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SUMMARY

From a  c o n s i d e r a t i o n  o f  p a s t  w ork on a c u t e  

i n t e r m i t t e n t  p o r p h y r i a ,  i t  a p p e a r e d  t h a t  t h e  

p o r p h y r i n  p r e c u r s o r  m ost  l i k e l y  t o  be  i n v o lv e d  

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

o f  t h e  d i s e a s e  was c ^ - a m i n o l a e v u l i n i c  a c i d  (ALA).

A s e r i e s  o f  e x p e r i m e n t a l  i n v e s t i g a t i o n s  on 

ALA was c a r r i e d  o u t  on b o t h  human and a n im a l  

s y s te m s .  The m ain  f i n d i n g s  w ere  a s  f o l l o w s

a )  The b lo o d  ALA c o n c e n t r a t i o n s  o f  a  num ber 

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

h i g h e r  t h a n  t h e  c o n c e n t r a t i o n s  i n  n o rm al s u b j e c t s .  

I n  one p o r p h y r i c  s u b j e c t  ALA was d e t e c t e d  i n  t h e  

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

b )  R a t s  w h ic h  w ere  made e x p e r i m e n t a l l y  p o r p h y r i c  

by  i n c r e a s i n g  ALA s y n t h e t a s e  a c t i v i t y  by  t r e a t m e n t  

w i t h  a l l y - i s o p r o p y l - a c e t a m i d e ; w ere  s i g n i f i c a n t l y  

more s u s c e p t i b l e  t h a n  u n t r e a t e d  r a t s  t o  c o n v u l s i o n s  

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

R a t s  p r e t r e a t e d  w i t h  ALA h o w e v e r ,  d i d  n o t  shov/ t h i s  

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

c )  ALA was fo u n d  t o  be c a p a b le  o f  p a s s i n g  t h e  

b l o o d - b r a i n  b a r r i e r  a t  b lo o d  c o n c e n t r a t i o n s  known 

t o  o c c u r  i n  a c u t e  p o r p h y r i a .  A c u te  e t h a n o l  i n t o x i ­

c a t i o n  i n h i b i t e d  t h i s  p r o c e s s .  ALA was c a p a b le  o f  

r e m a in in g  u n c h an g e d  i n  t h e  b r a i n  t i s s u e  a g a i n s t  a  

b r a i n - b l o o d  c o n c e n t r a t i o n  g r a d i e n t ,  f o r  up to  t h r e e  

d a y s .



X ll.

d )  ALA p ro d u c e d  b e h a v i o u r a l  c h a n g e s  when 

a d m i n i s t e r e d  t o  e x p e r i m e n t a l  a n i m a l s .  I n  m ice  

a  s i n g l e  d o se  o f  ALA g i v e n  i n t r a p e r i t o n e a l l y ,  

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

s p o n ta n e o u s  a c t i v i t y ,  w h ic h  was so o n  f o l l o w e d

b y  a  s i g n i f i c a n t  i n c r e a s e  i n  s p o n ta n e o u s  a c t i v i t y ,  

w h ic h  l a s t e d  f o r  a t  l e a s t  n i n e t y  m in u te s  a f t e r  ALA 

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

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

t o  ALA.

R a t s  c h r o n i c a l l y  p r e t r e a t e d  w i t h  ALA, showed 

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

t a n e o u s  a c t i v i t y  and  a l l  p a r a m e t e r s  m e a s u r in g  

i n q u i s i t i v e n e s s  w ere  s e v e r e l y  d e p r e s s e d .  W ith ­

d r a w a l  and  r i g h t i n g  r e f l e x e s  w e r e ,  h o w e v e r ,  n o rm a l .

e )  The s u b s t a n c e  2 , 4  d im e t h y l - 3 - e t h y I p y r r o l e , 

w h ic h  i s  commonly fo u n d  i n  s c h i z o p h r e n i c s  and  w h ic h  

may be  fo rm ed  by  a  r e a c t i o n  i n v o l v i n g  ALA, was 

fo u n d  t o  be p r e s e n t  i n  t h e  u r i n e  o f  s u b j e c t s  w i t h  

p o r p h y r i a ,  b u t  n o t  i n  t h e  u r i n e  o f  n o rm a l  s u b j e c t s .  

None o f  t h e s e  p o r p h y r i c  s u b j e c t s  showed s i g n s  o f  

m e n ta l  a b n o r m a l i t y .

f )  A t b lo o d  c o n c e n t r a t i o n s  known t o  o c c u r  i n  

a c u t e  p o r p h y r i a ,  ALA was fo u n d  t o  be c a p a b le  o f  

p e n e t r a t i o n  i n t o  t h e  f o l l o w i n g  t i s s u e s : -  h e a r t ,  

b r a i n ,  l i v e r ,  k i d n e y ,  s p l e e n ,  i l e u m  and  m e s e n t e r i c  

f a t .
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g )  I n  t h e  a n a e s t h e t i s e d  and p i t h e d  r a t  

p r e p a r a t i o n s ,  ÀLÀ was fo u n d  t o  c a u s e  a  f a l l  i n  

b lo o d  p r e s s u r e .  I t  was c o n s i d e r e d  u n l i k e l y ,

on t h e  b a s i s  o f  s u p p o r t i v e  e v id e n c e  f ro m  e x p e r i ­

m e n t s ,  t h a t  ALA d i d  t h i s  by  a c t i n g  c e n t r a l l y ,  

n e u r a l l y  on c a r d i a c  m u sc le  on a d r e n e r g i c  o r  

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

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

t h i s  f a l l  was a  h i s t a m i n e  l i k e  a c t i o n  on t h e  

c a p i l l a r i e s .

h )  On t h e  i s o l a t e d  p e r f u s e d  r a b b i t  e a r  a r t e r y ,

ALA p r o d u c e d  no s t a t i s t i c a l l y  s i g n i f i c a n t  c h a n g e s  

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

n o r a d r e n a l i n e  o r  t o  p e r i a r t e r i a l  s y m p a th e t i c  

n e r v e  s t i m u l a t i o n .

i )  U s in g  t h e  i s o l a t e d  g u i n e a  p i g  i l e u m ,  i t  was 

f o u n d  t h a t  ALA h a d  no s t a t i s t i c a l l y  s i g n i f i c a n t  

e f f e c t  on t h e  r e s p o n s e  o f  t h e  m u sc le  t o  i n j e c t e d  

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

s t i m u l a t i o n .

j )  ALA was fo u n d  t o  be  c a p a b le  o f  i n h i b i t i o n  o f  

t h e  t o t a l  ATPase f r a c t i o n  o f  t h e  g u i n e a  p i g  i l e u m .

I t  d i d  n o t ,  h o w e v e r ,  a s  m ig h t  be  e x p e c te d  on t h i s  

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

o f  a c e t y l c h o l i n e  f ro m  m u sc le  s t r i p s  o f  i l e u m .

The s i g n i f i c a n c e  o f  t h e s e  f i n d i n g s  i s  d i s c u s s e d  

w i t h  p a r t i c u l a r  e m p h a s is  on t h e  p o s s i b i l i t y  t h a t  ALA 

may p l a y  a  r o l e  i n  t h e  p r o d u c t i o n  o f  t h e  c l i n i c a l  

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



SECTION I

GENERAI) INTRODUCTION



B ack g ro u n d

The word 'p o r p h y r i a *  l i t e r a l l y  means ' p u r p l e  

u r i n e * .  The p o r p h y r i a s  a r e  a  g ro u p  o f  h e r e d i t a r y  

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

s y n t h e s i s  w h ic h  o f t e n  r e s u l t  i n  t h e  e x c e s s i v e  

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

i n  t h e  u r i n e , h e n c e  t h e  d e r i v a t i o n  o f  t h e  t e r m .

They a r e  c l a s s i c a l  e x am p le s  o f  t h o s e  d i s e a s e s  

g e n e r a l l y  te rm e d  ' i n b o r n  e r r o r s  o f  m e ta b o l i s m * .

The f i r s t  a l l u s i o n  t o  p o r p h y r i n s  was made 

b y  S c h e r e r  i n  1841 and  t h e  f i r s t  c l a s s i f i c a t i o n  

o f  t h e  p o r p h y r i a s  i n  t e r m s  o f  d i s e a s e s  o f  p o r p h y r i n  

m e ta b o l i s m  was made by  G u n th e r  i n  two p a p e r s  p u b ­

l i s h e d  i n  1 911  and  1 9 2 2 .  S in c e  t h i s  t im e  r e s e a r c h  

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

t h e y  t h e m s e lv e s  a r e  c o m p a r a t i v e l y  r a r e  ( a b o u t  I .5  

c a s e s  p e r  1 0 0 ,0 0 0  f o r  A c u te  I n t e r m i t t e n t  P o r p h y r i a )  

t h e y  h av e  many a s p e c t s  i n  common w i t h  o t h e r  d i s e a s e s  

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

i n t e r e s t .  Our k now led g e  o f  a l l  a s p e c t s  o f  t h e  

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

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

and  c o n t i n u e s  t o  do s o .

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

s i d e r e d  t o  be  one c o n c e r n i n g  haem and  p o r p h y r i n  

m e ta b o l i s m .  Thus a s  an  i n i t i a l  a p p r o a c h  t o  a  

s t u d y  o f  t h e s e  d i s e a s e s  t h e  haem b i o s y n t h e t i c  p a t h ­

way w i l l  be  d e s c r i b e d .
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Haem B i o s y n t h e s i s . (FIGURE l )

As a  r e s u l t  o f  w ork  b o t h  on m ammalian and  n o n ­

mammalian s y s t e m s ,  t h e  g e n e r a l  m echan ism s o f  haem 

b i o s y n t h e s i s  a r e  now w e l l  e s t a b l i s h e d .  The f i r s t  

r e c o g n i s a b l e  u n i t s  o f  haem a r e  g l y c i n e ,  w h ic h  i s  

r e a d i l y  a v a i l a b l e  i n  t h e  c e l l ,  and  s u c c i n y l  CoA, 

w h ic h  comes f ro m  t h e  K re b * s  c y c l e .  T h ese  a r e  c o n ­

d e n s e d  t o  fo rm  t h e  p a t h w a y 's  p r i m a r y  p r e c u r s o r  

6 - a m i n o l a e v u l i n i c  a c i d  (ALA). T h is  c o n d e n s a t i o n  

r e a c t i o n ,  w h ic h  o c c u r s  i n  t h e  m i t o c h o n d r i a ,  i s  

c a t a l y s e d  by  t h e  enzyme ALA s y n t h e t a s e ;  t h e  r e a c t i o n  

r e q u i r e s  a s  c o f a c t o r s  p y r i d o x a l  p h o s p h a te  (S c h u lm a n  

and  R i c h e r t , 1 9 5 6 )  and  f e r r o u s  i r o n  (B row n , 1958)*  

The p r o d u c t i o n  o f  ALA i s  by  way o f  a  t r a n s i e n t  

i n t e r m e d i a t e o < - a m i n o - p - k e t o - a d i p i c  a c i d ,  w h ic h ,  

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

ALA.

ALA s y n t h e t a s e  i s  c o n s i d e r e d  t o  be  t h e  r a t e  

l i m i t i n g  enzyme o f  t h e  p a th w a y  ( L a s c e l l e s ,  1 9 64 ; 

L e v e re  and  G r a n ic k ,  1 9 6 5 )  and  i s  t h u s  c r i t i c a l l y  

i m p o r t a n t  i n  d e t e r m i n i n g  t h e  r a t e  o f  haem s y n t h e s i s .  

T h e re  i s  e v id e n c e  t h a t  haem r e g u l a t e s  t h e  a c t i v i t y  

o f  s y n t h e t a s e  b o t h  b y  f e e d - b a c k  i n h i b i t i o n  (B urnham  

and  L a s c e l l s ,  1 9 6 5 ;  S c h o l n i c k  e t  a l ,  1 9 6 9 )  and b y  

r e p r e s s i o n  o f  i t s  s y n t h e s i s  (H a y a s h i  e t  a l ,  1 9 68 ; 

M a rv e r ,  1 9 6 9 ; S a s s a  and  G r a n ic k ,  1970)»



The n e x t  s t e p  o f  t h e  se q u e n c e  t a k e s  p l a c e  i n  

t h e  c y to p l a s m ,  and c o n s i s t s  o f  t h e  c o n d e n s a t i o n  o f  

2 m o le c u le s  o f  ALA a n d ,  w i t h  t h e  e l i m i n a t i o n  o f  

w a t e r ,  t h e  f o r m a t i o n  o f  t h e  m o n o p y r ro le  p o r p h o b i ­

l i n o g e n  (PBG). I t  i s  f ro m  PBG t h a t  th e  t e t r a -  

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

S t i l l  i n  t h e  c y to p l a s m ,  4  m o le c u le s  o f  PBG, 

i n  t h e  p r e s e n c e  o f  PBG d e a m in a se  and  u r o p o r p h y ­

r i n o g e n  I  s y n t h e t a s e ,  u n d e rg o  t r a n s f o r m a t i o n  t o  

an  u n i d e n t i f i e d  i n t e r m e d i a t e  w h ic h  c a n  r e s u l t  i n  

t h e  p r o d u c t i o n  o f  u r o p o r p h y r in o g e n  I ,  b u t  i s  n o r ­

m a l ly  c o n v e r t e d  t o  u r o p o r p h y r in o g e n  I I I .  The 

s e r i e s  I I I  p o r p h y r i n s  a r e  t h e  o n e s  m ost  commonly 

fo u n d  i n  n a t u r e .

U r o p o r p h y r in o g e n  I I I  i s  t h e n  d e c a r b o x y l a t e d ,  

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

t o  fo rm  c o p r o p o r p h y r in o g e n  I I I .  Once a g a i n  w i t h i n  

t h e  m i t o c h o n d r i a n ,  t h i s  i s  o x i d i s e d  and d e c a rb o x y ­

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

t o  fo rm  p r o t o p o r p h y r i n  IX . F i n a l l y  f e r r o u s  i r o n  

i s  i n t r o d u c e d  i n t o  p r o t o p o r p h y r i n  IX by haem s y n t h e ­

t a s e  ( f e r r o - c h e l a t a s e )  t o  fo rm  haem.
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The P o r p h y r i a s

The p o r p h y r i a s  h av e  b e e n  c l a s s i f i e d  b y  Schm id 

e t  a l ,  ( 1 9 5 4 ) i n t o  two t y p e s  : t h e  e r y t h r o p o i e t i c  

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

d i s t u r b e d  p o r p h y r i n  m e ta b o l i s m  may l e a d  t o  o v e r ­

p r o d u c t i o n  and  e x c r e t i o n  o f  t h e  p o r p h y r i n s  and 

t h e i r  p r e c u r s o r s .  I n  t h e  e r y t h r o p o i e t i c  p o r ­

p h y r i a s ,  t h e  s i t e  o f  t h i s  d i s t u r b e d  m e ta b o l i s m  i s  

t h e  bone m arrow and  i n  t h e  h e p a t i c  p o r p h y r i a s  i t  

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

d i f f e r e n t  t y p e s  o f  p o r p h y r i a s  i s  g iv e n  i n  F i g u r e  ( 2 ) .

As t h i s  t h e s i s  i s  m a in ly  c o n c e rn e d  w i t h  a c u t e  

i n t e r m i t t e n t  p o r p h y r i a  (A.IP) t h i s  w i l l  be  d i s ­

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

h a v e  c e r t a i n  s i m i l a r i t i e s ,  h o w e v e r ,  t h e y  v f i l l  be  

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

o f  A IP .

The E r y t h r o p o i e t i c  P o r p h y r i a s  

C o n g e n i t a l  ( E r y t h r o p o i e t i c )  P o r p h y r i a :

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

d i s e a s e  may be t r a n s m i t t e d  by  a  M e n d e l ia n  r e c e s ­

s i v e  c h a r a c t e r .  The m o s t  i m p o r t a n t  m a n i f e s t a t i o n  

i s  s k i n  p h o t o s e n s i t i v i t y ,  e x p o s u re  o f  t h e  s k i n  t o  

s u n l i g h t  o f t e n  c a u s i n g  s e v e r e  m u t i l a t i o n s .  B ecau se  

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

t e e t h  a r e  o f t e n  c o l o u r e d  a  r e d d i s h - b r o w n ,  and



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

may be  a s s o c i a t e d  w i t h  h a e m o ly t i c  a n a e m ia  a n d  i n  

some c a s e s  t h r o m b o c y to p e n i a .  K ram er e t  a l  ( 1 9 6 5 )  

s u g g e s t e d  t h a t  t h e  a n a e m ia  was due  t o  i n e f f e c t i v e  

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

L a r g e  q u a n t i t i e s  o f  u r o p o r p h y r i n  I  a r e  e x ­

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

C o p r o p o r p h y r in  I  i s  e x c r e t e d  p r e d o m i n a n t l y  i n  t h e  

s t o o l s .  U r o p o r p h y r in  I ,  c o p r o p o r p h y r i n  I  and  

i n c r e a s e d  a m o u n ts  o f  p r o t o p o r p h y r i n ,  a r e  fo u n d  i n  

c i r c u l a t i n g  e r y t h r o c y t e s .  U r o p o r p h y r in ,  c o p r o -  

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

t h e  p l a s m a .  T a d d e in i  and  W atson (1 9 6 8 )  h a v e  

i n d i c a t e d  t h a t  t h e r e  i s  i n d u c t i o n  o f  ALA s y n t h e ­

t a s e  i n  t h e  y o u n g  r e d  c e l l s  o f  t h e  bone  m arrow , 

i n  t h i s  d i s e a s e ,  b u t  t h e  a e t i o l o g y  o f  t h e  d i s e a s e  

h a s  y e t  t o  b e  d e f i n e d .

E r y t h r o p o i e t i c  P r o t o p o r p h y r i a .

T h i s  d i s e a s e  i s  t r a n s m i t t e d  g e n e t i c a l l y  and  

i s  t h e  m o s t  common o f  t h e  e r y t h r o p o i e t i c  p o r p h y r i a s  

I t s  m ain  f e a t u r e  i s  p h o t o - s e n s i t i v i t y  w h ic h  m an i­

f e s t s  i t s e l f  a s  a  b u r n i n g  s e n s a t i o n  on e x p o s u r e  t o  

s u n l i g h t  and  w h ic h  may h a v e  a s s o c i a t e d  oedem a. I n  

c h i l d r e n  t h e r e  i s  so m e tim es  a  v e s i c u l a r  c r u s t e d  

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

t h e  oedem a, e r y t h a e r i a  and  so m e tim es  u r t i c a r i a .



a p p e a r  t o  be  t h e  o n l y  a c u t e  c h a n g e s .

The u r i n e  i n  t h i s  d i s e a s e  c o n t a i n s  n o rm a l  

am oun ts  o f  p o r p h y r i n ,  t h e  m ain  b i o c h e m i c a l  f e a t u r e  

b e i n g  e x c e s s i v e  q u a n t i t i e s  o f  p r o t o p o r p h y r i n  i n  

t h e  r e d  c e l l s ,  w h ic h  may be  acc o m p a n ie d  b y  e x c e s ­

s i v e  f a e c a l  e x c r e t i o n  o f  c o p r o p o r p h y r i n  and p r o t o ­

p o r p h y r i n .  A s i g n i f i c a n t  i n c r e a s e  i n  ALA s y n t h e ­

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

( M iy a g i ,  1 9 6 ? ) .

C o n g e n i t a l  E r y t h r o p o i e t i c  C o p r o p o r p h y r i a .

T h is  d i s e a s e  w ou ld  a p p e a r  t o  be  v e r y  r a r e  

o n ly  two c a s e s ,  one b e i n g  t h e  m o th e r  o f  t h e  o r i g i n a l  

p a t i e n t ,  h a v in g  b e e n  d e s c r i b e d .  A g a in  t h e r e  i s  

s k i n  p h o t o - s e n s i t i v i t y .  T h e •u r i n e  and s t o o l  c o n ­

t a i n  n o rm a l  am ou n ts  o f  p o r p h y r i n ,  b u t  t h e  e r y t h r o ­

c y t e s  c o n t a i n  e x c e s s i v e  c o p r o p o r p h y r i n  I I I .  I t  

h a s  b e e n  s u g g e s t e d  t h a t  t h i s  d i s e a s e  i s  t r a n s m i t t e d  

by  a  M e n d e l ia n  d o m in a n t  c h a r a c t e r  ( H e i lm e y e r  and  

C l o t t e n ,  1 9 6 4 ) .

The H e p a t i c  P o r p h y r i a s  

P o r p h y r i a  V a r i e g a t a .

T h is  d i s e a s e  i s  i n h e r i t e d  a s  M e n d e l ia n  d o m in a n t  

c h a r a c t e r .  I n  a t t a c k  t h e  m a n i f e s t a t i o n s  a r e  s i m i ­

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

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

s i t i v i t y  o f t e n  o c c u r s .  A t t a c k s  a r e  much more common



among t h e  f e m a le  p o p u l a t i o n ,  who do n o t  o f t e n ,  

h o w e v e r ,  d e v e lo p  p h o t o - s e n s i t i v i t y .

D u r in g  a c u t e  s t a t e s  t h e r e  i s  a  h i g h  u r i n a r y  

e x c r e t i o n  o f  c o p r o p o r p h y r i n ,  ALA and  PBG. I n  

m o s t  c a s e s  o f  a c u t e  a t t a c k ,  and i n  r e m i s s i o n ,  

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

T h ese  f i n d i n g s ,  i n  p a r t i c u l a r ,  d i s t i n g u i s h  p o r p h y r i a  

v a r i e g a t a  f ro m  a c u t e  p o r p h y r i a .  Dowdle e t  a l  

( 1 9 6 7 ) h a s  d e m o n s t r a t e d  t h a t  h e p a t i c  ALA s y n t h e t a s e  

i s  e l e v a t e d  i n  t h i s  d i s e a s e .

C u ta n e o u s  H e p a t i c  P o r p h y r i a s .

T h is  s u b - g r o u p  o f  t h e  h e p a t i c  p o r p h y r i a s  may 

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

t h e y  c a n  be  o f  a  h e r e d i t a r y  o r i g i n  o r  a r i s e  f ro m  

h ep  a t o x i c  p r o c e s s e s  s u c h  a s  o v e r - i n d u l g e n c e  i n  

a l c o h o l  o r  f ro m  h e p a t o - t o x i c  a g e n t s  s u c h  a s  h e x a -  

c h lo r o b e n z e n e .  I n  a l l  t h e s e  d i s e a s e s  e x c e s s  

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

t h e  b i l e  t o  be  e x c r e t e d  i n  t h e  f a e c e s .  When 

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

d i v e r t e d  i n t o  t h e  s y s t e m ic  c i r c u l a t i o n  an d  a r e  

t h e n  m o s t ly  e x c r e t e d  i n  t h e  u r i n e .  A g a in  t h i s  

d i s e a s e  e x h i b i t s  s k i n  m a n i f e s t a t i o n ; -  p h o t o ­

s e n s i t i v i t y ,  e x c e s s i v e  f r a g i l i t y ,  h y p e r - p i g -  

m e n t a t i o n  and  h y p e r t r i c h o s i s .  H e r e d i t a r y  fo rm s  

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



p o r p h y r i a ,  and  a g a i n  h e p a t i c  ALA s y n t h e t a s e  

a c t i v i t y  i s  e l e v a t e d .

H e r e d i t a r y  C o p r o p o r p h y r i a .

T h is  i s  a  r e l a t i v e l y  r a r e  d i s e a s e  w h ic h  may 

r e m a in  s y m p to m le s s .  I f  an  a t t a c k  o c c u r s  h o w e v e r ,  

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

s i t i v i t y  c a n  o c c u r  on o c c a s i o n .  A t t a c k  c a n  be  

p ro v o k e d  by  c e r t a i n  d r u g s  s u c h  a s  b a r b i t u r a t e s .

I n  a t t a c k  t h e r e  i s  e x c e s s i v e  u r i n a r y  e x c r e t i o n  o f  

ALA and  PEG. The c h a r a c t e r i s t i c  b i o c h e m i c a l  

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

o f  c o p r o p o r p h y r i n  I I I .

E x p e r im e n ta l  P o r p h y r i a

E x p e r im e n ta l  p o r p h y r i a  p r o d u c e d  i n  a n im a l s  b y  

m eans o f  d r u g s  i s  t h e  s u b j e c t  o f  r e c e n t  r e v i e w s  by  

G o ld b e rg  (1 9 6 8 )  and  T sch udy  & Bonkowsky ( 1 9 7 2 ) .

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

t h e  d e v e lo p m e n t  o f  a  d i s t u r b e d  p o r p h y r i n  m e ta b o l i s m  

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

Many d r u g s  and  m e t a b o l i c  p r o d u c t s  o f  a  s t r u c ­

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

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

A IP . The p r i n c i p a l  o f  t h e s e  a r e  a l l y l i s o p r o p y -  

l a c e t a m i d e  (AIA) ( G o ld b e r g ,  1955)»  d i c a r b e t h o x y -  

d i h y d r o - c o l l i d i n e , g r i s e o f u l v i n  and  h e x a c h l o r o -  

b e n z e n e .  A l l  t h e s e  ' p o r p h y r i n o g e n i c ' d r u g s  a r e  

known t o  i n c r e a s e  t h e  a c t i v i t y  o f  h e p a t i c  ALA 

s y n t h e t a s e .



A l th o u g h  e x p e r i m e n t a l  p o r p h y r i a  e m u la te s  

c l o s e l y  t h e  d i s t u r b e d  p o r p h y r i n  m e ta b o l i s m  o f  A IP , 

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

n o t  s e e n  i n  t h e s e  a n i m a l s .  Thus i n  an  e x t e n s i v e  

s t u d y  o f  e x p e r i m e n t a l l y  p o rp h y r i©  r a b b i t s , G o l d b e r g  

a n d  R im in g to n  ( 1 9 5 ^ )  i n d i c a t e d  t h a t  t h e  o n ly  v i s i b l e  

c l i n i c a l  f i n d i n g s  w ere  l o s s  o f  a p p e t i t e ,  w e ig h t  

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

bo w e l l o o p s  i n  one a n im a l .

More r e c e n t l y  h o w ev er  Koso w er  and  Rock (1 9 5 8 )  

h a v e  fo u n d  t h a t  r a t s  p r e t r e a t e d  w i t h  AIA show d i s ­

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

t h a t  t h i s  may s e r v e  a s  a  m odel s y s te m  f o r  a c u t e  

p o r p h y r i a .

A c u te  I n t e r m i t t e n t  P o r p h y r i a

A c u te  i n t e r m i t t e n t  p o r p h y r i a  i s  t h e  m ost 

i m p o r t a n t  member o f  t h e  p o r p h y r i a  d i s e a s e s .  I t  

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

b y  W ald en s trom  i n  1937* I t  i s  i n h e r i t e d  a s  a  

M e n d e l ia n  d o m in a n t  c h a r a c t e r  and  i s  d i s t i n g u i s h a b l e  

f ro m  th e  o t h e r  p o r p h y r i a s  b y  t h e  r e l a t i v e  d o m inance  

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

i n  t h e  a b s e n c e s  o f  s k i n  p h o t o - s e n s i t i v i t y .  I n  

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

o f t e n  i n  r e m i s s i o n ,  p a t i e n t s  e x c r e t e  e x c e s s i v e  

q u a n t i t i e s  o f  u r i n a r y  ALA and  PEG ( H a e g e r ,  1 9 3 8 ) .

A l th o u g h  f o r  an  h o l i s t i c  a p p r e c i a t i o n  o f  AIP



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

i t  p o r t r a y s  m u s t  be  c o n s i d e r e d  t o g e t h e r ;  f o r  t h e  

s a k e  o f  c l a r i t y  i t  w i l l  be  d i s c u s s e d  b e lo w  u n d e r  

f o u r  h e a d i n g s : -  a )  C l i n i c a l  F e a t u r e s ;  b )  B io c h e m ic a l  

f e a t u r e s  ; c )  I n t e r m i t t e n c y  and P r e c i p i t a t i o n  o f  

A t t a c k  and d )  P o s s i b l e  O r i g i n  o f  C l i n i c a l  F e a t u r e s ,

a )  C l i n i c a l  F e a t u r e s .  ( U n l e s s  o t h e r w i s e  r e f e r r e d  

t o  t h i s  a c c o u n t  i s  b a s e d  on t h e  r e v i e w  o f  30  p a t i e n t s  

w i t h  AIP g iv e n  b y  G o ld b e rg  and R im in g to n  ( 1 9 5 2 ) .

The m ain  c l i n i c a l  s i g n s  and  symptoms o f  AIP 

a r e  r e p r e s e n t e d  on F i g .  5- The m o st a p p a r e n t  

symptoms a r e  o f  a  g a s t r o - i n t e s t i n a l  n a t u r e .

A bdom inal p a i n  i s  v e r y  common; i t  i s  u s u a l l y  o f  

a  s h o r t - l a s t i n g  n a t u r e  b u t  c a n  c o n t i n u e  f o r  s e v e r a l  

h o u r s  o r  ev en  d a y s .  I t  c a n  be l o c a l i s e d  t o  one 

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

t h e  w hole  o f  t h e  abdom en. The p a i n  i s  v e r y  s e v e r e ,  

a n d  i s  a cc o m p a n ie d  b y  a b d o m in a l  t e n d e r n e s s ;  m u s c u la r  

r i g i d i t y ,  h o w e v e r ,  i s  r a r e .  I n t e s t i n a l  sp a sm s ,  

a l t e r n a t i n g  w i t h  a tom a  end  d i l a t i o n ,  p r e d o m i n a n t l y  

i n  t h e  u p p e r  t r a c t  h av e  b e e n  o b s e r v e d  a t  l a p a to t a m y .  

I n  a s s o c i a t i o n  w i t h  t h i s  a b d o m in a l  p a i n  t h e r e  i s  

a  h i g h  i n c i d e n c e  o f  v o m i t i n g ,  w h ic h  may be  accom­

p a n i e d  by  c o n s t i p a t i o n .  U s u a l l y  th e  v o m i t i n g  

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

D i a r r h o e a  h a s  b e e n  known t o  be  p r e s e n t  a s  w e l l  a s  

v o m i t i n g .



SIGNS
 • T a c jo y c a rd ia
- H y p e r te n s io n

• H im in is n e d  o r  a b s e n t  
t e n a o n  r e f l e x e s .  

S e n s o r y  a b n o r m a l i t i e s
C r a n i a l  n e r v e  in v o lv e m e n t .  

L e u c o c y t o s i s .

10

M ild  p y r e x i a .
P r o t e i n u r i a

R e t i n a l  a r t e r y  so  asm______ i_
30 30 70 90

p e r  c e n t  i n c i d e n c e .

SYÎ1PTGÎÎS

A bdom inal p a i n  
V o m it in g  

C o n s t i p a t i o n
P a r a l y s i s  o r  p a r e s i s  

P s y c h o l o g i c a l  symptoms 
Hon a b d o m in a l  p a i n

E p i l e p s y
P a r a e s t h e s i a

D i a r r h o e a
V is u a l  d i s t u r b a n c e s

10 30  30 ?o 9 0 .

p e r  c e n t  i n c i d e n c e .

C ertified
Insane

F i g u r e  3 . C l i n i c a l  S ig n s  and  Symptoms o f  A IP . 

( A f t e r  G o ld b e rg  & R im in g to n  1 9 6 2 .)



The m o st common o f  t h e  c a r d i o - v a s c u l a r  f e a t u r e s  

i s  t a c h y c a r d i a  w h ic h  i s  p r e s e n t  i n  t h e  a c u t e  s t a g e  

o f  t h e  d i s e a s e .  I n  m o st c a s e s  t h e  p u l s e  r a t e  i s  . 

1 1 0 -1 2 0  p e r  m in u t e ,  a l t h o u g h  i t  h a s  b e e n  known t o  

r e a c h  t r a n s i e n t l y  a s  h i g h  a s  160 p e r  m in u te .  H y p e r­

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

a ro u n d  130mm Hg o r  m o re , and  a  d i a s t o l i c  o f  93nim 

Hg o r  m ore . Even i n  r e m i s s i o n  some 40% o f  p a t i e n t s  

showed some d e g r e e  o f  h y p e r t e n s i o n .  ( B e a t t i e  e t  

a l ,  1 9 7 3 ) '  On o c c a s i o n  t h e  h y p e r t e n s i o n  c a n  be 

v e r y  s e v e r e ,  and  p r e s s u r e s  a s  h i g h  a s  1 8 0 /1 2 6  c a n  

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

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

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

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

p a r e s i s  o f  l im b  m u s c l e s .  T h is  i s  f a i r l y  common 

and  r a n g e s  i n  s e v e r i t y  f ro m  w e a k n e ss  i n  a  p a i r  o f  

l im b s  t o  c o m p le te  q u a d r a p l e g i a .  I n  m ost p a t i e n t s  

p a r a l y s i s  i s  o f  t h e  lo w e r  m o to r  n e u ro n e  t y p e ;  

h o w e v e r ,  t h e  u p p e r  m o to r  n e u ro n e  ty p e  h a s  a l s o  

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

r e f l e x e s  w i t h  m u s c u la r  w a s t i n g  p r e s e n t .  A l th o u g h  

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

u n e q u a l  s e v e r i t y .  C r a n i a l  n e r v e  in v o lv e m e n t  c a n  

a l s o  o c c u r .  U r i n a r y  i n c o n t i n e n c e  and r e s p i r a t o r y  

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

b e i n g  due t o  in v o lv e m e n t  o f  t h e  d ia p h ra g m  a n d / o r  

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



t h e  l o w e r  l i m b s , t h e r e  i s  o f t e n  an  im p a i r m e n t  o f  

s e n s a t i o n ,  l o s s  o f  j o i n t  and v i b r a t i o n a l  s e n s e  o r  

c o m p le t e  s e n s o r y  l o s s .  I n  m ost c a s e s  s e n s o r y  l o s s  

x s  p r e c e d e d  b y  m u s c u la r  p a r a l y s i s  o r  p a r e s i s .

P a i n  c a n  a l s o  o c c u r  o u t s i d e  th e  abdom en, e . g .  i n  

t h e  l i m b s , h e a d ,  n e c k ,  l a r g e  j o i n t s ,  lu m b a r  r e g i o n  

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

c i a t e d  w i t h  a b d o m in a l  p a i n .

A few  p a t i e n t s  e x h i b i t  e p i l e p s y ,  and  a b n o rm a l  

e n c e p h a lo g ra m s  h a v e  b e e n  r e c o r d e d  b o t h  i n  p a t i e n t s  

w i t h ,  and  t h o s e  w i t h o u t ,  e p i l e p s y .  More common, 

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

r a t i o n s .  T hese  t a k e  v a r i o u s  fo rm s  and i n c l u d e  

s im p le  n e u r o s i s ,  e n d o g en o u s  d e p r e s s i o n ,  s c h i z o ­

p h r e n i a  and  v a r i o u s  p s y c h o s e s .  T hese  s t a t e s  c an  

be  s e v e r e  eno ugh  t o  h a v e  t h e  p a t i e n t s  m e n t a l l y  

c e r t i f i e d .

The c o u r s e  o f  a c u t e  p o r p h y r i a ,  i s  v a r i a b l e .

I n  some c a s e s  t h e r e  a r e  no sym ptom s, b u t  i n  t h e  

m o s t  d r a m a t i c  form , t h e r e  i s  a  su d d en  e x p l o s i v e  

a t t a c k  w h ic h  may l a s t  t e n  d a y s  t o  t e n  w eeks and 

u l t i m a t e l y  be f a t a l .  M ost c a s e s ,  h o w e v e r ,  l i e  

b e tw e e n  t h e s e  two e x t r e m e s .  Thus t h e r e  c a n  be 

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

b y  p e r i o d s  o f  m on th s  o r  y e a r s ,  o r  a t t a c k s  c a n  

t a k e  a  ' s t e p - l a d d e r '  p a t t e r n ,  g r a d u a l l y  i n c r e a s i n g  

i n  s e v e r i t y  u n t i l  f i n a l l y  a  f a t a l  a t t a c k  e n s u e s .

The m o st common c a u s e  o f  d e a t h  i s  r e s p i r a t o r y  

f a i l u r e .

•6



b )  B io c h e m ic a l  F e a t u r e s

The p r i n c i p a l  b i o c h e m i c a l  a b n o r m a l i t y  i n  AIP 

i s  t h e  e x c e s s i v e  u r i n a r y  e x c r e t i o n  o f  PBG and  ALA. 

A s s o c i a t e d  w i t h  t h i s  i n c r e a s e d  e x c r e t i o n  t h e r e  i s  

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

s u b s t a n c e s .  I n  p a r t i c u l a r  ALA w h ic h  i s  u s u a l l y  

c o n s i d e r e d  t o  h a v e  a  v a l u e  o f  Opg/m l i n  t h e  p la s m a  

o f  n o rm a l  s u b j e c t s ,  i s  d e t e c t a b l e  i n  t h e  p la s m a  o f  

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

t r a t i o n  o f  ALA a s  h i g h  a s  2 4 |ig /m l h a s  b e e n  r e p o r t e d  

u n d e r  t h e s e  c i r c u m s t a n c e s  (Sw eeney  e t  a l ,  1970)*

To a c c o u n t  f o r  t h e  i n c r e a s e  i n  c i r c u l a t i n g  

a n d  e x c r e t e d  ALA and  PBG, one m u s t  p o s t u l a t e  u n d e r  

u t i l i s a t i o n  o f  ALA and  PBG a s  a  r e s u l t  o f  a  m e ta ­

b o l i c  b l o c k ,  a n d / o r  o v e r p r o d u c t i o n  o f  ALA and  PBG 

d ue  t o  e l e v a t e d  ALA s y n t h e t a s e  a c t i v i t y .  T h e re  

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

a n d  t h i s  w i l l  now be  b r i e f l y  c o n s i d e r e d : -

M e ta b o l ic  B lo c k

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

b l o c k  o f  haem s y n t h e s i s  i n  A IP , i t  i s  e v i d e n t  t h a t  

t o  a c c o u n t  f o r  t h e  i n c r e a s e d  e x c r e t i o n  o f  ALA and  

PBG t h i s  b l o c k  m u s t  o c c u r  a t  some s t a g e  i n  t h e  

p a th w a y  a f t e r  PBG s y n t h e s i s .  U n le s s  t h e r e  i s  some 

a s  y e t  u n i d e n t i f i e d  p a th w a y  by  w h ic h  PBG i s  c o n ­

v e r t e d  t o  an  unknown p y r r o l e  ( b l o c k  o f  w h ic h  w ould  

l e a d  t o  d e c r e a s e d  u t i l i s a t i o n  o f  PBG) t h e  f i r s t  

e n zy m es ,  b l o c k  o f  w h ic h  c o u ld  a c c o u n t  f o r  i n c r e a s e d



ALA and  PBG l e v e l s ,  a r e  PBG d e a m in a s e  a n d / o r  

u r o p o r p h y r in o g e n  I  s y n t h e t a s e .

I n  l i v e r  b i o p s y  s t u d i e s  i n  a  s e r i e s  o f  p a t i e n t s  

w i t h  A IP S t r a n d  e t  a l  (1 9 7 0 )  fo u n d  t h a t  t h e  h e p a t i c  

c o n v e r s i o n  o f  PBG t o  p o r p h y r i n s  was l e s s  t h a n  50% 

o f  c o n t r o l  l e v e l s .  F u r t h e r  M eyer e t  a l  ( 1 9 7 2 )  

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

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

o f  f i v e  s u b j e c t s  w i t h  A IP . I n  tw o s i b l i n g s  h o w e v e r ,  

t h e y  fo u n d  t h a t  a l t h o u g h  t h e  enzyme was d e c r e a s e d  

i n  a c t i v i t y ,  t h e y  w ere  a p p a r e n t l y  u n a f f e c t e d  and 

showed a  n o rm a l  p a t t e r n  o f  p o r p h y r i n  p r e c u r s o r  

- e x c r e t i o n .  A s i n g l e  d o se  o f  ALA g iv e n  t o  t h e s e  

s i b l i n g s  w a s ,  h o w e v e r ,  m e t a b o l i s e d  i n  a  m anner 

s i m i l a r  t o  t h a t  o f  p a t i e n t s  w i t h  A IP . I n  c o n t r a s t  

two s i b l i n g s  w i t h  a  n o rm a l  a c t i v i t y  o f  u r o p o r ­

p h y r in o g e n  I  s y n t h e t a s e ,  h ad  a  n o rm a l  r a t e  o f  

c o n v e r s i o n  o f  ALA t o  p o r p h y r i n s .  They c o n c lu d e  

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

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

d e f e c t  o f  A IP .

A l th o u g h  t h i s  e v id e n c e  o f  a  m e t a b o l i c  b l o c k  

i n  A IP  i s  c o n v i n c i n g  i t  i s  o f  i n t e r e s t  t h a t  ev en  

w i t h  th e  l o s s  o f  100-200m g PBG p e r  d a y ,  t h e  d i s e a s e  

i s  n o t  acc o m p a n ie d  b y  a n a e m ia ,  n o r  i s  t h e r e  any 

d e c r e a s e  i n  c y to c h ro m e  C o r  l i v e r  c a t a l a s e .

T h ese  f a c t s  w ould  s u g g e s t  t h a t  t h e  d e c r e a s e d  

a c t i v i t y  o f  u r o p o r p h y r in o g e n  I  s y n t h e t a s e ,  i n  m ost



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

d i s t u r b  haem f o r m a t i o n .  F u r t h e r ,  b lo o d  f ro m  

p o r p h y r i c  s u b j e c t s  ' i n  v i t r o ' c a n  c o n v e r t  PBG 

t o  p o r p h y r i n s  i n  t h e  same way a s  n o rm a l  b lo o d  

' i n  v i t r o ' (G o ld b e r g  and  R im in g to n ,  1 9 5 2 ) .

T hus i t  w ou ld  a p p e a r  t h a t  a l t h o u g h  m e t a b o l i c  

b l o c k  o f  u r o p o r p h y r in o g e n  I  s y n t h e t a s e  i s  m o s t  

l i k e l y  a  c o n t r i b u t i n g  f a c t o r  i n  t h e  e x c e s s i v e  

e x c r e t i o n  o f  ALA and  PBG i n  A IP , i t  i s  u n l i k e l y  

t o  be  a  s u f f i c i e n t  o n e .

O v e r p r o d u c t io n

N e u b e rg e r  e t  a l  ( 1 9 3 4 )  fo u n d  t h a t  a c u t e  

p o r p h y r i e s  c o u ld  c o n v e r t  a  g r e a t e r  am ount o f  a  

g i v e n  d o s e  o f  ALA i n t o  PBG t h a n  n o rm a l  s u b j e c t s ,  

i n d i c a t i n g  t h a t  t h e  a c t i v i t y  o f  ALA d e h y d r a s e  i s  

p o s s i b l y  e l e v a t e d  i n  ALP. The m o s t  o b v io u s  b i o ­

c h e m ic a l  l e s i o n  l e a d i n g  t o  heme p r e c u r s o r  o v e r ­

p r o d u c t i o n  h o w e v e r ,  w ould  be  t h e  o v e r a c t i v i t y  o f  

h e p a t i c  ALA s y n t h e t a s e ,  t h e  p r im a r y  r a t e  d e t e r ­

m in in g  enzyme o f  t h e  p a th w a y .  S u ch  an  o v e r ­

a c t i v i t y  o f  h e p a t i c  ALA s y n t h e t a s e  h a s  i n d e e d  

b e e n  fo u n d  i n  acute p o r p h y r i a  (T sc h u d y  1 9 6 3 ) .  

(N akao  e t  a l ,  1 9 6 6 ) s u g g e s t i n g  t h a t  t h i s  i s  a l s o  

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

a n d  e x c r e t i o n  o f  ALA and  PBG.

T h e re  a r e  many t h e o r i e s  a s  t o  t h e  p o s s i b l e  

c a u s e  o f  t h e  o v e r a c t i v i t y  o f  h e p a t i c  ALA s y n t h e ­

t a s e  i n  A IP , one o f  t h e  m o s t  l i k e l y  b e i n g  t h e



d i v e r s i o n  o f  haem f ro m  i t s  p a r t i c i p a t i o n  i n  t h e  

f e e d b a c k  c o n t r o l  o f  ALA s y n t h e t a s e  (Kaufm an and  

M a rv e r ,  1 9 7 0 ) .

I n  summary t h e n  th e  e v id e n c e  a v a i l a b l e  a t  

p r e s e n t  w ould  s u g g e s t  t h a t  t h e  e x c e s s i v e  p r o ­

d u c t i o n  and e x c r e t i o n  o f  ALA and  PBG i n  a c u t e  

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

h e p a t i c  ALA s y n t h e t a s e  a c t i v i t y  and b l o c k  o f  some 

enzyme i n  th e  haem p a th w a y ,  a f t e r  ALA d e h y d r a s e ,  

p r o b a b l y  u r o p o r p h y r in o g e n  I  s y n t h e t a s e .

A l th o u g h  t h e  d i s t u r b e d  p o r p h y r i n  m e ta b o l i s m  

i s  th e  m ain  b i o c h e m i c a l  a b n o r m a l i t y  o f  A IP , o t h e r  

a b n o r m a l i t i e s  commonly o c c u r .  A t r a n s i e n t  e x c e s s  

i n  u r i n a r y  v a s o p r e s s i n  h a s  b e e n  d e s c r i b e d  ( N i e l s o n  

and  T horn  1 9 5 5 ) •  H o l l a n d e r  e t  a l  (1 9 6 7 )  have  

fo u n d  an  i n c r e a s e  i n  t h e  m axim al b i n d i n g  c a p a c i t y  

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

p o r p h y r i a ,  a l t h o u g h  t h e  f r e e  t h y r o x i n  l e v e l  was 

n o rm a l .  I n  one p a t i e n t ,  Waxman e t  a l  (1 9 6 9 )  h av e  

d e m o n s t r a t e d  d e f e c t i v e  a d r e n o c o r t i c o t r o p h i c  horm one 

s e c r e t i o n  d u r i n g  a t t a c k .  S i m i l a r l y  d u r i n g  a t t a c k  

S c h le y  e t  a l  (1 9 7 0 )  h a v e  d e m o n s t r a t e d  a  l a r g e  

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

A d i s t u r b a n c e  o f  s t e r o i d  m e ta b o l i s m  i s  a l s o  a  

common c h a r a c t e r i s t i c ,  t h u s  G o ld b e rg  e t  a l  (1 9 6 9 )  

hav e  shown s i g n i f i c a n t  e l e v a t i o n s  o f  t h e  u r i n a r y  

1 7 - o x o s t e r o i d s ,  a e t i o c h o l a n o l o n e  g l u c o r o n i d e ,  

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

and e p ia n d r o n e  s u l p h a t e .



TABLE 1

DRUGS CLINICALLY SHOWN TO PRECIPITATE PORPHYRIA

B a r b i t u r a t e s

S u lp b o n a l

S ex  Hormones

P h e n y t o in  and 
o t h e r  H y d a n to in s

T o lb u ta m id e

A m in o p y r in e

D ic h lo r a lp h e n a z o n e

H e x a c h lo ro b e n z e n e

M eth y l Dopa ( I )

Im ip ra m in e  ( I I I )

S u lp h o n a m id e  s 

S ed o rm id

O r a l  C o n t r a c e p t i v e s

M e th su x im id e  and 
o t h e r  S u c in im id e s *

G r i s e o f u l v i n

C h l o r d i a z e p o x i d e

M eprobam ate

C h lo r o q u in e

E th a n o l  ( I I )

C h lo rp ro p a m id e  ( IV )

A l l  a f t e r  d e M a t t e i s  (1 9 6 7 )  u n l e s s  n u m b ered .

( I )  G o ld b e rg  (1 9 6 8 )

( I I )  G o ld b e rg  (1 9 5 9 )

( I I I )  G o ld b e rg  e t  a l  (1 9 6 7 )

( IV )  Z a r o w i tz  and  Newhouse (1 9 6 5 )



c )  I n t e r m i t t e n c y  and  P r e c i p i t a t i o n

A p a r t i c u l a r l y  i n t r i g u i n g  a s p e c t  o f  AIP i s  

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

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

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

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

p r e c i p i t a t i o n  o f  a t t a c k .  ( F e r g u s o n  e t  a l  1 9 7 0 ) .

