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

a g e n t s  l e d  i n  I9I48 ^o th e  d i s c o v e r y  o f  th e  marked a c t i v i t y  

o f  t h e  f i f t h  and s i x t h  members o f  t h e  p o ly m e t h y le n e -  

b i s t r im e th y la m m o n iu m  s e r i e s  of compounds i n  b l o c k i n g  au tonom ic  

n e rv o u s  g a n g l i a . .  These d rug s  were a p p l i e d  t h e r a p e u t i c a l l y  

t o  low er  the  b l o o d  p r e s s u r e  o f  p a t i e n t s  s u f f e r i n g  f rom  h y p e r 

t e n s i o n  and to  c o n t r o l  the  g a s t r i c  s e c r e t i o n  i n  p e p t i c  

u l c e r a t i o n .  I n  v iew o f  t h e  l i m i t a t i o n s  to  w h ic h  t h e y  a r e  

s u b j e c t  i n  t h e s e  a p p l i c a t i o n s ,  i n  195° I  i n i t i a t e d  a  programme 

o f  r e s e a r c h  d i r e c t e d  m a in ly  t o  the  p r o d u c t i o n  and e x a m in a t io n  

o f  homologues o f  t h i s  s e r i e s  o f  compounds. O the r  s y n t h e t i c  

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

e x a m in a t io n .

C l i n i c a l  e x p e r i e n c e  was o b t a i n e d  w i t h  t h e  s y n t h e t i c  

g a n g l i o n  b l o c k i n g  a g e n t  hexamethonium, and w i t h  a t r o p i n e  and 

me th a n  t h e  l i n e  which  a r e  i n  c u r r e n t  use i n  th e  c o n t r o l  o f  

h y p e r t e n s i o n  and g a s t r i c  s e c r e t i o n .  C e r t a i n  o f  th e  new com

pounds were s e l e c t e d  f o r  com par ison  w i t h  t h e s e  d r u g s ,  s e v e r a l  

new compounds r e q u i r i n g  e x a m in a t io n  b e c a u se  of the  l i m i t e d  

v a lu e  o f  th e  b i o l o g i c a l  t e c h n i q u e s  a v a i l a b l e .

Prom th e  c l i n i c a l  i n v e s t i g a t i o n  two new compounds were 

s e l e c t e d  w hich  have a u s e f u l  degree  o f  a c t i v i t y  i n  b l o c k i n g  

autonomic  g a n g l i o n  t r a n s m i s s i o n .  The f i r s t  of t h e s e  

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



i n h i b i t i n g  s y m p a t h e t i c  g a n g l i a ,  and th e  second  e t h y l t e t r a -  

methonium, a l t h o u g h  l e s s  a c t i v e ,  h a s  a p re p o n d e ra n c e  of  

a c t i v i t y  a t  th e  v a g a l  g a n g l i a .  The fo rm er  d ru g  i s  now i n  

use  f o r  th e  t r e a t m e n t  o f  h y p e r t e n s i o n ,  and th e  l a t t e r  w i l l  

p r o b a b l y  be u se d  i n  th e  t r e a t m e n t  o f  duo dena l  u l c e r a t i o n .

The c o n s i d e r a t i o n s  a p p l i e d  i n  th e  d e s i g n  o f  t h e  new 

compounds a r e  r e v i e w e d ,  th e  r e s u l t s  o f  b i o l o g i c a l  a s s e s s m e n t  

a re  g i v e n ,  t o g e t h e r  w i t h  methods used  and r e s u l t s  o b t a i n e d  

d u r in g  th e  i n i t i a l  e x a m in a t io n  o f  t h e i r  e f f e c t s  i n  man.

The p o s s i b i l i t i e s  o f  t h e  c o n t r o l  o f  h y p e r t e n s i o n  and 

p e p t i c  u l c e r a t i o n  by d rugs  a r e  d e s c r i b e d  and th e  r e s u l t s  

o b t a i n e d  w i t h  t h e  new drug3 a re  r e c o r d e d .  P o s s i b l e  f u t u r e  

methods o f  t h e r a p y  o f  t h e s e  c o n d i t i o n s  a r e  d i s c u s s e d .  A 

b i b l i o g r a p h y  i s  appended c o n t a i n i n g  a l i s t  o f  t h e  r e f e r e n c e s  

r e a d  i n  th e  p r e p a r a t i o n  o f  t h i s  s t u d y .  A number o f  

p u b l i c a t i o n s  have b e en  b a s e d  upon t h i s  work o f  w hich  th o se  

I  have w r i t t e n  j o i n t l y  o r  o t h e r w i s e  a r e  a s  f o l l o w s

1 . T re a tm e n t  o f  h y p e r t e n s i o n  w i t h  o r a l  methonium
compounds. 1952 -  B r i t i s h  M edica l  J o u r n a l .

2 . New s y m p a t h i c o l y t i c  a g e n t s .  1955 -  L a n c e t .

3* D i s e a s e s  o f  the  c a r d i o v a s c u l a r  s y s te m .  195U -  
Annual  Review o f  M e d ic in e ,  V o l .
Annual  Review I n c . ,  S t a n f o r d ,  C a l i f o r n i a ,  U.S.A.

Ij.. E th y  1 t e t r a m e th o n iu m  i n  c o n t r o l  o f  g a s t r i c  s e c r e t i o n .  
A w ai t ing  p u b l i c a t i o n .

5 . The m e d ic a l  t r e a t m e n t  o f  h y p e r t e n s i o n .  I95I4 -  
B r i t i s h  M edica l  J o u r n a l  -  In  p r e s s .



6.  T r e a tm e n t  o f  m a l i g n a n t  h y p e r t e n s i o n .
A w ai t in g  p u b l i c a t i o n .

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

t o g e t h e r  w i t h  t y p e s c r i p t s  of th e  f o u r t h  and f i f t h .  The

m a t e r i a l  of  th e  s i x t h  i s  c o n t a i n e d  i n  t h e  t e x t .



SECTION I

I n  t h i s  s e c t i o n  th e  e x p e r i m e n t a l  w o rk  l e a d i n g  t o ,  

and th e  i n d i c t i o n s  f o r ,  t h e  deve lopm ent  of new compounds 

a f f e c t i n g  au tonom ic  n e rv o u s  a c t i v i t y  a r e  rev iew ed*  The 

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

of new compounds a re  g i v e n ,  t o g e t h e r  w i th  a b b r e v i a t e d  

b i o l o g i c a l  f i n d i n g s .  The methods of  i n v e s t i g a t i o n  o f  the  

new compounds s e l e c t e d  f o r  e x a m in a t io n  i n  man a r e  n o t e d ,  

and th e  r e s u l t s  o b t a i n e d  a r e  summarised .  The p o s s i b i l i t i e s

f o r  f u t u r e  work a r e  d i s c u s s e d .
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CHEMIC AL TRANSMISSION

The c o n d u c t i n g  pa thw ays  of th e  n e rv o u s  s y s te m  i n v o l v e  

a  c e l l  w i t h  a n e rv e  f i b r e  which  t e r m i n a t e s  i n  c l o s e  r e l a t i o n 

s h i p  t o  t h e  n e x t  c e l l  o r  t o  t h e  r e c e p t o r  s i t e ,  th e  i n t e r v e n i n g  

gap b e i n g  te rm ed  a  s y n a p s e .  The c o n d u c t io n  o f  n e rv e  im p u l s e s  

i n v o l v e s  t h e r e f o r e ,  n o t  o n ly  an a c t i o n  p o t e n t i a l  i n  the  a x o n e ,  

b u t  a l s o  a  c h e m ic a l  t r a n s m i s s i o n  a c r o s s  th e  s y n a p s e .  I n  19II4, 

Dale d e m o n s t r a t e d  t h a t  c e r t a i n  e s t e r s  and e t h e r s  o f  c h o l i n e  

r e p r o d u c e  th e  e f f e c t  o f  au tonom ic  and motor  n e rv e  s t i m u l a t i o n ,  

and s u b s e q u e n t l y  i d e n t i f i e d  a c e t y l c h o l i n e  as th e  most  a c t i v e  

a t  t h e  au tonom ic  g a n g l i a ,  p a r a s y m p a t h e t i c  p o s t g a n g l i o n i c  

t e r m i n a t i o n s ,  and m otor  n e rv e  t e r m i n a t i o n s .  Von E u l e r  I n  

I9I46 r e c o g n i s e d  th e  a c t i v i t y  o f  a d r e n a l i n e  and n o r a d r e n a l i n e  

a t  t h e  s y m p a th e t i c  p o s t g a n g l i o n i c  t e r m i n a t i o n s .

These s i t e s  o f  a c t i v i t y  may be shown d i a g r a m m a t i c a l l y  

as f o l l o w s : -

Par n s'/ m ^ E T ' c Yf̂ PftTWETtC

p

LCUOt. \ ^
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INHIBITION OF CHEMICAL TRANSMISSION

W hile  th e  d i s c o v e r y  o f  th e  c h e m ic a l  t r a n s m i t t e r s  i n v o l v e d  

i n  au tonom ic  n e rv o u s  f u n c t i o n  e n a b le d  s t i m u l a t i o n  by  th e  use  o f  

the  s y m p a th in s  and by  a c e t y l c h o l i n e  o r  more s t a b l e  p a r a -  

s y m p a th i c o m i m e t i c s , i t  h a s  been  d i f f i c u l t  to  s e c u r e  a p u re  

i n h i b i t i o n  o f  a c t i v i t y  by  d ru g  a c t i o n .  In  t h e  c a s e  o f  t h e  

p a r a s y m p a t h e t i c  component  o f  the  autonomic  n e rv o u s  s y s t e m ,  

a t r o p i n e  p a r a l y s e s  p o s t g a n g l i o n i c  t r a n s m i s s i o n s  w i t h o u t  

i n h i b i t i n g  a c e t y l c h o l i n e  l i b e r a t i o n  by  a c t i n g  upon t h e  r e c e p t o r  

s i t e .  However t h e  a c t i o n  o f  t h i s  a l k a l o i d  i s  complex as  i t  

i s  a c e n t r a l  n e rv o u s  s t i m u l a n t  and p ro d u c e s  a l s o  some i n h i b i t i o n  

of g a n g l i o n i c  c o n d u c t i o n .  The autonomic  g a n g l i a  may be 

p a r a l y s e d  by  n i c o t i n e ,  b u t  th e  a c t i o n  of t h i s  a l k a l o i d  i s  complex 

a l s o  as  th e  p a r a l y s i s  i t  p ro d u ce s  i s  p r e c e d e d  by  s t i m u l a t i o n ,  

and i t  a f f e c t s  a l s o  the  c e n t r a l  n e rv o us  s y s te m  and m otor  n e rv e  

e n d in g s .

P a r a l y s i s  o f  the  n e u ro m u s c u la r  t r a n s m i s s i o n  h a s  b een  more 

r e a d i l y  o b t a i n e d  by a l k a l o i d s  o f  c u r a r e .  I t  was by  s t u d y  of 

th e s e  t h a t  t h e  new s y n t h e t i c  d rugs  a f f e c t i n g  autonomic t r a n s 

m is s io n  have b e e n  o b t a i n e d .

CURARISING AGENTS

Curare

The s i t e  o f  a c t i o n  was i d e n t i f i e d  f i r s t  by Lang ley  ( 1 9 0 9 ) ,



who advanced  t h e  h y p o t h e s i s  t h a t  c u r a r e  p r e v e n t e d  th e  a c t i o n  

of  n e rv e  s t i m u l i  by  combin ing  w i t h  r e c e p t i v e  s u b s t a n c e s  a t  

t h e  m yo n eu ra l  j u n c t i o n .  C o n f i rm a to ry  e v id e n c e  of  t h i s  

s u g g e s t i o n  was g i v e n  by th e  e x p e r im e n t s  by  Brown and P e l d b e r g  

(1936)  wk °  d e m o n s t r a t e d  t h a t  d u r i n g  s u p e r i o r  c e r v i c a l  sym

p a t h e t i c  g a n g l i o n i c  p a r a l y s i s  by  c u r a r e ,  p r e g a n g l i o n i c  n e rv e  

s t i m u l a t i o n  s t i l l  r e s u l t e d  i n  a c e t y l c h o l i n e  l i b e r a t i o n ;  and 

Dale  e t  a l  (1936)  found  no rm al  a c e t y l c h o l i n e  r e l e a s e  f o l l o w i n g  

h y p o g l o s s a l  n e rv e  s t i m u l a t i o n  i n  the  p e r f u s e d  c a t ’ s t o n g u e .  

S t u d i e s  o f  m otor  end p l a t e  p o t e n t i a l s  by E c c l e s  e t  a l  (I9I4I)  

and o t h e r s ,  have shown t h a t  c u r a r e  opposes th e  d e p o l a r i s i n g  

a c t i o n  of  a c e t y l c h o l i n e ,  and i t  h a s  b e e n  s u g g e s t e d  t h a t  the  

q u a t e r n a r y  ammonium g ro u p s  of c u r a r e  compete w i t h  th e  q u a t e r 

n a r y  ammonium t e r m i n a t i o n  of  a c e t y l c h o l i n e  f o r  f i x a t i o n  a t  

the  r e c e p t o r s .

I n  man, the  musc le  p a r a l y s i n g  dose o f  c u r a r e  p ro d u c e s  no 

s y s te m ic  t o x i c i t y  and i t  i s  p o s s i b l e  to  in d u ce  com ple te  

m u sc u la r  p a r a l y s i s  i n  a dose w hich  does n o t  a f f e c t  o t h e r  

f u n c t i o n s .  The v a lu e  o f  such a drug i n  modern a n a e s t h e s i a  

was a p p r e c i a t e d  by  G r i f f i t h  and Johnson (I9I42). The c o m p o s i t i o n  

o f  n a t u r a l  c u r a r e  i s  i n d e f i n i t e  and v a r i a b l e ,  and the  s o u r c e s  

o f  s u p p l y  were i n i t i a l l y  u n r e l i a b l e  as  h a s  been  d e s c r i b e d  by  

M cIn tyre  (19ii7 )« D - t u b o c u r a r in e  was i s o l a t e d  f rom  t u b e -  

c u r a r e  by King (1 9 3 5 ) .  The Wellcome F o u n d a t io n  was r e s p o n s i b l e  

f o r  th e  p r e p a r a t i o n  o f  pu re  a l k a l o i d  s t a n d a r d i s e d  by  t h e  r a b b i t
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head  d ro p  ( B e n n e t t ,  1950)* r a t  p h r e n i c  n e r v e - d i a p h r a g m  

p r e p a r a t i o n  ( B u l b r i n g ,  19)46), o r  mouse method ( S k i n n e r  and 

Young, I 9i47)* The e f f e c t  i n  man o f  th e  p u re  a l k a l o i d  was 

s t u d i e d  by  P r e s c o t t  e t  a l  (19)46), o f  the  M ed ica l  A d v iso ry  

S t a f f  o f  B u r ro u gh s  Wellcome L td ,

D ur ing  t h i s  r e s e a r c h ,  a t t e m p t s  were b e in g  made to  

p ro du ce  s y n t h e t i c  c u r a r i s i n g  a g e n t s  w hich  would overcome 

s u p p l y  d i f f i c u l t i e s  and p r o v id e  r e a d i l y  c h e m i c a l l y  p u re  d ru gs  

o f  c o n s t a n t  a c t i o n ,  C r a ig  (19)48) h a s  r e v i e w e d  th e  r e l a t i o n 

s h i p  o f  c h e m ic a l  s t r u c t u r e  to  c u r a r i s i n g  a c t i o n .  The 

s t r u c t u r a l  fo r m u la  o f  d - t u b o c u r a r i n e  i s  a s  f o l l o w s

D - t u b o c u r a r i n e  -  the  p r e s e n c e  o f  two 
q u a t e r n a r y  ammonium g ro u ps  i s  to  be n o t e d ,

MONOQUA‘TERNARY AMINES
+

Tetramethylammonium CH^ N(CH^)^

Burn and Dale ( I91I4) examined th e  p h a r m a c o l o g i c a l  a c t i o n s  

o f  t e t r a m e  t h y  lammonium. I t  was fo u nd  t o  p roduce  p e r i p h e r a l  

m u s c a r i n e - l i k e  i n h i b i t i o n  o f  h e a r t  r a t e  and o u t p u t ;  and a
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n i c o t i n e - l i k e  s t i m u l a t i o n  of  s y m p a th e t i c  g a n g l i o n  c e l l s  w i t h  

an i n i t i a l  r i s e  i n  b lo o d  p r e s s u r e ,  f o l lo w e d  by  p a r a l y s i s  o f  

g a n g l i o n  c e l l s  w i t h  a f a l l  i n  b l o o d  p r e s s u r e .  I t  i s  a  weak 

c u r a r i s i n g  a g e n t .
+

T e t r a e  t h y  lammonium CUH,- N(CoHr-)-.— !-------------------------  d. ̂  ^ 9 5
T e t rae thy lam m onium  i s  r e l a t i v e l y  d e v o id  o f  c u r a r i s i n g  

a c t i v i t y .  I t  p ro d u c e s  p a r a l y s i s  of g a n g l i o n  c e l l s  w i t h  a  

p r e l i m i n a r y  p h ase  of  s t i m u l a t i o n .  Acheson and  Moe (19)46) 

i n v e s t i g a t e d  t h i s  e f f e c t  f u r t h e r ,  d e m o n s t r a t i n g  t h a t  t e t r a -  

ethylammonium p ro d u c e s  a f a i r l y  s e l e c t i v e  g a n g l i o n  b l o c k .  

U n f o r t u n a t e l y  t h e  a c t i o n s  o f  t e t r ae th y la m m o n iu m  i n  man a re  

com plex .  They have  b e e n  s t u d i e d  by Lyons e t  a l  (I9I47),  

B i r c h a l l  e t  a l  (191+7 )* an<* Boyd e t  a l  (I9I48).  A l th o u g h  a 

good d e p r e s s i o n  i n  t h e  b lo o d  p r e s s u r e  w i t h  p o s t u r a l  h y p o t e n s i o n  

f o l l o w e d  i n t r a m u s c u l a r  i n j e c t i o n  of  1-2  g . ,  u n p l e a s a n t  s i d e  

e f f e c t s  o c c u r r e d ,  such a s  a m e t a l l i c  t a s t e ,  and s e n s a t i o n s  i n  

th e  han ds  and f e e t  o f  numbness c o ld  and t i n g l i n g .  I n h i b i t i o n  

o f  g a s t r i c  p e r i s t a l s i s  was d e m o n s t r a te d  by  H o l t  e t  a l  (I9I17) 

and McDonald and Smith (I9I49) showed i n h i b i t i o n  o f  sp o n ta n e o u s  

g a s t r i c  s e c r e t i o n .  D e s p i t e  i t s  u n p l e a s a n t  s i d e  e f f e c t s ,  

t e t r a e  t h y  lammonium has  been  used  by B e r ry  e t  a l  (191+6 ) ,  Lyons 

e t  a l  (I9I+7) and many o t h e r s  i n  an a t t e m p t  t o  r e d u c e  th e  

b lo o d  p r e s s u r e  o f  p a t i e n t s  w i t h  e s s e n t i a l  h y p e r t e n s i o n .
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THE BISQUATERN ARY AMINES

The P o lym e th y len e  b i s  t r i e  t h y  laimnonium S e r i e s  

(C2H5 )3 N(CH2 )n N(C2H5)3
Much o f  o u r  knowledge of the  p h a r m a c o l o g i c a l  a c t i o n s  o f  

onium compounds i s  due to  the s t u d i e s  by I n g .  I n  I936  he 

advanced  th e  h y p o t h e s i s  t h a t  t h e  e x t r a o r d i n a r y  p o te n c y  o f  

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

co m p a r iso n  w i t h  t h a t  of s im p le  q u a t e r n a r y  amnonium s a l t s  

m igh t  be  due i n  p a r t  to  t h e  p r e s e n c e  of two su c h  c a t i o n i c  

g ro u p s  a t  some o p t im a l  d i s t a n c e  a p a r t .  Chou and D e E l io  (19147) 

examined th e  e f f e c t  o f  f o u r  d ru gs  of the g e n e r a l  f o r m u l a ,  

n 2 p r e p a r e d  by I n g ,  n 3 ,  5 an<3 10 p r e p a r e d  by  B a r low ,  u s i n g  

c a t  s u p e r i o r  c e r v i c a l  g a n g l i o n  p r e p a r a t i o n  o f  Kibjakow (1933)  

a s  m o d i f i e d  by  F e l d b e r g  and Gaddum (19314)* ^he  r e l a t i o n s h i p  

t h e y  fo u n d  of  t h e  a c t i v i t y  of t h e s e  compounds t o  th e  number 

o f  c a rb o n  atoms i n  t h e  p o ly m e th y le n e  c h a i n  i n  com par ison  w i t h  

te t r a e th y la m m o n iu m  was a s  f o l l o w s : -

200

ISO

too

SO

QTE IO .

A T E  5

• O
The r e l a t i o n s h i p  be tw een  t h e  a c t i v i t y  o f  t e t r a -  
e t h y  lammonium bromide (TE),  g iv e n  a v a l u e  o f  100, 
and o f  b i s t r i e th y la m m o n iu m  bromides  (BTE2 , BTE3*
BTE5 , and BTE10) i n  the  p e r f u s e d  sy m p a th e t i c  
g a n g l i o n  o f  the  c a t .  O r d in a t e :  p e r c e n t a g e  p o t e n c y .
A b s c i s s a e :  Number of ca rbon  atoms i n  t h e  p o ly m e th y le n e

c h a i n  of  the  m o le c u le ._________________________
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I t  i s  t o  be n o t e d  t h a t  the  b i s t r i e t h y l a m m o n i u m  C.10 was tw ic e  

as p o t e n t  a s  t e t r a e th y la m m o n iu m .

The P o ly m e th y len e  b i s  t r im e  th y  lammonium S e r i e s  

(CH3 )3 N(CH2 )n N(CH5 )5

Barlow and Ing  (I9I48) t h e m se lv e s  e x te n d e d  t h e  e x a m i n a t i o n  

of  th 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 ,  com par ing  

th e  m e th y l  homologues w i t h  the e t h y l .  They c o n f i r m e d  t h e  

s t u d y  o f  Chou and D eE l io  u s i n g  the  p h r e n i c  n e r v e - d i a p h r a g m  

p r e p a r a t i o n  o f  the  r a t ,  showing an  i n c r e a s e  i n  c u r a r i s i n g  

a c t i v i t y  i n  the  t r ie th y la m m o n iu m  s e r i e s  f ro m  C.I4 -  C . I 3 ,  and 

t h e y  found  i n  th e  t r imethylammonium s e r i e s  a p r o g r e s s i v e  r i s e  

f rom  7 t h  -  9 t h  member, t h e  a c t i v i t y  rem ained  f a i r l y  c o n s t a n t  

to  t h e  12t h ,  w i t h  a  f a l l  a t  t h e  1 3 t h .  Using th e  r a b b i t  head  

drop  t e s t ,  i t  was fo u nd  t h a t  th e  C.10 i n  th e  t r i m e t h y l  s e r i e s  

was a b o u t  t h r e e  t im e s  a s  p o t e n t  a s  t u b o c u r a r i n e . The a c t i v i t y

i n  c o m p a r is o n  w i t h  t u b o c u r a r i n e  was a s  f o l l o w s : -

v\

^  tv-»bocv/B scxt^i.vve

$ \0 VI
S i m u l t a n e o u s l y ,  Pa ton  and Zaimis (I9I48) r e p o r t e d  i d e n t i c a l

r e s u l t s .  They had b een  conce rned  w i t h  the  s t u d y  o f  compounds
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p r o d u c i n g  l i b e r a t i o n  o f  h i s t a m i n e ,  and d u r in g  e x a m in a t io n  

o f  th e  C .8  o f  t h e  b i s t r i m e t h y l  s e r i e s ,  t h e y  had o b s e r v e d  

r e m a r k a b le  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 .  P r o c e e d in g  

f u r t h e r  u s i n g  th e  r a b b i t  head  d rop  t e s t ,  t h e y  c o n f i rm ed  th e  

h i g h  a c t i v i t y  o f  C.10 (decam ethon ium ) .

SYNTHETIC CURARISIMQ AGENTS
+

Decamethonium (CH^)^ N(CH2 ) i 0N(CH3)3

The s y s t e m a t i c  s t u d y  o f  I n g ,  and th e  chance f i n d i n g  o f  

P a t o n ,  r e s u l t e d  i n  th e  d i s c o v e r y  t h a t  t h i s  s im p le  s y n t h e t i c  

compound w i l l  r e p r o d u c e  the  n e u ro m u s c u la r  p a r a l y s i s  o c c a s i o n e d  

by th e  complex a l k a l o i d  t u b o c u r a r i n e  i n  a n i m a l s .  The e f f e c t  

i n  man was examined by  Organe e t  a l  (19i|9 ) who fo un d  t h a t  3 

mg. o f  decamethonium i o d i d e  i n t r a v e n o u s l y  p ro du ced  a d eg ree  of  

p a r a l y s i s  i n  th e  c o n s c i o u s  s u b j e c t  comparable  w i t h  15-20  mg. 

o f  d - t u b o c u r a r i n e  c h l o r i d e .  I n  common w i t h  t u b o c u r a r i n e ,  i n  

h i g h  dosage  decamethonium produced  some d e p r e s s i o n  of  

s y m p a th e t i c  g a n g l i o n  t r a n s m i s s i o n ,  20 —1+0 rag. i n t r a v e n o u s l y  

b e in g  f o l l o w e d  by c u ta n e o u s  v a s o d i l a t i o n  and p o s t u r a l  

h y p o t e n s i o n .

G a l lam lne  ( F l a x e d l l )  -  R .P .  ^697
S tu d y in g  s i m p l i f i c a t i o n s  of the  t u b o c u r a r i n e  m o le cu le  

f o r  the  F r e n c h  c h e m ic a l  m a n u f a c t u r e r s ,  Rhone Pouleno F r e r e s ,  

Bovet e t  a l  (I9I47-I49) p r e p a r e d  a  number o f  compounds o f  which  

compound 3697 R .P .  was found  to  be a p o w e r fu l  c u r a r i s i n g  a g e n t  

w i t h  a  v e r y  weak g a n g l i o n  b l o c k i n g  a c t i o n .  I t s  f o r m u la  i s
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as  f o l l o w s : -

0
- o ( C H 2 ) 2  S ( c 2 h 5 ) 3 

c - 0 ( c h 2 ) 2  5 ( 0 ^ 5 ) 3

C - 0 ( 0 H 2 )2  N ( C 2 H5 ) 3

Ct\
1 : 2 : 3 -  T r i ( B - d i m e t h y la m in o e th o x y ) b en zene

Wien (19)48) ha s  r e c o r d e d  i t s  p h a r m a c o l o g i c a l  a c t i o n s  i n  t h e  

a n i m a l ,  and  Mushin e t  a l  (19U9 ) f i r s t  u sed  t h i s  d ru g  i n  

a n a e s t h e s i a •

S y n t h e t i c  G a n g l io n  B lo ck in g  Agents

The h i g h  d e g re e  of  c u r a r i s i n g  a c t i v i t y  o f  decamethonium 

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

members of  t h i s  s e r i e s  o f  compounds, w i t h  t h e  d i s c o v e r y  of  

the  marked g a n g l i o n  b l o c k i n g  p r o p e r t i e s  o f  s h o r t e r  c h a i n  

members. P a t  on and Zaimis (19i|B) drew a t t e n t i o n  t o  th e  

g a n g l i o n  b l o c k i n g  a c t i v i t y  as  w e l l  as th e  n e u ro m u s c u la r  b l o c k  

which  c o u ld  be p rod u ced  by  t h e s e  compounds, and i n  19^9 t b e y  

p r e p a r e d  a com prehens ive  s tu d y  of  t h e i r  p h a r m a c o l o g i c a l  a c t i o n s .

The b a s i c  fo r m u la  of  th e  a lkamethonium  compounds i s  a s  

f o l l o w s : -

(CH3 )5 N(CH2 )nN(CH5 )3

the  members o f  t h i s  homologous s e r i e s  b e in g  d e s i g n a t e d  by  th e  

number of  c a r b o n  atoms (n )  i n  the  p o ly m e th y le n e  c h a i n .  The 

second  to  th e  t h i r t e e n t h  member i n c l u s i v e ,  and th e  e i g h t e e n t h  

member have b e en  examined by Pa ton  and Zaimis (19)49), and 

the  e f f e c t  of t h e s e  compounds upon autonomic  g a n g l i o n i c  

t r a n s m i s s i o n  was a s  f o l l o w s : -
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R e l a t i v e  p o t e n c i e s  i n  p a u s in g  r e l a x a t i o n  o f  c a t ! s 
n i c t i t a t i n g  membrane, e x c i t i n g  b y ~ s t i m u l a t i o n  o f  

CQPvioal  sy m p a th e t i c  t r u n k

( A r b i t r a r y  s c a l e ,  C.6 100)

Compound: Cl* 05 C6 C7 C8 t e t r a e t h y l -
ammonium i o d i d e

P o te n c y :  2 80 100 10 2 5

R e l a t i v e  p o t e n c i e s  on p e r i s t a l t i c  r e f l e x  o f  
sma 11 i n  t e  s tine"

Compound: C2 C3 CI4 C5 C6 C7 t e t r a e t h y l -
ammonium i o d i d e

P o te n c y :  3 .0  5*9 33*3 100 1 6 ,7  II4

The marked a c t i v i t y  o f  the  p e n ta  and hexa  compounds i n  i n h i b i t i n g  

s y m p a th e t i c  s t i m u l a t i o n  and p e r i s t a l s i s  i s  to  be n o t e d ,  th e  

c h a i n  l e n g t h  i s  c r i t i c a l .

HEXAMETHONIUM

I n  c o n t r a s t  w i t h  t e t r a e  thy  lammonium and c e r t a i n  a l k a l o i d s ,  

hexamethonium p ro d u c e s  p a r a l y s i s  o f  au tonomic  g a n g l i a  w i t h o u t  

i n i t i a l  e x c i t a t i o n ,  th e  a c t i o n  i s  s low er  i n  o n s e t  t h a n  t h a t  

o f  t e t r a e  t h y  lammonium and i s  t h r e e  t o  f o u r  t im e s  more p r o l o n g e d ;  

and hexam ethonium  i s  much more a c t i v e .  The s i t e  o f  a c t i o n  i s  

upon th e  r e c e p t i v e  s i t e ,  no i n t e r f e r e n c e  o c c u r r i n g  w i t h  h i s t a m i n e  

r e l e a s e  a t  t h e  synapse  as  has  been  shown by Pa to n  and Zaimis 

( I 9 5 I )  and P e l d b e r g  (1991)*

The a c t i o n s  o f  hexamethonium i n  th e  an im a l  a r e  due t o  

s e l e c t i v e  au tonom ic  g a n g l i o n  b lock a d e  and a r e  a s  f o l l o w s : -



-  12 -

a )  Due t o  a c t i o n  on s y m p a th e t i c  g a n g l i a

1* I n h i b i t i o n  o f  r e s p o n s e  t o  p r e g a n g l i o n i c

s t i m u l a t i o n  of the  c e r v i c a l  g a n g l i o n  ( c a t ) ,  

i i .  I n c r e a s e d  p e r i p h e r a l  b l o o d  f low i n  t h e  

e a r  ( r a b b i t ) ,  

i i i .  H y p o te n s iv e  a c t i o n ,  

i v .  I n c r e a s e d  g a s t r i c  m o t i l i t y  i n  t h e  c a t .

(Wien and Mason I 9 5 I ) .

v .  I n c r e a s e d  s e n s i t i v i t y  of dogs to  i n s u l i n .  

( S c h a c h t e r  1951)

b )  Due t o  a c t i o n  on p a r a s y m p a t h e t i c  g a n g l i a

i .  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  i n  

th e  i l e u m  ( r a b b i t ) ,  

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

r e s u l t i n g  from v a g a l  s t i m u l a t i o n ,  

i i i .  M y d r i a s i s  due t o  c i l i a r y  g a n g l i o n  p a r a l y s i s ,

i v .  R e d u c t io n  i n  t h e  volume and a c i d i t y  o f  g a s t r i c

s e c r e t i o n  i n  dogs i n  r e s p o n s e  t o  v a g a l  

s t i m u l a t i o n  (Wien and Mason 1951> Flowe 

e t  a l  1951).

Hexamethonium w i l l  be o f  g r e a t  im p o r tan c e  i n  f u t u r e  

e x p e r i m e n t a l  s t u d i e s  upon the  f u n c t i o n  o f  au tonom ic  n e rv o u s  

s y s te m .  The a lm o s t  e n t i r e l y  s e l e c t i v e  p a r a l y s i s  o f  au tonom ic  

g a n g l i a  which  i t  o c c a s io n s  i n  th e  absence  o f  any  p r e l i m i n a r y  

e x c i t a t i o n  o f f e r s  p o s s i b i l i t i e s  o f  more a c c u r a t e  s t u d i e s  t h a n
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o b t a i n a b l e  p r e v i o u s l y  w i t h  a l k a l o i d s  of  complex a c t i o n .

ACTIONS OP HEXAMETHONIUM IN MAN

Some o f  th e  e a r l y  i n v e s t i g a t i o n s  of  the  a c t i o n s  of the  

methonium compounds i n  man were p e r fo rm ed  w i t h  pen tam e thon ium .  

I t  was found  t h a t  t h i s  member of th e  s e r i e s  was r a t h e r  l e s s  

a c t i v e  t h a n  hexam ethonium, and subseq u en t  s t u d i e s  were  upon 

th e  l a t t e r  d r u g .  O rg a n e , Pa ton  and Xaimis  q u i c k l y  

a p p r e c i a t e d  the  p o s s i b i l i t y  o f  a p p ly i n g  pen tam ethon ium  i n  t h e  

t r e a t m e n t  of  h y p e r t e n s i o n  as a b e t t e r  d rug  t h a n  t e t r a e t h y l -  

ammonium; i n  I9I49 t h e y  d e te rm in e d  the  e f f e c t  upon th e  b lood  

p r e s s u r e  i n  man w i t h  pen tam ethon ium . T h e i r  i n v e s t i g a t i o n  

was f o l l o w e d  by  th o s e  of Arnold  and Rosenheim (19i |9 )> A rnold  

e t  a l  U 9I49) ,  Grob e t  a l  (19^9 ) ,  R e s t a l l  and Smirk (1950) ,  

and Smirk  ( 195°  )• I*10 r e s u l t s  of t h e s e  e x p e r im e n t s  showed

t h a t  th e  i n t r a v e n o u s  i n j e c t i o n  o f  25-IOO mg. o f  pen tam ethon ium  

i o d i d e  p ro d u ce d  a f a l l  i n  t h e  s y s t o l i c  and d i a s t o l i c  b lo o d  

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

up t o  s e v e r a l  h o u r s .  T ha t  th e  f a l l  was due t o  a  d e c r e a s e  i n  

p e r i p h e r a l  r e s i s t a n c e  f o l l o w i n g  r e l a x a t i o n  of s y m p a th e t i c  to n u s  

was d e m o n s t r a t e d  by the  G o e t z 1 o p t i c a l  d i g i t a l  p l e th y s m o g r a p h .

S u b seq uen t  i n v e s t i g a t i o n  of p o s s i b l e  u s e f u l n e s s  i n  

t h e r a p e u t i c s  f o l lo w e d  r a p i d l y .

H y p e r t e n s i o n

S a v i l l e  ( I9 5 O ) ,  T u rn e r  ( I9 5 O ) ,  Campbell  and R o b e r t s o n

(1950) ,  and Grob and Harvey ( I9 5 O ) ,  were t h e  f i r s t  t o  r e p o r t
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upon t h e  r e s u l t s  whioh were o b t a i n e d  by lo w e r in g  th e  b lo o d  

p r e s s u r e  i n  p a t i e n t s  w i t h  h y p e r t e n s i o n  s u f f e r i n g  f rom  s e v e r e  

symptoms and s ig n s *  I t  was ag reed  t h a t  an improvement 

f o l l o w e d  r e d u c t i o n  i n  the  b lo o d  p r e s s u r e  comparab le  w i t h  t h a t  

f o l l o w i n g  sym pathec tom y,  and t h i s  was e n d o rs e d  p a r t i c u l a r l y  

by  Mackey and Shaw (195L)> one o f  t h e s e  a u t h o r s  h a v in g  had  

e x t e n s i v e  e x p e r i e n c e  o f  o p e r a t i v e  p r o c e d u r e s .

C o n t r o l l e d  H y p e r t e n s i o n  D ur ing  A n a e s t h e s i a .

The g r a v i t a t i o n  o f  t h e  b lo o d  t o  dependent  l im bs  w i t h  

r e l a x e d  a r t e r i o l a r  to n u s  was a p p r e c i a t e d  by  E nderby  (I95O) 

as  a method o f  o b t a i n i n g  an a r e a  of  s u r g i c a l  o p e r a t i o n  u n o b sc u re d  

by  h a e m o r rh a g e .  T h is  work was e x te n d e d  by D av iso n  ( I9 5 O ) ,  

and th e  methods were commented upon f u r t h e r  by  Enderby  ( I 9 5 I ) ,  

Enderby and Belmore (195l ) >  Lewis (1951)* DfAudigne and Kern

( 1951) ,  S c u r r  ( 1951) ,  S h a c k le to n  (195I ) »  and o t h e r s .

P e r i p h e r a l  V a s c u la r  D i s e a s e

The i n c r e a s e  i n  p e r i p h e r a l  c i r c u l a t i o n  w h ich  f o l l o w e d  

dosage o f  methonium compounds was used  i n  the  t r e a t m e n t  of 

p e r i p h e r a l  v a s c u l a r  d i s e a s e  by B u r t  and Graham ( I 9 5 O) ,  f o l l o w e d  

by P i n n e r t y  and P r e i s  (1951)* This  work was l i m i t e d  a s  an 

i n c r e a s e  i n  p e r i p h e r a l  c i r c u l a t i o n  was a t t e n d e d  by h y p o t e n s i o n .  

P e p t i c  U l c e r a t i o n

F o l lo w in g  upon the  e a r l i e r  s t u d i e s  w i t h  t e t r a e th y la m m o n iu m ,  

Kay and Smith  (1950a & b )  d e m o n s t r a te d  s u p p r e s s i o n  of g a s t r i c  

s e c r e t i o n  and m o t i l i t y .  D outhwai te  and Thorne (1951 ) showed
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t h a t  t h i s  e f f e c t  c o u ld  be o b t a i n e d  o n ly  i n  t h e  p r e s e n c e  

of  h y p o t e n s i o n .  I n  e x t e n s i o n  o f  t h e i r  s t u d i e s ,  Kay and 

Sm ith  ( 1951 ) c o r r e l a t e d  th e  a c t i v i t y  o f  C .1+, 5 ,  6 and  7 , 

s u p p r e s s i n g  g a s t r i c  s e c r e t i o n  w i t h  the a c t i v i t y  cu rv e  i n  

p a r a l y s i n g  th 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 n  the  c a t  p r e p a r e d  

by P a to n  and Zaimis  (191+9 )* The p o t e n t i a l  im p o r ta n c e  of  

t h i s  d rug  i n  t h e  t r e a t m e n t  o f  duodena l  u l c e r a t i o n  was 

examined b y  S c o t t  e t  a l  (I95O) which  showed t h a t  o r a l  dosage  

o f  hexamethonium was o f  some v a lu e  i n  th e  t r e a t m e n t  of s e v e r e  

d u od en a l  u l c e r a t i o n ,  and t h e i r  work has b een  c o n f i r m e d  by 

B a r t e l s  ( 1 9 5 2 ) .

The a p p l i c a t i o n  o f  hexamethonium i n  t h e  t h e r a p y  o f  p e p t i c  

u l c e r a t i o n  was l i m i t e d  by i t s  a c t i v i t y  i n  p ro d u c in g  h y p o t e n s i o n ,  

by u n c e r t a i n t y  of  a c t i o n  when a d m i n i s t e r e d  o r a l l y ,  and by a 

r a p i d  a q u i s i t i o n  o f  t o l e r a n c e  n e c e s s i t a t i n g  h i g h  d o sa g e .  

H y p e r h l d r o s l s

The d e p r e s s i o n  of  v a g a l  tone r e s p o n s i b l e  f o r  e x c e s s i v e  

sweat  s e c r e t i o n  p roduced  by  hexamethonium was commented upon 

by Chalmers  and Keele  (1952) ,  and Sommervil le  and McMillan

(1952)  have  u sed  hexamethonium i n  the  t r e a t m e n t  of h y p e r h i d r o s i s .  

L i m i t a t i o n s  t o  Methonium Therapy

Dosage o f  hexamethonium i n  man p roduces  t h e  f o l l o w i n g  

r e s u l t s : -
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1 , A f a l l  i n  t h e  d i a s t o l i c  and s y s t o l i c  b lo o d  p r e s s u r e s .

W ith  C am pbel l  (1953) T d e m o n s t r a te d  i n  th e  n o rm o te n s iv e  

s u b j e c t  i n  th e  recu m b en t  p o s t u r e  w i t h  s u f f i c i e n t  d o s a g e ,  i . e .

50 mg. hexam ethonium  c a t i o n  s u b c u t a n e o u s l y , the  d i a s t o l i c  

b lo o d  p r e s s u r e  f a l l s  to  1+0 -  60 mm., t h e  s y s t o l i c  p r e s s u r e  

b e in g  some J O  mm. h i g h e r .  T h is  l e v e l  p r o b a b l y  r e p r e s e n t s  

maximum v a s o d i l a t i o n  f o l l o w i n g  com ple te  i n h i b i t i o n  o f  

s y m p a th e t i c  vasom oto r  t o n u s .  The f a l l  i n  b l o o d  p r e s s u r e  i s  

more s p e c t a c u l a r  i n  h y p e r t e n s i v e  p a t i e n t s  as th e  i n i t i a l  l e v e l  

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

r e a c h e d  v a r i e d  f rom  60 -  100 ram., and i s  p r o b a b l y  an i n d i c a t i o n  

of t h e  e l a s t i c i t y  of  th e  v e s s e l s  and i n t r a v a s c u l a r  f l u i d  

volume. Assumption  of  e r e c t  p o s t u r e  u n de r  t h e s e  c o n d i t i o n s  

was f o l l o w e d  by  an immedia te  l o s s  o f  c o n s c i o u s n e s s  which  i s  

l i a b l e  t o  be accom panied  by  t raum a i f  p r e c a u t i o n s  a r e  n o t  

t a k e n  t o  p r e v e n t  the  p a t i e n t  f a l l i n g .  The l a c k  of  p r e m o n i to r y  

symptoms of  inadeqi.B.te c e r e b r a l  b lo o d  p r e s s u r e  c o n s t i t u t e s  a 

g rav e  r i s k  w hich  h a s  l i m i t e d  the  dosage  and the r e d u c t i o n  of  

th e  b lo o d  p r e s s u r e  o f  ambulant  p a t i e n t s ,  and t h i s  r i s k  i s  

i n c r e a s e d  by  v a r i a t i o n s  i n  i n d i v i d u a l  s e n s i t i v i t y  to the  d ru g ,  

and v a r i a t i o n s  i n  a b s o r p t i o n  when i t  i s  a d m i n i s t e r e d  by  the  

o r a l  r o u t e .

2 . I n  a  p r o p o r t i o n  of  p a t i e n t s  i n h i b i t i o n  of v a g a l  to n u s  i s  

f o l lo w e d  by  d i m i n i s h e d  p e r i s t a l s i s ,  a f f e c t i n g  the  i n t e s t i n e  a s  

w e l l  a s  t h e  s to m ach ,  w i t h  th e  p r o d u c t i o n  o f  c o n s t i p a t i o n  which
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i f  u n t r e a t e d  w i l l  be f o l l o w e d  by  i l e u s .  Mac k ey  and  Shaw

( I 9 5 I )  and o t h e r s  have r e p o r t e d  upon p a r a l y t i c  i l e u s  d u r in g  

hexamethonium t r e a t m e n t .  T h is  c o m p l i c a t i o n  f o l l o w e d  o r a l  

dosage  more o f t e n  t h a n  s y s t e m ic  dosage  and h a s  n e c e s s i t a t e d  

on some o c c a s i o n s  w i th d r a w a l  o f  t r e a t m e n t .  The i n t e s t i n a l  

s t a s i s  and hype raem ia  sometimes r e s u l t s  i n  d i a r r h o e a  w h ich  i s  

a l s o  a  c o n t r a i n d i c a t i o n  t o  f u r t h e r  d o sa g e .

3.  The o t h e r  s i d e - e f f e c t s  o f  methonium t h e r a p y  i n  th e  form 

o f  m y d r i a s i s ,  d r y n e s s  o f  th e  mouth and i n h i b i t i o n  of  sw ea t  

s e c r e t i o n ,  have n o t  l i m i t e d  t h e  u s e f u l n e s s  o f  t h i s  d ru g .

Prom a t h e r a p e u t i c  v i e w p o i n t ,  th e  l i m i t a t i o n s  o f  h e x a 

methonium a re  t h e r e f o r e  i t s  i n a b i l i t y  t o  lower  t h e  b lo o d  

p r e s s u r e  w i t h o u t  i n h i b i t i n g  g a s t r o i n t e s t i n a l  a c t i v i t y ,  and 

c o n v e r s e l y ,  i t  c a n n o t  be a p p l i e d  to  d e c r e a s e  g a s t r i c  s e c r e t o -  

motor  a c t i v i t y  w i t h o u t  the  r i s k  o f  p ro d uc ing  h y p o t e n s i o n .

The f i r s t  f u n c t i o n  i s  due t o  i n h i b i t i o n  of t h e  s y m p a th e t i c  

component o f  t h e  au tonom ic  n e rv o u s  sys tem  and  th e  second  th e  

p a r a s y m p a t h e t i c .  F u r t h e r  l i m i t a t i o n s  which  have been  

e n c o u n t e r e d  d u r i n g  c l i n i c a l  s t u d i e s  and which have b e en  

commented upon by m y se l f  w i t h  Graham and Campbell  (1952) ,  and 

o t h e r s ,  have b e en  i n c o n s i s t e n c y  o f  a c t i o n  due t o  i n d i v i d u a l  

v a r i a t i o n  and s e n s i t i v i t y ,  r a p i d  a q u i s i t i o n  o f  t o l e r a n c e  

n e c e s s i t a t i n g  p r o g r e s s i v e  i n c r e a s e  i n  dosage  t o  h i g h  l e v e l s ,  

Locket  e t  a l  (1951) h a v in g  u sed  up t o  12 gm. p e r  day o r a l l y ;  

and wide f l u c t u a t i o n s  i n  th e  b lo o d  p r e s s u r e  d u r in g  t r e a t m e n t  

o f  h y p e r t e n s i v e  p a t i e n t s ,  p o s s i b l y  due t o  i n h i b i t i o n  o f  the



-  18 -

p a r a s y m p a t h e t i c  a s  w e l l  a s  th e  s y m p a th e t i c  au tonom ic  g a n g l i a .

However, hexamethonium h a s  b een  th e  m ost  e f f e c t i v e  drug 

so f a r  d i s c o v e r e d  i n  lo w e r in g  th e  b lo o d  p r e s s u r e ,  and i n h i b i t i n g  

g a s t r i c  s e c r e t o m o t o r  a c t i v i t y .  The d e v e lo p m e n ts  o f  f u r t h e r  

g a n g l i o n  b l o c k i n g  a g e n t s  a p p e a r s  to  be d e s i r a b l e  t h e r e f o r e ,  w i t h  

th e  o b j e c t  o f  o b t a i n i n g  new compounds idaich would be a t  l e a s t  

i n  p a r t  an improvement compared t o  hexam ethonium, and o t h e r  

d ru g s  h a v in g  some o f  th e  a c t i o n s  o f  hexamethonium, i . e .  g a n g l i o n  

b l o c k i n g  a g e n t s  h a v in g  a p redom inance  o f  a c t i o n  on the  sy m p a th e t i c  

g a n g l i a ,  o r  p a r a s y m p a t h e t i c  g a n g l i a ,  a f f e c t i n g  m a in ly  one o r  

th e  o t h e r .
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CHEMISTRY

I n  F e b r u a r y  195°> I  p r e p a r e d  a p r e l i m i n a r y  r e p o r t  d e t a i l i n g  

th e  n e c e s s i t y  f o r  r e s e a r c h  upon compounds w h ich  would be o f  use  

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

main p o s s i b i l i t i e s  a t  t h a t  t ime were th e  deve lopm ent  o f  g a n g l i o n  

b l o c k i n g  a g e n t s  b a s e d  upon hexamethonium of  s e l e c t i v e  a c t i o n ;  

and th e  e x a m in a t io n  o f  a number of  m o n o q u a te rn a ry  am ines .  

Methonlum Homologues

S l i g h t  d i f f e r e n c e s  b e tw een  hexamethonium and pentamethonium 

a r e  a p p a r e n t  i n  th e  p h a r m a c o l o g i c a l  and c l i n i c a l  s t u d i e s ,  e ' .g .  

t a c h y c a r d i a  was p ronounced  w i t h  pen tam ethon ium  and l e s s  marked 

d u r in g  th e  a c t i o n  o f  hexamethonium. F u r t h e r  m o d i f i c a t i o n  of  

t h i s  s e r i e s  a p p e a re d  t o  be i n d i c a t e d ,  and i n  p a r t i c u l a r  s tu d y  

of  t h e  p a r t i a l  e t h y l  homologues was d e s i r a b l e  i n  view o f  th e  

d i f f e r e n c e s  i n  a c t i o n  be tw een  th e  b i s t r i e t h y l  and b i s t r i m e t h y l  

s e r i e s  and t e t r a e th y la m m o n iu m  and te t ram ethy lam m onium . F u r t h e r ,  

s u b s t i t u t i o n  o f  th e  c h a i n  and t e r m i n a t i o n s  by o t h e r  c h em ic a l  

s t r u c t u r e s  was i n d i c a t e d  to  d e te rm in e  th e  e s s e n t i a l  p a r t s  o f  

th e  m o le c u l e .  I t  was a n t i c i p a t e d  t h a t  the  b i s q u a t e r n a r y  amines 

would be g a n g l i o n  b l o c k i n g  a g e n t s ,  and t h e s e  m igh t  have a 

u s e f u l  p re p o n d e ra n c e  o f  a c t i v i t y .

M onoqua ternary  Amines

The g a s t r i c  a n t i s e c r e t o r y  d ru g s  d e s c r i b e d  i n  th e  l i t e r a t u r e  

o f  m o n o q ua te rn a ry  type  such  a s  B an th in e  and D i b u t o l i n e ,  a c t i v e  

a t  th e  p e r i p h e r a l  v a g a l  s y n a p s e ,  have a t r o p i n e - l i k e  s i d e  a c t i o n s  

l i m i t i n g  t h e i r  u s e f u l n e s s .  The i n c l u s i o n  i n  t h i s  s t u d y  o f  a



-  20 -

number o f  o t h e r  m o n o q u a te rn a ry  amines  was c o n s i d e r e d  a d v i s a b l e  

i n  th e  hope o f  f i n d i n g  one w i t h  a more s e l e c t i v e  a c t i o n  upon 

g a s t r i c  s e c r e t o m o t o r  a c t i v i t y .

I n  A p r i l  1950> w i t h  th e  p e r m i s s i o n  of  P r o f e s s o r  Pau l  of  

Rhone Poulenc  P r e r e s  i n  P a r i s ,  I  su rv e y e d  th e  p h a r m a c o l o g i c a l  

d a t a  o b t a i n e d  upon a number o f  new compounds p r e p a r e d  by 

Bove t  and D e c o u r t .  These had  b e en  exam ined  f o r  a n t i h i s t a m i n e  

and c u r a r i s i n g  a c t i v i t y  m a i n l y ,  b u t  t h e i r  a n t i c h o l i n e r g i c  

p r o p e r t i e s  had been  d e t e r m i n e d .  With th e  a d v ic e  of  P r o f e s s o r  

P a u l ,  a few of  t h e s e  were s e l e c t e d  f o r  c l i n i c a l  e x a m in a t io n ,  

th e  q u a n t i t i e s  r e q u i r e d  b e in g  p r e p a r e d  by May and Baker L td .

HEW COMPOUNDS

W ith in  t h e  programme of  work I  p r e p a r e d ,  a number of  

g ro u ps  o f  new compounds were made , e ach  b e in g  p r e p a r e d  a s  a 

s e r i e s  b e c a u se  of  th e  n e c e s s i t y  t o  d e te rm in e  the  c r i t i c a l  

c h a i n  l e n g t h .

1 • The e t h y l  homologues o f  the  methonium s e r i e s

I n  r e s p o n s e  t o  my r e q u e s t ,  p a r t i a l  p r o g r e s s i v e  s u b s t i t u t i o n  

s y m m e t r i c a l l y  o f  e t h y l  f o r  m e thy l  t e r m i n a t i o n s  was made, u s i n g  

a c h a i n  l e n g t h  o f  f o u r  to  sev en  i n c l u s i v e  m e thy len e  g r o u p s .

T h is  work was e x te n d e d  by  the  p r e p a r a t i o n  of  f u r t h e r  homologues 

d e t a i l e d  s u b s e q u e n t l y .

2 • The b i s q u a t e r n a r y  a m in o p h e n y la lk y la m ln e s

I n  view o f  th e  work by Bovet upon s i m p l i f i c a t i o n s  of  

the  t u b o c u r a r i n e  m o le c u l e ,  i t  a p p e a re d  to  be u s e f u l  t o
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i n v e s t i g a t e  the  s u b s t i t u t i o n  o f  a benzen e  r i n g  f o r  p a r t  of  

th e  m e th y len e  c h a i n  i n  th e  methonium s e r i e s .

3* The p y r r o l i d i n i u m  compounds

The p y r r o l i d i n e  r i n g  o c c u r s  i n  a number o f  p h a r m a c o l o g i c a l l y  

a c t i v e  s u b s t a n c e s ,  and t h e  n e u ro m u s c u la r  b l o c k i n g  p r o p e r t i e s  

o f  G.10 of th e  b i s - p y r r o l e  s e r i e s  were b e in g  s t u d i e d  by  T a y l o r .  

The p y r r o l i d i n e  r i n g  o f f e r s  a  t e r m i n a t i o n  of  p h y s i c a l  s i z e  

com parab le  w i t h  t r i m e t h y l  ammonium, o t h e r  s h o r t e r  c h a in  

members of t h i s  s e r i e s  were made.

I4. M orpho l in ium  s e r i e s

Chemical  s i m i l a r i t i e s  a r e  e x h i b i t e d  by t h r e e  ty p e s  of  

h e t e r o  c y c l e s ,  p y r r o l i d i n e ,  m o r p h o l i n e ,  and p i p e r i d i n e .  The 

p i p e r i d i n e  s e r i e s  a r e  known t o  have a c t i o n s  p e c u l i a r  t o  the  

p i p e r i d i n e  r i n g .  A m orph o l in ium  s e r i e s  was made a t  the  

s u g g e s t i o n  o f  Dr .  S l a c k  of  th e  Organic  R e s e a r c h  D i v i s i o n .

5* The p h e n o t h i a z i n e  g roup

The p h e n o t h i a z i n e  r i n g  h as  b e en  employed i n  a  s e r i e s  o f  

a n t i h i s t a m i n e s  p r e p a r e d  by  B o v e t .  One of t h e s e  i s  p ro m e z a th in e  

(P h e n e rg a n )  which  i s  i n  use  as  an a n t i h i s t a m i n e .  A homologue 

i n  w h ich  the  n i t r o g e n  atom i n  th e  c h a i n  i s  q u a t e r n a t e d  was 

o b t a i n e d  from Rhone P o u l e n c .

6 .  Phenoxymethonium group

Phenoxydimethonium may be r e g a r d e d  as t h e  C . l  of t h e  

s e r i e s  o f  which  g a l l a m in e  ( F l a x e d i l ) i s  the  C .3 .  B u l b r in g
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and D e p i e r r e  have shown t h a t  i t  has  g r e a t e r  s y m p a th e t i c  

g a n g l i o n  p r o p e r t i e s  t h a n  g a l l a m i n e .  P h en o xy t r im e th o n iu m  

was exam ined  by  Jacob  and D e p i e r r e  a t  t h e  P a s t e u r  I n s t i t u t e  

and t h e i r  u n p u b l i s h e d  r e s u l t s  were s u p p l i e d  by  P r o f e s s o r  

P a u l .  I t  was foun d  t o  have  an  a c t i v i t y  e q u a l  t o  t e t r a e t h y l -  

ammonium a s  a  g a n g l i o n  b l o c k i n g  a g e n t .

7 • S y n t h e t i c  a t r o p i n e - l i k e  s u b s t a n c e s

I n  1936 Ing  p r e p a r e d  L ach es in e  which  i s  a m o n o q u a te rn a ry  

amine o f  a l i p h a t i c  t e r m i n a t i o n ,  w hich  h a s  b e e n  used  by 

o p h t h a l m o l o g i s t s  i n  l o c a l  a p p l i c a t i o n  to  p roduce  m y d r i a s i s .

No r e c o r d  e x i s t e d  o f  s y s te m ic  dosage i n  man. The mono

q u a t e r n a r y  amines d i b u t o l i n e  and m e t h a n t h e l i n e  ( B a n th i n e )  i n  

u se  i n  America  f o r  th e  t r e a t m e n t  o f  p e p t i c  u l c e r a t i o n ,  were 

a l s o  p r e p a r e d  f o r  c o m p a ra t iv e  e x a m in a t io n .

