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P R E F A C E

Sodium s a l i c y l a t e  i s  u s e d  d a i l y  i n  many h o s p i t a l s  
a n d  y e t  t h e r e  i s  w id e ly  v a r y i n g  o p i n i o n  a s  t o  t h e  fo rm  o f  
a d m i n i s t r a t i o n  a n d  d o s a g e  i n  uriaich t h i s  d ru g  s h o u ld  h e  u s e d .  
One h a d  many d i s c u s s i o n s  w i th  c o l l e a g u e s  i n  t h i s  h o s p i t a l  
a b o u t  m e th o d s  o f  a d m i n i s t r a t i o n ,  a n d  a b o u t  t h e  mode o f  a c t i o n  
o f  sod ium  s a l i c y l a t e  i n  p r o d u c in g  i t s  t o x i c  m a n i f e s t a t i o n s ,  
e s p e c i a l l y  t h e  so c a l l e d  ' a c i d o s i s * . Some o f  my c o l l e a g u e s  
i g n o r e d  t h e  m i l d e r  t o x i c  e f f e c t s  o f  t h e  d ru g  a s  m e r e ly  i n d i ­
c a t i n g  t h e r a p e u t i c  c o n c e n t r a t i o n  i n  t h e  p la s m a ,  w h i l e  o t h e r s  
d i s c o n t i n u e d  t h e  d ru g  a t  t h e i r  a p p e a r a n c e .  M ost u s e d  a l k a l i  
c o n c u r r e n t l y  w i th  sod ium  s a l i c y l a t e ,  t r a d i t i o n a l l y  r a t h e r  t h a n  
r a t i o n a l l y ,  a n d  l i t t l e  was known o f  t h e  f a c t o r s  g o v e r n in g  
e x c r e t i o n  o f  t h i s  d r u g .

I n  a n  a t t e m p t  t o  th ro w  l i g h t  on  some o f  t h e s e  p r o ­
b l e m s ,  t h i s  work was u n d e r t a k e n  i n  t h e  w ard s  o f  t h e  l a t e  
P r o f e s s o r  M o r r i s  a t  S t o b h i l l  H o s p i t a l ,  w i th  t h e  e x c e p t i o n  o f  
t h e  a n im a l  e x p e r im e n t s  T/hich w ere  c a r r i e d  o u t  i n  t h e  M a te r i a  
M e d ic a  D e p a r tm e n t  o f  t h e  U n i v e r s i t y  o f  G lasgow .

I n  May, 1 9 47 , a t  A b e rd e e n ,  a  p a p e r  on  p a r t  o f  t h i s  
work was p r e s e n t e d  to  t h e  A s s o c i a t i o n  o f  P h y s i c i a n s  o f  G r e a t  
B r i t a i n  a n d  I r e l a n d .

I  m u s t  r e c o r d  my d e b t  t o  t h e  l a t e  P r o f e s s o r  Noah 
M o r r i s ,  whose a d v i c e ,  c o n s t a n t  e n c o u ra g e m e n t ,  a n d  c r i t i c a l  
i n t e r e s t  made t h i s  t h e s i s  p o s s i b l e .

I  fitm i n d e b t e d  t o  Dr .J  .D .P  .Graham o f  t h e  M a t e r i a  
M e d ic a  D e p a r tm e n t  o f  G lasgow  U n i v e r s i t y  f o r  h i s  h e l p  w i th  t h e  
a n im a l  e x p e r i m e n t s ,  a n d  t o  M r.A .M cO utcheon o f  t h e  B jpchem istry  
D e p a r tm e n t  o f  S t o b h i l l  H o s p i t a l  f o r  h i s  w i l l i n g  a s s i s t a n c e  a t  
a l l  t i m e s .
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HISTORICAL INTRODUCTION

1 .  The E v o l u t i o n  o f  Sodium S a l i c y l a t e .

W illo w  B ark  ( S a l i x  A lb a )  h a s  a n t i p y r e t i c  p r o p e r t i e s  

w h ic h  w ere  known f o r  many y e a r s  b e f o r e  any  i n v e s t i g a t i o n  o f  i t s  

a c t i v e  p r i n c i p l e s  was u n d e r t a k e n .  The a n a l y t i c a l  c h e m is t  

L e ro u x  i n  1827 was t h e  f i r s t  t o  d i s c o v e r  t h a t  i t  y i e l d e d  a  

b i t t e r  g l u c o s i d e  c a l l e d  s a l i c i n .  Some e l e v e n  y e a r s  l a t e r  i n  

1838 P i r i a  made s a l i c y l i c  a c i d  f ro m  s a l i c i n  a n d  t h i s  was f o l ­

lo w e d  by t h e  p r e p a r a t i o n  o f  s a l i c y l i c  a c i d  f ro m  o i l  o f  

g a u l t h e r i a  ( o i l  o f  w i n t e r g r e e n )  by C ah o u rs  i n  1 8 44 . I t  was n o t  

u n t i l  1860 t h a t  t h e  s y n t h e t i c  m a n u f a c tu r e  o f  s a l i c y l i c  a c i d  

f ro m  p h e n o l  was a c c o m p l i s h e d  by K o lbe  an d  L au tem ann , a  l i n k  i n  

i t s  m a n u f a c tu r e  b e in g  t h e  p r e p a r a t i o n  o f  sod ium  s a l i c y l a t e .

r e a c t i o n  o f  COg w i t h  sod ium  p h e n o x id e  (K o lb e * s  R e a c t i o n ) .  P u r e  

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

p h e n o x id e  e v a p o r a t e d  to  d r y n e s s .  The d ry  pow der i s  h e a t e d  to  

120-140°C  i n  a n  a tm o s p h e re  o f  C02 a t  100 l b / s q . m e t r e  p r e s s u r e ,  

a s  lo n g  a s  any  g a s  i s  a b s o r b e d .

Sodium s a l i c y l a t e  i s  now p r e p a r e d  i n d u s t r i a l l y  by t h e

OH

- f  NcjOH

P h e n o l  + C a u s t i c  Soda Sodium P h e n o x id e



ONa

- f  COz

Sodium P h e n o x id e  + C arbon  d i o x i d e  = Sodium S a l i c y l a t e

2 .  Sodium S a l i c y l a t e  i n  M e d i c i n e *

M a c la g a n  o f  Dundee i n  1876 i n t r o d u c e d  s a l i c i n  i n t o  

m e d ic in e  f o r  t h e  f i r s t  t im e  i n  t h e  t r e a t m e n t  o f  r h e u m a t ic  

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

A l th o u g h  sodium  s a l i c y l a t e  h a d  b e e n  u s e d  by B u ss  (1 8 7 5 ) ,  a n d  

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

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

go t o  S t r i e k e r  (1876)  T&fao was w o rk in g  i n  T r a u b e ' s  C l i n i c .  

B r o a d b e n t  (1 8 7 6 )  i n  t h e  same y e a r  was im p r e s s e d  w i th  i t s  

e f f e c t s  i n  t h i s  c o n d i t i o n  a n d  a d v o c a t e d  w hat i n  t h o s e  d a y s  was 

a  c o m p a r a t i v e l y  l a r g e  d o s e ,  nam ely  7|- t o  20 g r s .  h o u r l y .

C l a r k e  (19 0 6 )  was e n t h u s i a s t i c  a b o u t  i t s  u s e  a n d  s t a t e d  t h a t  i t  

o f f e r e d  p r o t e c t i o n  to  t h e  h e a r t  i n  r h e u m a t ic  f e v e r .  L e e s  (1908) 

d e c l a r e d  t h a t  sod ium  s a l i c y l a t e  was a s  t r u l y  a n t i r h e u m a t i c  a s  

q u i n i n e  was a n t i m a l a r i a l  a n d  m e rc u ry  a n t i s y p h i l i t i c .

S in c e  t h e  e a r l y  e n t h u s i a s t i c  r e p o r t s  many w o rk e rs  

h a v e  d o u b te d  t h e  s p e c i f i c i t y  o f  sodium  s a l i c y l a t e  i n  r h e u m a t ic  

f e v e r ,  a n d  many h a v e  d e n i e d  t h a t  i t  h a s  any  s i g n i f i c a n t  e f f e c t

COONq 

OH
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o n  t h e  c o u r s e  o f  t h e  d i s e a s e  o r  any  i n f l u e n c e  on  t h e  c a r d i a c  

l e s i o n s .  The o p p o s i t e  v ie w  h a s  b e e n  r e v i v e d  w i t h  e a c h  i n t r o ­

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

t r a t i o n  o f  sodium  s a l i c y l a t e ,  a n d  h a s  b e e n  f o l l o w e d  by a d v e r s e ­

l y  c r i t i c a l  o p i n i o n .

A l l  a g r e e ,  h o w e v e r ,  t h a t  t h e  e f f e c t  o f  t h e  d ru g  on  

t h e  p y r e x i a  a n d  t h e  j o i n t  p a i n s  o f  r h e u m a t ic  f e v e r ,  a n d  i t s  

g e n e r a l  im provem en t o f  t h e  p h y s i c a l  c o m fo r t  o f  t h e  p a t i e n t  i s  

u n e q u i v o c a l . 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  sod ium  s a l i c y l a t e  

h a v e  b e e n  w id e ly  s t u d i e d ,  a n d  y e t  t h e r e  r e m a in  many o u t s t a n d i n g  

p r o b le m s  a s s o c i a t e d  w i th  i t s  a d m i n i s t r a t i o n ,  a b s o r p t i o n ,  d i s ­

t r i b u t i o n  i n  t h e  b o d y ,  e x c r e t i o n  a n d  t o x i c i t y .  P r e v i o u s  work 

o n  t h e s e  p ro b le m s  i s  r e v ie w e d  i n  t h e  r e l e v a n t  s e c t i o n s  o f  t h e  

f o l l o w i n g  p a g e s ,  t o g e t h e r  w i th  some p e r s o n a l  i n v e s t i g a t i o n s  

w h ic h  h a v e  i n  t h e  g r e a t e r  p a r t  b e e n  b a s e d  on  p r a c t i c a l  p ro b le m s  

a r i s i n g  from  t h e  c l i n i c a l  e x h i b i t i o n  o f  t h e  d r u g .
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CHAPTER I .

THE ORAL ADMINISTRATION OF SODIUM SALICYLATE

The m o s t  common r o u t e  u s e d  f o r  t h e  a d m i n i s t r a t i o n  o f  

so d iu m  s a l i c y l a t e  i s  by t h e  m outh  b e c a u s e  t h e  d ru g  i s  r e a d i l y  

a b s o r b e d  f ro m  t h e  u p p e r  g a s t r o - i n t e s t i n a l  t r a c t .  B ro a d b e n t  

(1 8 7 8 )  recommended 7 j  to  20 g r a i n s  h o u r l y  i n  t h e  t r e a t m e n t  o f  

r h e u m a t i c  f e v e r , w h i l e  H a n z l ik  (19 2 6 )  recommended 15 g r a i n s  

w i t h  a n  e q u a l  q u a n t i t y  o f  sodium  b i c a r b o n a t e  e v e r y  h o u r ,  o r  

a l t e r n a t e l y  15 g r a i n s  w i th  b i c a r b o n a t e  t h r e e  t im e s  a  day w h e th e r  

symptom s b e  p r e s e n t  o r  n o t .  M o r r i s  & Graham (19 3 1 )  a n d  F i n d l a y  

(19 31) u s u a l l y  em ployed  15 g r a i n s  f o u r  h o u r l y  o r  o c c a s i o n a l l y  

h o u r l y  i n  c h i l d r e n  w i th  s u c c e s s f u l  r e s u l t s .  Goodman an d  G ilm an  

(1 9 4 1 )  recom m ended 5 to  15 g r a i n s  r e p e a t e d  e v e r y  t h r e e  o r  f o u r  

h o u r s ,  o r  i f  i n t e n s i v e  m e d i c a t i o n  was r e q u i r e d  15 g r a i n s  h o u r l y  

u n t i l  t o x i c  symptoms e n s u e d .  Numerous o t h e r  a u t h o r s  h a v e  r e ­

commended o r a l  a d m i n i s t r a t i o n  v a r y i n g  b e tw e e n  h o u r l y  a n d  f o u r  

h o u r l y ,  a l l  o f  w h ich  w ere  a p p a r e n t l y  s u c c e s s f u l .  I n  c o n s i d e r ­

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

e x c r e t i o n  o f  t h e  d ru g  s h o u ld  b e  c o n s i d e r e d .  T h i s  i s  r e f l e c t e d  

by  t h e  c o n c e n t r a t i o n s  i n  t h e  p la s m a  o v e r  a  p e r i o d  f o l l o w i n g
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a d m i n i s t r a t i o n  o f  a  s i n g l e  d o s e .  Sm ith  e t  a l  (1946) showed 

t h a t  a f t e r  s i n g l e  2 gm. d o s e s  o f  sodium  s a l i c y l a t e  t o  n o rm a l  

a d u l t s  p e a k  p la sm a  c o n c e n t r a t i o n s  w ere  o b t a i n e d  two h o u r s  

a f t e r  a d m i n i s t r a t i o n  a n d  t h e  p la sm a  l e v e l s  f e l l  s lo w ly  t h e r e ­

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

A. The F re q u e n c y  o f  A d m i n i s t r a t i o n  a n d  D o s a g e .

I t  was c o n s i d e r e d  w o r th  w h i l e  t o  i n v e s t i g a t e  t h e  

r i s e  a n d  f a l l  o f  p la sm a  l e v e l s  f o l l o w i n g  v a r i o u s  s i n g l e  d o s e s  

o f  sodium  s a l i c y l a t e ,  i n  o r d e r  t o  a s s e s s  t h e  t im e  t a k e n  to  

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

p la s m a  l e v e l s  a f t e r  t h e  p e a k  c o n c e n t r a t i o n  h a d  b e e n  r e a c h e d .  

P o u r  g r o u p s  o f  i n d i v i d u a l s  w e re  s t u d i e d ,  e a c h  g ro u p  c o n s i s t i n g  

o f  f o u r  c o n v a l e s c e n t  p a t i e n t s .  A l l  w ere  g i v e n  t h e i r  r e s p e c t i v e  

d o s e s  o f  sod ium  s a l i c y l a t e  d i s s o l v e d  i n  two o u n c e s  o f  w a te r  

f ro m  two t o  two a n d  a  h a l f  h o u r s  a f t e r  t h e i r  l a s t  m e a l .  T h e se  

p a t i e n t s  w ere  a d u l t s  f ro m  whom v e n o u s  b l o o d  was o b t a i n e d  f o r  

t h e  e s t i m a t i o n  o f  p la sm a  s a l i c y l a t e  c o n t e n t  a t  t h e  t i m e s  i n d i ­

c a t e d  b e lo w .  The a v e r a g e  p la sm a  l e v e l s  a r e  g iv e n  f o r  e a c h  

g ro u p  o f  p a t i e n t s  i n  mgms.j£ i n  T a b le  I .  Of t h e s e  p a t i e n t s  

G roup I .  r e c e i v e d  5 g r a i n s  o f  sodium  s a l i c y l a t e ,  ■while Group

I I .  r e c e i v e d  10 g r a i n s  o f  s a l i c y l a t e .  Group I I I .  r e c e i v e d  

16 g r a i n s  an d  Group IV . 100 g r a i n s .
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TABLE I .

GROUP 15 m in .30 m in . 1 h r . 2 h r s . 3 h r s . 4 h r s . 8 h r s .

I . - - 3 .5 3 .1 1 .5 0 .6 H i l

I I . - - 3 .5 4 . 2 2 .6 2 .0 0 . 3

I I I . - - 4 . 2 9 . 3 6 .4 5 . 2 2 . 4

•
>H

I

CO•

iH 2 1 .1 2 8 .1 3 1 .7 3 0 .1 2 8 .3 1 8 .1

I t  w i l l  b e  s e e n  t h a t  t h e  maximum p la sm a  l e v e l s  o c c u r r e d  2 h o u r s  

a f t e r  a d m i n i s t r a t i o n  e x c e p t  i n  Group I .  inhere t h e  maximum l e v e l  

was a p p a r e n t  a f t e r  1 h o u r ,  b u t  i n  t h i s  c a s e  inhere t h e  d o sa g e  

w as 5 g r s . ,  t h e  d i f f e r e n c e  i n  c o n c e n t r a t i o n  a t  one  an d  two 

h o u r s  i s  v e r y  s m a l l . Thus w i th  t h e  e x c e p t i o n  o f  v e ry  s m a l l  

d o s a g e ,  i t  a p p e a r s  t h a t  t h e  maximum p la sm a  l e v e l s  o c c u r  two 

h o u r s  a f t e r  a d m i n i s t r a t i o n .  T h i s ,  h o w e v e r ,  d i d  n o t  n e c e s s a r i l y  

m ean t h a t  f o u r  h o u r l y  d o s a g e  c o u ld  n o t  p ro d u c e  a  s te a d y  p la s m a  

l e v e l ,  so i t  was d e c id e d  to  exam ine  t h e  d a i l y  p la sm a  l e v e l s  

p r o d u c e d  i n  t h e  same g ro u p  o f  p a t i e n t s  by two h o u r l y  a n d  t h e n  

by  f o u r  h o u r l y  d o s a g e .

F o u r  a d u l t  p a t i e n t s  w ere  s e l e c t e d ,  o f  t h e  same a g e  

g r o u p ,  who h a d  no d e t e r m i n a b l e  g a s t r i c  o r  r e n a l  u p s e t .  They 

w e re  g i v e n  10 g r s .S o d iu m  s a l i c y l a t e  w i th  10 g r s .S o d iu m
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b i c a r b o n a t e  a t  two h o u r l y  i n t e r v a l s  day a n d  n i g h t  f o r  s e v e n  

d a y s .  P la sm a  l e v e l s  w ere  e s t i m a t e d  d a i l y ,  im m e d ia te ly  b e f o r e  

t h e  m idday d o s e  o f  t h e  d r u g .  P o u r  d a y s  l a t e r  when p la sm a  

l e v e l s  h a d  r e t u r n e d  to  z e ro  t h i s  was r e p e a t e d ,  w i th  t h e  d i f f e r ­

e n c e  t h a t  20 g r s .S o d iu m  s a l i c y l a t e  w i th  20 g r s .S o d iu m  b i c a r b o n ­

a t e  w ere  a d m i n i s t e r e d  f o u r  h o u r l y .  The a v e r a g e  p la sm a  l e v e l s  

f o r  t h e  g ro u p  a r e  shown i n  T a b le  2 .

TABLE 2

1 2 3 4 5 6 7

10 g r s . e v e r y  
two h o u r s ,

20 g r s . e v e r y  
f o u r  h o u r s ,

2 8 .4

1 5 .8

2 5 .7

2 9 .9

2 4 .1

2 1 .8

2 4 .8

2 3 .7

2 3 .4

2 2 .7

2 7 .0

2 5 .8

2 5 .2  

26 .0

T h e re  i s  no s i g n i f i c a n t  d i f f e r e n c e ,  show ing  t h a t  a l t h o u g h  

maximum p la sm a  l e v e l s  o c c u r  two h o u r s  a f t e r  s i n g l e  d o s e s  o f  

so d iu m  s a l i c y l a t e ,  f o u r  h o u r l y  c o n t i n u e d  d o sa g e  w i l l  m a i n t a i n  

p la s m a  l e v e l s  a d e q u a t e l y .

D u rin g  t h e  t r e a t m e n t  o f  p a t i e n t s  s u f f e r i n g  from  

r h e u m a t i c  f e v e r  i t  h a d  b e e n  o b s e r v e d  t h a t  t h e r e  was much v a r i a ­

t i o n  i n  t h e  p la sm a  l e v e l s  o f  p a t i e n t s  on  s i m i l a r  d o s a g e  o f  

so d iu m  s a l i c y l a t e .  I t  was d i f f i c u l t  t o  a s s e s s  t h e  d o s e  o f  t h e  

d r u g  w h ich  w ould  b e  r e q u i r e d  t o  p ro d u c e  a  g iv e n  p la sm a  l e v e l
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i n  t h e  i n d i v i d u a l ?  a n d  t h e  d o se  was u s u a l l y  a d j u s t e d  by t r i a l  

a n d  e r r o r .  T a ra n  a n d  J a c o b s  (1 9 4 5 )  s t a t e d  t h a t  1 .5  g r s . p e r  l b .  

b ody  w e ig h t  i n  c h i l d r e n  was s u f f i c i e n t  to  r a i s e  t h e  p la sm a  

l e v e l  to  35-40 m gm s.^ , w h i l e  M a n c h e s te r  ( 1 9 4 6 ) ^ ^  b e l i e v e d  

Sodium s a l i c y l a t e  12 gins, w i th  Sodium b i c a r b o n a t e  8 gms. d a i l y ,  

w o u ld  p r o d u c e  a n  a v e r a g e  p la sm a  l e v e l  o f  37 mgms.$ i n  young 

a d u l t s .  I t  w ould  seem l o g i c a l  t o  c o r r e l a t e  d o s e  w i t h  body 

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

G ilm a n  (1941) s t a t e d  t h a t  c h i l d r e n  r e q u i r e d  l a r g e r  d o s e s  t h a n  

t h o s e  c a l c u l a t e d  f ro m  a g e  a n d  w e i g h t .

T w e n ty -o n e  p a t i e n t s  w ere  s t u d i e d  i n  t h i s  s e r i e s .

Some w ere  b e in g  t r e a t e d  f o r  r h e u m a t ic  f e v e r ,  a n d  o t h e r s  w ere  

c o n v a l e s c e n t s .  I n  o r d e r  t h a t  t h e  p la sm a  l e v e l s  s h o u ld  a p p r o x i ­

m a te  to  m axim al l e v e l s ,  t h e  l a s t  t h r e e  p la s m a  l e v e l s  o f  t h e  

f i r s t  week o f  t r e a t m e n t  w ere  a s s e s s e d  a n d  t h e  a v e r a g e  f i g u r e  

d e t e r m i n e d .  A l l  p a t i e n t s  r e c e i v e d  Sodium s a l i c y l a t e  a l o n e .  

A v e ra g e  p la sm a  l e v e l s  a r e  shown a g a i n s t  d o s e  i n  g r a i n s  p e r  

s t o n e  body w e ig h t  i n  F i g . l .
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FIGURE 1

GRAINS PER STONB BOOY WEIGHT,

I t  i s  s e e n  t h a t  t h e r e  i s  r e a s o n a b l e  v a r i a t i o n  i n  t h e  p la sm a  

l e v e l s  o f  d i f f e r e n t  i n d i v i d u a l s  when d o se  i s  r e l a t e d  to  body 

w e i g h t ,  b u t  t h a t  t h e r e  i s  a  g e n e r a l  c o r r e l a t i o n  b e tw e e n  them . 

Above a  p la sm a  l e v e l  o f  25 mgms.^ t h e r e  i s  a  s h a r p e r  r i s e  i n  

p la s m a  c o n c e n t r a t i o n  f o r  e a c h  i n c r e a s e  i n  d o s a g e ,  show ing t h a t  

r e l a t i v e l y  s m a l l  i n c r e a s e s  i n  d o s e  ab o v e  14 g r a i n s  p e r  s to n e  

bo d y  w e ig h t  c a n  b e  a t t e n d e d  by m ark ed  r i s e  i n  p la sm a  l e v e l s .
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B. The E f f e c t  o f  Sodium B i c a r b o n a t e  on  P la sm a  L e v e l s  
when a d m i n i s t e r e d  w i th  Sodium S a l i c y l a t e .

T h e re  a r e  c o n f l i c t i n g  v ie w s  h e l d  by d i f f e r e n t  w o rk e rs  

o n  t h e  e f f e c t  p r o d u c e d  by t h e  c o i n c i d e n t  a d m i n i s t r a t i o n  o f  

so d iu m  b i c a r b o n a t e  w i th  sod ium  s a l i c y l a t e .  L e e s  (1908) c l a im e d  

t h a t  t h e  a d m i n i s t r a t i o n  o f  sod ium  b i c a r b o n a t e  w i t h  s a l i c y l a t e  

m o d i f i e d  a n d  p r e v e n t e d  t h e  symptoms o f  s a l i c y s m  w h i l e  M eara 

(1 9 1 0 )  b e l i e v e d  t h a t  t h e  u s e  o f  a l k a l i s  t o g e t h e r  w i th  s a l i c y l a t e  

w as d i c t a t e d  m ore by t r a d i t i o n  t h a n  by r a t i o n a l e .  H a n z l i k ,

S c o t t  a n d  T hoburn  (1917) fo u n d  t h a t  t h e  a d m i n i s t r a t i o n  o f  a p p r o x ­

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

v e n t  t h e  symptoms o f  s a l i c y l i s m ,  a  v ie w  w i th  w h ich  D e lo r e  (1925) 

d i d  n o t  a g r e e .  M o r r i s  a n d  Graham (19 31) s t a t e d  t h a t  when 

a l k a l i  was com bined w i th  s a l i c y l a t e s  t o x i c  symptoms w ere  l e s s  

f r e q u e n t ,  even  th o u g h  m ore s a l i c y l i c  i o n  was c i r c u l a t i n g  i n  t h e  

b l o o d .  They c o n s i d e r e d  t h a t  t h e  a d d i t i o n  o f  a l k a l i  i n c r e a s e d  

t h e  s a l i c y l a t e  c o n t e n t  o f  t h e  b lo o d  f ro m  two to  f o u r  t i m e s .

M ore r e c e n t l y  S m u ll ,  W egria  a n d  L e la n d  (1944) f o u n d  t h a t  sodium  

b i c a r b o n a t e  g i v e n  i n  c o n j u n c t i o n  w i th  sodium  s a l i c y l a t e  o r a l l y ,  

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

a d m i n i s t e r e d  a l o n e ,  a s  d i d  Sm ith  e t  a l .  ( 1 9 4 6 ) .  T h i s  was n o t  

c o n f i r m e d  by H u n t in g d o n  e t  a l  (19 4 6 )  who fo u n d  t h a t  p a t i e n t s  

o n  60 g r a i n s  p e r  day o f  sodium  s a l i c y l a t e  showed no lo w e r  l e v e l s
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w i t h  t h e  a d d i t i o n  o f  b i c a r b o n a t e ,  a d m i t t i n g  h o w e v e r  t h a t  t h e i r  

o b s e r v a t i o n  p e r i o d  was s h o r t .  F i n a l l y  J a g e r  a n d  Alway (1946) 

c l a i m e d  t h a t  h i g h e r  d o s e s  o f  sod ium  s a l i c y l a t e  w ere  r e q u i r e d  i n  

a d u l t s  a n d  c h i l d r e n  Yfoen a l k a l i  was a d d e d ,  t o  m a i n t a i n  a  t h e r a ­

p e u t i c  l e v e l  o f  35 m gm s.$ .

D u r in g  t h e  p r e s e n t  i n v e s t i g a t i o n s  i t  h a d  b e e n  n o t e d  

o n  s e v e r a l  o c c a s i o n s  t h a t  t h e  w i th d r a w a l  o f  sod ium  b i c a r b o n a t e  

f ro m  p a t i e n t s  o n  s a l i c y l a t e  t h e r a p y  was a t t e n d e d  by h i g h e r  

p la s m a  l e v e l s .  T h i s  o c c u r r e n c e  was t h e n  s t u d i e d  f u r t h e r .

(1 )  The e f f e c t  o f  t h e  a d d i t i o n  o f  sodium  b i c a r b o n a t e  to  

s i n g l e  d o s e s  o f  sod ium  s a l i c y l a t e  was a s s e s s e d  on  t h e  g ro u p  o f  

p a t i e n t s  on  whom p la s m a  l e v e l s  r e s u l t a n t  from  a  s i n g l e  d o se  o f  

100 g r a i n s  o f  sod ium  s a l i c y l a t e  a l o n e  (T a b le  1 ,  G -p.IV .) h a d  

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

t i o n s  t h e s e  p a t i e n t s  w ere  g i v e n  100 g r s .S o d iu m  s a l i c y l a t e  w i th  

200 g r s .S o d iu m  b i c a r b o n a t e .  The r e s u l t a n t  p la sm a  l e v e l s  w ere  

o b t a i n e d  a s  d e s c r i b e d  p r e v i o u s l y  a n d  f o r  c o m p a r iso n  a r e  shown 

i n  T a b le  3 , t o g e t h e r  w i th  t h o s e  o b t a i n e d  w i th  sod ium  s a l i c y l a t e  

a l o n e .
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TABLE 5

Time A f t e r  
A d m i n i s t r a t i o n

A v erag e  P la sm a  L e v e l s  
i n  mgms.^

Sodium
S a l i c y l a t e

a l o n e

Sodium
S a l i c y l a t e

w i th
B i c a r b o n a t e

15 m in . 1 6 .3 8 .9

30 m in . 2 1 .1 1 8 .6

1 h r . 2 8 .1 2 5 .6

2 h r s . 3 1 .7 2 8 .9

3 h r s . 3 0 .1 2 7 .1

4  h r s . 2 8 .3 2 1 .7

8 h r s . 1 8 .1 9 . 2

T h e se  f i g u r e s  show t h a t  w i th  s i n g l e  d o s e s  t h e  con ­

c e n t r a t i o n s  r e a c h e d  a r e  c o m p a ra b le  ( w i t h i n  3 rngrns.^) a t  t h e  

maximum w hich  o c c u r s  a t  t h e  same t im e ,  two h o u r s  a f t e r  a d m in i s ­

t r a t i o n .  A f t e r  t h e  p e a k  l e v e l s  t h e  p la sm a  c o n c e n t r a t i o n  t e n d s  

t o  f a l l  away m ore r a p i d l y  w i th  a l k a l i .  L e s t e r  e t  a l  (1946) 

u s i n g  a c e t y l - s a l i c y l i c  a c i d  fo u n d  t h a t  w i th  a l k a l i  t h e  same 

maximum c o n c e n t r a t i o n  was r e a c h e d  b u t  much e a r l i e r ,  a  f a c t  

w h ic h  l e d  them  t o  t h e  c o n c l u s i o n  t h a t  b i c a r b o n a t e  m a rk e d ly  i n ­

c r e a s e d  t h e  r a t e  o f  a b s o r p t i o n .  I t  w ould  a p p e a r  from  t h e  

o b s e r v a t i o n s  shown h e r e  t h a t  b i c a r b o n a t e  i n c r e a s e s  t h e  r a t e  o f
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e l i m i n a t i o n  o f  sod ium  s a l i c y l a t e  (a  d e d u c t i o n  f u r t h e r  s t u d i e d  

i n  C h a p te r  V .)  b u t  h a s  l i t t l e  o r  no e f f e c t  o n  a b s o r p t i o n .

(2 )  A n o th e r  two p a t i e n t s  w ere  s t u d i e d  w h i l e  r e c e i v i n g  

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

a l o n e  f o r  s e v e r a l  d a y s  a n d  t h e n  sodium  b i c a r b o n a t e  was a d d e d .  

T h i s  was r e p e a t e d  o v e r  p e r i o d s  o f  40 a n d  30 d a y s  r e s p e c t i v e l y .  

The f l u i d  i n t a k e  was s t a b i l i s e d  a t  60 o z s .  d a i l y ,  b o th  p a t i e n t s  

r e c e i v i n g  t h e  same w ard  d i e t ,  b e i n g  c o n f i n e d  t o  b e d .  P la sm a  

l e v e l s  w ere  e s t i m a t e d  d a i l y  a t  t h e  same t im e  e a c h  d a y ,  b lo o d  

b e i n g  w ith d ra w n  by v e n i p u n c t u r e  f o r  t h i s  p u r p o s e .  Dosage a n d  

p la s m a  l e v e l s  a r e  shown o n  f i g u r e s  2 a n d  3 .

I t  was fo u n d  t h a t  when sodium  s a l i c y l a t e  was g i v e n  

a l o n e  t h e  p la sm a  l e v e l s  t e n d e d  to  r i s e  r a p i d l y  a n d  r e a c h e d  a  

h i g h e r  l e v e l  a t  a l l  t im e s  t h a n  when a l k a l i  was a d m i n i s t e r e d  

c o n c u r r e n t l y . The a d d i t i o n  o f  b i c a r b o n a t e  p ro d u c e d  a n  a p p r e ­

c i a b l e  d a i l y  f a l l  i n  t h e  l e v e l s  u n t i l  a f t e r  s e v e r a l  d a y s  t h e  

p la s m a  l e v e l  was o v e r  10 mgms.^ lo w e r ,  a t  w h ich  l e v e l  i t  was 

m a i n t a i n e d .  I t  was a l s o  n o t e d  t h a t  e a r l i e r  h i g h  l e v e l s  w i th  

so d iu m  s a l i c y l a t e  a l o n e  t e n d e d  to  f a l l  b u t  n o t  so r a p i d l y  a s  

w i t h  t h e  a d d i t i o n  o f  a l k a l i .  The l e v e l s  w i t h  b o th  s a l i c y l a t e  

a l o n e ,  a n d  w i t h  a l k a l i ,  w ere  m a rk e d ly  lo w e r  o n  r e p e t i t i o n  o f  

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

a l k a l i  p la s m a  l e v e l s  t e n d  t o  f a l l .  I t  w ou ld  seem t h a t  a  l a r g e r  

d o s e  o f  s a l i c y l a t e  w ou ld  b e  r e q u i r e d  t o  m a i n t a i n  t h e  p la sm a  

l e v e l s  a f t e r  a  p e r i o d  o f  c o n t i n u e d  a d m i n i s t r a t i o n .
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The o p p o r t u n i t y  was t a k e n  to  d e m o n s t r a t e  s t i l l  f u r ­

t h e r  t h e  e f f e c t s  o f  a d d i t i o n  o f  a l k a l i .  H in e  p a t i e n t s  who w ere  

r e c e i v i n g  sod ium  s a l i c y l a t e  a l o n e  h a d  t h e i r  p la sm a  l e v e l s  

a s s e s s e d  d a i l y  f o r  t h r e e  d a y s  a n d  t h e n  a n  e q u a l  q u a n t i t y  o f  

b i c a r b o n a t e  was a d d e d .  P la sm a  l e v e l s  w ere  t h e n  o b t a i n e d  f o r  

a n o t h e r  t h r e e  d a y s .  P la sm a  l e v e l s  w ere  p l o t t e d  a g a i n s t  d o se  

p e r  g r a i n  body w e ig h t  a n d  shown i n  F i g u r e  4 .
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T h e se  r e s u l t s  s e r v e  t o  i l l u s t r a t e  t h a t  i r r e s p e c t i v e  

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

d u c e s  a  lo w e r  p la sm a  l e v e l .

0 .  The E f f e c t  o f  Ammonium C h l o r i d e  on  t h e  P la sm a  L e v e l s  
when A d m in i s t e r e d  w i th  Sodium S a l i c y l a t e .

I t  now a p p e a r e d  l o g i c a l  t o  p o s t u l a t e  t h a t  a n  a c i d  

s a l t  a d m i n i s t e r e d  w i th  sodium  s a l i c y l a t e  m ig h t  h a v e  a n  o p p o s i t e  

e f f e c t  t o  a n  a l k a l i n e  s a l t ,  t h e r e b y  i n c r e a s i n g  t h e  p la sm a  l e v e l .  

The e f f e c t  o f  a n  a c i d  s a l t ,  n am e ly  ammonium c h l o r i d e ,  o n  t h e  

m e ta b o l i s m  o f  s a l i c y l a t e s  h a s  b e e n  n o t e d  by S m ith  e t  a l  ( 1 9 4 6 ) .  

U s in g  m u l t i p l e  d o s e s  on  c o n v a l e s c e n t  p a t i e n t s  f o r  48 h o u r s ,  

t h e y  showed t h a t  a n  a c i d  s a l t  a d m i n i s t e r e d  c o n c u r r e n t l y  w i th  

so d iu m  s a l i c y l a t e  p ro d u c e d  h i g h e r  p la sm a  l e v e l s  to w a rd s  t h e  end  

o f  t h e  p e r i o d ,  t h a n  when sod ium  s a l i c y l a t e  was a d m i n i s t e r e d  

a l o n e  o r  w i th  a l k a l i .  C a r a v a t i  a n d  C o sg ro v e  (1 9 4 6 )  fo u n d  t h a t  

Ammonium C h l o r i d e  4  gms. d a i l y  i n c r e a s e d  t h e  p la sm a  s a l i c y l a t e  

l e v e l s .  H e re  two c o n v a l e s c e n t  p a t i e n t s  w ere  s t u d i e d  o v e r  a  

l o n g e r  p e r i o d  t h a n  t h a t  o f  S m ith  e t  a l  ( 1 9 4 6 ) .

W.Mc. 30 g r s . o f  Sodium S a l i c y l a t e  w i th  30 g r s . o f  Sodium 

B i c a r b o n a t e  w ere  a d m i n i s t e r e d  f o u r  h o u r l y  n i g h t  and d ay  u n t i l  

t h e  p la sm a  l e v e l  h a d  r e a c h e d  a  maximum on  t h i s  d o s a g e .  F o r  t h e  

n e x t  f i v e  d a y s  t h e  p a t i e n t  was g i v e n  Sodium s a l i c y l a t e  g r s . 30
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a l o n e ,  f o l l o w e d  by a n o t h e r  f o u r  d a y s  r e c e i v i n g  Sodium S a l i c y l a t e  

g r s . 3 0  a n d  Ammonium C h l o r i d e  g r s . 1 5  a l l  f o u r  h o u r l y .  P la sm a  

l e v e l s  w ere  o b t a i n e d  d a i l y  a t  11 a . m . ,  a n d  a r e  shown i n  

F i g u r e  5 .

FIGURE 5
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G .H . T h i s  p a t i e n t  m s  g i v e n  Sodium, s a l i c y l a t e  g r s . 25 f o u r  

h o u r l y  a t  t h e  s t a r t  o f  t h e  i n v e s t i g a t i o n  u n t i l  t h e  p la sm a  l e v e l s  

w e re  r e a c h i n g  a  p e a k ,  t h e n  Sodium s a l i c y l a t e  g r s . 25 and  

P o t a s s i u m  c i t r a t e  g r s . 60 w ere  g i v e n  e v e ry  f o u r  h o u r s  f o r  f o u r  

d a y s .  F o r  a n o t h e r  f o u r  d a y s  h e  r e c e i v e d  Sodium s a l i c y l a t e  

g r s . 25 a n d  Ammonium c h l o r i d e  g r s . 15 f o u r  h o u r l y .  P la sm a  l e v e l s  

w e re  o b t a i n e d  d a i l y  a t  11 a .m .  a n d  a r e  shown i n  F i g u r e  6 .

FIGURE 6

H. Mflue, 3J yrs.
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B o th  p a t i e n t s  show h i g h e s t  l e v e l s  w h ile  r e c e i v i n g  th e  a c i d  s a l t

c o n c u r r e n t l y  w ith  Sodium  s a l i c y l a t e ,  t h e  lo w e s t  l e v e l s  w ith

a l k a l i  a n d  i n t e r m e d i a t e  l e v e l s  w ith  Sodium  s a l i c y l a t e  a l o n e .

The p la sm a  l e v e l s  w ith  a l k a l i  w ere s l i g h t l y  m ore th a n  h a l f

t h o s e  a t t a i n e d  w ith  t h e  a c i d  s a l t .