O r a l  c o n t r a c e p t i v e s  a l s o  a p p e a r  t o  p ro v o k e  a t t a c k  

( R im in g to n  and  d e M a t t e i s ,  1 9 6 5 ) .  D e M a tte is  

( 1 9 6 7 ) h a s  draw n up a  t a b l e  o f  d r u g s  known t o  

a g g r a v a t e  p o r p h y r i a ;  t h i s  t a b l e  i s  r e p r e s e n t e d  

o p p o s i t e  ( T a b le  I ) .  An i n t e r e s t i n g  f e a t u r e  o f  

t h e s e  d r u g s  i s  t h e  f a c t  t h a t  some o f  them  a r e  known 

t o  i n c r e a s e  t h e  a c t i v i t y  o f  h e p a t i c  ALA s y n t h e t a s e .  

Thus t h i s  p r o p e r t y  i s  shown by  e t h a n o l  ( S h a n l e y  e t  

a l  1 9 6 8 ) ;  b a r b i t u r a t e s  (Moore e t  a l  196 9 )  and  

c e r t a i n  s t e r o i d s  (M oore e t  a l  1 9 7 5 ) .

F a c t o r s  o t h e r  t h a n  d ru g  a d m i n i s t r a t i o n  c a n  

p ro v o k e  a t t a c k ,  t h u s  W ald en s tro m  (1 9 3 7 )  h a s  

o b s e r v e d  an a p p a r e n t  r e l a t i o n  b e tw e e n  o n s e t  o f  

m e n s t r u a t i o n  and  o n s e t  o f  c l i n i c a l  sym ptom s. 

S i m i l a r l y  V ine  e t  a l  (1 9 5 7 )  h av e  r e p o r t e d  e x a c e r ­

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

i s  a l s o  an i m p o r t a n t  f a c t o r  and t h i s  f a c t  h a s  b e e n  

s t r e s s e d  by  W e lla n d  e t  a l  ( 1 9 6 4 ) .  An a t t a c k  c a n  

be  p r e c i p i t a t e d  b y  a  d i m i n u t i o n  i n  c a r b o h y d r a t e  

and  p r o t e i n  c o n s u m p t io n ,  and K nudsen  e t  a l  ( 1 9 6 7 )  

r e p o r t e d  t h e  p r e c i p i t a t i o n  o f  a t t a c k  i n  a  p a t i e n t  

p l a c e d  on a  w a t e r  d i e t  f o r  o b e s i t y .  I n f e c t i o n



a l s o  a p p e a r s  t o  be  a  p r e c i p i t a t i n g  f a c t o r .

G o ld b e rg  and  R im in g to n  ( 1 9 6 2 ) ,  d e s c r i b e  a  p a t i e n t  

who s u f f e r e d  two a t t a c k s  e a c h  a s s o c i a t e d  w i t h  a c u t e  

t o n s i l l i t i s ;  t h i s  p a t i e n t  u n d e rw e n t  t o n s i l l e c t o m y  

a n d  e i g h t  y e a r s  l a t e r  showed no f u r t h e r  s i g n s  o f  

a t t a c k .

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

e n d o g e n o u s  f a c t o r s  a r e  c a p a b le  o f  p r e c i p i t a t i n g  

a t t a c k  i n  A IP . R e c e n t l y  s t e r o i d s  h a v e  a t t r a c t e d  

much a t t e n t i o n  a s  p o s s i b l e  e n d o g en o u s  p r e c i p i t a t i n g  

a g e n t s .  G r a n ic k  and  K appas (1 9 6 7 )  h a v e  d e s c r i b e d  

s e v e r a l  5 B -E - s t e r o i d s  w h ic h  s t r o n g l y  s t i m u l a t e  

p o r p h y r i n  s y n t h e s i s  i n  c h i c k  embryo l i v e r  c e l l  

c u l t u r e .  G o ld b e rg  e t  a l  (1 9 6 9 )  fo u n d  s i g n i f i c a n t  

e l e v a t i o n s  o f  c e r t a i n  1 7 - o x o s t e r o i d s  i n  s i x  p a t i e n t s  

w i t h  A IP .  More r e c e n t l y  P a x to n  e t  a l  ( 1 9 7 3 )  fo u n d  

t h e  c o n j u g a t e s  o f  one o f  t h e s e  s t e r o i d s ,  d e h y d ro e ­

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

u r i n e  and  p la s m a  o f  s u b j e c t s  w i t h  A IP . F u r t h e r  

d e h y d r o e p i a n d r o s t e r o n e  h a s  b e e n  fo u n d  t o  e l e v a t e  

r a t  h e p a t i c  ALA s y n t h e t a s e  a c t i v i t y  ( G o ld b e r g  e t  

a l  1 9 6 9 ) .  Thus c e r t a i n  o f  t h e  s t e r o i d s  may w e l l  

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

d )  P o s s i b l e  O r i g i n  o f  C l i n i c a l  F e a t u r e s

I t  i s  now w e l l  e s t a b l i s h e d  t h a t  l e s i o n s  o f  t h e  

n e r v o u s  s y s te m  a r e  c h a r a c t e r i s t i c  f e a t u r e s  o f  A IP . 

The e a r l i e r  w ork  d e s c r i b i n g  t h e s e  n e r v o u s  c h a n g e s  

h a s  b e e n  su m m arised  b y  H ie r o n s  ( 1 9 3 7 ) .  A l th o u g h



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

t h e  a c t u a l  fo rm  i t  t a k e s  i s  an  i s s u e  o f  some c o n ­

t r o v e r s y .  Thus some w o rk e r s  f a v o u r  p r i m a r y  a x o n a l  

damage (M ason e t  a l ,  19 5 3 ; S im p so n , 1962) w h i l e  

o t h e r s  f a v o u r  p r i m a r y  a x o n a l  d e m y e l i n a t i o n  (D en n y -  

Brown and  S c i a r r a ,  1 9 4 3 ;  G ib so n  and  G o ld b e rg  1 9 3 6 ) .

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

b y  some w o r k e r s  t o  n e u r a l  t i s s u e  d e p l e t i o n  o f  

p y r i d o x a l  p h o s p h a t e .  (C a v a n a g h  and  R i d l e y ,  1 9 6 7 ) .

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

i s  a  c o f a c t o r  i n  t h e  s y n t h e s i s  o f  ALA, f ro m  g l y c i n e  

and  s u c c i n y l  CoA, b y  ALA s y n t h e t a s e .  T h ese  w o rk e r s  

s u g g e s t  t h a t  a s  t h i s  enzyme i s  e x c e s s i v e l y  o v e r a c t i v e  

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

p h o s p h a te  r e s u l t i n g  i n  n e u r o l o g i c a l  dam age, a s  

p y r i d o x a l  p h o s p h a t e  i s  an  i m p o r t a n t  f a c t o r  i n  n e rv e  

m e ta b o l i s m .

S u ch  a  t h e o r y  h o w e v e r ,  w ould  n o t  a p p e a r  t o  be 

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

p a t h y  o f  A IP . Thus H a m fe l t  and  W e t t e r b e r g  (1 9 6 8 )  

i n  a  s e r i e s  o f  21 p a t i e n t s  w i t h  A IP , fo u n d  t h a t  

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

p h o s p h a t e  w ere  s i g n i f i c a n t l y  lo w e r  t h a n  a  n o rm a l  

c o n t r o l  g ro u p  ( i n  some c a s e s  l e s s  t h a n  ly ig /m l 

com pared  w i t h  5 - 1 3p g /m I  i n  n o r m a ls )  and  t h e y  s u g g e s t  

t h a t  t h e r e  may be  a  d i s e a s e  in d u c e d  v i t a m i n  B 

d e f i c i e n c y  i n  A IP . They fo u n d  h o w e v e r ,  t h a t  o t h e r  

n o n - p o r p h y r i c  p a t i e n t s ,  w i t h  v i t a m i n  B^ d e f i c i e n c y



o f  t h e  same d e g r e e ,  showed no s i g n s  o f  n e u r o p a t h y .  

N or d i d  t h e y  f i n d  a n y  c o r r e l a t i o n  b e tw e e n  p la s m a  

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

i n  p a t i e n t s  w i t h  A IP , n o r  im p ro v em en t i n  t h e  

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

o f  t h i s  s u b s t a n c e .  They c o n c lu d e d  t h e r e f o r e ,  

t h a t  o t h e r  f a c t o r s  b e s i d e  p y r i d o x a l  p h o s p h a te  

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

p a t h y  o f  A IP .

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

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

m ain  c l i n i c a l  f e a t u r e s  o f  AIP c a n  be  e x p l a i n e d  

on a  n e u r o p a t h o l o g i c a l  b a s i s .  D e m y e l in a t io n  o f  

p e r i p h e r a l  n e r v e s  c a n  e x p l a i n  p e r i p h e r a l  p a r a l y s i s  

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

f o r  t h e  c e n t r a l  c h a r a c t e r i s t i c s ,  b o t h  m e n ta l  and 

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

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

p r e - g a n g l i o n i c  m o to r  f i b r e s ,  and  s e n s o r y  f i b r e  

damage i n  p e r i p h e r a l  n e r v e s  c o u ld  e x p l a i n  t h e  

o r i g i n  o f  n o n - a b d o m in a l  p a i n .  H y p e r t e n s i o n  and 

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

w h ic h  o c c u r  i n  t h e  v a g u s  and  a s s o c i a t e d  c e n t r a l  

b o d i e s  w h ic h  c o n s t i t u t e  t h e  c a r d i o - v a s c u l a r  

r e f l e x  s y s t e m s .

Goldberg (1939) piit forward a hypothesis 

based on these considerations in which he postu­

lated the existence of a substance, X, of which 

PEG is  a precursor, which is  necessary for the



n u t r i t i o n  o f  m y e l in .  He s u g g e s t e d  t h a t  i n  AIP 

t h e r e  i s  a  m e t a b o l i c  b l o c k  o f  t h i s  s u b s t a n c e  w h ic h  

r e s u l t s  i n  e x c e s s i v e  p r o d u c t i o n  o f  ALA and PBG, 

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

p a t h o l o g i c a l  c o r r e l a t e s .  T h is  h y p o t h e s i s  s u c -  

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

phenom ena a s s o c i a t e d  w i t h  A IP . As i t  d o e s ,  how 

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

s u b s t a n c e  *X’ , t h i s  s u b s t a n c e ,  i f  t h e  h y p o t h e s i s  

i s  v a l i d ,  s h o u ld  be c a p a b le  o f  d e t e c t i o n  c h e m i c a l l y  

a n d / o r  p h a r m a c o l o g i c a l l y .

T h is  h y p o t h e s i s  i s  r e p r e s e n t a t i v e  o f  t h e  

g e n e r a l  n o t i o n  t h a t  i n  AIP t h e r e  i s  some p e c c a n t  

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

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

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

o f  t h e  m a n i f e s t a t i o n s  o f  AIP i s  t h a t  t h e  p o r p h y r i n s  

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

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

d i s e a s e .  I n  t h i s  c a s e  t h e s e  s u b s t a n c e s  c o u ld  

p ro d u c e  t h e i r  e f f e c t  i n  e i t h e r  an  a c u t e  o r  a  

c h r o n i c  m an n e r .  I f  an  a c u t e  a c t i o n  was i n v o lv e d  

a  su d d e n  i n c r e a s e  i n  t h e  b i o s y n t h e s i s  and  c i r c u ­

l a t i n g  l e v e l  o f  t h e  a c t i v e  s u b s ta n c e  o r  s u b s t a n c e s  

m ig h t  be  e x p e c te d  t o  p r e c i p i t a t e  a t t a c k .  I f  a  

c h r o n i c  a c t i o n  was i n v o l v e d ,  i t  m ig h t  be  e x p e c te d  

t h a t  some p h a r m a c o l o g i c a l  a c t i o n  o f  t h e  a c t i v e  

s u b s t a n c e  o r  s u b s t a n c e s  w o u ld ,  o v e r  a  l o n g  p e r i o d



o f  t i m e ,  l e a d  t o  p a t h o l o g i c a l  c h a n g e s  w h ic h  w ould  

c a u s e  a t t a c k ,  o r  a s  i s  more l i k e l y ,  l e a d  t o  p r e ­

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

some o t h e r  a g e n t .  The p o s s i b i l i t y  t h a t  t h e  

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

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

s t u d i e d  i n t e n s i v e l y .

E a r l y  w o r k e r s  gave  w h a t  seem ed c o n v in c in g  

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

a c t i v e .  W a ld e n s tro m  ( 1 9 3 7 ,  1 9 5 9 )  h o w e v e r ,  c a s t  

d o u b t  on t h i s  and  s u g g e s t e d  i n s t e a d  t h a t  c e r t a i n  

p y r i d i n e  d e r i v a t i v e s  fo rm ed  f ro m  t h e  e x c e s s i v e  

p y r r o l e s  i n  AIP c o u ld  a f f e c t  t h e  n e r v o u s  s y s te m .

PBG was a l s o  s u s p e c t e d  (Low ry e t  a l ,  1950) w h i l e  

Denny-Brown and  S c i a r r a  (1 9 4 5 )  t h o u g h t  t h e r e  was 

a  c i r c u l a t i n g  v a s o c o n s t r i c t o r  s u b s t a n c e  w h ic h  

c a u s e d  i n t e r m i t t e n t  i s c h a e m i a .

T h ese  s p e c u l a t i v e  and  c o n f l i c t i n g  r e p o r t s  

w ere  r e s o l v e d  t o  a  g r e a t  e x t e n t  when G o ld b e rg  

e t  a l  ( 1 9 5 4 ) d e m o n s t r a t e d  i n  a  s e r i e s  o f  s t u d i e s  

on  t h e  a n a e s t h e t i s e d  c a t  and i s o l a t e d  o r g a n s ,  t h a t  

t h e  p u r i f i e d  p o r p h y r i n s  and PBG w ere  p h a rm a c o lo ­

g i c a l l y  i n a c t i v e .  F u r t h e r  t h e y  showed no e f f e c t  

o n  t h e  v a r i o u s  p a r a m e t e r s  m e a su re d  i n  t h e  a n a e s ­

t h e t i s e d  c a t  o f  an  i n f u s i o n  o f  u r i n e  f ro m  a  

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

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

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

w i t h  an  u l t i m a t e  r e f r a c t o r i n e s s  t o  a c e t y c h o l i n e  

a n d  h i s t a m i n e ,  p r o d u c e d  by  h a e m a to - p o r p h y r in  and



a  m e p y r a m i n e - s e n s i t i v e  c o n t r a c t i o n  o f  th e  g u t  

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

w ere  due  t o  c o n t a m i n a t i o n ,  i n  t h e  l a t t e r  c a s e  a t  

l e a s t ,  by  h i s t a m i n e .

A t t h e  t im e  o f  t h e s e  s t u d i e s  ALA was u n o b t a i n ­

a b l e  i n  a  p u r i f i e d  fo rm .  J a r r e t  e t  a l  (1 9 5 6 )  

t e s t e d  ALA on t h e  g u i n e a  p i g  i l e u m  and th e  

a n a e s t h e t i s e d  c a t  and a g a i n  t h e  r e s u l t s  w ere  

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

t h a t  t h e  p o r p h y r i n s  and t h e i r  p r e c u r s o r s  w ere  

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

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

t h e r e  was a  l a r g e  e x c r e t i o n  o f  ALA and PBG, t h e r e  

was l i t t l e  s i g n  o f  c l i n i c a l  c h an g e  ( G o ld b e r g  and 

R im in g to n ,  1 9 5 4 ) .  S i m i l a r l y  t h e r e  was t h e  f a c t  

t h a t  many p o r p h y r i c  p a t i e n t s  e x c r e t e  v a s t  q u a n t i t i e s  

o f  ALA and PBG w i t h o u t  any  o b v io u s  a d v e r s e  s i g n s .  

Thus i t  a p p e a re d  t h a t  t h e s e  s u b s t a n c e s  w ere  

in n o c u o u s  and had  no p a r t  i n  t h e  a e t i o l o g y  o f  AIP.

I n  t h e  p a s t  few  y e a r s  h o w e v e r ,  a t t e n t i o n  h a s  

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

p o s s i b l e  a e t i o l o g i c a l  f a c t o r s  i n  A IP . Thus 

Kosow er and Rock (1 9 6 8 )  h av e  shown a n im a l s  made 

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

c e p t i b l e  t h a n  n o rm a ls  t o  in d u c e d  c o n v u l s i o n s .

Feldm an e t  a l  ( 1 9 6 8 )  h av e  shown t h a t  ALA c a n  a l t e r  

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

p o l a r i s a t i o n  o f  t h e  m o to r  e n d - p l a t e s  and ’i n  v i t r o ' ;  

ALA h a s  b e e n  shown t o  be c a p a b le  o f  r e d  c e l l  and 

b r a i n  ATPase i n h i b i t i o n  (B e c k e r  e t  a l  1 9 71 )  and



and  i n h i b i t i o n  o f  membrane sod ium  t r a n s p o r t  ( B a l e s  

e t  a l  1 9 7 1 ) .

C o n c lu s io n s

The f u n d a m e n ta l  p ro b le m  p r e s e n t e d  b y  AIP i s  

t h e  r e l a t i o n s h i p  b e tw e e n  i t s  b i o c h e m i c a l  and 

c l i n i c a l  m a n i f e s t a t i o n s .  As t h e  c l i n i c a l  m an i­

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

p a t h o l o g i c a l  t e r m s ,  t h i s  p ro b le m  r e s o l v e s  i t s e l f  

i n t o  one p e r t a i n i n g  t o  t h e  n a t u r e  o f  t h e  o r i g i n  

o f  t h e  n e u r o p a t h o lo g y .

A l th o u g h ,  a s  we h av e  s e e n ,  t h e  b i o c h e m i c a l  

d i s t u r b a n c e s  i n  AIP a r e  v a r i e d ,  t h e  one w h ic h  i s  

p r e d o m in a n t  i s  t h a t  o f  p o r p h y r i n  m e ta b o l i s m .

Now i t  c a n  be c o n s i d e r e d  t h a t  t h e  p o r p h y r i n  

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

o b s c u r e  l e s i o n ,  and  t h a t  t h e y  p l a y  no r o l e  i n  t h e  

d i s e a s e  p r o c e s s .  F o r  exam ple  a  b a s i c  l e s i o n  o f  

s t e r o i d  m e ta b o l i s m  m ig h t  be s u g g e s t e d ,  an i n d i r e c t  

r e s u l t  o f  w h ic h  w ould  be  i n d u c t i o n  o f  ALA s y n t h e ­

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

p o r p h y r i n  o v e r - p r o d u c t i o n .

A l t e r n a t i v e l y ,  i t  c a n  be  assum ed t h a t  th e  

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

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

i n ,  t h e  p a t h o g e n e s i s  o f  A IP . I f  t h i s  a s s u m p t io n  

i s  c o r r e c t ,  t h e n  t h e  o n ly  r e a s o n a b l e  c h o ic e  o f  a  

p o r p h y r i n  p r e c u r s o r  w h ic h  w ould  be s u f f i c i e n t l y  

w o r th  s t u d y i n g  a s  t h e  'm a t e r i a  p e c c a n s*  o f  t h e



d i s e a s e  a p p e a r s  t o  be  ALA. Thus t h e  g r e a t e r  

p a r t  o f  t h i s  t h e s i s  i s  c o n c e rn e d  w i t h  t h e  

p h a rm a c o lo g y  and  p o t e n t i a l  p h a rm a c o lo g y  o f  

t h i s  s u b s t a n c e .



SECTION I I

GENERAL METHODS, EXPERIMENTS AND 

CONSIDERATIONS



( 1 )  SOME PHYSICAL AND CHEMICAL ASPECTS OF ALA

ami no l a e v u l i n i c  a c i d  (ALA) (5  am ino-4—ke t o -  

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

s e n t e d  i n  ( f i g . 4 ) .  I t  h a s  a  m o l e c u l a r  w e ig h t  o f  

1 3 1 . 0 , h u t  i s  n o r m a l l y  o b t a i n e d  i n  t h e  fo rm  o f  t h e  

h y d r o c h l o r i d e  s a l t  w h ic h  h a s  a  m o l e c u l a r  w e i g h t  o f  

I 6 7 . 5 . The s a l t  i s  a  w h i t e  c r y s t a l l i n e  s o l i d ,  

w h ic h  i s  r e l a t i v e l y  h y g r o s c o p i c  and t h e r e f o r e  i s  

u s u a l l y  k e p t  s t o r e d  u n d e r  d e s s i c a t i o n .  The p e r c e n t  

y i e l d  o f  t r u e  ALA f ro m  t h e  s a l t  i s  t h e r e f o r e  

X 1 00  = 78 .2% . The m e l t i n g  p o i n t  o f  t h e  s a l t  i s  

1 5 6 ° -1 5 8 ° C .

ALA when d i s s o l v e d ,  g i v e s  an  a c i d i c  s o l u t i o n .  

I t  was n e c e s s a r y  t h e r e f o r e ,  i n  u s i n g  ALA f o r  b i o ­

l o g i c a l  e x p e r i m e n t a t i o n ,  t o  d e te r m in e  t h e  e q u i v a ­

l e n t s  o f  a l k a l i  r e q u i r e d  t o  n e u t r a l i s e  th e  pH. A 

pH t i t r a t i o n  o f  ALA was t h e r e f o r e  c a r r i e d  o u t .

M ethod

0 .0 1  m o la r  s o l u t i o n s  o f  ALA and sod ium  

h y d r o x id e  (NaOH) w ere  p r e p a r e d  g r a v i m e t r i c a l l y .

The NaOH was t h e n  t i t r a t e d  a g a i n s t  h y d r o c h l o r i c  

a c i d  (H C l)  u s i n g  p h e n o l  r e d  a s  i n d i c a t o r .  The 

HCl was t h e n  d i l u t e d  w i t h  d i s t i l l e d  w a t e r  t o  t h e  

r e q u i r e d  vo lum e t o  g i v e  a  O.OIM s o l u t i o n .

U s in g  a  pH e l e c t r o d e ,  t h e  ch an g e  i n  t h e  

pH o f  t h e  O.OIM ALA s o l u t i o n ,  was d e te r m in e d  a f t e r  

a d d i t i o n  o f  1ml a l i q u o t s  o f  e i t h e r  e q u im o la r  NaOH o r  

HCl.
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R e s u l t s

The r e s u l t s  o b t a i n e d  f ro m  t h e  pH t i t r a t i o n  a r e  

shown on f i g .  5 .  The o r i g i n a l  pH o f  t h e  O.OIM 

s o l u t i o n  o f  ALA was 2 .5 5 ^  and th e  a d d i t i o n  o f  1 8 -1 9  m is  

o f  e q u im o l a r  NaOH b r o u g h t  t h e  pH t o  w i t h i n  p h y s i o ­

l o g i c a l  r a n g e .  The g r e a t e s t  c h a n g e s  i n  pH f o r  an  

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

a d d i t i o n  o f  18  and  $$m ls NaOH. T h is  i n d i c a t e s  t h a t  

t h e r e  i s  a  pK v a l u e  f o r  ALA i n  e a c h  o f  t h e s e  r e g i o n s .

I t  w as o b s e r v e d  t h a t  a t  a l k a l i n e  pH, t h e  ALA/ 

NaOH m ix t u r e  t o o k  on a  d e f i n i t e  g r e e n - y e l l o w  c o l o u r ­

a t i o n ,  w h ic h  becam e i n c r e a s i n g l y  more p ro n o u n c e d  a s  

t h e  pH was i n c r e a s e d  b y  f u r t h e r  a d d i t i o n  o f  NaOH.

T h i s  p r o c e s s  was r e v e r s i b l e ,  i n  t h a t  s u b s e q u e n t  

r e d u c t i o n  i n  pH b y  a d d i t i o n  o f  HCl made t h e  s o l u t i o n  

o n ce  more c o l o u r l e s s  when a c i d  pH v a l u e s  w ere  r e a c h e d .  

D i s c u s s i o n

From t h e  r e s u l t s  o b t a i n e d  i t  c a n  be  s e e n  t h a t  

i n  o r d e r  t o  b r i n g  a  g i v e n  s o l u t i o n  o f  ALA t o  a  

n e u t r a l ,  p h y s i o l o g i c a l  pH, some 1 8 -1 9 m ls  o f  e q u im o la r  

h y d r o x i d e ,  o r  e q u i v a l e n t  a l k a l i ,  m ust  be a d d e d .  The 

t i t r a t i o n  c u r v e  c a n  a l s o  f u r n i s h  u s  w i t h  some i n f o r ­

m a t io n  c o n c e r n i n g  t h e  n a t u r e  o f  t h e  m o l e c u l a r  s p e c i e s  

o f  ALA a t  t h e  v a r i o u s  pH v a l u e s .  The p o i n t s  a t  

w h ic h  t h e r e  a r e  r e l a t i v e l y  l a r g e r  c h a n g e s  i n  pH f o r  

t h e  a d d i t i o n  o f  e q u i v a l e n t  v o lu m es  o f  NaOH r e p r e s e n t  

t h e  pK v a l u e s  o f  ALA. From t h e  d i f f e r e n t i a l  c u rv e  

i n  f i g .  5 ,  t h i s  c a n  be s e e n  t o  o c c u r  a t  pH 6 .5 *  and
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a t  pH 1 0 . 6 .  The f i r s t  pK v a l u e  i s  t h e  pH a t  w h ic h  

h a l f  t h e  ALA i n  s o l u t i o n  e x i s t s  a s  t h e  m o l e c u l a r  

fo rm  A i n  f i g . 6  ( 1 ) .  The se c o n d  pK v a l u e  i s  t h e  pH 

a t  w h ic h  h a l f  t h e  ALA e x i s t s  a s  fo rm  B i n  f i g . 6  ( l ) .  

T hus a t  pH 6 .5  (p E ^ )  a l l  t h e  ALA m o le c u l e s  h a v e  a  

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

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

A t  pH 1 0 .6  (p K g ) ,  a l l  t h e  ALA m o le c u le s  h a v e  a  

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

h a v e  a  p o s i t i v e l y  c h a r g e d  amino g ro u p .

The mean o f  t h e  two pK v a l u e s  g i v e s  t h e

i s o e l e c t r i c  p o i n t :  i . e .  t h e  pH a t  w h ic h  t h e  ALA

shows no n e t  c h a r g e .  Thus : -  p i  = =

6 . 5  + 1 0 .6  = 8 . 5 :  i . e .  a t  pH 8 .5  ALA h a s  no n e t  
2

c h a r g e .

B e c a u se  ALA h a s  a  C-4 k e t o  g r o u p i n g ,  i t  i s  

c a p a b le  o f  d e m o n s t r a t i n g  a  fo rm  o f  m o l e c u l a r  

r e s o n a n c e : -  k e t o - e n o l  t a u to m e r i s m  ( f i g . 6 ( 2 ) ) .

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

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

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

a l k a l i n e  pH. The d e v e lo p m e n t  *of t h i s  c o l o u r a t i o n  

i s  c h a r a c t e r i s t i c  o f  m o le c u l e s  w h ic h  show k e t o -  

e n o l  r e s o n a n c e .  The e x i s t e n c e  o f  t h e  e n o l  fo rm  

o f  ALA m ig h t  mean t h a t  i t  w ould  h a v e  a n o t h e r  pK 

v a l u e  (p E ^ )  a t  w h ic h  h a l f  t h e  OH m o le c u le s  o f  t h e  

ALA w ould  e x i s t  a s  0 - .  ( f i g . 6 ( 1 1 ) ) .  T h i s  p r o ­

c e s s  h o w e v e r ,  i s  c h e m i c a l l y  u n l i k e l y  a s  t h e  k e t o -  

e n o l  fo rm s  a r e  s t a b l e  and  w ould  be  u n l i k e l y  t o



F i g .  6 . 1 .  Change i n  M o le c u la r  Form o f  ALA 
W ith  Change i n  pH.

NH*-CHo-C-CH^-GHo-COOH5 2 .̂  2 2

i
KH^-CHo-C-CH„-CHo-COO“ ( F o r m  A . )? 2  ̂ 2 2

pK,

F i g . 6 . 2 .  K e to -E n o l  T au to m e r ism  o f  ALA.

HHg-CHg-C-CHg-CHg-COO"

*jr
HHg-CHg-6-CH -CH^-COO" 2 2 | -  2

OH N

Nl

HH^-CH^-C^CH-CH^-COO'
6 -



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

p o i n t .  W ith  r e s p e c t  t o  t h e  b i o l o g i c a l  i n t e r a c t i o n  

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

pH i t  w i l l  e x i s t  i n  two f o rm s :  b o t h  w i t h  a  c h a r g e d  

am ino  g r o u p ,  b u t  one o f  w h ic h  a l s o  h a s  a  c h a r g e d  

c a r b o x y l  g r o u p .

I t  i s  n o t o r i o u s l y  d i f f i c u l t  t o  p r e d i c t  any  

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

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

t h e r e f o r e  no a t t e m p t  w i l l  be  made t o  do s o .  Two 

p o i n t s ,  h o w e v e r ,  m ig h t  be  m a d e :-  t h e  f i r s t  b e i n g  

t h a t  t h e  c h a r g e d  am ino g r o u p in g  i s  one p r e s e n t  i n  

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

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

c h a r g e  on t h e  ALA m o le c u le  a t  p h y s i o l o g i c a l  pH 

m ig h t  be  a  h i n d r a n c e  t o  t h e  movement o f  t h e  m o le c u le  

a c r o s s  l i p i d  m em branes .



DETERMINATION OF ALA
1 )  B lo o d

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

ALA was b a s e d  on t h a t  d e s c r i b e d  b y  H a e g e r -A ro n s e n  

( i 9 6 0 ) .  The p r i n c i p l e  i s  a s  f o l l o w s

T h i o l  co m pou nds , w h ic h  w ould  i n t e r f e r e  w i t h  

t h e  s u b s e q u e n t  r e a c t i o n s ,  a r e  e l i m i n a t e d  by  t h e  

a d d i t i o n  t o  t h e  b lo o d  o f  i o d o a c e t a m id e  ( G ib s o n  e t  

a l  ( 1 9 5 8 ) .  I t  i s  t h e n  f r e e d  f ro m  p r o t e i n s  b y  

p r e c i p i t a t i o n  w i t h  t r i c h l o r o a c e t i c  a c i d  (TCA) and 

c e n t r i f u g a t i o n .  The s u p e r n a t e  w h ic h  c o n t a i n s  ALA 

i s  h e a t e d  w i t h  a c e t y l a c e t o n e  w h ic h  c a u s e s  c o n d e n ­

s a t i o n  o f  ALA w i t h  q u a n t i t a t i v e  f o r m a t i o n  o f  a  

p y r r o l e  ( 5 - a c e t y l - 2 - m e t h y l p y r r o l e  4—( 5 ' )  p r o p i o n i c  

a c i d )  w h ic h  g i v e s  a  c o l o u r e d  co m plex  i n  a c i d  

s o l u t i o n  w i t h  p - d i  m e t ^ l  amino b e n z a ld e h y d e  (DI’IAB).

0 .2 m l  o f  f r e s h l y  p r e p a r e d  i o d a c e t a m id e  (0 .06M ) 

was ad d ed  t o  $ml o f  b l o o d .  A f t e r  two m in u te s  3ml 

o f  TCA (20%) was ad d ed  and  a f t e r  m ix in g  w e l l  t h i s  

was c e n t r i f u g e d  u n t i l  c l e a r .  T h is  u s u a l l y  r e q u i r e d  

a  s p i n  o f  a ro u n d  5 ,0 0 0  rpm f o r  some t e n  m i n u t e s .  1 .5 m l  

o f  t h e  s u p e r n a t e  was t a k e n  and t o  t h i s  was ad d ed  1ml 

a c e t a t e  b u f f e r  (pH 4 . 6 )  and  0 .1 m l  sod ium  h y d r o x id e  

( 2 . 5 ^ )  and  0 . 0 5 ml a c e t y l a c e t o n e .  T h is  was t h e n  

w e l l  m ix ed  i n  a  g l a s s  s t o p p e r e d  t e s t  t u b e .  The 

t u b e  was p l a c e d  i n  a  w a t e r  b a t h  c o n t a i n i n g  b o i l i n g  

w a t e r  f o r  t e n  m in u te s  a f t e r  w h ic h  i t  was rem oved  

a n d  a l l o w e d  t o  c o o l  t o  room t e m p e r a t u r e .  2ml o f
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t h e  r e s u l t i n g  s o l u t i o n  was t a k e n  and t o  t h i s  2ml o f  

E h r l i c h ' s  I I  r e a g e n t  was added  and  t h e  s o l u t i o n  w e l l  

m ix e d . The e x t i n c t i o n  o f  t h e  s o l u t i o n  was r e a d  

e x a c t l y  f i f t e e n  m in u te s  a f t e r  t h e  a d d i t i o n  o f  t h e  

E h r l i c h ’ s I I  r e a g e n t  i n  a  1cm c u v e t t e  i n  a  s p e c t r o ­

p h o to m e te r  (P y e  Unicam SP 5 00 )  a t  553 mu. As a  

b l a n k  t h e  same b lo o d  was u s e d  b e i n g  t r e a t e d  i n  t h e  

same way a s  t h e  t e s t  b u t  w i t h  t h e  a c e t y l a c e t o n e  

b e in g  added  a f t e r  h e a t i n g .

2 )  U r in e

The d e t e r m i n a t i o n  o f  ALA i n  t h e  u r i n e  was 

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

o f  u r i n a r y  PEG. The m ethod  u s e d  was b a s e d  on t h a t  

d e s c r i b e d  b y  M a u z e r a l l  and G ra n ic k  ( 1 9 5 6 ) .

P r i n c i p l e

PEG i s  r e t a i n e d  b y  t h e  a n io n  e x c h a n g e r  Dowex 2 ;  

i n  t h e  a c e t a t e  fo rm  ALA i s  n o t .  ALA i s  h o w e v e r ,  

r e t a i n e d  b y  t h e  c a t i o n  e x c h a n g e r  Dowex 50 i n  t h e  

h y d ro g e n  fo rm . A f t e r  e l u t i o n  PEG c a n  be demon­

s t r a t e d  d i r e c t l y  by  m eans o f  p-DMAB, a s  c a n  ALA 

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

a b o v e .

Method

A colum n was p r e p a r e d  w i t h  a  2cm l a y e r  o f  

Dowex 2 r e s i n .  The co lum n was t h e n  f i l l e d  w i t h  

w a t e r  and t h i s  was a l lo w e d  t o  r u n  th r o u g h  u n t i l  

a lm o s t  d r y .  U r in e  was t h e n  b r o u g h t  t o  pH 4 -7  

i f  n e ce ssa ry »  u s i n g  e i t h e r  HCl o r  sod ium  a c e t a t e .

1ml o f  u r i n e  was t h e n  r u n  t h r o u g h  t h e  co lum n and
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c o l l e c t e d  i n  a  t e s t  t u b e .  The co lum n was t h e n  

w ashed  t h r o u g h  t w ic e  w i t h  2ml d i s t i l l e d  w a t e r  and  

t h i s  was a l s o  c o l l e c t e d .  T h is  f r a c t i o n  c o n t a i n e d  

t h e  ALA.

2m l o f  IM a c e t i c  a c i d  was t h e n  r u n  t h r o u g h  

t h e  c o lu m n  f o l l o w e d  by  2ml o f  0 . 2  M a c e t i c  a c i d .  

T h ese  f r a c t i o n s  w ere  c o l l e c t e d ,  made up t o  10ml 

w i t h  d i s t i l l e d  w a t e r  and  m ixed  w e l l .  2ml o f  

t h i s  s o l u t i o n  was m ixed  w i t h  ?ml E h r l i c h ’ s I  

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

p h o t o m e t e r  a t  55 5  mp. 2ml d i s t i l l e d  w a t e r  + 2ml 

E h r l i c h ’ s  I  s o l u t i o n  was u s e d  a s  a  b l a n k .

The f i r s t  f r a c t i o n  o b t a i n e d  f ro m  t h i s  co lum n 

was t r a n s f e r r e d  t o  a  co lum n c o n t a i n i n g  a  2cm l a y e r  

o f  Dowex 50  w h ic h  h ad  b e e n  p r e v i o u s l y  w ashed  w i t h  

a  f u l l  co lum n  o f  d i s t i l l e d  w a t e r .  T h is  was t h e n  

w ashed  f r e e  o f  u r e a  b y  e l u t i n g  w i t h  w a t e r  u n t i l  

t h e  e l u a t e  d i d  n o t  g iv e  a  y e l lo w  c o l o r a t i o n  w i t h  

E h r l i c h ’ s  I  r e a g e n t .  2ml M sod ium  a c e t a t e  was 

t h e n  r u n  t h r o u g h  t h e  co lum n f o l lo w e d  by  7 ml M 

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

i n  a  10m l c y l i n d e r .  To t h i s  was ad ded  0 .2 m l  a c e t y ­

l a c e t o n e  and  i t  was made up t o  1 0 ml w i t h  a c e t a t e  

" b u f fe r  pH 4 . 6 .  I t  was t h e n  m ixed  and  p l a c e d  i n  

b o i l i n g  w a t e r  f o r  f i f t e e n  m i n u t e s .  The ALA was 

d e t e r m i n e d  c o l o r i m e t r i c a l l y  a s  d e s c r i b e d  a b o v e .  

R e a g e n ts

A c e t a t e  B u f f e r  pH 4 . 6 .  T h is  was p r e p a r e d  b y  

a d d in g  l $ 6 g o f  sod ium  a c e t a t e  t o  57ml o f  g l a c i a l
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a c e t i c  a c i d ,  and  m ak in g  t h e  r e s u l t a n t  s o l u t i o n  up 

t o  1 l i t r e  w i t h  d i s t i l l e d  w a t e r .

E h r l i c h ’ s  I I  R e a g e n t .  I g  o f  p-DMAB was 

d i s s o l v e d  i n  a b o u t  50ml o f  g l a c i a l  a c e t i c  a c i d  and  

8ml o f  7 0 % p e r c h l o r i c  a c i d  i n  a  5 0 ml v o l u m e t r i c  

f l a s k .  T h i s  s o l u t i o n  was t h e n  made up t o  t h e  50ml 

m ark  w i t h  g l a c i a l  a c e t i c  a c i d .  ( T h i s  s o l u t i o n  i s  

a c t i v e  f o r  o n l y  s i x  h o u r s ) .

E h r l i c h ’ s I  R e a g e n t .  T h is  was p r e p a r e d  by  

t h e  a d d i t i o n  o f  2g o f  p-DMAB t o  100ml o f  6M h y d r o ­

c h l o r i c  a c i d .

Dowex 50  X  8 200—400 m esh. The f i n e s t  

p a r t i c l e s  w ere  s e p a r a t e d  o f f  by  r e p e a t e d  s u s p e n s i o n  

and  s e d i m e n t a t i o n  i n  w a t e r .  The i o n  e x c h a n g e  was 

t h e n  c o n v e r t e d  t o  t h e  sod ium  fo rm  by tw e n ty  h o u r s  

s t o r a g e  i n  t w i c e  i t s  volum e o f  2M sod ium  h y d r o x i d e ,  

a f t e r  w h ic h  i t  was w ashed  u n t i l  t h e  w a s h in g s  w ere  a  

n e u t r a l  pH. I t  was t h e n  r e c o n v e r t e d  t o  t h e  a c i d  

fo rm  by a l t e r n a t e  t r e a t m e n t  w i t h  a b o u t  1 volum e o f  

4M HCl and  6 v o lu m e s  o f  2M HCl. The e x c h a n g e r  was 

s t o r e d  i n  a  c o v e r e d  v e s s e l  i n  tw ic e  i t s  volum e o f  

IM HCl. ( I t  w i l l  k e e p  a c t i v e  i n  t h i s  s t a t e  f o r  

5 - 4  m on ths  a t  room t e m p e r a t u r e ) .

Dowex 2 x 8  2 0 0 -4 0 0  m esh. T h is  was p l a c e d  i n  

w a t e r  and  a l l o w e d  t o  s e d im e n t  a f t e r  w h ic h  t h e  w a t e r  

was su c k e d  o f f .  The w a sh in g  was r e p e a t e d  u n t i l  t h e  

s u p e r n a t e  was c l e a r .  The e x c h a n g e r  was t h e n  p r e ­

p a r e d  on a  co lum n b y  c o n v e r s i o n  t o  t h e  a c e t a t e  fo rm  

by w a sh in g  w i t h  5 ^  so d iu m  a c e t a t e  u n t i l  t h e  e l u a t e



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

n i t r a t e ) .  I t  was t h e n  w ashed  w i t h  w a t e r  u n t i l  

t h e  w a s h in g s  w ere  n e u t r a l .  I t  was s t o r e d  i n  

tw ic e  i t s  vo lum e o f  w a t e r  i n  a  c o v e r e d  v e s s e l .  

( I t  r e m a in s  a c t i v e  i n  t h i s  fo rm  f o r  5 - 4  m onths  

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

The o t h e r  r e a g e n t s  w ere  p r e p a r e d  i n  t h e  

u s u a l  m a n n e r .  '



PAPER CHROMATOGRAPHY OF ALA

The m ethod  u s e d  f o r  t h e  two d i m e n s i o n a l  

c h r o m a to g r a p h ic  d e t e r m i n a t i o n  o f  ALA was b a s e d  on 

t h a t  d e s c r i b e d  b y  H a e g e r -A ro n s e n  ( 1 9 6 0 ) ^ ^ ^ .  The 

c h ro m a to g ra m s  w ere  r u n  on  Whatman No. 1 c h ro m a to ­

g r a p h y  p a p e r .

P h a s e  1 c o n s i s t e d  o f  a  m ix t u r e  o f  - n  b u t y l  

a l c o h o l  -  g l a c i a l  a c e t i c  a c i d  -  w a t e r  i n  t h e  r a t i o  

6 5 : 2 7 : 1 0  v / v .  I t  was r u n  v e r t i c a l l y  and  t h e  t im e  

o f  m i g r a t i o n  a l lo w e d  was f o u r  h o u r s  a t  20^ 0 .

P h a s e  11 c o n s i s t e d  o f  a  s a t u r a t e d  a q u e o u s  

s o l u t i o n  o f  p h e n o l  ( lO O g. p h e n o l  i n  39ml w a t e r ) .

T h i s  was a l s o  r u n  v e r t i c a l l y  and t h e  t im e  o f  

m i g r a t i o n  was e i g h t  h o u r s ,  a l s o  a t  20°C . The p a p e r  

w as t h e n  d r i e d  a t  room t e m p e r a t u r e  and  t h e  s p o t s  

l o c a t e d  a s  f o l l o w s :

A. The p a p e r  was s p r a y e d  w i t h  n i n h y d r i n  

s o l u t i o n  and  d r i e d  i n  an  oven  a t  60°C . The 

c o m p o s i t i o n  o f  t h e  n i n h y d r i n  s o l u t i o n  w a s : -  0 . 5% 

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

p y r i d i n e - g l a c i a l  a c e t i c  a c i d  -  w a t e r  i n  t h e  r a t i o  

1 0 : 1 : 9 5  v / v .  ALA a p p e a r e d  a s  a  y e l l o w  s p o t  w h ic h  

t u r n e d  t o  b row n a f t e r  a  few  h o u r s .

B . The p a p e r  was s p r a y e d  w i t h  a c e t y l a c e t o n e  and 

t h e n  d r i e d  f o r  t e n  m in u t e s  i n  an  o ven  a t  lOO^C.

I t  w as t h e n  s p r a y e d  w i t h  E h r l i c h ’ s I  r e a g e n t  ( c f  p a g e  57 ) 

ALA a p p e a r e d  a s  a  r e d - v i o l e t  s p o t  w h ic h  t u r n e d  b l u e -  

v i o l e t  w i t h i n  a  few  h o u r s .
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The R f v a l u e s  o f  ALA o b t a i n e d  w ere  a s  shown 

i n  T a b le  2 .  T hese  f a l l  w i t h i n  t h e  r a n g e  d e s c r i b e d  

b y  B e r l i n  e t  a l  (1 9 5 6 )  f o r  t h e  same c h r o m a to g r a p h ic  

p h a s e s .

TABLE 2

R f V a lu e s  o f  ALA

P h a se N o .D e t e r m i n a t i o n s Range

I 12 0 , 2 0 - 0 . 2 6

I I 12 0 . 5 5 - 0 , 6 5



THE USE OF SODIUM PENTOBARBITONE AS AN 
AI^AESTHETIG FOR 'IN  VIVO' EZPERIIIBNTS.

I n  t h e  m a j o r i t y  o f  ’i n  v i v o ’ e x p e r i m e n t s  

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

b a r b i t o n e  ( N e m b u ta l ) .  T h is  was o b t a i n e d  f ro m  

A b b o t  L a b o r a t o r i e s  L t d . ,  a s  a  s o l u t i o n  w i t h  t h e  

f o l l o w i n g  f o r m u l a t i o n  p e r  m l : -  sod ium  p e n t o b a r b i t o n e  

60mg; a l c o h o l  1 0% v / v  and  p r o p y l e n e  g l y c o l  2 0% v / v .

N em bu ta l  was c h o s e n  a s  an  a n a e s t h e t i c  a g e n t  

f o r  a  v a r i e t y  o f  r e a s o n s :  I t  i s  e a s i l y  o b t a i n a b l e

a n d  s im p le  t o  u s e  and  u n l i k e , f o r  e x a m p le ,  a  

c h l o r a l o s e - u r e t h a n e  m i x t u r e ,  i t  d o e s  n o t  r e q u i r e  

a n y  p r e p a r a t i o n  b e f o r e  u s e .  D e s p i t e  t h e  f a c t  

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

r e s p o n s e s  (Amundsen and  N u s ta d  1 9 65 )  m o s t  p a p e r s  

w h ic h  d e s c r i b e  a n im a l  e x p e r im e n t s  on t h e  c a r d i o ­

v a s c u l a r  s y s te m  r e v e a l  t h a t  N em buta l was t h e  

a n a e s t h e t i c  u s e d .  Thus r e s u l t s  o b t a i n e d  f ro m  

s u c h  e x p e r i m e n t s  w i t h  ALA, c o u ld  r e a d i l y  be com­

p a r e d  w i t h  o t h e r  r e s u l t s ,  w here  N em buta l was a l s o  

em p lo y ed  a s  a n a e s t h e t i c  a g e n t .

A t  t h e  a n a e s t h e t i c  d o s e ,  N em buta l i s  

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

ALA and  t h e  o t h e r  p r e c u r s o r s  o f  haem . As t h i s  

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

p o r p h y r i a ;  i t  was t h o u g h t  t h a t  any  e f f e c t  o f  ALA 

s e e n  i n  a n im a l s  w i t h  t h e i r  haem b i o s y n t h e t i c



p a th w a y s  o v e r - p r o d u c i n g ,  m ig h t  be  r e l e v a n t  t o  t h e  

e f f e c t s  o f  ALA i n  t h e  d i s e a s e  i t s e l f .  I n d e e d  i t  

was f e l t  t h a t  t h e r e  may be  some a c t i o n  o f  ALA  

w h ic h  w ou ld  o n l y  be  a p p a r e n t  u n d e r  s u c h  c o n d i t i o n s ,  

when t h e r e  i s  an  i n c r e a s e d  h e p a t i c  p o o l  o f  t h e  

c o f a c t o r s  n e c e s s a r y  f o r  haem b i o s y n t h e s i s ,  w i t h  a  

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

d o s e  o f  N em b u ta l  p r o d u c e s  a  m axim al s t i m u l a t i o n  

o f  ALA s y n t h e t a s e  a c t i v i t y  some s i x  h o u r s  a f t e r  

i n j e c t i o n  (M oore e t  a l ,  1 9 6 9 ) .  I t  i s  u n l i k e l y ,  

h o w e v e r ,  t h a t  t h e r e  w ould  be  any  a p p r e c i a b l e  

d i f f e r e n c e  i n  c i r c u l a t i n g  ALA due t o  s t i m u l a t i o n  

o f  s y n t h e t a s e ,  a s  t h e  a c t i v i t y  o f  ALA d e h y d ra s e  

s h o u l d  b e  g r e a t  e n o u g h  t o  h a n d le  t h e  i n c r e a s e d  

ALA p r o d u c e d .  T h is  p o s s i b i l i t y  was t e s t e d  f o r  

h o w e v e r ;  Thus a  r a t  was a n a e s t h e t i s e d  w i t h  

N em buta l and  i t s  b lo o d  ALA c o n t e n t  was d e te r m in e d  

s i x  h o u r s  a f t e r  i n j e c t i o n  by  t h e  m ethod  d e s c r i b e d  

o n  p a g e  35 . The b lo o d  ALA o f  an  u n a n a e s t h e t i s e d

r a t  was d e t e r m i n e d  a t  t h e  same t im e .  I n  n e i t h e r  

c a s e  was a n y  ALA ( <  O .^ j ig /m l)  d e t e c t a b l e  by  t h e  

m e th o d s  u s e d .

