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ABSTRACT

T h is  t h e s i s  d e a l s  w i th  th e  c h a n g es se e n  i n  v a s c u la r  
r e s i s t a n c e  fo l lo w in g  b i l e  d u c t  l i g a t i o n .  T h e .w o r k 'i s „ 
p r e s e n te d  i n  f i v e  s e c t i o n s .

I n  t h e  f i r s t  s e c t i o n  th e  o u t l i n e  and scope o f  th e  
t h e s i s  i s  p r e s e n t e d .  The r e l a t i o n s h i p  b etw een  l i v e r  d is e a s e  
and r e n a l  d y s f u n c tio n  i s  th e n  re v ie w e d . I t  i s  p o in te d  o u t 
t h a t  i n  v a r io u s  c o n d i t io n s  su ch  a s  c i r r h o s i s  o f  th e  l i v e r  
a l t e r a t i o n s  i n  r e n a l  p e r f u s io n  a r e  s e e n  w hich  p re c e d e  th e  
o n s e t  o f  f r a n k  r e n a l  f a i l u r e .  I t  i s  a l s o  m en tio n ed  t h a t  
i n  o b s t r u c t i v e  ja u n d ic e  t h e r e  i s  a  h ig h  in c id e n c e  o f 
p o s t - o p e r a t i v e  r e n a l  f a i l u r e  and th e  p o s s i b le ,a e t i o l o g y  
o f  t h i s  i s  re v ie w e d .

The sec o n d  s e c t i o n  d e a ls  w ith  th e  e f f e c t s  o f  
o b s t r u c t i v e  ja u n d ic e  on r e n a l  b lo o d  f lo w . I n  t h i s  s e c t io n  
th e  r e n a l  v a s c u la r  anatom y i s  d e s c r ib e d .  The r e g u la t io n  
o f  r e n a l  b lo o d  f lo w  a s  w e ll  a s  m ethods f o r  i t s  m easurem ent 
a r e  re v ie w e d . The r e s u l t s  o f  e x p e rim e n ts  i n  w hich  r e n a l  
b lo o d  f lo w  was m easu red  d u r in g  o b s t r u c t iv e  ja u n d ic e  i s  
th e n  p r e s e n te d .  H ere th e  te c h n iq u e  was u s e d .  I t
was fo u n d  t h a t  t h e r e  a r e  a l t e r a t i o n s  i n  r e n a l  p e r f u s io n  
s i m i l e r  to  t h a t  se e n  i n  c i r r h o s i s  and o th e r  l i v e r  d i s e a s e s  
su ch  a s  p o r t a l  h y p e r te n s io n .  I t  was found  t h a t  t h e r e  i s  
a  s h i f t  o f  b lo o d  f lo w  d i s t r i b u t i o n  from  th e  o u t e r  c o r t i c a l  
a r e a s  o f  th e  k id n e y  to  th e  i n n e r  c o r t i c a l  -  o u t e r  m e d u lla ry  
a r e a s . I t  was a l s o  found  t h a t  t h e r e  i s  on in c r e a s e d  
s e n s i t i v i t y  o f  th e  k id n e y  v a s c u la tu r e  to  ae  e f f e c t s  o f  
n o r a d r e n a l in e , and i t  i s  p o s tu la t e d  t h a t  t h i s  may be oiu 
o f  t h e  r e a s o n s  f o r  th e  h ig h  in c id e n c e  o f  p o s t - o u e r a t i v e  
r e n a l  f a i l u r e  soon  fo l lo w in g  b i l e  d u c t  s u rg e ry .

I n  th e  t h i r d  s e c t io n  an  a t te m p t  i s  made to  s e e  w h e th e r 
t h e r e  i s  a  g e n e r a l  h y p e r s e n s i t i v i t y  t o  t h e  e f f e c t s  o f  
n o r a d r e n a l in e  i n  o b s t r u c t i v e  ja u n d ic e .  The c e r e b r a l  
c i r c u l a t i o n  i s  u se d  f o r  t h i s . Tho c o n t r o l  o f  th e  c e r e b r a l  
v a s c u la tu r e  i s  re v ie w ed  and th e  r e s u l t s  o f  e x p e rim e n ts  
i n  w hich n o r a d r e n a l in e  was i n f u s e d  i n to  th o  c e r e b r a l  
c i r c u l a t i o n  o f  a n im a ls  i n  w hich th e  b i l e  d u c t-h a d  been  

l i g a t e d  i s  p r e s e n t e d .  I n  th e s e  e x p e rim e n ts  i t  was



fo u n d  t h a t  i n f u s io n s  o f  n o rn d r e n a l in o  producod  v a s o ­
c o n s t r i c t i o n ,  w h ile  i n  n o rm al a n im a ls ,  v a s o - d i l a t a t i o n  
was.' s e e n . I n  a d d i t i o n  i t  wan fo u n d  t h a t  fo l lo w in g  b i l e  
d u c t l i g a t i o n  th e r e  i s  a l s o  an  a t t e n u a t e d  re s p o n s e  t:o 
i n c r e a s i n g  a r t e r i a l  pCOg.

I n  t h e  n e x t  s e c t io n  a n  i s o l a t e d  o rg c n  p r e p a r a t io n  
i s  u se d  i n  an  a t te m p t  t o  e l u c id a t e  th e  a e t io lo f r y  o f  th e  
i n c r e a s e d  s e n s i t i v i t y  t o  n o r a d r e n a l in e  fo u n d  i n  th e  
p r e v io u s  e x p e r im e n ts .  I t  i s  shown t h a t  ja u n d ic e d  p lasm a 
i s  c a p a b le  o f  c a u s in g  a  p o t e n t i a t e d  re s p o n s e  o f  an 
i s o l a t e d  a r t e r y  o r  k id n e y  to  th e  e f f e c t s  o f  n o r a d r e n a l in e . 
T h is  i s  m ed ia te d  by a  d e c re a s e d  e q u i l ib r iu m  c o e f f i c i e n t  
and an  in c r e a s e d  m axim al re s p o n s e  o f  t h e  p r e p a r a t io n .
I n  t h i s  s e c t io n  b ec au se  o f  th e  in c r e a s e  i n  p lasm a  c h o le s t e r o l  
se e n  i n  o b s t r u c t iv e  ja u n d ic e ,  .the r e s u l t s  o f . e x p e rim e n ts  
in  w h ich  h y p e r lip id a c m ic  p lao m r, p u re  c h o l e s t e r o l  and 
low  d e n s i ty  l i p o p r o t e i n  w ere i n f u s e d  in to  an  i s o l a t e d  
a r t e r y  i s  p r e s e n t e d .  H ere i t  was fo u n d  t h a t  h y p e r l i p i d -  
aem ic p lasm a and low  d e n s i ty  l i p o p r o t e i n s  p io d u ce d  s i m i l a r  
e f f e c t s  see n  d u r in g  in f u s io n  o f  ja u n d ic e d  p la sm a , w h e rea s  
p u re  c h o l e s t e r o l  d id  n o t .  O th e r  c o n s t i t u e n t s  o f  ja u n d ic e d  
p lasm a w ere i n f u s e d  i n t o  th e  a r t e r y  p r e p a r a t io n  b u t  th e s e  
d id  n o t  p o t e n t i a t e  th e  r e s p o n s e  o f  th e  a r t e r y  t o  th e  
p r e s s o r  e f f e c t s  o f  n o r a d r e n a l in e .  I t  in  co n c lu d cd  t h a t  
an  in c r e a s e  i n  p lasm a c h o l e s t e r o l  a t t a c h e d  to  i t s  a p o p r o te in  
may be one o f  th e  f a c t o r s  r e s p o n s ib l e  f o r  th e  above 
m en tio n ed  c h a n c e s .

In  t h e  l a s t  s e c t i o n  m ire  low  d e n s i ty  l i p o p r o t e i n  i s  
i n f u s e d  i n t o  th e  c e r e b r a l  c i r c u l a t i o n .  The re s p o n s e s  o f  
th e  c e r e b r a l  v n r c u ln tu r e  t o  n o r n d r e n r l in o  was m easured  
d u r in n  th e  above l i p o p r o t e i n  i n f u s i o n .  I t  wnn fo u n d  t h a t  
a  s i m i l a r  v a s e c o n s t r i c t i o n , a s  t h a t  se e n  d u r in g  j a u n d ic e , 
o c c u rc d . I t  i s  c o n c lu d e d  t h a t  an  i n c r e a s e d  p lasm a 
c h o l e s t e r o l  i n  o b s t r u c t iv e  ja u n d ic e  ;;wy bo one o f  th e  
f a c t o r s  r e s p o n s ib l e  f o r  t h e  a l t e r a t i o n  in  v a s c u la r  
r e s i s t a n c e  sc o n  in  t h a t  c o n d i t i o n .  I t  i s  p o s tu la t e d  t h a t



c h o l e s t e r o l  may be p ro d u c in g  t h i s  e f f e c t  by a l t e r i n g  
sm ooth m u scle  u p ta k e  m echanism s in v o lv e d  i n  th e  m etab o lism  
o f  n o r a d r e n a l in e  < I t  i s  a l s o  p o in te d  o u t t h a t  c h o le s t e r o l  
may be h a v in g  o t h e r  i n t r a - c e l l u l a r  e f f e c t s  w hich  may 
a c c o u n t f o r  th e  a l t e r a t i o n s  i n  v a s c u la r  r e s i s t a n c e  fo u n d  
i n  th e  p r e s e n t  s tu d y .
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INTHODUC'IIGH

SECTION I  

AKD CLINICAL B-V'-KGItOmn CP STUDY.



INTRODUCTION

OUTLINE AND SCOPE OR THESIS

I n  1863 A u s t in  Flint"*" f i r s t  c a l le d  a t t e n t i o n  to  th e  p re se n c e  
o f  o l i g u r i a  i n  p a t i e n t s  w ith  c i r r h o s i s  o f  th e  l i v e r  and 
h y d ro p e rito n e u m . S in c e  t h a t  t im e  i t  h a s  become a n p a re n t  
t h a t  o l i g u r i a  i s  common i n  p a t i e n t s  w ith  c i r r h o s i s  and 
a s c i t e s , and may p ro g r e s s  to  r e n a l  f a i l u r e ^ ’ ^ 1̂ .
A lthough  i n  some p a t i e n t s  t h i s  c o m p lic a tio n  may be due to  
c o - e x i s t in g  p rim a ry  r e n a l  d i s e a s e ,  i n  many o th e r s  a z o ta e rn ia  
and o l i g u r i a  a r i s e  e i t h e r  s p o n ta n e o u s ly ,  o r  i n  re s p o n s e  to  
m in o r changes i n  b lo o d  v o lu m e. The r e n a l  f a i l u r e  
a s s o c ia t e d  w ith  h e p a t ic  d is e a s e  was term ed  th e  " h e p a to ­
r e n a l  syndrom e" by Boyce^ i n  1 9 3 5 . S in c e  t h i s  im p lie s  a 
s p e c i f i c  r e l a t i o n s h i p  betw een  th e  k id n e y s  and l i v e r  w hich 
h a s  n o t  been  e s t a b l i s h e d ,  m ost a u t h o r i t i e s  hav e  u rg e d  t h a t  
th e  te rra  be abandoned6 , ' ' \  S in c e  t h e r e  i s  good e v id e n c e  
t h a t  th e  r e n a l  f a i l u r e  i n  c i r r h o t i c  p a t i e n t s  h a s  a 
f u n c t io n a l  c a u s e , Vesin® in tro d u c e d  th e  te rm  " f u n c t io n a l  
r e n a l  f a i l u r e  i n  c i r r h o s i s " ,  and th e  name i s  g e n e r a l ly  
p r e f e r r e d  a lth o u g h  " h e p a to r e n a l  syndrom e" h a s  become 
common u su a g c .

The syndrome c h n r n c t c r iu t i c n l l y  o c c u rs  i n  p a t i e n t s  
w ith  decom pensated  c i r r h o s i s  and r e f r a c t o r y  a s c i t e s .
Reduced r e n a l  b lood  f lo w  h a s  c o n s i s t e n t l y  b een  d em o n s tra te d  
i n  th e s e  p a t i e n t n ^ ’^ ’10 a s s o c ia t e d  w ith  in c re a s e d  v a s c u la r  
r e s i s t a n c e ^ ' ^ and a  r e d i s t r i b u t i o n  o f  b lood  away
from  th e  c o r to x ^ ’"*'0 ' 1 '*. I t  h a s  a l s o  been  shown by Kew1? 
t h a t  th e r e  a r c  a l t e r a t i o n s  i n  r e n a l  c i r c u l a t i o n  i n  
c i r r h o t i c  p a t i e n t s  w ith o u t o v e r t  r e n a l  f a i l u r e .  Ho h a s  
shown i n  a d d i t i o n  t h a t  t h e r e  a r e  ch an g es i n  i n t r a r e n a l  
d i s t r i b u t i o n  o f  b lood  i n  m a lig n a n t d is e a s e  o f  th e  l i v e r ,  
and i n  n o n - c i r r h o t i c  p o r t a l  h y p e r te n s io n 1 4 . T h is  i n d i c a t e s  
t h a t  th e  term  " f u n c t io n a l  r e n a l  f a i l u r e  o f  c i r r h o s i s "  i s  
a  m isnom er and t h a t  n e rh a n s  th e  o r i g i n a l  te rm  " h e p a to r e n a l  
syndrom e" may be more u s e f u l .



A lth o u g h  i t  h a s  b ee n  shown by Dav/Gon^ t h a t  t h e r e  i s  
a  h ig h  in c id e n c e  o f  o l i g u r i c  f a i l u r e  i n  o b s t r u c t i v e  ja u n d ic e ,  
t h e r e  hav e  boon no e tu t i ic o  on i n t r o r e n a l  b lo o d  f lo w  
d i s t r i b u t i o n  i n  t h i s  c o n d i t i o n .  I n  t h i s  iitu d y , t h e r e f o r e ,  
th e  i n t r a - r c n a l  b lo o d  f lo w  d i s t r i b u t i o n  i n  o b s t r u c t iv e  
ja u n d ic e  was i n v e s t i g a t e d  in  o r d e r  to  e s t a b l i s h  w h e th e r 
s i m i l a r  chanpon o c c u r  i n  t h i s  c o n d i t io n  a s  th o s e  d e s c r ib e d  
f o r  o t h e r  h e p ..b ic  d is e a s c r ; .

The a e t io l o f y  o f  th e  r e n a l  c i r c u l a t o r y  ch an g es if! n o t  
known, a l th o u g h  v a r io u s  t h e o r i a n  h av e  been  B u rg es ted  
w hich  w i l l  bo re v ie w ed  i n  t h i s  t h c n i c .  I t  h a n , h o w ever, 
been  supy tested  by Dawson3^ t h a t  i n  o b s t r u c t i v e  ja u n d ic e  
th e  k id n e y s  a r e  more n e n c i t i v e  to  j nrih 'iom ia, and i t  h r s  
p o s tu la t e d  by Aoyr.f.i and L o w e n s te in ^^  t h a t  th e  s e n s i t i v i t y  
o f  th e  k id n e y  to  irc h a e m ir . i s  due to  an  i n c r e a s e  in  
c i r c u l a t i n g  b i l e  s a l t s .  h a s  im -o lic a ted  c o n ju g a te d
b i l i r u b i n  a s  th e  f a c t o r  r e s n o n c ib le  f o r  t h e  i n c r e a s e d  
s e n s i t i v i t y  o f  t h e  k id n e y  t o  -o e rio d r o f  h y p o te n a jo n .
The second  a:'.m o f  t h i s  t h e s i s  i s  to  a t te m p t  to  e s t a b l i s h  
an  a e t io lo g y  f o r  t h e  r e n a l  chon,'’•on o b se rv e d  i n  o b s t r u c t iv e  
ja u n d ic e  ( i f  any ) rn d  in  a d d i t i o n  to  show w h e th e r any  o th e r  
v a s c u la r  bed i s  n f f c c to d  by th e  d i s e n r e .