T h is  e f f e c t  was d e m o n s tr a te d  i n  y e t  a n o th e r  m anner i n

a  f u r t h e r  two c o n v a le s c e n t  p a t i e n t s .  T h e se  p a t i e n t s  r e c e iv e d

25 g r s . o f  Sodium  s a l i c y l a t e  t o g e t h e r  w i th  25 g r s . o f  Sodium

b i c a r b o n a t e  th ro u g h o u t ,  b u t  f o r  a  p e r i o d  w ere  g iv e n  i n  a d d i t i o n\
g r s .  15 o f  Ammonium c h l o r i d e  e v e ry  f o u r  h o u r s .  The p la sm a  

l e v e l s  a r e  shown i n  f i g u r e s  7  an d  8 .

FIGURE 7
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W ith  t h e  a d m i n i s t r a t i o n  o f  Ammonium c h l o r id e  t h e  p la sm a  l e v e l s  

r o s e  i n  b o th  c a s e s  b u t  n o t  to  t h e  same e x t e n t  a s  th e y  w ould 

h a v e  r i s e n  h a d  Ammonium c h l o r i d e  b e e n  a d m in i s t e r e d  w i th o u t  t h e  

p r e s e n c e  o f  b i c a r b o n a t e  ( F i g s . 5 a n d  6 ) .  A p p a r e n t ly ,  th e n ,  

m in im a l p la sm a  l e v e l s  a r e  o b ta in e d  w ith  th e  a d d i t i o n  o f  

b i c a r b o n a t e ,  m axim al l e v e l s  w ith  a n  a c i d  s a l t ,  an d  i n t e r m e d ia t e
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l e v e l s  w ith  Sodium  s a l i c y l a t e  a l o n e .  A b a la n c e  i s  s t r u c k  when 

a n  a l k a l i n e  an d  a c i d  s a l t  a r e  a d m in i s t e r e d  t o g e t h e r  w ith  

s a l i c y l a t e .

D. The E f f e c t  o f  P a ra -a m in o b e n z o ic  A c id  on  P la sm a  
S a l i c y l a t e  L e v e ls  M ien A d m in is te r e d  w i th  
Sodium  S a l i c y l a t e .

U n t i l  r e c e n t l y  p -a m in o b e n z o ic  a c i d  h a s  o n ly  b e e n  

s t u d i e d  fro m  th e  v ie w p o in t  o f  i t s  a n t i - s u lp h o n a m id e  p r o p e r t i e s ,  

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

o n e  o f  th e  co m p o n en ts  o f  th e  V ita m in  B co m p lex . I t  h a s  b e e n  

s a i d  to  b e  a  t r u e  v i ta m in  when g iv e n  i n  s m a ll  d o s e s ,  a s  w e l l  

a s  b a c t e r i o s t a t i c  when g iv e n  i n  l a r g e  d o s e s .  A c c o rd in g  to  

A n s b a c h e r  (1 9 4 4 ) p -a m in o b e n z o ic  i s  a  d e t o x i f i e d  a n i l i n e ,  a l l i e d  

to  t h e  s e r i e s  o f  a n a e s t h e t i c s  o f  w h ich  n o v o c a in  i s  o n e , b e in g  a  

b e n z o ic  a c i d  d e r i v a t i v e ,  an d  i s  w id e ly  d i s t r i b u t e d  i n  t i s s u e  

f l u i d s  an d  i n  n a t u r e ,  i t s  r i c h e s t  s o u rc e  b e in g  y e a s t .  T ie rn e y  

(1 9 4 6 ) h a s  d e m o n s tr a te d  th e  in n o c u o u s n e s s  o f  p -a m in o b e n z o ic  

a c i d  i n  l a r g e  d o s e s  i n  th e  t r e a tm e n t  o f  t s u ts u g a m u s h i  d i s e a s e  

u s in g  8  gm s. i n i t i a l l y  an d  3 gm s. e v e ry  two h o u r s ,  v fo ile  Benda 

e t  a l  (1 946) u s in g  th e  d ru g  in t r a v e n o u s l y  fo u n d  t h a t  i t  was 

f r e e  fro m  any  s ig n  o f  t o x i c i t y .

U sin g  p -a m in o b e n z o ic  a c i d  e m p i r i c a l l y  i n  th e  t r e a t ­

m en t o f  rh e u m a tic  f e v e r  Dry e t  a l  (1 9 4 6 ) fo u n d  t h a t  i t s
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a d m i n i s t r a t i o n  c o n c u r r e n t ly  w ith  sod ium  s a l i c y l a t e  an d  b i c a r ­

b o n a te  r a i s e d  th e  p la sm a  l e v e l  o f  s a l i c y l a t e .  T h is  th e y  con ­

s i d e r  to  b e  o f  im p o r ta n c e  s in c e  i n  v ie w  o f  t h e  c o n c lu s io n s  o f  

C o b u rn  (1 9 4 3 ) t h a t  a  t h e r a p e u t i c  l e v e l  o f  n o t  l e s s  th a n  3 5 .0  

m gm s.^ i s  n e c e s s a r y  i n  rh e u m a t ic  f e v e r ,  t h e  a s s u r a n c e  o f  a d e ­

q u a te  q u a n t i t i e s  o f  s a l i c y l a t e  i n  th e  b lo o d  m u st b e  o f  im p o r­

t a n c e .  They th in k  t h a t  in a d e q u a te  l e v e l s  may b e  d i r e c t l y  r e ­

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

r h e u m a t ic  f e v e r  i s  in a d e q u a te  an d  i n  i/ghich r e l a p s e s  o c c u r .

I n  v iew  o f  t h e s e  s ta t e m e n t s  i t  was n e c e s s a r y  to  co n ­

f i r m  t h e  f i n d i n g  o f  h i g h e r  s a l i c y l a t e  p la sm a  l e v e l s  w ith  th e  

u s e  o f  p -a m in o b e n z o ic  a c i d .  The same h ig h  d o s e s  a s  u s e d  by 

Dry e t  a l  (1 9 4 6 ) w ere  r e p e a t e d  i n  v iew  o f  t h e  r e p o r t e d  a b s e n c e  

o f  t o x i c i t y .
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M .H. F em ale  a g e d  16 y e a r s . R h eu m atic  f e v e r .  T h is  
p a t i e n t  was b e in g  g iv e n  a s  a  r o u t i n e  Sodium  s a l i c y l a t e  
g r s . 30 w ith  Sodium  b ic a r b o n a t e  g r s . 30 f o u r  h o u r ly .
P la sm a  l e v e l s  w ere  t a k e n  f o r  s e v e r a l  d a y s  a n d  th e n  
p -a m in o b e n z o ic  a c i d  a d m in i s t e r e d  c o n c u r r e n t ly  f o r  two 
d a y s  i n  t h e  d o se  o f  2 g m s .e v e ry  f o u r  h o u r s .  P lasm a  
l e v e l s  w ere  o b t a in e d  d u r in g  t h i s  p e r i o d  a n d  s u b s e q u e n t ly  
f o r  two d a y s .

FIGURE 9

M. H. Femhi&i tbyte,
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W .S. M ale? 19 y e a r s . R h eu m atic  f e v e r .  T h is  p a t i e n t  
r e c e i v e d  Sodium  s a l i c y l a t e  g r s . 30 w ith  a n  e q u a l  q u a n t i t y  
o f  b i c a r b o n a t e  th ro u g h o u t  b u t  d u r in g  th e  l a s t  t h r e e  d a y s  
r e c e i v e d  i n  a d d i t i o n  p -a m in o b e n z o ic  a c i d  i n  th e  d o se  o f  
24 gm s. d a i l y  i n  d iv id e d  f o u r  h o u r ly  d o s e s .

FIGURE 10
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J .H .  M ale , 52 y e a r s . C o n v a le s c e n t  H e m ip le g ia .  As a  
c o n t r o l  t h i s  p a t i e n t  was g iv e n  Sodium  s a l i c y l a t e  a l o n e ,  
g r s .20  e v e ry  f o u r  h o u r s  f o r  s e v e r a l  d a y s  a n d  th e n  th e  
a d d i t i o n  o f  p -a m in o b e n z o ic  a c i d  2  g m s .f o u r  h o u r ly  was 
m ade f o r  f o u r  d a y s .

FIGURE 11
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L a b o ra to ry  i n v e s t i g a t i o n  h a d  shown t h a t  p -a m in o b e n z o ic  

a c i d  i n  no way a f f e c t e d  th e  e s t i m a t i o n  o f  p la sm a  s a l i c y l a t e  

when p r e s e n t  i n  th e  p la s m a .
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I t  i s  shown i n  F i g s . 9 -1 1  t h a t  p -a m in o b e n z o ic  a c i d  h a s  

t h e  e f f e c t  o f  r a i s i n g  th e  p la sm a  l e v e l s  when a d m in i s t e r e d  w ith  

so d iu m  s a l i c y l a t e ,  an d  t h a t  th e  e f f e c t  i s  m o st m ark ed  when 

b i c a r b o n a t e  i s  b e in g  g iv e n  a t  t h e  same t im e .  No t o x i c  symptoms 

a t t r i b u t a b l e  to  p -a m in o b e n z o ic  a c i d  w ere n o te d  d u r in g  th e  

d o s a g e s  g iv e n  h e r e  a l th o u g h  t h e r e  was a n  i n c r e a s e  i n  th e  t o x i c  

m a n i f e s t a t i o n s  o f  s a l i c y l a t e  a s  t h e  p la sm a  l e v e l s  r o s e .  I t  

w o u ld  seem t h a t  p -a m in o b e n z o ic  a c i d  p ro d u c e s  a  s i m i l a r  e f f e c t  

o n  th e  p la sm a  l e v e l  a s  ammonium c h l o r i d e .  The m echan ism  o f  

t h i s  e f f e c t  w i l l  b e  f u r t h e r  d i s c u s s e d  i n  C h a p te r  V.

E . The E f f e c t  o f  F lu id  I n ta k e  on  P la sm a  L e v e ls  w ith
F ix e d  D oses o f  Sodium  S a l i c y l a t e .

The e f f e c t  o f  v a r i e d  f l u i d  i n t a k e  on p la sm a  l e v e l s  o f  

s a l i c y l a t e  h a s  a p p a r e n t ly  n o t  b e e n  p r e v io u s ly  s t u d i e d .  T h a t 

f l u i d  i n t a k e  m ig h t b e  d im in is h e d  d u r in g  s a l i c y l a t e  i n t o x i c a t i o n  

i s  e v id e n t  e s p e c i a l l y  i n  th e  p r e s e n c e  o f  n a u s e a .  V o m itin g , a  

common f e a t u r e  o f  s a l i c y l a t e  t o x i c i t y ,  w ould  a g g r a v a t e  th e  

c o n d i t i o n  ev en  f u r t h e r .  D im in ish e d  f l u i d  i n t a k e ,  t o g e t h e r  w ith  

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

t i o n  i n  c h i l d r e n  by E rg a n ia n  e t  a l  (1 9 4 7 ) .

An a t t e m p t  i s  made to  a s s e s s  th e  e f f e c t  o f  l a r g e  a n d  

s m a l l  f l u i d  i n t a k e s  on  a d u l t s .  The r e s u l t s  o b ta in e d  from



a l t e r a t i o n  o f  f l u i d  i n t a k e s  i n  f o u r  a d u l t s  a r e  p r e s e n t e d  i n

d e t a i l .
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FIGURE 15

ozs,

T»M £

J . C . ,  M ale» a g e d  56 y e a r s , c o n v a le s c e n t  from  
f i b r o s i t i s ,  r e c e iv e d  g r s . 25 o f  Sodium  S a l i c y l a t e  w ith  
a n  e q u a l  q u a n t i t y  o f  sod ium  b i c a r b o n a t e  f o u r  h o u r ly  
t h r o u g h o u t .

I t  w i l l  b e  s e e n  fro m  th e  p r e s e n t e d  d a ta  t h a t  t h e r e  

i s  l i t t l e  e f f e c t  on  th e  p la sm a  l e v e l s  w h i le  th e  f l u i d  i n t a k e  

re m a in s  ab o v e  50 o z s .p e r  d a y . V a r i a t i o n  o f  th e  f l u i d  i n t a k e  

a b o v e  t h i s  am ount may p ro d u c e  a  te m p o ra ry  u p s e t  i n  th e  p la sm a  

l e v e l  b u t  t h i s  s e t t l e s  w i th in  a  few  d ay s  ( F ig u r e  1 3 ) .  The
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f i r s t  t h r e e  o a s e s  show t h a t  when t h e  f l u i d  i n t a k e  i s  re d u c e d  

b e lo w  50 o z s .  t h e r e  i s  a  m arked  r i s e  i n  p la sm a  l e v e l s  on  each  

o c c a s io n ,  a l th o u g h  t h i s  e f f e c t  may b e  d e la y e d  f o r  two to  t h r e e  

d a y s .  R esu m p tio n  o f  a n  a d e q u a te  f l u i d  i n t a k e  when th e  l e v e l s  

h a v e  r e a c h e d  a  maximum l e a d s  to  a  sp eed y  r e t u r n  o f  t h e  p la sm a  

l e v e l  to  a  n o rm a l l e v e l .  The u s e  o f  a  m e r c u r i a l  d i u r e t i c  i n  

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

c r e a s e s  t h e  p la sm a  l e v e l  ( F ig u r e s  13 a n d  14) b u t  i n  t h e  p r e s e n c e  

o f  a n  a d e q u a te  f l u i d  i n t a k e  h a s  no d e te r m in a b le  e f f e c t  a l th o u g h  

d i u r e s i s  was g r e a t e r  ( F ig u r e  15) i n d i c a t i n g  t h a t  th e  m e r c u r ia l  

d i u r e t i c  i s  p ro d u c in g  i t s  e f f e c t s  by a g g r a v a t in g  th e  f l u i d  l o s s  

a n d  n o t  by i n t e r f e r i n g  w ith  r e n a l  e x c r e t i o n  o f  s a l i c y l a t e .

I t  w ould  a p p e a r  th e n  t h a t  a s  t h e  body f l u i d  d e c r e a s e s  

t h e  p la sm a  l e v e l  r i s e s  i f  t h e  a d m i n i s t r a t i o n  o f  s a l i c y l a t e  i s  

c o n t in u e d ,  an d  t h i s  r i s e  c a n  b e  m a rk e d . T h ese  r e s u l t s  h a v e  b e e n  

shown i n  a d u l t s  b u t  i t  i s  l i k e l y  t h a t  i n  c h i l d r e n  i n  whom 

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

t o x i c i t y  may b e  a g g r a v a te d  g r e a t l y  by l a c k  o f  f l u i d .  I t  i s  

a p p a r e n t  a l s o  t h a t  a d m i n i s t r a t i o n  o f  a d e q u a te  f l u i d  w i l l  do 

much to  r e l i e v e  th e  s i t u a t i o n  e s p e c i a l l y  i f  ( F ig u r e s  2 , 3 an d  

4 ) i t  i s  com bined  w ith  b i c a r b o n a te  a d m i n i s t r a t i o n .



35

F .  The E f f e c t  o f  E x e r c i s e  on  th e  P la sm a  S a l i c y l a t e  L e v e l .

I t  i s  q u i t e  common i n  t h e  t r e a tm e n t  o f  s u b - a c u te  an d  

c h r o n ic  rh e u m a tism  to  a l lo w  th e  p a t i e n t  to  b e  a m b u la n t w h ile  

r e c e i v i n g  s a l i c y l a t e  th e r a p y .  T h is  i s  th e  r u l e  o f  R o b e r ts o n  

e t  a l  (1 9 4 6 ) who b e l i e v e s  i n  t h e  t h e r a p e u t i c  v a lu e  o f  e a r ly  

p h y s i c a l  a c t i v i t y  i n  th e  r h e u m a t ic  f e v e r  c a s e s  h e  t r e a t s .  I t  

w as th o u g h t  o f  i n t e r e s t  to  f i n d  i f  t h e  p la sm a  l e v e l  w ould  b e  

a l t e r e d  by th e  e x e r c i s e  to  w h ich  su ch  p a t i e n t s  m ig h t b e  s u b j e c t .

F iv e  p a t i e n t s  a l l  o f  whom w ere  c o n v a le s c e n t  w ere 

g iv e n  75 g r s . o f  Sodium  S a l i c y l a t e  i n  t h r e e  o u n c e s  o f  w a te r  some 

t h r e e  h o u r s  a f t e r  t h e i r  l a s t  m ea l an d  w ere  c o n f in e d  to  b e d  w ith  

m in im a l m ovem ent. E x a c t ly  2 h o u r s  l a t e r  th e  p la sm a  l e v e l  was 

a s c e r t a i n e d .  Two d a y s  l a t e r  when th e  p la sm a  l e v e l s  h a d  a g a in  

r e t u r n e d  to  z e ro  th e  e x p e r im e n t  was r e p e a t e d  w i th  th e  d i f f e r e n c e  

t h a t  on  t h i s  o c c a s io n  a f t e r  t a k in g  th e  d ru g  th e  p a t i e n t s  w ent 

o u t  a n d  e i t h e r  w a lk ed  o r  p la y e d  i n  th e  h o s p i t a l  g ro u n d s , b u t  i n  

a n y  e v e n t  k e p t  a c t i v e  f o r  two h o u r s  a f t e r  w h ich  t h e i r  p la sm a  

l e v e l s  w ere  a g a in  o b t a in e d .



36

TABLE 4

P a t i e n t
P la sm a  l e v e l s  i n  mgms.%

W ith o u t
E x e r c i s e

W ith
E x e r c i s e

1 1 9 .0 1 7 .6

2 1 9 .7 2 2 . 6

3 2 1 .3 2 6 .3

4 1 8 .6 1 8 .0

5 2 1 .4 1 7 .2

A v e rag e 2 0 . 0 2 0 .3

The p la sm a  l e v e l s  a r e  shown i n  T a b le  4  fro m  vfaich i t  

w i l l  b e  s e e n  t h a t  t h e r e  was i n d i v i d u a l  v a r i a t i o n  b u t  no s i g n i ­

f i c a n t  d i f f e r e n c e  i n  th e  g r o u p .  Thus i t  a p p e a r s  t h a t  o rd in a ry -  

p h y s i c a l  a c t i v i t y  h a s  no s i g n i f i c a n t  e f f e c t  on  th e  p la sm a  l e v e l s .

Gr. V a r i a t i o n  i n  P la sm a  L e v e ls  fro m  I n a c c u r a t e  D o sag e , 
an d  D e t e r i o r a t i o n  o f  M ix tu r e .

The s ta n d a r d  m ethod  o f  d i s p e n s in g  sod ium  s a l i c y l a t e  i n  

t h i s  h o s p i t a l  was i n  a  m ix tu r e  c o n ta in in g  sod ium  b ic a r b o n a t e ,  

t h e  com bined  d o s e s  o f  b o th  i n g r e d i e n t s  b e in g  c a r r i e d  i n  \  o z .  

o f  w a te r .  I n  g e n e r a l  t h i s  m ean t q u i t e  an  am ount o f  s e d im e n t o f  

u n d i s s o lv e d  sod ium  b ic a r b o n a te  l y i n g  i n  t h e  b o t t l e s  b e f o r e  

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

E a r l i e r  i t  h a d  b e e n  n o te d  t h a t  p la sm a  l e v e l s  v a r i e d
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m a rk e d ly  on  f i x e d  d o s e s  o f  sodium  s a l i c y l a t e  an d  b i c a r b o n a te  

d i s p e n s e d  i n  t h i s  way an d  a d m in i s t e r e d  to  a  p a t i e n t .  The p o s s i ­

b i l i t i e s  w e re , a s  a l l  p a t i e n t s  w ere  r e c e i v i n g  th e  d r u g :

1 . I r r e g u l a r  a d m i n i s t r a t i o n .

2 .  I n a c c u r a t e  d i s p e n s in g .

3 . I n a c c u r a t e  m e a su re m e n ts  i n  th e  w ard .

4 .  I n a d e q u a te  s h a k in g  o f  t h e  b o t t l e  b e f o r e  a d m i n i s t r a t i o n .

5 .  D e t e r i o r a t i o n  o f  th e  m ix tu r e  o n  s t a n d i n g .

A c a r e f u l  i n v e s t i g a t i o n  e l i m i n a t e d  th e  f i r s t  t h r e e  o f  t h e s e  

p o s s i b i l i t i e s .

I n a d e q u a te  s h a k in g  o f  th e  b o t t l e . S e v e r a l  b o t t l e s  co n ­

t a i n i n g  12 o z s . o f  a  m ix tu re  o f  g r a i n s  30 o f  sod ium  s a l i c y l a t e  

a n d  g r a i n s  30 o f  sod ium  b ic a r b o n a t e  to  t h e  J  o z .  w ere  s e l e c t e d .  

T h e se  w ere m e a su re d  i n t o  s i n g l e  d o s e s  a c c u r a t e l y  b u t  o n ly  a f t e r  

t h e  u s u a l  am ount o f  s h a k in g  o f  t h e  b o t t l e  done i n  t h e  w a rd . - A l l  

s e d im e n t was a l lo w e d  to  s e t t l e  b e tw e e n  e a c h  m e a su re m e n t. The 

d o s e s  w ere th e n  s u i t a b l y  d i l u t e d  a n d  th e  s a l i c y l a t e  c o n te n t  

m e a s u re d  u s in g  th e  m ethod  d e s c r i b e d  f o r  p la s m a . I t  was fo u n d  

t h a t  th e  i n i t i a l  12 doseB  rem oved  fro m  ea c h  b o t t l e  c o n ta in e d  95 

t o  1 2 0  p e r  c e n t  o f  th e  r e q u i r e d  am ount o f  s a l i c y l a t e ,  w h i le  t h e  

l a s t  12 d o s e s  c o n ta in e d  o n ly  70 to  95 p e r  c e n t  o f  th e  e x p e c te d  

t o t a l  s a l i c y l a t e  c o n t e n t .  T h is  i n d i c a t e d  t h a t  in a d e q u a te
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s h a k in g  g a v e  a  m ark ed  e r r o r  p ro b a b ly  fro m  u n e v e n  d i s t r i b u t i o n  o f  

u n d i s s o lv e d  b i c a r b o n a t e .  I t  a l s o  show ed t h a t  to w a rd s  t h e  end o f  

a  b o t t l e  p a t i e n t s  w ere r e c e i v i n g  g r e a t e r  am o u n ts  o f  b i c a r b o n a t e  

t h a n  d u r in g  th e  f i r s t  few  d o s e s ,  a  f a c t  w h ich  w ould  a f f e c t  

p la sm a  l e v e l s  by i n f l u e n c i n g  th e  e x c r e t i o n  o f  s a l i c y l a t e  i n  t h e  

u r i n e  ( s e e  C h a p te r  V . ) .

D e t e r i o r a t i o n . A f t e r  t h r e e  w eeks m ix tu r e s  o f  sod ium  

s a l i c y l a t e  a n d  b i c a r b o n a t e  y i e l d e d  up to  1 0  p e r  c e n t  l e s s  

s a l i c y l a t e  a s  e s t im a te d  by a n a l y s i s  b e f o r e  an d  a f t e r  t h i s  

p e r i o d .

F o r  a l l  e x p e r im e n ts  an d  p a t i e n t s  o b s e rv e d  i n  t h i s  

t h e s i s ,  when th e  o r a l  r o u t e  was u s e d  sod ium  b ic a r b o n a te  was 

d i s p e n s e d  i n  a  s e p a r a t e  b o t t l e  an d  s o l u t i o n s  o f  sod ium  s a l i c y l a t e  

w ere  f r e s h l y  p r e p a r e d .  I n  t h i s  way th e  am o u n ts  o f  sod ium  

s a l i c y l a t e  a d m in i s t e r e d  w ere  a c c u r a t e .

H . The E f f e c t  o f  Sodium  S a l i c y l a t e  on  th e  00 a 
Combining: P ow er o f  t h e  P la s m a .

Many w o rk e rs  h a v e  r e p o r t e d  a l t e r a t i o n s  i n  t h e  a l k a l i  

r e s e r v e  o f  t h e  b lo o d  o n  l a r g e  d o s e s  o f  s a l i c y l a t e .  J o h n s o n  

(1 9 3 0 ) ,  O din  (1 9 3 2 ) ,  M o r r is  & Graham  (1 9 3 1 ) , Dodd e t  a l  (1 9 3 7 ) , 

F a s h e n a  & W alker (1 9 4 4 ) ,  R yder e t  a l  (1 9 4 5 ) , M a n c h e s te r  (1 9 4 6 ) , 

E r g a n ia n  e t  a l  (1 9 4 7 ) ,  an d  o t h e r s  h a v e  n o te d  a  f a l l  i n  th e  COg
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c o m b in in g  pow er w ith  s a l i c y l a t e  t h e r a p y .  M ost o f  t h e  ab o v e  

w o rk e rs  n o te d  t h a t  th e  a d d i t i o n  o f  sod ium  b ic a r b o n a te  p r e v e n te d  

o r  r e d u c e d  th e  e f f e c t  o n  th e  COg co m b in in g  p o w er. I n  t h i s  

s e r i e s  e i g h t  p a t i e n t s  w ere  g iv e n  sod ium  s a l i c y l a t e  i n  v a ry in g  

d o s e s  e v e ry  f o u r  h o u r s  by m outh f o r  s e v e n  d a y s , f o l lo w e d  by th e  

a d d i t i o n  o f  sodium  b ic a r b o n a t e  f o r  f u r t h e r  p e r i o d s .  The COg 

c o m b in in g  p o w ers  w ere  e s t im a te d  d a i l y  b e f o r e  a n d  d u r in g  th e  

a d m i n i s t r a t i o n  o f  t h e  d ru g s  by th e  m eth o d  o f  Van S ly k e  and  

C u l l e n  ( 1 9 1 7 ) .  T h ese  a r e  shown w ith  th e  r e l e v a n t  d a t a  i n  

F ig u r e  1 6 . A l l  t h e  p a t i e n t s  shown w ere  a d u l t  m a le s .

I t  w i l l  b e  s e e n  t h a t  i n  t h e  m a j o r i t y  o f  c a s e s  th e  COg 

co m b in in g  pow er f e l l  w ith  th e  a d m i n i s t r a t i o n  o f  sod ium  s a l i ­

c y l a t e  a l o n e .  The f a l l  a p p e a re d  to  b e  m ore m arked  a s  th e  d o se  

o f  sod ium  s a l i c y l a t e  i n c r e a s e d ,  b u t  i n  no c a s e  shown i n  F ig u r e  

16 was t h e r e  a  s e v e r e  enough  r e d u c t i o n  i n  th e  COg co m b in in g  

p o w er to  w a r r a n t  s to p p in g  th e  d r u g .  I t  i s  i n t e r e s t i n g  t h a t  th e  

lo w e s t  f i g u r e s  a r e  shown on  th e  t h i r d  o r  f o u r t h  day  o f  s a l i c y l a t e  

t h e r a p y ,  an d  t h a t  i n  a l l  c a s e s  w here  t h e  COg co m b in in g  pow er was 

lo w  th e  a d d i t i o n  o f  b i c a r b o n a te  r e s t o r e d  th e  v a lu e s  r a p i d l y .

The lo w e s t  p la sm a  s a l i c y l a t e  c o n c e n t r a t i o n  a t  w h ich  a  s i g n i f i ­

c a n t  f a l l  i n  th e  COg co m b in in g  pow er was f i r s t  n o te d  was 2 5 .8  

m gm s.^ a n d  th e  a v e r a g e  f i g u r e  3 4 .8  m grns.^.
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Summary.

V a r io u s  f a c t o r s  w h ich  c an  a f f e c t  th e  p la sm a  c o n c e n t r a ­

t i o n  o f  s a l i c y l a t e  w ith  o r a l  a d m i n i s t r a t i o n  h a v e  b e e n  demon­

s t r a t e d ,  a l l  o f  Ddiich may h a v e  a  p r a c t i c a l  a p p l i c a t i o n  i n  

s a l i c y l a t e  t h e r a p y .  The e f f e c t  o f  v a r y in g  o r a l  d o sa g e  o f  

s a l i c y l a t e  o n  th e  COg co m b in in g  pow er h a s  a l s o  b e e n  show n.

APPENDIX:

METHOD OP ESTIMATION OF PLASMA SALICYLATE.

U n t i l  1944  e x t e n s iv e  s t u d i e s  on  th e  a b s o r p t i o n  o f  

so d iu m  s a l i c y l a t e  a n d  r e s u l t a n t  p la sm a  l e v e l s  w ere  h a n d ic a p p e d  

a s  t h e r e  was no s a t i s f a c t o r y  m eth o d  o f  m e a s u r in g  th e  s a l i c y l a t e  

c o n t e n t  o f  th e  p la sm a  w hich  c o u ld  b e  p e r fo rm e d  f r e q u e n t l y  a n d  

a c c u r a t e l y  i n  t h e  h o s p i t a l  l a b o r a t o r y .  I n  1944 , h o w ev er, B r o d ie ,  

U d e n f r ie n d  an d  C o b u m  p u b l i s h e d  a  c o m p a ra t iv e ly  s im p le  b u t  

a c c u r a t e  m ethod  f o r  th e  d e t e r m in a t i o n  o f  s a l i c y l a t e  i n  th e  

p la s m a .  T h is  m e th o d  d e p en d s  on  th e  s a l i c y l a t e  i n  a  q u a n t i t y  o f  

p la s m a  com ing i n t o  e q u i l i b r iu m  w ith  e th y le n e  d i c h l o r i d e  i n  t h e  

p r e s e n c e  o f  a c i d ,  an d  l a t e r  i n t o  e q u i l ib r iu m  w ith  e th y le n e  

d i c h l o r i d e  an d  w a te r .  A c o lo u r  c a n  b e  d e v e lo p e d  i n  th e  w a te r  

w i th  a n  i r o n  s a l t  a n d  m ea su re d  p h o t o e l e c t r i c a l l y . By c a l i b r a t i o n
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w ith  known q u a n t i t i e s  o f  s a l i c y l a t e  a c c u r a t e  e s t i m a t i o n s  o f  

p la sm a  s a l i c y l a t e  a r e  o b t a i n e d .  T h is  m eth o d  was a c c u r a t e  i n  

t h e s e  e s t i m a t i o n s  to  w i th in  +5% o r  - 5 $ .

I t  was fo u n d  t h a t  a  g r e a t e r  s e n s i t i v i t y  was r e q u i r e d  

i n  m e a s u r in g  p la sm a  l e v e l s  b e lo w  10 m g m s a n d  f o r  t h i s  p u rp o s e  

t h e  f o l lo w in g  m o d i f i c a t i o n  was i n t r o d u c e d .  A l a r g e r  volum e o f  

p la s m a  nam ely  4  c c s .  was made a c i d  w ith  2 c o s .  o f  SH HOI w ith  

th e  a d d i t i o n  o f  3 c c s .  o f  d i s t i l l e d  w a te r  an d  th e  m eth o d  p r o ­

c e e d e d  w i th  a s  d e s c r i b e d .  A c a l i b r a t i o n  c u rv e  was p r e p a r e d  f o r  

t h e  new q u a n t i t i e s .  W ith  t h i s  m o d i f i c a t i o n  i t  was p o s s i b l e  to  

d e t e c t  a n d  m e a su re  q u a n t i t i e s  down to  0 . 4  m gm s.^ a c c u r a t e l y .

T h is  m eth o d  n e c e s s i t a t e d  s e v e r a l  h o u r s  to  c a r r y  

th r o u g h ,  so f r e q u e n t l y  i t  was fo u n d  n e c e s s a r y  to  c o l l e c t  a  num­

b e r  o f  sp e c im e n s  f o r  s e v e r a l  d a y s  b e f o r e  e s t i m a t i o n .  A c a r e f u l  

ch ec k  show ed t h a t  s t o r a g e  o f  th e  p la sm a  a t  room te m p e r a tu r e  o r  

r e f r i g e r a t i o n  o f  w h o le  b lo o d  f o r  p e r i o d s  up  to  one week made no 

a p p r e c i a b l e  d i f f e r e n c e  to  th e  r e a d i n g s .
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CHAPTER IX .

THE RECTAL AD MI HI STRATI OH OP SODIUM SALICYLATE

I n  a n  a t t e m p t  t o  r e d u c e  t h e  g a s t r i c  d i s t u r b a n c e s  w h ich  

a r e  w e l l  know n w ith  o r a l  a d m i n i s t r a t i o n  o f  so d iu m  s a l i c y l a t e  i n  

a d e q u a te  d o sa g e  many w o rk e rs  h a v e  u s e d  so d iu m  s a l i c y l a t e  a d m in is ­

t r a t i o n  p e r  r e c tu m  w i th  v a r y in g  s u c c e s s  i n  t h e  t r e a t m e n t  o f  r h e u ­

m a t ic  f e v e r .

Heyn (1 9 1 2 ) gave  sod ium  s a l i c y l a t e ,  120 t o  240 g r a i n s  

i n  6 o z s .  o f  s t a r c h  w a te r  i n t o  t h e  r e c tu m . T h e re  was r e l i e f  f ro m  

j o i n t  p a in s  a n d  a  m arked  r e d u c t i o n  i n  t e m p e r a tu r e .  J u d g in g  f ro m  

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

d u r in g  th e  f i r s t  12 h o u rs  a f t e r  a d m i n i s t r a t i o n .  He c o n s id e r e d  

g a s t r i c  d i s t u r b a n c e s  w ere a v o id e d  an d  t h e r a p e u t i c  r e s u l t s  o b ta in e d  

sh o w in g  t h e  r e c t a l  r o u te  t o  b e  p r e f e r a b l e  t o  t h e  o r a l  o n e . I r v i n g  

(1 9 2 3 ) h a d  s i m i l a r  e x p e r ie n c e s  i n  c h i l d r e n  w here he  em ployed  a  

d o s e  o f  1 t o  3 g r a i n s  p e r  pound body w e ig h t  n o t in g  t h a t  c h i l d r e n  

c o m p la in e d  o f  h e a d a c h e  and t i n n i t u s  w i t h i n  15 t o  45 m in u te s  o f  th e  

i n s t a l l a t i o n  o f  t h e  so d iu m  s a l i c y l a t e .  Blume & H o h ara  (1 9 3 3 ) com­

p a re d  t h e  l e v e l  o f  t h e  s a l i c y l a t e  i n  t h e  b lo o d  an d  t h e  q u a n t i t y  o f  

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

a d m i n i s t r a t i o n .  They fo u n d  a  s l i g h t l y  h ig h e r  b lo o d  s a l i c y l a t e
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c o n te n t  a f t e r  r e c t a l  a d m i n i s t r a t i o n  t h a n  when t h e  d ru g  was g iv e n  

by m o u th , b u t  a  s i m i l a r  am ount was e x c r e t e d  i n  t h e  u r in e  no 

m a t t e r  w h ich  m ethod  o f  a d m i n i s t r a t i o n  was u s e d .  They d e c id e d  

t h a t  a b s o r p t i o n  was m ore r a p i d  when t h e  d ru g  was a d m in i s t e r e d  

p e r  r e c tu m  a s  t h e  s o l u t i o n  came im m e d ia te ly  i n t o  c o n t a c t  w i th  a  

l a r g e r  a r e a  o f  m ucosa  f ro m  w h ich  a b s o r p t i o n  c o u ld  t a k e  p l a c e ,  

V e la sq u e z  (1 9 3 9 ) o b ta in e d  s a t i s f a c t o r y  r e s u l t s  w i th  a n  i s o t o n i c  

s o l u t i o n  o f  so d iu m  s a l i c y l a t e  (2 3 .2  g m s .p e r  l i t r e ) .  He to o  c o n ­

s i d e r e d  t h a t  s in c e  g a s t r i c  d i s t u r b a n c e s  a r e  th e r e b y  a v o id e d ,  t h e  

r e c t a l  r o u t e  i s  p r e f e r a b l e  t o  t h e  o r a l  o n e . M ack en z ie  ( 1 9 4 3 ) ,  

c o m p a rin g  t h e  o r a l  a n d  r e c t a l  a d m i n i s t r a t i o n  o f  so d iu m  s a l i c y l a t e  

by e s t i m a t i n g  u r i n a r y  s a l i c y l a t e ,  d e c id e d  t h a t  e x c r e t i o n  was m ore 

r a p i d  when t h e  d ru g  was g iv e n  by th e  m o u th , b u t  t h a t  a b s o r p t i o n  

was s i m i l a r  by b o th  r o u t e s .  He th o u g h t  t h a t  s a l i c y l a t e  en em ata  

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

H ow ever, H u n tin g d o n  e t  a l  ( 1 9 4 6 ) ,  u s in g  50 g r a i n s  so d iu m  s a l i c y ­

l a t e  p e r  r e c tu m  i n  1 o z .  o f  w a te r  a t  f o u r  h o u r ly  i n t e r v a l s  w ere  

u n a b le  t o  o b t a i n  a  se ru m  l e v e l  o f  s a l i c y l a t e  above  7 mgms % and  

d e c id e d  t h a t  t h e  a b s o r p t i o n  o f  so d iu m  s a l i c y l a t e  f ro m  th e  r e c tu m  

w as p o o r .

The m a jo r i t y  o f  w o rk e rs  h av e  com pared  th e  r e c t a l  and  

o r a l  r o u t e  by e x a m in a t io n  o f  e x c r e t i o n  o f  s a l i c y l a t e  o r  by
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t h e r a p e u t i c  an d  t o x i c  e f f e c t ,  m e th o d s  w h ich  a r e  i n d i r e c t  and 

w h ich  t e n d  t o  i n a c c u r a c y .

T e c h n iq u e  u s e d  i n  t h e  f o l lo w in g  i n v e s t i g a t i o n . The so d iu m  

s a l i c y l a t e  was d i s s o l v e d  i n  t h r e e  o z s .  o f  w a te r  an d  r u n  i n t o  t h e  

r e c tu m  a f t e r  a n  e v a c u a t in g  enema h ad  b e e n  r e t u r n e d .  The t u b in g  

w i th  c a t h e t e r  was t h e n  w ashed th r o u g h  i n t o  t h e  r e c tu m  w ith  a  

f u r t h e r  one o z . o f  w a te r .  A l l  f l u i d s  w ere  a d m in i s t e r e d  a t  body 

t e m p e r a t u r e .

A . C o m p ariso n  o f  P lasm a L e v e ls  w i th  O ra l an d  R e c ta l  
A d m i n i s t r a t i o n :

As a  p r e l im in a r y  t o  t h e  t r e a t m e n t  o f  r h e u m a tic  f e v e r  

by th e  r e c t a l  r o u t e  w i th  so d iu m  s a l i c y l a t e ,  t h e  o r a l  and  r e c t a l  

r o u t e s  w ere  com pared  i n  f i v e  p a t i e n t s .  T h ese  p a t i e n t s  w ere  g iv e n  

100 g r a i n s  o f  so d iu m  s a l i c y l a t e  i n  f i v e  o z s .  w a te r  o r a l l y  some 

2% h o u r s  a f t e r  t h e  l a s t  m e a l .  P lasm a l e v e l s  o f  s a l i c y l a t e  w ere 

o b ta in e d  a t  15 m i n s . ,  30  m i n s . ,  1 h o u r ,  2 h o u r s ,  4 h o u r s ,  8 h o u rs  

and  24 h o u r s  a f t e r  a d m i n i s t r a t i o n  o f  th e  d r u g .  S e v e r a l  d a y s  l a t e r  

when a l l  s a l i c y l a t e  h a d  b e e n  e x c r e t e d ,  th e  same d o se  I n  t h e  same 

q u a n t i t y  o f  w a te r ,  was g iv e n  t o  t h e  same p a t i e n t  b u t  t h i s  t im e  

r e c t a l l y .  Ho d i f f i c u l t y  was e x p e r ie n c e d  by t h e  p a t i e n t  i n  r e ­

t a i n i n g  t h e  s a l i c y l a t e  enema w h ich  was a d m in i s t e r e d  a t  body 

t e m p e r a t u r e .

