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SEPARATE SUMMARY

Blood v e s s e l s  a r e  c ap a b le  of resp o n d in g  s e l e c t i v e l y  to  

in f lu e n c e s  of bo th  l o c a l  and g e n e ra l  o r i g i n .  In  th e  

f i r s t  c h a p te r  of t h i s  t h e s i s ,  t h e  in f lu e n c e  o f  a s c o r b ic  

a c id  i s  r e p o r te d  on v a s c u l a r  re sp o n se s  in  th e  cornea of 

g u in e a -p ig s  fo l lo w in g  on a s ta n d a rd  h e a t  l e s i o n .  The 

tim e  to  reach  maximum oedema fo rm a t io n  and th e  in c id e n c e  

and i n t e n s i t y  of th e  v a s c u l a r i z a t i o n ,  as  no ted  by d i r e c t  

o b s e r v a t io n ,  were s i g n i f i c a n t l y  g r e a t e r  in  a s c o r b u t ic  

group of g u in e a -p ig s  th a n  in  a c o n t r o l  group . The



i n f lu e n c e  of a s c o r b i c  a c id  on c a p i l l a r y  p e rm e a b i l i ty  

and on c o rn e a l  v a s c u l a r i z a t i o n  i s  d i s c u s s e d .  The 

a s c o r b i c  a c id  may a c t  d i r e c t l y  and l o c a l l y  a t  th e  s i t e  

o f h e a l in g  in  th e  cornea  o r  i n d i r e c t l y  by e x e r t in g  an 

in f lu e n c e  on t h e  a d r e n a l  c o r t e x  o r  on i t s  hormones* 

Blood v e s s e l s  i n  i s o l a t e d  t i s s u e s  c o n tin u e  to  

respond  to  s t i m u l i  of l o c a l  o r ig in *  Thus, u s in g  a 

p e r fu s e d  i s o l a t e d  p r e p a r a t i o n  i t  i s  p o s s ib l e  to  S tudy 

c e r t a i n  of t h e  fund am en ta l  a s p e c t s  of t h e  f u n c t io n in g  

of t h e  b lood  v e s s e l s  in  more d e t a i l *

I n  C h ap te r  2, a r e l a t i v e l y  s im p le  te c h n iq u e  i s  

g iv en  f o r  th e  p e r f u s io n  u n der  c o n t r o l l e d  c o n d i t io n s  

o f  t h e  b lood  v e s s e l s  o f th e  i s o l a t e d  e a r  o f t h e  r a b b i t*  

The n e c e s s a ry  equipm ent, some of which had to  be  d e v ised  

f o r  t h e  p u rp o se ,  i s  d e s c r ib e d .  Changes in  w e igh t 

of t h e  i s o l a t e d  e a r  g iv e  t h e  n e t  outward f i l t r a t i o n  

(oedema f o r m a t io n ) .  By m a th em a tica l  a n a l y s i s ,  i t  

has  been found  p o s s ib l e  to  d e r iv e  th e  g ro ss  outward 

f i l t r a t i o n .  The b eh av io u r  of t h e  b lood  v e s s e l s  in  th e  

i s o l a t e d  p r e p a r a t io n  i s  gauged by th e  r a t e  of in f lo w  of 

th e  p e r f u s io n  s o l u t i o n .
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Lowering th e  te m p e ra tu re  of th e  p e r f u s io n  s o l u t i o n  

from  38° to  16°C in c re a s e d  th e  f lo w  th ro u g h  t h e  b lood  

v e s s e l s  and reduced  b o th  n e t  and g ro ss  outward f i l t 

r a t i o n .  I t  i s  su g g e s te d  t h a t ,  a t  16°C, th e  p e r f u s io n  

s o l u t i o n  l a r g e l y  p a s s e s  d i r e c t l y  from a r t e r i o l e s  to  

v e n u le s  by a r t e r io - v e n o u s  anastom oses w h i le ,  a t  38°C, 

th e  f l u i d  p a s s e s  th rough  th e  c a p i l l a r y  bed . I t  i s  

c o n s id e re d  t h a t  experim en ts  d e s ign ed  to  i n v e s t i g a t e  

p e rm e a b i l i ty  of c a p i l l a r i e s  in  th e  r a b b i t ’ s e a r  should  

be  c a r r i e d  out w ith  p e r f u s io n  s o l u t i o n  a t  38°C* Those 

p r i m a r i l y  d e s ig n ed  to  i n v e s t i g a t e  vasom otor a c t i v i t y  

sh ou ld  be a t  a p e r f u s io n  te m p e ra tu re  m a in ta in ed  c o n s ta n t  

in  t h e  ne ighbourhood of 16°C.

A d d i t io n a l  experim ents  of a p r e l im in a r y  n a tu r e  

w ere c a r r i e d  out in  which th e  e f f e c t s  of a l t e r i n g  th e  

env iro nm en ta l  te m p e ra tu re  o f th e  i s o l a t e d  e a r ,  and of 

a d d in g  h y a lu ro n id a s e  to  th e  p e r f u s io n  s o l u t i o n  were 

noted* The e f f e c t s  of a l t e r a t i o n s  in  th e  p r e s s u r e ,  

in  oxygen c o n te n t  and in  pH o f  t h e  p e r f u s io n  s o lu t i o n  

were a l s o  i n v e s t i g a t e d  in  some ex p e r im e n ts .

The c o u rse  and r e l a t i o n s h i p s  of th e  main a r t e r i e s
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and v e i n s  of  t h e  e a r  o f  t h e  r a b b i t  a r e  d e s c r i b e d .

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

a t i o n  of  t h e  n e r v e s  was a l s o  i n v e s t i g a t e d .  Those

e x p e r im e n t s  a r e  r e p o r t e d  i n  C h a p te r  3 .  I n  t h e  a b s e n c e  

of  n e r v e s  t h e  f o r m a t i o n  of  oedema was somewhat more 

r a p i d .  However ,  i t  i s  n o t  p o s s i b l e  t o  say  how t h e  

c a p i l l a r i e s  r e a c t e d  to  d e n e r v a t i o n .  Low ering  t h e  

t e m p e r a t u r e  of  t h e  p e r f u s i o n  s o l u t i o n  f rom  38° t o  16°C 

s t i l l  r ed u c e d  n e t  outward  f i l t r a t i o n ,  i r r e s p e c t i v e  of  

d e n e r v a t i o n .

A f t e r  d e g e n e r a t i o n  o f  t h e  n e r v e s  to  t h e  b lood  

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

p e r f u s i o n  s o l u t i o n  was g r e a t l y  r e d u c e d .  Y e t ,  sudden 

l o w e r i n g  of  t h e  t e m p e r a t u r e  o f  t h e  p e r f u s i o n  s o l u t i o n  

f rom  38°C t o  16°C s t i l l  caused  some i n c r e a s e  in  f low .  

R e s t o r i n g  t h e  t e m p e r a t u r e  to  38°C s l i g h t l y  reduced  t h e  

i n f l o w .  I t  i s  s u g g e s t e d  t h a t ,  even in  t h e  i s o l a t e d

p r e p a r a t i o n ,  r e a c t i v i t y  o f  t h e  a r t e r i o - v e n o u s  an as to m o ses  

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

However ,  l o c a l  spasm of  t h e  a r t e r i a l  w a l l  i n  r e s p o n s e  

t o  t rauma w as ,  i f  a n y t h i n g ,  e x a g g e r a t e d  by d e n e r v a t i o n .



I n  C h a p t e r  4 t h e  t h e o r e t i c a l  m a th e m a t i c a l  d e r i v 

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

w a l l s  i n  t h e  p e r f u s e d  i s o l a t e d  e a r  of t h e  r a b b i t  i s  

g i v e n ,  t o g e t h e r  w i t h  t h e  d e t a i l e d  e v a l u a t i o n  of  2 of 

t h e  a n a l y s e s  whose r e s u l t s  a r e  used in  C h a p te r  2.

F i n a l l y ,  an  improved c o n s t a n t  p r e s s u r e  d e v i c e  i s  

d e s c r i b e d  in  C h a p te r  5 and a d e t a i l e d  e v a l u a t i o n  i s  

made of  t h e  f l u i d  m echanics  in v o lv e d .  Th is  d e v i c e  

was u sed  in  t h e  p e r f u s i o n  e x p e r im en ts  on t h e  r a b b i t ’ s 

ea r*  O t h e r  a p p l i c a t i o n s  of  t h i s  c o n s t a n t  p r e s s u r e  

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

T h ro u g h o u t ,  a  c r i t i c a l  r e v ie w  of t h e  r e l e v a n t  

l i t e r a t u r e  i s  g iv e n  and t h e  s i g n i f i c a n c e  of  t h e  r e s u l t s  

o b t a i n e d  i s  d i s c u s s e d  i n  r e l a t i o n  t o  t h i s  l i t e r a t u r e .
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The work o f  such  p io n e e r s  a s  K rogh , D a le ,  Lew is and  C la rk

h a s  d e m o n s tra te d  t h a t  t h e  t e r m in a l  r a m i f i c a t i o n s  o f  th e

a r t e r i a l  v a s c u l a r  t r e e  a r e  n o t  m e re ly  a s e r i e s  o f  i n e r t  

t u b e s  w hich  s e r v e  to  b r i d g e  t h e  gap be tw een  a r t e r i e s  and 

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

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

t h e  t i s s u e s .  T h is  p e r i p h e r a l  v a s c u l a r  a p p a r a t u s ,  t h e  

t e r m i n a l  a r t e r i o l e s ,  p r e c a p i l l a r i e s ,  c a p i l l a r i e s  and v e n u le s  

a r e  c o l l e c t i v e l y  r e f e r r e d  to  a s  t h e  c a p i l l a r y  b e d ,  a  sys tem  

o f  v e s s e l s  w hich  p o s s e s s e s  a c o n s i d e r a b l e  d e g re e  o f  independ en ce  

from  t h e  c i r c u l a t i o n  a t  l a r g e  and i s  c a p a b le  o f  re sp o n d in g  

s e l e c t i v e l y  t o  i n f l u e n c e s  of b o th  l o c a l  and g e n e r a l  o r i g i n .

I n  t h e  f i r s t  c h a p t e r  of t h i s  t h e s i s ,  t h e  i n f lu e n c e  o f

a s c o r b i c  a c i d  i s  r e p o r t e d  on t h e  a p p e a ra n c e  of oedema and on 

t h e  f o r m a t io n  of new c a p i l l a r i e s  in  t h e  co rn ea  of g u in e a - p ig s ,  

c o n seq u en t  t o  a  s t a n d a r d  h e a t  l e s i o n .  B o th  c o n t r o l  and 

s c o r b u t i c  g u in e a - p ig s  a r e  s t u d i e d .  The mode o f  a c t i o n  of 

a s c o r b i c  a c id  on c a p i l l a r y  p e r m e a b i l i t y  and on c a p i l l a r y  

v a s c u l a r i z a t i o n  i s  d i s c u s s e d .  The a c t i o n  i s  c o n s id e re d  

e i t h e r  a s  a  p u r e l y  l o c a l  e f f e c t  in  t h e  c o rn e a ,  o r  a s  a  l o c a l  

m a n i f e s t a t i o n  of m o d i f i c a t i o n  of t h e  s t r e s s  syndrom e.

R ig h t l y  o r  w ro n g ly ,  p h y s i o l o g i c a l  and p h a rm a c o lo g ic a l  

o b s e r v a t i o n s  on t h e  b e h a v io u r  o f  p e r f u s e d  b lo o d  v e s s e l s
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i n  i s o l a t e d  t i s s u e s  seem n o t  t o  h a v e  been  c a r r i e d  o u t  w i th  

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

h a v e  o b s e r v a t i o n s  on t h e  b e h a v io u r  of t i s s u e s  th e m se lv e s  in  

v i t r o .

The v a s c u l a r  bed of t h e  i s o l a t e d  e a r  of t h e  r a b b i t  i s  

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

r e s p o n s e s .  C h a p te r  2 d e s c r i b e s  an  a t t e m p t  to  c o n t r o l  and 

t o  s t a n d a r d i z e  t h e  t e c h n iq u e  u sed  in  p e r f u s i o n  o f  t h e  b lo o d  

v e s s e l s  i n  t h e  i s o l a t e d  e a r  o f t h e  r a b b i t .  To t h i s  end th e  

b e h a v io u r  of t h e  v e s s e l s  i s  o b s e rv e d ,  n o t  by r e c o r d in g  th e  

r a t e  o f  o u tf lo w  of t h e  p e r f u s a t e ,  b u t  by m ea su r in g  t h e  r a t e  

o f  in f lo w .  Thus a more a c c u r a t e  in d e x  i s  o b ta in e d  of t h e  

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

M oreover, a  s p e c i a l  c o n s t a n t  p r e s s u r e  sys tem  which had been 

d e v is e d ,  i s  u s e d ,  t h e  t e n s i o n  o f  oxygen in  t h e  p e r f u s io n  s o l u 

t i o n  i s  enhanced an d  e n v iro n m e n ta l  i n f lu e n c e s  a r e  k e p t  a s  

s te a d y  a s  p o s s i b l e .

The b lood  v e s s e l s  of t h e  e a r  o f  t h e  r a b b i t  a r e  known to  

re sp o n d  d e l i c a t e l y  t o  t h e  t e m p e r a tu re  o f t h e  a n im a l ’ s body.

The p r e s e n t  i n v e s t i g a t i o n  shows t h a t ,  even in  t h e  i s o l a t e d  

p r e p a r a t i o n ,  t h i s  r e s p o n s iv e n e s s  o f  t h e  e a r  v e s s e l s  to  changes 

i n  t e m p e r a tu re  of t h e  f l u i d  f lo w in g  th ro u g h  them , s t i l l  p e r 

s i s t s .  M oreover, t h e  work d e s c r ib e d  in  C h a p te r  2 shows t h a t
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i t  i s  p o s s i b l e  to  o b t a i n  some co n cep t  o f  t h e  d i f f e r e n t i a l  

b e h a v io u r  of p a r t s  o f  t h e  v a s c u l a r  t r e e  in  t h e  i s o l a t e d  

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

s o l u t i o n .

S e c t i o n ,  w i th  su b s e q u e n t  d e g e n e r a t io n ,  o f  t h e  n e rv e s  

t o  t h e  b lo o d  v e s s e l s  o f  t h e  e a r  l e a d s  to  a l t e r a t i o n s  i n  t h e  

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

p e r f u s i o n  s o l u t i o n .  T hese  changes a r e  d e s c r ib e d  i n  C h a p te r  

3 .

By m a th e m a t ic a l  t r e a tm e n t  i t  i s  p o s s i b l e  to  o b t a i n  a 

p i c t u r e  o f  t h e  movement o f  f l u i d  from  t h e  v e s s e l s  i n to  t h e  

t i s s u e  sp a ce s  and  from  t h e  t i s s u e  sp a c e s  back  in to  t h e  v e s s e l s .  

T h is  a n a l y t i c a l  p o r t i o n  o f  t h e  work i s  d e s c r ib e d  b r i e f l y  i n  

C h a p te r  2. The m a th e m a t ic a l  d e r i v a t i o n  is  g iv e n  i n  d e t a i l  

i n  C h a p te r  4 , t o g e t h e r  w i th  t h e  p r a c t i c a l  e v a l u a t i o n  of 2 of 

t h e  a n a ly s e s  whose r e s u l t s  a r e  u sed  in  C h a p te r  2.

In  C h a p te r  5 a d e t a i l e d  e v a l u a t i o n  i s  made o f  th e  f l u i d  

m echan ics  a c t i n g  in  an  improved c o n s t a n t  p r e s s u r e  d e v ic e  which 

was u sed  in  t h e  p e r f u s i o n  e x p e r im e n ts  on t h e  r a b b i t f s e a r .

O th e r  a p p l i c a t i o n s  o f  t h i s  c o n s ta n t  p r e s s u r e  d e v ic e  in  e x p e r i 

m e n ta l  p h y s io lo g y  a r e  d e s c r i b e d .

Throughout a l l  t h e s e  e x p e r im e n ts ,  I  have  been  f o r t u n a t e  

i n  h a v in g  t h e  c o l l a b o r a t i o n  of o t h e r  w o rk e r s ,  and I  would 

p a r t i c u l a r l y  l i k e  to  e x p re s s  my in d e b te d n e s s  t o  them .
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I N T R O D U C T I O N

The i n f l u e n c e  o f  l a c k  o f  a s c o r b i c  a c i d  on t h e  r a t e  o f  h e a l i n g  

o f  h e a t  i n j u r i e s  to  t h e  c o rn e a  o f  g u i n e a - p ig s  was s t u d i e d  by 

C am pbell ,  F e rg u so n  & G a r ry ,  (1949 , 1 9 5 0 ) .  The h e a l i n g  o f  

s u p e r f i c i a l  l e s i o n s ,  c o n f in e d  to  t h e  c o r n e a l  e p i th e l iu m ,  

was n o t  fo und  to  be  im p a ire d  by a d e f i c i e n c y  o f  a s c o r b i c  

a c i d .  On t h e  o t h e r  h a n d ,  we found  t h a t  d e e p e r  l e s i o n s ,  

in v o lv in g  t h e  s u b s t a n t i a  p r o p r i a  o f  t h e  c o rn e a ,  h e a l e d  more 

s lo w ly  and w ere  s t r u c t u r a l l y  w eaker i n  d e f i c i e n t  g u i n e a - p ig s .  

T h is  d i f f e r e n c e  was p resu m ab ly  due t o  a  d e f e c t i v e  f o rm a t io n  

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

D u r in g  t h i s  i n v e s t i g a t i o n  I  to o k  t h e  o p p o r t u n i t y  t o  

o b se rv e  t h e  i n c id e n c e  and p r o g r e s s  o f  oedema f o r m a t io n  i n ,  

and o f  v a s c u l a r i z a t i o n  o f ,  t h e  c o rn e a  f o l lo w in g  a  h e a t  

i n j u r y  (C am pbell & F e rg u s o n ,  1950a, b ) . T hese  o b s e r v a t io n s  

on oedema f o r m a t io n  and v a s c u l a r i z a t i o n  w ere  made b o th  i n  

norm al c o n t r o l s  and in  s c o r b u t i c  a n im a l s .

A lthough  t h e  co rn ea  n o rm a l ly  h a s  no b lo o d  v e s s e l s ,  

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

s u b s ta n c e  of t h e  c o rn ea  from  t h e  l im b a l  p l e x u s .  Cogan 

(1949) b e l i e v e s  t h a t  v a s c u l a r i z a t i o n  i s  a lw ays p re c e d e d  by 

oedema of t h e  co rn ea  in v o lv in g  t h e  t i s s u e s  o f  t h e  l im b u s .
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M E T H O D S .

A n im a ls . Fem ale n o n -p re g n a n t  g u i n e a - p ig s  were used* 

T h e ir  i n i t i a l  body w e ig h ts  w ere  "between 450 and 650 g*

D i e t . The h a s a l  d i e t  was c ru sh e d  r a t - c a k e  cubes  

(Thomson, 1936) m o is te n e d  w i th  a l i t t l e  w a te r*  To 

supp lem en t t h i s  d i e t  6 d ro p s  o f  cod l i v e r  o i l  w ere  added 

d a i l y  t o  t h e  cu bes  e a te n  by each  a n im a l .

A s c o rb ic  a c i d * These r a t  cubes s r e  f r e e  from  a s c o r b i c  

a c i d .  To e n s u re  t h a t  t h e  c a v ie s  h ad  a  u n ifo rm  i n i t i a l  l e v e l  

o f  s a t u r a t i o n  w i th  a s c o r b i c  a c i d ,  I  gave  20 mg a s c o r b i c  a c i d  

(Roche) o r a l l y  i n  0*5 m l .  w a te r  once p e r  d a y .  The a s c o r b i c  

a c id  t a b l e t s  w ere  g round  to  a  f i n e  powder i n  a  m o r ta r  and 

p e s t l e ,  and w ere  suspended  in  t h e  w a te r  im m e d ia te ly  b e fo r e  

a d m i n i s t r a t i o n  t o  t h e  g u i n e a - p i g s .  The r e q u i r e d  volume o f  

th e  su s p e n s io n  was th e n  g iv e n  o r a l l y  from  a p i p e t t e .  T h is  

i n t a k e  of 20 mg a s c o r b i c  a c id  was g iv e n  f o r  21 d ays  i n  a l l  

c a v ie s  i n  o rd e r  t o  o b ta in  t i s s u e  e q u i l i b r iu m  ( J o n e s ,  B a r t l e t t ,  

Ryan & Drummey, 1943)

C o n tro l  a n im a l s . C o n t ro l  a n im a ls  w ere  i n j u r e d  a f t e r  21

days  of s a t u r a t i o n  w i th  v i t a m in  C and th e  d a i l y  a d m i n i s t r a t i o n  
,

of 20 mg a s c o r b i c  a c id  was c o n t in u e d  t h e r e a f t e r .



S c o r b u t ic  a n im a l s * A f te r  a  p r e l i m i n a r y  21 days  o f  

s a t u r a t i o n  w i th  20 mg a s c o r b i c  a c id  p e r  d a y ,  t h e  a n im a ls  

w ere  g iv e n  0 .5  mg a s c o r b i c  a c i d  e v e ry  second  day f o r  a  

f u r t h e r  21 d a y s .  The i n j u r i e s  w ere  th e n  made t o  t h e  

a n im a l s ,  t h e  do sage  of 0 .5  mg a s c o r b i c  a c id  e v e ry  second 

day b e in g  c o n t in u e d  t h e r e a f t e r .

The s c o r b u t i c  g u i n e a - p ig s  w ere  l e s s  a c t i v e ,  c e a se d  t o  

g a in  w e ig h t  and had an i n c r e a s e d  l i a b i l i t y  t o  r e s p i r a t o r y  

i n f e c t i o n .

A p p a ra tu s .  The l e s i o n s  w ere  p rodu ced  w i th  a  c a u te r y  

made from  a  lo o p  of 32 S.W.G. p la t in u m  w i r e .  A p re d e te rm in e d  

c o n s t a n t  v o l t a g e  was f e d  t o  th e  c a u t e r y  th ro u g h  a  r e l a y  

co n n ec ted  t o  th e  1 se c  c o n t a c t s  of a  Palm er A.C. t im e  c lo c k .  

T h is  c i r c u i t  a l lo w e d  th e  c u r r e n t  t o  f lo w  th ro u g h  th e  c a u te r y  

f o r  e x a c t l y  1 se c  when r e q u i r e d .

T e c h n iq u e . The c o rn e a  was a n a e s t h e t i z e d  by i n s t i l l i n g  

i n t o  th e  c o n ju n c t i v a l  sac  2 d ro p s  o f  a. 2fc p o n to c a in e  h y d ro 

c h lo r i d e  s o l u t i o n .  The su b s e q u e n t  o p e r a t io n s  d id  n o t  cau se  

d is c o m fo r t  s i n c e  th e  c o rn e a l  r e f l e x  was n e v e r  e l i c i t e d  and th e  

a n im a ls  rem ained  q u i e t .  Ho s ig n s  of d i s t r e s s  ap p ea re d  a f t e r  

th e  o p e r a t io n  and i n  no c ase  d id  i n f e c t i o n  o c c u r .

The co ld  c a u t e r y  was p r e s s e d  f i r m l y  and v e r t i c a l l y  on th e  

c o rn e a  2 mm from  t h e  l im b u s  a t  12 o ! c l o c k .  The c u r r e n t
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was a llo w e d  t o  f lo w  f o r  e x a c t l y  1 se c  and t h e  c a u te r y  was 

removed 1 sec  l a t e r *  T h is  gave a s t a n d a r d  h e a t  i n j u r y  

s i m i l a r  t o  t h a t  u sed  by Campbell & M ic h a e lso n  (1 9 4 9 ) .  

H i s t o l o g i c a l  e x a m in a t io n  showed t h a t  t h e  r e s u l t i n g  l e s i o n  

was 1 mm i n  d i a m e t e r ,  and t h a t  t h e  c o r n e a l  e p i th e l iu m  and 

th e  a n t e r i o r  2 /3  o f th e  s u b s t a n t i a  p r o p r i a  w ere  d e s t r o y e d .

I  gave each  g u i n e a - p ig  in  b o th  t h e  c o n t r o l  and th e  s c o r b u t i c  

g ro u p s  a s e r i a l  num ber. The o rd e r  i n  w hich  th e  c o rn e a l  

i n j u r i e s  w ere  made was d e te rm in e d  by th e  o rd e r  in  which 

t h e s e  s e r i a l  num bers a p p ea re d  in  a  t a b l e  of random  numbers 

( F i s h e r  & Y a te s ,  1948)

A l l  th e rm a l  i n j u r i e s  w ere c a r r i e d  o u t  by D r .  F .  ¥ •  

Cam pbell, who was unaware w h e ther  a  c o n t r o l  or a  s c o r b u t i c  

an im al was b e in g  i n j u r e d .

E x am in a tio n  of th e  i n j u r y .  The d e g re e  o f  6edema, 

f o rm a t io n  and of v a s c u l a r i z a t i o n  was n o te d  by  me, a t  8 h o u r l y  

i n t e r v a l s  day and n i g h t .

The o b s e r v a t io n s  w ere  made w i th  th e  a id  of a  b in o c u la r  

lo u p e  and f o c a l  i l l u m i n a t i o n .  Once e p i t h e l i a l  h e a l i n g  h ad  

o c c u rre d  o b s e r v a t i o n s  w ere c o n t in u e d  a t  2 4 -h r  i n t e r v a l s .

The method u se d  t o  e s t im a te  th e  e x te n t  of c o r n e a l  

oedema was to  n o te  t h e  c o rn e a l  a r e a  w hich  t h e  oedema co v ered  

on a 1 2 -h r  d i a l  d ra w in g .  The a r e a  of new v e s s e l  f o r m a t io n
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was r e c o r d e d  i n  a  s i m i l a r  f a s h i o n .  The d e n s i t y  o f  t h e  

c o r n e a l  oedema and t h e  d e n s i t y  of t h e  v a s c u l a r i z a t i o n  w ere 

r e c o r d e d  a s  0 ,  4*, ++, or +++.

A lthough  t h e s e  m ethods of r e c o r d i n g  t h e  oedema f o r m a t io n  

and th e  new v e s s e l  f o r m a t io n  i n  t h e  c o rn e a  w ere  o n ly  a p p ro x -  

s im a te ,  th e y  w ere  u se d  s in c e  th e y  a l lo w e d  q u ic k  c l a s s i f i c a t i o n *
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R E S U L T S

Oedema format ion  in  th e, cornea. During h ea lin g , oedema 

formed in  the cornea in a l l  the control gu inea-p igs and in  

a l l  the d e f ic ie n t  anim als.

The time of onset and the time of maximum oedema form

a tion  are shown in  ta b le  1 . The d ifferen ce  between the 

means of the times of onset i s  not s ig n if ic a n t .  However, 

the scorbutic group of gu inea-p igs did take s ig n if ic a n t ly  

longer than the control group to reach the time of maximum 

oedema form ation.

The f ig u r es  could not be analysed fo r  the time o f  d is 

appearance of the oedema as some of the animals were k il le d  

f o r  h is to lo g ic a l  examination before the oedema had com pletely  

disappeared.

V a s c u l a r i z a t i o n  of t h e  c o r n e a * D u ring  h e a l i n g ,  v a s c u l 

a r i z a t i o n  of th e  c o rn e a  o c c u r re d  i n  9 o u t  of 32 ey es  i n  t h e  

c o n t r o l  g ro u p  of g u i n e a - p i g s ,  and in  19 o u t  o f 32 eyes  o f  

d e f i c i e n t  a n im a ls  ( t a b l e  2 ) •

The r e s u l t s  w ere  a n a ly s e d  by t h e  -  sq u a re d  method 

( 2 • 5 .1 )*  Such a r e s u l t  co u ld  occu r  by chance o n ly

l e s s  th a n  1 in  40 t im e s ,  and i t  may t h e r e f o r e  be presum ed
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that the greater incidence of v a scu la r iza tio n  in  the 

scorbutic gu inea-p igs i s  s ig n if ic a n t .

The onset of v a sc u la r iza tio n , the time of i t s  maximum 

ex ten t, and the time of disappearance a l l  tended to  be 

delayed in  the scorbutic group compared w ith  the control 

group of gu inea-p igs (ta b le  3 ) .
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D I S C U S S I O N

n u t r i t i o n  of t h e  c o r n e a . In a d e q u a te  knowledge e x i s t s  

on th e  p h y s io lo g y  of t h e  f l u i d  c i r c u l a t i o n  w i t h i n  t h e  c o rn e a .  

I t  i s  known, h o w e v e r ,  t h a t  t h e  c o rn e a  can o b ta in  n o u r ish m e n t  

from  3 s o u r c e s s  f i r s t l y  from  th e  a n t e r i o r  chamber th ro u g h  

th e  e n d o th e l iu m , s e c o n d ly ,  d i r e c t l y  from  th e  c a p i l l a r i e s  o f  

th e  l im b u s ,  or f i n a l l y  th ro u g h  t h e  e p i th e l iu m  from  t h e  

la c h ry m a l  f l u i d  ( T e r r y ,  1 9 3 9 ) .  M eekers (1940) c o n s id e r e d  

t h a t  t h e r e  was i n s u f f i c i e n t  e v id e n c e  to  a s s e s s  a c c u r a t e l y  

t h e  im p o r ta n c e  of each  so u rc e  in  th e  norm al m e ta b o l ism  of 

t h e  c o rn e a .

A sc o rb ic  a c id  i n  th e  c o r n e a . The c o rn e a  i s  known t o  

c o n ta in  h ig h  c o n c e n t r a t i o n s  of a s c o r b i c  a c i d .  S in ce  th e  

co rnea  i s  a v a s c u l a r ,  v i t a m in  C may a c t  a s  a  h y d ro gen  a c c e p t o r ,  

and th u s  p la y  an im p o r ta n t  p a r t  i n  t h e  norm al m e ta b o l ism  of 

th e  c o rn e a .

There  i s  some d is a g re e m e n t  c o n c e rn in g  t h e  p a r t i t i o n  

o f  a s c o r b i c  a c i d  betw een  th e  v a r i o u s  l a y e r s  of t h e  c o rn e a .  

Schmid & B urk i (1 9 4 3 ) ,  u s in g  a h i s to c h e m ic a l  m ethod , f  ound 

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

c o rn e a l  e p i t h e l i u m .  The s u b s t a n t i a  p r o p r i a  had  a  low er 

c o n te n t ,  a l th o u g h  t h e r e  was a  h ig h  c o n c e n t r a t i o n  in  t h e
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r e g i o n  of Bowman*s and of D escem et’ s membranes*

H enkes (1 9 4 6 ) ,  on t h e  o th e r  h a n d ,  who e x t r a c t e d  and 

t i t r a t e d  a s c o r b i c  a c id  from  v a r i o u s  r e g i o n s  of t h e  c o rn e a ,  

fo un d  no a s c o r b i c  a c id  i n  Bowman’ s membrane, a  l i t t l e  i n  

t h e  c o r n e a l  e p i th e l i u m  and a h ig h  c o n c e n t r a t i o n  in  t h e  

s u b s t a n t i a  p r o p r i a  and i n  B escem et’ s membrane* The su b -  

e p i t h e l i a l  p o r t i o n  of th e  s u b s t a n t i a  p r o p r i a  c o n ta in e d  th e  

h i g h e s t  c o n c e n t r a t i o n  of v i t a m in  C. P i r i e  ( 1 9 4 6 ) ,  u s in g  

m i c r o t i t r a t i o n ,  fo u n d  th e  c o n c e n t r a t i o n  of a s c o r b i c  a c i d  

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

Oxygen su p p ly  to  t h e  c o rn e a . Bakker (1947) c a r r i e d  

o u t e x p e r im e n ts  on r a t s  i n  an a i r - t i g h t  chamber i n t o  w hich  

any d e s i r e d  g a s  m ix tu re  co u ld  be i n t r o d u c e d .  He c o n c lu d ed  

t h a t  t h e  c o rn e a  in  v iv o  d id  n o t  o b t a in  a p p r e c i a b l e  q u a n t i t i e s  

of oxygen from  th e  a tm o sp h e re .  Bakker p o in te d  o u t  t h a t  a  

p e rso n  a s l e e p  d id  n o t  e x p e r ie n c e  c o r n e a l  c h an g e s ,  even 

a l th o u g h  th e  c o rn e a  was c u t  o f f  from  a tm o s p h e r ic  oxygen. 

However, t h e r e  may w e l l  be a  r e a s o n a b ly  h ig h  oxygen t e n s i o n  

i n  t h e  c lo s e d  c o n j u n c t i v a l  sac  due t o  d i f f u s i o n  from  th e  v e ry  

r i c h  v a s c u l a r  bed of th e  p a lp e b r a l  c o n ju n c t i v a .

Langham (1951) c a r r i e d  o u t e x p e r im e n ts  in  th e  r a b b i t  

w i th  th e  c o rn e a  i n  v i v o . He e s t im a te d  th e  c o n c e n t r a t i o n  

of l a c t i c  a c id  in  t h e  c o rn e a  f o l lo w in g  ex posu re  t o  g a se o u s
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en v iro n m en ts  e i t h e r  o f oxygen or of n i t r o g e n .  Langiham 

c o n c lu d ed  t h a t  ixi v iv o  t h e  c o rn e a  may u t i l i s e  oxygen 

d i r e c t l y  from  t h e  a i r *  H is  r e s u l t s  a l s o  i n d i c a t e d  t h a t  

oxygen can d i f f u s e  th ro u g h  th e  l a y e r s  o f  t h e  l i v i n g  c o rn e a  

i n  b o th  d i r e c t i o n s .

Oedema f o r m a t io n  in  t h e  cornea.

I t  i s  im p o s s ib le  t o  e s t a b l i s h  from  t h e  p r e s e n t  e x p e r im e n ts  

w h e th e r  th e  a s c o r b i c  a c id  p r e s e n t  or a b s e n t  i n  t h e  2 g ro u p s  

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

in  t h e  c o rn e a ,  or i n d i r e c t l y  th ro u g h  t h e  m e tab o lism  of th e  

a d r e n a l  g l a n d .

L o ca l  a c t i o n  of a s c o r b i c  a c id  on oedema f o r m a t io n  i n  

t h e  c o r n e a . Of im p o r ta n c e  f o r  t h e  p r e s e n t  work i s  t h e  

f a c t  t h a t  i n  e x p e r im e n ta l  s c u rv y  in  g u i n e a - p i g s ,  Henkes 

(1946) found  t h a t  a s c o r b i c  a c id  d i s a p p e a r e d  from  th e  co rn ea  

i n  from  2 t o  3 w eek s , a l th o u g h  th e  g l u t a t h i o n e  c o n te n t  

rem ained  u n ch an g ed . N e v e r t h e l e s s ,  t h e  u n in ju r e d  co rnea  

shows no o bv ious  change even in  s e v e r e  and p ro lo n g e d  sc u rv y  

i n  g u in e a - p ig s  or i n  human b e i n g s .  A s c o rb ic  a c id  i s  known 

t o  be n e c e s s a r y  f o r  f o r m a t io n  of c o l la g e n o u s  t i s s u e  in  t h e  

r e p a i r  of wounds i n  t h e  c o rn e a  a s  i n  o th e r  t i s s u e s  ( B e a t t i e ,
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1947)# T hus, th e  i n j u r i e s  i n f l i c t e d  t o  th e  c o rn e a  may 

h av e  unmasked l o c a l l y  a d e f i c i e n c y  n o t  o th e r w is e  a p p a re n t*

P o s s i b l y  t h e  f i r s t  e v e n t  l e a d in g  to  f i b r e  f o r m a t io n  

i n  wounds i s  t h e  d e p o s i t i o n  of a  m u c o p o ly sa c c h a r id e  a b o u t  

t h e  f i b r o b l a s t s  i n  homogeneous fo rm .  T h is  i s  fo l lo w e d  by 

th e  f o r m a t io n  of v e ry  f i n e  a r g y r o p h i l  f i b r e s  embedded i n  

t h e  homogeneous m a t e r i a l .  T h ic k en in g  of t h e s e  f i b r e s  

o c c u r s ,  w h i le  th e  m u c o p o ly sa c c h a r id e  a l s o  t a k e s  a, f i b r o u s  

fo rm , m a tu re s  and becomes no lo n g e r  d e m o n s tra b le  h i s t o 

l o g i c a l l y .  D uke-E ld e r  (1938) r e v ie w s  th e  l i t e r a t u r e  on 

c o rn e a l  wound h e a l i n g .  Penney & B a lfo u r  (1949) w ere  u n a b le  

t o  d e m o n s t ra te  t h e  d e p o s i t i o n  of m u c o p o ly sa c c h a r id e  i n  

wounds i n  s c o r b u t i c  g u i n e a - p i g s .  M o reo v er ,  i n t r a m u s c u la r  

i n j e c t i o n  of a s c o r b i c  a c id  t o  t h e  d e f i c i e n t  a n im a ls  r e s u l t e d  

i n  th e  a p p e a ra n c e  w i t h i n  12 h r  of m u c o p o ly sa c c h a r id e  in  th e  

wound.

A nother p o s s i b i l i t y  i s  t h a t  th e  r e p a r a t i v e  p r o c e s s e s  

a f t e r  i n j u r y  make a d d i t i o n a l  m e ta b o l ic  demands. The b re a k 

down p ro d u c ts  of i n j u r y  m ust be  rem oved , new f o r m a t io n  of 

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

co n seq u en t  on a l a c k  of a s c o r b i c  a c i d ,  may e x p la in  th e  

d e la y e d  o n se t  o f , and s l i g h t l y  more marked oedema in  th e  

d e f i c i e n t  a n im a ls .
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I t  may be a l s o  t h a t  p a r t  o f th e  oedema fo r m a t io n  ifl 

t h e  s c o r b u t i c  a n im a ls  may be a t t r i b u t e d  t o  a  d e f e c t  i n  t h e  

w a l l s  of t h e  c a p i l l a r i e s  of th e  l im b u s  o r  i n  th e  new ly 

form ed v e s s e l s  in v a d in g  th e  co rnea*  I t  h a s  been  foun d  

t h a t  norm al v a s c u l a r  e n d o t h e l i a l  c e l l s  g iv e  s t r o n g  a l k a l i n e  

p h o s p h a ta s e  a c t i v i t y .  I n v e s t i g a t i o n s  by D a n i e l l i ,  P e l l  & 

K od icek  (1945) h av e  shown t h a t  a l k a l i n e  p h o s p h a ta s e  i s  

s t r i k i n g l y  d e c r e a s e d  in  r e g e n e r a t i n g  c o n n e c t iv e  t i s s u e s  o f  

s c o r b u t i c  g u i n e a - p i g s .  O b v io u s ly  th e  p o s s i b l e  role o f  an 

a l t e r a t i o n  in  th e  v a s c u l a r  e n d o th e l iu m  in  th e  c a u s a t io n  o f  

oedema a w a i t s  f u r t h e r  c l a r i f i c a t i o n .

The e x p e r im e n ta l  e v id e n c e  of e n d o t h e l i a l  p r o l i f e r a t i o n  

i n  s c u rv y ,  and th e  s u b s id e n c e  of c a p i l l a r y  f r a g i l i t y  a f t e r  

v i ta m in  C a d m i n i s t r a t i o n ,  was c o n s id e re d  by K lem perer (1948) 

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

cement s u b s ta n c e  be tw een  th e  c e l ls^  and n o t  i n  th e  e n d o t h e l i a l  

c e l l s  th e m s e lv e s ,  i s  r e s p o n s i b l e  f o r  th e  h a e m o rrh a g ic  t e n 

dency in  s c u rv y .  Thus t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  an 

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

c o n t r i b u t i n g  t o  t h e  oedema f o r m a t io n  in  t h e  s c o r b u t i c  an im als#

A sc o rb ic  a c id  and t h e  m e tab o lism  of t h e  a d r e n a l  c o r t e x .

I t  was p o s s i b l e  t h a t  a s c o r b i c  a c i d  a c t e d  i n d i r e c t l y  on t h e
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oedema form ation  in  th e  cornea by in f lu e n c in g  g lu c o 

c o r t ic o id  form ation  in  th e  ad ren al co rtex *

C layton  & Prunty (1951) found th a t  th e re  i s  an in c r e a se  

in  th e  a c t i v i t y  of th e  ad ren a l c o r te x  during scurvy  in  

g u in e a -p ig s .  T h is work was confirm ed by Bacchus & H e i f f e r  

(1 9 5 3 ) . These au th ors (Bacchus* A l t s z u l e r  & H e i f f e r ,  1952) 

a l s o  showed t h a t  a s c o r b i c  a c id  d e p re s s e d  th e  breakdown o f 

c o r t i c a l  horm ones t o  1 7 - k e t o s t e r o i d s .  S im u lta n eo u s  a s c o r b i c  

a c id  t r e a tm e n t  of a d re n a le e to m iz e d  fe m a le  r a t s  r e c e i v i n g  c o r t 

iso n e  a c e t a t e ,  r e s u l t e d  in  a. d e c r e a s e  of u r i n a r y  1 7 - k e to s 

t e r o i d s  and an i n c r e a s e  of t h e  u r i n a r y  c o r t i c o s t e r o i d s  (B acchus, 

1 9 5 2 ) .

The m echanism of th e  c o n t r o l  of th e  s e c r e t i o n  from  th e  

adenoh ypo phy sis  of a d r e n o c o r t i c o t r o p h i c  hormone ( ACTH) was 

rev iew ed  by H a r r i s  (1 95 1a , b ) . A d m in i s t r a t io n  of ACTH 

d e p le t e s  th e  a d r e n a l  a s c o r b i c  a c id  i n  t h e  g u in e a - p ig  and th e  

r a t  (S a y e r s ,  S a y e rs  & Woodbury, 1 9 4 8 ) .  In  t h e  h y p o th y se c -  

tom ized  r a t ,  a d r e n a l  a s c o r b i c  a c id  i s  u n a f f e c t e d  by s t r e s s ,  

a l th o u g h  th e  same d e g re e  of s t r e s s  in  a norm al an im al would 

low er th e  a s c o r b i c  a c id  c o n c e n t r a t i o n  ( S a y e r s ,  S a y e rs ,  L iang  

& Long, 1 9 4 5 ) . T h is  f i n d i n g  s u g g e s t s  t h a t  p h y s i o l o g ic a l  

q u a n t i t i e s  of ACTH do i n f lu e n c e  th e  a s c o r b i c  a c id  c o n te n t  of 

t h e  a d re n a l  g la n d  (S p ra g u e ,  Power, Mason, A l b e r t ,  M a th ie so n ,
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Hench, K e n d a l l ,  Slocumb & P o l l e y ,  1 9 5 0 ) .

C la y to n  & P r u n t y  (1951) c o n s i d e r e d  t h a t  t h e  b a l a n c e  

of e v id e n ce  f a v o u r e d  t h e  v iew  t h a t  a d r e n a l  c o r t i c a l  a c t i v i t y  

i s  i n c r e a s e d  i n  s c u r v y ,  and can be f u r t h e r  i n c r e a s e d ,  i n  t h e  

a b se n c e  of v i t a m i n  C, by ACTH.

An i n c r e a s e d  a d r e n o c o r t i c a l  a c t i v i t y  i s  a s s o c i a t e d  w i t h  

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

(L o w ens te in  & Zwemer, 1 9 4 6 ) .  However,  Vogt (1948) was u n a b le  

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

t i o n  be tw een  t h e  b lo o d  e n t e r i n g  and t h a t  l e a v i n g  t h e  a d r e n a l  

g l a n d  under  c o n d i t i o n s  of i n c r e a s e d  a c t i v i t y .

On t h e  o t h e r  h a n d ,  t h e r e  i s  c o n s i d e r a b l e  e v id e n c e  t o  

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

i n  t h e  m e ta b o l i sm  of t h e  a d r e n a l  c o r t e x  ( S a y e r s ,  1 9 5 0 ) .  I t  

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

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

p r o c e s s e s  of t h e  a d r e n a l  wbich  a r e  co nce rned  w i t h  t h e  s e c r e 

t i o n  of c o r t i c a l  horm ones .

I n d i r e c t  a c t i o n  of a s c o r b i c  a c i d  v i a  t h e  a d r e n a l  c o r t e x  

on oedema f o r m a t i o n  i n  t h e  c o r n e a . The h e a t  i n j u r y  t o  t h e  

c o rn e a  must  have  a c t e d  a s  a  s t r e s s  t o  t h e  g u i n e a - p i g s  i n  

b o th  t h e  c o n t r o l  and s c o r b u t i c  g r o u p s .  S e ly e  ( e . g .  1950)
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h a s  em phas ized  i n  b i o l o g y ,  t h e  im p o r tan c e  of s t r e s s  a s  t h e  

i n t e r a c t i o n  b e tw een  damage and d e f e n c e .  F o l lo w in g  i n j u r y ,  

t h e  body r e q u i r e m e n t  f o r  a s c o r b i c  a c i d  i s  g r e a t e r  ( B e a t t i e ,  

1 9 4 7 ) .  T h is  g r e a t e r  r e q u i r e m e n t  i s  p o s s i b l y  due t o  a  

g r e a t e r  u t i l i z a t i o n  of a s c o r b i c  a c id  i n  t h e  a d r e n a l  c o r t e x  

and i n  t h e  l i v e r ,  a s  w e l l  a s  t o  t h e  g r e a t e r  n e e d s  of th e  

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

b een  d i s c u s s e d .  Long (1950) c o n s i d e r e d  t h a t  a p r e l i m i n a r y  

r e l e a s e  of a d r e n a l i n e  was a t  l e a s t  a c o n t r i b u t i n g  f a c t o r  i n  

t h e  s e c r e t i o n  of ACTH f o l l o w i n g  s t r e s s .  C e r t a i n l y  a d r e n a l i n e  

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

and i n  r e l e a s i n g  a d r e n a l  c o r t i c a l  hormones (von E u l e r ,  1 9 5 1 ) .

S c a rborough  (1944) d e m o n s t r a t e d  t h a t  t h e  r e s i s t a n c e  of  

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

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

D uth ie  (1950) s u g g e s t e d  t h a t  t h e  r i s e  i n  c a p i l l a r y  r e s i s t a n c e  

may be due t o  a d r e n o c o r t i c a l  s t i m u l a t i o n ,  by t h e  r e l e a s e  o f  

endogenous a d r e n a l i n e  or some s i m i l a r  mechanism.

A d e t a i l e d  r e v i e w  of t h e  e f f e c t s  of c o r t i s o n e  h a s  been  

made by  C a r l i s l e  ( 1 9 5 0 ) .  I f  g l u c o - c o r t i c o i d s  were  r e l e a s e d  

f o l l o w i n g  th e  h e a t  i n j u r y  t o  t h e  c o r n e a ,  t h e y  would t e n d  t o  

i n h i b i t  t h e  oedema which  would be form ed i n  t h i s  mesenchymal 

t i s s u e  (M ulinos  & C h r i s t a k i s ,  1953;  S c h a f f e n b u r g , Masson &
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C o r c o ra n ,  1950)*

I n  t h e  p r e s e n t  e x p e r im e n t s  such a  f a c t o r ,  how ever ,  

would o p e r a t e  i n  b o t h  g r o u p s  of  g u i n e a - p i g s *  M oreover ,  

i t  i s  v e r y  u n l i k e l y  t h a t  t h e  s l i g h t  i n j u r y  t o  t h e  c o rn e a  

would a c t  a s  a s u s t a i n e d  s t r e s s o r .  S in c e  a l l  t h e  g u i n e a -  

p i g s  h a d  p r e v i o u s l y  become accus tomed t o  h a n d l i n g  by me 

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

e x a m in a t io n  of t h e  eye would a c t  a s  a. s i g n i f i c a n t  s t r e s s i n g  

s t i m u l u s .

N e v e r t h e l e s s ,  t h e  r e v i e w  of t h e  l i t e r a t u r e  h a s  shown 

t h a t  t h e r e  would be  i n c r e a s e d  a c t i v i t y  of t h e  a d r e n a l  c o r 

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

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

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

n i f i c a n t l y  l o n g e r  t h a n  t h e  c o n t r o l  g ro u p  t o  r e a c h  t h e  t im e  

of maximum oedema f o r m a t i o n ,  would be  c o n s i s t e n t  w i t h  a 

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

a n im a l s ,  t h e r e b y  r e l e a s i n g  more g l u c o - c o r t i c o i d s  and t h u s  

d e l a y i n g  t h e  oedema f o r m a t i o n .
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V a s c u l a r i z a t i o n  i n  t h e  c o rn e a

The oedema, however fo rm e d ,  would r e s u l t  i n  open ing  up 

of t h e  l a m e l l a e  of t h e  s u b s t a n t i a  p r o p r i a *  Thus t h e  

oedema may a c t  m e c h a n i c a l l y  p e r m i t t i n g  i n v a s i o n  of b lo o d  

v e s s e l s .

Cogan (1949) b e l i e v e s  t h a t  v a s c u l a r i z a t i o n  of  t h e  

c o rn e a  n e v e r  o c c u r s  w i t h o u t  oedema of t h e  c o r n e a l  s t ro m a .

T h is  s u g g e s t i o n  had  p r e v i o u s l y  been  made by J u l i a n e l l e  &

Lamb (1934) and by Mann & P u l l i n g e r  ( 1 9 4 2 ) .  These  a u t h o r s  

c o n s i d e r  t h a t  t h e  p r e s e n c e  of oedema f l u i d  i n  t h e  c o rn e a  opens 

up t h e  s p a c e s  be tw een  t h e  f i b r e s  of t h e  s u b s t a n t i a  p r o p r i a  

and t h i s  i n  t u r n  may a l l o w  in g ro w th  of t h e  l i m b a l  c a p i l l a r i e s .  

S i m i l a r l y ,  s u b s id e n c e  of t h e  oedema may p roduce  o c c l u s i o n  of  

some of t h e s e  newly formed v a s c u l a r  c h a n n e l s .  I t  i s ,  how

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

on ly  one o p e r a t i v e  i n  t h e  f o r m a t i o n  of new v e s s e l s  i n  t h e  

c o r n e a .  Thus i n  t h e  p r e s e n t  e x p e r im e n t s  t h e  d e g re e  of  oedema 

was no g r e a t e r  i n  t h e  c o rn e a e  t h a t  became v a s c u l a r i z e d .

Meyer & C h a f fe e  (1940) and B a c s ic h  & R i d d e l l  (1945) 

lo o k  a t  t h e  p rob lem  f rom  a somewhat d i f f e r e n t  a n g l e .  They 

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

‘Wharton’ s j e l l y ,  n o r m a l ly  c o n t a i n  a  s u b s t a n c e  i n h i b i t i n g
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v a s c u l a r i z a t i o n *  One c o u ld  p o s t u l a t e  t h a t  i n j u r y  t o  t h e  

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

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

L o c a l  a c t i o n  of a s c o r b i c  a c i d  on v a s c u l a r i z a t i o n  i n  

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

b o l i t e s  may a c t  a s  a d i r e c t  s t i m u l u s  t o  new b l o o d - v e s s e l  

f o r m a t i o n .  J u s t  a s  a r i b o f l a v i n o s i s  evokes sp o n ta n eo u s  

v a s c u l a r i z a t i o n  of t h e  c o r n e a ,  a v i t a m i n o s i s  C may l e a d  t o  

v a s c u l a r i z a t i o n  when t h e r e  i s  t h e  e x t r a  m e t a b o l i c  demand 

f o l l o w i n g  on i n j u r y .  S in ce  r i b o f l a v i n  i s  p a r t  of an o x id 

a t i o n  enzyme sy s te m ,  B essey  & V olbach  ( 1 9 3 9 ) ,  and Johnson 

& E c k a r d t  (1940) b e l i e v e  t h a t  a n o x ia  i s  a  s t i m u l u s  f o r  c o r n e a l  

v a s  c u l a r  i  z a t  i  on *

C o rn ea l  wounds h e a l  b o th  by s l i d i n g  of t h e  e p i t h e l i u m  

(F r ie d en w a ld  & Buschke ,  1944; Mann, 1944) and by m i t o t i c  

a c t i v i t y  i n  t h e  e p i t h e l i u m  (Sm else r  & O z a n ic s ,  1 9 4 5 ) .  The 

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

r e s u l t  i n  an i n c r e a s e d  oxygen demand# T h is  may p roduce  an 

a r e a  of  r e l a t i v e  a n o x ia  a round  t h e  l e s i o n 0 T h is  low oxygen 

t e n s i o n  may a c t  a s  a  s t i m u l u s  t o  new v e s s e l  f o r m a t io n  from 

t h e  l im b u s  i f  t h e  l e s i o n  i s  s u f f i c i e n t l y  c l o s e  t o  i t #  More

o v e r ,  due t o  t h e  l o s s  of v i t a m i n  C i n  i t s  r o l e  a s  a  hydrogen
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a c c e p t o r ,  i t  may be  t h a t  t h i s  r e s u l t e d  i n  a  r e l a t i v e l y  

g r e a t e r  l o c a l  oxygen d e f i c i e n c y  and h e n c e  more new v e s s e l s  

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

I n d i r e c t  a c t i o n  o f  a s c o r b i c  a c i d  v i a  t h e  a d r e n a l  c o r t e x  

on v a s c u l a r i z a t i o n  i n  t h e  c o r n e a . C e r t a i n  g l u c o - c o r t i c o i d s  

such  as  Compound E,  a r e  known t o  d e p r e s s  g r a n u l a t i o n  t i s s u e  

f o r m a t i o n  i n  t h e  r a b b i t  (Ragan,  Howes, P l o t z ,  Meyer & B l u n t ,  

1949) . M oreo ver ,  c o r t i s o n e  h a s  been  shown t o  c au se  a  dim

i n u t i o n  o f  v a s c u l a r i t y  i n  g r a n u l a t i o n  t i s s u e  ( S p a i n ,  Molomut 

& H a b e r ,  1950) •

Jo n e s  & Meyer (1950) r e p o r t e d  t h a t  s u b c o n j u n c t i v a l  

i n j e c t i o n s  o f  c o r t i s o n e  a c e t a t e  i n  t h e  r a b b i t  m ark ed ly  

i n h i b i t e d  t h e  v a s c u l a r i z a t i o n  o f  t h e  c o rn e a  which f o l lo w s  

i n t r a c o r n e a l  i n j e c t i o n s  of  sodium h y d r o x i d e  s o l u t i o n *

Campbell (1952) showed t h a t  c o r t i s o n e  d e l a y s  h e a l i n g  i n  o u r  

s t a n d a r d  c o r n e a l  i n j u r i e s .  He conc luded  t h a t  a d r e n o c o r t i c a l  

hormones a c t e d  on c o r n e a l  v a s c u l a r i z a t i o n  n o t  d i r e c t l y  b u t  

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

e r a t i o n .

Thus i t  would seem l i k e l y  t h a t  t h e  g r e a t e r  v a s c u l a r 

i z a t i o n  o f  t h e  co rn e a  i n  t h e  s c o r b u t i c  g u i n e a - p i g s  would be  

c o n s i s t e n t ,  a s  was t h e  s l i g h t  d i f f e r e n c e  i n  oedema f o r m a t io n ,
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w i t h  t h e  v iew  t h a t  i t  cou ld  be a t t r i b u t e d  t o  g r e a t e r  

a c t i v i t y  of t h e  a d r e n a l  c o r t e x  i n  scurvy#

M oreover ,  i t  i s  s a i d  t h a t  s t r e s s ,  such as  i n j u r y ,  i n  

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

of c o r t i s o n e .  The i n j u r i e s  i n f l i c t e d  on t h e  corneae  of t h e  

g u i n e a - p i g s  may j u s t  p o s s i b l y  have  a c t e d  a s  a  s t r e s s .  The 

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

may h a v e  d e la y e d  h e a l i n g  l e a d i n g  t o  g r e a t e r  v a s c u l a r i z a t i o n .
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S U M M A R Y

1 .  A method i s  d e s c r i b e d  f o r  p ro d u c in g  sm a l l  s t a n d a r d  

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

2 .  These i n j u r i e s  were  i n f l i c t e d  on c o n t r o l  and s c o r 

b u t i c  g u i n e a - p i g s .

3* The s c o r b u t i c  g roup  of g u i n e a - p i g s  t o o k  s i g n i f i c a n 

t l y  l o n g e r  t h a n  t h e  c o n t r o l  g rou p  t o  r e a c h  t h e  t im e  o f  maximum 

oedema f o r m a t io n *

4 .  Mew v e s s e l  i n v a s i o n  of t h e  c o rn e a  f o l l o w i n g  t h e  

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

s c o r b u t i c  g roup  t h a n  i n  t h e  c o n t r o l  g r o u p .

5 .  The p o s s i b l e  c a u s a l  f a c t o r s  i n  oedema f o r m a t i o n  

and i n  new v e s s e l  f o r m a t i o n  i n  t h e  c o rn e a e  of  t h e  c o n t r o l  

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

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

2 g ro u p s  of g u i n e a - p i g s  may have  had  an e f f e c t  e i t h e r  l o c a l l y  

a t  t h e  s i t e  of h e a l i n g  i n  t h e  c o rn e a  or i n d i r e c t l y  th ro u g h  

th e  m e ta b o l i sm  of t h e  a d r e n a l  g l a n d .
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O b s e r v a t i o n s  on t h e  f o r m a t i o n  of oedema and on t h e  new 

f o r m a t i o n  o f  b lo o d  v e s s e l s  i n  t h e  c o rn e a  of t h e  g u i n e a - p i g  

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

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

At t h i s  t im e  I  was a sk e d  to  s u p e r v i s e  t h e  work o f  an 

Honours  S c i e n c e  u n d e r g r a d u a t e  f o r  t h e  t h e s i s  h e  h a d  t o  

p r e s e n t  a t  t h e  end of  h i s  f i n a l  y e a r .  My mind was s t i l l  

r u n n in g  on t h e  p ro b lem  of f o r m a t i o n  of  oedema so I  s u g g e s te d  

t o  t h e  c a n d i d a t e  t h a t  h e  sh o u ld  f i n d  t h e  e f f e c t  o f  a  f r a c t i o n  

of " D e x t r a n " , a p o l y s a c c h a r i d e ,  on t h e  r a t e  o f  f o r m a t i o n  

of  oedema when p e r f u s i n g  t h e  h i n d  l im bs  of  a f r o g  by t h e  

Laewen - T r e n d e le n b u r g  t e c h n i q u e  ( T re n d e le n b u r g ,  191 0 ) .

U s in g  t h i s  method t h e  r a t e  of  f o r m a t i o n  of oedema i s  a s s e s s e d  

by w e ig h in g  t h e  i s o l a t e d  p r e p a r a t i o n .  The c a n d i d a t e  

q u i c k l y  found  t h a t  t h e  a m p h ib ian  p r e p a r a t i o n  was f a r  f rom 

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

n o t  o f f e r  t h e  same com ple te  b a r r i e r  t o  m o le c u le s  of  l a r g e  

s i s e  as  t h e y  a r e  supposed  t o  do i n  mammals. C o n seq u en t ly  

I  t u r n e d  t h e  s t u d e n t ’ s a t t e n t i o n  t o  t h e  e f f e c t  o f  "Deactran" 

on t h e  r a t e  o f  f o r m a t i o n  o f  oedema when p e r f u s i n g  t h e  i s o l a t e d  

e a r  of  t h e  r a b b i t .  T h is  p r e p a r a t i o n  was s a t i s f a c t o r y  f o r
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h i s  p u r p o s e .

The b lo o d  v e s s e l s  of  t h e  i s o l a t e d  e a r  of  t h e  r a b b i t  

show a  c o n s i d e r a b l e  d e g re e  of  in d epend en ce  f rom  t h e  c e n t r a l  

n e rv o u s  s y s te m  and c o n t i n u e  t o  r e spo n d  t o  f a c t o r s  o f  l o c a l  

o r i g i n .  I  r e a l i s e d ,  c o n s e q u e n t ly ,  t h a t  c o n s i s t e n t  r e s u l t s  

c o u ld  be  e x p e c te d  o n ly  by  much more r i g i d  c o n t r o l  o f  t h e  

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

t h e  r e s t  o f  my t h e s i s  i s  l a r g e l y  c o n ce rned  w i th  e s t a b l i s h i n g  

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

t h e  e f f e c t  o f  one main  v a r i a b l e ,  v i z .  t e m p e r a t u r e ,  on c ap 

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

I n  a d d i t i o n ,  by  t h e  u s e  o f  an  improved c o n s t a n t  p r e s s u r e  

d e v i c e ,  i t  p ro v ed  p o s s i b l e  t o  make a c c u r a t e  measurements  

of  i n f lo w  t h u s  p r o v i d i n g  an  a s s e s s m e n t  o f  v a so m o to r  a c t i v i t y  

i n  t h e  p e r f u s e d  i s o l a t e d  e a r  of  t h e  r a b b i t .
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M a lp ig h i  d e m o n s t r a t e d  t h e  e x i s t e n c e  o f  c a p i l l a r i e s  i n  1661,

f o u r  y e a r s  a f t e r  t h e  d e a th  of  W i l l i a m  H arv ey ,  and now a lm ost ,
3 c e n t u r i e s  a g o ,  h u t  i t  h a s  been  m a in ly  in  t h e  l a s t  3 decad es

t h a t  t h e  most r a p i d  adv an ces  in  knowledge of  t h e  f u n c t i o n s  of  

c a p i l l a r i e s  h a v e  b een  made (Krogh,  1922; L a n d i s ,  1926, 1927a,  

b ;  and L ew is ,  192 7 ) .  Lucke & McCutcheon (1932) rev iew ed  

e x i s t i n g  knowledge o f  t h e  p e r m e a b i l i t y  of t h e  l i v i n g  c e l l  t o  

w a t e r  and  Papp en h e im er  (1953) h a s  c r i t i c a l l y  a s s e s s e d  t h e  p a s 

sag e  of  m o le c u le s  t h ro u g h  c a p i l l a r y  w a l l s .

Boyd (1952) d i s c u s s e d  a r t e r i o - v e n o u s  anas tom oses  

t h r o u g h o u t  t h e  body.  G ran t  (1930b)  and C la rk  (1938) 

summarised much new knowledge on a r t e r i o - v e n o u s  an as tom oses  

i n  t h e  r a b b i t * s  e a r .  These  an as to m oses  a r e  p r e s e n t  i n  a l l  

p a r t s  o f  t h e  r a b b i t *  s e a r ,  b u t  a r e  most numerous on t h e  

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

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

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

an as to m o se s  i n  t h e  r a b b i t * s  e a r  a r e  t o r t u o u s  v e s s e l s ,  a r r a n g e d  

i n  g ro u p s .
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V a s c u l a r  anatomy o f  t h e  r a b b i t ys e a r  

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

o f  t h e  main  a r t e r i e s  and  v e i n s  o f  t h e  r a b b i t *  s e a r  e x i s t s  

i n  t h e  l i t e r a t u r e .  The b e s t  i s  t h a t  g i v e n  by  J a c k s o n  ( 1 9 3 9 ) .

F u n c t i o n i n g  o f  d i f f e r e n t l y  s t r u c t u r e d  v e s s e l s  

i n  t h e  c a p i l l a r y  bed 

S t a r l i n g ’ s h y p o t h e s i s  (18 9 6a ,  b)  o f  c a p i l l a r y  h y d r o s t a t i c  

p r e s s u r e  v e r s u s  c o l l o i d  o sm o t ic  p r e s s u r e ,  must  be  supp lem en ted  

by t a x i n g  i n t o  a c c o u n t  t h e  t o p o g r a p h i c a l  a r ra n g em e n t  and 

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

b e d .

The c a p i l l a r y  bed  ( f i g .  l )  p o s s i b l y  may c o n s i s t  o f  ( l )  

p r e f e r e n t i a l  o r  main  t h o r o u g h f a r e  c h a n n e l s  which a r e  p rox im -  

a l l y  m u s c u la r  ( m e t s r t e r i o l e s ) , and w h ich ,  s i n c e  t h e y  c o u rs e  

f rom  t h e  t e r m i n a l  a r t e r i o l e s  t o  t h e  b e g in n in g  v e n u l e s ,  a r e  

sometimes d e s i g n a t e d  a r t e r i o - v e n o u s  b r i d g e s ;  (2)  s p h i n c t e r i c  

o f f s h o o t s  f rom t h e  main t h o r o u g h f a r e  c h a n n e l s  which c o n t r o l  t h e  

f lo w  of  b lo o d  i n t o  t h e  c a p i l l a r y  n e tw o rk ;  and (3) t h e  non- 

m u s c u la r ,  t r u e  c a p i l l a r i e s  which c o n s t i t u t e  t h e  b u lk  o f  t h e  

bed and d r a i n  i n t o  t h e  d i s t a l  p o r t i o n s  of  t h e  ch an n e ls  

(Chambers & Z w ei fa ch ,  1944;  Z w eifach ,  1937, 1 940) .  G i l d in g

(1951) d e f i n e d  t h e  t r u e  c a p i l l a r y  a s  b e g in n i n g  a t  t h e  p o i n t  

where  t h e  in v e s tm e n t  of c o n n e c t i v e  t i s s u e  and m usc le  c e a s e s ,
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an d  c o n t i n u i n g  u n t i l  t h e s e  s t r u c t u r e s  r e a p p e a r  a t  t h e  venous 

end of  t h e  v e s s e l .

Chambers (1948) c o n s i d e r e d  t h e  p r e f e r e n t i a l  o r  

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

o f  t h e  b e d .  He p o s t u l a t e d  t h a t  t h e y  m a i n t a i n e d  a con

s i s t e n t  d e g re e  of  ou tw ard  f i l t r a t i o n  due t o  a h ig h  h y d r o 

s t a t i c  p r e s s u r e ,  and  t h a t  t h e  ne tw ork  o f  c a p i l l a r i e s  was 

b u i l t  a b o u t  them and was a c c e s s o r y  t o  them. The ne tw ork  

c h a r a c t e r i s t i c a l l y  s e r v e d  f o r  inward f i l t r a t i o n  due t o  a 

low h y d r o s t a t i c  p r e s s u r e .  Two main f e a t u r e s  a r e  c o n t r o l l e d  

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

a  s h i f t  i n  t h e  b a l a n c e  of  outward  and inward f i l t r a t i o n  

w i t h i n  t h e  c a p i l l a r y  b e d ,  e i t h e r  by k e e p i n g  t h e  b lo o d  f lo w  

p r e d o m in a n t ly  i n  t h e  p r e f e r e n t i a l  c h a n n e l s  o r  by  d i s p e r s i n g  

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

t h e  a b i l i t y  of  t h e  c a p i l l a r y  c i r c u l a t i o n  t o  p e r m i t  l o c a l  

t i s s u e  c o n d i t i o n s  t o  ou tw eigh  o u t s i d e  i n f l u e n c e s .

The c o n t r o l l i n g  f a c t o r  i s  v a so m o t io n .

V asom ot ion

Vasom otion  i s  a  t e r n  a p p l i e d  t o  r e l a x a t i o n  and c o n t r a c t i o n  

o f  s m a l l e r  b lo o d  v e s s e l s .  Such movements a p p e a r  t o  o c cu r  

r h y t h m i c a l l y  and s p o n t a n e o u s l y ,  b u t  t h e y  a r e  a l s o  n a t u r a l l y
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c o n t r o l l e d  by t h e  v a so m o to r  n e rv o u s  system*

C l a r k  & C la r k  (1932) c o n s t r u c t e d  a  t r a n s p a r e n t  t i s s u e  

o b s e r v a t i o n  chamber p e r m i t t i n g  v i s u a l i s a t i o n  o f  t h e  s m a l l e r  

v e s s e l s  o f  t h e  e a r  o f  t h e  i n t a c t  r a b b i t *  The a r t e r i e s  and 

a r t e r i o l e s  were  seen  t o  e x h i b i t  sp o n ta n e o u s  r h y t h m i c a l  con

t r a c t i o n s ,  which v a r i e d  i n  p h a se  f rom  v e s s e l  t o  v e s s e l ,  and 

even i n  d i f f e r e n t  p a r t s  of t h e  same v e s s e l .  These  p e r i o d i c  

movements g r e a t l y  i n f l u e n c e d  t h e  d i s t r i b u t i o n  of  b lo o d  to  

d i f f e r e n t  a r e a s .

L a rg e  numbers o f  a r t e r i o - v e n o u s  an as to m o ses  were  

o b se rv e d  i n  t h e  r a b b i t ’ s e a r  ( f i g .  2) c o n n e c t in g  t h e  

t e r m i n a l  a r t e r i o l e  t o  t h e  c o l l e c t i n g  v e n u l e .  These  were  

a c t i v e l y  c o n t r a c t i l e ,  b u t  each w i t h  an  i n d i v i d u a l  rhythm 

( C l a r k  & C l a r k ,  1934a,  b ) . Ho a c t i v e  c o n t r a c t i l i t y  o f  t h e  

t r u e  c a p i l l a r i e s  was o b s e r v e d .

H o l to n  & H o l to n  (1952) r e c o r d e d  changes  i n  l i g h t  

a b s o r p t i o n  o f  t h e  r a b b i t ’ s e a r .  They i n t e r p r e t e d  t h e i r  

r e s u l t s  a s  due t o  changes i n  t h e  t o t a l  amount of  b lo o d  in  

t h e  r a b b i t ’ s e a r  and  made t h e  f u r t h e r  a s su m p t io n  t h a t  t h i s  

was p r i m a r i l y  dependen t  on c a p i l l a r y  d i l a t a t i o n  and con 

s t r i c t i o n .  ^he  l a t t e r  a s s u m p t io n  i s  u n j u s t i f i a b l e  s i n c e  

d i l a t a t i o n  o r  c o n s t r i c t i o n  of a r t e r i o - v e n o u s  anas tom oses  

would m arked ly  a l t e r  t h e  t o t a l  amount of  b lo o d  i n  t h e
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r a b b i t 1s e a r .

The t e r n  ’p r e c a p i l l a r y  s p h i n c t e r *  has  been  u sed  

(Z w e i fa c h ,  Chambers,  Lee & Hyman, 1948) to  d e s i g n a t e  t h e  

imm edia te  j u n c t i o n a l  component o f  t h e  c a p i l l a r y  o f f s h o o t  

which i s  e n c i r c l e d  by 1 o r  2 w e l l - d e f i n e d  m usc le  c e l l s .

These  m u sc le  c e l l s  p e rm i t  t h i s  s t r a t e g i c a l l y  l o c a t e d  

component t o  m a i n t a i n  a  s p h i n c t e r i c  c o n t r o l  of t h e  b lo o d  f lo w  

i n t o  t h e  c a p i l l a r y  ne tw o rk .

As a r e s u l t  of t h e  o b s e r v a t i o n s  on t h e  sm a l l  v e s s e l s  

i n  t h e  m e s e n te r y  of  d o g s ,  Chambers & Zweifach  (1944) drew 

a t t e n t i o n  t o  t h e  im p o r ta n c e  of  v a so m ot io n  o f  t e r m i n a l  

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

t h e  f lo w  of  b lood  th ro u g h  t h e  c a p i l l a r y  bed ,  and i n  t h e  

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

a c r o s s  t h e  c a p i l l a r y  w a l l .  They o bse rv ed  t h a t  an i n c r e a s e  

in  t e m p e r a t u r e  above 3 7 . 5 ° C r e s u l t e d  i n  d i l a t a t i o n  and in  

d e c r e a s e d  v a so m o t io n .

B h y th m ica l  a c t i v e  c o n t r a c t i o n  of sm a l l  v e s s e l s  h a s  a l s o  

b een  s t u d i e d  i n  d e t a i l  by  N i c o l l  & Webb (1946) i n  t h e  sub

c u ta n eo us  t i s s u e  o f  t h e  l i v i n g  b a t ’ s wing# They n o te d  t h e  

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

R h y thm ica l  a c t i v i t y  i n v o lv e d  t h e  a r t e r i e s ,  a r t e r i o l e s ,  

p r e c a p i l l a r y  s p h i n c t e r s  and v e i n s .  Such r h y th m ic a l  a c t i v i t y
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s u r v i v e d  d e n e r v a t i o n  and d e g e n e r a t i o n  of  t h e  vaso m o to r  

n e r v e s .

To sum up ,  d e f i c i e n c y  o r  a b s e n c e  o f  v a so m o t io n  s h i f t s  

t h e  b a l a n c e  of  f l u i d  exchange in  f a v o u r  of  outward  f i l t r a t i o n ,  

w h i l e  enhanced v aso m ot io n  s h i f t s  t h e  b a l a n c e  t o  inward  

f i l t r a t i o n  (Chambers ,  1 9 48 ) .  I t  f o l l o w s  t h a t  some ty p e s  

of oedema a r e  t h e  r e s u l t  o f  d i s t u r b a n c e s  in  t h e  vasom oto r  

mechanism, and do n o t  n e c e s s a r i l y  i n v o lv e  a l t e r a t i o n s  in  t h e  

p e r m e a b i l i t y  o f  t h e  c a p i l l a r y  w al l*

I n t r a v a s c u l a r  env ironm ent  

There  i s  a c o m p a ra t iv e  d e a r t h  of  i n f o r m a t i o n  c o n c e rn in g  

v a s c u l a r  r e s p o n s e s  to  changes i n  t e m p e r a t u r e  f rom w i t h i n  

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

which h a v e  been  made on t h e  e f f e c t s  of  changes  i n  e x t e r n a l  

t e m p e r a t u r e .  L u i  (1894) was t h e  f i r s t  t o  s t u d y  t h i s  

p rob lem .  By p e r f u s i n g  t h e  v e s s e l s  of  t h e  i s o l a t e d  h in d  

l imb of  t h e  dog w i th  p h y s i o l o g i c a l  s a l i n e  a t  d i f f e r e n t  

t e m p e r a t u r e s ,  h e  obse rved  a  t r a n s i t o r y  v a s o d i l a t a t i o n ,  

f o l lo w e d  by marked spasm., a t  a f l u i d  t e m p e r a t u r e  o f  49°C.

T h is  r a p i d  c o n t r a c t i o n  o f  t h e  v e s s e l  w a l l  was n o t  u n e x p e c te d ,  

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

must h a v e  been  l e t h a l  t o  t h e  t i s s u e s  c a u s in g  c o a g u l a t i o n .
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L u i  a l s o  o b se rv e d  t h a t  immediate  v a s o d i l a t a t i o n  o c c u r r e d  

when t h e  p r e p a r a t i o n  was p e r f u s e d  w i th  s o l u t i o n  a t  33°C.

V a s c u l a r  r e s p o n s e s  t o  a l t e r a t i o n s  in  t h e  t e m p e r a t u r e  

of R in g e r -L o c k e  p e r f u s i o n  s o l u t i o n  be tw een  10° and 40°C 

were  f i r s t  s t u d i e d  in  t h e  i s o l a t e d  r a b b i t ’ s e a r  by P i s s e m s k i  

( 1 9 1 4 ) .  He r e c o r d e d  t h e  o c c u r r e n c e  of  a s lo w e r  r a t e  of  

f lo w  a t  t h e  lo w er  t e m p e r a t u r e s .  More r e c e n t l y ,  however ,  

P ap p en h e im e r ,  E v e r s o l e  and S o to - R iv e r a  ( 1 9 4 8 ) ,  d u r in g  

s i m i l a r  e x p e r im e n ts  on t h e  i s o l a t e d  h i n d  l im bs  o f  t h e  c a t ,  

r e c o r d e d  a h i g h e r  r a t e  of i n f lo w  a t  a c o n s t a n t  t e m p e r a t u r e  

of 10°C t h a n  a t  a  te m D e ra tu re  of 40°C. T hese  ex p e r im e n ts  

of P i s s e m s k i  and  Pappenhe im er  _et a l ,  a r e  n o t ,  however ,  

i r r e c o n c i l a b l e  -since t h e  b lo o d  v e s s e l s  of t h e  r a b b i t ’ s 

e a r  a r e  s u p e r f i c i a l  i n  t h e  s k i n ,  w hereas  i n  t h e  h in d  l imb of  

t h e  c a t ,  t h e  b u lk  l i e  in  t h e  d e e p e r  t i s s u e s  i n  m u s c le s .

I t  must  be  a p p r e c i a t e d  t h a t ,  i n  s p i t e  of a n  a p p a r e n t  h i s t o 

l o g i c a l  s i m i l a r i t y  o f  b lo o d  v e s s e l s  th r o u g h o u t  t h e  body, t h e  

r e sp on ses  of  a  p a r t i c u l a r  v a s c u l a r  bed t o  a p a r t i c u l a r  

s t im u lu s  canno t  be  r e g a r d e d  a s  an  i n d i c a t i o n  of  t h e  r e s p o n s e s  

which would o c c u r  in  a n o t h e r  v a s c u l a r  bed t o  t h e  same s t i m u l u s .

E x t e r n a l  env ironm ent  

That  r a i s i n g  o r  lo w e r in g  t h e  t e m p e r a t u r e  of t h e  e x t e r n a l
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env ironm ent  of  t h e  v e s s e l s  of t h e  e x t r e m i t i e s  r e s u l t s  i n  an  

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

h a s  lo n g  been  known ( e . g .  H e w l e t t ,  van  Zwaluwenburg & 

M a r s h a l l ,  1911; C a r r i e r ,  1922; Goldschm id t  & L i g h t ,  1 925) .  

Mosso (1889) r e c o r d e d ,  how ever ,  v a s o d i l a t a t i o n  in  t h e  human 

arm immersed i n  w a t e r  a t  5°C. T h is  h e  a t t r i b u t e d  to  a 

p a r a l y s i s  o f  t h e  smooth m usc le  of  t h e  v e s s e l  w a l l ,  r e s u l t i n g  

f rom  t h e  l o c a l  a c t i o n  of  t h e  c o ld  f l u i d  on t h e  v e s s e l  w a l l .

P i o t r o w s k i  (1894) u s i n g  i s o l a t e d  s t r i p s  o f  a r t e r i e s  and 

v e i n s  n o t e d  d i l a t a t i o n  when t h e s e  v e s s e l s  were  c o o le d ,  and 

c o n t r a c t i o n  when warmed.

A s i m i l a r ,  b u t  more c r i t i c a l  i n v e s t i g a t i o n ,  by O'Connor 

& E d o z ien  (1952) d e m o n s t r a te d  t h a t ,  when i s o l a t e d  s t r i p s  of 

ox e x t e r n a l  c a r o t i d  a r t e r i e s  i n  an  a tm o sp h e re  of  0 2 ,  6% COg 

and w a t e r  v a p o u r ,  were  h e a t e d  f rom  a low t e m p e r a t u r e ,  con

t r a c t i o n  o c c u r r e d  a t  a b o u t  15°C. Above t h i s  t e m p e r a t u r e  t h e  

v e s s e l  w a l l  r e l a x e d ,  b u t  a t  a b o u t  34°C c o n t r a c t i o n  of  t h e  

v e s s e l  o c c u r r e d  a g a i n .  The t e m p e r a t u r e s  a t  which t h e s e  

c o n t r a c t i o n s  t o o k  p l a c e  were  i n f l u e n c e d  by t h e  l o a d  on t h e  

a r t e r i a l  w a l l .  T hese  a u t h o r s  assume t h a t  t h e  t o n e  of  t h e  

m usc le  f i b r e s  i n  b loo d  v e s s e l s  i s  a s u r f a c e  t e n s i o n  e f f e c t  

and  t h a t  v a r i a t i o n s  i n  t o n e  w i th  change o f  t e m p e r a t u r e  a r e  

a  consequence  o f  t h e  i n f l u e n c e  of  m onomolecu lar  l a y e r s  o f
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f a t t y  a c i d s  on s u r f a c e  t e n s i o n .  O 'Connor  & E d o z ien  

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

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

i n d e p e n d e n t  o f  t h e  c e n t r a l  ne rvous  sys tem  and t h a t  v a s c u l a r  

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

o f  b lo o d  v e s s e l s  jin v i v o . T h is  h y p o t h e s i s  r e c e i v e s  no 

g e n e r a l  s u p p o r t .

Lewis (1926) p o s t u l a t e d  t h a t  t h e  m in u te  v e s s e l s ,  t h e  

t e r m i n a l  a r t e r i o l e s ,  c a p i l l a r i e s  and sm a l l  v e n u l e s ,  r e sp on d ed  

m a in ly  t o  t h e  l o c a l  m e t a b o l i c  needs  o f  t h e  t i s s u e s ,  w h i l e  

t h e  t o n e  o f  t h e  a r t e r i e s  and m u s c u la r  a r t e r i o l e s  was m a in ly  

u n d e r  ne rvous  c o n t r o l .  S u b s e q u e n t ly ,  Lewis (1930) demon

s t r a t e d  t h a t  t h e  f i n g e r  immersed i n  c o ld  w a t e r  (10°C) had 

a  more r a p i d  f lo w  o f  b loo d  t h a n  when immersed a t  a  t e m p e r a t u r e  

a b o u t  20°C. T h i s  phenomenon was,  however ,  r e s t r i c t e d  to  

c e r t a i n  w e l l  d e f i n e d  a r e a s  where  a r t e r i o - v e n o u s  anas tom oses  

were d e m o n s t r a b le  h i s t o l o g i c a l l y .

Hoyer  (1877) showed c o n v in c in g l y  t h a t  a r t e r i o - v e n o u s  

a n as to m o se s  i n  t h e  r a b b i t  were  c o n f in e d  m a in ly  to  o u t l y i n g  

p a r t s  o f  t h e  body ,  such a s  t h e  e a r s  and t i p  o f  t h e  s n o u t .

He s u g g e s t e d  t h a t  t h e y  p l a y e d  a p a r t  i n  m a i n t a i n i n g  t h e  

warmth of  t h e s e  p a r t s  when exposed t o  c o ld .

I n  r e c e n t  y e a r s  more d e t a i l e d  e x am in a t io n  of  t h e s e
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v e s s e l s  h a s  shown t h a t  t h e y  v a r y  i n  d i a m e t e r  f rom  6 t o  60 

m ic r o n s ,  and  c o n s i s t  o f  3 f u n c t i o n a l l y  d i f f e r e n t  p a r t s  

( f i g .  2 ) .  A p ro x im a l  o r  a r t e r i a l  p o r t i o n  which v a r i e s  i n  

d i a m e t e r  w i th  v a r i a t i o n s  of  t h e  p a r e n t  v e s s e l ,  an  i n t e r m e d i a t e  

segment which i s  t h e  n a r r o w e s t  and most  m u sc u la r  p a r t  o f  t h e  

v e s s e l  and  i s  i n d e p e n d e n t l y  c o n t r a c t i l e ,  and a  w ide  t h i n -  

w a l l e d  d i s t a l  o r  venous  p o r t i o n .  These  v e s s e l s  a r e  e i t h e r  

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

and  more t o r t u o u s  c o u r s e  f rom t h e  a r t e r i a l  t o  t h e  venous 

c i r c u l a t i o n .  The v e s s e l s  a r e  accompanied by a v e r y  r i c h  

n e r v e  s u p p ly .