The t h e o i s  w i l l  be p r e s e n te d  i n  f i v e  s o c t i o n a . I n  
th e  f i r s t ,  th e  o u t l in e  o f  th e  t h e s in  w i l l  be p re s e n te d  
and a  re v ie w  o f  th e  r e l a t i o n s h i p  b etw een  th e  l i v e r  end 
th e  k id n e y  w i l l  he f i v e n .  I n  th e  second s e c t i o n ,  o 
d e s c r i p t io n  o f  th e  r e n a l  c i r c u l a t i o n  rn d  i t s  c o n t r o l  w i l l  
bo { Iv o n  rnd  th e  m otlions o f  motisurcmcmt w i l l  by d is c u s s e d .
The - ^ x o n o n  tec h n in x ie  v ,-m  bo d in o w o o d  i n  d e t a i l . A 
s tu d y  on roncd b lo o d  f lo w  i n  o b .U r u c t iv e  ja u n d ic e ,  u s i r f  
th e  1 ^3VcnorL tocViniqyo w i l l  bo n r e r c n tn d . T h is  i s  fo llo w e d  
by a  s e c t io n  i n  w hich th o  a f f e c v  o f  o b s t r u c t i v e  jn u n d ic o  
on c e r e b r a l  b lo o d  f lo w  w i l l  be s tu d ie d  a l s o  u s i n f  th o  
13,3Xc te c lm i 'f u e . T here th o n  fo llo w n  t, n c c t io n  in  w hich 
th o  e f f e c t  o f  ja u n d ic e d  n].anm:i on jm o ]c lo d  n r t o r i o r  and
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k id n o y s  i s  s tu d ie d  and a l s o  i n  t h i s  s e c t io n  th e r e  i s  a  
d e s c r i p t i o n  o f  th e  a t te m p ts  made to  i s o l a t e  th e  f a c t o r  
o r  f a c t o r s  r e s p o n s ib l e .  Then th e  e f f e c t  o f  t h i s  i s o l a t e d  
s u b s ta n c e  on th e  c e r e b r a l  c i r c u l a t i o n  i n  no rm al a n im a ls  
w i l l  be p r e s e n te d .  F in a l ly  i n  t h i s  l a t t e r  s e c t i o n  th e  
f i n d in g s  o f  t h e  e n t i r e  s tu d y  w i l l  be sum m arised and i t s  
s i g n i f i c a n c e  commented u p o n .



THE RELATIONSHIP BBTV/flEN THE LIVTgll A1ID KIDNEY

T h ere  a r e  num eroun n o s o c i a t i o n c ,  knov.-n o r  p o c tu l a t e d  bctv /een  
fiisea sc G  o r  d ia o rd c ro d  f im o tio n o  o f  th e  l iv e r o n d  th e  k id n e y . 
T hese a r c  sum m arised  i n  T ab le  I .  A lth c u rh  t h i s  s tu d y  i s  
co n c e rn e d  m ain ly  w ith  th e  r e n a l  f a i l u r e  accom panyin/r 
o b s t r u c t i v e  .jau n d ice  and  i t s  a e t io lo g y ,  th e  o th e r s  w i l l  be 
d i s c u s s e d  b r i e f l y  i n  o r d e r  t o  p u t th e  r e l a t i o n s h i p  betw een  
th e  l i v e r  and th e  k id n e y  i n t o  n o r s p e c t i v e , and i n  a d d i t i o n  
to  p ro v id e  a s u i t a b l e  background  a g a in s t  w hich t h i s  s tu d y  
was c a r r i e d  o u t .

1 )  FRE-HXISTIIiG FIDHEY DISEASE ASSOCIATED WITH INCRBARRP 
IHCinEI.OK OF HEPATIC DISKAtW OR DYSFUiiGTIOir

liobovv itK ^^  found  p r e - e x i s t i n g  p rim a ry  r e n a l  d i s e a s e  i n  
13 o u t o f  50 p a t i e n t s  w ith  c i r r h o s i s  o f  th e  l i v e r ,  and 
f e l t  t h a t  th e  two o cc u rc d  to g e t h e r  more commonly th a n  could  
be e x p la in e d  by c h a n c e . M ost a u th o r s ^ ’ b e l i e v e  th e  
a s s o c i a t i o n  to  be s u i t e  f o r t u i t o u s  and i t  w i l l  n o t  be 
d is c u s s e d  f u r t h e r .

The a s s o c ia t io n  betw een  r e n a l  tum ours  and a l t e r e d  
h e p a t ic  f u n c t io n  i s  how ever more d e f i n i t i v e .  The syndrome 
o f  n o n -m o t- -s ta tic  h c r a to m e ra ly  and h e p a t ic  d y s fu n c tio n  in  
p a t i e n t s  w ith  hypernephrom a h a s  boon d e s c r ib e d  by many 
w o r k c r o ^ '^ .  In  a d d i t i o n  S u m m o rc k i ll^  r e p o r te d  h e n n t ic  
a b n o r" ' l i t i e i  - a a  nr. j .c n t w ith  rt sarcoma, o f  th e  k id n e y  
w hich  im proved unon rem ova l o f  th e  tu m o u r. The l i v o r  
d y s f u n c tio n  i s  m a n ife s t  i n  th o s e  c o n d i t io n s  by re d u ced  
p ro th ro m b in  t im e ,  r a i s e d  scrum  a l k a l i n e  p h o s p h a ta s e  and 
r e t e n t i o n  o f  bromsul. u ia th o lo in .  The l i v e r  i n  u s u a l ly  
n o rm al a lth o u g h  o c c a s io n a l ly  t h e r e  may bo a non  r n e c i f i c  
r e a c t i v e  h c n a . t i t i n ^ .

The a e t io lo g y  o f  th e  syndrom e in  o b sc u re  and i t  hnc 
p o s tu la t e d  t h a t  some hum oral f a c t o r  i s  r e le a s e d  from  th e  
d is e a s e d  k i d n e y ^ ,  b u t Ut%''^ was u n a b le  to  p ro d u ce  l i v e r
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c e l l  I n ju r y  i n  m ice by i n j e c t i n g  o x t r a c tn  o f  a  hynorncphrom a. 
H o r i ^  h a s  shown a  r o l a t i o n c h i n  b etw een  th o  au tonom ic 
n e rv o u s  system  o f  th e  l i v o r  and th o  k id n e y , and i t  i s  
p o s s ib le  t h a t  n e u r a l  in v o lv e m e n t o f  th e  k id n o y  n ro d u c o s 
se c o n d a ry  c i r c u l a t o r y  ch o n re s  i n  th e  l i v e r ,  m a n ife s t  by 
a l t e r e d  h e p a t ic  f u n c t i o n .  T h is  i s  o b v io u s ly  h i r h l y  
s p e c u la t iv e  and th o  a e t io lo g y  o f  t h e  h e m t i c  ch an g es see n  
w ith  r e n a l  tum ours  rem ains o b s c u r e .

2 ) TOXINS AifD SYSTKIIIO DISXASKS INVOIVIHG BOTH LIVER 
AND KIDNEY

Those d i s e a s e s  a r e  a s s o c ia t e d  w ith  m ic ro s c o p ic  and 
m a c ro sco p ic  r e n a l  domnro and a r c  re v ie w e d  i n  o r d e r  to  
d i f f e r e n t i a t e  them  from  th e  f u n c tio n a l,  f ro u p  i n  w hich no 
r e n a l  dama.fe i s  m a n i f e s t .

The s y s te m ic  d i io rd o rs  w hich in v o lv e  b o th  l i v e r  and 
k id n e y  a r e  u s u a l ly  t o x i c  o r  '' n f o c t iv c  i n  o r i g i n ,  b u t  a 
g ro u p  o f  c o n d i t io n s  u s u a l ly  r, - n i f o s t  by c i r c u l a t o r y  
d i s t r u b r o n c e s  rmy a l s o  ■nresont w ith  c o n c o m it t" n t  r e n a l  and 
h e p a t ic  f a i l u r e .  The more common c r u s e s  a r c  l i s t e d  i n  
T ab le  ? (q u o te d  from  Kew?/’ ) .

In  moot o f  th o s e  c o n d i t io n s  th o  r e n a l  and h e n n t ic  
i n j u r y  i s  c u rse d  by t h  5 p rim a ry  d i s o r d e r  and. t h e r e  i s  
no e v id e n c e  t h a t  th o  h e p a t ic  f a i l u r e  n ro d u c o s  th e  r e n a l  
dam age. However once t h e  h e n r to r e n n l  f a i l u r e  i s  
e s t a b l i s h e d ,  th e  n r ;s o n c o  o f  u rso m ia  n ra ra v n to s  th e  m eta ­
b o l i c  d i s tu r b a n c e  o f  l i v e r  f a i l u r e .  F o r exu. o le  r a i s e d  
am ounts o f  u r e a  e x c re te d  i n t o  th e  bow el i n  u ra e m ia , w i l l  
p ro d u ce  e le v a te d  b lo o d  ammonia l e v c l " ^ .  A lso  th e  e x c r e t io n  
o f  c tn ju g a te d  b i l i r u b i n  and o th e r  d i a ly s a b le  s u b s ta n c e s  
w i l l  bo re d u ced  in  r e n a l  f a i l u r e ^ ' ' .  Shear'*'"*- h a s  a ls o  
p o s tu la t e d  t h a t  th e  m e ta b o l ic  a b n o r m a l i t i e s  fo u n d  in  
l i v e r  f a i l u r e  ’v y r n v n tn s  th e  c o - o r i s t i n g  r e n a l  d y s fu n c t io n .

Tho k idneys, i n  th o s e  c o n d i t io n s  u s u a l ly  show changes



gOXIKS Carbon t e b r a c h lo r id e
T r ic h lo r o th y lc n e  
Toluene 
H&lo-bhane 
T e tr n o y c l in e  
M ethyl a lc o h o l  
M eth oxyflu rrm e 
Paraoo-Uamol 
T an n ic  a c id  
S 'b iltiam ia in e  
M ercury 
P h o cp h o ras  
Mushroom pciD o n in p

IWPEOTIONS W c il’ D d is e n o c
Y ellow  f e v e r  
S epticc iom ia  
F a lc ip a ru m  m r-.laria

MISOEXIANBOUS Shock
D inpem inntefl i n t r a v n c c u l a r  c o a g u la t io n
B clm nnnia
H a a to tro k e
H y po therm ia



c o n s i s t e n t  w ith  a c u te  l iu b u ln r  n e c r o s i s ,  a l th o u g h  t u b u l a r  
d d . la ta t io n ,  a r e n a  o f  i n t e r s t i t i a l  n e p h r i t i s  rmfl s o - c u l le d  
b i l i a r y  n e i ih ro s is  h av e  a l s o  b ee n  d e s c r i b e d ^ '2 0 . The 
im p o rta n c e  o f  t h i o  ftroup roo t?; i n  th e  f a c t  t h a t  a  p rim a ry  
c o n d i t io n  may be i d e n t i f i e d  which dam ages b o th  th e  l i v e r  
and k id n e y .

3) REHAL DAMASK „:-,0PNHATtY TO A COMPLICATION OP PRIMARY 
LIVER DIOHAilH OR ITH TRJIAT.'IKMT

R en al f a i l u r e  may commonly bo se e n  i n  p a t io n tn  w ith  
ci:rrhoci£ i co n se q u e n t on a  s e v e re  h ae m o rrh n fc  from 
o tiao p h a^e a l v a r? .c ie a  o r  from  p e p t i c  u lc e r a t io n ^ ® . R enal 
f a i l u r e  may a l s o  o c c u r  fo l lo w in g  d i u r e t i c  th e r a n y 2 0 , o r  
frC'in Neomycin u se d  to  s to r i l i c s e  th o  b o w e l^  . I t  h a s
b ee n  shov?n t h a t  neom ycin  m?y be ab so rb e d  from  th e  bovzel 
i n  s u f f i c i e n t  c iu v r t i t i c o  to  be n e p h r o to x ic ."*0 Thio 
n e f h r o t o x i c i t y  i s  c h a r a c t e r i s e d  by p r o t e i n u r i c  and tu b u le -r  
n e c r o s i s .  Sept& .cae'nia t 'ln o  co’m ionly o c c u rn  : n  th e s e  
p a t i e n t s  and n ay  te r r a in :  to  i n  c i r c u l a t o r y  and sec o n d a ry  
r e n a l  f a i l u r e ? * .

-t) PRIT'AHY DTSKAn-'l OP TH^ T.TV.-IR Oil BILIARY SYSTEM 
APyaO-rlTIG iri'lilAL PTIKCTION

a )  F u n c t io n a l  re n r’T f ." i l u r n  In  c i r r h o r ’ir.

T h is  h a s  cm errod an an  e n t i t y  w hich i s  m a n i fe s t  a s  an 
e l e v a t io n  o f  t h e  b lo o d  u re a  o r  riorum c r e a t i n i n e  in  th e  
a b sc e n c e  o f  r e n a l  d i s e a s e  o r  c l e a r l y  d e m o n s tra b le  
8'scond 'iry  c a u se s  o f  r e n a l  f n i l u r e .  T hin  w i l l  be 
d s s c r ib e d  i n  d e t a i l  to  -nrovidc a  s u i t i r b lo  b n ck fro u n d  to  
w hich th e  chan ,res i n  o b s t r u c t i v e  ja u n d ic e  may be com pared .

P r e s e n tn t io n

I n  t h e  e a r l i e s t  n ta r o e  r e n a l  d y s fu n c tio n  may m a n ife s t  o n ly  
w ith  r e v e r s a l  o f  th o  no rm al rhythm  o f  u r in .- r y  e x c r e t io n  
o r  an  i n a b i l i t y  to  o x c r o tc  a  r a t e r  l o r i.r'? -X SocUum o x c r c t io n
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i s  re d u c e d  and a  h y p o n r tra c m ia  i c  u s u a l .  J a u n d ic e  mcy o r  
may n o t  be p re n c n t  b u t h e n a t ic  f u n c t io n  io  A eranf^d  and 
a s c i t e s  in  a lm o s t i n v a r io b lo 2 0 . L a t e r  t h e  p a t i e n t  may 
e x p e r ie n c e  n au r.ea , t h i r s t  and vom iting : and th e  b io c h o m ic a l 
a b n o r m a l i t i e s  bocome more s e v e r e . T hese b io c h e m ic a l 
a b n o r m a l i t i e s  w i l l  be d in c u o a e d  f u r t h e r  b e lo w .

W ith f u r t h e r  d e t e r i o r a t i o n  th e  n e u r o - p a y c h ia t r i c  
d i s o r d e r ,  e le c t r o c a r d io g r a p h y  ch n n re s  and o ]e v a te d  nmraonia 
c o n c e n t r a t io n s  c o n s io t a n t  w i th  h e p a t ic  coma a p p e a r ^ .  I t  
h a s  a l r e a d y  boon m en tio n ed  t h a t  th o  u ra em ia  c o n t r ib u t e s  to  
th e  h i f h  scrum  a m o n ia  l o v c l c 2'''. D u rin g  th o  l a t e  p h ase s  
o l i g u r i a  and a r t e r i a l  h y p o te n s io n  a p p e a r  th u s  c o n t r a s t in g  
w ith  e a r l i e r  c o n c e p ts  t h a t  a z o ta e m ia  i n v a r i a b ly  h ad  a  p r e -  
r e n a l  b a s i a .  A t th e  h e ig h t  n f  th e  a z o ta e m ia  t h e  r e l a t i v e  
c o n t r ib u t io n  o f  h c o a t ic  and r e n a l  f a i l u r e  to  th e  c l i n i c a l  
and b io c h e m ic a l  c h r n r e s  a r e  d i f f i c u l t  to  d i s t i n g u i s h ^  b u t 
d e a th  i s  u s u a l ly  due to  h e p a t ic  f a i l u r e . The ch a n ce s  o f  
s u r v iv a l  do-oend on th e  d e/troe  o f  r e v e r c a b i l i t y  o f  th e  h e p a t ic  
d i s e a s e  a s  r e n a l  f u n c t io n  im p ro v es o n ly  when th e  l i v e r  
d i s e a s e  i f  c o n t r o l l e d ^ .

