, coaqpomd jU.2 20 iQgAg»



FLg* 13  f i n a l i z e d  Gat* Grossed ex ten so r  r e f l e x  

preparation *  C on traction  downwards* 

In d ir e c t  s t im u la tio n  v ia  c o n tr a la te r a l  

s c i a t i c  nerve a t a  Arequenqy o f  6/ndnp 

3 T and 2 msec*

Drugs ad m in istered  in tra v en o u sly *

At A# m ephenesin }0 mg/kg#

At B* compound A24 20 mgAg»



54

of  30  mg/kg prodUGod a n  i n h i b i t i o n  o f  t h e  r e f l e x  t h r e e  

t im e s  a s  g r e a t  as  t h a t  o f  20 mg/kg of compounds A12 and 

A24 ( P i g s .  15  and 1 6 ) .
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o) DISCUSSION

Nono of  th o  26 ami no s t e r o i d s  o f  t h e  p r o s o n t  

i n v e s t i g a t i o n  (T a b le  l )  e x h i b i t e d  any p o t e n t i a l l y  

u s e f u l  c l i n i c a l  p r o p e r t i e s  a s  jud g ed  f rom  t h e  r e s u l t s  o f  

t h e  -pharm aco log ioa l  t e s t s  t o  which t h e y  were  s u b j e c t e d .

R e s u l t s  from t h e  a c u t e  t o x i c i t y  t e s t s  showed 

t h a t  t h e  compounds d id  no t  in d u c e  a d e g re e  o f  a n a e s t h e s i a  

s u f f i c i e n t  f o r  s u r g e r y  n o r  d id  t h e y  p ro d u c e  any marked 

s t i m u l a t i o n  o f  t h e  c e n t r a l  ne rvous  s y s te m .  Compounds 

A12, A17 and A24, however, d id  pz’oduce a marked l o s s  o f  

t h e  r i g h t i n g  r e f l e x  and showed a n t i c o n v u l s a n t  a c t i v i t y .  

Compounds A5, A6, A8, A14, A21 and A26 gave p r o t e c t i o n  

a g a i n s t  e l e c t r i c a l l y - i n d u c e d  s e i z u r e s  a l t h o u g h  i n  no 

c a s e  was a n t i - e l e o t r o s h o c k  a c t i v i t y  o b s e rv e d  w i t h o u t  t h e  

s i m u l t a n e o u s  p r e s e n c e  of  s i d e  e f f e c t s  such  a s  e x c i t a t i o n ,  

s e d a t i o n  a n d / o r  l o s s  o f  t h e  r i g h t i n g  r e f l e x .  T h is  

would s u g g e s t  t h a t  a n t i c o n v u l s a n t  a c t i v i t y  i s  no t  a 

s p e c i f i c  p r o p e r t y  o f  t h e  amino s t e r o i d s  u n d e r  i n v e s t i g a t i o n .  

A p a r t  from compound A24, t h e r e  was no amino s t e r o i d  a c t i v e  

a g a i n s t  l e p t a z o l - i n d u c e d  s e i z u r e s .

Loss  of t h e  r i g h t i n g  r e f l e x  can  be p roduced  by 

a v a r i e t y  o f  p h a r m a c o lo g io a l  a g e n ts  such a s  a n a e s t h e t i c s ,  

i n t e r n e u r o n a l  b l o c k i n g  a g e n t s ,  n e u ro m u s c u la r  b l o c k i n g  

a g e n t s  and o t h e r  c e n t r a l  n e rv ou s  s y s tem  d e p r e s s a n t s  (O*Doll ,  

I 9 6 0 )  and i t  i s  n o t  p o s s i b l e  em ploying  s o l e l y
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o b s e r v a t i o n a l  t e c h n i q u e s  t o  co n c lu d e  by what p r im a ry  

mechanism o f  a c t i o n  a d ru g  p ro d u c e s  t h i s  e f f e c t .  However 

th e  a b s e n c e  o f  any e f f e c t  on th e  o a t  g a s t r o c n e m iu s  

m u s c l e - s c i a t i c  n e rv e  p r e p a r a t i o n  by t h e  amino s t e r o i d s  

used  i n  t h e  p r e s e n t  work would i n d i c a t e  t h a t  l o s s  o f  t h e  

r i g h t i n g  r e f l e x  was n o t  due t o  n e u ro m u s c u la r  b l o c k i n g  

a c t i v i t y .  M oreover ,  d u r i n g  t h e  t o x i c i t y  e x p e r im e n t s ,  

no g e n e r a l  a n a e s t h e t i c  e f f e c t  was a p p a r e n t ,  a s  judged  

by t h e  f a c t  t h a t  t h e  r e f l e x  r e s p o n s e  t o  p a i n f u l  s t i m u l i  

was n o t  a b o l i s h e d  by an y  o f  t h e  compounds. However, 

a d m i n i s t r a t i o n  o f  compounds A12, A17 o r  A24 t o  mice 

cau sed  t h e  p in n a  r e f l e x  t o  be a b o l i s h e d  b e f o r e  t h e  c o r n e a l  

r e f l e x ,  s u g g e s t i n g  t h a t  t h e  l o s s  of t h e  r i g h t i n g  r e f l e x  

m ig h t  be due t o  th e  p o s s e s s i o n  o f  i n t e r n e u r o n a l  b l o c k i n g  

a c t i v i t y  by t h e  s t e r o i d s  b e in g  t e s t e d  ( G o o d s e l l  e t  a l ,  

1954)* T h is  view was f u r t h e r  s u b s t a n t i a t e d  by t h e  

f i n d i n g  t h a t  compounds A12, A17 and A24 had t h e  a b i l i t y  

to  i n h i b i t  t h e  c r o s s e d  e x t e n s o r  r e f l e x  i n  t h e  c a t ,  a 

p r o p e r t y  t y p i c a l l y  p o s s e s s e d  by i n t o r n e u r o n a l  b l o c k i n g  

a g e n t s  e , g , , m e p h en e s in  (Domino, 1 9 6 4 ) .

None of t h e  amino s t e r o i d s  a n t a g o n i z e d  th e  

t r e m o r s  in d u c e d  by t r e m o r i n e  ( l , 4 - d i p y r r o l i d i n o - 2 - b u t y n e ) 

( E v e r e t t ,  1 9 5 6 ) .  T h is  o b s e r v a t i o n  would i n d i c a t e  t h a t  

t h e  compounds do n o t  p o s s e s s  e i t h e r  c e n t r a l  a n t i c h o l i n e r g i c  

or c e n t r a l  sym pathom im etic  a c t i v i t y  (S p e n c e r ,  1965) and
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t h a t  t h e y  do n o t  i n h i b i t  t h e  c o n v e r s i o n  o f  t r e m o r i n e  

i n t o  i t s  a c t i v e  m e t a b o l i t e  o x o t r e m o r ! ne i n  t h e  l i v e r  

( L e s l i e  & M axw ell , 1 9 6 4 ) .  I n  view of  t h e  n e g a t i v e  

r e s u l t s  o b t a i n e d  i n  t h e  t r e m o r i n e  t e s t ,  i t  i s  u n l i k e l y  

t h a t  t h e  compounds would be of any v a l u e  i n  t h e  t r e a t m e n t  

o f  P a rk in so n *  s d i s e a s e .

Compounds A12, A17 and A24 in d u c e d  a f a l l  i n  

b lood  p r e s s u r e  n o t  on ly  i n  i n t a c t  b u t  a l s o  i n  s p i n a l i s e d  

c a t s .  T he re  a r e  many f a c t o r s ,  bo th  c e n t r a l  and 

p e r i p h e r a l ,  which may c o n t r i b u t e  to  a compound p r o d u c in g  

a f a l l  i n  b lo o d  p r e s s u r e  on a d m i n i s t r a t i o n  t o  

e x p e r i m e n ta l  a n i m a l s .  S in ce  i n  t h e  s% )ina lized  a n im a l ,  

t h e  b r a i n  h a s  been  d e s t r o y e d ,  i t  i s  u n l i k e l y  t h a t  t h e  

h y p o t e n s i v e  a c t i v i t y  of t h e  compounds u n d e r  i n v e s t i g a t i o n  

i s  due t o  any g r e a t  e x t e n t  t o  a d e p r e s s a n t  e f f e c t  on 

t h e  vaso m o to r  c e n t r e s  o f  t h e  b r a i n  s tem  and t h e  m e d u l l a . 

M oreover ,  t h e  h y p o t e n s i o n  does  no t  seem t o  be a t t r i b u t a b l e  

to s y m p a t h e t i c  g a n g l i o n  b l o c k i n g  a c t i v i t y  ( s e e  page 52) 

and t h e  f a l l  i n  b lood  p r e s s u r e  may w e l l  bo m e d ia te d  v i a  

a d i r e c t  a c t i o n  on t h e  h e a r t  a n d / o r  t h e  b lo o d  v e s s e l s .

I n  o rd e r  t o  r e a c h  t h e i r  s i t e  o f  a c t i o n  i n  th e  

c e n t r a l  ne rv o u s  sy s tem  t h e  amino s t e r o i d s  have  t o  c r o s s  

t h e  b l o o d / b r a i n  b a r r i e r .  I t  i s  g e n e r a l l y  b e l i e v e d  t h a t  

t h i s  b a r r i e r  behaves  a s  a s e l e c t i v e  l i p o i d  membrane 

(Mark and o t h e r s ,  1957, 1958? Mayer, M a ick e l  & L r o d ie ,  1 9 5 9 ) .
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I o n i s e d  s u b s t a n c e s ,  such a s  q u a t e r n a r y  ammonium 

compounds, p e n e t r a t e  t h e  b l o o d / b r a i n  b a r r i e r  much more 

s lo w ly  t h a n  do l i p i d  s o l u b l e  u n - i o n i s e d  compounds 

(Mayor & B a in ,  1956? L ev in e  1959? R a i l  & Zubrod, I960? 

H ansson  & S o h m ite r low ,  1 9 6 1 ) .  I n  t h e  l a t t e r ,  t h e  r a t e  

o f  p e n e t r a t i o n  i s  r o u g h ly  p a r a l l e l  t o  t h e  l i p i d - t o - w a t e r  

p a r t i t i o n  c o e f f i c i e n t  o f  t h e  u n - i o n i z e d  m o l e c u l e s  (Mayer 

e t  a l .  1959)-  With t h e  e x c e p t i o n  of  t h e  e s t o r i f i e d  

amino s t e r o i d s  (compounds A9, A19, A22 and A23), i t  

seems l i k e l y  t h a t  t h e  compounds under  i n v e s t i g a t i o n  

e x i s t  i n  t h e  b lood  a s  l i p i d  s o l u b l e  u n - i o n i z e d  m o le c u le s  

which ca n  r e a d i l y  p e n e t r a t e  t h e  b l o o d / b r a i n  b a r r i e r .  

U n f o r t u n a t e l y ,  c o m p le te  v e r i f i c a t i o n  o f  t h i s  p r o p o s a l  

was n o t  p o s s i b l e  due t o  t h e  u n f a v o u r a b l e  s o l u b i l i t y  

c h a r a c t e r i s t i c s  o f  t h e  a:...ino s t e r o i d s  p r e v e n t i n g  

m easurem ent  of  t h e i r  pKa v a l u e s  from which, em ploying  

t h e  H e n d e rso n -H a se lb a c h  e q u a t i o n ,  t h e  p e r c e n t a g e  of  

a m i n o - s t e r o i d  which i s  u n - i o n i z e d  a t  b i o l o g i c a l  pH can  

be c a l c u l a t e d .  The p o s t u l a t e  n e v e r t h e l e s s  seems 

a c c e p t a b l e  i n  view of  t h e  o b s e r v a t i o n  t h a t  t h e  l o s s  of 

t h e  r i g h t i n g  r e f l e x  in d u c e d  by compounds A12, A17 and A24 

i s  a lm o s t  im m ed ia te  f o l l o w i n g  i n t r a v e n o u s  a d m i n i s t r a t i o n ,  

a f a c t  which  a l s o  s u g g e s t s  t h a t  i t  i s  t h e  compound p e r  se 

and n o t  a m e t a b o l i t e  which p o s s e s s e s  a c t i v i t y .  The 

h i g h l y  i o n i z e d ,  h y d r o p h i l i c  h e m i s u c o i n a t e  s t e r o i d  e s t e r s



(compounds A9, A19, A22 and A23), on th o  o t h e r  hand,  

vmuld be u n l i k e l y  t o  c r o s s  t h e  b l o o d / b r a i n  b a r r i e r  

p e r  so .  I t  m igh t  be e x p e c te d  t h a t  i n__yjr/o h y d r o l y s i s  

o f  t h e s e  compounds t o  t h e  u n - i o n i a e d  l i p i d  s o l u b l e  p a r e n t  

amino s t e r o i d s  would t a k e  p l a c e  th ro u g h  t h e  a c t i o n  of  

t h e  n o n - s p e c i f i c  e s t e r a s e s  o f  t h e  serum, a s  was o b se rv ed  

f o r  o t h e r  s t e r o i d a l  h e m is u c o in a t e  e s t e r s  by P ig d o r  and 

o t h e r s  (1957)* That  t h i s  may no t  bo t h e  c a s e  f o r  t h e  

h e m i s u c o i n a t e  e s t e r s  un der  i n v e s t i g a t i o n  i s  d e m o n s t r a te d  

by t h e  a b s e n c e  of  c e n t r a l  n e rv o u s  sys tem  d e p r e s s a n t  

a c t i v i t y  i n  compound A23 ( t h e  h e m i s u c o i n a t e  e s t e r  of 

compound A24), a l t h o u g h  A24 i t s e l f  i n d u c e s  l o s s  of  th e  

r i g h t i n g  r e f l e x .  I t  would t h e r e f o r e  seem t h a t  th e  

h e m i s u c o i n a t e  f u n c t i o n  o f  compound A23 may n o t  be 

s u f f e r i n g  i n  v ijvo c l e a v a g e  t o  any g r e a t  e x t e n t .

One i n t e r e s t i n g  f a c t  i s  a p p a r e n t  from  T ab le  

4 ( o p p o s i t e  page 50)? i n  t h o s e  compounds showing 

p r o t e c t i o n  a g a i n s t  e l e c t r o s h o c k  c o n v u l s i o n s ,  t h e  PD50 

(20 mill) i s  u s u a l l y  o f  t h e  o rd e r  o f  t w i c e  t h e  dose o f  

t h e  PD50 (5 m in ) .  T h i s  m ig h t  s u g g e s t  t h a t  t h e  compounds 

c o n c e rn e d  a r e  e x t r e m e ly  r a p i d l y  d e a c t i v a t e d  i n  t h e  bo d y .

I f  such were  t o  be t h e  c a s e  i t  m ig h t  a f f o r d  an  added 

e x p l a n a t i o n  a s  t o  why compound A23 i s  i n a c t i v e  s i n c e  t h e  

r a t e  o f  i n  v iv o  h y d r o l y s i s  t o  compound A24 m ig h t  be 

s u f f i c i e n t l y  slow w i th  r e s p e c t  to  t h e  r a t e  of i n a c t i v a t i o n
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of  compound A24 t h a t  a c o n c e n t r a t i o n  o f  t h e  l a t t e r  

n e c e s s a r y  t o  p rod uce  an  e f f e c t  c a n n o t  be a c h i e v e d .  A 

s tu d y  o f  t h e  m e ta b o l i sm  o f  t h e s e  compounds would be 

of  c o n s i d e r a b l e  i n t e r e s t  b u t  i t  was c o n s i d e r e d  t h a t  such 

work was o u tw i th  t h e  scope  o f  t h i s  t h e s i s .

The b i o l o g i c a l  a c t i o n s  o f  th e  amino s t e r o i d s  

r e f l e c t  t h e  p r o p e r t i e s  of a g roup  o f  s t r u c t u r a l l y  s p e c i f i c  

compounds s i n c e  t h e i r  p o te n c y  and s p e c t ru m  of  a c t i v i t y  

can  be v a s t l y  a l t e r e d  by s m a l l  changes  i n  c h e m ic a l  s t r u c t u r e  

( s e e  p ag e s  48 and 4 9 ) .  I t  a p p e a r s  r e a s o n a b l e  t o  assume, 

t h e r e f o r e ,  t h a t  t h e  amino s t e r o i d s  r e a c t  w i th  h y p o t h e t i c a l  

r e c e p t o r  s i t e s  which p o s s e s s  a geom etry  and e l e c t r i c a l  

c h a rg e  d i s t r i b u t i o n  com plem entary  t o  t h o s e  o f  t h e  a c t i v e  

d rug  m o l e c u l e -

U n f o r t u n a t e l y ,  owing t o  t h e  l i m i t e d  number 

o f  compounds a v a i l a b l e ,  no b road  g e n e r a l i z a t i o n s  on 

s t r u c t u r e - a c t i o n  r e l a t i o n s h i p s  would a p p e a r  t o  be f e a s i b l e #  

However, i t  was o b s e rv e d  t h a t  a n t i c o n v u l s a n t  a c t i v i t y  

and l o s s  o f  t h e  r i g h t i n g  r e f l e x  o c c u r r e d  more o f t e n  

w i th  compounds h a v in g  t h e  n i t r o g e n  f u n c t i o n  i n  t h e  2 ^  -  

p o s i t i o n  t h a n  w i t h  compounds h a v in g  t h e  n i t r o g e n o u s  

r a d i c a l  i n  t h e  3 oc -  p o s i t i o n .  E x c e p t i o n s  t o  t h i s  

g e n e r a l i s a t i o n  a r e ,  however,  p r o v id e d  by compounds A8,

A14 and A21 w i th  r e s p e c t  t o  a n t i - * e l e c t r o s h o c k  a c t i v i t y ,  and 

p o s s i b l y  by compounds A19 and A19 which in d u c e  m ild  l o s s



of tb o  r i g h t i n g  r o f l o x .

I t  i s  o f  some i n t o r o s t  t h a t  Sugruo (1963) a l s o  

found a n t i c o n v u l s a n t  a c t i v i t y  and  i n d u c t i o n  o f  l o s s  o f  t h e  

r i g h t i n g  r e f l e x  t o  bo a s s o c i a t e d  w i th  o t h e r  amino s t e r o i d s  

c o n t a i n i n g  a E - h e t e r o c y c l e  i n  th e  2 -  p o s i t i o n  a s  a

r e s u l t  o f  which he p ro p o s e d  t h a t  a (9 -  f a c e  a t t a c h m e n t  

o f  t h e  s t e r o i d  m o le c u le  t o  t h e  r e c e p t o r  s u r f a c e  i s  

o p e r a t iv e *  However, t h e  p r e s e n t  r e s u l t s  w i th  compounds 

A8, A14, A15, A19 and A21 would a p p e a r  t o  make t h i s  

h y p o t h e s i s  u n t e n a b l e .

A c o m p ar iso n  o f  t h e  s t r u c t u r a l  f e a t u r e s  of  

compounds A5, A6 and  AIT shows t h a t  a l l  t h r e e  compounds 

p o s s e s s  a 2 ^ - m o r p h o l i n o  g roup  and t h e  same b a s i c  p re g n a n e  

s k e l e to n *  The l e a s t  s u b s t i t u t e d  member o f  t h e s e  t h r e e  

compounds i s  A17 and i t  i s  a l s o  c o n s i d e r a b l y  more a c t i v e  

t h a n  compound A5 i n  p r o d u c in g  l o s s  o f  t h e  r i g h t i n g  

r e f l e x ,  w h i l e  compound A6 i s  i n a c t i v e  i n  t h i s  r e s p e c t *  I t

would t h u s  a p p e a r ,  f rom  t h i s  l i m i t e d  o b s e r v a t i o n ,  t h a t  

a d d i t i o n a l  m u c lea r  s u b s t i t u t i o n  i n  t h e  amino s t e r o i d s  

under  i n v e s t i g a t i o n  i s  d e t r i m e n t a l  t o  l o s s  o f  t h e  r i g h t i n g  

r e f l e x  a c t i v i t y *  I t  i s  w orthy  o f  n o t e  t h a t  t h i s  

c o n c l u s i o n  i s  i n  ag reem en t  w i th  t h e  work o f  P ig d o r  and h i s  

c o -w o rk e r s  (1957)  who a l s o  found  t h a t  n u c l e a r  s u b s t i t u t i o n  

d e c r e a s e d  t h e  c e n t r a l  n e rv o u s  sy s tem  d e p r e s s a n t  a c t i v i t y  of 

a s e r i e s  o f  w a t e r - s o l u b l e  s t e r o i d s .
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SURYHY 0? THE EFRDQT8 OP ETROgHNQUS STEROIDS 

AT THE NEUR0LKJ3GUL3JI JUjIGTTON.

I n t e r e s t  i n  t h e  pharmaoology of  d ru g s  a c t i n g  

a t  t h e  s k e l e t a l  m u s c le -m o tor  ne rve  j u n c t i o n  h a s  been  

s u s t a i n e d  i n  r e c e n t  y e a r s  (Bovet ,  B o v e t - H i t t i  & M a r t i n i -  

B e t t o l o ,  1959? Lew is ,  I960? Bowman, 1962? S to n la k e ,  1963? 

T a y lo r  & H e d e rg a a rd ,  19653 T h e s l e f f  & Q u a s t e l ,  19 6 5 ) .  

A lthough  t h e  e x a c t  n a t u r e  and p r o p e r t i e s  of th e  

c h o l i n e r g i c  n i c o t i n i c  r e c e p t o r  r e m a in  unknown, th e  r e c e n t  

c h e m ic a l  and p h a r m a c o l o g ic a l  r e s e a r c h  d ev o ted  t o  r i g i d  

b i s q u a t e r n a r y  s t e r o i d a l  d e r i v a t i v e s  b'^s boon p a r t i c u l a r l y  

r e l e v a n t  (May & B aker ,  1963, 1965? Khuong Huu-Laine"^& 

P in to - S o o g n a m i g l i o ,  1964? B ig gs  ejb a l .  1964;  M a r t in -B m i th  & 

Sugruo, 1964? A lauddir i  e t _ a l o 1 965) ,  p e r m i t t i n g  an  

i n v e s t i g a t i o n  o f  b a s i c  p h a r m a o o lo g ic a l  p ro b lem s  o f  th e  

r e c e p t o r ,  unhampered by th e  c h a n g in g  of m o l e c u l a r  

c o n f o r m a t io n  c h a r a c t e r i s t i c  o f  n o n - r i g i d  m o l e c u l e s .

Compounds o f  t h i s  n a t u r e  have a l s o  a r o u s e d  c l i n i c a l  i n t e r e s t  

(Mushin & M apleson ,  1964) s i n c e  t h e y  p o s s e s s  s h o r t - a c t i n g  

p o t e n t  n o n - d e p o l a r i z i n g  p r o p e r t i e s  i n  a n im a l s  ( s e e  

r e f e r e n c e s  c i t e d ) .

I n  o r d e r  t o  u n d e r s t a n d  t h e  complex mechanism 

of  a c t i o n  o f  n e u ro m u s c u la r  b l o c k i n g  - 'g en ts ,  i t  i s  f i r s t  

e s s e n t i a l  t o  c o n s i d e r  t h e  a n a t o m i c a l  f e a t u r e s  of t h e  

n e u ro m u s c u la r  sy n a p se  and th e  p h y s i o l o g i c a l  e v e n t s  which
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o ccu r  t h o r o  d u r in g  n e u ro m u sc u la r  t r a n s m i s s i o n .

THE HEUHOLÏÜSCULAR JUNOTIOH.

i )  A n a to m ica l  E e a t u r e s .

The a n a to m i c a l  f e a t u r e s  o f  t h e  n e u ro m u sc u la r  

j u n c t i o n  have been  w e l l  d e f in e d ,  m a in ly  a s  a r e s u l t  o f  

l i g h t  m ic ro s c o p e  (C ou teaux ,  1947, 1955, 1958) and e l e c t r o n  

m ic ro s c o p e  s t u d i e s  ( f o r  r e v ie w s  s e e  R o b e r t s o n ,  1956? 

A n d e r s s o n -C e d e rg re n ,  1959; and t h e  aionograph by Zaclcs, 1964)

As t h e  m otor  n e rv e  a p p r o a c h e s  t h e  s k e l e t a l  

m usc le  s u r f a c e ,  t h e  n e rv e  f i b r e  l o s e s  i t s  m y e l in  s h e a th  

and d i v i d e s  i n t o  numerous t e r m i n a l  b r a n o b l e t s  which l i e  

i n  g ro o v e s  o r  t r o u g h s  -  s y n a p t i c  t r o u g h s  -  i n d e n t i n g  th e  

saroolemma or m u sc le  f i b r e  s u r f a c e .  T here  i s  no d i r e c t  

p r o t o p l a s m i c  c o n t i n u i t y  b e tw een  t h e  n e r v e  and m usc le  

f i b r e .  W i th in  t h e  s y n a p t i c  t r o u g h s ,  t h e  s a ro o p la s m  of  

t h e  m usc le  f i b r e  i s  th rown i n t o  deep i n f o l d i n g s  -  

’’j u n c t i o n a l  f o l d s ” (R o b e r t s o n ,  1 9 5 6 ) .  The i n t e r v e n i n g  

gap (1 5 0  -  600 A) be tw een  t h e  n e rv e  t e r m i n a l  and t h e  m usc le  

s u r f a c e  i s  c a l l e d  t h e  s y n a p t i c  c l e f t .

A n a to m ica l  f e a t u r e s  of  t h e  n e u ro m u s c u la r  

sy n ap se  have  been  c o r r e l a t e d  w i th  t h e i r  p h y s i o l o g i c a l  

f u n c t i o n .  W i th in  t h e  p r o - s y n a p t i c  n e rv e  t e r m i n a l s ,  t h e r e  

i s  an a c c u m u la t i o n  o f  m in u te  ( 0^ .  500 A d i a m e t e r )  

s e c r e t o r y  g r a n u l e s ,  ” s y n a p t i c  v e s i c l e s ” (do R o b o r t i s  & 

B e n n e t t ,  1 9 5 5 ) ,  which i t  i s  b e l i e v e d  may bo i m p l i c a t e d  i n



t h e  s t o r a g e  o f  a c e t y l c h o l i n e  (do R o b o r t i s  & B e n n e t t ,  1955? 

R o b e r t s o n ,  1 9 5 6 ) .  H i s t o l o g i c a l  and c e n t r i f u g a t i o n  

s t u d i e s  have co n f i rm e d  t h a t  a o o t y l c h o l i n o  and c h o l i n e  

a c o ty l a s G ,  t h e  enzyme r e s p o n s i b l e  f o r  t h e  b i o s y n t h e s i s  

o f  a c e t y l c h o l i n e ,  o c c u r  t o g e t h e r  i n  t h e  m ic ro so m a l ,  or 

s m a l l  g r a n u l e  f r a c t i o n ,  o f  n e rv e  t i s s u e  hom ogenates  

(Hebb, 1 9 6 3 ) .  On t h e  o t h e r  hand, a c e t y l c h o l i n e s t e r a s e ,  

t h e  s p e c i f i c  enzyme r e s p o n s i b l e  f o r  t h e  h y d r o l y t i c  

d e s t r u c t i o n  o f  a c e t y l c h o l i n e ,  i s  l o c a t e d  m a in ly  i n  t h e  

l a m e l l a e  o f  t h e  p o s t - s y n a p t i c  j u n c t i o n a l  f o l d s  (C ou teaux  cc 

T ax i ,  1 9 5 2 ) .  Lower c o n c e n t r a t i o n s  o f  t h e  enzyme a l s o  

o c c u r  w i t h i n  t h e  p r e - s y n a p t i c  n e rv e  t e r m i n a l s  (K o e l le  & 

S t e i n e r ,  1956? I f o e l l e ,  1 9 63 ) .

i i )  Chem ical  T r a n s m is s io n .

A f t e r  t r a v e l l i n g  t h e  l e n g t h  o f  t h e  axon from 

t h e  c e n t r a l  n e rv o u s  sy s tem ,  t h e  n e rve  im p u ls e  from  a 

m o to r  n e r v e  i s  b e l i e v e d  t o  be t r a n s m i t t e d  t o  t h e  s k e l e t a l  

m usc le  th ro u g h  t h e  i n t e r c e s s i o n  o f  a c e t y l c h o l i n e  (D a le ,  

F e l d b e r g  & Vogt,  1936; K a tz ,  1962? S o c l e s ,  1964) which 

i n  co n se q u en ce  p e r fo rm s  a s  a  neurohorm one.

The c o n c e p t  o f  c h e m ic a l  t r a n s m i s s i o n  v i a  

neurohorm ones  was f i r s t  a p p l i e d  t o  t h e  s y m p a th e t i c  

( E l l i o t ,  1 9 0 5 ) and s u b s e q u e n t l y  t o  t h e  p a r a s y m p a t h e t i c  

(Loewi, 1 9 2 1 ; Loewi & N a v r a t i l ,  1926) b r a n c h e s  of th e  

au tonom ic  n e rv o u s  s y s te m .
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W hile  t h e  e s s e n t i a l  r o l e  o f  a c e t y l c h o l i n e  i n  

n e u ro m u sc u la r  t r a n s m i s s i o n  i s  now g e n e r a l l y  a c c e p te d ,  t h e  

p r e c i s e  mechanism by which i t  f u l f i l s  t h i s  f u n c t i o n  

re m a in s  i n  d i s p u t e .  I n  c o n t r a s t  t o  t h e  u s u a l l y  acce  t e d  

view ( d e l  C a s t i l l o  & K a tz ,  1956? K a tz ,  1962)  vdiioh 

m a i n t a i n s  t h a t  a c e t y l c h o l i n e  i s  r e l e a s e d  o n ly  p r o -  

s y n a p t i c a l l y  a t  n e rv e  t e r m i n a l s  by a m u l t i s t a g e  p r o c e s s  

and d i f f u s e s  a c r o s s  t h e  s y n a p t i c  c l e f t  ( s e e  page 67) ,  

Nachmansohn and h i s  a s s o c i a t e s  (Nachmansohn, 1959, 1963a) 

c l a i m  t h a t  a c e t y l c h o l i n e  p l a y s  an e s s e n t i a l  r o l e  i n  th e  

p r o p a g a t i o n  of  t h e  n e rv o u s  im p u lse  a l o n g  t h e  e n t i r e  

n e rv e  f i b r e  th ro u g h  t h e  g e n e r a t i o n  of b i o e l e c t r i c  

p o t e n t i a l s .  I t  i s  t h e n  p o s t u l a t e d  t h a t  a t  t h e  ne rve  

t e r m i n a l s  t h e s e  c u r r e n t s  a r e  o f  s u f f i c i e n t  m ag n i tu d e  t o  

b r i d g e  t h e  s y n a p t i c  c l e f t  and m o b i l i z e  a c e t y l c h o l i n e  

p o s t - s y n a p t i c a l l y  t h u s  g e n e r a t i n g  t h e  e n d - p l a t c  p o t e n t i a l  

( f o r  d i s c u s s i o n  o f  t h i s  c o n t r o v e r s y  s e e  K o e l l e ,  1963; 

Nachmansohn, 1963a;  E h r e n p r o i s ,  1 9 6 4 ) .

i i i )  B i o s y n t h e s i s  and S to r a g e  o f  A c e t y l c h o l i n e .

