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SUrMARY

A cute  b l u n t  i n j u r y  t o  t h e  s p i n a l  cord  i s  an. im p o r t a n t  c a u s e  

o f  d i s a b i l i t y  i n  b o t h  man and t h e  d o m e s t i c  a n i m a l s , The : c a s o n s  

f o r  t h e  f o r m a t i o n  and s p r e a d  o f  t h e  haoraorrha.yic and n e c r o t i c  

l e s i o n  s e e n  i n i t i a l l y  i n  t h e  c e n t r a l  g r e y  m a t t e r  o f  t h e  cord  

f o l l o w i n g  i n j u r y  a r e  u o o r l y  u n d e r s t o o d .  E v i d e n c e  has been  p r e ­

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

(NA) as  a c a u s a t i v e  f a c t o r  i n  t h e  p a t h o g e n e s i s  o f  t e  l e s  i o n .

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

e f f e c t s  o f  D.A on c e r t a i n  a s n e c t s  o f  t h e  s p i n a l  c or d  o i r o u l e t i o n  

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

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

cord b l o o d  f l o w  (GCBF) b e f o r e  and e . f t c r  b lood-r .ord  b a r i - i e r  

d i r u p t i o n  uac s t u d i e d  i n  d o g s ,  h a r r i e r  c:ié r u p t i o n  was accom­

p l i s h e d  w i t h  an i n t r a - a r t e r i a l  bo ]us  i n j e c t i o n  o f  2 . p-- v r u a .  

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

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

lumbar and s a c r a l  s e g m e n ts  o f  t h e  c o r d .  SCB? was meawrared by 

t h e  hydrogen  c l e a r a n c e  method.  I n t r a - a . r t e r i a l  ui-ea by i t s e l f  

}.',ad no s i ; p i i f i c a n t  e f f e c t  on The i n t r a - a r l e r i a l  i n f u s i o n

c f  HA (12 y.ig/min. & 30 y i a /m in . )  was w i t h o u t  o v e r a l ]  e f f e c t  on 

oC-BTv However* i f  t h e  b l o o d - c o r d  b a r r i e r  had p r e v i o u s l y  been  

d i s r u p t e d  w i t h  h y p e r t o n i c  u r e a  b o t h  c o n c e n t r a t i o n s  o f  1:1 r e s u l t e d  

i n  l a r g e  r e d u c t i o n s  i n  3CB?* t h e  l a r g e r  d o s e  c a u s i n g  t h e  g r e a t e r  

r e d u c t i o n .  Ho su c h  r e d u c t i o n s  i n  3CB? were s e e n  w i t h  b l o o d - c o r d  

b a r r i e r  d i s r u p t i o n ,  and HA i f  zhe  a n im a l s  had b e e n  p r e t r e a t e d  w i t h  

t h e  OC - a d r e n e r g i c  b l o c k e r *  phenoxyben zamine  ( l . f  m g /k g . ) .

The e v i d e n c e  t h u s  s u g g e s t s  t h a t  HA i s  c a p a b l e  o f  c a u s i n g  profound  

f l o w  r e d u c t i o n s  i n  t h e  normal s p i n a l  cord  and t h a t  t h e s e  r e d u c ­

t i o n s  a r e  m e d ia t e d  v i a  CC.-adrenergic  mechan ism s.  H i t h  t h e  t e o h -  

n i c u e s  u t i l i s e d  i n  t h e s e  e x p e r i m e n t s  i t  was not  p o s s i b l e  t o  

d e t e r m in e  w h e t h e r  t h e  OC - m e d i a t e d  r e d u c t i o n s  i n  SCB.F were t h e  

r e s u l t  p r i n c i p a l l y  o f  a  d i r e c t  v a s c u l a r  a c t i o n  o f  HA or  due t o  

O C -m edia ted /



oc ” m e d ia t e d  c h a n g e s  i n  t h e  m e t a b o l i c  demands o f  cninaJ. cord  

t i s s u e .

The e f f e c t  o f  HA upon t h e  c a l i b r e  o f  s p i n a l  cord  p i a l  

v e s s e l s  was a l s o  t e s t e d .  Sm all  vo lumes  o f  v a r i o u s  c o n c e n t r â t i c n s  

o f  I'3A, d i s s o l v e d  i n  mock c e r e b r o s p i n a l  f l u i d  (CS?) v'cre i n j e c t e d  

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

t h e  v e s s e l s  under  t e s t .  S p i n a l  p i a l  a r t e r i o l a r  d i a m e t e r  was 

measured by a t e l e v i s i o n  i m a g e - s p l i t t i n g  t e c h n i q u e . The a p p l i ­

ca t ion .  o f  moc.k C3P a l o n e  r s u l t c d  i n  a n e t  v a s c d i l a f c a t i o n  o f  6 . 4 ~

6 , 5/  (A'I-S.D). A f t e r  t h e  e f f e c t  o f  CSF had b e e n  s u b t r a c t e d  from  

t h e  o v e r a l l  r e s p o n s e  t o  HA and C3?, a d o s e - d e p o n d e n t  c o n s t r i c t i o n

t o  ÎIA was s e e n ,  A maximum c o n s t r i c t o r  r e s p o n s e  o f  2 6 . 6 - 5
-.■3

o c c u r r e d  i n  r e s p o n s e  t o  an jA cone  cm. r a t  i o n  c T p X 10 ( t h e  

l i i g h c c t  c o n .0 o nt  r a t  i o n  used  i n  t h e  sbudy)  $ Lut t h e  t e n d e n c y  x;as f o r  >, 

t h e  r e s p o n s e  t o  r e a c h  .a p lo . te au  a t  c o n c e n t r â t  i o n s  grca . ter  th.sn 

5 X 10 -̂ 11, The i n c l u s i o n  o f  t h e  OC -  a d r e n e r g i c  b l o c k e r ,  

n b e n t o l a m i n e , i n  t h e  i n j e c t a t e  i n  an o q u i n e l a r  d o s e , p r e v e n t e d  

t h e  c o n s t r i c t o r  r e s p o n s e  o f  5 X 10 ^n,  HA and o n l y  p a r t i a l l y  

p r e v e n te d  tlie r e s p o n s e  t o  a more c o n c e n t r a t e d  s o l u t i o n  o f  HA,

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

t h e  b l o o d - c o r d  b a r r i e r  and p o s s i b l e  m e t a b o l i c  e f f e c t s  o f  t h e  dru;.: 

can be e v o i d c d .  Thus t h e  r e s u l t s  s u g g e s t  t h a t  t h e  IJA m ed ia te d  

d e c r e a s e s  i n  303?  and v a s c u l a r  c a j i b r c  are  du e ,  a t  l e a s t  i n  p a r t ,  

t o  a d i r e c t  v a s o c o n s t r i c t o r  a c t i o n  o f  HA m e d ia t e d  v i a  v a s c u l a r  

(%- a d r e n e r g i c  r e c e p t o r s .

P a r t s  IV dc Y o f  t h i s  t h e s i s  examine t h e  e f f e c t s  o f  e x o ­

genous  l y  a d .m in i s t e r e d  HA upon t h e  h i s t o l o g i c a l  ap p e ar an c e  o f  t h e  

s p i n a l  c o r d .  HA was a d m i n i s t e r e d  i n  two w a y s -

1 ) by d i r e c t  i n t r a s p i n a l  i n j e c t i o n .

2 ) by i n t r a - a r t e r i a l  i n f u s i o n  a f t e r  d i s r u p t i o n  o f  

t h e  b l o o d - c o r d  b a r r i e r  w i t h  u r e a .

The p u r p o s e  o f  t h e s e  i n v e s t i g a t i c n s  was t o  t e s t  i f  HA c o u l d  ca.use 

l e s i o n s  o f  h a e m o rr h a g ic  n e c r o s i s  a s  r e p o r t e d  by o t h e r  w o r k e r s .

There  was no e v i d e n c e  o f  h a e m orr h ag ic  n e c r o s i s  i n  c o r d s  r e c e i v i n g  

i n t r a s p i n a l  /



VI

.‘ii n t r a s p i n a l  i n j e c t i o n s  o f  HA c one ont  r a t  i o n s  r o j i g i n y  from 5 - 3 5  |'i 

d i s s o l v e d  in  20 }.il c f  mock C3F. L i k e w i s e ,  i n  anis ir .Is  which, had 

b e e n  p r c t r e a t e d  w i t h  t h e  IT A u p t a k e  b l o c k e r  d e s i p r a m i r o ,  no 

h a e m o rr h a g ic  n ocr '^ s i s  was s e e n  i n  r e s p o n s e  t o  i n i  r a s p i n a l  

i n j e c t i o n s  o f  35 pC  HA.. The main p a t h o l o g i c a l  change  s e e n  i n  t h e s e  

a n i m a l s  ( i n c l u d i n g  t h o s e  i n j e c t e d  w i t h  03P a l o n e )  was oedema,  a 

f e a t u r e  a t t r i b u t e d  t o  t h e  e f f e c t s  o f  t h e  i n j c c b a t e  volume and t h e  

t im e  o v e r  which  t h e  volume was a d m i n i s t e r e d ,

S im i la .r l^ ’’, no h i s t o l o g i c a l  ch a n g e s  were s e e n  in  t h e  s p i n a l  

c o r d s  o f  c a t s  f  c l  l o w i n g  e i t h e r  i  n t  ro,-a r t  c r  i  a l  a .dmizi ictrat  i o n  o f  

3 . 0  or 3 . 5 4  u r e a ,  or  HA a f t e r  b l o o d - c o r d  b a r r i e r  d i s r u p t  i o n .

The im p o r ta n c e  o f  IT A i n  t h e  p a t h o g e n e s i s  o f  a.cutc s p i n a l  

trauma i s  d i s c u s s e d  i n  Part  VI i n  t h e  c o n t e x t  o f  t h e  p r e s e n t  

s t u d i e s  and t h o s e  o f  o t h e r  w o r k e r s .  I t  i s  s u g g e s t e d  t h a t  w h i l e  

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

p r o d u c i n g  fl.ov; r e d u c t i o n s ,  i t  i s  not  by i t s e l f  a c c o u n t  a b l e  f o r  

t h e  p r o g r e s s i v e  r e d u c t i o n s  o f  f l o w  and h a e m orr h ag ic  n e c r o s i s  

s e e n  i n  c .cute s p i n a l  i : e j u r y .



GETTER AL TDTRODUCTION

Damage t o  t h e  npina.1 cord  commonly r e s u l t  i n  l o s s  o f  motor  

and s e n s o r y  f u n c t i o n  below t h e  l e v e l  o f  t h e  l e s i o n ,  a s t a t e  which  

i s  o f t e n  i r r e v e r s i b l e , T raum at ic  i n j u r y  t o  t h e  s p i n a l  cord w i t h  

or  w i t h  out  f r a c t u r e  a n d / o r  d i s l o c a t i o n  i s  an i m p o r t a n t  c a u s e  o f  

d i s a b i l i t y  in  man and t h e  d o m e s t i c  a n i m a l s . An improved  

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

Acute  b l u n t  co7-d i n j u r y  i s  c h a r a c t e r i s e d  pat  ho 1 o g i  c a 1 ly  by 

a p r o g r e s s i v e  haornorrhagi c n e c r o s i s  o f  c e n tr a ?  g r e y  mai t e r  which  

mo.y n r o c c e d  in  a, l o n g i t u d i n a l  and r a d i a l  manner i n v o l v i n g  b o t h  

t h e  g r e y  and w h i t e  m a t t e r ,  r e s u l t i n g  i n  a. t o t a l  f u n c t io n ? . ]  

t r a n s e c t  i o n . The r e a s o n s  f o r  t h e  form al  i o n  end p r o g r e s s i v e  uetu:"' 

o f  t h e  l e s i o n  a.re p o o r l y  u n d e r s t o o d .  I f  t h e  p a t h o g e n e s i s  o f  t h i s  

c e n t r a l  l e s i o n  can be d e t e r m i n e d , t h e n  r a t i o n r . l  t r e a t  s.? nt car. be 

i n s t  i  g a t e d  t o  a r r e s t  the  nro g r o s s  i o n .  By swvrinp: o f  t  Tie whi  if' 

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

i n c r e a s e d .

I n  1 9 7 2 , e v i d e n c e  was p r e s e n t e d  ^inich i m p l i c a t e d  tin? 

n e u r o t r a n s m i t t e r  s u b s t a n c e  n o r a d r e n a l i n e  ( c r  n ore  p in  o ph'-' i n c )  as  

a c a u s a t i v e  f a c t o n  i n  vhc p a t h o g e n e s i s  o f  t h e  c o n t r a  1 1 e s i o n .

I t  Wc.s p o s t u l a t e d  t o  be e l a b o r a t e d  and r e l e a s e d  from a d r e n e r g i c  

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

t o x i c  v a s o s 0 0sm, h y o o v i ?  and s u b s e q u e n t  t i s s u e  n e c r o s i s  and 

hacmorrhage  ( C s t  e r h o 1m 19 7 2 ) .

The aim o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  c e r t a i n  a s p e c t s  o f  

t h e  e f f e c t  o f  t h i s  amino on Dhc s p i n a l  c o r d .

P a r t s  I I  and V d e a l  w i t h  t h e  e f f e c t s  c f  n o r a d r o n a l i n e  on 

s p in a ?  cord  b l o o d  f l o w  and t h e  h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  

s p i n a l  c o r d .  I t  s h o u l d  be n o t e d  t h a t  t h i s  l a t t e r  s t u d y  i s  not  

i n t e n d e d  t o  be an e x h a u s t i v e  p a t h o l o g i c a l  s t u d y .  R a t h e r ,  i t  

b r i e f l y  l o o k s  at  w h e t h e r  t h e  a d m i n i s t e r e d  n o r a d r e n a l i n e  p r od u c e s  

p a t h o l o g i c a l  e f f e c t s  s i m i l a r  t o  t l i o s c  s e e n  i n  traum a.
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P ar t  TTI i n v e s t i g a t o r  t h e  e f f e c t  o f  n o v o d r e n a l i n o  on t h e  

d i a m e t e r  o f  s o in o . l  p i a l  a r t e r i e s  arvi a r t e r i o l e s  and P ar t  IV 

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

noradrer ia . l in c  i n  t h e  s p i n a l  c o r d .  The r e s u l t s  o f  t h e  s t u d i e s  are  

d i s c u s s e d  i n  P ar t  VI in  t h e  c o n t e x t  o f  a v a i l a b l e  know ledge  o f  t h e  

b i o c h e m i c a l  t h e o r y  c f  hae;norrhagic  n e c r o s i s .
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The B i o s y n t h e s i s . . .  an d _Jloiab_q I i s m o f  Mor ad r é n a l i n e

A know ledge  o f  t h e  f o r m a t i o n  and d e g r a d a t i o n  o f  a natural] . ; ;  

o c c u r r i n g  s u b s t a n c e  w i t h i n  a p a r t i c u l a r  t i s s u e  .is n e c e s s a r y  when 

e x a m i n i n g  t h e  e f f e c t s  o f  t h e  s u b s t a n c e  on t h a t  t  i s s u e . Thin  

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

n o r a d r e n a l i n e  (h'A) i n  t h e  c e n t r a l  ne r vou s  s y s t e m .

The f  o i l  ow ing  a s p e c t s  hove b e e c  considex-eci  i —

1)  The b i c s y n t h e s i s  o f  NA, i n c l u d i n g  a d e s o i - i p t i o n  o f  

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

2 )  The r e g u l a t i o n  o f  .UA b i o s y n t h e s i s .

3 ) M e t a b o l i c  d e g r a d a t i o n  o f  NA.

4 ) NA u.pt aks n;c cha n i  s ms ,

B i o s y n t h e s i s  o f  N o r a d r e n a l i n e

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

was f o r m u l a t e d  in d e p e n d e n t  l y  by B la s c h k o  (1 9 3 9  ) Find ho lt? .  (1939.)  

f o l l o w i n g  tliG d i s c o v e r y  c f  t h e  enzyme L-dopa  c e c a r b c r y l a . s c  in.  1 9 3 8 ,  

B l a s c h k o  ( 1 9 5 7 )  has  r e v i e w e d  t h e  e a r l y  work by wh ich  t h e  

b i o s y n t h e t i c  pathway was e s t a b l i s h e d .  In  t h a t  y c c r  ( 1 9 5 7 ; t 

L—dopa, d e c a r b o x y l a s e  was t h e  o n l y  enzyme i n  t h e  p r o c e s s  t o  have- 

be e n  c o m p l e t e l y  c h a r a c t e r i s e d ,  3in.cc t h e n  t h e  b i o c y n t h e t i c  scheme  

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

enzyme G and c o - f a c t o r s  r e s p o n s i b l e  f o r  the. i n d i v i d u a l  s t e p s  t h a t  

l e a d  from L - t y r o s l n e  t o  a d r e n a l i n e .  ( N a g a t s u ,  L e v i t t  & U d c n fr i o n d  

1964 * U d e n f r i e n d  i 9 6 0 , I v e r s e n  1967* M c l i n o f f  & Iccelro.i  1971 )

F i g ,  1 d e t a i l s  t h e  b i o s y n t h e t i c  pathway o f  t h e  c a t e c h o l a m i n e s ,  

K s e e n t t a l l y  t h i s  i n v o l v e s  t h e  s e q u e n t i a l  h y d r o x y l a t  i o n  and 

d e c a , r b o x y l a t i o n  o f  t h e  amino a c i d  t y r o s i n e  t o  n o r a d r e n a l i n e  (NA) 

w i t h  f u r t h e r  iv,othy 1 at i o n  t o  a d r e n a l i n e  i n  c h r o m o f f  i.n t i s s u e s .

The h y d r o x y l a t i o n  o f  t h e  e s s e n t i a l  amine a c i d  pheny l  a l a n i n e  

t o  L - t y r o s i n e  by t h e  en.zyme p h e n y l a l a n i n e  h y d r o x y l a s e  i n  t h e  

e x t r a c e l l u l a r  f l u i d , i s  p r e s e n t e d  i n  F i g , 1 as  t h e  f i r s t  s t o p  i n  

t h e  p r o c e s s .  However,  a l t h o u g h  NA can be s y n i h e s i s e d  from 

p h e n y l a l a n i n e  i_n v i v o  (Gurin & H e l l u v a  1 9 4 7 ) t t h i s  pathway i s  

p r o b a b l y  i n s i g n i f i c a n t  s i n c e  L - t y r . o s i n e , from d i e t a r y  s o u r c e s  i s  
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abundant i n  an im al  t i s s u e s . The h y d r o x y 1 a t i o n  o f  L - t y r o s i n e  

t o  d i h y d r o x y - r h e n y l a l a n i n e  or  L—dopa by t h e  a c t i o n  o f  t h e  enc^nne 

t y r o s i n e  h y d r o x y l a s e  ( N a g a t s u  e t  a l  1964;  U d e n f r i e n d  I 9 6 6 ) t a k e s  

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

t h e  n e u r o n a l  membrane by an e n e r g y  dependent  c o n c e n t r a t i n g  

mechanism. The d e c a r b o x y l a t i o n  o f  L--dopa t o  dopamine i s  c a t a l y s e d  

by a r e l a t i v e l y  n o n - s p e c i f i c  a r o m a t i c  L-amino a c i d  d e c a r b o x y l a s e  

( h o v e n b e r g ,  Wei s s b a c h  & U d e n f r i e n d ,  1962 ) .  The enzyme .appears t o  

be l o c a l i s e d  w i t h i n  t h e  n e u r o n a l  c y t o p la s m ,  a l t h o u g h  Udei i f r i e n d  

( 1 9 6 6 ) i n d i c a t e d  t h a t  some o f  t h e  dopa d « c a i ‘b o x y l a s e  i n  t h e  b r a i n  

was o r e s e n t  in  t h e  n a r t i c u l a t e  f r a c t i o n .  However,  Pahn, Rodman 

& Cold ( 1 9 6 9 ) -ud S t j a r n e  & L i s h a j k o  ( l 9 6 7 )  s u g g e s t e d  t h a t  t h e  

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

By n apt  o s  o n e s  i n  a. s o l u b l e  form*
The c o p p e r  c o n t a i n i n g  enzyme dopamine - ^ - h y d i o x y l a c c  c a t a l y s e s  

t h e  h y d r o x y l a t  i o n  o f  d.opanine t o  NA. (Kaufman, 1 9 6 6 ,  U o l i n o f f  & 

A x e lr o d  1971 )  Dopamine 2 - h y d r o x y l a s c  ap p e ar s  t o  be e x c l u s i v e l y  

l o c a l i s e d  i n  t h e  s t o r a g e  v e s i c l e s  o f  a a r e n e r g ÿ c  n e r v e  o j g a n e l l e s , .  

( K i r s h n e r  1959» S t j a r n e  1966 ,  S t j a r n e  & L i s h a j h o  I 9 6 7 ) Approx imatc l;  

80)1 o f  t h e  enzyme p r e s e n t  in  t h e  o r g a n e l l e s  i s  in. an in e o j .u b lo  form ,  

( V i v e r o B ,  A r q u e r o s ,  C onnet t  & K ir s h n e r  I 9 6 9 , B l a s c h k o  19 7 3 )  The 

i n s o l u b l e  form ap p e a r s  t o  be a major c o n s t i t u e n t  o f  t h e  inembraziC 

p r o t e i n s .  The h y d r o x y l a s e  i s  p i 'e se n t  as  tliC f r a c t i o n  known as  

"chromoTijernbrln A” ( H b r t n a g l ,  W ink ler  & Lochs 1 972 )»

The l a s t  s t e p  i n  F i g .  1 shows t n e  m é t h y l a t i o n  o f  KA t o  

a d r e n a l i n e  by t h e  enzyme phcny i  e th a n o la m i n e  N-me t  hy I t  ran s f  e r-as e .

T h i s  enzyme i s  s p e c i f i c a l l y  l o c a t e d  i n  t h e  o e l j s  a b l e  t o  form  

a d r e n a l i n e  s u c h  as  t h e  chromof f i n  c e l l s  o f  t h e  a d r e n a l  m e d u l l a .

In mammals, t h e  enzyme i s  a b s e n t  from t i s s u e s  w i t h  n o r a d r e n e r g i c  

i n n e r v a t i o n  ( B l a s c h k o  1 9 7 3 ) .

Enzymes  & C o - f a c t o r s  i n v o l v e d  i n  t h e  B i o s y n t h e s i c  o f  Nor a d r e n a l i n o

1 .  P h e n y l s  1 a u i n c  hyd .roxv la se

T h i s  enzyme,  c a t a l y s i n g  t h e  c o n v e r s i o n  o f  u h o n y l a l a n i n e  t o  

t y r o s i n e /



t y r o s i n e  r e q u i r e s  oxygen  and u n c o n j u g a t e d  n t a r t d i n e s  as  c o - f a c t o r s  

( G o l d s t e i n ,  Gang, A n a g o ste  & Nskaj im a  1 9 6 7 ) .  S i n c e  t y r o s i n e  i s  

p r e s e n t  from d i e t a r y  s o u r c e s  t h e  im portance  o f  t h i s  r e a c t i o n  i n  

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

2 .  T y r o s i n e  h y d r o x y l a s e

T h i s  enzyme,  which  c a t a l y s e s  t y r o s i n e  t o  dopa i s  p r e s e n t  i n  

t h e  a d r e n a l  m e d u l l a  (H a g a t s u , L e v i t t  & L d c n f r i e n d  19 6 4 )  a d r e n e r g i c  

n e u r o n e s  ( L e v i t t ,  S p e c t e r ,  S joe rd sm a  & U d e n f r i e n d  1 9 6 5 )  F:nd i n  

b r a i n  ( I y e r ,  McGcer & McOcer 19 6 3 ,  McUecr, h a g c b i  1  L c f o c r  1 9 6 5 ,

K in d w al l  & Weinor 1 9 6 6 ) .  I t  has been  n o t e d  t h a t  c h r o n i c  

d e n e r v a t i  on o f  a d r e n e r g i c a l l y  i i)ne?‘v a i e d  t i s s u e  i s  a s s o c i a t e d  w i t h  

c o m n l e t e  d i s a o n o o r o n c e  o f  t h e  enzyme,  ( P o t i e r .  Cooper ,  W i l l e e n  &

Wolfe 1965 ) s u g g e s t i n g  t h a t  t h e  onuymo i s  t o t a l l y  l o c a i . i s e d  wii  b in  

t h e  a d r e n e r g i c  n e r v e .  The e x a c t  i n tr a n e u r o n o d  d i s t r i b u t i o n  i s ,  

ho’vev'et j. i n  doubt  ̂ TyrcEJine hyd r oxy ic . se  auyn/ared l a r g e l y  i n  t h e  

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

b o v i n e  s p l e n i c  n e r v e s  ( K u e l1 e r ,  Theeuon à  A x e l r o d  1969 ,  f t j a r n e  1 9 6 6 ) .  

I y e r ,  KcCcer & HcGeer ( 1 9 6 3 )  and McGecr, B?.gaiii and NcCecr ( 19651  

had p r e v i o u s l y  repor ted ,  t h a t  a c o n s i d e r a b l e  f r a c  Lion o f  t h e  enzyme  

i n  t h e  b r a i n  was . a s s o c i a t e d  w i t h  p a r t i c l e s , but Weiner;  C l o u t i e r ,

B j u r ,  P f e f f e r  ( 1 9 7 2 ) s u g g e s t e d  t h a t  much o f  t h e  p a r t i c l e  a s s o c i a t e d  

enzyme o f  b.raiu t i s s u e  may be p r e s e n t  i n  s o l u b l e  form i.n t h a t  

p o r t i o n  o f  t h e  ajvoplasm trcipped w i t h i n  s y n a p t  o s  ernes, Thei-e have  boon  

r e p o r t s  t h a t  two t y p e s  o f  t y r o s i n e  h y d r o x y l a s e  arc  p r e s e n t  i n  

d i f f e r e n t  reppons  o f  t h e  n e u r o n e ,  w i t }; d i f f e r e n t  k i n e t i c  p r o p e r t i e s  

( iked? . ,  F a h i e n  & U d e n f r i e n d  1 9 6 6 ,  Job ,  Map i t  6  G o l d s t e i n  1969 ) *

T y r o s i n e  rryi iroxylasc r e o u i i - e s  oxygen and a reduced p t o r i d i n e  

c o - f a c t 01' f o r  a c t i v i t y  (Brenneman & Kaufman 1964 ,  N a g a t s u ,  L e v i t t  

&. U d e n f r i e n d  1 9 6 4 ) .  T h i s  c o - f a c t o r  has  o n l y  r e c e n t l y  been  

i d e n t i f i e d  as  6 - -m e th y l t e t r a h y d r o p t e r i n  ( L l o y d ,  Mori & Kaufrnn.n 1971 ) •  

Iron  a l s o  a p p e a r s  t o  be n e c e s s a r y .  ( N a g a t s u ,  L e v i t t  & U d e n f r i e n d ,

1 9 6 4 / The r e d u c e d  p t e r i d i n e  combin es  w i t h  t h e  i n a c t i v e  o x i d i s e d  

form o f  t y i ' o s i n e  h y d r o x y l a s e  c o n v e r t i n g  t h e  enzyme t o  i t s  a c t i v e  

r e d u c e d  form . In  t u r n  t h e  pter- ic i ine  i s  o x i d i s e d  t o  t h e  d i h y d r o  
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f o rm .  The l a t t e r  must be r e d u c e d  by p t e r i d i n e  r e d u c t a s e  t o  

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

Many s u b s t a n c e s  ar e  known t o  i n h i b i t  t . v r c s i n e  h y o r o r y l a s c ,  

f o r  e x a m p le ,  t h e  h a l o g e n a t e d  compounds sucl i  as  3 - i o d o  t y r o s i n e ,  

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

t h e  c a t e c h o l a m i n e s  t h e m s e l v e s .  Indeed  i n h i b i t i o n  o f  t h e  a c t  i v i t y  

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

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

T h is  c o n c e p t  w i l l  be examined i n  g r e a t e r  d e t a i l  i n  t h e  r e l e v a n t  

s e c t i o n  o f  t h i s  r e v i e w .

3 .  Dona d e c a r b c x y 1 a se

The d e c a r b o x y l a t i o n  o f  dopa  t o  dopamine i s  c a t a l y s e d  by an 

a r o m a t i c  L~amino a c i d  d e c a r b o x y l a s e .  T h i s  enzyme i s  no t  as  

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

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

a c i d s ,  s u c h  as  t y r a m i n e  and h i s t i d i n e  as  we 1 J. as  L-5 - b y  d r  oxy t  ry  pt  o oh an 

(Lovenberg‘, W e is s b a c h  & U d e n f r i e n d  19 6 2 ,  I v e r s e n  1 9 6 ? ,  Jonas  on 19 6 9 )

I t  a l s o  a c t s  on o t h e r  compounds su c h  a s  m - t y r o s i n e , OC-methy1 -dona  

and cx3”!ne thy l“- m - t y r o s i n e  ( M o l i n o f f  & A xe lr od  1971 ) •  The enzyme i s  

w i d e l y  d i s t r i b u t e d  i n  mammalian t i s s u e s  i n c l u d i n g  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  (J o n a s o n  I 9 6 9 )* Dopa d e c a r b o x y l a 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  a c t i v i t y .  M o l i n o f f  & A x e lr o d  ( l 9 7 l )  

r e p o r t e d  t h a t  h i g h  c o n c e n t r a t i o n s  o f  t h i s  c o - f a c t o r  do not  r e t a r d  

t h e  a c t i v i t y  o f  t h e  enzyme as  was t h e  c a s e  w i t h  t h e  u t e r i d i n e  

C O —f a c t o r  o f  t y r o s i n e  h y d r o x y l a s e .  The enzyme a p p e a r s  t o  be 

l o c a l i s e d  w i t h i n  t h e  c%/topi asm c f  t h e  n e u r o n e ,  th o u g h  t h e r e  i s  

some e v i d e n c e  t h a t  a  f r a c t i o n  o f  t h e  enzyme may be p a r t i c l e  

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

4 . Dooam ine-^  -  hvdroxz/ I a s e

T h i s  enzyme c a t a l y s e s  t h e  c o n v e r s i o n  o f  dopamine t o  HA, I t  

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

t y r o s i n e  h y d r o x y l a s e ,  w h ic h  c o n t a i n s  c o p p e r  and r e q u i r e s  oxygen  

and a r e d u c i n g  a g e n t ,  w i t h o u t  w h ic h ,  i t  d o e s  not  d i s p l a y  any  

c a t a l y t i c  a c t i v i t y .  The e l e c t r o n  donor  f o r  t h i s  enzyme i s  a s c o r b i c  
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a c i d  ( K au I'm an & Friedman 1 9 6 5 ) .  Kor c o v e r ,  i t  hc-.o been n o t e d  

t h a t  f u m e r a t c  o r  a c é t a t e ,  c a t a l a s e  and ATP a r e  r e q u i r e d  t o  

o b t a i n  f u l l  a c t i v i t y  o f  t h e  enzyme in  v i t r o  ( M o l i n o f f  & A x e l r o d ,  

1 9 7 1 ) .  I t  has  b e e n  s u g g e s t e d  t h a t  t h e  fu m arate  or a c e t a t e  nsay 

f a c i l i t a t e  t h e  f o r m a t i o n  o f  t h e  reduced  enzym e-oxygen  complex
/ . *î“ *V" "î*

a n d / o r  a c c e l e r a t e  t h e  r e ~ o x i d a t i o n  o f  t h e  enzyme 0-i. t o  Cu 

( G o l d s t e i n ,  Soh & Garney,  1 9 6 8 ) ;  c a t a l a s e ,  by d e s t r o y i n g  t h e  

p e r o x i d e s  w h ich  a r e  formed by a u t o - o x i d a t i o n  o f  a s c o r b a t e  or  

dopaminej^and t h e  ATP f u n c i j o n  by p r o t e c t i n g  t h e  enzyme fi-om 

i n a c t i v a t i o n  ( M o l i n o f f  & A x e l r o d  ] 9 7 1 ) .

Dopamine p-1 lydroxy 1 a c e  has a r e 3.a t  i v o  1 y  i d c  s u b s  1 r a t e  

s p e c i f i c i t y  s u c h  t h a t  i t  r e a c t s  w i t h  numerous sympath om imet i?  

a m in e s ,  ( G o l d s t e i n  1 9 6 6 ) ,  Numerous compounds,most  o f  whicl i  a c t  

by c o p p e r  c h e l a t i o n ,  ar e  known t o  i n h i b i t  t l i e  enz ym e . ( M o l i n o f f  

& A x e l r o d  1 9 7 1 ) •

5 • Pheny] e t h a n o l  amine -  N -  Met liy I t  r a n s f  era  s e

T h i s  enzyme,  w h ich  c a t a l y s e s  NA t o  a d r e n a l  i n c  ( iv c - r s e n  1967 ,  

J onason  19 6 9 )  i s  m a in l y  p r e s e n t  in  t h e  c h r o m a f f i n  t i s s u e  o f  xhc  

a d r e n a l  m e d u l l a  but s m a l l  amounts have be e n  found in. t h e  h e a r t  

and r e c e n t l y ,  by im m u n o-h i s t  o f  l u c r e  s c e n t  t e c h n i q u e s ,  i n  t h e  bra.in  

( G o l d s t e i n ,  Lew, Miyamoto, B a t t i s t a . ,  K h s t e i n ,  H o k f e l t  & P u x e , 1 9 7 4 /  » 

M e t h i o n i n e  and S - a d e n y l m e t h i o n i n e  are  r e q u i r e d  as  metliy-l donors  

f o r  enzyme a c t i v a t i o n  ( A x e lr o d  I 9 6 6 , M o l i n o f f  & A x e l r o d  1 9 7 1 / ,

I t  i s  a b s e n t  from t i s s u e s  w i t h  n c r a d r e r e r g i c  i n n e r v a t i o n  

( B l a s c h k o  1 9 7 3 ) .

Rci:ul.at io.n o f  N o r a d r e n a l i n e  B i o s y n t h e s i s

NA s y n t h e s i s  was s t u d i e d  i n  t h e  b r a i n s  and h e a r t s  o f  g u i n e a  

p i g s  t r e a t e d  w i t h  a nomoamine o x i d a s e  i n h i b i t o r  ( S p e c t o r ,  Gordon,  

S j o e r d s m a  & U d e n f r i e n d  1 9 6 ? ) ,  The amine accummulated i n  t h e s e  

t i s s u e s  t o  a c o n c e n t r a . t i o n  2 or  3 t i m e s  t h a t  o f  t h e  u n t r e a t e d  

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

t o  MA was r e d u c e d  but t h e  f o r m a t i o n  o f  NA from r a d i o a c t i v e  dopa  

was e i t h e i *  not  a f f e c t e d  or  i n c r e a s e d ,  . T h ese  o b s e r v a t i o n s  i n d i c a t e d  

t h a t ,  i?x t i . s s u e s  w i t h  h i g h  NA c o n t e n t ,  t h e  pathway o f  MA f o r m a t i o n  

was i n h i b i t e d  a t  t h e  l e v e l  c a t a l y s e d  by t y r o s i n e  h y d r o x y l a s e .
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The c a t a l y s i s  o f  t y r o s i n e  t o  L-dopa by  t y r o s i n e  h y d r o x y l a s e  i s

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

c a t e c h o l a m i n e s .  The mechanism hy which  t h i s  i n h i b i t i o n  o c c u r s

i s  a  m a t t e r  o f  d i s c u t e .  I k e d a ,  F ah ie n  & Udçjnfriend ( i 9 6 0 )

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

c a t e c h o l a m i n e  and t h e  p t e r i d i n e  c o - f a c t o r  f o r  t h e  o: ' : idiced form

o f  t h e  enzyme» U d e n f r i e n d ,  Z a l t zm a n —N i r e n b e r g  & Ka ga t  s u  ( 1 9 6 5 )

d e m o n s t r a t e d  a ^0% i n h i b i t i o n  o f  t y r o s i n e  h y d r o x y l a s e  a c t i v i t y

i n  v i t r o  w i t h  1 x  10 NA when a s i m i l a r  c o n c e n t r a i i o n  o f

s y n t h e t i c  p t e r i d i n e  c o - f a c t o r  was added t o  t h e  medium. I t  i s

l i k e l y  t h a t  much s m a l l e r  amounts o f  c a t e c h o 1 amino i n  t h e  oxonlasm

may s e v e r e l y  i n h i b i t  t h e  a c t i v i t y  o f  t h e  enzyme s i n c e  t h e

c o n c e n t r â t  i o n  c f  c o - f a c t o r  w i t  b in  t h e  neurone  must c e i ' t a i n l y  be
- 3c o n s i d e r a b l y  l e s s  t h a n  1 :x 10 J'.

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

and r a t e  o f  c o n v e r s i o n  o f  t h e  reduced  t o  o x i d i s e d  form may a l s o  

be d e t e r m i n a n t s  o f  t h e  c o n t r o l  o f  t y r o s i n e  h y d r o x y l a s e  a c % i v i t y .

The above  r e g u l a t o r y  mechanism d e s c r i b e s  c h a n g e s  in  

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

w i t h o u t  c h a n g e s  i n  enzyme l e v e l s  ( i p , " c l a s s i c a l ” f e e d b a c k  

i n h i b i t i o n ) .  T h i s  i s  r e g a r d e d  e s  t h e  mode o f  c o n t r o l  i n  t h e  s h o r t  

t e r m .  I t  i s  t h o u g h t  t h a t  c h a n g e s  in  t h e  r e d e  o f  f o r m a t i o n  o f  now 

enzyme ar e  r c s n o n s i b l e  f o r  l o n g  term  r e g u l a t i o n  o f  c a b e c h o l canine 

l e v e l ,  ( P l e t s o h e r  19 7 2 )»  An i n c r e a s e  i n  neui -onal  a c t i v i t y  c a u s e s  

an e l e v a t i o n  o f  t y r o s i n e  } i ; /droxylase  i n  t h e  c e n t r a l  n e r v o u s  s y s te m  

and o f  t y r o s i n e  h y d r o x y l a s e  and dopamine p r - h y d r o x y la s e  i n  

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

p r o t e i n  s y n t h e s i s  ( P l o t s c h e r  1 9 7 2 ) ,  I n c r e a s e s  i n  a c t i v i t y  are  not  

r e s t r i c t e d  t o  t y r o s i n e  h y d r o x y l a s e .  O ther  enzymes i n v o l v e d  i n  

c a t e c h o l a m i n e  b i o s y n t h e s i s  are  loiown t o  be i n c r e a s e d .  T h i s  has b e e n  

r e v i e w e d  by G o t t e n  ( 1 9 7 2 ) .