H i s t o lo p j c r l  c h g n ro s  i n  th e  Iridney

E x a m in a tio n  o f  th e  k id n e y s  o l c i r r h o t i c  p a t i e n t s  u s u a l ly  
r e v e a l s  n o th in g  abnorm al and whon l e s i o n s  a r e  found  th o s e  
a r e  u s u a l ly  non  c p e c i f i c ^ ’ '^  . R e c e n t ly ,  h ow ever, Salmon^1 
i d e n t i f i e d  f lo m e r u la r  ch « n fo e  i n  r e n a l  b io p s y  t i s s u e  from  
a l l  tw e n ty - f o u r  p a t i e n t r ,  s t u d ie d  w ith  h e n a t ic  d i s e a s e .
I n  t h i s  r ,e r ic s  s t u d i e s  by e l e c t r o n  m icroscoTiy r e v e a le d  
d e p o s i t s  i n  t h e  c a p i l l a r y  w a ll  and th o  m o s n n f im , t h ic k e n in g  
o f  th e  basem en t membranes and an  in c r e a s e d  m e sa n ^ ia l  m a t r ix .  
T hese f lo m c r u la r  chanson  h a v e , h o w ever, n o t  been  c o r r e l a te d  
w ith  th e  a b n o r m a l i t i e s  i n  r o r a l  f u n c t io n  n o r  w ith  th o  ty p e ,  
d u r a t i o n  o r  s e v e r i t y  o f  th e  h e n a t ic  d i s e a s e .  F u rth e rm o re  
Kew?  ̂ f o o l s  t h a t  many o f  th e  chanpcn  o b se rv e d  such  ne 
vidoninf-: o f  th e  m er.fin ria l m a t r ix , t h i c k e n i n f  o r  s n l i t t i n f  
o f  th e  r lo m c ru .1 r.r  basem ent mombrano o r  arer.o  o f  i n t e n t i t i a l
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n e p h r i t i s  and b i l e  s t c i n i n r  o f  th e  t u b u l a r  e p i th e l iu m  a r e  
o f  d o u b t f u l  s i g n i f i c a n c e .  Ho s t a t c c  t ^ r t  s i m i l a r  ch a n ren  
hav e  b ee n  found  i n  c i r r h o t i c  p a t i e n t s  w i th o u t  r e n a l  f a i l u r e .

R en al c i r c u l a t o r y  f u n c t io n .

C o n v e n tio n a l t e s t s  o f  r e n a l  f u n c t io n  show th e  re d u c e d  
c le a r a n c e s  o f  i n u l i n ,  p a r a -n m in o h ip p u r ic  a c id ,  c r e a t i n i n e  
and u r e a ^ ’ ^ .  T h is  p ro g re s r .iv o  d e t e r i o r a t i o n  i n  c le a ra n c e  
v a lu e s  h a s  been  c o r r e l a te d  w ith  th e  s e v e r i t y  o f  th e  d i s e a s e ^ .  
T o ta l  r e n a l  p lasm a f lo w  and th e  r e n a l  f r a c t i o n  o f  th e  c a r d ia c  
o u tp u t  a r e  r e d u c e d ^ '^ ' - ^ ,  a lth o u g h  c a r d i a c  o u t  n u t , mean 
a r t e r i a l  b lo o d  p r e s s u r e  and s y s te m ic  v a s c u la r  r e s i s t a n c e  
a r e  u s u a l ly  w i th in  no rm al l im i t s '*  ’ , No m a jo r  c o n t r ib u t io n s
by re d u c e d  p lasm a c o l l o i d  o sm o tic  p r e s s u r e  and serum  
o s m o la r i ty  to  t h e  r o n n l  f a i l u r e  hav e  been  su b s ta n tia te d "* -"* ’ .
S u m m e ro k ill^ ^ a lso  f e e l s  t h a t  r e n a l  haem odynrn ic  f u n c t io n  i s  
u n l i k e l y  to  be im p a ire d  a s  a  r e s u l t  o f  co m p re ss io n  o f  r e n a l  
venous o u tf lo w  a s  t h e  g lo m e ru la r  f i l t r a t i o n  r a t e  and th e  
e f f e c t iv e  r e n a l  p lasm a f lo w  a r c  l i t t l e  i n f lu e n c e d  by th e  
d is a p p e a ra n c e  o f  th e  a s c i t e s . T h is  c u o s t io n  o f  r a i s e d  
abd o m in al p r e s s u r e  n ro d u c in f  r c n o - v a s c u ln r  c h a n ,o s  w i l l  be 
d i s c u s s e d  f u r t h e r  when c o n s id e r in g  th e  a e t io lo g y  o f  th e  
c o n d i t i o n ,  I t  would seem how ever, t h a t  th e  c h a n re s  in  
r e n a l  haemodynamic a i s  f u n c t io n a l  and re v e ro r .b le  s in c e  
K o p p o l^  h a s  s u c c e s s f u l ly  t r a n s p l a n te d  k id n e y s  from  c i r r h o t i c  
p a t i e n t s  d y in g  w ith  r e n a l  f a i l u r e  t o  p a t i e n t s  w ith o u t 
l i v e r  d i s e a s e . T hese k id n e y s  hav e  re g a in e d  t h e i r  no rm al 
f u n c t i o n .  T hin  f u n c t io n a l  a b n o r m a l ity  i n  th e  k id n e y s  in  
c i r r h o s in  a p p e a rs  to  be cm in c re a s e d  r e n a l  r e s i s t a n c e .
Renal b lo o d  f lo w  i n  c i r r h o s i s  can  be im proved  by d ru g s  
w hich  lo w e r r e n a l  v a s c u la r  r e s i s t a n c e ^ 6 ’ ^ , w hich h a s  been  
shown to  be i n c r e a s e d '* . The in c r e a s e  in  r e n a l  r e s i s t a n c e  
i s  p ro b a b ly  duo to  an  a c t iv e  v s n o - c o n s t r ic t io n .  B n s te in 10 
showed a. c o n s i s t e n t  r e v e r s a l  o f  a l l  th e  v a s c u la r  a b n o r m a l i t i e s  
i n  th e  k id n e y s  i n  f i v e  c i r r h o t i c  p a t i e n t s  n t  p o st-m o rtem  
a n g io g ra p h y . Ho h ad  shown t h a t  in  th o s e  n a t i c n t s  t h e r e  was 
a  d e c re a s e  i n  b o th  mean r e n r l  b lo o d  flo w  and th o  p e r c e n ta g e  
o f  th e  b lood  f lo w in g  to  th o  o u t e r  c o r te x  o f  th e  k id n e y .
T h is  s h i f t  o f  b lo o d  f lo w  d i s t r i b u t i o n  i n  c i r r h o s i s  h a s
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a l s o  been  shown by Kew12 S c h ro e d e r38 and o t h e r s . 4 ,1 0 ,1 2 ,1 :L  

P a th o g e n e s is

The a e t io lo g y  o f  t h e  syndrom e i s  o b sc u re  and C o n a ^  f e e l s  
t h a t  th e r e  i s  moot p ro b a b ly  more th a n  one c a u s e . T r i s t a n !  
and Cotm? have shown t h a t  p a t i e n t s  w ith  f u n c t io n a l  r e n a l  
f a i l u r e  s e c o n d a ry  to  c i r r h o s i s  hav e  a  d e c re a s e d  p lasm a 
volum e w hich i s  a s s o c ia t e d  w ith  a  d e c re a s e d  c a r d ia c  o u tp u t  
and in c r e a s e d  r e n a l  v a s o c o n o tr io t i o n .  E x p an sio n  o f  p lasm a 
volum e i n  t h e i r  s e r i e s  im proved  r e n a l  b lo o d  f lo w . However 
moot s t u d ie s  hav e  shown t h a t  th e  n laom a volum e i s  in c r e a s e d  
in  c i r r h o s i s 4®’4'*", and C o n n ^  f o o l s  t h a t  t h e r e  may be two 
ty p e s  o f  haemodynnmic p a t t e r n  a s s o c ia t e d  w ith  o l i g u r i c  
h e p a to - r e n a l  f a i l u r e ;  -  one w ith  a  d e c re a s e d  p lasm a v o lu m e, 
r e v e r s a b le  by volum e e x p a n s io n  and tg h e  o t h e r  a h ig h  o u tp u t ,  
in c r e a s e d  plasm?, volum e ty p e .

M ashford42 found t h a t  p a t i e n t s  w ith  c i r r h o s i s  behaved  
a s  i f  th e y  w ere d e p le te d  o f  t i s s u e  n o r a d r e n a l in e  as  h i s  
p a t i e n t s  te n d e d  to  be h y p o te n s iv e ,  and  h ad  a d im in ish e d  
re s p o n s e  to  ty ra m in e . T h is  i s  c o m p a tib le  w ith  r. th e o ry  by 
F is h e r 4 ^ t h a t  i n e r t  am inos su ch  a s  'p h e n y la la n in e  o r  ty ra m in e  
may a c t  a s  f a l s e  n c u ro  t r a n s m i t t e r s  and may re p la c e  
n o r a d r e n a l in e  o r  donam ino i n  h e n a to r o n a l  f a i l u r e . T h is ,  
ho w e v er, would n o t  e x n la in  i n c r e a s e d  re n n ] v a s c u la r  r e s i s ­
ta n c e  i n  th e s e  p a t i e n t s  o r  why t h e n  i s  a r e d i s t r i b u t i o n  o f  
b lo o d  awry from  th e  c o r te x  i n t o  th e  ju x ta m e d u l la ry  r e g io n s .

I t  h a s  a l s o  been  p o s tu la t e d  t h a t  some t o x i c  su b s ta n c e  
i s  r e le a s e d  by th e  l i v e r  w hich in  v r .o o - a c t iv o . S h o rr44 
su g g eo to  t h a t  an  e q u i l ib r iu m  e x i s t s  b e tw een  a  v a so ­
c o n s t r i c t o r  s u b s ta n c e  s y n th e s i s e d  i n  th e  k id n e y  and a  v n so -  
d i l a t o r y  o ubn tanoc produced  and d eg rad ed  by th e  l i v e r .  The 
fo rm e r , w hich a n n o a rs  i n  b lood  i n  e a r l y  sh o c k , c a u se s  a 
p r o t e c t iv e  v a s o - c o n s t r i c t o r  rosn o n o o  and onens a r t e r i o ­
venous rn a sto m o n o r to  m a in ta in  c i r c u l a t i n g  vo lu m e; th e  
l a t t e r ,  w hich h e  b e l i e v e s  t o  bo f e r r i t i n ,  c a u s e s  v a s o d i l ­
a t i o n  o f  c a p i l l a r i e s  and s ta g n a n t  p o o l in g  o f  b lo o d . In
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c i r r h o t i c  on im alc  h e  fo u n d  d im in ish e d  h e p a t ic  d e g r a d a t io n  
o f  v a s o - d e p re s o o r  m a t e r i a l . T h is  c o n c e p t , w hich f i t s  some 
o f  th e  f e a t u r e s  o f  f u n c t io n a l  r e n a l  f a i l u r e ,  h a c  hoy/ever 
n e v e r  been  v a l i d a t e d  c l i n i c a l l y ,  and no ouch v n o o -d e p re sB o r 
s u b s ta n c e  h a s  e v e r  boon c o n v in c in g ly  i s o l a t e d  from  th e  
l i v e r .  I t  h a s  how ever been  shown by V a r f i s h  and c o l l e n f u e o ^  
t h a t  h e p a t ic  a n o x ia  can ca u se  an  in c r e a s e d  v a s c u la r  r e s i s ­
ta n c e  i n  th e  k id n e y . These a u th o rs  s u r e s t  t h a t  t h i s  
r e l e a s e s  a  v a s o - d i l a to r  o u b c ta n ce  v;hich onc:no up c h a n n e ls  
i n  th e  i n n e r  c o r te x  o f  th e  k id n e y . I n  v iew  o f  th e  
c o n n e c t io n  shown by H o r i ^  betw een  h e p a t ic  s y m p a th e tic  
su p p ly  and t h a t  o f  t h e  k id n e y , i t  may b e ,  t h a t  th e  v a s o -  
c r e s t r i c t i o n s  i n  h e p a t i c  a n o x ia  i s  due t o  a  s y m p a th e tic  
r e s p o n s e  r e f l e c t e d  i n  b o th  o rg a n s .

I t  h a s  b ee n  m en tio n ed  above t h a t  in c r e a s e d  e b d o n in a l  
p r e s s a r c  i s  a l s o  c o n o id e re d  a  p o s s ib le  ca u se  s in c e  n a r a -  
c e n t e s i s  can  r e v e r s e  th e  r e n a l  hnomodynainic ch n n fo s  o f 
o i r r h o s i s ^ ^ . T h is  i s  i n  c o n t r a s t  to  th e  f i n d in g s  by 
S u ir a e r s k i l l  m en tio n ed  p r e v io u s ly .  I n  a d d i t i o n  M ullnnc and 
G lie d m a n ^  found  t h a t  th e  i n f e r i o r  v en a  ca v a  p r e s s u r e  i s  
in c r e a s e d  i n  c i r r h o s i s  w ith  o r  w i th o u t  a s c i t e s ,  n lthou ,~h  
th e  l a t t e r  was more common. They co n te n d  t h a t  th e  e n la rg e d  
l i v e r  i t s e l f  may o b s t r u c t  th e  i n f e r i o r  vono c r v a .  C o n n ,^  
h o w e v er, p o in t s  o u t  t h ' t  in c re m e n ts  i n  r e n n l  ven o u s n r e s s u r e  
r e q u ir e d  to  im p a ir  r e n a l  f u n c t io n  f a r  exceed th o s e  o b se rv ed  
i n  c i r r h o s i r - .

H y p o n a traem ia  i s  common i n  c i r r h o s i s  and t h i s  h a s  been  
p o s tu la t e d  a s  t h e  ca u se  o f  th e  c o n d i t io n -̂ ,  b u t  i t  i s  
p ro b a b ly  d i l u t i o n a l  i n  n a tu r e  ond w i l l  be ctiscuoned  f u r t h e r  
when c o n s id e r in g  th e  b io c h e m ic a l  a b n o r m a l i t i e s  o f  th e  h e p a to ­
r e n a l  f a i l u r e .