I n  a l m o s t  e v e r y  e x p e r im e n t  p e r f o r m e d ,  t h e  

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

f o r  a b o u t  t h r e e  h o u r s  was 60m g/kg by  t h e  i n t r a -  

p e r i  to n e  a l  r o u t e .  F u l l  a n a e s t h e s i a  was assum ed 

t o  h av e  d e v e lo p e d  when t h e  c o m p le te  l o s s  o f  r i g h t i n g ,  

w i th d r a w a l  a n d  c o r n e a l  r e f l e x e s  was e v i d e n t .  T h is



n o r m a l l y  o c c u r r e d  some tw e n ty  t o  t h i r t y  m in u te s  

a f t e r  i n j e c t i o n .  I f  a n a e s t h e s i a  h ad  n o t  f u l l y  

d e v e l o p e d  i n  t h i s  t i m e ,  a  f u r t h e r  3mg o f  N em buta l 

w as a d m i n i s t e r e d  b y  t h e  same r o u t e ;  t h i s  was 

a lw a y s  fo u n d  t o  be  s u f f i c i e n t  t o  p r o d u c e  a n a e s t h e s i a .

I n  c o n t i n u i n g  e x p e r i m e n t s  w here  t h e  a n im a l  

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

w i t h d r a w a l  r e f l e x e s  a  maxiumum o f  3mg N em buta l was 

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

r e f l e x e s  w ere  a b s e n t  once  a g a i n .

I t  m ig h t  be  s t r e s s e d  t h a t  i n  a l l  e x p e r i m e n t s  

p e r f o r m e d ,  m a le  S p ra g u e  Dawley r a t s  w ere  u s e d .

T h i s  s t r a i n  r e q u i r e d  60m g/kg N em buta l f o r  t h e  

d e v e lo p m e n t  o f  f u l l  a n a e s t h e s i a ,  h o w ev er  s u c h  

a  d o s e  w o u ld  be  l e t h a l  i n  o t h e r  s t r a i n s :  t h u s  

i n  t h e  h oo d ed  N o rw eg ian  s t r a i n  a  d o se  a s  Low 

a s  18m g/kg was l e t h a l ,  y e t  t h i s  l a t t e r  d o se  

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

t h e s i a  i n  t h e  a l b i n o  W i s t a r  s t r a i n  (P a y n e  and 

Gha.mmi.ngs 1 9 6 4 ) .



ALA IN  KREBS SOLUTION

I n  e x p e r i m e n t s  ’i n  v i t r o ’ w h e re  i t  i s  r e q u i r e d  

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

a s  K re b s  s o l u t i o n ,  i t  i s  n e c e s s a r y  t o  know i f ,  d u r i n g  

t h e  t im e  c o u r s e  o f  t h e  e x p e r im e n t  and  a t  t h e  tem p e ­

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

p e r f u s i n g  medium o r  b a t h i n g  medium i t s e l f ,  i n t o  some 

o t h e r  s u b s t a n c e .  I n  s u c h  an  e v e n t  o f  c o u r s e ,  

e r r o n e o u s  c o n c l u s i o n s  may be draw n f ro m  e x p e r i m e n t a l  

r e s u l t s .  T hus t h e  c o n c e n t r a t i o n  c h a n g e  w i t h  t im e  o f  

ALA i n  a  s o l u t i o n  o f  K re b s  a t  37^0 was d e t e r m i n e d .

M ethod

l . ^ B g  o f  ALA-HCl was d i s s o l v e d  i n  1ml s a l i n e .

T h i s  was ad d ed  t o  100ml o f  K re b s  s o l u t i o n  a t  37^0 

g i v i n g  a  c o n c e n t r a t i o n  o f  1 1 .8 p g  ALA/ml K r e b s .  The 

f l a s k  c o n t a i n i n g  t h e  K re b s  was p l a c e d  i n  a  w a t e r  b a t h  

a t  37^G t o  m a i n t a i n  t h e  t e m p e r a t u r e .  S a m p le s  o f  t h e  

Krebs-ALA s o l u t i o n  w ere  rem oved  a t  t im e  i n t e r v a l s  and 

a s s a y e d  f o r  ALA c o n t e n t  a s  d e s c r i b e d  on p a g e  3 3 . The 

r e s u l t s  o b t a i n e d  a r e  shown i n  f i g .  7 -

As c a n  be  s e e n  f ro m  t h e  f i g u r e ,  t h e  c o n c e n t r a t i o n  

o f  ALA i n  t h e  K re b s  s o l u t i o n  d e c r e a s e d  i n  t h e  f i r s t  h o u r  

b y  a b o u t  1 7% and  t h e r e a f t e r  r e m a in e d  r e l a t i v e l y  c o n s t a n t .  

Such  a  d e c r e a s e  i s  t o  be  e x p e c te d  a s  ALA i s  m o s t  l i k e l y  

h y d r o l y s e d  t o  some e x t e n t  i n i t i a l l y .  The r e d u c t i o n  c o n ­

c e n t r a t i o n  h o w e v e r ,  i s  n o t  t o o  g r e a t  o v e r - t h e  t im e  

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

r e l a t i v e l y  s t a b l e  i n  K re b s  s o l u t i o n  a t  37°C and  d o e s  

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



ala.ug/ml.

Time(hours)
F i g u r e  7* Tue cn an g e  i n  ALA c o n c e n t r a t i o n

v / i tn  t im e  i n  Kr-ebs s o l u t i o n  a t  57  C,



4r?.

EQLILIBRIÜM ALA LEVEL IN THE RAT

I n  c e r t a i n  p r o p o s e d  e x p e r im e n t s  u s i n g  r a t s ,  

i t  was r e q u i r e d  t o  know when t h e r e  was an  e q u i l i b r i u m  

c o n c e n t r a t i o n  o f  ALA i n  t h e  b lo o d  a f t e r  i n j e c t i o n .

A f u r t h e r  c o n s i d e r a t i o n  was t h a t  o f  a t t a i n i n g  a  

b lo o d  e q u i l i b r i u m  l e v e l  o f  ALA s i m i l a r  t o  t h a t  fo u n d  

i n  an  a c u t e  a t t a c k  o f  A IP  v i z :  a ro u n d  2 4 ^ g /m l

(Sw eeney  e t  a l ,  1 9 7 0 ) .  As t h e  m o st c o n v e n i e n t  

r o u t e  o f  d ru g  a d m i n i s t r a t i o n  i n  t h e  r a t  i s  by  i n t r a -  

p e r i  to n e  a l  i n j e c t i o n  i t  was d e c id e d  t o  d e t e r m i n e  t h e  

b lo o d  c o n c e n t r a t i o n  o f  ALA a t  g iv e n  t im e  i n t e r v a l s  

a f t e r  an  I . P .  i n j e c t i o n  o f  ALA.

M ethod

A m ale  S p ra g u e  D aw ley r a t  (2 5 0 g )  w h ic h  h a d  b e e n  

s t a r v e d  o v e r n i g h t  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  w i t h  

R em b u ta l  60m g /kg . A f t e r  a n a e s t h e s i a  h ad  d e v e lo p e d  

an  i n c i s i o n  was made i n  t h e  a n i m a l ' s  n e c k  and t h e  

t r a c h e a  and one c a r o t i d  a r t e r y  e x p o s e d .  The t r a c h e a  

was c a n n u l a t e d  and  a r t i f i c a l  r e s p i r a t i o n  m a i n t a i n e d  

t h r o u g h o u t  t h e  e x p e r i m e n t  by  t h i s  r o u t e .

The c a r o t i d  a r t e r y  was a l s o  c a n n u l a t e d ,  t h e  

c a n n u l a  b e i n g  c o n n e c t e d  t o  a  t h r e e  way t a p  t o  w h ic h  

was a t t a c h e d  a  s a l i n e  f i l l e d  tu b e ,  l e a d i n g  t o  an 

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

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

s y r i n g e s ,  one c o n t a i n i n g  h e p a r i n i s e d  s a l i n e ,  t h e  o t h e r  

b e i n g  em pty . The r a t  w as t h e n  i n j e c t e d  l . P  w i t h  lOmg 

ALA-HCl i n  s a l i n e  b r o u g h t  t o  pH7 w i t h  b i c a r b o n a t e ,  i n
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a  t o t a l  vo lum e o f  1m l. F iv e  m in u te s  a f t e r  i n j e c t i o n  

a  sam p le  o f  0 . 1ml a r t e r i a l  b lo o d  was rem oved  by  t h e  

em pty  s y r i n g e .  The t a p  was c l o s e d  t h e  s y r i n g e  r e ­

p l a c e d  an d  t h i s  t im e  0 . 2ml a r t e r i a l  b lo o d  was rem oved  

b y  a g a i n  o p e n in g  t h e  t a p  and  w i th d r a w in g  t h e  p l u n g e r  

o f  t h e  em pty  s y r i n g e .  The t a p  was t h e n  t u r n e d  w i t h  

t h e  open  p o s i t i o n  to w a rd s  t h e  s y r i n g e  c o n t a i n i n g  

s a l i n e  a n d  0 . 3ml h e p a r i n i s e d  s a l i n e  was s l o w l y  i n ­

j e c t e d  down i n t o  t h e  c a r o t i d  a r t e r y .  The s u b s e q u e n t  

p r o c e d u r e  a t  1 5 , 50  and  60 m in u te  i n t e r v a l s  was 

s i m i l a r  v i z :  a )  w i th d ra w  0 . 5ml b l o o d / s a l i n e  f ro m

t h e  c a r o t i d ;  b )  w i th d ra w  0 . 2ml a r t e r i a l  b l o o d  and  

c )  i n j e c t  0 . 5ml h e p a r i n i s e d  s a l i n e  i n t o  t h e  c a r o t i d .

The b lo o d  s a m p le s  t h u s  rem oved  ( i . e .  sam p le  *b*) 

w e re  a s s a y e d  f o r  ALA b y  t h e  m ethod  d e s c r i b e d  on p a g e  35^ 

and  t h u s  a  f u n c t i o n  o f  b l o o d  ALA a g a i n s t  t im e  f o r  an  

l . P  i n j e c t i o n  o f  4-Omg/kg ALA c o u ld  be  p l o t t e d  ( f i g . 8 ) .

As c a n  be s e e n  f ro m  t h e  f i g u r e  an  l . P .  i n j e c t i o n  

o f  t h i s  d o s e  o f  ALA gav e  an  e q u i l i b r i u m  s i t u a t i o n  some 

f i f t e e n  m in u te s  a f t e r  i n j e c t i o n  w h ic h  c o n t i n u e d  w i t h  

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

F u r t h e r  t h i s  d o se  o f  ALA gav e  a  b lo o d  c o n c e n t r a t i o n  

o f  ALA o f  a  s i m i l a r  m a g n i tu d e  t o  t h a t  fo u n d  i n  A IP .

As d i s c u s s e d  on p a g e  41 , t h e  p o r p h y r i n o g e n i c  

a c t i o n  o f  N e m b u ta l , w ou ld  h av e  no s i g n i f i c a n t  e f f e c t  

on  t h e  b lo o d  ALA d e t e r m i n a t i o n s .



.

BLOOD ALA LEVELS IN HUKA.N SUBJECTS

The h lo o d  ALA c o n c e n t r a t i o n s  o f  a  num ber o f  

p o r p h y r i c  s u b j e c t s  and  o f  a  num ber o f  n o rm a l  s u b j e c t s  

w e re  d e te r m in e d  b y  t h e  m ethod  d e s c r i b e d  above  ( p .  5 5 ) .  

The p o r p h y r i c  s u b j e c t s ,  who w ere  a l l  i n  r e m i s s i o n ,  

w ere  c l a s s i f i e d  c l i n i c a l l y  a s  f o l l o w s : -  a c u t e  i n t e r ­

m i t t e n t  p o r p h y r i a ,  4  c a s e s :  p o r p h y r i a  c u t a n e a  t a r d a ,

3 c a s e s :  h e r e d i t a r y  c o p r o p o r p h y r i a ,  1 c a s e .

I n  a  s i n g l e  c a s e  o f  A IP , who was a d m i t t e d  t o  

h o s p i t a l  i n  a p p a r e n t  a t t a c k ,  t h e  b lo o d  ALA c o n c e n ­

t r a t i o n  was m e a su re d  f o r  t e n  c o n s e c u t i v e  d a y s :  a

sa m p le  o f  c e r e b o r o s p u r a l  f l u i d  was o b t a i n e d  f ro m  t h i s  

p a t i e n t ,  and t h e  ALA c o n c e n t r a t i o n  o f  t h i s  was a l s o  

d e t e r m i n e d .  (T he n o rm a l  s u b j e c t s  w ere  e i g h t  l a b o r a ­

t o r y  s t a f f ,  a l l  i n  a p p a r e n t  good h e a l t h ) .

R e s u l t s

The mean n o rm a l  v a l u e  f o r  t h e  b lo o d  ALA c o n ­

c e n t r a t i o n s  was 0 .5 8  0 .0 1  j ig /m l .  F o r  t h e  f o u r

s u b j e c t s  w i t h  A IP , t h e  mean v a lu e  was O.7 8  + 0 .1 2  

p g /m l .  The d i f f e r e n c e  b e tw e e n  t h e s e  two g ro u p s  was 

s i g n i f i c a n t  when a n a l y s e d  by  a  s t u d e n t s  *t* t e s t  

( p ^ b . O l ) .  The mean ALA b lo o d  c o n c e n t r a t i o n  o f  t h e  

t h r e e  s u b j e c t s  w i t h  p o r p h y r i a  c u t a n e a  t a r d a  was 

0 .2 7  + 0 . 0 2^ g /m l ;  and t h e  c a s e  o f  h e r e d i t a r y  c o p r o ­

p o r p h y r i a  gave  a  v a l u e  o f  0 . 5 5 p g /m l .

I n  t h e  s i n g l e  c a s e  o f  t h e  AIP p a t i e n t  i n  

a p p a r e n t  a t t a c k ,  t h e  mean b l o o d  ALA c o n c e n t r a t i o n  was 

0 .9 4  + 0 . 27} is /m l,  t a k i n g  t h e  v a l u e s  o v e r  t e n  d a y s .



The maximum v a l u e  r e a c h e d  was 1 .4 0 j ig /m l ,  and  a s  t h e  

C . S .F .  c o n c e n t r a t i o n  o f  ALA was d e te r m in e d  on t h e  

same d a y ,  t h i s  g av e  a  c o r r e s p o n d i n g  C .S .F .  v a l u e  o f  

0 .  5 3 ] ig /n il .

D i s c u s s i o n

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

o f  A IP i n  r e m i s s i o n ,  t h e  b lo o d  c o n c e n t r a t i o n  o f  ALA 

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

T h i s  w ould  n o t  a p p e a r  t o  be  t h e  c a s e  i n  s u b j e c t s  

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

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

v e s t i g a t e d .  I t  m u st  be  s t r e s s e d  w i t h  r e s p e c t  t o  

t h e s e  l a t t e r  tw o , h o w e v e r ,  t h a t  o n ly  a  s m a l l  sam p le  

p o p u l a t i o n  was d e t e r m i n e d  and  t h e  r e s u l t s  a r e  t h e r e ­

f o r e  i n c o n c l u s i v e .

The s i g n i f i c a n t l y  h i g h e r  ALA c o n c e n t r a t i o n s  

i n  t h e  b lo o d  o f  t h e  AIP s u b j e c t s ,  i s  a  phenom enon 

a lm o s t  c e r t a i n l y  r e l a t e d  t o  t h e  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  o f  ALA by  t h e s e  s u b j e c t s .  I t  i s  l i k e l y  

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

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

w i t h  a  c o n s e q u e n t  i n c r e a s e  i n  r e n a l  e x c r e t i o n ,  

w h ic h  w ould  a c c o u n t  f o r  t h e  a b n o rm a l ly  h i g h  c o n ­

c e n t r a t i o n s  o f  ALA i n  t h e  u r i n e  o f  s u b j e c t s  w i t h  

A IP . On t h i s  b a s i s ,  i t  may be i m p o r t a n t  t h a t  

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

an y  r e n a l  damage c o u ld  c o n c e i v a b l y  r e s u l t  i n  a  

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



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

One n o t a b l e  o b s e r v a t i o n  i s  t h e  f a c t  t h a t  ALA 

was c a p a b l e  o f  b e i n g  d e te r m in e d  i n  t h e  b lo o d  o f  

n o rm a l  s u b j e c t s .  T h is  w ould  s u g g e s t  t h a t  ALA i s  

c a p a b le  o f  p a s s i n g  i n t o ,  and r e a c h i n g  e q u i l i b r i u m  

i n ,  v a r i o u s  t i s s u e s  i n  n o rm a l  s u b j e c t s ,  a s  w e l l  a s  

i n  s u b j e c t s  w i t h  AIP ( c f .  S e c t i o n  IV ( l ) . )  I t  

w ou ld  a l s o  s u g g e s t  t h a t  any  p a t h o l o g i c a l  e f f e c t  o f  

ALA on t h e  t i s s u e s ,  w ould  o n ly  o c c u r  a t  c o n c e n t r a t i o n s  

som ewhat g r e a t e r  t h a n  t h e  u p p e r  l i m i t  o f  t h e  n o rm a l  

v a l u e s ,  a  s i t u a t i o n  w h ic h  m o st  l i k e l y  w ould  be  r e a c h e d  

i n  a  p o r p h y r i c  s u b j e c t  i n  a t t a c k .

The one s u b j e c t  i n  t h e  p r e s e n t  s t u d y  who was 

a d m i t t e d  t o  h o s p i t a l  i n  an  a p p a r e n t  a t t a c k  o f  AIP 

was l a t e r  d i a g n o s e d  a s  n o t  b e in g  i n  a t t a c k .  T h is  

w ould  a c c o u n t  f o r  t h e  ALa  b lo o d  c o n c e n t r a t i o n  b e i n g  

much s m a l l e r  t h a n  t h e  v a l u e s  r e p o r t e d  i n  t r u e  

p o r p h y r i c  a t t a c k  (S w eeney  e t  a l  1 9 7 0 ) .  The 

d e t e c t i o n  o f  ALA i n  t h e  C .S .F .  o f  t h i s  s u b j e c t  i s  

an  o b s e r v a t i o n  o f  some i n t e r e s t .  I t  may be  t h a t  

t h e  p r e s e n c e  o f  ALA i n  t h e  C .S .F .  i s  m e r e ly  a  r e ­

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

ALA c a n  p a s s  t h e  b l o o d - b r a i n  b a r r i e r  ( S e c t i o n  I I I  (1 1 ) )  

and  t h e r e b y  e n t e r  t h e  C .S . F .  A l t e r n a t i v e l y  i t  may 

be t h a t  t h e r e  i s  an  i n c r e a s e d  c e n t r a l  s y n t h e s i s  o f  

ALA, i n  A IP , w h ic h  m ig h t  a l s o  be e x p e c te d  t o  r e s u l t  

i n  t h e  p r e s e n c e  o f  ALA i n  t h e  C .S .F .  W h a te v e r  t h e  

m ech an ism , t h e  f a c t  t h a t  ALA ^  p r e s e n t  c e n t r a l l y



i s  i m p o r t a n t  i n  v ie w  o f  ALA^s known p h a r m a c o l o g i c a l  

a c t i o n s ,  and  t h e  c e n t r a l  m a n i f e s t a t i o n s  o f  A IP .

I n  summary t h e n ,  ALA i s  p r e s e n t  a t  s i g n i f i c a n t l y  

h i g h e r  b lo o d  c o n c e n t r a t i o n s  i n  s u b j e c t s  w i t h  A IP  when 

com pared  w i t h  n o rm a l  s u b j e c t s :  a n d ,  i n  one a c u t e

p o r p h y r i c ,  ALA was d e t e c t e d  i n  t h e  C .S . F .



AIA INDUCED PORPHYRINOGE^TESIS AND 
EXOGENOUSLY ADMINISTERED ALA.

I t  i s  o b v i o u s l y  i m p o r t a n t  t o  know t o  w h a t  

e x t e n t  i t  i s  v a l i d  t o  com pare  t h e  e f f e c t s  o f  i n ­

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

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

c r e a s e  p r o d u c e d  b y  AIA w h ic h  i s  by  s t i m u l a t i o n  

o f  ALA*s r a t e  o f  s y n t h e s i s .

I t  i s  a l s o  i m p o r t a n t  t o  u n d e r s t a n d  t h e  

c o n s e q u e n c e s  o f  t h e s e  d i f f e r e n t  m e th o d s  o f  i n ­

c r e a s i n g  t h e  c i r c u l a t i n g  l e v e l s  o f  ALA, and how 

t h e  a c t i o n  o f  AIA on haem b i o s y n t h e s i s  i s  r e l a t e d  

t o  an y  o t h e r  e f f e c t s  i t  may e x h i b i t .

AIA was f i r s t  i n t r o d u c e d  by  G o ld b e rg  (1 9 5 5 )  

a s  an  * a g e n t '  w h ic h  c o u ld  s i m u l a t e  t h e  p o r p h y r o -  

g e n i c  a c t i o n  o f  s e d o rm id  ( a l l y l - i s o p r o p y l - a c e t y -  

l u r e a )  w i t h o u t  d e m o n s t r a t i n g  t h e  l e t t e r ' s  h y p n o t i c  

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

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

c o n t r a d i c t o r y  r e p o r t s  on A IA 's  'n o n - h y p n o t i c '  

a c t i o n .  Thus a l t h o u g h  G o ld b e rg  and  R im in g to n  

( 1 9 5 4 ) d e m o n s t r a t e d  t h a t  AIA o n ly  c a u s e d  'd a z i n g '  

i n  r a t s ,  o t h e r  w o r k e r s  h a v e  r e p o r t e d  r a t s  t o  be i n  

d e e p  s l e e p  a f t e r  t h e  same d o se  o f  AIA v i z :  4 0 0 -

500m g/kg (B iem ca  e t  a l ,  1 9 6 ? ) .

The c a u s e  o f  t h i s  i n c o n s i s t e n c y  i s  l i k e l y  t o  

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

o f  AIA. Thus G o ld b e rg  and  R im in g to n  (1 9 5 4 )  gave
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t h e i r  r a t s  AIA b y  g a s t r i c  i n t u b a t i o n ,  w h e re a s  many 

o f  t h e  s u b s e q u e n t  w o r k e r s  who h a v e  r e p o r t e d  s l e e p  

a n d  o t h e r  g r o s s  b e h a v i o u r a l  e f f e c t s  o f  AIA im m edi­

a t e l y  a f t e r  i n j e c t i o n  (B iem ca  e t  a l  1 9 6 7 ;  Y u w i l l e r  

e t  a l  1 9 7 0  ; l i a r c u s  e t  a l  1 9 70 )  h av e  g i v e n  AIA 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 .  O b v io u s ly  a d m i n i s t r a t i o n  

b y  t h i s  l a t t e r  r o u t e  c a u s e s  a  much q u i c k e r  and  a  much 

g r e a t e r  c o n c e n t r a t i o n  o f  AIA i n  t h e  p la s m a  t h a n  t h e  

f o r m e r ,  and  h e n c e  o v e r t  t o x i c  e f f e c t s  o f  AIA w ould  

b e  more i n  e v i d e n c e .  I t  i s  l i k e l y  t h e r e f o r e  t h a t  

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

o b s e r v a t i o n s .

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

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

a c u t e  p o r p h y r i a  ( T s c h u d y ,  1 9 6 5 )•  I t  i s  l i k e l y  t h a t  

AIA p ro d u c e d  t h e s e  e f f e c t s  on haem m e ta b o l i s m  b y  

s t i m u l a t i o n  o f  AIA s y n t h e t a s e  a c t i v i t y ,  a s  i t  h a s  

b e e n  shown t o  s t i m u l a t e  t h i s  enzyme i n  embryo c h i c k  

l i v e r  ( G r a n i c k ,  1 9 6 6 )  an d  i n  r a t  l i v e r  (M a rv e r  e t  a l  

1 9 6 6 ) .  T h u s 'b y  i n c r e a s i n g  ALA and  i t s  s u b s e q u e n t  

m e t a b o l i c  p r o d u c t s ,  AIA w i l l  c a u s e  o t h e r  b i o c h e m i c a l  

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

c o f a c t o r s  o f  ALA s y n t h e t a s e  f ro m  o t h e r  t i s s u e s  t o  t h e  

l i v e r .  E xog en ous  a d m i n i s t r a t i o n  o f  ALA on t h e  o t h e r  

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

c n  haem b i o s y n t h e s i s ,  w i t h o u t  any  a s s o c i a t e d  d e p l e t i o n  

o f  t h e  c o f a c t o r s  o f  s y n t h e t a s e .

I f  i t  i s  d e s i r e d  t h e r e f o r e ,  t o  s e e  i f  any  s p e c i f i c



53.

c h a n g e  i s  p r o d u c e d  i n ,  e . g .  a n im a l  b e h a v i o u r ,  by- 

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

p r e c u r s o r s  p e r  s e ,  t h e n  i t  w ou ld  b e  more i n f o r m a t i v e  

t o  u se  e x o g e n o u s  ALA a d m i n i s t r a t i o n .  T h is  w ould  

i n c r e a s e  haem  s y n t h e s i s  w i t h o u t  c a u s i n g  o t h e r  e f f e c t s  

due t o  ‘r e d i s t r i b u t i o n ’ o f  c o f a c t o r s  t o  s y n t h e t a s e .

On t h e  o t h e r  h a n d ,  i f  i t  was d e s i r e d  t o  l o o k  

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

h e p a t i c  ALA s y n t h e t a s e  a c t i v i t y  -  a  s i t u a t i o n  more 

l i k e  a c u t e  p o r p h y r i a  w here  h e p a t i c  ALA s y n t h e t a s e  

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

u s e  AIA. By d o in g  t h i s  h o w e v e r ,  t h e  r e s u l t s  ob­

t a i n e d  c a n n o t  s im p ly  be  r e l a t e d  t o  t h e  i n c r e a s e  i n  

haem b i o s y n t h e s i s ,  and t h e  f a c t  r e m a in s  t h a t  any  

e f f e c t s  o b s e r v e d  a r e  n o t  n e c e s s a r i l y  d i r e c t l y  due t o  

t h e  e l e v a t e d  l e v e l s  o f  haem and i t s  p r e c u r s o r s  ; b u t  

may be due  t o  o t h e r  c h a n g e s  p r o d u c e d  a s  a  r e s u l t  o f  

s y n t h e t a s e  a c t i v i - t y  b e i n g  r a i s e d .  F o r  exam ple  a s  

d e s c r i b e d  b e lo w  ( I I I )  t h e  s u s c e p t i b i l i t y  o f  AIA 

t r e a t e d  a n im a l s  t o  i n d i r e c t  c o n v u l s i o n s  c o u ld  be a  

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

c o f a c t o r ,  p y r i d o x a l  p h o s p h a t e .  As w e l l  a s  an i n ­

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

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

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

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

s u c c i n y l  C o.A . Thus t h e  e f f e c t s  p r o d u c e d  by  AIA

may be due  t o  t h e  r e m o v a l  and p o s s i b l e  d e p l e t i o n  o f



some o f  t h e s e  s u b s t a n c e s  fro m  o t h e r  m e t a b o l i c  p a t h ­

w a y s .  I t  h a s ,  f o r  e x a m p le ,  b e e n  s u g g e s t e d  t h a t  

i n c r e a s e d  u s e  o f  s u c c i n y l  Co.A f o r  haem s y n t h e s i s  

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

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

r e a c t i o n s  w h ic h  r e q u i r e  t h e  f o r m e r .

T h e re  a r e  h o w e v e r ,  c e r t a i n  e f f e c t s  o f  AIA 

w h ic h  a p p e a r  t o  be  d i r e c t l y  r e l a t e d  t o  i t s  a b i l i t y  

t o  s t i m u l a t e  haem  s y n t h e s i s .  Thus v a r i o u s  w o r k e r s  

h a v e  shown t h a t  a  s i n g l e  i n j e c t i o n  o f  AIA i s  

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

o x y g e n a se  i n  r a t  l i v e r  ( F e i g e l s o n  and  G re e n g a r d ,

1 9 6 1 : M a rv e r  a t  a l  1 9 6 6  and  Y u w i l l e r  e t  a l  ( 1 9 7 0 ) .

I t  was p o s t u l a t e d  t h a t  t r y p t o p h a n  o x y g e n a se  a c t i v i t y  

w ould  b e  e l e v a t e d  b y  an  i n c r e a s e d  a v a i l a b i l i t y  o f  

haem ( F e i g e l s o n  and  G re e n g a rd ,  1 9 6 1 ( b ) )  and  h e n c e  

t h e  i n c r e a s e  o f  t h e  l e v e l  o f  t h i s  enzyme m ig h t  be  a  

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

I f  s o ,  t h i s  e f f e c t  o f  AIA s h o u ld  be c a p a b le  o f  b e i n g  

e m u la te d  b y  e x o g e n o u s  ALA a d m i n i s t r a t i o n .

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

o u t  b y  V e t t e r b e r g  e t  a l  (1 9 6 9 )  who gave  r a t s  a c u t e  

i n j e c t i o n s  o f  ALA, and  when t h e y  m e a su re d  h e p a t i c  

t i^ y p to p h a n  o x y g e n a s e  f o u n d  t h a t  i n d e e d  i t  was e l e v a t e d ,  

I n  t h i s  c a s e  t h e r e f o r e ,  i t  i s  r e a s o n a b l e  t o  assum e 

t h a t  b o t h  AIA a n d  ALA p r o d u c e d  t h i s  same r e s u l t  by  

a  s i m i l a r  m ech an ism  v i z :  an  i n c r e a s e d  s y n t h e s i s  and  

a v a i l a b i l i t y  o f  haem .



TABLE 3 

DRUGS -  FORM AIID SOURCE

A c e t y l c h o l i n e  C h l o r i d e  (K och  L i g h t )

2  - A d r e n a l i n e  . .  (K och L i g h t )

A l l y l i s o p r o p y l a c e t a m i d e  (AIA) . .  (R o c h e )

- A m i n o l a e v u l i n i c  A c id  H y d r o c h lo r i d e  (ALA)
(K och  L i g h t  o r  S igm a)

and  C^^ ALA . .  ( R a d io c h e m ic a l  C e n t r e ,
Amersham)

A t r o p i n e  S u l p h a te  M onohy dra te  . .  (K och L i g h t )

o ( - C h l o r a l a s e  . .  (K och L i g h t )

C h o l in e  C h l o r id e  . .  ( B .D .H .)

2 - 4 - D i m e t h y l - $ - E t h y l p y r r o l e  ( K r y p t o p y r r o l e ) 
(Em m anuel)

E t h a n o l  . .  ( B u r r o u g h s )

G ly c in e  . .  ( B .D .H .)

H e p a r in  ( P u l a r i n )  . .  (E v a n s )

H exam éthonium  . .  (M. & B . )

H is t a m in e  D ip h o s p h a te  . .  (K och L i g h t )

I s o n i c o t i n y l  H y d ra z id e  ( I s o n i a z i d )  . .  (K och L i g h t )  

I s o p r e n a l i n e  . .  ( I . C . I . )

M epyram ine M a le a te  ( A n t h i s a n )  . .  (May and B a k e r )  

M orph ine  . .  ( B . P . )

R i c o t i n e  . .  (K och L i g h t )  

j  - S t r o p h a n t i n  ^ O u a b a in )  . .  (M erck )

P a n c u ro n iu m  . .  (O rg a n o n )



P e n t o b a r b i t o n e  Sodium  (R e m b u ta l )  . .  (A b b o t)  

P h e n to la m in e  M e s y la te  ( R o g i t i n e )  . .  ( C . I . B . A . )  

P r o p r a n o l o l  H y d r o c h lo r i d e  ( I n d e r a l ) . .  ( I . C . I . )  

T r i c h l o r o e t h y l e n e  ( T r i l e n e )  . .  ( I . C . I . )  

U re th a n e  . .  ( B . P . )

V a s o p r e s s i n  ( P i t r e s s i n )  . .  ( P a r k e - D a v i s )
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CENTRAL STUDIES



CHEMICALLY INDUCED CONVULSIONS AND ALA

I n t r o d u c t i o n

A l t h o u g h  p r e v i o u s  w o rk e r s  ( G o ld b e r g ,  1 9 5 5 ;  

G ib so n  and  G o ld b e rg ,  1 95 5 )  fo u n d  t h a t  a n im a l s  made 

e x p e r i m e n t a l l y  p o r p h y r i c  w i t h  AIA show ed l i t t l e  

s i g n s  o f  c l i n i c a l  c h a n g e ,  K osower and  Rock 0-968) 

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

m ore  s u s c e p t i b l e  t h a n  n o rm a ls  t o  c h e m i c a l l y  i n d u c e d  

c o n v u l s i o n s .

They fo u n d  t h a t  r a t s  p r e t r e a t e d  w i t h  400m g/kg  

AIA f o r  8 t o  10 d a y s  c o n v u l s e d  much more r e a d i l y  

t h a n  n o r m a ls  when c h a l l e n g e d  w i t h  i s o n i c o t i n y l  

h y d r a z i d e  (IR H ) o r  4  m e th o x y m e th y lp y r id o x o l .

F u r t h e r ,  t h e y  f o u n d  t h a t  p y r i d o x o l  (2 m g /k g )  e x e r t e d  

a  p r o t e c t i v e  e f f e c t  t o  c o n v u l s i o n s  o f  some 60%  i n  

t h e  c a s e  o f  4 - m e th o x y m e th y lp y r id o x o l  (O .y ^ m m o le s /k g )  

th o u g h  n o t  t o  IRH.

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

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

d e c r e a s e  i n  c o n v u l s i v e  t h r e s h o l d  i s  ALA (K osow er 

e t  a l ,  1 9 6 9 ) .  Thus t h e s e  w o rk e r s  fo u n d  t h a t  t h e  

s u b s t a n c e  m e t h y l - 9 - d i a z o  l a e v u l i n a t e ,  a b o l i s h e d  

t h e  e x c e s s i v e  u r i n a r y  e x c r e t i o n  o f  PBG i n  t h e  AIA 

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

a f f e c t i n g  t h e  e x c e s s i v e  ALA e x c r e t i o n .  F u r t h e r  

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

t h a t  ALA was t h e  c a u s a t i v e  a g e n t .  An i n t e r e s t i n g



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

PBG d e c r e a s e d  a f t e r  m e t h y l - 5 - d i a z o  l a e v u l i n a t e ,  

t h e r e  was an  a s s o c i a t e d  i n c r e a s e  i n  an  u n i d e n t i ­

f i e d  s u b s t a n c e  w h ic h  t h e y  te rm  'X * ; a lm o s t  

i d e n t i c a l  a m o u n ts  o f  t h i s  s u b s t a n c e  'X ' w ere  

e x c r e t e d  f ro m  n o rm a l  r a t s  s i m i l a r l y  t r e a t e d  w i t h  

m e t h y l - 5 - d i a z o  l a e v u l i n a t e .  A ssum ing  t h a t  ALA 

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

s u s c e p t i b i l i t y  two im m e d ia te  p o s s i b i l i t i e s  p r e s e n t  

t h e m s e l v e s .  1 )  I t  e x e r t s  su c h  an  a c t i o n  i n ­

d i r e c t l y  p o s s i b l y  by  a  m echan ism  r e l a t e d  t o  t h e  

f a c t  t h a t  i n c r e a s e d  s y n t h e s i s  o f  ALA u n d e r  t h e  

i n f l u e n c e  o f  AIA c a u s e s  d e p l e t i o n  o f  p y r i d o x a l  

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

b r a i n  and  n e r v o u s  t i s s u e s ;  2 )  ALA e x e r t s  t h i s  

a c t i o n  d i r e c t l y ,  p r o b a b l y  by  a  c e n t r a l  a c t i o n .

As a  s im p le  p y r i d o x a l  d e f i c i e n c y  was 

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

e f f e c t  (K o so w er  and  R o ck , 1 9 68 )  i t  was d e c i d e d  

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

Row i f  a  d i r e c t  c e n t r a l  a c t i o n  o f  ALA i s  

r e s p o n s i b l e  i t  s h o u ld  be  p o s s i b l e  t o  p ro d u c e  

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

ALA t r e a t m e n t  a lo n e  and  i t  w ou ld  be e x p e c te d  t h a t  

ALA s h o u l d  be  c a p a b le  o f  p a s s i n g  t h e  b l o o d - b r a i n  

b a r r i e r .  T h e re  i s  e v id e n c e  f o r  t h i s  l a t t e r  

p o s s i b i l i t y  f ro m  human s t u d i e s .  Thus Sw eeney 

e t  a l  ( 1 9 7 0 ) h a v e  d e m o n s t r a t e d  t h a t  a t  a  p la s m a



c o n c e n t r a t i o n  o f  24 jig /i ii l ,  ALA c o u ld  be  d e t e c t e d  

i n  t h e  CSF o f  a  p o r p h y r i c  p a t i e n t ,  w h e re a s  i n  

n o rm a l  c i r c u m s t a n c e s  ALA i s  u n d e t e c t a b l e  i n  CSF.

I t  was d e c i d e d  t h e r e f o r e ,  t o  p e r f o r m  t h e  

f o l l o w i n g  e x p e r i m e n t s :

( a )  To r e p e a t  t h e  i n v e s t i g a t i o n s  w i t h  AIA and  

s e e  i f  AIA p r e t r e a t e d  a n im a l s  w ere  more 

s u s c e p t i b l e  t o  c o n v u l s i o n s .

( b )  To i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  c h r o n i c  

ALA t r e a t m e n t  a lo n e  c o u ld  e l i c i t  i n c r e a s e d  

s u s c e p t i b i l i t y  t o  c o n v u l s i o n s .

( a )  AIA P r e t r e a t m e n t  and In d u c e d  C o n v u l s i o n s .

M ethod

Two g r o u p s  o f  e i g h t e e n  m ale  S p ra g u e  Dawley 

r a t s  ( 2 0 0 - 2 5 0 g )  w ere  u s e d .  The t e s t  g ro u p  was 

g i v e n  a  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 ,  f o r  s e v e n  

d a y s ,  o f  400m g/kg  AIA. The volum e o f  i n j e c t i o n  

w as 0 . 4 - 0 . 5 m l.  As t h e  AIA was d i s s o l v e d  i n  

p r o p y l e n e  g l y c o l ,  t h e  c o n t r o l  g ro u p  w ere  i n j e c t e d  

d a i l y  w i t h  an  e q u i v a l e n t  volum e o f  t h i s  a l o n e .

T w e n t y - f o u r  h o u r s  a f t e r  th e  l a s t  d o se  o f  AIA 

t h e  a n im a l s  w e re  t a k e n  and s p l i t  i n t o  two s e t s  

( t e s t  and  c o n t r o l )  o f  t h r e e  g r o u p s ,  e a c h  c o n t a i n i n g  

s i x  a n i m a l s .  E ac h  s u b - g r o u p  was t h e n  g iv e n  an  

i n t r a p e r i t o n e a l  i n j e c t i o n  o f  i s o n i c o t i n y l  h y d r a z i d e  

( I R E ) .  The d o s e  g i v e n  was e i t h e r  0 . 8m. m o le s /k g ;  

1 .12m . m o le s /k g  o r  1.58m. m o le s /k g .

The a n im a l s  w ere  t h e n  r e t u r n e d  t o  t h e i r  c a g e s



and o b s e r v e d  c o n t i n u o u s l y  f o r  up t o  t h r e e  h o u r s .

The num ber o f  a n im a l s  c o n v u l s i n g  i n  e a c h  s u b - g r o u p  

was n o t e d .  A c o n v u l s i o n  was r e c o r d e d  o n ly  when 

t h e  a n im a l  showed c o m p le te  t o n i c  and  c l o n i c  move­

m e n ts  o f  t h e  w ho le  b o d y .  I s o l a t e d  h e a d  j e r k s  and  

o t h e r  body  t r e m o r s  w ere  i g n o r e d  f o r  t h e  p u r p o s e  o f  

r e c o r d i n g  a  c o n v u l s i o n .

R e s u l t s

The r e s u l t s  a r e  shown i n  T a b le  4 .  No a n im a l  

i n  e i t h e r  t h e  t e s t  o r  c o n t r o l  g r o u p s  c o n v u l s e d  i n  

r e s p o n s e  t o  t h e  0 .8 m .m o le s /k g  d o se  o f  INH. The 

1 .1 2 m .m o le s /k g  d o se  h o w e v e r ,  c a u s e d  c o n v u l s i o n s  o f  

t h r e e  a n im a l s  i n  t h e  t e s t  g r o u p ,  a l t h o u g h  none  o f  

t h e  c o n t r o l  a n im a l s  c o n v u l s e d .  I n  r e s p o n s e  t o  t h e  

1 .6 8 m .m o le s /k g  d o se  o f  INH, f o u r  a n im a l s  i n  t h e  

c o n t r o l  g ro u p  and s i x  i n  t h e  t e s t  g ro u p  c o n v u l s e d .

A l l  c o n v u l s i o n s  t o o k  p l a c e  w i t h i n  90 m in u te s  o f  

i n j e c t i o n  o f  INH.

The num ber o f  a n im a l s  c o n v u l s i n g  p e r  s u b - g r o u p ,  

was e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  num ber o f  

a n im a l s  i n  t h a t  s u b - g r o u p  ( v i z .  6 ) .  T h is  p e r c e n t a g e  

was p l o t t e d  a g a i n s t  t h e  d o se  o f  INS a d m i n i s t e r e d ,  

r e s u l t i n g  i n  a  d o s e - r e s p o n s e  g r a p h  f i g . ( 1 0 ) .

A n a l y s i s  o f  t h e  r e s u l t s  by  a  ‘C h i-^ sq u ared  ‘ 

a n a l y s i s ,  d e m o n s t r a t e d  t h a t  t h e  d o se  r e s p o n s e  

r e l a t i o n s h i p  f o r  t h e  AIA p r e t r e a t e d  a n i m a l s ,  i s  

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

g r a p h ,  ( p ^ 0 .0 0 0 5 )  T h i s  s h i f t  i n d i c a t e s  t h a t  t h e



uv#

AIA p r e t r e a t e d  a n im a l s  a r e  s i g n i f i c a n t l y  more 

s u s c e p t i b l e  t o  INH i n d u c e d  c o n v u l s i o n s  t h a n  a r e  

n o rm a l  a n i m a l s .

Dose INH ( m .m o l e s / t e )

C o n v u l s io n s  
p e r  s u b - g r o u p

% C o n v u l s io n s  
p e r  s u b - g r o u p

0 . 8 1 .1 2 1 .5 8

% % %

% % %

0 0 6 6 .6 6

0 50 100

TABLE 4 .

C o n t r o l

AIA

C o n t r o l

AIA



lUU

control

Q .

0
0.80 1.681.12

m. moles INH

X = 28.6 P <0.0005



( b )  C h ro n ic  ALA P r e t r e a t m e n t  and In d u c e d  C o n v u l s io n s  

M ethods

Two g r o u p s  o f  s e v e n  m ale  S p ra g u e  Dawley r a t s  

w ere  i n j e c t e d  e v e r y  two d a y s  f o r  f o u r  w e e k s ,  w i t h  

e i t h e r  s a l i n e  ( c o n t r o l )  o r  4-Omg/kg ALA ( t e s t )  i n  

s a l i n e .  The ALA was p r e v i o u s l y  a d j u s t e d  t o  pH 

6 - 7  w i t h  m o la r  so d iu m  b i c a r b o n a t e , and t h e  volum e 

o f  i n j e c t i o n ,  w h ic h  was by  t h e  i n t r a p e r i t o n e a l  

r o u t e ,  was /  1m l.

The a n im a l s  g i v e n  ALA showed d i s t i n c t  b e ­

h a v i o u r a l  c h a n g e s  a f t e r  t h i s  t im e  w h ic h  a r e  

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

One d a y  a f t e r  t h e  l a s t  i n j e c t i o n , t h e  a n im a l s  i n  

b o t h  c o n t r o l  and  t e s t  g r o u p s  w ere  c h a l l e n g e d  w i t h  

JL. 12m, m o le s /k g  IHH. They w ere  o b s e r v e d  c o n t i n ­

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

h o u r s  i m m e d ia te ly  f o l l o w i n g  t h i s  i n j e c t i o n .

R e s u l t s

Hone o f  t h e  c o n t r o l  o r  t e s t  a n im a l s  c o n ­

v u l s e d  i n  r e s p o n s e  t o  t h i s  d o se  o f  INH. I n  

one c o n t r o l  a n im a l  t h e r e  was some d e g re e  o f  

m u sc le  t w i t c h i n g  some f i f t y  f i v e  m in u te s  a f t e r  

i n j e c t i o n ,  b u t  no c o n v u l s i o n  was f o r t h c o m in g .

No o t h e r  a n im a l  showed e v id e n c e  o f  any  e f f e c t  

o f  INH.



D i s c u s s i o n

T hese  r e s u l t s  a r e  i n  a g re e m e n t  w i t h  t h e  

f i n d i n g s  o f  K osow er and  Rock (1 9 6 8 )  i n  t h a t  r a t s  

p r e t r e a t e d  w i t h  AIA w ere  more s u s c e p t i b l e  t o  INH 

in d u c e d  c o n v u l s i o n s ;  t h e r e  w ere  h o w e v e r ,  a  few  

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

a u t h o r s  and  t h o s e  d e s c r i b e d  a b o v e .  T h u s ,  t h e  

e f f e c t i v e  d o se  p r o d u c i n g  50% c o n v u l s i o n s  ( t h e  

ED^q) was fo u n d  by  K osow er and Rock t o  be  i n  t h e  

r e g i o n  o f 0 .6 m .m o le s /k g  f o r  AIA t r e a t e d  a n im a l s  

and  1.6m. m o le s /k g  f o r  t h e  c o n t r o l  a n i m a l s .  I n  

t h e  p r e s e n t  s t u d y  t h e  ED^gS w ere  i n  t h e  r e g i o n  

o f  1 . 1  and 1 .5 m .m o le s /k g  f o r  t h e  AIA and  c o n t r o l  

a n im a l s  r e s p e c t i v e l y .  T h a t  i s ,  i n  b o t h  t h e  

c o n t r o l  and t e s t  s i t u a t i o n s  t h e s e  a n im a l s  w ere  

l e s s  s u s c e p t i b l e  t o  INH t h a n  t h o s e  r e p o r t e d  by

K o so w e r/a n d  R ock . E ven  a l l o w i n g  f o r  t h e  f a c t  

t h a t  t h e  ED^gS a r e  o b t a i n e d  i n  e a c h  c a s e  by  

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

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

be  w o r th y  o f  c o n s i d e r a t i o n .