The b i o s y n t h e s i s  of a c e t y l c h o l i n e  i n v o l v e s  

a c é t y l a t i o n  of c h o l i n e  (Nachmansohn, 1946? Hebb, 1 963) ,  

t h e  en e rg y  f o r  t h e  c o n v e r s i o n  b e in g  s u p p l i e d  by 

a d e n o s in e t r ip h o s% )h a te  (ATP) (Nachmansohn & Machado, 1 9 4 3 ) .  

I n  t h e  f i r s t  s t e p  i t  would seem t h a t  coenzyme A i s  

a c e t y l a t e d  i n  t h e  p r e s e n c e  o f  a c e t y l k i n a s e  w h i l e  t h e
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SGOond s tag e  in v o lv e s  the  c h o l i n e  ac o ty la se -n ie d ia te d  

t r a n s f e r  of an a c e ty l  group  from a c e ty l o o enzyme A to  

c h o l in e .

I t  seems t h a t  i n t r a c e l l u l a r  c h o l i n e  s t o r e s  

may bo i n a d e q u a t e  f o r  t h e  s y n t h e s i s  o f  a c e t y l c h o l i n e  i n  

amounts  s u f f i c i e n t  f o r  a l l  c o n d i t i o n s  o f  n e rv o u s  a c t i v i t y  

and a c c o r d i n g l y  i t  h a s  been s u g g e s t e d  t h a t  t h e r e  may be 

a s p e c i f i c  c h o l i n e  c a r r i e r  mechanism r e s p o n s i b l e  f o r  t h e  

t r a n s p o r t  o f  e x t r a c e l l u l a r  c h o l i n e ,  d e r i v e d  from t h e  

breakdown o f  p r e v i o u s l y  u t i l i z e d  t r a n s m i t t e r ,  to  

i n t r a c e l l u l a r  s i t e s  f o r  a c é t y l a t i o n  (M a c in to sh ,  1959, 

1 9 6 3 ) .

The s y n t h e s i s  o f  a c e t y l c h o l i n e  i s  b e l i e v e d  t o  

t a k e  p l a c e  m a in ly  i n  t h e  n e r v e  t e r m i n a l s ,  a s  e v id e n c e d  

by t h e  h ig h  c o n c e n t r a t i o n s  of  c h o l i n e  a c e t y l a s o  l o c a l i z e d  

t h e r e  (M a c in to sh ,  1963)* The f a c t  t h a t  c h o l i n e  a c e t y l a s e  

i s  n o t  a b u n d a n t  i n  a r e a s  away from t h e  n e u ro m u s c u la r  

j u n c t i o n  (Hebb, 1963) h a s  been  t a k e n  a s  p r o v i d i n g  s u p p o r t  

f o r  t h i s  s u g g e s t i o n .

A c e t y l c h o l i n e  i s  s t o r e d  b o th  i n s i d e  ("b o u n d ” ) 

and o u t s i d e  ( " f r e e ” ) t h e  s y n a p t i c  v e s i c l e s  (M ac in to sh ,

1963) i n  t h e  form o f  a p h y s i o l o g i c a l l y  i n a c t i v e  p r o t e i n -  

bound complex (Hebb, 1 9 6 3 ) ,

i v )  L i b e r a t i o n  of Ace 'kyloholineo

W hile  t h e  r e l e a s e  o f  a c e t y l c h o l i n e  i n  q u a n t i t i e s



67

s u f f i  o i e n t  t o  p ro du ce  m u s c u la r  c o n t r a c t i o n  o n ly  o c c u rs  on 

t h e  a d v e n t  o f  a n e rv o u s  im p u ls e ,  t h e r e  i s  a c o n t i n u a l  

s p o n ta n e o u s  r e l e a s e  o f  a c e t y l c h o l i n e  i n  m u l t i m o l o c u l a r  

q u a n ta  from  t h e  n e rv e  e n d in g s  a t  r e s t  ( d e l  C a s t i l l o  &

K atz ,  1956; K a tz ,  1 9 5 8 a ) .  These l a t t e r  amounts  p rod u ce  

m i n i a t u r e  e n d - p l a t e  p o t e n t i a l s  which a r e ,  however,  

i n s u f f i c i e n t  t o  i n i t i a t e  a p r o p a g a te d  m u sc le  a c t i o n  p o t o n t i a l  

(K a t t  & K a tz ,  1952; K a tz ,  1 9 6 2 ) .

A mechanism c o u p l i n g  t h e  e l e c t r i c a l  im p u lse  from 

t h e  axon and th e  p h y s i c a l  r u p t u r e  o f  t h e  v e s i c l e s  may 

o p e r a t e  i n  t h e  p h y s i o l o g i c a l  r e l e a s e  of  a c e t y l c h o l i n e .

The e n t r y  o f  c a lc iu m  i o n s  i n t o  t h e  n e rv e  axop iasm  d u r in g  

deve lopm en t  o f  t h e  a c t i o n  p o t e n t i a l  and t h e i r  e x t r u s i o n  

from t h e  n e rv e  axop lasm  d u r i n g  r e s t  (H arvey  & M ac in to sh ,

1940? E i r k s  & M a c in to sh ,  1957? Hodgkin  & Keynes,  1957) has  

s e r v e d  t o  i m p l i c a t e  t h i s  i o n  i n  t h e  r e l e a s e  of 

a c e t y l c h o l i n e .

E v id e n c e  from e x p e r im e n ts  i n  which  t h e  e x t e r n a l  

i o n i c  en v i ro n m en t  was a l t e r e d  i n d i c a t e s  t h a t  a m u tu a l  

a n ta g o n is m  e x i s t s  be tw een  c a lc iu m  and magnesium i o n s .

Thus, h ig h  exogenous c o n c e n t r a t i o n s  o f  magnesium i o n s  or 

low c o n c e n t r a t i o n s  o f  c a l c iu m  i o n s  r e d u c e  t h e  amount of 

a c e t y l c h o l i n e  l i b e r a t e d  ( d e l  C a s t i l l o  & Engback, 1953,

1954) w h i l e  l a r g e  c o n c e n t r a t i o n s  of c a l c iu m  i o n s  i n c r e a s e  

t h e  q u a n t i t y  of t r a n s m i t t e r  r e l e a s e d  ( d e l  C a s t i l l o  & S ta r k ,  

1 9 5 2 ) .
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B x p e r i m e n t a l l y ,  r e l e a s e  of a c e t y l c h o l i n e  from 

t h e  s t o r a g e  p a r t i c l e s  can be a c h ie v e d  th ro u g h  use  of 

h igh  c o n c e n t r a t i o n s  o f  Os"^, Rb"  ̂ or  NH,"*" (Brown & 

R e ld b e rg ,  1936 ; P e ld b e r g ,  1 9 4 5 ) ,  by f r e e z i n g  o r  th aw in g  

n e r v e -m u s c le  p r e p a r a t i o n s  (Hebb, 1963) and  by a d d i t i o n  of  

d ru g s  d e s t r o y i n g  n e rv e  membranes e . g . ,  t h e  l e c i t h i n a s e  of 

co b ra  venom (G -a u t re le t  & O o r t e g g i a u i ,  1939? B raganca  &

Qua8t e l ,  1 9 5 2 ) ,  A c e t y l c h o l i n e  may a l s o  be r e l e a s e d  i n  

exchange  f o r  t h e  u p ta k e  o f  c h o l i n e  e s t e r s  ( e . g . ,  o a r b a c h o l )  

i n t o  s y n a p t i c  v e s i c l e s  (M cK ins try ,  K oen ig ,  K o e l l e  &

K o e l l e ,  1 9 6 3 ) .

v) T r a n s m i t t e r  F u n c t i o n  o f  A c e 'b y lc h o l in e .

When a c e t y l c h o l i n e  i s  r e l e a s e d  i t  r e d u c e s  t h e  

p o t e n t i a l  d i f f e r e n c e  a c r o s s  t h e  membrane of t h e  m usc le  

m otor e n d - p l a t e  th ro u g h  what i s  r e g a r d e d  a s  an i n t e r a c t i o n  

w i th  s p e c i f i c  r e c e p t o r s  on th e  e x t e r n a l  s u r f a c e  o f  th e  

e n d - p l a t e  ( d e l  C a s t i l l o  & K atz ,  1955? K a tz ,  1958_b).

U n l ik e  t h e  re m a in d e r  of t h e  m usc le  membrane, t h e  e n d - p l a t e  

i s  h i g h l y  s e n s i t i v e  t o  t h e  a c t i o n  of a c e t y l c h o l i n e  

(B u c h th a l  & L in h a r d ,  1942? K u f f l e r ,  1943, 1945) and has  a 

r e l a t i v e l y  h i g h e r  c o n c e n t r a t i o n  of a c e t y l c h o l i n e s t e r a s e  

t h a n  o t h e r  t i s s u e s  (C ou teaux ,  1955 ? K o e l l e ,  1 9 6 3 ) .  I f  

s u f f i c i e n t  t r a n s m i t t e r  i s  r e l e a s e d ,  t h e  q u a n t a l  

d e p o l a r i z a t i o n  which f o l l o w s  -  t h e  e n d - p l a t e  p o t e n t i a l  -  

ex c eed s  t h e  t h r e s h o l d  l e v e l  of s t i m u l a t i o n  of t h e  a d j a c e n t
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m u sc le  and i n i t i a t e s  i n  i t  a p o t e n t i a l  chang-o ( t h e  a c t i o n  

p o t e n t i a l ) (N as tu k ,  1 9 5 3 ) .  U n l ik e  t h e  e n d - p l a t e  p o t e n t i a l ,  

t h e  a c t i o n  p o t e n t i a l  i s  p r o p a g a t e d  over  t h e  m u sc le  

f i b r e  and i n  t u r n  g i v e s  r i s e  to  t h e  c o n t r a c t i o n  o f  t h e  

m u sc le .

F o l lo w in g  t h e  i n t e r a c t i o n  be tw een  a c e t y l c h o l i n e  

and i t s  r e c e p t o r s  and u n d e r l y i n g  th e  ch an g es  i n  membrane 

p o t e n t i a l  t h e r e  i s  a r a p i d  and i n d i s c r i m i n a t e  i n c r e a s e  

i n  t h e  p e r m e a b i l i t y  of t h e  m usc le  e n d - p l a t e  t o  v a r i o u s  

i n o r g a n i c  i o n s ,  e s p e c i a l l y  Na"  ̂ and K***, on b o th  s i d e s  of 

t h e  membrane (Hodgkin, 1951? N astuk ,  1959? K a tz ,  1 9 5 9 ) .  

T h is  in d u c e s  a s h o r t  c i r c u i t  of th e  e n d - p l a t e  membrane 

t h u s  p r o d u c in g  a h ig h  l o c a l  c u r r e n t - d e n s i t y . By t h i s  

means,  an im p u lse  i s  t r a n s f e r r e d  from t h e  m in u te  n e r v e  

e n d in g s  t o  t h e  v a s t l y  g r e a t e r  s u r f a c e  o f  t h e  m u sc le  f i b r e  

( F a t t  & K a tz ,  1951? N as tuk ,  1953? d e l  C a s t i l l o  & K a tz ,  

1 9 5 6 ) .  '̂Hien t h e  e n d - p l a t e  p o t e n t i a l  r e a c h e s  th e  

t h r e s h o l d  v a l u e  i t  g i v e s  r i s e  t o  l o c a l  i o n i c  c u r r e n t s  of 

s u f f i c i e n t  i n t e n s i t y  t o  i n c r e a s e  t h e  sodium i o n  

p e r m e a b i l i t y  o f  n e i g h b o u r i n g  p o r t i o n s  o f  t h e  m u sc le  

membrane and t h u s  i n i t i a t e  t h e  a c t i o n  p o t e n t i a l .  The 

p o t e n t i a l  change a c r o s s  t h e  lU id -p la te  membrane i s  a s im p le  

d e p o l a r i z a t i o n  th u s  d i f f e r i n g  from  t h e  r e v e r s a l  of 

p o t e n t i a l  which r e s u l t s  from  t h e  s p e c i f i c  i n c r e a s e  i n  

sodium i o n  p e r m e a b i l i t y  o c c u r r i n g  d u r i n g  t h e  a c t i o n
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p o t e n t i a l  (K a tz ,  1 9 6 2 ) .

A G o ty lc h o l in e  r e l e a s e d  from t h e  n e r v e  en d in gs  

i s  r a p i d l y  h y d r o l y s e d  w i t h i n  a few m i l l i s e c o n d s  m a in ly  

by t h e  a c t i o n  o f  a c e t y l c h o l i n e s t e r a s e  (Marnay & Nachmansohn, 

1937? Nachmansohn & R o th e n b e rg ,  1945) t h u s  p e r m i t t i n g  

t h e  e n d - p l a t e  to  r e t u r n  q u i c k l y  t o  i t s  p o l a r i z e d  

c o n d i t i o n  r e a d y  t o  r e sp o n d  t o  f u r t h e r  q u a n ta  o f  t r a n s m i t t e r .

METHODS OF PRODUGINO NSUR0m3CUlAR BLOCKo

Any s u b s t a n c e  i n t e r f e r i n g  w i th  t h e  normal 

p h y s i o l o g i c a l  s eq u en ce  of  e v e n t s  a t  t h e  n e u ro m u s c u la r  

j u n c t i o n  may r e l a x  s k e l e t a l  m u sc le .  I n t o  t h i s  c a t e g o r y  

f a l l  s u b s t a n c e s  i n t e r f e r i n g  w i th  t h e  s y n t h e s i s ,  r e l e a s e  

o r  d e s t r u c t i o n  o f  a c e t y l c h o l i n e  a s  w e l l  a s  t h o s e  which 

i m p a i r  i t s  e f f e c t  by b l o c k i n g  i t s  a c c e s s  t o  i t s  s p e c i f i c  

p o s t - j u n c t i o n a l  r e c e p t o r s .

The r e l a x a t i o n  of  s k e l e t a l  m u sc le  may a l s o  be 

p ro d u c ed  c e n t r a l l y  by i n t e r n e u r o n a l  b l o c k i n g  a g e n t s  which 

i n t e r f e r e  w i th  t h e  c o n d u c t io n  of n e rv e  im p u ls e s  i n  

p o l y s y n a p t i c  pathw ays i n  t h e  s p i n a l  c o rd .

I n t e r f e r e n c e  w i th  t h e  c o m b in a t io n  of  

a c e t y l c h o l i n e  w i th  i t s  r e c e p t o r s  on t h e  p o s t - s y n a p t i c  

m usc le  membrane i s  t h e  mechanism by which a c t  a l l  th e  

c l i n i c a l l y  u s e f u l ,  p e r i p h e r a l l y  a c t i n g ,  m u sc le  r e l a x a n t s  

and f o r  t h e  p u rp o s e  o f  t h i s  t h e s i s  t h e s e  w i l l  be 

s p e c i f i c a l l y  r e f e r r e d  t o  a s  n e u ro m u s c u la r  b l o c k i n g  a g e n t s .
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i )  I n h i b i t i o n  o f  T r a n s m i t t o r  S y n t h o s i s .

Whilo no s u b s t a n c e  i s  known which i s  a  s p e c i f i c  

i n h i b i t o r  o f  c h o l i n o  a c e t y l a s e  i n  y i v o , t h e  b i o s y n t h e s i s  

o f  a c e t y l c h o l i n e  i t s e l f  may be p r e v e n te d  by t h e  

h e m ic h o l in iu m s  ( S c h u o le r ,  1 9 5 5 ) .  These  compounds a r e  

b e l i e v e d  t o  i n t e r f e r e  w i th  t h e  s p e c i f i c  c h o l i n e  c a r r i e r  

mechanism th o u g h t  t o  be r e s p o n s i b l e  f o r  t h e  t r a n s p o r t  of 

c h o l i n e  from  e x t r a c e l l u l a r  t o  i n t r a c e l l u l a r  s i t e s  f o r  

a c é t y l a t i o n  (G-ardinor, 1957? R o i t z e l  & Long, 1959a,  b? 

S c h u o le r ,  I 9 6 0 ) .  On t h e  o t h e r  hand, b l o c k  by 

t r i e t h y l c h o l i n e  may be due t o  i t s  m i s t a k e n  u p ta k e  and 

a c é t y l a t i o n  i n  p l a c e  o f  c h o l i n e  w i th  t h e  s u b s e q u e n t  

l i b e r a t i o n  of  an i n a c t i v e  t r a n s m i t t e r  (Bowman & Rand, 1961; 

Bowman, Hemsworth & Rand, 1 9 6 2 ) .

i i )  P r e v e n t i o n  of  A c e t y l c h o l i n e  R e l e a s e .

B lo ck  o f  c o n d u c t io n  i n  t e r m i n a l  m o to r  nerve  

e n d in g s  may f o i lo w  h ig h  f r e q u e n c y  t e t a n i c  s t i m u l a t i o n  

which l e a d s  t o  a r e d u c t i o n  i n  t h e  o u t p u t  of  a c e t y l c h o l i n e  

(Brooks & T h ie s ,  1962? O tsuka ,  Endo & Nonomura, 1962)  w i th  

c o n c o m i ta n t  d e c r e a s e  i n  t h e  s i z e  of  t h e  e n d - p l a t e  

p o t e n t i a l o  P r o c a in e  and o t h e r  l o c a l  a n a e s t h e t i c s ,  a s  

w e l l  a s  h ig h  c o n c e n t r a t i o n s  o f  magnesium i o n s  or low 

c o n c e n t r a t i o n s  o f  c a lc iu m  io n s  ( d e l  C a s t i l l o  & Bngbaek, 

1953, 1954? M a c in to s h ,  1 9 5 9 ) ,  may a l s o  m odify  a c e t y l c h o l i n e  

r e l e a s e  by i n h i b i t i n g  p e r m e a b i l i t y  ch an ges  n e c e s s a r y  f o r
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t h e  c o n d u c t i o n  o f  n e rv e  im p u ls e s  (Bhanos,  1 9 5 8 ) .  On 

th e  o t h e r  hand, t h e  a b i l i t y  to  b lo ck  a x o n a l  c o n d u c t io n  

may be i n d e p e n d e n t  o f  t h e  p r e s e n c e  of a c e t y l c h o l i n e .  

I n h i b i t i o n  o f  c o n d u c t i o n  i n  ne rv e  f i b r e s  by f i s h  t o x i n s  

a r i s e s ,  i t  i s  c la im e d ,  f rom  a s p e c i f i c  b l o c k  of t h e  i n c r e a s e  

o f  sodium i o n  p e r m e a b i l i t y  a s s o c i a t e d  w i th  e x c i t a t i o n  

(Kao & N ish iyam a,  1 9 6 5 ) ,

A l t e r n a t i v e l y ,  t h e  a b i l i t y  o f  b o tu l in u m  t o x i n  

to  b lo c k  t h e  r e l e a s e  o f  a c e t y l c h o l i n e  (Burgen ,  D ickens  & 

Zatman, 194-9? B rooks ,  1954, 1956) does n o t  a f f e c t  e i t h e r  

n e rv e  c o n d u c t io n  (G-uyton & MacDonald, 1 9 4 7 ) ,  o r  t h e  

s t r u c t u r e  o f  t h e  motor n e r v e  t e r i i i n a l s ,  t h e  a c e t y l c h o l i n e  

c o n t e n t  o f  t h e  s y n a p t i c  v e s i c l e s  r e m a in in g  u n a l t e r e d  

( i h e s l e i f ,  I 9 6 0 ) .  The t o x i n  may t h u s  a c t  s e l e c t i v e l y  on 

th e  mechanism r e s p o n s i b l e  f o r  th e  r e l e a s e  o f  a c e t y l c h o l i n e  

( T h e s l e f f ,  I 9 6 0 ) .

i i i )  I n h i b i t i o n  of T r a n s m i t t e r  D e s t r u c t i o n .

The a c c u m u la t io n  and p e r s i s t e n c e  o f  

a c e t y l c h o l i n e  i n  t h e  p r e s e n c e  o f  s u f f i c i e n t l y  h ig h  

c o n c e n t r a t i o n s  o f  a n t i c h o l i n o s t o r a s o s  e . g . ,  n e o s t i g m in e  and 

edrophonium  may p ro d u ce  a p ro lo n g e d  d e p o l a r i z a t i o n  o f  t h e  

m otor  e n d - p l a t e  r e s u l t i n g  i n  b lo ck  ( T h e s l e f f  & Q u a s t e l ,  

1 9 6 5 ) .  At th e  same t im e  p o s tp o n ed  t r a n s m i t t e r  h y d r o l y s i s  

may r e s u l t  i n  i n a d e q u a t e  c h o l i n e  s u p p l i e s  f o r  p r e - s y n a p t i c  

a c e t y l c h o l i n e  s y n t h e s i s  ( P e r r y ,  19 5 3 ) .
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i v )  Drugs which B lock  t h e  A c t io n s  o f  A c e t y l c h o l i n e  a t

t h e  P o s t - s y n a n t i e  I.'.embrane -  N eu rom u scu la r  B lo c k in g  

A g e n t s .

W hile  t h e  t e rm in o lo g y  used t o  d e s c r i b e  th e  

d i f f e r e n t  mechanisms o f  a c t i o n  o f  n e u ro m u s c u la r  b l o c k i n g  

a g e n t s  i s  o f t e n  c o n f u s i n g  and m isu sed  (Bowman, 1 96 2 ) ,  t h e s e  

compounds ca n  be c o n v e n i e n t l y  c l a s s i f i e d  i n t o  two main 

g ro u p s  on t h e  b a s i s  o f  w h e th e r  o r  n o t  t h e y  c a u s e  p o s t -  

s y n a p t i c  d e p o l a r i z a t i o n  a s  f i r s t  d e l i n e a t e d  by P a t o n  &

Zaimis  (1952) and m o d i f i e d  by P o ld e s  ( l 9 5 4 )  and Zaim is  

(1 9 5 9 ) .

a )  N o n - d o p o l a r i z l n g  d ru g s ,  e . g . ,  t u b o c u r a r i n e .  Those 

compounds a c t  by r e d u c i n g  or p r e v e n t i n g  t h e  d e p o l a r i z i n g  

e f f e c t  o f  a c e t y l c h o l i n e .

b) D e p o l a r i z i n g  d r u g s ,  e . g . , décaméthonium. These 

compounds mimic t h e  a c t i o n  o f  a c e t y l c h o l i n e ,  p r o d u c in g  

a d e p o l a r i z a t i o n  of  t h e  e n d - p l a t e  r e g i o n ,  f o r  a t  l e a s t  

some of t h e  p e r i o d  of t h e i r  d u r a t i o n  o f  a c t i o n .

The ty p e  of  b lo c k  p ro d u ced  by t h e  d e p o l a r i z i n g  

compounds depends  to  a l a r g o  e x t e n t  on t h e  p r o p e r t i e s  of 

t h e  m u sc le  e n d - p l a t e s  of t h e  s p e c i e s  employed. I n  c o n t r a s t ,  

t h e  n o n - d e p o l a r i z i n g  compounds d i s p l a y  a q u a l i t a t i v e l y  

u n i fo rm  mode o f  a c t i o n  i n  a l l  s p e c i e s  ( T a y lo r  &

N e d e rg a a rd ,  1 9 65 ) ,  e x c e p t  p e r h a p s  t h e  l i z a r d ,  where  t h e  

m u sc le  e n d - p l a t e  seems v e r y  s e n s i t i v e  t o  d e p o l a r i z a t i o n
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(E o ld ü s ,  1 9 5 9 ) .

I n  a n  e a r l y  c l a s s i f i c a t i o n  (B ov e t ,  19 51 ) ,

neurom usG ular  b l o c k i n g  a g e n t s  were c l a s s e d  a s  

" p a c h y c u r a r e s ” which p o s s e s s  b u lk y  m o le c u le s  and b ro a d ly  

c o r r e s p o n d e d  t o  t h e  n o n - d e p o l a r i z i n g  compounds and as  

" l e p t o c u r a r e s ” which p o s s e s s  l o n g  t h i n  m o le c u le s  and 

b r o a d ly  c o r r e s p o n d e d  t o  d e p o l a r i z i n g  compounds. However 

f a c t o r s  such as s p e c i e s  v a r i a t i o n  and t h e  ” d u a l ” mode of  

a c t i o n  o f  t h e  d e p o l a r i z i n g  compounds ( v i d e  i n f r a ) make 

t h i s  c l a s s i f i c a t i o n  u n s a t i s f a c t o r y . For i n s t a n c e ,  

n i c o t i n e  ( c l a s s e d  a s  a p a c h y c u r a r e )  e x e r t s  a d e p o l a r i z i n g  

a c t i o n  i n  t h e  c a t  (P a to n ,  1951a) and t r i décaméthonium 

( c l a s s e d  a s  a l e p t o c u r a r e )  has  a n o n - d o p o l a r i z i n g  a c t i o n  

i n  th e  c h i c k e n  (Z a im is ,  1 9 5 2 ,19 53 ) .

a )  N o n - d e p o l a r i z i n g  N eurom uscu la r  B l o c k in g  A&ents.

These p r o g r e s s i v e l y  r e d u c e  t h e  a m p l i t u d e  and 

d u r a t i o n  o f  t h e  e n d - p l a t e  p o t e n t i a l  which may, d ep end in g  

upon t h e  c o n c e n t r a t i o n  o f  d ru g  p r e s e n t ,  c o m p le te ly  

d i s a p p e a r ■( F a t t  & K a tz ,  1951? T h e s l e f f ,  1 9 5 5 ) .  When t h e  

e n d - p l a t e  p o t e n t i a l  f a l l s  below t h e  l e v e l  n e c e s s a r y  t o  

e x c i t e  t h e  a d j a c e n t  m uscle  membrane, n e u ro m u s c u la r  b lo c k  

r e s u l t s  ( E c o le s ,  K a tz  & K u f f l e r ,  1 9 4 1 ) .  D u r in g  p a r a l y s i s  

by t u b o c u r a r i n e ,  t h e  o u t p u t  o f  a c e t y l c h o l i n e  from n e rv e  

t e r m i n a l s  i s  n o t  s i g n i f i o a n t l y  a f f e c t e d  (D a le ,  F e l d b e r g  

& Vogt,  1 9 3 6 ) ,  ne rv o us  c o n d u c t io n  i s  u n im p a i r e d  and th e
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s k e l e t a l  m u sc le  r e t a i n s  i t s  s e n s i t i v i t y  t o  d i r e c t  

e l e c t r i c a l  s t i m u l a t i o n  and  i o n t o p b o r e t i c  a p p l i c a t i o n  of 

i o n s  ( E a t t  & K a tz ,  1951; d e l  C a s t i l l o  & K a tz ,  19 57 ) .

B lo ck  p ro d u c ed  by n o n - d e p o l a r i z i n g  a g e n t s  i s  

a n t a g o n i z e d  by any p r o c e d u r e  which i n c r e a s e s  t h e  l o c a l  

c o n c e n t r a t i o n  of  a c e t y l c h o l i n e  e . g . , a n t i c h o l i n e s t e r a s e s  

(H ik e r ,  1953) o r  t h e  r e p e t i t i v e  s t i m u l a t i o n  of t h e  m otor  

n e rv e  ( T h e s l e f f ,  1 9 5 5 ) .  G on vo rse ly ,  a r e d u c t i o n  i n  th e  

amount o f  t r a n s m i t t e r  r e l e a s e d ,  e i t h e r  a s  t h e  r e s u l t  of 

d rug  a c t i o n  e . g . ,  t h e  h em ich o l in iu m s  or t h e  a p p l i c a t i o n  of  

p o ta s s iu m  io n s  enhances  t h i s  ty p e  o f  b l o c k .

b) D e p o l a r i z i n g  N eurom uscu la r  B lo c k in g  A gen ts .

These  p ro d u c e  i n i t i a l l y  an  a c e t y l c h o l i n e - l i k e  

d e p o l a r i z a t i o n  of t h e  e n d - p l a t e  r e g i o n  which  i s  f o l lo w e d  

by a r e d u c t i o n  i n  t h e  s e n s i t i v i t y  o f  t h e  e n d - p l a t e  t o  t h e  

t r a n s m i t t e r .  The b lo c k  p rod uced  by d e p o l a r i z i n g  a g e n t s  ha: 

t h u s  been  d i v i d e d  i n t o  two d i s t i n c t  com ponen ts .  The 

f i r s t  s t a g e ,  p h a se  I  b lo c k  ( Jen d e n ,  Kam ijo  & T a y lo r ,

1951? 1 9 5 4 ) ,  i s  c h a r a c t e r i z e d  by a b lo c k  o f  r a p i d  o n s e t  

and r e l a t i v e l y  s h o r t  d u r a t i o n  d u r in g  which t h e  m u sc le  

membrane i s  d e p o l a r i z e d .  T h is  b lo c k  may be p re c e d e d  by 

m u s c u la r  f a s c i c u l a t i o n s  or  even a s u s t a i n e d  c o n t r a c t u r e .

The c o n t in u o u s  p r e s e n c e  o f  d e p o l a r i z i n g  d ru g s  g r a d u a l l y  

d e c r e a s e s  t h e  s e n s i t i v i t y  o f  t h e  e n d - p l a t e  and p h ase  I  

b lo c k  i s  f o l lo w e d  by membrane r e p o l a r i z a t i o n  ( T h e s l e f f ,
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1955, 1 9 5 8 ) ,  i n  s p i t e  of t h e  p ro sen oo  of t h e  d e p o l a r i s i n g  

a g e n t .  P h ase  I I  o f  t h e  b l o c k  may be more p ro lo n g e d  

th a n  p h a se  I  and q u a l i t a t i v e l y  r e s e m b le s  t h a t  p ro d uced  

by n o n - d e p o l a r i z i n g  compounds i n  b e in g  r e v e r s e d  by 

a n t i c h o l i n e s t e r a s e s  and p o t e n t i a t e d  by t u b o c u r a r i n e  

(T a y lo r  & N e d e rg a a rd ,  1 9 6 5 ) .  P hase  I  and p h ase  I I  

b lo c k s  a r e  t h e r e f o r e  m u t u a l l y  a n t a g o n i s t i c .  T h is  " d u a l ” 

(Z a im is ,  1953)  or " b i p h a s i c "  b lo c k  ( J e n d e n  e t  a l . 1954) 

i s  c h a r a c t e r i s t i c  o f  a l l  t h e  d e p o l a r i z i n g  a g e n t s  so f a r  

i n v e s t i g a t e d  and a p p e a r s  t o  occu r  i n  a l l  t y p e s  of 

v o l u n t a r y  m usc le ,  i n c l u d i n g  human v o l u n t a r y  m usc le  

(Z a im is ,  1959? P o ld e s ,  1 9 5 9 ) .