A l t e r a t i o n s  i n  oxygen o a tu r a t io n ^ ^  and p o r t n l  n y s to n ic  
s h u n t in g ^  hove a l s o  been  m o n tio re d  an b e in g  in v o lv e d  in  
th o s e  c o n d i t i o n s ,  b u t  b a s i c a l l y  th e  c x a c t  a e t io lo g y  o f  th e  
syndrom e re m a in s  o b s c u r e .  The o n ly  d e f i n i t i v e  f i n d in g  i s
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t h a t  th e r e  i s  i n c r e a s e d  r e n a l  r e s i s t a n c e  i n  t h i s  c o n d i t io n .  
The a e t io lo g y  o f  t h i s  i n c r e a s e  i s  a s  s t a t e d  a s  y e t  u n id e n t i ­
f i e d  b u t  i s  p ro b a b ly  m u l t i - f a c t o r i a l  i n  n a t u r e .

b )  R onal chr.nm r, i n  m a l i m r n t  d i s e a s e s  o f th e  l i v e r  and 
no n - c i r r h o t j c  h y p e r te n s io n

Kew u s in g  th e  " ^ x o n o n  te c h n iq u e  i n  b o th  o f  th e s e  c o n d i t i o n s ,  
showed a  r e d u c t io n  in  o u t e r  c o r t i c a l  f lo w  w hich was accom­
p a n ie d  by a  r e d u c t io n  i n  g lo m e ru la r  f i l t r a t i o n  r n t e . 2-̂ ’1^
The p a t t e r n  o f  r e n a l  f a i l u r e  ch an g es was s i m i l a r  to  t h a t  
s e e n  i n  r e n a l  d y s fu n c tio n  a s s o c ia t e d  w ith  h e p a t ic  c i r r h o s i s .  
Kew s u g g e s ts  t h a t  s in c o  th e  b lo o d  f lo w  d i s t r i b u t i o n  changes 
i n  n o n - c i r r h o t i c  p o r t a l  h y p e r te n s io n  a r c  s i m i l a r  to  th o s e  
fo u n d  in  h e o a t ic  c i r r h o s i s ,  t h e  in c r e a s e d  r e n a l  r e s i s t a n c e  
fo u n d  i n  th e  l a t t e r  d i s e a s e  may be due to  a. r a i s e d  p o r t a l  
p r e s s u r e . T h is  would f u r t h e r  o u n p o rt th e  c o n te n tio n  t h a t  
r a i s e d  abdom inal p r e s s u r e  i s  r e c n o n s ib le  f o r  th e  p a th o g e n e ­
s i s  o f  th e  d i s e a s e . T h is  ho.s been  d i s c u s s e d  a b o v e .

THE KIDIi-OY /J:D On’iTRUGTIV^ JAUNDICE 

I n  1911 C ln irm o n t and Von H n b e r c r ^  drew  a t t e n t i o n  to  a 
d e f i n i t e  h a z a rd  found i n  a  ja u n d ic e d  p a t i e n t  who u n d e rg o e s  
s u rg e ry  i . e .  a c u te  p o s t - o p e r a t i v e  r e n a l  f a i l u r e . They 
d e s c r ib e d  f i v e  n a t i o n t s  w ith  o b s t r u c t i v e  ja u n d ic e  n i l  o f 
whom d ie d  o f  o l i g u r i c  r e n - l  f a i l u r e  noon a f t e r  an  o n e r a t io n  
f o r  t h e  rem ov.-l o f  g a l l - s t o n e s .  They cm r-hasiscd  t h a t  an r-rt 
from  th e  ja u n d ic e  th c a o  p a t i e n t s  w ere in  good h e a l th  w ith  
no p re v io u s  r e n a l  d i s e a s e .  They -p o s tu la te d  t h a t  o b s t r u c t iv e  
ja u n d ic e  p re d is p o s e s  to  o ld ," u r ic  r e n a l  f a i l u r e .

H c y d ^  j.n 19P4 n o te d  t h a t  fo l lo w in g  o p e r a t io n s  on th e  
b i l i a r y  t r a c t  f o r  a  v a r i e t y  o f  r e a s o n s ,  th e r e  was n h ig h  
m o r t a l i t y  oven i n  p a t i e n t s  who wore n o t  j a u n d ic e d . W hile 
many o f  th e s e  p o s t - o p e r a t i v e  d e a th s  w ere n ro b a b ly  due to  
i n f e c t i o n ,  in rd o a u p to  p re -o p o ru ti .v e  u r m ia r a t i  on o r  prob lem s 
o f  a n a e s t h e s i a , i t  would a p p e a r  t h a t  p o s t - o p e r a t i v e  r e n a l  
f a i l u r e  accom panying  o b s t r u c t i v e  ja u n d ic e  i s  a  d i s t i n c t  
e n t i t y .
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t h a t  t h e r e  i s  i n c r e a s e d  r e n a l  r a n is t a n c e  i n  t h i n  c o n d i t io ; : .  
The a e t io lo g y  o f  t h i s  in c r e a s e  i s  a s  s t a t e d  a s  y e t  u n i d e n t i ­
f i e d  b u t  i s  p ro b a b ly  m u l t i - f a c t o r i a l  i n  n a t u r e .

b ) R en al chr.Ti^cr, in  n o l i m r n t  d in cr.c eo  o f  th e  l i v e r  end 
n o n - c i r r h o t i c  h y n o rto n r.io n

Kev/ u s in g  th e  "^ ^ x cn o n  te c h n iq u e  in  b o th  o f  th e s e  c o n d i t i o n s ,  
shov/ed a  r e d u c t io n  in  o u t e r  c o r t i c a l  f lo w  w hich was accom­
p a n ie d  by a  r e d u c t io n  i n  f lo m e r u la r  f i l t r a t i o n  r a t e | 1 4  
The p a t t e r n  o f  r o n a l  f a i l u r e  chnn/res v/nc s i m i l a r  to  t h a t  
s e e n  i n  r e n a l  d y s f u n c tio n  a s s o c ia t e d  w ith  h e p a t ic  c i r r h o s i s .  
Kew s u f f e s t s  t h a  i s in c e  th e  b lo o d  f lo w  d i s t r i b u t i o n  chan/rea 
i n  n o n - c i r r h o t i c  p o r t a l  h y p e r te n s io n  a r c  s i m i l a r  to  th o s e  
fo u n d  i n  he s ta t ic  c i r r h o s i s ,  th e  in c r e a s e d  r e n a l  r e s i s t a n c e  
fo u n d  i n  th e  l a t t e r  d is e a s e  may bo due to  a  r a i s e d  p o r t a l  
p r e s s u r e . T h is  would f u r t h e r  s u n p o r t  th e  c o n te n tio n  t h a t  
r a i s e d  abdom inal p r e s s u r e  i s  r e s n o n o ib le  f o r  th e  p a th o g e n e ­
s i s  o f  th e  d i s e a s e . T h is  h a s  b ee n  d ic c u o sc d  a b o v e .

Tim KiDiHY /j :d m a p a n c T iv a  ja u kd ick

I n  1911 C lr .in r.o n t azid Von H a b c r o r ^  drew  a t t e n t i o n  to  a
hasaxO. found  i n  a  ja v n d io n a  p a t i e n t  who unc’c r r o e s  

s u r f o r y  i . e .  i c u t e  p o s t - o p e r a t i v e  r e n a l  f a i l u r e .  They 
d e s c r ib e d  f i v e  p c t i e n t s  w ith  o b s t r u c t iv e  ja u n d ic e  a l l  o f  
whom d ie d  o f  o l i f u r i c  renr.3. f a i l u r e  soon  a f t e r  an  o p e r a t io n  
f o r  t h e  rcnovf’l  o f  r r l l - s t o n e o . They em nhrsined  t h a t  a n a r t  
from  th e  ;jaundico  th e i.c  p a t i e n t s  wore i n  fo o d  h e a l th  w ith  
no p re v io u s  r e n a l  d i s e a s e . They p o s tu la t e d  t h a t  o b s t r u c t iv e  
j a u n d ic e  p re d is p o s e s  to  o l j  '-u r ic  r e n a l  f a i l u r e .

H e y d ^  i n  19?4 n o te d  t h a t  fo l lo w in g  o p e r a t io n s  on th e  
b i l i a r y  t r a c t  f o r  n v a .r ie ty  o f  r e a s o n s ,  t h e r e  was a  h i f h  
m o r t a l i t y  even  i n  pat:i e n t s  who w ere n o t  j a u n d ic e d . W hile 
many o f  th e s e  p o s t - o p e r a t i v e  d e a th s  wore p ro b a b ly  due to  
i n f e c t i o n ,  in ad o c u r-te  p r o - o p e r a t iv e  p r e p a r a t io n  o r  prob lem s 
o f  a n a c n th n s i  a , i t  would np n o n r t h a t  p o s t - o p e r a t i v e  r e n a l  
f a i l u r e  accom panying  o b s t r u c t iv e  ja u n tl ic o  i s  a  d i s t i n c t  
e n t i t y .



P a re  1 4 .

The c l i n i c a l  f i n d in g s  by Z o l l in g e r  and W ill ia m s ^0 as  w e ll  
a s  Dawson"*"'’, t h a t  t h e r e  i s  a  much h i r n e r  in c id e n c e  o f  a c u te  
p o s t - o p e r a t i v o  r e n a l  f a i l u r e  i n  o b s t r u c t iv e  ja u n d ic e  would 
te n d  to  c o n f irm  th e s e  e a r l i e r  s t u d i e s .

The a e t io lo g y  o f  t h i s  p o s t - o p e r a t i v e  o l i f u r i c  r e n a l  f a i l u r e  
i s  unknown. Boyce nnd M c P e tr id re ^  l i f a t e d  th e  common b i l e  
d u c t i n  dops and m a in ta in e d  th e  o b s t r u c t io n  f o r  e ig h te e n  
d a y s . They th e n  r e le a s e d  th e  o b n t r u c t io n  and th e  d e a th n  
w hich fo llo w e d  t h i s  r.econd o n e r a t io n  o cc u rn d  t e n  to  f o u r te e n  
d ays t h e r e a f t e r ,  and was accom panied  by d e g e n e ra t iv e  
ch an g es i n  th e  tu b u le r , o f  th e  k id n e y  w ith  p ro c e d in r  symntoms 
c o n s i s t e n t  w ith  u ra e m ia . T hese n u th o rn  th e r e f o r e  conter.il 
t h a t  th e  r e le a s e  o f  th e  b i l i a r y  o b s t r u c t io n  i s  r e s p o n s ib le  
f o r  th e  f a t a l  o u tco m e, and p o s t u la t e  t h a t  a  t o x i c  su b s ta n c e  
i s  r e le a s e d  i n t o  th e  c i r c u l a t i o n .  A utopsy  f in d  i n f s  by 
H e lw if  nnd Schutz^"*" i n  t r a u m a tic  damofe t o  th e  l i v e r ,  a r e  
s i m i l a r  t o  th o s e  d e n c rib e d  by Boycc and M c P e tr id fe  r-jid 
th e s e  a u th o rs  a l s o  b e l ie v e d  t h a t  come s u b s ta n c e  i s  r e le a s e d  
by th e  l i v e r  i n to  th e  c i r c u l a t i o n  r e s u l t i n g  i n  k id n e y  
dam age. An m en tio n ed  when d i s c u s r i n f  th e  f u n c t io n a l  r e n a l  
f a i l u r e  o f  c i r r h o s i e  no ouch t o x i c  su b n to n c e  h a s  s s  y e t  
been  i d e n t i f i e d .

I t  h a s  been  c u r r e n te d  by V /illiam c and Z o l l i n f e r ^ ? t h a t  i n  
o b s t i- u c t iv e  ja u n d ic e  th e  k id n e y s  a r c  s e n s i t i v e  t o  p e r io d s  
o f h y p o te n s io n . They n o ted  t h a t  i n  t h i r t y - s e v e n  n n t i c n t s  
who d ie d  fo l lo w in g  o n e r a t j  orm , tw e n ty -s e v e n  d eve loped  
h y p o te n s io n  l a n t i n r  f o r  one and a  h a l f  to  n in e te e n  h o u rs  
p r i o r  to  d e a th .  They a lc o  examined th e  a f f e c t  on th e  
k id n e y  o f  h y p o te n s io n  in  ja u n d ic e d  and no rm al d o fs  and showed 
t h a t  u r e a  c le a ra n c e  was alw ays lo w e r i n  th e  ja u n d ic e d  d o r s .  
T hese a u th o rs  a l 'jo  rhowed t h a t  h y p o te n s io n  was induced  
w ith  much l e s s  M ood l o s s  i n  ja u n d ic e d  a n im a ls  th a n  in  
th e  no rm al a n im a ls .  T hin  s u f f e n t io n  t h a t  th e  k id n e y s  a r e  
more s e n s i t i v e  to  isc h a e m in  i n  o b s t r u c t iv e  ja u n d ic e  i s  
f u r t h e r  s t r e n g th e n e d  by th e  work o f  Dawson"1  ̂ i n  r a t s .  He 
showed t h a t  th e  dam are to  t h e  r e n a l  parenchym a caused  by
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p ro lo n g e d  c la m p in g  o f  th e  r e n a l  a r t e r y  v/rtn more s e v e re  i n  
th e  ja u n d ic e d  a n im a ls  th a n  i n  n o rm al c o n t r o l s .  Dawson a ls o  
p o s tu la t e d  t h a t  th e r e  i s  s  • r e d u c t io n  in  r e n a l  b lood  '’low  in  
o b s t r u c t iv e  ja u n d ic e  s in c e  a  m n n n ito l  d i u r e s i s  whici 
m a in ta in s  r e n a l  b lood  f lo w , l a r g e l y  d im in ish e d  is c h a e m ic  
r e n a l  damage b o th  i n  dogs w ith  o b s t r u c t iv e  ja u n d ic e  as  w e ll  
a s  hum ans.

The p o s s ib le  s u b s ta n c e s  c a u s in g  t h i s  i n c r e a s e d  s e n s i ­
t i v i t y  to  is c h c c m ia  a r e  unknown b u t  th e  two w hich a r e  m ost 
o b v io u s  a r e  c o n ju g a te d  b i l i r u b i n  and b i l e  s a l t s , a l th o u g h  
th e r e  a r e  num erous o th e r  b io c h e m ic a l  a b n o r m a l i t i e s  in  
o b s t r u c t iv e  ja u n d ic e  w hich m ust a l s o  be c o n s id e r e d .

The k id n e y  doea n o t  e x c r e te  u n c o n ju g r te d  b i l i r u b i n  
w hich i s  n o n - d i s l y s a b l e ^ .  C o n ju g a ted  b i l i r u b i n  ( b i l i r u b i n  
d ig lu c u r o n id e )  i s  how ever w a te r  s o lu b le  and m ost o f  i t s  
e x c r e t i o n  i s  v i a  g lo m e ru la r  f i l t r a t i o n ^ ,  a l th o u g h  th e  
t u b u l a r  c e l l s  may a l s o  be exposed  to  b i l i r u b i n  v i a  th e  
v a s a  r e c t n e .  T h ere  i s  e v id e n c e  t h a t  b i l i r u b i n  may be t o x i c  
to  c e l l s  and t h i s  h a s  b een  showr to  u n c o u p le  o x id a t iv e  
p h o s p h o ry la t io n  i n  m ito c h o n d r ia - 4 a s  w e ll  on h a v in g  an  
in h i b i t o r y  e f f e c t  on e l e c t r o n  t r a n s f e r ^ 4 . I t  h a s  a l s o  been 
shown t h a t  i n  th e  ornrum ce u f  a n o x ia  o r  is c h a e m ic  t h a t  
c p .p i l l i a r y  p e r m e a b i l i ty  in c r e a s e s  and th e  am ount o f  
c o n ju g a te d  b i l i r u b i n  e n t e r in g  th e  c e l l o  r i s e n  th e re b y  
com pounding th e  dam age''4 . F u r th e r  e v id e n c e  o f  th e  to x i c  
e f f e c t s  o f  b i l i r u b i n  on c e l l u l a r  f u n c t io n  i s  shown by th e  
work o f  A n to in e  and N e v c n o u ^  who d e m o n s tra te d  r e n n l  a n t i ­
g en s i n  th e  u r in e  o f  p a t i e n t s  o f  o b n t r u c t iv e  ja u n d ic e  t h a t  
th e y  b e l ie v e d  wore d e r iv e d  from  damaged r e n a l  t u b u le s .