The f o r m a t i o n  o f  NA i s  n o t  o n l y  d e p endent  upon t h e  r.mounts and 

a c t i v i t i e s  o f  t h e  b i o s y n t h e t i c  e nzym es .  The u p t a k e  k i n e t i c s  o f  

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

c a t e c h o l a m i n e  from t h e  v e s i c l e s ,  enzymic  d e g r a d a t i o n  o f  i n t r a -  
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n e u r o n a l  NA and dopamine and n e u r o n a l  r e l e a s e  and r e - u p t a k e , a l l  

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

(W einer  1 9 7 0 ) ,

M e t a b o l i c  D e g r a d a t i o n  c f  N o r a d r e n a l i n e

There  ar e  two pathways  f o r  c a t e c h o l a m i n e  c a t a b o l i s m  i n  t h e  

c e n t r a l  n e r v o u s  s y s t e m ,  namely o x i d a t i v e  d e a m i n a t i o n  m e d ia t e d  by 

t h e  enzyme monoamine o x i d a s e  (MAO) and 0 - m o t h y l a t i o n  m ed ia te d  by  

c a t e c i i . o l - 0- m e t h y l t r a n s f e r a s e  (COMT). T h i s  has beeï i c o n f i r m e d  by 

s e v e r a l  w or ke r s  ( O l o w i n s k i ,  Kopin & Axe lrod  1965» Mannarino^, 

K i r s h n e r  d. N a s h o ld  1963» Matsuoka I 9 6 4 )»

MAO a c t i v i t y  was r e d u c e d  by 30/'< i n  t h e  r a t  s a l i v a r y  g lan d  

(Aorclrod 6  Kopin I 9 6 9 ) und by pO/ in  t h e  r a b b i t  i r i s  ( Watt man & 

S e a r s  I 9 6 4 ) ,  f o l 1 ow in g  s y m p a t h e t i c  d e n e r v a t i o n  o f  t h e s e  s t r u c t u r e s . 

COMT a c t i v i t y  was not  s i g n i f i c a n t l y  a f f e c t e d .  I t  w a s , t h e r e f o r e ,  

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

w h i l e  COMT was l o c a l i s e d  a lm o s t  e x c l u s i v e l y  e x t r a - n e u r o n a l l y  i n  

b o th  t h e s e  p e r i p h e r a l  t i s s u e s  and i n  b r a i n  ( /b :o lro d  & Kopin 1969» 

I v e r s e n  I 9 6 7 , J o n ason  1969 ,  B e r t  1 e r ,  Pal ok,  Owman & Rocengren  1966)  

M o l i n o f f  & A x e l r o d  ( 1 9 7 1 )  r e p o r t e d  t h a t  COMT was p r e s e n t  w i t h i n  

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

and I v e r s e n  & J a r r o t t  ( l 9 7 0 )  d e m o n s tr a t e d  t h e  p r e s e n c e  c f  COMT in  

t h e  a d r e n e r g i c  ne ur one  and t h a t  t h e  a f f i n i t y  o f  NA t o  t h e  

i n t r a n e u r o n a l  enzyme was l e s s  t h a n  t o  t h e  e x t r a n e u r o n a l  enzyme.

W i th i n  t h e  c e l l  MAO i s  l o c a l i s e d  e x c l u s i v e l y  i n  t h e  

m i t o c h o n d r i a  m a in l y  a t  s y n a p t i c  n e r v e  e n d i n g s  ( R o d r i g u e z  De Lores  

A rna iz  and He R o b e r t i s  1 9 6 2 )  I t  i s  a l s o  p r e s e n t  i n  b r a i n  

c a p i l l a r i e s  where  i t  forms p a r t  o f  t h e  b a r r i e r  t o  amines  ( q v ) .

The e x i s t e n c e  o f  a t  l e a s t  two formis o f  MAO i n  t h e  b r a i n ,  

d e s i g n a t e d  A and B, has be e n  i n f e r r e d  from v i t r o and v i v o  

e x p e r i m e n t s  ( J o h n s t o n  1 9 6 8 , H a l l  & Logan 1 9 6 9 ) .  The c l o r g y l i n e  

s e n s i t i v e  Type A i s  r r o b a b l y  t h e  more i m p o r ta n t  f o r  d e a m i n a t i o n  o f  

NA.

Broch & Ponnum ( l 9 7 2 ) have shown t h a t  t h e  h i g h e s t  

c o n c e n t r â t  i o n s  o f  COMT i n  t h e  r a t  b r a i n  ar e  found i n  t h e  hypo­

t h a l a m u s , /
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t h a l a m u s ,  corpora.  quad.3*igeraina and c e re b e l lu r n  w i t h  t h e  l o w e s t  

c o n c e n t r â t  i o n s  o c c u r r i n g  i n  t h e  h ip o o c a m p u s , c o r p u s  s t r i a t u m  

and w h i t e  m a t t e r  o f  t h e  c o r p u s  c a l l o s u m  and l a t e r a l  w a l l s  o f  t h e  

l a t e r a l  v e n t r i c l e s .  With t h e  e x c e p t i o n  o f  t h e  h y p o t h a la m u s ,  

t h e  enzyme d i s t r i b u t i o n  d o e s  not  c o r r e s p o n d  t o  t h a t  o f  t h e  

c a t e c h o l a m i n e s .  A l though  CCKT i s  i m p o r ta n t  i n  t h e  e x t r a n e u r o n a l  

m e t a b o l i s m  o f  NA i n  t h e  p e r i p h e r a l  s y m p a t h e t i c  s y s t e m  (Kopin & 

Gordon 1 9 6 3 /  i t s  im p o r ta n c e  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  i s  

mucli l e s s  c e r t a i n .  01 o w l n s k i  , Kopin 6  A x e lr o d  ( IRoE ) found tlif.it 

i n t r a v e n t r i c u l a r l y  i n j e c t e d  -  NA which  was m e t a b o l i s e d  t o  

n o r m eta n o p h r in e  and de a m in a te d  a l s o  formed o~mothyI m e t a b o l i t e s .

In  a l a t e r  s t u d y  G l o w i n s k i ,  I v e r s e n  & Axelrod.  ( 1 9 Ô6 ) found t h a t  

t h e  r a t i o  o f  r a d i o a c t i v e  n o r m eta n e p h r in e  t o  -  NA was h i g h e r  

a f t e r  t h e  a d m i n i s t r a t i o n  o f  cxo.geous NA t h a n  a f t e r  f o r m a t i o n  o f  

-- NA i n t r a n e u r o n a l l y  from l a b e l l e d  p r e c u r s o r s *  These  f i n d i n g s  

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

and t h a t  e x t r a n e u r o n a l  f r e e  NA i s  m e t a b o l i s e d  by COKQ.’ more 

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

As w i l l  be d e s c r i b e d ,  t h e  t e r m i n a t i o n  o f  a c t i o n  o f  t h e  

irionoa,mine n e u r o t r a n s m i t t e r s  i s  b rought  a b o u t ,  n o t  by e n z y m a t i c  

d e g r a d a t i o n  but  by an a v i d  r e - u p t a k e  o f  t h e  amine i n t o  t h e  n e u r o n e .  

When one c o n s i d e r s  t h i s  p r o c e s s ,  t h e  e x t r a n e u r o n a l  c a t a b o l i  cm 

o f  NA i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  becomes much l e s s  im portant  

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

The m e t a b o l i c  p r o d u c t s  formed py t h e  ac t iorrs  o f  MAO and CCMT 

ar e  p r e s e n t e d  in  P i g .  2 ,  NA i s  d e am in ate d  by MAO t o  3»4 “ 

d i h y d r o x y p h e n . y l g l y c c l  (DOPEG) by a l d e h y d e  r e d u c t a s e  or  o x i d i s e d  

t o  3 | 4  -  d ih yd r o x y r n a n d e l i c  acid. (DOMA) by a l d e h y d e  d e h y d r o g e n a s e  

( L e e p e r ,  W eis sbuch  & Udenfr- iend l ÿ p S ) . The pathway t o  DOM A i s  

though.t  t o  be more im p o r ta n t  i n  man (dc 1 .a T e r r e  1 9 7 2 ) .

F u r t h e r  n e t h y l a . t i o n  o f  t h e s e  d e am in ate d  p r o d u c t s  b.y CCMT 

r e s u l t s  i n  t h e  f o r m a t i o n  o f  3 -m ethoxy  -  4 h y d r o x y p h c - n y l g ly c o l  

(MOPEG) from DO PEG and 3 — methoxy -  4 •* hy d r  oxy m a n d e 1 i  c a c i d  

(VMA) from DOKA ( i v e r s e n  19 6 ? ,  Jonason 1969» M o l i n o f f  & A x e l r o d ,

1 9 7 1 ) . /



1 971 ) .  N or m e ta n e p h r in e  (MHïï), formed by t h e  o - m e t h y l a t ioi* o f  

NA r e l e a s e d  from t h e  n e r v e  e n d i n g  i n t o  t h e  e x t r a c e l l u l a r  apace  

can he d e a m in a t e d  by e x t  r a n e u r o n a l  NAÜ t o  3 -  n e t h e x y  -  4 ~  

h y d r o x y p h e n y g l y c o a l d e h y d e o  T h i s  can be r e d u c e d  t o  form t h e  

end p r o d u c t  MOPEG by a l d e h y d e  r e d u c t a s e  or  o x i d i s e d  by a ld e l iyd e  

d e h y d r o g e n a s e  t o  form t h e  c o r i - e o p o n d in g  end p r o d u c t ,  VMA. In  

man 4 0 ? o f  t h e  t o t a l  u r i n a r y  m e t a b o l i t e s  o f  t h e  c a t e c h o l a m i n e s  

i s  VMA ( i v e r s e n  1 9 6 7 » M o l i n o f f  & A xe lrod  1 971 )»

N e u r o n a l  Uotake  o f  N o r a d r e n a l i n e

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

m é t h y l a t i o n ,  NA i s  i n a c t i v a t e d  by  a p r o c e s s  wh ich  i n v o l v e s  

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

From a f u n c t i o n a l  n o i n t  o f  v i e w  t h i s  mechanism i s  most  i m p o r t a n t .  

F o l l o w i n g  r e - u p t a k e  NA i s  s t o r e d  i n  t h o  d e n s e  c o r e d  g r a n u l e s  o f  

t h e  n e r v e  t e r m i n a l s  u n t i l  s u b s e q u e n t  r e l e a s e  or  d e a m in a t e d  by  

MAO ( A x e l r o d , 1974» I v e r s e n  1 9 6? ,  M o l i n o f f  & A x e l r o d  1971 )*

W hitb y .  A x e l r o d  & N e i l —Malherbe ( i R c l )  d e m o n s t r a t e d  t h a t  t h e  

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

i m p o r t a n t  mechanism f o r  t h e  i n a c t i v a t i o n  o f  t h i s  s u b s t a n c e .  In 

t i s s u e s  w h ic h  have  a r i c h  a d r e n e r g i c  i n n e r v a t i o n ,  t h i s  r-ecar.ture  

s y s t e m  i s  t h e  main method o f  c a t e c h o l a m i n e  i n a c t i v a t i o n .  ( I v e r s o n

1 9 6 7 , 1 9 7 :'» 1 9 7 3 ) .
The mechanism i n v o l v e s  two main s t e p s ,  l )  The t r a n s p o r t  o f  

NA a c r o s s  t h e  n e u r o n a l  membrane and,  2 )  t h e  b i n d i n g  o f  t h e  amine  

i n t o  t h e  s t o r a g e  s i t e s  ( i v e r s e n  1967 )*  The t r a n s p o r t  o f  NA 

a c r o s s  t h e  a x o n a l  membrane has be e n  d e s i g n a t e d  "Uptake^" .  Uptake  

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

membrane by an a c t i v e  t r a n s p o r t  mechanism ( D e n g l e r ,  M i c h a e l s o n ,  

S p i e g e l  à  T i t u s  I 9 6 4 » I v e r s e n  19 6 3 )*  The Uptake^ mechanism  

a p p e a r s  t o  have  i d e n t i c a l  p r o p e r t i e s  i n  t h e  NA c o n t a i n i n g  n e u r o n e s  

o f  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  ( i v e r s e n  1 9 7 -1 , 1 9 7 3 ) *

The a v i d i t y  o f  t h e  NA u p t a k e  mechanism i s  p e r h a n s  b e s t  

e x p r e s s e d  by a q u o t a t i o n  from t h e  T h ir d  Gaddum Memorial  l e c t u r e  

g i v e n  by L. L,  I v e r s e n  ( i v e r s e n  1971)».  "The i s o l a t e d  h e a r t  r a p i d l y  

ac c u m m u la te d /



JL ‘

"accummulated l a b e l l e d  NA w)ien p e r f u s e d  'with a s o l u t i o n  c o n t a i n i n g  

a low c o n c e n t r â t  i o n  o f  ( - )  -  -  NA ( l O n g / n i l ) .  The uptah'c l e d

t o  c o n c e n t r a t i o n s  oi' — NA i n  t h e  h e a r t  w h ic h  were about  40  

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

20 minutes», T h i s  means t h a t  t h e  NA u p t a k e  s y s t e m  i s  c a p a b l e  

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

a p p r o x i m a t e l y  10 s e c o n d s *  T h i s  perform ance  i s  e v e n  more rem arkab le  

when one c o n s i d e r s  t h a t  t h e  u p t a k e  s i t e s  a r e  r e s t r i c t e d  t o  t h e  

s y m p a t h e t i c  n e r v e  t e r m i n a l s  w h i c h ,  in  t h e  h e a r t , occupy  o n l y  a 

minor  p r o p o r t i o n  o f  t h e  t i s s u e  v o l u m e . There  i s  no way o f  making  

an a c c u r a t e  e s t i m a t e  o f  t h e  vc lu me o f  e x t r a c e l l u l a r  s p a c e  a d j a c e n t  

t o  t h e  s y m p a t h e t i c  t e r m i n a l s  but i t  seems l i k e l y  t h a t  t h e  upta i:e  

s y s t e m  c o u l d  c o m p l e t e l y  c l e a r  t h e  NA from t h i s  f l u i d  vo lume i n  an 

i n t e r v a l  o f  t im e  measured i n  m i l l i s e c o n d s  r a t h e r  t h a n  s e c o n d s .

The u p t a k e  i s  r e s t r i c t e d  t o  s y m p a x h e t i c  n e r v e s  a s  was c o n f i r m e d  

by f i n d i n g  t h a t  u p t a k e  o f  ' \ î  — NA was r e d u c e d  by more t h a n  95Â 

i n  r a t  h e a r t s ,  i n  w h ic h  t h e  s y m p a t h e t i c  i n n e r v a t i o n  was l a c k i n g  

t h r o u g h  immunesympathootomy a t  b i r t h  ( i v e r s e n ,  Glovr inski  & / o : e l r o d ,  

1 9 6 6 ) " ,  I f  t h e  s y s t e m  i s  bJocked  v / i th  d r u g s , s u c h  as  c o c a i n e  and 

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

In  r a t  t i s s u e s ,  Uptake.,  has been  f cu nd  t o  be s t e r e o - c h c m i c a l l y  

s e l e c t i v e ,  t h e  a f f i n i t y  f o r  t h e  n a t u r a l l y  o c c u r r i n g  ( - )  NA b e i n g  

some f i v e  t i m e s  h i g h e r  t h a n  t h a t  f o r  t h e  (+ )  e n a n t i o m e r  ( i v e r s e n ,  

J a r r o t t  & Sirnmonds 1 9 7 1 ,  K e n le y  & Snyder  1 9 7 2 ) ,

The u p t a k e  p r o c e s s  i s  a l s o  t e m p e r a t u r e  s e n s i t i v e  ( i v e r s e n  1973 )  

and u p t a k e  i s  m arked ly  r e d u c e d  i f  sodium i o n s  a r e  a b s e n t  from t h e  

medium (Bo,gdanski  & B r o d i c  ] 9 ^ 9 ) *  S e v e r a l  compounds s t r u c t u r a l l y  

r e l a t e d  t o  NA, f o r  e x a m p le ,  t y r a m i n e  and oCr-methyl NA can  be t a k e n  

up by t h e  same u p t a k e  p r o c e s s  ( i v e r s e n  1 9 7 3 ) .  T h i s  s y s t e m  has t h e  

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

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

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

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

m em brane , /



membrane•

In  a d d i t i o n  t o  t h e  u p t a k e  o f  KA. by t h e  n e u r o n a l  mechanism,  

u p t a k e  can o c c u r  i n t o  non—n e u r o n a l  t i s s u e s  ( d e s i g n a t e d  Uotako.., ,  

I v e r s e n  I 9 6 5 ) * T h i s  has be e n  r e v i  cvred by I v e r s e n  ( l 9 7 l )  and 

G i l l e s p i e  ( 1 9 7 3 ) *  I t  i s  p o s s i b l e  t h a t  some u p t a k e  by smooth  

m u sc le  c e l l s  o c c u r s  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m .  However,  

t h i s  i s  l i k e l y  t o  be n e g l i g i b l e  i n  c om p ar i son  t o  u p t a k e  by  

n e u r o n a l  s t r u c t u r e s .



M ethods  u s e d  i n  t h e  measui'-enient o f  Sp ina l .  Cord B l o o d Flow

I t  can n o t  he d e n i e d  t h a t  t h e  a c c u r a c y  o f  measurement c f  any

p a r a m e t e r  d e pe nds  upon t h e  m e t h o d o lo g y  employed t o  a s s e s s  i t .

S e v e r a l  t e c h n i q u e s  have  be e n  u s e d  t o  a s s e s s  s o i n a l  cord  b l o o d  f lov:

(SGBF) and each  has i t s  own p a r t i c u l a r  p r o b l e m s .  S i n c e  i t  i s

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

o f  r e s u l t s ,  t h i s  s e c t i o n  v j i l l  examine  methods use d  i n  t h e

d é t e r m i n â t  i o n  o f  SCBF and comment on t h e  a d v a n t a g e s  and d i s a d v a n t a g e s

a s s o c i a t e d  w i t h  them .

The t e c h n i q u e s ,  f o r  t h e  most  p a r t ,  are  m o d i f i c a t i o n s  o f  t h o s e

u s e d  i n  c e r e b r a l  blood, f l o w  (CBP) s t u d i e s , Some o f  t h e  methods

u s e d  i n  CB? r e s e a r c h  cannot  be  u s e d  i n  t h e  s p i n a l  c or d  b e c a u s e

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

Where t h e s e  t e c h n i q u e s  are  d e s c r i b e d ,  i t  i s  b e c a u s e  t h e y  ar e

im p o r ta n t  t o  t h e  d e ve lop m e n t  o f  methods u s e d  i n t h e  c o r d .

F r e e l y Di f f u s i b l e  T r a c e r  Techn icm es

T h ese  t e c h n i q u e s  ar e  b a s e d  upon t h e  F i c k  P r i n c i p l e  which

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

out  o r  t a k e n  up by a t i s s u e  i n  a s p e c i f i c  t im e  i s  e q u a l  t o  t h e

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

t h e  i n d i c a t o r ,  t h u s  -  dO « \
d t  ~ F\Ga -  Ov;

where Q = amount o f  i n d i c a t o r ;  Ca « a r t e r i a l  c o n c e n t r â t i c n ;

Cv = ve n o u s  c o n c e n t r â t  i o n  ; F -  b l o o d  f l o w  ; and,  t  -  t i m e .

U s i n g  t h i s  r e l a t i o n s h i p  Kety & Schmidt ( 1 9 4 5 )  were p r o b a b l y  t h e  

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

s y s t e m .  A l t h o u g h  t h e i r  t e c h n i q u e  cannot  be a p p l i e d  t o  t h e  s p i n a l  

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

t r a c e r  t e c h n i q u e s  and as  su c h  w i l l  be b r i e f l y  d e s c r i b e d .

P a t i e n t s  i n h a l e d  a 15% N i t r o u s  o x i d e  in  a i r  m ix t u r e  o v e r

a 10 m in ute  p e r i o d ,  by w h ic h  t i m e  a s t a t e  o f  e q u i l i b r i u m  b e tw e e n

t h e  a r t e r i a l  and ve n o u s  c e r e b r a l  b l o o d  and pr e su m ab ly  t h e  b r a i n  

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

i n t e r m i t t e n t  a r t e r i a l  and ve n o u s  c e r e b r a l  b l o o d  s a m p le s  were t a k e n  

f o r /



f o r  a n a l y s i s  o f  N^O c o n t e n t .  From t h e  i n t e g r a t e d  a r t e r i o ­

ve n o u s  d i f f e r e n c e  i n  N.O c o n c e n t r a t i o n ,  t h e y  oo u id  c a l c u l a t e  

t h e  1)100(1 f l o w  o f  t h e  b r a i n »

In  s u b s e q u e n t  m o d i f i c a t i o n s  o f  t h e  method,  IT̂ C) was r e p l a c e d
8b . 'by t h e  r a d i o a c t i v e  i s o t o p e s ,  '• Krypton ( L a s s e n  &. Kunck, or

]  1 -)
"Xenon. T h e s e  m o d i f i c a t i o n s ,  w h i l e  makinq t h e  d e t e c t i o n

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

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

s a m p l e s .  An i m p o r t a n t  advance  was t o  a d m i n i s t e r  t h e  r a d i o ­

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

by means o f  e x t e r n a l l y  p l a c e d  c o u n t i n g  d e v i c e s  ( L a s s e n  & l u g i ' a r ,  

l $ 6 l ) .  T h i s  had t h e  a d v a n t a g e  o f  e l i m i n a t i n g  t h e  need  f o r  b l o o d  

s a m p le s  which  n e e d e d  t o  be l a r g e  f o r  t l i e  d e t e r m i n a t i o n  o f  N̂ ,0 „ 

F u r t h e r m o r e , f l o w  i n  r e g i o n s  o f  b r a i n  c o u l d  now be a s s e s s e d ,  t h e  

o r i g i n a l  K ety -S o h m id t  t e c h n i q u e  m e a s u r in g  o n l y  a v e r a g e  f l o w  o f  

t h e  w h o le  b r a i n .  In an a t t e m p t  t o  measure f l o w  i n  s m a l l  r e g i o n s  

o f  t h e  b r a i n  F sp agn o  & L a z o r t h e s  ( 1 9 6 5 , 19^6)  i n t r o d u c e d  

i n t o  c e r e b r a l  t i s s u e  by d i r e c t  i n j e c t i o n .

The above  summary i l l u s t r a t e s  t h e  )  methods  by w h ic h  a t r a c e r  

can bo a d m i n i s t e r e d  t o  an o r g a n ,  nam ely ,  i n h a l a t i o n ,  i n j e c t i o n  or  

by d i r e c t  i n t r a - t i s s u e  i n j e c t  i o n  &

The methods  u s e d  i n  a s s e s s m e n t  o f  SCBP u s i n g  d i f f u s i b l e  

t r a c e r s  w i l l  now be c o n s i d e r e d .

^^^Xcncn C l e a r a n c e

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

cor d  p r e s e n t s  prob lem s  o f  a d m i n i s t r a t i o n .  Workers i n  t h e  f i e l d  

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

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

i n t e r n a l  c a r o t i d  a r t e r y ,  i n t o  w h ic h  t h e  t r a c e r  can  be a d m i n i s t e r e d .  

T h i s  i s  no t  t h e  c a s e  i n  t h e  s p i n a l  c o r d .  The cor d  i s  s u p p l i e d  

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

have  n o t  y e t  b e e n  a c c u r a t e l y  d e f i n e d .
133I t  c o u l d  be f e a s i b l e  t o  i n j e c t  Xe i n  s a l i n e  i n t o  t h e  

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

a n d /



and m o n i t o r  t h e  s u b s e q u e n t  c l e a r a n c e  by means o f  on e x t e r n a l l y  

p l a c e d  s c i n t i l l a t i o n  c o u n t e r .  However,  t h e  p a r a -a n d  s u b - s p i n a l  

c ord  t i s s u e s  would a l s o  r e c e i v e  t h e  i s o t o p e .  The r e c o r d e r  

would  r e c e i v e  e m i s s i o n s  n o t  o n l y  from t h e  cord  but  a l s o  from  

t h e s e  t i s s u e s .  The trauma im p a r te d  t o  t h e  cord  by t h e  e x t e n s i v e  

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

r a d i a t i o n ,  r e n d e r s  t h i s  ap p r o a c h  v e r y  u n a t t r a c t i v e .  Moreover ,  

S m it h ,  P ender  and A l e x a n d e r  ( 1 9 6 9 } n o t e d  t h a t  c ou n t  r a t e s  

a c h i e v e d  by t h i s  method were  s o  low t h a t  s a t i s f a c t o r y ,  washout  

c u r v e s  were no t  o b t a i n e d .  T h i s  i s  p r o b a b l y  due i n  a. l a r g e  p a r t  

t o  t h e  l o s s  o f  i s o t o p e  t o  abdom inal  o r g a n s  and l im bs^

They a l s o  o b s e r v e d  t h a t  c a n n u l a t i o n  o f  a r a d i c u l a r  a r t e r y  
133f o r  Xe a d m i n i s t r â t i 0X3, r e s u l t e d ,  i n  a r t e r i a l  spasm and

d i s t o r t i o n  o f  f l o w .  Oar own i n v e s t i g a t i o n s  ( G r i f f i t h s  & Crawford,

1 9 7 6 , u n p u b l i s h e d  o b s e r v a t i o n s ;  are  i n  agreem ent  w i t h  t h i s .
133The o n l y  p r a c t i c a b l e  way th a t  ' 'Xe can be a d m i n i s t e r e d  

t o  t h e  c o r d  i s  by d i r e c t  i n t r a —parenchymal  i n j e c t i o n .  T h i s  has  

b e e n  c a r r i e d  out  by  3 groups  o f  workers  ( b m i t h ,  P e n d e r  & A l e x a n d e r  

1 9 6 9 , Duoker & P e r o t  1 9 7 1 ,  1972 aud G r i f f i t h s  1 9 7 3 ) *

However,  i t  can  not  be f u l l y  a s c e r t a i n e d  whet  l ier  t h e  

i n j e c t a t e  i s  p l a c e d  e n t i r e l y  i n  g r e y  m a t t e r ,  w h i t e  m a t t e r  or  a 

v a r i a b l e  m i x t u r e  or  b o t h .  Sm ith  e t  a l ,  t h e r e f o r e ,  a n a l y s e d  t h e i r  

r e s u l t s  by c a l c u l a t i n g  t h e  mean w e i g h t e d  f l o w  acîcn owl e d g i n g  t h i s  

t o  be an i n d e x  o f  f l o w  r a t h e r  th an  a d i r e c t  m easu r e m en t .  Ducker  

& P e r o t ,  u s i n g  Sm ith  e t  a l ' s  t e c h n i q u e  produced  s i m i l a r  r e s u l t s .

G r i f f i t h s  was u n a b le  t o  c a l c u l a t e  mean w e i g h t e d  f l o w s ,  

as  he o b s e r v e d  o n l y  40>o o f  c l e a r a n c e s  t o  be b i —e x p o n e n t i a l , He 

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

i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  ’’a verage"  f l o w s  o f  S m ith  e t  a l  

and Ducker  & P e r o t  a r e  c f  a s i m i l a r  m agnitude  w h ic h  G r i f f i t h s  

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

m a t t e r  f l o w s  d e t e r m i n e d  by Landau,  F r e y g a n g ,  R o la n d ,  S o k c l o f f  

and K ety  ( l 9 5 5 )  and S a n d l e r  à  T a t o r  ( 1 9 7 6 )  u s i n g  a u t o r a d i o g r a p h y .

The problem o f  d i s t i n g u i s h i n g  t h e  t i s s u e  compartment i n t o  

w h ic h  t h e  i n j e c t  a t e  i s  p l a c e d  i s  c o m p l i c a t e d  by t h e  d e g r e e  o f  

d i f f u s i b i l i t y /



d i f f u s i b i l i t y  o f  , Tspagno & L a z o r t h o s  ( I 9 6 5)  f o u n o ,

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

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

d e t e c t e d  from t h e  u n d e r l y i n g  w h i t e  m a t t e r .  T h i s  i n d i c a t e s  t h a t

may d i f f u s e  some c o n s i d e r c i b l e  d i s t a n c e  from t h e  e x a c t  s i t e
1o f  i n j e c t i o n .  T h i s  d i f f u s i b i l i t y  o f  " Xe i n  n e r v o u s  t i s s u e  has  

b e e n  d i s c u s s e d  by Rowan ( 19? 2 ) ,

F u r t h e r  v a r i a t i o n  was i n t r o d u c e d  by t a k i n g  t h e  p a r t i t i o n  

c c e f f i c i e î i t  b e t w e e n  cord t i s s u e  and b l o o d  as  u n i t y  (S m i th  e t  a l  

1 9 6 9 ) .  I t  has  b e e n  shown t h a t  t h e  p a r t i t i o n  c o e f f i c i e n t s  b e tw e e n  

b r a i n  and b l o o d  a r e  d i f f e r e n t  f o r  g r e y  and whime m a t t e r  (Veal . l  &

Mai1 e t t  1 9 6 5 ) •  T h i s  a p p r o x im a t e d  v a l u e  may l e a d  t o  u n d c r e s t i m a t i o n  

o f  f ]ov;  where w h i t e  m a t t e r  r e c e i v e d  most c f  t h e  i n j e c t a t e  and 

o v e r e s t i m a t i o n  when gi'ey m a t t e r  r e c e i v e d  more i s o t o p e .
•1 -p.;

I t  i s  e v i d e n t  from t h e  f o r e g o i n g ,  t h a t  t h e  Xe c l e a r a n c e  

t e c h n i q u e  can n o t  s a t i s f a c t o r i l y  d i s t i n g u i s h  f l o \ :  i n  g r e y  and 

w h i t e  m a t t e r  c om p a r t m e n ts .  I t  has t h e  a d v a n t a g e  t h a t  m easu r e ­

ments  can  be r e p e a t e d  i n  t h e  same a n i m a l .  However, t h e r e  i s  t h e  

u n d e s i :o a b le  r i s k  o f  trauma, t o  the cord  on e a c h  o c c a s i o n  t h e  

i s o t o p e  : s a d m i n i s t e r e d ,

Aut orad i.qgy aphy

The method d e pe nds  upon t h e  d e t e c t i o n  o f  t h e  amount o f  a  f r e e l y  

d i f f u s i b l e  r a d i o a c t i v e  t r a c e r  i n  s e c t i o n s  o f  t h e  t i s s u e  p3aoed  

i n  c o n t a c t  w i t h  an X - r a y  p l a t e . The s u b s e q u e n t  d e g r e e  o f  d a r k e n i n g  

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

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

t h e  i n f u s i o n  u n t i l  t h e  t i m e  o f  s a c r i f i c e  o f  t h e  an im al  i s  knovm, 

t h e  t i s s u e  b l o o d  f l o w  can be c a l c u l a t e d .  The ma triemat i c a l  

d e r i v a t i o n  and a s s u m p t i o n s  i n h e r e n t  i n  t h e  c a l c u l a t i o n  have be e n  

d e s c r i b e d  by Kety ( 1 9 5 I» 1 9 6 0 a ,  1 9 6 0 b ) .

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

t im e  o f  i n f u s i o n  s h o u l d  have  no e f f e c t  upon t h e  r e s u l t .  I t  has  

b e e n  n o t e d  t h a t  l o n g  i n f u s i o n  t i m e s  ()> 1 m in u te )  l e a d s  t o  u n d er ­

e s t i m a t i o n /



b ‘31 imat ion  o f  th e  a.otr.a 1 f  1 ov  ( Fi oo ch i „ Isaac-a & Ke I,.y, 1968 ;

E k.l o f ,  L as  3 G n , N i  1 s s o n , K o rh e r g , H i  e 3 j o & T o r  1 o 1 ,  197 A ) «■

The f i r s t  measurem ents  o f  CiJS h l o c à  f l o w  u s i n g  t h e  a u t o -  

rad i o g r a u h i c  t e c h n i q u e  was c a r r l e d  out  hy Landau,  F r e y g a n g ,

■Roland, So k o l  o f f  & Kety  ( l 9 5 $ )  u s i n g  t h e  r a d i o a c t i v e  gas  

t r i —i o d o f  1 u o r  0 me t  h an c ( C F ̂  ' X ) . R e i v i c h ,  J e h 1 o , So ko 1 o f  f  &

Kety  ( 1 9 6 9 ) p o i n t e d  out  m e t h o d o l o g i c a l  s o u r c e s  o f  e r r o r  u s i n g  

t h i s  gas  and d e s c r i b e d  a t e c h n i q u e  s u b s t i t u t i n g  -  a n t i p y r i n o

as t h e  t r a c e r .  Howcvei-, a n t i u y r i n c  has b e e n  shown t o  produce  

e r r o r s  a t  normal p e r f u s i o n  r a t e s  i n  t h e  b r a i n  and f l o w s  ar e  

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

h y p o r c a p n i a ,  ( E k l o f  e t  a l  1 9 7 4 ) ,

Crone ( 1 9 6 4 ) p r e s e n t e d  e v i d e n c e  t h a t  a n t . i p y r i n e  was not  

f r e e l y  d i f f u s i b l e  i n  n e r v o u s  t i s s u e .  T h i s  has been  s u b s t a n t i a t e d  

by Kckman, P h a i r ,  F e n s t e r m a c h e r , P a t l a k ,  Kennedy & S o k c l o f f  ( 1 9 7 9 ) 1 

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

s t u d i e s ,  due t o  i t s  low c a p i l l a r y  p e r m e a b i l i t y ,

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

t i s s u e  under  i n v e s t i g a t i o n  i s  not  h o m oge n e ou s ly  p e r f u s e d .

However,  t h e  d e g r e e  o f  e r r o r  as  a r e s u l t  o f  t h i s  i s  r egard ed  as  

minimal  (K ety  1965  ) i n  c om p ar i son  t o  t h e  i n f l u e n c e  o f  c a p i l l a r y  

p e r m e a b i l i t y  l i m i t a t i o n s  (E k l o f  e t  a l  1974 )*

The u s e  c f  a n t i p y r i n e  in  t h i s  t e c h n i q u e  i s ,  t h e r e f o r e ,  s u s p e c t  

and t h e r e  i s  doubt  t h a t  t r i t i a t c d  w a t e r ,  ^'^^Kenon ( F k l o f  e t  a l  

1 9 7 4 ) ,  ~ n i c o t i n e  ( O l d e n d o r f  1 9 7 5 ) or  -  e t h a n o l  ( K k i o f  e t

a l  19 7 4 i  O ld e n d o r f  1975)  a r e  any b e t t e r *

T h ere  has b e e n  o n l y  one s p e c i f i c  i n v e s t i g a t i o n  o f  SGBF by  

t h e  a u t o r a d i o g r a p h i c  t e c h n i q u e ,  ( S a n d l e r  & Tator- 1 9 7 6 a )  which  

u t i l i s e d  C -  a n t i p y r i n e  as  a t r a c e r .  The a u t h o r s  b a s e  t h e  

a c c u r a c y  o f  t h e i r  r e s u l t s  on t h e  d a t a  o f  E k l o f  e t . a l .  ( S a n d i e r  

d- T a t o r  1 976b , )  However,  t r u e  e v a l u a t i  on a w a i t s  t h e  u s e  o f  a 

t r a c e r  wh ich  s u f f e r s  none o f  t h e  d i s a d v a n t a g e s  o f  t h o s e  i n  t h e  

g a s e o u s  p h a s e  and w h ic h  i s  t r u l y  f r e e l y  d i f f u s i b l e .  I t  i s  

p o s s i b l e  t h a t  4 - i o d o a n t i p y r i n e  may be s u p e r i o r  t o  a n t i p y r i n e .

N o n e t h e l e s s  t h e  a d v a n t a g e s  o f  t h e  a u t o r a d i o g r a p h i c  - t e c h n i q u e
a r e /



ar e  many. I t  d i s t i n f j j i i s h e s  f l o w  i n  g r e y  and w h i t e  n a t t e r  and 

r e s o l u t i o n  w i t h i n  e ac h  o f  t h e s e  compartments  i s  h i g h .  The 

method i s  a t r a u m a t i c  and a l l o w s  a c o r r e l a t i o n  b e t w e e n  f lo w  and 

h i s t o l o g y  t o  be made (Yamaguchi  & Waltz  1 9 7 l ) »  The p o s s i b i l i t y  

e x i s t s  t h a t  f l o w  measuremen ts  ca.n be combined w i t h  a s s e s s m e n t  

o f  t h e  m e t a b o l i c  s t a t e  o f  t h e  t i s s u e  as  o b t a i n e d  a f t e r  f r e e z i n g  

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

one measurement  o f  f l o w  can be o b t a i n e d  from e a c h  an im al»  Thus  

t i m e  c o u r s e  c h a n g e s  can  be i n v e s t i g a t e d  o n l y  by s a c r i f i c i n g  groups  

o f  a n i m a l s  s e r i a l l y ,

Hy dromon C1 e a ranon

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

have  been  d e s c r i b e d  by Aukland,  Bower & B e r l i n e r  ( 1 9 6 4 ) .  B r i e f l y ,  

t h e  p a r t i a l  p r e s s u r e  o f  hyd r oge n  i n  t h e  t i s s u e  i s  n r o p o r t i o n a l  

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

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

a p p a r a t u s ,  t h e  change  i n  hyd r oge n  t e n s i o n  d u r i n g  i t s  c l e a r a n c e  

from t h e  t i s s u e  can  be m o n i t o r e d .

The u s e  o f  hydrogen  c l e a r a n c e  in  r e c o r d i n g  c h a n g e s  o f  b l o o d  

f l o w  i n  t h e  b r a i n  was pr op ose d  by K is r a h y ,  C la r k  & f a t t c r s o n  in  

1 9 5 6 » S i n c e  t h e n ,  s e v e r a l  groups  have measured l o c a l  b l o o d  f l o w  

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

For  t h e  measurement o f  GBP, hydrogen  has  b e e n  a d m i n i s t a r e d  

by i n h a l a t i o n  ( B o z z a o ,  F i e s c h i ,  A^aicl i and N a r d i n i  I 9 6 8 ; H a i r i n g ,  

T u rn er  and P a n t a l 1 I 9 6 8 ; P a s z t o r ,  Symon, B o r s c h  and B r a n s t c n  1973}  

i n j e c t i o n  ( S h i n o h a r a ,  Meyer, Kitamura ,  Toyoda and Ryu J 969:  Meyer,

F u k u u c h i ,  Kanda, Shimazu and K ash i  1972)  or  a c o m b i n a t i o n  o f  b o t h .  

( F i e s c h i ,  Bozzao  and AjÇqioli I 9 6 5 ) I t  i s  d o u b t f u l  i f  i n j e c t i o n ,  

w h ic h  r e c u i r c s  a r t e r i a l  p u n c t u r e ,  has any a d v a n t a g e  e v e r  t h e  

i n h a l a t i o n  t e c h n i q u e .  Due t o  i t s  low b l o o d - g a s  p a r t i t i o n  

c o e f f i c i e n t  (O .O lS )  hydrogen  i s  c l e a r e d  v e r y  r a p i d l y  from t h e  l u n g s  

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

r e c i r c u l a t i o n  i s  n e g l i g i b l e ,  o t o s s e c k  ( 1 9 7 4 )  has  d e s c r i b e d  an 

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

s u b s e q u e n t /



s u b s e q u e n t  c l e a r a n c e  from t h e  t i s s u e .

S p i n a l  c o r d  b l o o d  f l o w  u s i n g  hydrogen c l e a r a n c e  tecd in ique  

has  b e e n  a s s e s s e d  by  2 groups  o f  vjorkers ( K o b r i n e , B o y l e  and 

M a r t in ,  1974 and G r i f f i t h s ,  Rowan and Crawford ,  1973 )  » R e c o r d i n g  

f l o w  from t h e  l a t e r a l  f u n i c u lu s .  Kobrine  e t  a l  r e p o r t e d  o n l y  

monoexpOTieritiai c l e a r a n c e s .  However,  G r i f f i t h s  e t  a l  found  

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

w h i t e  m a t t e r .  Bi e x p o n e n t i a l  w h i t e  m a t t e r  c l e a r a n c e s  -were r e c o r d e d  

from t h o s e  e l e c t r o d e s  p l a c e d  n e a r  t h e  p e r i p h e r y  o f  t h e  c o r d .  O'ho 

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

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

t h e  vjork o f  St  os  s e e k  ( 1970  ) who d e m o n s t r a t e d  r a p i d  c l e a r a n c e  o f  

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

s p a c e .  The s l o w  component or m o n o e x p o n e n t ia l  was t a k e n  as  t h e  

v a l u e  o f  f l o w  i n  t h e  w h i t e  m atter*

In  g r e y  m a t t e r  t h e  m a j o r i t y  o f  c l e a r a n c e s  were  monooxporieiutia,] . 