T h ere  w ere  d i f f e r e n c e s  i n  t h e  e x p e r i m e n t a l  

p r o c e d u r e  w h ic h  c o u ld  a c c o u n t  f o r  t h e  d i f f e r e n c e s  

i n  t h e  ED^gS f o u n d .  P e r h a p s  t h e  m ain  d i f f e r e n c e  

was t h e  f a c t  t h a t  w h i l e  t h e s e  a u t h o r s  u s e d  fe m a le  

S p ra g u e  Dawley r a t s ,  m ale  S p ra g u e  Dawley r a t s  

w ere  u s e d  i n  t h i s  s t u d y .  A n o th e r  f a c t o r  i s



t h a t  t h e y  u s e d  a  s o l u t i o n  o f  AIA d i s s o l v e d  i n  

0 .1 5  m o la r  sod ium  c h l o r i d e ,  w h e re a s  t h e  AIA i n  

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

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  was so  b e c a u s e  

i t  was fo u n d  t h a t  AIA was d i f f i c u l t  t o  d i s s o l v e  

i n  s a l i n e  and t h a t  s u b c u ta n e o u s  i n j e c t i o n  o f  AIA 

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

t i s s u e  i n  t h e  a n i m a l s .  So to o  t h e  a n im a l s  u s e d  

i n  t h i s  s t u d y  w ere  i n j e c t e d  w i t h  AIA f o r  s e v e n  

d a y s ,  w h e r e a s  some o f  t h o s e  u s e d  b y  K osow er w ere  

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

T h ese  e x p e r i m e n t a l  d i f f e r e n c e s  may be 

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

r e s u l t s  o b t a i n e d  i n  t h e s e  two s t u d i e s .  The 

i m p o r t a n t  p o i n t  h o w e v e r ,  i s  t h a t  b o t h  s t u d i e s  

d e m o n s t r a t e  t h a t  AIA p r e t r e a t m e n t  c a n  i n c r e a s e  

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

c o n v u l s i o n s  by  INH.

T h is  f a c t  b e i n g  e s t a b l i s h e d  i t  i s  s t i l l  

u n c e r t a i n  how AIA e f f e c t s  t h i s  i n c r e a s e  i n  

s u s c e p t i b i l i t y .  As d i s c u s s e d  a b o v e ,  e x p e r i m e n t s  

u s i n g  m e t h y l - 5 - d i a z o  l a e v u l i n a t e  (K osow er e t  a l ,  

1 9 6 9 ) s u g g e s t  t h a t  ALA i s  t h e  c a u s a l  f a c t o r .

The c h r o n i c  ALA s t u d i e s  h av e  i n v e s t i g a t e d  

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

e l e v a t e d  ALA l e v e l s  a lo n e  a r e  i n s u f f i c i e n t  t o  

a c c o u n t  f o r  t h e  phenom enon . The d o s e  o f  INH



u s e d  (1 .1 2 m . mol e / k g )  was s u f f i c i e n t  t o  p r o d u c e  

5 0 % c o n v u l s i o n s  i n  a n im a l s  p r e t r e a t e d  w i t h  AIA; 

y e t  i t  d i d  n o t  p r o d u c e  any  c o n v u l s i o n s  i n  t h e  

a n im a l s  p r e t r e a t e d  w i t h  ALA.

T h is  s u g g e s t s ,  t h e r e f o r e ,  t h a t  i f  AIA d o e s  

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

b y  a  m echan ism  w h ic h  i s  i n  some way r e l a t e d  t o  

ALA, i t  i s  l i k e l y  t o  be  a  r e s u l t  o f  i t s  i n d u c t i o n  

o f  ALA s y n t h e s i s ,  r a t h e r  t h a n  t o  any  d i r e c t  e f f e c t  

o f  t h e  e x c e s s i v e  ALA p r o d u c e d .  A l th o u g h  K osow er 

and  Rock (1 9 6 8 )  fo u n d  t h a t  p y r i d o x a l  p h o s p h a t e  d i d  

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

c h e m i c a l l y  i n d u c e d  p o r p h y r i c  a n i m a l s ,  n e u r a l  

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

t h e s e  r e s u l t s .

Thus i n c r e a s e d  h e p a t i c  s y n t h e s i s  o f  ALA i s  

m e d ia te d  by  m eans o f  an  i n c r e a s e  i n  a c t i v i t y  o f  

ALA s y n t h e t a s e ,  o f  w h ic h  p y r i d o x a l  p h o s p h a t e  i s  

a  c o f a c t o r .  An i n c r e a s e  i n  t h e  h e p a t i c  p o o l  o f  

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

i n  o t h e r  t i s s u e s ,  i n c l u d i n g  n e rv o u s  t i s s u e ,  and  

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

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

INH.

T h a t  AIA p r e t r e a t m e n t  and  ALA p r e t r e a t m e n t  do 

n o t  p ro d u c e  t h e  same e f f e c t s  was a l s o  e v i d e n t  i n  

a n o t h e r  way. A l th o u g h  AIA h a s  b e e n  r e p o r t e d  a s



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

(M arcu s  e t  a l ,  1 970 )  t h e r e  w ere  d i s t i n c t  d i f f e r e n c e s  

b e tw e e n  t h e s e  and  t h e  c h a n g e s  o b s e r v e d  a f t e r  ALA. 

T h i s  f a c t  w i l l  be  d i s c u s s e d  i n  more d e t a i l  i n  t h e  

s e c t i o n  r e l a t i n g  t o  ALA and  a n im a l  b e h a v i o u r ;  

h o w ev er  t h e  s i g n i f i c a n c e  i s  t h a t  once  more we a r e  

l e d  t o  c o n c lu d e  t h a t  t h e  e f f e c t s  o f  AIA a r e  p r o b a b l y  

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

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

m echan ism s by  w h ic h  e x c e s s i v e  ALA i s  p r o d u c e d .



ALA AND THE BLOOD-BRAIN BARRIER

I n t r o d u c t i o n

I n  v ie w  o f  t h e  p o s s i b l e  r o l e  o f  ALA i n  t h e  

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

o b v i o u s l y  i m p o r t a n t  t o  d e te r m in e  w h e th e r  o r  n o t  ALA 

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

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

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

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

f l i c t i n g  r e s u l t s .  Thus K ram er e t  a l ,  ( 1 9 ? 1 )  

i n d i c a t e d  t h a t  ALA was r e a d i l y  t a k e n  up by  b r a i n  

t i s s u e ,  w h e re a s  Musyka (1 9 5 9 )  i n d i c a t e d  t h a t  i t  

was n o t .  A l th o u g h  t h e  f o r m e r  s t u d i e s  w ere  p e r ­

fo rm ed  * in  v i t r o '  and t h e  l a t t e r  ' i n  v i v o ' -  a  

f a c t  w h ic h  may a c c o u n t  f o r  t h i s  d i s c r e p a n c y  -  t h e  

q u e s t i o n  r e m a in s  -  d o e s  ALA p a s s  t h e  b l o o d - b r a i n  

b a r r i e r ?

S t r u c t u r a l l y ,  a  s m a l l  m o le c u le  l i k e  ALA 

m ig h t  be  e x p e c te d  t o  p a s s  t h e  b l o o d - b r a i n  b a r r i e r  

r e a d i l y :  As h o w e v e r ,  t h e  p a s s a g e  o f  e v e n  q u i t e

s m a l l  m o le c u le s  i s  o f t e n  a  r e l a t i v e l y  s e l e c t i v e  

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

e x p e r i m e n t a l l y .

E e rg u so n  e t  a l ,  ( 1 9 7 0 ) r e p o r t e d  two c a s e s  

o f  AIP w here  an  a t t a c k  was a p p a r e n t l y  p r e c i p i t a t e d  

by  a c u t e  o v e r - i n d u l g e n c e  i n  e t h a n o l .  As e t h a n o l  

i s  known t o  a f f e c t  t h e  p e r m e a b i l i t y  o f  t h e  b l o o d -  

b r a i n  b a r r i e r  t o  c e r t a i n  s u b s t a n c e s  s u c h  a s



c a t e c h o l a m i n e s  (H a n ig  e t  a l ,  197 5 )  i t  was d e c i d e d  

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

c a t i o n  h a d  any e f f e c t  on t h e  p e r m e a b i l i t y  o f  t h e  

b l o o d - b r a i n  b a r r i e r  t o  ALA. I n  s u c h  an  e x p e r i ­

m e n t  t h e r e  a r e  a  few  p o s s i b i l i t i e s  w h ic h  c o u ld  

g i v e  r i s e  t o  m i s l e a d i n g  r e s u l t s  and t h e s e  m u s t  

b e  a c c o u n te d  f o r  b e f o r e  one c a n  c o n c lu d e  t h a t  a  

s u b s t a n c e  d o e s  i n d e e d  p a s s  f ro m  t h e  b lo o d  a c r o s s  

t h e  b l o o d - b r a i n  b a r r i e r  i n t o  t h e  C .S .E .

When t h e  w h o le  b r a i n  was a s s a y e d  f o r  ALA, 

a l l o w a n c e  h a d  t o  be  made f o r  t h e  p r e s e n c e  o f  ALA 

i n  t h e  b lo o d  i n  t h e  b r a i n .  T h is  n e c e s s i t a t e d  

t h e  m e a su re m e n t  o f  t h e  b lo o d  c o n c e n t r a t i o n  o f  ALA 

a n d  t h e  b lo o d  vo lum e o f  t h e  b r a i n .  F u r t h e r  t h e r e  

a r e  p a r t s  o f  t h e  b r a i n  w h ic h  a r e  n o t  s e r v e d  by  t h e  

b l o o d - b r a i n  b a r r i e r  a n d ,  when p r e s e n t  i n  t h e  b l o o d ,  

ALA c o u l d  r e a c h  an  e q u i l i b r i u m  s i t u a t i o n  w i t h  t h e s e  

b y  s im p le  d i f f u s i o n  a c r o s s  c a p i l l a r y  m em branes, 

e v e n  th o u g h  i t  may n o t  p e n e t r a t e  i n t o  a r e a s  s e r v e d  

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

t o t a l  b r a i n  ALA e s t i m a t i o n  w ould  n o t  d i s c r i m i n a t e  

b e tw e e n  t h o s e  a r e a s  s e r v e d  b y  t h e  b l o o d - b r a i n  

b a r r i e r  and  t h o s e  n o t .  To a l l o w  f o r  t h i s  t h e  ALA 

c o n t e n t  o f  t h e  b r a i n  was m e a su re d  some t im e  a f t e r  

i n j e c t i o n  o f  ALA, when t h e  b lo o d  c o n c e n t r a t i o n  was 

n o rm a l  i . e . < f  0 . 5 . j ig /m l , and  p r e s u m a b ly  no s u c h  

e q u i l i b r i u m  s t a t e  e x i s t e d .  ALA c o n t e n t s  i n  t h e  

b r a i n s  o f  a n im a l s  n o t  g i v e n  ALA w ere  a l s o  d e t e r m i n e d .



The ALA e s t i m a t i o n s  w ere  made fro m  a  sam ple  

o f  t h e  s u p e r n a t e  l e f t  a f t e r  t h e  t i s s u e  i t s e l f  h ad  

b e e n  h o m o g en ise d  and  sp u n  down. Two a s s u m p t io n s  

w e re  made a t  t h i s  p o i n t ,  w h ic h  w ere  e x p e r i m e n t a l l y  

t e s t e d  f o r  v a l i d i t y .  The f i r s t  was t h a t  a l l  t h e  

r a d i o a c t i v i t y  c o u n te d  was due  t o  r a d i o a c t i v e  ALA 

and n o t  some m e t a b o l i c  o r  c h e m ic a l  p r o d u c t  o f  i t .

The se c o n d  was t h a t  a l l ,  o r  a t  l e a s t  a  v e r y  h i g h  

p e r c e n t a g e  90%) o f ,  t h e  ALA p a s s e d  fro m  t h e  

t i s s u e  i n t o  t h e  a q u e o u s  s u p e r n a t e .  The m e th o d s  

by  w h ic h  t h e  v a l i d i t y  o f  b o t h  t h e s e  a s s u m p t io n s  

w ere  t e s t e d  a r e  d e s c r i b e d  b e lo w  u n d e r  'S u b s i d i a r y  

E x p e r i m e n t s ' .

M ethods

Two g ro u p s  o f  s i x t e e n  m ale  S p ra g u e  Dawley 

r a t s  ( 2 0 0 - 2 5 0 g )  w ere  u s e d .  One g ro u p  was g iv e n  

e t h a n o l  ( 5 s / k g )  a s  a  5 0 % s o l u t i o n  i n  w a t e r  a d ­

m i n i s t e r e d  by  g a s t r i c  i n t u b a t i o n ,  t h e  o t h e r  g ro u p  

was g iv e n  an  e q u i v a l e n t  volum e o f  w a t e r  a d m i n i s t e r e d  

b y  t h e  same r o u t e .  The a n im a l s  w ere  t h e n  l e f t  f o r  

50  m in u te s  a t  w h ic h  t im e  t h e  e t h a n o l  g ro u p  showed 

o b v io u s  s i g n s  o f  i n t o x i c a t i o n ,  s u c h  a s  an  i n a b i l i t y  

t o  w a lk  p r o p e r l y  and  a  h i g h  f r e q u e n c y  o f  f a l l i n g  

o v e r  on t h e i r  s i d e s .

The a n im a l s  w ere  t h e n  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 t h  ALA i n  s a l i n e  i n  a  d o se  o f  4 0 ,  120 o r  

5 0 0 m g/kg; Norm al and  e t h a n o l  t r e a t e d  a n im a l s  w ere



i n j e c t e d  a l t e r n a t e l y .  The ALA h a d  p r e v i o u s l y  

b e e n  a d j u s t e d  t o  pH 6 -7  w i t h  sod ium  b i c a r b o n a t e  

and  s p i k e d  w i t h  e i t h e r  u n i f o r m l y  l a b e l l e d  t r i t i a t e d  

ALA o r  w i t h  ALA. The s p e c i f i c  a c t i v i t i e s  o f  

t h e  r a d i o a c t i v e  s o u r c e s  i n j e c t e d  w ere  i n  t h e  r e g i o n  

o f  lOOmCi/mM f o r  ALA and  lOmOi/mM f o r  ALA.

The volum e o f  i n j e c t i o n  was up t o  1m l.

The a n im a l s  w ere  t h e n  l e f t  a  f u r t h e r  50 

m in u te s  t o  a l l o w  t h e  ALA t o  e q u i l i b r a t e ,  t h e  e q u i l i ­

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

d e s c r i b e d  ( p a g e  4 5 ) .  T echnec iu m  l a b e l l e d  human 

se ru m  a lb u m in (T c ^ ^ )  was t h e n  i n j e c t e d  i n t o  a  t a i l  

v e i n  ( o r  i n  a  few  c a s e s  w here  t h i s  p ro v e d  d i f f i c u l t  

i n t o  an  e x p o se d  r e a r  l e g  v e i n  u n d e r  l i g h t  'T r i l e n e *  

a n a e s t h e s i a )  and  a l lo w e d  t o  c i r c u l a t e  f o r  two 

m i n u t e s ,  a t  w h ic h  t im e  t h e  a n im a l  was s t u n n e d ,  

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

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

t h e n  c u t  o p e n ,  t h e  c ra n iu m  b r o k e n  away and t h e  w hole  

b r a i n  d i s s e c t e d  o u t ,  b l o t t e d  d r y ,  w e ig h ed  and  t h e n  

h a l v e d  m e d i a l l y .  One h a l f  o f  t h e  b r a i n  was t h e n  

h o m o g en ise d  i n  w a t e r  ( 1 : 5  w /v )  and  t h e  t o t a l  r e ­

s u l t i n g  s o l u t i o n  c o u n te d  f o r  Tc^^ a c t i v i t y  i n  a  

W a l la c  Gamma Sam ple  C o u n te r  GTL 5 0 0 -1 0 0 0 .  The 

o t h e r  h a l f  o f  t h e  b r a i n  was h o m o g en ise d  i n  20% TCA 

a n d  th e  w e ig h t  o f  t o t a l  hom o gena te  t a k e n .  T h is  

w as t h e n  c e n t r i f u g e d  a t  5 0 0 0 rpm f o r  15 m i n u t e s .

The r e s u l t i n g  s u p e r n a t e  was d e c a n te d  i n t o  a  f r e s h



t u b e  and  spun  a g a i n  a t  JOOOrpm f o r  a  f u r t h e r  p e r i o d  

o f  15  m i n u t e s .  T%is s u p e r n a t e  was s t o r e d  f o r  a  

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

f o r  (C ^ ^ )  a c t i v i t y .

The p u r p o s e  i n  l e a v i n g  t h e  s u p e r n a t e  f o r  a t  

l e a s t  t h r e e  d a y s  was t o  a l l o w  t h e  Tc^^ a c t i v i t y  t o  

d e c a y .  The e n e r g y  o f  t h e  gamma e m i s s io n  o f  Tc^^ 

i s  1 4 2 .7  Kev, s u f f i c i e n t  t o  p r o d u c e  s e c o n d a r y  

p a r t i c l e s  w h ic h  w ould  i n t e r f e r e  w i t h  th e  

c o u n t i n g .  How ever a s  t h e  h a l f - l i f e  o f  Tc^^ i s  

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

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

o c c u r  t o  a  l e v e l  w here  a  sam ple  c o u n te d  f o r  gamma 

e m i s s io n  gave  no more t h a n  t h e  b a c k g ro u n d  r e a d i n g ,  

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

i n  t h e  s a m p le .

A sam p le  o f  1ml s u p e r n a t e  was t a k e n  and  

w e ig h ed  i n  a  c o u n t i n g  v i a l ,  9ml o f  ' I n s t a g e l ' was 

t h e n  ad ded  t o  t h e  v i a l  and  t h e  s o l u t i o n s  w ere  w e l l  

m ix e d . The v i a l  was t h e n  c l o s e d  and H^ 

a c t i v i t y  c o u n te d  i n  a  P a c k a r d  T r i  G arb  L i q u i d  

S c i n t i l l a t i o n  S p e c t r o m e t e r .  I n s t a - G e l  ( P a c k a r d )  

i s  a  c o m p le te  s c i n t i l l a t o r  s y s te m ,  w h ic h  a l l o w s  

im m e d ia te  m ea su re m e n t  o f  p - p a r t i c l e  e m i s s io n  when 

an  a q u eo u s  sam p le  o f  t h e  a c t i v e  s o u r c e  i s  ad d ed  

t o  i t .

Tc^^ and  H^ (G ^^) a c t i v i t y  was a l s o  

d e te r m in e d  i n  b lo o d  s a m p le s  f ro m  t h e  a n i m a l s .



The p r o c e d u r e  was i d e n t i c a l  t o  t h a t  o f  t h e  b r a i n  

e x c e p t  t h a t  d i l u t i o n s  f o r  h o m o g e n i s a t i o n  w ere  made 

on t h e  b a s i s  o f  vo lum e r a t h e r  t h a n  w e i g h t .  The 

c o n c e n t r a t i o n  o f  w h o le  b lo o d  ALA i n  j ig /m l was a l s o  

d e te r m in e d  b y  t h e  m ethod  o f  H a e g e r -A ro n s e n ,  

d e s c r i b e d  on p a g e  3 3 .

C a l c u l a t i o n

The Tc^^ c o u n t s  i n  t h e  b r a i n  p e r  g ram , d i v i d e d
QQ

by  t h e  Tc^^ c o u n t s  i n  1ml o f  b lo o d  gave  t h e  b lo o d  

c o n t e n t  o f  t h e  b r a i n  in .  m is  p e r  g ram . T h is  m u l t i ­

p l i e d  by  t h e  b lo o d  c o n c e n t r a t i o n  o f  ALA i n  j ig /m l ,  

gave  t h e  ALA p r e s e n t  i n  t h e  b r a i n  t i s s u e  by  v i r t u e  

o f  i t s  b lo o d  c o n t e n t .

The t o t a l  b r a i n  ALA c o n t e n t  was d e te r m in e d  

a s  f o l l o w s :  t h e  c o u n t s  i n  a  known w e ig h t

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

by  t h e  w e ig h t  o f  t h e  t o t a l  hom ogena te  d i v i d e d  by  

t h e  w e ig h t  o f  t h e  s u p e r n a t e ,  t o  g iv e  t h e  num ber o f  

c o u n t s  i n  t h e  t o t a l  h o m o g e n a te .  T h is  was t h e n  

c o n v e r t e d  t o  num ber o f  (C ^ ^ )  c o u n t s  p e r  gram  

b r a i n  t i s s u e .

The num ber o f  (C ^ ^ )  c o u n t s  p e r  ml o f  

b lo o d  was d i v i d e d  by  t h e  c o n c e n t r a t i o n  o f  ALA i n  

b lo o d  i n  p g /m l .  T h i s  gav e  t h e  num ber o f  c o u n t s  

o f  (C ^ ^ )  p e r  p g  ALA. The num ber o f  (C ^ ^ )  

c o u n t s  p e r  pg  ALA was d i v i d e d  i n t o  t h e  num ber o f  

c o u n t s  i n  t h e  b r a i n  p e r  g ram . T h is  gave  a  v a l u e



2

f o r  pg  ALA p e r  g ram  b r a i n  t i s s u e .  From t h i s

v a l u e  t h e  ALA p r e s e n t  i n  t h e  b r a i n  due  t o  i t s

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

o f  ALA p e r  gram  t r u e  b r a i n  t i s s u e .

T hus i n  sum m ary;

c o u n t s  i n  B r a in /g m  ^^Tc c o u n t s  i n  b r a i n / g  
c o u n t s / u g  ALA *̂ *̂ Tc c o u n t s  i n  b lo o d /m l

b l o o d  ALA c o n c e n t r a t i o n  ( | i g /m l )

R e s u l t s

I t  was f o u n d  t h a t  a s  t h e  c o n c e n t r a t i o n  o f  ALA 

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

i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  ALA i n  t h e  b r a i n .  

E x c e p t  a t  t h e  h i g h e s t  b lo o d  c o n c e n t r a t i o n s  ( 1 0 0 -  

1 2 0 p g /m l)  t h e  c o n c e n t r a t i o n  o f  ALA was h i g h e r  i n  t h e  

b r a i n s  o f  t h e  a n im a l s  u n t r e a t e d  w i t h  e t h a n o l ;  i . e .  

e t h a n o l  a p p e a r e d  t o  h a v e  an  i n h i b i t o r y  e f f e c t  on t h e  

p a s s a g e  o f  ALA f ro m  t h e  b lo o d  i n t o  t h e  b r a i n  t i s s u e .

When t h e  b r a i n  c o n c e n t r a t i o n s  o f  ALA i n  p g / g  

w ere  p l o t t e d  a g a i n s t  t h e  b lo o d  c o n c e n t r a t i o n s  i n  

p g / m l ,  i t  was fo u n d  t h a t  i n  b o t h  c a s e s  t h e r e  w ere  

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

t h e  f o l l o w i n g  e q u a t i o n s  :

1 .  C o n t r o l :

B r a i n  ALA ( p g / g )  = 0 . 5  ( b l o o d  ALA p g / m l ) ^ " ^ ^

2 .  E t h a n o l .

B r a i n  ALA ( j i g / g )  = 0 .0 2  ( 2 . 0 5  ( b l o o d  ALA p g / m l ) )

The r e g r e s s i o n  c o e f f i c i e n t  was 0 .9 3

T h ese  l i n e s  a r e  shown g r a p h i c a l l y  i n  f i g . 11 .



TABLE 5

COl̂ ITROL ETHANOL PRE-TEEATEL

Blood ALA Brain ALA Blood ALA Brain ALA

(lig/ml) (ng/g) (jig/ral) (pg/g)

5-7 3.0 15.0 2.3

5.8 1 .9 17.5 3.0

10.8 7.5 18.3 2 ,1

12.5 3.3 33.0 4 .5

15.0 10.0 35.0 4.9

19.5 12.0 50.0 4 .7

30.0 7 .7 55.0 5.0

31.6 10.0 55.0 6.5

35.3 16.9 62.5 8 .3

35.0 19.0 63.3 9.6

62.0 20.0 73.3 8.2

70.8 12.7 80.0 8.0

76.7 15.1 105.0 17.0

81.7 11.7 120.0 21.6

86.7 14.2 123.3 13.3

92.5 14.6 - —
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SUBSIDIARY EXPERIMENTS

a )  The d e t e r m i n a t i o n  o f  b r a i n  ALA when t h e  b lo o d  

ALA c o n c e n t r a t i o n  h ad  r e t u r n e d  t o  n o rm a l  i s  d e s c r i b e d  

on p a g e  10 1 .

R e s u l t s :  ALA c o u ld  be s i g n i f i c a n t l y  d e t e c t e d  i n  th e  

b r a i n s  o f  r a t s  p r e t r e a t e d  w i t h  ALA, b u t  w i t h  n o rm a l  

b lo o d  ALA c o n c e n t r a t i o n s .  R a t s  u n t r e a t e d  w i t h  ALA 

d e m o n s t r a t e d  no s i g n i f i c a n t  ALA i n  th e  b r a i n  com pared  

w i t h  t h e  ALA t r e a t e d  r a t s .

b )  To d e te r m i n e  i f  a l l  t h e  r a d i o a c t i v i t y  i n  t h e  

s u p e r n a t e  was due t o  ALA t h e  f o l l o w i n g  p r o c e d u r e

was c a r r i e d  o u t :  A c h ro m a to g ra m  was r u n  (m e th o d  1^ .39, )

o f  a  sam ple  o f  t i s s u e  s u p e r n a t e  a g a i n s t  a  ALA 

s p i k e d  s t a n d a r d  o f  ALA. When t h e  c h ro m a to g ra m  was 

s t a i n e d ,  i t  was d i v i d e d  i n t o  s q u a r e s  o f  s i d e  I  cm, 

a lo n g  t h e  l i n e s  o f  m i g r a t i o n  o f  t h e  s p o t s .  E ac h  

s q u a r e  was t h e n  e l u t e d  w i t h  w a t e r ,  and e a c h  e l u a t e  

was c o u n te d  f o r  a c t i v i t y .

R e s u l t :  I t  was fo u n d  t h a t  a l l  t h e  r a d i o a c t i v i t y

s i g n i f i c a n t l y  above  b a c k g ro u n d  was l o c a l i s e d  i n  t h e  

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

t h e  ALA s p o t  on t h e  s t a n d a r d  r u n .  The p e r c e n t  r e ­

c o v e r y  o f  t h e  r a d i o a c t i v e  ALA f ro m  th e  c h r o m a to g r a p h ic  

p r o c e d u r e ,  was i n  t h e  r e g i o n  o f

c )  To t e s t  i f  a l l , o r  a t  l e a s t  a  h i g h  p e r c e n t a g e

o f  t h e  ALA had  p a s s e d  f ro m  t h e  t i s s u e  on h o m o g e n i s a t io n  

i n t o  th e  a q u e o u s  s u p e r n a t e ,  a  H e w le t t  P a c k a r d  Sam ple 

O x i d i s e r  was u s e d .  T h is  m ach ine  o x i d i s e s  t h e  t i s s u e



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

o r g a n i c  c a r b o n  a s  c a r b o n  d i o x i d e .  T h is  c a r b o n  

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

s o l u t i o n  w h ic h  c a n  be  c o u n te d  f o r  a c t i v i t y .

The b r a i n s  o f  t h r e e  r a t s  w h ic h  h a d  b e e n  g iv e n  

ALA, w ere  h a l v e d  m e d i a l l y  and an  e q u i v a l e n t  

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

f o r  a c t i v i t y  e i t h e r  a f t e r  o x i d a t i o n  i n  th e  

Sam ple  O x i d i s e r ,  o r  a f t e r  h o m o g e n i s a t io n  and  c e n ­

t r i f u g a t i o n  a s  d e s c r i b e d  a b o v e .

R e s u l t :  I t  was fo u n d  t h a t  e a c h  c o r r e s p o n d i n g  sam ple

showed no more t h a n  a  5% d i f f e r e n c e  i n  ALA c o n t e n t  
14-w h e th e r  C a c t i v i t y  was c o u n te d  a f t e r  o x i d a t i o n  o f  

t h e  t i s s u e ,  o r  a f t e r  h o m o g e n i s a t i o n  and c e n t r i f u g a t i o n ,

T hese  r e s u l t s  i n d i c a t e  t h a t  i t  c a n  be assum ed 

t h a t :  a )  ALA i s  n o t  m e r e ly  i n  a  d i f f u s i o n  e q u i l i ­

b r iu m  w i t h  t h e  p a r t s  o f  t h e  b r a i n  n o t  s e r v e d  by  t h e  

b l o o d - b r a i n  b a r r i e r :  and  t h a t  t h e  n o rm a l  b r a i n  ALA 

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

s t r a t i o n  o f  ALA.

b )  The a c t i v i t y  c o u n te d ,  i s  due t o

l a b e l l e d  ALA a lo n e  and n o t  t o  a  m e t a b o l i c  o r  c h e m ic a l  

p r o d u c t  o f  i t .

c )  A lm o st  a l l  t h e  ALA c o n t a i n e d  i n  t h e  t i s s u e  

p a s s e s  i n t o  t h e  a q u e o u s  s u p e r n a t e  a f t e r  h o m o g e n i s a t io n  

and  c e n t r i f u g a t i o n .

As a  r e s u l t  any  e r r o r s  i n  t h e s e  p r o c e d u r e s  f o r
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t h e  m e a su re m e n t  o f  ALA i n  b r a i n  t i s s u e  a r e  l i k e l y  

t o  g i v e  an  u n d e r - e s t i m a t e  o f  th e  am ounts  p r e s e n t ,  

r a t h e r  t h a n  an  o v e r - e s t i m a t e .

D i s c u s s i o n

The r e s u l t s  i n d i c a t e  t h a t  ALA c a n  c r o s s  t h e  

b l o o d - b r a i n  b a r r i e r ,  and  t h a t  i t  c a n  do so  a t  b lo o d  

c o n c e n t r a t i o n s  known t o  o c c u r  i n  a c u t e  p o r p h y r i a .

As t h e  r e l a t i v e  d i s t r i b u t i o n  o f  ALA b e tw e e n  t h e  

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

d e t e r m i n e d ,  t h e  r e s u l t s  o n ly  g iv e  t h e  w e t  b r a i n  

t i s s u e  c o n t e n t  o f  ALA and  n o t  t h e  s u b c e l l u l a r  n o r  

c e r e b r a l  d i s t r i b u t i o n .  T h e re  i s  l i t t l e  d o u b t  t h a t  

h a v in g  p a s s e d  t h e  b l o o d - b r a i n  b a r r i e r  ALA c a n  e n t e r  

t h e  b r a i n  c e l l s ,  a s  c e l l  membrane p e n e t r a t i o n  by  ALA 

h a s  p r e v i o u s l y  b e e n  e s t a b l i s h e d .  ( S c o t t  e t  a l ,  1 9 5 5 )  

( F a l k  e t  a l ,  1 9 5 6 ) .

I t  i s  s e e n  t h a t  t h e  b r a i n  c o n t e n t  o f  ALA 

i n c r e a s e s  w i t h  t h e  b lo o d  c o n c e n t r a t i o n ,  and i t  i s  

r e a s o n a b l e  t o  assum e t h a t  i n  ALP, an i n c r e a s e  i n  

c i r c u l a t i n g  ALA r e s u l t s  i n  a  c o r r e s p o n d i n g  i n c r e a s e  

i n  p a s s a g e  i n t o  t h e  C .N .S .  I f  t h e  above e x p e r im e n t  

i s  a  r e p r e s e n t a t i v e  a n im a l  m odel f o r  t h e  human c o n ­

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

r e p o r t e d  i n  A lP  (u p  t o  2 4 /y g /m l )  a  b r a i n  c o n c e n t r a t i o n  

o f  some 1 0 - 1 9p g / g  m ig h t  be  e x p e c t e d .

Such  r e l a t i o n s h i p s  b e tw e e n  b lo o d  and  b r a i n  ALA 

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

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



c i r c u l a t i n g  ALA i s  o v e r  a  p r o lo n g e d  p e r i o d ;  t h u s  

d e p e n d in g  on a  num ber o f  f a c t o r s ,  s u c h  a s  t h e  n a t u r e  

o f  p a s s a g e  o f  ALA i n t o  t h e  b r a i n  ( i . e .  w h e th e r  a c t i v e  

a n d / o r  p a s s i v e )  t h e  e q u i l i b r i u m  c o n c e n t r a t i o n s  a c r o s s  

t h e  b l o o d - b r a i n  b a r r i e r ,  and t h e  r a t e  o f  m e ta b o l i s m  

o f  ALA c e n t r a l l y ,  much h i g h e r  c o n t r o l  c o n c e n t r a t i o n s  

o f  ALA m ig h t  o c c u r .  F u r t h e r  i t  i s  p o s s i b l e  t h a t  ALA 

may be  p r e f e r e n t i a l l y  t a k e n  up a t  s p e c i f i c  s i t e s  i n  

t h e  c e l l s ,  e . g .  n e r v e  e n d in g s  o r  m y e l in ,  w here  

e f f e c t i v e l y  v e r y  l a r g e  c o n c e n t r a t i o n s  may o c c u r .

T h is  c e n t r a l  u p t a k e  o f  ALA i s  c o n s i s t e n t  w i t h  

t h e  f i n d i n g  o f  ALA i n  t h e  C .S .F .  o f  s u b j e c t s  i n  a c u t e  

p o r p h y r i c  a t t a c k  (Sw eeney  e t  a l  1 9 7 0 )•  I t  a l s o  

becom es r e l e v a n t  t o  t h e  o b s e r v a t i o n s , r e f e r r e d  t o  

a b o v e ,  t h a t  ALA i s  c a p a b le  o f  ' i n  v i t r o '  i n h i b i t i o n  

o f  b r a i n  ATPase and tra n sm e m b ra n e  sod ium  t r a n s p o r t .

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

e f f e c t s  o f  ALA due t o  i t s  p o s s e s s i o n  o f  t h e s e  p r o ­

p e r t i e s  i s  g iv e n  i n  S e c t i o n  IV . A t t h i s  s ta g e  i t  

i s  o n ly  n e c e s s a r y  t o  s a y  t h a t  a s  ATPase a c t i v i t y  and 

membrane sod ium  t r a n s p o r t  a r e  o f  c r i t i c a l  im p o r t a n c e  

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

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

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

t h o u g h t  t o  be  a  c o n t r o l l i n g  f a c t o r  i n  n e u r o t r a n s m i t t e r  

r e l e a s e ,  and t h u s  i n h i b i t i o n  o f  ATPase b y  ALA c o u ld  

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

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



Thus i t  i s  e v i d e n t  t h a t  ALA i s  p o t e n t i a l l y  c a p a b le  

o f  e f f e c t i n g  n e u r o l o g i c a l  c h a n g e s  w h ich  c o u ld  c o n ­

c e i v a b l y  a c c o u n t  t o  a  g r e a t e r  o r  l e s s e r  e x t e n t ,  f o r  

t h e  n e u r o p a t h o lo g y  e v i d e n t  i n  A IP .

The q u e s t i o n  p r e s e n t s  i t s e l f  : t o  w h a t  e x t e n t  

c a n  t h e s e  ' i n  v i t r o '  f i n d i n g s  be r e l a t e d  t o  t h e  ' i n  

v i v o '  f i n d i n g s ?  I n  t e r m s  o f  c o n c e n t r a t i o n s  B e c k e r  

e t  a l  ( 1 9 7 1 ) fo u n d  t h a t  ALA c o u ld  i n h i b i t  ATPase i n  

a  c o n c e n t r a t i o n  o f  0 .2m  M. T h is  c o n c e n t r a t i o n  i s  

a b o u t  2 5 u g /m l .  S i m i l a r l y  B a le s  e t  a l  (1 9 7 1 )  

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

w i t h  an ALA c o n c e n t r a t i o n  o f  0 .1 5  M, w h ic h  i s  a b o u t  

2 0 u g /m l .  The b r a i n  c o n c e n t r a t i o n s  i n  t h i s  e x p e r i ­

m en t c o r r e s p o n d i n g  w i t h  t h e  ALA c o n c e n t r a t i o n s  fo u n d  

i n  A IP , i s  n o t  much l e s s  t h a n  t h e s e  v a l u e s ,  a s su m in g  

a  b r a i n  t i s s u e  d e n s i t y  o f  j u s t  g r e a t e r  t h a n  I g / c c ,  

and c o u ld  q u i t e  c o n c e i v a b l y  r e a c h  them  i n  t h e  e v e n t  

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

ALA.

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

s i d e r a t i o n s  t h e r e f o r e ,  t h a t  ALA c o u ld  r e a c h  th e  

r e q u i r e d  c o n c e n t r a t i o n  i n  t h e  b r a i n  ' i n  v i v o '  t o  

e x e r t  s i m i l a r  a c t i o n s  t o  t h o s e  fo u n d  ' i n  v i t r o ' .  

E v i d e n t l y  t h e r e f o r e ,  i t  w ou ld  be o f  some i n t e r e s t  

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

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

t o  r e s o l v e  t h e  l i k e l y  r e s u l t s  o f  su c h  n e u r o l o g i c a l  

e f f e c t s  o f  ALA i n  t e r m s  o f  known c e n t r a l  n e u r o ­

p h y s i o l o g y  and t h e  p o s s i b l e  r e l a t i o n  b e tw e e n  t h i s  

and  th e  m a n i f e s t a t i o n s  o f  A IP .
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BEHAVIOURAL STUDIES

I n t r o d u c t i o n

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

b a r r i e r  t o g e t h e r  w i t h  t h e  f a c t  t h a t  i t  c a n  i n ­

f l u e n c e  b r a i n  ATPase ( B e c k e r  e t  a l ,  1 9 71 )  and  

membrane sod ium  t r a n s p o r t  ( E a l e s  e t  a l ,  1 9 71 )  

s u g g e s t s  t h a t  i f  g i v e n  i n  a  l a r g e  enough  a c u t e  

d o s e ,  o r  o v e r  a  p e r i o d  o f  t i m e ,  ALA c o u ld  p r o ­

du ce  b e h a v i o u r a l  c h a n g e s  i n  e x p e r i m e n t a l  a n im a l s .

A s t u d y  o f  t h i s  n a t u r e  was c a r r i e d  o u t  by  

M arcus e t  a l ,  ( 1 9 7 0 )  who a s s e s s e d  t h e  r e l a t i o n ­

s h i p  b e tw e e n  AIA and ALA i n d u c e d  c h a n g e s  i n  t h e  

b i o c h e m i s t r y ,  b e h a v i o u r  and  EEG- o f  f r e e l y  m oving 

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

e l e c t r o d e s .

T hese  w o rk e r s  fo u n d  t h a t  AIA (4 0 0 m g /k g )  

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

w h ic h  w ere  c h a r a c t e r i s t i c  o f  c e n t r a l  e x c i t a t i o n .  

They o b s e r v e d  h o w ev er  t h a t  r e p e a t e d  d a i l y  i n ­

j e c t i o n s  o f  AIA l e d  t o  a  p r o g r e s s i v e  r e d u c t i o n  

i n  th e  d u r a t i o n  and d e g r e e  o f  t h e  EEG c h a n g e s  

and th e  b e h a v i o u r a l  c h a n g e s  w h ic h  w ere  i n i t i a l l y  

o b s e r v e d  v i z :  a t a x i a ,  i n t e r m i t t e n t  p r o p u l s i v e

m ovem ents and f a l l i n g .  They fo u n d  h o w ev er  t h a t  

a l t h o u g h  t h e  p e a k  b e h a v i o u r a l  and EEG e f f e c t s  

o c c u r r e d  2 - 4  h o u r s  a f t e r  t h e  f i r s t  a d m i n i s t r a t i o n  

o f  AlA, t h e  p e a k  u r i n a r y  e x c r e t i o n  o f  ALA and  PBG



d i d  n o t  o c c u r  u n t i l  t h e  s e c o n d  d ay  a f t e r  a d m in i ­

s t r a t i o n .

Two a n im a l s  w ere  g iv e n  a  s i m i l a r  s e r i e s  o f  

i n j e c t i o n s  o f  ALA (4 0 0 m g /k g )  h u t  n e i t h e r  b e ­

h a v i o u r a l  n o r  EEG c h a n g e s  w ere  o b s e r v e d .

T h ese  e x p e r i m e n t s  w ere  c a r r i e d  o u t  by  

m e a s u r in g  ' g r o s s  b e h a v i o u r ' ,  i . e .  t h e  a n im a l s  

w ere  m e r e ly  o b s e r v e d  i n  t h e i r  c a g e s  f o r  some 

d i s t o r t i o n  o f  n o rm a l  a c t i v i t y .  Eo s p e c i f i c  

i n d e x  o f  b e h a v i o u r  was m e a s u re d .  F u r t h e r  few  

a n im a l s  w ere  u s e d  ( 4  g iv e n  AIA, 2 ALA) and  i t  

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

b e h a v i o u r a l  c h a n g e s  i n  s m a l l  g ro u p s  o f  a n im a l s .

I t  was f e l t ,  t h e r e f o r e ,  t h a t  t h i s  e v id e n c e  was 

n o t  s u f f i c i e n t  t o  c o n c l u s i v e l y  s a y  t h a t  ALA h ad  

no e f f e c t  on a n im a l  b e h a v i o u r .

To make an  a d e q u a te  a p p r a i s a l  o f  any  

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

n e c e s s a r y  t o  l o o k  a t  t h e  e f f e c t  o f  t h e  d ru g  b o t h  

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

m e te r  o f  n o rm a l  b e h a v i o u r ,  c h a n g e s  i n  w h ic h  a r e  

c a p a b le  o f  q u a n t i f i c a t i o n .

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

w h e th e r  o r  n o t  a c u t e  and  p r o lo n g e d  ALA a d m in i ­

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

e x p e r i m e n t a l  a n i m a l s .  The a c u t e  s t u d i e s  i n ­

v o lv e d  t h e  u s e  o f  m ice  and t h e  i n d e x  o f  b e h a v i o u r  

u s e d  was s p o n ta n e o u s  a c t i v i t y .  As w e l l  a s  n o rm a l
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m ic e ,  m ice  c h r o n i c a l l y  p r e t r e a t e d  w i t h  e t h a n o l  

w ere  a l s o  u s e d .  E th a n o l  i s  one o f  th e  d r u g s  

known t o  have  an  e f f e c t  on haem b i o s y n t h e s i s .

I t  c a n  i n c r e a s e  t h e  a c t i v i t y  o f  h e p a t i c  ALA 

s y n t h e t a s e  ( S h a n l e y  e t  a l ,  1968 )  and  d e p r e s s  

t h e  a c t i v i t y  o f  ALA d e h y d r a s e  (Moore e t  a l ,  1 9 7 0 ) .  

I t  m ig h t  be  e x p e c t e d  t h e r e f o r e ,  t h a t  c h r o n i c  

e t h a n o l  p r e t r e a t m e n t  w ould  c a u s e  an  i n c r e a s e  i n  

t h e  c i r c u l a t i n g  c o n c e n t r a t i o n  o f  ALA; and i f  ALA 

h ad  some e f f e c t  on a n im a l  b e h a v i o u r  th e  e f f e c t  o f  

c h r o n i c  e t h a n o l  p r e t r e a t m e n t  may be s i m i l a r  t o  

t h i s  e f f e c t  o f  ALA. E th a n o l  i s  a l s o  known t o  

be  c a p a b le  o f  p r e c i p i t a t i n g  a t t a c k  i n  AIP b o t h  

when t a k e n  c h r o n i c a l l y  and a c u t e l y  ( F e r g u s o n  e t  

a l ,  1 9 7 0 ) .  Thus i t  i s  p o s s i b l e  t h a t  c h r o n i c  

e t h a n o l  p r e t r e a t m e n t  c o u ld  a f f e c t  t h e  s u s c e p ­

t i b i l i t y  o f  an e x p e r i m e n t a l  a n im a l  t o  any  p h a r ­

m a c o lo g i c a l  a c t i o n  o f  ALA, p r e s u m a b ly  m aking  any  

s u c h  a c t i o n  more e v i d e n t .

The c h r o n i c  ALA s t u d i e s  w ere  c a r r i e d  o u t  

on r a t s ,  and t h r e e  i n d i c e s  o f  b e h a v i o u r  w ere  

u s e d  v i z :  s p o n ta n e o u s  a c t i v i t y ,  num ber o f  t im e s

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

s p e n t  m o t i o n l e s s .  T h is  l a t t e r  p a r a m e t e r  gave  a  

d o u b le  d i s c r i m i n a t i o n  on t o t a l  movement when 

u s e d  i n  c o n j u n c t i o n  w i t h  t h e  s p o n ta n e o u s  a c t i v i t y .

The a c t i v i t y  c a g e  u s e d  i n  t h e  a c u t e  s t u d i e s  

( f i g .  12 ) c o n s i s t s  o f  an  e n c l o s e d  m e t a l  b o x  w i t h



a  r e m o v a b le  l i d ,  c r i s s c r o s s e d  by  two l i g h t  beam s 

w h ic h  im p in g e  on two p h o t o - e l e c t r i c  c e l l s .  The 

c e l l s  a r e  e l e c t r i c a l l y  c o n n e c te d  t o  a  d i g i t a l  

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

i t  moves a b o u t  t o  e x p l o r e  and  i n  so  d o in g  c u t s  

t h e  l i g h t  b eam s. E a c h  t im e  a  beam i s  c u t  a  u n i t  

c o u n t  i s  r e c o r d e d  on t h e  d i g i t a l  c o u n t e r .  O ver 

a  g i v e n  p e r i o d  o f  t im e  t h e  num ber o f  c o u n t s  on 

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

r e s e n t a t i o n  o f  t h e  S p o n ta n e o u s  a c t i v i t y  o f  t h e  

a n i m a l .

M ethods

a )  A c u te  S t u d i e s

M ale a l b i n o  m ice  ( 3 0 - 4 0 g )  w ere  s e p a r a t e d  

i n t o  two c o l o n i e s  o f  82 and  52  a n i m a l s ,  one o f  

w h ic h  was t r e a t e d  a s  n o rm a l  and t h e  o t h e r  g i v e n  

e t h a n o l  (10% w /v )  a d .  l i b .  i n  t h e  d r i n k i n g  w a t e r  

f o r  s i x  w eeks p r i o r  t o  t h e  e x p e r i m e n t .  A f t e r  

t h i s  t im e  t h e  s p o n ta n e o u s  a c t i v i t i e s  o f  t h e  

a n im a l s  w ere  d e t e r m i n e d  by  means o f  t h e  a c t i v i t y  

c a g e .

The e x p e r i m e n t a l  p r o c e d u r e  t o o k  t h e  f o l l o w i n g  

fo rm .  A n o rm a l  m o u se , o r  one c h r o n i c a l l y  p r e ­

t r e a t e d  w i t h  e t h a n o l ,  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  

w i t h  e i t h e r  ALA 0 .7 6 m .m o le s /k g  ( i n  s a l i n e )  o r  

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

S a l i n e  was u s e d  a s  a  c o n t r o l  b e c a u s e  i t  was t h e  

c a r r i e r  f o r  ALA, and  g l y c i n e  a s  i t  i s  an am ino 

a c i d  o f  s i m i l a r  s t r u c t u r e  t o  ALA. The ALA h ad
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p r e v i o u s l y  b e e n  b r o u g h t  t o  pH 6 -7  u s i n g  sod ium  

b i c a r b o n a t e  and  t h e  vo lum e o f  i n j e c t i o n  was ^  0 . 25m l. 

The m ouse was a l lo w e d  t o  r e c o v e r  f o r  one m in u te  a f t e r  

i n j e c t i o n ,  and  t h e n  p l a c e d  i n  t h e  a c t i v i t y  cage and 

t h e  c o u n t s  r e c o r d e d  f o r  f i v e  m in u t e s .  I t  was t h e n  

rem oved  and  t h e  n e x t  a n im a l  p l a c e d  i n  t h e  c ag e  and  so  

o n .  F i v e  m in u te  c o u n t s  w ere  t a k e n  f ro m  e a c h  a n im a l  

a t  t i m e s  0 ,  (n a m e ly  1 m in u te )  3 0 ,  60 and  90  m in u te s  

a f t e r  i n j e c t i o n .  Some a n im a l s  w ere  c o u n te d  a t  t im e s  

120  and  180 m in u t e s  a f t e r  i n j e c t i o n ,

b )  C h r o n ic  S t u d i e s

Two g r o u p s  o f  s e v e n  m ale  S p ra g u e  Hawley r a t s  

( 2 0 0 - 2 5 0 g )  w ere  u s e d .  One g ro u p  was g i v e n  ALA,

0 . 31 i n .m o le s /k g  i n  s a l i n 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  e v e r y  two d a y s  f o r  a  p e r i o d  o f  f o u r  w e ek s .