F ig u re  17 shows t h e  p lasm a  s a l i c y l a t e  l e v e l s  o b ta in e d
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by r e c t a l  and  o r a l  a d m i n i s t r a t i o n  o f  so d iu m  s a l i c y l a t e  i n  t h i s  

m a n n e r .

I t  w i l l  be  s e e n  t h a t  t h e  p e a k  p la sm a  l e v e l s  o b ta in e d  

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

h o u r s ,  w h ile  w ith  r e c t a l  a d m i n i s t r a t i o n  th e  p ea k  p la sm a  l e v e l s  

o c c u r  a t  t h e  e i g h t h  h o u r .  T h is  i s  t a k e n  t o  i n d i c a t e  t h a t  t h e  

a b s o r p t i o n  f ro m  t h e  r e c t a l  m ucosa i s  s lo w e r  t h a n  fro m  th e  m ucosa 

o f  t h e  u p p e r  g a s t r o - i n t e s t i n a l  t r a c t .  A p p a re n t ly  t h e  p e a k  p la sm a  

l e v e l s  fro m  o r a l  a d m i n i s t r a t i o n  t e n d  t o  be s l i g h t l y  h ig h e r  t h a n  

th o s e  o b ta in e d  w i th  r e c t a l  i n s t a l l a t i o n .  T h is  m ig h t be  e x p la in e d  

by t h e  f a c t  t h a t  w i th  r e c t a l  s a l i c y l a t e ,  e x c r e t i o n  h a s  b e e n  g o in g  

on  f o r  a t  l e a s t  f o u r  h o u rs  lo n g e r  t h a n  w ith  t h e  o r a l  r o u t e  b e f o r e  

maximum p la sm a  c o n c e n t r a t i o n s  a r e  r e a c h e d .  The r a t e  o f  e l i m i n a ­

t i o n  o f  s a l i c y l a t e  ju d g e d  by t h e  f a l l  i n  p lasm a l e v e l s  a f t e r  p eak  

c o n c e n t r a t i o n s  h av e  b e e n  a t t a i n e d  a r e  c o m p a ra b le .

B. F re q u e n c y  o f  A d m i n i s t r a t i o n ;

From  t h e  above e x p e r im e n t  i t  a p p e a re d  t h a t  r e c t a l  

a b s o r p t i o n  was a d e q u a te  and  t h a t  e i g h t  h o u r ly  r e c t a l  i n s t a l l a ­

t i o n s  o f  so d iu m  s a l i c y l a t e  m ig h t be  a d e q u a te  I n  m a in ta in in g  

p la sm a  l e v e l s  o f  s a l i c y l a t e s .

(1 )  A f u r t h e r  tw o p a t i e n t s  w ere g iv e n  60 g r a i n s  o f sod ium  

s a l i c y l a t e  i n  t h r e e  o z s .  o f  w a te r  r e c t a l l y  e v e ry  e ig h t  h o u r s  and
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t h e  p la sm a  l e v e l s  w ere  e s t im a te d  e v e ry  f o u r  h o u r s  e x e e p t  

d u r in g  th e  n i g h t ,  o v e r  a  p e r io d  o f  52  h o u r s .  The r e s u l t s  a r e  

show n i n  F ig u r e  1 8 , w h ere  i t  may be  s e e n  t h a t  th e  p la sm a  l e v e l s  

w ere  m a in ta in e d  s a t i s f a c t o r i l y  o v e r  t h e  p e r io d  s t u d i e d .

FIGURE 1 8 .

4 o

$  3o

of
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28
T i m e - im  h o u r s

(2 )  L a rg e r  d o s e s  o f  so d iu m  s a l i c y l a t e  w ere u s e d  f o r  th e  

f o l lo w in g  p a t i e n t s .  T h e se  p a t i e n t s  r e c e i v e d  75 g r a i n s  o f  sod ium
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s a l i c y l a t e  i n  t h r e e  o z s .  o f  w a te r  by th e  r e c t a l  r o u t e  e v e ry  

e i g h t  h o u r s  and  a  s tu d y  made o f  p la sm a  l e v e l s , t o x i c  sym ptom s, 

an d  b o w el m ovem ents o v e r  a  p e r io d  o f  s e v e n  d a y s .  T h ese  r e s u l t s  

a r e  show n i n  F ig u r e  1 9 , an d  T a b le  5 .

FIGURE 1 9 .

T TT

T l M e  I N  I
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TABLE 5 .

R e c ta l  A d m in i s t r a t i o n  o f  Sodium  S a l i c y l a t e  was g iv e n  i n  t h r e e

o z s .  w a te r  e v e ry  8 h o u rs  com m encing on  1 s t .  d ay  a t  9 a .m .

A * M ale a d u l t ,  36  y e a r s .  W eight 7 s t .  7 l b s .

B = M ale a d u l t ,  42 y e a r s .  W eight 10 s t .  2 l b s .

b ay  o f  
T h e rap y T o x ic  M a n i f e s t a t io n s Bowel M ovements

B . 1 .  

2 .
3 .

4 .

5 .

6 .
7 .

8 .

N i l .

T i n n i t u s .

T i n n i t u s ,  d e a f n e s s  and  
n a u s e a  s l i g h t .

T i n n i t u s ,  d e a f n e s s ,  h y p e r ­
v e n t i l a t i o n  w i th  no 
n a u s e a .

i
T i n n i t u s ,  h y p e r v e n t i l a t i o n  

s l i g h t .

T i n n i t u s  o n ly .

T i n n i t u s .

T i n n i t u s .

Enema b e f o r e  s t a r t .

S o f t  s t o o l  6 a .m .

S o f t  s t o o l  9 a .m . 
S o f t  s t o o l  10  p .m .

S o f t  s t o o l  7 a .m .

N orm al s t o o l  8 a .m . 

No m o tio n .

N orm al s t o o l  7 a .m . 

S o f t  s t o o l  8 a .m .

A . 1 .  
2 .
3 .
4 .

5 .

6 .

7 .
8 .

N i l .
T i n n i t u s ,  d e a f n e s s .

T i n n i t u s ,  d e a f n e s s ,  n a u s e a .
T i n n i t u s ,  d e a f n e s s ,  n a u s e a ,  

v o m ite d  o n c e . L o ss  o f  
a p p e t i t e ,  m arked  p e r s p i r ­
a t i o n ,  h y p e r v e n t i l a t i o n .

V om ited  i n  t h e  m o rn in g  tw ic e ,  
g r s .  60 sod ium  b ic a r b o n a te  
4 h o u r ly  o r a l l y ,  f ro m  10
a .m . By e v e n in g ,  t i n n i t u s  
o n ly .  A p p e t i t e  g o o d .

T i n n i t u s  an d  s l i g h t  d e a f n e s s  
o n ly .  B ic a r b o n a te  d i s c o n ­
t i n u e d  4 p .m .

T i n n i t u s  o n ly .
T i n n i t u s .

Enema b e f o r e  s t a r t .
3 s o f t  s t o o l s  6 a .m . ,  

1 p .m . ,  4 p .m . 
N orm al m o tio n  8 a .m .

No m o tio n .

S o f t  s t o o l  8 a .m . an d  
7 p .m .

S o f t  s t o o l  7 a .m .

No m o tio n .
S o f t  s t o o l  7 a .m .
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I t  h a s  b e e n  shown t h a t  h ig h  p la sm a  l e v e l s  w ere 

o b ta in e d  i n  b o th  c a s e s  w ith  t h e  u s u a l  m a n i f e s t a t i o n s  o f  t o x i c ­

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

b i c a r b o n a t e  g r .  60 f o u r  h o u r ly  o n  th e  f i f t h  d ay  t o  p a t i e n t  A . 

r e d u c e d  th e  p lasm a  l e v e l  by o v e r  1 9 .2  mgms. % w i t h i n  21  h o u r s ,  

w h ile  i n  t h e  same p e r io d  p a t i e n t  B . who was n o t g iv e n  b i c a r b o n ­

a t e  h a d  a  f a l l  o f  p la sm a  l e v e l  o f  o n ly  6 .0  mgms. %. Prom  t h i s  

i t  i s  c o n c lu d e d  t h a t  t h e  o r a l  a d m i n i s t r a t i o n  o f  so d iu m  b i c a r b o n ­

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

p ro d u c e s  lo w e r  p la sm a  l e v e l s  i n  th e  same way a s  a  p a t i e n t  on  

o r a l  s a l i c y l a t e .  T h is  i s  f u r t h e r  e v id e n c e  show ing  t h a t  so d iu m  

b ic a r b o n a te  o r a l l y  i n f l u e n c e s  e l i m i n a t i o n  r a t h e r  t h a n  a b s o r p t i o n  

o f  so d iu m  s a l i c y l a t e .  I t  w i l l  b e  s e e n  t h a t  t h e r e  was no  m ark ed  

u p s e t  i n  bow el a c t i o n  w ith  t h e  f r e q u e n t  r e c t a l  a d m i n i s t r a t i o n s  

o f  so d iu m  s a l i c y l a t e  w h ich  t h e  p a t i e n t s  h ad  no d i f f i c u l t y  i n  r e ­

t a i n i n g ,  an d  d u r in g  w hich  th e y  e x p e r ie n c e d  no r e c t a l  d i s c o m f o r t .  

W idely  d i f f e r e n t  l e v e l s  w ere  e x p e r ie n c e d  on  c o n t in u e d  d o s a g e  o f  

t h e  same am ounts i n  t h e  tw o p a t i e n t s ,  a l th o u g h  p la sm a  l e v e l s  i n  

b o th  c a s e s  w ere  a d e q u a te  on  8 h o u r ly  e n e m a ta . T h is  a l s o  i n d i ­

c a t e s  t h a t  a  c lo s e  w a tch  s h o u ld  be  k e p t  on  p lasm a  l e v e l s  when 

p a t i e n t s  a r e  r e c e i v i n g  h ig h  r e c t a l  d o s e s  o f  s a l i c y l a t e .
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C . The C o n c u r re n t  A d m in i s t r a t i o n  o f  A l k a l i :

The f o l lo w in g  tw o c a s e s  d e m o n s tr a te  t h e  e f f e c t  o f  

so d iu m  b ic a r b o n a te  when a d m in i s t e r e d  r e c t a l l y  w i th  a n  e q u a l  

q u a n t i t y  o f  so d iu m  s a l i c y l a t e .  I n  t h e  same m anner a s  p r e v io u s ly  

d e s c r i b e d ,  t h e  tw o p a t i e n t s  w ere  g iv e n  100 g r s .  o f  so d iu m  s a l i c y  

l a t e  a lo n e  p e r  r e c tu m  an d  a t  a  l a t e r  d a te  t h e  same d o se  was a d ­

m i n i s t e r e d  a g a in ,  t h i s  t im e  w ith  t h e  a d d i t i o n  o f  a n  e q u a l  q u a n ­

t i t y  o f  so d iu m  b i c a r b o n a t e .

T h e se  r e s u l t s  a r e  show n i n  F ig u r e  2 0 .

I 3o

B.

SotM O M  & n L iC ' jL F * T £  
ftUONE

SOD IU M  SPi^iC'fLRTS  PLU S 
SOD iU M  B lC f lK B O N i1 T £ .

Hours wfTj?/? Rô iNt̂ r̂ RTiObt,



53

I t  w i l l  be s e e n  t h a t  t h e  maximum p lasm a c o n c e n t r a t i o n s  

o b ta in e d  w i th  t h e  a d d i t i o n  o f  b i c a r b o n a te  a r e  s i g n i f i c a n t l y  lo w e r  

t h a n  w i th  s a l i c y l a t e  a l o n e ,  a l th o u g h  th e  maximum l e v e l  o c c u r r e d  

a t  t h e  same t im e  w i th  b o t h .  T h is  i s  t a k e n  t o  be e v id e n c e  sh o w in g  

t h a t  t h e  a d d i t i o n  o f  b i c a r b o n a te  t o  sod ium  s a l i c y l a t e  by th e  

r e c t a l  r o u t e  I n t e r f e r e s  w i th  t h e  a b s o r p t i o n  o f  so d iu m  s a l i c y l a t e .

D . The T re a tm e n t o f  R h eu m atic  F e v e r :

I t  was d e c id e d  t o  t r e a t  tw o c a s e s  o f  rh e u m a tic  f e v e r  

by r e c t a l  s a l i c y l a t e  a d m i n i s t r a t i o n  th r o u g h o u t .  A s h o r t  summary 

o f  b o th  c a s e  r e c o r d s  w i th  t h e  p la sm a  l e v e l s  o b ta in e d  f o l l o w s .

C ase I . J . H . ,  m a le ,  26 y e a r s  o f  a g e ,  a d m i t te d  S t o b h i l l
H o s p i t a l  1 2 .1 2 .4 6 ,  w i th  f l i t t i n g  a r t h r i t i s  i n v o lv in g  k n e e s ,  
a n k l e s ,  w r i s t s  and  s h o u ld e r s  w hich  h ad  b e e n  p r e s e n t  f o r  
t h r e e  w e e k s . T e m p e ra tu re  1 0 0 °P , P u ls e  R a te  9 4 /m in . ,  R e­
s p i r a t i o n  2 2 /m in .  T h e re  was no c a r d i a c  e n la r g e m e n t ,  
a r r y th m ia  o r  b r u i t s .  H b. 1 3 .4  gms $ .  E .S .R .  94 mm i n  
f i r s t  h o u r ,  105 i n  s e c o n d  h o u r .  W .B.C. 8 ,0 0 0 /c u .m m .
R .B .C . 4 .5  m i l l i o n .  B .P . 1 2 0 /6 0 . Ho r a d i o l o g i c a l  
e v id e n c e  o f  bone a b n o r m a l i ty  was d e t e c t e d .

R e c ta l  so d iu m  s a l i c y l a t e  a d m i n i s t r a t i o n  was com­
m enced on 1 4 .1 2 .4 6  w i th  t h e  d o se  o f  60  g r s .  i n  t h r e e  
o z s .  w a te r  e v e ry  e i g h t  h o u r s .
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P r o g r e s s  and  P lasm a L e v e ls  
P lasm a L e v e ls

1 5 .1 2 .4 6
1 6 .1 2 .4 6

1 3 .6
1 4 .3

mgms
mgms i

1 7 .1 2 .4 6 2 6 .6 mgms i

1 8 .1 2 .4 6 2 3 .6 mgms i

1 9 .1 2 .4 6 3 2 .1 mgms $

2 0 .1 2 .4 6 2 8 .0 mgms %

2 8 .1 2 .4 6
8 .1 .4 7

1 0 .1 .4 7
1 2 .1 .4 7

2 8 .2  mgms % 
2 8 .0  mgms % 
S a l i c y l a t e  ( 
No f u r t h e r  {

L e ss  a r t h r a l g i a .  Temp, n o rm a l.  T i n n i t u s .
No j o i n t  p a i n s .  T i n n i t u s  and  s l i g h t  

d e a f n e s s .  P u ls e  R a te  7 2 /m in .
P e r s i s t e n t  t i n n i t u s  an d  d e a f n e s s .  E .S .R .  

6 5 / l s t . h o u r .  8 6 /2 n d .h o u r .
D e e p e r  r e s p i r a t i o n ,  some s w e a t in g  b u t  

c o m f o r ta b le .
S o d .B ic .  g r .  60  o r a l l y  t . i . d . ,  a f t e r  

a t t a c k  o f  n a u s e a .
R e s p i r a t i o n  n o rm a l, no  n a u s e a .  S o d .b i c .  

d i s c o n t i n u e d .

gais %, E .S .R .  3 / l s t . h r .  1 2 /2 n d .h r .  W .B.C. 9 ,0 0 0 .
R .B .G . 4 .7 5  m i l l i o n .  B .P . 1 2 5 /7 5 .

D is c h a rg e d  2 1 ,1 .4 7 .  R eview ed  2 0 .2 .4 7  -  no a b n o r m a l i ty  o r  com­
p l a i n t  .

The p a t i e n t  show s re m a rk a b ly  s te a d y  l e v e l s  on  r e c t a l  
s a l i c y l a t e .  He h ad  a n  u n e v e n t f u l  r e c o v e r y  w i th  a l l  c l i n i c a l  
s ig n s  d i s a p p e a r i n g  by t h e  f o u r t h  d ay  o f  t r e a t m e n t  e x c e p t  f o r  
a  r a i s e d  E .S .R .  The p a t i e n t  h a d  no d i f f i c u l t y  w ith  d e f a e c a -  
t i o n ,  p a s s in g  a  d a i l y  m o tio n  b e f o r e  th e  m o rn in g  enema a n d  a n  
o c c a s i o n a l  s m a l l  s o f t  s t o o l  d u r in g  th e  a f t e r n o o n .  T h e re  was 
no r e c t a l  i r r i t a t i o n  o r  d i f f i c u l t y  i n  r e t a i n i n g  th e  s a l i c y ­
l a t e  e n e m a ta .

C ase I I . J . C . ,  m a le ,  a g e d  12 y e a r s .  A d m itte d  t o  E a s t e r n
D i s t r i c t  H o s p i t a l  on 4 .9 .4 6  w i th  f l i t t i n g  a r t h r i t i s  i n v o lv in g  
t h e  a n k l e s ,  w r i s t s ,  k n e e s  an d  e lb o w s f o r  12 d a y s  p r e v i o u s l y .  
S o re  t h r o a t  t h r e e  w eeks p r e v i o u s l y .  No p r e v io u s  h i s t o r y  o f  
rh e u m a tis m .
I n v e s t i g a t i o n :  T e m p e ra tu re  1 0 1 ° P .,  P u ls e  R a te  1 4 0 /m in . ,  R e­
s p i r a t i o n  2 4 /m in . ,  W .B.C. 1 0 ,0 0 0 /c u .  mm., H b. 13 gms 
R .B .C . 4 ,0 0 0 ,0 0 0 .  E .S .R .  8 6 / l s t . h r . ,  1 0 2 /2 n d .h r .  M o d era te  
c a r d i a c  e n la rg e m e n t w ith  a n  a p i c a l  s y s t o l i c  c o n d u c te d  b r u i t .
No d i a s t o l i c  m urm ur. E .C .C . ,  P .R . i n t e r v a l  .2 5  s e c .

S t a r t i n g  6 .9 .4 6  r e c t a l  sod ium  s a l i c y l a t e  was a d m in is ­
t e r e d  40 g r s .  i n  tw o o z s .  w a te r  i n  8 h o u r ly  e n e m a ta , -  
11 p .m . ,  7 a .m . ,  3 p .m . d a i l y .
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5 .1 1 .4 6
7 .1 1 .4 6
1 8 .1 1 .4 6

2 8 .1 1 .4 6

P lasm a L e v e ls

E .S .R .  9 0 / l s t . h r .  J o i n t  p a in s  l e s s  
s e v e r e . P u ls e  R a te  1 4 0 /m in .

T i n n i t u s ,  d e a f n e s s ,  s w e a t in g .  Ho j o i n t  
p a i n s .  P u ls e  R a te  1 2 0 /m in .

T i n n i t u s ,  d e a f n e s s ,  s l i g h t  n a u s e a .
N orm al t e m p e r a t u r e . P u ls e  R a te  
1 2 0 /m in .

E .S .R .  8 8 / l s t . h o u r .  P u ls e  R a te  1 1 0 /m in . 
T i n n i t u s  an d  d e a f n e s s  o n ly .

S l i g h t  n a u s e a .
E .S .R .  4 2 / l s t . h o u r .  No n a u s e a .

T i n n i t u s  and  d e a f n e s s  p e r s i s t e d  
th ro u g h o u t  f ro m  t h i s  t im e .

E .S .R .  2 8 / l s t . h o u r .  P u ls e  R a te  9 0 /m in .

E .S .R .  1 5 / l s t . h o u r .  P u ls e  R a te  7 8 /m in .
E .C .G . P .R . i n t e r v a l  .1 8  s e e .

E .S .R .  8 / l s t . h o u r .  P u ls e  R a te  8 2 /m in .
E .S .R .  5 / l s t . h o u r .  P u ls e  R a te  8 2 /m in .
E .S .R . 5 / l s t . h o u r .  P u ls e  R a te  7 8 /m in .

R e c ta l  s a l i c y l a t e  d i s c o n t i n u e d .
No f u r t h e r  sym ptom s. A llo w ed  up  s lo w ly .
H b. 14 gms %, W .B.C. 9 ,0 0 0 /c u .  mm. R .B .C . 4 .5  m i l l i o n .

E .S .R .  4 / l s t . h o u r ,  l 2 / 2 n d .h o u r .  No c a r d i a c  e n l a r g e ­
m ent b u t  a  c o n d u c te d  b r u i t  s y s t o l i c  i n  t i m e .  D i s ­
c h a rg e d  .

No f u r t h e r  sym ptom s.

7 .9 .4 6 2 2 .6 mgms

8 .9 .4 6 3 6 .5 mgms

9 .9 .4 6 4 2 .1 mgms

1 0 .9 .4 6
1 4 .9 .4 6

3 9 .8
4 2 .0

mgms
mgms

1 8 .9 .4 6
2 1 .9 .4 6
2 6 .9 .4 6

3 8 .6
4 2 .5
3 6 .4

mgms
mgms
mgms

2 8 .9 .4 6
6 .1 0 .4 6
1 0 .1 0 .4 6
1 5 .1 0 .4 6

3 8 .2
3 0 .6
3 2 .6  
3 0 .8

mgms
mgms
mgms
mgms

2 1 .1 0 .4 6
2 8 .1 0 .4 6
4 .1 1 .4 6

2 8 .6
2 9 .6
2 6 .6

mgms
mgms
mgms

T h is  c a s e  a l s o  show s a n  u n e v e n t f u l  r e c o v e r y .  The p la sm a  
l e v e l s  w ere  w e l l  m a in ta in e d  and  o n ly  m in o r  t o x i c  m a n i f e s t a ­
t i o n s  w ere  s e e n .

Thus b o th  p a t i e n t s  showed re m a rk a b ly  s te a d y  l e v e l s  

th ro u g h o u t  w ith  c l i n i c a l  im provem en t w i t h i n  48 h o u r s  and  b o th  

a p p e a re d  w e l l  on  d i s c h a r g e  an d  d u r in g  a  s h o r t  f o l lo w - u p  p e r i o d .  

T h e re  was no u p s e t  i n  bow el rh y th m  o r  r e c t a l  i r r i t a t i o n  d u r in g

t r e a tm e n t
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C o n c lu s io n s .

The r e c t a l  a b s o r p t i o n  o f  sod ium  s a l i c y l a t e  i s  s lo w e r  

t h a n  w ith  o r a l  a d m i n i s t r a t i o n  b u t  a d e q u a te  p la sm a  l e v e l s  may be 

m a in ta in e d  by 8 h o u r ly  r e c t a l  en em a ta  o f  so d iu m  s a l i c y l a t e  a lo n e  

w i th  f u l l  t h e r a p e u t i c  r e s u l t s  i n  rh e u m a t ic  f e v e r .  The te c h n iq u e  

o f  a d m i n i s t r a t i o n  i s  s im p le  and  t h i s  fo rm  o f  a d m i n i s t r a t i o n  i s  

w e l l  t o l e r a t e d  w i th  l i t t l e  u p s e t  i n  b o w el rh y th m . The a d d i t i o n  

o f  so d iu m  b i c a r b o n a te  r e c t a l l y  d e c r e a s e s  t h e  a b s o r p t i o n  o f  so d iu m  

s a l i c y l a t e  m a rk e d ly  w h i le  i f  g iv e n  c o n c u r r e n t ly  by th e  m outh  

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

a d m i n i s t r a t i o n  o n  th e  g a s t r i c  m a n i f e s t a t i o n s  o f  s a l i c y l a t e  t o x ­

i c i t y  a r e  d i s c u s s e d  i n  C h a p te r  V I .



57

CHAPTER I I I .

THE INTRAVENOUS ADMINISTRATION OP SODIUM SALICYLATE

C o b u rn  (1 9 4 3 ) r e i n t r o d u c e d  th e  in t r a v e n o u s  t r e a tm e n t  

c la im in g  t h a t  i n  r h e u m a tic  f e v e r  s p e e d i e r  c o n t r o l  o f  t h e  d i s e a s e  

w i th  a  f a l l  i n  in c id e n c e  o f  c a r d i a c  dam age, was p o s s i b l e  w i th  

t h i s  r o u t e .  H is  r e a s o n  f o r  u s in g  t h e  in t r a v e n o u s  r o u t e  was t o  

p ro d u c e  an d  m a in ta in  p la sm a  l e v e l s  ab o v e  3 5 .0  mgms %, w h ich  he  

c o n s id e r e d  t h e  minimum t h e r a p e u t i c  l e v e l  i n  r h e u m a tic  f e v e r .

He a d v o c a te d  u p  t o  t e n  d a y s  in t r a v e n o u s  th e r a p y  u s in g  10 gm s. 

o f  so d iu m  s a l i c y l a t e  a s  a  1% s o l u t i o n ,  o r  20 gm s. a s  a  2 % s o l u ­

t i o n ,  i n  n o rm a l s a l i n e ,  o v e r  a  p e r io d  o f  e i g h t  h o u rs  d a i l y .

T h is  h e  t h e n  f o l lo w e d  by h ig h  o r a l  d o s e s  t o  m a in t a in  t h e  h ig h  

p la sm a  l e v e l s  so  p ro d u c e d .

E a r l i e r  w o rk e rs ,  M endel ( 1 9 0 5 ) ,  M a tta  ( 1 9 1 6 ) ,  G i l b e r t  

e t  a l .  ( 1 9 2 1 ) ,  L u tem b ach er (1 9 2 1 ) ,  L esn e  (1 9 2 2 ) ,  an d  C a rn o t an d  

B la m o u tie r  (1 9 2 5 ) h a d  a l l  u s e d  an d  recom m ended t h e  i n t r a v e n o u s  

r o u t e  f o r  t h e  a d m i n i s t r a t i o n  o f  sod ium  s a l i c y l a t e .  H a n z l ik  

(1 9 2 6 ) r e v ie w in g  a l l  t h e  p r e v io u s  w ork  fo u n d  t h a t  t h e  c la im s  

t h a t  w ere  made w ere  ” u n s u p p o r te d  by a  s i n g l e  i o t a  o f  e v id e n c e ” .

S in c e  C o b u rn ’ s  w ork many o th e r s  h av e  c r i t i c i s e d  t h i s  

m ethod  o f  a d m i n i s t r a t i o n  m a in ly  on  t h e  g ro u n d s  t h a t  t h e r a p e u t i c  

e f f i c i e n c y  o f  so d iu m  s a l i c y l a t e  was n o t  im p ro v e d , among th em
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B a l l  ( 1 9 4 5 ) ,  M cE achern  (1 9 4 5 ) ,  W arren  e t  a l . ( 1 9 4 5 ) ,  an d  W egria

an d  S m u ll (1 9 4 5 ) on tw o  o c c a s io n s .  T a ra n  and  J a c o b s  (1 9 4 5 )

c la im e d  t h a t  t h e  i n t r a v e n o u s  r o u t e  was h a z a r d o u s .  I n  a  r e c e n t

w e l l  c o n t r o l l e d  s tu d y  o f  186 c a s e s  o f  r h e u m a t ic  f e v e r  W arren  e t

a l .  (1 9 4 6 ) s i f t e r  a  f o l lo w  u p  p e r io d  o f  t h r e e  y e a r s  fo u n d  t h a t

i n t r a v e n o u s  th e r a p y  o f f e r e d  no a d v a n ta g e  o v e r  o r a l  t h e r a p y .

J a g e r  an d  Alway (1 9 4 6 ) how ever s u p p o r te d  C o b u rn ’ s  v ie w s .
( 1)

M a n c h e s te r  (1 9 4 6 ) n o te d  t h a t  w i t h i n  48 h o u rs  s a l i c y l a t e  l e v e l s

i n  t h e  p la sm a  w ith  o r a l  th e r a p y  e x c e e d e d  th o s e  fro m  in t r a v e n o u s

th e r a p y  e x c e p t  d u r in g  and  im m e d ia te ly  a f t e r  a n  i n t r a v e n o u s  i n -
( 2 )

j e c t i o n .  B u t M a n c h e s te r  (1 9 4 6 ) n e v e r t h e l e s s  b e l i e v e s  i n  th e  

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

t r o l l i n g  c a r d i a c  dam age.

I t  a p p e a r s  l o g i c a l  t o  assum e t h a t  i f  i n t r a v e n o u s  t h e r ­

apy i s  t o  s u p e r s e d e  o r a l  th e r a p y  e v e n  i n  th e  f i r s t  few  d a y s  o f  

t h e  t r e a t m e n t  o f  rh e u m a tic  f e v e r ,  t h e  i n t r a v e n o u s  r o u t e  m ust 

p ro d u c e  h ig h e r  p la sm a  l e v e l s  o f  s a l i c y l a t e  t h a n  t h e  o r a l  r o u t e .  

T h is  was t h e  p rim e  r e a s o n  t h a t  l e d  C oburn  (1 9 4 3 ) t o  r e i n t r o d u c e  

t h i s  fo rm  o f  a d m i n i s t r a t i o n .

(A) The C o m p ariso n  o f  P lasm a  L e v e ls  f o l lo w in g  O ra l an d  
I n t r a v e n o u s  A d m in i s t r a t i o n  o f  Sodium  S a l i c y l a t e :

To com pare t h e  p la sm a  s a l i c y l a t e  c o n c e n t r a t i o n s  f ro m

o r a l  and  in t r a v e n o u s  t h e r a p y ,  f i v e  m a le  a d u l t s  w ere  g iv e n  10  gm s.



59

o f  so d iu m  s a l i c y l a t e  i n  1 ,0 0 0  c c s .  o f  n o rm a l s a l i n e  o v e r  e i g h t  

h o u r  p e r io d s  f o r  s e v e r a l  d a y s .  Some d a y s  l a t e r  when a l l  s a l i ­

c y l a t e  h ad  b e e n  e x c r e t e d  a s  d e te r m in e d  by e x a m in a t io n  o f  t h e  

u r i n e ,  t h e  same p a t i e n t s  w ere  g iv e n  10 gm s. o f  so d iu m  s a l i c y l a t e  

o r a l l y  i n  d iv id e d  f o u r  h o u r ly  d o s e s  d a i l y .  W ith  o r a l  a d m in is ­

t r a t i o n  p la sm a  s a l i c y l a t e  l e v e l s  w ere  o b ta in e d  d a i l y  im m e d ia te ly  

p r i o r  t o  t h e  a d m i n i s t r a t i o n  o f  one o f  t h e  f o u r  h o u r ly  d o s e s ,  and  

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

t r a v e n o u s  i n j e c t i o n .

The p la sm a  l e v e l s  o b ta in e d  i n  t h i s  m anner h a v e  b e e n  

show n a s  t h e  a v e ra g e  p la sm a  l e v e l s  f o r  t h i s  g ro u p  o f  p a t i e n t s  

f i r s t  w ith  o r a l  a d m i n i s t r a t i o n  and  t h e n  w i th  in t r a v e n o u s  th e r a p y  

i n  F ig u r e  2 1 .

I t  w i l l  b e  s e e n  fro m  F ig u r e  21 t h a t  m arked  p e a k in g  

o c c u r r e d  im m e d ia te ly  a f t e r  t h e  in t r a v e n o u s  i n j e c t i o n  b u t  by th e  

n e x t  m o rn in g  t h e  p l a s n a l e v e l s  h ad  f a l l e n  c o n s id e r a b l y .  The p l a s ­

ma l e v e l s  w i th  o r a l  th e r a p y  w ere  s te a d y ,  a n d  com pared  f a v o u r a b ly  

w i th  th o s e  o b ta in e d  f ro m  in t r a v e n o u s  t h e r a p y ,  a p a r t  f ro m  th e  p e ak  

c o n c e n t r a t i o n s  im m e d ia te ly  a f t e r  t h e  i n t r a v e n o u s  i n j e c t i o n  w h ich  

l a s t e d  f o r  a  s h o r t  p e r io d  o n ly .  O ra l a d m i n i s t r a t i o n  c o n c e n t r a ­

t i o n s  w ere  c o n s i s t e n t l y  h ig h e r  t h a n  th e  c o n c e n t r a t i o n s  fo u n d  b e ­

f o r e  t h e  in t r a v e n o u s  i n j e c t i o n .  Random p la sm a  e s t i m a t i o n s  t a k e n  

a f t e r  t h e  in t r a v e n o u s  i n j e c t i o n s  an d  b e f o r e  t h e  s u c c e e d in g  one



60

FIGURE 2 1 .

m

ORAL flDM/AfiST̂ATlbiSt

lMTO.n\l£NOUS  APM WV/STftftTlOrt

71“

r t "

1—r



61

show ed t h a t  t h e  f a l l  i n  p lasm a c o n c e n t r a t i o n  i s  r a p i d  im m e d ia te ­

l y  a f t e r  t h e  i n j e c t i o n  i n d i c a t i n g  t h a t  t h e  p eak  c o n c e n t r a t i o n  

a f t e r  t h e  i n j e c t i o n  i s  o f  s h o r t  d u r a t i o n .

(B) The e f f e c t  o f  I n t r a v e n o u s  A d m in i s t r a t i o n  o f  Sodium  
S a l i c y l a t e  on  th e  CO2  C om bin ing  P o w er:

I n t r a v e n o u s  i n j e c t i o n  o f  10 gm s. o f  so d iu m  s a l i c y l a t e  

l e a d s  t o  a  m arked  d ro p  i n  t h e  COg co m b in in g  p o w er. The CO2 

c o m b in in g  pow ers i n  5 p a t i e n t s  who w ere  r e c e i v i n g  10 gm s. o f  

so d iu m  s a l i c y l a t e  d a i l y  i n  n o rm a l s a l i n e  w ere  e s t im a te d  d a i l y .

A s h o r t  c o n t r o l  p e r io d  was o b s e rv e d  and  a l l  r e s u l t s  a r e  shown 

i n  F ig u r e  2 2 .

The f a l l  i n  COg co m b in in g  pow er w i th  t h e  d a i l y  ad m in ­

i s t r a t i o n  o f  10 gm s. o f  so d iu m  s a l i c y l a t e  i n t r a v e n o u s l y  co m p ares 

u n f a v o u ra b ly  w i th  th e  f a l l  o b ta in e d  w ith  a n  e q u i v a l e n t  am ount 

g iv e n  o r a l l y  a s  show n i n  F i g .1 6 .

However i t  was n o te d  t h a t  i n  tw o  c a s e s  t h e  c o i n c i d e n t  

a d m i n i s t r a t i o n  o f  in t r a v e n o u s  so d iu m  l a c t a t e  p r e v e n te d  t h i s  f a l l  

i n  COg co m b in in g  p o w er. The sod ium  l a c t a t e  was g iv e n  a s  a n  M/Q 

s o l u t i o n  i n  t h e  n o rm a l s a l i n e  i n  w h ic h  t h e  so d iu m  s a l i c y l a t e  was 

a d m i n i s t e r e d .  T h is  m ig h t b e  a n  i n d i c a t i o n  f o r  t h e  u s e  o f  c o n ­

c u r r e n t  so d iu m  l a c t a t e  a d m i n i s t r a t i o n  when so d iu m  s a l i c y l a t e  i s  

b e in g  g iv e n  i n t r a v e n o u s l y ,  b u t  t h e  m echan ism  o f  i t s  a c t i o n  i n  

p r e v e n t in g  th e  r e d u c t i o n  i n  CO2  c o m b in in g  pow er was n o t s t u d i e d .
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The T o x ic  m a n i f e s t a t i o n s  w i th  in t r a v e n o u s  s a l i c y l a t e  

w ere  o b s e rv e d  i n  s e v e r a l  c a s e s  an d  a r e  d i s c u s s e d  i n  C h a p te r  V I . 

T h e se  t o x i c  e f f e c t s ,  w i th  th e  e x c e p t io n  o f  v o m it in g ,  w ere  a t  

l e a s t  a s  f r e q u e n t  a s  when th e  same q u a n t i t y  o f  th e  d r u g  was 

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

w ere  m ore s e v e r e .

C o n c lu s io n s .

I n  t h e  l i g h t  o f  t h e  above  o b s e r v a t io n s  t h e r e  a p p e a r s  

l i t t l e  t o  commend in t r a v e n o u s  th e r a p y  a s  b e in g  a  b e t t e r  mode o f  

a d m i n i s t r a t i o n  th a n  o r a l  t h e r a p y .  The te c h n iq u e  i s  m ore d i f f i ­

c u l t  an d  i s  r e s e n t e d  by p a t i e n t s ,  a s  a n  e i g h t  h o u r  im m o b i l i s a ­

t i o n  o f  a  l im b  when a r t h r a l g i a  i s  p r e s e n t  c a n  b e  v e ry  p a i n f u l .  

The ab o v e  o b s e r v a t i o n s ,  t h a t  j u s t  a s  e f f e c t i v e  p lasm a  l e v e l s  

c a n  b e  o b ta in e d  w i th  o r a l  a d m i n i s t r a t i o n ,  t h a t  m ore m ark ed  r e ­

d u c t i o n s  i n  COg C om bin ing  Power t a k e  p l a c e ,  and  t h a t  t o x i c  

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

t o  ab a n d o n  t h e  i n t r a v e n o u s  r o u te  a s  a  m eth o d  o f  sod ium  s a l i c y ­

l a t e  t h e r a p y .  T h is  w ork w ould t e n d  t o  s u p p o r t  t h e  o b s e r v a t io n s  

o f  H a n z l ik  (1 9 2 6 ) ,  a n d  o t h e r s ,  t h a t  in t r a v e n o u s  s a l i c y l a t e  t h e r ­

apy  o f f e r s  fe w , i f  a n y , a d v a n ta g e s  o v e r  o r a l  a d m i n i s t r a t i o n  o f  

t h e  d r u g .



64

CHAPTER IV .

THE DISTRIBUTION OP SALICYLATE IN  THE BODY FLUIDS

Ja co b y  (1 9 0 8 ) was th e  f i r s t  t o  i n d i c a t e  t h a t  s a l i c y ­

l a t e  c o u ld  b e  bound by  th e  p la sm a  p r o t e i n s .  B a s in g  h i s  c o n c l u ­

s io n s  on  o b s e r v a t io n s  on th e  serum  o f  r a b b i t s ,  he s t a t e d  t h a t  

b in d in g  o c c u r r e d  o n ly  i n  v iv o ,  and  c o u ld  n o t  b e  p ro d u c e d  i n  

v i t r o .  H ow ever t h i s  i n  v i t r o  b in d in g  h a s  s in c e  b e e n  p ro d u c e d  

by o t h e r s .  C o q u o n in  (1 9 2 2 ) fo u n d  t h a t  d i a l y s i n g  s a l i c y l a t e d  

se ru m  a g a i n s t  p h y s i o l o g i c a l  s a l i n e  f r e e  f ro m  s a l i c y l  g av e  a n  

e v e n  d i s t r i b u t i o n  o f  s a l i c y l  a f t e r  s u f f i c i e n t  t im e .  H ow ever, 

C h a b a n ie r  e t  a l .  (1 9 2 3 ) w ere a b le  t o  show t h a t  se ru m  c o n t a i n i n g  

so d iu m  s a l i c y l a t e  l o s t  p r a c t i c a l l y  none o f  t h e  s a l i c y l a t e  t o  

i s o t o n i c  s a l i n e ,  w h i le  se ru m  d i a l y s e d  a g a i n s t  s a l i n e  c o n t a i n i n g  

s a l i c y l a t e  r a p i d l y  g a in e d  m ore s a l i c y l a t e  w ith  i t s  v i r t u a l  d i s ­

a p p e a ra n c e  f ro m  th e  s a l i n e ,  i n d i c a t i n g  t h e  p e c u l i a r  a f f i n i t y  

f o r  t h e  s a l i c y l a t e  o f  p la sm a . Van Leeuwem an d  D rz im a l (1 9 2 4 ) 

show ed t h a t  seru m  fro m  a s th m a t ic s  bound s a l i c y l a t e  m ore t h a n  

d i d  n o rm a l se ru m .