Of t h o s e  which were  b i e x p o n e n t i a l ,  t h e  f a s t  compoîient v a l u e s  were  

f a r  i n  e x c e s s  o f  f l o w  va . lucs  d e t e r m in e d  f o r  g r e y  m a t t e r  by t h e  

a u t o r a d i o g r a p h i c  t e c h n i q u e  ( I.andau e t  a l  1 9 5 3 1 S a n d l e r  & T a t a r ,  

1 9 7 6 a ) a n d  d i d  n o t  c o r r e l a t e  w i t h  pCO c h an ge s*  The m o n o e x n o n e n t i a l s  

and s l o w  components  o f  b i e x p o n e n t i a . l s  were  t h e r e f o r e  u s e d  t o  

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

G r i f f i t h s  e t  a l  e x p l a i n e d  t h e s e  o b s e r v a t i o n s  on t h e  b a s i s  

t h a t  e l e c t r o d e s  i n  t h e  g r e y  m a t t e r  are  r e c o r d i n g  an "average"  f l o w  

d e r i v e d  from b o t h  g r e y  and w h i t e  com p artm en ts .  The w i d t h  o f  t h e  

v e n t r a l  horn i s  o n l y  about 2 mm at  i t s  w i d e s t  p a r t .  Thus t h e  

e l e c t r o d e s ’ " r e c o r d i n g  area"  wou ld  i n c l u d e  a s u b s t a n t i a l  amo'juit 

o f  w h i t e  m a t t e r .  Moreover  t h e  r a p i d  d i f f u s i b i l i t y  o f  hydrogen  

w i l l  h e l p  "mix t h e  t i s s u e "  as  t h e  t i s s u e  can not  s u p p o r t  two  

c o n t i g u o u s  a r e a s  o f  d i f f e r e n t  hydrogen  t e n s i o n s .

The above  d e s c r i p t i o n  s e r v e s  t o  i l l u s t r a t e  a major  d i s a d v a n t a g e  

w i t h  t h e  hyd r oge n  c l e a r a n c e  method i n  t h e  a s s e s s m e n t  o f  SCBP; 

nam e ly ,  i t s  i n a b i l i t y  t o  d i s t i n g u i s h  a s e p a r a t e  gr e y  m a t t e r  f l o w .

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

would be o b t a i n e d  i f  v e r y  s m a l l  e l e c t r o d e s  wei'e u s e d .

T h e /



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

t i s s u e  l e a d s  one t o  c o n s i d e r  t h e  p o s s i b i l i t y  o f  t ra u m a .  A

p r o l o n g e d  l a g  phase  and p l a t e a u  be tw e e n  t h e  c e s s a t i o n  o f

a d m i n i s t r a t i o n  o f  hyd r oge n  and o n s e t  o f  c l e a r a n c e  r e p r e s e n t s  an

i n j u r y  and d i f f u s i o n  zone  around t h e  e l e c t r o d e .  However,  t h e

e v e n t u a l  c l e a r a n c e  w i l l  be at  t h e  v a l u e  o f  t h e  n o n - i n j u r e d

t i s s u e  ( Aulcland X9 6 5 ) .  Of t h e  i n v a s i v e  t e c h n i q u e s  u s e d  i n  t h e

s p i n a l  c o r d , t h i s  method i s  p r o b a b l y  t h e  l e a s t  damagin g  as  t h e

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

i n  p l a c e  w i t h  c e m e n t . R e p e a t e d  measurements  ar c  t h e r e f o r e

p o s s i b l e  w i t h  minimal  t rau m a .  M u l t i p l e  measuremen ts  w i t h  t h e  
1 3 3i n t r a s p i n a l  ' Xe t e c h n i q u e  i n  t h e  same s i t e  wou ld  l e a d  t o  

u n a c c e p t .a b le  t i s s u e  dam age. S i n c e  measurements  can be r e p e a t e d  

t h e  an imal  can  a c t  as  i t s  own c o n t r o l  i n  e x p e r i m e n t a l  s t u d i e s  0

Argon C l e a r a n c e

T h i s  t e c h n i q u e  i s  s i m i l a r  t o  t h e  p r e c e d i n g  o n e .  Argon i s  

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

i s  m o n i t o r e d  w i t h  a vacuum mass s p e c t r o m e t e r  p r o b e ,  (Ducker  &

G a r r i s o n  1975 Xn S a n d l e r  & T a t o r  1976b ) ,  The a d v a n t a g e s  ar e  s i m i l a r  

t o  t h e r e  w i t h  h y d r o g e n .  In  a d d i t i o n ,  t h e  mass s p e c t r o m e t e r  can  

measure l o c a l  t i s s u e  pO^ and pCOp a t  t h e  same t i m e .  However,  t h e  

problem  o f  i n t e r c o m p a r t n i e n t a l  d i f f u s i o n  o f  argon i s  l i k e l y  t o  be  

s i m i l a r  t o  t h a t  o f  hydrogen  and t h e r e  i s  a  d e f i n i t e  r i s k  o f  t i s s u e  

damage on probe  i n s e r t i o n  a s  i t s  d i a m e t e r  i s  l a r g e  ( l  nmi) r e l a t i v e  

t o  t h e  d i a m e t e r  o f  t h e  c o r d .

I n d i c a t o r  F r a c t i o n a t i o n  Methods

T h e s e  t e c h n i q u e s  do not  r e l y  upon th e  FicV. P r i n c i p l e .  They  

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

by S a p i r s t e i r i  ( 1 9 5 6 ,  1 9 5 8 ,  1 9 6 2 )  When an i n d i c a t o r  i s  a d m i n i s t e r e d  

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

i s  p r o p o r t i o n a l  t o  t h e  b l o o d  f l o w  t o  t h a t  t i s s u e .  Thus a k.ncv.*iedge 

o f  t h e  t o t a l  amount o f  i n d i c a t o r  g i v e n ,  t h e  amount o f  i n d i c a t o r  i n  

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

c a l c u l a t e  t h e  b l o o d  f l o w .

Bingham/



Bingham, Goldman, Fr iedman ,  Murphy, Yashon  & Hunt ( 1 9 7 3 )

m o d i f i e d  S a p i r e t e i n ’ s method f o r  t h e  d e t e r m i n a t i o n  o f  dCBF i n

r h e s u s  monkeys u s i n g  ^ C - a n t i p y r i n o  as  t h e  t r a c e r .  They

d i s t i n g u i s h e d  f l o w s  i n  t h e  a n a t o m i c a l  coinpar'tmerits hy s e p a r a t i n g

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

d e t e r m i n a t i o n .  Good d i f f e r e n t i a t i o n  b e t w e e n  g r e y  and whit  c m u tte r

was a c h i e v e d .  However,  t h e  c o m p le t e  s e p a .r a t i o n  o f  compartments

i s  u n l i k e l y  and t h e  p o s s i b i l i t y  o f  c o n t a m i n a t i o n  o f  one by t h e

o t h e r  i s  a  r i s k .

A n other  m o d i f i c a t i o n  o f  t h e  o r i g i n a l  method was t h e  u s e  o f

i s o t o p i c a l l y  l a b e l l e d  m i c r o s p h e r e s  us t h e  i n d i c a t o r . fOBF has
1 31been  measured  u s i n g  ' I -mac r  o - -a ggr e a at  e d a lbumin  pai’t ic.Les

( P i o b r ,  Brock  & P o l l  1969  ; F l o h r ,  î-'oll & Brock 1971 ) « T h ese  woz-kers

d i d  nox d i s t i n g u i s h  b e tw e e n  g r e y  and w h i t e  m a t t e r  but  measured f l o w

i n  t h e  w hole  c r o s s  s e c t i o n  o f  c o r d . T h e i r  r e s u l t s  ar e  i n  c. tocr

agreem ent  w i t h  t h e  w e i g h t e d  mean f l o w s  o f  S m it h ,  Pender  and
1 XA l e x a n d e r  ( I 9 6 9 ) u s i n g  Xe i n j e c t i o n .  S e p a r a t i o n  o f  g r e y  and 

v;hi tc  m a t t e r  was a c h i e v e d  w i t h  t h e  mi c r o s p l i e r e  t e c h n i q u e  by 

Marcus and h i s  a s s o c i a t e s  ( 1 9 7 7 ) .

I t  i s  e v i d e n t  t h a t  t h e  m ic r o s p h e r e  t e c h n i q u e  can d i s t i n g u i s h  

grrey and w h i t e  m a t t e r  f l o w s  and t h e  method i s  a t r a u m a t i c ,  A major  

d i s a d v a n t a g e ,  t h o u g h ,  i s  o î i ly  one d e t e r m i n a t i o n  o f  f l o w  can be  

made i n  e a c h  a n i m a l .  D i s c r e p a n c i e s  c o u l d  a r i s e  from î - h e o l o g i o a l  

f a c t o r s ,  f o r  e x a m p le ,  p r e f e r e n t i a l  s t r e a m i n g  o f  m i c r o s p h c r e a . 

Hov?ever, t h i s  i s  r e p o r t e d  t o  be i n s i g n i f i c a n t . ( N e u t z e ,  Wyler & 

Rudolph 1 9 6 8 )

Heat. C l e a r a n c e

The method o f  measurement o f  l o c a l  b l o o d  f l o w  by means o f  

h e a t  t r a n s f e r  was i n t r o d u c e d  by Gibbs ( 1 9 3 3 ) .  The p r i n c i p l e  

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

h e a t e d  and non~heated.  t h e r m o j u n c t i o n s  o f  a therm oprobe  p l a c e d  i n  

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

c o n s t a n t ,  t h e  t e m p é r a t u r e  d i f f e r e n c e  b e tw e e n  t h e  two t h e r r n o j u n c t io n s  

i s  a r e f l e c t i o n  o f  b l o o d  f l o w .

T h i s /



T h is  t e c h n i q u e  was p r o b a b l y  t h e  f i r s t  method u s e d  i n  t h e  

d e t e c t i o n  o f  b l o o d  f l o w  i n  t h e  s p i n a l  cord  ( F i e l d ,  Grayson  and 

Rogers  1 9 5 1 ) .  S i n c e  t h e n  i t  has been, u se d  by s e v e r a l  groups  i n  

i n v e s t i g a t i o n  o f  t h e  f a c t o r s  r e g u l a t i n g  SCBP ( P a l l e s he & Hermann, 

1 9 6 8 , Wui lenweber  I 9 6 8 , K i n d t , Ducker & H u d d l e s t o n e  1970  and 

Ducker & Kindt 1 9 7 1 )^

A l t h o u g h  t h e  method g i v e s  a c o n t i n u o u s  e s t im a t e ,  o f  f l o w ,  

a l l o w i n g  t h e  e f f e c t  o f  b lo o d  g a s e s ,  trauma,  e t c .  on 3CBF t o  be  

3-ssGGsed, i t  i s  a p u r e l y  q u a l i t a t i v e  method and v a l i d  c om p ari sons  

b e tw e e n  a n i m a l s  can  n o t  be made.

In t h o s e  c a s e s  wlicre a probe  i s  im p l a n t e d  i n t o  t h e  o r g a n ,  

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

r e l a t i v e l y  l a r g e  s i z e ,  M oreover ,  therrnoc.oupl gs p l a c e d  on t h e  

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

c o r d .

A n other  c r i t i c i s m  o f  t h i s  method i s ,  t h e  r e q u i r e m e n t  t h a t  

head c o n d u c t i o n  o f  t h e  t i s s u e  rem ains  c o n s t a n t .  In s t a t e r  o f  

i n c r e a s e d  t i s s u e  m e t a b o l i s m  around t h e  thc i 'm ocoup le ,  t i s s u e  

t e m p e r a t u r e  wou ld  r i s e  and t h u s  h e a t  c o n d u c t i o n  o f  t h e  t i s s u e  would  

be a f f e c t e d .

V a s c u l a r  O u t l i n e  Methods

Flow c h a n g e s  have  b e e n  o b s e r v ed  q u a l i t a t i v e l y  by t h e  

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

(Wagner, T a s l i t z ,  White  & Yashon I 9 6 9 ) and t h i o f l a v i n e  S (Dohrmann, 

Wick & Buoy 19 7 3 )  a f t e r  e x p e r i m e n t a l  t rau m a.  T h ese  t e c h n i q u e s  

a r e  r e l a t i v e l y  s i m p l e  t o  p e r fo rm  and can d e p i c t  p a t e n t  v e r s u s  

n o n - p a t e n t  v e s s e l s  ^n v i v o , but  as  t h e y  ar e  by n a t u r e  q u a l i t a t i v e  

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



The S t r u c t u r a l  Bas i  e c f  t he D3 o c f l - B r a g _ r

Before,  t h e  i d e a  o f  a b l o o d - b r a i n  b a r r i e r  (BBB; was formed,  

•Datholog iG ts  had o b s e r v e d  t h a t  in  c a s e s  o f  j a u n d i c e  a l l  t h e  t i s s u e s  

o f  t h e  body were, s t a i n e d  a y e l l o w i s h  g r e e n ,  e x c o o t  t h o s e  o f  t h e  

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

c l a s s i c  s t u d i e s  o f  E h r l i c h  ( l 8 8 2 , I 8 8 5 ) who n o t e d  t h a t  a f t e r  t h e  

i n t r a v e n o u s  i n j e c t i o n  o f  a c i d i c  v i t a l  d y e r ,  t h e  c e n t r a l  ne r vou s  

s y s t e m  was ,  u n l i k e  o t h e r  body t i s s u e s ,  u n s t a i n e d .  T h ese  s t u d i e s  

were c o n f i r m e d  and e x t e n d e d  by Goldmann ( 1 9 OO, 1913.)* He i n j e c t e d  

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

s t a i n e d  r a p i d l y  but  no dye e n t e r e d  t h e  b l o o d s t r e a m ,  T o c h i r y i  ( I 9 5 O) 

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

s t r o n g l y  bound t o  serum a l b u m in .  The e x p e r i m e n t s  t h e r e f o r e  

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

p r o t e i n s ,

More d e t a i l e d  i n f o r m a t i o n  on t h e  n a t u r e  o f  t h e  b a r r i e r  a w a i t e d  

t h e  d e v e lo p m e n t  o f  t h e  e l e c t r o n  m ic r o s c o p e  and s u i t a b l e  t r o c a r  

s u b s t a n c e s .  Graham & Karnovsky ( 1 9 6 6 ) i n t r o d u c e d  t h e  t r a c e r  h o r s e  

r a d i s h  p e r o x i d o s e  (HRP).  T h i s  has a p a r t i c l e  d i a m e t e r  o f  4 G-6O R 

and a m o l e c u l a r  w e i g h t  o f  4 0 , 0 0 0  which  i s  t o  seme e x t e n t  s m a l l e r  

t h a n  t h a t  o f  a lbum in  ( p a r t i c l e  s i z e  75^)*  The l o c a l i s a t i o n  

o f  HRP i s  enhanced  by i t s  e n z y m a t i c  r e a c t i o n  s o  t h a t  a, few  

m o l e c u l e s  orod u c e  a l a r g e  number o f  e l e c t r o n  d e n s e  p a r t i c l e s  which  

can be r e a d i l y  s e e n  w i t h  t h e  e l e c t r o n  m i c r o s c o p e ,

R e e s e  & Karnovsky ( 1 9 6 7 ) i n v e s t i g a t e d  t h e  p e r m e a b i l i t y  c f  

c e r e b r a l  v e s s e l s  t o  HR?, They found t h a t  i n t r a v a s c u l a r  HRP d i d  

not  p a s s  i n t o  b r a i n  s u b s t a n c e ,  a l t h o u g h  i t  e n t e r e d  t h e  e x t r a -  

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

p e r m e a b i l i t y  t o  HRP i n  t h e  b r a i n  t o  c e r t a i n  m o r p h o l o g i c a l  

s p e c i a l i s a t i o n s  o f  t h e  c e r e b r a l  e n d o t h e l i u m .  F i r s t l y ,  t h e y  no te d  

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

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

HRP, Moreover ,  t h e s e  c e l l s  c o n t a i n e d  v e r y  few p i n o c y t o t i c  

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

A few v e s i c l e s  were  s e e n  t o  c o n t a i n  -HRP but t h e  a u t h o r s  found no 
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e v i d e n c e  o f  v e s i c u l a r  d i s c h a r g e  o f  t h e  t r a c e r  t o  t h e  a b l u m in a i  

s i d e  0 1  t h e  e n d o t h e l i u m .  T h ese  f i n d i n g s  have  b e e n  g i v e n  

c o n s i d e r a b l e  s u p n o r t  by a number o f  o t h e r  w or ke r s  ( B e c k e r ,

Hirano  & Zimmerman, I 9 6 S,  Bodenheinier  & Er ightman 1 9 6 8 ,  B r i g h t  man 

& R e e s e ,  I 9 6 9 , B r ig h tm a n ,  K l a t z o ,  O l s s o n  & R e e s e  19 7 0 ,  Br ightm an,  

R e e se  & F o d e r ,  1970  and P a n p a s , 1 9 7 0 ) .

The above  d e s c r i p t i o n  a o p l i c s  t o  t h e  s i t u a t i o n  i n  t h e  h i g h e r  

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

morphology  o f  t h e  BBB. Per  ex a m p le ,  open c l e f t s  b e t w e e n  c e r e b r a l  

e n d o t h e l i a l  c e l l s  have  be e n  o b s e r v e d  i n  t h e  n u r s e  s h a r k ,  g u i t a r  

f i s h  and n um bf ish  (B r igh tm an ,  R e e s e ,  O ls s o n  & K l a t z o  1 9 7 1 )  and 

i n t r a c e l ] u l a r  c h a n n e l s  have  b e e n  s e e n  i n  t h e  c e r e b r a l  e n d o t h e l i u m  

o f  J a p a n e s e  s h a r k s  ( Hash imoto  1 9 7 2 ) .  B r ightm an ,  R e e c e  & Feder

( 1 9 7 0 ) have  n o t e d  in  s t u d i e s  u t i l i s i n g  m i o r o p e r o x i d c s e , t h a t  t h e  

b a r r i e r  in  t h e  sharlc r e s u l t s  from f u s e d  g l i a l  end. f o o t  s u r r o u n d i n g  

r e l a t i v e l y  porous  c a p i l l a r i e s .

I t  was c o n t e n d e d  by some w orkers  t h a t  t h e  b a r r i e r  i n  t h e  h i g h e r  

v e r t e b r a t e  was s i t u a t e d  a t  t h e  l e v e l  o f  t h e  p e r i v a s c u l a r  

a s t r o c y t i c  end f e e t .  T h i s  t h e o r y  was proposed  by B c h a l t e n b r a n d  2; 

B a i l e y  ( 1 9 2 8 ) . However,  Br i  ghtman & Reese ( I 9 6 9 ) have  d e m cn s tr a to d  

t h a t  t h e  a s t r o c y t e s  ar e  c o n n e c t e d  by "gap" j u n c t i o n s  and not  t i g h t  

j u n c t i o n s  and m o l e c u l e s  t h e  s i z e  o f  lanthanum can p a s s  t h r o u g h  

t h e s e  j u n c t i o n s  i n t o  t h e  e x t r a c e l l u l a r  s p a c e  o f  t h e  b r a in *

The B l ood Br a i n  B a r r i e r  t o  N o r a d r e n a l i n e

S p e c i f i c  e n z y m a t i c  b a r r i e r  mechanisms have  b e e n  shown t o  e x i s t  

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

a c o m b i n a t i o n  o f  c h e m i c a l  and h i s t o c h e m i c a l  p r o c e d u r e s .  v>wman .and 

h i s  c o - w o r k e r s  (Owman,I9 6 6 , B e r t  1 e r ,  P a l c k ,  Owman & R osengren  

1 9 6 6 , Owman & R o s e n g r e n ,  1967 ,  Owman, F d v i n s s o n ,  P a l c k  & N i e l s e n  

1 9 7 4 ) found  t h a t  t h e  c e r e b r a l  e n d o t h e l i a  c e n t a i n e d  h i g h  l e v e l s  o f  t h e  

enzymes monoamine o x i d a s e  and BCPA—i e c a r b o x y l a s e , T h ese  enzymes are  

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

s u c h  as  t h e  median e m inence  and a r e a  n o s tre m a  wh ich  are  known t o  l a c k  

a BBB t o  a c i d i c  d y e s .  T h e i r  work i n d i c a t e s  t h a t  t h e  amine  
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p r e c u r s o r s  DOPA and 5 “  h y d r o x y t r y p to p b a n  ar e  p r e v e n t e d  from  

p a s s i n g  i n t o  t h e  n e u r a l  parenchyma by a mechanism whereby  t h e  

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

DO PA -d ecarboxylo s e  a f t e r  w h ic h  t h e  amines formed ar e  m e t a b o l i s e d  

by l o c a l  monoamine o x i d a s e .  B l o o d —borne  n o r a d r e n o . l in e  e n t e r i n g

t h e  e n d o t h e l i a l  c e l l  would a l s o  be m e t a b o l i s e d  by MAO. O ld e n d o r f

( 1 9 7 1 ) measured t h e  b r a i n  u p t a k e  o f  a. v a r i e t y  o f  r a d i o l a b e l l e d  amino 

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

o f  i n i t i a t e d  w a t e r  (which  he t o o k  t o  be c o m p l e t e l y  e x t r a c t e d ) .  The 

b r a i n  u p t a k e  i n d e x  but f o r  n o r a d r c n a l i n e  was about 5%* The t r u e  

v a l u e  i s  even  lo w e r  th a n  t h i s  s i n c e  w a t e r  i s  not  as  f r e e l y  

d i f f u s i b l e  as  was once  s u p u o se d  ( E i o h l i n g ,  H a i c h l c ,  Grubb & 

T e r - P o g o s s i a n  1 9 7 4 ) « N o n e t h e l e s s  t h i s  low BUI f o r  n o r a d r e n a l i n e  

c o r r e l a t e s  we11 w i t h  t h e  c o n c e p t  o f  an e n z y m a t i c  b l o o d —br a i  n b a r r i e r  

t o  n o r a d r e n a l i n e #

S i t u a t i o n s  i n  w h i c h b l o o d - b r a i n  b a r r i e r  f u n c t i o n  mav be a l t e r e d .

Hype r o s m o l a r i t y

The e f f e c t  o f  h y p e r t o n i c  s o l u t  i o n s  on t h e  BBB was i n v e s t i g a t e d  

i n  1945 by Broman and Lindberg-Broman-  They showed t h a t  v a r i o u s  

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

c o u l d  open  c e r e b r a l  v e s s e l s  t o  i n t r a - v a s c u l a r  t r a c e r s .  These  

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

a d i r e c t  t o x i c  a c t i o n  on t h e  b lbod  v e s s e l s .  T h i s  t h e o r y  was 

q u e s t i o n e d  by Rapauort  ( l 9 ? 0 )  who t e s t e d  t h e  e f f e c t  o f  c o n c e n t r a t e d  

s o l u t i o n s  o f  Na NO. ,̂ NaCl,  u r e a  and e t h a n o l  a p p l i e d  t o  p i a l  v e s s e l s .  

The i n t e g r i t y  ( o r  o t h e r w i s e )  o f  t h e  b a r r i e r  was i n d i c a t e d  by t h e  

a c i d i c  r e s p o n s e  on t h e  c o r t i c a l  s u r f a c e  t o  i n t r a v e n o u s  Na KCO^,

T h es e  e x p e r i m e n t s  l e d  him t o  p o s t u l a t e  t h a t  c o n c e n t r a t e d  s o l u t i o n s  

opened t h e  BBB by s h r i n k i n g  t h e  e n d o t h e l i a l  c e l l s ,  t h e r e b y  w i d e n i n g  

t h e  t i g h t  j u n c t i o n s  by t h e  t e n s i o n  e x e r t e d  upon them by t h e  

r e t r a c t e d  c e l l  membranes.

R a p a p o r t ,  Hori  & K l a t z o  ( 1 9 7 2 )  e x t e n d e d  t h i s  work by t e s t i n g  

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

a p p l i e d  t o  c o r t i c a l  p i a l  v e s s e l s  or  g i v e n  by i n t r a c a r o t i d  i n f u s i o n .  

T h e i r  e f f e c t  on b a r r i e r  i n t e g r i t y  was d e m o n s tr a t e d  by t h e  a b i l i t y  
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I .

■of t h e  s o l u t i o n  t o  c a u s e  e x t r a v a s a t i o n  o f  an E v a n s - b l u e  a lbumin  

conio lex  (EDA). The a u t h o r s  s t a t e d  f o u r  c r i t e r i a  n e c e s s a r y  f o r  an 

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

d i s r u p t i o n  by h y p e r o s m o t i c  c e l l  s h r i n k a g e .  Namely,  a )  t h e  s o l u t e  

s h o u l d  a c t  r e v e r s i b l y ,  b ) i t  s h o u l d  not  a c t  on t h e  b a r r i e r  by  

s p e c i f i c  d r u g  a c t i o n ,  c )  i t s  dam aging e f f e c t  should,  i n c r e a s e  w i t h  

i n c r e a s i n g  c o n c e n t r a t i o n  and d )  i t s  e f f e c t  s h o u ld  be r e l a t e d  

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

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

were  found t o  c a u s e  i r r e v e r s i b l e  b az 'r ier  damage, w h ereas  p o l a r ,  

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

o u t l i n e d  above,.  A c o n c e n t r a t i o n  o f  2M u r e a  was found t o  be 

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

t h e  v e s s e l s .

Rauaport  and h i s  co-'workei-s d e m o n s tr a t e d  r e v e r s i b i l i t y  o f  

b a r r i e r  c n c n i n g  by t h e  l a c k  o f  EBA l e a k a g e  when t h e  dye was g i v e n  

30 m in e ,  a f t e r  a u o l i c a t i o n  o f  t h e  t e s t  s u b s t a n c e .  Hovjever,  

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

may rem ain  f o r  u r  t o  4 hours  ( S t u d e r ,  Welch & S i e g e l ,  1 9 7 4 ) *

I t  has  be e n  shovjn t h a t  an i n f u s i o n  o f  2M u r e a  o r  1 a c t  amide  

v i a  t h e  l i n g u a l  a r t e r y ,  when t h e  e x t e r n a l  and common c a r o t i d  

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

t h e  BBB i n  t h e  i p s i l a t e r a l  c e r e b r a l  h e m is p h e r e  o f  t h e  monkey,  

w i t h o u t  p r o d u c i n g  g r o s s  n e u r o l o g i c a l  d e f i c i t s  (Rapaport  & Thoii,pson:, 

1 9 7 3 ) * M oreover ,  i n  baboons  o s m o t i c  b a r r i e r  d i s r u p t i o n  b.v u r e a  

has  no e f f e c t  upon CBF or  t h e  r e s p o n s e s  o f  f l o w  t o  h y p o r c a p n i a  

or  a c u t e  h y p e r t e n s i o n  ( P i c k a r d ,  MacKenzie,  D u r i t y , W elsh ,  l - a n g f i t t ,  

J e n n e t t  & Harper  1 9 7 5 ) «

The d i s t r i b u t i o n  o f  EBA and HRP was i n v e s t i g a t e d ,  f o l l o w i n g  

an i n t r a c a r o t i d  i n f u s i o n  o f  3^ u r e a  i n  r a b b i t s  (B r igh tm an ,  H o r i ,  

R a p a p o r t ,  R e e s e  & W e s te r g a a r d ,  1 9 7 3 ) .  Both  t h e  dye and p e r o x i d a s e  

c r o s s e d  some v e s s e l s .  C a p i l l a r i e s  v;ere m a in l y  a f f e c t e d ,  a l t h o u g h  

some a r t e r i o l e s  and p o s s i b l y  v e n u l e s  were a l s o  i n v o l v e d .

P e r o x i d o t i c  r e a c t i o n  prod u c t  was d e m o n s tr a t e d  w i t h i n  e x t r a c e l l u l a r  

p o o l s  b e t w e e n  s u c c e s s i v e  t i g h t  j u n c t i o n s .  The e n d o t h e l i a l  c e l l s  
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-did not. a ppear  t o  be shrunken  but t h e  a u t h o r s  p o i n t  out  

r e h y d r a t i o n  may have  t a k e n  p l a c e  d u r i n g  f i x a t i o n  or d u r i n g  t h e  

i n t e r v a l  b e t w e e n  u r e a  i n f u s i o n  and f i x a t i o n .

T r a c e r  c o u l d  p o s s i b l y  be d e l i v e r e d  a c r o s s  t h e  v e s s e l  w a l l  by  

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

c y t o p l a s m i c  v e s i c l e s  c o n t a i n i n g  HRP were few i n  number.  Large  

cal. \  c i  form c i s t e r n s ,  some c o n t a i n i n g  HRP, -were o b s e r v e d  i n  t h e  

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

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

C o n t r a s t  media  a r e  known t o  have  a d e l e t e r i o u s  e f f e c t  upon  

b a r r i e r  f u n c t i o n  ( Broman & O ls s o n  1948 ,  1 9 4 9 ) .

T h i s  may be a r e s u l t  o f  an o s m o t i c  e f f e c t  on t h e  b a r r i  c r  or  t h e  

d i v a l e n t  i o n  c o n t e n t  o f  t h e  medium may be o f  i m p o r t a n c e .  The 

r a t e  o f  p i n o c y t o s i s  i s  r e p o r t e d  t o  bo e l e v a t e d  by d i v a l e n t  i o n s .  

( J o 6 ,  1 9 7 1 ) .

Hypertension
A cute  c t r t e r i a l  h y p e r t e n s i o n  may damage t h e  BBB. I t  has be e n  

shown t h a t  an abrupt  r i s e  i n  b lo o d  p r e s s u r e  o f  more th an  90 mm.IIg, 

i n d u c e d  by t h e  i n t r a v e n o u s  i n j e c t i o n  o f  Aramino,  r e s u l t s  in  t h e  

e x t r a v a s a t i o n  o f  p r e v i o u s l y  a .dn i in is tered  T:BA ( J o h a n s s o n ,  L i ,

O l s s o n  & K l a t z o  1 9 7 0 ) .  Johannson  & L in d e r  ( 1 9 7 4 )  a c u t e l y  l a i s e d  

b l o o d  p r e s s u r e  i n  dogs  by c la m p i n g  t h e  t h o r a c i c  a o r t a  and a t t r i b u - t e d  

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

p r e s s u r e  and not  t o  t h e  d i r e c t  a c t i o n  o f  t h e  p r e s s o r  drug  g i v e n  i n  

t h e  p r e v i o u s  s t u d y ,  Haggen dal  & Jo h a n s s o n  ( 1 9 7 2 )  found  t) int  

s t e p w i s e  i n c r e a s e s  i n  b l o o d  p r e s s u r e  in d u c e d  by Aramine d i d  not  

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

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

been  shown t o  be more w i d e s p r e a d  th a n  has been  i n d i c a t e d  by ERA. 

S t u d i e s  i n v o l v i n g  t h e  a d m i n i s t r a t i o n  o f  ERA and HRP b e f o r e  Aramine  

ind u c e d  h y p e r t e n s i o n  have shown t h a t  i n c r e a s e d  p e r m e a b i l i t y  as  

e v i d e n c e d  by HRP e x t r a v a s a t i o n  o c c u r  o u t w i t h  as  w e l l  as  w i t h i n  

t h o s e  d e l i n e a t e d  by BBA (Br ig htm an & B r o a d w e l l ,  1 9 7 6 ) .

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

c e r e b r a l /



c e r e b r a l  v e s s e l s  t o  t r a c e r  s u b s t a n c e s ,  G i a c o m e l l i ,  Wiener  &

S p i r o  ( 1 9 7 0 ) r e p o r t e d  enhanced  p e r m e a b i l i t y  o f  c e r e b r a l  v e s s e l s  

t o  HRP i n  7*ats s u b m i t t e d  t o  r e n a l  h y p e r t e n s i o n  o f  P. t o  5 weeks  

d u r a t i o n .

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

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

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

J o h a n s s o n  & Blcm ntrand  ( 1 9 7 5 )  have  shown t h a t  i n  a c u t e  h y p e i - t e n s i o n ,  

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

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

I t  can be s e e n  from the. above  s e l e c t i o n  o f  t h e  l i t e r a t u r e  

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

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

i s  much l e s s  c e r t a i n .  No s t u d i e s  r e l a t i n g  t h e  s p i n a l  b a r r i e r  t o  

hype r t  en s i  on have  b e e n  r e p o r t e d  i n  t h e  l i t e r a / t u r e .  Our own 

( u n p u b l i s h e d )  p r e l i m i n a r y  o b s e r v a t i o n s  ( G r i f f i t h s  & Crawford,  1977 )  

have i n d i c a t e d  t h a t  Aramine in d u c e d  a c u t e  h y p e r t e n s i o n ,  wh ich  

produced  m u l t i p l e  g r o s s  f o c i  o f  EBA e x t r a v a s a t i o n  i n  the b r a i n ,  

f a i l e d  t o  produce  s i m i l a r  l e s i o n s  i n  t h e  s p i n a l  c o r d .  F u r t h e r ,  no 

e v i d e n c e  o f  ERA f l u o r e s c e n c e  was s e e n  in  t h e  c o r d  on m i c r o s c o p i c a l  

e x a m i n a t i o n .  Whether b a r r i e r  damage c o u l d  be d e m o n s t r a t e d  w i t h  t h e  

more s e n s i t i v e  t r a c e r  HRP re m ain s  t o  be d e te r m in e d *

Tumours

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

w i t h  n e o p l a s t i c  c o n d i t i o n s .  In human m a l i g n a n t  g l i o m a s ,  

c o n t i g u o u s  e n d o t h e l i a l  c e l l s  a r e  not  j o i n e d  by t i g h t  j u n c t i o n s  

(Long ,  1 9 7 0 ) .  T h i s  a b n o r m a l i t y  i s  s e e n  a l s o  i n  c h o r o i d  p l e x u s  

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

newborn S y r i a n  h a m s te r s  and EBA and HRP can e s c a p e  from t h e  v e s s e l  

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

a l s o  s e e n .  Each f e n e s t r a  i s  c o v e r e d  by a t h i n  diaphragm which  v a r y  

or  may not  be  per m e ab le  t o  p r o t e i n  (Brightman & Broadv/a l l  1 9 7 6 ) ,

In  m e t a s t a t i c  tu m o u rs ,  new c a p i l l a r i e s  may r e s e m b l e  t h o s e  o f  

t h e i r  t i s s u e  o f  o r i g i n .  I n t r a c e r e b r a l  m e t a s t a t i c  lymphomas e x h i b i t  

e n d o t h e l i a l  c e l l s  c h a r a c t e r i s t i c  o f  a normal lymph n o d e ,  r a t h e r  than  
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c f  c e r e b r a l  c a p i l l a r i e s  ( H i r a n o ,  Ghatak,  B ecker  & 2,immcrman,

1 9 7 4 ) .

O ther  S i t u a t i o n :

Many o t h e r  s t a t e s  can be r e s p o n s i b l e  f o r  a l t e r e d  b r a i n  

p e r m e a b i l i t y .  The f o l l o w i n g  i l l u s t r a t e  some e x a m p l e s .  Marked 

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

w i t h  e x p e r i m e n t a l  b r a i n  c o n c u s s i o n  (K inder  & O l s s o n  I 9 6 8 ) .

F o l l o w i n g  a c u t e  s p i n a l  trauma i n d u c e d  by t h e  w e i g h t —d r o p p i n g  

t e c h n i q u e ,  a l t e r a t i o n s  i n  t h e  i n t e g r i t y  o f  t h e  end o t  lie l i a i  

t i g h t  j u n c t i o n s  were  r e p o r t e d  by  Goodman, Bingham & Hunt ( 1 9 7 6 ) .  

G r i f f i t h s  & M i l l e r  ( 1 9 7 4 )  n o t e d  t h a t  EBA l e a k a g e  o c c u r r e d  i n  

e x p e r i m e n t a l  s p i n a l  i n j u r i e s , pre d om in an t ly  i n  v e i n s  and v e n u l e s .

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

l a t e  e v e n t  t o  c e r e b r a l  i s c h a e m i a  (Hossman & O l s s o n  1 9 7 1 ,  I t o ,  Go, 

W alker,  S p a t e  & K l a t z o  1 9 7 6 ) ,  F o l l o w i n g  c e r e b r a l  i s c h a e m i a  in  

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

W e s te r g a a r d ,  Go, K l a t z o  & S p a t s  ( 1 9 7 6 )  assumed t h a t  t r a n s e n d o t h e l i a l  

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

b l o o d - b o r n e  HRP, a s  no e n d o t h e l i a l  o r  t i g h t  j u n c t i o n  damage was 

e v i d e n t .

S e v e r e  h y p o r c a p n i a  has  be e n  shown t o  i n c r e a s e  b a r r i e r  

p c r m e s . b i l i t y  ( C u t l e r  & Barlow I 9 6 6 ) and i n d u c e d  s e i z u r e s  can  

c a u s e  t r a n s i e n t  b a r r i e r  d i s r u p t i o n  ( L o r e n z o ,  S h i r a h i g e ,  L i a n g  & 

B a r lo w ,  1 9 7 2 ) .

Hudgins  & G a r c i a  ( l 9 7 0 )  have  shown t h a t  e ve n  s u r g i c a l  

m a n i p u l a t i o n s ,  s u c h  as  e x p o s u r e  o f  t h e  b r a i n  and r e t r a c t i o n  o f  

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

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

on i n v e s t i g a t i o n s  o f  b a r r i e r  i n t e g r i t y  i s  o b v i o u s .
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'The E f f e c t  o f  Nor ed r e n a l  i n c  on. Blood  Plow i n t h e  Centro  I Nervous

Sy s te m

L i t t l e  work on t h e  e f f e c t  c f  v a c o a c t i v e  s u b s t a n c e s  on SCBF 

has  b e e n  per for m e d  ( P a l l e s k e  I 9 6 8 ) . T h i s  s e c t i o n ,  t h e r e f o r e ,  

p r e s e n t s  a b r i e f  r e v i e w  o f  e x p e r i m e n t s  perform ed t o  d e t e r m in e  t h e  

i n f l u e n c e  o f  NA un on CBF. I t  i l l u s t r a t e s  t h e  c o n t r o v e r s y ,  comments  

upon some o f  t h e  r e s u l t s  o b t a i n e d  and p r o v i d e s  a b a s i s  f o r  

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

t h i s  t h e s i s ,

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

c o n t r o l  o f  b l o o d  v e s s e l s  w i t h i n  t h e  CHS i s  o f  g r e a t  i m p o r ta n c e  when 

one c o n s i d e r s  t h e  e f f e c t  o f  t h i s  amine on haernodynamics o f  t h e  

c e n t r a l  n e r v o u s  s y s t e m .  A f̂ g’e a t  d e a l  o f  work has been  c a r r i e d  out  

i n  an a t t e mot t c  answ er  t h i s  q u e s t i o n  and w h i l e  i t  i s  no t  i n t e n d e d  

t o  r e v i e w  t h i s  m a t t e r  in  d e p t h ,  comment upon i t  must be made.