F u r th e r  e v id e n c e  t h a t  c o n ju g a te d  b i l i r u b i n  in  in v o lv e d  
in  th o  deve lopm en t o f  r e n a l  damage i n  o o s t r u c t iv e  ja u n d ic e ,  
i s  p ro v id e d  by th o  work o f  Baum'1"8 on Gunn and W is tn r  r a t s .  
In  Gunn r a t s  n v e r y  l i t t l a  c o n ju g a te d  b i l i r u b i n  i s  form ed 
aa th e y  have a  c o n g e n i ta l  ab se n ce  o f  th e  cm-.yrnc u r id in e  
d ip h o o n h id o  g ly c u ro n y l  t r a n s f e r a s e .  Baum showed t h a t  th e s e
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r a t s  w ere l o s s  s e n o i t i v c  t o  r c n n l  aam are iro m  iccbaem in . 
fo llo w in g - l i r a t i o n  o f  th e  common b i l e  d u c t ,  th im  V /io tar 
r a t a  who have no rm al (m oun ts  o f  conjuf-tvbed b i l i r u b i n .
T hin  i s  a l s o  s u p p o r te d  by th e  c l i n i c a l  f i n d in g  t h r . t  th e  
r e n a l  f a i l u r e  i n  o b s t r u c t i v e  ja u n d ic e  in  r e l a t e d  .to  th e  
d e p th  o f  th e  jn u n e ic e 1  ̂ a lth o u g h  Baldufj^ ond S pellbo rg^®  
havo n o te d  t h a t  th o  dovelopm ont o f  r e n a l  f a i l u r e  i n  
c i r r h o s i s  doer, n o t  a p p e a r  to  bo r e l a t e d  to  t h e  l e v e l  o f  
th o  h y p e r b i l i r u b in a e m ia .

A lth o u g h  x m con ju fe .tea  b i l i r u b i n  i s  n o t  s i p n i f i c o n t l y  
i n c r e a s e d  in  o b s t r u c t i v e  ja u n d ic e  i t  may compound th e  
damaf-e cau sed  by o t h e r  f a c t o r s  r.inco  i t  i t s e l f  i a  to x ic  
to  c e l l n .  In  K e r n ic te r u o  S c h m id t^  h a s  nhov/n marked 
b i l i r u b i n  s t a i n i n g  o f  th e  i n n e r  m edu lln  o f  th e  k id n e y , 
and i n  Gunn r a t s  w ith  c h o l e a t i r .n i a , O d e l l o h o v r 's  t h a t  th e  
c o n c e n trc t-  on o f  b i l i r u b i n  i n  th e  m ed u lla  was m ark e d ly  
i n c r e a s e d .  Diamond end S ch m id t'’^ hav e  h o w ever, shown th r . t  
th e  so  ru n  c o n c e n t r a t io n s  o f  u n co n ju f-a ted  b i l i r u b i n  i n  
o b s t r u c t iv e  jc u n d ic e  a r e  i n s u f f i c i e n t  to  a f f e c t  o x id a t iv e  
p h o s p h o r y la t io n . In  a d d i t i o n  A o y a -i and I .o e n c te in ^ ^  w ere 
s lf ,o  u n a b le  to  in d u ce  r e n a l  i n s u f f i c i e n c y  i n  r a t e  by 
in fu s ln /-: u n c o n ju ra tc d  b i l i r u b i n .

I t  i s  n o c n ib le  t h a t  a  b i l e  or.] to  n ay  be r e a r o n r ib ]  e 
f o r  t h e  r e n a l  f a i l u r e  found  w ith  c h o lc n ta r j .o . A oyari and 
T iO enctein3-̂  ahowee! t h a t  rr-.ts i n  whom nodium e tio la te  and 
tn u ro c h o lu te  w ere in fu a c d  i n t o  th o  k id n e y , d ev e lo p ed  re n a l  
f a i l u r e  a f t e r  a  t h i r t y  m in u te  p e r io d  o f  i i ic h a o n i t  v.-hcroan
norm al r a t s  d id  n o t . They n o a tu la to  t h a t  b i l e  a a l t a  a re
r e a p o n n ib le  f o r  th e  h y n e r - a o n n i t i v i ty  o f  th e  kilcinpy to  
p e r io d o  o f  ia c h a o m ia . I t  i n  n ln o  n o n n ib ln  thr^t b i l e  a a l t a  
may p o t e n t a t e  th e  e f f e c t  o f  b i l i r u b i n  on th e  k id n e y , 
O o n ju ra te A  b i l i r u b i n  in  l e a n  f i r m ly  bound to  n r o t e in  
( album en and b e ta  f l o b u l i n )  i n  th e  n rc a e n c e  o f  b i l e  a a l ta ^ ^  
end a la o  becomoa more o n :; i]y  d ia ly a o d ,  Thua b i l e  a a l t n  nay  
en h a n ce  th e  a b i l i t y  o f  t h e  b i l i r u b i n  to  e n t e r  th e  cc3;l a
th e re b y  com pundinr th o  d n n afe  cauaud by i t .
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A f u r t h e r  p o sa i 'b lo  e x p la n a t io n  f o r  th e  incronD e in  
a e n s i t i v i t y  o f  th o  Jridneyy to  iechc.om ia, i c  t h a t  in  
e x p e r im e n ta l  b i l i a r y  o b c tru c t io n . t h e  f.bdomirvc.l ven a  onvztl 
p r e s s u r e  io  e l e v a t e d . T hin  hna boon clj scunncd  above when 
c o n s id e r in g  th e  a e t io lo g y  o f  th e  chonfioa due to  c i r r h o s i s  
o f  th e  l i v o r .  I t  wnn m en tio n ed  th o ro  t h n t  th e  abdom inal 
p ro a s u re s  a re  n o t  h i f h  enouph to  a c c o u n t f o r  th  chanfrcfj in  
r e n a l  p e r f u s io n  w hich  o re  fo u n d  w ith  th o  d ic o a o o  ^ . However 
th e  r i s e  in  rbdom inn] p r e s s u r e  co u ld  r c n u l t  i n  th e  r e le a s e  
o f  r e n in  w hich by fo rm in g  a n r io t e n o in  I I  co u ld  ca u se  r e n a l  
v a s c u la r  c o n o t r i c t i o n 6 0 . T h in  l a t t e r  oxpD a n n t io n  i s  
s u p p o r te d  by Kow, who found  ch ru ircs i n  n o n - c i r r h o t i c  m o rta l  
h y p e r te n s io n  s i m i l a r  to  th o a c  found  i n  c i r r h o c i s 1 ^ .

I t  i s  a3.so p o n c ii i lo  th :  i  t h e  a c u to  r e n a l  f a i l u r e  i s  
sec o n d a ry  to  c i r c u l a t o r y  f - i l u r e  fro-n re ^ tic a e m ic  ch o c k .
A h i r h  p r o p o r tio n  o f  f lcn th c  i n  th e  D aw so n ^  a o rie R  was cnuned 
by i n f e c t i o n  and c i.o l- n f i t i c  and r e c e n t l y  W ardlc and W r ifh t6^ 
have shear, t h a t  th*  c l  o.” re  nee o f  e n d o to x in  in  r a t s  w ith  
c h o l e s t i r r  i s  ir- d v h  v c l .  A d d i t io n a l  e v id e n c e  f o r  t h i s  th e o ry  
i s  p ro v id r  1 by th  f ir ;- j :.iv- o f  W ilk in n o n  o i  t h a t  f o u r te e n
o f  tw e n ty - ;wo " .i t:  .n t -  •v ith  fu lm in a n t  h e p a t ic  f a i l u r e  had 
en tio toxaern in  • d o te c l- ' ' '  by r n  ttm a y  f o r  L in u lu n  l y s a t e .
T here v-'err a t  i r t i c ;  n i r n i f i c r n t  o o r r a l c t i o n  betvscen the 
o cc u ren c e  J f  r : . d o t o : v ' f r : n d  th e  dev e lo p m en t o f  rcn- 
f a i l u r e .  J  c:o cntioto:: ’n  i n j e c t e d  i n to  th e  baboon k id n ey  
c a u s e r  n • --^ o n n c c "  in a r ^ . '/ c d  r o n n l  b lood  due to  an incret.steel 
r e n a l  r e r i r

Thus si '• n be aeon ti. t tho retiolcfy of the rcnrl 
failure r-v > oat-OTvr* t • ly in obotructivo ^ramdicc remains 
unidontirj.i. = It v.ould ; 'm hovcver that there in a definite 
increPDt' in • 'j.;vj t,y i the- Xdncy to the cffectn of 
ischnomi • i/ i condit r: ?mi this will bo invooti^ntod 
further in -uir ;iooio.
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WATER AND ELEOTROIYTB rTT'iTABOLISH IN HEPATQ-RKilAL PAHUBS

T o ta l  body w a te r  and t o t a l  body exchang;Vble sodium  a re  
i n c r e a s e d  in  p a t i e n t s  w ith  decom penor.ted l i v o r  f a i lv .r o  
accom panied  by th e  r e n a l  d i s tu r b a n c e s  m en tio n ed  ab o v e . 
Hypon.atrp.emia lo  how ever commonly aeon  i n  az o ta e m ic  p a t i e n t s  
w ith  serum  sodium  c o n c e n t r a t io n s  u s u a l ly  f a l l i n g  below  
130 m E r . / l i t r e 6 4 ,6 ^ , ? 0 . T h is  i s  o f  t h e  d i l u t i o n a l  v a r i e t y  
due to  r e t e n t i o n  o f  o x co o s iv e  am ounts o f  w a te r  by th e  k id n e y s . 
R e a b s o r p tio n  o f  sodium  i n  t h i s  c o n d i t io n  o f t e n  ex c ee d s 9 9 .5 #  
o f  th e  f i l t e r e d  l o r d ” and io  p ro b a b ly  due to  on e x c e s s iv e  
r e a b s o r n t io n  from  th e  p ro x im al t u b u l e ^ .  T here i s  a l s o  
an  a s s o c ia t e d  s e c o n d a ry  h y p c r -c ld o a te ro n is m  w hich i s  b o th  
due to  im p a ire d  d e f r r d ? , t io n  o f  p ld o o to ro n e® ^  a s  w e ll  a s  an  
i n c r e a s e d  p ro d u c tio n 6®. The r e n in  a n g io t e n s in  sy stem  i s  a  
p o t e n t  s t im u lu s  o f  a ld o s te r o n e  c e c r e t io n ,  and " le v s te d  
placm r. r e n in  a c t i v i t y  h a s  been  found  i n  c i r r h o s in ^ ® ’^^ b u t 
t h i s  i c  p ro b a b ly  sec o n d a ry  to  th e  k id n e y  d i s tu r b a n c e s  and 
n o t  t h e  cau se  o f  th e n  s in c e  in p ro v in ,"  th e  b lood  f lo w  to  th e  
k id n e y  re d u c e s  th e  p lasm " r e n in  l e v e l s . A ls o , a ld o s te r o n e  
h a s  c p rim a ry  a c t io n  on th e  d i c t n l  t u b u le  o f  th e  k id n e y  and 
a s  m entioned, ab o v e , th e  i n c r e a s e d  sodium  r e t e n t io n  i s  n ro b a b ly  
due to  in c re a s e d  p ro x im al r e r b s o r n t i o n .

The d e f e c t iv e  r e n a l  t u b u l a r  e x c r e t i o n  o f  w a te r  by th n  
k id n e y  ip, c h a r a c t e r i s e d  by re d u c t io n s  i n  th o  m axim al u r in e  
f lo w  and f r e e  w a.tor c le a ra n c e * 50. T h is  abnorm al p a t t e r n  o f  
w a te r  e x c ro tS o n  i s  c o n s i s t e n t  w ith  e x c e s s  a n t i - d i u r e t i c  
horm one a c t i v i t y  and n roba .b ly  a c c o u n ts  f o r  th e  h y n o n n tra e n ia . 
and o v e r h y d ra t io n  w hich n re c c d o  o r  a r e  a s s o c ia t e d  w ith  th e  
dev e lo p m en t o f  ? z o t a o m i a ^ ' ^0,71^ a lth o u .-h  th e  e x c e s s iv e  
r e a b s o r n t io n  o f  sodium  by th o  p ro x im a l tu b u le  co u ld  a l s o  
be e x p e c te d  to  i n c r e a s e  w a te r  r e a b n o r n t io n  by p a s s iv e  
d i f f u s i o n s .

The r e t e n t io n  i n  r,T lt and w a.tor co u ld  a l s o  be o x n la in e d  
by th e  s h i f t  o f  b lood  f lo w  from  th o  c o r t r x  t o  th e  j u x t a -  
m e d u lla ry  a r e a  m en tioned  n r n v io u s ly .  I n n e r  n e p h ro n s te n d



to  r e t a i n  sodium  vvhoro-:r more p e r ip h e r a l  n e p h ro n s  te n d  to  
l o s e  s o d iu m ^ .  Thun when r e n a l  b lo o d  i s  d i s t r i b u t e d  to  
m e d u lla ry  and i n n e r  c o r t i c h l  a r e a s  sodium  r e t e n t io n  would 
o c c u r .  T h is  how ever re m a in s  s p e c u la t iv e  and th e  r e l a t i o n ­
s h ip  b e t ’/cen th e  r e n a l  c i r c u l a t i o n  end th e  r e n a l  h a n d l in g  
o f  sodium  h a s  n o t  been  c l a r i f i e d .

T otal, body ex c h an g e ab le  p o ta s s iu m  i s  u s u a l ly  low  i n  
l i v e r  f a i l u r e  w ith  a s c i t e s ^ ,  b u t  C aosey e t  a l  h a s  c la im e d  a 
c o r r e l a t i o n  w ith  th e  scrum  p o ta s s iu m  l e v e l  and th e  d e g re e  
o f  h e p a t ic  d y s f u n c t io n .  T h is  may be due to  d i u r e t i c  th e ra p y  
o r  h y p c r - n ld o s to r o n is m . S u m m ersk ill'' ^ n o te s  t h a t  serum  
p o ta s s iu m  may be h ig h  o r  low  i n  l i v e r  f a i l u r e  b u t  when 
a z o ta e m in  h a s  d e v e lo p e d  h y o c rk a la c m ia  may bo s e e n . Thus i t  
would a p p e a r  t h a t  t h e  q u e s t io n  o f  serum  p o ta s s iu m  l e v e l s  
i n  th e  syndrom e re m a in s  t o  be c l a r i f i e d .

H yp e rc iilo rae m ia - i s  u s u a l  i n  a z o ta e m ia  b u t c h lo r id e  
d e f i c i e n c i e s  hav e  n o t  boon s u c c e s s f u l ly  d e m o n s tra te d  in  
h e p a to - r e n a l  f a i i u r e ? 0 . S im i l a r ly  d i s tu r b a n c e s  i n  a c id  b ase  
b a la n c e  o c c u r  i n  h e p a t ic  f a i l u r e  w hich a r e  n o t  c h a r a c t e r i s t i c  
o f  t l  se e n  i n  a z o t a e m in ^ .