As D a v is  (1 9 4 3 ) h as  shown w ith  s u lp h o n a m id e , th e  d i s ­

t r i b u t i o n  o f  a  d ru g  i n  body f l u i d s  s h o u ld  be a n a ly s e d  i n  te rm s  

o f  b in d in g  t o  p r o t e i n .  L e s t e r  e t  a l .  (1 9 4 6 ) w o rk in g  w i th  a n i ­

m a ls  fo u n d  th e  s ta te m e n t  o f  R e in h o ld  e t  a l .  (1 9 4 4 ) Mt h a t
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su lp h o n a m id e  so  bound  i n  a  p r o te in - s u lp h o n a m id e  com plex  a p p e a r s  

t o  b e  i n  e q u i l i b r i u m  w ith  t h e  f r e e  su lp h o n a m id e  and  p la sm a  p r o ­

t e i n s  an d  t h a t  t h e  p e n e t r a t i o n  o f  su lp h o n a m id e s  i n t o  e r y t h r o ­

c y t e s  and  o t h e r  c e l l s ,  and  i n t o  th e  C .S .F .  a n d  o t h e r  body f l u i d s  

i n c l u d i n g  t h e  g lo m e r u la r  f i l t r a t e  i s  c o n f in e d  t o  t h e  u l t r a f i l -  

t r a b l e  p o r t i o n ” i s  e q u a l ly  a p p l i c a b l e  t o  s a l i c y l a t e .  L e s t e r  e t  

a l .  (1 9 4 6 ) show ed, m o re o v e r , t h a t  t h e  r e s u l t s  o b ta in e d  by u l t r a ­

f i l t r a t i o n  and  d i a l y s i s  w ere  c o m p a ra b le .

I n  v iew  o f  t h e  s ta te m e n t  o f  C o b u rn  (1 9 4 3 ) t h a t  b e t t e r  

t h e r a p e u t i c  r e s u l t s  w ere  o b ta in e d  i n  rh e u m a tic  f e v e r  a t  a  c o n ­

c e n t r a t i o n  o f  s a l i c y l a t e  i n  t h e  p lasm a  o v e r  3 5 .0  mgms. %, and  

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

f r a c t i o n  i n  t h e  p la sm a  w h ich  c o n t r o l s  c o n c e n t r a t i o n  i n  t h e  body 

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

was s i g n i f i c a n t l y  o f  g r e a t e r  p r o p o r t i o n  a t  t h i s  t o t a l  p la sm a  

s a l i c y l a t e  l e v e l .  O r, t o  a s c e r t a i n  i f  t h e r e  was a  t o t a l  p la sm a  

s a l i c y l a t e  c o n c e n t r a t i o n  above w hich  th e  f r e e  s a l i c y l a t e  i n ­

c r e a s e d  r a p i d l y ,  th u s  g iv in g  r i s e  t o  g r e a t e r  c o n c e n t r a t i o n  i n  

t h e  body f l u i d s ,  w ith  a  p o s s i b l e  b e a r in g  on t h e  t h e r a p e u t i c  r e ­

s u l t s .  T h is  i n v e s t i g a t i o n  f a l l s  i n t o  tw o  p a r t s ,  f i r s t l y ,  t h e  

d e t e r m in a t i o n  o f  f r e e  and bound s a l i c y l a t e  i n  t h e  p lasm a  and 

i t s  v a r i a t i o n  w i th  p la sm a  p r o t e i n  c o n c e n t r a t i o n ,  and  s e c o n d ly ,  

t h e  d e t e r m in a t i o n  o f  t h e  r e l a t i o n s h i p  b e tw e e n  th e  f r e e  s a l i c y l a t e
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i n  t h e  p la sm a  a n d  th e  body f l u i d s .

A . The d e t e r m in a t i o n  o f  bound and  f r e e  s a l i c y l a t e  i n  th e  
p la sm a  and  i t s  v a r i a t i o n  w i th  p la sm a  p r o t e i n  c o n ­
c e n t r a t i o n :

M ethods u s e d .

( a )  2 c o s ,  o f  t h e  p la sm a  c o n ta in in g  t h e  s a l i c y l a t e  w ere  
d i a l y s e d  a t  room  t e m p e r a t u r e ( 1 ) ,  i n  a  c e l lo p h a n e  
b a g ( 2 ) ,  a g a i n s t  5 c c s .  o f  b u f f e r ( 3 ) .  D i a l y s i s  w as 
c a r r i e d  on  f o r  24 h o u rs  a t  w h ich  t im e  e q u i l i b r i u m  
was o b ta in e d  a s  f u r t h e r  d i a l y s i s  g av e  no  i n c r e a s e  
i n  t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  t h e  b u f f e r .
A s o l u t e  w h ich  c a n  t r a v e r s e  t h e  m em brane w i l l ,  i f  
t h e r e  i s  no o th e r  r e s t r a i n i n g  f o r c e ,  d i f f u s e  
th ro u g h  i t  u n t i l  t h e  c o n c e n t r a t i o n s  i n  t h e  tw o 
m ed ia  a r e  i d e n t i c a l ( 4 ) . The r e s t r a i n i n g  f o r c e  i n  
t h i s  i n s t a n c e  i s  p la sm a  p r o t e i n  t o  w h ich  bound  
s a l i c y l a t e  i s  a t t a c h e d  an d  t o  w hich  t h e  m em brane 
i s  n o t  p e rm e a b le ,  t h e  unbound o r  f r e e  s a l i c y l a t e  
b e in g  d i f f u s a b l e .

FIGrtJBE 23
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Thus th e  c o n c e n t r a t i o n  o f  f r e e  s a l i c y l a t e  i n  t h e  p la sm a  
i s  fo u n d  by m u l t i p l y in g  th e  c o n c e n t r a t i o n  i n  t l i e  b u f f e r  
by th e  t o t a l  w a te r  i n  t h e  sy s te m  d iv id e d  by th e  p la sm a  
w a t e r ( 5 ) .  The d i f f e r e n c e  b e tw e e n  th e  f r e e  s a l i c y l a t e  
a n d  t h e  t o t a l  s a l i c y l a t e (6 )  was t a k e n  t o  b e  t h e  am ount 
o f  t h e  bound  d r u g .  The e f f e c t s  o f  D onnan e q u i l i b r i u m  
w ere  n e g l e c t e d ( 7 ) .

(k )  The t o t a l  p la sm a  p r o t e i n s  w ere  e s t i m a t e d  by t h e  D ip p in g  
R e f r a c to m e te r  ( Z e i s s ) .

1 .  L e s t e r  e t  a l .  (1 946) and  D a v is  (1 9 4 3 ) h a v e  show n t h a t
t e m p e r a tu r e  e x e r t s  no  a p p r e c i a b l e  e f f e c t  on  th e  
m a g n itu d e  o f  th e  b in d in g .

2 .  The c e l lo p h a n e  u se d  i n  t h e s e  e x p e r im e n ts  was m a n u fa c ­
t u r e d  a n d  s u p p l ie d  by B r i t i s h  C e l lo p h a n e ,  L td .

3 .  The b u f f e r  u s e d  was t h a t  o f  D a v is  (1 9 4 3 ) d e s ig n e d  t o
s im u la te  body  f l u i d s  and  p r e v e n t  i n t e r f e r e n c e  w i th  
d i a l y s i s  o f  p lasm a by pH, and  was 0 .1 5  M UaCl i n  
0 .0 1  M Sodium  p h o s p h a te  a d j u s t e d  t o  pH 7 .4  ( 2 5 ° C .) .

4 .  P e t e r s  ( 1 9 3 5 ) .

5 .  P lasm a  w a te r  was t a k e n  t o  be  t o t a l  p la sm a  volum e a s
u s e d  i n  t h e  e x p e r im e n ts ,  a s  t h e  f a c t o r  f o r  c o n v e r s io n  
o f  p la sm a  volum e t o  p la sm a  w a te r  i s  s m a l l  -  D a v is  
( 1 9 4 3 ) .  I t  i s  d e p e n d e n t on c o n c e n t r a t i o n  o f  p la sm a  
p r o t e i n ,  and  f o r  e x a m p le , a t  a  p la sm a  p r o t e i n  c o n ­
c e n t r a t i o n  o f  5 .9 4  gm s .% th e  f a c t o r  i s  0 .9 5 5 .

6 .  E s t im a te d  by  th e  m ethod  o f  B ro d ie  e t  a l .  (1 9 4 4 ) on  a
sam p le  o f  t h e  p la sm a  b e f o r e  d i a l y s i s .

7 .  I n  so  d o in g  th e  p r e c e d e n t  o f  D a v is  (1 9 4 3 ) i s  f o l lo w e d .
I n  t h e  e s t i m a t i o n  o f  a n  unbound  d ru g  any  e r r o r  
c a u s e d  w i l l  b e  i n  t h e  d i r e c t i o n  o f  u n d e r e s t im a t in g  
t h e  b in d in g .

T e c h n iq u e .

1 .  A num ber o f  i n d i v i d u a l  p la sm as  was o b ta in e d  f r e s h l y  f ro m  

p a t i e n t s .  T h ese  p la sm a s  w ere d iv id e d  i n t o  p o r t i o n s  an d
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t o  e a c h  p o r t i o n  was ad d ed  a  m e a su re d  q u a n t i t y  o f  sod ium  

s a l i c y l a t e  i n  o r d e r  t h a t  t h e  ra n g e  10 t o  60 mgms. % w h ich  

m ig h t be  e x p e c te d  d u r in g  s a l i c y l a t e  th e r a p y  was c o v e re d  

i n  e a c h  p la sm a . A f t e r  th o ro u g h  s h a k in g ,  t h e  p la sm a s  

w ere  l e f t  a t  room  te m p e r a tu r e  f o r  tw o h o u r s .  The t o t a l  

s a l i c y l a t e  c o n te n t  and  th e  f r e e  an d  bound  s a l i c y l a t e  w ere  

t h e n  e s t i m a t e d .

2 .  P la sm as  w ere  o b ta in e d  f ro m  p a t i e n t s  on s a l i c y l a t e  t h e r a p y ,

and  t o t a l ,  f re e ^  an d  bound s a l i c y l a t e  e s t i m a t e d .

3 .  The p la sm a  p r o t e i n s  w ere  e s t im a te d  f ro m  e i g h t  p a t i e n t s  r e ­

c e i v i n g  s a l i c y l a t e  t h e r a p y ,  an d  on f o u r  o f  t h e  p la sm a s  

u s e d  i n  1 .  f o r  th e  i n  v i t r o  e x p e r im e n ts .  I n  a l l  t h e s e  

p la s m a s , t o t a l  s a l i c y l a t e  l e v e l s  ab o v e  an d  b e lo w  2 5 .0  

m gm s.$ h a d  b e e n  o b ta in e d  w ith  th e  f r e e  an d  bound s a l i ­

c y l a t e .  From  i n d i v i d u a l  c u r v e s  t h e  bound  s a l i c y l a t e  a t  

a  t o t a l  c o n c e n t r a t i o n  o f  2 5 .0  m gm s.$ w ere  o b ta in e d  i n  

e a c h  p la sm a  and  c o u ld  be r e l a t e d  t o  t h e  p lasm a  p r o t e i n  

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

I n  t h i s  way d i a l y s i s  was c a r r i e d  o u t some 68 t im e s  i n  

e lu d in g  20  i n  v i t r o  e s t i m a t i o n s  o v e r  a  ra n g e  o f  10 t o  60 m gm s.$ 

o n  f r e s h  p la s m a . A l l  e s t i m a t i o n s  o f  f r e e  s a l i c y l a t e  w ere  t h e n  

p l o t t e d  a g a i n s t  t o t a l  s a l i c y l a t e  and  h av e  b e e n  shown i n  F i g . 2 4 ,
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w h ile  bound  s a l i c y l a t e  was p l o t t e d  a g a i n s t  t o t a l  s a l i c y l a t e  and  

shown i n  P i g . 2 5 . Prom  3 .  above th e  am ount o f  bound  s a l i c y l a t e  

a t  a  t o t a l  l e v e l  o f  2 5 .0  m gm s.# was p l o t t e d  a g a i n s t  t h e  p la sm a  

p r o t e i n s  a n d  i s  show n i n  P i g . 2 6 .

I n  F ig u r e  2 4 , i t  i s  shown t h a t  a s  t h e  t o t a l  s a l i c y ­

l a t e  i n  t h e  p la sm a  i n c r e a s e s ,  so  d o e s  t h e  unbound  o r  f r e e  

s a l i c y l a t e .  The i n c r e a s e  i n  f r e e  s a l i c y l a t e ,  h o w e v e r, i s  

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

I n  F ig u r e  25 i t  w i l l  be  s e e n  t h a t  a s  t h e  t o t a l  s a l i ­

c y l a t e  i n  t h e  p la sm a  r i s e s ,  so  d o e s  t h e  b o u n d  s a l i c y l a t e .  The 

i n c r e a s e  i n  bound  s a l i c y l a t e ,  h o w ev er, becom es p r o p o r t i o n a t e l y  

l e s s  a s  t h e  t o t a l  l e v e l  r i s e s .  The c u rv e  te n d s  t o  f l a t t e n  o u t  

a b o v e  a  t o t a l  s a l i c y l a t e  c o n c e n t r a t i o n  o f  4 0 .0  m gm s.# a l th o u g h  

t h e r e  i s  n o t  enough  e v id e n c e  t o  show t h a t  a  maximum b in d in g  h a s  

b e e n  r e a c h e d  a t  t h e  t o t a l  l e v e l s  show n.

F ig u r e  2 6 . I t  a p p e a r s  t h a t  th e  b in d in g  o f  s a l i c y ­

l a t e  by p r o t e i n  i n c r e a s e s  w ith  i n c r e a s e  i n  c o n c e n t r a t i o n  o f  

p r o t e i n .  The e f f e c t  i s  n o t  m a rk e d , a s  f ro m  th e  f i g u r e  i t  may 

b e  c a l c u l a t e d  t h a t  a t  a  l e v e l  o f  2 5 .0  m gm s.# t h e r e  i s  a n  i n ­

c r e a s e  i n  b in d in g  o f  s a l i c y l a t e  o f  3 m g m s.#  f o r  e a c h  gram  #  

i n c r e a s e  i n  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  p la sm a . T h e re  

a l s o  a p p e a r s  t o  be  i n d i v i d u a l  v a r i a t i o n .
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U nbound s a u c e r t e  in  T h e  P a r s e r ,  MCfiys. P£R. Ce h T.
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B . The D i s t r i b u t i o n  o f  s a l i c y l a t e  i n  o t h e r  body f l u i d s : 

E m ploy ing  d o g s  an d  r a t s  L e s t e r  e t  a l .  (1 9 4 6 ) fo u n d  

s t r o n g  e v id e n c e  t h a t  a t  e q u i l i b r iu m ,  s a l i c y l a t e  i s  d i s t r i b u t e d  

th ro u g h o u t  t h e  n o n - p r o t e i n  e x t r a - c e l l u l a r  w a te r  i n  a  c o n c e n t r a ­

t i o n  e q u a l  t o  t h a t  i n  t h e  w a te r  o f  t h e  r e d  c e l l s ,  and  t h e  u l t r a ­

f i l t r a t e  o f  p la sm a . W ith C .S .P .  i n  a n im a ls ,  th e y  fo u n d  t h a t  

t h e  s a l i c y l a t e  c o n c e n t r a t i o n  8 h o u r s  a f t e r  in t r a v e n o u s  i n j e c t i o n  

o f  t h e  d r u g ,  was much lo w e r  t h a n  t h a t  o f  t h e  u l t r a f i l t r a t e  o f

p la s m a , d e d u c in g  t h a t  i t  to o k  many h o u rs  f o r  t h e  C .S .P .  t o  come

i n t o  e q u i l i b r i u m .

S m ith  e t  a l .  (1 9 4 6 ) fo u n d  t h a t  t h e  am ount o f  s a l i c y ­

l a t e  i n  t h e  r e d  c e l l s  was low b u t  o f  t h e  same m a g n itu d e  a s  m ig h t

b e  e x p e c te d  i f  th e  c e l l  membrane was f r e e l y  p e rm e ab le  t o  t h e  

s a l i c y l a t e  c o n ta in e d  i n  th e  p lasm a  f i l t r a t e .  C oburn  (1 9 4 3 ) was 

o f  t h e  o p in io n  t h a t  t h e  am ount o f  s a l i c y l a t e  c o n ta in e d  i n  t h e  

r e d  c e l l s  was n e g l i g i b l e  an d  H a n z l ik  (1 9 2 6 ) t h a t  t h e  am ount i n  

t h e  sw ea t was n e g l i g i b l e .

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

w ere  o b ta in e d  on v a r io u s  body f l u i d s  -  t h e  w a te r  o f  th e  r e d  

c e l l s ,  C .S .P . ,  s w e a t ,  and  p l e u r a l  f l u i d  f ro m  p a t i e n t s  u n d e rg o ­

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

v o lv e d  t h e  m e th o d  i s  s u b s c r ib e d .  I n  m ost i n s t a n c e s  t h e  f r e e  

s a l i c y l a t e  was e s t im a te d  i n  t h e  p la sm a  by d i a l y s i s ,  a f t e r  t o t a l
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p la sm a  s a l i c y l a t e  h ad  b e e n  d e te r m in e d ,  and  o n ly  i n  tw o i n s t a n c e s  

i n d i r e c t l y ,  f ro m  th e  c u rv e  o f  F ig u r e  2 4 .

The r e s u l t s  w h ich  w ere  o b ta in e d  a r e  show n i n  

T a b le s  6 t o  9 .

TABLE 6 .
( 1) ( 2 )

H aem ato 
- c r i t  

R ea d in g  
f o r  

R .B .C .
.....i .

T o t a l  
S a l i c y l a t e  
i n  P lasm a

m gm s.$

T o t a l  
S a l i c y l a t e  

i n  Whole 
B lood  
mgms j(>

S a l i c y l a t e  
C o n c e n tr a ­

t i o n  f o r  
R .B .C .
mgms .#

S a l i c y l a t e  
C o n c e n tr a ­

t i o n  f o r  
W ater o f  

R .B .C *
_ means.%

P*ree 
S a l i c y l a t e  

i n  
P lasm a 
mgms S

49 7 5 .2 5 3 .0 2 9 .9 3 9 .8 4 0 .2

49 4 0 .2 2 9 .8 1 8 .9 2 5 .2
( 3)

2 0 .3

45 2 5 .6 1 9 .4 1 1 .7 1 5 .6 1 0 .2

42 2 4 .7 1 9 .8 1 0 .7 1 4 .2 1 0 .8

44 3 7 .6 3 1 .8 2 4 .4 3 2 .5 1 6 .8

47 2 9 .4 2 2 .4 1 4 .7 1 9 .6 1 5 .6

30 6 2 .4 4 9 .8 2 0 .4 2 7 .2 3 0 .6
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TABLE 7 .

H aem ato
- c r i t

R e a d in g
f o r

R .B .C .

T o t a l
S a l i c y ­

l a t e
i n

th e
P lasm a
m gm s.#

T o ta l  
S a l i c y ­

l a t e  
i n  

Whole 
B lo o d  
mgms„#

S a l i c y ­
l a t e  

C o n cen ­
t r a t i o n  

f o r  
R .B .C . 
mgms.#

S a l i c y ­
l a t e  

C o n cen ­
t r a t i o n  

f o r  
W ater o f  
R .B .C . 
mgms.#

F re e  
S a l i c y ­

l a t e  
i n  

P lasm a 
mgms ._#

(4 )
T o t a l

S a l i c y ­
l a t e

i n
C .S .F .
m gm s.#

47 2 9 .4 2 2 .4 1 4 .7 1 9 .6 1 5 .6 4 .2

30 6 2 .4 4 9 .8 2 0 .4 2 7 .2 2 8 .1 1 4 .6

TABLE 8 .
T o t a l  S a l i c y l a t e  

i n  P lasm a 
m gm s.#

T o t a l  S a l i c y l a t e  
i n  Sw eat

2 2 .6 N i l .

1 8 .0 N i l .

TABLE 9 .
P lasm a

S a l i c y l a t e
m gm s.#

F re e  
S a l i c y l a t e  

mgms .#

S a l i c y l a t e  i n  
P l e u r a l  F l u i d  

m gm s.#

1 9 .8
(3 )

7 .1 8 .6

(1 )  The c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  t h e  r e d  c e l l s  was c a l c u ­
l a t e d  fro m  t h e  h a e m a to c r i t  volum e, an d  th e  c o n c e n t r a t i o n  
o f  s a l i c y l a t e  i n  t h e  p la sm a  and  w hole  b lo o d .

(2 )  O b ta in e d  by d i v i d i n g  t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  th e
r e d  c e l l s  by t h e  p e r c e n ta g e  o f  w a te r  i n  th e  r e d  c e l l s .  
T h is  w a te r  was t a k e n  t o  b e  66.6%  f ro m  th e  f i g u r e s  g iv e n  
by McLeod (1 9 4 1 ) .

(3 )  O b ta in e d  f ro m  th e  c u rv e  show n i n  F ig u r e  2 4 .
(4 )  By th e  same m ethod  u s e d  f o r  t h e  e s t i m a t i o n  o f  t o t a l  s a l i ­

c y l a t e  i n  th e  p la sm a .
( 5 )  B oth  p a t i e n t s  h ad  b e e n  r e c e i v i n g  r e c t a l  s a l i c y l a t e  f o r

4 d a y s  p r i o r  t o  t h i s  t i m e .
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(6 )  The sw e a t was o b ta in e d  f o l lo w in g  th e  s u b c u ta n e o u s  i n j e c ­
t i o n  o f  P i l o c a r p i n e  n i t r a t e  g r s . l / l O t h .  w i th  a  c l e a n  
d ry  sponge*  One c c . o f  sw ea t was u s e d .

D is c u s s io n  o f  r e s u l t s .

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

a p p ly  t o  th o s e  body f l u i d s  w h ich  a r e  p r o d u c ts  o f  a c t i v e  s e c r e ­

t i o n .  I t  i s  s e e n  t h a t  no m e a s u ra b le  s a l i c y l a t e  was fo u n d  i n  

t h e  sw e a t o f  t h e  tw o  p a t i e n t s  s tu d i e d  a l th o u g h  b o th  w ere  r e ­

c e i v i n g  m o d e ra te  d o s e s  o f  sod ium  s a l i c y l a t e  (8  g m s .d a i l y ) .  I t  

seem s i t  i s  c o r r e c t  t o  assum e t h a t  p e r m e a b i l i t y  d o e s  a p p ly  t o  

t h e  d i s t r i b u t i o n  o f  a  d ru g  b e tw e e n  p la sm a , r e d  c e l l s ,  f l u i d  

a c c u m u la t io n  i n  body c a v i t i e s ,  and  th e  C .S .P .  (D a v ie s  ( 1 9 4 3 ) ) .  

The i n d i v i d u a l  v a r i a t i o n  o f  t h e s e  d i s t r i b u t i o n s  I n  t h e  c a s e s  

show n h e r e  f ro m  th e  f r e e  s a l i c y l a t e  i n  t h e  p lasm a  was i n  some 

c a s e s  m a rk e d , p ro b a b ly  b e c a u s e  th e  p la sm a  l e v e l  t a k e n  a t  t h e  

t im e  o f  re m o v a l o f  t h e  sp e c im e n s  d i d  n o t  n e c e s s a r i l y  r e p r e s e n t  

t h e  a v e ra g e  p lasm a l e v e l  d u r in g  th e  t im e  o f  e q u i l i b r a t i o n ,  a s  

i t  was fo u n d  t h a t  d u r in g  d i a l y s i s  i t  to o k  24 h o u rs  t o  r e a c h  

e q u i l i b r i u m  o f  f r e e  s a l i c y l a t e .

B ut s u f f i c i e n t  f i g u r e s  h av e  b e e n  shown i n  t h e  c a s e  o f  

t h e  r e d  c e l l s  t o  i n d i c a t e  t h a t  th e  c o n c e n t r a t i o n  i n  t h e  w a te r  

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

p la sm a . A lth o u g h  t h e  p r o t e i n  c o n te n t  o f  t h e  v a r io u s  f l u i d s  h a s
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n o t  b e e n  r e c o r d e d  h e r e ,  p l e u r a l  f l u i d s  g e n e r a l l y  h a v e  a  h ig h e r  

p r o t e i n  c o n te n t  t h a n  th e  C .S .P .  T h e re  w ould  b e  a n  e q u i l i b r i u m  

b e tw e e n  b o und  and  unbound  s a l i c y l a t e  i n  e a c h  f l u i d  p ro v id e d  t h e  

f l u i d  c o n ta in e d  p r o t e i n ,  an d  a s  o n ly  t h e  f r e e  s a l i c y l a t e  i s  

d i a l y s e a b l e  i t  i s  t o  be  e x p e c te d ,  and  h a s  b e e n  show n, t h a t  t h e  

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

f r e e  s a l i c y l a t e  Qf t h e  p la sm a .

I n  T a b le  5 ,  t h e  C .S .P .  i n  t h e  f i r s t  c a s e  show n i s  much 

b e lo w  t h e  f r e e  s a l i c y l a t e  o f  t h e  c o r r e s p o n d in g  p la sm a . The 

t o t a l  s a l i c y l a t e  i n  th e  p la sm a  h ad  b e e n  m a in ta in e d  f o r  t h r e e  

d a y s  ab o v e  2 5 .0  m gm s.$ w ith  a  minimum c a l c u l a t e d  f r e e  s a l i c y l a t e  

l e v e l  ( f ro m  F ig u r e  2 4 )  o f  10 m gm s.$ . T hus e v e n  a f t e r  t h r e e  d a y s  

t h e  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  t h e  C .S .P .  h ad  n o t  r e a c h e d  

e q u i l i b r i u m  w ith  th e  f r e e  s a l i c y l a t e  i n  th e  p la sm a . I n  t h e  

s e c o n d  c a s e  f o r  t h r e e  d a y s  t h e  p lasm a l e v e l  h ad  b e e n  ab o v e  2 5 .0  

m gm s.$ w i th  a  minimum c a l c u l a t e d  f r e e  s a l i c y l a t e  o f  10 m gm s.$  b u t  

f o r  t h e  p r e c e d in g  tw o d a y s  p lasm a  l e v e l s  h ad  b e e n  h ig h  ( a s  show n 

i n  th e  c o r r e s p o n d in g  p lasm a  f r e e  s a l i c y l a t e  l e v e l ) . H ere  t h e

C .S .P .  c o n c e n t r a t i o n  i s  h ig h e r  t h a n  th e  minimum f r e e  s a l i c y l a t e  

l e v e l  b u t  n o t  so  h ig h  a s  t h e  f i n a l  p la sm a  f r e e  s a l i c y l a t e .  T h is  

i s  i n t e r p r e t e d  t o  i n d i c a t e  t h a t  a l th o u g h  e q u i l i b r i u m  may be 

r e a c h e d ,  t h e  p ro c e s s  i s  s lo w , la g g in g  b e h in d  an y  r i s e  i n  t h e  

f r e e  s a l i c y l a t e  o f  t h e  p la sm a .
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G e n e ra l  C o n c lu s io n s ,

I t  h a s  b e e n  shown t h a t  t h e  f r e e  s a l i c y l a t e  i n c r e a s e  

i n  t h e  p la sm a  i s  p r o p o r t i o n a t e l y  g r e a t e r ,  a n d  t h e  i n c r e a s e  i n  

t h e  bound  s a l i c y l a t e  p r o p o r t i o n a t e l y  s m a l l e r ,  a s  t h e  t o t a l  

s a l i c y l a t e  i n  t h e  p la sm a  r i s e s .  F o r  e x a m p le , a t  a  t o t a l  c o n ­

c e n t r a t i o n  i n  t h e  p la sm a  o f  1 5 .0  m gm s.# t h e  f r e e  s a l i c y l a t e  i s  

3 3 #  o f  t h e  t o t a l  s a l i c y l a t e ,  w h ile  a t  a  t o t a l  o f  3 0 .0  m gm s.# , 

i t  i s  4 2 # , and  a t  a  t o t a l  s a l i c y l a t e  o f  50 m gm s.# t h e  f r e e  

s a l i c y l a t e  i s  5 4 # . I t  h a s  a l s o  b e e n  show n t h a t  t h e  f r e e  s a l i ­

c y l a t e  w i th  c e r t a i n  r e s e r v a t i o n s  a p p ro a c h e s  t h e  c o n c e n t r a t i o n  

i n  body  f l u i d s  an d  r e d  c e l l s .

From  th e s e  tw o f i n d i n g s  i t  may b e  s a i d  t h a t  a s  t h e  

t o t a l  p la sm a  s a l i c y l a t e  r i s e s ,  th e  c o n c e n t r a t i o n  i n  body f l u i d s  

r i s e s  r e l a t i v e l y  t o  a  g r e a t e r  e x t e n t .

W hile  m a s s iv e  s a l i c y l a t e  th e r a p y  h a s  y e t  t o  b e  f i n a l l y  

a s s e s s e d ,  i t  w ou ld  seem  t h a t  h ig h e r  p la sm a  l e v e l s  l e a d  t o  a  d i s ­

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

may h a v e  a  t h e r a p e u t i c  b e a r i n g .
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CHAPTER V.

THE EXCRETION OP SALICYLATE

I t  was c o n s id e r e d  t h a t  t h e  r o u t e s  by w h ich  s a l i c y l a t e  

c o u ld  b e  e x c r e t e d  w ere  th e  s w e a t ,  t h e  f a e c e s  and  th e  u r i n e .  An 

e x a m in a t io n  was made o f  t h e s e  p o s s i b l e  r o u t e s  by w h ich  s a l i c y ­

l a t e  m ig h t be  e x c r e t e d .

1 .  E x c r e t i o n  i n  t h e  S w e a t.

I t  h a s  b e e n  shown t h a t  a f t e r  a d m i n i s t r a t i o n  o f  l a r g e  

o r a l  d o s e s  o f  so d iu m  s a l i c y l a t e ,  n e g l i g i b l e  q u a n t i t i e s  o f  s a l i ­

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

sw e a t p r o d u c t io n  by p i l o c a r p i n e  (C h a p te r  I V .)

2 .  E x c r e t i o n  i n  t h e  F a e c e s .

H a n z l ik  (1 9 2 6 ) s t a t e d  a b o u t s a l i c y l a t e s  t h a t  on 

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

t a i n e d  e x c e e d in g ly  s m a l l  am oun ts, i f  a n y , a t  a l l .  T h e re  a p p e a r s  

t o  b e  no o th e r  a u t h o r i t a t i v e  s ta te m e n t  on  t h i s  s u b j e c t .

I n  t h i s  i n v e s t i g a t i o n  some t e n  sa m p le s  o f  f a e c e s  w ere  

ex am in ed  f ro m  p a t i e n t s  r e c e i v i n g  s a l i c y l a t e  i n  v a r y in g  d o s e s ,  

an d  d u r in g  th e  p e r io d s  when th e  c o n c u r r e n t  a d m i n i s t r a t i o n  o f  

a c i d  and  a l k a l i n e  s a l t s  w ere p ro d u c in g  m arked  e f f e c t s  on t h e  

p la sm a  l e v e l s .  P o u r sam p les  w ere  ex am in ed  fro m  c a s e s  r e c e i v i n g  

12 gm s. o f  sod ium  s a l i c y l a t e  d a i l y  and  f o u r  c o n s e c u t iv e  s t o o l s
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w ere  ex am in ed  fro m  a  p a t i e n t  r e c e i v i n g  24 gm s. o f  so d iu m  s a l i ­

c y l a t e  d a i l y .  T h is  l a t t e r  p a t i e n t  h ad  b e e n  g iv e n  s a l i c y l a t e  

o v e r  a  lo n g  p e r io d  an d  was show ing  o n ly  m o d e ra te  p la sm a  c o n c e n ­

t r a t i o n s  i n  s p i t e  o f  su ch  a  l a r g e  d o s e ,  a  f e a t u r e  o f  lo n g  c o n ­

t i n u e d  s a l i c y l a t e  a d m i n i s t r a t i o n .

M eth o d .

5 gm s. o f  t h e  s t o o l  u n d e r  e x a m in a t io n  w ere e m u l s i f i e d  

i n  10 c c s .  o f  d i s t i l l e d  w a te r  an d  p la c e d  i n  a  c o n i c a l  f l a s k  i n  

w h ich  10 c c s .  o f  c o n c e n t r a te d  HC1 h ad  b e e n  p l a c e d .  The c o n te n t s  

w ere  t h e n  h y d r o ly s e d  by b o i l i n g  f o r  f o u r  h o u r s ,  t h e  f l a s k  b e in g  

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

s a l i c y l a t e .  The c o n te n t s  w ere a l lo w e d  t o  c o o l  and  w ere  t h e n  

f i l t e r e d .  2 c c s .  o f  t h e  f i l t r a t e  w ere  e x t r a c t e d  w i th  e th y le n e  

d i c h l o r i d e  a s  i n  t h e  m ethod  f o r  e s t i m a t i o n  o f  t o t a l  s a l i c y l a t e  

i n  t h e  u r i n e  d e s c r i b e d  b e lo w . T h is  m e th o d  was c h e c k e d  w i th  n o r ­

m al s t o o l s  c o n ta in in g  no s a l i c y l a t e ,  and  w i th  s t o o l s  t o  w h ich  

known q u a n t i t i e s  o f  so d iu m  s a l i c y l a t e  h ad  b e e n  a d d e d . The 

m eth o d  a p p e a re d  t o  be  a c c u r a t e  t o  w i t h i n  8 $ .

R e s u l t s  an d  C o n c lu s io n s .

Only f o u r  o f  t h e  e ig h t e e n  s t o o l s  ex am in ed  y i e l d e d  a  

t r a c e  o f  th e  s a l i c y l a t e  w h ich  when r e l a t e d  t o  th e  t o t a l  w e ig h t 

o f  f a e c e s  p a s s e d  i n  t h e  24 h o u r  p e r io d  v a r i e d  f ro m  0 .2  t o  0 .5  gm. 

The r e m a in d e r  show ed n o  m e a s u ra b le  s a l i c y l a t e .  I t  may b e  s a id
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t h e n  t h a t  no m a t t e r  I n  w hat d o se  o r  w i th  w hat s u b s ta n c e  so d iu m  

s a l i c y l a t e  i s  a d m in is te r e d  o n ly  n e g l i g i b l e  q u a n t i t i e s ,  i f  a n y , 

a r e  p a s s e d  I n  t h e  f a e c e s .  T h is  i s  f u r t h e r  e v id e n c e  t h a t  t h e  

a c i d  and  a l k a l i n e  s u b s ta n c e s  w h ich  i f  g iv e n  c o n c u r r e n t ly  w i th  

so d iu m  s a l i c y l a t e  v a ry  t h e  p la sm a  l e v e l s  do n o t  p ro d u c e  t h i s  

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

3 .  E x c r e t i o n  i n  t h e  U r in e .

P e s e r  an d  P r i e d b e r g e r  (1 8 7 5 ) w ere  t h e  f i r s t  t o  s tu d y  

th e  q u a n t i t a t i v e  e x c r e t i o n  o f  s a l i c y l  i n  t h e  u r i n e ,  r e c o v e r i n g  

some 63$  o f  t h e  q u a n t i t i e s  a d m in i s t e r e d .  M osso (1 8 8 9 ) p o in t e d  

o u t t h a t  th e y  h ad  n o t  c o n s id e r e d  s a l i c y l u r i c  a c i d  I n  t h e i r  e s t i ­

m a t io n s ,  a n d  w hen t h i s  was i n c lu d e d ,  he was a b le  t o  r e c o v e r  u p  

t o  1 0 0 $  o f  t h e  d o se  a d m in i s t e r e d .  W iley  (1 9 0 6 ) c o u ld  o n ly  r e ­

c o v e r  4 6 $  i n  t h e  u r i n e  b u t  Holm es (1 9 2 5 ) was a b le  i n  t h e  m a jo r ­

i t y  o f  c a s e s  t o  f i n d  9 0 $ , b u t  i n  a  few  c a s e s  w h ich  h e  d id  n o t  

e x p l a i n ,  o n ly  8 0 $ . P l e i s c h e r  (1 8 7 5 ) was th e  f i r s t  t o  s t a t e  t h a t  

t h e  a d d i t i o n  o f  so d iu m  b ic a r b o n a te  t o  so d iu m  s a l i c y l a t e  s h o r t e n ­

ed  t h e  p e r io d  o f  e x c r e t i o n  o f  a  f i x e d  d o se  o f  s a l i c y l a t e .

Ehrm ann (1 9 0 7 ) was a b le  t o  c o n f irm  t h i s  w ork  b u t  H a n z l ik  e t  a l .  

(1 9 1 7 ) w ere o n  tw o o c c a s io n s  u n a b le  t o  f i n d  i n c r e a s e d  e x c r e t i o n  

o f  s a l i c y l a t e  i n  p a t i e n t s  r e c e i v i n g  l a r g e  d o s e s  o f  so d iu m  s a l i ­

c y l a t e  and  so d iu m  b i c a r b o n a t e .
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The m o st c o m p re h e n s iv e  s tu d y  on  th e  m e ta b o lis m  o f  

s a l i c y l a t e  i s  t h e  w ork o f  Kapp an d  C o b u rn  (1 9 4 2 ) who show ed t h a t  

s a l i c y l a t e s  w ere e x c r e t e d  i n  th e  -u rin e  p a r t l y  a s  f r e e  s a l i c y l a t e ,  

p a r t l y  a s  s a l i c y l u r i c  a c i d ,  an d  p a r t l y  a s  t h e  g ly c u r o n id e s  o f  

s a l i c y l i c  a c i d .  I n  a d d i t i o n  t o  t h e s e  s u b s ta n c e s  c o n t a i n i n g  t h e  

s a l i c y l  r a d i c l e  tw o o t h e r  s u b s ta n c e s  w ere  i s o l a t e d .  H ow ever 

th e y  s t a t e d  t h a t  n o rm a l i n d i v i d u a l s  e x c r e t e  80$  o f  t h e  a d m in ­

i s t e r e d  s a l i c y l a t e  a s  com pounds c o n ta in in g  t h e  s a l i c y l  r a d i c l e .  

They fo u n d  t h a t  a f t e r  some d ay s  t h e  f r e e  s a l i c y l a t e  f r a c t i o n  i n  

t h e  u r i n e  i n c r e a s e d  m a rk e d ly .