I t  h a s  been  s u g g e s t e d  (T a y lo r  & N e d e rg a a rd ,  

1965) t h a t  t h e  p r o d u c t i o n  o f  a p h ase  I I  b lo c k  by 

d e p o l a r i z i n g  compounds may depend upon t h e i r  e n t r y  i n t o  

t h e  m usc le  f i b r e s  a t  t h e  e n d - p l a t e  r e g i o n  -  a s u g g e s t i o n  

i n  good ag reem en t  w i th  c e r t a i n  a u t o r a d i o g r a p h i c  

e x p e r im e n ts  by W a s e r , ( 1 9 6 3 ) .  T u b o c u r a r in e ,  on th e  o t h e r  

hand, w h i l e  n o t  e n t e r i n g  t h e  m u sc le  f i b r e s ,  a p p e a r s  a b l e  

t o  b lo c k  t h e  p e n e t r a t i o n  o f  d e p o l a r i z i n g  compounds s i n c e  

i t  h a s  been  shown t o  p r e v e n t  t h e  o n s e t  and deve lopm ent  

o f  p h a s e  I I  b lo ck  by décaméthonium (N e d e rg a a rd  & T a y lo r ,  

1 9 6 3 ) .

SPECIES VARIATION AND NEUROklUSaJLAR BLOCK.

One of t h e  m ost  i m p o r t a n t  f a c t o r s  i n  th e
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i n v e s t i g a t i o n  of  n e u ro m u s c u la r  b lo c k  i s  t h e  c h o ic e  o f  

a s u i t a b l e  an im a l  s p e c i e s . The p rob lem  of  c h o o s in g

a n im a l  s p e c i e s  whose q u a l i t a t i v e  and q u a n t i t a t i v e  

r e s p o n s e s  t o  n e u ro m u s c u la r  b l o c k i n g  a g e n t s  r e s e m b le  t h o s e  

i n  man i s  c o m p l i c a t e d  by t h e  v a r i a t i o n  i n  t h e  k in d  and 

d e g re e  o f  t h e  r e s p o n s e  n o t  on ly  o f  d i f f e r e n t  s p e c i e s  t o  

t h e  same drug  b u t  a l s o  o f  d i f f e r e n t  m u sc le s  w i t h i n  t h e  

same s p e c i e s  (Z a im is ,  1 9 5 9 ) ^

A co m p ar iso n  o f  t h e  r e l a t i v e  s e n s i t i v i t i e s  

of d i f f e r e n t  a n im a l  s p o c i e s  t o  d e p o l a r i z i n g  and non­

d e p o l a r i z i n g  d ru g s  h a s  been  made (Z a im is ,  1 9 5 9 ) .  With 

r e s p e c t  t o  n o n - d e p o l a r i z i n g  d ru g s  t h e r e  i s  l i t t l e  

v a r i a t i o n  i n  s e n s i t i v i t y  be tw een  s p e c i e s .  Thus, t h e  

m os t  s e n s i t i v e  s p e c i e s  i s . o n l y  a p p r o x im a t e l y  f i v e  t im e s  

a s  s u s c e p t i b l e  t o  t u b o c u r a r i n e  a s  t h e  l e a s t  s e n s i t i v e  

( r a t  > h a r e  = monkey r a b b i t  m a n d o g c a t  = h e n ) . On 

t h e  o t h e r  hand, t h e  r e s p o n s e  t o  t h e  d e p o l a r i z i n g  d rug  

décaméthonium shows a marked s p e c i e s  v a r i a t i o n ,  t h e  most 

s e n s i t i v e  s p e c i e s  b e in g  a p p r o x im a t e l y  100 t im e s  a s  

s u s c e p t i b l e  t o  décaméthonium as  th e  l e a s t  s e n s i t i v e  

(hen  ::^oat :::>-man ii^^rabbit = dogo^monkcy h a r e r a t  ) .  The 

r a t  i s  r e l a t i v e l y  s e n s i t i v e  t o  n o n - d e p o l a r i z i n g  a g e n t s  

b u t  m a rk e d ly  i n s e n s i t i v e  t o  d e p o l a r i z i n g  compounds. The 

bon, on t h e  o t h e r  hand ,  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  

n o n - d e p o l a r i z i n g  compounds b u t  s e n s i t i v e  t o  d e p o l a r i z i n g
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a g e n t s .

The v a r i a t i o n  i n  r e s p o n s e  b e tw e en  mammalian 

s 'p c c ic s  ( e . g . ,  t h e  o a t )  and a v i a n  s p e c i e s  t o  d e p o l a r i z i n g  

d ru g s  i s  p a r t i c u l a r l y  s t r i k i n g .  I n  mammals, t h e r e  i s  

a b r i e f  p e r i o d  o f  m u sc le  f a s c i c u l a t i o n  and p o t e n t i a t i o n  o f  

t w i t c h  h e i g h t  b e f o r e  t h e  o n s e t  o f  b lo c k .  The p a r a l y s i s  

i s  f l a c c i d  i n  n a t u r e .  I n  b i r d s  i n h i b i t i o n  o f  t h e  t w i t c h  

h e i g h t  by d e p o l a r i z i n g  a g e n t s  i s  accom panied  by a 

c o n t r a c t u r e  or s h o r t e n i n g  o f  t h e  m usc le  which p ro d u c e s  

a s p a s t i c  p a r a l y s i s  ( B u t t l e  & Zaim is ,  1949? B a to n  &

Z aim is ,  1 9 5 2 ) .

I n  a d d i t i o n  t o  q u a n t i t a t i v e  d i f f e r e n c e s  i n  

b e h a v io u r  t o  d e p o l a r i z i n g  n eu ro m u sc u la r  b l o c k i n g  a g e n t s  

between s p e c i e s  t h e r e  a r e  a l s o  q u a l i t a t i v e  d i f f e r e n c e s  

(F o ld o s ,  1 9 5 9 ) .  Thus, i n  a v i a ,  am p h ib ia  and  some 

mammals e . g . ,  c a t  and man, p h ase  I  d e p o l a r i z i n g  b lo c k  i s  

r e l a t i v e l y  p ro lo n g e d  and p h ase  I I  b lo c k  d e v e lo p s  on ly  

s lo w ly  and may be d i f f i c u l t  t o  d e t e c t .  I n  t h e  monkey 

and dog, however, p h ase  I  b lo c k  i s  r e l a t i v e l y  b r i e f  ( F o ld e s ,  

1 9 5 9 ) .

An a t t e m p t  t o  c o r r e l a t e  t h e  o b s e rv e d  c l i n i c a l  

e f f e c t s  o f  some n e u ro m u s c u la r  b l o c k i n g  a g e n t s  e . g . ,  

t u b o c u r a r i n e ,  g a l l a m i ne, décaméthonium, and suxamethonium 

w i th  t h e i r  a c t i v i t y  i n  a number of s p e c i e s  h a s  l e d  t o  t h e  

c o n c l u s i o n  t h a t  no one an im a l  s p e c i e s  can  be used  t o
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p r o d i e t  tb o  p o te n c y  o f  t h e s e  compounds i n  man (Hoppe, 1 9 5 5 ) .

However, e x c e p t  f o r  suxamethonium, t h e  p o te n c y  o f  which

i n  man re s e m b le d  most c l o s e l y  t h a t  i n  t h e  r a b b i t ,  th e

most a c c u r a t e  e s t i m a t e s  o f  p o te n c y  were o b t a i n e d  from

t h e  c a t  and dog (Hoppe, 1 9 5 5 ) .  On t h e  o t h e r  hand, t h e

n o n - d e p o l a r i z i n g  s t e r o i d a l  b i s q u a t e r n a r y  ammonium
1

compound, 3 p  , 17 p - d i p y r r o l i d i n - 1  - y l - 5 d ^ - a n d r o s t a n o  

b i s m e t h o c h l o r i d o ,  i n  t h e  hen, o a t  and r a b b i t ,  e x h i b i t e d  

a d u r a t i o n  o f  a c t i o n  s i m i l a r  t o  t h a t  o f  suxamethonium 

(B iggs  e t  al . 1 9 6 4 ) and o n ly  i n  th e  monkey, a s  i n  man, 

was i t s  r e c o v e r y  r a t e  much s lo w er  b e in g  s i m i l a r  t o  t h a t  

o f  g a l l a m in o  (Mushin & I m p i e s on, 1 96 4 ) .

THHOHIBS OB DRUa-RECBPTOR THIHRAQTIOK.
N eurom uscu la r  b l o c k i n g  a g e n t s  a r e  c o n s i d e r e d  t o  

e x e r t  t h e i r  a c t i v i t y  by t h e i r  a b i l i t y  t o  combine w i th  

t h e  a c e t y l c h o l i n e  r e c e p t o r s  on t h e  p o s t - s y n a p t i c  m uscle  

e n d - p l a t e .  Drugs which a c t  i n  t h i s  way th ro ug h  

c o m b in a t io n  w i th  s p e c i f i c  r e c e p t o r s  which impose s e v e r e  

l i m i t a t i o n s  i n  s t e r e o c h om ist r y  and c h a rg e  d i s t r i b u t i o n  on 

t h e  d rug  m o le c u le  a r e  known a s  ’’s p e c i f i c ” d ru g s  i n  

c o n t r a s t  t o  ” n o n - s p e c i f i c ” d ru g s  whose e f f e c t s  a p p e a r  to  

be l a r g e l y  d ep e n d en t  upon t h e i r  p h y s i c a l  p r o p e r t i e s  

( B e c k e t t ,  1956 ; B e c k e t t ,  Casy, H a rp e r  & P h i l l i p s ,  1956 ;

In g ,  1 9 5 9 ) .

Tbo co n c o p t  of  r o c c p t o r o  \7?s f i r s t  o o s t u l a t o d
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by E h r l i c h  (soo  A l b e r t ,  1965) and i m p l i e d  a o o m p le m e n ta r i ty  

of f i t  b e tw een  t h e  two e n t i t i e s  i . e . ,  d ru g  and r e c e p t o r ,  

m e d ia te d  by c h e m ic a l  f o r c e s .  The d ev e lo p m en t  and 

g e n e r a l  a c c e p t a n c e  of  t h i s  c o n c e p t  may bo t r a c e d  th ro u g h  

th e  l o c k  and key a n a lo g y  of F i s c h e r  ( l 8 9 4 )  and i n  th e  

work o f  L a n g le y  (1 9 0 6 ) ,  C la rk  (1937) ,  Gaddum ( l9 3 7 )  and 

In g  (1 9 3 6 ) .  Thus, w h i le  c u r r e n t  i d e a s  c o n c e r n i n g  t h e  

n a t u r e  o f  r e c e p t o r s  may be somewhat removed from t h o s e  of 

E h r l i c h ,  t h e  r e c e p t o r  t h e o r y  i s  i n l i e r e n t  i n  and 

fu n d a m e n ta l  t o  many o f  t h e  more r e c e n t  a t t e m p t s  t o  e x p l a i n  

drug  a c t i o n  i n c l u d i n g  t h e  work of  S te p h e n s o n  (19 5 6 ) ,

A r io n s  (1954, 1 9 6 4 ) ,  E a to n  ( l 9 6 l )  and B e l l e au (1 9 6 4 ) .

An e x t e n s i o n  o f  t h e  r e c e p t o r  t h e o r y  i s  t h e  

p r i n c i p l e  o f  b i o l o g i c a l  an ta g o n ism  which c o n te n d s  t h a t  

a d ru g  may compete w i th  a n a t u r a l  s u b s t r a t e ,  or oven 

a n o t h e r  d ru g  of  s i m i l a r  ch e m ic a l  s t r u c t u r e ,  f o r  t h e  same 

r e c e p t o r .  The s u b s t r a t e  a n a lo g u e  l i k e  t h e  s u b s t r a t e  

i t s e l f  may be c a p a b le  of  p ro d u c in g  a p o s i t i v e  r e s p o n s e  

and d i f f e r e n t  d e g r e e s  of p a r t i a l  a g o n i sm e x i s t  ( S c h i l d ,
Ii

1954; A r io n s ,  van Rossum & Oimonis, 1957; Gaddum, 1957) .

On th e  o t h e r  band t h e  a n a lo g u e  may be i n c a p a b l e  o f  

ev o k in g  a p o s i t i v e  r e s p o n s e ,  and th ro u g h  p a s s i v e  

occupancy o f  t h e  r e c e p t o r s ,  a n t a g o n i z e  t h e  a c t i o n  of  t h e  

s u b s t r a t e .  The s u b j e c t  o f  b i o l o g i c a l  a n ta g o n is m  h as  been

t r e a t e d  m a t h e m a t i c a l l y  u s i n g  fo rm u la e  i n  which t h e
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m o asa rcd  b i o l o g i c a l  r e s p o n s e  h a s  boon r o l a t o d  o i t h o r  t o  

p h y s i c a l  a d s o r p t i o n  law s  or t o  la w s  g o v e r n in g  onzyiao 

k i n o t i o s .  A l l  m a th e m a t i c a l  r e l a t i o n s h i p s  d e r iv e d  t o  

e x p l a i n  d ru g  a c t i o n  have been  d e v e lo p e d  f u n d a m e n ta l l y  

from t h e  law of mass a c t i o n ,  u n d e r l i n i n g  t h e  im p o r ta n c e  of 

t h e  c h e m ic a l  r e a c t i o n  a s  a model o f  d ru g  b e h a v io u r .

E a r l i e r  a t t e m p t s ,  i n c l u d i n g  t h e  work of  

F r o u n d l i c h  ( s e e  C la rk ,  1 93 7 ) ,  Langmuir (1916, 1917, 1 9 1 8 )  ̂

C la r k  (1937) and Gaddum (1 9 3 7 ) ,  t o  d e s c r i b e  m a t h e m a t i c a l l y  

p h a r m a c o l o g ic a l  a c t i v i t y  assumed t h a t  t h e  d e g re e  of  

b i o l o g i c a l  r e s p o n s e  was a l i n e a r  f u n c t i o n  o f  t h e  r e c e p t o r s  

o c c u p ie d  by th e  d ru g .  The v a l i d i t y  o f  t h i s  a s s u m p t io n  

has  been  q u e s t i o n e d  (S te p h e n s o n ,  1956? S c h i l d ,  1957?
tî \

A r i e n s  e t _ a l .  1957) and th e  view p u t  fo rw a rd  t h a t  i n  

o r d e r  to  p ro d u c e  a  maximal e f f e c t  on ly  a c o m p a r a t iv e l y  

s m a l l  p r o p o r t i o n  o f  t h e  r e c e p t o r s  r e q u i r e  t o  be o c c u p ie d .  

The r e m a in in g  spare '-  r e c e p t o r s  may c o n s t i . t u t e  95/^ of  

t h e  a v a i l a b l e  t o t a l  (S te p h e n so n ,  19 5 6 ) .

U n t i l  r e c e n t l y ,  t h e  view t h a t  p h a r m a c o l o g ic a l  

a c t i v i t y  l a y  i n  t h e  a b i l i t y  o f  a d ru g  t o  s t a t i c a l l y  occupy 

t h e  a p p r o p r i a t e  r e c e p t o r  s i t e  was u n q u e s t i o n e d  and t h e  

s t u d i e s  o f  C la r k  (1 9 3 7 ) ,  Gaddum (1 9 3 7 ) ,  S te p h e n s o n  (1956) 

and A r i e n s  (1964) have been  c o l l e c t i v e l y  te rm ed  

” o c c u p a t i o n ” t h e o r i e s .  An i n t e r e s t i n g  a l t e r n a t i v e  view 

has r e c e n t l y  been p ro p o s e d  ( P a t o n , 1961^ .P a to n  & Uaud, 1962)
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i n  which i t  i s  c la im e d  t h a t  t h e  a c t i v i t y  o f  a d ru g  i s  

more a c c u r a t e l y  r e l a t e d  t o  t h e  r a t e  w i th  which c o m b in a t io n  

w i th  t h e  r e c e p t o r  t a k e s  p l a c e  r a t h e r  t h a n  t o  mere 

o c c u p a t io n  o f  t h e  s i t e  i t s e l f .  T h is  t h e o r y  i s  a g a i n  

based  on o b s e r v a t i o n s  o c c u r r i n g  d u r i n g  c h e m ic a l  r e a c t i o n s  

( O r o x a t to  & H u ido b ro ,  1956) and em p h as ize s  t h e  

im p o r ta n c e  o f  t h e  moment of  e n c o u n te r  be tw een  d ru g  and 

r e c e p t o r .  Thus, t h e  r a t e  o f  d i s s o c i a t i o n  of  t h e  d r u g -  

r e c e p t o r  complex i . e . ,  t h e  r a t e  a t  which r e c e p t o r s  

become a v a i l a b l e  f o r  f u r t h e r  i n t e r a c t i o n  i s  d e c i s i v e  

i n  d i s t i n g u i s h i n g  be tw een  a g o n i s t i c  and a n t a g o n i s t i c  d ru g s .  

W hile  i t  h a s  n o t  been  p o s s i b l e  t o  e x p e r i m e n t a l l y  v e r i f y  

t h e  r a t e  t h e o r y ,  i t  may be used  t o  c l a s s i f y  m usc le  

r e l a x a n t s .  Thus, d e p o l a r i z i n g  compounds c a n  bo 

v i s u a l i z e d  a s  p o s s e s s i n g  a h ig h  d i s s o c i a t i o n  r a t e  w h i le  

n o n - d e p o l a r i z i n g  compounds may be r e g a r d e d  a s  p o s s e s s i n g  

a low d i s s o c i a t i o n  r a t e .

I n  t h e  s t u d i e s  o f  A r i e n s  and h i s  c o l l e a g u e s  

(A r ie n s ,  1 96 4 ) ,  d r u g - r e c e p t o r  i n t e r a c t i o n  was r e l a t e d  t o  

two b a s i c  c o n c e p t s  d e r i v e d  from a c o n s i d e r a t i o n  o f  t h e  

ch e m ica l  bonds u n i t i n g  t h e  d rug  and t h e  r e c e p t o r *  The 

te rm  a f f i n i t y  d e f in e d  th e  a b i l i t y  o f  a d rug  to  e n t e r  i n t o  

complex f o r m a t i o n  w i th  a g i v e n  r e c e p t o r  and i n t r i n s i c  

a c t i v i t y  was d e f i n e d  a s  a m easure  o f  t h e  power of  th e  

d r u g - r e c e p t o r  complex t o  evoke a p o s i t i v e  b i o l o g i c a l
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rosponsGo On th o  b a s i s  o f  t h o s e  two c o n c e p t s ,  t h r o e  

p r i n c i p a l  g r o u p s  of  m usc le  r e l a x a n t s  a r e  r e c o g n i z e d ;  tho  

d e p o l a r i z e r s  or c h o l in o m im e t i c s  h a v in g  a h ig h  i n t r i n s i c  

a c t i v i t y  e . g . ,  décaméthonium, th e  n o n - d e p o l a r i z e r s  or 

c h o l i n o l y t i c s  h a v in g  a low i n t r i n s i c  a c t i v i t y  e . g . ,  

t u b o c u r a r i n e ,  and th o  n o n - c o m p e t i t o r s  o . g . ,  p rodoconium  

which have  an  a f f i n i t y  f o r  r e c e p t o r s  o t h e r  t h a n  t h o s e  

o c c u p ie d  by a c e t y l c h o l i n e .  Tho l a s t  g roup  have boon 

f u r t h e r  s u b d i v i d e d  i n t o  compounds which b lo c k  t h e  

s y n t h e s i s  o f  a c e t y l c h o l i n e  ( e . g . ,  t h e  h e m i c h o l i n i u m s ) , 

i n h i b i t  i t s  r e l e a s e  ( e . g . ,  b o tu l in u m  t o x i n )  and p r e v e n t  

i t s  d e s t r u c t i o n  ( e . g . ,  n e o s t i g m i n e ) .

V a r i a t i o n s  i n  t h e  m o l e c u l a r  c o n f i g u r a t i o n  or 

c o n c e n t r a t i o n  of a d rug  may in d u c e  ch a n g es  i n  i n t r i n s i c  

a c t i v i t y  and a f f i n i t y .  T h i s  c l a s s j . f i c a t i o n  has  t h u s  b ee n  

used  t o  accommodate t h o s e  compounds, t h e  mode o f  a c t i o n  

of V'/hich had h i t h e r t o  b ee n  u n c o n s id e r e d ,  whose a c t i v i t y  

l i e s  somewhere be tw een  t h o s e  w i th  a h ig h  i n t r i n s i c  

a c t i v i t y  and t h o s e  w i th  a low i n t r i n s i c  a c t i v i t y .

R e c e n t l y ,  B e l l e au  (1 9 6 4 ) ,  r e l y i n g  on a n a l o g i e s  

drawn from  t h e  f i e l d  of  enzyme k i n e t i c s ,  h a s  p o s t u l a t e d  

t h a t  t r u e  a n t a g o n i s t s  o f  a c e t y l c h o l i n e  r e a c t  w i th  th e  

m u s c a r i n i c  c h o l i n e r g i c  r e c e p t o r ,  which i s  assumed t o  be a 

p r o t e i n  w i th  a o e t y l c h o l i n c s t o r a s e - l i k e  p r o p e r t i e s ,  t o  

p ro d u c e  v a r i o u s  c o n f o r m a t i o n a l  p e r t u r b a t i o n s  i n  th e  t e r t i a r y
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s t r u c t u r e  of t h e  r e c e p t o r ,  which a r e  i n c a p a b l e  o f  

e l i c i t i n g  any r e s p o n s e .  Such compounds, by r e a s o n  o f  

t h e i r  m o l e c u l a r  d im e n s io n s ,  i n t e r a c t  w i th  t h e  h y d ro p h o b ic  

p e r i p h e r y  e x t e n d i n g  beyond t h e  s p e c i f i c  a c e t y l c h o l i n e -  

b i n d i n g  s i t e  and p rod u ce  a n o n - s p e c i f i c  c o n f o r m a t i o n a l  

p e r t u r b a t i o n  of  t h e  r e c e p t o r .  One c o u ld  p o s t u l a t e  t h a t  

n o n - d e p o l a r i z i n g  a g e n t s  e . g . ,  t u b o c u r a r i n e  may i n t e r a c t  

w i th  th o  r e c e p t o r  s u r f a c e  i n  such a m anner .  A c e t y l c h o l i n e  

and i t s  a g o n i s t s  a l l  i n t e r a c t  on]_y w i th  t h e  a c e t y l c h o l i n e -  

b i n d i n g  p o r t i o n s  of t h e  r e c e p t o r  s u r f a c e  t o  p roduce  an  

u n iq u e  c o n f o r m a t i o n a l  p e r t u r b a t i o n  of t h e  d e l i c a t e l y  

a r r a n g e d  n o n - p o l a r  r e s i d u e s  o f  th e  r e c e p t o r  p r o t e i n .  I t

i s  p o s s i b l e  t h a t  d e p o l a r i z i n g  compounds e . g . ,  décaméthonium 

may r e a c t  w i th  t h e  r e c e p t o r  s u r f a c e  i n  such a manner t o  

p ro d u c e  a r e s p o n s e .  Those compounds which p o s s e s s  

s i d e - c h a i n s  which do n o t  p r o t r u d e  too  d e e p l y  i n t o  t h e  

h y d ro p h o b ic  p e r i p h e r y  o f  t h e  a c e t y l c h o l i n e  s i t e  may 

p ro d u ce  an  e q u i l i b r i u m  m i x tu r e  of s p e c i f i c  and  n o n - s p e c i f i c  

c o n f o r m a t i o n a l  p e r t u r b a t i o n s *  Such compounds a r e  

p a r t i a l  a g o n i s t s .  F o r  d i s c u s s i o n  o f  p ro p o s e d  t h e o r i e s  

o f  d r u g - r e c e p t o r  i n t e r a c t i o n  s e e  r e v ie w s  by B e l l e a u  

(1 9 6 4 ) ,  F u r c h g o t t  ( 1 9 6 4 ) and I n g  (1964)

NATURE OF THE NICOTINIC CHOLINERGIC RECEPTOR,

P r e s e n t - d a y  knowledge c o n c e r n in g  t h e  n a t u r e  of
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r c o e p t o r s  i s  f a r  from com plo to  i n  s p i t e  o f  numerous 

a t t e m p t s  t o  i s o l a t e  and o h a r a o t o r i z e  them. E a r ly  

w o rk e rs  oonoe ivod  of a ”p e r i t e r m i n a l  n e tv m rk ” (Boeke,

1 9 2 9 ) o r  a m o le o u la r  s i d e  c h a in  o f  c e l l u l a r  s u b s t a n c e s  

(L a n g le y ,  1906)  a l t h o u g h  a more r e c e n t  v iew  ( C a v a l l i t o  &

Gray , I 9 6 0 )  s u g g e s t s  t h a t  t h e  r e c e p t o r  s u r f a c e  m ig h t  

c o n s i s t  o f  a l a t t i c e  of  a n i o n i c  g ro u p s  a r r a n g e d  i n  a 

c r y s t a l - s h a p e d  p a t t e r n .  Tho  r e c e p t o r  may n o t  be a d i s c r e t e  

p h y s i c a l  e n t i t y  and h as  been  e n v i s a g e d  a s  a s p h e r e  of 

i n f l u e n c e  bounded and d e f i n e d  by enzymes, coenzymas and 

m e t a l l i c  i o n s  ( M a r t in - o m i th  & R eid ,  1 9 5 9 ) .  The view 

t h a t  t h e  c h o l i n e r g i c  r e c e p t o r  may bo s t r u c t u r a l l y  

i d e n t i c a l  w i t h  a c e t y l c h o l i n e s t e r a s e ,  f i r s t  s u g g e s t e d  by 

Roepke i n  1937 h a s  r e c e n t l y  been r e p e a t e d  i n  a m o d i f i e d  

form. I n  h i s  t r e a t m e n t  of d r u g - r e c e p t o r  i n t e r a c t i o n ,  

B e l l e a u  (1964)  s u g g e s t s  t h a t  t h e  r e c e p t o r  m igh t  be 

a c e t y l a t e d  enzyme and have  i t s  o r i g i n  i n  a b io c h e m ic a l  

p o o l  o f  a c e t y l c h o l i n e s t e r a s e .  On t h e  a s s u m p t io n  t h a t  t h e  

r e c e p t o r  i s  a d i s c r e t e  p h y s i c a l  e n t i t y  p o s s e s s i n g  

d e f i n i t e  s p a t i a l  and e l e c t r i c a l  p r o p e r t i e s ,  a number of 

a t t e m p t s  t o  i s o l a t e  and c h a r a c t e r i z e  i t  have  been made.

I n  g e n e r a l ,  t h e s e  have i n v o l v e d  b io c h e m ic a l  e x p e r im e n ts  

i n  which t h e  s u b s t a n c e  b e l i e v e d  to  c o n t a i n  t h e  r e c e p t o r  

was bound w i t h  r a d i o a c t i v e  n e u ro m u sc u la r  b l o c k i n g  a g e n t s  

t o  form com plexes .  E x p e r im e n ta l  e v id e n c e  i n d i c a t i n g
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s t r o n g ,  b u t  p r o b a b ly  n o n - s p o o i f i c  b in d in g ,  of r a d i o a c t i v e  

g a l l a m in e  t o  an  a c i d i c  m u c o p o ly s a c c h a r id e  l e d  t o  c la im s  

f o r  h a v in g  i s o l a t e d  t h e  r e c e p t o r  (Ohagas, 1 9 5 9 ) .  Those 

c l a im s  were d i s p u t e d  by e v id e n c e  s u g g e s t i n g  t h a t  t h e  

r e c e p t o r  was i n  f a c t  a p r o t e i n  ( E h r e n p r e i s ,  I 9 6 0 ) .  

S u b seq u en t  s t u d i e s ,  however,  showing t h a t  t h e  p o s t u l a t e d  

r e c e p t o r  s u b s t a n c e  had h ig h  a v i d i t y  f o r  n o n - s p e c i f i c  

s u b s t a n c e s  such a s  p r o c a i n e  and low a v i d i t y  f o r  compounds 

l i k e  décam éthonium  and a c e t y l c h o l i n e  i t s e l f  l e d  E h r e n p r e i s  

(1 9 6 3 ) t o  r e n o u n c e  h i s  o r i g i n a l  c l a im s  a l t h o u g h  Nachmansohn 

(l963jb) s t i l l  b e l i e v e s  t h a t  t h e  p r o t e i n  f r a c t i o n  i s o l a t e d  

may be t h e  c h o l i n e r g i c  r e c e p t o r .

W hile  t h e  p r e c i s e  p h y s i c a l  n a t u r e  o f  t h e  r e c e p t o r  

s u b s t a n c e  t h u s  re m a in s  unknown, a t t e m p t s  t o  l o c a l i s e  and 

e s t i m a t e  t h e  number o f  r e c e p t o r s  a t  t h e  c h o l i n e r g i c  

n e u ro m u s c u la r  j u n c t i o n  have  boon more s u c c e s s f u l .  Thus, 

e l e g a n t  a u t o r a d i o g r a p h i c  s t u d i e s  of t h e  u p ta k e  of 

r a d i o a c t i v e  G - c u r a r i n e  by mouse d iaphragm  have shown t h a t  

th o  e n d - p l a t e  r e g i o n  l i e s  i n  a c i r c u l a r  band round  t h e  

c e n t r a l  t e n d o n  o f  t h e  d iaphragm  (Waser, 1959,  I 9 6 0 ) .  I n  

a d d i t i o n ,  t h e  work o f  d e l  C a s t i l l o  & K a tz  (1955)  i n d i c a t e s  

t h a t  t h e  c h o l i n e r g i c  r e c e p t o r s  a r c  i s o l a t e d  on t h e  

e x t e r i o r  o f  t h e  e n d - p l a t e  membrane s i n c e  i n j e c t i o n  o f  

a c e t y l c h o l i n e  or c a r b a c h o l  i n t o  th e  i n t e r i o r  o f  a m usc le  

f i b r e  does  n o t  c a u s e  d e p o l a r i z a t i o n  o f  t h e  e n d - p l a t e .
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U sing  a u t o - r a c l i o g r a p h i c  t o o b n iq u e s ,  V/aser ( i 9 6 0 ,  1963) 

h as  e s t im a to c l  t h a t  th o  number of  c u r a r i n e  m o le c u le s  bound 

t o  one e n d - p l a t e  i s  2 .8  x l O ^ f o r  t h e  m in im al  l e t h a l  do se .  