8 .  From s t u d y  o f  a number o f  a n t i s p a s m o d i c  and a n t i 

c h o l i n e r g i c  d r u g s ,  D r .  Wien o f  B i o l o g i c a l  D i v i s i o n  s u g g e s t e d  

p r o d u c t i o n  of  a  number o f  m o n oq u a te rn a ry  amines a s  f o l l o w s : -

+
( i )  Acyl  -  o -  ((3)n N R2

r3
A l k a l i n e  e s t e r s  o f  t h i s  type  where C i s  a p o ly m e th y le n e  c h a i n  

o r  a c y c l i c  s t r u c t u r e  as i n  the  b e l l a d o n n a  a l k a l o i d s ,  have  a 

p a r t i c u l a r  a f f i n i t y  f o r  n e u r a l  s t r u c t u r e s  depend ing  upon th e  

n a t u r e  o f  t h e  a c y l  r a d i c a l  b a s i c  g ro u p ,  th e  po ly m e th y le n e  

c h a i n  h a v in g  n o t  been  s t u d i e d  beyond n -  2 o r  3 .
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( i i )  « 2 ^ C  -  C0 (CH2 )n  N(CH3 )3 
S3

where a Pheny l  o r  n a p t t y l
r 2 = p h e n y l  o r  H

= H o r  OH 
n  = 1 t o  6

A b i s q u a t e r n a r y  s e r i e s  was a l s o  made upon h i s  s u g g e s t i o n  w i t h  

a  o h a in  m o d i f i c a t i o n  a s  i n d i c a t e d .

( c h ^ ) ^  k  coo(GH2 )n n ( c h 5 )5

where n -  1 to  6

The to ta} .  number o f  new compounds w h ich  w ere  made i n  th e  

i m p l i c a t i o n  o f  t h i s  work was 180. They were  exam ined  

p h a r m a c o l o g i c a l l y  and the  methods u s e d  and th e  r e s u l t s  where  

o f  i n t e r e s t  a r e  b r i e f l y  d e s c r i b e d .
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BIOLOGICAL RESULTS

Methods

I t  was n e c e s s a r y  t o  e s t a b l i s h  t e c h n i q u e s  w h ich  would 

e n a b le  th e  t o x i c i t y  and a c t i v i t y  of th e  new s y n t h e t i c  

compounds t o  be compared w i t h  d r u g s  o f  known a c t i v i t y .  I n  

v iew  o f  th e  number o f  new compounds, th e  u se  o f  s im p le  

t e c h n i q u e s  was d e s i r a b l e ,  e . g .  g a s t r i c  pouch p r e p a r a t i o n s  i n  

dogs were n o t  f e a s i b l e .  Of many p o s s i b l e  t e c h n i q u e s ,  t h e  

f o l l o w i n g  f o u r  were a d o p te d ,  and a l t h o u g h  the  a c t i o n s  o f  some 

compounds were  e x p l o r e d  more f u l l y ,  t h e  r e s u l t s  o b t a i n e d  by 

t h e s e  f o u r  t e c h n i q u e s  were u sed  as  a b a s i s  f o r  t h e  s e l e c t i o n  

o f  compounds f o r  f u r t h e r  u s e .  I t  had  t o  be t a k e n  i n t o  

a c c o u n t  t h a t  such  b i o l o g i c a l  methods of  e x a m in a t io n  a r e  n o t  

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

and s p e c i e s  r e s p o n s e .  F u r t h e r ,  t h e y  were p e r fo rm e d  by 

r e l a t i v e l y  u n t r a i n e d  s t a f f  w ork ing  u n d e r  s u p e r v i s i o n .

The f o u r  t e c h n iq u e s  u se d  were as  f o l l o w s

T = t o x i c i t y  i n  mice d e te rm in e d  i n t r a v e n o u s l y ,  th e  

f i g u r e s  b e in g  i n  mg. p e r  k g .

S s  th e  g a n g l i o n  b l o c k i n g  a c t i v i t y  on s y m p a th e t i c  

g a n g l i a ,  u s i n g  th e  c a t  s u p e r i o r  c e r v i c a l  

g a n g l i o n  p r e p a r a t i o n  o f  Kibjakow (1933)  a s  

m o d i f i e d  by F e l d b e r g  and Gaddum (19!*!*).

V m g a n g l i o n  b l o c k i n g  a c t i v i t y  o f  p a r a s y m p a t h e t i c



g a n g l i a  u s i n g  g u i n e a  p i g  i l e u m  p e r i s t a l t i c  

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

a n d  L y n  ( I 9 I 4 9 ) .

C = C u r a r i s i n g  a c t i v i t y  u s i n g  t h e  r a b b i t  n e r v e  

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

B u l b r i n g  ( I 9 I 4 6 ) .

F o r  c o n v en ien c e  th e  May and Baker  numbers a r e  u s e d  and 

th e  r e s u l t s  o b t a i n e d  a r e  a s  f o l l o w s .  The f i g u r e s  u n d e r  th e  

d i f f e r e n t  a c t i v i t i e s  a r e  i n  te rm s o f  hexamethonium * 100 ,  

e x c e p t  i n  th e  c a s e  o f  c u r a r i s i n g  a c t i v i t y  where d - t u b o c u r a r i n e  

= 100.

E t h y l  homologues

R \ + +/ R l  
R2 - H . ( C H 2 ) n H -  R2

No. n Hi r2 r 3 T s V c

I 8 I 3 k Me Me Me 122 1 5 0.01

2075 E t Me Me 6l 10 25 0 .01

* 207k E t E t Me 35 100 25 0.01

2073 E t E t S t 20 5 5 0.01

1692 5 Me Me Me 62 65 75 0.140

2000 E t Me Me 16 150 150 0.1*0

2076 E t E t Me - 129 100 0.140

1992 E t E t E t 8 7 10 0.1*0
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No. n R1 r2
R?

T s V C

1729 6 Me Me Me 60 100 100 O.5O

*1863 E t Me Me 26 150 200 0.20

2031 E t E t Me 15 75 100 0.1*0

1993 E t E t E t 3 5 50 1*.00

181*7 7 Me Me Me 12 12 12 1.00

2163 E t Me Me 15 10 50 2.00

2161* E t E t Me 9 15 2 3.00

2165 E t E t E t 6 2 2 5.00

Compound 1863 was found  i n  1951 bo more a c t i v e  i n  

man and f u r t h e r  homologues were p r e p a r e d  a s  f o l l o w s  

CH.3\
/ C H ,

CH,— fi (CH2 )g fi—CH^ 
R V  E

No. R T S V

Hexa-
methonium m eth y l 100 100 100

* I863 e t h y l 220 150 200

1861* n - p r o p y l 290 l e s s  
t h a n  5

l e s s  
t h a n  5

I865 i s o p r o p y l 270 15 10



No. R T

1866

1867
1868

n - b u t y l  : 600 ^ i 8 3 3 !. .th a n  4
i s o b u t y l  : 250 : l e s s ,

. .th a n  4
a l l y l  : 260 :

• l e s s  j 
. than  2 .
: i4 : 

: k  :

2 . The b i3 q u a te r n a r y  a ra in o p h en y la lk y la m in es

(OH3 ) 3 *  O  (CH2 }n *  (° V ?

N o .
• • •

n : T : S : V
• •• • •

C

* 1950
• • •

2 : 3OO : 300 : 250 2

* 205)4 3 : -  : 25 : 100 
• • *

-

3* The p y r r o l i d l n i u m  compounds

CHp -  CHo + -  CHP
2 2^ N ( C H 2 )n N (  2 | 2

CHp -  C H p ^  I I V CHP -  CHp2 2 R R d d

No. : n R T S V c :

*2050 ! 5 Me 200 300 150 1 :

*202)4 s 6 Me 35O 230 150 1 :

*2060 i 6 E t - 30 150 _ ♦ +
•  •
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ij .  The m orp h o l in iu m  compounds

/ CH2 CV + CH^-CK
0^  u  (CH2 )n  N N 0

"'CHp-CHx'' I I n CHo- C H ^
2 2 R R 2 2

NO. n R T s V C

* 2002 5 Me 33 100 100 2

* 1978 6 Me 66 100 175 u

1979 6 E t - 6 20 -

* 2023 7 Me I400 100 33 -

5* The p h e n o t h i a z i n e  g roup

Rhone Poulenc  
No. 355O

Rhone Poulenc  
No. 35514

(CH2 )2 N (CH2 )^ n ( c h 2 )2 

<CH3>2 (CH,)2

s

CH5 -  CH -  N (CH5 ) ,

No. T s V

* 3550 10 0 200

* 355i+ 5 50 1000



6 • The phenoxyme thonlum  group

< ^ > 0 ( C H 2 )n N(C2H5 )3

' No. n T S V :

* 1826 2 6 10 200 :

* 1829 3 8 50 100 :

7* S y n t h e t i c  a t r o p i n e - l i k e  s u b s t a n c e s

* L a c h e a i n e — ^COH COO(CH„)„ B (C H ,) ,< _ y  2 2  3 3

* D I b u t o l l n e  ( C ^  )2 N C0 (CH2 )2 N(CH,)

* M e t h a n t h e l i n e
( B a n t h i n e ) 0

8 .  No compounds of  u s e f u l  a c t i v i t y  were o b t a i n e d .

* These compounds were s e l e c t e d  f o r  c l i n i c a l

e x a m i n a t i o n .

CH COO(CHo)2'2
+
N

CH-

u2n5
C2H5



-  30 -

METHODS OP CLINICAL INVESTIGATION

F o l lo w in g  s e l e c t i o n  o f  t h e s e  d rug s  f o r  e x a m i n a t i o n ,  i t  

was n e c e s s a r y  to  d e v i s e  a p ro c e d u re  w h ich  would e n a b le  t h e i r  

e f f e c t s  upon t h e  human autonomic  n e rv o u s  s y s te m  t o  be com pared .  

A l l  th e  compounds were r e a d i l y  s o l u b l e  i n  w a t e r  and i t  was 

d e c i d e d  t o  a d m i n i s t e r  them s u b c u t a n e o u s l y  w hich  would e n s u r e  

a b s o r p t i o n  o f  a l l  o f  e ach  dose and y e t  would be a  s a f e r  

p r o c e d u r e  t h a n  i n t r a v e n o u s  dosage i n  th e  e v e n t  o f  u n e x p e c te d  

t o x i c i t y .

The s e l e c t i o n  o f  p a t i e n t s  o c c a s io n e d  some i n i t i a l  

d i f f i c u l t y .  The Royal  A lexandra  I n f i r m a r y  i s  a h o s p i t a l  w h ich  

i s  c o n c e rn e d  e n t i r e l y  w i t h  t h e  t r e a t m e n t  of  p a t i e n t s ,  and

I f a c i l i t i e s  f o r  r e s e a r c h  a r e  a b s e n t .  F u r t h e r ,  t h e  r a t e  o f
I

a d m is s io n  i s  such  t h a t  i t  i s  n o t  p o s s i b l e  t o  a l l o c a t e  b eds  f o r  

a p u rp o se  such  a s  t h i s .  I  d e c id e d  t h e r e f o r e ,  t h a t  th e  main 

p a r t  o f  t h e  i n v e s t i g a t i o n  sh o u ld  be pe r fo rm ed  upon a g ro up  o f  

o u t - p a t i e n t s ,  the  day-room o f  one male ward was a v a i l a b l e  f o r  

t h i s  p u rp o se  f o r  two or  t h r e e  m orn ings  p e r  week.

The p r o d u c t i o n  o f  s e v e r e  h y p o t e n s io n  i s  a r i s k  t o  th e  

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

c h a n g e s ,  and th e  a d m i n i s t r a t i o n  o f  d r u g s ,  o f  p o te n c y  

d e te r m in e d  by a n im a l  e x p e r i m e n t a t i o n ,  c a p a b le  o f  p r o d u c in g  a 

f a l l  i n  the  b lo o d  p r e s s u r e  c o n s t i t u t e s  t h e r e f o r e  an  

u n j u s t i f i a b l e  r i s k .  From p r e v i o u s  e x p e r i e n c e  w i t h  hexamethonium
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and M & B 1863 ,  and from s tu d y  o f  p r e v i o u s  work su c h  a s  t h a t  

p e r fo rm e d  by O rgane ,  P a to n  and Zaimis  (I9I+9)# anc* A rno ld  and 

Rosenheim (19i |9 )> I  d e c i d e d  t h a t  i n  th e  f i r s t  p l a c e  i t  would 

be  d e s i r a b l e  t o  a d m i n i s t e r  th e  new compounds to  s u b j e c t s  w i t h  

no rm al  p r e s s u r e s  and absence  o f  c a r d i o v a s c u l a r  d i s e a s e .  As 

d ru g s  a f f e c t i n g  g a s t r i c  s e c r e t i o n  r e q u i r e d  i d e n t i f i c a t i o n  

a l s o ,  a r e a d i l y  a v a i l a b l e  so u rc e  of  s u i t a b l e  o u t p a t i e n t s  was 

fo u n d  t o  e x i s t  i n  th e  form  of young men be tw een  20 and 

y e a r s  o f  age who s u f f e r e d  f rom  d uodena l  u l c e r a t i o n ,  b u t  were 

o t h e r w i s e  h e a l t h y .  A g roup  of  II4O men be tw een  t h e s e  y e a r s  

o f  age was c o l l e c t e d  w i t h o u t  d i f f i c u l t y  and th e  r e s u l t s  o f  

dosage o f  t h e s e  d rugs  h as  formed the  b a s i s  f o r  s u b s e q u e n t  

w ork .  I t  was fo u nd  t h a t  t h e s e  p a t i e n t s  were a g r e e a b l e  t o  

tw ic e  w eek ly  morning a t t e n d a n c e  f o r  a p e r i o d  o f  s e v e r a l  weeks 

e a c h .  L a t e r  i t  was n e c e s s a r y  to  l i m i t  th e  g ro u p  t o  100 
owing t o  v a r i o u s  f a c t o r s .  One f i n d i n g  i n  p a t i e n t s  w i t h  

d uo d e n a l  u l c e r a t i o n  was a lower  t h a n  a v e r a g e  b lo o d  p r e s s u r e ,

I s u g g e s t i n g  a h i g h e r  l e v e l  o f  v a g a l  t o n e .

From v a r i o u s  e x p e r i e n c e  i t  was r e c o g n i s e d  f ro m  th e  

commencement o f  t h i s  s tu d y  t h a t  an i n d i v i d u a l  v a r i a t i o n  i n  

s e n s i t i v i t y  t o  e ac h  drug was l i k e l y ,  and a l s o  i t  i s  n e c e s s a r y  

to  t a k e  i n t o  a c c o u n t  th e  p o s s i b l e  deve lopm ent  o f  t o l e r a n c e  

d u r in g  r e p e a t e d  d o sa g e .  T h e r e f o r e ,  i t  was n e c e s s a r y  t o  

a t t e m p t  to  g iv e  a l l  o f  t h e s e  d rugs  i n  t u r n  t o  e a c h  p a t i e n t ,  

and as  f a r  as  p o s s i b l e  t h e y  were g iv e n  i n  d i f f e r e n t  r o t a t i o n .
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I t  was to  be e x p e c t e d  t h a t  t h e s e  d ru g s  would  m o d ify  a l l  

t h e  f u n c t i o n s  o f  t h e  autonomic  n e rv o u s  s y s te m .  As t h e  

dosage  r e q u i r e d  t o  d e m o n s t r a t e  a c t i v i t y  i n  th e  c a s e  o f  th e  

new compounds was unknown, a  s m a l l  s u b c u ta n e o u s  dose  o f  th e  

o r d e r  o f  2 .5  mg. was a d m i n i s t e r e d  f i r s t ,  and s u b s e q u e n t l y  

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

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

t e n c y  i n  r e s p o n s e ,  th e  dose which  p ro du ced  one o r  o t h e r  o f  

t h e s e  a c t i o n s  i n  60 p e r  c e n t  o f  o b s e r v a t i o n s  was a c c e p t e d  a s  

t h e  e f f e c t i v e  d o s e .  The o b s e r v a t i o n s  r e c o r d e d  t h e r e f o r e ,  

i n d i c a t e  th e  dose o f  e a c h  compound which  was fo un d  t o  p roduce  

a c h l o r h y d r i a  i n  60 p e r  c e n t  o r  more of  o b s e r v a t i o n s ,  o r  

h y p o t e n s i o n  i n  t h i s  o r  more p e r c e n t a g e  of  o b s e r v a t i o n s .  I n

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

c o u ld  n o t  be r e a c h e d  owing to  th e  p r o d u c t i o n  o f  one o r  more 

s i d e  a c t i o n s ,  and th e  dosage  r e c o r d e d  was th e  e f f e c t i v e  dose 

upon the  p a r t i c u l a r  au tonomic  f u n c t i o n  i n v o l v e d .

As th e  d ru g s  were  a v a i l a b l e  i n  a v a r i e t y  o f  i n o r g a n i c  

and o r g a n i c  s a l t s ,  dosage th r o u g h o u t  i s  e x p r e s s e d  i n  mg. of  

a c t i v e  c a t i o n .

C o n t r o l  o b s e r v a t i o n s

At d i f f e r e n t  t im es  p a t i e n t s  were g i v e n  i n j e c t i o n s  o f  

s t e r i l e  w a t e r  t o  p r o v id e  c o n t r o l  o b s e r v a t i o n s .  No s i g n i f i c a n t  

r e s p o n s e  o c c u r r e d  f o l l o w i n g  t h i s  i n a c t i v e  i n j e c t i o n .  The 

p a t i e n t s  were  n o t  in fo rm ed  upon which  drug  t h e y  were r e c e i v i n g
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a t  any t i m e .  I n t u b a t i o n  was a  f a c t o r  i n  m o d i f y in g  u n c o n t r o l l 

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

f i r s t  two o r  t h r e e  o b s e r v a t i o n s  o n l y .

The f o l l o w i n g  t e c h n i q u e s  were u se d :

1* G a s t r i c  s e c r e t i o n .  The p a t i e n t s  r e p o r t e d  t o  t h e  ward 

a t  9 a-Hi. h a v in g  had no fo o d  s i n c e  the  p r e v i o u s  n i g h t .  A 

R y l e f s tube  was p a s s e d  im m e d ia te ly  and t h e  s tom ach  e m p t ie d  a s  

c o m p l e t e l y  a s  p o s s i b l e  u s i n g  the  c a r e f u l  methods n o t e d  by  Kay 

and Smith  (1950)* The R y l e ’ s tube  was l e f t  i n  p o s i t i o n  

t h r o u g h o u t  th e  morning which  was s p e n t  s i t t i n g  r e a d i n g  and i n  

q u i e t  c o n v e r s a t i o n  w i t h  o t h e r  members o f  th e  g roup  w h ich  v a r i e d  

be tw een  s i x  and t e n  p a t i e n t s .  The s tomach was e m p t i e d  

s u b s e q u e n t l y  a t  h o u r l y  i n t e r v a l s  i . e .  a t  10 a . m . ,  11 a . m . ,

12 noon and 1 p .m. The volume o f  the  c o n t e n t s  was n o t e d ,  

th e  pH was d e te r m in e d  u s i n g  a Marconi e l e c t r o m e t e r  pH m e t e r .  

Each spec im en was t h e n  t i t r a t e d  w i t h  N/10 sodium h y d r o x i d e ,  

u s i n g  T o p f e r s  r e a g e n t  t o  d e te rm in e  t h e  f r e e  and t o t a l  a c i d i t y  

as  d e s c r i b e d  i n  C l i n i c a l  Methods (19^9 )* The drug  i n j e c t i o n  

was made im m e d ia te ly  a f t e r  t h e  10 a .m.  specim en  was w i th d ra w n .

There a r e  no e x a c t  t e c h n iq u e s  f o r  t h e  measurement  o f  

g a s t r i c  s e c r e t o m o t o r  a c t i v i t y .  Swallowing a R y l e ' s  tu b e  and 

i t s  p r e s e n c e  i n  the  s tomach t e n d  to  i n h i b i t  o r  e x c i t e  g a s t r i c  

s e c r e t i o n .  R e c e n t l y  t u b e l e s s  t e c h n i q u e s  have  b e e n  d e v e l o p e d ,  

b u t  t h e s e  a re  i n a c c u r a t e  i n  q u a n t i t a t i v e  s t u d i e s  o f  t h i s  

t y p e ,  t h e i r  v a lu e  l i e s  i n  the  d e t e c t i o n  o f  a c i d .  The s t a n d a r d
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f r a c t i o n a l  t e s t  meal d e s c r i b e d  i n  C l i n i c a l  Methods (I9I49) i s  

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

c e l l ,  w h i l e  th e  a c t i o n  o f  the  m a j o r i t y  o f  t h e  d ru g s  u se d  i s  

a b l o c k  i n  t r a n s m i s s i o n  a t  th e  h i g h e r  l e v e l  of  th e  g a n g l i o n .

The f a s t i n g  a c i d i t y  p r o v i d e s  an  i n d i c a t i o n  of th e  b a s a l  ton e  

of  th e  p a r a s y m p a t h e t i c  n e rv o u s  d i s t r i b u t i o n  t o  th e  s tom ach ,  

and a m o d i f i c a t i o n  of  t h i s  l e v e l  can  be i n t e r p r e t e d  a s  an  

i n d i c a t i o n  of  the  a c t i v i t y  of a drug i n  b l o c k i n g  v a g a l  g a n g l i a ,  

and e n a b l e s  the  r e s u l t s  t o  be compared w i t h  d ru g s  w h ich  have 

an a t r o p i n e - l i k e  a c t i o n  upon th e  p e r i p h e r a l  s y n a p s e .  K i r s n e r ,  

L e v i n ,  P a lm e r ,  and o t h e r s ,  a r r i v e d  a t  t h i s  c o n c l u s i o n ,  and have  

u se d  t h i s  method i n  i n v e s t i g a t i n g  th e  a c t i v i t y  o f  a s e r i e s  o f  

m a in ly  a t r o p i n e - l i k e  s y n t h e t i c  compounds.

Owing t o  f a c t o r s  which  i n f l u e n c e  th e  r e s u l t s  o b t a i n e d  by 

a s p i r a t i o n  of th e  g a s t r i c  c o n t e n t ,  such  as  th e  p a t i e n t ' s  

n a t u r a l  c o n c e rn  and the  n o v e l t y  of the  e x p e r i e n c e ,  t h e r e  i s  a 

ten d e n c y  t o  c o n s i d e r  t h a t  f r a c t i o n a l  t e s t  meal p r o v i d e  

u n r e l i a b l e  f i n d i n g s .  I n  the  c o u rs e  of  t h i s  i n v e s t i g a t i o n  

i t  was found  t h a t  by th e  second o r  t h i r d  o b s e r v a t i o n  a s  a 

member o f  a  group of p a t i e n t s  w i t h  t h e  same d i s e a s e  b e in g  

s u b j e c t e d  t o  r o u t i n e  e x a m in a t io n ,  i n d i v i d u a l  p a t i e n t s  p r o v i d e d  

f a i r l y  c o n s i s t e n t  l e v e l s  of f a s t i n g  a c i d  s e c r e t i o n  of  the  o r d e r  

of 20 -  I4O c l i n i c a l  u n i t s  of f r e e  a c i d .  Of th e  II4O p a t i e n t s ,  

th e  r e s u l t s  i n  2lj. p roved  t o  be i n c o n s i s t e n t  even  th o u gh  t h e y  

a l l  s u f f e r e d  f rom  proven  duodenal  u l c e r a t i o n .  T h is  g roup  o f
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2hf p ro d u c e d  i n c o n s i s t e n t  r e s u l t s  i n  t h e  fo rm  o f  v e r y  low o r  

v e r y  h i g h  l e v e l s  o f  f r e e  a c i d  and i n  some t h e r e  were  marked 

v a r i a t i o n s  i n  the  volume s e c r e t e d .  A f u r t h e r  16 p a t i e n t s  

f a i l e d  t o  r e p o r t  f o l l o w i n g  two o r  more o b s e r v a t i o n s  and were 

t h e r e f o r e  e l i m i n a t e d .

An a s s e t  i n  th e  c o n d u c t  o f  t h i s  s t u d y  was t h e  sym ptomatic  

r e l i e f  w h ich  a t t e n d e d  th e  a d m i n i s t r a t i o n  o f  a s e r i e s  o f  d ru g s  

w h ich  a l l  a f f e c t e d  th e  l e v e l  o f  a c i d  s e c r e t i o n  t o  some e x t e n t .  

W i t h i n  a p e r i o d  o f  a few months a f t e r  t h i s  work e n d e d ,  

r e l a p s e s  o c c u r r e d  w i t h  r e c u r r e n c e  o f  symptoms, and haematemeses  

o r  p e r f o r a t i o n s  i n  some c a s e s .

2 . A c t ion  upon th e  s y s t e m ic  b l o o d  p r e s s u r e .  P r i o r  t o  and 

a h a l f  t o  one hour  f o l l o w i n g  i n j e c t i o n  o f  th e  d rug  o r  c o n t r o l  

i n j e c t i o n ,  th e  b lo o d  p r e s s u r e  was r e c o r d e d ,  u s i n g  a  s t a n d a r d  

m ercu ry  sphygnomanometer . The t e c h n iq u e  u sed  was t h a t  

recommended by  the  Committee o f  the  American H e a r t  A s s o c i a t i o n  

(T939)* The b lo o d  p r e s s u r e  was g e n e r a l l y  t a k e n  w i t h  th e  

p a t i e n t  s i t t i n g  u p r i g h t  on a h a rd  c h a i r .  I f  dosage was 

s u f f i c i e n t  t o  cause  p o s t u r a l  h y p o t e n s i o n ,  th e  p a t i e n t  was 

a s s i s t e d  q u i c k l y  to  b e d ,  and recum bent  p r e s s u r e s  t h e n  t a k e n .  

Hexamethenium i n  s u f f i c i e n t  dosage p ro du ced  sudden  l o s s  o f  

c o n s c i o u s n e s s ,  w h i l e  the  syncope 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  

some o f  t h e  newer d rugs  was o f  s lo w er  o n s e t .  The f a l l  i n  

th e  b lo o d  p r e s s u r e  o f  n o rm o te n s iv e  p a t i e n t s  i s  n o t  g r e a t  i n  

com par ison  w i t h  the  f a l l  which  can be p ro du ced  i n  th e  p a t i e n t s
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w i t h  h y p e r t e n s i o n .  I f  th e  o r i g i n a l  p r e s s u r e  i s  o f  t h e  u s u a l  

norm al  l e v e l  o f  a p p r o x i m a t e ly  120/80  mm., f u l l  dosage  o f  a. 

g a n g l i o n  b l o c k i n g  a g e n t  s u f f i c i e n t  to  p ro d uce  maximum v a s o 

d i l a t i o n  i s  f o l l o w e d  by a f a l l  i n  the  b lo o d  p r e s s u r e  when th e  

p a t i e n t s  a r e  recum bent  to  60/80  mm. s y s t o l i c  and i |0 /60  mm. 

d i a s t o l i c .  T h is  p ro v ed  t o  be s u f f i c i e n t  f o r  p a t i e n t s  t o  

m a i n t a i n  c o n s c i o u s n e s s  f e e l i n g  no i l l  e f f e c t s .  R a i s i n g  t h e  

h e ad  p ro d uced  l o s s  o f  c o n s c i o u s n e s s .  At no t ime was a p r e s s o r  

a g e n t  r e q u i r e d  f o r  t r e a t m e n t  and t h i s  was m e n t io n e d  by  m y s e l f  

and Campbell  (1953)* P r e v i o u s l y  some d e a t h s  have  f o l l o w e d  

r e p e a t e d  dosage o f  a d r e n a l i n e  to  r e l i e v e  h y p o t e n s i o n .  The 

c o r r e c t  a n t i d o t e  i s  n o r a d r e n a l i n e  and a su p p ly  o f  t h i s  p r e s s o r  

amine was k e p t  r e a d y  f o r  u s e .

The s y s t o l i c  and d i a s t o l i c  b lo o d  p r e s s u r e s  were r e c o r d e d  

to  t h e  n e a r e s t  5 mm. o f  m e rc u ry .  Drugs h a v in g  a  d e f i n i t e  

h y p o t e n s i v e  a c t i v i t y  were g i v e n  i n  dosage s u f f i c i e n t  t o  p roduce  

a  f a l l  i n  th e  d i a s t o l i c  p r e s s u r e  o f  20 mm. o r  more and th e  

s i d e  e f f e c t s  w i t h  dosage o f  t h i s  m agni tude  were  r e c o r d e d .

P u lse  R a te

The p u l s e  r a t e  p e r  m inu te  was r e c o r d e d  im m e d ia te ly  b e f o r e  

and one h o u r  f o l l o w i n g  drug i n j e c t i o n , a n y  a l t e r a t i o n  i n  th e  

r a t e  f o l l o w i n g  a p o s t u r a l  f a l l  i n  the  b l o o d  p r e s s u r e  was a l s o  

n o t e d .

P e r i p h e r a l  B l o o d  F l o w

The f a l l  i n  th e  b lo o d  p r e s s u r e  p ro du ced  by g a n g l i o n
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b l o c k i n g  a g e n t s  i s  due to  b lo c k a d e  o f  s y m p a th e t i c  g a n g l i a  

w i t h  r e s u l t i n g  d e c r e a s e d  a r t e r i o l a r  t o n u s ,  an  i n c r e a s e  i n  

p e r i p h e r a l  b lo o d  f lo w  o c c u r s .  In  v iew o f  th e  p o s s i b l e  

a p p l i c a t i o n  of  t h e s e  d rugs  i n  d i s e a s e s  w i th  su b -n o rm a l  

p e r i p h e r a l  f l o w ,  i t  was d e c i d e d  t o  i n v e s t i g a t e  th e  e x t e n t  

w h ich  th e  p e r i p h e r a l  f lo w  was i n c r e a s e d  by  th e  new compounds.

A number o f  methods a r e  a v a i l a b l e ,  the  o p t im a l  d i g i t a l  

p l e th y s m o g r a p h  c o n s t r u c t e d  by Goetz  was u sed  to  f u r t h e r  th e  

s t u d i e s  upon pen tam ethon ium  by Arnold  and Graham (19U9 ) • F o r

the  p u rp o se  o f  t h i s  i n v e s t i g a t i o n  a s im ple  method was r e q u i r e d  

by which  r e l a t i v e  a l t e r a t i o n s  i n  p e r i p h e r a l  b l o o d  f lo w  c o u ld  

be d e t e r m i n e d ,  th e  d eg re e  o f  a c c u ra c y  o f  th e  t e c h n i q u e  b e in g  

u n im p o r t a n t  compared to  r e l a t i v e  c h a n g e s .  Of th e  methods 

a v a i l a b l e ,  e s t i m a t i o n  o f  the  s k i n  t e m p e r a tu re  was t h e  most 

s u i t a b l e .  A l though  many f a c t o r s  a r e  i n v o l v e d ,  th e  t e m p e r a t u r e  

o f  th e  s k i n  of  th e  f o o t  i s  low er  t h a n  t h a t  o f  th e  s k i n  a t  th e  

u m b i l i c u s ,  m a in ly  due to  th e  c o o l i n g  w hich  t a k e s  p l a c e  d u r i n g  

th e  f lo w  t o  th e  p e r i p h e r y .  This  i s  known as  the  u m b i l i c a l - 

to e  t e m p e r a t u r e  g r a d i e n t .  I f  the  b lo o d  f lo w  i s  i n c r e a s e d ,  

the  g r a d i e n t  i s  d e c r e a s e d .  The numerous c i r c u m s t a n c e s  w h ich  

may a f f e c t  th e  a c c u r a c y  o f  r e s u l t s  have been  d e s c r i b e d  by  

Sheard  c< 19UU)• Another  u s e f u l  method o f  e x p r e s s i n g  i n c r e a s e  

i n  p e r i p h e r a l  b lo o d  f lo w  i s  the  Thermal C i r c u l a t i o n  I n d e x .

This  In d e x  i s  d i r e c t l y  p r o p o r t i o n a l  t o  the  change i n  t h e  b lo o d  

f l o w .  B u r to n  (I9I4O) has  shown t h a t  f i g u r e s  as  h i g h  a s  12
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c an  be r e c o r d e d  f o r  t h e  t o e s ,  i n d i c a t i n g  an  i n c r e a s e  i n  

p e r i p h e r a l  c i r c u l a t i o n  o f  tw e lve  t im e s ,  t h e  maximum change 

b e tw ee n  f u l l  v a s o - c o n s t r i c t i o n  and f u l l  v a s o - d i l a t i o n .

From h i s  nomogram, th e  Thermal C i r c u l a t i o n  In d ex  i s  r e a d i l y  

d e te r m in e d  i f  th e  r e c t a l ,  room, and toe  t e m p e r a t u r e s  a r e  

known. I d e a l l y ,  a c o n s t a n t  room t e m p e r a t u r e  o f  20°C i s  

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

p e r i o d  t o  s t a b l i s e  h i s  h e a t  p r o d u c t i o n  and l o s s e s .  The 

h o s p i t a l  ward dayroom p r o v i d e d  a c o n s t a n t  t e m p e r a t u r e  

t h r o u g h o u t  the  p e r i o d  of  o b s e r v a t i o n ,  b u t  i t  v a r i e d  f rom  day 

t o  day be tw een  l 6°C and 20°C. E x p e r im e n ts  were made 

p e r m i t t i n g  th e  p a t i e n t s  to  r e m a in  i n  norm al  i n d o o r  c l o t h i n g ,  

when i t  was found  t h a t  a t e m p e r a t u r e  g r a d i e n t  o f  a p p r o x i m a t e ly  

9°C was o b t a i n a b l e .  T h is  gave a Thermal C i r c u l a t i o n  In d ex  

o f  a p p r o x i m a t e l y  1 . 0 , compared w i t h  1 .5  to  2 w i t h  the  p a t i e n t  

u n c l o t h e d ,  b u t  t h i s  i s  o f  a m agni tude  s u f f i c i e n t  to  i n t e r p r e t  

changes  w hich  were up to  an  Index  o f  3 f o l l o w i n g  drug  a c t i o n .

S t e w a r t  (I93O) has  shown t h a t  a c o rk  i n s u l a t e d  

the rm om eter  i s  a c c u r a t e  t o  w i t h i n  0 . 5°C. The b e t t e r  method 

i s  a t h e r m o c o u p le ,  b u t  t h i s  a p p a r a t u s  i n v o l v e s  t h e  use  o f  a 

g a lv a n o m e te r  o f  h i g h  v o l t a g e  s e n s i t i v i t y ,  l a r g e  i n  s i z e ,  and 

i n s u f f i c i e n t l y  r o b u s t  f o r  r o u t i n e  u s e .  Another s e n s i t i v e  

method i s  a r e s i s t a n c e  th e rm o m e te r ,  th e  p r i n c i p l e  i n v o lv e d  

b e in g  th e  change i n  r e s i s t a n c e  of  a f e r r o - n i c k e l  a l l o y  w i re  

w i t h  a l t e r a t i o n  o f  t e m p e r a t u r e .  R e c e n t l y  t h e r m i s t o r s  have
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b e en  employed and a s e r i e s  o f  S t a n t e l  t h e r m i s t o r s  were 

c o n n e c te d  i n  a W h e a ts to n e b r id g e  c i r c u i t  u s i n g  a Baldw in  

g a lv a n o m e t e r .  A c cu ra te  r e a d i n g s  were p o s s i b l e  w i t h  t h i s  

i n s t r u m e n t ,  t h e  sm a l l  c o n t a c t  a r e a  and t h e r m a l  c a p a c i t y  o f  

th e  t h e r m i s t o r s  b e in g  i d e a l  f o r  the  p u r p o s e .  However,  t h i s  

a p p a r a t u s  p rov ed  to  be to o  d e l i c a t e  f o r  r o u t i n e  use  i n  th e  

l a r g e  number o f  o b s e r v a t i o n s  r e q u i r e d ,  and i t  was s u b s e q u e n t l y  

u se d  to  check  the  r e a d in g s  cf a therm ometer  s e n s i t i v e  to  0 . 1°C.

As d e s c r i b e d  by S te v /a r t ,  the  therm om eter  b u lb  was h e l d  i n  a 

c l e f t  c u t  i n  a s m a l l  c o rk  w i t h  th e  exposed  p o r t i o n  a g a i n s t  

th e  s k i n .  An a c c u ra c y  o f  b e t t e r  t h a n  0 .5  C was o b t a i n e d  

w hich  was more t h a n  a d e q u a te  f o r  the  p u r p o s e .

I t  i s  to  be e m ph as ised  t h a t  no a t t e m p t  wa3 made to  

o b t a i n  a b s o l u t e  r e s u l t s .  The v a r i a t i o n s  i n  s k i n  t e m p e r a t u r e  

b e f o r e  and a f t e r  d rug  dosage were r e c o r d e d  to  p r o v i d e  a 

co m p a r iso n  of  a c t i o n s ,  a s  t h e s e  v a r i a t i o n s  may be a p p r o x i m a t e ly  

c o r r e l a t e d  t o  a l t e r a t i o n s  i n  th e  p e r i p h e r a l  b lo o d  f l o w .  

M y d r i a t i c  and C y c lo p l e g i c  a c t i o n

The p u p i l  s i z e  was n o t e d  b e f o r e  and one hour  a f t e r  e ac h  

drug  i n j e c t i o n ,  the  d i a m e t e r  o f  th e  r i g h t  p u p i l  b e in g  

m easured  w i t h  a t r a n s p a r e n t  c a l l i p e r  to  t h e  n e a r e s t  mm.

The r e s u l t s  have been  r e c o r d e d ,  t o g e t h e r  w i t h  th e  a v e ra g e  

changes  i n  d i a m e t e r .  An u n c o n t r o l l a b l e  f a c t o r  was fo u n d  t o  

be the  room b r i g h t n e s s , b r i g h t  s u n s h in e  i n v a l i d a t i n g  m e a s u r e 

m e n ts .  A c c u ra te  measurement o f  c y c l o p l e g i a  i s  d i f f i c u l t .
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A r e a d i l y  a p p l i e d  method such  as  t h a t  d e s c r i b e d  b y  K i r s n e r  

e t  a l  (1952)  was found  t o  be no more a c c u r a t e  t h a n  th e  

i n a b i l i t y  o f  th e  p a t i e n t  to  r e a d  s m a l l  p r i n t .  T h i s  c o m p l a i n t  

was n o t e d .

Sweat Gland  A c t i v i t y

C a rm ic h a e l  e t  a l  (I9I+I) have examined t h e  methods o f  

measurement  o f  sw ea t  g l a n d  a c t i v i t y  by  d e t e r m i n a t i o n  o f  th e  

s k i n  r e s i s t a n c e .  F o r  t h i s  pu rpose  a  T a y lo r  Model No. 95-A 

m e te r  was u se d  w i t h  1 cm^ e l e c t r o d e  a t  a p o t e n t i a l  o f  1 0 .5  

v o l t s .  The r e s u l t s  were e x p r e s s e d  i n  k i lohm s w i t h  th e  

a v e ra g e  r a t i o  o f  th e  r e a d i n g s  b e f o r e  and a f t e r  d ru g  i n j e c t i o n .  

S a l i v a r y  Gland A c t i v i t y

C o m p la in ts  o f  d r y n e s s  o f  the  mouth were n o t e d ,  a  s t a n d a r d  

t e c h n iq u e  such  as  m a s t i c a t i o n  o f  3 .5  g .  o f  s o l i d  p a r a f f i n  

and c o l l e c t i o n  o f  s a l i v a  as  d e s c r i b e d  by Levin  e t  a l  (1952)

b e in g  r e g a r d e d  as  u n n e c e s s a r y .

E f f e c t  on R e s p i r a t i o n  and C u r a r i s i n g  A c t i v i t y

These new d ru g s  a r e  c l o s e l y  r e l a t e d  to  p o w e r f u l  c u r a r i s i n g

a g e n t s  and  t h e i r  s tu d y  i n  a n im a l  was i n s u f f i c i e n t  to  d e te r m in e

I f  t h e y  p o s s e s s e d  c e n t r a l  d e p r e s s a n t  p r o p e r t i e s .  The 

r e s p i r a t o r y  r a t e  was t h e r e f o r e  m easured  and c a r e f u l  e x a m in a t io n  

made to  d e te rm in e  any m u sc u la r  weakness f o l l o w i n g  drug  

a d m i n i s t r a t i o n .  N e i t h e r  e f f e c t s  were  e n c o u n t e r e d ,  b u t  a s  w i l l  

be r e c o r d e d  s u b s e q u e n t l y ,  one g roup  o f  d rugs  p ro d uced  some 

c e n t r a l  d e p r e s s i o n .
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CLINICAL RESULTS

The c l i n i c a l  r e s u l t s  o f  t h e  i n i t i a l  e x a m in a t io n  a r e  

a p p en d e d ,  and f u r t h e r  o b s e r v a t i o n s  a r e  d e t a i l e d  i n  a  r e p r i n t  

and a  copy o f  an  a r t i c l e  a w a i t i n g  p u b l i c a t i o n .

The a c t i o n s  o f  t h e s e  compounds i n  man may be  summarised 

a s  f o l l o w s , a t r o p i n e  h as  b e en  added t o  g iv e  a c o m p a r is o n  w i t h  

t h i s  d ru g  a s  w e l l  a s  w i t h  h exam ethon ium :-

S y m p a th i c o ly t i c  a c t i o n
V Viuyuuuu

B .P . R.G. R . T . I .  : : G. P. P .R . s .

Hexa
methonium 50 2 .1 2 .0 0  : : 50 i .H 8 . 8 2 .7 0

1 .  I863 20 l .U 1 .3 7  s : 1 8 .5 0.1+ 8.1+ 2 .2 2

207)4 75 0.5 O.87 : : 1 2 .5 0 0 . 8 2 . 0 8

1950
2 .

2051+

15
35+

1 .0

0 .2

I . 3 I  :

O.90 :

: 50 + 

: +

2 . 2

-0.1+

1 1 .2

0 . 8

1.5)4

1 .9 7

2050 5 2.I4 2 .0 8  : : 12.5+ i+.o 17*6 1 .5 1

3. 202U 50 0 .6 1 .1 6  : : 12 .5 0 . 6 H.o 2 .1+5
2060 I45 + 1 .5 O.97 i : 60 + 0 .2 7.6 2 .1+7

2002 10 0.I4 I . 2 3  : : 35 + 0 . 8 1 2 . 8 2 .0 5

H- 1978 15 0 . 8 I.I4I4 : : 30 + 0 . 8 3 .6 X.93

2023 50 0 .9 1 . 0 0  : : 75 + 1 . 8 1 . 2 2 . 2 2

V a g o l y t i c  a c t i o n
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£ympathiGOl y t i c  a c t i o n - V a g o ly t ic  a c t io n
C o m p o u n d B .P . R.G. R . T . I . G • p . P .R . S. :

3551+ mm O.3 O.98 3 0 .0 1 .2 3k ' k 3 .1 6 :
5*

3550 - + 1 .1 0 .6 6 130 + - 0 . 6 3 . 6 I . 3 0 :

1826 O.5 1 .15 100+ - 0 . 2 -6*0 I . 0 7 I
6.

1829 150+ 0.9 0 .83 150 + - 1 . 2 - 6 . 0 1 . 0 8 :

A t r o p i n e - 0 .1 0 .8 5 2 + 0 . 8 J+.o 2 . 0 6 :

L a c h e s i n e 1 .1 1 .05 10 .0 2 .6 9-1+ 2 . 3 8 :
7 .

D i b u t o l i n e • 0 .1 1 .1 6 1*0.0 1 . 8 2 0 .0 3 .5 2 !

Met h a n t h e - 
l i n e - 0 . 8 0 . 8 5 0 .0 0 .6 3 5 .2 5-50:

B .P .  = mg. s u b c u ta n e o u s  dose o f  c a t i o n  r e q u i r e d  t o  r e d u c e
th e  b lo o d  p r e s s u r e .

R.G. s  d eg re e  c e n t i g r a d e  r e d u c t i o n  i n  th e  u m b i l i c a l  toe
t e m p e r a t u r e .

R . T . I .  = r e d u c t i o n  i n  Thermal I n d i c e s .

G. s  mg. c a t i o n  su b c u tan e o u s  to  i n h i b i t  g a s t r i c  s e c r e t i o n ,

P .  s  i n c r e a s e  i n  p u p i l  s i z e  i n  mm.

P .R .  = i n c r e a s e  i n  p u l s e  r a t e  p e r  m in u t e .

S. = r a t i o  o f  s k i n  r e s i s t a n c e s ,  th e  h i g h e r  numbers
b e in g  a d e c r e a s e  i n  sweat  s e c r e t i o n .

+- = i n c o n s i s t e n t  a c t i o n  i n  t h i s  d o sa g e .
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A n a ly s i s  o f  A c t ion

1 • The e t h y l  homologues o f  t h e  methonium s e r i e s

The g e n e r a l  a c t i v i t y  o f  hexamethonium upon au tonom ic  

f u n c t i o n  h as  b e en  d e m o n s t r a t e d .  1863 i s  a  more a c t i v e  

d r u g .  I n  c o n t r a s t  t o  the  p h a r m a c o l o g i c a l  r e s u l t s ,  207I4 

h as  a p redom inance  of  a c t i o n  upon g a s t r i c  s e c r e t i o n  of  

a lm o s t  I4. -  1 .

^ • ffhe b i s q u a t e r n a r y  a m in o p h e n y la lk y la m in e s

195° i s  a n  a c t i v e  s y m p a t h i c o l y t i c  a g e n t  w i t h  l e s s  e f f e c t  

upon g a s t r i c  s e c r e t i o n .  I t  p ro d u c e s  m y d r i a s i s .

3• ' The p y r r o l i d i n i u m  compounds

2030 i s  the  most  a c t i v e  o f  the  d ru g s  u sed  i n  d e p r e s s i n g  

b lo o d  p r e s s u r e ,  p ro d u c in g  a f a l l  i n  dosage  com parab le  w i t h  

the  e f f e c t i v e  dose o f  decamethonium as a c u r a r i s i n g  a g e n t .

I t  i s  more a c t i v e  upon the  b lo o d  p r e s s u r e  t h a n  upon g a s t r i c  

s e c r e t i o n ,  b u t  i t  i s  a marked m y d r i a t i c . 202i| i s  a c t i v e

upon g a s t r i c  s e c r e t i o n  i n  dosage  a q u a r t e r  o f  t h a t  r e q u i r e d  

to  a f f e c t  the  b lo o d  p r e s s u r e .

M orphol in ium  s e r i e s  

2002 and 1978 a r e  s y m p a t h i c o l y t i c  a g e n t s  more a c t i v e  

t h a n  hexame thonium .

5 • The p h e n o t h i a z i n e  group

333l| h a s  an a t r o p i n e - l i k e  a c t i o n  and p ro d u c e s  t a c h y 

c a r d i a .  3550 d e p r e s s e s  g a s t r i c  s e c r e t i o n  w i t h  a minimum 

of  o t h e r  a c t i o n s ,  b u t  i t  i s  r e l a t i v e l y  i n a c t i v e ,  th e  i n c r e a s e
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i t  p ro d u c e s  i n  th e  Tem pera tu re  G r a d i e n t  i s  t h e  h y p o th e rm ic  

p r o p e r t y  o f  a n t i h i s t a m i n e s  c o n t a i n i n g  th e  p h e n o t h i a z i n e  

r i n g .

6 .  The phenoxyme thon ium  group

1829 was r e m a r k a b le  i n  t e n d i n g  to  p ro du ce  a  s l i g h t  

e l e v a t i o n  o f  th e  b lo o d  p r e s s u r e .

7* S y n t h e t i c  a t r o p i n e - l i k e  s u b s t a n c e s

The marked a t r o p i n e - l i k e  s i d e  a c t i o n s  o f  t h i s  g roup  

w h ich  l i m i t  t h e i r  c l i n i c a l  a p p l i c a t i o n  has  b e e n  c o n f i r m e d .  

M e t h a n t h e l i n e  p ro d u c e d  the  g r e a t e s t  e f f e c t  i n  s u p p r e s s i n g  

sw ea t  s e c r e t i o n ,  i t  i s  u sed  f o r  t h i s  p u r p o s e .  The dosage  

u se d  o f  a t r o p i n e  was i n s u f f i c i e n t  to  p roduce  marked a c t i o n s .  

The e f f e c t s  o f  t h i s  a l k a l o i d  were i n c o n s t a n t  i n  t h i s  d o s a g e .  

S e l e c t i o n  of  d rugs

Of th e  d ru g s  i n v e s t i g a t e d ,  2050 ( p e n t a p y r r o l i d i n i u m )  

was th e  most  a c t i v e  i n  r e d u c i n g  the  b lo o d  p r e s s u r e ,  and i n  

th e  dosage r e q u i r e d  t o  do t h i s ,  s i d e  e f f e c t s  o t h e r  t h a n  

m y d r i a s i s  a r e  n o t  m arked .  As a s y m p a t h i c o l y t i c ,  i t  may be 

compared w i t h  hexame thon ium . 2021} ( h e x a p y r r o l i d i n i u m )  and

20714 (e t h y I t e t r a m e t h o n i u m )  s u p p r e s s  g a s t r i c  s e c r e t i o n  i n  

dosage  l e s s  th an  r e q u i r e d  to  re d u c e  th e  b lo o d  p r e s s u r e ,  t h e y  

may be compared w i t h  m e t h a n t h e l i n e  ( B a n t h i n e ) .
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Com para t ive  a c t i v i t y  (hexamethonium = 100)

Compound
S y m p a th i c o ly t i c

b lo o d
p r e s s u r e

V a g o l y t i c
g a s t r i c

s e c r e t i o n

S ide  E f f e c t s  
m y d r i a s i s  
d r y  mouth 

t a c h y c a r d i a

Hexame thon ium 100 100 100

p e n t a p y r r o l i d i n i u m 1000 800 I50

h e x a p y r r o l i d i n i u m 100 800 50
e t h y 1 te  t rame thon ium 150 520 50

m e t h a n t h e l i n e i n c o n s t a n t 100 150

D ur ing  r e p e a t e d dosage o f  t h e s e d r u g s , i t  was fo u n d  t h a t

h e x a p y r r o l i d i n i u m  p ro du ced  some c u m u la t iv e  e f f e c t  upon the  

b l o o d  p r e s s u r e ,  d r o w s in e s s  and d e p r e s s i o n  o c c u r r e d .  F u r t h e r  

s t u d i e s  were c o n c e n t r a t e d  upon e t h y l t e t r a m e t h o n i u m .

Two d ru gs  have been  p roduced  o f f e r i n g  a d v a n t a g e s  o v e r  

known s y n t h e t i c  compounds a f f e c t i n g  s y n a p t i c  t r a n s m i s s i o n .  

P e n t a p y r r o l i d i n i u m  (2050) i s  10 t im e s  a s  p o t e n t  i n  d e p r e s s i n g  

the  b lo o d  p r e s s u r e  as hexamethonium, th e  i n c r e a s e  i n  

v a g o l y t i c  a c t i v i t y  b e in g  l e s s  m arked ,  and th e  main s i d e  

e f f e c t  b e in g  m y d r i a s i s .

E t h y l t e t r a m e  thon ium  (207I4) i s  5 t im es  a s  a c t i v e  i n  

s u p p r e s s i n g  g a s t r i c  s e c r e t i o n  t h a n  hexamethonium and 

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

They a r e  b o t h  g a n g l i o n  b l o c k i n g  a g e n t s .
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DISCUSSION

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

pha rm aco logy  of  o t h e r  new compounds d e s c r i b e d  and q u o te d  

f ro m  the  l i t e r a t u r e  s u g g e s t  th e  c o n s i d e r a t i o n  o f  a  number 

o f  h y p o t h e s i s .  I t  a p p e a r s  t o  be a r e a s o n a b l e  p o s s i b i l i t y  

t h a t  th e  q u a t e r n a r y  ammonium g ro u p in g  i s  t h e  p o i n t  o f  

a t t a c h m e n t  o f  a c h e m ic a l  t r a n s m i t t e r  a t  th e  r e c e p t o r  s i t e .  

I f  th e  m o le cu le  o f  a c e t y l c h o l i n e  i s  exam ined ,  i t  i s  s e e n  

t o  c o n s i s t  o f  t h i s  q u a t e r n a r y  ammonium g r o u p i n g ,  a c h a i n  o f  

s i g n i f i c a n t  l e n g t h ,  and a t r a n s m i t t i n g  t e r m i n a t i o n .

C H ^  COO ( C H 2 ) 2  1J

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

c h o l i n e  by h y d r o l y s i n g  i t ,  e v id e n c e  s u p p o r t i n g  t h i s  h a v in g  

■ been  p ro d u ced  by Marnay and Wachrnansohn ( l J j Q) ,  a l t e r i n g  

th e  t r a n s m i t t i n g  t e r m i n a t i o n  t o  a c e t i c  a c i d ,  the  r e m a in d e r  

b e in g  i n e r t  c h o l i n e .  However the  s t u d i e s  o f  Burgen (19149) 

have s u g g e s t e d  t h a t  the  n e g a t i v i s a t i o n  o f  a c e t y l c h o l i n e  

t a k e s  p l a c e  more r a p i d l y  t h a n  a c h em ica l  h y d r o l y s i s  can 

a c c o u n t  f o r ,  and a p h y s i c a l  co m b in a t io n  o f  a c e t y l c h o l i n e  

w i t h  c h o l i n e s t e r a s e  i s  p e rh a p s  the  method o f  i n h i b i t i o n .

I t  i s  p o s s i b l e  t h a t  t h i s  i s  t h e  e x p l a n a t i o n  o f  th e  a c t i o n  

of  c h o l i n e s t e r a s e  i n h i b i t o r s  such  as  P r o s t i g m i n .
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(CH5 )2N 00q (  H(CH )

As can  be s e en  f rom  i t s  f o r m u la ,  i t  b e a r s  a  c l o s e  r e s e m b la n c e  

to  a c e t y l c h o l i n e ,  so t h a t  i t  may s a t u r a t e  c h o l i n e s t e r a s e .  

P r o s t i g m i n  i t s e l f  h a s  c h o l i n e r g i c  a c t i v i t y  beyond  t h a t  due 

t o  c h o l i n e s t e r a s e  i n h i b i t i o n  a s  h as  b een  shown by  R i k e r  and 

Wescoe (I9I+6),  u s i n g  d i - i s o p r o p y l f  l u o r o p h o s p h a t e . T h is  

a c t i o n  i s  p e rh a p s  due t o  the  carbam ate  g ro u p in g  w hich  i t  

h a s  i n  common w i t h  p h y s o s t i g m i n ,  which  may i n  some c a s e s  

o p e r a t e  s i m i l a r l y  to  the  t r a n s m i t t i n g  end o f  a c e t y l c h o l i n e  

i t s e l f .

I t  i s  p o s s i b l e  to  s u g g e s t  t h a t  te t ram ethy lam m onium  and

te t ra e th y la m m o n iu m  a c t  by  v i r t u e  o f  c o m p r i s in g  th e  end

a t t r a c t i v e  to  th e  r e c e p t o r  s i t e  o f  a c e t y l c h o l i n e  and some

endorsem en t  i s  g i v e n  to  t h i s  by  the  d e m o n s t r a t i o n  o f  Barlow

and Ing  (I9J48) t h a t  the  b i s q u a t e r n a r y  lower  members o f  the

p o ly m e th y le n e  s e r i e s  have tw ice  th e  b l o c k i n g  a c t i v i t y  o f

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

r e c e p t o r s  a s  f o l l o w s : -  CH*
C p 
0

^  c h a i n  ^  0
CH3 /  (c h 2^2 

+ + 
iij H  N N +

/ t \  /  l \  /  I \  /  l \
c h 3 o h  c h  c h 3 c h 3 c h 3 c h 3 c h 3 c h 3 c h 3 c h 3 c h 3

tetram ethyl- polymethylene bisquaternary a o e ty l-
ammonium amine ch olin e
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These m o n o q u a t e r n a r i e s ,  t e t r a e t h y l  ammonium and  t e t r a m e t h y l -  

ammonium have d i f f e r e n c e s  i n  s i t e s  o f  a c t i o n  i n  t h e  

d i s t r i b u t i o n  o f  the  autonom ic  n e rv o u s  s y s t e m ,  t h e  fo rm e r  

h a v in g  a p r e d e l e c t i o n  f o r  the  sy m p a th e t ic  g a n g l i a ,  and t h e  

l a t t e r  f o r  th e  n e u ro m u s c u la r  j u n c t i o n .  I t  i s  d i f f i c u l t  t o  

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

d i f f e r e n c e s  i n  th e  r e c e p t o r  s i t e s .  I n  t h e i r  e a r l y  w o rk ,

Dale and h i s  c o l l e a g u e s ,  r a t h e r  t h a n  s u g g e s t i n g  t h a t  a c e t y l 

c h o l i n e  i s  th e  s p e c i f i c  chem ica l  t r a n s m i t t e r  a t  t h e  au tonom ic  

g a n g l i a ,  p a r a s y m p a t h e t i c  p o s t  g a n g l i o n i c  t r a n s m i s s i o n s  and 

n e u ro m u s c u la r  j u n c t i o n s ,  i d e n t i f i e d  i t  as  t h e  most  a c t i v e  

c h o l i n e r g i c  compound; and i t  i s  p o s s i b l e  t h a t  i n s t e a d  of  

a c e t y l c h o l i n e  b e i n g  th e  key which  opens a l l  s y n a p s e s  t o  th e  

a c t i o n  p o t e n t i a l s ,  i t  i s  to  be r e g a r d e d  a s  a m a s t e r  key  

w h ich  w i l l  p e r f o r m  t h i s  f u n c t i o n  i n  the  r e l a t i v e l y  h i g h  

dosage  w h ich  h a s  b een  u sed  i n  p h a r m a c o lo g ic a l  e x p e r i m e n t s ,  

the  a c t u a l  p h y s i o l o g i c a l  t r a n s m i s s i o n  b e in g  due to  th e  

r e o r i e n t a t i o n  o f  q u a t e r n a r y  amine complexes i n  r e s p o n s e  to  

a l t e r a t i o n s  i n  a c t i o n s  p o t e n t i a l s .  Whatever  the  mechanism, 

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

th e  p h y s i c a l  f i t  i s  more i m p o r t a n t  t h a n  t h e  c h e m ic a l  

s t r u c t u r e ,  i . e .  i t  i s  th e  q u a t e r n a r y  ammonium shape  and 

p o s s i b l y  i t s  p o s i t i v e  charge  which d e te r m in e s  the  f i t  and 

a d h e s i o n .
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S t u d i e s  o f  m o le c u l a r  s t r u c t u r e s  r e s e m b l i n g  a c e t y l 

c h o l i n e  have n o t  b e en  e x t e n s i v e  d e s p i t e  t h e  work  o f  D a l e  

and h i s  c o l l e a g u e s  who showed t h a t  d i f f e r e n c e s  i n  th e  

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

and e t h e r s  o f  c h o l i n e .  The c h o l i n e s t e r a s e  i n h i b i t o r s  were 

d i s c o v e r e d  f o l l o w i n g  th e  fu n d a m e n ta l  work  by  Stedman and 

h i s  cow orkers  who p u b l i s h e d  be tw een  1926 and 1935 r e s u l t s  

o f  t h e i r  e x a m in a t io n  of  the  m ethy l  ca rbam ic  e s t e r  g ro u p in g  

CH^KH COO, l e a d i n g  to  th e  d i s c o v e r y  by Aeschlim ann and 

R e i n e r t  ( I 9 3 I )  o f  P r o s t i g m i n .