F d v i n s s o n  ( l 9 7 5 )  has i n v e s t i g a t e d  and r e v i e w e d  t h i s  s u b j e c t  

e x t e n s i v e l y .  U s i n g  h i s t c f l u o r e s c e n c e  m i c r o s c o p y  t e c h n i q u e s ,  a 

w e l l  d e v e l o p e d  s u p o l y  o f  n o r a d r e n e i ’g i c  n e r v e s  has b e e n  found i n  

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

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

s u p p l i e d ,  t h e  d e n s i t y  o f  i n n e r v a t i o n  d e c r e a s i n g '  w i t h  d e c r e a s i n g  

v e s s e l  s i z e .  However,  i t  has been  n o t e d  by Owman, E d v i n s s o n  and 

N i e l s e n  ( 1 9 7 4 )  t h a t  t h e  d e n s i t y  o f  i n n e r v a t i o n  i s  n o t  on ly  r e l a t e d  

t o  t h e  number o f  n e r v e  t e r m i n a i s  p r e s e n t  but  a l s o  t h e  amount o f  

smooth m u s c u l a t u r e  s u p p l i e d  by t?ie n e r v e s .  The n e r v e  t e r m i n a l s  

were r e l a t e d  t o  t h e  o u t e r  l a y e r  o f  smooth m u s c le  i n  a, manner  

e x p e c t e d  f o r  t r u e  f u n c t i o n a l  i n n e r v a t i o n .  T h ese  a u t h o r s  have a l s o  

shown t h a t  t h e  n e r v e s  o i - i g i n a t e  from t h e  s u p e r i o r  c e r v i c a l  g a n g l i o n .  

Th ere  i s ,  h o w ev e r ,  c o n t r o v e r s y  r e g a r d i n g  t h e  f u n c t i o n a l  s i g n i f i c a n c e  

o f  t h e  i n n e r v a t i o n  o f  t h e  intraparenchyrnaJ  v e s s e l s .  H arper ,  

Deshmukh, Rowan and J e n n e t t  ( 1 9 7 2 )  have s u g g e s t e d  t h a t  t h e r e  i s  no 

au ton om ic  c o n t r o l  o f  t h e s e  v e s s e l s  and t h a t  t h e y  ar e  i n f l u e n c e d  

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

c o n s t r i c t i o n  o f  e x t r a c e r e b r a l  v e s s e l s  o n l y .
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I n t r a c o r c b r o . l  a d r e n e r g i c  n e r v e  f i b r e s ,  t h o u g h t  t o  o r i g i n a t e  

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

i n n e r v a t e  parenchym al  v e s s e l s  (Hartman,  1973)=  The i n f l u e n c e  c f  

t h i s  s y s t e m  upon t h e  v e s s e l s  i s  however  a m a t t e r  o f  d e b a t e .

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

a o c - i t r a l  rnonoaminergic  s y s t e m  o r i g i n a t i n g  i n  t h e  b r a i n  s tem  and a  

component a r i s i n g  f r o n r t h e  su'pc;i*ior c e r v i c a l  g a n g l i o n .  There  

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

c e r e b r a l  c i r c u l a t i o n  and no?'ad r e n a l  i n e . A l t h o u g h  t h e  s i t u a t i o n  has  

not  been examined i n  d e t a i l ,  t h e r e  seems t o  be  an a n a l o g o u s  

s i t u a t i o n  i n  t h e  s p i n a l  c o r d .  The c or d  i s  s u p p l i e d  by a d e s c e n d i n g  

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

o r i g i n a t i n g  from t h e  s y m p a t h e t i c  c h a i n  (Ohgjàsîii ,  I 9 6 8 ) .  I t  has not  

been  de lerrn ined  i f  b u l b o s p i n a l  n e u r o n e s  i n n e r v a t e  s p i n a l  v e s s e l s  

but  a r e ] a t i o n s ) ; i p  has  be e n  shown be tween  cord  v e s s e l s  2nd 

p e r i p h e r a l l y  o r i g i n a t i n g  s y m p a t h e t i c  f i b r e s  (O h;p i sh i , I 9 6 8 ) .

M oreover ,  H d v ln s s o n  has  d e m o n s t r a t e d  by h i s t o f l u o r c s c e n t  t e c h n i q u e ,  

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

v e s s e l s ,  Some e x a m p le s  o f  t h i s  a s s o c i a t i o n  o.re i l l u s t r a t e d  i n  F i g .  3 .

Many s t u d i e s  have  b e e n  perform ed t o  e l u c i d a t e  t h e  a c t i o n  o f  

n o r a d r e n a l i n e  on CBF. The r e s u l t s ,  however ,  have  d i f f e r e d  w i d e l y ,  

r a n g i n g  from a d e c r e a s e ,  t o  no c h a n g e ,  t o  an i n c r o a s e  i n  f l o w .

In  1 9 5 2 , K ing ,  S o k c l o f f  and W e c h s le r  examined, t h e  e f f e c t  o f  

NA on CBF i n  man, measured by t h e  N^O c l e a r a n c e  t e c h n i q u e  and fouiid 

a r e d u c t i o n  i n  f l o w .  E s s e n t i a l l y  s i m i l a r  r e s u l t s  were  r e p o r t e d  by  

S e n s e n b a c h ,  Madison and Ochs ( 1 9 5 3 )  and Moyer,  M orris  and Snyd er  

( 1 9 5 4 ) .  T h es e  s t u d i e s  r e p o r t e d  t h e  e f f e c t  o f  i n t r a v e n o u s l y  

a d m i n i s t e r e d  NA i n  awake man. In s u c h  a s i t u a t i o n  NA c a u s e s  h y p e r — 

v e n t i l a t i o n .  The c o n c o m i t a n t  r e d u c t i o n  i n  paCO^ v a l u e s  r e p o r t e d  by  

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

The lo w e r e d  CBF v a l u e s  i n  r e s p o n s e  t o  NA a d m i n i s t r a t i o n  c a n ,  t h e r e f o r e ,  

be e x p l a i n e d  on t h e  b a s i s  o f  h y p o c a p n ic  a l t e r a t i o n  o f  f l o w  c a u s e d  

by d rug  i n d u c e d  h y p e r v e n t i l a t i o n ,

G r e e n f i e l d  à  T i n d a l l  ( 1 9 6 8 ) ,  i n v e s t i g a t i n g  t h e  e f f e c t  o f  NA 

a d m i n i s t e r e d  by t h e  i n t r a c a r o t i d  r o u t e ,  found  no e f f e c t  o f  t h e  
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amine on i n t e r n a l  c a r o t i ô  b l o o d  f l o w  an measured by e l e c t r o ­

m a g n e t i c  f l o w m e t r y .  L i k e w i s e ,  0 1 e s on ( l 9 7 2 )  m e a s u r i n g  r e g i o n a l
i  ?

CBF by t h e  Xe c l e a r a n c e  t e c h n i q u e ,  c o u l d  d e t e c t  no change  i n  

f l o w  t o  on i n t r o - c a r o t i d  I n f u s i o n  o f  NA,

Thus,  on c l o s e r  e x a m i n a t i o n  o f  t h e  human é t u d i é s ,  t h e r e  ap p e ar s  

t o  be l i t t l e  d i f f e r e n c e  i n  t h e  r e s u l t s .  The f i n d i n g s  from an im al  

s t u d i e s  a r e ,  h o w ev e r ,  more c o n t r a d i c t o r y .  I n t r a v e n o u s  NA 

a d m i n i s t r a t i o n  has  b e e n  r e p o r t e d  t o  d e c r e a s e  OBF in  a n a e s t h e t i s e d  

d ogs  by 40/: ( l î a g g e n d a l ,  I 965 ) ,  In  t h e s e  s t u d i e s  CBF was

measured by r a d i o a c t i v e  i n e r t  gas  c l e a r a n c e .  The r e s u l t s ,  how ever ,  

would be r e n d e r e d  i n a c c u r a t e ,  due t o  c o n t a m i n a t i o n  from t h e  

e x t r a c r a n i 0.1 t i s s u e s  w h ich  were  not  removed i n  t h e s e  ex oor im ontSc  

E k s t r o m - J o d a l , von  E s s e n ,  and Haggendal  ( 1 9 7 4 )  urod u c e d  s i m i l a r  

r e s u l t s  b ut  a g a i n  e x t r a c r a n i a l  t i s s u e s  were l e f t  i n t a c t ,

I - luch ,  Reimann and C l i c k  ( 1 9 7 3 )»  i n v e s t i g a t i n g  t h e  e f f e c t  o f  

s e v e r a l  c o n c e n t r a t i o n s  o f  NA a d m i n s t e r e d  i n t r a - a r t e r i a l l y , n o t e d  

a d o s e  d e p e n d e n t  d e c r e a s e  i n  CBF i n  t h e  u n a n a e s t h e t i s e d  g o a t  *

Flow was measured w i t h  an e l e c t r o m a g n e t i c  f l o w m e t e r  p r e v i o u s l y  

im p l a n t e d  on t h e  i n t e r n a l  m a x i l l a r y  a r t e r y ,  wh ich  in  t h i s  s p e c i e s  

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

h e m is p h e r e *  E x t r a c r a n i a l  s t r u c t u r e s  ar e  a l s o  s u p p i i  ed by t h e  

i n t e r n a l  m a x i l l a r y  a r t e r y  i n  t h e  go a t  v i a  the-- r e t e  m i r a b i l e .  The 

e f f e c t  o f  t h i s  s t r u c t u r e  upon t h e  r e s u l t s  o b t a i n e d  by L luch  e t  a l  

was shown by Edelrnan, E p s t e i n ,  C h ern iak  & Fishman ( 1 9 7 2 ) ,  who n o t e d  

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

d e c r e a s e  i n  i n t e r n a l  m a x i l l a r y  b lo o d  f l o w ,  w h er e a s  no r e d u c t i o n  

o c c u r r e d  f o l l o w i n g  NA i n f u s i o n  d i s t a l  t o  i t .

Green & D e n i s o n  ( 1 9 5 b ) i n v e s t i g a t e d  t h e  e f f e c t  c f  NA on f l e w  

i n  t h e  common c a r o t i d  a r t e r y  i n  dogs  whose i n t r a c r a n i a l  c i r c u l a t i o n  

had b e e n  s u r g i c a l l y  i s o l a t e d .  No change  i n  f 1 ow was d e m o n s t r a t e d .  

The e x p e r i m e n t a l  d e s i g n  i n  t h i s  s t u d y  c o u l d  be c r i t i c i s e d  on t h e  

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

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

be s u s p e c t e d ,  I t o  ( 1 9 7 0 )  a t t e m p t e d  t o  d i s t i n g u i s h  CBF and e x t r a -  

c r a n i a l  f l o w  by m e a s u r i n g  f l o w  i n  b o t h  t h e  i n t e r n a l  and common 

c a r o t i d /



c a r o t i d  a r t e r i e s .  The r e s p o n s e  o f  t h i n  p r e p a r a t i o n  t o  NA 

e s s e n t i a l l y  a g r e e d  w i t h  t h o s e  o f  Green and D e n i s o n ,

Harper & G a b r i e l i a n  ( I 9 6 9 ) found no d i f f e r e n c e  i n  CEP 

m easured  by Krypton c l e a r a n c e  a f t e r  i n t r a v e n o u s  NA a t  n o r m o t e n s i o n .  

However,  t h e  i n t r a c a r o t i d  i n j e c t i o n  o f  a. l a r g e  d o s e  o f  NA caused ,  

a 30/1 r e d u c t  i o n . T h i s  e f f e c t  was not  no t e d  i n  s u b s e q u e n t  

i n j e c t i o n s  i n  t h e  same a n i m a l ,

Meyer,  Davy,  I s h i k a w a  & bymon ( 1 9 6 4 ) found  a,n i n c r e a s e  i n  

i n t r a c a r o t  lid b lo o d  f l o w ,  i n  r e s p o n s e  t o  i n t r s v e n c u s  NA, wh ich  t h e y  

i n t e r p r e t e d  t o  be s e c o n d a r y  t o  ch an ge s  i n  system:) c a r t e r i a l  b l o o d  

f l o w .

I n t r a - a r t e r i a l l y  a d m i n i n t o r e d  NA was n o t e d  t o  have  a minimal  

e f f e c t  on CBP i n  t h e  baboon d u r i n g  norm ocapnia  bu t  had a s i g n i f i c a n t  

v a . s o c o n s t r i c t c r y  a c t i o n  d u r i n g  h y p o r c a p n i a  when t h e  intraparencdiyrnal  

v e s s e l s  were n e a r  m a x im a l ly  d i l a t e d  (H arper ,  Deshrnukh, Rowan,

J e n n e t t  1 9 7 2 ,  M acKenz ie ,  McCull.och & H arp er ,  1 9 7 6 ) ,  MacKenzie ,  

M cCul lo ch ,  O'Keane,  P i c k a r d  & Harper- ( 1 9 7 6 )  p o s t u l a t e d  t l i a t  t h e  

a b s e n c e  o f  t h e  r e s p o n s e  o f  t h e  c e r e b r a l  c i r c u l a t i o n  t o  NA at  

norm ocap n ia  c o u l d  be  due t o  t h e  p r e s e n c e  o f  a b l o o d - b r a i n  b a r r i e r  

t o  NA, F o l l o w i n g  d i s r u p t i o n  o f  t h e  b a r r i e r  w i t h  hj’p e r t o n i c  u r e a ,  

a 49/: in c r e a s e ,  i n  CEP v:as d e m o n s t r a t e d .  C i r c u m v e n t i n g  t h e  b a r r i e r  

by  i n j e c t i n g  NA i n t r a v e n t r i c u l a r l y , t h e y  a g a i n  dornonstra ted  an 

i n c r e a s e  i n  f l o w ,  R o s o n d o r f f  and C r a n s to n  ( l 9 7 l )  have  d e m o n s t r a t e d  

a d u a l ,  d o s e - d e p e n d e n t  r e s p o n s e  o f  b lood  f l o w  i n  t h e  hypotha lam u s  

i n  r e s p o n s e  t o  NA a f t e r  i n t r a h y p o t h a l a m i c  i n j e c t i o n  c f  t h e  a m in e .

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

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

a b o l i s h e d  by t h e  a p p r o p r i a t e  p - o r  c C -n o r a d r e n e r g ic  a n t a g o n i s t ,  

r e s p e c t i v e l y .



E i c g e n i c  Amine Lovolr.  and Acute  S p i n a l  Trauma 
( w i t h  s p e c i a l  r e f e r e n c e  t o  n o r a d r e n a l i n e }

The h i s t o p a t h o l o g i c a l  c h a n g e s  o f  p r o g r e s s i v e  haemorrhage  

and n e c r o s i s  w h ic h  o c c u r  f o l l o w i n g  s e v e r e  "blunt i n j u r y  t o  t h e  s p i n a l  

c or d  have "been w e l l  descr i"hed ,  (D ucker ,  Kindt and Kempe, 1971»

Wagner,  Dohrmann and Buoy,  ] 9 7 1 )

In  on a t t e m p t  t o  e x p l a i n  t h e  a e t i o l o g y  c f  t h e  p r o g r e s s i o n  o f  

t h e  l e s i o n  Osterholrn and Mat h e w s , ( l 9 7 2 a )  propounded a "biochemical  

t h e o r y .  T h e i r  h y p o t h e s i s  was b a s e d  on e l e v a t e d  l e v e l s  o f  NA 

w i t h i n  im p a c t e d  c o r d s  w h ich  was S t i m e s  t h a t  o f  the  c o n t r o l  valuer;  

w i t h i n  1 hour  o f  an i n j u r y  w h ic h  s h o u l d  produce  i r r e v e r s i b l e  

p a r a p l e g i a .  They s u g g e s t e d  e x c e s s i v e  q u a n t i t i e s  o f  NA ar e  

s y n t h e s i s e d  by s p i n a l  f i b r e s  i n  r e s p o n s e  t o  s e v e r e  t r a u m a .  T h i s  

accummulated NA i s  r e l e a s e d  from t h e  n e u r o n e s  i n t o  t h e  e x t r a c e l l u l a r  

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

t i s s u e  n e c r o s i s  and h a e m o r r h a g e .

F o l l o w i n g  t h e s e  o r i g i n a l  o b s e r v a t i o n s  a number o f  i n v e s t i g a t i o n s  

i n t o  t h e  r e l a t i o n s h i p  b e t w e e n  b i o g e n i c  am ines  and s p i n a l  trauma  

were c a r r i e d  out  w i t h  w i d e l y  d i f f e r i n g  c o n c l u s i o n s .  U s i n g  an 

i d e n t i c a l  i n j u r y  t e c h n i q u e ,  de l a  T o r r e ,  J o h n s o n ,  H a r r i s ,  K a j i h a r a  

and M ul lan  ( 1 9 7 4 )  were  u n a b l e  t o  d e m o n s t r a t e  a  change  i n  NA or  

5 - h y d r o x y tr y p t a r n i n o  ( 5 “H . T , )  l e v e l s  one hour  a f t e r  i n j u r y ,  a l t h o u g h  

t h e r e  was a n o n - s i g n i f i c a n t  i n c r e a s e  i n  dopa,rriine (D .A )  l e v e l s .

Hedeman, S h e l l e n b e r g e r  and Gordon ( 1 9 7 4 )  o b s e r v e d  NA l e v e l s  t o  

f l u c t u a t e  c o n s i d e r a b l y  b e c o m in g  subnormal  a t  A9 m i n s .  a f t e r  i n j u r y ,  

a t t a i n i n g  normal l e v e l s  a t  1-|- h ou r s  and r e t u r n i n g  t o  s u b n o r m a l i t y  

by 3 h o u r s .  I n  t h e  same a n i m a l s  DA l e v e l s  were d r a m a t i c a l l y  

i n c r e a s e d ,  p a r t i c u l a r l y  i n  t h e  r e g i o n  1 cm above  t h e  l e s i o n  s i t e  

r e a c h i n g  a  peak a t  45 mins p o s t - t r a u m a .  DA l e v e l s  a t  t h e  s i t e  o f  

i n j u r y  wez'e a l s o  e l e v a t e d ,  th o u g h  not  t o  t h e  same e x t e n t .  The 

l e v e l s  d e c l i n e d  s t e a d i l y  o v e r  t h e  p e r i o d  45 mins t o  3 hours  p o s t -  

i n j u r y ,  a l t h o u g h  t h e y  were  s t i l l  above  c o n t r o l  v a l u e s ,  N a f t c h i ,  

Demony, D e c r e c c i t o  Tomanula ,  Flamrn and Campbel l  ( 1 9 7 4 )  r e p o r t e d  

no change  i n  NA o r  5~ '̂D l e v e l s  1 hour a f t e r  impact  i n j u r y ,  DA leve"Qs,  

h o w e v e r ,  a p p r o x i m a t e l y  d o u b l e d .  The i n v e s t i g a t i o n s  o f  Rawo, Roth ,  

B o a d l e - B i b e r /



d

B o a d l e - B i b c r  and C o l l in G  {1.911) l i k e w i s e  r e v e a l  no r . i g n i f i c a n t  

change  in  NA l e v e l s  a t  1 hour  p o s t - t r a u m a .

In  c o n t r a s t ,  Bingham, R u f f o l o  and Friedman ( 1 9 7 5 )  found  a 

p r o g r e s s i v e  d e c r e a s e  i n  NA a c t i v i t y ,  f o l l o w i n g  traum a,  w h ich  

d e m o n s t r a t e d  t h e  k i n e t i c s  o f  a f i r s t  o r d e r  p r o c e s s . No s i g n i f i c a n t  

c h a n g e s  i n  DA l e v e l s  were d i s c o v e r e d  at  t h e  i n j u r y  s i t e .

However,  a  s i g n i f i c a n t  i n c r e a s e  was s e e n  A hours  p o s t - t r a u m a  at  

a l e v e l  o f  5 t h o r a c i c  s e g m e n t s  c a u d a l  t o  t h e  impact  s i t e .  Z i v i n ,  

‘Doppman, R e i d ,  T a o p a z , S a a v e d r a ,  Konin and J a c o h o w i t z  ( 1 9 7 6 )  

m easured  b i o g e n i c  amine l e v e l s  s e l e c t i v e l y  i n  g r e y  and w h i t e  

m a t t e r .  NA d e c r e a s e d  i n  t h e  c e n t r e  o f  t h e  l e s i o n  w i t h i n  5 rninc 

o f  a t rau m at i . c  i n s u l t .  In  s u r r o u n d i n g  w h i t e  m a t t e r  i t s  l e v e l  was 

unchanged or d e c r e a s e d *  5~' 1̂' a l s o  d e c r e a s e d  i n  t h e  l e s i o n  c e n t r e  

but i n c r e a s e d  a t  t h e  l e s i o n  e d g e s .  They r e p o r t e d  no change  i n  

DA a c t i v i t y .

I t  i s  ap p a r e n t  t h a t  t h e  above s t u d i e s  p r o v i d e  l i t t l e  s u p p o rt  

f o r  t h e  h y p o t h e s i s  o f  Osterholrn and Mathews,  However,  Tsubokavia,  

Nakamura,* Hay a s  h i , Teguma, Su ga  war a ,  Goto and M or iyasr  ( 1 9 7 5 )  

n o t e d  a r i s e  i n  s p i n a l  c or d  NA from a c o n t r o l  l e v e l  o f  0 , 6  ug  

NA/gm o f  s p i n a l  c o r d  t i s s u e  (wex w e i g h t ) t o  0 . 8 8  ug /gm a t  3 0 - 6 0  min' 

p o s t - t r a u m a ,  (T h e s e  a u t h o r s  s p e c i f i c a l l y  p o i n t  out  t h a t  t h e i r  

e x p e r i m e n t a l  p r o c e d u r e  p a r a l l e l e d  t h a t  o f  Osterholrn and Mathews) ,  

M oreover ,  t h e y  d e m o n s tr a t e d  a t h r e e f o l d  r i s e  i n  5''”N1* c o n t e n t  i n  

t h e  same s i t e  and s t a t e d  t h a t  w h i l e  NA l e v e l s  were  not  marked ly  

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

o f  t h e  l e s i o n  had a d i r e c t  r e l a t i o n s h i p  t o  t h e  l e v e l  o f  5-NT 

( r a t h e r  t h a n  NA as  s u g g e s t e d  by Osterholrn and Mathews) .  G h ou l tz  

( 1 9 7 7 ) n o te d  a t w o f o l d  i n c r e a s e  i n  t h e  l e v e l  o f  NA a t  t h e  s i t e  

o f  im pact  at  1 hour  f o l l o w i n g  trauma and a r e t u r n  t o  c o n t r o l  l e v e l s  

by 2 h o u r s  » The two l e t t e r  r e p o r t s  are  t h e  o n l y  p u b l i c a t i o n s  

d e s c r i b i n g  an i n c r e a s e  i n  NA and i n  n e i t h e r  c a s e  d i d  t h e  NA c o n t e n t  

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

Osterholrn and Mathews' s t u d i e s .

I t  can  t h u s  be r e a d i l y  a p p r e c i a t e d  t h a t  a  g r e a t  d i s p a r i t y  

o f  o p i n i o n  i s  p r e s e n t ,  no t  o n l y  w i t h  r e g a r d  t o  t h e  b e h a v i o u r  o f  

NA/



N’A a f t e r  i n j u r y  but a l s o  t o  5 “"8.T and DA. A s a t i s f a c t o r y  

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

However,  t h e  f o l l o w i n g  f a c t o r s  may be o f  i m p o r t a n c e : -

1 )  The t e c h n i q u e  o f  amine d e t e r m i n a t i o n

T h i s  i s  a r g u a b l y  t h e  most  i m p o r ta n t  f a c t o r .  As can  be s e e n  

from T a b le  1 f l u o r o m e t r i c  t e c h n i q u e  produced  a w ide  ra n g e  o f  

r e s u l t s .  I n  one s t u d y  a r a n g e  c f  0 . 3 3  -  0 . 7 5  NA/gm s p i n a l  

t i s s u e  wet  w e i g h t  was produced  (Osterholrn and Mathews,  . 1 9 7 2 a ) ,

T h es e  v a l u e s  a r e  i n  marked c o n t r a s t  t o  t h a t  o f  Z i v i n  e t  a l  ( l 9 7 b )  

who, u t i l i s i n g  a r a d i o m e t r i c  e n z y m a t i c  a s s a y  method,  gave  t h e  

r e s t i n g  NA c o n t e n t  o f  a c o r r e s p o n d i n g  segment  o f  s p i n a l  c o r d  t o  

be 0 . 1 4 8  u g /g m .  C l e a r l y ,  t h e  s e n s i t i v i t y  o f  t h e  t e c h n i q u e  u t i l i s e d  

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

2 ) S e g m e n ta l  l e v e l

I t  has  b e e n  shown t h a t  NA c o n c e n t r a t i o n  v a r i e s  w i t h  

s e g m e n t a l  l e v e l ,  Bingham, R u f f o l o  and Goodman ( 1 9 7 5 )  have  n o t e d  

t h a t  t h e  h i g h e s t  NA l e v e l s  w^ere found i n  lower  c e r v i c a l  and 

lumbosa .c ra l  r e g i o n s ,  c o r r e l a t i n g  d i r e c t l y  w i t h  t h e  amount o f  g r e y  

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

was r e p o r t e d  by Havre e t  a l  ( l 9 7 7 ) c

3 ) S e g m e n t a l  Rh?r~thms

R e i s  and G u t n ic k  ( l 9 7 0 )  d e s c r i b e d  m u t u a l l y  i n d e p e n d e n t  

s e g m e n t a l l y  s p e c i f i c  rhythms o f  NA i n  t h e  s p i n a l  c o r d .  C l - 2  

and s a c r o c o c c y g e a l  s e g m e n t s  showed a  c i r c a d i a n  rhythm and a 

b i p h a s i c  c y c l e  was s e e n  i n  s e g m e n t s  T9 -  1 3 ,  C l e a r l y  b o t h  t h e  

segment  and t h e  t i m e  o f  sam p le  c o l l e c t i o n  must be t a k e n  i n t o  a c c o u n t  

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

4 ) Method o f  uroducinr?: s u i n a l  i n  juin''

The most w i d e l y  u s e d  t e c h n i q u e  o f  p r o d u c i n g  a  m e a s u r a b l e  and 

r e p r o d u c i b l e  i n j u r y  i s  b a s e d  on t h e  method o f  A l l e n  ( 1 9 I I ) *  

B a s i c a l l y ,  a known w e i g h t  ( i n  gms) i s  dropped a known d i s t a n c e  

( i n  cms) on t o  an impounder  made o f  some l i g h t w e i g h t  s u b s t a n c e  

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

The m agn i tude  o f  t h e  i n j u r y  i s  c a l c u l a t e d  as  t h e  p r o d u c t  o f  t h e  

w e i g h t  and t h e  d i s t a n c e  t h e  w e i g h t  t r a v e l s  b e f o r e  im pact  (gm. c m s , ) .  

T h i s /
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T h i s  l a t t e r  e x p r e s s i o n  r e l a t e s  t o  e n e r g y  and n o t  f o r c e . Force  

i s  d e f i n e d  as  e n e r g y  e x e r t e d  p e r  u n i t  a r e a .  Thus., t h e  c r o s s -  

s e c t i o n a l  a r e a  o f  t h e  impounder must be t a k e n  i n t o  a c c o u n t .  I t  

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

o f  a  p a r t i c u l a r  b i o g e n i c  amine i n  the  s p i n a l  c o r d  may v a r y  w i t h  

t h e  m agn i tude  c f  i n j u r y .  Thus ,  a c c u r a t e  com p a r i s o n  o f  t h e  r e p o r t e d  

s t u d i e s  i s  c o m p l i c a t e d  by t h e  v a r i o u s  impact  e n e r g i e s  and impounder  

d i m e n s i o n s  w h ic h  have  b e e n  u s e d  (Ta.bl e '?. ) •

In  one s t u d y ,  i n j u r y  was produced by t h e  r a p i d  i n f l a t i o n  o f  

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

an i n t e r v c r t e b r a l  foram e n ,  making  c om p ari son  w i l h  r e s u l t s  

u t i l i s i n g  t h e  w e i g h t  d r o p p i n g  t e c h n i q u e  e ve n  more d i f f i c u l t .

5 )  S p e c i e s  d i f f e r e n c e

Many d i f f e r e n t  s p e c i e s  have  be e n  employed i n  t h e s e  s t u d i e s .  

R e s t i n g  v a l u e s  o f  t h e  am ines  may be d i f f e r e n t  i n  c o r r e s p o n d i n g  

s p i n a l  c or d  s e g m e n t s  o f  d i f f e r e n t  a n i m a l s .  M oreover ,  t h e r e  i s  

g r e a t  s p e c i e s  v a r i a t i o n  i n  damage produced  by A i l e n ’ s  w e i g h t  

d r o p p i n g  method.  R a t s  and r a b b i t s  are  s e v e r e l y  wounded by a 

50  gm.cm. e n e r g y  im pact  ( H o w it t  and Turnbul l^  1 9 7 2 ) ,  y e t  an impact  

o f  a p p r o x i m a t e l y  ^00  gm.crn. i s  n e e d e d  t o  produce  a c o r r e s p o n d i n g  

i n j u r y  i n  l a r g e r  mammals, su c h  a s  t h e  d o g .  T a b l e s  1 & 2 l i s t  t h e  

e x p e r i m e n t a l  a n i m a l s  u s e d  i n  t h e  r e p o r t e d  s t u d i e s .

V i s e ,  Yashon  and Hunt ( l 9 7 4 )  o f f e r e d  an a l t e r n a t i v e  

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

o b s e r v e d  by Osterholrn and Mathews,  U s i n g  h i s t o f l u c r e s c e n t  

t e c h n i q u e s  t h e y  s u g g e s t e d  t h a t  NA a c c u m u la te d  i n  t h e  c o r d  from  

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

c o r d  b a r r i e r .  T h i s  was n o t  c o n f i r m e d  by B u n e g in ,  A l b i n  and 

J a n n e t t a  ( 1 9 7 6 ) ,  who found no d i f f e r e n c e  i n  (^K) — NA c o n t e n t  o f  

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

I t  can  be s e e n  from t h e  above  b r i e f  r e v i e w  o f  t h e  l i t e r a t u r e  

o f  b i o g e n i c  am in es  and s p i n a l  t raum a,  t h a t  a g r e a t  d e a l  o f  

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

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

i n j u r y  s i t u a t i o n s .
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METHODS

S u r g i c a l  P r e p a r a t i o n

U n s e l e c t e d  d ogs  o f  e i t h e r  s e x ,  w e i g h i n g  b e tw e e n  10 and 20 Kg.

were  u s e d  i n  t h e s e  e x p e r i m e n t s .

A n a e s t h e s i a  was in d u c e d  w i t h  t h i o p e n t o n e  sodium  (23  mg/Kg)

and m a i n t a i n e d  on a. s e r r d - c l o s e d  s y s t e m  w i t h  a n i t r o u s  o x i d e /

o xyge n  m ix t u r e  and 0 . 5/  H a l o t h a n c .  The g as  m ix t u r e  was d e l i v e r e d

t h r o u g h  a r e s p i r a t o r y  pump, i t s  r a t e  and vo lume a d j u s t e d  t o

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

m e a s u r e m e n ts .  Wlion s u r g e r y  was c o m p l e t e ,  t h e  h a l o  t h a n e  was

d i s c o n t i n u e d  and a n a e s t h e s i a  m a in t a i n e d  w i t h  a l /  s o l u t i o n  o f

a l u h a c h l o r a l o s e  ( 6 0  mg/Kg) a d m i n i s t e r e d  i n t r a v e n o u s l y .  To a i d

s u r g e r y  and p r e v e n t  r e f l e x  movements d u r i n g  t h e  i n t r a s p i n a l

p la c e m e n t  o f  b l o o d  f l o w  e l e c t r o d e s ,  m u s c l e  p a r a l y s i s  was produced

w i t h  i n t r a v e n o u s l y  d e l i v e r e d  s u c c i n y l c h o l i n e  ( l  m g/K g).

A d d i t i o n a l  d o s e s  ware g i v e n  as  n e c e s s a r y .

A f e m o r a l  a r t e r y  and v e i n  and one b r a c h i a l  a r t e r y  were

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

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

f o r  t h e  a n a l y s i s  o f  a r t e r i a l  pCO^ (paCO^), pO  ̂ (paO^) and p h „

Base  d e f i c i t  was c o r r e c t e d  where  n e c e s s a r y  w i t h  an B,4;0 ( " s t a n d a r d ” )

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

A s t r u p ,  S i g g a r d - A n d e r s o n ,  j / r g e n s o n  and E n g e l  ( 1 9 6 O);  -

v i z . ,  Na HCO « Base  d e f i c i t  x  Body w e i g h t  (Kg) x  0 , 3
( e m p i r i c a l  

c o r r e c t i o n  f a c t o r )

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

s u b s t a n c e s .  P h a r y n g e a l  t e m p e r a t u r e  was measured  w i t h  a mercury

t h e rm o m ete r  and h e a t i n g  lamps were  u se d  t o  m a i n t a i n  the-

t e m p e r a t u r e  b e t w e e n  37 -  38*^C,

V i a  a m i d l i n c  l a p a r o to m y  i n c i s i o n ,  t h e  abdom inal  a o r t a

was l o c a t e d  and t h e  f o l l o w i n g  branch  a r t e r i e s  l i g a t e d  -  t h e

p o s t e r i o r  m e s e n t e r i c  a r t e r y ,  an e x t e r n a l  i l i a c  a r t e r y ,  t h a t  par t

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

i l i a c  a r t e r i e s ,  b o t h  de e p  c i r c u m f l e x  i l i a c  a r t e r i e s ,  and i n  male

d o g s /



d ogs  t h e  t e s t i c u l a r  a r t e r i e s  were a l s o  3 . i g a t e d ,  The f em o r a l  

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

i n  t h e  a o r t a  a t  t h e  l e v e l  o f  t h e  4 t h  lumbar a r t e r i e s ,  A l i g a t u r e  

1/aB t h e n  t i e d  round t h e  e x t e r n a l  i l i a c  a r t e r y  o f  t h a t  s i d e .

P r i o r  t o  c l o s u r e  o f  t h e  abdom inal  i n c i s i o n ,  t h e  3t h  l e f t  lumbar  

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

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

has  b e e n  shown by hoppman and Ramsey ( 1 9 7 1 )  t h a t ,  a t  t h i s  l e v e l ,  

t h e  a r t e r i a l  s u p p l y  t o  t h e  s p i n a l  cord  i s  d e r i v e d  m a in l y  from t b e  

4 t h  l e f t  o r  3 t h  r i g h t  lumbar a r t e r i e s .  Thus c a n n u l a t i o n  o f  t h e  

3t h  l e f t  lumbar a r t e r y  s h o u l d  g i v e  an i n d i c a t i o n  o f  a r t e r i a l  

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

cord b lood  s u p p l y .  The p a t t e r n  o f  l i g a t i o n s  and c a n n u l a t i o n e  i s  

shown s c h e m a t i c a l l y  i n  F i g  4 ,

The an im al  was t h e n  p l a c e d  i n  s t e r n a l  rccumbancy and a  

3- l e v e l  d o r s a l  la m in e c to m y  was performed t o  e x p o s e  t h e  L^»

and s e g m e n t s  o f  t h e  s p i n a l  c o r d .  The bone  was s e a l e d

w i t h  bone wax,  e p i d u r a l  f a t  removed and t h e  dura, mater  i n c i s e d  

and r e f l e c t e d .  P e r s p e x  la m i n a e  were i n s e r t e d  t o  r e p l a c e  t h e  

removed bone and t h e s e  were  h e l d  in  p l a c e  w i t h  d e n t a l  c e m e n t .  The 

dog  was t h e n  s u s p e n d e d  by f o u r  S te in m an in tr a m e d u V la r y  p i n s  i n s e r t e d  

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

b o l t e d  t o  t h e  o p e r a t i n g  t a b l e .  By t h i s  means,  t h e  r e s p i r a t o r y  

movements t o  t h e  s p i n a l  c or d  were  e f f e c t i v e l y  e l i m i n a t e d .

Hydrogen s e n s i t i v e  e l e c t r o d e s ,  f o r  t h e  d e t e r m i n a t i o n  o f  SGBP, were  

i n s e r t e d  i n t o  t h e  cord  t h r o u g h  h o l e s  d r i l l e d  i n  t h e  p e r s p e x  

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

C a l c u l a t i o n  o f  SCBF

SCEF was measured  by t h e  hydrogen c l e a r a n c e  t e c h n i q u e .  T h i s  

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

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

i n d i c a t o r ,  i s  b a s e d  upon t h e  P i c k  p r i n c i p l e .  T h i s  p r i n c i p l e  has  

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

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

SCBF, i t  w i l l  be r e s t a t e d  h e r e .

Assumin g  a s i n g l e  hom ogenous ly  p e r f u s e d  t i s s u e ,  t h e  P i c k  

p r i n c i p l e /
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p r i n c i p l e  s t a t e s  t h a t  t h e  amount o f  gas  e x t r a c t e d  o r  r e l e a s e d  

by a t i s s u e  i s  e q u a l  t o  t h e  q u a n t i t y  con ve ye d  t o  i t  by t h e

a r t e r i a l  b l o o d  l e s s  t h e  q u a n t i t y  removed by v e n o u s  b l o o d ,

f t  " ^ (Ca -  Cv)................. ........................   ( 1 )

Where Q -  q u a n t i t y  o f  hydrogen  t a k e n  up or  g i v e n  out  by a. t i s s u e  

i n  t i m e  t ,

P = b l o o d  f l o w  

Ca -  a r t e r i a l  c o n c e n t r a t i o n  o f  gas  

Cv = v e n o u s  c o n c e n t r â t  io n  o f  gas  

I f  Ci  i s  t a k e n  t o  be t h e  c o n c e n t r â t  i o n  o f  gas  irr a t i s s u e  o f  

v:e ight  W (g in s ) ,

Q = 01 % W  ................      . ( 2 )

S u b s t i t u t i o n  o f ( 2 ) i n  e q u a t i o n ( l ) a n d  rearr an ge m en t  r e v e a l s .

W (Ca -  Cv) . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . ( 3 )

For  a h i g h l y  d i f f u s i b l e  and l i p i d  s o l u b l e  gas  su c h  as  h y d r o g e n ,  

i t  may be assumed t h a t  t h e  t i s s u e  i s  i n  i n s t a n t a n e o u s  d i f f u s i o n  

e q u i l i b r i u m  w i t h  v e n o u s  b l o o d  t h r o u g h o u t  t h e  w h o le  s a t u r a t i o n  

( o r  d e s a t u r a t i o n )  p e r i o d .

i . e . ,  Ci A Cv or  Cv = Ci / . \
X   ..........     V4)

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

S u b s t i t u t i o n  o f  ( 4 )  i n  ( l )  g i v e s ; -

| | i  -  I  (Ca -  ç a )  ............     . ( 5 )
A

In  a d e s a t u r a t i o n  p r o c e s s ,  t h e  a r t e r i a l  c o n c e n t r a t i o n  can be  

t a k e n  t o  e a u a l  z e r o .

