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SECTION ONE.



1 .

I .

HISTORICAL INTRODUCTION.

I n o r g a n i c  a r s e n i c  was u s e d  as  a t h e r a p e u t i c  

a g en t  by t h e  a n c i e n t  Greeks and Romans and p l a y e d  

a co n sp icu o u s  r o l e  as th e  f a v o u r i t e  d ru g  of the  

p r o f e s s i o n a l  p o i s o n e r s  of t h e  Middle  Ages. Had i t  

n o t  been  f o r  th e  e f f o r t s  of c h e m i s t s ,  a r s e n i c  m igh t  

have rem ained  somewhat l i m i t e d  in  i t s  t h e r a p e u t i c  

u s e s .  Chemical  r e s e a r c h  from th e  b e g i n n i n g  of t h i s  

c e n t u r y  showed t h a t  b o th  t r i v a l e n t  and p e n t a v a l e n t  

i n o r g a n i c  a r s e n i c  co u ld  be  r e a d i l y  i n t r o d u c e d  i n t o  a 

l a r g e  number of o r g a n i c  m o l e c u l e s .  These o r g a n i c  

a r s e n i c a l s  were found  to  be  much l e s s  t o x i c  to h i g h e r  

a n im a ls  t h a n  t o  t ry p a n o s o m e s , s p i r o c h a e t e s ,  amoebae and  

o t h e r  m ic r o - o r g a n i s m s .

E h r l i c h , i n  h i s  r e s e a r c h e s  a t  t h e  b e g in n in g  of  

t h i s  c e n tu r y ,  used  th e  term  chemotherapy to  d e n o te  th e  

t r e a t m e n t  o f  p a r a s i t i c  i n f e c t i o n s  by c h em ic a l  a g e n t s .  

His s e a r c h  f o r  s u b s t a n c e s ,  which would be h i g h l y  t o x i c  

to p a r a s i t e s ,  w i th  a low t o x i c i t y  to  man c u lm in a t e d  i n  

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



a r s e n i c a l  compounds. Of t h e s e  a r s e n i c a l  compounds 

th e  well-known a rsphenam ine  o r  fl606n h as  a c h ie v e d  a 

p l a c e  i n  m e d ic a l  h i s t o r y .

I t  was soon  r e a l i s e d  t h a t  th e  t o x i c i t y  and 

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

depended on many complex f a c t o r s ,  such  a s ,  th e  

i n t e r - r e l a t i o n  of r a t e  o f  a b s o r p t i o n ,  r a t e  of 

d i s t r i b u t i o n ,  s t o r a g e  and r a t e  of d e c o m p o s i t i o n  in  

t h e  human t i s s u e s  and on many o t h e r  f a c t o r s  i m p e r f e c t l y  

known. As a r e s u l t  of t h e  i n t r o d u c t i o n  of t h e  o r g a n i c  

a r s e n i c a l s  i n t o  m e d ic a l  t h e r a p e u t i c s ,  much r e s e a r c h  

has  been  c a r r i e d  o u t  to  e l u c i d a t e  t h e  b a s i c  

mechanism o r  mechanisms by means o f  which a r s e n i c  

i n j u r e s  l i v i n g  c e l l s  and e x e r t s  i t s  l e t h a l  e f f e c t s  on 

p r o t o z o a l  and m e ta z o a l  o rg an ism s .

The a p p l i c a t i o n  of s c i e n c e  to  modern w a r f a r e  h a s  

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

c a p a b i l i t i e s  of modern s c i e n c e .  F o r t u n a t e l y  in  an 

a t t e m p t  t o  combat t h e s e  d e s t r u c t i v e  powers  an a n t i d o t e  

t o  a r s e n i c a l  p o i s o n  g a s e s  h a s  been  d i s c o v e r e d .  T h is  

a n t i d o t e ,  c a l l e d  B.A.L. ( B r i t i s h  A n t i -L e w is i t e )* ,  was 

t h e  r e s u l t  of r e s e a r c h  by P e t e r s ,  S to c k en  and Thompson 

(1939-1942)  w ork ing  i n  th e  B io c h e m is t r y  D epar tm en t ,  

O xfo rd .



With t h e  a d v e n t  o f  a r s e n i c a l  smokes and b l i s t e r i n g  

g a s e s  i n t o  modern c h em ica l  w a r f a r e ,  a t t e n t i o n  was 

a g a i n  g iv e n  to  th e  p ro b lem  of  th e  mode of  a c t i o n  o f  

a r s e n i c  and to  th e  p r e v e n t i o n  and t r e a t m e n t  o f  i t s  

t o x i c  and l e t h a l  e f f e c t s .  The f i n d i n g  of  an e f f e c t i v e  

a n t i d o t e  to  t h e s e  t o x i c  a g e n t s  of w a r f a r e  became a 

m ost  u r g e n t  p rob lem .

I t  i s  p l e a s i n g  t o  r e c o r d ,  t h a t  B .A .L .  h a s  been  

foun d  to  be an e f f e c t i v e  a n t i d o t e  t o  th e  l o c a l  and 

s y s t e m i c  e f f e c t  of a r s e n i c a l  w a r f a r e  a g e n t s .  In 

a d d i t i o n ,  t h e  compound a p p e a r s  to  have  i m p o r t a n t  

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

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

many o t h e r  m e t a l s .  P e rh a p s  more i m p o r t a n t  s t i l l ,  i t  

h a s  advanced  th e  u n d e r s t a n d i n g  of  fu n d a m e n ta l  b i o 

ch em ica l  mechanisms.



4.

I I .

EXPERIMENTAL BACKGROUND.

1. The D isc o v e ry  of B .A.L.

At th e  b e g in n i n g  of World War I I  r e s e a r c h  work 

was i n i t i a t e d  i n  th e  B i o c h e m i s t r y  D e par tm en t ,  Oxford  

U n i v e r s i t y ,  by P e t e r s ,  f o r  th e  Chemical  Defence 

R e se a rch  D epar tm en t ,  M i n i s t r y  of S u p p ly .  The aim of 

th e  r e s e a r c h  was to  d i s c o v e r  an a n t i d o t e  to  a r s e n i c a l  

v e s i c a n t s  such as l e w i s i t e  (CH.CL : AS.CLg) and 

a r s e n i c a l  smokes used in  w a r f a r e .

T h is  r e s e a r c h  r e s u l t e d  in  t h e  d i s c o v e r y  of  an 

a n t i d o t e  to  l e w i s i t e .  This  a n t i d o t e ,  now f a m i l i a r l y  

known as B .A .L .  th e  name g i v e n  t o  i t  by the  Americans ,  

i s  a l s o  known as B r i t i s h  A n t i - L e w i s i t e .  C hem ica l ly  

i t  i s  2 , 3 ,  dime reap  t o - p r o p a n o l

I t  i s  a c o l o u r l e s s  l i q u i d  of s p e c i f i c  g r a v i t y  

1 .2 1 .  I t  i s  s o l u b l e  in  w a te r  to  t h e  e x t e n t  of  some s i x  

p e r  c e n t  and i t  p o s s e s s e s  a s t r o n g  s u l p h u r o u s  odour  l i k e  

o t h e r  m e r c a p t a n s .

2 SH

<jJH   SH

CHg   OH



The d i s c o v e r y  of B .A.L.  was t h e  r e s u l t  o f  p l a n n i n g

and a s s e s s i n g  th e  r e s u l t s  of much p r e v i o u s  work done

a t  O xford  and o t h e r  r e s e a r c h  c e n t r e s  b e f o r e  ’World War I

and be tween  i t  and World War I I .

B io ch e m ic a l  r e s e a r c h  co nd uc ted  by P e t e r s  (1 9 3 6 a ) ,  

on th e  b r a i n  l e s i o n  p ro d uced  in  p ig e o n s  by t h e  l a c k  

of  a n e u r i n ,  showed t h a t  t h e  p a t h o l o g i c a l  l e s i o n  was 

p ro d u c e d  by th e  p a r t i a l  f a i l u r e  of  an enzyme sys tem  -  

th e  p y r u v a t e  o x id a s e  enzyme sys tem  -  due to  t h e  l a c k  

of a n e u r i n  p y ro p h o s p h a te  ( c o - c a r b o x y l a s e ) .  I n  t h i s  

y e a r  P e t e r s  (1936b) showed a l s o  t h a t  t h e  v e s i c a n t ,  

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

sy s te m ,  which o x i d i s e s  l a c t a t e s  i n  b r a i n  t i s s u e  i n  a 

s i m i l a r  manner to  t h a t  of t h e  enzyme i n h i b i t o r ,  

i o d o a c e t i c  a c i d .  As i o d o a c e t i c  a c i d  was a weak 

v e s i c a n t ,  P e t e r s  s u g g e s t e d  t h a t  th e  s i m i l a r  v e s i c a n t  

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

a c i d  m ig h t  p o s s i b l y  be due t o  t h e i r  a c t i o n  on the  

p y r u v a t e  enzyme sy s te m .  He a l s o  found  t h a t  sodium 

a r s e n i t e  p o ia o n e d  t h e  enzyme sys tem  in  a s i m i l a r  m anner .  

T hese  e x p e r im e n ta l  r e s u l t s  a g r e e d  w i th  t h e  o b s e r v a t i o n s  

o f  Onaka (1 9 1 1 ) ,  S z e n t  Gyorgyi (1930) and V o e g t l i n ,  

R o s e n th a l  and Jo h n so n  (1931), t h a t  enzyme sys tem  

o x i d a t i o n s  and p a r t i c u l a r l y  k e t o  a c i d  o x i d a t i o n  were



6.

p o i s o n e d  by th e  a c t i o n  of a r s e n i t e s .  These r e s e a r c h e s  

drew a t t e n t i o n  to  t h e  p o s s i b i l i t y ,  t h a t  p a t h o l o g i c a l  

changes i n  t h e  l i v i n g  t i s s u e s  m ig h t  be  due t o  th e  p a r t i a l  

o r  complete  f a i l u r e  of an enzyme o r  enzymes, r e s p o n s i b l e  

f o r  t h e  m e tab o l i sm  i n  th e  t i s s u e s  conce rned  and more 

i m p o r t a n t  s t i l l  s u g g e s t e d  th e  enzyme a t  f a u l t .

A n o th e r  i n t e r e s t i n g  l i n e  of approach  was s u g g e s t e d  

by th e  work of Hopkins and Dixon (1922) who d i s c o v e r e d  

g l u t a t h i o n e ,  a p r o t e i n  c o n t a i n i n g  a t h i o l  (-SH) g ro u p ,  

and showed t h a t  a r s e n i c a l  compounds, such  as 

d i p h e n y l - c h l o r a r s i n e , w e r e  capab le  of combining w i th  

and th u s  removing t h e  f i x e d  t h i o l  g rou p s  in  m usc le  and 

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

ff t t lphydryl  g roups  n e c e s s a r y  f o r  t h e  c a t a l y s i s  of 

g l u t a t h i o n e .

Walker  (1925) showed t h a t  d i p h e n y l - c h l o r a r s i n e  

was c ap a b le  of a b o l i s h i n g  th e  f i x e d  t h i o l  (-SH) group 

i n  washed m usc le  t i s s u e  and s k i n  and t h a t  th e  t h i o l  

(-SH) group  cou ld  n o t  be l i b e r a t e d  by t r e a t m e n t  w i th  

c y a n id e .  From t h i s  i t  was p o s t u l a t e d  by Walker (1928) 

t h a t  chem ica l  co m b in a t io n  be tw een  th e  a r s e n i c a l  and  t h e  

t h i o l  group  had o c c u r r e d ,  r a t h e r  than  o x i d a t i o n  of th e  

t h i o l  g r o u p .



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

of Walker ,  work ing  und e r  th e  d i r e c t i o n  of P e t e r s ,  

l i n k e d  up w ith  t h e  work c a r r i e d  o u t  i n d e p e n d e n t l y  by 

V o e g t l i n ,  Dyer and L eonard  (1S23,  1925) ,  who s u g g e s t e d  

t h a t  th e  t o x i c  a c t i o n  of a r s e n i c  on l i v i n g  c e l l s  was 

due to  th e  com bin a t io n  of  a r s e n i c  w i th  c e r t a i n  e s s e n t i a l  

compounds in  p r o t o p l a s m  c o n t a i n i n g  th e  t h i o l  (-SH) g r o u p .

This  r e s e a r c h  work by V o e g t l i n  e t  a l  and Walker 

f o c u s s e d  P e te r ' s  a t t e n t i o n  on the  -SH group  as a p o s s i b l e  

r e c e p t o r  f o r  th e  a r s e n i c .  T h is  id ea  was s t r e n g t h e n e d  

in  l a t e r  y e a r s  by th e  work of R o s e n th a l  and V o e g t l i n  

(19 3 0 ) ,  Q u a s t e l  and Wheatley (1 9 3 2 ) ,  and Dickens  (1 9 3 3 ) ,  

who showed t h a t  i o d o a c e t i c  a c i d  r e a d i l y  combined w i th  

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

the  a r s e n i c  combined w i th  th e  -SH group of enzyme 

sy s te m s .  Cohen, King and S t rangew ays  (1931) showed 

t h a t  th e  t h i o a r s e n i t e s  of th e  type  R.AS (SR1^

(where R and Rf r e p r e s e n t  o r g a n i c  r a d i c l e s ) ,  were 

d i s s o c i a b l e  in  a l k a l i n e  s o l u t i o n  and t h i s  i m p o r t a n t  

o b s e r v a t i o n ,  t ak en  in  c o n j u n c t i o n  with t h e  above 

e x p e r i m e n t a l  r e s u l t s ,  gave g rounds  f o r  t h e  s u p p o s i t i o n  

t h a t  t h e  t o x i c  e f f e c t s  p ro d u c e d  by t h e  com b in a t io n  of 

a r s e n i c  w i th  the  -SH group m ig h t  be a r e v e r s i b l e  p r o c e s s .



Hence th e  p o s t u l a t e ,  t h a t  t h e  p o i s o n i n g  a c t i v i t y  

of a r s e n i c a l s  was due to a s e l e c t i v e  a c t i o n  upon the  

p y r u v a t e  sys tem  by t h e  c o m b in a t io n  of t h e  a r s e n i c a l  

w i th  some e s s e n t i a l  -SH g roup* ,necessa ry  f o r  th e  normal  

a c t i v i t y  of th e  enzyme sy s tem ,  formed t h e  s t a r t i n g  

p o i n t  of  t h e  r e s e a r c h  work by P e t e r s  e t  a l  f o r  an 

a n t i d o t e  to  t h e  a r s e n i c a l  chem ica l  w a r f a r e  a g e n t ,  

l e w i s i t e .  S in c e  s u b s t i t u t e d  c h l o r a r s i n e s ,  e . g .  

l e w i s i t e ,  were known to be  r a p i d l y  h y d r o l y s e d  to  the  

o x i d e ,  a r s e n o x i d e ,  i t  was c o n s i d e r e d  t h a t  th e  t o x i c  

e f f e c t s  o f  a r s e n i c a l  v e s i c a n t s  on th e  s k i n  were 

examples o f  t h e  t o x i c  a c t i o n  of  a r s e n o x i d e s  upon 

l i v i n g  c e l l s  and t h a t  t h e  v e s i c a n t  a c t i o n  would depend 

upon th e  l i p o i d  s o l u b i l i t y  of the  a r s e n i c a l  v e s i c a n t  

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

th e  k e r a t i n  l a y e r  of t h e  s k i n  and r ea ch  th e  c a p i l l a r i e s ,  

e p id e r m a l  and de rm al  c e l l s *

F u r t h e r  work by P e t e r s ,  S to c k e n  and Thompson (1940) 

showed t h a t  sodium a r s e n i t e  and l e w i s i t e  c o u ld  p ro d u ce  

marked i n h i b i t i o n  o f  the  p y r u v a t e  enzyme sys tem  in  

b r a i n  t i s s u e .  Some o t h e r  enzymes, such as s u c c i n o -  

h y d ro g e n a s e ,  were a f f e c t e d  much l e s s  i f  a t  a l l .

I t  was p ro v e d ,  in  v i v o , t h a t  p o i s o n i n g  w i th  a r s e n i t e  

l e d  to  an i n c r e a s e d  l e v e l  of p y r u v a t e  in  th e  b lood ,



t h u s  c o n f i rm in g  t h a t  a r s e n i c  was c a p a b le  of  i n t e r f e r i n g  

w i th  th e  o x i d a t i o n  of c a r b o h y d r a t e  a t  t h e  p y r u v a t e  

s t a g e .  T h is  work l i n k e d  up w i th  th e  e a r l i e r  work of 

Thompson and John so n  (1935) who showed t h a t  t h e r e  was 

a r a i s e d  b lo o d  p y r u v a t e  l e v e l  in  a n e u r i n  ( t h i a m i n )  

d e f i c i e n c y .  The above r e s u l t s  s u p p o r t e d  the  i d e a  of 

a s e l e c t i v e  a c t i o n  by sodium a r s e n i t e  and l e w i s i t e  on 

enzymes, and p a r t i c u l a r l y  of t h e i r  p o w e r fu l  a c t i o n  on 

t h e  p y r u v a t e  enzyme sy s te m ,a n d  s u g g e s t e d  t h a t  the  pyruva  

enzyme sys tem  would be s u i t a b l e  f o r  use  as  an i n v i t r o  

t e s t  f o r  t h e  f u r t h e r  e x p l o r a t i o n  of t h e  mechanism of  

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

l i v i n g  t i s s u e s .

However, i n  s p i t e  of  p r o m is in g  i n d i c a t i o n s  t h a t  

t h i o l  compounds would be  e f f e c t i v e  a n t i d o t e s  to  

a r s e n i c a l  p o i s o n i n g ,  S i n c l a i r  (1940) showed t h a t  no 

m o n o th io l  compound o r  d i t h i o l  compound, e . g .  

d i e t h y l d i t h i o c a r b a m a t e ,  was e f f e c t i v e  a g a i n s t  l e w i s i t e  

o r  a r s e n i t e  in  enzyme and an im a l  t e s t s .  T h is  a l s o  

a p p l i e d  to  c y s t e i n e  and g l u t a t h i o n e ,  which in  e x c e s s  

had  been shown by V o e g t l i n ,  Dyer and L eonard  (1925) and 

E a g le  (1939) to  have  some p r o t e c t i v e  a c t i v i t y  a g a i n s t  

th e  t o x i c  e f f e c t s  o f  t h e r a p e u t i c  a r s e n o x i d e s .  The



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

of  S t rangew ays  (1937) ,  who had shown t h a t  compounds of 

a r s e n i c a l s  w i th  t h i o l s  c o u ld  be as t o x i c  a s  the  

o r i g i n a l  a r s e n i c a l .  T h is  i m p o r t a n t  o b s e r v a t i o n  was 

v e r i f i e d  by f r e s h  e v id e n c e  p ro d u ce d  by I n g  and 

R ob e r tso n  (1 9 4 0 ) .  As P e t e r s  em p h a s i se d ,  th e  b e h a v i o u r  

of  new t h i o a r s e n i t e s  i n v iv o  i s  n o t  n e c e s s a r i l y  th e  

same as t h e i r  b e h a v i o u r  in  v i t r o .

At t h i s  s t a g e  i n  the  e l u c i d a t i o n  of  th e  p rob lem ,  

i t  seemed t h a t  the  p o s s i b l e  l i n e s  o f  f u r t h e r  p r o g r e s s  

would be  l i m i t e d  e i t h e r  to  more s y s t e m a t i c  t r i a l  of 

o t h e r  t h i o l  compounds w i t h o u t  f u r t h e r  b i o c h e m ic a l  

g u id a n c e  o r  a s tudy  o f  th e  r e l a t i v e  d i s s o c i a t i o n  of  th e  

v a r i o u s  t h i o a r s e n i t e s .  At t h i s  j u n c t u r e 9S tocken  and 

Thompson (1946) began to c o l l e c t  f u r t h e r  i n f o r m a t i o n  

upon th e  i n t e r a c t i o n  of t h i o l  g roups  in  p r o t e i n s ,  by 

a n a l y s i s  of  compounds of  a r s e n i c  w i th  a p r o t e i n  c o n t a i n 

in g  -SH g ro u ps  and t h e s e  e x p e r im e n t s  f i n a l l y  l e d  t o  

t h e  s o l u t i o n  of  the  p ro b lem .

Goddard and M i c h a e l i s  (1934) showed t h a t  k e r a t e i n e ,  

t h e  red u c ed  p r o d u c t  of k e r a t i n ,  c o n t a i n e d  many -SH 

g r o u p s .  S tock en  and Thompson (1946) t r e a t e d  aqueous 

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

c o n d i t i o n s  of t e m p e r a t u r e  and H*ion c o n c e n t r a t i o n  and



found  t h a t  the  a r s e n i c  c o n t e n t  of  th e  l e w i s i t e  -  

k e r a t e i n e  compound c o u ld  be c l o s e l y  c o r r e l a t e d  w i th  

t h e  t h i o l  c o n t e n t  of t h e  p a r e n t  p r o t e i n .  L e w i s i t e  

and a r s e n i t e  were found t o  combine w i th  k e r a t e i n e ,  

p r o d u c in g  w a te r  -  s o l u b l e  p r o t e i n  d e r i v a t i v e s  and  th e  

a r s e n i c a l s  were found to  be combined s o l e l y  w i th  the  

t h i o l  g roups  of the  k e r a t e i n e .  The c o n c l u s i o n  t h a t  the  

a r s e n i c  in  t h e s e  d e r i v a t i v e s  was p r e s e n t  in  t r u e  

ch em ica l  c o m b in a t io n  with  th e  t h i o l  g roups  and n o t  m ere ly  

p r e s e n t  in a n o n - s p e c i f i c  p h y s i c a l  a s s o c i a t i o n  w i t h  the  

p r o t e i n s  was b a sed  on t h r e e  main f a c t s .  F i r s t l y ,  

when k e r a t e i n e  was t r e a t e d  w i th  l e w i s i t e  o r  a r s e n i t e ,  

compounds were formed of which the a r s e n i c  c o n t e n t  was 

q u i t e  in d e p e n d e n t  of  the  amount of  a r s e n i c  p r e s e n t .  

S e c o n d ly ,  t h e  a r s e n i c  c o n t e n t  of the  d e r i v a t i v e s  of  

a r s e n i c  w i th  k e r a t e i n e  were fo un d  to b e a r  a d i r e c t  

r e l a t i o n s h i p  to the  t h i o l  c o n t e n t  of t h e  k e r a t e i n e .  

T h i r d l y ,  the  t h i o l  c o n t e n t  o f  k e r a t e i n e  was found t o  be 

s u f f i c i e n t  t o  a c c o u n t  f o r  a l l  t h e  a r s e n i c  found in  the  

d e r i v a t i v e s .  I t  was a l s o  seen  t h a t  the  l e w i s i t e  - 

k e r a t e i n e  compound was s t a b l e  on d i a l y s i s  and t h a t  

o x i d a t i o n  o f  the  s u l p h y d r y l  (-SH) g ro u p s  of th e  

k e r a t e i n e  to  th e  d i s u l p h i d e  form ( - S - S - )  ( m e t a - k e r a t i n )



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

in  th e  amount of a r s e n i c  combined. An i n t e r e s t i n g

f a c t  emerged from t h e s e  e x p e r i m e n t s ,  namely ,  t h a t  

75% of  th e  a r s e n i c  was in  co m bin a t io n  w i th  two t h i o l  

g roups  in  t h e  k e r a t e i n e  m o le c u le .  This  o b s e r v a t i o n ,  

i n  c o n j u n c t i o n  w i th  the  e a se  o f  r e - c x i d a t i o n  of th e  

k e r a t e i n e  to  th e  d i s u l p h i d e  form , l e d  S to c k en  and 

Thompson to p o s t u l a t e  t h a t  th e  h ig h  t o x i c i t y  of 

l e w i s i t e  and t r i v a l e n t  a r s e n i c  o r g a n i c  compounds was 

due to  t h e i r  a b i l i t y  to  combine w i th  th e  e s s e n t i a l  t h i o l  

(-SH) g ro up s  in  c e r t a i n  t i s s u e  p r o t e i n s ,  p a r t i c u l a r l y  

the  enzyme co n ce rn e d ,  to  form s t a b l e  r i n g  compounds.

On chem ica l  g rounds  i t  was supposed  t h a t  compounds of a 

d i t h i o l  w i th  a r s e n i c  of Type I  would be e x p e c t e d  to  be 

more s t a b l e  than  compounds of  an o r g a n i c  a r s e n i c a l  w i th  

two m o le c u le s  of a mono t h i o l  compound of Type I I .

Thus s im p le  d i  t h i o l  compounds m ig h t  form r e l a t i v e l y  

s t a b l e  r i n g  compounds w i th  l e w i s i t e  o r  o t h e r  t r i v a l e n t  

o r g a n i c  a r s e n i c a l s  and so compete s u c c e s s f u l l y  f o r  the  

a r s e n i c  w i th  th e  M i t h i o l *  p r o t e i n s  in  th e  t i s s u e s .

I f  t h i s  s u p p o s i t i o n  was t r u e  t h i o a r s e n i t e s  formed w i th

Type I Type I I

C C

c



m o n o th io l e  would d i s s o c i a t e  so as t o  a l lo w  t h e i r  

a r s e n i c  to  combine in  r i n g  f o r m a t i o n  w i th  the  t i s s u e  

t h i o l s  and t h i s  in  t u r n  m ig h t  be more d i s s o c i a b l e  

than  th e  more s t a b l e  r i n g  compound fo rm ed  w i th  the  

s im p le  d i t h i o l s .  E x p e r im e n ta l  p r o o f  of  t h i s  was 

p r o v i d e d  by S tocken  and Thompson (1946) i n  1942, by 

comparing the  r e l a t i v e  r a t e s  of h y d r o l y s i s  of d i f f e r e n t  

ty pes  of t - h i o a r s e n i t e s  and l e w i s i t e - k e r a t e i n e .

The d i s c o v e r y ,  t h a t  t h e  a r s e n i c a l  p r o t e i n ,  formed by 

th e  i n t e r a c t i o n  of l e w i s i t e  and k e r a t e i n e ,  c o n ta in e d  

o v e r  7G% of  i t s  a r s e n i c  in c o m b in a t io n  w i th  s u l p h u r ,  

s u g g e s t e d  t h a t  th e  v e s i c a n t  a r s e n i c a l s  cou ld  a c t  by 

r e a c t i n g  w i th  two n e ig h b o u r i n g  e s s e n t i a l  t h i o l  g roups  

in  enzyme p r o t e i n s ,  f o r  example ,  t h o s e  of  t h e  p y r u v a t e  

enzyme system fo rm in g  a r e l a t i v e l y  s t a b l e  5-membered 

r i n g  compound -  a c y c l i c  t h i o a r s e n i t e .

As a r e s u l t  of  t h e  above work, t h e  s tu d y  of the  

t h e r a p e u t i c  p o s s i b i l i t i e s  of s im p le  d i t h i o l s  was begun 

1940 by S tock en  and Thompson (19 4 6 ) .  The s im p le  

d i t h i o l s  were chosen  b e c a u se  P h i l p o t  (1940) had  found ,  

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

p e n e t r a t e d  th e  s k i n  more r e a d i l y  than  lo n g  cha in  

Compounds. Toluene  d i t h i o l  was f i r s t  t e s t e d  on the



14.

p y r u v a te  enzyme sys tem  i n  v i t r o  with  p r o m is in g  r e s u l t s ,

f o l lo w e d  by e th a n e  d i t h i o l .  N e i t h e r  of  t h e s e  compounds,

however,  p ro v ed  s u i t a b l e  f o r  the  s k i n  t r e a t m e n t  of a r s e n i c a l

v e s i c a n t s  in  an im a ls  and th e  new compound 2 ,5  d i m e r c a p t o -

p r o p a n o l  (111)  was p r e p a r e d .  I t  was found  to  p e n e t r a t e

the  s k i n  and p roved  on t r i a l  to  be v e ry  s a t i s f a c t o r y .

The r e a c t i o n  of t h i s  compound w i th  l e w i s i t e  i s : -
%

HgC  SH

H.C.  SH +  CLg AS.CH. : CH.Cl,

111.
Hg C   OH

H.C. As.CH. : CH.Cl.

H g C . O .H .  4 -  2HCL

T h is  d i  t h i o l ,  tOL.which the  name B.A.L. ( B r i t i s h  

A n t i - l e w i s i t e )  was g i v e n  by the A m ericans ,  p roved  h i g h l y  

e f f e c t i v e  in  p r e v e n t i n g  th e  t o x i c  a c t i o n  of l e w i s i t e  on 

the p y r u v a t e  o x id ase  enzyme sys tem of b r a i n  t i s s u e .

On t r i a l  under  e x p e r i m e n t a l  c o n d i t i o n s ,  B .A.L.  was found  

to  be ve ry  much more p o w e r f u l  in  i n h i b i t i n g  the a c t i o n  of 

l e w i s i t e  t h a n  any o t h e r  d i t h i o l  compound p r e p a r e d  and 

i n v e s t i g a t e d .  F u r t h e r  i n v e s t i g a t i o n s  showed t h a t  

B .A.L .  was n o t  only c a p a b le  of p r e v e n t i n g  th e  t o x i c  

a c t i o n  of l e w i s i t e  b u t ,  i n  a d d i t i o n ,  cou ld  r e v e r s e  the



t o x i c  a c t i o n ,  p r o v i d e d  t h a t  th e  t o x i c i t y  had n o t  been  

too long e s t a b l i s h e d  and was a b le  to  p r e v e n t  the  

i n h i b i t i o n  of  s k i n  r e s p i r a t i o n  by l e w i s i t e .  By 

com par ison ,  i t  was found t h a t  m o n o t h i o l s ,  such as  

c y s t e i n e  and m o n o th i o - e t h y l e n e  g l y c o l  cou ld  n o t  p roduce  

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

t o  B .A.L .

The n e x t  s t e p  in  the  prob lem  was to  p ro v e  t h a t  

th e s e  in  v i t r o  b i o c h e m ic a l  f i n d i n g s  c o u ld  be s u s t a i n e d  

in  e x p e r im e n ts  i n  v i v o . The i n  v iv o  e x p e r im e n t s  

were c a r r i e d  o u t  in  r a t s  and r a b b i t s .  I t  was found  

t h a t  a n im a ls  c o n ta m in a te d  w i th  l e w i s i t e  cou ld  be saved  

fry B .A .l . a p p l i e d  in  d rops  to  th e  s k i n  o r  by th e  

i n j e c t i o n  of aqueous so lu t io n s ,"^0 p  t o  two h o u rs  a f t e r  

c o n ta m i n a t i o n ,  when the  a n im a ls  were s e r i o u s l y  i l l .

I t  was o b s e r v e d  t h a t  th e  t r e a t m e n t  fry B .A.L.  of 

l e w i s i t e  bu rn s  i n  r a t s  was f o l lo w e d  by a marked i n c r e a s e  

in  the  u r i n a r y  e x c r e t i o n  of a r s e n i c  d u r i n g  th e  e n su in g  

24 h o u r s ,  amounts up t o  33% of the  a r s e n i c  a p p l i e d  

to  th e  s k i n  as l e w i s i t e  was r e c o v e re d  in  th e  24 h r .  

u r i n e  sam ple .  This  i n c r e a s e  of  a r s e n i c  i n  th e  u r i n e  

was o b se rv e d  even when t r e a t m e n t  w ith  B .A .L .  was d e la y ed  

u n t i l  1 h o u r  a f t e r  c o n ta m in a t io n  w i th  the  l e w i s i t e .

The c o n t r o l  a n im a l s  d e v e lo p ed  d i a r r h o e a  and p a s s e d  

much mucus, w hi le  th e  an im a ls  r e c e i v i n g  B.A.L.



were r o t  eo a f f e c t e d .  The su b c u tan e o u s  and 

i n t r g p e r i t o n e a l  i n j e c t i o n  of B .A .L .  i n t o  r a b b i t s  and 

r a t e  was r a p i d l y  f o l lo w e d  by t h e  e x c r e t i o n  of an 

u n i d e n t i f i e d  t h i o l  o r  t h i o l s  in  th e  u r i n e .  As a 

r e s u l t  of t h e s e  s u c c e s s f u l  e x p e r im e n ts  S to c k e n ,

Thompson and Vey (1941) showed t h a t  v e s i c a t i o n  p ro d u ce d  

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

c o u ld  be p r e v e n t e d  by th e  l o c a l  a p p l i c a t i o n  of B.A.L. 

up to  one h o u r  a f t e r  i n j u r y .  At t h i s  t im e ,  w e l l  

marked s i g n s  of  i n j u r y  to t h e  s k i n ,  such  as oedema and 

e ry them a ,  had  d e v e l o p e d .  I n  many c a se s  i t  was 

o b se rv e d  t h a t  t h e  r e s i d u a l  e ry them a  on th e  c o n ta m in a te d  

s k i n  a r e a ,  t w e n t y - f o u r  h o u r s  a f t e r  t r e a t m e n t  w i th  B.A.L. 

was much l e s s  bo th  in  i n t e n s i t y  and s i z e  th an  t h a t  

a l r e a d y  p r e s e n t  a t  the  t im e  djf t r e a t m e n t ;  and  i n  some 

o f  th e  e x p e r im e n ts  th e  r a p i d  s u b s id e n c e  of t h e  s k in  

oedema was so marked t h a t  to  t h e  o b s e r v e r s  i t  s u g g e s t e d  

an a c t u a l  r e v e r s a l  of th e  u n d e r l y i n g  p a t h o l o g i c a l  changes 

b r o u g h t  a b o u t  by t h e  a r s e n i c .  In comparison w i th  B .A .L . ,  

i t  was found  b o th  in  man and a n im a l s ,  t h a t  th e  m o n o th io l ,  

m o n o th io e th y l e n e  g l y c o l ,  d i d  n o t  i n f l u e n c e  the  s e v e r i t y  

of the v e s i c a t i o n s  p ro du ced  by l e w i s i t e .  S u b s e q u e n t ly  

th e  above r e s u l t s  were confi rmed by Mann and P i r i e  in  

Oxford  (19 41 ) ,  and by Leishm an,  Uhde, B&vson, and Dunphy
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a t  P o r t o n  i n  1941. These w o rke rs  showed t h a t  B .A.L.  

p r e v e n t e d  t h e  d e s t r u c t i o n  of th e  eyes of r a b b i t s  

c o n ta m in a te d  w i th  l e w i s i t e  up to  p e r i o d s  of 20 m in u te s  

a f t e r  c o n ta m i n a t i o n .

F e l l  and A l l so p p  (1946) i n  1941 c a r r i e d  ou t  a 

s e r i e s  of t i s s u e  c u l t u r e  e x p e r i m e n t s ,  to  f i n d  ou t  

w h e th e r  th e  t o x i c  a c t i o n  of l e w i s i t e  on c e l l s ,  c u l t i v a t e d  

i n  v i t r o , could  be p r e v e n t e d  o r  c u re d  by s u i t a b l e  

t r e a t m e n t  w i th  B.A.L.  I t  was found  t h a t  c u l t u r e s  of 

th e  s c l e r o t i c  from 11-day c h ic k  embryos p o i s o n e d  w i th  

l e w i s i t e  were r e s t o r e d  by t r e a t m e n t  w i th  B .A.L .

The d rug  e x e r t e d  a c u r a t i v e  a c t i o n  on th e  p o i s o n e d  

c e l l s  of t h e  t i s s u e  c u l t u r e .  F u r t h e r  enzyme s t u d i e s  

a t  Cambridge,  in  th e  U n i ted  S t a t e s ?and a t  Oxford  by 

S to ck en  and Thompson (1944) and W h i t t a k e r  (1945) showed 

t h a t  i s o l a t e d  enzymes and enzymes in  t i s s u e s  were 

p r o t e c t e d  by B .A .L .  from th e  t o x i c  e f f e c t s  of l e w i s i t e  

and o t h e r  a r s e n i c a l s .

Webb and Heymingen (1947) in  1943 s t u d i e d  th e  a c t i o n  

of  B .A .l . on enzyme sy s te m s .  Of a l a r g e  number s t u d i e d ,  

seven  were s t r o n g l y  i n h i b i t e d  by B.A.L.  p o ly p h e n o l  

o x i d a s e ,  c a r b o n i c  anhydrgge,  c a t a l a s e ,  p e r o x i d a s e ,  

a ld eh yd e  m u ta se ,  phos jphory lase  and g l y o x a l a s e  . Four  of 

. th e  seven enzymes i n h i b i t e d  by B .A.L .  were known to  be 

m e t a l l o - p r o t e i n s . K e i l i n  and Mann (1940) showed t h a t



p o ly p h en o l  o x id a s e  c o n t a i n e d  copper ,  and c a r b o n i c  

a nhydrase  c o n ta in e d  z i n c .  E l l i o t t  (1 93 2 ) ,  K e i l i n  and 

H a r t  re e (1836) ,  and K e i l i n  and Mann (1937) p ro v e d  t h a t  

c a t a l a s e  and p e r o x i d a s e  p o s s e s s e d  an i r o n - c o n t a i n i n g  

p r o s t h e t i c  g r o u p .  Webb and Heyningen from t h e s e  

r e s u l t s  s u g g e s t e d  t h a t  B.A.L . s p e c i f i c a l l y  I n h i b i t s  m e t a l  

enzymes by combining w i th  th e  m e t a l s ,  due t o  th e  h ig h  

a f f i n i t y  of B.A.L. f o r  them. So f a r  a ldehyde  m u ta se  and 

p h o s p h o r y la s e  have n o t  been  shown to  be enzymes c o n t a i n i n g  

m e ta l s  b u t  Webb and Heyningen  c o n s i d e r  t h a t  t h i s  p o s s i 

b i l i t y  i s  not  p e rh a p s  e x c lu d e d .  Lohman (1932) showed 

g l y o x a l a s e  needed g l u t a t h i o n e  as co-enzyme f o r  r e a c t i o n  

and V/ebb and Heyningen s u g g e s t e d  t h a t  the  i n h i b i t i o n  of 

t h i s  enzyme by B.A.L. may be c o m p e t i t i v e ,  the  d i t h i o l  g roup  

in B.A.L'. h a v in g  a g r e a t e r  a f f i n i t y  f o r  th e  enzyme th an  

the m o n o th io l  g roup  in  g l u t a t h i o n e .  As a r e s u l t  o f  t h e i r  

r e s e a r c h ,  B .A .L .  may be c o n s i d e r e d  a s  a p o t e n t  i n h i b i t o r  

of m e t a l - c o n t a i n i n g  enzymes, w i th  th e  e x c e p t i o n  of the  

cytochrome sys tem .



2. American Work on B .A .L .

F u l l  d e t a i l s  r e g a r d i n g  B .A.L .  and e x p e r i m e n t a l  

f i n d i n g s  were s e n t  t o  th e  U n i t e d  S t a t e s  by P e t e r s  and 

h i s  a s s o c i a t e s  th rough  o f f i c i a l  c h a n n e l s  and B .A.L.  

i t s e l f  was r e c e i v e d  t h e r e  i n  1S41. T h e r e a f t e r  an 

i n t e n s i v e  r e s e a r c h  programme was u n d e r t a k e n ,  i n c l u d i n g  

t h e  i n v e s t i g a t i o n  of th e  b i o c h e m i s t r y ,  t o x i c o l o g y ,  

pharm acology  and c l i n i c a l  a p p l i c a t i o n s  of th e  s u b s t a n c e .

B a r ro n ,  M i l l e r ,  B a r t l e t t ,  Meyer and S i n g e r  (1947) 

i n  1942 i n v e s t i g a t e d  th e  e f f e c t  of l e w i s i t e  on the  v a r i o u s  

t y p e s  of enzyme r e a c t i o n s  co n ce rned  w ith  c e l l u l a r  

m e tab o l i sm  and conc luded  t h a t  t r i v a l e n t  a r s e n i c a l s  

e x e r t e d  t h e i r  t o x i c  a c t i o n  by combining w ith  t h e  t h i o l  

(-SEE) g roups  of th e  a c t i v a t i n g  p r o t e i n  of enzyme s y s te m s .  

T i s s u e  r e s p i r a t i o n  was i n t e r f e r e d  w i t h ,  due to  the  

co m bin a t io n  of a r s e n i c a l s  w i th  the  l a r g e  group of 

enzymes c o n t a i n i n g  th e  s u l p h y d r y l  (-SH) g r o u p s .  These 

a re  e s s e n t i a l  f o r  e 'i irbohydrate  and f a t  m e ta b o l i sm .

I t  was found t h a t  l e w i s i t e  had l i t t l e  e f f e c t  on th e  

enzyme sys tem s conce rned  w i th  p r o t e i n  m e tab o l i sm .

The i n h i b i t i o n  of enzymes, produced  by l e w i s i t e  and o t h e r  

a r s e n i c a l s ,  could  be p r e v e n t e d  by B .A.L.  and ,  even when 

e s t a b l i s h e d ,  B .A .L .  cou ld  r e v e r s e  t h e  p r o c e s s  of in h ib i t io n .



McLeod (1942) and E agle  (1942-1943)  showed t h a t  

B.A.L . in  r e v e r s i n g  enzyme i n h i b i t i o n s  p ro d u ce d  by 

a r s e n i c ,  acted,  by v i r t u e  of t h e  f a c t  t h a t  B .A .L .  had 

g r e a t e r  a f f i n i t y  f o r  t h e  a r s e n i c  than t h e  a t t a c k e d  

t i s s u e  t h i o l s .  When t rypanosomes o r  spe rm ato zo a  

were s u b j e c t e d  to l e t h a l  c o n c e n t r a t i o n s  of a r s e n i c ,  

t h e y  l o s t  t h e i r  m o t i l i t y  and showed d e g e n e r a t i v e  chan g es .  

When B .A .L .  was added ,  m o t i l i t y  and normal c e l l  s t r u c t u r e  

were r e g a i n e d .  I t  would a p p e a r  t h a t  B .A.L.  a c t u a l l y  

removes the  a r s e n i c  from t h e  c e l l s  b e ca u se  the  

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

a r s e n i c .  E a g le ,  Magnuson and F le ischm an  (1946) i n  

1943 v e r i f i e d  the  o b s e r v a t i o n  of the  E n g l i s h  w orkers  

t h a t ,  vhen B .A .L .  was a d m i n i s t e r e d  to  a n im a ls  p r e v i o u s l y  

p o i s o n e d  w i th  a r s e n i c a l s ,  i t  c au se d  a marked i n c r e a s e  

of a r s e n i c  to  a p p e a r  in  t h e  u r i n e .

B a r ro n ,  M i l l e r  and K a l n i t s k y  (1947) working on the 

o x i d a t i o n  of th e  d i t h i o l s  in  1943, showed t h a t  B.A.L. 

behaved  l i k e  the  m o n o th io l s  c y s t e i n e  and g l u t a t h i o n e  

on o x i d a t i o n .  B.A.L. behaved as  a s l u g g i s h  non-  

a u t o l i z a b l e  o x i d a t i o n  -  r e d u c t i o n  sy s tem ,  e a s i l y  o x i d i s e d  

by c a t a l y t i c  amounts of i r o n  p o rp h y r in e  and copper .