G ra n t  (1930b) s u g g e s t e d  t h a t ,  a t  l e a s t  i n  t h e  i n t a c t  

r a b b i t ,  a r t e r i o - v e n o u s  anas tom oses  a p p e a re d  t o  p l a y  a  p a r t  

i n  t h e  r e g u l a t i o n  o f  body t e m p e r a t u r e .  G ran t  & B land  (1931) 

s u g g e s t e d  t h a t  p o s s i b l y  i n  man as  w e l l ,  a r t e r i o - v e n o u s  

a n as to m o ses  c o n s t i t u t e d  a d e fe n c e  mechanism f o r  t h e  p r o t e c t i o n  

o f  t h e  e x t r e m i t i e s  a g a i n s t  e x po su re  t o  ex trem e c o l d .  G ra n t ,  

B la n d ,  & Camp ( 1 9 3 2 ) ,  u s i n g  d i r e c t  m ic ro sc o p y ,  d e m o n s t r a te d  

a  c o n s i s t e n t  p a t t e r n  of r e s p o n s e  t o  a l t e r a t i o n s  i n  body 

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

m e n ta l  t e m p e r a t u r e .  They n o te d  t h a t  t h e s e  v a s c u l a r  changes 

w ere  l a r g e l y  in d e p e n d e n t  of  t h e  n e rv o us  sys tem ,  s i n c e  t h e y  

p e r s i s t e d  i n  t h e  e a r  d e p r i v e d  of  b o th  s e n s o r y  and sy m p a th e t i c
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n e rv e s*  However, van  Dobben-Broekema & D i r k e n  (IvSOa) 

u s i n g  a  m o d i f i e d  C l a r k ' s  chamber fo u n d  t h a t  t h e  c a p i l l a r i e s ,  

b u t  n o t  t h e  a r t e r i o - v e n o u s  a n a s to m o s e s ,  o f  t h e  r a b b i t ' s  e a r  

c o n s i s t e n t l y  r e s p o nd ed  to  h e a t i n g  th e  r a b b i t ' s  body by 

d i l a t a t i o n .

The p r e s e n t  concep t  o f  t h e  p o s s i b l e  f u n c t i o n s  of  

a r t e r i o - v e n o u s  an as to m o se s  (Hurl imann & B ucher ,  1950) i s  

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

of  t e m p e r a t u r e  and p r o t e c t  t h e  c a p i l l a r y  ne tw o rk s  a g a i n s t  

s t r e s s .

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

o f  t h e  e a r  o f  t h e  r a b b i t  

B ecause  o f  i t s  h i g h  v a s c u l a r i t y  and of  t h e  r e l a t i v e  a b se n c e  

o f  v o l u n t a r y  m u sc le ,  t h e  p e r f u s e d  i s o l a t e d  e a r  o f  t h e  r a b b i t  

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

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

p h e r a l  v e s s e l s  (von A nrep ,  1912; Armin & G r a n t ,  1953; 

P i s s e m s k i ,  1 9 1 4 ) .  I n  r e c e n t  y e a r s  t h e  r a b b i t ' s  e a r  has  

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

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

(Burn ,  1950; Burn  & R o b inso n ,  195 1 ) .  I t  must be  remembered 

how ever ,  t h a t  t h e  r a b b i t ' s  e a r  i s  a  v e r y  s p e c i a l i s e d  o rg an .
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I t  i s  a n  im p o r t a n t  mechanism i n  t h e  r a h b i t  l o r  t h e  c o n t r o l  of 

body t e m p e r a t u r e .  Care  must  t h e r e f o r e  he  t a k e n  i n  t h e  

i n t e r p r e t a t i o n  o f  t h e  r e s p o n s e s  of  t h e  v e s s e l  o f  t h e  r a b b i t s  

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

t h o s e  i n  t h e  v e s s e l s  of  t h e  p e r i p h e r a l  c i r c u l a t o r y  sy s te m  i n  

g e n e r a l  when exposed t o  s i m i l a r  c o n d i t i o n s .  N e v e r t h e l e s s ,  

i t  i s  u n l i k e l y  t h a t  c a p i l l a r y  p e r m e a b i l i t y ,  p e r  s e ,  w i l l  be  

d i f f e r e n t  i n  t h e  r a b b i t ’ s e a r  f rom  t h a t  m  o t h e r  p a r t s  o f  t h e  

c i r c u l a t i o n .

A l th o ug h  many r e s u l t s  h a v e  been  p u b l i s h e d  r e c o r d i n g  t h e  

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

r a b b i t ,  t h e r e  i s  l i t t l e  u n a n im i ty  of  o p i n io n  a s  t o  t h e  p h y s i c a l  

c o n d i t i o n s  u n d e r  which t h e s e  p e r f u s i o n  e x p e r im e n t s  sh o u ld  be  

c a r r i e d  o u t .  The most s t r i k i n g  d iv e r g e n c e  of  o p i n i o n  co n ce rn s  

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

r e g u l a t i o n  of  e n v i r o n m e n ta l  c o n d i t i o n s .  P ag e  (1942) a d v i s e d  

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

s o l u t i o n  had  a t e m p e r a t u r e  c o n s t a n t  a t  37°C. He a l s o  

r e g u l a t e d  c a r e f u l l y  t h e  e n v i r o n m e n ta l  t e m p e r a t u r e .  Burn

(1952) and Burn & Robinson  (1951) u s e d  p e r i u s r o n  s o l u t i o n s  

a t  room t e m p e r a t u r e ,  w i t h o u t  m en t ion  of  c o n t r o l l i n g  ohe 

e n v i ro n m e n ta l  c o n d i t i o n s .  On t h e  o t h e r  h a n a ,  V e s t  (1950) 

i n d i c a t e d  t h a t  t h e  t e m p e r a t u r e  of t h e  p e r f u s i o n  s o l u t i o n  i s
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n o t  o f  g r e a t  im p o r t a n c e .  C o n se q u e n t ly  h e  a d v i s e d  p e r f u s i o n  

of  t h e  e a r  w i t h  u n h e a te d  s o l u t i o n  ’ s i n c e  p e r f u s i o n  a t  37°C 

does  n o t  seem t o  have  any s p e c i a l  a d v a n t a g e . v

Does t h i s  c o n f l i c t  o f  o p in io n  p e r h a p s  s i g n i f y  t h a t  t h e  

v e s s e l s  o f  t h e  i s o l a t e d  e a r ,  a s  opposed t o  t h e  v e s s e l s  o f  t h e  

i n t a c t  e a r ,  ( G r a n t ,  19 3 0 a ) ,  rem ain  i n  p r e c i s e l y  t h e  same s t a t e  

i r r e s p e c t i v e  of t h e  t e m p e r a tu r e ?  T h is  does n o t  seem a t  a l l  

l i k e l y  s i n c e  L a n d i s ,  Vood & G u e r r s n t  (1943) d e m o n s t ra te d  

c l e a r l y  t h e  r a p i d i t y  w i th  which t h e  v e s s e l s  o f  t h e  I s o l a t e d  

e a r  of t h e  r a b b i t  r e a c t e d  t o  sudden cold  d rau g h ts#

The p r e s e n t  work was p la n n e d  t o  s t u d y  t h e  e f f e c t s  o f  

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

e a r  o f  t h e  r a b b i t .  The f a c t o r s  which were  a l t e r e d ,  u n d e r  

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

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

environm ent  of  t h e  e a r  and t h e  p r e s e n c e  o r  a b se n c e  of  

h y a l u r o n i d a s e  i n  t h e  p e r f u s i o n  s o l u t i o n .  To s tu d y  t h e  

e f f e c t s  o f  t h e s e  f a c t o r s  on t h e  v a s c u l a r  r e s p o n s e s  of  t h e  

i s o l a t e d  e a r  o f  t h e  r a b b i t ,  t h e  r a t e  of n e t  outward  f i l t r a t i o n  

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

t h e  e a r ,  oedema f o r m a t i o n ,  was measured by  w e ig h in g  t h e  e a r ,  

and  t h e  r a t e  o f  i n f lo w  o f  p e r f u s i o n  s o l u t i o n  was recorded#

Thus a l t e r a t i o n s  m  c a p i l l a r y  f i l t r a t i o n ,  a r e a  o f  t h e  c a p i l l a r y
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bed  and n e t  p e r i p h e r a l  r e s i s t a n c e  co u ld  be  dem ons t ra ted*  

The i s o l a t e d  p r e p a r a t i o n  was chosen  i n s t e a d  of  t h e  

i n t a c t  e a r  s i n c e  l e s s  knowledge was a v a i l a b l e  a b o u t  t h e  

i s o l a t e d  e a r ,  and s i n c e  i t  was c o n s i d e r e d  t h a t  t h e  more 

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

v a r i a b l e s  which was p o s s i b l e  i n  t h e  i s o l a t e d  p r e p a r a t i o n ,  

would  y i e l d  g r e a t e r  k n o w led g e  o f  c a p i l l a r y  and v aso m o to r  

r e sp o n se s*  I t  h a s  b e en  concluded  (F e rg u so n  & L e v in so n ,  

1952a ,  b) t h a t  t h e  r e s p o n s e s  t o  t e m p e r a t u r e  o f  b lo o d  

v e s s e l s  i n  t h e  p e r f u s e d  i s o l a t e d  e a r  of  t h e  r a b b i t  seem 

t o  b e  s i m i l a r  i n  c h a r a c t e r  t o  t h o s e  i n  t h e  i n t a c t  ear*
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M E T H O D S

H i s t o l o g i c a l

I n j e c t i o n  m a s s . B u r t  (1928) p o i n t e d  o u t  t h a t  l a t e x  

o f  t h e  r u b b e r  t r e e  i s  n o r m a l ly  of  m i lk y  c o n s i s t e n c y ,  b u t  

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

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

o x a l a t e .  M oreover ,  t h e  l a t e x  can be  c o lo u r e d  by  t h e  a d d i t i o n  

o f  a n i l i n e  p ig m e n t .  S in c e  l a t e x  i s  c o a g u l a t e d  by d ry  

m a t e r i a l  and by v i b r a t i o n ,  any  p igment  t o  be  added must 

be  wet t o  s t a r t  w i t h ,  and t h e  r u b b e r  l a t e x  must  n o t  be  

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

a t e s  o f  p ig m e n t ,  i t  i s  w i s e  t o  s t r a i n  t h e  c o lo u r e d  l a t e x  th ro ug h  

m u s l in .

C o lo u red  r u b b e r  l a t e x  i s  an  e x c e l l e n t  i n j e c t i o n  mass 

f o r  d e m o n s t r a t i o n  o f  e i t h e r  t h e  a r t e r i a l ,  o r  by r e t r o g r a d e  

i n j e c t i o n ,  t h e  venous v a s c u l a r  anatomy. I n  a d d i t i o n ,  by 

a p p r o p r i a t e  d i l u t i o n  w i th  d i s t i l l e d  w a t e r ,  i t  i s  p o s s i b l e  

t o  i n j e c t  t h e  v a s c u l a r  s y s te m  u s i n g  a  mass which w i l l  f i l l  

even  t h e  c a p i l l a r y  v e s s e l s .

The g e n e r a l  t e c h n i q u e  i s  t o  wash ou t  t h e  a n im a l ’ s b lo od  

w i t h  0 .8 5 ^  MaCl s o l u t i o n  c o n t a i n i n g  a t r a c e  o f  sodium 

b i c a r b o n a t e ,  an a  t o  f o l l o w  t h i s  up by t h e  a p p r o p r i a t e l y
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c o lo u r e d  i n j e c t i o n  m ass .  A s m a l l  pad o f  c o t t o n  wool 

soaked  i n  a c e t i c  a c i d ,  r a p i d l y  s e a l s  o f f  any  l e a k s  f rom  

c u t  o r  t o r n  v e s s e l s .  The an im a l  i s  s u b s e q u e n t l y  t o t a l l y  

immersed i n  a  d i l u t e  a c i d  b a t h  t o  c o a g u l a t e  t h e  l a t e x  i n  

s i t u  i n  t h e  v a s c u l a r  t r e e .

Rubber l a t e x  s o l u t i o n  i n  w a t e r  i s  a v a i l a b l e  from?

(1) I . C . I .  L t d . ,  D y e s t u f f s  D i v i s i o n ,  B l a c k l e y ,  M a n ch e s te r

(2)  R e v e r t e x  C o . ,  L t d . ,  A r t h u r  S t . ,  London

(3)  Typke & K in g ,  B i r t l e y ,  Co. Durham.

A n i l i n e  p ig m e n ts  a r e  a v a i l a b l e  from l . C . l  L td .

M o n o l i t e  f a s t  s c a r l e t  i n  RNVS p a s t e  was u se d  f o r  t h e  i n j e c t i o n  

o f  t h e  a r t e r i a l  sy s te m  and m o n a s t r a l  f a s t  b lu e  i n  BVS p a s t e  

f o r  t h e  venous sy s tem .

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

o f  t h e  r a b b i t ’ s e a r ,  l a t e x  n e o p re n e  601A was u s e d ,  a f t e r  i t  

had  b e en  c o lo u r e d  by means o f  d y e s ,  and d i l u t e d  w i t h  d i s t i l l e d  

w a t e r  u n t i l  t h e  d e s i r e d  v i s c o s i t y  was o b t a i n e d .  I n j e c t i o n s  

o f  a  r a t h e r  v i s c o u s  neo p re n e  were  made a t  a p r e s s u r e  o f  100 

mm Hg i n t o  t h e  l e f t  and r i g h t  v e n t r i c l e s  o f  i n t a c t  r a b b i t s ,  

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

i v e l y  i n  th e  r a b b i t ’ s e a r .

P e r f u s i o n  o f  t h e  i s o l a t e d  e a r  u n d e r  c o n t r o l l e d  env ironm en t

a l  c o n a i t i o n s  was c a r r i e d  out  a t  a  p e r f u s i o n  s o l u t i o n



t e m p e r a t u r e  o f  16°C f o r  f  h r ,  t h e n  n e o p r e n e  o f  low 

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

a  few min.

Vhen t h e  v e s s e l s  were  s e e n  t o  h a v e  become f i l l e d  

w i t h  t h e  d y e ,  t h e  i n j e c t i o n  was s t o p p e d .  The e a r  was 

p l a c e d  m  a  s o l u t i o n  c o n t a i n i n g  10 m l .  40% f o r m a l i n ,

5 m l .  g l a c i a l  a c e t i c  a c i d  and  d i s t i l l e d  w a t e r  t o  100 m l .

A few  h r  l a t e r  t h e  s k i n ,  su b c u ta n e o u s  and  p e r i c h o n d r i a l  

t i s s u e  were  d i s s e c t e d  f r e e  f rom  t h e  c a r t i l a g e ,  and  t h e  

i n j e c t e d  v e s s e l s  i n  t h e  s k i n  w ere  examined u n d e r  a  b i n o c u l a r  

m ie r o s c o p e .  Hongo & Luck (1953) g i v e  t h e  d e t a i l s  o f  a  

b e t t e r  method of  c l e a r i n g  t i s s u e s  i n j e c t e d  w i t h  c o l o u r e d  

l a t e x  which  does  n o t  make t h e  spec im en  e x c e s s i v e l y  h a r d  

w h i l e  s t i l l  n o t  d e s t r o y i n g  t h e  r u b b e r .  The p r e s e n t  

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

A t t e m p t s  w ere  a l s o  made t o  p e r f u s e  t h e  i s o l a t e d  e a r  

w i t h  n e o p re n e  a t  3 8°C. As can  be  s e e n  u n d e r  t h e  h e a d in g  

• R e s u l t s 1 , t h e s e  a t t e m p t s  f a i l e d .

E x p e r i m e n t a l

The c o m p o s i t i o n ,  pH and t e m p e r a t u r e  o f  t h e  R i n g e r ’ s 

p e r f u s i o n  s o l u t i o n ,  t h e  p e r f u s i o n  p r e s s u r e  and  t h e  temp

e r a t u r e  o f  t h e  a i r  s u r r o u n d i n g  t h e  e a r  w ere  a l l  c o n t r o l l e d
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a t  c h o sen  v a l u e s .  Two i n d i c e s  were  u sed  a s  a m easure  o f  t h e  

v a s c u l a r  r e s p o n s e s :

(1)  t h e  w e ig h t  o f  t h e  e a r .  T h i s  was found a t  15 min 

i n t e r v a l s  and  gave  t h e  r a t e  of  f o r m a t i o n  of  oedema. Oedema 

i s  a n  in d e x  o f  t h e  n e t  outward  f i l t r a t i o n ,  which depends on 

many f a c t o r s .  These  f a c t o r s  a r e  t h e  d e g re e  o f  c a p i l l a r y  

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

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

p e r f u s i o n  s o l u t i o n  and p o s s i b l y  v aso m o t io n .  M a th e m a t i c a l  

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

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

ou tw ard  f i l t r a t i o n .  I n t e r s t i t i a l  p r e s s u r e  was e v a l u a t e d  

s e p a r a t e l y .  I n  some e x p e r im e n ts  t h e  i n t e r s t i t i a l  p r e s s u r e  

was m easured  e x p e r i m e n t a l l y .

( 2 ) t h e  r a t e  o f  i n f lo w  o f  t h e  p e r f u s i o n  s o l u t i o n  a s  an 

in d e x  o f  t h e  n e t  p e r i p h e r a l  r e s i s t a n c e .  T h i s  was measured 

a l s o  a t  i n t e r v a l s  o f  15 min.

Com posi t ion  o f  t h e  p e r f u s i o n  s o l u t i o n . A R i n g e r ’ s 

f l u i d  was u sed  a s  t h e  p e r f u s i o n  s o l u t i o n .  The c o m p o s i t io n  

was 0 . 9  RaCl,  0.04KC1, 0 .0 2 5  CaCl2 , 0 .0 0 5  MgClg, 0 .0 5  HaHC03 

and 0 .0 0 5  HaH^PO^ (W/V). E x p re s s e d  i n  t e rm s  o f  m o l a r i t y  

t h i s  i s  0 .1 5 4  M -  H a d ,  0 .0 0 5 4  M -  KC1 , 0 .0 0225  M - C a C l o ,
— 7 s  S3



« 52

0 .0 0 0 0 5 2  M -  MgCl2 , 0 .00596  M -  HaHC0 3 and 0 .000417  M -  HaH2P0 4 . 

T h i s  s o l u t i o n  was f r e s h l y  made a b o u t  1 h r  b e f o r e  each e x p e r im e n t .

I n  a  number o f  t h e  p e r f u s i o n s ,  h y a l u r o n i d a s e  ( 4 .5  mg/1. $

1 mg «  100 B enger  u n i t s )  was added  t o  t h e  s o l u t i o n  j u s t  

b e f o r e  t h e  e x per im en t  commenced s i n c e  t h e  enzyme i s  r a p i d l y  

d e s t r o y e d  by d i l u t i o n  i n  s a l t  s o l u t i o n s  (C ha in  & D u t h i e ,

1 9 4 0 ) .

pH of  t h e  -p e r fu s io n  s o l u t i o n . The 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  be tw een  7 . 3  and 7 .4  by  t h e  a d d i t i o n  o f

0 . 1  H-HC1 . The s o l u t i o n  was ox y gena ted  and p r e s s u r i z e d  

*>y a m ix t u r e  o f  95^  oxygen and 5% carbon d i o x i d e  which d id  

n o t  c au se  any change i n  pH v a l u e .  I f  t h e  s o l u t i o n  was 

o x y g e n a ted  and p r e s s u r i z e d  by 100^  oxygen,  t h e  pH r o s e  

m arked ly  t o  8 .0  when t n e  s o l u t i o n  was h e a t e d  t o  38°C. 

C o n s e q u e n t ly ,  u n l e s s  o t h e r w i s e  s t a t e d ,  t h e  m ix tu r e  o f  95^ 

oxygen and 5% c a rb o n  d i o x i d e  was u s e d .

I n  some e x p e r im e n ts  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  o t h e r  chosen  v a l u e s  by t h e  a d d i t i o n  o f  0 . 1  F-HC1 o r

0 . 1  N-HaOH, o r  t n e  s o l u t i o n  was p r e s s u r i z e d  by n i t r o g e n  g a s .

P e r f u s i o n  p r e s s u r e  and  r a t e  o f  i n f l o w . The s o l u t i o n  

was d e l i v e r e d  t o  a g l a s s  c a n n u la  a t  a c o n s t a n t  p r e - d e t e r m in e d



p r e s s u r e  d u r i n g  t h e  p e r f u s i o n  e x p e r im e n ts  by u s i n g  an  

improved c o n s t a n t  p r e s s u r e  d e v ic e  ( C h a p te r  5 ) a p p l i e d  

t o  2 100 m l .  b u r e t t e s  (F e rg u so n  & G a r r y ,  1 9 5 2 ) .  The 

p e r f u s i o n  t e c h n i q u e  was such t h a t  t h e  s o l u t i o n  was con

s t a n t l y  in  e q u i l i b r i u m  w i th  a  gas  m ix t u r e  o f  95$ oxygen 

and  5$ ca rb o n  d i o x i d e  a t  a p r e s s u r e  c o n s i d e r a b l y  in  

e x c e s s  o f  one a tm o s p h e r e .  I t  was hoped t h u s  t o  d i m i n i s h  

t h e  d e g r e e  of a n o x ia  which must  b e  p r e s e n t  t o  a  c o n s i d e r 

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

manner w i t h  aqueous  s o l u t i o n s .  As t h e  s o l u t i o n  l e f t  

e i t h e r  b u r e t t e ,  i t s  p l a c e  was t a k e n  by t h e  gas m ix t u r e  

a t  any d e s i r e d  p r e s s u r e  above  a tm o s p h e r ic  p r e s s u r e .

The r a t e  o f  i n f lo w  was r e a d  d i r e c t l y  on t h e  b u r e t t e s ,  

t h e  r e a d i n g s  b e in g  t a k e n  a t  15 min i n t e r v a l s ,  t im e d  

a c c u r a t e l y  by  means of  a  s t o p  w a tc h .  The 2 b u r e t t e s ,  A 

and B, ( f i g -  3) w ere  f i l l e d  f rom  below f rom  a  r e s e r v o i r  o f  

p e r f u s i o n  s o l u t i o n ,  ¥ •  W h i le  one b u r e t t e  was d i s c h a r g i n g ,  

i t s  companion was r e f i l l e d  w i t h  p e r f u s i o n  s o l u t i o n  from 

t h e  r e s e r v o i r ,  W.

A 10 1 .  r e s e r v o i r ,  U, was f i l l e d ,  i n i t i a l l y  by d i s 

p la c e m e n t  o f  w a t e r ,  w i t h  a  m ix t u r e  of 95$ oxygen and 5$ 

ca rb on  d i o x i d e .  When r e q u i r e d  f u r t h e r  gas m ix tu r e  was 

p a s s e d  i n t o  TJ u n d e r  p r e s s u r e  f rom  a  c y l i n d e r .  I f  n e c e s s a r
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t h e  p r e s s u r e  i n  U cou ld  he  d e c r e a s e d  by t u r n i n g  a  3 -wagr 

o b l i q u e  b o r e  s to p c o c k  E, t h u s  a l l o w i n g  g a s  to  e sca p e  

t h r o u g h  a  v a l v e  V* U was c o n n e c te d  t o  t h e  s i d e  l im b s  

o f  b o t h  t h e  b u r e t t e s ,  A and B. D ur in g  t h e  d i s c h a r g e  of  

s o l u t i o n  from e i t h e r  b u r e t t e ,  t h e  s o l u t i o n  was oxygena ted  

u n d e r  p r e s s u r e  by t h e  gas  b u b b le s  e n t e r i n g  t h e  b u r e t t e  

from U. T hereby  t h e  s o l u t i o n  was c o n s t a n t l y  i n  e q u i l i b r i u m  

w i t h  t h e  gas  m ix t u r e  of  95$ oxygen and 5$ c a rbon  d i o x i d e  a t  

a  p r e s s u r e  c o n s i d e r a b l y  i n  e x ce ss  of  one a tm o sp h e re .

I n  a few e x p e r im e n t s ,  t h e  p e r f u s i o n  s o l u t i o n  was 

p r e s s u r i z e d  by p u r e  n i t r o g e n  gas i n s t e a d  of  t h e  o x y g e n /c a rb o n  

d i o x i d e  m ix t u r e -

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

owing t o  i t s  r e l a t i v e l y  l a r g e  c a p a c i t y ,  c o n s e q u e n t ly  t h e  

d i s c h a r g e  o f  s o l u t i o n  from t h e  b u r e t t e s  was r e a d i l y  m ain

t a i n e d  a t  any c o n s t a n t  d e s i r e d  p r e s s u r e .  The p r e s s u r e  o f  

t h e  p e r f u s i o n  s o l u t i o n  im m e d ia te ly  p ro x im a l  t o  t n e  c an n u la  

was m easured  on a  m ercu ry  manometer ,  M, and m a i n t a i n e d  

c o n s t a n t  by a d j u s t i n g  t h e  p r e s s u r e  i n  t h e  g a seo u s  r e s e r v o i r ,

U. I n  a l l  e x p e r i m e n t s ,  u n l e s s  o t h e r w i s e  s t a t e d ,  t h e  p r e s s u r e  

i n  t h e  manometer was m a i n t a i n e d  a t  100 mm Hg t o  a l l o w  f o r  

t h e  d rop  i n  p r e s s u r e  which to o k  p l a c e  a c r o s s  t h e  c a n n u la .

The drop  i n  p r e s s u r e  a c r o s s  t h e  c an n u la  v a r i e d  depend ing  on
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t h e  i n f lo w  r a t e .  The p r e s s u r e  i n  t h e  c e n t r a l  a r t e r y  o f  

t h e  e a r  JuBt beyond t h e  t i p  o f  t h e  c an n u la  t h u s  v a r i e d ,  in  

a lm o s t  a l l  t h e  e x p e r i m e n t s ,  be tw een  60 and 70 mm Hg* T h is  

i s  a p p r o x i m a t e l y  t h e  normal v a l u e  o f  t h e  mean b lo o d  p r e s s u r e ,  

s i n c e  G ran t  & R o t h s c h i l d  11934) ,  u s i n g  a p r e s s u r e  c a p s u l e ,  

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

a r t e r y  of  t h e  e a r  o f  t h e  i n t a c t  r a b b i t  n o r m a l ly  l i e s  be tween 

70 and 90 mm Hg.

By a l l o w i n g  t h e  s o l u t i o n  from t h e  b u r e t t e s  and c an n u la  

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

i t  was e n su re d  t h a t  t h e  maximal r a t e  of  d i s c h a r g e  o f  t h e  

a p p a r a t u s  was g r e a t e r  t h a n  t h e  maximum r a t e  o f  i n f lo w  d u r i n g  

a c t u a l  p e r f u s i o n  e x p e r im e n t s .  T h is  a l s o  se rv e d  t o  check 

t h a t  t h e  h i g h e s t  p e r f u s i o n  p r e s s u r e  u se a  d u r i n g  acwual  p e r f u s i o n  

was lo w e r  t h a n  t n e  c r i t i c a l  p r e s s u r e  above which t h e  r a t e  

o f  d i s c h a r g e  f rom  t h e  c an n u la  would d e c r e a s e .  Bodge &

Thompson (1937) s t a t e d  t n a t  t n e  p r o d u c t i o n  o f  t u r b u l e n c e  i n  

a  sy s te m  i n c r e a s e s  and may d o u b le  t h e  r e s i s t a n c e  to  flow# 

T u r b u le n c e  w i l l  o c c u r  when t h e  p r e s s u r e  and h e n c e  t h e  v e l o c i t y  

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

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

c o n seq u en t  upon i n c r e a s e  i n  p r e s s u r e  above a  c r i t i c a l  va lue*

I t  may a l s o  b e  p o i n t e d  ou t  t h a t  t u r b u l e n c e  i s  p roduced  i n
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v a r y i n g  d e g r e e s  i f  t h e  a p p a r a t u s  i s  c o m p l i c a te d  by t h e  

i n t r o d u c t i o n  o f  im ped im en ts ,  even though  t h e y  o o n s i s t  

m e r e ly  of  a n g u l a t i o n  o r  change in  c a l i b r e  o f  t h e  t u b e  

sy s te m .

C a l i b r a t i o n  of  t h e  c a n n u l a . With a  v e r y  few e x c e p t i o n s  

t h e  same c an n u la  was used  th r o u g h o u t  t h e  whole  s e r i e s  o f  

e x p e r i m e n t s .  The c an n u la  was made from g l a s s  t u b i n g  o f  

2 mm i n t e r n a l  d i a m e t e r .  A s h o r t  l e n g t h  of  b i c y c l e  v a lv e  

t u b i n g  was u sed  t o  co n n ec t  t h e  can n u la  t o  t h e  p e r f u s i o n  

a p p a r a t u s .  The d im en s ion s  of  t h e  c an n u la  were  measured  

on a  v e r n i e r  m ic r o s c o p e .  The c an n u la  ( f i g .  4) was g r a d u a l l y  

t a p e r e d  s i n c e  M e l ro s e  & Shackman (1951) h a v e  shown t h a t  t h e  

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

c an n u la  exceeded  t h a t  t h r o u g h  a n o n - t a p e r i n g  one o f  t h e  

same i n l e t  and o u t l e t  d i a m e t e r s .  The p r e s s u r e - f l o w  

c h a r a c t e r i s t i c s  of t h e  c an n u la  were  d e te rm in e d  b o th  by 

n o t i n g  t h e  manometr ic  drop i n  p r e s s u r e  r e s u l t i n g  from  

s e l e c t e d  f lo w  r a t e s ,  and by f lo w  m easurements  w i th  f r e e  

d i s c h a r g e  r e s u l t i n g  from s e l e c t e d  p r e s s u r e s ,  assum ing  f u l l  

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

I n  t h e  f i r s t  method ( f i g .  5) t h e  c a n n u la ,  C, was a l lo w e d  

t o  d i s c h a r g e  i n t o  a  w ide  b o r e  r u b b e r  t u b e  a t  chosen  r a t e s  o f
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f l o w ,  c o n t r o l l e d  by  a  sc rew  c l i p ,  S ,  n e a r  t h e  d i s t a l  end 

of  t h e  w ide  b o r e  r u b b e r  t u b e .  The l a t e r a l  p r e s s u r e s ,  

p r o x i m a l  and d i s t a l  t o  t h e  c a n n u la ,  were  m easured  by two

m ercu ry  m anom eters ,  M-̂  and Mp r e s p e c t i v e l y .  The u p s t r e a m

manometer ,  M^, was k e p t  a t  a  c o n s t a n t  p r e s s u r e  of  100 mm Hg 

and t h e  p r e s s u r e  r e g i s t e r e d  on Mg n o te d  f o r  t h e  chosen  r a t e s  

of  f l o w .

The p r e s s u r e  drop  a c r o s s  t h e  can n u la  o r i f i c e  can be 

shown t o  e q u a l  t h e  d i f f e r e n c e  i n  p r e s s u r e  i n  mm Hg between 

t h e  two manometers minus 1 / 1 3 .6  t im e s  t h e  d i s t a n c e  i n  mm 

be tw een  t h e  two m e n i s c i  in  t h e  p ro x im a l  l im b s  o f  t h e  manometers .  

T h i s  t h e o r e t i c a l  r e l a t i o n s h i p  i s  d e r i v e d  a s  f o l l o w s  ( f i g .  5 ) i -  

and Hg, h e a d  of  m ercury  r e g i s t e r e d  i n  and Mg}

A and B, s e l e c t e d  p o i n t s ;

r ^ ,  l e n g t h  o f  w a t e r  column f rom  A t o  C;

r g ,  l e n g t h  o f  w a t e r  column from C t o  B;

R »  Xi + r g  =  d i s t a n c e  be tween t h e  two m e n i sc i  i n  t h e  

p r o x im a l  l im bs  of t h e  m anom eters ;

I f  gA and P3  *  p r e s s u r e  a t  s e l e c t e d  p o i n t s  A and B

and  Pg = p r e s s u r e  p r o x im a l  and d i s t a l  t o  c an n u la  o r i f i c e ;  

Bm and Bw = d e n s i t y  o f  m ercu ry  and w a t e r  (g /cm ^) ;

T h e r e f o r e  PA *- 5n*S i  (g /cm 2 )

and P 1 =  PA -  2 ^ . ^  (g /cm2)



5b =  Bn *5 2 (g /cm 2)

and  ^2  "  2 b + Pw*r 2 (g /cm2 )

-1  " ^2 = (5a. ‘ 2w*rl )  " (1b  + 5w*r 2) (g/cm2)

-  3 n * 5 l  " Sn*S2 " 5w*r l  -  2 w, r 2 (g /cm2 )

-  B n (5 l  " 3 2 )  '  PwC1!  + r 2 ) (g /cm 2 )

(2 l-l2 )/B „  = Si * S2 - Sw'3/Bn (°m)
i . e .  p r e s s u r e  drop a c r o s s  c an n u la  o r i f i c e  =  “ Hg -  1 / 1 3 . 6 . R  (cm 

The second  method o f  c a l i b r a t i o n  u s e d  was t o  a l l o w  

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

r e g i s t e r e d  i n  t h e  manometer  im m e d ia te ly  p r o x im a l  t o  t h e  

c an n u la  ( f i g .  3) was a d j u s t e d  t o  v a r i o u s  chosen  l e v e l s .  The

r a t e s  of  f lo w /m in  a t  d i f f e r e n t  p r e s s u r e s  were  n o t e d .  I n  o r d e r

t h a t  f l u i d  would f low  f rom  t h e  c a n n u la  t h e r e  h a d  t o  be 

p r e s s u r e  a v a i l a b l e : -

(1) t o  p ro d u ce  t h e  k i n e t i c  energy  of t h e  f lo w

i . e .  v e l o c i t y  h e a d  — v 2/ 2g

(2) t o  overcome t h e  f r i c t i o n  i n  t h e  c a n n u la .

I n  t h i s  method of  c a l i b r a t i o n ,  t h e  p r e s s u r e  t o  p ro d uce  t h e  

k i n e t i c  energy  of  t h e  f l o w  would be  a lm o s t  e n t i r e l y  l o s t ,  

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

compared t o  t h e  v e l o c i t y  o f  f l o w  th ro u g h  t h e  c an n u la  was 

a lm o s t  e n t i r e l y  z e r o .  D u r in g  a c t u a l  p e r f u s i o n  e x p e r im e n t s ,  

how ever ,  as  t h e  i n t e r n a l  d i a m e t e r  of  t h e  c a n n u l a t e c  e a r
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a r t e r y  was n e t  much l a r g e r  t h a n  t h e  i n t e r n a l  d i a m e t e r  o f  

t h e  c a n n u l a ,  t h e  p r e s s u r e  r e c o v e r y  due t o  v e l o c i t y  h ead  

would be  c o n s i d e r a b l e ,  making t h e  c a l ib x - a t io n  v a l u e s  f o r  

p r e s s u r e  d rop  a c r o s s  t h e  c an n u la  t o o  h i g h .  A c o r r e c t i o n  

was a p p l i e d  f o r  t h i s  i n  t h e  c an n u la  c a l i b r a t i o n  by t h i s  

method,  by  assum ing  t h a t  t h e r e  would be  l i t t l e  v e l o c i t y  

head  l o s s  d u r i n g  t h e  p e r f u s i o n  e x p e r i m e n t s .  C o n se q u e n t ly  

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

h e a d  a t  t h e  d i f f e r e n t  r a t e s  of i n f lo w  were  s u b t r a c t e d  from 

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

Thus t h e  drop i n  p r e s s u r e  a c r o s s  t h e  c a n n u la  f o r  

d i f f e r e n t  r a t e s  of  i n f lo w  was o b o a in e d .  By s u b t r a c t i n g  

t h i s  p r e s s u r e  d rop  f rom  t h e  r e a d i n g  on t h e  manometer ,  M,

( f i g .  2 ) ,  which  r e c o r d e d  t h e  p r e s s u r e  p ro x im a l  t o  t h e  

c a n n u l a ,  t h e  downstream p r e s s u r e  f o r  each e x p e r im en t  cou ld  

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

e a r  j u s t  beyond t h e  t i p  o f  t h e  cannu la  was t a k e n  a s  t h e  

downstream p r e s s u r e .  I n  a lm o s t  a l l  t h e  p r e s e n t  e x p e r im e n t s ,  

t h e  downstream p r e s s u r e  was o f  a p p r o x im a te ly  t h e  normal 

v a l u e  of  t h e  mean b lo o d  p r e s s u r e .

T em p era tu re  of  t h e  p e r f u s i o n  s o l u t i o n • The p e r f u s i o n  

s o l u t i o n  was h e a t e d  by an e l e c t r o - t h e r m a l  h e a t i n g  t a p e ,  H,
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( f i g .  3) i n s u l a t e d  by k n i t t e d  g l a s s  y a r n .  The s u r f a c e  

l o a d i n g  o f  t h e  t a p e  was a p p r o x i m a t e ly  2£ V / s q .  i n .  t a p e ,  

c a r r y i n g  a maximum c u r r e n t  of  1 A. T h is  t a p e  was c o i l e d  

round  t h e  curved  t u b e ,  T, th ro u g h  which t h e  p e r f u s i o n  

s o l u t i o n  f low ed  a f t e r  l e a v i n g  t h e  b u r e t t e s .  An a i r  t r a p ,

S ,  was i n c o r p o r a t e d  i n t o  T n e a r  i t s  d i s t a l  end,  t o  c o l l e c t  

any  gas  coming ou t  o f  s o l u t i o n  due t o  h e a t i n g  of  t h e  p e r f u s i o n  

f l u i d .  The h e a t i n g  t a p e  was c o n n ec te d  i n  s e r i e s  w i t h  a 

v a r i a b l e  r e s i s t o r ,  G, and w i th  an A.C. ammeter , F ,  h a v in g  

a  r a n g e  0 -  1 A and a k n i f e  edge p o i n t e r .  The t e m p e r a t u r e  

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

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

by  a  c o p p e r - e u r e k a  t h e r m o - c o u p l e ,  J ,  i n s i d e  a f i n e  g l a s s  

c a p i l l a r y  w i i c h  p a s s e d  th r o u g h  t h e  v a l v e  t u b i n g ,  K, imm edia te 

l y  p r o x im a l  t o  t h e  c a n n u la .  The th e r m o - c o u p le  j u n c t i o n s  

were  made u s i n g  low r e s i s t a n c e  s o l d e r .  C or t  (1952 ,  p e r s o n a l  

commun.) s u g g e s t e d  t h a t  b e t t e r  j u n c t i o n s  would be  a c h ie v e d  

by c a rb o n  a r c  w e ld in g  of  t h e  j u n c t i o n  u n d e r  l i q u i d  p a r a f f i n .

The s m a l l  p r o j e c t i n g  ends of  t h e  g l a s s  c a p i l l a r y ,  con

t a i n i n g  t h e  r e g i s t e r i n g  th e r m o - c o u p le  j u n c t i o n ,  and t h e  

v a l v e  t u b i n g  round i t ,  were  h e a t  i n s u l a t e d  f rom t h e  l o c a l  

e n v i ro n m e n ta l  t e m p e r a t u r e  by  c o v e r i n g  them by a l i b e r a l  

c o a t i n g  of  r u b b e r  s o l u t i o n .  A iken  (1951) gave d e t a i l s  o f
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a  w i r e  enamel f o r  t h e  same p u r p o s e .

The t h e r m o - c o u p le  r e c o r d e d  t h e  t e m p e r a t u r e  on a  s t r i n g  

g a lv a n o m e te r  t o  w i t h i n  0 .1 ° C .  C a l i b r a t i o n  o f  t h e  therm o

c o u p le  u n i t  was c a r r i e d  ou t  e v e ry  10 days  i n i t i a l l y ,  b u t  

s u b s e q u e n t l y  a l  l e s s  f r e q u e n t  i n t e r v a l s .  D ur in g  t h e  c o u rs e  

o f  a n  ex p er im en t  i n  which i t  was d e s i r e d  to  u s e  a  c o n s t a n t  

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

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

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

s o l u t i o n  was a c h i e v e d  by v a r i a t i o n  of  t h e  r e s i s t o r ,  but 

s e v e r a l  m in u te s  e la p se d  b e f o r e  t h e  t e m p e r a t u r e  a t  J  s t a b i l i s e d  

a t  t h e  new l e v e l .

E n v i ro n m e n ta l  t e m p e r a t u r e  o f  t h e  e a r . A 2 g a l l o n  

p o l i s h e d  m e t a l  t i n ,  w i t h  a  sm a l l  a p e r t u r e  i n  t h e  bo t tom ,  

was hung o v e r  t h e  r a b b i t ’ s e a r  a f t e r  c a n n u l a t i o n  i n  o r d e r  to  

m a i n t a i n  c o n s t a n t  t h e  l o c a l  e n v iron m en t .  The environment  

o f  t h e  e a r  c o u ld  t h u s  be  m a i n t a i n e d  a t  any chosen t e m p e r a tu re ,  

w i t h  a  h i g h  r e l a t i v e  h u m id i t y  and m in im al  a i r  movement. A 

th e rm o m e te r ,  IT, ( f i g .  3) h e l d  i n  a  r u b b e r  s t o p p e r  i n  t h e  top  

o f  t h e  t i n ,  r e g i s t e r e d  t h e  t e m p e r a t u r e  of t h e  a i r  s u r r o u n d in g  

t h e  e a r .  The e a r  c o u ld  be o b s e rv e d ,  and i t s  en v iro n m en ta l  

t e m p e r a t u r e  r e a d ,  th r o u g h  c e l l o p h a n e  windows c u t  i n  t h e
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f r o n t  and back  o f  t h e  t i n .

The e n v i r o n m e n ta l  t e m p e r a t u r e  o f  t h e  e a r  was r a i s e d  

by h e a t i n g  t h e  t i n  f rom w i t h o u t  by  means of  100 ¥  b l a c k  

e l e c t r i c  b u l b s ,  o r  lowered  by k e e p in g  i c e  on t h e  to p  o f  

t h e  t i n  and on a l e d g e  i n s i d e  t h e  t i n .  S t a b i l i s a t i o n  o f  

t h e  e n v i r o n m e n ta l  t e m p e r a t u r e  to o k  s e v e r a l  min. The 

r e l a t i v e  h u m id i t y  of  t h e  a i r  i n s i d e  t h e  t i n  was n a t u r a l l y  

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

e a r ,  w h i l e  t h e  a i r  movement was r e l a t i v e l y  s l i g h t .

C a n n u la t i o n  o f  t h e  c e n t r a l  a r t e r y  of t h e  r a b b i t ’ s e a r . 

A d u l t  r a b b i t s  o f  e i t h e r  s e x  were  u s e d .  T h e i r  e a r s  were 

a l l  a p p r o x i m a t e ly  of  t h e  same s i z e .  At l e a s t  1 h r  p r i o r  

t o  t h e  removal  o f  t h e  e a r ,  t h e  r a b b i t  was. g iv e n  an  i n t r a 

m u s c u la r  i n j e c t i o n  of  h e p a r i n  (1000  u n i t s / k g *  body w t . ) .

T h i s  e n su red  t h a t  c l o t t i n g  d id  no t  t a k e  p l a c e  i n  t h e  sm a l l  

v e s s e l s  of t h e  e a r  f o l l o w i n g  d e a th  (Abrahams, 1950;

G-odlowski, 1 9 51 ) .  I n a d v e r t e n t  ommission o f  t h i s  p ro c e d u r e  

on 4 o c c a s i o n s  c a u s e d ,  f o l l o w i n g  c a n n u l a t i o n ,  d e l a y  in  t h e  

s t a r t  o f  t h e  f l o w  of  t h e  p e r f u s i o n  s o l u t i o n  and ,  th ro u g h o u t  

t h e  p e r f u s i o n ,  t h e  r a t e  of f lo w  was g r o s s l y  d im in i s h e d .

T h is  a p p a r e n t l y  m inor  p r e c a u t i o n  c o u ld  be  o f  m a jo r  s i g n i f i c a n c e
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i n  t h e  i n t e r p r e t a t i o n  of  r e s u l t s .

At t h i s  t im e ,  a l s o ,  t h e  h a i r  o v e r  t h e  b a s e  o f  t h e  

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

d i s s e c t i o n .

An h o u r  l a t e r  t h e  a n im a l  was k i l l e d  by a blow o v e r  t h e  

back  of  t h e  n e c k ,  c a r e  b e in g  t a k e n  t o  h o ld  t h e  e a r s  fo rw a rd  

t o  p r o t e c t  them from i n j u r y .

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

a r t e r y )  was exposed by  a  l o n g i t u d i n a l  i n c i s i o n  i n  t h e  s k i n  

o f | the  d o r s a l  s u r f a c e  c l o s e  t o  t h e  b a s e  of  t h e  e a r .  At t h e  

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

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

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

ab o u t  3 cm f rom  t h e  p o i n t  where  i t  emerges f rom t h e  deep 

s u r f a c e  o f  t h e  l e v a t o r  a u r i s  m u sc le .

The a r t e r y  was l i g a t e d  p r o x i m a l l y  and cut  p ro x im a l  t o  

t h e  l i g a t u r e .  Then t h e  e a r  was removed f rom t h e  head  o f  

t h e  r a b b i t  and  su sp en d e d ,  by a  t h r e a d  th ro u g h  i t s  d i s t a l  

end, f rom  t h e  a t t a c h m e n t ,  L ,  ( f i g *  3) to  t h e  pan  of t h e  

s l i d i n g  w e ig h t  d o u b le  beam b a l a n c e ,  H. The a r t e r y  was 

c a n n u l a t e d  and th e  c a n n u la  t i e d  i n .  The p o i n t  o f  i n s e r t i o n  

o f  t h e  can n u la  i s  shown i n  f i g .  6 . As soon a s  t h e  can nu la  

was t i e d  i n ,  t h e  e a r  was weighed and t h e  p e r f u s i o n  p r e s s u r e
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i n  t h e  sy s tem  r a i s e d  t o  t h e  d e s i r e d  l e v e l .  A p p ro x im a te ly  

5 min e l a p s e d  be tw een  k i l l i n g  t h e  an im a l  and t h e  commencement 

o f  t h e  p e r f u s i o n .

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

was u s u a l l y  n e c e s s a r y  to  r e c u t  t h e  ends o f  t h e  3 main v e i n s  

a t  t h e  b a s e  of  t h e  e a r ,  i n  o r d e r  t o  p e r m i t  t h e  p e r f u s a t e  to  

d r i p  away. A f i l t e r  f u n n e l ,  £ ,  be low t h e  e a r  e n su red  t h a t  

a l l  t h e  f l u i d  d r i p p i n g  f rom  t h e  e a r  was t r a p p e d ,  and e i t h e r  

l e d  t o  w a s te  o r  c o l l e c t e d  f o r  a n a l y s i s ,  a s  d e s i r e d .

B a te  o f  oedema f o r m a t i o n . T h is  was r e c o r d e d  by 

w e ig h in g  t h e  e a r  on t h e  beam b a l a n c e  a t  15 min i n t e r v a l s .

The mode o f  s u s p e n s io n  p e r m i t t e d  th ro u g h o u t  t h e  exper im en t  

an  a c c u r a t e  e s t i m a t e  of t h e  w e ig h t  of t h e  i s o l a t e d  e a r  

p r e p a r a t i o n  w i t h o u t  c e s s a t i o n  o f  t h e  p e r f u s i o n .  The 

a s s u m p t io n  was made t h a t  t h e  s p e c i f i c  g r a v i t y  of  t h e  oedema 

f l u i d  d i d  n o t  v a r y  s i g n i f i c a n t l y  th r o u g h o u t  t h e  e x p e r im e n t s .

I n t e r s t i t i a l  p r e s s u r e . These  m easurements  were  c a r r i e d  

ou t  d u r i n g  some of  t h e  p e r f u s i o n  e x p er im en ts  by i n s e r t i n g  a 

lu m b ar  p u n c t u r e  n e e d l e  s h a f t  i n t o  t h e  su b c u tan e o u s  p l a n e  o f  

t h e  p e r f u s e d  r a b b i t ’ s e a r .  The n e e d l e  s h a f t  wa£ connec ted  

b y  a  l e n g t h  o f  p o l y t h e n e  t u b i n g  of 2 mm i n t e r n a l  b o r e ,  t o  a
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v e r t i c a l  g l a s s  t u b e  of  t h e  same c a l i b r e ,  a c t i n g  a s  a  w a t e r  

manometer .  The whole  sy s tem  was f i l l e d  w i t h  p e r f u s i o n  

s o l u t i o n  b e f o r e  t h e  s t a r t  of  t h e  exper im en t  and t h e  p o l y t h e n e  

t u b i n g  t e m p o r a r i l y  o c c lud ed  by a sc rew  c l i p .

A f t e r  t h e  e a r  had  been  su spen d ed ,  t h e  a r t e r y  c a n n u l a t e d  

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

i n s e r t e d  i n t o  t h e  cu t  b a s e  of  t h e  e a r  i n  t h e  su b c u tan e o u s  

p l a n e  u n t i l  t h e  n e e d l e  t i p  was a b o u t  h a l f  way up t h e  e a r .

The f l u i d  m eniscus  in  t h e  manometer was t h e n  b ro u g h t  t o  t h e  

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

f i r s t  r e a d i n g  t a k e n  s h o r t l y  a f t e r w a r d s .  T h is  i n i t i a l  

r e a d i n g  was a r b i t r a r i l y  u se d  a s  z e ro  i n t e r s t i t i a l  p r e s s u r e .  

D u r in g  t h e s e  e x p e r im e n ts  i n  which t h e  i n t e r s t i t i a l  p r e s s u r e  

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

oedema f o r m a t i o n  of  t h e  e a r ,  s i n c e  movements of  t h e  b a l a n c e  

d u r i n g  w e ig h in g s  caused  a l t e r a t i o n  in  t h e  p o s i t i o n  o f  t h e  

n e e d l e  i n  t h e  e a r .

V e ig h t  o f  t h e  e a r  c a r t i l a g e . E a r s  were  removed f rom 

r a o b i t s  o f  d i f f e r e n t  b r e e d s ,  a g e s  and body w e i g h t s .  The 

t o t a l  w e ig h t  o f  t h e  i s o l a t e d  e a r  was m easu red ,  t h e n  t h e  e a r  

c a r t i l a g e  from each was  ̂ d i s s e c t e d  ou t  and w e ighed .
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Ob s e r v a t i o n s .  Each p e r f u s i o n  exper im en t  was c o n t i n u e d  

f o r  5 h r  d u r i n g  which t im e  t h e  f o l l o w i n g  r e a d i n g s  were  t a k e n  

a t  I n t e r v a l s  o f  15 mini ( l )  volume o f  i n f lo w ;  (2) w t .  o f  

p r e p a r a t i o n  o r  i n t e r s t i t i a l  p r e s s u r e ;  ( 3 ) t e m p e r a t u r e  o f  t h e  

p e r f u s i o n  s o l u t i o n ;  (4)  e n v i ro n m e n ta l  t e m p e r a t u r e ; (5)

p r e s s u r e  of  th e  p e r f u s i o n  s o l u t i o n .  The 15 min i n t e r v a l  

be tw een  r e c o r d i n g s  was chosen  a s  t h e  s h o r t e s t  c o n v e n ie n t  

t im e  t o  p e r m i t  one e x p e r im e n te r  t o  c o n t r o l  t h e  e x p e r im e n ta l  

c o n d i t i o n s  and t o  o b s e r v e  and r e c o r d  a l l  r e a d i n g s .

Oxygen c o n te n t  o f  •pe r fu s io n  s o l u t i o n s

A l l  e s t i m a t i o n s  o f  d i s s o l v e d  oxygen were  mad© by W in k le r* • 

method (Cumming & Kay, 19 4 5 ) .  Th is  method depends on t h e  

a c t i o n  o f  t h e  d i s s o l v e d  oxygen on manganese h y d r o x i d e ,  

r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  h i g h e r  h y d r a t e d  o x id e s  which 

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

o f  p o t a s s iu m  i o d i d e .

The i o d i n e  e q u i v a l e n t  t o  t h e  d i s s o l v e d  oxygen was 

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

sodium t h i o s u l p h a t e .



-  67 -

C a l c u l a t i o n s -

Volume a£* oxygen a t  K .T .P ,  Jn 1 1. o f  s o l n . «  5592  x  g
1000

where s  v o l .  sodium t h i o s u l p h a t e  u sed  in  t i t r a t i o n  

0 .0 5  * n o r m a l i t y  o f  sodium t h i o s u l p h a t e  s o l u t i o n  

5592 ml s v o l .  o c cup ied  by 8 g oxygen a t  N .T .P .

I n  p r a c t i c e ,  volumes of  500 m l.  s o l u t i o n  were  t i t r a t e d  

a t  one t im e  and i n  ev e ry  e a s e  3 samples  were  e s t im a t e d  and 

t h e  mean r e s u l t  o b t a i n e d .

E s t i m a t i o n  was made of  t h e  oxygen c o n te n t  o f  p e r f u s i o n  

s o l u t i o n  exposed t o  t h e  a tmosphere*

The oxygen c o n te n t  of  t h e  p e r f u s i o n  s o l u t i o n  a t  16°0 

and a t  38°C was a l s o  e s t i m a t e d  when p r e s s u r i s e d  u n d e r  

e x p e r i m e n t a l  c o n d i t i o n s ,  e i t h e r  by a g a seou s  m i x t u r e  o f  

95$ oxygen and 5$ carbon  d i o x i d e  o r  by gaseous  n i t r o g e n .

These  e x p e r im e n ts  were  c a r r i e d  out by c o l l e c t i n g  t h e  s o l u t i o n ,  

which  would n o r m a l ly  h a v e  e n t e r e d  t h e  e a r  a f t e r  l e a v i n g  t h e  

c a n n u la ,  i n  a  b e a k e r  u n d e r  a  l a y e r  of  l i q u i d  p a r a f f i n .  The 

f lo w  o f  t h e  p e r f u s i o n  s o l u t i o n  th r o u g h  t h e  a p p a r a t u s  was 

d e c r e a s e d ,  by  a  sc rew  c l i p  p l a c e d  between t h e  manometer 

and  t h e  c a n n u la ,  t o  t h e  r a t e  which would h a v e  r e s u l t e d  i f  

a n  i s o l a t e d  e a r  h a d  b e en  p e r f u s e d  f o r  5 h r  w i t h  s o l u t i o n  a t  

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

E s t i m a t i o n  was made of  oxygen u p t a k e  by  t h e  i s o l a t e d
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r a b b i t ’ s e a r .  P e r f u s i o n  e x p e r im e n t s  w e re  c a r r i e d ,  out  

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

e a r  and t h e  p e r f u s a t e  a s  i t  d r i p p e d  f rom t h e  c u t  s u r f a c e s  

were  k e p t  i n  a n  env ironm en t  o f  n i t r o g e n  ( f i g .  7 ) .  The 

p e r f u s a t e  was im m e d ia te ly  c o l l e c t e d  u n d e r  l i q u i d  p a r a f f i n  

a t  h o u r l y  i n t e r v a l s  d u r i n g  t h e  e x p e r im e n t s  and i t s  oxygen 

c o n te n t  e s t i m a t e d .  The amount o f  oxygen t a k e n  up by  t h e  

e a r  c o u ld  t h u s  be  found  by t h e  oxygen d i f f e r e n c e  be tw een  

p e r f u s i o n  s o l u t i o n  and p e r f u s a t e  u n d e r  any  s p e c i f i e d  cond

i t i o n s .  I t  can b e  s e e n  u n d e r  t h e  h e a d i n g  ’D i s c u s s i o n ,  

A n o x ia ’ t h a t  c e r t a i n  c r i t i c i s m s  o f  t h i s  t e c h n i q u e  e x i s t .

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

ou tward  f i l t r a t i o n

The c o n v e n t i o n a l  methods o f  p e r f u s i n g  t h e  b lo o d  v e s s e l s  o f  

t h e  e a r  g iv e  b u t  a  meagre  p i c t u r e  of  a l l  t h e  e v e n t s  t a k i n g  

p l a c e  i n  t h e  v e s s e l s  and i n  t h e  t i s s u e  s p a c e s .  D u r in g  

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

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

T h is  i s  t h e  g r o s s  outward f i l t r a t i o n . Much o f  t h i s  f l u i d  

r e t u r n s  to  t h e  v e s s e l s ,  a s s i s t e d  in  p a r t  by t h e  r i s i n g  

i n t e r s t i t i a l  p r e s s u r e .  A c e r t a i n  amount l e a k s  f rom  t h e
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c u t  s u r f a c e s  a t  t h e  b a s e  of  t h e  e a r .  The f l u i d  which 

rem a in s  i n  t h e  t i s s u e  sp a ce s  a s  oedema f l u i d  i s  t h e  n e t  

ou tw ard  f i l t r a t i o n , which can be  d i r e c t l y  measured  by i n 

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

The c u m u la t iv e  n e t  outward  f i l t r a t i o n  from t h e  cap

i l l a r i e s  was r e c o r d e d  as  t h e  i n c r e a s e  i n  w e ig h t  of  t h e  

e a r  i n  each e x p e r im e n t ,  b u t  t h e  r a t e  o f  g r o s s  outward 

f i l t r a t i o n  a c r o s s  t h e  c a p i l l a r y  membrane co u ld  n o t  be 

m easured  e x p e r i m e n t a l l y .

The r a t e  of a c c u m u la t io n  of  oedema f l u i d  may be 

e x p re s s e d  (D ona ldson ,  F e rg u so n ,  L ev in son  & S i l v e y ,  1953) 

b y : -

f g  =o<(l -  e - r h  -   (1)

where  t  = t i m e ,

w = c u m u la t iv e  n e t  outward  f i l t r a t i o n .

The e x p r e s s i o n  « . ( l  -  e" 1^) r e p r e s e n t s  t h e  g r o s s  r a t e  o f  

ou tward  f i l t r a t i o n  a c r o s s  t h e  c a p i l l a r y  membrane.

The p a r a m e t e r  cx r e p r e s e n t s  t h e  u l t i m a t e  v a l u e  o f  g r o s s  

ou tward  f i l t r a t i o n  

and d e s c r i b e s  i t s  r a t e  of change .

The e x p r e s s i o n  cx(l - e“^ )  t h u s  t a k e s  i n t o  acco u n t

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

t h e  s p o n ta n e o u s ly  r e c u r r i n g  p e r i o d s  of r e l a x a t i o n  and 

c o n t r a c t i o n  of s m a l l e r  b lood  v e s s e l s ,  v a so m o t io n .
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The p a r a m e t e r  ^  d e s c r i b e s  t h e  e x t e n t  t o  w h ich  oedema

f l u i d  a l r e a d y  formed r e t a r d e d  f u r t h e r  g r o s s  outward  

f i l t r a t i o n .

I n  p e r f u s i o n  e x p e r im e n ts  au a s o l u t i o n  t e m p e r a t u r e  

o f  16°C i t  was n o t e d  t h a t  t h e  r a t e  of  oedema f o r m a t io n

was a lm o s t  l i n e a r .  T h is  s u g g e s t e d  t h a t  t h e  g r o s s  r a t e

o f  ou tward  f i l t r a t i o n  rem ained  s t e a d y  and t h a t  i t  would 

he  j u s t i f i a b l e  t o  a do p t  t h e  s i m p l i f i c a t i o n  y r  c>o , whence

. =  cx -  ^  w ............................. ( 2 )

V a lu e s  f o r  t h e  p a r a m e t e r s  cx and ^  were  d e te rm in e d

( C h a p te r  4) u s i n g  t h e  method of l e a s t  s q u a r e s  t o  g iv e  

t h e  b e s t  f i t  f o r  w i n  r e l a t i o n  t o  t ,  whence

w = ( l  -  eT3^) [w = 0 when t  — oj • .  (3) 

However,  a t  16°C t h e  i n c r e a s e  in  w e igh t  o f  t h e  e a r  due to  

t h e  i n i t i a l  f i l l i n g  of  t h e  b lo od  v e s s e l s  w i th  p e r f u s i o n  

s o l u t i o n ,  u n d u ly  p re d o m in a te d  i n  r e l a t i o n  t o  t h e  low r a t e  

of  g r o s s  outward  f i l t r a t i o n .  T h is  was p a r t i c u l a r l y  

i n t r u s i v e  where  v a l u e s  of a r e  s m a l l .  T h is  was a l lo w ed  

f o r  by t h e  i n t r o d u c t i o n  of  a  c o r r e c t i o n  f a c t o r  C* Accord

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

w =r °L  + CeV* ..............................( 4 )
/® . 

o f  t h e  d i f f e r e n t i a l  e q u a t io n  was u se d  ( C h a p te r  4) and v a lu e s

f o r  <x , ys and C were determ ined.
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I n  e x p e r im e n t s  when t h e  t e m p e r a t u r e  of  t h e  p e r f u s i o n  

s o l u t i o n  was 38°C, s i n c e  f i t t i n g  t h e  o r i g i n a l  fo rm u la  was 

d i f f i c u l t  ( C h a p te r  4) t h e  s i m p l i f i c a t i o n  jj *  ^ was u se d ,  

whence

S in c e  a good f i t  was o b t a in e d  by t h i s  s i m p l i f i c a t i o n ,  an 

even b e t t e r  f i t  would be  o b t a i n e d  w i th o u t  i t .

I t  was t h u s  p o s s i b l e  t o  d e r i v e  t h e  g r o s s  outward  

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

o f  oc a t  16°C and of  <x(l -  e**/^) a t  38°C.

• • •
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R E S U L T S

V a s c u l a r  anatomy o f  t h e  r a b b i t s  e a r  

A r t e r i a l  s u p p l y . The main v e s s e l  o f  s u p p ly  t o  t h e  

r a b b i t ’ s e a r  i s  t h e  d o r s a l  a u r i c u l a r  a r t e r y  ( c e n t r a l  e a r  

a r t e r y )  ( f i g .  6 ) .  T h is  v e s s e l  e n t e r s  t h e  b a s e  of  t h e  e a r  

by  p a s s i n g  deep t o  t h e  l e v a t o r  a u r i s  m u sc le .  The a r t e r y  

becomes more s u p e r f i c i a l  and l i e s  n e a r  t h e  j u n c t i o n  o f  t h e  

l a t e r a l  and m id d le  t h i r d s  o f  t h e  d o r s a l  s u r f a c e .  I t  t h e n  

p a s s e s  to w a rd s  t h e  t i p  of  t h e  e a r  g i v i n g  o f f  sm a l l  b r a n c h e s  

i n  i t s  c o u r s e .  About 4 /5  of  t h e  way f ro m  t h e  b a s e  o f  t h e  

e a r  i t  t e r m i n a t e s  by d i v i d i n g  i n t o  m e d ia l  and l a t e r a l  d i v i 

s i o n s ,  which fo im  an  a r c a d e .

The m e d ia l  d i v i s i o n  of  t h e  d o r s a l  a u r i c u l a r  a r t e r y  

run s  t o  t h e  m e d ia l  m arg in  of  t h e  e a r ,  down which i t  p a s s e s  

g i v i n g  o f f  numerous b r a n c h e s  which form  a ne tw ork  o v e r  t h e  

m e d ia l  2 /3  of  t h e  d o r s a l  a s p e c t .  The m e d ia l  d i v i s i o n  g i v e s  

o f f  b r a n c h e s  which su p p ly  a  p a r t  of  t h e  v e n t r a l  s u r f a c e ,  and 

f rom  i t  a l s o  a r i s e s  a sm a l l  a r t e r y  which p a s s e s  down towards  

t h e  b a s e  o f  t h e  e a r  be tween t h e  m e d ia l  d i v i s i o n  and t h e  

d o r s a l  a u r i c u l a r  a r t e r y .

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

p u r s u e s  a  s i m i l a r  c o u rs e  down t h e  l a t e r a l  m a rg in ,  excep t  t h a t
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n e a r  i t s  o r i g i n ,  i t  g iv e s  o f f  a l a r g e  b ranch  which p a s s e s  

t o  t h e  t i p  of  t h e  e a r  fo rm in g  an a r t e r i a l  a r c a d e  t h e r e .

The l a t e r a l  d i v i s i o n  a l s o  g i v e s  o f f  sm a l l  b r a n c h e s  which 

c u rv e  round t h e  l a t e r a l  m arg in  o f  t h e  e a r  t o  s u p p ly  p a r t  

of  t h e  v e n t r a l  s u r f a c e .

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

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

Venous d r a i n a g e . The m e d ia l  2 /3  of  t h e  dorsum of  

t h e  e a r  d r a i n s  i n  i t s  d i s t a l  2 /3  i n t o  2 main v e i n s ,  one 

p a s s i n g  down t h e  m e d ia l  m arg in  and t h e  o t h e r  a lm o s t  p a r a l l e l  

b u t  im m e d ia te ly  l a t e r a l  ( f i g .  6 ) .  About 2 /3  o f  t h e  way 

to w ard s  t h e  b a s e  of  t h e  e a r ,  t h e  l a t t e r  v e s s e l  d i v id e s *  One 

b ran c h  J o i n s  t h e  v e i n  a t  t h e  m e d ia l  m arg in  t o  form t h e  m ed ia l  

m a r g i n a l  v e i n ,  one of t h e  3 main v e i n s  of t h e  e a r .

The second  b ra n c h  i n c l i n e s  in  a l a t e r a l  d i r e c t i o n  

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

t o  J o i n  t h e  c e n t r a l  v e i n ,  which l i e s  a lo n g  t h e  l a t e r a l  a s p e c t  

o f  t h e  a r t e r y .  The c e n t r a l  v e i n  i s  formed by t r i b u t a r i e s  

d r a i n i n g  t h e  m id d le  t h i r d  of t h e  d o r s a l  a s p e c t  o f  t h e  e a r  

and o n ly  becomes r e l a t i v e l y  l a r g e  f o l l o w i n g  t h i s  J u n c t i o n .

The l a t e r a l  t h i r d  of t h e  dorsum i s  d r a i n e d  by t h e  

l a t e r a l  m a r g in a l  v e i n ,  t h e  t h i r d  main v e i n ,  which i a  a i t u a t e d
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n e a r  t h e  m arg in  o f  t h e  e a r .  A l l  3 main v e i n s  u n i t e  a t  t h e  

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

The v e n t r a l  s u r f a c e  of t h e  e a r  i s  d r a i n e d  by s m a l l  

v e i n s  which i n c l i n e  to w ard s  t h e  edges to  J o i n  t h e  d o r s a l  

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

b a s e  of  t h e  v e n t r a l  s u r f a c e  of t h e  e a r .

At t h e  most c o n v e n ie n t  s i t e  f o r  c a n n u l a t i o n  o f  t h e  

a r t e r y  a t  t h e  b a s e  of t h e  d o r s a l  s u r f a c e  o f  t h e  r a b b i t ’ s 

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

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

a r t e r y  t h e  most m e d ia l  s t r u c t u r e  and t h e  n e r v e  t h e  most 

l a t e r a l .

A r t e r i o - v e n o u s  a n a s to m o s e s . V isc o u s  n e o p re n e ,  such 

t h a t  i t  was of  to o  g r e a t  v i s c o s i t y  t o  e n t e r  c a p i l l a r i e s ,  was 

i n j e c t e d  a t  a  t e m p e r a t u r e  of  16°C i n t o  t h e  l e f t  v e n t r i c l e  of  

a  r e c e n t l y  k i l l e d  r a b b i t  whose h e a r t  was s t i l l  c o n t r a c t i n g .  

Both t h e  a r t e r i a l  and venous sys tem s i n  t h e  e a r s  were w e l l  

i n j e c t e d .  T h i s  s u g g e s t s  t h a t  t h e r e  must be  w id e -b o r e  s h u n t s  

be tw een  a r t e r i o l e s  and v e n u l e s ,  t h e  a r t e r i o - v e n o u s  a n as to m o ses .

On t h e  o t h e r  h a n d ,  n e i t h e r  t h e  venous sys tem s o f  t h e  

h e a r t  n o r  m esen te ry  c o n ta in e d  t h e  v i s c o u s  n e o p re n e ,  a l t h o u g h  

b o th  t h e s e  a r t e r i a l  sys tem s were w e l l  i n j e c t e d .  This  seems
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t o  s u g g e s t  t h a t  i n  t h e s e  r e g io n s  t h e r e  were no p a t e n t  

a i r t e r i o - v e n o u s  anas tom oses  i n  t h i s  p r e p a r a t i o n *

Neoprene  p e r f u s i o n  of  t h e  I s o l a t e d  r a b b i t ' s  e a r

Neoprene  a t  1 6 ° C. I n  4 e x p e r i m e n t s ,  c o lo u r e d  l a t e x  

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

a u r i c u l a r  a r t e r y #  The i n j e c t e d  s p e c i m e n s  w e r e  a l l  e x a m in e d

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

i n j e c t e d  on h i s t o l o g i c a l  e x a m i n a t i o n ,  i n  s p i t e  o f  t h e  f a c t  

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

I t  w as  n o t  p o s s i b l e  t o  d e m o n s t r a t e  t h e  e x i s t e n c e  o f  i n j e c t e d  

p a t e n t  a r t e r i o - v e n o u s  a n a s t o m o s e s  w i t h  c e r t a i n t y  s i n c e  i t  

w as  d i f f i c u l t  t o  i d e n t i f y  a r t e r i e s  a s  d i s t i n c t  f r o m  v e i n s #

Neoprene  a t  3 8 ° C, T h r e e  u n s u c c e s s f u l  a t t e m p t s  were

made t o  p e r f u s e  t h e  i s o l a t e d  e a r  w i t h  n e o p r e n e  a t  a  temp

e r a t u r e  o f  38°C# D i f f i c u l t y  w as  e x p e r i e n c e d  i n  c o n t r o l l i n g  

t h e  t e m p e r a t u r e  o f  r h e  i n j e c t i o n  m a s s#  The n e o p re n e  s e t  

p r e m a t u r e l y  and so  c o m p le t e ly  b lo c k e d  t h e  c a n n u la  o r i f i c e #  

These  e x per im en ts  w ere  abandoned s i n c e  t h e y  d i d  n o t  g i v e  

p ro m is e  o f  b e in g  r e a s o n a b l y  p r a c t i c a l #
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Cannula  d im ens ions

The d im en s io ns  of  t h e  cann u la  ( f i g #  4) measured on a v e r n i e r  

m ic ro sc o p e  weres i n t e r n a l  d i a m e t e r  o f  shank = 2 m  a p p r o x 

i m a t e l y ,  i n t e r n a l  d i a m e t e r  a t  t h e  o r i f i c e  m 0 .3 9  mm, e x t e r n a l

d i a m e t e r  a t  t h e  o r i f i c e  m 0 . 5 8  mm, and l e n g t h  of  t e r m i n a l

c o n s t r i c t i o n  ■ 8 .5  mm. T h is  one c an n u la  was u s e d ,  w i th  a  

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

Cannula  c a l i b r a t i o n  f o r  p r e s s u r e  drop

Manometr ic  p r e s s u r e  drop a t  s e l e c t e d  f lo w  r a t e s • The

h e a d  of  m ercury  was m a in t a in e d  c o n s t a n t  a t  100 mm i n  t h e  up 

s t r e a m  manometer , i . e .  t h e  manometer p ro x im a l  t o  t h e  c a n n u la .

The same l e v e l  o f  p r e s s u r e  was m a i n t a i n e d  d u r in g  a l l  t h e

s t a n d a r d  p e r f u s i o n  e x p e r im e n t s .  The head  o f  m ercury  in  mm 

i n  t h e  downstream manometer ,  t h e  manometer d i s t a l  t o  t h e  

c a n n u la ,  was m easured  a t  v a r i o u s  r a t e s  of f lo w  ( t a b l e  4 ) .

The p r e s s u r e  d ro p s  a t  t h e s e  f lo w  r a t e s  were  c a l c u l a t e d  ( t a b l e  4) 

and t h e  r e s u l t s  g raphed  ( f i g .  8 ) .

Flow measurements  w i th  f r e e  d i s c h a r g e  a t  s e l e c t e d  

p r e s s u r e s . T a b le  5 shows t h e  v a l u e s  o b t a i n e d  d u r in g  c a l i 

b r a t i o n ,  a ssum ing  no s i g n i g i c a n t  r e c o v e r y  of  p r e s s u r e  f rom
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th e  v e l o c i t y  h e a d ,  i . e .  t h e  head  of  p r e s s u r e  due to  v e l o c i t y  

o f  f l o w .  These  r e s u l t s  a r e  g raphed  i n  f i g .  8 . T a b le  6 

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

o v e r  t n e  range  of  i n f lo w  r a t e s  which o c c u r r e d  d u r i n g  t h e  

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

d ro ps  due t o  c an n u la  f r i c t i o n  j l o s s ,  assum ing  f u l l  p r e s s u r e  

r e c o v e r y  from t h e  v e l o c i t y  h e a d ,  were  g rap hed  a g a i n s t  t h e  

f lo w  r a t e s  ( f i g .  8 ) .

F i g .  8 shows t h a t  c l o s e  c o r r e sp o n d e n c e  was o b t a i n e d  

be tween  t h e  2 metnods of c a l i b r a t i o n .  The l i n e  o f  b e s t  

f i t  was drawn by i n s p e c t i o n .  Thus t h e  p r e s s u r e  drop a c r o s s  

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

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

d ro p ,  b u t  r em a in in g  p e r f u s i o n  p r e s s u r e ,  i . e .  t h e  downstream 

p r e s s u r e  o r  t h e  p r e s s u r e  in  t h e  c e n t r a l  a r t e r y  o f  t h e  e a r  

j u s t  beyond t h e  t i p  of t h e  c a n n u la .  C o n se q u e n t ly  a n o t h e r  

g raph  h a d  t o  be  c o n s t r u c t e d  f o r  e x p er im en ts  i n  which t h e  

p r e s s u r e  i n  t h e  u p s t r e a m  manometer im m ed ia te ly  p ro x im a l  t o  

t h e  c an n u la  was m a i n t a i n e d  c o n s t a n t  a t  100 mm Hg. From 

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

t h e  c a n n u la  a t  p a r t i c u l a r  f lo w  r a t e s  were  s u b t r a c t e d .  I t  

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

a g a i n s t  f lo w  r a t e s  f o r  t h e  s t a n d a r d  s e r i e s  o f  e x p e r im e n t s .
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I t  w i l l  be  s e e n  f rom below t h a t  t h e r e  was a more r a p i d  

r a t e  o f  i n f lo w  d u r i n g  p e r f u s i o n  w i t h  s o l u t i o n  a t  16°C, and 

h e n ce  a g r e a t e r  p r e s s u r e  drop a c r o s s  t h e  c a n n u la ,  t h a n  d u r in g  

p e r f u s i o n  a t  38°C. Thus t h e  downstream p r e s s u r e  d u r i n g  

p e r f u s i o n  w i th  s o l u t i o n  a t  16°C was lo w er  t h a n  t h a t  a t  38°C. 

At b o th  t e m p e r a t u r e s ,  however ,  t h e  downstream p r e s s u r e  

ap p ro x im a te d  t o  t h e  normal  v a l u e  o f  t h e  mean b lo o d  p r e s s u r e .

Oxygen c o n te n t  o f  -p e r fus ion  s o l u t i o n s

The p e r f u s i o n  s o l u t i o n  c o n ta in e d  o n ly  5 .4  ml.  o x y g e n / l .  

when exposed t o  a tm o s p h e r i c  a i r  a t  a  room t e m p e r a t u r e  o f  

20°C. However,  t h e  oxygen c o n te n t  o f  t h e  s o l u t i o n  n o rm a l ly

e n t e r i n g  t h e  a r t e r y  i n  e x p e r im en ts  was found t o  be  13 .4  ml. 

d i s s o l v e d  o x y g e n / l .  p e r f u s i o n  s o l u t i o n  a t  16°C and 10 .5  ml.  

a t  38°C ( t a b l e  7 ) .  The v a l u e  o f  expos ing  t h e  p e r f u s i o n  

s o l u t i o n  t o  t h e  oxygen and ca rbon  d i o x i d e  m ix t u r e  i s  t h u s  

o b v io u s .

When p r e s s u r i z e d  by n i t r o g e n  t h e  p e r f u s i o n  s o l u t i o n  

c o n t a i n e d  o n ly  4 , 5  m l .  d i s s o l v e d  oxygen / l#  a t  16°0 and 4 # Z  

m l . / l .  a t  38°C ( t a b l e  7 ) .

Oxygen u p ta k e  by t h e  i s o l a t e d  r a b b i t 1 s e a r . I ’o u r  e a r s
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were  p e r f u s e d  a t  16°0 and 4 a t  38° C. V/hen t h e  p e r f u s i o n  

was c a r r i e d  ou t  a t  16°C, t h e  amount of oxygen t a k e n  up 

d u r i n g  t h e  f i r s t  2 h r  was s l i g h t l y  more th a n  f o r  t h e  r e s t  o f  

t h e  exp er im en t  ( t a b l e  8 ) .  The r e s u l t s  ( t a b l e  9 )  show, 

h ow ever ,  t h a t  t h e r e  was l e a s  o x y g e n  p r e s e n t  in  t h e  s o l u t i o n  

a t  t h e  h i g h e r  t e m p e r a t u r e  b e f o r e  i t  e n t e r e d  t h e  ear* D u r i n g  

t h e  a c t u a l  p e r f u s i o n  of  t h e  v e s s e l s  t h e r e  a p p e a re d  to  be 

s l i g h t l y  l e s s  oxygen u sed  b y  t h e  i s o l a t e d  e a r  a t  38°C t h a n  

a t  16° C. The g r e a t e s t  consumption  of oxygen to o k  p l a c e  

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

8 & 9)* T h e r e a f t e r  t h e r e  was a d e c r e a s e  in  t h e  oxygen up

t a k e  by t h e  e a r .

E x p r e s s i o n  of  r e s u l t s  f rom  p e r f u s i o n

A t o t a l  o f  131 p e r f u s i o n  e x p e r im e n ts  was c a r r i e d  o u t .

F o u r t e e n  of  t h e s e  e x p e r im e n t s  f a i l e d  f o r  t e c h n i c a l  r e a s o n s .

A number of  t h e s e  have  been  o m i t te d  from d e s c r i p t i o n  s i n c e  

t h e y  were  a d d i t i o n a l  c o n t r o l  e x p e r im e n ts  i n  which t h e  r e s u l t s  

o f  m in o r  v a r i a t i o n s  i n  p e r f u s i o n  c o n d i t i o n s  m e re ly  confi rm ed 

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

c u s s i o n .



*» 80  —

Oedema fo r m a t io n

I n i t i a l  e a r  w e ig h t . I t  was n o te d  in  p r e l i m i n a r y  

p e r f u s i o n  e x p e r im e n ts  t h a t  a l th o u g h  t h e  p e r f u s e d  I s o l a t e d  

r a b b i t s *  e a r s  i n i t i a l l y  v a r i e d  in  w e ig h t  o v e r  a  ran g e  o f  

2 g f t h e  amount of oedema which f i n a l l y  d ev e lo p ed  in  e a r s  

u n d e r  s i m i l a r  c o n d i t io n s  o f  p e r f u s i o n  f e l l  w i t h in  a  v e ry  

na rro w  ra n g e .  M oreover, t h e  h e a v i e r  e a r s  did n o t  i n v a r i 

a b l y  d e v e lo p  t h e  g r e a t e r  amount o f oedema a t  t h e  end o f  t h e  

p e r f u s i o n .  The h e a v i e r  e a r s  in c r e a s e d  v e ry  s l i g h t l y  more 

i n  w e ig h t  d u r in g  t h e  f i r s t  f m i n  of t h e  p e r f u s io n s  due 

to  t h e  g r e a t e r  c a p a c i ty  o f  t h e  v a s c u l a r  t r e e #

W eight o f  e a r  c a r t i l a g e . In  a  c o n t r o l  g roup o f  8 

r a b b i t s *  e a r s  o f  v a r y in g  e a r  w e ig h ts ,  t h e  w e ig h t  o f  th e  

a v a s c u l a r  c a r t i l a g e  v a r i e d  o n ly  o v e r  t h e  sm a ll  ra n g e  22 -  

30$ o f  t h e  t o t a l  w e ig h t  o f  t h e  i s o l a t e d  e a r s .

C um u la tive  w e ig h t  o f  oedema, f o r m a t io n . The oedema 

was r e c o rd e d  by w e ig h in g  t h e  e a r  a t  15 min i n t e r v a l s #  The 

oedema f o r m a t io n  was th u s  t h e  c u m u la t iv e  amount by  which 

t h e  i s o l a t e d  e a r  p r e p a r a t i o n  in c r e a s e d  above i t s  i n i t i a l  

w e ig h t  d u r in g  p e r f u s i o n  due t o  n e t  ou tw ard  f i l t r a t i o n #  Thi
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c u m u la t iv e  w e ig h t  o f  oedema fo rm a t io n  was g rap hed  i n  t h e  

f i g u r e s  a t  i n t e r v a l s  o f  15 min*

Mean c u m u la t iv e  w e ig h t  o f  oedema f o r m a t io n . I s o l a t e d  

r a o b i t s *  e a r s  each i n i t i a l l y  w e ig h in g  a b o u t  9 g ,  and o f  

s i m i l a r  s i z e ,  w ere  u sed  d u r in g  th e  main e x p e r im e n ta l  s e r i e s .  

T hese  e a r s  o f  s i m i l a r  i n i t i a l  w e ig h ts  p e r f u s e d  u n d e r  s i m i l a r  

p e r f u s i o n  c o n d i t io n s  d e v e lo p e d ,  w i t h in  na rrow  l i m i t s ,  s i m i l a r  

f i n a l  w e ig h ts ,  and a l s o  s i m i l a r  c u m u la t iv e  w e ig h ts  a t  any 

one p e r i o d  o f  t im e  th ro u g h o u t  t h e  e x p e r im e n t .  I t  was th u s  

c o n s id e re d  j u s t i f i a b l e  to  c a l c u l a t e  th e  mean c u m u la t iv e  

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

S in c e  c u m u la t iv e  w e ig h ts  and c o n s e q u e n t ly  mean c u m u la t iv e  

w e ig h ts  ta k e n  a t  15 min i n t e r v a l s  f o r  t h e  5 h r  p e r f u s io n s  a l l  

showed a  c o n s i s t e n t  ten d e n cy  th ro u g h o u t  f o r  th e  w e ig h ts  to  b® 

d i f f e r e n t  u n d e r  d i f f e r e n t  s e t s  o f  p e r f u s i o n  c o n d i t i o n s ,  i t  

was n o t  c o n s id e re d  to  be  n e c e s s a r y  to  c a l c u l a t e  th e  s ta n d a r d  

d e v ia t i o n s  o f  c u m u la t iv e  w e ig h ts ,  o r  t h e  s t a n d a r d  e r r o r s  o f  

th e  mean v a lu e s  o r  to  d e te rm in e  a t  w hat t im e  f o l lo w in g  th e  

commencement o f  th e  p e r f u s i o n  one oedema form ation  was s i g 

n i f i c a n t l y  d i f f e r e n t  from  a n o th e r .

I n t e r s t i t i a l  p r e s s u r e

The i n i t i a l  r e a d in g  was a r b i t r a r i l y  u se d  a s  z e ro  p r e s s u r e .
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The i n t e r s t i t i a l  p r e s s u r e  a t  any p e r i o d  o f  t im e  f o l lo w in g  

t h e  commencement o f  t h e  p e r f u s i o n  was t h e  amount by whioh th e  

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

c u m u la t iv e ly  above  t h e  a e ro  p r e s s u r e .  R ead in gs  w ere ta k e n  

a t  15 min i n t e r v a l s .

In f lo w

The in f lo w  was re c o rd e d  a s  m l. p e r f u s i o n  s o l u t i o n  l e a v in g  t h e  

c a n n u la  d u r in g  t h e  p r e c e d in g  15 min and i s  g rap hed  a g a i n s t  

t im e  i n  t h e  f i g u r e s .  Thus in f lo w  s i g n i f i e s  t h e  in c r e m e n t  o r  

d e c r e m e n t  o f  in f lo w /1 5  m in and  n o t  t h e  c u m u la t iv e  in f lo w .