Thus ^  Cj...........................................    (6 )

PIn a hom ogenous ly  p e r f u s e d  t i s s u e  i s  a c o n s t a n t  (k )

d t ^  = -  kCi ...............      ( ? )
I n t e g r a t i o n  o f  ( ? )  g i v e s

—IviiCi  = Ci e (where Ci « i n i t i a l  c o n c e n t r a t i o no o
o f  hydrogen, in  t h e  t i s s u e )

Thin l a s t  f o r m u la  d e s c r i b e s  a s i m p l e  m o n c e x p o n c n t i a l  c u r v e .

When t h e  c o n c e n t r a t i o n  i s  p l o t t e d  a g a i n s t  t im e  on s e m i - l o g a r i t h m i c  

p a p e r /



paper  t h e  r e s u l t a n t  granh i s  a s t r a i g h t  l i n e #  The t i m e  t a k e n

f o r  t h e  c o n c e n t r a t i o n  t o  r e a c h  h a l f  o f  i t s  i n i t i a l  v a l u e  (t_i_)
\   ̂i s  e x p r e s s e d  by l o g  2 WAe p""'

T h e r e f o r e  f l o w  i s  d e t e r m in e d  by t h e  f o r m u l a .

F_ l o g  2 X 0 , 6 9 3  a
,, -  -  —

Thus ,  w i t h  a Knowledge o f  t h e  1 1 and A t h e  w e i g h t e d  flovr i n  a
a \

homogenous t i s s u e  can  be c a l c u l a t e d ,  A used  i n  t h e  c a l c u l a t i o n  

o f  3CBP i s  t a k e n  t o  be I . (A u c k lan d ,  Bower and B e r l i n e r  I 9 6 4 ) .

The same f o r m u l a  can be u s e d  t o  c a l c u l a t e  f l o w  i n  

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

ar e  t a k e n  i n t o  c o n s i d e r a t i o n ,  v i s , ,  l )  t h a t  t h e  a r t e r i a l  

c o n c e n t r a t i o n  o f  gas  d u r i n g  d e s a t u r a t i o n  i s  z e r o ;  2 )  t h a t  t h e  

p a r t i a l  p r e s s u r e  o f  hydrogen  in  e a c h  t y p e  o f  t i s s u e  i s  t h e  same 

as  i n  t h e  v e n o u s  b l o o d  which d r a i n s  i t ;  3)  t h a t  t h e  i n i t i a l  

c o n c e n t r a t i o n  o f  gas  i n  e a c h  t i s s u e  i s  t h e  same; and 4 ) t h a t  t h e  

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

I f  t h e  c l e a r a n c e  o f  gas from a h e t e r o g e n o u s l y  p e r f u s e d  

t i s s u e  i s  p l o t t e d  on s e m i - l o g a r i t h i A i c  p a p e r ,  t h e  s l o p e  i s  not  a 

s t r a i g h t  l i n e  but  d e c a y s  w i t h  t i m e ,  due t o  gas  b e i n g  more r a p i d l y  

c l e a r e d  from a r e a s  w i t h  h i g h e r  f l o w  r a t e s  than from t i s s u e s  which  

a r e  more s l o w l y  p e r f u s e d .  The " t a i l - e n d "  o f  t h e  c u r v e  r e f l e c t s  

f l o w  i n  t h e s e  l a t t e r  a r e a s .  The cur^’c c a n  be r e s o l v e d , b y  

com p artm en ta l  a n a l y s i s  i n t o  f a s t  and s lo w  com p artm en ts ,  t h e  i n i t i a l  

p a r t  o f  t h e  c u r v e  r e f l e c t i n g  t h e  a v e r a g e  f l o w  o f  t h e  compartments  

b e i n g  d e t e c t e d #

I t  has been  n o t e d  by G r i f f i t h s ,  Rowan and Crawford ( 1 9 7 5 )  

t h a t  o n l y  4G/c o f  t h e  c l e a r a n c e s  r e c o r d e d  from s p i n a l  g r e y  m a t t e r  

were  b i e x p o n e n t i a l .  The SCB.F v a l u e s  i n  t h i s  s e c t i o n  ar e  t h e r e f o r e  

p r e s e n t e d  as  f l o w s  c a l c u l a t e d  from m o n o e x p o n e n t ia l  c l e a r a n c e s  or  

from t h e  s l o w  component o f  b i e x p o n e n t i a l  c l e a r a n c e s .

E j e c t r o d e s  a nd R e c o r d i n g  C i r c u i t s

The t i s s u e  e l e c t r o d e s  were  c o n s t r u c t e d  from 0 , 2  mm. gra de  2 

p l a t i n u m  w i r e .  T h ese  were  t h i n l y  c o a t e d  w i t h  a r a l d i t e  and t h e  

t e r m i n a l /
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t e r m i n a l  1 mni. s c r a p e d  b a r e ,  c a r e  b e i n g  t a k e n  t o  e n s u r e  t ! ia t  

t h e  a r a l d i t e / p l a t i n u m  j u n c t i o n  was smooth and t h e  naked p l a t i n u m  

t i p  was s h a r p .  T h i s  p r o c e d u r e  was c a r r i e d  out  und er  a d i s s e c t i n g  

m ic r o s c o p e *  I n s u l a t i o n  p r o v i d e d  by t h e  a r a l d i t e ,  was c h e c k e d ,  

b o t h  v i s u a l l y  and e l e c t r i c a l l y  i n  s a l i n e  u s i n g  a M u l t im e ter *

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

s o l u t i o n .

A s i l v e r / s i l v e r  c h l o r i d e  "IRG e l e c t r o d e  i m p l a n t e d  s u b c u t a n e o u s l y  

i n  t h e  a n i m a l * s  b a c k  was u s e d  as  a  r e f e r e n c e  e l e c t r o d e  and a 

p o s i t i v e  p o l a r i s i n g  v o l t a g e  o i  700  mv. was employed*

The c u r r e n t  g e n e r a t e d  from t h e  o x i d a t i o n  o f  hydrogen  at  t h e  

t i p  o f  t h e  r e c o r d i n g  e l  a c t  rode  was a m p l i f i e d  u s i n g  a  -«six-channel  

s y s t e m .  A n a log  D e v i c e s  a m p l i f i e r s ,  t y p e  2 33M w h ich  have  low  

i n p u t  b i a s  d r i f t s  o f  l e s s  t h a n  1pA/^C were  e m p lo y e d .  These  were  

s e t  s o  as  t o  g i v e  an o u tp u t  o f  1 v o l t  f o r  an i n p u t  o f  1 microamp.

The s y s t e m  i s  shown s c h e m a t i c a l l y  i n  F i g ,  3 and t h e  a m p l i f i e r  

c i r c u i t  d iagram  i s  shown i n  P i g .  6 , The o u t p u t  from each

a m p l i f i e r  was d i s p l a y e d  on e i t h e r  s i n g l e  or  d u a l  S e r v c s c r i b e  

r e c o r d e r s .  Each a m p l i f i c a t i o n  c h a n n e l  was p r o v i d e d  w i t h  an in p u t  

b a l a n c e  c o n t r o l  so  a z e r o  b a s e  l i n e  on t h e  r e c o r d e r  c o u l d  be s e t  

t o  c o r r e s p o n d  w i t h  a z e r o  hyd r oge n  c o n c e n t r a t i o n  i n  t h e  t i s s u e .  

Moreover ,  e a c h  r e c o r d e r  was p r o v i d e d  w i t h  a v a r i a b l e  g a i n  c o n t r o l  

a l l o w i n g  t h e  hydrogen  c o n c e n t r a t i o n  e q u i l i b r i u m  p l a t e a u  l e v e l  

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

z e r o  c o n c e n t r a t i o n  s e t t i n g .  The a m p l i f i e r  band w idth  was r e s t r i c t e d  

t o  0 —1 Hz t o  l i m i t  t h e  e f f e c t  o f  h i g h  f r e q u e n c y  n o i s e .

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

Hydrogen gas  was i n t r o d u c e d  w i t h  t h e  r e s p i r a t o r y  g a s e s  i n t o  

t h e  a n a e s t h e t i c  c i r c u i t ,  b e f o r e  xhe r e s p i r a t o r y  pump. D u r in g  

t h e  i n h a l a t i o n  o f  h y d r o g e n ,  t h e  M'̂ O was d i s c o n t i n u e d  and t h e  0  ̂

i n c r e a s e d  s o  t h a t  an a p p r o x im a t e  60/ 40^ m ix t u r e  o f  0,.,/H^ was 

d e l i v e r e d .  The r e c o r d e r s  r e g i s t e r e d  an i n c r e a s i n g  c o n c e n t r a t i o n  

o f  hydrogen  i n  t h e  t i s s u e  and,  when a p l a t e a u  was r e a c h e d ,  

s a t u r a t i o n  was deemed t o  be a c h i e v e d .  The hydrogen  was t h e n  

t u r n e d /



t u r n e d  o f f ,  t h e  o r i g i n a l  N.^O/0^ m ix tu r e  and t h e  hydrogen

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

f o r m u l a  d e r i v e d  p r e v i o u s l y  and t h e  r e s u l t s  e x p r e s s e d  i n  ml/ lOOg/rnin,

The E f f e c t  o f  u r e a  on SCBF

S i x  d ogs  w i t h  a t o t a l  o f  16 e l e c t r o d e s  were  u s e d  t o  d e t e r m in e

t h e  e f f e c t  o f  u r e a  on SCBF. F i v e  e l e c t r o d e s  were p l a c e d  i n  t h e

Lg s e g m e n t s ,  s e v e n  i n  Lj.  ̂ and f o u r  i n  S  ̂ In  e a c h  e xp e r im e n t

at  l e a s t  t h r e e  d e t e r m i n a t i o n s  o f  f l o w  were per form ed t o  e s t a b l i s h  

b a s e l i n e  v a l u e s .  F o l l o w i n g  t h e  c o n t r o l  measuremen ts  l . S  ml/Kg o f  

2 . 5M u r e a  was a d m i n i s t e r e d  i n t r a - a r t e r i a l l y  o v e r  a p p r o x i m a t c l y  

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

c l e a r a n c e s  were  made a f t e r  t em porary  d i s t u r b a n c e  i n  b l o o d  p r e s s u r e  

had s u b s i d e d  ( s e e  r e s u l t s ) .

In  o r d e r  t o  d e m o n s t r a t e  t h a t  u r e a  had d i s r u p t e d  t h e  b l o o d -  

s p i n a l  cord  b a r r i e r ,  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 .

At t h e  end o f  t h e  e x p e r im e n t  a 2^ s o l u t i o n  o f  Evans B lu e  w i t h  

5/  a lbum in  (EBA) made up i n  normal s a l i n e  was a d m i n i s t e r e d  by  

s lo w  i n t r a v e n o u s  i n j e c t i o n  a t  a d o s a g e  o f  10 ml/Xg and a f u r t h e r  

i n t r a - a r t e r i a l  i n j e c t i o n  o f  u r e a  was g i v e n .  The an im al  was k i l l e d  

s h o r t l y  a f t e r ,  t h e  e l e c t r o d e  p o s i t i o n s  marked ny d i a th e r m y  and 

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

e x a m i n a t i o n .  H i s t o l o g i c a l  s e c t i o n s  were s t a i n e d  w i t h  h a e m a t o x y l i n  

and e o s i n ,  M a r t in s  s c a r l e t  b l u e  and c r c s y l  v i o l e t .

The E f f e c t  o f  N or ad r e n a l i n e  on s n i n a l  cord  b l o o d  f l o w  b e f o r e  and 

a f t e r  d i s r u p t i o n  o f  t h e  b l o o d  cord  b a r r i e r •

T h i r t e e n  dogs  were u s e d  f o r  t h e  e x p e r i m e n t s .  The a n im a l s  

were  p r e p a r e d  as  p r e v i o u s l y  d e s c r i b e d .  Wo measurement o f  SCBF 

was p e r form ed  u n t i l  a t  l e a s t  one hour a f t e r  e l e c t r o d e  p lacem ent  

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

At l e a s t  t h r e e  c o n t r o l  measurements  were made.  NA was t h e n  

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

s e t  a t  a  c o n s t a n t  re,t e  ( i m l / m i n )  and t h r e e  f u r t h e r  measurements  

o f  SCBF made d u r i n g  t h e  i n f u s i o n  o f  NA, Flow d e t e r m i n a t i o n s  

commenced once  a r t e r i a l  b l o o d  p r e s s u r e  had s t a b i l i s e d .  On 

c o m p l e t i o n /
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' com ple t ion  o f  t h e  t h i r d  measurement t h e  NA i n f u s i o n  was

d i s c o n t i n u e d ,  b r i e f l y  w h i l e  t h e  b l o o d —cor d  b a r r i e r  was d i s r u p t e d

by t h e  i n t r a . - a r t e r i a l  i n j e c t i o n  o f  u.7'ca as  p r e v i o u s l y  d e s c r i b e d .

The i n f u s i o n  was t h e n  c o n t i n u e d  and t h r e e  f u r t h e r  measurements

o f  f l o w  p e r f o r m e d .

The NA was p repared  f r e s h l y  as  a s o l u t i o n  o f  n o r a d r e n a l i n e

h y d r o c h l o r i d e ^ ’ ( a s  b a s e )  made up in  normal s a l i n e ,  A s m a l l

q u a n t i t y  o f  a s c o r b i c  a c i d  was added t o  the s o l u t i o n  t o  improve

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

12 p.g/mi or  30 y ig /m l  were  u s e d .  The r e s u l t s  p r e s e n t e d  arc  from

t h e  and s e g m e n t s  o f  t h e  c o r d .  The r a t  t e r n  o f  r e s u o n s e  a t2 3 - 0
S was s i m i l a r  but  t h e r e  was i n s u f f i c i e n t  d a t a  a t  t h i s  l e v e l  I —f
f o r  s t a t i s t i c a l  a n a l y s i s .

F o l l o w i n g  t h e  e x p e r i m e n t s ,  e l e c t r o d e  p o s i t i o n s  were marked 

by d i a t h e r m y  and s a m p le s  o f  s p i n a l  cord  t a k e n  f o r  h i s t o l o g i c a l  

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

The E f f e c t  o f  A d r e n e r g i c  B lo c k a d e

The e f f e c t  o f  o h - a d r e n e r g i c  b l o c k a d e  on SCBF d u r i n g  i n f u s i o n

o f  30 y ig  NA/min a f t e r  b l o o d - c o r d  b a r r i e r  d i s r u p t i o n  was s t u d i e d

i n  t h r e e  d o g s .  Three  c o n t r o l  measurements  o f  f l o w  were  f o l l o w e d

by t h e  i n t r a v e n o u s  i n j e c t i o n  o f  phenoxybenzam ine**  (PBE; 1 ,p  m g/Kg) ,

A f t e r  b l o o d  u r o s s u r e  s t a b i l i s a t i o n  two more f l o w  measurem ents  were

made. The b a r r i e r  was t h e n  d i s r u p t e d  by i n j e c t i o n  o f  u r e a ,

NA ( 3 0  y i g / m i n . ) was i n f u s e d  i n t r a - a r t e r i a l l y  as  d e s c r i b e d  and

t h r e e  f u r t h e r  measuremen ts  o f  f l o w  made. V a l u e s  were  o b t a i n e d

from L_ - sc.'rments o f  t h e  s c i n a l  c o r d .
5—0

Art e r e n o l  : S igm a,  London Chem ical  C o , L t d . ,  Kin,gs ton~upon—Thames

**  D i b e n y l i n o : S ,  K & F L a b o r a t o r i e s  L t d ,
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The c o n t r o l  f l o w s  i n  t h e s e  e x p e r i m e n t s  were s i m i l a r  t o  t h o s e  

obta in ed ,  p r e v i o u s l y  w i t h  t h e  hydrogen  c l e a r a n c e  t e c h n i q u e ,  

( G r i f f i t h s ,  Rowan and Crawford,  1 9 7 5 ) .  M oreover ,  a s .im.il ar  v a l u e  

was o b t a i n e d  w i t h  r e g a r d  t o  t h e  r a t i o  o f  m o n o e x p o n e n t ia l  t o  

b i e x r o n e n t i a l  c l e a r a n c e s .  In  t h e  p r e s e n t  s t u d y  62*55^ o f  c l e a r a n c e s  

were s lo w  m o n o e x p o n e n t ia l  c u r v e s ,

The e f f e c t  o f  urea  on SCBF The l i g a t i o n  p r o c e d u r e  d e s c r i b e d  

i n  the s e c t i o n  on. s u r g i c a l  p r e p a r a t i o n  had no e f f e c t  upon r e s t i n g  

a r t e r i a l  b l o o d  p r e s s u r e .  A f t e r  i n j e c t i o n  o f  u r o a ,  how eve r ,  t h e  

mean s y s t e m i c  a r t e r i a l  b l o o d  p r e s s u r e  r o s e  by a p p r o x i m a t e l y  30 mm. 

Hg. T h i s  was accom panie d  by a c o r r e s p o n d i n g  f a l l  i n  5 i h  l e f t  

lumbar a r t e r i a l  p r e s s u r e .  Those  pa.ramcterB r e t u r n e d  t o  r e s t i n g  

l e v e l s  w i t h i n  2 0 - 3 0  s e c o n d s  ( F i g ,  7 ) .

The r e s u l t s  o f  t h e  b l o o d  f l o w  measurements  ar e  t a b u l a t e d  i n  

T a b le  3 and p r e s e n t e d  i n  g r a p h i c  form f o r  t h e   ̂ l e v e l  o f  t h e  

c o r d  i n  F i g .  8 .

The h i s t o l o g i c a l  and f l u o r e s c e n c e  f e a t u r e s  ar e  examined i n  

g r e a t e r  d e t a i l  in  a l a t e r  s e c t i o n .  However,  i t  ca/n be s t a t e d  

heî'C, t h a t  s e c t i o n s  o f  cord  examined by f l u o r e s c e n c e  m ic r o s c o p y  

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

b l o o d - c o r d  b a r r i e r . The s e c t i o n s  o f  t h e  p a r a f f i n —embedded 

m a t e r i a l  appeared  no r m a l .

The e f f e c t  o f  n o r a d r e n a l i n e  on s n i n a l  cord  b l o o d  f l o w a f t e r  

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

1 2 v /m in  i n f u s i o n  : The e f f e c t  o f  t h i s  c o n c e n t r a t i o n  o f  NA upon

SCBF a t  t h e  L_  ̂ l e v e l  o f  t h e  c or d  b e f o r e  and a f t e r  b l o o d —cor d  5-€>
b a r r i e r  d i s r u p t i o n  w i t h  u r e a  i s  shown i n  a b s o l u t e  v a l u e s  in  

T a b le  4 and F i g . 9 and e x p r e s s e d  as  t h e  p e r c e n t a g e  change  o f  c o n t r o l  

i n  P i g .  1 0 ,  B e f o r e  d i s r u p t i o n  o f  t h e  b a r r i e r ,  NA was w i t h o u t  

o v e r a l l  e f f e c t  on SCBF w i t h  t h e  e x c e p t i o n  o f  t h e  f i r s t  measuremen t,  

w h ic h  was s i g n i f i c a n t l y  i n c r e a s e d  (p<C.0.C5). However; t h i s  f l o w  

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

i n  a b s o l u t e  v a l u e s  u s i n g  t h e  same s t a t i s t i c a l  t e s t . ( S t u d e n t s  

t - t e s t  f o r  p a i r e d  d a t a )

F o l l o w i n g /
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' F o l l o w i n g  d i s r u p t i o n  o f  t n e  b a r r i e r  SCBF was r e d u c e d  

s i g n i f i c a n t l y  i n  t h e  s e c o n d  and t h i r d  c l e a r a n c e s  ( T a b l e  4* F i g . 9 ) « 

The l a r g e  s c a t t e r  i n  F i g .  10 i s  due t o  t h e  r e s u l t s  frorn two  

e l e c t r o d e s  (one  e x p e r i m e n t )  where b l o o d  f?icv; d ou b le d  i n  r e s p o n s e  

t o  NA, o t h e r w i s e  t h e  t e n d e n c y  was f o r  f l o w  t o  d e c r e a s e .

The e f f e c t  o f  a 12 yug/inirio i n f u s i o n  o f  NA upon f l o w  a t  t h e  

segment  o f  t h e  c or d  i s  shown i n  T a b le  4 and compared wi t h  t h e  

same i n f u s i o n  a t  t h e   ̂ l e v e l  in  F i g .  9» NA g i v e n  p r i o r  t o  

b a . r r i e r  d i s r u p t i o n  ha-d no s i g n i f i c a n t  e f f e c t  op SCBF. F o i l  owing  

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

t h i r d  m ea s u r e m en t ,

30 jxfr/m in  i n f u s i o n  : The r e s u l t s  a t  t h e   ̂ l e v e l  ar e  shown i n

T a b le  5 s.nd F i g s . 9 and 1 1 .  Al though t h e  f i r s t  f l o w  fo i l ,  owing  

NA i n f u s i o n  vnas s i g n i f i c a n t  l y  i n c r e a s e d  ('0<  0 , 0 2 )  t h e  two  

s u b s e q u e n t  f l o w s  showed no s i / m  i f l e a n t  d i f f e r e n c e  from c o n t r o l  

v a l u e s ,

A f t e r  b l o o d - G o r d  b a r r i e r  d i s r u p t i o n  t h e r e  vms a marked and 

p r o g r e s s i v e  d e c r e a s e  i n  SCBF i n  r e s p o n s e  t o  NA i n f u s i o n .  In  

t h r e e  o f  t h e s e  e x p e r i m e n t s  (6  e.l e c t  r o d c s  ) ,  t h e r e  was a c o m p le t e  

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

At t h e  Lg l e v e l  a  s i m i l a r  but  l e s s  méirked r e a c t i o n  o c c u r r e d  

i n  r e s p o n s e  t o  an i n f u s i o n  o f  30 jp,g NA/min.  A g a i n ,  t h e  f i r s t  

f l o w  f o l l o w i n g  NA i n f u s i o n  was s i g n i f i c a n t l y  i n c r e a s e d  ( p ^ O . O ^ )  

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

o c c u r r e d .  T h i s  f l o w  r e d u c t i o n  was s i g n i f i c a n t  i n  t h e  l a s t  two 

m e a s u r e m en ts .  The r e s u l t s  ar e  p r e s e n t e d  i n  T a b le  5 smd F i g ,  9» 

N e i t h e r  b l o o d  p r e s s u r e  nor  pCO  ̂ b e f o r e  and a f t e r  b l o o d - c o r d  

b a r r i e r  d i s r u p t i o n  i n  b o t h  t h e  30 p.g and 12 j ig  e x p e r i m e n t s  

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

p r e s s u r e  a r e  p r e s e n t e d  i n  T a b l e  6 and f o r  CO  ̂ i n  T a b le  7*

The e f f e c t  o f  c>A. a d r e n e r g i c  b l o c k a d e

o C - a d r e n e r g i c  b l o c k a d e  was by i t s e l f ,  w i t h o u t  s i g n i f i c a n t  

e f f e c t /



e f f e c t  upon SCBF, a l t h o u g h  mean a r t e r i a l  b lo o d  p r e s s u r e  was
**4*' / *4" \

s i g n i f i c a n t l y  r e d u c e d  from 139 -  9 fiiiTU Hg. (mean -  SB) t o  

8 7 - 1 3  mrncHg* However,  i t  a b o l i s h e d  t h e  pronounced  

v a s o c o n s t r i c t o r  a c t i o n  o f  an i n f u s i o n  o f  30 y.ig NA/min a f t e r  

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

d i f f e r e n t  from t h a t  w i t h  NA and b a r r i e r  d i s r u p t i o n  a l o n e  

(p-tC OeOOl loy grouped a n a l y s i s ) .  The r e s u l t s  a r c  p r e s e n t e d  i n  

T a b le  8 and t h e  r e s p o n s e s  o f  t h e  i n d i v i d u a l  c l e a r a n c e s  are  i n  

F i g .  1 2 .



DISCUSSION

Blood-cord .  b a r r i e r  d i s r u p t i o n

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

j u n c t i o n s  b e t w e e n  t h e  a d j a c e n t  e n d o t h e l i a l  c e l l s  o f  v e n u l e s ,  

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

a low r a t e  o f  p i n o c y t o t i c  a c t i v i t y  ( R e e se  & Karnovsky ,  1967;  

W este r gaar d  & Brightm an 1 9 7 3 ) .  T h is  a r r an ge m e n t ,  t o g e t h e r  w i t h  

l a r g e  amounts o f  d e g r a d a t i v  enzymes ,  e s p e c i a l l y  monoamine o x i d a s e  

w i t h i n  t h e  e n d o t h e l i a l  c e l l s  ( P a r d r i d g c , Conner & Crawford 1 9 / 5 )  

e f f e c t i v e l y  p r e v e n t s  t h e  e n t r y  o f  amines from t h e  b lo o d  i n t o  t h e  

b r a i n  and s p i n a l  cord  parenchyma. To s t u d y  t h e  e f f e c t  c f  a 

s y s t e m i o a I I y  a d m i n i s t e r e d ,  b a r r i e r - l i m i t e d ,  pharmaco1 o g i o a 11y  

a c t i v e  a g e n t  on SCBF, i t  i s  n e c e s s a r y  t o  d i s r u p t  t h i s  b a r r i e r ,  

p r e f e r a b l y  in  a manner t h a t  wiJ.I m in i m a l l y  a f f e c t  e t h e r  o a r a m e t e r s .

R a p o p o r t , Hor i  & K l a t z o  ( 1 9 7 2 )  have  d e s c r i b e d  v a r i o u s  methods  

by w h ic h  t h e  b l o o d - b r a i n  b a r r i e r  may be d i s r r . o t e d  and have  

i n v e s t i g a t e d  i n  d e t a i l  t h e  a b i l i t y  o f  i n t 7 * a - a r t e r i a l l y  a d m i n i s t e r e d  

s o l u t i o n s  o f  u r e a  t o  r e v e r s i b l y  open t h e  b a r r i e r  ( R a p o p o r t ,

Bachman & Thompson 19 7 2 ,  R ap op or t ,  Hori  & k l a t z o  1971» Rapoport  & 

Thompson 1 9 7 3 ) .  B r ig h t m s n ,  H o r i ,  Rapoport ,  Roeso  cc W esterguard  

( 1 9 7 3 ) have  produced e l e c t r o n  m i c r o s c o p i c  e v i d e n c e  t h a t  a 

h y p e r o s m o t i c  s o l u t i o n  o f  3M u r e a  may r e s u l t  in  t h e  o p e n i n g  o f  

e n d o t h e l i a l  j u n c t i o n s  t h r o u g h  which  h o r s e - r a d i s h  p e r o x i d a s e  can  

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

P i c k a r d ,  McKenzie ,  D u r i t y , W elsh ,  L a n g f i t t  & j e n n e t t  ( 1 9 7 5 )  have  

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

b l o o d - b r a i n  b a r r i e r  t o  Evans b l u e  albumin and p e n i c i l l i n  G but  

d i d  not  a f f e c t  c e r e b r a l  p e r f u s i o n ,  m e t a b o l i s m ,  a.utor é g u l â t  i o n  or  

COg r e a c t i v i t y .

The p r e s e n t  s t u d y  d e m o n s t r a t e s  t h a t  2*5 M u r e a  w i l l  

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

p r e s e n c e  o f  Evans b l u e  a lbum in  complex w i t h i n  v e s s e l  w a i l s  and 

p e r i v a s c u l a r  s p a c e s  and t h e  u r e a  i t s e l f  d o e s  not  a l t e r  SCBF,

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

i n  p r e f e r e n c e  t o  s e l e c t i v e  a r t e r i a l  c a t h e t e r i s a t i o n ,  as  t h i s  l a t t e r  

m eth o d /



method i n v c l v e c  t h e  i n j e c t i o n  o f  c o n t r a s t  m a t e r i a l s  wirich may 

t h e m s e l v e s  a l t e r  b a r r i e r  p e r m e a b i l i t y .  S e l e c t i v e  a r t e r i a l  

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

o f  c o r d  b e i n g  i n v e s t i g a t e d .  The l i g a t i o n s  th e m so lveB  do not  

a l t e r  SCEF as  c o n t r o l  measuremen ts  in  t h e s e  e x p e r i m e n t s  are  

w i t h i n  t h e  normal l i m i t s  f o r  SCBF as  p r e v i o u s l y  d e t e r m in e d  by 

t h e  h y d r o g e n  c l e a r a n c e  method ( G r i f f i t h s ,  Rowan & Crawford,  1975)*-

Tho e f f e c t  o f  n o r a d r e n a l i n e  on SCBF

The e f f e c t s  o f  NA on c e r e b r a l  b l o o d  f  1 ow hp.vo b e e n  t h e  

s u b j e c t  o f  i n t e n s i v e  s t u d y  f o r  many y e a r s  ( s e e  r e l e v a n t  re'^icw 

i n  t h i s  t h e s i s )  a,nd r e p o r t e d  e f f e c t s  have ranged  from v a s o c c n o t r i c t i o n , 

t o  no c h a n g e ,  t o  v a s o d i l a t a t i o n ,  I n t r a - a r t e r i a J . l y  a d m i n i s t e r e d  

NA has a m inim al  e f f e c t  on c e r e b r a l  b lood  f l o w  i n  t l i e  baboon  

d u r i n g  n o r m o ca p n ia ,  but  has a s i g n i f i c a n t  v a s o c o n s t r i c t o r y  a c t i o n  

d u r i n g  h y p o r c a p n i a , when t h e  i n t r a p a r e n c h y m a l  v e s s e l s  a r e  ne ar  

m a x im a l ly  d i l a t e d  (H ar p e r ,  Deshmukh, Rowan & J e n n e t t  19 7 2 ,

McKenzie ,  M cCul loch  & Harper 1 9 7 6 ) ,  McKenzie p o s t u l a t e d  t h a t  t h e  

i n a b i l i t y  o f  NA t o  a l t e r  c e r e b r a l  b l o o d  f l o w  a t  norm ocap n ia  was 

p o s s i b l y  due t o  t h e  p r e s e n c e  o f  a b l o o d - b r a i n  b a r r i e r  t o  NA. I f  

NA was a d m i n i s t e r e d  f o l l o w i n g  b a r r i e r  d i s r u p t i o n ,  l a r g e  increassE;  

i n  c e r e b r a l  b l o o d  f l o w  were  o b s e r v e d ,  a r e s p o n s e  w h ic h  may be  

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

v a s c u l a r  a c t i o n .  ( McKenzie ,  M cCul locb ,  0 * Keane,  P i c k a r d  &

Harper  ( 1 9 7 6 ) )

I n  c o n t r a s t ,  R a i c h l e ,  Hart mai', K i c h l i n g  & Sharpe  ( 1 9 7 5 )  

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

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

Support  f o r  b o t h  v i e w s  can be found i n  t h e  work o f  H c s c n d o r f f  & 

C r a n s t o n  ( 1 9 7 1 )  who d e m o n s t r a t e d  a d u a l ,  d o s e - d e p e n d e n t  f l o w  

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

f l o w  and l a r g e r  d o s e s  a d e c r e a s e  i n  f l o w .  At t h e  l a r g e r  d o s e ,  

i n c l u s i o n  o f  phenoxybenzam ine  i n  t h e  i n j e c t a t e  p r e v e n t e d  t h e  

v a s o c o n s t r i c t o r  a c t i o n  o f  NA. R o s e n d o r f f  & C r a n s t o n  s u g g e s t e d  t h a t  

a t  t h i s  d o s a g e  NA a c t e d  d i r e c t l y  on v a s c u l a r  r e c e p t o r s  but  a 

m e t a b o l i c a l l y /



m e t a b o l i c a l l y  l i n k e d  e v e n t  c annot  be e x c l u d e d ,  ( H e i g h t  & 

S a l m o i r a g h i  I n  t h e s e  e x p e r i m e n t s  t h e  b l o o d - b r a i n  b a r r i e r

was b y - p a s s e d  as  t e s t  s u b s t a n c e s  were i n j e c t e d  d i r e c t l y  i n t o  t h e  

hypotha lam u s  »

I n  t h e  p r e s e n t  e x p e r i m e n t s ,  b o t h  c o n c e n t r a t i o n s  o f  N/i 

s i g n i f i c a n t  1.7 r e d u c e d  SCBF a t  t h e   ̂ s e g m e n t s  c f  t h e  cord  

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

■oroducing t h e  g r e a t e r  r e d u c t i o n .  The same oa t  t e r n  was o b s e r v e d  

a t  t h e  c o r d  l e v e l  but  t h e  d e g r e e  o f  f l o w  r e d u c t i o n  wns not  as  

g r e a t  as  was produced  b,y t h e  same c o n c e n t r a t i o n  a t  t h e  1.  ̂  ̂ l e v e l ,  

( F i g ,  9 ) ,  T h i s  c o u l d  be e x p l a i n e d  on t h e  b a s i s  o f  t h e  r e l a t i v e  

b l o o d  supolj'- t o  t h e  two c or d  l e v e l s  by t h e  4 t h  lumbar a r t e r i e s .

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

s o u r c e ,  would  i n  t u r n  r e c e i v e  a h i g h e r  c o n c e n t r a t i o n  o f  NA th a n  

t h e  Lg s e g m e n t .

P r i o r  t o  d i s r u p t i o n  o f  t h e  b a r r i e r  NA was w i t h o u t  e f f e c t  

upon SC BF,with  t h e  e x c e p t i o n  o f  t h e  f i r s t  c l e a r a n c e s ,  f o l l o w i n g  

t h e  commencement o f  i n f u s i o n  o f  NA when i n c r e a s e s  i n  f l o w  were. E^een, 

S i g n i f i c a n t  i n c r e a s e s  were s e e n  w i t h  a 30 yug/rnin i n f u s i o n  a t  b o t h  

t h e  and  ̂ l e v e l s ,  t h e  i n c r e a s e  a t  t h e  l a t t e r  l e v e l  b e i n g  

more marked.  The 12 ^ g / m i n  i n f u s i o n  produced a  n o n - s i g n i f i c a n t  

i n c r e a s e  a t  t h e   ̂ l e v e l  and no e f f e c t i v e  change  a t  t h e  segment  

The d e g r e e  o f  c h a n g e s  can be r e l a t e d  t o  t h e  d o s a g e  a d m i n i s t e r e d  

and t h e  r e l a t i v e  b l o o d  s u p p l y  t o  t h e  cord  s e g m e n t s ,  as  o u t l i n e d  

a b o v e .

T h es e  i n c r e a s e s ,  how ever ,  were  u n e x p e c t e d  and ar e  d i f f i c u l t  

t o  i n t e r p r e t ,  McKenzie e t  a l  ( 1 9 7 6 )  u s i n g  a n o n - i n v a s i v e  method 

o f  c e r e b r a l  b l o o d  f l o w  d e t e r m i n a t i o n ,  d e m o n s t r a t e d  an i n c r e a s e  i n  

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

They combined t h e  f l o w  s t u d i e s  w i t h  c e r e b r a l  m e t a b o l i c  

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

f o r  o x y g e n  and g l u c o s e  i n  a s s o c i a t i o n  w i t h  t h e  f l o w  i n c r e a s e .

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

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

t h e  e l e c t r o d e s  produced  a l o c a l i s e d  damage o f  t h e  b l o o d - c o r d  

b a r r i e r /



b a r r i e r  around th e  r e c o r d i n g  t i p  o f  t h e  e l e c t r o d e ,  t h e r e b y  

a l l o w i n g  enough NA e n t r y  t o  t h e  cord  parenchyma t o  s t i m u l a t e  

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

i n  t h a t  a r e a .  U n f o r t u n a t e l y  i t  i s  no t  y e t  p o s s i b l e  t o  a p p ly  

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

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

The r e t u r n  o f  f l o w s  t o  more normal l e v e l s  c o u ld  t h e n  be e x p l a i n e d  

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

P r e —t r e a t m e n t  o f  a n i m a l s  w i t h  FEZ, w h ic h  by i t s e l f  was 

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

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

The e v i d e n c e  s u g g e s t s  t h a t  f l o w  r e d u c t i o n s  ar e  m e d ia te d  v i a  

r«:r&drenergic r e c e p t o r s .  With t h e  p r e s e n t  t eo h n io -u e s  i t  i s  no t  

p o s s i b l e  t o  d.eterrni.ne w h e t h e r  t h e c i —m e d ia t e d  r e d u c t i o n s  i n  

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

NA or  due t o  - m e d i a t e d  c h a n g e s  i n  t h e  i net a b o l i e  demands o f  

s p i n a l  cord  t i s s u e .

The p r e s e n t  s t u d y  d o e s  n o t  g i v e  any i n d i c a t i o n  o f  t h e  amount 

o f  a c t i v e  NA n e e d e d  t o  d e c r e a s e  f l o w  as  an unknown " d i l u t i o n "  

o c c u r s .  The i n t r a - a r t e r i a l l y  a d m i n i s t e r e d  d rug  i s  d i r e c t e d  t o  

e x t r a s p i n a l  t i s s u e  a s  w e l l  as  t o  t h e  c o r d  i t s e l f .  Only a s m a l l  

p e r c e n t a g e  o f  t h e  amine w h ic h  r e a c h e s  t h e  s p i n a l  cord  w i l l  a c t u a l l y  

c r o s s  the b a r r i e r .  I t  has b e e n  shown i n  t h e  b i 'a in  t h a t  a f t e r  

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

i s  a f o u r f o l d  i n c r e a s e  i n  p e r m e a b i l i t y  t o  NA (Ha.rdebo, E d v i n s s o n ,  

McKenzie & (himan, 19 7 7 )*  I n  normal t i s s u e  t h e  a c t i v e  

c o n c e n t r â t  i o n  w i l l  be f u r t h e r  r e d u c e d  by n e u r o n a l  u p t a k e .  Thus ,  

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

r e d u c t i o n s  can  no t  be made. However,  c o n s i d e r i n g  t h e  i n i t i a l  

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

e x u e r i m e n t s  and t a k i n g  i n t o  a c c o u n t  t h e  above  d i l u t i n g  f a c t o r s ,  

i t  i s  l i k e l y  t h a t  t h e  a c t i v e  NA c o n c e n t r a t i o n  i s  s t i l l  i n  e x c e s s  

c f  t h a t  u s e d  by  McKenzie e t  a l  ( 1 9 7 6 ) ,  The p o s s i b i l i t y  t h e r e f o r e  

e x i s t s ,  as  s u g g e s t e d  by R o s e n d o r f f  & C r a n s to n  ( 1 9 7 1 ) » t h a t  s m a l l  

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

d o s e s /



doser, p r o d u c i n g  cX^-mediated r e d u c t i o n s  i n  f l o w .

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

o f  a c u t e  s p i n a l  trauma w i l l  be d i s c u s s e d  s e p a r a t e l y .
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ni a i  a r t e r i e s  and a r t e r i o l e s
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MATERIALS and MTCTTIOpS

Cats  w e i g h i n g  b e tw e e n  2 and 4 Kg. were used  f o r  t h e s e  

e x p e r i m e n t s . A n a e s t h e s i a  was in d u c e d  w i t h  a m inim al  d o s e  o f  

T h io p e n t o n e  and mainta ined ,  w i t h  a 1'/ s o l u t i o n  o f  a l p h a c l i l c r a l c s o  

(6 0  mg/Kg I . V . ) ,  E n d o t r a c h e a l  i n t u b a t i o n  was per for m e d  and 

lOOÿ oxygen  d e l i v e r e d  v i a  a r e s p i r a t o r y  pump whose r a t e  and 

volume were ad j u s t e d  t o  m a i n t a i n  norm ocapnia  (paCO^ 32 mm.Kg,) ,  

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

One fem ora l  v e i n  was c a n n u l a t e d  f o r  t h e  a d m i n i s t r a t i o n  o f  

a n a e s t h e t i c  and o t h e r  d r u g s ,  A femora] a r t e r i a l  c a n n u l a  was u s e d  

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

and f o r  t h e  removal  o f  b l o o d  s a m p l e s ,  w h ic h  were a n a l y s e d  f o r  

paCOg, paOg, pH and base  d e f i c i t *  Any b a s e  d e f i c i t  was c o r r e c t e d  

w i t h  6 . 4 /: sodium b i c a r b o n a t e  g i v e n  by s lo w  intravencuE^ i n j e c t i o n .  