I t  m ust bo s t r e s s e d  t h a t  th e  above ch an g es i n  w a te r  
and e l e c t r o l y t e  m e ta b o lism  r e f e r  t o  th o s e  soon  i n  h e p a to ­
c e l l u l a r  f a i l u r e . V ery l i t t l e  d a t a  in  a v a i la b l e  on th e s e  
p a r a m e te r s  in  th e  e a r ly  s t a g e s  o f  o b s t r u c t i v e  j a u n d ic e . 
D a w so n ^  m en tio n s  g lo m e ru la r  f i l t r a t i o n  r a t e  i s  u s u a l ly  
d e c re a s e d , b r  t h i s  was p o r t - o n c r a t i v c l y .  I t  ca n  o n ly  be 
assum ed t h a t  t h e  ch an g es s e e n  i n  th e  r e n a l  f a i l u r e  
accom panying  h e n r to  c e l l u l a r  damage a r c  s i m i l a r  to  th o s e  
found w ith  o b s t r u c t i v e  ja u n d ic e .
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Surunary

I n  t h i s  s e c t io n  th e  scope cmd o u t l in e  o f  th e  t h e s i s  was 
p r e s e n te d .  The r e l a t i o n s h i p  betv/en th e  l i v e r  and th e  k id n e y  
was o u t l in e d  I t  was shown t h a t  i n  d i s e a s e s  such  as  c i r r h o s i s  
o f  t h e  l i v e r ,  p o r t a l  h y p e r te n s io n  and  n on  m e t a s t a t i c  
m a lig n a n c y  o f  t h e  l i v e r ,  t h e r e  e r e  a l t e r a t i o n s  i n  r e n a l  b lood  
f lo w  d i s t r i b u t i o n .  V a rio u s  w o rk ers  hav e  shown t h a t  th e r e  
i s  a  s h i f v  i n  b lood  f lo w  from  th e  o u t e r  c o s t a l  a r e a s  t o  th e  
ju x ta m e d u l ln ry  a r e a s  o f  th e  k id n e y  b e f o re  th e  o n s e t  o f  o v e r t  
r e n a l  f a i l u r e .  The a e t io lo g y  o f  t h i s  change i n  d i s t r i b u t i o n  
a r e  a] so d is c u s s e d ,-  I t  was m en tio n ed  t h a t  in  o b s t r u c t iv e  
ja u n d ic e  th e r e  i s  a  h ig h  in c id e n c e  o f  r e n a l  f a i l u r e  s e c r e t i o n  
to  t h e  d ecom pensated  p h ase  o f  h e p a t ic  c i r r h o s i s . I t  was a l s o  
m en tii .sd  t h a t  i n  t h i s  c o n d i t io n  th e  k id n e y  a p p e a rs  h y p e r ­
s e n s i t i v e  t o  i s c h r o n i a .  W hether t h e r e  a r e  ch an g es i n  
r e n a l  b lo o d  f lo w  i n  o b s t r u c t i v e  j a u n d ic e , u i n i l n r  to  t h a t  
fo u n d  i n  c i r r h o s i s , and th e  a e t io lo g y  o f  th e  in c re a s e d  
s e n s i t i v i t y  to  isch ae m ic ., h a s  n o t  b een  in v e s t i g a t e d .  The 
re m a in d e r  o f  t h i s  s tu d y  w i l l  d e a l  w ith  th e s e  l a t t e r  p ro b le m s.



SECTION I I
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BLOOD FLOW DISTRIBUTION IN THE BABOON KIDNEY.
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THE RENM. CIV'fflLASIOH

The v a s c u la tu r e  o f  th e  k id n ey  i s  com plex end  h ig h ly  s p e c i a l ­
i z e d .  T here a r e  a l s o  many v a r i a t i o n s  i n  t h e  b a s i c  p a t t e r n  
o f  b lo o d  v e s s e l s  i n  d i f f e r e n t  s p e c ie s ,  w hich  depend on th e  
f u n c t io n s !  c a p a c i ty  o f  th e  k id n o y , and w hich  m ust be borne 
i n  m ind when i n t e r p r e t i n g  an im al e x p e r im e n ts .  The d i f f i c u l t y  
i n  e x t r a p o la t i n g  r e s u l t s  found  i n  a n im a ls  to  th e  human 
s i t u a t i o n  i s  o b v io u s , and th e  l i m i t a t i o n s  o f  an im al 
e x p e rim e n ts  a r e  s e l f  e v id e n t .  N e v e r th e le s s ,  i n  t h e  ab se n ce  
o f  p u b l ish e d  d a t a  on th e  baboon k id n o y  v a s c u la t u r e , I  have 
assum ed t h a t  th e  r e n a l  c i r c u l a t i o n  i n  th e  baboon i s  
e s s e n t i a l l y  s i m i l a r  to  t h a t  fo u n d  i n  hum ans. A s tu d y  on a  
baboon k id n e y  in j e c t e d  w ith  a  p l a s t i c  p o ly m er r e v e a le d  no 
o b v io u s  d i f f e r e n c e s  (F ig u re  I ) .  F u rth e rm o re  Fourman and 
M o ffa t ^  i n  t h e i r  s tu d y  o f  th e  b lo o d  v e s s e l s  o f  th e  k id n e y , 
s t a t e  t h a t  th e  b a s i c  p a t t e r n  o f  b lood  v e s s e l s  i s  s i m i l a r  
i n  a l l  mammals, a l th o u g h  th e r e  a r e  s l i g h t  v a r i a t i o n s  in  
d e t a i l .

A r te r i e s

The k id n e y  i s  s u n n l ic d  by a  s i n r l e  r e n a l  a r t e r y  i n  m ost 
c a s e s  a lth o u g h  U e rk in  end M ic h e l s ^  found  in  humans t h a t  in  
tw e n ty - e i f h t  n o rc c n t  o f  c a s e s  two r e n a l  a r t e r i e s  w ere 
p r e s e n t .  T here was a  s i n r l e  r e n a l  a r t e r y  i n  a l l  s i x ty  
b aboons s tu d ie d  h e r o . T h is  a r t e r y  a r i s e s  from  th e  a o r t a ,  
and soon  a f t e r  e n t e r i n r  th e  h i l u s  o f  th e  k id n e y  d iv id e s  
i n t o  a n t e r i o r  and n o n t c r i o r  b r a n c h e s ^ .  Bach o f  th e s e  in  
t u r n  d iv id e s  i n t o  f u r t h e r  scfm onta.1 a r t e r i e s  from  w hich  th e  
i n t e r l o b u l a r  a r t e r i e s  a r i s e . (F i r u r o  I ) .  Kach o f  th o s e  
seg m en ta l a r t e r i e s  i s  v i r t u a l l y  an  end a r t e r y  s in c e  i t  
s u p p l ie s  a d e f i n i t e  segm ent o f  th e  k id n e y  and does n o t  
anastom ose w ith  th e  a r t e r i e s  o f  a d ja c e n t  s eg m en ts , oxce iit 
v i a  v e r y  em ail c a n o u ln r  and n c lv i c  b ra n c h e s  w hich a r e  u n a b le  
t o  e s t a b l i s h  a  c o l l a t e r a l  c i r c u l a t i o n ^ .  T here n ro  f i v e  
se g m e n ts ; a p i c a l , a n t e r i o r ,  m id d le , lo w e r  and p o s t e r i o r 7 5 .
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A r to r ie n  nho'.m in  r e f , v c in n  i n  b lu e  

A = I n t e r l o b a r  n r t c r i e n  

B = A rcu:ito  n r to r io n  

0 = I n t e r l o b u l a r  a r t e r i c o
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G ord ie r'^ ''' how ever d e s c r ib e s  a  f u r t h e r  sy s te m  o f  c l a s s i f i ­
c a t io n  in  w hich th e  k id n e y  i s  d iv id e d  i n t o  a n t e r i o r  and 
p o s t e r i o r  m e a o re n a l, and i n f e r i o r  p o l a r  t e r r i t o r i e s .
T hese s e m e n ta l  a r t e r i e s  th e n  d iv id e  i n t o  two to  form  th e  
i n t e r l o b a r  a r t e r i e s  w hich p a s s  i n  a d i r e c t i o n  p a r a l l e l  to  
t h e  d o r s a l  and v e n t r a l  s u r f a c e  o f  th e  k id n e y . (P iv u re  P.).
At th e  ju n c t io n  o f  th e  c o r te x  and th e  o u t e r  m e d u lla  th e  
a r c u a te  a r t e r i e s  a r e  form ed by a  s u b - d iv i s io n  o f  th e  i n t e r ­
l o b a r  a r t e r i e s .  (F ifra re  2 ) .  From th e  a r c u a t e  a r t e r i e s  
a r i s e  m ost o f  th e  i n t e r l o b a r  a r t e r i e s  w hich p a s s  to w ard s  th e  
c a p s u la r  s u r f a c e  o f  th e  k id n e y . (F ig u re  ? ) .  B a rk e r  and H erd ’̂  
m en tio n  t h a t  th e r e  a r e  num erous v e s s e l s  w hich  n an s to  th e  
s u p e r f i c i a l  c o r t e x v b ra n c h in g  i n  th e  s u b c a n s u la r  r e g io n  and 
s u p p ly in g  a  m a jo r  p o r t i o n  o f  th e  o u t e r  c o r te x  w ith  te r m in a l  
a f f e r e n t  a r t e r i o l s ,  o f t e n  p a s s in g  in  a  r e t r o g r a d e  d i r e c t i o n .  
T hese v e s s e ls  a r e  u n u s u a l ly  s e n s i t i v e  t o  s y m o a th e tic  s t im u l i^ ® . 
Thus s u p e r f i c i a l  n e n h ro n s  seem in  la rg e ,  p a r t  t o  be s u p p l ie d  
by v e s s e l s  w hich a r e  a n a to m ic a l ly  and p h y s io lo g ic a l ly  
d i s t i n c t  from  th o s e  s u p p ly in g  d e e p e r  n e p h ro n s . I t  fo l lo w s  
t h e r e f o r e ,  t h a t  i f  a  s i n g le  t r u n k  i s  s t r o n g ly  c o n s t r i c t e d ,  
co m p lete  a r t e r i a l  d e f ic i e n c y  o f  a  re g io n  may be n o t e d ^ .

The g lo m e ru la r  a f f e r e n t  a r t e r i o l e s  a r e  g iv e n  o f f  m a in ly  
from  th e  i n t e r l o b a r  a r t e r i e s ,  b u t  some a r i s e  d i r e c t l y  from  
th e  a r c u a t e  o r  even  th e  i n t e r l o b a r  a r t e r i e s '^ '1. The p ro x im al 
a f f e r e n t  a r t e r i o l e s  a r i s e  a t  an  a n g le  from  th e  i n t e r l o b a r  
a r t e r i e s  so t h a t  t h e i r  c o u rs e  i s  d i r e c t e d  to w ard s  th e  a r c u a te  
v e s s e l , w h ile  th e  more d i s t a l  a f f e r e n t  a r t e r i o l e s  a re  
d i r e c t e d  to w ard s th e  s u r f a c e  o f  th e  k id n e y s ,  and th e  te r m in a l  
b ra n c h e s  a re  v i r t u a l l y  a. c o n t in u a t io n  o f  th e  l i n e  o f  th e  
p a r e n t  v e s s e l ^ .  I n  a d d i t i o n  d g lo m eru lo .r b ra n c h e s  a r e  g iv e n  
o f f  from  th e  i n t e r l o b a r  a r t e r i e s  b o th  in  th e  ju x ta n e d u l ln r y  
re g io n  and i n  th e  o u t e r  c o r t i c a l  r  " i o n . (F ig u re  ? ) .

The e f f e r e n t  a r t e r i o l e  o f  c o r t i c a l  n en h ro n s  d i f f e r s  
from  th o s e  o f  ju x ta g lo m e ru la r  n c p h r o n s ^ '^ .  Ill0  Cf f (,ren i; 

a r t e r i o l e s  o f  c o r t i c a l  n en h ro n s  a r e  s h o r t  and f i n e ,  and 
r a p id ly  b ro - k  up i n t o  a c a p i l l a r y  p le x u s  a round  th e  t u b u le s .
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A few  d iv id e  to  su p p ly  th e  more e lo n g a te d  c a p i l l a r y  n e t ­
w ork o f  th e  m e d u lla ry  r a y s . The ju x tsm o d u l la r y  n etw o rk  
o o n o is ts  o f  two p a t t e r n s ® ^ .
1 )  T h in  w a lle d  e f f e r e n t  v e s s e l s  t h a t  su b d iv id e  im m e d ia te ly  
i n to  p. c a p i l l a r y  n e tw o rk .
2) S t r a i g h t  m u s c u la r  e f f e r e n t s ,  u s u a l ly  l a r g e r  t h a t  th e  
a f f e r c n t s ,  w hich s u b d iv id e  to  p ro v id e  m u l t ip le  b ra n c h e s
o f  l a r g e r  c a l i b r e , w hich ru n  to  th e  m e d u lla  a s  v a r a  r e c t a .

Many o f  th e  f l o m e r u l i  w hich p iv o  j l c s  to  v a s a  r e c t a ,  
a r e  n o t  how ever ju x tn m e d u l la ry  i n  p o s i t i o n ,  s in c e  th e y  l i e  
in  th e  m idd le  zone o f  th e  c o r te x .  T hese e f f e r e n t  c . r t e r i o l c s  
t h e r e f o r e ,  h av e  r. lo n r, c o u rae  f i v i n ^  o f f  num erous c a p i l l a r y  
b ra n c h e s  b e f o re  th e y  b iu a k  up in to  v a s a  r e c t a .

The e f f e r e n t  a r t e r i o l e s  o f  t h e  ju x to w e d u l la ry  f l o m e r u l i ,  
a r e  su rro u n tio d  t y  '?a p h in c te r s " o f  sm ooth mxiscle'^"’ , and a ls o  
th e r e  i s  sm ooth i.iu sc le  n r e s e n t  in  th e  more d i s t a l  p a r to  o f 
th e  v a s a  re c ta ^ ® . A lso  P ourm nn '^  r e p o r t s  t h a t  n on  m y lin a te d  
n e r v e s  a re  found  i n  r e l a t i o n  to  a l l  th e  v e s s e l s  w ith  sm ooth 
m u s c le . T h e re fo re  th e  a n a to m ic a l  b a s i s  f o r  c o n t r o l  and 
r e d i s t r i b u t i o n  o f  in t rn m o d u lla ry  f lo w  i s  p r e s e n t .

I t  c,?n be se e n  from  th e  above d e s c r i p t i o n  t h a t  th e  
c o r t i c a l  ruid ju x ta m o d u l la ry  nophrono a r e  an o to m icc ;lly  
d i s t i n c t . T h e i r  b lo o d  n unn ly  d i f f e r s ,  and in  a d d i t i o n  
lo o n s  o f  H cn le  i n  th e  c o r t i c a l  n en h ro n s  a r e  much s h o r te r ® '’. 
A lso  t h e  r l o r n e r u l r r  a r ra n g e m e n t i s  d i f f e r e n t  and th e  
ju x ty n e d u l ln r y  r lo n o ru ] u n  in  muoh b i f f c r ,  tm i  h a s  a  f r c a t e r  
g lo m e ru la r  f i l t r a t i o n  r a t e 7 8 . Thun th e  re n o r to d  a l t e r a t i o n  
in  e l e c t r o l y t e  rnd  w a te r  m e tab o lism  i n  c i r r h o s i s  and o th e r  
l i v e r  c o n d i t io n s  w hich  hav e  b een  d ip cu n n ad  n re v io u n ly  can 
be e x p la in e d  by n  n h i f t  i n  b lo o d  H ow  from  o u te r  c o r t j c n l  
t o  S u x tn m e d u lla ry  r o ^ io n n .

The parenchym a o f  th e  m e d u lla ry  n a p i l l a  in  s u p p l ie d  by 
Ion*! c o n t r n l  b ra n c h e s  o f  t h e  v a s a  r e c t a 7 8 . Many o f  th e s e  
v e s s e l s  a re  r o l - . t j .v e ly  l a r f o  in  c a l ib r o  and do n o t  b ra n c h  
u n t i l  th e y  cu p ro a c h  th e  t i p  o f  th e  m i n i ] la ,  w hich s u f f e s tn  
t h a t  much o f  th e  n o r i - t u b u l a r  e n p i l l n r y  f lo w  in  t h i s  ro rd o n
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i s  c o u n te rc u r re n t^ ® . Fourmon and M offat^®  s t a t e  t h a t  th e  
m e d u lla  may be s u n n l ie d  v i a  t h e  d i r e c t  ro u te  to  th e  c a p i l l a r y  
p le x u s  a t  th e  t i p  o f  th e  p a p i l l a ,  o r  by an  i n d i r e c t  ro u te  
th ro u g h  th e  i n n e r  and  o u te r  p e r i - t u b u l a r  c a p i l l a r y  n e tw o rk . 
RollhaUser®"*", how ever sug g eritd  t h a t  th e  m e d u lla  i s  s e p a ra te d  
in to  th r e e  r e g io n s ;  i . e .  an  o u t e r  S t r i p ,  an  i n n e r  s t r i p  and 
a  zone f o r  th e  p a p i l l a ,  tie f e e l s  t h a t  each  o f  th e s e  zones 
h a s  i t s  own a r t e r i a l  and vcnouo v a su  r e c t a ,  and t h a t  c a p i l l a r y  
an a s to m o se s  betw een  th e  p le x u s e s  a r e  o f  m inor im p o r ta n c e . 