I r o n  p o r p h y r in  and copper  were found to be the  most  

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

sium f e r r i c y a n i d e  and cytochrome o x id a s e  ( i n  p r e s e n c e  of
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cytochrome c) were a l s o  c ap a b le  of  o x i d i z i n g  B.A.L. 

B r i t i s h  A n t i - L e w i s i t e  combines w i th  a number of heavy 

m e t a l s ,  such as  i r o n ,  l e a d ,  an t im ony ,  b i sm u th ,  copper ,  

c o b a l t ,  n i c k e l ,  se len ium  and an t im ony to form c o lo u r e d  

meta 1- b . A.L. complexes ,  m o s t ly  i n s o l u b l e .  With 

m ercu ry ,  z in c  and cadmium, w h i te  p r e c i p i t a t e s  w i th  

B .A .L .  were formed w h i le  i t  Was found  t h a t  magnesium 

combines w i th  B .A .L .  to form c o l o u r l e s s  s o l u b l e  

compounds. I n  th e  p r e s e n c e  of oxygen, B.A.L. 

d e s t r o y e d  i r o n  p o r p h y r i n  compounds such as  haemin and 

oxyhaemoglobin  by open in g  the  p o r p h y r i n  r i n g .  B .A.L .  

r e a c t e d  i n s t a n t a n e o u s l y  w ith  m ethaem oglobin  and 

red u c ed  i t  to  h a e m o g lo b in .  These workers found  t h a t  

the r a t e  of o x i d a t i o n  of B .A.L.  u s in g  copper  as a 

c a t a l y s t ,  seemed to  depend on t h e  d i s t a n c e  of  th e  -SH 

g roups  from each o t h e r .  When d i t h i o l s  were t e s t e d ,  

w i th  the  -SH groups  s e p a r a t e d  from each o t h e r  by f o u r  

carbon atoms,  th e re  was very l i t t l e  o x i d a t i o n .  This  

e f f e c t  -was e x p l a i n e d  by assum ing  t h a t  the  o x i d a t i o n  of 

B . A . L . , i n  t h e  p r e s e n c e  of co p p e r ,w a s  p re c e d e d  by the  

i n t e r m e d i a t e  f o r m a t io n  of an u n s t a b l e  copper  c y c l i c  

compound.

C — C

Cu-



which depends on th e  -SH g roups  b e in g  c l o s e  t o g e t h e r .

B a r ro n ,  M i l l e r ,  B a r t l e t t ,  Meyer and S i n g e r  (1947)  

e x p e r im e n te d  i n  1S44 w i th  the  i n h i b i t i o n  of enzymes 

c o n t a i n i n g  -SH groups  by l e w i s i t e  and t h e i r  r e a c t i v a t i o n  

by d i t h i o l s .  L e w i s i t e  was found  to  i n h i b i t  a l l  t h e  

enzyme sys tem s c o n t a i n i n g  -SH g ro u p s  e x c e p t  d -am ino-  

a c i d  o x i d a s e ,  y e a s t  c a r b o x y la s e  and t r a n s a m i n a s e .

In  e v e ry  case  B.A.L.  r e v e r s e d  t h e  enzyme i n h i b i t i o n  

p roduced  by l e w i s i t e  and was found  to  be much more 

p o w e r f u l  th a n  t h e  m o n o th io l  g l u t a t h i o n e .  The 

r e s p i r a t i o n  of r a t  b r a i n  s l i c e s  was i n h i b i t e d  by 

l e w i s i t e  and r e a c t i v a t e d  by B .A .L .  The a n a e r o b i c  

g l y c o l y s i s  of r a t  b r a i n  s l i c e s  was i n h i b i t e d  by th e  

a d d i t i o n  of  l e w i s i t e  b u t  on a d d i t i o n  of  B .A .L .  the  

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

r e a c t i v a t e d .  L e w i s i t e  a l s o  i n h i b i t e d  th e  s y n t h e s i s  of 

c a r b o h y d r a t e  from p y r u v a t e  by k id n ey  s l i c e s .  B.A.L . 

r e a c t i v a t e d  t h i s  s y n t h e s i s .

B a r ro n ,  M i l l e r  and Meyer (1947) s t u d i e d  th e  e f f e c t  

o f  B .A.L.  on th e  a c t i v i t y  of  enzyme system and on th e  

m e tab o l i sm  of t i s s u e s , i n  o r d e r  to  u n d e r s t a n d  the  t o x i c  

e f f e c t s  obse rved ,w hen  l a r g e  q u a n t i t i e s  were i n j e c t e d  i n t o  

a n im a l s .  They v e r i f i e d  th e  f i n d i n g s  of Webb and



Heyningen (1 9 4 7 ) ,  t h a t  B .A.L.  p roduced  i n h i b i t i o n  of 

some enzyme sys tem s by u n i t i n g  w i th  th e  heavy m e ta l s  

which form t h e  p r o s t h e t i c  group  of  th e  p r o t e i n  p a r t  

of t h e  enzyme. B arron  e t  a l  c o n s i d e r e d ,  t h a t  the  

r e d u c e d  r e s p i r a t i o n  of t i s s u e  s l i c e s ,  p ro d u ce d  by B .A .L .  

and o t h e r  d i t h i o l s ,  was p r o b a b l y  due to  c o m b in a t io n  of 

t h e  f o l l o w i n g  f a c t o r s ,  namely t h e  r ed u ced  r a t e  of 

o x i d a t i o n  of  cytochrome c, t h e  i n h i b i t i o n  of m e t a l l o -  

p r o t e i n  enzymes and t h e  i n h i b i t i o n  of  enzymes c o n t a i n i n g  

-SH g rou p s  by th e  o x i d a t i o n  p r o d u c t  of d i t h i o l s .

S in c e  B .A.L .  i s  a r e d u c in g  a g e n t ,  i t  was c o n s i d e r e d  t h a t  

i t  m ig h t  r educe  th e  - S - S -  g roups  of  i n s u l i n  and  th u s  

d e s t r o y  i t s  p h y s i o l o g i c a l  e f f e c t .  I t  was found t h a t  

B .A .L .  a lo n e  had no e f f e c t  on th e  b lood  s u g a r  l e v e l  in  

r a b b i t s  b u t  t h a t  B .A.L .  w i th  i n s u l i n  p r e v e n t e d  the  

normal hypoglyca@&ic a c t i o n  of i n s u l i n .  In  t h i s  

c o n n e c t io n  D u r l a c h e r ,  B u n t in g ,  H a r r i s o n ,  Ordway and 

A lb r in k  (1947) found  an i n i t i a l  i n c r e a s e  i n  th e  b lo o d  

s u g a r  l e v e l  a f t e r  t h e  i n j e c t i o n  of B.A.L.

E x p e r im e n ta l  t h e r a p e u t i c s  were begun i n  th e  s p r i n g  

of  1942 when a l a r g e  number of  an im al  e x p e r im e n ts  were 

c a r r i e d  o u t , t e s t i n g  the  e f f e c t  of B.A.L . a g a i n s t  th e  

a r s e n i c a l s  used  in  chem ica l  w a r f a r e .  The r e s u l t s  f u l l y  

conf i rm ed  B r i t i s h  r e p o r t s .  I t  was as a r e s u l t  of



American work t h a t  B.A.L. 1 was p r e p a r e d  i n  a s u i t a b l e  

medium f o r  i n t r a m u s c u l a r  i n j e c t i o n .  These an im a l  

e x p e r im e n t s  l e d  to  f u r t h e r  s t u d i e s  t o  d. e te rm in e  th e  

t h e r a p e u t i c  e f f e c t i v e n e s s  of B .A.L .  i n  v a r i o u s  v e h i c l e s ,  

the  b e s t  r o u t e s  of a d m i n i s t r a t i o n  and th e  b e s t  dosage 

s c h e d u l e .  E a g le ,  Magnuson and  F le is cb m an  (1946) showed 

t h a t  a s t a b l e ,  s t e r i l e ,  p r e p a r a t i o n  of B .A.L.  in  b e n z y l -  

b e n z o a t e - p e a n u t  o i l  s o l u t i o n  was m ost  s u i t a b l e  f o r  

i n t r a m u s c u l a r  i n j e c t i o n .  The most  e f f e c t i v e  dosage 

s c h e d u le  in  a n im a ls  was shown to be fo u r  i n j e c t i o n s  of 

B .A .L . ,  a t  two to  f o u r  h o u r l y  i n t e r v a l s  i n  th e  f i r s t  

t w e n t y - f o u r  h o u r s ,  f o l l o w e d  by s i x  d a i l y  i n j e c t i o n s .

Eagle  e t  a l  (1946) ,  Mode 11, Gold and Gat t e l l  (1946) ,  and 

S u l z b e r g e r ,  B a e r ,  and Kanof (1946) c a r e f u l l y  i n v e s t i g a t e d  

the  t o x i c i t y  of t h i s  p r e p a r a t i o n  of B .A .L , in  o i l  by 

i n t r a m u s c u l a r  i n j e c t i o n  i n  man. This  work showed t h a t  

B.A . L . - i n - o i l ,  i n j e c t e d  i n t r a m u s c u l a r l y ,  was t o l e r a t e d  

b e s t  a t  a dosage  l e v e l  of 2.5mg. to 3.Gmg/kg. body w e ig h t  

in  human b e i n g s .  I t  o n ly  r e s u l t e d  i n  ve ry  m i ld  r e a c t i o n  

i n  a p e r c e n t a g e  of v o l u n t e e r s  t e s t e d .  I t  was found  

t h a t  i f  the  dose was i n c r e a s e d  t o  5mgAg. body w e ig h t ,  

more th an  h a l f  th e  s u b j e c t s  e x p e r i e n c e d  r e a c t i o n s .

The c h i e f  r e a c t i o n s  to  B.A.L.  in  human s u b j e c t s ,  r e p o r t e d  

by E ag le  e t  a l  (1946) ,  S u l z b e r g e r  e t  a l  (1946) ,  Mode 11
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e t  a l  (1 9 4 6 ) ,  C a r l e t o n ,  P e t e r s ,  S to c k e n ,  Thompson and 

W il l iam s (1 94 6 ) ,  and Longcope,  L u e t s c h e r ,  W introbe  and 

J a g e r  (1946) were some or  a l l  of th e  f o l l o w i n g  symptoms; 

nausea, v o m i t in g ,  he ad a ch e ,  b u r n i n g  s e n s a t i o n  in  the  

mouth ,  nose  and e y e s ,  s w e a t in g ,  r e s t l e s s n e s s ,  weakness ,  

limb p a i n s ,  t r u n k  p a i n s ,  jaw p a in s  and g e n e r a l i s e d  

aches  and p a i n s .  The h e a r t  r a t e  was o f t e n  i n c r e a s e d  

w i th  sometimes a r i s e  i n  b o th  d i a s t o l i c  and s y s t o l i c  

b lo o d  p r e s s u r e .  However, t h e s e  v a r i o u s  r e a c t i o n s  were 

found to be t r a n s i e n t  and had s u b s id e d  w i t b i n  f o u r  hours  

from the  t ime of i n j e c t i o n .  The d i s c o v e r y  t h a t  B .A .L . -  

i n - o i l  could  be s a f e l y  i n j e c t e d  in  man led  to  B . A . L . - i n -  

o i l  b e in g  g iv en  a t r i a l  i n  case s  of a r s e n i c a l  p o i s o n i n g .

The m e d ic a l  a p p l i c a t i o n s  of B.A.L. were now 

i n v e s t i g a t e d  by many American w o r k e r s .  E ag le  (1S46) ,

E ag le  and Magnuson (19 4 6 ) ,  and L u e t s c h e r ,  Eagle  and 

Longcope (1946) ,  t r e a t e d  t o x i c  r e a c t i o n s  due to  

i n t e n s i v e  s c h e d u l e s  of  a n t i - s y p h i l i t i c  a r s e n i c a l  t r e a t m e n t .  

At t h i s  t ime w id e sp re a d  use of i n t e n s i v e  s c h e d u le s  of 

a r s e n i c  t h e r a p y  was b e in g  made i n  the  American armed 

f o r c e s ,  and i n  the  c i v i l i a n  p o p u l a t i o n  w i th  a resu  l t i n g  

g r e a t  i n c r e a s e  in  a r s e n i c a l  t o x i c  r e a c t i o n s .

Eagle  and Magnuson were t h e r e f o r e  a b le  to i n i t i a t e  a 

c a r e f u l l y  s u p e r v i s e d  t h e r a p e u t i c  t r i a l  of B .A .L .  in
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c l i n i c s ,  where i n t e n s i f i e d  a r s e n i c  th e r a p y  was b e in g  

c a r r i e d  o u t .  Longcope e t  a 1 (1S46) t r e a t e d  p a t i e n t s  

from i n d u s t r i a l  p l a n t s  who had been a c c i d e n t a l l y  

exposed  to  a r s e n i c a l s .  The m a j o r i t y  of t o x i c  a r s e n i c a l  

r e a c t i o n s  were case s  of a r s e n i c a l  d e r m a t i t i s  and 

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

m ap h a rs id e  t h e r a p y .  The r e s u l t i n g  d a ta  s t r o n g l y  

s u g g e s t e d  t h a t  B .A .L . ,  p r o p e r l y  a d m i n i s t e r e d ,  was 

e f f e c t i v e  i n  the  t r e a t m e n t  of a r s e n i c a l  d e r m a t i t i s ,  

a r s e n i c a l  en ce p h a lo p a th y  and a c c i d e n t a l  m ass iv e  

o v e rd o sag e  w i th  m a p h a r s id e .  E agle  (1946) s u g g e s t e d  

t h a t  B .A .L .  was p r o b a b ly  of v a lu e  in  some c a s e s  of b lo o d  

d y s c r a s i a s  due t o  a r s e n o t h e r a p y  b u t  c o n s i d e r e d  i t  to 

be of no v a lu e  in  th e  m a j o r i t y  of c a se s  of s o - c a l l e d  

a r s e n i c a l  j a u n d i c e .

L o n g e r ®  and L u e t s c h e r  (1946) gave  B.A.L.  a t r i a l  

in  t w e n t y - t h r e e  p a t i e n t s ,  s u f f e r i n g  from a c u te  mercury 

p o i s o n i n g  by c o r r o s i v e  s u b l i m a t e ,  and found th e  drug to 

be most s u c c e s s f u l  thus  b e a r i n g  ou t  the  f i n d i n g s  of 

Gilman, A l l e n ,  P h i l i p s  and S t .  John (1946) t h a t  B.A.L. 

was s u c c e s s f u l  in  p r e v e n t i n g  a c u t e  mercury p o i s o n in g  

by c o r r o s i v e  s u b l i m a t e  in  r a b b i t s  and dogs.  Thus 

an im a l  e x p e r im e n t s  and c l i n i c a l  t r i a l s  d e m o n s t r a t e d  

t h a t  B .A.L .  was e f f e c t i v e  in  mercury p o i s o n i n g .



3. Canadian desea rc h e s  on B.A.L

Canadian r e s e a r c h  on th e  p r o p e r t i e s  of B .A.L .  

began in  the  l a t t e r  p a r t  of 1941. The f i r s t  

i n v e s t i g a t i o n  u n d e r t a k e n  by Young (1946) was a 

comparison  of th e  a n t i d o t a l  a c t i v i t y  and r e l a t i v e  

t o x i c i t y  of B.A.L . w i th  a s e r i e s  of s y n t h e s i s e d  

m o n o th i o l s ,  d i t h i o l s  and t r i t h i o l s ,  when employed to  

c o u n t e r a c t  the  e f f e c t  of l e w i s i t e .  The l e w i s i t e  v/ae 

a p p l i e d  to  th e  s k i n  of r a t s  and  i t  was found t h a t ,  

a lm o s t  i n v a r i a b l y ,  the  l i v e s  of th e  a n im a l s  were saved  

i f  B .A.L.  was a p p l i e d  to  th e  dosed  a r e a  of th e  s k i n  n o t  

l a t e r  th an  two h o u r s  a f t e r  the  l e t h a l  amounts of 

l e w i s i t e  had been a p p l i e d .  Simpson and Young (1946)  

showed t h a t , , e v e n  when t r e a t m e n t  with B .A.L .  was d e la y e d  

f o r  a . l o n g e r  p e r i o d ,  the a n im a ls  sometimes s u r v i v e d .  

Z b arsk y ,  Simpson and Young (1946) showed t h a t  p r o t e c t i o n  

a g a i n s t  t h e  sy s te m ic  e f f e c t s  of l e w i s i t e  in  r a t s  was 

a f f o r d e d  by B.A.L.  when a p p l i e d  to  a s k i n  s i t e ,  o t h e r  

than  t h a t  c o n ta m in a te d  w i th  l e w i s i t e  or  when B .A .L . ,  

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

i n j e c t i o n  to  t h e  r a t s .

Manson, Z barsky  and Young (1946) found t h a t  B.A.L.



when a p p l i e d  to th e  e k i n  of the  r a t s ,  e x e r t e d  an 

a n t i d o t a l  a c t i o n  t o  sodium a r s e n i t e  when g iv e n  by 

i n t r a p e r i t o n e a l  i n j e c t i o n .  Berenbom (1946) o b se rved  

t h a t ,  when r a t s  were g iv e n  l e t h a l  amounts of 

cadmium« c h l o r i d e  by i n t r a p e r i t o n e a l  i n j e c t i o n ,  they  

sometimes s u r v i v e d  i f  they  were t r e a t e d  p e r c u t a n e o u s l y  

w i th  B.A.L.

Z barsk y  (1946) conf i rm ed  and e x te n d e d  th e  f i n d i n g s  

of P e t e r s ,  S to ck en  and Thompson (1945) t h a t  t h e r e  was an 

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

a d m i n i s t r a t i o n  of B .A .L .  to r a t s  dosed  w i th  l e w i s i t e .  

Z b a rsk y ,  Manson and Young (1946) showed t h a t ,  w he th e r  

B .A .L .  was a p p l i e d  to the  s k i n  s i t e  c o n ta m in a te d  w i th  

l e w i s i t e ,  o r  to  a s e p a r a t e  s i t e ,  o r  g i v e n  by i n t r a 

m u s c u l a r  i n j e c t i o n  in  p r o p y le n e  g l y c o l ,  th e  a r s e n i c  

c o n t e n t  of th e  u r i n e  e x c r e t e d  d u r in g  th e  e n s u in g  tw e n ty -  

f o u r  h o u r s  a f t e r  dosage  w i th  l e w i s i t e  was in c re ased ?w h en  

B .A .L .  was g iv e n  im m ed ia te ly  o r  one o r  s i x  h o u rs  a f t e r  

t h e  l e w i s i t e .  B.A.L.? g iv e n  t w e n t y - f o u r  o r  f o r t y - e i g h t  

h o u rs  a f t e r  th e  a d m i n i s t r a t i o n  of l e w i s i t e  to th e  skin? 

had  l e s s  e f f e c t  on th e  u r i n a r y  e x c r e t i o n  of a r s e n i c  in  

th e  e n su in g  t w e n t y - f o u r  h o u r s .  The f a e c a l  e x c r e t i o n  of 

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

w i th  B .A.L.  Although B . A . L . e x e r t e d  an a n t i d o t a l  e f f e c t
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in  sodium a r s e n i t e  p o i s o n i n g  i n  r a t s ,  i t  was found t h a t  

the  u r i n a r y  e x c r e t i o n  of a r s e n i c  was only s l i g h t l y  

i n c r e a s e d .  In c o n t r a s t  to  th e  e f f e c t  of B .A .L .  on 

sodium a r s e n i t e  e x c r e t i o n  in  u r i n e ,  Berembom (1946) 

showed t h a t ,  when r a t s  were g iv en  h a l f  the L.D.50 dose 

of cadmium c h l o r i d e  by i n t r a p e r i t o n e a l  i n j e c t i o n s ,  t h e r e  

was v e ry  l i t t l e  u r i n a r y  e x c r e t i o n  of cadmium b u t ,  when 

B.A.L. was g i v e n  in  a d d i t i o n  to cadmium c h l o r i d e ,  l a r g e  

amounts of cadmium were e x c r e t e d  in  th e u r i n e .  This  

u r i n a r y  e x c r e t i o n  of cadmium produced  by B.A.L. tended  

to  p r e v e n t  th e  a c c u m u la t io n  of cadmium in  the  l i v e r ,  

which o c c u r r e d  when B.A.L.  was n o t  a d m i n i s t e r e d .

Young and Simpson (1946) p r e p a r e d  r a d i o a c t i v e
35B.A .L .  by i n c o r p o r a t i n g  r a d i o a c t i v e  s u l p h u r  i s o to p e  S

in  the  B .A.L.  m o lecu le  and t h i s  compound was used in

s t u d i e s  of th e  a b s o r p t i o n  and m e tabo l i sm  of B.A.L.

When r a d i o a c t i v e  B.A.L . d i s s o l v e d  in  p ro p y le n e  g l y c o l ,

was i n j e c t e d  i n t o  r a t s  by the  i n t r a m u s c u l a r  r o u t e ,  i t

was found  to  p a s s  r a p i d l y  from th e  s i t e  of i n j e c t i o n ,
35f o r  v e ry  l i t t l e  S was found  to be p r e s e n t  in  th e  dosed  

musc le  s i x  ho u rs  a f t e r  i n j e c t i o n .  P e rc u ta n e o u s  and 

i n t r a m u s c u l a r  a d m i n i s t r a t i o n  of r a d i o a c t i v e  B .A.L .  to 

r a t s ,  showed t h a t  i t  was d i s t r i b u t e d  th ro u g h o u t  the 

o rgan ism .  . A par t  from somewhat h i g h e r  c o n c e n t r a t i o n s



in  th e  k id ney  and i n t e s t i n e s ^ r a d i o a c t i v e  B.A.L. d id  n o t  

a p p e a r  to  a c c u m u la te  in  any one of the  main o r g a n s .

The most  c h a r a c t e r i s t i c  f e a t u r e  of t h e  e x p e r im e n t s  was the  

r a p i d i t y  w i th  which r a d i o a c t i v e  B .A.L.  was e x c r e t e d  in  

the  u r i n e .  These w o rk e r s  c o n s i d e r e d  t h a t  l i t t l e  o f  the  

r a d i o a c t i v e  B .A .L . ,  e x c r e t e d  in  the  u r i n e  of the  r a t s  

g i v e n  th e  compound, was i n  t h e  form of unchanged B .A.L.
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Summary.

The t o x i c i t y  of a r s e n i c a l s  i s  due to the  f a c t  

t h a t  t h ey  combine w i th  and i n t e r f e r e  w i th  the  f u n c t i o n  

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

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

s u l p h y d r y l  (-SH) g r o u p s .  The -SH g ro u p s  a r e  

a s s o c i a t e d  w ith  the  enzyme p r o t e i n s .

When l e w i s i t e  r e a c t s  w i th  k e r a t e i n e ,  a p r o t e i n  

c o n t a i n i n g  -SH g r o u p s ,  a p p r o x im a te ly  75% of the  bound 

a r s e n i c  i s  in  com bina t ion  w i th  two t h i o l  g roups  in  a 

s t a b l e  5-membered r i n g  s t r u c t u r e .

i s  on ly  to  a s l i g h t  d eg re e  r e v e r s i b l e  by m o n o tb io l s  such  

as  c y s t e i n e  and g l u t a t h i o n e .

2, 3, d i m e r c a p t o p r o p a n o l ,  B.A.L. a d i t h i o l ,

CH0 . CH. CHo0H

s u p p l y i n g  a r e a d i l y  m o b i l i s a b l e  su p p ly  of -SH g r o u p s ,

This  s t a b l e  com bina t ion  of a r s e n i c  w i th  t i s s u e  p r o t e i n s

SH SH
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i s  found to  be f a r  more e f f e c t i v e  than  the  mono t h i o l s  

and p r o t e c t s  t i s s u e  enyzymes from the  t o x i c  e f f e c t  of 

a r s e n i c a l s .

C y c l i c  B .A .L .— t h i o a r s e n i t e  i s  much more s t a b l e  

than  th e  t i s s u e  p r o t e i n  - t h i o a r s e n i t e  and ,  t h e r e f o r e ,  

B.A.L. when s u p p l i e d  to  t i s s u e s  p o i s o n e d  with a r s e n i c ,  

removes the a r s e n i c  from the t i s s u e  p r o t e i n  - 

t h i o a r s e n i t e  c o m b in a t io n ,  thus  d e t o x i f y i n g  the t i s s u e  

and a l l o w i n g  the  enzymes to c a r r y  ou t  once more t h e i r  

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

R. As

T is su e  p r o t e i n - t h i o a r s e n i t e

ch2oh

HS-

H
I
C' ■ C H g . C H

HS' ■H

B.A.L.

HS'

HS*

B.A.L.  -  t h i o a r s e n i t e t i s s u e  p r o t e i n .

Animals p o i so n e d  w i th  a r s e n i c  a r e  p r o t e c t e d  and  

r e s t o r e d  by B.A.L.  ̂ which g r e a t l y  promotes u r i n a r y  

e x c r e t i o n  of a r s e n i c .
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4.  T o x i c o l o g i c a l  and P h a r m a c o lo g ic a l  R esea rch e s  

on B.A.L.

(a)  In  a n im a l s .

B.A.L.  i s  i t s e l f  a t o x i c  compound and t h i s  t o x i c i t y  

has  been  i n v e s t i g a t e d  by v a r i o u s  w o rk e r s .

D u r l a c h e r ,  B u n t in g ,  H a r r i s o n ,  Ordway and A lb r in k  

(1S46) i n v e s t i g a t e d  the  t o x i c o l o g i c a l  a c t i o n  of B .A.L .  on 

e x p e r i m e n t a l  a n i m a l s .  Sub l e t h a l  doses  o f  B .A.L.  g i v e n  

to  r a t e ,  m ic e ,  g u in e a  p i g s ,  r a b b i t s  and dogs produced 

i n i t i a l  a p a t h y ,  which was accom panied  by la c h ry m a t io n ,  

b le p h a ro sp a sm  and c o n j u n c t i v a l  oedema. In  the c a s e  of 

dogs th e re  was i n c r e a s e d  s a l i v a t i o n ,  which was f r e q u e n t l y  

accompanied by r e t c h i n g  and v o m i t i n g .  These symptoms, 

however ,  were found  f r e q u e n t l y  to r e g r e s s ,  l e a v i n g  no 

r e s i d u a l  u p s e t .  With l a r g e r  doses  of B .A.L.  the above 

e f f e c t s  were p ro du ced  w i th  th e  a d d i t i o n  of t h e  f o l lo w in g  

symptoms:-  g r a d u a l l y  . i n c r e a s i n g  muscle  t r e m o rs  with 

i n c o - o r d i n a t i o n ,  accompanied by c l o n i c  and t o n i c  convu l

s i o n s  p r o c e e d in g  to  coma and d e a t h .

The e f f e c t  on the  c a r d i o v a s c u l a r  sys tem was shown 

by an e a r l y  t r a n s i e n t  r i s e  of b lo o d  p r e s s u r e  and w i th  

l e t h a l  amounts of B .A .L . ,  a l l  a n im a l s  e x h i b i t e d  

p r e t e r m i n a l l y  s i g n s  of p e r i p h e r a l  v a s c u l a r  c o l l a p s e ,  as
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e v id e n c e d  by r a p i d  p u l s e ,  h y p o te n s io n  and i n c r e a s e d  

packed  c e l l  volume of th e  b lo od ,  i n d i c a t i n g  taaeoiocon

cen t  r a t i o n .

The c o n v u ls io n s  f o l l o w in g  B .A .L .  were not due to 

hypoglycaem ia  and were a l l e v i a t e d  by a n a e s t h e s i a  w i th  

sodium p e n t o b a r b i t a l .  Toxic  doses  of B.A.L . r e s u l t e d  

in  a d im in ish e d  H* ion c o n c e n t r a t i o n  of th e  b lo od  and a 

d i m i n i s h e d  b lo o d  carbon d io x id e  c o n t e n t ,  accompanied by 

an  i n c r e a s e d  serum l a c t i c  a c id  and amino n i t r o g e n  

c o n t e n t ,  t h u s  p ro d u c in g  a m e t a b o l i c  a c i d o s i s .  An 

i n i t i a l  r i s e  of b loo d  s u g a r ,  a r e d u c t io n  in  l i v e r  

p o ta s s iu m  and l i v e r  g ly c o g e n  w i th  a c o r re sp o n d in g  

i n c r e a s e  of l i v e r  sodium and c h l o r i d e  were n o te d .

M o de l l ,  Chenoweth and Krop (1946) c a r r i e d  out  a 

d e t a i l e d  i n v e s t i g a t i o n  of th e  t o x i c i t y  of B .A.L.  on 

c a t e .  The e a r l i e s t  s i g n s  o f  B .A.L .  p o i s o n i n g  in th e s e  

a n im a ls  were b l i n k i n g ,  b le p h a ro sp a sm , '  l a c h r y m a t io n ,  con

j u n c t i v a l  oedema and s a l i v a t i o n .  With l a r g e r  doses  a t a x i a  

r e s p i r a r o t y  s t i m u l a t i o n  and i n c r e a s e d  u r i n a t i o n  were 

p rod u ced .  With f a t & l  doses  t h e r e  were produced ,  in  

a d d i t i o n  to the above s i g n s ,  r e s p i r a t o r y  d e p r e s s i o n ,  

pulmonary oedema and c o n v u l s io n s .  These workers  

c o n s id e r e d  t h a t  the  eye s i g n s  and s a l i v a t i o n  were 

produced  by the  c i r c u l a t i n g  B .A .L . ,  and not by the  B .A.L .  

p r e s e n t  in  the e x p i r e d  a i r .  Pro longed  d a i l y  a d m i n i s t r a -



t i o n  of a b o u t  one t h i r d  o f  the  L.D.5Q dose  of B .A .L .  

f o r  c a t s  had no e f f e c t  on t h e  r e d  c e l l  c o u n t ,  

p r o t h r o m b i n  t im e ,  carbon d i o x id e  combining power of 

t h e  b lo o d ,  b lo o d  g l u c o s e  o r  b lo o d  c r e a t i n i n e  l e v e l s .

On t h e  o t h e r  hand ,  t h e  haem oglobin  p e r c e n t a g e  of th e  

r e d  b lo o d  c e l l s  was r e d u c e d ,  the  w h i t e  c e l l  c o u n t  

i n c r e a s e d  and th e  b lo o d  n o n - p r o t e i n  n i t r o g e n  r a i s e d .  

B .A .L .  was shown to be  a b so rb e d  th ro u g h  th e  i n t a c t  s k i n  

of  c a t s  b u t  t h e  amount a b so rb e d  was s m a l l  and v a r i a b l e .  

A p a r t  from l e t h a l  d o s e s ,  t h e  t o x i c  r e a c t i o n s  of B.A.L. 

were, i n  t h e  main, found  to  be  r e v e r s i b l e  and the  

s u b s t a n c e  was r a p i d l y  e l i m i n a t e d .

Chenoweth (1946) i n v e s t i g a t e d  th e  c a r d i o v a s c u l a r  

a c t i o n  of  B.A.L.  on c a t s .  B.A.L.  g iv e n  by the 

i n t r a v e n o u s  r o u t e  p roduced  a f a l l  in  t h e  s y s te m ic  and 

pulmonary  a r t e r i a l  p r e s s u r e  and a r i s e  i n  th e  p o r t a l  

venous p r e s s u r e .  On the  o t h e r  hand, when B.A.L. was 

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

r e p e a t e d  i n t r a v e n o u s  i n j e c t i o n s ,  i t  caused  a r i s e  in  b lo o d  

p r e s s u r e  i n s t e a d  of a f a l l  in  b lo o d  p r e s s u r e .

A s s o c i a t e d  w i th  th e  f a l l  in  b lo o d  p r e s s u r e ,  t h e r e  was a 

marked r i s e  in  t h e  p e r i p h e r a l  r e s i s t a n c e  of t h e  b lo o d  

v e s s e l s  of th e  l im b s  w i th  no r i s e  of p r e s s u r e  in  the  

v e s s e l s  of th e  l i v e r  and v e s s e l s  of t h e  s p l a n c h n i c  a r e a .



B.A.L.  p ro d u ce d  a marked i n c r e a s e  i n  th e  r a t e  of  lymph 

f low  from t h e  t h o r a c i c  and c e r v i c a l  lymph d u c t s .

As a r e s u l t  o f  t h e s e  e x p e r im e n t s  i t  was c onc luded  t h a t  

B .A .L .  p ro d u ce d  p r i m a r i l y  a r e v e r s i b l e  c o n s t r i c t i o n  of 

c e r t a i n  p e r i p h e r a l  a r t e r i o l e s  p ro d u c in g  a r i s e  of  b lo od  

p r e s s u r e  from s m a l l  d o s e s ,  b u t  w i th  l a r g e r  d o ses  damage 

to  t h e  c a p i l l a r i e s  o c c u r r e d  w i th  t h e  deve lopm ent  of 

s i g n s  of p e r i p h e r a l  v a s c u l a r  f a i l u r e .

H i t c h c o c k  (1946) s t u d i e d  t h e  e f f e c t  of B .A .L .  and 

o t h e r  enzyme i n h i b i t o r s  on th e  b lo o d  v e s s e l s  of c a t s .

I t  was found t h a t  b lo o d  v e s s e l s  of th e  d i f f e r e n t  o rgans  

b ehaved  d i f f e r e n t l y  t o  enzyme i n h i b i t o r s ,  B .A .L .  caused 

i n t e n s e  c o n s t r i c t i o n  of th e  f e m o ra l  a r t e r i o l e s  b u t  was 

w i t h o u t  e f f e c t  on r e n a l ,  h e p a t i c  o r  c o ro n a ry  a r t e r i o l e s .

The a c t i o n  of B .A.L.  o n - s k e l e t a l  muscle  was 

i n v e s t i g a t e d  by Krop (1946) on the  i s o l a t e d  s k e l e t a l  

m usc le  of th e  f r o g .  I t  had been  shown t h a t  B .A.L .

i n h i b i t e d  t h e  t a k e  up of oxygen when added to  l i v e r  and 

bone m arrow  s l i c e s  and Krop s o u g h t  c o r r o b o r a t i v e  e v id e n c e  

on the  f u n c t i o n a l  changes o c c u r r i n g  in  t h e  i s o l a t e d  

s a r t o r i u s  m usc le  o f  the  f r o g .  R ed uc t ion  and a b o l i t i o n  

o f  o x i d a t i v e  h e a t  o c c u r r e d , i n d i c a t i n g  t h a t  B .A .L .  

i n h i b i t e d  o x i d a t i v e  p r o c e s s e s  and t h e r e b y  imposed 

a n a e r o b i c  c o n d i t i o n s  upon th e  m u sc le .  L a c t a t e ,  n o rm a l ly



removed by o x i d a t i v e  p r o c e s s e s ,  a cc u m u la te d  in  the  

b a th  and gave chem ica l  p ro o f  o f  th e  p h y s i c a l  ev id e n ce  

o f  th e  a r r e s t e d  o x i d a t i o n  of th e  m uscle  due to  B.A.L,

T h is  Work was a l s o  i n d i r e c t  c o n f i n n a t i o n  of  the  f i n d i n g  

by D u r l a c h e r  e t  a l  (1946) t h a t  i n  dogs t h e r e  was an 

i n c r e a s e  i n  b lo o d  l a c t a t e  a f t e r  a d m i n i s t r a t i o n  of B .A .L .  

I t  i n d i c a t e d  t h a t  i n c r e a s e d  b lo o d  l a c t a t e  i n  the  i n t a c t  

an im al  was n o t  a consequence  of- pulmonary  oedema b u t  

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

(b)  I n  man.

E a g l e ,  Magnuson and F le ischm an  (1946)  p o i n t e d  o u t  

t h a t  a l t h o u g h  B .A.L .  was u n s t a b l e  in  aqueous s o l u t i o n  

i t  was s t a b l e  i n  a v e h i c l e  of p e a n u t  o i l  and b e n z y l  

b e n z o a te  and i n  t h i s  medium i t  c o u ld  be s t e r i l i s e d  

i n  g l a s s  ampoules w i th  v e r y  l i t t l e  l o s s  of a c t i v i t y . .

T h is  f i n d i n g  l e d  to  the  s y s t e m ic  use of B .A .L .  f o r  the  

t r e a t m e n t  of m a n i f e s t a t i o n s  o f  a r s e n i c  p o i s o n i n g .  

E xp er im e n ts  w i th  r a b b i t s ,  p o i s o n e d  w i th  l e w i s i t e ,  showed 

t h a t  th e  l o n g e s t  i n t e r v a l  be tween i n t r a m u s c u l a r  i n j e c t i o n s  

of  B .A.L .  in  p e a n u t  o i l  -  b e n z y l  b e n z o a te  m ix t u r e ,  

c o n s i s t e n t  w i th  a c o n t i n u i n g  e f f e c t  on a r s e n i c  e x c r e t i o n  

i n  th e  u r i n e  was a bou t  f o u r  h o u rs  and t h i s  i n t e r v a l  was 

chosen  f o r  p r e l i m i n a r y  t r i a l s  in  man.



42 .

EagJ.e (1946) had found t h a t  the doegge of B.A.L.  

g iven  by f o u r  h o u r ly  i n t r a m u s c u l a r  i n j e c t i o n s  i n  the  

t r e a t m e n t  of e x p e r i m e n t a l  a r s e n i c  p o i s o n i n g  in  a n im a l s ,  

was in  th e  reg io n  of 2.5mg. to S .C m g. /kg .  Eagle  (1946) ,  

and E ag le  and Magnuson (1946) d e m o n s t r a te d  in  human 

v o l u n t e e r s  t h a t  dose s  of 2.5mg. to  3 .0 m g . /k g .  of B.A.L. 

could  be i n j e c t e d  i n t r a m u s c u l a r l y  w ith  on ly  temporary  

l o c a l  d i s c o m f o r t  a t  th e  s i t e  of th e  i n j e c t i o n  and 

with  on ly  t r a n s i e n t  s u b j e c t i v e  symptoms in a s m a l l  

number of c a s e s .  At d o se s  of 4mg. to 5 m g .A g .  t h e r e  

was an i n c r e a s e d  in c id e n c e  of t o x ic  r e a c t i o n s .  The m ost  

common symptoms complained of were n a u se a ,  v o m i t in g ,  

h e ad a ch e ;  a b u r n in g  s e n s a t i o n  of  the l i p s ,  modth and 

t h r o a t ,  tongue  and e y e s ,  lachryma t i o n ,  s a l i v a t i o n ,  and 

p a in  in  the  t e e t h ;  g e n e r a l i s e d  m u s c u la r  aches in the  

t r u n k  and e x t r e m e t i e s ,  w i th  b u rn in g  and t i n g l i n g  in the  

e x t r e m i t i e s ;  and a sen se  of c o n s t r i c t i o n  in  the  c h e s t ,  

with  a f e e l i n g  of a n x i e t y .  The s y s t o l i c  and d i a s t o l i c  

b lood  p r e s s u r e  were f r e q u e n t l y  e l e v a t e d .  The above 

r e a c t i o n s  u s u a l l y  s u b s id e d  in t h i r t y  to  n i n e t y  m in u te s  

b u t  w i th  th e  l a r g e r  doses  they  d i s t r e s s e d  th e  p a t i e n t  and 

sometimes a la rm ed  t h e  p h y s i c i a n .  In  view of t h e s e  

f i n d i n g s  the  t h e r a p e u t i c  dose o f  B.A.L.  was l i m i t e d  to 

2.5mg. to 3 .C m g. /kg .
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C a r l e t o n ,  P e t e r s ,  S to c k e n ,  Thompson and W il l iam s

(1946) and Longcope and L u e t s c h e r  (1946) ,  t r e a t i n g  

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

p o i s o n i n g  in  man r e s p e c t i v e l y ,  r e p o r t e d  some o r  a l l  

of  the  ahove symptoms b u t  c o n s i d e r e d  t h a t  B .A .L .  

t h e r a p y  a t  a dosage  o f  2 .5 m g . /k g .  was i n  the  m a j o r i t y  

of  p a t i e n t s  f r e e  f rom t o x i c  r e a c t i o n s  and when they  

o c c u r r e d  they  were m i ld  and t r a n s i e n t  in  most  c a s e s .

Summary.

B.A.L.  i s  i t s e l f  a t o x i c  compound.

I n  a n im a l s  B .A .L . ,  in s u b l e t h a l  d o s e s ,  p ro d u ces  an 

i n i t i a l  a p a th y  accompanied by l a c h r y m a t io n ,  b l e p h a ro sp a sm ,  

oedema of  the  con . jun c t iv ae  and i n c r e a s e d  s a l i v a t i o n .  

L a r g e r  doses  p roduce  musc le  t r e m o r s ,  i n c o - o r d i n a t i o n  

w i th  c l o n i c  and t o n i c  c o n v u l s io n s  p r o c e e d in g  t o  coma 

and d e a t h .  The e f f e c t  on the c a r d i o v a s c u l a r  sys tem  

i s  p e r i p h e r a l  v a s c u l a r  c o l l a p s e .  Toxic  doses  o f  B.A.L. 

r e s u l t  i n  d im in i sh e d  H’ io n  c o n c e n t r a t i o n ,  d im in i s h e d  

b lo o d  COg c o n t e n t ,  accompanied by an i n c r e a s e d  serum 

l a c t i c  a c id  and animo n i t r o g e n  c o n t e n t .  B .A.L.  p ro d uces  

an  i n i t i a l  r i s e  of b lo o d  s u g a r ,  a r ed ucb ion  i n  l i v e r  

p o ta s s iu m  and l i v e r  g ly c o g e n  with  an. i n c r e a s e  in  l i v e r  

sodium and c h l o r i d e .  O x id a t iv e  p r o c e s s e s  in  m usc le  

t i s s u e  a r e  i n h i b i t e d .  A pa r t  from l e t h a l  d o s e s ,  the

t o x i c  r e a c t i o n s  of B .A.L.  a re  in the  main r e v e r s i b l e  

and th e  s u b s t a n c e  i s  r a p i d l y  e l i m i n a t e d .
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In  man tbe t h e r a p e u t i c  dose of B .A.L.  in  o i l  by 

i n t r a m u s c u l a r  i n j e c t i o n  i s  2 . 5 - 3 . Omg./kg. With t h i s  

doseage on ly  l o c a l  d i s c o m f o r t  a t  the  s i t e  of  i n j e c t i o n  

and w i th  only t r a n s i e n t  s u b j e c t i v e  symptoms in  a s m a l l  

number of p a t i e n t s  i s  to  be e x p e c te d .  At doses  of  4mg. to 

5mg0/ k g  t h e r e  i s  an i n c r e a s e d  i n c i d e n c e  of t o x i c  r e a c t i o n s ,  

such as n a u se a ,  v o m i t i n g ,  headache ;  a b u r n in g  s e n s a t i o n  of 

the l i p s ,  mouth and t h r o a t ,  tongue  and e y e s ;  g e n e r a l i s e d  

m u sc u la r  aches  in  th e  t ru n k  and e x t r e m i t i e s ,  w i th  b u r n in g  

and t i n g l i n g  i n  t h e  e x t r e m i t i e s ;  and a s e n s e  of c o n s t r i c t i o n  

in  th e  c h e s t ,  w i th  a f e e l i n g  of  a n x i e t y .  The s y s t o l i c  and 

d i a s t o l i c  b loo d  p r e s s u r e  may be e l e v a t e d .  In  the  m a j o r i t y  

of c a s e s  the  above r e a c t i o n s  s u b s id e d  i n  30-90 m in u t e s .
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5. The a c t i o n  o f  B .A.L.  on M e t a l s .