End t i d a l  CÔ  c o n c e n t r a t i o n  was m o n i to r e d  c o n t i n u o u s l y  w i t h  an 

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

Body t e m p e r a t u r e  was m a i n t a i n e d  be tw e e n  37~3B°C w i t h  a 

hom éotherm ie  b l a n k e t  and where  n e c e s s a r y  w i t h  t h e  a d d i t i o n  o f  

h e a t i n g  la m p s .

F o l l o w i n g  a  p a r a . s p in a l  i n c i s i o n  e x t e n d i n g  from b e h i n d  t h e  

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

l a t e r a l  a s p e c t  o f  t h e  lumbar s p i n e  was removed ,  A h i g h  s p e e d  

d e n t a l  d r i l l  was u s e d  t o  per form  up t o  t h r e e  h é m i l a m i n e c t o m i e s  

in  e a c h  a n i m a l .  D u r in g  d r i l l i n g ,  t h e  b u r r  was c o o l e d  by a j e t  

o f  s a l i n e .  The h e m i lam in e c tom y  measured a p p r o x i m a t e l y  

1 % 0 , 5  cm. i n  e a c h  c a s e .  The dura i n  t h e s e  a r e a s  was re.moved,  

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

m ater  i n t a c t ,  as  t e a r s  would  l e a d  t o  l e a k a g e  o f  c e r e b r o s p i n a l  

f l u i d .  The c u t  d u r a i  m argins  were s e a l e d  by b i p o l a r  d i a t h e r m y . 

Throughout  t h e  s u r g i c a l  p r o c e d u r e  s t r i c t  h a e m o s t a s i s  was 

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

s u p p o r t e d  by a  r e t o r t  s t a n d ,  w h ic h  was h e a v i l y  w e i g h t e d  t o  

p r e v e n t  movement o f  t h e  frame* T h i s  arrangement  formed a b a t h  

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

s i t e . /

*  Capnograph Godart



Eî i te ,  Tho s u r i  c c e  Lcpinal cord t e m p e r a tu r e  vac  main te  inc à 

a t  3F°C by c o n t r o l l i n g  c i t h e r  t h e  f l o w  r o t e  c r  t h e  t e m p e r a tu r o  

o f  t h e  o i l .

S p i n a l  n i  a] a r t e r i o l a r  c a l i b r e  ra.j? measured by a  

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

Baez ( 1 9 6 6 ) ,  The v e s s e l s  were  v i s u a l i s e d  u i t h  a. t r i o c u l a r  

Bausch  & Lcrnb e t e r  cornier os  cope  a t  a m a g n i f i c a t i o n  o f  x.lO or  

x 7 0 .  The image v;as p a s s e d  t h r o u g h  an i m a g e - s o l i t t i n g  d e v i c e  

( V i c k e r s )  s i t u a t e d  o n ' t h e  v e r t i c a l  e y e p i e c e  o f  t h e  m i c r o s c o p e  

t o  an a t t a c h e d  t e l e v i s i o n  camera (Grund ig  FA?0 )  and d i s p l a y e d  

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

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

pen r e c o r d e r .  Thus not  o n l y  c o u l d  t h e  d e g r e e  o f  s h e a r  bo 

v i s u a l i s e d  d i r e c t l y  on t h e  v i d e o  m o n i t o r  but a pennanent  r e c o r d  

o f  t h e  ne asur om e nt  c o u l d  be o b t a i n e d .  The d e g r e e  o f  s h e a r  n e c ­

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

t o  t h e  c a l i b r e  o f  t h e  v e s s e l , I l l u m i n a t i o n  o f  t h e  a r e a  was 

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

( S c h o t t ) .

B e f o r e  m easurem ents  b e g a n ,  t h e  s y s te m  wa.s c a l i b r a t e d  a g a i n s t  

n y l o n  f i l a m e n t s  o f  known d i a m e t e r .  Thus t h e  a b s o l u t e  d i a m e t e r  

i n  urn c o u l d  be c a l c u l a t e d .

The s o l u t i o n s  und er  i n v e s t i g a t i o n  were  drawn i n t o  sh ar p e n e d  

g l a s s  m i c r o p i p e t t e s  w h ic h  hcid. a t i n  d i a m e t e r  o f  a p p r o x i m a t e l y  

8 yum, (Tlie m a n u f a c t u r e  o f  t h e  p i p e t t e s  i s  d e s c r i b e d  i n  Appendix  2 ) .  

The t o p s  o f  t h e s e  were  s e a l r d  wixh  o i l  and t h e  t i n s  submerged i n  

t h e  b u l k  o f  t h e  s o l u t i o n , ,  a g a i n  under  o i l ;  t h u s  m i n i m i s i n g  any  

change  i n  p?I o f  t h e  s o l u t i o n  i n  t h e  p i p e t t e .  T h es e  p i p e t t e s  

were u s e d  as  s o o n  as  p o s s i b l e  a f t e r  p r e p a r a t i o n .

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

out i n  t h e  f o l l o w i n g  way -  t h e  p i p e t t e  was i n s e r t e d  i n t o  a 

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

t h e  h o l d e r  mounted on a, mi c  r  ornan i  p u l  a t  o r  ( L e i t s ) ,  By c a r e f u l  

m a n o e v r in g ,  t h e  p i p e t t e  t i p  c o u l d  be pierced i n t o  t h e  

s u b a r a c h n o i d  /
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s u b a r a c h n o i d  s p a c e  a d j a c e n t  t o  t h e  v e s s e l  under  t e s t , .  J u d i c i o u s  

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

c f  a p p r o x i m a t e l y  2 p i  o f  s o l u t i o n  i n t o  t h e  p e r i v a s c u l a r  s p a c e ,

A f t e r  cue hi a p p l i c a t i o n  o f  t e s t  s o l u t i o n ,  s u c c è s  i v e  i m a g e -  

s h e a r i n g  m a n i n u l a t i o n s  were  c a r r i e d  out  u n t i l  t h e  a r t e r i o l a r  

d i a m e t e r  had r e t u r n e d  t o  i t s  p r e v i o u s l y  d e ter m in ed  b a s e - 1  i r e .

The maximum r e s p o n s e  t o  t h e  i n j e c t e d  s o l u t i o n  was compared t o  

t h o s e  c o n t r o l  o b s e r v a t i o n s *

In  t h e s e  e x p e r i m e n t s ,  n o t  o n l y  ware t h e  e f f e c t s  o f  s e v e r a l  

c o n c e n t r a t i o n s  o f  NA upon s n i n a l  a r t e r i o l e s  e xam ined ,  but  t h e  

e f f e c t  o f  NA i n  t h e  p r e s e n c e  o f  t h e  oc. - a d r e n e r g i c  b l o c k i n g  a g e n t  

phsntola.rnine was a s s e s s e d .  The e f f e c t  o f  mock c e r e b r o s p i n a l  f l u i d  

(C3F) a ] o n e  was a l s o  e x a m i n e d ,

T e s t  s o l u t i o n s  wore made by d i s s o l v i n g  n o r a d r e n a l i n e  h y c r o -

c h l c r i d e  i n  a r t i f i c i a l  CoF c o n t a i n i n g  I la ’ I 36 mb., 3 mM, Co.''
_ *

1 f 5 rnk, Cl 131 mh and HCO l lmke The s o l u t i o n  was c o v e r e d  by a

l a y e r  o f  m i n e r a l  o i l  and a f i n a l  pH o f  7 » 15 a c h i e v e d  by b u b b l i n g  

a 5p C0_/95^ 0^ .gas m ix t u r e  t h r o u g h  i t .  The o s m o l a r i t y  o f  t h e  mock. 

C3F was 300 m .0 8 m / l i t r e .
- 6  —3NA was a n p l i e d  i n  c o n c e n t r a t i o n s  b e tw e e n  p x 10 " and p — 10  

K. The r e a c t i o n  o f  s p i n a l  p i a l  v e s s e l s  t o  two c o n c e n t r a t i o n s  o f  NA 

(5  X 10  ̂ and 5 X 10 was i n v e s t i g a t e d  when pi iontolarr. ino was  

Wcis added t o  t h e  i n  j e c t a t e  a t  a  c o n c e n t r a t i o n  o f  5 x  10 ■'M,

In  most  e x p e r i m e n t s ,  due t o  t h e  s m a l l  number o f  a r t e r i o l e s  

pe r  h e m i lam in e c tom y  s i t e ,  v e s s e l s  we re  examined more tha.n o n c e .  

However,  where  p o s s i b l e  d i f f e r e n t  s i t e c i  on t h a t  v e s s e l  were  

a s s e s s e d ,  b'here t h e  sr-.me s i t e  was e xam ined ,  a t  l e a s t  h a l f  an hour  

was a l l o w e d  t o  e l a p s e  b e f o r e  r e - i n v e s t i g a t i o n .

The method o f  p e r i v a s c u l a r  a o p l i c a t i o n  o f  t e s t  s u b s t a n c e s  

and t h e  measurement o f  v e s s e ]  c a l i b r e  are  e s s e n t i a . l l y  vSimilar  

t o  t h e  t e c h n i q u e  perform ed on t h e  b r a i n  c o i - t e x  by h a h l ,  K u sch ius lg / ,  

E o s 3 0 and Thurau ( 1 9 7 2 ) .

* A r t i f i c i a l  CSl' made w i t h  d o u b le  ~ d i s t i l l e d  w a t e r .
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RESULTS

The p i a l  a r t e r i o l e s  i n v e s t i g a t e d  had r e s t i n g  d i a m e t e r s  i n  

t h e  ra n g e  30 p. t o  2^0 p .

A l l  p e r i v a s c u l a r  a p p l i c a t i o n s  were per form ed a t  norm ocap n ia  

(3 1 * 9  -  1 . 2  rnnu Hg.  ) and n o r m o t e n s i o n  ( 1 1 1 . 7  ^ 2 0 , 7  n m .H g , ) .

Mock CSF a l o n e ,  a p p l i e d  t o  s p i n a l  p i a l  v e s s e l s ,  e l i c i t e d  a  

d i l a t a t o r y  r e s p o n s e  of .  8 , 4  -  6 ,3% (% — S D ) . B e c a u s e  o f  t h i s  

r e a c t i o n  t h e  e f f e c t  o f  CSF a l o n e  i n  a p a r t i c u l a r  e x p e r i m e n t a l  

an im al  was s u b t r a c t e d  from t h e  s u b s e q u e n t  r e s u l t s  o b t a i n e d  f o r  

NA, p h e n t o l a m i n e  and NA -f p h e n t o l a m i n e , The s i g n i f i c a n c e  o f  t h e

r e s p o n s e  t o  CSF w i l l  be d i s c u s s e d  l a t e r .

S i g n i f i c a n t  d e c x 'e ase s  i n  v e s s e l  w a l l  d i a m e t e r  were s e e n  w i t h  

a l l  t h e  c o n c e n t r a t i o n s  o f  NA, w i t h  t h e  e x c e p t  ion o f  p x 10 M, NA, 

At t h i s  d o s a g e ,  a n o n - s i g n i  f  i c a n t  c o n s t r i c t  i o n  v:as n o t e d .  

C o n s t r i c t o r  r e s p o n s e s  t o  NA were s e e n  on ly  a t  t h e  i n j e c t i o n  s i t e .  

D u r in g  m i c r o - a p p l i c a t i o n  o f  t e s t  s u b s t a n c e  t h e r e  was no change  i n  

e i t h e r  s y s t e m i c  b l o o d  p r e s s u r e  or  e n d - t i d a l  0 0 ^,  Mo recover,  no

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

t o  NA was n o t e d .

F i g .  13 p r e s e n t s  t h e  e f f e c t  o f  t h e  v a r i o u s  c o n c e n t r a t  i o n s  o f  

NA upon t h e  p i a l  a r t e r i o l e s .  A l th o u g h  a maximuni c o n s t r i c t i o n  c f  

2 8 , 8  -  3 ' ( x — SD) o c c u r r e d  i n  r e s p o n s e  t o  an NA c o n c e n t r a t i o n

o f  3 X 10 ( t h e  h i g h e s t  c o n c e n t r a t i o n  used  i n  t h e  s t u d y ) .

P i g .  13 r e v e a l s  a t e n d e n c y  f o r  t h e  r e s p o n s e  t o  r e a c h  a p l a t e a u  at  

c o n c e n t  r a t  i o n s  h i g h e r  t h a n  5 x  10 ^M,

The e f f e c t  o f  p h e n t o l a m i n e  upon t h e  c o n s t r i c t o r  a c t i o n  o f  
- 53 X 10  ̂ and 1 x 1 0  ' M, NA i s  shown i n  F i g ,  1 4 .  An e q u i molar  

c o n c e n t r a t  i o n  o f  NA and p h e n t o l a m i n e  p r e v e n t e d  t h e  c o n s t r i c t o r  

r e s p o n s e  o f  5 x  10 M, NA, However,  5 x  10 M p h e n t o la m in e  o n l y  

p a r t i a l l y  p r e v e n t e d  the  r e s p o n s e  to  t h e  more c o n c e n tr 5 ; te d  s o l u t i o n  

o f  NA.

P h e n t o l a m i n e  a p p l i e d  a l o n e  produced a n o n - s i g n . i f i c a n t  

d i l a t a t i o n  o f  1 , 0  -  3 . 2"̂  ( x  - S D ) .



DISCUSSION

The e f f e c t  o f  N/i on SCBF need not  be due t o  d i r e c t  e f f e c t  

on t h e  b l o o d  v e s s e l s  but  a l t e r a t i o n s  i n  b l o o d  f l o w  c o u l d  be  

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

For e x a m p le ,  i t  has  been  shown by Weight & S a l m o i r a g h i  ( 1 9 6 7 ) 

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

t h o  f i r i n g  r a t e s  ofcx:  - m o t o n e u r o n e s  in  t h e  s r i n a l  c o r d .  I t  was  

t h e r e f o r e  d e c i d e d  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  ÏIA on s p i n a l  cord  

a r t e r i e s  and a r t e r i o l e s  by t h e  d i r e c t  a p p l i c a t i o n  o f  t h e  amine  

on t o  t h e  r i a l  v e s s e l s .  U s i n g  t h i s  method,  t h e  b l o o d - c o r d  

b a r r i e r  and p o s s i b l e  m e t a b o l i c / n e u r o n a l  e f f e c t s  c o u l d  be a v o i d e d ,

E a r l y  work u t i l i s i n g  t h e  ’ p i a l  window’ t e c h n i q u e  i n  t h e  

b r a i n  ( F o r b e s , F i n l e y  & Nason 1933 ,  Fog 19 3 9 )  in v o lv e d ,  e i t h e r  

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

t h e  e n t i r e  f i e l d  o f  o b s e r v a t i o n  w i t h  t h e  t e s t  s o l u t i o n .  I t  I s  

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

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

c h a n g e s  in  b l o o d  f l o w  and v e s s e l  d i a m e t e r  c o u l d  have  o c c u r r e d .

The p r e s e n t  e x p e r i m e n t s , u s i n g  s m a l l  vo lumes  o f  v e r y  l o c a l l y  

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

p o s s i b i l i t y  much l e s s  l i k e l y .  Moreover,  Wahl, Kuscbj nsigy'', B o s s e ,  

O l e s e n ,  L a s s e n ,  I n g ’/ a r ,  M i c h a o l i s  & Thurau ( 1 9 7 2 )  n o t e d  t h a t  

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

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

t h e  manner d e s c r i b e d  i n  t h e  Methods s e c t i o n ,  t h e  problem o f  a 

d e v e l o u i n g  t a c h y p h y l a x i s  t o  NA was m i n i m i s e d .

The n e t  d i l a t o r y  e f f e c t  o f  mock CSF a l o n e ,  when a p p l i e d  t o  

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

s a t i s f a c t o r i l y .  The CSP employed  was p r e p a r e d  i n  a manner 

i d e n t i c a l  t o  t h a t  o f  Wahl e t  a l  ( 1 9 7 2 ) .  In  t h e i r  e x p e r i m e n t s  

CSF o f  pH 7 * 1 5 i  c o n t a i n i n g  11 mî'lq/l HCO 3 in d u c e d  no change  i n  

a r t e r i o l a r  c a l i b r e .  In  a s u b s e q u e n t  s t u d y  by t h e  same group  

( K u s c h i n s k y  & Wahl 19 7 5 )  s, d i l a t a t i o n  o f  2 . 3$  t o  t h e  same CSF 

was n o t e d .  In t h e  l a b o r a t o r y  where  t h e  p r e s e n t  work was c a r r i e d  

o u t , /
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o n t ,  c e r e b r a l  p i a l  m i c r o a n n l i c a t i o n  s t u d i e s  r e v e a l e d  an o v e r a l l  

change  o f  0 •- 1 . 4 /Z (>: -klK) t o  mock CSF (Harper  & Mokenzie  1 9 7 7 ) -  

The CSP u s e d  by t h e s e  a u t h o r s  was p repared  and a d m i n i s t e r e d  i n  

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

d i f f e r e n c e  i n  r e s p o n s e  c annot  be e x p l a i n e d  on m e t h o d o l o g i c a l  

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

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

lumbar cord  compared t o  t h a t  a t  t h e  o o r t i c a . l  s u r f a c e . No r e l i a b l e  

s t u d i e s  o f  t h o  i o n i c  c o n t e n t  o f  lumbar CSP have  b e e n  carx ' iod out  

f o r  t h e  c a t*  However,  W ei , Raper ,  Kentos & P a t t e r s o n  (1 9 7 5 )  

compared t h e  c o m p o s i t i o n  o f  "normal" c a t  b r a i n  CSF as  d e t a i l e d  

by L e v a s s e u r ,  Wei,  Raper ,  Kontos  & P a t t e r s o n  ( l 9 7 5 )  t o  t h e  mock 

CSF u s e d  by Wahl and h i s  c o l l e a g u e s . Two major d i f f e r e n c e s  can  

be s e e n .  The oH o f  t h e  form er  i s  more a l k a l i n e  w i t h  a HC03 

c o n c e n t r a t i o n  o f  25 m Sq/ l  v e r s u s  11 mKq/l i n  t h e  c a s e  o f  Wahl 

e t  a l .  I f  s u c h  a s i t u â t  ion  p e r t a i n e d  t o  t h e  c o r d ,  t h e n  a p n l i c a t i o n  

o f  mock CSF w i t h  a l o w e r  pH & HC03 c o n t e n t  c o u l d  m o d i fy  t h e  l o c a l  

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

R e g i o n a l  d i f f e r e n c e s  i n  CSF c o n t e n t  have been  i n f e r r e d  by 

K u s c h in s k y ,  Wahl, B o s s e  à  Thurau ( 1 9 7 2 )  wlio d e m o n s t r a t e d  a CSF 

pH g r a d i e n t  b e t w e e n  t h e  c i s t  or n a  magna, c e r e b r a l  s u b a r a c h n o i d  

s p a c e  and p e r i v a s c u l a r  s p a c e .

The s i t u a t i o n  i s  e v e n  more com plex  as  not  on lv  hove HC03 

and H be e n  i m p l i c a t e d  i n  t h e  r e g u l a t i o n  o f  p i  ad a r t e r i o l a r  t o n e ,  

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

The i m p o r t a n c e  o f  K*̂  (Knabe & B e t z  1972)  and C a * ^ ( B e t z ,  Brandt  

& C s o r n a i  1 9 7 5 )  has b e e n  i n v e s t i g a t e d  and i t  i s  p o s s i b l e  t h a t  

o t h e r  i o n s  su c h  as  Mg and 0] a l s o  p l a y  a p a r t . Thus a complex  

s e r i e s  o f  i n t e r a c t i o n s  t a k e  p l a c e  i n  t h e  m a in te n a n c e  o f  r e s t i n g  

v e s s e l  t o n e .  C l e a r l y  i f  a r t i f i c i a l  CSF w i t h  d i f f e r e n t  i o n i c  

c o n c e n t r a t i o n s  from n a t u r a l l y  o c c u r r i n g  CSF i s  a p p l i e d  t o  a 

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

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

V a s o c o n s t r i c t i o n  o f  c e r e b r a l  p i a l  a r t e r i o l e s  t o  t o p i c a l  

a d r e n a l i n e  was d e m o n s t r a t e d  i n  1933 by F o r b e s ,  F i n l e y  & Nason  

a n d /



and by Fog i n  1939* S i m i l a r l y ,  F r a s e r ,  S t o i n ,  B a r r e t t  & F o o l  

( 1 9 7 1 ) found a c o n s t r i c t o r  r e s p o n s e  o f  t h e  b a s i l a r  and 

v e r t e b r a l  a r t e r i e s  on i r r i g a t i o n  o f  t h e  s u b a r a c h n o i d  s p a c e  v:itb 

NA. In c o n t r a s t  t o  t h i s ,  Raper ,  K o n t o s , W c i. & P a t t e r s o n  (1972  ) 

found no r e a c t i o n  o f  p i a l  v e s s e l s  when a r t i f i c i a l  CSP c o n t a i n i n g  

t h e  amine was f lu sh e d ,  t h r o u g h  a c r a n i a l  window p r e n a r a t i o n .

L i k e w i s e  no v e s s e l  r e s p o n s e  t o  s y m p a t h e t i c  s t i m u l a t i o n  was 

obE'erved,  They e x p l a i n e d  t h i s  l a c k  o f  r e s p o n s e  on t h e  a b s e n c e  

o f  s u f f i c i e n t  v a s c u l a r  r e c e p t o r s  f o r  NA, I lcwever,  u s i n g  a 

m i c r c a p p l i c a t i o n  method ’vaVil e t  a l  ( 1 9 7 2 ) d e m o n s t r a t e d  a d o s e -  

d ep e n d e n t  c o n s t r i c t i o n  t o  NA, The d i f f e r e n c e  i n  t h e  l a s t  two 

r e p o r t s  can  be e x u l a i n e d  by t h e  f i n d i n g  o f  Wahl e t  a l  t h a t  CSF 

c o n t a i n i n g  22 irEq/l  o f  HCO., c a u s e s  a 2üÿ/ c o n s t r i c t i o n  i n  v e s s e l  

d i a m e t e r .  The HC03 c o n t e n t  o f  Raper e t  a l ’ s  CSP was 25 mEg/l*

They were a p p a r e n t l y  a p u l y i n g  NA t o  v e s s e l s  a l r e a d y  c o n s t r i c t e d  

by HOO3 , t h e r e b y  m ask in g  any NA induced  e f f e c t ,  A subscqueni;  

s t u d y  by Wei,  Raper ,  Kontos & P a t t e r s o n  ( 1 9 7 5 )  r e v e a l e d  

c o n s t r i c t i o n  o f  p i a l  a r t e r i e s  ' > 1 0 0  u i n  d i a m e t e r  t o  t o p i c a l l y  

a p p l i e d  NA,

There  i s  a d e q u a t e  e v i d e n c e  t h a t  i n  t h e  b r a i n  NA p r o d u c e s  a 

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

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

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

( F i g ,  1 3 ) are  s i m i l a r  t o  t h o s e  o f  Wahl e t  a l  ( 1 9 7 2 )  i e ,  a d o s e -  

d e p endent  c o n s t r i c t i o n  o f  s p i n a l  p i a l  vess^ els  o c c u r s  i n  response,  

t o  m i c r o a p p i i c a t i o n  o f  NA.

Furtherm ore  o c - a d r e n e r g i c  b l o c k a d e  by p h e n t o l a m i n e  gave  

s i m i l a r  r e s u l t s  t o  t h a t  o f  K u s c h in s k y  & Wahl ( l 9 7 5 ) *  The manner 

i n  w h ich  p h e n t o l a m i n e  b l o c k e d  NA-induced c o n s t r i c t i o n  ( f i g .  I d )  

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

t h a t  t h e  r e s n o n s e  o f  t h e  v e s s e l s  t o  NA i s  m e d ia t e d  v i a  cc - a d r e n e r g i c  

v a s c u l a r  r e c e p t o r s .

Thus an a n a l g o u s  s i t u a t i o n  t o  t h e  b r a i n  o c c u r s  a l s o  i n  t h e  

s p i n a l  c o r d .  N o r a d r e n e r g i c  i n n e r v a t i o n  o f  s n i n a l  p i a l  and i n t r a ­

parenchymal  v e s s e l s  has b e e n  shown t o  e x i s t ,  (Ohgt.ishi I 9 6 8 , 

E d v i n s s o n ,  p e r s o n a l  c om m unicat ion  1977)  and v a s c c n s t r i c t o r y  

r e s p o n s e s  t o  t o p i c a l l y  a o u l i e d  NA o c c u r s .  A l th o u g h  no e x p e r i m e n t s  

i  nve s t  i  g a t  i n g /
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i n v e s t i g a t i n g  t h e  e f f e c t  o f  s y m p a t h e t i c  s t i m u l a t i o n  on SCBF 

have  be e n  c a r r i e d  o u t ,  f t  would seem t h a t  t h e  argumento p e r t a i n i n g  

t o  t h e  •D oss ib le  n e u r o g e n i c  c o n t r o l  o f  t h e  c e r e b r a l  c i r c u l a t i o n  

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

The r e s u l t s  o f  t h i s  s t u d y  l e n d  su p p ort  t o  t h e  pr om ise  t h a t  

t h e  NA m ed ia te d  d e c r e a s e  i n  SCBF r o n o r te d  i n  t h e  n r e v i o u s  s tu d y  

ar e  d u e ,  a t  l e a s t  i n  r.'art, t o  a d i r e c t  v a s o c o n s t r i c t o r  a c t i o n  o f  

NA ,m edia ted  v i a  v a s c u l a r c x . - a d r e n e r g i c  r e c e p t o r s .
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P A R T  IV

The e f f e c t  o f  i n t r a s o i r i a l  i n j e c t i o n s  o f  N o r a d r e n a l i n e  on 

t h e  h i c t o l o r i c c a l  ao n e a r o n c e  o f  t h e  c o r d .
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MAT̂ CRIALS arid METHODS

E ig i i t  i m s e l e c f c e d  c a t s  w e i g h i n g  be tween  2 .4  and 4 »î? Kg. were

u s e d  i n  t h e  e x p e r i m e n t s . F i v e  c a t s  were u s e d  t o  s t u d y  t h e  

e f f e c t s  o f  s e v e r a l  c o n c e n t r a t i o n s  o f  NA i n j e c t e d  i n t r a - m e d u l l a r y  

upon t h e  h i s t o l o g i c a l  ap p e ar an c e  o f  t h e  s p i n a l  c o r d .  The e f f e c t  

o f  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  NA u s e d  i n  t h i s  s t u d y  (35  u g / 2 0  ^ 1 )  

upon s p i n a l  cord h i s t o l o g y  i n  t h r e e  c a t s  p r e t r e a t e d  w i t h  t h e  

u p t a k e  b l o c k e r ,  d e s i p r a m i n e ,  was i n v e s t i g a t e d .

A n a e s t h e s i a  was in d u c e d  w i t h  a minimal  d o s e  o f  t h i o p e n t o n e  

and m a i n t a i n e d  w i t h  a 1,% s o l u t i o n  o f  a l p h a c h l o r a l o s e  ( 6 C mg/Kg I V ) ,  

E n d o t r a c h e a l  i n t u b a t i o n  %;as performed and a n i t r o u s  o x i d e /

o xyge n  m i x t u r e  was d e l i v e r e d  t h r o u g h  a r e s p i r a t o r y  pump. The r a t e  

and vo lume o f  t h e  pump was a d j u s t e d  t o  m a i n t a i n  n o r m o ca r b ia  

(paCOg 32 mm.Hg.) d u r i n g  s u r g e r y  and t h e  s u b s e q u e n t  m a n i p u l a t i o n s  

M uscle  r e l a x a t i o n  was a c h i e v e d  w i t h  s u c c i n y l c h o l i n e  ( l  mg/kg I V ) ,

One f e m o r a l  v e i n  was cannulated .  f o r  t h e  a d m i n i s t r a t i o n  o f  

a n a e s t h e t i c  and o t h e r  d r u g s .  A f e m o r a l  a r t e r i a l  c a n n u l a  was 

i m p l a n t e d  t o  a l l o w  t h e  e l e c t r o m a n o r n e t r i c  measurement o f  a r t e r i a l  

b l o o d  p r e s s u r e  and f o r  t h e  removal  o f  b lo o d  s a m p le s  which  were  

a n a l y s e d  f o r  paCO^, pOg, pH and b a s e  d e f i c i t .  Any s i g n i f i c a n t  

b a s e  d e f i c i t  was c o r r e c t e d  w i t h  6 . 4/3 sodium b i c a r b o n a t e  g i v e n  by  

s l o w  i n t r a v e n o u s  i n j e c t i o n .  R e c t a l  t e m p e r a t u r e  was measured  

w i t h  a mercury  the rm om ete r  and h e a t i n g  lamps were  u s e d  t o  m a i n t a i n  

t h e  t e m p e r a t u r e  b e t w e e n  37 — 3 0^0 .

The an im al  was p l a c e d  i n  s t e r n a l  recumbency and a 3 -  l e v e l  

d o r s a l  l a m in e c to m y  was per form ed t o  e x p o s e  t h e   ̂ and

 ̂ s e g m e n t s  o f  t h e  s p i n a l  c o r d .  The bone  was s e a l e d  w i t h  bone  

wax and e p i d u r a l  f a t  removed.

The c a t  was t h e n  s u s p e n d e d  i n  t h e  f o l l o w i n g  way.  Two 

S te in m an  p i n s  were  i n s e r t e d  t h r o u g h  a p p r o p r i a t e  d o r s a l  s p i n e s  

a n t e r i o r  and p o s t e r i o r  t o  t h e  o p e r a t i o n  s i t e .  T h ese  p i n s  were  

a t t a c h e d  t o  2 s t e e l  b a r s ,  one on e ac h  s i d e  o f  t h e  a n i m a l ,  ar r an ge d  

p a r a l l e l  t o  i t s  l o n g i t u d i n a l  a x i s .  The b a r s  were s u p p o r t e d  by  

r e t o r t  s t a n d s  b o l t e d  t o  t h e  o p e r a t i n g  t a b l e .  T h i s  arrangement  

e f f e c t i v e l y /



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

movements t o  t h e  s p i î i a l  c o r d .

The s k i n  margins  o f  t h e  o r i g i n a l  i n c i s i o n ,  were  s u t u r e d  t o  

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

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

was m a i n t a i n e d  a t  38°C by c o n t r o l l i n g  e i t h e r  t h e  f l o w  r a t e  or  

t h e  t e m p e r a t u r e  o f  t h e  o i l .

S m a l l ,  l a t e r a l l y  p l a c e d  i n c i s i o n s  were  made i n  t h e  e x p o s e d  

dura  by g e n t l y  and r e p e a t e d l y  s t r o k i n g  a s m a l l  a r e a  o f  t h e  dura  

w i t h  t h e  t i p  o f  a s c a l p e l  b l a d e *  These  i n c i s i o n s  were perform ed  

under  t h e  b a t h  o f  warmed m in e r a l  o i l .

When s u r g e r y  was c o m p l e t e ,  a 2  ̂ s o l u t i o n  o f  Evans b l u e  dye  

w i t h  5 /  F r a c t i o n  V b o v i n e  a lbum in  (FiBA) made up i n  normal  s a l i n e  

was. a d m i n i s t e r e d  by  s l o w  i n t r a v e n o u s  i n j e c t i o n  a t  a d o s a g e  o f  

3 m l / k g .

S p i n a l  i n j e c t i o n s  wore perform ed u s i n g  sh ar p e n e d  g l a s s  

m i o r o p i p e t t e s • T h ese  were  s i m i l a r  t o  t h o s e  d e s c r i b e d  i n  an 

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

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

15 pm, ( T h e i r  m an u fac tu r e  i s  d e s c r i b e d  i n  Appendix  2 ) The

p i p e t t e s  were  g r a d u a t e d  so  t h a t  t h e  volume o f  s o l u t i o n  i n j e c t e d  

c o u ld  be a s s e s s e d  at  any t im e  d u r i n g  t h e  i n j e c t i o n  p e r i o d .

T e s t  s o l u t i o n s  were prepared  by d i s s o l v i n g  n o r a d r e n a l i n e  

h y d r o c h l o r i d e  i n  a r t i f i c i a l  CSP, The i o n i c  c o n t e n t  o f  CSP, 

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

t h e  p i p e t t e s  has been  d e s c r i b e d  e a r l i e r .

The vo lume o f  CSP employed  i n  each i n j e c t i o n  was 20 ^il,  

c o n t a i n i n g  e i t h e r  5? 1 2 ,  15» 30 or  35 NA. The e f f e c t  o f  20 j i l  

CSP a l o n e  on s p i n a l  cord  h i s t o l o g y  was a l s o  a s s e s s e d .

The i n j e c t i o n s  were c a r r i e d  out  as  f o l l o w s  -  a p i p e t t e  was 

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

and t h e  h o l d e r  mounted on a m ic r o m a n ip u la t o r  ( N a r a s h i g i ) .  The 

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

i n s e r t e d  i n t o  t h e  g r e y  m a t t e r  o f  t h e  s p i n a l  c o r d ,  20 jfil o f  t h e  

t e s t /
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t e s t  s o l u t i o n  wo.s i n j e c t e d ,  t h e  r a t e  o f  i n j e c t i o n  b e i n g  

c o n t r o l l e d  m a n u a l l y .  Not more t h a n  2 i n j e c t i o n s  were  performed  

at  eac h  lam in e c to m y  s i t e .

D e s i p r a m i n e  p r e t r e n t e d  c a t s  wore p r e p a r e d  i n  an i d e n t i c a l  

manner t o  t h a t  d e s c r i b e d  above ,  w i t h  t h e  e x e c u t i o n  t h a t  f o l l o w i n g  

ÏÏBA a d m i n i s t r a t i o n ,  d e s i p r a m i n e  was a d m i n i s t e r e d  a t  a d o s a g e  o f  

2 mg/Kg, g i v e n  by s l o w  i n t r a v e n o u s  i n f u s i o n  o v e r  30 m i n u t e s T h e  

e f f e c t  o f  i n j e c t i o n  o f  35 NA i n  20 j i l  was i n v e s t i g a t e d  in  t h e s e  

a n i m a l s .  I n j e c t i o n s  i n  t h e s e  c a t s  commenced 30 m in u te s  a f t e r  

t e r m i n a t i o n  o f  d e s i p r a m i n e  i n f u s i o n .

Two hours  a f t e r  t h e  l a s t  i n j e c t i o n  was made, t h e  a n i m a l s  were  

g i v e n  1 , 0 0 0  u n i t s  o f  H en ar in  i n t r a v e n o u s l y . The l e f t  t h o r a c i c  

w a l l  was i n c i s e d  and t h e  a o r t i c  ar c h  vjas c a n n u l a t e d  i n  an 

o r t h o g r a d e  d i r e c t i o n .  A t w o - s t a g e  p e r f u s i o n  v a s  perform ed  

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

m i x t u r e .  The weak f i x a t i v e  was a d m i n i s t r e r e d  at  a t e m p e r a t u r e  o f  

37°C and t h e  s t r o n g  a t  a p u r o x i m a t e l y  4°C (Karnovsky 1 9 6 5 ) ,  A 

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

and e x c e s s  f i x a t i v e .  P e r f u s i o n  p r e s s u r e  was m a in t a i n e d  a t  or up 

t o  10 rnm. Hg, above  t h e  mean a r t e r i a l  b l o o d  o r e s s u r e  measured  

t h r o u g h  t ne a r t e r i a l  c a n n u l a .

The c o r d s  were removed 2 hours  a f t e r  p e r f u s i o n  and f u r t h e r  

f i x e d  i n  2.5/'- g l u t a r a l d e h y d e  o v e r n i g h t .  1 mm"̂  b l o c k s  o f  s p i n a l  

g r e y  m a t t e r  were  t a k e n  from e a c h  i n j e c t i o n  s i t e  and c o n t r o l  b l o c k s  

were  removed from c a u d a l  t h o r a c i c  s e g m e n t s .  T h ese  were o s m i c a t e d ,  

d e h y d r a t e d  and embedded i n  Epon.  1 jim s e c t i o n s  were c u t  and s t a i n e d  

w i t h  t o l u i d i n e  b l u e .
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RESULTS

a )  A t o t a l  o f  t h i r t y - t w o  i n t r a s p i n a l  i n j e c t i o n s  were  

p e r fo r m e d .  N ine  i n j e c t i o n s  were  made w i t h  CSP a l o n e ,  f i v e  w i t h  

5 Jig HA, n i n e  w i t h  e i t h e r  12 or  15 Jig NA and n i n e  w i t h  e i t h e r  

30 or  35 ML' NA i n c l u d e d  i n  t h e  i n j e c t  a t e .  The mean i n j e c t i o n  

t im e  was 132 1 37 s e c s  (x  -  SD) w i t h  a range  50 -  216 s e c s ,  Mean 

a r t e r i a l  b l o o d  p r e s s u r e  was 124 -- 7 mm, Hg (x -■ S D ) .  Tntraspina/1  

i n j e c t i o n  had no e f f e c t  upon b l o o d  p r e s s u r e .  There wan no e v i d e n c e  

o f  g r o s s  PBA e x t r a v a s a t i o n  when t h e  i n j e c t i o n  s i t e s  were examined  

p r i o r  t o  p r e p a r a t i o n  f o r  m ic r o s c o n y  e x c e p t  in  one c a s e  where  

haemorrhage  and EBA e x t r a v a s a t i o n  had o c c u r r e d  as  a foca! .  c i r c u l a r  

a r e a  w i t h i n  w h i t e  m a t t e r .

S e c t i o n s  o f  c a u d a l  t h o r a c i c  s egm ents  were t a k e n  t o  s e r v e  as  

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

normal i n  t h e s e  a r e a s  ( P i g .  1 5 ) •  O c c a s i o n a l  e r y t h r o c y t e c  cou ld  bo 

s e e n  i n  some b l o o d  v e s s e l s  but  i n  g e n e r a l  t h e  c l e a r i n g  o f  v e s s e l  

lu m in a  by t h e  p e r f u s i o n  f i x a t i o n  t e c h n i q u e  was good,. O c c a s i o n a l  

a r t i f a c t u e . l  e n l a r g e m e n t s  o f  p e r i v a s c u l a r  s p a c e s  were  ob s e r v ed  

o t h e r w i s e  no a b n o r m a l i t i e s  were  p r e s e n t .