On th e  o t h e r  h a n d ,  i n  th e  U n i te d  S t a t e s  t h e  p ro b lem  o f  

p e p t i c  u l c e r  h a s  o c c a s io n e d  a l a r g e  volume o f  s t u d y  upon 

s y n t h e t i c  s u b s t a n c e s  o f  a t r o p i n e - l i k e  a c t i o n .  This  c o u r s e  

o f  a c t i o n  has  been  d e f i n e d  by B e a t t i e  (19U9 ) who, r e v i e w i n g  

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

s t a t e d  t h a t  i t  sh o u ld  n o t  now be beyond the  l i m i t s  o f  

f u t u r e  p o s s i b i l i t i e s  f o r  s u i t a b l e  d rugs  t o  be  d e v e lo p ed  t o  

c o n t r o l  th e  v a g o t o n i a  w hich  i s  th e  u n d e r l y i n g  c a u se  o f  th e  

u l c e r  d i a t h e s i s .  S t u d i e s  have been  made o f  th e  t r o p i n e -  

t r o p i c  components  which r e s u l t e d  i n  th e  p r o d u c t i o n  o f  mono

q u a t e r n a r y  amines such  as  me t h a n t h e l i n e  (B a n th in e  ) and 

l a t e r  S . C . 3 I 7 I  ( P r o - B a n t h i n e ) .  The l a t t e r  i s  3- d i i s o p r o p y l -  

a m in o e th y l  x a n t h e n e - 9 - c a r b o x y l a t e  m e th o b ro m id e , a  mono- 

q u a t e r n a r y  am ine .  I t  h a s  an a c t i o n  c l o s e l y  s i m i l a r  t o  t h a t  

of  a t r o p i n e .  In  1936 Ing  p roduced  m on o q u a te rn a ry  amines o f
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s i m i l a r  a c t i o n  r e c o r d i n g  s t u d i e s  o f  th e  one o f  t h e s e  u s e d  

i n  t h i s  w ork ,  L a c h e s in e .  The s t r u c t u r a l  f o r m u la  i s  a s  

f o l lo w s

C0HG00 (CH2 )2W(CH5 )^

I t  w i l l  be s e e n  t h a t  t h e s e  compounds c l o s e l y  r e sem b le  

a c e t y l c h o l i n e  i n  h a v in g  a q u a t e r n a r y  ammonium t e r m i n a t i o n  

w h ich  f i t s  t h e  r e c e p t o r  s i t e  and a m ethy lene  c h a i n ;  b u t  t h e  

t r a n s m i t t i n g  end o f  a c e t y l c h o l i n e  i s  r e p l a c e d  by t h e  s t r u c t u r e  

w h ich  does n o t  p e r m i t  o f  a r e s p o n s e  to  th e  a c t i o n  p o t e n t i a l .  

The f u r t h e r  work i n  the  U n i t e d  S t a t e s  upon compounds such  

as  P r a n t a l ,  D a r s t i n e ,  and Pamine , shows t h a t  t h e s e  compounds 

have  s i m i l a r  a c t i o n s .  The s t u d i e s  which  have  b een  r e c o r d e d  

h e r e  upon B a n th in e  and L ac h es in e  c o n f i r m  t h i s  a t r o p i n e - l i k e  

a c t i v i t y  and t h i s  h a s  been  shown a l s o  by 355I4 R .P .

( th ia z in a m iu m )  which  i s  th e  a n t i h i s t a m i n e  p ro m e z a th in e  w i t h  

q u a t e r n a t i o n  o f  the  s i d e  c h a i n  n i t r o g e n  a tom, s u g g e s t i n g  

the  p o s s i b i l i t y  o f  a b a s i c  mechanism o f  a n t i h i s t a m i n e /  

c h e m ic a l  t r a n s m i s s i o n  a c t i v i t y .  Compound A.Y. 5212 s t u d i e d  

by McKenna e t  a l  (I95IO i s  a l s o  b a se d  upon t h i s  p h e n o -  

t h i a z i n e  n u c l e u s .

Prom t h e s e  r e s u l t s  i t  a p p e a r s  t h a t  mono qua t e r  n a r y  amines  

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

t e r m i n a t i o n ,  w i l l  p roduce  i n h i b i t i o n  a t  the  p a r a s y m p a t h e t i c  

p o s t g a n g l i o n i c  t r a n s m i s s i o n s .  However th e  American 

l i t e r a t u r e ,  as  w i l l  be shovra l a t e r ,  i n d i c a t e s  t h a t  th e  new
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m o n o q u a te rn a ry  amines t h e y  have  p ro d u c e d  a r e  u n s a t i s f a c t o r y  

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

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

t a c h y c a r d i a  w hich  h a s  b e en  l e s 3  p ro n o u n c e d .  T h is  work  

c o n t i n u e s  i n  th e  hope o f  f i n d i n g  a s e l e c t i v e  s y n t h e t i c  

compound o f  a t r o p i n e - l i k e  a c t i v i t y  c o n f i n e d  t o  g a s t r i c  

s e o r e t o m o t o r  d i s t r i b u t i o n  of  th e  p a r a s y m p a t h e t i c  n e rv o u s  

s y s te m .  A s e r i e s  o f  m o n o q u a te rn a ry  amines were  examined 

( I 8 2 5 ,  1825* 1826, 1 8 2 9 ) ,  the  l a s t  two b e i n g  r e c o r d e d .

The c l o s e  r e s e m b la n c e  to  a c e t y l c h o l i n e  i s  e v i d e n t  e x c e p t  

i n  t h e  t r a n s m i t t i n g  t e r m i n a t i o n ,  the  a c e t y l c h o l i n e  g ro u p in g  

b e i n g  r e p l a c e d  b y  a benzene  r i n g .  Of t h e s e ,  M & B 1829 

p ro v e d  to  be th e  most  a c t i v e  i n  s u p p r e s s i n g  g a s t r i c  s e c r e t i o n .  

I t s  s t r u c t u r a l  fo rm u la  i s  as  f o l l o w s : -

U n f o r t u n a t e l y  t h i s  m o n o q u a te rn a ry  amine was r e l a t i v e l y  

i n a c t i v e  compared w i t h  o t h e r  compounds. Dosage a s  h i g h  a s  

100-200 mg. o f  c a t i o n  s u b c u t a n e o u s l y  was r e q u i r e d  to  

d e m o n s t r a t e  a c t i o n  upon g a s t r i c  s e c r e t i o n  and th e  l a t t e r  

dose r e q u i r e d  a volume of  i n j e c t i o n  of  10 c . c .  wh ich  was 

i m p r a c t i c a l  f o r  more th a n  a few d o s e s .  The a c t i o n  of  

t h i s  compound was r em a rk ab le  i n  t h a t  s i d e  a c t i o n s  o f  

a t r o p i n e  type  were a b s e n t .  P r o f e s s o r  Ba in  o f  Leeds h a s  

examined the  m ethy l  homologue which  a p p e a r s  t o  have some
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a c t i v i t y  i n  i n h i b i t i n g  amine o x y d a se , c o n f i r m i n g  a  s m a l l  

b u t  c o n s i s t e n t  r i s e  i n  t h e  b l o o d  p r e s s u r e  w h ich  f o l l o w e d  

dosage  o f  t h i s  d ru g .

In  summary i t  may be s t a t e d  t h a t  m o n o q u a te rn a ry  a m in e s ,  

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

to  occupy th e  r e c e p t o r  s i t e ,  a c h a i n  o f  d e f i n i t e  l e n g t h ,  

and t e r m i n a t i o n s  o f  v a r i o u s  t y p e s ,  r e s em b le  a t r o p i n e  c l o s e l y  

i n  t h e i r  a c t i o n s  i n  man and a r e  t h e r e f o r e  s u b j e c t  to  t h e  

l i m i t a t i o n s  o f  a t r o p i n e  when u sed  t o  i n h i b i t  g a s t r i c  s e c r e t o -  

motor  a c t i v i t y .  However many v a r i a t i o n s  o f  t h e s e  compounds 

have been  p ro du ced  and i t  i s  p o s s i b l e  t h a t  e v e n t u a l l y  a 

more s e l e c t i v e  a c t i o n  w i l l  be o b t a i n e d ,  e s p e c i a l l y  i n  t h a t  

su c h  a s e l e c t i v i t y  o f  a c t i o n  has  b e en  d e m o n s t r a t e d  w i t h  

M & B 1829, u n f o r t u n a t e l y  i n  a r e l a t i v e l y  i n a c t i v e  compound.

E x a m in a t io n  o f  th e  homologues o f  th e  p o ly m e th y le n e  

b i s t r im e th y lam m o n iu m  s e r i e s  r e v e a l s  a number o f  p o i n t s  o f  

i n t e r e s t .  The e t h y l  hom ologues ,  which  r e p r e s e n t  q u i t e  

s m a l l  v a r i a t i o n s  i n  the  m o le c u l a r  s t r u c t u r e ,  e x h i b i t  

r e m a rk a b le  d i f f e r e n c e s  i n  a c t i v i t y .  Two compounds o f  

s p e c i a l  I n t e r e s t  which  have b een  examined a r e  M & B 1863 

(G a p le g in )  and M & B 207)4 ( e t h y l t e t r a m e t h o n i u m ) .  The 

fo rm u la e  i n  com par iso n  w i t h  hexamethonium a r e  a s  f o l l o w s : -
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H e x a m e t h o n i u m

E t h y l t e t r a m e  thonium

G a p l e g i n

The m onoethy l  homologue o f  he xame thon ium ,  G a p l e g i n ,  shows 

i n c r e a s e  i n  p o t e n c y  which  was d e te rm in e d  by  C am p b e l l ,  Graham, 

and m y s e l f  (1952)  an^ c o n f i rm ed  by Smirk ( 1 9 5 2 ) .  The i n c r e a s e  

of  a c t i v i t y  was i n s u f f i c i e n t  to  a f f o r d  a d v an tag e  ove r  h e x a -  

methonium and t h i s  d rug  te n d e d  to  have some v a g a l  p re p o n d e ra n c e  

of  a c t i o n  m a n i f e s t e d  by c o n s t i p a t i o n .  This  e t h y l  homologue of

C.I4 shows th e  need  f o r  e x a m in a t io n  o f  a s e r i e s  of  d i f f e r e n t  

m o le c u la r  l e n g t h s  i n  t h a t  t h i s  a c t i v e  compound i s  b a s e d  upon 

t e t r a m e th o n iu m  which  i s  r e l a t i v e l y  i n a c t i v e ,  t h e  i n c r e a s e  of  

e f f e c t i v e  l e n g t h  p resum ably  b e in g  due to  the  g r e a t e r  o r b i t  o f  

the  e x t r a  two c a rb o n  atoms a t  e i t h e r  e n d .  I t  i s  to  be n o t e d  

t h a t  a p re p o n d e ra n c e  of  s y m p a t h i c o l y t i c  a c t i v i t y  was found  i n  

the  b i o l o g i c a l  i n v e s t i g a t i o n ,  and t h i s  compound was examined 

f i r s t  f rom t h i s  v i e w p o i n t .  F u r t h e r  b i o l o g i c a l  s t u d i e s  r e v e r s e d  

the  p r e v io u s  v e r d i c t ,  t h e  r e s u l t s  s u b s e q u e n t l y  b e i n g  i n  a c c o r d  

w i t h  the  c l i n i c a l  f i n d i n g s .  This  e x p e r i e n c e  i n  p a r t i c u l a r ,  

em p h as ise s  th e  need  to  p e r fo rm  i n  man a s  b r o a d  a s u r v e y  as
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p o s s i b l e  o f  new d r u g s ,  as th e  r e s u l t s  o f  a n im a l  e x p e r i m e n t a t i o n  

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

The a c t i v i t y  o f  th e  m orp h o l in e  and p y r r o l e  homologues 

t e n d s  t o  a f f o r d  a s u g g e s t i o n  t h a t  th e  m o le c u l a r  shape  i s  more 

i m p o r t a n t  t h a n  th e  c h e m ic a l  s t r u c t u r e  o f  th e  r e c e p t o r  t e r m i n a t i o n .  

P e n t a p y r r o l i d i n i u m  has  b een  shown to  have a  h i g h  d e g re e  o f  

a c t i v i t y  and t o  a c t  m a in ly  upon s y m p a th e t i c  g a n g l i a  to  an  e x t e n t  

beyond t h a t  p r e d i c t a b l e  f rom  an im a l  e x p e r i m e n t a t i o n .  T h is  

a c t i o n  i n  man h a s  b e e n  d e s c r i b e d  by m y se l f  and Campbell  (1953) 

and t h i s  compound i s  now b e in g  u sed  i n  th e  t r e a t m e n t  o f  

h y p e r t e n s i o n .

From th e  r e s u l t s  o b t a i n e d  w i t h  th e  b i s q u a t e r n a r y  homologues 

o f  t h e  methonium s e r i e s ,  i t  i s  p o s s i b l e  to  s u g g e s t  t h a t  

e f f e c t i v e  g a n g l i o n  b l o c k i n g  a g e n t s  a r e  o b t a i n a b l e  by  u s i n g  

d i f f e r e n t  t y p e s  o f  q u a t e r n a r y  ammonium t e r m i n a t i o n s ,  and 

v a r i a n t s  may be more p o t e n t  t h a n  th e  o r i g i n a l  s e r i e s ,  p o s s i b l y  

due t o  i n c r e a s e d  d i f f i c u l t i e s  i n  d e t o x i c a t i o n .  The c h a i n  

l e n g t h  i s  c r i t i c a l ,  and th e  r e s u l t s  t e n d  to  c o n f i rm  the  

h y p o t h e s i s  t h a t  th e  p h y s i c a l  f i t  i s  the  c r i t e r i o n  of  a b i l i t y  t o  

b l o c k  the  r e c e p t o r  s i t e s .  S tudy of  th e  s u l p h u r  homologues 

was n o t  p e r f o r m e d ,  b u t  su b s e q u e n t  work w i l l  p r o b a b l y  e x t e n d  

c o n f i r m a t i o n  of  t h e s e  h y p o t h e s e s .

The p o ly m e thy len e  s e r i e s  a r e  unique  i n  the  s i m p l i c i t y  o f  

t h e i r  m ethy lene  c h a i n  which r e p r e s e n t s  a r e l a t i v e l y  i n e r t  

method of  s p a c i n g  the  q u a t e r n a r y  t e r m i n a t i o n s  a t  an  optimum
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d i s t a n c e *  There  a r e  numerous p o s s i b i l i t i e s  o f  a l t e r a t i o n s  

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

a c t i v i t y  su c h  a s  t h e  type  fo u nd  i n  compound 2268F w h ich  h a s  

b een  shown by Bovet  to  be a  p ro fo u n d  c h o l i n e r g i c .  Of many 

p o s s i b i l i t i e s ,  i t  a p p e a re d  to  be most i n t e r e s t i n g  t o  c o n t i n u e  

th e  work o f  Bovet  i n  th e  s t u d i e s  o f  th e  t u b o c u r a r i n e  m o l e c u l e .  

A c c o r d i n g l y ,  a s e r i e s  o f  compounds were made i n c o r p o r a t i n g  a 

b enzene  r i n g  i n  th e  m ethy lene  c h a i n ,  a c c e p t i n g  a l e n g t h  o f  

f o u r  c a r b o n  atoms f o r  the  benzene  r i n g .  As was e x p e c t e d  th e  

d im e th y l  compound o f  t h i s  s e r i e s  was o f  h i g h  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 a l t h o u g h  n o t  as  p o t e n t  as p e n t a p y r r o l i d i n i u m ,  i t  

was more s e l e c t i v e  i n  d e p r e s s i n g  th e  b lo o d  p r e s s u r e .  I t s  

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

The 14th and ^th  members o f  t h i s  s e r i e s  a r e  v e r y  a c t i v e  

c u r a r i s i n g  a g e n t s .
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CONCLUSIONS

1 ) E x a m in a t io n  o f  t h e  a c t i o n s  i n  man o f  a  number o f  b i s 

q u a t e r n a r y  amines and mono qua t e r  n a r y  amines  has  

i n d i c a t e d  t h a t  th e  fo rm er  a re  g a n g l i o n  b l o c k i n g  a g e n t s ,  

w h i l e  t h e  l a t t e r  m a in ly  a f f e c t  the p e r i p h e r a l  

p a r a s y m p a t h e t i c  s y n a p s e .

2 ) B i s q u a t e r n a r y  amines a c t i v e  i n  b l o c k i n g  au tonom ic  g a n g l i a

may show d i f f e r e n c e s  among th e m s e lv e s  i n  a f f e c t i n g  

v a g a l  and sy m p a th e t i c  f u n c t i o n s ,  com parab le  w i t h  

d i f f e r e n c e s  o b se rv e d  and r e c o r d e d  among m o n o q u a te rn a ry  

amines and a l k a l o i d s .

5 ) From th e  d i f f e r e n c e s  i n  a c t i v i t y  upon v a r i o u s  f u n c t i o n s  

o f  th e  autonom ic  n e rv o u s  sy s te m  found  i n  t h i s  r a n g e  

o f  compounds,  i t  i s  p o s s i b l e  t o  advance  t e n t a t i v e l y  a 

s u g g e s t i o n  t h a t  t h e s e  v a r i o u s  f u n c t i o n s  a r e  m e d ia te d  

t h r o u g h  d i f f e r e n t  ty p e s  o f  sy n a p se .

il) The p o ly m e th y le n e  b is t r im e th y lam m o n iu m  s e r i e s  fo rm  a 

u s e f u l  b a s i3 f o r  new compounds w i t h  s i g n i f i c a n t  

m o d i f i c a t i o n s  to  th e  c h a i n  o r  t e r m i n a t i o n s .  By such  

m o d i f i c a t i o n s ,  new compounds w i t h  v a r i a t i o n s  i n  

d i s t r i b u t i o n s  of  a c t i v i t y ,  and o f  a g r e a t e r  p o ten c y  

and d u r a t i o n  o f  a c t i o n  can  be p ro d u c e d .  The 

p h y s i c a l  f i t  o f  the  t e r m i n a t i o n  i n  the  r e c e p t o r  s i t e  

may be more i m p o r t a n t  th an  the  c h e m i s t r y .
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5) B i s q u a t e r n a r y  amines w i t h  a  s u i t a b l e  d i s t r i b u t i o n  o f

a c t i v i t y  o f f e r  a  b e t t e r  p r o s p e c t  i n  e f f e c t i n g  a 

b l o c k  o f  v a g a l  t r a n s m i s s i o n  t h a n  th e  m o n o q u a te rn a ry  

amines so f a r  p r o d u c e d ,  i n  t h a t  t h e i r  s i d e  a c t i o n s  

may be l e s s  t ro u b le s o m e .

6)  The p r o d u c t i o n  of  new g a n g l i o n  b l o c k i n g  a g e n t s  i s  o f

v a lu e  n o t  o n ly  i n  e x t e n d in g  knowledge o f  s y n a p t i c  

f u n c t i o n s ,  b u t  i n  p ro d u c in g  d ru g s  o f  p o t e n t i a l  

u s e f u l n e s s  i n  th e  t r e a t m e n t  o f  some d i s e a s e s ,  d ru gs  

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



SECTION I I

I n  t h i s  s e c t i o n ,  th e  a p p l i c a t i o n  o f  th e  new 

s y n t h e t i c  g a n g l i o n  b l o c k i n g  a g e n t s ,  d e v e lo p e d  a s  

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

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

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

d i s c u s s e d .

«
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I n  1915 S p p in g e r  and Hess e n v i s a g e d  a  s t a t e  o f  

s y m p a th e t i c  o r  v a g a l  o v e r a c t i v i t y ,  a s c r i b i n g  a number o f  

d i s o r d e r s  to  t h i s  s t a t e .  R e s e a rc h  i n t o  th e  mechanisms 

i n v o lv e d  i n  th e  p r o d u c t i o n  o f  h y p e r t e n s i o n  and p e p t i c  

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

The a c t i v i t i e s  o f  th e  autonomic  n e rv o u s  sy s te m  a r e  

m a n i f o ld  and complex ,  i n  t h a t  t h i s  p a r t  o f  t h e  c e n t r a l  n e rv o u s  

sy s te m  i s  co n ce rn e d  w i t h  th e  m ain ten a n ce  and r e g u l a t i o n  of  

a l a r g e  number o f  body f u n c t i o n s ,  fo rm in g  a b a s i c  n e rv o u s  

c o n t r o l  su p e r im p o sed  upon the  p h y l o g e n e t i c a l l y  more p r i m i t i v e  

h um era l  m echanism s,  and embodying c h e m ic a l  methods o f  

p r o p a g a t i o n  of  a c t i v i t y .

The lower  motor  c e n t r e s  o f  au tonomic  a c t i v i t y  a r e  

p r o b a b l y  l o c a t e d  m a in ly  i n  the  f l o o r  of th e  f o u r t h  v e n t r i c l e .  

There i s  a h i g h e r  l e v e l  of  c o n t r o l  a t  the  h y p o t h a l a m u s , and 

th e s e  h y p o th a la m ic  c e n t r e s  may a c t  by c o o r d i n a t i o n  of  

autonomic  n e rv o u s  a c t i v i t y  w i t h  th e  hum era l  c o n t r o l  e x e r t e d  

by th e  p i t u i t a r y  g l a n d .  I t  i s  p r o b a b le  t h a t  the  h y po 

tha lam us i s  a c o o r d i n a t i n g  and r e l a y  s t a t i o n ,  r a t h e r  t h a n  

the  h i g h e s t  l e v e l  o f  c o n t r o l .  R e c e n t l y  Chapman (195^)  

has  d e m o n s t r a te d  f l u c t u a t i o n  i n  t h e  b lo o d  p r e s s u r e  f o l l o w i n g
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e l e c t r i c a l  s t i m u l a t i o n  i n  the  r e g i o n  o f  t h e  am ygda lo id  

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

s u b j e c t i v e  r e s p o n s e  su ch  as  f o l lo w e d  th e  p l a c i n g  o f  th e  

e l e c t r o d e s  upon o t h e r  p a r t s  of  the  t e m p o r a l ,  o r  upon th e  

f r o n t a l  l o b e s .  The h i g h e s t  c e n t r e  o f  c o n t r o l  of  g a s t r i c  

s e c r e t i o n  so f a r  p o s t u l a t e d  i s  i n  t h e  h y p o th a l a m u s ,  a s  

I l l i n g w o r t h  (1953) k as  n o t e d ;  b u t  i t  i s  p r o b a b le  t h a t  a 

h i g h e r  c e n t r e  l i e s  a t  a l e v e l  comparab le  w i t h  t h a t  o f  th e  

am ygda lo id  n u c l e u s ,  which  l i e 3 be tw een  th e  t a i l  o f  th e  

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

c o r t e x ,  b e in g  c o n t i n u o u s  w i t h  th e  g r e y  m a t t e r  o f  the  l a t t e r .

Of th e  c o n d i t i o n s  which  H ppinger  and Hess have  

p o s t u l a t e d  a r e  due t o  au tonom ic  o v e r a c t i v i t y ,  th e  c a u s a t i o n  

of h y p e r t e n s i o n  and p e p t i c  u l c e r a t i o n  o f f e r s  a p o s s i b i l i t y  

o f  e x p l a n a t i o n  by t h e i r  h y p o t h e s i s .  U n f o r t u n a t e l y  th e  

mechanisms i n v o lv e d  i n  t h e  c a u s a t i o n  of  t h e s e  d i s e a s e s  a r e  

more complex th a n  a s im p le  and u n e x p la in e d  r e s p o n s e  to  

e x c e s s i v e  n e rv o u s  t o n e .  I t  i s  i m p o r t a n t  t o  r e v i e w  what  

i s  known o f  the  mechanisms o f  p r o d u c t i o n  o f  t h e s e  d i s e a s e s ,  

i n  o r d e r  t o  d e te r m in e  th e  p l a c e  i n  t h e r a p e u t i c s  o f  

p r o c e d u r e s  w hich  w i l l  i n t e r r u p t  au tonom ic  n e rv o u s  t o n e .
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MECHANISMS INVOLVED IN THE PRODUCTION OP HYPERTENSION 

The e s s e n t i a l  m e c h a n ic a l  f a c t o r s  c o n c e rn e d  i n  t h e  

d e t e r m i n a t i o n  o f  th e  b lo o d  p r e s s u r e  a r e  th e  c a r d i a c  o u t p u t ,  

th e  volume and v i s c o s i t y  o f  the  c i r c u l a t i n g  b l o o d ,  and th e  

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

th e  a r t e r i o l e s .  The p r e s s u r e  l e v e l s  a re  m o d i f i e d  by  th e  

e l a s t i c i t y  o f  th e  major  a r t e r i e s  i n c l u d i n g  th e  a o r t a .  As 

Wood (1952) h a s  e x p r e s s e d  i t ,  t h e r e  i s  a d i v i s i o n  o f  h y p e r 

t e n s i o n  i n t o  two c a t e g o r i e s ,  a s y s t o l i c  b i a s  and a d i a s t o l i c  

b i a s .  The upp e r  l e v e l  of  norm al  b lo o d  p r e s s u r e  q u o te d  by  

Wood i s  1 5 0 /9 0 ,  and a r i s e  i n  p r e s s u r e  above t h i s  c o n s t i t u t e s  

h y p e r t e n s i o n  o f  a s y s t o l i c  o r  d i a s t o l i c  ty pe  d e p en d in g  upon 

which  o f  th e  p r e s s u r e  l e v e l s  i s  more i n c r e a s e d .

S y s t o l i c  H y p e r t e n s i o n

The f o r c i b l e  e j e c t i o n  of  b lo o d  by the  c o n t r a c t i n g  l e f t  

v e n t r i c l e  c a u se s  a wave o f  p r e s s u r e  th ro u g h o u t  the  a r t e r i e s  

c o n s t i t u t i n g  th e  s y s t o l i c  b lo o d  p r e s s u r e .  T h is  i s  m o d i f i e d  

by th e  e l a s t i c  r e c o i l  o f  the  a o r t a  and m ajor  a r t e r i e s ,  and 

to a l e s s  e x t e n t  by the  a r t e r i o l e s  o f  medium c a l i b r e .  The 

s y s t o l i c  b lo o d  p r e s s u r e  i s  i n c r e a s e d  r e l a t i v e  to  the  d i a s t o l i c  

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

form of  r a p i d  f o r c e a b l e  v e n t r i c u l a r  c o n t r a c t i o n ,  and t h e r e f o r e  

a s y s t o l i c  h y p e r t e n s i o n  i s  found p h y s i o l o g i c a l l y  f o l l o w i n g  

e x e r t i o n ,  and i n  r e s p o n s e  t o  sympathicomime t i c  d ru g s  such  as  

e p h e d r in e  which i n c r e a s e  the  h e a r t  r a t e .  P a t h o l o g i c a l l y  i t
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o c c u r s  i n  t h y r o i d  o v e r a c t i v i t y .  Of im p o r ta n c e  i s  t h e  

s y s t o l i c  h y p e r t e n s i o n  due to  the  l o s s  of  a r t e r i a l  e l a s t i c i t y .  

W ith  advanc ing  y e a r s ,  a r t e r i o s c l e r o t i c  changes  d e v e lo p  and 

r e s u l t  i n  s y s t o l i c  h y p e r t e n s i o n  which  does n o t  i n  i t s e l f  

c o n s t i t u t e  an im pa i rm en t  to l i f e  e x p e c t a t i o n ,  b u t  p l a c e s  a 

s t r a i n  upon th e  l e f t  v e n t r i c l e ,  and i n  some c a s e s ,  r e d u c e s  th e  

b lo o d  f low  t o  th e  e x t r e m i t i e s ,  so t h a t  a r t e r i a l  d e g e n e r a t i v e  

changes  of  t h i s  typ e  a r e  o f t e n  f o l lo w e d  by  i n t e r m i t t e n t  

c l a u d i c a t i o n .  In  t h a t  th e  c a u s e s  a r e  m e c h a n i c a l ,  t h e r e  i s  

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

h y p e r t e n s i o n  of  a r t e r i o s c l e r o s i s ,  which  i s  p r o b a b l y  p r e 

d i s p o s e d  t o  by c o n s t i t u t i o n a l  and h e r e d i t o r y  f a c t o r s .  However,  

the  c o n d i t i o n  i s  g e n e r a l l y  b e n ig n  and c o m p a t ib l e  w i t h  a good 

l i f e  e x p e c t a t i o n .

D i a s t o l i c  H y p e r t e n s i o n

D i a s t o l i c  h y p e r t e n s i o n  i s  due t o  an  i n c r e a s e  i n  th e  

p e r i p h e r a l  r e s i s t a n c e  so  th e  a r t e r i a l  b l o o d  f lo w  i s  r e s t r i c t e d  

d u r in g  p a s s a g e  th ro u g h  th e  a r t e r i o l e s ,  w i t h  r e s u l t i n g  e l e v a t i o n  

i n  th e  b a s i c  or  d i a s t o l i c  l e v e l  of  the  b l o o d  p r e s s u r e .  T h is  

c o n t r o l  i s  und e r  th e  i n f l u e n c e  of  th e  s y m p a th e t i c  n e rv o u s  

s y s te m .  The motor  im p u lse s  r e l a y  i n  th e  p a r a v e r t e b r a l  

g a n g l i a ,  and a r e  d i s t r i b u t e d  by th e  a r t e r i a l  s y m p a th e t i c  p l e x i .  

b i t t l e  i s  knovm  of  the  a f f e r e n t  pathways and mechanisms by 

which  th e  b a l a n c e  o f  v a s o d i l a t i o n  and c o n s t r i c t i o n  i s  m a in 

t a i n e d ,  and the  p e r i p h e r a l  s y m p a th e t i c  synapse  r e m a in s  t o  be
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e l u c i d a t e d  e x c e p t  i n  so f a r  a s  the  f u n c t i o n s  o f  t h e  sy m p a th a th in s  

a r e  becoming p r o g r e s s i v e l y  b e t t e r  u n d e r s t o o d .  U n t i l  1 \̂\G t h e  

a c t i o n  o f  th e  s y m p a th a th in s  was r e g a r d e d  as  due t o  t h e  s e c r e t i o n  

of  a d r e n a l i n  o r  t o  th e  r e l e a s e  of  a d r e n a l i n  f ro m  c e n t r e s  such  

as  t h e  a d r e n a l  m e d u l l a .  In  t h a t  a d r e n a l i n  was r e g a r d e d  a s  

t h e  pr ime p e r i p h e r a l  s y m p a th e t i c  c h em ic a l  t r a n s m i t t e r ,  many 

a n o m a l i e s  a p p ea re d  d u r in g  a t t e m p t s  t o  i n t e r p r e t  s y m p a th e t i c  

a c t i v i t y .  Some o f  t h e s e  i n c o n s i s t e n c i e s  were e x p l a i n e d  by  a  

s e n s i t i v i t y  t o  a c e to n e  which  t e n d s  t o  be p r e s e n t  i n  s o l u t i o n s  

o f  a d r e n a l i n .  I t  was n o t  u n t i l  s t u d y  o f  the  p r e s s o r  amines 

r e s u l t e d  i n  th e  d i s c o v e r y  by E u l e r  i n  19^6 o f  n o r a d r e n a l i n ,  

t h a t  a more a c c u r a t e  s tu d y  o f  s y m p a th e t i c  a c t i v i t y  was made 

p o s s i b l e .

I t  i s  o f  i n t e r e s t  t o  examine some o f  th e  known mechanisms 

of  c o n t r o l  o f  th e  d i a s t o l i c  b lo o d  p r e s s u r e .

Mechanisms o f  c o n t r o l  of th e  b loo d  p r e s s u r e

The l e v e l  o f  the  b lo o d  p r e s s u r e  i n  th e  i n d i v i d u a l  i s  

p r e d e t e r m in e d  by  c o n s t i t u t i o n a l  and h e r e d i t a r y  f a c t o r s  a s  has  

been shown by P l a t t  (1 9 5 0 ) ,  and i n  the  su b s e q u e n t  s t a t i s t i c a l  

s t u d i e s  o f  P i c k e r i n g  (195U)• Tke normal  b lo o d  p r e s s u r e  

c e n t r e s  a round  the  l e v e l  o f  80 mm. d i a s t o l i c  p r e s s u r e  and i n  

the  d e t e r m i n a t i o n  o f  t h i s  a v e rag e  t h e i r  e x i s t s  a p r o p o r t i o n  

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

c o n s t i t u t i n g  e s s e n t i a l  or  b e n ig n  h y p e r t e n s i o n .  I t  i s  

p ro b a b le  t h a t  the  c e n t r e  f o r  t h i s  c o n t r o l  i s ,  as M e r r i l l  h a s
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s u g g e s t e d ,  i n  th e  h y p o th a lam u s ;  and t h a t  t h e  c o n t r o l  i s  

e x e r t e d  by  i n f l u e n c e  ove r  the  s e c r e t i o n s  o f  a n t e r i o r  p i t u i t a r y ,  

w i t h  i t s  a c t i o n s  upon th e  s u p r a r e n a l  c o r t e x  i n  c o n t r o l l i n g  

s a l t  and w a t e r  m e ta b o l i s m ,  th u s  d e t e r m i n i n g  the  i n t r a v a s c u l a r  

f l u i d  volume and i t s  r e l a t i o n  t o  th e  e x t r a v a s c u l a r  f l u i d  

c o n t e n t ;  and th r o u g h  th e  m e d u l l a r y  c e n t r e s  c o n t r o l l i n g  h e a r t  

r a t e  and r e s p o n s e  t o  body r e q u i r e m e n t s .  Prom an e a r l y  d a t e ,  

an emergency mechanism has  been  r e c o g n i s e d  by  w h ich  i n  

r e s p o n s e  t o  upp e r  c e n t r e  s t i m u l i  i n  the  fo rm  o f  p o w e r fu l  

e m o t i o n s ,  a d r e n a l i n  i s  s e c r e t e d  by the  a d r e n a l  m e d u l l a ;  

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

by i n c r e a s e  i n  the  c a r d i a c  o u t p u t  and d e v i a t i o n  o f  b lo o d  f low  

from the  s k i n ,  k i d n e y s ,  and d i g e s t i v e  t r a c t  t o  s k e l e t a l  m usc le  

i n  o r d e r  to  p r o v id e  a  maximum o u t p u t  o f  p h y s i c a l  e n e r g y  und e r  

c o n d i t i o n s  such  as  a p r i m i t i v e  a n x i e t y  o f  p r e s e r v a t i o n  of  

l i f e  by f l i g h t .  The e x t e n t  to  w h ich  a d r e n a l i n  i s  r e s p o n s i b l e  

f o r  c o n t r o l  o f  th e  b lo o d  p r e s s u r e  under  norm al  c i r c u m s ta n c e s  

rem ains  t o  be d e t e r m i n e d ,  b u t  i t  i s  p r o b a b le  t h a t  a b a s i c  l e v e l  

of a d r e n a l i n  s e c r e t i o n  by the  s u p r a r e n a l  m ed u l la  i s  o f  l e s s  

im portance  i n  t h i s  f u n c t i o n  t h a n  s e c r e t i o n  of  n o r a d r e n a l i n .

I t  i s  the  f u n c t i o n  of the  l a t t e r  to  govern  the  moment t o  moment 

changes i n  p r e s s u r e  and th e  b lo o d  f lo w  r e q u i r e m e n t s  o f  d i f f e r e n t  

o rgans  by p r o d u c in g  v a s o c o n s t r i c t i o n  of  th e  a r t e r i o l e s .

There i s  a r e f l e x  mechanism o f  c o n t r o l  o f  th e  p r e s s u r e  

l e v e l  by the  c a r o t i d  s i n u s .  D i l a t a t i o n  of  t h i s  s i n u s  p ro du ced
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by a r i s e  i n  b l o o d  p r e s s u r e  i n f l u e n c e s  r e c e p t o r  o r g a n s  w i t h i n  

i t s  w a l l ,  m o t i v a t i n g  v a g a l  a c t i v i t y  to  low er  the  a r t e r i a l  

p r e s s u r e .  The s i t e  o f  the  c a r o t i d  s i n u s  i n  th e  a r t e r i a l  

pa thway t o  t h e  b r a i n  i s  t o  be n o t e d .  I t  i s  p o s s i b l e  t h a t  

t h i s  was d e te r m in e d  by  a n e c e s s i t y  to  p r o t e c t  the  r e l a t i v e l y  

u n s u p p o r t e d  c e r e b r a l  v e s s e l s  f rom  ex trem e r i s e  i n  p r e s s u r e .  

Such r e c e p t o r  o rg an s  a re  a l s o  found  i n  the  a o r t a  and m a jo r  

a r t e r i e s ,  and  as w i l l  be commented upon l a t e r ,  E u le r  (195U) 

h a s  s u g g e s t e d  t h a t  i n t e r f e r e n c e  w i t h  t h e s e  may be f o l lo w e d  

by h y p e r t e n s i o n .

A f u r t h e r  measure  o f  c o n t r o l  i s  p r o v id e d  by t h e  Hdneys  

i n  t h a t  a f i l t r a t i o n  head of  p r e s s u r e  i s  r e q u i r e d  a t  the  

g lo m e ru lu s  t o  e n su re  the  m e c h a n ic a l  p r o c e s s  o f  d i a l y s a t i o n .  

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

shown by the  r e n a l  i s c h a e m ia  e x p e r im e n t s  o f  G o l d b l a t t  (1 93k ) t  

i s  f o l lo w e d  by the  s e c r e t i o n  o f  p r e s s o r  s u b s t a n c e s  which  

combine w i t h  d ih y d r o x y t r y p t a m in e  t o  i n c r e a s e  t h e  s y s te m ic  

b lood  p r e s s u r e  and t h e r e b y  improve the  r e n a l  b lo o d  f l o w .

In  th e  p r o d u c t i o n  o f  h y p e r t e n s i o n  i n  man, e x a m in a t io n  of  

these  c i r c u m s ta n c e s  shows a p o s s i b l e  a e t i o l o g y  a s  f o l l o w s  

Renal H y p e r te n s io n  W ilson (1953) h a s  d e s c r i b e d  i n  d e t a i l  the  

invo lvem ent  o f  c h ro n ic  g lom eru lo  n e p h r i t i s  i n  the  p r o d u c t i o n  

of h y p e r t e n s i o n .  I t  i s  a common t e r m i n a t i o n  an a n o m a l ie s  o f  

the  k id n e y .  C hron ic  p y e l o n e p h r i t i s  i s  p r o b a b ly  f a i r l y  common 

cau se s  o f  h y p e r t e n s i o n ,  i n  the  fem ale  e s p e c i a l l y ,  and i n  t h a t
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the  d i s e a s e  may be u n i l a t e r a l ,  t h e r e  e x i s t s  a t h e o r e t i c a l  

p o s s i b i l i t y  f o r  t r e a t m e n t  i n  th e  fo rm  o f  e x c i s i o n  o f  a  

d i s e a s e d  k i d n e y .  P i c k e r i n g  and H e p t i n s t a l l  (1953) have 

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

t o t a l  number o f  c a s e s  d e s c r i b e d  i n  the  l i t e r a t u r e  i s  53> a n ^ 

a l t h o u g h  th e  p o s s i b i l i t y  of  t h i s  t r e a t m e n t  i s  n o t  t o  be 

i g n o r e d ,  t h e  i n s t a n c e s  i n  which  i t  can be used  a r e  l i m i t e d .  

I n d e e d ,  Smith (I9I+8) has  s t a t e d  i t  i s  u n j u s t i f i a b l e  to  p e r f o r m  

n e cp h rec to m y  i n  o r d e r  to  c o n t r o l  h y p e r t e n s i o n  e x c e p t  i n  

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

d i s e a s e ,  i n  t h a t  by e x t i r p a t i o n  o f  a k id n e y  i n  which  t h e r e  may 

be s u r v i v i n g  t i s s u e  c a p a b le  o f  f u n c t i o n ,  the  p o s s i b i l i t y  of  

r e n a l  f a i l u r e  i s  i n c r e a s e d .

The C a r o t i d  S inus  The d i s t e n s i b i l i t y  of th e  c a r o t i d  s i n u s  

d e c r e a s e s  a s  a r t e r i o s c l e r o s i s  p r o g r e s s e s  w i t h  a g e ,  and E u l e r  

(X95U) c o n s i d e r s  t h a t  t h i s  may be an  im p o r t a n t  c o n s i d e r a t i o n  

in  the  deve lopm en t  o f  h y p e r t e n s i o n ,  e s p e c i a l l y  i n  t h e  p r e s e n c e  

of a t h e r o s c l e r o t i c  changes  which  may in v o lv e  t h e  r e c e p t o r  

o rg a n s .  Thus h y p e r t e n s i o n  of  a sm a l l  d e g re e  d u r i n g  e a r l y  

l i f e  may p roduce  such  changes  and l e a d  t o  an  a c c e l e r a t e d  form 

of t h e  d i s e a s e .

Humeral P r e s s o r  S u b s tan c es

^ t  i s  d i f f i c u l t  t o  a s s e s s  t o  what  e x t e n t  s e r o t o n i n  i s  

i m p l i c a t e d  i n  th e  p r o d u c t i o n  o f  r e n a l  h y p e r t e n s i o n  i n  man. 

However, the  i n f o r m a t i o n  upon t h i s  s u b s ta n c e  has  been  g r e a t l y



- 66 -

e x te n d e d  by the  i d e n t i f i c a t i o n  of  R ap po r t  e t  a l  (I9I4B) o f  

s e r o t o n i n  as  h y d r o x y t r y p ta m in e  which i s  t h e  amino a c i d  

t r y p t o p h a n  w i t h  a hydroxy  g roup  a t t a c h e d  to  th e  r i n g .

F u r t h e r  s t u d i e s  have been  made i n  an a t t e m p t  to  f i n d  a n t a g o n 

i s t s ,  and / /ooley and Shaw (195^ )  have p rod u ced  a s e r i e s  o f  

compounds r e s e m b l in g  h y d r o x y t r y p t a m i n e , which  a n t a g o n i s e  

t h e i r  a c t i o n s  p resu m ab ly  by s e l e c t i v e  c o m p e t i t i o n .  One o f  

t h e s e ,  medmain, i n h i b i t s  t h e  e f f e c t  o f  s e r o t o n i n  on smooth 

m u s c le s , w h i l e  some r e l a t e d  compounds p r e v e n t e d  th e  r i s e  i n  

b lo o d  p r e s s u r e  c a u se d  by s e r o t o n i n  i n  d o g s ,  b e in g  d e s c r i b e d  

by them i n  1953* So t h e s e  d rugs  have n o t  b een  u s e d  i n  

man b e c a u se  o f  t h e i r  a c t i o n  upon the  c e n t r a l  n e rv o u s  s y s te m ,  

p r o b a b l y  o c c a s io n e d  by i n h i b i t i o n  of amine oxydase i n  th e  

b r a i n .

The S u p r a r e n a l  M edulla  Tumours of th e  s u p r a r e n a l  m e d u l l a

and o f  e c t o p i c  c h r o m a f f in  t i s s u e ,  th e  g l a n d s  o f  Z u c k e r k a n d l ,  

may p roduce  h y p e r t e n s i o n  by s e c r e t i o n  o f  a d r e n a l i n  and  o f  

n o r a d r e n a l i n ,  which  i s  c h a r a c t e r i s t i c a l l y  p a ro x y s m a l ,  b u t  may 

become f i x e d .

The S u p r a r e n a l  C o r te x  The o b s e r v a t i o n s  by  Cush ing  (193I4) upon 

b a s o p h i l  adenomata  o f  the  a n t e r i o r  hypo p hy s is  w i t h  c o r t i c a l  

s t i m u l a t i o n  l e d  to  th e  i m p l i c a t i o n  by M e r r i l l  (1952)  and o t h e r s ,  

o f  what t h e y  d e s c r i b e d  as  the  " p i t u i t a r y - a d r e n a l  a x i s "  i n  the  

p r o d u c t i o n  o f  h y p e r t e n s i o n .  As Page (I9I49) h a s  o b s e r v e d  i n  

h i s  r e  vie?/ o f  th e  e x p e r i m e n t a l  methods of  p r o d u c t i o n  of  h y p e r 

t e n s i o n ,  t h a t  in d u ce d  by dosage o f  D.C.A. ( d e s o x y c o r t i c o s t e r o n e
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a c e t a t e )  r e s e m b le s  most  c l o s e l y  b e n ig n  h y p e r t e n s i o n  i n  man.

As Wolf©Hh e t  a l ( l ? 31) bave shown, th e  a d r e n a l  c o r t e x  h a s  

a more fu n d a m e n ta l  im p o r tan c e  i n  p r o d u c in g  and  s u s t a i n i n g  

h y p e r t e n s i o n  th a n  the  s y m p a th e t i c  n e rv o u s  sy s te m ,  b u t  M e r r i l l  

(1953)  has  d e m o n s t r a t e d  t h a t  rem oval  o f  b o t h  s u p r a r e n a l  g l a n d s  

w i l l  n o t  c o n t r o l  h y p e r t e n s i o n ,  w h i le  Page h as  c o n c lu d e d  t h a t  

t h e  o n ly  method of  r e s t o r i n g  e x p e r i m e n t a l l y  i n d u c e d  h y p e r 

t e n s i o n  to  no rm al  l e v e l s  i s  e x c i s i o n  of  the  p i t u i t a r y  g l a n d .

F u r t h e r  i n f o r m a t i o n  upon th e  p o s s i b l e  a c t i o n  o f  D.C.A. 

has  b een  g iv e n  i n  th e  p r e l i m i n a r y  communicat ion  by McDowall 

and S o l i n a n  ( I95U ) • f h e i r  s t u d i e s  have b een  c o n c e rn e d  w i t h  

t h e i r  f i n d i n g  t h a t  sodium a c c u m u la t io n  o c c u r s  a t  s p e c i f i c  

r e c e p t o r s  f o l l o w i n g  upon dosage o f  b l o c k i n g  d r u g s  su c h  a s  

mepyramine and a t r o p i n e ,  and t h i s  s t a t e  may be r e v e r s e d  by 

c e r t a i n  o t h e r  d r u g s .  I t  i s  s u g g e s t e d  t h a t  b l o c k i n g  a g e n t s  

may p r e v e n t  a t em p o ra ry  sodium s h i f t  i n  r e s p o n s e  t o  the  a c t i o n  

p o t e n t i a l  d e m o n s t r a t e d  by  Hodgkin and Katz  (I9I49).  I t  i s  

p o s s i b l e  t o  deduce t h a t  D.C.A. e x e r t s  a c o n t r o l  over  the  

c e l l u l a r  sodium e x t r u s i o n  m a n i f e s t e d  by  i t s  known a c t i o n  i n  

m a in t a in in g  body sodium. The h y p o t e n s io n  p ro d uced  by 

a d rena le c to m y  i s  r e v e r s i b l e  by i n c r e a s i n g  th e  d i e t a r y  s a l t  

i n t  ake •

While t h e s e  f i n d i n g s  have a p l a c e  i n  t h e  c o n s i d e r a t i o n  

of  th e  mechanisms i n v o lv e d  i n  th e  p r o d u c t i o n  o f  h y p e r t e n s i o n ,  

t h e y  do n o t  e x p l a i n  the  p a t h o g e n e s i s  o f  th e  d i s e a s e  i n  i t s
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common fo rm  i n  man, e s s e n t i a l  h y p e r t e n s i o n ,  the  a e t i o l o g y  o f  

which  re m a in s  o b s c u r e .  There i s  l i t t l e  d o u b t  r e g a r d i n g  th e  

marked h e r e d i t a r y  p r e d i s p o s i t i o n  c o n f i rm e d  by P l a t t  ( 1$ ^ ) ,  

a l t h o u g h  h i s  s u rv e y  was b a s e d  upon p r e s s u r e  l e v e l s ,  and d i d  

n o t  t a k e  i n t o  c o n s i d e r a t i o n  th e  deve lopm ent  o f  s i g n s  and 

symptoms o f  h y p e r t e n s i o n .  M as te r  e t  a l  (19)43) have shown 

e l e v a t i o n  o f  the  b lo o d  p r e s s u r e  i s  e x t r e m e l y  common, b e in g  

fou nd  i n  J0% o f  m ales  and l\0% o f  fe m a le s  ove r  i+0 y e a r s  o f  a g e .  

H y p e r t e n s i o n  i n  i t s e l f  does n o t  n e c e s s a r i l y  c o n s t i t u t e  a  

t h r e a t  to  l i f e ,  and t h e  p r o g n o s i s  which  h a s  b een  r e v i e w e d  by 

Leishman (1953) I s g e n e r a l l y  i n d e t e r m i n a t e .  The s t u d i e s  by 

Bechgaard  (19lj6) have  shown an  i n c r e a s i n g  r i s e  i n  th e  d i a s t o l i c  

p r e s s u r e  w i t h  a g e .  However Kean and Hammill (I9I49) have 

found  t h a t  t h i s  r i s e  does n o t  a p p ea r  t o  occu r  among th e  

p r i m i t i v e  t r i b e s  t h e y  exam ined ,  and t h e y  were tem p ted  t o  

su g g e s t  t h a t  the  s t r e s s e s  o f  c i v i l i s a t i o n  a re  r e f l e c t e d  i n  t h e  

p r o d u c t i o n  o f  h y p e r t e n s i o n .  C e r t a i n l y  d u r in g  t h e  s t r e s s  o f  

p ro lo n g e d  p e r i o d s  o f  w a r f a r e  i n  the  W este rn  d e s e r t ,  t r a n s i e n t  

h y p e r t e n s i o n  o c c u r r e d  as  Graham (19)45) h a s  d e s c r i b e d .  Gavey 

( 195U) h a s  p r o v id e d  an i n d i c a t i o n  t h a t  unde r  c i r c u m s t a n c e s  o f  

long c o n t i n u e d  s t r e s s ,  r i s e s  which were a t  f i r s t  t r a n s i e n t ,  

may become p e rm a n en t .  I t  i s  p o s s i b l e  t h a t  p a r t  o f  th e  

h e r e d i t a r y  p r e d i s p o s i t i o n  may be  c o n s t i t u t e d  by a  t e n d e n c y  

f o r  an i n d i v i d u a l  r e a c t i o n  to  e n v i r o n m e n t .  Wolf e t  a l  (19)48) 

found t h a t  t h e r e  was a h i g h  in c i d e n c e  o f  o b s e s s i v e  com puls ive  

t r a i t s  and subnorm al  a s s e r t i v e n e s s  among p a t i e n t s  w i t h



-  69 -

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

p a t i e n t s  to  the  t h r e a t s  and c h a l l e n g e s  o f  e v e r y  day l i f e  

were s u g g e s t e d  by G r e s s e l l  e t  a l  (I9U9) he r e s t r a i n e d  

a g g r e s s i o n ,  w i t h  a v a s c u l a r  component o f  e l e v a t i o n  i n  t h e  

b lo o d  p r e s s u r e  and r e n a l  v a s o c o n s t r i c t i o n .  M e r r i l l  (1952) 

h a s  a t t r i b u t e d  development  o f  e s s e n t i a l  h y p e r t e n s i o n  t o  

p s y c h ic  s t i m u l i  w i t h  a d r e n a l  a c t i v i t y  i n  r e s p o n s e  t o  hypo

th a la m ic  s t i m u l a t i o n .

As Page and W ilson  have s t a t e d ,  i t  i s  n o t  r e a d i l y  

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

w i t h  t h e  d i s e a s e  as i t  p r e s e n t s  i n  the  human. Some o f  t h e s e  

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

s u f f e r  from e s s e n t i a l  h y p e r t e n s i o n  of  o b sc u re  a e t i o l o g y .  I t  

i s  e x c e p t i o n a l  f o r  p sy c h ic  f a c t o r s  to  be o b v i o u s .  P a t i e n t s  

a re  o c c a s i o n a l l y  e n c o u n t e r e d  i n  s t a t e s  o f  a n x i e t y  and 

d e p r e s s i o n  who have h y p e r t e n s i o n ,  b u t  h y p e r t e n s i o n  i s  a n  

uncommon c o m p l i c a t i o n  of  n e u r o s e s  and p s y c h o s e s .  P s y c h i a t r i c  

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

b u t  t h e  m en ta l  f a c t o r s  a g g r a v a t i n g  or  c a u s i n g  th e  h y p e r t e n s i o n  

may n o t  be obv io u s  t o  th e  p h y s i c i a n ,  n o r  may t h e y  be o f  a 

s e v e r i t y  s u f f i c i e n t  to  m e r i t  i n v e s t i g a t i o n .  I t  may be t h a t  

we have t o  a c c e p t  the  p re s e n c e  o f  such  f a c t o r s  i n  some p a t i e n t s  

l e a d i n g  a p p a r e n t l y  normal l i v e s .  In  e s s e n t i a l  h y p e r t e n s i o n  

t h e r e  may be c o n s t i t u t i o n a l  t en dency  f o r  the  slow r i s e  i n  th e  

d i a s t o l i c  p r e s s u r e  o v e r  a  p e r i o d  o f  many y e a r s  w i t h ,  i n  th e
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m a j o r i t y  o f  p a t i e n t s ,  a  b e n ig n  c o u r s e  w h ic h  does  n o t  c u r t a i l  

t h e  l i f e  e x p e c t a t i o n .  Pe rhaps  d u r i n g  p e r i o d s  o f  s t r e s s ,  

t r a n s i e n t  e l e v a t i o n s  i n  the  b lo o d  p r e s s u r e  o c c u r ,  p o s s i b l y  

due t o  a m o d i f i e d  r e a c t i o n  on the  p a r t  o f  the  a d r e n a l s  -  th e  

emergency mechanism. I f  t h e s e  p e r i o d s  o f  h y p e r t e n s i o n  a r e  

r e p e a t e d  s u f f i c i e n t l y  o f t e n ,  a  more b a s i c  mechanism, p r o b a b l y  

th e  p i t u i t a r y - a d r e n a l  a x i s ,  r e s e t s  the  d i a s t o l i c  b l o o d  p r e s s u r e  

a t  a h i g h e r  l e v e l  t o  be more i n  a c c o rd  w i t h  t h e  r e q u i r e m e n t s  

o f  t h e  i n d i v i d u a l ,  and i n  t u r n  a d r e n a l  s t i m u l a t i o n  l e a d s  to  a  

v i c i o u s  c i r c l e  o f  i n c r e a s i n g  p r e s s u r e .  A l t e r n a t i v e l y  and 

p e rh a p s  s i m u l t a n e o u s l y ,  a t h e r o s c l e r o s i s  o f  t h e  a o r t i c  and 

c a r o t i d  c e n t r e s  s e n s i t i v e  to  chang es  i n  p r e s s u r e  l e v e l  may 

d e s t r o y  th e  r e f l e x  r e g u l a t i o n  mechanism. As w i l l  be d i s c u s s e d  

s u b s e q u e n t l y ,  t h e  a c t u a l  l e v e l  o f  th e  r e s u l t i n g  h y p e r t e n s i o n  i s  

o f  l e s s  im p o r tan ce  i n  the  development  o f  symptoms and s i g n s  

than  th e  r e a c t i o n  o f  t h e  i n d i v i d u a l  c a r d i o v a s c u l a r  sy s te m  to  

the  abnormal  l o a d  imposed upon i t .  I t  w i l l  be s e e n  f rom  

c l i n i c a l  r e s u l t s  which have b e en  r e p o r t e d  w i t h  Graham (I95I4) ,  

t h a t  a l t h o u g h  symptoms and s i g n s  t e n d  to  i n c r e a s e  i n  s e v e r i t y  

w i t h  h i g h e r  d i a s t o l i c  p r e s s u r e s ,  many p a t i e n t s  a re  e n c o u n t e r e d  

w i t h  h i g h  l e v e l s  o f  d i a s t o l i c  p r e s s u r e  who have a minimum of  

i n c a p a c i t y  due to  t h i s .  This  s t u d y  has  shown t h a t  a p p r o x i m a t e 

l y  7°^ o f  males  and 80^ of  f em a le s  w i t h  h y p e r t e n s i o n  p r e s e n t  

w i t h  b r e a t h l e s s n e s s  on e x e r t i o n  and r e a d y  f a t i g u e  a s  t h e i r  

symptoms, and a com parab le  i n c i d e n c e  has  b e e n  found  o f  c a r d i a c  

e n la r g e m e n t .  The l o a d  o f  e s s e n t i a l  h y p e r t e n s i o n  t h e r e f o r e ,
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p ro d u c e s  h e a r t  f a i l u r e .  I n  a p r o p o r t i o n  of p a t i e n t s ,  

c e r e b r a l  v a s c u l a r  d e g e n e r a t i o n  t a k e s  p l a c e  w i t h  d e a t h  due 

to  c e r e b r a l  v a s c u l a r  a c c i d e n t ,  and o t h e r s  d ie  f ro m  r e n a l  

f a i l u r e .  However t h e s e  c o n d i t i o n s  can o n ly  be  t r e a t e d  by 

p a l l i a t i v e  m easu res  and i t  i s  c o n g e s t i v e  h e a r t  f a i l u r e  w h ich  

i s  th e  m a n i f e s t a t i o n  of  h y p e r t e n s i o n  i n  the  e a r l y  s t a g e s .