U nder any  one s e t  o f  s t a n d a r d  c o n d i t i o n s  t h e  r e s u l t s , 

from  ex p er im en t  t o  e x p e r i in e n t ,  v a r i e d  v e r y  s l i g h t l y .  As i n  

t h e  c a s e  o f  oedem a f o r m a t i o n ,  i t  w as c o n s i d e r e d  J u s t i f i a b l e  t o  

u s e  in c re m e n ts  o f  i n f l o w  w i t h o u t  c a l c u l a t i o n  o f  t h e  s t a n d a r d  

d e v i a t i o n s  o f f th e  o b s e r v a t i o n s , t o  u s e  mean in c re m e n ts  o f  I n f l o w  

w ith o u t  d e te rm in in g  t h e  s t a n d a r d  e r r o r s  o f  t h e  mean v a l u e s  and  

n o t  t o  d e te rm in e  a t  what t im e s  f o l lo w in g  t h e  commeneafaent o f  

t h e  p e r f u s i o n  t h a t  one in f lo w  volume was s i g n i f i c a n t l y  d i f f e r 

en t  from  a n o th e r#

T h e re  was no n e c e s s i t y  t o  c o n v e r t  t h e  v a lu e s  f o r  i n c r « a e a t
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o r  meain in c re m e n t  o f  in f lo w /1 5  min i n to  m l . / u n i t  o f  v o l .  

o f  e a r /m in ,  s i n c e ,  d u r in g  t h e  m ain  e x p e r im e n ta l  s e r i e s ,  

i s o l a t e d  r a b b i t ' s  e a r s  each i n i t i a l l y  w e ig h in g  a b o u t  9 g 

w ere  u s e d .

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

i s o l a t e d  e a r s  i n  d y n e s .se c .c i rT ^  (W iggers ,  1950) was u n d e r 

t a k e n  in  a  number o f e x p e r im e n ts  u s in g  t h e  downstream p r e s s u r e  

and in f lo w .  S in c e  t h e  r e s u l t a n t  g raph  o f  t h e  p e r i p h e r a l  

r e s i s t a n c e  was found  to  be a lm o s t  a m i r r o r  image of t h e  

c u rv e  of r a t e  of in f lo w ,  t h e s e  c a l c u l a t i o n s  w ere  abandoned .

E f f e c t  o f  t e m p e r a tu r e  on r a t e  o f  oedema 

f o r m a t io n ,  on r a t e  o f  in f lo w  and on i n t e r s t i t i a l  -p ressu re  

i n  th e  i s o l a t e d  e a r  o f  t h e  r a b b i t

E f f e c t  o f  c o n s t a n t  t e m p e r a tu re  o f  t h e  s o l u t i o n  d u r in g  p e r f u s io n

Oedema f o r m a t io n  a t  16°C. The mean v a lu e s  o f  2 such 

e x p e r im e n ts  a r e  i l l u s t r a t e d  in  f i g .  9 .  A f t e r  t h e  f i r s t  

15 min o f  t h e  p e r f u s i o n ,  t h e  r a t e  o f  oedema f o rm a t io n  was 

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

t h e  end o f  4 h r ,  h ad  ab o u t  do u b le  t h e i r  o r i g i n a l  w e ig h ts .

M a th e m a tic a l  a n a l y s i s  o f t h e  oedema f o rm a t io n ,  w, gave
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v a lu e s  o f  «  = 0 .5 3 ,  ys = 0 .0 2 ,  C a  - 2 6 .9 4 .  T a b le  10

shows t h a t  t h e  o b se rv e d  and c a l c u l a t e d  v a lu e s  o f  w a r e

a n  e x c e l l e n t  f i t .  C h a p te r  4 g iv e s  t h e  d e t a i l e d  a n a l y s e s .

The g r o s s  ou tw ard  f i l t r a t i o n  a c r o s s  t h e  c a p i l l a r y  membrane, 

c*, was d e r iv e d  and i s  i l l u s t r a t e d  i n  f i g .  10 .

In f lo w  a t  16°C. At t h i s  t e m p e r a tu r e ,  an i n i t i a l  spasm 

o f  t h e  a r t e r y  o c c u r r e d .  D u r in g  th e  f i r s t  few  min o f  a l l  

e x p e r im e n ts  t h e r e  was i n v a r i a b l y  a  slow r a t e  o f  in f lo w ,  wnich 

accom panied  a v i s i b l e  spasm o f  t h e  c a n n u la te d  a r t e r y  ( f i g .  9 ) .  

A f t e r  t h e  v i s i b l e  spasm p a s s e d  o f f ,  u s u a l l y  w i t h in  10 m in, t h e  

r a t e  o f  in f lo w  rem ained  p r a c t i c a l l y  c o n s ta n t  f o r  abou t 3-f- h r .

T h e r e a f t e r  t h e  in f lo w  d e c re a s e d  v e ry  s l i g h t l y .  D u ring  th e

c o u rs e  o f  5 h r  p e r f u s i o n  a p p ro x im a te ly  4 ,200  m l. o f  p e r f u s io n  

s o l u t i o n  p a s s e d  th ro u g h  Ihe v e s s e l s  of t h e  e a r  a s  a  w hole .

No o s c i l l a t i o n  was n o te d  of t h e  g a lv a n o m e te r  sp o t  which 

r e c o rd e d  t h e  te m p e r a tu re  o f  t h e  s o l u t i o n  e n t e r i n g  th e  a r t e r y .

Oedema fo r m a t io n  a t  38 °C. P our such  ex p er im en ts  a r e  

i l l u s t r a t e d .  F ig u r e  9 shows t h a t  t h e  r a t e  o f  oedema form 

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

a f t e r  w hich th e  r a t e  r a p i d l y  d e c r e a s e d .  The a b s o l u t e  amount 

o f  oedema f o r m a t io n  a f t e r  p e r f u s i o n  f o r  5 h r  a t  38°C was abou t
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4 t im e s  t h a t  which accumulated, a t  t h e  low er  t e m p e r a tu re  o f  

16°C. The e a r s  w ere  g r o s s l y  sw o lle n  h a v in g  ro u g h ly  5 t im e s  

t h e i r  o r i g i n a l  w e ig h t  a t  t h e  end o f  5 h r .

M a th e m a tic a l  a n a l y s i s  o f  t h e  oedema f o r m a t io n ,  w, gave 

v a l u e s  o f  oc =  n.00, ^ = 0 . 2 9 .  F i g .  11 and t a b l e  10 show

t h a t  t h e  o b se rv ed  and c a l c u l a t e d  v a lu e s  o f  w a r e  a  v e ry  good 

f i t .  C h a p te r  4 g iv e s  t h e  d e t a i l e d  a n a l y s e s .  The g r o s s  

ou tw ard  f i l t r a t i o n ,  <x(i -  e**/3̂ ) was d e r iv e d  and i s  i l l u s t r a t e d  

i n  f i g .  10.

The m a th e m a tic a l  a n a ly s e s  a l s o  showed t h a t  t h e  u l t i m a t e  

v a lu e  o f  g r o s s  outw ard  f i l t r a t i o n  a t  16°C was 0 .5 3  w h i le  a t  

38°C i t  h a d  r i s e n  by  t h e  f a c t o r  o f 20 to  1 1 .0 0 .  S i m i l a r l y ,  

t h e  e x te n t  to  which oedema f l u i d  a l r e a d y  form ed r e t a r d e d  

f u r t h e r  n e t  o u tw ard  f i l t r a t i o n  r o s e  from  0 .0 2  a t  16°C by a 

f a c t o r  o f  15 to  0 .2 9  a t  38°C.

In f lo w  a t  38°C. D u rin g  t h e  f i r s t  few  min o f  t h e  ex p er

im ent t h e r e  was a s lo w e r  r a t e  o f  in f lo w ,  wnich was due to  a  

v i s i b l e  spasm o f  t h e  c a n n u la te d  a r t e r y  ( f i g .  9 ) .  In  t h i s  

c a s e  t h e  i n i t i a l  spasm o f  t h e  a r t e r y  was l e s s  m arked. T here 

a f t e r  t h e  r a t e  o f  in f lo w  r o s e  t o  a maximum by t h e  end o f  t h e  

f i r s t  30 min o f  t h e  p e r f u s i o n .  H aving  rea ch e d  i t s  p eak , t h e  

r a t e  o f  in f lo w  th e n  d e c re a s e d  m ark ed ly . About 2 h r  a f t e r  th e
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s t a r t  o f t h e  p e r f u s i o n  t h e  f lo w  began to  i n c r e a s e  gradually* 

and c o n t in u e d  t o  do so u n t i l  t h e  end o f  t h e  p e r f u s i o n .  

T h ro u g h o u t,  h ow ever, t h e  r a t e  o f  in f lo w  a t  38<>C was c o n s id e r 

a b l y  l e s s  th a n  t h e  r a t e  o f  in f lo w  a t  16°C.

D u rin g  p e r f u s i o n  ex p er im e n ts  a t  a te m p e r a tu re  o f  38°C 

i t  was o b se rv e d  t h a t  th e  g a lv a n o m e te r  s p o t ,  which re c o rd e d  

t h e  t e m p e r a tu re  o f  t h e  s o l u t i o n  ^ u s t  b e f o r e  i t  e n te r e d  th e  

a r t e r y  from  t h e  c a n n u la ,  o s c i l l a t e d  o v e r  a ran g e  o f  temp

e r a t u r e  o f  a b o u t  0 .7 5 °C . Each c y c le  too k  a b o u t  40 s e c .

I t  i s  p r o b a b le  t h a t  t h e s e  o s c i l l a t i o n s  w ere  p ro d u ced  by 

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

I n t e r s t i t i a l  p r e s s u r e  a t  38°C. T hree  e x p er im en ts  were 

c a r r i e d  o u t and t h e  r e s u l t s  from  one a r e  shown in  f i g .  12. 

D u rin g  t h e  f i r s t  -f h r  o f  t h e  experim en t t h e r e  was o n ly  a 

s l i g h t  r i s e  in  i n t e r s t i t i a l  p r e s s u r e ,  b u t  t h i s  was succeeded  

by  a  r a p i d  r i s e  w hich  c o n t in u e d  f o r  1 h r ,  d u r in g  which p e r io d  

t h e  m ost r a p i d  r i s e  i n  t h e  r a t e  o f  oedema f o rm a t io n  would 

a l s o  b e  t a k i n g  p l a c e .  T h e r e a f t e r  t h e  r a t e  o f  i n c r e a s e  of 

t h e  i n t e r s t i t i a l  p r e s s u r e  became v e r y  much l e s s  r a p i d ,  and 

th e  p r e s s u r e  began  t o  o s c i l l a t e  s lo w ly  o v e r  a  ra n g e  o f  s e v e r a l  

mm w a t e r .  From 3^ h r  onwards t h e  i n t e r s t i t i a l  p r e s s u r e  

showed a  te n d e n c y  t o  d e c r e a s e ,  b u t  t h e  o s c i l l a t i o n s  in  p r e s s u r e
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co n tin u ed *

The r e s u l t s  f o r  t h e  r a t e  o f  in f lo w  in  t h e s e  e x p e r im e n ts  

a t  38°C ( f i g .  12) fo l lo w e d  t h e  c h a r a c t e r i s t i c  p a t t e r n  a l r e a d y  

d e s c r i b e d .  Yet a l th o u g h  th e  r a t e  o f  in f lo w  d e c re a se d  m arked ly  

a f t e r  th e  f i r s t  £  h r  o f  t h e  p e r f u s i o n ,  t h e  v a lu e  fo r  t h e  

i n t e r s t i t i a l  p r e s s u r e  was s t i l l  low a t  t h i s  t im e  and o n ly  

a f t e r  1 h r  had e la p se d  was t h e r e  any s i g n i f i c a n t  r i s e  in  

i n t e r s t i t i a l  p r e s s u r e .

Oedema f o r m a t io n  a t  2 4 °c * One such ex p er im en t  i s  

i l l u s t r a t e d .  I n  g e n e r a l ,  t h e  r e s u l t s  a t  t h i s  te m p e ra tu re  

• resem bled  t h e  e x p er im en ts  a t  16°C. The r a t e  o f  oedema 

f o rm a t io n  was more i r r e g u l a r  th a n  t h a t  a t  e i t h e r  16° o r  a t  

38°C ( f i g .  1 4 ) .  The c u m u la t iv e  w t .  a t  5 h r  l a y  a p p ro x im a te ly  

midway betw een  t h a t  a t  t h e  o t h e r  two te m p e r a tu re s  o f 16° and 

38° C.

M a th e m a tic a l  a n a l y s i s  gav e  oc = 1.19,  ys = 0 ,  C » 0 .2 .

Thus t h e  u l t i m a t e  v a lu e  o f  g ro s s  outward f i l t r a t i o n  a t  24°C 

was g r e a t e r  th a n  t h a t  a t  16°C o n ly  by a  f a c t o r  o f  2 , s i n c e  

oc r o s e  t o  1 .1 9  from  a  v a lu e  o f  0.53*

In f lo w  a t  24° C. D u rin g  t h e  f i r s t  l i  h r  o f  t h e  p e r f u s i o n ,  

t h e  r a t e  o f  in f lo w  was v e ry  i r r e g u l a r  and r a p id  ( f i g -  14) bu t
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s u b s e q u e n t ly  t h e  r a t e  o f  in f lo w  d e c re a s e d  f a i r l y  s t e a d i ly *

Oedema fo rm a t io n  a t  52°C* Only two e x p e r im e n ts  were 

c a r r i e d  out* In  g e n e r a l ,  t h e  r e s u l t s  a t  t h i s  t e m p e ra tu re  

re sem b led  t h e  e x p e r im e n ts  a t  38°C* D u rin g  th e  f i r s t  l | -  h r  

o f  t h e  p e r f u s i o n ,  t h e  r a t e  o f  oedema fo rm a t io n  was a lm o s t  

t h e  same as  t h e  r a t e  when th e  e a r  was p e r f u s e d  w ith  s o l u t i o n  

a t  38°C ( f i g .  15)* T h e r e a f t e r  t h e  r a t e  o f  oedema fo rm a t io n  

became l e s s  r a p i d .

In f lo w  a t  52?C* The r a t e  o f  in f lo w  a t  t h i s  te m p e ra tu re  

( f i g .  15) was much s lo w e r  th a n  t h a t  a t  38°C* A f t e r  an 

i n i t i a l  r i s e  in  t h e  f lo w  d u r in g  t h e  f i r s t  h r  o f  t h e  e x p er

im e n t ,  t h e  r a t e  o f in f lo w  became l e s s  r a p id  u n t i l  a b o u t  3 h r ,  

a f t e r  which i t  rem ained  f a i r l y  c o n s t a n t .

Oedema fo rm a t io n  a t  45°C* F o u r  e x p e r im e n ts  were 

c a r r i e d  o u t  w i tn  t h e  p e r f u s io n  s o l u t i o n  a t  t h e  u n p h y s io lo g ic a l  

t e m p e r a tu r e  o f  45°C* The r a t e  o f  oedema fo rm a t io n  was a 

l i t t l e  l e s s  r a p id  f o r  t n e  f i r s t  h r  th a n  when i s o la te o ,  e a r s  

w ere  p e r f u s e d  w i th  s o l u t i o n  a t  38°C ( f i g *  9)* F o llo w in g  

t h i s ,  a  r a p i d  i n c r e a s e  in  t h e  r a t e  o f  oedema fo rm a t io n  too k  

p la c e *  T here  was a d e f i n i t e  d e c re a s e  i n  t h e  r a t e  a f t e r
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2 t h r ,  t h e n  a  marked r i s e  o c c u r re d  which c o n t in u e d  u n t i l  

t h e  end o f  t h e  e x p e r im e n t .  The f i n a l  amount o f  oedema 

d e v e lo p ed  by t h e s e  p r e p a , r a t io n s  was v e ry  much more th a n  

a t  38°C. D u rin g  th e  p e r f u s io n s  a t  45°C, one o r  more 

l a r g e  b l e b s  d ev e lo p ed  which o c cu p ied  a lm o s t  th e  whole o f  

t h e  v e n t r a l  s u r f a c e  of each e a r ,  w h i le  s e v e r a l  s m a l l e r  

v e s i c l e s  a p p e a re d  on t h e  d o r s a l  a s p e c t  ( p l a t e  l ) .

I n f lo w  a t  45° C. The r a t e  o f  in f lo w  was s i m i l a r  to  

t h a t  when s o l u t i o n  a t  38°C was u sed  to  p e r f u s e  t h e  e a r ,  

b u t  t h e  r a t e s  o f  f lo w  w ere c o n s id e r a b ly  h i g h e r  th ro u g h o u t  

( f i g .  9 ) .  However, t h e  r a t e  o f  in f lo w  a t  45°C was low er 

th a n  a t  16°C. S l i g h t  o s c i l l a t i o n  was n o te d  o f  t h e  g a lv a n 

om eter  s p o t  r e c o r d in g  t h e  t e m p e r a tu re  o f  t h e  s o l u t i o n  

e n t e r in g  t h e  a r t e r y .

E f f e c t  o f  v a r i a t i o n s  in  th e  t e m p e ra tu re  o f  t h e  s o l u t i o n  

d u r in g  p e r f u s i  on

P e r f u s i o n  of t h e  e a r  was commenced w i th  th e  p e r f u s io n  

s o l u t i o n  e i t h e r  a t  16° o r  a t  38°C. An h o u r  o r  so l a t e r  

t h e  te m p e r a tu re  was changed r a p i d l y  to  38° o r  16°C a s  th e  

c a se  m igh t b e .  A f t e r  a  p e r io d  th e  t e m p e r a tu re  of th e



-  90

p e r f u s i o n  s o l u t i o n  was r e t u r n e d  to  i t s  o r i g i n a l  v a lu e *

T h is  c o m p le te  c y c le  was r e p e a te d  once  m ore.

Oedema f o r m a t io n * S ix  e x p e r im e n ts  w ere  c a r r i e d  o u t .

The r e s u l t s  from  one o f  t h e s e  a r e  shown i n  f i g .  13 . P e r f u s i o n  

o f  t h e  e a r  was commenced w i th  s o l u t i o n  a t  a  t e m p e r a tu re  o f  

38°C f o r  l £  h r ,  a f t e r  w h ich , w i th o u t  i n t e r r u p t i o n  o f  t h e  f lo w ,  

t h e  p e r f u s i o n  s o l u t i o n  te m p e r a tu re  was lo w ered  to  16°C. As 

a  r u l e ,  a h o u t  8 min e la p s e d  b e f o r e  t h e  s o l u t i o n  a t  t h e  c a n n u la  

re a c h e d  t h i s  t e m p e r a tu r e .  A co n co m ita n t  lo w e r in g  o f  t h e  

e a r  e n v iro n m e n ta l  t e m p e r a tu re  to o k  p l a c e  from  21° t o  16° C.

A f t e r  1 h r  a t  t h i s  t e m p e r a tu r e ,  t h e  p e r f u s io n  s o l u t i o n  temp

e r a t u r e  was r a i s e d  once more to  38 °C, b u t  was low ered  a g a in  tem

p o r a r i l y  f rom  a f t e r  3 h r  t i l l  a f t e r  3 i  h r  from  t h e  s t a r t  o f  

t h e  p e r f u s i o n .

D u rin g  p e r f u s i o n  o f  t h e  e a r  w i th  s o l u t i o n  a t  a  te m p e ra tu re  

o f  16°C, t h e r e  was a  d e c r e a s e  i n  t h e  r a t e  o f fo rm a t io n  of 

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

was r e h e a t e d  t o  38^C ( f i g .  1 3 )•  The r e l a t i v e  d e c r e a s e  i n  th e  

r a t e  o f  oedema fo r m a t io n  was much more marked d u r in g  t h e  f i r s t  

t h a n  t h e  secon d  c y c le  o f c o o l in g .

I n f lo w .  A d e f i n i t e  i n c r e a s e  in  t h e  r a t e  o f  in f lo w
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o c c u r r e d  when t h e  e a r  was b e in g  p e r f u s e d  a t  16°C, and t h e  

in f lo w  d e c re a s e d  r a p i d l y  when t h e  te m p e ra tu re  o f  t h e  s o l u t i o n  

was r a i s e d  t o  38°C ( f i g .  1 3 ) .  T h is  c y c le  o f  h e a t i n g  and 

c o o l in g  t h e  s o l u t i o n  was r e p e a t e d ,  and i t  was seen  t h a t ,  i n  

c o n t r a s t  to  t h e  e f f e c t  on t h e  r a t e  o f  oedema f o r m a t io n ,  t h e  

p e r i o d  o f  c o o l in g  f o l lo w in g  t h e  second  p e r io d  o f  h e a t in g  

in c r e a s e d  t h e  r a t e  o f  in f lo w  r e l a t i v e l y  a l i t t l e  more th a n  

a f t e r  t h e  f i r s t  e p is o d e ,  and r a i s e d  i t  u n t i l  i t  a lm o s t  

r e a c h e d  t h e  l e v e l  a t t a i n e d  by t h e  c o o l  s o l u t i o n  2 h r  p r e v i o u s l y .  

D u r in g  t h e  f i n a l  p e r i o d  o f  h e a t i n g  t h e  r a t e  o f  in f lo w  s t a r t e d  

t o  r i s e  a f t e r  ■§- h r ,  b u t  t h i s  c o in c id e d  w i th  t h e  i n c r e a s e  i n  

in f lo w  r a t e ,  w hich had  a l r e a d y  been  o b se rv ed  t o  o c c u r ,  d u r in g  

p e r f u s i o n s  which h ad  been  c a r r i e d  ou t a t  a  c o n s ta n t  s o l u t i o n  

t e m p e r a tu r e  o f  38°C th ro u g h o u t .

I n t e r s t i t i a l  p r e s s u r e . Two p e r f u s io n s  w ere c a r r i e d  o u t .  

The r e s u l t s  o f  one ex perim en t a r e  shown i n  f i g .  16 . The 

p e r f u s i o n  was commenced w i th  s o l u t i o n  a t  38°C and c y c le s  o f  

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

The i n t e r s t i t i a l  p r e s s u r e  d id  n o t  a p p r e c i a b ly  i n c r e a s e  

u n t i l  a f t e r  -f- h r ,  a l th o u g h  t h e  r a t e  o f  in f lo w  had  f a l l e n  

m arked ly  from  i t s  maximum a f t e r  i  h r  ( f ig *  1 6 ) .  When c o o l in g  

was commenced, a  r a p i d  r i s e  i n  t h e  r a t e  o f  in f lo w  f o l lo w e d ,
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b u t  t h e  i n t e r s t i t i a l  p r e s s u r e  c o n t in u e d  to  i n c r e a s e  a t  o n ly  

a  s l i g h t l y  l o v e r  r a t e .  M oreover, t h i s  s lo w in g  of t h e  r a t e  o f  

i n c r e a s e  o f  i n t e r s t i t i a l  p r e s s u r e  was o b se rv ed  to  h av e  s t a r t e d  

b e f o r e  t h e  s o l u t i o n  was co o le d  a t  a l l .

When t h e  s o l u t i o n  was a g a in  h e a t e d  to  a t e m p e ra tu re  of 

38°C t h e  r a t e  o f  i n c r e a s e  of t h e  i n t e r s t i t i a l  p r e s s u r e  was 

t e m p o r a r i l y  q u i t e  m arked, a l th o u g h  t h e  d e c r e a s e  in  t h e  in f lo w  

r a t e  w as , a t  t h i s  p e r i o d ,  r e l a t i v e l y  s m a l l .  F o l lo w in g  t h i s ,  

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

b u t ,  a t  t h i s  t im e ,  t h e  r a t e  o f  in f lo w  a l s o  d e c re a s e d  r a p i d l y .

The c y c le  was r e p e a te d  and t h e  i n t e r s t i t i a l  p r e s s u r e  

c o n t in u e d  t o  f a l l ,  b u t ,  t h i s  t im e  i t  was accom panied by a 

marked i n c r e a s e  i n  t h e  r a t e  o f  in f lo w .  T h ere  was an a p p r e c i 

a b l e  r i s e  i n  t h e  i n t e r s t i t i a l  p r e s s u r e  when h e a t i n g  was 

recommenced, b u t  t h i s  r i s e  was of v e ry  s h o r t  d u r a t i o n  and th e  

l e v e l  f e l l  soon a f t e r w a r d s .  T h is  p a r t  o f t h e  p e r f u s io n  

c o in c id e d  w i th  t h e  norm al downward t r e n d  of t h e  i n t e r s t i t i a l  

p r e s s u r e  d u r in g  t h e  e x p e r im e n ts  p e rfo rm ed  w i th  th e  p e r f u s io n  

s o l u t i o n  a t  a  c o n s ta n t  t e m p e r a tu re  of 38°C.

Oedema f o r m a t io n  and  in f lo w  a t  16° & 38°C f o l lo w in g  

4^  h r  a t  38UC. Two e x p e r im e n ts  w ere  c a r r i e d  o u t .  F ig u r e  

17 shows t h e  r e s u l t s  o f  one o f  t h e s e  e x p e r im e n ts .  A d e c r e a s e
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i n  t h e  r a t e  o f  oedema f o r m a t io n  o c c u r re d  when t h e  s o l u t i o n  

was c o o le d  t o  16°C f o l lo w in g  p e r f u s io n  a t  38°C f o r  4 -̂ h r .

The r a t e  in c r e a s e d  a g a in  when t h e  p e r f u s io n  s o l u t i o n  was 

r e h e a t e d  t o  38°C.

The r a t e  o f  in f lo w  had  s t a r t e d  to  i n c r e a s e  a f t e r  4\  h r  

p e r f u s i o n  a t  a c o n s ta n t  s o l u t i o n  t e m p e ra tu re  o f  38°C ( f i g .  1 7 ) .  

On c o o l in g  r a p i d l y  t o  16°C f o r  j? h r  t h e r e  was an  in c r e a s e d  

r a t e  o f  f lo w  "but t h e  r e s p o n se  was r e l a t i v e l y  s l i g h t .  A 

s l i g h t  d e c r e a s e  i n  t h e  in f lo w  ra ,te  o c c u r r e d  when t h e  p e r f u s i o n  

s o l u t i o n  was a g a in  h e a t e d  to  38°C.

A ppend ix . E f f e c t  o f  v a r i o u s  f a c t o r s  on r a t e  o f  

oedema f o r m a t io n ,  on r a t e  o f  in f lo w  and on i n t e r s t i t i a l  

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

E f f e c t  o f  p e r f u s i o n  w i th  s o l u t i o n  c o n ta in in g  h y a lu r o n id a s e

From p r e l i m i n a r y  e x p e r im e n t ,  u s in g  p e r f u s i o n  s o l u t i o n  con

t a i n i n g  h y a lu r o n i d a s e ,  i t  was o b se rv ed  t h a t  t h e  oedematous 

e a r  was m ark ed ly  f l u c t u a n t .  The su b c u ta n e o u s  sp ace  con

s i s t e d  o f  a  l a r g e  com m unicating  sac  f i l l e d  w ith  oedema 

f l u i d  u n d e r  low p r e s s u r e .
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Oedema f o r m a t io n  and in f lo w  a t  38°C w i th  h y a l u r o n i d a s e * 

T h ree  e x p e r im e n ts  w ere  c a r r i e d  ou t w i th  p e r f u s i o n  s o l u t i o n  

c o n ta in in g  h y a lu r o n id a s e  and compared w i th  t h e  r e s u l t s  o f 

p e r f u s i o n  u s i n g  s o l u t i o n  w i th o u t  h y a lu r o n i d a s e .  I t  was 

o b se rv e d  t h a t ,  d u r in g  t h e  f i r s t  h r ,  when h y a lu r o n id a s e  was 

p r e s e n t  i n  t h e  s o l u t i o n  t h e r e  was a s l i g h t l y  more r a p id  r a t e  

o f  f o r m a t io n  o f  oedema ( f i g .  1 8 ) .  However, t h i s  r a t e  th e n  

d e c re a s e d  q u i t e  q u ic k ly  and by t h e  end o f  t h e  ex p erim en t t h e  

c u m u la t iv e  i n c r e a s e  o f  w e ig h t  by t h e  p e r f u s e d  e a r s  was no more 

t h a n  2 /3  o f  t h a t  a t t a i n e d  by  t h e  p r e p a r a t i o n s  w hich  w ere p e r 

f u s e d  w i th  s o l u t i o n  which d id  n o t  c o n ta in  h y a lu r o n id a s e  ( f ig *  

1 8 ) .  Ho b u l l a e  w ere  o b se rv e d .  M a th em a tica l  a n a l y s i s  o f 

t h e  oedema f o r m a t io n  gave <*— 4 .7 5 ,  ^ s s O . 2 1 ,  showing t h a t  

t h e  u l t i m a t e  v a lu e  o f  g r o s s  ou tw ard  f i l t r a t i o n  a t  38°C had 

f a l l e n  by more th a n  h a l f  from  11 .00  to  4 .7 5  when t h e  p e r f u s io n  

s o l u t i o n  c o n ta in e d  h y a lu r o n id a s e .  However, t h e  e x te n t  to  

which oedema f l u i d  a l r e a d y  form ed r e t a r d e d  f u r t h e r  n e t  outward 

f i l t r a t i o n  o n ly  f e l l  v e ry  s l i g h t l y  from  0 .2 9  to  0 .2 1  when 

t h e  s o l u t i o n  c o n ta in e d  h y a lu r o n i d a s e .

A l th o u g h ,  in  g e n e r a l ,  t h e  r a t e  o f  in f lo w  d id  n o t  f a l l  t o  

a s  low a  l e v e l  a s  i t  d id  in  t h e  e x p e r im e n ts  w i th o u t  h y a l u r 

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

in f lo w  which s t a r t e d  a f t e r  £ h r  and c o n t in u e d  u n t i l  l £  h r
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( f i g .  1 8 ) .  T h e r e a f t e r  th e  r a t e  o f  in f lo w  in c r e a s e d  h u t  was 

more i r r e g u l a r  th a n  i n  t h e  c o r re s p o n d in g  p e r io d  d u r in g  p e r f u s io n  

e x p e r im e n ts  i n  which h y a lu r o n id a s e  was n o t  p r e s e n t .

I n t e r s t i t i a l  -p ressu re  and in f lo w  a t  58°C w i th  h y a lu r o n i d a s e . 

One ex p er im en t  was c a r r i e d  o u t  w i th  p e r f u s io n  s o l u t i o n  con

t a i n i n g  h y a lu r o n id a s e  and compared w i th  t h e  r e s u l t s  o f  p e r 

f u s i o n  u s i n g  s o l u t i o n  w i th o u t  h y a lu r o n id a s e  ( f i g .  1 9 ) .  I n t e r 

s t i t i a l  p r e s s u r e  m easurem ents d u r in g  t h e  p e r f u s io n  e x p e r im e n ts  

a t  38°C gave a maximum of o n ly  41 mm w a te r  compared w ith  

183 mm f o r  p e r f u s i o n  u n d e r  th e  same c o n d i t i o n s  excep t t h a t  

t h e  s o l u t i o n  d id  n o t  c o n ta in  h y a lu r o n id a s e .  I n  a d d i t i o n ,  t h e  

r i s e  i n  i n t e r s t i t i a l  p r e s s u r e  was more g r a d u a l .

The in f lo w  r a t e s  showed t h e  same g e n e r a l  p a t t e r n  as b e fo r e  

( f i g .  1 9 ) .

Oedema f o r m a t io n  a t  38° & 16°C w i th  h y a lu r o n i d a s e . Two 

ex p e r im e n ts  w ere  c a r r i e d  o u t .  One o f  t n e s e  i s  g raphed  in  

f i g .  20, t o g e t h e r  w i th  oedema f o rm a t io n  r e s u l t i n g  from  th e  

u s e  o f  s o l u t i o n  w i th o u t  h y a lu r o n id a s e .  The amount o f  oedema 

f l u i d  formca. was v e ry  much l e s s  th a n  t h a t  which developed  

when no h y a lu r o n id a s e  was added to  th e  s o l u t i o n .  However, in  

b o th  s e t s  o f c o n d i t i o n s ,  t h e  r a t e  of oedema form a,tion  d e c re a s e d ,
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when t h e  t e m p e ra tu re  of t h e  p e r f u s io n  s o l u t i o n  was low ered  from  

38° to  16°C, and  i n c r e a s e d ,  when t h e  s o l u t i o n  te m p e r a tu re  was 

r a i s e d  to  38°C once m ore. At t h e  end o f  b o th  c y c le s  o f  

c o o l in g  t h e  c u m u la t iv e  amount of oedema f l u i d  d e c re a se d  

s l i g h t l y  when h y a lu r o n id a s e  was p r e s e n t  m  t h e  p e r f u s i o n  

s o l u t i o n .

In f lo w  a t  58° and 16°C w i th  h y a lu r o n i d a s e . Two such 

e x p e r im e n ts  w ere  c a r r i e d  o u t .  A lthough in  g e n e r a l  t h e  r a t e  

o f  in f lo w  was s l i g h t l y  h i g h e r  th a n  in  t h e  e x p e r im e n ts  in  which 

no h y a lu r o n i d a s e  was ad d ed , t h e  in f lo w  re s p o n s e s  to  h e a t i n g  

and c o o l in g  t h e  s o l u t i o n  w ere s i m i l a r  and j u s t  a s  marked 

( f i g .  2 1 ) .

E f f e c t  o f dow nstream  p r e s s u r e  of t h e  s o l u t i o n  d u r in g  p e r f u s io n

The downstream  p r e s s u r e  i s  t h e  p r e s s u r e  in  th e  c e n t r a l  a r t e r y  

j u s t  d i s t a l  t o  r h e  t i p  o f  t h e  c a n n u la .  I t  i s  e v a lu a te d  by 

s u b t r a c t i n g  t h e  p r e s s u r e  d rop  a c r o s s  t h e  c an n u la  from  th e  

p r e s s u r e  m easured  im m e d ia te ly  p ro x im a l  to  t h e  c a n n u la .

I n  a l l  t h e  e x p e r im e n ts  r e p o r t e d  so f a r ,  t h e  downstream 

p r e s s u r e  was a p p ro x im a te ly  60 mm Hg d u r in g  p e r f u s io n  w ith  

s o l u t i o n  a t  a  t e m p e r a tu re  of 16 °C and a p p ro x im a te ly  70 mm Hg
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w ith  s o l u t i o n  a t  38°C. The v a lu e s  a r e  i n  t h e  norm al ra n g e  o f  

t h e  mean b lo o d  p r e s s u r e .

Oedema f o rm a t io n  w i th  p r e s s u r e s  a t  50 , 60 & 70 ™m Hg 

and  w i th  a t e m p e ra tu re  o f 16°C. Two i s o l a t e d  e a r s  w ere 

p e r f u s e d  a t  a  c a l c u l a t e d  mean downstream  p r e s s u r e  o f  50 mm 

Hg, and  3 e a r s  a t  70 mm Hg. The r e s u l t s  w ere  compared w i th  

t h e  s t a n d a r d  s e r i e s  a t  a  c a l c u l a t e d  mean downstream  p r e s s u r e  

o f 60 mm Hg.

At t h e  lo w e s t  dow nstream  p r e s s u r e  of 50 mm Hg, t h e  r a t e  

o f  oedema fo rm a t io n  was v e ry  s l i g h t l y  l e s s  r a p id  th a n  a t  t h e  

i n t e r m e d i a t e  p r e s s u r e  o f 60 mm Hg ( f i g .  22)•  At t h e  h i g h e s t  

dow nstream  p r e s s u r e  of 70 mm Hg, the r a t e  o f  oedema fo rm a t io n  

in c r e a s e d  more r a p i d l y  t h a n  i t  d id  d u r in g  t h e  e x p er im en ts  

c a r r i e d  o u t  a t  t h e  i n t e r m e d i a t e  p r e s s u r e  o f  60 mm Hg. T h is  

i n c r e a s e  in  f o r m a t io n  o f  oedema to o k  p l a c e  th ro u g h o u t  th e  

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

i n c r e a s e  was more marked d u r in g  t h e  l a s t  2 h r  o f  t h e  ex p e r

im en t.

M a th e m a tic a l  a n a s y s i s  o f t h e  oedema f o r m a t io n  gave a t

50 mm Hg: oc = 0 .5 1 ,  — 0 .0 1 ,  C *  -3 5 .4 7

60 mm Hg: = 0 .5 3 ,  ^  »  0 .0 2 ,  C «  -2 6 .9 4

70 mm Hg: cx = 0 .9 1 ,  y3 = 0 .0 3 ,  C =  -3 9 .7 2
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Thus d u r in g  p e r f u s i o n  w i th  s o l u t i o n  a t  a  ten q p e ra tu re  o f  1 6 °C 

a l th o u g h  r a i s i n g  t h e  downstream p r e s s u r e  from  50 to  60 mm Hg 

h ad  l i t t l e  e f f e c t  on t h e  u l t i m a t e  v a lu e  of g ro s s  ou tw ard  

f i l t r a t i o n  (<x)9 y e t  i n c r e a s in g  t h e  downstream p r e s s u r e  a 

f u r t h e r  10 mm Hg t o  70 mm a lm o s t  doub led  t h e  u l t i m a t e  v a lu e  

o f  g r o s s  ou tw ard  f i l t r a t i o n .  However, none of t h e s e  a l t e r 

a t i o n s  i n  downstream  p r e s s u r e  had  any s i g n i f i c a n t  e f f e c t  on 

t h e  e x te n t  to  w hich oedema f l u i d  a l r e a d y  form ed r e t a r d e d  f u r t h e r  

n e t  ou tw ard  f i l t r a t i o n  (y3 ) .

In f lo w  w i th  -p re s su re s  a t  50 , 60 & 70 mm Hg and w i th  a 

t e m p e r a tu re  o f  16°C» * t  was found  t h a t  t h e  lo w e r  t h e  down

s t r e a m  p r e s s u r e ,  t h e  l e s s  r a p i d  was t h e  r a t e  o f  in f lo w  ( f ig *

2 3 ) .

Oedema f o r m a t io n  w i th  p r e s s u r e s  a t  53 , 71 & 83 mm Hg 

and w i th  a  t e m p e ra tu re  o f  3Q°C* Two i s o l a t e d  e a r s  w ere  

p e r f u s e d  a t  a  c a l c u l a t e d  mean downstream  p r e s s u r e  o f 53 mm Hg, 

and 3 e a r s  a t  83 mm Hg, The r e s u l t s  were compared w i th  th e  

s t a n d a r d  s e r i e s  a t  a  c a l c u l a t e d  mean downstream p r e s s u r e  o f  

71 mm Hg.

At t h e  lo w e s t  downstream p r e s s u r e  o f  53 mm Hg t h e r e  was 

a d e c r e a s e  in  t h e  r a t e  of oedema f o rm a t io n  d u r in g  t h e  f i r s t



l £  h r  o f  t h e  exp erim en t compared t o  t h e  r a t e  a t  t h e  i n t e r 

m ed ia te  p r e s s u r e  o f  71 mm Hg ( f i g .  2 2 ) .  Prom t h e n ,  u n t i l  

a h o u t  2f- h r  a f t e r  th e  p e r f u s i o n  commenced, t h e  r a t e  o f  i n 

c r e a s e  was th e  same a s  t h a t  when t h e  downstream  p r e s s u r e  was 

71 mm Hg. D u rin g  t h e  l a s t  h r  o f  t h e  p e r f u s i o n ,  t h e r e

was an  i n c r e a s e  i n  th e  r a t e  o f  f o r m a t io n  o f  t h e  oedema com

p a re d  to  t h e  i n t e r m e d i a t e  p r e s s u r e  e x p e r im e n ts .

At t h e  h i g h e s t  dow nstream  p r e s s u r e  o f  83 mm Hg, t h e r e  

was an  i n c r e a s e  i n  t h e  r a t e  o f f o r m a t io n  of oedema d u r in g

t h e  f i r s t  l £  h r  o f  t h e  p e r f u s i o n .  T h e r e a f t e r  th e  r a t e

d e c re a s e d  and was l e s s  th a n  e i t h e r  t h e  i n t e r m e d i a t e  (71 mm Hg) 

o r  lo w e s t  (53 mm Hg) downstream  p r e s s u r e  e x p e r im e n ts .

M a th e m a tic a l  a n a l y s i s  o f  t h e  oedema f o r m a t io n  gave a t  

53 mm Hg: <x = 9 .4 3 ,  p  «  0 .2 3

71 mm Hg: oc * 1 1 .0 0 ,  p  m 0 .2 9

83 mm Hg: cx = 1 2 .0 0 ,  p  *  0 .3 8 .

Thus d u r in g  p e r f u s i o n  w i th  s o l u t i o n  a t  a t e m p e r a tu re  o f  38°C 

e q u a l  in c re m e n ts  in  downstream p r e s s u r e  g iv e  eq u a l in c rem en ts  

i n  t h e  u l t i m a t e  v a lu e s  of g ro s s  outw ard f i l t r a t i o n  ( ex) .  

I n c r e a s e  i n  dow nstream  p r e s s u r e  in c r e a s e d  th e  e x te n t  to  which 

oedema f l u i d  a l r e a d y  form ed r e t a r d e d  f u r t h e r  n e t  outward 

f i l t r a t i o n  ( /3  ) • The g r o s s  r a t e s  o f  ou tw ard  f i l t r a t i o n



f o r  t h e s e  e x p e r im e n ts  c a l c u l a t e d  a s  <x (1  -  e V 4 ) a r e  shown 

i n  f i g .  25 .

In f lo w  w i th  p r e s s u r e s  a t  53 . 71 & 85 mm Hg and  w ith  

a  t e m p e r a tu r e  o f  38°C. The c u rv e s  o f in f lo w  r a t e s  w ere  

a l l  o f  e s s e n t i a l l y  s i m i l a r  c o n f i g u r a t i o n  ( f i g .  2 4 ) .  The 

lo w e r  t h e  downstream  p r e s s u r e ,  th e  l e s s  r a p id  was t h e  r a t e  

o f  in f lo w .

Oedema fo r m a t io n  a t  70 mm Hg downstream  p r e s s u r e  &

16°C te m p e r a tu re  and  a t  71 mm Hg downstream p r e s s u r e  &

38°C t e m p e r a t u r e . Prom f i g .  26 i t  can he  seen  t h a t  i n  

2 s e r i e s  o f  e x p e r im e n ts  in  which t h e  p r e p a r a t i o n s  were p e r fu s e d  

w i th  s o l u t i o n  a t  e i t h e r  16° o r  38°C u s in g  c a l c u l a t e d  mean 

downstream  p r e s s u r e s  which w ere  e s s e n t i a l l y  i d e n t i c a l ,  t h e  

r a t e  o f  oedema f o rm a t io n  was v e ry  much lo w er a t  t h e  low er  

t e m p e r a tu r e .  M oreover, t h e  cu rv e  of oedema fo rm a t io n  was 

of a  d i f f e r e n t  c h a r a c t e r .

In f lo w  a t  70 mm Hg downstream  p r e s s u r e  & 16°C te m p e ra tu re  

and a t  71 mm Hg dow nstream  p r e s s u r e  & 38°C te m p e r a tu re .

E xcept f o r  t h e  r a t e  o f in f lo w  a t  £ h r  fo l lo w in g  t h e  commencement 

o f  t h e  p e r f u s i o n ,  t h e  r a t e  o f  in f lo w  was h ig h e r  a t  t h e  low er 

t e m p e r a tu r e ,  and  t h e  cu rv e  was o f  a d i f f e r e n t  c h a r a c t e r  ( f i g .  2 6 ) .
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E f f e c t  o f  oxygen c o n te n t  o f  t h e  s o l u t i o n  d u r in g  p e r f u s i o n  

A group  o f  p r e l i m i n a r y  e x p e r im e n ts  w ere  c a r r i e d  o u t .

H a t  16°C. Two e x p er im en ts  w ere  p e rfo rm ed  a t  16°C

u s i n g  n i t r o g e n  to  p r e s s u r i z e  t h e  s o l u t i o n .  T h is  red u ced  

th e  oxygen c o n te n t  o f t h e  s o l u t i o n  from  1 3 .4  m l. d i s s o l v e d  

o x y g e n / l .  p e r f u s i o n  s o l u t i o n  t o  4 .5  m l . / l .  The on ly  

d i f f e r e n c e  from  th e  norm al c u rv e  o f  oedema f o rm a t io n  was a  

s l i g h t  i n c r e a s e  in  t h e  r a t e  d u r in g  t h e  p e r f u s i o n  ( f i g .  2 7 ) .

The r a t e s  o f  in f lo w  compared to  t h e  norm al cu rv e  a t  

t h i s  te m p e ra tu re  showed a  d e c r e a s e  in  t h e  f i r s t  h a l f  o f  t h e  

p e r f u s i o n  ( f i g .  2 7 ) .

H a t  58°C. T h ree  i s o l a t e d  e a r s  w ere  p e r f u s e d  a t  38°C

w ith  s o l u t i o n  p r e s s u r i z e d  hy n i t r o g e n .  T h is  red u ced  th e  

oxygen com-ent o f  t h e  s o l u t i o n  from  1 0 .5  m l. d i s s o l v e d  

o x y g e n / l .  p e r f u s i o n  s o l u t i o n  t o  4 .2  m l . / l .  I t  was found  t h a t  

l e s s  oedema d e v e lo p ed  a f t e r  5 h r  p e r f u s i o n  w i th  t h i s  s o l u t io n  

th a n  when s o l u t i o n  o f  a  h i g h e r  oxygen c o n te n t  was u sed  ( f i g .  

2 7 ) .  I t  was o b s e rv e d ,  how ever ,  t h a t  t h e r e  was a s l i g h t l y  

more r a p i d  r a t e  o f  oedema f o rm a t io n  d u r in g  t h e  f i r s t  $  h r  o f  

e x p e r im e n t .  T h e r e a f t e r  t h e  r a t e  d e c re a s e d  more a b r u p t l y
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th a n  when t h e  h i g h e r  oxygenated  s o l u t i o n  was u s e d .  On 

e x a m in a t io n  o f  t h e  e a r  a f t e r  each p e r f u s i o n ,  sm a l l  b u l l a e  

w ere  s e e n  u n d e r  t h e  s u r f a c e  o f  t h e  s k i n .

The r a t e s  o f  in f lo w  d u r in g  t h e s e  e x p e r im e n ts  w ere  muoh 

lo w e r  th a n  when t h e  s o l u t i o n  was more h i g h l y  oxygenated  

( f i g .  2 7 ) .

E f f e c t  o f  -pH o f  t h e  s o l u t i o n  d u r in g  -p e rfu s ion

A group  o f  p r e l i m i n a r y  e x p e r im e n ts  w ere  c a r r i e d  o u t .

One p e r f u s io n  ex p erim en t was c a r r i e d  o u t  a t  a  pH o f  

7 .6  t o  7 .8  and a t e m p e r a tu re  o f  16°C. The can n u la  u se d ,  

how ever, was o f  s l i g h t l y  d i f f e r e n t  p r e B s u r e - f  low c h a r a c t e r 

i s t i c s  from  t h e  can n u la  u se d  th ro u g h o u t  t h e  rem a in d e r  of 

t h e  p e r f u s i o n s .  C o n t ro l  p e r f u s io n s  f o r  t h i s  can n u la  were 

c a r r i e d  ou t f o r  oedema fo rm a t io n  and in f lo w  a t  a  p e r f u s io n  

s o l u t i o n  pH of 7 .3  t o  7 .4 .  T hese  n o n - s ta n d a r d  r e s u l t s  

h a v e  n o t  been  d i s p la y e d  i n  a f i g u r e .

At a  pK o f  7 .6  t o  7 . 8 ,  t h e  r a t e  o f  oedema fo rm a t io n  was

s l i g h t l y  more r a p id  d u r in g  t h e  f i r s t  l-£ h r  o f t h e  p e r f u s io n .  

The r a t e  o f  in f lo w  was 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  t h a t  

o f  t h e  s t a n d a r d  pH.
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One p e r f u s io n  was c a r r i e d  ou t a t  a pH of 7 .6  t o  7 .8  and 

a  t e m p e r a tu re  o f  38°C. T here  was a  s l i g h t l y  more r a p i d  

r a t e  o f  oedema f o r m a t io n ,  h u t  t h e  shape  of t h e  cu rv e  was 

s i m i l a r  ( f i g .  2 8 ) .  The r a t e s  o f in f lo w ,  a l th o u g h  fo l lo w in g  

t h e  norm al p a t t e r n  o f  t h a t  p rodu ced  w i th  t h e  p e r f u s io n  

s o l u t i o n  a t  a  pH o f  7 .3  to  7 .4 ,  w ere  l e s s  r a p id  a t  c o r re s p o n d 

in g  t im e s  d u r in g  t h e  f i r s t  p a r t  o f  t h e  p e r f u s io n  and more 

r a p id  t h e r e a f t e r  ( f i g .  2 8 ) .

One ex p erim en t was c a r r i e d  o u t a t  a  pH o f  6 .6  to  6 .8  

and a  t e m p e r a tu re  o f 16°C. The r a t e  o f  oedema f o rm a t io n  

was v e ry  s l i g h t l y  more r a p id  th a n  when t h e  i s o l a t e d  r a b b i t ’ s 

e a r  was p e r f u s e d  w i th  s o l u t i o n  a t  a  pH eq u a l  to  7 .3  t o  7 .4 .

Ho s i g n i f i c a n t  d i f f e r e n c e  was o b se rv ed  in  in f lo w .

One ex perim en t was c a r r i e d  ou t a t  a  pH of 6 .6  t o  6 .8  

and a  t e m p e r a tu re  o f  38°C. A marked r i s e  in  t h e  r a t e  o f  

oedema fo r m a t io n  to o k  p l a c e  d u r in g  t h e  f i r s t  \  h r  o f  t h e  

e x p e r im e n t ,  t h e  e a r  a t t a i n i n g  2 /3  of i t s  f i n a l  w e ig h t in  

t h i s  s h o r t  t im e  ( f i g .  2 8 ) .  A f t e r  t h i s ,  how ever, t h e  r a t e  

o f  oedema fo r m a t io n  became much s lo w e r  th a n  t h e  s t a n d a r d .

The r a t e  o f  in f lo w  d id  n o t  d i f f e r  v e ry  m arked ly  from  t h a t  

o b ta in e d  a t  a  pH e q u a l  t o  7 .3  to  7 .4  ( f i g .  2 8 ) .

One p e r f u s io n  was c a r r i e d  out a t  a  pH o f  4 .0  and a
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t e m p e r a tu re  o f  16° C. Oedema fo rm a t io n  was q u i t e  r a p id  

d u r in g  t h e  f i r s t  3 h r  of t h e  p e r f u s i o n  and th e n  m arked ly  

d e c re a s e d  ( f i g .  2 9 ) .  The r a t e  o f in f lo w  was s low , 

e s p e c i a l l y  to w a rd s  t h e  end of t h e  p e r f u s i o n - ( f i g .  2 9 ) .

One p e r f u s i o n  was c a r r i e d  o u t  a t  a pH of 4 .0  and a 

t e m p e r a tu r e  o f  38°C. The r a t e  o f oedema fo rm a t io n  was 

more r a p i d  th a n  norm al f o r  t h e  f i r s t  -f- h r  o f t h e  p e r f u s io n  

and th e n  d e c re a s e d  q u ic k ly  ( f i g .  3 0 ) .  A f t e r  2 h r ,  how ever, 

t h e  w e ig h t  o f  t h e  e a r  in c r e a s e d  so v e ry  r a p i d l y  w i t h in  a  

few min t h a t  t h e  t h r e a d  su sp en d in g  th e  e a r  c u t  th ro u g h  th e  

t i s s u e s ,  th u s  t e r m in a t in g  t h e  e x p e r im e n t .  The r a t e  o f  

in f lo w  was e r r a t i c ,  and  much l e s s  r a p i d ,  th a n  when th e  p e r 

f u s i o n  was c a r r i e d  ou t w i th  t h e  s o l u t i o n  a t  a  pH o f  7 .3  to  

7 .4  ( f i g .  3 0 ) .

E f f e c t  of chosen  c o n s ta n t  te m p e r a tu re  o f  t h e  environm ent 

d u r in g  p e r f u s io n

D u rin g  p r e l i m i n a r y  e x p e r im e n ts  i n  a  room t h e r m o s t a t i c a l l y  

c o n t r o l l e d  a t  20°C, i t  was found  t h a t  even a s l i g h t  temp

o r a r y  d ra u g h t  o f  c o ld  a i r  caused  a  m arked v a r i a t i o n  in  t h e  

r a t e s  o f in f lo w  and  oedema f o r m a t io n .
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When t h e  t e m p e r a tu re  o f  t h e  p e r f u s io n  s o l u t i o n  was 

a t  16°C, t h e  t e m p e ra tu re  o f  t h e  a i r  w i t h in  t h e  m e ta l  s h i e l d  

s u r ro u n d in g  t h e  e a r  ten d e d  t o  "become s t a b i l i z e d  a t  1 6 °C a l s o .  

When t h e  p e r f u s i o n  s o l u t i o n  was a t  38° C, t h e  t e m p e ra tu re  o f  

t h e  su r ro u n d in g  a i r  was in  t h e  ne ighbourhood  o f  21°C. In  

t h e  e x p e r im e n ts  so f a r  d e s c r ib e d  any d e v i a t i o n  from  16°C o r  

f rom  21°C was c o r r e c t e d .

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

a t  16°C, t h e  t e m p e r a tu re  o f th e  env ironm ent was r a i s e d  to  

32°C. When t h e  te m p e ra tu re  o f  t h e  p e r f u s io n  s o l u t i o n  was 

38PC, t h e  e n v iro n m en ta l  te m p e r a tu re  was low ered  from  21° to  

16°C.

Oedema f o r m a t io n  and in f lo w  a t  e n v iro n m en ta l  temp.

16°C w i th  p e r f u s io n  s o l u t i o n  a t  16°C. The r e s u l t s  f o r  

oedema fo rm a t io n  and in f lo w  a t  a  s o l u t i o n  te m p e ra tu re  of 

16°C w here  t h e  e n v iro n m e n ta l  te m p e ra tu re  was 16°C, hav e  

a l r e a d y  been  d e t a i l e d  e a r l i e r  in  t h i s  c h a p te r  ( f i g .  9 ) .

I n  summary, t h e  r a t e  o f  oedema fo rm a t io n  was a lm o s t  l i n e a r ,  

t h e  c u m u la t iv e  amount of oedema f l u i d  s l i g h t ,  and o< — 0 .5 3 ,  

p  — 0 .0 2 ,  C = - 2 6 .9 4 .  The r a t e  o f  in f lo w  was h ig h  and 

a lm o s t  c o n s ta n t  th ro u g h o u t .  F o r  com parison  t h e s e  r e s u l t s  

have  been  re g ra p h e d  in  f i g .  31 .
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Oedema fo rm a t io n  and in f lo w  a t  e n v iro n m e n ta l  temp*

32° w i th  p e r f u s i o n  s o l u t i o n  a t  16°C. Two e x p e r im e n ts  

w ere  c a r r i e d  ou t  a t  a  s o l u t i o n  te m p e ra tu re  of 1 6 °C i n  

w hich t h e  e n v iro n m e n ta l  te m p e r a tu re  had b e e n  r a i s e d  to  

32°C ( f i g .  3 1 ) .  The r a t e  o f oedema fo r m a t io n  was s l i g h t l y  

more r a p i d  th ro u g h o u t  th a n  d u r in g  e x p e r im e n ts  w ith  th e  

norm al e n v iro n m e n ta l  t e m p e r a tu re .

M a th e m a tic a l  a n a l y s i s  o f  t h e  oedema f o r m a t io n ,  w, 

gave  v a lu e s  o f  oc = 0 .6 5 ,  ^  *  0 ,  C ® 1 .8 0  when th e  environ*

m e n ta l  te m p e ra tu re  was r a i s e d  t o  32°C. T h is  mean® t h a t  

t h e  g ro s s  ou tw ard  f i l t r a t i o n  a c r o s s  t h e  c a p i l l a r y  membrane 

d u r in g  p e r f u s i o n  a t  a t e m p e r a tu re  o f  t h e  s o l u t i o n  of 1 6 ° 0  

r o s e  o n ly  v e ry  s l i g h t l y  from  0 . 5 3  t o  0 * 6 5  when t h e  temper* 

a t u r e  o f  t h e  en v ironm en t was r a i s e d  fro m  16® t o  5 2 ^ 0 •

The r a t e  o f  in f lo w  d e c re a se d  s l ig h tX y  d u r in g  th e  c o u rse  

o f  t h e  e x p e r im e n ts  and  th e  v a r ia t io n ®  i n  t h e  cu rve  o f  r a t i  

o f  in f lo w  w ere l a r g e r  t h a n  when th e  e n v iro n m en ta l  te m p e ra tu re  

was a t  i t s  norm al o f 16°C w i th  t h e  p e r f u s i o n  s o l u t i o n  a t  

16°C.

Oedema f o r m a t io n  and in f lo w  a t  envlroiMjgent&l temp.

21°G w i th  p e r f u s i o n  s o l u t i o n  a t  The r e s u l t s  f o r

oedema fo r m a t io n  and in f lo w  a t  a  s o l u t i o n  te m p e ra tu re  o f
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38°C w here  t h e  e n v iro n m e n ta l  t e m p e r a tu re  was 21°C h av e  

a l r e a d y  b e en  d e t a i l e d  e a r l i e r  in  t h i s  c h a p te r  ( f i g -  9 ) .

I n  summary, t h e  r a t e  o f  oedema f o r m a t io n  was m ost r a p i d  

d u r in g  t h e  l i  h r  f o l lo w in g  t h e  f i r s t  £ h r  o f  t h e  e x p e r im e n t .  

The r a t e  o f  in f lo w  d e c re a se d  r a p i d l y  a f t e r  t h e  f i r s t  jt h r  

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

2 h r .  F o r  com parison  t h e s e  r e s u l t s  have  been  re g ra p h e d  in  

f i g .  31.

Oedema f o r m a t io n  and in f lo w  a t  e n v iro n m e n ta l  temp.

16°G w i th  -p e r fu s io n  s o l u t i o n  a t  38°C. Two e x p e r im e n ts  

w ere  c a r r i e d  o u t a t  a  s o l u t i o n  te m p e r a tu re  o f  38°C i n  

w hich  t h e  e n v iro n m e n ta l  t e m p e r a tu re  had  been  lo w ered  to  

16°C ( f i g .  31)•  I t  was found  t h a t  t h e  r a t e  o f  oedema 

f o rm a t io n  a t  t h e  lo w er  e n v iro n m e n ta l  t e m p e ra tu re  was s i g 

n i f i c a n t l y  l e s s  f o r  t h e  f i r s t  h a l f  o f t h e  e x p e r im e n t .

D u rin g  t h e  second  h a l f  o f  t h e  p e r f u s i o n ,  how ever, a l th o u g h  

th e  cu rv e  f l a t t e n e d  ou t a  l i t t l e ,  t h e  r a t e  o f oedema form 

a t i o n  was a c t u a l l y  g r e a t e r  th a n  d u r in g  t h e  s i m i l a r  s t a g e  of 

e x p e r im en ts  c a r r i e d  o u t i n  t h e  warmer env ironm ent o f  21°C. 

The r a t e  o f  oedema fo r m a t io n  was somewhat i r r e g u l a r .

The r a t e s  of in f lo w  showed l i t t l e  change , t e n d in g  to  

fo l lo w  t h e  same ty p e  of c u rv e  a s  was o b ta in e d  a t  th e  h i g h e r
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e n v iro n m e n ta l  t e m p e r a tu re  o f  21°C a l th o u g h  th e y  w ere more 

i r r e g u l a r  ( f i g .  3 1 ) .  The i n i t i a l  in f lo w  r e a d in g  was much 

lo w er  t h a n  in  t h e  norm al c u rv e .
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d i s c u s s i o n

The e x t e r n a l  e a r s  of t h e  r a b b i t  a r e  r e l a t i v e l y  l a r g e  

s t r u c t u r e s  whose f u n c t i o n  i s  t o  p l a y  an im p o r ta n t  p a r t  i n  

v iv o  i n  t h e  r e g u l a t i o n  o f  body te m p e r a tu re .  A l t e r a t i o n s  

in  t h e  n a t u r e  o f  t h e  c a p i l l a r y  bed and i n  t h e  r a t e  o f  b loo d  

f lo w  th ro u g h  t h e  e a r  a f f e c t  t h e  r a t e  o f  h e a t  e l i m in a t i o n .

V a s c u la r  anatomy o f  t h e  r a b b i t 1s e a r

In  s p i t e  o f s e v e r a l  s t u d i e s  on t h e  f u n c t i o n in g  o f  b lood  

v e s s e l s  i n  t h e  r a b b i t ’ s e a r ,  no a d e q u a te  d e s c r i p t i o n  o f  

t h e  c o u rs e  and r e l a t i o n s h i p s  o f  t h e  main a r t e r i e s  and v e in s  

in  t h e  e a r  was found  in  t h e  l i t e r a t u r e .

A r te r io - v e n o u s  anastom o ses

S in c e  th e  i n j e c t i o n  o f  n e o p re n e  a t  16°C i n t o  t h e  l e f t  

v e n t r i c l e  o f  t h e  r a b b i t ’ s h e a r t ,  o r  i n to  t h e  d o r s a l  a u r i 

c u l a r  a r t e r y ,  had  been  found t o  r e s u l t  i n  f i l l i n g  of bo th  

a r t e r i a l  and venous sys tem s o f  t h e  e a r  even a lth o u g h  cap

i l l a r i e s  w ere  n o t  i n j e c t e d ,  i t  was c o n s id e re d  t h a t  t h i s  cou ld  

o n ly  be  e x p la in e d  by th e  p re s e n c e  in  t h e  r a b b i t ’ s e a r  o f
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a r t e r i o - v e n o u s  anas tom oses  which were  p a t e n t  a t  16°C,

‘The e x p e r im e n ts  w i t h  n e o p ren e  a t  a t e m p e r a t u r e  of  

38°C w ere  abandoned s i n c e  t h e y  d id  n o t  g i v e  p ro m ise  o f  

b e in g  r e a s o n a b l y  p r a c t i c a l .

H e p a r in

The m u c o p o ly sa c c h a r id e  h e p a r i n  has  a  r a p i d  a c t i o n  s o l e l y  

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

b lo o d  (W r ig h t ,  1953) .  Thus i t  was r e a s o n a b l e  t o  assume 

t h a t  t h e  h e p a r i n  would h a v e  no e f f e c t  on t h e  su b seq u e n t  

p e r f u s i o n .

G en e ra l  h e p a r i n i z a t i o n  of t h e  r a b b i t  was c a r r i e d  out  

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

C l o t t i n g  of  t h e  b lo o d  was v e r y  o b v io u s ly  d e la y e d  and I  

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

a v o id a n c e  of  c l o t t i n g  of b lo o d  in  any of  t h e  v e s s e l s  o f  t h e  

e a r  b e f o r e  t h e  s t a r t  o f  t n e  p e r f u s i o n .  I t  may w e l l  be  t h a t  

such a p r e c a u t i o n  sh o u ld  be  a d o p te d  b e f o r e  a t t e m p t i n g  p e r 

f u s i o n  o f  t h e  i s o l a t e d  mammalian h e a r t .

The d i s a d v a n t a g e s  t o  r e g i o n a l  h e p a r i n i z a t i o n  (Murray, 

J a q u e s ,  P e r r e t t  & B e s t ,  1937; De T a k a t s ,  1950) of t h e  e a r  

were many.
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A l though  p r o t a m in e  i s  u sed  c l i n i c a l l y  t o  c o u n t e r a c t  

h e p a r i n  (Tuchman & M o o l ten ,  19 50 ) ,  Swyer (1948) found t h a t  

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

i t i o n s  of  t h e  p r e s e n t  e x p e r im en ts  t h i s  a c t i o n  would be  r e l a 

t i v e l y  u n i m p o r t a n t .  F a b i n y i  & S z e b e h e ly i  (1949) found t h a t  

h i s t a m i n e  opposes  t h e  i n h i b i t i o n  of  h y a l u r o n i d a s e  by h e p a r i n .

Uet  ou tward  f i l t r a t i o n  (oedema f o r m a t io n )

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

c a p i l l a r y  w a l l  i s  fo rm ed  by a c o n t in u o u s  l a y e r  o f  e n d o t h e l i a l  

c e l l s .  The o t h e r  c o n s t i t u e n t s  of t h e  c a p i l l a r y  w a l l  a r e  

t h e  i n t e r c e l l u l a r  cement s u b s t a n c e  and an e x t e r n a l  basement 

membrane r e i n f o r c e d  by a f i b r i l l a r  n e tw ork .  The l a t t e r  

component of  t h e  c a p i l l a r y  w a l l  seems t o  be c l o s e l y  r e l a t e d  

t o  t h e  i n t e r c e l l u l a r  s u b s t a n c e  of t h e  c o n n e c t iv e  t i s s u e ,  

b e in g  composed o f  a homogenous ground s u b s ta n c e  and f i b r e s .

T here  a r e  many monographs and rev iew  a r t i c l e s  on 

p e r m e a b i l i t y  ( e . g .  Brooks & B roo k s ,  1941;  Be R o b e r t i s ,  

Nowinski & Saez ,  1948; T e o r e l l ,  1949) .  Two main t h e o r i e s  

a r e  c u r r e n t l y  h e l d  c o n c e rn in g  t h e  mode o f  t r a n s f e r  o f  sub 

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

e x t r a v a s c u l a r  s p a c e s .  I t  may be  t h a t  s u b s ta n c e s  l e a v e  t h e
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c a p i l l a r i e s  f u n d a m e n ta l l y  by p a s s a g e  th ro u g h  t h e  i n t e r 

c e l l u l a r  cement (L ead ing  a r t i c l e ,  1951b) .  The f l i p o i d -  

s ieve*  t h e o r y  of p e r m e a b i l i t y ,  however ,  depends on t h e  

p r e s e n c e  of l i p o i d s  composing t h e  c e l l  membrane, th ro u g h  

which s u b s t a n c e s  can p a s s  owing to  t h e i r  membrane s o l u b i l i t y  

( C o l l a n d e r  & B a r lu n d ,  1 933) .  The l i p o i d - i n s o l u b l e  s u b s t a n c e s  

can p a s s  th ro u g h  p o r e s  i n  t h e  membranes, r e n d e r i n g  t h e  r a t e  

c o n t i n g e n t  t o  t h e i r  m o le c u l a r  s i z e .

B e f o re  a s c r i b i n g  t h e  g r e a t e r  o r  l e s s e r  p a s s a g e  of a 

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

u n d e r  which t h e  p a s s a g e  o c c u r r e d  must be  s c r u t i n i z e d .

L a n d i s  (1946) p o i n t e d  out  t h a t  c o n c l u s i o n s  c o n c e rn in g  cap

i l l a r y  p e r m e a b i l i t y  a r e  sometimes a r r i v e d  a t  w i t h o u t  con

s i d e r i n g  t h e  many s im p le  p h y s i c a l  f o r c e s  which a r e  concerned  

i n  t h e  movement of  d i s s o l v e d  s u b s ta n c e s  t h ro u g h  t h e  c a p i l l a r y  

w a l l s .

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

outward  f i l t r a t i o n  i n  t h e  p e r f u s e d  i s o l a t e d  r a b b i t ’ s e a r  and 

which were  u n d e r  e x p e r im e n ta l  c o n t r o l  o r  measurement were:

( l )  C a p i l l a r y  p e r m e a b i l i t y :

d u r a t i o n  of s u r v i v a l  f o l l o w i n g  i s o l a t i o n  

temp. & d u r a t i o n  of  p e r f u s i o n  

d e g re e  of c a p i l l a r y  a n o x ia
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p e r f u s i o n  s o l u t i o n  pH

(2)  E f f e c t i v e  f i l t r a t i o n  f o r c e :

f i l t r a t i o n  a r e a

e x t e n t  o f  c a p i l l a r y  d i l a t a t i o n  

d e g re e  of  b y e - p a s s  th ro u g h  a . - v .  a .  

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

p e r f u s i o n  s o l u t i o n  downstream p r e s s u r e  

u p s t r e a m  p r e s s u r e  

p e r f u s i o n  s o l u t i o n  osm ot ic  p r e s s u r e  

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

(3)  V asom ot ion .

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

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

s o l u t i o n  osm ot ic  p r e s s u r e  and v i s c o s i t y .  With  r e g a r d  to  

t h e  p e r f u s i o n  s o l u t i o n  o sm o t ic  p r e s s u r e ,  t h e  u s e  o f  a 

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

a t i o n  o f  t h e  g r o s s  amounts o f  oedema f l u i d  which were rec o rd ed  

i n  t h e  p r e s e n t  p e r f u s i o n  e x p e r im e n t s .  I t  was shown by 

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

membrane t h u s  l e a d i n g  t o  r a p i d  oedema f o r m a t i o n .  More 

r e c e n t  w orke rs  ( e . g .  Hevesy & Ja c o b s e n ,  1940; Cowie, F l e x n e r  

& W ild e ,  1949) h av e  m e re ly  con f i rm ed  t h i s  by more c o m p l ica ted
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t e c h n i q u e s .  M oreover ,  t h e  development  o f  oedema may have  

been  f a c i l i t a t e d  by ’w a sh in g 1 away t h e  e n d o c a p i l l a r y  l a y e r  

o f  p r o t e i n  which D a n i e l l i  (1940) and Chambers & Zweifach  

(1947) h a v e  p o s t u l a t e d  a s  a l i n i n g  t o  t h e  c a p i l l a r i e s .

However, p a r t  o f  t h e  e x p l a n a t i o n  of t h e  g r o s s  oedema may 

l i e  i n  t h e  work o f  Zweifach  (1940) who p u t  fo rw a rd  ev id e n ce  

t o  show t h a t  i n  p e r f u s i o n  o f  t h e  v e s s e l s  o f  t h e  m esen te ry  

and o f  t h e  to n gu e  of  t h e  f r o g  w i th  a  s o l u t i o n  which d id  n o t  

c o n t a i n  e i t h e r  r e d  c e l l s  o r  suspended  c a rb o n ,  t h e r e  was a  

t e n d e n c y  f o r  t h e  f lo w  t o  be  r e s t r i c t e d  t o  t h e  a . - v .  c a p i l l a r i e s .  

T h is  r e s u l t s  i n  a g r e a t e r  outward movement of  f l u i d  f rom t h e  

c a p i l l a r i e s .  However, such a mechanism does no t  n e c e s s a r i l y  

h o ld  t r u e  i n  t h e  c a se  of  p e r f u s i o n  of  t h e  b lo o d  v e s s e l s  o f  

t h e  r a b b i t ’ s e a r .

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

t h e  t e m p e r a t u r e  r i s e s ,  b e c a u s e  i t  i s  more dependent  on t h e  

c o h e s iv e  f o r c e s  which a r e  d e c r e a s e d  by a  r i s e  o f  t e m p e r a t u r e ,  

t h a n  i t  i s  on t h e  i n c r e a s e ,  a s  t h e  v e l o c i t y  i n c r e a s e s ,  o f  

t h e  t r a n s f e r  of  momentum caused  by m o le c u le s  e sca p in g  from 

t h e  f a s t e r  to  t h e  s lo w e r  l a y e r s  o f  t h e  f l u i d  (Jameson,  1914) •

I n c r e a s e  o f  t h e  t e m p e r a t u r e  of  w a t e r  f rom 16° t o  38°C 

d e c r e a s e s  i t s  v i s c o s i t y  f rom 0 .01142  t o  0 .00657 c . g . s .  (Kaye 

& Laby,  1 948) .  Pappenhe im er  ( p e r s o n a l  commun., 1952) r e c e n t l y
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o b se rv ed  t h a t  a  d e c r e a s e  m  t e m p e r a t u r e  from 38°C t o  15°C i n  

R i n g e r ’ s f l u i d  w i l l  a p p r e c i a b l y  d e c r e a s e  t h e  r a t e  a t  which 

t h e  f l u i d  p a s s e s  a c r o s s  t h e  c a p i l l a r y  membrane, due to  t h e  

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

i t  would s i g n i f y  t h a t  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  a t  temp

e r a t u r e s  o f  16° and 38°C, t h e  i n c r e a s e  i n  v i s c o s i t y  o f  t h e  

p e r f u s i o n  s o l u t i o n  a t  t h e  lo w er  t e m p e r a t u r e  may be  a  f a c t o r  

of c o n s i d e r a b l e  im p o r tan ce  i n  r e d u c in g  t h e  r a t e  of oedema 

f o r m a t i o n .

The Laew en-T rende lenburg  ( T re n d e le n b u r g ,  1910; Hyman 

& Chambers,  1943) j j i  v i t r o  t e c h n i q u e  was f i r s t  used  f o r  t h e  

s tu d y  o f  b lo o d  v e s s e l s  i n  t h e  i s o l a t e d  h i n d  l im b o f  f r o g s ,  

and was u se d  f o r  t h e  a s s e s s m e n t  of  r a t e  o f  f o r m a t i o n  o f  oedema 

i n  t h e  p r e s e n t  s e r i e s  o f  p e r f u s i o n s .

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

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

t h e  f o r m a t io n  o f  oedema i n  t h e  e a r ,  y e t  t h e  w e igh t  of t h e  

p r e p a r a t i o n  ana  c o n s e q u e n t ly  t h e  r e s u l t s  were  p a r t l y  based  

on t h e  w e ig h t  o f  th e  c a r t i l a g e .  The r e s u l t s  i n  a  c o n t r o l  

group showed t h a t  t h i s  t i s s u e  v a r i e d  o v e r  t h e  r an g e  22 -  30^ 

o f  t n e  i n i t i a l  w e ig h t  o f  t n e  e a r  in  a  group of  v a r y i n g  e a r  

w e i g h t s .  T h is  r an g e  would p r o b a b l y  be  d e c r e a s e d  i n  a  group 

o f  e a r s  o f  t h e  same i n i t i a l  w e i g h t .  C onsequen t ly  v a r i a t i o n
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i n  t h e  w e ig h t  o f  c a r t i l a g e  was u n l i k e l y  t o  be s i g n i f i c a n t  

i n  t h e  main s e r i e s  o f  p e r f u s i o n  e x p e r im e n t s .  I t  was 

d e c id e d  t o  ex p re s s  oedema f o r m a t io n  as t h e  o b se rv e d  c u m u la t iv e  

w e ig h t s  o f  i n c r e a s e  above t h e  i n i t i a l  e a r  w e i g h t .

M a th e m a t ic a l  d e r i v a t i o n  of t h e  g r o s s  outward f i l t r a t i o n

The e q u a t io n  was t h e  s i m p l e s t  m a th e m a t ic a l  model which 

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

p l a c e .  The c a l c u l a t e d  v a l u e s  of  n e t  outward  f i l t r a t i o n  

were fou n d  to  f i t  t h e  ob se rv ed  v a l u e s  so w e l l ,  u n d e r  so 

many d i f f e r e n t  p e r f u s i o n  c o n d i t i o n s ,  t h a t  i t  was considered, 

t h a t  t h e  d i f f e r e n t i a l  e q u a t io n  cou ld  be  u sed  t o  i n t e r p r e t  

t h e  e v e n t s  t a k i n g  p l a c e  in  t h e  b lood  v e s s e l s  of  t h e  e a r .

The c o n s t a n t s ,  which gave  good f i t s  f o r  t n e  e x p e r im e n ta l  d a t a ,  

had c a l c u l a t e d  v a l u e s  which d i f f e r e d  f o r  each p a r t i c u l a r  s e t  

of  p e r f u s i o n  c o n d i t i o n s .  Thus t h e  r e l a t i v e  m agni tude  i n  d i f 

f e r e n t  e x p e r im e n ts  o f  t h e  g r o s s  outward  f i l t r a t i o n  and i n t e r 

s t i t i a l  p r e s s u r e  w ere  d e r i v e d .

The v a l u e  of  t h e  e q u a t io n  was l i m i t e d ,  however ,  s i n c e  i t  

was n e i t h e r  p o s s i b l e  f u r t h e r  t o  a n a l y s e  t h e  component <x(l -  e” 

i n t o  i t s  c o n s t i t u e n t  t e rm s  of  c a p i l l a r y  p e r m e a b i l i t y ,  

e f f e c t i v e  f i l t r a t i o n  f o r c e  o r  va so m o t io n ,  n o r  to  a n a l y s e
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i n  t e rm s  e i t h e r  of  t h e  i n t e r s t i t i a l  p r e s s u r e  o r  o f  t h e  l o s s  

o f  oedema f l u i d  from t h e  cu t  "base of t h e  e a r .  The e q u a t io n  

h a d  no p r e d i c t i v e  v a l u e .

Net p e r i p h e r a l  r e s i s t a n c e  ( in f lo w )

L i t t l e  j u s t i f i c a t i o n  i s  r e q u i r e d  f o r  t h e  u s e  o f  in f lo w  r a t h e r  

t h a n  t h e  more commonly u se d  o u t f lo w  m easu rem en ts ,  p a r t i c u l a r l y  

i n  s e r i e s  of  ex p er im en ts  i n  which a v a r i a b l e  amount of  oedema 

f l u i d  i s  formed i n  r e s p o n s e  t o  d i f f e r e n t  p e r f u s i o n  c o n d i t i o n s .  

In f lo w  i s  an  a c c u r a t e  measure  of t h e  volume of p e r f u s i o n  

s o l u t i o n  f l o w i n g  th ro u g h  t h e  b lood  v e s s e l s  o f  t h e  e a r .  On 

t h e  o t h e r  h a n d ,  measurement  o f  o u t f lo w  i s  n o t  an a c c u r a t e  o r  

an  immedia te  i n d i c a t i o n  of t h e  n e t  p e r i p h e r a l  v a s c u l a r  

r e s i s t a n c e  of  t h e  v a s c u l a r  bed u n d e rg o in g  p e r f u s i o n .  Outflow 

measurements would depend no t  o n ly  on t h e  venous f lo w ,  but  

a l s o  on t h e  l e a k  of  oedema f l u i d  f rom t h e  cu t  b a se  of  t h e  e a r ,  

which must  v a r y  a t  d i f f e r e n t  p e r i o d s  th ro u g h o u t  t h e  p e r f u s i o n .  

Outf low r e c o r d e r s  ( e . g .  S te p h en so n ,  1948) r e q u i r e  volume 

c a l i b r a t i o n  s i n c e  t h e y  do n o t  y i e l d  d i r e c t  r e a d i n g s  o b t a i n a b l e  

f rom t h e  c o n s t a n t  p r e s s u r e  b u r e t t e s  ( C h a p te r  5) a s  used  f o r  

in f lo w  m easu rem en ts .

P e r i p h e r a l  r e s i s t a n c e  i s  dependen t  upon:

( i )  e f f e c t i v e  v i s c o s i t y  of  t h e  f l u i d
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(2) l e n g t h s  o f  t h e  v e s s e l s

(3) i n d i v i d u a l  and c o l l e c t i v e  c r o s s - s e c c i o n a l  a r e a s  o f  t h e  

v e s s e l s .  These  a r e a s  a r e  i n  t u r n  dependent  on t h e  e x t r a *  

v a s c u l a r  p r e s s u r e  p r o v id e d  by t h e  i n t e r s t i t i a l  p r e a a u r e ,  on 

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

and on any vasom otor  Im pulses  which a r e  a r i s i n g  w i t h i n  t h e  

i s o l a t e d  p r e p a r a t i o n .  In  t u r n ,  t h e  i n t e r s t i t i a l  p r e s s u r e  

depends upon t h e  a b s o l u t e  amount and upon t h e  rat© of

f o r m a t i o n  of oedema f l u i d  in  t h e  t i s s u e s

(4) a l t e r e d  i n t r a l u m i n a l  p r e s s u r e .

Thus i n f lo w  measurements  can bo t a k e n  as  an index  of th©

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

t h i s  y i e l d s  i n f o r m a t i o n  as t o  t h e  summated changes i n  vasom otor  

t o n e  of  t h e  i s o l a t e d  p r e p a r a t i o n  and p r o v id e d  a l s o  t h a t  the  

v i s c o s i t y  and p r e s s u r e  of t h e  p e r f u s i o n  s o l u t i o n  remain 

c o n s t a n t .

O’ Connor & McKeever (1950) c o n s i d e r e d  t h a t  p e r f u s i o n  

o f  i s o l a t e d  t i s s u e s  w i th  R i n g e r ’ s s o l u t i o n  y i e l d e d  i n c o n s i s t e n t  

r e s u l t s .  C o n se q u e n t ly  a  h a e m o g l o b i n - s a l i n e  s o l u t i o n  ( e.g# 

Smyth, 1942) m igh t  h a v e  been  u se d  w i th  a d v a n ta g e ,  b u t  whole 

b lo od  would h a v e  b een  o f  l e s s  v a lu e  s i n c e  B u r to n  (1952) h a s  

p o i n t e d  ou t  t h a t  due t o  p lasm a  skimming,  t h e  h i g h e r  t h e  

v e l o c i t y  o f  f l o w  o f  b l o o d ,  t h e  low er  w i l l  be  t h e  e f f e c t i v e
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v i s c o s i t y .  However, u n l i k e  b l o o d ,  t h e  v i s c o s i t y  o f  a  

s o l u t i o n  of  c r y s t a l l o i d s  does no t  v a r y  w i th  t h e  d im en s io ns  

of  t h e  v e s s e l s  a lo n g  which t h e  f l u i d  f lo w s  (Papperiheimer & 

Maes, 1 94 2 ) .

An i n c r e a s e d  v i s c o s i t y  would t e n d  to  d e c r e a s e  t h e  r a t e  

of  i n f lo w .  I n  l i q u i d s  t h e  c o e f f i c i e n t  o f  v i s c o s i t y  i s  

i n c r e a s e d  a s  t h e  t e m p e r a t u r e  i s  lo w ered .  S in c e  i n  t h e  

i s o l a t e d  e a r  o f  t h e  r a b b i t  t h e  in f lo w  r a t e  was c o n s i d e r a b l y  

more r a p i d  a t  t h e  lo w er  t e m p e r a t u r e ,  i t  i s  obvious  t h a t  t h e  

f a c t o r s  p r o d u c in g  t h i s  h i g h e r  in f lo w  r a t e  were  s u f f i c i e n t l y  

marked t o  mask t h e  d e c r e a s e d  in f lo w  due t o  i n c r e a s e d  v i s c o s i t y  

a t  t h e  lo w er  t e m p e r a t u r e .

I n c r e a s e  i n  p e r i p h e r a l  r e s i s t a n c e  consequen t  upon v a s o 

c o n s t r i c t i o n  f rom  w h a te v e r  c a u s e ,  would p e r  se  d e c r e a s e  t h e  

i n f lo w .  The d e c r e a s e  in  i n f lo w  would i n c r e a s e  t h e  downstream 

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

r a t e  o f  i n f l o w .  The n e t  r e s u l t ,  t h e r e f o r e ,  was a  l e s s  

marked d e c r e a s e  i n  in f lo w  d u r i n g  v a s o c o n s t r i c t i o n  and con

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

i f  c o n s t a n t  downstream p r e s s u r e  cou ld  h ave  been  m a i n t a i n e d .  