E f f e c t  o f  OSF i n j e c t i o n s : The e f f e c t  o f  20 j i l  i n j e c t i o n s  o f

CSP on t h e  h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  cord  was v a r i a b l e .  In  

t h r e e  i n j e c t i o n  s i t e s  no a b n o r m a l i t i e s  were o b s e r v e d .  .Tn 5 i n j e c t i o n  

s i t e s  t h e  most common ap p e a r a n c e  was t h a t  o f  oedema.  There  was 

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

p e r i n e u r o n a l  a s t r o c y t i c  s w e l l i n g .  Where t h e  i n j e c t i o n s  were  made 

a t  g r e y / w h i t e  m a t t e r  j u n c t i o n s ,  t h e  w h i t e  m a t t e r  a l s o  showed 

e v i d e n c e  o f  oedema ( P i g .  1 6 ) .  A few n e u r o n e s  were p a l e  s t a i n i n g  

w i t h  l o s s  o f  p e r i p h e r a l  H i s s l  s u b s t a n c e  and o c c a s i o n a l l y  d a r k l y -  

s t a i n e d  shrunk en  v a c u o l a t e d  n e u r o n e s  were  o b s e r v e d .  The a r e a s  

where t h e  d e s c r i b e d  c h a n g e s  o c c u r r e d  were f o c a l  and w e l l  d e f i n e d .  

O utw ith  t h e s e  a r e a s  t h e  s u i n a l  cord  a r c h i t e c t u r e  was n o r m a l .  In  

one c a s e  where an i n j e c t i o n  was made i n t o  w h i t e  m a t t e r ,  haemorrhage  

and oedema was o b s e r v e d  ( F i g .  1 7 ) .

E f f e c t  o f  5 ^ig NA i n j e c t i o ns : /



E f f e c t  o f  5 Ji/T NA i n j e c t i o n s  : I n j e c t i o n  s i t e s  r e c e i v i n g  CSF

c o n t a i n i n g  5 p f  NA showed no o b s e r v a b l e  d i f f e r e n c e s  from s i t e s  

r e c e i v i n g  CSF a l o n e .  Three  a r e a s  appeared normal and two showed  

e v i d e n c e  o f  oedema as  d e s c r i b e d  a b o v e .

E f f e c t  o f  1? " 15 nr. NA i n j e c t i o n s :  Three  i n j e c t i o n s  w i t h

12 Jig NA i n  CSF were made.  Two s i t e s  showed no d i f f e r e n c e  from 

c o n t r o l  s e c t i o n s .  I n - t h e  r e m a i n i n g  i n j e c t i o n ,  a vo lume o f  /jO p.l  

CSF was i n j e c t e d  i n t o  t h e  s p i n a l  cord parenchyma i n  50 s e c s .

The e f f e c t  was t o  c r o a t e  an a r e a  o f  c a v i t a t i o n  a t  t h e  i n j e c t i o n .  

There  was c o m p r e s s i o n  o f  cord t i s s u e  a t  t h e  p e r i p h e r y  o f  t h e  

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

oedema w i t h  s w e l l i n g  o f  n e u r o g l i a ]  e l e m e n t s  and sh r u n k en ,  

v a c u o l a t e d ,  d e g e n e r a t i n g  n e u r o n e s  (Fig. .  1<3), F i g .  19 i l l u s t r a t e s  

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

was t y p i c a l  o f  t h e  grey  m a t t e r  appearance  s u r r o u n d i n g  t h e  c a v i t y .

Of t h e  s i x  i n j e c t i o n s  made, u t i l i s i n g  a c o n c e n t r a t i o n  o f  

15 Jig NA i n  20 j i l  CSP, t h r e e  s i t e s  showed no e v i d e n c e  o f  

h i s t o l o g i c a l  change® The r e m a i n i n g  t h r e e  s i t e s  showed p e r i v a s c u l a r  

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

e v i d e n t  w i t h i n  t h e  n e u r o p i l .  F i g .  20 i l l u s t r a t e s  t h i s  a p p e a r a n c e .  

N e u r o n a l  c h a n g e s  o f  t h e  k i n d s  d e s c r i b e d  e a r l i e r  were m in i m a l .

As w i t h  t h e  p r e v i o u s  i n j e c t i o n s ,  t h e s e  a r e a s  o f  oedema, were w e l l  

d e f i n e d ,  f o c a l  a r e a s  s u r r o u n d e d  by normal s p i n a l  c or d  t i s s u e <

E f f e c t  o f  30 -  35 u r  NA i n j e c t i o n s : The e f f e c t s  o f  i n j e c t i o n s  o f

30 or  35 y ig  NA were  e s s e n t i a l l y  s i m i l a r  t o  t h o s e  o f  t h e  p r e c e d i n g  

g r o u p s .  Of t h e  t h r e e  s i t e s  i n t o  w h ich  30 jag HA i n  OS? was 

i n j e c t e d ,  two ap p e a r e d  h i s t o l o g i c a l l y  normal ( F i g .  2 1 )  and one  

showed m oderate  oedema w i t h  p a l e  s t a i n i n g  n e u r o n e s  e x h i b i t i n g  l o s s  

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

S i x  s i t e s  were i n j e c t e d  v n t h  35 u g  NA i n  CSF. Four appeared  

normal and two showed t h e  oedematous  p i c t u r e  p r e v i o u s l y  d e s c r i b e d  

f o r  t h e  i n j e c t i o n s  i n v o l v i n g  CSP a l o n e .  F i g .  22 i l l u s t r a t e s  a 

t y p i c a l  e x a m p le .

b ) /



b ) E f f e c t  o f  C3F and 35 P-k NA i n  CSF i n j e c l i o n c  on t h e

s p i n a l  c o r d s  o f  D e n i n r a mine nre ~ t r e a t e d  a n i m a l s ..

A t o t a l  o f  16 i n j e c t i o n s  were made i n  t h e s e  a n i m a l s .  S i x  

i n j e c t i o n s  u t i l i s e d  t h e  i n j e c t i o n  o f  20 j i l  o f  CSF a l o n e  and t e n  

i n j e c t i o n s  wore made w i t h  35 NA i n  20 jj.l CSF. The mean t im e  

f o r  i n j e c t i o n  o f  t h i s  volume was 118 ~  10 s e c s  ( x  -  SD) w i t h  s, 

range  o f  90 -  130 s e c s .  Mean r e s t i n g  a r t e r i a l  b lood  p r e s s u r e

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

] 2 8  -  11 mm.Hg, (x  -  S D ) .  F o l l o w i n g  a d m i n i s t r a t i o n ,  t h e  mean

p r e s s u r e  d i d  not  d i f f e r  s i g n i f i c a n t l y  from t h i s  mean (122  -  9 mm.Hg).

C o n t r o l  s e c t i o n s ,  t a k e n  from cau d a l  t h o r a c i c  s e g m e n t s  o f  t h e  

c o r d , w e r e  h i s t o l o g i c a l l y  nor m al .  Of t h e  s i x  i n j e c t i o n s  made w i t h  

CSF a l o n e ,  f o u r  s i t e s  showed e normal h i s t o l o g i c a l  a p p e a r a n c e .

The r e m a i n i n g  two s i t e s  s}:owed e v i d e n c e  o f  oedema i r i t h  p e r i v a s c u l a r  

and p e r i n e u r o n a l  a s t r o c y t i c  s w e l l i n g  as  p r a v i c u s l y  d e s c r i b e d  f o r  

CSF i n j e c t i o n s  i n  t h e  n o n - t r e a t e d  a n i m a l s .  Neurona l  changes  were  

minimal

The e f f e c t  o f  i n j e c t i o n s  o f  35 Jhl NA i n  CSF was a l s o  v a r i a b l e .

Of t e n  s i t e s  i n  w h ich  i n j e c t i o n s  were p er form ed ,  s e v e n  shor-’cd no 

s i g n  o f  h i s t o l o g i c a l  a b n o r m a l i t y  ( F i g .  2 3 ) ,  w h i l e  i n  t h r o e  s i t e s  

oedema w i t h  p e r i n e u r o n a l  and p e r i v a s c u l a r  s w e l l i n g  was e v i d e n t .

( F i g s .  24 a ) ,  b )  & c ) ) .
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D i s c u s s i o n

In  t h e  c o u r s e  o f  e x p e r i m e n t s  d e s i g n e d  t o  t e s t  t h e  h y p o t h e s i s  

t h a t  HA was an im p o r t a n t  f a c t o r  i n  t h e  p a t h o g e n e s i s  o f  t h e  

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

c o r d .  O ste r h o lm  & Hathews ( 19 7 2 a )  and h i l l  & O ste r h o lm  ( 1 9 7 3 )  

i n j e c t e d  HA d i r e c t l y  i n t o  t h e  cord  and examined t h e  e f f e c t s  

h i s t o l o g i c a l l y .  They n o t e d  t h a t  i n j e c t i o n s  o f  35 Jig and 100 j ig  

ÎÎA g i v e n  i n  a volume o f  10 p.\  s a l i n e  o v e r  5 mins c a u s e d  l e s i o n s  o f  

a s i z e  4*69 and o f  t h e  c r o s s - s e c t i o n e d  cord  r e s p e c t i v e l y .

Areas  o f  haemorrhage  and n e c r o s i s ,  l o c a l i s e d  about  t h e  n e e d l e  t i p  

(3 5  / ig )  and s p r e a d i n g  2 mm o v e r  g r e y  m a t t e r  (1 0 0  j i g ) , were found  

i n  s p e c im e n s  i n j e c t e d  w i t h  HA, C o n tr o l  a n im a l s  i n j e c t e d  w i t h  

s a l i n e  a l o n e  were found t o  e x h i b i t  some oedema and l a k i n g  but no 

c e n t r a l  h a e m o r r h a g e s .  The t e c h n i q u e  o f  intrc'ppinoJ.  m i c r o i n j e c t i o n  

u t i l i s e d  was t h a t  d e v e l o p e d  by 3 i n h a ,  Duckcr A P e r o t  ( 1 9 7 1 ,  1973)»

In t h e  p r e s e n t  s t u d y ,  i n j e c t i o n  o f  HA o v e r  a %'ange o f  5 ~ 35 Jig 

d i d  not  produce  t h e  c e n t r a l  haemorrhage and n e c r o s i s  o b t a i n e d  by 

t h e  above  a u t h o r s .  The most prominent  change  was oedema,  wh ich  was 

a l s o  p r e s e n t  i n  c o n t r o l  a r e a s  i n j e c t e d  w i t h  C3F a l o n e .  In  o n l y  

one c a s e  was haemorrhage s e e n .  T h i s  was most l i k e l y  due t o  d i r e c t  

t rauma t o  i n t r a s p i n a l  v e s s e l s  by t h e  p i p e t t e  t i p .  The p r e s e n c e  o f  

oedema i n  t h e  p r e s e n t  s t u d y  i s  most p r o b a b ly  a, f u n c t i o n  o f  t h e  

volume o f  i n j e c t a t e  g i v e n  and t h e  t im e  o v e r  w h ich  i t  x;as admin­

i s t e r e d .  O s te r h o lm  ( 1 9 7 4 )  s t a t e d  t h a t  i f ) >  10 j i l / r n in  o f  s o l u t i o n  

i s  g i v e n ,  i n j e c t i o n  trauma r e s u l t s  i n  h i s t o p a t h o l o g i c a l  ch an ge s  

s i m i l a r  t o  t h o s e  f o l l o w i n g  b l u n t  i n j u r y .  T h is  was not  found t o  be  

t h e  c a s e  i n  t h i s  s t u d y .  I n d e e d ,  i n  one s i t e  where 12 jug HA was 

g i v e n  i n  a volume o f  AO p i  CSF o v e r  ^0  s e c s ,  no haem orr l iag ic  

n e c r o s i s  o c c u r r e d .  R a t h e r ,  an a r e a  o f  c a v i t a t i o n  w i t h  s u r r o u n d i n g  

s e v e r e  oedema was s e e n .  I t  c o u l d  be p o s t u l a t e d  t h a t  t h e  e x c e s s  

i n t e r s t i t i a l  f l u i d  i n t e r f e r e d  w i t h  t h e  normal p a s s a g e  o f  oxygen  from 

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

a t i o n  o f  t h e  n e u r o n a l  e l e m e n t s ,  (B lackwood I 9 6 7 ) a  f e a t u r e  s e e n  i n  

t h i s  s i t e .  O s t e r h o lm  ( 1 9 7 2 a )  found oedema and l a k i n g  i n  i l l s  c o n t r o l  

a n i m a l s /



anin;ali5 2 ho a r s  a f t e r  t h e  i n j e c t i o n  o f  .10 pJ. s a l i n e  e v e r  a  

5 rninirto p e r iod , .  The f o r m a t i o n  o f  oedema i n  c o r d s  i n  t h e  p r e s e n t  

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

t i m e s  and v o l u m e s .

The g r e a t  d i s p a . r i t y  i n  r e s u l t s  be tween t h e  ore  s e n t  work a,nd 

t h o s e  o f  O sterho lm  & Mathews ( 1 972a )  and H i l l  à  O s te r h o lm  (1 9 7 3 )  

i s  d i f f i c u l t  t o  e x p l a i n  s a t i s f a c t o r i l y .  K a k a r i , De C r e s c i t o ,  

Tomasulaj  Flamni & Campbell  ( 1 9 7 3 )  performed i n t r a s p i n a l  i n j e c t i o n s  

o f  HA i n  c a t s  and n o t e d  t h a t  h aem orrhag ic  n e c r o s i s  appeared  not  

o n l y  i n  c o r d s  r e c e i v i n g  35 Ug HA i n  s a l i n e  but a l s o  in  t h o s e  

r e c e i v i n g  an e q u a l  volume o f  s a l i n e  a l o n e .  The e x t e n t  o f  t h e  

h a e m orr h ag ic  n e c r o s i s  was how ever  g r e a t e r  in  t h e  form er  group .

Two p o i n t s  o f  d i f f e r e n c e  e x i s t  b e tw e e n  t h e s e  s t u d i e s  and t h e  p r e s e n t  

o n e .  Sharpened g l a s s  m i c r o p i p e t t e s  o f  15 urn OD wore u s e d  i n  t h e  

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

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

c or d  by t h e  l a r g e r  n e e d l e  i s  g r e a t e r .  Moreover ,  t h e  s e i n e  must be  

h e l d  a b s o l u t e l y  r i g i d l y  or r e s p i r a t o r y  movements o f  t h e  cord would  

e x a c e r b a t e  t h e  trauma o f  i n j e c t i o n ,  I)i s u c h  a s i t u a t i o n  i t  would  

not  be s u r p r i s i n g  i f  a  p o t e n t  v a s o c o n s t r i c t o r  s u b s t a n c e  l i k e  NA 

i n c r e a s e d  t h e  e x t e n t  o f  damage e l i c i t e d  by  n e e d l e  t rau m a.

S e c o n d l y ,  t h e  v e h i c l e  u s e d  f o r  NA i n j e c t i o n  i n  t h e  o t h e r  s t u d i e s  

was s a l i n e .  In t h e  p r e s e n t  e x p e r i m e n t s  a r t i f i c i a l  CSP was u s e d ,  

P o l lo w d n g  a d d i t i o n  o f  NA t o  t h e  CSP, t h e  pH o f  t h e  s o l u t i o n  was 

a d j u s t e d  t o  7*15 t o  e l i m i n a t e  p o s s i b l e  e f f e c t s  o f  e x tr e m e  pH. In t h e  

o t h e r  s t u d i e s  no m en t ion  o f  b u f f e r i n g  t h e  N A / s a l i n e  s o l u t i o n  was 

made.  The s o l u t i o n  i n j e c t e d  i n  t h e s e  s t u d i e s  must t h e r e f o r e  have  

been  v e r y  a c i d i c .  The c u m u l a t i v e  e f f e c t  o f  tra,u.ma, ex tr e m e  low pH 

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

The l a c k  o f  h i s t o p a t h o l o g i c a l  change  t o  i n j e c t e d  HA i n  t h e  

p r e s e n t  e x p e r i m e n t s  would s u g g e s t  t h a t  e i t h e r  NA d o e s  n o t  c a u s e  

t h e  d e v e lo p m e n t  o f  h ae m orr h ag ic  n e c r o s i s  or  t h a t  t h e  e x oge n ou s  

NA i s  r e n d e r e d  i n a c t i v e  by a v i d  n e u r o n a l  u p t a k e .  No e v i d e n c e  o f  

h a e m orr h ag ic  n e c r o s i s  was s e e n  2 hours  a f t e r  i n t r a p s i n a l  i n j e c t i o n  

o f  35 NA i n  a n i m a l s  i n  w h ic h  n e u r o n a l  u p ta k e  b l o c k a d e  by  

d e s i p r a m i n e  had b e e n  i n d u c e d .

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

i s  n o t /



in  not  by i t s e l f  r e s p o n s i b l e  f o r  t h e  d e ve lop m e n t  o f  r iaemorrhagic  

n e c r o s i s  t y p i c a l  o f  a c u t e  b l u n t  i n j u r y  t o  t h e  s p i n a l  cord.,.
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The E f f e c t  o f  NoPE.rlrenal ine on t h e  h i s t o l o q i c a l  an p oe r an c e  

o f  t h e  s n i n a l  c o r d  a , f t e r  h lo oà-cor-d  h a r r i e r  d i s r u p t i o n  w i th  u r e a



MATERIALS and METHODS

6 u n s e l e c ' t e d  c a t s  w e i g h i n g  between 2 and 4 Kg were  used  

f o r  t h e  e x p e r i m e n t s .  A n a e s t h e s i a  was induced  w i t h  a minimal  d o s e  

o f  t h i o p e n t o n e  and m a i n t a i n e d  d u r i n g  s u r g e r y  w i t h  a 5 /̂- n i t r o u s  

o x i d e / o x y g e n  m i x t u r e  and 0 , 5  -  l /  H a lo thane*  The m ix t u r e  was 

d e l i v e r e d  t h r o u g h  a r e s p i r a t o r y  pump whose r a t e  and vo lume were  

a d j u s t e d  t o  m a i n t a i n  n or m ocar b ia  (paCO^=f^ 32 mm.Hg.) ,  On 

c o m p l e t i o n  o f  t h e  o p e r a t i v e  p r o c e d u r e s ,  t h e  H a lo t h a n e  Wcus 

d i s c o n t i n u e d  and a n a e s t h e s i a  m a i n t a i n e d  w i t h  19 a l p h a c h l o r a l o s e  

( 6 0  mg/Kg I V ) .

One f e m o r a l  v e i n  was c a n n u l a t e d  f o r  t h e  a d n i i n i s t j ' a t i o n  o f  

a n a e s t h e t i c  and o t h e r  d r u g s .  Both f em o r a l  a r t e r i e s  were c a n n u l a t e d ,  

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

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

p r e s s u r e  and t h e  removal  o f  b l o o d  f o r  t h e  a n a l y s i s  o f  paOO^, 

paOg and pH, Any s i g n i f i c a n t  b a s e  d e f i c i t  was c o r r e c t e d  w i t h  an 

8 , 4 9  s o l u t i o n  o f  sodium b i c a r b o n a t e  a d m i n i s t e r e d  i n t r a v e n o u s l y / .

R e c t a l  t e m p e r a t u r e  was measured w i t h  a mercury  therm om eter  and 

t h e  te .m peratu rc  m a i n t a i n e d  w i t h i n  37 -  3 8^C by h e a t i n g  lam ps .

F o l l o w i n g  m i d l i n e  l a p a r o to m y  i n c i s i o n ,  a l l  b r a n c h e s  o f  t h e  

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

o f  t h e  lumbar a r t e r i e s ,  were l i g a t e d .  The abdom inal  s u r g e r y  

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

P i g ,  4 e x c e p t  t h a t ,  i n  t h i s  s e r i e s ,  t h e  p th  l e f t  lumbar a r t e r y  

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

s u b s t a n c e s  were  a d m i n i s t e r e d  was a d j u s t e d  s o  t h a t  i t s  t i p  was at  

t h e  l e v e l  o f  t h e  4 t h  lumbar a r t e r i e s .  The abdominal  i n c i s i o n  was 

t h e n  s u t u r e d  and t h e  an im al  placed,  i n  l a t e r a l  recu m bency .

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

s o l u t i o n  o f  Evans b l u e  dye w i t h  59 F r a c t i o n  7  b o v i n e  albumin  (EBA)

made up i n  normal s a l i n e  was a d m i n i s t e r e d  by s l o w  i n t r a v e n o u s  

i n j e c t i o n  a t  a  d o s a g e  o f  3 m l /K g .

a )  3 c a t s  p r e p a r e d  as  d e s c r i b e d  above  were  u s e d  t o  d e t e r m in e

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

c o r d ,  30 m in u t e s  a f t e r  t h e  a d m i n i s t r â t i o n  o f  EBA, 6 ml/Kg o f  3 or  3 o  M 

u r e a /



u r e a  vzas s t e a d i l y  g i v e n  o v e r  a p e r i o d  o f  5 m i n s , v i a  t h e  f em or a l

c a n n u la *  The a n i m a l s  were t h e n  l e f t  f o r  2 hours  a f t e r  w h ich

p e r f u s i o n  f i x a t i o n  was c a r r i e d  out  ( s e e  b e l o w ) .

b )  3 c a t s  were  u s e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  NA upon

s p i n a l  c o r d  histolo/^v* a f t e r  b l o o d - s p i n a l  cord  b a r r i e r  d i s r u p t i o n

in d u c e d  by t h e  i n t r a - a r t e r i a l  i n f u s i o n  o f  u r e a .  I m m e d i a t e l y

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

i n  a ) ,  2 jag NA/Xg/min .  was d e l i v e r e d  v i a  t h e  a r t e r i a l  cannula*

( T h i s  v a l u e  a p u r o x i m a t e s  c l o s e l y  by w c i g h t  t o  t h e  h i g h e r  d o s e  o f

NA g i v e n  t o  t h e  dogs  i n  t h e  b l o o d  f l o w  s t u d i e s )  Two hours  a f t e r

t h e  t e r m i n a t i o n  o f  NA i n f u s i o n ,  p e r f u s i o n  f i x a t i o n  was c a r r i e d  out  «

P e r f u s i o n  f i x a t i o n  i n  each  o f  t h e  above  s e c t i o n s  was

p r e c e d e d  by t h e  i n t r a v e n o u s  i n j e c t i o n  o f  1 , 0 0 0  u n i t s  o f  H e p a r i n .

F i x a t i o n  i n  e a c h  an im a l  was c a r r i e d  out  as  f o l l o w s .  The l e f t  c h e s t

was opened and t h e  a o r t i c  ar c h  c a n n u l a t e d  i n  an o r t h o g r a d e

d i r e c t i o n .  A two s t a g e  p e r f u s i o n  was perform ed u s i n g  O.p D weak:

( a t  37°C) and 1,5^' s t r o n g  ( a t  4^C) p a r a f o r m a l d e l i y d e - g l u t a r a l d e h y d e

m ix t u r e  (Karnovsky  I 9 6 5 ) « P e r f u s i o n  p r e s s u r e  was m a in t a in e d  at

o r  up t o  10 mm. Hg,  above t h e  mean s y s t e m i c  a r t e r i a l  b l o o d  p r e s s u r e

as  measured t h r o u g h  t h e  f e m o r a l  a r t e r i a l  c a n n u l a .  The t o t a l

p e r f u s i o n  t im e  was about  Ip-RO m i n s . F o l l o w i n g  p e r f u s i o n ,  t h e

c o r d s  were removed a f t e r  2 hours  and f u r t h e r  f i x e d  i n  2 . 5 9
2

g l u t  a r a l d e h y d e  o v e r n i g h t ,  1 rnm' b l o c k s  were t a k e n  fi'om lumbar  

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

o c c u r r e d  ( a s  i n d i c a t e d  by b l u e  s t a i n i n g  o f  t h e  c or d  w i t h  E3A) 

and from c o n t r o l  b l o c k s  ( n o n - s t a i n c d )  t a k e n  from c a u d a l  t h o r a c i c  

s e g m e n t s .  T h ese  were  o s m i c a t e d ,  d e h y d r a t e d  and embedded i n  Epon 

as  o u t l i n e d  i n  Appendix  3« 1 ^m s e c t i o n s  were c u t  and s t a i n e d

w i t h  T o l u i d i n e  b l u e .

O ther  b l o c k s  were p r o c e s s e d  i n  t h e  h i s t o k e n e  and embedded i n  

p a r a f f i n  wax .  S e c t i o n s  c u t  at  8 u were s t a i n e d  w i t h  h a e m a t o x y l i n  

and e o s i n  (k/ e ) ,  c r e s y l  v i o l e t  and H a r t i u s  s c a r l e t  b l u e .

F u r t h e r  b l o c k s  were f r o z e n  i n  l i q u i d  n i t r o g e n ,  mounted on 

chucks  and s e c t i o n s  c u t  a t  10 p. on a c r y o s t a t .  The s e c t i o n s  were  

m ou n ted /
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mounted i n  g l y c e r o l  and examined i n  a f l u o r e s c e n t ,  m ic r o s c o p e

u s i n g  in c id e n t ,  i l l u m i n a t i o n ,  E x c i t e r  and ' b a r r i e r  f i l t e r s  were  

combined with, a c h r o m a t i c  beam s p l i t t e r .  The e x c i t e r  f i l t e r  

a l 1 owed p a s s a g e  o f  U7 l i g h t  o f  X b e low  SOO nm and t h e  b a r r i e r  f i l t e r  

a l l o w e d  X  oT' above  p26 nm t o  o a s s .

c j  An a d d i t i o n a l  c a t  was u s e d  t o  d e t e r m i n e  t h e  d i s t  ri. but  i o n  

o f  i n t r a - a r t e r i a l l y  i n j e c t e d  s u b s t a n c e s  i n  a n i m a l s  l i g a t e d  as  

d e s c r i b e d  a b o v e .  1 ml.  o f  Conray was i n j e c t e d  i n t r a - a r t o r i a l l y  

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

o f  t h e  4 t h  lumbar a r t e r i e s . The a n i m a l ,  l y i n g  i n  la b  e r a 1 

recumbency ,  was rad iogr .e p h ed ,  d u r i n g  t h e  i n j e c t i o n ,  u t i l i s i n g  a 

Fuclr r a p i d  f i l m  e x c h a n g e r  t o  t a k e  s e r i a l  f i l m s  o v e r  1 m in u t e .
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RESULTS

a)  The e f f e c t  o f  u r e a  on b lood nr es  s u r e . b l  ood-cord.  b a r r i y  r

and h i s t  o l o q i c a l  ao r e a r  an ce o f  t h e  s r l n a l  c; ôrd •

P o l l o w i n g  u r e a  a d m i n i s t r a t i o n ,  mean a r t e r i a l  b l o o d  p r e s s u r e
*4* / *“• *4* 'was 139 -  21 mm.Kg (x  -  SD j , a v a l u e  which was not  s i f m i f i  c a n l l y

d i f f e r e n t  from t h e  r e s t i n g  p r e - u r e a  a d m i n i s t r a t i o n  v a l u e

(1 3 7  -  16 mm.Hg),

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

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

s e g m e n t s .  Leakage o c c u r r e d ,  p r e d o m in a n t l y  in  t h e  g r e y  m a t t e r ,  

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

s c a t t e r e d ,  f o c a l ,  p u n c t a t e  a r e a s .  Some s t a i n i n g  wa.s a l s o  v i s i b l e  

on t h e  p i a l  s u r f a c e  v o n t r a l l y  and v e n t  r o l a t  o r a l l y , On f l u o r e s c e n c e  

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

m a in ly  a r t e r i e s ,  a r t e r i o l e s  and c a p i l l a r i e s ,  th o u g h  s m a l l  v e n u l e s  

a f f e c t e d .  ( P i g s ,  2f)a & b ) , The d e g r e e  o f  e x t r a v a s a t i o n  was s m a l l ,  

t h e  i n d i c a t o r  b e i n g  c o n f i n e d  m a in ly  t o  t h e  v e s s e l  w a l l  and 

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

Urea  had no e f f e c t  on t h e  h i s t o l o g i c a l  a p p e a r a n c e  o f  t h e  c o r d .  

The s e c t i o n s  o f  p a r a f f i n  embedded m a t e r i a l  appe ar e d  normal, .  

S i m i l a r l y  t h e  1 jim s e c t i o n s  staJ .ned w i t h  T o l u i d i n e  b l u e  were normal  

i n  a p p e a r a n c e . P i g ,  26 shows t h e  appe ar an c e  o f  a c o n t r o l  s e c t i o n  

from a n o n -  EBA s t a i n e d  b l o c k  t a k e n  from t h e  1 2 t h  t h o r a c i c  s e g n e n t .  

F i g ,  27 i l l u s t r a t e s  t h e  h i s t o l o g i c a l  ap p e ar an c e  from an EBA s t a i n e d  

b l o c k  o b t a i n e d  from t h e  lumbar c o r d  f o l l o w i n g  u r e a  a d m i n i s t r a i - i o n , 

No a b n o r m a l i t i e s  a r e  d e t e c t a b l e ,

b ) The e f f e c t  o f  NA on b l o o d  p r e s s u r e  and t h e  h i s t o l o g i c a l  

a r p e a r a n c e  o f  t h e  s n i n a l  cord, a f t e r  b l c o d - c o r d  b a r r i e r  d i s r u p t i o n •

A d m i n i s t r a t i o n  o f  NA f o l l o w i n g  b a r r i e r  d i s r u p t i o n  w i t h  u r e a

s i g n i f i c a n t l y  i n c r e a s e d  b l o o d  p r e s s u r e  from a mean o f  126 -  Ip

( x  -  SD) t o  172 -  13 mm,Hg (p ^  0 , 0 l ) ,  T h i s  peak was r e a c h e d

w i t h i n  2 - 3  mins o f  s t a r t i n g  t h e  NA i n f u s i o n .  The b l o o d  p r e s s u r e
+g r a d u a l l y  d e c l i n e d ,  t o  a  mean v a l u e  o f  I 45 -  13 mm,Hg d u r i n g  t h e  

NA i n f u s i o n /



NA i n f u s i o n  t i m e ,

Of t h e  th i ' c e  a n i m a l s  g i v e n  NA a f t e r  b l o o d - c c r d  b a r r i e r  

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

c h a n g e .  G e n e r a l i s e d  oedematous  s w e l l i n g  o f  c e l l  p r o c e s s e s  was 

t h e  prom inent  f e a t u r e  ( F i g ,  2 8 )  A number o f  b l o o d  v e s s e l s  were  

a l s o  o b s e r v e d  t o  c o n t a i n  e r y t h r o c y t i c  c lumos which  were  Vi;ainly 

c o n f i n e d  t o  c a p i l l a r i e s  and a r t e r i o l e s .  In t h i s  an im a l  c o n s i d e r a b l e  

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

A h i g h  p e r f u s i o n  p r e s s u r e  was n e c e s s a r y  to  i n f u s e  a r e a s o n a b l e  

VOlume o f  f i x a t  i v e ,

F i g ,  29 i l l u s t r a t e s  t h e  normal h i s t c l o / ; ' i c a l  ap p e a r a n c e  o f  t h e  

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

two a n i m a l s ,

c )  The d i s t r i b u t i o n o f  t h e  i n j e c t a t e  as  d e m o n s t r a t e d  bv  

a n g i o g r a u h y .

F i g ,  30 i l l u s t r a t e s  t h e  d i s t r i b u t i o n  o f  c o n t r a s t  media  i n j e c t e d  

i n t r a - a r t e r i a l l y .  The v e n t r a l  s p i n a l  a r t e r y  can  be c l e a r l y  s e e n .  

L i g a t i o n  o f  t h e  v e s s e l s  r e f e r r e d  t o  i n  an e a r l i e r  s e c t i o n  p r e v e n t s  

l o s s  o f  i n j e c t a t e  t o  abdom inal  or gans  ( w i t h  t h e  e x c e p t i o n  o f  t h e  

k i d n e y ) .
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DISCUSSION

a)  The c f f - . c t  o f  u r e a  en blond  u r c r s u r e . b l o c d  c:or'i 

"barricr anc h i s t  o] o ' - i c a l  a p p e s r a n c e  o f  t h e  c o r d

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

a . d m i n i s t r a t i o n  o f  u r e a  o c c u r r e d .  In p i l o t  s t u d i e s ,  (n o t  r e p o r t e d  

h e r e )  t h e  b o l u s  i n j e c t i o n  o f  2 , 5  u r e a  l e d  t o  a s e v e r e  and 

abrupt  r i s e  i n  b l o o d  p r e s s u r e  which was u n a c c e p t a b l e . f o r e o v e r ,  

on exam i7 ia t ion  o f  t h e  cord.,  b o t h  g r o s s l y  and by f l u o r e s c e n t  

m i c r o s c o p y ,  b a r r i e r  d i s r u u t i o n  vra,s e i t h e r  a b s e n t  or  v e r y  m in i m a l .

I t  i s  p r o b a b l e  t h a t  e x c e s s i v e  p r e s s u r e  was u s e d  d u r i n g  t h e  i n j e c t i o n  

and much o f  t h e  u r e a  was lo s î t  t o  o t h e r  t i s s u e s .  However, e. s l o w e r  

i n f u s i o n  o f  2 , 5  M u r e a  su c h  t l i a t  b l o o d  o r e s s u r e  was u n a f f e c t e d ,  

d i d  no t  a lw a y s  c a u s e  d i s r u p t i o n  o f  t h e  b a r r i e r .  A s lo w  i n f u s i o n  

o f  6 ml o f  3 ov  3 , 5  M u r e a  g i v e n  ov e r  a p e r io d  o f  5 was

found a d e q u a t e  t o  c a u s e  b a r r i e r  d i s r u p t i o n  in  a l l  c a s e s *  However,  

t h e  e x t e n t  o f  t h e  b a r r i e r  d i s r u p t i o n  as d e m o n s t r a t e d  by g r o s s  

e x t r a v a . s a t i o n  o f  IIBA was h i g h l y  v a r i a b l e  e ve n  w i t h i n  1 - 2  segm ents  

o f  t h e  c o r d .

The u r e a  had no e f f e c t  on t h e  h i s t o l c g i c o . l  a p p e a r a n c e  c f  t h e  

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

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

a c t i v e  a g e n t s  on s p i n a l  cord  f u n c t i o n ,

b ) The e f f e c t  o f  NA on b l o o d  o r e s s u r e  and t h e  h i s tole .mi c a l  

an u c a r a n c e  o f  t h e  s^^ina.1 cord  a f t e r  b l o o d- c o r d  b a r r i e r  

d i s r u p t i o n

The b l o o d  p r e s s u r e  r o s e  a p p r o x i m a t e l y  4 O mm.Kg, i n  e a c h  animal  

as  t h e  NA was i n f u s e d .  T h i s  i s  in  c o n t r a s t  t o  t h e  s i t u a t i o n  i n  t h e  

d o g  where t h e r e  was no s i g n i f i c a n t  change  i n  o r e s s u r e .  The b l o o d  

p r e s s u r e  i n  t h e  c a t s  r e t u r n e d  t o  r e s t i n g  va . lues  d u r i n g  t h e  c o u r s e  

o f  t h e  NA i n f u s i o n .  The c a t  apoes.rs  much more s e n s i t i v e  t o  

i n t r a - a r t e r i a l l y  a d .m in i s t e r e d  NA t h a n  t h e  d o g .

In  t h e  one an im al  i n  w h ic h  t h e r e  was e v i d e n c e  o f  p a t h o l o g i c a l  

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

p e r f u s i o n  f i x a t i o n .  I t  i s  p o s s i b l e  t h a t  d e l a y e d  f i x a t i o n , due  

t o  t h e  v a s o c o n s t r i c t i o n  i n d u c e d  by N A , r e s u l t e d  i n  t h e  oedematous  

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

However,  t h e r e  was no e v i d e n c e  o f  haemorrhage o,nd/or  

n e c r o s i s  o f  t h e  t y p e  t h a t  O sterho lm  end Methews ( 1 9 7 2 a )  produced  

by i n t r a s p i n a l  i n j e c t i o n s  o f  HA.

c )  The r a d i o g r a p h  ( F i g ,  3 0 ) shows t h e  d i s t r i b u t i o n  c f  a 

b o l u s  i n j e c t i o n  o f  c o n t r a s t  medium a d m i n i s t e r e d  i n t r a - a r t e r i a l l y ,  

The o u t l i n e  o f  t h e  v e n t r a l  s p i n a l  a r t e r y  i s  c l e a r l y  s e e n  s h ow in g  

t h a t  t h e  o r e p a r a t i o n  a l loi  rod t h e  i  nt r a - a r t  o r  i  a l 1y  a d m i n i s t e r e d  

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

i n  t h e  e x p e r i m e n t a l  s i t u a t i o n  wore g i v e n  at  a  much s l o w e r  r a t e .  

There  would not  be as  g r e a t  a l e s s  o f  t e s t  s u b s t a n c e  t o  t h e  

k i d n e y j  as  o c c u r r e d  i n  t h e  ang iogram .
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A d i s c u s s i o n  o f  t h e  n o s s i h i c  in v o lv e m e n t  o f  n o r a d r e n a l i n e  

i n  tl'.e r a t h o r e n e s i s  o f  acute-  su i n a l  tz  numa.
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Both ih o  l i g h t  crul e l e c t r o n  m icr o sc o p ic  appearance o f  

s p i n a l  cords  o f  v a r i o u s  s p e c i e s  a f t e r  e x p e r i m e n t a l ly  produced 

trauma have been r e p o r t e d .  (Oocdkin & Campbell , 1969» Duclcer 

lb.ndt & Kcnpe, 1971» baguer ,  Dohrman, Buoy, 1971 ) S tep w ise  

s e q u e n t i a l  changes  were observed  when cords  were examined at  

v a r i o u s  t im e s  a f t e r  i n j u r y  and a c l a s s i c a l  p i c t u r e  o f  p r o g r e s s i v e  

c e n t r a l  haemcri n ag ic  n e c r o s i s  i s  g e n e r a l l y  acc e i i t e d .  In 

a s s o c i a t i o n  w i th  th e  development o f  t h i s  l e s i o n ,  changes  in  

b lood  f low  occu r .  In the  grey  matter  th e r e  i s  a p r o g r e s s i v e  

d e c r e a s e  in SCBF from nori.'a.l pre-trauma v a l u e s ,  (iCobrine,

Doyle & Martins ,  .1973» Bingham, Goldman, Friedman, Murphy,

Yashon b H unt,  1973, G r i f f i t h s ,  1 9 7 6 ) .

O sterho lm  and h i s  c o l l e a g u e s  have  p r o p o s e d  a b i o c h e m i c a l  

t h e o r y  t o  c .xn la in  t h e  e v e n t s  f o l l o w i n g  i n j u r y .  T h e i r  c a t e c h o l a m i n e  

h y p o t h e s i s  s t a t e s  t h a t  e x c e s s i v e  q u a n t i t i e s  o f  NA ar e  s y n t h e s i s e d  

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

t raum a.  The accummulated amine i s  p r o g r e s s i v e l y  r e l e a s e d  from 

n e u r o n e s  i n t o  wounded t i s s u e ,  i n d u c i n g  a maximal t o x i c  vasospasm  

w h ic h  impedes  c i r c u l a t i o n ,  d i m i n i s h e s  l o c a l  o x y g e n a t i o n  and 

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

p i c t u r e  o f  hae m orr h ag ic  n e c r o s i s .  These  workers  i n v e s t i g a t e d  

t h e  e f f e c t  o f  .NA i n  t}ie f o l l o w i n g  ways:

a )  by m e a s u r i n g  s p i n a l  NA c o n c e n t r a t i o n s  b e f o r e  and a f t e r  

e x p e r i m e n t a l  i n j u r y  t o  t h e  cor d;

b )  by i n v e s t i g a t i n g  t h e  c a p a b i l i t y  o f  NA t o  produce  s o i n a l  

l e s i o n s :  and,

c )  by e v a l u a t i o n  o f  t h e  p o s s i b l e  m o d i f i c a t i o n  o f  i n j u r y  

r e s p o n s e  by  a n t i - c a t e c h o l a m i n e  t h e r a p y .