The ALA h a d  p r e v i o u s l y  b e e n  a d j u s t e d  t o  pH-7 w i t h  

m o la r  so d iu m  b i c a r b o n a t e .  The o t h e r  g ro u p  was 

g i v e n  an  e q u i v a l e n t  vo lum e o f  s a l i n e  and  s e r v e d  a s  

a  c o n t r o l  g r o u p .  The volum e o f  i n j e c t i o n  was 1m l.

A f t e r  f o u r  w eeks t h r e e  b e h a v i o u r a l  p a r a m e t e r s  

w ere  m e a s u re d  i n  t h e s e  a n im a ls ,  two d a y s  a f t e r  t h e  

l a s t  i n j e c t i o n  o f  ALA. The p a r a m e t e r s  m ea su re d  

w ere  s p o n ta n e o u s  a c t i v i t y ,  t h e  num ber o f  t im e s  th e  

a n im a l s  r e a r e d ,  and  t h e  t im e s  t h e  a n im a l s  w ere  

'M o t io n le s s ^  I . e .  showed no movement s u c h  a s  s c r a t c h i n g ,  

h e a d  m ovem ents and  so  o n . )  I n  r a t s  s p o n ta n e o u s  

a c t i v i t y  was m e a su re d  i n  an  a r e a  (1 0 0  x  200cm) 

d i v i d e d  i n t o  15cm s q u a r e s .  A r a t  was p l a c e d  on



83.

t h e  c e n t r a l  s q u a r e  and  t h e  num ber o f  t im e s  i t s  

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

an  i n d i v i d u a l  s q u a r e  was n o t e d .  T h is  gave  a  

q u a n t i t a t i v e  v a l u e  o f  t h e  a n i m a l ' s  a c t i v i t y .

The num ber o f  t im e s  t h e  a n im a l  r e a r e d ,  t h a t  i s ,  

r a i s e d  i t s  f o r e q u a r t e r s  f ro m  t h e  f l o o r ,  was a l s o  

n o t e d  a s  was t h e  t o t a l  t im e  th e  a n im a l  s p e n t  

' m o t i o n l e s s ' .  As w i t h  t h e  a c u t e  s t u d i e s  i n  

m ic e ,  e a c h  a n im a l  was i n v e s t i g a t e d  i n  t h i s  m anner 

f o r  a  f i v e  m in u te  i n t e r v a l ;  h o w e v e r ,  i n  t h i s  c a s e  

o n l y  one t im e  i n t e r v a l  was u s e d ,  v i z .  0 -5  m in u t e s .  

R e s u l t s

a )  A c u te  S t u d i e s

T h e re  was no d i f f e r e n c e  i n  w e ig h t  b e tw e e n  

t h e  n o rm a l  and e t h a n o l  g r o u p s  and t h e  e t h a n o l  

t r e a t e d  a n im a l s  showed no o b v io u s  s i g n s  o f  a b ­

n o rm a l  g r o s s  b e h a v i o u r .  As i n d i v i d u a l  m ice  show 

a  w ide  v a r i a t i o n  i n  s p o n ta n e o u s  a c t i v i t y  (som e 

1 6 -9 0  c o u n t s  p e r  f i v e  m in u te s  i n  t h e  p r e s e n t  

s t u d y ) ;  f o r  p u r p o s e s  o f  c o m p a r is o n  t h e  a c t i v i t i e s  

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

( z e r o  t im e )  a c t i v i t y .  The z e r o  t im e  a c t i v i t i e s  

w ere  e x p r e s s e d  a s  num ber o f  c o u n t s / 5  m in u t e s .  

R orm al Mice

I t  was fo u n d  t h a t  i n  t h e  f i r s t  f i v e  m in u te s  

a f t e r  i n j e c t i o n ,  t h e  a n im a l s  g iv e n  ALA showed a  

s i g n i f i c a n t  d e p r e s s i o n  i n  s p o n ta n e o u s  a c t i v i t y  

com p ared  w i t h  e i t h e r  t h e  g l y c i n e  o r  s a l i n e  c o n t r o l
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a n i m a l s ,  ( f i g . 15 ) ,  ( T a b le  6 ) .  T h e re  was no 

s i g n i f i c a n t  d i f f e r e n c e  a t . a n y  t im e  b e tw e e n  

g l y c i n e  and  s a l i n e  c o n t r o l s .  50  m in u te s  

a f t e r  i n j e c t i o n  t h e  c o n t r o l  a n im a l s  showed a  

d e c r e a s e  i n  a c t i v i t y  com pared  w i t h  t h e  z e r o  t im e  

v a l u e s ;  t h e  ALA a n im a l s  h o w e v e r ,  showed a  s i g ­

n i f i c a n t  i n c r e a s e  i n  a c t i v i t y  ( f i g . 1 4 ) .  T h is  

i n c r e a s e  was n o t  o n ly  s i g n i f i c a n t l y  g r e a t e r  

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

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  z e r o  t im e  c o n t r o l  

v a l u e s .

A t 60 and 90 m in u te s  a f t e r  i n j e c t i o n ,  t h i s  

t r e n d  was c o n t i n u e d ,  i . e .  t h e  a n im a l s  g i v e n  ALA 

w ere  s i g n i f i c a n t l y  more a c t i v e  t h a n  th e  c o n t r o l s .  

120 m in u te s  a f t e r  i n j e c t i o n  th e  a c t i v i t i e s  o f  t h e  

a n im a l s  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t .

Mice T r e a t e d  w i t h  E th a n o l

The m ice  c h r o n i c a l l y  t r e a t e d  w i t h  e t h a n o l ,  

d e m o n s t r a t e d  a  s i m i l a r  r e s p o n s e  t o  ALA a s  d i d  

m ice  n o t  t r e a t e d  w i t h  e t h a n o l  a t  t im e s  0 and 50  

m in u te s  a f t e r  i n j e c t i o n .  ( f i g . l 5 )  However a t  

60 and 9 0  m in u te s  a f t e r  i n j e c t i o n  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  ALA and 

c o n t r o l  g ro u p s  (p  <C0 . 0 5 ) :

I n  no c a s e  was t h e r e  e v id e n c e  i n  any  o f  

t h e  a n im a l s  o f  l im b  w e a k n e s s ,  o r  o f  a b n o rm a l 

w i th d r a w a l  o r  r i g h t i n g  r e f l e x e s .
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Ji'igu re  13»
The i n i t i a l  s p o n ta n e o u s  a c t i v i t y  

o f  m ic e ,  e x p r e s s e d  i n  a b s o l u t e  t e r m s .  E ach  
r e s u l t  i s  e x p r e s s e d  a s  a  mean + S .D . o f  a  
g i v e n  num ber o f  o b s e r v a t i o n s .

INITIAL SPONTANEOUS 
ACTIVITY IN MICE.
[Mean ±S.Q]
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Figure 14.
E ach  p o i n t  r e p r e s e n t s  t h e  mean 

o f  a  num ber o f  e x p e r i m e n t s .  The i n i t i a l  
a c t i v i t y  was t a k e n  t o  be 100%, and th e  
s u b s e q u e n t  r e s u l t s  e x p r e s s e d  a s  a  p e r ­
c e n t a g e  o f  t h e  i n i t i a l  a c t i v i t y .
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T h is  f i g u r e  i l l u s t r â t e s  t h e  f i n d i n g  

t h a t  t h e  c h r o n i c  e t h a n o l  p r e t r e a t e d  a n im a l s  
r e a c t  t o  ALA i n  a  s i m i l a r  m anner t o  n o r m a l s .
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b )  C h ro n ic  ALA S t u d i e s  i n  R a ts

T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  

w e i g h t s  b e tw e e n  t h e  ALA t r e a t e d  and c o n t r o l  r a t s .

The a n im a l s  g i v e n  ALA h o w e v e r ,  showed o b v io u s  

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

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

a n im a l s  w ould  r e s p o n d  by  e x p l o r i n g  and g e n e r a l l y  

m oving  a b o u t  t h e i r  c a g e , t h e  ALA a n im a l s  w ould  

r e t r e a t  t o  t h e  b a c k  o f  t h e  c a g e  and h u d d le  t o g e t h e r ,  

sh ow ing  l i t t l e  m ovem ent. I n  g e n e r a l  t h e  a n im a l s  

g iv e n  ALA a p p e a r e d  l e t h a r g i c  and a p a t h e t i c  com pared  

w i t h  t h e  c o n t r o l s .  T h e re  w ere  h o w e v e r ,  no o b v io u s  

s i g n s  o f  l im b  w e a k n e ss  and  w i th d r a w a l  and r i g h t i n g  

r e f l e x e s  a p p e a r e d  t o  be  n o rm a l .

The r e s u l t s  o b t a i n e d  f ro m  t h e  q u a n t i t a t i v e  

s t u d i e s  a r e  shown i n  T a b le  7 •  The a n im a l s  g iv e n  

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

s p o n ta n e o u s  a c t i v i t y  and  i n  t h e  num ber o f  t im e s  

t h e y  r e a r e d  i n  f i v e  m in u t e s ;  t h e y  a l s o  s p e n t  a  

s i g n i f i c a n t l y  g r e a t e r  t im e  'm o t i o n l e s s '  t h a n  d i d  

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

D i s c u s s i o n

The r e s u l t s  f ro m  t h e  a c u t e  s t u d i e s  i n d i c a t e  

t h a t  when g i v e n  i n  a  d o se  o f  0*7 6 m .m o le s /k g ,  ALA 

c a n  s i g n i f i c a n t l y  d e c r e a s e  th e  s p o n ta n e o u s  a c t i v i t y  

o f  m ic e ,  com pared  w i t h  s a l i n e  o r  g l y c i n e  c o n t r o l s ,  

f o r  up t o  30  m in u te s  im m e d ia te ly  f o l l o w i n g  i n j e c t i o n .
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The m echan ism  by  w h ic h  t h i s  a c t i o n  i s  b r o u g h t  a b o u t  

i s  o b s c u r e ,  h o w e v e r  i t  i s  p o s s i b l e  t h a t  ALA c a u s e s  

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

o f  t h e s e  m ic e ,  w h ic h  c a u s e s  them  t o  d e c r e a s e  t h e i r  

m ovem ents .

ALA h a s  a  s h o r t  l a s t i n g  h y p o t e n s iv e  a c t i o n  

on r a t s ,  a t  r e l a t i v e  d o se  l e v e l s  much l e s s  t h a n  

t h o s e  u s e d  i n  t h e s e  a c u t e  s t u d i e s .  ( M c G i l l i o n  and 

G o ld b e rg ,  1 9 7 5 ) •  I t  i s  q u i t e  l i k e l y  t h a t  i t  h a s  

a  s i m i l a r  a c t i o n  on m ice  and s u c h  an e f f e c t  c o u ld  

be  r e s p o n s i b l e  f o r  t h e  i n i t i a l  d im i n i s h e d  a c t i v i t y  

o b s e rv e d  i n  t h e s e  a n i m a l s .

I t  may be  h o w e v e r ,  t h a t  t h i s  i s  a  d i r e c t  

e f f e c t  o f  ALA by  some o t h e r  m echan ism . T h is  

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

s i m i l a r  t o  t h o s e  s e e n  a t  t h e  c h r o n i c  ALA t r e a t m e n t  

o f  t h e  r a t s ;  so  t o o  a  d e p r e s s a n t  a c t i o n  on m o t i v i t y  

h a s  b e e n  o b s e r v e d  a f t e r  t h e  ALA s y n t h e t a s e  i n d p c e r  

AIA (B iem pca  e t  a l ,  1 9 6 7 ) .  On o b s e r v a t i o n  o f  th e  

a n im a l s  im m e d ia te ly  a f t e r  ALA h o w e v e r ,  t h e y  showed 

none  o f  t h e  c h a r a c t e r i s t i c  c h a n g e s  i n  g e n e r a l  r e a c t i o n  

shown by  t h e  c h r o n i c a l l y  t r e a t e d  r a t s .  I f  t h e  m ice  

w ere  o b s e rv e d  o p e n ly  t h e y  c e r t a i n l y  showed a  d e c r e a s e d  

t e n d e n c y  t o  move, b u t  o t h e r w i s e  a p p e a re d  t o  be  q u i t e  

n o r m a l .

T h i r t y  m in u te s  a f t e r  a d m i n i s t r a t i o n  o f  ALA t o  

t h e  m ic e ,  th e  a n im a l s  w ere  s e e n  t o  d e m o n s t r a t e  a 

s i g n i f i c a n t  i n c r e a s e  i n  a c t i v i t y ,  com pared  w i t h  th e



c o n t r o l s  -  a  t r e n d  w h ic h  was s i g n i f i c a n t l y  

m a i n t a i n e d  f o r  up  t o  90  m in u te s  a f t e r  i n j e c t i o n .

I t  may be  t h a t  i f  t h e  i n i t i a l  d e p r e s s i o n  o f  

a c t i v i t y  i s  due t o  a  h y p o t e n s i v e  r e s p o n s e ,  t h a t  

t h e  o n ly  t r u e  d i r e c t  a c t i o n  o f  ALA on a c t i v i t y  

i s  e x c i t a t o r y ;  t h e  i n i t i a l  e x c i t a t i o n  b e in g  

m asqued by  t h e  r e s p o n s e  t o  a  f a l l  i n  b lo o d  

p r e s s u r e .  An i m p o r t a n t  f e a t u r e  o f  t h i s  r e s p o n s e  

was t h a t  t h e  a c t i v i t y  a f t e r  30  m in u te s  was n o t  

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

.sa m e - t im e  c o n t r o l  v a l u e s ;  b u t  a l s o  g r e a t e r  t h a n  

t h e  z e r o  t im e  c o n t r o l  v a l u e s .

Thus t h e  f a c t  t h a t  ALA c a u s e s  an i n i t i a l  

d e p r e s s i o n  i n  a c t i v i t y  means t h a t  i f  t h e  m ice  

r e t u r n e d  t o  n o rm a l  a c t i v i t y  a f t e r  30 m in u te s  

and  t h i s  n o rm a l  a c t i v i t y  was com pared  w i t h  t h e  

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

a n im a l s  a t  t h i s  t i m e ,  t h e n  an a p p a r e n t  b u t  u n r e a l  

i n c r e a s e  i n  a c t i v i t y  o f  t h e  ALA a n im a l s  w ould  o c c u r .  

The f a c t  h o w e v e r ,  t h a t  t h e  ALA t r e a t e d  a n im a l s  

s h o f g r e a t e r  a c t i v i t y  a f t e r  30  m in u te s  t h a n  th e  

c o n t r o l  a n im a l s  a t  z e r o  t im e  i n d i c a t e s  t h a t  t h i s  

e f f e c t  i s  a  r e a l  a c t i o n  o f  ALA. A t t h i s  t im e  

a f t e r  i n j e c t i o n ,  t h e  a n im a l s  a p p e a re d  t o  h av e  

n o rm a l  w i th d r a w a l  and r i g h t i n g  r e f l e x e s  and  showed 

no o b v io u s  s i g n s  o f  l im b  p a r a l y s i s ;  t h u s  i t  i s  

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



Once more th e  e f f e c t  i s  s e e n  t o  he r e l a t i v e l y  

s h o r t  l a s t i n g  h a v in g  t o t a l l y  d i s a p p e a r e d  120 

m in u te s  a f t e r  i n j e c t i o n .

The s i m i l a r i t y  i n  t h e  r e s p o n s e  t o  ALA by 

t h e  n o rm a l  a n im a l s  and  t h e  a n im a l s  p r e t r e a t e d  

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

e x p e r i m e n t a l  s y s te m  -  t h e r e  i s  l i t t l e  i n t e r a c t i o n  

b e tw e e n  t h e  e f f e c t  o f  ALA and e t h a n o l  o r  t h e  c h r o n i c  

e f f e c t s  o f  i t s  a d m i n i s t r a t i o n .  The m ain  d i f f e r e n c e  

i n  r e s p o n s e  -  v i z :  t h a t  t h e  A L A -e th an o l  a n im a l s  w ere  

n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  c o n t r o l s  60 and 

9 0  m in u te s  a f t e r  i n j e c t i o n  -  i s  p r o b a b l y  a c c o u n te d  

f o r  by  t h e  s m a l l  num bers  o f  a n im a l s  i n  t h e s e  e t h a n o l  

g r o u p s ,  com pared  w i t h  t h e  n o rm a l  g r o u p s .

The c h r o n i c  ALA t r e a t m e n t  i n  th e  r a t s  c a n  be 

s e e n  t o  p ro d u c e  q u i t e  a d e f i n i t e  d e c r e a s e  i n  th e  

g e n e r a l  a c t i v i t y  o f  t h e  a n im a l  a s  d e m o n s t r a t e d  by  

th e  h i g h  s i g n i f i c a n c e  o f  t h e  r e s u l t s  o f  t h e  qu an ­

t i t a t i v e  s t u d i e s .  The s i g n i f i c a n c e  o f  t h e  ‘ t im e  

m o t i o n l e s s '  r e s u l t s ,  d e m o n s t r a t e s  t h a t  t h e  t o t a l  

a c t i v i t y  o f  t h e  a n im a l  was d e c r e a s e d  and n o t  o n ly  

lo c o m o to r  a c t i v i t y .  The low  r a t e  o f  r e a r i n g  c o u ld  

be  i n t e r p r e t e d  a s  a  d e c r e a s e  i n  ' i n q u i s i t i v e n e s s '  

r a t h e r  t h a n  a s  t h e  r e s u l t  o f  m u sc le  w e ak n e ss  o r  

some r e l a t e d  phenom enon.

As i n t e r e s t i n g  a s  t h e  e f f e c t s  o f  ALA w h ic h  

a r e  e x p r e s s e d  by  t h e  q u a n t i t a t i v e  s t u d i e s  -  was



t h e  e f f e c t  on t h e  b e h a v i o u r  o f  t h e  a n im a l s  a s  

s e e n  when m e r e ly  o b s e r v e d ,  o r  m i l d l y  s t i m u l a t e d .

I t  i s  d i f f i c u l t  t o  d e s c r i b e  s u c h  e m p i r i c a l  ob­

s e r v a t i o n s  w i t h o u t  i n v o k i n g  some e le m e n t  o f  

a n th r o p o rm o r p h is m ;  h o w ev er  t h e s e  a n im a l s  showed 

s i g n s  w h ic h ,  i f  t h e y  w ere  s e e n  i n  a  human s u b j e c t ,  

w ou ld  be i n d i c a t i v e  o f  s o c i a l  w i t h d r a w a l .  Thus 

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

w a rd s  t h e i r  e n v i r o n m e n t  y e t  t h e y  a p p e a re d  t o  be 

t o t a l l y  aw are  o f  e n v i r o n m e n t a l  s t i m u l i  a s  i l l u s ^  

t r a t e d  b y  t h e i r  r e s p o n s e  t o  c l a p p i n g .  T h e re  w ere  

some s i m i l a r i t i e s  b e tw e e n  t h e  r e s p o n s e s  o f  t h e s e  

a n im a l s  and t h e  r e s p o n s e s  o f  t h o s e  t r e a t e d  w i t h  

AIA r e f e r r e d  t o  i n  t h e  i n t r o d u c t i o n .  Thus i n  

e a c h  c a s e  a t a x i a  i s  p r e s e n t .  M arcus e t  a l  (1970) 

fo u n d  t h a t  t h i s  o c c u r r e d  i n  r a t s  a  few  m in u te s  a f t e r  

i n j e c t i o n  o f  AIA, a  f i n d i n g  c o n s i s t e n t  w i t h  t h a t  

r e p o r t e d  f o r  t h e  ' z e r o  t i m e '  m ice g ro u p  a b o v e ,  b u t  

n o t  c o n s i s t e n t  i n  t e rm s  o f  t im e ,  w i t h  t h e  c h r o n i c  

ALA g ro u p  n o r  i n  t e r m s  o f  r e s p o n s e  when com pared  

w i t h  t h e  r e a c t i o n  o f  t h e  m ice t o  ALA a f t e r  a b o u t  

30  m in u t e s ,  when t h e y  w ere  h y p e r a c t i v e .

So to o  t h e  a t a x i a  p ro d u c e d  w i t h  AIA i n i t i a l l y ,  

d i s a p p e a r e d  a f t e r  a  few  d a y s ,  i n d i c a t i n g  t h e  d e v e lo p ­

m ent o f  t o l e r a n c e ;  w h e re a s  t h e  e f f e c t  o f  ALA i n  r a t s  

was n o t  d r a m a t i c a l l y  e v i d e n t  i n i t i a l l y  and  g r a d u a l l y  

d e v e lo p e d  o v e r  t h e  w eeks t h e  a n im a ls  w ere  e x p o se d  

t o  i t .  The f a c t  t h a t  M arcus e t  a l  (1970) ob­

s e r v e d  no b e h a v i o u r a l  c h an g e  w i t h  ALA, was p r o b a b l y



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

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

s e n s i t i v e  t o  d e t e c t  t h e  c h a n g e s  w h ic h  one w ould  

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

on m ice  d e s c r i b e d  a b o v e .

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

c o m p a r in g  t h e  e f f e c t s  o f  AIA and  ALA -  a s  w e l l  a s  

any  h y p o t h e t i c a l  c o n s i d e r a t i o n s  w h ic h  may a r i s e  

f ro m  s u c h  a  c o m p a r is o n  -  h av e  a l r e a d y  b e e n  c o n ­

s i d e r e d  ( S e c t i o n  1 ) .  T h u s ,  a l t h o u g h  t h e  s i m i l a r i t i e s  

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

a n im a l s  t o  t h e s e  s u b s t a n c e s  a r e  o f  i n t e r e s t  -  i n h e r e n t  

i n  any  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  on a  ' s i m i l a r  

a c t i o n '  b a s i s  i s  t h e  ack n ow ledgm en t t h a t  how t h e y  

a r e  e x a c t l y  r e l a t e d  i s  unknown.

A p e r h a p s  p e r t i n e n t  o b s e r v a t i o n  t o  t h i s  s t u d y  

w i t h  r e s p e c t  t o  t h e  k r y p t o p y r r o l e  s t u d i e s  d e s c r i b e d  

b e lo w  i s  t h e  f a c t  t h a t  S o h l e r  e t  a l  (1 9 7 0 )  h av e  

shown k r y p t o p y r r o l e  t o  h av e  a  c e n t r a l  d e p r e s s a n t  

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

ALA i s  b i o t r a n s f o r m e d  i n t o  an  a c t i v e  s u b s t a n c e  l i k e  

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

i n  t h e  c h r o n i c  ALA a n i m a l s .  T h is  o f  c o u r s e ,  m u st  

r e m a in  p u r e l y  s p e c u l a t i v e  a t  t h e  moment.

By way o f  summary t h e n ;  t h e s e  e x p e r im e n t s  

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

i n  t h a t  i t  c a n  a l t e r  t h e  b e h a v i o u r  o f  e x p e r i m e n t a l



a n im a l s .  I n  a c u t e  e x p e r i m e n t s  i n  m ic e ,  i t  h a s  an 

i n i t i a l  d e p r e s s a n t  a c t i o n  on s p o n ta n e o u s  a c t i v i t y  

im m e d ia te ly  a f t e r  i n j e c t i o n ,  f o l lo w e d  by  e n h an c em en t 

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

90  m in u te s  a f t e r  i n j e c t i o n .  When c h r o n i c a l l y  

g iv e n  t o  r a t s ,  p a r a m e t e r s  o f  a c t i v i t y ,  v i z ;  sp o n ­

t a n e o u s  a c t i v i t y ,  t im e  m o t i o n l e s s  and r e a r i n g ,  w ere  

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

ALA f o r  f o u r  w e e k s .



ALA AKD ERYPTOPYRROLE

I n t r o d u c t i o n

As i n d i c a t e d  i n  S e c t i o n  I ,  m e n ta l  i l l n e s s  

w h ic h  i s  o f t e n  s e v e r e  enough  t o  l e a d  t o  th e  

p a t i e n t  b e i n g  c e r t i f i e d  i s  a  r e l a t i v e l y  common 

c h a r a c t e r i s t i c  o f  A lP .  A c o r r e l a t i o n  i s  l i k e l y  

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

p o r p h y r i a  (G ib s o n  and  G o ld b e rg ,  1 9 5 6 )  and  c e r t a i n  

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

h o w e v e r ,  more a t t e n t i o n  h a s  b e e n  g i v e n  t o  t h e  

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

i n  m e n ta l  i l l n e s s  and i t  i s  p o s s i b l e  t h a t  some 

b i o c h e m i c a l  l e s i o n  i n  A lP  c o u ld  be r e s p o n s i b l e  

f o r  a t  l e a s t  some o f  t h e  c e n t r a l  m a n i f e s t a t i o n s  

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

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

a c t i v e  m e t a b o l i t e  o c c u r r i n g  i n  m e n ta l  i l l n e s s  

and  i f  t h i s  was t h e  c a s e  i n  A lP  i t  m ig h t  be 

e x p e c te d  t h a t  s u c h  a  m e t a b o l i t e  w ould  hav e  some 

l i n k  w i t h  haem b i o s y n t h e s i s .

I n  t h e  p a s t  d e c a d e  o r  so  many a t t e m p t s  

h av e  b e e n  made t o  i m p l i c a t e  s p e c i f i c  b i o c h e m i c a l  

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

fo u n d  i n  t h e s e  p a t i e n t s .  The l i t e r a t u r e  on 

t h i s  s u b j e c t  i s  v o lu m in o u s  and i s  s u c c i n c t l y  

r e v ie w e d  by  B o u l to n  ( I 9 y i ) .  Of p a r t i c u l a r  

i n t e r e s t  w i t h  r e s p e c t  t o  A lP  h o w e v e r ,  i s  t h e



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

i n  s c h i z o p h r e n i a  (H u sak  and  D u rk o , 1 9 6 6 ;  P r i c e  

e t  a l ,  1 9 5 9 ) .

I n  1961 I r v i n e  d e s c r i b e d  an  E h r l i c h ' s  

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

o f  p s y c h o t i c  p a t i e n t s .  T h is  f a c t o r  was te rm e d  

t h e  'mauve f a c t o r ' .  T h is  ' mauve f a c t o r '  was 

i d e n t i f i e d  a s  t h e  s u b s t a n c e  2 , 4 - d i m e th y l - 3 ~  

e t h y l p y r r o l e  ( I r v i n e  e t  a l ,  1969 )  commonly c a l l e d  

k r y p t o p y r r o l e .  ( f i g . 1 6 ) .  A n o th e r  f a c t o r  commonly 

a s s o c i a t e d  w i t h  s c h i z o p h r e n i a  i s  t r a n s - $ - m e t h y l - 2 -  

h e x e n o i c  a c i d  (TMHA) a  s u b s t a n c e  c o n t a i n e d  i n  th e  

s w e a t  o f  c h r o n i c  s c h i z o p h r e n i c s  and s a i d  t o  p ro d u c e  

t h e  c h a r a c t e r i s t i c  o d o u r  o f  t h e s e  p a t i e n t s  ( S m i th  

and  S i n e s ,  I 9 6 0 ;  S m ith  e t  a l ,  1 9 6 9 ) .  The o r i g i n  

and  r o l e  o f  t h e s e  s u b s t a n c e s  i n  m e n ta l  i l l n e s s  

h o w e v e r ,  i s  a s  y e t  i l l - d e f i n e d .

Z r i s c h e r  and  P f e i f f e r  (1 9 7 5 )  have  p u t  f o r w a r d  

a  scheme by  w h ic h  t h e y  s u g g e s t  t h a t  TMHA and k r y p t o ­

p y r r o l e  a r e  fo rm ed  f ro m  a  common b i o c h e m i c a l  i n t e r ­

m e d ia t e  ( 2 - a m in o m e th y l - 5 ~ c a r b o x y m e th y l - 4 - 2 ' - c a r b o x y -  

e t h y l - 9 - c a r b o x y p y r r o l e ) .  I n  t e r m s  o f  a c u t e  

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

i s  t h a t  t h i s  p r o p o s e d  common i n t e r m e d i a t e  i s  a  

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

m o le c u le  o f  ALA w i t h  a  m o le c u le  o f  i t s  p r e c u r s o r  

Q ^ - a m in o -p - k e to  a d i p i c  a c i d .



Figure 16.
The Chemical Structure of Kryptopyrrole
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Figure 17*
A p r o p o e e d  m echanism  hÿ  w h ich  k r y p t o ­

p y r r o l e  c o u ld  be fo rm ed  fro m  ALA,
X After Krischer & Pfeiffer 1975-)
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T h ese  w o r k e r s  p r o p o s e  t h a t  ALA s y n t h e t a s e  

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

t o  an  a c c u m u l a t i o n  o f  some o f  t h e  p r o p o s e d  i n t e r ­

m e d ia t e  a m in o -  - k e t o  a d i p i c  a c i d .  T h is  t h e n  

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

t o  fo rm  t h e  h y p o t h e s i s e d  p r e c u r s o r  o f  k r y p t o p y r r o l e  

and  TMHA ( F i g .  I ? ) *  T h is  t h e n  u n d e rg o e s  t h e  

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

A l th o u g h  R u s s e l  (1 9 7 2 )  h a s  p r o p o s e d  s e v e r a l  schem es 

f o r  t h e  f o r m a t i o n  o f  k r y p t o p y r r o l e  f ro m  PEG b y  t h e  

a c t i o n  o f  eun i s o m e r a s e  and  a  d e a m in a s e ,  E r i s c h e r  

and  P f e i f f e r  p o i n t  o u t  t h a t  t h e y  b e l i e v e  ALA sy n ­

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

b e c a u s e  t h e y  h av e  o b s e r v e d  t h a t  h i g h  d o s e s  o f  

p y r i d o x i n e  p l u s  z i n c  d e c r e a s e  t h e  o u t p u t  o f  k r y p t o ­

p y r r o l e  i n  p a t i e n t s  who n o r m a l ly  e x c r e t e  i t .  ALA 

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

f o r  d e c a r b o x y l a t i n g  a c t i v i t y .

Sohler et al (1970) demonstrated that krypto­

pyrrole had a central depressant action. Thus they 

produced a sedative effect in rabbits, by injecting 

kryptopyrrole intravenously. The relation between 

this action of the substance and i t s  positive role 

in schizophrenia however, is  obscure.

I t  was f e l t  on t h e  b a s i s  o f  t h e s e  f i n d i n g s  

and c o n s i d e r a t i o n s  t h a t  i t  w ould  be  w o r th w h i le  t o  

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

k r y p t o p y r r o l e  i n  A lP .



M ethods ; E s t i m a t i o n  o f  U r i n a r y  K r y p t o p y r r o l e

The m eth od  u s e d  f o r  t h e  k r y p t o p y r r o l e  d e t e r ­

m i n a t i o n  was b a s e d  on t h a t  d e s c r i b e d  by  I r v i n e  e t  

a l ,  ( 1 9 6 I ) .  100ml o f  f r e s h  u r i n e  was t a k e n  and

m ixed  w i t h  2 g .  a c t i v a t e d  c h a r c o a l  (BDH). T h is  was 

w e l l  s t i r r e d  tw ic e  i n  t h e  f i r s t  f i v e  m in u te s  a f t e r  

a d d i t i o n .  T h is  m ix t u r e  was a l lo w e d  t o  s t a n d  f o r  

two h o u r s  a t  room t e m p e r a t u r e  and  t h e n  s u c t i o n  

f i l t e r e d  t h r o u g h  a  B u c h n e r  f l a s k  on two c i r c l e s  o f  

Whatman p a p e r  c o n t a i n i n g  t h e  c h a r c o a l  and  t h e n  w ashed  

c h r o m a t o g r a p h i c a l l y  w i t h  80m ls  d i s t i l l e d  w a t e r  and 

th e  e l u a t e  d i s c a r d e d .  I t  was t h e n  w ashed  i n  a  

s i m i l a r  m an n e r  w i t h  100ml r e a g e n t  g r a d e  a c e t o n e ,  

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

c o a l  d i s c a r d e d .  The a c e to n e  was t h e n  e v a p o r a t e d  

t o  d r y n e s s  ' i n  v a c u o ' a t  $0°C and  t h e  r e s i d u e  t a k e n  

up i n  $ . $ml w a t e r  a s  a  s u s p e n s i o n .  T h is  was t h e n  

e x t r a c t e d  t h r e e  t i m e s ,  e a c h  t im e  w i t h  $ .^ m l  e t h e r  

( p e r o x i d e  f r e e  r e a g e n t  g r a d e ) .  T h is  r e s u l t e d  i n  

an  a q u e o u s  p h a s e  and  t h e  com bined  e t h e r  p h a s e s

th e  a q u e o u s  p h a s e  ( A q . l )  2 .2 m l 

a c e to n e  was a d d ed  and  t h i s  was t h e n  e x t r a c t e d  tw ic e  

e a c h  t im e  w i t h  6 .6 m l  o f  e t h e r .  T h is  gave  f u r t h e r  

aq u e o u s  p h a s e  ( A q . l l )  and  com bined  e t h e r - a c e t o n e  

p h a s e  (E  + I I ) . The f r a c t i o n s  E + I ,  E + I I  and 

A q . l l  w ere  f l a s h  e v a p o r a t e d  a t  $ 0 ^ 0 . E a c h  r e s i d u e  

was t h e n  t a k e n  up i n  2ml a c e t o n e .  One t e n t h  o f  

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



Whatman $mm c h ro m a to g ra p h y  p a p e r ,  t h e  s p o t  s i z e  

b e i n g  r e s t r i c t e d  a s  f a r  a s  p o s s i b l e  t o  10mm d i a m e t e r .  

The s p o t s  w ere  d r i e d  i n  c o o l  a i r .  A s t a n d a r d  was 

r u n  o f  a  sam p le  o f  k r y p t o p y r r o l e .  The s o l v e n t  u s e d  

f o r  c h ro m a to g ra p h y  was IpEAM and t h e  c h ro m a to g ra p h y  

was r u n  v e r t i c a l l y  f o r  tw e lv e  h o u r s .  A f t e r  

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

t h e  h i g h  E f  p a r t  o f  e a c h  c h ro m a to g ram  was i n s p e c t e d  

u n d e r  u . v .  l i g h t .  The p a p e r  was t h e n  d ip p e d  i n  

E h r l i c h ' s  E e a g e n t  and t h e  e x c e s s  m o i s t u r e  b l o t t e d  

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

t im e  o f  d e v e lo p m e n t  o f  t h e  s p o t s  was n o t e d  p e r i o d i ­

c a l l y  d u r i n g  h e a t i n g  w i t h  h o t  a i r  a t  a ro u n d  

K r y p t o p y r r o l e  a p p e a re d  a s  a  w e l l - d e f i n e d  s p o t  w i t h  

an  E f o f  0.899 g i v i n g  a  p u r p l e  t o  b l u i s h  mauve 

c o l o u r  w i t h  E h r l i c h ' s  w i t h  p e r h a p s  a  t r a n s i e n t  r o s e  

o r  b lu e  c o l o u r .  I t  was p r e s e n t  i n  f r a c t i o n s  E 1 

a n d / o r  E l l .

R e a g e n ts  IpRAM: -  T h is  had  t h e  f o l l o w i n g  c o m p o s i t io n : -  

20 p a r t s  i s o p r o p a n o l ,  1 p a r t  c o n c .  ammonium h y d r o x id e  

and 2 p a r t s  w a t e r  v / v .

E h r l i c h ' s  R e a g e n t  : -  I g .  o f  PABÂ was d i s s o l v e d  i n  a  

1 : 9 m ix tu r e  v / v  o f  c o n c e n t r a t e d  h y d r o c h l o r i c h  a c i d  

and  m e th a n o l .

U r i n a r y  k r y p t o p y r r o l e  e s t i m a t i o n s  w ere  made on 

t h r e e  s u b j e c t s  w i t h  a c u t e  p o r p h y r i a  who w ere  i n  

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



7̂.

s u b j e c t s .  I n  a l l  c a s e s  t h e  f o l l o w i n g  e s t i m a t i o n s  

w e re  a l s o  made : -  u r i n a r y  ALA and PBG c o n c e n t r a t i o n s ,  

f ro m  a  t w e n t y - f o u r  h o u r  sam p le  o f  u r i n e ; a n d  b lo o d  

ALA c o n c e n t r a t i o n .

R e s u l t s

The r e s u l t s  o b t a i n e d  a r e  shown i n  T a b le  8 .

As c a n  be  s e e n  f ro m  t h e  T a b l e ,  t h e  c h ro m a to g ra m s  o f  

t h e  n o rm a l  s u b j e c t s  gave  no s p o t  c o r r e s p o n d i n g  w i t h  

t h e  k r y p t o p y r r o l e  s t a n d a r d  when s t a i n e d .  On t h e  o t h e r  

h a n d  a l l  t h e  c h ro m a to g ra m s  o f  t h e  p o r p h y r i c  s u b j e c t s  

showed a  s p o t  w h ic h  c o r r e s p o n d e d  w i t h ,  and s t a i n e d  

s i m i l a r l y  t o  t h e  k r y p t o p y r r o l e  s t a n d a r d .  The Rf v a l u e s  

o f  t h e s e  s p o t s  and  o f  t h e  k r y p t o p y r r o l e  s p o t  w ere  0 .8 9 9 ;  

t h e  same v a l u e  a s  g i v e n  by  I r v i n e  ( 1 9 6 I ) .

N orm als

P o r p h y r i e s

Mean U r i n a r y  
ALA (mg.%)

+ S .D .

Mean U r i n a r y  
PEG (mg.%)

+ S .D .

Mean B lood  
ALA ^  S .D . 

( u g /m l )

K r y p to ­
p y r r o l e
E s t i m a t i o n

0 .1 8  + 0 .1 0 0 .1 1  + 0 .0 2 0 . 3 8  + 0 . 0 3 A l l  n e g a t i v  
( 4  s u b j e c t s

2 . 1 7  + 0 .6 0 5 . 4 5  + 1 .8 4 0 . 7 0  + 0 . 3 1 A l l  p o s i t i v  
(3  s u b j e c t s

TABLE 8



D i s c u s s i o n

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

i n  t h e  s a m p le s  s t u d i e d ,  k r y p t o p y r r o l e  c o u ld  be 

d e t e c t e d  o n ly  i n  t h o s e  s u b j e c t s  w i t h  a c u t e  p o r p h y r i a .

I t  is  important to stress that these subjects were 

in remission, and showed no evidence of psychological 

abnormality; and none of them were on drugs of any 

kind. Although these studies used only a small 

sample of subjects, the findings are in agreement 

with those recently announced by Husak et al (1975)- 

These workers investigated the appearance of krypto­

pyrrole in acute schizophrenics with positive porphyrin 

screening tests and in patients with acute porphyria 

and porphyria cutanea tarda. They found that not 

every porphyrin excreting schizophrenic was a krypto­

pyrrole excreter, but that a ll true porphyries were.

T hese  f i n d i n g s  a r e  e v id e n c e  i n  f a v o u r  o f  t h e  

p o s t u l a t e  o u t l i n e d  a b o v e ,  t h a t  k r y p t o p y r r o l e  may be  

fo rm ed  f ro m  a  b i o c h e m i c a l  r e a c t i o n  i n v o l v i n g  ALA, 

and t h i s  c o u ld  p o s s i b l y  o c c u r  when t h e r e  i s  e x c e s s  

ALA a v a i l a b l e ,  a s  i n  A IP . The o t h e r  o b v io u s  p o s s i ­

b i l i t y  i s  t h a t  k r y p t o p y r r o l e  m ig h t  be  fo rm ed  by  a 

b i o t r a n s f o r m a t i o n  o f  PBG. T h e i r  c h e m ic a l  s t r u c t u r e s  

a r e  s i m i l a r ,  and  s u c h  a  r e a c t i o n  c o u ld  q u i t e  c o n ­

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

PBG.

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

k n o w le d g e ,  t o  d i r e c t l y  r e l a t e  t h e  d e t e c t i o n  and 

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



m a n i f e s t a t i o n s  o f  A IP . A l l  t h a t  c an  he r e a s o n a b l y  

s t a t e d  i s  t h a t  h e r e  i s  a  b i o c h e m i c a l  f a c t o r ,  known 

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

w h ic h  i s  a l s o  p r e s e n t  i n  s u b j e c t s  w i t h  A IP . T h is  

d i f f i c u l t y ,  h o w e v e r ,  i s  one e n c o u n te r e d  by  a l l  

w o r k e r s  who a r e  a t t e m p t i n g  t o  r e l a t e  s p e c i f i c  b i o ­

c h e m ic a l  c h a n g e s  t o  c h a n g e s  i n  mood s t a t e s .

I n  t h e  c a s e  o f  p o r p h y r i a ,  t h e  p ro b le m  i s  

f u r t h e r  c o m p l i c a t e d  b y  t h e  f a c t  t h a t  t h e r e  a r e  o t h e r  

b i o c h e m i c a l  a b n o r m a l i t i e s  i n  t h e  d i s e a s e ,  w h ic h  a r e  

a l s o  p r e s e n t  i n  m e n ta l  i l l n e s s .  F o r  exam ple  P r i c e  

e t  a l ,  ( 1 9 5 9 ) h av e  fo u n d  a  s i m i l a r  ty p e  o f  a b n o rm a l  

t r y p t o p h a n  m e ta b o l i s m  i n  p a t i e n t s  w i t h  p o r p h y r i a ,  

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

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

a  t r y p t o p h a n  m e ta b o l i s m  w h ic h  was e s s e n t i a l l y  n o rm a l .

So t o o ,  c h a n g e s  i n  g l o b u l i n  p a t t e r n s  ( F e s s e l  e t  a l ,  

1 9 6 4 )  and o t h e r  b i o c h e m i c a l  f e a t u r e s ,  a r e  common t o  

b o t h  m e n ta l  i l l n e s s  and  A IP .

Much i n t e r e s t ,  h o w e v e r ,  h a s  r e c e n t l y  b e e n  

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

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

w i t h  r e s p e c t  t o  t h e  l a t t e r  p a r t i c u l a r l y ,  t h a t  t h e  

o c c u r r e n c e  o f  k r y p t o p y r r o l e  i n  A IP s u b j e c t s  i s  o f  

i n t e r e s t .

The f a c t  t h a t  t h e  s u b j e c t s  i n  t h e  e x p e r im e n t  

d e s c r i b e d  a b o v e ,  showed no s i g n s  o f  m e n ta l  a b n o r ­

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

p y r r o l e  d o e s  n o t  p e r  se, e l i c i t  a  s c h i z o p h r e n i c  r e a c t i o n .



I n d e e d  t h e  s u b s t a n c e  h a s  b e e n  fo u n d  i n  c o m p l e t e ly  

n o rm a l  s u b j e c t s  ( S o h l e r  e t  a l ,  1 9 6 7 )•  However

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

k r y p t o p y r r o l e  i s ,  i n  many c a s e s ,  a  s i g n i f i c a n t  

b i o c h e m i c a l  f e a t u r e  o f  s c h i z o p h r e n i a  and a s  s u c h  

i t  i s  a  s u b s t a n c e  t h e  b i o c h e m i s t r y  o f  w h ic h  s h o u ld  

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

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

m a l i t i e s  and  t h e  a b n o r m a l i t i e s  o f  th e  haem b i o ­

s y n t h e t i c  p a th w a y  i n  A IP , i n d i c a t e s  t h a t  f u r t h e r  

s t u d i e s  on t h e  p r o d u c t i o n ,  m e ta b o l i s m  and g e n e r a l  

p r o p e r t i e s  o f  t h i s  s u b s t a n c e  i n  p o r p h y r i c  s u b j e c t s ,  

b o t h  when i n  r e m i s s i o n  and  a t t a c k ,  m ig h t  w e l l  c o n ­

t r i b u t e  t o  o u r  k n o w led g e  o f  t h e  r e l a t i o n s h i p  

b e tw e e n  b i o c h e m i c a l  a b n o r m a l i t i e s  and a s s o c i a t e d  

m e n ta l  i l l n e s s .



SECTION IV

PBHIPHERAl STUDIES



TISSUE UPTAKE OF ALA

As w e l l  a s  d e t e r m i n i n g  t h e  h r a i n  u p t a k e  o f  

ALA, i t  was t h o u g h t  w o r th  w h i l e  t o  u s e  t h e  same 

t e c h n i q u e s  t o  d e t e r m i n e  ALA u p ta k e  i n t o  o t h e r  

t i s s u e s .  T hese  e x p e r i m e n t s  w ere  d e s i g n e d  p r i m a r i l y  

t o  s e e  i f  a t  s i m i l a r  c o n c e n t r a t i o n s  t o  t h o s e  known 

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

c o u ld  p e n e t r a t e  i n t o  t h e  v a r i o u s  t i s s u e s .  I t  was 

a l s o  d e c i d e d  t o  s e e  how lo n g  ALA w ould  r e m a in  i n  

s p e c i f i c  t i s s u e s ,  i f  i t  i n d e e d  d i d  p e n e t r a t e ,  a f t e r  

t h e  b lo o d  c o n c e n t r a t i o n  h ad  r e t u r n e d  t o  n o r m a l .  

M ethods

F i f t e e n  m ale  S p ra g u e  Dawley r a t s  (2 0 0 -2 3 0 g )

w ere  g iv e n  I . P .  i n j e c t i o n s  o f  40m g/kg ALA i n  s a l i n e .
1 4The ALA h ad  p r e v i o u s l y  b e e n  s p i k e d  w i t h  C ALA and

a d j u s t e d  t o  pH 5 -7  w i t h  m o la r  sodium  b i c a r b o n a t e .

The volum e o f  i n j e c t i o n  w a s ^ O .^ n i l*  As c o n t r o l s

a  f u r t h e r  t h r e e  r a t s  w ere  g iv e n  I . P .  i n j e c t i o n s  o f  
1 4C -ALA o n ly ;  t h i s  a l lo w e d  ALA d e t e r m i n a t i o n  by  

i s o t o p i c  m ethod s  b u t  r e p r e s e n t e d  th e  i n j e c t i o n  o f  

< 1 0 | ig  ALA.

T h i r t y  m in u te s  a f t e r  i n j e c t i o n  t h r e e  o f  t h e  

a n im a ls  g iv e n  ALA and t h e  t h r e e  c o n t r o l  a n im a l s  

w ere  i n j e c t e d  i n t o  a  t a i l  v e i n  w i t h  te c h n e c iu m  

(T c9 9 )  l a b e l l e d  se rum  a lb u m in .  T h is  was a l lo w e d  

t o  c i r c u l a t e  f o r  two m in u te s  a t  w h ic h  t im e  t h e  

a n im a ls  w ere  s t u n n e d ,  e x s a n g u i n a t e d  f ro m  t h e  t h r o a t ,  

and sa m p le s  o f  t h e  f o l l o w i n g  t a k e n ;  h e a r t ,  l u n g .



l i v e r ,  k i d n e y ,  s p l e e n ,  g u t  ( i l e u m ) ,  b r a i n ,  m e s e n t e r i c  

f a t  and  b l o o d .  The b lo o d  ALA c o n t e n t  was d e te r m in e d  

c h e m i c a l l y  by  t h e  m ethod  d e s c r i b e d  b y  H a e g e r -A ro n s e n  

and  t h e  ALA c o n t e n t  o f  t h e  o t h e r  t i s s u e s ,  i n d e p e n d e n t  

o f  t h e i r  b lo o d  ALA c o n t e n t s ,  was d e te r m in e d  a s  d e s ­

c r i b e d  abo ve  f o r  b r a i n .