T h i s  f i g u r e  i s  i n  good ag reem en t  w i th  c a l c u l a t i o n s  t h a t  

9 X 10*̂  m o le c u le s  o f  a c e t y l  c h o l i n e  a r e  n eed ed  f o r  one 

d e p o l a r i z a t i o n  o f  one e n d - p l a t e  of  t h e  r a t  d iaphragm  

(K rn je v i ( i  & M i l o d i ,  1958) and i t  h a s  a l s o  b e e n  shown 

t h a t  a minimum of  6 .6  x lO ^ m o leo u le s  of  a c e t y l c h o l i n e  

a r e  r e l e a s e d  a t  t h e  e n d - p l a t e  by a s i n g l e  n e rv e  im p u lse  

( K r n j e v i c  & M i t c h e l l ,  I 9 6 0 ) .  From t h e  above o b s e r v a t i o n s ,  

Waser (1959, I 9 6 0 )  has  c o n c lu d e d  t h a t  when t h e  m in im al  

p a r a l y z i n g  dose  o f  c u r a r i n e  i s  a p p l i e d  t o  t h e  e n d - p l a t e  

l e s s  t h a n  10 r e c e p t o r s  w i l l  r e m a in  f r e e  and from t h i s  he 

e s t i m a t e d  t h a t  t h e  t o t a l  number of n i c o t i n i c  c h o l i n e r g i c
7

r e c e p t o r s  i n  one e n d - p l a t e  i s  p r o b a b ly  a b o u t  10.

I n  a d d i t i o n  t o  t h e  p h y s i o l o g i c a l  a s p e c t ,  t h e  

c h e m ic a l  c o n t r i b u t i o n  t o  t h e  p rob lem  of  t h e  n a t u r e  of t h e  

n i c o t i n i c  r e c e p t o r  h a s  a l s o  been v i g o r o u s l y  m a i n t a i n e d  on 

t h e  a s s u m p t io n  t h a t  t h e  r e c e p t o r  w i l l  have m o l e c u l a r  

f e a t u r e s  and e l e c t r i c a l  c h a r a c t e r i s t i c s  com plem entary  t o  

t h o s e  o f  t h e  most a c t i v e  d ru g  m o l e c u l e s .  T h i s  ap p ro ach  

h as  p r o v i d e d  many o f  t h e  c l i n i c a l l y  m ost  u s e f u l  

n e u ro m u s c u la r  b l o c k i n g  a g e n t s  and has  made i t  p o s s i b l e  t o  

c o r r e l a t e  b i o l o g i c a l  a c t i v i t y  a t  t h e  s k e l e t a l  n e r v e -m u s c le  

j u n c t i o n  w i th  c e r t a i n  s t r u c t u r a l  f e a t u r e s .



I n  th o  f i e l d  of n e u ro m u s c u la r  pharm aco logy ,  

i n t e r e s t  h a s  b ee n  c e n t r e d  on t h e  q u a t e r n a r y  ammonium io n  

p r e s e n t  i n  t h e  v a s t  m a j o r i t y ,  a l t h o u g h  n o t  a l l  ( F o l k o r s  & 

M ajor ,  1937; D e u l o f eu, 1959; Domino, 1964) o f  t h e  m usc le  

r e l a x a n t s .  E v id e n c e  o f  t h e  im p o r ta n c e  o f  t h e  q u a t e r n a r y  

ammonium f u n c t i o n  i n  m usc le  r e l a x a n t  a c t i v i t y  was f i r s t  

p r o v id e d  by t h e  d e m o n s t r a t i o n  (Orurn Brown & F r a s e r ,  1869a,_b) 

t h a t  w h i le  a number o f  t e r t i a r y  a l k a l o i d s  i n c l u d i n g  

t h e b a i n e ,  b r u c i n e  and a t r o p i n e  showed a wide v a r i e t y  o f  

p h a r m a c o l o g ic a l  p r o p e r t i e s ,  t h e i r  q u a t e r n a r y  s a l t s  a l l  

e x h i b i t e d  a common p r o p e r t y  of  r e l a x i n g  s k e l e t a l  m usc le .  

S u b se q u e n t  i n v e s t i g a t i o n s  ( f o r  reviev^/s s e e  C r a ig ,  1948; 

C a v a l l i t o  & Gray, I 9 6 0 )  have c o n f i rm e d  t h e  im p o r ta n c e  of  

t h e  q u a t e r n a r y  ammonium f u n c t i o n  f o r  m usc le  r e l a x a n t  

a c t i v i t y ,  M o no qu a to rn a ry  compounds, however,  have n o t  

p ro v e d  c l i n i c a l l y  u s e f u l  a s  m usc le  r e l a x a n t s  on a c c o u n t  

o f  t h e i r  p o t e n t  c h o l i n e r g i c  p r o p e r t i e s  (Hey, 1952;

C a v a l l i t o  & Gray, I 9 6 0 ) .  On t h e  o t h e r  hand ,  t h e  p r e s e n c e  

of two q u a t e r n a r y  ammonium f u n c t i o n s  i n  t h e  m o lecu le  o f  

t u b o c u r a r i n e  ( i s o l a t e d  i n  1935 by King) t o g e t h e r  v^ith th o  

s u c c e s s f u l  deve lopm en t  o f  t e c h n i q u e s  f o r  i t s  c l i n i c a l  

use  ( B e n n e t t ,  1941; G r i f f i t h  & Jo hn so n ,  1942) p ro v id e d  

a s t i m u l u s  f o r  t h e  p r e p a r a t i o n  and s tu d y  of a l a r g e  

number of d ru g s  each p o s s e s s i n g  two q u a t e r n a r y  ammonium 

g ro u p s  (Bar low  & In g ,  1948a^, b ; B aton  & Z a im is ,  1948_a,_b; 

B o v e t ,  1 9 5 1 ) .
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Tho h igh  o r  p o te n c y  of b i s q u a t e r n a r y  compounds 

compared w i th  t h e  c o r r e s p o n d i n g  m o n o q u a te r n a r i e s  (B a ton  & 

Z a im is ,  1949)  l e d  t o  t h e  p o s t u l a t e  t h a t  a c t i v i t y  i n  t h e  

fo rm e r  g ro u p  c o u ld  be a t t r i b u t e d  t o  t h e  i n t e r a c t i o n  of 

o p t i m a l l y  sp aced  q u a t e r n a r y  ammonium c e n t r e s  ( a p p r o x im a te ly  

13-15  A a%)art) w i th  s i m i l a r l y  sp aced  r e c e p t o r  g ro u ps  on 

t h e  m o to r  e n d - p l a t e .  The complex formed by such " b i v a l e n t ” 

m o le c u le s  (Bar low , 1955) would be tw ic e  a s  a c t i v e ,  i t  

was c la im e d ,  as  t h a t  formed by a c o r r e s p o n d i n g  m onoq u a to rn ary  

compound, A l o g i c a l  e x t e n s i o n  of s t u d i e s  u s i n g  b i s q u a t o r n a r y  

s a l t s  were t h o s e  i n v o l v i n g  t r i s - ,  t e t r a - ,  and po lyon ium  

compounds u n d e r t a k e n  i n  th e  hope t h a t  a h i g h e r  d eg re e  o f  

a c t i v i t y  t h a n  t h a t  found  i n  b i s q u a t o r n a r y  s a l t s  would bo 

d e r i v e d  by t h e i r  s e v e r a l  c a t i o n i c  c e n t r e s  r e a c t i n g  w i th  a 

s i m i l a r  number o f  r e c e p t o r  s i t e s  (Edwards,  Lew is ,  o t e n l a k o  & 

S t o t h e r s ,  1959; L ew is ,  McBhail ,  Muir & S t e n l a k e ,  1961?

L ew is ,  M a r t in - S m i th  & M u i r , 1 9 6 3 ) .

W hile  t h e r e  was c o n s i d e r a b l e  e v id e n c e  i n  s u p p o r t  

o f  t h e  s o - c a l l e d  e q u i d i s t a n t  c o n c e p t  i n  t h a t  t h e  most  

a c t i v e  member o f  s e v e r a l  s e r i e s  o f  compounds p o s s e s s e d  an  

i n t e r - o n i u m  d i s t a n c e  com parab le  t o  t h a t  found  i n  

t u b o c u r a r i n e  (10-15  A), i t  soon became e v i d e n t  t h a t  a o ne -  

d im e n s io n a l  ap p ro ach  o m i t t e d  s e v e r a l  i m p o r t a n t  c o n s i d e r a t i o n s .  

Thus, a l th o u g h  t h e  v a s t  m a j o r i t y  o f  t h e  compounds were 

n o n - r i g i d  and c o n t a i n e d  a p o ly m e th y le n e  c h a in ,  no a t t e m p t
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was made t o  use  r i g i d  m o lo o u lo s .  I n t o r - o n i u m  d i s t a n c e  

i n  n o n - r i g i d  e n t i t i e s  h a s  no f i x e d  v a lu e  on a c c o u n t  of  

c o n f o r m a t i o n a l  i so m er ism ,  which a r i s e s  f rom  t h e  f reedom  

o f  r o t a t i o n  a b o u t  s i n g l e  0 -0  bonds i n  t h e  p o ly m e th y le n o  

c h a i n  ( C a v a l l i t o ,  Gray & S p in n e r ,  1 9 5 4 ) .  M oreover,  i n  

ch e m ica l  m edia  a t  l e a s t ,  i o n  p a i r i n g  be tw een  a d i - c a t i o n  

and one a n i o n  may o c c u r .  Hence, t\'Vo onium c e n t r e s  may 

bond t o  a s i n g l e  a n i o n i c  r e c e p t o r  ( s e e  C a v a l l i t o  & Gray, 

1 9 6 0 ) .  T he re  i s  no r e a s o n  t o  assume, t h e r e f o r e ,  t h a t  t h e  

th e rm o d y n a m ic a l ly  m ost  s t a b l e  m o le o u la r  c o n f o r m a t io n  

p a r t i c i p a t e s  i n  d r u g - r e c e p t o r  i n t e r a c t i o n .  The d i f f i c u l t y  

o f  a s s e s s i n g  t h e  p r e c i s e  m o l e c u l a r  c o n f o r m a t io n  t a k i n g  

p a r t  i n  any p a r t i c u l a r  d r u g - r e c e p t o r  c o m b in a t io n  h a s  been  

em phas ized  f u r t h e r  by d i f f e r e n c e s  between o o n d u c t i m e t r i e  

m easu rem en ts  (R ic e ,  1956, 1958) and s t a t i s t i c a l l y  

c a l c u l a t e d  i n t e r - o n i u m  d i s t a n c e s  ( G i l l ,  1 9 5 9 ) .  A d d i t i o n a l  

p h y s i c o - c h e m i c a l  s t u d i e s  have p ro v id e d  i n f o i m a t i o n  on th e  

b e h a v io u r  o f  l o n g  c h a in ,  b i s q u a t o r n a r y  compounds i n  

s o l u t i o n s .  W hile  t h e  a p p l i c a b i l i t y  of  r e s u l t s  em ploy ing  

p u r e l y  c h e m ic a l  media t o  th o  b io p h a s e  i s  s p e c u l a t i v e  i t  i s  

c l e a r  t h a t  l o n g  c h a i n  a l i p h a t i c  compounds c u rv e  i n  

s o l u t i o n  and  do n o t  r e m a in  m ax im al ly  e x te n d e d  (Brody & 

F u o ss ,  1 9 5 6 ) .  E lw o r th y  (1963> 1964) has  s u g g e s t e d  t h a t

t h e  r e d u c t i o n  i n  c h a in  l e n g t h  may r e p r e s e n t  an a t t e m p t  by 

th e  m o le c u le  t o  m in im ise  i n t e r f a c i a l  e n e rg y  bo tv/eon w a t e r
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moloGulG and t h e  h y d ro c a rb o n  chain* Such c o n s i d e r a t i o n s  

c o u ld  c l e a r l y  a c c o u n t  f o r  t h e  d i f f e r e n c e s  i n  t h e  e s t i m a t e d  

i n t  or-*-onium d i s t a n c e  i n  t u b o c u r a r i n e  v a r i o u s l y  r e p o r t e d  

a s  1 3 -1 5  A (P a to n  & Z a im is ,  1949) or 9-12 A (C a r e y , Edwards, 

Lewis & S t e ï ü a k e ,  1 959)-  E lw or thy  (1964) has  s p e c u l a t e d  

t h a t  9 . 5  A a s  i n  décaméthonium may be t h e  c r i t i c a l  d i s t a n c e  

between  anionic;* r e c e p t o r  s i t e s .

Hany o f  t h e  c r i t i c i s m s  o f  t h e  e q u i d i s t a n t  

c o n c e p t  have been  embodied i n  th e  a d u m b ra t io n  h y p o t h e s i s  

(Loewe & H arvey ,  1952) which em phasized  t h e  need f o r  a 

c o n s i d e r a t i o n  o f  t h e  o v e r a l l  s t r u c t u r a l  c h a r a c t e r i s t i c s  of 

a d ru g  i n  d e t e r m i n i n g  t h e  d e g r e e  o f  d r u g - r e c e p t o r  

i n t e r a c t i o n .  I n  t h i s  h y p o t h e s i s ,  t h e  a d u m b ra t in g  or 

u m b r e l l a - l i k e  s t r u c t u r e  of t h e  b u lk  o f  t h e  m o le c u le  s h i e l d s  

t h e  r e c e p t o r  and p r e v e n t s  a c l o s e  app roach  o f  a c e t y l c h o l i n e  

by s t e r i o  i n t e r f e r e n c e . A s i m i l a r  view i s  i n h e r e n t  i n  

Y/asor^s p i c t o r i a l  r e p r é s e n t â t  io n  o f  t h e  r e c e p t o r  s i t e  i n  

which ho s u ^ e s t s  t h a t  t h e  r e c e p t o r  m ig h t  be a ”‘pore ' '  o f
o

d ia m e te r  12 -14  A i n  t h e  p o s t - s y n a p t i c  membrane w i t h  an 

a n i o n i c  w a l l  t o  which t h e  d e p o l a r i z i n g  head o f  a c e t y l c h o l i n e  

becomes a t t a c h e d  and an  e s t e r a t i c  s i t e  a t  t h e  bo t tom  f o r  

t h e  b i n d i n g  o f  t h e  e s t e r  g ro u p s  o f  t h e  t r a n s m i t t e r  (Y/aser, 

1959, I 9 6 0 ) .

The use  o f  r i g i d  m o l e c u l e s  as  a means o f  

overcom ing  much o f  t h e  v a l i d  c r i t i c i s m  i n h e r e n t  i n  t h e  use



R

R

R
3

R -

R R

/
•f /

H
>oc,170C-BIS{QÜATERNÆï AMMWlW 5C t- 

ARmOSTMES

c •3
H

N

C  N ( C H 3
3

H

/
IMLOUETINB"



-  -

of  f l e x i b l e  m o le c u le s  was a l o g i c a l  d eve lop m en t  i n  t h e  

prob lem  o f  c h a r a c t e r i z i n g  th o  c h o l i n e r g i c  r e c e p t o r .  I n  

t h i s  c o n n e c t i o n ,  r e c e n t  a t t e n t i o n  has  been  d e v o te d  t o  t h e  

employment o f  t h e  s t e r o i d  n u c l e u s  as  a s u p p o r t i n g  m o ie ty  

upon which t o  append two q u a t e r n a r y  ammonium g ro u p s  i n  

f i x e d  s p a t i a l  a r r a n g e m e n t s  (May & B aker ,  1963, 1965;

A la n d d in  e t  a l . 1 9 6 5 ) .

Tho p r e s e n c e  of  p o t e n t  n o n - d e p o l a r i z i n g  

n e u ro m u s c u la r  b l o c k i n g  a c t i v i t y  i n  a s e r i e s  o f  3ol,17<^^“- b i s  

( q u a t e r n a r y  ammonium) 5 c c - a n d r o s t a n e s  (A la u d d in  e t  a l .1965)  

and i n  s t o r e  o i s o n o r i c  3 ^  , 17 -, 3 a ,  17/9- and 3(3 ,17CX--
compounds r e l a t e d  t o  t h e  fo rm e r  (May à  B ak er ,  1963, 1965; 

B iggs  e j ^ ^ l .  1964 ) ,  each s e r i e s  h a v in g  i n t  o r  onium d i s t a n c e s  

which can  be e x p e c te d  t o  d i f f e r  from t h e  3 a , 1 7 < ^ " ” s e r i e s ,  

i n d i c a t e s  t h e  r e l a t i v e  u n im p o r tan ce  o f  a ” f i x e d ’* i n t e r  onium 

d i s t a n c e  i n  d e t e r m i n i n g  n e u ro m u sc u la r  b lock ing '  a c t i v i t y .

The a c t i v i t y  o f  t h e  3 p  , 17 -  , 3 oc , 17 (9 -  and

3 ^ ,1 7 < ^ “ b i s q u a t o r n a r y  s a l t s  i n d i c a t e  t h a t ,  as  w i th  t h e  

m a lo u o t in e  ( 3 ^  , 2 0 a  - b i s t r i m e t h ylammonium-5 cC -p r e g n a n e  ) 

s e r i e s  (Khuong H uu-B aine^& P i n to - S o o g n a m i g l i o ,  1964) 

s t e r e o i s o m e r i s m  i n  s t e r o i d a l  b i s q u a t o r n a r y  s a l t s  a p p e a r s  

t o  have l i t t l e  e f f e c t  on n e u ro m u sc u la r  b l o c k i n g  a c t i v i t y .  

M oreover ,  t h e  p r e s e n c e  of  h ig h  a c t i v i t y  i n  s t o r e o i s o n o r i c  

3 a ,  1 7 ^ “ and 3 ^  , 17 -  b i s q u a t o r n a r y  ammonium a n d r o s t a n o s

(May & B aker ,  1963, 1 96 5 ) ,  whore th o  q u a t e r n a r y  heads  l i e
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on o p p o s i t o  s i d e s  o f  th o  s t e r o i d  n u o lo u s ,  a g a i n  c a s t s  

d o u b t  upon th o  v a l i d i t y  o f  th o  ” tw o--po in t” a t t a c h m e n t  

t h e o r y .  I t  wou3.d a p p e a r  t h e r e f o r e  t h a t  now em phasis  

m ust  be p l a c e d  on c o n c e p t s  such a s  th o  Waser p o re  

t h e o r y  or t h e  a d u m b ra t io n  h y p o t h e s i s  w i th  i t s  p o s t u l a t e  

o f  a o n e - p o i n t  a t t a c h m e n t .
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a ) EXPERIMDNTÆ ivIETHODSe.

Tho compounds wore r e a d i l y  s o l u b l o  i n  normal 

s a l i n e  t o  g iv e  s o l u t i o n s  o f  pH 3 t o  8 . 7 .

EXPERIMENTS USING CATS.

C a ts  o f  e i t h e r  sex  ( 2 - 4  kg) were  a n a e s t h e t i z e d  

by i n t r a p e r i t o n e a l  i n j e c t i o n  of  sodium p e n t o b a r b i t o n e  

(60 m g /k g ) .  C a n n u la t io n  of  t h e  t r a c h e a ,  one e x t e r n a l  

j u g u l a r  v e i n  and one common c a r o t i d  a r t e r y ,  t o  e n a b le  

b lood  p r e s s u r e  t o  be r e c o r d e d ,  was c a r r i e d  out a s  

p r e v i o u s l y  d e s c r i b e d  (p a g e s  38 and 3 9 ) .  Drugs were 

a d m i n i s t e r e d  i n  s a l i n e  v i a  t h e  e x t e r n a l  j u g u l a r  v e i n .

The Oat G-astrocnemius M u s c l e - S c i a t i c  Nerve P r e p a r a t i o n .

S k e l e t a l  m usc le  c o n s i s t s  o f  t h r e e  main t y p e s s -

a )  Red m u sc le  c h a r a c t e r i z e d  by s lo w ly  c o n t r a c t i n g  f i b r e s ,  

e . g . ,  s o l e u s  m u sc le .

b) W hite  m uscle  c h a r a c t e r i z e d  by r a p i d l y  c o n t r a c t i n g  

f i b r e s .  e . g . ,  a n t e r i o r  t i b i a l i s .

These two m u s c le s  d i f f e r  i n  t h e i r  s e n s i t i v i t y  

to  n e u ro m u s c u la r  b l o c k in g  a g e n t s . Whereas t i b i a l i s  i s  

v e ry  s e n s i t i v e  t o  décaméthonium, s o l e u s  i s  r e l a t i v e l y  

r e s i s t a n t ,  and  w h i l s t  b o th  m u sc le s  a r e  s e n s i t i v e  to  

t u b o c u r a r i n e  t h e  s o l e u s  i s  t h e  more s e n s i t i v e  (P a to n  & 

Zaim is ,  1 9 5 1 a ) .  M oreover,  i n  t i b i a l i s ,  décaméthonium
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a c t s  p u r e l y  a s  a d e p o l a r i s i n g  s u b s t a n c e  w h i l e  i n  s o l e u s  

i t  may p ro d u c e  mixed b lo c k  ( J e w e l l  & Z a im is ,  1954)*

c) Mixed m usc le  i n  which b o th  r e d  and w h i t e  f i b r e s  a r e  

p r e s e n t .

The mixed g a s t r o c n e m iu s  m usc le  was chosen  

f o r  t h e  p r e s e n t  e x p e r im e n ts  s i n c e  i t  a p p e a re d  t o  o f f e r  

t h e  most a c c u r a t e  means o f  a s s e s s i n g  t h e  o v e r a l l  b i o l o g i c a l  

e f f e c t  o f  m u sc le  r e l a x a n t  d ru g s  on mammalian s k e l e t a l  

m u sc le  w i th  r e g a r d  t o  t h e i r  p o s s i b l e  c l i n i c a l  u se .  T h i s  

p r e p a r a t i o n  p r e v i o u s l y  d e s c r i b e d  on page 39 may be used 

t o  i n v e s t i g a t e  t h e  q u a l i t a t i v e  e f f e c t s  o f  n eu ro m u sc u la r  

b l o c k i n g  a g e n t s  and a l s o  s e m i - q u a n t i t a t i v e l y  t o  compare 

t h e  p o te n c y  o f  a new m usc le  r e l a x a n t  w i th  t h a t  of 

t u b o c u r a r i n e  o r  décaméthonium.

The Gat N i c t i t a t i n g  Membrane P r e p a r a t i o n .

The c a t  n i c t i t a t i n g  membrane p r e p a r a t i o n  has  

a l r e a d y  been d e s c r i b e d  ( see  page 43) and i t  i s  u sed  f o r  

t h e  d e t e c t i o n  and e s t i m a t i o n  of  s y m p a t h e t i c  g a n g l i o n  

b lo c k a d e .

E x p e r im e n ts  on t h e  R e s p i r a t i o n  o f  t h e  A n a e s t h e t i z e d  Cat 

and R a b b i t .

I n  o r d e r  t o  e s t a b l i s h  an  a c c u r a t e  p i c t u r e  o f  t h e  

e f f e c t s  o f  n e u ro m u s c u la r  b l o c k i n g  a g e n t s  on t h e  volume of 

a i r  exchanged  by t h e  l u n g s ,  e x p e r im e n ts  w ere  c o n d u c te d  u s i n g



Cônical fla sk  
5 0 0 ml capacity 
(reservo/r)

ijMnScrsvv clip 
odjustabîe  

valve

7 " ^  COcéâ/et

Palmer 
i|l Respiration

O — 
Gimbol lever

Ibm bour
m em brane

ïlg#  17  Diagram of th e  apparatus used to  

record  r e sp ir a tio n » , m od ified  A'om  

th a t  of Gaddum (1-941)#.

approximate scale Ir  9



-- 96

t h e  method d e v i s e d  by Gaddum (1 9 4 1 ) .  The c a t  and r a b b i t

were c h o s e n  a s  t h e  t o s t  s o e o i e s  and t h e  dose  o f  t h e  

compounds r e q u i r e d  t o  p roduce  r e s p i r a t o r y  p a r a l y s i s  i n  

t h e s e  a n im a l s  d e te rm ined*  C a ts  (2 -  4 kg )  were 

a n a e s t h e t i z e d  w i th  sodium p e n t o b a r b i t o n e  (60 mg/lig) g iv e n  

i n t r a p o r i t o n e a l l y * R a b b i t s  ( 1 .5  -  4 kg)  were 

a n a e s t h e t i z e d  by a d m i n i s t r a t i o n  of a s o l u t i o n  of  u r e th a n e  

(4*5 mg/kg) i n t o  a m a r g in a l  e a r  ve in*

I n  bo th  s p e c i e s ,  t h e  t r a c h e a ,  one e x t e r n a l  

j u g u l a r  v e i n  and one c a r o t i d  a r t e r y  on o p p o s i t e  s i d e s  of  

t h e  neck ,  w ere  o a n n u la te d c

The c e n t r a l  l im b o f  a  Pa lm er  ' s ^T  ̂ shaped  

r e s p i r a t o r y  v a l v e  was c o n n e c te d  by r u b b e r  t u b i n g  t o  

t h e  t r a c h e a l  c a n n u la .  The v a lv e  was t h e n  c o n n e c te d  to  

a c o n i c a l  f l a s k ,  a c t i n g  a s  a r e s e r v o i r ,  and l e a d i n g  to  

a tam bour which r e c o r d e d  t h e  r e s p i r a t o r y  movements of 

t h e  an im a l  (P ig .  1 7 ) .  A s c r e w - o l i p  v a l v e  (C) a d j u s t e d  

t h e  a i r  p r e s s u r e  i n  t h e  r e s e r v o i r  t o  m a i n t a i n  tho  

r e c o r d i n g  l e v e r  i n  a h o r i z o n t a l  p o s i t i o n .  \%en th e  

a n im a l  i n s p i r e d ,  a i r  was drawn from  t h e  r e s e r v o i r  f a s t e r  

t h a n  i t  e n t e r e d  th r o u g h  G and t h e  c o n s e q u e n t  d rop  i n  

p r e s s u r e  i n  t h e  s y s te m  was r e c o r d e d  by a d e p r e s s i o n  i n  

t h e  tam bour membrane and a r i s e  i n  t h e  l e v e r .  D u r in g  

e x p i r a t i o n ,  t h e  v a l v e  R̂  c l o s e d ,  a i r  e n t e r e d  t h e  r e s e r v o i r  

a t  G and norm al p r e s s u r e  c o n d i t i o n s  were r e s t o r e d .  The
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iGVor f o i l  t o  i t s  normal r e s t i n g  h o r i z o n t a l  p o s i t i o n .  The 

e x p i r e d  a i r  from t h e  an im a l  e scaped  by t h e  o u t l e t  v a lv e  

Rg, A l t e r a t i o n s  i n  t h e  r a t e  and depth  o f  r e s p i r a t i o n  

o f  t h o  an im a l  c o u ld  t h e n  be t r a n s l a t e d  i n t o  changes  i n  

t h e  f r e q u e n c y  and e x t e n t  o f  t h e  l e v e r  movements. P r i o r  

t o  a d m i n i s t r a t i o n  of t h e  d rug  i n t o  t h e  e x t e r n a l  j u g u l a r  

v e i n ,  a r e c o r d i n g  o f  norm al r e s p i r a t i o n  was o b t a i n e d .

D rugs ,  o f  known c o n c e n t r a t i o n ,  d i s s o l v e d  i n  norm al  s a l i n e ,  

were a d m i n i s t e r e d  v i a  t h e  e x t e r n a l  j u g u l a r  v e i n  a t  a 

c o n s t a n t  r a t e  o f  0 ,3  m l/m in ,  u s in g  a P a l m e r ' s  slow 

i n f u s i o n  a p p a r a t u s .  I n f u s i o n  o f  t h e  d ru g  was s to p p e d  

when s p o n ta n e o u s  r e s p i r a t i o n  c e a s e d  and t h e  a n im a l  was t h e n  

a r t i f i c i a l l y  r e s p i r e d .  The r e s p i r a t o r y  p a r a l y s i n g  dose 

o f  t h e  d ru g  i n  bo th  o a t s  and r a b b i t s  was c a l c u l a t e d  from 

th e  r a t e  and t im e  t a k e n  f o r  i n f u s i o n  o f  t h e  d ru g  and 

e x p r e s s e d  i n  mg/kg.

EXPERIMENTS USING AVIAN SPECIES.

N0n - d e p o l r r i s i n g  n e u ro m u sc u la r  b l o c k i n g  a g e n t s  

p ro d u c e  a f l a c c i d  p a r a l y s i s  i n  a v i a n  s p e c i e s  w h i le  

d e p o l a r i z i n g  m usc le  r e l a x a n t s  ca u se  a s p a s t i c  p a r a l y s i s  

( B u t t l e  & Z a im is ,  1949? P a to n  & Z a im is ,  1952; Z a im is ,  1953) 

which i s  c h a r a c t e r i z e d  by c o n t r a c t u r e  i . e . ,  a s h o r t e n i n g  

o f  t h e  m usc le  which i s  i n d e p e n d e n t  o f  t h e  d e g re e  o f  

e l e c t r i c a l  s t i m u l a t i o n  a p p l i e d .  The c o n t r a c t u r e  and 

i n h i b i t i o n  o f  t w i t c h  h e i g h t  commence s i m u l t a n e o u s l y  b u t
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t h e  maximum d eg re e  o f  c o n t r a o t u r o  u s u a l l y  p r e c e d e s  th o  

o n s e t  o f  maximum p a r a l y s i s  (Orema, S co g n am ig l io  & B ove t ,  

1 9 5 9 ) .  These  e f f e c t s  a r e  r e a d i l y  d e m o n s t r a b le  and th e  

phenomenon i s  u s e f u l  a s  a r e a d y  means of d i s t i n g u i s h i n g  

be tw een  d e p o l a r i z i n g  and n o n - d o p o l a r i z i n g  compounds.