(a )  I n  a n im a l s .

I n  a d d i t i o n  to  the  im p o r tan ce  of th e  d i s c o v e r y  of  

B .A .L .  as an e f f e c t i v e  a n t i d o t e  to  l e w i s i t e ,  t h e r e  a ro s e  

t h e  p o s s i b i l i t y  of u s i n g  the  compound as a t h e r a p e u t i c  

a g e n t  f o r  the  t r e a t m e n t  of  m a n i f e s t a t i o n s  of  a r s e n i c a l  

p o i s o n i n g ,  of  which th e  most  s e r i o u s  a re  e n c e p h a lo p a th y ,  

d e r m a t i t i s  and h e p a t i t i s .

F o l lo w in g  upon th e  i n v e s t i g a t i o n s  of  th e  p r o t e c t i v e  

a c t i o n  of  B.A.L. a g a i n s t  a r s e n i c a l  p o i s o n s  such as 

l e w i s i t e  and p h e n y l d i c h l o r a r e i n e  by H a r r i s o n ,  D u r l a c h e r ,  

A l b r i n k ,  Ordway and B un t in g  (1 9 4 6 ) ,  the  s u b s t a n c e  was 

t r i e d  a g a i n s t  such t h e r a p e u t i c  a g e n t s  as  M aphars ide  by 

B i k e r  ( 1 9 4 6 ) .  R i k e r , i n  the  t r e a t m e n t  o f  e x p e r im e n ta l  

a r s e n i c  p o i s o n i n g  in  c a t s , s h o w e d  t h a t  B .A.L.  in  p e a n u t  

o i l - b e n z y l  b e n z o a te  m i x t u r e  in  s u i t a b l e  d o sa g e ,  g iv e n  

i n t r a m u s c u l a r l y ,  p ro v id e d  complete  p r o t e c t i o n  to  c a t s  

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

G i n z l e r ,  Gilman, P h i l i p s ,  A l l e n  and K o e l l e  (1946) 

e x p e r im e n t in g  w i th  r a b b i t s  showed t h a t  a m e l i o r a t i o n  of 

t h e  s i g n s  of a c u t e  cadmium i n t o x i c a t i o n ,p ro d uced  by 

g i v i n g  cadmium c h l o r i d e  i n t r a v e n o u s l y ,was o b t a i n e d  by 

th e  a d m i n i s t r a t i o n  of B.A.L.  In  t h i s  s e r i e s  of
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e x p e r im e n t s  on cadmium p o i s o n i n g , i t  i s  i n t e r e s t i n g  to 

no te  t h a t  t h e r a p y  w i th  B.A.L.  g l u c o s i d e ,  (O -g lu co e id e  

of B .A .L .  in t rod u ced ,  by D a n i e l l i ,  M i t c h e l l ,  Owen and Shaw

(194 6 ) .  was more s u c c e s s f u l  than  t h e r a p y  w i th  B.A.L. and 

t h a t  the d e g re e  of r e n a l  damage in  s u r v i v i n g  r a b b i t s  was 

s i g n i f i c a n t l y  l e s s  than  had been p r e v i o u s l y  ob se rv ed  w i th  

B.A.L.  t h e r a p y .

T o b ia s ,  Lushbaugh, P a t t ,  P o s t e l ,  S w i f t  and G erard

(1946) in  e x p e r i m e n t a l  cadmium p o i s o n i n g ,  p ro d uced  in

mice by i n h a l a t i o n  of  cadmium s a l t s ,  showed t h a t  B.A.L.

was t h e r a p e u t i c a l l y  e f f e c t i v e  in  cadmium p o i s o n in g  i f

i n j e c t e d  p ro m p t ly  a f t e r  e x p o s u r e .  I n  an o p t i o n a l  course

of r e p e a t e d  i n j e c t i o n s  the  m o r t a l i t y  was r ed uced  from

93 to  7 p e r  c e n t .  In  c o n t r a s t  w i th  t h i s  r e s u l t  i t  was

found t h a t  B.A.L. was d e l e t e r i o u s  i f  g i v e n  p r o p h y l a c t i c a l l y

f o r  cadmium p o i s o n i n g  p roduced  by i n h a l a t i o n .  Using  t h e
115

r a d i o a c t i v e  i s o t o p e  Gft . i t  was found t h a t  over  h a l f  the  

i n h a l e d  cadmium c h l o r i d e  (CdClg) had p a s s e d  beyond the  lung 

a f t e r  t h i r t y  m in u te s  e x p o s u r e .  When B.A.L. was p r e s e n t  a t  

the  time of the  i n h a l a t i o n  of cadmium, the  cadmium was f i x e d  

i n  the  lung ,  p resum ab ly  as an i n s o l u b l e  cadraium-B.A.L. 

complex. This  i n c r e a s e d  lung c o n te n t  of cadmium, due to i t s  

f i x a t i o n  i n  th e  lung by B .A .L . ,  was a s s o c i a t e d  w i th
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i n c r e a s e d  lu n g  damage. The a u th o r s  c o n s i d e r e d  t h a t  

B .A.L . ,  a d m i n i s t e r e d  p r o p h y l a c t i c a l l y ,  caused  damage9 

lay h o l d i n g  a l a r g e  amount of cadmium f o r  s low  r e l e a s e 9 

to lu n g  t i s s u e ;  w hi le  B .A.L.  a d m i n i s t e r e d  t h e r a p e u t i c a l l y  

r e a c h i n g  th e  lu n g  a f t e r  most  of the  cadmium had l e f t ,  

d i v e r t e d  the  cadmium a l r e a d y  combined w i th  lung  t i s s u e  

c o n s t i t u e n t s  and r e l e a s e d  i t  s l o w ly  enough so t h a t  m ost  

o f  t h e  cadmium was removed. I n  t h e  u n t r e a t e d  an im a l ,  

m ost  of t h e  cadmium p a s s i n g  from the lung  e v e n t u a l l y  

l e f t  t h e  body v i a  t h e  g a s t r o - i n t e s t i n a l  t r a c t .  B.A.L. 

t h e r a p y  was found to  s h i f t  t h e  r o u t e  of e x c r e t i o n  of the  

cadmium in  th e  d i r e c t i o n  of  e l i m i n a t i o n  v i a  the  k i d n e y s .

The e f f i c a c y  of B.A.L. th e ra p y ,  in  th e  t r e a t m e n t  of 

p o i s o n i n g  by compounds of an t im ony ,  b i sm u th ,  chromium, 

m ercu ry  and n i c k e l  on r a b b i t s ^  was i n v e s t i g a t e d  by 

Braun ,  Lusky,  and C a lve ry  (1 9 4 6 ) .  B.A.L.  was found t o  

be an e f f e c t i v e  a n t i d o t e  in  a c u te  p o i s o n in g ,  c au se d  by 

t h e  a d m i n i s t r a t i o n  of t o x i c  d o se s  of  s a l t s  of an t im ony ,  

b i s m u th ,  chromium, n i c k e l  and m ercu ry .  B .A .L .  was 

foun d  to  be i n e f f e c t i v e  in  the  t r e a t m e n t  o f  r a b b i t s  

a c u t e l y  p o i s o n e d  by s a l t s  of l e a d ,  t h a l l i u m  and s e l e n iu m .  

In  th e  case  of l e a d  and s e l e n iu m 1 the  a c t i o n  of B.A.L. was 

a d d i t i v e  and i n  t h a l l i u m  p o i s o n i n g  B .A .L .  had  no e f f e c t  

w h a te v e r .



Gilman, A l l e n ,  P h i l i p s  and S t .  John (1946) ,  i n  

the t r e a t m e n t  of a c u t e  s y s t e m ic  mercury  p o i s o n i n g  in  

r a b b i t s ,  wi th  B.A.L. and B .A.L .  g l y c o s i d e ,  showed t h a t  

. e f f i c i e n t  th e r a p y  with  t h e s e  two compounds was e f f e c t i v e  

in p r e v e n t i n g  mercury p o i s o n i n g .  B .A.L.  was found to be 

a h i g h l y  e f f e c t i v e  a n t i d o t e  to a c u t e  m ercury  p o i s o n in g  

in  r a b b i t s  and dogs .  Tn o r d e r  to  o b t a i n  complete  o r  even 

p a r t i a l  p r o t e c t i o n  a g a i n s t  the po iso n o u s  e f f e c t s  of mer

c u r i c  c h l o r i d e  i t  was found  n e c e s s a r y  to  g iv e  B.A.L . 

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

( c o r r o s i v e  s u b l i m a t e  -  H g.C lg)  s o l u t i o n .  When the f i r s t  

i n t r a m u s c u l a r  dose o f  B.A.L. was g i v e n ,  f i v e  m in u te s  a f t e r  

the  i n t r a v e n o u s  i n j e d t i o n  of m e r c u r i c  c h l o r i d e  f a t a l  to 

c o n t r o l  a n i m a l s ,  a l l  t h e  t r e a t e d  e x p e r i m e n t a l  an im als  

s u r v i v e d .  i f  a t h i r t y  m in u te s  i n t e r v a l  was a l lo w e d  

between th e  i n t r a v e n o u s  i n j e c t i o n  of m e r c u r i c  c h l o r i d e  

and  th e  i n t r a m u s c u l a r  dose of  B .A .L . ,  i t  was found  t h a t  

o n ly  a p p r o x i m a t e ly  s e v e n t y - f i v e  p e r  c e n t  of the  r a b b i t s  

co u ld  be s a v e d .  I n  dogs B.A.L. was found  to  be an e f f e c t 

ive  a n t i d o t e  to m e r c u r ic  c h l o r i d e ,  when g i v e n  s e v e r a l  

hours  a f t e r  .the o r a l  admin i s  t  r a t i  on of l e t h a l  doses  of th e  

m e t a l l i c  s a l t . '

(b) In  Man.

The t h e r a p e u t i c  a p p l i c a t i o n s  of B .A .L .  a re  now b e in g  

a c t i v e l y  p u r s u e d .  I t  was e a r l y  r e a l i s e d  t h a t  B .A .L .
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o f f e r e d  a means of combating the  t o x i c  e f f e c t s  of  

a r s e n i c a l  d rugs  used f o r  t h e r a p e u t i c  p u r p o s e s ,  such  

as e n c e p h a lo p a th y ,  d e r m a t i t i s  and p o s s i b l y  h e p a t i t i s .  

These a s p e c t s  d e v e lo p ed  much more r a p i d l y  in the  U n i t e d  

S t a t e s ,  where t h e  s u c c e s s  of B.A.L.  by i n u n c t i o n  i n  

c a se s  of  a r s e n i c a l  d e r m a t i t i s  was e a r l y  p ro v ed .

Chiesman (1944) used  B .A.L .  o in tm e n t  s u c c e s s f u l l y ,  

f o r  t h e  t r e a t m e n t  o f  a c c i d e n t a l  a r s e n i c a l  c o n ta m in a t io n  

i n  f a c t o r i e s .  The method of i n u n c t i o n  t h e r a p y  w i th  

B .A .L .  was soon s u p e r s e d e d  by th e  m a n u f a c tu r e  in  the  

U n i t e d  S t a t e s  of ampoules of B.A.L. in t e n  p e r  c e n t  

b e n z y l  b e n z o a te  in p e a n u t  o i l  ( a r a c h i s  o i l ) .  This  o i l  

p r e p a r a t i o n  of B .A.L.  was found  to be  s u i t a b l e  f o r  

i n t r a m u s c u l a r  i n j e c t i o n  and t h i s  method of a d m i n i s t e r i n g  

B .A .L .  has  now been  used  e x t e n s i v e l y  in  th e  U n i t e d  S t a t e s  

and B r i t a i n .

In  an i n t e r i m  r e p o r t  to  the  m ed ica l  R esearch  C o u n c i l  

C a r l e t o n ,  P e t e r s ,  S to c k en ,  Thompson and W il l ia m s ,  (19 4 6 ) ,  

i n  a s e r i e s  of t h i r t y  case s  of a r s e n i c a l  d e r m a t i t i s ,  

showed t h a t  i n t r a m u s c u l a r  B.A.L. t h e r a p y  was much more 

s u c c e s s f u l  than  any o t h e r  means of t r e a t m e n t .  The 

u r i n a r y  e x c r e t i o n  of a r s e n i c  was fo u n d  to  be i n c r e a s e d  

d u r i n g  t r e a t m e n t .

Wexler , E ag le ,  Tatum, Magnuson and Watson (1946) ,

showed t h a t  a s i n g l e  i n t r a m u s c u l a r  i n j e c t i o n  of b A L



( 3 .5 M g . /k g .  g iv e n  as  a t en  p e r  c en t  s o l u t i o n  in  p e a n u t  

o i l  and b e n z y l  b e n z o a t e ) ,  g iv e n  to  human v o l u n t e e r s  

exposed  to  c o n t r o l l e d  c o n c e n t r a t i o n s  of a r s e n i c a l  smoke 

was f o l l o w e d  by a s i g n i f i c a n t  and r e g u l a r  i n c r e a s e  in  the  

r a t e  of u r i n a r y  a r s e n i c  e x c r e t i o n .

E ag le  (1946) and Eagle  and Magnueon (1946) c a r r i e d  

o u t  t h e  s y s t e m ic  t r e a t m e n t  of a r s e n i c  p o i s o n i n g  with  

B .A .L .  in  1943. A dosage of 2.5mg. to 3m g./kg .  made up 

as a t e n  p e r  c e n t  s o l u t i o n  in  p e a n u t  o i l - h e n z y l  b e n z o a te  

v e h i c l e  f o r  i n t r a m u s c u l a r  i n j e c t i o n  was used  as a r o u t i n e .  

I n j e c t i o n s  were g i v e n  every  f o u r  h ou rs  f o r  th e  f i r s t  two 

d a y s ,  f o u r  i n j e c t i o n s  on th e  t h i r d  day and tw ice  d a i l y  

t h e r e a f t e r  f o r  t e n  days o r  u n t i l  comple te  r e c o v e r y .  In  

f i f t y - f i v e  c a se s  of Mh a em o r rh ag ic  e n c e p h a l i t i s ” caused  

by i n t e n s i v e  a r s e n o t h e r a p y ,  f o r t y  c a se s  were in coma o r  

c o n v u l s in g  a t  t h e  i n i t i a t i o n  of B .A.L .  t h e r a p y .  F o r t y -  

f o u r  c a se s  r e c o v e r e d  w i t h i n  a week and th e  rem ain ing  

e l e v e n  c a s e s  d i e d .  These r e s u l t s  s u g g e s t e d  t h a t  e a r l y  

and a d e q u a te  B.A.L. th e r a p y  could  reduce  the m o r t a l i t y  

in  t o x i c  a r s e n i c a l  e n c e p h a lo p a th y .  In e i g h t - e i g h t  c a se s  

o f  a r s e n i c a l  d e r m a t i t i s ,  f i f t y - o n e  b e in g  t y p i c a l  

e x f o l i a t i v e  c a s e s ,  B.A.L . i n t r a m u s c u l a r  t h e r a p y  s to p p e d  

the  p r o g r e s s i o n  of t h e  in f lam m ato ry  r e a c t i o n  and 

a c c e l e r a t e d  the  h e a l i n g  p r o c e s s .  The only s e r i o u s
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c o m p l i c a t i o n s  of i n t r a m u s c u l a r  B .A.L.  t h e r a p y  o c c u r re d  

i n  t h i s  s e r i e s  of case s  and c o n s i s t e d  of  f i v e  c a se s  which 

d e v e lo p e d  c e l l u l i t i s  o r  g l u t e a l  a b s c e s s e s  a t  t h e  s i t e  of 

i n j e c t i o n .  T h is  c o m p l i c a t i o n  d id  n o t  d ev e lo p  with  th e  

o t h e r  typ es  o f  a r s e n i c a l  p o i s o n i n g  and was p r o b a b ly  due 

to  i n f e c t i o n  on th e  s u r f a c e  c a r r i e d  i n t o  the  d e e p e r  

t i s s u e s  with  th e  n e e d l e .  In  t e n  o u t  of e l e v e n  c a se s  of 

a r s e n i c a l  a g r a n u l o c y t o s i s , B . A . L .  t h e r a p y  was fo l lo w e d  

by an i n c r e a s e  in  the  t o t a l  number of  w h i t e  b lo o d  c e l l s ,  

e s p e c i a l l y  th e  p o ly m o rp h o n u c le a r  l e u c o c y t e s .  The 

e l e v e n t h  p a t i e n t  had a r ed u ced  p l a t e l e t  coun t  and d i e d  

on t h e  f o u r t h  day. In  t h r e e  case s  of a p l a s t i c  anaemia 

B .A.L.  th e ra p y  had no e f f e c t .  In  f o u r t e e n  c a s e s  of 

s o - c a l l e d  p o s t - a r s e n i c a l  j a u n d i c e  i t  a p p ea red  t h a t  B.A.L. 

th e ra p y  could  f a v o u r a b l y  a f f e c t  th e  c o u rs e  of the  d i s e a s e  

i n  a d e f i n i t e  b u t  sm a l l  p r o p o r t i o n  of th e  c a s e s .  In  

f o u r  c a se s  o f  m ass iv e  ove rdosage  of mapharside^ g iv en  in 

e r r o r ? e a r l y  and ad eq ua te  B .A.L.  th e ra p y  saved th e  l i v e s  

of t h r e e  of t h e  p a t i e n t s .  In f o r t y - f o u r  p a t i e n t s  who 

d e v e lo p e d  “ a r s e n i c a l  f e v e r ” prompt r e c o v e ry  o c c u r r e d  a f t e r  

th e  a d m i n i s t r a t i o n  of B.A.L . b u t  th e  t h e r a p e u t i c  

e v a l u a t i o n  of  t h i s  group was d i f f i c u l t  as most  of t h e s e  

c a se s  would have r e c o v e r e d  w i t h o u t  B .A.L.  t h e r a p y .

Csonka and Graham (1947) had a s i m i l a r  e x p e r i e n c e



w ith  em a i l  numbere of caeee of a r e e n i c a l  p o i s o n i n g  in  

1943-44 .  The p a t i e n t e  i n  q u e s t i o n  were u n d e rg o in g  an 

i n t e n s i v e  30 day co u rse  of m ap h a rs id e  m e d i c a t io n  f o r  

e a r l y  s y p h i l i s .  A d m i n i s t r a t i o n  of B.A.L. in  o i l  

i n t r a m u s c u l a r l y  and c e s s a t i o n  of a r s e n i c  th e ra p y  b ro u g h t  

a b o u t  speedy rec o v e ry  in a l l  c a s e s .

Longcope and L u e t s c h e r  (1946) t e s t e d  the  e f f i c a c y  

of  B.A.L . th e r a p y  in  the  t r e a tm e n t  of a c u t e  m ercury  

p o i s o n i n g .  T w e n ty - th re e  p a t i e n t s ,  a d m i t t e d  t o  John 

E opkins  H o s p i t a l  w i th  a h i s t o r y  of  h a v in g  swal lowed 

from Q .5g .  to  20g. of m e r c u r i c  c h l o r i d e ,  we re  t r e a t e d  with- 

i n t r a m u s c u l a r  B .A.L .  t h e r a p y .  E i g h t  of th e  p a t i e n t s ,  

vs/ho had swal lowed l e s s  than  0 . 5 g .,  p rcm pt ly  r e c o v e r e d .

Of s i x  p a t i e n t s ,  who swal lowed l . O g . ,  one d i e d  and he 

had been  i n i t i a l l y  t r e a t e d  w ith  s m a l l  d oses  of B.A.L.

The rem a in in g  p a t i e n t s ,  who had sw al lowed  doses  be tw een  

1 .5 g .  to  2 0 g . , a l l  r e c o v e r e d  w i th  ad eq u a te  t r e a t m e n t .

Cohen, Goldman, and Dubbe (1947) s u c c e s s f u l ^  t r e a t e d  

f i v e  c a se s  of a c u te  p o i s o n i n g  due to  grold with  

i n t r a m u s c u l a r  i n j e c t i o n s  of B .A .L .  As t h e  a u th o r s  

s t a t e  th e  number of  c a se s  i s  to o  sm a l l  to  j u s t i f y  

d e f i n i t e  c o n c l u s i o n s ,  b u t  the  prompt c l i n i c a l  e f f e c t s  

were im p r e s s iv e  and were c o n s i d e r e d  s u f f i c i e n t  to w a r r a n t  

the  more ex te n d ed  use of  B .A .L .  in  the  r e l i e f  of g o l d



i n t o x i c a t i o n s .  In  t h e i r  s e r i e s  of c a s e s  t r a n s i e n t  

symptoms of B .A.L .  t o x i c i t y  were o b s e r v e d ,  i n c l u d i n g  

a s e n se  of warmth in  th e  mouth,  s a l i v a t i o n ,  f l u s h i n g  

o f  the  f a c e ,  i n j e c t i o n  of t h e  c o n j u n c t i v a s  with 

l a c h r y m a t io n  and l imb p a i n s .

Ragan and Boots (1947) t r e a t e d  f i v e  c a se s  of 

d e r m a t i t i s  p roduced  by g o ld  t h e r a p y  in  th e  t r e a t m e n t  

of rh eu m a to id  a r t h r i t i s .  In  a l l  f i v e  c a se s  t h e r e  was 

a s i g n i f i c a n t  e x c r e t i o n  of g o ld  in  th e  u r i n e  f o l l o w i n g  

th e  a d m i n i s t r a t i o n  of i n t r a m u s c u l a r  B .A.L.  In f o u r  

p a t i e n t s  the  d e r m a t i t i s  had  been  p r e s e n t  l e s s  th an  two 

months and th e  r a sh  and p r u r i t u s  markedly  c l e a r e d  up 

w i th  B.A.L. t h e r a p y .  In  th e  rem a in ing  p a t i e n t  the  

r a s h  had been  p r e s e n t  f o r  t h r e e  months b e f o r e  th e ra p y  

with B.A.L.  was i n s t i t u t e d ;  the  rash  and p r u r i t u s  

c o n t in u e d  d e s p i t e  t r e a t m e n t .  During  B.A.L. t h e r a p y  

t w e n t y - f o u r  h o u r  u r in e  specim ens  were c o l l e c t e d  and th e  

c o n c e n t r a t i o n  of  g o ld  p r e s e n t  d e te r m in e d .  A l l  f i v e  

. p a t i e n t s  showed a d e f i n i t e  i n c r e a s e  in  t h e  e x c r e t i o n  of  

g o ld  in  th e  u r i n e  d u r i n g  th e  c o u rse  of B .A .L .  t h e r a p y .

As th e  a u t h o r s  s u g g e s t ,  s i n c e  i t  i s k n & w n t h a t  B.A.L. 

r e a c t i v a t e s  s u l p h y d r y l  c o n t a i n i n g  enzyme sys tem s p o i s o n e d  

by heavy m e t a l s ,  the  r e l i e f  of p r u r i t u s  and d e r m a t i t i s  

B .A .L .  would seem t o  i n d i c a t e  t h a t -  the  rash  and 

p r u r i t u s  f o l l o w i n g  gold  t h e r a p y  a r e  due to  th e  t o x i c
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e f f e c t  of th e  m e ta l  on some enzyme system c o n t a i n i n g  

a s u l p h y d r y l  g ro u p .  I t  was n o te d  t h a t  the  r a p i d  

e l i m i n a t i o n  of  g o ld  ^b rough t  abou t  by B.A.L. was 

fo l l o w e d  by th e  r e c u r r e n c e  of a r t h r i t i c  symptoms and 

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

g o ld  i s  due t o  a tem porary  s u p p r e s s i o n  of th e  p r o c e s s e s  

which cause  a c t i v i t y  in  rheum ato id  a r t h r i t i s .

L o c k ie ,  K o rc ro se ,  and George (1947) t r e a t e d  two 

p a t i e n t s  w i th  s e r i o u s  t o x i c  r e a c t i o n s  to  g o ld  t h e r a p y ,  

one with  th rom bopen ic  p u r p u r a  and th e  o t h e r  w ith  

g r a n u l o c y t o p e n i a .  The p a t i e n t  w i th  p u r p u r a  d i d  n o t  

respond  to l i v e r  e x t r a c t ,  a s c o r b i c  a c i d ,  b lo o d  t r a n s f u s i o n  

v i t a m i n  K t h e r a p y ,  and f o l i c  a c i d .  The p l a t e l e t  count  

rem ained  low. W ith in  t w e n t y - f o u r  h o u rs  of the  f i r s t  

dose  of B .A .L .  th e  p a t i e n t  was c o n sc io u s  and h i s  

s p e c t a c u l a r  improvement was c o n t in u e d .  Ten p e r  c en t  

B .A .L .  in  o i l  i n t r a m u s c u l a r l y  was g iv en  f o u r  h o u r l y  f o r  

f o r t y - e i g h t  h o u r s  and then  tw ice  d a i l y  f o r  ten  d a y s .

The p l a t e l e t  coun t  rose  from abou t  1 5 ,000  to  120,000.  

D ur ing  the  cou rse  of t r e a t m e n t ,  in f la m m a t io n  of the  r i g h t  

b u t t o c k  d e v e lo p ed ,  b u t  s u b s id e d  in  f o r t y - e i g h t  h o u rs  w i th  

c o n s e r v a t i v e  t r e a t m e n t .  The p a t i e n t  w i th  

g r a n u l o c y t o p e n i a  was t r e a t e d  w i th  B .A.L .  t h e r a p y  when 

t h e  b lo o d  smear showed only t h r e e  g r a n u l a r  c e l l s  p r e s e n t .



B . A . L . - i n  o i l  was g iv e n  i n t r a m u s c u l a r l y  every  s i x  

h o u rs  f o r  f o r t y - e i g h t  h o u r s  and then  tw ice  d a i l y  f o r  

e i g h t  d a y s .  A f t e r  t h r e e  days  t h e  p a t i e n t  f e l t  much 

improved and th e  g r a n u l o c y t e s  i n c r e a s e d  i n  number d a i l y .  

The d i f f e r e n t i a l  w h i te  c e l l  c oun t  became norm al .

D u r ing  th e  course  of  t h e r a p y  an a b s c e s s  formed in the  

l e f t  b u t t o c k  a t  t h e  s i t e  of  i n j e c t i o n ,  which n e c e s s i t a t e d  

i n c i s i o n  and d r a i n a g e .

Davison  (1947) t r e a t e d  t h r e e  c a se s  of g o l d  d e r m a t i t i s  

a r i s i n g  in  p a t i e n t s  under  t r e a t m e n t  w i th  g o ld  f o r  

rh eu m a to id  a r t h r i t i s ,  w i th  B .A .L .  and c la im ed  t h a t  th e  

speedy  d i s a p p e a r a n c e  of  th e  marked d e r m a t i t i s  in  each 

p a t i e n t  was due to  i n t r a m u s c u l a r  B.A.L. t h e r a p y .  The 

a u t h o r  does n o t  s t a t e  w h e th e r  any t o x i c  r e a c t i o n s  

d e v e lo p e d  due t o  th e  B .A.L .  a t  t h e  s i t e  o f  i n j e c t i o n s .



Summary.

I n  an im a ls  B.A.L . was an e f f e c t i v e  a n t i d o t e  to  

p o i s o n i n g  by a r s e n i c ,  cadmium, an t im ony,  b i sm u th ,  

chromium, m ercury  and n i c k e l .  B .A .L .  was found  to  be 

i n e f f e c t i v e  i n  th e  t r e a t m e n t  o f  p o i s o n i n g  p ro d u ce d  by 

l e a d ,  t h a l l i u m  and s e le n iu m .

In  man B .A .L .  has  been  s u c c e s s f u l l y  used  in  the  

t r e a t m e n t  of t o x i c  r e a c t i o n s  due to  a r s e n i c  v i z .  

d e r m a t i t i s  and e n c e p h a lo p a th y .  The u r i n a r y  e x c r e t i o n  

of  a r s e n i c  was found  to  be i n c r e a s e d  d u r i n g  t r e a t m e n t .  

O verdosage  of  a r s e n i c  was s u c c e s s f u l l y  t r e a t e d  w i th  B.A.L.  

The d rug  was s u c c e s s f u l l y  used  in  th e  t r e a t m e n t  of a c u te  

m ercury  p o i s o n i n g .  The d ru g  has  been  r e p o r t e d  to be 

s u c c e s s f u l  in  t h e  t r e a t m e n t  of t o x i c  r e a c t i o n s  due to  

t h e r a p y  w i t h  g o ld  s a l t s  in cases  of rheum a to id  a r t h r i t i s .  

The s c h e d u le  o f  t r e a t m e n t  was found  to  be i n t r a m u s c u l a r  

i n j e c t i o n s  o f  B.A.L . i n  p e a n u t  o i l - b e n z y l  b e n zo a te  in  

d o s e s  of 2.5mg. t o  3 .0m g.A:g .  e v e ry  f o u r  hours  f o r  t h e  

f i r s t  two d a y s ,  f o u r  i n j e c t i o n s  on the  t h i r d  day and tw ic e  

d a i l y  t h e r e a f t e r  f o r  1C days o r  u n t i l  complete  r e c o v e r y .

A sm a l l  p r o p o r t i o n  of c a s e s  d e v e lo p ed  c e l l u l i t i s  o r  

g l u t e a l  a b s c e s s e s  a t  t h e  s i t e  of i n j e c t i o n .
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6 .  B .A.L.  G l u c o s i d e .

Cameron, M i t c h e l l  and D a n i e l l i  (1942) ,  showed t h a t  

in  s y s t e m ic  l e w i s i t e  p o i s o n i n g  a s h o c k - l i k e  c o n d i t i o n  

was p ro d u c e d  d u r i n g  the  f i r s t  few days and in  some 

p a r t i c u l a r s  t h i s  "bore resem blance  to  t r a u m a t i c  shock ,  

b e i n g  marked by h a e m o c o n c e n t r a t i o n .  The a d m i n i s t r a t i o n  

of p lasma o r  o t h e r  f l u i d s  was o f  no v a lu e  in  r e d u c in g  

the  m o r t a l i t y  p roduced  by a g iv e n  dose of l e w i s i t e .

D a n i e l l i ,  D a n i e l l i ,  M i t c h e l l ,  Owen and Shaw (1946) 

c a r r i e d  ou t  r e s e a r c h ,  d u r in g  the  war y e a r s ,  f o r  t h e  

deve lopem ent  of a chemotherapy f o r  s y s t e m ic  a r s e n i c a l  

p o i s o n i n g  and d e c id e d  t h a t  th e  f i r s t  s t e p  in  th e  t r e a tm e n t  

° f  l e w i s i t e  p o i s o n i n g  would be the  i n a c t i v a t i o n  of 

a t  l e a s t  t h a t  p a r t  of the  a r s e n i c  c a u s in g  shock .

They found  t h a t  th e  c a p i l l a r y  damage due to  the  l e w i s i t e  

was w id e ly  d i s t r i b u t e d  t h ro u g h o u t  the  body,  with the 

g r e a t e s t  l o s s  of p r o t e i n  from the  c i r c u l a t i o n  o c c u r r i n g  

i n  th e  v i s c e r a  and s k e l e t a l  m u s c le s .  Based on t h i s  

w id e sp re a d  c a p i l l a r y  damage, i t  was p o s t u l a t e d  t h a t  the  

r e q u i r e d  a n t i d o t e  would need  to  p o s s e s s  the  f o l l o w in g  

p r o p e r t i e s :  be c ap ab le  of r e a c h i n g  the  whole v a s c u l a r

sys tem ;  be r e l a t i v e l y  n o n - t o x i c ;  p r e v e n t  a r s e n i e a l s  

from p e n e t r a t i n g  from t h e  b lo o d  s t r e am  i n to  the  t i s s u e



c e l l s ;  be c ap a b le  of  removing a r s e n i c  from c e l l s  i n t o  

which i t  had p e n e t r a t e d * a n d  f i n a l l y  t h e  p r o d u c t  of 

r e a c t i o n  between th e  d rug  and t h e  a r s e n i c a l  sh o u ld  be 

r e a d i l y  e x c r e t e d .

V o e g t l i n  (1 92 3 ) ,  had shown t h a t  g l u t a t h i o n e  

p r o t e c t e d  t i s s u e  c e l l s  a g a i n s t  the  a c t i o n  of a r s e n i c a l s  

and P e t e r s ,  S to ck en  and Thompson (1945) had shown in  

1940 t h a t  1 : 2  d i t h i o l s  had  a p r o t e c t i v e  a c t i o n  a g a i n s t  

l e w i s i t e  due t o  t h e i r  s u l p h y d r y l  (-§H) g r o u p s .  B.A.L . 

was c o n s i d e r e d  by D a n i e l l i  e t  a l  (1946) t o  be to o  t o x i c  

when g iv e n  in  l a r g e  doses  and d i d  n o t  f u l f i l  t h e  above 

d e s i d e r a t a .  Hence t h e s e  w orkers  so u g h t  a n o n - t o x i c  

t h i o l  which would d e t o x i c a t e  any a r s e n i c  i n  th e  b lo o d  

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

a t  th e  same t im e  t r a p  the  i n t r a c e l l u l a r  a r s e n i c  p a s s i n g  

i n t o  th e  b lo o d .  A number of  t h i o l s  w i th  th e  r e q u i r e d  

p r o p e r t i e s  were s y n t h e s i s e d  and of t h e s e  O - g lu c o s id e  of 

B .A .L .  was d i s c o v e r e d .  I t  was g i v e n  th e  name of B .A .L .  

I n t r a v .  (B .A .L .  g l u c o s i d e )  and of  a l l  t h e  compounds 

p r e p a r e d  i t  answered b e s t  to  th e  r e q u i r e d  p r o p e r t i e s .

The L .D.50 of  B.A.L.  g l u c o s i d e  f o r  r a t s  was found  to  be 

7 . 5 g . / k g .  w h i le  th e  L .D .50  of B.A.L.  f o r  r a t s  was found 

to  be 50m g./kg .  i . e .  B .A.L.  g l u c o s i d e  was 150 t im es  l e s s  

t o x i c  to  r a t s  th an  B .A.L .  At doeee of l - 2 g . / k g .  B.A.L.  

g l u c o s i d e  caused  no p a t h o l o g i c a l  symptoms in  r a t s ,  r a b b i t s ,



g u i n e a  p i g s  and g o a t s  and was found  to  be p r o t e c t i v e  

a g a i n s t  l e w i s i t e  p o i s o n i n g  in  t h e s e  a n im a l s .  When 

t r e a t m e n t  of  t h e  a r s e n i c  p o i s o n i n g  was d e la y e d  f o r  

s i x  and a h a l f  h o u rs  th e  m o r t a l i t y  from l e w i s i t e  

p o i s o n i n g  was f i f t y  p e r  c e n t  and i t  was c o n s i d e r e d  t h a t  

t h i s  was due t o  the  s low removal o f  th e  a r s e n i c  from t h e  

t i s s u e s  by t h e  B.A.L . g l u c o s i d e .  By g i v i n g  B.A.L. in  

c o n j u n c t i o n  w i th  th e  B .A .L .  g l u c o s i d e  i t  was found  t h a t  

B .A .L .  a c t e d  as a c a r r i e r  of a r s e n i c  between the  c e l l  and 

t h e  B .A.L .  g l u c o s i d e  in  t h e  b lood and th e  m o r t a l i t y  was 

r e d u c e d .

McCance and Widdowson (1946) showed t h a t  lOOmg./kg. 

o f  B .A .L .  g l u c o s i d e  g iv e n  i n t r a v e n o u s l y  t o  male 

v o l u n t e e r s  p roduced  no i l l - e f f e c t s .  This  r e s u l t  i s  in  

s t r i k i n g  c o n t r a s t  t o  i n t r a m u s c u l a r  B .A .L . ,  which when 

g iv e n  in  s i n g l e  doses  o f  S.Omg. to  S.CmgAg. p ro d u ce s  

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

F u r t h e r  i n t e r e s t i n g  o b s e r v a t i o n s  by McCance and 

Widdowson (1946) showed t h a t  the  u r i n a r y  e x c r e t i o n  of  

c o p p e r  and z i n c  was i n c r e a s e d  i n  s i x  male v o l u n t e e r s  

a f t e r  th e  a d m i n i s t r a t i o n  of B .A.L .  g l u c o s i d e .  The d ru g  

i n c r e a s e d  th e  e x c r e t i o n  of copper  a b o u t  tw en ty  t im e s ,  

z i n c  abou t  f i v e  t imes, and had no c o n s i s t e n t  e f f e c t  on th e  

u r i n a r y  e x c r e t i o n  of i r o n .  With r e g a r d  to  u r i n a r y
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e x c r e t i o n  McDonald ( IS46) showed t h a t  B.A.L. g l u c o s id e  

i n c r e a s e d  t h e  u r i n a r y  o u t p u t  of copper  i n  sh e ep .

Summary.

B.A.L.  g lu c o s id e  (B.A.L. I n t r a v . )  i s  150 t imes  

l e s s , t o x i c  to rats* than B.A.L. I t  i s  an a n t id o te  

to a r s e n ic  p o is o n in g .  B.A.L. g l u c o s i d e  in a dose 

of lOOmg.Ag. g iven  in tr a v en o u s ly  to  male v o lu n te e r s  

produced no i l l - e f f e c t s .  This i s  in  s t r i k i n g  

c o n t r a s t  to in tram ascu lar  B .A .L . ,  which when g iv e n  

in  s i n g l e  doses  o f  5m g.A g .  produces t o x i c  r e a c t i o n s .
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I .  The object  of the present in v e s t ig a t io n s .

I t  was d e c i d e d  to  i n v e s t i g a t e  t h e  e f f e c t  o f  B.A.L. 

on th e  t o x i c i t y  of  heavy m e t a l s  deemed to be of 

im p o r tan c e  from a c l i n i c a l  and i n d u s t r i a l  v i e w p o in t ,  

and to  t h i s  end th e  e f f e c t  o f  B.A.L.  on t h e  t o x i c i t y  of 

m a p h a r s id e ,  m e r c u r i c  c h l o r i d e ,  m e r s a l y l ,  t a r t a r  e m e t ic ,  

l e a d  a c e t a t e ,  sodium b ism u th  t a r t r a t e ,  sodium 

a u r o t h i o m a l a t e  and chromium t r i o x i d e  was i n v e s t i g a t e d  in  

m ic e .

M ap h a rs id e  ( m e ta - a m i n o - p a r a - h y d r o x y - p h e n y l a r s i n e -  

o x id e  h y d r o c h l o r i d e )  was chosen  t o  r e p r e s e n t  the  t o x i c  

e f f e c t s  of a r s e n i c  and on a c c o u n t  of i t s  wide use as 

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

a r s e n i c a l  t o x i c  r e a c t i o n s  such as en ce p h a lo p a th y  and 

d e r m a t i t i s ,  a re  more l i a b l e  t o  o c c u r .  M e rc u r i c  c h l o r i d e  

(HgClg) o r  c o r r o s i v e  s u b l im a te  was t a k e n  to  r e p r e s e n t  

m ercury  due to  i t s  s o l u b i l i t y ,  s t a b i l i t y  and known l e t h a l  

e f f e c t s .  Antimony was r e p r e s e n t e d  by t a r t a r  em e t ic  

b eca u se  of  i t s  s o l u b i l i t y  and g r e a t e r  s t a b i l i t y  th a n  

m os t  o t h e r  antimony compounds, and as r e p r e s e n t a t i v e  of 

a n t i m o n i a l  p r e p a r a t i o n s  used in  th e  t r e a t m e n t  o f  t r o p i c a l  

d i s e a s e s ,  such  as l e i s h m a n i a s i s ,  f i l a r i a s i s  and 

s c h i s t o s o m i a s i s ,  which t r e a t m e n t  can g iv e  r i s e  to  t o x i c



e f f e c t s  from an t im ony .  Lead i s  a w e l l  known i n d u s t r i a l  

h a z a r d ,  p a r t i c u l a r l y  in  s h i p - b r e a k i n g  u s i n g  the  oxy- 

a c t e y l e n e  b u r n e r ,  and i t  was most  i m p o r t a n t  to  t e s t  the  

e f f e c t s  o f  B .A.L .  on such a m e t a l .  Lead a c e t a t e  was 

chosen f o r  i t s  s o l u b i l i t y  and s t a b i l i t y  i n  p r e f e r e n c e  

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

e n jo y s  a r e c o g n i s e d  p l a c e  i n  th e  t r e a t m e n t  of d i s e a s e  

and in  p a r t i c u l a r  a s  a d j u n c t  m e t a l l o - t h e r a p y  in  s y p h i l i s .  