H y p e r t e n s i o n  o t h e r  t h a n  e s s e n t i a l  was r a r e l y  e n c o u n t e r e d ,  

a l t h o u g h  a c a r e f u l  s e a r c h  was made f o r  c a u s e s  such  as  t h o s e  

d e t a i l e d  p r e v i o u s l y ,  d u r in g  the  f o u r  y e a r  p e r i o d  of  o b s e r v a 

t i o n  a t  P a i s l e y .  However a f u r t h e r  group  of  p a t i e n t s  f e l l  

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

were found  t o  have the  c h a r a c t e r i s t i c  r e t i n o p a t h y  d e s c r i b e d  

by K e i t h  and Wagener (1 9 2 8 ) .  T h is  group may be d i v i d e d  i n t o  

t h o se  i n  m a l i g n a n t  s t a t e  s u p e r v e n in g  upon h y p e r t e n s i o n  o f  

long  d u r a t i o n ,  and a g roup  where th e  r i s e  i n  b lo o d  p r e s s u r e  

was o f  s h o r t  d u r a t i o n .  T h e i r  r e s p o n s e  t o  t r e a t m e n t  w i l l  be 

c l a s s i f i e d  and d e s c r i b e d  s u b s e q u e n t ly  and th e y  form  the  

s u b j e c t  of  a  s p e c i a l  s t u d y .

Trea tm ent  o f  H y p e r te n s io n

D e s p i t e  th e  advances  i n  our  knowledge w hich  have 

i n c r e a s e d  g r e a t l y  i n  r e c e n t  y e a r s ,  no p r o g r e s s  has  b een  made 

i n  d e t e r m i n i n g  a s p e c i f i c  f a c t o r  r e s p o n s i b l e  f o r  the  d e v e l o p 

ment o f  h y p e r t e n s i o n .  I t  i s  d i f f i c u l t  t o  d e c id e  upon a 

t h e r a p e u t i c  c o u rs e  which  w i l l  a v o id  the  d a n g e r s  i n v o lv e d  i n
M

r e g a r d i n g  d i a s t o l i c  h y p e r t e n s i o n  a s  a b e n ig n  d i s e a s e ,  y e t
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which  w i l l  n o t  i g n o r e  th e  h i g h  m o r b i d i t y  and m o r t a l i t y  

w h ich  i t  p r o d u c e s .  On th e  one hand i t  i s  u n j u s t i f i a b l e  t o  

i n v e s t i g a t e  t o o  t h o r o u g h ly  and to  o b se rv e  t o o  c l o s e l y  

i n d i v i d u a l s  who p r e s e n t  w i t h  s m a l l  e l e v a t i o n s  i n  t h e  d i a s t o l i c  

b lo o d  p r e s s u r e  above n o r m a l ,  and on the o t h e r  i t  i s  d i f f i c u l t  

t o  i g n o r e  a c c i d e n t a l  f i n d i n g s  o f  h i g h  e l e v a t i o n s  i n  th e  

d i a s t o l i c  p r e s s u r e  even  i n  the  absence  of  s i g n s  and  symptoms.  

I n  t h e  p r e s e n t  s t u d y ,  i t  was d e c id e d  to  t r e a t  p a t i e n t s  w i t h  

h y p e r t e n s i o n  o n ly  when s i g n s  and symptoms were f o u n d ,  e x c e p t  

i n  a c o m p a r a t i v e l y  few i n s t a n c e s  where the  d i a s t o l i c  p r e s s u r e  

was v e r y  h i g h .

P r i o r  to  the  i n t r o d u c t i o n  of g a n g l i o n  b l o c k i n g  a g e n t s ,  

sympathectomy was th e  r e c o g n i s e d  method of  t r e a t m e n t  o f  

p a t i e n t s  w i t h  s e v e r e  s i g n s  and symptoms o f  h y p e r t e n s i o n .

In  t h i s  o p e r a t i v e  t r e a t m e n t  o f  h y p e r t e n s i o n  b i l a t e r a l  

s p l a n c h n i c  n e r v i c  r e s e c t i o n  has  been  d e v e lo p e d  to  th e  p o i n t  

where th e  sy m p a th e t i c  c o n t r o l  o f  a major  p o r t i o n  . o f  th e  

a r t e r i o l e s  h as  been  i n t e r r u p t e d .  The main ex p o n en t  of  t h i s  

t e c h n iq u e  has  b e en  Smithwick who f rom 193̂ 4 onwards has  

perfo rm ed  h i s  o p e r a t i o n  upon s e v e r a l  hun d red  p a t i e n t s .  Less

e x t e n s i v e  p r o c e d u r e s  have b een  a d o p te d  by P e e t  e t  a l  (19140) 

and Adson e t  a l  ( I 9 I 4 O ) .  The t r e n d  a t  p r e s e n t  i n  America i s  

to  employ a t o t a l  or  s u b t o t a l  a d re n a le c to m y  combined w i t h  a 

m o d if ied  sympathectomy. J e f f e r s  e t  a l  (1953)  have examined 

the  r e s u l t s  f o r  the  t r e a t m e n t  of  t h i s  t y p e ,  f i n d i n g  an
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e x c e l l e n t  r e s p o n s e  i n  23$ ,  a f a i r  r e s p o n s e  i n  a f u r t h e r  2 3^ ,  

b u t  p o o r  r e s p o n s e s  were o b t a i n e d  i n  30$., and 21$  d i e d  p o s t 

o p e r a t i v e  l y .  The American v i e w p o in t  upon the  i n d i c a t i o n s  

f o r  a d r e n a l e c t o m y  i s  becoming more c o n s e r v a t i v e ,  and Bowers 

(19514) h a s  s u g g e s t e d  t h a t  t h i s  o p e r a t i o n  sh o u ld  be r e s t r i c t e d  

t o  m a l i g n a n t  h y p e r t e n s i o n  w hich  can n o t  be c o n t r o l l e d  by 

m e d ic a l  t h e r a p y ,  c h r o n i c  h y p e r t e n s i o n  w i t h  marked o r g a n i c  

c h a n g e s ,  and C u s h i n g ' s  syndrome. With i n c r e a s i n g  e x p e r i e n c e  

i t  i s  t o  be  e x p e c te d  t h a t  the  p r e s e n t  m easu res  of t r e a t m e n t  

w i t h  th e  d r u g s  becoming a v a i l a b l e ,  w i l l  c o m p l e t e ly  su p e rc e d e  

s u r g i c a l  m e a s u r e s .

How t h a t  e f f e c t i v e  d ru gs  a re  a v a i l a b l e  which w i l l  low er  

the  b l o o d  p r e s s u r e ,  c e n t r e s  w hich  a r e  engaged upon the  s t u d y  

o f  th e  methods o f  t r e a t m e n t  o f  h y p e r t e n s i o n  a r e  t e n d i n g  to  

become p r e o c c u p i e d  w i t h  e x p e r i e n c e  i n  e f f e c t i n g  t r e a t m e n t  by 

h y p o t e n s iv e  m easures  such  as  th e  s t u d y  r e c o r d e d  by  Smirk 

U951+). P r i o r  t o  th e  i n t r o d u c t i o n  of t h e s e  d r u g s ,  methods 

were a v a i l a b l e  which  have n o t  l o s t  t h e i r  v a l u e .  The t e n e t s  

o f  F i s h b e r g  (1936)  a r e  s t i l l  v a l i d ,  and c a n n o t  be m o d i f i e d  

d e s p i t e  t h e  volume of r e s e a r c h  and e x p e r i e n c e  w h ich  has  

acc u m u la te d  s i n c e  t h e n .  I t  i s  e s s e n t i a l  to  t r e a t  h y p e r 

t e n s i o n  by  r e l i e f  o f  e n v i ro n m e n ta l  s t r e s s ,  employing  s e d a t i o n  

f o r  t h i s  pu rp o se  as  r e q u i r e d .  D i e t a r y  t r e a t m e n t  i s  s t i l l  

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

common c o m b in a t io n .  An e x a g g e r a t e d  regime such  a s  the
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Kempner (19I48) d i e t  owes p a r t  o f  i t s  v a lu e  o n l y  t o  

p s y c h o l o g i c a l  i n f l u e n c e s .  As Sch ro de r  e t  a l  (1939)  have 

p o i n t e d  o u t ,  t h i s  d i e t  r e p r e s e n t s  a  low c a l o r i e  i n t a k e ,  i t  

i s  low i n  p r o t e i n  c o n t e n t  and v e ry  low i n  s a l t .  F i s h b e r g  

has  shown t h a t  i t  i s  e s s e n t i a l  t o  r e d u c e  the  c a l o r i e  i n t a k e  

i n  t h e  t r e a t m e n t  o f  h y p e r t e n s i v e  h e a r t  f a i l u r e  as  a heavy  

meal  i n c r e a s e s  the  l o a d  upon the  h e a r t  to  an e x t e n t  com parab le  

w i t h  p h y s i c a l  e x e r t i o n .  D i e t a r y  l i m i t a t i o n  sh o u ld  be 

p r a c t i s e d  even  i n  the  absence  of  s e e k in g  w e ig h t  l o s s ,  a s  i t  

i s  f o l lo ? /e d  by  a r e d u c t i o n  i n  th e  b a s a l  m e ta b o l i c  r a t e ,  

t h e r e b y  d e c r e a s i n g  th e  l o a d  upon th e  h e a r t .  I t  i s  p r o b a b le  

t h a t  t h i s  r e a d y  method of t h e r a p y  i s  i n  p a r t  r e s p o n s i b l e  f o r  

th e  b e t t e r  p r o g n o s i s  o f  p a t i e n t s  w i t h  h y p e r t e n s i o n  who have 

o b e s i t y  compared w i t h  t h o s e  o f  norm al  w e i g h t .

I n  many c a s e s  c o n g e s t i v e  h e a r t  f a i l u r e  o c c u r s .  D e s p i t e  

the  i n t r o d u c t i o n  o f  the  h y p o te n s iv e  d r u g s ,  o r th o d o x  methods 

p f  t r e a t m e n t  a r e  i n d i c a t e d .  With l e f t  v e n t r i c u l a r  f a i l u r e ,  

the  b l o o d  p r e s s u r e  f a l l s  and an e a r l y  s i g n  i s  f o u n d ,  a f a l l i n g  

p u l s e  p r e s s u r e .  The a p p l i c a t i o n  o f  h y p o t e n s iv e  m easu re s  i s  

p r o b a b l y  c o n t r a i n d i c a t e d  i n  c o n g e s t i v e  f a i l u r e  w i t h  a low 

p u l s e  p r e s s u r e .  I f  t h e s e  d rugs  a r e  g iv e n  to  p a t i e n t s  i n  

f a i l u r e  w i t h  low p u l s e  p r e s s u r e s ,  t h e r e  i s  a ten d e n c y  f o r  a 

f u r t h e r  r e d u c t i o n ,  i n c r e a s i n g  the  venous c o n g e s t i o n .
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THE DRUG TREATMENT OP HYPERTENSION

A number of  d ru g s  a r e  i n  use  a t  p r e s e n t  f o r  t h e  t r e a t m e n t  

of  h y p e r t e n s i o n .  These a r e  a l l  c la im e d  to  have some a c t i o n  

i n  r e d u c i n g  the  b lo o d  p r e s s u r e ,  and the  i n d i c a t i o n s  f o r  t h e i r  

use  i n  a d d i t i o n  t o  g e n e r a l  m easures  of  t r e a t m e n t  and t h e i r  

r e l a t i v e  v a lu e  have been  summarised by Graham and m y s e l f  (195U )• 

F o r  co n v en ien c e  t h e y  may be d i v i d e d  i n t o  two main g r o u p s ,  

s y n t h e t i c  and a l k a l o i d .  The v a lu e  of e a c h  of  t h e s e  d ru g s  

r e m a in s  t o  be d e f i n e d .  T h e i r  main c h a r a c t e r i s t i c s  a re  

p r e s e n t e d  i n  th e  f o l l o w i n g  t a b l e .

SYNTHETIC

S i t e  o f  a c t i o n Trade name

He xame thonium

Methonium homologues 
P e n t a p y r r o l i d i n i u m

g a n g l i o n  b l o c k i n g  a g e n t s H e x a th id e
V eg o ly sen

A nso lysen

H y d r a l l a z i n e  
( l - h y d r a g i n o p h t h a l a z i n e )

c e n t r a l  d e p r e s s a n t  
p e r i p h e r a l  v a s o d i l a t o r  
a n t a g o n i s t  t o :  a n g i o t o n i r  

s e r o t o n i n  
p h e r e n t a s i r

A p r e s o l in e

1:

1:
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ALKALOID

s i t e  o f  a c t i o n Trade name

R e s e r p in e  
(R a u w o l f ia  s e r p e n t i n a )

c e n t r a l  d e p r e s s a n t S e r p a s i l  
(pure  a l k a l o i d )  
R a u w i lo id  

(c ru d e  e x t r a c t )

V e ra t ru m  v i r i d e c e n t r a l  d e p r e s s a n t  
and p e r i p h e r a l  v a g a l  
s t i m u l a n t

V e r i l o i d

H ydrogena ted  a l k a l o i d s  
o f  e r g o t :  

D ih y d r o e r g o c o r n in e  
D i h y d r o e r g o c r i s t i n e  
D ih y d r o e r g o k r y p t i n e

c e n t r a l  d e p r e s s a n t ,  
and p e r i p h e r a l  
a d r e n e r g i c  b l o c k i n g ,  
a c t i o n s .

H yderg ine

SYNTHETIC DRUGS

G a n g l io n  B lo ck in g  A g e n t s : Hexamethonium

The c i r c u m s t a n c e s  l e a d i n g  t o  the  d i s c o v e r y  o f  hexamethonium 

have been  r e v i e w e d ,  t o g e t h e r  w i t h  the a p p l i c a t i o n  o f  t h i s  d rug  

i n  th e  t r e a t m e n t  of h y p e r t e n s i o n .  The l i t e r a t u r e  i s  now 

e x t e n s i v e  and t h e  r e l e v a n t  r e f e r e n c e s  a r e  appended i n  th e  

b i b l i o g r a p h ; / . The a d v a n ta g e s  and d i s a d v a n t a g e s  o f  t h i s  d rug  

can  be summarised as f o l lo w s

a ) Advantages  In  a t  l e a s t  Q0% of  p a t i e n t s  w i t h  h y p e r t e n s i o n ,  

hexamethonium by p a r e n t e r a l  dosage w i l l  p roduce  a f a l l  i n  t h e  

b lo o d  p r e s s u r e ,  v/hich a p a r t  from i n d i v i d u a l  d e g r e e s  of  

s e n s i t i v i t y  t o  t h e  f i r s t  d o se ,  i s  l a r g e l y  d e te r m in e d  by th e  

q u a n t i t y  o f  drug i n j e c t e d .  The f a l l  i n  the  b lo od  p r e s s u r e  i s
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g r e a t e r  t h a n  can  be p roduced  by  any o t h e r  d rug  or  m e a su re ,  

o t h e r  t h a n  e x t e n s i v e  sympathectomy or a d r e n a l e c t o m y .  I t  

may be u se d  r e a d i l y ,  a s  compared t o  o p e r a t i v e  t r e a t m e n t  which  

i t  h a s  a lm o s t  c o m p le t e ly  s u p e r c e d e d .  Even i n  f u l l  dosage  th e  

s i d e  a c t i o n s  a r e  l i m i t e d  i n  e x t e n t .

b )  D i s a d v a n t a g e s . T o le r a n c e  to  hexamethonium d e v e lo p s  v e r y  

r a p i d l y .  C o n t in uo u s  p a r e n t e r a l  i n j e c t i o n s  o n ly  a r e  e f f e c t i v e  

i n  t h e  t r e a t m e n t  of  some p a t i e n t s .  The h i g h  a c t i v i t y  r e s t r i c t s  

i t s  a p p l i c a t i o n  to  p a t i e n t s  w i t h  s e v e r e  h y p e r t e n s i o n .  Ora l  

a b s o r p t i o n  i s  u n p r e d i c t a b l e  and i r r e g u l a r .  D ur ing  d rug  a c t i o n  

p o s t u r a l  h y p o t e n s io n  may be s e v e r e  and o c c a s i o n  sudden l o s s  

o f  c o n s c i o u s n e s s .  S ide  a c t i o n s ,  such  as  m y d r i a s i s  and 

c y c l o p l e g i a ,  a re  n o t  u s u a l l y  t r o u b le s o m e ,  b u t  d r y n e s s  of the  

mouth may o c c a s i o n a l l y  n e c e s s i t a t e  w i th d r a w a l  of d o s a g e .  I l e u s  

i s  an  e v e r  p r e s e n t  r i s k  d u r in g  s u s t a i n e d  and p a r t i c u l a r l y  o r a l  

d o s a g e .  While e x c e l l e n t  r e s u l t s  may be o b t a i n e d  w i t h  i n 

p a t i e n t  t r e a t m e n t  w i t h  hexamethonium, r e t u r n  to  a c t i v i t y  i s  

f o l lo w e d  by  a r i s e  i n  th e  b lo o d  p r e s s u r e  d e s p i t e  c o n t in u o u s  

hexamethonium dosage and f u r t h e r  ad m iss io n s  t o  h o s p i t a l  may be 

d e s i r a b l e .  B o th  d u r in g  i n i t i a l  dosage and d u r i n g  m a in ten a n ce  

o f  t r e a t m e n t ,  s k i l l  i s  r e q u i r e d  i n  t h e  s u p e r v i s i o n  o f  p a t i e n t s .  

The drug  i s  u n s u i t a b l e  f o r  p a t i e n t s  a t  home, e x ce p t  u n d e r  v e ry  

f a v o u r a b l e  c i r c u m s t a n c e s ,  and i t  i s  to o  a c t i v e  f o r  th e  t r e a t 

ment o f  p a t i e n t s  w i t h  m i ld  or modera te  d e g re e s  of h y p e r t e n s i o n .
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However, t h e  e x c e l l e n t  r e s u l t s  which  c a n  be o b t a i n e d  

w i t h  a c t i v e  d r u g s  of  t h i s  type a r e  e v id e n c e d  i n  th e  r e v i e w  

by Smirk (195^ )  which  shows th e  n e c e s s i t y  f o r  a s p e c i a l i s e d  

i n t e r e s t  i n  th e  t r e a t m e n t  o f  t h i s  d i s e a s e .

Methonium Homologues

Methonium homologues o f f e r  p o s s i b i l i t i e s  o f  more s a t i s 

f a c t o r y  t r e a t m e n t .  As a r e s u l t  of t h i s  s t u d y ,  p e n t a -  

p y r r o l i d i n i u m  i s  now a v a i l a b l e  a s  a h y p o t e n s iv e  d rug  w i t h  a 

h i g h  d e g re e  o f  a c t i v i t y .

H y d r a l l a z i n e . I n  195° G ross  e t  a l  d e s c r i b e d  the  a c t i o n s  of  

a  number of  compounds of the  p h t h a l a z i n e  s e r i e s  which  t h e y  

fo u n d  p ro d u ced  a slow d e p r e s s i o n  o f  th e  b lo o d  p r e s s u r e  of  

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

and t h e y  had a n t i a d r e n e r g i c  a c t i v i t y .  Of t h e s e  1- h y d r a z i n o -  

p h t h a l a z i n e  was th e  most a c t i v e .  The a c t i v i t y  and t o x i c i t y  

o f  1-  h y d r a z i n o - p h t h a l a z i n e  was s t u d i e d  i n  an im a ls  by C ra v e r  

e t  a l  ( I 9 5 I )  and Walker e t  a l  ( I 9 5 I ) .  F r e i s  and F i n n e r t y  

(1950)  d e m o n s t r a te d  t h a t  t h i s  drug a n t a g o n i s e d  th e  p r e s s o r  

r e s p o n s e  t o  a d r e n a l i n ,  and showed r e l a t i v e l y  l i t t l e  a c t i v i t y  

a g a i n s t  n o r a d r e n a l i n .  They s t u d i e d  the  h y p o t e n s iv e  a c t i o n  

i n  n o rm o te n s iv e  and h y p e r t e n s i v e  p a t i e n t s .  C l i n i c a l  i n v e s t i 

g a t i o n s  were co n du c ted  by Page ( I 9 5 I ) *  S c h ro ed e r  (1952) ,

T a y lo r  e t  a l  ( 1 9 5 2 ) ,  and o t h e r s .  Combined t h e r a p y  w i t h  

hexamethonium has  been  p r a c t i s e d  u s i n g  hexamethonium to  p r o 

duce a marked f a l l  i n  th e  b lo o d  p r e s s u r e  and 1- h y d r a z i n o -  

p h t h a l a z i n e  t o  s u s t a i n  the  e f f e c t  and r e g u l a r i s e  th e  v a r i a t i o n s
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i n  p r e s s u r e  w hich  o c cu r  d u r in g  methonium t r e a t m e n t .  The 

combined a c t i o n  of  t h e s e  d rugs  i s  n o t  w i t h o u t  dangers ,  and 

Grimson e t  a l  (1952)  a d v i s e d  c a u t i o n  i n  t h e i r  a d m i n i s t r a t i o n ,  

recommending h o s p i t a l i s a t i o n  d u r in g  i n d u c t i o n  of  t r e a t m e n t .

D uring  i n v e s t i g a t i o n  i n  t h i s  h o s p i t a l ,  l i t t l e  p l a c e  was 

found  f o r  1- h y d r a z i n o - p h t h a l a z i n e  i n  t r e a t m e n t .  The s i d e  

a c t i o n s  i n  the  form o f  h e a d a c h e ,  n a u s e a ,  and t a c h y c a r d i a  p ro v ed  

t r o u b le s o m e ,  and no s i g n i f i c a n t  advan tag e  was fo u nd  i n  

combin ing  1 - h y d r a z i n o - p h t h a l a z i n e  w i t h  hexamethonium as i t  

p ro d u ce d  l i t t l e  e f f e c t  upon the  b lo o d  p r e s s u r e ,  and newer 

compounds o f  th e  g a n g l i o n  b l o c k i n g  s e r i e s  were  a v a i l a b l e .

Smirk has  been  i n  ag reem en t  w i t h  t h e s e  f i n d i n g s .

ALKALOIDS

R e s e r p i n e . A sh ru b  w i t h  long  s n a k e - l i k e  r o o t s  growing i n  

I n d i a  and South  E a s t  Asia  named R au w o lf ia  s e r p e n t i n a  was 

r e p u t e d  to  have a m e d i c i n a l  v a l u e .  S y s te m a t i c  s t u d y  of  t h i s  

p l a n t  commenced i n  1951 when c r y s t a l l i n e  s u b s t a n c e s  were 

e x t r a c t e d  from i t s  r o o t s ,  and i n  19i|2 B h a t i a  r e p o r t e d  f a v o u r 

a b le  r e s u l t s  i n  the  t r e a t m e n t  of  h y p e r t e n s i o n ,  a more e x t e n s i v e  

s tu d y  b e in g  made by V a k i l  (19U9 ) • A pure  a l k a l o i d  named 

R e s e rp in e  was e x t r a c t e d  by M u l le r  e t  a l  (1952)* There have 

been  many o b s e r v a t i o n s  upon the  e f f e c t s  of e x t r a c t s  o f  

R au w o lf ia  i n  th e  t r e a t m e n t  of  h y p e r t e n s i o n ,  such  a s  t h o s e  of  

W i lk in s  ( I 9 5 3 ) ,  Doyle and Smirk (I95I4),  and J o i n e r  and Kauntze  

(I95I4 )• T h is  drug i s  supposed  t o  a c t  by d e p r e s s i n g  th e  b lo o d
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p r e s s u r e  r e g u l a t i n g  c e n t r e s  i n  the  h y p o th a la m u s ,  and i s  s a i d  

t o  p roduce  a f a l l  i n  b l o o d  p r e s s u r e  t o  a  u s e f u l  e x t e n t  i n  

50$ o f  p a t i e n t s  t r e a t e d .  The main s i d e  a c t i o n  i s  b r a d y c a r d i a ,  

b u t  Doyle and Smirk have n o t e d  f l u s h i n g ,  n a s a l  c o n g e s t i o n ,  

v e r t i g o ,  v o m i t in g  and d i a r r h o e a  d u r in g  heavy  d o s a g e .  The 

e u p h o r i c  a c t i o n  o f  t h i s  d rug  has  been  employed i n  t h e  t r e a t m e n t  

of  p a t i e n t s  w i t h  m e n ta l  d i s e a s e .  Doyle and Smirk have com

b i n e d  R e s e rp in e  w i t h  p e n t a p y r r o l i d i n i u r n  i n  th e  t r e a t m e n t  of  

h y p e r t e n s i o n  w i t h  p ro m is in g  r e s u l t s .

I n  v iew of  th e  h i s t o r y  of  the  development  of R e s e rp in e  

and i t s  u n s a t i s f a c t o r y  p h a r m a c o lo g ic a l  s t a t e  o f  i n v e s t i g a t i o n ,  

t h i s  d rug  was a p p l i e d  w i t h  c a u t i o n  i n  th e  t r e a t m e n t  of  a 

number o f  p a t i e n t s ,  and th e  r e s u l t s ,  d e s p i t e  i n v e s t i g a t i o n  

which  l a c k e d  op t im ism ,  a p p e a re d  t o  i n d i c a t e  a p o s s i b l e  u s e 

f u l n e s s  f o r  R e s e rp in e  i n  th e  management of p a t i e n t s  w i t h  t h e  

l e s s  s e v e r e  g r a d e s  of  h y p e r t e n s i o n .

V era t rum  A lk a lo i d s  The a c t i o n s  of  v e r a t r i n e ,  a l k a l o i d a l  

e x t r a c t s  o f  Green H e l l b o r e ,  have been  s u b j e c t e d  t o  a  pharma

c o l o g i c a l  s t u d y  of some d u r a t i o n .  I n  19^9 S tu tzm an e t  a l  

p r e p a r e d  a l k a l o i d  e x t r a c t s  of  h y p o te n s iv e  a c t i v i t y ,  r e p o r t i n g  

t h e  f i n d i n g s  i n  g r e a t e r  d e t a i l  i n  1951- The f i n a l  e x t r a c t  

t h e y  named V e r i l o i d .  This  a l k a l o i d  p ro d u ces  a d e p r e s s i o n  o f  

th e  b lo o d  p r e s s u r e  by a c e n t r a l  d e p r e s s a n t  a c t i o n  upon th e  

h y p o th a lam u s ,  and by s t i m u l a t i n g  t h e  v a g a l  p e r i p h e r a l  s e n s o r y  

r e c e p t o r s ,  t h u s  t h r o u g h  a r e f l e x  a r c  p ro d u c in g  b r a d y c a r d i a  

and p e r i p h e r a l  v a s o d i l a t i o n .  I t  has  no a d r e n e r g i c  b l o c k i n g
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p r o p e r t i e s .  The main s i d e  a c t i o n  i s  i r r i t a t i o n  o f  th e  

g a s t r i c  vagus w i t h  t h e  p r o d u c t i o n  o f  n a u se a  and v o m i t i n g .  I t  

h a s  b e en  u se d  e x t e n s i v e l y  i n  the  t r e a t m e n t  o f  h y p e r t e n s i o n ,  

i t s  e f f e c t s  h a v in g  b een  n o t e d  by Kauntze and Trounce ( 1^ 1 ) ,  

W i lk in s  e t  a l  (19l}.9 )> ai*d o t h e r s .  R e c e n t l y  i t  has  b e e n  u sed  

i n  c o m b in a t io n  w i t h  R e s e rp in e  by J o i n e r  and Kauntze  (195U ) • 

D ur ing  i n v e s t i g a t i o n  of  t h i s  d rug  p e r s o n a l l y ,  i t  was found  

t h a t  a marked h y p o t e n s iv e  a c t i o n  c o u ld  be o b t a i n e d  i n  some 

p a t i e n t s ,  b u t  i n  th e  m a j o r i t y  the  e f f e c t  upon th e  b lo o d  p r e s s u r e  

was l i m i t e d  by p ro fo u n d  n a u sea  and o c c a s i o n a l  v o m i t i n g .  

H yd ro g en a ted  A l k a l o i d s  of  E r g o t .  The a l k a l o i d s  o f  e r g o t  a r e  

known f o r  t h e i r  c o n s t r i c t o r  a c t i o n  on smooth m u s c le ,  and t h e i r  

p r o d u c t i o n  o f  v a s o c o n s t r i c t i o n .  They have a weak s y m p a th i c o -  

l y t i c  a c t i o n  which  i s  o b sc u red  by t h e i r  main a c t i v i t i e s .  I n  

191*9 R o t h l i n  and C e r l e t t i  d e m o n s t r a te d  t h a t  th e  h y d r o g e n a t e d  

a l k a l o i d s  were c a p a b le  of  o b s t r u c t i n g  th e  v a s o c o n s t r i c t o r  

a c t i o n s  of  t h e  p a r e n t  a l k a l o i d s .  A m ix tu re  of the t h r e e  

h y d r o g e n a te d  a l k a l o i d s  or e r g o t ,  D .H.0 . 180, D .C .S .9 0 ,  and 

B .H .K . I 3 5 ,  have been  employed i n  t h e  t r e a tm e n t  of h y p e r t e n s i o n  

as  th e  p r e p a r a t i o n  h y d e rg in e  (C .C .K .179)* The a c t i o n s  of 

t h e s e  a l k a l o i d s  i n  man have been  s t u d i e d  e x t e n s i v e l y  by Goetz  

(19U9 a nd I 9 5 I ) ,  Goetz  and Katz (19U9 )> H a f k e n s c h i e l  e t  a l  

(T95°)> a nd o t h e r s .  Hyderg ine  p ro du ces  a f a l l  i n  the  b lo o d  

p r e s s u r e  by a c e n t r a l  d e p r e s s a n t  a c t i o n ,  b u t  i t s  main 

a c t i v i t y  i s  th e  p r o d u c t i o n  of v a s o d i l a t i o n .  E x p e r i e n c e  of
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t h i s  d ru g  i n d i c a t e d  t h a t  th e  f a l l  i n  b lo o d  p r e s s u r e  was 

se ldom a d e q u a te  f o r  t h e  t r e a tm e n t  of  s e v e r e  h y p e r t e n s i o n .  

Nausea  and headache  were found  t o  be  t ro u b le so m e  s i d e  

a c t i o n s .

Dibenamine T h is  d ru g  and i t s  a n a l o g u e s ,  by a d r e n e r g i c  

i n h i b i t i o n ,  may cause  a f a l l  i n  th e  b lo o d  p r e s s u r e ,  b u t  

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

o f  phaechromocytoma*
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CLINICAL T R IA L OP P fiMT A PYRRO L ID  IHIUM

P e n t a p y r r o l i d i n i u m  was a p p l i e d  i n  th e  t r e a t m e n t  o f  t h r e e  

g ro u p s  o f  p a t i e n t s .

1 . P a t i e n t s  u n de r  t r e a t m e n t  w i t h  hexamethonium.

S ix ty - tw o  p a t i e n t s  were s e l e c t e d .  These p a t i e n t s  were 

s u f f e r i n g  from s e v e r e  h y p e r t e n s i o n  and t h e i r  i n v e s t i g a t i o n  

and t r e a t m e n t  were d e s c r i b e d  p r e v i o u s l y  w i t h  Graham and 

Campbell  (1952) .  D ur ing  o u t p a t i e n t  management t h e i r  p r e s s u r e  

l e v e l s  had  r i s e n  d e s p i t e  p a r e n t e r a l  and o r a l  hexamethonium, 

w i t h  r e c u r r e n c e  o f  symptoms and s i g n s .  In  e v e r y  c ase  

p a r e n t e r a l  p e n t a p y r r o l i d i n i u m  dosage r e a c h i n g  a maximum of  

be tw een  100 -  200 mg. p e r  day c o n t r o l l e d  t h e i r  b lo o d  p r e s s u r e  

l e v e l s .  I t  was found t h a t  a s u i t a b l e  t e s t  dose was  ̂ o f  

c a t i o n  s u b c u t a n e o u s l y , and f o l l o w i n g  t h i s ,  c o n t in u o u s  dosage 

was employed commencing w i t h  10 mg. morning and n i g h t .  The 

m a j o r i t y  o f  p a t i e n t s  r e s p o n d e d  w e l l  t o  dosage of  ijO mg. tw ice  

d a i l y .  In  a c c o rd a n c e  w i t h  th e  e x p e r i e n c e  o f  Smirk (195^ )> a 

s i n g l e  morning dose o f  1+0 -  100 mg. o f  p e n t a p y r r o l i d i n i u m  i n  

p o l y v i n y l p y r r o l i d o n e  was o f t e n  found  s u f f i c i e n t .  O ra l  dosage  

was found  t o  be p r a c t i c a l  i n  t w e n t y - s i x  of  t h e s e  p a t i e n t s ,  and 

c o n s i s t e d  o f  i n i t i a l l y  I4O mg. t a b l e t s  i n  dosage r i s i n g  to  on e ,  

f o u r  t im es  a day .  E leven  p a t i e n t s  r e q u i r e d  t r e a t m e n t  w i t h  

200 mg. t a b l e t s ,  a maximum dose of  one ,  f o u r  t im es  a day 

b e in g  r e q u i r e d .  In  common w i t h  th e  e x p e r i e n c e  w i t h  h e x a 

methonium, t o l e r a n c e  was found to  d e v e lo p  over  a p e r i o d  o f  s i x
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weeks t o  t h r e e  m on ths ,  b u t  contro^l o f  p r e s s u r e  l e v e l s  was 

s t i l l  p o s s i b l e  by w i th d ra w in g  dosage f o r  a p e r i o d  o f  t h r e e  

months o r  more and t h e n  b e g in n i n g  a g a i n ,  i n  some c a s e s  

a l t e r n a t i n g  t r e a t m e n t  w i t h  hexamethonium, c r o s s  t o l e r a n c e  

b e i n g  n e g l i g i b l e .

The d e p r e s s i o n  o f  the  b lo o d  p r e s s u r e  o b t a i n e d  w i t h  

p e n t a p y r r o l i d i n i u m  was much more s t a b l e  t h a n  t h a t  o b t a i n e d  

w i t h  hexamethonium, and marked e l e v a t i o n s  of  p r e s s u r e  i n  

r e s p o n s e  t o  em ot ion  d id  n o t  o c c u r .  The d u r a t i o n  o f  i n d i v i d u a l  

d ose s  was l o n g e r ,  v a r y i n g  be tween f o u r  and  tw e lv e  h o u r s .  S ide  

a c t i o n s  were e x p e r i e n c e d .  Dryness  of  t h e  mouth was seldom 

t r o u b le s o m e ,  b u t  m y d r i a s i s  was found i n  f i f t y - s e v e n  of t h e s e  

p a t i e n t s ,  and i n  s e v e n t e e n  t h i s  was accompanied  by c y c l o p l e g i a .  

An u n u s u a l  f e a t u r e  was o c c u r r e n c e  o f  d i a r r h o e a  which  n e c e s s i t a t 

ed w i th d r a w a l  o f  t h i s  d rug  i n  s e v e n te e n  of  t h e  p a t i e n t s  t r e a t e d .  

F o u r t e e n  p a t i e n t s  com pla ined  o f  m en ta l  d e p r e s s i o n .

The r e s u l t s  a re  i n  ag reem en t  w i t h  t h o s e  d e s c r i b e d  by 

Smirk (195if) who r e g a r d s  p e n t a p y r r o l i d i n i u m  as a d e f i n i t e  

improvement ove r  hexamethonium i n  th e  management o f  h y p e r 

t e n s i v e  c a s e s .

2 . H y p e r t e n s i o n  t r e a t e d  w i t h  p e n t a p y r r o l i d i n i u m .

T w e n ty - th re e  p a t i e n t s  w i t h  h y p e r t e n s i o n  w i t h  s e v e re  s i g n s  

and symptoms were t r e a t e d  w i t h  p e n t a p y r r o l i d i n i u m  f rom  th e  

f i r s t  a d m i s s i o n .  The d u r a t i o n  o f  t r e a t m e n t  v a r i e d  be tw een  

f o u r  and e i g h t e e n  m onths .  P e n t a p y r r o l i d i n i u m  was found  to  

be a c t i v e  and s a f e r  to  u s e .  Overdosage p roduced  l e s s  r i s k
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t o  l i f e  t h a n  i n  th e  c a se  of  hexamethonium. e . g .

A male p a t i e n t  age 51 y e a r s ,  was a d m i t t e d  i n  e a r l y  

c o n g e s t i v e  f a i l u r e  w i t h  a b lo o d  p r e s s u r e  o f  260 /1 6 0  mm.

A t e s t  dose o f  5 mg* o f  p e n t a p y r r o l i d i n i u m  was p r e s c r i b e d  

and due to  a c o n f u s i o n  ove r  th e  s t r e n g t h  of  t h e  s o l u t i o n ,

50 mg. was g iv e n  i n t r a m u s c u l a r l y .  T h is  r e p r e s e n t e d  an 

e q u i v a l e n t  o f  be tw een  250 -  ^00 mg. o f  hexamethonium -  

a p p ro a c h in g  500 -  1,000 mg. o f  the  bromide s a l t .  The 

p a t i e n t  was k e p t  r e c u m b e n t .  His b lo o d  p r e s s u r e  f e l l  t o  

I3O/9O and d id  n o t  commence r i s i n g  u n t i l  36 h o u r s  l a t e r ,  

r e a c h i n g  23O/I3O 60 h o u r s  a f t e r  the  drug d o s a g e .  At no 

t ime were h y p o t e n s iv e  symptoms e x p e r i e n c e d ,  c a r d i a c  

em bar rassm en t  was n o t  a p p a r e n t ,  and t h e r e  was no i n t e r f e r e n c e  

w i t h  f l u i d  o u t p u t .  N o r a d r e n a l i n  was a v a i l a b l e  as  an a n t i 

d o t e ,  b u t  t h e r e  was no i n d i c a t i o n  f o r  i t s  a d m i n i s t r a t i o n .

To a l e s s  e x t e n t  t h i s  e x p e r i e n c e  a p p l i e d  i n  t h e  t r e a t m e n t  

o f  p a t i e n t s  g e n e r a l l y .  Overdosage was shown by t h e  p r o d u c t i o n  

o f  v e r t i g o ,  and the  p a t i e n t s  th em se lv e s  d u r i n g  o u t p a t i e n t  

o b s e r v a t i o n  were o f t e n  a b le  t o  a d j u s t  t h e i r  dosage to  below 

the  t h r e s h o l d  o f  p r o d u c t i o n  of  t h i s  h y p o te n s iv e  symptom w i t h  

s a f e t y ,  i n  c o n t r a s t  to  the  sudden l o s s  o f  c o n s c i o u s n e s s  

e x p e r i e n c e d  d u r in g  f u l l  dosage o f  hexamethonium. Side a c t i o n s  

were tho se  d e s c r i b e d  above .

5* M al ig n a n t  h y p e r t e n s i o n

&ine o f  th e  p a t i e n t s  r e c o r d e d  w i t h  m a l ig n a n t  h y p e r t e n s i o n
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were t r e a t e d  w i t h  p e n t a p y r r o l i d i n i u m .  A much more 

s a t i s f a c t o r y  c o n t r o l  o f  t h e i r  b lo o d  p r e s s u r e  l e v e l s  was 

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

o f  th e  p a t i e n t s  w i t h  p r im a ry  m a l ig n a n t  h y p e r t e n s i o n .

However th o s e  w i t h  c h r o n i c  m a l ig n a n t  h y p e r t e n s i o n  d e v e lo p ed  

t o l e r a n c e  d u r in g  t h e  lo n g e r  a d m i n i s t r a t i o n  of t h i s  d ru g .

Pheny ld im ethon ium  was a p p l i e d  i n  the  t r e a t m e n t  of 

tw e n ty -o n e  p a t i e n t s ,  some o f  whom had b e en  t r e a t e d  p r e v i o u s l y  

w i t h  hexamethonium, p e n t a p y r r o l i d i n i u m ,  or  b o t h .  I t s  a c t i o n  

i n  d e p r e s s i n g  th e  b lo o d  p r e s s u r e  was l e s s  c o n s i s t e n t  t h a n  

t h a t  o f  p e n t a p y r r o l i d i n i u m ,  b u t  s i d e  e f f e c t s  were l e s s  and 

were  composed a lm o s t  e n t i r e l y  o f  m y d r i a s i s .  P h e n y l d i -  

methonium a p p e a r s  to  occupy a p o s i t i o n  i n t e r m e d i a t e  be tw een  

hexamethonium and p e n t a p y r r o l i d i n i u m ,  and a l t h o u g h  i t  was 

foun d  u s e f u l  i n  e n a b l i n g  a f u r t h e r  v a r i a t i o n  of  th e  h y po 

t e n s i v e  a g e n t  employed ,  f r e q u e n t  use  was n o t  i n d i c a t e d .
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MALIGNANT HYPERTENSION

H y p e r t e n s i o n  of  th e  m a l ig n a n t  ty pe  i s  uncommon. I t  i s  

c h a r a c t e r i s e d  by  t h e  a p p ea ra n c e  of  p a p i l l o e d e m a ,  which  

d i f f e r e n t i a t e s  i t  f rom  h y p e r t e n s i o n  i n  b e n ig n  fo rm  and i s  an  

ominous p r o g n o s t i c  s i g n .

I n  1926 K e i t h  and Wagoner p r e s e n t e d  s t u d i e s  upon th e  

f u n d a l  changes  of  a number of  p a t i e n t s  w i t h  sev e re  h y p e r 

t e n s i o n  t o  th e  American Ophthalmic A s s o c i a t i o n ,  and i n  1928 

t h e y  d e f i n e d  m a l i g n a n t  h y p e r t e n s i o n  as  c h a r a c t e r i s e d  by 

s e v e r e  h y p e r t e n s i o n  and f u n d a l  changes  i n  th e  form of 

h a e m o r rh a g e s ,  e x u d a t e s ,  a l t e r a t i o n s  i n  the  a p p e a ra n c e  i n  the  

r e t i n a l  a r t e r i e s ,  and e s s e n t i a l l y  p a p i l l o e d e m a .  D e s p i t e  the  

e a r l y  r e c o g n i t i o n  of  th e  m a l ig n a n t  phase  o f  h y p e r t e n s i o n  by 

Janeway i n  I 9 I 5 ,  &hd V o lh a rd  and Fahr  i n  1915* s t u d y  by 

K e i t h  and vYagener p ro d uced  th e  f i r s t  r e c o g n i t i o n  of  th e  

a s s o c i a t i o n  of p a p i l lo e d e m a  w i t h  r a p i d l y  f a t a l  h y p e r t e n s i v e  

d i s e a s e .

D e s p i t e  i t s  r e l a t i v e l y  i n f r e q u e n t  o c c u r r e n c e ,  m a l ig n a n t  

h y p e r t e n s i o n  h as  a t t r a c t e d  a t t e n t i o n  b eca u se  p r o g r e s s  i s  

o f t e n  r a p i d ,  changes  t a k i n g  p l a c e  i n  weeks o r  months which  

may occur  i n  a s i m i l a r  number of  y e a r s  i n  p a t i e n t s  w i t h  

b e n ig n  h y p e r t e n s i o n .  The v a s c u l a r  r e s p o n s e  i s  d i f f e r e n t  

i n  t h a t  the  r i s e  i n  p r e s s u r e  i s  so r a p i d  t h a t  a r t e r i a l  

f i b r o s i s  and a r t e r i o l a r  f i b r i n o i d  change i s  r e p l a c e d  by an 

a c u t e  a r t e r i o l i t i s . A l though many p a t i e n t s  d i e  f rom
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c e r e b r a l  v a s c u l a r  c a t a s t r o p h e s ,  n o t  uncommonly th e  t e r m i n a t i o n  

i s  due t o  r e n a l  f a i l u r e .

Many s e r i e s  o f  c a s e s  have been  r e p o r t e d  such  a s  t h o s e  by 

E l l i s  ( I 9 3 8 ) ,  Page (1939) anc3 S c h o t t s t a e d t  and  Sokolow (1953 )> 

and W ilson  (1953) ka s  drawn p a r a l l e l s  w i t h  t h e  e x p e r i m e n t a l  

p r o d u c t i o n  o f  h y p e r t e n s i o n  i n  a n im a l s .

I n  the  c l i n i c a l  s t u d i e s  f rom  which d a t a  h as  been  

a c c u m u la t e d ,  i t  ha s  b e en  e s p e c i a l l y  d i f f i c u l t  to  d e te r m in e  th e  

p r o g n o s i s  i n  t h i s  g roup  of  p a t i e n t s .  In  many, t h e  d i s e a s e  

p r o g r e s s e s  t o  a f a t a l  t e r m i n a t i o n  w i t h i n  a few m onths .  In  

some young p a t i e n t s  a p p a r e n t l y  h a v in g  the  d i s e a s e  i n  the  a c u te  

fo rm ,  l i f e  ha s  e x te n d e d  to  s e v e r a l  y e a r s .  A number of  p a t i e n t s  

have had  sp o n ta n e o u s  r e m i s s i o n s  w i t h  d i s a p p e a r a n c e  of  

p a p i l l o e d e m a ,  and some have e n jo y e d  a normal d u r a t i o n  o f  l i f e .

Owing t o  th e  i n f r e q u e n t  o c c u r re n c e  o f  t h i s  c o n d i t i o n ,  

r e p o r t s  upon th e  r e s p o n s e  t o  t r e a t m e n t  w i t h  g a n g l i o n  b l o c k i n g  

a g e n t s  have been  few and upon i s o l a t e d  c a s e s ,  and i t  has  n o t  

b een  p o s s i b l e  t o  draw any c o n c l u s i o n s  from them. D ur ing  th e  

l a s t  f o u r  y e a r s ,  s i x t e e n  p a t i e n t s  have b e en  t r e a t e d  a t  P a i s l e y  

w i t h  methonium compounds. This  number has  been  j u s t  

s u f f i c i e n t  t o  a f f o r d  an a n a l y s i s  o f  th e  r e s p o n s e  to  t r e a t m e n t ,  

and t o  s u g g e s t  s u b - d i v i s i o n  o f  p a t i e n t s  w i t h  m a l i g n a n t  h y p e r 

t e n s i o n  i n t o  two main g r o u p s ,  the  f i r s t  o f  which may a g a i n  be 

d i v i d e d .

In  e i g h t  o f  t h e  p a t i e n t s  the  m a l ig n a n t  h y p e r t e n s i o n  

f o l lo w e d  h y p e r t e n s i o n  of  many y e a r s  d u r a t i o n  a s  e v id e n c e d  by
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h i s t o r y  and o b s e r v a t i o n  a t  home, and d u r i n g  h o s p i t a l  i n v e s t i 

g a t i o n .  These p a t i e n t s  t en d e d  to  be o f  a  r a t h e r  o l d e r  age 

g roup  whose ages  r a n g e d  f rom  39 -  59 y e a r s .  The h e a r t  was 

found  to  be e n l a r g e d  c l i n i c a l l y  and r a d i o l o g i c a l l y  i n  r e s p o n s e  

to  th e  l o a d  imposed by c h r o n i c  h y p e r t e n s i o n ,  e l e c t r o c a r d i o 

g r a p h i c  changes  e v id e n c e d  l e f t  v e n t r i c u l a r  s t r a i n  and h y p e r 

t r o p h y .  V a s c u la r  changes  o f  s c l e r o t i c  type  were p r e s e n t ,  

r e n a l  f u n c t i o n  was good and a lb u m i n u r i a  i n f r e q u e n t .  The f u n d i  

showed r e t i n a l  a r t e r i o s c l e r o s i s  and a l a t e  p i c t u r e  o f  waxy 

h y a l i n e  e x u d a t e s  w i t h  c h r o n i c  p a p i l l o e d e m a .  F r e s h  h a e m o r r 

h ages  and w o o l ly  e x u d a t e s  were o b se rved  a t  some p o i n t  d u r in g  

th e  c o u rs e  o f  the  d i s e a s e  and tended t o  r e s o l v e  d u r in g  t r e a t 

m ent .  P a p i l lo e d e m a  r e g r e s s e d  d u r in g  t r e a t m e n t  a l s o ,  b u t  

o p t i c  a t r o p h y  t e n d e d  t o  be p r o g r e s s i v e .  These p a t i e n t s  

g e n e r a l l y  p r e s e n t e d  w i t h  s i g n s  and symptoms due t o  c a r d i a c  

f a i l u r e .  T h e i r  r e s p o n s e  to  t r e a t m e n t  w i t h  h y p e r t e n s i v e  d ru gs  

was good and t h e  p r o g n o s i s  e x te n d e d  to  f o u r  y e a r s  o r  more.

F iv e  p r e s e n t e d  d i f f i c u l t i e s  i n  o u t p a t i e n t  management.  When 

th ey  r e t u r n e d  to  work i t  was found  to  be im p o s s ib l e  t o  c o n t r o l  

a d e q u a t e l y  t h e i r  p r e s s u r e  l e v e l s  as  o u t p a t i e n t s .  Two p a t i e n t s  

i n  t h i s  g roup  have d i e d .  In  the  f i r s t ,  a woman o f  Ĵ lj. y e a r s ,  

c e r e b r a l  v a s c u l a r  changes had been  r e s p o n s i b l e  f o r  m en ta l  

d e t e r i o r a t i o n  p r i o r  t o  a d m is s io n  to  h o s p i t a l .  When a d m i t te d  

w i t h  h e a r t  f a i l u r e  a good r e s p o n s e  was o b t a i n e d  t o  dosage  of  

p e n t a p y r r o l i d i n i u m ,  w i t h  d e c r e a s e  i n  h e a r t  s i z e  and marked
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improvement i n  e l e c t r o c a r d i o g r a p h i c  c h a n g e s .  However she 

i n s i s t e d  upon r e t u r n i n g  home and d i s c o n t i n u i n g  t r e a t m e n t ,  

and d i e d  t h r e e  months a f t e r  i r r e g u l a r  d i s c h a r g e .  Renal  

f a i l u r e  o c c u r r e d  i n  th e  second  c a s e ,  a male of  59 y e a r s ,  the  

d i s e a s e  a ssum ing  a f u l m i n a t i n g  form and f a i l i n g  t o  r e s p o n d  

t o  t r e a t m e n t .

To t h i s  g roup  th e  te rm  ^ m a l ig n a n t  p h a s e ” has  been  a p p l i e d  

i n  t h a t  t h e s e  p a t i e n t s  have had h y p e r t e n s i o n  f o r  s e v e r a l  y e a r s  

and t h e i r  p r e s s u r e  h a s  r i s e n  s lo w ly  t o  u n s u p p o r t a b l e  l e v e l s .

The c a r d i o v a s c u l a r  sy s tem  has  been  r e i n f o r c e d  and r e n a l  

i n s u f f i c i e n c y  i s  an  uncommon form of d e a t h .  T rea tm en t  of 

t h i s  group by  g e n e r a l  m easures  o f  r e s t  and s e d a t i o n ,  t o g e t h e r  

w i t h ,  i f  p o s s i b l e ,  some r e d u c t i o n  i n  th e  p r e s s u r e  l e v e l  by 

h y p e r t e n s i v e  d rugs  was f o l lo w e d  by an i n d e t e r m i n a t e  p e r i o d  of  

l i f e  e x p e c t a t i o n .

In  th e  second  group i n  which  t h e  p a t i e n t s  were g e n e r a l l y  

r a t h e r  y o u n g e r ,  s e v e re  h y p e r t e n s i o n  was of  r e c e n t  o n s e t .  No 

e v id e n c e  of  a r t e r i o s c l e r o s i s  was p r e s e n t  and c a r d i a c  e n l a r g e 

ment was n o t  d e m o n s t r a b le  d u r i n g  i n i t i a l  e x a m in a t io n ,  b u t  

o c c u r r e d  i n  some c a s e s  a f t e r  s e v e r a l  m onths .  The f u n d i  

showed f r e s h  haem orrhages  and w o o l ly  e x u d a t e s  w i t h  p a p i l l 

oedema. This  group i n c lu d e d  p a t i e n t s  w i t h  a h i s t o r y ,  r e n a l  

changes  s u g g e s t i v e  o f ,  and pos t -m or tem  f i n d i n g s  c o n f i r m i n g ,  

g l o m e r u l o - n e p h r i t i s . Four  p a t i e n t s  had no h i s t o r y  of r e n a l  

d i s e a s e ,  showed no ev id e n ce  of r e n a l  im p a i rm e n t ,  and were found
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to  have p o s t  mortem changes  c o n s i s t e n t  w i t h  a d i a g n o s i s  of 

m a l i g n a n t  h y p e r t e n s i o n .  Al l  the  e i g h t  p a t i e n t s  i n  t h i s  

g roup  d i e d  i n  u ra e m ia  w i t h  a marked hypochromic  a n aem ia .

T h e i r  r e s p o n s e  to  t r e a t m e n t  co n f i rm ed  the  i n d i c a t i o n  f o r  

s u b d i v i d i n g  t h i s  g roup  i n t o  th o se  p a t i e n t s  who had  r e n a l  

d i s e a s e  and th o se  who may be c o n s i d e r e d  t o  have had a p r im a r y  

m a l i g n a n t  h y p e r t e n s i o n .  Of th o se  w i t h  h y p e r t e n s i o n  of  r e n a l  

o r i g i n ,  one d i e d  i n  u raem ia  w i t h i n  twelve  days of o b s e r v a t i o n ,  

no t r e a t m e n t  o t h e r  t h a n  p a l l i a t i v e  b e in g  p o s s i b l e .  He has  

b e en  i n c l u d e d  as  a r e n a l  case  b u t  d i f f e r e n t i a t i o n  from  p r im a ry  

m a l i g n a n t  h y p e r t e n s i o n  i s  n o t  p o s s i b l e .  Of th e  o t h e r  t h r e e ,  

use  o f  hexamethonium o r  p e n t a p y r r o l i d i n i u m  w i t h  r e s t o r a t i o n  

of low l e v e l s  o f  p r e s s u r e  has  p o s s i b l y  ex te n d ed  th e  p r o g n o s i s  

to  l i v i n g  f o u r  y e a r s  and t h r e e  y e a r s ,  th e  t h i r d  b e in g  s t i l l  

a l i v e  a t  t h r e e  y e a r s .  P r o g r e s s i v e  r e n a l  f a i l u r e  o c c u r r e d  

s lo w ly  w i t h  a r i s i n g  b lo o d  u r e a .  The r e s p o n s e  o f  th e  

p a t i e n t s  w i t h  p r im a ry  m a l ig n a n t  h y p e r t e n s i o n  was p a r t i c u l a r l y  

d i s a p p o i n t i n g  as t h i s  group p r e s e n t e d  w i t h  g r o s s  v i s u a l  im

p a i r m e n t .  Complete symptomatic  r e l i e f  f o l lo w e d  r e s t o r a t i o n  

o f  the  b lo o d  p r e s s u r e  i n  a l l  c a s e s  t o  normal  l e v e l s  by 

i n t e n s i v e  a p p l i c a t i o n  of  g a n g l i o n  b l o c k i n g  d r u g s .  However 

d e s p i t e  c o n t r o l  o f  th e  b lo o d  p r e s s u r e ,  r e n a l  f a i l u r e  was p r o 

g r e s s i v e  and an e x t e n s i o n  t o  the  l i f e  e x p e c t a t i o n  was d u b io u s .
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Study  of t h e  p r e v i o u s  s e r i e s  o f  c a s e s  w h ich  have been  

p u b l i s h e d  s u g g e s t  a c o n f i r m a t i o n  of the  v a l u e  o f  t h i s  

c l a s s i f i c a t i o n  i n  d e t e r m i n i n g  the  p r o g n o s i s .  The sm a l l  

g roup  o f  p a t i e n t s  w i t h  p r im a ry  m a l ig n a n t  h y p e r t e n s i o n  i s  

com parab le  w i t h  c e r t a i n  p a t i e n t s  which  have b e en  e n c o u n t e r e d  

by Smithwick  (I9I1.8) and o t h e r s ,  i n  whom v a s c u l a r  d e g e n e r a t i o n  

and r e n a l  f a i l u r e  has  p r o g r e s s e d  d e s p i t e  o p e r a t i v e  t r e a t m e n t .

\
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MECHANISMS INVOLVED IN THE PRODUCTION OP PEPTIC ULCERATION

There a r e  a number of  mechanisms c o n c e rn e d  i n  t h e

s t i m u l a t i o n  and i n h i b i t i o n  of  g a s t r i c  s e c r e t o m o t o r  a c t i v i t y .

L oca l  r e f l e x e s  and hum era l  s e c r e t i o n s  a r e  i n v o l v e d ,  and the
/

p a r a s y m p a t h e t i c  ne rv o u s  sys tem  p r o v id e s  motor  im p u l s e s .  I t  

i s  r e c o g n i s e d  t h a t  du od en a l  u l c e r a t i o n  i s  a s s o c i a t e d  w i t h  

h y p e r c h l o r h y d r i a  d u r i n g  th e  i n t e r d i g e s t i v e  phase  o f  s e c r e t i o n ,  

due to  e x c e s s i v e  v a g a l  t o n e .