Something  l i k e  t h i s  v e r y  p r o b a b l y  o c c u r s  i n  v iv o  where  v a s o 

d i l a t a t i o n  d e c r e a s e s  i h e  d i a s t o l i c  b lo od  p r e s s u r e  and ,  a s  a 

consequence ,  t h e  mean b lo o d  p r e s s u r e .
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A change of  t h e  r a t i o  o f  f l o w  d i l a t e d  t o  f l o w  c o n s t r i c t e d  

w i l l  i n d i c a t e  t h e  d i r e c t i o n  o f  change o f  vasom otor  t o n e ,  and 

ro u g h ly  i t s  m a g n i tu d e .  However,  s i n c e  t h i s  r a t i o  i s  n o t  t h e  

same a t  a l l  p e r f u s i o n  p r e s s u r e s  f o r  a  g iv e n  change o f  v a so m o to r  

t o n e ,  i t  c anno t  h e  u sed  as- a  q u a n t i t a t i v e  e x p r e s s io n  f o r  t h e  

m ag n i tu d e  o f  t h e  change (G reen ,  Lewis & N ic k e r s o n ,  1943;

G reen ,  L ew is ,  N ic k e r s o n  & H e l l e r ,  19 44 ) .

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

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

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

h e n c e  i n  t h e  p e r i p h e r a l  r e s i s t a n c e  o r  ’u p s t r e a m  p r e s s u r e  *, w i l l  

b e  r o u g h ly  d e m o n s t r a te d  i n  m agn i tude  by a l t e r a t i o n s  i n  t h e  

r a t e  o f  in f lo w .

I n s p e c t i o n  o f  t h e  r e s u l t s  of  t h e  p r e s e n t  exper im ents  

shows t h e  e x t r e m e ly  r a p i d  in f lo w s  of  p e r f u s i o n  s o l u t i o n  

o b t a i n e d  i n  a l l  e x p e r im e n t s ,  b e i n g  of  t h e  o r d e r  o f  110 ml. / lOO 

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

f lo w  of  b lo o d  i n  t h e  e a r  of  t h e  r a b b i t  e v e r  a p p ro a ch e s  t h i s  

v a l u e .  U n f o r t u n a t e l y  t h e r e  i s  no i n f o r m a t i o n  a b ou t  t h e  

normal  b loo d  f lo w  i n  t h e  r a b b i t ’ s e a r .  The r e s t i n g  c i r c u l 

a t i o n  i n  t h e  hand  i n  normal humans i s  abou t  9 ml. / lOO ml.  hand 

v o l . / m i n ;  i n  t h e  f o r e a r m  i t  i s  a bou t  2 m l . / lOO ml.  limb 

v o l . / m i n  ( e . g .  Abramson & N i e r s t ,  1942;  H e w le t t  & van
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Zwaluwenburg, 1 909) .  However,  a n a t o m i c a l l y  t h e  v a s c u l a r  

su p p ly  o f  t h e  r a b b i t ’ s e a r  i s  p a r t i c u l a r l y  r i c h  r e l a t i v e  t o  

t h e  volume of t h e  e a r .

A r t e r i a l  spasm

Consequent  t o  t h e  t rauma i n e v i t a b l y  i n f l i c t e d  d u r in g  c a n n u l -  

a t i o n ,  a r t e r i a l  spasm o f  v a r y i n g  d e g re e  and d u r a t i o n  i n e v i t a b l y  

d e v e lo p e d .

H u n t e r  (1835) c o n s i d e r e d  a r t e r i a l  spasm t o  be  p a r t  o f  

t h e  n a t u r a l  mechanism f o r  p r e v e n t i n g  b l e e d i n g .  Grant  (1930a) 

d e s c r i b e d ,  a s  a r e s u l t  of  t r a u m a ,  a  l o c a l i s e d  f u s i f o r m  

d i l a t a t i o n  w i th  spasm a t  each end,  i n  t h e  d o r s a l  a u r i c u l a r  

a r t e r y  of  t h e  r a b b i t .  An i n t a c t  sy m p a th e t i c  n e rv e  supp ly  

i s  u n n e c e s s a r y  f o r  t h e  m a in ten a n ce  of a r t e r i a l  spasm i n  

r a b b i t s  w i t h  p e r i a r t e r i a l  s t r i p p i n g  of t h e  v e s s e l  (Kinmonth, 

19 5 2 ) .  Spasm of  t h e  p ro x im a l  a r t e r i e s  can be  induced  on ly  

by d i r e c t  t raum a (L ead in g  a r t i c l e ,  1952) .

B u r to n  (1952) c o n s id e r e d  t h e  problem from an e n t i r e l y  

new v i e w p o in t ,  t h a t  o f  t h e  c r i t i c a l  c l o s i n g  p r e s s u r e .  The 

c r i t i c a l  c l o s i n g  p r e s s u r e  l i k e  ’ r e s i s t a n c e *  i s  a measure  of  

vasom otor  t o n e ,  b u t  u n l i k e  ’ r e s i s t a n c e *  i s  independen t  of  

v i s c o s i t y .  The c r i t i c a l  c l o s i n g  p r e s s u r e  i n c r e a s e s  w i th
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i n c r e a s i n g  t e n s i o n  in  t h e  w a l l ,  i . e .  vasom otor  t o n e ,  and 

w i t h  d e c r e a s i n g  s i z e  o f  t h e  v e s s e l .  The s im p le ,  y e t  a d e q u a te  

e x p l a n a t i o n  o f  a r t e r i a l  spasm s u g g e s t e d  by B u r to n  was t h a t  

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

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

T em p era tu re  o f  t h e  p e r f u s i o n  s o l u t i o n

I t  was d e c id e d  to  i n v e s t i g a t e  t h e  f a c t o r s  in v o lv e d  i n  p r o d 

u c in g  t h e  u n i fo rm  and r e p e a t a b l e  d i f f e r e n c e s  i n  r a t e s  o f  

oedema f o r m a t io n  and of  i n f lo w  when t h e  r a b b i t ’ s e a r  was 

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

e r a t u r e s  o f  16°C and 38°C r e s p e c t i v e l y .  The fo rm e r  tem pera 

t u r e  was chosen  s i n c e  i t  was an a p p ro x im a t io n  th ro u g h o u t  

t h e  y e a r  t o  t h e  t e m p e r a t u r e  o f  R i n g e r ’ s s o l u t i o n  i n  t h e  

l a b o r a t o r y .  Thus t h e  same c o n s t a n t  t e m p e r a t u r e  could  

r e a d i l y  b e  a c h i e v e d  i n  a l l  e x p e r im e n t s .  Moreover ,  many 

o t h e r  w o rk e rs  have  p e r f u s e d  t h e  i s o l a t e d  e a r  of  t h e  r a b b i t  

w i th  f l u i d  a t  t h i s  t e m p e r a t u r e .

On t h e  o t h e r  h a n d ,  38°C i s  a bou t  t h e  normal b loo d  temp

e r a t u r e  o f  t h e  r a b b i t .  Thus ,  i n  t h e  i n t a c t  r a b b i t ,  b lood  

o f  t h i s  t e m p e r a t u r e  w i l l  be  c i r c u l a t i n g  th ro u g h  t h e  v e s s e l s  

o f  t h e  e a r .  When t h e  environment  i s  h o t  t h e  v e s s e l s  of t h e
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e a r  a r e  w id e ly  d i l a t e d ,  in  an a t t e m p t  t o  keep  down t h e  body 

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

I t  h a s  been  seen  i n  t h e  r e s u l t s  t h a t  a t  t h e  lo w er  temp

e r a t u r e ,  t h e  r a t e s  of  oedema f o r m a t io n  were  l e s s ,  b u t  t h e  

r a t e s  of i n f lo w  more r a p i d  t h a n  a t  t h e  h i g h e r  t e m p e r a t u r e .

I n  t h e  p r e s e n t  exper im en ts  on i s o l a t e d  e a r s ,  a t  a  t e m p e r a tu r e  

o f  1 6 °C d u r i n g  t h e  c o u rs e  of  5 h r  a volume of  30^ more 

p e r f u s i o n  s o l u t i o n  p a s s e d  th ro u g h  t h e  v e s s e l s  of  t h e  e a r  a s  

a  whole  t h a n  d u r i n g  p e r f u s i o n  a t  38°C. I t  might  have  been 

e x p e c te d  t h a t  t h e  lo w er  f lo w  a t  t h e  h i g h e r  t e m p e r a tu r e  would 

h av e  r e s u l t e d  in  l e s s  oedema. Y e t ,  t h e  accum ula ted  oedema 

f o l l o w i n g  5 h r  p e r f u s i o n  was a p p ro x im a te ly  4 t im e s  as g r e a t  

a t  t h e  h i g h e r  t e m p e r a t u r e .  M a th em a t ica l  t r e a t m e n t ,  m oreover ,  

showed t h a t  t h e  u l t i m a t e  v a l u e  of  g r o s s  outward f i l t r a t i o n  

a t  38°C was 20 t im e s  t h a t  a t  16°C. S i m i l a r l y  t h e  e x t e n t  

t o  which oedema f l u i d  a l r e a d y  formed r e t a r d e d  f u r t h e r  g r o s s  

outward  f i l t r a t i o n  r o s e  by a f a c t o r  of 15 a t  t h e  h i g h e r  

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

I n  a d d i t i o n ,  a l t e r i n g  t h e  t e m p e r a t u r e  of t h e  p e r f u s i o n  

s o l u t i o n  f rom  16°C t o  38°C r e s u l t e d  i n  a  low er  r a t e  of  i n f lo w  

and a h i g h e r  r a t e  o f  oedema f o r m a t i o n .  The r e s p o n s e s  i n

oedema f o r m a t io n  h a a  been  a n t i c i p a t e d .  However, t h e  r e s p 

onses  of  t h e  r a t e s  of i n f lo w  t o  changes i n  t h e  t e m p e r a tu r e
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of  t h e  p e r f u s i o n  s o l u t i o n  were  u n e x p ec te d  s i n c e  P i s s e m s k i  

( 1 9 1 4 ) ,  who s t u d i e d  t h e  r e s p o n s e s  of  t h e  v e s s e l s  o f  t h e  e a r  

o f  t h e  r a h h i t  t o  a l t e r a t i o n s  i n  t e m p e r a t u r e  of  R in g er -L o ck e  

p e r f u s i o n  s o l u t i o n  between 10° and 40°C, had  found  a s l o w e r  

r a t e  of f lo w  a t  t h e  low er  t e m p e r a t u r e s .  S i m i l a r l y  H a r r i s  

(1941) s t a t e d  d o g m a t i c a l l y  i n  a p r a c t i c a l  t e x t - b o o k  o f  

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

r a b b i t  a  more r a p i d  r a t e  of  i n f lo w  o c cu rs  a t  38°C due to  

v a s o d i l a t a t i o n *  No a d e q u a te  e x p l a n a t i o n  of t h e  d i f f e r e n c e  

i n  t h e  r e s u l t s  o b t a i n e d  by P i s s e m s k i  and by H a r r i s  from t h e  

p r e s e n t  s e r i e s  of e x per im en ts  can be o f f e r e d .  I t  sh o u ld  

be  n o t e d ,  however ,  t h a t  t h e s e  a u t h o r s  c a r r i e d  ou t  t h e i r  e x p e r 

im ents  u n d e r  l e s s  a d e q u a t e l y  c o n t r o l l e d  c o n d i t i o n s .

R e c e n t l y ,  P appenhe im er ,  E v e r s o l e  & S o to - R iv e r a  (1948) 

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

w i th  b lo o d  coo led  f rom  40° t o  25°C, t h e r e  o c c u r r e d  a d e c r e a s e  

i n  t h e  r a t e  o f  f lo w .  F u r t h e r  c o o l i n g ,  however ,  below 25°C 

caused  a more r a p i d  b lo o d  f l o w ,  which i n c r e a s e d  p r o g r e s s i v e l y  

as t h e  b lo od  t e m p e r a t u r e  was lower<ed* From o b s e r v a t i o n s  

of  t h e  t e m p e r a t u r e  o f  t h e  s k i n  o f  t h e  paw and o f  t h e  muscles  

o f  t h e  l e g ,  t h e y  s u g g e s t e d  t h a t  t h e  b lo o d  s t r e a m  had been 

d i v e r t e d  from t h e  sm a l l  v e s s e l s  i n  t h e  s k i n  i n t o  l a r g e r  

ch an ne ls  i n  t h e  m u sc le s .



-  125

Some p a r t  o f  t h e  r a p i d  i n i t i a l  in f low  r e c o r d e d  i n  a l l  

t h e  p r e s e n t  e x p e r im e n t s ,  and p resum ab ly  p a r t l y  masked by t h e  

a r t e r i a l  spasm, was u se d  to  f i l l  t h e  v a s c u l a r  sys tem s o f  t h e  

r a b b i t ’ s e a r .

These  d i f f e r e n t  r a t e s  o f  oedema f o r m a t i o n  and in f lo w  

would be  c o n s i s t e n t  w i th  t h e  i n t e r p r e t a t i o n  t h a t  t h e  v a s c u l a r  

t r e e  o f  t h e  i s o l a t e d  e a r  o f  t h e  r a b b i t  when p e r f u s e d  w i th  

s o l u t i o n  a t  38°C was d i f f e r e n t  from t h a t  when t h e  e a r  was 

p e r f u s e d  w i th  s o l u t i o n  a t  16°G.

I t  was c o n s id e r e d  d e s i r a b l e  t o  c a r r y  out  a few p r e l i m i n 

a r y  exp er im e n ts  a t  o t h e r  t e m p e r a t u r e s ,  e . g .  24° ,  32°C. The 

r a t e s  of  i n f lo w  were s lo w e s t  a t  t h e  t e m p e r a t u r e  ran ge  i n t e r 

m e d ia te  between 16° and 38°C, y e t  while ,  t h e  f lo w  was s low er  

a t  32°C t h a n  a t  38°C, t h e  r a t e  of oedema f o r m a t io n  was t h e  

same d u r in g  t h e  f i r s t  p a r t  of  t h e  p e r f u s i o n s ,  s u g g e s t i n g  t h a t  

t h e  c a p i l l a r y  bed was w e l l  d i l a t e d  a t  b o th  t e m p e r a t u r e s .  

A l though  t h e  c u m u la t iv e  w e ig h t  f o l l o w i n g  5 h r  p e r f u s i o n  

a t  24°G l a y  a p p r o x im a te ly  midway between t n a t  a t  t h e  temp

e r a t u r e s  o f  16° and 38°C, m a th e m a t ic a l  a n a l y s i s  showed t h a t ,  

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

a t  24°C was o n ly  g r e a t e r  t h a n  t h a t  a t  16°C by a f a c t o r  of 2, 

s i n c e  oc r o s e  t o  1 .19  f rom  a v a l u e  of  0 . 5 3 .  I t  seemed 

r e a s o n a b l e  to  a t t r i b u t e  t h e  s lo w e r  r a t e s  of i n f lo w  a t
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t e m p e r a t u r e s  i n t e r m e d i a t e  be tween 16° and 38°C t o  c o n t r a c t i o n  

o f  t h e  smooth m usc le  of t h e  w a l l s  of  a r t e r i e s  and  a r t e r i o l e s .

The g r o s s  oedema, and marked v e s i c u l a t i o n  which r e s u l t e d  

when t h e  p e r f u s i o n  s o l u t i o n  t e m p e r a t u r e  was 45°G was a t t r i b u t e d  

t o  damage t o ,  and abnormal  p e r m e a b i l i t y  o f ,  t h e  v a s c u l a r  

en d o th e l iu m ,  p a r t i c u l a r l y  t h a t  of t h e  c a p i l l a r i e s ,  caused  by 

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

p e r f u s i o n  s o l u t i o n .  The s l i g h t l y  more r a p i d  r a t e  of in f lo w  

a t  t h i s  t e m p e r a t u r e  t h a n  a t  38°C was p o s s i b l y  due to  h e a t  

p a r a l y s i s  w i t h  d i l a t a t i o n  of  t h e  v e s s e l s .  To a v e ry  minor  

e x t e n t ,  t h e  g r e a t e r  r a t e  of f o r m a t io n  of  oedema t o g e t h e r  w i th  

t h e  r e s u l t a n t  g r e a t e r  r a t e  of  l o s s  of  oedema f l u i d  from t h e  

cu t  end o f  t h e  r a b b i t ’ s e a r ,  may h a v e  c o n t r i b u t e d  t o  t h e  

s l i g h t l y  more r a p i d  i n f lo w .

The to p o g rap h y  of  t h e  c a p i l l a r y  bed i n  t h e  e a r  of t h e  

r a b b i t  h a s  no t  been  s t u d i e d  in  d e t a i l ,  b u t  C la rk  & C la rk  

( 1934a,  b) and C la rk  (1938) u s i n g  t h e i r  t r a n s p a r e n t  o b s e rv 

a t i o n  t e c h n i q u e ,  h av e  ob se rv ed  numerous anas tom oses  v a r y i n g  

i n  s i z e  f rom 5 t o  6 0 i n t h e  r a b b i t ’ s e a r .  They r e c o rd e d  

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

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

a r t e r i o l e s  e x h i b i t e d  s i m i l a r  movements b u t  w i th  a  d i f f e r e n t  

rhythm. Very  low t e m p e r a t u r e s  a b o l i s h e d  t h e s e  rh y th m ic a l
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movements, as d i d  t e m p e r a t u r e s  between 38°C and 45°C.

D u r in g  exp e r im e n ts  on i s o l a t e d  segments  of  m e s e n t e r i c  

a r t e r y  of t h e  dog, B u rg i  (1944) showed t h a t ,  a t  a  t e m p e r a t u r e  

of 38°C, r h y t h m i c a l  c o n t r a c t i o n  and d i l a t a t i o n  of  t h e  v e s s e l s  

o c c u r r e d .  N ic h o l  & B u r to n  (1950) found  t h a t ,  when a d r e n a l i n e  

i n  R i n g e r ’ s s o l u t i o n  was p e r f u s e d  th ro u g h  t h e  i s o l a t e d  r a b b i t ’ s 

e a r  a t  room t e m p e r a t u r e ,  marked o s c i l l a t i o n  i n  t h e  r a t e  of  f low  

o c c u r r e d .

I n  t h e  p r e s e n t  e x p e r im e n t s ,  t h e  r h y th m ic a l  o s c i l l a t i o n  

of  t h e  g a lv a n o m e te r  sp o t  which re c o rd e d  t h e  t e m p e r a t u r e  of  

t h e  s o l u t i o n  e n t e r i n g  t h e  e a r  o c c u r re d  a t  38°C, was s l i g h t  

a t  45°C and was no t  obse rv ed  a t  16°C. S in c e  t h e  o s c i l l a t i o n  

i n  t e m p e r a t u r e  must have  been  due t o  a l t e r a t i o n  i n  t h e  r a t e  

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

a t  a  s o l u t i o n  t e m p e r a t u r e  of 38°C of  a r h y t h m i c a l  a l t e r a t i o n  

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

v a so m o t io n ,  j u s t  a s  gu t  in  v i t r o  shows r h y th m ic a l  p e n d u la r  

movements.

A lthough  no e v id e n ce  of  vasom otion  was found  by t h i s  

t e c h n i q u e  a t  16°C, y e t  i t  was a t  t h i s  t e m p e r a t u r e  t h a t  a 

d e c re a s e d  r a t e  o f  oedema f o r m a t io n  r e s u l t e d .  Thus t h e  r e s u l t s  

c o n t r a d i c t  any h y p o t h e s i s  t h a t  r e l a t i v e l y  l e s s  vasom otion  a t  

38°C had r e s u l t e d  i n  t h e  more r a p i d  r a t e s  of  oedema f o r m a t io n
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a t  t h e  h i g h e r  t e m p e r a t u r e .

H e a t i n g  t h e  e a r  of  t h e  i n t a c t  r a b b i t  p roduced  c a p i l l a r y  

d i l a t a t i o n ,  and c o o l i n g  t o  a t e m p e r a t u r e  o f  16°C tended  to  

open up t h e  a r t e r i o - v e n o u s  anas tom oses  (van Dobben-Broekema 

& D i r k e n ,  1950a;  G ra n t ,  1930b) .  T h e r e f o r e  i t  seemed p o s s i b l e  

t h a t ,  i f  t h e  i s o l a t e d  e a r  of t h e  r a b b i t  were  p e r f u s e d  w i th  

s o l u t i o n  a t  16°C, t h e  s o l u t i o n  might  be  d i v e r t e d  from t h e  

c a p i l l a r y  b ed ,  t h r o u g h  l a r g e r  c h a n n e ls  and so by p ass  t h e  a r e a  

o f  f i l t r a t i o n .  Such a r e s p o n s e  would cause  an i n c r e a s e  i n  

t h e  r a t e  of  f lo w  and a d e c r e a s e  in  t h e  oedema f o r m a t io n  a t  t h i s  

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

B u r to n  (1952) s u g g e s t e d  t h a t  t h e  mechanism of open ing  

of v a s c u l a r  s h u n t s ,  f o r  example a r t e r i o - v e n o u s  a n as to m o se s ,  

i n  p a r a l l e l  w i th  t h e  r e s i s t a n c e  of t h e  c a p i l l a r y  bed would 

depend on t h e i r  c r i t i c a l  c l o s i n g  p r e s s u r e .  Due t o  t e n s i o n  

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

p r e s s u r e .  C lo s u r e  of  t h e  c a p i l l a r y  bed d u r i n g  p e r f u s i o n  

w i t h  s o l u t i o n  a t  a t e m p e r a tu r e  o f  16°C might  r a i s e  t h e  p r e s s 

u r e  a t  t h e  j u n c t i o n  of t h e  sh u n t  w i t h  t h e  a r t e r y  and r e s u l t  

i n  open ing  of t h e  s h u n t .

Appendix

T h e ,r e s u lt s  showed c l e a r l y  th a t  a l t e r a t io n s  in  the  r a te  of
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c a p i l l a r y  n e t  outward  f i l t r a t i o n ,  and in  t h e  r a t e  o f  in f lo w ,  

to o k  p l a c e  in  t h e  p e r f u s e d  i s o l a t e d  e a r  of t h e  r a b b i t  in  

r e s p o n s e  to  a l t e r a t i o n s  in  t h e  t e m p e r a t u r e  o f  t h e  p e r f u s i o n  

s o l u t i o n .  To summarise t h e  r e s u l t s  a g a i n .  I n  t h e  p r e s e n t  

exper im en ts  on i s o l a t e d  e a r s ,  m a th e m a t i c a l  t r e a t m e n t  shoi^ed 

t h a t  t h e  u l t i m a t e  v a lu e  of  g r o s s  outward f i l t r a t i o n  a t  38°C 

was tw en ty  t im e s  t h a t  a t  16°C. Yet a t  a t e m p e r a t u r e  of 16°C, 

d u r i n g  t h e  c o u rs e  o f  5 h r ,  a p p r o x im a te ly  4 ,200 ml.  o f  p e r f u s i o n  

s o l u t i o n  p a s s e d  th ro u g h  t h e  v e s s e l s  of  t h e  e a r  as a  whole .

The c o r r e s p o n d in g  f i g u r e  a t  38°C, however ,  was a p p ro x im a te ly  

o n ly  3 ,200  ml.

The d i f f e r e n c e s  m ig h t  b e  due  t o  a l t e r a t i o n s  i n  t h e  

p e r f u s e d  v a s c u l a r  bed  o f  t h e  e a r ,  b u t  m ig h t  e a u a l l y  w e l l  be  

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

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

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

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

t h e  l e v e l  o f  i n t e r s t i t i a l  p r e s s u r e  f rom  t h e  oedema f o r m a t i o n .

A l t e r n a t i v e l y  t h e  d i f f e r e n c e s  might  be  due to  se co n da ry  

p h y s i c a l  e f f e c t s  of  one or  more o f  t h e  co n co m i ta n ts  which 

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

u t i o n  t e m p e r a t u r e s  of 16° and 38°C. These  co n co m itan ts  

were  t h e  a l t e r e d  downstream p r e s s u r e ,  oxygen a v a i l a b i l i t y ,
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and pH, and t h e  a l t e r e d  e n v i ro n m e n ta l  t e m p e r a t u r e .

P r e l i m i n a r y  e x per im en ts  have  been  c a r r i e d  out  in  an 

a t t e m p t  t o  a s s e s s  p r o v i s i o n a l l y  t h e  im p o r ta n c e ,  i n  m o d ify ing  

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

t h e  e a r  and o f  t h e  p h y s i c a l  c o n co m ita n ts  of  t h e  p e r f u s i o n  

t e c h n i q u e .  Many a d d i t i o n a l  ex p e r im e n ts  w i l l  r e q u i r e  to  

be  c a r r i e d  out  b e f o r e  t h e  t e n t a t i v e  c o n c lu s io n s  advanced 

i n  t h e  r e m a in d e r  of t h i s  c h a p t e r  cou ld  be d e f i n i t e l y  

s u b s t a n t i a t e d .

As a g e n e r a l i z a t i o n  t h e  f u r t h e r  r e s u l t s  showed w i th o u t  

e x c e p t i o n  t h a t  f a c t o r s ,  which would be ex p ec te d  to  a f f e c t  

t h e  r a t e  o f  n e t  outward  f i l t i a t i o n  d i d ,  i n  f a c t ,  p rod u ce  

a more marked r e s p o n s e  on t h e  r a t e  of oedema f o r m a t io n  d u r in g  

p e r f u s i o n  a t  a  s o l u t i o n  t e m p e r a t u r e  o f  38°C t h a n  a t  16°C.

The i n f e r e n c e  was t h a t  a t  t h e  h i g h e r  t e m p e r a t u r e ,  t h e  a c t i v e  

c a p i l l a r y  bed was v e r y  e x t e n s i v e ,  whereas  a t  16°C t h e  bed was 

reduced  in  s i z e  and t h e  s u r f a c e  a r e a  of  t h e  c a p i l l a r i e s  was 

m arkedly  d im in i s h e d .

S u r v i v a l  o f  t h e  p e r f u s e d  i s o l a t e d  e a r  of t h e  r a b b i t •

When t h e  e a r  was p e r f u s e d  w i t h  s o l u t i o n  c o n s t a n t l y  a t  38°C, 

t h e  r a t e  of i n f lo w  was c o n s i d e r a b l y  l e s s  r a p i d ,  and more 

i r r e g u l a r ,  t h a n  d u r in g  p e r f u s i o n s  w i t h  s o l u t i o n  c o n s t a n t l y  a t
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16°C. M oreover ,  t h e  oedema f o r m a t i o n  and i n t e r s t i t i a l  

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

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

p e r f u s i o n  a t  a t e m p e r a t u r e  o f  38°C, t h e  s o l u t i o n  t e m p e r a t u r e  

was low ered  to  16°C, a marked i n c r e a s e  i n  t h e  r a t e  o f  i n f lo w  

o c c u r r e d  t o g e t h e r  w i th  a s lo w in g  of ohe r a t e  of  oedema form

a t i o n .  When t h e  t e m p e r a t u r e  of  t h e  s o l u t i o n  was e l e v a t e d  

once more t o  38°G, a marked r e d u c t i o n  in  t h e  r a i e  of  i n f lo w  

to o k  p l a c e ,  t o g e t h e r  w i th  a r i s e  i n  t h e  r a t e  of  oedema form

a t i o n .  Even more marked,  however ,  were  t h e  a l t e r a t i o n s  

o b se rv ed  i n  t h e  r a t e  o f  i n f lo w  i n  r e s p o n s e  t o  t h e s e  t em p era 

t u r e  chan g es ,  when h y a l u r o n i d a s e  was added t o  t h e  p e r f u s i o n  

s o l u t i o n .

I t  was a r b i t r a r i l y  d e c id e d  t h a t  t h e  i s o l a t e d  e a r  was 

s t i l l  s u r v i v i n g  th r o u g h o u t  a l l  t h e s e  ex p er im e n ts  s i n c e  i t  

gave v a s c u l a r  r e s p o n s e s  to  therms,1 s t i m u l i .

D ur ing  e x p e r im e n ts  w i t h  t h e  s o l u t i o n  a t  38°G, i f  no 

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

of t h e  p e r f u s i o n ,  t h e s e  v a s c u l a r  r e s p o n s e s  to  t e m p e r a tu re  

s t i m u l i  were  n o t  so marked ly  o b ta ined#  The d e c re a se d  

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

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

a t  38°G, c e l l  d e a t h  i n t e r v e n e d  a f t e r  a p p ro x im a te ly  4 h r ,  b u t
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t h a t  t h i s  had  n o t  o c c u r r e d  by 5 h r  when p e r f u s i o n  was c a r r i e d  

out  a t  a  s o l u t i o n  t e m p e r a t u r e  of  16°C.

I n t e r s t i t i a l  p r e s s u r e . U ndoub ted ly  t h e  f i l t r a t i o n  

r a t e  was i n f l u e n c e d  by t h e  v a l u e  of  i n t e r s t i t i a l  p r e s s u r e  

w h ich ,  i n  t u r n ,  depended on t h e  a b s o l u t e  amount, and r a t e  

o f  f o r m a t i o n ,  o f  oedema f l u i d .  Thus more e x t e n s i v e  f i l t r a t i o n  

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

a t  38°C would r e s u l t  i n  a  more r a p i d  r i s e  i n  i n t e r s t i t i a l  

p r e s s u r e .  T h is  might h ave  caused  an e a r l i e r  com press ion  

o f  v e n u l e s  th u s  p r o d u c in g  an i n c r e a s e d  u p s t re am  p r e s s u r e  

( p e r i p h e r a l  r e s i s t a n c e ) ,  and c o n s e q u e n t ly  a l e s s  r a p i d  r a t e  

o f  i n f l o w .  The i n c r e a s e d  venous p r e s s u r e  would i n i t i a l l y  

a l s o  i n c r e a s e  t h e  r a t e  o f  a c c u m u la t io n  of oedema f l u i d ,  bu t  

e v e n t u a l l y  t h e  i n c r e a s e d  i n t e r s t i t i a l  p r e s s u r e  would reduce  

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

The p r e s e n t  i n v e s t i g a t i o n  was n o t  d e s ig n ed  to  p roduce  

d i r e c t  ev id e n ce  f o r  o r  a g a i n s t  t h e  e x i s t e n c e  of such a mech

an ism. I n  man, t h e  e f f e c t  of  r a i s i n g  t h e  venous p r e s s u r e  has 

been  i n v e s t i g a t e d  by means of t h e  p r e s s u r e  p le th y sm o g rap h .

D rury  & Jon e s  (19 27) and Krogh ,  I a n d i s  & T u rn e r  (1932) con

c lu d e d  t h a t  i n c r e a s e d  venous p r e s s u r e  l e d  t o  an i n c r e a s e  in  

t h e  r a t e  o f  f i l t r a t i o n  from t h e  c a p i l l a r y  lumen to  t h e  t i s s u e
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s p a c e s .  L and is  & Gibbon (1933) showed, by a s i m i l a r  method, 

t h a t ,  i f  a t  a  g iv e n  venous p r e s s u r e  t h e  a b i l i t y  to  f i l t e r  

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

i t  was b e c a u se  o f  some f o r c e  i n  t h e  t i s s u e  sp a c e s  op pos ing  

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

c a p i l l a r i e s  does n o t  a l t e r .

McMaster ( 1946a,  b) r e c o r d e d  i n t e r s t i t i a l  p r e s s u r e  

d i r e c t l y  i n  t h e  su b c u tan e o u s  t i s s u e  of mice and o f  men and 

conf i rm ed  t h e  e f f e c t s  o f  i n c r e a s e d  venous p r e s s u r e  shown by 

p r e s s u r e  p le th y sm o g rap h y .  Thus from t h e  l i t e r a t u r e  i t  would 

a p p e a r  q u i t e  p o s s i b l e  t h a t  t h e  in f lo w  a t  t h e  two t e m p e r a t u r e s  

u sed  i n  t h e  p r e s e n t  ex p e r im e n ts  might  be s u b o r d i n a t e  to  t h e  

a c c u m u la t io n  of  oedema f l u i d  and th u s  t o  t h e  i n t e r s t i t i a l  

p r e s s u r e .

A l though  i t  was found  t h a t  t h e  p h a se  of  v e r y  r a p i d  oedema 

f o r m a t io n  c o in c id e d  w i th  t h e  most r a p i d  r i s e  in  t h e  i n t e r 

s t i t i a l  p r e s s u r e ,  y e t  t h e  r a t e  of in f lo w  began t o  d e c r e a s e  

long  b e f o r e  t h i s  r i s e  commenced, and indeed  a t  a t im e  when t h e  

i n t e r s t i t i a l  p r e s s u r e  was s t i l l  low. However, t h e r e  i s  no 

ev id e n ce  from t h e s e  e x p e r im e n ts  t h a t  a v e r y  s l i g h t  i n c r e a s e  

i n  i n t e r s t i t i a l  p r e s s u r e  m ight  no t  b e  a d e q u a te  to  p roduce  

some d e g re e  of  venous o b s t r u c t i o n  and h e n ce  a d e c re a se d  in f lo w .  

I t  may be  r e l e v a n t  t h a t  i t  was found t h a t  t h e  r a t e  of in f lo w
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c e a s e d  t o  f a l l  a t  t h e  same t i m e  a s  t h e  h i g h e s t  i n t e r s t i t i a l  

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

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

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

p r e s s u r e ,  t h e  p r e s s u r e  l e v e l  commenced t o  o s c i l l a t e  o v e r  a 

r a n g e  o f  a b o u t  12 mm w a t e r .  T h i s  o s c i l l a t i o n  c o n t i n u e d  f o r  

t h e  r e m a i n d e r  o f  t h e  e x p e r i m e n t ,  w h i l e  t h e  mean i n t e r s t i t i a l  

p r e s s u r e  p u r s u e d  a  g r a d u a l l y  d e c r e a s i n g  l e v e l .

Two f a c t o r s  may b e  r e s p o n s i b l e  f o r  t h i s  ’ o s c i l l a t o r y  

d e c l i n e ’ . M cMaster  ( 1 9 4 6 a ,  b) d e s c r i b e d  a  ’b r e a k i n g  p o i n t * ,  

d e f i n e d  a s  a  c r i t i c a l  l e v e l  of  i n t e r s t i t i a l  p r e s s u r e  beyond 

w h ich  t h e  c o n n e c t i v e  t i s s u e s  w ere  b r o k e n  a p a r t .  I n  t h e  

p r e s e n t  e x p e r i m e n t s ,  i f  t h e  ’ b r e a k i n g  p o i n t *  w e re  e x c e e d e d ,  t h e  

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

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

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

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

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

w e ig h t  r e c o r d s  t o  s u p p o r t  o r  r e f u t e  t h i s  h y p o t h e s i s .

M o re o v e r ,  i f  t h e  ’b r e a k i n g  p o i n t *  w e re  e x c e e d e d ,  t h e r e  

w ould  b e  a n  i n c r e a s e d  l e a k  o f  oedema f l u i d  f rom  t h e  c u t  b a s e  

o f  t h e  e a r .  B o th  f a c t o r s  o p e r a t i n g  t o g e t h e r  would  r e s u l t  

i n  an  ’ o s c i l l a t o r y  d e c l i n e ’ .
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The u s e  o f  a n y  i s o l a t e d  p r e p a r a t i o n  must  r e s u l t  i n  

s p e c u l a t i o n  a s  t o  when an y  p a r t i c u l a r  t y p e  o f  c e l l  i n  t h e  

p r e p a r a t i o n  i s  no l o n g e r  v i a b l e .  I t  may b e  t h a t  d u r i n g  

p e r f u s i o n  o f  t h e  i s o l a t e d  r a b b i t ’ s e a r  w i t h  s o l u t i o n  a t  a  

t e m p e r a t u r e  o f  3 8 °C , t h a t  t h e  c o n n e c t i v e  t i s s u e  i s  p a r t i c u l a r l y  

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

r e s u l t i n g  i n  t h e  ’ o s c i l l a t o r y  d e c l i n e ' .  I n  s i m i l a r  f a s h i o n ,  

d e c r e a s e d  v a s c u l a r  t o n e  az  t h i s  t i m e  would  r e s u l t  i n  a r e d u c e d  

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

i n f l o w  would  g r a d u a l l y  become more r a p i d .

A l th o u g h  no e x p e r i m e n t a l  o b s e r v a t i o n s  w ere  c a r r i e d  o u t  

i t  seems r e a s o n a b l e  t o  e x p e c t  t h a t  t h e  i n t e r s t i t i a l  p r e s s u r e  

w hich  w ould  d e v e lo p  a t  a s o l u t i o n  t e m p e r a t u r e  m a i n t a i n e d  

c o n s t a n t l y  a t  16°C t h r o u g h o u t  t h e  p e r f u s i o n  would  be  c o n s i d e r 

a b l y  l o w e r  t h a n  a t  38°C.

H y a l u r o n i d a s e . I n  19 29 D u ra n -R e y n a I s  d e m o n s t r a t e d  t h a t  

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

which  f a c i l i t a t e d  t h e  s p r e a d  o f  i n t r a d e r m a l  i n f e c t i o n s .  He 

named t h i s  s u b s t a n c e  t h e  ’ s p r e a d i n g  f a c t o r * .  l a t e r  Chain  

& D u t h i e  (1940)  p r o v e d  t h a t  t h i s  was a c t u a l l y  an  enzyme which 

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

t i s s u e .  They t h e r e f o r e  c a l l e d  t h e  enzyme h y a l u r o n i d a s e ,



-  136  -

which was grouped (T auber ,  1949) a s  one o f  t h e  m u c o ly t i c  

enzymes, which c a t a l y s e  t h e  d e p o ly m e r i z a t io n  of  mucopoly

s a c c h a r i d e s .

H y a l u r o n i c  a c i d  i s  a  p o ly m e r ic  d i s a c c h a r i d e  of  

g l u c u r o n i c  a c i d  and M -a c e ty l  g lu co sam in e ,  w i th  a m o le c u la r  

w e igh t  a t  a bou t  200,000 t o  500 ,000  (D a lg a a rd -M ik k e lse n  

& K v o rn in g ,  19 4 8 ) .  H y a lu r o n ic  a c i d  i s  n o t  a n t i g e n i c  

(McClean, 1942) and i s  p r o b a b l y  formed i n  t h e  l i v e r  

(L ead ing  a r t i c l e ,  1 9 5 1 a ) •

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

enzyme p r e p a r a t i o n s  a r e  g iv en  by McClean <& H a l e ,  1941; 

D a lg a a rd -M ik k e l se n  & K v o rn in g ,  1948; Chain  & D u t h i e ,  1940; 

F u l t o n ,  Marcus & R ob inson ,  1948.

Ho g e n e r a l  agreem ent  has  been  reach ed  i n  t h e  l i t e r a t u r e  

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

Meyer (1946) found  no e v id e n ce  of i n c r e a s e d  v a s c u l a r  perm

e a b i l i t y  when h y a l u r o n i d a s e  was 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 o  r a b b i t s ,  b u t  when i n f e c t e d  i n t o  t h e  c o n n e c t iv e  t i s s u e s  

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

T h is  f i n d i n g  was c o r r o b o r a t e d  by Chambers & Zweifach  (1947) ,  

and Zw eifach  & Chambers ( 1 9 5 0 ) ,  who o b se rv ed  t h a t ,  when 

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

of t h e  f r o g ,  p e t e c h i a l  haem orrhages  o c c u r r e d .  They concluded
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t h a t  s i n c e  t h e y  found  t h a t  h y a l u r o n i d a s e  e x t r a c t s  d id  n o t  

p ro d u ce  a  g r a d u a l ,  o v e r - a l l  change i n  t h e  p o r o s i t y  o f  t h e  

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

a t  i r r e g u l a r  l o c i  a lo n g  t h e  v e s s e l ,  i t  would seem t o  su g g e s t  

t h a t  t h i s  r e a c t i o n  d id  n o t  r e p r e s e n t  t h e  t y p e  o f  change 

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

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  l e d  to  no change i n  c a p i l l a r y  

p e r m e a b i l i t y .

The p e r m e a b i l i t y  of t h e  c o n n e c t iv e  t i s s u e  th ro u g h o u t  

t h e  body i s  c o n t r o l l e d  by t h e  s t a t e  o f  t h e  i n t e r f i b r i l l a r  

ground s u b s t a n c e  (Woodin, 19 5 0 ) .  Chambers & Zweifach  (1947) 

gave e v id e n c e  f o r  t h e  p r e s e n c e  of  m u co p o ly sa cc h a r id e  i n  t h e  

c o n n e c t i v e  t i s s u e  s h e a t h  o f  c a p i l l a r i e s .  They su g g e s te d  

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

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

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

c a p i l l a r i e s  and th u s  caused  haem orrhage  and i n c r e a s e d  t r a n s 

u d a t i o n  of  f l u i d  i n t o  t h e  t i s s u e s .  Sca rborough  (194!)  

d e s c r i b e d  a method f o r  d e te r m in in g  e x p e r i m e n t a l l y  t h e  c a p i l l a r y  

r e s i s t a n c e  by u s i n g  a ’ n e g a t i v e  p r e s s u r e  p r i n c i p l e * .

U l s t e r  (1949) and E l s t e r ,  Freeman & Dorfman (1949) opposed 

t h i s  s c h o o l  o f  t h o u g h t  by c la im in g  to  h a v e  d em on s t ra ted  an 

i n c r e a s e d  c a p i l l a r y  p e r m e a b i l i t y  in  r a t s  f o l lo w in g  in t r a v e n o u s
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i n f e c t i o n  o f  t h i s  enzyme.  They c r i t i c i s e d  t h e  r e s u l t s  o f  

Chambers & Z w e i fa c h  (1947)  on t h e  g r o u n d s  t h a t  an  i n s u f f i c i e n t  

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

( E l s t e r ,  19 5 0) .  H owever ,  t h i s  c o n c l u s i o n  o f  E l s t e r f s was 

b a s e d  on m ea su re m e n ts  o f  d e c r e a s e d  p la sm a  v o lu m e ,  and on an  

i n c r e a s e d  p a s s a g e  of  ohe dye T-1824 f ro m  t h e  c a p i l l a r i e s  i n t o  

t h e  t i s s u e  s p a c e s .  Such m ethods  a r e  t h e m s e l v e s  open  to  t h e  

c r i t i c i s m  t h a t  t h e y  can  f u r n i s h  o n ly  i n d i r e c t  e v i d e n c e  o f  an  

a l t e r a t i o n  i n  c a p i l l a r y  p e r m e a b i l i t y .  S i m i l a r  i n d i r e c t  

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

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

d y e s ,  w e re  made by  D u r a n - R e y n a l s  ( 1 9 4 2 ) .

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

i d a s e  was added  t o  t h e  p e r f u s i o n  s o l u t i o n  a t  3 8 °C show t h a t ,  

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

t h e  r a t e  o f  f o r m a t i o n  of  oedema,  w h ich  t h e r e a f t e r  d e c r e a s e s  

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

E l s t e r ,  c a n  b e  e x p l a i n e d  e i t h e r  a s  due t o  a n  i n c r e a s e  i n  

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

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

T h i s  w ould  p e r m i t  i t  t o  a c t  on t h e  h y a l u r o n i c  a c i d  i n  t h e  

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

and t h u s  i n c r e a s e  t h e  n e t  o u tw ard  f i l t r a t i o n .
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The su b s eq u e n t  r a p i d  d e c r e a s e  in  t h e  r e c o r d e d  r a t e  of  

oedema f o r m a t i o n  was caused  by a v e r y  marked l e a k  o f  oedema 

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

a c t i o n  of  t h e  h y a l u r o n i d a s e .  M a th em a t ica l  a n a l y s i s  showed 

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

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

im en t ,  making i t  h i g h e r  i n i t i a l l y  and low er  u l t i m a t e l y  t h a n  

i n  p e r f u s i o n s  a t  t h e  same t e m p e r a t u r e  of  38°C w i t h o u t  t h e  

a d d i t i o n  of  h y a l u r o n i d a s e .

Mo b u l l a e  were  n o t e d  in  t h e  p e r f u s e d  i s o l a t e d  ears  

a l t h o u g h  MacCardle ,  Baumberger & H ero ld  (1943) p o s t u l a t e d  

t h a t ,  s i n c e  h y a l u r o n i c  a c i d  bound w a t e r  by h o l d i n g  i t  as  a 

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

h y a l u r o n i c  a c i d  l e a v i n g  t h e  w a te r  of  the  g e l  f r e e  as b l i s t e r  

f l u i d  a t  t h e  s i t e  o f  t h e  b u l l a .  I t  i s  r e l e v a n t  to  n o te  t h a t  

no h y a l u r o n i d a s e  was found i n  t h e  b u l l o u s  f l u i d  o f  p a t i e n t s  

w i th  pemphigus ( G r a i s  & G l i c k ,  1948) a l t h o u g h  G ra i s  (1949) 

was a b l e ,  i n  some of  t h e  c a s e s  of advanced pemphigus which he  

i n v e s t i g a t e d ,  t o  p ro d u ce  b u l l a e  by i n t r a d e r m a l  i n j e c t i o n s  o f  

h y a l u r o n i d a s e .

I t  may be  t h a t  t h e  h y a l u r o n i d a s e  may have  a f f e c t e d  t h e  

p e r m e a b i l i t y  o f  t h e  ly m p h a t ic  c a p i l l a r i e s  (Hudack & McMaster, 

1932) w h a te v e r  i t s  e f f e c t s  on t h e  p e r m e a b i l i t y  of t h e  b lood
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c a p i l l a r i e s .  I n c r e a s e d  lym p h a t ic  p e r m e a b i l i t y  m igh t  t e n d  

to  i n c r e a s e  t h e  r a t e  o f  n e t  outward f i l t r a t i o n  due t o  t h e  

i n c r e a s e d  ly m p h a t ic  d r a i n a g e  lo w e r in g  t h e  i n t e r s t i t i a l  

p r e s s u r e .  T h e re  i s  no c e r t a i n t y  t h a t  such a p o s t u l a t e d  

i n c r e a s e  i n  f i l t r a t i o n  f rom  b lood  c a p i l l a r i e s  would be 

r e c o r d e d  by t h e  t e c h n i q u e  u s e d ,  however ,  s i n c e  i n c r e a s e d  f low  

i n  lymph v e s s e l s  would r e s u l t  i n  a  g r e a t e r  l o s s  o f  f l u i d  from 

t h e  cu t  b a s e  of  t h e  i s o l a t e d  e a r .

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

th ro u g h  c o n n e c t i v e  t i s s u e  by r e d u c in g  t h e  v i s c o s i t y  of  t h e  

i n t e r c e l l u l a r  s u b s t a n c e .  I f  t h e  enzyme, when added to  t h e  

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

v e s s e l s ,  t h e n  i t  would p r e v e n t  any marked i n c r e a s e  i n  i n t e r 

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

i n t e r s t i t i a l  t i s s u e .

The r e s u l t s  i n d i c a t e  t h e  im por tance  of  t h e  i n t e r s t i t i a l  

p r e s s u r e  i n  p r o d u c in g  t h e  d i f f e r e n t  in f lo w  r e a d i n g s  a t  t h e  

2 t e m p e r a t u r e s  u n d e r  c o n s i d e r a t i o n .  In  t h e  p r e s e n t  experiments

a t  38°C, a d d i t i o n  of  h y a l u r o n i d a s e  red u ced  t h e  i n t e r s t i t i a l  

p r e s s u r e  t o  a b ou t  20% of i t s  v a lu e  i n  ex pe r im en ts  w i th o u t  

t h e  a d d i t i o n  of h y a l u r o n i d a s e ,  y e t  t h e  r a t e s  of  in f lo w  d id  no t  

d i f f e r  m a t e r i a l l y .  T h is  su g g e s t e d  t h a t  t h e  lower  r a t e  of 

in f lo w  a t  a t e m p e r a t u r e  of  38°C was not  due to  t h e  h i g h e r
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i n t e r s t i t i a l  p r e s s u r e ,  i f  i t  was assumed t h a t  t h e  sm a l l  

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

t h e  e x p er im en t  was i n s u f f i c i e n t  t o  cause  p a r t i a l  venous 

o b s t r u c t i o n  and so  a cc o u n t  f o r  t h e  i n i t i a l  sh a rp  d e c l i n e  

in  t h e  r a t e  of  i n f lo w .

I n  t h e  e x p e r im e n ts  u s i n g  h y a l u r o n i d a s e  in  which t h e  

t e m p e r a t u r e  o f  uhe p e r f u s i o n  s o l u t i o n  was changed i n t e r m i t t e n t l y  

be tween  38° and 16°C, t h e  s l i g h t  i n c r e a s e  i n  t h e  a b s o l u t e  

amount o f  oedema f l u i d  r e c o r d e d  a t  t h e  end of  bo th  c y c le s  

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

h y a l u r o n i d a s e  on t h e  c o n n e c t i v e  t i s s u e  of  t h e  subcu taneous  

t i s s u e  o f  i/he e a r ,  a l l o w i n g  t h e  oedema f l u i d  to  l e a k  away 

w i t h  g r e a t e r  e ase  from t h e  cu t  b a s e  of  t h e  e a r .  T h is  

p e r m i t t e d  more f l u i d  t o  d r a i n  away from t h e  t i s s u e  spaces  t h a n  

accu m u la te d  t h e r e  a s  a f i l t r a t e  from t h e  c a p i l l a r i e s .

Downstream p r e s s u r e  of  t h e  p e r f u s i o n  s o l u t i o n • The 

downstream p r e s s u r e ,  o r  e f f e c t i v e  p e r f u s i o n  p r e s s u r e ,  i s  t h e  

p r e s s u r e  of  t h e  s o l u t i o n  i n  t h e  a r t e r y  j u s t  beyond t h e  t i p  

o f  t h e  c a n n u la .  The im por tance  o f  t h i s  measurement has not  

been g e n e r a l l y  r e c o g n i s e d  i n  p e r f u s i o n  e x p e r im e n ts .  Workers 

h ave  g e n e r a l l y  b a sed  c a l c u l a t i o n s  on what was t h e  p e r f u s i o n  

p r e s s u r e  i n  t h e  sys tem  p ro x im a l  t o  t h e  c a n n u la .
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^ e t  even more i n a c c u r a t e  were  t h e  r e a d i n g s  o f  Hyman 

(1944) on i n n e r v a t e d  h in d  l im bs  of  r a t s  and f r o g s ,  and 

t h o s e  of  H i c h o l ,  G i r l i n g ,  J e r r a r d ,  C lax to n  & B u r to n  (1951) 

on t h e  i s o l a t e d  e a r  of  t h e  r a b b i t ,  who a c c e p t e d  as t h e  

p e r f u s i o n  p r e s s u r e ,  r e a d in g s  on a manometer r e c o r d i n g  i n  

t h e  a p p a r a t u s  a c o n s i d e r a b l e  d i s t a n c e  p ro x im a l  to  t h e  c a n n u la .  

D i s r e g a r d  o f  t h e  p r e s s u r e  l o s s  due to  b e nd s ,  c o n s t r i c t i o n s , 

and th e  l e n g t h  of  t u b i n g  l e a d i n g  t o  t h e  c a n n u la ,  and d i s r e g a r d  

of  t h e  p r e s s u r e  drop a c r o s s  t h e  cannula  must c om ple te ly  

i n v a l i d a t e  c a l c u l a t i o n s  b ased  on such p r e s s u r e  r e a d i n g s .

P e r f u s i o n  o f  t h e  e a r  w i t h  a c o n s t a n t ,  i n s t e a d  of w i th  a 

p u l s a t i l e  p r e s s u r e  had t h e  d i s a d v a n t a g e  of i n c r e a s i n g  t h e  

a c c u m u la t io n  o f  t i s s u e  f l u i d  by d e c r e a s i n g  lymph f low  (P a rso ns  

& M cK aster ,  1938; McMaster & P a r s o n s ,  1938; K c K a s te r ,  1942) .

In  r e t r o s p e c t ,  i t  i s  c o n s i d e r e d  t h a t ,  due t o  t h e  abnorm ally  

h ig h  n e t  outward  f i l t r a t i o n  which o c c u r re d  w i th  th e  use  of a 

c r y s t a l l o i d  p e r f u s i o n  s o l u t i o n ,  some form of  p u l s a t i l e  p r e s s u r e  

i n s t e a d  of  a c o n s t a n t  p r e s s u r e  c o u ld ,  w i th  a d v a n ta g e ,  have 

been  a p p l i e d  to  t h e  s i d e  l im bs  of  t h e  b u r e t t e s .  A c o n s t a n t  

p r e s s u r e  was a p p l i e d ,  how ever ,  s i n c e  t h e  s t e a d y  p r e s s u r e  

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

o f  t h e  cann u la  and th u s  t h e  c a l c u l a t i o n  o f  t h e  e f f e c t i v e  p e r 

f u s i o n  p r e s s u r e  o r  downstream p r e s s u r e .  I n  a d d i t i o n ,  t h e
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a p p a r a t u s  th u s  rem ained  s im p le  and manageable  by 1 e x p e r im e n te r .  

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

a p p a r a t u s  d e s ig n e d  by H o l g a t e  (1949) f o r  t h e  same p u r p o s e .

A l though  t h e  p e r f u s i o n  p r e s s u r e  im m edia te ly  p r o x im a l  to  

t h e  cann u la  was m a in t a in e d  c o n s t a n t  no m a t t e r  t h e  r a t e  o f  

i n f lo w ,  t h e  downstream p r e s s u r e  d u r in g  p e r f u s i o n  w i th  s o l u t i o n  

a t  16°C was lo w e r  t h a n  t h a t  d u r i n g  p e r f u s i o n  a t  38°G by 

a p p r o x i m a t e ly  10 mm Hg. The r e a s o n  was t h a t  t h e  more r a p i d  

r a t e  o f  i n f lo w  a t  t h e  low er  t e m p e r a t u r e  caused a g r e a t e r  

p r e s s u r e  drop a c r o s s  t h e  c a n n u la .  This  low er  p r e s s u r e  might  

have  been  w h o l ly  o r  p a r t l y  t h e  cause  of  t h e  s lo w e r  r a t e  of  

oedema- f o r m a t io n  a t  t h e  lo w er  t e m p e r a t u r e .

L a n d is  (19 2 7a ,  b) d e m o n s t r a te d  q u a n t i t a t i v e l y  on the 

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

from t h e  c a p i l l a r i e s  was dependent  upon t h e  i n t r a l u m i n a l  

p r e s s u r e ,  and n o t  on a n  i n c r e a s e d  p e r m e a b i l i t y  due to  m echan ica l  

s t r e t c h i n g  of t h e  v e s s e l  w a l l  a s  had  been  p o s t u l a t e d  by Krogh 

(1 9 2 2 ) .  G i l d i n g  (1941) c r i t i c i s e d  t h e  t e c h n iq u e  used  by 

L and is  on t h e  grounds  t h a t  t h e  m e s e n t e r i c  v e s s e l s  exposed 

on t h e  m ic ro sc o p e  s t a g e  d id  n o t  r e p r e s e n t  a p h y s i o l o g i c a l  

p r e p a r a t i o n .  E x p er im en ts  on i s o l a t e d  h i n d  l im bs  of  r a t s  

(Hyman* 1944) and of dogs (Pappenheimer  & S o to - R iv e r a ,  1948) 

a l s o  d e m o n s t r a te d  t h a t  t h e  r a t e  o f  f i l t r a t i o n  was dependent
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on t h e  p e r f u s i o n  p r e s s u r e .  The l a t t e r  w o rk e rs  d e m o n s t r a te d  

t h a t  t h e  r a t e  of  oedema f o r m a t i o n  co u ld  be  i n c r e a s e d  by 

r a i s i n g  e i t h e r  t h e  a r t e r i a l  o r  t h e  venous p r e s s u r e ,  and t h a t  

*>y s u i t a b l e  v a r i a t i o n s  i n  b o th  t h e s e  p r e s s u r e s ,  an i n f i n i t e  

number of  p a i r s  o f  v a l u e s  cou ld  be  o b t a in e d  a t  which no 

a l t e r a t i o n  i n  w e ig h t  o f  t h e  l imb o c c u r r e d .  T h is  work m igh t  

be  c r i t i c i s e d  on t h e  g rounds  t h a t ,  by i n c r e a s i n g  t h e  a r t e r i a l  

p r e s s u r e ,  c a p i l l a r i e s  which were p r e v i o u s l y  c lo s e d  would th en  

be  f o r c e d  open.  The p r i m a r y  e f f e c t  o f  i n c r e a s e d  a r t e r i a l  

p r e s s u r e  on c a p i l l a r y  f i l t r a t i o n  would th e n  be masked by a 

s im u l t a n e o u s  i n c r e a s e  i n  t h e  a r e a  of  f i l t r a t i o n .  However, 

Krogh (1920) c la im ed  t h a t ,  i f  t h e  c a p i l l a r i e s  were i n  a 

c o n t r a c t e d  s t a t e ,  i n c r e a s i n g  t h e  a r t e r i a l  p r e s s u r e  would no t  

f o r c e  t h e s e  v e s s e l s  open,  a f i n d i n g  s u b s e q u e n t ly  confi rmed 

by C a r r i e r  (1 9 2 2 ) .

The r e s u l t s  of t h e  p r e s e n t  exper im en ts  c o n t r i b u t e  

a d d i t i o n a l  e v id e n c e  t h a t  r a i s i n g  o r  lo w e r in g  t h e  downstream 

p r e s s u r e  a t  b o th  t e m p e r a t u r e s  l e a d s  t o  an i n c r e a s e  o r  d e c r e a s e  

r e s p e c t i v e l y  i n  t h e  r a t e  of  oedema f o r m a t io n  and r a t e  of  in f lo w .  

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

t h e  downstream p r e s s u r e  a t  38°C was o b t a i n e d  by c a l c u l a t i o n  

f o r  each p r e s s u r e  of  c * ( l  -  e"’/3*') which r e p r e s e n t e d  t h e  g r o s s  

r a t e  o f  ou tward  f i l t r a t i o n  a c r o s s  t h e  c a p i l l a r y  membrane.
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At 38°C t h e  i n c r e a s e d  r a t e  of  oedema f o r m a t io n  a t  t h e  

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

p a r t  ofj the p e r f u s i o n .  The f i n a l  w e ig h t  of  t h e  p r e p a r a t i o n  

a f t e r  5 h r  p e r f u s i o n  i s  a c t u a l l y  l e s s  t h a n  when low er  p r e s s u r e s  

were u s e d .  The anomaly i s  due to  t h e  i n i t i a l  h i g h  n e t  outward 

f i l t r a t i o n  r a t e  c a u s in g  a marked i n c r e a s e  i n  i n t e r s t i t i a l  

p r e s s u r e ,  t h u s  s u b s e q u e n t ly  o p pos ing  f i l t r a t i o n  from t h e  

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

oedema f o r m a t i o n .  I n  a d d i t i o n ,  t h e  h ig h  i n t e r s t i t i a l  

p r e s s u r e  would r e s u l t  i n  an e a r l i e r  and g r e a t e r  l e a k  of  oedema 

f l u i d  a t  t h e  cu t  b a s e  of  t h e  e a r .

The s lo w e r  b u t  more p ro lo n g e d  i n c r e a s e  i n  t h e  development  

of  oedema a t  t h e  lo w e s t  p r e s s u r e  was a t t r i b u t e d  to  t h e  slow 

i n c r e a s e  i n  i n t e r s t i t i a l  p r e s s u r e ,  which was a d i r e c t  r e s u l t  

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

The e f f e c t s  on oedema f o r m a t io n  were  conf i rm ed  by 

m a th e m a t ic a l  a n a l y s i s  of ©< and a t  t h e  d i f f e r e n t  v a lu e s  o f  

downstream p r e s s u r e  a t  t h e  2 t e m p e r a t u r e s .  The e f f e c t  of 

r a i s i n g  t h e  t e m p e r a t u r e  from 16° to  38° C a t  t h e  same downstream 

p r e s s u r e  of  a p p r o x i m a t e ly  70 mm Hg was to  i n c r e a s e  t h e  

u l t i m a t e  v a l u e  of g r o s s  outward  f i l t r a t i o n  by a f a c t o r  o f  

12 from 0 .9 1  t o  1 1 .0 0 .

I t  i s  conc luded  t h a t  t h e  downstream p r e s s u r e  i s  a f a c t o r
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r e g u l a t i n g  b o th  t h e  r a t e  of oedema f o r m a t io n  and t h e  r a t e  

of i n f lo w .  However,  when e x p e r im en ts  were p e r fo rm ed  a t  

s o l u t i o n  t e m p e r a t u r e s  o f  16° and 38°C b u t  w i th  t h e  same 

downstream p r e s s u r e  i t  was a p p a r e n t  t h a t  t h e  r a t e s  o f  oedema 

f o r m a t i o n  and of  in f lo w  s t i l l  remained v a s t l y  d i f f e r e n t .

Thus a  d i f f e r e n t  downstream p r e s s u r e  i s  no t  t h e  p r i n c i p a l  

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

16° and 3 ^ C .

A n o x ia . H a r r i s  (1941) m a in t a in e d  t h a t  t h e r e  was no 

n e c e s s i t y  t o  ox y gena te  t h e  s o l u t i o n  u se d  f o r  p e r f u s i o n  o f  t h e  

i s o l a t e d  e a r  o f  t h e  r a b b i t ,  y e t  L an d is  (1928) u s i n g  h i s  

c a p i l l a r y  m i c r o - i n j e c t i o n  t e c h n i q u e ,  d e m o n s t ra te d  on amphibia  

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

w orke rs  (M aurer ,  1940; Saslow,  1938) u s i n g  o t h e r  t e c h n iq u e s ,  

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

P o c h in  (1942) s t u d i e d  t h e  e f f e c t  of i s c h ae m ia  o f  18 h r  

d u r a t i o n  on r a b b i t s ’ e a r s  and n o ted  m ass ive  oedema fo rm a t io n  

w i t h i n  2 h r  o f  r e l e a s e  of  t h e  c i r c u l a t i o n ,  b u t  i n  t h e s e  

exper im en ts  t h e r e  was t h e  added c o m p l i c a t io n  of  accum ula t ion  

o f  m e t a b o l i t e s  i n  t h e  t i s s u e s .  Hopps & Lewis (1947) on t h e  

o t h e r  hand found no e f f e c t  on c a p i l l a r y  p e r m e a b i l i t y ,  a s  measured 

by  t h e  p a s s a g e  o f  a n t i b o d y  g l o b u l i n  o r  T-1824, when g u in e a - p ig s
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were  exposed t o  a n  environment  w i th  a  low oxygen t e n s i o n .  

T h e i r  r e s u l t s  a r e  d e b a t a b l e  due t o  t h e i r  i n d i r e c t  methods 

o f  e s t i m a t i n g  c a p i l l a r y  p e r m e a b i l i t y .  I n  summary, from 

t h e  l i t e r a t u r e ,  t h e r e  i s  l i t t l e  doubt  t h a t  an o x ia  i n c r e a s e s  

t h e  p e r m e a b i l i t y  of  c a p i l l a r y  endo th e l iu m .

Any mammalian i s o l a t e d  p r e p a r a t i o n  p e r f u s e d  w i th  an 

aqueous  s o l u t i o n  i n s t e a d  o f  e i t h e r  b lood  o r  a haem oglob in -  

s a l i n e  p e r f u s i o n  s o l u t i o n  (Smyth, 1942; T a y lo r  & H a s t i n g s ,  

1939) must be  m arked ly  a n o x ic .  However,  i f  t h e  m etabo l ism  

o f  t h e  i s o l a t e d  p r e p a r a t i o n  i s  s low, t h e  d e g re e  o f  a n o x ia  

may n o t  be  marked.  I t  i s  p r o b a b l e  t h a t  t h e  i s o l a t e d  e a r  o f  

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

w i t h  s o l u t i o n  a t  a t e m p e r a t u r e  o f  16°C t h a n  a t  38°C. On 

t h e  o t h e r  h a n d ,  t h e  t i s s u e  may be a b l e  to  t i a n s f e r  oxygen 

more r e a d i l y  a t  t h e  h i g h e r  t e m p e r a t u r e .

At o r d i n a r y  t e m p e r a t u r e s  and p r e s s u r e s ,  w a t e r  i s  capab le  

o f  d i s s o l v i n g  o n ly  a bou t  0 . 5 ^  of i t s  own volume of oxygen.

AS t h e  t e m p e r a t u r e  i s  r a i s e d  p a r t  o f  t h i s  i s  l i b e r a t e d .  At 

any g i v e n  t e m p e r a t u r e  t h e  volume o f  gas  a b so rb ed  i s  s e n s i b l y  

dependen t  on t h e  p r e s s u r e ,  so t h a t  t h e  w e igh t  absorbed  i s  

p r o p o r t i o n a l  t o  t h e  p r e s s u r e .  C onseq u en t ly  t h e  u se  o f  t h e  

c o n s t a n t  p r e s s u r e  b u r e t t e s ,  t o g e t h e r  w i t h  a  gas m ix tu r e  a t  

a  p r e s s u r e  g r e a t e r  t h a n  a t m o s p h e r i c ,  t o  p r o v i d e  a downstream
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p r e s s u r e  a p p ro x im a t in g  to  a r t e r i a l  b lo od  p r e s s u r e ,  r e s u l t e d  

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

would h a v e  been  o b t a i n e d  by t h e  u s e  o f  a  h i g h  h y d r o s t a t i c  

p r e s s u r e .

I n  t h e  p r e s e n t  ex p er im e n ts  t h e  q u a n t i t y  o f  oxygen in  

s o l u t i o n  was e s t i m a t e d .  S i n c e  both  t h e  p r e s s u r e  and temp

e r a t u r e  were  known, t h e  oxygen t e n s i o n  cou ld  have  been 

c a l c u l a t e d .  T h is  was n o t  done,  however ,  s i n c e  t h e  t e c h n iq u e  

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

c o n te n t  i s  open t o  marked c r i t i c i s m .  I t  can be seen  from 

f i g .  7 t h a t  t h e  p e r f u s a t e ,  i n  t h e  i n t e r v a l  be tween d r i p p in g  

f rom  t h e  e a r  and b e in g  c o l l e c t e d  u n d e r  l i q u i d  p a r a f f i n ,  was 

exposed t o  an environment  of  n i t r o g e n .  L u r in g  t h i s  i n t e r v a l  

oxygen l o s s  t o ,  and n i t r o g e n  g a i n  f rom , t h e  environment must  

have  t a k e n  p l a c e .  M oreover ,  i t  i s  p o s s i b l e  t h a t  t h e  e r r o r  

due t o  gaseo us  exchange was more marked d u r in g  p e r f u s i o n  w i th  

s o l u t i o n  a t  a  t e m p e r a t u r e  o f  38°C t h a n  a t  16°C. Consequen t ly  

t h e  v a l u e s  o b t a i n e d  f o r  oxygen u p ta k e  by t h e  i s o l a t e d  e a r  o f  

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

a r e  s u s p e c t .

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

immersing t n e  c u t  b a s e  of  t n e  e a r  below l i q u i d  p a r a f f i n .

Such a t e c h n i q u e  would have  i n v a l i d a t e d  t h e  r e a d in g s  o f  w e ig h t  o f



-  149

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

in f lo w  due t o  i n c r e a s e d  r e s i s t a n c e  to  venous outf low*

A t a t e m p e r a t u r e  o f  38°C, t h e r e  was l e s s  oxygen d i s 

s o lv e d  i n  t n e  p e r f u s i o n  s o l u t i o n  t h a n  a t  t h e  low er  t e m p e r a t u r e  

( t a b l e  7) an d ,  m o reo v e r ,  t h e  t i s s u e s  c o n s t i t i t m g  t h e  e a r  

would be more a c t i v e l y  m e t a b o l i s i n g  a t  t n e  h i g h e r  t e m p e ra tu re *  

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

were p r o b a b l y  r e l a t i v e l y  more a n o x ic  ana t n e i r  g r e a t e r  cap

i l l a r y  p e r m e a b i l i t y  might  nave  been due s o l e l y  t o  t h e  g r e a t e r  

d e g re e  o f  a n o x i a .

However,  i n  t h e  p r e s e n t  i n v e s L i g a t i o n ,  when p e r f u s i o n  

e x p e r im e n ts  were  c a r r i e d  ou t  a t  a  t e m p e r a t u r e  of 16°C u s i n g  

s o l u t i o n  p r e s s u r i z e d  by n i t r o g e n ,  g i v i n g  a v e r y  low oxygen 

c o n t e n t ,  i n s t e a d  of by 95^  oxygen and 5^ carbon  d i o x id e ,  

t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  e i t h e r  in  t h e  r a t e  of  oedema 

f o r m a t i o n  o r  of i n f lo w .  Thus th e  oxygen c o n te n t  o f  t h e  

s o l u t i o n  o v e r  t h i s  r an g e  of  oxygen a v a i l a b i l i t y  was n o t  a 

main f a c t o r  i n  d e te r m in in g  t h e  d i f f e r e n c e  i n  t h e  r a t e s  o f  

oedema f o r m a t io n  be tw een  16° and 38°C.

The i n c r e a s e  i n  c a p i l l a r y  p e r m e a b i l i t y  due t o  i n c r e a s i n g  

t h e  a n o x ia  a t  38°C co u ld  n o t  b e  due t o  a l t e r a t i o n  i n  pH, s i n c e  

t h i s  was unchanged i n  t h e  p e r f u s i o n  s o l u t i o n .  I t  cou ld  be  

p o s t u l a t e d  t h a t  t h e  s low r a t e  of  i n f lo w  and t h e  reduced  amount
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of oedema f l u i d  formed d u r i n g  t h e  l a s t  4 h r  of  t h e s e  e x p e r im e n ts  

r e s u l t e d  from an i n c r e a s e  i n  t o n e  of  t h e  smooth m usc le  o f  t h e  

v e s s e l  w a l l s ,  a s  a  d i r e c t  e f f e c t  o f  a n o x i a .  An a l t e r n a t i v e  

e x p l a n a t i o n ,  which t h e s e  ex p e r im e n ts  would t e n d  t o  o f f e r  some 

e v id en ce  i n  s u p p o r t  o f ,  i s  t h a t  s i n c e  t h e  p r e s s u r e  of  t h e  

s o l u t i o n  would he reduced  as  i t  f lowed th ro u gh  t h e  v e s s e l s  

of  t h e  e a r ,  g a seo u s  emboli  might b lo c k  t h e  sm a l l  v e s s e l s  

( K a r s n e r ,  1950;  L u f f ,  G r e e n f i e l d  & Whelan, 1953) .  The 

o c c u r r e n c e  o f  numerous su b cu tan eo us  b u l l a e ,  a s s o c i a t e d  w i th  

a low ered  a b s o l u t e  amount of oedema f l u i d  cou ld  be a t t r i b u t e d  

to  p r e s s u r e  d i s r u p t i o n  of  T,he c o n n e c t iv e  t i s s u e  spa ce  caused  

by n i t r o g e n  which had  d i f f u s e d  a c r o s s  t h e  c a p i l l a r y  membrane 

and a cc u m u la ted  i n  t h e  e x t r a - c e l l u l a r  e x t r a v a s c u l a r  sp a ce .

W hile  t h e r e  was s l i g h t l y  l e s s  d i s s o l v e d  oxygen a t  38°C 

t h a n  a t  16°C, even a t  t h e  h i g h e r  t e m p e r a t u r e  t h e r e  was s t i l l  

some oxygen rem a in in g  i n  t h e  p e r f u s a t e .  These  exper im en ts  

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

t e m p e r a t u r e  i s  no t  a  main f a c t o r  i n  d e te r m in in g  t h e  g r e a t e r  

r a t e  of  oedema f o r m a t i o n  and low er  in f lo w  a t  t h i s  t e m p e r a t u r e .

In  g e n e r a l ,  t h e y  s u g g e s t  t h a t  t h e  t i s s u e s  o f  t h e  e a r  a r e  by 

no means i n d i f f e r e n t  to  t h e  oxygen c o n te n t  and t e n s i o n  of 

t h e  p e r f u s i o n  s o l u t i o n  even a t  t h e  ab n o rm a l ly  low l e v e l s  used  

d u r in g  t h e s e  e x p e r im e n t s .



-  151

pH o f  t h e  p e r f u s i o n  s o l u t i o n . G a sk e l l  (1 8 8 0 ) ,

B a y l i s s  (1901) and Hooker (1911) a l l  o b se rv ed  t h a t  i n  t h e  

b lo od  v e s s e l s  of t h e  f r o g  a s l i g h t l y  a l k a l i n e  p e r f u s i o n  

s o l u t i o n  caused  a marked i n c r e a s e  i n  v a s c u l a r  to n e ,  whereas 

a c i d  s o l u t i o n s  p roduced  v a s o d i l a t a t i o n .  However, Leake,

H a l l  & K o e h le r  (1923) concluded  t h a t  t h e  v e s s e l s  of t h e  

whole f r o g  were  m ax im al ly  d i l a t e d  a t  t h e  normal b lood  pH 

l e v e l  and t h a t  any d e v i a t i o n  from t h i s  r e s u l t e d  i n  v a s o 

c o n s t r i c t i o n .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  on an i s o l a t e d  e a r  o f  

a  mammal ,  i t  can be  concluded  from t h e  r e s u l t s  t h a t  d u r in g  

p e r f u s i o n  w i t h  s o l u t i o n  a t  a t e m p e r a t u r e  of 38°C and a pH 

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

ward f i l t r a t i o n  o c c u r r e d  and some d e g re e  of v a s o c o n s t r i c t i o n .  

I t  was c o n s e q u e n t ly  a l s o  n e c e s s a r y  t o  c a r r y  out  p e r f u s i o n  of  

t h e  e a r  w i t h  s o l u t i o n  a t  16°C and a t  a pH e q ua l  to  about  

7 . 7 ;  t h e  i n c r e a s e d  a l k a l i n i t y  might a p p r e c i a b l y  a f f e c t  oedema 

f o r m a t io n  o r  in f lo w  a t .  one o r  bo th  t e m p e r a t u r e s .  I t  can 

be  concluded  t h a t  i n c r e a s i n g  t h e  a l k a l i n i t y  of t h e  s o l u t i o n  

a t  16°C does n o t  e l i m i n a t e  t h e  d i f f e r e n c e s  in  oedema and 

in f lo w  which o c c u r r e d  when t h e  r a b b i t ’ s e a r  was p e r f u s e d

a t  16° and 38°C.

Hoy & Brown (1880) were  among t h e  e a r l i e s t  workers  to
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o b se rv e  t h a t  t h e  a c c u m u la t io n  of  a c i d  m e t a b o l i t e s  i n  t h e  

t i s s u e s  l e d  t o  c a p i l l a r y  d i l a t a t i o n .  Chambers & Zweifach 

(1940) h a v e  d e m o n s t ra te d  t h a t  i n c r e a s e s  i n  a c i d i t y  w i t h i n  

t h e  l i m i t s  o f  v i a b i l i t y  (pH 7 .0  to  7 .6 )  caused  an a p p r e c i a b l e  

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

I n  t h e  i s o l a t e d  e a r  of T,he r a b u i t ,  i t  was p o s s i b l e  t h a t ,

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

16°C t h a n  i t  was a t  38°C, t h e  re s p o n s e s  a t  16°C might be 

s i m u l a t e d  a t  38°C m ere ly  by i n c r e a s i n g  t h e  a c i d i t y  o f  t.he 

s o l u t i o n .  The r e s u l t s  d u r i n g  p e r f u s i o n  a t  a  pH of  6 .6  to  

6 .8  i n d i c a t e  a marked i n c r e a s e  i n  n e t  outward  f i l t r a t i o n  

p a r t i c u l a r l y  a t  38°C, b u t  no u n e q u iv o c a l  e f f e c t  on t h e  r a t e  

of  i n f lo w .

In  summary, d e v i a t i o n  in  e i t h e r  d i r e c t i o n  from t h e  

normal  pH o f  7 .3  t o  7 .4  r e s u l t e d  i n  a  more r a p i d  r a t e  o f

oedema f o r m a t io n  a t  b o th  16° and 38°C b u t  more so a t  t h e

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

s o l u t i o n  had  a more marked e f f e c t  on oedema f o r m a t io n  t h a n  

had  an i n c r e a s e d  a l k a l i n i t y .  I n c r e a s e d  a l k a l i n i t y  p roduced 

a s lo w e r  r a t e  o f  i n f lo w .

L and is  (1934) u s i n g  t h e  c a p i l l a r i e s  of t h e  f r o g ’ s 

m e s e n te ry  found  t h a t  i t  was on ly  when t h e  pH of t h e  p e r f u s i o n  

s o l u t i o n  was lowered  below t h e  normal p h y s i o l o g i c a l  minimum
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l e v e l  t o  4 .0  t h a t  s i g n s  o f  e n d o t h e l i a l  c e l l  damage a p p e a re d .

I n  v iew o f  t h i s  work, i t  was d ec id ed  to  p e r f u s e  t h e  i s o l a t e d  

e a r  o f  t h e  r a b b i t  w i th  s o l u t i o n  of pH equa l  to  4 . 0 .  F u r t h e r 

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

lo w e s t  p h y s i o l o g i c a l  l e v e l  of  pH 6 .6  to  6 .8  cou ld  th e n  be 

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

u n p h y s i o l o g i c a l  pH. I n  t h e  p r e s e n t  i n v e s t i g a t i o n  on t h e  

r a b b i t ’ s e a r  v e s s e l s ,  p e r f u s i o n  a t  pH 4 .0  provoked spasm of 

t h e  v e s s e l s  and. t h e n  v e r y  m arkedly  i n c r e a s e d  n e t  outward 

f i l t r a t i o n  c a u s in g  t h e  development  o f  g ro s s  oedema a s s o c i a t e d  

w i th  e x t e n s i v e  b u l l a e .  The oedema which deve loped  d u r in g  

p e r f u s i o n  w i th  s o l u t i o n  a t  a pH 4 .0  and a t e m p e r a t u r e  o f  16°C 

was, however ,  s l i g h t  compared to  t h a t  which d eve loped  a t  

38°C even a t  a pH a bou t  6 . 7 .

I t  i s  l o g i c a l  t o  conc lude  t h a t  t h e  s l i g h t  change i n  pH 

of  t h e  p e r f u s i o n  s o l u t i o n  between 16° and 38°C was no t  

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

f o r m a t io n  and in f lo w  at t h e s e  2 t e m p e r a t u r e s .  Moreover, when 

a l t e r a t i o n  i n  c a p i l l a r y  p e r m e a b i l i t y  h a s  been caused  by 

v a r i a t i o n  i n  t h e  oxygen c o n te n t  or t h e  pH o f  t h e  p e r f u s i o n  

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

r a b b i t ’ s e a r  v e s s e l s  a t  a t e m p e r a t u r e  of  38°C. Very l i t t l e  

change cou ld  be d e m o n s t ra te d  u s i n g  t h e  t e c h n iq u e  a t  a tem per-
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atu re  o f  160C. This consequ en tly  supports a h y p o th e s is  

of a d i f f e r e n t  p e r fu s io n  bed a t  th e s e  two te n p e r a tu r e s •

E n v i ro n m e n ta l  t e m p e r a t u r e . I t  i s  t o  expec ted  t h a t  

t h e  t e m p e r a t u r e  of t h e  p e r f u s i o n  s o l u t i o n  would be  t h e  

dominant f a c t o r  i n  t h e  r e s p o n s e s  of  b lood  v e s s e l s  i n  t h e  

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

p r e l i m i n a r y  p e r f u s i o n  exper im en ts  c a r r i e d  ou t  i n  a c o n s t a n t  

t e m p e r a t u r e  room b e f o r e  t h e  m e ta l  s h i e l d  to  su r ro un d  t h e  

e a r  h a d  been  d e s i g n e d ,  I  n o t i c e d  t h a t  t h e  b loo d  v e s s e l s  o f  

t h e  i s o l a t e d  e a r  responded  by v a s o c o n s t r i c t i o n  to  t h e  s l i g h t  

d ra u g h t  o f  c o ld  a i r  which e n t e r e d  t h e  room on opening  t h e  

d o o r .  I t  may w e l l  be  t h a t  t h e  env iro n m en ta l  t e m p e r a tu r e  

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

v e s s e l s  even a l t h o u g h  t h e  e a r  was i s o l a t e d .

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

e n v i ro n m en ta l  t e m p e r a t u r e  o f  t h e  e a r  was i n f lu e n c e d  m ain ly  

by t h e  t e m p e r a t u r e  o f  t h e  p e r f u s i o n  s o l u t i o n .  Thus th e  

e a r  e n v i ro n m e n ta l  t e m p e r a t u r e  was r e a d i l y  m a in ta in e d  c o n s t a n t  

th r o u g h o u t  t h e  s t a n d a r d  p e r f u s i o n s  a t  a  t e m p e r a tu re  of  16°C 

u s i n g  s o l u t i o n  a t  16°C, and a t  a h i g h e r  env ironm en ta l  temp

e r a t u r e  o f  21°C u s i n g  s o l u t i o n  a t  38°C.

I n  o t h e r  w ords ,  i n  t h e  exper im en ts  a l r e a d y  d e s c r i b e d ,
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d u r in g  p e r f u s i o n  o f  t h e  e a r  w i th  s o l u t i o n  a t  38°C, t h e  

e n v i ro n m e n ta l  t e m p e r a t u r e  was h i g h e r  t h a n  when t h e  e a r  was 

p e r f u s e d  w i th  s o l u t i o n  a t  16°C. I t  was th u s  n e c e s s a r y  

t o  d e te r m in e  t h e  v a s c u l a r  r e s p o n s e s  o b t a i n e d  by v a ry in g  

t h e  t e m p e r a t u r e  of  t h e  environment  w h i l e  m a i n t a i n i n g  th e  

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

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

The r a b b i t s  used  i n  t h e  p r e s s e n t  i n v e s t i g a t i o n  were 

b o rn  and r e a r e d  i n  an a n im a l  h o u se  w i th  a c o n t r o l l e d  

e n v i ro n m e n ta l  t e m p e r a t u r e  between t h e  l i m i t s  of  17° and 

22°C th r o u g h o u t  t h e  y e a r .  D ur ing  t h e  p e r f u s i o n  experiment  

t h e  l o c a l  environment  of  t h e  e a r  was k e p t  c o n s t a n t  a t  21°C 

when p e r f u s e d  w i th  s o l u t i o n  a t  38°Cf and a t  16°C when p e r 

f u s e d  w i t h  s o l u t i o n  a t  16°C. The e a r  was th u s  more o r  

l e s s  w i t h i n  i t s  accustomed en v iro n m en ta l  t e m p e r a t u r e  ran g e .

Oedema f o r m a t i o n .  P a r t  of t h e  i n c r e a s e d  r a t e  of 

oedema f o r m a t io n  i n  t h o s e  ex p er im en ts  in  which th e  e n v i ro n 

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

r a i s e d  m igh t  h av e  been  caused  by t h e  p r e s e n c e  of  u l t r a 

v i o l e t  l i g h t  f rom  t h e  u s e  of  b l a c k  e l e c t r i c  b u lb s  to  r a i s e  

t h e  e a r  e n v i ro n m en ta l  t e m p e r a t u r e .  U l t r a - v i o l e t  l i g h t  may 

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

membrane ( H e i lb ru n n  & M azia ,  1936; P a r t i n g t o n ,  1953) .
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Yet t n e  e a r  was p r o t e c t e d  from any u l t r a - v i o l e t  l i g h t  by 

t h e  m e t a l  s h i e l d  and t a e  2 exper im en ts  r e p o r t e d  i n  which 

t h e  e a r  e n v i ro n m e n ta l  t e m p e r a t u r e  was r a i s e d  by t h i s  means 

gave r e s u l t s  which f o l lo w e d  t h e  same g e n e r a l  t r e n d  of a l l  

t n e  o t n e r  p e r f u s i o n  e x p e r im e n t s .