B ismuth  can g iv e  r i s e  t o  t o x i c  r e a c t i o n s  and s i n c e  i t  i s  

w id e ly  u s e d ,  a knowledge of  t h e  e f f e c t  of B.A.L. on i t s  

t o x i c i t y  would be  c l i n i c a l l y  u s e f u l  To e v a l u a t e  B .A.L .  

in  t h e  t r e a t m e n t  o f  a c u te  b ism uth  p o i s o n i n g ,  a w a te r -  

s o l u b l e  s a l t ,  sodium b i s m u th y l  t a r t r a t e  was u se d .  The 

a b s o r p t i o n  of s o l u b l e  b i sm u th  s a l t s  o c c u r s  more r a p i d l y  

and. c o n s e q u e n t ly  they  a r e  th e  m ost  t o x i c  group of b ismuth  

s a l t s  used  in  t h e r a p e u t i c s .  By many a u t h o r i t i e s  g o ld  

t h e r a p y  i s  c o n s i d e r e d  to  have a u s e f u l  p l a c e  in  the  

t r e a t m e n t  of rh eum a to id  a r t h r i t i s .  The r i s k  of  t o x i c  

r e a c t i o n s  a re  w e l l  known and a s e r i o u s  drawback to  t h e r a p y  

w i th  g o ld  s a l t s .  In  v iew of  t h e  p o s s i b l e  deve lopem ent  

o f  t o x i c  g o ld  r e a c t i o n s  such as e x f o l i a t i v e  d e r m a t i t i s ,  

t o x i c  n e p h r i t i s ,  t o x i c  h e p a t i t i s ,  p u r p u r a ,  and 

a g r a n u l o c y t o s i s  i t  was d e c id e d  to  t e s t  th e  a c t i o n  of B.A.L.



on the  t o x i e i t y  o f  sodium anpro th io m a la te  -  a g o ld

compound much used in  t h e  c h ry s o th e r a p y  of rheum ato id

a r t h r i t i s  u n d e r  th e  t r a d e  name o f  Hm y o c r i s i n H. Chromium 

compounds have  been  long  known as an i n d u s t r i a l  h a z a rd  in  

the  m in ing  of o res  c o n t a i n i n g  chromium as w e l l  as in  t h o s e  

b ra n c h e s  of i n d u s t r y  where chrom ates  and d ic h ro m a te s  a re  

used i n  d y e in g ,  e l e c t r o t y p i n g  and p l a t i n g .  The e f f e c t  of  

B .A.L.  on th e  t o x i c i t y  of chromium was i n v e s t i g a t e d  w i th

th e  o b j e c t  of d e t e r m i n i n g  th e  p o s s i b l e  use  of B .A.L.  as an

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

s k i n  and n a s a l  mucous membrane and chrome d e r m a t i t i s  due 

to  chrome compounds. The p r e p a r a t i o n  of chromium used 

was chromium t r i o x i d e  because  of  i t s  s o l u b i l i t y  and w e l l  

known n e p h r o t o x i c  a c t i o n .

l* M e rsa ly lM B .P .  was t ak e n  as r e p r e s e n t a t i v e  of t h e  

many m e r c u r i a l  d i u r e t i c s  now used  in  c l i n i c a l  m ed ic in e  

and B .A .L .  was used  as  a p o s s i b l e  a n t i d o t e  to  t h e  a c u te  

t o x i c  a c t i o n  which t h e s e  o r g a n i c  m e r c u r i a l  d i u r e t i c s  can 

p ro d u c e .  The e f f e c t  of B .A .L .  and " m e r s a l y l ” on the  

d i u r e s i s  of normal  r a t s  was i n v e s t i g a t e d .

The i n d u c t i o n  of  c h ro n ic  m ercury  p o i s o n i n g  was 

a t t e m p t e d  i n  r a b b i t s  and g u in e a  p i g s  and t h e  e f f e c t  of 

B .A.L.  on such p o i s o n i n g  o b se rv e d .  C hron ic  a r s e n i c a l  

p o i s o n i n g  was a t t e m p te d  in  g u in e a  p i g s  and t h e  e f f e c t  of 

B .A.L .  n o t e d .  The e f f e c t  was o b se rv ed  in  t h e  t i s s u e s



of th e  an im ate  by f i x i n g  the  t i e e u e e  in  p i c r o - f o r m o l  and 

r o u t i n e l y  s t a i n i n g  w i t h  haen ta tox y l in  and e o s i n .

As a p r e l i m i n a r y  to t h e  above i n v e s t i g a t i o n  the 

t o x i c i t y  of  B.A.L . i t s e l f  was i n v e s t i g a t e d  i n  r a t s ,  m ice,  

g u in e a  p i g e ,  r a b b i t s  and c a t s .  The e f f e c t  of B.A.L. on

the  b lo o d  p r e s s u r e ,  r e s p i r a t i o n ,  h e a r t ,  s p l e e n  volume,

l e g  volume was o b se rv ed  in  r a b b i t s  and c a t s .  I s o l a t e d  

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

i s o l a t e d  s t r i p s  of g u t  and u t e r u s  from the  r a b b i t ,  c a t  

and g u in e a  p i g  were examined i n  th e  u s u a l  way.

F i n a l l y  th e  e f f e c t  of B .A .L .  on th e  p h y s i o l o g i c a l  

a c t i o n  of  i n s u l i n  in  r a b b i t s  and th e  e f f e c t  of B .A.L .

upon n e c r o s i s  of th e  l i v e r  cau sed  by cartoon1

t e t r a c h l o r i d e  in  r a t s  were examined.
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I I .  METHODS.

1. The T o x i c i t y  of B .A .L .

The t o x i c  e f f e c t s  o f  B .A .L .  were i n v e s t i g a t e d  by 

i n j e c t i n g  f r e s h l y  p r e p a r e d  w a te ry  s o l u t i o n s  of the  

d rug  by i n t r a p e r i t o n e a l ,  i n t r a v e n o u s ,  i n t r a m u s c u l a r  

and su b c u ta n e o u s  i n j e c t i o n s  i n t o  r a b b i t s ,  r a t s ,  g u in e a  

p i g s  and m ice .

R a b b i t s ,  a n a e s t h e t i s e d  w i th  25% u r e t h a n e  g iv e n  

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

c h l o r a l o s e  80m g./kg .  i n t r a v e n o u s l y  were u sed  to  

d e te rm in e  th e  a c t i o n s  of B .A.L .  on the  c a r o t i d  b loo d  

p r e s s u r e ,  h e a r t  (myographic  r e c o r d s ) ,  s p l e e n  volume 

(p le th y sm o g rap h  and p i s t o n  r e c o r d e r ) ,  l e g  volume 

(p le th y sm o g rap h  and tam b ou r) ,  and r e s p i r a t i o n  

( s t e t h o g r a p h i c  l e v e r ) .  Blood p r e s s u r e  r e a d i n g s  were 

r e c o r d e d  f rom the  c a r o t i d  a r t e r y  w i th  mercury manometer 

on a smoked drum. The r e s p i r a t i o n s  were r e c o r d e d  by the  

l e v e r  co n n ec te d  to  the  c h e s t  of t h e  a n im a l s .

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

h e a r t s  (L ang e n d o rf f  p r e p a r a t i o n )  and i s o l a t e d  s t r i p s  of 

g u t  and u t e r u s  from r a b b i t  (Magnus p r e p a r a t i o n ) ,  c a t  

and g u in e a  p i g  were p e r f u s e d  w i th  B.A.L. in  th e  u s u a l  way.
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The i s o l s t e d  r a b b i t  a u r i c l e s  were p r e p s r e d  i n  the 

f o l l o w i n g  manner.. I f  a r a b b i t  i s  s tu n n e d ,  b l e d  and toe 

h e a r t  e x c i s e d  and pu t  in  c o ld  Tyrode s o l u t i o n ,  toe  h e a r t  

c o n t in u e s  to b e a t .  I f  the a u r i c l e s  a r e  c a r e f u l l y  

s e p a r a t e d  w i th  c le an  s c i s s o r  c u t s  from the v e n t r i c l e ,  

g r e a t  v e s s e l s ,  and e l l  a d v e n t i t i o u s  t i s s u e  they may be 

mounted in oxy g en a ted  Locke s o l u t i o n  a t  2ETC., and w i l l  

b e a t  r e g u l a r l y .  A r e c o r d  may be obta ined ,  on the 

kymograph by a t t a c h i n g  a l e v e r  to  one end of the  

p r e p a r a t i o n .  3 rugs in  s o l u t i o n  may be p u t  i n  the v e s s e l  

c o n t a i n i n g  the  p r e p a r a t i o n  and th e  e f f e c t s  of th e  d rugs  

on the r a t e ,  f o r c e  and rhythm of th e  a u r i c l e s  r e c o r d e d .

I n  the  L sn g e n d o r f f  p r e p a r a t i o n  the  whole h e a r t  i s  

p e r f u s e d  w ith  f i l t e r e d  o xy gena ted  Locke s o l u t i o n  a t  

c 7 ° C . , and c o n s t a n t  p r e s s u r e ,  v i a  a cannu la  t i e d  i n  the  

a o r t a  and d i r e c t e d  towards the  h e a r t .  F l u i d  c i r c u l a t e s  

v i a  the  c o ro n a ry  a r t e r i e s ,  th e  o u tp u t  of vihich can be 

m easured  a s  a m in u te  volume. Drugs may be i n j e c t e d  in 

s o l u t i o n  above the  cannu la  o r  p u t  i n  th e  r e s e r v o i r  of 

p e r f u s i n g  f l u i d .

The v e s s e l s  of th e  r a b b i t * s  e a r  were p e r f u s e d  

a c c o r d i n g  to t h e  method o f  Gaddum and Kwiatkowski  (1938) ,  

b u t  a s  no r e c o r d in g  a p p a r a t u s  was a v a i l a b l e  the o u t f lo w  

was measured  i n  d rops  p e r  1c seconds  and hence  l a r g e r  

doses  of the  drugs  were used  than  o t h e r w i s e  n e c e s s a r y  to
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show c l e a r  e f f e c t .  A r a b b i t  w i th  l a r g e  e a rs  was 

a n a e s t h e t i s e d  w i th  e t h e r  and th e  common c a r o t i d  a r t e r y  

was d i s s e c t e d  o u t .  The i n t e r n a l  c a r o t i d  a r t e r y  was t i e d  

j u s t  above th e  c a r o t i d  s i n u s  and a l l  the  a r t e r i e s  

c ep h a la d  to  t h i s  p o i n t ,  e x ce p t  the  a r t e r y  to  t h e  e a r  

were t i e d  and d i v i d e d .  The a r t e r y  to  th e  e a r  runs  

l a t e r a l l y  from t h e  c a r o t i d  a t  a bo u t  t h e  l e v e l  of the  

s u p e r i o r  c e r v i c a l  g a n g l i o n  and was l e f t  u n d i s t u r b e d .

The a r t e r i a l  c an n u la  was t i e d  i n  th e  c a r o t i d  a r t e r y  and 

p e r f u s i o n  with  L o c k e ' s  s o l u t i o n  was s t a r t e d .  The 

a r t e r i a l  c an n u la  has  two arms f o r  p e r f u s i n g  d i f f e r e n t  

f l u i d s  and t h e  cannu la  i s  l a r g e l y  f i l l e d  w i th  a i r ,  

which s e p a r a t e s  th e  f l u i d  coming from th e  r e e e r v o i f ,  

from the  f l u i d  i n  t h e  mouth of t h e  c a n n u la .  I n j e c t i o n s  

of the  d ru g  were made th ro u g h  the  r u b b e r  cap in  th e  

c a n n u la .

As soon as  the  p e r f u s i o n  s t a r t e d ,  a p i e c e  of t h i n  

g l a s s  t u b i n g  was t i e d  in  th e  g r e a t  a u r i c u l a r  v e in  to a c t  

as a venous  c a n n u la .  The head  of t h e  r a b b i t  was then

removed from the  body a f t e r  a s t r o n g  l i g a t u r e  had been
%

t i e d  round t h e  neck .  T r a n s f u s i o n  f l u i d  and b lood we&e 

a l lo w e d  to  d r a i n  from th e  v e r t e b r a l  r e g i o n  and when no 

more b lood  ap pea red  t h e  v e r t e b r a l  c a n a l  was b l o c k e d  w i th  

p l a s t i c i n e  and the  o u t f lo w in g  f l u i d  soon became c l e a r .

The o u t f lo w  from th e  g r e a t  a u r i c u l a r  v e in  of t h e  r a b b i t ' s

e a r  was m easured  in  d rops  p e r  15 s e c o n d s .



The method of i n v e s t i g a t i n g  t h e  e f f e c t s  of B.A.L. on 

the d i u r e t i c  a c t i v i t y  of m e r s a l y l  was t h a t  d e s c r i b e d  by 

Burn (1 9 3 7 ) ,  f o r  th e  a s sa y  of t h e  a n t i d i u r e t i c  po ten cy  

o f  e x t r a c t s  of th e  p o s t e r i o r  p i t u i t a r y  body .  A group 

of  s i x t e e n  male r a t s  of abou t  t h e  same weigh t  and n o t  

l e s s  t h a n  140g. and n o t  more th an  240g.  were chosen .

They were k e p t  w i th  no food  from th e  evening  b e f o r e  the  

ex p e r im e n t  beg an .  Each r a t  was g iv e n  5ml. w a t e r  p e r  

lOOg. w t .  by stomach tu b e ,  and s a l i n e  o r  s o l u t i o n  of 

d rug  s u b c u t a n e o u e l y . A f t e r  t h e  i n j e c t i o n  of s a l i n e  th e  

r a t s  were p l a c e d  i n  c i r c u l a r  m e ta l  cages w i th  a wire  

f l o o r  of l a r g e  mesh, the  cages r e s t i n g  on g l a s s  f u n n e l s  

which co n d u c ted  th e  u r i n e  to  a m ea su r in g  c y l i n d e r  below. 

F our  r a t s  were p l a c e d  in  one cage so t h a t  t h e  r a t s  

i n j e c t e d  w i th  the  s a l i n e  o c c u p ie d  two cages and those  

i n j e c t e d  w i th  m e r s a l y l  occup ied  two more cag es :  10ml.

g r a d u a t e d  m easu re s  c o l l e c t e d  th e  u r i n e  from each cage 

and were emptied  as r e q u i r e d  i n to  l a r g e r  m e a s u r e s .

The t im e  t a k e n  f o r  th e  a d m i n i s t r a t i o n  of w a t e r  by 

s tomach tube  and s a l i n e  by i n j e c t i o n  to  a group of f o u r  

r a t s  was n o ted  and th e  m i d - p o i n t  of  t h i s  p e r i o d  was t ak en  

as th e  s t a r t i n g  t ime of th e  g r o u p .  This  t im e  p o i n t  was 

d e te rm in e d  f o r  each g ro u p .  The t ime of th e  f i r s t  

e x c r e t i o n  of u r i n e  from each group was n o ted  and r e c o r d e d



74.

every  15 m in u te s ,  u n t i l  tbe  e x c r e t i o n  f o r  the  l a s t  f o u r  

p e r i o d s  was c o n s t a n t l y  s m a l l .  The t ime from the  p o i n t  

of w a t e r i n g  the  group to the  t ime of maximum e x c r e t i o n  

wag c a l c u l a t e d  from the  r e a d i n g s  and gave a measure of 

the  r a t e  of d i u r e s i s .  Three days l a t e r  the  p r o c e s s  was 

r e p e a t e d  w i th  the  g roups  r e v e r s e d  so  t h a t  those  p r e v i o u s l y  

g iv e n  s a l i n e  su b c u ta n e o u e ly  were now g iv e n  m e r s a l y l  

s u b c u ta n e o u e ly  and v ice  v e r s a .  The r e s u l t s  were combined 

so t h a t  the  d i u r e s i s  caused  by 5 .0 m l .  w a te r  g iv e n  by 

mouth in  16 r a t s  had been  m easured ,  and the  e f f e c t  on the  

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

The e x p e r im e n t  was r e p e a t e d  a week l a t e r  w i th  the  

same r a t s  and the  two s e t s  of e i g h t  r e c e i v e d  r e s p e c t i v e l y ,  

su b c u tan e o u s  and i n t r a p e r i t o n e a l  s a l i n e  and su b c u tan e o u s  

m e r s a l y l  and i n t r a p e r i t o n e a l  B.A.L. The i n t r a p e r i t o n e a l  

s a l i n e  g iv e n  to  the  f i r s t  group was e q u a l  in volume to  th e  

volume of B.A.L . g iven i n t r a p e r i t o n e a l l y .  The time to 

the  maximum r a t e  of e x c r e t i o n  of u r i n e  was a g a in  c a l c u l a t e d  

from the  r e a d i n g s  of  u r i n e  e x c r e t e d  a t  15 m inu te  i n t e r v a l s  

as above .  The r e s u l t s  of th e  two complete  e x p e r im e n ts  

thus gave an i n d i c a t i o n  of  the  e f f e c t  of m e r s a l y l  on w a te r -  

induced  d i u r e s i s  (32 r a t a )  i n  r a t s  and the a c t i o n  of  B.A.L.  

on t h i s  e f f e c t  (16 r a t s )



2 .  The a c t i o n  of B .A.L .  on the  T o x i c i t y  of 
Heavy M e t a l s .

The L .D .50  of the  f o l l o w i n g  s a l t s  of heavy m e t a l s  - 

m a p h a r s id e ,  m e r c u r i c  c h l o r i d e ,  t a r t a r  e m e t i c ,  l e a d  

a c e t a t e ,  sodium b ism uth  t a r t r a t e ,  sodium a u r o t h i o m a l a t e  

and chromium t r i o x i d e  -  was ro u g h ly  d e te r m in e d  by 

i n t r a p e r i t o n e a l  i n j e c t i o n  in  s m a l l  g roups  of  m ice .

A f t e r  p r e l i m i n a r y  i n t r a p e r i t o n e a l  i n j e c t i o n  of g ra d e d  

d o s e s  of each s a l t ,  i n  wa tery  s o l u t i o n ,  to s m a l l  g roups  

of w h i te  mice had g iv en  an i n d i c a t i o n  of th e  range  of 

t o x i c i t y  o f  th e  s a l t ,  a p r e c i s e  e s t i m a t e  was made as 

f o l l o w s .  100 w h i te  mice w e igh ing  be tween  20 and 30g. 

i n  w e ig h t  were t aken  in  g roups  o f  40 and g iv e n  g ra d e d  

d ose s  of th e  s o l u t i o n  of the  m e t a l  s a l t  i n t r a p e r i t o n e a l l y , 

so as to  c o v e r  an a d eq u a te  ran ge  of t o x i c i t y .  To h a l f  

o f  each group of 40 mice,  B .A .L .  was g iv en  in  a f r e s h l y  

p r e p a r e d  aqueous s o l u t i o n  in  a s t a n d a r d  dose  of 40mgAg. 

i n t r a p e r i t o n e a l l y  and t h e  m o r t a l i t i e s  were r e c o r d e d  a f t e r  

t w e n t y - f o u r  h o u r s .  The B.A.L. and m e ta l  s o l u t i o n s  were 

so p r e p a r e d  t h a t  J3. lml.  of th e  s o l u t i o n  was e q u i v a l e n t  to  

lOg.  by w e ig h t  of  mouse and hence  t h e  i n t r a p e r i t o n e a l  

i n j e c t i o n s  were  of  sm a l l  volume and c o n s t a n t  volume/kg.  wt
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Where th e  d e t o x i f y i n g  a c t i o n  of B .A .L .  was such a s  to  

cause  a l l  t h e  mice so p r o t e c t e d  to  s u r v i v e ,  th e  i n j e c t i o n s  

were r e p e a t e d  u s in g  h i g h e r  d o se s  of th e  m e t a l l i c  s a l t  i n  

t h o s e  an im als  r e c e i v i n g  p r o t e c t i o n  w i th  B.A.L. A l l  the  

i n j e c t i o n s  f o r  one m e ta l  were com ple ted  a t  a s i n g l e  

s e s s i o n .  The an im a ls  were k e p t  u n d e r  s t a n d a r d  

c o n d i t i o n s  of warmth w i th  food and w a te r  ad l i b .

A g rap h  was p r e p a r e d  p l o t t i n g  l o g .  dose  a g a i n s t  

p r o b i t  of l e t h a l i t y  a f t e r  t h e  method of B l i s s  (1936) 

from th e  " S t a t i s t i c a l  T ab les  f o r  B i o l o g i c a l ,  A r g r i c u l t u r a l  

and M e d ic a l  R ese a rch  Workers" by F i s h e r  and Yates  (1943) .  

The L .D .5 0  was r ea d  from t h i s  graph  by i n t e r p o l a t i o n  a t  

the  mid p o i n t  of l e t h a l i t y .

3. C h ron ic  p o i s o n in g  w i th  M aphars ide  and M e r c u r i c  

C h l o r i d e .

T w en ty - fo u r  g u in e a  p i g s , o f  350-400g.  w eigh t  were 

g iv e n  m aph a rs id e  15mg./kg.  su b c u ta n e o u s ly  every  f o r t y -  

e i g h t  h o u r s  f o r  t e n  days .  H a l f  of th e  g u in e a  p ig s  were 

g iv e n  40m g./kg .  of B.A.L . i n t r a p e r i t o n e a l l y  a t  the  same 

t i m e .  E i g h t  o f  th e  g u in e a  p i g s ,  r e c e i v i n g  m aphars ide  

alone? d e v e lo p e d  symptoms of r e s t l e s s n e s s ,  t w i t c h i n g ,  

a n o r e x i a ,  d i a r r h o e a ,  w a s t in g  and weakness on t h e  f i f t h  

day and were dead by the  t e n t h  day .  The rem a in in g  f o u r  

g u in e a  p igs?  r e c e i v i n g  m ap h a rs id e  a lo n e ,  s u f f e r e d  from the



above symptoms to  a l e s s e r  d e g re e  and were k i l l e d  on 

th e  t e n t h  day .  The tw e lve  g u in e a  p i g s  r e c e i v i n g  B.A.L. 

remained w e l l  and a c t i v e  and were s a c r i f i c e d  on the  t e n t h  

day .  From b o th  s e t s  of  a n im a ls  f r e s h  specimens of l i v e r ,  

k id n e y ,  s p l e e n  and g u t  were s e c t i o n e d ,  s t a i n e d  w i th  H and 

E and examined m i c r o s c o p i c a l l y .

C h ro n ic  m e r c u r i a l  p o i s o n i n g  was induced  in  twe lve  

r a b b i t s  by g i v i n g  them a s o l u t i o n  of  m e r c u r i c  c h l o r i d e  

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

d a y s .  To h a l f  th e  above r a b b i t s  B.A.L . was a d m i n i s t e r e d  

i n  a d o se  of  2 .5m g/kg.  i n t r a p e r i t o n e a l l y .  The r a b b i t s  

r e c e i v i n g  m e r c u r i c  c h l o r i d e  a lo n e  l o s t  w e i g h t ,  d e v e lo p ed  

d i a r r h o e a ,  t r em o rs  and d i e d  be tw een  the  t w e l f t h  and 

s i x t e e n t h  day .  The r a b b i t s  r e c e i v i n g  b o th  m e r c u r ic  

c h l o r i d e  and B.A.L. s u r v i v e d  in  good h e a l t h  u n t i l  

s a c r i f i c e d .  From b o th  s e t s  of  a n im a ls  f r e s h  s e c t i o n s  

were made of  l i v e r ,  k i d n e y s ,  and g u t ,  s t a i n e d  w i th  H and 

E and examined f o r  h i s t o l o g i c a l  changes .

C h ro n ic  m e r c u r i c  c h l o r i d e  p o i s o n i n g  was p roduced  in 

e i g h t  g u i n e a  p ig s  by g i v i n g  them 5 .0 m g . /k g .  of m e r c u r i c  

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

g u i n e a  p i g s  were g iv e n  t h e  same dose  of m e r c u r i c  c h l o r i d e  

d a i l y ,  w i th  th e  a d d i t i o n  of  40mg./kg .  o f  B.A.L. 

i n t r a p e r i t o n e a l l y .  The g u in ea  p ig s ,  r e c e i v i n g  m e r c u r i c



c h l o r i d e  a lo n e ,w e r e  dead  by the  f o u r t h  o r  f i f t h  day .

The an im a ls  r e c e i v i n g  B .A .L .  s u r v i v e d  in  good h e a l t h  

u n t i l  s a c r i f i c e d .  F re sh  s e c t i o n s  of l i v e r ,  k id n e y ,  

and g u t  were t a k e n  and s t a i n e d  s e c t i o n s  p r e p a r e d  f o r  

h i s t o l o g i c a l  e x a m in a t io n .

4. The p r o d u c t i o n  of chrome u l c e r a t i o n  in  g u in e a  p i g s .

Twelve g u in e a  p i g s  were sha v ed  o v e r  t h e i r  h i n d  

q u a r t e r s  and 0 .2 5 m l .  of  5% chromium t r i o x i d e  s o l u t i o n  

was i n j e c t e d  i n t r a c u t a n e o u s l y  i n t o  the  r i g h t  and l e f t  

shaved  a r e a s  to  r a i s e  a wheal in  each  p a r t .  A f t e r  an 

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

were p rod u ced  a round th e  s i t e  of i n j e c t i o n ,  w i th  a 

b l a c k  e s c h a r  of a p p ro x im a te ly  h a l f  an inch  to  t h r e e -  

q u a r t e r s  of an inch  i n  d i a m e t e r ,  s u r ro u n d e d  by a r a i s e d  

r e d  a r e o l a  f o r  a n o t h e r  q u a r t e r  of an i n c h .  By t h i s  t im e ,  

th e  a n im a ls  had r e c o v e r e d  from the  c o n s t i t u t i o n a l  u p s e t  

r e s u l t i n g  from the  a b s o r p t i o n  of some of t h e  chrome 

s o l u t i o n .  The an im a ls  were then  d i v i d e d  i n t o  two g ro u p s .  

H a l f  were t r e a t e d  w i th  d a i l y  a p p l i c a t i o n s  of a c r i f l a v i n e  

o in tm e n t  B . P . ;  t h e  o t h e r  h a l f  were t r e a t e d  s i m i l a r l y  

w i th  a c r i f l a v i n e  o in tm e n t  B .P .  c o n t a i n i n g  10% by w e ig h t  

of  B.A.L. The a c t i v i t y  of th e  B .A.L .  was m a in ta in e d  

d u r i n g  th e  exp e r im e n t  by s t o r i n g  i t  be tween a p p l i c a t i o n s
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in  the  r e f r i g e r a t o r  and i t s  p u n g e n t  o d o u r  was m a in t a in e d  

to  tb e  end of the  e x p e r im e n t .  Tbe chrome u l c e r s  were 

m easured  a t  i n t e r v a l e  and tb e  c l i n i c a l  e ig n e  of  h e a l i n g  

were n o te d  d u r in g  th e  c o u rs e  of th e  e x p e r im e n t .

5.  The e f f e c t  o f  B.A.L. on the  a c t i o n  of I n s u l i n .

A group of f i v e  r a b b i t s ,  each  of abou t  2 .0 k g .  in  

w e ig h t  were s t a r v e d  o v e r n i g h t  and n e x t  day a t  the s t a r t  

of th e  e x p e r im e n t  a b lo o d  sample of 0 .5 m l .  was drawn from 

the  m a r g in a l  e a r  v e in  of each r a b b i t  and p o o le d  in  a 

b e p a r i n i s e d  tu b e .  The b lo o d  s u g a r  l e v e l  was e s t i m a t e d  

by th e  method of Hagedorn and J e n s e n .  The an im als  were 

now g iv e n  0 . 5  u n i t A g .  of s o l u b l e  i n s u l i n  s u b e u ta n e o u s ly  i  

and p o o le d  b lo o d  samples were c o l l e c t e d  every  h o u r  f o r  

f i v e  h o u rs  and the  blood s u g a r  l e v e l  e s t im a t e d  in  each 

p o o le d  sample of b lo o d .

A f t e r  an i n t e r v a l  of t h r e e  days,  th e  e x p e r im e n t  was 

r e p e a t e d  w i th  t h e  same f i v e  r a b b i t s , w i t h  th e  d i f f e r e n c e  

t h a t  they  were each g iv e n  2 & ng .A g .  B .A.L .  i n t r a p e r i t o n e a l l y  

in  s a l i n e ,  im m ed ia te ly  a f t e r  t h e  i n j e c t i o n  of 0 . 5 u n i t A g .  

o f  s o l u b l e  i n s u l i n .  The f a s t i n g  b lood  s u g a r  l e v e l s  were 

d e te r m in e d  by the  method of  Hagedorn and J e n s e n  from tb e  

p o o le d  b lo o d  samples  as  p r e v i o u s l y .

The two cu rves  were p l o t t e d  f o r  com par ison .



6. Carbon T e t r a c h l o r i d e  p o i s o n i n g  in  R a t s .

Twelve male w h i te  r a t s  w e igh ing  between 14Ug. and 

180g. were d iv id e d  i n t o  two g ro u p s  of  s i x .  To one 

g ro u p ,  on a l t e r n a t e  d a y s ,  O .S m l .A g .  of  carbon  

t e t r a c h l o r i d e  was g iv e n  by i n t r a p e r i t o n e a l  i n j e c t i o n .

To tb e  o t h e r  g ro up ,  on th e  same a l t e r n a t e  d a y s ,  O . & n l . A g .  

of  carbon  t e t r a c h l o r i d e  and lU m g .A g .  of B.A.L. in 

s a l i n e  were g iv e n  c o n s e c u t i v e l y  by i n t r a p e r i t o n e a l  

i n j e c t i o n .  A f t e r  f i v e  i n j e c t i o n s  b o t h  groups  of r a t e  

were in  p o o r  c o n d i t i o n  and were s a c r i f i c e d .  s e c t i o n s  of  

th e  l i v e r , ,  s p l e e n  and i n t e s t i n e  were im m edia te ly  p r e p a r e d  

from each g ro u p ,  s t a i n e d  with  M. and E. and examined 

m i c r o s c o p i c a l l y .

Bib liography .

B l i s s , J .  (19 3 8 ) .  Q u a r t ,  J .  Pharm. Pharm acol .  11_» 192. 

B u r n , J . R .  (1 9 3 7 ) .  B i o l o g i c a l  S t a n d a r d i s a t i o n .  69, Oxford  

Med. P u b s .

F i s h e r  and Yates  (19 4 3 ) .  S t a t i s t i c a l  Tab les  f o r

B i o l o g i c a l ,  A g r i c u l t u r a l  and  M ed ica l  Research  Workers, 

O l i v e r  and Boyd, L td .

Gaddum, J . H . ,  Kwia tkowski ,  H. (19 3 8 ) .  J .  P h y s i o l .  94 , 87.



81

I I I .  Results .

1. P r o p e r t i e s  of  B .A .L .

(a)  T ox ic  symptoms.

The L .D .50  f o r  B .A.L.  d i s s o l v e d  in w a t e r  was found  

to  be lOOmg./kg. f o r  w h i te  mice when i n j e c t e d  

i n t r a p e r i t o n e a l l y .  T h is  r e s u l t  a g re e s  w e l l  with the  

r e s u l t s  of D u r l a c h e r ,  B u n t in g ,  H a r r i s o n ,  Ordway and 

A l b r i n k  C1946), who found  t h a t  th e  L .D .50  f o r  mice 

i n j e c t e d  i n t r a p e r i t o n e a l l y  w i th  b .a .l . was 0.8mM/Kg. 

( 9 9 . 2 m g . / k g . ) .

Three  g u in e a  p i g s , g i v e n  150mg./kg.  of B.A.L. in  

w a t e r  by th e  i n t r a p e r i t o n e a l  r o u t e  d i e d ,  w h i le  t h r e e  

g iv e n  5QEg./kg .  of B.A.L. in  w a te r  s u r v i v e d .

Twelve w h i t e  r a t s  s u r v i v e d ,  a f t e r  r e c e i v i n g  40mg./kg .  

of B.A.L.  in  w a t e r  by th e  i n t r a p e r i t o n e a l  r o u te  and of  e i x  

r a b b i t s  g iv e n  lOGng./kg .  o f  B .A.L.  i n  w a te r  by the  

i n t r a v e n o u s  r o u t e  two d i e d .

In  mice a l e t h a l  dose  of B .A .L .  g iv e n  by t h e  

i n t r a p e r i t o n e a l  r o u t e  caused immedia te  weakness of th e  l e g s .  

The l e g  m u sc le s  were f l a c c i d  and a t a x i a  was marked.  At 

t h i s  e a r l y  s t a g e  a n a l g e s i a  was marked,  s e v e r e  n i p p i n g  of the  

t a i l  p ro d u c in g  no r e s p o n s e .  L a c h ry m a t io n , b l e p h a ro sp a sm ,  

and oedema o f  th e  c o n ju n c t ! v a e  were n o te d .  The an im als  

showed i n c r e a s i n g  l o s s  of c o - o r d i n a t i o n .  C lo n ic  and 

t o n i c  c o n v u l s io n s  f o l lo w e d ,  i n t e r r u p t e d  by p e r i o d s  of coma.



R e s p i r a t i o n  i n c r e a s e d  in  dep th  and r a t e ,  i n c r e a s i n g  coma 

a l t e r n a t i n g  w i th  c o n v u l s io n s  p re c e d e d  d e a t h ,  which was 

accompanied by th e  s i g n s  of  a s p h y x ia .  S u b l e t h a l  doses 

of  B .A .L .  g iv e n  to mice were f o l lo w e d  by an i n i t i a l  

p e r i o d  of  a p a t h y ,  which was accompanied  by la .chrym at ion ,  

b lep h a ro sp a sm  and c o n j u n c t i v a l  oedema. With sm a l l  

d o s e s ,  t h e s e  symptoms d i s a p p e a r e d  l e a v i n g  no r e s i d u a l  

s i g n s  of  t o x i c i t y .  wi th  l a r g e r  su b le t -h a l  d o s e s ,  a p a th y ,  

l a c h r y m a t io n ,  b lep h a ro sp a sm  and c o n j u n c t i v a l  oedema 

p re c e d e d  m uscle  t r em o rs  and weakness of t h e  l e g s ,  

p ro d u c in g  w e l l  marked a t a x i a  b u t  no c o n v u l s i o n s .

i n  r a b b i t s  and g u in e a  p i g s  sm a l l  d o se s  of b . a .l . 

(20m g. /kg .  i n t r a p e r i t o n e a l l y )  were f o l lo w e d  by a b r i e f  

p e r i o d  of d e p r e s s i o n  and a p a th y ,  accompanied by 

b lep h a ro sp a sm  and s n e e z in g ,  which d e v e lo p ed  i n  f i f t e e n  

m in u t e s .  This  was f o l lo w e d  by weakness and s p a s t i c i t y  

o f  the  l e g s ,  and m u sc u la r  t r e m o r  and a t a x i a  which was 

w e l l  d e v e lo p e d  in  t h i r t y  t o  s i x t y  m in u te s .  Both r a b b i t s  

and g u in e a  p i g s  showed i n c r e a s e d  s a l i v a t i o n  and p a s s e d  

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

o bse rved  to  be deep and h u r r i e d .  With l e t h a l  doses  of 

B .A.L .  g iven  i n t r a p e r i t o n e a l l y ,  t h e r e  was a phase  of 

a p a th y  and d e p r e s s i o n ,  accompanied by b lepharospasm  and 

l a c h r y m a t io n  w i th  weakness of the  l e g  m u sc le s .  T h is  was 

fo l lo w e d  by th e  development  of m u sc u la r  t rem ors  which
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g r a d u a l l y  i n c r e a s e d  to  g e n e r a l i s e d  c o n v u l s i o n s .  

R e s p i r a t i o n  was m ark ed ly  im p a i re d  and d e a t h  o c c u r r e d  

in  toi&ic c o n v u l s io n .  The an im a ls  o f f e r e d  no r e s i s t a n c e  

to  p a i n f u l  s t i m u l i .

In t h e  tw e lv e  r a t s ,  t h e  i n t r a p e r i t o n e a l  i n j e c t i o n  

of B .A .L .  in a dose of 40mg./kg .  was f o l lo w e d  by apa thy  

and d e p r e s s i o n ,  accompanied by l a c h r y m a t io n  and 

b le p h a ro s p a s m .  The g a i t  became a t a x i c ,  due to the  

weakness of the  l e g  m usc le s  and t h e  a n im a ls  were a b le  to  

t a k e  up abnormal p o s t u r e s ,  such as l y i n g  f l a t  w i th  th e  

bead ex ten d ed  and th e  h i n d  l imbs a l s o  e x te n d e d .  There 

was a marked re sp o n se  to p a i n f u l  s t i m u l i  and a l l  t h e  r a t e  

were awkward, a p a t h e t i c  and showed no i n i t i a t i v e .  

C o n v u l s io n s  d i d  n o t  d eve lop  and t h e r e  were no d e a t h s .

The e f f e c t s  of th e  B.A.L.  i n j e c t i o n  l a s t e d  some tw en ty-  

f o u r  h o u r s ,  when i t  was o b s e rv e d  t h a t  t h e r e  was s t i l l  

some a p a th y ,  musc le  weakness and l o s s  of a p p e t i t e .

P o s t  mortem e x am in a t io n  of th e  i n t e r n a l  o rgans  of 

the  a n im a l s ,  dy ing  as  a r e s u l t  of l e t h a l  do se s  of 3 . A . L . ,  

was c a r r i e d  o u t  im m ed ia te ly  a f t e r  d e a t h .  The l i v e r ,  

s p l e e n ,  k id n ey s  and g u t  showed no consp icuous  

m o r p h o lo g ic a l  ch anges ,  a p a r t  from c o n g e s t i o n .  The lungs  

were oedematous and th e  s u r f a c e  showed many sm a l l  

h a em o rrh ag es .  On s e c t i o n ,  pulmonary oedema was e v i d e n t  

w i tb  h a em o rrhag ic  e x u d a te ,  and s c a t t e r e d  th r o u g h o u t  th e  

lu n g s  were s m a l l  haem orrhages .

j
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F i g .  1. B a b b i t ,  0 ,  2 .4 k g .  wt .  U re th a n e  25% i n t r a v e n o u s  

e t h e r .

Upper  r e c o r d :  , c a r o t i d  b lo o d  p r e s s u r e  

Lower r e c o r d :  r e s p i r a t i o n  ( s t e t h o g r a p h ,

i n s p i r a t i o n  down).

Time in  30 s e c s .

B .A .L .  4 m g .A g .  i n t r a v e n o u s l y  causes  a r i s e  in  

b lo o d  p r e s s u r e  and s t i m u l a t i o n  of r e s p i r a t i o n .



(b) C a r d i o v a s c u l a r  and R e s p i r a t o r y  E f f e c t s .

A n a e s t h e t i s e d  r a b b i t s  were g iv e n  v a r i o u s  doses of 

B .A .L . ,  d i s s o l v e d  in  p h y s i o l o g i c a l  s a l i n e  s o l u t i o n ,  

i n t r a v e n o u s l y  by t h e  u s u a l  method. In  a dosage  of

0 . 5 - 1 . 0 m g . / k g .  B .A .l . p ro du ced  no a p p r e c i a b l e  e f f e c t  on 

the  b lood p r e s s u r e  o r  r e s p i r a t i o n ,  whereas  a dosage of 

4 .0 m g . /k g .  caused  a sh a rp  r i s e  in b lo o d  p r e s s u r e  of some 

20-30mm .H g . , accompanied by a s t i m u l a t i o n  of r e s p i r a t i o n  

which was m a in t a in e d  f o r  s e v e r a l  m in u te s .  This 

s t i m u l a t i n g  e f f e c t  of s m a l l  doses  o f  B .A.l . on the  

c a r d i o v a s c u l a r  and r e s p i r a t o r y  sys tem s  in  th e  r a b b i t  i s  

i l l u s t r a t e d  i n  f i g u r e  I .

L a r g e r  doses  of B .A .L . ,  20-4Gmg. / k g . , caused  a 

t r a n s i e n t  r i s e  in  b loo d  p r e s s u r e  and s t i m u l a t i o n  of the  

r e s p i r a t i o n ,  which was f o l lo w e d  by a s t e a d y  d e c l i n e  in  

the  b lo o d  p r e s s u r e  and f a i l u r e  of b r e a t h i n g .  When the  

l e t h a l  dose  was ap p ro a ch e d ,  th e  c o u r s e  of th e  s t e a d y  

d e c l i n e  of b lo o d  p r e s s u r e  and f a i l u r e  of r e s p i r a t i o n  

m igh t  be i n t e r r u p t e d  by the  an im al  c o n v u ls in g  on the 

t a b l e ,  b u t  more commonly th e  b lo o d  p r e s s u r e  d e c l i n e d  to 

z e ro  and t h e  an im al  d i e d  q u i e t l y ,  a f t e r  a few f i n a l  

r e s p i r a t o r y  g a sp s  .

The e f f e c t  of  l e t h a l  d o se s ,  as d e t a i l e d  above,  

was in  s t r i k i n g  c o n t r a s t  to  th e  mode of d e a th  of the



u n a n a e s t b e t i e e d  a n im a l ,  which convu lsed  v i o l e n t l y .

The l e t h a l  dose  was no s m a l l e r  in  th e  u n a n a e s t h e t i s e d  

an im al  n o r  was the  t o x i c  e f f e c t  of B .A.L .  on the  

c a r d i o v a s c u l a r  and r e s p i r a t o r y  sys tem s m o d i f i e d  by 

a t r o p i n e  s u l p h a t e ,  vagotomy o r  by the  a p p l i c a t i o n  of 

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

Even in  the  p r e s e n c e  of h igh  c o n c e n t r a t i o n s  of B.A.L.

( l  in  1 0 ,0 00 )  no change was n o te d  in  the  a c t i o n  of

i s o l a t e d  r a b b i t  a u r i c l e s  and th e  a u r i c l e s  c o n t in u e d  to  

b e a t  r e g u l a r l y  and s t r o n g l y ,  t h u s  i n d i c a t i n g  t h a t  B .A.L.  

had a p p a r e n t l y  l i t t l e  o r  no d i r e c t  e f f e c t  on h e a r t  m u sc le .

The v e s s e l s  of t h e  r a b b i t  e a r  were p e r f u s e d  w i th

s a l i n e  a c c o r d i n g  to t h e  method of  Gaddum and Kwiatkowski

(1 9 3 8 ) ,  b u t  as  no r e c o r d i n g  a p p a r a t u s  was a v a i l a b l e  th e  

o u t f lo w  was m easured  in  d rops  p e r  every  f i f t e e n  secon d s ,  

u s in g  l a r g e r  doses  of d rugs  th an  would have o th e r w is e  been 

n e c e s s a r y .  S i n g l e  i n j e c t i o n s  of 3mg. of B.A.L. d i s s o l v e d  

i n  p h y s i o l o g i c a l  s a l i n e  s o l u t i o n  caused  a sha rp  b u t  

t r a n s i e n t  v a s o c o n s t r i c t i o n .  C o n s t a n t  p e r f u s i o n  w i th  

B.A.L. in  th e  s t r e n g t h  of  1 in  10 ,000  produced  a r e d u c t io n  

in th e  r a t e  o f  f low  of t b e  p e r f u s i n g  f l u i d  th rough  the  

v e s s e l s  of t h e  e a r  of the  r a b b i t .  Hence th e  a d d i t i o n  of 

B.A.L. to th e  p e r f u s i n g  f l u i d  caused  v a s o c o n s t r i c t i o n  of
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F ig .  3.. R a b b i t ’ s e a r  p e r f u s i o n .  P e r f u s i o n  w i th  

1 in  10 ,000 s o l u t i o n  of B .A.L .  p ro d u ce s  a 

r e d u c t i o n  in  the  r a t e  of f low of the  p e r f u s i n g  

f l u i d  th ro u g h  the  v e s s e l s  o f  th e  e a r  of the  

r a b b i t  and hence  v a s o c o n s t r i c t i o n .



the  v e s s e l s  of t h e  r a b b i t ’ s e a r .  This  v a s o c o n s t r i c t i o n  

e f f e c t  of B .A.L .  on sm a l l  b lood  v e s s e l s  i s  i l l u s t r a t e d  in  

f i g u r e  2 ,  and e x p l a i n s  t h e  r i s e  in  b lood p r e s s u r e  seen 

in  man a f t e r  i n t r a m u s c u l a r  B.A.L.  in  o i l  5mg./kg.