U s in g  t h e  same m e th o d s ,  ALA was d e te r m in e d  i n  

t h e  h e a r t ,  l i v e r ,  b r a i n  and b lo o d  o f  t h r e e  a n im a l s  

a t  t i m e s  3 ,  2 4 ,  72  and 192 h o u r s  a f t e r  i n j e c t i o n .  

R e s u l t s

The r e s u l t s  o b t a i n e d  30 m in u te s  a f t e r  i n ­

j e c t i o n  a r e  shown i n  T a b le  9* I n  t h e  c o n t r o l  

a n im a l s  i t  c a n  be s e e n  t h a t  t h e  t i s s u e  ALA c o n t e n t s  

w ere  e i t h e r  u n d e t e c t a b l e  o r  v e r y  lo w . The h i g h e s t  

was fo u n d  t o  be i n  t h e  b lo o d  w here  a  mean c o n t e n t  

o f  0 .2 5 | i g /m l  was o b t a i n e d .  A f t e r  ALA was i n ­

j e c t e d  h o w e v e r ,  a l l  t h e  t i s s u e s  h ad  h i g h  ALA c o n t e n t s  

com pared  w i t h  t h e i r  c o n t r o l  l e v e l s .  The r e l a t i v e l y  

g r e a t e s t  i n c r e a s e  was s e e n  i n  th e  l i v e r ,  and t h e  

l o w e s t  i n  t h e  b r a i n .

The c h a n g e  o f  ALA t i s s u e  c o n t e n t  w i t h  t im e  

i s  shown i n  T a b le  10. The b lo o d  c o n c e n t r a t i o n  o f  

ALA r e m a in e d  e l e v a t e d  above  n o rm a l  f o r  up t o  24 h o u r s  

a f t e r  i n j e c t i o n ;  a t  7 2  h o u r s  i t  h ad  r e t u r n e d  t o  n o r m a l .  

The l i v e r ,  h e a r t  and b r a i n  t i s s u e s  h o w e v e r ,  m a in ­

t a i n e d  ALA l e v e l s  g r e a t e r  t h a n  n o rm a l  ev en  a f t e r  t h e  

b lo o d  l e v e l  had  r e t u r n e d  t o  n o rm a l .  Thus a t  72  h o u r s  

a l l  t h e s e  t i s s u e s  showed ALA l e v e l s  g r e a t e r  t h a n  t h e



TABLE 9

MEAN TISSUE ALA CONTENT (ug/g) 30 MINUTES 
AFTER I.P. INJECTION

C o n t r o l  (C^^ALA) T e s t  (40 m g/k g  ALA I . P . )
o n ly

B lood 0 .2 3 0 .1 3 2 6 .6 6 7 . 4 3

B r a in 0 .0 4 6 0 .0 4 1 . 0 7 + 0 .4 1

H e a r t 0 .0 0 2 3 .^ $ 3 .1 6

L i v e r 0 .0 6 0 . 0 4 1 6 2 .3 3 + 6 0 . 7 1

K id n e y  0 .2 1 0 .1 0 2 3 .3 3 + 3 . 7 0

S p le e n  0 .0 0 7 4 .1 0 1 7 . 2 6

Gut 0 .0 0 7 2 .9 7 3 .4 8

F a t 0 .0 0 3 4 . 7 0 Hh 1 0 . 3 0

E ac h  r e s u l t  i s  e x p r e s s e d  a s  t h e  mean 
o f  3 e x p e r i m e n t s .  S .D .
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I ,

c o n t r o l  v a l u e s , a n d  a t  1 9 2  h o u r s  a f t e r  i n j e c t i o n ,  

a l t h o u g h  t h e  b r a i n  c o n t e n t  was n o r m a l ,  t h e  h e a r t  

a n d  l i v e r  c o n t i n u e d  t o  do s o .

D i s c u s s i o n

T h ese  r e s u l t s  show t h a t  i n  r a t s  e x p o se d  t o  

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

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

i s  p a s s a g e  o f  ALA i n  t o  t h e  v a r i o u s  t i s s u e s  s t u d i e d .  

The f a c t  t h a t  t h e  ALA c o n t e n t  o f  t h e  l i v e r ,  h e a r t  

a n d  b r a i n  c a n  r e m a in  g r e a t e r  t h a n  t h e  c o n t r o l  c o n ­

t e n t s ,  ' e v e n  when t h e  b lo o d  c o n c e n t r a t i o n  h a s  

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

t h e s e  t i s s u e s  a t  l e a s t  ALA i s  n o t  i n  a  d i f f u s i o n  

e q u i l i b r i u m  w i t h  t h e  b l o o d ,  b u t  i s  e i t h e r  bound  o r  

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

As w i t h  t h e  s t u d i e s  o f  t h e  p a s s a g e  o f  ALA 

i n t o  t h e  b r a i n ,  t h e  t i s s u e s  w ere  e x p o se d  t o  ALA 

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

w i l l  be  e x p o s e d  t o  e l e v a t e d  c o n c e n t r a t i o n s  o f  ALA 

w h ic h  a l t h o u g h  t h e y  may be l e s s  i n  m a g n i tu d e ,  w i l l  

c e r t a i n l y  p e r s i s t  f o r  a  g r e a t e r  t im e  t h a n  th o s e  

u s e d  h e r e .  Thus i t  seem s f a i r  t o  c o n c lu d e  t h a t  

i n  A IP , t h e  ALA c o n t e n t  o f  t h e  t i s s u e s  w i l l  be  

e l e v a t e d .

The s t u d i e s  on t h e  p e r s i s t e n c e  o f  ALA i n  th e  

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

d e c r e a s e  w i t h  t im e  was due  t o  m e ta b o l i s m  o r  

d i f f u s i o n  o u t  o f  t h e  t i s s u e  o f  ALA. As w i t h  th e



b r a i n  ALA e x p e r i m e n t s  c h ro m a to g ra m s  w ere  r u n  t o
14d e m o n s t r a t e  t h a t  t h e  C a c t i v i t y  was due t o  ALA 

and  n o t  t o  m e t a b o l i c  p r o d u c t  o f  i t ,  and  in d e e d  a  

h i g h  p e r c e n t a g e  o f  t h e  a c t i v i t y  was fo u n d  w h ic h  

c o r r e s p o n d e d  w i t h  t h e  ALA s t a n d s i r d .  I r r e s p e c t i v e  

o f  t h e  n a t u r e  o f  t h e  f a t e  o f  t h e  ALA i n  t h e  

t i s s u e s ,  t h e  i m p o r t a n t  f a c t  i s  t h a t  i t  c a n  r e m a in  

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

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

more l i k e l y ,  bound  to. some o t h e r  m olecuie; t h e  

f r e e  ALA b e i n g  r e l e a s e d  b y  t h e  e x p e r i m e n t a l  

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

I t  h a s  b e e n  s u g g e s t e d  t h a t  ALA c a n  c h e m i c a l l y  

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

r e s u l t a n t  c o m p le x e s  b e i n g  c a p a b le  o f  enzyme 

i n h i b i t i o n  (E o so w e r  and  R ock , 1 9 6 8 ) .  T h is  p o s s i ­

b i l i t y  i s  o f  i n t e r e s t  when one c o n s i d e r s  t h a t  t h e s e  

r e s u l t s  d e m o n s t r a t e  t h a t  ALA i s  t a k e n  up and 

p r o b a b l y  b o u n d , i n  t h e  m a in  t i s s u e s  w h ic h  show 

s i g n s  o f  c l i n i c a l  a b n o r m a l i t y  i n  AIP v i z :  g u t ,

h e a r t ,  l i v e r  and  b r a i n .

I t  i s  p o s s i b l e  t h a t  an  a c t i o n  o f  some co m p lex  

o f  ALA o r  one o f  i t s  i n  v i t r o  a c t i o n s  r e f e r r e d  t o  

p r e v i o u s l y ,  e i t h e r  i n  t h e  t i s s u e s  t h e m s e lv e s  o r  on 

t h e  n e r v e s ,  w h ic h  s e r v e  th em , c o u ld  a c c o u n t  t o  some 

e x t e n t  f o r  t h e  a b n o r m a l i t i e s  shown i n  t h e  d i s e a s e .



I  v y  (  .

CARDIOVASCULAR STUDIES

Introduction

The cardiovascular abnormalities of AIP have 

been described above Section I. Although there is  

occasional hypotension the most common cardiovascular 

features of the disease are tachycardia and hyper­

tension. Several theories have been advanced to 

account for the aetiology of these manifestations, 

such as direct toxic involvement of the cardiovascular 

system (Waldenstrom, 1957); stimulation of the 

sympathetic nervous system or of thyroid secretion 

(Vannoti, 1937) arid 'escape* hypertension caused by 

polyneuritis of haemodynamic controlling nerves 

(Eezedi, 1965).

A most informative and illuminating study on 

the pathogenesis of the cardiovascular manifestations 

of AIP has been carried out by Schley et al, (1970) 

who investigated hormonal and renal factors in four 

female patients during the acute and latent stages 

of the disease. Their findings can be summarised 

as follows: During the acute episodes a ll subjects

showed systolic and diastolic hypertension with tachy­

cardia and a distinct elevation of catecholamine (16% 

adrenaline; 84% noradrenaline) excretion. There was 

also a transient increase in vanillinmandelic acid 

excretion. A positive correlation existed between 

hypertension, heart rate and catecholamine excretion.

Administration of the p- receptor blockers



T r a n s i c o r  o r  I n d e r a l  r e d u c e d  t h e  b lo o d  p r e s s u r e  

and  h e a r t  r a t e  t o  n o rm a l-  On w i t h d r a w a l  o f  t h e s e  

d r u g s  h o w e v e r ,  t h e s e  p a r a m e t e r s  i n c r e a s e d  once  m o re .

A t no t im e  d u r i n g  t h e  p e r i o d  o f  s t u d y  was 

a l d o s t e r o n e  e x c r e t i o n  o r  p la s m a  r e n i n  c o n c e n t r a t i o n  

e l e v a t e d .  A l l  f o u r  p a t i e n t s  showed a  r e v e r s i b l e  

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

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

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

i n  u r i n e ;  t h e r e  was h o w e v e r ,  no c l e a r  a s s o c i a t i o n  

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

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

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

t h e  a c u t e  p h a s e  o f  AIP i s  o f  a  r e n a l  o r i g i n  and p o i n t  

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

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

I n  a l l  t h e  p a t i e n t s  i t  was fo u n d  t h a t  t h e r e  was 

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

and  ALA. T hese  l e v e l s  o f  ALA and PBG v a s t l y  e x c e e d e d  

t h e  n o rm al  v a l u e s  d u r i n g  t h e  a c u t e  p h a s e ,  and p e r s i s t e d  

above  t h e  norm d u r i n g  t h e  l a t e n t  p h a s e .  The t o t a l  

p o r p h y r i n s  h o w e v e r ,  w ere  e i t h e r  n o rm a l  o r  o n ly  s l i g h t l y  

g r e a t e r  t h a n  n o rm a l  d u r i n g  th e  l a t e n t  p h a s e .

The a u t h o r s  c o n c lu d e  t h a t  t h e  i n c r e a s e  i n  c a t e ­

c h o la m in e  e x c r e t i o n  i n  t h e s e  s u b j e c t s  i s  due  t o  e n ­

h a n c e d  s y m p a th e t i c  to n e  w h ic h  c a u s e s  r e l e a s e  o f  c a t e ­

c h o la m in e  f ro m  t h e  s y m p a th e t i c  n e r v e s  and  t h e  a d r e n a l  

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

t h a t  t h e  e x c e s s i v e  c a t e c h o l a m i n e s  t h e m s e lv e s  c a u s e  t h e



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

T hese  f i n d i n g s  c e r t a i n l y  s u g g e s t  t h a t  t h e r e  

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

s y m p a th e t i c  n e r v e  f u n c t i o n  a n d / o r  c a t e c h o la m in e  

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

m a n i f e s t a t i o n s  o f  a c u t e  p o r p h y r i a .  A g a in  i n  t h e  

above  s t u d i e s  t h e r e  i s  fo u n d  an e l e v a t e d  u r i n a r y  

e x c r e t i o n  o f  ALA and  PBG and  t h e  q u e s t i o n  p r e s e n t s  

i t s e l f  -  d o e s  ALA h a v e  any  e f f e c t  on s y m p a th e t i c  

n e rv e  a c t i v i t y  o r  c a t e c h o la m in e s ?  The p o s s i ­

b i l i t y  a l s o  e x i s t s  o f  c o u r s e  t h a t  ALA i s  i t s e l f  

a c t i v e  on t h e  c a r d i o v a s c u l a r  s y s te m  d i r e c t l y ,  o r  

t h a t  i t  c a n  a f f e c t  i t  i n  some way u n a s s o c i a t e d  

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

I t  was d e c i d e d  t h e r e f o r e  t o  i n v e s t i g a t e  t h e  

e f f e c t  o f  ALA on v a r i o u s  p h a r m a c o l o g i c a l  p r e ­

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

v a s c u l a r  n a t u r e .  T h ree  p r e p a r a t i o n s  w ere  u s e d :  

The a n a e s t h e t i s e d  r a t  b lo o d  p r e s s u r e  p r e p a r a t i o n ,  

t h e  p i t h e d  r a t  b lo o d  p r e s s u r e  p r e p a r a t i o n  and 

t h e  ' i n  v i t r o *  i s o l a t e d  p e r f u s e d  r a b b i t  e a r  

a r t e r y  p r e p a r a t i o n .



A n a e s t h e t i s e d  R a t  P r e p a r a t i o n  - a )

Male S p ra g u e  Dawley r a t s  (2 0 0 -2 3 0 g )  w ere  u s e d  

i n  t h e s e  s t u d i e s .  I n  a lm o s t  e v e r y  c a s e  t h e  a n a e s ­

t h e t i c  u s e d  was sod ium  p e n t o b a r b i t o n e  (N e m b u ta l ,  

A b b o t L a b o r a t o r i e s ) .  I n  a  few  e x p e r i m e n t s ,  h o w e v e r ,  

o t h e r  a n a e s t h e t i c s  w ere  u s e d  i n  o r d e r  t o  a s c e r t a i n  

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

r e s u l t s  o b t a i n e d  w i t h  ALA. I t  was fo u n d  t h a t  none  

o f  t h e  f o l l o w i n g  c h a n g e d  t h e  r e s p o n s e  t o  ALA w h ic h  

was i n i t i a l l y  f o u n d  u n d e r  N em buta l a n a e s t h e s i a : -  

u r e t h a n e  1 . 3 g / k g  o ( c h l o r a l o s e - u r e t h a n e  m i x t u r e ,  

^0 ^m g /k g  c h l o r a l o s e  lOOmg/kg.

Method

The a n im a l  was g i v e n  an  . i n t r a p e r i t o n e a l  i n ­

j e c t i o n  o f  sod ium  p e n t o b a r b i t o n e  60m g/kg i n  a  

volum e o f  0 . 2 - 0 . 23m l. A n a e s t h e s i a  was t e s t e d  f o r  

by  o b s e r v i n g  t h e  a b s e n c e  o f  w i th d r a w a l  and  c o r n e a l  

r e f l e x e s .  T h is  u s u a l l y  o c c u r r e d  tw e n ty  t o  t h i r t y  

m in u te s  a f t e r  i n j e c t i o n .  I f  a n a e s t h e s i a  h ad  n o t  

d e v e lo p e d  i n  t h i s  t im e  a  f u r t h e r  3mg o f  a n a e s t h e t i c  

was a d m i n i s t e r e d .  W ith  t h e  d o se  o f  p e n t o b a r b i t o n e  

u s e d  t h e r e  was r a r e l y  any  e v id e n c e  o f  c y a n o s i s  o r  

s e v e r e  r e s p i r a t o r y  d e p r e s s i o n .

When a n a e s t h e s i a  was d e v e lo p e d  t h e  r a t  was 

l a i d  on i t s  b a c k  and  p i n n e d  t h r o u g h  th e  l im b s  on 

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

t a b l e .  A p i e c e  o f  s k i n  was c u t  f ro m  t h e  n e c k  and  

t h e  t r a c h e a  e x p o s e d  by  b l u n t  d i s s e c t i o n .  A s m a l l



c u t  was made i n  t h e  t r a c h e a  and a  t r a c h e a l  c a n n u l a  

i n s e r t e d  and t i e d  i n  p l a c e .  Any t r a c h e a l  mucous 

was rem oved  by  m eans o f  a  t h i n  p l a s t i c  tu b e  a t t a c h e d  

t o  a  s y r i n g e .

A c a r o t i d  a r t e r y  was t h e n  d i s s e c t e d  o u t ,  

f r e e d  f ro m  i t s  a s s o c i a t e d  n e rv e  and c o n n e c t i v e  

t i s s u e  and t i e d  o f f  to w a rd s  t h e  h e ad  e n d .  A 

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

f a r  to w a rd s  t h e  h e a r t  a s  p o s s i b l e .  A t h r e a d  was 

p u l l e d  b e n e a t h  t h e  a r t e r y  b e tw e e n  th e  t i e  and th e  

c l i p s .  On t h i s  p a r t  o f  t h e  a r t e r y  a  s l i g h t  c u t  

was made s u f f i c i e n t  t o  a l l o w  th e  e n t r y  o f  t h e  end 

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

was e n t e r e d  i n t o  t h e  lum en o f  th e  a r t e r y  and t h i s  

was u s e d  t o  g u id e  i n  a  f i n e  h e p a r i n / s a l i n e  f i l l e d  

a r t e r i a l  c a n n u l a .  When t h i s  was e n t e r e d  th e  

f o r c e p s  w ere  rem oved  c a r e f u l l y  and th e  c a n n u la  

t i e d  i n  p l a c e .  The f r e e  end  o f  t h e  c a n n u l a  was 

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

a  p r e s s u r e  t r a n s d u c e r  ( D e v ic e s  ty p e  2ST) w h ic h  

d i s p l a y e d  b lo o d  p r e s s u r e  on a  D e v ic e s  M2 c h a r t  

r e c o r d e r .  The b u l l d o g  c l i p  was t h e n  rem oved and 

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

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

a r t i f i c i a l  r e s p i r a t i o n  e f f e c t e d .  T h is  was m a in ­

t a i n e d  th r o u g h o u t  t h e  e x p e r i m e n t .

A p i e c e  o f  s k i n  was c u t  f rom  a h in d  l e g  and 

th e  f e m o r a l  v e i n  e x p o se d  by  b l u n t  d i s s e c t i o n .

T h is  was d i s s e c t e d  f r e e  f ro m  th e  a s s o c i a t e d  a r t e r y .



n e r v e  and  c o n n e c t i v e  t i s s u e .  Two t h r e a d s  w ere  

p u l l e d  u n d e r n e a t h  and  l e f t  f r e e .  A b u l l d o g  c l i p  

was c l i p p e d  i n  p o s i t i o n  a t  t h e  body  end  o f  t h e  

v e i n  w h ic h  was t h e n  e n g o rg e d  w i t h  b lo o d  b y  s t r o k i n g  

g e n t l y  to w a rd s  t h e  c l i p .  A t h r e a d  was t h e n  t i e d  

ro u n d  t h e  f o o t  end  o f  t h e  v e i n .  I n  a  s i m i l a r  

m anner t o  t h e  a r t e r y  t h e  v e i n  was s n ip p e d  and a 

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

r e m a in in g  t h r e a d .  A t t a c h e d  t o  t h e  v e n o u s  c a n n u l a  

was a  s a l i n e  f i l l e d  r u b b e r  t t ib e  w h ic h  r a n  t h r o u g h  

an  i n j e c t i o n  b l o c k  t o  a  c o n s t a n t  volum e b u r e t t e  

f i l l e d  w i t h  s a l i n e .  By t h i s  means d r u g s  c o u ld  

be  i n j e c t e d  i n t o  t h e  r u b b e r  t u b i n g  h e l d  r i g i d  i n  

t h e  i n j e c t i o n  b l o c k  and h e n c e  w ashed w i t h  s a l i n e  

i n t o  and  t h r o u g h  t h e  v e n o u s  c a n n u la  i n t o  t h e  v e i n .

The volum e o f  i n j e c t e d  d ru g  p l u s  s a l i n e  was 

k e p t  c o n s t a n t  a s  f a r  a s  p o s s i b l e  t o  0 .5 m l  t o t a l .

I n  m ost a n im a l s  s u c h  an  i n j e c t e d  volum e h a d  l i t t l e  

e f f e c t  on b lo o d  volum e a s  o b s e r v e d  b y  t h e  e f f e c t  

on b lo o d  p r e s s u r e .  So t o o ,  w here  p o s s i b l e ,  t h e  

d r u g s  w ere  i n j e c t e d  a t  r e g u l a r  i n t e r v a l s  u s u a l l y  

e v e r y  t h r e e  m i n u t e s .  V/here t h e  r e s p o n s e  o f  t h e  

d ru g  was g r e a t e r  t h a n  t h i s ,  h o w e v e r ,  t h e  i n t e r v a l  

was a c c o r d i n g l y  a l t e r e d .  When i t  was d e s i r e d  t o  

i n f u s e  a  d ru g  c o n s t a n t l y  w h i l e  i n j e c t i n g  a l s o ,  

t h e  o t h e r  f e m o r a l  v e i n  was a l s o  d i s s e c t e d  f r e e  

and c a n n u l a t e d ,  t h e  c a n n u l a  i n  t h i s  c a s e  b e i n g  

a t t a c h e d  t o  a s lo w  i n j e c t i o n  a p p a r a t u s  c o n t a i n i n g  a



s y r i n g e  o f  t h e  r e q u i r e d  s o l u t i o n .  I n  f o u r  r a t s ,

EGG t r a c e s  w ere  r u n  d u r i n g  t h e  e x p e r i m e n t .

The P i t h e d  R a t  P r e p a r a t i o n  ( F i g . 1 8 ) .

The m etho d  u s e d  i n  p r e p a r i n g  t h e  p i t h e d  r a t  

was b a s i c a l l y  t h a t  d e s c r i b e d  b y  G i l l e s p i e  e t  a l ,  

( 1 9 7 0 ) .  A m ale  S p ra g u e  Dawley r a t  ( 2 3 0 - 2 0 0 g )  was 

a n a e s t h e t i s e d  w i t h  t r i c h l o r o e t h y l e n e  ( T r i l e n e ) ,  a  

t r a c h e a  c a n n u l a  was i n s e r t e d  and  t h e  a n im a l  was 

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

( 1 5  S .W .G .)  t h r o u g h  t h e  o r b i t  and  t h e  fo ra m e n  magnum 

and  down i n t o  t h e  s p i n a l  co lum n t o  t h e  l e v e l  o f  t h e  

s i x t h  c e r v r a l  v e r t e b r a .  T h ro u g h  t h i s  tu b e  was 

p a s s e d  a  T e f l o n  tu b e  (0.16mm O .D .)  w h ic h  a c t e d  a s  

an  i n s u l a t o r  and  t h r o u g h  t h i s  a  f i n e  s t e e l  t u b e  (2 5  

S .W .G .)  w h ic h  was e x t r u d e d  a t  t h e  s a c r a l  end  a n d  so  

c o m p le te d  t h e  p i t h i n g .  A s t e e l  r o d  (1 3  S .W .G .)  was 

i n s e r t e d  b e h in d  t h e  s k u l l  and  p u s h e d  down b e tw e e n  

t h e  v e r t e b r a l  co lum n and  t h e  s k i n  t o  a c t  a s  an  i n ­

d i f f e r e n t  e l e c t r o d e .

The l e v e l  o f  s t i m u l a t i o n  was d e t e r m i n e d  by  

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

The num ber o f  s e g m e n ts  s t i m u l a t e d  was d e t e r m i n e d  

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

i n  th e  v e r t e b r a l  c a n a l .  A c c o rd in g  t o  G i l l e s p i e  

e t  a l ,  ( 1 9 7 0 ) t h e  l e n g t h  o f  t h e  v e r t e b r a l  co lum n 

v a r i e s  l i t t l e ,  and  so  i n  p i t h i n g  t h e  a n im a l s  a  

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

was u s e d ,  t h e  p o s i t i o n  and  l e n g t h  o f  t h e  s t i m u l a t i n g



F ig u re  1 8 .

X-ray photograph, of the 
pithed rat preparation.
Tne spinal electrode can 
be seen in place in the 
vertebral column. The dark 
line on the left is the 
indifferent electrode.
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e l e c t r o d e  e x p o se d  i n  t h e  co lum n b e in g  d e te r m i n e d  

f ro m  t h e  l e n g t h  o f  T e f l o n  and s t e e l  p r o t r u d i n g  

f ro m  t h e  s k u l l .

I m m e d ia t e ly  a f t e r  p i t h i n g ,  t h e  t r a c h e a l  

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

a r t i f i c i a l  r e s p i r a t i o n  e f f e c t e d .  The a n im a l  was 

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

I n j e c t i o n  o f  d r u g s  a s  d e s c r i b e d  above f o r  t h e  

a n a e s t h e t i s e d  a n im a l .  An i n j e c t i o n  o f  p a n c u ro n iu m  

( im g /k g )  was g iv e n  t o  a b o l i s h  any  m u sc le  t w i t c h i n g  

r e s u l t i n g  f ro m  s t i m u l a t i o n .

S t i m u l a t i o n  o f  t h e  s y m p a th e t i c  o u t f lo w  

o p p o s i t e  T7“ 9 was c a r r i e d  o u t  t o  g iv e  an i n c r e a s e  

i n  b lo o d  p r e s s u r e  w h ic h  was s p e c i f i c a l l y  a  r e s u l t  

o f  v a s o - c o n s t r i c t i o n .  S i m i l a r l y  s t i m u l a t i o n  o f  

t h e  s y m p a th e t i c  o u t f lo w  o p p o s i t e  C y -T l was u s e d  t o  

g iv e  an  a lm o s t  s p e c i f i c  c a r d i o - a c c e l e r a t o r  r e s p o n s e .  

H i s ta m in e  R e le a s e

ALA was t e s t e d  f o r  p o t e n t i a l  h i s t a m i n e  

r e l e a s i n g  a b i l i t y  by  two m e th o d s .  The f i r s t  was 

s e l f - a d m i n i s t r a t i o n  o f  0 .2m g ALA i n  0 .0 2 m l s a l i n e  

b y  s u b c u ta n e o u s  i n j e c t i o n ,  and o b s e r v i n g  f o r  t h e  

'T r i p l e  r e s p o n s e '  c h a r a c t e r i s t i c  o f  h i s t a m i n e  

r e l e a s e  (L ew is  and  G ra n t  1 9 2 4 ) .  As a  c o n t r o l ,  

0 .0 2 m l s a l i n e  was a d m i n i s t e r e d  s i m u l t a n e o u s l y .

The se c o n d  m ethod  was b a s e d  on t h a t  d e s c r i b e d  

by  F a w c e t t  ( 1 9 5 ^ )  i u  w h ic h  a  s o l u t i o n  o f  t h e  s u s ­

p e c t e d  h i s t a m i n e  r e l e a s e r  i s  i n j e c t e d  i n t o  th e



p e r i t o n e a l  c a v i t y  o f  an  a n im a l .  T h is  i s  t h e n  

l e f t  f o r  s u f f i c i e n t  t im e  f o r  t h e  s u s p e c t e d  d ru g  

t o  a c t  on t h e  h i s t a m i n e  c o n t a i n i n g  m e s e n t e r i c  

m a s t  c e l l s ,  and t h e n  t h e  s o l u t i o n  i s  rem oved  

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

g r o u p s  o f  f o u r  r a t s  w ere  i n j e c t e d  i n t r a p e r i t o n e a l l y  

w i t h  e i t h e r  20ml s a l i n e ,  20ml o f  s a l i n e  c o n t a i n i n g  

I p g / m l  o f  t h e  h i s t a m i n e  r e l e a s e r  4 8 / 8 0 ,  o r  20ml 

s a l i n e  c o n t a i n i n g  Im g/m l ALA. The r a t s  w ere  

t h e n  l e f t  f o r  t h i r t y  m in u te s  a t  w h ic h  t im e  t h e y  

w ere  k i l l e d  by  a  b lo w  on t h e  h e a d .  The abdomen 

was c u t  o p e n ,  and  t h e  r e m a in i n g  i n t r a p e r i t o n e a l  

f l u i d  c a r e f u l l y  rem oved  b y  s y r i n g e .  The f l u i d  

was t h e n  a s s a y e d  f o r  h i s t a m i n e  c o n t e n t  on t h e  

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

C a p i l l a r y  P e r m e a b i l i t y

To s e e  i f  ALA i n c r e a s e d  c a p i l l a r y  p e r m e a b i l i t y ,  

t h e  m eth od  d e s c r i b e d  b y  F e l d b e r g  & M i le s  (1 9 5 5 )  was 

a d o p te d .  T h ree  g ro u p s  o f  two r a t s  w ere  a n a e s t h e t i s e d  

w i t h  N e m b u ta l .  E ac h  r a t  was t h e n  g iv e n  an i n t r a ­

v e n o u s  i n j e c t i o n  o f  E v an s  b l u e .  T h is  was a l lo w e d  t o  

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

was g i v e n  o f  e i t h e r  s a l i n e ,  h i s t a m i n e  (lO O pg) o r  ALA 

( lO m g ). An i n c r e a s e  o f  c a p i l l a r y  p e r m e a b i l i t y  was 

lo o k e d  f o r  b y  e x a m in in g  t h e  v a r i o u s  t i s s u e s  f o r  

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

c a p i l l a r y  w a l l s .



TABLE 11

BLOCKING AGENTS USED IN THE 
ANAESTHETISE!) RaT PREPARATION

B lo c k e r
N orm al E f f e c t i v e  

Dose
How B lo c k  Was 

E s t a b l i s h e d

P h e n to la m in e Im g /k g A b o l i s h e d  p r e s s o r  
r e s p o n s e  t o  i n ­
j e c t e d  c a t e c h o l a ­
m in e s .

P r o p r a n o l o l 0 .5 m g /k g B lo c k  o f  c a r d i a c  
r e s p o n s e  t o  i s o -  
p r e n a l i n e .

A t r o p i n e 1 . 2m g/kg B lo c k  o f  d e p r e s s o r  
r e s p o n s e  t o  a c e t y l ­
c h o l i n e  .

Hexame th o n iu m 1 . 2m g/kg A b o l i s h e d  p r e s s o r  
r e s p o n s e  t o  i n ­
j e c t e d  n i c o t i n e .

M epyram ine 2 0 0 - 5 0 0 p g /k g A b o l i s h e d  d e p r e s s o r  
r e s p o n s e  t o  i n ­
j e c t e d  h i s t a m i n e .



P e r f u s e d  R a b b i t  E a r  A r t e r y

An a n g o r a  r a b b i t  o f  e i t h e r  s e x  (1-J--3kg) was 

k i l l e d  b y  an  i n j e c t i o n  v i a  an  e a r  v e i n  o f  a  l e t h a l  

d o s e  o f  so d iu m  p e n t o b a r b i t o n e *  T h is  n o r m a l ly  

r e q u i r e d  an  i n j e c t i o n  o f  some 120mg p e n t o b a r b i t o n e  

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

g r e a t e r  d o s e  f o r  t h e  l a r g e r  o n e s .  The a n im a l s  

d i e d  b y  t h i s  m etho d  q u i e t l y  and  w i t h o u t  o b v io u s  

e x c i t e m e n t .

I m m e d ia t e ly  a f t e r  d e a t h  t h e  e a r s  w ere  rem oved  

and  s h a v e d .  The l a y e r  o f  s k i n  above t h e  c e n t r a l  

e a r  a r t e r y  was s l i t  down e a c h  s i d e  o f  t h e  a r t e r y  

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

b l a d e ,  w h i l e  g e n t l y  p u l l i n g  i t  away f ro m  t h e  

s u r f a c e  o f  t h e  e a r .  T h is  e x p o se d  t h e  a r t e r y  

s u r r o u n d e d  b y  c o n n e c t i v e  t i s s u e .  N e x t ,  u s i n g  

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

c l e a r e d  o f  s u r r o u n d i n g  c o n n e c t i v e  t i s s u e ,  c a n n u l a t e d  

w i t h  a  K r e b s - f i l l e d  c a n n u l a ,  and  t h e  c a n n u l a  t i e d  

i n  p l a c e .

By m eans o f  t h e  m ic r o s c o p e  t h e  a r t e r y  was 

f o l l o w e d  up i t s  l e n g t h  and  any  b r a n c h  a r t e r i e s  

w ere  e i t h e r  t i e d  o f f ,  o r  i f  t h e y  w ere  s m a l l  en o u g h , 

s e a l e d  by  p u l l i n g  b e tw e e n  two p a i r s  o f  f o r c e p s .

T h is  c o m p le t e d ,  t h e  r e q u i r e d  l e n g t h  o f  a r t e r y  was 

c u t  o f f  and  rem oved  w i t h  t h e  c a n n u l a  i n t a c t ,  t o  an 

a r t e r y  b a t h  c o n t a i n i n g  K re b s  s o l u t i o n  a t  37°C b e in g



TABLE 12 

COMPOSITION OF KEŒBS SOLUTION

m i l l i  m o la r  Grams p e r  l i t r e  

Sodium  c h l o r i d e  1 1 3 .0 0  6 .6 0

P o t a s s i u m  c h l o r i d e  4 .7 0  0 .3 5

C a lc iu m  c h l o r i d e
( d i h y d r a t e )  2 .3 0  ■ 0 .4 9

P o t a s Siam d ih y d r o g e n
p h o s p h a te  1 .2 0  0 .1 6

Magnesium s u l p h a t e
( s e p t a h y d r a t e )  1 .2 0  0 .3 9

Sodium  h y d ro g e n
c a r b o n a t e  2 3 -0 0  2 .1 0

G lu co se  1 1 .3 0  2 .1 0



1 1 1

c o n t i n u o u s l y  g a s s e d  w i t h  3% 00^  i n  0 ^ .  The t i s s u e  

"was k e p t  m o i s t  w i t h  warmed K re h s  s o l u t i o n  d u r i n g  

t h e  w h o le  o f  t h e  d i s s e c t i o n  p r o c e d u r e .

The a r t e r y  was p e r f u s e d  w i t h  K re b s  a t  a  

p r e s s u r e  o f  80-100m m .Hg. by  means o f  a  'W atso n  M arlow ' 

c o n s t a n t  f l o w  i n d u c e r .  P e r f u s i o n  p r e s s u r e  was 

m o n i t o r e d  an d  d i s p l a y e d  i n  a  s i m i l a r  m anner t o  t h e  

r a t  b l o o d  p r e s s u r e .  S t i m u l a t i o n  o f  t h e  p e r i a r t e r i a l  

s y m p a t h e t i c  n e r v e s  was b y  m eans o f  r i n g  p l a t i n u m  

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

s t i m u l a t i o n  w as a s  f o l l o w s : -  u s i n g  a  f r e q u e n c y  o f  

10  o r  20 H e r t z ,  a  v o l t a g e  r e s p o n s e  r e l a t i o n s h i p  was 

d e t e r m i n e d .  A s u i t a b l e  su p ra m a x im a l  v o l t a g e  was 

o b t a i n e d ,  t h i s  u s u a l l y  b e i n g  two t im e s  p l u s  30% o f  

t h e  v o l t a g e  g i v i n g  a  t h r e s h o l d  r e s p o n s e .  U s in g  

t h i s  s u p ra m a x im a l  v o l t a g e  a  f r e q u e n c y  r e s p o n s e  

r e l a t i o n s h i p  was d e t e r m i n e d .

When n o r a d r e n a l i n e  was i n j e c t e d ,  i t  was 

i n j e c t e d  d i r e c t l y  i n t o  t h e  b a t h :  and ALA was b o t h

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

medium . A t  t h e  c o n c e n t r a t i o n s  o f  ALA u s e d ,  t h e  

K re b s  was fo u n d  t o  be  an  a d e q u a te  b u f f e r .

I n  t h e  m a j o r i t y  o f  c a s e s  t h e  e x p e r im e n t  t o o k  

t h e  f o l l o w i n g  f o r m : -  A f r e q u e n c y  r e s p o n s e  r e l a t i o n ­

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

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

a  su p ra m a x im a l  v o l t a g e .  A d o se  r e s p o n s e  r e l a t i o n ­

s h i p  t o  n o r a d r e n a l i n e  was t h e n  e s t a b l i s h e d .  T hese



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

w ere  r e p e a t e d  u n t i l  a t  l e a s t  two s e t s  o f  r e p r o ­

d u c i b l e  r e s p o n s e s  w ere  o b t a i n e d .  ALA was t h e n  

ad d ed  t o  t h e  b a t h ,  and  t h e  t i s s u e  p e r f u s e d  w i t h  

K re b s  c o n t a i n i n g  ALA. The d o se  and f r e q u e n c y  

r e s p o n s e s  w ere  t h e n  r e p e a t e d .

R e s u l t s

a )  A n a e s t h e t i s e d  R a t

A s i n g l e  d o s e  o f  ALA was fo u n d  t o  p r o d u c e  

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

a n im a l  ( f i g .  19  ) .  T h is  r e s p o n s e  was u s u a l l y  

e l i c i t e d  w i t h  a  d o s e  o f  3 0 0 - 1 , OOOpg ALA s a l t ;  

t h i s  p r o d u c e d  a  f a l l  o f  some 10-13mm E g , w h ic h  

g r a d u a l l y  r e t u r n e d  t o  n o rm a l  o v e r  1 -3  m i n u t e s .  

S m a l l e r  d o s e s  w e r e ,  h o w e v e r ,  e f f e c t i v e ,  e . g .  a  

d o s e  o f  123pg  e l i c i t e d  a  f a l l  o f  8mm Eg i n  one 

a n im a l ,  t h e  p r e s s u r e  r e t u r n i n g  t o  n o rm a l  a f t e r  

a b o u t  one m in u te .

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

ALA was u s u a l l y  im m e d ia te ,  and i f  a s s o c i a t e d  

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

o n ly  i n  t h e  i n i t i a l  s t a g e s .  A t t h e  new p r e s s u r e ,  

and  a s  t h e  p r e s s u r e  r e t u r n e d  t o  n o r m a l ,  t h e  h e a r t  

r a t e  was n o r m a l .  I t  was n o t  a s s o c i a t e d  w i t h  any  

a b n o r m a l i t i e s  on t h e  EGG t r a c e s  w h ic h  w ere  r u n  on 

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

I n  r e s p o n s e  t o  a  s i n g l e  i n j e c t i o n  o f  ALA,



F igu re  1 9 .
This trace shows the effect of ALA on 

the anaesthetised rat blood pressure. On th e  trace 
'S' stands for same dose i.e. 1^6 ug . of AIjA.
This animal was particularily sensitive to the 
action of ALA.

•,» T V-.»
1 1 0 m m . H g .

M i n u t e s

I I 156pg t t . t I
S a l i n e  AL A (S)  (S)  (S )  7 8 0  p g  ALA

0 ' 3  m l .

EFFECT O F  ALvA O N  RAT B . P .



Figure this figure it can he seen that
the response to AhA is decreased, with cont 
inuous administration, thi 

is seen to he reversed by hiscamine.

same dose
Ou tne trace 

i.e. 390ug., ALA.

process, however, 
represents

I l Omm , H g .

8 0  m m . Hg

H i s t a m i n e  ALA 

5  p g  s a l t  (S)

A L A ( S )S a l i n e  ALA 

0 * 3 ml . 3 9 0 pg



R e s p o n s e ,  a b s o l u t e  p r e s s u r e  i n  mm.Hg.
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t h e r e  was a  g r e a t  d e a l  o f  v a r i a t i o n  w i t h i n  i n ­

d i v i d u a l  a n i m a l s .  Thus a l t h o u g h  a l l  a n im a l s  

show ed a  d e c r e a s e  i n  b lo o d  p r e s s u r e  i n  r e s p o n s e  

t o  ALA, t h e  r e s p o n s e  t o  a  r e p e a t e d  d o se  i n  any- 

g i v e n  a n im a l  was o f t e n  i n c o n s i s t e n t .  The u s u a l  

f i n d i n g  was t h a t  t h e  f i r s t  few  d o s e s  p r o d u c e d  

r e s p o n s e s  o f  i n c r e a s i n g  m a g n i tu d e .  R e p e t i t i v e  

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

r e s p o n s e  t o  ALA, and  o c c a s i o n a l l y  no r e s p o n s e  a t  

a l l .  ( f i g . 2 0 ) .  To p r e p a r e  a  d o s e - r e s p o n s e  c u r v e ,

t h e r e f o r e ,  t h e  m eans o f  t h e  d i f f e r e n t  r e s p o n s e s  

p r o d u c e d  b y  d o s e s  o f  ALA i n  a  num ber o f  a n im a l s  

was t a k e n  ( f i g . 2 1 ) .

When ALA was g i v e n  c o n t i n u o u s l y  by  i n t r a ­

v e n o u s  i n f u s i o n ,  a  m a i n t a i n e d  f a l l  i n  p r e s s u r e  

was e v i d e n t ,  w h ic h  g r a d u a l l y  r e t u r n e d  t o  n o rm a l  

when t h e  i n f u s i o n  was d i s c o n t i n u e d .  T h u s ,  f o r  

e x a m p le ,  an i n f u s i o n  o f  lOOug ALA/min. p ro d u c e d  

a  f a l l  i n  b lo o d  p r e s s u r e  o f  15mm Hg a f t e r  1-J m in s .  

T h is  was m a i n t a i n e d ,  and  t h e  i n f u s i o n  was s to p p e d  

a f t e r  t e n  m i n u t e s .  The p r e s s u r e  r e m a in e d  a t  t h i s  

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

r o s e  and r e t - u rn e d  t o  n o rm a l  o v e r  t h e  n e x t  f i v e  

m in u t e s .

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

ALA and t h e n  e i t h e r  a d r e n a l i n e  o r  n o r a d r e n a l i n e  

w ere  a d m i n i s t e r e d ,  t h e r e  was an  im m e d ia te  r e v e r s a l



o f  t h e  ALA r e s p o n s e  a n d ,  a f t e r  t h e  p r e s s o r  r e s p o n s e  

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

t o  n o r m a l .

L o s e - r e s p o n s e  r e l a t i o n s h i p s  w ere  d e te r m in e d  

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

ALA i n  t h e  same a n i m a l s ,  and  no s i g n i f i c a n t  d i f f e r e n c e  

was f o u n d .  S i m i l a r l y  i n t r a v e n o u s  i n f u s i o n s  o f  c a t e ­

c h o la m in e s  w ere  g iv e n  b e f o r e  and  a f t e r  ALA, and  a g a i n  

no  s i g n i f i c a n t  d i f f e r e n c e s  w ere  f o u n d .  The r e s p o n s e  

t o  i n j e c t e d  n i c o t i n e  a f t e r  a t r o p i n e  was s i m i l a r l y  

u n a f f e c t e d  b y  t h e  p r e s e n c e  o f  ALA.

The h y p o t e n s i v e  e f f e c t  o f  ALA was a p p a r e n t  

a f t e r  b l o c k i n g  d o s e s  o f  t h e  f o l l o w i n g :  hexame thonium ., 

p r o p r a n o l o l ,  p h e n to l a m in e  and a t r o p i n e .  ( P i g . 2 2 ) .

The r e s p o n s e  was d e c r e a s e d  a f t e r  t h e s e  d r u g s ,  b u t  so  

t o o  was t h e  r e s t i n g  p r e s s u r e .  Q u a l i t a t i v e l y  th e  

r e s p o n s e  t o  ALA was s i m i l a r  t o  t h a t  o f  h i s t a m i n e ,  

a l t h o u g h  h i s t a m i n e  was more e f f e c t i v e  by  a  f a c t o r  

o f  a b o u t  one h u n d r e d .  A d o se  o f  m ep y ram in e , 

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

s i m i l a r  m a g n i tu d e  t o  t h a t  p ro d u c e d  by  ALA, d e c r e a s e d  

th e  l a t t e r  by  20% b u t  d i d  n o t  b l o c k  i t .  ( P i g .  2 5 ) .

The t e s t s  d e s c r i b e d  a b o v e ,  d e s i g n e d  t o  t e s t  

f o r  e n d o g e n o u s  h i s t a m i n e  r e l e a s e  by  ALA, w ere  n e g a t i v e .  

Thus ALA d i d  n o t  p r o d u c e  a  * t r i p l e  r e s p o n s e '  when 

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

s i g n i f i c a n t  h i s t a m i n e  r e l e a s e  fro m  th e  i n t r a p e r i t o n e a l



Figure 22^
in this trace it can be seen that 

ALA can still produce a fall in B.P. after 
administration of these blocking agents.

7 0 m m . H g . 

50  m m . H g .
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HISTAMINE A N D  ALA AFTER P HE NT OLA MI NE  

P R O P R A N O L O L  A N D  HE XA ME TH O NI U M
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f i g u r e  2 4 .
Tiiis figure demonsrraues the sim­

ilarity in response to iUjAand histamine.
This animal was particularly sensitive to the 
actions of both these agents.

7 S 0 ^  ALA 780 pg  ALA



lü l .

c a v i t i e s  o f  r a t s  b y  ALA, a l t h o u g h  4 8 /8 0  d i d  p ro d u c e  

m a s s iv e  h i s t a m i n e  r e l e a s e .

An i n t e r e s t i n g  o b s e r v a t i o n  was t h a t  h i s t a m i n e  

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

i n d e e d  a p p e a r e d  c a p a b le  o f  m ak ing  th e  a n im a l  r e s ­

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

Thus on m o s t  o c c a s i o n s  t h e  r e s p o n s e  t o  ALA was c o n ­

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

h i s t a m i n e ,  ( f i g .  20 ) .  So t o o ,  a n im a l s  w h ic h  w ere  

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

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

ALA ( f i g .  24  ) .

When a n a e s t h e t i s e d  a n im a l s  w ere  made h y p e r ­

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

o f  hexame th o n iu m , t h e  p r e s s u r e  r e s p o n s e  o f  v a s o ­

p r e s s i n  was a n t a g o n i s e d  by  ALA. A s i m i l a r  a n t a ­

g o n ism  was e v i d e n t  i n  a n im a l s  n o t  g iven  hexame th o n iu m ; 

h o w e v e r  i n  t h i s  c a s e  t h e  r e s p o n s e  t o  v a s o p r e s s i n  

was s l i g h t  and t h e  a n ta g o n is m  by  ALA c o n s e q u e n t l y  

s m a l l e r  and  l e s s  d r a m a t i c .  *

b )  P i t h e d  R a t

I n  t h e  p i t h e d  a n im a l ,  a  d e c r e a s e  i n  b lo o d  

p r e s s u r e  c o u ld  be a s c e r t a i n e d  a f t e r  ALA. Due t o  

t h e  low  r e s t i n g  p r e s s u r e  i n  t h e s e  a n im a l s  t h e  f a l l  

was s m a l l  i n  m a g n i tu d e ;  i t  was h o w e v e r ,  s i m i l a r  t o  

t h a t  p ro d u c e d  b y  an  e q u i - p o t e n t  d o se  o f  h i s t a m i n e  

and  e a s i l y  d i s c r i m i n a t e d  f ro m  a  ' s a l i n e   ̂ r e s p o n s e .

( f i g .  2 5 )  T h is  r e s p o n s e  t o  ALA was a l s o  e v i d e n t

♦The c a p i l l a r y  p e r m e a b i l i t y  e x p e r im e n t s  w ere  
p o s i t i v e  and a r e  d e s c r i b e d  b e lo w .



f i g u r e  25 .

The effect of Al A on 'che pithed rat blood 
pressure. I'D can ue seen from this figure, thaic 
ALA can decrease theh.P. in the pithed animai.

65 mm.Hg.

50 • mm, 
Hg,

0 ,5  ml. 
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lümiQ. Hr;.

f^igure 26.
In the pithed animal, ALA is seen 

to Cause a decrease in B.P. after administration
of vasopressin.
As in other similar 

experiments, the animal 
had cardiac arrest 
following the response to 

ALA.

mm. Hg.