S h u n ts  and anostam onea

A r te r io -v c n o u s  an a s to m o se s  wore f i r s t  r e p o r te d  i n  th e  
k id n e y  by Spanner® ^ b u t  Fourmon and M o ffa t b e l i e v e  t h a t  
d i r e c t  a r tc r io - v e n o u s  an a s to m o se s  a r e  n o t  p r ' - r e n t ^ .  They 
do how ever s t a t e  t h n t  th e  k id n e y  c o n ta in s  num erous v e s s e l s  
o f  a  d i s tc n s a b l e  n a t u r e ,  w h ich , from  a  p h y s io lo g ic a l  p o in t ,  
o f  v iew  can  a c t  a s  r a p id  t r a n s i t  c a r r i e r s  from  a r t e r i e s  to  
v e i n s . A ttem p ts  to  f in d  c o r t i c a l  s h u n ts  d e s c r ib e d  by 
T rabucco  and Marouez®^ o r  th e  ju x ta m e d u l la ry  s h u n ts  d e s c r ib e d  
by Tructa® * hav e a l s o  been  u n s u c c e s s f u l . I t  would seem t h a t  
s h o r t  c i r c u i t s  w hich o c c u r  w i th in  t h e  k id n e y  a r c  t h e  r e s u l t  
o f  r a p id  f lo w  o f  b lo o d  th ro u g h  a  low  n r e s s u r e  sy stem , 
composed o f  w id e ly  d i l a t e d  n o rm al c h a n n e l s ^ . The venous 
c h a n n e ls  d r a in in g  th e  m e d u lla  p ro v id e  su ch  a  sy stem  and th u s  
b y p a sse s  h av e  been  d e s c r ib e d  p r i n c i p a l l y  in  th e  ju x ta m e d u l la ry  
r e g io n s . A lso  a s  d e s c r ib e d , sy m p a th e tic  a c t i v i t y  would 
re d u ce  b lood  to  th e  o u t e r  c o r te x  and th e  r e s u l t a n t  i n c r e a s e  
in  b lo o d  f lo w  to  th e  ju x ta m e d u l la ry  r e g io n ,  would a p p e a r  
a s  i f  s h u n t in g  had o c c u re d , w hereas  b lo o d  i s  s im p ly  f lo w in g  
down th e  p a th  o f  l e a s t  r e s i s t a n c e .

V e ins

The a r c u a t e  and i n t e r l o b a r  a r t e r i e s  a r c  accom panied  by 
s i n g le  v e in s .  (F ig u re  ? ) .  The a r c u a te  v e in s  anastom ose 
w ith  e o rh  o th e r  b u t  th e s e  a r c  i n f r o n u o n t ^ . The i n t e r l o b a r  
v e in s  and i n  th o  a r c u a t e  v e in s  and -x-fioivc th e  wide 
c a p i l l a r i e s ,  w hich d r a in  th e  c o r t i c a l  p le x u s ,  and some o f 
th o  a sc e n d in g  vu ca  r e c t a 7 5 . The s u p e r f i c i a l  a r e a  o f  th e  
c o r te x  i s  d ra in e d  by s t e l l a t e  v e in s  w hich  a l s o  e n t e r  some 
o f  th o  i n t e r l o b u l a r  v e in s .
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The m ed u lla  in  d ra in e d  by p.scendinpr v a s a  r c c t a  w hich 
open i n t o  th e  a r c u a t e  v e in n  d i r e c t l y ,  o r  by n h o r t  c o l l e c t i n g  
v e in s .  Some d r a in  i n t o  i n t 'e r l o b u ln r  veins '^® . The a sc e n d in g  
v a s a  r e c t a  r e c e iv e  many t r i b u S a r i e c  from  th e  s u r r o im d in f  
p e r i t u b u l a r  c a p i l l a r y  p lo x u o ef- . U n lik u  th e  c r t e r l o o  l a r ^ e  
em a sta m o tic  c h a n n e lr  i n t e r c o n n e c t  m a jo r  v e in n , bo t h a t  
v en o u s d r n in a f e  i s  u n a f f e c te d  by c lo n u rn  o f  s i z a b l e  venous 
tru n k s^ ® .

I n n e r v a t io n

The r e n a l  n e r v e s  a r i s e  m a in ly  from  th e  c o e l ia c  p le x u s ,  b u t 
k id n e y  a l s o  r e c e iv e s  f i b r e s  from  th e  t h o r a c i c  and u p y e r 
s p la n c h n ic  n e r v e s ,  th e  i n te r m e s e n te r i r .  n e r v e s  nnd th e  
h y p o g a s t r ic  T)lcxus®^. T h is  r i c h  su n n ly  o f  p.utonomic n e r v e s  
i s  d e s t in e d  m ain ly  f o r  t h e  b lo o d  v e s s e l s .  The c u r r e n t  
e v id e n c e  in d i c a t e s  t h a t  r e n o l  t u b u lo r  s t r u c t u r e s  a r e  n o t  
in n e rv a te d ® 6 .

irteKenr.a and A nfolikos® ^ o b se rv e d  t h a t  i n  th e  d o f  th e  
n e r v e s  fo l lo w  th e  c o u rse  o f  t h e  b lo o d  v e s s e l s .  T hese n e r v e s  
te r m in a te  n e a r  th e  i n t e r l o b u l a r  a r t e r i e s ,  the- e f f e r e n t  
a r t e r i o l e s  o f  a l l  noD hronr ^nd th e  e f f e r e n t  n r t o r i o l e s  o f  
th e  ju x trm o d u lla ry  n e c h ro n s ^ ^ . T h is  n n a to m ic n l p rru n re m o n t 
s u p p o r ts  th e  c o n te n tio n  o f  B rrro r^®  t h a t  in  m ost s p e c ie s  
v a s c u la r  r c s i s t m c e  beyond th e  r lo m c ru lu n  o f  th e  o u te r  
c o r t i c a l  n ep h ro n s  i s  r c f u l a t e d  by l o c a l  m e ta b o l ic  f a c t o r s  
o r  c i r c u l a t o r y  h o rm onnr. The v co a  rec t?! n re  o n ly  s u p p l ie d  
w ith  venou» in n c r v c t io n  in  th e  o u t e r  n e d u l l n ’y r c .- io n , nnd 
n e rv e  f i b r e s  do n o t  T>onotr-”.t c  th e  i n n e r  m e d u lltJ® .

The m a jo r i ty  o f  th e  n e r v e s  :.ro  n d r o n e r r ic  b u t 
c h o l in e r g ic  f i b r e s  n re  p r e s e n t  nnd th e s e  hav e  e s s e n t i a l l y  
th e  s n m o 'd i s t r ib u t io n  ;.s t h e  a d r e n e r f i c  n e rv e s^ ® . McKenna 
A nfo likos® ^ s t a t e  th r . t  no c h o l i n e r f i c  f i b r e s  a r c  fo u n d  In  
a s s o c ia t io n  w ith  th e  r lo m e r u ln r  a f f e r e n t  n r t o r i o l o r ,  v e in s  
o r  tu b u le s  b u t th e y  a r c  p r e s e n t  a lo n r  th e  v r s r  r e c t a  o f  
th e  o u t e r  c io d u n -i. A lthough  d en n c rv c .tio n  lo a d s  to  
S e fre n e ra tio n  o f  th e  n d r e n e r r ic  f i b r e s  m ost o f  th e  
c h o l in e r g ic ,  f i b r e s  re m a in , n u n fe s tin f i  t h a t  th e y  a r i s e  from
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r .ia i f l io n  c e l l s  in  th e  h i l a r  re g io n  o r  r o n a l  narenohym a^6 . 
F in a l ly  a f f e r e n t  n e r v e s  have b ee n  d e s c r ib e d  as  a r i s i n g  in  
th e  k id n e y  w hich  a r e  c u b c n p c u la r  o r  s i t u a t e d  i n  th e  r e n a l  
v e s s e ls ® ^ .

REUUIATION OF IHTRA-KBHAL BIOOP FLOW 

W ith in  th e  k id n e y , d e n n i to  o e r io u n  r e s t r i c t i o n s  im posed 
by in a d e q u a te  m ethodo logy  ( to  beu rev iew ed  b elow ) a  l a r g e  
am ount o f  d a t a  from  a  w ide v a r i e t y  o f  e x p e rim e n ts  u s in g  
d i f f e r e n t  t c c h n ic u G s , h av e  ohovm t h a t  t h e  f lo w  r a t e s  o f  
b lo o d  in to  th e  d i f f e r e n t  a r e a s  o f  th e  k id n e y  a r e  d i s s im i l a r ,  
and a r e  in d e p e n d e n t ly  r e g u la t e d .

C o r t i c a l  f lo w  i s  e x tre m e ly  h ig h .  I n  man and dogs v a lu u e s  
betw een  300 and 300 m ls/1 0 0  G t i s s u e  a r c  commonly f o u n d ^ ’ ^®’®^. 
The f lo w  i s  s l i g h t l y  l e s s  i n  a n a e s th e t i s e d  anim als® ® , T here 
i s  a l s o  good c o r r e l a t i o n  betw een  c o r t i c a l  f lo w  and t o t a l  
r e n a l  b lo o d  f lo w  m easured  d i r e c t l y ,  w hich  n o t  o iily  co n f irm s  
th e  v a l i d i t y  o f  th e  c o r t i c a l  m ea su rem en ts , b u t  a l s o  p e r m its  
th e  e x t r a p o la t i o n  to  c o r t i c a l  f lo w , from  th e  v a s t  l i t e r a t u r e  
on t o t a l  r e n a l  b lo o d  f lo w 8 0 ’9 0 ,9 1  M e d u lla ry  f lo w  i s  n o t  
c l e a r l y  d e f in e d . F u n c t io n a l ly  i t  i s  ta k e n  to  r e p r e s e n t  flo w  
th ro u g h  th e  h ig h  r e s i s t a n c e  ju x ta -m e d u l la r y  n ep h ro n s  and 
t h e i r  com plex p o s t - p lo n o r u ln r  appondagar.8®. Some m ethods 
ho w e v er, m easure f lo w  in  p r e c i s e  re g io n s  d e f in e d  a s  o u t e r  
m e d u lla ry  o r  i n n e r  m e d u l la ry . S in c e  m easurem ent o f  m e d u lla ry  
f lo w  i s  i n a c c u r a te  and c o n s id e r a b le  am ounts o f  th e  m ed u lla  
a r e  su p p lie d  by v e s s e ls  a r i s i n g  from  n o n h ro n s  w hich  in  f a c t  
l i e  i n  th e  c o r ty y , s u b - d iv i s io n  o f  m e d u lla  f lo w  i s  
a r t i f i c i a l .

The ju x tp -m o d u lla ry  c i r c u l a t i o n  in  a  h ig h  ro s in trm c o  
c i r c u i t  comnnrcd w ith  th e  o u t e r  c o r te x ,  a lth o u g h  s t im u la t io n  
o f  th e  sy m p a th e tic  nyntom may in c r e a s e  th e  r e s i s t a n c e  o f  
th e  o u t e r  c o r te x  c o n s id e r a b ly ,  by c o n s t r u c t io n  o f  th e  
v e s s e l s  n nnn ing  d i r e c t l y  to  th e  c o r te x  an d e s c r ib e d  ab o v e7 8 .
The f lo w  r a t e  a iv " ti  by v a r io u s  in v e n t : !g a to r s  o f  th e  m e d u lla ry
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c i r c u l a t i o n  ra n p e  betw een  30 and 300
N a sh a t®6 f e e l s  t h a t  t h i s  w ide s c a t t e r  i s  p ro b a b ly  due to  
im p re c is e  m ethodo logy  and a l s o  t o  d i f f e r e n c e s  i n  t o t a l  
body h a e m a to c r i t «

C o r t i c a l  f lo w  in  " a u t o r e f u l a t e d '1, b e i n f  l i t t l e  a l t e r e d  
by mean p e r f u s io n  p re s su ^ e n  v a r y in g  from  80 -  100 
I n  c o n t r a s t  m e d u lla ry  f lo w  a p p e a rs  to  be d i r e c t l y  r e l a t e d  
t o  p e r f u s io n  p r e s s u r e ^ ,  a lth o u g h  B ar^er^®  pud Auckland®^ 
h av e b o th  shown an  in c re c o o  i n  m e d u lla ry  r e s i s t a n c e  w ith  a 
r i s o  i n  p r e s s u r e .  S in c e  no e v id e n c e  h a s  b e e n  p r e s e n te d  
to  a t t r i b u t e  th e  r o c u lr . t io n  in  th e  ju x ta g lo m e ru la r  r e g io n  
to  th e  a f f e r e n t  a r t e r i o l e , i t  i s  p o s s ib le  t h a t  t h i s  l a t t e r  
r e s u l t  i s  n o t  due to  t r u e  a u t o r c f u l a t i o n ,  b u t due to  
n e rv o u s  end. e n d o c r in e  in f lu e n c e s  on th e  p o s t - g lo m e r u la r  
v e s s e l s .

The k id n e y  v a c c u la tu r o  i s  ccpe.b lc o f  a u to r e f u l a t i o n  b u t  
i t  w ould r.p n ear t h a t  n o rm a lly  th e  c o n t r o l  o f  b lo o d  f lo w  
d i s t r i b u t i o n  i s  d e p e n d e n t on th e  r e n a l  n e r v e s , c i r c u l a t i n g  
horm ones o r  a l t e r a t i o n s  i n  body e l e c t r o l y t e s .  S in c e  th e  
p r e c i s e  n a tu r e  o f  c .u to re ru l :v t io n  w i th in  th e  k id n e y  h a s  n o t  
b ee n  c l e a r l y  o lu c i i ia . te d , and b e c a u se  t h i n  s tu d y  i s  co n c ern e d  
w ith  h o rm o n rl in f lu e n c e s  on th e  > id n c y  c i r c u l a t i o n ,  i t  w i l l  
n o t  be d ir.cusned  f u r t h e r .  The o t h e r  f a c t o r s  in f lu e n c in g  
r e n c l  b lood  f lo w  d i s t r i b u t i o n  w i l l  now be c o n s id e r e d .