In  c a t s  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  or  

n em b u ta l ,  i n t r a v e n o u s  B .A .L . ,  d i s s o l v e d  i n  p h y s i o l o g i c a l  

s a l i n e  s o l u t i o n ,  i n v a r i a b l y  caused an a b ru p t  f a l l  in  

b lood p r e s s u r e ,  accompanied by t r a n s i e n t  s h r in k a g e  of tbe 

s p l e e n .  When doses  of 20mg./kg .  of B .A.L.  were g iv e n  

t h e r e  was an a b r u p t  f a l l  of b lo o d  p r e s s u r e ,  which was 

q u i c k l y  r e s t o r e d , b u t  in  th e  m a j o r i t y  of o b s e r v a t i o n s  t h i s  

r e s t o r a t i o n  was o n ly  p a r t i a l ,  though sometimes t h e  b lo o d  

p r e s s u r e  ro se  above t h e  i n i t i a l  l e v e l  f o r  a few m in u te s .

The a b r u p t  f a l l  i n  b lo o d  p r e s s u r e  was accompanied u s u a l l y  

by p a s s i v e  s h r in k a g e  of the  s p l e e n .  Sometimes a c t i v e  

d i l a t a t i o n  of the  s p l e e n  was r e c o r d e d .  The p h ase  of 

r e c o v e r y ,  w he th e r  p a r t i a l  o r  c o m p le te ,  was always 

accompanied by a c t i v e  d i l a t a t i o n  of the  s p l e e n ;  thus  

splanchnic* d i l a t a t i o n  may a c c o u n t  f o r  th e  i n i t i a l  f a l l  in  

olood p r e s s u r e  a f t e r  i n t r a v e n o u s  i n j e c t i o n  of B .A.L .

When B .A.L.  was g i v e n , t h e  l e g  volume ( i . e .  v e s s e l s )  

c o n s t r i c t e d ,  w h i l e  th e  h e a r t  was unchanged i n  v ig o u r  and 

a m p l i tu d e  of i t s  b e a t .  From t h e s e  r e s u l t s  i t  would a p p e a r  

t h a t  s p l a n c h n i c  d i l a t a t i o n  cou ld  accoun t  f o r  the  f a l l  of



blo o d  p r e s s u r e  i n  th e  e a r l y  s t a g e s ,  w h i le  th e  r e l a t i v e  

d eg ree  of a l t e r a t i o n  in  th e  b lo o d  f low in  the  s p l a n c h n ic  

and l imb c i r c u l a t i o n s  would a cc o u n t  f o r  the  v a ry in g  

re s p o n se s  of the  b lo od  p r e s s u r e .  R e s p i r a t i o n  was 

s t i m u l a t e d .  W ith in  a few m i n u t e s ,  however,  a p r o g r e s s i v e  

f a l l  in  b lood  p r e s s u r e ,  accompanied by an i n h i b i t i o n  of 

th e  r e s p i r a t i o n  ensued and t h i s  b lo o d  p r e s s u r e  f a l l  and 

r e s p i r a t o r y  i n h i b i t i o n  s t e a d i l y  p r o g r e s s e d .  N e i t h e r  the  

a b r u p t  n o r  th e  p r o g r e s s i v e  f a l l  in  b lood p r e s s u r e  was 

p r e v e n t e d  by a d m i n i s t e r i n g  a t r o p i n e  s u l p h a t e  in  a dose of 

1 . 5 m g . / k g . ,  by b i l a t e r a l  s e c t i o n  of th e  v a g a l  n e rv e s  o r  

by a r t i f i c i a l  r e s p i r a t i o n .  From t h e s e  o b s e r v a t i o n s  t h e r e  

can be no q u e s t i o n  of  v a g a l  i n h i b i t i o n  p l a y i n g  a p a r t  in 

the  i n i t i a l  f a l l  of b lood p r e s s u r e  n o r  the  f a i l u r e  of 

o x y g e n a t io n  of th e  b loo d  p l a y i n g  a p a r t  i n  th e  l a t e r  f a l l  

in  th e  b loo d  p r e s s u r e .  A f t e r  a few m in u te s ,  when the  

b lo o d  p r e s s u r e  was s t e a d i l y  f a l l i n g ' ,  the  s p l e e n  c o n t r a c t e d  

maxim ally  and th e  b lood  p r e s s u r e  a t  t h i s  s t a g e  might  be 

t e m p o r a r i l y  r e s t o r e d  by the  i n j e c t i o n  of a d r e n a l i n e  o r  by 

the  i n f u s i o n  of s a l i n e .  This  c o n t r a c t i o n  of the  s p l e e n  

i s  c o n s i d e r e d  to be a p h y s i o l o g i c a l  re sp o n se  to d im in i s h e d  

blood volume r a t h e r  than  a d i r e c t  p h a r m a c o lo g ic a l  a c t i o n  

of t h e  B .A.L.  on s p l e e n  t i s s u e .  The r e s t o r a t i v e  e f f e c t  o f  

s a l i n e  t r a n s f u s i o n  soon p a s se d  and the  b lood  p r e s s u r e
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F ig .  3. Gat ,  (?, 3kg. wt.  E th e r  and C h lo r a lo s e  80m g./kg .  
Upper  r e c o r d :  c a r o t i d  b lo o d  p r e s s u r e
Middle  r e c o r d :  s p l e n i c  volume (p l e  thy sinograph-
tam bour ) .  I n j e c t i o n  p o i n t s  and t ime in  30 s e c s ,  
a r e  marked.
At 1: B .A.L .  40mg./kg .  was g iv e n  i n t r a v e n o u s l y
a t  1 1 .4 3 a .m .  and 20m g./kg .  r e p e a t e d  a t  1 2 . 0 a .m . ,  
1 .56p .m .  and 2 .10p .m .  ( t o t a l  lO C m g .A g . ) .
1 * 1 1 .4 3 a .m . ;  2 -  1 1 .5 0 a .m . ;  3 a 1 1 .5 4 a .m . ;
4 -  1 2 .0 6 p .m . ;  5 » 12 .2 4 p .m . ;  6 « 1 .4 5 p .m . ;
? « 1 .5 3 p .m . ;  8 = 2 .1 0 p .m . ;  9 s 2 .20p .m .
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Fi g .  4.  Gat ,  (?, 3kg.  C h l o r a l o s e  SOmg.Ag.
Upper  r e c o r d :  c a r o t i d  b lood p r e s s u r e .
Lower r e c o rd :  r e s p i r a t i o n .
Time 30 s e c s .
B.A.L.  80mg . /kg .  i n t r a v e n o u s l y  i n j e c t e d  a t  a r row .

1. F a l l  and r i s e  of b lood p r e s s u r e ,  then  d e c l i n e  to  
e x t i n c t i o n .

2. S t i m u l a t i o n  and t hen  slow f a i l u r e  of r e s p i r a t i o n .  
C i r c u l a t i o n  f a i l s  b e f o r e  r e s p i r a t i o n .



p r o g r e s s i v e l y  f e l l ,  t h e  s p l e e n  d i l a t e d  once more (a 

t e r m i n a l  e f f e c t ) ,  w h i le  th e  r e s p i r a t i o n  became slow and 

g a s p i n g .  The l e g  volume, meanwhile ,  rem ained  reduced  

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

a r t i f i c i a l  r e s p i r a t i o n .  These changes  a re  i l l u s t r a t e d  

i n  f i g u r e s  3 and 4.

The h e a r t  contio&ped to  a c t  w e l l ,  when o x y g e n a t io n  

w a s m a in t a in e d  by a r t i f i c i a l  r e s p i r a t i o n ,  and  only  f i n a l l y  

f a i l e d  5-10 m in u te s  a f t e r  th e  b lo o d  p r e s s u r e  had rea ch e d  

z e r o .  The i s o l a t e d  p e r f u s e d  h e a r t  of th e  c a t  

(L an g e n d o rf f  p r e p a r a t i o n )  showed no i l l - e f f e c t s  from th e  

i n j e c t i o n  of up to  5.0mg. of  B .A.L.  and th e  r a t e  of 

co ro n a ry  f lo w  was unchanged .  This  i s  i l l u s t r a t e d  in  

f i g u r e s  5 and 6.

The p r o g r e s s i v e  f a l l  in  the  blood p r e s s u r e  w i th  

an a c t i v e  h e a r t ,  in  t h e  p r e s e n c e  of p e r i p h e r a l  v a so 

c o n s t r i c t i o n  would s u g g e s t  a s t e a d y  leak ag e  of f l u i d  from 

th e  c i r c u l a t i o n .  The p e t e c h i a l  haem orrhages ,  seen  in  the  

l u n g s  and l i v e r  on pos t -m or tem  e x a m in a t io n ,  i n d i c a t e d  

damage to  c a p i l l a r i e s  and sm a l l  b lo od  v e s s e l s .  The 

mean packed  c e l l  volume was d e te rm in e d  i n  f i v e  

a n a e s t h e t i s e d  c a t s  and found  to  be 3 6 .6  p e r  c e n t  ( t h i s  i s  

l e s s  than  th e  normal c l i n i c a l  f i n d i n g  in  man b u t  the  b loo d  

was spun in  Wintrobe  tu b e s  a t  5 ,000  r e v o l u t i o n s  f o r  tw e n ty -



B.A.L. S o f r .
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F i g .  5.  P e r f u s e d  c a t  h e a r t  (Langendor f f  p r e p a r a t i o n ) .

Upper  r e c o r d :  shows minimal  e f f e c t  of B.A.L.  50 y  

Lower r e c o r d :  shows a c t i o n  of a d r e n a l i n e  2^ -  

Time i n  30 s e c s .
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Fig .  6
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P e r f u s e d  c a t  h e a r t  (Langendo rf f  p r e p a r a t i o n ) . 

Upper  r e c o r d :  shows e f f e c t  of  3 .A.L .  O .S rag .Ag .

Time i n  30 s e c s .

:

9



f i v e  m i n u t e s ) .  Three  h o u r s  a f t e r  g i v i n g  B .A.L.  in  a 

dosage of  lO Q ng . /kg .  and s h o r t l y  b e f o r e  th e  o n s e t  of d e a th ,  

the  packed  c e l l  volume was a g a in  d e te rm in e d  by t h e  same 

t e c h n iq u e  and found to  be 4 8 .3  p e r  c e n t .  This  showed an 

i n c r e a s e  of 31 p e r  c e n t  on th e  p r e v i o u s  r e a d i n g  and 

i n d i c a t e d  a s e v e re  d e g re e  of haemoconcent r a t i o n  R e sp i te  

the  f a c t  t h a t  an ave rag e  of 2 5 .0 m l .  of p h y s i o l o g i c a l  

s a l i n e  and o t h e r  f l u i d s  had  been  g iv e n  i n t r a v e n o u s l y  in  

the  c o u r s e  of the  e x p e r im e n t s .  Haemo concen t  r a t i o n  from 

c a p i l l a r y  damage would a p p e a r  to  be the  p r im ary  cause  of 

d e a th  in  a n a e s t h e t i s e d  a n im a l s ,  as Chenoweth (1946) 

i n d i c a t e d .

The odour  of B .A .L .  cou ld  be d e t e c t e d  i n  b lo o d ,  

u r i n e ,  t e a r s ,  and the  e x p i r e d  a i r ,  w h i le  p o s t  mortem 

e x a m in a t io n  showed t h a t  the  odour  was o b t a in e d  from 

the  f r e s h l y  c u t  o rg an s  a f t e r  d e a t h .  B.A.L. would 

a p p e a r  t o  be d i s t r i b u t e d  to  a l l  t h e  t i s s u e s  and 

r a p i d l y  e x c r e t e d  by th e  k idn ey s  and lung* .



90*

( c )  The a c t i o n  o f  B.A.L.  on Smooth Muscle .

Segments of duodenum of g u in e a  p ig  and r a b b i t  

and of t h e  u t e r u s  of  r a b b i t ,  c a t  and g u in e a  p ig  

were mounted i n  Tyrode s o l u t i o n  and the  spo n ta n eo u s  

movements r e c o r d e d .  B.A.L. added t o  th e  b a t h  in  a 

c o n c e n t r a t i o n  of 1 in  10 ,000  had no e f f e c t ,  b u t  

h i g h e r  c o n c e n t r a t i o n s  s t i m u l a t e d  movement and m ig h t  

cause  spasm.

2. A c t io n  of B .A.L .  on th e  T o x i c i t y  of  M e t a l s .

( a )  A r s e n i c .

The a r s e n i c a l  p r e p a r a t i o n  used was ^ m a p h a rs id e ” 

Cm-amino-phenyl  a r s e n o x i d e )

As -  ~ - 0
A

OH



2 1 .

and f r e s h  s o l u t i o n s  were p r e p a r e d  as r e q u i r e d  by 

d i s s o l v i n g  the a p p r o p r i a t e  amount from ampoules in  

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

on s m a l l  g roups  of w hi te  mice d e m o n s t r a te d  t h a t  the  L .D .50  

f o r  m a p h a r s id e ,  by i n t r a p e r i t o n e a l  i n j e c t i o n ,  l a y  between 

3 0 m g .A g .  and 4 2 .5 m g . /k g .

176 w h i te  male m ice ,  each w e igh ing  between 20-30g. 

were t aken  in  g roups  of 44 and g i v e n  g rad e d  doses  of the 

m e t a l  by i n t r a p e r i t o n e a l  i n j e c t i o n  so as to  co v e r  an 

ad eq u a te  range  of  t o x i c i t y  as d e te rm in e d  by the  t r i a l  

d o s e s .  To h a l f  of each group of 44 m ice ,  a s t a n d a r d  

s o l u t i o n  of B.A.L.  40m g./kg .  was i n j e c t e d  i n t r a p e r i t o n e a l l y , 

im m edia te ly  a f t e r  t h e  i n j e c t i o n  of th e  r e q u i r e d  dose of  

the  m e t a l .  The r e s u l t s  of the  exp er im en t  were r ea d  a f t e r  

t w e n t y - f o u r  h o u r s .  Tab le  I .  shows th e  dosage of m e ta l  

and B .A .L .  g iv e n  and th e  e f f e c t  of B .A.L.  on the  t o x i c i t y  

of th e  m e t a l .
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Table I.

The e f f e c t  of B .A .L .  40mg./kg.  on th e  l e t h a l i t y  of 

m ap h a rs id e  in  w hi te  m ice .

Marphars  ide Marphars ide  & B.A.L.

Dose No. No. No. No.
m g . /k g . Mice Deaths Mice D e a t h s .

30 22 2 22 0

34 22 9 22 0

38 22 16 22 0

4 2 . 5 22 21 22 0

T able  2 r e c o r d s  th e  n e c e s s a r y  d a t a  f o r  p l o t t i n g  the 

l o g .  dose of t h e  m e ta l  as a b s c i s s a  a g a i n s t  t h e  p r o b i t  of 

l e t h a l i t y  as o r d i n a t e  and from t h i s  g raph  the  L .D.50 

was r e a d .

T ab le  2.

D a ta  f o r  p l o t t i n g  m o r t a l i t y  curve of m aphars ide  in  

whi te  m ice .

Dose M aphars ide  
m g/kg .

Log.
Dose

P e r c e n ta g e
dead

E m p i r i c a l  
P r o b i t  of  
l e t h a l i t y

30 1.48 S . l 3 .6 7

34 1 .53 4 0 .9 4 .7 7

38 1 .58 7 2 .7 5 .60

4 2 .5 1 .63 9 8 .1 7 .09
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FiQure. y  .0 L.p.So wapwausipe i^wHtre Mice (i.pO
® L.p.lTo MAPHARSIVC 4 a.A.L.i* Winrt MiCgCi.p.̂ .

F ig .  7. I l l u s t r a t e s  time p r o t e c t i v e  a c t i o n  o f  B r i t i s h  Anti  
L e w i s i t e  (40 m g . /k g .  g iv e n  i n t r a p e r i t o n e a l l y ) on 
t h e  t o x i c i t y  of a r s e n i c  ( " m a p h a r s i d e " ) g iv en  
i n t r a p e r i t o n e a l l y  t o  g roups  of w h i te  mice.
The o r d i n a t e s  a r e  p r o b i t s  of l e t h a l i t y ,  the  
a b s c i s s a e  l o g s ,  of th e  d o s a g e .
B.A.L. cau se s  a s h i f t  to  the  r i g h t  i n d i c a t i n g  
d e c r e a s e  in  t o x i c i t y .



The L .D .50  f o r  w h i t e  mice f o r  m aph a rs ide  g iv en  

i n t r a p e r i t o n e a l l y  was found  t o  be 34 .5m g.A g*

I t  w i l l  be seen  from th e  t a b l e s  t h a t  B .A .L .  had 

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

t h a t  a l l  th e  mice r e c e i v i n g  i t  were p r o t e c t e d  from the 

l e t h a l  e f f e c t s  of  t h e  a r s e n i c .

The ex p e r im e n t  was r e p e a t e d  u s i n g  a h i g h e r  s e r i e s  

of d o s e s  of m ap h a rs id e  as shown in  t a b l e  3 . ,  and th e  g rap h  

p l o t t e d  from the  d a ta  r e c o r d e d  i n  t h e  t a b l e .

Table  3.

Data  f o r  p l o t t i n g  m o r t a l i t y  curve of m aph a rs id e  in  whi te  

mice t r e a t e d  w i th  B .A .L .

Maphars ide & B.A.L .

Dose 
m g . /k g .

Log. 
d o s e .

Ho. 
Mice .

No. 
D e a t h s .

P e rc e n ta g e
dead.

E m p i r i c a l  
p r o b i t  of 
l e t h a l i t y .

300 2 .48 20 4 20
I

4 .1 6  i

350 2 .5 4 20 10 50 5 .0 0  !
1

400 2 .6 0 20 14 70
------------

I
5 .5 2  j

F i g u r e  7 i l l u s t r a t e s  in  g r a p h i c a l  form the p r o t e c t i v e  

a c t i o n  of B .A.L .  on mice g iv e n  i n c r e a s i n g  doses  of  a r s e n i c .  

I t  w i l l  be seen  from f i g u r e  7 t h a t  B .A .L .  r a i s e d  the 

L .D .50  of  m ap h a rs id e  from 3 4 .5 m g .A g .  to  3 5 0 m g . /k g . ,  t h a t  

i s ,  a p p ro x im a te ly  a t en  f o l d  r i s e .  Hence w i th  

m ap h a rs id e  B .A.L.  h a s  a s t r o n g l y  p r o t e c t i v e  a c t i o n  a g a i n s t



l e t h a l  doses  of t h e  a r s e n i c a l  compound.

Of the  t w e n t y - f o u r  g u in e a  p i g s  used  i n  th e  a r s e n i c  

p o i s o n i n g  e x p e r im e n t ,  the  tw e lve  g u in e a  p i g s  r e c e i v i n g  

m ap h a rs ide  a lo ne  were e a r l y  d i s t i n g u i s h a b l e  from those  

twelve  r e c e i v i n g  m aphars ide  p l u s  B .A .L .  E ig h t  of  the  

twe lve  g u in e a  p i g s ,  r e c e i v i n g  a r s e n i c  a lo n e ,  deve loped  

more marked symptoms of r e s t l e s s n e s s ,  t w i t c h i n g ,  

d i a r r h o e a ,  w a s t in g  and weakness and a f t e r  th e  t h i r d  

i n j e c t i o n  d i e d ,  w h i le  th e  rem a in ing  f o u r  g u in e a  p i g s ,  

r e c e i v i n g  a r s e n i c  a l o n e ,  showed th e  above symptoms in  

a l e s s  marked form and were o b v io u s ly  v e ry  i l l  by t h e  

f i f t h  i n j e c t i o n  and were k i l l e d .  As the  g u in e a  p ig s  

r e c e i v i n g  m ap h a rs id e  d i e d  a g u in e a  p i g  r e c e i v i n g  th e  

a r s e n i c  p l u s  B.A.L. and c o r r e s p o n d in g  in  w e ig h t  was 

s a c r i f i c e d .  By the  f i f t h  i n j e c t i o n  a l l  th e  g u in e a  p i g s  

had e i t h e r  d i e d  o r  had been s a c r i f i c e d .

The g u i n e a  p i g s  r e c e i v i n g  B .A.L .  remained w e l l  and 

t h e i r  c o n d i t i o n  was ve ry  much b e t t e r  th an  the  group 

r e c e i v i n g  m aphars ide  a lo n e .  They were a c t i v e ,  took t h e i r  

food and t h e r e  was l i t t l e  o r  no l o s s  of w e ig h t .

When d e a d , f r e s h  specimens of l i v e r ,  k idney  and g u t  

were f i x e d ,  s e c t i o n e d ,  s t a i n e d  and examined.  The c h i e f  

l e s i o n s  caused  b y ’ a r s e n i c  p o i s o n i n g  were n e c r o s i s  of th e  

l i v e r  c e l l s ,  d i s i n t e g r a t i o n  of the  t u b u le s  and g l o m e r u l i  

of th e  k id n e y ,  c a t a r r h a l  and h aem o r rh ag ic  changes in th e



c.

F i g .  8 .  I l l u s t r a t e s  tbe  p r o t e c t i v e  a c t i o n  of B.A.L.
(4 0 m g . /k g . i n t r a p e r i t o n e a l l y ) on tbe l i v e r  of 
guinea p ig  r e c e iv in g  a r se n ic  ("mapharside” ) 
IS m g .A g .  su b c u ta n eo u s ly . ( x f 5 0 /
A : Normal guinea  p ig  l i v e r .
B : L i v e r  showing n e c r o t i c  e f f e c t  of a r s e n i c .
C : L i v e r  showing p r o t e c t i v e  e f f e c t  of B.A.L.



c.

F i g .  9 .  I l l u s t r a t e s  t he  p r o t e c t i v e  a c t i o n  of  B .A.L.
(40mg./kg.  i n t r a p e r i t o n e a l l y ) on the kidneys  
of guinea p ig  r e c e iv in g  a r s e n ic  ( t,mapharside,,) 
IS m g .A g .  subcutaneously  . (XI5-o) .
A : Formal  t u b u l e s  gu i nea  p i g  k id ney .
B : Kidney showing n e c r o t i c  e f f e c t  of a r s e n i c .
G : Kidney showing p r o t e c t i v e  e f f e c t  of B.A.L.



mucous membrane of t h e  g u t ,  w i th  e p i t h e l i a l  d e b r i s  and 

e x u d a t e . The changes in  th e  l i v e r  and k id n ey  a re  shown 

in f i g u r e s  8 and 9.

On e x am in a t io n  of s e c t i o n s  from the  g u in e a  p ig s  

r e c e i v i n g  m ap h a rs id e  and B.A.L.  i t  was e v i d e n t  t h a t  B.A.L. 

had p r e v e n t e d  whol ly  o r  to a g r e a t  e x t e n t  t h e  above changes 

in  th e  o r g a n s .  The most  s t r i k i n g  d i f f e r e n c e  was in  the  

k id n ey  s e c t i o n s  and i t  i s  e v id e n t  t h a t  t h e  com bina t ion  of 

a r s e n i c  and B .A.L.  causes  l i t t l e  damage d u r i n g  i t s  

e x c r e t i o n .  These r e s u l t s  a re  shown in f i g u r e s  8 and &.

(b) Antimony.

The p r e p a r a t i o n  of antimony used  f o r  d e te r m in in g  the  

L .D .50  i n  w h i te  mice by i n t r a p e r i t o n e a l  i n j e c t i o n  was 

t a r t a r  em e t ic  (p o ta s s iu m  antimony t a r t r a t e ) .

As in  th e  d e t e r m i n a t i o n  of th e  L .D .50  f o r  m ap h a rs id e ,  

t r i a l  d o se s  were f i r s t  u sed  to  d e te rm in e  a s u i t a b l e  range  

of t o x i c  d o se s  of t a r t a r  e m e t i c .  The a c t i o n  of  B.A.L. on 

the  a c u t e  t o x i c i t y  of antimony was then  examined as 

d e s c r i b e d  u s in g  200 white  mice .

T ab le  4 r e c o r d s  the  n e c e s s a r y  d a ta  o b t a i n e d  from t h e

e x p e r i m e n t .

0 G 0

COOK



9 $ .
Table 4.

The e f f e c t  of  B.A.L.  4Cmg./kg. on the  l e t h a l i t y  of 

t a r t a r  em e t ic  in  w h i te  mice.

T a r t a r  Em etic T a r t a r  Emetic  & B.A.L.

Dose 
mg. / k g .

. - .......

No.
Mice

No.
D ea th s .

No.
Mice

No. 
D ea ths .

50 20 5 20 3

60 20 14 20 4

70 20 17 20 7

80 20 IS 20 14

90 20 20 20 17

T able  5 r e c o r d s  the  d a t a  n e c e s s a r y  f o r  p l o t t i n g  th e  

g raph  and from t h i s  the  d e t e r m i n a t i o n  of t h e  L .D .50  of 

t a r t a r  e m e t i c  g iv e n  by i n t r a p e r i t o n e a l  i n j e c t i o n  to w h i te  

m i c e .

T able  5.

Data  f o r  p l o t t i n g  m o r t a l i t y  curve of t a r t a r  em e t ic  

in w h i t e  mice w i th  and w i th o u t  B.A.L.

T a r t a r  Emetic T a r t a r E metic  & B .A.L .

Dose 
m g . /k g .

%
d e a d .

Log.
dose .

Empiri c a l  
p r o b i t  of  
l e t h a l i t y

%
dead.

E m p i r i c a l  
p r o b i t  of  
l e t h a l i t y

50 25 1.70 4 .33 15 3 .96
60 70 1 .78 5 .52 20 4 .16
70 85 1 .85 6 .0 4 35 4 .61
80
90

95
100

1 .9 0
1 .9 5

6 .6 4 70
85

5 .52
6 .0 4
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F ig .  10. I l l u s t r a t e s  the  p r o t e c t i v e  a c t i o n  of B r i t i s h
A nt i  L e w i s i t e  (40m g./kg .  g iv en  i n t r a p e r i t o n e a l l y ) 
on th e  t o x i c i t y  of  antimony ( t a r t a r  e m e t i c )  
g i v e n  i n t r a p e r i t o n e a l l y  to  g roups  of  whi te  m ice .  
The o r d i n a t e s  a r e  p r o b i t s  of l e t h a l i t y ,  th e  
a b s c i s s a e  l o g s ,  of t h e  d o sag e .
B.A.L,  causes  a s h i f t  to  th e  r i g h t  i n d i c a t i n g  
d e c r e a s e  in  t o x i c i t y .



*?,

F ig u r e  10 shows t h a t  the  L .D .50  f o r  t a r t a r  e m e t ic  

was 5 6 .5 m g .A g .  and t h a t  B .A .L .  g iv e n  in  a s t a n d a r d  dose 

of 4 0 m g .A g .  by i n t r a p e r i t o n e a l  i n j e c t i o n  had a 

p r o t e c t i v e  a c t i o n  on mice p o i s o n e d  w i th  t h i s  compound 

of an t im ony,  r a i s i n g  th e  L .D .50  from 5 6 .5 m g .A g .  to  

72.  fang./kg.  These r e s u l t s  a re  i l l u s t r a t e d  in  f i g u r e 1 0 ,

(c)  ' M ercury .

The p r e p a r a t i o n  of mercury  used was m e r c u r i c  c h l o r i d e  

(H g .C lg ) ,  ( c o r r o s i v e  sublimate-)  and the  e x p e r im e n ta l  

t e c h n iq u e  f o r  d e t e r m i n i n g  the  L .D .50  f o r  m e r c u r i c  

c h l o r i d e  g iv e n  i n t r a p e r i t o n e a l l y  i n  w h i te  mice was as 

d e s c r i b e d  u n de r  a r s e n i c .

T ab le  6 r e c o r d s  th e  doses  of m e r c u r i c  c h l o r i d e  used 

and th e  r e s u l t s  o b t a i n e d  w ith  th e  e x h i b i t i o n  of B.A.L.

Table 6.

The e f f e c t  of  B.A.L. 4 0 m g .A g .  on the  l e t h a l i t y  of 

m e r c u r i c  c h l o r i d e  in  w h i te  m ice .

M e rc u r ic  c h l o r i d e M e rc u r i c c h l o r i d e  & B.A.L.

Dose No. No. No. No .
mg. Ag. Mice. Dead. Mice. Dead.

90 20 2 20 0

120 20 12 20 0

150 20 15 20 1 1
185

L
20 !S 20 1



Due to  t h e  p o w e r f u l  p r o t e c t i v e  a c t i o n  of B .A.L.  on 

m e r c u r i c  c h l o r i d e  the  e x p e r im e n t  was r e p e a t e d  u s i n g  

h i g h e r  doses  of th e  m ercury  s a l t  as shown in  t a b l e  7.

Table  7.

The e f f e c t  of B .A.L .  40mg.A.g.  on tbe  l e t h a l i t y  o f  

m e r c u r i c  c h l o r i d e  in  whi te  m ice .

Merc u r i c  ch:Loride & B.A.L.

Dose Log. No. No. % E m p i r i c a l  P r o b i t
mg. / k g . d o s e . M ice . d e a d . dead. of  l e t h a l i t y .

220 2 . 3 4 20 3 15 3 .9 6

250 2 .39 20 12 60 5 .25

380 2 .58 20 18 90 6 .28

T a b le  8 in  c o n ju n c t i o n  with  t a b l e  7 g iv e s  the  

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

T able  8 .

Data  f o r  p l o t t i n g  m o r t a l i t y  curve  of m e r c u r i c  c h l o r i d e  

in  w h i t e  m ice .

M e r c u r i c  c h l o r i d e M e rcu r ic  c h l o r i d e  & HA.L.

Dose
m g. /kg ,

%
dead.,

Log.
d o s e ,

E m p i r i c a l  
P r o b i t  of 
l e t h a l i t y .

%
dead .

E m p i r i c a l  P r o b i t  
of  l e t h a l i t y .

90 10 1 .95 3 .6 1 0 -

120 60 2.08 5 .2 3 0

150 75 2 .18 5 .6 4 5 3 .3 6  |
185 95 2 .27 6 .3 3 5 3 .3 6
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F i g .  11. I l l u s t r a t e s  the  p r o t e c t i v e  a c t i o n  of B r i t i s h
A n t i  L e w i s i t e  (4 0 m g .A g .  g iv e n  i n t r a p e r i t o n e a l l y )  
on the  t o x i c i t y  of  m e r c u r i c  c h l o r i d e  g iven  
i n t r a p e r i t o n e a l l y  to g roups of w hite  mice.
The o r d i n a t e s  a r e  p r o b i t s  of l e t h a l i t y ,  the 
a b s c i s s a e  l o g s ,  of  the  dosage.
B .A .L .  cau ses  a s h i f t  to  the  r i g h t  i n d i c a t i n g  
d e c r e a s e  i n  t o x i c i t y .



The L .D .  50 of m e r c u r i c  c h l o r i d e ,  g iv e n  by 

i n t r a p e r i t o n e a l  i n j e c t i o n ,  was found to  be 120mg./kg. in  

w h i te  m ice .  B.A.L.  had a p r o t e c t i v e  e f f e c t  on an im als  

p o i so n e d  w i th  t h i s  s a l t  and r a i s e d  the  L .D .50  to  265mg./kg.  

Th is  p r o t e c t i v e  a c t i o n  of B.A .l . i s  shown in f i g u r e  11.

C h ro n ic  m e r c u r i a l  p o i s o n i n g  was induced in  twelve  

r a b b i t s  by g i v in g  them m e r c u r i c  c h l o r i d e  s o l u t i o n  in  a 

dosage  of l .O m g . /k g .  by i n t r a p e r i t o n e a l  i n j e c t i o n .

The i n j e c t i o n s  were r e p e a t e d  d a i l y  f o r  t e n  d ays .  H a l f  

th e  r a b b i t s  were a l s o  g iv en  B.A.L. in a dosage of 2 .5 m g . /k g .  

by i n t r a p e r i t o n e a l  i n j e c t i o n  j u s t  a f t e r  th ey  had 

r e c e iv e d  t h e i r  dose of m e r c u r i c  c h l o r i d e .  The r a b b i t s ,  

r e c e i v i n g  m e r c u r i c  c h l o r i d e  a lo n e  ,showed l o s s  of w e ig h t  

and s t r e n g t h ,  a n o r e x i a ,  d i a r r h o e a ,  and g e n e r a l  c a c h e x ia .  

Tremor d ev e lo p ed  in  t h e  m usc les  of the  l imbs and d e a th  

o c c u r r e d  be tw een  th e  t w e l f t h  and s i x t e e n t h  day .  The 

r a b b i t s  g iv e n  B.A.L. in  a d d i t i o n  to  m e r c u r ic  c h l o r i d e  

d id  no t  seem to  be u p s e t  and r e t a i n e d  t h e i r  w e ig h t  and 

a p p e t i t e  u n t i l  s a c r i f i c e d .  From c l i n i c a l  o b s e r v a t i o n  i t  

was obv ious  t h a t  B.A.L. had a p r o t e c t i v e  e f f e c t  on the  

t o x i c i t y  of  m e r c u r i c  c h l o r i d e .  P o s t  mortem exam ina t ion  

of  the  r a b b i t s  po iso n e d  with  m e r c u r ic  c h l o r i d e  r e v e a l e d  

s w e l l i n g  and n e c r o s i s  of th e  l i v e r  and k id n e y .  The l i v e r  

and k id n e y s  a p p e a re d  somewhat sw ollen  with  m inute

haem orrhages  on th e  s u r f a c e  of th e  o rg an s .  On s e c t i o n
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F ig .  12. I l l u s t r a t e s  the p r o t e c t i v e  e f f e c t  of B r i t i s h  A nt i  
L e w i s i t e  on the  l o s s  of w e ig h t  in  r a b b i t s  due to  
p o i s o n i n g  w i th  m e r c u r i c  c h l o r i d e .

i



th e  c o r t e x  of the  k idney  was p a le  in  c o lo u r  with, a 

b l u r r e d  a p p e a ra n c e .  The g u t  showed n e c r o t i c  changes with  

haem orrhage  i n t o  the  lumen w hile  the  w a l l s  were 

d i s c o l o u r e d  and showed p reg a n g ren o u s  changes .  At dea th  

f r e s h  specim ens of th e  l i v e r ,  k idney  and i n t e s t i n e  were 

tak en  from b o th  g roups  of r a b b i t s .  The t i s s u e  specimens 

were f i x e d ,  s t a i n e d  and p r e p a r e d  f o r  h i s t o l o g i c a l  

e x a m in a t io n .  H i s t o l o g i c a l  ex am in a t io n  of the  s e c t i o n s ,  

p r e p a r e d  from the  r a b b i t s  po isoned  w i th  m e rc u r ic  c h l o r i d e ,  

showed n e c r o s i s  and d e g e n e r a t i o n  of th e  l i v e r  c e l l s .

The k idney  s e c t i o n s  showed t h a t  the  main o n s la u g h t  of the  

t o x i c  a c t i o n  of th e  m e r c u r ic  c h l o r i d e  had f a l l e n  on the  

t u b u l e s  which showed damage, c o n s i s t i n g  of desquam ation  

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

the  i n t e s t i n e  and w a l l  showed d e g e n e r a t i o n  and 

haem orrhages .  H i s t o l o g i c a l  e x am in a t io n  of th e  above 

organs  in  the  r a b b i t s ?r e c e i v i n g  bo th  m e r c u r i c  c h l o r i d e  and 

B . A . l .  , showed t h a t  the above changes mere a b s e n t  o r  were 

very much r e d u c e d .  F igu re  IE i l l u s t r a t e s  t h e  weigh t  

d i f f e r e n c e  between t h e  group  of r a b b i t s  r e c e i v i n g  mercury  

and B.A.L. and th e  o t h e r  group w i th o u t  B .A .L . ,

An a t t e m p t  was made to  induce  c h ro n ic  mercury  

p o i s o n in g  in  s i x t e e n  gu in ea  p ig s  by d o s i n g  them with  

5mg./kg .  of m e r c u r i c  c h l o r i d e  by i n t r a p e r i t o n e a l  i n j e c t i o n .



am.

H alf  th e  g u i n e a  p i g s  were a l s d  g iv e n  40m g./kg .  B.A.L. by 

i n t r a p e r i t o n e a l  i n j e c t i o n  d a i l y ,  im m edia te ly  a f t e r  the  

i n j e c t i o n  of th e  m e r c u r ic  c h l o r i d e .  The g u in e a  p ig s  

g iv en  m e r c u r i c  c h l o r i d e  a lo n e  d e v e lop ed  a n o r e x i a  and 

d i a r r h o e a ,  showed l o s e  of w e igh t  and apa thy  w i th  m u s c u la r  

weakness ,  p a r t i c u l a r l y  in  t h e  l im b s .  Tremors deve loped  

and t h e  an im a ls  were dead in  f o u r  days from th e  b e g in n in g  

of th e  e x p e r im e n t .  The an im als  g iv e n  B.A.L. in  a d d i t i o n  

t o  t h e  m e r c u r i c  c h l o r i d e  remained f i t  and a c t i v e .  There 

was no l o s e  of w e igh t  o r  a p p e t i t e  and the  development  of  

d i a r r h o e a  o r  t rem o rs  was n o t  o b se rv e d .  The g u in e a  p ig s  

were  s a c r i f i c e d  on th e  f o u r t h  day .  F resh  specimens of 

l i v e r ,  k idney  and g u t  were f i x e d  and s t a i n e d  f o r  

h i s t o l o g i c a l  e x a m in a t io n .

P o s t  mortem e x a m in a t io n  showed t h a t  th e  e f f e c t  of 

the  m e r c u r i c  c h l o r i d e  had f a l l e n  m a in ly  on th e  k id n e y ,  

l i v e r  and g u t .  The k idney  a p p ea re d  somewhat e n la rg e d  

w i th  m in u te  haem orrhages  on i t s  s u r f a c e  and on s e c t i o n  

showed a p a l e  c o r t e x .  The l i v e r  was s l i g h t l y  e n la r g e d  

and had a c o n g e s te d  a p p e a ra n c e .  The s p l e e n  was c o n g e s te d ,  

w h i le  the  g u t  w a l l  was d i s c o l o u r e d  i n  p l a c e s  and showed 

h aem o rrh ag ic  and n e c r o t i c  changes in  th e  lumen. These 

p o s t  mortem f i n d i n g s  were a b s e n t  o r  ve ry  much reduced  in  

the  g u in e a  p ig s  which had r e c e i v e d  B.A.L. in  a d d i t i o n  to  

th e  m e r c u r i c  c h l o r i d e .



c.

F i g .  13. I l l u s t r a t e s  t be  p r o t e c t i v e  a c t i o n  of B.A.L.
(40mg./kg.  in tr a p e r i t o n e a l ly ) -  on the l i v e r  of 
guinea p ig  r e c e iv in g  mercuric  c h lo r id e  5mg.Ag*  
by i n t r a p e r i t o n e a l  i n j e c t i o n .  ( x ' 5 o ) .
A : Normal l i v e r .
B : L i v e r  showing n e c r o t i c  e f f e c t  of mercury .
C : L i v e r  showing p r o t e c t i v e  e f f e c t  of B.A.L.



F i g .  14. I l l u s t r a t e s  t he  p r o t e c t i v e  a c t i o n  of B.A.L.
(4 0 m g . /k g . )  i n t r a p e r i t o n e a l l y  on the kidney of  
guinea p ig  r e c e iv in g  mercuric c h lo r id e  5mg.Ag*  
by in t r a p e r i t o n e a l  i n j e c t i o n .  (x 150).
A: Normal k idney .
B: Kidney showing n e c r o t i c  e f f e c t  of  m e rc u r y .
C: Kidney showing p r o t e c t i v e  e f f e c t  of B.A.L.



H i s t o l o g i c a l  e x am in a t io n  of the  k id n ey s  of the 

g u in e a  p i g s  who had r e c e i v e d  m e r c u r i c  c h l o r i d e  a lo n e  

showed desqu am a t io n  and n e c r o s i s  of th e  t u b u l a r  

e p i t h e l i u m .  The l i v e r  showed d e g e n e r a t i v e  and n e c r o t i c  

changes w h i le  th e  g u t s  showed n e c r o t i c  and h a e m o rrh a g ic  

changes  in the  w a l l  w ith  n e c r o s i s  and desquam ation  of the  

e p i t h e l i a l  c e l l s  of th e  lumen. E xam ina t ion  of the 

s e c t i o n s  of the  above o rgans  from the  a n im a l s ,  r e c e i v i n g  

b o th  B.A.L . and m e r c u r i c  c h lo r i d e , s h o w e d  t h a t  the  above 

changes were e i t h e r  a b s e n t  o r  much reduced .  F i g u r e s  IS 

and  14 i l l u s t r a t e  the  h i s t o l o g i c a l  changes p roduced  in  

g u in e a  p i g s ,  w i t h  and w i th o u t  th e  p r o t e c t i o n  g iven  by 

B .A .L . ,  a g a i n s t  the p o i s o n i n g  of m e r c u r i c  c h l o r i d e .

(d) M e r s a l y l .

A ccord ing  . to  Long and Fa rah (1946) the  i n t r a v e n o u s  

i n j e c t i o n  o f  B.A.L.  reduced  the  l e t h a l i t y  of i n t r a v e n o u s  

"Sajtyrgan*1 in  mice and p r o t e c t e d  the  c a r d i o v a s c u l a r  

sys tem of a n a e s t h e t i s e d  dogs from the  t o x i c  e f f e c t s  of 

t h i s  m e r c u r i a l  compound. I n  t h i s  p r e s e n t  work the  L .D .50  

of Mm e r s a l y l  B . P . n was d e te rm in e d  by th e  same t e c h n iq u e  as 

p r e v i o u s l y  d e s c r i b e d .  The e f f e c t  of  B .A .L .  on t h e  L .D .50  

of Mm e r s a l y l ,! was a l s o  d e te rm in ed .

Table  9 r e c o r d s  the  e x p e r i m e n t a l  r e s u l t s .
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T able  9 .

The e f f e c t  of B.A.L.  40 m g .A g .  on th e  l e t h a l i t y  

of m e r s a l y l  in  w h i te  m ice .

M e r s a ly l M e r s a ly l  & B.A.L.

Dose N o . No. No. No .
m g . /k g . Mice. Dead. M ic e . Dead.

80 20 0 20 3

110 20 0 20 5

115 20 3 20 9

130 20 7 20 7

150 20 9 20 16

T ab le  10 shows t h e . d a t a  from which the  g ra p h  was 

drawn to  d e te r m in e  th e  n e c e s s a r y  L .D .5 0  f o r  "me r e a l y l w and 

**me r e a l y l "  p lu s  B.A.L .

Table  10.

Data f o r  p l o t t i n g  m o r t a l i t y  curve  of m e r s a l y l  in  w h i te  m ic e .

M e r s a ly l M e r s a ly l & B . A.L.

Dose 
m g . / k g .

Log. 
D ose .

%
d ead .

E m p i r i c a l  
P r o b i t  o f  
l e t h a l i t y .

%
dead .

E m p i r i c a l  
P r o b i t  of 
le  t h a l i t y .