A. c o r t i c a l  c e n t r e  f o r  g a s t r i c  f u n c t i o n  has  n o t  been

l o c a l i s e d ,  a l t h o u g h  Wolf and Wolff  (19I42) have c l e a r l y  

d e m o n s t r a t e d  t h a t  e m o t io n a l  d i s t u r b a n c e  i s  f o l lo w e d  by g a s t r i c  

o v e r a c t i v i t y .  I l l i n g w o r t h  (1953)  r e c o g n i s e d  a h y p o th a la m ic  

c e n t r e .  F u r t h e r  r e l a y  s t a t i o n s  e x i s t  i n  th e  m e d u l l a r y  n u c l e u i  

and f rom  t h e s e  s e c r e t o m o t o r  im p u lse s  a r e  d i s t r i b u t e d  by the  

v a g a l  n e r v e s .  The r e s p o n s e  of  t h i s  mechanism was f i r s t  

i m p l i c a t e d  by  Pav lov  and Schumova-Simenowskaja ( 1 8 9 9 )  wk °  

d e m o n s t r a t e d  the  g a s t r i c  s e c r e t o r y  r e s p o n s e  t o  fo o d  c o u ld  be 

m o d i f i e d  by  vagotomy. G a s t r i c  d e la y  i n  emptying  and 

d i l a t a t i o n  f o l l o w i n g  vagotomy i n  a n im a ls  were f i r s t  d e s c r i b e d  

by S t a r c k  ( I 9 0 I 4 ) ,  and B ea l  and Dineen ( 195 ° )  have d e m o n s t r a t e d  

s i m i l a r  f i n d i n g s  i n  man. A d e p r e s s i o n  of  s e c r e t i o n  a l s o  was 

d e m o n s t r a te d  by  Shay e t  a l  ( 19 i | 7 ) *  Woodward e t  a l  ( 1 9 ) 4 9 )  

have c o n f i rm e d  t h a t  v e ry  comple te  s u r g i c a l  d i v i s i o n  of th e  

vagus i s  n e c e s s a r y  t o  produce  i n h i b i t i o n  o f  g a s t r i c  a c t i v i t y ,  

and J e f f e r s o n  e t  a l  ( 1 9 5 0 )  have i n d i c a t e d  t h a t  the  p o s t e r i o r
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n e rv e  i n  t h e  dog c a r r i e s  th e  s e c r e t o m o t o r  f i b r e s .  E x p e r im e n ta l  

d i v i s i o n  o f  t h e  vagus  i s  f o l lo w e d  a f t e r  a v a r i a b l e  p e r i o d  of  

time by  r e c o v e r y  of  g a s t r i c  f u n c t i o n ,  a s  ha s  been  shown by 

M ach e l la  and L orber  (191*8 ) ,  who su g g e s t e d  the  deve lopm ent  of  

o t h e r  pa thways or  mechanisms.  The a c t i o n  of  h i s t a m i n e  i s  

p e r i p h e r a l  t o  t h a t  o f  the  v a g u s ,  and as  Beaver  and Mann ( I 9 3 I )  

have shown, a Mann-Will iamson (1923) u l c e r a t i o n  can  s t i l l  be 

p ro d u ce d  a f t e r  vagotomy, a l t h o u g h  L i l l e h e i  e t  a l  (I95O) fo u nd  

a m o d i f i e d  r e s p o n s e  t o  h i s t a m i n e  f o l l o w in g  vagotomy.

The h y p o t h e s i s  a t  p r e s e n t  a c c e p t e d  su g g e s t s  t h a t  g a s t r i c  

s e c r e t i o n  i s  invoked  i n i t i a l l y  by the  upper  c e n t r e  s t i m u l a t i o n ,  

c o n t i n u e d  by  l o c a l  s t i m u l a t i o n  by th e  fo o d  i n g e s t e d ,  and 

t e r m i n a t e d  by a hum era l  mechanism such  as  e n t e r o g a s t r o n e . The 

c e n t r a l  s t i m u l a t i o n  i s  p r o v id e d  by a r e f l e x  a r c  i n i t i a t e d  by 

s i g h t ,  s m e l l  and t a s t e ,  t o g e t h e r  w i t h  p sy c h ic  f a c t o r s .

D r a g s t e d t  e t  a l  ( I9I49) d e m o n s t r a te d  t h a t  a h i g h  i n t e r d i g e s t i v e  

s e c r e t i o n  i s  c o n s i s t e n t l y  found  i n  p a t i e n t s  w i t h  du odena l  

u l c e r a t i o n .  The l o c a l  mechanisms a r e  n o t  o f  im p o r tance  i n  

the  deve lopm ent  o f  duodenal  u l c e r a t i o n  i n  t h a t  th e  a c i d  

s e c r e t i o n  i s  a d so rb ed  by the  i n g e s t e d  fo od  which  p ro vo k es  i t .

On t h e  o t h e r  h a n d ,  h y p e r a c i d i t y  d u r in g  i n t e r d i g e s t i v e  phase  

exposes  th e  mucosa to  a  h ig h  c o n c e n t r a t i o n  of  p e p s i n  and 

h y d r o c h l o r i c  a c i d  w i t h  o p p o r t u n i t y  f o r  u l c e r a t i o n .  L evin  e t  

a l  (191*8) have p ro v id e d  f i n d i n g s  i n  s u p p o r t  o f  t h i s  h y p o t h e s i s
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i n  t h a t  t h e i r  p a t i e n t s  who s u f f e r e d  f rom  d u od en a l  u l c e r a t i o n  

s e c r e t e d  a g a s t r i c  j u i c e  o f  the  volume tw ice  th e  amount found  

i n  norm al  p a t i e n t s ,  and o f  p e p t i c  a c t i v i t y  t h r e e  and a  h a l f  

t im e s  g r e a t e r ;  and f u r t h e r ,  w h i le  the  s e c r e t i o n  o f  h y d r o c h l o r i c  

a c i d  by  norm al  p a t i e n t s  ten d e d  to  be i n t e r m i t t e n t  and v a r i a b l e ,  

c o n s i s t e n t  h i g h  l e v e l s  were found  i n  th o se  w i t h  u l c e r a t i o n .

There h a s  b e e n  f u r t h e r  c o n f i r m a t i o n  by Woodward e t  a l  ( I 9 I 4 9 )  

who found  d u r i n g  e x a m in a t io n  o f  a l a r g e  s e r i e s  of duodenal  

u l c e r  p a t i e n t s ,  a q u a n t i t y  of  a c i d  s e c r e t i o n  t h r e e  t im es  t h a t  

i n  norm al  s u b j e c t s .

A d e f i n i t e  d e c r e a s e  i n  the  volume of  g a s t r i c  s e c r e t i o n  

and a c i d i t y  have b een  d e s c r i b e d  by R u f f i n  e t  a l  (19)46),and 

W a l t e r s  and B e ld in g  ( I 9 5 I ) 9 a f t e r  vagotomy. The e x t e n t  t o  

which  th e  vagus  can  be i m p l i c a t e d  has  n o t  been  d e f i n e d ,

Grossman ( I9I49) has  shown t h a t  p a t i e n t s  w i t h  h y p e r c h l o r h y d r i a  

p ro d u ce d  e x c e s s i v e  r e s p o n s e s  to  s t i m u l i  such  a s  h i s t a m i n e  and 

f o o d s ,  b u t  such  r e s p o n s e s  would be f a c i l i t a t e d  by e x c e s s i v e  

v a g a l  t o n e •

A l though  v a g a l  s e c t i o n  has  been p r a c t i s e d  f rom  an e a r l y  

d a t e ,  i t  was n o t  u n t i l  I9I45 t h a t  a s y s t e m a t i c  i n v e s t i g a t i o n  

o f  t h i s  o p e r a t i o n  as  a method of  t r e a t m e n t  o f  p e p t i c  u l c e r a t i o n  

was p e r fo rm ed  by  D r a g s t e d t  and Owens* V a r i a b l e  r e s u l t s  

f o l lo w e d  o p e r a t i o n ,  p o s s i b l y  due to  t h e  d i f f i c u l t i e s  i n v o lv e d  

i n  c o m p l e t e ly  s e c t i o n i n g  the  vag u s .  Methods o f  a s s e s s m e n t  

o f  the  r e s u l t s  o b t a i n e d  have n o t  been  s t a n d a r d i s e d  as  h as  be en  

p o i n t e d  o u t  by Trimble  and Lynne (1950)« The r e s u l t s  o b t a i n e d



-  96 -

have been  c o m p l i c a te d  by e x c e s s i v e  d e n e r v a t i o n  a f f e c t i n g  

o t h e r  o r g a n s ,  and D a i l e y  e t  a l  (1952) have s u g g e s t e d  s e c t i o n  

of  t h e  p o s t e r i o r  n e rv e  o n l y ,  w h i le  Jackso n  (191*8 ) and  

F r a n k s s o n  (191*8 ) have p r a c t i s e d  s e l e c t i v e  v a g a l  s e c t i o n  to  

r e l i e v e  th e  f i b r e s  s u p p ly in g  th e  stomach o n l y ,  i n  an a t t e m p t  

t o  a v o id  th e  10-15^ i n c i d e n c e  o f  p o s t - o p e r a t i v e  symptoms 

d e s c r i b e d  by  White  (191*8 ) .  As I l l i n g w o r t h  h a s  i n d i c a t e d ,  

vagotomy i s  assuming a p l a c e  i n  th e  s u r g i c a l  t r e a t m e n t  o f  

p e p t i c  u l c e r a t i o n ,  p o s s i b l y  i n  co m bin a t io n  w i t h  o t h e r  o p e r a t i o n s  

upon the  s tom ach .

I n  19l*7 H o l t  e t  a l  d e m o n s t r a te d  the  a c t i o n  of  t e t r a e t h y l - ,  

ammonium upon the  s tom ach .  I t  was found  t o  d i m i n i s h  t h e  to n e  

and a b o l i s h  p e r i s t a l t i c  a c t i v i t y ,  r e p r o d u c i n g  c l o s e l y  th e  

e f f e c t  o f  v a g a l  s e c t i o n ,  and Lyons e t  a l  (191*7) found  i t  

p ro du ced  a marked r e d u c t i o n  i n  the volume and a c i d i t y  o f  a c i d  

s e c r e t i o n .  L a t e r  Macdonald and Smith (I9I49) c o n f i rm ed  i t s  

a c t i o n  i n  r e d u c i n g  sp on ta n eo u s  g a s t r i c  s e c r e t i o n .  The 

p o s s i b i l i t y  of  p ro d u c in g  a vagotomy by drug dosage was 

a t t r a c t i v e ,  b u t  te t rae th y lam m on iu m  dosage was f o l lo w e d  by  

m e t a l l i c  t a s t e  i n  the  mouth ,  p e r i p h e r a l  p a r a e s t h e s i a e , 

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

In  t u r n ,  hexamethonium was welcomed by Kay and Smith i n  1950, 

who found i t  c a p a b le  of a r r e s t i n g  spon taneous  g a s t r i c  s e c r e t o -  

motor a c t i v i t y ,  b u t  Douthwaite  and Thorne ( I9 5 0 )  showed t h a t  

t h i s  co u ld  n o t  be accom pl ished  w i th o u t  a r i s k  of  s e v e re
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h y p o t e n s i o n .  However S c o t t  e t  a l  ( I 9 5 0 )  were a b l e  t o  use  

hexamethonium i n  the  t r e a t m e n t  o f  p a t i e n t s  w i t h  s e v e r e  c h r o n i c  

duo d e n a l  u l c e r a t i o n ,  p ro d u c in g  some improvement i n  t h e i r  

c o n d i t i o n .  Hexamethonium i s  c ap a b le  o f  e f f e c t i n g  th e  g a s t r i c  

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

the  m a in ten an ce  o f  p a t i e n t s  w i t h  p e p t i c  u l c e r a t i o n  f o r  lo n g  

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

i s  a r i s k  o f  h y p o t e n s io n  w i t h  th e  d a n g e rs  which  may f o l l o w  

sudden  l o s s  o f  c o n s c i o u s n e s s ,  and i l e u s  a l s o  c o n s t i t u t e s  a 

p o t e n t i a l  r i s k .  Grimson ( p e r s o n a l  com m unica t ion)  abandoned 

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

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

c o l l a p s e d  due t o  p o s t u r a l  h y p o te n s io n  and f r a c t u r e d  h i s  s k u l l  

f a t a l l y .  However, i n  the  development o f  methods of  p r o d u c t i o n  

o f  vagotomy by d r u g s ,  hexamethonium must be r e g a r d e d  a s  an  

advance of  major  s i g n i f i c a n c e  b u t  o f  e x p e r i m e n t a l  r a t h e r  t h a n  

p r a c t i c a l  i n t e r e s t .  A homologue such  as  e t h y l t e t r a m e t h o n i u m ,  

w i t h  a p rep o n d e ran c e  of  a c t i o n  i n  d e p r e s s i n g  v a g a l  a c t i v i t y  

l e a v i n g  s y m p a th e t i c  c o n d u c t io n  r e l a t i v e l y  u n a f f e c t e d  i n  the  

dosage u s e d ,  i s  o f  g r e a t e r  i n t e r e s t  i n  t h e  p r a c t i c a l  manage

ment o f  p a t i e n t s  who have a h i g h  i n t e r d i g e s t i v e  a c i d  l e v e l  

a s s o c i a t e d  w i t h  p e p t i c  u l c e r a t i o n ,  and e t h y l t e t r a m e t h o n i u m  

has  t h e r e f o r e  b e en  a p p l i e d  i n  th e  t r e a t m e n t  of t h e s e  p a t i e n t s .
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THE PROG T3KATMEMT OP HYPERCHLOHHYDRIA

In  c o n t r a s t  t o  th e  numerous s i t e s  of  a c t i o n  o f  th e  new 

d ru gs  used  t o  lower  the  b lo o d  p r e s s u r e ,  the  new s y n t h e t i c  

d rug s  which  have b een  d e s c r i b e d  i n  America a r e  a l l  a t r o p i n e  

s u b s t i t u t e s .  T h e i r  s i t e  of  a c t i o n  i s  a t  the  p e r i p h e r a l  

p a r a s y m p a t h e t i c  s y n a p s e ,  w i t h ,  i n  common w i t h  a t r o p i n e ,  some 

a c t i o n  a t  the  g a n g l i a .  They d i f f e r  i n  t h e i r  d eg re e  o f  

a c t i v i t y ,  and i n  the  e x t e n t  o f  the  s i d e  a c t i o n s  t h e y  p r o d u c e ,  

which  a r e  i d e n t i c a l  w i t h  th o se  produced by a t r o p i n e .

Drug Formula Trade name

D i b u t o l i n e D i b u t y l u r e t h a n e  of d i m e t h y l - 
e t h y l - B  h y d r o x y e th y l  
ammonium s u l p h a t e

D i b u t o l i n e

Me th a n  t h e 1ine E t h y l  d im e th y l  B - (9-x an thene  
c a r b o x y l a t e  ) ethylammonium 
c h l o r i d e

B a n th in e

s c 3171 B d i i s o p r o p y l a m i n o e t h y l  
x a n th e n e - 9 - c a r b o x y l a t e  
methobromide

P ro - B a n th in e

P r a n t a l IT ,H-dime t h y l -1*- p i p e r  i d y l  i d e n e -  
1 , 1 -diphenylme thane  me t h y l  
s u l p h a t e

P r a n t a l

D a r s t i n e 9 -me thy  1 -I* -p h en y l  -1 
(1 p ip e r i d y l ) - 3 - h e x a n o l m © t h o -  
bromide

D a r s t i n e

A Y 5212 8 - d i e  thy lam inoe  t h y l  
p h e n o t h i a z i n e - 1 0 - c a r b o x y l a t e  
m e th o su lp h a te
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Drug Formula Trade name

u -  0582 E p o x y t ro p in e  t r o p a t e  
me thylbromode

Pamine

Oxyphenonium Die t h y l (2-hydroxye t h y l ) me t h y l  
ammonium bromide - p h e n y l -  
e y c l o h e x a n e g l y c o l a t e

A n t re n y l

T r ic y c l a m o l 1 - c y c l o h e x y l - 1 - p h e n y l - 3- 
p y r r o l i d i n o - 1 - p r o p a n o l  
m e th o c h lo r id e

E l o r i n e

The b i b l i o g r a p h y  upon th e s e  d ru g s  i s  e x t e n s i v e ,  th e  key 

a r t i c l e s  have b e e n  n o t e d  i n  the  r e f e r e n c e s  a p pend ed .

The p rep o n d e ran c e  o f  compounds of  q u a t e r n a r y  ammonium 

t e r m i n a t i o n  i s  e v i d e n t ,  w i t h  an a ro m a t i c  op pos ing  t e r m i n a t i o n  

o f  v a r i a b l e  c o m p le x i ty .
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CLINICAL TRIAL Off ETHYLTETRAMETHONIUM

The e x a m in a t io n  of  t h i s  drug c l i n i c a l l y  p r e s e n t e d  

d i f f i c u l t i e s .  I t  was a r r a n g e d  I n  t h r e e  p a r t s

1 . S tudy  of  t h e  e f f e c t  of r e p e a t e d  d o sa g e .

F i f t e e n  p a t i e n t s  w i t h  a c t i v e  duodenal  u l c e r a t i o n  were 

a d m i t t e d  f o r  i n v e s t i g a t i o n .  The minimal  dose o r a l l y  a c t i v e  

o f  c a t i o n  was p r e v i o u s l y  d e te rm in e d  as 100 mg. These p a t i e n t s  

were  t r e a t e d  w i t h  t a b l e t s  c o n t a i n i n g  t h i s  q u a n t i t y  o f  c a t i o n  

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

s e c r e t i o n  was i n v e s t i g a t e d  a t  t h r e e  day i n t e r v a l s ,  o b s e r v in g  

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

methonium p roduced  a c h l o r h y d r i a  i n  t e n  p a t i e n t s  on one or  

more days of  i n v e s t i g a t i o n  d u r in g  th e  f i r s t  f o r t n i g h t  o f  

d o s a g e ,  w h i l e  d u r in g  th e  n e x t  f o r t n i g h t  of o b s e r v a t i o n ,  a c i d  

l e v e l s  were  lower t h a n  i n  the  f o r t n i g h t  p r i o r  t o  a d m i s s i o n ,  

b u t  two o n ly  r e a c h e d  a c h l o r h y d r i a .  F ive  p a t i e n t s  showed 

low a c i d  l e v e l s  d u r in g  drug  dosage n o t  t o . t h e  p o i n t  of  

a c h l o r h y d r i a ,  b u t  h a l f  t o  one f i f t h  of t h e i r  p r e v i o u s  l e v e l s ,  

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

th e  month o f  o b s e r v a t i o n .

Some d e l a y  i n  emptying of th e  stomach o c c u r r e d  d u r i n g  

b a r iu m  e x a m in a t io n  of  t h r e e  p a t i e n t s ,  b u t  a r a d i o l o g i c a l  

i n v e s t i g a t i o n  on a l a r g e r  s c a l e  was n o t  p r a c t i c a l .  G a s t r i c  

m o t i l i t y  s t u d i e s  were perform ed upon t e n  of t h e s e  p a t i e n t s ,  

b u t  the  r e s u l t s  p roved  d i f f i c u l t  to  i n t e r p r e t ,  and i t  was
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d e c id e d  t h a t  more e x t e n s i v e  e x p e r i e n c e  of t h i s  t e c h n i q u e  

would be r e q u i r e d  b e f o r e  the  r e s u l t s  would be of v a l u e .

D ur ing  t h e  f i r s t  t h r e e  days of  t r e a t m e n t ,  f o u r  p a t i e n t s  

com p la in ed  of  l i g h t  h e ad e d n ess  and showed p o s t u r a l  f a l l s  o f  

the  d i a s t o l i c  b lo o d  p r e s s u r e  o f  the  o r d e r  of 10-20 mm. No 

f u r t h e r  h y p o t e n s iv e  symptoms o c c u r r e d .  M y d r i a s i s  w i t h o u t  

c y c l o p l e g i a  was o b se rv e d  i n  n in e  p a t i e n t s ,  a p p e a r i n g  on th e  

second day of  t r e a t m e n t ,  and i n  a f u r t h e r  one c a s e  t h i s  was 

accompanied  by c y c l o p l e g i a  which  p e r s i s t e d  d u r i n g  d rug  d o s a g e .  

Mild d r y n e s s  of  t h e  mouth o c c u r r e d  i n  f o u r  p a t i e n t s ,  b u t  t o  

an  e x t e n t  i n s u f f i c i e n t  to  cause  c o m p l a i n t .  No g a s t r o 

i n t e s t i n a l  u p s e t  a p p e a r e d ,  and a t  no t ime were l a x a t i v e s  

r e q u i r e d  f o r  c o n s t i p a t i o n .  No o t h e r  s id e  a c t i o n s  were 

d e t e c t e d .

In  view of t h e  p o t e n t i a l  u s e f u l n e s s  o f  h e x a p y r r o l i d i n i u m ,  

t e n  p a t i e n t s  were t h e n  t r e a t e d  w i t h  t h i s  drug i n  o r a l  dosage  

of  i|0 mg. c a t i o n  f o u r  t im es  p e r  day .  P o s t u r a l  h y p o t e n s io n  

d e v e lo p e d  i n  f o u r  p a t i e n t s  t h r e e  t o  fo u r  days a f t e r  commencing 

t r e a t m e n t .  M y d r i a s i s  was o b se rv ed  i n  n in e ,  w i t h  c y c l o p l e g i a  

i n  t h r e e .  At the  end of  th e  s i x t h  day of t r e a t m e n t ,  e i g h t  

p a t i e n t s  were found t o  be drowsy and co m p la in in g  of h e ad a ch e s  

and d e p r e s s i o n .  No f u r t h e r  dosage of t h i s  drug was employed 

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

p a t i e n t s .

2 . T rea tm en t  o f  I n - p a t i e n t s

In  v iew of  t h e  r e s u l t s  o b t a i n e d  a b o v e ,  e t h y l t e t r a m e t h o n i u m
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was p r e s c r i b e d  f o r  a p e r i o d  i n  a d d i t i o n  t o  th e  d i e t a r y  

reg im e i n  t h e  t r e a t m e n t  of p a t i e n t s  a d m i t t e d  w i t h  d u o d en a l  

u l c e r a t i o n ,  u s i n g  t h i s  d rug  as  a s u b s t i t u t e  f o r  a t r o p i n e .

The e f f e c t  upon the  symptoms of  t h i r t y  p a t i e n t s  was s t u d i e d .

The r e s u l t s  i n d i c a t e d  an absence  of c o r r e l a t i o n  be tw een  an 

a c t i o n  upon g a s t r i c  a c i d i t y  and r e l i e f  of  symptoms, and no 

d e d u c t i o n  c o u ld  be drawn from the  r e s p o n s e  t o  e t h y l t e t r a 

methonium and to  t h e  c o n t r o l  t a b l e t s  of s i m i l a r  a p p e a ra n c e  

and t a s t e .

P a t i e n t s  a d m i t t e d  to  h o s p i t a l  w i t h  duodena l  u l c e r a t i o n  

p ro v ed  t o  be e n t i r e l y  u n s u i t a b l e  m a t e r i a l  f o r  t h e  s t u d y  of  th e  

a c t i o n  o f  new d rugs  such  as  t h i s .  Upon a n a l y s i s ,  i t  was 

found  t h a t  tw en ty - tw o  of t h e s e  p a t i e n t s  had lo n g  h i s t o r i e s  o f  

d uo d en a l  u l c e r a t i o n  w i t h  p e r f o r a t i o n s  and haem a tem e se s . 

R ad iog raph y  showed e x t e n s i v e  duodenal  d e f o r m i t i e s  and deep 

p e n e t r a t i n g  u l c e r a t i o n .  A f u r t h e r  f i v e  had r e c e n t  haem atem eses ,  

t h e  e f f e c t  of which was found  t o  be an i n i t i a l  d e p r e s s i o n  

f o l l o w e d  by  a slow r i s e  i n  a c i d  l e v e l .  Three were t r a n s f e r r e d  

from  s u r g i c a l  wards f o r  m e d ic a l  t r e a t m e n t  p r i o r  to  o p e r a t i o n .

I t  was c o n c e d e d  t h a t  p a t i e n t s  a d m i t te d  t o  m e d ic a l  wards 

a r e  o f t e n  u n s u i t a b l e  f o r  m ed ica l  t r e a t m e n t ,  the  a d m is s io n  b e in g  

d e te rm in e d  by  a need  f o r  o b s e r v a t i o n  p r i o r  t o  g a s t r e c t o m y .  I t  

i s  u n l i k e l y  t h a t  any m ed ica l  t r e a t m e n t  w i l l  be of v a lu e  i n  th e  

p re s e n c e  of  g r o s s  c h ro n ic  u l c e r a t i o n .  S c o t t  e t  a l  (1950)  have  

a l r e a d y  r e a c h e d  t h i s  c o n c l u s i o n .  E ig h t  o f  t h e  t h i r t y  p a t i e n t s
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o b t a i n e d  r e l i e f  o f  symptoms f o l l o w i n g  e t h y l t e t r a m e t h o n i u m  

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

s e v e n .  The i n t e r d i g e s t i v e  a c i d  l e v e l  was r e d u c e d  i n  a 

f u r t h e r  n i n e  p a t i e n t s ,  b u t  i t  was n o t  p o s s i b l e  t o  d e c id e  

w h e th e r  t h i s  had any e f f e c t  upon the  p a t i e n t * s  c o n d i t i o n .

3. T rea tm en t  of O u t - p a t i e n t s

I n  t h e  p r e s e n c e  of advanced  p a t h o l o g i c a l  c h a n g e s ,  t h e r e  

can  be no doubt  t h a t  the  on ly  s a t i s f a c t o r y  method o f  t r e a t m e n t  

i s  g a s t r e c t o m y .  However, s u r g i c a l  t r e a t m e n t  i s  i n d i c a t e d  

o n ly  i n  a sm a l l  p e r c e n t a g e  of c a s e s ,  and th e  v a s t  m a j o r i t y  

o f  p a t i e n t s  p r e s e n t  w i t h  e x a c e r b a t i o n s  and r e m i s s i o n s  w i t h  

v a r y i n g  d e g re e s  o f  i n c a p a c i t y .  The p s y c h o l o g i c a l  e f f e c t  o f  

a new method of  t r e a t m e n t  i s  p ronounced .  S e d a t i o n  and 

r e g u l a r  and f r e q u e n t  i n g e s t i o n  of food of a n o n - s t i m u l a t i n g  

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

w i t h  i n t e r m i t t e n t  dosage of  a l k a l i e s ,  a r e  the  methods of  

t r e a t m e n t  a c c e p t e d  a t  p r e s e n t .  U n f o r t u n a t e l y  t h e s e  m easu re s  

a r e  o f t e n  i n s u f f i c i e n t  t o  c o n t r o l  the  symptoms of a l a r g e  

number of  i n d i v i d u a l s ,  and i t  i s  p r o b a b le  t h a t  many of th e  

f a i l u r e s  of  t r e a t m e n t  a re  due t o  i n s u f f i c i e n t  s u p e r v i s i o n  due 

to  th e  numbers i n v o lv e d ,  and n e g l e c t  of  d i e t a r y  p r e c a u t i o n s .  

There i s  e v e r y  i n d i c a t i o n  f o r  a s im p ly  a d m i n i s t e r e d  t r e a t 

ment which  would modify  the  e x a c e r b a t i o n s  a s  t h e y  o c c u r .

For  t h i s  p u rpose  e th y l t e t r a m e t h o n i u m  a p p ea red  t o  be of  

p o t e n t i a l  u s e f u l n e s s .  I t  was d e c id e d  t o  obse rve  i t s  a c t i o n
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i n  m o d i fy in g  t h e  i n t e r d i g e s t i v e  s e c r e t i o n  w i t h  t h e  r e l i e f  

of  symptoms upon a m o d e r a te ly  l a r g e  s e r i e s  of o u t p a t i e n t s ,  

u s i n g  a  c o n t r o l  by p r o v i s i o n  of  i n e r t  t a b l e t s .  The 

p o s i t i o n  i s  d i f f e r e n t  f rom  t h a t  o c c u r r i n g  i n  t h e  t r e a t m e n t  

of h y p e r t e n s i o n  i n  which  c o n t in u o u s  c o n t r o l  o f  th e  b lo o d  

p r e s s u r e  l e v e l  i s  d e s i r a b l e  so t h a t  t h e r e  i s  a m a jo r  

d i f f i c u l t y  i n  th e  form of t h e  development  of t o l e r a n c e - t o  

th e  d ru g s  u s e d .  I n  th e  c a se  of duodenal  u l c e r a t i o n ,  

i n t e r m i t t e n t  dosage i s  p r a c t i c a l  i n  t h a t  e x a c e r b a t i o n s  t e n d  

to  o c cu r  a t  I n t e r v a l s  o f  s e v e r a l  m onths .  A c c o r d i n g l y ,  i t  

was d e c id e d  t o  use  e t h y l t e t r a m e t h o n i u m  f o r  c o u r s e s  of  

t r e a t m e n t  which would n o t  exceed  f o u r  weeks i n  d u r a t i o n ,  a s  

i t  had b een  found p r e v i o u s l y  t h a t  t o l e r a n c e  d i d  n o t  t e n d  to  

d ev e lo p  t o  the  e x t e n t  o f  v i t i a t i n g  the  drug a c t i o n  f o r  a t  

l e a s t  t h r e e  weeks .  Two schemes of  dosage were  em ployed ,  th e  

f i r s t  f o r  p a t i e n t s  w i t h  more s e v e re  symptoms. One t a b l e t  

was g iv e n  tw ice  a day f o r  the  f i r s t  t h r e e  d a y s ,  and s u b s e q u e n t 

l y  f o u r  t a b l e t s  were g iv e n  p e r  day ,  th e  c o u rs e  l a s t i n g  t e n  

days to  t h r e e  weeks ,  a iming u s u a l l y  a t  commencing t r e a t m e n t  

whenever symptoms were com pla ined  o f ,  and c o n t i n u i n g  t r e a t 

ment f o r  one week a f t e r  r e l i e f  of symptoms had been  o b t a i n e d .  

The second  method o f  t r e a t m e n t  c o n s i s t e d  of t h e  p r e s c r i p t i o n  

of  t h r e e  t a b l e t s  a t  n i g h t  to  d e p re s s  the  n o c t u r n a l  s e c r e t i o n .

I t  was n e c e s s a r y  to  a v o id  any s u g g e s t i o n  to  th e  p a t i e n t s  

t h a t  a new drug was b e in g  u se d ,  and a l s o  to  a v o id  t h e i r
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s e g r e g a t i o n  a t  a  s p e c i a l  hour  and c l i n i c .  They were seen  

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

the  w a rd s .  A l t e r n a t e  p a t i e n t s  were t r e a t e d  w i t h  th e  c o n t r o l  

t a b l e t s  i n i t i a l l y .  A t o t a l  of  one h undred  p a t i e n t s  were  

o b se rv e d  f o r  e i g h t e e n  months f o r  th e  p r e p a r a t i o n  of  t h i s  

s t u d y .  S e d a t i o n  was c o n t i n u e d ,  t o g e t h e r  w i t h  i n t e r m i t t e n t  

i a l k a l i  d o s a g e ,  where  t h e s e  methods o f  t r e a t m e n t  were a l r e a d y  

b e i n g  u s e d .  A d m i n i s t r a t i o n  o f  a t r o p i n e  was d i s c o n t i n u e d *

The p a t i e n t s  had a h i s t o r y  o f  one to  tw e n ty - s e v e n  y e a r s  

d u r a t i o n ,  t h e i r  a g es  were betv/een 17—5U y e a r s .  N i n e t y -  

f o u r  were m ales  and had  r a d i o g r a p h i c  e v id e n c e  o f  duo d en a l  

u l c e r a t i o n .  The r e s u l t s  a re  summarised in  t h e  f o l l o w i n g

t a b l e s : -
Group I  -  50 p a t i e n t s

T rea tm en t  
9 months

C o n t r o l  
9 months

Work l o s t  
d a y s .

2 .7

Number of 
e x a c e r b a t i o n s

2.1

D u r a t i o n  of  
symptoms 
w e e k s .

3*1

6 . k

Group I I  -  5° p a t i e n t s

C o n t r o l  
9 months

Trea tm ent  
9 months

Work l o s t  
d a y s .

11

1 .8

Number of 
e x a c e r b a t i o n s

3-5

2.5

D u r a t i o n  of  
symptoms 

weeks

8.2

3*k
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The f i r s t  g roup  were t r e a t e d  w i t h  c o n t r o l  t a b l e t s  

i d e n t i c a l  i n  s i z e  and t a s t e  w i t h  e t h y l t e t r a m e t h o n i u m ,  f o r  

th e  f i r s t  n i n e  m on ths .  The p ro c e d u re  was r e v e r s e d  i n  t h e  

second  g r o u p .

I t  a p p e a r s  t h a t  e t h y l t e t r a m e t h o n i u m  has  b e en  u s e f u l  i n  

r e d u c i n g  the  d u r a t i o n  of  i n v a l i d i s m  t o  a d e f i n i t e  e x t e n t .

The r e s u l t s  a r e  v e r y  s u g g e s t i v e  of th e  v a lu e  of  e t h y l t e t r a 

methonium i n  th e  o u t p a t i e n t  t r e a t m e n t  o f  d u o den a l  u l c e r a t i o n ,  

b u t  i n  view o f  th e  many f a c t o r s  which i n f l u e n c e  the  c o u r s e  

and p r o g n o s i s  i n  t h i s  d i s e a s e ,  t h e y  can be a c c e p t e d  as 

t e n d i n g  o n ly  t o  c o n f i r m  the  e x p e r i m e n t a l  f i n d i n g s ,  and th e  

p r a c t i c a l  v a lu e  o f  t h i s  drug w i l l  be d e te rm in e d  o n ly  by  a 

much more e x t e n s i v e  c l i n i c a l  t r i a l  w i t h  s c r u p u l o u s  c o n t r o l .

I n  t h e  m eantim e,  i t s  use  as  a s u b s t i t u t e  f o r  a t r o p i n e  w i t h  

o r th o d o x  methods of  t r e a t m e n t  a p p e a rs  to  be i n d i c a t e d ,  and 

i t s  e v e n t u a l  v a lu e  w i l l  be d e te rm in e d  when q u a n t i t i e s  of 

th e  d rug  become a v a i l a b l e  f o r  c l i n i c a l  u s e .  Wo s id e  a c t i o n s  

were o b se rv e d  d u r in g  t h i s  t r i a l ,  b u t  an  Q% i n c i d e n c e  of  

m y d r i a s i s  was n o t e d ,  w i t h o u t  c y c l o p l e g i a .
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CONCLUSION

This  s t u d y  of  homologues of the  methonium s e r i e s  ha s  

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

e x t e n d i n g  knowledge o f  p h y s i o l o g i c a l  mechanisms.  Hexa

methonium i s  b e in g  u sed  upon an  i n c r e a s i n g  s c a l e  t o  

i n v e s t i g a t e  autonomic  n e rvo u s  a c t i v i t y ,  and t h e  new compounds 

d e s c r i b e d  i n  t h i s  work a re  of  i n t e r e s t  i n  t h a t  by  m o d i fy in g  

th e  s t r u c t u r e  of hexamethonium, i t  i s  p o s s i b l e  t o  a l t e r  th e  

p red o m in an t  s i t e  o f  a c t i o n  i n  th e  autonomic n e rv o u s  d i s t r i b u 

t i o n .  P r o c e s s e s  of  m o d i f i c a t i o n  such as t h e s e  a r e  b e in g  

u se d  t o  e i t h e r  r e p r o d u c e  or  to  o b s t r u c t  t h e  a c t i v i t y  o f  a 

wide r a n g e  of  d r u g s .  I t  i s  of  i n t e r e s t  t o  compare the  

r e v e r s a l  o f  a c t i o n  o b t a i n e d  by h y d r o g e n a t io n  of th e  a l k a l o i d s  

o f  e r g o t ,  and the  s t u d i e s  of G-addum e t  a l  (1953) an(  ̂ o t h e r s ,  

o f  m o d i f i c a t i o n s  i n  th e  form of l y s e r g i c  a c i d  d i e t h y l a m i d e ,  

which  t o g e t h e r  w i t h  th e  i n v e s t i g a t i o n  of  Shaw and W oolley  

( I 9 5 3 )  °£ harmine and yohimbine, a r e  b a se d  upon th e  i n d o le  

n u c le u s  w i t h  a s u b s t i t u t e d  a m in o e th y l  s i d e  c h a i n  h a v in g  a 

re sem b lan c e  t o  s e r o t o n i n .

In  th e  case  of the  methonium homologues ,  the  a l t e r a t i o n s  

to  t h e  m o le c u l a r  s t r u c t u r e  'which have b e en  made, t o g e t h e r  

w i t h  the  d e t e r m i n a t i o n  of  d i f f e r e n c e s  i n  a c t i v i t y ,  e n a b le  

advancement of a h y p o t h e s i s  t h a t  f o r  d i f f e r e n t  d i s t r i b u t i o n s  

of au tonom ic  n e rv o u s  f u n c t i o n ,  t h e r e  may e x i s t  d i f f e r e n t  

ty p es  of  sy n a p se ;  which would s u g g e s t  t h a t  a c e t y l c h o l i n e  may
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be a m a s t e r  key t o  the  s y n a p s e ,  r a t h e r  t h a n  a u n i v e r s a l  

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

o r i g i n a l  v iews of Dale i n  193-5* p a r t l y  s u b s t a n t i a t e d  by  

th e  s t u d i e s  of Burgen (1954̂)* F u r t h e r ,  t h e  h i g h  a c t i v i t y  

of d ru g s  su ch  as th e  p y r r o l i d i n e s  and m o r p h o l i n e s ,  s u g g e s t s  

t h a t  the  a f f i n i t y  f o r  th e  r e c e p t o r  i s  p h y s i c a l  r a t h e r  t h a n  

c h e m ic a l ;  a s tu d y  of th e  s u lp h u r  homologues may s u p p o r t  

t h i s  s u g g e s t i o n .  The p r e p a r a t i o n  of compounds b a s e d  upon 

a known a c t i v e  s t r u c t u r e  i s  u s e f u l  i n  t h a t ,  a s  w e l l  as  

e x t e n d i n g  th e  knowledge of  drug a c t i o n ,  new drugs  may be 

d i s c o v e r e d  which  a s  w e l l  as  h a v in g  s l i g h t  d i f f e r e n c e s  i n  

a c t i o n ,  w i l l  be of v a lu e  i n  h a v in g  a g r e a t e r  d e g re e  of  

a c t i v i t y  and d u r a t i o n  of  a c t i o n  due to  t h e i r  d i f f e r e n c e s  

f rom  th e  p a r e n t  compounds.

The p r o d u c t i o n  o f  new compounds of t h e r a p e u t i c  v a l u e  

was aimed a t  i n  t h i s  work w i t h  th e  d i s c o v e r y  of  p e n t a p y r r o l -  

i d in i u m  and e t h y l t e t r a m e t h o n i u m .

P e n t a p y r r o l i d i n i u m

As Smirk (I95I4) has  c o n f i rm e d ,  p e n t a p y r r o l i d i n i u m  i s  th e  

most a c t i v e  drug  known i n  lo w e r in g  the  b lo o d  p r e s s u r e .  I t s  

im po r tan ce  i s ,  of c o u r s e ,  l i m i t e d  by th e  f a c t  i t  r e p r e s e n t s  

symptomatic  t r e a t m e n t  of a d i s e a s e  of which  th e  a e t i o l o g y  i s  

unknown. Page ( 1 9 5 3 ) bas  shown t h a t  hypophysectomy i s  th e  o n ly  

method of c o n t r o l  of e x p e r im e n ta l  h y p e r t e n s i o n ;  p e n t a p y r r o l i 

d in ium w i l l  lower  th e  b lo o d  p r e s s u r e  of any p a t i e n t  w i t h  h y p e r 

t e n s i o n .  Of the  many f a c t o r s  i n v o lv e d  in the  aet io logy cf kyper tens ion
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i n  man, the  a c t u a l  p r o d u c t i o n  of t h e  h y p e r t e n s i o n  i s  a  

f u n c t i o n  of  th e  s y m p a th e t i c  n e rv o u s  sy s te m .  A s m a l l  

number of  p a t i e n t s  were d i s c o v e r e d  d u r i n g  t h i s  work who 

have been  c l a s s i f i e d  as s u f f e r i n g  from m a l i g n a n t  h y p e r t e n s i o n  

i n  p r im a r y  fo rm .  D e s p i t e  the  r e s t o r a t i o n  o f  norm al  b lo o d  

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

p r o g n o s i s  was o b t a i n e d ,  and d e a t h  ensued  from p r o g r e s s i v e  

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

t r e a t m e n t  t o  h y p e r t e n s i o n .  S i m i l a r  changes have b e e n  

d e s c r i b e d  f o l l o w i n g  sympathectomy, and i t  i 3  p o s s i b l e  t h a t  

th e  s e a r c h  f o r  th e  a e t i o l o g y  of  h y p e r t e n s i o n  may be e x te n d e d  

by  i d e n t i f i c a t i o n  of  b io c h e m i c a l  changes i n  t h i s  group  of  

p a t i e n t s •

The a p p l i c a t i o n  of g a n g l i o n  b lo c k i n g  a g e n ts  h a s  e n a b l e d  

an a s s e s s m e n t  o f  o t h e r  c u r r e n t  methods of t h e r a p y  t o  be 

made. Of the  d ru gs  m e n t io n e d ,  th e  a l k a l o i d  r e s e r p i n e  a lo n e  

a p p e a r s  to  h o l d  some prom ise  o f  f u t u r e  u s e f u l n e s s .  Dosage 

of  r e s e r p i n e  may be combined w i t h  g a n g l i o n  b l o c k i n g  a g e n t s  

t o  p e rm i t  o f  the  c o n t r o l  of the  p r e s s u r e  of some p a t i e n t s  

whose i n i t i a l  r e s p o n s e  has  r e l a p s e d  f o l l o w i n g  d i s c h a r g e  from 

h o s p i t a l .

I t  i s  t o  be e x p e c te d  t h a t  b e t t e r  g a n g l i o n  b l o c k i n g  

a g e n t s  w i l l  be d e v e lo p e d .  The f u r t h e r  s t u d i e s  by Y/oolley 

and Shaw (I95I4) upon s e r o t o n i n  i n h i b i t o r s  such  as Medmain, 

may r e s u l t  i n  a new method of t h e r a p y .  Bain  ( u n p u b l i s h e d )
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has  b e e n  c o n c e rn e d  w i t h  impairm ent  o f  amine oxydase  as a  

cause  o f  h y p e r t e n s i o n .  The s t u d i e s  of  MacDowall and 

Sol iman (I95I4) &FQ o f  immense i n t e r e s t  a s  t h e y  i n d i c a t e  

t h a t  b l o c k i n g  a g e n t s  a c t  by c a u s in g  an a c c u m u la t io n  of  

sodium a t  s p e c i f i c  r e c e p t o r s .  T h e r e f o r e ,  t h e  a c 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  may be more th an  a crude  p r o c e s s  of  

g o v e rn in g  sodium e x c r e t i o n ;  p e rhaps  i t  i s  i n v o lv e d  i n  the  

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

e x p l a i n i n g  i t s  known a c t i v i t y  i n  th e  e x p e r i m e n t a l  p r o d u c t i o n  

o f  h y p e r t e n s i o n ,  and th e  e f f e c t  f o l l o w i n g  a d re n a l e c to m y  of  

r e s t r i c t i o n  o f  sodium i n t a k e .

E t h y l t e  t ram ethon ium

The i n v e s t i g a t i o n  of  d rugs  of  t h i s  type  i s  s p e c i a l i s e d ,  

r e q u i r e s  e x p e r i e n c e  and f a c i l i t i e s ,  and must be e x t e n s i v e .  

T h is  new compound h as  b e en  i n v e s t i g a t e d  t o  an  e x t e n t  o n ly  

s u f f i c i e n t  to  e n d o rse  th e  e x p e r i m e n t a l  r e s u l t s .  I t  i s  

p o s s i b l e  t h a t  i t  w i l l  be of  use  t h e r a p e u t i c a l l y  and t h i s  w i l l  

be d e te r m in e d  when s u p p l i e s  a r e  a v a i l a b l e  f o r  use  a t  t h e  

c e n t r e s  i n t e r e s t e d .



EXPERIMENTAL RESULTS

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

h e r e w i t h  t o  p r o v i d e  a n  i n d i c a t i o n  o f  t h e  t y p e  o f . r e s u l t s  

o b t a i n e d  d u r i n g  t h i s  i n v e s t i g a t i o n .  F u r t h e r  d e t a i l  i s  

a v a i l a b l e  i n  t h e  p u b l i c a t i o n s .



Hexamethonium.

EFFECT UPON THE BLOOD PRESSURE*

No* D ose o f  c a t i o n  
mg. s u b c u ta n e o u s

B lood  P r e s s u r e  mms. H g.
B e fo re  1 h r .  a f t e r  d ru g

E r e c t Recum bent E r e c t Recum bent

15 56 1 2 0 /8 0 115/80 — 80/70

18 56 115/80 110 /80 100/70 110/70

2k 56 1 1 0 /8 0 1 1 0 /8 0 ------- 9 5 /7 0

M 28 110 /75 115/80 100 /6 5 1 10 /6 5

bS 56 115/80 110 /75 9 0 /7 5 100/70

Average ch an g e  i n  Recum bent d i a s t o l i c  p r e s s u r e  

Average change  i n  E r e c t  d i a s t o l i c  p r e s s u r e

-9

M arked p o s t u r a l  f a l l .

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e f o r e .  Temp.°C Room 1 h r .  a f t e r .  Tenrp.°C.
Body U m b ilic a l  F o o t Temp.°C Body U m b ilic a l  F o o t

T herm al C i r c u l a t i o n  
In d e x .

B e fo re  1 h r .  a f t e r .

15 36.A 32.8 29.8 20 .0 36.A 3 3 .6 3 0 .3 1 .5 0 1 .7 0

18 36.2 3*f.8 30.8 2 0 .0 36.2 3 3 .5 3*m 2 2.10 7 .0 0

2k 36.6 3 3 .0 2 9 .0 20 .0 36.6 32.6 29.0 1.20 1 .20

M 36.8 3 ^ .3 3 0 .3 20.0 36.8 3k. 3 33® 0 1.58 3 .5 0

bS 36.2 3 2 .3 30.2 20 .0 36.2 32.0 32.0 1.70 2 .90

Average U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t  b e f o r e

Average U m b il ic a l -F o o t  T e m p era tu re  G ra d ie n t  a f t e r

0
Average R e d u c tio n  i n  G ra d ie n t  2«1 C

Average T herm al C i r c u l a t i o n  In d e x  b e fo r e  

Average T herm al C i r c u l a t i o n  In d ex  a f t e r

R atio 2.00

3 .2°C

1 .1°C

1.62

3o26



Hexamethonium.

EFFECT UPON THE PUPIL AND ACCOMMODATION. PULSE RATE AND SALIVATION*

No. P u p i l  S iz e  rams. A ccom m odation P u ls e  /  m in u te  S a l i v a t i o n
B e fo re A f t e r P a r a l y s i s B e fo re A f t e r

15 5 k  ’ am 76 90 +

18 if 8 + 72 88 +-

2k if if - 88 8if +

if1 3 7 + 814- 92 +

k9 5 7 — 80 92 +

A verage
A verage
A verage

p u p i l  s i z e  b e f o r e  
p u p i l  s i z e  a f t e r  
change i n  p u p i l  s i z e

if. 2 mms. 
5*6 mms. 

+1. i f  mms.

Accom m odation p a r a l y s i s 2

A verage p u l s e  r a t e  b e f o r e  
A verage p u l s e  r a t e  a f t e r  
A verage change i n  p u ls e  r a t e

80.0  p e r  m in u te . 
88.8  p e r  m in u te . 
+8 .8  p e r  m in u te .

D ry  M outh 0

EFFECT UPON SWEAT GLAND ACTIVITY.

No. S k in  R e s is ta n c e  
B e fo re

i n  ohms x  1000 R a t io  
1 h r .  a f t e r

15 ifO 60 1.50

18 20 100 5 .0 0

2if 150 300 2 .00

if1 if5 80 1.66

if9 75 250 3 .3 3

Average R atio  2.70



E thyl Analogue o f Hexamethonium,

EFFECT UPON THE BLOOD PRESSURE.

No. D ose o f  c a t i o n
mg. su b c u ta n e o u s

B lood P r e s s u r e  rams. Hg.
B e fo re  1 h r .  a f t e r  d ru g .

E r e c t  Recum bent

29

31

38

40

257

13

13

13

5

5

E r e c t  Recumbent

1 3 0 /8 0  1 3 5 /8 0

1 3 0 /8 0  12 0 /8 0  

1 25 /85  1 2 0 /9 0

1 10 /70  100 /65

1 10 /75  110 /70

1 3 0 /8 0  1 2 0 /8 0  

9 5 /6 5  

8 5 /7 0  

8 5 /7 0  1 0 5 /7 0  

1 00 /65  1 0 5 /7 0

A verage ch an g e  i n  Recum bent d i a s t o l i c  p r e s s u r e  

A verage ch an g e  i n  E r e c t  d i a s t o l i c  p r e s s u r e

-8

M arked p o s tu r a l  f a l l .

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e f o re .  Temp. C Room 1 h r .  a f t e r .  Temp. C
Body U m b ilic a l  F o o t Temp. C Body U m b ilic a l  F o o t

T herm al C i r c u l a t i o n  
In d ex  

B e fo re  1 h r .  a f t e r .

29 3 6 .2 3 3 .0 2 6 .4 2 0 .5 36.2 3 3 .5 2 8 .2 0 .6 0 0 .9 8

31 3 6 .2 3 3 .5 2 8 .2 2 0 .5 36.2 3 2 .5 3 0 .5 0 .9 8 1 .8 0

38 3 6 .8 2 8 .6 2 8 .6 2 0 .5 36.8 3 2 .4 3 0 .4 0 .9 8 1 .5 5

40 3 6 .4 2 7 .2 2 7 .2 2 0 .5 3 6 .4 3 3 .4 2 8 .8 0 .7 2 1 .1 0

257 3 6 .4 2 9 .4 2 9 .4 1 9 .8 3 6 .4 32.2 2 7 .8 1 .3 5 0 .9 2

A verage U m b ilic a l -F o o t  T e m p era tu re  G ra d ie n t  b e f o r e  

A verage U m b ilic a l-F o o t  T e m p era tu re  G ra d ie n t  a f t e r  

A verage R e d u c tio n  i n  G ra d ie n t

Average Thermal C ircu la tio n  Index before

Average Thermal C ircu la tio n  Index a f te r

R atio  1.37

5. 1dC

3©7°C

0 .9 3

1 .2 7



Ethyl Analogue of Hexamethonium

EFFECT UPON THE PUPIL AND -ACCOMMODATION. PULSE RATE AND SALIVATION.

No. P u p i l  S iz e  mms. 
B e fo re  A f te r

A ccom modation
P a r a l y s i s

P u ls e  /  m in u te  
B e fo re  A f t e r

S a l i v a t i o n

29 If 6 - 68 80 +

31 k  3 - 60 61*. +

38 3 b -  - 72 100 +

ifO 2 2 - 78 68 ♦

257 3 3 - 88 96 +

A verage p u p i l  s i z e  b e fo r e  
A verage p u p i l  s i z e  a f t e r  
A verage change  i n  p u p i l  s i z e

3 .2  mms. 
3 .6  mms. 

+ 0 .L  mms.

A cconinodation P a r a l y s i s 0

A verage p u l s e  r a t e  b e fo r e  
A verage p u l s e  r a t e  a f t e r  
A verage change  i n  p u ls e  r a t e

7 3 .2  p e r  
8 1 .6  p e r  
+8.1f p e r

m in u te .
m in u te .
m in u te .

D ry M outh 0

EFFECT UPON SWEAT GLAND ACTIVITY. • V  ‘ 3 '

No. S k in  R e s is ta n c e  
B e fo re

i n  ohms x  1000 
1 h r .  a f t e r

R a t io

29 95 200 2 .1 0

31 30 75 2 .5 0

38 18 60 3 .3 3

ko 50 75 1 .50

257 U3 75 1 .6 6

Average R atio  2.22



E thyl Analogue of Tetramethonium.

EFFECT UPON THE BLOOD PRESSURE.

No. D ose o f  c a t i o n  
mg. su b c u ta n e o u s

B lood P r e s s u r e  mms. Hg.
B e fo re  1 h r .  a f t e r  d ru g . 

E r e c t  Recumbent E r e c t  Recum bent

153 15 1 2 0 /8 0  120/80 100 /80 1 2 0 /8 0

1 5 t 15 1 1 0 /8 0  110 /80 110/80 1 1 0 /8 0

156 15 110 /6 5  115 /70 100 /60 110 /65

158 15 110/70  115/75 100/70 110/70

161 15 1 20 /8 0  125/85 100 /80 105/80

A verage change i n  Recum bent d i a s t o l i c  p r e s s u r e -1

A verage change i n  E r e c t  d i a s t o l i c  p r e s s u r e -1

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. Be f o r e . Temp. °C 
Body U m b ilic a l  F o o t

Room 1 h r .  a f t e r .  Temp.°C 
Temp.°C Body U m b ilic a l  F o o t

T herm al C i r c u l a t i o n  
In d e x  

B e fo re  1 h r .  a f t e r

153 3 6 .4  31.3  2 8 .0 19*8 - 36J+ 3 4 .3 2 8 .2 0 .9 8 1 .0 0

15^ 36 .6  33.-3 2 8 .8 1 9 .8  3 3 .0 2 8 .6 1 .1 8 1 .1 0

156 36.6  3 2 .5  31.0 1 9 .8  36*6 31*5 2 8 .9 2 .1 0 1 .2 0

158 3 3 .8  3 3 .8  2 8 .8 1 9 .8  36*6 33*0 31.0* 1 .1 8 2 .1 0

161 3 5 .0  3 5 .0  3 0 .3 1 9 .8  3 ^ .8  33*8 2 7 .3 1 .5 8 0 .7 8

A verage U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t b e f o r e 3o8°C

Average U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t a f t e r W 3°C

Average I n c r e a s e  i n  G ra d ie n t 0 .5°C

Average T herm al C i r c u l a t i o n  In d ex  b e fo r e 1.i^2

Average T herm al C i r c u l a t i o n  In d ex  a f t e r 1 .2 if

R a t io 0 .8 7



Ethyl Analogue of Tetramethonium

EFFECT UPON THE PUPIL AH? ACCOMMODATION. PULSE RATE AND SALIVATION.

No. P u p i l  S iz e  nans. Accom modation 
B e fo re  A f t e r  P a r a l y s i s

P u ls e  /  m in u te  
B e fo re  A f te r

153 3 3 + 68 72

154 3 3 - 80 84

156 3 4 - 84 92

158 4 3 - 80 68

161 3 3 - 72 72

A verage p u p i l  s i z e  b e f o r e  
A verage p u p i l  s i z e  a f t e r  
A verage ch an g e  i n  p u p i l  s i z e

3 .2  BBSS.
3 .2  mms. 
0

Accom modation P a r a l y s i s 0

A verage p u l s e  r a t e  b e f o r e  
A verage p u l s e  r a t e  a f t e r  
A verage chan g e  i n  p u ls e  r a t e

7 6 .8  p e r  m in u te . 
77*6 p e r  m in u te . 
+0o8 p e r  m in u te .

Dry M outh 0

EFFECT UPON THE SWEAT GLAND ACTIVITY.

No. S k in  R e s i s ta n c e  i n  ohms x  1000 
B e fo re  1 h r*  a f t e r

R a t io

153 25 45 1 .8 0

154 30 35 1 .1 7

156 40 45 1 .1 3

158 300 400 1 .3 3

161 100 500 5 .0 0

Average R atio  2.08



EFFECT UPON THE BLOOD PRESSURE.

Fhenyldimethonium.

No® , ^ o s e  o f  c a t i o n  B lood  P r e s s u r e  mms® Hg®
mg. su b c u ta n e o u s  B e fo re  1 hr* a f t e r  drug*

E r e c t  Recumbent E r e c t  Recumbent®

150 25 125 /80  125 /8 0 105 /80 100 /80

152 25 140 /80  135 /80 ----- 8 0 /6 0

243 10 1 2 5 /8 0  125 /8 0 ----- 8 0 /6 0

254 5 100/70  100/70 100/70 100/70

256 10 125/85  125/85 110 /80 1 1 0 /8 0

A verage change i n  Recum bent d i a s t o l i c  p r e s s u r e -9

Average change i n  E r e c t  d i a s t o l i c  p r e s s u r e M arked p o s t u r a l

EFFECT UPON THE BODY TE&IPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e f o re .  Temp® 
Body U m b ilic a l

°C.
F o o t

Room 
Temp. C

1 h r .
Body

a f t e r .  Temp.°C 
U m b ilic a l F o o t

T herm al C i r c u l a t i o n .
In d e x .

B e fo re  1 h r .  a f t e r

150 3 6 .8 3 3 .8 2 8 .8 1 9 .0 36® 8 3 4 .0 3 2 .3 1 .2 5 2 .9 5

152 3 7 .0 3 5 .0 2 9 .8 1 9 .0 3 7 .0 3 4 .5 32.0 1 .5 0 2 .7 0

263 3 6 .lf 3*t-.2 2 7 .6 1 9 .2 3 6 .4 3 4 .0 2 7 .4 0 .9 5 0 .9 3

254 36,8 3 t .2 2 7 A 1 9 .8 36*8 3 4 .6 2 7 .6 0 .8 0 0 .8 2

256 3 6 .8 31.8 3 0 A 1 9 .8 36.8 32.0 2 9 .8 1 .7 0 1 .4 0

Average T herm al C i r c u l a t i o n  In d ex  b e f o r e  1®34

A verage T herm al C i r c u l a t i o n  In d e x  a f t e r  1*76

R a t io  1»31

Average U m b ilic a l -F o o t  G ra d ie h t  b e fo r e  5©0°C*

Average U m b ilic a l-F o o t  T e m p era tu re  G ra d ie n t a f t e r  4 .0°C  

Average R e d u c tio n  i n  G ra d ie n t 1 .0  C



Phe ny Id ime t  honium.

EFFECT UPON THE PUPIL AH) ACCOMODATION, PULSE RATE AND SALIVATION.

No. P u p i l  S iz e  ranis. Accom m odation 
B e fo re  A f t e r  P a r a l y s i s

P u ls e  /  m in u te  
B e fo re  A f te r

S a l i v a t i o n

150 3 6 + 72 108 +

152 3 6 + 68 96 +

2 63 3 5 + 72 80 +

254 3 4 - 76 68 +

256 3 5 - 80 72 +

Average
A verage
Average

p u p i l
p u p i l
change

s i z e  b e f o r e  
s i z e  a f t e r
i i n  p u p i l  s i z e

3 .0  rams. 
5 .2  rams. 

+ 2 .2  rams.