V' J

ALA ,ALA 
Img Img. 0 . 0 2

l.U.
Vaso,

Img.ALA.

( N.B. In this experiment the pressure was displayea 
on a ' 8ervoscribe' chart recorder.)



a f t e r  c T t r e c e p to r  b l o c k  by  p h e n to l a m i n e .

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

r e g i o n  o f  C y -T l  c a u s e d  an  i n c r e a s e  i n  h e a r t  r a t e  

a s  m e a s u re d  by  i n c r e a s i n g  t h e  sp e e d  o f  t h e  c h a r t  

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

r e s p o n s e  t o  s t i m u l a t i o n  o f  10 H e r tz  t h e  h e a r t  r a t e  

i n c r e a s e d  f ro m  f o u r  b e a t s  p e r  se c o n d  t o  s i x  b e a t s  

p e r  s e c o n d .  T h is  o b s e r v a t i o n  was r e p e a t e d ,  and  

t h e n  ALA was g i v e n  ( 4 m g /k g ) . When s t i m u l a t i o n  was 

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

w i t h  no ch an g e  i n  t h e  p r e s e n c e  o f  ALA.

S i m i l a r l y  t h e  b lo o d  p r e s s u r e  was i n c r e a s e d  by  

a lm o s t  s p e c i f i c  v a s o c o n s t r i c t i o n  by  s t i m u l a t i o n  o f  

t h e  s p i n a l  e l e c t r o d e  i n  t h e  T7-9 r e g i o n .  No c a r d i o -  

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

i n c r e a s e d  f ro m  42mm Hg t o  115mm Hg a f t e r  s t i m u l a t i o n  

o f  20 H e r t z .  A g a in  t h i s  r e s p o n s e  was r e p r o d u c e d  and 

t h e n  ALA (4 m g /k g )  was g i v e n .  Once more no c h a n g e  i n  

t h e  r e s p o n s e  t o  s t i m u l a t i o n  o c c u r r e d  a f t e r  ALA. I n  

t h r e e  s e p a i r a te  p i t h e d  a n im a l s  an  i n j e c t i o n  o f  v a s o ­

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

a s  t h e s e  a n im a l s  a r e  p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  

p r e s s o r  a c t i o n  o f  t h e  d r u g  (Goodman and  G ilm an 1 9 7 1 ) .  

T h is  r e s p o n s e  t o  v a s o p r e s s i n  was r e p r o d u c e d  and  t h e n  

d u r i n g  t h e  p r o g r e s s  o f  a  f u r t h e r  r e s p o n s e  ALA was 

g i v e n .  ALA r e v e r s e d  t h e  e l e v a t e d  p r e s s u r e  p r o d u c e d  

b y  v a s o p r e s s i n ,  and  i n  two a n im a l s  o u t  o f  t h e  t h r e e .



t h i s  e f f e c t  was f o l l o w e d  b y  c a r d i a c  a r r e ^  ( f i g .  2 6 ) .

I f  ALA was g iv e n  b e f o r e  an i n j e c t i o n  o f  v a s o ­

p r e s s i n ,  no o b v io u s  e f f e c t  on t h e  r e s p o n s e  was 

a p p a r e n t .

The r e s p o n s e  o f  t h e  p i t h e d  a n im a l  t o  n i c o t i n e  

i n  t h e  a b s e n c e  and  p r e s e n c e  o f  ALA was a l s o  d e t e r m i n e d ,  

and  a g a i n  ALA h a d  no s i g n i f i c a n t  e f f e c t .

D i s c u s s i o n  ( a and  b )

B lood  P r e s s u r e  E x p e r im e n ts

The o u t s t a n d i n g  e f f e c t  o f  ALA i n  t h e  r a t  i s  t o  

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

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

t e n s i o n  o f  A IP . An e l u c i d a t i o n  o f  t h e  e x a c t  m echan ism  

o f  ALA i n  l o w e r i n g  b lo o d  p r e s s u r e  was made more 

d i f f i c u l t  t o  a n a l y s e  b y  t h e  i n c o n s i s t e n c y  o f  t h e  s i z e  

o f  t h e  r e s p o n s e .

N e v e r t h e l e s s  i t  was c l e a r  t h a t  a s  ALA was s t i l l  

c a p a b le  o f  p r o d u c i n g  t h i s  r e s p o n s e  a f t e r  hexame th o n iu m  

i n  t h e  a n a e s t h e t i s e d  a n im a l ,  and i n  t h e  p i t h e d  a n im a l ,  

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

by  a f f e c t i n g  g a n g l i o n i c  t r a n s m i s s i o n  o r  c e n t r a l l y .

So to o  t h e  p r e s e n c e  o f  i t s  e f f e c t  a f t e r  p r o p r a n o l o l  

s u g g e s t s  t h a t  i t  d o e s  n o t  a c t  by  an  i n h i b i t o r y  a c t i o n  

on p  a d re n o  r e c e p t o r s ;  s i m i l a r l y  t h e  p e r s i s t e n c e  o f  

t h e  ALA e f f e c t  a f t e r  p h e n t o l a m i n e ,  and t h e  a b s e n c e  

o f  any  e f f e c t  o f  ALA on t h e  n i c o t i n e  r e s p o n s e  and t h e  

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

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



i n h i b i t i o n  o f  o ( a & r e & o r e c e p to r s ,  w h e th e r  t h e  l a t t e r  

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

b y  c i r c u l a t i n g  c a t e c h o l a m i n e s .  T h a t  ALA i s  a c t i v e  

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

i s  n o t  m e d ia t e d  by  a  c h o l i n e r g i c  m echan ism  o r  b y  an  

e f f e c t  o n / o r  l i k e  a c e t g c h o l i n e  d i r e c t l y .

The e x p e r i m e n t s  w i t h  t h e  c a t e c h o la m in e  i n ­

f u s i o n s  i n  t h e  p r e s e n c e  and a b s e n c e  o f  ALA, i n d i c a t e  

t h a t  e v e n  a t  m a i n t a i n e d  e l e v a t e d  l e v e l s  o f  c a t e ­

c h o la m in e ,  a s  o c c u r  i n  AIP ( S o h le y  e t  a l ,  1 9 70 )  ALA 

h a s  l i t t l e  o b s e r v a b l e  i n t e r a c t i o n .  On a  few  

o c c a s i o n s  ALA a p p e a r e d  t o  p o t e n t i a t e  t h e  e f f e c t  o f  

t h e  c a t e c h o l a m i n e s ,  h o w e v e r  s i m i l a r  r e s p o n s e s  w ere  

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

The a b s e n c e  o f  any  e f f e c t  o f  ALA on t h e  

r e s p o n s e  o f  t h e  h e a r t  t o  s t i m u l a t i o n  o f  i t s  sym­

p a t h e t i c  a i r f l o w  and  t h e  a b s e n c e  o f  any  EGG 

a b n o r m a l i t i e s , a f te r  i n j e c t i o n  o f  ALA, i n d i c a t e  

t h a t  t h i s  i s  n o t  t h e  s i t e  o f  a c t i o n  o f  ALA. The 

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

w o u ld  be  c o n s i s t e n t  w i t h  a  t r a n s i e n t  ch an g e  i n  r a t e  

a s s o c i a t e d  w i t h  t h e  h e a r t  c h a n g in g  s i z e  t o  accom m odate 

a  d e c r e a s e d  v e n o u s  r e t u r n .

T h e re  i s  a  s t r i k i n g  r e s e m b la n c e  b e tw e e n  t h e  

r e s p o n s e  o f  b o t h  a n a e s t h e t i s e d  and p i t h e d  a n im a l s  

t o  h i s t a m i n e  and  t o  ALA. Q u a l i t a t i v e l y  t h e  r e s p o n s e s  

a r e  v e r y  s i m i l a r  and when a n im a l s  a p p e a re d  t o  be h y p e r ­

s e n s i t i v e  t o  h i s t a m i n e ,  t h e  same was fo u n d  t o  be  t h e



c a s e  w i t h  ALA ( c f .  P i g .  2 4 ) .  T h is  c o u ld  o f  

c o u r s e ,  h av e  r e p r e s e n t e d  o n ly  t h a t  t h e s e  a n im a l s  

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

N e v e r t h e l e s s ,  t h e  s i m i l a r i t y  i n  r e s p o n s e  t o  t h e s e  

two d r u g s  was e v i d e n t  on many o c c a s i o n s .  ALA 

d i d  i n d e e d  show p r o p e r t i e s  w h ic h  w ould  he c o n ­

s i s t e n t  w i t h  a  d r u g  b e i n g  an  e n d o g en o u s  h i s t a m i n e  

r e l e a s e r ,  ( P a t o n  1957)*  However t h e  e x p e r i m e n t s  

d e s i g n e d  t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y  w ere  

n e g a t i v e .

The p o s s i b i l i t y  t h a t  ALA h a s  a  h i s t a m i n e  

l i k e  a c t i o n  on H^ r e c e p t o r s  was a l s o  deemed 

u n l i k e l y  a s  m epyram ine  d i d  n o t  b l o c k  t h e  e f f e c t  

o f  ALA a t  a  d o se  s u f f i c i e n t  t o  b l o c k  an  e q u i v a ­

l e n t  h y p o t e n s i v e  a c t i o n  o f  h i s t a m i n e .  An Hg 

a c t i o n  w o u ld ,  o f  c o u r s e ,  h av e  r e s u l t e d  i n  a  

p r e s s o r  r e s p o n s e .

The a p p a r e n t  p o t e n t i a t i o n  o f  t h e  r e s p o n s e  

t o  ALA b y  a  p r e v i o u s  i n j e c t i o n  o f  h i s t a m i n e  i s  

an  o b s e r v a t i o n ,  t h e  b a s i s  o f  w h ic h  i s  o b s c u r e .

I t  may h av e  b e e n  r e l e v a n t  t o  a  r o l e  o f  ALA a s  

an  e n d o g en o u s  h i s t a m i n e  r e l e a s e r ;  h o w e v e r ,  a s  

we h a v e  s a i d ,  ALA d o e s  n o t  a p p e a r  t o  a c t  i n  t h i s  

way. I t  i s  p o s s i b l e  t h a t  h i s t a m i n e  g iv e n  b e f o r e  

ALA ’p r im e s*  t h e  r e c e p t o r  s i t e  a t  w h ic h  ALA a c t s ,  

m ak ing  t h e  ALA i n t e r a c t i o n  more e f f i c i e n t .

Such  a  p o s s i b i l i t y  i s  h o w ev er  p u r e l y  s p e c u l a t i v e .



The e f f e c t  o f  ALA on r e v e r s i n g  t h e  p r e s s o r  

r e s p o n s e  t o  v a s o p r e s s i n  i s  i n f o r m a t i v e .  Thus 

i t  d e m o n s t r a t e s  t h a t  when t h e  p r e s s u r e  i n  t h e  

p i t h e d  a n im a l  f o r  e x a m p le ,  i s  r a i s e d  by  a  d i r e c t  

v a s o c o n s t r i c t i o n ,  ALA c a n  e x e r t  an  e f f e c t  a s  

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

n o rm a l  a n a e s t h e t i s e d  a n im a l .  T h is  i s  e v id e n c e  

t h a t  t h e  w h o le  e f f e c t  o f  ALA i s  m e d ia t e d  b y  a  

m echan ism  n o t  i n v o l v i n g  t h e  c e n t r a l  o r  p e r i p h e r a l  

n e r v o u s  s y s t e m s .

The r e v e r s a l  o f  t h e  e f f e c t  o f  v a s o p r e s s i n  

by  ALA i s  l i k e l y  t o  be  an  e f f e c t  p r e s e n t  b e c a u s e  

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

t o  v a s o p r e s s i n ,  a s  o p p o se d  t o  a  p h a r m a c o l o g i c a l  

a n ta g o n is m  o f  v a s o p r e s s i n  a t  t h e  s i t e  o f  v a s o ­

p r e s s i n ' s  a c t i o n .  I f  t h e  l a t t e r  was t h e  c a s e ,  

a  p r e v i o u s  i n j e c t i o n  o f  ALA w ould  be  e x p e c t e d  

t o  a n t a g o n i s e  s u b s e q u e n t  r e s p o n s e s  t o  v a s o p r e s s i n :  

an o b s e r v a t i o n  w h ic h  was n o t  e v i d e n t .

The q u e s t i o n  r e m a in i n g  t h e r e f o r e ,  i s  w h a t  

i s  t h e  s i t e  o f  a c t i o n  o f  ALA? C o n s i d e r a t i o n  

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

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

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

o f  o r  d i l a t i o n  o f  t h e  c a p i l l a r y  b e d  i n  a  m anner 

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

h i s t a m i n e .  ( F i g . 27)
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From t h e  c a p i l l a r y  p e r m e a b i l i t y  e x p e r i m e n t s  

e v id e n c e  was o b t a i n e d  t h a t  ALA may a c t  a t  t h i s  

s i t e .  Thus on o b j e c t i v e  o b s e r v a t i o n  i t  was 

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

a ro u n d  t h e  b lo o d  v e s s e l s  i n  a  s k i n  f l a p  o f  b o t h  

t h e  ALA and h i s t a m i n e  t r e a t e d  a n i m a l s ,  com pared  

w i t h  t h e  c o n t r o l s .  * T h i s ,  h o w ever  was n o t  n e a r l y  

so  d r a m a t i c  n o r  e v i d e n t  a s  i s  s e e n  w i t h  o t h e r  

s u b s t a n c e s  ( s u e h a s  ^ ^ ^ 8 0 )  and t h i s  s u g g e s t s  t h a t  

t h e  a c t i o n  o f  ALA was r e l a t i v e l y  weak i n  t h i s  

r e s p e c t .

I t  m u s t  b e  b o rn e  i n  m ind t h a t  t h e  word 

' c a p i l l a r i e s '  u s e d  h e r e  w i t h  r e s p e c t  t o  t h e  

abo ve  e x p e r i m e n t s  r e f e r s  n o t  o n ly  t o  t h e  m or­

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

c a p i l l a r i e s ,  b u t  a l s o  t o  s m a l l  d i a m e t e r  a r t e r i a l s .  

I t  seem s p r o b a b l e ,  t h e r e f o r e ,  t h a t  ALA may e x e r t  

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

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

t h e s e  ' c a p i l l a r i e s ' .  I t  i s  f e l t ,  h o w e v e r ,  t h a t  

s u c h  an  a c t i o n  o f  ALA w ould  n o t  assum e any  s i g n i ­

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

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

r e f e r r e d  to .



• C. I ,

I t  i s  p o s s i b l e  t h a t  t h i s  h y p o t e n s iv e  e f f e c t  

o f  ALA i s  e v i d e n t  i n  s u b j e c t s  w i t h  A IP . T h u s ,  

a l t h o u g h  th e  v a s t  m a j o r i t y  o f  a c u t e  p o r p h y r i e s  

w i t h  a b n o rm a l  b l o o d  p r e s s u r e s  e x h i b i t  h y p e r t e n s i o n ,  

c a s e s  o f  h y p o t e n s i o n  do o c c u r .  I t  i s  q u i t e  

c o n c e i v a b l e  t h a t  i n  t h e s e  s i t u a t i o n s ,  an  i n c r e a s e  

i n  t h e  c i r c u l a t i n g  l e v e l s  o f  ALA w ould  p ro d u c e  a  

h y p o t e n s i v e  r e s p o n s e  s i m i l a r  t o  t h a t  s e e n  i n  t h e  

r a t .

An im m e d ia te  a p p a r e n t  o b j e c t i o n  t o  s u c h  a  

h y p o t h e s i s ,  h o w e v e r ,  i s  t h a t  i t  w ould  be e x p e c t e d  

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

c o n c e n t r a t i o n s  s h o u ld  show t h i s  e f f e c t  i f  i t  was 

due  t o  ALA. T h is  i s  n o t  s o .  As t h e  a n im a l  

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

o f  ALA was r e a d i l y  r e v e r s i b l e  by  i n j e c t e d  c a t e ­

c h o la m i n e s .  F u r t h e r ,  S c h le y  e t  a l ,  ( 1 9 ? 0 )  h av e  

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

c h o la m in e s  i n  a c u t e  p o r p h y r i e s  w i t h  h y p e r t e n s i o n . 

Thus i t  i s  p o s s i b l e  t h a t  i n  m o s t  p o r p h y r i e s ,  t h e r e  

i s  i n c r e a s e d  c i r c u l a t i n g  c a t e c h o la m in e  d u r i n g  

a t t a c k ,  (a n d  p o s s i b l y  t o  an  e x t e n t  d u r i n g  r e m i s s i o n )  

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

m a sk in g  o f  t h e  h y p o t e n s i v e  e f f e c t  o f  ALA. I n  

t h o s e  p o r p h y r i e s  who d e m o n s t r a t e  h y p o t e n s i o n ,  

h o w e v e r ,  t h e r e  i s  u n l i k e l y  t o  be  any  s u c h  i n c r e a s e  

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



w o u ld  be no a n ta g o n i s m ,  t h e  e f f e c t  o f  ALA a s  a  

h y p o t e n s i v e  a g e n t  becom es e v i d e n t .

I n  t h i s  r e s p e c t  i t  w ou ld  be o f  i n t e r e s t  

t o  s e e  i f  p o r p h y r i e s  sh o w in g  h y p o t e n s io n  e x ­

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

c o n s t i p a t i o n  and t a c h y c a r d i a ,  w h ic h  c o u ld  b e  

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

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

W ith  r e s p e c t  t o  t h e  h y p e r t e n s i v e  e p i s o d e s  

o f  AIP t h e r e f o r e ,  i t  seem s u n l i k e l y  f ro m  t h e s e  

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

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

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

a b n o r m a l i t i e s  o f  c a t e c h o la m in e  p r o d u c t i o n  a n d / o r  

e x c r e t i o n .



R e s u l t s

c )  R a b b i t  E a r  A r t e r y

I n  a lm o s t  e v e r y  e x p e r im e n t  p e r f o r m e d  t h e r e  

was no i m m e d ia t e l y  a p p a r e n t  e f f e c t  o f  ALA on t h e  

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

o r  e l e c t r i c a l  s t i m u l a t i o n .  As c a n  be  s e e n  f ro m  

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

c u r v e s  f i g s .  28 and  29  , t h e r e  i s  no s i g n i f i c a n t  

d i f f e r e n c e  b e tw e e n  t h e  p r e  and  p o s t  ALA s i t u a t i o n s .  

E ac h  o f  t h e s e  c u r v e s  e x p r e s s e s  t h e  r e s p o n s e  a s  a  

p e r c e n t a g e  o f  t h e  maximum. T h is  was a  v a l i d  

m eans o f  e x p r e s s i o n  a s  t h e r e  was no s i g n i f i c a n t  

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

i n  t h e  p r e  and  p o s t  ALA s i t u a t i o n s .  E ac h  o f  t h e  

p o i n t s  i n  t h e s e  c u r v e s  r e p r e s e n t s  t h e  mean 2  8 .D .  

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

o r  f r e q u e n c y ,  r e s p o n s e  f ro m  a  num ber o f  s e p a r a t e  

e x p e r i m e n t s .

D e s p i t e  t h e  f a c t  t h a t  when t a k e n  a s  a  w hole  

t h e s e  e x p e r i m e n t s  i n d i c a t e  t h a t  ALA h a s  no e f f e c t  

on t h e  r a b b i t  e a r  a r t e r y  i n  t h e  g iv e n  s i t u a t i o n ;  

t h e r e  w ere  s i n g l e  e x p e r i m e n t s  i n  w h ic h  i t  d i d  

a p p e a r  t o  h a v e  an  e f f e c t .  Thus i n  f o u r  c a s e s  

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

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

a f t e r  ALA f i g . 30 . S i m i l a r l y  i n  two e x p e r i m e n t s  

o u t  o f  s i x ,  w h ere  t h e  t i s s u e  was e q u i l i b r a t e d  w i t h  

n o rm a l  K re b s  and  t h e n  p e r f u s e d  w i t h  ALA K r e b s ,
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F ig u re  29-
E ach  p o i n t  i n  t h i s  f i g u r e  r e p r e s e n t s  th e  
inean + 8 .D .  o f  30 e x p e r im e n t s .T h e  p o i n t s  
d r e  s e p a r a t e d  s l i g h t l y  f o r  th e  sa k e  o f  c l a r i t y .  
The c u rv e  sh ow ing  t h e  r e s p o n s e  i n  t h e  p r e s e n c e  
o f  ALA i s  s e e n  t o  be s h i f t e d  t o  t h e  r i g h t ,  b u t  
t h e  d i f f e r e n c e  was n o t  s i g n i f i c a n t .

The r e s p o n s e  was m e a su re d  a s  th e  
p e r f u s i o n  p r e s s u r e  i n  m m .E g ., and e x p r e s s e d  
a s  a  p e r - c e n t a g e  o f  th e  maximum r e s p o n s e .
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F ig u re  30.
T h is  t r a c e  shows t h a t  im m e d ia te ly  a f t e r  

th e  a d d i t i o n  o f  ALa t o  th e  p e r f u s i n g  medium, t h e r e  
was an i n c r e a s e  i n  th e  r e s p o n s e  o f  t h e  a r t e r y  t o  b o t h  
s y m p a th e t i c  n e rv e  s t i m u l a t i o n  and ex o g en o u s  n o r a d r e n a l i n e  
Such an e f f e c t  was fo u n d  i n  o n ly  4- c a s e s  o u t  o f  30.

PERFUSED RABBIT EAR ARTERY
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F ig u re  51*
I n  t h i s  e x p e r im e n t  t h e r e  was no i n j e c t i o n  o f  

n o r a d r e n a l i n e ,  o r  s y m p a th e t i c  s t i m u l a t i o n .  I n  2 c a s e s  
o u t  o f  6 ,  ALA a lo n e  was fo u n d  t o  i n c r e a s e  th e  p e r f u s i o n  
p r e s s u r e .
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'21.

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

p r e s s u r e  a f t e r  t h e  o n s e t  o f  ALA p e r f u s i o n .  I n  

t h e  c a s e  i l l u s t r a t e d  ( f i g .  5 1 ) ,  t h i s  o c c u r r e d  

some t w e n ty  m in u te s  a f t e r  t h e  i n i t i a l  c o n t a c t  

o f  t h e  t i s s u e  w i t h  20 |ag /m l. ALA, and  some f i v e  

m in u te s  a f t e r  t h e  c o n c e n t r a t i o n  was i n c r e a s e d  

t o  4 0 p g /m l . When p e r f u s e d  a g a i n  w i t h  A L A -free  

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

a g a i n  a b o u t  f i v e  m in u te s  a f t e r  once  more b e i n g  

p e r f u s e d  w i t h  t h e  h i g h e r  c o n c e n t r a t i o n  o f  ALA.

The i n c r e a s e  i n  p r e s s u r e  was fo u n d  t o  be 

a n t a g o n i s e d  by  p h e n to l a m in e  ( 2 0 p g / m l ) . I n  

t h e s e  s i x  e x p e r i m e n t s  t h e r e  was no s y m p a th e t i c  

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

D i s c u s s i o n

F o r  t h e  m o s t  p a r t  t h e  r e s u l t s  o b t a i n e d  f ro m  

t h e s e  e x p e r i m e n t s  a r e  n e g a t i v e .  When t a k e n  t o ­

g e t h e r  t h e  m eans o f  t h e  d o se  and f r e q u e n c y  r e s p o n s e  

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

t h e  a b s e n c e  o r  p r e s e n c e  o f  ALA. T h is  w ould  s u g g e s t  

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

d i t i o n s ,  ALA h ad  no e f f e c t  on t h e  r e s p o n s e  o f  t h e  

a r t e r y  t o  n o r a d r e n a l i n e  o r  s y m p a th e t i c  s t i m u l a t i o n .

The o c c a s i o n a l  i n s t a n c e s ,  h o w e v e r ,  w here  ALA d i d  

a p p e a r  t o  p ro d u c e  an  e f f e c t  a r e  w othy  o f  c o n s i d e r a t i o n ,

The f u n d a m e n ta l  p r o b le m  h e r e  i s  -  why d i d  ALA 

a p p e a r  t o  have  an  e f f e c t  i n  c e r t a i n  c a s e s  b u t  n o t



i n  t h e  m a j o r i t y  o f  c a s e s ?  T h e re  a r e  p e r h a p s ,  

t h r e e  m ain  p o s s i b i l i t i e s :  t h e  f i r s t  i s  t h a t

t h e r e  was some g r o s s  e x p e r i m e n t a l  o r  p r o c e d u r a l  

e r r o r  i n  t h e s e  c a s e s ,  a f t e r  ALA was p e r f u s e d  i n t o  

t h e  a r t e r y .  The s e c o n d  i s  t h a t ,  due t o  some b i o ­

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

t h e  t i s s u e s  showed a  su d d e n  i n c r e a s e  i n  s e n s i t i v i t y  

t o  n o r a d r e n a l i n e  a n d / o r  s y m p a th e t i c  n e rv e  s t i m u l a t i o n ,  

w h ic h  j u s t  h a p p e n e d  t o  c o i n c i d e  w i t h  t h e  a d d i t i o n  o f  

ALA t o  t h e  p e r f u s i n g  medium. The t h i r d  p o s s i b i l i t y  

i s  t h a t  i n  c e r t a i n  c a s e s ,  ALA d i d  h av e  an e f f e c t  on 

t h e  r e s p o n s i v e n e s s  o f  t h e  t i s s u e ,  and i t  d i d  so  i n  

t h e s e  c a s e s  s p e c i f i c a l l y ,  b e c a u s e  t h e  t i s s u e s  w ere  

i n  some u n d e f i n e d  way, p r e d i s p o s e d  t o ,  o r  more s u s ­

c e p t i b l e  t o ,  t h i s  a c t i o n .

When one c o n s i d e r s  t h a t  th e  e x p e r i m e n t a l  

p r o c e d u r e  was l a r g e l y  r o u t i n e  and c a r r i e d  o u t  i n  

a  s i m i l a r  m anner i n  m o s t  c a s e s ,  i t  seem s u n l i k e l y  

t h a t  some e x p e r i m e n t a l  e r r o r  i s  t h e  e x p l a n a t i o n  o f  

t h e s e  r e s u l t s :  p a r t i c u l a r l y  a s  t h e  e l e c t r i c a l

s t i m u l a t i o n  i n  one c a s e  w here  p o t e n t i a t i o n  o c c u r r e d ,  

was k e p t  c o n s t a n t ,  ( c f . F i g  50 ) I n  te rm s  o f  c h a n c e ,  

t h e  s e c o n d  p o s s i b i l i t y  w ou ld  a p p e a r  t o  be much to o  

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

a p p e a r  t o  be  t h e  m o s t  l i k e l y  e x p l a n a t i o n .

Thus we may assum e t h a t  i n  c e r t a i n  c a s e s ,  t h e  

t i s s u e  became more r e s p o n s i v e  t o  n o r a d r e n a l i n e  and



s y m p a th e t i c  s t i m u l a t i o n  a f t e r  ALA, by  some 

m ech an ism  w h ic h  i s  a s  y e t  o b s c u r e ,  and  w h ic h  d i d  

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

I n  s u p p o r t  o f  t h i s  p o s t u l a t e ,  w ere  t h e  r e s u l t s  

o b t a i n e d  f ro m  t h e  e x p e r i m e n t s  w here  ALA was 

p e r f u s e d  i n t o  t h e  a r t e r y  and  th e  p e r f u s i o n  

p r e s s u r e  r o s e .  A g a in  t h i s  o c c u r r e d  i n  o n ly  two 

c a s e s  o u t  o f  § ix ,  b u t  i t  was b o t h  r e p r o d u c i b l e  and 

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

o f  ALA. ( F i g . 31)

W ith  r e s p e c t  t o  t h e s e  ano m alous  r e s u l t s  i t  

m ig h t  be  s a i d  t h a t  i n  t h e  t i s s u e s  w here  ALA d i d  

a p p e a r  t o  be  a c t i v e ,  t h e r e  w ere  no o b v io u s  

d i f f e r e n c e s  i n  t h e  a n im a l s  u s e d ;  o r  e x p e r i m e n t a l  

p r o c e d u r e .  Thus t h e  ALA s e n s i t i v e  t i s s u e s  d i d  

n o t  come f ro m  a n im a l s  o f  a  d i f f e r e n t  s t r a i n ,  s e x  

o r  w e ig h t  t h a n  t h e  o t h e r s ,  n o r  f ro m  a n im a l s  t h a t  

w ere  o t h e r w i s e  o b v i o u s l y  d i f f e r e n t  f ro m  t h e  r e s t .

Kor w ere  t h e  t i s s u e s  t h e m s e lv e s  e x p o se d  t o  d i f f e r e n t  

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

F i n a l l y ,  and  p e r h a p s  m o s t  i m p o r t a n t ,  t h e r e  w ere  

c a s e s  w here  two a r t e r i e s  f ro m  t h e  same a n im a l  w ere  

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

m e n ta l  p r o c e d u r e s ,  y e t  o n ly  o n e o f  them  showed 

e v id e n c e  o f  an  e f f e c t  o f  ALA on t h e i r  r e s p o n s i v e n e s s .

A c c e p t in g  t h e  f a c t  t h a t  ALA h ad  no s t a t i s t i c a l l y  

s i g n i f i c a n t  e f f e c t  on e i t h e r  i n j e c t e d  n o r a d r e n a l i n e



n o r  on p e r i a r t e r i a l  s y m p a th e t i c  n e r v e  s t i m u l a t i o n ,  

t h e r e  i s  no e v id e n c e  f ro m  t h e s e  s t u d i e s  t h a t  w ould  

l i n k  ALA w i t h  t h e  p o s t u l a t e d  a b n o r m a l i t i e s  i n  

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

I f ,  h o w e v e r ,  i t  c o u ld  be shown t h a t  ALA c o u ld  a f f e c t  

t h e  r e s p o n s e  t o  s y m p a th e t i c  s t i m u l a t i o n  i n  hum ans , 

i n  t h e  m ann er  d e m o n s t r a t e d  i n  a  few  o f  t h e  e x p e r i ­

m e n ts  i n  t h i s  s e r i e s ,  t h e n  t h i s  w o u ld  be h i g h l y  

i n f o r m a t i v e .  F o r  t h e  moment h o w e v e r ,  t h i s  m u s t  

r e m a in  p u r e l y  s p e c u l a t i v e  u n t i l  t h e r e  i s  more 

i n f o r m a t i o n  a v a i l a b l e  on t h e  f a c t o r s  w h ic h  c o n t r o l  

t h e  b i o l o g i c a l  a c t i o n s  o f  ALA.

I n  b o t h  t h e  f r e q u e n c y  and d o s e - r e s p o n s e  c u r v e s ,  

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

c u r v e  s h i f t e d  t o  t h e  r i g h t  i n  t h e  p r e s e n c e  o f  ALA. 

A l th o u g h  t h i s  s h i f t  was i n  no c a s e  s t a t i s t i c a l l y  

s i g n i f i c a n t  when a n a l y s e d  a t  e a c h  d o se  o r  f r e q u e n c y  

b y  a ' t '  t e s t ;  i t  d o e s  s u g g e s t  a  p o s s i b l e  m i ld  

i n h i b i t o r y  a c t i o n  o f  ALA on t h e  r e s p o n s e  o f  t h e  

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

T h is  may a p p e a r  t o  be p a r a d o x i c a l  i n  v iew  o f  

t h e  f i n d i n g s  r e f e r r e d  t o  above  o f  an  o c c a s i o n a l  

a p p a r e n t  p o t e n t i a t i o n  by  ALA on t h e s e  s t i m u l i i .  

However i t  i s  o f  i n t e r e s t  t h a t  i n  a  p r e l i m i n a r y  

e x p e r im e n t  on t h e  a r t e r y ,  -  w here  t h e  p e r f u s i o n  

p r e s s u r e  was m o n i to r e d  by  a  m e rc u ry  m an o m ete r .
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and  d i s p l a y e d  on a  kym ograph  t r a c e  -  b o t h  o f  t h e s e  

e f f e c t s  w ere  e v i d e n t  i n  r e s p o n s e  t o  a  h i g h  d o se  o f  

ALA. f i g . ( 5 2 )

Thus i t  i s  p o s s i b l e  t h a t  ALA may o c c a s i o n a l l y  

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

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

d i s c u s s e d  a b o v e ) ,  and  i t  may a l s o  e x e r t  a  v e r y  

w eak i n h i b i t o r y  a c t i o n  on t h e s e .  T hese  c o n t r a ­

d i c t o r y  e f f e c t s  c o u ld  be  r a t i o n a l i s e d  b y  a s su m in g  

t h a t  i n  t h e  f o r m e r  c a s e  ALA h a s  an  e f f e c t  on t h e  

u p t a k e  o r  m e ta b o l i s m  o f  c a t e c h o l a m i n e s ,  and  i n  t h e  

l a t t e r  a  weak i n h i b i t o r y  on t h e  m u sc le  a d r e n e r g i c  

r e c e p t o r s .  Such  s u g g e s t i o n s ,  h o w e v e r ,  a r e  o n ly  

m e n t io n e d  i n  t e r m s  o f  t h e  r e s u l t s  o f  some i s o l a t e d  

e x p e r i m e n t s ,  and  a r e  no more t h a n  s p e c u l a t i v e .

I n  summary t h e n ,  i t  c a n  be  s e e n  t h a t ,  w i t h  

t h e  e x c e p t i o n  o f  a  few  s p e c i f i c  e x p e r i m e n t s  w here  

ALA a p p e a r e d  t o  h av e  an  e f f e c t ,  t h e r e  i s  no s i g n i ­

f i c a n t  e v id e n c e  f ro m  th e  above  e x p e r i m e n t s  t o  

s u g g e s t  t h a t  ALA i s  a c t i v e  on t h e  r e s p o n s e  o f  

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

o r  s y m p a th e t i c  n e r v e  s t i m u l a t i o n .



120 .

GASTRO-INTESTINAL STUDIES

I n t r o d u c t i o n

As d i s c u s s e d  above  S e c t i o n . I , t h e r e  i s  a  h i g h  

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

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

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

As i s  t h e  c a s e  w i t h  t h e  o t h e r  f e a t u r e s  o f  t h e  

d i s e a s e  t h e  p a t h o g e n e s i s  o f  t h o s e  g a s t r o - i n t e s t i n a l  

f e a t u r e s  i s  unknow n.

An o b s e r v a t i o n  o f  some i n t e r e s t  i n  t h i s  

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

s t e r a s e ,  n e o s t i g a m i n e , i n  t r e a t i n g  c e r t a i n  a s p e c t s  

o f  t h e  p o r p h y r i c  a t t a c k  ( G i l l h e s p i e  and  S m ith  195^)*  

B e r l i n  and  C o t to n  (1 9 5 0 )  h av e  o b s e r v e d  by  2 - r a y  

e x a m in a t io n  t h a t  n e o s t i g m i n e  c a u s e d  an  im p ro v em en t 

i n  t h e  p e r i s t a l t i c  a c t i v i t y  o f  t h e  s to m ac h  and  

s m a l l  i n t e s t i n e  i n  p o r p h y r i c  s u b j e c t s  i n  a t t a c k .

S i m i l a r l y  G o ld b e rg  and  R im in g to n  (1 9 6 2 )  hav e  

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

r e t e n t i o n  b y  n e o s t ig m i n e  i n  one p o r p h y r i c  s u b j e c t ,  

and  i n  a n o t h e r  c a s e  t h e y  fo u n d  t h a t  a  d r a m a t i c  

im p ro v e m e n t  i n  t h e  n e u r o l o g i c a l  and  p s y c h o l o g i c a l  

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

o f  n e o s t i g m i n e .

N e o s t ig m in e  d o e s ,  o f  c o u r s e ,  e x e r t  i t s  p h a r ­

m a c o l o g i c a l  a c t i o n  b y  i n h i b i t i n g  a c e t y l c h o l i n e ­

s t e r a s e ,  t h e  enzyme w h ic h  m e t a b o l i s e s  n e u r a l l y



r e l e a s e d  a c e t y l c h o l i n e .  As a  r e s u l t  o f  c h o l i n e -  

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

g r e a t e r  t im e  a t  i t s  s i t e  o f  a c t i o n ,  and c a n  r e a c h  

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

The u s e  o f  n e o s t i g m i n e  i n  s u c c e s s f u l l y  

t r e a t i n g  c e r t a i n  a s p e c t s  o f  A IP , s u c h  a s  c o n ­

s t i p a t i o n ,  i m m e d ia te l y  s u g g e s t  p o s s i b l e  m ech an ism s 

by  w h ic h  t h i s  c o n s t i p a t i o n  may be p r o d u c e d .  Thus 

one c o u ld  p o s t u l a t e  one o r  more o f  t h e  f o l l o w i n g :

a )  I n  AIP t h e r e  i s  a  c i r c u l a t i n g  a n t i c h o l i n e r g i c

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

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

m u s c a r i n i c  ( s m o o th  m u s c le )  r e c e p t o r  s i t e s .

b )  I n  A IP t h e r e  i s  a  s i g n i f i c a n t l y  d i m i n i s h e d

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

i n  t h e  e x t r i n s i c  p a r a s y m p a t h e t i c  i n n e r v a t i o n  t o  

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

l o n g i t u d i n a l  m u sc le  l a y e r  o f  t h e  g u t .

c )  I n  AIP t h e  a u to n o m ic  i n f l o w  t o  t h e  g u t  i s

u n n a t u r a l l y  d o m in a te d  b y  t h e  s y m p a th e t i c  s y s te m .

E i t h e r  o f  t h e  above  c o n d i t i o n s  w ould  a c c o u n t  

f o r  th e  'n e o s t i g m i n e  s e n s i t i v e '  d e c r e a s e  i n  to n e  

i n  t h e  g u t ,  w h ic h  w ould  g iv e  r i s e  t o  c o n s t i p a t i o n  

and a s s o c i a t e d  s i g n s  o f  p a r a s y m p a t h e t i c  dom inance  

i n  t h e  c l i n i c a l  s i t u a t i o n .  T h e re  a r e  o t h e r  

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

m o s t  o b v io u s .



I t  was d e c i d e d  t h e r e f o r e ,  t o  i n v e s t i g a t e  

t h e  e f f e c t  o f  ALA on t h e  r e s p o n s e  o f  t h e  i s o l a t e d  

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

e x e r t e d  any  c h o l i n e r g i c  r e c e p t o r  b l o c k i n g  a c t i v i t y .  

The e f f e c t  o f  ALA on t h e  r e s p o n s e  t o  h i s t a m i n e  was 

a l s o  o b s e r v e d .  The r e s u l t s  o f  t h i s  e x p e r im e n t  

w ou ld  g iv e  e v id e n c e  e i t h e r  i n  f a v o u r  o r  a g a i n s t  

p o s t u l a t e  ' a '  a b o v e .

P o s t u l a t e s  ' b '  and  'c*  a r e  more d i f f i c u l t  

t o  i n v e s t i g a t e  e x p e r i m e n t a l l y .  T h e re  i s  e x p e r i ­

m e n ta l  e v id e n c e  h o w e v e r ,  s u g g e s t i n g  t h a t  ALA c o u ld  

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

i n  t r a n s m i t t e r  o u t p u t .  Such  c h a n g e s  i n  n e u r o -  

t r a n s m i t t o r  r e l e a s e  c o u ld  a c c o u n t  n o t  o n ly  f o r  th e  

c o n s t i p a t i o n  p r e s e n t  i n  A IP , b u t  f o r  o t h e r  m an i­

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

m e n ta l  b a s i s  f o r  s u g g e s t i n g  s u c h  an  a c t i o n  o f  ALA 

i s  a s  f o l l o w s :

Becker et a l, (1971) demonstrated that ALA 

could inhibit the fraction of red ce ll and

b r a i n  ATPase ' i n  v i t r o ' ;  a l t h o u g h  no i n h i b i t i o n  
2+o f  t h e  Mg f r a c t i o n  v;as e v i d e n t .  They c o n c lu d e d  

f ro m  t h i s  t h a t  ALA c o u ld  b l o c k  n e rv e  c o n d u c t i o n  and 

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

t h a t  i f  P a to n  e t  a l  a r e  c o r r e c t  i n  a s su m in g  t h a t  

a c e t y l c h o l i n e  r e l e a s e  c a n  be i n c r e a s e d  by  ATPase 

i n h i b i t i o n ,  t h a t  ALA c o u ld  c a u s e  i n c r e a s e d  o u t p u t



o f  a c e t y l c h o l i n e  by  ATPase i n h i b i t i o n .

S u ch  a  l i n k  b e tw e e n  n e u r a l  membrane ATPase 

a c t i v i t y  and  n e u r o - t r a n s m i t t e r  r e l e a s e  a p p l i e s  n o t  

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

w e l l .  Thus i t  was t h o u g h t  w o r th w h i le  t o  i n v e s t i ­

g a t e  t h e  e f f e c t  o f  ALA on t h e  o u t p u t  o f  n e u r o ­

t r a n s m i t t e r .  The s y s te m  u s e d  was t h e  i s o l a t e d  

l o n g i t u d i n a l  m u sc le  s t r i p  o f  t h e  g u i n e a  p i g  i l e u m .  

M ethods

( a )  G u in e a  P i g  I l e u m :

A g u i n e a  p i g  o f  e i t h e r  s e x  was s tu n n e d  by  a  

b lo w  on t h e  h e a d  and e x s a n g u i n a t e d  by  c u t t i n g  th e  

t h r o a t .  The a b d o m in a l  w a l l  was c u t  open  and  th e  

caecum  t u r n e d  b a c k  t o  e x p o se  t h e  i l e u m .  The

l a t t e r  was c u t  a t  t h e  i l e o - c a e c a l  j u n c t i o n  and a 

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

8-lO cm  o f  t h e  t e r m i n a l  i l e u m  was d i s c a r d e d  and a  

f u r t h e r  l e n g t h  o f  8 -lO cm  was t h e n  t a k e n  and p l a c e d  

i m m e d ia te l y  i n t o  warm K re b s  s o l u t i o n  i n  a  p e t r i  

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

was t h e n  i n s e r t e d  i n t o  t h e  lum en a t  t h e  a b o r a l  end 

'o f  t h i s  p i e c e  o f  i l e u m  and  t h i s  was t i e d  i n  p l a c e .  

A t h r e a d  was t h e n  t i e d  ro u n d  th e  o r a l  end o f  t h e  

t i s s u e ,  one end  o f  w h ic h  was l e f t  l o n g  f o r  a t t a c h ­

m en t t o  a t e n s i o n  t r a n s d u c e r .

The p l a s t i c  tu b e  w i t h  t h e  p i e c e  o f  i l e u m  

a t t a c h e d  was f e d  down th r o u g h  a p i e c e  o f  r u b b e r



Figure 35*
A p p a r a tu s  f o r  G u in ea  P i g  I le u m  P r e p a r a t i o n .

to chart 
recorder T e n s io n

t r a n s d u c e r

T h re a d

O rgan h a t h
Water
o u tle t

I le u m

H e a te d
w a t e r
i n l e t .Water

jacket

Rubber tubing

Screw  c l i p

P l a s t i c  tu b e



t u b i n g  a t  t h e  b a s e  o f  an  o r g a n  b a t h  and  f i r m l y  

f i x e d  i n  p l a c e  w i t h  a  s c re w  c l i p  ( c f . f i g , 55 ) .

The o r g a n  b a t h  was t h e n  f i l l e d  w i t h  K re b s  s o l u t i o n  

c o n t a i n i n g  lO jig /1  m o rp h in e  and  5 | i g / l  e s e r i n e ,  and 

t h e  t h r e a d  a t  t h e  o r a l  end  o f  t h e  i l e u m  was a t t a c h e d  

t o  a  m o vab le  a u x o to n i c  t e n s i o n  t r a n s d u c e r .  The 

t r a n s d u c e r  was c o n n e c t e d  t o  a  S e r v o s c r i b e  c h a r t  

r e c o r d e r  w h ic h  m o n i to r e d  t h e  t e n s i o n  o f  t h e  i l e u m .

An i n i t i a l  r e s t i n g  t e n s i o n  o f  a ro u n d  I g  was m a i n t a i n e d .

The K re b s  s o l u t i o n  was o f  t h e  c o m p o s i t i o n  shown 

i n  T a b le  1 2 .  I t  was f e d  i n t o  t h e  o r g a n  b a t h  by  way 

o f  a  h e a t i n g  c o i l  a t  37°G . The o rg a n  b a t h  i t s e l f  

was c o n t a i n e d  i n  a  w a t e r  j a c k e t  i n  w h ic h  w a t e r  a t  

c o n t i n u o u s l y  c i r c u l a t e d .  The K re b s  s o l u t i o n  

i n  t h e  r e s e r v o i r ,  i n  t h e  h e a t i n g  c o i l  and i n  th e  

o r g a n  b a t h  was g a s s e d  w i t h  3% GO^ i n  O2 t h r o u g h o u t  

t h e  e x p e r i m e n t .

Any i n t r a l u m e n a l  c o n t e n t s  o f  t h e  i l e u m  w ere 

f o r c e d  by  p e r i s t a l s i s  down i n t o  t h e  p l a s t i c  tu b e  

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

w i t h  t h e  n e c e s s i t y  o f  ' p i p e t t e  w a s h i n g ' o f  t h e  

t i s s u e  b e f o r e  m o u n t in g  i n  t h e  o rg a n  b a t h ,  and  th u s  

r e d u c e d  t h e  p o s s i b i l i t y  o f  t i s s u e  dam age.

D ru g s  w ere  i n j e c t e d  i n t o  t h e  o rg a n  b a t h  

e i t h e r  m a n u a l ly  o r  by  an  a u to m a t i c  i n j e c t i o n  

a p p a r a t u s .  Where n e c e s s a r y  a l lo w a n c e  was made f o r  

t h e  volum e o f  i n j e c t e d  d r u g  by  re m o v in g  an e q u i v a l e n t



volum e o f  K re b s  f ro m  th e  b a t h  b e f o r e  i n j e c t i o n .  

D i l u t i o n  o f  d r u g s  was made i n i t i a l l y  i n  d i s t i l l e d  

w a t e r ,  t h e  f i n a l  d i l u t i o n s  b e i n g  made i n  K r e b s .

S t i m u l a t i o n  o f  t h e  i l e u m  was by  m eans o f  

two p l a t i n u m  e l e c t r o d e s  a t  e i t h e r  end o f  t h e  b a t h .  

A su p ra m a x im a l  v o l t a g e  was u s e d  and  t h e  p u l s e s  had  

t h e  f o l l o w i n g  c h a r a c t e r i s t i c s : -  A t e n  s e c o n d  

s t i m u l a t i o n  a t  a  p u l s e  w i d t h  o f  0 .3 m . s e c .  a t  a  

f r e q u e n c y  o f  2-4- H e r t z .  The t im e  c y c l e  n o r m a l ly  

em ployed  was a s  f o l l o w s : -  0 m in u te s ;  i n j e c t  d r u g ,  

l e a v e  13 s e c o n d s ,  w a s h . l  m i n u t e ; s t i m u l a t e  f o r  

13 s e c o n d s ,  w a s h ,2 m i n u t e s ; i n j e c t  d r u g : -  and so  on.



R e s u l t s

At. a  c o n c e n t r a t i o n  i n  t h e  K re b s  s o l u t i o n  

o f  up  t o  300 jag /m l, ALA h a d  no a p p a r e n t  e f f e c t  

on t h e  r e s p o n s e  o f  t h e  i l e u m  to  e l e c t r i c a l  f i e l d  

s t i m u l a t i o n .

The m eans o f  tw e lv e  d o s e - r e s p o n s e  c u r v e s  

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

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

d e t e r m i n e d  w i t h  ALA a b s e n t  o r  p r e s e n t  (2 0 0 p g /m l)  

i n  t h e  K re b s .  I n  s p e c i f i c  i n s t a n c e s ,  h o w e v e r ,  

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

h a v e  an  e f f e c t  on t h e  r e s p o n s e  t o  a c e t y l c h o l i n e .  