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

o t h e r  w orkers  and t h e  r e s u l t s  c f  t h e  p r e s e n t  e x p e r i m e n t s .

O sterho lm  and Mathews' d i s c o v e r y  o f  i n c r e a s e d  NA l e v e l s  

a f t e r  e x p e r im e n t a ]  s p i n a l  cord  i n j u r y ,  s t i m u l a t e d  o t h e r s  t o  

i n v e s t i g a t e  t h i s  phenomenon,. The r e s u l t s  o f  t h e s e  s t u d i e s  have  

be e n  r e v ie w e d  e l s e w h e r e  i n  t h i s  t h e s i s  and, w i l l ,  t h e r e f o r e ,  not  

be r e p e a t e d  h e r e , However,  i t  s h o u l d  be r e i t e r a t e d  t h a t  some 

o f  t h e s e  i n v e s t i g a t i o n s  can not  be d i r e c t l y  compared w i t h  one  

a n o t h e r /
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a n o t h e r ,  due t o  d i f f e r e n c e s  i n  e x p e r i m e n t a l  d e s i g n .  I f  e broad  

c o n c l u s i o n  can he i n f e r r e d  from t h e  s t u d i e s  ini tojL2î i t  i s  t h a t  

t h e  t i s s u e  c o n c e n t r a t i o n  o f  NA i n  t h e  s p i n a l  cord  a t  t h e  s i t e  

o f  i n j u r y  i s  unchanged  or  d e c r e a s e d  f o l l o w i n g  a t r a u m a t i c  i n s u l t , 

Under p h y s i o l o g i c a l  c o n d i t i o n s  1ÏA w i t h i n  Ch3 t i s s u e  i s  s t o r e d  

a lm o s t  e n t i r e l y  w i t h i n  n e u r o n a l  g r a n u l e s  and i t s  main t e r m i n â t  i o n  

o f  a c t i o n  i s  cy a n e u r o n a l  u ptake  mechanism ( I v o r s en 1 9 7 3 )»

IJhi le  under  normal c i r c u m s t a n c e s  one would e x p e c t  t h a t  t h e  

n e u r o n a l  uutaice mechanism f o r  c a t e c h o l a m i n e  would  remove NA from  

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

c r e a t e d  by trauma t h i s  mechanism may be s e v e r e l y  ham pered . The 

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

ha.3 been  d i s c u s s e d  by hu r t  man and Z crvas  ( 1 9 7 4 / *

However,  t i s s u e  l e v e l s  o f  amines b e f o r e  and a f t e r  trauma are  

not  t h e  c r i t i c a l  p ar a m e te r s  from a f u n c t i o n a l  p o i n t  o f  viev; ,  i n  t h a t  

i t  may be t h e  a c t i v e  e x t r a c e l l u l a r  component which i s  im portant  

r a t h e r  t h a n  t h e  t o t a l  t i s s u e  c o n c e n t r a t i o n .  Thus i n v e s t i  go t  i o n s  

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

i n  t h e  cord  a f t e r  a c u t e  trauma c o u l d  p r o v i d e  im p o r t a n t  i n f o r m a t i o n  

as  t o  t h e  r o l e  o f  NA i n  t h e  p a t h o p h y s i o . l o g y  o f  t h e  l e s i o n .  In  

t h i s  c o n t e x t ,  35 p S  BA g i v e n  by d i r e c t  i n t r a s p i n a l  i n j e c t i o n  a f t e r  

n e u r o n a l  u p t a k e  b l o c k a d e  w i t h  d e s i p r a m i n e  f a i l e d  t o  produce  any 

h ae m orr h ag ic  n e c r o s i s .

The s e c o n d  method by w h ic h  O sterho lm  and c o - w o r k e r s  examined  

t h e  Mil t h e o r y  was by t e s t i n g  t h e  a m in e ’ s p o s s i b l e  l e s i o n - p r o d u c i n g  

c a p a c i t y  ( C s t e r h o l m  c: hathevrs,  1972 ,  H i l l  A O sterho lm  1973)  « They  

r e p o r t e d  t h a t  i n t r a s p i n a l  I n j e c t i o n s  o f  35 ^nd 100 jig MA i n  10 t i l  

o f  s a l i n e  g i v e n  o v e r  5 mins produced l e s i o n s  o f  haemorrhage and 

n e c r o s i s  4 .6 ;  and 8 ,0 , .  o f  t h e  c r o s s - s e c t i o n e d  a r e a  o f  t h e  c o r d ,  

r e s p e c t i v e l y .  K ak ar i ,  D e C r e s c i t o ,  Tomasula,  Plamm and Campbell  

( l ? 7 3 )  a l s o  r e p o r t e d  l e s i o n s  a f t e r  t h e  i n t r a s p i n a l  i n j e c t i o n  o f  

35 NA i n  c a t s .  I n j e c t e d  MA i s  Icnown t o  c a u s e  hae m orr h ag ic

s l o u g h i n g  o f  many body t i s s u e s  ( O g le s b y  A Baugh, 1968 : Se thbha îcd i ,  

P f e i f f e r  A R o th ,  1 9 7 0 )  and A i k s ne & Greenhoot  ( 1 9 7 4 )  p r e s e n t e d  

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

monkey/
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monkey produced a c u t e  and d e l a y e d  i n t r a c r a n i a l  a r t e r i a l  spasm.  

E l e c t r o n  m i c r o s c o p i c  e x a m i n a t io n  o f  t h e  b a s i l a r  a r t e r y  removed  

d u r i n g  t h e  s e c o n d  phase  o f  sposm r e v e a l e d  m y o n e c r o s i s  o f  t h e  

med ia ,  w i t h  f r a g m e n t a t i o n  o f  m y o f i b r i l s ,  d i s s o l u t i o n  o f  t h e  

sarcolemrna and i n t e r s t i t i a l  oedema.  The an imsJs  remained  

c l i n i c a l l y  normal u n t i l ,  s a c r i f i c e d .  Tb.e p r e s e n t  a u t h o r  examined  

t h e  e f f e c t  o f  i n t r a s p i n a l l y  i n j e c t e d  ITA o v e r  a wide  range  o f  

c o n c e n t r â t  i o n s  (qv)  but  found no e v i d e n c e  o f  h a e m orr h a g ic  n e c r o s i s  

ev e n  a f t e r  n e u r o n a l  uptake  b l o c k a d e  o f  NA. The main p a t h o l o g i c a l  

change s e e n  was oedema f o r m a t i o n  w i t h  o c c a s i o n a l  d ar k ,  shrunken  

n e u r o n e s ,  p r o b a b l y  i n d i c a t i v e  o f  i n j e c t i o n  t rau m a.  The prescn'.ce o f  

oedema i n  t h e s e  s p e c im e n s  has  be e n  d i s c u s s e d .  L i g h t  m i c r o s c o p i c a l  

e x a m i n a t i o n  r e v e a l e d  no e v i d e n c e  o f  p a t h o l o g i c a l  change  i n  b l o o d  

v e s s e l s .  S i m i l a r l y ,  no s i g n  o f  haem orrhag ic  n e c r o s i s  was s e e n  i n  

t h e  c o r d s  o f  c a t s  i n  wh ich  i n t r a - a r t e r i a l l y  a d m i n i s t e r e d  IÎA had 

been  g i v e n  i n  a c o n c e n t r a t i o n  e q u i v a l e n t  to  t h a t  w h ic h  produced a 

profound  d e c r e a s e  o f  SC3F i n  d o g s .

I n v e s t i g a t i o n s  i n t o  t h e  m o d i f i c a t i o n  o f  i n j u r y  by a n t i -  

c a t e c h o l a m i n e  t h e r a p y  h as  be e n  c a r r i e d  out  by s e v e r a l  g r o u p s .  

O sterho lm  and Mathews (1 9 7 2 b )  r e p o r t e d  t  hat  a d m i n i s t r â t  i o n  o f  

OC- m e t h y l t y r o s i n e  ( a  d rug  which  p r e v e n t s  or  d i m i n i s h e s  t h e  

c o n v e r s i o n  o f  t y r o s i n e  t o  Dopa by i n h i b i t i o n  o f  t h e  enzyme t y r o s i n e  

h y d r o x y l a s e ,  and t h e r e b y  s i g n i f i c a n t l y  a l t e r s  H A s y n t h e s i s )  t o  

e x p e r i m e n t a l  a n im a l s  Ip m in s .  a f t e r  cord  i n j u r y , p r o t e c t e d  a g a i n s t  

hae m orr h ag ic  n e c r o s i s ,  r e d u c i n g  t h e  a r e a  o f  t h e  l e s i o n  by e f a c t o r  

o f  6 .  However,  Hedcrnan and 3 i l  ( 1 9 7 4 )  r e p o r t e d  t h a t  oc -  m e t h y i -  

t y r o s i n e  had no p r o t e c t i v e  e f f e c t  e i t h e r  on t h e  e x t e n t  o f  t h e  

c e n t r a l  g r e y  l e s i o n  or  t h e  c l i n i c a l  s t a t u s .  They n o t e d  t h a t  

a h i g h  d e g r e e  o f  p r o t e c t i o n  was c o n f e r r e d  by t r e a t m e n t  w i t h  

p h e n o x y b e z a m i n e , an oC -  a d r e n e r g i c  r e c e p t o r  b l o c k e r ,  but  a g a i n  

t h i s  drug  had no e f f e c t  upon t h e  e x t e n t  o f  t h e  l e s i o n .  Rawe, Roth  

à  C o l l i n s  ( 1 9 7 7 ) l i k e w i s e  found no e v i d e n c e  o f  r e d u c t i o n  o f  grey  

or  w h i t e  m a t t e r  haem orrhages  a f t e r  e i t h e r  PC -  m e t h y l t y r o s i n e  or  

r e s e r p i n e  t r e a t m e n t  but found a marked r e d u c t i o n  i n  t h o s e  an im a l s  

p r e t r e a t e d  /
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pretrc'ctted w i t h  phenoxyhensamine. They concluded  t h a t  t l ie  

absence  o f  th e  p r e s s o r  r e s p o n se  t o  s o i n a l  trauma (a  r e s u ] t  o f  

plienoxj'bcnzamine pretreatrncnt ) was o f  im portance .  S h o u l t s  ( 1 9 7 7 ) 

a n a ly s e d  t ne h i s t o p a t h o l o g i c a l  changes to  trauma in  Ccitccl. 'olauine-  

i n t a c t  c a t s  and in  c a t s  d e p l e t e d  o f  c a te c h o la m in e s  e i t h e r  by 

r e s e r p i n e  a d m i n i s t r a t i o n  or  by ad ren a le c tom y , The s e c u e n t i a l  

n ature  o f  th e  development  o f  haemorrhagic n e c r o s i s  was s i m i l a r  

in  b o th  groups.

As w i t h  NA a s s a y  b e f o r e  and a f t e r  trauma, a g r e a t  d e a l  o f  

d i s p a r i t y  i s  p r e s e n t  i n  t h e  l i t e r a t u r e .  Much o f  i t  may bo due  

t o  d i f f e r i n g  e x p e r i m e n t a l  m e t h o d o l o g i e s ,  f o r  example  d rug  d o s a g e ,  

t i n o  o f  a d m i n i s t r a t i o n  b e f o r e  or  a f t e r  trauma e t c . how eve r ,  t h e  

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

ITA i n  t h e  g e n e s i s  o f  t h e  s p i n a l  l e s i o n  i s  not as  i m p o r t a n t  as  was  

once  t h o u g h t  ?

C o - e x i s t e n t  w i t h  t h e  s e q u e n t i a l  p a t h o l o g i c a l  c h a n g e s  a f t e i ’ 

e x p e r i m e n t a l  cord  trauma i s  a p r o g r e s s i v e  d e c r e a s e  i n  SCBF, The 

e f f e c t  o f  e x o g e n o u s l y  a d m i n i s t e r e d  ITA on SCBF was t h e r e f o r e  

e x a m i n e d . The p r e s e n t  r e s u l t s  show t h a t  NA i n  t h e  d o s e s  u t i l i s e d  

can a d v e r s e l y  a f f e c t  SC3F i n  t h e  cord a f t e r  b a r r i e r  d i s r u p t i o n .

T h i s  s t u d y  d o e s  n o t  g i v e  an i n d i c a t i o n  o f  t h e  amount o f  a c t i v e  NA 

n e eded  t o  d e c r e a s e  f l o w  as  an unknown ' 'd i lu t ion '"  o f  e x o g e n o u s  NA 

o c c u r s , ( q v )  h o w e v e r ,  c o n s i d e r i n g  t h e  l a r g e  c o n c e n t r â t  i o n s  c f  NA 

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

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

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

and pr o fo u n d  r e d u c t i o n s  o f  f l o w  s e e n  i n  traroma.

W hi le  NA a l o n e  may not  be t h e  im p or tan t  f a c t o r  i n  th e  g e n e s i s  

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

p o s s i b i l i t y  o f  i n t e r a c t i o n  b e t w e e n  NA and o t h e r  s u b s t a .n c e s  p r e s e n t  

i n  s p i n a l  t i s s u e ,  Rosenblum ( 1 9 7 5 )  has  o f f e r e d  e v i d e n c e  t h a t  NA 

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

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

can c a u s e  when a p p l i e d  a l o n e .  J o n s s o n  & D a n i e l l  ( 1 9 7 6 )  d e m o n s t r a t e d  

t h a t  p r o s t a g l a n d i n  F i s  o r e s e n t  i n  s p i n a l  t i s s u e  and l e v e l s  

d r a m a t i c a l l y /



d r a m a t i c a l l y  i n c r e a s e  f o l l o w i n g  t r a u m a t i c  i n j u r y .  Moreover* i t  

has  been  shown t h a t  t h e  c o n t r a c t i l e  r e s p o n s e  o f  c e r e b r a l  a r t e r i e s  

t o  b o t h  IIA and 5~H.T. i s  i n c r e a s e d  i n  t h e  p r e s e n t  o f  ol.ooc; * 

( S v e n g a a r d ,  a d v i n s s o n  & Owman, 1977)  I t  c o u l d ,  t h e r e f o r e , be 

p o s t u l a t e d  t h a t  am ines  i n  t h e  p r e s e n c e  o f  haemorrhage i n  t h e  c or d  

may plciy a r o l e  i n  t h e  d e v e lo p m e n t  o f  t h e  a r t e r i a l  spasm.

5 - H .T .  nay a l s o  p l a y  a r o l e  i n  t h e  p a t h o g e n e s i s . A l th ou gh  

p l a t e l e t s  ar e  known t o  a d here  t o  damaged e n d o t h e l i u m ,  i t  has a l s o  

be e n  shown t h a t  t h e y  can  c a u s e  e n d o t h e l i a l  dar a,ge ( j / r g e n s e n ,  I lo v ig ,  

R o w s e l l  & Mustard,  1 9 7 0 ) .  R a i s e d  t i s s u e  l e v e l s  o f  i n  t h e r m a l

i n j u r y  o f  t h e  c o r t e x  has heen a t t r i b u t e d  ho r e l e a s e  from p l a t e l e t  

o .g g r e g a te s  ( C o s t a ,  I t o ,  S p a t z  &. K l a t z o ,  1 9 7 3 »  and Z i v i n ,  Doppinan, 

R e i d ,  T ap p az , S a a v e d r a ,  Korjin & J a c o b o w i t z ,  19 7 6 )  have  demonstz-ated  

p l a t e l e t  a g g r e g a t e s  i n  t h e  s p i n a l  g r e y  m a t t e r  a f t e r  i n j u r y .

In  an i n v e s t i g a t i o n  o f  t h e  e a r l y  v a s c u l a r  c h a n g e s  in  s p i n a l  

g r e y  m a t t e r ,  f o l l o w i n g  impact  i n j u r y ,  G r i f f i t ’r s ,  Burns & Crawford  

( 1 9 7 8 ) have  s u g g e s t e d  t h a r  t h e  i n i t i a l  e v e n t s  o f  p e r i v a s c u l a r  

h a e m o rr h a g e , p r o t e i n  c x t r a v a e a t i o n  and same d i s r u p t i o n  o f  t h e  

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

t h a t  i n  t h i s  s i t u a t i o n  a number o f  endogenous  s u b s t a n c e s  may a c t  

i n  c o n c e r t  t o  produce  va.sospasm, c o n t i n u i n g  h y p o x i a  and p r o g r e s s i v e  

h a e m o rr h a g ic  n e c r o s i s , t y p i c a l  o f  s e v e r e  trauma t o  t h e  c o r d .

However,  i t  i s  f e l t  t h a t  NA by i t s e l f  i s  no t  t h e  most  im p o r ta n t  

f a c t o r  i n  t h e  d e v e lo p m e n t  and P r o g r e s s i o n  o f  t h e  l e s i o n  as  was  

f i r s t  s u g g e s t e d  by O st e r h o lm * s  g r o u p .
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GENERAI, CONCLUEX0N3

The r e s u l t s  o f  t h i s  t  l ies  i s  i n d i c a t e :

1 )  2 , 5 -  u r e a  w i l l  e f f e c t i v e l y  d i s r u p t  t h e  s n i n a l  h lccd*

co r d  h a r r i e r  i n  dogs  w i t h o u t  a l te -ra . t io : i  o f  SCBF.

2 )  NA i n  t h e  d o s e s  u t i l i s e d  i s  c a p a b l e  o f  r e d u c i a g  SC3I 

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

3/  The d e g r e e  o f  r e a c t i o n  o f  t h e  s p i n a l  v a s c u l a t u r e  t o  

NA i s  do.'.e r e l a t e d ,

4 ) The r e d u c t i o n  i n  SCBF and v a s c u l a r  c a l i b r e  t o  NA i s  

m e d ia t e d  v i a  CC-  a d r e n e r g i c  r e c e p t o r s .

5 ) NA d o e s  not  c a u s e  l e s i o n s  o f  h a e m o rr h a g ic  n c c r c s . i s  

in. t h e  s p i n a l  c or d  c i t h e r  when i n f u s e d  i n t r a - a r t e r i a l l y  a f t e r  

b l o o d - c o r d  b a r r i e r  d i s r u p t i o n  or  v/hen d i r e c t l y  i n j e c t e d  i n t o  

t h e  c o r d .

6)  I t  i s  s u g g e s t e d  t h a t  d e s p i t e  t h e  p r o fo u n d  f l o w  

r e d u c t i o n s  w h ic h  NA c a u s e d ,  i t  c?.n not  bo h e l d  t o  be s o l e l y  

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

s p i n a l  Trauma.



ApraNDix

1 ) Th e Measure ne nt  o f  t l io  Aci d - B a s e  o t a t u s o f  B l o od

tM:, pCOg, pOg, IICO. and h a n e - e x c c s a  l e v e l s  vrore 

r o u t i n e l y  measured from b lo o d  sam p les  o f  e x p e r i m e n t a l
ir

u s i n g  a C orn ing  pH Blood Gas A n a ly s e r  l 6 f C  . T h i s  machine  

c o n t a i n s  a C1 arIc t y n e  oxygen e l e c t r o d e ,  a S o v c r i n g h a u s -  

Stow t y p e  CC_ e l e c t r o d e  and a f l o w - t h r o u g h ,  g l a s s  c a p i l l a r y  

pH e l e c t r o d e  w i t h  r e f e r e n c e  a s s e m b l y .  HCO  ̂ and b a s e - e x c e s s  

v a l u e s  wore p r e s e n t e d  as  c a l c u l a t e d  f u n c t i o n s .  The machine  

i s  c a l i b r a t e d  such, t h a t  each  param eter  can be read  o f f  

d i r e c t ] y .

a)  The p r i n c i p l e  o f  pH rnoasuronezit -  pH i s  th.e n e g a t i v e  

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

c o n c e n t  r a t  i o n )  o f  t h e  hydrogen i o n ,  Chemical  p o t e n t i a l  i s  

a n a l o g o u s  t o  p a r t i a l  p r e s s u r e  i n  g a s e s ,  b o t h  b e i n g  t h e  meas­

ur e  o f  t h e  f o r c e  e x e r t e d  by a c o n c e n t r a t i o n  g r a v i i e n t .  The 

pH e l e c t r o d e  i s  a  t h i n  g l a s s  membrane which  i s  perm eable  'to 

H i o n s  but no t  t o  o t h e r  i o n s ,  When a sample c e n t a i n i n g  i -‘ 

i s  e x p o s e d  t o  t h e  membrane, a  p o t e n t i a l  i s  g e n e r a t e d .  In  

o r d e r  t o  measure t h i s  p o t e n t i a l ,  an Ag/AgCl r e f e r e n c e  

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

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

c o n n e c t e d  t o  an e l e c t r o m e t e r .  The o t h e r  c o n n e c t i o n  i s  

formed be tw e e n  t h e  sample  i n  which  t h e  p.:l i s  t o  be measured  

and a  s a t u r a t e d  KCl s o l u t i o n  (a. l i q u i d  j u n c t i o n )  w h ich  i s  i n  

t u r n  c o n n e c t e d  t o  a c a lo m e l  r e f e r e n c e  e l e c t r o d e .  The c a lo m e l  

e l e c t r o d e  forms t h e  o t h e r  c o n n e c t i o n  t o  t h e  e l e c t r o m e t e r , 

B e c a u s e  o f  t h e  h i g h  r e s i s t a n c e  o f  t h e  g l a s s  membrane, t h e  

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

d i f f e r e n c e  genera-ted by t h e  s y s te m  i s  v e r y  lo w ,  and a v e r y  

s e n s i t i v c  s t a b l e  e l e c t r o m e t e r  must t h e r e f o r e  be  u s e d .

C orn ing  S c i e n t i f i c  I n s t r u m e n t s ,  M e d f i e l d ,  H a s s ,
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I:) Tho ' .n-i ïici'ole o f  nCO_ rriec-'ourornen'L -  The CÔ  e l e c t r o d e  

c o n s i s t s  b a s i c a l l y  o f  a  niornbrano v;hic}i s e p a r a t e e  t h e  sample  

he in ,r  measured  from a b i c a r b o n a t e  s o l u t i o n  i n  which  i s  

p l a c e d  a  {^lass e l e c t r o d e .  The membrane i s  f r e e l y  perm eable  

t o  d i s s o l v e d  CÔ  but not  t o  IICÔ  . Thus ,  CÔ  d i f f u s e s  from  

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

a t h i n  l a y e r  nc%t t o  t h e  II - s e n s i t i v e  g l a s s  membrane. At 

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

i s  p r o p o r t i o n a l  t o  t h e  uCC  ̂ c f  t h e  sa m p le ,  and t h i s  i s  

measured by t h e  g l a s s  e l e c t r o d e  w i t h  a s u i t a b l e  r e f e r e n c e  

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

t h e  H e n d e r s o n - H a s s e l b a l c h  e q u a t i o n .  S i n c e  t h e  b i c a r b o n a t e  

c o n c e n t r a t i o n  can be c o n s i d e r e d  t o  be c o n s t a n t ,  t h e  e c u a t i o n  

can be s i m p l i f i e d  t h u s ;

l o g  pCO^ = c o n s t a n t  minus pH 

The a n a l y s e r  i s  c a l i b r a t e d  such  t h a t  t h e  pCO^ can  bo read  

o f f  d i r e c t l y ,

c )  The r r i n c i r l e  o f  measurement -  The pO^eloctâ'“odc i s  

b a s e d  upon, p o l a r o g r c .p h i c  p r i n c i p l e s .  I t  i s  made up o f  a 

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

e t h y l e n e  membrane.  The end p r o d u c t  a t  t h e  c a t h o d e  i s  CH 

wh ich  a c c u m u l a t e s  at  t h e  r a t e  o f  A m ole s  /  mole o f  

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

Ag /  AgCl e l e c t r o d e  i n  s a t u r a t e d  KCl i s  d i r e c t l y  r e l a t e d  

t o  t h e  pO  ̂ a t  i t s  s u r f a c e ,

2 )  The M anufacture  o f  I l i c r o n i u e t t e s

M i c r o p i p e t t e s  are* c n s t r u c t e d  from c o m m e r c i a l l y  made p i p e t t e s  

15 cms ,  l o n g ,  w i t h  an o u t s i d e  d i a m e t e r  o f  1 . 0  mm, and a w a l l  

t h i c k n e s s  o f  3 , 1 6  mm. The p i p e t t e  t i p s  are  drawn on a 

c ü s t om-made p i p e t t e  p u l l e r  ( S p e r r e ) ,  A p i p e t t e  i s  p l a c e d  

w i t h  i t s  m i d - p o i n t  o v e r  a p l a t i n u m  h e a t i n g  e l e m e n t ,  whose  

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

p i p e t t e  i s  c lamped t o  a m ount ing  which  i s  c o n n e c t e d  t o  a 

s p r i n g .  The s p r i n g s  a r c  a r r a n g e d  i n  s u c h  a  manner tho/b when 

t h e  /
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t h e  m i d - p o in t  o f  t h e  p i p e t t e  i s  h e a t e d , end t h e  g i a e e  begir .e  

t o  m e l t , t h e  two s p r i n g s  r e l e a s e  in  o p p o s i t e  d i r e c t i o n s ,  

s e p a r a t i n g  t h e  p i p e t t e  i n t o  two s e c t i o n s .  As t h e  o i o e t t e  

s e p a r a t  e s , t h e  h e a t e d  p a r t  i s  drawn i n t o  a, f i n e  t i n .  The 

t i p  i s  f u r t h e r  p r e p a r e d  "by g r i n d i n g  i t  a t  an a n g l e  on a 

w a t e r - c o o l e d  g r i n d i n g  s t o n e  o f  t h e  f i n e s t  carborundum, 'This 

p r o c e d u r e  i s  performed under a n i o r o s c o n c .  The r c s u . l t  i s  a 

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

m easured  under  a in io r e s c o p e  u t i l i s i n g  a g r a d u a t e d  o y e u i o c c .

By j u d i c i o u s  g r i n d i n g  t!io r e q u i r e d  t i p  d i a m e t e r  can be 

o b t a i n e d ,

3 ) P r o c e s s i n g o f  S p i n a l  T i s s u e f o r  M i c r o s c o p i c a l  Examinat i o n  

F o l l o w i n g  p e r f u s i o n  f i x a t i o n  o f  e x p e r i m e n t a l  an im ai l s , removal
P

o f  s p i n a l  cord  and o v e r n i g h t  f i x a t i o n  in  g l u t  a r a l  deny de ■, 1mm ' 

b l o c k s  o f  t i s s u e  wore cut  under  a d i s s e c t i n g  m i c r o s c o p e  V“i t h  

a r a z o r  b l a d e  and p r o c e s s e d  as  f o l l o w s :

a )  3 r i n s e s  o f  2 niinsc e a c h  i n  p h o s p h a te  b u f f e r ,

b )  2 h r s ,  p o s t - f i x â t i o n  i n  osmium t e t r o x i d e  ,

c )  B r i e f  r i n s e  i n  p h o s p h a te  b u f f e r ,

d )  D e h y d r a t i o n  i n  70, , GO'ÿ., 9 0 T and a b s o l u t e

a l c o h o l  r e s p e c t i v e l y .  The t i s s u e s  s p e n t  IB mins* i n  e ac h  

c o n c e n t r a t i o n  o f  a l c o h o l .  2 c h a n g e s  o f  a b s o l u t e  a l c o h o l  are  

made w i t h i n  t h e  l a s t  I 5 m in s ,  o f  d e h y d r a t i o n ,

e )  C l e a r i n g  w i t h  p r o p y l e n e  o x i d e  -  30 m in s .  w i t h  2 

c h a n g e s ,
f )  O v e r n ig h t  i n  a po/ 5 3  s o l u t i o n  o f  p r o p y l e n e  o x i d e "  

and S p o n ,

g) 6 h r s .  or  o v e r n i g h t  i n  lOOy Boon.

h )  Sm bedding i n  Bpon i n  c a p s u l e s  f o r  To h r s .  a t  oO^C,

i )  F o l l o w i n g  t r im m in g  o f  Epon b l o c k s ,  1 yin s e c t i o n s  

were c u t ,  p l a c e d  on m ic r o s c o p e  s l i d e s  and s t a i n e d  w i t h

1> T o l u i d i n e  b l u e  & Ih b o r a x  i n  d i s t i l l e d  W7atcr o v e r  3 h o t ­

p l a t e .
j )  The s e c t i o n s  wore mounted in  DPX m c u t a n t .

P o l a r o n  Eau i  pment L t d . ,  Hat f o r d , E n g la n d .

BDH C h em ica l s  L t d . ,  P o o l e ,  E n g la n d ,



w

Phosphat e  B u f f er

P h o s p h a te  b u f f e r  c o n t a i n e d ;

a )   ̂ Disodiuni  hyd rogen  p h o s p h a t e .

& B) " /1 3  P o t a s s i u m  d i h y d r o g e n  p h o s p h a t e .

For  pîl ••= 7«3Sj 80ml c o f  A) i s  added t o  20 m l .  o f  B ) .

Osmium Tet r o x i d e s o l u t i o n

2't- osmium t e t r o x i d e  i n  d i s t i l l e d  w ate r  i s  mixed  w i t h  

p h o s p h a t e  b u f f e r  i n  a 50/.TO s o l u t i o n  by v o l u m e .

Epon

The Epon was made up as  f o l l o w s  ;

L)  fT)3A ( d o d c c e n y l s u c c i n i c a n h y d r i d e )  -  l 8 6 , 2  gms.

& Epon ( P p i k o t e  81 2 )  — 1 6 0 , 0  gir.s,

B) lid A (mcibylruo.dicanhy-dride j -  l ^ B . 6  gins*

& Epon — 2 0 0 „0 gms,

a )  & B) ar e  mixed i n  e q u a l  p r o p o r t i o n s  and I 5 d r o p s / l O  m i s . 

o f  f i n a l  s o l u t i o n  o f  t h e  a c c e l e r a t o r  DM? 30 ( 2 ,  4j  6 ,  -  

t r i ( d i m e t b y l a m i n o m c t h y l ) p h e n o l ) arc  added .
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1 I n t e r m e d i a t e  s t a g e s  i n  t h e  f o r m a t i o n  o f  t h e  c a t e c h o l a m i n e s  ►



PHENYLALANINE

PhenyiaLinine Hydroxylase

HO

V
TYROSINE

Tyrosine Hydroxylase

HO.

HO y
CULjCOON

UH, DIHYDRGXYPHENYLALAMINE
(L-D O PA )

DOPA Decarboxylase

HO

Y

DIHYDROXYPHENYLETHYLAr/!INE
(DOPAMINE)

Dopamine /3-Hydroxylase

V
HQ   g

y C K C H A N H NORADRENALINE

Phenylethanoiamine N-IViethyltransferase

o
HO y CHCK^NH-CHj ADRENALINE



Fig*  2 The m e t a h o l i c  d e g r a d a t i o n  o f  n o r a d r e n a l i n e  *

KAO r= Monoamine o%idase

COMT = C a t e c h o l  0 -  m e t h y I t r a n s f e r a s e

AD a= Aldehyde  r e d u c t a s e
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Vw .

. . .  f ' ^ Y

•Fig* 3 Histoflucrescent preparations of spinal cord prepared to
demonstrate noradrenaline containing nerve fibres. The upper 
photograph depicts a spinal pial vessel and the lower one an 
intraspinal vessel. Fluorescent noradrenergic fibres are seen 
in close association with the vessels. Magnification unknown. 
(Courtesy of Dr. Lars Edvinsson).



F I G . h Schematic diagram of* the posterior aorta 
and branches showing the pattern of ligations and 
cannuJations employed in the experiments.



Renal Arteries

4th Lumbar Arteries
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FIG. 3 Schematic diagram of the 6 channel 
amplification system used in determination of spinal 
cord blood flow by the hydrogen clearance to clinique.
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FIG. 6 Circuit diagram of hydrogen electrode
current amplifier.
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FIG. 7 The effect of dntra-arterially administered 
hyperosmotic urea on systemic arterial blood pi-essure 
(ABP) and 5th lumbar artery pressure.
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FXG» 8 The effect of urea on SCBF at the ^ 
segment of the spinal cord. No significant differences 
in flow occurred following the intra-arterie1 
administration of urea.
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FIG. 9 Graphical representation of SCBF results
during an infusion of ether 12 ^ig/min or 30 ^g/min
noradrenaline before and after blood-cord barrier
disruption with urea at L.̂  and L.  ̂ levels of the^  — o
spinal cord, 
c = control values
Runs 1, 2 6 3 are 30» 20 6 10 niins pre-urea
administration respectively.
Runs 4, 3 & 6 are 10, 20 6 30 inins post-urea
administration respectively, 

a = p ^  0.01 

P < 0.001 

A =  p <  0.05 
A - V ^  0.02
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Fi/y. 10  S c a t t e r  graph o f  p e r c e n t a g e  change c f  f l o w  in  

r e s p o n s e  t o  a. 1? p .g /m in  i n t r a - a r t e r i a l  i n f u s i o n  o f  n o r a d r e n a l in e  

( n o r e p i n e p h r i n e ) b e f o r e  and a f t e r  b lo o d -c o r d  b a r r i e r  d i s r u p t i o n .  

Flow e s t i m a t i o n s  were perform ed a t  a p p r o x im a t e ly  10 m inute  

i n t e r v a l s .  C *= c o n t r o l  (100 )3 ) .
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F i g ,  11 S c a t t e r  graph  o f  p e r c e n t a g e  change  o f  f l o w  in  r e c p o n e e  

t o  a 30 jxg /ndn  i n t r a - a r t e r i a l  i n f u s i o n  o f  n o r a d r e n a l in e  

( n o r e p in e p h r i n e )  b e f o r e  and a f t e r  b lo o d - c o r d  b a r r i e r  d i s r u p t i o n .

Flow e s t i m a t i o n s  w ere perform ed a t  a p p r o x im a te ly  10 m in u te  i n t e r v a l s .
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FIG. 12 The effect of -blockade by phenoxybeuzamlne 
(PBZ) on SCBF and of 30 ^ig/min noradrenaline (NA) on 
SCBF after blood-cord barrier disruption during 
o<C.,~blockade. Clearances were made at apj^roximately 
10 mill, intervals.
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F i g ,  13 The e f f e c t  o f  t o p i c a l l y  a p p l i e d  n o r a d r e n a l in e  on th e  

v a s c u l a r  d ia m e t e r  o f  s p i n a l  p i a l  a r t e r i e s  and a r t e r i o l e s .
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PifT. 14 The e f f e c t ,  o f  p h e n to la m in e  (Ph) on n o r a d r e n a l i r e  (Ka ) 

in d u c e d  c o n c t r i c t i o n s  o f  s p i n a l  p i a l  a r t e r i e s  and a r t e r i o l e s .
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F i g .  15 A rea  o f  G.I.!. from  c a u d a l  t h o r a c i c  segm ent ( c o n t r o l ) . 

T o l u i d i n e  b l u e  x  2 5 O,.

m

m

F i g .  1 6  GT'î/WM j u n c t i o n  w h ich  r e c e i v e d  an i n j e c t i o n  o f  20 p i  

C3P. T here  i s  e v id e n c e  o f  oedema i n  b o t h  g r e y  and w h i t e  m a tte r*  

T o l u i d i n e  b lu e  x  400*



%
t

«

I
F i g .  17 A rea  o f  W. K.. w h ich  r e c e i v e d  an i n j e c t i o n  o f  20 p i  CSP, 

Haemorrhage a-nd oedema a r e  e v i d e n t .  T o l u i d i n e  b lu e  x  400••

F i g .  l 9  Area o f  G.H. w h ich  r e c e i v e d  12 yag NA i n  40  p i  CSP. 

C a v i t a t i o n ,  w i t h  c o m p r e s s io n  o f  n e u r a l  t i s s u e ,  has o c c u r r e d .  

Oedema and sh ru n k en  n e u r o n e s  a r e  a l s o  a f e a t u r e .  T o l u i d i n e  

b lu e  X 250



o

Fig. 19 Area of G.M. receiving 12 pg NA in 20 pi CSF* 
Generalised oedema with severe perivascular and perineuronal 
swelling is a prominent feature. Toluidine blue x 250.

Fig. 20 Area of G .K . receiving 15 pg NA in 20 pi CSF* This 
shows similar changes to Fig. I9 .. Toluidine blue x 4 00..



F i g .  21 A rea  o f  G.M. w h ich  r e c e i v e d  30 p g  NA i n  20 p i  CSP, 

T here i s  no a b n o r m a l i t y .  T o l u i d i n e  b lu e  x 2 5 0 .

F i g .  22 A rea  o f  G.M. w h ich  r e c e i v e d  30 p g  NA i n  20  p i  CSP 

T here  i s  m oderate  cedem atous  s w e l l i n g  o f  n e u r a l  e l e m e n t s ,  

T o l u i d i n e  b l u e  x  2 5 O.



*

Fig. 23 Area of G.M, receiving 35 pg NA in 20 pi CSF showing 
normal microarchitecture.. Toluidine blue x 2 5O

m

Fig. 2 4 (a) Area of G.M* receiving 35 pg NA in 20 p i  CSF, 
Generalised oedema, with perineuronal and perivascular 
swelling, is evident. Toluidine blue x 2 5 O.



Fig. 2A(b) Detail of Pig. 24(a) showing perivascular swelling# 
Toluidine blue x 1000

a

r
Fig. 2 4(c) Detail of Fig. 2 4 (a) showing oedema of neuropil. 
Toluidine blue x 1000#



#

F i g , .  2 5 ( a )  V e n t r a l  horn  G. M. ,  j u n c t i o n , ,  Evans b lu e

f l u o r e s c e n c e  i s  p r e s e n t  i n  v e s s e l  w a l l s  and im m e d ia te ly  

p e r i v a s c u l a r  n e u r o p i l .  (x  I 6 0 ) .

F i g .  2 5 (b )  D o r s a l  horn G. K. ,  L^. Evans b l u e  f l u o r e s c e n c e  can  

be s e e n  i n  s e v e r a l  b lo o d  v e s s e l s ,  (x  I 6 0 ) .



Fig. 26 GK/wI'! junction from a non—stained area of segment 
It is normal. Toluidine blue x 25O.



Fig* 27 G*M* from an 'CBA-stained part of the lumbar cord 
following NA infusion* There are no abnormalities to be 
detected* Toluidine blue x 25O.

«vV.-V-.W/V,
9

y :  é  J *

Fig* 28 G.M. from EBA—stained segment of L^* Oedematous 
swelling of neuroglial processes are seen. Toluidine blue 
X  4 0 0.



Pig. 29 Area of G.M, from lumbar cord which was E3A-Stained. 
The tissue appears normal, Toluidine blue x 400,



F i r ,  30 L a t e r a l  r a d io g r a p h  o f  lumbar s p i n e  and abdomen o f  a 

c a t*  Abdominal a o r t i c  l i g a t i o n s  were c a r r i e d  out a s  i n  P i g .  /] .  

The d i s t r i b u t i o n  o f  an i n t r a - a r t o r i ? J .  i n j e c t i o n  o f  c o n t r a s t  

m edia  i s  d e f i n e d .