S m ith  e t  a l .  (1 9 4 6 ) u s in g  f o u r  h o u r ly  d o s e s  f o r  12 

h o u r  p e r io d s  i n  c o n v a le s c e n t  p a t i e n t s  fo u n d  t h a t  t h e  am ount o f  

f r e e  s a l i c y l a t e  e x c r e t e d  when sod ium  b i c a r b o n a te  was g iv e n  a lo n g  

w i th  so d iu m  s a l i c y l a t e  was a p p r e c ia b ly  g r e a t e r  t h a n  when so d iu m  

s a l i c y l a t e  was g iv e n  a l o n e .  S e c o n d ly , t h e  am ount o f  s a l i c y l u r i c  

a c i d  e x c r e t e d  was g r e a t e s t  a f t e r  t h e  a d m i n i s t r a t i o n  o f  ammonium 

s a l i c y l a t e ,  an d  l e a s t  when b ic a r b o n a te  was g iv e n  c o n c u r r e n t l y  w ith  

so d iu m  s a l i c y l a t e .  The a v e ra g e  t o t a l  g ly c u r o n id e s  e x c r e t e d  w ith  

a l l  fo rm s  o f  th e r a p y  w ere re m a rk a b ly  s i m i l a r .  H ow ever, th e y  

s t a t e  t h a t  t h e  t o t a l  am ount o f  s a l i c y l a t e  e x c r e t e d  was n o t  a p p r e ­

c i a b l y  g r e a t e r  when sod ium  s a l i c y l a t e  was a d m in is te r e d  w i th  

so d iu m  b i c a r b o n a t e .  They a l s o  fo u n d  a  r e l a t i o n s h i p  b e tw e e n  th e  

r e n a l  c l e a r a n c e  o f  s a l i c y l a t e  an d  th e  pH o f  t h e  u r i n e .



T h is  I n v e s t l g a t i o n .

The sc o p e  o f  t h i s  i n v e s t i g a t i o n  was t o  d e te r m in e  w i th  

c o n t in u e d  d o s e s  o f  sod ium  s a l i c y l a t e ,  t h e  e f f e c t  on  e x c r e t i o n ,  

o f  s u b s ta n c e s  t h a t  when a d m in is te r e d  c o n c u r r e n t ly  w i th  so d iu m  

s a l i c y l a t e  a f f e c t  t h e  p la sm a  l e v e l s  o f  th e  d r u g .

M eth o d .

The m eth o d  d e v e lo p e d  by S m ith  e t  a l .  (1 9 4 6 ) f ro m  t h e  

w ork o f  Kapp and C oburn  (1 9 4 2 ) w hereby  th e  s a l i c y l  f r a c t i o n s  

an d  t h e  t o t a l  s a l i c y l a t e  i n  u r i n e  may be e s t im a te d  was u s e d  

th r o u g h o u t  t h e  f o l lo w in g  i n v e s t i g a t i o n s .  T h is  m eth o d  m akes u s e  

o f  t h e  d i f f e r e n t  am oun ts  o f  s a l i c y l u r i c  a c i d  e x t r a c t e d  by e t h y l ­

en e  d i c h l o r i d e  and  c a rb o n  t e t r a c h l o r i d e  r e s p e c t i v e l y  f ro m  t h e  

u r i n e  and  t h e  f a c t  t h a t  b o th  e x t r a c t  a l l  f r e e  s a l i c y l a t e .  The 

t o t a l  s a l i c y l a t e  i s  e s t im a te d  a f t e r  h y d r o ly s i s  i n  t h e  p r e s e n c e  

o f  s t r o n g  a c i d .  The a u th o r s  assum e t h a t  t h e  s a l i c y l  g ly c u r o n a te  

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

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

an d  s a l i c y l u r i c  a c id  t h i s  m ethod  was fo u n d  on  c h e c k in g  w i th  

known q u a n t i t i e s  t o  be  a c c u r a te  t o  w i t h i n  5 $ .

A . The E x c r e t io n  o f  T o ta l  S a l i c y l a t e  i n  t h e  U r in e .

Two p a t i e n t s  u n d e r  t r e a tm e n t  w i th  so d iu m  s a l i c y l a t e  

r e c e i v i n g  6 gm s. d a i l y  i n  d iv id e d  f o u r  h o u r ly  d o s e s  w ere  i n v e s t !  

g a t e d .  D u r in g  e a c h  d ay  o f  th e  p e r io d  s tu d i e d  p la sm a  l e v e l s  w ere
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o b t a i n e d ,  24 h o u r  sp e c im e n s  o f  u r i n e  m e a s u re d , and  t h e  t o t a l  

s a l i c y l a t e  e x c r e t e d  i n  24 h o u r p e r io d s  d e te r m in e d .  F o r  5 d a y s  

c o n t r o l  o b s e r v a t io n s  w ere made w h ile  th e  p a t i e n t s  w ere  r e c e i v i n g  

so d iu m  s a l i c y l a t e  a lo n e .  D u rin g  t h e  n e x t  5 d a y s ,  a n  e q u a l  q u a n ­

t i t y  o f  so d iu m  b ic a r b o n a te  was a d m in i s t e r e d  w i th  t h e  so d iu m  s a l i ­

c y l a t e ,  an d  f o r  t h e  l a s t  5 day  p e r io d ,  1 gm. o f  Ammonium c h l o r ­

id e  was g iv e n  w i th  th e  so d iu m  s a l i c y l a t e .  The r e s u l t s  a r e  shown 

i n  T a b le  1 0 , an d  i n  T a b le  1 1 .

B . The E x c r e t io n  o f  th e  S a l i c y l  F r a c t i o n s  i n  t h e  I J r i n e :

(1 )  W ith  M o d era te  O ra l D oses o f  Sodium  S a l i c y l a t e .

( a )  A young a d u l t  m a le  who was c o n v a le s c e n t  was g iv e n  sod ium  

s a l i c y l a t e  12 gm s. d a i l y  w i th  a n  e q u a l  q u a n t i t y  o f  sod ium  b i ­

c a r b o n a te  i n  d iv id e d  f o u r  h o u r ly  d o s e s ,  f o r  s e v e r a l  d a y s  u n t i l  

p la sm a  l e v e l s  w ere  s t e a d y .  F o r  th e  n e x t  12 d a y s  p la sm a  l e v e l s  

o f  s a l i c y l a t e  w ere  o b ta in e d ,  24 h o u r sp e c im e n s  o f  u r in e  m e a su re d  

a n d  c o l l e c t e d ,  and  a l l  s a l i c y l  f r a c t i o n s  i n  t h e  u r i n e  d e te r m in e d .  

D u r in g  th e  f i r s t  t h r e e  d a y s  o f  t h i s  p e r io d  a n  e q u a l  q u a n t i t y  o f  

b i c a r b o n a te  was a d m in is te r e d  w i th  t h e  s a l i c y l a t e ,  d u r in g  t h e  n e x t  

f i v e  d a y s  t h e  b ic a r b o n a te  was w ith d ra w n , and  d u r in g  th e  l a s t  f o u r  

d a y s  Ammonium c h l o r i d e  1 gm. was a d m in i s t e r e d  c o n c u r r e n t ly  w i th  

t h e  s a l i c y l a t e  e v e ry  f o u r  h o u r s .  The r e s u l t s  a r e  shown i n  

T a b le  1 2 .
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TABLE 10 .

D a te P lasm a L e v e l 
mgms $

Amount o f  
TJrine i n  24 h r s ,

C C S .

T o ta l  S a l i c y l a t e  
E x c re te d  

O T IS .

S odium  S a l i c y l a t e  6 zmb . d a i l y  a lo n e .
2 7 /1 /4 7 2 1 .2 1120 2 .8 5
2 8 /1 /4 7 2 4 .2 1010 3 ,2 5
2 9 /1 /4 7 2 8 .1 1025 2 .8 8
3 0 /1 /4 7 2 4 .2 1225 2 .7 5
3 1 /1 /4 7 2 0 .1 1025 2 .9 2

A v erag e  f o r p e r io ^ 1081 2 *93

Sodium  S a l i c y l a t e  6  o t i s  . d a i l y  p lu s  e q u a l q u a n t i t y
so d iu m  b i c a r b o n a t e .

1 /2 /4 7 1 9 .4 1083 3 .3 5

2 /2 /4 7 2 3 .6 1140 3 .4 2

3 /2 /4 7 2 3 .8 1254 3 .6 4
4 /2 /4 7 2 0 .2 1250 3 .3 3
5 /2 /4 7 1 9 .2 855 3 .2 1

A ver age f o r  p e rio c 1, 1116 3 .3 9

Sodium  S a l i c y l a t e  6  sm s. d a i l y  p lu s  Ammonium C h lo r id e
6 gins. d a i l y .

6 /2 /4 7 2 6 .6 1425

CDO
•

to

7 /2 /4 7 2 9 .2 1140 2 .5 7
8 /2 /4 7 2 9 .2 1083 2 .5 0
9 /2 /4 7 2 7 .6 1197 2 .7 5

1 0 /2 /4 7 2 3 .5 1140 2 .9 2

A ver age f o r  p e rio c l, 1197 2 .7 6
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TABLE-11 ,

P.M. Male,, 68 y r s .

D a te P lasm a  L e v e l 
. . jngms.J? .

Amount o f  
XJrine i n  24 h r  s .

CCS .

T o t a l  S a l i c y l a t e  
E x c re te d  

s m s .
Sodium  Sa l l e v i a t e  a lo ne 6 sm s. d a i l y .

2 7 /1 /4 7 2 4 .2 2020 3 .4 2
2 8 /1 /4 7 2 6 .8 1255 3 .6 2
2 9 /1 /4 7 2 2 .8 1200 3 .0 0
3 0 /1 /4 7 2 8 .5 1865 2 .9 2
3 1 /1 /4 7 2 6 .7 1925 2 .5 2

Aver a g e  f o r  p e r i o d , 1653 3 .0 9

Sodium  S a l i c y l a t e  6 sm s. d a i l y  p lu s  e q u a l  q u a n t i t y
Sodium  B ic a r b o n a te .

1 /2 /4 7 2 3 .4 1500 3 .6 6

2 /2 /4 7 2 3 .4 1250 3 .9 2

3 /2 /4 7 2 3 .0 1710 3 .4 9
4 /2 /4 7 1 9 .2 2337 4 .0 4
5 /2 /4 7 1 8 .2 2560 3 .0 2

Aver a g e  f o r  p e r i od , 1871 3 .6 2

Sodium  S a l i c y l a t e  6 sm s. d a i l y  p lu s  Ammonium C h lo r id e
6 sm s . d a i l y .

6 /2 /4 7 1 8 .6 2565 3 .4 0

7 /2 /4 7 1 9 .3 1482 2 .7 1

8 /2 /4 7 2 4 .4 2622 2 .3 9

9 /2 /4 7 2 6 .3 2183 1 .9 8

1 0 /2 /4 7 2 7 .3 2109 3 .0 7

Ave ra g e  f o r  p e r i o d , 2192 2 .7 1
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T A H jE_12 .

J.M. Molfc, 52 y r s .

Day P lasm a
L e v e l

m gm s.#

Amount o f  
U r in e  i n  
24 h r s .

CCS .

24 1four E x c re t jLon o f

S a l i c y l u r i c  
A cid  

____sma*.

F re e
S a l i c y l a t e

m s .

S a l i c y l
G -lycur-

o n a te s
m s .

T o ta l  
S a l i ­
c y l a t e  

m s .

Socliu m  S a l L c y la te  12 sms. d a i l y  wi. th  e q u a l  q\l a n t i t y

8 .1 3

9 .3 8
7 .3 5

o f  Sodium  B ic a r b o n a te .

3 .8 6
4 .8 9
3 .3 1

1 .4 9
1 .5 3
1 .3 7

1
2
3

2 0 .2
1 8 .2
1 6 .4

1860
1900
1770

2 .7 8
2 .9 6
2 .6 7

Av«
P<

»rage f o  
* r io d , c 1843 2 .8 0 4 .0 2 1 .4 8 8 .2 8

i i i• i i

SocLium S a l i c y l a t e  12 gm s. d a i l y a l o n e .

4 1 7 .5 1150 1 .2 9 1 .0 6 1 .4 4 3 .7 9

5 2 2 .9 1105 2 .4 2 3 .6 5 .9 9 6 .9 6

6 2 3 .6 1250 1 .8 7 2 .0 3 1 .1 2 5 .0 2

7 2 4 .1 1360 1 .9 8 1 .5 0 1 .8 2 5 .3 0

8 2 2 .8 2260 2 .3 0 1 .5 1 1 .3 9 5 .2 0

A v<
P€

>rage f o  
> rio d ,

p 1425 1 .9 9 1 .9 5 1 .3 5 5 .2 5

Sodium  S a l i c y l a t e  12 m s .  d a i l y  p lu s  Ammonium
C h lo r id e 6 m s .  d a i l t l*

9 2 1 .6 1900 1 .0 2 0 .9 6 1 .7 0 3 .6 9

10 3 3 .0 1740 1 .4 6 1 .6 5 1 .3 5 4 .4 6

11 3 3 .2 2280 1 .4 5 1 • 66 2 .1 6 5 .2 7

12 3 1 .8 1870 1 .6 8 1 .5 4 2 .3 4 5 .5 6

Av(j r a g e  f o * 1558 1 .4 0 1 .4 5 1 .8 9 4 .7 2
p e r i o d ,



88

(b )  The same o b s e r v a t io n s  w ere  r e p e a t e d  w i th  a n o th e r  c o n ­

v a l e s c e n t  a d u l t .  I n  t h i s  c a s e ,  h o w ev er, t h e  i n v e s t i g a t i o n  was 

s t a r t e d  w i th  so d iu m  s a l i c y l a t e  a lo n e ,  10 gm s. d a i l y  i n  d iv id e d  

f o u r  h o u r ly  d o s e s ,  w h ich  d o sag e  o f  s a l i c y l a t e  was c o n t in u e d  

th ro u g h o u t  t h e  p e r io d  s t u d i e d .  When th e  p la sm a  l e v e l s  h ad  b e ­

come s t e a d y ,  t h e  I n v e s t i g a t i o n  was commenced w i th  s a l i c y l a t e  

a lo n e  f o r  f o u r  d a y s ,  f o l lo w e d  by f o u r  d a y s  w i th  c o n c u r r e n t  

a d m i n i s t r a t i o n  o f  P o ta s s iu m  c i t r a t e  1 gm. e v e ry  f o u r  h o u r s .  

F i n a l l y ,  f o r  t h e  l a s t  f o u r  d a y s  th e  p a t i e n t  was g iv e n  t h e  same 

d o s e  o f  s a l i c y l a t e  p lu s  1 gm. o f  ammonium c h l o r id e  e v e ry  f o u r  

h o u r s .  The o b s e r v a t io n s  o b ta in e d  a r e  show n i n  T a b le  1 3 .

(2 )  W ith  M ass iv e  D oses o f  Sodium  S a l i c y l a t e .

A p a t i e n t  w i th  rh e u m a tic  f e v e r  who h a d  b e e n  on p r o ­

lo n g e d  d o sa g e  w ith  sod ium  s a l i c y l a t e  was r e c e i v i n g  24 gm s. o f  

t h e  d ru g  i n  d iv id e d  f o u r  h o u r ly  d o s e s  w i th  a n  e q u a l  q u a n t i t y  o f  

b i c a r b o n a t e .  O b s e rv a t io n s  on p lasm a  and u r i n e  w ere  made a s  b e ­

f o r e  f o r  f o u r  d a y s ,  a n d  r e p e a t e d  f o r  a n o th e r  3 d a y s  w h ile  b i ­

c a r b o n a te  was w ith d ra w n . T hese  r e s u l t s  a r e  shown i n  T a b le  1 4 .

C o n c lu s io n s .

1 .  E x c r e t io n  o f  T o ta l  S a l i c y l a t e . I t  w i l l  be s e e n  f ro m  T a b le s  

10  t o  14 t h a t  t h e  c o n c u r r e n t  a d m i n i s t r a t i o n  o f  sod ium  b ic a r b o n a te
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TABLE 1 5 .

W.H. Male., 19 y r s ,

Day P lasm a 
L e v e l  

mgms. %

Amount o f 
U r in e  I n  
24 h r s .

CCS .

24 Hour E x c r e t i o n  o f
S a l i c y l ­

u r i c
A cid
gm s.

F re e
S a l i c y l a t e

sm s.

S a l i c y l  
G ly c u r -  
o n a te s  

gm s.

T o ta l
S a l i ­
c y l a t e
gm s.

Sodium  S a l: . c y l a t e  10 sm s. d a i l y a l o n e .
1 .8 2
1 .9 8
1 .8 4
2 .0 1

3 .7 3
6 .3 5
4 .4 4
4 .9 6

1
2
3
4

1 8 .2
2 3 .7
2 5 .6
2 4 .2

1860
1360
1160

820

1 .2 6
1 .9 3
1 .1 1

.8 9

0 .6 5
2 .4 4
1 .4 9
2 .0 6

A v e rag e  fo : 
p e r i o d ,

1300 1 .2 9 1 .6 6 1 .9 1 4 .8 7

Sodium  S a l i c y l a t e  10 gm s. d a i l y . p lu s  6 gm s. P o ta s s iu m
C i t r a t e  d a i l y .

5 2 2 .6 1780 2 .4 9 6 .2 3 1 .2 0 9 .9 2
6 1 8 .4 1985 2 .0 5 3 .0 8 1 .5 2 6 .6 5
7 1 6 .6 1990 1 .4 6 3 .6 3 2 .2 8 7 .3 7
8 1 5 .2 1560 2 .2 4 3 .8 4 1 .6 3 7 .7 1

Ave r a g e  fo : * 1829 2 .0 6 4 .1 9 1 .6 5 7 .9 1
p e r io d ,

Sodium  S a l i c y l a t e  10 gm s. d a i l y . p lu s  6 gm s. Ammonium
C h lo r id e  d a i l y .

9 1 7 .8 1780 1 .3 7 1 .7 4 2 .1 1 5 .2 2

10 2 8 .4 2300 1 .3 8 0 .2 2 2 .5 6 4 .1 6 1

11 2 8 .4 1840 1 .3 0 0 .3 3 2 .4 7 4 .1 3

12 2 9 .6 1160 1 .2 2 0 .5 7 2 .3 9 4 .1 8

a J e r a g e  fo : L 1 7 7 0 1 .3 1 0 .7 1 2 .3 8 4 .4 2
p e r i o d ,
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TABLE 14 .
ff .S . Mol*, 21 y r s .

Day P lasm a 
L e v e l 

mgms.%

Amount o f  
U r in e  i n  
24 h r s .

CCS.

2< H our E x c r e t io n  o f
S a l i c y l ­

u r i c  
A cid  

_ gm s.

F re e  
S a l i c y l a t e  

_.... sm s .

S a l i c y l
G -lycur-
o n a te s

gm s.

T o t a l  
S a l i ­
c y l a t e  

gm s.

Socliu m  S a l i e y l a t e  24 gm s. d a i l y  \i& th e q u a l
q u a n t i t y  o f  b i c a r b o n a t e .

1 3 9 .0 2220 3 .9 5 9 .3 4 2 .1 8 1 5 .4 7

2 3 5 .6 1755 3 .2 9 7 .9 4 1 .5 8 1 2 .8 1

3 4 2 .1 2 6 6 0 1 .6 7 7 .7 2 2 .1 8 1 1 .5 7

4 3 8 .6 2010 3 .5 7 9 .7 0 2 .6 3 1 5 .9 0

Avis ra g e  f o p 2161 3 .1 2 8 .6 7 2 .1 4 1 3 .9 4p e r io d .,

' i 
• i! i i

i
1
i
i

i  1 
i  ;
i  i 
i  i

Sodium  S a l i c y l a t e  24 sm s . d a i l y  sL lone .

5 4 8 .2 2350 3 .6 6 4 .2 7 3 .4 9 1 1 .4 2

6 5 3 .5 1760 2 .7 5 2 .0 2 4 .3 5 9 .1 2

7 5 6 .2 1850 2 .8 1 2 .3 8 3 .1 6 8 .3 5

8 5 5 .2 2430 2 .8 6 2 .8 5 3 .2 0 8 .9 1

Av s ra g e  f o ** 2097 3 .0 2 2 .8 8 3 .5 5 9 .4 5
p e r io d ,

-
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p ro d u c e d  a  m ark ed  r i s e  i n  th e  t o t a l  s a l i c y l a t e  e x c r e t e d  i n  th e  

u r in e *  T h is  e x c r e t i o n  o r  t o t a l  s a l i c y l a t e  was lo w e s t  when a n  

a c i d  s a l t  was a d m in is te r e d  c o n c u r r e n t ly  b u t  n o t  m a rk e d ly  lo w e r  

t h a n  t h e  e x c r e t i o n  o f  t o t a l  s a l i c y l a t e  when so d iu m  s a l i c y l a t e  

was a d m in i s t e r e d  a l o n e .  I t  w i l l  be  s e e n  fro m  t h e  24 h o u r  v o l ­

umes o f  u r i n e  p a s s e d  i n  t h e  p e r io d  s t u d i e d ,  t h a t  n e i t h e r  i n ­

c r e a s e d  d i u r e s i s  n o r  d im in is h e d  o u tp u t  o f  u r i n e  p la y e d  a  p a r t  

i n  t h e  am ount o f  s a l i c y l a t e  e x c r e t e d .

The a v e ra g e  p e r c e n ta g e s  o f  th e  t o t a l  d o se  a d m in i s t e r e d  

w h ich  w ere  e x c r e t e d  i n  t h e  u r in e  i n  a l l  t h e s e  c a s e s  w as:

I .  W ith  t h e  a d d i t i o n  o f  a n  a l k a l i n e  s a l t ,  65$
I I .  W ith  sod ium  s a l i c y l a t e  a lo n e ,  4 4 $

I I I .  W ith th e  a d d i t i o n  o f  ammonium c h l o r i d e ,  4 2 $

T h ese  f i g u r e s  a r e  lo w e r  t h a n  th e  80$  assum ed  by S m ith  e t  a l .

(1 9 4 6 ) u s in g  t h i s  m e th o d . They i n d i c a t e  a  m ark ed  i n c r e a s e  i n

e x c r e t i o n  o f  t o t a l  s a l i c y l a t e  w i th  t h e  a d d i t i o n  o f  a n  a l k a l i n e

s a l t .  They a r e  lo w e r  t h a n  th o s e  o b ta in e d  by e a r l i e r  w o rk e rs  b u t

t h e  m e th o d s  o f  e s t i m a t i o n  o f  e x c r e t i o n  u s e d  by  t h e s e  w o rk e rs  was

f a u l t y  a c c o r d in g  t o  H a n z l ik  (1 9 2 6 ) .

2 .  E x c r e t i o n  o f  S a l i c y l u r i c  A c id . The e x c r e t i o n  o f  s a l i c y l u r i c  

a c i d  i s  g r e a t e s t  w ith  th e  c o n c u r r e n t  a d m i n i s t r a t i o n  o f  a n  a l k a ­

l i n e  s a l t ,  T a b le s  12 t o  1 4 . T h is  f i n d i n g  i s  n o t  i n  a g re e m e n t 

w i th  t h a t  o f  S m ith  e t  a l .  (1 9 4 6 ) ,  who fo u n d  t h a t  t h e  g r e a t e s t
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am ount e x c r e te d  was when a n  a c id  s a l t  was g iv e n  c o n c u r r e n t ly  

w i th  sod ium  s a l i c y l a t e .  T h e re  i s  l i t t l e  d i f f e r e n c e  i n  th e  

am o u n ts  o f  s a l i c y l u r i c  a c id  e x c r e te d  when so d iu m  s a l i c y l a t e  i s  

g iv e n  e i t h e r  a lo n e  o r  w ith  a n  a c id  s a l t .

S .  E x c r e t i o n  o f  S a l i c y l  G ly c u r o n a te s . The q u a n t i t i e s  o f  s a l i c y l  

g ly c u r o n a t e s  w h ich  a r e  e x c r e te d  i n  t h e  u r in e  v a ry  l i t t l e  b u t  do  

a p p e a r  t o  be s i g n i f i c a n t l y  g r e a t e r  w i th  th e  c o n c u r r e n t  a d m in is ­

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

p r o p o r t i o n a t e l y  t o  i n c r e a s e  i n  t o t a l  d o sa g e  o f  so d iu m  s a l i c y l a t e .

4 .  E x c r e t i o n  o f  F re e  S a l i c y l a t e . The f r a c t i o n  i n  t h e  u r i n e  

w h ich  show s g r e a t e s t  v a r i a t i o n  i n  e x c r e t i o n  i s  t h e  f r e e  s a l i c y ­

l a t e  f r a c t i o n .  H ere  t h e  g r e a t e s t  e x c r e t i o n  i s  w i th  th e  a d d i t i o n  

o f  a n  a l k a l i n e  s a l t ,  w h i le  th e  s m a l l e s t  e x c r e t i o n  i s  w i th  t h e  

c o n c u r r e n t  a d m i n i s t r a t i o n  o f  a n  a c id  s a l t .  T h is  i s  t h e  f r a c t i o n  

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

s a l i c y l a t e  w i th  t h e  a d d i t i o n  o f  th e  d i f f e r e n t  a c i d  and  a l k a l i n e  

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

w h ich  m ig h t e x p l a i n  t h e  e f f e c t  o f  t h e s e  s a l t s  on  t h e  p la sm a  

c o n c e n t r a t i o n s  o f  s a l i c y l a t e ,  a s  show n.

C . The E f f e c t  o f  P a ra -a m in o b e n z o le  A c id  o n  E x c r e t io n  
o f  S a l i c y l a t e  i n  t h e  U r in e !

As p a ra -a m in o b e n z o ic  a c i d  h ad  b e e n  shown t o  c a u s e  a n  

i n c r e a s e  i n  t h e  p lasm a  s a l i c y l a t e  c o n c e n t r a t i o n  when a d m in i s t e r e d
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c o n c u r r e n t l y  w i th  so d iu m  s a l i c y l a t e ,  e x c r e t i o n  s t u d i e s  w ere 

c a r r i e d  o u t on  tw o p a t i e n t s  u n d e r  t r e a tm e n t  f o r  rh e u m a t ic  f e v e r ,  

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

D ry e t  a l .  (1 9 4 6 ) h ad  fo u n d  t h a t  t h e  c o n c u r r e n t  a d m i n i s t r a t i o n  

o f  p a ra -a m in o b e n z o ic  a c id  d e c r e a s e d  th e  t o t a l  s a l i c y l a t e  e x ­

c r e t e d  i n  t h e  u r i n e .

The p a t i e n t s  s tu d ie d  w ere  r e c e i v i n g  sod ium  s a l i c y l a t e  

g r s . 3 0  w ith  an  e q u a l  q u a n t i t y  o f  b i c a r b o n a te  e v e ry  f o u r  h o u r s .  

P lasm a  l e v e l s  w ere o b ta in e d ,  th e  24 h o u r s  sp e c im e n s  o f  u r in e  

c o l l e c t e d  an d  m e a su re d , and a l l  s a l i c y l  f r a c t i o n s  d e te rm in e d  

i n  t h e  u r i n e  f o r  s e v e r a l  d a y s .  Then p a ra -a m in o b e n z o ic  a c i d  was 

a d d ed  f o r  a  f u r t h e r  p e r io d  and  a l l  o b s e r v a t io n s  r e p e a t e d .  D e­

t a i l s  and  r e s u l t s  a r e  shown i n  T a b le s  15 a n d  1 6 .

I t  w i l l  b e  s e e n  t h a t  th e  a d m i n i s t r a t i o n  o f  p a r a -a m in o -  

b e n z o ic  a c i d  p ro d u c e s  a n  e f f e c t  s i m i l a r  t o  t h e  a d m i n i s t r a t i o n  o f  

an  a c i d  s a l t .  The t o t a l  e x c r e t i o n  o f  s a l i c y l a t e  i s  d e c r e a s e d ,  

a  f i n d i n g  i n  a g re e m e n t w ith  t h e  f i n d i n g s  o f  D ry e t  a l .  ( 1 9 4 6 ) .  

The m o st m arked  e f f e c t  was p ro d u c e d  o n  t h e  f r e e  s a l i c y l a t e  

f r a c t i o n  w h ich  i s  much d im in is h e d .  The d e c r e a s e  i n  e x c r e t i o n  

o f  t h e  f r e e  s a l i c y l a t e  c o in c id e s  w ith  t h e  r i s e  i n  p la sm a  l e v e l s  

o f  s a l i c y l a t e .
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Day P lasm a
L e v e l

MffWrJl

Amount o f 
U r in e  i n  
24 h r s .  

c c s .

24 Hour E x c r e t io n  o f
S a l i c y l ­

u r i c
A cid
gms.

F r e e  
S a l i c y l a t e  
. — ..g a s .. . .

S a l i c y l
G -lycur-
o n a te s

m s .

T o t a l
S a l i ­
c y l a t e

__ g n a ._

Sodium  S a l i c y l a t e  12 gjms. d a i l y  w i th  Sodium  
B ic a r b o n a te  12 gm s. d a i l y  t h r o u g h o u t .

1

2

3

2 8 .2

2 7 .6

2 9 .1

A v erag e  f o r  
p e r io d ,

495

630

620

581

1 .8 1

1 .4 9

1 .5 7

1 .6 2

1 .9 3

2 ,0 7

2 .0 2

2 .01

0 .1 9

0 .3 2

0 .4 5

0 .3 2

3 .9 3

3 .8 8

4 .0 4

3 .9 5

P lu s  P a ra -a m in o b e n z o ic A c id  12 gm s. d a i l y .

4 3 5 .1 1810 1 .4 8 2 .4 8 0 .4 3 4 .3 9

5 4 6 .8 890 0 .7 1 1 .0 4 0 .1 0 1 .8 5

6 4 1 .8 360 0 .5 4 0 .6 0 0 .0 8 1 .2 2

Ave
P

r a g e  f o r  
e r i o d ,

1020 0 .9 1 1 .3 9 0 .2 0 2 .5 5

i

P a ra -a m i no!

1 1 _ 

D enzoic A c id  w ith d ra w n

2 .2 9

1 .9 7

0 .3 9

0 .2 8

4 .0 4

3 .5 0

7

8

3 0 .2

2 6 .2

420

565

1 .3 6

1 .2 5

Ave
P

r a g e  f o r  
e r i o d ,

492 1 .3 0 2 .1 3 0 .3 3 3 .7 7
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TABLE 1 6 .
W .S. Mole, 21 y r s  .

Day P lasm a 
L e v e l  

msms S

Amount o f  
U r in e  i n  
24 h r s .  

CCS.

24 H our E x c re t i o n  o f
S a l i c y l ­

u r i c
A cid

_ _ .. . .

F re e  
S a l i c y l a t e  

s m s .

S a l i c y l  
G ly c u r -  
o n a te s  

sm s .

T o ta l
S a l i ­
c y l a t e

sm s.

S odium  S a l i c y l a t e  12 gm s. d a i l y w ith  e q u a l  q-u a n t i t y  of

7 .0 8

6 .8 4

6 .6 1

1

2

3

Sodium  B ic a r b o n a te  d a i l y .

2 .6 0

2 .3 0

1 .8 2

0 .9 0

1 .1 2

1 .2 0

1 9 .2  

22 .2  

1 9 .0

2100

2470

2610

3 .5 8  

3 .4 2

3 .5 9

Av s ra g e  f o r  
P e r io d ,

2393 3 .5 3 2 .2 4 1 .0 7 6 .8 4

----------------------------  1------------- „

P lu s  P a r a - am ln o b en zo ic A cid  24 sm s. d a i l y .

4 3 1 .6 2610 4 .0 1 0 .5 4 1 .3 0 6 .2 6

5 4 3 .2 1790 2 .8 6 0 .1 7 1 .3 2 4 .4 5

6 4 1 .4 1510 3 .0 2 1 .1 9 1 .3 3 5 .5 4

Av a ra g e  f o r  
P e r io d ,

1970 3 .2 9 0 .6 3 1 .3 1 5 .4 1
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D . The R e l a t i o n s h i p  o f  E x c r e t io n  o f  S a l i c y l a t e  t o  
pH o f  th e  U r in e .

I t  h a d  b e e n  n o te d  a t  th e  s t a r t  o f  t h e  p r e v io u s  i n ­

v e s t i g a t i o n s  t h a t  t h e  lo w e s t  e x c r e t i o n s  o f  t h e  f r e e  s a l i c y l a t e  

f r a c t i o n  c o in c id e d  w ith  th e  lo w e s t  pH o f  t h e  sp e c im e n s  o f  u r in e  

o b t a i n e d .  C o n s e q u e n tly  t h e  pH v a lu e s  w ere  d e te r m in e d  o f  a l l  

sp e c im e n s  o f  u r in e  by th e  u s e  o f  i n d i c a t o r s .  I n  o r d e r  t o  r e l a t e  

t h e  e x c r e t i o n  o f  th e  f r e e  s a l i c y l a t e  f r a c t i o n  t o  pH o f  t h e  u r in e  

i n  a l l  c a s e s  a  common f a c t o r  was d e te r m in e d ,  b e in g  t h a t  p e r c e n t ­

ag e  o f  t h e  t o t a l  d a i l y  d o se  w h ich  was e x c r e t e d  i n  t h e  u r in e  a s  

f r e e  s a l i c y l a t e .  T h is  p e r c e n ta g e  i s  shown a g a i n s t  t h e  pH o f  

t h e  u r i n e  sp e c im e n s  i n  F ig u r e  2 7 .
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FIGURE 2 7 .
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I t  w i l l  be s e e n  t h a t  a s  th e  pH o f  th e  u r i n e  r i s e s  so  

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

f r e e  s a l i c y l a t e .  T h is  s u p p o r ts  t h e  e v id e n c e  o f  S m ith  e t  a l .  (1 9 4 6 ) 

t h a t  r e n a l  c l e a r a n c e  o f  s a l i c y l a t e  r i s e s  w i th  t h e  pH o f  t h e  u r i n e ,  

and  t h e  s ta te m e n t  o f  C a r a v a t i  and  C o sg ro v e  (1 9 4 6 ) t h a t  p la sm a  

l e v e l s  d ep en d  on  th e  pH o f  t h e  u r i n e .
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I t  w i l l  h av e  b e e n  n o te d  f ro m  T a b le  13 t h a t  p o ta s s iu m  

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

t h e r e f o r e  i n c r e a s e d  e x c r e t i o n  c a n  be  p ro m o ted  by d ru g s  o t h e r  

t h a n  so d iu m  b i c a r b o n a t e .  As b o th  d ru g s  i n c r e a s e  t h e  pH o f  t h e  

u r i n e  t h i s  te n d s  t o  show t h a t  pH o f  t h e  u r in e  i s  t h e  f a c t o r  c o n ­

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

a  p a r t i c u l a r  d r u g .  The same e f f e c t s  w ere  n o te d  w i th  b o th  

Ammonium C h lo r id e  and  P a ra -a m in o b e n z o ic  A c id , b o th  o f  w h ich  r e ­

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

c y l a t e .  I t  w ould  a p p e a r  t h e n  t h a t  a n  a l k a l i n e  u r i n e  w ith  s u f ­

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

l a t e  p o is o n in g ,  an d  t h a t  know ledge o f  th e  pH o f  t h e  u r in e  w i l l  

go  f a r  t o  e x p l a i n  w ide  d i f f e r e n c e s  i n  p la sm a  c o n c e n t r a t i o n s  i n  

i n d i v i d u a l s  on t h e  same d o sa g e  o f  so d iu m  s a l i c y l a t e .

SUMMARY.

I t  h a s  b e e n  shown i n  t h i s  C h a p te r  t h a t  a l k a l i n e  an d  

a c i d  s a l t s  w ith  p a ra -a m in o b e n z o ic  a c id s  v a ry  th e  e x c r e t i o n  o f  

s a l i c y l a t e  m a in ly  by a f f e c t i n g  th e  e x c r e t i o n  o f  t h e  f r e e  s a l i c y ­

l a t e .  By c o - o r d i n a t i o n  o f  p lasm a  l e v e l s  i t  h a s  b e e n  show n t h a t  

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

m echan ism  by w h ich  p lasm a c o n c e n t r a t i o n  o f  s a l i c y l a t e  i s  v a r i e d  

by t h e s e  d ru g s  when a d m in is te r e d  c o n c u r r e n t ly  w i th  so d iu m  s a l i ­

c y l a t e .  The e x c r e t i o n  o f  t h e  f r e e  s a l i c y l a t e  f r a c t i o n  h a s  b e e n  

show n t o  be  c l o s e ly  c o r r e l a t e d  w ith  t h e  pH o f  th e  u r i n e .
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CHAPTER VI.

THE TOXIC MANIFESTATIONS OF SODIUM SALICYLATE

S ig n s  an d  symptoms o f  t o x i c i t y  w i th  sod ium  s a l i c y l a t e  

a r e  n o t  i n f r e q u e n t l y  o b s e rv e d  an d  a r e  w e l l  know n. They w ere  

f i r s t  o b s e rv e d  by S t r i e k e r  (1876)?  T u ck w e ll (1876) an d  H a l l  

( 1 9 0 4 ) .  M e n ta l u p s e t  was d e s c r ib e d  by D aly  (1 878) an d  l a t e r  by 

C a u ssa d e  an d  C harpy (19 2 1 ) .  Langmead (1 9 0 6 ) f i r s t  r e p o r t e d  

a c e to n e  i n  th e  u r i n e  f o l lo w in g  s a l i c y l a t e  a d m i n i s t r a t i o n .  

H a m ilto n  (1 8 7 5 )?  R osenbloom  an d  J o h n s to n  (1 9 1 9 ) an d  M yers (1 9 2 0 ) 

w e re  among th e  f i r s t  to  e m p h a s ise  t h a t  h y p e r v e n t i l a t i o n  o c c u r r e d  

w i th  s a l i c y l a t e .  S in c e  1920 many w o rk e rs  h a v e  g iv e n  a c c o u n ts  o f  

t h e  t o x i c  e f f e c t s  o f  sodium  s a l i c y l a t e  b u t  t h e r e  h a s  b e e n  no 

a c c o u n t  i n  t h e  l i t e r a t u r e  w hich  h a s  c o r r e l a t e d  th e  i n d i v i d u a l  

t o x i c  m a n i f e s t a t i o n s  w ith  t h e  p la sm a  l e v e l s  a t  w hich  th e y  

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

p la s m a  s a l i c y l a t e  w ere d e v e lo p e d  o n ly  i n  1 9 4 3 .