80 1 .90 0 - 15 3 .9 6

110 2 .0 4 0 - 25 4 .3 3

115 2 .0 6 15 3 .96 45 4 .8 7

130 2.11 35 4 .6 1 35 4 .61
150 2 .1 8 45 4 .8 7 80 5 .8 4
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F i g .  15. I l l u s t r a t e s  the  p o t e n t i a t i n g  a c t i o n  of  B r i t i s h
A nt i  L e w i s i t e  (40m g. /kg .  g iv e n  i n t r a p e r i t o n e a l l y )  
on the  t o x i c i t y  of " m e r s a l y l ,f g iv e n  
i n t r a p e r i t o n e a l l y  to  g roups  of w hi te  m ice .
The o r d i n a t e s  a re  p r o b i t s  of l e t h a l i t y ,  the  
a b s c i s s a e  l o g s ,  of th e  dosage .
B.A.L, causes  a s h i f t  to  the  l e f t ,  i n d i c a t i n g  an 
i n c r e a s e  in  t o x i c i t y .
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Fi gu r e  15 i H u e t r a t e s  t he  e f f e c t  of B.A.L.  on the 

L.D.50 of m e r s a l y l  g iven  i n t r a p e r i t o n e a l l y  t o  wh i t e  m i c e .  

The L.D.50 of m e r s a l y l  B .P .  was found to  be 155mg. /kg.  

and the L.D.50 of  m e r s a l y l  B . P .  was lowered t o  115mg. /kg.  

when B.A.L.  i n  a dosage of 4Gng. / kg .  was g iven  

i n t r a p e r i t o n e a l l y  immedia te ly  a f t e r  the d i u r e t i c .  The 

r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  B.A.L.  i n c r e a s e s  the 

t o x i c i t y  of m e r s a l y l  when both a r e  g i ven  by the  

i n t r a p e r i t o n e a l  r o u t e .

The L.D.50 f o r  " m e r s a l y l "  g iven  i n t r a v e n o u s l y  to 

mice was found to  be 1 2 0 n g . / k g . ,  and when B.A.L.  in  

dosage of 20mg. /kg was a l s o  g iven  i n t r a v e n o u s l y  to mice 

r e c e i v i n g  i n t r a v e n o u s  "mersa ly l "^  many of t he  mice  were 

p r o t e c t e d  from the v i o l e n t  co n vu l s i o ns  caused by 

i n t r a v e n o u s  " m e r s a l y l " .  B .A .L . ,  g iven  i n t r a v e n o u s l y  

r a i s e d  t he  L .D.50  of  " m e r s a l y l "  g i ven  i n t r a v e n o u s l y  to 

16£xng./kg. This a p p a r e n t  anomaly between the e f f e c t s  of  

B.A.L.  and " m e r s a l y l "  when g iven  i n t r a p e r i t o n e a l l y  and 

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

was p r o v i d ed  by the r e s u l t s  of t e s t s  of the  e f f e c t  of 

" m e r s a l y l "  on wa t e r  d i u r e s i s  i n  g roups  of r a t s .

B.A.L.  a t  a dosage of 4Gng. /k .g . ,  g i ven  i n t r a p e r i t o n 

e a l l y  to r a t s  a c t e d  as an a n t i d i u r e t i c ,  s u p p r e s s i n g  u r i n e  

f o r  t h r e e  to f o u r  hou r s .  "M e r s a ly l "  a t  a dosage  of  

ICOmg. /kg. ,  g i ven  i n t r a p e r i t o n e a l l y  caused immediate

a n u r i a , a n a  dea th  f o l d e d  a f t e r  f o r t y - e ^ t  h o u r s .
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I f  B .A .L .  and Hm e r s a l y l n were g iv en  i n t r a p e r i t o n e a l l y  

w i t h i n  a few m in u te s  of  one a n o t h e r  in  t h e  above d o s e s ,  

s u p p r e s s i o n  of  u r i n e  wae much l e s s  th a n  when e i t h e r  

a lone  was g i v e n ,  and th e  r a t s  s u r v i v e d .

The method of i n v e s t i g a t i n g  th e  e f f e c t  of B.A.L . 

on t h e  d i u r e t i c  a c t i v i t y  of Mm e r s a l y l H was t h a t  

d e s c r i b e d  by Burn (193?)  f o r  t h e  a s sa y  of the  

a n t i d i u r e t i c  p o ten c y  of e x t r a c t s  of th e  p o s t e r i o r  

p i t u i t a r y  body and has  been d e s c r i b e d  a l r e a d y  u n d e r  

m e th o d s .

T ab le  11 shows th e  method of  r e c o r d i n g  th e  

n e c e s s a r y  d a t a  r e q u i r e d  i n  th e  a n t i d i u r e t i c  exp e r im e n ts  

w i t h  r a t e .

\



Table 11. 106.

Group A. 4 r a t s .

Time w a t e r e d  9 .51  h o u r s .

S a l i n e  i n t r a p e r i t o n e a l  to  b a l a n c e  B .A.L.  

S a l i n e  su b c u tan e o u s  to  b a la n ce  m e r s a l y l .

Time T o ta l  Volume of U r ine Volume of U r in e
in  ml.  in  l a s t

in  m l . 15 m i n s .

10 .13 0 . 1 -

10 .28 1 .2 1 .1

1 0 .4 3 5 . 4 4 . 2

10 .58 10.9 5 . 5

1 1 .1 3 15.0 4 . 1

11.28 1 7 .5 2 . 5

1 1 .4 3 18 .9 1 .4

1 1 .5 8 1 9 .4 0 . 7

1 2 .1 3 19 .8 0 . 4

12.28 2 0 .3 0 . 5

12 .4 3 2 0 .4 0 . 1



The method of  c a l c u l a t i n g  the  t im e  to maximum 

e x c r e t i o n  i e  d e t a i l e d  b e lo w : -

T o t a l  u r i n e  e x c r e t e d  20 .5m l.

H a l f  t h i s  p l u s  the  i n i t i a l  o u tp u t  i s  (1 0 .2 5  -f- 0 .1 ) r a l .

- 10 .35ml.

T h is  was e x c r e t e d  between 1 0 .4 3 h r s .  and 1 0 .5 8 h o u rs .

P o i n t  o f  maximum e x c r e t i o n  s 10 .56  h o u r s .

Time t o  t h i s  p o i n t  -  65 m in u t e s .

The r a t s ,  when w a te red  and g iv e n  su b c u ta n e o u s  s a l i n e  

to  b a l a n c e  m e r s a l y l  and i n t r a p e r i t o n e a l  s a l i n e  to  b a l a n c e  

B .A .L .  i n  f u r t h e r  e x p e r im e n t s ,  had a d i u r e s i s ,  t h e  peak  

of which o c c u r r e d  a f t e r  65 m in u te s .  When g iv e n  m e r s a l y l  

i n  a dose o f  l .O m g . /k g .  and s a l i n e  ( t o  b a la n c e  the  B.A.L. 

u sed  in  t h e  n e x t  e x p e r im e n t )  the  peak  of th e  d i u r e s i s  

o c c u r r e d  a f t e r  72 m in u t e s .  R e p e t i t i o n  of t h e  

e x p e r im e n t  one week l a t e r  u s i n g  m e r s a l y l  in  a dosage 

of  l .O m g . /k g .  and s a l i n e  showed t h a t  the  peak  of d i u r e s i s  

o c c u r r e d  a t  73 m in u t e s ,  whereas  th e  m e r s a l y l  g iv e n  

S u b c u ta n e o u s ly  i n  the  above dosage  w i th  B .A .L . ,  i n  a 

dosage  of 4 n g . / k g .  g iv en  i n t r a p e r i t o n e a l l y , g a v e  a f i g u r e  

of  SO m in u te s  f o r  th e  peak  of th e  d i u r e s i s .  I t  f o l lo w s  

from th e s e  r e s u l t s  t h a t  B .A .L . ,  in  sm al l  o r  l a r g e  d o s e s ,  

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

on t h e  e x c r e t i o n  of w a t e r  by normal w h i te  male r a t s .

With l a r g e  d o ses  t h e s e  e f f e c t s  a re  o p p o s i t e  to  one
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a n o t h e r  h u t  w i th  sm a l l  doses  t h i s  i s  n o t  so ,  the 

a n t i d i u r e t i c  e f f e c t  of  t h e  B .A.L .  b e in g  g r e a t l y  i n c r e a s e d .

(e) Chromium.

Chromium h a s  been  known f o r  a long  t ime to  be an 

i n d u s t r i a l  h a z a rd  i n  th e  m in ing  of th e  m e t a l l i c  o r e s ,  

as w e l l  as in  th o se  i n d u s t r i e s  which use s a l t s  of 

chromium f o r  d y e in g ,  e l e c t r o t y p i n g  and p l a t i n g .  The 

e f f e c t  of B .A .L .  on th e  t o x i c i t y  of chromium was 

i n v e s t i g a t e d ,  w i th  th e  o b j e c t  of d e te r m i n i n g  the  p o s s i b l e  

use of B .A .L . ,  as an e f f e c t i v e  t h e r a p e u t i c  a g e n t  f o r  

chrome u l c e r a t i o n  of the  s k i n  and n a s a l  mucus membrane 

and chrome d e r m a t i t i s  due to  chrome compounds.

The p r e p a r a t i o n  of chromium used was chromium 

t r i o x i d e  and the  L .D .50  of t h i s  compound w i th  and w i t h o u t  

th e  a d d i t i o n  of B .A .L .  was d e te r m in e d  as p r e v i o u s l y  

d e s c r i b e d  in  w h i te  mice. The d a t a  n e c e s s a r y  f o r  

o b t a i n i n g  th e  r e q u i r e d  L .D .50  f o r  chromium t r i o x i d e  and 

chromium t r i o x i d e  p l u s  B.A.L. i s  shown in  t a b l e  12.
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T ab le  1 2 .

The e f f e c t  of B .A.L .  40m g./kg .  on the  l e t h a l i t y  

of chromium t r i o x i d e  in  whi te  m ice .

Chromium T r io x id e
-  -  1

Chromium T r io x i d e  & B.A.L.

Dose No. No. No.
f

No.
m g . /k g . M ice . Dead. Mice. Dead.

55 20 2 20 0

65 20 9 20 0

75 20 16 20 4

8 2 .5 20 19 20 7

90 20 20 20 12

95 20 20 20 14

T ab le  13 g i v e s  th e  r e q u i r e d  r e a d i n g s  to  p l o t  

th e  g rap h  of l o g .  dose a g a i n s t  e m p i r i c a l  p r o b i t  of 

l e t h a l i t y .
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F i g .  16. I l l u s t r a t e s  th e  p r o t e c t i v e  a c t i o n  of B r i t i s h  Anti  
L e w i s i t e  (4 0 m g .A g .  g iv e n  i n t r a p e r i t o n e a l l y )  on 
the  t o x i c i t y  o f  chromium g iv e n  i n t r a p e r i t o n e a l l y  
to  g roups  of  w h i te  m ice .  The o r d i n a t e s  a re  
p r o b i t s  of l e t h a l i t y ,  the  a b s c i s s a e  l o g s ,  of the 
d o sa g e .
B.A.L.  cause s  a s h i f t  to th e  r i g h t  i n d i c a t i n g  
d e c r e a s e  in  t o x i c i t y .
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Data f o r  p l o t t i n g  m o r t a l i t y  curve  of chromium 

t r i o x i d e  i n  w h i te  mice.

Chromium T r io x i d e Chromium T r io x i d e  & B.AL.

Dose
m g . /k g .

Log.
d o s e .

%
d ead .

E m p i r i c a l  
P r o b i t  of  
l e t h a l i t y .

%
dead.

E m p i r i c a l  
F r o b i t  of  I 
l e t h a l i t y .  j

55 1 .7 4 10 3 .7 2 0
!

65 1.81 45 4 .87 0 -

75 1.88 80 5 .8 4 20 4 .1 6

8 2 .5 1 .9 2 95 6 .6 4 35 4 .61

90 1 .9 5 100 60 5 .2 5

95 1 .98 100 - 70 5. 52

F ig u re  16 i l l u s t r a t e s  t h a t  B.A.L. has a p r o t e c t i v e  

a c t i o n  a g a i n s t  chromium. The L .D .50  f o r  chromium t r i o x i d e  

g iv en  i n t r a p e r i t o n e a l l y  was r a i s e d  from 67mg./kg .  to  

86m g./kg .  when B .A.L.  was a l s o  g i v e n  i n t r a p e r i t o n e a l l y  

i n  dosage  of 40mg./kg .

T w en ty - fo u r  g u in e a  p ig s  were shaved and chrome u l c e r e  

were produced  by th e  i n t r a c u t a n e o u s  i n j e c t i o n  of 5% chromic 

a c i d  s o l u t i o n .  The i n t r a c u t a n e o u s  wheal p roduced  by the  

5% chromic a c id  s o l u t i o n  had b ro k en  down by th e  f i f t h  day 

p ro d u c in g  w e l l  e s t a b l i s h e d  c i r c u l a r  u l c e r s  a t  each s i t e  of



i n j e c t i o n .  There  was a b l a c k  s lo u g h in g  e s c h a r ,  with  a 

d i a m e t e r  of h a l f  to  t h r e e  q u a r t e r s  of an in c h ,  w h i le  the  

edge of the_ u l c e r  was su r ro u n d e d  by a r a i s e d  red a r e o l a ,  

a p p ro x im a te ly  q u a r t e r  of an inch  i n  w id th .  During 

the  f o r m a t i o n  of the  u l c e r s  th e  an im a ls  s u f f e r e d  from 

some sy s te m ic  a b s o r p t i o n  of th e  chromic a c i d  from the 

s i t e  of t h e  i n t r a c u t a n e o u s  i n j e c t i o n .  T h is  was 

e v id e n ce d  by v a r y i n g  d e g re e s  of a p a th y ,  l o s s  of a p p e t i t e ,  

m a l a i s e  and weakness b u t ,  by th e  t ime the  u l c e r s  were 

e s t a b l i s h e d , a l l  th e  a n im a ls  had r e c o v e re d  from th e s e  

symptoms. At t h i s  s t a g e  of the  e x p e r im e n t  the  g u in e a  

p ig s  were d i v i d e d  i n t o  two g roups  and th e  u l c e r s  of  h a l f  

the  an im a ls  were t r e a t e d  w i t h  d a i l y  a p p l i c a t i o n  of the  

a c r i f l a v i n e  o in tm e n t  whi le  th e  u l c e r s  of t h e  o t h e r  h a l f  

of th e  an im a ls  were t r e a t e d  w i th  a c r i f l a v i n e  o in tm e n t  

c o n t a i n i n g  10% by w e ig h t  of B .A.L .  The B.A.L. o in tm e n t  

was s t o r e d  i n  a r e f r i g e r a t o r  to e n su re  th e  minimal  l o s s  

of p o te n c y .  O b s e r v a t io n s  were made on th e  r a t e s  of 

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

w i th  B.A.L . s o f t e n e d ,  i n d u r a t i o n  was p r o g r e s s i v e l y  l o s t  

and they  were c o m p le te ly  h e a l e d  in  t h i r t y  d a y s .  The 

u l c e r s  t r e a t e d  w i th  a c r i f l a v i n e  o in tm e n t  only were s t i l l  

i ln du ra ted  and a p p ro x im a te ly  one q u a r t e r  of t h e i r  o r i g i n a l  

s i z e  a f t e r  f o r t y  days t r e a t m e n t .  Complete h e a l i n g  too k

a n o t h e r  tw e lve  to  e ig h t e e n  d a y s .  There  was no doub t  t h a t
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the t r e a tm e n t  of the  chrome u l c e r a t i o n  w i th  B .A .L .  was 

a d i s t i n c t  advance on t r e a t m e n t  w i th o u t  B.A.L. a 

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

t r e a tm e n t  with. B.A.L. o in tm e n t  and,  i f  n e c e s s a r y ,  th e  

a d m i n i s t r a t i o n  of B.A.L.  s y s t e m i c a l l y ,  by i n t r a m u s c u l a r  

i n j e c t i o n  in  p e a n u t  o i l - b e n z y l  b e n z o a te  would be of v a lu e  

in the t r e a t m e n t  of cases  of chrome u l c e r a t i o n  of the  

sk in ,  the  n a s a l  mucous membranes and chrome d e r m a t i t i s  

in man.

( f )  Lead.

During  the  p r e s e n t  c e n t u r y ,  th e  i n c i d e n c e  of l e a d  

p o i s o n in g  h as  been  g r e a t l y  redu ced ,  due to  the  g r e a t e r  

i n d u s t r i a l  p r e v e n t i t i v e  measures  now a d o p te d .  One of 

the main so u rc e s  of l e a d  p o i s o n i n g  s t i l l  p r e s e n t  i s  

caused by the  i n h a l a t i o n  of lead  v a p o u r ,  formed a s  a r e s u l t  

of the  a c t i o n  of the o x y - a c e ty l e n e  b u r n e r  on the  m e ta l  

p l a t e s  of s h i p s  c o n t a i n i n g  l e a d ,  as  o c c u r s  d u r in g  the  

course  of sh ip  b r e a k i n g .  In  sh i p b r e a k i n g ,  p r e v e n t i t i v e  

measures a r e  d i f f i c u l t  to  a p p ly  and t h i s  i n d u s t r y  i s  one 

of th e  main s o u r c e s  of c l i n i c a l  l e a d  p o i s o n i n g .  Fo r  t h e s e  

r e a so n s ,  i t  was c o n s id e r e d  t h a t  B .A.L .  was worthy of t r i a l  

to d e te rm in e  i t s  e f f e c t  on the t o x i c i t y  of  l e a d .

The l e a d  s a l t  used e x p e r i m e n t a l l y  was l ea d  a c e t a t e  B .P .  

(Pb(GHs .CCO)g. SHgQV and an a c u t e  t o x i c i t y  e x p e r im e n t  w i th



w hi te  mice was c a r r i e d  o u t  u s in g  a s u i t a b l e  range  of 

t o x i c  d o s e s .  S u i t a b l e  dosage  was d e te rm in e d  by means 

of a s e r i e s  of t r i a l  doses  u s i n g  sm a l l  g ro up s  of m ice .

Table  14 r e c o r d s  the  s e r i e s  of d o se s  of l e a d  a c e t a t e  , 

g iv e n  to  g ro up s  of w h i t e  mice by i n t r a p e r i t o n e a l  i n j e c t i o n  

with and w i t h o u t  the  a d d i t i o n  of B .A .L . ,  g iv e n  

i n t r a p e r i t o n e a l l y  in  doses  of 40m g./kg .

Table  14.

The e f f e c t  of B.A.L. 40m g./kg .  on th e  l e t h a l i t y  of 

l e a d  a c e t a t e  i n  w h i te  mice .
X .. _____________

Lead a c e t a t e Lead a c e t a t e  & B .A.L.

Dose No. No. No. No.
m g . /k g . M ic e . Dead. Mice. De ad.

400 20 0 20 5

425 20 0 20
i

9 1 1
450 20 8 20

1
15

475 20 12 20 19

500 20 17 20 20

525 20
19

20 20

Table  15 g i v e s  the  d a t a  n e c e s s a r y  f  o i /cons t ru  c t i n g  

the  g rap h  b a sed  on p l o t t i n g  the  l o g .  dose of t h e  l e a d  

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

w i t h o u t  the  a d d i t i o n  of B.A.L.
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F i g .  17.  I l l u s t r a t e s  the  p o t e n t i a t i n g  a c t i o n  of B r i t i s h
Anti  L e w is i t e  (4 0 m g .A g .  g iv e n  i n t r a p e r i t o n e a l l y )  
on the  t o x i c i t y  of l e a d  g iv e n  i n t r a p e r i t o n e a l l y  to  
g ro u ps  of  w hi te  m ic e .
The o r d i n a t e s  a r e  p r o b i t s  of  l e t h a l i t y ,  t he  
a b s c i s s a e  l o g s ,  of  t he  dosage .

B.A.L.  causes  a s h i f t  to t he  l e f t  i n d i c a t i n g  
i n c r e a s e  in t o x i c i t y .



T a b le  1 5 .

Data  f o r  p l o t t i n g  m o r t a l i t y  curve  of l e a d  a c e t a t e  

in  w h i te  m i c e .

Lead A c e t a t e . Lead a c e t a t e  & B.A.L .

Dose Log. %
E m p i r i c a l  
P r o b i t  of %

Efcnpirical 
P r o b i t  o f

mg. A g . d o s e . d e a d . l e t h a l i t y dead. l e t h a l i t y .

400 2 .60 - - 25 4 .3 3

425 2 .6 3 - - 45 4 .8 7

450 2 .6 5 40 4 .75 75 5 .67

475 2 .68 60 5 .25 23 6 .6 4

500 2.70 85 6 .0 4 100 -

525 2 .7 2 95 6 .6 4 100 -

The L .D .50  of lead  a c e t a t e  g iven  in  s o l u t i o n  

i n t r a p e r i t o n e a l l y  to white  mice was found to be 458m g.A g.  

w h ile  the L.D .50  of lead a c e t a t e  p lu s  B .A .L .  g iv en  

i n t r a p e r i t o n e a l l y  was found to be 427m g.A g .  These 

r e s u l t s  prove th a t  B.A.L. had an a d d i t iv e  e f f e c t  on the 

t o x i c i t y  of l ea d .  This a d d i t iv e  e f f e c t  of B.A.L.  on the 

t o x i c i t y  of lead i s  i l l u s t r a t e d  in  f i g u r e  17.

(g) Go I d .

One of t h e  most  im p o r t a n t  a dvances  in  th e  t r e a t m e n t  of 

rheu m a to id  a r t h r i t i s  was t h e  i n t r o d u c t i o n  of g o ld  s a l t s  on 

th e  c o n t i n e n t  by F o r e s t i e r  (1932) .  Many B r i t i s h  and 

European  p h y s i c i a n s  a re  ag re ed  t h a t  c a r e f u l  and j u d i c i o u s  

e x h i b i t i o n  of t h e s e  s a l t s  can be e x p e c te d  to  p roduce



b e n e f i c i a l  r e s u l t s  in  a p p ro x im a te ly  t w o - t h i r d s  of 

s u i t a b l e  c a s e s ,  and t h a t  t h i s  undoubted p e r c e n t a g e  of 

improvement j u s t i f i e s  th e  r i s k  of s e v e r e  t o x i c  r e a c t i o n s  

which a r e  l i a b l e  to  o c c u r ,  in  many case s  q u i t e  u n e x p e c te d ly  

In  view of th e  p o s s i b l e  development  of such t o x i c  r e a c t i o n s  

to g o l d  as e x f o l i a t i v e  d e r m a t i t i s ,  t o x i c  n e p h r i t i s ,  t o x i c  

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

t e s t  the  a c t i o n  of B .A.L.  on th e  t o x i c i t y  of sodium 

a u r o t h i o m a l a t e

COONa

Au.S.GH

COONa

a ’ g o l d  compound much used in  the  c h ry s o t h e r a p y  of 

rheum a to id  a r t h r i t i s .

T r i a l  doses  of the  g o ld  s a l t  were c a r r i e d  o u t  i n  sm a l l  

g ro u ps  of w h i te  mice i n  o r d e r  to o b t a i n  a s u i t a b l e  range  

o f  t o x i c  d o s e s .  With a s u i t a b l e  range of dosage  d e te r m in e d  

two s e r i e s  of g roups  of w h i te  mice were i n j e c t e d  

i n t r a p e r i t o n e a l l y  w i th  th e  g o ld  s a l t  in  v a r y in g  dosag e ,  

w h i le  one s e r i e s  of w hi te  mice a l s o  r e c e i v e d  

i n t r a p e r i t o n e a l  B.A.L.  in  a dose of 4 0 m g .A g .  T ab le  16

r e c o r d s  the  r e s u l t s  o b t a in e d .



Table  16 .

116.

The e f f e c t  o f  B .A .L .  4 0 m g . / k g .  on the  l e t h a l i t y

of sodium a i iTOth iom ala te .

Sodium a u r o t h i o m a l a t e Sodium a u r o t h i o m a l a t e  
& B.A.L.

Dose No. No. No . No.
m g .A g . Mice. Dead. M ic e . De a d .

650 20 1 20 4

7501 20 3 20 9

1250 20 11 20 18

1500 20 18 20
”  ^

Table  17 s u p p l i e s  th e  n e c e s s a r y  d a t a  f o r  g r a p h in g  

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

Table 17.

Data  f o r  p l o t t i n g  m o r t a l i t y  cu rve  of sodium a u r o t h i o -  

m a la t e  in  w h i te  mice .

Sodium a u r o t h i o m a l a t e Sodium a u r o t h i o m a l a t e  
& B.A.L.

Dose 
mg. A g .

Log.
D ose .

%
dead.

E ta p i r i c a l  
P r o b i t  of 
l e t h a l i t y .

%
dead .

E m p i r i c a l  
P r o b i t  of 
l e t h a l i t y .

650 2 .81 5 3 .3 5 20 4 .1 6

750 2 .88 15 3 .9 6 45 4 .8 7

1250 3 .10 55 5 .13 90 6 .28

1500 3 .18 90 6 .28 95 6 .6 4

-----------------------------_l
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F i g .  18. I l l u s t r a t e s  the  p o t e n t i a t i n g  a c t i o n  o f  B r i t i s h

A nt i  L e w i s i t e  (40m g. /kg .  g iv en  i n t r a p e r i t o n e a l l y )  

on t h e  t o x i c i t y  of g o ld  g iven  i n t r a p e r i t o n e a l l y  

to  groups of w hi te  m ic e .

The o r d i n a t e s  a r e  p r o b i t e  of l e t h a l i t y ,  the 

a b s c i s s a e  lo g s ,  of the  d o sa g e .

B .A.L .  causes  a s h i f t  to the  l e f t  i n d i c a t i n g  

i n c r e a s e  in  t o x i c i t y .



1 1 7 .

F ig u r e  lg  i l l u s t r a t e s  the  e f f e c t  of  B .A .L .  on the  

t o x i c i t y  of sodium a u r o t h i o m a l a t e  on w h i te  mice when 

bo th  a r e  g iv e n  by i n t r a p e r i t o n e a l  i n j e c t i o n .  The L .D .50  

of sodium a u r o t h i o m a l a t e  in  w h i te  mice by i n t r a p e r i t o n e a l  

i n j e c t i o n  was found to be 1060mg./kg.  B .A.L .  had an 

a d d i t i v e  e f f e c t  on th e  t o x i c i t y  of sodium a u r o t h i o m a l a t e  

r e d u c in g  the  L .D .50  of sodium a u r o t h i o m a l a t e  to  8 4 0 m g .A g .

I t  sh o u ld  be n o t e d ,  however,  t h a t  Cohen, Goldman and 

Dubbs (19 4 7 ) ,  Hagan and Boots  (1947) ,  L o c k ie ,  N o rc ross  and 

George (1 9 4 7 ) ,  and Davison (19 4 7 ) ,  have r e p o r t e d  the 

s u c c e s s f u l  use  of B .A .L . ,  g iv en  by i n t r a m u s c u l a r  i n j e c t i o n ,  

in  c a se s  of t o x i c  r e a c t i o n s  r e s u l t i n g  from go ld  t h e r a p y ,  

used  in  the  t r e a t m e n t  of  rheum a to id  a r t h r i t i s .  Cohen 

e t  a l  (1947) t r e a t e d  f i v e  c a se s  of a c u t e  p o i s o n i n g  due t o  

g o ld  and n o te d  prompt c l i n i c a l  improvement in t h e i r  c a se s  

once th e r a p y  w i th  B.A.L.  was s t a r t e d .  As t h e y  them se lves  

a d m i t , t h e  number of  case s  was too  sm al l  to j u s t i f y  d e f i n i t e  

c o n c l u s i o n s .  Ragan and Boots  (1947) t r e a t e d  f i v e  c a se s  

of d e r m a t i t i s  due to  go ld  t h e r a p y  and in  f o u r  of the  

case s  the  d e r m a t i t i s  c l e a r e d  up w i th  B.A.L. t h e r a p y .

In  a l l  f i v e  c a se s  t h e r e  was noted  a s i g n i f i c a n t  e x c r e t i o n  

of  go ld  in  th e  u r i n e  f o l l o w i n g  th e  a d m i n i s t r a t i o n  of B.A.L.  

Lockie  e t  a l  (1947) s u c c e s s f u l l y  t r e a t e d  two p a t i e n t s  wi th  

B .A.L.  -  one w i th  th ro m b ocy to p en ic  p u r p u r a  and th e  o t h e r  

w i th  g r a n u l o c y t o p e n i a  due to  g o ld  t h e r a p y .  Davison (1947)



t r e a t e d  t h r e e  cases  of g o ld  d e r m a t i t i s  w i th  B.A.L. and 

c la imed t h a t  the  r a p id  d i s a p p e a r a n c e  of the  d e r m a t i t i s  in  

each p a t i e n t  was due to  t h e  B.A.L.

(h) B ism u th .

The b i sm u th  s a l t  t e s t e d  was sodium b i s m u th y l  t a r t r a t e  

g iv en  by i n t r a p e r i t o n e a l  i n j e c t i o n  to w h i te  mice and the 

e f f e c t  of  3 . A.L.,  g iv e n  by i n t r a p e r i t o n e a l  i n j e c t i o n  i s  

shown by th e  r e s u l t s  i n  t a b l e  18.

Table  18

The e f f e c t  of B.A.L.  4 0 m g .A g .  on th e  l e t h a l i t y  of 

sodium b ism uth  t a r t r a t e .

Sodium b ism uth  t a r t r a t e . Sodium b ismuth  t a r t r a t e  
& B.A.L.

Dose No. No. No. No.
mg. A g . M ice . Dead. Mice. Dead.

200 20 0 20 3

350 20 0 20 11

450 20 2 20 15

.600 20 7 20 19

800 20 14 20 20

875 20 17 20 20

T ab le  18 g i v e s  the  n e c e s s a r y  d a ta  f o r  the  c o n s t r u c t i o n  

of  a g raph  showing the  r e l a t i o n  of  th e  lo g .  dose to th e  

e m p i r i c a l  p r o b i t  of  l e t h a l i t y .
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I l l u s t r a t e s  the  p o t e n t i a t i n g  a c t i o n  of B r i t i s h  

Anti  L e w i s i t e  (40m g./kg .  on th e  t o x i c i t y  of 

b ismuth  g iv en  i n t r a p e r i t o n e a l l y  to g roups  of  

w h i te  m ice .  The o r d i n a t e s  a r e  p r o b i t s  of 

l e t h a l i t y ,  the  a b s c i s s a e  l o g s ,  of the dosage .  

B .A.L . causes  a s h i f t  to the  l e f t  i n d i c a t i n g  

i n c r e a s e  in  t o x i c i t y .



T a b le  19 .

Data f o r  p l o t t i n g  m o r t a l i t y  curve of sodium 

b i s m u th y l  t a r t r a t e  in  w h i te  mice.

| Sodium b i s fnuth t a r t r a t e Sodium b ism uth  t a r t r a t e  
& B.A.L.

1
Dose k o g . %

E m p i r i c a l  
P r o b i t  of %

E m p i r i c a l  
P r o b i t  of

m g . /k g . d o s e . dead . l e t h a l i t y . d ead . l e t h a l i t y . |
i

200 2 .30 0 - 15 3 .9 6

350 2 .5 4 0 - 55 5 .1 3

450 2 .65 10 3 .7 2 75 5 .67

600 2.78 35 4 .61 95 6 .6 4

800 2 .90 70 5 .5 2 100 -

875 2 .9 4 85 6 .0 4 100 -

L _ .......... -1
The g rap h  i l l u s t r a t e d  in  f i g u r e  19. shows t h a t  B.A.L,

had  an a d d i t i v e  e f f e c t  on th e  t o x i c i t y  of th e  b ism u th  

s a l t ,  t h e  L .D.50 of which was found to be  6 6 5 m g . /k g . ,  

i n t r a p e r i t o n e a l l y  in  w hi te  m ice ,  B.A.L. r e d u c in g  the  

L .D .50  to  3 l5 m g . /k g .



3. E f f e c t  o f  B . A . L .  on Enzyme S y s t e m s .

P e t e r s ,  S tocken and Thompson (1945) showed t h a t  B .A.L .  

p r o t e c t e d  th e  a r s e n i c - s e n s i t i v e  p y r u v i c  o x id a s e  i n v i t r o 

and was a l s o  c a p a b le  of r e v e r s i n g  th e  p o i s o n i n g ,  which had 

o c c u r r e d  due to  i t s  h igh  a f f i n i t y  f o r  a r s e n i c .  B .A.L .  

i t s e l f  i s  t o x i c  and in  o r d e r  to  s tu d y  th e  cause  of t h i s  

t o x ic i ty ,W e b b  and Heyningen (1947) i n v e s t i g a t e d  t h e  

a c t i o n  of  B .A .L .  on a l a r g e  number of enzymes i n v i t r o .

The seven  enzymes po ly ph en o l  o x i d a s e ,  c a r b o n ic  a n h y d ra se ,  

c a t a l a s e ,  p e r o x i d a s e ,  a ldehyde  m u ta se ,  p h o s p h o r y l a s e  and 

g l y o x y la s e  were s t r o n g l y  i n h i b i t e d . b y  B.A.L. Four of  

t h e s e  enzymes a re  m e t a l l o - p r o t e i n s . P o ly p h e n o l  o x id a s e  

c o n ta in s  co pp er ,  c a r b o n ic  anhydrase  z i n c ,  and c a t a l a s e  and 

p e r o x i d a s e  c o n ta in  i r o n .  This  r e s u l t  i s  s t r o n g  e v id e n c e  

t h a t  B .A .L .  s p e c i f i c a l l y  i n h i b i t s  enzymes c o n t a i n i n g  m e t a l s  

and t h a t  the i n h i b i t i o n  i s  due to B .A .L .  combining w i th  th e  

m e t a l s ,  as th e  s u b s ta n c e  has  a h igh  a f f i n i t y  f o r  m e t a l s .  

P a p a in  and the  g l y c o l y t i c  sys tem of muscle  a c e to n e  powder 

were b o th  found t o  be a c t i v a t e d  by B.A.L. C y s t e in e  i s  

a l s o  c a p a b le  of  a c t i v a t i n g  p a p a in  and the  g l y c o l y t i c  system 

of m usc le  a c e to n e  powder, and Webb and Heyningen c o n s i d e r e d  

t h a t  t h i s  e f f e c t  was p ro b a b ly  due t o  the  r e d u c in g  p r o p e r t i e  

of th e  t h i o l  (-SH) g ro u p s .

H e r b e r t ,  Gordon, Subrahmanyan, and Green (194C) showed 

t h a t  th e  a c t i o n  of the  enzyme zymohexase was i n a c t i v a t e d  by



1 2 1 .

t r a c e s  of heavy m e t a l s .  Webb and Heyningen found t h a t  

B .A .L .  s l i g h t l y  a c t i v a t e d  t h i s  enzyme and c o n s id e r e d  t h a t  

th e  a p p a r e n t  a c t i v a t i o n  was p ro b a b ly  due t o  B.A.L. 

removing t r a c e s  of t h e s e  heavy m e ta l s  in the u n d ia ly z e d  

s o l u t i o n  of m usc le  a c e to n e  powder u s e d .

In  th e  case  of p o ly p h e n o l  o x id a . s e ,Webb and Heyningen 

c o n s i d e r e d  t h a t  the  e f f e c t  of B . A . L . , i n  i n h i b i t i n g  the  

enzyme, was c e r t a i n l y  due to the fo rm a t  ion of an i n s o l u b l e  

c o p p e r -B . A .L . compound. They found  t h a t  the  enzyme co u ld  

be r e a c t i v a t e d  by the  a d d i t i o n  of ex ce ss  of cop p er  s a l t .

As a r e s u l t  of  t h e s e  e x p e r im e n ts  th e  a u t h o r s  c o n s i d e r e d  

t h a t  B .A .L .  p r o b a b ly  a c t s  as a g e n e r a l  i n h i b i t o r  of 

enzymes c o n t a i n i n g  m e t a l s  and as an a n t a g o n i s t  of m e ta l  

a c t i v a t i o n  of enzymes. The a u th o r s  concluded  t h a t  th ey  

could  n o t  d e c id e  whether  o r  n o t  th e  t o x i c i t y  of B.A.L. was 

due to  the  i n h i b i t i o n  of m e t a l - c o n t a i n i n g  enzymes by B.A.L.

B a r ro n ,  M i l l e r  and Meyer (1947) s t u d i e d  th e  e f f e c t  o f  

B.A.L- on the  a c t i v i t y  of enzyme sys tem s and on t i s s u e  

m e ta b o l i sm ,  in  an a t t e m p t  to  e l u c i d a t e  th e  t o x i c  e f f e c t s  

o bse rved  when l a r g e  amounts of  d i t h i o l s  were i n j e c t e d  

i n t o  a n im a l s .  B arron  e t  a l  confi rmed the  f i n d i n g s  of 

Webb and Heyningen (1S47) t h a t  B .A,L.  p roduced  i n h i b i t i o n  

of some enzyme sys tem s by combining w i th  th e  heavy m e ta l s  

fo rm ing  th e  p r o s t h e t i c  group of the  p r o t e i n  m o ie ty  of th e  

enzyme. They found  t h a t ,  d u r i n g  the  o x i d a t i o n  of B .A .L . ,



t h e r e  was i n h i b i t i o n  of enzyme sys tem s which c o n ta in e d  

e s s e n t i a l  t h i o l  g r o u p s .  The a u th o r s  c o n s id e re d  t h a t  

th e  r e d u c in g  power of B .A.L.  was a l s o  r e s p o n s i b l e  f o r  

some of the  t o x i c  e f f e c t s .  The p h y s i o l o g i c a l  a c t i v i t y  

of i n s u l i n  was found  to  be  d e s t r o y e d  by B.A.L. and i t  was 

c o n s id e r e d  t h a t  the  d e s t r u c t i o n  was p ro b a b ly  due to the  

r e d u c in g  a c t i o n  of  B.A.L. in  r e d u c in g  th e  -S -S -  g roups  of 

i n s u l i n .

(a)  The e f f e c t  of B.A.L . on th e  a c t i o n  of I n s u l i n .

In  the  p r e s e n t  ex p er im en ts  a group of f i v e  r a b b i t s ,  

weighing  each a p p ro x im a te ly  2kg. were s t a r v e d  o v e r n i g h t  

and a b lood sample  of 0 .5 m l .  was drawn from th e  m a r g i n a l  

e a r  v e i n  of each r a b b i t  the  f o l l o w i n g  morning arid p o o le d  

by m ix in g  in  a h e p a r i n i s e d  t u b e .  The f a s t i n g  b lo o d  

s u g a r  l e v e l  was then  e s t i m a t e d .  The a n im a ls  were then 

g iv en  0 . 5  u n i t  of s o l u b l e  i n s u l i n / k g .  s u b c u t a n e o u s l y  and 

b lo o d  was a g a in  c o l l e c t e d  from t h e  m a r g in a l  e a r  v e in  of 

t h e  r a b b i t s ,  at- h o u r ly  i n t e r v a l s  and p oo led  i n  a 

h e p a r i n i z e d  tube  by thorough m ix ing .  The b lo o d  s u g a r  

l e v e l  was e s t i m a t e d  by the  method of Hagedorn and J e n se n  

each p o o led  sample  of b lo o d .

A f t e r  t h r e e  day s ,  th e  above exp er im en t  was r e p e a t e d  

w i th  the  same r a b b i t s ,  w i th  t h e  a d d i t i o n  of £5m g./kg .  of 

B .A .L .  g iv en  i n t r a p e r i t o n e a l l y  a f t e r  the  i n s u l i n  had been 

i n j e c t e d  subcu t a n e o u s l y . At h o u r ly  I n t e r v a l s ^



INSULM 0  5 unit

T i * \ e  i n  H o o k s .

F iQ o (te2 o .9 L u co s£  T o c eM w ce  T e s r .
$ L o O p  S u q AR. C u*v£  of Five R^flSil'S.

F i g . 20. I l l u s t r a t e s  the  mean b lo o d  s u g a r  curve in  f i v e  

r a b b i t s  a f t e r  0 . 5  u n i t / k g .  of s o l u b l e  i n s u l i n  

g i v e n  s u b e u t a n e o u s l y ,  and the  e f f e c t  o f  B .A .L .  

2 5 n g . / k g .  g iv e n  i n t r a p e r i t o n e a l l y  i n  i n h i b i t i n g  

the  a c t i o n  of th e  same dose  o f  i n s u l i n  in  the  same 

a n i m a l s .



1 2 3 .

b lo o d  was c o l l e c t e d  from the  m a rg in a l  e a r  v e in  of the  

r a b b i t s  and p o o le d  in  a h e p a r i n i z e d  tube  by thorough  

m ix in g .  The blood su g a r  l e v e l  was e s t i m a t e d  in  each 

p o o led  sample .

T ab les  20 and 21 r e c o r d  th e  e x p e r im e n ta l  d a t a  

o b t a i n e d  in  t h e s e  exper im ents  and s u p p l i e s  the  d a t a  f o r  

f i g u r e  2 0 , which i l l u s t r a t e s  th e  e f f e c t  of B.-A.l . on th e  

a c t i o n  of i n s u l i n .

Table  20.

The e f f e c t  of 0 . 5  u n i t / k g .  of s o l u b l e  i n s u l i n  on the  

b lo od  s u g a r  l e v e l  of f i v e  r a b b i t s .

S o lu b le  i n s u l i n  0 . 5  u n i t / k g .  s u b e u t a n e o u s l y .

Headings .
Time 

in  h r s .
Blood Sugar  
mg. / 1 0 0 m l .

Mean f a s t i n g  b lood  s u g a r  l e v e l 10 .45 0 . 7 2

I n s u l i n  g iv en  a t 11 .00 -

Mean blood s u g a r  l e v e l  a t 12 .00 0 .2 8

Mean b lood  su g a r  l e v e l  a t 1 .0 0 0 . 2 2  •

Mean b lood  s u g a r  l e v e l  a t 2 .0 0 0 .1 8

Mean b loo d  s u g a r  l e v e l  a t 3 .00 0 .3 8

Mean b lo o d  s u g a r  l e v e l  a t 4 .0 0 0 . 4 4
.



T a b le  2 1 .

The e f f e c t  o f  B .A .L .  2 5 m g . / k g .  on th e  a c t i o n  of i n s u l i n

S o lu b le  i n s u l i n  0 .5  u n i t / k g .  s u b c u ta n e o u s ly  p l u s  
B .A.L .  25m g.A g .  i n t r a p e r i t o n e a l l y .

Time Blood s u g a r
Read ings i n  h r s . mg. / 1 0 0 m l .