One e x p l a n a t i o n  f o r  t h e  d i f f e r e n c e  i n  t h e  

r e s p o n s e  of  t h e  two s p e c i e s  may l i e  i n  t h e  o b s e r v a t i o n  

t h a t  t h e  amount o f  a c e t y l c h o l i n e  r e l e a s e d  i n  r e s p o n s e  

t o  a s i n g l e  supram axim al  shook a p p l i e d  t o  t h e  s c i a t i c  

n e rv e  o f  a v i a n  s p e c i e s  o n ly  j u s t  a t t a i n e d  t h e  t h r e s h o l d  

l e v e l  n e c e s s a r y  t o  e x c i t e  a b o u t  75^ of  t h e  g a s t r o c n e m iu s  

m usc le  f i b r e s ,  w h i l e  f o r  t h e  r e m a in in g  f i b r e s  i t  was 

s u b l i m i n a l  (Brown & H arvey ,  T938_a,b), I n  mamraalian 

m u s c le ,  on th e  o t h e r  hand, i t  i s  g e n e r a l l y  a c c e p te d  

t h a t  t h e  amount of  a c e t y l c h o l i n e  r e l e a s e d  by a s i n g l e  

sup ram ax im al  n e rv e  shock  e l i c i t s  a  s y n c h ro n o u s  c o n t r a c t i o n  

o f  a l l  t h e  m u sc le  f i b r e s  (B la b e r  & Bowman, 1962) ,

The Chicken  G as t ro c n em iu s  M u s c l e - S c i a t i c  Nerve P r e p a r a t i o n ,  

The method used  was s i m i l a r  t o  t h a t  o f  P o l i k a n ,  

Smith and Unna (1 9 5 4 ) .  Leghorn  c h i c k e n s ,  o f  e i t h e r  sox 

( 1 - 2 . 5  kg)  were a n a e s t h e t i z e d  by i n j e c t i o n  o f  a 10^ 

sodium p h e n o b a r b i to n e  s o l u t i o n  i n  s a l i n e  i n t o  a wing v e i n  

(200 m g /k g ) .  T h i s  do se  of b a r b i t u r a t e  was g e n e r a l l y  

fo und  t o  be s u f f i c i e n t  t o  m a i n t a i n  a n a e s t h e s i a  t h r o u g h o u t  

t h e  e x p e r im e n t .  The t r a c h e a  and an e x t e r n a l  j u g u l a r  v e i n
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were o a m i u l a t e d .  Tho t e n d o n  o f  t h e  g a s t r o c n e m iu s  m usc le  

o f  one l o g  was c a r e f u l l y  i s o l a t e d  and c u t ,  a s  p r e v i o u s l y  

d e s c r i b e d  f o r  t h e  o a t  g a s t r o c n e m iu s  m u s c l e - s c i a t i c  n e r v e  

e x p e r im e n t ,  and a t t a c h e d  o v e r  p u l l e y s  t o  a B ro w n -S c l iu s tc r  

myograph l e v e r  by a s t r o n g  l i n e n  t h r e a d  sewn th ro u g h  t h e  

c u t  end .  The s c i a t i c  n e rv e  was exposed  and th e  d i s t a l  

end s t i m u l a t e d  su p ram a x im a l ly  u s i n g  a Dobbio-M clnnes  s q u a re  

wave s t i m u l a t o r  (6 /m in ,  5 t o  10 V, 2 t o  3 m sec) .

The c o n t r a c t i o n s  wore r e c o r d e d  on a smoked 

s u r f a c e .  Drugs were a d m i n i s t e r e d  v i a  t h e  e x t e r n a l  

j u g u l a r  v e i n .

The R a b b i t  Head Drop Method.

The E s t i m a t i o n  o f  t h e  Head Drop Dose (HDD).

A m o d i f i c a t i o n  (Varney, L i n e g a r  & H oladay ,  1949) 

of th e  method o u t l i n e d  by B e n n e t t  (1941)  was employed. 

Groups o f  n i n e  r a b b i t s  o f  e i t h e r  sex  ( l ; 5 -  3 kg)  were  

u sed  f o r  each d ru g .  Each r a b b i t  was p l a c e d  i n  an  

i n d i v i d u a l  p e r s p e x  ’’b l e e d i n g ” box ( E i g , l 8 )  w i th  i t s  head  

p r o t r u d i n g  t h r o u g h  t h e  o p en in g  a t  t h e  f r o n t  (E ig .  1 9 ) .

Drugs u nd er  t e s t ,  d i l u t e d  i n  norm al s a l i n e ,  were 

a d m i n i s t e r e d  th ro u g h  a m a r g in a l  e a r  v e i n  a t  a c o n s t a n t  

r a t e  of 0 .3  m l /m in  u s i n g  a P a l m e r ' s  s low  i n f u s i o n  a p p a r a t u s  

The r a b b i t  r em a in ed  q u i e t  u n t i l  j u s t  b e f o r e  t h e  e n d - p o i n t  

of t h e  e x p e r im e n t  when t h e r e  was u s u a l l y  a b r i e f  p e r i o d  

o f  r e s t l e s s n e s s .  I n t r a v e n o u s  i n f u s i o n  was s to p p e d  orily
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when t h e  neck niusolee were f u l l y  r e l a x e d  and  t o n e l e s s  

and  a l i g h t  t a p  on t h e  m uzzle  p ro d uced  no r a i s i n g  of  

t h e  a n im a le s  h ea d .  The r e a d i n g  on t h e  t i m i n g  d e v ic e  

o f  t h e  s low i n j e c t i o n  a p p a r a t u s  was t h e n  n o te d  and t h e  

d i f f e r e n c e  between t h i s  and t h e  o r i g i n a l  r e a d i n g  used 

t o  c a l c u l a t e  t h e  volume o f  d rug  i n j e c t e d .  The head 

drop d o se  (HDD) was c a l c u l a t e d  and e x p r e s s e d  i n  mg/kg.

T h i s  method o f  a s s a y  i s  b e s t  s u i t e d  t o  

compounds h a v in g  a f a i r l y  r a p i d  o n s e t  of a c t i o n  and a 

d u r a t i o n  o f  e f f e c t  co m parab le  t o  t h a t  o f  t u b o c u r a r i n c .

A lso ,  by com par ing  th e  head drop dose t o  t h a t  p r o d u c in g  

r e s p i r a t o r y  p a r a l y s i s  i n  t h e  r a b b i t  a c o r r e l a t i o n  can 

be e f f e c t e d  be tw een  t h e  r e s p i r a t o r y  and t h e  n e u ro m u s c u la r  

p a r a l y z i n g  p o te n c y  o f  t h e  d rugs  under  i n v e s t i g a t i o n .

EXPDRIIvIENTS USIHD M C E o

E s t i m a t i o n  o f  t h e  Approx im ate  Median P a r a l y z i n g Dose (PD50) 

and t h e  A pprox im ate  Median Le t h a l  Dose (LD^O)•

The method d e s c r i b e d  i s  b a s e d  upon t h a t  o f  

Thomson (1946) f o r  t h e  a s s a y  of i n s u l i n  i n  m ice .  Groups 

o f  t e n  male a l b i n o  mice ( l 8  -  24g) w ere  i n j e c t e d  

i n t r a p e r i t o n e a l l y  a t  d i f f e r e n t  dose  l e v e l s  w i th  s o l u t i o n s  

o f  t h e  n i t r o g e n o u s  s t e r o i d s ,  i n  norm al  s a l i n e .  The m ice  

were  t h e n  p l a c e d  on a f in e -m e s h  w i r e  s c r e e n  i n c l i n e d  a t
CJ

an  a n g le  of  60 t o  t h e  h o r i z o n t a l  and t h o s e  which d e v e lo p e d
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a t y p i c a l  s k e l e t a l  m usc le  p a r a l y s i s  and s l i d  a b r u p t l y  

o f f  t h e  s c r e e n  w i t h i n  a p e r i o d  o f  30 m in u te s  a f t e r  

i n j e c t i o n  o f  t h e  d rug ,  were c o n s i d e r e d  t o  show a p o s i t i v e  

r e a c t i o n .  The dose  a t  which f i v e  ou t  o f  t e n  i n j e c t e d  

mice  s l i d  o f f  t h e  s c r e e n  was c o n s i d e r e d  t o  be t h e  

a p p ro x im a te  m edian  p a r a l y z i n g  dose (PD50) and was e x p r e s s e d  

i n  mg/kg o f  body w e i g h t .  I n  o r d e r  t o  d e te r m in e  t h e  

a p p r o x im a te  m ed ian  l e t h a l  dose  (LD50), t h e  dose a t  which 

f i v e  ou t  o f  t e n  mice d i e d  w i t h i n  h a l f  an h ou r  was t a k e n  

and e x p r e s s e d  i n  te rm s  o f  mg/kg o f  body w e ig h t ,

EXPERims’TS USING THE ISOLATED GUINEA PIG ILEUM.

I n h i b i t i o n  o f  t h e  P e r i s t a l t i c  R e f l e x ,

The p e r i s t a l t i c  r e f l e x  i s  e l i c i t e d  by an 

i n c r e a s e  i n  i n t r a l u m i n a l  p r e s s u r e  w i t h i n  t h e  i n t e s t i n e  

and c o n s i s t s  of two p h a s e s .  F i r s t l y ,  a p r e p a r a t o r y  

p h a s e  which i s  a s s o c i a t e d  w i th  c o n t r a c t i o n s  o f  t h e  

l o n g i t u d i n a l  m usc le  o f  t h e  i n t e s t i n e .  These  c o n t r a c t i o n s  

a r e  an  i n h e r e n t  p r o p e r t y  o f  t h e  m u sc le  f i b r e s  and a r e  

n o t  a f f e c t e d  by d ru g s  i n t e r f e r i n g  w i th  n e rv o u s  s t r u c t u r e s  

i n  t h e  i n t e s t i n a l  w a l l .  S eco n d ly ,  an  em pty ing  p h ase ,  

i n  which c o n t r a c t i o n s  o f  t h e  c i r c u l a r  m usc le  o f  th e  

i n t e s t i n e  t a k e  p l a c e  and t h i s  i s  c o n t r o l l e d  by t h e  

au to n o m ic  n e rv o u s  sys tem , and i s  s u s c e p t i b l e  t o  d ru g s  

( T r e n d e l e n b u r g ,  1917? P a to n  & Za im is ,  1949, 1951^)*
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As tliG g a n g l i a  i n v o lv e d  i n  t h e  p e r i s t a l t i c  

r e f l e x  a r c  p r o b a b ly  p a r a s y m p a t h e t i c  i n  o r i g i n  ( F e l d b e r g  & 

L in ,  1 9 4 9 ) ,  i n h i b i t i o n  o f  t h i s  r e f l e x  can  be used  t o  

e s t i m a t e  t h e  p o te n c y  o f  d ru g s  i n d u c i n g  p a r a s y m p a t h e t i c  

g a n g l i o n  b lo c k a d e .  The m ost  commonly employed method 

o f  s t u d y i n g  p e r i s t a l s i s  i s  t h a t  o f  T r e n d e le n b u r g  (1 9 1 7 ) .  

I s o l a t e d  g u in e a  p i g  i l e u m  was chosen  b e c a u s e  i t  has  

s m a l l e r  p e n d u l a r  movements and l e s s  v a r i a b i l i t y  i n  to n e  

t h a n  t h a t  o f  o t h e r  mammalian s p e c i e s .  Guinea p i g s  o f  

e i t h e r  s e x  (0 .3  - 0 . 5  k g ) ,  were k i l l e d  and a p i e c e  of  

i l e u m  ( 7 - 1 0  cm) removed from  t h e  r e g i o n  p ro x im a l  to  

t h e  i l e o c a e c a l  j u n c t i o n .  A p i e c e  of t h r e a d  was t i e d  

ro und  t h e  o r a l  end o f  t h e  segment and t h e  t h r e a d  

a t t a c h e d  t o  a w r i t i n g  l e v e r .  The c a u d a l  end was 

c o n n e c te d  t o  a g l a s s  ’*U’' tu b e  which l e d  v i a  a v a l v e  

t o  a M a r i o t t o  b o t t l e  c o n t a i n i n g  Tyrode s o l u t i o n  which 

was p l a c e d  on a movable p l a t f o r m  ( F i g .  2 0 ) .  The b o t t l e  

c o u ld  be r a i s e d  or lov^ored a s  r e q u i r e d  t o  s u b j e c t  t h e  

i n t e s t i n e  t o  a r e g u l a t e d ,  i n t r a l u m i n a l  h y d r o s t a t i c  

p r e s s u r e .  A i r  b u b b le s  wore removed f rom  th e  sy s tem  

and t h e  neck of t h e  b o t t l e  c o n n e c te d  by ru b b e r  and 

g l a s s  t u b i n g  t o  a f l o a t  volume r e c o r d e r  which l e d  t o  

a f r o n t a l “ p o i n t  l o v e r  w r i t i n g  on a smoked s u r f a c e .  A 

l e v e r  a t t a c h e d  t o  t h e  c e p h a la d  end o f  t h e  p r e p a r a t i o n  

r e c o r d e d ,  a t  t h e  same t im e ,  t h e  p e n d u l a r  movements of
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t h e  i n t e s t i n e .  To p r e v e n t  f a t i g u e  o f  t h e  p r e p a r a t i o n ,  

p e r i s t a l s i s  was in d u c e d  f o r  on ly  30 sec o n d s  e v e ry  3 

m i n u te s .  The t e m p e r a t u r e  v/as t h e r m o s t a t i c a l l y
o

c o n t r o l l e d  a t  30 C t h r o u g h o u t  each e x p e r im e n t .  The 

d ru g s  un d e r  i n v e s t i g a t i o n  were added 30  s e c o n d s  p r i o r  

t o  t h e  ind ucem en t  of  p e r i s t a l s i s  and t h e  e f f e c t s  on t h e  

p e r i s t a l t i c  r e f l e x  and on th e  l o n g i t u d i n a l  c o n t r a c t i o n s  

were r e c o r d e d .

E x p e r im e n ts  U s in g  th e  I s o l a t e d  P rog  R e c tu s  Abdominis 

M u s c le .

The method of  Chang and Gaddum (1 9 3 3 ) ,  m o d i f i e d  

f o r  m u sc le  r e l a x a n t  d ru g s  (G a rc ia  do J a l o n ,  1 9 4 7 ) ,  v/as 

employed. T h i s  method c a n  be u sed  t o  e s t i m a t e  t h e  

p o te n c y  and mode o f  a c t i o n  o f  new compounds u nder  

i n v e s t i g a t i o n .

An a d u l t  f r o g  was k i l l e d ,  d e c a p i t a t e d  and 

p i t h e d .  I t  was t h e n  l a i d  on i t s  back  on a c o r k - c o v e r e d  

d i s s e c t i n g  b o a rd  and p in n ed  down. The s k i n  o f  t h e  

abdomen was removed, t h e  r e c t u s  m usc le  exposed  and 

d i s s e c t e d  from  i t s  i n s e r t i o n  i n t o  t h e  p e l v i c  g i r d l e  

t o  t h e  p o i n t  o f  i n s e r t i o n  i n t o  t h e  c a r t i l a g e  o f  t h e  

p e c t o r a l  g i r d l e .  One h a l f  o f  t h i s  m u sc le ,  o b t a i n e d  

by l o n g i t u d i n a l  d i s s e c t i o n  a t  t h e  m i d l i n e ,  was used 

i n  each e x p e r im e n t ,  A lo o p  of  t h r e a d  was sewn th ro u g h  

t h e  x i p h i s t e r n u m  and a l o n g e r  t h r e a d  around  t h e  p u b ic



C o u n te r w eigh t
(p /3stictn i2)

Frontal writing 
point (ever Reservoir of 
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Rectus abdominis 
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Platinum hook...

10 ml. organ bath '

IRig* ?X Diagram o f  th e  apparatus used t o  record  

th e  e f f e c t  o f  drugs on th e  i s o la t e d  fr o g  

r e c tu s  ahdom inis m u scle .
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Gild. Tho m usclû  was t h o n  f i x e d ,  by moans o f  t h e  lo o p ,  

t o  tb o  basG of  a 10 ml organ  both  f i l l e d  w i th  oxygena ted  

R i n g e r ' s  s o l u t i o n  a t  room t e m p e r a t u r e .  The l o n g  

t h r e a d  was t h e n  a t t a c h e d  t o  a m o d i f i e d  f r o n t a l - p o i n t  

w r i t i n g  l e v e r  (R ig .  2 1 ) .

A l l  d rug s  u n d e r  i n v e s t i g a t i o n ,  d i s s o l v e d  i n  

norm al  s a l i n e ,  w ere  added t o  t h e  b a t h  u s i n g  a 1 ml 

g r a d u a t e d  t u b e r c u l i n  s y r i n g e .  The c o n c e n t r a t i o n s  of 

a c e t y l c h o l i n e  used  t o  p ro d u ce  c o n t r a c t i o n s  o f  t h e  m u sc le  

were  o f  t h e  o r d e r  o f  1 . 0  t o  2 . 0 ^ g / m l .  Two u n i fo rm  

submaximal c o n t r a c t i o n s  t o  t h e  same dose  o f  a c e t y l c h o l i n e  

were o b t a in e d  p r i o r  t o  t h e  i n v e s t i g a t i o n  o f  o t h e r  d ru g s .

A s u i t a b l e  t im e  i n t e r v a l  between  each d ose  of a c e t y l c h o l i n e  

was found  t o  be a p p r o x im a t e l y  3 or 4 m in u te s  and t h e  

r e s u l t i n g  c o n t r a c t i o n s  were  r e c o r d e d  f o r  p e r i o d s  of 

30 to  90 s e c o n d s .  A c e t y l c h o l i n e - i n h i b i t i n g  d ru g s  were

added from 30 t o  60 s e c o n d s  p r i o r  t o  t h e  a d d i t i o n  of 

a c e t y l c h o l i n e  and were q u a n t i t a t i v e l y  compared v/i th  

t u b o c u r a r i n c  a s  i n h i b i t o r s  of  a c e t y l c h o l i n e .  The m usc le  

was washed a f i x e d  number o f  t im e s  w i th  f r e s h  f r o g  

R i n g e r ' s  s o l u t i o n  a t  t h e  c o m p le t io n  o f  each  c y c l e .

S e v e r a l  a d d i t i o n s  o f  a c e t y l c h o l i n e  were needed  f o r  co m p le te  

r e c o v e r y ,  t h e  l e n g t h  of  t im e  t a k e n  d e p e n d in g  on b o th  t h e  

n a t u r e  and t h e  q u a n t i t y  o f  t h e  d rug  added  t o  t h e  b a t h .
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The I s o l a t e d  R a t  P h r e n i c  N erve“Diaphragm P r e p a r a t i o n .

Tbo method used i s  e s s e n t i a l l y  t h a t  d e s c r i b e d  

by D u l b r i n g  (194-6). A d u l t  r a t s  of e i t h e r  s e x  (150 -  200g) 

were k i l l e d  and e x s a n g u in a t e d .  The s k i n  over  t h e  c h e s t  

was removed and t h e  t h o r a x  opened a lo n g  t h e  r i g h t  s i d e  

o f  t h e  s te rn u m .  The f r o n t a l  p a r t  o f  t h e  l e f t  t h o r a c i c  

wall was t h e n  removed and t h e  l e f t  p h r e n i c  n e rv e  exposed .

I t  was c a r e f u l l y  f r e e d  i n  s i t u  from f a t  and o t h e r  t i s s u e s ,  

t a k i n g  c a r e  n o t  t o  damage th e  n e r v e .  The ne rv e  was t h e n  

l i g a t e d  a t  a p o i n t  t h r e e  t o  f o u r  cm from  i t s  j u n c t i o n  w i th  

t h e  d iaph ragm  and  s e v e r e d  j u s t  above t h e  l i g a t u r e .  A 

t r i a n g u l a r - s h a p e d  s e c t i o n  o f  t h e  d iap h rag m  was d i s s e c t e d  

o u t  w i th  a p o r t i o n  of t h e  r i b  cage a t t a c h e d  t o  i t s  c o s t a l  

m a rg in .  A l o n g  t h r e a d  was sewn th ro u g h  t h e  apex  o f  t h e  

d iaph ragm . The c o s t a l  m a rg in  was a t t a c h e d  t o  t h e  b a s e  

o f  a B e l l ' s  e l e c t r o d e  by means o f  a p l a t i n u m  w i r e .  The 

p h r e n i c  n e rv e  was t h e n  c a r e f u l l y  l a i d  o v e r  a s m a l l  g roove  

i n  t h e  B e l l ' s  e l e c t r o d e  and t h e  p r e p a r a t i o n  p l a c e d  i n  

a 100 ml o rg a n  b a th  a t  29^0 c o n t a i n i n g  doub le  g l u c o s e  

Tyrode s o l u t i o n .  The t h r e a d  sown th ro u g h  t h e  apex  o f  

t h e  d iaph ragm  was a t t a c h e d  t o  a l i g h t  i s o t o n i c  S t a r l i n g  

h e a r t  l e v e r  which r e c o r d e d  t h e  c o n t r a c t i o n s  on a moving 

smoked s u r f a c e .  The n e r v e  was s t i m u l a t e d  s u p r a n a x i m a l l y  

u s i n g  a D obbie-M olnnes  s q u a r e  wave g e n e r a t o r  a t  6 /m in ,

5 t o  10 V, t h e  p u l s e  w id th  b e i n g  0 ,5  t o  2 msec. Those
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v a l u e s  wore k e p t  c o n s t a n t  f o r  any one e x p e r i m e n t . A

s i n t e r e d  g l a s s  d i s t r i b u t i o n  tu b e  was f i x e d  a t  t h e  bo t tom  

of t h e  b a th  t o  p r o v i d e  a v ig o ro u s  s u p p ly  o f  oxygen.

The d rug s  u nd er  i n v e s t i g a t i o n ,  i n  s o l u t i o n  i n  

norm al  s a l i n e ,  wore added  t o  t h e  ba th  u s i n g  a 1 ml

g r a d u a t e d  t u b e r c u l i n  s y r i n g e  and a l lo w e d  t o  a c t  f o r  3

m in u te s  b e f o r e  t h e  Tyrode  s o l u t i o n  was changed .  An i n t e r v a l  

o f  15 m in u te s  was a l lo w e d  p r i o r  t o  t h e  a d d i t i o n  o f  t h e  

n e x t  dose  o f  a d ru g  t o  a l l o w  t h e  m ag n i tu d e  o f  c o n t r a c t i o n

to  r e t u r n  t o  no rm al .

T h i s  p r e p a r a t i o n  i s  b e s t  s u i t e d  t o  t h e  d e t e c t i o n  

and a s s a y  o f  c u r a r e - l i k e  s u b s t a n c e s .  I t  i s  c o m p a r a t iv e l y  

i n s e n s i t i v e  t o  décaméthonium and o t h e r  d e p o l a r i z i n g  m u sc le  

r e l a x a n t s  (Lew is  & M uir ,  1 9 5 9 ) ^

D e t e r m i n a t i o n  o f  A n t i c h o l i n e s t e r a s e  A c t i v i t y .

A n t i c h o l i n e s t e r a s e  a c t i v i t y  i s  a p r o p e r t y  of  

many q u a t e r n a r y  ammonium compounds some o f  which  a l s o  

p o s s e s s  n e u r o m u s c u la r  b l o c k i n g  a c t i v i t y  ( R i k e r ,  1953>

T o d r i c k ,  1 9 5 4 ) .  The compounds u n d e r  e x a m in a t io n  wore 

t e s t e d  f o r  a n t i c h o l i n e s t e r a s e  a c t i v i t y  i n  view of  th e  

p o s s i b i l i t y  t h a t  t h i s  p r o p e r t y ,  i n  some c a s e s  m ig h t  be 

s u f f i c i e n t l y  g r e a t  t o  c o n t r i b u t e  to w ard s  t h e  n e u ro m u s c u la r  

b lo c k  o b s e rv e d .

A o h o l i n e s t e r a s e - c o n t a i n i n g  p r e p a r a t i o n  from  r a t  

b r a i n  was made by t h e  method o f  Renwick, B a r ro n  and Watson
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(1957) and  i n  v i t r o  a n t i - a o o t y l o h o l i i i G s t e r a s o  a c t i v i t y  

d e te r m in e d  m a n o n e t r i o a l l y  by a m o d i f i c a t i o n  o f  Ammon's 

method (1 9 3 3 ) .  R a t  b r a i n s  wore e x c i s e d ,  r i n s e d  f r e e  

from b lo o d  i n  i s o t o n i c  s a l i n e  and w eighed .  The b r a i n s  

wore homogenized  u s i n g  a P o t t e r - S l v e h j o n  hom ogonizer  

(2 m ins ,  1500 r e v /m in ,  room t e m p e r a t u r e )  d i l u t e d  w i th  

d e i o n i z e d  w a t e r  t o  g iv e  a  5r w/v s u s p e n s i o n ,  and a l lo w e d  

to  r e m a in  a t  room t e m p e r a t u r e  f o r  two h o u r s .  A f t e r  

c e n t r i f u g a t i o n  (lO min, 600 x g, room t e m p e r a t u r e ) , t h e  

a c e t y l c h o l i n e s t e r a s e - c o n t a i n i n g  s u p e r n a t a n t  was removed.

Each f l a s k  c o n t a i n e d  2 .0  ml o f  K re b s -R in g e r  

b i c a r b o n a t e  s o l u t i o n  (U m bro it ,  B u r r i s  & S t a u f f e r ,  1957)  

and 0 ,5  ml o f  enzyme p r e p a r a t i o n  i n  t h e  m ain  com partm ent ,  

and  0 .5  ml of a c e t y l c h o l i n e  c h l o r i d e  s o l u t i o n  ( 0 . 0 3 6M) 

i n  t h e  s id e a rm .  Drugs under  i n v e s t i g a t i o n ,  d i s s o l v e d  

i n  normal s a l i n e ,  wore added (0 .3  ml) t o  t h e  m ain  

com par tm en t .  D i f f e r e n t  m o la r  c o n c e n t r a t i o n s  o f  each 

drug were employed. I n  o r d e r  t o  m in im ise  t h e  e f f e c t s  

o f  a n a e r o b i c  r e s p i r a t i o n  i n v o l v i n g  endogenous s u b s t r a t e s ,  

t h e  f l a s k s  w ere  i n c u b a t e d  f o r  30 m i n u te s  w i th  t h e  s t o p  

cocks  open b e f o r e  t h e  a c e t y l c h o l i n e  was t i p p e d  i n t o  t h e  

main com par tm en t .  M easurem ents  were t h e n  made of t h e  

volumes of  c a rb o n  d i o x i d e  evo lved  i n  30  m in u te s  from 

t h e  b i c a r b o n a t e  medium of  a c e t i c  a c i d ,  p ro d u c ed  a s  a 

r e s u l t  o f  t h e  enzymic h y d r o l y s i s  of a c e t y l c h o l i n e .
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B lank  d é te r ra i  n a t i o n s ,  o m i t t i n g  s u b s t r a t e ,  wore 

c a r r i e d  ou t  t o  e s t i m a t e  t h e  c a rb o n  d i o x i d e  l i b e r a t e d  

from  t h e  medium by a n a e r o b i c a l l y  p ro du ced  l a c t i c  a c i d .  

The r e s i d u a l  a c e t y l c h o l i n e s t e r a se a c t i v i t y  i n  each 

f l a s k  was t h e n  c a l c u l a t e d .  The i n h i b i t i o n  o f  t h e  

e v o l u t i o n  of c a rb o n  d i o x i d e  was used a s  a m easure  of  

t h e  a n t i - a c e t y l c h o l i n e s t e r a s o  a c t i v i t y  o f  each  d rug .  

The n e g a t i v e  l o g a r i t h m  of  t h e  m o la r  c o n c e n t r a t i o n  of  

t h e  d rug  p r o d u c in g  a n  i n h i b i t i o n  o f  505  ̂ ( P I 5 0 ) was 

t h e n  c a l c u l a t e d  acoord ir rg  t o  t h e  method o f  B la sch k o ,  

B u l b r i n g  and Chou (1 9 4 9 ) .
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where either X= - \ , Y = -

or Y=-N-R2,K -O R

Fi g. 22 General formula of compounds  ̂B1 to  BIO*.

Eight out of th e  te n  conpounds studied ,, where 
1

R = a c e ty l ,  in c o rp o ra te  an a c e ty l.c h o lin e - lik e  

moiety in  th e ir  m olecular s tru c tu re *  This; 

can be seen by comparing th e  s t ru c tu re  of 

a c e ty lch o lin e  w ith  the  s t r u c tu r a l  u n it to  th e  

l e f t  of the  d o tte d  l in e  in  th e  s te ro id  form ula.

^2 no t always: d is c r e te  r a d ic a ls  and 

5ji most case Si, except compounds; B4 and were 

re s id u e s  of th e  same h e te ro c y c lic  r in g  system,, 

namely p y r ro lid in o  or p ip e r id  ajio*.
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b) RESULTS.

Ten o f  t h e  e l e v e n  oomponnds u n d e r  i n v e s t i g a t i o n

were m on o q u a te rn a ry  ammonium s a l t s  d e r i v e d  from 2 

and 3 d  -  amino s t e r o i d s  o f  th e  a n d r o s t a n c  and p re g n a n e  

types*  They f i t t e d  t h e  g e n e r a l  fo rm u la  shown i n  Fig* 22, 

T h e i r  s t r u c t u r a l  fo rm u la e  a r e  shown i n  T a b le  6*

The r e m a in in g  compound, B l l ,  was a 2y6',16|6’ -  

b i s q u a t e r n a r y  ammonium a n d r o s t a n e  (T a b le  6 ) .

I n  a few i n s t a n c e s ,  t h e  s c o p e  o f  t h e  

p h a r m a c o l o g ic a l  t e s t i n g  was l i m i t e d  by th e  amount of 

m a t e r i a l  a v a i l a b l e *  The r e s u l t s  a r e  d i v i d e d  i n t o  

tw 0 m ain  h e a d !n g s  :

i )  I n v e s t i g a t i o n  of  n e u ro m u sc u la r  b lo c k  on v a r i o u s

s p e c i e s  u s i n g  c o n v e n t i o n a l  t e c h n i q u e s .

i i )  I n v e s t i g a t i o n  o f  o t h e r  e f f e c t s  i n c l u d i n g  t h o s e

on r e s p i r a t o r y  m u s c u l a t u r e  and a t  au tonom ic  g a n g l i a .

D u r in g  t h e  e x p e r im e n ts  t o  i n v e s t i g a t e  

n e u r o m u s c u la r  b lo ck  th e  f o l l o w i n g  a c c e p t e d  c r i t e r i a  

were a p p l i e d  ( P a to n  & Z a im is ,  1952) i n  an  a t t e m p t  t o  

q u a l i t a t i v e l y  d i f f e r e n t i a t e  t h e  compounds on t h e  b a s i s  

o f  t h e i r  d e p o l a r i z i n g  o r  n o n - d e p o l a r i z i n g  p r o p e r t i e s ^ -

1) D e p o l a r i z i n g  d ru g s  p ro d u ce  m u s c u la r  f a s c i c u l a t i o n  

and b r i e f l y  i n c r e a s e  t h e  t e n s i o n  o f  t h e  m u sc le  iw^/itch 

p r i o r  t o  i t s  d e p r e s s io n *

2) The r e c i p r o c a l  a n ta g o n is m  of  t u b o c u r a r i n c  and
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docarnethonium t o  t h e  b lo c k  p rod uced  by d e p o l a r i s i n g  

and n o n - d e p o l a r i z i n g  a g e n t s  r e s p e c t i v e l y *

3) The a b i l i t y  o f  edrophonium  and n e o s t i g m in e  t o  

a n t a g o n i z e  t h e  b lo c k  p ro d u ced  by n o n - d e p o l a r i z i n g  

d ru g s  and t o  p o t e n t i a t e ,  or on ly  s l i g h t l y  a n t a g o n i z e ,  

t h e  b lo c k  p ro d uced  by d e p o l a r i z i n g  a g e n t s .