The p r e s e n t  r e s u l t s  (summarised m  t a b l e  l l )  on t h e  

i s o l a t e d  e a r  o f  t n e  r a b b i t  showea t h a t  r a i s i n g  t h e  e n v i r 

onmental  t e m p e r a t u r e  i n c r e a s e d  t h e  r a t e  of  oedema f o r m a t io n ,  

whixe  c o o l i n g  had  t h e  o p p o s i t e  e f f e c t  a s  confirmed by math

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

f i l t r a t i o n .  However,  t h e  v a s c u l a r  re s p o n se s  of  t h e  i s o l a t e d  

e a r ,  when p e r f u s e d  a t  16° o r  a t  38°C, cou ld  not  be mimicked 

e i t h e r  by r a i s i n g  t n e  env iro n m en ta l  t e m p e r a tu re  d u r in g  th e  

p e r f u s i o n  w i th  s o l u t i o n  a t  16°C, o r  by low ering  t h e  temp

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

a t  38°C.

Van Dobben-Broekema ^  D irken  (1950a) showed t h a t  when 

t h e  body t e m p e r a t u r e  o f  t h e  r a b b i t  was i n c r e a s e d  by e l e v a t i n g  

t h e  e n v i ro n m e n ta l  t e m p e r a t u r e ,  t h e  c a p i l l a r i e s  i n  t h e  e a r  

c o n s i s t e n t l y  r e s p o n se d  by d i l a t a t i o n .  I n c r e a s e d  c a p i l l a r y  

f i l t r a t i o n  r a t e  on r a i s i n g  t h e  env ironm en ta l  t e m p e ra tu re  

and d e c r e a s e d  r a t e  on lo w e r in g  t h e  t e m p e ra tu re  had p r e v i o u s l y  

been shown by Brown & L and is  (1947) on f r o g s ,  by Berdan
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(1949) i n  t h e  aqueous humour of t h e  r a b b i t ,  and by K i t  ch in  

(1953) i n  t h e  human arm. These a u t h o r s  concluded t h a t  

t h e i r  r e s u l t s  were  due t o  a l t e r a t i o n s  i n  t h e  f i l t r a t i o n  

a r e a  and t o  conseq u en t  changes in  i n t r a c a p i l l a r y  p r e s s u r e .

The p r e s e n t  r e s u l t s  may a l s o  be  p o s t u l a t e d  to  depend 

on an  i n c r e a s e d  d i l a t a t i o n ,  o r  on an i n c r e a s e  i n  t h e  number, 

of f u n c t i o n i n g  c a p i l l a r i e s  a t  t h e  h i g h e r  env ironm en ta l  

t e m p e r a t u r e .  A t  a low env ironm en ta l  t e m p e r a t u r e ,  t h e  

c a p i l l a r y  bed i s  c o r r e s p o n d i n g l y  reduced in  c a p a c i t y .

I n f l o w .  Only a s l i g h t  r e d u c t i o n  in  t h e  r a t e  of 

i n f lo w  was found a t  a  p e r f u s i o n  s o l u t i o n  t e m p e r a tu re  of 

16°C when t h e  environm ent  was warmed t o  32°C. Uo s i g 

n i f i c a n t  d i f f e r e n c e  was found i n  t h e  r a t e s  of  in f lo w  a t  

a  p e r f u s i o n  s o l u t i o n  t e m p e r a tu r e  of 38°C when t h e  e n v i ro n 

ment was c o o le d  from 21° t o  16°C. The f a c t  t h a t  a t  an 

e n v i ro n m e n ta l  t e m p e r a t u r e  of  16°C and a  s o l u t i o n  t e m p e ra tu re  

o f  38°C, t h e  i n i t i a l  in f lo w  r e a d in g  was much lower  th an  

in  t h e  normal  c u rv e ,  in d ic a te d  t h a t  t h e  i n i t i a l  v a s c u l a r  

spasm was g r e a t e r  u n d e r  t h e s e  c o n d i t i o n s .

Mosso (1889) and B e r t i  (1910) u s in g  p e r f u s e d  i s o l a t e d  

o rgans  s u b j e c t e d  t o  v a r i a t i o n s  i n  t h e i r  env ironm enta l  temp

e r a t u r e ,  showed t h a t ,  when t h e  b lood  v e s s e l s  were cooled  

to  be low b lo o d  t e m p e r a t u r e ,  t h e y  c o n t r a c t e d .  More r e c e n t
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e x p e r im e n ts  by O’ Connor & E dozien  (1952) on i s o l a t e d  

a r t e r i a l  s t r i p s ,  showed t h a t  when coo led  below 15°C t h e  

smooth m usc le  o f  t h e s e  p r e p a r a t i o n s  r e l a x e d .  Warming to  

above 15°C r e s u l t e d  i n  c o n t r a c t i o n  which g r a d u a l l y  p a s s e d  

o f f  w i t h  t h e  r i s i n g  t e m p e r a t u r e .  O’Connor a t t r i b u t e d  t h e  

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

of  a monomolecu lar  l a y e r  of f a t t y  a c i d s  p r e s e n t  on t h e  

m usc le  f i b r i l s .

Spealman (1945) d i s c o v e r e d  t h a t ,  i n  t h e  c a se  of t h e  

human h a n d ,  t h e  b lo o d  f low  a t  5°C was more r a p i d  th an  a t  

15°C. As a  r e s u l t  o f  h i s  own o b s e r v a t i o n s ,  and of  t h o s e  

o f  Lewis (1930) who r e c o r d e d  an  i n c r e a s e  i n  f low  o f  blood 

t o  t h e  f i n g e r  t i p  when t h i s  d i g i t  was immersed i n  w a te r  a t  

a bo u t  15°C, G ran t  (1930b) su g g e s te d  t h a t  one o f  t h e  f u n c t i o n s  

of  t h e  numerous a r t e r i o - v e n o u s  anastomoses  p r e s e n t  i n  ex

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

a r e  exposed t o  s e v e r e  c o l d .  C la rk  (1938) c r i t i c i s e d  t h i s  

on t h e  g rounds  t h a t ,  when f i n g e r s  a r e  exposed to  v e r y  low 

t e m p e r a t u r e s  f o r  some l e n g t h  of  t i m e ,  t h e y  become f r o z e n .

T h is  i s  n o t  a j u s t i f i a b l e  c r i t i c i s m ,  s i n c e  t h e i r  p r o t e c t i v e  

v a lu e  may h av e  been  overcome a t  t h i s  extreme of  t e m p e r a tu re .  

T h e o r e t i c a l  and e x p e r im e n ta l  i n v e s t i g a t i o n s  of  t e m p e r a tu re  

movements i n  t h e  s k i n  h ave  been  c a r r i e d  out  by Hense l  (1950) .
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G ran t  ( 1930b) and G ra n t ,  B land  & Camp ( l932)  obse rv ed  

u n d e r  t h e  m ic ro sc o p e  t h e  e f f e c t  of  v a r y i n g  t h e  en v iro n m en ta l  

t e m p e r a t u r e  on t h e  a r t e r i o - v e n o u s  anas tom oses  in  t h e  e a r  

o f  t h e  i n t a c t  r a b b i t  and i n  t h e  d e n e rv a te d  e a r  of t h e  o t h e r 

w is e  i n t a c t  r a b b i t .  They found  t h a t ,  when t h e  e a r  was 

s u b j e c t e d  t o  a  m odera te  d e g re e  of h e a t  in  t h e  r e g i o n  of  

37°C, t h e  m a j o r i t y  of  t h e  a r t e : i i o - v e n o u s  anas tom oses  were 

c l o s e d .  Above t h i s  t e m p e r a t u r e ,  t h e  a r t e r i o - v e n o u s  a n a s 

tomoses  d i l a t e d .  However, lo w e r in g  t h e  t e m p e r a tu r e  o f  

t h e  environm ent  ofjthe e a r  to  abou t  15°C caused  d i l a t a t i o n  

of  t h e s e  a r t e r i o - v e n o u s  a n as to m o se s ,  and of  t h e  s m a l l e r  

a r t e r i e s  and v e i n s .  The c a p i l l a r i e s  remained in  a con

s t r i c t e d  s t a t e .  As a  r e s u l t  of  a l l  t h e s e  v a s c u l a r  r e s p o n s e s ,  

t h e r e  was an  i n c r e a s e  i n  t h e  f lo w  of b lood  th ro u gh  t h e  e a r  

a t  t h e  lo w e r  t e m p e r a t u r e  of 15°C. When 'the t e m p e r a tu re  

was r a i s e d  above 15°C, t h e  f i r s t  v e s s e l s  to  c l o s e  were t h e  

a r t e r i o - v e n o u s  a n a s to m o se s ,  t h e n  t h e  c a p i l l a r i e s  began to  

d i l a t e .

I t  i s  known t h a t  a r t e r i o - v e n o u s  anastom oses  p l a y  an 

im p o r ta n t  p a r t  i n  r e g u l a t i n g  b loo d  f lo w  th rough  t h e  e a r  

of t h e  i n t a c t  r a b b i t .  A r t e r i o - v e n o u s  anastom oses  a r e  

p r e s e n t  i n  v e r y  l a r g e  numbers i n  t h e  e a r  of t h e  r a b b i t ,  

which i t s e l f  i s  a  r e l a t i v e l y  l a r g e  s t r u c t u r e ,  and which
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a c t s  a s  an  e f f i c i e n t  th e rm a l  r a d i a t o r  a t  h ig h  en v iro n m en ta l  

t e m p e r a t u r e s ,  s i n c e  b o th  t h e  c a p i l l a r i e s  and a r t e r i o - v e n o u s  

a n as to m o se s  become d i l a t e d .  I  now su g g e s t  t h a t  t h e  

r e a c t i v i t y  of  a r t e r i o - v e n o u s  anastom oses  p e r s i s t s  i n  t h e  

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

I n  t h e  l i g h t  of  t h e s e  o b s e r v a t i o n s ,  a p o s s i b l e  ex p la n a 

t i o n  f o r  t h e  r e s u l t s  o f  t h e  p r e s e n t  work may be t h a t  a t  

16°C t h e  f l u i d  p e r f u s i n g  t h e  i s o l a t e d  e a r  i s  l a r g e l y  d i v e r t e d  

f rom  t h e  c a p i l l a r y  bed p r o p e r  i n to  o t h e r  v e s s e l s ,  p o s s i b l y  

a r t e r i o - v e n o u s  an as to m o se s .  I t  must be  p o i n t e d  o u t ,  however,  

t h a t  most  i n v e s t i g a t i o n s  on t h e  e f f e c t  of  env ironm en ta l  

t e m p e r a t u r e  on t h e  p e r i p h e r a l  c i r c u l a t i o n  have  been  c a r r i e d  

out  on e x t r e m i t i e s  which r e t a i n e d  t h e i r  c o n n ec t io n  to  t h e  

r e s t  of  t h e  body ( e . g .  Hemingway 5c L i  11 e h e i ,  1950; Gibbon 

5c L a n d i s ,  1932), whereas  t h e  e f f e c t  of  env iro n m en ta l  temp

e r a t u r e  on t h e  p e r i p h e r a l  e a r  v e s s e l s  i n  t h e  p r e s e n t  exper

iments  was b e in g  s t u d i e d  on an i s o l a t e d  p r e p a r a t i o n .

G enera l  d i s c u s s i o n

The c o n c lu s io n s  drawn i n  t h e s e  i n v e s t i g a t i o n s  conce rn ing  

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

e a r  of t h e  r a b b i t  must depend on t h e  i n d i r e c t  o b s e r v a t io n s
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of n e t  ou tward  f i l t r a t i o n ,  i n t e r s t i t i a l  p r e s s u r e  and inflow*

The e x p e r im e n ta l  o b s e r v a t i o n s  r e v e a l  t h a t  when t h e  

t e m p e r a t u r e  o f  t h e  p e r f u s i o n  s o l u t i o n  was r a i s e d  to  38°C 

from 16°C, an  i n c r e a s e d  r a t e  o f  f i l t r a t i o n  i n to  t h e  t i s s u e  

sp a c e s  o c c u r r e d .  I t  seems r e a s o n a b l e  t o  c o n s i d e r  t h i s  to  

be  due m a in ly  t o  c a p i l l a r y  d i l a t a t i o n  s i n c e . v a n  Dobben- 

Broekema & D i rk e n  (1950b) have  shown i n  t h e  d e n e rv a te d  e a r  

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

c o n s t a n t l y  d i l a t e  in  r e s p o n s e  t o  i n c r e a s e d  t e m p e r a tu re  a r e  

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

T h ere  can no l o n g e r  be  any doubt  t h a t  a r e d u c t io n  in  

t h e  t e m p e r a t u r e  of t h e  p e r f u s i o n  s o l u t i o n  from 38° to  16°C 

p ro d u ce d  a marked i n c r e a s e  i n  t h e  r a t e  o f  i n f lo w ,  which was 

l a r g e l y  in d ep e n d en t  of any seconda ry  e f f e c t  due to  a l t e r e d  

p h y s i o l o g i c a l  s t a t e  o f  t h e  e a r  o r  p h y s i c a l  concom itan t  

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

d i f f e r e n t  t e m p e r a t u r e s .

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

t h e  b e h a v io u r  of  t h e  b lo od  v e s s e l s  of  t h e  i s o l a t e d  e a r  of 

t h e  r a b b i t *  The mechanism p ro d u c in g  t h e  i n c r e a s e d  r a t e  

of  in f lo w  a t  16°C was p o s s i b l y  t h a t  l i t t l e  s o l u t i o n  was 

p a s s i n g  th ro u g h  t h e  c a p i l l a r y  bed p r o p e r ,  t h e  bu lk  of t h e  

s o l u t i o n  b e in g  d i v e r t e d ,  away from, t h e  a r e a  of  f i l t r a t i o n
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and a b s o r p t i o n ,  t h ro u g h  d i l a t e d  a r t e r i o - v e n o u s  anastomoses  

th u s  i n c r e a s i n g  t h e  r a t e  of  f lo w  of s o l u t i o n  from a r t e r i e s  

to  v e i n s .  The d i v e r s i o n  of p e r f u s i o n  s o l u t i o n  was p o s s i b l y  

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

a t  16°C. P e r f u s i o n  w i th  s o l u t i o n  a t  a t e m p e r a tu re  of  38°C 

may h a v e  caused  c o n s t r i c t i o n  o f  t h e  a r t e r i o - v e n o u s  anastomoses  

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

would t h e n  be f o r c e d  to  f low  th rough  t h e  d i l a t e d  c a p i l l a r y  

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

and oedema. I f  t h i s  be t r u e ,  an i n c r e a s e d  r a t e  of g ro s s  

outward f i l t r a t i o n  is  o b v io u s ly  t o  be  ex p ec te d .  ^ny  d e la y  

i n  t h e  r e t u r n  of  f l u i d  from t h e  t i s s u e  spaces  to  t h e  blood 

v e s s e l s  would t h e n  cau se  oedema.

I t  may be  t h a t  t h e  en v iro nm en ta l  t e m p e r a tu re  may p l a y  

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

t h e  e a r  i s  i s o l a t e d .  The e f f e c t  seemed to  be  c h i e f l y  on 

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

ty p e  of  c a p i l l a r y  v e s s e l  p e r f u s e d .  In  t h e  p r e s e n t  i n v e s t i 

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

n e c e s s i t y ,  dom inan t .  However,  t h e s e  exper im en ts  p rov id ed  

some e v id e n ce  t h a t  t h e  b lood  v e s s e l s  o f  t h e  e a r  were s t i l l  

s e n s i t i v e  t o  t h e  t e m p e r a t u r e  o f  t h e  su r ro u n d in g  a i r .

I t  was concluded  t h a t  t h e  v e s s e l s  of  t h e  i s o l a t e d
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p r e p a r a t i o n ,  s i m i l a r  to  t h o s e  of t h e  i n t a c t  e a r ,  showed 

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

The t e m p e r a t u r e  may e x e r t  i t s  i n f l u e n c e  d i r e c t l y  on 

t h e  smooth m usc le  o f  t h e  a r t e r i e s ,  a r t e r i o l e s  and a r t e r i o 

venous a n a s to m o se s .  P resum ably ,  t o o ,  c a p i l l a r i e s  a r e  

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

ne rvous  e lem en ts  i s  no t  e x c lu d ed ,a n d  f u r t h e r  i n v e s t i g a t i o n  

of  t h i s  q u e s t i o n  i s  d e s c r i b e d  i n  C h ap te r  3.

I n  t h e  u s e  of  t h e  p e r f u s e d  i s o l a t e d  e a r  of t h e  r a b b i t  

as  a  t e s t  p r e p a r a t i o n  f o r  v a s c u l a r  r e s p o n s e s ,  in f lo w  r a t h e r  

t h a n  o u t f lo w  measurements  shou ld  be  made and t h e  t e m p e ra tu re  

of  t h e  p e r f u s i o n  f l u i d  and of t h e  e a r  environment must be 

m a i n t a i n e d  a t  c o n s t a n t  v a l u e s .  Allowance should  be made 

f o r  t h e  p r e s s u r e  drop a c r o s s  t h e  cannu la  and t h e  pH of t h e  

p e r f u s i o n  f l u i d  sh o u ld  i d e a l l y  be m a in ta in e d  c o n s t a n t  

i r r e s p e c t i v e  of t h e  t e m p e r a t u r e  o r  of t h e  method of oxygen

a t i o n  of t h e  f l u i d .  I f  a  s o l u t i o n  of  e l e c t r o l y t e s  i s  used 

a s  a p e r f u s i o n  f l u i d ,  g r o s s  oedema, of  t h e  t i s s u e s  i s  i n e v i t a b l e

A l though  t h i s  p r e p a r a t i o n  i s  f a r  from p h y s i o l o g i c a l ,  

and w h i l e  we do n o t  u n d e r s t a n d  t h e  com plex i ty  of  t h e  v a s c u l a r  

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

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

c o n t r o l l e d ,  and chosen  w i th  r e f e r e n c e  t o  t h e  problem to  be
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i n v e s t i g a t e d .

E x p e r im e n ts  d e s ig n e d  to  i n v e s t i g a t e  p e r m e a b i l i t y  

of c a p i l l a r i e s  in  t l i s  i s o l a t e d  r s f b i t ^  s e a r  a r e  protslDly 

b e t t e r  c a r r i e d  ou t  w i th  p e r f u s i o n  f l u i d  m a in ta in e d  c o n s t a n t  

a t  a  t e m p e r a t u r e  o f  38°C. Those  p r i m a r i l y  d e s ig n ed  to  

i n v e s t i g a t e  vaso m oto r  a c t i v i t y  shou ld  be p e r f u s e d  w i th  

f l u i d  m a i n t a i n e d  c o n s t a n t  a t  a t e m p e r a tu re  o f  16°C.
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S U M M A R Y

1* V a s c u l a r  r e s p o n s e s  o f  t h e  p e r f u s e d  i s o l a t e d  

e a r  o f  t h e  r a b b i t  t o  a l t e r a t i o n  i n  t h e  t e m p e r a tu re s  o f  

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

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

e f f e c t s  o f  a l t e r a t i o n s  i n  t h e  p r e s s u r e ,  oxygen c o n te n t  

and pH of  t h e  p e r f u s i o n  s o l u t i o n .

2* A s im p le  t e c h n iq u e  i s  d e s c r i b e d  f o r  t h e  c o n t r o l l e d  

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

c a p i l l a r y  p e r m e a b i l i t y ,  a r e a  of  c a p i l l a r y  bed and n e t  

p e r i p h e r a l  r e s i s t a n c e  a r e  gauged by n e t  outward f i l t r a t i o n ,  

i n t e r s t i t i a l  p r e s s u r e  and in f lo w .  The g r o s s  outward f i l 

t r a t i o n  i s  d e r i v e d  by m a th e m a t i c a l  a n a l y s i s .

3 .  Lowering  t h e  temp e r a s u r e  o f  t h e  p e r f u s i o n  s o l u t i o n  

from 38° t o  16°C re d u c e s  b o th  n e t  and g r o s s  outward f i l 

t r a t i o n  and i n c r e a s e s  in f lo w .  T h is  e f f e c t  on in f lo w  i s  

l a r g e l y  in d ep e n d en t  o f  a c c u m u la t io n  o f  oedema f l u i d  and

of  l e v e l  o f  p r e s s u r e  in  t h e  t i s s u e  s p a c e s .

4 .  I t  i s  su g g e s te d  t h a t ,  a t  16°C, t h e  p e r f u s i o n  

f l u i d  p a s s e s  l a r g e l y  d i r e c t l y  from a r t e r i o l e s  to  venu le s

by a r t e r i o - v e n o u s  a n a s to m o se s ,  w h i l e , a t  38°C, t h e  f l u i d  p a s s e s  

th rough  t h e  c a p i l l a r y  bed .
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b .  R a i s i n g  t h e  en v iro n m en ta l  t e m p e r a tu r e  o f  t h e  

i s o l a t e d  e a r  i n c r e a s e s ,  and lo w e r in g  d e c r e a s e s ,  t h e  r a t e  

of n e t  ou tward  f i l t r a t i o n .

6 .  The s i g n i f i c a n c e  of  t h e s e  r e s u l t s  i s  d i s c u s s e d .  

The v a s c u l a r  r e s p o n s e s  t o  t e m p e r a tu r e  o f  t h e  p e r f u s e d  

i s o l a t e d  e a r  of  t h e  r a h h i t  a r e  su g g e s te d  to  be  s i m i l a r  in  

c h a r a c t e r ,  f o r  some c o n s i d e r a b l e  t im e ,  to  t h e  r e a c t i o n s  

of  t h e  b lood v e s s e l s  i n  t h e  i n t a c t  e a r .

7 .  I t  i s  s u g g e s t e d  t h a t  exper im ents  d es ig n ed  to  

i n v e s t i g a t e  p e r m e a b i l i t y  of c a p i l l a r i e s  i n  t h e  r a b b i t s  

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

a t  38°C. Those  p r i m a r i l y  d es ig n ed  to  i n v e s t i g a t e  v a s o 

motor  a c t i v i t y  sh o u ld  be  a t  a  p e r f u s i o n  t e m p e r a tu re  main

t a i n e d  c o n s t a n t  i n  t h e  ne ighbourhood  of  16°C.

8® The c o u r s e  and r e l a t i o n s h i p s  of t h e  mam a r t e r i e s  

and v e i n s  o f  t h e  r a b b i t ’ s e a r  a r e  d e s c r i b e d .
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I N T R O D U C T I O N

The e x p e r i m e n t s  d e s c r i b e d  i n  C h a p t e r  2 p ro v e d  t h a t  t h e  

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

t h e  r a b b i t  gav e  complex  v a s c u l a r  r e s p o n s e s  t o  a l t e r a t i o n s  

i n  t h e  t e m p e r a t u r e  of  t h e  p e r f u s i o n  s o l u t i o n .  Do t h e  

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

i n  t h e s e  r e s p o n s e s ?  I t  was o b v i o u s l y  d e s i r a b l e  to  e x te n d  

such  work  t o  d e n e r v a t e d  b l o o d  v e s s e l s .  The i s o l a t e d  e a r  

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

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

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

t h a t  t h i s  w ou ld  p r o v i d e  e v i d e n c e  of  t h e  e f f e c t  o f  d e n e r v a t i o n  

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

p l a y e d  b y  t h e  s u r v i v i n g  l o c a l  n e rv o u s  e lem e n ts  i n  t h e  v a s c u l a r  

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

i s o l a t e d  e a r  o f  t h e  r a b b i t .

I n  a  p r e l i m i n a r y  n o t e  F e r g u s o n  & L e v in s o n  (1953) 

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

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

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

t h e  p e r f u s i o n  s o l u t i o n .

A n o t i c e a b l e  t r e n d  o f  p h y s i o l o g i c a l  o p i n i o n  h a s  been
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t o  r e v i s e  t h e  v iew  t h a t  t h e  c e n t r a l  n e r v o u s  s y s t e m  sen d s  

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

t o  a  p e r i p h e r a l  and  c h e m ic a l  s t i m u l u s .  Thus McDowall (1 9 3 5 ,  

1938) p o i n t e d  o u t  t h a t  t h e  s o - c a l l e d  , v a s o m o to r  c e n t r e s *  

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

and  t h a t  s u b s i d i a r y  v a s o m o to r  c e n t r e s  m ig h t  e x i s t  i n  t h e  

s p i n a l  c o r d ,  o r  a t  l e a s t  t h a t  v a s o m o to r  r e f l e x  a r c s  m ig h t  

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

v a s o d i l a t o r  s y s t e m  t o : -

(1)  s y m p a t h e t i c  d i l a t o r s  p r i m a r i l y  t o  s t r i a t e d  m u sc le s

(2 )  p a r a s y m p a t h e t i c  d i l a t o r s  d i s t r i b u t e d  t o  s p e c i a l  

l o c a l i s e d  r e g i o n s

(3 )  d o r s a l  r o o t  d i l a t o r s  m a i n l y  t o  t h e  s k i n  and v i s c e r a .  

He p o i n t e d  o u t ,  h o w e v e r ,  t h e  no rm a l  p e r i p h e r a l  v a s o d i l a t o r  

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

I n  1953 A rm in ,  G r a n t ,  Thompson & T i c k n e r  p r o v i d e d  

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

n e r v e  m echanism  i n  t h e  c e n t r a l  a r t e r y  o f  t h e  r a b b i t ’ s e a r .  

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

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

s t i m u l a t i o n ,  and  t e n d e d  t o  keep  t h e  a r t e r y  i n  a  s t a t e  of  

d i l a t a t i o n .

Cannon & R o s e n b l u e t h  (1949)  p o i n t e d  o u t  t h a t  when
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smooth m u s c l e  was n o r m a l l y  s t i m u l a t e d  o r  i n h i b i t e d  by 

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

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

s u b s t a n c e s ,  w h e t h e r  t h e  c u t t i n g  h a d  b ee n  of  p e n u l t i m a t e  

n e u r o n s  o r  u l t i m a t e  n e u r o n e s .  By t h e  te rm  ’ d e n e r v a t e d 1 

Cannon & R o s e n b l u e t h  r e f e r r e d  t o  s e v e r e d  u l t i m a t e  e f f e c t o r  

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

s y m p a t h e t i c  n e u r o n e s *  ’ D e c e n t r a l i s e d ’ on t h e  o t h e r  hand 

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

d e n e r v a t i o n  i n  t h e  c a s e  o f  s y m p a t h e t i c  n eu ro n es*
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M E T H O D S

D e n e r v a t i o n  o f  t h e  e a r  o f  t h e  r a b b i t

N e r v e  s u p p l y  t o  t h e  r a b b i t ’ s e a r . F e l d b e r g  (1926) 

and G r a n t ,  B la n d  & Camp (1932)  gave  d e t a i l e d  d e s c r i p t i o n s  

o f  t h e  s y m p a t h e t i c  and  s e n s o r y  n e r v e  s u p p l i e s  t o  t h e  r a b b i t ’ s 

e a r .

D e n e r v a t i o n  of  t h e  r a b b i t ’ s e a r . Xt i s  p o s s i b l e  to  

c u t  t h e  1 s y m p a t h e t i c ’ n e r v e s  a l o n e  by e x c i s i o n  o f  t h e  

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

t h e  p r o c e d u r e  may be  c a r r i e d  o u t  by  e x c i s i o n  o f  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 ,  w i t h  s e c t i o n  of  t h e  v e r t e b r a l  ramus o f  

t h e  s t e l l a t e  g a n g l i o n  and rem ova l  of  as  much a s  i s  a c c e s s i b l e  

o f  t h e  s t e l l a t e  g a n g l i o n  from: t h e  v e n t r a l  a s p e c t  o f  t h e  

n eck  (Armin  _et a l . , 1 9 5 3 ; v an  Dobben-Eroekema & D i r k e n ,  

1950b ;  L e v i n  £ B c h i l f ,  1 9 2 7 ) .

On t h e  o t h e r  h a n d  ’d e n e r v a t i o n ’ o f  t h e  r a b b i t ’ s e a r ,  

i . e .  s e c t i o n  o f  b o t h  s y m p a t h e t i c  and  s e n s o r y  n e r v e s ,  i s  

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

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

Such i n t e r f e r e n c e  l e a v e s  i n t a c t  t h e  m o to r  i n n e r v a t i o n  o f
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t h e  e x t e r n a l  a u r i c u l a r  m u sc le s  by t h e  p o s t e r i o r  f a c i a l  

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

b r a n c h e s  o f  t h e  p o s t e r i o r  f a c i a l  n e r v e  l i e  b e tw een  t h e  

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

e a r .

O p e r a t i v e  -p rocedure  f o r  u n i l a t e r a l  d e n e r v e t i o n  o f  

t h e  b l o o d  v e s s e l s  of  t h e  r a b b i t ’ s e a r . Twenty-two a d u l t  

r a b b i t s  o f  e i t h e r  s e x  v/ere u s e d .  T h e i r  e a r s  w ere  o f  a p p r o x 

i m a t e l y  t h e  same s i z e .

D e n e r v a t i o n  o f  one e a r  i n  each  r a b b i t  was c a r r i e d  

o u t .  G e n e r a l  a n a e s t h e s i a  was in d u c ed  by i n t r a v e n o u s  

i n j e c t i o n  o f  p e n t o b a r b i t o n e  sodium (25 -  30 mg/kg  body w t . )  

and m a i n t a i n e d  when n e c e s s a r y  by i n t r a p e r i t o n e a l  i n j e c t i o n  

o f  p e n t o b a r b i t o n e  sodium (15 -  30 mg/kg  body w t . ) .

U s i n g  a s e p t i c  p r e c a u t i o n s  t n 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  on one s i d e  was e x p o sed ,  u s u a l l y  t h r o u g h  a mid 

l i n e  i n c i s i o n  i n  t h e  n e c k .  The g a n g l i o n  was s i t u a t e d  

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

p a r t l y  h i d d e n  by  t h i s  v e s s e l .  The g a n g l i o n  was e x c i s e d  

w i d e l y .

I n  t h e  f i r s t  4 e x p e r i m e n t s  w h i l e  t h e  d e n e r v a t i o n  

p r o c e d u r e  was b e i n g  c o m p le te d  t h e  e x c i s e d  t i s s u e  was examined 

h i s t o l o g i c a l l y ,  f o l l o w i n g  C02 f r e e z e  c u t t i n g  t e c h n i q u e
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and haemalum and  e o s i n  s t a i n i n g ,  t o  e n s u r e  t h a t  i t  c o n t a i n e d  

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

t h e  end o f  t n e  o p e r a t i o n .  I n  t h e  s u b s e q u e n t  e x p e r im e n t s  

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

A s e p a r a t e  s k i n  i n c i s i o n  was made a t  t h e  b ase  o f  t h e  

e a r  on t h e  same s i d e  and a  l e n g t h  o f  1 cm was r e s e c t e d  

f ro m  each  o f  t h e  v e n t r a l  and  d o r s a l  a u r i c u l a r  n e r v e s .

P r o c a i n e  p e n i c i l l i n  G(300 ,000  i . u .  i n  aqueous  s o l u t i o n )  

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

an d  on t h e  2 s u b s e q u e n t  d a y s .  None of  t h e  wounds became 

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

c a s e s .

M e th y l e n e  b l u e  t e c h n i q u e  f o r  d e m o n s t r a t i n g  o f  n e r v e s  i n  

t h e  r a b b i t ’ s e a r  (method a s  u s e d  by 

F .  V. G a i r n s .  a f t e r  S chabadasch)

T h is  was  u s e d  t o  c h e c k  t h e  p r e s e n c e  o r  a b s e n c e  of  n e r v e s  

i n  b o t h  e a r s  o f  r a b b i t s .  Two of  t h e  22 r a b b i t s  which had  

b e e n  s u b j e c t e d  t o  d e n e r v a t i o n  o f  one e a r  21 days  b e f o r e h a n d ,  

w e re  a s p h y x i a t e d  by c o a l  g as  and  im m e d ia t e ly  p e r f u s e d  th ro u g h  

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

R i n g e r s ’ s o l u t i o n  and  t h e n  w i t h  a  s o l u t i o n  o f  m e th y le n e  b l u e .
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The f o r m u l a  o f  t h e  m e th y le n e  b l u e  s o l u t i o n  was 0 . 8 $  

a n h y d .  NaCI,  0 . 1 5 $  a n h y d .  MgBr2 , 0 . 2 $  C5H10O6 (¥ A )  •

The pH was  i n  t h e  r a n g e  5 .5  - 6 . 2 .  0 . 1 5  g m e th y le n e  b l u e

BX G r u b e r  was ad d ed  t o  t h i s  s o l u t i o n  and d i s s o l v e d  a t  a 

t e m p e r a t u r e  o f  5Qa C.

The p e r f u s i o n  was c a r r i e d  o u t  a t  a t e m p e r a t u r e  o f  

3 7 ° C f o r  10 -  15 m in .  S m a l l  p i e c e s  o f  t h e  i n n e r v a t e d  e a r  

w ere  e x c i s e d  and  examined m i c r o s c o p i c a l l y  u n t i l  optimum 

s t a i n i n g  o f  n e r v e s  was o b t a i n e d .  B o th  e a r s  w ere  t h e n  

c o m p l e t e l y  removed f ro m  t h e  r a b b i t  and  t h e  e p id e r m is  and 

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

a s  much a s  p o s s i b l e  of  t h e  s u b c u ta n e o u s  t i s s u e  i n  p l a c e  

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

The p e r i c h o n d r i u m  w i t h  s u b c u ta n e o u s  t i s s u e  was t h e n  

c u t  i n t o  s q u a r e s  w i t h  a n  a r e a  o f  a p p r o x .  4 s q .  cm and  f i x e d  

f o r  24 h r  a t  4°C i n  a  s o l u t i o n  o f  8$ ammonium m o ly b d a te  

c o n t a i n i n g  a  few  d r o p s  o f  osmic a c i d .  The p i e c e s  were  

washed i n  r u n n i n g  w a t e r  o v e r n i g h t  and t h e n  f l a t t e n e d  and 

b l o t t e d  b e tw e e n  f i l t e r  p a p e r s .  D e h y d r a t i o n  was c a r r i e d  

ou t  by  p l a c i n g  t h e  p i e c e s  on a  w i r e  g a u z e  p l a t f o r m  i n  a  

t i g h t l y  s t o p p e r e d  j a r  w h ich  was f i l l e d  w i t h  e t h y l e n e  g l y c o l  

m o n o e th y l  e t h e r  a n d  w h ich  c o n t a i n e d  some anhydrous  c a lc iu m  

c h l o r i d e .  24 h r  was a l l o w e d  and  2 changes  were  u s e d  b e f o r e
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c l e a r i n g  t h e  p i e c e s  i n  b e n z y l  b e n z o a t e  and  m o u n t in g  i n  

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

was u p p e r m o s t .  The sp ec im en s  w ere  p e rm anen t  i f  s t o r e d  i n  

t h e  d a r k .

No d i f f i c u l t y  was e x p e r i e n c e d  u s i n g  t h i s  t e c h n i q u e  

a l t h o u g h  McGregor (1953) p o i n t e d  ou t  t h a t  i t  was n o t o r i o u s l y  

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

v i t a l  s t a i n i n g  o f  n e r v e  f i b r e s  w i th  m e th y le n e  b l u e .

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

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

h y a l u r o n i d a s e  t o  t h e  s o l u t i o n  o f  t h e  dye im m e d ia te ly  b e f o r e  

i n j e c t i o n ,  i n  t h e  p r o p o r t i o n  o f  1 ,0 0 0  ’Benger* u n i t s  t o  20 

m l .  o f  t h e  dye  s o l u t i o n .

The p h o t o m i c r o g r a p h s  shown i n  p l a t e s  2 t o  7 w ere  

t r e a t e d  by  t h e  method  o f  a f t e r - t o n i n g ,  i n  which  t h e  b l a c k  

o f  t h e  d e v e l o p e d  p r i n t  was changed t o  b l u e .  T h i s  c o l o u r  

i s  n o t  l i k e l y  t o  b e  p e rm an en t  ( M i t c h e l l ,  1953) • The s o l 

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

( l )  F e r r i c y a n i d e  b a t h

P o t a s s i u m  f e r r i c y a n i d e ,  1 g 

S u l p h u r i c  a c i d ,  c o n c . ,  2 m l .

W a t e r ,  up t o  500 m l .
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(2 )  I r o n  s o l u t i o n

F e r r i c  ammonium c i t r a t e ,  1 g 

S u l p h u r i c  a c i d ,  c o n c . ,  2ml.

W a t e r ,  up t o  500 m l .

S o l u t i o n s  (1 )  & (2)  w ere  made up by f i r s t  d i s s o l v i n g  t h e  

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

s l o w l y .  The w o rk in g  b a t h  was made by m ix in g  eq u a l  p a r t s  

j u s t  b e f o r e  u s e .  The d e v e lo p e d  p r i n t s  were  t h o r o u g h l y  

f r e e d  f ro m  h y p o ,  and  w ere  somewhat l i g h t  i n  d e p t h .  They 

w e re  im m ersed  f o r  a p p r o x .  1 min u n t i l  t h e  b l u e  c o l o u r  was 

r e a c h e d ,  p l a c e d  im m e d i a t e l y  i n  r u n n in g  w a t e r  f o r  a p p ro x .

1 min  o r  u n t i l  t h e  y e l l o w  c o l o u r  had  gone from t h e  w h i t e s ,  

and  h u n g  up t o  d r y  a f t e r  w i p i n g  o r  b l o t t i n g  o f f  a l l  d rops  

o f  w a t e r .

P e r f u s i o n  o f  t h e  i s o l a t e d  e a r  o f  t h e  r a b b i t

E x p e r i m e n t s  on p e r f u s i o n  of  t h e  d e n e r v a t e d  e a r  w ere  c a r r i e d  

o u t  u s i n g  t h e  r e m a i n i n g  20 r a b b i t s  which had  been  s u b j e c t e d  

t o  u n i l a t e r a l  d e n e r v a t i o n - o f  t h e  e a r .  T hese  ex p e r im e n ts  

were  done  21 - 24 days  f o l l o w i n g  t h e  d e n e r v a t i o n  i n  each 

c a s e .  I n  a d d i t i o n  4 i n n e r v a t e d  e a r s  w ere  p e r f u s e d .

The t e c h n i q u e  and a p p a r a t u s  u s e d  was t h a t  a l r e a d y
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d e s c r i b e d  i n  C h a p t e r  2.  P e r f u s i o n s  w ere  c a r r i e d  on f o r  

^ b r .  The r a t e  o f  fo rm a t io n  o f  oedema was t a k e n  a s  

an  i n d e x  o f  t h e  n e t  ou tw ard  f i l t r a t i o n  and t h e  r a t e  o f  

i n f l o w  o f  t h e  p e r f u s i o n  s o l u t i o n  was u s e d  as  an  i n d e x  o f  

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

R i n g e r ’ s s o l u t i o n  was u se d  a s  t h e  p e r f u s i o n  s o l u t i o n .  

The f o r m u l a  was 0 . 9  NaCl,  0 . 0 4  KCl, 0 .0 2 5  CaCl2 , 0 .0005  

MgCl2 , 0 . 0 5  NaHCO^ and  0 .0 0 5  NaH^PO^ $  W/Y. T h is  s o l u t i o n  

was f r e s h l y  made a b o u t  1 h r  b e f o r e  each e x p e r im e n t .  The 

pH was a d j u s t e d  t o  b e tw ee n  7 . 3  and  7 . 4 ,  and t h e  s o l u t i o n  

was o x y g e n a t e d  an d  p r e s s u r i z e d  by a m i x t u r e  o f  95$ oxygen 

and 5 $  c a r b o n  d i o x i d e .  T h i s  d id  n o t  cause  any s i g n i f i c a n t  

change  i n  pH v a l u e .  The p e r f u s i o n  s o l u t i o n  was d e l i v e r e d  

t o  t h e  c a n n u l a  a t  a  p r e s s u r e  m a i n t a i n e d  c o n s t a n t  a t  100 mm 

Hg.

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

t h e  e n v i r o n m e n t  w e re  e i t h e r  b o th  m a i n t a i n e d  a t  16°C o r  

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

was r a i s e d  t o  38°C when t h e  e n v i r o n m e n ta l  t e m p e r a t u r e  was 

m a i n t a i n e d  c o n s t a n t  a t  21°C.
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R E S  U L T S

D e n e r v a t io n  of  t h e  e a r  o f  t h e  r a b b i t

D e n e r v a t i o n  o f  one e a r  was c a r r i e d  ou t  s u c c e s s f u l l y  i n  

a l l  22 r a b b i t s .  The t e m p e r a t u r e  o f  t h e  s k i n  o f  t n e  e a r  

on t h e  d e n e r v a t e d  s i d e  r o s e  a l m o s t  im m e d ia te ly  a f t e r  t h e  

o p e r a t i o n .

P l a t e  8 shows a  p h o to m ic ro g r a p h  o f  one o f  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 a  e x c i s e d  and examined h i s t o l o g i c a l l y  w h i l e  

t h e  o p e r a t i v e  p r o c e d u r e  was b e i n g  co m p le te d .  Numerous 

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

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

P l a t e s  2 t o  7 a r e  p h o to m ic ro g r a p h s  showing i n  one o f  

t h e  2 r a b b i t s  t h e  m i c r o s c o p i c a l  a p p e a r a n c e s  f o l l o w i n g  

m e t h y l e n e  b l u e  p e r f u s i o n .  One of  t h e  e a r s  o f  t h e  r a b b i t  

had  b e e n  d e n e r v a t e d  21 d ay s  p r e v i o u s l y .  As was t o  be ex

p e c t e d ,  m o t o r  e n d - p l a t e s  w ere  d e m o n s t r a t e d  i n  t h e  a u r i c u l a r  

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

was a  c o m p l e t e  a b s e n c e  o f  n e r v e s  t o  t h e  b lo o d  v e s s e l s  on 

t h e  d e n e r v a t e d  s i d e .
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Ef i  e c t  o f  p e r f u s i o n  s o l u t i o n  t e m p e r a t u r e  on r a t e  o f  oedema 

f o r m a t i o n  and, r a t e  of  i n f l o w  in  t h e  d e n e r v a t e d  

and  i n n e r v a t e d  e a r  o f  t h e  r a b b i t

Twenty p e r f u s i o n  e x p e r im e n t s  were  c a r r i e d  o u t  on d e n e r v a t e d  

r a b b i t s 1 e a r s  and  4 e x p e r i m e n t s ,  a d d i t i o n a l  t o  t h o s e  d e t a i l e d  

i n  C h a p t e r  2,  on i n n e r v a t e d  e a r s .  A l l  t h e s e  p e r f u s i o n  

e x p e r i m e n t s  w e re  s u c c e s s f u l .  A few of  them h a v e  been  

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

e x p e r i m e n t s  i n  w h ich  t h e  r e s u l t s  o f  m in o r  v a r i a t i o n s  i n  

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

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

d i s c u s s i o n .

The p a t t e r n  o f  dev e lo p m en t  of  n e t  ou tw ard  f i l t r a t i o n  

and i n f l o w  i n  t h e  i n n e r v a t e d  r a b b i t ’ s e a r  p e r f u s e d  w i th  

s o l u t i o n  a t  a  c o n s t a n t  t e m p e r a t u r e  o f  16° o r  38°C o r  w i th  

s o l u t i o n  v a r i e d  b e tw e e n  t h e s e  t e m p e r a t u r e s  d u r i n g  t h e  co u r se  

o f  t h e  p e r f u s i o n  h as  a l r e a d y  b een  d e s c r i b e d  i n  C h a p te r  2. 

Th e se  r e s u l t s  f ro m  C h a p t e r  2 w ere  u s e d  a s  a  s t a n d a r d  o f  

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

4 n o rm a l  e a r s  i n  t h e  p r e s e n t  s e r i e s .
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E x p r e s s i o n  o f  r e s u l t s  f rom p e r f u s i o n

Oedema f o r m a t i o n .  The oedema f o r m a t i o n  was t h e  

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

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

w ere  o b t a i n e d  by w e ig h in g  t h e  e a r  a t  15 min i n t e r v a l s .

The c u m u l a t i v e  w e i g h t  of  oedema f o r m a t i o n  was g rap h ed  a g a i n s t  

t i m e  i n  t h e  f i g u r e s .

I n f l o w . The i n f l o w  was r e c o r d e d  as  m l .  p e r f u s i o n  

s o l u t i o n  l e a v i n g  t h e  c a n n u la  d u r i n g  t h e  p r e c e d i n g  15 min.

Thus i n f l o w  s i g n i f i e s  t h e  in c r e m e n t  o f  i n f l o w / 1 5  min and 

n o t  t h e  c u m u l a t i v e  i n f l o w .

E f f e c t  o f  s o l u t i o n  a t  a  c o n s t a n t  t e m p e r a t u r e  of  16°C 

d u r i n g  p e r f u s i o n

Oedema f o r m a t i o n . S i x  e x p e r im e n t s  u s i n g  d e n e r v a t e d  

e a r s  w e re  c a r r i e d  o u t .  The mean r e s u l t s  a r e  shown i n  

f i g .  3 2 .  The r e s u l t s  f rom  2 e x p e r im e n t s  w i t h  i n n e r v a t e d  

e a r s  a t  16°C a r e  a l s o  g i v e n  i n  t h e  same f i g u r e .

A f t e r  t h e  f i r s t  30 min  o f  t h e  p e r f u s i o n ,  t h e  r a t e  o f  

oedema f o r m a t i o n  was p r a c t i c a l l y  c o n s t a n t  i n  t h e  d e n e r v a t e d
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p r e p a r a t i o n s  and  o n ly  v e r y  s l i g h t l y  more marked t h a n  i n  

t h e  i n n e r v a t e d  p r e p a r a t i o n s .  i n  b o th  c a s e s  a t  16°C, t h e  

r a t e  o f  oedema f o r m a t i o n  was v e r y  much l e s s  r a p i d  t h a n  i t  

was a t  38°C ,  and  t h e  a b s o l u t e  amount o f  oedema f o r m a t i o n  

was o n l y  a b o u t  ^  o f  t h a t  which a c c u m u la te d  i n  t h e  d e n e r v a t e d  

and  t h e  i n n e r v a t e d  r a b b i t s ’ e a r s  p e r f u s e d  a t  a  s o l u t i o n  

t e m p e r a t u r e  o f  38°C.

I n f l o w . At t h i s  t e m p e r a t u r e ,  an  i n i t i a l  spasm o f  

t h e  a r t e r y  o c c u r r e d  which was more marked and to o k  a  l o n g e r  

t im e  t o  p a s s  o f f  i n  t h e  d e n e r v a t e d  p r e p a r a t i o n s  a t  16°C 

t h a n  i n  t h e  i n n e r v a t e d  p r e p a r a t i o n s  az t h e  same t e m p e r a t u r e  

( f i g .  3 2 ) .

I n  d e n e r v a t e d  e a r s  a t  16°C a f t e r  t h e  f i r s t  J  b r  of  

t h e  p e r f u s i o n  t h e  i n f l o w  re m a in e d  f a i r l y  s t e a d y  d u r i n g  t h e  

n e x t  3 h r ,  b u t  was v e r y  s l i g h t l y  more i r r e g u l a r  and was 

a t  a  r a t e  w e l l  b e low  t h e  l e v e l  i n  i n n e r v a t e d  p r e p a r a t i o n s  

a t  t h e  same t e m p e r a t u r e .  D u r i n g  t h i s  p e r i o d ,  t h e  r a t e  

o f  i n f l o w  a t  16°C i n  t h e  d e n e r v a t e d  r a b b i t ’ s e a r  was 

a p p r o x i m a t e l y  midway b e tw e e n  t h e  e x t r e m e s  o f  i n f l o w  c h a r a c t e r 

i s t i c  o f  t h e  i n n e r v a t e d  p r e p a r a t i o n s  p e r f u s e d  a t  16° and 

38° C.

Compared w i t h  i n n e r v a t e d  e a r s ,  t h e  r a t e  of  in f lo w  was
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r e d u c e d  by  a p p r o x i m a t e l y  20$ in d e n e r v a t e d  e a r s .

U s i n g  a  p e r f u s i o n  s o l u t i o n  t e m p e r a t u r e  o f  16°C, 

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

t h e  a r t e r y  was n o t e d  e i t h e r  i n  t h e  d e n e r v a t e d  o r  i n  t h e  

i n n e r v a t e d  p r e p a r a t i o n s .

E f f e c t  o f  s o l u t i o n  a t  a  c o n s t a n t  t e m p e r a t u r e  o f  3 8 ° G 

d u r i n g  p e r f u s i o n

Oedema f o r m a t i o n . S i x  e x p e r im e n t s  w i t h  d e n e r v a t e d

e a r s  w e r e  c a r r i e d  o u t .  T h r e e  o f  t h e s e  a r e  i l l u s t r a t e d

i n  f i g .  3 2 .  F o u r  e x p e r i m e n t s  w i t h  i n n e r v a t e d  e a r s  a t  

38°G a r e  a l s o  r e g r a p h e d  i n  t h e  same f i g u r e .

Oedema fo rm e d  more  r a p i d l y  i n  t h e  d e n e r v a t e d  t h a n  i n  

t h e  i n n e r v a t e d  e a r s  a t  t h e  same t e m p e r a t u r e  o f  38°C, u n t i l  

a b o u t  t h e  end o f  t h e  f i r s t  l j -  h r  o f  t h e  p e r f u s i o n .  T h e re 

a f t e r  t h e  r a t e  d e c r e a s e d  more r a p i d l y  i n  t h e  d e n e r v a t e d  

p r e p a r a t i o n s . The t o t a l  amount o f  oedema f o r m a t i o n  a f t e r  

3J- h r  p e r f u s i o n  was s i m i l a r  i n  b o t h  c a s e s ,  and was ab o u t  

4 t i m e s  g r e a t e r  t h a n  t h e  amount w h ich  a c c u m u la te d  u s i n g  

p e r f u s i o n  s o l u t i o n  a t  a  t e m p e r a t u r e  o f  1 6 °C.

I n f l o w .  The v i s i b l e  spasm o f  t h e  c a n n u l a t e d  a r t e r y
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was m ore  m arked  b u t  o f  t h e  same d u r a t i o n  in  t h e  d e n e r v a t e d  

p r e p a r a t i o n s  t h a n  i n  t h e  i n n e r v a t e d  p r e p a r a t i o n s  ( f i g .  3 2 ) .  

The i n i t i a l  spasm  o f  t h e  a r t e r i e s  i n  b o th  d e n e r v a t e d  and 

i n n e r v a t e d  e a r s  was o f  s h o r t e r  d u r a t i o n  a t  38° t h a n  a t  16°C.

T h e r e a f t e r  t h e  r a t e  o f  i n f l o w  showed t h e  same p a t t e r n  

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

a  maximum b y  t h e  end of  t h e  f i r s t  30 min o f  t h e  p e r f u s i o n  

and  a  minimum a b o u t  2 h r .  However ,  t h e  r a t e  o f  in f lo w  

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

so  m a r k e d l y  b u t  was more r e g u l a r  and a t  a r a t e  w e l l  above 

t h e  l e v e l  i n  i n n e r v a t e d  p r e p a r a t i o n s  a t  t h e  same t e m p e r a t u r e  

o f  3 8 ° C.

M o r e o v e r ,  t h e  r a t e  of  i n f l o w ,  a p a r t  f rom  t h e  i n i t i a l  

f l u c t u a t i o n ,  was o f  t h e  same o r d e r ,  a l t h o u g h  more i r r e g u l a r ,  

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

c o n s t a n t l y  a t  38° o r  c o n s t a n t l y  a t  16°C. I n s p e c t i o n  o f  

f i g .  32. and  c a l c u l a t i o n  o f  t h e  mean i n f l o w  o v e r  t h e  Sj- h r  

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

e a r s  was o n l y  v e r y  s l i g h t l y  g r e a t e r  a t  38° t h a n  a t  1 6 °C.

D u r i n g  p e r f u s i o n  e x p e r im e n t s  a t  38°C i t  was o b se rv ed  

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

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

0 .7 5 ° C ,  each  c y c l e  t a k i n g  a b o u t  40 s e c .  Such o s c i l l a t i o n s
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a r e  p r o b a b l y  c a u s e d  by r h y t h m i c a l  v a r i a t i o n s  i n  t h e  c a l i b r e  

o f  t h e  b l o o d  v e s s e l s *  O s c i l l a t i o n  was n o t  o b s e rv e d  i n  

d e n e r v a t e d  e a r s  d u r i n g  p e r f u s i o n  a t  t h i s  t e m p e r a tu r e *

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

d u r i n g  p e r f u s i o n

P e r f u s i o n  o f  t h e  e a r  was commenced w i t h  t h e  p e r f u s i o n  

s o l u t i o n  e i t h e r  a t  16° o r  a t  38°C. An h o u r  o r  so l a t e r  

t h e  t e m p e r a t u r e  was changed t o  38° o r  1 6 ° G as t h e  c a s e  

m ig h t  b e .  A f t e r  a  p e r i o d ,  t h e  t e m p e r a t u r e  was r e t u r n e d  

t o  i t s  o r i g i n a l  v a l u e .  T h i s  co m p le te  c y c l e  was r e p e a t e d  

once  m o re .

Oedema f o r m a t i o n . E i g h t  e x p e r im e n t s  w ere  c a r r i e d  

o u t  on d e n e r v a t e d  e a r s ,  4 on i n n e r v a t e d  e a r s .

A t y p i c a l  r e s u l t  i s  shown in  f i g .  33 .  P e r f u s i o n  was 

commenced w i t h  s o l u t i o n  a t  a t e m p e r a t u r e  o f  38°C f o r  l-J 

h r ,  a f t e r  w h i c h ,  w i t h o u t  i n t e r r u p t i o n  o f  t h e  f l o w ,  t h e  p e r 

f u s i o n  s o l u t i o n  t e m p e r a t u r e  was lo w ered  to  16°C. A 

c o n c o m i t a n t  l o w e r i n g  o f  t h e  e a r  e n v i r o n m e n ta l  t e m p e r a t u r e  

t o o k  p l a c e  f ro m  21° t o  16°C. A f t e r  1 h r  a t  t h i s  te m p e ra -  

t u r e ,  t h e  p e r f u s i o n  s o l u t i o n  t e m p e r a t u r e  was r a i s e d  once
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more t o  3 8 ° C, b u t  was lo w ered  a g a i n  t e m p o r a r i l y  f ro m  a f t e r  

3 h r  t i l l  a f t e r  3“g- h r  f rom t h e  s t a r t  o f  t h e  p e r f u s i o n .

A l t e r a t i o n s  i n  t h e  r a t e  o f  f o r m a t i o n  o f  oedema i n  r e s 

p o n s e  t o  ch an g e  i n  t e m p e r a t u r e  o f  t h e  p e r f u s i o n  s o l u t i o n  

w e re  v e r y  s i m i l a r  i n  b o th  d e n e r v a t e d  and i n  i n n e r v a t e d  

p r e p a r a t i o n s  ( f i g .  3 3 ) .  D u r in g  p e r f u s i o n  o f  t h e  e a r  w i th  

s o l u t i o n  a t  a  t e m p e r a t u r e  of  16°C, t h e r e  was a  d e c r e a s e  

i n  t h e  r a t e  o f  f o r m a t i o n  o f  oedema f l u i d  b u t  t h i s  r a t e  

i n c r e a s e d  a g a i n  when t h e  s o l u t i o n  was r e h e a t e d  to  38°C.

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

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

a t  16°C,  and  a  r a p i d  d e c r e a s e  o c c u r r e d  when t h e  t e m p e r a t u r e  

of  t h e  s o l u t i o n  was r a i s e d  t o  38°C. However ,  when a l t e r 

a t i o n s  w e r e  made i n  t h e  t e m p e r a t u r e  of t h e  s o l u t i o n  from 

38° t o  16°C o r  v i c e  v e r s a ,  t h e  r e s p o n s e  i n  t e rm s  o f  i n f l o w  

was more  d e l a y e d  an d  l e s s  m arked  in  t h e  d e n e r v a t e d  e a r s  

t h a n  i n  t h e  i n n e r v a t e d  p r e p a r a t i o n  ( f i g *  3 3 ) .
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D I S C U S S I O N

Dener v a t i o n  of t h e  e a r  of t h e  r a b b i t

U s in g  a n  i n t r a - v i t a l  m e th y le n e  b l u e  t e c h n i q u e  M i l l e n  (1948) 

made o b s e r v a t i o n s  on t h e  g e n e r a l  i n n e r v a t i o n  of  b lo o d  v e s s e l s .  

He n o t e d  t h a t  n e r v e  en d in g s  f rom  a s i n g l e  f i b r e  m ight  su p p ly  

a r e l a t i v e l y  s h o r t  segment  o f  a s m a l l  a r t e r y  w i t h  a dense  

and  i n t i m a t e  i n n e r v a t i o n ,  a l o n g e r  segment o f  an  a r t e r i o l e  

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

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

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

s u p p l y  became m ore  g e n e r a l i z e d .  F l o r e y  showed i n  h i s  

w e l l  known f i l m  t h a t  t h e  c a p i l l a r i e s  w ere  o c c lu d e d  by 

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

n e r v e s  t o  t h e  e a r .

G r a n t  ( 1930b) d e s c r i b e d  a v e r y  r i c h  d i s t r i b u t i o n  o f  

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

a r t e r i o - v e n o u s  a n a s to m o s e s  p r e s e n t  i n  t h e  r a b b i t r s e a r .

Boyd ( 1952b)  p u b l i s h e d  a more d e t a i l e d  d e s c r i p t i o n  of  t h e  

i n n e r v a t i o n  o f  p e r i p h e r a l  a r t e r i o - v e n o u s  a n as to m o s e s .

He o b s e r v e d  b o t h  n o n - m y e l i n a t e d  f i b r e s  and a l s o  q u i t e  

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

Thus d e n e r v a t i o n  of  t h e  r a b b i t ’ s e a r  might  w e l l  c a u s e  

m arked  c h a n g e s  i n  t h e  f u n c t i o n i n g  o f  a l l  t h e  b lo o d  v e s s e l s  

o f  t h e  e a r ,  i n c l u d i n g  t h e  a r t e r i o - v e n o u s  anas'comoses •

U n d o u b t e d l y  h i s t o l o g i c a l  e x a m in a t io n  f o l l o w i n g  m e th y le n e  

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

a d e q u a c y  o f  a  d e n e r v a t i o n  p r o c e d u r e .  s&0 o t h e r  s i n g l e  

t e s t  r e c e i v e s  g e n e r a l  s u p p o r t .  Thus G ran t  (1935) found  

t h a t  t h e  v e s s e l s  o f  t h e  d e n e r v a t e d  e a r  of  t h e  o t h e r w i s e  

i n t a c t  r a b b i t  d i d  n o t  r e sp o n d  t o  changes  i n  body t e m p e r a t u r e ,  

even a f t e r  t h e  v a s c u l a r  t o n e  had  r e t u r n e d .  I n d ee d  A m i n  

e t  a l .  (1953)  useci t h i s  a b s e n c e  o f  r e s p o n s e  a s  e v id e n c e  

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

r a b b i t ’ s e a r .

On t h e  o t h e r  h a n d ,  v an  Dobben-Broekema & D i r k e n  (1950b) 

found, t n a t  t n e  v e s s e l s  of  t h e  denerva ted .  e a r  o f  t h e  

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

a l t h o u g h  t h e  r e a c t i o n s  were  more g r a d u a l  t h a n  t h e  sudden 

’ f l u s h i n g ’ o f  t h e  n o rm a l  e a r .  T h e se  a u t h o r s  s t a t e d  t h a t  

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

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

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

t h o s e  o f  G ra n t  an d  h i s  c o - w o rk e r s  r em ains  to  be  e x p l a i n e d .
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^ s i n g  a  v e r y  g r o s s  d i f f e r e n c e  i n  t e m p e r a t u r e ,  t h e  

p r e s e n t  e x p e r i m e n t s  p r o v i d e  l i t t l e  e v id e n c e  f o r  p e r s i s t e n c e  

of  s e n s i t i v i t y  t o  t e m p e r a t u r e  of  t h e  "blood v e s s e l s  o f  t h e  

e a r  a f t e r  d e n e r v a t i o n *  I n  C h a p t e r  2 I  s u g g e s t e d  t h a t  t h e  

a r t e r i o - v e n o u s  a n a s to m o s e s  a r e  c h i e f l y  r e s p o n s i b l e  f o r  t h e  

marked  i n f l u e n c e  o f  t e m p e r a t u r e  on t h e  f lo w  o f  f l u i d  th ro u g h  

t h e  "blood v e s s e l s  o f  t h e  i s o l a t e d  e a r  o f  t h e  r a b b i t .  

C o n s e q u e n t l y  i t  i s  now s u g g e s t e d  t h a t  d e n e r v a t i o n  p r o b a b l y  

i m p a i r s  t o  a  m arked  d e g r e e  t h e  r e s p o n s i v e n e s s  of  a r t e r i o 

v e n o u s  a n a s t o m o s e s  t o  t e m p e r a t u r e .

P e r f u s i o n  o f  t h e  i s o l a t e d  e a r  o f  t h e  r a b b i t

Oedema f o r m a t i o n . The r e s u l t s  show t h a t  oedema 

f l u i d  d e v e l o p e d  somewhat more  r a p i d l y  i n  t h e  d e n e r v a t e d  

e a r s  b o t h  a t  a  p e r f u s i o n  s o l u t i o n  t e m p e r a t u r e  o f  16° and 

38°C, t h a n  i n  t h e  i n n e r v a t e d  e a r  of  t h e  r a b b i t .

The i n c r e a s e d  r a t e  o f  oedema f o r m a t i o n  fo und  i n  t h e  

d e n e r v a t e d  p r e p a r a t i o n s  m ig h t  h a v e  b e e n  c au sed  by i n c r e a s e  

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

f i l t r a t i o n  f o r c e  o r  a l t e r n a t i v e l y  by  d e c r e a s e d  v a so m o t io n .

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

b e e n  s u g g e s t e d  a s  t h e  p r i n c i p a l  f a c t o r .  Thus Gabbe (1926)
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showed m  g u i n e a - p i g s  t h a t  s e c t i o n  o f  t h e  s y m p a t h e t i c  s u p p ly  

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

t h e  w a l l s  o f  t h e  c a p i l l a r i e s  i n  smooth m u sc le  compared w i t h  

t h e  c o n t r o l  n o n - o p e r a t e d  s i d e ,  and co n c lu d e d  t h a t  t h e  

s e c t i o n  o f  t h e  s y m p a t h e t i c  s u p p ly  h a d  made t h e  m u sc le  cap

i l l a r i e s  m ore  p e r m e a b l e .  E n g e l  (1941) u s i n g  s t u d i e s  o f  

p e n e t r a t i o n  o f  dye  t h r o u g h  s y n o v i a l  membrane conc luded  

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

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

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

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

d e m o n s t r a t e d  by  Lyman ( 1 9 4 2 ) .  E e  c la im e d  t h a t  h e  was a b l e  

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

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

p o t a s s i u m  i n t o  d e n e r v a t e d  r a t ’ s g a s t r o c n e m i i  m u sc le  c e l l s  

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

I n  t h e i r  r e v i e w  Gannon & R o s e n b lu e th  (1949)  co n c lu d ed  

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

t h a n  i n t o  n o rm a l  c e l l s ,  t h e  more r a p i d  e f f e c t s  of  ch em ica l  

a g e n t s  on d e n e r v a t e d  t h a n  on n o rm a l  e l e m e n t s ,  and  t h e  

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

u s u a l  on c e l l s  w hich  h a d  b e e n  d e n e r v a t e d ,  a l l  were  c o n s i s t e n t  

w i th  t h e  t h e o r y  t h a t  d e p r i v a t i o n  o f  n e r v e  im p u l se s  i n c r e a s e d
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t h e  e a s e  o f  p a s s a g e  o f  s u b s t a n c e s  t h r o u g h  c e l l  w a l l s .

I n  t h e  p r e s e n t  e x p e r i m e n t s ,  h o w e v e r ,  t h e  d e n e r v a t i o n  

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

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

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

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

s o l u t i o n  t e m p e r a t u r e s  i n  t h e  d e n e r v a t e d  e a r s  compared  w i t h  

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

A l o w e r  r a t e  o f  i n f l o w  a t  16°C was f o u n d  i n  t h e  d e n e r v a t e d  

p r e p a r a t i o n s  r e l a t i v e  t o  t h e  i n n e r v a t e d  e a r s  and  m ig h t  h a v e  

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

a r t e r i o - v e n o u s  a n a s t o m o s e s .  T h i s  w ou ld  r e s u l t  i n  a  g r e a t e r  

d o w n s t re am  p r e s s u r e  c o n s e q u e n t  upon t h e  d e c r e a s e d  p r e s s u r e  

d ro p  a c r o s s  t h e  c a n n u l a .  T h e s e  f a c t o r s  w ould  c a u s e  a  

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

t e m p e r a t u r e  o f  16°C i n  t h e  d e n e r v a t e d  p r e p a r a t i o n s ,  b u t  

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

g r e a t e r  oedema f o r m a t i o n  was a l s o  o b s e r v e d  a t  38°C,  w h e re  

t h e  o p p o s i t e  s e t  o f  c o n d i t i o n s  w ou ld  h o l d ,  a n d  t h e s e  f a c t o r s  

w ould  c o r r e s p o n d i n g l y  t e n d  t o  mask t h e  g r e a t e r  n e t  o u tw a rd  

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

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

s o l u t i o n  e n t e r i n g  t h e  e a r  mast  h a v e  been  due to  a l t e r a t i o n
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i n  t h e  r a t e  o f  i n f l o w ,  t h i s  was i n t e r p r e t e d  a s  p o s s i b l y  

i n d i c a t i n g  t h e  p r e s e n c e  a t  a  s o l u t i o n  t e m p e r a t u r e  o f  38°C 

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

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

b y  t h i s  m e th o d ,  a t  38°C i n  t h e  d e n e r v a t e d  p r e p a r a t i o n s  

c a n n o t  b e  c o n s i d e r e d  t o  e x p l a i n  t h e  w h o le  o f  t h e  g r e a t e r  

n e t  o u tw a r d  f i l t r a t i o n  i n  t h e s e  e a r s ,  s i n c e  v a s o m o t i o n  was 

n o t  r e c o r d e d  a t  16°C i n  e i t h e r  t y p e  o f  p r e p a r a t i o n  a l t h o u g h  

t h e  d i f f e r e n c e  i n  n e t  o u tw a r d  f i l t r a t i o n  was s t i l l  f o u n d .

I t  was c o n c l u d e d  t h a t  d e n e r v a t i o n  r e s u l t e d  i n  an  i n c r e a s e d  

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

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

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

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

oedema a t  e i t h e r  t e m p e r a t u r e  was n o t  a f f e c t e d  b y  d e n e r v a t i o n .  

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

o f  t h e  p e r f u s i o n  s o l u t i o n  t o  38°C s t i l l  r e s u l t e d  i n  an  

i n c r e a s e d  d i l a t a t i o n ,  a n d / o r  i n c r e a s e  i n  t h e  num ber ,  o f  

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

L o w e r in g  t h e  s o l u t i o n  t e m p e r a t u r e  t o  16°C was c o n c lu d e d  t o  

r e s u l t  i n  a  d e c r e a s e d  d i l a t a t i o n ,  a n d / o r  a  d e c r e a s e  i n  t h e  

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

d e n e r v a t i o n .  Thus  d e n e r v a t i o n  h a d  h a d  no marked  e f f e c t
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on t h e  a b i l i t y  o f  c a p i l l a r i e s  t o  r e s p o n d  t o  c h an g e s  i n  

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

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

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

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

r e s p o n s e  t o  r a p i d  a l t e r a t i o n s  i n  s o l u t i o n  t e m p e r a t u r e  w e re  

s i m i l a r  i n  d e n e r v a t e d  an d  i n  i n n e r v a t e d  p r e p a r a t i o n s .

I n f l o w . I n  t h e  p r e s e n t  e x p e r i m e n t s ,  a l t e r a t i o n s  i n  

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

p e r i p h e r a l  r e s i s t a n c e  o r  ’u p s t r e a m  p r e s s u r e *  w e r e  r o u g h l y  

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

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

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

o f  e i t h e r  16° o r  38°C was more  marked  i n  d e n e r v a t e d  r a b b i t s *  

e a r s  t h a n  i n  i n n e r v a t e d  p r e p a r a t i o n s .  M o reo v e r  a t  16°C 

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

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

smooth  m u s c l e  f o l l o w i n g  d e n e r v a t i o n  t o  r e s p o n d  t o  d i r e c t  t r a u m a  

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

o f  K inm on th  (1952)  who f o u n d  t h a t  a n  i n t a c t  s y m p a t h e t i c  n e r v e  

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

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

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

was 16°C t h a n  when i t  was 38°C ( C h a p t e r  2 ) .  H ow ever ,  i n  

d e n e r v a t e d  e a r s  w i t h  t h e  s o l u t i o n  e i t h e r  a t  16° o r  38°C,  

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

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

t h e  e x t r e m e s  o f  i n f l o w  c h a r a c t e r i s t i c  o f  t h e  i n n e r v a t e d  

p r e p a r a t i o n s .  The f i n d i n g  t h a t  t h e  mean i n f l o w  t o  t h e  

d e n e r v a t e d  e a r s  was  v e r y  s l i g h t l y  g r e a t e r  a t  38° t h a n  a t  

16°C may p o s s i b l y  b e  a t t r i b u t e d  t o  f l o w  t h r o u g h  a  g r e a t e r  

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

t e m p e r a t u r e .  The d i f f e r e n c e  i n  mean i n f l o w  was t o o  s l i g h t  

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

l a r g e r  v e s s e l s  e . g .  a r t e r i o - v e n o u s  a n a s t o m o s e s .  T h i s  w ou ld  

b e  c o n s i s t e n t  w i t h  t h e  work o f  C l a r k  (1938)  who f o u n d  t h a t  

when t h e  n e r v e s  t o  a r t e r i o - v e n o u s  a n a s t o m o s e s  w e re  c u t ,  

t h e  a n a s t o m o s e s  r e m a in e d  d i l a t e d  f o r  10 -  14 d a y s ,  a f t e r  

w h ich  t h e  m u s c l e  a c q u i r e d  t o n i c i t y  an d  t h e  lumen was t h e r e a f t e r  

m a i n t a i n e d  a t  a  n a r ro w  c a l i b r e .

The e f f e c t i v e  c a l i b r e  o f  t h e  b l o o d  v e s s e l s  o f  t h e  

d e n e r v a t e d  r a b b i t ’ s e a r  was n o t  e n t i r e l y  u n a l t e r e d  by  m arked  

t e m p e r a t u r e  s t i m u l i .  T h i s  was shown b y  t h e  f a c t  t h a t  i n f l o w  

r e s p o n s e s  t o  r a p i d  a l t e r a t i o n s  i n  s o l u t i o n  t e m p e r a t u r e  f ro m
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38° t o  16°C o r  v i c e  v e r s a  w e r e  s t i l l  p r e s e n t ,  a l t h o u g h  t h e y  

w e r e  more  d e l a y e d  an d  l e s s  m a r k e d ,  i n  t h e  d e n e r v a t e d  

p r e p a r a t i o n s  t h a n  i n  i n n e r v a t e d  e a r s .  T h i s  t e n d e d  t o  

s u p p o r t  t h e  work  o f  v a n  Dobben-Broekema & D i r k e n  (1 9 5 Oh) 

who f o u n d  t h a t  t h e  v e s s e l s  o f  t h e  d e n e r v a t e d  e a r  o f  t h e  

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

r a b b i t ’ s body a l t h o u g h  t h e  r e a c t i o n  was o f  a  more  g r a d u a l  

t y p e  t h a n  t h e  s u d d e n  ’ f l u s h i n g ’ o f  t h e  n o rm a l  e a r .

P i n k s t o n  (1934)  c a r r i e d  o u t  o b s e r v a t i o n s  on t h e  e a r  

v e s s e l s  o f  r a b b i t s  s u b j e c t e d  t o  e x p e r i m e n t a l  f e v e r .  He 

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

o c c u r r e d  i n  50^  o f  s y m p a t h e c to m i s e d  e a r  v e s s e l s ,  compared 

w i t h  100^  o f  n o r m a l  v e s s e l s .  M o re o v e r ,  t h e  b l o o d  v e s s e l s  

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

a s  t h o s e  o f  t h e  n o rm a l  e a r  when t h e r e  was a  g e n e r a l  p e r i p h e r a l  

v a s o d i l a t a t i o n .

A n o t h e r  i n c o n s i s t e n c y ,  h o w e v e r ,  e x i s t s  i n  t h e  r e p o r t  

by Ahmad (1953)  who d e m o n s t r a t e d  i n  t h e  h a n d  i n  a  few 

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

a t  a  p l e t h s m o g r a p h  w a t e r  t e m p e r a t u r e  o f  25°C and v a s o c o n 

s t r i c t i o n  a t  41°C.  The r e s p o n s e s ,  w h ic h  w e re  b e t t e r  e l i c i t e d  

when t h e  s u b j e c t s  w e re  warmed b y  i n d i r e c t  h e a t i n g  and  w e re  

o f  a  t r a n s i e n t  n a t u r e ,  w e r e  shown b y  a p p a r e n t l y  n o rm a l  b l o o d
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v e s s e l s .  Ahmad was n o t  a b l e  t o  o f f e r  an y  e n t i r e l y  s a t i s 

f a c t o r y  e x p l a n a t i o n  f o r  t h e  m echan ism  o f  p r o d u c t i o n  o f  

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

G e n e r a l  d i s c u s s i o n

I t  was c o n c l u d e d  f ro m  t h e  p r e s e n t  e x p e r i m e n t s  t h a t  tem p

e r a t u r e  h a d  l i t t l e  d i r e c t  a c t i o n  on t h e  sm ooth  m u s c l e  o f  

d e n e r v a t e d  a r t e r i o - v e n o u s  a n a s t o m o s e s  i n  t h e  i s o l a t e d  

r a b b i t ’ s e a r .  I n  more  g e n e r a l  t e r m s  t h e  p r e s e n c e  o f  t h e  

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

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

d e v e lo p m e n t  o f  v a s c u l a r  spasm  t o  d i r e c t  t r a u m a .  I t  was 

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

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

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

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

s u b j e c t e d  t o  d e n e r v a t i o n ,  w e re  d e p e n d e n t  on t h e  p r e s e n c e  

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

Cannon,  R o s e n b l u e t h  & Ramos ( l 9 4 o )  d e m o n s t r a t e d  t h a t  

when one o f  t h e  e l e m e n t s  was s e v e r e d  i n  a  f u n c t i o n a l  c h a i n  

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

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

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

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

The s u p e r s e n s i t i v i t y  was g r e a t e r  f o r  t h e  l i n k s  w nich  

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

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

s e n s i t i v i t y  m ig h t  f a l l  i n t o  one o r  more o f  t h e  f o l l o w i n g  

t y p e s : -

(1 )  s u p e r d u r a t i o n  o f  r e s p o n s e  -  p r o l o n g e d  t i m e  c o u r s e ,  

b u t  a m p l i t u d e  u n ch an g e d

(2 )  h y p e r e x c i t a b i l i t y  -  lo w e re d  t n r e s h o l d

(3 )  i n c r e a s e d  s u s c e p t i b i l i t y  -  n o r m a l  a m p l i t u d e  r e s p o n s e s  

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

(4)  s u p e r r e a c i i v i t y  -  augm en ted  c a p a c i t y  o f  t i s s u e  t o  

r e s p o n d .

S u p e r s e n s i t i v i t y  h a s  b e e n  d e m o n s t r a t e d  m ore  commonly 

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

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

r a b b i t  h a s  r e p e a t e d l y  been  shown ( e . g .  M e l t z e r  & M e l t z e r ,  

1 9 0 3 a ,  b ;  L i c h t w i t z  & H i r s c h ,  1910 ;  W h i t e ,  O k e l b e r r y  & 

W h i t e l a w ,  1936;  B u r n ,  19t>0) and  t o  a d r e n a l i n e ,  a c e t y l c h o l i n e ,  

h i s t a m i n e ,  p i t u i t n n ,  and  e r g o t o x x n e  ( e . g .  G r a n t ,  1 930a ,

1935;  LeCompte ,  1 9 4 1 ) .
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B a r c r o f t  ^ i e b 2 )  p o i n t e d  o u t  t h a t  t h e r e  was a n  u n d o u b t e d  

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

v a s c u l a r  t o n e  i n  t h e  h a n d  a n d  f o o t  f o l l o w i n g  sy m p a th ec to m y  

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

t h e  r a b b i t ’ s e a r  a n a  c a t * s  n i c t a t i n g  membrane.  i e t  t n e  

g e n e r a l l y  a c c e p t e d  o p i n i o n  was summed up i n  une words  o f  

Camion 6c n o s e n b l u e t h  (1949)  who c o n c l u d e d  t h a t  t h e  s u p e r 

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

c a u s e s  and  a  p l u r a l i t y  o f  m e c h a n i s m s ,  b o t h  of  w h ich  m ig h t  

d i f f e r  i n  d i f f e r e n t  s t r u c t u r e s  and  w i t h  d i f f e r e n t  modes 

o f  d e n e r v a t i o n .  They s u g g e s t e d  t h a t  s e n s i t i z a t i o n  f o l l o w i n g  

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

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

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

B u rn  & R o b in s o n  (1952)  c a r r i e d  o u t  sym p a th ec to m y  o f  

t h e  b l o o d  v e s s e l s  of  t h e  f o r e l e g  o f  t h e  c a t .  They fo u n d  

t h a t  d e n e r v a t i o n  r e s u l t e d  i n  a n  e a r l y  f a l l  i n  am in e  o x i d a s e  

i n  t h e  b l o o d  v e s s e l s .  The  f a l l  i n  am ine  o x i d a s e  was 

g r e a t e s t  a t  a b o u t  10 d a y s ,  w i t h  a  s u b s e q u e n t  r e t u r n  t o w a r d s  

n o r m a l .  B u rn  & R o b in s o n  s u g g e s t e d  t h a t  am ine  o x i d a s e  a t  

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

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

On t h e  o t h e r  h a n d  i n  a n  i m p o r t a n t  c o n t r i b u t i o n  t o  t h e
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p ro b lem  Armin e t  a l .  (1953) foun d  t h a t  a c e t y l c h o l i n e  d i s 

a p p e a re d  from  t h e  d o r s a l  a u r i c u l a r  a r t e r y  of t h e  r a b b i t ’ s 

e a r  a b o u t  3 days a f t e r  s y m p a th e t ic  n e rv e  s e c t io n *  They 

c o n c lu d ed  t h a t  t h i s  r e s u l t e d ,  a t  l e a s t  i n  p a r t ,  i n  t h e  

h e ig h te n e d  r e a c t i v i t y  o f t h e  d e n e r v a te d  a r t e r y  to  c o n s t r i c t o r  

in f lu e n c e s *  The a r t e r y  e x h ib i t e d  b o th  amine o x id a s e  and 

c h o l i n e s t e r a s e  a c t i v i t y ,  t h e  l a t t e r  b e in g  a p p ro x im a te ly  

h a l f  t h e  a c t i v i t y  shown by t h e  n o rm a l ly  i n n e r v a te d  a r t e r y *  

F o l lo w in g  s e c t i o n  o f  b o th  t h e  s e n s o ry  and s y m p a th e t ic  

n e rv e s  t h e  amine o x id a s e  a c t i v i t y  was foun d  to  p e r s i s t  i n  

t h i s  p r e p a r a t i o n  v i r t u a l l y  u n d im in ish e d  w h i le  t h e  c h o l i n e s t e r a s e  

a c t i v i t y  d is a p p e a re d *

Thus t h e  s e n s i t i v i t y  o f  t h e  r a b b i t ’ s d o r s a l  a u r i c u l a r  

a r t e r y  f o l lo w in g  d e n e r v a t io n  would be  e x p la in e d  by  Armin 

e t  a l . on Cannon & B o s e n b lu e th ’ s c l a s s i f i c a t i o n  a s  due to  

t h e  rem oval o f  a  r e s t r a i n i n g  (n e rv o u s )  im p u lse ,  t h a t  o f  

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

b e f o r e  d e n e r v a t io n  te n d e d  t o  keep  t h e  a r t e r y  i n  a s t a t e  

of d i l a t a t i o n .

N e v e r th e l e s s  in  t h e  p r e s e n t  e x p e r im e n ts  th e  d e n e rv a te d  

r a b b i t ’ s e a r  i n s t e a d  of show ing s e n s i t i z a t i o n  to  t e m p e r a tu re  

s t i m u l i  was fo und  to  g iv e  d e la y e d  and m arked ly  red u ced  

v a s c u l a r  r e s p o n s e s  to  t e m p e ra tu re  s t i m u l i  which in  t h e
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i s o l a t e d  p r e p a r a t i o n  r e s u l t e d  i n  e i t h e r  v a s o - c o n s t r i c t i o n  

o r  v a s o - d i l a t a t i o n .  Thus i t  was l e s s  l i k e l y ,  a l th o u g h  

n o t  im p o s s ib l e ,  t h a t  t h e  e f f e c t  o f  d e n e r v a t io n  on v a s c u l a r  

smooth m u sc le  was to  r e s u l t  in  d i r e c t l y  d e c re a s e d  s e n s i t i v i t y  

o f t h e  v a s c u l a r  m u sc le  c e l l s  to  t e m p e r a tu r e  s t i m u l i .  

C o n se q u e n tly  i t  was conc lu ded  t h a t  t h e  p e r f u s e d  i n n e r v a te d  

r a b b i t ’ s e a r  in v o lv e d  p e r i p h e r a l  n e rv o u s  e le m e n ts .
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S U M M A R Y

1 . By a p p r o p r i a t e  s e c t i o n  o f  n e rv e s  t h e  b lo o d  

v e s s e l s  o f  t h e  e a r s  of 22 r a b b i t s  a r e  d e p r iv e d  of t h e i r  

i n n e r v a t i o n .  M ethy len e  b lu e  p e r f u s i o n  and h i s t o l o g i c a l  

e x a m in a t io n  a r e  u se d  to  d e te rm in e  xhe c o m p le te n e s s  o f  t h e  

d e n e r v a t io n  o f  t h e  r a b b i t ’ s e a r .

2 . A f t e r  21 to  24 d a y s ,  t h e  e a r s  a r e  removed from  

t h e  r a b b i t s .  V a s c u la r  r e s p o n s e s  o f t h e  i s o l a t e d  d e n e rv a te d  

e a r  o f  t h e  r a b b i t  p e r f u s e d  w i th  R in g e r ’ s s o l u t i o n  u n d e r  

c o n t r o l l e d  c o n d i t i o n s  a r e  i n v e s t i g a t e d  to  a l t e r a t i o n s  in  

t h e  t e m p e r a tu re  o f  t h e  p e r f u s i o n  s o l u t i o n .  Changes in  

c a p i l l a r y  p e r m e a b i l i t y ,  a r e a  o f  c a p i l l a r y  bed and n e t  

p e r i p h e r a l  r e s i s t a n c e  a r e  gauged by n e t  outw ard  f i l t r a t i o n  

and in f lo w .