Mean f a s t i n g  b lo o d  s u g a r  l e v e l 10 .45
■
0 . 8 4

I n s u l i n  p l u s  B.A.L. g iv en  a t 11 .0 0 -

Mean blood su g a r  l e v e l  a t 12.00 0 .4 8

Mean b lood  su g a r  l e v e l  a t 1 .0 0 0 .5 6

Mean b lood  s u g a r  l e v e l  a t 2 .00 0 . 6 6

Mean b loo d  s u g a r  l e v e l  a t 3 .0 0 0 .6 8

Mean b lood  s u g a r  l e v e l  a t 4 .00 0 . 7 2

The mean b loo d  su g a r  l e v e l  a f t e r  t h r e e  hours  f e l l  by 

s e v e n t y - f i v e  p e r  c e n t ,  when the  r a b b i t s  were g iv e n  s o l u b l e  

i n s u l i n  a lo n e ,  whereas with  i n s u l i n  and B.A.L. th e  mean 

b lo o d  s u g a r  l e v e l  f e l l  by tw en ty -one  p e r  c e n t .  In  

a d d i t i o n ,  i t  w i l l  be observed  from f i g u r e  SO t h a t  i n s u l i n  

by i t s e l f  p roduced  a more p r e c i p i t a t e  and a more p r o lo n g e d  

f a l l  in  the  b loo d  sugar  l e v e l  than  d id  th e  i n s u l i n  in  the  

same an im als  t r e a t e d  w i th  B.A.L.



4. The e f f e c t  of B .A .L .  on carbon t e t r a c h l o r i d e  

p o i s o n in g  in  r a t s .

Glynn, Himsworth and Keuberger  (1945) showed t h a t  

n e c r o s i s  of th e  l i v e r  in  r a t s  on s y n t h e t i c  am in o -ac id  

m ix t u r e  d i e t s  d id  n o t  deve lop  i f  an a d eq u a te  amount of 

c y s t i n e  was added to  t h e s e  d i e t s .  F ive  a m in o -a c id  

m ix tu re  d i e t s  were used ;  s u l p h u r  f r e e ,  h igh  m e th io n in e ,  

h igh  c y s t i n e ,  low m e th io n in e  and low m e th io n in e  p lu s  c y s t i n e  

The s u l p h u r - f r e e  a m in o -a c id  m ix t u r e  d i e t  was common to the  

rem a in in g  d i e t s  b u t  each of t h e s e  had d i f f e r e n t  

su p p le m e n ts ,  namely,  h igh  m e t h i o n in e ,  h igh c y s t i n e ,  low 

m e th io n in e  and low m e th io n in e  p l u s  c y s t i n e .  C y s t in e  could  

be r e p l a c e d  by m e t h i o n in e ,  which i s  c o n v e r t e d  i n t o  c y s t i n e  

i n  th e  body.

Both c y s t i n e  and m e th io n in e  c o n t a i n  a e u lp h y d r y l  

(-SH) g roup  and W it t s  (1947) in  h i s  rev ie w  of  d i e t e t i c  

f a c t o r s  in  l i v e r  d i s e a s e  s t a t e d  t h a t  th e  above r e s u l t s  in 

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

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

g ro u p ,  j u s t  as th e  m ethy l  (-CHg) g roup  was th e  e s s e n t i a l  

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

In  view of th e  above e x p e r i m e n t a l  f i n d i n g s  i t  was 

c o n s id e r e d  worth w h i le  to  o b se rv e  i f  B .A .L . ,  p o s s e s s i n g  two



F i g .  21. Act ion of  B.A.L.  on the  l i v e r  n e c r o s i s  in

r a t s  p roduced  by carbon t e t r a c h l o r i d e ,  ( x  I5<d).

A. Carbon t e t r a c h l o r i d e :  n e c r o s i s  of l i v e r  c e l l s

B. Carbon t e t r a c h l o r i d e  p l u s  B .A .L . :  n e c r o s i s  of 

l i v e r  c e l l s .



1 2 7 .

s e r i e s  showed n e c r o s i s  of the l i v e r  c e l l s .  Th is  i s  

i l l u s t r a t e d  in  f i g u r e  21.

Summary •

B r i t i s h  Anti  L e w is i t e  (B .A.L .)  h a s  an  L .D .50  of 

lOCteg./kg. i n t r a p e r i t o n e a l l y  i n  m ice .  I t  c a u se s  

c o n j u n c t i v i t i s ,  a t a x i a ,  r a p i d  then  im p a i re d  r e s p i r a t i o n  

and c o n v u ls io n s  in s m a l l  a n im a l s .

In  a n a e s t h e t i s e d  r a b b i t s ,  B .A.L.  in  s m a l l  doses  

(4 m g . /k g . )  causes a temporary  r i s e  in  b lo o d  p r e s s u r e ,  b u t  

in c a t s  only  a f a l l  in  b lo o d  p r e s s u r e  i s  s e e n .  T h is  i s  

c o n s id e r e d  i n i t i a l l y  to  be due t o  s p l a n c h n i c  d i l a t a t i o n ,  

bu t  c o n s t r i c t i o n  of the leg  and s p l e e n  with an a c t i v e  

b e a t i n g  h e a r t  and p r o g r e s s i v e  f a l l  i n  b lood p r e s s u r e  i s  the  

main f e a t u r e  of the a c t i o n  of l e t h a l  d oses  o f  B .A .L ,  i n  

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

lead in g  to h a e m o co n c en t ra t io n  and a s t a t e  o f  sh o c k ,  i s  

h e ld  to  be the  cause of dea th  in  a n a e s t h e t i s e d  a n im a l s ,  as 

co n v u ls io n  i s  the  cause of d e a th  i n  i n t a c t  a n im a l s .

B .A .L .  has a p r o t e c t i v e  a c t i o n  on w h i te  mice p o i so n e d  

with a r s e n i c ,  m ercury ,  antimony and chromium, and a d e l 

e t e r i o u s  e f f e c t  on mice p o iso n e d  with  l e a d ,  g o l d  and 

b i  smuth.  T is su e  damage caused  by c h ro n ic  p o i s o n in g  with  

a r s e n i c ,  mercury and chromium is  p r e v e n t e d  or r e l i e v e d  by 

B.A.L.



B.A.L .  i n t r a v e n o u s l y  has a p r o t e c t i v e  a c t i o n  on 

mice p o i s o n e d  with m e r s a l y l  g iven  in t r a v e n o u s  l y .

B.A.L. i n t r a p e r i t o n e a l l y  has a d e l e t e r i o u s  e f f e c t  on 

mice p o iso n e d  with m e r s a l y l  g iv e n  i n t r a p e r i t o n e a l l y .

M e r s a ly l  and B.A.L. i n  l a rg e  doses  have each a d e l a y i n g  

e f f e c t  on th e  e x c r e t i o n  of water  from normal  r a t s  and i n  

sm a l l  doese  e f f e c t s  a r e  a d d i t i v e ,  b u t  i n  l a r g e  doses  

o p p o s i t e .

B .A.L .  i n h i b i t s  the  p h y s i o l o g i c a l  a c t i o n  of i n s u l i n .  

B .A .L .  does not  p r e v e n t  n e c r o s i s  of the  l i v e r  i n  

r a t s  po iso n ed  w i th  carbon t e t r a c h l o r i d e .
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SECTION I I I .



DISCUSSION.

B . A . L .  and th e  m e t a l s .

The p r e s e n t  work and t h a t  of o t h e r  w orkers  qu o ted  has 

c l e a r l y  ehown t h a t  B.A.L. i s  an e f f e c t i v e  a n t i d o t e  to 

p o i s o n i n g  by a r s e n i c ,  m ercury ,  an t imony,  chromium, n i c k e l  

and cadmium. In a d d i t i o n ,  McCance and Widdowson ( I S 46) 

have shown t h a t  the  c l o s e l y  r e l a t e d  B.A.L.  g l u c o s i d e  

( O - g lu c o s id e  of  B .A .L .)  promotes the  u r i n a r y  e x c r e t i o n  of 

copper  and z in c  s a l t s ,  w h i le  i ro n  i s  u n a f f e c t e d .  B raun ,  

Lusky and Calvery  (1946) showed t h a t  B .A .L .  was i n e f f e c t i v e  

in th e  t r e a tm e n t  of r a b b i t s  a c u t e l y  p o iso n e d  by s a l t s  of  

l e a d ,  se len ium  and t h a l l i u m .  I n  the  case  of l e a d  and 

se len ium  the  a c t i o n  of B.A.L. was a d d i t i v e .  These 

f i n d i n g s  w ith  l e a d  in  r a b b i t s  con f i rm  the  p r e s e n t  f i n d i n g s  

w i th  l e a d  in  mice where B .A.L .  was found t o  have an 

a d d i t i v e  e f f e c t  on th e  t o x i c i t y  of t h e  m e t a l .  Braun e t  a l  

found  t h a t  B.A.L. was an e f f e c t i v e  a n t i d o t e  in the  t r e a t m e n t  

of a c u t e  b ism uth  p o i so n in g  in  r a b b i t s  p roduced  by sodium 

and p o ta s s iu m  bismuth t a r t r a t e .  The L .D .50  f o r  b ism u th  

i n  r a b b i t s  was found  to be 5 5m g.A g .  w h i le  with  B .A.L .  the  

L .D .50  was found  to  be 85m g. /kg ;  thus  showing t h a t  B.A.L.  

red u ced  the  t o x i c i t y  of th e  b ism uth  s a l t  by 56%. T h is  

p r o t e c t i v e  a c t i o n  of B.A.L. on a c u t e  b i sm u th  p o i s o n i n g  in



r a b b i t s  i s  i n  c o n t r a d i s t i n c t i o n  to  th e  p r e s e n t  f i n d i n g s  

w i th  w h i te  mice .  The L .D.50 f o r  b ism uth  in  w h i te  mice 

i n j e c t e d  i n t r a p e r i t o n e a l l y  was found to be 665m*g./kg. 

w h i le  w ith  B.A.L, the  L .D.50 was found to  be 315mg./kg;  

thus  showing t h a t  B.A.L. i n c r e a s e d  th e  t o x i c i t y  of the  

b ism uth  s a l t .  Braun e t  a l  used sodium p o ta s s iu m  b ism uth  

t a r t r a t e  w h i le  in  th e  p r e s e n t  work sodium b i s m u th y l  

t a r t r a t e  was used. Both s a l t s  a re  w a t e r  s o l u b l e  and 

were chosen because of t h e i r  ready s o l u b i l i t y ,  r e n d e r i n g  

them more t o x i c  and more e a s i l y  absorbed  than  i n s o l u b l e  

b ism u th  s a l t s  and t h e r e f o r e  b e t t e r  a b l e  to  p roduce  acu£e 

b ism uth  p o iso n in g  r e a d i l y .  Braun e t  a l  gave th e  b ism u th  

s a l t  in  a s i n g l e  l a r g e  t o x i c  dose i n t r a m u s c u l a r l y  i n t o  t h e  

g l u t e a l  muscles  of th e  r i g h t  l e g ,  w h i l e  th e  t r e a t e d  an im als  

r e c e i v e d ,  in  a d d i t i o n ,  an i n t r a m u s c u l a r  i n j e c t i o n  of B.A.L. 

i n t o  the  g l u t e a l  m usc les  of th e  l e f t  l e g  a c c o rd in g  to the 

f o l l o w i n g  s c h e d u le :  a dose of  SOmg./kg.  of B .A .L .  was

a d m i n i s t e r e d  one hour  a f t e r  th e  a d m i n i s t r a t i o n  of the  t o x i c  

dose  of bismuth s a l t ;  doses  of 15m g./kg .  of B.A.L. were 

g iven  a t  i n t e r v a l s  of 6, 24, and 48 h ou rs  l a t e r .  The 

r a b b i t s  were kep t  under o b s e r v a t i o n , a n d  d e a t h ,  when i t  

o c c u r r e d ,  was in  two to n i n e t e e n  d a y s ,  w i th  the  g r e a t e s t  

m o r t a l i t y  from th e  second to  th e  s i x t h  day .  At a u to p s y ,  

the  k idneys  of the  t r e a t e d  an im als  were e s s e n t i a l l y  norm al ,  

w h i le  the  k idneys  of t h e  u n t r e a t e d  an im a ls  were s e v e r e l y



damaged. In  the  p r e s e n t  ex per im e n ts  with  w h i te  mice,  

t h e  b ism uth  s a l t  was g iv en  by i n t r a p e r i t o n e a l  i n j e c t i o n ,  

l i k e w i s e  the  B .A .L . ;  one i n j e c t i o n  f o l l o w i n g  upon the  

o t h e r  so t h a t  th e  p r o b a b i l i t y  of m utua l  r e a c t i o n  in the  

p e r i t o n e a l  c a v i ty  between the  b ism uth  s a l t  and B.A.L.  i s  

s t r o n g .  The same c o n d i t i o n s  p r e v a i l e d  in  th e  mice when 

B.A.L. was found to  be an e f f e c t i v e  a n t i d o t e  f o r  a r s e n i c ,  

an t im ony ,  mercury and chromium p o i s o n i n g .

B .A.L.  w i th  gold  and “m ersa ly l** .

Cohen, Goldman and Dubbs (1947) ,  Davison  (1947) ,  

L o c k ie ,  N orc ross  and George (1947) ,  and Ragan and Boots  

(19 47 ) ,  c la imed t h a t  B.A.L. was e f f e c t i v e  i n  th e  t r e a t m e n t  

of t o x i c  e f f e c t s  due to  g o l d  t h e r a p y  a r i s i n g  in  the  

t r e a t m e n t  of rheumatoid  a r t h r i t i s  w i th  go ld  s a l t s .  I t  i s  

i n t e r e s t i n g  to n o t e ,  however,  t h a t  Cohen, Goldman and 

Dubbs p o i n te d  ou t  t h a t , a l t h o u g h  they  a c h ie v e d  s u c c e s s f u l  

r e s u l t s  c l i n i c a l l y  with B .A.L .  in  humans s u f f e r i n g  from 

t o x i c  e f f e c t s  of go ld  th e ra p y ,  they  were u n a b le  to 

s u b s t a n t i a t e  these  c la im s in  t h e  l a b o r a t o r y  and were 

s e e k i n g  an e x p la n a t io n  of t h i s  anomaly. The present-  work 

on the  e f f e c t  of B.A.L. on the  t o x i c i t y  of g o l d  in  mice 

b e a r s  ou t  t h e i r  i n a b i l i t y  t o  s u b s t a n t i a t e  t h e  s u c c e s s f u l  

c l i n i c a l  use of B.A.L. on go ld  t o x i c i t y .  In mice i t  was



found t h a t , b y  i n t r a p e r i t o n e a l  i n j e c t i o n , B  . A.L. i n c r e a s e d  

the  t o x i c i t y  o f  go ld  s a l t s .  In t h e  c l i n i c a l  t r i a l s  q u o ted  

above, the  B .A.L .  was g iv en  by th e  i n t r a m u s c u l a r  r o u te  

some c o n s i d e r a b l e  t ime a f t e r  g o ld  th e ra p y  had c e a se d .

According  to Long and Farah  (1946) th e  i n t r a v e n o u s  

i n j e c t i o n  of B.A.L. reduces  the  l e t h a l i t y  of i n t r a v e n o u s  

" s a l y r g a n "  i n  mice and p r o t e c t s  th e  c a r d i o v a s c u l a r  system 

of a n a e s t h e t i s e d  dogs from the  t o x i c  e f f e c t s  of t h i s  

m e r c u r i a l  compound. In  the  p r e s e n t  work th e  L .D .50  

of  " m e r s a l y l ” B .P .  was found to  be 1 5 5 n g . /k g .  i n t r a p e r i t o n -  

e a l l y  in  mice.  B.A.L. 40m g./kg .  g iv en  i n t r a p e r i t o n e a l l y  

im m edia te ly  a f t e r  the  d i u r e t i c  lowered  t h e  L .D .50  to  

115mg./kg. In  o t h e r  words B .A .l . i n c r e a s e d  t h e  t o x i c i t y  

of  t h e Mme r e a l y l  ? In c o n t r a d i s t i n c t i o n  to  t h i s ,  the L .D .50  

f o r  " m e r s a l y l ” g iven  i n t r a v e n o u s l y  to mice, was found  to be  

1 20 m g . /k g . ,  and when B.A.L.  was a l s o  g iv e n  i n t r a v e n o u s l y  

i t  r a i s e d  the  L.D.50 to  165mg./kg.  In  t h i s  c a s e ,  when 

B .A.L.  was g iv en  i n t r a v e n o u s l y ,  i t  r edu ced  th e  t o x i c i t y  

of the  " m e r s a l y l ” . Some c l a r i f i c a t i o n  of t h i s  anomalous 

b e h a v io u r  i s  p r o v id e d  by the  r e s u l t s  of t e s t s  of  the  e f f e c t  

of " m e r sa ly l"  in  w a te r  d i u r e s i s  in  r a t s  in  th e  p r e s e n t  work.  

B.A.L . 40mg./kg.  i n t r a p e r i t o n e a l l y  to  r a t s  a c t e d  as  an 

a n t i d i u r e t i c ,  s u p p r e s s in g  u r i n e  f o r  t h r e e  to  f o u r  h o u r s .  

" M e r s a ly l ” lOOrag.Ag. g iv e n  i n t r a p e r i t o n e a l l y  to  the  r a t s



caused immediate a n u r i a , a n d  dea th  fo l lo w ed  a f t e r  f o r t y -

e i g h t  h o u r s ,  b u t  i f  B.A.L. and ’’m e r s a l y l ” were g iv e n

i n t r a p e r i t o n e a l l y , i n  the  above d o s e s ,  w i t h i n  a few

m inu te s  of one a n o th e r ,  s u p p r e s s i o n  was much l e s s  than

when e i t h e r  had been g iv e n  a lo n e , a n d  t h e  r a t s  s u r v i v e d .

F u r t h e r  the  a n im a ls ,  when w a te red  and g iv en  su b c u ta n e o u s

s a l i n e ,  had  a d i u r e s i s  of which th e  peak  o c c u r r e d  a f t e r

65 m in u t e s ;  when g iven  ’’m e r s a l y l ’1 l m g . / k g .  and

su b c u tan e o u s  s a l i n e  the  peak  o c c u r r e d  a t  83 m in u te s .

R e p e t i t i o n  of " m e r s a l y l ” l m g . / k g .  and su b c u tan e o u s  s a l i n e

a f t e r  one week gave a f i g u r e  of 83 m in u te s  f o r  th e  peak  to
*

o c c u r ,  whereas " m e r s a l y l ” subcut-aneously  and B.A.L.  4m g./kg  

i n t r a p e r i t o n e a l l y  gave a f i g u r e  of 90 m in u te s .  I t  f o l l o w s  

t h e r e f o r e ,  t h a t  " m e r s a ly l "  and B .A .L .  each have a d e l a y i n g  

e f f e c t  on the  e x c r e t i o n  of w a te r  from normal r a t s  and t h a t  

in  sm a l l  doses these  e f f e c t s  may be a d d i t i v e ,  b u t  i n  l a r g e  

doses  t h e s e  e f f e c t s  a re  o p p o s i t e .

The anomalous b e h a v io u r  of B.A.L.  w i th  c e r t a in  m e t a l s .

These d i f f e r i n g  r e s u l t s ,  o b t a i n e d  in  the  p r e s e n t  work 

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

w orke rs ,  a re  capable  of e x p l a n a t i o n  by the  o u t s t a n d i n g  

f e a t u r e  of the  chemical  c o n s t i t u t i o n  of  B .A .L . ,  namely, 

t h e  r e a d i l y  a v a i l a b l e  supp ly  of t h i o l  ( -SH) g roups  which i t  

p r o v i d e s .  B arron ,  M i l l e r  and Meyer (1947) and  Webb and



136 .

and Heynlngen (1947) p o i n t  ou t ,  t h a t  B.A.L.  i n h i b i t s  t h e  

a c t i v i t y  of any enzyme sys tem by combining wi th  t he  heavy 

m e t a l s  which form the  p r o s t h e t i c  group of t h e  p r o t e i n  

mo ie ty  of the  enzyme. In o t h e r  words ,  B .A.L.  may be 

cons ide r e d  as a p o t e n t  i n h i b i t o r  of m e t a l  -  c o n t a i n i n g  

enzymes,  wi th  the  ex cep t i on  of  t he  cytochrome sy s t e m .

Such an a c t i v i t y  would account  f o r  t h e  wide ly  d i f f e r i n g  

phenomena of B.A.L.  p o i s o n i n g ,  namely t h e  co nv u l s i v e  

a c t i o n  on t he  c e n t r a l  nervous  sy s tem,  drop i n  b l o o d  p r e s s u r e ,  

i n t e r f e r e n c e  wi th  r e s p i r a t i o n  and p resumab ly  a l s o  damage 

t o  t h e  sma l l  b lood v e s s e l s ,  which p roduces  such marked 

a l t e r a t i o n s  in t he  c i r c u l a t i o n .  The p r o g r e s s i v e  f a l l  i n  

b lood  p r e s s u r e ,  wi th  an a c t i v e  h e a r t ,  i n  t he  p r e s e n c e  of 

p e r i p h e r a l  v a s o c o n s t r i c t i o n ,  s u g g e s t s  a s t e ad y  l e ak age  of 

f l u i d  from the  c i r c u l a t i o n .  The p e t e c h i a l  haem or rh age s ,  

seen  i n  t he  lungs  and l i v e r ,  i n d i c a t e  damage to  t he  

c a p i l l a r i e s  and smal l  v e s s e l s .  The smooth musc le  of  t h e  

p e r i p h e r a l  v e s s e l s  appears  to  be much more s e n s i t i v e  t o  

B.A.L.  t han  the  smooth musc le  of  t h e  g u t ,  u t e r u s ,  t h e  h e a r t  

o r  co rona ry  a r t e r i e s  and t h e  d i f f e r i n g  i n i t i a l  r e s po n se  of 

the  s p l e e n  and l imb volumes t o  i n t r a v e n o u s  i n j e c t i o n  of

B.A.L.  needs f u r t h e r  e x a m i n a t i o n .
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The f o r m a t i o n  of B .A .L .  - m e t a l  c o m p l e x e s .

P e t e r s ,  S t c cke n  and Thompson (1945) p o s t u l a t e d  

t h a t  heavy m e t a l s  a r e  t o x i c  t o  b i o l o g i c a l  enzyme 

sys t ems ,  because  they u n i t e  wi th  t he  s u l p h y d r y l  group  

(-SH) of t he  p r o t e i n  moie ty  of c e l l u l a r  enzymes,  fo rming  

r e v e r s i b l e  m e r c a p t i d e s .  I t  was a r e a so n a b l e  e x t e n s i o n  of 

t h i s  h y p o t h e s i s  t h a t  t he  d i t h i o l  B.A.L.  r e a c t i v a t e d  

po i soned  enzyme sys tems o r  e x e r t e d  t h e r a p e u t i c  b e n e f i t  

i n  the t r e a t m e n t  of heavy m e t a l  p o i s o n i n g  by the  f o rm a

t i o n  of  m e r c ap t i d e s  of s u f f i c i e n t l y  low d i s e o c i a b i l i t y  

to r e v e r s e  e f f e c t i v e l y  the combina t i on  of heavy m e t a l s  

wi th s e n s i t i v e  c e l l u l a r  enzyme s y s t e m s .  This  c on ce p t  

r e c e i v e d  s u p p o r t  in the  t r e a t m e n t  of a r s e n i c a l  p o i s o n i n g  

when P e t e r s  e t  a l  demon s t r a t ed  t h a t  B.A. l . r e a c t e d  w i t h  

l e w i s i t e  to form a s t a b l e  mercap t i d e ,  and t h a t  B.A.L.  

r e v e r s e d  e f f e c t i v e l y  the i n  v i t r o  i n h i b i t i o n  of  p y r u v i c  

a c i d  ox id a s e ,  caused by a r s e n i c a l s .  The e f f e c t i v e n e s s  

of  B.A.L.  t h e r apy  in s y s t e m i c  po i so n i n g  w i t h  a r s e n i c ,  

b o t h  i n  e x p e r i m e n t a l  an imal s  and i n  man has a l r e a d y  been  

commented on and i s  we l l  i l l u s t r a t e d  by t he  work of 

P e t e r s  et- a l , Eag l e ,  Magnuson and Fl e i schman (1946)  

and Eagle  and Magnuson (1946) .  These r e s u l t s  prove 

the  ease  wi th which B.A.L.  forms s t a b l e  t h i o a r s e n i t e s  

i n v i v o . The o b s e r v a t i o n  by B a r ron ,  M i l l e r  and 

K a l n i t s k y  (1947) ,  t h a t  t he  i n h i b i t i o n  of -SH c o n t a i n i n g



enzymes by mercury can be r e v e r s e d  by B . A . L . ,  has i t s  

c l i n i c a l  a p p l i c a t i o n  i n  the e f f i c a c y  of B.A.L.  in t be  

t r e a t m e n t  by e x pe r i m e n t a l  mercury p o i s o n i n g ,  as shown 

by Gilman,  A l l en ,  P h i l l i p s  and S t .  John (1S46) ,  and in 

t he  t r e a t m e n t  of human mercury p o i s o n i n g ,  as shown by 

Longcope and L u e t s c h e r  (1946) .  The g e n e r a l i z a t i o n ,  t h a t  

heavy m e t a l s  have a common b a s i c  mechanism of t o x i c  a c t i o n  

and can be an t a g o n i z ed  by B .A .L . ,  r e c e i v e s  f u r t h e r  s u p p o r t  

by the s t u d i e s  o f  Gi lman,  P h i l l i p s ,  A l l en  and K o e l l e  (1246)  

on the a c t i o n  of the drug on cadmium in  v i t r o  and i n  v i v o . 

Al though sy s t emic  cadmium p o i s o n i n g  i s  uncommon c l i n i c a l l y ,  

the a c t i o n s  of the m e t a l  a f f o r d ,  b e t t e r  than t h o s e  of 

a r s e n i c  and mercury,  an e x p e r i m e n t a l  method f o r  e l u c i d a t i n g  

the mechanisms by means of which me reap t an s  r e v e r s e  t he  

t o x i c  e f f e c t s  of  heavy m e t a l s  in v i v o . Gilman e t  a l  

s t u d i e d  the  r e a c t i o n s  between mereap t ans  and Cd -f- -h 

in v i t r o . When s o l u t i o n s  of cadmium c h l o r i d e  (Cd.Clg)  were 

added to aqueous s o l u t i o n s  of B .A . L . ,  a cop ious  whi te  

p r e c i p i t a t e  of Cd. -B.A.L.  complex was formed and t he  r e 

a c t i o n  may be fo r m u la t e d  a s : -

CH2 SHI
CH.SH + Cd.Cl2 =

CH2  OH

B . A. L .

CH2. OH 

Cd» -  B.A.L.  complex

The Gd. -B.A.L.  complex was i n s o l u b l e  i n  w a t e r  and o r e a n i e  
s o l v e n t s .  &



Under a l k a l i n e  c o n d i t i o n s  i t  was found t h a t  2 m o le c u l e s  

of B.A.L.  r e a c t e d  wi th 1 molecule  of Cd - | -+• to  form a 

s o l u b l e  complex which was h i g h l y  d i s s o c i a t e d  wi th  r e s p e c t  

to  i t s  components.  The s o l u b l e  complex was f o r m u l a t e d  a s  

Cd (B.A.L.  )gwith the  fo l l o w in g  s t r u c t u r e : -

This  s o l u b l e  Cd (B.A.L . ) 2  complex was presumed to be 

f  ormed i n  v i v o , when B.A.L.  r e a c t e d  w i t h  cadmium,and was 

u sed  to e x p l a in  t he  changes a f f e c t e d ,  by B.A.L.  t h e r a p y  

i n  t h e  course  of cadmium i n t o x i c a t i o n .  The e f f e c t  of  

B.A.L.  (mercaptan)  t he r apy  on sy s t e m ic  cadmium 'po ison ing  

was s t u d i e d  in t he  r a b b i t .  The p r o p h y l a c t i c  a d m i n i s t r a t i o n  

of B.A.L.  to r a b b i t s ,  r e c e i v i n g  l e t h a l  dose s  of  cadmium 

c h l o r i d e  i n t r a v e n o u s l y ,  r e s u l t e d  in  a n o t ed  a m e l i o r a t i o n  

of  s i g n s  of acut e  cadmium i n t o x i c a t i o n .  The B.A.L.  

t h e r a p y  was, however,  w i t h o u t  l a s t i n g  b e n e f i t  due  t o  

the  r a b b i t s  deve lop ing  f a t a l  r e n a l  i n s u f f i c i e n c y .  When 

B.A.L.  ther apy  was s t a r t e d  h a l f  to one hou r  f o l l o w i n g  

the  i n t r a v e n o u s  i n j e c t i o n  of cadmium c h l o r i d e ,  a s i g n i f i 

c an t  r e d u c t i o n  in m o r t a l i t y  ensued  b u t  once a g a i n  the  

symptoms and s i g n s  of a cu t e  sadmium i n t o x i c a t i o n  were a l l a y e d

Cd-

H.C.S.Na NaS. CH 

CH2 . CHCHg.OH



and t he  animals  which d i e d ,  e x h i b i t e d  e x t e n s i v e  r e n a l  

i n s u f f i c i e n c y .  Therapy wi th  B.A.L.  g l u c o s i d e  gave the  

r e s u l t s  ob t a i ned  with B . A . l .  b u t  i n  a d d i t i o n ,  i t  was no t ed  

t h a t  t he  i n c i d en c e  and degree  of r e n a l  damage in s u r v i v i n g  

animals  was s i g n i f i c a n t l y  l e s s  than t h a t  o b t a i n e d  wi th  B.A.L.  

T e n t a t i v e  formulae  f o r  t he  m e r c a p t i d e s ,  formed 'when B . A . l .  

r e a c t s  wi th  cadmium in  v i t r o , were p o s t u l a t e d  and i t  was 

assumed t h a t  s i m i l a r  compounds were formed in  v i v o . The 

t o x i c i t i e s  of t he se  complexes were de t e rm in e d  by 

i n t r a v e n o u s ’ i n j e c t i o n  to r a b b i t s .  The Cd(B .A .L . )2  

complex was found to be as t o x i c  as CdCl2  on a mo la r  b a s i s  

and had a marked n e p h ro t o x i c  a c t i o n .  I t  i s  i n t e r e s t i n g  t o  

no te  t h a t  the  cadmium m er c ap t i d e s  of B .A.L.  g lu  c o s i d e ,  

Cd-B.A.L.  g l u c o s id e  and Cd(3 .A.L.  g l u c o s i d e ) 2  were found t o  

be  l e s s  t o x i c  t han  CdClg, and t h a t  r e l a t i v e l y  high d o s e s  of  

t h e s e  cadmium B . A . L . - g l u c o s i d e  m e r c a p t i d e s  d id no t  produce  

ev ide nce  of n e p h r o to x i c  a c t i o n .  From t h e s e  r e s u l t s  i t  was 

conc luded ,  t h a t  B.A.L.  r e a c t e d  w i t h  cadmium c h l o r i d e  in 

v ivo t o  form a mercap t i de  of  low d i s s o c i a t i o n ,  which,  in  t he  

p r e s e n c e  of excess  B .A . L . ,  d i r e c t s  t h e  cadmium towards  t he  

k idn ey  f o r  e x c r e t i o n  and t he r e by  p r e v e n t s  p o i s o n i n g  of 

e x t r a r e n a l  l o c i .  In  the  k id ne y ,  however ,  t he  m e r c a p t i d e  

i s  c o n c e n t r a t e d  in  the  e p i t h e l i u m  of t he  r e n a l  t u bu l e  by 

g l o m e r u l a r  f i l t r a t i o n  and a b s o r p t i o n , a n d  in  t he  t u bu l e  

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



r e l e a s e  of t o x i c  amounts of  cadmium. In the ca se  of 

B.A.L.  g l u c o s i d e ,  'mercap t ides  a r e  found i n  v ivo  of low 

d i s s o c i a t i o n  b u t  remain e x t r a c e l l u l a r ,  and a r e  d i r e c t e d  

towards t he  kidney f o r  e x c r e t i o n  and a r e  no t  r e a b s o r b e d  in  

t he  t u b u l e  t o  t he  degree  ev idenced  by t he  CdCB.A.LOg 

complex.

T o b i a s ,  Luehbaugh,  P a t t ,  P o s t e l ,  S w i f t  and Ge ra rd  

(1946) i n v e s t i g a t e d  the  e x p e r i m e n t a l  cadmium p o i s o n i n g  

r e s u l t i n g  from i n h a l a t i o n  of cadmium fumes.  Animals ,  

f a t a l l y  poisoned wi th cadmium by i n h a l a t i o n ,  d i e  i n  t he  

cour se  of hours  to a few days wi th  mass ive  pulmonary 

oedema and symptoms c h i e f l y  due to ano x i c  a n o x i a .  L a t e r  

d e a t h s , o c c u r r i n g  i n  a few days t o  a week o r  so ,  a r e  t h e  

r e s u l t  of d i f f u s e  pneumonic c o n s o l i d a t i o n  of the l ung  wi th  

a b s c e s s  f o r m a t io n .  Long d e l a y e d  d e a t h s ,  o c c u r r i n g  weeks 

to months a f t e r  the  i n h a l a t i o n  of the  cadmium, o c c u r  -with 

i n co m p l e t e l y  hea l ed  pulmonary l e s i o n s  and g a s t r o - i n t e s t i n a l  

u p s e t  of an o r e x i a ,  m a l a i s e ,  o c c a s i o n a l l y  bloody d i a r r h o e a  

and marked g e n e r a l i s e d  w a s t i n g .  The a u t h o r s  assumed t h a t  

the  a c t i o n  of cadmium ions  on animal  t i s s u e s  was s i m i l a r  t o  

t h a t  of o t h e r  heavy me ta l  i o n s ,  namely t h a t  the  cadmium 

combined wi th  t he  t i s s u e  p r o t e i n  s u l p h y d r y l  groups  to form 

i n s o l u b l e  met a l  p r o t e i n a t e s  or  m e r c a p t i d e s  and t h u s  

i n t e r f e r e d  w i th  and imp a i r e d  enzyme and o t h e r  c e l l u l a r  

f u n c t i o n s  as sugges t ed  by P e t e r s ,  S tocken  and Thompson (1945)

As B.A.L.  had been shown by P e t e r s  e t  a l  to be e f f e c t i v e



i n  p r e v e n t i n g  and r e v e r s i n g  such combina t i ons  in  t he  case

of  a r s e n i c ,  i t  was the f i r s t  choice  of Tobias  e t  a l .

B.A.L.  proved e f f e c t i v e  b u t  had a l ower  margin  of s a f e t y

than  w i th  a r s e n i c .  They assumed t h a t  cadmium was removed

from v i t a l  t i s s u e  combina t ions  by B.A.L.  w i th  the  f o r m a t i o n

of t he  Cd(B.A • L. ) complex and t h i s  was e x c r e t e d  main ly

thr ough ,  the  k i d ne y s .  Cd (B.A.L. )  was p r e p a r e d  and,  as

e x p e c t e d  on t he  b a s i s  of i n s o l u b i l i t y  and s t a b i l i t y ,  p roved

to  be f a r  l e s s  t o x i c  t han  cadmium c h l o r i d e .  Like Gi lman,

P h i l i p s ,  Al len  and Koel le  (1946) they found  t h a t  the s o l u b l e

Ca ( B . A . L . )g  complex was h i g h ly  t o x i c  to  t h e  k i d n e y .  I t  was

found t h a t  B.A.L.  was e f f e c t i v e  i n  cadmium p o i s o n i n g  b u t

was d e l e t e r i o u s  when g iven  p r o p h y l a c t i c a l l y  f o r  cadmium

p o i s o n i n g  produced by i n h a l a t i o n .  This  r e s u l t  was h e l d  to

be due t o  the  f a c t  t h a t  B.A.L.  f i x e d  more cadmium in t he

lungs  than o t he rw i se  would have remained .  B.A.L.  mus t  be

us'ed p romp t ly ,  a f t e r  exposu re ,  to  be e f f e c t i v e  and. i t  was

found t h a t ,  in  an o p t i o n a l  course  of r e p e a t e d  i n t r a m u s c u l a r

i n j e c t i o n s ,  t he  m o r t a l i t y  in  mice was reduced  from 93 to

? p e r  c e n t .  In a d d i t i o n ,  B.A.L.  g r e a t l y  r educed  the

s t r u c t u r a l  damage due t o  the  cadmium in t h e  body.  By u s i n g
115the  r a d i o a c t i v e  i s o t o p e  Cd , i t  was d e m o n s t r a t e d  t h a t  o v e r  

h a l f  of t he  i nh a l e d  cadmium c h l o r i d e  p a s s e d  beyond the  

l ung ,  by t h e  end of a t h i r t y  minute  ex posu re  p e r i o d .  I f
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B.A.L.  was p r e s e n t  a t  the  t ime of the  i n h a l a t i o n  of  

cadmium c h l o r i d e ,  t he  cadmium was f i x e d  in t he  l ung  by 

t he  B .A .L . ,  presumably as t h e  i n s o l u b l e  Cd-B.A.L.  complex,  

i n  g r e a t e r  amount and was a s s o c i a t e d  wi th g r e a t e r  l ung  

damage. B.A.L.  g iven  a f t e r  exposure  to cadmium i n h a l a t i o n  

n e i t h e r  a cce l e r a t ed ipo r  de l a y ed  t he  removal  of cadmium f rom 

the l ung ,  d e s p i t e  t he  f a c t  t h a t  i t  d e c r e a s e d  t he  l ung  

damage. Hence,  when B.A.L.  was p r o p h y l a c t i c a l l y  

a d m i n i s t e r e d ,  i t  a p p a r e n t l y  produced  damage to  l ung  t i s s u e  

by h o l d i n g  a l a r g e  amount of cadmium f o r  s low r e l e a s e ,  

wher ea s ,  when B.A.L.  was g iven  t h e r a p e u t i c a l l y ,  i t  r e ach ed  

t he  l ung a f t e r  much of  t h e  cadmium had l e f t ,  d i v e r t e d  t he  

cadmium a l r ead y  combined wi th lung t i s s u e  c o n s t i t u e n t s  and 

t hen  r e l e a s e d  i t  so t h a t  most  of t he  cadmium was removed.

In  t he  u n t r e a t e d  animal ,  i t  was found t h a t  most  of t he  

cadmium p a s s i n g  from the  l u n g s ,  a f t e r  i n h a l a t i o n ,  was n o t  

f i x e d  e ls ewhere  and f i n a l l y  l e f t  t he  body in t he  g a s t r o 

i n t e s t i n a l  t r a c t ,  l i t t l e  be ing  e x c r e t e d  t h rough  the  k i d n e y .  

B.A.L.  t her apy  was found to s h i f t  t he  e x c r e t i o n  of cadmium 

i n  t he  d i r e c t i o n  of the  k id n e y .

P e t e r s  and Stocken (1947) p r e p a r e d  and i n v e s t i g a t e d  

t he  t o x i c i t y  of t he  compound of B.A.L.  and f,m a p h a r s i d e ,t, 

which they c a l l e d  Maph-B.A.L.  Exper iment s  showed t h a t  the 

combina t ion  of B.A.L.  and l e w i s i t e ,  p r o d u c i n g  l e w i s i t e -  

t h i o a r s e n i t e ,  had a t o x i c i t y  of l e s s  than  one f i f t h  of
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t h a t  of t he  p a r e n t  compound, l e w i s i t e .  P e t e r s  and 

S tocken  were s u r p r i s e d  to  f i n d  t h a t  Maph-B.A.L.  unde r  

c e r t a i n  c o n d i t i o n s  was more t o x i c  than f,maphars  ide*1.

However,  in agreement  wi th  t he  l e w i s i t e  e x p e r i m e n t s ,  t he  

t o x i c i t y  of Maph-B.A.L. was reduced  to one f i f t h  t h a t  of 

,fm a p h a r s i d e u i n  t he  p r e s e n c e  of e x t r a  B.A.L.  These 

workers  co ns id e r e d  t h a t  t he  d i f f e r e n c e  i n  t he  i n d e p e n d e n t  

t o x i c i t i e s  of l e w i s i t e - B . A . L .  and Maph-B.A.L.  was 

r emarkabl e  and e x p l a n a t i o n  of t h e  t o x i c i t y  of  Maph-B.A.L.  

could  no t  be g i ve n .  The a u th o r s  f e l t  f a i r l y  c e r t a i n ,  i n  

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

r a t s  was p o s s i b l e ,  t h a t  the  r e l a t i v e  t o x i c i t y  of the  

compound was due to d i s s o c i a t i o n .  I t  was a l s o  p o s t u l a t e d ,  

t h a t  t he  more r ap id  t o x i c  e f f e c t s  of Maph-B.A.L.  were due 

to  a. p e n e t r a t i o n  to the s i t e s  which a r e  dangerous  to t he  

r a t s ,  by v i r t u e  of the d i f f e r e n c e  i n  p h y s i c a l  p r o p e r t i e s  of  

t he  Maph-B.A.L. from those  of " m a p h a r s i d e " . In t h i s  

manner  the  a r s e n i c  would be l i b e r a t e d  l o c a l l y  from the  

maph-B.A.L.  and would e x e r t  i t s  maximum t o x i c  e f f e c t .

The i n c r e a s e d  t o x i c i t y  could  then be e x p l a i n e d  as  due t o  a 

d e c r e a s e d  chance of e l i m i n a t i o n ,  as compared wi th  %aphars idd*t  

I n  t h i s  connec t i on ,  " m a p h a r s i d e i t s e l f  ha s  a h igh  wa t e r  

s o l u b i l i t y  which encourages  e l i m i n a t i o n  from the  sys tem.  

Repea ted  doses of B.A.L.  4mg. /kg .  to t h e  r a t s  were s u f f i c i e n t  : 

to save  t he  animals  from the  t o x i c  e f f e c t s  of Maph-B.A.L.



145.

Hence,  c l i n i c a l l y ,  t h e r e  i s  a s t r o n g  a rgument  f o r  g i v i n g  

t he  maximum amounts of B.A.L.  t o l e r a b l e ,  because  e x c e s s  

p r o t e c t s  a g a i n s t  any t o x i c i t y  due to Maph-B.A.L.  as w e l l  

as  ,fmaphare i d e ” . P e t e r s  and Stocken  remark t h a t ,  though 

c a u t i o n  in  i n t e r p r e t a t i o n  i s  n e c e s s a r y ,  t h e r e  i s  no 

p r e s e n t  r ea son  f o r  suppos ing  t h a t  any Maph-B.A.L.  r e a c h i n g  

t he  c i r c u l a t i o n  due to the l i b e r a t i o n  of a r s e n i c  in  t he  

t i s s u e s  w i l l  no t  have wi th i t  enough uncombined B .A.L .  to 

s t o p  t h e  development  of a r s e n i c a l  t o x i c  r e a c t i o n s .  The 

p r e s e n t  work has shown t h a t  B.A.L.  i n c r e a s e s  t he  t o x i c i t y  

of  l e a d  i n  mice when both a re  g i v en  by t he  i n t r a p e r i t o n e a l  

r o u t e .  Comparing the  r e s u l t s  wi th  "maphars i d e ” and Maph- 

B.A.L.  i t  i s  p o s s i b l e  t h a t  t he  l e a d - 3 . A . L .  complex i s  more 

t o x i c  than l e a d .