R e c e n t ly  J a g e r  an d  Alway (1946) fo u n d  t h a t  t o x i c  

sym ptom s w ere  g e n e r a l l y  g r e a t e r  w ith  r i s e  i n  p la sm a  l e v e l s  b u t  

no  s e r i o u s  t o x i c  e f f e c t s  o c c u r r e d  b e lo w  4 0 .0  m gm s.^, a n d  p la sm a  

l e v e l s  o f  5 0 .0  mgms.% w ere m a in ta in e d  i n  some c a s e s  f o r  lo n g



100

p e r i o d s  w i th o u t  u n to w a rd  e f f e c t .  N ausea  an d  v o m itin g  a p p e a r e d  

e a r l y  b u t  te n d e d  to  d i s a p p e a r  w ith  c o n t in u e d  d o sag e  a s  d id  

a c n e i f o r m  e r u p t i o n s .  They fo u n d  t h a t  h y p e r v e n t i l a t i o n  o c c u r r e d  

i n  many p a t i e n t s  ab o v e  a  l e v e l  o f  4 0 .0  m gm s.^ . One c a s e  d e v e l ­

o p ed  p u lm o n ary  oedema a t  a  l e v e l  o f  8 0 .0  m gm s.^ . M a n c h e s te r  

( 1 9 4 6 ) ^ ^  th o u g h t  t h a t  n a u s e a ,  t r a n s i e n t  v o m it in g ,  t i n n i t u s ,  

d e a f n e s s ,  v e r t i g o  an d  s w e a tin g  w ere o f  no s i g n i f i c a n c e  an d  

c o u ld  b e  ig n o r e d .  M ore s e r i o u s  t o x i c  m a n i f e s t a t i o n s  w ere  s e v e re  

d y s p n o e a , d e l i r i u m ,  e x c e s s iv e  v o m itin g  a n d  s k in  e r u p t i o n s .

W arren  e t  a l  (1946) th o u g h t  t h a t  th e  e a r l i e s t  w a rn in g  o f  s e v e r e  

t o x i c i t y  w as h y p e r v e n t i l a t i o n  w hich i f  ig n o r e d  was f o l lo w e d  by 

m a n ia c a l  d e l i r i u m ,  t e t a n y ,  and  l o s s  o f  c o n s c io u s n e s s .

I f  l a r g e  d o s e s  o f  sodium  s a l i c y l a t e  a r e  to  b e  u s e d ,  

m ore  a c c u r a t e  in f o r m a t io n  a b o u t  th e  o c c u r r e n c e  an d  o r d e r  o f  a p ­

p e a r a n c e  o f  t o x i c  m a n i f e s t a t i o n s  seem s d e s i r a b l e .  I t  a p p e a r e d  

l o g i c a l  to  r e l a t e  th e  t o x i c i t y  to  p la sm a  l e v e l s  o f  s a l i c y l a t e ,  

a  m ore d i r e c t  m ethod  th a n  r e l a t i o n  to  d o sa g e  w hich  i n t r o d u c e s  

many f a c t o r s  su ch  a s  a g e ,  w e ig h t ,  f l u i d  i n t a k e ,  r o u t e  o f  adm in ­

i s t r a t i o n ,  an d  c o n c u r r e n t  a d m i n i s t r a t i o n  o f  o t h e r  d ru g B .

A. The R e la t i o n s h ip  to  P lasm a  L e v e l s .

I n  t h i s  i n v e s t i g a t i o n  th e  p la sm a  s a l i c y l a t e  c o n c e n t r a ­

t i o n  o f  v e n o u s  b lo o d  was d e te rm in e d  i n  p a t i e n t s  when th e y
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i n i t i a l l y  e x p e r ie n c e d  a  t o x i c  e f f e c t  o f  sod ium  s a l i c y l a t e .

T h e se  p a t i e n t s  w ere  r e c e iv in g  s a l i c y l a t e  f o r  v a r i o u s  r e a s o n s  an d  

in c l u d e  n o rm a l c o n v a le s c e n ts ,  c a s e s  o f  r h e u m a t ic  f e v e r ,  an d  

c a s e s  o f  rh e u m a to id  a r t h r i t i s .  I n  t h i s  way some 88 o b s e r v a t i o n s  

w e re  made i n  58 p a t i e n t s ,  an d  th e  t o x i c  m a n i f e s t a t i o n s  fo u n d  c an  

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

The t o x i c  m a n i f e s t a t i o n s  h a v e  b e e n  shown i n  T a b le  17, i n  th e  

o r d e r  o f  a s c e n d in g  mean p la sm a  l e v e l s  a t  w hich  th e y  i n i t i a l l y  

o c c u r r e d .  T h e re  i s  a  v a r i a t i o n  i n  th e  l e v e l s  o f  i n d i v i d u a l  

t o x i c  sym ptom s, b u t  t h a t  th e  mean p la sm a  l e v e l s  shown a r e  r e p r e ­

s e n t a t i v e  i s  i n d i c a t e d  by th e  o r d e r e d  r i s e  o f  b o th  minimum a n d  

maximum p la sm a  l e v e l s  a t  w hich  th e s e  t o x i c  symptom s o c c u r r e d .

H ot in c lu d e d  i n  T a b le  17 a r e  o b s e r v a t i o n s  on  a  num ber 

o f  p a t i e n t s  who e x h i b i t e d  t o x i c  m a n i f e s t a t i o n s  a t  v e ry  low  

p la sm a  l e v e l s  a f t e r  a  c o m p a ra t iv e ly  sm a ll d o se  o f  sodium  s a l i ­

c y l a t e .  T h re e  c a s e s  d e v e lo p e d  e ry th e m a to u s  r a s h e s  o f  t h e  c h e s t ,  

n e c k ,  f a c e ,  a n d  f l e x o r  a s p e c t s  o f  th e  arm s w i th in  th e  f i r s t  24 

h o u r s  o f  a d m i n i s t r a t i o n ,  p la sm a  l e v e l s  show ing a n  a v e ra g e  o f

1 9 .2  mgrne.fo. A f u r t h e r  two c a s e s  d e v e lo p e d  a n  a c n e i fo rm  r a s h  

o n  th e  f a c e ,  a rm s , an d  abdom en a f t e r  h a v in g  r e c e iv e d  s a l i c y l a t e  

f o r  s e v e r a l  w e ek s . T hese  p a t i e n t s  p r e v io u s ly  h a d  h i g h e r  p la sm a  

c o n c e n t r a t i o n s  th a n  a t  t h e  t im e  th e  r a s h  was d e t e c t e d .  T h re e
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p a t i e n t s  on s m a ll  d o sa g e  e x p e r ie n c e d  su d d en  o n s e t  o f  t i n n i t u s ,  

d e a f n e s s ,  n a u s e a  an d  v o m itin g  w ith  a n  a v e r a g e  p la sm a  l e v e l  o f

7 . 2  rngm s.^. W ith  th e  e x c e p t io n  o f  a c n e if o rm  e r u p t io n s  a l l  t h e s e  

c a s e s  a r e  c o n s id e r e d  to  b e  p e r s o n a l  id io s y n c r a s y  to  th e  d r u g .

TABLE 17

TOXIC
MANIFESTATION

N o. o f  
O b s e rv a t io n s

P lasm a
L ow est

L e v e ls  i n  
H ig h e s t

mgms
A v erag e

T i n n i t u s , 9 1 0 .0 3 9 .4 2 4 .3
D e a fn e s s , 9 1 0 .0 4 8 .0 2 5 .5
N a u se a , 9 1 2 .6 39 .6 26 .7
V o m itin g , 10 1 6 .3 38 .6 2 8 .2
T r a n s i e n t  A lbum in­

u r i a , 4 2 5 .2 4 1 .6 3 2 .1
H y p e r v e n t i l a t i o n , 10 2 1 .0 4 4 .2 3 2 .8
M arked  S w e a tin g  i n  

A f e b r i l e  P a t i e n t , 8 2 2 .6 4 8 .0 3 6 .6
H e a d ac h e , 5 2 0 .3 5 8 .1 3 9 .8
V e r t ig o , 1 4 0 .0 - 4 0 .0
S e v e re  D ro w sin e ss , 4 36 .6 4 2 .5 4 0 .4

R .B .C e l l s  i n  U r in e , 2 4 3 .6 5 0 .0 46 .8
A c e to n e  i n  U r in e , 2 4 1 .5 56 .0 4 3 .7

M e n ta l  C o n fu s io n , 4 4 1 .0 5 3 .6 4 6 .9

E x c ite m e n t an d  
E u p h o r ia , 2 4 2 .5 5 3 .6 4 8 .1

P u lm o n ary  Oedema, 1 49 .4 - 49 .4

S e v e re  D yspnoea, 3 46 *0 5 3 .6 5 0 .9

H a e m o rrh a g ic  S ig n s , 1 5 1 .8 5 1 .8
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D i s c u s s i o n .

I n  g e n e r a l  t o x i c  symptoms became m ore s e v e r e  a n d  m ore 

f r e q u e n t  a s  t h e  p la sm a  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n c r e a s e d .

T i n n i t u s j  D e a f n e s s ,  N ausea  a n d  T r a n s i e n t  V o m i t in g .

T h e se  t o x i c  e f f e c t s  w ere  n o t  r e g a r d e d  a s  b e in g  o f  

s e r i o u s  c o n s e q u e n c e  an d  r a p i d l y  s to p p e d  on  c e a s i n g  s a l i c y l a t e  

a d m i n i s t r a t i o n ,  r a r e l y  b e in g  p r e s e n t  48 h o u r s  a f t e r  s to p p in g  

t h e  d r u g .  I t  was u s u a l  i n  t h e  p r e s e n c e  o f  t h e s e  symptoms to  

c o n t i n u e  a d m i n i s t r a t i o n  w i th o u t  m o d i f i c a t i o n  o f  d o s a g e .  O f t e n  

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

r e g r e s s ,  a n d  a f t e r  s e v e r a l  d a y s  would d i s a p p e a r ,  l a t e r  much 

h i g h e r  p la sm a  l e v e l s  b e in g  a t t a i n e d  w i t h o u t  t h e i r  r e a p p e a r a n c e .  

T h u s ,  w i th  c o n t i n u e d  d o s a g e ,  a n  i n c r e a s i n g  t o l e r a n c e  to  sodium  

s a l i c y l a t e  d e v e l o p s .

P e r s i s t e n t  V o m i t in g .

T h is  was a n  i n d i c a t i o n  to  s to p  t h e  s a l i c y l a t e  f o r  a t  

l e a s t  a  te m p o ra ry  p e r i o d ,  a n d  i f  t h e  p a t i e n t  v o m i te d  m ore t h a n  

f o u r  t im e s  i n  t h e  24 h o u r s  t h i s  was a lw a y s  d o n e .  The v o m i t in g  

u s u a l l y  c e a s e d  w i t h i n  24 h o u r s  o f  s to p p in g  t h e  d ru g  and  i n  f o u r  

o f  t h e  c a s e s  shown i n  T a b le  17 when v o m i t in g  c e a s e d ,  recom m ence­

m e n t  o f  t h e  same d o sa g e  t h e  n e x t  m o rn in g  g av e  good  r e s u l t s .  Two 

c a s e s  d i d  n o t  a g a i n  e x p e r i e n c e  v o m i t in g ,  i n  one  i t  was t r a n s i e n t
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a n d  d i s a p p e a r e d  w i t h i n  a  day an d  o n ly  i n  one c a s e  d i d  i t  r e ­

a p p e a r  an d  p e r s i s t .  T h is  a l s o  i n d i c a t e s  t h a t  i n i t i a l  t o x i c  

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

T r a n s i e n t  A l b u m in u r i a .

P o u r  p a t i e n t s  showed a l b u m i n u r i a  up  t o  1 g m .p e r  l i t r e  

o f  u r i n e ,  b u t  i n  e ach  c a s e  t h i s  c l e a r e d  w i t h i n  t h r e e  d a y s  w i t h ­

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

t a k e  was i n c r e a s e d .  D u rin g  t h e  p e r i o d  i n  w hich  a l b u m i n u r i a  was 

p r e s e n t  t h e r e  w ere  no c a s t s  o r  R .B .C .  i n  t h e  u r i n e .

S w e a t in g  i n  t h e  A f e b r i l e  P a t i e n t .

S w e a tin g  i n  a  f e v e r e d  p a t i e n t  may b e  p a r t  o f  t h e  

a n t i p y r e t i c  a c t i o n  o f  sodium  s a l i c y l a t e  a n d  was n o t  c o n s i d e r e d  

i n  t h i s  i n v e s t i g a t i o n .  I n  c a s e s  w here  t h e r e  was no t e m p e r a t u r e  

s e v e r e  s w e a t in g ,  w e t t i n g  b o th  t h e  p y ja m a s  and  t h e  b e d  l i n e n ,  was 

n o t  o f  i n f r e q u e n t  o c c u r r e n c e .  I n  p a t i e n t s  r e c e i v i n g  t h e  sodium  

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

p e a r a n c e  o f  t h i s  s i g n  o f  t o x i c i t y ,  t h e  s e v e r e  s w e a t in g  a p p e a r i n g  

two t o  t h r e e  h o u r s  a f t e r  t h e  c o m p le t io n  o f  t h e  i n j e c t i o n ,  when 

p la s m a  l e v e l s  h a d  f a l l e n  from  t h e  p e a k  c o n c e n t r a t i o n  o b t a i n e d  

im m e d ia te ly  a f t e r  t h e  i n j e c t i o n .  T h i s  d e l a y  was a l s o  f r e q u e n t  

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

t i o n  o f  t h e . d r u g .
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H y p e r v e n t i l a t i o n .

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

c y l a t e  a d m i n i s t r a t i o n  was i n v e s t i g a t e d  i n  a n im a l s  a n d  i s  f u l l y  

d i s c u s s e d  i n  C h a p te r  VII* H y p e r v e n t i l a t i o n  was n o t  s e e n  b e lo w  

a  l e v e l  o f  2 1 .0  mgms.$ i n  any  p a t i e n t ,  t h e  a v e r a g e  f i g u r e  b e i n g  

3 2 .8  m gm s.$ . I t  w i l l  b e  n o t e d  from  C h a p te r  I . ,  p a g e  39 t h a t  

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

a v e r a g e  p la sm a  l e v e l  a t  w hich  a  f a l l  i n  t h e  COg Com bining Pow er 

becam e a p p a r e n t .  H y p e r v e n t i l a t i o n  te n d e d  to  become l e s s  a n d  

e v e n t u a l l y  d i s a p p e a r  i f  p la sm a  l e v e l s  w ere m a i n t a i n e d  a t  t h e  

same l e v e l  b u t  becam e more m ark ed  i f  t h e  p la sm a  l e v e l  was r a i s e d .  

M o r r i s  an d  Graham (19 31) h a v e  shown t h a t  t h e  am ount o f  s a l i ­

c y l a t e  p r e s e n t  i n  t h e  b lo o d  d u r in g  a  low  COg p e r i o d  c o u ld  a t  t h e  

m o s t  a c c o u n t  f o r  o n ly  a  n e g l i g i b l e  d i m i n u t i o n  o f  t h e  COg a n d  

m ade i t  c l e a r  t h a t  t h e  f a l l  i n  COg was n o t  t h e  r e s u l t  o f  i t s  

r e p l a c e m e n t  by s a l i c y l i c  a c i d .  The o t h e r  p o s s i b i l i t i e s  a r e  

d i s c u s s e d  i n  C h a p te r  V I I .

A c e to n e  i n  t h e  U r i n e .

T a b le  17 shows t h a t  a c e t o n u r i a  o n ly  o c c a s i o n a l l y  

a p p e a r s  i n  a d u l t s  d u r in g  s a l i c y l a t e  t h e r a p y .  I n  t h e  58 c a s e s  

o b s e r v e d  a c e t o n e  was d e t e c t e d  i n  o n ly  two p a t i e n t s .  The p la s m a  

c o n c e n t r a t i o n s  r o s e  much h i g h e r  i n  num erous p a t i e n t s  some o f
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whom h a d  s e v e r e  t o x i c  m a n i f e s t a t i o n s  w i t h o u t  t h e  a p p e a r a n c e  o f  

a c e t o n e .  T h is  d o e s  n o t  b e a r  o u t  i n  a d u l t s  w hat A n d e rso n  (1945) 

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

s a l i c y l a t e  i n t o x i c a t i o n  i s  p r e s e n t ,  a s  m o st o f  t h e  p a t i e n t s  i n  

t h i s  s e r i e s  r e c e i v e d  sodium  s a l i c y l a t e  f o r  lo n g  p e r i o d s .  The 

work o f  M yers an d  F e rg u s o n  (1929) i n d i c a t e s  c l e a r l y  t h a t  b o th  

i n  man a n d  i n  a n im a l s  t h e  a d m i n i s t r a t i o n  o f  sodium  s a l i c y l a t e  

l e a d s  to  l i t t l e  ch an g e  i n  t h e  a c e t o n e  c o n t e n t  o f  t h e  b l o o d ,  even  

i n  t h e  c a s e  o f  a n im a l s  when f a t a l  d o s e s  o f  s a l i c y l a t e  w ere  u s e d .  

T h a t  a c e t o n e  a n d  k e t o s i s  p la y e d  no p a r t  i n  t h e  so c a l l e d  

A c i d o s i s 1 o f  s a l i c y l a t e  i n t o x i c a t i o n  was shown by M o r r i s  a n d  

Graham  (19 31) who fo u n d  t h a t  t h e  a d m i n i s t r a t i o n  o f  l a r g e  d o s e s  

o f  g l u c o s e  h a d  no e f f e c t  i n  p r e v e n t i n g  t h i s  phenom enon. I t  a p ­

p e a r s  t h e n  t h a t  k e t o s i s  p l a y s  no p a r t  i n  t h e  p r o d u c t i o n  o f  

h y p e r v e n t i l a t i o n  a n d  f a l l  i n  t h e  COg com bin ing  pow er i n  p a t i e n t s  

r e c e i v i n g  sodium  s a l i c y l a t e .

Among t h e  t o x i c  symptoms o f  s a l i c y l a t e  p o i s o n i n g  a r e  

a  lo w e r e d  f l u i d  i n t a k e  w i th  s e v e r e  s w e a t in g ,  w hich  may c a u s e  

d e h y d r a t i o n ,  a n d  i f  t h e s e  a r e  a s s o c i a t e d  w i th  a n o r e x i a  an d  

v o m i t i n g ,  th e y  may c a u s e  a  te n d e n c y  to  k e t o s i s .  T h i s  may e x p l a i n  

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

a n d  i s  c o n s id e r e d  t h e  p r o b a b l e  r e a s o n  f o r  i t s  m ore f r e q u e n t
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o c c u r r e n c e  i n  c h i l d r e n  by E r g a n ia n  e t  a l  ( 1 9 4 7 ) .  I t s  m ore f r e ­

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

u n d e r s t o o d  yfoen one  c o n s i d e r s  how r e a d i l y  d e h y d r a t i o n  a n d  

k e t o s i s  a r e  i n d u c e d  i n  t h e  c h i l d .

R .B .C . i n  t h e  U r i n e .

O nly  two p a t i e n t s  u n d e r  o b s e r v a t i o n  p ro d u c e d  s c a n t y  

r e d  c e l l s  i n  t h e  u r i n e  w hich  d i s a p p e a r e d  w i t h i n  a  few  d a y s  on  

c o n t i n u e d  t h e r a p y . One t e n d s  to  r e g a r d  t h e  a p p e a r a n c e  o f  r e d  

c e l l s  i n  t h e  u r i n e  i n  t h e s e  c a s e s  a s  o f  no s i g n i f i c a n c e  a s  no 

o t h e r  s i g n s  o f  h a e m o rrh a g e  w ere  d i s c o v e r e d .  T h e re  was no r e ­

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

H ead ach e  a n d  V e r t i g o .

H ead ach e  o c c u r r e d  i n  f i v e  p a t i e n t s  a n d  was o c c i p i t o ­

f r o n t a l  i n  s i t e .  I t  was s e v e r e  f o r  a  s h o r t  p e r i o d  o n ly  a n d  

t h e n  t e n d e d  to  d i m i n i s h .  One p a t i e n t  c o m p la in e d  o f  p e r s i s t e n t  

h e a d a c h e  f ro m  t h e  s t a r t  to  t h e  end  o f  t h e r a p y  b u t  i n  no c a s e  

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

V e r t i g o  was fo u n d  i n  one  p a t i e n t  o n ly  who was a b l e ,  

n e v e r t h e l e s s ,  t o  s t a n d  •unaided  a l t h o u g h  h e  e x p e r i e n c e d  t h e  s e n s a ­

t i o n  t h a t  o b j e c t s  were r e v o l v i n g  ro u n d  h im  a n d  s t a g g e r e d  when 

w a l k i n g .
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M e n ta l  Symptoms.

S e v e re  d r o w s i n e s s ,  m e n ta l  c o n f u s i o n ,  e x c i t e m e n t  an d  

e u p h o r i a  w ere  n o t e d  i n  t h a t  o r d e r  a s  t h e  p la sm a  c o n c e n t r a t i o n s  

r o s e .  I n  t h e  g ro u p  o f  p a t i e n t s  w h ich  e x h i b i t e d  m e n ta l  c o n f u s i o n  

o n e  p a t i e n t  was c o m p le te ly  d i s o r i e n t a t e d ,  a n o t h e r  was d e l i r i o u s ,  

w h i l e  y e t  a n o t h e r  showed c o n f a b u l a t i o n .  A l l  t h e s e  s i g n s  im­

p r o v e d  r a p i d l y  an d  d i s a p p e a r e d  when t h e  s a l i c y l a t e  was d i s c o n ­

t i n u e d .  No p a t i e n t  o b s e r v e d  i n  t h i s  s e r i e s  l o s t  c o n s c i o u s n e s s .

S e v e r e  Dyspnoea a n d  P u lm onary  Oedema.

The p a t i e n t s  who e x h i b i t e d  t h e s e  s i g n s  h a d  b e e n  

h y p e r v e n t i l a t i n g  f o r  some t im e  on  c o n t i n u e d  t h e r a p y .  The r e ­

s p i r a t i o n  becam e m ore m arked  and  t h e  p a t i e n t s  w ere  c o n s i d e r e d  

t o  h a v e  s e v e r e  d y sp n o e a  when th e y  w ere  u n a b le  to  c a r r y  o n  a  

n o rm a l  c o n v e r s a t i o n  b e c a u s e  o f  s h o r t n e s s  o f  b r e a t h .  T h e re  was 

no  e v id e n c e  o f  c a r d i a c  f a i l u r e  o r  o f  a  pu lm o n ary  l e s i o n  a t  t h i s  

t i m e .  The pumonary oedema e n su e d  s u d d e n ly  i n  a  p a t i e n t  who h a d  

b e e n  h y p e r v e n t i l a t i n g  f o r  24 h o u r s  b u t  c l e a r e d  r a p i d l y  on  t h e  

c e s s a t i o n  o f  t h e  d ru g  an d  t h e  a d m i n i s t r a t i o n  o f  sod ium  b i c a r b o n ­

a t e  o r a l l y  w i th  m o rp h in e  and  a t r o p i n e  p a r e n t e r a l l y .

H a e m o rrh a g ic  S i g n s .

A c a r e f u l  s e a r c h  was made f o r  h a e m o r rh a g ic  s i g n s  i n  

a l l  p a t i e n t s .  Two p a t i e n t s  h a d  e p i s t a x i s  d u r in g  s a l i c y l a t e
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t h e r a p y  b u t  u n f o r t u n a t e l y  p la sm a  l e v e l s  w ere  n o t  o b t a i n e d .  Ho 

o t h e r  e v id e n c e  o f  h a e m o rrh a g e  was o b t a i n e d  e x c e p t  i n  one  c a s e  

o n  i n t r a v e n o u s  t h e r a p y  an d  t h i s  i s  o f  enough i n t e r e s t  to  w a r r a n t  

a  m ore  d e t a i l e d  r e p o r t  an d  d i s c u s s i o n .

B . A D e s c r i p t i o n  o f  H aem orrhage  d u r in g  S a l i c y l a t e  
T herapy  w hich  c a u s e d  D e a th .

M .P .  F em ale  a g e d  f o r t y - o n e  y e a r s . H o u s e w ife .  T h is

p a t i e n t  was a d m i t t e d  to  E a s t e r n  D i s t r i c t  H o s p i t a l  o n  1 .1 0 .4 6

c o m p la in in g  o f  p a i n ,  s t i f f n e s s  i n  t h e  k n e e s ,  a n k l e s ,  w r i s t s

a n d  h a n d s  f o r  t h e  p a s t  e i g h t e e n  m o n th s .  D u rin g  t h e  l a t t e r

p e r i o d  sh e  h a d  r e c e i v e d  p e n i c i l l i n  t r e a t m e n t ,  p h y s i o t h e r a p y ,  a n d

s m a l l  d o s e s  o f  o r a l  s a l i c y l a t e s  w i t h o u t  e f f e c t .  When s e e n  sh e

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

G e n e r a l  E x a m in a t io n .
The p a t i e n t  was a n  e m a c ia te d  woman w i th  m arked  m uscu­

l a r  w a s t in g ,  who l a y  m o t i o n l e s s  i n  b e d  an d  c o u ld  do n o t h i n g  
f o r  h e r s e l f .

L o c o m o to r  S y s te m .
E lb o w s .  F ix e d  i n  9 0 °  o f  f l e x i o n .
W r i s t s .  Ho d e f o r m i ty  p r e s e n t  b u t  m arked  l i m i t a t i o n  o f  move­

m ent w i th  t e n d e r n e s s  a n d  p a i n  on  a t t e m p t i n g  
a c t i v e  m ovem ent.

H a n d s .  Sm all m u sc le  w a s t in g  w i th  s p i n d l e  sh a p e d  j o i n t s ,  
a n d  t e n d e r n e s s  w i th  l i m i t e d  m ovem ent.

H i p s .  L i m i t a t i o n  o f  movement w i th  f i x a t i o n  a n d  sem i-
f l e x i o n .

K n e e s .  F ix e d  i n  f u l l  f l e x i o n .  P a i n f u l l y  t e n d e r ,  e x c r u ­
c i a t i n g l y  so on  a t t e m p t e d  a c t i v e  o r  p a s s i v e  
m ovem ent.

A n k l e s .  S w o lle n ,  t e n d e r  an d  p a i n f u l  w i th  oedem a.
S p i n e .  M arked r i g i d i t y .
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C a r d i o v a s c u l a r  S y s te m .
Tiier© was no e n la rg e m e n t  o r  e v id e n c e  o f  c a r d i a c  

f a i l u r e .  T h e re  was a  p r o p a g a t e d  m i t r a l  s y s t o l i c  m urm ur.

O t h e r  S y s te m s .
T h e re  was no e v id e n c e  o f  s p l e n i c  e n la r g e m e n t  o r  o f  

g l a n d u l a r  in v o lv e m e n t ,  a n d  no o t h e r  a b n o r m a l i t i e s  w ere d e t e c t e d .

I n v e s t i g a t i o n s .
W.B.C. 8 .0 0 0 /c u .m m .
R .B .C . 3 .5  m i l l i o n /c u .m m .  (  •
Hb. 12 g m s .^
E .S .R .  8 0 m m s . / l s t . h r . 110 m m s /2 n d .h r .  (W e s te g re n )

I n  v ie w  o f  t h e  p a i n  a n d  t e n d e r n e s s  o f  t h e  j o i n t s  i t  

was d e c i d e d  to  g i v e  sodium  s a l i c y l a t e  by t h e  i n t r a v e n o u s  r o u t e ,  

f o l l o w e d  by h i g h  o r a l  d o s a g e  to  m a i n t a i n  a  h i g h  l e v e l  o f  s a l i ­

c y l a t e  i n  t h e  c i r c u l a t i o n .  I t  h a d  b e e n  o u r  e x p e r i e n c e  w i th  

o t h e r  c a s e s  o f  r h e u m a to id  a r t h r i t i s  t h a t  m a s s iv e  s a l i c y l a t e  

d o s a g e  h a d  g i v e n  m arked  r e l i e f  o f  p a i n  a t  l e a s t  f o r  a  te m p o ra ry  

p e r i o d  e n a b l i n g  a c t i v e  m ovem ents to  b e  s t a r t e d  a n d  p h y s i o t h e r a p y  

t o  b e  i n s t i t u t e d ,  and  i t  a p p e a r e d  to  b e  i n d i c a t e d  i n  t h i s  c a s e

a s  s m a l l e r  o r a l  d o s e s  h a d  f a i l e d  to  g i v e  r e l i e f .  I t  was d e c id e d

t o  g i v e  10 g ram s o f  sodium  s a l i c y l a t e  i n  1 ,0 0 0  c c s .  o f  n o rm a l  

s a l i n e  d a i l y  f o r  f o u r  d a y s ,  to  b e  f o l lo w e d  by o r a l  sod ium  

s a l i c y l a t e  10 gram s d a i l y  w i th  a n  e q u a l  q u a n t i t y  o f  sodium  

b i c a r b o n a t e .

P r o g r e s s .
4 . 1 0 . 4 6 .  I n t r a v e n o u s  a d m i n i s t r a t i o n  o v e r  8 h o u r  p e r i o d .
5 . 1 0 . 4 6 .  I n t r a v e n o u s  a d m i n i s t r a t i o n  o v e r  8 h o u r  p e r i o d .

P la sm a  s a l i c y l a t e  l e v e l  b e f o r e  commencement 
b e in g  33 .6  m gm s.^ .

6 . 1 0 . 4 6 .  P la sm a  l e v e l  b e f o r e  i n j e c t i o n  3 2 .0  mgrns.^.
I n t r a v e n o u s  a d m i n i s t r a t i o n  o v e r  8 h o u r  p e r i o d .
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The p a t i e n t  c o m p la in e d  o f  t i n n i t u s  a n d  some d e a f n e s s  

a f t e r  t h e  f i r s t  day w i th  some s w e a t in g  i n  t h e  e v e n in g s .  T h is  

d i d  n o t  w o rry  h e r  u n d u ly  e s p e c i a l l y  a s  t h e  p a i n s  i n  h e r  j o i n t s  

h a d  become much e a s i e r  d u r in g  t h e  5 . 1 0 . 4 6 .  On t h e  e v e n in g  o f

5 .1 0 .4 6  sh e  e x p e r i e n c e d  some n a u s e a  a n d  v o m i te d  o n c e  d u r i n g  t h e  

e v e n in g  b u t  sh e  f e l t  w e l l  a f t e r w a r d s  a n d  was w e l l  o n  t h e  

f o l l o w i n g  m o rn in g .

7 . 1 0 . 4 6 .  P la sm a  l e v e l  b e f o r e  i n j e c t i o n  5 5 .0  m gm s.^ .
I n t r a v e n o u s  a d m i n i s t r a t i o n  o v e r  8 h o u r  p e r i o d .

A f t e r  t h e  a d m i n i s t r a t i o n  t h e  p a t i e n t  c o m p la in e d  o n ly  

o f  t i n n i t u s  a n d  f e l t  w e l l .  T h e re  w ere  o n ly  s l i g h t  p a i n s  i n  t h e  

j o i n t s  a n d  a l l  movements w ere  much e a s i e r ,  h e r  k n e e s  b e i n g  l e s s  

s t i f f .  She f e d  h e r s e l f  f o r  t h e  f i r s t  t im e  s i n c e  a d m is s io n  a n d  

was h a p p i e r  a n d  b r i g h t e r  t h a n  a t  any t im e  b e f o r e .  The r e s p i r a ­

t o r y  r a t e  was s l i g h t l y  i n c r e a s e d .

8 . 1 0 . 4 6 .  O r a l  a d m i n i s t r a t i o n  was commenced a t  10 a .m .
60 g r s .  o f  sodium  s a l i c y l a t e  w i th  a n  e q u a l  q uan ­
t i t y  o f  sodium  b i c a r b o n a t e  was g iv e n  e v e ry  4  h o u r s .

I n  t h e  e v e n in g  t h e  p a t i e n t  was w e l l ,  h a v in g  no p a i n  

i n  t h e  j o i n t s  a n d  a l l  m ovem ents w ere  e a s i e r  th a n  b e f o r e .  H y p er­

v e n t i l a t i o n  was p r e s e n t  b u t  n o t  m ark ed .

9 . 1 0 . 4 6 .  8 .3 0  a .m .  P a t i e n t  became s e m i-c o m a to se  a n d  p e r s p i r e d
f r e e l y .  She became a s h e n  g r e y  i n  c o l o u r  w i th  
c y a n o s i s  o f  t h e  e x t r e m i t i e s  a n d  m arked  h y p e r v e n t i ­
l a t i o n .  The p u l s e  was r a p i d  a n d  t h r e a d y .
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The h y p e r v e n t i l a t i o n  l e d  t h e  h o u s e  p h y s i c i a n  to  t h i n k  

t h a t  s e v e r e  a c i d o s i s  was t h e  c a u s e  o f  t h e  d i s t r e s s  so p o t a s s iu m  

c i t r a t e  a n d  sodium  b i c a r b o n a t e  g r . 6 0  o f  e a c h  w ere  a d m i n i s t e r e d  

h o u r l y .  Two h o u r s  l a t e r  sh e  was u n a b le  t o  sw a llo w , so i n t r a ­

v e n o u s  g l u c o s e  25^ was commenced b u t  w i t h i n  a  few  m in u te s  t h e  

p u l s e  becam e i r r e g u l a r ,  s e v e r e  c y a n o s i s  d e v e lo p e d  an d  t h e  

p a t i e n t  d i e d .  Im m e d ia te ly  a f t e r  d e a th  h a e m o rrh a g e  was fo u n d  

f ro m  t h e  r e c tu m  an d  v o id e d  u r i n e  was b l o o d - s t a i n e d .

P o s t -M o r te m  R e p o r t .
G e n e r a l :  C op ious  h a e m o rrh a g e  h a d  t a k e n  p l a c e  i n t o  t h e

p l e u r a l  c a v i t i e s .  Huge b l o o d  c l o t s  w ere  l y i n g  
i n  them , a n d  t h e  p a r i e t a l  p l e u r a  showed a n  
o o z in g  s u r f a c e  w i th  r e c e n t l y  fo rm ed  f i b r i n  
a t t a c h e d .  S m a l le r  h a e m o r rh a g e s  were a l s o  
p r e s e n t  i n  t h e  p e r i c a r d i u m  a n d  i n  t h e  p e r i ­
r e n a l  t i s s u e s .

L u n g s : B o th  l u n g s  w ere  o ed em ato u s  a n d  c o n t a i n e d  much
b l o o d .

H e a r t : The p e r i c a r d i u m  was a d h e r e n t  t o  t h e  a p e x
a n t e r i o r l y  and  p o s t e r i o r l y  w i th  e v id e n c e  o f  
a n  o l d  r h e u m a t ic  e n d o c a r d i t i s  on t h e  m i t r a l  
c u s p s .  D i l a t a t i o n  o f  t h e  r i g h t  v e n t r i c l e  was 
p r e s e n t  w i th  t h e  w a l l  show ing a  p o o r  c o l o u r .
T h e re  w ere  num erous p e r i c a r d i a l  p e t e c h i a e .

L i v e r : The l i v e r  was nutm eg i n  c o l o u r  w i th  f la m e  s h a p e d
h a e m o r rh a g e s  p r e s e n t  u n d e r  i t s  c a p s u l e .  S ec ­
t i o n s  showed a d v a n c e d  f a t t y  d e g e n e r a t i o n  w i th  
m arked  h y p e r a e m ia .

K i d n e y s : L a rg e ,  f i r m  a n d  h y p e r a e m ic .
G a s t r o - i n t e s t i n a l  t r a c t : Some p u n c t a t e  b l e e d i n g  p o i n t s

w ere p r e s e n t  i n  t h e  m ucosa o f  t h e  l a r g e  
i n t e s t i n e  a n d  p e t e c h i a e  was s e e n  th r o u g h o u t  
t h e  m e s e n te ry  an d  p e r i to n e u m .

J o i n t s : No h a e m o rrh a g e  was s e e n  b u t  e v id e n c e  o f  t h e
r h e u m a to id  p r o c e s s  was p r e s e n t .

B r a i n :  T h e re  w ere  num erous  p e t e c h i a e  w i th  c o n g e s t i o n
o f  t h e  b r a i n  s u r f a c e  an d  m arked  oedem a.
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Com m entary:
T h i s  c a s e  was one  o f  c h r o n i c  r h e u m a to id  a r t h r i t i s  

w i t h  a n  o l d  r h e u m a t ic  e n d o c a r d i t i s  an d  a d h e r e n t  p e r i c a r d i u m .  
S u b s e ro u s  h a e m o r rh a g e  and  oedema c e r e b r i  w ere  t h e  t e r m i n a t i n g  
s t a g e s  b e f o r e  d e a t h .

D i s c u s s i o n :

W hereas t h e  p a t i e n t  was w e l l  m ore t h a n  24 h o u r s  a f t e r  

t h e  l a s t  i n t r a v e n o u s  i n j e c t i o n  a n d  showed no s i g n s  o f  s e v e r e  

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

e r e d  t h a t  s a l i c y l a t e  c a u s e d  d e a th  o t h e r  t h a n  by p ro d u c in g  

h a e m o r r h a g e .  H y p e r v e n t i l a t i o n  a s s o c i a t e d  w i th  c y a n o s i s  was 

e v i d e n t  a t  8 .3 0  a .m .  on t h e  m o rn in g  o f  d e a t h ,  b u t  h a d  n o t  b e e n  

m a n i f e s t  p r e v i o u s l y .  M o re o v e r ,  a t  t h e  t im e  o f  a p p e a r a n c e  o f  

t h e s e  symptoms sodium  b i c a r b o n a t e  was b e in g  g i v e n  e v e ry  f o u r  

h o u r s  w i th  t h e  s a l i c y l a t e .  The l e v e l  o f  55 mgms.^ h a d  b e e n  

o b t a i n e d  two d a y s  b e f o r e  d e a t h ,  an d  a  l e v e l  o f  59 mgms.^ t h e  

day  p r e c e d i n g  d e a t h  w i th o u t  u p s e t .

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  Q uincke  (1888) d e ­

s c r i b e d  a  c a s e  w hich  ended f a t a l l y  a f t e r  r e c e i v i n g  sod ium  s a l i ­

c y l a t e  a n d  w h ich  showed much t h e  same p o s t - m o r te m  f e a t u r e s  a s  

t h i s  c a s e .  L in k  e t  a l  (1943) w ere  t h e  f i r s t  t o  show t h e  p r o d u c ­

t i o n  o f  hypo c o a g u l a b i l i t y  o f  t h e  b lo o d  a n d  h y p o p ro th ro m b in a e m ia  

by  s a l i c y l a t e  i n  t h e  r a t  a f t e r  Stahm ann e t  a l  (1944) a n d  

H e u b n e r  a n d  L in k  (1941) h a d  shown by c h e m ic a l  s tu d y  t h a t
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s a l i c y l i c  a c i d  was a n  i m p o r t a n t  d e g r a d a t i o n  p r o d u c t  o f  t h e  

h a e m o r r h a g ic  a g e n t  3*3* m e th en e  b i s  (4  h y d r o x y c o u m a r in ) . T h i s  

h a s  b e e n  c o n f i rm e d  i n  man by M eyer and  Howard (1943) who fo u n d  

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

R a p p o p o r t  e t  a l  (1943) d u r in g  s a l i c y l a t e  t h e r a p y  o f  r h e u m a t ic  

c h i l d r e n .  Owen a n d  B r a d f o rd  (1946) i n  t h e  t r e a t m e n t  o f  25 

r h e u m a t i c  c h i l d r e n  w i th  m a s s iv e  t h e r a p y  c o m p a ra b le  t o  t h e  d o s e s  

b e i n g  u s e d  i n  t h i s  c a s e  fo u n d  h y p o p ro th ro m b in a e m ia  w hich  

o c c u r r e d  d u r in g  t h e  f i r s t  w eek . T h is  l a s t e d  s e v e r a l  d a y s ,  w i th  

n e a r  n o rm a l l e v e l s  b e in g  fo u n d  i n  t h e  se c o n d  week, an d  n o rm a l  

l e v e l s  i n  t h e  t h i r d  week on  c o n t in u e d  t h e r a p y .  A l th o u g h  two 

c a s e s  f e l l  b e lo w  t h e  c r i t i c a l  l e v e l  o f  p r o th r o m b in  (20$) a n d  

tw e lv e  c a s e s  f e l l  b e lo w  30$, o n ly  f i v e  o f  t h e s e  c a s e s  showed 

m i l d  h a e m o r rh a g e  such  a s  e p i s t a x i s  o r  n a i l  b e d  h a e m o r rh a g e s .