3 . At p e r f u s i o n  s o l u t i o n  t e m p e r a tu r e s  o f b o th  16° 

and 38°C n e t  ou tw ard  f i l t r a t i o n  o c c u rs  more r a p i d l y  in  

d e n e r v a te d  r a b b i t s ’ e a r s  th a n  in  i n n e r v a te d  p r e p a r a t i o n s ,  

and more r a p i d l y  a t  38° th a n  a t  16°C. A l t e r a t i o n s  in  t h e  

r& te  of n e t  ou tw ard  f i l t r a t i o n  in  r e s p o n s e  to  r a p i d  a l t e r 

a t i o n s  in  s o l u t i o n  t e m p e r a tu r e  a r e  s i m i l a r  i n  b o th  p r e p a r a t i o n s .  

D e n e rv a t io n  p r o b a b ly  r e s u l t s  i n  an  in c r e a s e d  c a p i l l a r y  

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

i s  co n c lu d ed  t h a t  t h e  number and t h e  s t a t e  o f  d i l a t a t i o n  

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

e r a t u r e  and in c r e a s e d  a t  t h e  h i g h e r  t e m p e r a tu re  by a  d i r e c t  

a c t i o n  o f  t e m p e r a tu r e  on t h e  c a p i l l a r y  v e s s e l s ,  i r r e s p e c t i v e  

o f  d e n e r v a t i o n .

4 .  I n  d e n e r v a te d  e a r s  w i th  t h e  s o l u t i o n  e i t h e r  a t  

16° o r  38°C, t h e r e  i s  l i t t l e  d i f f e r e n c e  i n  t h e  r a t e s  o f  

in f lo w  a t  e i t h e r  c o n s t a n t  t e m p e x a tu re ,  b o th  b e in g  a p p ro x 

im a te ly  midway be tw een  th e  ex trem es  of in f lo w  c h a r a c t e r i s t i c  

o f  i n n e r v a t e d  p r e p a r a t i o n s  o f  t h e  r a b b i t f s e a r .  In f lo w  

re s p o n s e s  to  r a p i d  a l t e r a t i o n s  in  s o l u t i o n  te m p e r a tu re  from  

38° to  16°C o r  v i c e  v e r s a  a r e  s t i l l  p r e s e n t  in  t h e  d e n e rv a te d  

p r e p a r a t i o n s  b u t  a r e  more d e la y e d  and l e s s  m arked th a n  i n  

i n n e r v a te d  e a r s .

Thus t h e  r a t e  o f f lo w  of f l u i d  th ro u g h  t h e  v e s s e l s  

o f t h e  d e n e rv a te d  e a r s  i s  l i t t l e  a f f e c t e d  by such a  g ro s s  

d i f f e r e n c e  in  t e m p e r a tu r e .  T h is  i s  i n  marked c o n t r a s t  

to  t h e  b e h a v io u r  o f  t h e  b lo o d  v e s s e l s  i n  e a r s  w i th  i n t a c t  

n e rv e  s u p p ly ,  t h e  f lo w  a t  16°C b e in g  1 /3  g r e a t e r  th a n  a t  

38°C, p r o b a b ly  due t o  o p en in g  up o f  a r t e r i o - v e n o u s  an as tom o ses  

a t  t h e  lo w e r  t e m p e r a tu r e .  D e n e r v a t io n  m ark ed ly  im p a i r s  

t h i s  a c t i o n .



-  204  -

I t  i s  co n c lud ed  t h a t  a n  i n t a c t  sy m p a th e t ic  n e rv o u s  

sy s tem  i s  needed  f o r  e f f e c t i v e  c a l i b r e  r e s p o n s e s  o f  b lo o d  

v e s s e l s  to  t e m p e r a tu r e  s t i m u l i  and i t  i s  s u g g e s te d  t h a t  

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

i n n e r v a te d  e a r  o f  th e  r a b b i t  in v o lv e  p e r i p h e r a l  n e rv o u s  

e le m e n t s .

5 .  V a s c u la r  spasm in  re s p o n s e  to  m e c h a n ic a l  traum a 

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

d e n e rv a te d  and i n n e r v a te d  p r e p a r a t i o n s  o f  t h e  r a b b i t ’s 

e a r .  I t  i s  co n c lu d ed  t h a t  an  i n t a c t  s y m p a th e t ic  n e rv e  

su p p ly  i s  u n n e c e s s a ry  f o r  t h e  o n s e t  and m a in te n a n c e  o f  

a r t e r i a l  spasm .
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I N T R O D U C T I O N

Even in  an  i s o l a t e d  p r e p a r a t i o n ,  when t h e  b lood  v e s s e l s  a r e  

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

u n d o u b te d ly  o p e r a t e .  F l u i d  l e a v e s  t h e  c a p i l l a r i e s ,  e n t e r s  

t h e  t i s s u e  s p a c e s ,  and r e t u r n s  to  t h e  v e s s e l s  a t  t h e  venous 

end o f  t h e  c a p i l l a r y  b e d .

When p e r f u s i o n  i s  c a r r i e d  ou t w i th  a  s o l u t i o n  of 

e l e c t r o l y t e s ,  due to  t h e  a b s e n c e  o f  c o l l o i d s ,  and  p ro b a b ly  to  

im pa irm en t of t h e  s t a t e  of t h e  c a p i l l a r y  w a l l s ,  f l u i d  te n d s  

t o  a c c u m u la te  r a p i d l y  i n  t h e  t i s s u e  s p a c e s .  T h is  i s  oedema, 

what I  h a v e  c a l l e d  " n e t  ou tw ard  f i l t r a t i o n ” . T here  i s  no 

d i r e c t  know ledge , h o w ev er ,  o f  t h e  volume o f f l u i d  which le a v e s  

and  th e n  r e - e n t e r s  t h e  v e s s e l s .

The p r e s e n t  c h a p t e r  i s  an  a t t e m p t ,  from  e x p e r im e n ta l  

d a t a ,  t o  d e r i v e  m a th e m a t i c a l ly  t h e  t o t a l  volume o f f l u i d  l e a v in g  

t h e  c a p i l l a r i e s ,  t h e  ”g ro s s  ou tw ard  f i l t r a t i o n . ” The d i f f e r e n c e  

be tw een  ”n e t "  and ”g r o s s ” outw ard  f i l t r a t i o n  co u ld  th e n  

b e  u sed  to  g iv e  t h e  volume o f  f l u i d  r e t u r n i n g  to  t h e  v e s s e l s .

Mr. D ona ldson  and D r. S i I v e y  of t h e  M athem atics  D e p a r t 

ment o f  t h e  U n i v e r s i t y  k i n d l y  u n d e r to o k  t o  a t te m p t  to  d e s ig n  

a m a th e m a t ic a l  model which would r e p r e s e n t  t h e  n e t  outward 

f i l t r a t i o n .  I  s u g g e s te d  t h a t  t h e  n e t  outward f i l t r a t i o n
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b e  c o n s id e r e d  in  te rm s  o f  an  e x p r e s s io n  t o  r e p r e s e n t  th e  

g ro s s  ou tw ard  movement of f l u i d  minus an  e x p re s s io n  t o  

r e p r e s e n t  t h e  f l u i d  which r e t u r n e d  to  t h e  v e s s e l s .  T o g e th e r  

we d i s c u s s e d  t h e  d i f f e r e n t  sh ap es  o f  t h e  o b se rv ed  c u rv es  

o f  r a t e s  o f  a c c u m u la t io n  o f  n e t  ou tw ard  f i l t r a t i o n  u n d e r  

d i f f e r e n t  e x p e r im e n ta l  c o n d i t i o n s .  Each cu rv e  was con

s i d e r e d  in  te rm s  o f  a l t e r a t i o n  o f  one o r  b o th  o f  t h e  

e x p r e s s io n s  g r o s s  ou tw ard  movement o f  f l u i d  and th e  r e t u r n  

o f  f l u i d  to  t h e  v e s s e l s .  A fo rm u la  was e v e n t u a l l y  d e c id e d  

up o n . D i f f e r e n t  m ethods o f  f i t t i n g  t h e  fo rm u la  to  t h e  

e x p e r im e n ta l  d a ta  u n d e r  an y  one s e t  o f e x p e r im e n ta l  

c o n d i t i o n s  w ere  th e n  t r i e d .

PERFUSION OF THE ISOLATED EAR 

OF THE RABBIT WITH RINGER’ S SOLUTION

The r a t e  o f  a c c u m u la t io n  of n e t  ou tw ard  f i l t r a t i o n ,  t h a t  

i s  t h e  r a t e  o f f o r m a t io n  of oedema, may be e x p re s s e d  

(D o n a ld so n , F e rg u s o n ,  L ev in so n  & S i l v e y ,  1953) b y s -

^W _  c * ( l  -  e * ^ )  -  £ W ............................( l )
d t  '

w here t  = t im e ,  w = c u m u la t iv e  n e t  outw ard  f i l t r a t i o n ;
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c x ( l  -  e if ) r e p r e s e n te d  t h e  r a t e  o f  g r o s s  ou tw ard  f i l t 

r a t i o n  a c r o s s  t h e  c a p i l l a r y  membrane, th u s  t a k i n g  in to  

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

and  v a so m o tio n ;  t h e  p a ra m e te r  oc r e p r e s e n t e d  th e  u l t i m a t e  

v a lu e  of g r o s s  ou tw ard  f i l t r a t i o n  and y d e s c r ib e d  i t s  

r a t e  o f chang e . The p a r a m e te r  ys d e s c r ib e d  t h e  e x te n t  to  

w hich  oedema f l u i d  a l r e a d y  form ed r e t a r d e d  f u r t h e r  n e t  

ou tw ard  f i l t r a t i o n .

PERFUSION AT SOLUTION TE11PERATURE 16° C

S in c e  t h e  n e t  r a t e  o f  ou tw ard  f i l t r a t i o n  rem ain ed  s t e a d y  

th ro u g h o u t  p e r f u s i o n  a t  t h i s  t e m p e r a tu re  ( f i g s .  9 ,  22, 26, 

27 & 3 1 ) ,  t h i s  c o r re sp o n d e d  to  t h e  s i m p l i f i c a t i o n  ^ — o o

whence

f !  “  -  yBV   ( 2 )

The m ethod of l e a s t  s q u a re s  was u s e d ,  and  v a lu e s  o f  

a n d  b ch osen  to  make t h e  sum o f  s q u a re st

a s  sm a ll  a s  p o s s i b l e .

y w] 2  ................................. ( 3 )
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T h is  l e d  to  t h e  f o l lo w in g  2 e q u a t io n s

^ If " noC + -SvyB =  0   (4)

-  Z  woe •* Z  wy8 =  0    ( 5 )

n *  . L ^ ^ l  | |

Z  woe -  L v 2/s = £  w g f

2 „ — r  ..  v dw 
d tnZ w oc -  (Z w ) = Z  

nZweC -  n Z w2^  = n ^  w ird t

Z aw 7  ,rT aW
= ~ ^  wz  d t

/"* (Z  w) 2 -  n Z  w2
( 6 )

J d w  £
o c = £ l±!l_ ___ ! £ .   (? )

n

I t  was found  in  p r a c t i c e  t h a t ,  in  g e n e r a l ,  b e t t e r  f i t s  

w ere  o b ta in e d  by summing o n ly  o v e r  c e n t r a l  v a lu e s  o f t ,  

o th e r w is e  th e  end v a lu e s  w ere  u n d u ly  p re d o m in a n t .

- / »  <s>

**• ( ey»t w) = *  e /^
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/. wept = ^ . ( e/ t  -  1 )

w = — (1  -  e ”/*^) [w = 0 when t  = ol ........... ( 8 )
/* L

The e x p o n e n t ia l  e”^  d e c r e a s e s  w i th  t im e  to w ard s  z e r o .

E v a lu a t io n  of w was made hy s u b s t i t u t i o n  o f  th e  c a l c u l a t e d  

v a lu e s  o f  a  and p  in  ( 8 ) .  The d e g re e  o f  c lo s e n e s s  of f i t  

o f  t h e  e x p e r im e n ta l  and c a l c u l a t e d  v a lu e s  of w was n o te d .

oc was t h e n  g r a p h e d  a g a i n s t  t  i n  o r d e r  t o  d i s p l a y  t h e  

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

a t  a  p e r f u s i o n  s o l u t i o n  t e m p e r a t u r e  o f  16°C.

The s t e p s  i n  t h e  e v a l u a t i o n  w e r e : -

t w dw
d t

dw w2

1
CO -p 1—i

2 m0
C-i-

3 rHCSi “ -P ' 1 ”
iiiii

0
S

•Hu » ©.

CQ£
HlCC

19
Pi
£

L L L L
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Z dw r  dw
^ d t  -  2  w2 . d t

E v a lu a t io n s  o f  p = --------- ”5---------------------- '  '
/  ( s. w) - n s  w

Z ^ W V Tr D-r— “ ZW yS
and 04 =    —    (7) w ere  made.

n

t r t CD c+ 1 -  e/st -5 - d  -  e V * )r
c< t

1 m
%

2 0-i -P O >H P-
3

© c6 1—IX> o
i
j
i
i
i

1 Pr
om

 
ta

 
tu

ra
 

1 
1

i

19 a

E q u a t io n  ( l )  to o k  no a c c o u n t  o f  t h e  i n c r e a s e  in  w e ig h t  

o f  t h e  e a r  due to  t h e  f i l l i n g  o f  t h e  h lo o d  v e s s e l s  w i th  

p e r f u s i o n  s o l u t i o n .  T hus, i n  p r a c t i c e ,  when t  m 0 , t h e  

v a lu e  f o r  t h e  n e t  ou tw ard  f i l t r a t i o n  w i l l  n o t  p a s s  th ro u g h  

ze ro  on t h e  o r d i n a t e .
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^  -<* d t * y3 VrJ

[ f !  + /* (w  + l ) ] 2

^ d l  -  HOC + y s Z w  + 11̂ 3 ** 0

Z(w t  “ o<Zw - noc + y g Z ( w  + l ) ^  = 0

/# - « Z w + y 3 Z w 2 + y 3 Z w s r O    (9)

i f  &  was sm a l l ,  a g r e a t e r  c o r r e c t io n  was needed." v
D u rin g  p e r f u s i o n  o f  t h e  i s o l a t e d  r a b b i t ’ s e a r  w ith  

s o l u t i o n  a t  a. t e m p e r a tu r e  o f  16°C, t h e  i n c r e a s e  i n  w e ig h t  

o f  t h e  e a r  due to  f i l l i n g  o f  t h e  b lo o d  v e s s e l s  w i th  p e r f u s i o n  

s o l u t i o n  was u n d u ly  p red o m in an t  s i n c e  oedema d ev e lo p ed  

c o m p a ra t iv e ly  s lo w ly .  T h is  was a l lo w e d  f o r  by  in t r o d u c in g  

a  c o r r e c t i o n  f a c t o r  C.

| | = o c  y v  ................................................................. ( 2)

04 m M  Y W

( 1 0 )
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s o l u t i o n : - e/^w = -2-e/et + C 
/

C - i s c r

whence = (w_ - P ( 11 )

The b e s t  v a lu e  o f  C was c a l c u l a t e d  by u s in g  c e n t r a l  v a lu e s  

o f  t f whence

w = -2 - + Ce-f*P ( 1 2 )

The s t e p s  i n  t h e  e v a l u a t i o n  w e r e : -

t .  - OC
r  '  p (wr  -

3

4

5

10

L

C = — £  Cr  was e v a lu a te d *

-atThen w — ■“  + Ce f  was c a l c u l a t e d  by  s u b s t i t u t i o n  o f  t h e



chosen  v a lu e s  o f  c* , ^  , and  C in  e q u a t io n  (12) and t h e  

d e g re e  o f  c lo s e n e s s  o f  f i t  o f  e x p e r im e n ta l  and  c a l c u l a t e d  

v a lu e s  o f  w was n o te d .

The v a lu e s  f o r  a  worked exam ple , t h a t  o f  oedema 

f o r m a t io n  a t  16°C i n  e x p t .  no . 24, 47 , a r e  shown in  t a b l e s  

12 , 13 and 14.

PERFUSION AT SOLUTION T LMPERATUBE 58° C

S in c e  f i t t i n g  th e  o r i g i n a l  fo rm u la  was d i f f i c u l t  t h e  

s i m p l i f i c a t i o n  ^  = ^  was u s e d ,  whence

= o< (1  -  e 7 ^ )  -  .............................(13)

S in c e  a  good f i t  was o b ta in e d  by t h e  s i m p l i f i c a t i o n  an  

even b e t t e r  f i t  would b e  o b ta in e d  w i th o u t  i t .

V a lu es  f o r  t h e  p a ra m e te r s  oc and  b w ere  d e te rm in e d .
t
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Let k = oc
/

-  k t e ' / 3*  (15)

L o g ar i th m s  w ere  t a k e n  in  o r d e r  to  o b t a i n  a l i n e a r  e q u a t io n  

o f  t h e  c o n s t a n t s .

l o g § f  = lo g  k  + lo g  t  -  y8 t  ...................(16)

L e t  A = lo g  k

lo g  ^  = A + lo g  t  -  tB  ............................... (17)
clt

The method o f  l e a s t  o f two s q u a re s  was u s e d ,  and v a lu e s  

o f  A and  B chosen  to  nmke t h e  sum o f s q u a re s

Z [ l o g  5^  -  A -  lo g  t  + tBj 2  (18)

a s  s m a l l  a s  p o s s i b l e .

T h is  l e d  to  t h e  f o l lo w in g  2 e q u a t io n s

£  lo g  -  nA -  Z  lo g  t  -  Z  tB  = 0  (19)

Z  ( t  l ° s f r )  - Z  tA -  Z  t  lo g  t  -  Z  t 2B = 0 . . . .  ( 20 )

• • nA - Z tB = Z lo g  -  Z l o g  t  

Z tA -  Z  t^B = Z  ( t  l o g  «—•) -  Z t  lo g  t

n Z t A  -  (Z t ) 2B = Z t  Z l o g  ^  -  Z t  Z l o g  tdt
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n Z  tA -  n Z  t 2B =  ( t  lo g  -  nZ  t  lo g  t

z t J T l o g ^  -  n £ ( t  logger) + nZt lo g  t  -  Z tZ lo g  t

n Z  t ^  -  ( Z  t )  ^

( 21)

A was e v a lu a te d  by s u b s t i t u t i o n .

oc and  j i  w ere  e v a lu a te d  by  s u b s t i t u t i o n  f o r  A and  B

A = logc< - logyS .

|j~ = ex. (1  -  e ? 11) -  y3 w .................. (13)

dw + „w  = o c ( l  -  e - / * )d t  + /

= ^ ( e / s t  -  1)

e ^ w  = ^ - ( e / *  -  1) -  cct  

w =  -^ - ( l  -  e V b  -  octeT*11 ly =  0 when t  — o] . . ( 2 2 )
r

E v a lu a t io n  of w was made by  s u b s t i t u t i o n  o f  t h e  c a l c u l a t e d  

v a lu e s  o f  c* and p  i n  (22) and  th e  d e g re e  of c lo s e n e s s  o f 

f i t  o f  t h e  e x p e r im e n ta l  and c a l c u l a t e d  v a lu e s  o f  w was n o ted , 

<*(1 -  e p )  was t h e n  g rap hed  a g a i n s t  t  in  o r d e r  to
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d i s p l a y  t h e  g r o s s  ou tw ard  f i l t r a t i o n  r a t e  a c r o s s  t h e  

c a p i l l a r y  membrane a t  a  p e r f u s i o n  s o l u t i o n  t e m p e r a tu r e  o f  

38°C .

The s t e p s  i n  t h e  e v a l u a t i o n  w e r e : -

t W dw
d t

£|-p0H dw
t  iQg d t t 2 lo g  t t  lo g  t

1 3P-t "0 _
0
CJ

O -H ib
® aS _

3
1—1 boX2 O cj H .11111

1

-P 1—1S a5 O 5b 5b 3 -P

19 b!

L L L I I L

B v a lu a t io n s  of B, j* , A, and ot w ere made by s u b s t i t u t i o n  in  

( 21 ) e t  s e q .

t f t e ' / 1 - e'F* 2 (1  - e f 1) o t ( l  -  e t  h oCt ex. t  e w

1

2

3
11
1111

19
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D u ring  p e r f u s i o n  o f  t h e  i s o l a t e d  r a b b i t ' s  e a r  w i th  s o l u t i o n  

a t  a  t e m p e r a tu r e  of 38°C, t h e  i n c r e a s e  in  w e ig it  o f  t h e  e a r  

due t o  f i l l i n g  o f  t h e  b lo o d  v e s s e l s  w i th  p e r f u s i o n  s o l u t i o n  

was n o t  u n d u ly  p red o m in an t  s i n c e  oedema d e v e lo p ed  r a p id ly *  

However a  c o r r e c t i o n  f a c t o r  m ight h a v e  been  a p p l i e d  i f  

r e q u i r e d .

An a v e r a g e  c o r r e c t i o n  m igh t h a v e  been  c a l c u l a t e d  f o r  th e  

p o i n t s  u s e d  i n  f i t t i n g  oc and r , whence

(15)

d f  =  “ ( 1  "  '  /  w

(23)

<*. t + c

(24)

(25)
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The s t e p s  i n  t h e  e v a l u a t i o n  would h a v e  h e e n s -

t wr ----2S.r r (wr  -  f ) -P

c r

3

4

5
>ii
iii

12

z

Then C = i £ C r  would h av e  "been e v a lu a t e d .

Then w = —  -  ( e x t  -  C) e“ would h a v e  been c a l c u l a t e d  by 
r

s u b s t i t u t i o n  o f  t h e  chosen  v a lu e s  o f  <x , p, and C in  

e q u a t io n  (25) and  t h e  d e g re e  o f  c lo s e n e s s  o f  f i t  o f  

e x p e r im e n ta l  and c a l c u l a t e d  v a lu e s  of w n o te d .

I t  was fou nd  in  s e v e r a l  a n a ly s e s  o f e x p e r im e n ta l  r e s u l t s  

a t  a  s o l u t i o n  t e m p e r a tu r e  o f  38°C t h a t  t h e  s l i g h t  a d d i t i o n a l  

a c c u ra c y  o f  c lo s e n e s s  o f  f i t  o b ta in e d  by t h e  u s e  of t h e  

c o r r e c t i o n  f a c t o r  d id  n o t  j u s t i f y  t h e  la b o u r  in v o lv e d .

The v a lu e s  f o r  a worked exam ple, t h a t  o f  oedema
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f o n n a t i o n  a t  38°C in  e x p t .  n o .  38 , 39 , 4 0 , 4 1 , a r e  shown 

in  t a b l e s  15 and  16.
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I N T R O D U C T I O N

The p e r f u s io n  o r  i n f u s i o n  of l i q u i d s  und er  c o n s t a n t  p r e s s u r e  

i s  a  common r e q u i r e m e n t  i n  e x p e r im e n ta l  p h y s io lo g y .  The 

s c i e n c e  of f l u i d  m ech an ics  d a t e s  i t s  o r i g i n  from  an im p o r ta n t  

d i s c o v e r y  of T o r r i c e l l i .  T o r r i c e l l i  e n u n c ia te d  i n  h i s  *De 

Motu Gravium N a t u r a l i t e r  A c c e l e r a to r  1643* * t h a t  th e  v e l o c i t y  

of a  f l u i d  p a s s in g  th ro u g h  an  o r i f i c e  i n  th e  s i d e  of a  r e s e r 

v o i r  i s  t h e  same a s  t h a t  w h ich  would he a c q u i r e d  by a  body 

f a l l i n g  i n  vacuo from  t h e  v e r t i c a l  h e i g h t ,  m easu red  from  th e  

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

o r i f i c e .  T h is  p r o p o s i t i o n ,  known a s  t h e  tneo rem  of 

T o r r i c e l l i ,  i s  e x p re s s e d  by  v  = (2gH)"^. Upon i t  r e s t s  th e  

w hole  t h e o r y  of w a te r  a c t u a t e d  by th e  f o r c e  o f  g r a v i t y .

M a r i o t t e  made many e x p e r im e n ts  i l l u s t r a t i n g  th e  t r u t h  

o f  t h i s  th eo rem , t h e  r e s u l t s  o f  which w ere  p u b l i s h e d  a f t e r  

h i s  d e a t h ,  i n  1686 .

LABORATORY CONSTANT PRESSURE DEVICES

M a r i o t t e 1s b o t t l e  w i th  c e n t r a l  tu b e  

M a r i o t t e  (1718) r e p o r t e d  some s im p le  hydrodynam ic  e x p e r i 

m en ts  u s in g  a b o t t l e  w i th  a h o l e  n e a r  th e  b o t to m . A tu b e ,
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open to  th e  a tm o sp h e re ,  e n te r e d  th ro u g h  th e  s to p p e re d  to p  

o f  th e  b o t t l e  ( f i g . 3 4 ) .

I f  t h e  b o t t l e  was f i l l e d  w i th  w a te r  and th e  tu b e  r e a c h 

ed below  th e  l e v e l  of th e  h o l e ,  w a te r  c e a se d  ru n n in g  o u t  

when th e  tu b e  was empty as  f a r  a s  th e  l e v e l  of th e  m id d le  

of t h e  h o l e .  The b o t t l e  th e n  rem a in ed  f u l l  of w a t e r .  On 

t h e  o th e r  h a n d , i f  t h e  end o f  th e  tu b e  was h ig h e r  th a n  th e  

l e v e l  of t h e  to p  o f  t h e  h o l e ,  t h e n  M a r i o t t e  o b se rv ed  t h a t  

a tm o s p h e r ic  a i r  e n te r e d  th ro u g h  t h e  t u b e .  The a i r  r o s e  

th ro u g h  t h e  w a te r  t o  t h e  s to p p e r e d  to p  of th e  b o t t l e  w h i l e ,  

a t  t h e  same t im e ,  t h e  w a te r  c o n t in u e d  t o  d i s c h a r g e  th ro u g h  

t h e  h o l e .

S in c e  M a r i o t t e  e i t h e r  o m it te d  or f a i l e d  t o  make t h e  ob

s e r v a t i o n  t h a t  t h e  w a te r  d i s c h a r g e d  a t  t h e  same r a t e  no 

m a t t e r  t h e  l e v e l  o f  t h e  w a te r  i n  th e  b o t t l e ,  h e  p ro b a b ly  d id  

n o t  r e a l i s e  t h a t  he  had  d e v is e d  a  c o n s t a n t  p r e s s u r e  b o t t l e .  

M a r i o t t e  a l s o  r e p o r t e d  th e  r e s u l t s  of o b s e r v a t io n s  u s in g  

h o l e s  of d i f f e r e n t  s i z e s  i n  t h e  b o t t l e ,  a l th o u g h  h e  made no 

m e n t io n  of u s in g  c e n t r a l  a i r  t u b e s  o f  d i f f e r e n t  b o r e s .



-  2 2 7 -

T h e o r e t i c a l  t r e a tm e n t  o f M a r i o t t e * s  

b o t t l e  w i th  c e n t r a l  tu b e  

M a r i o t t e * s  e x p la n a t io n  of t h e  f a c t o r s  in v o lv e d  was d e f i n i t e 

l y  i n a d e q u a t e .  C o n s id e r a t io n  of t h e  c o n d i t i o n s  l e d  t o  t h e  

f o l lo w in g  e v a l u a t i o n .

V a te r  d i s c h a r g i n g  th ro u g h  o r i f i c e  i n  b o t to m .

a = 2 da/ 2 eh i
w here  £  -  q u a n t i t y  o f  w a te r  d i s c h a r g e d  ( c m ^ /s e c ) :  

o b ta in e d  by  m easu rem en t.

= c o e f f i c i e n t  o f  d i s c h a r g e  of o r i f i c e ,  

a  = c r o s s  s e c t i o n a l  a r e a  of t h e  o u te r  or s m a l l e s t  

s e c t i o n  of th e  o r i f i c e  (cm ^): o b ta in e d  by

m ea su re m e n t. 

h^ = h e i g h t  of low er end of c e n t r a l  tu b e  above 

o r i f i c e  ( c m ) : o b ta in e d  by m easu rem en t.

J 2gh^ = v e l o c i t y  e q u iv a l e n t  to  t h e  s t a t i c  h e ad  h-^.

Hence = co u ld  be  e v a lu a t e d  a s  ^ / a . / 2 g h 1 .

A ir  e n t e r i n g  by c e n t r a l  t u b e .

£  =  v . t t  d ^ / 4

w here  £  * a i r  e n t r y  (cm / s e c )  .

= q u a n t i t y  o f  w a te r  d i s c h a r g e d  th ro u g h  o r i f i c e

i n  b o t to m  ( c m ^ /s e c ) :  o b ta in e d  by m easurem ent.
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v  = mean v e l o c i t y  of a i r  e n t e r i n g  c e n t r a l  tu b e  

( c m /s e c ) .

d s d ia m e te r  o f  c e n t r a l  tu b e  (cm ): o b ta in e d  by

m ea su re m e n t•

Hence v  cou ld  be e v a lu a t e d  a s  4^ /T T d^.

The f lo w  of a i r  be low  t h e  c r i t i c a l  v e l o c i t y  i n  a  

s t r a i g h t ,  na rro w  b o r e ,  c i r c u l a r  tu b e  i s  s t r e a m - l i n e d ,

1 = t o t a l  l e n g t h  o f  c e n t r a l  tu b e  ( cm): o b ta in e d

by m easurem ent 

v  = mean v e l o c i t y  o f a i r  e n t e r i n g  c e n t r a l  tu b e  

( cm/sec )

d a d ia m e te r  o f c e n t r a l  tu b e  (cm ): o b ta in e d  by

m easu rem en t.

Hence Sp c o u ld  be e v a l u a t e d .  In  p r a c t i c e ,  th e  d i f f e r e n c e  

be tw een  a tm o s p h e r ic  p r e s s u r e  and th e  p r e s s u r e  a t  th e  low er 

end of a c e n t r a l  tu b e  of a M a r io t t e * s  b o t t l e  would be

found  t o  be s l i g h t .

v i s c o u s  n o n - t u r b u l e n t  f l o w .  Hence 

&p = d i f f e r e n c e  betw een a tm o s p h e r ic  p r e s s u r e  and

w here

p r e s s u r e  a t  low er end o f  c e n t r a l  tu b e  due 

t o  f r i c t i o n  ( dynes/cm ^)

^  - v i s c o s i t y  o f a i r  ( d y n e s - s e c / c m ^ ) : o b ta in e d

from  t a b l e s
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M a r i o t t e ^  c e n t r a l  tu b e  a p p l i e d  t o  a b u r e t t e  

Such a  c o n s t a n t  p r e s s u r e  b o t t l e  c o n s i s t i n g  of a  b u r e t t e  

w i t h  c e n t r a l  a i r  tu b e  was u sed  i n  t h e  f r o g  h e a r t  a p p a r a t u s  

d e v is e d  by P r o f e s s o r  K ro neck er  o f  Berne i n  th e  second  h a l f  

of th e  1 9 th  c e n tu r y  (M cK endrick, 1892) and by van  

W ijn g aa rd en  (1 9 2 6 ) .

Van W ijn g aa rd en  d e s i r e d  t o  o b t a i n  m easured  volum es of 

f l u i d  d e l i v e r e d  a t  c o n s t a n t  p r e s s u r e .  H is  a p p a r a tu s  con

s i s t e d  of a  s t a n d a r d  100 m l.  g r a d u a te d  b u r e t t e  which was 

f i l l e d  w i th  f l u i d  and c lo s e d  w i th  a  o n e -h o le d  s to p p e r  

( f i g . 3 5 ,A ). A g l a s s  tu b e  p a sse d  th ro u g h  th e  r u b b e r  s to p p e r  

and th e  b o t to m  o f t h i s  c e n t r a l  tu b e  was below  th e  lo w e s t  

g r a d u a t io n  o f  th e  b u r e t t e .  On open ing  t h e  b u r e t t e  t a p ,  a i r  

b u b b le s  r o s e  th ro u g h  t h e  f l u i d  i n  th e  b u r e t t e  fro m  th e  low er 

end of t h e  c e n t r a l  t u b e .

Van W ijn g aa rd en  s e l e c t e d  th e  b o re  of t h e  c e n t r a l  tu b e  

so  t h a t  t h e  d e s i r e d  o u t f lo w  r a t e  was o b ta in e d .  T h is  was 

u n n e c e s s a r y  s i n c e  v a r i a t i o n s  i n  d e l i v e r y  r a t e  co u ld  have  

b e en  o b ta in e d  more r e a d i l y  by a l t e r i n g  th e  h e i g h t  o f th e  

b u r e t t e  above th e  c a n n u la  t i e d  i n t o  t h e  p r e p a r a t i o n .  More

o v e r ,  t h e  in f lo w  r e a d i n g s ,  s i n c e  th e y  w ere r e a d  from  a 

b u r e t t e  w i th  s t a n d a r d  c a l i b r a t i o n s ,  w ere  i n a c c u r a t e  due to  

t h e  volume t a k e n  up by th e  c e n t r a l  t u b e .  Bor was i t
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p o s s i b l e  t o  c a l i b r a t e  t h e  b u r e t t e  s p e c i a l l y  i n  o r d e r  to  

a l lo w  f o r  th e  c e n t r a l  t u b e ,  s i n c e  d i f f e r e n t  tu b e s  w ere  

u se d  t o  o b t a i n  t h e  d e s i r e d  o u t f lo w  r a t e .

Burn (1 9 2 8 )a d v is e d  th e  u se  o f  van  W ijn g a a rd e n 1s con

s t a n t  p r e s s u r e  d e v ic e  a s  t h e  b e s t  a v a i l a b l e  a p p a r a tu s  f o r  

m e a su r in g  in f lo w  v o lu m es . He s p e c i f i e d  t h a t  th e  g l a s s  tu b e  

w hich  p a s se d  th ro u g h  th e  b u r e t t e  s to p p e r  sh o u ld  be drawn 

o u t ,  im m e d ia te ly  below  t h e  s t o p p e r ,  i n t o  a  lo n g  c a p i l l a r y .  

T h is  m o d i f i c a t i o n  c o n s i d e r a b ly  i n c r e a s e d  th e  a c c u ra c y  o f  t h e  

volume r e a d i n g s  when u s in g  a s t a n d a r d  c a l i b r a t e d  b u r e t t e .

O th e r  l a b o r a t o r y  c o n s t a n t  p r e s s u r e  d e v ic e s  

Only 2 o th e r  l a b o r a t o r y  m ethods of o b t a in in g  a  c o n s ta n t  

f l u i d  p r e s s u r e  a p p e a r  t o  h av e  been  d e s c r ib e d  i n  th e  l i t e r a 

t u r e .  Shanks (1923) u sed  a  c o n s t a n t  p r e s s u r e  p e r f u s io n  

c a n n u la  ( f i g . 4 3 ,A) i n  w hich  th e  p e r f u s io n  f l u i d  on r e a c h in g  

a  c e r t a i n  l e v e l  in  t h e  c a n n u la  r a n  o f f  t o  w a s te  th ro u g h  a 

s i d e  t u b e .  Shanks su g g e s te d  i t s  u se  o n ly  f o r  p e r f u s io n  of 

t h e  i s o l a t e d  h e a r t ,  and h e  f a i l e d  t o  r e a l i s e  t h e  p o s s i b i l i t y  

of a w id e r  a p p l i c a t i o n  of t h e  p r i n c i p l e .  In  f a c t ,  t h e  

c a n n u la  co u ld  be a t t a c h e d  t o  t h e  p r e p a r a t i o n  by a  s h o r t  

l e n g t h  of ru b b e r  tu b in g  i n s t e a d  of d i r e c t l y ,  t h u s  p e r m i t t i n g  

a  c h o ic e  of l e v e l  of c o n s t a n t  p r e s s u r e .  N e v e r t h e l e s s ,  th e  

d e v ic e  s u f f e r e d  fro m  th e  d i s a d v a n ta g e  t h a t  th e  c a n n u la  co u ld
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n o t  be u se d  t o  m easure  in f lo w  u n l e s s  s p e c i a l l y  c a l i b r a t e d ,  

and t h a t  even i n  Shanks* u n m o d if ied  c a n n u la ,  t h e  f l u i d  dead 

sp a ce  in v o lv e d  i n  t e s t i n g  d rug  a c t i o n  was c o n s i d e r a b l e .  A 

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

a d j u s t  t h e  r a t e  of th e  f l u i d  d e l i v e r y  t o  t h e  c a n n u la  i n  an 

a t t e m p t  t o  r e d u c e  t o  a  minimum t h e  w a s te  of f l u i d  th ro u g h  

t h e  o v e rf lo w  s id e  t u b e .

H e rb s t  (1950) d e s c r ib e d  an e x c e l l e n t  c o n s ta n t  p r e s s u r e  

a p p a r a tu s  ( f i g . 3 6 ) .  The l i q u i d  was s t o r e d  i n  th e  b o t t l e  

A, from  which i t  f lo w ed  th ro u g h  th e  f i l t e r  B, i n t o  th e  

r e s e r v o i r  C. A c o n s ta n t  l e v e l  was m a in ta in e d  a t  D: a i r

was a d m i t te d  t o  A th ro u g h  t h e  ru b b e r  tu b e  E whenever th e  

l e v e l  i n  C f e l l  s u f f i c i e n t l y .  The o r i f i c e  F a d m it te d  t h e  

n e c e s s a r y  a i r .  The l i q u i d  p assed  th ro u g h  tu b e  G to  th e  

o r i f i c e  E. The r a t e  of f lo w  was c o n t r o l l e d  by th e  v e r t i c a l  

d i s t a n c e  be tw een  D and H and by th e  d im en s io n s  of H.

E x cep t f o r  i t s  s l i g h t l y  cumbersome a t t a c h m e n t s ,  and 

t h e  t im e  in v o lv e d  in  c l e a n in g  and r e f i l l i n g  th e  component 

p a r t s  co n seq u e n t  upon a change i n  t h e  n a t u r e  of t h e  f l u i d ,  

t h i s  c o n s t a n t  p r e s s u r e  a p p a r a tu s  i s  e x tre m e ly  u s e f u l .
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DISADVANTAGES OP THE CENTRAL TUBE IE  

THE MARIOTTE COUSTAMT PRESSURE DEVICE

I t  was o b v io u s  t h a t  t h e  M a r i o t t e  p r i n c i p l e  was t h e  b e s t ,  

and o f f e r e d  t h e  m ost c o n v e n ie n t  d e v i c e ,  t o  u s e  i n  o rd e r  to  

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

m ents*

Y et t h e  c e n t r a l  a i r  tu b e  was n o t  o n ly  n o t  n e c e s s a r y  b u t  

was a l s o  an  a c t u a l  d i s a d v a n ta g e .  T h is  was e s p e c i a l l y  so i f  

i t  was d e s i r e d  t o  m easu re  a c c u r a t e l y  th e  volume of f l u i d  

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

M oreover, when f i l l i n g  or r e f i l l i n g  a c l a s s i c a l  

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

c e s s  of t h e  c o n s t a n t  h ead  d e s i r e d  f o r  t h e  p e r f u s i o n  or i n 

f u s i o n .  T h is  i n i t i a l  e x c e s s  p r e s s u r e  was due t o  th e  e n t r y  

of f l u i d  up t h e  c e n t r a l  a i r  t u b e ,  a s  a  r e s u l t  of t h e  i n 

s e r t i o n  of th e  s to p p e r  c a u s in g  an  i n c r e a s e  i n  t h e  p r e s s u r e  

of th e  a i r  c o n ta in e d  above t h e  f l u i d  i n  t h e  b o t t l e .  On r e 

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

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

t h e  s to p p e r  and c e n t r a l  tu b e  t o  e x a c t l y  th e  p r e v io u s  l e v e l .  

M oreo ver ,  t h e  low er end of t h e  c e n t r a l  a i r  tu b e  m igh t l i e  

so f a r  up t h e  r e s e r v o i r  t h a t  f r e q u e n t  r e f i l l s  w ere  r e q u i r e d .
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Y et a n o th e r  d i s a d v a n ta g e  of u se  of th e  M a r i o t t e  

"b o t t le  w i th  c e n t r a l  tu b e  was t h a t ,  t o  o b t a in  c o n s t a n t  

p r e s s u r e  of th e  o rd e r  of mammalian b lo od  p r e s s u r e ,  th e  

r e q u i r e d  h ig h  hydrodynam ic  p r e s s u r e  h ad  t o  be  p ro v id e d  by 

t h e  awkward p o s i t i o n i n g  of t h e  r e s e r v o i r  b o t t l e  a t  a con

s i d e r a b l e  h e i g h t  from  t h e  bench l e v e l .

F i n a l l y ,  o x y g e n a t io n  of t h e  f l u i d ,  d e l i v e r e d  a t  c o n s t a n t  

p r e s s u r e ,  had t o  be a c h ie v e d  e i t h e r  by o x y g e n a t io n  b e fo r e  

t h e  ex p e r im e n t  commenced or by a. s p e c i a l  s i d e  l im b  a t t a c h e d  

t o  t h e  r e s e r v o i r  b o t t l e  ( f i g . 4 8 , B) .

IMPROVED MARIOTTE CONSTANT PRESSURE DEVICE

A l l  t h a t  was r e q u i r e d  t o  overcome t h e  d i s a d v a n ta g e s  of t h e  

c e n t r a l  t u b e ,  and y e t  r e t a i n  a l l  th e  a d v a n ta g e s  of t h e  

M a r i o t t e  p r i n c i p l e ,  was t o  have  a s to p p e re d  f l u i d  r e s e r 

v o i r ,  b u r e t t e  or b o t t l e ,  w i th  2 o r i f i c e s  w hich  w ere  a t  

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

t o  t h e  b o tto m  a s  p o s s i b l e  ( f i g . 3 7 ) .  The r e s e r v o i r  would 

th e n  d e l i v e r  f l u i d  a t  c o n s t a n t  p r e s s u r e  from  t h e  low er 

o r i f i c e ,  w h i le  a i r  e n te r e d  th e  upper o r i f i c e  and bubb led  

th ro u g h  th e  f l u i d .
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T h is  a p p a r a tu s  h ad  t h e  a d d i t i o n a l  a d v a n ta g e s  of sim

p l i c i t y  and a l s o  economy, s i n c e ,  due t o  t h e  f i x e d  s i t e  of 

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

a l l  b u t  t h e  v e ry  l a s t  o f t h e  f l u i d  i n  t h e  f l a s k  was d e 

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

STAGES IE DEVELOBCTT OF THE IMPROVED 

CONSTAITT PRESSURE BURETTE

S ta g e  1

The d e v ic e  was made from  a  50 m l. or 100 m l.  g r a d u a te d  

b u r e t t e  co m p le te  w i th  p in c h c o c k  or w i th  s t r a i g h t  b o re  g l a s s  

s to p c o c k .  The upper  end of th e  b u r e t t e  was c lo s e d  w i th  a  

s t o p p e r .  A n a rro w  b o re  g l a s s  tu b e  r a n  p a r a l l e l  t o  t h e  

b u r e t t e  ( f i g . 3 5 ,B ) .  The lo w er  end o f  t h e  tu b e  was fu s e d  

th ro u g h  t h e  b u r e t t e  be low  t h e  g r a d u a t io n s  and j u s t  above th e  

c o c k .  The u p p e r  end of th e  p a r a l l e l  g l a s s  tu b e  was open to  

t h e  a tm o sp h e re .

I t  was e a sy  t o  f u s e  t h e  p a r a l l e l  g l a s s  tu b e  on t o  th e  

s t a n d a r d  l a b o r a t o r y  a r t i c l e  c a ta lo g u e d  a s  ’b u r e t t e ,  w i th  

s i d e  tu b e  f o r  f i l l i n g  f i t t e d  below  g r a d u a t i o n s ’ . A c o rk  

w ire d  betw een t h e  b u r e t t e  and s i d e  l im b  n e a r  th e  to p  made 

t h e  g l a s s  j u n c t i o n  n e a r  t h e  cock  l e s s  l i a b l e  t o  b re a k a g e .
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To p r e p a r e  t h e  a p p a r a tu s  f o r  u s e ,  th e  s to p p e r  in  t h e  

u p p e r  end of t h e  b u r e t t e  was r e p l a c e d  by a f i l t e r  f u n n e l ,  

th ro u g h  w hich  th e  b u r e t t e  and s id e  l im b  w ere  f i l l e d  w i th  

f l u i d  t o  above th e  l e v e l  of t h e  z e ro  g r a d u a t i o n .  The 

s to p p e r  was th e n  r e p l a c e d ,  t h e  s to p c o c k  opened and f l u i d  ru n  

o u t  u n t i l  t h e  s i d e  l im b  was empty, a i r  was b u b b l in g  i n t o  t h e  

b u r e t t e  and t h e  l e v e l  of f l u i d  i n  t h e  b u r e t t e  had re a c h e d  

t h e  z e ro  c a l i b r a t i o n .  F i n a l l y  t h e  b u r e t t e  was clamped to  

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

was a t  t h e  r e q u i r e d  head  of p r e s s u r e  above th e  c a n n u la .

S ta g e  2

The a d d i t i o n  of a  3-wa,y T -b o re  s to p c o c k  ( f i g . 35 , C) t o  th e  

s i d e  tu b e  below  th e  l e v e l  of t h e  b u r e t t e  j u n c t i o n  f a c i l i 

t a t e d  t h e  f i l l i n g ,  em ptying and w ashing  o u t of th e  b u r e t t e  

and s i d e  l im b  from  b e low . D uring  f i l l i n g  and w ash ing  th e  

.s to p p e r  a t  t h e  to p  of t h e  b u r e t t e  s t i l l  had t o  be rem oved. 

N e v e r th e l e s s  t h e  a d d i t i o n a l  s to p c o c k  l a r g e l y  o b v ia te d  th e  

n e c e s s i t y  of unc lam ping  th e  b u r e t t e  from  i t s  e s t a b l i s h e d  

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

c a n n u la  on chang ing  p e r f u s in g  f l u i d s .  M oreover, any e r r o r  

i n  in f lo w  m easurem ents  a f t e r  r e f i l l i n g  was a b o l i s h e d ,  s in c e  

t h e  f l u i d  on th e  s i d e  tu b e  was r u n  o f f  v i a  th e  a d d i t i o n a l  

s to p c o c k ,  b e f o r e  recommencing t h e  i n f u s i o n .



S ta g e  3

The p r e s e n c e  of a n o th e r  3-way T -b o re  s to p c o c k ,  a t  a  j u n c t i o n  

s i t u a t e d  above th e  z e ro  l e v e l ,  p e r m i t t e d  t h e  f i l l i n g ,  empty

in g  and w ash ing  o f  t h e  b u r e t t e  and s i d e  l im b  from  b e low  w i t h 

o u t  rem o va l of t h e  s to p p e r  a t  t h e  to p  of t h e  b u r e t t e .  I t  

was n o te d  a s  a  p o s s i b i l i t y ,  i n  t h i s  s t a g e  o f  t h e  d e v e lo p m e n t,  

t h a t  i n  r e s e a r c h  work r e q u i r i n g  t h e  r a p i d  i n t e r c h a n g e a b l e  u s e  

o f  2 or 3 c o n s t a n t  h e a d s  of p r e s s u r e ,  a d d i t i o n a l  3-way T -b o re  

s to p c o c k s  cou ld  be  added a t  t h e  a p p r o p r i a t e  h e i g h t s  on th e  

s i d e  l im b ,  each  w i th  a  j u n c t i o n  t o  t h e  b u r e t t e .  Such a d d i 

t i o n a l  j u n c t i o n s  would make t h e  u se  of w ire d  c o rk s  t o  

s t r e n g t h e n  th e  a p p a r a t u s  u n n e c e s s a r y .

The a d v a n ta g e s  o f such  a c o m p l ic a t io n  w ere  s l i g h t .

S ta g e  4

By a  f o r t u n a t e  a c c id e n t  th e  p a r a l l e l  tu b e  of a  c o n s t a n t  

p r e s s u r e  b u r e t t e  was b ro k en  o f f  a t  t h e  p o i n t  w here  i t  had  

b e en  f u s e d  on t o  t h e  s t a n d a r d  s i d e  tu b e  ( f i g . 3 5 ,D ). I t  was 

n o te d  t h a t  a  c o n s t a n t  p r e s s u r e  d e v ic e  was a v a i l a b l e  s im p ly  by 

p u rc h a s in g  a  c a ta lo g u e d  b u r e t t e  f i t t e d  f o r  f i l l i n g ,  below  th e  

g r a d u a t io n s  and a t  r i g h t  a n g le s  t o  t h e  lo ng  a x i s  o f th e  b u r 

e t t e ,  w i th  a  s id e  tu b e  of 3 -4  mm i n t e r n a l  d ia m e te r  (F e rg u so n  

& G a r r y ,  1 9 5 2 ) .  I f  v e ry  r a p i d  d e l i v e r y  of f l u i d  was d e s i r e d  

f ro m  such  a, s t a n d a r d  b u r e t t e  i t  m ig h t  be  n e c e s s a r y  t o  c u t
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o f f  th e  t e r m in a l  drawn o u t  p o r t i o n  of t h e  d e l i v e r y  t i p  of 

t h e  b u r e t t e .

Subsequen t t o  t h e  d e m o n s t r a t io n  of our d e v ic e  R edonnet 

(1952) d e s c r ib e d  a  c o n s t a n t  p r e s s u r e  b u r e t t e  i n  which th e  

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

s to p p e r  and i n s e r t e d  i n t o  a  s p e c i a l  d i l a t a t i o n  on th e  b u r e t t e ,  

blown below  t h e  lo w e s t  g r a d u a t io n  ( f i g . 3 8 ) .  S i m i l a r l y  to

van  W ijn g aa rd en  he  m o d if ie d  th e  o u t f lo w  r a t e  under  c o n s t a n t  

p r e s s u r e  by u s in g  c a p i l l a r i e s  o f d i f f e r e n t  b o r e .  However, 

t h e  c a p i l l a r y  s id e  l im b  i s  b ro k en  f r e q u e n t l y  d u r in g  u se  of 

t h e  b u r e t t e .  R ep lacem en t of t h e  c a p i l l a r y  s i d e  l im b  was 

c la im ed  by R edonnet t o  be e a s i e r  and more r a p i d .  Yet t h i s  

was i r r e l e v a n t  s i n c e  i n  t h e  F e rg u so n  & G a rry  b u r e t t e  a  b re a k  

i n  t h e  s h o r t  s t o u t  s id e  a i r  tu b e  i s  an  e x tre m e ly  r a r e  

o c c u r r e n c e .

In  our b u r e t t e  f i l l i n g  and r e f i l l i n g  h a s  been  c a r r i e d  

o u t  th ro u g h  th e  s to p p e r e d  end , w h i le  t h e  s i d e  a i r  tu b e  A,

( f i g . 3 9 ) ,  was c lo s e d  t e m p o r a r i l y  by  th e  f i n g e r  o r by a c l i p  

on a s h o r t  l e n g t h  o f  r u b b e r  t u b i n g .  The s to p p e r  was removed 

and th e  b u r e t t e  f i l l e d  from  above th ro u g h  a f i l t e r  f u n n e l .

T h is  was in c o n v e n ie n t  i f  a h ig h  c o n s t a n t  h y d r o s t a t i c

pp © 3 SX1X* © W c3i S b e in g  u s e d .  Once t h e  s to p p e r  was r e p l a c e d  th e

s i d e  a i r  tu b e  was r e o p e n e d ,  so  t h a t  a  sm a ll  q u a n t i t y  of f l u i d
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m ig h t  be e j e c t e d  th ro u g h  i t  b e f o r e  th e  b u r e t t e  r e a d in g  was 

n o te d .

F i l l i n g  th e  b u r e t t e  th ro u g h  th e  s i d e  tu b e  w i th  f l u i d  

f rom  a  p r e s s u r i z e d  r e s e r v o i r  was n e x t  a t t e m p te d .  However, 

t h i s  r e s u l t e d  each t im e  in  an i n a c c u r a c y  i n  t h e  in f lo w  

r e a d i n g s  due to  t h e  unm easured volume of f l u i d  t e m p o r a r i l y  

lo d g in g  i n  t h e  s i d e  t u b e .

F i l l i n g  from  below  upwards th ro u g h  a T -b o re  t a p  p la c e d  

below  th e  cock of th e  b u r e t t e  was t h e  most c o n v e n i e n t ,  p a r 

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

i n  t h e  b u r e t t e  of any d e s i r e d  g a se o u s  p r e s s u r e  g r e a t e r  th a n  

a tm o s p h e r ic  p r e s s u r e  th ro u g h  t h e  s id e  t u b e .  T h is  method 

was f i n a l l y  a d o p te d .

S tag e  5

A f i n a l  m o d i f i c a t i o n  a t te m p te d  c o n s i s t e d  of m e re ly  b low ing  

a sm a ll  h o l e  below  th e  lo w e s t  g r a d u a t io n  of th e  b u r e t t e .

T h is  h o l e  a c te d  a s  an  a i r  i n l e t .  As b e f o r e  th e  upper end 

of t h e  b u r e t t e  was c lo s e d  w i th  a  s t o p p e r .

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

th a n  any of th e  o t h e r s  c o n s t r u c t e d ,  s u f f e r e d  from  2 d i s a d 

v a n ta g e s .  I t  was a lw ays n e c e s s a r y  t o  su p p ly  c lo s u r e  of th e  

a i r  i n l e t  o r i f i c e  by hand  d u r in g  th e  p r o c e s s  of f i l l i n g  no r  

was t h e r e  any s i d e  tu b e  a v a i l a b l e  by which p r e s s u r e s  g r e a t e r
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t h a n  a tm o sp h e r ic  c o u ld  he  c o n v e n ie n t ly  a p p l i e d .  For t h e s e  

r e a s o n s  t h e  f i n a l  m o d i f i c a t i o n  g iv e n  u n d er  S ta g e  4 was 

a d o p te d .

WORKING PRINCIPLES OF THE IMPROVED CONSTANT 

PRESSURE BURETTE

The w ork ing  p r i n c i p l e s  o f  t h e  b u r e t t e  w i th  s i d e  tu b e  a r e  

th o s e  which g o v e rn  th e  M a r i o t t e  b o t t l e .

U sing  a tm o s p h e r ic  p r e s s u r e  a p p l i e d  t o  s i d e  tu b e  

The b u r e t t e  ( f i g . 40 , 1 ) ,  open a t  t h e  t o p ,  was f i l l e d  w i th  

f l u i d  from  below  th ro u g h  C, up t o  t h e  g r a d u a t io n  mark z e r o ,  

t h e  s i d e  a i r  tu b e  A b e in g  c lo s e d .  Tap B was th e n  tu r n e d  o f f .  

The l a t e r a l  p r e s s u r e  a t  X was now eq u a l  t o  a tm o sp h e r ic  

p r e s s u r e  +  th e  p r e s s u r e  due t o  th e  h e ad  of th e  column of f l u i d  

above p o i n t  X i n  t h e  b u r e t t e .  The head  was th e  h e i g h t  of 

t h e  l e v e l  of th e  f r e e  s u r f a c e  of t h e  w a te r  abov8 t h e  p o i n t  con

s i d e r e d  and s i g n i f i e s  en e rg y  p e r  u n i t  w e ig h t .  The p r e s s u r e -  

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

The a i r  i n l e t  was t r e a t e d  a s  a sm a ll  o r i f i c e  s in c e  i t s  dimen

s i o n s  w ere  sm a ll  i n  com parison  w i th  th e  head  of w a te r  above 

i t s  c e n t r e ,  so t h a t  a t  any p o in t  i n  i t s  area, th e  head co u ld  

be  ta k e n  a s  e q u a l  t o  t h a t  a t  i t s  c e n t r e  w i th o u t  s e n s i b l e  e r r o r .
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The r u b b e r  tu b e  a t t a c h e d  to  a  s to p p e r  a l r e a d y  i n  

s i t u  i n  t h e  to p  of t h e  b u r e t t e  was th e n  c lo s e d  o f f  by a  

sc rew  c l i p  ( f i g . 4 0 , ( 2 ) ) .  When t h e  b u r e t t e  was c lo s e d  o f f  

a t  t h e  t o p ,  and t h e  s i d e  a i r  tu b e  A was opened , t h e r e  was an 

outward movement of t h e  a i r / w a t e r  i n t e r f a c e  a t  A. A l t e r n a 

t i v e l y  i f  t h e  to p  of t h e  b u r e t t e  was c lo s e d  by a c t u a l l y  i n 

s e r t i n g  a  s to p p e r  t h e n ,  on open ing  A, a  s p u r t  of a  v e ry  l i t t l e  

f l u i d  o c c u r re d  ou t of A. T h is  was due t o  th e  i n s e r t i o n  of 

t h e  s to p p e r  com press ing  t h e  a i r  above th e  m e n isc u s ,  th u s  

b r i n g in g  t h e  p r e s s u r e  of t h e  a i r  t o  a l i t t l e  above a tm os

p h e r i c  and a l t e r i n g  th e  l a t e r a l  p r e s s u r e  a t  X f u r t h e r  from  

t h e  e q u i l i b r i u m  v a l u e .  Due to  t h e  s p u r t  of f l u i d  ou t of th e  

s i d e  a i r  tu b e  A, t h e  m en isc u s  l e v e l  i n  t h e  b u r e t t e  f e l l  v e ry  

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

t h e  g a se o u s  p r e s s u r e  above was red u c ed  t o  be low  t h a t  of th e  

a tm o sph ere  t o  t h e  v a lu e  P -  g ^ h ,  w here  P = b a ro m e tr i c  

p r e s s u r e :  h  * h e i g h t  of f l u i d  column betw een t h e  m en iscu s

and A. Thus a  s t a t e  of e q u i l i b r iu m  e x i s t e d  betw een t h e  

a tm o s p h e r ic  p r e s s u r e ,  P ,  a c t i n g  in w ard s  and t h e  outward 

l a t e r a l  p r e s s u r e ,  p ,  a t  A. The outw ard  l a t e r a l  p r e s s u r e ,  

p ,  was e q u a l  t o  t h e  su b a tm o sp h e r ic  p r e s s u r e  e x e r te d  by th e  

a i r  c o n ta in e d  i n  th e  b u r & t t e ,  P -  g ^ h ,  •+- t h e  h y d r o s t a t i c  

p r e s s u r e  o f  t h e  column of f l u i d ,  g ^ h .  Thus movement of th e
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a i r / w a t e r  i n t e r f a c e  a t  X was z e ro  s in c e  p e q u a l le d  P .

“When th e  t a p  o f  t h e  b u r e t t e  was opened t h e r e  was an 

e f f e c t i v e  p r e s s u r e  a t  p o i n t  C which was produced  by th e  

h y d r o s t a t i c  p r e s s u r e  of t h e  column of flood XG above a tm o s

p h e r i c  p r e s s u r e .  T h is  e q u a l le d  P •+■ g ^ h ^  , where h-  ̂ = h e i g h t  

of f l u i d  column betw een  A and C. C o n se q u e n tly  t h e  b u r e t t e  

s t a r t e d  to  empty.

Por w a te r  t o  be d i s c h a r g e d  from  C, gp h]_ m ust be eq u a l  

t o  or g r e a t e r  th a n  2T /r

w here  T = s u r f a c e  t e n s i o n  of w a ter  and a i r  

r  = i n t e r n a l  r a d i u s  of a i r  i n l e t ,  

i . e .  t h e  l a r g e s t  d ia m e te r  w hich would p r e v e n t  f lo w  was g iv e n  

by 2 .7 3 .2  /  9 8 0 . 1 . ^  = 0 .3  /  h^ cm.

e . g .  f o r  h]_ = 5 cm, th e  s m a l l e s t  d ia m e te r  of C i s  t h e o r e t i c 

a l l y  j u s t  g r e a t e r  th a n  0 .0 6  cm. S in ce  £  = Cd . a . y 2 g h 1 , f o r  

f lo w  th ro u g h  o r i f i c e s  w i th  f r e e  d i s c h a r g e  

w here  £  -  q u a n t i t y  d i s c h a r g e d  p e r  seco n d ,

a = c r o s s  s e c t i o n a l  a r e a  o f  th e  o u te r  or s m a l l e s t

s e c t i o n  of a p e r t u r e  C,
*

i t  vras p o s s i b l e  t o  o b t a i n  t h e  c o e f f i c i e n t  of d i s c h a r g e ,  Cd > 

f o r  t h e  o r i f i c e  C. P o r  p r a c t i c a l  p u rp o se s  th e  head  due to  

t o  v e l o c i t y  o f  a p p ro a ch  would n o t  be a p p r e c i a b l e ,  b u t  th e  

more v i s c o u s  th e  l i q u i d  i n  t h e  b u r e t t e ,  t h e  s m a l le r  would be
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t h e  v a lu e  of Cd (S m ith ,  1 8 8 6 ) .

Thus a f t e r  f l u i d  had  d i s c h a r g e d  from  t h e  b u r e t t e ,  and 

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

in  t h e  i n c r e a s i n g  s p a c e  above t h e  f l u i d  was d e c r e a s e d ,  a s  

a l s o  was t h e  h y d r o s t a t i c  p r e s s u r e  o f  t h e  f l u i d  a t  A. The 

r e s u l t a n t  u n b a la n c e  of e q u i l i b r iu m  p ro du ced  a t  t h e  a i r / f l u i d  

i n t e r f a c e  i n  A caused  a i r  t o  e n t e r  t h e  b u r e t t e  th ro u g h  th e  

s i d e  tu b e  when p = P -  2 T / r  where T = s u r f a c e  t e n s io n  of 

w a te r  and a i r :  r  »  i n t e r n a l  r a d i u s  o f  a i r  i n l e t .  A i r

e n te r e d  t h e  b u r e t t e  u n t i l  t h e  e q u i l i b r iu m  s t a t e  was r e 

e s t a b l i s h e d .  A i r  can e x i s t  a s  a b u b b le  in  t h e  f l u i d ,  due 

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

t h e  a i r .  S in c e  t h e  f l u i d  was n o t  g a s - f r e e ,  t h e  a i r  b u b b le  

was n o t  e x t in g u i s h e d  by b e in g  d i s s o l v e d .  The a i r  b u b b le  

ro s e  i n  t h e  f l u i d  due to  i t s  buoyancy , u n t i l  i t  r e a c h e d  th e  

s u r f a c e  of t h e  l i q u i d .

T a b le  17 shows t h e  t h e o r e t i c a l  o r d e r  of p r e s s u r e s  i n 

v o lv e d  when a i r  e n t e r e d ,  o r  sh o u ld  w a te r  have  d i s c h a r g e d ,  

th ro u g h  s i d e  a i r  tu b e s  o f v a r io u s  d ia m e te r s  o f  a c o n s ta n t  

p r e s s u r e  b u r e t t e .  Thus w i th  a s i d e  tu b e  o f  0 .1 0  cm d ia m e te r ,  

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

w h i le  w a te r  would have  had  markea d i f f i c u l t y  in  l e a v in g .
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The p a r t  p la y e d  i n  th e  e q u i l i b r i u m  s t a t e  by t h e  h y d r o 

s t a t i c  column of f l u i d  would g r a d u a l l y  d e c r e a s e  a s  t h e  b u r e t t e  

e m p tie d ,  th u s  c a u s in g  th e  a i r  c o n ta in e d  a t  a  su b a tm o s p h e r ic  

p r e s s u r e  i n  t h e  b u r e t t e  above t h e  f l u i d ,  t o  ap p roach  n e a r e r  

and n e a r e r  t o  a tm o sp h e r ic  p r e s s u r e .

T h i3 c y c le  of a  p r e s s u r e  ra n g e  n e a r  th e  e q u i l i b r iu m  

v a l u e ,  was m a in ta in e d  a s  lo n g  a s  t a p  B was k e p t  open and th e  

f l u i d  m en isc u s  was s t i l l  above th e  l e v e l  of t h e  s i d e  t u b e .

Thus t h e  d e l i v e r y  of t h e  f l u i d  f rom  t h e  b u r e t t e  to o k  p la c e  a t  

w hat was e s s e n t i a l l y  a c o n s t a n t  p r e s s u r e .  The p u l s e  p r e s s u r e  

was o b se rv ed  to  be of t h e  o rd e r  of 2 mm w a t e r ,  w hich  i s  even 

l e s s  t h a n  th e  p u l s e  p r e s s u r e  i n  a c o n v e n t io n a l  M a r i o t t e  

b o t t l e .

In  g e n e r a l ,  an o r i f i c e  i n  a h o r i z o n t a l  p la n e  r e s u l t s  i n  

b u b b le s  of a s m a l le r  s i z e  th a n  an o r i f i c e  i n  a v e r t i c a l  p l a n e .  

However, t h e  i n v e r t e d  n a t u r e  of t h e  i n t e r f a c e  i n  t h e  c a se  of 

t h e  c e n t r a l  a i r  tu b e  of a  M a r i o t t e  b o t t l e  r e s u l t e d  i n  b u b b le s  

of a l a r g e r  s i z e  th a n  i n  th e  c a se  of th e  v e r t i c a l  o r i f i c e  of 

t h e  s id e  a i r  tu b e  of th e  im proved d e v ic e .  The b u b b le s  a t  

t h e  v e r t i c a l l y  o r i e n t a t e d  o r i f i c e  had  th e  a p p e a ra n c e  shown 

i n  p l a t e  9 ,  j u s t  b e f o r e  r e l e a s e .

C o n se q u e n tly  t h e  p u l s e  p r e s s u r e  i n  t h e  1 co n s tan t*  

p r e s s u r e  d e l i v e r y  of a  b u r e t t e  w i th  s id e  a i r  tu b e  v a r i e d
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over a  s m a l le r  r a n g e  th a n  t h a t  of a  b u r e t t e  w i th  c e n t r a l  t u b e .  

M oreover, by g r i n d in g  t h e  o r i f i c e  of t h e  s i d e  a i r  tu b e  a t  4 5 °  

i n s t e a d  of s q u a r e ,  so t h a t  t h e  o r i f i c e  p o in te d  upw ards , t h e r e  

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

T h is  p o s s i b l y  l i m i t e d  eddy f o r m a t io n  a t  h ig h  d i s c h a r g e  r a t e s ,  

s i n c e  t h e  b u b b le s  h ad  c o n s i d e r a b ly  l e s s  chance  of b e in g  

sucked  down t e m p o r a r i l y  to w a rd s  t h e  f l u i d  d i s c h a r g e  o r i f i c e .

I f  t h e  f l u i d  l e v e l  f e l l  be low  t h e  s i d e  t u b e ,  t h e  h y d ro 

s t a t i c  p r e s s u r e  o f t h e  column of f l u i d  would be l e s s  th a n  

XC ( f i g . 40) and c o n s e q u e n t ly  d e l i v e r y  would be a t  a d e 

c r e a s in g  p r e s s u r e .

The c o n s t a n t  p r e s s u r e  a t  w hich  f l u i d  was d e l i v e r e d  was 

d e te rm in e d  by t h e  h e i g h t  of t h e  s i d e  a i r  t u b e ,  A, above th e  

p r e p a r a t i o n .  I t  sh o u ld  be n o te d  t h a t ,  a s  w i th  o th e r  con

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

and eddy f o r m a t io n  a s  f l u i d  p a s se d  th ro u g h  t u b in g ,  was n o t  

a p p r e c i a b ly  a f f e c t e d  by t h e  amount o f p r e s s u r e  t o  which t h e  

i n t e r i o r  w a l l s  of t h e  tu b e  w ere  s u b j e c t e d .  N e v e r t h e l e s s ,  

no t h e o r e t i c a l  c a l c u l a t i o n  of any d e g re e  of a c c u ra c y  cou ld  be 

made f o r  t h e  p e r f u s i o n  p r e s s u r e  a c t u a l l y  o b ta in e d .  T h is  

p r e s s u r e  m ust a lw ays be  m easured  j u s t  im m e d ia te ly  p ro x im a l  

t o  t h e  c a n n u la ,  s in c e  i t  would v a r y  depend ing  upon th e  l e n g t h ,  

i n t e r n a l  b o r e ,  e t c . ,  o f t h e  tu b in g  l e a d in g  from  t h e  c o n s t a n t
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p r e s s u r e  a p p a r a tu s  t o  th e  c a n n u la .

U sing  a  c o n s t a n t  g a se o u s  p r e s s u r e ,  g r e a t e r  th a n  

a tm o s p h e r ic  p r e s s u r e ,  a p p l i e d  t o  s i d e  tu b e  

The im proved c o n s t a n t  p r e s s u r e  b u r e t t e  was f i l l e d  a s  b e f o r e .  

The b u r e t t e  was th e n  c lo s e d  o f f  from  t h e  a tm o sp h e re  a t  th e  

t o p .  Due t o  t h e  h i g h e r  l e v e l  o f  inw ard  p r e s s u r e  on th e  

g a s / f l u i d  i n t e r f a c e ,  a  volume of g a s  e n te r e d  i n t o  t h e  b u r 

e t t e  th ro u g h  t h e  s i d e  g a s  tu b e  A, when t h i s  was opened .

Gas r o s e  th ro u g h  t h e  b u r e t t e ,  u n t i l  t h e  p r e s s u r e  o f  t h e  g a s  

i n  t h e  b u r e t t e  was s l i g h t l y  l e s s  th a n  th e  chosen  c o n s t a n t  

p r e s s u r e  g r e a t e r  t h a n  a tm o s p h e r ic  p r e s s u r e .

A s t a t e  of e q u i l i b r i u m  was th u s  r a p i d l y  e s t a b l i s h e d  

be tw een  t h e  c o n s t a n t  p r e s s u r e  o f th e  g a s e o u s  r e s e r v o i r  a c t 

in g  in w ard s  th ro u g h  t h e  g a s  s i d e  t u b e ,  and th e  outw ard 

l a t e r a l  p r e s s u r e .  The outw ard l a t e r a l  p r e s s u r e  was eq u a l  

t o  th e  p r e s s u r e ,  g r e a t e r  th a n  a tm o s p h e r ic  p r e s s u r e  w hich  was 

e x e r t e d  by  t h e  g a s  c o n ta in e d  in  t h e  b u r e t t e  + th e  p r e s s u r e  

due to  t h e  column of f l u i d  i n  th e  b u r e t t e .  Thus th e  move

m ent a t  X ( f i g . 40) would a g a in  be  z e r o ,  a l th o u g h  th e  f o r c e s  

i n  e q u i l i b r i u m  had  h ig h e r  a b s o l u t e  v a lu e s  t h a n  when th e  g a s  

e n t e r in g  t h e  s i d e  l im b  was a i r  a t  a tm o sp h e r ic  p r e s s u r e .

“When th e  t a p  B ( f i g . 4 0 ,  2) was opened , t h e  e f f e c t i v e  

p r e s s u r e  was p rod uced  by t h e  h y d r o s t a t i c  p r e s s u r e  of t h e
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column of f l u i d  XC + th e  c o n s ta n t  g a se o u s  p r e s s u r e  g r e a t e r  

th a n  a tm o sp h e r ic  p r e s s u r e ,  w hich  was a p p l i e d  to  th e  s id e  

t u b e . ,  The r e - e s t a b l i s h m e n t  of an e q u i l i b r iu m  s t a t e  i n 

v o lv e d  s i m i l a r  p r i n c i p l e s .  As th e  b u r e t t e  em ptied  th e  

g a s ,  c o n ta in e d  i n  th e  b u r e t t e  above th e  f l u i d ,  in c r e a s e d  

n e a r e r  and n e a r e r  to  th e  chosen  c o n s t a n t  g a se o u s  p r e s s u r e ,  

g r e a t e r  th a n  a tm o sp h e r ic  p r e s s u r e .

T hus, u s in g  a  c o n s t a n t  g a se o u s  p r e s s u r e  a p p l i e d  to  

t h e  s id e  t u b e ,  i t  was p o s s i b l e  t o  d e l i v e r  f l u i d  from  a  

b u r e t t e  a t  any d e s i r e d  c o n s t a n t  p r e s s u r e  above a tm o sp h e r ic  

p r e s s u r e .  T h is  f l u i d  was s a t u r a t e d  under p r e s s u r e  by th e  

g a s  or g a s e s  u s e d .

LABORATORY METHODS PROVIDING A CONSTANT GASEOUS

RRESSHRE, GREATER THAN ATMOSPHERIC PRESSURE

L o c k e t t  (1952) a p p l i e d  an a lm o s t  c o n s ta n t  p r e s s u r e ,  g r e a t e r  

th a n  a tm o s p h e r ic ,  by th e  awkward p o s i t i o n i n g  of a l a r g e  

c a p a c i ty  M a r io t t e  r e s e r v o i r  b o t t l e ,  A, w i th  c e n t r a l  t u b e ,  

a t  a c o n s i d e r a b le  h e i g h t  above t h e  bench  l e v e l  ( f i g . 4 1 ) .

When th e  t a p  of th e  improved c o n s t a n t  p r e s s u r e  b u r e t t e ,  

E , was opened , w a t e r ,  u n der  a h ig h  chosen  head  of c o n s ta n t  

p r e s s u r e ,  f low ed  th ro u g h  tu b e  B i n t o  th e  l a r g e  c a p a c i ty  a i r
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r e s e r v o i r ,  C. A ir  was th u s  d i s p l a c e d ,  a t  h ig h  c o n s t a n t  

p r e s s u r e ,  th ro u g h  tu b e  D i n t o  th e  s i d e  tu b e  of t h e  b u r e t t e  

E . R e s e r v o i r  C was o c c a s i o n a l l y  d r a in e d  of th e  c o l l e c t e d  

w a t e r ,  b e f o r e  th e  w a te r  l e v e l  had  r i s e n  s i g n i f i c a n t l y .  

R e s e r v o i r  A was r e f i l l e d  a s  r e q u i r e d .

The d i s a d v a n ta g e s  w ere  t h e  t ro u b le so m e  h e i g h t  a t  w hich  

t h e  h eav y  w a te r  r e s e r v o i r  A had  t o  be su sp e n d e d ,  and se co n d 

l y  th e  f a c t  t h a t  a i r  was th e  on ly  c o n v e n ie n t  g a s  w i th  w hich 

t o  f i l l  t h e  g a s  r e s e r v o i r  C.

Two m ethods w ere  employed by me i n  o rd e r  t o  a p p ly  a 

c o n s t a n t  g a se o u s  p r e s s u r e ,  g r e a t e r  th a n  a tm o s p h e r ic  p r e s s u r e ,  

t o  t h e  s i d e  l im b  of t h e  b u r e t t e ,  so  t h a t  a c o n s t a n t  p r e s s u r e  

of th e  o rd e r  of mammalian b lo o d  p r e s s u r e  would be o b ta in e d .  

The f i r s t  c o n s i s t e d  of a, g a s  c y l i n d e r ,  w hich  was c o n n e c te d  

when r e q u i r e d ,  t o  a g a se o u s  r e s e r v o i r  of l a r g e  c a p a c i ty  

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

g a se o u s  r e s e r v o i r  was a d ju s t e d  a s  r e q u i r e d .  T h is  m ethod , 

w hich  was th e  more s a t i s f a c t o r y ,  was u sed  d u r in g  th e  p e r 

f u s i o n  e x p e r im e n ts  of th e  i s o l a t e d  e a r  of t h e  r a b b i t  

( C h a p te r s  2 & 3) .

An a l t e r n a t i v e  method was t o  c o n n ec t  t h e  g a s  c y l i n d e r ,  

th ro u g h  an Adams v a r i a b l e  p r e s s u r e  r e d u c in g  r e g u l a t o r ,  

d i r e c t l y  t o  t h e  s i d e  tu b e  of th e  b u r e t t e .  The Adams
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r e g u l a t o r  was a  s i n g l e  s t a g e  r e g u l a t o r ,  em ploying a  r u b b e r  

d iaphragm  and t o g g l e  l e v e r  c u t - o f f  p r i n c i p l e .  The s t a t i c  

o u t l e t  p r e s s u r e  co u ld  be s e l e c t e d .  In  p r a c t i c e  an  a p p r e c i 

a b le  v a r i a t i o n  i n  f lo w  p r e s s u r e  to o k  p l a c e  and t h i s  second 

method was abandoned .

THEORETICAL FORCES ACTING- IN THE

IMPROVED CONSTANT PRESSURE DEVICE

The law s g o v e rn in g  many of th e  phenomena of th e  m ech an ics  of 

f l u i d s  i n  m o tio n  can be f o r m u la te d .  However, t h e  d i f f i 

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

be  t a k e n  f u l l y  i n t o  a c c o u n t ,  a r e  v e ry  g r e a t .  These d i f f i 

c u l t i e s  a r e  c h i e f l y  a n a l y t i c a l .  Thus hydrodynam ics p r o v id e s  

m a th e m a t ic a l  t r e a tm e n t  f o r  p e r f e c t  f l u i d s  i n  m o tio n  w h i le  

h y d r a u l i c s  i s  an  e x p e r im e n ta l  s c i e n c e  in v o lv in g  t h e  i n t r o 

d u c t io n  of e m p i r i c a l  fo rm u la e  and t a b l e s  of c o e f f i c i e n t s  

(Jam eso n , 1 9 4 4 ) .

E x p e r ie n c e ,  b a s e d  on t h e  r e s u l t s  of e x p e r im e n t ,  fo rm s 

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

t i o n s ,  t h e  b e s t  t h a t  can  be done i s  t o  m od ify  t h e  r e s u l t s ,  

o b ta in e d  on t h e  a ssu m p tio n  t h a t  t h e  f l u i d  i n  m o tio n  i s  p e r 

f e c t ,  by t h e  i n t r o d u c t i o n  of some e m p i r ic a l  c o n s t a n t ,  w hich
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s h a l l  in v o lv e  t h e  e f f e c t  o f e v e ry  d i s r e g a r d e d  f a c t o r .  The 

t h e o r e t i c a l  r e s u l t s  a r e  o n ly  a p p ro x im a t io n s  t o  t h e  t r u t h ,  

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

whose p a r t i c l e s  when i n  m o tio n  a lw ays f o l lo w  s e n s i b l y  

p a r a l l e l  p a t h s .

The e f f e c t  of t h e  a i r ,  b u b b l in g  up th ro u g h  th e  f l u i d ,  

i n  t h e  im proved c o n s t a n t  p r e s s u r e  b u r e t t e  p re v e n te d  t h e  

s t e a d y  s t r e a m  l i n e  m o tio n ,  w hich  would o th e r w is e  have  been  

s e t  u p .  U sing  pheny lam ine  ( a n i l i n e )  or m e th y le n e  b l u e ,  i t  

was fo u n d  p o s s i b l e ,  by means of an e x tre m e ly  lo n g  P a s t e u r  

p i p e t t e ,  t o  i n j e c t  a  d ro p  of e i t h e r  of t h e s e  s u b s ta n c e s  a t  

2 l e v e l s  i n  t h e  b u r e t t e  f l u i d  colum n. The p re s e n c e  of 

s t r e a m  l i n e d  f lo w  was d e m o n s tra te d  by  t h i s  method d u r in g  d i s 

c h a rg e  from  a s t a n d a rd  c a l i b r a t e d  b u r e t t e  w i th o u t  s i d e  t u b e .  

T h is  was c o n t r a s t e d  w i th  t h e  t u r b u l e n t  f l u i d  f lo w  s e t  up by 

a i r  e n t e r i n g  from  t h e  s id e  tu b e  d u r in g  f l u i d  d i s c h a r g e  from  

a  c o n s ta n t  p r e s s u r e  b u r e t t e .

W ith  s t e a d y  m o tio n  of a f l u i d ,  an e x p r e s s io n  f o r  th e  

v e l o c i t y ,  i n  te rm s  of t h e  a p p l i e d  f o r c e s ,  i s  o b ta in e d  by 

e q u a t in g  t h e  w ork  done on t h e  mass t o  t h e  i n c r e a s e  of energy  

i n  th e  p o t e n t i a l ,  p r e s s u r e  and k i n e t i c  fo rm , t o g e t h e r  w i th  

t h e  l o s s  by d i s s i p a t i o n ,  a s  by i n t e r n a l  f r i c t i o n ,  which 

c o n v e r t s  m e c h a n ic a l  en e rg y  i n t o  h e a t .
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However, u n s t e a d y ,  s in u o u s  m o tio n  o f  t h e  mass o f f l u i d  

to o k  p l a c e  i n  t h e  c o n s t a n t  p r e s s u r e  d e v i c e .  I t  was im

p o s s i b l e  t o  d e te rm in e  t h e  k i n e t i c  en e rg y  p o s s e s s e d  by  th e  

f l u i d  e d d ie s  i n  v i r t u e  o f  t h e i r  r o t a t i o n .  C o n se q u e n tly  i t  

was o n ly  p o s s i b l e  t o  c o n s id e r  th e  m o tio n  t h e o r e t i c a l l y  from  

t h e  p o in t  of v iew  of p r o d u c t io n  of momentum, s in c e  Lhe 

momentum of t h e  f l u i d  fo rm in g  a v o r t e x  i s  u n a l t e r e d  by i t s  

m o tio n  o f  r o t a t i o n .  However, t h e  f l u i d  momentum h a v in g  no 

im m e d ia te ly  p h y s i o l o g i c a l  s i g n i f i c a n c e  i n  t h e  p r e s e n t  w ork, 

f u r t h e r  t h e o r e t i c a l  s p e c u l a t i o n s  d e v o id  of e x p e r im e n ta l  

v e r i f i c a t i o n  w ere ab an doned .

LIMITATIONS OF ORIFICE DIMENSIONS OP THE 

IMPROVED CONSTANT PRESSURE DEVICE

The r e s e r v o i r  d i s c h a r g e d  f l u i d  a t  c o n s ta n t  p r e s s u r e  from  

t h e  low er  o r i f i c e ,  w h i le  a i r  e n te r e d  t h e  upper  o r i f i c e  and 

b u b b le d  th ro u g h  th e  f l u i d ,  p ro v id e d  t h a t  t h e  f o l lo w in g  con

d i t i o n s  w ere  s a t i s f i e d : -

(A) t h e  b o re  of t h e  u p p e r  o r i f i c e ,  t h e  a i r  s i d e  tu b e ,  

h a d  a  v a lu e  below  a c e r t a i n  maximum w hich  would p roduce  an 

u n s t a b l e  a i r / f l u i d  j u n c t i o n  a t  A ( f i g . 4 0 ) .  I f  t h i s  con

d i t i o n  was n o t  s a t i s f i e d  f l u i d  d i s c h a r g e d  from  b o th  o r i f i c e s
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w h i le  a i r  was e n t e r i n g  t h e  u p p e r  o r i f i c e .  In  a d d i t i o n ,  

t h e  b o re  of t h e  u p per  o r i f i c e  m ust hav e  a v a lu e  above a  

c e r t a i n  minimum w h ic h ,  due t o  in a d e q u a te  a i r  e n t r y  th ro u g h  

t h e  upp er  o r i f i c e ,  would l i m i t  t h e  r a t e  of d i s c h a r g e  from  

t h e  low er o r i f i c e .