4) The a c t i v i t y  o f  n o n - d e p o l a r i z i n g  d ru g s  i s  

i n t e n s i f i e d  and p ro lo n g e d  by e t h e r  a n a e s t h e s i a  w hereas  

d e p o l a r i z i n g  d rugs  a r e  a n tag o n ize d *

5) A t e t a n u s  i s  w e l l  m a i n t a in e d  i n  m u s c le s  t r e a t e d  

w i th  d e p o l a r i z i n g  d ru g s  b u t  r a p i d l y  wanes i n  m u sc le s  

t r e a t e d  w i th  n o n - d e p o l a r i z i n g  m uscle  r e l a x a n t s .

6) The i n d u c t i o n  o f  a s p a s t i c  p a r a l y s i s  i n  a v i a n  

m usc le  by d e p o l a r i z i n g  d rugs  a s  opposed t o  t h e  f l a c c i d  

p a r a l y s i s  p ro d u ced  by n o n - d e p o l a r i z i n g  compounds.

7) The a b i l i t y  o f  n o n - dep o l a r i z i n g  d ru g s  t o  a n t a g o n i z e  

t h e  c o n t r a c t u r e  p ro d u c ed  by d e p o l a r i z i n g  compounds on 

t h e  i s o l a t e d  f r o g  r e c t u s  ab do m in is  m u sc le .

i )  IlWEdTIGATION OF iMElTROiFJSOULAR BLOCKIîTCt POTSI'TGY 

UoINO GOFVBNTIOmiL TEOHRIQIISSo

The C at  G-astrocnomius M u s c l e - O c i a t i c  Nerve 

P r e p a r a t i o n .

A l l  t h e  compounds, i n  t h e  d o s e s  employed, 

p ro d u c e d  co m p le te  o r  i n c o m p le te  r e v e r s i b l e  b lo c k  on 

t h i s  p r e p a r a t i o n .  The t o n  m o noqua to rnary  s t e r o i d s ,



t i g .  24 Cat geustrocnemiiis m u s d e - s c ia t ic  nerve

p r ^ a r a t io n .  P en tobarb itone aneiesth esia#  

C on traction  donmvards. In d ir e c t  s t im u la tio n

v ia  th e  s c i a t i c  n e r v e . Drugs ad m in istered

in tr  aven o u s ly  #.

At iU B and C d-tubocurarine 0 .1$0  mgAg»



FLg. 2 )  Cat gastrocnem ius m u s c le - s c ia t ic  nerve

pr epar a t ion.- Bszrt obarb i t  one anae s th e  s ia »

C on traction  dovsnrards» Ih d ir e c t  s t im u la tio n

v ia  th e  s c i a t i c  n e r v e . Drugs admin i s t ered

in tr  aven ou sly»

At A. 0  and D. compound B) 6 mg^cg»



TABLE 7

A coc ipf t r lnün  o f  t h e  p r o p e r t l e a  o f  compounds B1 t o  B l l  on  t h e  c a t  g a s t r o c n e m i u s  
jniieclc-Dclntic n e r v e  p r e p a r a t i o n .

HEUnOI'USCULAR BL0CKI1ÎG ACTIVITY EFFECT on t h e  b l o c k  p r o d u c e d ,
...........

o f

Com­
pound

T in e  o f  ■ 
o n o e t  o f  
p n x in u a  
p t i r a ly o l o  

(m in )  !

D u r a t i o n  o f  
p a r a l y o i o  
(50?t b l o c k  

a p p r o x . ) 
(m in )

A pprox .  
M ola r  
P o te n c y  
{T u b o c u r ­

a r i n c  «= 
100)

P r e l i m i n a r y  
E x c i t a t i o n  
o f  S k e l e t a l  
UuQole

T u b o c u r ­
a r i n c
( 0 . 0 2 5 - 0 . 1

m f /k g )

Déca­
m é th o n ­
ium
( 0 . 0 2 - 0 . 0 5

m g/kg)

E d ro ­
phonium
( 0 . 2 5 - 0 . 5

m g/kg)

H e o o t i g -
mine
( 0 . 0 5 - 0 . 1 0

m g/kg)

I n h a l ­
a t i o n  o f  
e t h e r  
v a p o u r

R e sp o n se  o f
p a r t i a l l y
b l o c k e d
m u sc le  t o
i n d i r e c t
t e t a n u s

B1 1 -  2 ; 12 -  17 6 Hone P o t e n ­
t i a t i o n

A ntag o n io m A n ta g o n is m A ntagoniom P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

B2 1 -  2 ; 13 -  18 2 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A n ta g o n is m A ntagoniom P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

B3 2 -  3 ’ 14 -  20 1 . 5 Hone P o t e n -  
t i a t i o n

A n ta g o n is m A n ta g o n ls m A n ta g o n is m P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

1 - 2 10  -  23 1 . 5 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A n ta g o n is m A n ta g o n is m P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

B5 2 -  3 ; 15 -  20 1 . 5 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A ntagoniom A n ta g o n is m P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

B6 1 -  2 I 12 -  17 2 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A n ta g o n is m A n ta g o n is m P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

B7 1 -  2 ; 17 -  22 1 .5 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A n ta g o n ism A ntagon iom P o t e n ­
t i a t i o n

P o o r ly
s u s t a i n e d

2 - 3 18 -  23 1 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A n ta g o n is m A n tag o n is m P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

B9 1 -  2 ; 11 -  16 2 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A n tag o n is m A n tag o n is m P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

BIO 2 - 3 | 14 -  19 2 Hone P o t e n ­
t i a t i o n

A n tag o n is m A n ta g o n is m A n ta g o n is m P o t e n ­
t i a t i o n

P o o r l y
s u s t a i n e d

B l l 1 - 2 18 -  23 124 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A n tag o n is m A n ta g o n is m f o t s n -
t i a t i o n

P o o r l y
s u s t a i n e d

dTo 2 -  5 ' 25 -  35 100 Hone P o t e n ­
t i a t i o n

A n ta g o n is m A n ta g o n is m A n tag o n is m P o t e h -
: l a t i o n

P o o r l y
s u s t a i n e d

dTo B T u b o o u r a r in o I



I l l

i n  dosGS of  f ro m  1 t o  6 m^/kg, p ro d u c ed  a n  a p p r o x im a t e l y  

50fo r e d u c t i o n  i n  th o  a m p l i tu d o  o f  t h e  m u sc le  t w i t c h .

They were a p p r e c i a b l y  l o s s  p o t e n t  t h a n  t u b o c u r a r i n e ,  t h e  

most a c t i v e ,  compound B l ,  b e in g  l / l G t h  a s  a c t i v e  a s  

t u b o c u r a r i n e  on a  m o la r  b a s i s  w h i le  t h e  l e a s t  a c t i v e ,  

compound B8, was l / lO O th  a s  a c t i v e .  I n  c o n t r a s t ,  t h e  

b i s q u a t e r n a r y  compound, 3B11, p o s s e s s e d  a p o te n c y  

s l i g h t l y  g r e a t e r  t h a n  t h a t  of t u b o c u r a r i n e  on a  m o la r  

b a s i s  (T a b le  7) and d o se s  o f  0 ,0 5  t o  0 .1 0  mg/kg p ro d u ced  

an a p p r o x im a t e l y  50^ i n h i b i t i o n  o f  th o  m u sc le  t w i t c h .

The d u r a t i o n  and d e g re e  o f  n e u ro m u s c u la r  

b lo c k  p ro d u c e d  by a l l  e l e v e n  compounds depended  bo th  on 

th e  m ag n i tu d e  o f  t h e  dose  employed and t h e  number of  

d o s e s  a d m i n i s t e r e d .  N eu rom uscu la r  b lo c k  became more 

p ro lo n g e d  and i n t e n s e  f o l l o w i n g  t h e  seco nd  i n j e c t i o n  

o f  t h e  same dose t h a n  f o l l o w i n g  th e  f i r s t .  S i m i l a r l y ,  

t h e  t h i r d  i n j e c t i o n  o f  th e  same dose  c a u s e d  a more 

p r o lo n g e d  b lo c k  t h a n  f o l l o w i n g  t h e  s e c o n d .  The e f f e c t  

o f  a f o u r t h  i n j e c t i o n  o f  a s i m i l a r  dose o f t e n  d id  n o t  

s i g n i f i c a n t l y  d i f f e r  f rom  t h a t  o f  t h e  t h i r d  d o se .

S i m i l a r  e f f e c t s  were  a l s o  obse rved  u s i n g  t u b o c u r a r i n e  

( P i g s .  23 and 2 4 ) .

I n  a l l  compounds, t h e  t im e  o f  o n s e t  o f  

maximum p a r a l y s i s  and t h e  d u r a t i o n  o f  b lo c k  were 

s i g n i f i c a n t l y  l e s s  t h a n  t h o s e  f o r  t u b o c u r a r i n e  (T a b le  7 ) .



m

P ig . 26 Cat gaatrocnem iua m u a d e-s c i a t i c  nerve preparation *  

P entobarbitone a n a esth es ia *  C on traction  downwards* 

Drugs adm in istered  in tra v en o u sly *  In d ir e c t  s t im u la t io n  

v i a  th e  s c i a t i c  nerve*

At Ar compound b 4 } mgAg»

At B* d-tub ocu rarin e  0*025 mgAg*



F ig . 25 Cat gastrocnem ius m u s c le - s c ia t ic  nerve p rep aration *  

P en tobarb itone a n a e sth es ia *  C on traction  downwards, 

Drugs adm in istered  in tra v en o u sly *  Ih d ir e c t  

s t im u la tio n  v i a  th e  s c i a t i c  nerve*

At A# coopound HL 0*5 mgAg»

At B# d - t i t  ocur ar ine 0*05 mgAg»
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None o f  t h e  compounds a p p e a re d  t o  p ro d u c e  

any i n i t i a l  s t i m u l a n t  e f f e c t s  and t h e r e  was no e v id e n c e  

o f  m u s c u la r  t w i t c h i n g  o r  f a s c i c u l a t i o n .

The E f f e c t  o f  T u b o c u r a r in e  and Décaméthonium on th e  

B lo ck  P r od u ced .

H u s c le  r e l a x a n t s  w i th  d i s s i m i l a r  t y p e s  of  

a c t i o n  g e n e r a l l y  a n t a g o n i z e  each o t h e r  w h ereas  

s i m i l a r l y  a c t i n g  d r u g s ,  g i v e n  s u c c e s s i v e l y ,  p ro d u ce  

an  a d d i t i v e  e f f e c t  (P a to n  à  ZaiBiis, 1 9 5 2 ) ,  Those 

o b s e r v a t i o n s  prom pted  an  i n v e s t i g a t i o n  o f  t h e  e f f e c t s  

o f  t u b o c u r a r i n e  and décaméthonium on t h e  b lo c k  

p ro d u c e d  by t h e  compounds u n d e r  t o s t .

I n v e s t i g a t i o n s  were c a r r i e d  out  u s i n g  a dose 

o f  compound and a dose of  e i t h e r  t u b o c u r a r i n e  or  

décaméthonium s e l e c t e d  t o  p ro d u c e ,  when g i v e n  a lo n e ,  

a m e a s u r a b le  (2 5/  ̂ -  4 0 ^ ) ,  b u t  n o t  i n t e n s e ,  d e p r e s s i o n  

o f  t h e  t w i t c h  h e i g h t ,

T u b o c u r a r i n e •

A dose  of  t u b o c u r a r i n e  ( 0 .0 5  -  0 .1 0  m g/kg) 

g iv e n  a t  t h e  p o i n t  o f  maximal d e 'p r e s s io n  o f  th o  t w i t c h  

h e i g h t  p rod uced  by any o f  t h e  compounds, enhanced t h e  

i n t e n s i t y  o f  t h e  n eu ro m u sc u la r  b lo c k  ( P i g s .  25 and 2 6 ) ,  

Thus, i n  P ig .  25, t h e  dose o f  compound B1 ( 0 . 5  mg/kg) 

and  t h e  dose o f  t u b o c u r a r i n e  ( 0 , 0 5  mg/kg) were each



c 3 (y
F ig . 28 Cat gastrocnem iiis m u s c le - s c ia t ic  nerve p rep aration *  

B sn tob arb itcn e a n a e s th e s ia . C on traction  downwards* 

Drugs adm in istered  in tr a v e n o u s ly . Ih d ir e c t  s t im u la tio n  

v ia  th e  s c i a t i c  nerve (1200  im pu lses /m in .)  du rin g  

p a r t ia l  b lo ck  by:

A# compound B1 1*5 mgAg*

B, d -tu b ocu rarin e  O .I5O m g^ g .

C, décaméthonium O.O7 mg/kg. 

u ,  un treated  m uscle*



'l i l i â
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F i g# 27 Cat g a str  ocne miua m uscle—s c i a t i c  nerve p rep aration *

P entobarb itone an aesth esia*  C on traction  downwards* 

Drugs ad m in istered  in tra v en o u sly *  Ih d ir e c t  s t im u la tio n  

v i a  th e  s c i a t i c  nerve*

At A. coopound 62  4 mg/kg*

At B ,  décaméthonium 0*05 mgAg»
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s e l  c o t  G d t o  -produce a n e u ro m u s c u la r  b lo c k  o f  a b o u t  

33ÿ^ When t h e  dose  of  compound B1 was f o l lo w e d  by a 

dose  o f  t u b o c u r a r i n e  a t  t h e  p o i n t  o f  maximal d e p r e s s i o n ,  

t h e  d e g re e  o f  n e u ro m u s c u la r  b lo c k  was i n c r e a s e d  to  

a p p r o x im a t e l y  QOfô,

Décaméthon ium .

Décaméthonium (0 ,0 2  -  0*05 mg/kg) was i n j e c t e d  

a t  t h e  p o i n t  o f  maximal d e p r e s s i o n  o f  t h e  m u sc le  t w i t c h  

p ro d u c ed  by t h e  compounds* Im m e d ia te ly  t h e r e  was an  

i n c r e a s e  i n  a m p l i tu d o  and, w i t h i n  a p p r o x im a t e l y  5 m in u te s ,  

a co m p le te  r e v e r s a l  o f  t h e  b lo c k  was a c h ie v e d  i n  a l l  

c a s e s  (D ig  2 7 ) .

The i n v e s t i g a t i o n s  c a r r i e d  out u s i n g  

t u b o c u r a r i n e  and décaméthonium i n d i c a t e d  t h a t  a l l  t h e  

compounds u n d e r  t e s t  were n o n - d e p o l a r i z i n g  i n  n a t u r e  

and no e v id e n c e  o f  a d e p o l a r i z i n g  component was found .

E f f e c t  o f  I n d i r e c t  T e t a n i z a t i o n  of t h e  P a r t i a l l y  B locked  

M u s c le .

A l l  t h e  compounds ( 1 - 7  mg/kg f o r  compounds 

B1 to  BIO, 0 .1 0  “ 0 ,1 5  mg/kg f o r  compound B l l )  p ro du ced  

a p o o r l y  s u s t a i n e d  r e s p o n s e  o f  p a r t i a l l y  b lo ck ed  m usc le  

t o  i n d i r e c t  t e t a n i z a t i o n  i n  a manner s i m i l a r  t o  t h a t  

p ro d u c e d  by t u b o c u r a r i n e  (0 ,1 0  -  0 .1 5  m g /k g ) (D ig .  28) 

and d i f f e r e n t  from t h e  w e l l - s u s t a i n e d  t e n s i o n  of  t e t a n i z o d  

m usc le  p a r t i a l l y  b lo ck ed  by décaméthonium ( 0 , 0 5  -  0 .1 0  m g/kg) .



FLg* 2 )  Cat gastrocn em ius m u s c le - s o ia t lc  nerve

pr^ aratioK i*  P en tob arb iton e a n a e sth es ia *  

C on traction  downwards* Drugs^ ad m in istered  

in tr a v e n o u s ly . Ih d irec t. s t im u la t io n  v ia

th e  s c i a t i e  nerve*

At A# confound BS 4*5 mgAg*

At B, confound BB 4*5 m gAg d u r in g  e th e r  

in h a la t io n *
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E f f e c t  o f  E t h e r  A n a e s t h e s i a .

E t h e r  a n a e s t h e s i a  has  been shown t o  i n t e n s i f y  

t h e  a c t i o n  o f  n o n - d e p o l a r i z i n g  n e u ro m u so u la r  b l o c k i n g  

a g e n t s  (P a to n  & Za im is ,  1952 ; D o ldes ,  I 9 6 0 )  w hereas  t h e  

a c t i v i t y  o f  d e p o l a r i z i n g  a g e n t s  a p p e a r s  t o  be l e s s  

a f f e c t e d ,  on ly  a s l i g h t  i n c r e a s e  o r  r e d u c t i o n  b e in g  

o b se rv e d  (P a to n ,  1 9 5 3 ) .

A dose of d rug  was added to  p ro du ce  a 

n eu ro m u sc u la r  b lo c k  o f  a b o u t  25^ to  50^. A f t e r  

r e c o v e r y  was co m p le te ,  th e  same dose  was r e p e a t e d  i n  

t h e  p r e s e n c e  of e t h e r  v ap o u r  a d m i n i s t e r e d  from a b o t t l e  

c o n n e c te d  t o  t h e  a r t i f i c i a l  r e s p i r a t i o n  pump. The 

a d m i n i s t r a t i o n  o f  e t h e r  vapour  was begun im m e d ia te ly  

a f t e r  i n j e c t i o n  o f  t h e  d rug  and c o n t in u e d  f o r  a p e r i o d  

o f  5 m i n u te s .  The n eu ro m u sc u la r  b l o c k i n g  p o te n c y  of  

a l l  t h e  compounds was i n t e n s i f i e d  and p ro lo n g e d  by 

e t h e r  a n a e s t h e s i a  (D ig ,  2 9 ) .  T h is  f u r n i s h e s  f u r t h e r  

p r o o f  t h a t  t h e  q u a t e r n a r y  s t e r o i d s  u n de r  t e s t  p o s s e s s  

n o n - d e p o l a r i z i n g  b l o c k i n g  p r o p e r t i e s .

S t u d i e s  o f  Drug Antagonism*

A n t i c h o l i n e s t e r a s e s ,  f o r  example edrophonium  

and n e o s t i g m in e ,  by v i r t u e  of t h e i r  a b i l i t y  t o  intensif^/" 

t h e  a c t i o n  o f  a c e t y l c h o l i n e ,  a n t a g o n i z e  t h e  b lo c k  

p ro d u ced  by n o n - d e p o l a r i z i n g  a g e n t s  ( P u l b r i n g  & Oh ou, 19475 

B la s c h k o ,  B u i b r i n g  & Ohou, 1949) ,  b u t  t h e  b lo c k  p roduced



Il

f i g .  )1  Cat gastrocnem ius m u s c le - s c ia t ic  nerve

p r e p a r a tio n . P en tob arb iton e a n a e sth es ia *  

C on traction  downwards. Drugs ad m in istered  

in tr a v e n o u s ly . Ih d ir e c t  s t im u la tio n  v ia  

th e  s c i a t i c  nerve*

At A# confound 4 mg>4cg.

At B, neostigmine 0.Q5 mgAg*



Pig* 50 Cat gastrocnem ius m u s d e - s c ia t ic  nerve

p rep a ra tio n . P en tobarb itone a n a e s th e s ia . 

C on traction  downwards. Drugs adm in istered  

in tr a v e n o u s ly . In d ir e c t  s t im u la t io n  v ia  th e  

s c i a t i c  nerve*

At A, compound E l )  mg/kg.

At B» edrophonium 0*5 mg/kg*
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by d e p o l a r i z i n g  a g e n t s  may be p o t e n t i a t e d  o r  on ly  

s l i g h t l y  a n t a g o n i z e d  (P a to n ,  1 9 5 1 ^ ) .  The a n t i c h o l i n e s t e r a s e s  

edrophonium  and n e o s t i g m in e  were s e l e c t e d  f o r  s t u d i o s  

t o  o b s e rv e  t h e  q u a l i t a t i v e  n a t u r e  of  t h e  b l o c k  p roduced  

by t h e  compounds u nder  i n v e s t i g a t i o n .  Each was i n j e c t e d  

i n t o  t h e  c a t  a t  t h e  p o i n t  of maximal n e u ro m u s c u la r  b lo c k ,

Edrophonium.

Edrophonium (0*5 1*0 mg/kg) i n j e c t e d

i n t r a v e n o u s l y  a t  t h e  p o i n t  o f  maximum d e p r e s s i o n  of  

t h e  t w i t c h  h e i g h t ,  c o m p le t e ly  and r a p i d l y  r e v e r s e d  th e  

n e u ro m u sc u la r  b l o c k  p ro d u c e d  by a l l  t h e  compounds, A 

t y p i c a l  t r a c i n g  i s  shown i n  P i g .3 P ,

N e o s t ig m in o .

Noo31 ig m ine (0 .0 2  -  0 ,1 0  m g /k g ) p ro d u ced  

r e s u l t s  q u a l i t a t i v e l y  s i m i l a r  t o  t h o s e  o b t a i n e d  w i th  

edrophonium , a l t h o u g h  i t s  d u r a t i o n  of a c t i o n  was more 

p r o l o n g e d .  I t  c o m p le te ly  and e f f e c t i v e l y  a n t a g o n i z e d  

a l l  t h e  compounds u n d e r  t e s t  ( P i g , 3 l ) .

These  o b s e r v a t i o n s  w i th  n e o s t i g m in e  and 

edrophonium  a g a i n  i n d i c a t e  t h a t  a l l  t h e  q u a t e r n a r y  

s t e r o i d s  a r e  n o n - d e p o l a r i z i n g  compounds,

A summary of  t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  

p r o p e r t i e s  o f  th e  compounds on th e  c a t  g a s t r o c n e m iu s  

m u s c l e - s c i a t i c  n e rv e  p r e p a r a t i o n  i s  g i v e n  i n  T a b le  7*



TABLE 8

I n d iv id u a l  and Mean Head Drop Doses in  the  
Rabbit  o f  compounds B l ,  B l l  and Tubocurarine

. L. ™ .»

m k D  DROP DOSES (H.D.D.)

Com­
pound INDIVIDUAL

mg/kg
i

MEAN ± SEM 
mg/kg

No. d ied  
No. I n je c t e d

Molar Potency  
(Tubocurarine  

= 100)

B1 1 3 .3  1 3 .8
1 3 .3  1 3 .1  
i l4 .2  9 .7
1 3 .7  1 9 .3
1 4 .7

1 3 .9  ± 0 .8 2 2 / 8 1 . 2

B l l 0 .36  0 .2 2  
0 .2 5  0 .1 8  
0 .2 5  0 .2 0  
0 .2 1  0 .2 6  
0 .2 5

0 .2 4  ± 0 .0 2 5 /8 109

dTc 0 .3 3  0 .2 4  
0 .2 6  0 .3 3  
0 .3 4  0 .2 1  
0 .3 3  0 .2 0  
0 .2 9

0 .2 8  i  0 .0 2 4 / 8 100

dTc ^ tu b o cu ra r in e .
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When t h e  p r e p a r a t i o n  was g i v i n g  a c o n s i s t e n t  i n h i b i t i o n ,  

f o r  example 50^ ,  o f  t h e  maximum t w i t c h  h e i g h t ,  i n  r e s p o n s e  

t o  a f i x e d  dose of any o f  th o  compounds, a dose  o f  

t u b o c u r a r i n e  v/as s e l e c t e d  which p ro d uced  a s i m i l a r  

q u a n t i t a t i v e  e f f e c t .  The a p p ro x im a te  m o la r  p o t e n c i e s  

were  t h e n  c a l c u l a t e d  w i th  r e f e r e n c e  t o  t u b o c u r a r i n e  

a c c o r d i n g  t o  t h e  fo rm u la  : -  M olar  P o te n c y  o f  Hew Oompound =

M o le c u la r  Vf e i g h t  of Dose o f  R e fe r e n c e  Compound
New Compound P ro d u c in g  a C e r t a i n  E f f e c t

X X 100

M o le c u la r  Weight o f  Dose of New Compound
R e f e r e n c e  Compound P r o d u c in g  t h e  Same E f f e c t

The r e f e r e n c e  oompound, t u b o c u r a r i n e ,  was a r b i t r a r i l y

a s s i g n e d  t h e  v a l u e  100.

The R a b b i t  Head Drop T o s t .

Only compounds HI and B l l  wore s e l e c t e d  fo r  

t h i s  t e s t ,  t h e  fo rm e r  b e in g  th o  most  p o t e n t  m o n o q u a te rn a ry  

s t e r o i d  on t h e  c a t  v^hile t h e  b i s q u a t e r n a r y  compound ( B l l ) ,  

was more p o t e n t  on t h e  o a t  t h a n  t u b o c u r a r i n e .  The head 

drop  dose  o f  t u b o c u r a r i n e  was e s t i m a t e d  f o r  co m p ar iso n  

and t h e  r e s u l t s  a r e  shown i n  T ab le  8. I n  k e e p in g  v-/ith 

t h e  o b s e r v a t i o n s  on t h e  c a t ,  compound B l l  was more p o t e n t  

on t h e  r a b b i t  t h a n  t u b o c u r a r i n e  and i t s  d u r a t i o n  o f  e f f e c t  

was s i g n i f i c a n t l y  l e s s  t h a n  f o r  t u b o c u r a r i n e  (10 min v 

15 m in  f o r  co m p le te  r e c o v e r y ) .  Compound B l ,  on t h e  

o t h e r  hand, was on ly  l / 6 t h  a s  a c t i v e  on t h i s  p r e p a r a t i o n



TABLE 9
I
À c o m p a r i s o n  o f  t h e  p r o p e r t i e s  o f  c o m p o u n d s
B l  t o  B l l  a n d  t u b o c u r a r i n e  o n  t h e  h e n  g a s t r o c n e m i u s
m u s c l e - s c i a t i c  n e r v e  p r e p a r a t i o n * ,

NEimOMUSCULAR BLOCKING ACTIVITY
1

Com­
pound

Time o f  
o n s e t  o f  
maximum 
p a r a l y s i s  

(min)

D u ra t io n  o f  
p a r a l y s i s  
( 50ÿ& b lo c k  
approx)  

(min)

Approx 
Molar  
Potency  
(dTc = 100)

Type o f  Neuro-  
Muscular  
B lo ck  
Produced

Bl 1 - 3 15 “ 20 6 N o n - d e p o la r i z in g

B2 3 ™ 4 18 -  23 2 .5 N o n - d e p o la r i z in g

É5 2 - 5 13 “ 18 2 .5 N o n - d e p o la r i z in g

B4 1 - 3 12 -  17 7 .5 N o n - d e p o la r i z in g

B5 4 - 5 2 2 - 2 7 2 N o n - d e p o la r i z in g

È6 2 - 3 12 -  17 6 N o n - d e p o l a r i z i n g

B7 2 - 3 15 -  20 1 .5 N o n - d e p o la r iz in g

B0 2 - 3 13 -  18 6 .5 N on-d e p o l a r i  z i  ng

B:9 1 - 2 11 -  16 2 N o n - d e p o la r i z in g

BIO 2 - 3 13 -  18 4 N o n - d e p o la r i z in g

B l l 2 - 3 15 -  20 94 N o n - d e p o la r i z in g

dTc
j

5 - 1 0 30 -  40 100 N o n - d e p o la r i z in g

dTc -  T u b o c u r a r in e
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a s  i t  was on tho  c a t  g a s t ro c n e m iu s  m u s c le - s c i a t i c  

n e rv e  p r e p a r a t i o n ,

EXPERIIOTTS USING AVIAN LIUSGLSo

Hen G as t ro c n em iu s  M u s c lG -S o ia t i c  Nerve P r e n a r a t i o n ,

T h is  p r e p a r a t i o n  can  bo u sed  t o  d i f f e r e n t i a t e  

between d e p o l a r i z i n g  and n o n - d e p o l a r i z i n g  d r u g s .  I t  

may a l s o  be used  s e m i - q u a n t i t a t i v e l y  t o  compare t h e  

a p p ro x im a te  p o t e n c i e s  of  new compounds w i th  t h o s e  o f  

décaméthonium and t u b o c u r a r i n e .

A l l  t h e  compounds i n v e s t i g a t e d  behaved 

q u a l i t a t i v e l y  l i k e  t u b o c u r a r i n e  and wore d ev o id  of 

c o n t r a c t u r e - i n d u c i n g  p r o p e r t i e s .  An a p p r o x im a te ly  

50^0 r e d u c t i o n  i n  t h e  a m p l i tu d e  of t h o  t w i t c h  h e i g h t  

was p ro d u c ed  by d o s e s  o f  f rom  1 t o  5 mg/kg of  t h e  t o n  

m o n o q u a te rn a ry  compounds, Oompound 311, however, 

p rod uced  a p p r o x im a te ly  50/^ i i A i i b i t i o n  o f  t h e  muscle  

t w i t c h  w i th  d o se s  o f  0 .0 5  t o  0 .1 0  mg/kg. Compounds 

32; 33 ,  35, 36 and 310 were a l l  s l i g h t l y  more a c t i v e  

t h a n  on t h e  c a t  b u t  compounds 34 and 38 i n c r e a s e d  a c t i v i t y  

by f a c t o r s  of 5 and 6 r e s p e c t i v e l y .  T h e i r  p o te n c y  

compared w i th  t u b o c u r a r i n e ,  however, was s t i l l  v e r y  

low (T a b le  9)* 311 was t h e  most a c t i v e  compound, b e in g

a p p r o x im a t e l y  e q u i p o t e n t  w i th  t u b o c u r a r i n e .  Tho d u r a t i o n  

and o n s e t  o f  a c t i o n  o f  a l l  th o  e le v e n  compounds was 

found  t o  be a p p r o x im a t e l y  t h e  same a s  when t h o s e  compounds



1 0 0 # T u b o cu ra r in e  l^ug /m  
&4 1Qx/g/ml

1-0 51-1 1-2 1-71-3 1 81 4 1
Log d o s e  (nil)

Fig* (^aph to show method of estimating the potency of

; compounds B31 to  Bill on the frog  rectus  abdornini® muscle *



TABLE 10

A comparison o f  the potency o f  compounds 
B l  to B l l  w ith  tubocurarine  o n . th e  frog  
r e c t u s  abdominis m uscle .