Accommodation P a r a l y s i s 0

Average p u l s e  r a t e  b e f o r e  
Average p u l s e  r a t e  a f t e r  
A verage chan g e  i n  p u l s e  r a t e

73*6 p e r  m in u te . 
8 4 .8  p e r  m in u te . 

+ 11 .2  p e r  m in u te .

Dry M outh 0

EFFECT UPON THE SHVEAT GLAND ACTIVITY.

No. S k in  R e s is ta n c e  
B e fo re

i n  ohms x  1000 
1 h r .  a f t e r .

R a t io

150 35 59 1 .4 3

152 75 90 1 .2 0

263 60 70 1 .1 7

254 18 25 1 .3 7

256 35 95 2.71

Average R atio 1.54



Phenyltr ime thonium

EFFECT UPON THE BLOOD PRESSURE.

No. D ose o f  c a t i o n  
mg0 subcutaneous

B lood P r e s s u r e  mras. Hg.
B e fo re  1 h r .  a f t e r  d ru g .

E r e c t Recumbent E r e c t R ecum bent.

63 36 110 /8 0 110/80 110 /8 0 11 0 /8 0

67 27 120/85 150/90 115 /8 5 120 /80

68 21 110 /7 5 100/70 9 5 /7 0 9 5 /7 0

Ibr 36 105/85 100/80 9 5 /7 5 1 0 5 /8 0

16 30 130/85 150/90 1 0 0 /8 0 120/95

Average change  i n  Recum bent d i a s t o l i c  p r e s s u r e  -1

Average ch an g e  i n  E r e c t  d i a s t o l i c  p r e s s u r e  -4

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e fo re .  Temp.°C Roam 1 h r .  a f t e r .  Temp. C T herm al C i r c u l a t i o n
Temp. C Body U m b ilic a l  F o o t In d e x .

63 3 6 .8 3 ^ .0 3 1 .5 1 9 .0 36.8 33.k 3 1 .5

B e fo re

2 .4 0

1 h r .  a i

2 .4 0

67 3 7 .0 32.0 2 5 .0 1 9 .0 3 7 .0 32.0 2 2 .5 0.50 0 .2 5

68 36*6 32.8 2 7 .0 1 9 .0 36 ,6 31.6 26.4 0 .8 5 0.7k

7h 3 7 .0 3 3 .5 2 8 .5 1 9 .0 .37 .0 3 2 .5 2 9 .5 1 .1 5 1.W)

76 36.K 3 2 .5 2 8 .5 1 9 .0 36.b 3 1 .5 2 7 .8 1 .2 0 1 .0 3

Average U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  b e fo re  

Average U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  a f t e r  

Average R e d u c tio n  i n  G r a d ie n t  0 .2  C

Average T herm al C i r c u l a t i o n  In d e x  b e fo re  

Average T herm al C i r c u l a t i o n  In d e x  a f t e r

R atio 0.90

4. 9°C

if .7°0

1 . 22

1.12



Phenyltrimethonium.

EFFECT UPON THE PUPIL AND ACCOMMODATION, PULSE RATE AND SALIVATION.

No. P u p i l  S iz e  rams. Accom m odation P u ls e  /  m in u te  S a l i v a t i o n
B e fo re A f t e r . P a r a l y s i s B e fo re  A f te r

63 5 5 - 88 88 +

67 6 5 - 72 72 +

-J-

O
O

VO k - 6k 6k +

Ik k 3 - 8k 8k +

76 3 3 - 72 76 +

A verage p u p i l  s i z e  b e f o r e  
A verage p u p i l  s i z e  a f t e r  
A verage ch ange  i n  p u p i l  s i z e

If.Ifinm s. 
k.Omms, , 

- 0 . ^  mms.

Accommodation P a r a l y s i s 0

Average p u l s e  r a t e  b e fo r e  
Average p u l s e  r a t e  a f t e r  
Average change  i n  p u l s e  r a t e

7 6 .0  p e r  
7 6 .8  p e r  
+ 0 .8  p e r

m in u te .
m in u te ,
m in u te .

Dry M outh 0 : - 'f

EFFECT UPON SWEAT GLAND ACTIVITY.

No. S k in  R e s i s ta n c e  
B e fo re

i n  ohms x  1000 
1 h r .  a f t e r .

R a t io

63 25 50 2o00

67 ko 75 3 .1 3

68 100 170 1 .7 0

7k 150 200 1 .3 3

76 35 6° 1 .71

A verage R a t io  1 .9 7



Pentapyrrolidinium *

EFFECT UPON THE BLOOD PRESSURE.

No. D ose o f  c a t i o n  B lood P r e s s u r e  rams. H g.
mg. s u b c u ta n e o u s  B e fo re  1 h r .  a f t e r

E r e c t Recum bent E r e c t  R ecum bent

12f9 1 2 .5 125 /90 130 /90 105 /75 1 1 5 /8 0

151 1 2 .5 120 /80 120 /80 ----- 8 5 /5 0

165 1 2 .5 110/70 110/70 ----- 9 5 /6 5

166 5 1M>/90 1 if 5 /9 0 ----- 8 0 /7 0

172 5 115 /70 115/70 100 /65 110 /65

A verage  change  i n  Recum bent d i a s t o l i c  p r e s s u r e  -12

A verage  change i n  E re tf t  d i a s t o l i c  p r e s s u r e  M arked p o s t u r a l  f a l l .

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e fo re . Temp. 
Body U m b ilic a l

°c
F o o t

Room 
Temp. C

1 h r .  
Body

a f t e r .  Temp0°C ' 
U m b ilic a l  F o o t

1if9 36.2 3if.3 2 7 .8 1 7 .5 3 6 .2 3 if.8 3 3 .8

151 5 6 .if 3 2 .3 2 9 .8 1 7 .5 3 6 .if 3 1 .0 31.0

165 3 6 .2 36.2 2 9 .5 1 7 .5 3 6 .2 32.6 3 1 .5

166 3 6 .2 3 1 .5 2 8 .3 1 7 .5 36.2 3 1 .5 2 9 .5

172 3 6 .if 3 2 .3 2 8 .6 1 7 .5 3 6 .if 32.2 2 9 .2

In d e x .
B e fo re  1 h r .  a f t e r

1 .2 5  7 .0 0

1 .8 5  2 .5 0

1 .8 0  3 .0 0

1 .3 5  1 .8 0

1.M) 1 .60

Oo
A verage U m b il ic a l—F o o t T em p era tu re  G ra d ie n t  b e fo r e  3*8 C

o _
A verage U m b ilio a l-F o o t  T em p era tu re  G ra d ie n t  a f t e r  1 .if  C

A verage R e d u c tio n  i n  G ra d ie n t  2.1*. C

A verage T herm al C i r c u l a t i o n  In d ex  b e f o r e  1*52

Average Thermal C ircu la tio n  Index a f te r  3*18

R atio  2.08



Pent ap y rro l idinium

EFFECT UPON THE PUPIL AMP ACCOMMODATION. PULSE RATE AND SALIVATION. 

No# P u p i l  S iz e  nans# A ccom m odation P u ls e  /  m in u te  S a l i v a t i o n
B e fo re A f t e r P a r a l y s i s B e fo re  A f t e r .

149 3 8 + 64 96 +

151 3 7 + 68 72 -

163 3 7 + 64 76 +

166 2 5 + . 60 84 -

172 3 7 + 72 88 +

A verage  p u p i l  s i z e  B e fo re  
A verage  p u p i l  s i z e  a f t e r  
A verage ohange i n  p u p i l  s i z e

2 .8  mms#
6 .8  mns# 

+4*0 rams.

A ccom m odation P a r a l y s i s 5

A verage p u ls e  r a t e  b e fo r e  
A verage p u ls e  r a t e  a f t e r  
A v e ra g e ‘change  i n  p u l s e  r a t e

6 5 •6  p e r  
83*2 p e r  

+ 1 7 .6  p e r

m in u te .
m inu te#
m in u te .

D ry  M outh 2

EFFECT UPON SWEAT GLAND ACTIVITY.

No# S k in  R e s i s ta n c e  i n  ohms x  1000 
B e fo re  1 hr#  a f t e r

R a t io

149 300 400 1 .3 3

151 500 450 0 .9 0

165 400 550 1 .3 8

166 20 30 1 .5 0

172 35 50 1 .4 3

Average R atio  1.31



Hexapyr r  o 1 id  i  nium.

EFFECT UPON THE BLOOD PRESSURE,

No.

8 6

97

98

99

100

D ose o f  c a t i o n  
mg, s u b c u ta n e o u s

5

10

10

10

5

B lood P r e s s u r e  mms. Hg. 
B e fo re  1 h r ,  a f t e r

E r e c t  Recum bent 

110 /70  110/70

E r e c t  R ecum bent, 

1 1 0 /7 0  110/70

130/85

135 /85

110/80

115/85

140/80

130/90

110/80

110 /80

1 15 /90

135 /85

110 /80

125 /9 0

1 1 5 /9 0

1 4 0 /9 0

1 1 0 /8 0

1 3 0 /9 0

A verage change  i n  Recum bent d i a s t o l i c  p r e s s u r e  

A verage ch an g e  i n  E r e c t  d i a s t o l i c  p r e s s u r e

EFFECT UPON THE BODY TEHFERATURE AND THE PERIPHERAL CIRCULATION.

+4

+2

No. B e fo re .  Temp. 
Body U m b ilic a l

°C
F o o t

Room 
Temp* C

1 h r .  
Body

a f t e r .  Temp.°C 
U m b ilic a l  F o o t

Therm al C irc u la tio n  
In d e x  

B e fo re  1 h r .  a f t e

86 36.8 3 4 .0 28.8 180 6 36.8 3 4 .5 31.0 1 .3 0 2 .2 0

97 37.0 3 3 .4 2 4 .5 2 0 .0 36.8 32.8 2 5 .5 0 .3 5 0 .50

98 37.0 3 2 .3 2 7 .3 * 0 .0 37*0 3 2 .3 2 7 .6 0 .7 5 0 .8 2

99 36.2 3 4 .5 27*3 2 0 .0 3 ^ .4 3 3 .8 2 6 .8 0 .8 3 0 .7 0

100 38*6 3 4 .8 2 7 .3 2 0 .0 36.6 33*9 2 5 .5 0 .8 0 0.50

A verage U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t  b e fo r e  

A verage U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  a f t e r  

Average R e d u c tio n  i n  G ra d ie n t 0 .6  C

Average Thermal C ircu la tio n  Index before

Average Thermal C irc u la tio n  Index a f te r

R atio  1 d 6

6.8°C

6 .2°C

0,81

0 .9 4



He x a p y r r  o l  1 d i  nium,, 

EFFECT UPON THE PUPIL AND ACCOMMODATION. PULSE RATE AND SALIVATION#

No. P u p i l  S iz e  rams. Accom modation P u ls e  /  m in u te  S a l iv a t i o n ,
B e fo re A f t e r . P a r a l y s i s B e fo re A f t e r .

86 5 8 - 76 Bb +

?7 3 5 - 88 8b +

98 4 4 + 84 8b +

99 4 3 + 64 +

100 14- 3 - 76 92 +

A verage
A verage
A verage

p u p i l  s i z e  b e f o r e  
p u p i l  s i z e  a f t e r  
change i n  p u p i l  s i z e

4 .0  sm s. 
If. 6 oxas. 

4-0.6 m as.

A ccom m odation p a r a l y s i s

A verage p u l s e  r a t e  b e fo r e  
A verage  p u ls e  r a t e  a f t e r  
A verage change i n  p u l s e  r a t e

D ry  M outh

77*6 p e r  m in u te . 
8 1 ,6  p e r  m in u te . 

+ 4 .0  p e r  m in u te .

No,

EFFECT UPON SWEAT GLAND ACTIVITY. 

S k in  R e s i s ta n c e  i n  ohms x  1000 R a t io
B e fo re 1 h r .  a f t e r

86 100 200 2 .0 0

97 25 73 3 .0 0

98 20 85 4 .2 5

99 150 200 1 .3 3

100 27 45 1 .6 6

Average R atio  2.45



Ethyl Analogue of Hexapyrrolidiniian

EFFECT UPON THE PUPIL AND ACCOMODATION, PULSE RATE AND SALIVATION.

No.

64
69 

80 

72

70

P u p i l  S iz e  rams. 
B e fo re  A f te r

Accom modation
P a r a l y s i s

P u ls e  /  m in u te  
B e fo re  A f te r

5
3

3

3

5

5
4  

3

5 

5
A verage  p u p i l  s i z e  b e f o r e  
A verage  p u p i l  s i z e  a f t e r  
A verage  change i n  p u p i l  s i z e

A ccom m odation P a r a l y s i s

A verage p u ls e  r a t e  b e f o r e  
A verage  p u l s e  r a t e  a f t e r  
A verage  change i n  p u l s e  r a t e

D ry M outh

4 .2  nans. 
4*4  nans. 

+ 0 .2  rams.

64

64

76

80

68

70 .8  p e r  m in u te . 
7 8 .4  p e r  m in u te . 
+ 7 .6  p e r  m in u te .

64

96

80

80

72

S a l i v a t i o n

+

+

4*
4-

No.

64

69 

80 

72

70

EFFECT UPON SWEAT GLAND ACTIVITY.

S k in  R e s is ta n c e  i n  ohms x  1000 
B e fo re  1 h r .  a f t e r

50

19

150

25

60

100

60

500

45

75

R a t io

2 .00

3.16

3 .3 3

1.80

2.08

Average R atio 2.47



Ethyl Analogue of Hexapyrrolidinium

EFFECT TJPON THE BLOOD PRESSURE#

No, D ose o f  c a t i o n  
mg, s u b c u ta n e o u s

B lood P r e s s u r e  mms. Hg. 
B e fo re  1 h r ,  a f t e r

E rec t Recumbent E rec t Recumbent

64 36 110/65 115 /7 0 95 /6 0 110/70

69 21 120 /80 120 /80 5 5 /4 0 100/90

80 45 110/70 110/20 105 /70 100/70

72 3 6 115/80 120/85 105/80 115 /85

70 21 110/85 130 /90 105/85 110/90

Average change in  Recumbent d ia s to l ic  p re ssu re -2

Average change in  E re c t d ia s to l i c  p re ssu re -9

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No, B e fo re .  Tempc C Room 1 h r ,  a f t e r *  Temp. C T herm al C i r c u l a t i o n  
Body U m b ilic a l  F o o t Temp. °C Body U m b ilic a l  F o o t In d e x

B e fo re  1 h r .  a f te r -

6k 3 6 .6 3 4 .0 31.0 19.0 36.6 31.6 31.6 2 .2 5 2.60

69 3 6 .4 32,2 23.0 19.0 3 6 .4 2 9 .6 2 5 .5 0 .3 0 0.60

80 3 6 .6 3 2 .3 3 0 .3 20.0 36.6 30.0 30.2 1 .7 0 1.60

72 36,6 3 4 .2 2 8 .5 2 0 .5 36.6 3 3 .2 27.6 1.00 0.80

70 3 6 .4 32.6 2 7 .0 19.0 3 6 .4 32.0 2 3 .3 0.88 0 .3 3

A verage U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  b e fo r e  

A verage U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t  a f t e r  

A verage R e d u c tio n  i n  G ra d ie n t 

A verage T herm al C i r c u l a t i o n  In d ex  b e fo re  

A verage T herm al C i r c u l a t i o n  In d ex  a f t e r

R atio 0.97

5o1°C

3.6°C

1 .5°C

1 .2 3

1 .1 9



Pent amorphol i  n ium •

EFFECT UPON THE BLOOD PRESSURE.

No. D ose o f  c a t i o n  B lood P r e s s u r e  rams. Hg.
mg. su b c u ta n e o u s  B e fo re  1 h r .  a f t e r

E rec t Recumbent E rec t Recumbent,

167 6 120/90 120 /90 115/85 1 2 0 /9 0

168 6 110/70 110/75 105 /65 110/70

170 6 145/100 150 /100 120 /65 1 30 /7 0

173 6 110/80 110 /80 — 5 0 /4 0

174 9 1 40 /90 1 40 /90 100/75 105 /80

A verage  change i n  Recum bent d i a s t o l i c  p r e s s u r e  -1 7

A verage  change i n  E r e c t  d i a s t o l i c  p r e s s u r e  P o s t u r a l  F a l l

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e fo re .  Temp.°C Room 1 h r .  a f t e r .  Temp.°C T herm al C i r c u l a t i o n  
Body U m b ilic a l  F o o t Temp.°C Body U m b ilic a l  F o o t In d e x

B e fo re  1 h r .  a f t e r

167 3 6 .2 3 3 .3 2 9 .3 1 7 .5 36.2 3 4 .0 2 8 .8 1 .7 5 1 .5 5

168 3 6 .4 31.0 2 7 .5 1 7 .5 3 6 .4 3 1 .5 2 9 .5 1 .1 5 1 .8 0

170 3 6 .2 3 2 .5 30.0 1 7 .0 36.2 3 1 .5 2 9 .5 2 o20 1 .9 0

173 3 6 .6 3 4 .2 2 7 .2 1 8 ,2 36.6 3 4 .2 2 7 .4 0 .9 8 1 .0 0

174 3 6 .6 3 3 .6 2 8 .6 1 8 .2 36.6 3 3 .6 2 9 .5 1 .3 0 1 .6 0

A verage U m b ilic a l -F o o t  T e m p era tu re  G ra d ie n t  b e fo r e  4 .4  C

A verage U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  a f t e r  4 .0  C

A verage R e d u c tio n  i n  G ra d ie n t  0 .4  C

Average Thermal C ircu la tio n  Index before 1.42

Average Thermal C ircu la tio n  Index a f te r  1*77

R atio  1.25



Pen t  amorphol i  ni um«

EFFECT UPON THE PUPIL AMD ACCOMMODATION. PULSE RATE AND SALIVATION.

No. P u p il  S ize  mms. 
B efore  A fte r .

Accommodation
P a ra ly s is

P u lse  /  minute 
Before A fte r

S a liv a tio n

168 3 3 + 72 68 +

168 2 3 - 88 88 -

170 3 3 - 86 80 +

173 hr 5 - 72 71+ +

171+ 5 6 + 78 78

Average p u p il  s iz e  "before 
Average p u p il  s iz e  a f t e r  
Average change in  p u p il s iz e

Accommodation P a ra ly s is

Average p u lse  r a t e  b e fo re  
Average p u lse  r a te  a f t e r  
Average change in  p u lse  r a te

Dry Mouth

3 .2  mms. 
A.O mms* 

+0* 8 rams*

6 lf*8 p er m inute. 
77.6  p e r m inute. 

+12*8 p er m inute.

0

EFFECT UPON THE SWEAT GLAND ACTIVITY.

No.

-167

1.68

170
173
172f

Skin  R esis tan ce  in  ohms x 1000 
Before 1 h r . a f t e r .

35
50
19
ifO

75

75
35
65

50
100

R atio

3.57
0.70

3.̂ 2
1.13

1.33

Average R atio 2.03



Hexaraorphol iniura.

EFFECT UPON THE BLOOD PRESSURE.

No. D ose o f  c a t i o n  
mg. su b c u ta n e o u s

B lood  P r e s s u r e  mms* Hg* 
B e fo re  1 h r .  a f t e r .

E r e c t Recumbent E r e c t  R ecum bent.

147 13 130/90 130/90 9 5 /7 5 1 0 0 /8 0

148 13 120/70 120/70 . 8 0 /6 0 100 /8 0

164 5 135/90 145 /90 120/90 1 2 5 /9 0

169 5 110 /8 0 110/80 105 /80 1 0 5 /8 0

175 8 120/75 130/80 110/75 1 1 0 /8 0

A verage  change  i n  Recum bent d i a s t o l i c  p r e s s u r e  0

A verage change  i n  E r e c t  d i a s t o l i c  p r e s s u r e  ,-5

No,

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION. 

B e fo re .  Tem p.0C Room 1 h r .  a f t e r .  Temp,°C T herm al i
Body- U m b ilic a l F o o t Temp.°C Body U m b ilic a l F o o t

B e fo re
In d e x .

1 h r .

147 3 6 .6 30.2 2 7 .8 1 9 .0 36.6 3 3 .3 3 1 .4 1 .0 2 2 .5 0

148 3 6 .6 31.2 2 5 .5 1 9 .0 36.6 3 2 .6 3 1 .5 0 .5 8 2 .5 5

164 36.2 3 4 .5 2 9 .5 1 9 .0 36.2 3 3 .5 2 8 .8 1 .9 0 1 .3 4

169 36.6 3 2 .5 31.0 1 9 .0 36.8 3 2 .5 3 1 .5 2 .2 5 2 .3 0

175 36.2 3 3 .8 30.2 16.8 36.2 33*6 31 .2 2.26 2 .8 0

A verage U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  b e fo r e  

A v errg e  U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  a f t e r  

A verage R e d u c tio n  i n  G ra d ie n t  . 0 .8°C

A verage T herm al C i r c u l a t i o n  In d ex  b e f o r e  

A verage T herm al C i r c u l a t i o n  In d ex  a f t e r  

R a t io  1 .4 4

3 .0°C

2 ,2°C

1.60

2 .3 0



Hexaraorphol inium.

EFFECT UPON THE PUPIL AND ACCOMMODATION. PULSE RATE MB SALIVATION.

No. P u p il  S ize  mms. Accommodation 
B efore  A fte r  P h ra ly s is

P u lse  /  m inute 
Before A fte r .

S a liv a t io n

147 3 5 - 72 92 +

148 3 4  + 88 96 +

164 3 3 -  . 72 72 +

169 2 2 92 80 +

175 3 4  + 7 6 78 -

Average p u p il  s iz e  b e fo re  
Average p u p il  s iz e  a f t e r  
Average change in  p u p il s iz e

CO 
VO 

CO 
. 

•
CM 

K
'V

O
 

+
mms.
nans.
runs.

Accommodation P a ra ly s is 2

Average p u ls e  r a te  b e fo re  
Average p u lse  r a te  a f t e r  
Average change in  p u lse  r a t e

8 0 .0  p er m inute• 
83.6  p er m inute. 
+3*6 p er m inute.

Dry Mouth 1

EFFECT UPON SWEAT GLAND ACTIVITY.

No.

147

1li-8

164

Skin R es is tan ce  in  ohms x  1000 
B efore 1 h r .  a f t e r

175

19 

5 0

20 

22 

21

45

50
45

60

55

R a t io

2.36
1.00

2 .2 5

2 .7 2

1 .2 9

Average R atio 1*93



Heptamorpholinium.

EFFECT UPON THE BLOOD PRESSURE.

No© D ose o f  c a t i o n  B lood  P r e s s u r e  mms. Hg*
mg. subcutaneous B efore 

E rec t Recumbent
1 h r . a f t e r  
E re c t Recumbent.

65 26 125 /80 130 /75 110 /80 120 /85

77 k9 120 /80 120/80 100/85 1 0 5 /8 0

79 120/90 130 /90 1 20 /90 130 /9 0

81 33 120 /80 120/85 9 5 /6 5 100 /65

255 b$ 115 /80 115 /80 115 /80 115 /8 0

Average change in  Recumbent d ia s t o l i c  p ressu re -2

A verage  change  i n  E r e c t  d i a s t o l i c  p r e s s u r e  -1

EFFECT UPON THE BODY TEMPERATURE AND PERIPHERAL CIRCULATION.

No. B e fo re .  Temp.°C Room 1 h r .  a f t e r .  Temp.°C T herm al C i r c u l a t i o n
Body U m b ilic a l  F o o t Temp.°C Body U m b ilic a l  F oo t In d e x .

B e fo re  1 h r .  a f t e r

65 3 6 .2 3 3 .2 2 9 .0 2 0 .5 36.2 33 .2 31.0 1 .2 0 2 .1 0

77 3 6 .h 31.0 2 5 .8 20.5 36.ii- 3 1 .5 2 6 .5 0.50 0 .6 0

79 3 6 . l*. 3 ^ .5 2 7 .5 2 0 .5 3 6 A 3if.3 2 7 .3 0 .7 8 0 .7 3

81 3 6 .2 35.1 2 5 .8 2 0 .5 36.2 32.2 26.2 0 .5 2 0 .5 6

155 3 6 .6 3 2 .3 31 *k 1 9 .8 36.6 3 2 .4 2 9 .8 2 .2 5 1 .5 0

A verage U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t  b e fo r e  5»5 C

A verage U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  a f t e r  ij-.o C

A verage R e d u c tio n  i n  G ra d ie n t  0 ,9  C

Average Thermal C ircu la tio n  Index before 1.05

Average Thermal C irc u la tio n  Index a f te r .  1*10

R atio  1.00



Hep t  a inorphol inimn« 

EFFECT UPON THE PUPIL AND ACCOMMODATION. PULSE RATE AND SALIVATION.

No0 P u p i l  S iz e  
B e fo re

mms.
A f te r

Accom modation P u ls e  /  m in u te . 
P a r a l y s i s  B e fo re  A f te r

S a l i v a t i o n

65 3 6 + 80 84 +

77 3 4 + 72 68 +

79 3 5 + 84 72 +

81 2 3 76 84 -

255 3 3 - 84 92 +

A verage p u p i l  s i z e  b e f o r e  
A verage p u p i l  s i z e  a f t e r  
A verage ch an g e  i n  p u p i l  s i z e

2 .8  mms. 
4 .2  mms. 

+ 1 .8  mms.
•

A ccom m odation P a r a l y s i s

A verage p u l s e  r a t e  b e fo r e  
A verage p u l s e  r a t e  a f t e r  
A verage change  i n  p u ls e  r a t e

D ry  M outh

79 • 2 p e r  m in u te • 
8 0 ,0  p e r  m in u te . 
+ 1 .2  p e r  m in u te .

1

EFFECT UPON SWEAT GLAND ACTIVITY.

No.

65

77

79

81

255

S k in  R e s i s t a n c e  i n  ohms x  1000 
B e fo re  1 h r .  a f t e r .

220

30

23

25

19

300 

150 

40 

100 

25

R a t io

1 .3 6

5.00

1 .3 0

4.00

1.42

Average Ratio 2.22



Thiaainamium.

EFFECT UPON THE BLOOD PRESSURE.

No.

30
33
35
39
k5

D ose o f  c a t i o n  
mg. s u b c u ta n e o u s

2 2 .5

2 2 .5  

30 

30 

30

B lood P r e s s u r e  mms. Hg.
B e fo re  1 h r .  a f t e r  d rug

E r e c t  Recumbent 

105 /65  105 /65

105 /85  125 /90

105/95  115 /80

120 /8 0  120 /8 0  

110 /85  110 /75

E r e c t  Recum bent 

105 /65  105 /65

1 1 0 /9 0  11 0 /9 0

1 0 5 /9 5  120 /85

110 /85  110 /75

115/80 115/80

Average change i n  Recum bent d i a s t o l i c  p r e s s u r e  

Average change  i n  E r e c t  d i a s t o l i c  p r e s s u r e

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

+2

+2

No. B e fo re . Temp.°C Room 1 h r .  a f t e r ,  Temp,°C T herm al C i r c u l a t i o n  
ir U m b ilic a l  F o o t Temo.°C Bodv U m b ilic a l  F o o t In d e x

30 36.2 3 3 .5 2 8 .0 2 1 .2 36.2 3 3 .5 28 .1

B e fo re

0 .8 5

1 h r .  a f t e r  

0 .8 6

33 36.1 32.0 2 7 .2 2 0 .if 36.1 32.8 2 8 .5 0 .7 5 1 .0 5

35 36A 3 3 .0 2 8 .5 2 0 .2 3 6 .4 3 3 .0 2 8 .5 1 .0 5 1 .0 5

39 36.2 32.8 2 9 .0 2 0 .2 36.2 3 2 .6 2 7 A 1 .2 5 0 .8 3

§5 36.6 3 3 .0 2 5 .5 1 9 .8 36.6 3 2 .5 2 5 .5 0 .51 0 .51

Average U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t  b e f o r e  

Average U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  a f t e r  

Average R e d u c tio n  i n  G ra d ie n t  0 .3  0

Average Thermal C ircu la tio n  Index before

Average Thermal C ircu la tio n  Index a f te r

R atio 0.98

5 .2°C

if.9°C

0.88

0.86



Thiazinaraium.

EFFECT UPON THE PUPIL AMD ACCOMMODATION, PULSE RATE AND SALIVATION.

No# P u p i l  S iz e  mms# 
B e fo re  A f t e r .

A ccom m odation P u ls e  /  m in u te  S a l iv a t :  
P a r a l y s i s  B e fo re  A f te r

30 3 5 + 84 128 +

33 4  4 96 128 +

35 2 3 72 126 -

39 3 5 + 72 90 +

45 2 3 68 88 " +

A verage p u p i l  s i z e  b e f o r e  
A verage p u p i l  s i z e  a f t e r  
Average ch an g e  i n  p u p i l  s i z e

2 .8  mms# 
4 .0  mms. 

+1.2  mms.

Accommodation P a r a l y s i s 2

Average p u l s e  r a t e  b e f o r e  
Average p u l s e  r a t e  a f t e r  
Average ch ange  i n  p u l s e  r a t e

78#4 p e r  m in u te . 
112.0  p e r  m in u te . 
+ 34*4 p e r  m in u te .

Dry M>uth 1

EFFECT UPON SWEAT GLAND ACTIVITY.

No# S k in  R e s is ta n c e  i n  ohms x  1000
B e fo re  1 h r .  a f t e r

R a t io

30 55* 150 2 .7 4

33 19 30 1.58

35 75 500 4 .00

3 8 , , , ^  f.v, ■ 60 150 2 .5 0

45 100 500 5.00

Average R atio  3*16



Bisthiazinaraium.

No,

EFFECT UPON THE BLOOD PRESSURE.

D ose o f  c a t i o n Blood P ressu re  mms. Hg,
mg. su b c u ta n e o u s B e fo re  

E r e c t  Recumbent
1 h r .  a f t e r  
E r e c t  Recum bent

5 38 1 20 /90  135 /90 1 1 5 /7 0  105 /7 0

6 19 125/80  130/80 105/70  120 /80

9 76 —
a. ■
e 0 O 110/70  110/70

23 38 115/80  120 /80 110/70 115/80

87 76 120/95  130/95 120 /95  130 /95

Average change in  Recumbent d ia s to l i c  p re ssu re  -if

Average change in  E re c t d ia s to l i c  p re ssu re  -8

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e fo re . Temp. 
Body U m b ilic a l

,°C
F o o t

Room 
Temp. C

1 h r .  
Body

a f t e r .  Temp.°C 
U m b ilic a l  F o o t

T herm al C i r c u l a t i o n  
In d e x  

B e fo re  1 h r .  a f t e r .

5 36.8 32.0 30.0 21.0 36.8 3 2 .5 27.0 1 .3 0 0.60

6 3608 3 2 .5 3 2 .5 21.0 36.8 33 .5 3 1 .5 2 .7 0 2.00

9 37*0 3 ^ .0 3 0 .5 21 .0 3 7 .0 3 3 .2 2 9 .5 1.1*5 1 .1 5

23 36 . i+ 3 3 .5 32.0 1 9 .8 3 6 .4 3 1 .3 2 9 .5 2 .8 0 1 .3 8

87 3 6 .4 3 2 .5 2 6 .5 1 9 .0 36 .if 32.0 2 6 .5 0 .7 5 0.75

Average U m bilica l- Foot Temperature G radient befo re  

Average U m bilical-Foot Temperature G rad ien t a f t e r  

Average•In c rease  in  G rad ien t 1.1°C

Average Thermal C irc u la t io n  Index b efo re  

Average Thermal C irc u la t io n  Index a f t e r

2 ,6  C 

3o7°C

1 .8 0

1 . 1 8

R atio 0.66



Bisthiazinamium.

EFFECT UPON THE PUPIL AND ACCOMMODATION. PULSE RATE AND SALIVATION.

No. P u p i l  S iz e  mms* 
B e fo re  A f t e r

Accommodation
P a r a l y s i s

P u ls e  /  m in u te  
B e fo re  A f te r

S a l i v a t i o n

5 7 6 - 76 86

6 6 6 - 80 80 +

9 8 8 - 6b- 60 +

23 ^ 3 - 12 6b- +

87 if 3 - 88 8lf +

A v erag e  p u p i l  s i z e  B e fo re  
A verage  p u p i l  s i z e  a f t e r  
A verage  change  i n  p u p i l  s i z e

5.8 mms. 
5.2 mms. 

***0.6 mms.

Accom m odation P a r a l y s i s 0

A verage  p u ls e  r a t e  b e f o r e  
A verage  p u ls e  r a t e  a f t e r  
A verage  change i n  p u l s e  r a t e

76.0 p e r  m in u te . 
81.6 p e r  m in u te . 
+5*6 p e r  m in u te .

D ry  M outh 0

EFFECT UPON THE SWEAT GLAND ACTIVITY.

No.

5
6 

9
23

87

S k in  R e s i s ta n c e  i n  ohms x  1000 
B e fo re  1 h r .  a f t e r

500

90

75
50

90

300

80

75
100

180

R a t io

0.60

0 .8 9

1 . 0 0

2.00

2 .0 0

Average Rat io  1« 30



Fhenoxydimethonium.

EFFECT UPON THE BLOOD PRESSURE.

No© D ose o f  c a t i o n  B lood P r e s s u r e  rams© Hgo
mg* s u b c u ta n e o u s  B e fo re  1 hr*  a f t e r  drug*

E r e c t Redumbent E r e c t  R ecum bent,

3 15 1 2 0 /8 0 120 /80 115 /7 5 9 5 /7 5

8 60 135/95 130/100 120 /95 125/95

10 60 11 0 /8 0 105/75 1 0 0 /7 5 9 0 /6 5

189 60 120 /8 0 120/80 115 /75 115 /75

193 60 110 /75 110/75 115 /7 0 110/70

A verage  change  i n  Recum bent d i a s t o l i c  p r e s s u r e  -if

A verage change  i n  E r e c t  d i a s t o l i c  p r e s s u r e  -6

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION©

No© B e fo re .  Temp©°C Room 1 hr* a f t e r .  Temp*°C T herm al C i r c u l a t i o n
Body U m b ilic a l F o o t Tempo C Body U m b ilic a l F oo t Index© 

B e fo re  1 h r .  a i

3 36.8 3 4 . 2 2 9 .5 21.0 36© 8 32© 8 2 8 .0 1 ©16 0 .7 9

8 36.8 3 3 .0 2 9 .5 21.0 36.2 3 3 .8 3 2 .5 1 .6 5 3.20

10 36.2 32.8 30.0 20.2 36.2 32.6 29.6 1 ©60 1 .4 0

189 36.2 3 4 .5 30© 5 20.2 36.2 3 3 .8 3 2 .5 1 .6 5 3© 20

193 36.2 34.1 2 9 .2 20.2 36.2 3 3 .8 29.1* 1©30 1 .3 6

A verage T herm al C i r c u l a t i o n  In d ex  b e fo r e  1 .3 7

A verage T herm al C i r c u l a t i o n  In d ex  a f t e r  1*57

R a t io  1*15
o

Average U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t b e fo r e  if.O  C

A verage U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t a f t e r  3*5 C

Average R e d u c tio n  i n  G ra d ie n t  0*5 C



Phenoxydimethonium.

EFFECT UPON THE PUPIL AND ACCOMODATION. PULSE RATE AM) SAL WAT ION.

S a l i v a t i o nNo. P u p i l  S iz e  mms. A ccom m odation P u ls e  /  m in u te  
B e fo re  A f t e r .  P a r a l y s i s  B e fo re  A f te r

3 5 5 60 60

8 6 k 88 68

10 6 7 72 80

189 4  3 72 80

193 3 if 8k 80

A verage p u l s e  r a t e  b e f o r e  
A verage p u l s e  r a t e  a f t e r  
A verage change  i n  p u l s e  r a t e

75*6 p e r  m in u te . 
6 9 .6  p e r  m inute*  
- 6 .0  p e r  m in u te .

Accom m odation P a r a l y s i s 0

A verage p u p i l  s i z e  b e f o r e  
A verage p u p i l  s i z e  a f t e r  
A verage change  i n  p u p i l  s i z e

if# 9 mms. . 
i f .6 mms.

- 0 .2  mms.

D ry  M outh 0

EFFECT UPON SWEAT GLAND ACTIVITY.

No. S k in  R e s i s ta n c e  
B e fo re

i n  ohms x  1000
1 h r .  a f t e r

R a t io

3 20 30 1®50

8 35 IfO 1 .1 4

10 50 35 0 .70

189 75 50 0 .6 6

193 150 200 1 .3 3

Average R atio 1.07



Phenoxytrimethonium.

EFFECT UPON THE BLOOD PRESSURE.

No.

14

16

17

19

88

Dose o f  c a t i o n  
mg. su b c u ta n e o u s

30

100

30

50

65

B lood P r e s s u r e  rams. Hg.
B e fo re  1 h r .  a f t e r  d ru g

E r e c t  Recum bent 

125/80 125/80  

105 /70  110 /70

110/70 110/70  

125 /70  13 0 /7 0

110 /80  110 /8 0

E r e c t  Recum bent 

130 /9 0  130 /90

100/70

105 /65

1 20 /85

130/80

110/70

105/65

120/85

130 /9 0

A verage  change i n  R ecum ebtn  d i a s t o l i c  p r e s s u r e  +6

A verage  change i n  E r e c t  d i a s t o l i c  p r e s s u r e  +4

EFFECT UPON THE BODY TEMPERATURE AND PERIPHERAL CIRCULATION.

No. B efore . Temp. 
Body U m bilical

°C Room 
Foot Temp. C

1 h r.
Body

a f te r .  Terap.°C 
U m bilical F o o t

Thermal C irculi 
Index 

Before 1 h r . j

14 3 6 .4 33oO 2 7 .5 2 0 .0 3 6 .4 3 3 .5 2 5 .2 0 .8 5 0 .4 8

16 3 6 .4 3 3 .0 3 0 .5 2 0 .0 3 6 .4 3 3 .5 3 0 .5 -A
.

♦ CO 0 1 .8 0

*9. 3 6 .6 3 3 .8 2 8 .5 2 0 .0 36.6 33 .2 2 8 .8 1.06 1 .1 4

88 3 6 .6 3 3 .8 2 9 .3 2 1 .5 36.6 3 4 .5 2 8 .3 1 .0 8 0 .8 2

A verage U m b ilic a l -F o o t  T e m p era tu re  G ra d ie n t  b e fo re

A verage U m b ilic a l -F o o t  T em p era tu re  G ra d ie n t  a f t e r

o
A verage I n c r e a s e  i n  G ra d ie n t  0 .9  C

Average Thermal C ircu la tio n  Index before

Aveaage Thermal C ircu la tio n  Index a f te r

Ratio 0.83

4 .2 °C

5.1°C

1.41

1.17'



Phenoxytrimethonium.

EFFECT UPON THE PUPIL AND ACCOMMODATION., PULSE RATE AND SALIVATION.

No. P u p i l  S iz e  mms. Accom modation 
B e fo re  A f t e r .  P a r a l y s i s

P u ls e  /  m in u te  
B e fo re  A f te r

S a l i v a t i o n

16 b  5 - 70 80 +

1if 7 b - 80 60 +

17 6 3 - 76 68 ... + ■

19 b  3 “ 80 68

88 b b + 68 68 , f  ■

A verage p u p i l  s i z e  b e f o r e  
A verage p u p i l  s i z e  a f t e r  
A verage  change i n  p u p i l  s i z e

5 .0  mms. 
3 .8  isms. 

- 1 02 mms.

A ccom m odation P a r a l y s i s 1

A verage  p u ls e  r a t e  b e f o r e  
A verage p u l s e . r a t e  a f t e r  
A verage  change i n  p u l s e  r a t e

74<>8 p e r  m in u te . 
6 8 .8  p e r  m in u te . 
- 6 .0

■ ■ ■ ■ 7’ .1 - 'y+ *

X *
D ry  M outh 0

EFFECT UPON SWEAT GLAND SECRETION.

No.

16-

S k in  R e s i s ta n c e  : 
B e fo re

19

in  ohms x  1000 
1 h r .  a f t e r

19

R a t io

1 .0 0

: , 7. 3 <

16 100 100 o O o

75 75 1 .0 0

19 -■ 15 18 1 .2 0

88 20 22 1 .1 0

Average Ratio 1*08



Atropine.

EFFECT UPON THE BLOOD PRESSURE.

No. D ose o f  c a t i o n  B lood P r e s s u r e  rams* Hg.
rag. su b c u ta n e o u s  B e fo re  1 h r .  a f t e r  d ru g

E r e c t  Recum bent E r e c t  Recum bent

51 0 .5 110 /85 110/85 110 /85 110 /85

55 0 .5 110/85 120/90 1 10 /75 1 1 5 /8 0

5if 0 .5 120/90 125/90 110 /75 1 1 0 /8 0

55 0 .5 1 05 /65 100/60 9 0 /7 0 100 /65

56 0 .5 110/70 105/70 110/70 115 /7 0

Average ch an g e  i n  Recum bent d i a s t o l i c  p r e s s u r e  -3

A verage ch an g e  i n  E r e c t  d i a s t o l i c  p r e s s u r e  -if

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No, B e fo re .  Temp. °C Room 1 h r ,  a f t e r *  Temp.°C T herm al C i r c u l a t i o n
Body U m b ilic a l  F o o t  Temp„°C Body U m b ilic a l  F o o t In d e x

B e fo re  1 h r .  a f t e r

51 36 .if 3 1 .5 2 7 .5 1 6 .5 36 .if 32.0 2 6 .if 1 .2 5 1 .0 0

53 36 .if 3 2 .3 2 2 .5 1 6 .5 3 6 .if 31.0 22.5 O.iOf O.Mf

% 36.2 3 3 .0 2 8 .2 1 6 .5 36.2 3 1 .5 2if. 8 1 .if5 0 .7 5

m 35 .if 32.6 26.0 1 6 .5 36. if 31.8 25.6 1 .0 0 0 .8 5

56 3 6 .2 3 2 .2 2 if.8 1 6 .5 36.2 3 1 .8 26 .8 0.7*f 1 .1 0

Average U m b ilic a l -F o o t  T e m p era tu re  G ra d ie n t b e f o r e  6 .5  C

Average U m b il ic a l -F o o t  T em p era tu re  G ra d ie n t  a f t e r  6.if°C

Average R e d u c tio n  i n  G ra d ie n t  0 .1  C

Average Thermal C ircu la tio n  Index before 0.9b

Average C irc u la tio n  Index a f te r  0.83

R atio 0.85



A tropine.

EFFECT UPON THE PUPIL AM) ACCOMMODATION. PULSE RATE AND SALIVATION. 

No# P u p il S ize  nous# Accommodation P u lse  /  minute S a liv a tio n *
B e fo re A f te r*  P a r a l y s i s B e fo re A f t e r

51 3 3 - 68 68 +

53 3 5 + 68 76 • +

5k 3 k - 80 80

55 3 3 - 6k 72 i  +

56 3 k - 60 6k

A verage p u p i l  s i z e  b e f o r e  
A verage p u p i l  s i z e  a f t e r  
A verage change i n  p u p i l  s i z e

3 .0  mms# 
3*8 mmso 

+ 0 .8  mms*

Accommodation P a r a l y s i s 1

A verage p u l s e  r a t e  b e f o r e  
Average p u l s e  r a t e  a f t e r  
Average chan g e  i n  p u ls e  r a t e

6 8 .0  p e r  m in u te .
7 2 .0  p e r  m in u te . 
+1+.0 p e r  m in u te .

Dry M outh 2

EFFECT UPON THE SWEAT G-LAED ACTIVITY

No# S k in  R e s i s ta n c e  
B e fo re

i n  ohms x  1000 
1 h r .  a f t e r .

R a t io

51 19 35 1.81+

53 100 300 3 .0 0

5V 100 100 1 .0 0

55 75 200 2 .6 7

56 50 90 1 .8 0

Average Ratio 2.06



Laches in e .

EFFECT UPON THE BLOOD PRESSURE.

No0 Dose o f  c a t io n  Blood P re s su re  rams. Hg.
mg. su b c u ta n e o u s B e fo re  

E r e c t  Recum bent
1 h r .  a f t e r  d rug , 
E r e c t  Recum bent,

18?+ 1 130/75 130/75 1 2 5 /7 0 130 /85

187 *+ 1 2 5 /8 0 1 2 0 /8 0 1 2 5 /7 5 120 /75

197 *+ 120 /75 120/75 1 2 5 /8 0 125 /80

210 3 115 /75 120 /8 0 11 5 /7 0 115 /75

217 7 110 /80 125/85 1 1 0 /7 5 120 /80

A verage change  i n  Recum bent d i a s t o l i c  p r e s s u r e  0

A verage change i n  E r e c t  d i a s t o l i c  p r e s s u r e -3

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e f o re .  Temp.°C Room 1 h r .  a f t e r .  Temp.°C T herm al C i r c u l a t i o n
Body U m b ilic a l  F o o t Temp.°C Body U m b ilic a l  F o o t In d ex

B e fo re  1 h r .  a f t e r .

181+ 36.8 33«8 2 7 .2 1 9 .2 3 6 .8 3 3 .6 26.8 0.8*+ 0 .7 7

187 3 6 .6 3*+.2 2 7 .0 1 9 .2 36.6 3*+o2 26.8 0 .8 2 0 .8 0

197 36.6 3 3 .6 2 5 .8 1 9 .4 3 6 .6 31.*+ 2 7 .2 0 .6 0 0.8*+

210 36oI+ 32.6 2 9 .6 19.*+ 36.*+ 3 1 .8 2 8 .8 1.1+8 1.26

217 36.6 3*+. 2 2 5 .8 1 9 .0 36.6 3 3 .6 27.*+ 0.6*+ 0 .9 3

A verage  U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  b e fo r e  6 .6°C

A verage U m b ilc a l-F o o t T em p era tu re  G ra d ie n t  a f t e r  5 .5°C

A verage  R e d u c tio n  i n  G ra d ie n t  1 .1  °C

Average Thermal C ircu la tio n  Index before 0.88

Average Thermal C ircu la tio n  Index a f te r  0.92

R atio 1.05



Lachesine.

EFFECT UPON THE PI3FIL AMD ACCOMMODATION. PULSE RATE AND SALIVATION.

S a l i v a t i o nNo. P u p i l  S iz e  mms. 
B e fo re  A f t e r

A ccom m odation
P a r a l y s i s

P u ls e  /  m in u te  
B e fo re  A f t e r

18!* 3 6 + 66 8k

CD 3 5 + 72 96

197 3 6 + 70 96

210 h 7 - 68 120

217 3 5 + 66 92

A verage  p u p i l  s i z e  b e f o r e  
A verage  p u p i l  s i z e  a f t e r  
A verage  change i n  p u p i l  s i z e

Acccxnmodation P a r a l y s i s

A verage p u l s e  r a t e  b e f o r e  
A verage p u l s e  r a t e  a f t e r  
A verage change i n  p u ls e  r a t e

3 .2  rams. 
5 « 8  nans. 

+2o6 inms*

68*1|- p e r  m inute* 
77*6 p e r  m inute* 
+9*U- p e r  m in u te .

D ry  M outh

No*

1&-

187

197

210

217

EFFECT UPON SWEAT GLAND ACTIVITY.

S k in  R e s i s ta n c e  i n  ohms x  1000 
B e fo re  1 h r .  a f t e r

50

75

35

kO

35

150

200

80

90
60

R a t io

3*00

2 .6 7

2 .2 9

2 .2 5

1.71

Average R atio 2.38



D ibu to line .

EFFECT UPON THE BLOOD PRESSURE.

No. D ose o f  c a t i o n  
mg. su b c u ta n e o u s

20 26

22 35

24 35

27 35

253 16

B lood P r e s s u r e  aims. Hg.
B e fo re  1 h r .  a f t e r  d ru g .

E r e c t  Recum bent 

105 /75  110/70

E r e c t  R ecum bent. 

105/75  110/75

120/90

110/80

110/70

105/75

120/90

110 /80

11 5 /7 0

105/75

A verage chan g e  i n  Recum bent d i a s t o l i c  p r e s s u r e  

A verage change  i n  E r e c t  d i a s t o l i c  p r e s s u r e

120/90

115/90

110/75

85/65

*3

+1

125 /90

120/85

115/80

9 5 /7 0

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No* B e f o re .  Temp. C Room
Body U m b ilic a l  F o o t Tempo C

1 h r .  a f t e r .  Temp. C 
Body U m b ilic a l  F oo t

T herm al C i r c u l a t i o n  
In d ex

B e fo re  1 h r .  a f t e r .

20 3 6 .6 3 3 .0 2 9 .5 1 9 .5 3 6 .6 3 2 .5 3 0 .3 1 .4 0 1 .7 5

22 3 6 .4 3 3 .0 2 9 .0 1 9 .5 3 6 .4 3 3 .0 2 8 .2 1 .2 8 1 .0 4

26 3 6 .2 3 4 .2 2 8 .0 1 9 .5 36.2 3 3 .5 2 7 .3 1 .0 4 0 .8 6

27 3608 31.8 3 1 .9 1 9 .5 36. 8 ' 32.0 32.0 1 .9 5 3 .6 5

253 36.6 3 3 .2 2 7 .2 1 9 .8 36.6 3 4 .0 21.2 0 .7 8 0 .7 8

A verage U ra b il ic a l-F o o t  T em p era tu re  G ra d ie n t  b e fo re

A verage U m b ilic a l-F o o t  T em p era tu re  (g ra d ie n t a f t e r  

A verage  I n c r e a s e  i n  G ra d ie n t  0 .1  °C

A verage T herm al C i r c u l a t i o n  In d e x  b e f o r e

Average Thermal C ircu la tio n  Index a f te r

R atio  1 .16

3o9°C

!*.o0°C

1.29

1.61



D ibu to line .

EFFECT UPON THE PUPIL AND ACCOMMODATION. PULSE RATE AND SALIVATION.

No. P u p i l  S iz e  mms. 
B e fo re  A f t e r

A ccom m odation P u l s e  /  m in u te  
P a r a l y s i s  B e fo re  A f te r

20 3 8 + 68 96

22 5 6 - 7 6 102

26 4 3 + 104 120

27 3 6 + 80 96

256 3 4 60 76

A verage p u p i l  
A verage p u p i l  
A verage change

s i z e  b e f o r e  
s i z e  a f t e r  
: i n  p u p i l  s i z e

3*6 rams. 
5 .4  mms. 

+ 1 .8  mms.

Accom modation P a r a l y s i s 3

A verage p u l s e  r a t e  b e f o r e  
A verage p u ls e  r a t e  a f t e r  
A verage change i n  p u l s e  r a t e

77*6 p e r  m in u te . 
9 8 .0  p e r  m in u te . 

+ 2 0 .6  p e r  m in u te .

Dry Mouth 2

EFFECT UPON SWEAT GLAND ACTIVITY.

No. S k in  R e s i s ta n c e  i n  ohms x  1000 
B e fo re  1 h r .  a f ^ e r .

R a t io

20 30 150 5 .0 0

22 20 150 7 .5 0

26 19 25 1 .4 2

27 " 200 500 2 .5 0

253 ' 5000 600 1 .2 0

S a liv a tio n ®

+

+

Average Ratio 3«52



Banthine.

No.

EFFECT UPON THE BLOOD PRESSURE.

Dose o f  c a tio h B lood  P r e s s u r e  rams. Hg,
mg. su b c u ta n e o u s B e fo re  

E r e c t  Recum bent
1 h r .  a f t e r  drug , 
E r e c t  Recum bent,

42 36 1 1 0 /8 0 110/80 105/80 105/80

43 36 1 1 0 /8 0 110/75 110 /85 115/80

44 36 1 2 0 /9 5 120/95 120 /95 120 /9 5

47 36 1 2 0 /8 0 130/85 100 /80 1 2 0 /8 0

48 36 115 /7 5 110 /80 1 1 5 /7 0 1 1 0 /8 0

A verage change i n  Recum bent d i a s t o l i c  p r e s s u r e  0

A verage change i n  E r e c t  d i a s t o l i c  p r e s s u r e  0

EFFECT UPON THE BODY TEMPERATURE AND THE PERIPHERAL CIRCULATION.

No. B e fo re .  Temp, 
Body U m b ilic a l

,°C
F o o t

Room 
Temp. C

1 h r .  
Body

a f t e r .  Temp.°C 
U h b i l ic a l  F o o t

T herm al C i r c u la t :  
In d e x . 

B e fo re  1 h r .  a:

42 36.8 3 2 .5 2 7 .0 16.0 36.8 3 2 .5 2 4 .4 1.12 0.68

43 36.6 3 1 .3 27 .8 16.0 36.6 32.0 26.8 1 .3 8 1 .1 3

44 3 7 .0 3 1 .6 23.0 16.0 3 7 .0 3 1 .5 2 2 .5 0 .5 0 0 .4 6

47 3 6 .6 3 5 .0 26.0 16.0 36.6 3 4 .5 2 5 .3 0 .9 7 0 .8 4

48 3 7 .2 3 4 .3 2 5 .3 16.0 3 7 .2 3 2 .5 2 4 .5 0 .7 8 0 .6 8

A verage U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  b e fo re

A verage U m b ilic a l-F o o t  T em p era tu re  G ra d ie n t  a f t e r • 

Average I n c r e a s e  i n  G ra d ie n t  0 .8 °C

A verage T herm al C i r c u l a t i o n  In d ex  b e f o r e

Average Thermal C irc u la tio n  Index a f te r

R atio  0.80

7.1°C

7.9°C

0 .9 5

0.76



Banthine.

EFFECT UPON THE PUPIL AND ACCOMODATION. PULSE RATE AND SALIVATION. 

No. P u p i l  S iz e  mms* Accom m odation P u ls e  /  m in u te  S a l i v a t i o n
B e fo re A f t e r P a r a l y s i s  B e fo re A f te r

42 3 3 68 112 +

W  3 5 + 72 96 0

44 3 3 84 108 0

\ 7  3 4 72 120 0

48 3 3 52 88 0

A verage p u p i l s i z e  b e f o r e 3*0 mms.
A verage p u p i l s i z e  a f t e r 3 .6  mms.
A verage change i n  p u p i l  s i z e + 0 .6  mms.

Accom modation P a r a l y s i s 4

A verage p u ls e  r a t e  b e f o r e 6 9 .6  p e r  m in u te .
A verage p u l s e  r a t e  a f t e r i  Oi*-. 8 p e r  m in u te .
A verage change  i n  p u l s e  r a t e + 3 5 .2  p e r  m in u te .

D ry  M outh 4

EFFECT UPON SWEAT GLAND ACTIVITY.

No* S k in  R e s i s t a n c e  i n  ohhms x  1000 R a t io
B e fo re $ h r .  a f t e r

42 95 500 5*26

43 75 250 3* 33

bk 35 75 2 .1 4

47 ' 95 1000 10.50

48 80 500 6 .2 5

Average R atio 5*50
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ETHYLTITRAMETHONIUM IN THE CONTROL OP GASTRIC SECRETION

A m ajor p a r t  o f th e  re sea rc h  in to  th e  m edical trea tm en t o f duodenal 

u lc e r a t io n  c o n s is ts  o f th e  development o f drugs which d ep ress  th e  

secretom otor a c t i v i t y  o f th e  stomach. A tropine i s  commonly employed 

fo r  t h i s  purpose , b u t i t  i s  recogn ised  th a t  th i s  a lk a lo id  i s  in co n stan t 

in  a c tio n  and produces marked s id e  e f f e c t s ,  m ainly c o n s is tin g  o f dryness 

o f th e  mouth and b lu r r in g  of v is io n . During th e  l a s t  fo u r y ears  we 

have been  in te r e s te d  in  th e  sy n th es is  of a  la rg e  number of new compounds 

a f fe c t in g  th e  autonomic nervous system  We have se le c ted  two, upon a 

b a s is  o f p rev ious experien ce , f o r  exam ination in  comparison w ith  th e  

known a c t i v i t y  o f a tro p in e  and hexamethonium, and we have in c luded , in  

a d d itio n , c e r ta in  o th e r  new drugs. A group o f 100 p a t ie n ts  su ffe r in g  

from proven duodenal u lc e r a t io n  w ith  hyperch lo rhydria  was chosen fo r  

t h i s  com parative study.

These new compounds a l l  modify th e  sy n ap tic  tran sm iss io n  o f th e  

vagus and th e y  can be d iv id ed  in to  two group, those  which resem ble 

a tro p in e  in  having th e i r  main a c t i v i t y  a t  th e  p e r ip h e ra l synapse, and 

those  which b lock  th e  g an g lio n ic  synapse.

A tr o p in e - l ik e  s u b s ta n c e s

M ethantheline (B anthine) has been used w idely in  America, i t s  

a c tio n s  having been desc rib ed  by Longino e t  a l .  (1950^, and o th e rs  • 

D ib u to lin e , which has been in v e s tig a te d  by Larber and M achella (1950), 

and o th e rs , has a  s im ila r  a c t i v i ty  bu t i s  a c tiv e  only  by p a re n te ra l
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in je c tio n . In  P rance, Oamelin e t a l .  (1952) have used thiazinam ium . 

Lachesine was made by Ing (1946) as a  sy n th e tic  a tro p in e .

G anglion-b locking  Agents

Tetra-ethyl-am m onium  was dem onstrated to  in h ib i t  g a s t r i c  a c t i v i ty  

bu t th e  r e s u l t s  were v i t i a t e d  by  th e  s id e  e f f e c ts  c h a r a c te r i s t ic  o f 

t h i s  compound. A m ajor advance was made by Kay and Smith (1950} who 

used hcxamethonium. ' They showed th a t  th i s  drug was capable o f 

producing g a s t r i c  in h ib i t io n  o f u se fu l d u ra tio n . However, Douthwaite 

and Thorn (1950) in d ic a te d  th a t  dosage o f th i s  drug s u f f ic ie n t  to  

a f f e c t  g a s t r ic  a c t i v i t y  even in  norm otensive p a t ie n ts  could not be g iven  

w ithou t a h igh  in c idence  of severe  p o s tu ra l hypotension.