B.A.L.  wi th i t s  two t h i c i  g roups  can t hus  f o r a  v a r i o u s  

complexes with m e t a l s  and as Gi lman,  P h i l i p s ,  Al l en  and 

K oe l l e  (1946) p o i n t  out  i n  the  case  of cadmium^ the  r i n g  

compound formed i n  vivo by B.A.L.  i s  a s o l u b l e  s u b s t a nc e  

which proves  on i s o l a t i o n  to have a g r e a t e r  t o x i c i t y  t han  

cadmium c h l o r i d e  i t s e l f .  Thi s  i n c r e a s e d  t o x i c i t y  i s  due 

to i n c r e a s e d  p a t h o g e n i c i t y  t o  t h e  k id n e y .  In  t h e  p r e s e n t  

work i n  mice i t  was found t h a t  B.A.L.  was an e f f e c t i v e  

a n t i d o t e  to m e t a l l i c  p o i s o n i n g  by a r s e n i c ,  ant imony,  mercury 

and chromium whereas ,  under  t h e  same e x p e r i m e n t a l  c o n d i t i o n s  

i n  mice ,  i t  was found t h a t  B.A.L.  i n c r e a s e d  t h e  t o x i c i t y  of

l e a d ,  b i smuth  and gold .



The a r s e n i c ,  mercury ,  chromium and ant imony p r e p a r a t i o n  

used to de te rmine  the  L.D.50 i n  mice in t he  p r e s e n t  work 

a r e  h i g h l y  i r r i t a n t  to t he  pe r i t one um ,  a re  a l l  s o l u b l e  

compounds and qu i ck l y  absorbed  and cause  g r o s s  r e n a l  damage 

on e x c r e t i o n .  Treatment  wi th  B.A.L.  i n t r a p e r i t o n e a l l y  

r educed  the  t o x i c i t y  of  t h e s e  compounds and p r e v e n t e d  

v i s i b l e  damage to t he  k idney .  The p r o d u c t s  of t he  

chemical  l i n ka g es  between B.A.L.  and t h e s e  m e t a l s  must  be 

o f  such a n a t u r e  t h a t  they a r e  n o t  t o x i c  to t he  k idney  on 

e x c r e t i o n .  The r ed u c t i o n  of t he  a c u t e  t o x i c i t y  of the  

m e t a l l i c  s a l t  may be due to  p r o d u c t i o n  of a n o n - i r r i t a n t  

compound by r e a c t i o n  w i th  B.A.L.  i n  t he  p e r i t o n e a l  c a v i t y  

of  t h e  mice,  which compound may be slower t o  absorb  and 

e a s i e r  t o  e x c r e t e  i n  a n o n - t o x i c  form,  t h u s  d e v i a t i n g  t he  

m e t a l  from s e n s i t i v e  e x t r a - r e n a l  s i t e s  of a c t i o n .  I t  may 

w e l l  be t h a t  B.A.L.  d e v i a t e s  t h e s e  m e t a l s  i n  t he  d i r e c t i o n  

of  t he  k idney ,  as in  t he  case of cadmium,where the  r o u t e s  o f  

e x c r e t i o n  of cadmium and cadmium p l u s  B . A . l .  a r e  d i f f e r e n t .  

Cadmium in h a l ed  pa s se s  from the  l ung  mainly  to t he  g a s t r o 

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

p l u s  i n t r a m u s c u l a r  i n j e c t i o n  of B . A . L . ,  as f o l l o w e d  by the
115r a d i o a c t i v e  i s o tope  Cd , causes  t he  cadmium to be  ma in ly  

e x c r e t e d  by t he  k idney .  Dur ing t h i s  e x c r e t i o n  by t he  

k i d n e y ,  t he  cadmium-B.A.L. complex i s  e v i d e n t l y  d e v i a t e d  

from s e n s i t i v e  e x t r a r e n a l  s i t e s  of a c t i o n .



The s a l t s  of l ead ,  go ld  and b i smuth  used had a much 

h i g h e r  L.D.50 than the s a l t s  of a r s e n i c ,  chromiuqi, mercury  

and ant imony and B.A.L.  had no p r o t e c t i v e  a c t i o n  a g a i n s t  

the f o rm er  me t a l e . The s a l t s  of  l e a d ,  b i smuth  and g o l d ,  

when g i v e n  i n t r a p e r i t o n e a l l y ,  a re  n o t  so i r r i t a n t  as  t he  

s a l t s  of a r s e n i c ,  mercury,  chromium and ant imony;  t hey  

tend to p r e c i p i t a t e  and absorb more s l ow ly  and t hus  t h e i r  

mode of a c t i o n  in p roduc ing  acu t e  l e t h a l i t y  i s  p r o ba b ly  

d i f f e r e n t  from the o t h e r s .  The B .A.L . - q t e t a l  complex 

formed wi th  t he se  t h r e e  me ta l s ,may  abso rb  more q u i c k l y  o r  

be more t o x i c  than the m e t a l l i c  s a l t  i t s e l f .

A p o i n t  of impor t ance  i s  s u g g e s t e d  by t h e  f i n d i n g s  of  

Gi lman,  P h i l i p s ,  Al l an  and K o e l l e  (1946) t h a t  t he  i n  v i t r o  

B .A.L.-cadmium complex d i f f e r s  markedly  from the  complex 

formed i n  v i v o . I n  t he  case  of t he  p r e s e n t  work wi th  mice 

t he  s o l u t i o n s  of the m e t a l l i c  s a l t s  were  g i v e n  

i n t r a p e r i t o n e a l l y  fo l l owed  ve ry  s h o r t l y  by t he  B.A.L.  i n  

the  same l ocus .  Since bo th  t h e  s o l u t i o n  of t he  m e t a l  and 

B .A.L .  were i n j e c t e d  c o n s e c u t i v e l y  i n t o  t h e  p e r i t o n e a l  

c a v i t y ,  i t  i s  r e a sona b l e  t o  assume t h a t  an in v i t r o  type 

of  p r e c i p i t a t e  or  complex was formed i n  t he  c a v i t y .

Thi s  complex might  we l l  d i f f e r  in  s t a b i l i t y ,  r a t e  of 

a b s o r p t i o n  and t o x i c i t y  from the  in v ivo  type  of compound 

formed i n  r a b b i t s ,  i n j e c t e d  i n t r a m u s c u l a r l y  a t  d i f f e r e n t  

s i t e s  wi th  bismuth and B.A.L.  by Braun,  Lusky and Ca lvery



( 1946 ) .  Analogous t o  the g i v i n g  of b i smuth  and B . A . l .  

a t  d i f f e r e n t  s i t e s  i s  t he  s u c c e s s f u l  t r e a t m e n t  o f  g o l d  

i n t o x i c a t i o n s ,  a r i s i n g  in the t r e a t m e n t  of r heumatoid  

a r t h r i t i s  and r ep o r t e d  by Cohen, Goldman, and Dubbs (1947) ,  

L o ck i e ,  Norcroes  and George (1947) ,  Ragan and Boots  (1947) 

and Davison (1947) .

I n  t he  present-  work,  i t  was found  t h a t  B.A.L.  

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

’' m e r s a l y l ” , g iven  i n t r a v e n o u s l y ,  whereas  i t  had an a d d i t i v e  

e f f e c t  when both were g iven  c o n s e c u t i v e l y  i n t r a p e r i t o n e a l l y .  

S ince  B.A.L.  has been shown in  t he  p r e s e n t  work to have  a 

powerfu l  a n t i d o t a l  a c t i o n  a g a i n s t  m e r c u r i c  c h l o r i d e  in  

m ice ,  when both were g iven  i n t r a p e r i t o n e a l l y ,  i t  i s  

s u r p r i s i n g  t h a t  B.A.L. does no t  r e p e a t  t h i s  p r o t e c t i v e  

a c t i o n  against-  t he  m e r c u r i a l  d i u r e t i c  " m e r s a l y l " .

" M e r s a l y l ” i s  the  sodium s a l t  of  a complex o r g a n i c  a c i d  

d e r i v e d  from s a l i c y l i c  a c i d , a n d  i t s  s o l u t i o n  i n  

p h y s i o l o g i c a l  s a l i n e  i s  ap t  t o  become t o x i c ,  owing t o  

decompos i t i on  wi th fo rma t ion  of i o n i s e d  merc u r y .  This 

decompos i t ion  <]an be i n h i b i t e d  by the  p r e s e n c e  of 

t h e o p h y l l i n e  which i s  used f o r  t h i s  pu rpose  i n  the 

p r e p a r a t i o n  of t he  o f f i c i a l  i n j e c t i o n  used i n  t h e  p r e s e n t  

work.  I t  might  be su gg es t ed ,  t h a t  any compar ison between 

t he  a c t i o n  of B.A.L.  i n t r a p e r i t o n e a l l y  and " m e r s a l y l ” and 

m e r c u r i c  c h l o r i d e  i s  u n f a i r ,  as t he  mercury  in the  " m e r s a l y l "



i s  ob v i ous ly  p r e v e n t e d  from be ing  i o n i s e d  whereas the  

m e r c u r i c  c h l o r i d e  y i e l d s  m e rc u r i c  i o n s ,  r e a d i l y  a v a i l a b l e  

in s o l u t i o n  to un i t e  wi th the -SH groups  of t h e  B.A.L.

This  cannot  be the reason  as B.A.L.  i n t r a v e n o u s l y  does 

p r o t e c t  mice,  when t o x i c  doses  of ,!,m e r e a l y l ” a r e  g i v e n  

i n t r a v e n o u s l y .  I t  i s  much more l i k e l y  t h a t  t he  same 

phenomenon of  t he  fo rm a t ion  of d i f f e r e n t  m e r c a p t i d e s  w i th  

d i f f e r e n t  t o x i c i t i e s  a cc o rd in g  to t he  in  v i v o c o n d i t i o n s  

of  t he  r e a c t i o n  of  the  met a l  and B.A.L.  may accoun t  f o r  

the  o p p o s i t e  a c t i o n  of  B.A.L.  on t he  t o x i c i t y  of " m e r s a l y l ” 

g i v en  i n t r a p e r i t o n e a l l y  and i n t r a v e n o u s l y .  In t he  wa t e r  

d i u r e s i s  in r a t s ,  t e s t i n g  t he  e f f e c t  of ”m e r s a l y l ” and 

B . A . L . ? th e  p r e s e n t  work showed t h a t  each compound had a 

d e l a y i n g  e f f e c t  on t he  t ime of maximum w a t e r  e x c r e t i o n  from 

normal  r a t s  and t h a t ,  in smal l  doses  of each of the 

compounds, t he se  e f f e c t s  were a d d i t i v e ,  b u t  w i th  l a r g e  doses  

of the compounds the e f f e c t s  were a n t a g o n i s t i c .

C l i n i c a 1 Ap p l i ca t i o ns  of B.A.L.

The p o s s i b l e  c l i n i c a l  a p p l i c a t i o n s  of B.A.L.  a re  many. 

The a r s e n i c a l s  have a wide c l i n i c a l  sphe re  of u s e f u l n e s s  and 

have been used i n  the t r e a t m e n t  of s y p h i l i s ,  t r y p a n o s o m i a s i s ,  

r e l a p s i n g  f e v e r ,  V i n c e n t ’ s a n g in a ,  yaws,  r a t - b i t e  f e v e r  and 

amoebic dysen t e ry .  During t h e r a p y  wi th  a r s e n i c ,  

c o m p l i c a t i o ns  may a r i s e ,  t he  more s e r i o u s  be in g  

e n c e p h a l i t i s  haemor rhag ica ,  haemo r r hag i c  n e p h r i t i s ,  d e r a a t i - :
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t i s ,  a g r a n u l o c y t o s i s  and j a u n d i c e .  Eag l e  (1946) and 

Eag le  and Magnueon (1946) have c l e a r l y  de m o n s t r a t e d  t he  

g r e a t  t h e r a p e u t i c  u s e f u l n e s s  of B.A.L.  in t r e a t i n g  

a r s e n i c a l  c om p l i ca t i o ns .  I n  a s e r i e s  of  e i g h t y - e i g h t  

cases  of a r s e n i c a l  d e r m a t i t i s ,  f i f t y - o n e  were of t he  

e x f o l i a t i v e  type and B.A.L.,,  i n  the  m a j o r i t y  of c a s e s ,  

s t opped  t he  p r o g r e s s i o n  of t h e  i n f lammatory  r e a c t i o n  and 

h a s t e n e d  h e a l i n g .  The average  t ime f o r  a lmos t  complete  

r ecove ry  was c la imed to be t h i r t e e n  da y s .  I t  was p o i n t e d  

ou t  by Eagle  t h a t ,  a f t e r  t he  a d m i n i s t r a t i o n  of B . A . L . ,  

the  i nf lammat ion  and oedema of t h e  sk i n  s u b s i d e d ,  the 

t e m p e r a t u r e  f e l l  and t h e r e  was marked, s u b j e c t i v e  improvement .  

The l o n g e r  the  d e r m a t i t i s  had l a s t e d  b e f o r e  B.A.L.  was. 

g i v e n , t h e  l o nge r  was t he  t ime r e q u i r e d  f o r  d e f i n i t e  

improvement .  Gases of mi ld  d e r m a t i t i s  wi th  on ly  p r u r i t u s  

and erythema responded in  t w e n t y - f o u r  to  f o r t y - e i g h t -  h o u r s .  

F i f t y - f i v e  cases  of t o x i c  e n c e p h a l i t i s  were  t r e a t e d  wi th  

B.A.L.  t he r apy  wi th t he  r e s u l t  t h a t  f o r t y - f o u r  r e c ove re d  

comple t e ly  w i t h i n  one to seven d a y s ,  w h i l e  t he  r ema in ing  

e l even  d i ed .  Delay in  i n i t i a t i n g  t r e a t m e n t  o r  t oo  sma l l  

dosage  may have been the  cause  of  f a i l u r e  in  some of t h e s e  

c a s e s .  Ten ' ou t  of e l even  c a s e s  of a g r a n u l o c y t o s i s  

r e cove red  bu t  in t h r e e  cases  of a p l a s t i c  anaemia due to 

a r s e n i c a l s ,  t h e r e  was no b e n e f i c i a l  e f f e c t  f rom B.A.L.  

t h e r a p y .  Of fo u r  cases  of mas s ive  ove rdosage  w i t h

oxyphenar s ine  h y d r o c h l o r i d e  t h r e e  p a t i e n t s  r esponded  p romp t ly



whi l e  one p a t i e n t  d i e d ,  due t o  too emai l  a dosage  of B.A.L.  

b e ing  g i v en .  Forty-four* cases, of f e v e r  due to a r s e n i c  

r e cove red  prompt ly wi th  B.A.L.  t h e r a p y .

Eagle  su g g e s t s  t h a t ,  in  s e v e r e  a r s e n i c a l  c o m p l i c a t i o n s ,  

a dosage  of 3mg. /kg.  should be g iv en  a t  each i n j e c t i o n .

For  t he  f i r s t  two days ,  s i x  i n j e c t i o n s  a r e  g i v en  a t  f o u r -  

h o u r l y  i n t e r v a l s ,  on t he  t h i r d  day f o u r  i n j e c t i o n s ,  and 

t hen  two i n j e c t i o n s  d a i l y  f o r  t en  days o r  u n t i l  complete  

r e c o ve r y .  In  mi ld  cases  2 . 5 m g . /k g .  a r e  g i v e n  a t  each 

i n j e c t i o n  in  t he  same s c h e d u l e  as above .  S ide  e f f e c t s  a r e  

r a r e l y  seen a t  a dosage  of 2 . 5  to omg. /kg .

C a r l e to n ,  P e t e r s ,  S to cken ,  Thompson and Wi l l i ams  (1946)  

t r e a t e d  t h i r t y  cases  s u f f e r i n g  from a r s e n i c a l  d e r m a t i t i s ,  

mos t ly  f o l l o w in g  i n j e c t i o n s  of  neoar sphenamine .  Twenty-  

one of the  p a t i e n t s  were t r e a t e d  by i n t r a m u s c u l a r  i n j e c t i o n ,  

t h e  remainder  by i n u n c t i o n  w i th  a f i v e  p e r  c e n t  B.A.L.  

o i n tm e n t .  I n j e c t i o n  t h e r a p y  was much more s a t i s f a c t o r y  

than i n u n c t i o n  t he r ap y  and proved t o  be  t h e  method of c h o i c e .  

The a u t h o r s  r e p o r t e d  t h a t  c l i n i c a l  e v id e n ce  i n d i c a t e d  a 

b e n e f i c i a l  e f f e c t  i n  a s u b s t a n t i a l  number of  c a s e s .

Longcope,  L u e t s c h e r ,  Wint robe  and J a g e r  (1946) r e p o r t e d  on 

twenty- two  case s  of a r s e n i c a l  d e r m a t i t i s  t r e a t e d  w i th  B.A.L.  

Seven of the  p a t i e n t s  had an i n t r a c t a b l e  l o c a l i z e d  

d e r m a t i t i s ,  caused by d ipbeny l amine  c h l o r a r s i n e ,  which 

improved w i t h i n  a few days as t h e  r e s u l t  of  i n u n c t i o n  wi th
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B.A.L.  o in tment  up t o  t e n  p e r  c en t  s t r e n g t h .  There were 

f i f t e e n  cases  of g e n e r a l i s e d  e x f o l i a t i v e  d e r m a t i t i s ,  

f o l l o w in g  t he  use of a r s e n i c a l s  f o r  t he  t r e a t m e n t  of 

s y p h i l i s ,  and symptomat ic  and o b j e c t i v e  improvement  

f o l l o w i n g  B.A.L.  t he r ap y  w i th  i n u n c t i o n  o r  by i n t r a m u s c u l a r  

i n j e c t i o n s .  The d u r a t i o n  o f  t he  d e r m a t i t i s  in ov e r  h a l f  

of  t he  p a t i e n t s  was s h o r t e r  t h a n  a comparable  c o n t r o l  

g roup ,  who were n o t  t r e a t e d  w i t h  B.A.L.  The a u t h o r s  

p o i n t  ou t  t h a t  B.A.L.  i n  o in tm en t  was q u i t e  p a i n f u l ,  when 

a p p l i e d  to i n f l amed sk in  and were of t he  o p i n i o n  t h a t  

i n t r a m u s c u l a r  B.A.L.  t h e r a p y  was much l e s s  d i s t u r b i n g .

Ho s e r i o u s  s i de  e f f e c t s  were ob se rved  d u r i n g  t h e  c o u r s e  of 

t h e  t r e a t m e n t s .

These r emarkabl e  advances  i n  t h e  t r e a t m e n t  of a r s e n i c a l  

i n t o x i c a t i o n s  by B.A.L.  remove a g r e a t  sou rce  of a n x i e t y  to 

t he  p h ys i c i a n  us ing  the  modern p o t e n t  o r g a n i c  a r s e n i c a l  

p r e p a r a t i o n s .  I n  peace  and i n  war ,  when i n t e n s i v e  t h e r a p y  

wi th  a r s e n i c  might  have t o  be c a r r i e d  o u t ,  i t  i s  c om fo r t i n g  

t o  know t h a t  i n  B.A.L.  t he  p h y s i c i a n  has  a d r u g ,  which i f  

used promp t ly  and i n  s u f f i c i e n t  dosa ge ,  can overcome such 

a f a t a l  co mp l i ca t i o n  of  a r s e n i c a l  t h e r a p y  as e n c e p h a l i t i s .

In e x f o l i a t i v e  d e r m a t i t i s  due t o  a r s e n i c  t he  d u r a t i o n  of 

t r e a t m e n t  i s  g r e a t l y  r educed .  I t  i s  n o t  t oo  much to  c la im 

t h a t , w h a t  a d r e n a l i n e  i s  to t he  a s t h m a t i c ,  B .A.L.  i s  to the 

p a t i e n t  undergoing  i n t e n s i v e  c o u r s e s  of a r s e n i c a l  t h e r apy

f o r  s y p h i l i s .  H e n c e f o r t h  t o x i c  r e a c t i o n s  a r i s i n g  from



a r s e n i c a l  t herapy i n  t he  t r e a t m e n t  of s y p h i l i s ,  

t r y pan os om ias i s ,  yaws and amoebic d y s e n t e r y  need  no l o n g e r  

be so a la rming .  In i n d u s t r i a l  m ed i c ine  t o x i c  r e a c t i o n s  

to  a r s e n i c a l s  have a u s e f u l  a n t i d o t e  i n  B.A.L.

Longcope and L u e t s c h e r  (1946) s u c c e s s f u l l y  t r e a t e d  

t w e n ty - t h r e e  case s  of a c u t e  p o i s o n i n g  by m e r c u r i c  c h l o r i d e  

wi th  i n t r a m u s c u l a r  i n j e c t i o n s  of B.A.L.  Al though acu t e  

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

a m a t t e r  of supreme c l i n i c a l  impor t ance  t h a t  i n  B.A.L.  

p h y s i c i a n s  have such a power fu l  a n t i d o t e  t o  mercury  

p o i s o n i n g .  I t  i s  r e a s o n a b l e  t o  s u g g e s t  t h a t  B.A.L.  

the r apy  should be t r i e d  i n  i n d u s t r i a l  p l a n t s  m a n u f a c t u r i n g  

mercury  p r e p a r a t i o n s  and where d e r m a t i t i s  and m e r c u r i a l i s m  

a r e  produced,  e i t h e r  i n d u s t r i a l l y  o r  d u r i n g  t h e r a p y  wi th  

mercury .  B.A.L.  would seem to be  i n d i c a t e d  f o r  f o e t o r  of 

the  b r e a t h ,  the  s o r e n e s s  of the  gums and p a i n f u l  t e e t h ,  

i n c r e a s e d  s a l i v a t i o n ,  a n o r e x i a ,  weakness ,  anaemia due t o  

c h r o n i c  po i s o n i n g  wi th  m erc u r y , a nd  f o r  t he  r a r e r  c a se s  when 

t he  b r u n t  of  t he  mercury  p o i s o n i n g  f a l l s  on t he  c e n t r a l  

nervous  sys tem,  as ev idenced  by t r emors  and weakness  o f  the  

a f f e c t e d  musc l e s .  Hence,  f o r  a c u t e  and c h r o n i c  mercury 

p o i s o n i n g ,  B.A.L.  would seem to o f f e r  a more t han  u s e f u l  

a d j u n c t  t o  p r e s e n t  forms of  t r e a t m e n t .

Antimony i s  po i sonous  t o  p r o t o z o a  and i s  wide ly  used 

i n  t he  t r e a t m e n t  of l e i s h m a n i a s i s ,  t r y p a n o s o m i a s i s ,



b i l h a r z i a e ,  f i l a r i a s i s ,  yaws,  o r i e n t a l  so r e  and r e l a p s i n g  

f e v e r .  The t o x i c  r e a c t i o n s  a r i s i n g  from th e r a p y  w i t h  

ant imony resemble t hose  due to a r s e n i c a l  p o i s o n i n g .

During t r e a tm en t  of t h e  above d i s e a s e s ,  c o n s t a n t  watch 

has  t o  be  kep t  f o r  t h e  deve lopment  of t ox i c  r e a c t i o n s .

With B.A.L.  e f f e c t i v e  as an a n t i d o t e  to ant imony poisoning  

i t  i s  recommended t h a t  t h i s  d ru g  sh ou ld  be  e x t e n s i v e l y  

t r i e d  when t o x i c  r e a c t i o n s  to ant imony a r i s e  in  t h e  cou r se  

of an t imon ia l  t h e r a p y .

Chromium has been r e c o g n i s e d  f o r  some t ime as an 

i n d u s t r i a l  h a z a r d , b o t h  i n  t he  mining  of t h e  m e t a l l i c  o r e s  

and in  those i n d u s t r i e s  which use chromates  and d i ch r om a t e s  

f o r  dye ing ,  e l e c t r o t y p i n g  and c h r o m e - p l a t i n g .  The fumes 

a r i s i n g  i n  t he  p r o c e s s  of c h r o m e - p l a t i n g  c o n s t i t u t e  an 

i m p o r t a n t  i n d u s t r i a l  h a z a r d .  Chromic p o i s o n i n g  p roduces  

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

n e p h r i t i s .  I n  i n d u s t r i a l  fume p o i s o n i n g ,  t h e  damage occu r s  

main ly  i n  t he  sk in  and mucous membranes.  The exposed 

hands and fo rea rms  deve lop  a d i f f u s e  d e r m a t i t i s  which 

p r o g r e s s e s  to s imp le  or  m u l t i p l e  u l c e r a t i o n s  -  t h e s e  a re  

known as Hchrome h o l e s ” . I n f l am ma t io n  of t h e  n a s a l  mucosa 

may p r o cee d  to p e r f o r a t i o n  of t h e  septum and sometimes 

ex t ends  to the  b r o n c h i o l e s .  The u l c e r a t i o n s  a r e  s low in 

de v e l o p in g  b u t  p e n e t r a t e  deep ly  and only  h e a l  w i t h  d i f f i c u l t y  

T rea tmen t  i s  ve ry  u n s a t i s f a c t o r y , a n d  t h e  most  e f f e c t i v e

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



The p r e s e n t  work has d e m o n s t r a t e d  t h a t  B.A.L.  has 

an a n t i d o t a l  a c t i o n  on chromium p o i s o n i n g  i n  mice r a i s i n g  

t he  L .D.50  of chromium t r i o x i d e  from 67mg. /kg.  t o  80mg. /kg .

I t  has  a l s o  been shown t h a t  t he  t r e a t m e n t  of chrome u l c e r s ,  

produced in  gu i nea  p i g s ,  hea l ed  much more q u i c k l y  on 

t r e a t m e n t  wi th B.A.L. '  i n  o in tmen t  form than  t he  chrome 

u l c e r s  in  the c o n t r o l  s e r i e s  of g u i n e a  p i g s .  This  ev id e nc e  

of t he  e f f e c t i v e n e s s  of  B.A.L.  i n  a c u t e  chromium p o i s o n i n g  

i n  whi t e  mice i s  s u b s t a n t i a t e d  by t h e  work of Braun,

Lusky and Calvery (1946) ,  who de t e rm in ed  t he  e f f e c t  of B.A.L.  

on a cu t e  chromate p o i s o n i n g  i n  r a b b i t s .  The L .D.50  f o r  

p o t a s s iu m  chroma t e  by i n t r a m u s c u l a r  i n j e c t i o n  was 55m g.A g .  

and B.A.L.  by i n t r a m u s c u l a r  i n j e c t i o n  r a i s e d  t he  L .D.50 to 

85mg./ k g .

These r e s u l t s ,  p rov ing  the  a n t i d o t a l  e f f e c t  of  B.A.L.  

on chromium p o i s o n i n g  in e x p e r i m e n t a l  a n im a l s ,  a r e  s t r o n g  

p r e su mp t ive  ev idence  f o r  recommending t h e r a p e u t i c  t r i a l  

of  B.A.L.  in t he  v a r i o u s  m a n i f e s t a t i o n s  of chrome p o i s o n i n g  

met  wi th c l i n i c a l l y .  I t  would a p p e a r  t h a t  chrome d e r m a t i t i s  

would y i e l d  to  a cou rse  of  i n t r a m u s c u l a r  i n j e c t i o n s  wi th  

B.A.L.  Where the chrome damage i s  deep e r ,  as in  chrome u l c e r s  

and p e r f o r a t i o n  of t he  n a s a l  septum,  t r e a t m e n t  bo th  l o c a l l y  

wi th B.A.L.  o in tme n t  and sy s t e m i c  i n t r a m u s c u l a r  B.A.L.  i s  

recommended.

Braun,  Lusky and Ca lvery  (1946)  concluded  t h a t  B.A.L.
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i s  no t  e f f e c t i v e  in t he  t r e a t m e n t  of e i t h e r  a cu t e  o r  

ch r o n i c  l ead  p o i s o n i n g .  Acute l e a d  p o i s o n i n g  was p roduced  

i n  r a b b i t s  by a s i n g l e  t o x i c  dose  of l e a d  n i t r a t e  g i v e n  

i n t r a p e r i t o n e a l l y  and B.A.L.  in  dose s  of  lOmg. /kg .  d a i l y  

were g iven  by i n t r a m u s c u l a r  i n j e c t i o n  f o r  t e n  da ys .  The 

animal s  t r e a t e d  w i th  B.A.L.  had t he  g r e a t e s t  m o r t a l i t y .  

Chronic  l ead  po i s on ing  was p roduced in  r a b b i t s  by d a i l y  

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

days .  • -Seven days were a l l owed t o  e l a p s e  b e f o r e  t he r a py  

wi th B.A.L.  was commenced. B.A.L.was  a d m i n i s t e r e d  by d a i l y  

i n t r a m u s c u l a r  i n j e c t i o n  and i t  was found t h a t  a l l  t he  

r a b b i t s  r e c e i v i n g  B.A.L.  d i e d ,  wh i l e  t he  c o n t r o l  animal s  

s u r v i v e d .  The p r e s e n t  work on mice con f i rms  t h e s e  f i n d i n g s .  

The acut e  p o i so n i n g  e f f e c t  of  l e a d  a c e t a t e  g i ve n  

i n t r a p e r i t o n e a l l y  i n  wh i t e  mice was i n c r e a s e d  by the  

i n t r a p e r i t o n e a l  i n j e c t i o n  of B .A.L.  Both s e r i e s  of  

exper iment s  would a p pea r  t o  i n d i c a t e  t h a t  t h e  ro u t e  of 

a d m i n i s t r a t i o n  of  B.A. l . i n  an ima l s  has  no e f f e c t  on 

d e c r e a s i n g  the  t o x i c i t y  of l e a d .  However,  i n  view of the  

s u c c e s s f u l  r e p o r t s  of B.A.L.  t h e r a p y  i n  t he  t r e a t m e n t  of 

t o x i c  r e a c t i o n s  t o  g o l d  s a l t s ,  i t  would seem t h a t  B.A.L.  

m igh t  be g iven  a c a r e f u l  t r i a l  i n  c ases  of human l e a d  

p o i so n i ng  1ft the  view t h a t  t he  r e s u l t s  of  animal  

exper iments  ( a c u t e )  and human t h e r a p e u t i c  t r i a l s  ( c h r o n i c )  

have proved to  be  c o n t r a d i c t o r y  in t he  case  of g o l d  and

bi smu th  .
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With r e g a rd  to t he r ap y  wi th B.A.L.  in b i smuth  and 

go ld  i n t o x i c a t i o n s ,  t he  p r e s e n t  work has  i n d i c a t e d  t h a t  

B.A.L.  i n c r e a s ed  t he  t o x i c i t y  of both t h e s e  m e t a l s  in  mice 

when B.A.L.  and t he  meta l  were g i v e n  i n t r a p e r i t o n e a l l y .

As d i s c u s s e d , B r a u n ,  Lusky and Ca lve ry  (1S46) found t h a t  

B .A.L.  was e f f e c t i v e  in a cu t e  b i smuth  po i son in g ,w he n  both 

su b s t a n c e s  were g iven  by t he  i n t r a m u s c u l a r  r o u t e .  The 

work of Cohen, Goldman, and Dubbs (1947) ,  Davison (1947) ,  

L o ck i e ,  Korcross  and George (1947 ) ,  and Ragan and Boots

(1947) ,  has been  d i s c u s s e d ,  whe re in  t h e  a u th o r s  r e p o r t e d  

s u c c e s s f u l  t r e a t m e n t  of go ld  i n t o x i c a t i o n s ,  a r i s i n g  i n  the  

ch ryso the r apy  of rheumatoid  a r t h r i t i s ,  wi th  i n t r a m u s c u l a r  

B.A.L.  t he r apy ,  a l t h o u g h  as Cohen,  Goldman and Dubbs s t a t e  

t h e r e  were no animal  ex p e r im e n t s  t o  s u g g e s t  t h i s  use of  

B.A.L.  The a u th o r s  a l s o  s t a t e  t h a t  the  number of cases  

i s  too smal l  to make dogmat ic  s t a t e m e n t s .  From the 

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

f u r t h e r  e xp e r i m e n t a l  and c l i n i c a l  work w i l l  have to be 

c a r r i e d  ou t  b e f o r e  t h e  f i n a l  a s s e s s m e n t  can be made of the 

v a lu e  of B.A.L.  i n  t h e  t r e a t m e n t  of c l i n i c a l  c a se s  of 

b i smuth and g o l d  i n t o x i c a t i o n s .

In a l l  t he  t h e r a p e u t i c  a p p l i c a t i o n s  in  which B.A.L.  

i s  used and t o  which i t  may be p u t ,  i t  must  be r e a l i s e d  t h a t  

t he  drug i t s e l f  i s  t o x i c .  The p r e s e n t  work has shown 

p a r t i c u l a r l y ,  the  t o x i c  e f f e c t s  on t he  c e n t r a l  ne rvous



sys tem,  as evidenced  by i t s  c o n v u l s a n t  a c t i o n s ;  on t h e  

r e s p i r a t o r y  sys tem by i m p a i r i n g  r e s p i r a t i o n ;  on t he  

c a r d i o v a s c u l a r  sys tem by cau s ing  f a l l  i n  b lood  p r e s s u r e , a n d  

on t he  p e r i p h e r a l  c i r c u l a t i o n  by c a u s i n g  v a s o c o n s t r i c t i o n  

and l o s s  of f l u i d  from the  c a p i l l a r i e s ,  l e a d i n g  t o  

ha emo concen t r a t i on  and a s t a t e  of shock ,  h e l d  t o  be 

r e s p o n s i b l e  f o r  the  cause of  d e a t h  i n  a n a e s t h e t i s e d  a n i m a l s .  

Convul s i ons  were c o n s i d e r e d  to be  t he  cause  of  dea t h  in 

i n t a c t  an imal s .

Although the  t h e r a p e u t i c  b e n e f i t s  to  d a t e  by f a r  

outweigh the dang e r s  due to  t he  t o x i c i t y  of B.A.L. .  n e v e r t h e 

l e s s ,  t he  use of a l e s s  t o x i c  d rug  w i t h  t h e  same a c t i o n  

would be a d v i s a b l e .  B.A.L.  g l u c o s i d e  d i s c o v e r e d  d u r i n g  

the war year s  by D a n i e l l i ,  D a n i e l l i ,  M i t c h e l l ,  Owen and 

Shaw (1947) would a p p ea r  t o  be t h e  answer  t o  t he  p rob l em.  

These workers  c on s id e r e d  t h a t  B . a . l .  was t oo  t o x i c  in  l a r g e  

doses  and exper iment ed  to  f i n d ,  i f  p o s s i b l e ,  a n o n - t o x i c  

t h i o l  which had t he  f o l l o w i n g  t h e r a p e u t i c  d e s i d e r a t a :  be

capable  of p e n e t r a t i n g  t h e  whole v a s c u l a r  sys t em;  p r e v e n t  

a r s e n i c a l s  from p a s s i n g  from the  b lood  s t r e am  i n t o  t he  t i s s u e  

c e l l s ;  be c apab l e  of removing a r s e n i c  from th e  c e i l s  i n t o  

which i t  had p e n e t r a t e d ;  be r e l a t i v e l y  n o n - t o x i c  and 

f i n a l l y  t he  drug shou ld  be cap ab l e  of u n i t i n g  wi th  the 

a r s e n i c  to form a compound r e a d i l y  e x c r e t e d  and n o n - t c x i c .

O-g lucos ide  of  B.A.L.  (B.A.L.  I n t r a v . ) was d i s c o v e r e d  and

answered b e s t  to t he  r e q u i r e d  d e s i d e r a t a  mu j. . .u e r a t a .  The t o x i c i t y  of
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B.A.L.  g l uco e id e  was found  to  be much l e s s  t h a n  t h a t  of 

B.A.L.  The L.D.50 of  the  compound f o r  r a t s  was found to 

be 7 .5g . /kg . ,  whi le  t he  L .D .5 0  of. B.A.L.  f o r  r a t e  was 

found  t o  be 50mg . /kg . ,  i . e .  B.A.L.  g l u c o s i d e  was 150 t ime s  i

l e s s  t o x i c  t o  r a t s  t han  B.A.L.  Fu r the rmore ,  a t  dose s  of
l

l - 2 g / k g .  B.A.L.  g l u c o s i d e  caused  no p a t h o l o g i c a l  symptoms i
!

in r a t s ,  r a b b i t s ,  gu in ea  p i g s  and go a t s  and was found  to ■

be p r o t e c t i v e  a g a i n s t  l e w i s i t e  p o i s o n i n g  i n  t h e s e  a n i m a l s .  

When the  t r e a tm e n t  of e x p e r i m e n t a l  a r s e n i c a l  p o i s o n i n g  j

was de l ayed  f o r  s i x  and a h a l f  hour s  t he  m o r t a l i t y  from 

l e w i s i t e  p o i so n i n g  was f i f t y  p e r  c e n t , a n d  i t  was c o n s i d e r e d  

t h a t  t h i s  was due t o  the  s low removal  of t h e  a r s e n i c  from I

the t i s s u e s  by t he  B.A.L.  g l u c o e i d e .  By g i v i n g  B.A.L.  i n  

c o n j u n c t i o n  wi th B. a .l %. g l u c o s i d e  i t  was found t h a t  B.A.L.  j

a c t e d  as a c a r r i e r  of  a r s e n i c  be tween the c e l l  and the 

B.A.L.  g l u c o s i d e  i n  t he  b lo o d  and t he  m o r t a l i t y  was r educed .  !

This  reduced t o x i c i t y  of B.A.L.  g l u c o e i d e  was j

conf i rmed by McCance and Widdowson (1946) in male v o l u n t e e r s .  

These workers  found t h a t  ICOmg./kg.  of B.A.L.  g l u c o s i d e  g i v en  

i n t r a v e n o u s l y  to  male v o l u n t e e r s  p roduced  no i l l - e f f e c t s .

Thi s  r e s u l t  i s  in  s t r i k i n g  c o n t r a s t  t o  i n t r a m u s c u l a r  B .A .L . ,  

which when g iven  in s i n g l e  doses  of 3 -5mg . /kg .  to humans i s  

a p t  to produce t o x i c  r e s u l t s  p r e v i o u s l y  d i s c u s s e d .

The above r e s u l t s  would s u g g e s t  t h a t  B.A.L.  g l u c o s i d e  

i s  t o  be p r e f e r r e d  to B.A.L.  in  t h e r a p y .  Whether  the  B.A.L.
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g l u c o s i d e  shou ld  be g iven  a l o n e  o r  combined wi th  B.A.L.  

demands f u r t h e r  c l i n i c a l  t r i a l s .

The p r e s e n t  work and t h e  work of  o t h e r s  quo ted ,  

c l e a r l y  demons t ra te s  t h a t  B .A.L .  and B.A.L.  g l u c o s i d e  

occupy an impor t an t  p l a c e  in  t h e r a p e u t i c s .  U n t i l  t h e i r  

adven t  t h e r e  e x i s t e d  no cure  f o r  a r s e n i c a l  p o i s o n i n g .

I t  was e s s e n t i a l  t h a t  i n d u s t r i a l  h a z a r d s  f rom a r s e n i c  such 

as might  be encoun te red  i n  t he  m an u f a c t u r e  of g l a s s ,  

h o r t i c u l t u r a l  p r o d u c t s ,  m e d i c i n a l  chemica l s  and p igments  

shou ld  be c o n t r o l l e d  by p r e v e n t i t i v e  measu re s .  Workers 

who c o n t r a c t e d  a r s e n i c  po i son ing ,  even w i th  t he  b e s t  

p r e v e n t i t i v e  measures  in  u s e ,w e r e  doomed t o  a s p e l l  of 

p o o r  h e a l t h .  These drugs  now would seem cap ab l e  of  

a i d i n g  c o ns i d e r a b ly  t h e  p r e s e n t  p r e v e n t i t i v e  measu res  

and capable  of cu r i n g  a r s e n i c  p o i s o n i n g  when i t  a r i s e s .  

C r imina l  p o i so n i n g  by a r s e n i c ,  f o o d s t u f f s  co n t am in a t e d  wi th  

a r s e n i c ,  and a r s e n i c a l  w a r f a r e  a g e n t s  can now be c o n t r o l l e d .  

The use of a r s e n i c  d e r i v a t i v e s  i n  med i c ine  ha s  become of 

g r e a t  impor tance  p a r t i c u l a r l y  i n  t he  t r e a t m e n t  of s y p h i l i s  

and many t r o p i c a l  d i s e a s e s ,  wi th t he  p r o p e r  u se  of B.A.L.  

and B.A.L.  g l u c o s i d e , t h e  p h y s i c i a n  has  a p o t e n t  weapon f o r  

combat ing t o x i c  r e a c t i o n s  and can a l s o  c o n s i d e r  more 

i n t e n s i v e  t r e a t m e n t  w i th  a r s e n i c a l s  knowing t h a t  he has a 

p o t e n t  a n t i d o t a l  a g e n t  a t  hand.  These drugs  a r e  a l s o  

e f f e c t i v e  i n  mercury ,  an t imony,  chromium, cadmium and n i c k e l



p o i s o n i n g  and p o s s i b l y  w i th  o t h e r  m e t a l s  no t  y e t  t r i e d .  

S u c c e s s f u l  r e p o r t s  have been d e s c r i b e d  i n  t he  t r e a t m e n t  

of  t o x i c  r e a c t i o n s  due t o  t h e r a p y  w i th  go ld  s a l t s  and 

t h e i r  c l i n i c a l  t r i a l  in l e ad  p o i s o n i n g  shou ld  pe rhaps  be 

co n s i d e r e d .

In conc lu s ion ,  B r i t i s h  s c i e n t i s t s  have  produced a 

t h e r a p e u t i c  a g e n t ,  due t o  t he  e x i g e n c i e s  of war ,  which 

combats a r s e n i c  and mercury p o i s o n i n g  and p ro b ab l y  o t h e r  

heavy meta l  p o i s o n i n g  i n  t h e  v a r i o u s  ways i n  which such 

p o i s o n i n g  may a r i s e  whe ther  t h e r a p e u t i c a l l y ,  i n d u s t r i a l l y ,  

or  as a r e s u l t  of war .  The f u l l  p o t e n t i a l i t i e s  of t he s e  

d rugs  have y e t  to be e x p l o r e d  and t he  r a t i o n a l  b i och em ic a l  

approach to t h e i r  d i s c o v e r y  w i l l  no doubt  h e lp  t o  u n rav e l  

t he  impor tance  of enzyme sys tems  i n  t h e i r  v a r i o u s  complex 

f u n c t i o n s  i n  t he  body.  B.A.L,  a l s o  p r o v i d e s  a ’’r e s e a r c h  

t o o l ” of g r e a t  i n t e r e s t  and v a lu e  t o  t he  b i o c h e m i s t  and 

p h a rm a c o l o g i s t ,  which may u l t i m a t e l y  p rove  t o  be the  

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

p o t e n t  and v e r s a t i l e  s u b s t a n c e .
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