COMPOUND
APPROXIIvîATE  
MOLAR PO TENCY  
T U B O C U R A R I N E  =  1 0 0

B l 3 7 , 2

B 2 1 8 0

B 3 4 0 . 3

B 4 7 . 2 8

B 5 7 0 . 7

B 6 3 4 . 3

B 7 1 3 1

B 8 2 2 . 7

B 9 5 0 . 2

B I O 5 3 . 9

B l l 6 7 1 . 7



I  '  ‘

B 30- C D
I I I

FLg. I s o la te d  Arog rec tu s; abdom inis m u sd e#

A ll c o n tr a c t io n s  were due t o  a c e ty lc h o lin e »  

1 g /ffll. a c t in g  fo r  ) 0  seconds*- 

At A# C, S and G» d -tu b o cu ra rin e  0*2#

0 -4»  0 .6  and 0*fi g/m l r e s p e c t iv e ly .

At B# D. F and H, confound B2 0»2 , 0.A»  

0»6 and 0»8 g/nH r e s p e c t iv e ly »



F ig . Hen gastrocnem ius m u s d e - s c ia t ic  nerve

p re p a r a tio n . Fhenobarbitone a n a e s th e s ia .  

C on traction  downwards» Drugs ad m in istered  

in tr a v e n o u s ly . Ih d ir e c t  s t im u la t io n  v ia  

th e  s c i a t i c  nerve»

At A# décaméthonium 0 .0 )  m g^g-



Pig# 5J Ben gastrocnem ius m u s d e - s c ia t ic  nerve

p rep a ra tio n . Fhenobarbitcne a n a e s th e s ia .  

C on traction s downwards. Brugs ad m in istered  

in tr a v e n o u s ly . Ih d ir e c t  s t im u la t io n  v ia  

th e  s c i a t i c  nerve*

At A# coapound B) 6 m g^ g.

At B» adr ophonium 0 - ) 0  mgdcg*



llH'l

%mm m

Pig# 52 Hen g a s tr ocnemLus m u s c le - s c ia t ic  nerve

prep aration *  Fhenobarbitone a n a e sth es ia *  

C on traction  downwards# Drugs ad m in istered  

in tra v en o u sly *  I n d ir e c t  s t im u la t io n  v ia  

the s c i a t i c  nerve*

At A# conpound B4 2 mg/kg#

At B, d-tubocurarine 0 .1 0  mg^cg.
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wero t e s t e d  on a s i m i l a r  p r e p a r a t i o n  i n  t h e  ca t*

A l l  t h e  compounds e x h i b i t e d  t y p i c a l  non­

d e p o l a r i z i n g  a c t i v i t y  on t h i s  p r e p a r a t i o n  a s  shown by 

th e  a b se n c e  o f  a m u s c u la r  c o n t r a c t u r a l  e f f e c t ,  th e  

p o t e n t i a t i o n  o f  t h e  b lo c k  by t u b o c u r a r i n e  (0«05  -  0*10 mg/kg) 

( p i g * 32) and i t s  co m p le te  and r a p i d  r e v e r s a l  by odrophonium 

(0*5 -  1 , 0  m g /k g ) ( P i g *33)* Por  co m p ar iso n ,  th  o w e l l -  

known c o n t r a c t u r e  o f  a v i a n  m u sc le  p ro d u c ed  by a 

d e p o l a r i s i n g  compound, décaméthonium, i s  shown i n  P ig .3 4 -

P ro g  R e c tu s  Abdominis M uscle  P r e p a r a t i o n *

None of t h e  compounds i n v e s t i g a t e d  c a u se d  any 

d i r e c t  c o n t r a c t u r a l  r e s p o n s e  i n  t h i s  p r e p a r a t i o n  c o n f i r m i n g  

t h e i r  n o n - d e p o l a r i s i n g  n a t u r e -  On t h e  o t h e r  hand, each 

a c t e d  q u a l i t a t i v e l y  s i m i l a r l y ,  a t  d o s e s  o f  from 0*0 3 y /g /m l  

t o  6 ^ g / m l ,  t o  t u b o c u r a r i n e  ( O . l  -  2 . 0 y / g / m l )  and 

p ro d u c e d  g ra d e d  i n h i b i t o r y  e f f e c t s  t o  a c e t y l c h o l i n e -  

in d u c e d  c o n t r a c t i o n s  ( l .O  -  2. O^ag/ml) (Pig* 35 ) .  The 

p o te n c y  o f  each o f  t h e s e  compounds a s  m easu red  by th e  

d e g re e  of i n h i b i t i o n  of a c e t y l c h o l i n e - i n d u c e d  c o n t r a c t i o n s  

i s  shown i n  T ab le  10 .  T u b o c u r a r in e  was s i m i l a r l y  

compared and t h e  p o te n c y  o f  each compound was d e te rm in e d  

g r a p h i c a l l y  a s  shown i n  P i g . 36.

The R a t  P h r e n i c  N erve-D iaphragm  P r e p a r a t i o n .

A l l  t h e  m o n o q u a te rn a ry  compounds ( 0 .0 5  -  0 .2 5  mg/ml)



Pig* )8  Cat. P en tob arb iton e a n a e s th e s ia . Blood  

p ressu re  record  Arom common c a r o t id  a r tery *  

Drugp ad m in istered  in tr a v en o u sly *  V e r t ic a l  

s c a le ,  on l e f t  hand s id e *  in d ic a te s  th e  

blood  p r e ssu re  in  mm o f  mercury*

(a )  At A and B, confound HL 1  and 2 . )  mg/kg

r e s p e c t iv e ly *

(b )  At A, d -tu b ocu rarin e  0*$0 mg^cg*

(c )  At A# B and C, confound B l l  0*2%  0 .$ 0

and 1*0 mgAg re sp ectiv e ly *



F ig .  37 I s o la te d  r a t phren ic nerve diaphragm  

p rep a ra tio n . C on traction s downwards. 

In d ir e c t  s t im u la tio n  v ia  th e  p h ren ic  

n erv e . Drugs allow ed t o  a c t  f o r  3 m in. 

every 15 m in.

At A, B, D, F , and H, compound B l l  1 .0 ,  

1 . 5 , 2 . 0 ,  2 .5  and 3 . 0 |ig/m l r e s p e c t iv e ly .  

At C, E, G and I ,  d -tu h ocu rarin e  1 .0 ,  1 .5 ,  

2 .0  and 2 . 5|is/m l r e s p e c t iv e ly .



TABLE 11

A co m p a r iso n  o f  th e  P o te n c y  on th e  R at P h r e n ic
N erve-D iap h ragm  P r e p a r a t io n  o f  compounds B1 t o
B l l  w ith  t u b o c u r a r in e .

COMPOUND

" ' ' ■ .......—  ■■ --------  --n
APPROXIMATE 
MOLAR POTENCY 

(TUBOCURARINE = 1 0 0 )

B1 0 . 6 8

B2 1 , 2 9

B3 0 . 6 8

B4 0 . 4 1

B5 * —

B6 0 . 6 8

B7 * -

B8 0 . 6 9

B9 2 . 3 6

BIO 1 , 4 3

B l l
___- a . . I I

7 0 , 7 7

^ I n s u f f i c i e n t  m a t e r i a l
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wore r c l a t i v o l y  i n s o n s i t i v o  on t h i s  p r e p a r a t i o n ,  t h e  

m ost  p o t e n t ,  compound B9, b e in g  a p p r o x i m a t e l y  l / 4 0 t h  a 

a c t i v e  as  t u b o c u r a r i n e  (T a b le  1 1 ) .  A t y p i c a l  t r a c i n g  

i s  shown i n  P i g . 37*

i i )  RESULTS OP TESTS OTHER THAN THOSE LSSIGHED TO 

INVESTIGATE NEUROIaUSGULAR BLOCKING POTEITCy

E f f e c t  on t h e  B lood P r e s s u r e  o f  t h e  P e n t o b a r b i t o n e -

A n a e s t h e t i z e d  Oat,

The t e n  m o n o q u a te rn a ry  compounds, on i n t r a v e n o u s

i n j e c t i o n ,  c a u se d  a marked f a l l  i n  t h e  b lood  p r e s s u r e

a t  d o se s  ( 1 - 6  mg/kg) a t  which th e y  a l s o  p ro d u c e d  'm art ia l

o r  co m p le te  n e u ro m u s c u la r  b l o c k .  The h y p o te n s io n

o b se rv e d  was s i m i l a r  i n  d u r a t i o n  and e f f e c t  t o  t h a t

s e e n  a f t e r  t h e  i n j e c t i o n  of  t u b o c u r a r i n e  ( 0 , 1  -  0 .2  mg/kg)

( P i g , 3 8 ) .  The b i s q u a t e r n a r y  compound, B l l ,  on th e

o t h e r  hand, p roduced  no s i g n i f i c a n t  r i s e  or f a l l  i n

b lo o d  p r e s s u r e  o f  t h e  c a t  even  when a d m i n i s t e r e d  i n

d o se s  10 t i m e s  t h a t  r e q u i r e d  t o  in d u c e  a n e u ro m u s c u la r

b lo c k  of  ( P ig .  3 8 ) .

E s t i m a t i o n  o f  S y m p a th e t ic  G an g l io n  B lo c k in g  A c t i v i t y .

The Cat N i c t i t a t i n g  Membrane P r e p a r a t i o n .

A l l  t e n  m o n o q u a te rn a ry  compounds p ro du ced  an  

a p p r o x im a t e l y  50^  i n h i b i t i o n  o f  t h e  h e i g h t  o f  c o n t r a c t i o n  

o f  t h e  n i c t i t a t i n g  membrane a t  d o se s  r a n g i n g  from  4 t o
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A 9 C D E F

F ig . 42 Guinea p ig  ileu n u  The e f f e c t s  o f drugs

on c o n tr a c tio n s  of the lo n g itu d in a l  muscle 

la y e r s  (upper tr a c e )  and on p e r i s t a l s i s  

(low er tr a c e )  recorded by "Drendelenburg"& 

method ( I 917) . .  A $0 ml# organ b a th  was 

used*

At A# confound Bé 0*12$ mg*

At Hr hexaméthonium 0*2$ mg*

At C, D, E and P, compound BIO 0*2$, 0*$0,

0*75 end 1 .0  mg*
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F ig . 41 Guinea p ig  ileum . The e f f e c t s  o f drugs  

on c o n tr a c tio n s  o f th e  lo n g itu d in a l  

muscle la y e r s  ( iç p e r  tr a c e )  and on p e r i s t a l s i s  

(low er tr a c e )  record ed  hy Trendelenburg* s  

method ( I 917)»  A $0 ml* organ b ath  was 

used*

At A# hezamethonium 0*$ mg*

At B, C, D and £, coopound B1 0 .$ ,, 1*0,

2*0 and )*0 mg*



F ig . 40 Cat. P w itobarb itone a n a e s th e s ia . C o n tra c tio n s  

o f  th e  n i c t i t a t i n g  membrane e l i c i t e d  at J min 

in t e r v a ls  by p r e g a n ^ io n ic  s t im u la t io n  o f th e  

3iç>erior c e r v ic a l  nerve a t a frequ en cy  o f 1000  

ia p u lses/m in ,: 8 V and 1 .0  msec fo r  1$  sec*  

ir u g s  adm in istered  in tr a v e n o u s ly  1 min b e fo re  

s t im u la t io n .

At A and B, compound HLl 0 .$  and 1 .0  mgAg 

r e s p e c t iv e ly .

At C, d-tubocurarine 0 .$0  mg/kg*



Fig* y )  Cat* P en tob arb iton e an a esth esia *

C on traction  o f  th e  n i c t i t a t i n g  mezdxrane 

e l i c i t e d  a t } min* in t e r v a ls  by  

p r e g a n ^  io n ic  s t im u la t io n  o f  th e  s tp e r ic r  

c e r v ic a l, nerve a t a  Arequenpy o f  1200  

in p u lse s /m in , 8 V and 1*0 msec fo r  1$  sec , 

Drugs ad m in istered  in tr a v e n o u s ly  1 min 

b efo re  s t im u la tio n *

At A and B, conpound HLO 4 and 8 mgAg 

r e s p e c t iv e ly *

At C and D, compound KL 2 and 4 mgAg 

r e sp e c t  ively* .

At E, hexaméthonium 0*5 mgAg*-



TABLE 12

A co m p a r iso n  o f  th e  S y m p a th e t ic  G a n g lio n
B lo c k in g  A c t i v i t y  o f  com pounds B1 to  BIO
w it h  t u b o c u r a r in e .

COMPOUND
APPROXIMATE 
MOLAR POTENCY 

(TUBOCURARINE = 100)

B1 6 ,2

B2 4 , 7

B3 7 . 7

B4 3 .2

B5 5 .8

B6 8 , 0

B7 5 , 7

B8 3 ,9

B9 7 , 7

BIO 6 ,5
. .. ................ .... ...................... . . —



— 1 2  0

8 mg/kg (T a b le  1 2 ) .  I t  scams l i k e l y ,  t h e r e f o r e ,  t h a t  

t h e  f a l l  i n  b lood  p r e s s u r e  obse rved  w i th  t h e  compounds 

can  be a t t r i b u t e d  i n  some d eg ree  t o  s y m p a th e t i c  

g a n g l i o n  b lo c k a d e .

T u b o c u r a r in e  (0 ,5 0  mg/kg) and hexaméthonium 

( 0 . 5 0  mg/kg) a l s o  p roduced  a 50?o r e d u c t i o n  i n  t h e  

h e i g h t  of  c o n t r a c t i o n  o f  t h e  membrane ( P i g s ,39 and 4 0 ) .

Compound B l l ,  which had no e f f e c t  on b lood  

p r e s s u r e ,  p ro d u ced  no s y m p a th e t i c  g a n g l i o n  b lo c k a d e  a t  

doses  10 t im e s  t h a t  r e q u i r e d  t o  in d u c e  a p p r o x im a t e l y  

50% n e u ro m u s c u la r  p a r a l y s i s  i n  t h e  c a t  ( P i g . 4 0 ) .

G uinea  P ig  I le u m .  P a r a s y m p a th e t i c  G a n g l io n  B loc  Icing 

A c t i v i t y .

A l l  e l e v e n  compounds p roduced  an  i n h i b i t i o n  

o f  t h e  p e r i s t a l t i c  r e f l e x  a t  doses  v a r y i n g  from  0 .125  

t o  3 mg ( P i g , 4 1 ).  Compound B6 (0 .1 2 5  mg) p o s s e s s e d  

s i g n i f i c a n t  i n h i b i t o r y  a c t i v i t y  on t h e  T re n d e le n b u rg  

p r e p a r a t i o n  and  was t w i c e  a s  a c t i v e  a s  hexaméthonium 

( 0 . 2 5 0  m g ) ( P i g . 4 2 ) .  Compounds 32, 33 ,  35, 37 and 39 

a l s o  b lo c k e d  p e r i s t a l t i c  movements and wore e q u i p o t e n t  

w i th  hexaméthonium i n  t h i s  r e s p e c t ,

EXPSRII'/iSNTS UPON MCE.

E s t i m â t i o n o f  t h e  A pprox im ate  Median P a r a l y z i n g  Dose (PD50). 

P o l lo w in g  i n t r a p e r i t o n o a l  i n j e c t i o n  o f  t h e



TABLE 13

A co m p a r iso n  o f  th e  P o te n c y  and T o x i c i t y  o f
com pounds B1 to  B l l  w it h  tu .b o cu ra r in e  In  m ic e .

1

Com­
pound

1

Approx .
Mean Median  
P a r a l y z i n g  
Dose (PD50) 
mg/kg i  SEM

Approx.
Mean L e t h a l  
P a r a l y z i n g  
D ose (LD50) 
mg/kg t  SEM

T h e r a p e u t i c
In d ex
LD50
PD50

A pprox im ate  
M olar P o t e n c y  
T u b o c u r a r in e  
= 100

B l !f 51 i  3 . 4 5 64 -  4 . 1 5 1 . 7 8 0 . 3 6

B2 1 46  -  3 . 0 9 60 i  3 . 3 0 1 . 3 0 0 . 4 7

B3 I; 80  -  4 , 4 9 8 2 . 3  i  4 . 9 0 1 . 0 3 0 . 2 5

B4 i 136 ± 9 . 6 155  i  9 . 0 0 1 . 1 4 0 , 1 1

B5 8 0 . 1  i  4 . 3 9 1 0 2 . 8  -  2 . 9 9 1 . 2 8 0 . 2 3

B6 ! 64 i  3 . 5 8 7 8 . 5  ± 4 . 0 9 1 . 2 3 0 . 3 1

B7 :*
I

- -

B8| 6 9 . 5  ± 8 . 3 9 7 1 . 8  i  2 . 8 4 1 , 0 3 0 , 2 5

B9I 7 0 . 2  i  4 . 5 8 1 0 0 . 1  i  4 . 2 3 1 . 4 3 0 . 2 4

BIO 52 i  2 . 5 3 5 9 . 5  i  2 . 9 6 1 . 1 4 0 . 3 9

B l l 1 . 2 2  -  0 . 0 6 2 . 5  i  0 . 2 2 2 . 0 5 2 3 . 3

dTc
-... '

0 . 3 0  i  0 . 0 3 1 0 . 5 4  i  0 . 0 3 1 . 7 8 100

! * I n s u f f i c i e n t  m a t e r i a l .

dTc = T u b o c u r a r i n e .
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compounds u n d e r  t e s t ,  t h e  m ice,  a f t e r  a b r i e f  p e r i o d  

of  e x c i t a b i l i t y  and r e s t l e s s n e s s ,  dovclopod  a t y p i c a l  

f l a c c i d  p a r a l y s i s  and s l i d  a b r u p t l y  o f f  t h e  i n c l i n e d  

s c r e e n .  R ecovery  from  p a r a l y s i s  was n o r m a l ly  co m ple te  

w i t h i n  10 t o  15 m in u te s .  The i n a c t i v i t y  of  t h e  

m on o q u a te rn a ry  compounds i n  i n d u c in g  p a r a l y s i s  on t h i s  

s p e c i e s  was s t r i k i n g  and t h e  most p o t e n t  compound, B2, 

was only a p p r o x im a te ly  l / 2 0 0 t h  a s  a c t i v e  a s  t u b o c u r a r i n e  

t a k e n  on a m o la r  b a s i s  (T a b le  1 3 ) .  I n  c o n t r a s t ,  t h e  

b i s q u a t e r n a r y  compound, B l l ,  was much more p o t e n t  t h a n  

th e  m o no qu a te rna ry  d e r i v a t i v e s  b e in g  a p p r o x im a t e l y  

o n e - q u a r t e r  a s  a c t i v e  a s  t u b o c u r a r i n e  on a m o la r  b a s i s .

E s t i m a t i o n  o f  t h e  A n p ro x in a te  Median L e t h a l  Dose (LD50).

The median l e t h a l  dose was d e te rm in e d  i n  a 

s i m i l a r  way t o  t h e  median  p a r a l y s i n g  d o se .  I n t r a p e r i t o n o a l  

i n j e c t i o n  o f  a m inim al l e t h a l  dose  o f  t h e  compounds 

caused  r a p i d  deve lopm en t  o f  f l a c c i d  p a r a l y s i s  fo l lo w e d  

by r e s p i r a t o r y  f a i l u r e #  None o f  t h e  compounds, e x c e p t  

t h e  b i s q u a t e r n a r y  s t e r o i d  ( B l l ) ,  had a t h e r a p e u t i c  

in d e x  s u p e r i o r  t o  t h a t  o f  t u b o c u r a r i n e  (T a b le  1 3 ) .

The r e s u l t s  were c a l c u l a t e d  by t h e  g r a p h i c a l  

method o f  M i l l e r  & Ta i n t e r  (1944) and a r e  shov/n i n  T ab le  13. 

The p e r c e n t a g e  p a r a l y z e d  or  k i l l e d  i n  each g roup ,  a t  each 

dose l e v e l ,  was p l o t t e d  on a  l o g a r i t h m i c  s c a l e ,  as  a p r o b i t
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valuG a g a i n s t  t h e  doso (mg/kg) o f  d ru g  p ro d u o in g  t h o  

o f f e o t .  The e s t i m a t o d  PD50 was t h a t  dose c o r r e s p o n d in g  

to  ^Ofo ( p r o b i t  5) and c o u ld  bo road  d i r e c t l y  from th e  

graph  i n  mg/kg. Tho m ed ian  l e t h a l  dose (LD50) was 

do to rm inod  i n  a s i m i l a r  f a s h i o n .

To e s t im a  to  th o  s t a n d a r d  e r r o r  of t h e  PP50 and 

LD50 t h o  doses  p ro d u c in g  16>V and 84^  ( p r o b i t s  4*0 and 

6 . 0 )  o f  t h o  e f f e c t  wore r e a d  from  t h e  g raph  ( P i g , 4 3 ) .  Tho 

d i f f e r e n c e  betw een  t h o s e  v a l u e s  i s  th o  e s t i m a t e d  in c r e m e n t  

n e c e s s a r y  to  i n c r e a s e  t h e  e f f e c t s  by two p r o b i t s  i n  

t h i s  dose  r a n g e  ( 2 8 ) .  The a p p ro x im a te  a v e r a g e  s t a n d a r d  

e r r o r  o f  t h e  mean (S .E .M . ) was c a l c u l a t e d  f rom  t h e  

fo rm u la ,  S.E.M. -
vÆ îr

The v a l u e  N i n d i c a t e d  th e  t o t a l  number o f  

a n im a l s  i n  th o  g ro u p s  which would bo e x p e c te d  t o  show 

r e s u l t s  b e tw een  6.7fô and 93.3% ( p r o b i t s  3 .5 0  and 6 . 5O).

E x p e r im e n ts  on t h e  R e s p i r a t i o n  of  th e  A n a e s t h e t i z e d  

R a b b i t  and Cat .

I n  view of t h e  c l i n i c a l  im p o r ta n c e  o f  th o  

a c t i o n  of  m usc le  r e l a x a n t s  on t h o  m u sc le s  c o n t r o l l i n g  

r e s p i r a t i o n ,  an i n v e s t i g a t i o n  o f  t h e  e f f e c t  of t h e  most  

p o t e n t  m on oqua to rnary  compound, B l ,  and t h e  p o t e n t  

b i s q u a t o r n a r y  compound, 31 1 , upon r e s p i r a t i o n  i n  t h e  r a b b i t



P ig . 45 Cat. P en tobarb itone a n a e s th e s ia . Record 

o f  r e s p ir a to r y  movements u s in g  th e  method 

o f Gaddum (1 9 4 1 ).

At A. in traven ou s in fu s io n  o f conçiound B l l  

0^095 mg/ml..

At B* in traven ou s in fu s io n  o f d -tu b ocu rarin e  

0*095 mg/ml»

At C, in traven ou s in fu s io n  o f confound Bl 

l* S é  mg/ml»

At AR, a r t i f i c i a l  r e s p ir a t io n  was g iv e n .



p ig . 44 R abbit.. Urethane a n a esth es ia *  R ecording  

o f  r e sp ir a to r y  movements u s in g  th e  method 

o f  Geddum (1941)*

At A, in traven ou s in fu s io n  o f  conç>ound KL 

l* S é  mg/ml.

At B# in traven ou s in fu s io n  of d -tu b o cu ra rin e  

0 .095  mg/ml*

At C» in traven ou s in fu s io n  o f compound HLl 

0*095 mg/ml.

At AR, a r t i f i c i a l  r e s p ir a t io n  was g iv e n .



TABLE 14

I n d i v i d u a l  and Mean R e s p i r a t o r y  P a r a l y z i n g  
D o se s  i n  t h e  R a b b i t  o f  compounds B l ,  B l l  
and t u b o c u r a r i n e .

Compound

R e s p i r a t o r y  P a r a l y z i n g  Dose
Molar  
P o te n c y  

(T u b o c u r a r in e  
= 100)

I n d i v i d u a l
mg/kg

Mean
mg/kg

B l 1 3 • 3 ,  14* 3 ,  
1 3 . 6

1 3 . 7 1 . 2 4

B l l 0 . 2 2 ,  0 . 2 4 ,  
0 . 2 4

0 . 2 3 102

dTc 0 . 2 3 ,  0 . 2 5 ,  
0 . 3 0

0 . 2 6 100

I n d i v i d u a l  and Mean Re 
D o s e s  i n  th e  C a t  o f  co  
and t u b o c u r a r i n e .

s p i r a t o r y  Par: 
inpounds B l ,  B'

a l y z  in g  
11

B l 2 . 1 7 ,  2 . 5 4  
2 . 4 0

2 . 3 7 4

B l l 0 . 1 8 ,  0 . 1 4 ,  
0 . 1 6

0 . 1 6 0 98

dTc 0 . 1 7 ,  0 . 1 7  
0 . 1 7

0 . 1 7 100
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and o a t  woro co n d u c to d .

Each d ru g  v/as t e s t e d  t h r o e  t i m e s  on d i f f e r e n t  

a n im a l s ,  Tho f i r s t  dose  a d m i n i s t e r e d  which p roduced  

r e s p i r a t o r y  a r r e s t  was r e f e r r e d  t o  as  t h e  r e s p i r a t o r y  

p a r a l y s i n g  d o se .  S u b seq uen t  d o se s ,  l e s s  t h a n  th e  

f i r s t ,  Y^ere n o t  i n c l u d e d .

The d o ses  o f  compounds Bl and B l l  r e q u i r e d  

to  p ro d u c e  r e s p i r a t o r y  p a r a l y s i s  i n  r a b b i t s  v/ere s i m i l a r  

to  t h e i r  head drop  d o se s ,  compound B l l  b e in g  a p p r o x im a te ly  

o q u i p o t o n t  w i th  t u b o c u r a r i n e  w h i le  compound Bl was much 

l e s s  a c t i v e  (T a b le  1 4 ) ,  T y p i c a l  t r a c i n g s  a r e  shown i n  

P i g . 44 .

I n  o a t s ,  t h e  d o se s  of compounds Bl ( 2 ,3 7  mg/kg) 

and B l l  (0 ,1 6  mg/kg) r e q u i r e d  t o  p ro d u ce  com ple te  

r e s p i r a t o r y  p a r a l y s i s  were l o s s  t h a n  t h o s e  r e q u i r e d  t o  

p a r a l y s e  r e s p i r a t i o n  i n  th e  r a b b i t  (T a b le  1 4 ) ,  T r a c i n g s  

of  t h e s e  r e s u l t s  a r e  shown i n  P i g , 45.

A n t i c h o l i n e s t e r a s e  A c t i v i ' i ^ ,

Measurement of  a n t i c h o l i n e s t e r a s e  a c t i v i t y  

r e v e a l e d  t h a t  a l l  compounds had P I5 0  v a l u e s  s i g n i f i c a n t l y  

l e s s  t h a n  t h a t  o f  e s e r i n e  (T a b le  1 5 ) .  Compound B8 

p o s s e s s e d  t h e  h i g h e s t  a n t i c h o l i n e s t e r a s e  a c t i v i t y  o f  th e  

compounds i n v e s t i g a t e d ,  4 .2 9  compared t o  6 .5 4  f o r  e s e r i n e .

I t  seems u n l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  compounds can  be 

e x e r t i n g  t h e i r  a c t i o n  v i a  i n h i b i t i o n  of  a c e t y l c h o l i n e s t e r a s e .



100

M olar  c o n c e n t ra t io n  o f  d ru g

4é Q^aph to  show method of €sJciJLi.ation, of pIgiO values; f o r

! a
1 oorfipounds B l to  B ll. fBlas/shko,, Bu!ibring & Chou,,



Table i s

The A n t i - C h o l i n e a t a r a s 0  A c t i v i t y  o f  compounds
B l  t o  B l l^  e s e r i n e  and tu h o o u r a r in e ^

Compound P I  5 0 *

Bl 3^98

B2 2 .6 8

B3 3 .2 8

B4 3 .4 9

B5 c=.

B6 4 .2 7

BY 4 .2 2

B8 4 .2 9

B9 3 .4 8

BIO 3 .2 4

B l l 3 ,1 3

dTc 2 .5 8

e s e r i n e 6 .5 4

"‘■PISO = The n e g a t i v e  l o g a r i t h m  o f  th e  m o la r  c o n c e n t r a t i o n  
o f  the  d ru g  p ro d u c in g  a 50^ i n h i b i t i o n  o f  c a rb o n  
d i o x id e  p ro d u c t io n ^

I n s u f f i c i e n t  m a t e r i a l .
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An examplG o f  th o  mothod o f  o a l o u l a t i o n  of  t h e  P I 50 

v a l u e s  i s  shown i n  P i g , 46,



D I S C U S S I O N
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g ) d i s c u s s i o n .

Each of  tho  e l e v e n  compounds u n d e r  i n v e s t i g a t i o n  

f o r  which fo rm u la e  a r e  g iv e n  i n  P i g , 6 p ro d u ced  a 

r e l a x a t i o n  of  s k e l e t a l  muscle  and e x h i b i t e d ,  on a l l  

p r e p a r a t i o n s  employed, t y p i c a l  n o n - d e p o l a r i z i n g  a c t i v i t y  

w i t h o u t  any d i s c e r n i b l e  d e p o l a r i z i n g  p r o p e r t i e s .  Thus, 

i n  t h e  c a t ,  n e u ro m u sc u la r  b lo c k  was i n t e n s i f i e d  by 

t u b o c u r a r i n e  w h i le  i n  t lw  hen, m usc le  c o n t r a c t u r e  d id  

n o t  t a k e  p l a c e .  I n  bo th  th o  c a t  and th e  bon th e  b lo c k  

v^as q u i c k l y  and c o m p le te ly  r e v e r s e d  by n e o s t ig m in e  and 

edrophonium . Q u a l i t a t i v e l y ,  t h e s e  r e s u l t s  wore 

s u p p o r t e d  by th o s e  o b t a in e d  on th e  i s o l a t e d  f r o g  

r e c t u s  ab d o m in is  m u sc le .  I t  i s  o f  some i n t e r e s t  

t h a t  d e p o l a r i z i n g  a c t i v i t y  i s  a b s e n t  i n  t h o s e  

m o n o q u a te rn a ry  s t e r o i d s  (compounds 31, 32 , 33 ,  34, 36,

37, 38 and 310) i n c o r p o r a t i n g  t h e  a c e t y l c h o l i n e - l i k e  

m o ie ty  and i n  t h e  b i s q u a t e r n a r y  compound ( B l l ) ,  which 

i s  e s s e n t i a l l y  d ec a m e th o n iu m - l ik e  i n  so  f a r  a s  i t  

c o n s i s t s  s o l e l y  of  a h y d ro c a rb o n  r e s i d u e  b e a r i n g  two 

ammonium f u n c t i o n s .  T h i s  m ig h t  s u g g e s t  t h a t  th o  

c o n s i d e r a b l e  b u lk  o f  t h e  s t e r o i d  n u c l e u s  i s  p r e v e n t i n g  

t h e  q u a t e r n a r y  h e a d s  from  f i t t i n g  t h e  a n i o n i c  s i t e s  

s u f f i c i e n t l y  w e l l  t o  d i s r u p t  t h e  w a te r  m o le c u le s  on 

th e  membrane o f  t h e  r e c e p t o r ,  i n  t h e  manner p o s t u l a t e d  

by B e l l e a u  (1 9 6 4 ) ,  t o  i n i t i a t e  i o n  t r a n s p o r t  and
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d e p o l a r i z a t i o n  of t h e  m usc le  membrane. I n s t e a d ,  a l l  

compounds would a p p e a r  t o  bo fo rm ing  com plexes  i n v o l v i n g  

n o n - s p e c i f i c  c o n f o r m a t io n a l  p e r t u r b a t i o n s  i n  t h e  r e c e p t o r .