C la u s e n  and  J a g e r  (1946) o b s e r v e d  t h a t  s p o n ta n e o u s

h a e m o r rh a g e  due  to  t h e  p r o th r o m b in o p o e n ic  e f f e c t  o f  s a l i c y l a t e s

i s  r a r e  a n d  when p r e s e n t  i s  a p p a r e n t l y  n o t  a  f a c t o r  i n  c a u s in g
( 1)d e a t h  f ro m  s a l i c y l a t e  i n t o x i c a t i o n .  M a n c h e s te r  (1946) u s i n g

t h e  same d o s a g e  i n  r h e u m a t ic  f e v e r  c a s e s  a s  was u s e d  i n  t h i s  

c a s e  fo u n d  t h a t  t h e  p r o th r o m b in  f e l l  d u r in g  t h e  f i r s t  week 

t h e r e a f t e r  r i s i n g  b u t  d i d  n o t  r e a c h  a  c r i t i c a l  l e v e l  a n d  no 

h a e m o r r h a g ic  t e n d e n c i e s  w ere n o t e d  i n  o v e r  160 p a t i e n t s  w i th
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i n t e n s i v e  t h e r a p y .  S t r e s s ,  h o w e v e r ,  h a s  b e e n  l a i d  u pon  

h a e m o r rh a g e  a s  o n e  o f  t h e  m ost s t r i k i n g  c o m p l i c a t i o n s  o f  

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

p u b l i s h e d  o f  d e a t h s  from  h a e m o rrh a g e  by T r o l l  e t  a l  (1945) a n d  

A s h w o rth  an d  McKemie (1 9 4 4 ) ,  b u t  a s  i n  t h i s  c a s e ,  p r o th r o m b in  

l e v e l s  w ere  n o t  d e t e r m in e d .

I n  d o sa g e  an d  i n  t im e  o f  h a e m o rrh a g e  t h i s  c a s e  p a r a ­

l l e l s  t h o s e  o f  Owen an d  B r a d f o rd  (1946) w i th  t h e  e x c e p t i o n  t h a t  

t h e  h a e m o r rh a g e s  w ere  s e v e r e  a n d  d e a th  t h e  r e s u l t .  T h is  

h a e m o r rh a g e  o c c u r r e d  a t  t h e  t im e  i n  t h e r a p y  a t  w h ich  M a n c h e s te r  

( 1 9 4 6 ) ^ ^  fo u n d  maximum h y p o p ro th ro m b in a e m ia  u s i n g  t h e  same 

d o s a g e .  A r e a s o n  m u st  be  s o u g h t  f o r  t h e  s e v e r e  h a e m o r rh a g e .  

L in k  e t  a l  (1943) s u g g e s t e d  a  p a r a l l e l i s m  b e tw e e n  t h e  e f f e c t s  

o f  d ic o u m a ro l  an d  t h a t  o f  s a l i c y l a t e s  w hich  Owen a n d  B r a d f o r d  

(1 9 4 6 )  d i s c o u n t  a s  i n  t h e i r  c a s e s  t h e  h y p o p ro th ro m b in a e m ia  was 

t r a n s i e n t  a n d  d i s a p p e a r e d  w i th  c o n t i n u e d  th e r a p y ,  m o re o v e r  no 

l i v e r  damage was d e t e c t e d  by t h e  c e p h a l i n - c h o l e s t e r o l  a n d  

h i p p u r i c  a c i d  t e s t s .  The f a c t  t h a t  v i t a m i n  K t h e r a p y  c a n  p r e ­

v e n t  t h i s  h y p o p ro th ro m b in a e m ia  (Meyer an d  Howard 1943) s u g g e s t s  

t h a t  i t  i s  n o t  c a u s e d  by l i v e r  dam age. However, Lutwak-M ann 

(1 9 4 2 )  showed t h a t  l i v e r  g ly c o g e n  d i s a p p e a r e d  f o l l o w i n g  

s a l i c y l a t e  t h e r a p y .  I t  i s  o f  i n t e r e s t  t h a t  t h i s  c a s e  showed
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a d v a n c e d  f a t t y  d e g e n e r a t i o n  o f  t h e  l i v e r  w i th  h y p e ra e m ia  an d  

t h a t  s e v e r e  h a e m o rrh a g e  c a u s e d  d ea th *  f a c t s  w hich t e n d  t o  su p ­

p o r t  a  s u g g e s t i o n  o f  Link: e t  a l  (1943) t h a t  t h e  a c t i o n  o f  

s a l i c y l a t e  i s  p a r a l l e l  to  t h a t  o f  d i c o u m a r o l . I t  a p p e a r s  t h a t  

w i t h  m a s s iv e  i n t r a v e n o u s  th e r a p y  u s i n g  sod ium  s a l i c y l a t e ,  

v i t a m i n  K m ig h t  b e  o f  p r o t e c t i v e  v a l u e  i f  g i v e n  c o n c u r r e n t l y ,  

e v e n  a l t h o u g h  such  c a s e s  o f  s e v e r e  h a e m o rrh a g e  a r e  r a r e .

C. The I n c i d e n c e  o f  T o x ic  Symptoms w i th  P la sm a  L e v e l s  
o v e r  5 5 .0  mgms . $ .

S in c e  Coburn (1943) s t a t e d  t h a t  m a s s iv e  t h e r a p y  w i th  

s a l i c y l a t e  g a v e  im p ro v ed  t h e r a p e u t i c  r e s u l t s  i n  r h e u m a t ic  f e v e r ,  

t h e r e  h a s  b e e n  a  te n d e n c y  on  t h e  p a r t  o f  w o rk e rs  to  u s e  l a r g e r  

d o s e s .  From p a t i e n t s  t h a t  w ere g iv e n  h i g h  d o s e s  o f  sodium  

s a l i c y l a t e  t h e  t o x i c  symptoms h a v e  b e e n  r e v ie w e d  i n  a l l  t h o s e  

w hose p la sm a  l e v e l s  r o s e  a b o v e  3 5 .0  rngms.^. T h is  was t h e  l e v e l  

w h ich  Coburn  (1943) c la im e d  s h o u ld  be  m in im a l  i n  t h e  t r e a t m e n t  

o f  r h e u m a t ic  f e v e r .  A l t o g e t h e r  some 33 p a t i e n t s  whose p la sm a  

l e v e l  r o s e  ab o v e  35 mgms.$ a r e  shown i n  T a b le  18, t o g e t h e r  w i th  

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

I t  w i l l  be  s e e n  f ro m  T a b le  18 t h a t  t h e  i n c i d e n c e  o f  

d e a f n e s s ,  t i n n i t u s  an d  n a u s e a  i s  h i g h .  I n  a l l  c a s e s  t h e s e  l e s s  

s e v e r e  t o x i c  symptoms w ere  i g n o r e d .  V o m itin g  o c c u r r e d  i n  ;}ust
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o v e r  o n e  q u a r t e r ,  a n d  h y p e r v e n t i l a t i o n  i n  j u s t  u n d e r  one  t h i r d  

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

t o x i c  symptoms i s  r e a s o n a b l y  h i g h .  I t  w ould seem t h a t  i f  p la sm a  

l e v e l s  o f  o v e r  35 mgms.^ a r e  to  b e  m a i n t a i n e d  t h e  p a t i e n t s  

s h o u ld  b e  k e p t  u n d e r  c l o s e  o b s e r v a t i o n  a n d  i f  p o s s i b l e  f r e q u e n t  

e s t i m a t i o n s  made o f  t h e  p la sm a  c o n c e n t r a t i o n s  o f  s a l i c y l a t e .

TABLE 18

The i n c i d e n c e  o f  t o x i c  m a n i f e s t a t i o n s  i n  33 p a t i e n t s  whose 
p la sm a  l e v e l  r o s e  ab o v e  35 m gm s.^ .

P e r c e n t a g e
T o x ic  M a n i f e s t a t i o n s  I n c i d e n c e

T i n n i t u s , • • • 96$
D e a f n e s s ,  . . . • •  • 100$
H a u s e a ,  . . .  . . . •  •  • 48$

H y p e r v e n t i l a t i o n , •  • • 30$
V o m it in g ,  . . .  . . . •  • • 27$
M arked  s w e a t in g  i n  a f e b r i l e p a t i e n t , 12$
H e a d a c h e ,  . . .  . . . • • • 12$

S e v e r e  d r o w s in e s s , • • • 12$

M e n ta l  c o n f u s io n , • • • 6$
S e v e re  D yspnoea, . . . • • • 6$
T r a n s i e n t  A lb u m in u r ia , • • • 6$
R .B .C .  i n  U r in e , •  •  • 6$
A c e to n e  i n  t h e  U r in e , •  •  • 6$
E x c i t e m e n t  an d  e u p h o r i a , •  • • 6$
E p i s t a x i s ,  • • • • • • 6$
V e r t i g o ,  • • • • • • 3$
P u lm o n ary  0 edema, . . . • • • 3$

S e v e re  H aem orrhage , . . . • • • 3$
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D. The I n f l u e n c e  o f  C o in c id e n t  A d m i n i s t r a t i o n  o f  
A l k a l i  on  T o x ic  M a n i f e s t a t i o n s .

1 .  Sodium B i c a r b o n a t e *

I t  h a s  b e e n  shown t h a t  i n  p a t i e n t s  who d e v e lo p  t o x i c  

m a n i f e s t a t i o n s  to  s a l i c y l a t e ,  t h e s e  t o x i c  e f f e c t s  t e n d  to  

d e v e lo p  a t  c e r t a i n  l e v e l s ,  a n d  become m ore f r e q u e n t  a s  t h e  

l e v e l  r i s e s .  I t  would a p p e a r  t h e r e f o r e  l o g i c a l  t o  assum e t h a t  

a s  sodium  b i c a r b o n a t e  p r o d u c e s  lo w e r  p la sm a  l e v e l s ,  t h e  a d d i ­

t i o n  o f  a l k a l i  w ould  r e d u c e  o r  p r e v e n t  some o f  t h e  t o x i c  

e f f e c t s  o f  a  g i v e n  d o se  o f  s a l i c y l a t e  by d i r e c t l y  d e p r e s s i n g  

t h e  p la sm a  l e v e l .  T h i s ,  i n  f a c t ,  was e x a c t l y  w hat to o k  p l a c e ,  

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

W .S .M ale , 19 y e a r s . R e c u r r e n t  r h e u m a t ic  p o l y a r t h r i t i s .  
A t t h e  t im e  o f  t h e s e  o b s e r v a t i o n s  t h e  p a t i e n t  was r e c e i v i n g  
24 g m s .o f  sod ium  s a l i c y l a t e  d a i l y  i n  f o u r  h o u r l y  d i v i d e d  d o s e s  
w i t h  a n  e q u a l  q u a n t i t y  o f  sodium  b i c a r b o n a t e .

D a te
P la sm a  L e v e l

mgms J /o

26 . 3 .4 7 3 9 .0

2 7 .3 .4 7 35.6

2 8 .3 .4 7 3 2 .4

2 9 .3 .4 7 4 2 .1

3 0 .3 .4 7 38.6

T o x ic  M a n i f e s t a t i o n s

P a t i e n t  u p .  S l i g h t  t i n n i t u s  
an d  d e a f n e s s  b u t  no o t h e r  
m a n i f e s t a t i o n s  o f  s a l i c y s m  
d u r in g  t h i s  p e r i o d .

T he sodium  b i c a r b o n a t e  was w i th d ra w n  on  t h e  1 .4 .4 7  a n d  t h e  

f o l l o w i n g  o b s e r v a t i o n s  m ade.
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P la sm a  l e v e l
D a te  mgms S  T o x ic  M a n i f e s t a t i o n s

4 . 4 . 4 7  5 9 .5  C o n f in e d  to  b e d  w i th  m arked
5 . 4 . 4 7  5 6 .2  t i n n i t u s ,  d e a f n e s s ,  p e r s p i r a ­

t i o n ,  h e a d a c h e  an d  n a u s e a .

6 * 4 .4 7  5 0 .1  H y p e r v e n t i l a t i o n  n o t e d  a l l  day
w i th  v o m i t in g  i n  t h e  e v e n in g  
a n d  much m a l a i s e  and  
p e r s p i r a t i o n .

Sodium  s a l i c y l a t e  was d i s c o n t i n u e d  t e m p o r a r i l y  on  t h e  e v e n in g  
o f  6 . 4 . 4 7 .

T h i s  p a t i e n t  h a d  b e e n  r e c e i v i n g  sodium  s a l i c y l a t e  o v e r  a  
p e r i o d  o f  t h r e e  m o n th s ,  t h i s  a c c o u n t in g  f o r  t h e  l a r g e  d o s e s  
u s e d  w i th  t h e  p r o d u c t i o n  o f  o n ly  m o d e ra te  p la sm a  l e v e l s .  T h is  
shows a g a i n  t h a t  c o n t in u e d  s a l i c y l a t e  t h e r a p y  w i th  t h e  same 
d o s e  g r a d u a l l y  l e a d s  t o  lo w e r  p la sm a  l e v e l s .

J .M .  M ale ,  48 y e a r s . H e m ip le g ia  w i th  F i b r o s i t i s .  T h is  
p a t i e n t  r e c e i v e d  10 gms. o f  sodium  s a l i c y l a t e  d a i l y  i n  f o u r  
h o u r l y  d i v i d e d  d o s e s ,  e q u a l  q u a n t i t i e s  o f  sodium  b i c a r b o n a t e  
b e i n g  g i v e n  w here  shown.

D a te  ^ ^ m gms^'li V'^^ T o x ic  M a n i f e s t a t i o n s
W ith  Sodium B i c a r b o n a t e

9 .10  .46 2 0 .4
1 0 .1 0 .4 6  2 3 .2  The o n ly  symptoms i n  t h i s  p e r i o d
1 1 .1 0 .4 6  2 1 .3  w ere  s l i g h t  t i n n i t u s  and  some
1 2 .1 0 .4 6  2 1 .2  d e a f n e s s .
1 3 .1 0 .4 6  1 8 .5

Sodium b i c a r b o n a t e  was w ith d ra w n  on t h e  1 6 .1 0 .4 6 .

1 8 .1 0 .4 6  3 5 .7  T i n n i t u s  and  d e a f n e s s  m a rk e d .
1 9 .1 0 .4 6  4 1 .0  M e n ta l  e x c i t e m e n t ,  c o n f u s i o n ,
2 0 .1 0 .4 6  3 1 .4  h y p e r v e n t i l a t i o n  a n d  n a u s e a .
2 1 .1 0 .4 6  3 3 .2  C o n fu s io n  and  m e n ta l  symptoms

h a v e  d i s a p p e a r e d  b u t  n a u s e a ,  
h y p e r v e n t i l a t i o n  an d  n a u s e a  
s t i l l  a p p a r e n t .

Thus i t  w ould  seem t h a t  sodium  b i c a r b o n a t e  when a d ­

m i n i s t e r e d  t o g e t h e r  w i th  sodium  s a l i c y l a t e  r e d u c e s  t o x i c
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symptoms by t h e  p r o d u c t i o n  o f  lo w e r  p la sm a  s a l i c y l a t e  l e v e l s .

2 .  The I n f l u e n c e  o f  Sodium L a c t a t e  when g iv e n  i n t r a v e n o u s l y .

Two g r o u p s  o f  f o u r  p a t i e n t s  i n  e ach  g ro u p  w ere  g iv e n  

10 gm s. o f  sodium  s a l i c y l a t e  i n  1000 c c s .  o f  n o rm a l s a l i n e  f o r  

t h r e e  d a y s .  To t h e  sodium  s a l i c y l a t e  i n  n o rm a l s a l i n e  o f  one 

g ro u p  was a d d e d  sodium  l a c t a t e  to  make a  c o n c e n t r a t i o n  o f  M/6 

i n  1000 c c s .  The t o x i c  symptoms w ere r e c o r d e d  f o r  each  g ro u p ,  

a n d  t h e s e  a r e  r e p r e s e n t e d  i n  T a b le  19 .

TABLE 19

N o s .o f  P a t i e n t s  showing t h e
T o x ic T o x ic  ManjL f e s t a t i o n

M a n i f e s t a t i o n W ith o u t W ith
Sodium L a c t a t e Sodium L a c t a t e

T i n n i t u s , 4 4
D e a f n e s s , 4 4
N ausea , 4 1
V o m it in g , 1 -
S e v e re  S w e a t in g , 4 3
h y p e r v e n t i l a t i o n , 4 2
M e n ta l  C o n fu s io n , 1 -
S e v e re  D yspnoea, 1

T h e re  a p p e a r s  to  b e  a  r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  

t o x i c  symptoms Tifoen sodium  l a c t a t e  i s  a d m i n i s t e r e d  c o n c u r r e n t l y  

w i t h  sod ium  s a l i c y l a t e .  B u t a s  e a c h  g ro u p  c o n s i s t s  o f  d i f f e r e n t  

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

g r e a t ,  t h e  s e r i e s  b e i n g  s m a l l .
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E. The M echanism  i n  t h e  P r o d u c t i o n  o f  V o m i t in g *

V o m itin g  i s  one o f  t h e  m ost d i s t u r b i n g  e a r l y  f e a t u r e s  

o f  s a l i c y l a t e  i n t o x i c a t i o n  an d  i f  p e r s i s t e n t ,  i n t e r r u p t s  t h e r a p y .  

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

i n t r a v e n o u s l y .  U s in g  a l l  t h r e e  r o u t e s  p la sm a  c o n c e n t r a t i o n s  

w e re  o b t a i n e d  when v o m i t in g  o c c u r r e d  f o r  t h e  f i r s t  t im e .  T h e se  

l e v e l s  a r e  shown i n  T a b le  20 .

TABLE 20

R o u te  o f  
Admini s t r a t i o n

No . o f  
C ases

P la sm a  l e v e l mgms .io
Low H igh A verage

O r a l , 8 1 6 .0 38 .6 2 8 .2

R e c t a l , 4 3 0 .0 46 .1 3 8 .2

I n t r a v e n o u s , 3 32 .6 4 8 .8 4 0 .5

The o p p o r t u n i t y  was t a k e n  to  exam ine  t h e  v o m itu s  from  two r e c t a l  

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

v o m i tu s  was e s t i m a t e d  by t h e  same m ethod u s e d  f o r  t o t a l  s a l i ­

c y l a t e  i n  t h e  u r i n e ,  a s  h a s  b e e n  p r e v i o u s l y  d e s c r i b e d .  No 

s a l i c y l a t e  was d e t e c t e d  i n  t h e  v o m ite d  m a t e r i a l ,  a  f i n d i n g  w hich  

i s  p a r a l l e l e d  by t h a t  o f  O a r a v a t i  an d  C osg rove  (1946) who fo u n d  

no  s a l i c y l a t e  i n  t h e  g a s t r i c  a s p i r a t e s  o f  p a t i e n t s  e x p e r i e n c i n g  

n a u s e a  w h i le  on  i n t r a v e n o u s  s a l i c y l a t e  t h e r a p y .  From t h i s  i t  i s  

c o n c lu d e d  t h a t  t h e  e m e t ic  a c t i o n  o f  sodium  s a l i c y l a t e  i n  r e c t a l
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a n d  i n  i n t r a v e n o u s  c a s e s  i s  o f  c e n t r a l  o r i g i n .  I t  w i l l  be  s e e n  

t h a t  w i th  t h e  g ro u p  shown t h e  p la sm a  l e v e l s  a t  w hich  v o m i t in g  

o c c u r r e d  on  r e c t a l  a n d  i n t r a v e n o u s  t h e r a p y  a r e  c o m p a ra b le ,  

b e i n g  some 10 mgms.^ h i g h e r  th a n  w i th  o r a l  t h e r a p y .  I t  w ould  

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

g a s t . r o  -  i n t e s t i n a l  t r a c t  w hich  p l a y s  a  p a r t  i n  in d u c in g  v o m i t ­

in g  w i th  o r a l  t h e r a p y ,  a s  t h i s  o c c u r s  a t  lo w e r  l e v e l s  o f  p la sm a  

s a l i c y l a t e .  T h i s  m ig h t  b e  a n  i n d i c a t i o n  to  u s e  t h e  r e c t a l  

r o u t e  i n  t h o s e  p a t i e n t s  who v o m it  p e r s i s t e n t l y  w h i l e  on  o r a l  

t h e r a p y .

G e n e r a l  C o n c l u s i o n s .

(1 )  The t o x i c  m a n i f e s t a t i o n s  o f  sodium  s a l i c y l a t e  i n  

t h e  58 p a t i e n t s  s t u d i e d  t e n d  to  a p p e a r  i n  a  d e f i n i t e  o r d e r  a n d  

c a n  b e  r e l a t e d  to  p la sm a  l e v e l s  i n i t i a l l y ,  a l t h o u g h  t o l e r a n c e  

t o  s a l i c y l a t e  d e v e lo p s  w i th  c o n t in u e d  t h e r a p y .  (2 )  The i n c i d e n c e  

o f  t o x i c  m a n i f e s t a t i o n s  w i th  p la sm a  l e v e l s  o v e r  3 5 .0  mgms.^ i s  

h i g h .  (3 )  H aem orrhage  i s  a  r a r e  c o m p l i c a t i o n  o f  s a l i c y l a t e  

t h e r a p y  b u t  c a n  o c c u r  w i th  f a t a l  r e s u l t s .  (4 )  C o n c u r r e n t  

a d m i n i s t r a t i o n  o f  a l h a l i  t e n d s  to  r e d u c e  t o x i c  m a n i f e s t a t i o n s  

by  r e d u c in g  p la sm a  l e v e l s  o f  s a l i c y l a t e .  (5 )  V om iting  d u r in g  

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

a c t i o n  i n  t h e  s tom ach  w i th  o r a l  d o sag e  i s  p r o b a b l e .
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CHAPTER V II.

AN INVESTIGATION OP SALICYLATE HYPERVENTILATION

The h y p e r v e n t i l a t i o n  p ro d u c e d  by Sodium S a l i c y l a t e  h a s  

b e e n  n o t e d  b o th  w i th  o r a l  an d  i n t r a v e n o u s  th e r a p y  i n  man, a n d  

h a s  b e e n  r e l a t e d  e lse v tf ie re  to  p la sm a  l e v e l s .  I n  v ie w  o f  a  

w id e ly  h e l d  o p i n i o n  t h a t  h i g h  p la sm a  l e v e l s  a r e  o f  b e t t e r  

t h e r a p e u t i c  v a lu e  i n  t h e  t r e a t m e n t  o f  r h e u m a t ic  f e v e r ,  a n d  i n  

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

i t  was d e c id e d  t h a t  a  d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  m echanism  

o f  p r o d u c t i o n  o f  t h e  h y p e r v e n t i l a t i o n  s h o u ld  b e  u n d e r t a k e n .  To 

overco m e t h e  many d i f f i c u l t i e s  i n  s tu d y i n g  t h i s  phenom enon i n  

p a t i e n t s ,  e x p e r im e n t s  w ere  c a r r i e d  o u t  on c a t s  an d  r a b b i t s .

A. The A c t io n  o f  I n t r a v e n o u s  Sodium S a l i c y l a t e  
i n  O a ts  and  R a b b i t s .

I n  r a b b i t s ,  i n t r a v e n o u s  sodium  s a l i c y l a t e  i n  s m a l l  

d o s e s  ( 0 .0 4  g m . / k g . )  c a u s e d  a n  i n c r e a s e  i n  a m p l i t u d e  a n d  

a c c e l e r a t i o n  o f  r e s p i r a t i o n ,  w i th  a  s l i g h t  f a l l  i n  B . P . ,  f o l ­

lo w ed  by a  r i s e  i n  B .P .  L a r g e r  d o s e s  o f  sodium  s a l i c y l a t e  

( 0 .1 7  g m . / k g . )  c a u s e d  i n h i b i t i o n  o f  r e s p i r a t i o n ,  a  f a l l  i n  B . P . ,  

a n d  c o n v u l s i o n s .  The o n s e t  o f  t h e s e  c o n v u l s i o n s ,  w h ich  w ere
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c l o n i c  t h e n  t o n i c  i n  n a t u r e ,  to o k  p l a c e  b e f o r e  a s p h y x ia  c o u ld  

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

s p i r a t i o n  may c o n t i n u e  i n h i b i t e d  f o r  some t im e .  A d o s e  o f

0 .4 5  g m . / k g .  c a u s e d  d e a t h .  The B .P .  f e l l  r a p i d l y ,  t h e  h e a r t  

becam e i r r e g u l a r ,  r e s p i r a t i o n  was i n h i b i t e d ,  c o n v u l s i o n s  e n su e d ,  

a n d  a s p h y x ia  c o m p l i c a t e d  t h e  p i c t u r e .  T hese  a c t i o n s  a r e  shown 

i n  P i g .2 8 .

I n  t h e  c a t  s i m i l a r  r e s u l t s  w ere  o b t a i n e d  w h e th e r  t h e  

a n i m a l s  w ere  a n a e s t h e t i s e d  w i th  e t h e r ,  c h l o r a l o s e ,  o r  n e m b u ta l .  

Sodium s a l i c y l a t e  0 . 1  g m . /k g .  c a u s e d  a  r i s e  i n  B .P .  an d  a  s h a rp  

h y p e r v e n t i l a t i o n  vtfiich came on w i t h i n  a  few  se c o n d s  o f  t h e  i n ­

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

some t im e  a f t e r  t h e  d i s t u r b a n c e  o f  B .P .  h a d  c e a s e d .  Some o f  

t h e s e  e f f e c t s  w i th  s a l i c y l a t e s  i n  a n i m a l s  h a v e  b e e n  n o t e d  by 

B l a n c h i e r  ( 1 8 7 9 ) ,  C h i ro n e  and  P e t u c c i  ( 1 8 7 8 ) ,  a n d  H u r t l e y  an d  

T re v a n  ( 1 9 1 6 ) .
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FIGURE 28
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aU *) U  V

R a b b i t ,  f e m a l e ,  2 . 4  K g . ,  U r e t h a n e  1 0 $ ,  4 . 0  m i s . / K g . ,  
i n t r a v e n o u s l y .  U p p e r  r e c o r d  r e s p i r a t i o n  w i t h  i n s p i r a t i o n  
o n  t h e  d o w n s t r o k e ,  s e c o n d  l i n e  c a r o t i d  3 . P . ,  t h i r d  l i n e  
i n j e c t i o n s ,  f o u r t h  l i n e  t i m e  i n  3 0  s e c . i n t e r v a l s .

1 .  S h o w s  t h e  e f f e c t  o f  s o d i u m  s a l i c y l a t e  0 . 0 4  g m . / K g .
i n t r a v e n o u s l y ,  i n  s t i m u l a t i n g  r e s p i r a t i o n .

2 .  S h o w s  t h e  c o n v u l s a n t  e f f e c t  o f  s o d i u m  s a l i c y l a t e
0 . 1 7  g m . / K g .  i n t r a v e n o u s l y .

3 .  S h o w s  t h e  f a t a l  a c t i o n  o f  s o d i u m  s a l i c y l a t e  0 . 4 5  g m . / K g .
i n t r a v e n o u s l y .  C a r d i o v a s c u l a r  f a i l u r e  p r e c e d e s  
r e s p i r a t o r y  f a i l u r e .
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I t  c a n  b e  e s t i m a t e d  f rom  t h e s e  e x p e r im e n t s  t h a t  i n t r a v e n o u s  

so d iu m  s a l i c y l a t e  i s  t o x i c  to  t h e  h e a r t  a n d  d i l a t e s  b lo o d  

v e s s e l s .  I t  s t i m u l a t e s  t h e  r e s p i r a t o r y  an d  c a r d i o v a s c u l a r  

m ech an ism s  a n d  i n  l a r g e r  d o s e s  i n h i b i t s  t h e s e  m echan ism s , s t im ­

u l a t i n g  t h e  m o to r  c e n t r e s  o f  t h e  c e re b ru m . I n  l a r g e r  d o s e s  

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

n e r v o u s  sy s te m  f u n c t i o n .

B. D i r e c t  S t i m u l a t i o n  o r  U p se t  i n  A c id  B ase  B a la n c e  a s  
a n  E x p l a n a t i o n  o f  S a l i c y l a t e  H y p e r v e n t i l a t i o n .

I n v e s t i g a t i n g  s a l i c y l a t e  t o x i c i t y  J o h n s o n  (1930) 

d e c i d e d  t h a t  t h e  h y p e r v e n t i l a t i o n  was due to  a  f i x e d  a c i d  

a c i d o s i s ,  a n d  M o r r i s  an d  Graham (19 31) b e l i e v e d  t h a t  s a l i c y l a t e  

l e d  t o  t h e  p r o d u c t i o n  o f  a  non  g a s e o u s  a c i d o s i s ,  b u t  O din  (1932) 

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

Goodman a n d  G ilm an  (1941) s t a t e d  t h a t  t h e  i n c r e a s e  i n  r e s p i r a ­

t i o n  was due to  a  d i r e c t  a c t i o n  on  t h e  r e s p i r a t o r y  c e n t r e *  an d  

i n  c h i l d r e n  B a r n e t t  e t  a l  (1942) n o t e d  a  C02 d e f i c i t  a l k a l o s i s  

a s s o c i a t e d  w i th  t h e  h y p e r v e n t i l a t i o n .  W orking w i th  s a l i c y l a t e  

o n  m onkeys a n d  d o g s ,  R a p p o p o r t  e t  a l  (1943) fo u n d  p r im a ry  h y p e r ­

v e n t i l a t i o n  w i th  d e c r e a s e  i n  00g t e n s i o n .  F a s h e n a  an d  W alker 

(1 9 4 4 )  n o t e d  a  s m a l l  r e d u c t i o n  i n  C02 com bin ing  pow er w i th o u t  

r e s p i r a t o r y  chan g e  a n d  d e c id e d  t h a t  t h i s  c o u ld  o n ly  b e  a c c o u n te d
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f o r  by a c c u m u la t io n  o f  f i x e d  a c i d s .  A s h i f t  o f  a c i d  b a s e  b a l ­

a n c e  to  r e s p i r a t o r y  a l k a l o s i s  was d e s c r i b e d  i n  t h e  c a s e  o f  a  

16 y e a r s  o l d  Negro by R y d er  e t  a l  ( 1 9 4 5 ) .  I n  c h i l d r e n  

E r g a n i a n  e t  a l  (1947) w ere  o f  t h e  o p i n i o n  t h a t  h y p e r v e n t i l a t i o n  

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

r e s p i r a t o r y  a l k a l o s i s ,  w hich  was f o l lo w e d  by c o m p e n sa to ry  ex­

c r e t i o n  o f  e x c e s s  b i c a r b o n a t e  by t h e  k i d n e y .

Thus i n  m ore r e c e n t  y e a r s ,  t h e r e  h a s  b e e n  a  c o n s e n s u s  

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

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

v e n t i l a t i o n  i s  f o l lo w e d  by a  r e s p i r a t o r y  a l k a l o s i s .

I n  a n  a t t e m p t  to  d e te r m in e  w h e th e r  t h e  h y p e r v e n t i l a ­

t i o n  was c a u s e d  by a c i d - b a s e  change  i n  t h e  b lo o d ,  o r  w h e th e r  i t
*

was c a u s e d  by a n  i n t r i n s i c  s t i m u l a n t  a c t i o n  o f  s a l i c y l a t e  on  t h e  

r e s p i r a t o r y  c e n t r e ,  t h e  f o l l o w i n g  e x p e r im e n ts  were u n d e r t a k e n  on 

c a t s  a n d  r a b b i t s :

( a )  O b s e r v a t i o n s  w ere  made on t h e  C02 com bin ing  pow er o f
a r t e r i a l  b lo o d ,  p la sm a  s a l i c y l a t e  l e v e l s ,  r e s p i r a ­
t i o n ,  and  B . P . ,  b e f o r e ,  im m e d ia te ly  a f t e r ,  an d  a t  
i n t e r v a l s  a f t e r  a n  i n t r a v e n o u s  i n j e c t i o n  o f  sod ium  
s a l i c y l a t e  s u f f i c i e n t  t o  pi?oduce r e s p i r a t o r y  s t im u ­
l a t i o n .

(b )  The e f f e c t  on t h e  h y p e r v e n t i l a t i o n  o f  s im u l ta n e o u s
m a s s iv e  d o s e s  o f  sodium  b i c a r b o n a t e  w i th  t h e  
s a l i c y l a t e ,  w ere o b s e r v e d .

( c )  The e f f e c t  o f  t h e  p r e v i o u s  a d m i n i s t r a t i o n  o f  m a s s iv e
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d o s e s  o f  sodium  l a c t a t e  on t h e  h y p e r v e n t i l a t i o n  p r o ­
d u c e d  by s a l i c y l a t e  w ere  o b s e r v e d .

(d )  The e f f e c t  on t h e  h y p e r v e n t i l a t i o n  o f  t h e  s im u l ta n e o u s  
a d m i n i s t r a t i o n  w i th  t h e  sodium  s a l i c y l a t e  o f  m a s s iv e  
d o s e s  o f  t h e  s e d a t i v e  d r u g s ,

( i )  M orp h in e  s u l p h a t e ,
( i i )  H e x o b a r b i to n e  s o l u b l e ,  

a n d  t h e  s e d a t i v e  i o n s ,
( i i i )  Ca i o n s  a s  c a lc iu m  g l u c o n a t e ,

( i v )  K i o n s  a s  P o ta s s iu m  c h l o r i d e ,  
w ere  o b s e r v e d .

T h e se  o b s e r v a t i o n s  w i th  a l l  r e l e v a n t  d e t a i l s  a r e  

i l l u s t r a t e d  i n  F i g u r e s  29 t o  33 w i th  t h e  c o n c l u s io n s  draw n 

t h e r e f r o m .  Ho i l l u s t r a t i o n  o f  t h e  e f f e c t  o f  p o ta s s iu m  c h l o r i d e  

i s  a p p e n d e d  a s  t h e r e  was no m o d i f i c a t i o n  w h a te v e r  o f  t h e  

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

s a l i c y l a t e ,  when t h i s  s a l t  was g iv e n  w i th  t h e  s a l i c y l a t e .



FIGURE 29 129

O a t ,  m a l e ,  3 . 4  K g .  E t h e r  a n d  c h l o r a l o s e  8 0  m g . / K g .  U p p e r  
l i n e  s h o w s  c a r o t i d  B . P . ,  s e c o n d  l i n e  s h o w s  p o i n t s  w h e r e  b l o o d  
s a m p l e s  w e r e  t a k e n ,  w i t h  i m m e d i a t e l y  b e l o w  t h e  C O g  c o m b i n i n g  

p o w e r  i n  v o l u m e s  p e r  c e n t ,  t h i r d  l i n e  s h o w s  t h e  p l a s m a  s a l i ­
c y l a t e  l e v e l s  i n  m g m s . ^ ,  f o u r t h  l i n e  s h o w s  t h e  r e s p i r a t i o n  
w i t h  i n s p i r a t i o n  o n  t h e  d o w n s t r o k e ,  f i f t h  l i n e  s h o w s  i n j e c t i o n  

p o i n t  o f  s o d i u m  s a l i c y l a t e  0 . 1  g m . / K g . ,  t h e  l o w e s t  l i n e  s h o w s  
t i m e  i n  3 0  s e c . i n t e r v a l s .

1 .  S h o w s  n o r m a l  c o n t r o l .
2 . S h o w s  t h e  e f f e c t  o f  s o d i u m  s a l i c y l a t e  0 . 1  g m . / K g .  I t  h a s

p r o d u c e d  a  r i s e  i n  B . P .  a n d  h y p e r v e n t i l a t i o n .
3 .  S h o w s  s a m p l e  t a k e n  a t  6  m i n s .  a f t e r  t h e  i n j e c t i o n .

4 .  S h o w s  s a m p l e  a t  1 2  m i n s .
5 .  S h o w s  s a m p l e  a t  2 4  m i n s . ,  t h e  e f f e c t s  o f  h a e m o r r h a g e  a r e

m a n i f e s t .
I t  w i l l  b e  s e e n  t h a t  t h e r e  w a s  n o  d e v i a t i o n  f r o m  t h e  n o r m a l  
0 0 g  c o m b i n i n g  p o w e r  i m m e d i a t e l y  a f t e r  t h e  i n j e c t i o n  o f  t h e  s a l i ­
c y l a t e  a n d  y e t  t h e  s t i m u l a t i o n  o f  r e s p i r a t i o n  w a s  i m m e d i a t e .

A s  h y p e r v e n t i l a t i o n  c o n t i n u e d  t h e r e  w a s  a  g r a d u a l  f a l l  i n  C O g  
c o m b i n i n g  p o w e r .  T h e  p l a s m a  s a l i c y l a t e  w a s  h i g h  a f t e r  t h e  
i n j e c t i o n  b u t  f e l l  m a r k e d l y  i n  t h e  n e x t  6  m i n s . ,  m o r e  g r a d u a l l y  
t h e r e a f t e r .  T h e  r a p i d  f a l l  w a s  p r o b a b l y  c a u s e d  b y  d i f f u s i o n  
i n t o  t h e  t i s s u e s .
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R a b b i t ,  m a le ,  2 . 4  K g . ,  U re th a n e  10$, 4 .0  m i s . / K g . ,  
i n t r a v e n o u s l y .  U pper l i n e  shows r e s p i r a t i o n s  w i th  i n s p i r a ­
t i o n s  on t h e  d o w n s t ro k e ,  t h e  se c o n d  l i n e  shows c a r o t i d  B . P . ,  
t h e  t h i r d  l i n e  shows p o i n t  o f  i n f e c t i o n ,  and  t h e  f o u r t h  
l i n e  shows t im e  i n  30 s e c . i n t e r v a l s . I n c r e a s e  i n  drum sp e e d  
i s  show n a t  i n t e r v a l s .

1 .  Shows h y p e r v e n t i l a t i o n  an d  r i s e  i n  B .P .  a f t e r  th e
i n t r a v e n o u s  i n j e c t i o n  o f  sodium  s a l i c y l a t e  0 . 2  gm ./K g .

2 .  Shows t h e  same e f f e c t  when Sodium s a l i c y l a t e  0 . 2  gm ./K g.
i s  g iv e n  i n  sodium  b i c a r b o n a t e  5 m i s .  o f  a  5$ s o l u t i o n . '

I t  i s  shown t h a t  sodium  s a l i c y l a t e  r e t a i n e d  i t s  

s t i m u l a n t  e f f e c t  on r e s p i r a t i o n  i n  t h e  p r e s e n c e  o f  sodium

b i c a r b o n a t e .
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R a b b i t ,  m a le ,  2 .0  Kg, U re th a n e  10$ 4 .0  m l s . / K g . ,  i n t r a ­
v e n o u s l y .  U pper l i n e  shows r e s p i r a t i o n  w i th  i n s p i r a t i o n  on 
t h e  d o w n s tro k e ,  s e c o n d  l i n e  shows c a r o t i d  B . P . ,  t h i r d  l i n e  
show s i n j e c t i o n s ,  f o u r t h  l i n e  t im e  i n  30 s e c . i n t e r v a l s .