The b io lo g ic a l  in v e s t ig a t io n  o f bisth iazinam ium  by Ducrot and 

Decourt (1950) and 2512P by B ulbring and D epierre (1949) suggested t h e i r  

in c lu s io n . The C. 3 o f th e  l a t t e r  s e r ie s ,  phenoxytrimethonium, i s  

d esc rib ed  h e re , as i t  i s  more a c tiv e .

We were in te r e s te d  p a r t i c u la r ly  in  th e  com parative a c t i v i ty  o f th e  

two new s y n th e tic  compounds which we had found p rev io u s ly  (1953) 

in h ib ite d  g a s t r i c  secretom otor a c t i v i ty  in  dosage s ig n if ic a n t ly  sm alle r 

th an  th a t  re q u ire d  to  lower th e  blood p ressu re . They a re  e th y l t e t r a -  

methonium and hexapyrro lid in ium .

B thyltetram ethonium  i s  th e  b is -d ie th y lm e th y l homologue o f t e t r a -  

methonium. With G-raham (1952) we have p rev io u s ly  desc rib ed  th e  a c tio n



- 3 -

in  man o f  th e  b is -d im e th y le th y l homologue o f hexamethonium. Hexa- 

p y rro lid in iu m  i s  th e  b is -p y r r o le  homologue o f hexamethonium. C lin ic a l  

pharmacology o f th e  pen ta  compound of t h i s  s e r ie s ,  a  p o ten t hypotensive 

ag en t, has a lre a d y  been  d esc rib ed  by us (1953), and by Smirk (1953).

Methods o f In v e s tig a t io n

I t  Y m s  decided to  in v e s t ig a te  th e  a c tio n  o f th e se  drugs in  

d ep ress in g  b a s a l  v ag a l to n e , so th e  technique adopted co n sis te d  o f 

f req u e n t a s p ir a t io n  o f th e  co n ten ts  o f th e  fa s t in g  stomach, u sing  

s tim u li  in  th e  form of a lco h o l t e s t  m eals, h is tam ine , and a ce ty l-B - 

m ethy lcho line  to  extend o b serv a tio n s  only. Levin e t a l . (1951-) agree 

upon th e  u se fu ln e ss  o f th i s  method. I t  was noted a t  an e a r ly  s tag e  

th a t  f i r s t  a s p ir a t io n  sequences upon in d iv id u a l p a t ie n ts  w e r e  o f 

l i t t l e  v a lu e  as th e  r e s u l t s  were in flu en ced  by th e  no v e lty  o f th e  

experience. Only when members forming a group o f 4 to  10 p a t ie n ts  

met in  d i f f e r e n t  r o ta t io n  two o r th re e  tim es p e r week was i t  p o ss ib le  

to  o b ta in  c o n s is te n t r e s u l t s  frcm in d iv id u a l p a t ie n ts ,  and th en  only  

by th e  second to  fo u r th  day o f a tten d an ce , when co n d itio n in g  to  

in tu b a tio n  had occurred. Ik-om a t o t a l  o f 127 p a t ie n ts  s u ffe r in g  

from duodenal u lc e ra t io n  i t  was p o ss ib le  to  s e le c t 100 who produced 

f a i r l y  co n stan t f a s t in g  f r e e  ac id  le v e ls  o f th e  o rd e r o f 20-50 c l i n i c a l  

u n its .

C ontro l o b serv a tio n s  were made ro u tin e ly , in je c t in g  s t e r i l e  w ater 

subcutaneously  o r down th e  I ty le 's  tu b e , according to  th e  method o f



- 4 -

drug a d m in is tra tio n  used a t  th e  tim e. No s ig n if ic a n t  f lu c tu a t io n  o f 

a c id i ty  fo llow ed th e  use  of s t e r i l e  w ater. There was some v a r ia t io n  

from day to  day and over a  p e r i o d  of months in  ac id  le v e ls . The 27 

p a t ie n ts  excluded com prised those  who had low acid  le v e ls ,  very  h igh  

ac id  le v e l s ,  o r .who produced ex cessiv e ly  la rg e  or ex cessiv e ly  sm all 

volume o f s e c re tio n s . Those who showed g ross day to  day v a r ia t io n  in  

s e c re t io n  were a lso  excluded. Simpson (1954) has shown th a t  to. observe 

th e  e f fe c t  o f drugs upon u n se lec ted  normal and dyspep tic  p a t ie n ts  lead s  

to  v a r ia t io n s  in  resp o n se , to  an ex ten t which makes in te r p r e ta t io n  

d i f f i c u l t .

Each o b se rv a tio n  sequence c o n s is te d  o f th e  a ttendance o f a group o f  

o u t-p a t ie n ts  from 9 a-m. u n t i l  1 p. m. on two o r th re e  occasions p e r 

week. The stomach was emptied as f a r  a s  p o ss ib le  a t  h ou rly  in te rv a ls .

The drug was in je c te d  subcutaneously  in  aqueous so lu tio n  a t  th e  end o f 

th e  f i r s t  hour, except in  l a t e r  observ a tio n s  when in je c te d  by th e  R u le 's  

tu b e , and one hour allow ed fo r  abso rp tion .

R o ta tio n  o f th e  drugs used was necessa ry  to  minimise th e  e f fe c ts  

o f in d iv id u a l degrees of s u s c e p t ib i l i ty  and a c q u is it io n  o f to le ran ce .

One hour b e fo re  and one hour a f t e r  drug a d m in is tra tio n , th e  blood p re ssu re  

was measured in  th e  recumbent and th en  th e  e re c t postu re . The p u lse  

r a t e ,  th e  u m b ilic a l- to e  tem perature  g ra d ie n t, th e  sk in  r e s is ta n c e  and 

the  p u p il s iz e  were recorded . Complaints of in a b i l i ty  to  read sm all 

p r in t  and o f dryness o f th e  mouth were noted.

The volume o f each g a s t r ic  specimen was measured, and f r e e
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h y d ro ch lo ric  a c id  co n ten t was estim ated  by t i t r a t i o n  a g a in s t N 10 

sodium hydroxide u sing  T o p ffe r 's  reag en t as in d ic a to r . The pH o f 

each specimen was measured by a Marconi pH meter. Even in  a  sm all 

in v e s t ig a t io n  such as t h i s ,  810 o b serv a tio n  sequences were req u ired  

during  th e  p re lim in a ry  ev a lu a tio n . This involved 3,274 in d iv id u a l 

t i t r a t i o n s  and 2,421 pH e stim atio n s. A ~'L) <

C lin ic a l  R e s u l ts :

The r e s u l t s  o b ta ined  w ith  b o th  groups of compounds a re  shown in  

summarised form in  F ig u res  I  and I I .  Dosage i s  expressed in  c a t io n , 

as a  v a r ie ty  o f s a l t s  was used. The g a s t r ic  e f fe c t iv e  dose shows

th e  subcutaneous mg. o f c a tio n  which produced ach lo rh y d ria  in  60 o f
A

i n i t i a l  doses. In  th e  case o f  some o f th e se  d rugs, co n sis ten cy  o f 

a c tio n  upon th e  stomach to  t h i s  ex ten t could not be o b ta in ed ’w ithout 

producing severe  s id e  a c tio n s . The g a s t r ic  e f fe c t iv e  dose i s  th e re fo re  

d esc rib ed  as over th e  dosage used.

In  determ in ing  th e  u se fu ln e ss  o f th e se  drugs, th e  r e l a t iv e  q u a n tity  

o f th e  e f f e c t iv e  dose i s  not of im portance provided i t  can be adm inis

te re d  con v en ien tly , th e  com parative s e v e r ity  o f s id e  a c tio n s  be ing  th e  

e s s e n t ia l  method o f assessm ent.

Examination o f F igure  I  shows th a t  th e  l a s t  th re e  drugs a re  more 

c o n s is te n t in  a c tio n  th an  a tro p in e , bu t t h e i r  dosage i s  accompanied by 

s id e  a c tio n s  in  excess o f those  produced by a tro p in e . The severe  tach y 

c a rd ia  produced by m ethan theline i s  le s s  pronounced when th i s  drug i s

given o ra lly . I t s  h igh  a c t iv i ty  in  in h ib it in g  sweat s e c re tio n  i s  to  

"be noted.
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The r e s u l t s  ob ta ined  w ith  fo u r new ganglion-b lock ing  agents 

recorded  in  F igu re  I I  show th a t  a l l  o f th e se  produce le s s  marked s id e  

a c tio n s  th an  hexamethonium. The s id e  a c tio n s  of th e  l a s t  two were 

n e g l ig ib le ,  b u t a dosage le v e l  capable of producing c o n s is te n t 

depression , o f g a s t r i c  s e c re tio n  could not be reached , owing to  th e  

la rg e  volume o f in je c t io n  req u ired . I t  i s  o f some in te r e s t  to  no te  

th a t  phenoxytrim ethonium  produced c o n s is te n tly  a s l ig h t  in c re ase  in  

th e  reco rded  b lood p re ssu re s .

Of th e  two new drugs which we have described  a lre ad y , e th y l t e t r a -  

methonium produced r a th e r  more s a t i s f a c to r y  re s u l ts .  During 47 f u r th e r  

o b se rv a tio n s  upon hexapyrro lid in ium , and upon using  i t  in  rep eated  

dosage, b lu r r in g  o f v is io n  and headaches were encountered and th e re  

was a  su g g estio n  o f a. cum ulative a c tio n  in  dep ressing  th e  blood 

p re ssu re . Subsequent o b serv a tio n s  were th e re fo re  confined  to  e th y l-  

tetram ethonium . As can be seen from Figure I I ,  ethyltetram ethonium  

in  one h a l f  th e  p a re n te ra l  dose o f hexamethonium was as c o n s is te n t in  

a c tio n  in  d ep ress in g  g a s t r ic  s e c re tio n , w hile  i t s  s id e  a c tio n s , o th e r  

th an  in h ib i t io n  o f sweat s e c re tio n , were much le s s  pronounced. In  

comparison w ith  a tro p in e , i t  i s  more c o n s is te n t in  a c tio n , and s id e  

e f fe c ts  a re  minimal. The d u ra tio n  o f a c tio n s  i s  sh o rte r  th an  th a t  of 

hexamethonium; and th e  d ep ress io n  o f ac id  s e c re tio n , although  g rea te r:.1 

than  th a t  produced by a tro p in e , i s  le s s  profound th an  th a t  which i s  

o b ta in ab le  w ith  hexamethonium, which i s  accompanied, however, by 

hypotension.
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In  F igu re  I I I ,  th e  e f f e c t  o f 25 mg. of ethylte tram ethonium  (mean 

of 75 o b serv a tio n s^  upon th e  f a s t in g  le v e l  o f a c id  s e c re t io n  i s  shown 

in  com parison w ith  50 mg. o f hexamethonium (mean o f 20 o b se rv a tio n s ) 

and 2 mg. o f  a tro p in e  (mean o f 10 o b se rv a tio n s ), again  in  s in g le  

subcutaneous dosage. The s id e  a c tio n s  of ethyltetram ethonium  in  t h i s  

s e r ie s  o f  o b se rv a tio n s  were n e g lig ib le . In  40$ o f th e se  o b se rv a tio n s , 

hexamethonium produced a f a l l  in  th e  d ia s to l ic  blood p re ssu re  incom patib le  

w ith  th e  m aintenance o f  consciousness in  th e  s t a t i c  e re c t p o s tu re ; and, 

in  every  c ase , com plaints o f dryness o f th e  mouth and b lu r r in g  o f 

v is io n  fo llow ed dosage o f a tro p in e .

E thyltetram ethonium  was found to  modify a lcoho l t e s t  meals and to  

in h ib i t  g a s t r i c  m o t i l i ty ,  th e  e f fe c t  being  sh o r te r  th an  p rev io u s ly  

d e sc rib ed  w ith  hexamethonium. I t s  a c tio n  was rev ersed  by a ce ty l-B - 

m ethy lcho line  and by h istam ine.

In o r a l  dosage, i t s  co n sis ten cy  o f a c tio n  was g re a te r  th an  th a t  

o f hexamethonium and a tro p in e , th e  d u ra tio n  of a c tio n  being  sh o r te r  

th an  th a t  o f hexamethonium. The r e s u l t s  obtained  in  o ra l  and sub

cutaneous dosage a re  shown in  F igure  IV.

E thyltetram ethonium  i s  chem ically  c lo se ly  s im ila r  to  hexamethonium, 

and, in  common w ith  i t ,  no lo n g -te rn  to x ic i ty  has been found. ' The 

in h ib i t io n  o f m o t i l i ty  which i t  produces may p o ss ib ly  lead  to  an i le u s  

during  su s ta in e d  heavy dosage, bu t t h i s  has not occurred in  our experience

as a com plication  to  trea tm en t.

I t  i s  notew orthy th a t ,  during  th e  p e rio d  o f  t e s t  observations



extending in  each p a t ie n t  to  s e v e ra l months, a l l  th e  p a t ie n ts  became 

symptom-free, enab ling  a cau tio u s  suggestion  to  be made th a t  d ep ress io n  

in te r m it te n t ly  o f excessive  g a s t r ic  secretom otor a c t i v i ty ,  even to  a  

m oderate e x te n t , may be a  u s e fu l th e ra p e u tic  measure in  th e se  cases. 

S evera l p a t ie n ts  re la p se d  th re e  months or longer a f t e r  w ithdraw al o f 

th e  t e s t  doses.

ISy in te rm it te n t  dosage o f ethyltetram ethonium , u su a lly  fo r  p e rio d s  

o f up to  th re e  weeks, in  t o t a l  d iv ided  dosage o f up to  19 d a i ly  as 

to le ra n c e  i s  acq u ired , i t  has been p o ss ib le  to  suppress symptoms in  a  

number o f  p a t ie n ts .  In  some i t  has been found adequate to  use a  s in g le

dose o f 100 -  400 mg. a t  n ig h t.

Side a c tio n s  have been confined to  some m y driasis , r a r e ly ,  

b lu r r in g  o f v is io n , o ccas io n a l dryness of mouth, and, o c ca s io n a lly , in  

in d iv id u a l c a se s , s l ig h t  p o s tu ra l  hypotension.

D iscussion

In  re c e n t y e a rs , th e  u su a l techn iques o f estim atio n  o f g a s tr ic

a c id i ty  by f r a c t io n a l  t e s t  meals o f th e  g ru e l o r a lco h o l type  have

tended to  lo se  rep u te . In  th e  course of th i s  in v e s t ig a tio n , we have 

found th a t  t h i s  i s  la rg e ly  due to  th e  an x ie ty  and discom fort which 

in e v ita b ly  accompany th e  passage o f a I s l e 's  tube and i t s  r e te n t io n  in  

p o s itio n . I f  th e  p a t ie n t  i s  accustomed to  th e  techn ique, r e l ia b le  

r e s u l t s  a re  f re q u e n tly  obtained. I f  f a s t in g  specimens only  a re  

withdrawn, th e  m a jo rity  o f p a t ie n ts  w ith  duodenal u lc e ra t io n  have 

le v e ls  o f f r e e  a c id  o f th e  o rder o f 20—50 c l in ic a l  u n i t s ,  which le v e ls
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a re  s u b s ta n t ia l ly  h ig h e r than  th e  u su a l f lu c tu a t io n  between zero and 

30 u n i t s  in  th e  normal person. This hyperch lo rhydria  p rov ides an 

in d ic a tio n  o f in c reased  b a s a l  g a s t r ic  vagal tone and th e  value  o f 

compounds which may a f f e c t  vagal tran sm issio n  can be determ ined, 

e sp e c ia l ly  in  comparison w ith  known standards by th e  re d u c tio n  o f th e  

h y p e rch lo rh y d ria  which th e  produce.

I t  i s  no t r e a d i ly  p o ss ib le  to  r e la te  b io lo g ic a l  experim entation  

d i r e c t ly  to  c l i n i c a l  r e s u l t s ;  e .g . in  th e  c a t ,  ethyltetram ethonium  

was found i n i t i a l l y  to  have a g re a te r  sym path ico ly tic  th an  v a g o ly tic  

a c tio n . As wide a range o f drugs of p o te n t ia l  a c t i v i ty  should th e re 

fo re  be examined to  determ ine th e i r  range of a c t iv i ty  in  man.

Owing to  v a r ia t io n s  in  in d iv id u a l s u s c e p t ib i l i ty  and o th e r f a c to r s ,  

a f a i r l y  ex ten siv e  in v e s t ig a t io n  i s  re q u ire d , but th e  d i f f i c u l t i e s  

involved  in  t h i s  a re  no t comparable w ith  those encountered in  a th e ra 

p e u tic  assay.

Erom th e  r e s u l t s  o f our in v e s t ig a tio n , ethyltetram ethonium  has 

emerged as a  gang lion  b lock ing  ag en t, w ith  minimal a t ro p in e - l ik e  s id e  

e f f e c t s ,  which d i f f e r s  from th e  u n s e le c tiv e ly  a c tiv e  hexamethonium in  

producing in h ib i t io n  o f g a s t r ic  secretom otor a c t i v i t y  in  dosage app rox i

m ately q u a r te r  o f  th a t  re q u ired  to  produce hypotension. Erom lim ite d
A

o b serv a tio n s  i t  appears th a t  o ra l  dosage of th i s  drug w i l l  c o n tro l th e  

symptoms o f a  number of p a t ie n ts  w ith  duodenal u lc e ra tio n . In  some 

cases, dosage a t  n ig h t has been adequate.
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Summary

The e f f e c t  o f te n  drugs in  depressing  th e  f a s t in g  ac id  o f s e c re t io n  

o f th e  stomach has been determ ined. A new ganglion  b lock ing  ag en t, 

e thy lte tram ethon ium , has been found to  depress g a s t r ic  a c id i ty  in  dosage 

which, in  c o n tra s t  w ith  hexamethonium, does not a f f e c t  th e  blood 

p re s su re , w hile  a tro p in e - l ik e  s id e  e f fe c ts  a re  minimal. I t s  use  as a  

s u b s t i tu te  f o r  a tro p in e  in  th e  trea tm en t o f p e p tic  u lc e ra t io n ,  i s  

suggested.
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F ig u r e  I .

Drug G a s t r i c  e f f e c t i v e  
d o s e . mg. c a t i o n

Side a c t i o n s ,  e x p r e s s e d  as  
a t r o p i n e  1 .0

ATROPINE Over 2 T a c h y c a rd ia  : M y d r ia s is Dry Skin

LACHESINE Over 10 1 .0  : 1 .8

OJ * 
1—1

THIAZINAMIUM 30 2.1+ : 1 .0 1.14

DIBUTOLINE I4O 2 .0  : 1 .2 1-5
MS THAU THE L IN E 50 3 .0  : 0 .5 2 .2

j.

- The s i d e  a c t i o n s  o f f o u r  new d rugs  of a t r o p i n e 

l i k e  a c t i o n  compared w i th  a t r o p i n e  i n  s i n g l e  su b c u tan e o u s  

d o sa g e .



FIGURE I I

Drug : G a s t r i c  E f f e c t i v e  
mg. c a t i o n

Dose Side A c t io n s  
e x p re s s e d  a s  hexam ethonium  1 .0

hexamethonium 50
Hypo

t e n s i o n  T a c h y c a rd ia M y d r ia s is Dry Skin

e t h y l t e t r a 
methonium 25 0 .1 0 O.25 O .I5 0 .9 0

h e x a p y r r o l i -  . 
dinium 25 0 .2 0 O.50 O.^O 1 .2 0

B i s - t h i a z i n -
anium o v er  100 0 .0 5 0.75 0 .0 0.1*0

P h e n o x y tr i-
methonium o ver  150 0 .0 0 .0 0 .0 0 .2 5

The s id e  a c t i o n s  o f  f o u r  new g a n g l io n - b lo c k in g  a g e n t s  compared 

w i th  hexam ethonium  i n  s i n g l e  su b c u ta n e o u s  d o sa g e .



FIGURE I I I

A verage  i n c r e a s e s  i n  pH fo llo w in g  a  s in g le  su b c u ta n e o u s  

i n j e c t i o n  o f :

1 )  E. T. M. -  E th y lte tra m e th o n iu m  25 mg.

2 )  G. 6 -  Hexamethonium 50 mg.

5 )  A -  A tro p in e  2 mg.



FIGURE IV

Drug
Dose o f  C a t i o n  

i n  mg.
Uumber of  

o b s e r v a t i o n s •

P e r c e n ta g e  i n  which  
a c h l o r h y d r i a  o c c u r r e d

Subcu taneous O ra l Subcu taneous Ora l Subcutaneous Ora l

e t h y l t e t r a 
methonium

25 100 75 50 61 38

hexamethonium 50 500 20 50 85 3k
a t ro p in e 2 20 10 20 I4O 10

The p e r c e n t a g e  of  o b s e r v a t i o n s  d u r i n g  w h i c h - a c h l o r h y d r i a  

f o l lo w e d  an  i n i t i a l  dose o f  e ac h  drug s u b c u t a n e o u s l y  and o r a l l y  

i s  shown, w i t h  t h e  dosage i n  mg. o f  c a t i o n ,  and  th e  number of  

o b s e r v a t i o n s  made.



THE MEDICAL TREATMENT OF HYPERTENSION

J .  G ibson  Graham, M . D . , F . R . F . P . S . G . , 
S e n io r  P h y s i c i a n .

R.D.H. Maxwell ,  B . S c . ,  M .B . ,C h .B . ,  
J u n i o r  H o s p i t a l  Medica l  O f f i c e r .

THE ROYAL ALEXANDRA INFIRMARY, PAISLEY.



THE MEDICAL TREATMENT OF HYPERTENSION

The survey  by  M aster e t  a l  in  1943 showed th a t  30 to  40 p e r cen t, 

of su b je c ts  over f o r ty  years  o f age, and 65 to  75 per cen t, o f  th o se  

over seventy  y e a rs  o f  age, have hypertension . I t  i s  w e ll recogn ised  

th a t  th e  p ro g n o sis  i s  good in  th e  m a jo rity  of cases, bu t in  many 

in s tan ces  h y p e rten s io n  i s  fo llow ed by an in c reas in g  degree o f d i s a b i l i t y  

whieh m e rits  a c t iv e  therapy. The f a c t  th a t hypertension , in  i t s e l f ,  i s  

f re q u e n tly  com patib le  w ith  a normal l i f e  ex p ec ta tio n , ten d s to  obscure 

i t s  h igh  m o r ta l i ty  in  th o se  who develop symptoms. In  -h is  s tudy  o f one 

thousand p a t ie n t s ,  Bechgaard (1946), found th a t  41 p er cent, o f males 

and 22 .4  p e r cen t o f fem ales d ied  w ith in  f iv e  to  te n  years from th e  

onset o f symptoms.

I t  i s  e s s e n t ia l  to  have an accep tab le  d e f in i t io n  o f hypertension .

Wood (1950), has d e fin ed  th e  l im i ts  of normal blood p ressu re  as 145/90 mm. 

of mercury, s ta t in g  th e  p recau tio n s  necessary  in  reco rd in g  th i s .  S y s to lic  

hypertension  in  th e  young i s  u s u a lly  a response to  emotion and e x e rc ise ; 

in  o ld e r s u b je c ts ,  i t  i s  an in d ic a tio n  of lo s s  of e l a s t i c i t y  of major 

a r t e r i e s ,  and th e re  a re  o th e r  causes. In  e s s e n t ia l  hyp erten sio n , i t  i s  

the  in c re ase  in  th e  d ia s to l ic  blood p ressu re  whieh i s  s ig n if ic a n t ,  and th i s  

i s  th e  p re ssu re  to  which re fe ren ce  i s  made subsequently  in  th i s  review.

In our survey we have examined p a tie n ts  p re sen tin g  w ith  a  d ia s to l ic  p re ssu re  

of 100 trim, and over. Four years  ago, a  new drug, hexamethonium, was p laced
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a t  our d is p o s a l , arid f o r  th e  f i r s t  tim e, we found we had a reaso n ab ly  

c e r ta in  method o f  reducing  th e  le v e l  o f the  d ia s to l ie  p re ssu re  to  an 

ex ten t g r e a te r  th a n  th e  response  to  g en era l methods of trea tm en t. I t  

i s  th e re fo re  opportune to  review  our experience w ith  hy p erten sio n  over 

th e se  fo u r  y e a rs , having p a r t ic u la r  regard  to  i t s  trea tm en t.

I t  i s  o f i n t e r e s t  to  attem pt to  c o r re la te  th e  m a n ife s ta tio n s  o f 

h y p erten sio n  in  man w ith  experim entally -induced  hypertension. Page 

(1949), has com prehensively reviewed th e  methods of p roduction  o f 

h y p erten sio n  in  anim als. The types of g re a te s t  in te r e s t  in  r e la t io n  

to  th e  pa th o g en esis  o f h y p ertension  in  man are th e  hypertension  which 

fo llow s re n a l  Ischaem ia and th a t  re s u l t in g  from a d m in is tra tio n  o f 

D.G.A. (D esoxycorticosterone  a c e ta te ) . The re n a l ischaem ia experim ents 

a re  based upon th e  work o f G o ld b la tt (1954), and im p lica te  a  humeral 

p re s so r  mechanism. W ilson, (1953), has examined th e  re n a l fa c to rs .

I t  i s  p o s s ib le  th a t  th e  mechanism of re n a l ischaem ia, w ith  i t s  v ic io u s  

c i r c le  o f h y p e rten sio n  and fu r th e r  re n a l damage, o p era tes  in  m alignant 

hypertension .

In  study ing  th e  b a so p h il adenomata of th e  p i tu i ta r y ,  Cushing (1932), 

recorded  o b serv a tio n s  which have been follow ed by th e  im p lica tio n  o f 

p i tu i ta r y  and a d re n a l fa c to rs .  M e rr ill  (1952) has been concerned w ith  

th e  ad ren a l mechanism, suggesting  a psychic o r ig in  o f s t r e s s  and a n x ie ty , 

w ith  r e s u l t in g  excess o f s te ro id s . His hypothesis i s  i l l u s t r a t e d  in  Fig. I«
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W olferth e t a l ,  (1951), co n sid e r th a t  th e  ad ren a l co rte x  i s  more 

fundam ental in  th e  m aintenance o f hypertension  th an  th e  sym pathetic 

nervous system. S tu d ies  upon th e  experim ental p roduction  o f 

hyp erten sio n  w i l l  e lu c id a te  th e  b a s ic  a e tio lo g y  o f th e  d is e a s e , b u t 

experim en ta lly -induced  h y p erten sio n  in  anim als f a i l s  to  p a r a l l e l ,  in  

many r e s p e c ts ,  th e  d is e a se  in  man.

IN0IDMC3 OF HYPERTENSION IN THE ROYAL ALEXANDRA 
INFIHMAHY, PAISLEY: 1950 -  1953.

M edical O u t-p a t ie n ts : During th i s  fo u r-y ea r p e rio d , 4,872 persons

were examined f o r  th e  f i r s t  time a t  th e  O u t-p a tien t D ispensaries. O f  

th e se , 841 were found to  have a d ia s to l ic  blood p re ssu re  o f 100 mm. o r 

over, w ith  minimal to  severe  symptoms and signs o f hypertension .

There a re  se v e ra l methods o f a s c e r ta in in g  th e  s e v e r ity  o f  hypertension . 

The commonly-used c la s s i f i c a t io n  i s  th e  fo u r groups d escribed  by K eith  

e t a l  (1938). I t  s u f fe rs  from th e  l im ita t io n  o f being based upon th e  

r e t i n a l  changes- For th e  purposes o f th i s  survey, i t  was decided to  

c la s s i f y  th e  p a t ie n ts  according  to  th e  degree to  which they  were 

in c a p a c ita te d  by h y p erten sio n , no t tak in g  in to  account th e  le v e l  o f th e  

blood p re ssu re . This grouping p a r a l le l s  th e  one proposed by th e  New 

York H eart A sso c ia tio n  fo r  th e  c la s s i f i c a t io n  of d i s a b i l i t y  due to  

le s io n s  o f th e  h e a r t. Upon a c l in ic a l  assessment', our p a t ie n ts  were 

graded as fo l lo w s :-
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I . Minimal -  Those having no symptoms re fe ra b le  to  t h e i r

h y p erten sio n , o r  symptoms, such as headache, 

whieh produced, no in cap ac ity .

IL  S lig h t -  Those p re sen tin g  w ith  s l ig h t  dyspnoea on e x e r tio n

and a  tendency to  e a r ly  fa tig u e .

I I L  M oderate -  Those whose a c t i v i ty  was d e f in i te ly  r e s t r i c t e d

by f a t ig u e  and b re a th le s sn e ss  on ex ertio n .

Severe -  Those w ith  severe  in cap ac ity  due to  hy p erten siv e

c a rd io v ascu la r changes.

Fig. I I  shows th e  p ro g ress iv e  incidence of severe in c a p a c ity  in  

each decade o f d ia s t o l i c  b lood p re ssu re  elevation* However, th e  

marked v a r ia t io n  in  in d iv id u a l response to  hypertension  i s  shown by 

th e  r e l a t i v e ly  co n stan t inc idence  of moderate in c a p a c ity , which i s  

p a ra l le le d  by th e  frequency o f s l ig h t  and even minimal d i s a b i l i ty .

The number o f p a t ie n ts  seen who had hypertension  in c reased  w ith  age, 

th e  maximum b e in g  a t  f i f t y f i v e  y e a rs , w ith  a tte n u a tio n  th e r e a f te r  by 

death* In  F ig. I I L  th e  percen tage  incidence of c a rd iac  enlargem ent 

and o f th e  symptoms, dyspnoea and fa t ig u e , have been re la te d  to  th e  

d ia s to l ic  p re s su re , and i t  w i l l  be 3een th a t  th e  inc idence  of th e se  

symptoms b e a rs  no d e f in i te  r e la t io n s h ip  to  th e  degree o f hy p erten sio n  

p re se n t, w h ile  th e  inc idence  o f c a rd iac  enlargement dem onstrated 

ra d io lo g ic a l ly  in c re a se s  w ith  th e  hypertension* Severe in c a p a c ity  

i s  found w ith  an in c re a s in g  frequency corresponding to  th e  e le v a tio n
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of d ia s t o l i c  p re s su re , and i t  i s  accompanied by an in c re a s in g  

inc idence  o f c a rd iac  enlargem ent. The inc idence  o f th e  symptoms, 

dyspnoea and f a t ig u e ,  i s  no t r e la te d  to  th e  degree o f hypertension . 

M edical I n - p a t i e n t s : There were- 5,794 p a tie n ts  adm itted  f o r  trea tm en t

during  t h i s  p e rio d ; o f th e s e , 564 (190 males and 374 fem a les), were 

adm itted  on account o f h y p e rten sio n , t h e i r  d is t r ib u t io n  in  g rades o f 

in c a p a c ity  be in g  as fo llow s

Grade of In cap ac ity . Males

Minimal    10

S lig h t   27

M oderate   45

Severe   18

In  Pig. IV. th e  percen tage  inc idence  o f the  p re sen tin g  symptoms 

and s ig n s  i s  shown. Dyspnoea and fa tig u e  a re  th e  commonest symptoms, 

and th e  f ig u re s  a re  s im ila r  to  those  o f c a rd iac  enlargem ent. In  

accordance w ith  th e  experience o f F ran t and Groen (1950), c e re b ra l  

a cc id e n ts  were commoner in  th e  fem ale (27$) th an  in  th e  male (18$), 

w hile  co n g estiv e  f a i lu r e  was commoner in  th e  male (24$) th an  in  th e  

fem ale (17$). O besity  was found in  equal numbers o f males and fem ales 

under th e  age o f fo r ty  y e a rs ; i t  was tw ice as common in  fem ales in  

the  40 — 50 y ea r group, and th re e  tim es as common in  th e  over—50 group. 

Inform ation  was ob ta ined  upon th e  p rog ress of 77 p er cen t, o f p a t ie n ts  

fo llow ing d isch a rg e ; 47 per cent, o f males d ied  a t  an average o f 19

Females~~nr~
10

33

42

15
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months a f t e r  le av in g  h o s p i ta l  'and 35 p er cent o f fem ales d ied  a t  

an average o f 23 months; c e re b ra l  v a scu la r a cc id en ts  accounted fo r  

30 p er cen t, o f fem ale dea th s  and 19 per cent, of male d ea th s ; h e a r t 

f a i lu r e  was more common in  th e  male th an  in  th e  fem ale ( 5 5 % ) ;

re n a l f a i l u r e  occurred  in  13 p er cen t, o f th e  males and 14 p er cen t 

of th e  fem ales. Of th e  p a t ie n ts  adm itted  fo r  trea tm en t fo r  

h y p e rten sio n , 179 were t r e a te d  by ganglion-b lock ing  ag en ts , com prising 

hexamethonium and drugs o f th i s  type.

Methods o f Treatment

The methods o f trea tm en t o f hypertension  should be re la te d  to  what 

i s  known o f th e  a e tio lo g y  and th e  experim ental p roduction  of t h i s  

d isea se . I t  i s  e s s e n t ia l  to  g ive co n sid e ra tio n  to  th e  prognosis in  

u n tre a te d  hypertension . This has been reviewed in  th e  la n ce t (1953). 

Leishman (1953), has suggested  su b d iv isio n  o f non-m alignant hy p erten sio n  

in to  a  ben ign  form and an a c c e le ra te d  form, in  which d e te r io ra t io n  i s  

slower th a n  occurs in  m alignant hypertension. The r a te  a t  which th e  

blood p re ssu re  r i s e s  i s  regarded  by MbMichael (1952), as being  more 

s ig n if ic a n t  th an  th e  h e ig h t o f th e  blood pressu re . Our c l i n i c a l  

experience su g gests  th a t  th e  development o f symptoms and s ig n s  appears 

to  be m ainly due t o t he a b i l i t y ,  o r o therw ise, of th e  in d iv id u a l p a t ie n t  *s 

ca rd io v ascu la r system  to  su s ta in  th e  load of th e  hypertension . High

le v e ls  o f d i a s t o l i c  p r e s s u r e  are  com patible w ith  s l ig h t  o r  even minimal
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in c a p a c ity  in  th e  'ind iv idua l. Xh e s s e n t ia l  hypertexision, i t  i s  

probable th a t  e le v a tio n  o f d ia s to l ic  p re ssu re  i s  com patib le w ith  a 
reaso n ab le  p ro g n o s is , except when signs and symptoms of h e a r t  failure 
appear.- Headache, as S tew art, (1955) has found, i s  a symptom which 

i s  p robab ly  u n re la te d  to  th e  s e v e r i ty  o f  th e  hypertension . Renal 

involvem ent and c e re b ra l  v a sc u la r  d is a s te r s  occur, as a  r u le ,  l a t e  

in  th e  d is e a s e ,  and a re  not amenable to  o th e r th an  p a l l i a t i v e  t r e a t 

ment. While th e  onset o f h e a r t f a i lu r e  c o n s t i tu te s  a cardial in d ic a t io n  

o f th e  need f o r  a c tiv e  th e rap y , th e  fa c to r s  lead ing  to  th e  h y p e rten sio n  

i t s e l f  r e q u ire  study. A r i s e  in  th e  s y s to lic  p re ssu re  accompanied by 

a  m oderate e le v a tio n  o f  th e  d ia s to l ic  p re ssu re  o f th e  o rd e r o f 10 to  20 

mm. ten d s  to  occur as th e  a r t e r i e s  harden w ith  age. To some ex ten t 

th i s  f in d in g  has b ia se d  o b serv a tio n s  upon th e  prognosis o f hypertension . 

The s tu d ie s  which have been performed a re  o f r e la t iv e ly  sh o rt duration, 
and system atic  o b se rv a tio n  over a  long period  i s  req u ired . Acceptance 

as p h y s io lo g ic a l of an in c reas in g  d ia s to l ic  blood p re ssu re  w ith  

advancing age i s  probably  u n ju s t i f ia b le ,  in  th a t  Kean and Hanmull (194-9) 

have shown th a t  among p r im itiv e  peoples t h i s  does not occur, hyper

te n s io n  being  a sso c ia te d  w ith  s t r e s s e s  encountered in  c iv i l i s e d  l i f e .  

Graham (1945) has noted th a t ,  under th e  s t r e s s  of prolonged p e rio d s  o f  

d e se rt w a rfa re , t r a n s ie n t  r i s e s  o f p re ssu re  occurred , and Gavey (1954), 

suggests t h a t ,  under co n d itio n s  o f long-continued s t r e s s ,  th e  hyper

te n s io n  may become fix ed . Wolf e t a l  (1948) and G resse l et a l  (1949),
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have in d ic a te d  th a t  hy p erten siv e  v a scu la r d isea se  may he a sso c ia te d  

w ith  o b sess iv e  com pulsive t r a i t s  and subnormal a s s e r t iv e n e s s ,  lead in g  

to  an a t t i t u d e  o f r e s tr a in e d  aggression  to  the  th re a ts  and ch allen g es  

o f everyday l i f e ,  th e  v a sc u la r  component o f which com prises an 

e le v a tio n  in  th e  b lood p re ssu re  and re n a l  v a so c o n s tr ic tio n . The • 

study  by P l a t t  (1947) has confirmed th a t  th e re  i s  a  marked h e re d ita ry  

p re d is p o s it io n . Im p lica tio n  o f a  s t r e s s  mechanism i s  s tro n g ly  

su g g estiv e  o f a  c lo se  p a r a l l e l  w ith  th e  D. C. A, -induced h y p ertension  

in  th e  an im al, and w ith  th e  hypertension  of C ushing's syndrome. In  

re c e n t y e a rs , t h i s  has led  to  a ttem pts to  c o n tro l hy p erten sio n  by 

adrenaleetom y. The r e s u l t s  o f th i s  o p e ra tio n  have been u n s a tis fy in g , 

and i t  i s  o f te n  combined w ith  s u b to ta l  sympathectomy. Bowers (1954) 

has suggested  th a t  s u b - to ta l  adrenalectom y should be r e s t r i c t e d  to  

m alignant h y p e rten sio n  which cannot be c o n tro lle d  by m edical therapy , 

chron ic  h y p e rten sio n  w ith  marked organ ic  changes, and C ushing 's 

syndrome. J e f f e r s  e t a l  (1955) performed a t o t a l  o r s u b - to ta l  a d re n a l

ectomy w ith  a  m odified Adson type of sympathectomy in  th e  trea tm en t o f 

99 p a t ie n ts  w ith  severe  hypertension . In  25$ th e  response.w as 

e x c e lle n t;  in  a  fu r th e r  23$, a f a i r  response was ob ta ined ; th e  response 

was poor in  30$, and 24$ d ied  p o s t-o p e ra tiv e ly . The in d ic a tio n s  fo r  

adrenalectom y a re  th e re fo re  lim ited . A le s s  a c tiv e  approach on th e  

ad ren al mechanism i s  made by r e s t r i c t i o n  of d ie ta ry  sodium in ta k e , and 

to  t h i s  th e  Kempner (1948) r i c e - f r u i t - s u g a r  d ie t  owed p a r t  o f i t s  success.
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Sehroeder e t  a l  (1939) have concluded th a t  th e  r i c e  d ied  i t s e l f  i s  o f 

q u estio n ab le  v a lu e , b u t i t  i s  low in  p ro te in  and very  low in  s a l t  

co n ten t; fu rth e rm o re , i t  had a s tro n g  psycho therapeu tic  in flu en ce .

The value  o f a  d ie t  co n ta in in g  sodium c h lo rid e  in  low d a l ly  in ta k e  o f 

0 .5  to  2 g. i s  dem onstrab le, and i t s  com bination w ith  a low c a lo r ie  

in ta k e  i s  d e s ira b le . M artin  (1952) has shown th a t  re d u c tio n  in  

o b e s ity  does no t produce a s ig n if ic a n t  f a l l  in  th e  d ia s to l ic  blood 

p re s su re , b u t F ishberg  (1937) has s ta te d  th a t  red u c tio n  in  d ie ta ry  

in ta k e  i s  fo llow ed a f t e r  a week o r two by a f a l l  in  th e  b a s a l  m etabo lic  

r a t e ,  and m aintenance o f t h i s  a t  a  lower le v e l reduces th e  load upon 

th e  h e a r t to  an e x ten t which perm its o f an adequate c o n tro l o f th e  

s igns and symptoms o f  many p a t ie n ts  w ith  moderate e le v a tio n  o f th e  

d ia s to l i c  p re ssu re . The m ilk  d ie t  in troduced  by K are ll (1866) i s  

i n i t i a l l y  very  u s e fu l ,  and a f t e r  a period  of 72 -  96 hours, t h i s  can be 

follow ed b y .a n  8 0 0 -c a lo rie  d i e t ,  th e  sodium conten t o f which should be 

under 2 g. Reducing d ie t s  o f th i s  type a re  s p e c ia lly  in d ic a te d  in  th e  

obese, and th e y  a re  o f va lue  in  a l l  cases o f hypertensive  h e a r t f a i lu r e .

R e lie f  o f s t r e s s  i s  an im portant p a r t  o f tre a tm en t, b u t in  many 

eases i t  may be im p ra c tic a l to  p re sc r ib e  an a l te r a t io n  in  th e  p a t ie n t  *s 

a c t i v i t i e s  o r environment. Where hypertensive  in c ap a c ity  i s  sev e re , 

b e d -re s t i s  e s s e n t ia l .  I t  i s  necessary  to  re lie v e  any degree o f 

anx ie ty  from which th e  p a t ie n t  may s u f fe r ,  and sed a tio n  w i l l  depress 

th e  psych ic  s t im u li  which M e rr ill  (1952) has im plicated . In  Out

p a t ie n ts ,  phenobarbitone in  dosage of up to  g. 1 th r ic e  d a i ly , can be
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p re sc r ib e d , and f o r  I n - p a t ie n ts ,  we have used sodium am ytal in  dosage 

o f up to  g r. 3. t h r i c e  d a ily .

A f u r th e r  f a c to r  of p o te n t ia l  importance in  th e  trea tm en t o f 

h y p e rten sio n  i s  th e  o ccas io n a l occurrence o f prim ary re n a l d is e a se , 

due to  ch ron ic  in f e c t io n  o r to  re n a l  anomaly. U n ila te ra l  re n a l 

d ise a se  has no t been encountered during  our survey, and a lthough 

P ick erin g  and H e p tin s ta l l  (1953) have recorded su ccess fu l r e s u l t s  

fo llow ing  nephrectom y, Smith (1948), has concluded th a t  nephrectomy 

should be r e s t r i c t e d  to  th e  r e l i e f  o f d e f in i te  u n i la te r a l  re n a l d ise a se  

amenable to  o p e ra tio n , and not performed w ith  hypertension  as th e  

in d ic a tio n . In  advanced hyp erten sio n , nephrectomy may a c tu a lly  

sh o rten  l i f e  by reduc ing  s t i l l  fu r th e r  th e  rem aining fu n c tio n a l re n a l 

t is s u e .

In  summary: th e  g e n e ra l measures o f trea tm en t c o n s is t o f r e l i e f

o f s t r e s s  due to  an x ie ty  and environm ent, using  sed a tio n  to  a s s i s t  in  

t h i s ,  and trea tm en t o f h e a r t f a i lu r e  by r e s t  and re s tr ic te d -so d iu m , 

lo w -c a lo rie  d ie ts .

REDUCTION IN THE LEVEL OF BLOOD PRESSURE

The g e n e ra l methods o f trea tm en t a re  d ire c te d  to  m o d ifica tio n  o f 

the  c ircum stances which have occasioned th e  hypertension , and red u c tio n  

o f th e  load  p laced  upon th e  h e a rt. In  th a t  the  ca rd io v ascu la r changes 

are  due to  th e  e lev a ted  blood p re ssu re , th e re  i s  an obvious n e c e s s ity  

to  use th e  means a t  our d isp o sa l to  lower th i s .  White (1947) l i s t s  

naany o f th e  p re p a ra tio n s  p rev io u s ly  used.
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Z  SYTvTHETIG GMGLION-BLOCKING- ACfflPS

(a ) Hexamethonium: During a search  f o r  sy n th e tic  c u ra r is in g  

ag en ts , Paton  and Zaimis (1949), found th a t  th e  s ix th  number o f th e  

methonium s e r ie s  o f  compounds (hexamethonium) possessed a marked and 

s e le c t iv e  a c t io n  in  b lock ing  th e  g ang lion ic  synapse of th e  autonomic 

nervous system , and Arnold and Rosenheim (1949) dem onstrated th a t  th e  

re la x a tio n  o f sym pathetic  tone  which i s  produced by th i s  drug in  man 

i s  follow ed by a r t e r i o l a r  d i la t io n ,  w ith  red u c tio n  in  th e  p e r ip h e ra l 

re s is ta n c e . This occasions a marked f a l l  in  th e  blood p re ssu re  in

bo th  norm otensive and h y p erten siv e  p a tie n ts . Hexamethonium has been
*

used e x te n s iv e ly  to  decrease  th e  blood p re ssu re  o f p a t ie n ts  w ith  

s igns and symptoms o f h y p erten sio n , and th e  r e s u l t s  o f trea tm en t have 

been review ed by o u rse lv es  w ith  Campbell (1952), by Shaw (1952), and 

by many o th e rs .

(b) P en tapyrro  1 idinium . (Ansolysen -  M & B 2050) One o f us 

w ith  Campbell (1953), has d esc rib ed  a search  fo r  improved sy n th e tic  

durgs, which r e s u l te d  in  th e  s e le c t io n  o f a homologue of hexamethonium, 

pent apy rr o l id  inium , as o ffe r in g  some advantages over hexamethonium. 

Smirk (l953a)i has confirm ed th e se  fin d in g s.

Hexamethonium, i t s  homologues and compounds o f th i s  type a re  

c h a ra c te r is e d  by t h e i r  a b i l i t y  to  produce an immediate and u su a lly  

marked f a l l  in  th e  blood p re s su re , th e  ex ten t o f which i s  dependent 

upon th e  dosage used and th e  in d iv id u a l degree o f s u s c e p t ib i l i ty  o f 

the  p a t ie n t .  Side a c tio n s  occasioned by u n se le c tiv e  g ang lion ic
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blockage a re  to  be expected, and c o n s is t o f c o n s tip a tio n , dryness 

of th e  mouth and b lu r r in g  o f v is io n . ' Tolerance develops q u ick ly , 

so th a t  dosage has to  be in c reased  to  a  m aintenance le v e l. The degree 

of c o n tro l o f th e  blood p re ssu re  a tta in e d  v a r ie s  from p a t ie n t  to  

p a t ie n t ,  and o r a l  dosage i s  u s e fu l in  a  p ro p o rtio n  o f p a t ie n ts  on ly , 

s in ce  ab so rp tio n  from th e  gu t tends to  be v a ria b le .

IL  1 -HYDRAZINOPHTHAIAZUTS (A presoline -  Oiba) This drug i s  sa id  to  

have a c e n t r a l  a c t io n  upon th e  hypothalamus, and produces p e r ip h e ra l 

v a so d ila tio n  by a p a r t i a l  b lock ing  a c tio n  o f ad ren a lin e  and no r

a d ren a lin e . I t s  a c tio n  has been stu d ied  by Schroeder (1952), 

H afkensch iel and L indauer (1953) and o th e rs . The a c tio n  o f

1 -B ydrazinophthalaz ine  i s  slow er th an  th a t  of hexamethonium, and, as i t s

s i te s o f  a c t io n  a re  d i f f e r e n t  from those  o f th e  l a t t e r  drug, com bination 

o f th e  two has been  found to  be of value. As has been rep o rted  by 

Schroeder (1952a), th e  s id e  a c tio n s  a re  ta ch y ca rd ia , headache, v e r t ig o , 

and nausea and vom iting. They tend  to  be tr a n s ie n t  as trea tm en t i s  

continued.

In  l im ite d  experien ce , we have not been impressed by th e  a c t i v i ty  

of 1 -B ydrazinoph thalaz ine  in  comparison w ith  th a t  of hexamethonium, and 

have not th e re fo re  used th i s  drug in  trea tm en t.

I IL  VERATKUM AT-KALOIDS The a lk a lo id s  o f veratrum  v e rid e  produce a  ^

f a l l  in  th e  b lood  p re ssu re  which i s  probably due to  a  c e n tr a l  a c tio n ,

and i s  accompanied by a b rad y card ia  due to  s tim u la tio n  o f p e r ip h e ra l 

vagal nerve-end ings. W ilkins e t a l  (1949) and o th e rs  have u s e d
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th i s  drug in  th e  trea tm en t o f hypertension . I t  i s  a v a ila b le  in  th i s  

country  as V e rilo id  -  R iker. M ills  and Moyer (1952) have found th a t  

th e  hypo tensive  dose c lo se ly  approxim ates to  th e  to x ic  dose which 

produces vom iting. They noted th a t  th i s  p reven ts e f fe c t iv e  use  in  

th e  th e rap y  o f  h y p e rten sio n , and they  p re fe r  hexamethonium.

IV. HYDROGENATED ALKALOIDS OP ERGOT: In c o n tra s t to  th e  n a tu ra l

a lk a lo id s  o r e rg o t which cause c o n tra c tio n  of smooth m usculature and 

v a s o c o n s tr ic tio n , c e r ta in  di-hydrogenated  a lk a lo id s  occasion p e r ip h e ra l 

v a so d ila tio n  and b lo ck  ad ren erg ic  s tim u li. This has been d esc rib ed  

by R o th lin  and C e r l e t t i  (1949). They a re  a v a ila b le  in  th i s  coun try

as E£ydergine -  Sandoz. The a c tio n  of th e se  a lk a lo id s  in  th e  c o n tro l

o f h y p e rten sio n  d e sc rib ed  in  th e  l i t e r a tu r e  i s  unprom ising, and 

l im ite d  p e rso n a l experience has tended to  confirm  th is .

V. RAUWOLFIA SERPENTINA: ■ An a lk a lo id  was ex trac ted  from th i s

t ro p ic a l  shrub by M uller e t a l  (1952). I t s  a c tio n  i s  sa id  to  be

c e n tr a l ,  and i t  ten d s  to  produce a su b jec tiv e  improvement. The e f fe c t  

on th e  blood p re s su re  i s  m inim al, bu t i t  i s  f r e e  from sid e  a c tio n s .

I t  i s  p o s s ib le  tha t, i t  may be u se fu l as an adjuvant to  more a c tiv e  

forms o f th e rap y . The pure a lk a lo id  i s  a v a ila b le  as S e rp a s il -  Giba. 

I t s  i s  combined w ith  Veratrum a lk a lo id s  in  th e  p rep a ra tio n  of Rauwiloid 

-  R iker. I t  i s  p robab le  th a t  i t  w i l l  be used in  combination w ith  

hexamethonium. W ilkins e t a l  (1954) have rep o rted  favourab ly  on t h i s  

drug.
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INDICATIONS FOR TREATMENT 

Group I :  In  view o f th e  favourab le  prognosis in  asymptomatic benign

h y p erten sio n , no a c t iv e  th e rap y  appeared to  be in d ica ted  in  th e  

m a jo rity  o f th o se  p a t ie n ts .  A few p a tie n ts  p resen ted  w ith  p re ssu re s  

over 120 mm. below th e  age of 40 y e a rs , and over 140, 

and low ering o f such p re ssu re  le v e ls  was attem pted, to g e th e r  w ith  c lo se  

observation .

Group I I ;  S lig h t b re a th le s s n e s s  on ex ertio n  and a tendency to  e a r ly  

fa tig u e  responded w e ll to  reassu ran ce  and sed a tio n , w ith  some r e s t r i c t i o n  

o f a c t iv i ty .

Groups I I I  and IV: Moderate and severe  in cap ac ity  re q u ired  a c tiv e

trea tm en t in  h o s p i ta l  w ith  th e  g en era l measures o u tlin e d  e a r l ie r .  Of 

th e  p a t ie n ts  in  th e se  groups, one hundred and fo r ty n in e  were t r e a te d ,  • 

in  a d d itio n , w ith  methonium compounds. The t o t a l  o f one hundred and 

seventynine p a t ie n ts  t r e a te d  w ith  methonium compounds inc ludes th o se  in  

th e  f i r s t  group and fo u r te e n  cases o f m alignant hypertension  noted 

sub s equently .

There were two in d ic a tio n s  f o r  th e  use of methonium compounds:

( i )  The p resence  o f m oderate o r severe in cap ac ity , and f a i lu r e  o f th e  

p ressu re  to  f a l l  below 100 mm. w ith in  a  fo r tn ig h t or more in  response to  

g en era l m easures o f trea tm en t. The range of i n i t i a l  p re ssu re  le v e ls  

va ried  w idely  in  th e  groups, as hypertension  tends to  be reduced when 

f a i lu r e  occurs. In  th e  moderate c ases , th e  p re ssu re  was fre q u e n tly  

la b i le ,  responding w e ll to  r e s t  and seda tion  during th e  f i r s t  adm ission,
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but w ith in  months o r y e a r s ,  th e  hypertension  became f ix e d , so th a t 

subsequently  methoniums became in d ica ted .

(2 ) High le v e ls  o f p re s su re , u su a lly  in  excess of 14-0 mm* accompanied 

by acu te  co m p lica tio n s  such as b lin d n e ss , encephalopathy and h e a r t 

f a i lu r e ,  c o n s t i tu te d  an in d ic a tio n  fo r  immediate dosage w ith  

methonium compounds.

RESPONSE TO TREATMENT

Severe symptoms and s ig n s  o f hypertension  were improved by red u c tio n  

in  th e  b lood p re s s u re , and, w ith  Campbell (1952), we have analysed th e  

r e s u l t s  o b ta in ed  w ith  methonium therapy. S im ilar r e s u l t s  have been 

recorded by many o th e rs . While i t  i s  p o ss ib le  to  e ffe c t red u c tio n  to  

normal p re s su re  le v e ls  in  alm ost every In -p a tie n t ,  subsequent o b servation  

g e n e ra lly  shows a r i s e  o f p re ssu re  approaching th e  u n trea ted  le v e l. 

However, i t  has o f te n  been  observed th a t  a f a l l  occurs i f  th e  p a tie n t  

i s  again  ad m itted , o r  i s  adequate ly  re s ted . Methonium therapy  tends to

re s to re  th e  l a b i l i t y  o f  d ia s to l ic  p ressure .

In 6 0 %  o f  th e  p a t ie n t s ,  in te rm it te n t  o ra l  d o s a g e  w ith  hexamethonium 

b i t a r t r a t e  in  amounts t o t a l l i n g  a  75 & to  2 G. of c a tio n  per day, has 

been adequate to  c o n tro l s ig n s  and symptoms,  a  fu r th e r  p ro p o rtio n  have 

req u ired  p a re n te r a l  in je c t io n  o f t h i s  drug in  q u a n ti t ie s  o f up to  oOO mg. 

of c a tio n  p e r  day. In  common w ith  Smirk (1954) we have not been ab le  

to  a s c e r ta in  w hether trea tm en t has extended th e  l i f e  ex p ec ta tio n , bu t 

during th e  p e rio d  of su rv iv a l, r e s to ra t io n  to  a c t iv i ty  approaching normal
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has o f te n  been  achieved. P en tapyrro lid in ium  has provided a more 

c e r ta in  method o f low ering th e  blood p ressu re . T o tal dosage o f up 

to  150 mg. o f c a t io n  p a re n te ra l ly  has been ap p lied , and 1000 mg. 

o r a l ly ,  in  some cases. The re ta rd  p re p a ra tio n  d escribed  by Smirk 

(1953b), has been  found v a lu ab le  in  reducing th e  number o f in je c t io n s  

necessa ry  to  one o r two p er day. During trea tm en t w ith  hexamethonium, 

wide v a r ia t io n s  in  p re ssu re  §re o fte n  recorded , w ith  f lu c tu a tio n s  due 

to  emotion. The p re ssu re  le v e ls  during pen tapyrro lid in ium  th erap y  

a re  more s ta b le .  This i s  probably  due to  th e  g re a te r  e f fe c t  o f t h i s  

drug upon th e  sym pathetic  nervous system than  th e  parasym pathetic. 

P en tap y rro lid in iu m  has proved much more c e r ta in  in  a c tio n , and in  no 

case has a  s ig n i f ic a n t  f a l l  in  b lood p ressu re  f a i le d  to  occur 

fo llow ing  adequate  dosage.

MALIGNANT HYPERTENSION

F ourteen  p a t ie n ts  p resen ted  w ith  m alignant hypertension ; in  seven 

th e re  were no s ig n s  o r h is to ry  o f previous hypertension; th e  o th e rs  had 

hy p erten sio n  o f long s tan d in g , which had entered in to  a m alignant phase. 

M alignant h y p erten sio n  o f Recent O rig in : Three p a tie n ts  had chron ic

n e p h r i t i s ,  and when f i r s t  observed, had gross impairment o f re n a l 

fu n c tio n , w ith  uraem ia. Four p a t ie n ts  had no previous h is to ry  o f r e n a l  

d isea se , r e n a l  fu n c tio n  was good and blood u rea  was low during i n i t i a l  

in v e s t ig a tio n , suggesting  a d iagnosis of prim ary m alignant hypertension . 

Impairment o f v is io n  was a  frequen t symptom. Examination o f th e  fu n d i 

showed f r e s h  haemorrhages and woolly exudates w ith  fran k  papilloedema*
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No c a rd ia c  enlargem ent was p re sen t. The average d ia s to l ic  p re ssu re  

le v e l was 140 mm. The d u ra tio n  o f l i f e  was g re a te r  in  those  w ith  

chronic n e p h r i t i s ,  extending from 12 days to  fo u r y e a rs , th an  in  those  

w ith  p rim ary  m alignant h y p erten sio n , who d ied  in  from e ig h t to  

n in e teen  months. Uraemia was p ro g ressiv e  in  a l l  c a se s , as Yras a 

severe hypochromic anaemia.

M alignant Phase o f h y p e rte n s io n ; This occurred in  o ld e r p a t ie n ts  who 

had a h is to r y  o f h y p e rten sio n  o f a t le a s t  sev e ra l y e a r s ’ du ra tion . 