(B) t h e  b o re  of t h e  low er f l u i d  d i s c h a r g e  o r i f i c e  had  a 

v a lu e  below  a c e r t a i n  maximum a t  w hich  t h e  q u a n t i t y  of f l u i d  

d i s c h a rg e d  would have  been  g r e a t e r  th a n  t h e  q u a n t i t y  of a i r  

w hich  co u ld  e n t e r  t h e  upper  o r i f i c e  i n  u n i t  t im e .  In  

a d d i t i o n ,  i f  t h e  lo w er  o r i f i c e  w ere to o  l a r g e ,  th e n  t h e o r e t i 

c a l l y ,  a i r  would e n t e r  i t  a t  t h e  same t im e  a s  f l u i d  d i s 

c h a rg e d .  In  p r a c t i c e ,  t h i s  would n e v e r  happen  s in c e  few 

r a t e s  o f  f lo w  in  p h y s i o l o g i c a l  e x p e r im e n ts ,  e . g .  f lo w s  in  

S t a r l i n g 1s h e a r t - l u n g  p r e p a r a t i o n ,  r e q u i r e  l a r g e  o r i f i c e s .  

M oreover ,  i n  p h y s i o l o g i c a l  e x p e r im e n ts  t h e  low er d i s c h a r g e  

o r i f i c e  i s  a lw ays c o n n ec te d  by an unbroken  column of f l u i d  

t o  t h e  p r e p a r a t i o n  under e x p e r im e n t .

( A) A ir  e n t r y  o r i f i c e

R e l a t i o n  of volume of b u b b le  t o  d ia m e te r  of a i r  e n t r y  

o r i f i c e .

P a t t i e  (1950b) p o in te d  out t h a t  t h e  p r o d u c t io n  of 

sm ai1 b u b b le s  by an o r i f i c e  r e q u i r e d  t h a t  t h e  fo l lo w in g  

c o n d i t i o n s  be s a t i s f i e d  t o  a  c e r t a i n  e x t e n t :
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(1 ) an i r r e g u l a r  or o b s t r u c t e d  o r i f i c e ,  or one w i th  s i d e  

e n t r a n c e

(2 ) s u f f i c i e n t  r e s i s t a n c e  to  a i r  f lo w  i n  t h e  tu b e  l e a d i n g  

t o  t h e  o r i f i c e

(3) a  f lo w  r a t e  so s m a l l ,  or a  l i q u i d  of such a n a t u r e ,  

t h a t  b u b b le s  d id  n o t  r e u n i t e  w i th  one a n o th e r ,  or w i th  t h e  

b u b b le  g row ing  on th e  o r i f i c e

(4 )  a  l i q u i d  w hich h ad  z e ro  c o n ta c t  a n g le  w i th  t h e  o r i f i c e .  

At t h e  a i r / w a t e r  j u n c t i o n  a  r a t i o  e x i s t e d  be tw een  th e

volume o f  t h e  b u b b le  t o  t h e  d ia m e te r  of t h e  o r i f i c e  a t  w hich  

i t  was fo rm ed . I t  was obv ious  t h a t  i f  t h e  b u b b le  had  a 

l a r g e r  d ia m e te r  th a n  t h e  b o re  of t h e  s id e  t u b e ,  th e n  th e  

w a te r  m en isc u s  would be s t a b l e ;  i f  t h e  b u b b le  d ia m e te r  

e q u a l le d  t h e  o r i f i c e  d i a m e te r ,  an u n s t a b l e  e q u i l i b r iu m  of 

t h e  a i r / w a t e r  j u n c t i o n  e x i s t e d ;  i f  t h e  b u b b le  d ia m e te r  was 

s m a l l e r  th a n  t h e  o r i f i c e  d i a m e t e r ,  t h e  i n t e r f a c e  would  be 

u n s t a b l e  and  w a te r  would e sc a p e  p a s t  th e  o r i f i c e .

F ig u r e  42 g i v e s  p l o t s  of t h e  r e l a t i o n s h i p  o f  t h e  bu b b le  

d ia m e te r  t o  t h e  o r i f i c e  d i a m e te r .  L in e  5 r e p r e s e n t s  th e  

u n s t a b l e  s t a t e  i n  w hich  t h e  two d ia m e te r s  a r e  e q u a l .  V a lues  

p l o t t e d  t o  t h e  r i g h t  of l i n e  5 a r e  u n s t a b l e  s t a t e s  i n  which 

t h e  b u b b le  d ia m e te r  i s  l e s s  t h a n  t h e  o r i f i c e  d i a m e te r .

V a lu es  p l o t t e d  t o  th e  l e f t  of l i n e  5 a r e  c o r r e s p o n d in g ly
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s t a b l e  s t a t e s .

D a t t a ,  N a p ie r  & N e w it t  (1950) c a r r i e d  ou t a  v e ry  th o ro u g h  

s e r i e s  o f  i n v e s t i g a t i o n s ,  ( f i g . 4 2 ,  cu rv e  1 ) ,  i n  w hich  th e y  

fo u n d  a  v a lu e  f o r  t h e  r a t i o  of volume of t h e  b u b b le  t o  t h e  

d ia m e te r  o f  t h e  o r i f i c e  a t  w hich  i t  was fo rm ed . T h is  v a lu e  

c e n t r e d  a b o u t  0 .3 3  cm^ a t  s low  r a t e s  of b u b b le  f o r m a t io n .

D a t t a  e t  a l  u sed  o r i f i c e s  c o n s t r u c t e d  by g r i n d in g  sq u a re  t h e  

ends of g l a s s  c a p i l l a r y  tu b in g  of s e v e r a l  i n t e r n a l  d i a m e te r s  

be tw een  0 .0 2 2  and 0 .5 1 9  cm. They a l s o  fo und  t h a t  th e  volume 

o f  b u b b le s  form ed a t  a  g iv e n  s i z e  of o r i f i c e ,  d e c re a s e d  w i th  

i n c r e a s i n g  r a t e  of f o r m a t io n  t o  a  minimum v a lu e  and th e n  i n 

c r e a s e d ,  u n t i l  a  random s i z e  d i s t r i b u t i o n  s e t  i n .

Newman & 'Whelan (1952) found  a t h e o r e t i c a l  v a lu e  o f  t h e  

r a t i o  o f  0 .2 3 1  cm^ f o r  a i r / w a t e r  a t  20°C, p ro v id e d  t h a t  t h e  

p la n e  of t h e  o r i f i c e  was h o r i z o n t a l  ( f i g . 42 , cu rv e  3 ) .  By 

b lo w in g  b u b b le s  a t  a  v e r y  slow  r a t e ,  Newman & Whelan were 

a b l e  t o  o b se rv e  a f u r t h e r  v a r i a t i o n  i n  t h e  r a t i o  a t  v e ry  s low  

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

in g  w i th  d ia m e te r s  r a n g in g  f rcm  0 .01 31  t o  0 .4744  cm and fo und  

a  v a lu e  of th e  r a t i o  o f volume o f  b u b b le /d ia m e te r  of o r i f i c e  

-  0 .1 9  cm^. T h is  v a lu e  o f  t h e  r a t i o  was fou nd  w i th  a l l  

e x c e p t  th e  s m a l l e s t  two o r i f i c e s ,  of d ia m e te r  0 .0131  and 

0 .0 2 0  cm ( f i g . 4 2 ,  cu rv e  4 ) .  As soon a s  th e  r a t e  of f o r m a t io n
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of i n d i v i d u a l  b u b b le s  i n c r e a s e d  t o  t h e  p o i n t  w here  th e y  

c o u ld  no lo n g e r  be o b se rved  t o  c l i n g  m o m e n ta r i ly  t o  t h e  

o r i f i c e ,  t h e  v a lu e  of t h i s  r a t i o  r o s e  t o  a b o u t  0*26 cm 

( f i g . 4 2 ,  c u rv e  2 ) .  I t  was p r o b a b ly  t h i s  e f f e c t  w hich  p r e 

v e n te d  o b s e r v a t io n  of t h e  v a lu e  of 0 .1 9  cm^ w i th  t h e  s m a l l e s t  

two o r i f i c e s  i n  t h e i r  e x p e r im e n ts .

The r a t i o  v a lu e  of 0 .1 9  cm^ i s  v e r y  c lo s e  t o  t h a t  r e 

p o r t e d  by Coppock & M e ik le jo h n  (1951) f o r  v e ry  slow  r a t e s  of 

b u b b le  f o r m a t io n  i n  homogenous l i q u i d s  o r  m ix tu r e s  of l i q u i d s .  

These  a u th o r s  a l s o  s u g g e s te d  an e q u a t io n  which d e s c r ib e d  th e  

r e l a t i o n  be tw een  t h e  s i z e  of b u b b le  form ed a t  a  c i r c u l a r  

o r i f i c e ,  t h e  d ia m e te r  o f t h e  o r i f i c e ,  t h e  s u r f a c e  t e n s i o n  

and t h e  l i q u i d  d e n s i t y .  T h is  e q u a t io n  h a s  l i t t l e  t o  recom 

mend i t ,  h ow ever, s i n c e  i t  n e c e s s i t a t e s  c a l i b r a t i o n  und er  

e x p e r im e n ta l  c o n d i t i o n s ,  i n  o rd e r  t o  d e te rm in e  th e  n u m e r ic a l  

v a lu e  o f  an e m p i r i c a l  c o n s t a n t ,  w hich  i s  r e l a t e d  t o  th e  r a t e  

of b u b b le  f o r m a t io n .

S in c e  i n  p e r f u s i o n  or i n f u s i o n  e x p e r im e n ts  a v e ry  slow  

r a t e  of b u b b le  f o r m a t io n  may be  r e q u i r e d ,  or t h e  f lo w  may 

r e q u i r e  t o  be s to p p e d  c o m p le te ly  f o r  a  p e r io d  of t im e ,  i t  

was d e c id ed  t o  u s e  c u rv e  4 ,  f i g . 4 2 ,  a s  t h e  l i m i t i n g  v a lu e s  

f o r  i n t e r n a l  d ia m e te r  of t h e  a i r  e n t r y  o r i f i c e .  Thus i f  

more r a p i d  f lo w s  to o k  p l a c e ,  w i th  a  c o n seq u e n t  g r e a t e r



-  255 -

a v e ra g e  b u b b le  d i a m e t e r ,  t h e  o n ly  r e s u l t  would be a  g r e a t e r  

s t a b i l i t y  o f  t h e  a i r / w a t e r  i n t e r f a c e  w i th  a. n e g l i g i b l e  i n 

c r e a s e  i n  t h e  sm a ll  p u l s e  p r e s s u r e  of th e  e f f e c t i v e l y  con

s t a n t  d e l i v e r y  p r e s s u r e .

U sing  c u rv e  4 ,  i t  can be  seen  t h a t  w i th  a  r a t i o  of 

volume of b u b b le /d ia m e te r  of o r i f i c e  = 0 .1 9  cm , th e  a i r /  

w a te r  e q u i l i b r i u m  becomes u n s t a b l e  a t  an  o r i f i c e  d ia m e te r  

of 0 .6  cm when th e  a v e ra g e  b u b b le  d ia m e te r  becomes 0 .6 0 4  cm. 

Thus th e  maximum o r i f i c e  d ia m e te r  m ust be  l e s s  t h a n  t h i s ,  

sa y  0 .5  cm, when th e  a v e ra g e  b u b b le  d ia m e te r  becomes 

0 .5 7 0  cm, i . e .  t h e  i n t e r f a c e  would be s t a b l e .  F u r t h e r  i n 

s p e c t i o n  of c u rv e  4 showed t h a t  d e c r e a s e  i n  o r i f i c e  d ia m e te r  

b e low  a v a lu e  of a p p ro x im a te ly  0 .1 5  cm would r e s u l t  i n  no 

f u r t h e r  i n c r e a s e  i n  t h e  s t a b i l i t y  of t h e  a i r / w a t e r  i n t e r f a c e ,  

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

The c o n c lu s io n  r e a c h e d  a t  t h i s  s t a g e  was t h a t  t h e  i n 

t e r n a l  d ia m e te r  of t h e  s i d e  a i r  tu b e  shou ld  l i e  i n  th e  r a n g e  

0 .2  t o  0 .5  cm.

V e lo c i ty  o f a i r  f lo w  i n  s i d e  tu b e s  of v a r i o u s  i n t e r n a l  

d i a m e t e r s . I t  i s  k n o w n - th a t  a t  t h e  f l u i d  d i s c h a r g e  o r i f i c e :

£  = Cd . a .  J 2 g h  
w here  Cd s c o e f f i c i e n t  of d i s c h a r g e  -  0 .6 0  a p p ro x .

a -  c r o s s  s e c t i o n a l  a r e a  of w a te r  d i s c h a r g e  o r i f i c e
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d * d iam . o f  w a te r  d i s c h a r g e  o r i f i c e  -  0 .1 5  cm approx* 

h  * d i s t a n c e  be tw een  a i r  e n t r y  and w a te r  d i s c h a r g e  

o r i f i c e s  * 5 cm a p p ro x .

£  = 0 .6  x  3 .1 4 2  x  ( 0 . 1 5 ) 2/ 4 x  ^ 2  x  981 x  5 

s 1 .1  m l . / s e c

I n  p r a c t i c e ,  c a l i b r a t i o n  of an  improved c o n s t a n t  p r e s s u r e  

b u r e t t e  of t h e s e  d im e n s io n s  gave a d i s c h a r g e  of 1 .2  m l . / s e c .

The f lo w  of a i r  i n  th e  s id e  tu b e  m ust e q u a l  t h e  f lo w  of 

a i r  i n  t h e  c o n s t a n t  p r e s s u r e  r e s e r v o i r .  Thus in  t h e  s id e  

t u b e ,  a i r  volume ( a s  c y l i n d e r s )  x  v e l o c i t y  m ust e q u a l  i n  t h e  

r e s e r v o i r ,  a i r  volume ( a s  s p h e re s )  x  v e l o c i t y .

Assuming a c l o s e  a p p ro x im a t io n  of s i d e  tu b e  d ia m e te r  

t o  b u b b le  d ia m e te r

.* .  2 i r r 3 x  Vp s 4 / 3 7 r r 5 x 

w here  Vp and 5t a r e  t h e  v e l o c i t y  of t h e  a i r  in  t h e  s i d e  tu b e  

and in  t h e  r e s e r v o i r  r e s p e c t i v e l y  

and. r  i s  t h e  i n t e r n a l  b o re  of t h e  s i d e  t u b e .

Hence Vp = 2 / 3 ^

b u t  i n  s id e  tu b e  £  = a x  Vp

w here  £  = q u a n t i t y  p e r  u n i t  t im e  p a s s in g  o r i f i c e  

a s c r o s s  s e c t i o n a l  a r e a  of t h e  s i d e  l im b  

. ' .  £  * " r r r 2 x  2 /3 ] ^

. . £  = TT d2/ 6  x Yr
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Hence d 2V^ = 6£/tt 

e . g .  w here d = .2  cm

VR= 6 x  1 .1 / 3 .1 4 2  x  .04 = 5 2 .5  c n / s e c

T ab le  18 g i v e s  t h e  v a l u e s  of a c t u a l  a i r  v e l o c i t y  f o r  v a r i o u s

i n t e r n a l  d ia m e te r s  of t h e  s id e  a i r  t u b e .

A g e n e r a l  e x p r e s s io n  f o r  t h e  low er c r i t i c a l  v e l o c i t y

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

sy s tem  of u n i t s  i s

Vc = 2 0 0 0 y u /d ^

The e x p re s s io n  vd^> / j j  i s  known a s  th e  R eyno lds  number, a 

n o n -d im e n s io n a l  q u a n t i t y  which c o n s t i t u t e s  a  c r i t e r i o n  of 

s i m i l a r i t y  of m o tio n  f o r  a l l  f l u i d s .  Thus f o r  a i r  a t  18°C: 

v i s c o s i t y  = 1 8 2 .7  m ic r o p o is e s  (Hodgman, 1948)

= 18 2 .7  x  10“ ^ d y n e -se c /c m 2 ( p o i s e s )  

d e n s i t y  (m o is t  a i r  a t  760 mm Hg p r e s s u r e )  - 1 .2 1 3 0  x 10~S

(g/em ^) (Hodgman, 1 9 4 8 ) .

Hence Vc = 2000 x  1 8 2 .7  x 1 0 " 6 /  1 .2 1 3 0  x lO” 3 x  d 

-  3 0 1 .2 /d  cm /sec  (w here d i s  i n  cm)

T ab le  18 g i v e s  th e  v a l u e s  of c r i t i c a l  a i r  v e l o c i t y  f o r  

v a r i o u s  i n t e r n a l  d i a m e te r s  of t h e  s id e  a i r  t u b e ,  t o g e t h e r  

w i th  t h e  r a t i o  o f  a c t u a l  a i r  v e l o c i t y / c r i t i c a l  a i r  v e l o c i t y .

I t  i s  o bv ious  t h a t  a i r  t u r b u le n c e  w i l l  n o t  occur a t  any of
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th e  tu b e  d ia m e te r s  g iv e n  i n  th e  t a b l e .

At t h i s  s t a g e  in  t h e  i n v e s t i g a t i o n  i t  was d e c id e d  to  

c a r r y  o u t  f u r t h e r  e x p e r im e n ts  u s in g  s i d e  a i r  tu b e s  of i n t e r n 

a l  d ia m e te r  0 . 3 ,  0 .4  and 0 .5  cm.

P r a c t i c a l  c a l i b r a t i o n  of optimum b o re  o f  a i r  e n t r y  

o r i f  i c e . O b s e rv a t io n s  w ere  made a t  v e r y  slow  and a t  r a p i d  

o u t f lo w  r a t e s  from  a 60 cm l e n g t h  of g l a s s  tu b in g  of 2 .5  cm 

d i a m e t e r ,  u sed  a s  a model of a b u r e t t e ,  or from  an a s p i r a t o r  

b o t t l e .  Both th e  b u r e t t e  model and th e  a s p i r a t o r  b o t t l e  

co u ld  be f i t t e d  a s  r e q u i r e d  w i th  c o n s t a n t  p r e s s u r e  s id e  a i r  

t u b 8s h a v in g  i n t e r n a l  d i a m e te r s  of 0 . 3 ,  0 .4  and 0 .5  cm.

In  th e  c a se  of t h e  0 .5  cm b o re  s i d e  t u b e ,  f i t t e d  e i t h e r  

t o  th e  b u r e t t e  model or th e  a s p i r a t o r  b o t t l e ,  i t  was n o te d  

t h a t ,  i f  t h e  s id e  tu b e  was d i s p l a c e d  s l i g h t l y  from  th e  

h o r i z o n t a l ,  or i f  th e  o u t f lo w  r a t e  was v e ry  s lo w , and s t i l l  

m ore , i f  t h e  o u t f lo w  was s to p p e d  f o r  a p e r i o d ,  t h a t  t h e  

a i r / w a t e r  i n t e r f a c e  v i s i b l y  became u n s t a b l e  and t h a t  th e  

i n t e r f a c e  te n d e d  t o  move ou tw ards  a lo n g  th e  s i d e  t u b e .  How

e v e r ,  even i n  t h e  c a s e  of !d i r t y *  g l a s s  th e  i n t e r f a c e  was 

s t a b l e  under a l l  c o n d i t i o n s  i n  t h e  c a s e  of s id e  tu b e s  of 

e i t h e r  0 .3  or 0 .4  cm b o re  and t h i s  s i z e  was f i n a l l y  a d o p te d .  

S u b s e q u e n t ly  2 y e a r s  of g e n e r a l  u se  of c o n s t a n t  p r e s s u r e  

d e v ic e s  i n  l a b o r a t o r y  work h a s  p ro v id e d  no i n d i c a t i o n s  f o r
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a l t e r i n g  t h i s  s p e c i f i c a t i o n  o f  t h e  h o re  o f  t h e  s i d e  a i r  

t u b e .

P r a c t i c a l  c a l i b r a t i o n  o f  b u b b le  d i a m e t e r . C a l i b r a t i o n  

o f  b u b b le  d ia m e te r  was c a r r i e d  ou t  u s in g  one s i d e  tu b e  o f  

0 .3  cm d ia m e te r  and one s i d e  tu b e  o f  0 .4  cm d ia m e te r .  The 

s im p le  p r i n c i p l e  was to  co un t t h e  number of a i r  b u b b le s  

form ed a t  t h e  o r i f i c e  an  a  u n i t  o f  t im e ,  and to  m easu re  t h e  

volume of t h e  c o l l e c t e d  a i r  b u b b le s  o v e r  t h e  same u n i t  o f  

t  im e.

The a p p a r a tu s  shown in  f i g .  43 was s e t  u p . A c o n s ta n t  

p r e s s u r e  c a n n u la ,  A, (S h a n k s ,  1923) was c o n n ec te d  by means 

o f r u b b e r  t u b in g ,  B, to  an  a i r  r e s e r v o i r  c o n s i s t i n g  o f  an  

a s p i r a t o r  b o t t l e ,  C, w i th  a  d o u b le  n e c k .  I n  t h e  c a se  o f  

c a l i b r a t i o n  of t h e  r a t i o  o f  volume of b u b b l e /  d i a m e te r  o f  

o r i f i c e  a t  a tm o sp h e r ic  p r e s s u r e ,  no w a te r  was d e l i v e r e d  to  

t h e  c a n n u la  A.

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

p r e s s u r e  a t  which a i r  was d i s p l a c e d  from  t h e  r e s e r v o i r  C, 

a l i n g  t h e  t u b in g  g  to  t h e  s i d e  tu b e  i n s e r t e d  i n t o  t h e  w a te r  

r e s e r v o i r  E, c o u ld  b e  chosen  by s e l e c t i n g  t h e  h e i g h t  of A 

above  C. C a l i b r a t i o n  a t  e x tre m e ly  s low  in f lo w  r a t e s  was 

made by c o n s t r i c t i n g  t h e  t u b in g  B w i th  a  sc rew  c l i p .  When 

r e q u i r e d  tu b e  B was clamped and  t h e  a i r  which had  been
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c o l l e c t e d  and m easured  in  t h e  c a l i b r a t e d  c o l l e c t i n g  tu b e ,

F ,  was e j e c t e d  th ro u g h  th e  t a p  i n  th e  to p  of F .  The f l u i d  

c o l l e c t e d  i n  C was ru n  o f f  f ro m  t im e  t o  t im e  b e f o r e  a  s i g n i 

f i c a n t  a l t e r a t i o n  had  o c c u r re d  i n  th e  l e v e l  of f l u i d .

The number of b u b b le s  was co u n ted  over a  p e r io d  of t im e ,  

depend ing  upon t h e  r a t e ,  u n t i l  a  volume of a b o u t  2 m l.  had  

b een  c o l l e c t e d .  I t  p roved  im p o s s ib le  t o  cou n t t h e  number 

o f  b u b b le s  w i th  any  d e g re e  of a c c u ra c y  a t  r a t e s  above th e  

o rd e r  of 4 m l . /m in .  M o reover, above t h i s  r a t e  th e  r a p i d l y  

chang ing  m en isc u s  of t h e  c o l l e c t i n g  tu b e  c o u ld  n o t  be r e a d  

a c c u r a t e l y .

T ab le  19 shows t h e  r e s u l t s  o b t a i n e d .  Each c a l c u l a t e d  

b u b b le  d ia m e te r  i s  t h e  mean of 6 o b s e r v a t i o n s .  S l i g h t l y  

l a r g e r  b u b b le s  form ed a t  t h e  4 mm th a n  a t  t h e  3 mm o r i f i c e ,  

and a t  t h e  f a s t  compared w i th  th e  slow  r a t e  of f o r m a t io n .

The r a t i o s  of volume of b u b b le /d ia m e te r  of o r i f i c e  w ere  

s l i g h t l y  l a r g e r  th a n  th o s e  o b ta in e d  by Newman & Whelan (1952) 

( f i g  .4 2 ,  c u rv e s  2 & 4 ) ,  b u t  t h i s  was n o t  s u r p r i s i n g  s in c e  

o n ly  r o u t i n e  c a r e  was ta k e n  i n  t h e  t r e a tm e n t  of t h e  o r i f i c e s  

u se d  in  t h e  p r e s e n t  o b s e r v a t i o n s .

I t  was con c lu ded  from  t h e s e  e x p e r im e n ts  t h a t  a i r  e n t r y  

o r i f i c e s  made by s i d e  tu b e s  o f  e i t h e r  3 or 4 mm d ia m e te r  

tu b in g  were t h e  b e s t  f o r  c o n s t a n t  p r e s s u r e  d e v ic e s .
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Shape of a i r  e n t r y  o r i f i c e .  I t  h a s  a l r e a d y  been  

shown t h a t  a  f l a t  h o r i z o n t a l  p la n e  o r i f i c e  was a d e q u a te ,  

b u t  t h a t  t h e  o r i f i c e  of t h e  s i d e  a i r  tu b e  co u ld  be im proved 

s l i g h t l y  by g r i n d i n g  i t  a t  an  a n g le  of 45° p o i n t i n g  upw ards . 

E i t h e r  o f  t h e s e  s im p le  ty p e s  of o r i f i c e  c o n s t r u c t e d  from  3 

o r  4 mm i n t e r n a l  d ia m e te r  tu b in g  was s a t i s f a c t o r y  s in c e  th e  

maximum r a t e  o f a i r  e n t r y  was n o t  found  i n  p r a c t i c e  d u r in g  

p h y s i o l o g i c a l  e x p e r im e n ts  t o  a c t  a s  a l i m i t i n g  f a c t o r  to  t h e  

r a t e  o f d i s c h a r g e  from  t h e  low er o r i f i c e .

C o n se q u e n tly  i t  was u n n e c e s s a r y  i n  p r a c t i c e  t o  s e c u re  

s t i l l  g r e a t e r  r a t e s  of g a s  e n t r y  by u s in g  a r e t u r n e d  mouth

p i e c e ,  e . g .  a  t ru m p e t  shaped  m o u th p ie c e ,  on t h e  a i r  i n l e t  

o r i f i c e .  However, t r i a l s  w ere c a r r i e d  ou t r e t u r n i n g  th e  

m o u th p iece  f o r  some d i s t a n c e  i n t o  th e  b u r e t t e ,  a s  i n  th e  

Borda m o u th p ie c e .  Thus f lo w  over th e  f a c e  c o n ta in in g  t h e  

o r i f i c e  was p r e v e n te d ,  and t h e  p r e s s u r e  on t h i s  f a c e  would 

th e n  a p p ro x im a te  t o  t h a t  due t o  t h e  s t a t i c a l  head  a lo n e .  

However, t h e  r e t u r n e d  m o u th p ie ce  would r e s u l t  i n  marked eddy 

f o r m a t io n  f u r t h e r  p r e v e n t in g  s t re a m  l i n e  m o tio n  and th u s  

p resu m ab ly  d e c r e a s in g  t h e  c o e f f i c i e n t  of d i s c h a r g e .

(B) F l u i d  d i s c h a r g e  o r i f i c e  

I n  t h e  c a se  of an  im proved c o n s t a n t  p r e s s u r e  d e v ic e  w i th  a 

c o n n e c t in g  r u b b e r  tu b e  of t h e  same d ia m e te r  a s  t h e  f l u i d
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d i s c h a r g e  o r i f i c e ,  t h e  e f f l u e n t  s t r e a m ,  a f t e r  fo rm in g  a  

v ena c o n t r a c t s , a lw ays r e -e x p a n d e d  t o  f i l l  t h e  t u b e .  The 

v ena c o n t r a e t a  i n  t h e  c a s e  of a  sm a ll  c i r c u l a r  o r i f i c e  i s  

a t  a  d i s t a n c e  from  t h e  o r i f i c e  e q u a l  t o  a b o u t  0 .4 9 8  t im e s  

th e  d ia m e te r  (G ib so n ,  1 9 4 8 ) .

A t a b l e  o f v a lu e s  of 2d* th e  c o e f f i c i e n t  o f  d i s c h a r g e ,  

f o r  c i r c u l a r  o r i f i c e s  was g iv e n  i n  H am il to n  S m i th 's  

'H y d r a u l i c s 1 (1886) f o r  d i f f e r e n t  v a lu e s  of head  above th e  

c e n t r e  o f t h e  o r i f i c e .  E x p e r im e n ts  by Judd & King (1906) 

i n d i c a t e d  t h a t  i f  an  o r i f i c e  was l e s s  th a n  a b o u t  2 .5  i n .  

d i a m e te r ,  p e r f e c t  c o n t r a c t i o n  was im p o s s ib l e .  The d e g re e  

of im p e r f e c t i o n  became more marked a s  t h e  d ia m e te r  i n c r e a s e d .  

T h is  was t r u e  however h ig h  th e  h e a d .  C o n se q u e n tly  i n  th e  

p r e s e n t  a p p a r a t u s  t h e  i m p e r f e c t i o n  i s  n o t  due t o  t h e  sm a ll  

h e a d ,  i n h e r e n t  i n  t h e  d e s ig n  of th e  improved c o n s t a n t  

p r e s s u r e  d e v ic e  when d i s c h a r g i n g  under  a tm o s p h e r ic  p r e s s u r e  

a p p l i e d  t o  t h e  s i d e  t u b e .

T h e o r e t i c a l l y  th e  c o e f f i c i e n t  of d i s c h a r g e  i s  t h e  same 

f o r  a  g iv e n  o r i f i c e  u n der  a g iv e n  h e a d ,  w h a tev e r  be th e  

d i r e c t i o n  of d i s c h a r g e .  However, t h e  t r u e  v a lu e  of th e  

c o e f f i c i e n t  o f d i s c h a r g e  w i l l  depend e n t i r e l y  on t h e  c i r 

cum stances  g o v e rn in g  t h e  f l o w  to  th e  p a r t i c u l a r  o r i f i c e .  

C o n se q u e n tly ,  i f  s m a l l  o r i f i c e s  a r e  t o  be u sed  f o r  m ea su r in g
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p u rp o se s  th e y  sh o u ld  "be c a l i b r a t e d  a s  n e a r l y  a s  p o s s i b l e  

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

f e r e n c e  w i th  t h e  f r e e  p r o d u c t io n  of s t re a m  l i n e s  c u r t a i l s  

t h e  f u l l  f lo w  to  th e  o r i f i c e ,  and t e n d s  to  p r e v e n t  th e  f u l l  

c o n t r a c t i o n  of s e c t i o n  a t  t h e  vena, c o n t r a c t a . Thus th e  

t u r b u l e n t  f l u i d  f lo w  found t o  be s e t  up in  t h e  c o n s t a n t

p r e s s u r e  b u r e t t e  w i th  s i d e  tu b e  w i l l  d e c r e a s e  C, and th u s—d
£  by an i n c a l c u l a b l e  d e g r e e .  C o n se q u e n tly  each c o n s t a n t  

p r e s s u r e  d e v ic e  sh o u ld  be c a l i b r a t e d  under t h e  e x i s t i n g  ex 

p e r im e n ta l  co n d i t i o n s  f o r  i t s  own c o e f f i c i e n t  o f d i s c h a r g e .

OTHER APPLICATIONS IN EXPERIMENTAL PHYSIOLOGY 

OF THE IMPROVED CONSTANT PRESSURE DEVICE

(A) Sm all volum es under c o n s t a n t  p r e s s u r e 

I n t r a v e n o u s  i n f u s i o n  of f l u i d s  or i n j e c t i o n  of d ru g s 

i n  am ph ib ia  and m am m alia. The c o n s t a n t  p r e s s u r e  b u r e t t e s  

p ro v id e d  a c o n v e n ie n t  so u rc e  of sm a ll  c o n s t a n t  h e a d s  of 

hydrodynam ic  p r e s s u r e  f o r  c o n s t a n t  r a t e  i n f u s i o n  of known 

volum es of f l u i d s .  They h av e  been  u se d  r o u t i n e l y  i n  t h i s  

d e p a r tm e n t ,  over th e  p a s t  18 m o n th s ,  b o th  i n  r e s e a r c h  and 

i n  t e a c h in g  e x p e r im e n ts  in  am phib ia  and mammalia.
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In t r a v e n o u s  i n f u s i o n  of s a l i n e  and v a r i o u s  p lasm a su b 

s t i t u t e s  hav e  b een  d e l i v e r e d  fro m  t h e  b u r e t t e s  a t  any r a t e  

over a  w ide  r a n g e  and f o r  any  d e s i r e d  p e r io d  of t im e .  The 

c o n s t a n t  p r e s s u r e  b u r e t t e s  h a v e  a l s o  been  u sed  f o r  'w a sh in g  

i n '  f o l lo w in g  t h e  i n t r a v e n o u s  i n j e c t i o n  of d r u g s ,  and f o r  

t h e  c o n t in u o u s  s low  i n j e c t i o n  of d ru g s  i n  volum es g r e a t e r  

th a n  t h a t  c o n v e n ie n t ly  h a n d le d  by a  Thorp m otor d r iv e n  ram 

i n j e c t o r .

I  have  m y se lf  u se d  im proved c o n s t a n t  p r e s s u r e  b u r e t t e s  

f o r  t h e s e  v a r i o u s  p u rp o s e s  i n  some 70 e x p e r im e n ts .

P e r f u s i o n  of a  f r o g ' s  h e a r t  th ro u g h  G r e e n 's  c a n n u l a .

In  such  e x p e r im e n ts ,  p e r f u s i o n  of th e  f r o g ' s  h e a r t  i s  c a r r i e d  

o u t  a t  p r e s s u r e s  of t h e  o rd e r  of 2 cm w a t e r .  C o n se q u e n tly  

t h e  te m p o ra ry  i n c r e a s e  i n  p r e s s u r e  upon r e f i l l i n g  t h e  b o t t l e  

due t o  f l u i d  e n t e r i n g  t h e  c e n t r a l  a i r  tu b e  of a  M a r i o t t e  

b o t t l e ,  i s  e x t r e m e ly  s i g n i f i c a n t  s in c e  i t  may amount to  a 

te m p o ra ry  p r e s s u r e  i n c r e a s e  of t h e  o rd e r  of 100%. T h is  

v a r i a t i o n  i n  p r e s s u r e  i s  p r a c t i c a l l y  e l im in a te d  by u s in g  t h e  

im proved d e v i c e .

O r i g i n a l l y ,  I  p r e p a r e d  s im p le  200 m l.  c a p a c i ty  g l a s s  

b o t t l e s  co m p le te  w i th  c o n s t a n t  p r e s s u r e  s id e  t u b e s ,  a s  

s u i t a b l e  f o r  t h i s  e x p e r im e n t  t o  be c a r r i e d  ou t by u n d e r 

g r a d u a t e s  i n  p r a c t i c a l  c l a s s e s .  S u b s e q u e n t ly  two c o n s t a n t
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p r e s s u r e  b u r e t t e s  j o in e d  by a  Y p i e c e  below  t h e  f l u i d  d i s 

c h a rg e  o r i f i c e  h av e  been  used* P i g . 44 shows one b u r e t t e  

i n  u s e .  When i t  was d e s i r e d  t o  r e c o r d  t h e  venous in f lo w  

on t h e  kymograph r e c o r d ,  a i r  was i n j e c t e d  i n t o  t h e  f l o a t  of 

t h e  volume r e c o r d e r  which was th e n  c o n n ec te d  t o  th e  s id e  

a i r  tu b e  of th e  c o n s t a n t  p r e s s u r e  b u r e t t e .

C y s to m e try . A c o n s t a n t  p r e s s u r e  a u to m a t i c  in f lo w  

a p p a r a tu s  was b u i l t  f o r  f i l l i n g  t h e  b l a d d e r  i n  c y s to m e try  

( f i g . 4 5 ) .  The i n f u s i o n  l i q u i d  f lo w ed  f ro m  an improved 

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

m e t e r ,  r u b b e r  t u b in g  t o  a d o u b le  s u r f a c e  and s p i r a l  conden

s e r  ( f i g . 4 5 ) .  The t e m p e ra tu re  of th e  in g o in g  f l u i d ,  a s  

r e g i s t e r e d  on a  th e rm o m eter  p la c e d  j u s t  b e f o r e  t h e  cannula ,, 

was m a in ta in e d  a t  37°C by warm w a te r  c i r c u l a t e d  th ro u g h  t h e  

c o n d e n se r  j a c k e t  by  a  s i n g l e  D a le - S c h u s te r  p e r f u s i o n  pump.

The in f lo w  was p e r i o d i c a l l y  i n t e r r u p t e d  by a  clamp 

w hich  com pressed  th e  t h i n  w a l le d  r u b b e r  t u b i n g .  The clamp 

was o p e ra te d  by  a  s o l e n o id  a c t i v a t e d  by a  6 v o l t  a c c u m u la to r .  

A r o t a r y  k e y ,  w hich  was d r iv e n  by  a c o n s t a n t  speed  m o to r ,  

made and b ro k e  th e  c i r c u i t  a t  p r e d e te rm in e d  i n t e r v a l s .  The 

same m otor was u sed  t o  d r i v e  t h e  pump. The p e r io d s  of i n 

f lo w  w ere  s i g n a l l e d  on kym ographic  and o p t i c a l  r e c o r d s .
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The co m p le te  a p p a r a tu s  was c a r r i e d  on a  *D exion Angle* 

f r a m e ,  22 x  14 x  40 i n . ,  m ounted on 3 i n .  d ia m e te r  c a s t o r s .  

When r e q u i r e d  th e  c h a s s i s  c o u ld  he  w heeled  r a p i d l y  i n t o  

p o s i t i o n  b e s i d e  t h e  e x p e r im e n ta l  p r e p a r a t i o n  and t h e  b la d d e r  

c a n n u la  c o n n ec te d  t o  th e  c o n d e n s e r .

The c o n s t a n t  p r e s s u r e  a p p a r a tu s  h a s  been  u sed  by me 

f o r  29 c y s to m e t r i c  s t u d i e s  on d e c e r e b r a t e d  d o g s ,  c a t s  and 

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

p r e s s u r e  i s  shown i n  f i g . 46 on b l a d d e r  f i l l i n g  and em ptying 

o f  t h e  d e c e r e b r a t e  c a t  and i n  f i g . 47 on b la d d e r  p r e s s u r e  of 

t h e  d e c e r e b r a t e  g rey h o u n d .

Pa s s a g e  of f l u i d  a t  c o n s t a n t  p r e s s u r e  th ro u g h  i n t e s t i n a l  

l o o p s .  No e x p e r im e n ts  of t h i s  n a tu r e  h av e  been  c a r r i e d  ou t  

by  me w h i l e  u s in g  t h e  im proved c o n s t a n t  p r e s s u r e  d e v i c e .

The work of G regory  ( 1 9 5 0 ) ,  ho w ever, em p h a s ise s  th e  n e c e s s i t y  

ofjusing such  a  d e v i c e .

( B) L arg e  volum es u n d e r  c o n s t a n t  p r e s s u r e  

Im proved c o n s t a n t  p r e s s u r e  a s p i r a t o r  b o t t l e .  When th e  

r a p i d  d e l i v e r y  o f  r e l a t i v e l y  l a r g e  vo lum es of f l u i d  was r e 

q u i r e d  u n d e r  h ig h  c o n s t a n t  p r e s s u r e ,  or a l t e r n a t i v e l y ,  when 

r e l a t i v e l y  l a r g e  vo lum es w ere  r e q u i r e d  a t  low r a t e s  of d e 

l i v e r y  over  a  p ro lo n g e d  p e r io d  o f  t im e ,  o b v io u s ly  a b u r e t t e  

was i n c o n v e n ie n t ly  sm a ll  t o  a c t  a s  th e  improved c o n s t a n t
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p r e s s u r e  f l u i d  r e s e r v o i r .  An a s p i r a t o r  b o t t l e  w i t h  m oulded 

o u t l e t  and v i a l  n e ck  was u se d  ( f i g . 3 4 ) .  The b o t t l e  was of 

a p p r o p r i a t e  c a p a c i ty ?  and t h e  n eck  was c lo s e d  w i th  a  s to p p e r  

w h i l e  t h e  o u t l e t  n e a r  t h e  b o t to m  was c lo s e d  by a  second 

s to p p e r  c a r r y i n g  2 g l a s s  t u b e s .

Any r e q u i r e d  d e l i v e r y  p r e s s u r e  was a c h ie v e d  by c o n n e c t 

in g  t h e  u p per  of th e  2 g l a s s  tu b e s  t o  a n o th e r  l a r g e  a s p i r a 

t o r  b o t t l e  p r e s s u r e d  w i th  Og or O^/COg m ix tu r e  f ro m  a 

c y l i n d e r .  The g a s  r e s e r v o i r  had  a s i d e  tu b e  to  l e a k  o f f  

any  e x c e s s  p r e s s u r e  w hich  d e v e lo p e d .  T h is  e l im in a te d  t h e  

n e c e s s i t y  o f  su sp e n d in g  th e  r e s e r v o i r  h ig h  above th e  bench 

l e v e l  and a l s o  s im u l t a n e o u s ly  p ro v id e d  maximal o x y g e n a t io n  

o f th e  f l u i d .  The h ig h  o x y g e n a t io n  of t h e  f l u i d  was o b ta in e d  

s i n c e  b u b b le s  o f  oxygen under p r e s s u r e  c o n t i n u a l l y  p a sse d  

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

c o n t a c t  w i th  oxygen u n d e r  a p r e s s u r e ,  g r e a t e r  th a n  a tm os

p h e r i c  p r e s s u r e .

P e r f u s i o n  of mammalian coro n a r y  a r t e r i e s . P e r f u s io n  

of t h e  c o ro n a ry  a r t e r i e s  of t h e  e x c i s e d  mammalian h e a r t  i s  

g e n e r a l l y  c a r r i e d  ou t u s in g  Gunn*s c a n n u la .  The a p p a re n t  

c o ro n a ry  f lo w  (W ig g e rs ,  1909) i s  r e c o r d e d  by  a  d ro p  c o u n te r  

r e c o r d i n g  from  a  d r i p  chamber on t h e  in p u t  s id e  (B a k e r ,  1 9 5 1 ) .  

The c o n s t a n t  p r e s s u r e  d e s i r e d  may r a n g e  f ro m  30 to  90 mm Hg.
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These p r e s s u r e s  a r e  u s u a l l y  achieved, u s in g  a l a r g e  M a r i o t t e  

r e s e r v o i r  w i th  c e n t r a l  a i r  tu b e  ( f i g . 48, A ). The f l u i d  i s  

a e r a t e d  or ox y g en a ted  i n  a s i d e  l im b  B a f t e r  i t  l e a v e s  t h e  

r e s e r v o i r .

The r e l a t i v e l y  low oxygen t e n s i o n  a c h ie v e d  i s  r a i s e d  

a p p r e c i a b ly  by a t t a c h i n g  t o  t h e  g a s  d i s t r i b u t i o n  tu b e  by a 

n o n -p o ro u s  s u r ro u n d ,  e i t h e r  a p o rou s  c e ram ic  d i f f u s e r  or a 

s i n t e r e d  p l a t e .  These d i f f u s e r s  h av e  r e l a t i v e  u n i f o r m i ty  

of p o re  s i z e ,  p o re  d i s t r i b u t i o n  and p e r m e a b i l i t y  and p rod uce  

a more even d i s t r i b u t i o n  of s m a l le r  d ia m e te r  b u b b le s .  Gas 

i s  more e f f i c i e n t l y  d i s s o l v e d  from  s m a l le r  b u b b le s  th a n  from  

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

d i s s o l v e d  to  oxygen s u p p l ie d  when th e  l i q u i d  i s  f r e e  from  

oxygen ( P a t t l e ,  1950 a ) . I r r e g u l a r i t i e s  i n  t h e  o r i f i c e s  of 

t h e  p o re s  o f an  a e r a t o r  a l lo w  b u b b le s  t o  be d e ta c h e d  w i th o u t  

t h e  a id  o f  g r a v i t y  ( P a t t l e ,  1950 b ) .

Each d i f f u s e r  h a s  a c e r t a i n  * b u b b lin g  p re s s u re *  below 

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

b e in g  t r e a t e d ,  due t o  t h e  norm al r e s i s t a n c e  of t h e  m a t e r i a l  

i t s e l f  t o  g a s  f l o w .  F u r t h e r ,  t h e r e  a r e  many p o re s  th ro u g h  

w hich  no g a s  e v e r  p a s s e s  and w hich  re m a in  f i l l e d  w i th  s t a g n a n t  

l i q u i d ,  even when g a s  b u b b le s  a r e  e sc a p in g  f r e e l y  from  th e  

d i f f u s e r  u n der  norm al w ork ing  c o n d i t i o n s .  As a  r e s u l t ,



-  269  -

c o m p a r a t iv e ly  h ig h  g a s  p r e s s u r e s  may be n e c e s s a r y  and 

t h e r e  o c c u rs  a g r a d u a l  c lo g g in g  of th e  d i f f u s e r  m a t e r i a l  

w h ich  may u l t i m a t e l y  r e d u c e  th e  r a t e  of d i f f u s i o n  be low  

t h e  w ork ing  minimum. T h is  l a t t e r  e f f e c t  r e s u l t s  from  th e  

d e p o s i t i o n  of s o l i d  m a t e r i a l ,  e i t h e r  c h e m ic a l ly  or by b a c t e r 

i a l  g ro w th ,  w i t h i n  t h e  l i q u i d  c o n ta in e d  i n  th e  i d l e  p o r e s ,  

f o l lo w e d  by encroachm ent on t h e  p o re s  th ro u g h  which g a s  

would n o rm a l ly  f l o w .

F o r t u n a t e l y  i t  was u n n e c e s s a ry  to  c a l i b r a t e  th e  chang ing  

p r e s s u r e / f l o w  c h a r a c t e r i s t i c s  of th e  d i f f u s e r  w h i le  immersed 

i n  t h e  p e r f u s i o n  f l u i d ,  s i n c e  due t o  th e  e x i s t e n c e  of o th e r  

p r e s s u r e s  l o s s e s  i n  t h e  p e r f u s i o n  a p p a r a t u s ,  i t  i s  a lw ays 

n e c e s s a r y  t o  m easu re  t h e  a c t u a l  p r e s s u r e  a t  th e  Gunn’ s 

c a n n u la  th ro u g h o u t  th e  e x p e r im e n t .

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

h i g h e r  o x y g e n a t io n  o f  t h e  f l u i d  w i th o u t  th e  u se  of a  d i f 

f u s e r ,  was found  t o  be  a c h ie v e d  s im p ly  by a p p ly in g  th e  im

p rov ed  c o n s t a n t  p r e s s u r e  d e v ic e  ( f i g . 4 8 ,  C, D) t o  an 

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

H i s t o l o g i c a l  p e r f u s i o n  a p p a r a t u s .  The improved con

s t a n t  p r e s s u r e  d e v ic e  was a l s o  of v a lu e  i n  t h e  i n t a c t  an im al 

e i t h e r  f o r  t h e  i n t r o d u c t i o n  of i n j e c t i o n  m asses  e . g .  n eo 

p r e n e ,  or f o r  h i s t o l o g i c a l  p e r f u s i o n ,  e .g  of m e th y len e  b l u e ,
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a t  any d e s i r e d  c o n s t a n t  p r e s s u r e .  E v e r e t t  (1935) h a s  

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

w hich  however r e s u l t s  i n  awkward p o s i t i o n i n g  of th e  r e s e r 

v o i r .  M oreover t h e  a p p a r a t u s  su g g e s te d  by E v e r e t t  would 

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

p e r f u s i o n ,  s in c e  t h e  p r e s s u r e  i s  m easured  in  t h e  sys tem  a t  

a  p o i n t  f a r  f rom  t h e  c a n n u la .

E x p e r im e n ts  in v o lv in g  t h e  u s e  of t h e  Improved c o n s t a n t  

p r e s s u r e  d e v ic e  f o r  t h e  i n j e c t i o n  of n e o p re n e  and m e th y len e  

b lu e  i n t o  th e  e a r  of t h e  r a b b i t  have  been  d e s c r ib e d  i n  

C h a p te r s  2 & 3 .

Two e x p e r im e n ts  w ere  a l s o  c a r r i e d  o u t  on c a t s  t o  p e r f u s e  

t h e  w hole  an im a l  w i th  m e th y le n e  b lu e  u s in g  th e  f o l lo w in g  

m ethod . H e p a r in ,  200 u n i t / k g  body w e ig h t  was g iv e n  by 

i n t r a m u s c u l a r  i n j e c t i o n ,  10  m in u te s  b e f o r e  th e  i n d u c t io n  of 

a n a e s t h e s i a .  Nem butal 3 2 .5  mg/kg body w e ig h t  was th e n  a d 

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

c au se d  s l i g h t  g e n e r a l i s e d  v a s o d i l a t a t i o n .  A t r a c h e a l

c a n n u la  was t i e d  i n  p l a c e ,  t h e  s te rn u m  s p l i t  up th e  m id - l i n e  

and a r t i f i c i a l  r e s p i r a t i o n  commenced. The i n t e r n a l  mammary 

a r t e r y  and v e i n  w ere  c u t  be tw een  l i g a t u r e s  on b o th  s id e s  

and th e  c h e s t  opened w id e ly .
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The r i g h t  e x t e r n a l  j u g u l a r  v e in  was c a n n u la te d  i n  a 

c r a n i a d  d i r e c t i o n  a n d ,  i n  a d d i t i o n ,  a  s i l i c o n e d  p o ly th e n e  

c a n n u la  was p a s se d  down t h e  v e in  i n  a caudad d i r e c t i o n  

th ro u g h  t h e  s u p e r i o r  v en a  cava  i n t o  t h e  r i g h t  a t r i u m .

600 m l.  h e p a r i n i s e d  i s o t o n i c  s a l i n e  ( l  u n i t  h e p a r i n / m l . )  

had  m eantim e been  m a in ta in e d  a t  38°C i n  a sm a ll  a s p i r a t o r  

b o t t l e .  About 10 m l.  o f  t h i s  h e p a r i n i s e d  s a l i n e  were i n 

j e c t e d  th ro u g h  th e  p o ly th e n e  c a n n u la  i n t o  t h e  r i g h t  a t r iu m  

and th e  r e m a in d e r  oxygenated  a t  a  p r e s s u r e  of 100 mm Hg, an 

a p p ro x im a t io n  t o  t h e  mean b lo o d  p r e s s u r e ,  was p e r f u s e d  from  

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

p a s s in g  th ro u g h  th e  w a l l  of th e  l e f t  v e n t r i c l e .  The c a t ’ s 

b loo d  was th u s  washed out by th e  h e p a r i n i s e d  s a l i n e  and 

e sca p ed  th ro u g h  t h e  r i g h t  a t r i a l  and r i g h t  e x t e r n a l  j u g u l a r  

venous c a n n u la e .

The p e r f u s i o n  was c o n t in u e d  by ad d in g  m e th y le n e  b lu e  

s o l u t i o n  a t  38°C t o  t h e  c o n s t a n t  p r e s s u r e  r e s e r v o i r .

C h ap te r  3 g i v e s  d e t a i l s  o f th e  p r e p a r a t i o n  of t h e  m e th y len e  

b l u e  s o l u t i o n .  The same c o n s t a n t  p r e s s u r e  of ICO mm Hg 

was u sed  f o r  th e  p e r f u s i o n  of t h e  m e th y le n e  b lu e  s o l u t i o n .  

C a r le to n  (1926) u se d  a  p r e s s u r e  of 70 to  80 mm Hg f o r  t h e

p r e l i m i n a r y  w ash ing  ou t w i th  s a l i n e ,  and a  p r e s s u r e  o f 

150 mm Hg f o r  t h e  m e th y le n e  b lu e  s o l u t i o n ,  b u t  h e  o m it te d
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t o  g iv e  any r e a s o n  f o r  t h e  c h o ic e  of t h e s e  p r e s s u r e  l e v e l s .  

The q u a n t i t y  o f m e th y len e  b lu e  r e q u i r e d  was d e te rm in e d  by 

o b s e r v a t i o n  of t h e  p r o g r e s s i v e  s t a i n i n g  i n  each  e x p e r im e n t .  

F i n a l l y  b o th  t h e  a t r i a l  and j u g u l a r  c a n n u la e  w ere  o cc luded  

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

24 or 48 h r  chromat ogram c o lu m n s . The improved con

s t a n t  p r e s s u r e  d e v ic e  a p p l i e d  to  l a r g e  c a p a c i t y  a s p i r a t o r  

b o t t l e s  h a s  been  u s e d ,  d u r in g  th e  p a s t  y e a r  in  th e  B io 

c h e m is t r y  D epartm ent of t h i s  U n i v e r s i t y ,  f o r  ru n n in g  chrom

a to g ra m s  over lo n g  p e r i o d s  of t im e .  The s i m p l i c i t y  of th e  

d e v ic e  r e s u l t s  i n  e a sy  c l e a n in g  of t h e  a p p a r a t u s .

A s l i g h t  d i s a d v a n ta g e  h a s  b een  n o ted  i n  t h a t  a l th o u g h  

t h e  c o n s t a n t  p r e s s u r e  d oes  n o t  a l t e r  w i th  t e m p e r a tu re  change 

d u r in g  t h e  n i g h t ,  y e t  a b o u t  8 .3 0  a .m . th e  r i s e  i n  tem p era 

t u r e  of t h e  a i r  c o n f in e d  above t h e  f l u i d  i n  th e  r e s e r v o i r  

r e s u l t s  i n  s p i l l i n g  of a sm a ll  volume of f l u i d  ou t th ro u g h  

t h e  a i r  i n l e t  tu b e  a s  t h e  a i r  ex p an d s .  T h is  t r i v i a l  d i s 

a d v a n ta g e  h a s  been  r e a d i l y  overcome by su sp e n d in g  a 25 m l.  

b e a k e r  below  t h e  a i r  i n l e t  tu b e  t o  c o l l e c t  th e  s p i l l .
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C H A P T E R  2 m m nrani



n m  Main T h o ro u g h fa re  Channel (A r te r iovenous  Bridge) . 

True C apil la r ies .

A r te r io v e n o u s  Anastomosis.

1 . D iagram  o f  c a p i l l a r y  bed showing main th o ro u g h fa r e  

c h a n n e ls ,  t r u e  c a p i l l a r i e s  and  an  a r t e r i o - v e n o u s  

a n as to m o sis*



F i g .  2 .  D iagram  o f  an  a r t e r i o - v e n o u s  a n a s to m o s is  showing 

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

A, a r t e r i a l  v e s s e l ;  V, venous v e s s e l ;  A-V, a r t e r i o 

venous a n a s to m o s is ;  a ,  a r t e r i a l  segment o f  a r t e r i o 

venous a n a s to m o s is ;  b ,  i n t e r m e d ia t e  segm ent; c ,  

venous segm ent.



F i g .  3 .  I s o l a t e d  e a r  p e r f u s i o n  a p p a r a t u s .  A, B, c o n s ta n t  
p r e s s u r e  b u r e t t e s  f i l l e d  from  below  w i th  p e r f u s io n  s o l 
u t i o n ; ^  C, B , E , 3-way o b l iq u e  b o re  s to p c o c k s ;  F, ammeter; 
G, v a r i a b l e  r e s i s t o r ;  H, h e a t i n g  t a p e ;  J ,  therm ocou p le  
w i r e s ;  K , b i c y c l e  v a lv e  t u b in g  t e r m in a t in g  in  a r t e r i a l  
c a n n u la ;  L , a t ta c h m e n t  to  pan of b a la n c e  f o r  su spend ing  
e a r ;  M, m ercu ry  manom eter im m e d ia te ly  p ro x im a l  to  th e  
c a n n u la ;  g ,  th e rm o m ete r  r e c o r d in g  e n v iro n m e n ta l  tem per
a t u r e  i n s i d e  m e ta l  t i n ;  f i l t e r  f u n n e l ;  R, b a la n c e ;
S , a i r  t r a p ;  T, cu rv ed  tu b e ;  TJ, 10 1 . p r e s s u r e  r e s e r v o i r  
f o r  95% oxygen , 5^  carb on  d io x id e  m ix tu r e  from a c y l in d e r ;  
V , e scap e  v a lv e  f o r  a d ju s tm e n t  o f  p r e s s u r e  in  U; ¥ ,
W oulff  b o t t l e  r e s e r v o i r  o f p e r f u s i o n  s o l u t i o n .



C annula

F ig .  4 .  D iagram  o f  g l a s s  c a n n u la  i n  e a r  a r t e r y  showing 

d im en sio n s  o f  c a n n u la .  X 9 p o i n t  i n  a r t e r y  j u s t  

beyond t h e  t i p  o f  t h e  c an n u la  f o r  which t h e  t h e o r e t 

i c a l  downstream  p r e s s u r e  can be c a l c u l a t e d .



Z'» • • • -• 1 • • • • • • ,»,«*»»»«,»» t ,

Down-

< r  * . »  U  A  1  f

* * ■■..............: - r - x - - - A x - -

Pig* 5 . A p p a ra tu s  f o r  c a l i b r a t i o n  o f  p e r f u s i o n  can n u la  f o r
p r e s s u r e  drop by c o n t r o l l i n g  t h e  f lo w  r a t e .  C, p e r f u s io n  
c a n n u la  o r i f i c e  i n  lumen o f  w ide b o re  r u b b e r  p r e s s u r e  
tu b in g ^  1 and 2 , p ro x im a l  and d i s t a l  to  c an n u la  o r i f i c e ;  
S , sc rew  c l i p ;  and M2 » u p s t re a m  and downstream man
o m e te rs ;  and  H2 , h e ad  of m ercu ry  r e g i s t e r e d  i n  Mi and

^  an(  ̂ 5 * s e l e c t e d  p o i n t s ;  r i ,  l e n g th  o f  w a te r  column 
from  A to  C; r 2 > le n g th  of w a te r  column from  C to  B;
R = rx  + r 2 .



MEDIAL MARGIN

LATERAL MARGIN!

P ig .  6 . D iagram  o f  v a s c u l a r  anatomy o f  t h e  d o r s a l  s u r f a c e

o f  t h e  r a b b i t * s  e a r .  A r t e r i a l  s y s te m :---------- •

Venous s y s t e m : ------ - • Arrow shows p o i n t  o f  i n s e r t i o n

o f t h e  c an n u la  in to  t h e  d o r s a l  a u r i c u l a r  a r t e r y .  The 

a r t e r y ,  c e n t r a l  v e in  and d o r s a l  a u r i c u l a r  n e rv e  l i e  i n  

c lo s e  p ro x im i ty  a t  t h i s  p o in t  w i th  t h e  a r t e r y  t h e  m ost 

m e d ia l  s t r u c t u r e  and  t h e  n e rv e  t h e  m ost l a t e r a l .



F i g ,  7 . M o d if ie d  p e r f u s i o n  a p p a r a tu s  p e r m i t t i n g  p e r f u s io n  

o f  e a r  u n d e r  a n o x ic  c o n d i t i o n s  and c o l l e c t i o n  o f  p e r 

f u s a t e  f o r  e s t im a t i o n  o f  oxygen c o n te n t .  J ,  therm o

c o u p le ;  K, v a lv e  t u b in g  t e r m in a t in g  in  c a n n u la ;  L, 

l i q u i d  p a r a f f i n ;  M, t h r e a d  su sp en d in g  e a r ;  IT, n i t r o g e n ;  

0 , i n v e r t e d  i s o l a t e d  o rgan  b a th ;  P ,  p e r f u s a t e ;  £ ,  

f i l t e r  f u n n e l .
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Fig* 8 * Cannula  c a l i b r a t i o n  g iv in g  th e  p r e s s u r e  d rops ( P .D . ) 
a c r o s s  t h e  c a n n u la  o v e r  t h e  ran g e  o f  in f lo w  r a t e s  which 
o c c u r re d  d u r in g  t h e  p e r f u s i o n  e x p e r im e n ts .  x  * c a l 
i b r a t e d  P .D . d u r in g  s e l e c t e d  f lo w  r a t e s ;  0  : c a l i b r a t e d
f lo w  r a t e s  a t  s e l e c t e d  p r e s s u r e s ,  w i th  f r e e  d i s c h a r g e ;
O s f lo w  r a t e s  a t  c a l c u l a t e d  t h e o r e t i c a l  P .D . due to  
can n u la  f r i c t i o n  l o s s ,  assum ing  f u l l  p r e s s u r e  re c o v e ry  
from  t h e  v e l o c i t y  h e a d .
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9 .  Mean oedema f o rm a t io n  and mean in f lo w  i n  i s o l a t e d  
r a b b i t s *  e a r s  p e r f u s e d  a t  a  s o l u t i o n  tem p, o f  1 6 ° ,  38° 
and  45°G r e s p e c t i v e l y .  The i n t e r p r e t a t i o n  of t h e  words 
oedema and  in f lo w  i n  t h i s  and i n  a l l  su b se q u e n t  leg e n d s  to  
f i g u r e s  and  t a b l e s  h a s  t h e  s i g n i f i c a n c e  d e t a i l e d  u n der  
e x p re s s io n  o f  p e r f u s i o n  r e s u l t s  in  t h e  t e x t .  n — no . 
o f  e a r s  p e r f u s e d ,  ( e x p t .  n o . )  . 16°C, n = 2 f (2 4 ,  47 ):
oedema, © 5 i n f lo w ,  O . 38°C, n = 4 ,  38 , 3 9 . 40, 4 1 ) s
oedem a' 3  5 i n f lo w ,  •  . 45°C, n = 2 , (45 , 4 6 ) :
oedema, A ; in f lo w ,  D •
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Pig# 10 . D e r iv e d  g ro s s  r a t e  o f ou tw ard  f i l t r a t i o n  ( g . o . f . )  
a c r o s s  t h e  c a p i l l a r y  membrane and  o b se rv ed  mean oedema 
f o rm a t io n  w i th  p e r f u s i o n  s o l u t i o n  a t  16° and  38°C. 
n «  no . o f  e a r s  p e r f u s e d ,  ( e x p t .  n o . ) .  16 °C, n - . 2 :
(2 4 ,  47) s g ro s s  ou tw ard  f  i l t r a t i o n ,  ex , o  ; n e t  outward- 
f i l t r a t i o n ,  oedema, 0  • 38°0 , n a  4; (3 8 ,  39, 40, 41) :
g ro s s  ou tw ard  f i l t r a t i o n ,  cx ( l  -  e " / ^ ) ,  •  ; n e t  outward 
f i l t r a t i o n ,  oedema, O •
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P i g .  11 . O bserved  and  c a l c u l a t e d  v a lu e s  f o r  c u m u la t iv e  

oedema f o rm a t io n  (mean f i l t r a t e )  i n  i s o l a t e d  r a b b i t s *  

e a r s  p e r f u s e d  a t  a  s o l u t i o n  tem p, o f  38°C, ( e x p t .  no .

38 , 39 , 40 , 4 l ) . O bserved  v a l u e s ,  0 : c a l c u l a t e d  v a l u e s ,

X, w here  w =  3 7 .9 3 (1  -  e ’ ° * 2 9 t ) -  1 1 .00 t e ~ 0 # 2 9 t .
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Fig# 12# I n t e r s t i t i a l  p r e s su r e  and in f lo w  w ith  p e r fu s io n  

s o lu t io n  a t  38°C. One ear  p e r fu se d ,  ( e x p t .  5 3 ) .

I n t e r s t i t i a l  p r e s su r e ,  G • In f lo w , •  •

pr
es

su
re
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Pig* 13 . Oedema form ation  and in f lo w  w ith  p e r fu s io n  

s o lu t io n  changed in t e r m i t t e n t ly  from a temp, o f  

38° to  16°C and v i c e  v e r s a .  One ear p e r fu se d ,  

(e x p t .  6 3 ) .  38°C: oedema, 3  ; in f lo w ,  •  •

16°Ci oedema, 0  ; in f lo w ,  O •
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14 , Oedema form ation  and in f lo w  w ith  p e r fu s io n  

s o lu t io n  a t  24°C# One ear p e r fu se d ,  ( e x p t .  7 3 ) .  

Oedema, © • In f lo w , O .



240 4 0

2 2 0 35
O E D E M A

30

180

-  160

140

120
IISP LOW/

too
80.

Time

3?ig. 15 . Mean oedema form ation  and mean in f lo w  w ith  

p e r fu s io n  s o lu t io n  a t  32°C. Two ears p e r fu se d ,  

( e x p t .  7 1 , 7 6 ) .  Oedema, 3  ; in f lo w , •  •
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F i g .  16.  I n t e r s t i t i a l  p r e s s u r e  and in f lo w  w i t h  p e r f u s i o n  

s o l u t i o n  changed i n t e r m i t t e n t l y  f rom  a  temp, o f  38° 

t o  16°C and v i c e  v e r s a .  One e a r  p e r f u s e d ,  ( e x p t .  5 6 ) .  

38°Ci i n t e r s t i t i a l  p r e s s u r e ,  3  ; in f lo w ,  •  • 16°C:

i n t e r s t i t i a l  p r e s s u r e ,  0  ; i n f lo w ,  O .
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P i g .  17 .  Oedema f o r m a t io n  and i n f lo w  w i t h  p e r f u s i o n  

s o l u t i o n  temp, changed t o  16°C and th e n  t o  38°C 

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

38°C. One e a r  p e r f u s e d ,  ( e x p t .  7 0 ) .  38°C:

oedema, 3  ; i n f lo w ,  •  • 16°C: oedema, © ;

i n f lo w ,  O  •
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P i g .  18.  Mean oedema f o r m a t i o n  and mean in f lo w  w i th  p e r 

f u s i o n  s o l u t i o n  a t  38°C c o n t a i n i n g  h y a l u r o n i d a s e  (HD) 

compared w i th  p r e v i o u s  v a l u e s  w i t h o u t  h y a l u r o n i d a s e .  

n = no .  o f  e a r s  p e r f u s e d ,  ( e x p t .  n o . ) .  With hyaluxonidaae, 

n = 3,  ( 3 6 ,  37,  64 ) :  oedema, + ; i n f lo w ,  x . Without

h y a l u r o n i d a s e ,  n = 4,  (38 ,  39, 40, 4 l ) : oedema, O ;

i n f lo w ,  •  •
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Pig* 19* I n t e r s t i t i a l  p r e s s u r e  and in f lo w  w i th  p e r f u s i o n

s o l u t i o n  a t  38°C c o n t a i n i n g  h y a l u r o n i d a s e  (HD) compared 

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

p e r f u s e d  i n  each c a s e ,  ( e x p t .  n o . ) .  With h y a l u r o n i d a s e ,  

( 6 5 ) :  i n t e r s t i t i a l  p r e s s u r e ,  +  ; i n f lo w ,  X . W ithout

h y a l u r o n i d a s e ,  ( 5 3 ) :  i n t e r s t i t i a l  p r e s s u r e ,  O ;

i n f lo w ,  •  •
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Fig* 20* Oedema f o r m a t i o n  w i t h  p e r f u s i o n  siLution changed 

i n t e r m i t t e n t l y  f rom  a  temp, o f  38° t o  16°C and v i c e  

v e r s a .  V a lu e s  w i th  s o l u t i o n  c o n t a i n i n g  h y a l u r o n i d a s e  

compared w i th  v a l u e s  w i th o u t  h y a l u r o n i d a s e .  One e a r  

p e r f u s e d  i n  each c a s e ,  ( e x p t . n o . ) .  V i t h  h y a l u r o n i d a s e ,  

(6 8 ) :  38°C, -f* ; 16°C, A  . W ithou t  n y a l u r o n i d a s e ,  (6 3 ) :

38°C, O ; 16°C, 0  .
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F i g .  21. In f lo w  w i t h  p e r f u s i o n  s o l u t i o n  changed i n t e r m i t t e n t l y  

f rom  a  temp, o f  38° t o  16°C and v i c e  v e r s a .  V a lu e s  w i th  

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

w i t h o u t  h y a l u r o n i d a s e .  One e a r  p e r f u s e d  i n  each c a s e ,  

( e x p t .  n o . ) .  With  h y a l u r o n i d a s e ,  ( 6 8 ) :  38°C, X ;

16°C, D . W ith o u t  h y a l u r o n i d a s e ,  (6 3 ) :  38°C, •  ;

16°C, O .



Time (hr)

3?ig. 22* Mean oedema f o r m a t i o n  w i th  p e r f u s i o n  s o l u t i o n  a t  
16°C and 38°C. Lower and  h i g h e r  mean downstream 
p r e s s u r e s  compared w i t h  p r e v i o u s  i n t e r m e d i a t e  v a lu es*  
n = no.  o f  e a r s  p e r f u s e d ,  ( e x p t .  n o . ) *  16°C: p r e s s u r e
50 mm Hg, n ■= 2 ,  (23 ,  5 5 ) ,  © ; p r e s s u r e  60 mm Hg, n'  — 2, 
(2 4 ,  4 7 ) ,  •  ; p r e s s u r e  70 mm Hg, n = 3 ,  (2 1 ,  22, 4 3 ) ,
□  * 38°Cs p r e s s u r e  53 mm Hg, n = 2, (19 ,  5 0 ) ,  ©  ;
p r e s s u r e  71 mm Hg, n = 4,  (38 ,  39,  40,  4 1 ) ,  •  ; p r e s s u r e  
83 mm Hg, n  = 3,  (20 ,  25, 4 2 ) ,  O .
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F i g .  23.  Mean i n f lo w  w i th  p e r f u s i o n  s o l u t i o n  a t  16°C. Mean 
downstream p r e s s u r e s  o f  50 and 70 mm Hg compared w i th  
p r e v i o u s  v a l u e s  a t  a  mean downstream p r e s s u r e  o f  60 mm Hg. 
n = n o .  of  e a r s  p e r f u s e d ,  ( e x p t .  n o . ) .  P r e s s u r e  50 mm Hg 
n «* 2, ( 2 3 ,  5 5 ) ,  €) . P r e s s u r e  60 mm Hgs n — 2, (24 ,  47) 
•  . P r e s s u r e  70 mm Hg: n »  3 ,  (2 1 ,  22, 4 3 ) ,  CO •

F i g .  24. Mean i n f lo w  w i th  p e r f u s i o n  s o l u t i o n  a t  38°C.
Mean downstream p r e s s u r e s  o f  53 and 83 mm Hg compared 
w i t h  p r e v i o u s  v a l u e s  a t  a mean downstream p r e s s u r e  of 
71 mm Hg. n = n o .  o f  e a r s  p e r f u s e d ,  ( e x p t .  n o . ) .
P r e s s u r e  53 mm Hg: n = 2 ,  ( 1 9 ,  50)» €> •
P r e s s u r e  71 mm Hg: n =  4 ,  ( 3 8 ,  3 9 ,  4 0 .  41) , •  •
P r e s s u r e  83 mm Hg: n = 3 ,  ( 2 0 ,  25,  4 2 ) ,  CO .



O I 2 3 -4 5
T im e  ( h r )

F i g .  25. C a l c u l a t e d  g r o s s  r a t e  o f  ou tward  f i l t r a t i o n  a c r o s s  

t h e  c a p i l l a r y  membrane d e r i v e d  from ex p e r im e n ts  w i th  

p e r f u s i o n  s o l u t i o n  a t  38°C g rap h e d  i n  f i g .  22. n =s no. 

of  e a r s  p e r f u s e d .  P r e s s u r e  53 mm Hg: n s  2, C  •

P r e s s u r e  71 mm Hg: n = 4 ,  •  • P r e s s u r e  83 mm Hg, 

n = 3, P  .
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P i g .  26. Mean oedema f o r m a t i o n  and mean i n f lo w  w i th

p e r f u s i o n  s o l u t i o n  a t  16° and 38°C. The same mean 

downstream p r e s s u r e .  n = n o .  o f  e a r s  p e r f u s e d ,  

( e x p t .  n o . ) .  16°C, p r e s s u r e  70 mm Hg, n *» 3,  (21 ,

22, 43 ) :  oedema, 0  ; i n f lo w ,  O , 38°C, p r e s s u r e

71 mm Hg, n = 4,  (3 8 ,  39 ,  40, 4 l ) : oedema, 3  ; 

i n f lo w ,  •  •
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27.  Mean oedema f o r m a t io n  and mean in f lo w  w i t n  p e r 

f u s i o n  s o l u t i o n  a t  16° and 38°C. P r e s s u r i z e d  by U 

and by 5^  COg i n  02* n = no .  o f  e a r s  p e r f u s e d ,  ( e x p t .  

n o . ) .  Ms 16°C, n = 2,  (66 ,  6 7 ) ,  © ; 38°C, n a  3, 

(60 ,  61, 6 2 ) ,  3 .  O2/CO2 : 16°C, n = 2,  ( 24, 47) , O ;

38°C, n = 4 ,  (38 ,  39,  40,  41) , •  .
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F i g ,  28, Mean oedema f o r m a t io n  and mean i n f lo w  w i tn  p e r f u s i o n  

s o l u t i o n  a t  38°C. pH of 7 ,7  and 6 ,7  compared w i th  

p r e v i o u s  v a l u e s  a t  a pH of  7 , 3 ,  n s  no ,  o f  e a r s  p e r 

f u s e d ,  ( e x p t .  n o . ) .  pH 7 . 7 ,  n =  1,  (5 7 ) :  • .  pH 7 . 3 ,  

n = 4 ,  ( 3 8 ,  39 ,  40,  4 1 ) :  3  . pH 6 . 7 ,  n »  1 ,  (2 9 ) :  X .
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F i g .  29# Mean oedema f o r m a t i o n  and mean i n f lo w  w i th  

p e r f u s i o n  s o l u t i o n  a t  16°C. pH o f  4 .0  compared 

w i t h  p r e v i o u s  v a l u e s  a t  a  pH o f  7 . 3 .  n s  n o .  o f  

p e r f u s e d ,  ( e x p t .  n o . ) .  pH 4 . 0 ,  n = 1,  (2 6 ) :

oedema, •  ; i n f lo w ,  ©  . pH 7 . 3 ,  n=r 2, (2 4 ,  4 7 ) :

oedema, ©  ; i n f lo w ,  O •
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F i g .  30.  Mean oedema f o r m a t io n  and mean i n f lo w  w i th  

p e r f u s i o n  s o l u t i o n  a t  38°C. pH o f  4 .0  compared 

w i th  p r e v i o u s  v a l u e s  a t  a  pH o f  7 . 3 .  n m no .  of  

e a r s  p e r f u s e d ,  ( e x p t .  n o . ) .  pH 4 . 0 ,  n s  1 ,  (2 7 ) :  

oedema, #  ; i n f lo w ,  ©  . pH 7 . 3 ,  n — 4,  (38 ,  39, 40 

4 l )  : oedema, ©  ; i n f lo w ,  O  •



260

2 4 0 3 5

IN FL O W  I 6 ° C220
200

3 0

'25
INFLOW 3 2 ° C180 20

160 O E D E M A  3 2 °f
140 IO

-= 120 iE D E M A  .

IOO

T  2 6 0 3 8 ° c  O E D E M A  2 \°C 1 4 °  £

220

O e d e m a  I6 ° c  

IN F L O W  2 l° C
200 2 5

l8o

160

I N F L O W  16°C140

120

IOO

Time (hr)

P i g .  31* Mean oedema f o r m a t io n  and mean in f lo w  w i th
p e r f u s i o n  s o l u t i o n  a t  16° and 38°C. Chosen v a l u e s  of  
e a r  e n v i ro n m en ta l  temp, n »  no.  o f  e a r s  p e r f u s e d ,  ( e x p t .  
n o . ) .  S o l u t i o n  16°Cs environment  16°C, n = 2.
(24 , 4 7 ) ,  o ed em a©  , in f lo w  O ; environment  32°C, 
n s  2 ,  ( 3 5 ,  4 8 ) ,  oedema A  , i n f lo w  □  • S o l u t i o n  38°C: 
environment  216C, n = 4 ,  (38 ,  39,  40, 4 1 ) ,  oedema <3 , 
in f lo w  #  ; environment  16°C, n = 2, (32 ,  3 3 ) ,  oedema +  , 
in f lo w  X .
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P i g .  32* Mean oedema f o r m a t io n  and mean in f lo w  i n  
d e n e r v a t e d  and i n  i n n e r v a t e d  r a b b i t s *  e a r s  w i th  
p e r f u s i o n  s o l u t i o n  a t  16° and 38°C* The i n t e r p r e t 
a t i o n  of  t h e  words oedema and i n f lo w  i n  t h i s  and t h e  
f o l l o w i n g  le g e n d  h a s  t h e  s i g n i f i c a n c e  d e t a i l e d  u n d e r  
e x p r e s s i o n  o f  p e r f u s i o n  r e s u l t s  i n  t h e  t e x t ,  n = no* 
o f  e a r s  p e r f u s e d , ( e x p t . n o * ) .  D e n e r v a te d :  16°C,
n  =  6 ,  ( 9 7 ,  98, 100,  101,  102,  1 0 3 ) ,  O ; 38°C, n =
(9 1 ,  92 ,  9 3 ) ,  •  . I n n e r v a t e d :  16°C, n =  2 ,  (24 ,
0 ;  38°C, n =  4 ,  (38 ,  39, 40, 4 l )  , 9 .

4 7 ? ,
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F i g .  33 .  Mean oedema f o r m a t io n  and mean in f lo w  i n

d e n e r v a t e d  and in  i n n e r v a t e d  r a b b i t s ’ e a r s  w i th  p e r f u s i o n  

s o l u t i o n  changed i n t e r m i t t e n t l y  f rom a  temp, o f  38° 

t o  16GC and v i c e  v e r s a ,  n s  n o ,  o f  e a r s  p e r f u s e d ,

( e x p t .  n o . ) .  D e n e r v a te d ,  n =* 2,  (9 6 ,  104 ) :  38°C, •  ;

16°C, O  . I n n e r v a t e d ,  n = 1,  (1 0 8 ) :  38°C, ® •

16°C, ©  .
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Pig.. 34* C o n s ta n t  p r e s s u r e  d e v ic e s  a p p l i e d  t o  an 

a s p i r a t o r  b o t t l e .  M a r i o t t e  (1 7 1 8 ) :  c e n t r a l  t u b e ;

F e rguson  & C a r ry  (1 9 5 2 ) :  s h o r t  s i d e . t u b e .



F i g .  35. Main s t a g e s  i n  development o f  improved c o n s t a n t
p r e s s u r e  ' b u r e t t e  b a se d  on t h e  M a r i o t t e  b o t t l e  p r i n c i p l e .  
A: s t o p p e r e d  b u r e t t e  w i th  c e n t r a l  t u b e  (van  W ijng aa rd en ,  
1 926) .  B: S to p p e red  b u r e t t e  w i t h  p a r a l l e l  t u b e :
lo w e r  end of  t u b e  f u s e d  i n t o  b u r e t t e  below g r a d u a t i o n s .  
C: b u r e t t e  as  i n  B: a d d i t i o n a l  3-way T -b o re  s to p c o c k .  
B: s t o p p e r e d  b u r e t t e  w i th  s h o r t  s i d e  t u b e  (F e rg u so n  & 
G a r ry ,  1952)•



F i g .  36.  A p p a ra tu s  t o  d e l i v e r  l i q u i d  a t  c o n s t a n t  r a t e  

( a f t e r  H e r b s t ,  1950) .  A, " b o t t l e ;  B, f i l t e r ;

C, r e s e r v o i r ;  B, c o n s t a n t  l e v e l ;  E ,  0 ,  r u b b e r  

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



b ^ P z . o - '
—Z .i l —^ 6

F i g .  37.  P r i n c i p l e  o f  improved M a r i o t t e  c o n s t a n t  p r e s s u r e  

d e v i c e .  S to p p e red  r e s e r v o i r  c o n t a i n i n g  f l u i d .  Two 

o r i f i c e s  a t  d i f f e r e n t  l e v e l s  i n  r e s e r v o i r .  low er

o r i f i c e ;  B, u p p e r  o r i f i c e .



—o

—  fO

— 90
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F i g .  38.  C o n s ta n t  p r e s s u r e  b u r e t t e  ( a f t e r  Redonne t ,  1952) .  

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

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

d i l a t a t i o n  blown below t h e  lo w e s t  b u r e t t e  g r a d u a t io n *



Stopper

= -7 0
==80

•100
A

To preparation

Stopper

To preparation

F i g .  39. Improved c o n s t a n t  p r e s s u r e  d e v i c e  a p p l i e d  to  

a  b u r e t t e  and  t o  a n  a s p i r a t o r  b o t t l e .  A, s i d e  a i r  

t u b e ;  l e v e l  f rom  which c o n s t a n t  p r e s s u r e  i s  m easured .

34



F i g .

* * 3 1

J c 5 = d

B

1.
DO

40.  Improved c o n s t a n t  p r e s s u r e  b u r e t t e : ( l )  f i l l i n g  

(2)  r e a d y  f o r  d i s c h a r g e .  A, s i d e  a i r  t u b e  l e a d i n g  

t o  a i r  e n t r y  o r i f i c e ;  B, s t o p  c o ck ;  C, t i p  o f  b u r e t t e ,

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

C0/.//^C



F i g .  41. A p p a ra tu s  to  d e l i v e r  a tm o sp h e r ic  a i r  a t  a  c o n s ta n t  

p r e s s u r e  g r e a t e r  th a n  a tm o sp h e r ic  to  t h e  s i d e  tu b e  o f  a 

c o n s ta n t  p r e s s u r e  b u r e t t e  ( a f t e r  L o c k e t t ,  1 9 5 1 ) .  A, 

l a r g e  c a p a c i ty  M a r io t t e  r e s e r v o i r  b o t t l e  w i th  c e n t r a l  

t u b e ,  h ig h  above  bench l e v e l ;  B, I), r u b b e r  t u b e s ;  C, 

l a r g e  c a p a c i ty  a i r  r e s e r v o i r ;  E , c o n s t a n t  p r e s s u r e  

b u r e t t e  w i th  s i d e  a i r  tu b e .



o 0 - 5  1-0
O rif ic e  d ia m e te r  (cm)

F ig .  42. R e l a t i o n  of v o l .  o f b u b b le  to  d ia m e te r  o f  o r i f i c e
a t  which i t  i s  form ed ( a i r  in  w a te r  a t  20°C ). 1 : r a t i o
c e n t r in g  a b o u t  0 .3 3  cm^, f o rm a t io n  r a t e  s low  ( D a t t a ,
R a p ie r  & R e w i t t ,  1950). 2 : r a t i o  a b o u t  0 .2 6  cm*,
f o rm a t io n  r a t e  such t h a t  b u b b le s  no lo n g e r  c l i n g  moment
a r i l y  to  o r i f i c e .  3 : r a t i o  ab o u t 0 .2 3  cm^, p la n e  Gf
o r i f i c e  h o r i z o n t a l .  4 : r a t i o  a b o u t  0 .1 9  cm^, fo rm 
a t i o n  r a t e  v e ry  slow . (C urves 2, 3 ,  & 4 c a l c u l a t e d  from 
Rewman & W helan, 1 9 5 2 ) .  5 : a lo n g  t h i s  l i n e  b u b b le
d ia m e te r  e q u a ls  o r i f i c e  d ia m e te r .



V

A

F ig .  43. A p p a ra tu s  f o r  d e te rm in in g  th e  r e l a t i o n  of

b u b b le  volume to  o r i f i c e  d ia m e te r .  A, c o n s ta n t  

p r e s s u r e  can n u la  (S h anks , 1923)% B, B, c o n n e c t in g  

t u b in g ;  C, a i r  r e s e r v o i r ;  E , w a te r  r e s e r v o i r ;

E, c a l i b r a t e d  c o l l e c t i n g  tu b e  w i th  t a p .



2cmp e r i p h e r a l  
RESISTA NCE ” 
SCR EW  CLIP.

/  L .AO RTA

VALVE TOBINS ^

F ig .  44. P e r f u s i o n  of a f r o g ’ s h e a r t  th ro u g h  G reen e’ s

can nu la  u s in g  a c o n s ta n t  p r e s s u r e  b u r fe t te .  When i t  

i s  d e s i r e d  to  d i s p l a y  venous in f lo w  on t h e  kymograph 

r e c o r d ,  t h e  tu b in g  a t t a c h e d  t o  th e  f l o a t  volume r e c o r d e r  

i s  conn ec ted  to  t h e  a i r  i n l e t  p o r t .