I n  te rm s  of t h e  t h e o r i e s  o f  A r ie n s  (1964) and P a to n  (19 6 1 ) ,  

t h e  compounds under  i n v e s t i g a t i o n  c o u ld  a l s o  be v i s u a l i z e d  

a s  p o s s e s s i n g  a low i n t r i n s i c  a c t i v i t y  or  a low r a t e  o f  

d i s s o c i a t i o n  from t h e  r e c e p t o r  r e s p e c t i v e l y .

A p a r t  f rom  t h e  above i n d i c a t i o n s  o f  t h e  non­

d e p o l a r i z i n g  n a t u r e  of  t h e  b lo c k ,  m easu rem en t  o f  

a n t i c h o l i n e s t e r a s e  a c t i v i t y ,  u s in g  enzyme p r e p a r e d  from 

r a t  b r a i n ,  r e v e a l e d  t h a t  t h e  most a c t i v e  of th o  s t e r o i d s  

under  t e s t  (compounds B6, B7 and B8) were more t h a n  100 

t im e s  l o s s  p o t e n t  t h a n  e s e r i n e .  I t  seems u n l i k e l y ,  i n  

view o f  t h i s  c o n s i d e r a b l e  v a r i a t i o n  i n  p o te n c y ,  t h a t  

t h e  compounds u n d e r  i n v e s t i g a t i o n  can be e x e r t i n g  t h e i r  

a c t i o n s  v i a  i n h i b i t i o n  o f  a c e t y l c h o l i n e s t e r a s e .

I n  b o th  t h e  c a t  and t h e  hen, t h e  t im e  t a k e n  

t o  o b t a i n  maximum p a r a l y s i s  and t h e  d u r a t i o n  o f  t h e  b lo c k  

wore s i g n i f i c a n t l y  l e s s  t h a n  th o s e  f o r  t u b o c u r a r i n e .  

M oreover,  a s  would bo e x p e c ted  of  n o n - d e p o l a r i z i n g  compounds 

(Z a im is ,  1 95 9 ) ,  t h e  a c t i v i t y  ob se rv ed  i n  t h e  hen  v/as i n  

g e n e r a l  com parab le  t o  t h a t  i n  th e  c a t .  T here  was, however, 

t h e  a n t i c i p a t e d  v a r i a t i o n  i n  p o ten cy  i n  o t h e r  s p e c i e s .

Thus, i n  m ice ,  em ploying  t h e  i n c l i n e d  s c r e e n  method t o  

d e te rm in e  t h e  p a r a l y s i n g  dose,  a l l  t h e  compounds showed
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a PD50 o f  10 t o  15 t im e s  t h e  dosage r e q u i r e d  t o  p roduce  

p a r a l y s i s  i n  t h e  o a t .  On t h e  o t h e r  hand, t h e  compounds 

wore a p p r e c i a b l y  more a c t i v e  on th o  f r o g  r e c t u s  ab d om in is  

m usc le  p r e p a r a t i o n  i n  which t h e i r  p o ten cy  was a p p r o x im a te ly  

5 (compound B4) t o  90 t im e s  (compound B 2) as  g r e a t  as  

i t  was i n  t h e  c a t .

I n  a d d i t i o n  t o  t h e i r  n e u ro m u s c u la r  b l o c k i n g  

a c t i v i t y ,  t h e  t e n  m on o q u a te rn a ry  compounds a l s o  ca u sed  

i n h i b i t i o n  o f  b o th  s y m p a th e t i c  and p a r a s y m p a t h e t i c  g a n g l i a ,  

a s  m ig h t  be e x p e c te d  of m o n o q u a te rn a ry  ammonium s a l t s  

( O a v a l l i t o  & Gray, i 9 6 0 ) .  The d eg re e  o f  s y m p a th e t i c  

g a n g l i o n  b lo c k a d e  i n  t h e  c a t  i n  a l l  c a s e s  was more 

p ronounced  t h a n  t h a t  o f  n eu ro m u sc u la r  b lo c k a d e  i n  t h e  

same s p e c i e s  on a mg/kg b a s i s .  I n  c o n t r a s t  t o  t h e  

m o n o q u a te rn a ry  compounds, t h e  s i n g l e  b i s q u a t e r n a r y  

ammonium s t e r o i d  t e s t e d  d id  n o t  a p p e a r  t o  p o s s e s s  

s y m p a th e t i c  g a n g l i o n  b l o c k i n g  a c t i v i t y  even  i n  d o se s  10  

t im e s  t h a t  r e q u i r e d  t o  p roduce  a p p r o x im a t e l y  50^ n e u r o ­

m u s c u la r  p a r a l y s i s  i n  t h e  c a t .

With t h e  e x c e p t i o n  of t h e  p o te n c y  o f  compounds 

B2 and B7 on th e  f r o g  r e c t u s  abdom in is  m u sc le  p r e p a r a t i o n ,  

t h e  p o te n c y  of t h e  m onoqua te rna ry  s t e r o i d s  as n e u ro m u s c u la r  

b l o c k i n g  a g e n t s  was low and a l l  were a p p r e c i a b l y  l e s s  

p o t e n t  t h a n  t u b o c u r a r i n e .  The most a c t i v e  -  compound Bl -  

was l / l 6 t h  a s  a c t i v e  i n  th e  c a t  a s  t u b o c u r a r i n e  on a m o la r
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b a s i s  w h i le  t h o  l e a s t  a c t i v e  -  compound 38 -  wes l / lO O th  

a s  a c t i v e .  S in ce  t h e s e  two compounds a r e  so s i m i l a r  

i n  ch em ica l  c o n s t i t u t i o n  i t  i s  t e m p t in g  t o  a s c r i b e  t h e  

v a r i a t i o n  i n  p o te n c y  to  s t e r i c  e f f e c t s  a b o u t  t h e  n i t r o g e n  

atom, a l th o u g h  v a r i a t i o n  i n  t h e  ch a rg e  d e n s i t y  o f  th o  

n i t r o g e n  ca n  no t  be o v e r lo o k e d .  R ep lacem en t  o f  a 

p y r r o l i d i n e  r i n g  by a p i p e r i d i n o  r i n g  i n  a m o lecu le  of  

t h i s  s i z e  would n o t  be e x p e c te d  t o  p ro d u c e  a marked change 

i n  h y d r o p h i l i c  t o  l i p o p h i l i c  b a la n c e  -  a f a c t o r  w e l l  

known t o  i n f l u e n c e  n e u ro m u s c u la r  b l o c k i n g  a c t i v i t y  

( O a v a l l i t o ,  1 9 5 9 ) .  A d d i t i o n a l  e v id e n c e  t h a t  changes  

i n  p o te n c y  i n  t h e  m o n o q u a te rn a ry  s t e r o i d s  c o u ld  in d e e d  

bo d i r e c t l y  a t t r i b u t e d  t o  v a r i a t i o n s  i n  t h e  n i t r o g e n  

s u b s t i t u e n t s  i s  p ro v id e d  by r e s u l t s  o b t a in e d  w i th  th e  

3 cx , 17 oc “* b i s q u a t e r n a r y  ammo n i  urn a ndr o s t  a no s . Here ,  

on g o in g  f rom  t h e  bistr im .othylam m onium  compound t o  th e  

b isd ie th y lm o th y lam m o n iu m  compound, n o n - d e p o l a r i s i n g  

p o ten cy  i n c r e a s e d  on ly  t o  f a l l  o f f  a g a i n  i n  t h e  

b i s t r i e th y la m m o n iu m  compound (A la u d d in  e t  a l .  1 96 5 ) .

S in ce  t h e  r e l a t i v e  r i g i d i t y  of t h e  s t e r o i d  r i n g  sy s te m  

would n o t  be e x p e c te d  t o  p e r m i t  any marked changes  i n  

t h e  i n t e r o n i u m  d i s t a n c e  w i th  change o f  s u b s t i t u e n t s  on 

t h e  n i t r o g e n  a tom s,  a s  i s  known t o  occu r  i n  t h e  f l e x i b l e  

p o ly m e th y le n e  b i s q u a t e r n a r y  ammonium s a l t s  (HLworthy, 19 64 ) ,  

t h e  change i n  p o te n c y  cou ld  be due to  v a r i a t i o n s  i n  t h e
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n i t r o g e n  s u b s t i t u e n t s ,  as  a p p e a r s  t o  be t h e  e a s e  f o r  t h e  

1310 no qua t e r  n a ry  compounds.

I t  i s  o f  i n t e r e s t  t h a t  compound B3 ( t h e  r e v e r s e d  

a n a lo g u e  o f  compound B l ) ,  i n  which t h e  a c e t a t e  f u n c t i o n  

i s  on p o s i t i o n  2 of  t h e  s t e r o i d  n u c l e u s  and t h e  n i t r o g e n  

f u n c t i o n  i s  on p o s i t i o n  3, i s  on ly  1 / 4 th  a s  a c t i v e  as  

compound B l .  T h is  a g a i n  s e r v e s  t o  em ph as ise  t h e  

im p o r ta n c e  i n  t h e  p r e s e n t  s e r i e s  o f  s t e r i c  f a c t o r s  r a t h e r  

t h a n  h y d r o p h i l i c  t o  l i p o p h i l i c  b a l a n c e .

The one b i s q u a t e r n a r y  s t e r o i d  un der  e x a m in a t io n  

showed a c t i v i t y  com parab le  t o  o r  g r e a t e r  t h a n  t h a t  of 

t u b o c u r a r i n e  i n  a l l  s p e c i e s ,  e x c e p t  t h e  mouse. The 

p o te n c y  of t h i s  compound which has  an  in te ro n ium .  d i s t a n c e
o

o f  9 .3  -  9 .7  A a c c o r d i n g  t o  t h e  c o n f o r m a t io n  a d o p te d  by 

r i n g  A, th u s  d i f f e r i n g  from  t h e  3 ,1 7  ^  -  b i s q u a t e r n a r y

ammonium a n d r o s t a n e  d e r i v a t i v e s  which have i n t e r o n i u m  

d i s t a n c e s  o f  from 1 0 ,5  -  1 1 .2  A (B ig g s ,  D av is  & Wein,

1964) p r o v i d e s  f u r t h e r  e v id e n c e  t h a t  t h e  o r i g i n a l  tw o-  

p o i n t  a t t a c h m e n t  theoz^y o f  n eu ro m u sc u la r  b lo c k a d e  (Baton  & 

Z a im is ,  1949, 1 9 5 1 ) ,  i n v o l v i n g  a n i o n i c  r e c e p t o r  s i t e s
o

s e p a r a t e d  by ca 14 A, needs m o d i f i c a t i o n .  A f u r t h e r  

f a c t  i n c o m p a t i b l e  w i th  t h o  o r i g i n a l  t w o - p o i n t  a t t a c h m e n t  

h y p o t h e s i s  i s  t h e  e x i s t e n c e  o f  a c t i v i t y  com parab le  t o  

t h a t  o f  t u b o c u r a r i n e  i n  3 a , 1 7 | 0  -  and 3 , 17Gc -  b i s ­

q u a t e r n a r y  ammonium a n d r o s t a n c s  where  t h e  q u a t e r n a r y
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hoads l i e  on o p p o s i t e  s i d e s  of th e  s t e r o i d  n u c le u s  (May 

& Baker;  1963? 1965? B iggs  o t  ..al» 1964 ) * I t  would ap pear ,  

t h e r e f o r e ,  t h a t  em phas is  m ust  be p l a c e d  on f a c t o r s  such 

a s  a c c e s s i b i l i t y  t o  t h e  s i t e  of a c t i o n ,  l i p o p h i l i c  t o  

h y d r o p h i l i c  b a l a n c e ,  d i s t r i b u t i o n  be tw een  s i t e s  of a c t i o n  

and s i t e s  of  l o s s  and p ro b a b ly  o t h e r  f a c t o r s  ( O a v a l l i t o ,  

1959? O a v a l l i t o  & d r a y ,  I9 6 0 )  a s  d e t e r m i n a n t s  o f  n e u r o ­

m u s c u la r  b l o c k i n g  a c t i v i t y .  I n  a d d i t i o n ,  t h e  h ig h  

a c t i v i t y  of t h e  b i s q u a t  o rn a ry  s t e r o i d  ( B l l ) ,  i n  which 

bo th  q u a t e r n a r y  ammonium f u n c t i o n s  a r e  i n  t h e  p  -  

c o n f i g u r a t i o n ,  makes i t  c l e a r  t h a t  t h e  a n g u l a r  p  -  m e th y l  

g roups  on 0 -1 0  and 0-13 o f  t h e  s t e r o i d  n u c l e u s  a r c  n o t  

i n t e r f e r i n g  w i th  r e c e p t o r  i n t e r a c t i o n ,  a s  was a l s o  

o b se rv e d  f o r  t h e  maloue^tine s e r i e s  (Khuong Huu-Laino^ & 

P i n to - S c o g n a m ig l i o ,  1964)  and f o r  t h e  3 |S > 17 |8 3 «X,

17 p -  and 3jS , 1 7 X -  b i s q u a  t e r  n a ry  ammonium a n d r o s t a n e s  

(May & Baker ,  1963, 1965? B iggs  e t  a l . 1964)»

The p r e s e n t  r e s u l t s  w i th  t h e  t e n  m o n o q u a te rn a ry  

compounds and  th e  s i n g l e  b i s q u a t e r n a r y  s t e r o i d  f u l l y  

c o n f i rm  t h e  w e l l - e s t a b l i s h e d  f a c t  ( O a v a l l i t o  & Gray, I 9 6 0 )  

t h a t  b i s q u a t e r n a r y  compounds a r e  more p o t e n t  n e u ro ­

m u s c u la r  b l o c k i n g  a g e n t s  t h a n  t h e i r  r e l a t e d  m o n o q u a te rn a ry  

d e r i v a t i v e s .  I f  t h i s  i s  n o t  duo t o  a n  i n c r e a s e d  bond ing  

to  t h e  r e c e p t o r  made p o s s i b l e  by a 2 - p o i n t  a t t a c h m e n t  as  

th e  e v id e n c e  j u s t  d i s c u s s e d  would s u g g e s t ,  c e r t a i n l y  th e
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a d d i t i o n  o f  a second h y d r o p h i l i c  q u a t e r n a r y  ammonium 

f u n c t i o n  t o  a m o n oq ua te rn a ry  compound would bo e x p e c te d  

t o  a l t e r  t h e  h y d r o p h i l i c  t o  l i p o p h i l i c  b a l a n c e  of t h e  

m o le c u le .  Thus, t h e  enhanced p o te n c y  o f  b i s q u a t e r n a r y  

compounds may be due i n  some m easure  t o  t h e  m o le c u le s  

h a v in g  a t t a i n e d  an  optimum compromise be tw een  l i p o p h i l i c  

and h y d r o p h i l i c  bon d in g  f u n c t i o n s .

The need f o r  a t  l e a s t  two onium c e n t r e s  i n  th e  

one m o le c u le  f o r  t h e  a p p e a ra n e e  of a p p r e c i a b l e  n e u ro ­

m u s c u la r  b l o c k i n g  a c t i v i t y  a l s o  s e r v e s  t o  p l a c e  em phas is  

on t h e  a d u m b ra t io n  t h e o r y  w i th  i t s  p o s t u l a t e  o f  a o n e -  

p o i n t  a t t a c h m e n t  i n  which t h e  onium group  n o t  a t t a c h e d  

t o  t h e  r e c e p t o r  r e p e l s  incom ing  a c e t y l c h o l i n e  m o le c u le s  

(Loov/o & H arvey ,  1 9 5 2 ) .  C e r t a i n l y ,  a s  a l r e a d y  d i s c u s s e d ,

t h e  p r e s e n c e  o f  h igh  a c t i v i t y  i n  t h e  3 (%, 17 j6 -  and 3|S ,

1 7 X -  b i s q u a t e r n a r y  ammonium a n d r o s t a n e s  (May 8c Baker ,  

1963, 1965; B iggs  e t  a l . 1964) where t h e  q u a t e r n c r y  h ea d s  

l i e  on o p p o s i t e  s i d e s  o f  t h e  s t e r o i d  n u c le u s  make i t  

d i f f i c u l t  t o  e n v i s a g e  a t r u e  t w o - p o i n t  a t t a c h m e n t  t o  t h e  

r e c e p t o r .  T here  i s  s t i l l ,  of  c o u r s e ,  t h e  p o s s i b i l i t y  

o f  Wa s or  * s p o re  t h e o r y  (V/aser, 1959,1962  ) b e in g  

s u b s t a n t i a l l y  c o r r e c t ,  s i n c e  a m o le c u le  o f  e i t h e r  t h e  

3 C t : , 1 7 p "  compound or t h e  3 p  ,17oC -  compound cou ld  s l i p  

i n s i d e  t h e  p o re  w i th  one onium group  a t t a c h i n g  i t s e l f

h i g h e r  on t h e  r im  o f  t h e  p o re  t h a n  t h e  o t h e r .
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POSSIHGE CLINICAL APPLICATION OP THE C0IIP0UND8 im/'ESTICATEL

Tho v a l u e  o f  t h e  t h r e e  w e l l  e s t a b l i s b o d  m usc le  

r e l a x a n t s  i n  c l i n i c a l  u se ,  namely t u b o c u r a r i n e ,  g a l l a m i n e  

and suxam ethonium  a s  a d j u n c t s  t o  s u r g e r y  and a n a e s t h e s i a  

(Bowman, 1962) i s  somewhat m arred  by t h e  f a c t  t h a t  each  

o f  t h e  t h r e e  may p ro d u c e  u n d e s i r a b l e  s i d e  e f f e c t s *  

T u b o o u r a r in e  can  c a u s e  b o th  h i s t a m i n e  r e l e a s e  ( S n i p e r , 1952) 

and g a n g l i o n  b lo c k a d e  ( O t t o l e n g h i ,  1959? P o l d e s ,  I 9 6 0 ) ,  

g a l l a m i n e  may i n d u c e  t a c h y c a r d i a  (R ik e r  & Y/escoe, 1951) 

w h i l e  t h e  m usc le  p a i n  an d  i r r e v e r s i b l e  n a t u r e  o f  t h e  b lo c k  

p ro d u c ed  by suxam ethonium  and o t h e r  d e p o l a r i z i n g  d ru g s  

a r c  d i s a d v a n t a g e s  t o  t h e i r  u se  ( P o ld o s ,  I 9 6 0 ) .  Hence 

t h e  r e c e n t  a d v e n t  o f  d i a l l y l n o r t o x i f o r i n o  w h ich ,  i n  b o th  

p h a r m a c o l o g i c a l  ( L i s s a c ,  H o re n b e rg ,  V a l l o i s ,  P o o i d a l o  &
w n

L i o t ,  1963? B a c h t o l d ,  P o r n a s a r i  & H ur l im an n ,  1964)  and 

c l i n i c a l  s t u d i e s  (Y/aser & H arb eck ,  1962; Lund & S to v n e r ,  

1962; P o l d e s ,  Brown, Lunn, Moore & L u n c a l f ,  1 9 6 3 ) ,  has  

boon shown t o  be a p o t e n t ,  e a s i l y  r e v e r s i b l e ,  s h o r t - a c t i n g  

m u sc le  r e l a x a n t  of  t h e  n o n - d e p o l a r i z i n g  t y p e  w i t h  h ig h  

s p e c i f i c i t y  and  f r e e  from  s i d e  e f f e c t s .

A l l  t e n  m o n o q u a te rn a ry  compounds b lo c k e d  s y n a p t i c  

t r a n s m i s s i o n  i n  b o th  s y m p a t h e t i c  and  p a r a s y m p a t h e t i c  

g a n g l i a .  P o s s e s s i o n  o f  t h i s  p r o p e r t y ,  t o g e t h e r  w i t h  

t h e i r  weak n e u r o m u s c u la r  b l o c k i n g  a c t i v i t y  i n  a  number o f  

s p e c i e s  makes i t  v e ry  u n l i k e l y  t h a t  t h e s e  compounds would
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be o f  any o l i n i o a l  v a l u e .

The b i s q u a t e r n a r y  compound ( B l l ) ,  on th e  o t h e r  

hand, d id  n o t  a p p e a r  t o  p o s s e s s  any marked g a n g l i o n  

b l o c k i n g  a c t i v i t y  and i t s  l a c k  of a h y p o t e n s i v e  e f f e c t  

s u g g e s t e d  t h e  a b s e n c e  of h i s t a m i n é - l i b e r a t i n g  p r o p e r t i e s .  

I n  a d d i t i o n ,  i n  b o th  c a t  and hen, n eu ro m u sc u la r  b l o c k i n g  

p o ten cy  was s i m i l a r  t o  t h a t  o f  t u b o o u r a r i n e  w h i le  t h e  

t im e  of o n s e t  o f  maximum p a r a l y s i s  and t h e  d u r a t i o n  o f  

b lo ck  was s i g n i f i c a n t l y  l e s s  t h a n  f o r  t u b o o u r a r i n e .  

F u r th e rm o re ,  t h e  compound was no more p o t e n t  t h a n  

t u b o o u r a r i n e  i n  i n d u c i n g  p a r a l y s i s  o f  t h e  r e s p i r a t o r y  

m u s c le s  of t h e  c a t  and th e  r a b b i t .  Thus, w h i l e  g r o a t  

c a u t i o n  must be e x e r c i z e d  i n  a t t e m p t i n g  to  a s s e s s  th e  

p o t e n t i a l  c l i n i c a l  v a lu e  of  a  compound from  r e s u l t s  

o b t a i n e d  on an im a l  p r e p a r a t i o n s ,  a s  a l r e a d y  i n d i c a t e d ,  

th e  a p p a r e n t  a b s e n c e  of  any s e r i o u s  s i d e  e f f e c t s  and t h e  

p o t e n t ,  s h o r t - a c t i n g ,  n o n - d e p o l a r i z i n g  n a t u r e  o f  t h e  

b lo c k  makes i t  p o s s i b l e  t h a t  t h i s  s t e r o i d a l  b i s q u a t e r n a r y  

compound, or p e rh a p s  a s t r u c t u r a l l y  r e l a t e d  d e r i v a t i v e ,  

may be o f  some c l i n i c a l  u se .
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APPENDIX

SECTION A. EFFECTS OF NITROGENOUS STEROIDS ON THE

CENTRAL NERVOUS SYSTEM.

Tho codo numbers and ohomioal fo rm u la e  o f  t h o  compounds 

which woro i n v e s t i g a t e d  f o r  c e n t r a l  n e rv o u s  sy s tem  

a c t i v i t y  a r e  shown i n  t h e  t a b l e  be low . T h e i r  s t r u c t u r a l  

fo rm u la e  a r e  shown i n  T ab le  I  ( o p p o s i t e  page 4 7 ) .

Code Number Chemical  Formula

A1 3CC - m o r p h o l in o - 5 c n - a n d r  o s t a n - 2  ^ - o l - 1 7 -

o n e , 2 p  a c e t a t e .

A2 3 OL“P i p e r i d i n O “ 5 c L -a n d ro s ta n -2 jg  - 0 1 - 1 7 -

one.

A3 3 Ce“P i p e r i d i n o - 5 c t “ a n d r o s ta n -2 jS  - qI - 1 7 -

o n e , 2 ^  a c e t a t e .

A4 3<X-Morpholino-5Cb“ a n d r o s t a n - 2 |9  - o l - 1 7 -

one.

A5 2 p  -M o rp h o l in o “l 6 c t  - m e th y l - 5 o L - p r e g n a n e -

3 Ctj 11 (9 - d i  o l - 2 0 - o n e .

A6 2 (9 -M o rp h o l in O “l6(X - e t h y l - 5  cL-pregnan-3OL-

o l - 2 0 - o n e .

A7 2a, - M o r p h o l i n o - 5 o e - a n d r o s t a n e - 3 , 1 7 - d i o n e .

A 8 3 CL -Morph o l  i  no -  5 oc - p r  egna n-2 p  - o l - 2 0 - o n e .

3 G L - P i p e r i d i n o - 5 o o - a n d r o s t a n - 2 p  - o l - 1 7 -  

o n e , 2 p  s u c c i n a t e .

A9

AlO 3 cc -Dime th y la m i  no-5 O. - a  ndr os t a  n-2 p  - o l - 1 7 - o n e .



Gode Nuraboi Chomical Formula

3 aL-Dimotbylamino-SoA-androstan-2  ^ - o l -  

l7-“Ono,2j9 a c a ta to .

A12 2 p -Morph ol i  no-3 P  - m e t h y l -5  oL-a ndr os t a  n-

3 oc-ol-17-onG.

Al 3 3 O L -P y r ro l id in o -5  C l-a  n dr  o s t a  no -2 ^  , 1 7 p  •

d i a l , 2 p  acüta tG .

A l4 3 cx-Pyrro l id inO “ 5c i-an d r  os tan-2  p  -dI-17*

one, 2 p  a-oo ta to .

A15 3 < x - P y r r o l i d i n o - 5  c t - a  n d r o s t a n - 2  j 8 - o l - l T -

ono.

A16 3 e t - P i p o r i d i n o - 5 C C “'a n d r o s t a n c - 2  p  , 1 7 p  ■

d i o l , 2 p , 17 P  d i a c e t a t e .

A17 2 p -M o r p h o l in o - 5 dC-prGgnane-3 ol, 2 0 p -

d io l .

Al8 6 o c - P i p o r i d i n o - a n d r o s t a n - 3  jS , 5 p - d i o l -

1 7 -o n o .

A19 3 cL-Mor ph ol i  n o -  5 OL-andr o s t a n - 2  Ç - o l - 1 7 -

ono ,2 p sucoinatG.

A20 3 c i"M orpho linO “ 5 c t - a n d r o s t a n e - 2 p  , 17 P ■

d i o l , 2 p aoGtate .

A21 3 OL-PyrrolidinO“ 50L -androstanG-2 p ,  1 7 ^  -

d i o l , 2 p ,17 p d i a c e t a t o .

A22 2p - P i p o r i d i n o - 5 01 - a n d r o s t a n - 3  o L -o l -1 7 -

ono, 3 Où s u c c i n a t e .



Gode Nunber Oh oui oal Formula

A23

A24

A25

A26

2 p - P i p o r i d i u o - 5  cc-prGgnati-3 ( X - o l - 2 0 -  

o n e , 3 05 s u o o i n a t e .

2 p - P i p e r i d i n O “ 5 Gi “ p re g n a n -3  < X -o l-2 0 -o ne .  

17 p  -Morph o l i n o - 5  OC - a n d r  o s t a n e - 3  p, 16 p  -  

d i o l .

2 p  " M o r p h o l in o -1 7 d  - e t h i n y l - 5  A - a n d r o s t a n -  

3d^ , l 7 p - d i o l .

SECTION B. EFFECTS OF NITROaENOUS STEROIDS AT THE

NEUROmSGHMR JUNCTION

The code numbers and ohom ioal  fo rm u la e  o f  t h e  s t e r o i d s  

which were  t e s t e d  f o r  n eu ro m u sc u la r  b l o c k i n g  a c t i v i t y  a r e  

shown i n  t h e  t a b l e  below . T h e i r  s t r u c t u r a l  f o rm u la e  a r e  

shown i n  T a b le  6 ( o p p o s i t e  page 1 0 9 ) .

Code Number 

BI

B2

B3

B4

'' Chemical  Formula

2 p " P i p o r i d i n o - 5 a  - a n d r o s t a n - 3  (% -01-17-  

one, 3(% a c e t a t e  meth obromide#

3ct - P i p e r i d i n O " 5 ( Z - a n d r o s t a n e - 2  p , 17 p  -  

d i o l , 2 p , 1 7 p  d i a c e t a t e  m ethobrom ide .

3 (X - P i p e r i d i n o - 5 a - - a n d r o s t a n " 2  p  - 0I - I 7 -  

one, 2 p  a c e t a t e  m ethobrom ide .

N-(3 fX " A c e to x y - lT -o x o -^  o c - a n d r o s t a n - 2  p  - 

y l  ) - t r i m e t h y l  ammonium h y d r o x id e .



Gode Nu-Qber %  emi oal Formula

B5 2 p "D im e th y l  ami no-16 a  - m e t h y l -5  o c -p re g n a n -

3 O c-o l -2 0 -o n c  meth obromide*

B6 N-M othyl-N-(2  p ,1 7  p - d i a o e t o x y -17-0X 0-5

a n d r o s t a n - 3  (X -y l ) - p i p e r i d i n i u m  h y d r o x id e .

B7 N -M G thy l-N -(2p  - a o e t o x y - 1 7 - o x o - 5 o : -

an d ro s ta n -3 0 £  - y l ) - p i p e r i d i n i u n  h y d ro x id e -

38 2 |9 - F y r r o l id in o - 5 ( %  -andros tan -3< %  - o l - 1 7 -

one, 3 A  a c e t a t e  m ethobrom ide .

B9 2 j5 - P i p e r i d i n o - 5 (%- p r e g n a n - 3 - o l - 2 0 -

one m ethobrom ide .

BIO 2 p  " P y r r o l i d i n o - b o t  -pregnan-3<X -O 1-20-

one, 3(X Q o e ta t  e meth obrom ide.

B l l  2 p  , 16 p  - D i p i p e r i d i n o - 5  cX - a n d r  os t a n e - 3  cx ,

17 p  - d i o l ,  3 <X,17p d i a c e t a t e  dime th  obromide,