Impairment o f  v is io n  was le s s  commonly complained o f , th e  p re sen tin g  

fe a tu re s  be in g  b re a th le s s n e s s  on ex ertio n  and fa tig u e . Oardiac 

enlargem ent was p re sen t in  a l l  cases. The blood u rea  was e i th e r  normal 

o r b tit l i t t l e  r a is e d ,  except te rm in a lly  in  one p a tie n t. Anaemia d id  

not occur. Fundal exam ination showed s c le ro t ic  changes in  the  

r e t i n a l  a r t e r i e s ,  o ld  waxy hya lin e  exudates, and chronic r e t i n a l  and 

dine oedema; f r e s h  haemorrhages and exudates were superimposed. The 

prognosis was much b e t t e r  in  th i s  than  in  th e  previous group, f iv e  o f 

the  seven p a t ie n ts  be ing  a l iv e  a f te r  e ig h t months to  fo u r years.

One fem ale d ied  from a c e re b ra l  haemorrhage, and one male from uraemia.

As i s  d e sc rib ed  by H adfield  and Garrod (1947), a sudden r i s e  in  

blood p re ssu re  causes a r t e r i o l a r  n e c ro s is , in  c o n tra s t to  th e  f ib ro u s  

th icken ing  in  th e  v e s s e l  w a lls  which occurs in  e s s e n tia l  hypertension .

In th e  f i r s t  g roup, ex tensive  a r te r io la r  damage occurred, p a r t ic u la r ly  

in  th e  r e t i n a  and th e  kidney. In th e  second group, th e  a r te r io le s  

were th ickened  to  w ith stan d  chronic hypertension , and th e  subsequent 

changes were l e s s  severe.
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G an g lio n -b lo ck in g  ag e n ts  produced a  f a l l  i n  p re s s u re  to  norm al 

l e v e l s ,  w ith  a  d ram a tic  improvement in  th e  symptoms and s ig n s  in  th e  

tw elv e  c a se s  t r e a te d .  E f f e c t iv e  c o n t ro l  o f  th e  p re s s u re  was n o t 

o b ta in e d  a f t e r  d is c h a rg e  o f  th e s e  p a t i e n t s  from  h o s p i t a l ,  due to  

cau ses  such a s  p o s tu r a l  h y p o te n s io n , c o n s t ip a t io n ,  vom itin g  and 

d ia r rh o e a ,  b lu r r in g  o f  v i s io n ,  and in  some in s ta n c e s ,  d is c o n tin u a n c e  

by  th e  p a t i e n t s  them se lv es  o f th e ra p y . Even when f u l l  dosage was 

u sed , th e  n a tu r a l  ten d en cy  o f  th e  p a t ie n t  to  r e tu r n  to  norm al a c t i v i t y  

was fo llo w ed  by  a  r i s e  in  th e  p re s s u re  le v e l .  In  th e  l a t e r  s ta g e s ,  

c o n t ro l  in  h o s p i ta l  o f th e  p re s s u re  l e v e l  f a i l e d  to  a r r e s t  d e t e r io r a t io n .  

However, r e g re s s io n  o f symptoms and s ig n s  o f  th e  m a lig n an t phase o f  

h y p e r te n s io n  was o b ta in e d  more r e a d i ly ,  w ith  a  p ro b ab le  e x te n s io n  o f  

l i f e .

DISCUSSION

The marked improvement i n  th e  symptoms and s ig n s  in  p a t i e n t s  w ith  

h y p e r te n s io n  w hich fo llo w s  th e  a p p l ic a t io n  o f  g e n e ra l  m easures o f  

tre a tm e n t w ith  and w ith o u t g a n g lio n  b lo c k in g  a g e n ts  has le d  us to  

adopt th e  h y p o th e s is  th a t  c o n t ro l  o f  th e  p re s s u re  l e v e l  w i l l  r e tu r n  

th o se  p a t i e n t s  to  th e  c a teg o ry  o f asym ptom atic h y p e r te n s io n , th e  

p ro g n o s is  o f  w hich i s  good. I t  has appeared  re a so n a b le  to  adopt 

m easures w hich produce on ly  a  m oderate r e d u c t io n  i n  th e  d i a s t o l i c  

p re s s u re  l e v e l ,  a s ,  from o b s e rv a tio n , th e  a c tu a l  l e v e l  i s  o f  l e s s  

im portance th a n  th e  in d iv id u a l  resp o n se  to  i t .  The p e r io d  o f
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o b s e rv a tio n  has been  in a d eq u a te  to  d e c id e  w hether t h i s  sym ptom atic 

approach  to  tre a tm e n t h as  in c re a s e d , o r  has f a i l e d  to  ex ten d  th e  

e x p e c ta t io n  o f  l i f e .  However, o b s e rv a tio n  o f  a  few  p a t i e n t s  w ith  

h y p e r te n s io n  in  a c u te  form , m alig n an t h y p e r te n s io n , su g g e s ts  t h a t  

m ain tenance o f  th e  b lo o d  p re s s u re  a t  a  l e v e l  approach ing  norm al, e .g . 

under 100 mm. , i s  p ro b ab ly  d e s i r a b le  in  a  p ro p o r t io n  o f  in d iv id u a ls  ' 

i f  th e  l i f e  e x p e c ta t io n  i s  to  be in c re a se d . We have found t h a t  a  

marked re d u c t io n  i s  n o t w e ll  t o l e r a te d  by  p a t i e n t s  who have been  

accustom ed to  h y p e rte n s io n  o f  s e v e ra l  y e a rs  * d u ra tio n , S chroeder 

(1952b), has observed  t h a t  t h i s  p e r io d  o f  d isc o m fo rt and lo s s  o f  energy  

i s  t r a n s i e n t ,  a d a p ta t io n  to  th e  low er l e v e l  g ra d u a l ly  ta k in g  p la c e .

I f  i t  i s  ag reed  t h a t  r e d u c t io n  in  th e  l e v e l  o f  th e  d i a s t o l i c  

p re s s u re  i s  d e s i r a b le ,  g a n g lio n  b lo c k in g  ag en ts  a re  th e  d rugs o f 

c h o ic e , in  t h a t  th e y  a lo n e  produce an im m ediate and d e f i n i t e  f a l l  in  

p re s s u re . M aintenance o f  t h i s  e f f e c t  i s  d i f f i c u l t  to  accom plish , owing 

to  th e  developm ent o f  to le ra n c e  to  th e  d ru g , and i s  com parable w ith  th e  

r e g r e s s io n  fo llo w in g  sympathectomy. I t  m ight be a d v isa b le  to  combine 

g a n g lio n  b lo c k in g  ag en ts  w ith  o th e r  d rugs w hich have d i f f e r e n t  s i t e s  o f  

a c t io n , A sim ple homologue o f  hexamethonium, p e n ta p y rro lid in iu m , has 

been  found to  b e  more u s e fu l  in  t h a t  i t  i s  more p r e d ic ta b le  in  a c t io n ,  

and d u ra t io n  o f  a c t io n  i s  lo n g e r, and more s ta b le  c o n t ro l  i s  o b ta in ed .

I t  i s  p ro b a b le  th a t  f u r th e r  work in  th e  developm ent o f  g a n g lio n  

b lo c k in g  ag en ts  w i l l  r e s u l t  in  th e  d isc o v e ry  o f  new compounds o f  g r e a t e r  

v a lu e . W hatever th e  i n i t i a t i n g  mechanism o f  h y p e r te n s io n , th e  f a c t o r
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r e s p o n s ib le  f o r  i t s  m ain tenance i s  th e  a r t e r i o l a r  to n u s , as  has been  

shown by  th e  re sp o n se  to  sy m pathe tic  b lo c k . Treatm ent w ith  g a n g lio n  

b lo c k in g  ag en ts  must be  co n s id e re d  to  b e  sym ptom atic, in  t h a t  no 

perm anent a l t e r a t i o n  in  th e  p re s s u re  l e v e l  i s  a ch iev ed , and a  r i s e  

alw ays fo llo w s  w ith d raw al o f  drug  dosage. I t  i s  p o s s ib le  t h a t  a t  

some f u tu r e  d a te ,  advancement in  knowledge o f th e  s y n th e s is  and 

m etabolism  o f  c o r t i c a l  s te r o id s  may r e s u l t  in  th e  p ro d u c tio n  o f  compounds 

w hich w i l l  i n h i b i t  th e s e ,  and w i l l  p e rm it o f  a  more fundam ental c o n t ro l  

o f  h y p e rte n s io n . A l te rn a t iv e ly ,  in  t h a t  c o n s t r i c t io n  o f  th e  a r t e r i o l e s  

i s  a  fu n c tio n  o f  n o r -a d re n a l in e ,  i t  i s  p o s s ib le  t h a t  means w i l l  be 

found to  in c re a s e  th e  a c t i v i t y  o f  th e  enzyme im in ase , w hich i s  

r e s p o n s ib le  f o r  th e  d e s t r u c t io n  o f  t h i s  p re s s o r  amine.

SUMMARY

A lthough th e  p ro g n o s is  in  uncom plica ted  h y p e r te n s io n  i s  u s u a l ly  

good, e le v a t io n  o f  th e  d i a s t o l i c  b lo o d  p re s s u re  i s  in  many c a se s  fo llo w ed  

by  symptoms and s ig n s  o f  h e a r t  f a i l u r e ,  and when th e s e  d ev e lo p , th e  

e x p e c ta t io n  o f  l i f e  i s  l im ite d . G eneral m easures o f  tre a tm e n t a re  

r e s t ,  s e d a tio n , a  s a l t - p o o r  d i e t ,  and subsequen t r e s t r i c t i o n  o f  m en ta l 

and p h y s ic a l  a c t i v i t y .  I f  th e se  p rove in a d e q u a te , and i f  th e  b lo o d  

p re s s u re  i s  n o t l a b i l e ,  methonium compounds a re  in d ic a te d .
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ACMOWLSDGMMTS: -
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a s s is ta n c e .
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M E D IC A L  R E G IS T R A R , R O Y A L  A L E X A N D R A  IN F IR M A R Y , 
P A IS L E Y

S in ce  the indication by Paton and Zaimis (1948) that 
the ganglion-blocking action of compounds of the 
methonium series would have a clinical application, many 
reports have been published on their use in hypertension. 
These have been reviewed (Lancet 1951, British M edical 
Journal 1951, Turner 1951), and enough time has now 
elapsed to suggest that with hexamethonium it is possible 
to modify in some cases the course and prognosis of 
hypertension with severe symptoms and signs. Campbell 
et al. (1952), Grimson (1952), and others have reported 
results of treatment lasting two years or more. It can be 
concluded that, although hexamethonium has no action 
on the cause of hypertension, it can modify the hyper
tension of some patients, giving a variable degree of 
relief from symptoms and signs.

Meanwhile the search for other hypotensive agents has 
continued. Study of the actions of the hydrogenated 
alkaloids of ergot (Eothlin and Cerletti 1949 and others) 
has been extended. Baikie and Smith (1952) and Smirk 
(1952b) have examined ‘ Pendiomide.’ Apresoline and 
regitine have been used by Grimson (1952).

Hexamethonium is not an ideal drug for the production 
of sympathicolysis in the treatment of hypertension.

(1) I t  produces a  generalised ganglion blockade affecting 
gastro-intestinal activity (Kay and Smith 1950), which may 
lead to paralytic ileus (Mackey and Shaw 1951, and others). 
Other actions include inhibition of salivation, paralysis of

. ocular accommodation, and reduction of sweating, the last 
having been used in the treatm ent of hyperhidrosis by 
Sommerville and McMillan (1952).

(2) I t  is inconstant in action, there being also an individual 
variation of response. This variation is increased when 
hexamethonium is given by mouth. Further, a  strong toler
ance develops rapidly, making large doses necessary for 
continuous treatm ent.
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(3) The duration of action of a dose of hexamethonium is 

normally short, making frequent injections necessary when it 
is given parenterally. Masini and Rossi (1952) and Smirk 
(1952a) have used macromolecular substances, such as poly
vinylpyrrolidone and dextran, to provide depot injections of 
hexamethonium salts and thus to prolong their action,

Paton (1951) suggested that it might he possible to 
obtain ganghon-blocking agents exerting selective action 
on different parts of the autonomic nervous system. 
With Graham, we have described results with ‘ M. & B. 
1863 ’ or ‘ Gaplegin,’ a monoethyl homologue of hexa
methonium which we found to be of greater activity 
but without any great specificity of action (Campbell et 
al. 1952). Smirk (1952b) has confirmed these findings.

Wien and Mason (1953) have examined new compounds 
prepared by May & Baker Ltd., some of which possess 
strong ganglion-blocking activity. In view of the known 
species difference in response to these drugs, we selected 
nine of them for examination of their actions in man in 
comparison with hexamethonium and gaplegin.

The new compounds examined are structurally related 
to hexamethonium. They are :

M. & B. 2074. B utane-1 : 4-bis(diethylmethylammonium 
hydrogen tartra te) dihydrate.

M. & B. 1950. Phenylethane-p-<a-bis(trimethylammonium 
dihydrogen phosphate) tetrahydrate.

M. & B. 2034. lSr.N'-tetramethyl-(3-p-aminophenylpropyl- 
amine bismethobromide.

M. & B. 2002. Pentamethylene-1 : 5-bis-4'-(4'-methyl-
morpholinium) dibromide.

M. & B. 1978. Hexamethylene-1 : 6-bis-4/-(4'-methyl-
morpholinium) di-iodide.

M. & B. 2023. Heptam ethylene-1 : 7-bis-4/-(4'-methyl-
morpholinium) dibromide.

M. & B. 2050A. Pentamethylene-1 : 5-bis(1 '-methylpyrro- 
lidinium) b itartrate.

M. & B. 2024. Hexamethylene-1 : 6-bis-N-(N-methylpyrro- 
lidinium) di-iodide.

M. & B. 2060. Hexamethylene-1 : 6-bis-H-(N-ethylpyrro- 
lidinium) dibromide.

Dosage of these we have expressed in terms of active 
cation.

METHODS

Grimson et al. (1952) and others have noted that the 
response of hypertensive patients to the initial dose of 
hexamethonium may be excessive. Accordingly we 
decided to investigate the action of drugs with strong 
hypotensive properties first in patients with normal 
blood-pressures and subsequently in patients with hyper
tension, a procedure similar to that of Arnold and 
Rosenheim (1949) when they examined hexamethonium. 
As a record of the effect on the gastric secretion was 
required, which involved repeated swallowing and toler



3
ance of Ryle’s tubes, 75 patients with duodenal ulceration 
and hyperchlorbydria without cardiovascular abnor
mality were selected. Subcutaneous administration was 
begun with 2-5-5 mg. of cation repeated at short intervals 
in increasing dosage until a definite effect was observed. 
To minimise errors due to tolerance or to variations in 
sensitivity, the same drug was not given again to any 
patient and the drugs were given in different order. The 
smallest number of observations made on any drug was 
ten, but more observations were made on those found 
to be of interest. Control experiments with injections of 
sterile water were made in each patient. The effects on 
the blood-pressure, pulse-rate, and pupil size were deter
mined. Change in skin-temperatures indicated alteration 
in peripheral circulation, and change in skin resistance 
indicated alteration in the activity of the sweat-glands. 
Paralysis of visual accommodation (shown by inability 
to read) and dryness of the mouth were noted. With 
the patient fasting the gastric secretion was aspirated 
completely an hour before, and again shortly before, the 
drug was given and hourly thereafter.

Exact techniques were considered to be less important 
than identical methods of comparison of each drug with 
adequate control. Once the active drugs were identified, 
observations were repeated to confirm the results 
obtained ; 328 doses were given during this part of the 
investigation. Subsequently the two most active sym-

VAGOLYTIC ACTION SYMPATHICOLYTIC ACTION 
(GASTRIC) (HYPOTENSION)

HEXAMETHONIUM

GAPLEGIN

ETHYLTETRAMETHONIUM

PHENYLDIMETHONIUM

PHENYLTRIMETHONIUM

PENTAMORPHOLINIUM

HEXAMORPHOLINIUM

HEPTAMORPHOLINIUM

PENTAPYRROLIDINIUM

HEXAPYRROLIDINIUM

ETHYLHEXAPYRROLIDINIUM

5 0 2 5100 75 00 2 5 5 0 75
DOSE (mg.  oF CATION)

Fig. I—Comparison of vagolytic actions on gastric secretion and 
sympathicolytic (hypotensive) actions of hexamethonium, gaplegin, 
and nine new sympathicolytic agents.
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pathicolytic drugs were administered to hypertensive 
patients, and their effects on the blood-pressure and their 
side-effects were studied.

CLINICAL RESULTS
Prom the results it was possible to estimate the dose 

of cation which, injected subcutaneously, would definitely 
lower the blood-pressure of hypertensive patients, and 
the dose which would produce achlorhydria in the fasting 
secretion of patients with hyperchlorhydria, in at least 
60% of first observations. These results are comparable 
with the actions of hexamethonium in subcutaneous 
initial doses of 50 mg. of cation.

The distribution of the activity of these drugs in 
comparison with hexamethonium and gaplegin is shown 
in fig. 1. Their action in producing mydriasis and an 
alteration in peripheral circulation when used in hypo
tensive dosage is shown in fig. 2. The effect of these 
compounds on the heart-rate was similar to that of 
hexamethonium, a variable production of tachycardia 
during hypotension. Paralysis of visual accommodation 
and dryness of the mouth were in keeping with the 
mydriasis recorded. The effect on sweating was less than 
that of hexamethonium in the dosage used. No drug 
affected the respiration-rate or showed any sign of 
curarising activity.

Pig. 1 shows that M. & B. 1950 (phenyldimethonium) 
and M. & B. 2050 (pentapyrrolidinium) have the highest

VAGOLYTIC ACTION SYMPATHICOLYTIC ACTION

I HEXAMETHONIUM
"'""l 1--------------------------------- p e r

|  GAPLEGIN ’i,4

1 ETHYLTETRAMETHONIUM.......  « i
PHENYLDIMETHONIUM j

PHENYLTRIMETHONIUM
. .  iifisss PENTAM0RPH0LINIUMj tfSffiS-.

HEXAM0RPH0LINIUM 
---------1-----------— -----

HEPTAMORPHOLINIUM
--------------------- 1-------------------------

PENTAPYRROLIDINIUM
I

HEXAPYRROLIDINIUM

— - - 't.... ETHYLHEXAPYRROLIDINIUM f 
J --------------------- i

4  3  2  1 0  1 2
INCREASE IN PUPIL DIAM.(mm.) RATIO OF THERMAL INDICES

Fig. 2—Comparison of vagolytic actions on pupil size and sympathi
colytic actions on the rm al  indices of hexam ethonium gaplegin, and 
nine new sympathicolytic agents.
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sympathicolytic activity. Phenyldimethonium has a 
relatively selective action in depressing the blood- 
pressure, and pentapyrrolidinium is the most active of 
the drugs used, having also a high generalised activity. 
The effects of these two drugs were investigated in 15 
patients with hypertension, of whom 10 had previously 
been treated with parenteral and oral hexamethonium. 
The effect of single doses was studied first, in comparison 
with hexamethonium and control doses of sterile water, 
with intervals of several days between doses to avoid 
habituation. Fifty subcutaneous doses of each drug were 
given, varying between 2-5 and 50 mg., and subsequently 
the effects of fifty oral doses of 25-150 mg. of each were 
recorded. The results are presented in the accompanying 
table.

These two drugs produce hypotension when given 
subcutaneously in a dosage which is from a tenth to a 
fifth of the amount of hexamethonium required to produce 
a comparable fall in blood-pressure. Pentapyrrolidinium 
is the more active of the two. The hypotension lasted 
from six to thirty-six hours, excluding the period of 
recovery of blood-pressure. Hexamethonium in single 
oral doses of 500 mg. does not produce hypotension 
consistently, but single oral doses of these new drugs 
produced hypotension in 56% of the observations made. 
Hypotension appeared two to four hours after oral 
dosage and lasted for eight hours or more. Both drugs 
produced side-effects in excess of those which followed 
doses of hexamethonium. Pentapyrrolidinium almost 
invariably produced mydriasis and dryness of the mouth, 
and occasionally headaches with drowsiness and depres
sion. Little difference in their activity was noticed when 
they were administered to patients who were tolerant to 
hexamethonium.

In subsequent continuous treatment with phenyl
dimethonium and pentapyrrolidinium in divided sub
cutaneous doses totalling 50-100 mg. daily and divided 
oral doses totalling 100-150 mg. daily, results comparable 
with our previous experience with hexamethonium were 
obtained. The side-effects previously met with tended to 
persist, but constipation was not troublesome.
Severe Hypotension

The application of the new drugs of high activity 
produced severe hypotension on several occasions. 
Blood-pressure levels of 80/50 mm. Hg in the recumbent 
position were well tolerated by normotensive patients, 
who lost consciousness only if they stood up. Hexa
methonium produced a rapid symptomless postural faint 
with moderate tachycardia and a warm skin. The 
postural faint with pentapyrrolidinium was very different. 
It was preceded by nausea and often vomiting. Loss of 
consciousness was slow and accompanied by tachycardia
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and pallid cold sweating. The effects of phenyldi
methonium were intermediate between those of 
hexamethonium and those of pentapyrrolidinium.

Severe hypotension was not well tolerated by hyper
tensive patients. Electrocardiography revealed almost 
constant changes affecting the s t  segment and T waves, 
which may also be seen in normotensive patients. Hypo
tensive measures are likely to be dangerous in the 
presence of coronary arterial disease. No treatment of 
the severe hypotension is necessary other than rest in 
bed with the feet raised until the drug’s action ends, 
adrenaline being contra-indicated (Burn 1951).

DISCUSSION

These results indicate that phenyldimethonium and 
pentapyrrolidinium probably overcome some of the dis
advantages of hexamethonium. As regards selectivity of 
action, their doses which produce hypotension are smaller 
than those required to affect gastric secretion. Kay and 
Smith (1950) have shown that the paralysis of vagal 
ganglia by hexamethonium in hypotensive dosage 
inhibits the volume and acidity of gastric secretion in 
hyperchlorhydric patients. Gastric motility is difficult 
to study, because the concomitant severe hypotension 
often causes nausea and vomiting, but it is improbable 
that inhibition of gastric motility can be produced by 
ganglion-blocking agents in the absence of an action on 
gastric secretion.

Preliminary observations suggest that constipation is 
less during continuous oral treatment with these drugs 
than with hexamethonium, indicating a smaller risk of 
paralytic ileus. Inhibition of sweating is less, and the 
incidence of dryness of the mouth is about the same, but 
mydriasis is more common and more severe with both of 
the new drugs, and pentapyrrohdinium has been observed 
to produce sustained mydriasis during continuous 
treatment.

Both drugs are more consistent in action than hexa
methonium when used orally, and single oral doses 
produce a definite hypotension more often, although 
comparably with hexamethonium the hypotensive effect 
may be delayed until several doses have been given. 
Habituation develops at least equally rapidly—probably 
more rapidly with pentapyrrohdinium—but a satisfac
tory reduction of blood-pressure is often obtainable 
with a daily dosage very much smaller than that of 
hexamethonium.

The two drugs appear to be effective even after 
habituation to hexamethonium, and may be sometimes 
used successfully by mouth in patients who have not 
responded to oral hexamethonium. The duration of 
response in parenteral administration is longer, suggesting
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that frequency of dosage may he reduced compared with 
hexamethonium; but in continuous parenteral treat
ment we have found that at least three doses a day are 
required.

Headache, drowsiness, and depression are unusual side- 
effects of pentapyrrolidinium, but their incidence and 
severity have not been such as to necessitate withdrawal 
of this drug. The high activity of these new drugs requires 
caution in their administration to avoid severe hypo
tension.

Fig. 1 shows that M. & B. 2074 (ethyltetramethonium) 
and M. & B. 2024 (hexapyrrolidinium) act on gastric 
secretion in a dosage not affecting blood-pressure. Studies 
of the application of these drugs in the management of 
hyperchlorhydria are in progress.

SUMMARY
Examination of nine new ganglion-blocking agents has 

indicated that two of them, phenyldimethonium and 
pentapyrrolidinium, have a high degree of activity in 
man in reducing the blood-pressure.

Pentapyrrolidinium is the more active of the two but 
is less selective in action.

Their action lasts longer than that of hexamethonium, 
and more consistent results follow oral dosage.

The preliminary results suggest their suitability for 
examination as therapeutic drugs in the management of 
hypertension.

We are grateful to  Dr. J . Gibson Graham for permission to 
make this investigation and for his advice and encouragem ent; 
to the nurses of this hospital for their cooperation in managing 
the patients ; and Miss K. J .  S. Brander for laboratory and 
documentary assistance. The drugs were supplied by Messrs. 
May & Baker.
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DISEASES OF THE CARDIOVASCULAR SYSTEM1
B y  J. G ib s o n  G r a h a m  a n d  R. D. H. M a x w e l l  

The Royal Alexandra Infirmary, Paisley, Scotland

C o r o n a r y  A r t e r ia l  D i s e a s e

Exogenous cholesterol metabolism in man has been studied by Biggs 
et al. (1) using tritium-labeled cholesterol. Ingested cholesterol was demon
strated in an atherosclerotic aorta. Severe hypercholesterolemia was pro
duced in rats by Page & Brown (2), intimal lipid infiltration occurring 
but atherosclerosis failed to develop. A sustained low blood cholesterol 
level has been obtained in man by Poliak (3) using sitosterol in oral dosage 
of 5 to 10 gm. per day. Paterson (4) considers the precipitating factor in 
coronary artery occlusion of capillary rupture within the atherosclerotic 
plaques is more important than the degree of atherosclerosis.

The early assessment of coronary artery insufficiency is of importance. 
Master et al. (5) give criteria of electrocardiographic changes following their 
exercise test which they consider to be more significant than the resting elec
trocardiogram. Ischemic electrocardiographic changes comparable with 
those following exercise have been demonstrated by Contro et al. (6) after 
amyl nitrite inhalation, and the use of this as a simple functional test is 
suggested.

Attention has been drawn by Papp & Smith (7) to the clinical entity of 
slight cardiac infarction. Cardiac pain, angina of effort, and a variable degree 
of shock and failure occur, but laboratory and clinical signs are minimal. 
The pathological lesions correspond to small areas of infarction which repre
sent the acute stage of patchy myocardial sclerosis resulting from arterio
sclerotic narrowing of the main coronary arteries and not from a local ar
terial occlusion. Clinical recovery occurs in a high proportion of these cases. 
Q waves were absent in one-half of this group of patients and R-T changes 
were of the subacute type. Changes were found mainly in leads III R and 
aVFr, exercise being useful in demonstrating ischemia. Severe cases of 
posterior infarction had a mortality of 33 per cent; the prognosis in the 
moderate group was good. Elek et al. (8) have found the left back leads of 
value in diagnosis.

High posterolateral infarction of the anatomical left surface of the heart 
has been the subject of an interesting study by Tulloch (9). Diagnostic signs 
of infarction are found in VL and lead 1. A predominant R wave is found in 
VI, with absence of a definite transitional zone in the precordial leads, a 
high upright T wave in two or more of these, and in the acute stage, S-T 
depression. Additional back leads are useful.

Electrocardiographic and pathologic changes following infarction of the

1 The survey of literature pertaining to this review covers the period from July. 
1952 to June, 1953.
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interventricular septum have been correlated by Osher & Wolff (10). Septal 
lesions were always associated with infarction of the free wall anteriorly or 
posteriorly, both walls being usually involved. Massive septal infarction is 
probably usually fatal, but septal involvement of significant degree is com
mon in myocardial infarction. A diagnosis of septal infarction can be made 
when conduction defects appear during the course of acute myocardial 
infarction, and in their absence the appearance of QS deflections with ab
normally elevated S-T segments in right precordial leads is strongly sugges
tive of septal involvement.

Methods of diagnosis of myocardial infarction in the presence of anoma
lous conduction have been suggested by Wolff & Richman (11).

Brigden & Shillingford (12) in their examination of vectorcardiograms 
have found constant deviation of the loop from the site of infarction which 
is demonstrated best in the horizontal plane in anterior, and the frontal 
plane in posterior infarctions. The ballistocardiogram was found to be more 
sensitive than the electrocardiogram by Scarborough et al. (13) in the detec
tion of coronary artery insufficiency, but its diagnostic significance was 
impaired by the frequency of ballistic abnormality in normal subjects, 
which increases with age. It is suggested that significance be attached to 
abnormal ballistocardiograms from subjects under the age of 50 and to nor
mal ballistocardiograms from those over the age of 60.

The mortality rate of patients with shock following myocardial infarc
tion was found by Selzer (14) to be more than twice that of patients without 
shock. Four categories were evident: immediate mild shock, immediate fatal 
shock, delayed shocklike state associated with arrhythmias, and delayed 
shocklike state with fatal cardiac failure. It is suggested that early shock may 
be initiated by a vasomotor mechanism, but the last group is a result of ir
reversible cardiac failure of the forward type. Selzer (15), using dogs, has 
described a method by which the competence of the heart can be estimated 
by response of the intraventricular pressure to a standardized stimulus over
loading the left ventricle by increasing the peripheral resistance. It was neces
sary to ligate two major branches of the coronary artery thereby producing 
a massive myocardial infarction before cardiogenic shock was reproduced.

The necessity for immediate and vigorous treatment of shock following 
acute myocardial infarction is emphasised by Goodnick & Knox (16), who 
record improvement in survival following treatment with vasopressor drugs 
and blood or plasma. An untreated mortality of 80 per cent was the experi
ence of Hellerstein et al. (17) who have found mephentermine produced a 
satisfactory pressor response which did not produce or aggravate congestive 
failure.

An extensive review of the mechanisms involved in blood clotting has 
been prepared by Wright (18) together with a survey of the methods of 
preventing or protracting this. Attention is drawn to the complexity of the 
process, its unpredictability, and lack of a certain relationship between the 
clotting time of the sample of peripheral venous blood withdrawn and the
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clotting time elsewhere in circulation. A new factor, serum accelerator- 
globulin, is mentioned, and its physico-chemical involvement is examined. 
It is suggested that heparin and other anticoagulants, by increasing the nega
tive zeta potential of the vessel wall, inhibit initial clotting stages by in
creasing a tendency to repel blood components with possible lessening of the 
platelet adhesiveness. Blood stasis with sludging is an important feature in 
patients confined to bed. Of the anticoagulants used, ethyl biscoumacetate 
(Tromexan) remains the most useful. Rosenthal & Weaver (19) have found 
that the heparin clotting time, which provides an indication of over-all 
coagulability, was accelerated in 74 per cent of patients with acute myo
cardial infarction examined within three weeks after the attack. Peel (20) 
has used Rosenthal’s heparin-retarded coagulation time as a method of 
selection of patients with coronary artery disease for anticoagulant therapy, 
suggesting that thereby it can be concentrated upon those patients most in 
need of it.

Further experience has mainly confirmed the value of anticoagulants in 
myocardial infarction. Loudon et al. (21) have recorded a mortality of 41 
per cent in the control group and 25 per cent in the treated group. Griffith 
et al. (22) experienced a significant reduction in thromboembolic complica
tions. Scarbrone et al. (23) have confirmed the general advantages of anti
coagulant therapy. The employment of anticoagulants is considered by 
Gilchrist (24) to be an outstanding contribution to the treatment of myo
cardial infarction, and he states that by their efficient use the death rate over 
the first six weeks can be halved and the dangers of thromboembolic compli
cations be reduced to negligible proportions while they have in addition a 
favourable influence on the outcome of the shock syndrome. The need for 
prompt reversal of the shock mechanism and the methods available have 
been noted. However, Feldman et al. (25) found that anticoagulant therapy 
had no influence upon the mortality of their series of patients. Further to 
this, Schnur (26) has critically examined the progress of 1350 patients with 
acute myocardial infarction admitted over a 10 year period, and he has sur
veyed the literature critically. He states unequivocally that there is no con
vincing evidence of the value of anticoagulant therapy and considers that 
there is no indication for such treatment as a routine, but the theoretical 
advantages may justify the use of anticoagulant drugs in the more seriously 
ill patient.

The early complications of cardiac infarction have been studied by Pear
son (27) who has commented on the dangers not only from the local effects 
of the lesion and the circulatory depression which follows, but also from the 
immobility which must be imposed by the physician, together with the haz
ards that may attend more active treatment. The length of survival after 
myocardial infarction has been examined by Smith (28) who has confirmed 
the absence of relationship between the severity of the attack and the sub
sequent length of life. A longer survival time was found for women than for 
men in those who live into the second decade, when hypertension becomes a
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more important factor in shortening the survival period. The possible mecha
nisms capable of augmenting or replacing the normal coronary supply fol
lowing occlusive atherosclerosis have been stated by Bailey et al. (29) to be 
the development of additional vascularity at the base of the heart and in peri
cardial adhesions, over-development of normal intracardiac openings, and 
enlargement of intercoronary vascular communications.

Experimental work by Hahn et al. (30) suggests that satisfactory retro
grade circulation through the capillary bed can be obtained by arterialisa- 
tion of the coronary sinus. However, Eckstein et al. (31) have demon
strated that arterialisation of the coronary sinus results in a retrograde flow 
capable of producing only a quarter or less of the myocardial oxygen require
ment. If the coronary flow is normal or reduced, myocardial anoxia results 
from restriction in capillary outflow. Cardio-pericardiopexy using magnesium 
silicate as a pericardial irritant has been performed by Thompson & Plachta
(32) upon 57 patients with coronary artery thrombosis during the last 13 
years, the subsequent average life duration being 5 years. Dack & Gorelik
(33) basing their opinion upon three years experience with 36 patients have 
confirmed their opinion that this may be a useful procedure.

The prognosis of angina pectoris has been studied by Block et al. (34) 
in a large series of patients. The average age at diagnosis was 58.8 years, 
and the ratio of males to females was approximately 4 to 1. The mortality 
was greatest (15 per cent) in the first year and was approximately 9 per cent 
per year subsequently. Electrocardiographic abnormality was a good indi
cation of prognosis. Obesity was found to favour survival.

Dioxyline phosphate has been found of possible value in the treatment 
of angina by Scott et al. (35). Talley et al. (36) considered that pentaeryth- 
ritol tetranitrate was of dubious value. Binder et al. (37) and Port et al. 
(38) have found heparin ineffective.

V a l v u l a r  D i s e a s e  o f  t h e  H e a r t

The prime importance of clinical signs in the differentiation of predomi
nant mitral stenosis from predominant mitral incompetence is stressed by 
Logan & Turner (39) in the selection of patients for operative treatment for 
mitral valve disease. The quality of the first heart sound and the opening 
snap are diagnostic, the apical systolic murmur and atrial systolic expansion 
being of relatively little value. While the assessment is primarily clinical, 
radiography is indispensable, electrocardiography is sometimes useful in 
confirmation, and cardiac catheterisation is of value in difficult cases. In 
surveying the results of operation, it was found that a good improvement 
was obtained in 66 of 74 patients. Ligation of the inferior vena cava is sug
gested as a useful prevalvulotomy procedure in the presence of intractible 
edema. Wade et al. (40) have examined thoroughly the hemodynamic bases 
of the symptoms and signs in mitral valvular disease using a group of 49 
patients. An inverse relation between exercise tolerance and the pulmonary 
arterial and capillary pressures was found, the cardiopulmonary blood volume 
being related directly to the pulmonary capillary pressures. Ventricularisa-
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tion of the pulmonary capillary pressure curve indicated mitral incompetence 
and in the severer grades was associated with an apical systolic murmur 
although other classical signs might be absent. The degree of left auricular 
enlargement was greatest in the presence of auricular fibrillation, not being 
closely related to the height of the pulmonary capillary venous pressure. 
Vertical or semivertical electrical axes were almost invariably found; elec
trocardiographic signs of right ventricular enlargement were uncommon. 
Broad and bifid P waves were associated with left auricular hypertrophy. 
In the quantitative assessment of disability in mitral stenosis, estimation of 
the degree of the dominant symptom, dyspnoea, is complicated by psycho
logical factors, and Stock & Kennedy (41) have provided a quantitative in
dex based upon physiological change in ventilatory function during exercise. 
The opening snap was examined in a clinical and phonocardiographic study 
by Mounsey (42) who found it a useful diagnostic sign in the absence of other 
signs of mitral stenosis upon casual examination. It is suggested that its 
presence should lead to careful auscultation for the latent middiastolic 
murmur. Janton et al. (43) have analysed the results obtained by com
missurotomy of a series of 100 consecutive cases of mitral stenosis. Functional 
improvement occurred in 78 patients, 9 were unimproved, 11 deaths were 
attributable to surgery, and 2 died during the three year follow-up from inter
current infection. The methods of selection of patients for operation are re
viewed in detail, and they correspond closely to the criteria concisely defined 
by Wood (44). Ravin et al. (45) have carefully examined the criteria for diag
nosis of tight mitral stenosis. They note that although commisurotomy of 
the mitral valve has been so far limited to those suffering from this condition 
with a minimum of complication by other valvular involvement, it is possi
ble to anticipate rectification of mitral stenotic pathology in patients who 
may suffer from other valvular lesions in view of the low mortality and good 
functional results. The fatalities reported by Goodwin (46) and Sancetta 
et al. (47) as a result of subendocardial trauma endorse the necessity to re
serve cardiac catheterisation for those patients only where real difficulty of 
assessment exists.

Mitral incompetence has been studied by Brigden & Leatham (48). 
Its natural history is longer and more benign than that of mitral stenosis, 
but bacterial endocarditis is a more frequent complication. A difference in 
etiology or response to rheumatic disease is suggested. A complaint of palpi
tation attributable to multiple ventricular extra systoles is fairly common, 
but significant symptoms are few unless failure develops. The clinical signs 
consist of a loud apical murmur always filling systole and often maximal in 
late systole, extending up to and usually embracing the second sound with 
wide splitting of the second sound in some cases. The length of the systolic 
murmur, its position in systole, and relationship to the sounds are as impor
tant as loudness in differential diagnosis from aortic stenosis and associated 
mitral stenosis. Systolic expansion of the left auricle is the most important 
radiological sign.

The problem of the diagnosis of mitral incompetence accompanying
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mitral stenosis has been reviewed by Logan (49) who emphasises the diffi
culty involved and doubts the value of systolic expansion of the left atrium 
as a sign of mitral incompetence. This problem of differentiation of the pre
dominant lesion has met also with the attention of Venner & Holling (50). 
The frequent impossibility of preoperative differential diagnosis by all the 
means at present available is stated. Regurgitation may be small in volume 
in comparison with the volume of the left atrium and pulmonary veins and 
may be found only at operation. The esophageal piezocardiogram has been 
used by Lasser et al. (51) to record left atrial pressure curves, and proved to 
be a method of obtaining pressure patterns with a minimum of experimental 
complication. Soloff et al. (52) have prepared border electrokymograms of 
the cardiovascular silhouette to determine the importance of atrial border 
motion in differentiating organic from functional apical systolic murmurs. 
Plateau curves previously considered to be pathognomonic of organic mitral 
regurgitation were observed to occur also in normal subjects.

Rheumatic activity was found to be present in spite of negative clinical 
and laboratory findings in biopsy specimens from left auricular appendages 
resected at operations for mitral stenosis by Biorck et al. (53), indicating 
the necessity for long term observation to determine the importance of 
active rheumatic endocarditis following operation. Enticknap (54) does not 
consider that the lesions resembling Aschoff bodies necessarily indicate an 
acute rheumatic process. Gilroy et al. (55) have observed a striking engorge
ment of the pleurohilar veins during operation for mitral stenosis and at 
necropsy. They suggest that these veins form a decompressive mechanism 
in patients with pulmonary venous hypertension. A post mortem study has 
been made by Hall et al. (56) of the distribution of cerebral emboli with re
gard to the possibility of their prevention during operative procedures; no 
significant predilection for any one cerebral vessel and no disparity in dis
tribution was found.

A survey of the results obtained by valvotomy for mitral stenosis was 
given in the B ritish  M edical Journal (57), and there was an annotation 
upon mitral regurgitation in the Lancet (58). A conservative assessment of 
the results obtainable by commissurotomy has been made by Werko et al. 
(59). Clinical improvement did not necessarily correlate with a return to 
normality of the pulmonary dynamics. It is considered that the prophylactic 
use of this operation is contraindicated.

C o n g e n it a l  H e a r t  D is e a s e

In patients suffering from patent ductus arteriosus, Lewes (60) found that 
the mean resting pulse pressure was significantly greater than in control 
subjects. A fall in diastolic pressure after exercise occurred uncommonly and 
could not be regarded as of diagnostic significance of this lesion. McCord 
& Blount (61) have examined right atrial pressure curves in tricuspid regur
gitation, demonstrating ventricularisation of the pressure wave. A new 
radioscopic sign of tricuspid atresia consisting of contraction of the posterior
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cardiac border after the anterior in the left oblique position has been de
scribed by Snow (62).

Campbell & Deuchar (63) have reviewed the results of 200 anastomotic 
operations in patients with congenital heart disease. Excellent results fol
lowed the operative treatment of Fallot’s tetralogy, 75 per cent benefited 
greatly against an operative mortality of 8 per cent. Less satisfactory results 
were obtained in the smaller number of patients who had more complex 
lesions; the operative indications are still to be defined.

An examination of autopsy reports upon patients with pure pulmonary 
stenosis has been made by Selzer & Carnes (64) who conclude that this 
lesion does not in itself produce cyanosis in the absence of terminal heart 
failure. As a component of the tetralogy of Fallot it can be regarded as com
pensatory, enabling the right ventricular pressure to be elevated to that of 
the systemic circulation, thereby permitting a right-left shunt compatible 
with survival. Pulmonary stenosis can be regarded as a principal factor in 
the production of chronic cyanosis only if there is coexisting septal patency, 
and its influence upon cardiac dynamics must be taken into account prior 
to attempts at surgical correction. A classical machinery murmur of patent 
ductus arteriosus may be absent in isolated cases as has been described by 
Bothwell et al. (65) if the pulmonary arterial pressure is raised to such a 
degree that intermittent or complete reversal of the shunt occurs.

Congenital heart disease was found to occur in 3.17 per thousand total 
births by McMahon et al. (66). A high early mortality was found, 30 to 40 
per cent only surviving to 10 years of age. Associated anomalies were ob
served in 21 per cent of cases, there being no definite association with any 
single malformation. Goyette & Palmer (67) have studied post mortem 34 
cases of Marfan’s syndrome of arachnodactyly and cardiovascular disease. 
The most common lesion was cystic necrosis of the media with aneurysmal 
formations of the ascending aorta. Valvular lesions were uncommon and 
septal defects functionally insignificant although occasionally encountered.

R h e u m a t ic  H e a r t  D i s e a s e

Experience gained during a five year period of prophylaxis of recurrences 
of rheumatic fever by penicillin has been described by Kohn et al. (68). In 
contrast to the use of sulphonamides, no development of resistance by Group 
A hemolytic streptococci was found. Penicillin is considered to be the anti
biotic of choice, and it was used in oral dosage of 800,000 units per day for 
the first week of each month, supplemented by extra dosage during rheumat
ic fever seasons. Continuous prophylaxis until the age of 25 years is advo
cated for the rheumatic child, and the necessity for treatment of the siblings 
is indicated.

Hill (69) has extended the previous work upon C-reactive protein, the 
presence of which was a sensitive test for the degree of rheumatic activity. 
Changes in the concentration were found to parallel variations in the sedi
mentation rate (ESR), but a fall in the concentration occurred before a fall
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in the latter during convalescence. The radiological diagnosis of rheumatic 
pericardial effusion has been studied by Besterman & Thomas (70) who found 
that the most consistent changes in the early stages were a sudden increase 
of cardiothoracic ratio and straightening of the left border. The necessity to 
distinguish effusions from cardiac enlargement is emphasised; cardiac cathe- 
terisation may be indicated.

A study of the gentisic acid derivatives in the treatment of rheumatic 
fever has been made by Clarke et al. (71) who claim that the gentisates are 
much better tolerated and are more effective than other forms of therapy. 
Clarke & Mosher (72) have studied the absorption and excretion of gentisic 
acid. Aspirin was found to be better than 3-hydroxy-phenylcinchoninic acid 
by Clarke & Houser (73) in the control of arthritis, fever, and raised ESR. 
A limited extension to the use of cortisone and ACTH has been recorded 
by Bach et al. (74) whose observations were in accord with the suggestion 
that salicylates exert their pharmacological activity by engendering adreno
cortical excess. Golden & Hurst (75) have had the opportunity to examine 
the effect of treatment with cortisone upon a patient dying with acute 
rheumatic heart disease, finding inhibition of the inflammatory reaction 
without demonstrable alteration of the collagen injury.

P e r ic a r d it is

The distinguishing features of acute benign pericarditis of unknown 
etiology in differentiation from other forms are recorded by Davies (76). 
The onset is sudden with fever and a pericardial rub. Pleural and pericardial 
effusions often occur; recovery usually takes place in two or three months. 
Sawyer et al. (77) have investigated the effect upon the intracardiac pressure 
and blood flow in constrictive pericarditis. It is concluded that the effect 
upon the left ventricle is of prime importance; there is a rise in pulmonary 
venous pressure. The necessity for operative treatment is confirmed. The 
association of chronic constrictive pericarditis and rheumatic heart disease 
has been examined by Kaltman et al. (78) who conclude that the two condi
tions may coexist although they are not causally related. Sokoloff (79) has 
drawn attention to the incidence of pericarditis in patients suffering from 
rheumatoid arthritis.

H e a r t  D i s e a s e  I n  P r e g n a n c y

A conservative assessment of the hazards of pregnancy in women with 
heart disease has been made by Bramwell (80). A classification into which 
patients may be grouped is given, and the view-point throughout is to sub
stantiate the opinion that heart disease is no contraindication to pregnancy 
and that the risk in the past has been grossly exaggerated. The hazards in 
the main constitute congestive heart failure, pulmonary edema, and fibrilla
tion. It is emphasized that surgical treatment is an unjustifiable risk in the 
management of a woman admitted desperately ill with a failing heart. 
Normal medical measures often convert a hopeless case into a reasonable 
surgical risk and relief of heart failure will often permit of normal delivery
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which carries less risk than Caesarian section. Apart from a single exception 
of coarctation of the aorta pregnancy should be allowed to pursue its normal 
course, and interference is usually unjustified. Acute pulmonary edema 
requires special vigilance; congestive heart failure usually responds well to 
treatment if recognised early, and auricular fibrillation is not necessarily a 
bar to pregnancy provided adequate antenatal and postnatal care can be 
assured.

E l e c t r o c a r d i o g r a p h y  

Phillips et al. (81) have found that the electrocardiogram is the best 
single technique in cardiac case finding. All 12 leads should be recorded. 
However, 13 per cent of presumably normal individuals would be erroneously 
suspected of possible heart disease. A group of patients with pulmonary 
tuberculosis jwas examined by Fox et al. (82) to determine differentiation 
between abnormal electrocardiographs produced by cardiac displacement 
and those attributable to myocardial damage. P wave changes were found 
to be significant. RS-T changes occur sometimes in normal subjects, and 
their incidence is increased in pulmonary disease necessitating caution in 
interpretation. Comparison of accurately defined heart position at post 
mortem by Grant (83) with the ante mortem QRS axis deviation demon
strated that the criteria in unipolar electrocardiography for identifying the 
position and rotation of the heart have little validity. The left ventricle 
and interventricular septum have a remarkable constancy of position in 
normal and diseased subjects; significant rotation was not encountered. 
From further investigation of the mechanisms involved in auricular flutter 
and fibrillation, Scherf et al. (84) conclude that a differentiation continues 
to be justified. A theory is proposed by which fibrillation is characterised by 
the presence of multiple tachysystolic centers. A panoramic vectorcardio
graph has been used by Milnor et al. (85) to resolve the conflicting theories 
upon the presentation of electrical activity by unipolar leads. Their observa
tions suggest that these leads are not semi-direct and influenced principally 
by the myocardium underlying the exploring electrode but confirm the 
hypothesis that the unipolar leads depend more upon their axes in the cardiac 
electrical field than upon localised preferential conduction. The effect of 
prolonged cooling of the anterior chest wall upon precordial tracings has been 
studied by Brink & Goodwin (86) who have obtained results suggesting that 
repolarisation follows the same path as depolarisation, from within out and 
confirming that isolated T wave changes represent only superficial muscle 
damage. Lepeschkin & Surawicz (87) have suggested that confusion of an 
elevated U wave with the T wave may suggest a prolonged Q-T. The cor
rected Q-T duration in hypopotassemia without hypocalcemia is not pro
longed. Palmer (88) has noted the rarity of reports upon isolated U wave 
negativity and considers empirical knowledge of its significance is overdue. 
Westlake et al. (89) have shown that crystalline digitalin (Digitoxin) changes 
the order of repolarisation in a predictable manner though in an unpredict
able amount in both normal and abnormal hearts, by acceleration of repolar
isation in subendocardial muscle with abolition of the normal ventricular
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gradient. A practical spatial vector analyzer for the conventional electro
cardiogram has been devised by Simmonson (90).

B a l l is t o c a r d io g r a p h y

Standardization of methods of preparing records and interpreting trac
ings has still to be accomplished. Important contributions on standardiza
tion have been made by Rappaport et al. (91) in their analysis of the factors 
which fundamentally affect ballistocardiographs, and in the subsequent 
study by Thompson et al. (92) of the normal ballistocardiogram in which the 
causation of the various time relationships with allowance for phase distor
tion is discussed. An attempt to standardize the normal tracing has also been 
made by Scarborough et al. (93) who have noted the high incidence of ab
normal ballistocardiograms in the older age groups. Using the Dock electro
magnetic undamped direct ballistocardiograph, Tannenbaum et al. (94) 
have shown the HIJKL complex is related entirely to the events of ventricu
lar systole, the M, N, and O waves occurring during diastole. The Nickerson 
ballistocardiogram was found by Jones (95) to show increasingly frequent 
abnormality of I and J waves in arteriosclerotic heart failure as opposed to 
other forms of heart disease in the older age groups. The alterations which 
take place during respiration have been examined by Gubner et al. (96). The 
status of the ballistocardiogram has been discussed by Starr (97) who has 
pointed out that the technique enables an assessment of the strength and 
the weakness of the myocardium beyond that available by any other method 
in current use and has suggested its use in assessing the prognosis in myo
cardial infarction. A consistent deformity of the early systolic portion of the 
complex was recorded in mitral stenosis by Davis et al. (98) who found it was 
reduced by commissurotomy.

P h o n o c a r d io g r a p h y

Leatham (99) has prepared a thorough appreciation of the principles, 
techniques, and status of this method of investigation.

H e a r t  F a il u r e

The dynamics of heart failure have been surveyed extensively by Mc- 
Michael (100, 101). In failure, the minute volume of the cardiac output is 
maintained initially at the expense of hypertrophy of the heart and later by 
congestion of the lungs with a rise in venous pressure which is at first com
pensatory but is later associated with a hypodynamic state of failure. In 
left ventricular failure, the output is sustained, therefore, at the expense of 
pulmonary hypertension. Digitalis is indicated in hypodynamic failure, and 
the uncertainty of action is occasioned by the relative effect upon the left 
and right heart. When failure is associated with mitral stensosis the unreli
able response to digitalis is attributable to its inability to strengthen a fibril- 
lating auricle or alter the mechanics of the sclerosed valve, but it produces 
a beneficial reduction in the heart rate. Commissurotomy is an especially 
welcome operation. The importance of differentiation of hypodynamic con
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gestion in which the administration of digitalis will be beneficial from com
pensatory states of congestion is emphasized.

Active pulmonary vasoconstriction has been suggested to occur in heart 
failure by Halmagyl et al. (102). Together with Kelley et al. (103) they have 
used vasodilators and have obtained a beneficial effect.

Procaine amide has been used intramuscularly by Enselberg & Lipkin 
(104) who have found it a safe and effective method for the treatment of 
cardiac arrhythmias. The value of this drug has been confirmed by Kelley 
et al. (105). Schwartz et al. (106) and Miller et al. (107) have indicated that 
procaine amide should not be used in atrioventricular dissociation, and 
Schwartz et al. (108) have found quinidine is also contraindicated. Miller 
et al. (109) and Hansen et al. (110) have used procaine amide or quinidine to 
restore sinus rhythm in patients with auricular fibrillation, and their results 
have indicated that this should be attempted.

Capps et al. ( I l l )  have stated that mercurial diuretics have no primary 
effect on the reabsorption of water, but the increased urine flow results 
secondarily from increased eliminations of ions. Lowe (112) has postulated 
a water volume controlling mechanism having restoring and disturbing com
ponents which may be partially blocked by mercurial diuretics. Moyer et 
al. (113) have reported satisfactory diuresis was obtained following oral 
dosage of the mercurial diuretic, Neohydrin, gastrointestinal intolerance 
limiting therapy in 10 per cent. The nonmercurial oral diuretic, l-propyl-3- 
ethyl-6-aminouracil, was found active by Heilman et al. (114), but the inci
dence of toxic symptoms was too high to permit of clinical application.

Duncan (115) has shown that the sodium adsorption of exchange resins 
is of unabsorbed dietary origin rather than that contained in the intestinal 
secretion, and the amount varies with the degree of edema. Cation exchange 
resin has been found useful by Peel & Semple (116), but they emphasise the 
necessity for biochemical control during the early stages of treatment.

P e r ip h e r a l  V a s c u l a r  D i s e a s e

The association of angina pectoris and intermittent claudication has been 
reviewed by McDonald (117). Using limbs amputated following arterio
sclerotic gangrene, Wessler & Schlesinger (118) have been able to compare 
radiographic and anatomical appearances. Their results show that radio- 
graphic findings bear no relation to the presence or location of arterial oc
clusions. Surprisingly rich interarterial anastomoses were found, gangrene 
occurs only after multiple clot formation justifying the therapeutic use of 
anticoagulants. Examination of the clinical circumstances preceding amputa
tion have led Wessler & Silberg (119) to believe that fresh occlusions consti
tute the major danger. These are controllable by anticoagulant therapy, and 
antibiotics will control excessive demands upon the compromised circulation 
from infection. Such therapy was concluded to be of greater importance 
than attempts to stimulate the collateral circulation. Kinmonth & Hadfield 
(120) have advocated preganglionic sympathetic section in preference to 
ganglionectomy in the treatment oURaynaud’s disease. Green et al. (121)
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and Green & Grimsley (122) have studied antiadrenergic drugs and find 
Regitine active in vasospasm and arteriosclerotic disease.

H y p e r t e n s i v e  H e a r t  D i s e a s e

In view of the clinical experience of improvement in obese hypertensive 
patients following weight reduction, Martin (123) examined the effect upon 
the blood pressure. Symptomatic improvement was not accompanied by any 
definite fall in pressure. Droller et al. (124) were unable to find any signifi
cant correlation between the blood pressure and the symptoms, signs, and 
general condition of the patient. Excellent results have been reported by 
Pickering & Heptinstall (125) following excision of pyelonephritic kidneys, but 
malignant hypertension was not improved. Unilateral renal disease may 
cause severe and accelerated hypertension; the importance of early recogni
tion has been emphasised since there is a prospect of cure by nephrectomy. 
The blood pressure was restored to normal by nephrectomy in 20 of a series 
of 40 patients studied by Perera & Haelig (126).

The pathogenesis of malignant hypertension has been reviewed by Picker
ing (127). It is suggested that the arteriolar lesions depend only upon the 
level of the pressure in the artery, and that papilledema is the direct result 
of a severe increase in diastolic pressure. Malignant hypertension is regarded 
as a syndrome of albuminuric retinitis, rapidly progressive renal failure, 
and postmortem evidence of arteriolar necrosis. This syndrome may follow 
in all the conditions associated with severe hypertension should the diastolic 
pressure rises to high levels, usually over 140 mm. Hg, but subject to indi
vidual variations. Regression is possible if the pressure can be lowered in 
time. The symptomatology and clinical signs presenting in a group of 104 
cases of malignant hypertension have been examined by Schottstaedt & 
Sokolow (128) who have found an average age of onset of 42 years. They con
sider that an increase in survival time is to be expected if vigorous therapy 
is applied before renal function is impaired and there is irreversible damage 
to cerebral vessels and the heart. A useful standard of course and prognosis 
of hypertension in the absence of specific hypotensive measures has been 
supplied by Leishman (129). Obesity and hypertension proved a favourable 
combination. He regards malignant hypertension as an accelerated form 
of the disease, and a benign slowly progressive hypertension is recognized 
as the most common form and has a good prognosis. The rapidity of develop
ment of vascular changes appear to be governed by the height of the diastolic 
pressure, the critical level suggested being 130 mm. Hg.

Allen (130), Morissey et al. (131), and D ’Abreu (132) have stated that 
sympathectomy is of value in the treatment of hypertension, but it is ac
knowledged that this operation should be resorted to only in the absence of a 
response to medical treatment. Adrenalectomy has been advocated by 
Thorn et al. (133) and Green et al. (134), and subtotal adrenalectomy has 
been combined with sympathectomy by Wolferth et al. (135). The value of 
adrenalectomy has been disputed by Merrill (136).

Further experience with a number of drugs active in reducing the blood
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pressure has been recorded. Moyer & Caplovitz (137) have confirmed the 
hypotensive action of Regitine but found its therapeutic use was limited by 
development of tolerance and by intestinal irritation precluding oral dosage. 
Scott et al. (138) found that oral administration of a mixture of dehydrogen
ated alkaloids of ergot (C.C.K. 179) produced a marked fall in blood pres
sure and improvement in hypertensive patients. The activity of protovera- 
trine and its suitability for clinical use have been defined by Meilman & 
Krayer (139). A thiophanium derivative (Ro 2-2222) has been examined by 
Sarnoff et al. (140) particularly in regard to its use in the management of 
acute pulmonary edema. Redisch et al. (141) have used a Dibenamide 
analogue. A further clinical examination of the effect of hexamethonium 
has been made by Morrison (142) who has confirmed the hypotensive activ
ity  and usefulness of this drug in the treatment of hypertension. Morrison 
& Paton (143) have advanced the information available upon its effect on 
the normal subject. New homologues of hexamethonium have been described 
by Maxwell & Campbell (144) which are considered to be of potential greater 
usefulness in the management of hypertension than the original drug. The 
control of hypertension has been reviewed by Platt (145) who has endorsed 
the value of hypotensive drugs.
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