Thus i n  two c a s e s  t h e  fo rm  o f  th e  r e s p o n s e  t o  

a c e t y l c h o l i n e  c h a n g e d  a f t e r  a d d i t i o n  o f  2 0 0pg /m l 

ALA t o  t h e  K re b s  s o l u t i o n .  The r e s p o n s e  l o s t  

i t s  i n i t i a l  f a s t  com pon en t and f l a t t e n e d  o u t ,  

t h e  d u r a t i o n  o f  t h e  r e s p o n s e  r e m a in in g  t h e  sam e, 

( f i g .  34-) V/hen t h e  ALA was w ashed  o u t  o f  t h e  

K r e b s ,  t h e  r e s p o n s e  r e t u r n e d  t o  i t s  f o r m e r  s h a p e .  

On a n o t h e r  two o c c a s i o n s ,  ALA a p p e a re d  to  

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

m o s t  e x p e r im e n t s  h o w e v e r ,  a s  t h e  s t a t i s t i c a l  

e v a l u a t i o n  sh o w s , ALA h a d  no a p p a r e n t  e f f e c t  

on t h e  p a r a m e t e r s  m e a s u re d .

As was t h e  c a s e  w i t h  a c e t y l c h o l i n e ,  t h e r e  

was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r e s p o n s e  o f  

t h e  i l e u m  t o  h i s t a m i n e ,  b e f o r e  o r  a f t e r  a d d i t i o n
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o f  ALA (2 0 0  p g /m l )  t o  t h e  K re b s  s o l u t i o n .  As 

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

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

s t i m u l a t i o n  was d e t e r m i n e d  i n  n o rm a l  K re b s  and 

t h e n  a f t e r  a d d i t i o n  o f  ^  a m i n o - b u t y r i c  a c i d  

( 2 0 0 p g / m l ) .  As was t h e  c a s e  w i t h  ALA, ^  am in o -  

b u t y r a t e  p ro d u c e d  no s i g n i f i c a n t  c h a n g e s  i n  t h e  

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

D i s c u s s i o n

• T hese  r e s u l t s  i n d i c a t e  t h a t  u n d e r  t h e s e  

e x p e r i m e n t a l  c o n d i t i o n s ,  ALA i s  r e l a t i v e l y  

i n a c t i v e  on t h e  i l e u m ,  and  on t h e  c o n t r a c t i l e  

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

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

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

o f  ALA on t h e  r e s p o n s e  t o  a c e t y l c h o l i n e ,  i n d i c a t e d  

t h a t  t h e r e  may h a v e  b e e n  some a c t i o n ,  h o w ev er  t h i s  

d i d  n o t  o c c u r  f r e q u e n t l y  en ough  t o  g iv e  a  s t a t i s ­

t i c a l l y  s i g n i f i c a n t  e f f e c t .

I n  t h i s  r e s p e c t  t h e  i l e u m ' s  r e s p o n s e  t o  

a c e t y l c h o l i n e  a f t e r  ALA, p a r a l l e l e d  som ewhat th e  

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

a f t e r  ALA. I n  e a c h  c a s e  t h e r e  w ere  o c c a s i o n a l  

e x p e r im e n t s  w here  t h e r e  a p p e a re d  t o  be an  e f f e c t  

o f  ALA on th e  n e u r o t r a n s m i t t e r  b e i n g  s t u d i e d  

( a c e t y l c h o l i n e  o r  n o r a d r e n a l i n e )  w h ic h  a t  i t s  m o st  

d r a m a t i c  a p p e a r e d  a s  a  l a r g e  p o t e n t i a t i o n  o f  t h e
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r e s p o n s e  t o  t h e  t r a n s m i t t e r .  O ver a  num ber o f  

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

became i n s i g n i f i c a n t .

I t  m ig h t  be c o n s i d e r e d  t h a t  t h e s e  e f f e c t s  

w ere  n o t  m e r e ly  e x p e r i m e n t a l  a r t e f a c t s ,  b u t  r e a l  

e f f e c t s  o f  ALA. I f  t h i s  was t h e  c a s e  t h e n  i t  

w ou ld  i n d i c a t e  t h a t  some t i s s u e s  a r e  more s u s ­

c e p t i b l e  t o  t h e  a c t i o n s  o f  ALA t h a n  o t h e r s  ; how­

e v e r  t h e r e  i s  no i n f o r m a t i o n  f ro m  t h e  p r e s e n t  

s t u d y ,  t o  s u g g e s t  why t h i s  m ig h t  be s o .  I t  i s  

u n l i k e l y ,  f o r  e x a m p le ,  t o  be  r e l a t e d  t o  t i s s u e  

v i a b i l i t y  a s  a l l  t h e  t i s s u e s  w ere  s i m i l a r l y  

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

j e c t e d  a g o n i s t s :  y e t  o n ly  f o u r  o u t  o f  tw e lv e

showed any  e f f e c t  o f  ALA.

I t  m ust  be  c o n c lu d e d  fro m  t h e  p r e s e n t  

s t u d y  t h e r e f o r e ,  t h a t  t h e r e  a r e  no a p p a r e n t  

e f f e c t s  o f  ALA on t h e  g u i n e a  p i g  i l e u m ,  w h ic h  

c o u ld  a c c o u n t  f o r  any  o f  t h e  g a s t r o - i n t e s t i n a l  

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

p o s t u l a t e s  c o n s i d e r e d  a b o v e ,  t h e r e  i s  no e v id e n c e  

f ro m  t h e s e  s t u d i e s  t h a t  ALA h a s  any  a n t i c h o l i n e r g i c  

a c t i v i t y  a t  t h e  m u s c a r i n i c  s i t e ,  n o r  i s  t h e r e  any  

e v id e n c e  t h a t  i t  a f f e c t s  p a r a s y m p a t h e t i c  t r a n s ­

m i s s i o n .  Thus i f  t h e  n e o s t i g m i n e  s e n s i t i v e  c o n ­

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

o v e r -d o m in a n c e  o f  s y m p a th e t i c  a c t i v i t y ,  t h e  e v id e n c e
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f ro m  t h e s e  s t u d i e s  s u g g e s t s  t h a t  t h i s  w ould  be 

l i k e l y  t o  be t h e  r e s u l t  o f  o v e r a c t i v e  s y m p a th e t i c  

n e rv e  a c t i v i t y ,  r a t h e r  t h a n  t h e  r e s u l t  o f  an  

o v e r - d o m in a n t  s y m p a th e t i c  s y s te m  p r o d u c e d  by  

v i r t u e  o f  an ALA i n d u c e d  u n d e r a c t i v i t y  o f  t h e  

p a r a s y m p a t h e t i c  s y s te m .

As w i t h  a l l  s i m i l a r  ’i n  v i t r o ’ and  ’i n  

v i v o '  s t u d i e s  w i t h  ALA, i t  m u s t  be  b o rn e  i n  m ind 

t h a t  t h e  i l e u m ,  i n  t h e s e  e x p e r i m e n t s ,  was i n  

c o n t a c t  w i t h  ALA f o r  a  v e r y  s h o r t  t im e  com pared  

w i t h  w h a t  w ould  be  t h e  c a s e  i n  a c u t e  p o r p h y r i a .  

Even a l l o w i n g  f o r  t h e  f a c t  t h a t  a  d o se  o f  ALA 

was u s e d  w h ic h  was a  f a c t o r  o f t e n  g r e a t e r  t h a n  

t h e  b lo o d  c o n c e n t r a t i o n  i n  a c u t e  p o r p h y r i a ;  we 

a r e  s t i l l  l e f t  t o  i n t e r p r e t  t h e  r e s u l t s  o f  an  

a c u te  e x p e r im e n t  w i t h  ALA, and a t t e m p t  t o  r e l a t e  

i t  t o  a  human s i t u a t i o n  w here  t h e r e  i s  c h r o n i c  

e x p o s u re  t o  e l e v a t e d  ALA c o n c e n t r a t i o n s .



M ethods

( h )  ALA and  ATPase

The assay of total ileum ATPase was based on 

the method described by Becker et al (1971)* The 

enzyme activity was determined by the amount of 

free phosphate released by the hydrolysis of ATP.

A l e n g t h  o f  i l e u m  was rem oved  f ro m  a  g u i n e a  

p i g  w h ic h  h a d  b e e n  k i l l e d  by  s t u n n i n g  and e x s a n ­

g u i n a t i o n .  The i l e u m  was t h e n  w e ig h ed  and 

h o m o g en ise d  i n  0 . 25M s u c r o s e / i m i d i a z o l e - h i s t i d i n e  

b u f f e r  a t  pH 7*1* The hom ogena te  s t r e n g t h  was 

1 : 5  ^ ^ v .  1ml a l i q u o t s  o f  t h e  hom o gena te  w ere  

add ed  t o  t u b e s  c o n t a i n i n g  t h e  f o l l o w i n g : -  0 .5 m l  

i m i d i a z o l e - h i s t i d i n e  (pH 7*1).; 0 .1 m l  (5 |i  m o le s )  

m agnesium  c h l o r i d e ,  1ml ATP (5 | i  m o l e s ) ,  p o t a s s i u m  

and  sod ium  w ere  ad d ed  t o  a  f i n a l  c o n c e n t r a t i o n  o f  

0 .0 8  and 0.05M  r e s p e c t i v e l y  e a c h  i n  0 .1 m l  v o lu m e s .  

A f u r t h e r  0 .5 m l  d i s t i l l e d  w a t e r  was t h e n  a d d e d .

To two t u b e s  2ml o f  10% p e r c h l o r i c  a c i d  was 

add ed  b e f o r e  a d d i t i o n  o f  ATP; t h e s e  s a m p le s  gave  

t h e  z e r o  t im e  p h o s p h a t e  v a l u e s .  Of t h e  r e m a in in g  

t u b e s ,  s i x  w ere  i n c u b a t e d  a t  57°C f o r  one h o u r  

w i t h  no ALA p r e s e n t  ( c o n t r o l )  and  a  f u r t h e r  f o u r  

g ro u p s  o f  6 t u b e s  w ere  s i m i l a r l y  i n c u b a t e d  f o r  one 

h o u r  w i t h  ALA p r e s e n t .  The ALA c o n c e n t r a t i o n s  

w ere  1 5 ,  5 0 , 120 o r  1 8 0 |ig /m l o f  t h e  t o t a l  volum e 

o f  t h e  c o n t e n t s  o f  t h e  t u b e s .
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A f t e r  one h o u r ’ s  i n c u b a t i o n ,  a t  4 0 °C , t h e  

r e a c t i o n s  w ere  s to p p e d  b y  t h e  a d d i t i o n  o f  2ml o f  

10% p e r c h l o r i c  a c i d .  The r e s u l t i n g  p r e c i p i t a t e  

was c e n t r i f u g e d  a t  5 0 0 0  r . p . m .  f o r  t e n  m i n u t e s ,  

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

The p h o s p h a te  c o n t e n t  o f  1ml s u p e r n a t e  i n  e a c h  

sam ple  was d e t e r m i n e d  by  t h e  m ethod  o f  M ozersky  

e t  a l  ( 1 9 6 8 ) .

R e s u l t s

( b )  ALA and  ATPase

The a c t i v i t y  o f  ATPase was m e a su re d  b y  t h e  

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

ATP h y d r o l y s i s .  The r e s u l t s  a r e  e x p r e s s e d  i n  

u .m o le s  p h o s p h a t e / h o u r , a t  an  i n c u b a t i o n  o f  4 0 ^ 0 .  

Prom e a c h  t e s t  and  c o n t r o l  v a l u e ,  t h e  z e r o  t im e  

v a l u e  o f  f r e e  p h o s p h a t e  was s u b t r a c t e d .

The r e s u l t s  a r e  shown i n  T a b le  15* As c a n  

be  s e e n  f ro m  t h e  T a b l e ,  15 o r  50 p g /m l ALA c a u s e d  

no s i g n i f i c a n t  c h a n g e  i n  t o t a l  ATPase a c t i v i t y ,  

how ever t h e  120 and  1 8 0 |ig /m l c o n c e n t r a t i o n s ,  

c a u s e d  a  s i g n i f i c a n t  i n h i b i t i o - n  o f  a c t i v i t y :  

w i t h  ’p ’ v a l u e s  o f  < ^ 0 . 0 5  and  < ^ 0 .0 1  r e s p e c t i v e l y  

when a n a l y s e d  b y  a  ’S t u d e n t ’ s t  t e s t ’ .



TABLE 13

THE EFFECT OF ALA ON TOTAL ATPASE ACTIVITY 
OF THE g u in ea  PIG ILEUM

Co n c e n t r a t i o n  o f  ALA F re e  P h o sp h a t e  u .m o l e s / h o u r  
( u ^ / m l J  a t  40 C

( Z e r o  T im e) 0 2 .3 8 + 0 .1 5

( C o n t r o l )  0 4 .3 9
+ 0 .2 4

15 4 .4 3 + 0 .2 1

30 4 .4 9 +
0 .3 1

120 4 .2 0 + 0 .2 4

180 4 .0 2 + 0 .2 4

E a c h  r e s u l t  o f  f r e e  p h o s p h a t e  i s  e x p r e s s e d  a s  t h e  
mean o f  s i x  e x p e r i m e n t s  m inu s  t h e  mean z e r o  t im e  
v a l u e  -  s t a n d a r d  d e v i a t i o n .



( c )  A c e t y l c h o l i n e  R e le a s e

M e asu rem en ts  o f  a c e t y l c h o l i n e  o u t p u t  w ere  

made on l o n g i t u d i n a l  m u sc le  s t r i p s  o f  t h e  g u i n e a  

p i g  i l e u m .  The s t r i p s  w ere  o b t a i n e d  by  t h e  

m ethod  d e s c r i b e d  b y  P a t o n  e t  a l ,  ( 1 9 6 8 ) .  A 

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

a b o v e .  I n  t h i s  c a s e  m o s t  o f  t h e  i l e u m  was t a k e n  

and  p l a c e d  i n  a  b e a k e r  w i t h  warm K reb s  s o l u t i o n .  

25ml warm K re b s  s o l u t i o n  was r u n  fro m  a  p i p e t t e  

t h r o u g h  t h e  lu m en  o f  t h e  i n t e s t i n e  t o  d i s l o d g e  

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

was t h e n  g e n t l y  p u l l e d  up and s t r e t c h e d  o v e r  a  

g l a s s  r o d  i n s e r t e d  i n t o  t h e  lum en ( o f . f i g .  35 ) .

The m e s e n t r y  was t h e n  c a r e f u l l y  c u t  away. By 

s t r o k i n g  t a n g e n t i a l l y  w i t h  a  p i e c e  o f  c o t t o n  w o o l ,  

t h e  l o n g i t u d i n a l  m u sc le  was s e p a r a t e d  f ro m  t h e  

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

l o n g i t u d i n a l  m u sc le  was t h e n  t i e d  w i t h  a  t h r e a d ,  

and a  s t r i p  o f  m u sc le  was g e n t l y  p u l l e d  o f f .

C are  was t a k e n  t o  k e e p  t h e  t i s s u e  m o is t  w i t h  

K re b s  t h r o u g h o u t  t h i s  w hole  p r o c e d u r e .

S t r i p s  t h u s  o b t a i n e d  w ere  m ounted  i n  an 

o r g a n ^ b a th  w i t h  K re b s  s o l u t i o n  c o n t a i n i n g  lm g /1 .  

c h o l i n e  c h l o r i d e ,  and 2 m g / l .  e s e r i n e .  The 

t e m p e r a t u r e  was m a i n t a i n e d  a t  37°C by c o n t i n u o u s  

h e a t e d  w a t e r  c i r c u l a t i o n  and t h e  K re b s  was 

c o n t i n u o u s l y  g a s s e d  w i t h  5% Co^ i n  O^. The ’ '
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a p p a r a t u s  was s i m i l a r  t o  t h a t  d e s c r i b e d  above f o r  

t h e  i s o l a t e d  i l e u m ,  e x c e p t  t h a t  i n  t h i s  c a s e  t h e  

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

A f t e r  a  p e r i o d  o f  e q u i l i b r a t i o n  o f  up t o  

one and  a  h a l f  h o u r s ,  t h e  K re b s  was r e p l a c e d  and 

t h e  s t r i p s  w ere  l e f t  i n  c o n t a c t  w i t h  t h e  f r e s h  

K re b s  f o r  t e n  m i n u t e s .  A t  t h e  end  o f  t h i s  t im e  

t h i s  K re b s  was c o l l e c t e d  i n  a  s m a l l  m e a s u r in g  

c y l i n d e r ,  t h e  s t r i p s  w ere  w ashed  w i t h  two b a t h  

v o lu m e s  o f  f r e s h  K re b s  and f i n a l l y  l e f t  a g a i n  i n  

c o n t a c t  w i t h  f r e s h  K re b s  f o r  a n o t h e r  g i v e n  t im e  

i n t e r v a l .  The K re b s  i n  t h e  m e a s u r in g  c y l i n d e r  

was t h e n  a s s a y e d  f o r  a c e t y l c h o l i n e  c o n t e n t  on t h e  

i s o l a t e d  i l e u m  p r e p a r a t i o n  d e s c r i b e d  a b o v e .

The a s s a y  p r o c e d u r e  was a s  f o l l o w s  

A d o se  r e s p o n s e  r e l a t i o n s h i p  was d e te r m in e d  on th e  

i l e u m  f o r  a c e t y l c h o l i n e .  A g iv e n  volum e o f  t h e  

t e s t  sam p le  was i n j e c t e d  and t h e  r e s p o n s e  o b t a i n e d  

was n o t e d .  The r e s p o n s e  was t h e n  i n c r e a s e d ,  o r  

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

i n j e c t e d ,  so  t h a t  a  r e s p o n s e  o f  some 7 0 % o f  t h e  

maximum was o b t a i n e d .  A r e s p o n s e  t o  a c e t y l c h o l i n e  

j u s t  l e s s  t h a n ,  j u s t  g r e a t e r  t h a n  and e q u a l  t o ,  

t h i s  r e s p o n s e  was t h e n  o b t a i n e d .  T h is  was t h e n  

r e p e a t e d  u s i n g  a n o t h e r  t e s t  s a m p le .

To p r o v e  t h a t  i t  was a c e t y l c h o l i n e  t h a t  was 

b e i n g  r e l e a s e d  by  t h e  m u sc le  s t r i p s ,  an  a c e t y l c h o l i n e



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

s a m p le s  w ere  t h e n  t e s t e d  once more f o r  a c t i v i t y .

The a s s a y i n g  p r o c e d u r e  was r e p e a t e d  u n t i l  

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

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

ALA, up t o  $ 0 0 p g /m l ,  was t h e n  added  t o  t h e  K re b s  

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

way an  i n t e r n a l  c o n t r o l  s i t u a t i o n  f o r  a c e t y l c h o l i n e  

r e l e a s e  b e f o r e  and  a f t e r  ALA was o b t a i n e d .

The c a l c u l a t i o n  o f  t h e  am ount o f  a c e t y l c h o l i n e  

r e l e a s e d  p e r  m in u te  b y  th e  t i s s u e  was made a s  

f o l l o w s

Time o f  I n c u b a t i o n :  10 m in s .

T o t a l  volum e o f  K re b s  i n  o rg a n  b a t h :  Xml.

Volume o f  K re b s  a s s a y e d  f o r  a c e t y l c h o l i n e :  Yml.

A c e t y l c h o l i n e  c o n t e n t  o f  Yml K re b s  ( f r o m  a s s a y ) :  Zng. 

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

f ro m  m u sc le  s t r i p  i n  n g /m l /m in :  ^ y  ^  i §  i ig /m l /m in .

Kor e a c h  e x p e r i m e n t ,  t h e  mean a c e t y l c h o l i n e  

o u t p u t  b e f o r e  t h e  a d d i t i o n  o f  ALA t o  t h e  o r g a n  b a t h ,  

was com pared  w i t h  t h e  mean o u t p u t  a f t e r  ALA. The 

r e s u l t s  w ere  t h e n  a n a l y s e d  by  a  ' p a i r e d  t  t e s t ' .

Kor a  t o t a l  num ber o f  28 o b s e r v a t i o n s ,  t h e  mean 

o u t p u t  o f  a c e t y l c h o l i n e  b e f o r e  ALA was 1 .4 n g /m l /m in  -  

O .2 .S .E .M . The mean o u t p u t  a f t e r  ALA was 1 . 8 n g /m l /m in .  

-  O .4 .8 .L .M .  Thus a l t h o u g h  t h e  mean a c e t y l c h o l i n e  

o u t p u t  was g r e a t e r  a f t e r  ALA, t h e  d i f f e r e n c e  was n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  (p  < ^ 0 .2 )



I t  may be  p o i n t e d  o u t  t h a t  a s  e a c h  p i e c e  o f  

t i s s u e  s e r v e d  a s  i t s  own c o n t r o l ,  t h e r e  was no 

n e e d  t o  e x p r e s s  t h e  r e s u l t s  i n  t e r m s  o f  t h e  w e ig h t  

o f  t h e  t i s s u e .

D i s c u s s i o n

The f i n d i n g  t h a t  ALA i s  c a p a b le  o f  i n h i b i t i n g  

t o t a l  ATPase a c t i v i t y  i n  t h e  g u i n e a  p i g  i l e u m  i s  

c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  B e c k e r  e t  a l ,  ( l 9 ? l )  

t h a t  ALA c a n  i n h i b i t  t h e  s o d iu m - p o ta s s iu m  d e p e n d a n t  

f r a c t i o n  o f  r e d  c e l l  and  b r a i n  A TPase .

The e x p e r i m e n t  was n o t  e l a b o r a t e d  i n  o r d e r  t o  

d e te r m in e  t h e  s o u r c e  o f ,  o r  w h ic h  f r a c t i o n  o f ,  t h e  

enzyme was i n h i b i t e d :  o r  w h a t t h e  m echan ism  o f

a c t i o n  o f  ALA was i n  c a u s i n g  s u c h  an  i n h i b i t i o n .

The s o l e  p u r p o s e  i n  t h i s  e x p e r im e n t  was t o  s e e  i f  

ALA h a d  a  s i m i l a r  e f f e c t  on ATPase a c t i v i t y  i n  t h e  

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

' i n  v i t r o ' .  T hese  f i n d i n g s  s u g g e s t  t h a t  i t  h a s ,

I t  was i m p o r t a n t  t o  s e e  i f  ALA i n h i b i t e d  ATPase 

i n  t h e  i l e u m  a s  t h i s  t i s s u e  was u s e d  t o  t e s t  t h e  

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

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

i n v e s t i g a t i o n  d e p e n d e d  on ALA h a v in g  s u c h  an a c t i o n  

on A T Pase , and  so  t h e  e f f e c t  o f  ALA on ATPase i n  

t h e  i l e u m  was d e t e r m i n e d .

A num ber o f  s u b s t a n c e s ,  and c e r t a i n  c h a n g e s  

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

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



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

so d iu m , p o t a s s i u m  o r  c a l c iu m  d e p r i v a t i o n  (S k o u  

1957) , t h e  p r e s e n c e  o f  o u a b a in  (S k o u  1957); o r  

p - h y d r o x y m e r c u r i b e n z o a le  (S k o u  196$), a r e  a l l  

c a p a b le  o f  b o t h  i n h i b i t i o n  o f  A T Pase , and o f  

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

l o n g i t u d i n a l  m u sc le  s t r i p  o f  t h e  g u i n e a  p i g  i l e u m  

( P a t o n  e t  a l ,  1971)* The a c e t y l c h o l i n e  t h u s  

r e l e a s e d  i s  o f  a  n e u r o l o g i c a l  o r i g i n  ( P a t o n  e t  a l ,  

1968). .....................................................................................
T hese  o b s e r v a t i o n s  h av e  p ro m p te d  t h e  s u g g e s t i o n  

t h a t  t h e r e  i s  a  l i n k  b e tw e e n  an a x o n a l  membrane 

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

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

l a t t e r  ( P a t o n  1971)-

As ALA can inhibit certain ATPase activity, 

(Becker 1971) and as in the experiment described 

above i t  was shown to be capable of such an action 

in the guinea pig ileum, i t  was fe lt  that i t  might 

show this duality of action of both inhibiting 

ATPase and increasing acetylcholine output.

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

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

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

ALA; t h e  c h an g e  was n o t  s i g n i f i c a n t .

Once more t h e  p o s s i b i l i t y  r e m a in s  t h a t  i n  

a c u t e  p o r p h y r i a  t h e  c o n c e n t r a t i o n  o f  ALA i n  t h e



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

p e r i o d  o f  e x p o s u r e  t o  ALA, c o u ld  l e a d  t o  ATPase 

i n h i b i t i o n  w i t h  t h e  c o n s e q u e n t  c h a n g e s  i n  t r a n s m i t t e r  

r e l e a s e .  S u ch  a  c o u r s e  o f  e v e n t s  c o u ld  n e a t l y  

e x p l a i n  c e r t a i n  m a n i f e s t a t i o n s  o f  t h e  d i s e a s e .

P o r  e x a m p le ,  i f  b o t h  s y m p a th e t i c  and p a r a s y m p a t h e t i c  

n e r v e s  w ere  s i m i l a r l y  a f f e c t e d ,  t h e  f a c t  t h a t  a c e t y l ­

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

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

h e n c e  th e  e x p l a n a t i o n  o f  many o f  t h e  s i g n s  and symptoms 

o f  A IP .

Speculative as these considerations are, i t  is  

fe lt  that the likelihood exists that some such progress 

occurs in AIP. ALA capable of ATPase inhibition, 

and Paton et al, (1971) did favour the possib ility  

that a ll agents which inhibit ATPase, also increased 

neurotransmitter release. The fact that this was 

shown not to be significantly so in these experiments, 

does not mean that under other experimental conditions 

the effect would not be apparent.

I n  t h e  e x p e r i m e n t a l  sy s te m  u s e d  t o  t e s t  f o r  

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

f o r  i n c u b a t i o n  o f  t h e  m u sc le  s t r i p s  was more t h a n  a  

f a c t o r  o f  two t im e s  t h e  c o n c e n t r a t i o n  fo u n d  t o  i n h i b i t  

ATPase i n  t h e  i l e u m .  T h is  h i g h e r  c o n c e n t r a t i o n  was 

u s e d  b e c a u s e  P a t o n  e t  a l  (1971) fo u n d  t h a t  i t  r e q u i r e d



a  g r e a t e r  c o n c e n t r a t i o n  t o  i n c r e a s e  t h e  t r a n s m i t t e r  

o u t p u t ,  t h a n  was e f f e c t i v e  i n  i n h i b i t i n g  A TPase .

I t  may be t h a t  much h i g h e r  c o n c e n t r a t i o n s  o f  

ALA w ould  h a v e  h ad  t o  be u s e d  t o  p r o d u c e  an  e f f e c t  

on t r a n s m i t t e r  r e l e a s e .  A t th e  t im e  o f  th e  e x p e r i ­

m e n t s ,  h o w e v e r ,  i t  was f e l t  t h a t  e v en  $ 0 0 p g /m l was 

m ore t h a n  m ig h t  be  r e a s o n a b l y  e x p e c te d  t o  be  r e a c h e d  

i n  n e r v o u s  t i s s u e  i n  a c u t e  p o r p h y r i a .  D e p en d in g  

on  t h e  b i o - c o m p a r t m e n t a l i s a t i o n  o f  ATPase and  ALA 

' i n  v i v o ' ,  h o w e v e r ,  i t  may be  t h a t  s u c h  h i g h e r  

c o n c e n t r a t i o n s  a r e  e f f e c t i v e l y  a t t a i n e d .

I t  may a l s o  be  t h e  c a s e  t h a t  t h e  t i s s u e  was 

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

t im e  f o r  an  e f f e c t  t o  d e v e l o p .  I n  m o s t  c a s e s ,  

h o w e v e r ,  t h e  t i s s u e  was i n  c o n t a c t  w i t h  ALA f o r  a t  

l e a s t  one h o u r ,  and  t h i s  s h o u ld  h av e  b e e n  more t h a n  

s u f f i c i e n t  f o r  an  e f f e c t  t o  d e v e lo p  P a t o n  ( 1 9 7 1 ) •

I n  c o n c l u s i o n ,  t h e r e f o r e ,  w h i l e  i t  i s  e v i d e n t  

t h a t  ALA c a n  i n h i b i t  t h e  t o t a l  ATPase a c t i v i t y  o f  

t h e  g u i n e a  p i g  i l e u m ,  i t  d o e s  n o t  a p p e a r  t o  s i g n i ­

f i c a n t l y  a l t e r  t h e  o u t p u t  o f  a c e t y l c h o l i n e  f ro m  

l o n g i t u d i n a l  m u sc le  s t r i p s  o f  t h e  i l e u m  a t  a  c o n ­

c e n t r a t i o n  o f  $ 0 0 p g /m l .

I t  i s  e v i d e n t ,  t h a t  a s  s u c h  an  e f f e c t  m ig h t  

be  e x p e c te d  t o  o c c u r  on t h e o r e t i c a l  g r o u n d s ,  a  

more c o m p re h e n s iv e  p u r s u a l  o f  t h i s  p o s s i b i l i t y



w ould  be  w o r t h w h i l e . T h is  w ould  i n v a r i a b l y  be 

an  e x t e n s i v e  p r o j e c t  i n  t e r m s  o f  t h e  r e l a t i o n s h i p  

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

o f  a c u t e  p o r p h y r i a :  I t  i s  f e l t  h o w e v e r ,  t h a t  s u c h

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

u n d e r s t a n d i n g  o f  t h e  r e l a t i o n s h i p  b e tw e e n  ALA and 

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



SECTION V

GEWERiiL DISCUSSION



GENERAL DISCUSSION

The most significant findings of this study 

are that at blood concentrations known to occur 

in acute porphyria, ALA penetrates into various 

organs and tissues, and exhibits pharmacological 

activity. These findings alone provide a basis 

from which further research can be carried out 

with a view to elucidating the exact role which 

ALA may play in the production of the signs and 

symptoms of acute porphyria.

There is  now ample evidence that ALA can 

demonstrate varied pharmacological activity.

Thus there are the observations obtained and 

reported in this thesis, plus those made by such 

as Becker et al, (1971); Laies et a l, (1971) and 

Peldman et al, (1968). The previous negative 

observations made in this respect by other workers, 

were likely due to the fact that they had no 

purified ALA available (Goldberg et al, 1954-) or 

due to the fact that the doses of ALA used were 

too small to e l ic it  a response capable of measure­

ment. Eor example. Jarret et al, (1956) found no 

change in the blood pressure of an anaesthetised 

cat after administration of ALA. The dose of ALA 

used, however, was lOOpg/kg which would roughly 

correspond with a blood concentration of'^Ppg/ml.



As d e s c r i b e d  a b o v e ,  t o  evoke  a  b lo o d  p r e s s u r e  

r e s p o n s e  i n  t h e  r a t ,  a  b lo o d  c o n c e n t r a t i o n  i n  t h e  

r e g i o n  o f  8 0 p g /m l was n o r m a l ly  r e q u i r e d .  (A ssum ing  

a  b lo o d  volum e o f  $O m l/kg  i n  e a c h  c a s e . )

I t  i s  e v i d e n t ,  h o w e v e r ,  t h a t  t h e  m a n i f e s ­

t a t i o n s  o f  a c u t e  p o r p h y r i a  a r e  n o t  m e r e ly  a c u t e  

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

o f  ALA. Thus p o r p h y r i c  s u b j e c t s  c a n  e x c r e t e  l a r g e  

q u a n t i t i e s  o f  ALA and  show no e v id e n c e  o f  c l i n i c a l  

m a n i f e s t a t i o n s  o f  t h e  d i s e a s e  (H a e g e r  1 9 5 8 ) ,  and 

ALA c a n  be  a d m i n i s t e r e d  by  m outh  t o  s u b j e c t s  who 

d e m o n s t r a t e  no s u b s e q u e n t  symptoms r e s e m b l in g  t h o s e  

o f  A IP  ( B e r l i n  e t  a l ,  1954-).

I t  i s  much more l i k e l y  t h a t  p r o lo n g e d  e x p o s u r e  

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

a b o u t  c h a n g e s  i n  them  w h ic h  make them  s u s c e p t i b l e  t o  

w h a te v e r  unknown a g e n c i e s  p r e c i p i t a t e  t h e  p o r p h y r i c  

a t t a c k .  T h is  w ou ld  a p p e a r  t o  b e ,  t h e o r e t i c a l l y  a t  

l e a s t ,  p a r t i c u l a r l y  a p p l i c a b l e  t o  t h e  n e r v o u s  s y s te m s .  

W h e th e r  s u c h  an  e f f e c t  c a n  be m e d ia te d  d i r e c t l y  by  

ALA, o r  w h e th e r  i t  i s  m e d ia te d  by  a  b i o t r a n s f o r m a t i o n  

p r o d u c t  o f  i t  ( s u c h  a s  k r y p t o p y r r o l e )  o r  by  t h e  

c h a n g e s  r e s u l t i n g  f ro m  i t s  i n c r e a s e d  s y n t h e s i s ,  

m u s t  r e m a in  s p e c u l a t i v e  a t  p r e s e n t .  I t  i s  p o s s i b l e  

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

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

o f  p o t e n t i a l l y  u s e f u l  i n f o r m a t i o n  m ig h t  be  o b t a i n e d



f ro m  a  s e r i e s  o f  p h a r m a c o l o g i c a l  s t u d i e s  c a r r i e d  

o u t  on a n im a l s  c h r o n i c a l l y  p r e t r e a t e d  w i t h  ALA.

I t  was f e l t  w i t h  many o f  t h e  s t u d i e s  d e s c r i b e d  

a b o v e , t h a t  a  c o m p a r is o n  o f  n o rm a l  and c h r o n i c  

ALA t r e a t e d  a n i m a l s ,  w ou ld  hav e  b e e n  i n f o r m a t i v e .

I n  t h e  e x p e r i m e n t s  w here  t h i s  was c a r r i e d  o u t  

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

t h e  e f f e c t s  o f  ALA w ere  q u i t e  d r a m a t i c .  I t  was 

f e l t ,  h o w e v e r ,  e v e n  i n  t h e s e  c a s e s ,  t h a t  a  more 

s t e a d y  and c o n s t a n t  e x p o s u r e  t o  ALA was d e s i r a b l e  

t o  e m u la te  t h e  human c o n d i t i o n  i n  A IP .

I t  i s  p o s s i b l e  t h a t  an  ALA i m p l a n t  o f  some 

s o r t ,  o r  an  i n t r a m u s c u l a r  o r  s u b c u ta n e o u s  b o l u s  

o f  ALA m ig h t  a c h i e v e - t h i s  e n d :  w here  t h e r e  w ould

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

d u c t i o n  and e x c r e t i o n  w h ic h  l i k e l y  e x i s t s  i n  t h e  

l a t e n t  s t a g e s  o f  A IP . The d ra w b a c k s  o f  e l e v a t i n g  

ALA l e v e l s  by  p o r p h y r i n o g e n i c  d r u g s  s u c h  a s  AIA, 

h av e  a l r e a d y  b e e n  d e s c r i b e d  a b o v e .

Accepting that a ll of the clin ical mani­

festations of AIP can be explained on a neuro- 

pathological basis (Goldberg 1959) i t  is  worthwhile 

considering what new evidence is  available from the 

above studies to implicate ALA in such a neurological 

disturbance.

The r e s u l t s  o b t a i n e d  fro m  t h e  b l o o d - b r a i n  

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



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

a n im a l  b e h a v i o u r .  The l a c k  o f  any  e v i d e n t  p e r i p h e r a l  

in v o lv e m e n t  i n  t h e  a n im a l s  u s e d  i n  th e  b e h a v i o u r a l  

s t u d i e s ,  ( e . g .  l im b  w e a k n e ss  o r  p a r a l y s i s ,  o r  l o s s  

o f  w i t h d r a w a l  r e f l e x e s  i n  t h e  c h r o n i c  ALA a n im a l s )  

s u g g e s t s  t h a t  t h e  e f f e c t s  s e e n  h e r e  c o u ld  q u i t e  

p o s s i b l y  be  c e n t r a l l y  m e d i a t e d .  So to o  t h e  c o n ­

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

m e d i a t e d ,  and  t h e  f a c t  t h a t  ALA e x e r t e d  a  p r o t e c t i v e  

e f f e c t  a g a i n s t  INH co m pared  w i t h  AlA t r e a t e d  a n i m a l s ,  

m ig h t  be  t a k e n  a s  e v id e n c e  t h a t  ALA h a s  c e n t r a l  e f f e c t s

Prom t h e  r e s u l t s  o f  t h e  p e r i p h e r a l  s t u d i e s  i t  

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

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

f ro m  t h e  ' i n  v i v o ' c a r d i o v a s c u l a r  e x p e r i m e n t s  i n  

g e n e r a l ,  and  t h e  p i t h e d  r a t  e x p e r im e n t s  i n  p a r t i c u l a r ,  

i n d i c a t e d  t h a t  ALA when g i v e n  i n  s i n g l e  d o s e s  d i d  n o t  

a f f e c t  s y m p a th e t i c  n e r v e  t r a n s m i s s i o n .  So to o  t h e  

r e s u l t s  f ro m  t h e  f i e l d  s t i m u l a t e d  g u i n e a  p i g  i l e u m  

e x p e r i m e n t s ,  s u g g e s t e d  ALA was s i m i l a r l y  i n e f f e c t i v e  

on c h o l i n e r g i c  n e r v e  t r a n s m i s s i o n .

O th e r  r e s u l t s ,  h o w e v e r ,  w ere  s u g g e s t i v e  o f  

ALA h a v in g  an  e f f e c t  on n e u r o t r a n s m i s s i o n .  Thus 

th e  o c c a s i o n a l  p o t e n t i a t i o n  o f  t h e  ' i n  v i t r o '  a r t e r y  

s y m p a th e t i c  r e s p o n s e  by  ALA, and t h e  r e s u l t s  f ro m  

t h e  a c e t y l c h o l i n e  r e l e a s e  and  ATPase s t u d i e s ,  

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



e f f e c t  o f  ALA m ig h t  be  e v i d e n t .  Once more i t  m ig h t  

be  p e r t i n e n t  t o  s u g g e s t  t h a t  c h r o n i c  n e r v e  e x p o s u re  

t o  ALA may p r o d u c e  s u c h  c h a n g e s  i n  a much more 

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

fo rm .

I n  c o n c l u s i o n  t h e n  i t  may be  w o r th w h i le  t o  

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

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

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

d u c t i o n  o f  t h e  s i g n s  and  sym ptom s.

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

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

s y n t h e s i s  o f  ALA. T h e re  a r e  two d i r e c t  r e s u l t s  o f  

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

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

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

p h o s p h a te  (C a v a n a g h  and R i d l e y  1 9 5 7 ) ,  and i t  r e s u l t s  

i n  an  i n c r e a s e  i n  t h e  b l o o d  c o n c e n t r a t i o n  o f  ALA.

Much o f  t h i s  ALA i s  e x c r e t e d  by  t h e  k i d n e y ,  (H a e g e r  

1 9 5 8 ) b u t  t h e  ' s t e a d y - s t a t e  ALA', t h a t  i s  t h e  

d i f f e r e n c e  b e tw e e n  th e  am ount p ro d u c e d  and th e  

am ount m e t a b o l i s e d  and e x c r e t e d ,  r e a c h e s  an  e q u i l i ­

b r iu m  s i t u a t i o n  b e tw e e n  t h e  b lo o d  and t h e  o t h e r  

t i s s u e s .  T h u s ,  e f f e c t i v e l y ,  ALA p a s s e s  i n t o  

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

( M c G i l l i o n  e t  a l ,  1 9 7 ^ ) .



I n  t h e  v a r i o u s  t i s s u e s  ALA c a n  e x e r t  i t s  

p h a r m a c o l o g i c a l  a c t i v i t y .  Thus i n  t h e  n e rv o u s  

t i s s u e s  i t  c a u s e s  i n h i b i t i o n  o f  n e u r o n a l  ATPase 

and  membrane so d iu m  t r a n s p o r t ;  ( B e c k e r  e t  a l ,

1 9 7 1  ; L a i e s  e t  a l  1971)*  80  t o o  c h e m ic a l  o r

m e t a b o l i c  p r o d u c t s  o f  ALA, s u c h  a s  k r y p t o p y r r o l e  

( K r i s c h e r  and  P f e i f f e r  1 9 7 3 )  may p o s s i b l y  a f f e c t ,  

p a r t i c u l a r l y  t h e  c e n t r a l  n e r v o u s  s y s te m .

The r e s u l t  o f  t h i s  i s  t h a t  p r o g r e s s i v e  

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

and  c e n t r a l  n e r v o u s  s y s t e m s .  The e x a c t  s t r u c t u r a l  

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

d e f i n e d  (G ra y  1 9 6 5 )  b u t  f u n c t i o n a l l y  t h e  e f f e c t s  a r e  

n o t  t o o  e v i d e n t  a t  t h i s  s t a g e .  The e s s e n t i a l  ch an g e  

p r e s e n t  i s  t h a t  t h e  n e r v o u s  s y s te m  i s  p o t e n t i a l l y  

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

and i s  l e s s  c o - o r d i n a t e d ,  w i t h  p e r h a p s  a  d i s c o -  

o r d i n a t i o n  o f  h o m e o s t a t i c  m echan ism s i n  p a r t i c u l a r .

Thus t h i s  i s  t h e  s i t u a t i o n  i n  t h e  l a t e n t  p h a s e  

o f  t h e  d i s e a s e  and i t  r e m a in s  a s  s u c h  u n t i l  some 

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

a t t a c k .  A g a in  h y p o t h e t i c a l l y ,  i t  i s  f e l t  t h a t  a  

p r im e  f e a t u r e  o f  t h e  p r e c i p i t a t i o n  o f  a t t a c k s  c o u ld  

be  t h e  in v o lv e m e n t  o f  s t e r o i d s .

When t h e  p o r p h y r i c  s u b j e c t ,  t h u s  p r e d i s p o s e d  

t a k e s  a  s i g n i f i c a n t  am ount o f  a  p o r p h y r i n o g e n i c  

d r u g  s u c h  a s  a  b a r b i t u r a t e ,  ( o r  i s  e x p o se d  t o  o t h e r



p r e c i p i t a t i n g  a g e n t s )  two t h i n g s  h a p p e n ; -  t h e r e  

i s  a  f u r t h e r  i n c r e a s e  i n  ALA s y n t h e s i s ,  w i t h  t h e  

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

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

c e n t r a l l y  m e d ia t e d  r e l e a s e  o f  ACTH fro m  t h e  a d e n o -  

h y p o p h y s i s .  T h i s  l a t t e r  s t a t e m e n t  p e r h a p s  r e q u i r e s  

some j u s t i f i c a t i o n .

 I t  i s  w e l l  known t h a t  many d r u g s  c a n  i n c r e a s e

t h e  r a t e  o f  r e l e a s e  o f  ACTE fro m  t h e  a d e n o h y p o p h y s i s ,  

a l t h o u g h  r e l a t i v e l y  l a r g e  d o s e s  a r e  r e q u i r e d  

s y s t e m i c a l l y  t o  do t h i s  (McCann 1 9 5 7 ) -  I t  i s  q u i t e  

p o s s i b l e  h o w e v e r ,  t h a t  e v en  q u i t e  s m a l l  d o s e s  o f  

d r u g s  w i t h  t h i s  a b i l i t y  c o u ld  r e l e a s e  ACTE i n  a c u t e  

p o r p h y r i a  a s  l e s i o n s  o f  t h e  h y p o p h y s i a l  t r a c t  h av e  

b e e n  r e p o r t e d  i n  t h e  d i s e a s e .  Many o f  t h e  d r u g s  

w h ic h  p r e c i p i t a t e  a t t a c k s  o f  p o r p h y r i a  ( d e M a t t e i s  

1 9 5 7 ) a r e  c a p a b l e  o f  ACTE r e l e a s e :  and  i n d e e d ,  i t  

i s  p o s s i b l e  t h a t  many s t i m u l a t e  ALA s y n t h e t a s e  

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

th e  a d r e n a l  c o r t e x . ---------

The r e s u l t a n t  i n c r e a s e  i n  c i r c u l a t i n g  ALA, 

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

on t h e  n e r v e s  above  ' t h r e s h o l d ' ,  t h a t  i s  t h e  n e r v e  

damage i s  now e x p r e s s e d  f u n c t i o n a l l y :  and  t h e  

w hole  p r o c e s s  i s  e x a c e r b a t e d  by  t h e  s t e r o i d s  and 

o t h e r  a s s o c i a t e d  m e t a b o l i c  d i s o r d e r s .  The ' l a t e n t '  

damage o f  n e r v o u s  r e g u l a t o r y  and f e e d - b a c k  m ech an ism s



now becom es e v i d e n t  and  we h a v e  t h e  'n e r v o u s  

e x p l o s i o n ' t y p i c a l  o f  t h e  a c u t e  p o r p h y r i c  a t t a c k .

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

t h e  p e r i p h e r a l  m o to r  and c e n t r a l  n e r v e s  a t  t h i s  

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

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

t r a n s m i t t e r  r e l e a s e  ( c f . S e c t i o n  IV a b o v e )  w i t h  a  

s y m p a th e t i c  d o m in a n c e ,  and  an  i n c r e a s e d  o u t p u t  f ro m  

t h e  a d r e n a l  m e d u l l a ,  b o t h  o f  w h ic h  may w e l l  be 

e x a c e r b a t e d  by  t h e  e x c e s s i v e  c i r c u l a t i n g  l e v e l s  Of 

s t e r o i d s  a f f e c t i n g  c a t e c h o la m in e  u p t a k e  m echan ism s 

( I v e r s e n  1 9 7 0 ) •

T h ese  c h a n g e s  i n  t h e  a u to n o m ic  n e r v e s  and 

t h e  d e g e n e r a t i v e  c h a n g e s  w h ic h  w ould  o c c u r  i n  t h e  

m o to r  and  c e n t r a l  n e r v e s ,  c o u ld  a c c o u n t  f o r  m ost  

o f  t h e  s i g n s  and  symptoms o f  A IP .

I t  i s  w o r th  p o i n t i n g  o u t  a t  t h i s  s t a g e ,  t h a t  

once  ALA h ad  p r o d u c e d  i t s  n e u r o p a t h o l o g i c a l  c h a n g e s ,  

t h e  p r o g r e s s i o n  o f  t h e  a t t a c k  w ould  become i n d e ­

p e n d a n t  o f  t h e  b lo o d  ALA c o n c e n t r a t i o n ,  i n  a s  much 

a s  a  d e c r e a s e  i n  c i r c u l a t i n g  ALA d u r i n g  a t t a c k  

w ould  be  u n l i k e l y  t o  a f f e c t  i t s  c o u r s e  e x c e p t  

p e r h a p s ,  i n  t e r m s  o f  t i m e .  However t h e  s e v e r i t y  

and  fo rm  o f  a t t a c k ,  t h a t  i s  w h e th e r  m i l d ,  o r  s e v e r e ,  

may w e l l  d e p en d  on t h e  d e g r e e  o f  n e u r a l  damage 

p r o d u c e d  by  ALA and  t h i s  may be  r e l a t e d  t o  t h e  b lo o d  

c o n c e n t r a t i o n  o f  ALA.-----------



The above  h y p o t h e s i s  i s  h i g h l y  s p e c u l a t i v e  

a n d ,  t o  an  e x t e n t ,  s i m p l i s t i c .  I t  b y  no m eans 

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

o f  a c u t e  p o r p h y r i a ,  and  may be  j u s t i f i a b l y  c r i t i c i s e d  

a c c o r d i n g l y .  I t  i s ,  h o w e v e r ,  a  w o rk in g  h y p o t h e s i s ,  

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

w h ic h  a r e  n o t  u n r e a s o n a b l e :  and i t  p r o v i d e s  a  b a s i s  

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

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

I t  i s  h o p e d  t h a t  a s  a  r e s u l t  o f  t h i s  w ork some 

p r o g r e s s  h a s  b e e n  made to w a rd s  u n d e r s t a n d i n g  th e  

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

i n t e r m i t t e n t  p o r p h y r i a .
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