The f i r s t  i n j e c t i o n  d e m o n s t r a t e s  t h e  e f f e c t  o f  sodium  
s a l i c a t e  0 .1  grn ./K g. i n  r a i s i n g  B .P .  an d  s t i m u l a t i n g  t h e  r e ­
s p i r a t i o n .  I n  t h i s  exam ple t h e  s t i m u l a t i o n  t a k e s  t h e  form  o f  
s p a sm o d ic  i n c r e a s e  o f  i n s p i r a t o r y  to n e  r a t h e r  t h a n  h y p e r ­
v e n t i l a t i o n  .

The se c o n d  i n j e c t i o n  shows t h e  same e f f e c t  f rom  th e  same 
d o s e  o f  s a l i c y l a t e  g iv e n  i n  C a lc iu m  g l u c o n a t e  2 m i s .  o f  a  10$ 
s o l n .  H ere  t h e  sp asm o d ic  i n c r e a s e  i n  i n s p i r a t o r y  to n e  i s  
f o l l o w e d  by a  s h o r t  c o n v u l s i o n .

I t  i s  fo u n d  t h a t  i n c r e a s e d  c a lc iu m  c o n c e n t r a t i o n  i n  t h e  
b l o o d  d o e s  n o t  p r e v e n t  t h e  a c t i o n  o f  sodium s a l i c y l a t e  on 
r e s p i r a t i o n  an d  B . P . ,  n o r  t h e  c o n v u l s a n t  a c t i o n  on t h e  C .N .S .
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R a b b i t ,  f e m a le ,  2 .2  K g .U re th a n e  10$, 4 .0  M is . / K g . ,  i n t r a ­
v e n o u s l y .  U pper r e c o r d  i s  r e s p i r a t i o n  w i th  i n s p i r a t i o n  on t h e  
d o w n s t ro k e ;  t h e  se c o n d  l i n e  shows c a r o t i d  B . P . ,  t h e  t h i r d  l i n e  
shows i n j e c t i o n s ,  and  t h e  lo w e r  l i n e  t im e  i n  20 seco n d  i n t e r v a l s .

1 .  D e m o n s tr a te s  t h e  e f f e c t  o f  sodium  s a l i c y l a t e  0 . 2  g m ./K g . ,
i n t r a v e n o u s l y ,  when g i v e n  im m e d ia te ly  a f t e r  sodium  
l a c t a t e  0 .4 6  gm ./K g . an d  C alc ium  g l u c o n a t e  0 .4 6  g m ./K g . ,  
i n t r a v e n o u s l y .

2 .  Shows t h e  e f f e c t  o f  sodium  s a l i c y l a t e  0 .2  g m ./K g . i . v .
when g iv e n  im m e d ia te ly  a f t e r  m o rp h in e  s u l p h a t e  3 mgm./Kg.
I  .V .

I t  i s  s e e n  t h a t  th e  p r e v i o u s  a d m i n i s t r a t i o n  o f  sodium  l a c t a t e  

a n d  c a lc iu m  g l u c o n a t e  t o g e t h e r ,  o r  o f  m o rp h in e  s u l p h a t e ,  d o e s

n o t  m o d ify  th e  e f f e c t  o f  sodium  s a l i c y l a t e  on t h e  r e s p i r a t i o n .
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FIGURE 55

R a b b i t ,  m a le ,  2 . 4  Kg. U re th a n e  10^, 4 .0  m i s . / K g . ,  i n t r a ­
v e n o u s ly .  U pper r e c o r d  r e s p i r a t i o n  w i th  i n s p i r a t i o n  on  t h e  
d o w n s t ro k e .  The seco n d  l i n e  shows c a r o t i d  B . P . ;  t h e  t h i r d  
l i n e  shows i n j e c t i o n s  and  t h e  f o u r t h  l i n e  shows t im e  i n  30 s e c s .  
I n c r e a s e d  drum sp e e d s  a r e  shown a t  i n t e r v a l s .

1 .  Shows t h e  a c t i o n  o f  Sodium S a l i c y l a t e  0 . 2  gm ./K g. i n
s t i m u l a t i n g  r e s p i r a t i o n .

2 .  Shows t h e  same a c t i o n  when Sodium S a l i c y l a t e  i s  g iv e n
one  m in u te  a f t e r  H e x o b a r b i to n e  s o l u b l e  0 . 2  g m ./K g . ,

, i n t r a v e n o u s l y .

T h e re  i s  no m o d i f i c a t i o n  i n  t h e  e f f e c t  o f  Sodium s a l i c y l a t e  on 
r e s p i r a t i o n  when a d m i n i s t e r e d  a f t e r  H e x o b a r b i to n e  s o l u b l e  i n  
l a r g e  d o s e s .
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D i s c u s s i o n .

The i l l u s t r a t i o n  ( F i g . 29) shows t h a t  t h e  COg co m b in in g  

p ow er  o f  t h e  p la sm a  i s  n o t  im m e d ia te ly  u p s e t  f o l l o w in g  t h e  i n t r a ­

v e n o u s  i n j e c t i o n  o f  sodium  s a l i c y l a t e *  a l t h o u g h  h y p e r v e n t i l a t i o n  

f o l l o w s  im m e d ia te ly  on  t h e  i n j e c t i o n .  T h i s  o b s e r v a t i o n  was con­

f i r m e d  i n  o t h e r  a n i m a l s .  T h is  c o u ld  be  e v id e n c e  i n  f a v o u r  o f  an  

im m e d ia te  u p s e t  i n  t h e  pH o f  th e  b lo o d  by t h e  s a l i c y l a t e  f o l lo w e d  

by a  c o m p e n sa to ry  h y p e r v e n t i l a t i o n ,  o r  e v id e n c e  o f  d i r e c t  e f f e c t  

on  t h e  r e s p i r a t o r y  c e n t r e  p ro d u c in g  h y p e r v e n t i l a t i o n .  B o th  

c o n d i t i o n s  w ould b e  f o l lo w e d  by a  r e d u c t i o n  i n  t h e  COg com bin ing  

p o w er ,  i n  t h e  f i r s t  i n s t a n c e  i n d i c a t i n g  a n  a c i d o s i s ,  an d  i n  t h e  

se c o n d  i n s t a n c e  i n d i c a t i n g  a g a s e o u s  a l k a l o s i s  from  th e  h y p e r ­

v e n t i l a t i o n .  I t  h a s  b e e n  shown by M o r r i s  an d  Graham (19 31) t h a t  

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

COg co m b in in g  pow er by r e p la c e m e n t  o f  COg* M yers and  F e rg u s o n  

(1 9 2 9 )  h a v e  shown t h a t  t h e r e  i s  l i t t l e  chan g e  i n  t h e  a c e t o n e  

c o n t e n t  o f  t h e  b lo o d  w i th  s a l i c y l a t e  a d m i n i s t r a t i o n ,  a n d  a s  t h e  

pH o f  sodium  s a l i c y l a t e  i n  s o l u t i o n  i s  to  t h e  a l k a l i n e  s i d e  o f  

n e u t r a l i t y ,  i t  seems h i g h l y  u n l i k e l y  t h a t  sodium  s a l i c y l a t e  i n ­

j e c t e d  i n t r a v e n o u s l y  p ro d u c e d  t h e  h y p e r v e n t i l a t i o n  an d  r e d u c t i o n  

i n  OOg co m b in in g  pow er by i n t e r f e r i n g  w i th  t h e  pH o f  t h e  b l o o d .  

T h i s  i s  s u p p o r t e d  by R a p p o p o r t  and  G u e s t  (1945) who c o u ld  f i n d
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no pH ch an g e  i n  t h e  b lo o d  o f  a n im a l s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  

b i g  d o s e s  o f  sodium  s a l i c y l a t e .

I t  h a s  b e e n  s h o rn  i n  C h a p te r  V I .  t h a t  k e t o s i s  p l a y s  

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

m o re o v e r  t h e r e  was no t im e  d u r in g  w hich k e t o s i s  c o u ld  d e v e lo p ?  

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

l a t e  i m m e d i a t e l y .

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

was f u r t h e r  shown by t h e  f a c t  t h a t  c o i n c i d e n t  a d m i n i s t r a t i o n  o f  

a  l a r g e  q u a n t i t y  o f  a l k a l i  ( P i g . 30) d id  n o t  p r e v e n t  t h e  h y p e r ­

v e n t i l a t i o n  from  a p p e a r i n g  o r  m o d ify  i t  i n  any  way.

I t  a p p e a r s  th e n  t h a t  t h e r e  i s  d i r e c t  s t i m u l a t i o n  o f  

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

l e a d s  to  a  g a s e o u s  a l k a l o s i s  w i th  r e d u c t i o n  i n  COg co m b in in g  

p o w e r .  D u r in g  t h e  a n im a l  e x p e r im e n t s  i t  was a l s o  n o t e d  t h a t  

when t h e  d o s e  o f  sodium  s a l i c y l a t e  was n o t  l a r g e  enough to  p r o ­

d u c e  any  h y p e r v e n t i l a t i o n  t h e r e  was no f a l l  i n  t h e  COg co m b in in g  

p o w e r .

How, i t  h a s  b e e n  shown i n  C h a p te r  I . ,  t h a t  i n  p a t i e n t s  

o n  c o n t in u o u s  d o sa g e  w i th  sodium  s a l i c y l a t e  t h e  c o n c u r r e n t  a d ­

m i n i s t r a t i o n  o f  b i c a r b o n a t e  p r o d u c e s  lo w e r  p la sm a  s a l i c y l a t e  

c o n c e n t r a t i o n s .  I t  h a s  a l s o  b e e n  shown t h a t  h y p e r v e n t i l a t i o n
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o c c u r s  a t  a  c e r t a i n  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  th e  p la sm a  

( C h a p te r  V I . ) . Thus t h e  c o n c u r r e n t  a d m i n i s t r a t i o n  o f  b i c a r b o n ­

a t e  w i th  c o n t in u e d  s a l i c y l a t e  a d m i n i s t r a t i o n  t e n d s  to  r e d u c e  t h e  

c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  t h e  p la sm a  b e lo w  t h e  l e v e l  a t  

w h ich  h y p e r v e n t i l a t i o n  i s  m a n i f e s t e d .  I t  f o l l o w s  t h a t  i f  h y p e r ­

v e n t i l a t i o n  i s  p r e v e n t e d  o r  r e d u c e d ,  th e  r e d u c t i o n  i n  COg com­

b i n i n g  pow er w i l l  b e  p r e v e n t e d  o r  r e t u r n e d  to  n o rm a l ,  a s  h a s  

b e e n  d i s c u s s e d  a b o v e .

T h ese  o b s e r v a t i o n s  e x p l a i n  why t h e  a d d i t i o n  o f  

b i c a r b o n a t e  to  sodium  s a l i c y l a t e  when a d m i n i s t e r e d  t o  p a t i e n t s  

t e n d s  t o  p r e v e n t  t h e  r e d u c t i o n  i n  COg com bin ing  pow er and  h y p e r ­

v e n t i l a t i o n ,  a  f a c t  w hich  h a s  l e d  e a r l i e r  w o rk e rs  to  assum e t h e  

p r e s e n c e  of. a n  a c i d o s i s .

I t  i s  a l s o  i n t e r e s t i n g  to  n o t e  t h a t  i n  t h i s  s e r i e s  o f  

a n im a l  e x p e r im e n ts  m a s s iv e  d o s e s  o f  s e d a t i v e s  w ere u n a b le  to  

p r e v e n t  t h e  s a l i c y l  h y p e r v e n t i l a t i o n  ( F i g s . 32 & 33) an d  t h a t  

t h e  a d m i n i s t r a t i o n  o f  sodium l a c t a t e  a n d  c a lc iu m  g l u c o n a t e  w ere  

a l s o  w i th o u t  e f f e c t  ( F i g s . 31 & 3 2 ) .

C. S i t e  o f  A c t io n  o f  Sodium S a l i c y l a t e  i n  P r o d u c in g
H y p e r v e n t i l a t i o n .

I t  h a s  b e e n  g e n e r a l l y  assum ed  by th o s e  a u t h o r s  who 

f a v o u r e d  t h e  v ie w  o f  d i r e c t  s t i m u l a t i o n  t h a t  t h e  s i t e  o f  a c t i o n
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o f  s a l i c y l a t e  was t h e  r e s p i r a t o r y  c e n t r e .  However, G e s e l l  (1940) 

w r o t e :  ” I f  e v e r  t h e r e  was a  c o n v i c t i o n  f i r m l y  e n t r e n c h e d  i n  

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

b r e a t h i n g  by t h e  r e s p i r a t o r y  c e n t r e .  I t  was a  shaky  f o u n d a t io n  

u p o n  w hich  a l l  o f  u s  w orked” . P i - S u n e r  a s  f a r  b a c k  a s  1918 

c o n s i d e r e d  t h a t  i n  a d d i t i o n  to  c e n t r a l  c h e m ic a l  i n f l u e n c e s  t h e r e  

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

w h ich  a r e  a l s o  s e n s i t i v e  to  c h e m ic a l  f a c t o r s .  B agoury  and  

Samaan (1941) h a v e  s t u d i e d  r e s p i r a t o r y  r e f l e x e s  by i n j e c t i n g  

k e t o n e  b o d i e s  i n t o  th e  pu lm o n ary  c i r c u l a t i o n .  They p r e v e n t e d  

an y  p o s s i b l e  c e n t r a l  a c t i o n  o f  t h e  d r u g .  The v a g a l  e x c i t a t i o n  

a r o s e  from  s e n s o r y  n e r v e  e n d in g s  i n  t h e  lu n g ,  t h e s e  pu lm onary  

n e r v e  e n d in g s  b e in g  s e n s i t i v e  to  b o th  m e c h a n ic a l  a n d  c h e m ic a l  

s t i m u l i .  W inder a n d  W inder (1933) ex am in in g  t h e  a c t i o n  o f  

s u l p h i d e s  fo u n d  t h a t  s t r o n g  r e s p i r a t o r y  r e f l e x e s  w ere evoked 

f ro m  t h e  c h e m o r e c e p to r s  o f  t h e  c a r o t i d  b o d y .  H ag g a rd  and  

H e n d e r s o n  (1922) s tu d y in g  t h e  r e s p i r a t o r y  r e f l e x e s  a f t e r  sodium  

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

e f f e c t s  i n  t h e s e  c a s e s  w ere due to  t h e  a c t i o n  on t h e  v a g a l  en d ­

i n g s  i n  t h e  lu n g ,  i n  v iew  o f  t h e  d i f f e r e n c e  i n  r e s p o n s e s  d e p e n d ­

in g  on  w h e th e r  one  i s  d e a l i n g  w i th  i n t a c t  o r  v a g o to m is e d  a n i m a l s .

I t  was c o n s id e r e d  i n  t h e  l i g h t  o f  t h e  ab o v e  r e p o r t s
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t h a t  t h e  d i r e c t  s t i m u l a t i o n  o f  s a l i c y l a t e  m ig h t  be  c a u s e d  by

( a )  a c t i o n  on  t h e  r e s p i r a t o r y  c e n t r e ,  (b )  a c t i o n  on t h e  c a r o t i d  

b o d i e s ,  ( c )  a c t i o n  th ro u g h  t h e  p e r i p h e r a l  v a g u s ,  o r  (d )  some 

c o m b in a t io n  o f  t h e s e  f a c t o r s .  A s e a r c h  o f  t h e  l i t e r a t u r e  

y i e l d e d  no work i n v e s t i g a t i n g  t h i s  p o i n t  e x c e p t  th e  work o f  

D anew ski (1876) vA10 s t a t e d  t h a t  i f  t h e  v a g i  w ere c u t  b e f o r e  t h e  

i n f e c t i o n  o f  sodium  s a l i c y l a t e  t h e  r e s p i r a t i o n  was o n ly  s l i g h t l y  

a c c e l e r a t e d  by t h e  i n j e c t i o n .  T h is  r e s p i r a t o r y  r a t e  t h e n  r e ­

t u r n e d  to  t h e  same r a t e  a s  i n  t h e  c o n t r o l  u n t r e a t e d  a n i m a l s  w i th  

s e c t i o n e d  v a g i .  From t h i s  i n t e r e s t i n g  o b s e r v a t i o n  h e  d rew  t h e  

r e m a r k a b le  c o n c l u s io n  t h a t  t h e  d ru g  a c t e d  in d e p e n d e n t ly  o f  th e  

v a g u s  m echan ism .

T h i s  I n v e s t i g a t i o n .

To d e te r m in e  t h e  s i t e  o f  a c t i o n  o f  s a l i c y l a t e  i n  p r o ­

d u c in g  h y p e r v e n t i l a t i o n ,  e x p e r im e n t s  w ere p e r fo rm e d  on  r a b b i t s  

a n d  c a t s  a n a e s t h e t i s e d  an d  p r e p a r e d  a s  d e s c r i b e d .

1 .  The C a r o t i d  B o d i e s . The e f f e c t  o f  sodium  s a l i c y l a t e  

b e f o r e  a n d  a f t e r  e x t i r p a t i o n  o f  b o th  c a r o t i d  b o d ie s  was t r i e d  

i n  r a b b i t s  a n d  c a t s .  E x t i r p a t i o n  o f  t h e  c a r o t i d  b o d i e s  r a i s e d  

t h e  B .P .  i n  r a b b i t s  b u t  h a d  l e s s  e f f e c t  i n  c a t s .  The r e s p i r a t o r y  

s t i m u l a n t  a c t i o n  o f  sodium  s a l i c y l a t e  was n o t  a l t e r e d .  T h i s  i s  

shown i n  a  c a t  i n  F i g . 34 .
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2 .  The P e r i p h e r a l  V a g u s . B i l a t e r a l  s e c t i o n  o f  t h e  v a g i  

i n  t h e  lo w e r  n e c k  s lo w s  t h e  r a t e  and  i n c r e a s e s  t h e  a m p l i t u d e  o f  

r e s p i r a t i o n  to  a  c h a r a c t e r i s t i c  rhy thm  a n d  may r a i s e  t h e  B .P .  i n  

r a b b i t s  b u t  lo w e r s  i t  i n  c a t s . A f t e r  b i l a t e r a l  s e c t i o n  o f  t h e  

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

m o d i f i e d  g r e a t l y .  I f  t h e  d o sa g e  g iv e n  was s u f f i c i e n t  i n  any  one 

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

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

T h i s  i s  shown i n  P i g . 34 w here  a  c h l o r a l o s e d  c a t  was g iv e n  0 .1  

gm .K g. a f t e r  b i l a t e r a l  vagotom y w i th  e x t i r p a t e d  c a r o t i d s .  A 

s i m i l a r  r e s u l t  i s  shown i n  a  r a b b i t  i n  P i g . 35 .
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C a t ,  m a le ,  3 .2  Kg. E t h e r  an d  C h lo r a lo s e  80 m g ./K g . U pper 
r e c o r d  c a r o t i d  B . P . ;  seco n d  l i n e  r e s p i r a t i o n  w i th  i n s p i r a t i o n  
o n  t h e  d o w n s tro k e ;  t h i r d  l i n e  t im e  i n  30 se c o n d  i n t e r v a l s ;  
f o u r t h  l i n e  i n j e c t i o n s .

1 .  Shows t h e  r i s e  i n  B .P .  a n d  h y p e r v e n t i l a t i o n  f rom  sodium
s a l i c y l a t e  0 .1  gm.Kg. i n t r a v e n o u s l y .

2 .  Shows t h e  s i m i l a r  e f f e c t  w i th  t h e  same d o se  o f  sodium
s a l i c y l a t e  a f t e r  e x t i r p a t i o n  o f  b o th  c a r o t i d  b o d i e s .

3 .  Shows g r e a t l y  d im in i s h e d  e f f e c t  w i th  t h e  same d o se  o f
sodium  s a l i c y l a t e  a f t e r  b i l a t e r a l  vag o to m y .
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R a b b i t ,  2 .6  Kg. U re th a n e  10$ 4 .0  m l s . /K g .  i n t r a v e n o u s l y .  
U pper r e c o r d  shows c a r o t i d  B . P . ;  seco n d  l i n e  shows r e s p i r a ­
t i o n  w i th  i n s p i r a t i o n  on t h e  d o w n s t ro k e ;  t h i r d  l i n e  shows 
t im e  i n  30 s e c .  i n t e r v a l s ;  f o u r t h  l i n e  shows i n j e c t i o n s .

1 .  Shows r i s e  i n  B .P .  an d  H y p e r v e n t i l a t i o n  a f t e r  Sodium
S a l i c y l a t e  0 .1  gm ./K g. i n t r a v e n o u s l y .

2 .  Shows th e  a c t i o n  o f  t h e  same d o se  o f  sodium  s a l i c y l a t e
a f t e r  b i l a t e r a l  e x t i r p a t i o n  o f  t h e  c a r o t i d  b o d ie s  
and  b i l a t e r a l  vago tom y . The B .P .  e f f e c t s  a r e  u n c h a n g e d  
b u t  t h e  e f f e c t  on r e s p i r a t i o n  i s  g r e a t l y  d im in i s h e d .
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Thus sodium  s a l i c y l a t e  a p p a r e n t l y  a c t s  th ro u g h  th e  p e r i p h e r a l  

v a g u s  an d  to  some e x t e n t  c e n t r a l l y  a s  t h e r e  i s  v e ry  s l i g h t  

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

F u r t h e r  i n v e s t i g a t i o n s  o f  t h e s e  f i n d i n g s  were 

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

q u e n t l y  r e p e a t e d  on c a t s  an d  r a b b i t s :

1 .  The i n t r a v e n o u s  i n j e c t i o n  o f  sodium  s a l i c y l a t e  0 .1  gm ./K g .
p ro d u c e d  c h a r a c t e r i s t i c  h y p e r v e n t i l a t i o n .

2 .  A c e ty l  c h o l i n e  2 /K g . was g iv e n  i n t r a v e n o u s l y  and
p ro d u c e d  a  te m p o ra ry  f a l l  i n  B .P .

3 .  A t r o p in e  s u l p h a t e  2 m g ./K g .  was g iv e n  i n t r a v e n o u s l y
a n d  f o l lo w e d  im m e d ia te ly  w ith  t h e  same d o se  o f  
A c e ty l  c h o l i n e  a s  g iv e n  i n  2 .  T h e re  was no e f f e c t  
on  B . P . ,  t h e r e f o r e  t h e  A t r o p in e  s u l p h a t e  h a d  b e e n  
s u f f i c i e n t  to  p a r a l y s e  t h e  p a r a s y m p a t h e t i c  o u t f l o w .

4 .  Im m e d ia te ly  a f t e r  3, Sodium s a l i c y l a t e  was a g a i n
i n j e c t e d  a s  i n  1 a b o v e .  The e f f e c t  was p r e c i s e l y  
t h e  same a s  was o b t a i n e d  i n  1. p r o d u c in g  h y p e r v e n t i ­
l a t i o n .  Thus p a r a l y s i s  o f  e f f e r e n t  p a r a s y m p a t h e t i c  
a c t i o n  d o e s  n o t  p r e v e n t  sodium  s a l i c y l a t e  from  
p r o d u c in g  h y p e r v e n t i l a t i o n .

5 .  Vagotomy was p e r fo rm e d  a n d  when r e s p i r a t i o n  h a d  s e t t l e d
to  i t s  c h a r a c t e r i s t i c  rh y th m  sodium  s a l i c y l a t e  was 
i n j e c t e d  a s  i n  1 .  The e f f e c t  on r e s p i r a t i o n  was 
g r e a t l y  m o d i f i e d ,  b e in g  r e d u c e d  to  one  t e n t h  o r  l e s s  
o f  i t s  e f f e c t  i n  1 .

T h u s ,  i f  enough A t r o p in e  i s  g iv e n  t o  p a r a l y s e  t h e  m o to r  n e r v e

e n d in g s  o f  t h e  p a r a s y m p a t h e t i c  t h e  e f f e c t  o f  sodium  s a l i c y l a t e

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

e f f e c t  i s  a b o l i s h e d  by v ag o to m y . I t  w ould a p p e a r  th e n  t h a t
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t h e  a c t i o n  o f  sod ium  s a l i c y l a t e  i s  by means o f  t h e  a f f e r e n t  v a g i ,  

t h r o u g h  w hich  i t  p re su m a b ly  i n i t i a t e s  r e f l e x  r e s p i r a t o r y  move­

m e n t s .  A bout 10# a p p e a r s  to  r e m a in  a s  a  d i r e c t  s t i m u l a t i o n  o f  

t h e  r e s p i r a t o r y  c e n t r e  i n  t h e  m e d u l la  a f t e r  vago tom y . These  

e f f e c t s  are; i l l u s t r a t e d  i n  F i g . 36* A l l  t h e  e f f e c t s  d e s c r i b e d  

a n d  i l l u s t r a t e d  w ere  r e p e a t e d  a n d  c o n f i rm e d  i n  each  c a s e .  I n  

a l l  some tw e lv e  c a t s  and  e i g h t e e n  r a b b i t s  w ere  u s e d  i n  t h e s e  

e x p e r i m e n t s .

The e x a c t  s i t e  o f  a c t i o n  o f  sodium  s a l i c y l a t e  i n  p r o ­

d u c in g  h y p e r v e n t i l a t i o n  th ro u g h  t h e  p e r i p h e r a l  v ag u s  c o u ld  be

( a )  t h e  v a g a l  n e r v e  e n d in g s  i n  t h e  lu n g  a s  i n d i c a t e d  by
t h e  work o f  H aggard  an d  H e n d e rso n  (1922) w i th  
sodium  s u l p h i d e ,  o r ,

(b )  t h e  a o r t i c  c h e m o re c e p to r s  a s  i n d i c a t e d  by t h e  work on
t h e s e  c h e m o re c e p to r s  by S c h w e i tz e r  and  W rig h t (19 3 8 ) ,  
an d  S chm id t and  Comroe ( 1 9 4 0 ) .

The t e c h n i q u e  o f  i s o l a t i n g  t h e s e  a o r t i c  c h e m o re c e p to r s  i s  ex ­

c e e d i n g l y  c o m p l i c a t e d  and  r e q u i r e d  s p e c i a l  a p p a r a t u s  w hich  was 

n o t  a v a i l a b l e .

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  C h u r c h i l l  and  Cope (1929) 

c o n s i d e r e d  t h e  d y sp n o ea  o b s e r v e d  i n  pu lm onary  oedema to  be  a t t r i ­

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

f o r  p u lm onary  oedema f o l l o w i n g  a  h i g h  c o n c e n t r a t i o n  o f  s a l i c y l a t e  

i n  t h e  p la sm a  was o b s e rv e d  i n  a  p a t i e n t  a s  a  t o x i c  m a n i f e s t a t i o n  

o f  sodium  s a l i c y l a t e  an d  f o l lo w e d  t h e  h y p e r v e n t i l a t i o n .
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C a t ,  m a le ,  3 .0  Kg. E t h e r .  Upper r e c o r d  shows c a r o t i d  
B . P . ; s e c o n d  l i n e  shows r e s p i r a t i o n  w i th  i n s p i r a t i o n  on th e  
d o w n s t ro k e ;  t h i r d  l i n e  sho?/s i n j e c t i o n s ;  f o u r t h  l i n e  shows 
t im e  i n  30 seco n d  i n t e r v a l s .

1 .  Shows h y p e r v e n t i l a t i o n  a f t e r  sodium  s a l i c y l a t e  0 .1
gm. /K g . i n t r a v e n o u s l y .

2 .  Shows t h e  same e f f e c t  from  th e  same d o se  o f  sodium
s a l i c y l a t e  a f t e r  a t r o p i n e  s u l p h a t e  2 .5  m g ./K g .

3 .  Shows v e ry  s l i g h t  s t i m u l a t i o n  o f  r e s p i r a t i o n  w i th  t h e
same d o se  o f  sodium  s a l i c y l a t e  f o l l o w i n g  b i l a t e r a l  
v a g o to m y .
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Summary of- F i n d i n g s  an d  C o n c l u s i o n s .'

E v id e n c e  h a s  b e e n  p r e s e n t e d  w hich  i n d i c a t e s  t h a t  

t h e  h y p e r v e n t i l a t i o n  p ro d u c e d  by sodium  s a l i c y l a t e  i s  c a u se d  

m a in ly  by p e r i p h e r a l  s t i m u l a t i o n  o f  t h e  v ag u s  a n d  o n ly  

s l i g h t l y  by d i r e c t  e f f e c t  on t h e  r e s p i r a t o r y  c e n t r e .  T h is  

m echan ism  i s  in d e p e n d e n t  o f  u p s e t  i n  a c i d  b a s e  b a l a n c e  o f  

t h e  b l o o d  b u t  t h e  h y p e r v e n t i l a t i o n  may be  f o l lo w e d  by a  

r e s p i r a t o r y  a l k a l o s i s .
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GENERAL SUMMARY OF CONCLUSIONS

To c o m p le te  t h i s  t h e s i s ,  t h e  f o l l o w i n g  b r i e f  summary 

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

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

CHAPTER I . A l th o u g h  maximum p la sm a  c o n c e n t r a t i o n s  o c c u r  

two h o u r s  a f t e r  o r a l  a d m i n i s t r a t i o n  o f  sodium  s a l i c y l a t e ,  f o u r  

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

The d o se  can  b e  r e l a t e d  to  body w e ig h t  b u t  i n c r e a s e s  i n  d o sa g e  

a b o v e  14 g r s . p e r  s to n e  body w e ig h t  g i v e  m arked  i n c r e a s e s  i n  

p la s m a  c o n c e n t r a t i o n s .  Sodium b i c a r b o n a t e  a d m i n i s t e r e d  c o n c u r ­

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

th e m . Long c o n t in u e d  a d m i n i s t r a t i o n  o f  sodium  s a l i c y l a t e  l e a d s  

t o  g r a d u a l l y  d e c r e a s i n g  p la sm a  c o n c e n t r a t i o n  o f  s a l i c y l a t e .

The c o n c u r r e n t  a d m i n i s t r a t i o n  o f  p a r a - a m in o b e n z o ic  a c i d  h a s  

much t h e  same e f f e c t  a s  ammonium c h l o r i d e  i n  t h a t  i t  r a i s e s  t h e  

p la s m a  s a l i c y l a t e  c o n c e n t r a t i o n .  A low  f l u i d  i n t a k e  w i l l  g i v e  

a  m ark ed  r i s e  i n  p la sm a  c o n c e n t r a t i o n  o f  s a l i c y l a t e  on  c o n t i n u e d  

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

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

p o i s o n i n g ,  b u t  e x e r c i s e  on  t h e  o t h e r  h a n d  h a s  no e f f e c t  on  t h e
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p la s m a  l e v e l s  o f  s a l i c y l a t e .  I n a d e q u a t e  s h a k in g  o f  b o t t l e s  

c o n t a i n i n g  sodium  s a l i c y l a t e  -  sodium  b i c a r b o n a t e  m i x t u r e s  o r  

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

w i t h  c o n s e q u e n t  e f f e c t  on  p la sm a  c o n c e n t r a t i o n s . I n  a d u l t s  t h e  

a d m i n i s t r a t i o n  o f  150 g r s .  o r  m ore o f  so d iu m  s a l i c y l a t e  p e r  day 

l e a d s  to  a  f a l l  i n  t h e  a l k a l i  r e s e r v e  w h ich  c a n  b e  r e a d i l y  

c o u n t e r a c t e d  by t h e  a d m i n i s t r a t i o n  o f  sod ium  b i c a r b o n a t e .  A t 

t h e  end o f  c h a p t e r  I .  t h e  m e th o d  o f  e s t i m a t i o n  o f  p la sm a  s a l i ­

c y l a t e  was b r i e f l y  d e s c r i b e d ,  t o g e t h e r  w i th  a  m o d i f i c a t i o n  

f o u n d  n e c e s s a r y  f o r  t h e  e s t i m a t i o n  o f  v e r y  s m a l l  am oun ts  o f  

s a l i c y l a t e  i n  t h e  p la s m a .

CHAPTER I I . R e c t a l  a b s o r p t i o n  o f  sodium  s a l i c y l a t e  i s  

s lo w e r  t h a n  w i th  o r a l  a d m i n i s t r a t i o n  b u t  a d e q u a te  p la sm a  l e v e l s  

may b e  m a i n t a i n e d  by e i g h t  h o u r l y  r e c t a l  en em ata  o f  sodium  

s a l i c y l a t e  a l o n e .  The t e c h n i q u e  o f  a d m i n i s t r a t i o n  i s  s im p le  

a n d  t h i s  fo rm  o f  a d m i n i s t r a t i o n  i s  w e l l  t o l e r a t e d  w i th  l i t t l e  

u p s e t  i n  bow el rh y th m . The a d d i t i o n  o f  sod ium  b i c a r b o n a t e  

r e c t a l l y  d e c r e a s e s  t h e  a b s o r p t i o n  o f  sodium  s a l i c y l a t e  m a rk e d ly  

w h i l e  i f  g i v e n  c o n c u r r e n t l y  by t h e  mouth f a c i l i t a t e s  e l i m i n a t i o n  

o f  t h e  s a l i c y l a t e .  R h eu m atic  f e v e r  c a s e s  can  b e  t r e a t e d  

t h r o u g h o u t  by r e c t a l  enem ata  o f  sodium  s a l i c y l a t e  a s  e f f e c t i v e l y  

a s  by o r a l  a d m i n i s t r a t i o n  o f  t h e  d r u g .
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CHAPTER I I I . The p la sm a  c o n c e n t r a t i o n s  o b t a i n e d  by d a i l y  

i n t r a v e n o u s  a d m i n i s t r a t i o n  com pare u n f a v o u r a b l y  w i th  t h o s e  ob ­

t a i n e d  by t h e  a d m i n i s t r a t i o n  o f  t h e  same am ount o f  t h e  d ru g  d a i l y  

by t h e  m o u th .  The r e d u c t i o n  i n  a l k a l i  r e s e r v e  i s  m ore m arked  

w i th  i n t r a v e n o u s  i n j e c t i o n  o f  th e  d ru g  a n d  t o x i c  e f f e c t s  more 

s e v e r e .  T h ese  o b s e r v a t i o n s  l e d  to  t h e  ab andonm en t o f  t h e  i n t r a ­

v e n o u s  r o u t e  a s  a  m ethod  o f  a d m i n i s t r a t i o n  o f  sodium  s a l i c y l a t e .

CHAPTER I V . The c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  t h e  body 

f l u i d s  i s  g o v e rn e d  by t h e  f r e e  s a l i c y l a t e  f r a c t i o n  i n  t h e  p la sm a  

w h ich  i n c r e a s e s  r e l a t i v e l y  b u t  to  a  g r e a t e r  e x t e n t  a s  t h e  t o t a l  

s a l i c y l a t e  i n  t h e  p la sm a  r i s e s .  Thus a s  t h e  t o t a l  s a l i c y l a t e  i n  

t h e  p la sm a  i n c r e a s e s  t h e r e  i s  a  p r o p o r t i o n a t e l y  g r e a t e r  i n c r e a s e  

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

t h e  C . S . F . ,  h o w ev er ,  l a g s  b e h in d  th e  f r e e  s a l i c y l a t e  o f  t h e  

p la s m a  a n d  r e q u i r e s  many d a y s  t o  r e a c h  a n  e q u i l i b r i u m  w i th  i t ,  

b u t  c o n c e n t r a t i o n  o f  s a l i c y l a t e  i n  o t h e r  f l u i d s  i s  m ore com­

p a r a b l e  to  t h e  f r e e  s a l i c y l a t e  i n  t h e  p la s m a .

CHAPTER V. T h e re  i s  n e g l i g i b l e  e x c r e t i o n  o f  s a l i c y l a t e  

i n  t h e  sw e a t  and  f a e c e s ' a t  any  t im e .  The c o n c u r r e n t  a d m i n i s t r a ­

t i o n  o f  a n  a l k a l i n e  s a l t  i n c r e a s e s  t h e  e x c r e t i o n  o f  s a l i c y l a t e  

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

a m in o b e n z o ic  a c i d  h a s  t h e  o p p o s i t e  e f f e c t .  T h is  v a r i a t i o n  i n  

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

i n  p la sm a  c o n c e n t r a t i o n s  when t h e s e  s u b s t a n c e s  a r e  a d m i n i s t e r e d  

c o n c u r r e n t l y  w i th  sodium  s a l i c y l a t e .  As t h e  e x c r e t i o n  o f  f r e e  

s a l i c y l a t e  c an  b e  d i r e c t l y  c o r r e l a t e d  t o  t h e  pH o f  t h e  u r i n e ,  

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

i t  i s  s u g g e s t e d  t h a t  t h e  pH o f  t h e  u r i n e  g o v e r n s  t h e  e x c r e t i o n  

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

t h e  s a l i c y l a t e .  Prom t h i s  i t  i s  assu m ed  t h a t  i n  t r e a t i n g  c a s e s  

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

a n d  a d e q u a t e  f l u i d  i n t a k e  ( a s  was shown i n  C h a p te r  I . )  m a i n t a i n e d .

CHAPTER V I . The t o x i c  e f f e c t s  o f  sodium  s a l i c y l a t e  ca n  

b e  d i r e c t l y  r e l a t e d  to  t h e  p la sm a  c o n c e n t r a t i o n s  e x c e p t  i n  a  

f e w  c a s e s  o f  i d i o s y n c r a s y .  T o le r a n c e  d e v e lo p s  i f  a  p la sm a  co n ­

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

a l k a l i  d i m i n i s h e s  t h e  t o x i c i t y  o f  a  f i x e d  d o se  o f  sodium  

s a l i c y l a t e  by r e d u c in g  p la sm a  l e v e l s  o f  s a l i c y l a t e .  (The i n d i v ­

i d u a l  t o x i c  m a n i f e s t a t i o n s  w ere d i s c u s s e d  i n  t h i s  c h a p t e r  a n d  

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

c a s e  w hich  en ded  f a t a l l y  th r o u g h  h a e m o rrh a g e  w h i l e  r e c e i v i n g  

sod ium  s a l i c y l a t e  was d i s c u s s e d  i n  d e t a i l . )  T o x ic  m a n i f e s t a t i o n s



a b o v e  3 5 .0  m g r n e . f o  a r e  o f  r e a s o n a b l y  h i g h  i n c i d e n c e .  V o m itin g  

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

a c t i o n  i n  t h e  s to m ach  w i th  o r a l  a d m i n i s t r a t i o n .

CHAPTER V I I . E v id e n c e  was p r e s e n t e d  i n d i c a t i n g  t h a t  t h e  

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

by  p e r i p h e r a l  s t i m u l a t i o n  o f  t h e  v a g u s  an d  o n ly  s l i g h t l y  by 

d i r e c t  e f f e c t  on  t h e  r e s p i r a t o r y  c e n t r e .  The m echan ism  w hereby 

t h e  r e s p i r a t i o n  was s t i m u l a t e d  was fo u n d  to  b e  in d e p e n d e n t  o f  

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

v e n t i l a t i o n  may b e  f o l l o w e d  by a  r e s p i r a t o r y  a l k a l o s i s .  T h is  

e x p l a i n s  t h e  r e d u c t i o n  i n  a l k a l i  r e s e r v e  a s  ju d g e d  by t h e  COg 

c o m b in in g  pow er o f  t h e  p la sm a  fo u n d  w i th  s a l i c y l a t e  t h e r a p y .
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