45. A u tom atic  in f lo w  a p p a r a tu s  f o r  c y s to m e try .

A, improved c o n s ta n t  p r e s s u r e  " b u re t te s ;  B, d oub le  

s u r f a c e  and s p i r a l  c o n d e n se r ;  C, i n l e t  f o r  warm 

w a te r  from  c i r c u l a t i n g  pump; D, o u t l e t  f o r  w a te r ;  

E, th e rm om ete r ;  E, c o n n e c t io n  to  b l a d d e r  c a n n u la ;  

G, clamp; H, s o l e n o id ;  I ,  a c c u m u la to r ;  J ,  r o t a r y  

k ey ; K, l e a d s  to  kym ographic and o p t i c a l  s i g n a l s .



F i g .  4 6 .  E f f e c t  o f  v a r i a t i o n  in c o n s t a n t  f i l l i n g  p r e s s u r e  

on b l a d d e r  f i l l i n g  and emntying of d e c e r e b r a t e  c a t .  

Kymograph r e c o r d .  F i l l i n g  = d ow ns troke .  D e p re s s io n  

of s i g n a l  s i g n i f i e s  f i l l i n g  w i th  Tyrode s o l u t i o n  a t  35°C.

I  »  6 cm w a t e r  c o n s t a n t  p r e s s u r e s  J  = 5 cm w a t e r  c o n s t a n t  

p r e s s u r e :  K = 4 cm w a t e r  c o n s t a n t  p r e s s u r e .  V o l .

c a l i b r a t i o n  1 u n i t  = 10 m l . :  t im e  c a l i b r a t i o n  1 u n i t  —

30 s e c .  E x p t .  no .  S 19.



F i g .  47.  E f f e c t  of v a r i a t i o n  in  c o n s t a n t  f i l l i n g  p r e s s u r e  

on b l a d d e r  p r e s s u r e  of d e c e r e b r a t e  g reyhound .  Camera 

r e c o r d .  D e p r e s s io n  of  lower  s i g n a l  s i g n i f i e s  f i l l i n g  

w i th  Tyrode s o l u t i o n  a t  37°C. 50 ml. s o l u t i o n  in  b l a d d e r

in  bo th  r e c o r d s .  L e f t  hand r e c o r d ,  c o n s t a n t  f i l l i n g  

p r e s s u r e  30 cm w a t e r :  r i g h t  hand r e c o r d ,  c o n s t a n t  f i l l i n g

p r e s s u r e  40 cm w a t e r .  Upper s i g n a l ,  t im e  c a l i b r a t i o n  

1 u n i t  = 10 s e c .  E x p t . no.  A 23.



F ig .

B

48* R e s e rv o i r s  f o r  u se  w i th  Gunn*s can n u la  f o r  

p e r f u s io n  o f  t h e  c o ro n a ry  a r t e r i e s  o f  t h e  e x c is e d  

mammalian h e a r t .  A, a s p i r a t o r  b o t t l e  w i th  c e n t r a l  

c o n s ta n t  p r e s s u r e  tu b e ;  B, s i d e  lim b o x y g e n a to r ;  C, 

improved c o n s ta n t  p r e s s u r e  d e v ic e  a p p l i e d  to  a s p i r a t o r  

b o t t l e ;  B, h ig h  c o n s ta n t  p r e s s u r e  gas s o u rc e .

37000291^505
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P l a t e  1.  P h o to g ra p h .  L a rge  h i e h  i n  i s o l a t e d  e a r  of

r a h h i t  p e r f u s e d  a t  a s o l u t i o n  temp, of 45°C f o r  5 h r  

( p r e p a r a t i o n  46) •
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P l a t e  2. P h o to m ic ro g ra p h .  F o rm a lly  in n e r v a te d  e a r  -  

r a b b i t .  x  150. Mixed n e rv e  b u n d le s .  M ethylene  

b lu e  by p e r f u s i o n .  B lu e  to n ed  p r i n t .



P l a t e  3 .  P h o t o m i c r o g r a p h *  D e n e r v a t e d  e a r  -  r a b b i t .

x  1 5 0 .  M ix ed  n e r v e  b u n d l e s  21 d a y s  a f t e r  d e n e r v a t i o n .

M e t h y l e n e  b l u e  b y  p e r f u s i o n .  B l u e  t o n e d  p r i n t .



P l a t e  4 . P h o to m ic ro g rap h . N orm ally  in n e r v a te d  e a r  -

r a b b i t .  x 150. Sm all a r t e r y  showing n e rv e  su p p ly .  

M ethylene b lu e  by p e r f u s i o n .  B lue  to ned  p r i n t .



P l a t e  5 . P h o to m ic ro g rap h . D e n erv a ted  e a r  -  r a b b i t ,  

x 150. A r t e r y  showing a b sen c e  o f  n e rv e  su p p ly  21 

days a f t e r  d e n e r v a t io n .  M ethy lene  b lu e  by p e r f u s io n .  

B lue  ton ed  p r i n t .



P l a t e  6 . P h o to m ic ro g rap h . N orm ally  in n e r v a te d  e a r  -

r a b b i t .  x  150. M otor end p l a t e s  showing b ra n c h in g  

and f i n a l  k n o b - l ik e  t e r m in a t io n s  o f t h e  b ra n c h e s  in  th e  

m uscle  f i b r e .  M ethy lene  b lu e  by p e r f u s i o n .  B lue  

to n ed  p r i n t .



e 7 . P h o to m ic ro g rap h . D en erv a te d  e a r  -  r a b b i t ,  

x  150. M otor end p l a t e s  showing b ra n c h in g  and f i n a l  

k n o b - l ik e  t e r m in a t io n s  of t h e  b ra n c h e s  in  t h e  m uscle  

f i b r e .  Twenty one days a f t e r  d e n e r v a t io n .  M ethylene  

b lu e  by p e r f u s i o n .  B lu e  to ned  p r i n t .



P l a t e  8. P h o to m ic ro g ra p h .  S u p e r i o r  c e r v i c a l  g a n g l io n  -  

r a b b i t .  x  160.  Numerous n e rv e  g a n g l io n  c e l l s  w i th  

l a r g e  n u c l e i :  a  few h e a v i l y  m y e l in a t e d  f i b r e s  and a

l a r g e  number of f i n e l y  m y e l in a t e d  f i b r e s .  H. & E.
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P l a t e  9 .  Bubble  growth  j u s t  b e f o r e  r e l e a s e  a t  a v e r t i c a l l y  

o r i e n t a t e d  o r i f i c e .  P h o to g ra p h .  S u r f a c e  t e n s i o n  

f o r c e s  a r e  o p e r a t i v e  on ly  a round a p o r t i o n  of  th e  

p e r i m e t e r ,  t h e  buoyancy f o r c e s  t e n d i n g  t o  d rag  t h e

bubb le  upwards a c r o s s  t h e  p l a n e  of t h e  o r i f i c e  ( a f t e r

D a t t a ,  H a n ie r  & H e w i t t ,  1950) .  The e f f e c t  i s  seen  to

a g r e a t e r  deg re e  a t  t h e  o r i f i c e  of t h e  c e n t r a l  t u b e  of

a M a r i o t t e ' s  b o t t l e .
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Oedema
f o rm a t io n

O n set

Maximum

Mean tim e (h r)
D i f f e r e n c e  in  

C o n t ro l  S c o r b u t ic  means (h r )
(32  eyes) (32 eyes)

1 7 .3  (:±2.53)x 16 .5  (± 1 .8 3 )*  0 .8

25 .8  (± 2 .7 8 )  4 2 .8  (± 6 .2 2 )  1 7 .0

*  S ta n d a rd  e r r o r  o f  t h e  mean

T ab le  1 . Com parison o f  th e  p r o g r e ss  o f  oedema fo rm a tio n

in  th e  corn ea  in  th e  c o n tr o l  and s c o r b u t ic  groups o f

g u in e a -p ig s .



Eyes Mo* o f v a s c u la r iz e d  Ho* o f  n o n v a scu la r ized  
coraeae cornea e

C ontrol 9 23

Sco rb u tic  19 13

X .2 = 5 .1  P < 0 .0 5  ( S ig n i f i c a n t )

T ab le  2 . Com parison o f  th e  in c id e n c e  o f  v a s c u la r iz a t io n

o f  th e  cornea in  th e  c o n tr o l  and s c o r b u t ic  groups o f

g u in e a -p ig s .



V a s c u la r iz a t io n

Onset

Maximum

D i sapp ea ranc e

Mean

Control  
(9 eyes)

33 .7  (± 8 .3 0 )*

64 .9  (± 6 .9 9 )

1 3 4 .2  (± 33 .44)

tim e (h r)

Scorbutic  
(19 eyes)

5 2 .6  (± 8 .7 9 )*

79 .6  (± 9 .3 1 )

146 .5  (±21 .56)

*  Standard error  o f  th e  mean

D i f f e r e n c e  
in  means 

(hr)

1 8 .9

14 .7

12 .3

T ab le  3 .  Com parison o f th e  p r o g r e s s  o f  v a s c u la r iz a t io n

o f  th e  cornea in  th e  c o n tr o l  and s c o r b u t ic  groups

o f  g u in e a -p ig s .
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F h 2 R P.D,

21 81 159 7

24 82 168 6

59 78 170 9

63 79 170 8

78 75 184 12

87 73 173 15

113 68 175 17

165 56 181 31

174 52 183 35

185 50 184 37

192 47 186 40

194 47 186 40

204 44 187 42

225 38 190 48

240 30 194 56

246 29 195 57

264 22 198 63

267 19 200 67

293 15 20 2 70

T ab le  4 , C a l i b r a t i o n  of can n u la  by m anom etric  p r e s s u r e
drop r e s u l t i n g  from  s e l e c t e d  f lo w  r a t e s .  F : f lo w  in
m l# / l5  m in; H^s head  of m ercury  c o n s ta n t  a t  100 mm 
in  u p s tre am  m anometer; Hg: head  of m ercury  in  mm in
downstream manometer; H: l e n g th  of w a te r  column in  mm
from  A to  B; P .D . : p r e s s u r e  drop a c r o s s  can nu la  a
Ht -  Hc -  5   mm Hg.
~‘L 13.6



p F

10 20

16 59

20 77

24 89

28 117

30 129

34 138

38 156

40 166

44 168

50 189

60 212

70 240

80 262

90 286

T ab le  5 .  C a l i b r a t i o n  o f  cannu la  by f lo w  m easurem ents w ith  

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

uming no s i g n i f i c a n t  p r e s s u r e  r e c o v e ry  from t h e  v e l o c i t y  

h e a d .  P i  p r e s s u r e  i n  mm Hg r e q u i r e d  to  overcome f r i c 

t i o n  i n  can n u la  and to  p ro d u ce  t h e  k i n e t i c  energy  f lo w ; 

Fs f low  i n  m l . / l 5  min c a l c u l a t e d  from  m easurem ents made

o v e r  1 m in.



Flow 
(m l/15  min)

Flow
(m l/m in)

V e l o c i ty  
( cm /sec)

V e l o c i t y  Head 
L oss (mm Hg)

30 2 .0 2 8 .1 0 .3

40 2 .7 37 .5 0 .5

50
\  - •

3 .3 46 .8 0 .8

60 4 .0 5 6 .2 1 .2

80 5 .4 7 5 .1 2 .1

100 6 .7 9 3 .5 3 .3

120 8 .0 112 .3 4 .7

140 9 .4 130 .8 6 .4

150 10 .0 140 .0 7 .3

160 10 .7 149 .8 8 .4

180 12 .0 169 .5 1 0 .8

200 1 3 .4 187 .0 1 3 .1

220 14 .7 205.9 15 .9

240 16 .0 224 .8 18 .9

250 16 .7 233 .8 20 .5

260 1 7 .3 242.4 22 .0

280 18 .7 261.7 25 .7

300 20 .0 280.0 29 .4

T ab le  6 . T h e o r e t i c a l  c a l c u l a t i o n  o f  v e l o c i t y  head  l o s s
■yr ^

(■gg) d u r in g  c a l i b r a t i o n  of t h e  c an n u la  by f lo w  m easu re 

m ents w i th  f r e e  d i s c h a r g e  r e s u l t i n g  from  s e l e c t e d  p r e s 

s u r e s .  C ross  s e c t i o n a l  a r e a  o f  c a n n u la  = ^ ( 0 . 0 3 9 ) 2 cm2 

= 1 .1 9  x  10~3 cm2 .



P r e s s u r i z i n g
gas

9 5 ^  Op /  5 $  COg

IT

Plow 
( m l . / l 5  min)

So I n .  
tem p. (°C)

Op c o n te n t  
( m l « / l - )

205 16 1 3 .4

140 38 1 0 .5

205 16 4 .5

140 38 4 .2

T ab le  7 .  Oxygen c o n te n t  o f  p e r f u s i o n  s o l u t i o n  d e l i v e r e d  

a t  t h e  a r t e r i a l  cann u la  fo l lo w in g  p a s s a g e  th ro u g h  th e  

a p p a r a tu s  u n d e r  t h e  e x p e r im e n ta l  c o n d i t i o n s .  Oxygen 

c o n te n t  o f  s o l u t i o n  on ex posu re  t o  a tm o sp h e re  a t  20°C 

was 5 .4  m l . / l .



P e r f u s i o n
(hr)

P e r f u s a t e  Oo 
c o n te n t  ( m l . / I . )

% r e d u c t io n  i n  
. 02 c o n te n t

S o ln . S o ln . S o ln . S o ln
tem p. tem p. tem p. temp
16°G 38°C 16°C 38°C

1 4 .9 2 .3 64 79

2 4 .6 1 .3 66 88

3 6 .2 3 .1 55 71

4 5 .3 3 .4 60 68

5 6 .8 3 .5 50 67

T ab le  8* Oxygen u p ta k e  by  i s o l a t e d  e a r  of t h e  r a b b i t

p e r f u s e d  w i th  s o l u t i o n  a t  tem p, o f  16° and 38°C h a v in g  

oxygen c o n te n t s  o f  1 3 .4  m l . / l .  and 10 .5  m l . / l .  r e s p e c t 

i v e l y .  P o u r  e a r s  p e r f u s e d  in  each c a s e .



Perfusion P e r f u s a t e  
( h r )  Op c o n te n t  

( m l . / l . )

S o ln . S o ln
temp. temp
16°C 38°C

1 4 .9 2 .3

2 4 .6 1 .3

3 6 .2 3 .1

4 5 .3 3 .4

5 6 .8 3 .5

a . - v .  Og In f
d i f f e r e n c e  v o l .

( m l . / l . )

S o ln . S o ln . S o ln
tem p. temp. temp
16°C 38°C 16°C

8 .5 8 .2 0.842

8 .8 9 .2 0.860

7 .2 7 .4 0.855

8 .1 7 .1 0.838

6 .6 7 .0 0.816

ow Oo u p ta k e
( 1 . )  (m l .)

S o ln .
tem p.
38°C

S o ln .
tem p.
16°C

S o ln
temp
38°C

0 .7 3 4 7 .2 6 .0

0 .5 7 8 7 .6 5 .3

0 .5 9 1 6 .2 4 .4

0 .6 6 2 6 .8 4 .7

0 .7 1 1 5 .4 5 .0

T ab le  9 .  Oxygen u p ta k e  by  i s o l a t e d  e a r  o f  t h e  r a b b i t

p e r f u s e d  w i th  s o l u t i o n  a t  tem p, o f  16° and 38°C h a v in g  

oxygen c o n te n t s  o f 1 3 .4  m l . / l .  and 10 .5  m l . / l .  r e s p 

e c t i v e l y .  P o u r  e a r s  p e r f u s e d  i n  each c a s e .



t S o lu t io n  
tem p . 16°C

S o lu t io n  
tem p. 38°C

01)s e r r e d  C a lc u la t e d  Obs e r r e d  C a lc u la te d

1 .4 1 .6 2 .3 1 .3
2 .0 2 .0 4 .7 4 .4
2 .5 2 .5 7 .5 8 .3

1 3 .0 3 .0 1 1 .0 1 2 .2

3 .5 3 .5 1 5 .1 1 6 .3
3 .9 3 .9 1 9 .7 1 9 .7
4 .4 4 .4 23 .3 22 .8

2 4 .7 4 .9 2 6 .0 25 .5

5 .2 5 .4 2 8 .2 2 7 .8
5 .6 5 .7 3 0 .1 29 .7
6 .1 6 .0 31 .5 3 1 .2

3 6 .3 6 .6 3 2 .8 32 .5

6 .8 6 .9 3 3 .8 33 .6
7 .1 7 .3 34 .7 3 4 .3
7 .5 7 .7 3 5 .5 3 5 .1

4 8 .0 8 .2 3 6 .0 35 .6

8 .5 8 .4 36 .4 3 6 .0
8 .8 8 .9 36 .9 3 6 .4
9 .3 9 .3 3 7 .2 36 .6

5 9 .7 9 .5 3 7 .4 36 .8

T ab le  10 . O b se r re d  and c a l c u l a t e d  r a l u e s  f o r  c u m u la t i r e  

oedema fo r m a t io n  ( n e t  outw ard  f i l t r a t i o n )  i n  i s o l a t e d  

r a b b i t s *  e a r s  p e r f u s e d  a t  a s o l u t i o n  tem p, o f  16° and 

38°C. t  = t im e  o f  p e r f u s io n  in  h r .  n m n o .  o f  e a r s  

p e r f u s e d ,  ( e x p t .  n o . ) .  16°C, n “  2 ,  (2 4 ,  4 7 ) .  38°C,

n =  4 , (3 8 ,  39 , 40 , 4 1 ) .



E n v iro n m en ta l  S o ln  I n c r e a s in g
tem p. (°C) tem p. (°C) oedema fo r m a t io n

16

32

16

21

16

38

T ab le  11. The e f f e c t  o f  a l t e r i n g  t h e  e n v iro n m en ta l  temp 

on t h e  r e l a t i v e  a c c u m u la t io n  o f  oedema f l u i d  in  th e  

p e r f u s e d  i s o l a t e d  e a r  o f  t h e  r a b b i t .
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r

t w dw
dt

dw
w2

3 2 .5 . 0 .5 0 1 .25 6 .2 5
4 3 .0 0 .5 0 1.50 9 .0 0

5 3 .5 0 .4 5 1 .58 12 .25

6 3 .9 0 .4 5 1 .76 1 5 .21

7 4 .4 0 .4 0 1 .76 19 .36

8 4 .7 0 .4 0 1 .8 8 22.09

9 5 .2 0 .4 7 2 .4 2 27 .04

10 5 .6 0 .4 5 2 .53 31.69

32 .8 3 .6 2 14 .68 21* 142. 89

_  8 x 14 .6 8  - 3 2 .8  x  3. 62
( 3 2 .8 ) *  - 8 x 142.89

1.30 .0 2  i . e . t h e  e x te n t to  which oe<- 67 .2 8
f l u i d  a l r e a d y  form ed r e t a r d e d  f u r t h e r  n e t

ou tw ard  f i l t r a t i o n .

c* = 3 .6 2  + 32 .8  x 0 .019  
8

=  0 .5 3  i . e .  t h e  u l t i m a t e  v a lu e  o f  g r o s s  outward 

f  i I t r a t i o n .

T ab le  12. C a lc u l a t i o n  of v a lu e s  o f  ^3 ( e q u a t io n  6) and o f

c* ( e q u a t io n  7) in  d e r i v a t i o n  of c a p i l l a r y  g r o s s  outw ard  

f i l t r a t i o n .  Example o f  e v a lu a t io n  f o r  i s o l a t e d  r a b b i t s T 

e a r s  p e r fu s e d  a t  a  s o l u t i o n  tem p, of 16°C ( e x p t .  no . 24, 

4 7 ) .  Compare w i th  f i g .  9 & f ig *  10.



t w —Wr  y9

<Di

3 -2 5 .4 5 -2 7 .0 5

4 -2 4 .9 5 -2 6 .4 2

5 -2 4 .4 5 -2 6 .9 0

6 -2 4 .0 5 -2 7 .0 0

7 -2 3 .5 5 -2 6 .8 5

8 -2 3 .2 5 - 2 7 .2 2

9 -2 2 .7 5 -2 7 .0 6

10 -2 2 .3 2 - 2 7 .0 2

Mean C = - 2 6 . 9 4  i . e .  a  c o r r e c t i o n  f a c t o r  

c a l c u l a t e d  by u s in g  c e n t r a l  v a lu e s  of t .  The 

c o r r e c t i o n  f a c t o r  a llo w ed  f o r  th e  i n c r e a s e  in  

w e ig h t  o f  t h e  e a r  due to  f i l l i n g  of t h e  b lood  

v e s s e l s  w ith  p e r f u s io n  s o l u t i o n  b e in g  u ndu ly  

p red o m in an t ,  s i n c e  oedema deve lop ed  c o m p a ra t iv e ly  

s lo w ly  d u r in g  p e r f u s io n  a t  a te m p e ra tu re  o f  16°C.

T ab le  13. C a lc u l a t i o n  o f  b e s t  v a lu e  of C ( e q u a t io n  11) 

in  d e r i v a t i o n  of c a p i l l a r y  g ro s s  outw ard f i l t r a t i o n .  

Example o f  e v a lu a t i o n  f o r  i s o l a t e d  r a b b i t s *  e a r s  

p e r f u s e d  a t  a  s o l u t i o n  tem p, o f 16°C ( e x p t .  no . 24, 4 7 ) .



t f t CD "to c+

e " / ^ 1  - ef i w eqn . 
8

o CD
1 "-to c+ w eqn . 

12
w

obs
1 0 .019 1 .0 2 0 .9 8 0 0 .0 2 0 0 .5 8 -2 6 .4 0 1 .6 1 .4
2 0 .0 3 8 1 .0 4 0 .9 6 2 0 .0 3 8 1 .06 -2 5 .9 3 2 .0 2 .0
3 0 .05 7 1 .06 0 .9 4 3 0 .05 7 1 .59 - 2 5 .4 2 2 .5 2 .5
4 0 .0 76 1 .0 8 0 .926 0 .0 7 4 2.06 -2 4 .9 8 3 .0 3 .0
5 0 .0 95 1 .10 0 .909 0 .0 9 1 2 .54 -2 4 .5 0 3 .5 3 .5

6 0 .114 1 .12 0 .89 3 0 .107 2 .99 -2 4 .0 8 3 .9 3 .9

7 0 .1 3 3 1 .1 4 0 .877 0.12.3 3 .43 -2 3 .6 0 4 .4 4 .4

8 0 .1 5 2 1.17 0 .85 5 0 .14 5 4 .05 -2 3 .0 1 4 .9 4 .7

' 9 0 .1 7 1 1.19 0 .8 4 0 0 .160 4 .47 -2 2 .6 0 5 .4 5 .2

10 0 .19 0 1 .2 1 0 .826 0 .1 7 4 4 .87 -2 2 .2 2 5 .7 5 .6

11 0 .209 1 .2 3 0 .813 0 .187 5 .2 3 -2 1 .9 2 6 .0 6 .1

12 0 .2 2 8 1.2,6 0 .7 9 4 0 .206 5 .76 -2 1 .3 8 6 .6 6 .3

13 0 .247 1 .2 8 0 .7 8 1 0 .2 19 6 .1 3 -2 1 .0 2 6 .9 6 .8

14 0.2.66 1 .30 0 .769 0 .2 3 1 6 .46 -2 0 .7 0 7 .3 7 .1

15 0 .285 1 .33 0 .7 5 2 0 .2 4 8 6 .93 -2 0 .2 5 7 .7 7 .5

16 0 .3 0 4 1 .36 0 .735 0 .265 7 .4 0 -1 9 .8 0 8 .2 8 .0

17 0 .3 23 1 .38 0 .725 0 .275 7 .69 -1 9 .5 5 8 .4 8 .5

18 0 .3 4 2 1 .4 1 0 .7 09 0 .29 1 8 .1 2 -1 9 .0 8 8 .9 8 .8

19 0 .3 6 1 1 .44 0 .6 9 4 0 .3 0 6 8 .5 3 -1 8 .6 8 9 .3 9 .3

20 0 .380 1 .46 0 .68 5 0 .3 1 5 8 .8 0 -1 8 .4 5 9 .5 9 .7

T a b le  1 4 .  C a l c u l a t i o n  o f  v a l u e s  o f  w ( u n c o r r e c t e d )  =
- f - ( l  -  ( e q u a t i o n  8) and  o f  v a l u e s  o f  w ( c o r r e c t e d )
=f-J-  ♦ C e V  ( e q u a t i o n  12) in  d e r i v a t i o n  of c a p i l l a r y  
g r o s s  ou tw ard  f i l t r a t i o n .  Exam ple o f  e v a l u a t i o n  f o r  
i s o l a t e d  r a b b i t s ’ e a r s  p e r f u s e d  a t  a  s o l u t i o n  tem p , o f  
16°C ( e x p t .  n o .  24 , 4 7 ) .  The c o r r e c t e d  v a l u e s  o f  w a r e
a n  e x c e l l e n t  f i t  f o r  t h e  o b s e rv e d  v a l u e s .



t w dw
d t l o g d t

+ t ~~dw 
d t t 2 l o g  t t  l o g  t

3 7 .5 3 .1 5 1 .1 4 7 3 .4 4 1 9 1 .1 0 3 .3 0

4 1 1 .0 3 .8 0 1 .3 3 5 5 .3 4 0 16 1 .3 9 5 .5 6

5 1 5 .1 4 .3 5 1 .4 7 0 7 .3 5 0 25 1 .6 1 8 .0 5

6 1 9 .7 4 .1 0 1 .4 1 1 8 .4 6 6 36 1 .7 9

ioC"-.OH

7 2 3 .3 3 .1 5 1 .1 4 7 8 .0 2 9 49 1 .9 5 1 3 .6 5

8 2 6 .0 2 .4 5 0 .8 9 6 7 .1 6 8 64 2 .0 8 1 6 .6 3

9 2 8 .2 2 .0 5 0 .7 1 8 6 .4 6 2 81 2 .2 0 1 9 .8 2

10 3 0 .1 1 .6 5 0 .5 0 0 5 .0 0 0 100 2 .3 0 2 3 .0 0

11 3 1 .5 1 .3 5 0 .3 0 0 3 .3 0 0 121 2 .4 0 2 6 .4 0

12 3 2 .8 1 .1 5 0 .1 4 0 1 .6 8 0 144 2 .4 9 2 9 .9 0

£=75 £ - 2 2 5 .2 £=27.20

<0o
•II £=56.236 £ = 6 4 5 £ = 1 9 .3 1 £=157.06

B = £ = t h e  e x t e n t  t o  w hich  oedema f l u i d  a l r e a d y  fo rm ed  
r e t a r d e d  f u r t h e r  n e t  o u tw a rd  f i l t r a t i o n .

** = t h e  u l t i m a t e  v a l u e  o f  g r o s s  o u tw ard  f i l t r a t i o n ,  
k  =  cx /9
A = log k =  log<* + lo g ja

^  _ 75 x 9.064 - 10 x 56.24 +10 x 157.06 - 75 x  19.31 _  241.64 _______
-   ----------------------------- 3 0 i ? « - ' ( 7 5 ) a ------------- :--------------a i r  '  a 2 9  "Z3

a -  9.064 -  19.514-75 X 0.265 _  11 .73  _  n _
”  - A -  A 1# 17  o

Log ©c =  A -  l o g = 1 .1 7 3  -  1 .2 2 8  = 2 .4 0 1  

*  =  11.00 

-£- = 3 7 .5 4
z3

T a b le  1 5 .  C a l c u l a t i o n  o f  v a l u e s  o f  B,y8 , A and  oc ( e q u a t i o n  
21) i n  d e r i v a t i o n  o f  c a p i l l a r y  g r o s s  o u tw a rd  f i l t r a t i o n .  
Example o f  e v a l u a t i o n  f o r  i s o l a t e d  r a b b i t s *  e a r s  p e r f u s e d  
a t  a  s o l u t i o n  te m p . o f  38°C ( e x p t .  n o .  38 , 3 9 ,  4 0 ,  41) 
Compare w i t h  f i g .  9 ,  10 & 11 .



t p

-pCD e-/5* 1- 07* ^{l- CD1 ext ext e7*k w eqn 
22

w 
o b s .

1 0 .2 9 1 .3 4 0 .7 4 6 0 .2 5 4 9 .5 4 2 .79 11 8 .2 1 1 .3 2 .3

2 0 .5 9 1 .8 0 0 .5 5 6 0 .4 4 4 1 6 .6 6 4 .8 8 22 1 2 .2 3 4 .4 4 .7

3 0 .8 8 2 .4 1 0 .4 1 5 0 .5 8 5 2 1 .9 7 6 .4 3 33 1 3 .7 0 8 .3 7 .5

4 1 .1 7 3 .2 2 0 .3 1 1 0 .6 8 9 2 5 .87 7 .5 8 44 1 3 .6 8 1 2 .2 1 1 .0

5 1 .4 7 4 .3 5 0 .2 3 0 0 .7 7 0 2 8 .9 1 8 .4 7 55 1 2 .6 5 1 6 .3 1 5 .1

6 1 .7 6 5 .8 1 0 .1 7 2 0 .8 2 8 3 1 .0 9 9 .1 4 66 1 1 .3 5 1 9 .7 1 9 .7

7 2 .0 5 7 .7 7 0 .1 2 9 0 .8 7 1 3 2 .7 0 9 .5 9 77 9 .9 3 2 2 .8 2 3 .3

8 2 .3 4 1 0 .4 0 0 .0 9 6 0 .9 0 4 33 .94 9 .9 4 88 8 .4 5 2 5 .5 2 6 .0

9 2 .6 4 1 4 .0 0 0 .0 7 1 0 .9 2 9 3 4 .8 7 1 0 .2 3 99 7 .0 3 2 7 .8 2 8 .2

10 2 .9 3 1 8 .7 0 0 .0 5 3 0 .9 4 7 3 5 .5 5 1 0 .4 1 110 5 .8 3 2 9 .7 3 0 .1

11 3 .2 2 25 .00 0 .0 4 0 0 .9 6 0 3 6 .0 4 1 0 .5 7 121 4 .8 4 3 1 .2 3 1 .5

12 3 .5 2 3 3 .8 0 0 .0 3 0 0 .9 7 0 3 6 .4 2 1 0 .6 8 132 3 .9 6 3 2 .5 3 2 .8

13 3 .8 1 4 5 .2 0 0 .0 2 2 0 .9 7 8 3 6 .7 1 1 0 .7 8 143 3 .1 5 3 3 .6 3 3 .8

14 4 .1 0 6 0 .4 0 0 .0 1 7 0*983 3 6 .9 2 1 0 .8 3 154 2 .6 2 3 4 .3 3 4 .7

15 4 .4 0 8 1 .5 0 0 .0 1 2 0 .9 8 8 3 7 .1 0 1 0 .8 8 165 1 .9 8 3 5 .1 3 5 .5

16 4 .6 9 1 0 9 .2 5 0 .0 0 9 0 .9 9 1 3 7 .2 0 1 0 .9 0 176 1 .5 8 3 5 .6 3 6 .0

17 4 .9 8 1 4 5 .3 0 0 .0 0 7 0 .9 9 3 3 7 .2 7 1 0 .9 2 187 1 .3 1 3 6 .0 3 6 .4

18 5 .2 7 1 9 5 .0 0 0 .0 0 5 0 .9 9 5 3 7 .3 6 1 0 .9 5 198 0 .9 9 3 6 .4 3 6 .9

19 5 .5 7 262 .90 0 .0 0 4 0 .9 9 6 3 7 .4 0 1 0 .96 209 0 .8 4 3 6 .6 3 7 .2

20 5 .8 6 352 .00 0 .0 0 4 0 .9 9 7 3 7 .4 3 1 0 .9 8 220 0 .6 6 3 6 .8 3 7 .4

Ta*ble 1 6 .  C a l c u l a t i o n  of t h e  v a l u e s  o f  w =
^-(1  -  e -/*11) -  octe~/3 ( e q u a t i o n  22) in  d e r i v a t i o n  o f  

c a p i l l a r y  g r o s s  o u tw ard  f i l t r a t i o n .  Exam ple o f  e v a l u a t i o n  
f o r  i s o l a t e d  r a b b i t s ’ e a r s  p e r f u s e d  a t  a s o l u t i o n  tem p, 
o f  38°C ( e x p t .  n o . 3 8 , 3 9 ,  4 0 , 4 1 ) .  T h e _c a l c u l a t e d  
u n c o r r e c t e d  v a l u e s  of w a r e  a  v e r y  good f i t  f o r  t h e

o b s e rv e d  v a l u e s .
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I n t e r n a l  
xLiamet e:r 

o f  A 
(cmj

F o r  a i r  
to  e n t e r  

v P  -  2 J / r  
(dyn.es/cm?)

F o r  w a te r  
to  l e a v e  

P P + 2 T /r  
(dynes/cm 2 )

0 .1 0 106 -  2 ,920 106 + 2,920

0 .3 5 106 -  834 106 + 834

0 .7 0 106 -  417 106 + 417

T ab le  17. T h e o r e t i c a l  c a l c u l a t i o n  of o rd e r  o f  p r e s s u r e s

in v o lv e d  f o r  a i r  to  e n t e r  d i f f e r e n t  d ia m e te r  s id e  t u b e s ,  

A, of c o n s ta n t  p r e s s u r e  b u r e t t e s ,  and f o r  w a te r  to  le a v e  

th ro u g h  th e  s i d e  tu b e s .  p ,  outw ard l a t e r a l  p r e s s u r e  

a t  A; P ,  a tm o sp h e r ic  p r e s s u r e ;  T, s u r f a c e  t e n s io n  of 

w a te r  (273 dynes/cm 2}; r ,  i n t e r n a l  r a d iu s  of A.



d
(cm)

A c tu a l
v e l o c i t y
(cm /sec)

C r i t i c a l  
v e l o c i t y  
( cm /sec)

R a t io  o f  
A c tu a l  v e l o c i t y

C r i t i c a l  v e l o c i t y

0 .2 52 .5 1 ,500 0 .035

0 .3 23 .3 1 ,000 0 .02 3

0 .4 1 3 .1 800 0 .01 6

0 .5 8 .4 600 0 .01 4

T ab le  18. R a t io  o f  a c t u a l  v e l o c i t y  to  c r i t i c a l  v e l o c i t y  

f o r  m o is t  a i r  a t  18°C and 760 mm Hg p r e s s u r e  e n te r in g  

th e  s id e  a i r  tu b e  o f  an  improved c o n s ta n t  p r e s s u r e  

d e v ic e .  A c tu a l  v e l o c i t y  c a l c u l a t e d  as  6£/7rd^, assum ing 

£ = 1 . 1  m l . / s e c ;  d: i n t e r n a l  d ia m e te r  of s i d e  a i r

t u b e .  C r i t i c a l  v e l o c i t y  c a l c u l a t e d  a s  2000^ /d^ .



O r i f i c e
d ia m e te r

(cm)

R a te  a t  which 
b u b b le s  blown

Mean b u b b le  
d ia m e te r  

(mm)

B ubble  volume 
O r i f i c e  diam. 

( cm^)

0 .3 Slowj c l i n g  
m o m en ta r i ly

0 • 55 0 .2 9

0 .4 to  o r i f i c e 0 .5 7 0 .2 4

to.o

P a s t :  do no t 
c l i n g  moment

0 .5 6 0 .3 1

0 .4 a r i l y  to  o r i f 
i c e

0 .6 1 0 .3 0

T ab le  19.- C a l i b r a t i o n  of b u b b le  d ia m e te r  a t  o r i f i c e
\

d ia m e te r s  o f  3 and 4 mm, t o g e t h e r  w i th  r a t i o  of 

volume of b u b b le  to  d ia m e te r  of o r i f i c e  a t  s low  and 

f a s t  r a t e s  of b u b b le  fo r m a t io n .  Each c a l c u l a t e d  

bubb le  d ia m e te r  i s  th e  mean of 6 o b s e r v a t i o n s .
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Ascorbic Acid and Healing of Heat Injuries in the 
Guinea-pig Cornea

B y  F. W . C A M PB ELL, I. D . F E R G U S O N  a n d  R. C. GARRY 
Institute o f Physiology, University o f Glasgow

(.Received 29 October 1949)

I t is accepted th a t the repair of connective tissue is defective in scurvy. W ounds of the 
cornea, however, may be superficial, involving only the epithelium , or they may be 
deep and invade the collagenous substantia propria. M oreover, the power of prolifera
tion  of the epiderm is is not im paired in scurvy (W olbach & Howe, 1926); in keeping 
w ith this finding, Galloway, G arry & H itchin (1948-9) found that eye wounds, produced 
mechanically and confined to the corneal epithelium , healed w ith undim inished speed 
in guinea-pigs m aintained on a deficient intake of ascorbic acid. T he epithelium 
covering the cornea is said to heal by proliferation and m igration of epithelial cells, so 
th a t no new formation of collagen is required (Arey & Covode, 1943; Buschke, 
Friedenwald & Fleischmann, 1943; M ann, 1944). T he present investigation was 
designed to study and compare the rate of healing of both superficial and deep corneal 
wounds in norm al and in subscorbutic guinea-pigs.

A nother factor may be of im portance; ascorbic acid is known not to be uniformly 
distributed throughout the body, and it seems to have a very selective distribution 
within the cornea itself, although its exact location is by no means settled. Schm id & 
Biirki (1943), using a histochemical m ethod, found the greatest concentration in the 
superficial epithelial layers of the cornea. T he substantia propria had a lower content, 
although there was a high concentration in the region of Bowman’s and D escem et’s 
membranes.

Henkes (1946), on the other hand, who extracted and titrated  ascorbic acid from 
various regions of the cornea, found no ascorbic acid in Bowman’s membrane, a little 
in the corneal epithelium  and a high concentration in the substantia propria and in 
Descemet’s m em brane. T he  subepithelial portion of the substantia propria contained 
the highest concentration of vitam in C. Of importance for our work was the fact that, 
in experimental scurvy in guinea-pigs, the ascorbic acid disappeared from the cornea 
in from 2 to 3 weeks, although the glutathione content rem ained unchanged. Pirie 
(1946), using m icrotitration, found the concentration of ascorbic acid to be greatest in 
the corneal epithelium.

Such findings made it essential that all our experimental guinea-pigs should start 
with a uniform  high content of ascorbic acid. H alf the animals had then to receive 
a diet calculated to produce a subscorbutic state over a period of time necessary to 
allow the ascorbic acid to disappear from the tissues of the cornea. T o m aintain com
plete saturation of the tissues of a guinea-pig with ascorbic acid Kellie & Zilva (1939) 
believe that 20 mg. by m outh daily is necessary. Flowever, as small a dose as 2 mg. daily
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will prevent microscopic and macroscopic signs of scurvy. K uether, T elford  & Roe 
(1944) believe that 21 days are required to bring a guinea-pig to a steady state of 
saturation w ith ascorbic acid.

W e had also to try  to design an apparatus to test the strength of the cornea after 
injury, since incised w ounds in scorbutic guinea-pigs are structurally weak after 
apparent healing (Jones, Bartlett, Ryan & D rum m ey, 1 9 4 3 ), and Bourne ( 1 9 4 4 ) claims 
tha t there is a direct relationship between the tensile strength  of scar tissue and the 
content of ascorbic acid in healing, incised skin wounds.

EX PERIM EN TA L

Animals

Female non-pregnant guinea-pigs were used, w ith initial weights between 450 and 
650 g. T he  animals were weighed every 2nd day. T he  guinea-pigs were kept in groups 
of five or six in wire and metal cages 2 4 x 1 8 x 1 2  in. Cages were sterilized twice 
weekly. T he  animals were kept and examined in one room w ith a tem perature between 
65 and 750 F.

Diets

Basal diet. T he  basal diet was crushed rat-cake cubes (Thom son, 1936) well 
moistened w ith water. These cubes are free from  ascorbic acid. T o  supplem ent the diet 
six drops of cod-liver oil (m inim um  content 500 i.u. vitam in A and 50 i.u. vitam in D /g.) 
were added daily to the diet of each guinea-pig. T he  m ash was placed in low-set 
troughs so that the animals had easy access to the food. Food and water were given 
w ithout stint.

Ascorbic acid. In  order to ensure tha t the guinea-pigs had a uniform  initial level of 
saturation w ith ascorbic acid, 20 mg. ascorbic acid (Roche Products L td .) were given 
orally in 2 ml. water once a day. T he  solution was given to the animals by pipette 
w ithin a few m inutes of its preparation. T h is was given daily for 21 days to all guinea- 
pigs to obtain tissue equilibrium  (Jones et al. 1943).

Controls. Control animals were injured after 21 days of saturation w ith vitamin C, 
and the daily intake of 20 mg. was continued thereafter.

Deficient animals. A fter a prelim inary 21 days of saturation w ith 20 mg. ascorbic 
acid, the animals were given 0-5 mg. ascorbic acid in 1 ml. water every 2nd day for 
a further 21 days. Only then were injuries made to the cornea, the dosage of 0-5 mg. 
ascorbic acid every 2nd day being continued thereafter.

Apparatus

Applicator. Small m etal cylinders, having a flat end of 1 sq.m m . area, were heated 
'among lead shot in a hot air oven to 120 or 180°. T hese applicators were used to produce 
superficial corneal burns.

Cautery. T o  produce deeper lesions a cautery was made from  a loop of 32 s.w.g. 
platinum  wire. A pre-determ ined constant voltage was fed to the cautery through 
a relay, type L F /F S  (Londex, L td.), connected to the 1 sec. contacts of an a.c. time
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clock (C. k . Palm er (London), L td.). T his circuit allowed the current to flow through 
the cautery for exactly 1 sec.

Compression balance. T he  apparatus shown in Fig. 1 was used to find the weight 
required to rup tu re  the excised guinea-pig eye. T his compression balance was used in 
twro ways. First, by attaching a metal bar to the pivoted platform  C  (Fig. 1, X ) it was 
possible to estimate the strength of a corneal lesion. Secondly, w ithout the bar, the 
resistance of the sclera to compression could be found.

S u p p o r t

P iv o ted  p la t fo r m  C

Elevat ion  of 
c o m p re s s io n  balance*.

Scale pan

P iv o ted  v 
p la t fo rm  
w i th  ba r

Eye in pos i t ion  
c o rn e a  d o w n w a r d s  X

Fig. 1. Compression balance for estimating strength of cornea and of sclera. X  shows position of bar and 
eye during estimations of corneal strength. The eye is compressed between a fixed support A  and 
a platform C. The force is applied by adding weights to the scale pan B. Both the support A  and 
platform C, pivoted on the end of the lever, are hollowed out to hold the excised eye.

Technique

Anaesthesia. T he  corneas were anaesthetized in all cases by instilling into the con
junctival sac two drops of a 2%  amethocaine hydrochloride, B.P., solution. Anaes
thesia was complete in 2 min. and infliction of the injuries caused no discomfort since 
the corneal reflex was never elicited and the animals rem ained quiet. No signs of 
distress appeared after injury and in no case did infection occur.

Superficial corneal heat injuries. T he applicator was removed with heat-insulated 
forceps from  its bed of lead shot in the oven, and exactly 2 sec. later the sq.mm. 
surface was applied firmly to the cornea 2 mm. from  the corneo-sclerotic junction  at 
‘ 12 o’clock’. Contact was m aintained for exactly 5 sec. Histological examinations 
showed that such injury affected only the epithelium  over the cornea.

Deep corneal heat injuries. T he  cold cautery was pressed firmly and vertically on the 
cornea 2 mm. from  the corneo-sclerotic junction at ‘ 12 o’clock’. T he current was 
allowed to flow for exactly 1 sec. and the cautery w7as removed 1 sec. later. T his gave 
a standard heat injury similar to that used by Campbell & M ichaelson (1949). H isto
logical exam ination showed that the resulting lesion was 1 mm. in diameter, destroying 
the corneal epithelium  and the anterior tw7o-thirds of the substantia propria.

All therm al injuries were carried out by the same operator (F.W .C.) who wras u n 
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aware w hether a control or a deficient animal was being injured. T he  injuries were 
inflicted alternately on the eyes of deficient and control animals.

Methods o f examination. T o  assess the degree of healing, two drops of 2 %  aqueous 
sodium-fluorescein solution were instilled into the conjunctival sac and allowed to act 
for 1 m in. exactly. Excess solution was removed first by m opping w ith filter-paper and 
then  by instilling 6 ml. R inger solution: the eye was examined im m ediately thereafter 
in darkness under a m ercury vapour ultraviolet dark bulb lamp (General Electric Co. 
London, type M .B.W ./V .) 8 in. from  the injured eye. T he  intensity of fluorescence 
was com pared w ith that of six dry strips of W hatm an no. 1 filter-paper, 3 x 1  in., w hich 
had been im pregnated w ith different known quantities of sodium  fluorescein. Seven 
degrees of fluorescence intensity were recognized. T he ir value in term s of sodium  
fluorescein as pg./sq.cm . filter-paper, is shown in T able 1.

A fresh injury in all cases fluoresced brightly  and appeared to have the degree of 
intensity  of strip no. 6. As healing progressed, the intensity fell off gradually and was 
evaluated against the other strips w ith smaller fluorescein content.

T ab le  1. Arbitrary standards used to estimate intensity o f fluorescence

Values given to intensity Sodium fluorescein
of fluorescence Gg./sq.cm. filter-paper)

6 32
5 16
4 8
3 4
2 2
1 1
o No fluorescence '

T his subjective evaluation of the intensity of fluorescence from  the damaged area of 
the cornea was very possibly influenced by the size of the lesion. But we clearly received 
the im pression tha t the intensity of the fluorescence was affected by the stage of the 
healing process. However this may be, the intensity of fluorescence thus evaluated 
gave a reasonable assessment of the progress of healing.

In  addition, the degrees of corneal oedema, of vascularization and of opacity were 
noted under intense focal illum ination w ith the aid of a binocular loupe.

T he complete examination was carried out on each animal by one observer (I.D .F .) 
at intervals of exactly 8 hr. day and night un til fluorescence was absent at three con
secutive examinations. Thereafter, each eye was examined at 24 hr. intervals.

RESULTS

General

Control guinea-pigs were healthy and gained weight continuously before and after 
operation.

T he deficient animals showed a gain in w eight during the initial period of saturation. 
This gain in weight continued for 10 days on the decreased intake of 0-5 mg. ascorbic
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acid every 2nd day. Thereafter, they began to lose weight (Fig. 2), becoming quiet 
and less active, and the coat had a staring appearance.

After the lesions had ceased to show fluorescence, the guinea-pigs were m aintained 
on their respective diets and were thereafter killed at varying intervals for physical and 
histological examination. A deficient animal and its corresponding control were 
examined together.

Post-m ortem  examinations were carried out on all animals. T here were no gross 
macroscopic signs of disease.

6 5 0 r -  20 mg. a sco rb ic  acid daily 0-5 mg. a sc o rb ic  acid e v e r y  2 n d  day

600
00
c

550

500

T im e  in days
Fig. 2. Curve plotted from mean weights on alternate days of guinea-pigs in deficient group.

Superficial corneal heat injuries

U sing the applicator heated to 180°, six control and eight deficient eyes were injured. 
T he  tim e of healing, as indicated by cessation of fluorescence, is shown below. The 
difference of 1 hr. between deficient and control animals is statistically not significant 
(P>o*9).

No. of Mean period for Difference between control
wounds healing (hr.)* and deficient animals

6C. 56-0 + 7-2 f Not significant
8D. 55 ' ° ± 5‘5 \P > o -9

* Value with its standard error.
C. Controls (20 mg. ascorbic acid daily).
D. Deficient animals (0-5 mg. ascorbic acid on alternate days).

An attem pt was made to evaluate the mean fluorescence in both groups at injury and 
subsequently at 8 hr. intervals. A value o was given when fluorescence was absent, 
a value 6 when fluorescence was most intense. T he values attributed to the intensity of 
fluorescence from  each lesion were sum m ed for each group and divided by the num ber 
of eyes in the group. T here was no difference between the behaviour of the two groups

(Fig- 3)-
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Even after cessation of fluorescence a faint corneal opacity persisted in four out of the 

fourteen eyes. Wolff (1947) states that a healed epithelial defect does not leave an 
opacity. Probably, therefore, we had injured to a slight degree Bowman’s m em brane,

H o u r s  f r o m  in ju ry

Fig. 3. Graph showing decline of mean intensity of fluorescence from corneal injuries made by 
applicator at i8o° (see p. 34). O—O, control animals; # —# , deficient animals.

and possibly the substantia propria, when using the applicator at 180°. W e repeated the 
experim ent on ten  control and eight deficient eyes using the applicator initially heated 
to 1200. T h e  results were as follows:

No. of Mean period for Difference between control
wounds healing (hr.)* and deficient animals

10C. 26-4+ i-22 f Not significant
8D. 2 S ,o ± i ,8 i  fP > o-5

* Value with its standard error.
C. Controls (20 mg. ascorbic acid daily).
D. Deficient animals (0-5 mg. ascorbic acid on alternate days).

Once m ore the difference between the end-points as indicated by the disappearance 
of fluorescence was not significant (P > o -5 ). In  this series all opacities disappeared 
w ithin 96 hr. from  the tim e of injury.

I t is interesting to note tha t the m ean tim e for healing was m arkedly affected by the 
initial tem perature of the applicator. T h e  difference was highly significant (P < o -o o i)  
as the following figures show:

No. of wounds Mean period for healing (hr.)*
14 at 1800 55-43 ±4-232
18 at 1200 25-78 ±1-034

* Value with its standard error.
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Deep corneal heat injuries

W ith this more severe type of injury there was a highly significant difference between 
the rate of healing in deficient and in control animals as indicated by the disappearance 
of fluorescence. T he  results are shown below:

No. of Mean period for
wounds healing (hr.)*
32 C. 94-00+ 6-02
32D. 125-75 ±7-02

* Value with its standard error.
C. Controls (20 mg. ascorbic acid daily).
D. Deficient animals (0-5 mg. ascorbic acid on alternate days).

In  guinea-pigs with deep corneal lesions opacities rem ained at the site of injury in 
all animals and persisted until they were killed.

D uring the healing process, assessment of the intensity of fluorescence, in the m anner 
described above, gave the graph shown in Fig. 4. A fter the first few hours the lesions 
in  the control animals gave, on the average, less intense fluorescence than the lesions in 
the deficient animals.

OJuc<Uu
<3

o
(U<D

19296 120
H o u r s  f r o m  in ju ry

144

Fig. 4. Intensity of fluorescence following deep injuries to the cornea. O—O, control animals;
• —• ,  deficient animals.

The strength o f the injured cornea

In  prelim inary experiments, enucleation of eyes, previously injured by cautery, not 
infrequently led to perforation through the site of the lesion, although healing had so 
far progressed that all fluorescence had ceased. Obviously disappearance of fluorescence 
cannot be taken as an index of restoration of strength. M oreover, we received

Difference between control 
and deficient animals
j  Elighly significant 
\  P —o-ooi
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the impression that such rup ture  was more frequent among deficient animals than 
among controls.

W e therefore designed the com pression balance and subjected to stress twenty- 
eight control eyes and twenty-six deficient eyes from  the experim ent w ith deep corneal 
lesions.

T o  estimate the degree of com pression necessary to rup tu re  the cornea through the 
site of the lesion, the excised eye was placed, cornea downwards, w ith the bar of the 
pivoted platform  along the ‘3 to 9 o’clock’ m eridian of the eye (Fig. 1, X ). In  this way 
considerable pressure was built up in the anterior chamber. If, however, the eye had 
not perforated by the tim e 1100 g. had been applied to the scale pan, the eye tended to 
slip off the bar.

Tw enty-one out of tw enty-eight control eyes slipped off the bar w ithout perforation. 
T his is indicated by a * sign after the highest value reached before slipping of the eye 
(Table 2). T h is value was perforce used for statistical analysis. In  the deficient group 
tw enty-one out of twenty-six eyes perforated. T h e  x 2 test shows tha t such a result 
could only occur by chance once in a thousand (x2=  14-64).

T able 2. Weights required to cause perforation o f cornea
Perforation pressure

Interval after 
injury Controls

A

Deficient ar
(hr.) (kg.) (kg.)
218 o-8 —

218 0-7 —
242 o-8 o-5
242 0-9 0-7
264 i -i * 0-7
264 1-7* 0-7
288 1-4* 0-9
288 1-2* 0-3
288 0-3 o-8
288 0-7 o-6
314 1-4* 0-9
337 0-9 o-8
337 i-3* 0-9
528 1-2* o-S
528 1-4* 0-9
552 1-2* 0-9
552 I '4# 0-9
631 i-5* 1-4*
631 1-4* 1-2
672 i-6* 1-4
672 i-6* i-5*
672 1-7* i '5
672 1-4* i-6
696 1-7* i-6#
770 i-3* 1-4
770 1-4* 1-5*

2004 1-4* 1 ' 4
2004 i-6# i-6*

* Indicates that the eye has slipped from the apparatus before perforation through the lesion had 
occurred.

Controls: 20 mg. ascorbic acid daily.
Deficient animals: 0-5 mg. ascorbic acid on alternate days.
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Inspection of T able 2 shows that, up to 552 hr. following injury, the eyes from 

deficient animals perforated at a lower pressure than those from  controls. Analysis of 
results up to 552 hr. is shown below. T he difference between the two groups is 
statistically significant.

No. of Mean weight for Difference between control
wounds perforation (g.)* and deficient animals

17C. 1082 ±85-9 (Significant
15D. 733 ±48-5 |P < o -o o i

* Value with its standard error.
C. Controls (20 mg. ascorbic acid daily).
D. Deficient animals (0-5 mg. ascorbic acid on alternate days).

T h e results from  eyes injured m ore than 552 hr. previously were not included in the 
analysis, since all eyes from  the controls, and many from  the deficient animals, slipped 
off the bar before perforation.

T able 2 shows also that in both groups, as healing progressed, a greater weight was 
required to cause perforation.

The strength o f the sclera

A fter perforation of the cornea w ith loss of aqueous hum our, the relatively large lens 
of the guinea-pig eye was displaced forward and prevented escape of vitreous hum our. 
T he bar was removed from  platform  C  and the eyes were placed, cornea upwards, to be 
compressed between the fixed support and the platform. W eights were added to the 
scale pan until the sclera ruptured. In  these circumstances the eyes could not escape 
from  the apparatus and the weight necessary for rup ture of the sclera was obtained in 
every case.

T he  m ean weights required for deficient and for control animals are given below. 
There is no statistically significant difference between the two groups.

No. of Mean weight for Difference between control
eyes rupture (g.)# and deficient animals
17C. 1700 + 71-2 ( Not significant
32D. 1681+48-5 \P > o -8

* Value with its standard error.
C. Controls (20 mg. ascorbic acid daily).
D. Deficient animals (0-5 mg. ascorbic acid on alternate days).

DISC U SSIO N

The significance of our findings depends to some extent on evaluation of the intensity 
of fluorescence after application of sodium-fluorescein solution. W e accept, as do 
ophthalmologists, that disappearance of fluorescence indicates the restoration of an 
epithelial covering at the site of injury. W e took care to standardize the strength (2%)  
of the sodium-fluorescein solution instilled, the time of contact and the interval which 
elapsed before examination, since we had the suspicion that, in the early stages when 
the epithelial layers are few, the fluorescein w ith prolonged contact may penetrate to
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the regenerating tissues below and give a faint fluorescence. W e found, too, th a t the 
presence of extraneous light interfered w ith the accurate assessment of the intensity of 
fluorescence.

Superficial heat injuries o f the cornea

T he repair of heat injuries, probably confined largely to the epithelial cells, is not 
influenced by ascorbic-acid deficiency, a finding in keeping w ith the results of Galloway 
et al. (1948-9), who inflicted mechanical wounds on the corneal epithelium . I t may be 
that epithelial cells can divide and proliferate quite independently of a supply of 
ascorbic acid. O n the other hand, corneal epithelium  may be able to fill in a defect of 
m oderate size w ithout new form ation of cells. I f  this be so, then  there is no reason to 
expect a deficiency of ascorbic acid to delay healing of pure epithelial lesions.

Deep heat injuries o f the cornea

Repair of injuries which penetrate Bowman’s m em brane and destroy the collagenous 
tissue of the substantia propria should be influenced by the presence or absence of 
ascorbic acid.

As judged  by the tim e required  for complete epithelialization, the healing of deep 
corneal wounds in  scorbutic guinea-pigs is very definitely retarded. Yet we have ju s t 
shown above that the process of simple replacem ent of epithelium  is not im paired by 
a lack of ascorbic acid. W e can only conclude that the slower rate of epithelialization in 
scorbutic guinea-pigs w ith deep wounds was due to the absence of a suitable sub
stratum  of collagenous tissue. T h is is in keeping w ith the hypothesis of Hartw ell (1929) 
and w ith the suggestions of Galloway et al. (1948-9).

T h a t there was delayed restoration of collagenous tissue in the deep corneal wounds of 
deficient guinea-pigs is borne out by the results of the experim ents w ith the compression 
balance. T here  was, however, in the deficient guinea-pigs, no general weakening of the 
connective-tissue coat of the eye since the force required to rup tu re  the sclera was 
similar in both  deficient and control animals.

SUM M ARY

1. S tandard superficial and deep heat injuries were made on the corneas of guinea- 
pigs receiving either a wholly adequate (20 mg. daily) or a deficient (0-5 mg. every 2nd 
day) intake of ascorbic acid.

2. T h e  progress of repair was estim ated both by instillation of a standard sodium- 
fluorescein solution and by subjection of the excised eyeballs to com pression in a 
special balance.

3. T he  healing of superficial lesions, confined to the corneal epithelium , was not 
im paired by a deficiency of ascorbic acid.

4. On the other hand, deeper lesions, involving the substantia propria of the cornea, 
healed more slowly in the deficient guinea-pigs.

5. T he  healing lesions were structurally weaker in  the scorbutic animals.
6. T hus, although restoration of corneal epithelium  as such may be independent of 

an adequate supply of ascorbic acid, yet the rate of epithelialization of a wound of the
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cornea involving collagenous tissue does depend on the provision of a suitable fibrous 
tissue substratum  and in tu rn  on an adequate intake of ascorbic acid.

W e are indebted to J. B. de V. W eir for help in design of the compression balance 
and for guidance in statistical analysis. W e wish also to express our indebtedness to 
Roche Products L td . for the supply of ascorbic acid, and to the Rankin M edical 
Research F und of the U niversity of Glasgow for a grant to cover expenses.
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Introduction
A l t h o u g h  the cornea norm ally  h as no b lood  v esse ls , yet, under 
certain  con d ition s, new  v esse ls  freely  enter the su bstan ce o f the 
cornea from  the lim bal p lexu s.

T o  explain  th is  invasion  m any theories have been advanced . In 
riboflavin  deficiency there  is corneal vascu larization . S ince ribo
flavin is p a rt of an ox idation  enzym e system , B essey an d  W olbach  
(1939), an d  Johnson  an d  E ck a rd t (1940), believe th a t anox ia  is 
a s tim u lu s for corneal vascu la rization . C am pbell and  M ichaelson 
(1949) b ro u g h t fo rw ard  evidence th a t in ju ry  to  the  cornea close 
to the  lim bus sets free a hum oral substance  w hich then  diffuses to 
the lim bal vessels to  stim u la te  new vessel fo rm ation . Ju lianelle  
an d  L am b  (1934) in jected  an an tig en  in to  the cornea of a  sensitized  
an im al. T h is  evoked vascu larization  of the cornea.

* Received for publication January 16, 1950.
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M ayer an d  Chaffee (1940) an d  B acsich and  R id d e ll (1945) look 
a t' the problem  from  a som ew hat d ifferent an g le . T h ey  believe 
th a t av ascu lar tissues, cornea, ca rtilage , an d  W h a r to n ’s jelly , 
no rm ally  con ta in  a substan ce  in h ib itin g  v ascu lariza tio n . O ne 
could  postu la te  th a t in ju ry  to the cornea destroys or in h ib its  
form ation  of th is  h y p o the tica l substance , th u s  p e rm ittin g  invasion  
of b lood  vessels.

C ogan  (1949), on the o ther h an d , believes th a t v ascu la riza tion  is 
a lw ays p receded  by  oedem a of the cornea in v o lv in g  the tissues of 
the lim bus. T h e  re su ltin g  reduction  in the corneal tissue com 
pactness allow s invasion  by  blood  vessels.

W e  recen tly  stu d ied  the influence of lack of ascorbic acid  on the 
rate of h e a lin g  of heat in ju rie s  to the  co rnea of g u in ea -p ig s  
(C am pbell, F e rg u so n , an d  G arry , 1950). O u r fin d in g s are sum 
m arized in T ab le  I. W e  also  fo u n d  th a t th ere  w as m arked  
persistence  of s tru c tu ra l w eakness in the  corneal s trom a a t the  site 
of the lesion, p resu m ab ly  due to defective fo rm ation  of co llagen .

T a b l e  I

Time for Epithelial Healing of Deep Corneal Heat Injuries in  Guinea-pigs

No. of wounds
Mean time of 

healing 
(hours)

Difference between 
controls and deficient 

animals 
(hours)

32 control 
32 scorbutic

94-0 ( j- 6 -02)* 
125-8 (±  7 -02)

31-8
(Highly significant)

‘ t  ’ =  3-43 P  <  0-01 ^Standard Error of the Mean.

D u rin g  th is  in v estig a tio n  we took the o p p o rtu n ity  to observe the 
incidence an d  p ro g re ss  of v ascu larization  in the norm al con tro ls 
an d  in the sco rbu tic  an im als .

Method
Animals.—Female non-pregnant guinea-pigs were used. Their initial weights 

were between 450 and 650 g.
Diets.—The basal diet was crushed rat-cake cubes (Thomson, 1936) moistened 

with a little water. These cubes are free from ascorbic acid. To supplement 
this six drops of cod liver oil were added daily to the diet of each animal.

Ascorbic Acid .—To ensure that the cavies had a uniform initial level of 
saturation with ascorbic acid, 20 mg. ascorbic acid (Roche) were given orally in 
2 ml. water once per day. This intake was given for 21 days in all cavies to 
obtain tissue equilibrium (Jones, Bartlett, Ryan, and Drummey, 1943).

Control Animals.—Control animals were injured after 21 days of saturation 
with Vitamin C and the daily intake of 20 mg. was continued thereafter.

Scorbutic Animals.—After a preliminary 21 days of saturation with 20 mg. 
ascorbic acid per day, the animals were given 0-5 mg. ascorbic acid every second 
day for a further 21 days. The injuries were then made to the animals, the 
dosage of 0-5 mg. ascorbic acid every second day being continued thereafter.
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Apparatus.—The lesions were produced with a cautery made from a loop 
of 32 S.W.G. platinum wire. A predetermined constant voltage was fed to the 
cautery through a relay connected to the one second contacts of a Palmer A.C.
time clock. This circuit allowed the current to flow through the cautery for
exactly one second when required.

Technique.—The cornea was anaesthetized by instilling into the conjunctival 
sac. two drops of a 2 per cent, pontocaine hydro-chloride solution. The operations 
did not appear to cause discomfort since the corneal reflex was never elicited 
and the animals remained quiet. No signs of distress appeared after the operation 
and in no case did infection occur.

The cold cautery was pressed firmly and vertically on the cornea 2 mm. from 
the limbus at 12 o’clock. The current was allowed to flow for exactly one
second and the cautery was removed one second later. This gave a standard
heat injury similar to that used by Campbell and Michaelson (1949). Histological 
examination showed that the resulting lesion was 1 mm. in diameter, and that 
the corneal epithelium and the anterior two-thirds of the substantia propria were 
destroyed.

All thermal injuries were carried out by the one operator, who was unaware 
whether a control or a scorbutic animal was being injured.

Examination of the injury, including degree of vascularization and of oedema, 
was made at eight hourly intervals by one observer with the aid of a binocular 
loupe and focal illumination. Once epithelial healing had occurred observations 
were continued at 24-hour intervals.

R esults
D u rin g  hea ling , vascu larization  of the cornea occurred  in n ine 

ou t o f 32 eyes in control g u in ea -p ig s , an d  in n ineteen out of 32 eyes 
of deficient an im als (T able  I I ) . T h e  resu lts  w ere ana ly sed  by  the

T a b l e  I I

Incidence of Vascularization in  the Control and Scorbutic Groups

Eyes No. of vascularized No. of nonvascularized
corneae corneae

Control ... 9 23
Scorbutic 19 13

X2 =  5-1 P <  0-05 (Significant).

X -squared m ethod  (x2 =  5T ). S u ch  a resu lt could  occur by  chance 
on ly  less than  1 in 40 tim es, an d  we m ay therefore presum e th a t 
the g rea te r  incidence of vascu larization  in the scorbutic an im als is 
s ign ifican t.

T h is  h ig h e r incidence m ig h t be due to the g rea te r tim e required  
for h e a lin g  in the  g ro u p  of deficient an im als (T able  I) fo r it is a 
com m on clinical observation  in m an th a t a  corneal u lcer of lon g  
d u ra tio n  is m ore likely to induce corneal vascu larization  th an  one 
of sh o rt d u ra tio n . If th is  exp lanation  be true , then  the eyes w ith 
vascu larization  will be associated  w ith the  in ju ries  ta k in g  longer 
to  h ea l. T ab le  I I I  show s the m ean tim e of h ea lin g  for the  vas
cu la rized  a n d  nonvascu larized  eyes in the scorbutic  g ro u p . T h e
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T a b l e  I I I
Comparison of the Mean Time of Wound Healing in  the Vascular and Non- 

vascular Cornece in  the Scorbutic Group

No. of Eyes Mean time of healing 
(hours)

Difference in Means 
(hours)

19 vascular 
13 non vascular

127-6 (±  9 -3)* 
123-1 ( ± 11-5)

4-5
(Not significant)

‘ t  ’ =  0-79 P  >  0-4 *Standard Error of the Mean.

difference of 4-5 h o u rs  betw een the  tw o g ro u p s  is no t s ig n ifican t. 
A g reater difference in the  m eans exists in the  contro l g ro u p  (T ab le  
IV ). T h e  difference of 17’7 h o u rs  is ag a in , how ever, no t s ig n ifi
can t. T h ere  is th u s  no conclusive evidence to su g g e s t th a t, u n d er

T a b l e  IV
Comparison of the M ean Time of Wound Healing in  the Vascular and 

Non-vascular Corneae in  the Control Group

No. of Eyes Mean time of healing 
(hours)

Difference in Means 
(hours)

9 vascular 
23 non vascular

106-7 ( 4- 13-8)* 
89-0 ( ±  6 -3)

17-7
(Not significant)

‘ t  ’ 1-33 P  >  0-1 *Standard Error of the Mean.

the  cond itions of th is  experim en t, the  g rea te r  incidence of vas
cu lariza tion  in the scorbu tic  g ro u p  is due to the  longer 
tim e req u ired  for ep ithe lia l h ea lin g .

T h e  onset of v ascu lariza tion , the  tim e of its m ax im um  ex ten t, 
an d  th e  tim e of d isap p earan ce  all tended  to be delayed  in the  
scorbu tic  g roup  com pared  w ith  th e  contro l g ro u p  (Table V ).

T a b l e  V
Comparison of the Progress of Corneal Vascularization in  Control and

Scorbutic Groups

V ascularization
Mean Time (hours) Difference 

in Means 
(hours)Control 

(9 eyes)
Scorbutic 
(19 eyes)

Onset 33-7 ( ± 8 -30)* 52-6 ( ± 8 -79)* 18-9
Maximum 64-9 ( ± 6 -99) 79-6 ( +  9 -31) 14-7
Disappearance 134-2 ( ± 33.44) 146-5 (d 21 -56) 12-3

^Standard Error of the Mean.
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T h e  tim e of onset a n d  the tim e of m axim um  oedem a are show n 
in T ab le  V I. T h e  difference betw een the m eans of the tim es of 
onset is not sign ifican t. H ow ever, the scorbutic  g ro u p  did  take

T a b le  V I

Comparison of the Progress of Corneal Oedema in  Control and Scorbutic
Groups

Oedema
Mean Time (hours)

Difference in 
Means (hours)Control 

(32 eyes)
Scorbutic 
(32 eyes)

Onset
Maximum

17-3 ( ± 2 .53)* 
25-8 ( ± 2 -78)

16-5 ( ± 1-83)* 
42-8 ( ± 6 -22)

0-8
17-0

*Standard Error of the Mean.

sign ifican tly  longer to reach the tim e of m axim um  oedem a. T h e  
figures could be no t be ana ly sed  for the  tim e of d isappearance  of 
the oedem a as som e of the  an im als w ere killed  for h isto log ical 
exam ination  before the  oedem a h ad  d isappeared .

Discussion
T h e  cornea is know n to con ta in  h ig h  concen tra tions of ascorbic 

acid, a lth o u g h  there  is som e d isag reem en t concern ing  the partitio n  
of ascorb ic acid betw een the v a rious layers of the cornea (Schm id 
and  Burki, 1943; H enkes, 1946; P irie , 1946).

In  experim ental scurvy  in gu in ea-p ig s , ascorbic acid is know n 
to  d isap p ear from  the  co rnea in from  2 to  3 w eeks (H enkes, 1946). 
N evertheless, the cornea show s no obvious ch an g e  even in severe 
an d  p ro lo n g ed  scurvy  in hum an  b e in g s or in g u in ea -p ig s . O n the 
o ther h an d , ascorbic acid  is know n to be necessary  for form ation 
of co llagenous tissue in the repair of w ounds in the cornea. T h u s, 
the in ju ries  we inflicted to the cornea possib ly  unm asked  a 
deficiency not otherw ise a p p a ren t. P resu m ab ly  new  fo rm ation  of 
co llagen m akes add itional m etabolic dem ands w hich canno t be 
adequa te ly  m et in a  sta te  of scurvy . Ju s t as ariboflav inosis evokes 
sp o n tan eo u s vascularization  of the cornea, av itam inosis C m ay 
lead to  vascularization w hen there  is the ex tra  m etabolic dem and 
follow ing on in ju ry .

P re su m ab ly  failu re  to sa tisfy  fu lly  a m etabolic need, how ever 
caused, leads to accum ulation  of m etabolites. T h ese  m etabolites 
m ay act as a  d irect stim u lus to new b lood-vessel fo rm ation . O n 
the o ther hand , the m etabolites m ay lead to oedem a a n d  op en in g  
up  of the lam ellae of the su b s tan tia  p rop ria , an d  th u s  perm it 
invasion of blood vessels. Is  it too m uch to su g g es t th a t the
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accum ulation  of m etabo lites is the  hum oral fac to r p o stu la ted  by 
C am pbell an d  M ichaelson (1949) ?

T h is  h y p o th esis  is, of course, in the  h ig h es t degree  speculative, 
b u t o u r new fin d in g  th a t ascorb ic acid  deficiency sign ifican tly  
increases the incidence of v ascu la rization  of the cornea  after in ju ry  
does seem  to w a rran t an  a ttem p t to find a com m on causal factor 
to explain  the  invasion  of the  avascu lar cornea  by  b lood  vessels in 
the co n d itions w here such invasion  is know n to  occur.

Summary
(1) A  m ethod  is described  fo r p ro d u c in g  sm all s ta n d a rd  heat 

in ju rie s  to  the cornea.
(2) T h ese  in ju rie s  w ere inflicted on con tro l an d  scorbutic  

g u in ea -p ig s .
(3) N ew  vessel invasion  of the cornea fo llow ing  th e  in ju ry  

occurred  w ith s ig n ifican tly  g rea te r frequency  in the  scorbutic  
g ro u p  th an  in the  contro l g ro u p .

(4) T h e  causal fac to r in new vessel fo rm ation  in the  co rnea  is 
d iscussed  in the  lig h t o f these fin d in g s. I t m ay be that rep a ir of an 
in ju ry  m akes ad d itio n a l m etabolic d em ands w hich can n o t be m et 
in a sta te  of ascorb ic acid  deficiency. A s a resu lt, m etabolites 
accum ulate  an d  evoke by  som e m eans, no t yet fu lly  understood , 
vascu la r invasion  of the  corneal substance .

We are indebted to Professor R. C. Garry for helpful criticism and encourage
ment. We also wish to express our indebtedness to Roche Products Limited for 
a liberal supply of ascorbic acid, and to the Rankin Medical Research Fund of 
the University of Glasgow for a grant to cover expenses.
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[From the Proceedings of the Physiological Society, 10-11 September 1952.]
Journal Physiology, Vol. 118.

Responses to temperature in the isolated rabbit ear. By I. D.
F e r g u s o n  a n d  N . L e v in s o n .  Institute o f Physiology, University o f 
Glasgow

Perfusion of the ear through the central artery  was commenced w ithin 3 min 
of removal of the ear from the rabbit. Oxygenated Locke’s solution a t pH  7-3-  
7-4 containing 0-154 M-NaCl, 0-0054 m-KC1, 0-00225 M-CaCl2, 0-000052 M-MgCl2, 
0-00596 M-NaHC0 3 and 0-000417 M-NaH2P 0 4 was perfused under constant 
pressure (Ferguson & Garry, 1952). The tem perature of the perfusion fluid (Ft) 
and of the ear environm ent (E t) could be varied a t will. The rate of inflow and 
of weight increase due to oedema were recorded. Forty-six experiments were 
carried out.

A t Ft = 38° C the inflow ra te  was initially rapid bu t then fell quickly to reach 
a minimum a t the end of 2 hr. During this period the oedema increased 
steadily and rapidly. Thereafter the inflow ra te  rose steadily while the ra te  of 
oedema form ation decreased. A t Ft =  16° C the initial inflow ra te  was slow, due 
to  an  observed spasm of the central artery. Subsequently the inflow rate  
became rapid and rem ained significantly greater th an  the inflow a t Ft = 38° C. 
The oedema, meanwhile, increased steadily bu t only slowly. These charac
teristic responses were also obtained in one and the same ear by changing the 
tem perature of the perfusing fluid.

More rapid inflow and greater oedema form ation occurred a t Ft = 45° than  
a t Ft =  38° C, bu t vascular damage was indicated by bullae formation.

Perfusion a t Ft = 38° C w ith an E t artificially lowered from 21 to 16-5° C led 
to  a slightly greater inflow and to a significant reduction in ra te  of oedema 
form ation. Perfusion a t Ft= 16° w ith an E t artificially raised from 16 to 
23-5° C led to a significant increase in the  rate  of oedema formation, bu t the 
inflow ra te  was not consistently affected.

These results may be explained by postulating th a t in the isolated ear the 
responses to tem perature are similar to  those in the in tac t ear (Grant, 1930; 
G rant, Bland & Camp, 1932; Van Dobben-Broekema & Dirken, 1950).

We are indebted to the Rankin Medical Research Fund of the University of Glasgow for a 
grant to cover expenses.
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[From the Proceedings of the Physiological Society, 11 October 1952.]
Journal Physiology, Vol. 119.

Vascular responses in the isolated ear of the rabbit. By I. D.
F e r g u s o n  and N. L e v in s o n . Institute o f Physiology, University o f 
Glasgow

During perfusion of the  blood vessels of the isolated ear of the rabb it w ith 
Tyrode’s fluid a t constant pressure, a decrease in  the  tem perature of the 
perfusion fluid from 38 to  16° C was shown to cause a more rapid ra te  of 
inflow and a decreased ra te  of form ation of oedema (Ferguson & Levinson, 
1952). These results m ight be a ttribu ted  to different values of ‘in terstitial 
p ressure’ (McMaster, 1946), to  different values of pressure drop across the 
cannula or to alteration  in the vascular pattern .

I t  was possible th a t a t the lower tem perature the lower ‘ interstitial pressure ’, 
due to  the  decreased ra te  of oedema formation, was a main factor in the 
production of the more rapid ra te  of inflow. However, m easurem ent of the 
‘ in terstitia l pressure ’ lent little  support to this concept.

I t  was also considered possible th a t a t the higher tem perature the increased 
dow nstream  pressure, due to the decreased ra te  of inflow through the cannula, 
was a m ain factor in the production of the increased ra te  of oedema formation. 
A t either tem perature, increase in the  downstream  pressure increased both  the 
ra te  of inflow and the ra te  of oedema formation. However, an increase in  the 
tem perature of the perfusion fluid from 16 to  38° C a t the same downstream  
pressure still caused a slower ra te  of inflow and an increased ra te  of oedema 
form ation.

I t  is suggested th a t in the  isolated ear of the rabbit, a decrease in the  tem pera
tu re  of the  perfusion fluid from  38 to  16° C results in  an alteration in  the  
vascular pattern . I t  m ay be th a t the fluid is partially  diverted from the 
capillaries through vessels of larger calibre, such as arteriovenous anastomoses.

We are indebted to the Rankin Research Fund of the University of Glasgow for a grant to cover 
expenses.
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[From the Proceedings of the Physiological Society, 24-25 July 1953.]
Journal Physiology, Vol. 122.

Vascular responses to temperature in the denervated isolated 
rabbit ear. By I. D. F e r g u s o n  and N. L e v in s o n . Institute o f Physio
logy, University o f Glasgow

U nilateral denervation of the  blood vessels of the  rabb it ear was carried out, 
under general anaesthesia, by extirpation  of the  superior cervical ganglion and 
excision of 1 cm length of each of the  ventral and dorsal auricular nerves 
(Feldberg, 1926). All experiments were carried out 21-24 days later. By the 
use of m ethylene blue, it was dem onstrated histologically th a t, while motor 
end-plates were present in the auricular muscles of both denervated and 
innervated ears, there was a complete absence of nerves to the blood vessels 
in denervated preparations.

The technique for perfusion of the isolated rabb it ear was th a t previously 
described (Ferguson & Levinson, 1952 a). In  innervated ears the rate  of 
inflow was more rapid when the tem perature of the perfusion fluid was 16° C 
th an  when it  was 38° C (Ferguson & Levinson, 1952 b). In  the denervated 
ears, w ith the  fluid either a t 16 or 38° C, after a fluctuation in inflow during the 
first 30 min, there was little  difference in the rates of inflow a t either constant 
tem perature, both being approxim ately midway between the extremes of 
inflow characteristic of the  innervated preparations. Inflow responses to rapid 
alterations in fluid tem perature from 38 to 16° C or vice versa were more 
delayed and less m arked in the denervated ears.

Oedema developed more rapidly in the denervated ears both  a t 16 and a t
38° C, b u t the pa tte rn  of th e development of the oedema a t either tem perature
was not affected by denervation. In  addition, alterations in the ra te  of change 
in  oedema form ation in response to rapid alterations in fluid tem perature were 
similar in denervated and innervated preparations.

I t  is concluded th a t in the denervated isolated ear there was a diminished 
response of the larger vessels to differences in tem perature of the perfusion 
fluid. D enervation also resulted in an increased capillary permeability.

Wo are indebted to the Rankin Research Fund of the University of Glasgow for a grant to 
cover expenses.
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D o n a ld s o n , W. A ., I. D. F e r g u so n , N. L ev in so n  and
S. D. S ilv e y . (G lasgow , S co tland ). A Mathematical 
Analysis of N et Capillary Filtration Rate in the 
Decentralised Perfused Rabbit Ear.

Perfusion of the rabbit ear th rough the central a rtery  w as 
carried  out using a technique previously described (1, 2 ) . 
T h e  increase in w eight due to net filtration from the 
capillaries into the tissues w as recorded. T h e  net ra te  of 
filtration  across the capillary m em brane could not be 
m easured experim entally.

T h e  ra te  of accum ulation of the net filtrate m ay be

expressed by: — -— =  a  (1 —  e ~ yt) —  j3w where 
dt

t =  time, w  =  w eight of filtrate in g; a  (1 —  e ~ Yt) rep 
resents the net ra te  of filtration across the  capillary mem
brane, thus taking into account capillary perm eability, 
a rea  of filtration bed and  dow nstream  pressure, a  rep 
resen ting  the ultim ate value of net filtration and  y de
scribing its ra te  of change. J3 describes the extent to which 
oedem a fluid already  formed re ta rds further net filtration.

In perfusion experim ents a t a fluid tem perature of 38°C , 
prelim inary inspection of the da ta  suggested the simpli
fication y  =  ft. V alues for the constants a  and  /3 w ere 
determ ined by the m ethod of least squares to give the best

ctfit for w, where w =  —  (1 —  e —  a te ~ § t  (t =  o
B

when w  =  o ).
In experiments at 16°C the corresponding simplifica-

dw i oi /i .
tion is: -  ■ ■ - - =  a —  /?w whence w  =  —  (1 —  e ~pt)

(t =  o when w =  o ). However, at 16°C the initial
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increase in w eight of the ear due to filling of the vascular 
bed w ith perfusion fluid unduly  predom inates in relation 
to the decreased ra te  of net filtration. T h is  is allow ed

for in the solution w  = ' —  -4-  c e of the  differential
B

equation.
A nalysis thus perm its the calculation o f the net ra te

of filtration across the capillary m em brane by evaluation I
of a  (1 —  e ~ /3t) a t 38°C  and  by  a a t 16°C .

1. Ferguson, I. D. and Levinson, N., J. Physiol. 118, 59, (1952).
2. Ferguson, I. D. and Levinson, N., J. Physiol. 119, 14, (1952). t
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[From the Proceedings o f the Physiological Society, 4 -5  Ju ly  1952.]
Journal Physiology, Vol. 118.

An improved Mariotte constant pressure device. By I. D. F e r g u s o n  
and It. C. Ga r r y . Institute o f Physiology, University of Glasgow

The M ariotte flask is conveniently used to obtain a constant head of pressure. 
I t  is possibly no t generally realized th a t the central air inlet tube is no t only 
not necessary bu t also an actual disadvantage. This is especially so if it  is 
desired to  measure accurately the volume of fluid leaving a standard  cali
brated  bure tte  under constant pressure.

S topper

S topper

A - > (

To p reparation To prepara tion

Fig. 1. Constant pressure device applied to a burette and to an aspirator bottle.
A, air inlet port; level from which constant pressure is measured.

All th a t  is required is a stoppered fluid reservoir (burette or bottle) w ith 
two orifices below the level of the  surface of the fluid and as near to the 
bottom  as possible. Fluid is delivered from the lower opening and air enters 
by the upper orifice. The device applied to  a burette  and to  an aspirator 
bottle is shown in Fig. 1. The pressure a t which fluid is delivered remains as 
constant as in the conventional M ariotte flask, being determ ined in this case 
by the height of the air inlet port, A , above the preparation. A convenient 
internal bore for the inlet port is 3-4 mm. Standard burettes for filling from 
below usually have a side limb of suitable bore. If  rapid delivery of fluid is 
desired from a standard  burette it  may be necessary to cut off the term inal 
portion of the tip .

During filling and refilling, the air entry  port, A , is closed tem porarily by 
the finger or by a clip on a short length of rubber tubing, while the stopper is 
removed. Once the stopper is replaced the air entry  port should be reopened 
so th a t a small quantity  of fluid m ay be ejected through the air entry  port.

[P.T.O.
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The present simple device, then, has the following advantages over the 
usual type of M ariotte flask: (1) The volume of fluid delivered can be directly 
measured on a burette  with standard  calibration if an air entry  port is blown 
below the lowest graduation. (2) One is no t humbugged, when filling or 
refilling, by a pressure initially in excess of th e  constant head desired for the 
perfusion or infusion. (3) On refilling there is no variation in pressure due to  
failure to  re-insert a stopper and central tube, as in the M ariotte flask, to  
exactly the  previous level.
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