The r o l e  o f  th o  r e n - . l  n o rv o r

I n  1083 Oohnheim and Hoy^^ d e m o n s tra te d  t h a t  s o c t i o n i n r  
o f  th e  s n la n c h n ic  n e rv cr, wrodv\cod an  in c r e a s e  i n  k id n e y  
volume w hich th e y  a t t r i b u t e d  to  v a s o d i l a t a t i o n .  They a l s o  
s t im u la te d  th e  n c ri-n h o rn l n e rv e  otumn and showed a  r e d u c t io n  
i n  vo lum e. B r a d f o r d - i n  3.889 showed t h a t  r e n a l  v a so ­
c o n s t r i c t o r  f i b r c r ,  o r ig in a t e d  from  th e  s n in a ]  a.e^mcnts 
9’4 to  L? w ith  th e  raont marked c h n n fo a  in d u c c d  by s t im u la t io n  
o f  t h e  lo w e r th r e e  d o r s a l  n e r v e s .  R e c e n t ly  I 'a k e u c h i o t 
h av e  shown t h a t  s t im u la t io n  o f  th e  l a t e r a l  colum n, th e
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l a t e r a l  b o rd e r  o f  the a n t e r i o r  colum n and th e  D urfaco  o f  
th e  t r a n s i t i o n a l ,  zone b etw een  th e  a n t e r i o r  r.nd p o s t e r i o r  
colum n from  I ?  t o  produced  an  in c r e a s e  i n  r c n rJ  
r e s i s t a n c e ,  E v id en c e  f o r  ounrncT)im '.l m o d i f ic a t io n  o f  r e n a l  
•lervia a c t i v i t y  hrtve been  oh won by Wine and G n n o n p " \ who 
showed t h a t  s t im u l a t i o n  o f  a ro a o  in  th e  m edu].la l a t e r a l  to  
th e  m id l in c , p ro d u c ed  a  f i f t y  p e r c e n t  f a l l  i n  p lo m e ru la r  
f i l t r a t i o n  r a t e ,  th e r e b y  s u f 'f e s t in g  n i a l l  i n  b lo o d  f lo w , 
lakeuuiii® ^ r.loo  dem m n stra ted  t h a t  r e n a l  v a s o c o n r . t r i c t io n  
may be p ro d u ced  by s t im u la t io n  o f  aro ar, i n  th e  d ie n c e n h a lo n . 
Alno i t  han been  r.hovvn by many v/orlccrr, t h a t  th e  c e r e b r a l  
c o r te x  mtiy in fu o n c o  r e n r l  b lo o d  f lo w . H o f d e m o n s t r a t e d  
t h a t  d i r e c t  s t im u l a t i o n  o f  a r e a s  o f  c e r e b r a l  c o r te x  p ro d u ced  
r e n a l  v a s o c o n s t r ic t io n  and S m ith™00 r e p o r t e d  t h a t  f r i g h t  o r  
p a in  re d u c e s  r e n a l  b lo o d  f lo w  by f i f t y  n e r c e n t .  I n  a d d i t i o n  
i t  h a s  been  shown by H i l l e r  and D i c a r n '^  t h a t  b o th  in c r e a s e s  
o r  d e c re a o n s  i n  r e n n 2 b lo o d  f lo w  can  be in d u c e d  by c o n d i t io n in g  
e x p e r im e n ts , n re su m a b ly  by n e u r o p c n ic n l ly  in d u c e d  v aso m o to r 
ch a n g eg .

Xn viev/ o f  t h e  above e x p e r im e n ta l  e v id e n c e , i t  can  be 
tseen t h a t  r e n a l  n e rv e  s t im u la t io n  p ro d u c e s  c o n s id e r a b le  
r e d u c t io n s  xn t o t a l  r e n a l  b lo o d  f lo w , b u t  i n  a d d i t i o n  i t  
i s  b ec o m in r e v id e n t  t h a t  th e  r e n a l  au tonom ic  n e r v e s  ^ a y  be 
r e s p o n s ib l e  f o r  d j c t r i b u t i o n  ch a jifes  w i th in  th e  k id n e y .
T ru e tn  e t  al®^ on th e  b an in  o f  dye i n j e c t i o n  s t u d io c , 
roT iortod  t h a t  s t im u la t io n  o f  th o  r e n a l  n e rv e d  sh u n te d  b lo o d  
av,; y  from  th e  c o r te x  to  th e  m e d u l la .  T hin  h a s  b ee n  co n firm ed  
by th e  work o f  Pomor.-ns’, e t  n l 10? u c i n r  r a d io a c t i v e  85k ry p to n . 
T hese w o rk ers  h av e  shown t h a t  ro d u c in f  th o  o ro o ru ro  in  th e  
c r r u t i d  c in u u , o r  d i r e c t l y  o t im u l i 't i n r  th o  s p la n c h n ic  n e r v e s  
i n  Ih o  a n a e s th e t i s e d  d o r ,  l e n d s  to  a r e d u c t io n  in  c o r t i c a l  
f lo w  and an  in c r e a s e  i n  th o  o u t e r  m e d u lla ry  ( ju x tn m a d u l la ry )  
f lo w . T h is  d i s t r i b u t i o n a l  chance wan a ln o  co n firm ed  by th e s e  
w o rk ers  u o i a f  n i l i c o n c  ru b b e r  c a n to .  The r o l a t i o n n h i n  o f  
o o r t i c a ]  f lo w  to  n y n n n th c t ic  a c t i v i t y  wan a l s o  found  by



A uck land^1 a l th o u g h  he found  t h a t  m edull.-.r,/ f lo w  was a ls o  
r e d u c e d . Pomoranz how ever makoR th e  p o in t  i n  h i s  p a c e r ,  
t h a t  m ild  s t im u lc t io n ,  w hich may n o t  a l t e r  th e  t o t a l  r e n a l  
b lo o d  flo w , Tirodicfcs d i c t r i b u t i o n n l  c h a n g e s , and A uek3rnd 'g  
r e s u l t s  cnn p ro b a b ly  be e x p la in e d  by th e  f a c t  th f i t  h e  used 
m ore in t e n s e  n e rv o u s  s t im u la t io n .

U nder r o m n l  c o n d i t io n s  t h e  c o r te x  r e c e iv e s  ab o u t 
n in e ty  pei c e n t  o f  t h e  t o t a l  r e n a l  b lo o d  flov/® ^. I n c re a s e d  
sy m p a th e tic  a c t i v i t y  to  k id n e y  re d u c e s  n o t  o n ly  f lo w  r a t e  
b u t  a l s o  th e  r ie r c e n ta re  o f  b lo o d  d i s t r i b u t e d  to  th u  o u te r  
co rtox^ '® ^. T h is  i a  co n firm ed  by s e v e r a l  o t h e r  t e c h n iq u e s  
su ch  a s  a u to ra d io g ra p h y  s t u d i e s ,  and r e n a l  onct'c v h ic h  show 
c lo s u r e  m d  u n d o r f i l l i n f  o f  r e g io n s  i n  th e  c o r te x  th e re b y  
f i v in f :  i t  a  p a tc h y  a n p e a ra n o e '''^ . The m e d u lla ry  v r . r o d i l a t i o n  
s e e n  i n  c irc u m s tr n c e c  re m jl t in ^ :  from  in c r e a s e d  sy m p a th e tic  
a c t i v i t y  l u  d i f f i c u l t  to  e x p la in .  I t  h a s  been  n u f r o s te d  
above th c .t  t h i n  i s  a  p a s s iv e  co n sc cu cn c ^  o f  in c re a c e u  
c o r t i c a l  r o s io t r .n c o . H e v e r th e le a n  th e r e  i s  much ev id e n c e  
t h a t  m e d u lla ry  v a s o d i l a t i o n  i s  a c t iv e  and m e d ia te d  th ro u fh  
n e u r a l  o r  h u n o ra l  p a th w a y s . McKenna and A n fc ia k o g '1̂  found  
c h o l i n e r r i c  f i .b re c  i n  t h e  o u t t r  m e d u lla  w hich  K arhat® ^ 
e u ^ e c t s  a r c  v ;^ :o d i l a t o r « A lso  i i i j e c t io i i a  o f  a c e ty l c h o l in e  
in c r e a s e  m e d u lla ry  flov ;10A, A l t e r a t io n s  i n  th e  a c t i v i t y  o f  
t h e  r i c h  !.-.dr''r, r 'r , ' ic  n e rv e  n u p p ly  to  th e  e f f e r e n t  a r t e r i o l e s  
m en tio n ed  a b o v e , ooul  ̂ .’rl ro  p ro fo u n d ly  a f f e c t  th e  volum e o f  
b lo o d  flo v /in ;- t h r o u r h  th:i:- r ^ r io n .  T h e r e fo r e  i t  would rp n e a r  
from  th e  above e v id e n c e  t h a t  th e  in c r e a s e s  i n  m c tiu llr ry  
b lo o d  f lo w  ?:ecn u n d e r  v n ry in ."  c o n d i t io n s  may bo e x n lr in p d  
e i t h e r  by n ao n iv e  d i l u t i o n ,  o r  by a c t iv e  n e u r a l  m ech an ism s. 

H orm onrl C o n tro l

( l )  I lo rn d re n '- .ljn n . ?!t would be e x p e c te d  t h c t  s in c e  
n o r o d r e n a l in o  i s  t h e  m ain n o u r o - t r r n f , - l i t t e r  o f  th e  sym n.-'thetic  
n e rv o u s  s y s t e m ^ ,  t h a t  i n t r c : - r e n a l  p e r f u s io n  o f  th e  hormone 
tvould hav e  s i m i l a r  ei ' fc ct r .  to  f c n c r a l ic e r t  nyr-inn tlietic 
a c t i v a t i o n .  T h is  mcy n o t  bn th e  cane s in c e  rm in c r c r n o  in



P a r e  3 i? •

g e n e r a l i s e d  sy m p a th e tic  a c t i v i t y  may a l t e r  r e n o v a s c u la r  
r e s i s t a n c e  by an  a u t o r e f u l a t o r y  re sp o n se  to  in c re a s e d  
c o r t i c a l  b lo o d  p r e s s u r e .  I t  i s  t h e r e f o r e  u s e f u l  to  c o n s id e r  
th e  e f f e c t s  o f  n o r a d r e n a l in e  on r e n a l  hacnodynom icu to  
e l u c id a t e  th e  p r im a ry  e f f e c t  o f  th e  sy m p a th e tic  sy stem  on 
th e  b lo o d  flo w  o f  t h e  k id n e y .

N o r a d re n a l in e  h a s  b o th  % end /3 a d r e n e r g ic  r e c e p to r  
s t im u la t in g  p r o p e r t i e s  and e v id e n c e  h a s  been  o b ta in e d  t h a t  
t h e  k id n e y  p o s s e s s e s  b o th  o f  th e s e  a d r e n e r g ic  r e c e p t o r s .
The i n t r a r e n a l  i n f u s i o n  o f  th e  b e t a  a g o n i s t  i s o p r o t e r e n o l ,  
p ro d u c e s  a  m ild  v a s o d i l a t a t i o n  in  th e  k id n e y '* '^ .  I n  
c o n t r a s t  a d r e n e r g ic  s t im u la t io n  a p p e a rs  to  p ro d u c e  m ajo r 
p h y s io lo g ic a l  e f f e c t s  on r e n a l  haeraodynam icc. N o r a d re n a l in e  
w hich  i s  p r im a r i l y  an  % a d r e n e r g ic  a g o n i s t  n ro d u c c s  r e n a l  
v a s o c o n s t r ic t io n  oven  i n  s n a i l  cmoun.tfiL̂  ’ •'-̂ '■31IO6 _ a l s o  
a p p e a rs  t h a t  i t  n o t  o n ly  a f f e c t s  th e  a f f e r e n t  and e f f e r e n t  
a r t e r i o l e s  b u t  th e  v e n u le s  a s  -.-.•ell10 ' ' ' . I t  h a s  a l s o  been  
shown t h a t  n o r a d r e n a l in e  in  a d d i t i o n  to  r o d u c w  th e  t o t a l  
r e n a l  b lo o d  f lo w , a l t e r s  th e  r e g io n a l  d i s i r i u u t i o n  o f  b lood  
w i th in  th e  k id n e y  an  w e l l .  C r . r r ie r e 1 ^  u s in g  th o  ®*Kr 
s t a t e s  t h a t  n o r a d r e n a l in e  re d u c e s  volum e o f  b lo o d  d i r +r i t u i e d  
to  t h e  c o r te x ,  w i th  an  in c r e a s e  in  b o th  t h e  r a t e  o f  b lo o d  
f lo w  and th e  volum e o f  b lo o d  d i s t r i b u t e d  to  th e  m e d u lla . 
S c h r i e r ^ ^  f e e l s  t h a t  t h i s  i s  due t o  n o r a d r e n a l in e  
e x e r t i n g  a  n r e f c r e n t i ^ l  v a s o c o n s t r ic t o r  e f f e c t  on th e  
e f f e r e n t  a r t e r i o l e ,  b e c a u se  th e  f a l l  i n  g lo m e ru la r  f i l t r a t i o n  
r a t e  i s  l o s s  th ;  n th e  d e c re a s e  i n  r e n a l  b lood  f lo w . He 
f e e l s  t h a t  i n  nmnJJ d o s e s ,  n.1 Id  I 'o n s t r i  c t i o n  o f  a f f e r e n t  . 
n r t e r i o l o  may bo c o u n te rb a la n c e d  by s u f f i c i e n t  c o n s t r i c t i o n  
o f  t h e  e f f e r e n t  n r t c r i  v .c , th e re b y  m a in ta in in g  g lo m e ru la r  
f i l t r a t i o n  r a t e  c o n s ta n t  a l th o u g h  r e n a l  b lood  f lo w  in  
d e c re a s e d . The c o m ito rn n r t  o f  t h i s  e f f e c t  nay  o c c u r  d u r in r  

/? a d r e n e r g ic  s t im u la t io n  w ith  i n o p r o tc r c i ,  h i w hich 
p r e f e r e n t i a l  v a s o d i l a t a t i o n  o f  t h e  e f f e r e n t  a r t e r i o l e ,  le a d s  
to  a. r i s e  i n  r e n a l  b lood  f lo w  w h ile  g] o m o ru la r  f i l t r a t i o n  
r a t e  re m a in s  c o n s t a n t ^ .
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I n  con-;.- . t  to  th o s e  r e s u l t c ,  cone w o rk o m , u s  i n f  
r ;-d io c .c tiv c  n ic n o n n h e rc , h av e  f a i le - J t o  d e n o n o tra te  any 
e f f e c t  on r e r / ’] n o " d  f lo w  d i s t r i b u t i o n  o f  e i t h e r  r e n a l  
n e rv o  r t im u l '■ t io n 1 '' o r  i n f u s io n  o f  n o r a d r e n a l in e 10^ .
A ls o , th e a n  i n v e r t : r a t o r a  m crsu rod  r e n a l  b lo o d  f le w  d u r i n f  
h r e a o r r h  -po - nd a^ .in t '- in c -: t h r t  i t  i s  th e  h y p o te n s io n  
pro d u ced  by th e  h"OTnorrhrro t h a t  p ro d u c e s  a  d e c ro a se d  
c o r t i c a l  b lo o s  f lo w  m d  n o t  a c o n c o m ita n t i n c r e a s e  in  
c i r c u l a t i n g  c. ' e c h o l: n in e ;- . illu a n x n la n a tio n  was b ase d  on 
th e  dem onstr.' t : o n  t h a t  th e  u o c ro a re  o f  th e  f r a c t i o n a l  to  
th e  o u t e r  c o r te x  co u ld  bo -produced by a  d e c re a s e d  r e n a l  
o o rfu c n o n  p re s s u re - , b u t  n o t  by nora .drenrl! ano o r  a r r i o t c n r . i n  
in f u r ; 1 o n . S c h r i e r 1 0  ̂ m crtio n ;) t h a t  th e  br.se] in e  l e v e l  o f  
v a s c u la r  to n e  may be i n n e r l : n t  i n  d o tc r m in tn f  r e n a l  
v a s c u la r  re sp o n se  t o  v  r i o u s  s t a - i u l i .  F o r e x m n ].e , i n  th e  
'p re s e n c e  o f  a  h i f h  c o n tro ]  l e v e l  o f  r e n r l  v a s c u la r  
r e s i s t a n c e ,  a d r e n o r - ic  s t im v ] r t io n  may be l o s s  e f f e c t i v e ,  
b u t  m y  v a c o d i la to r y  ro s r o n c e  be a c c e n tu a te d . T h is  l a t t e r  
e x p la n a t io n  co u ld  be th e  ro-' son  f o r  th e  c o n f l i c t i n g  r e s u l t s  
r e p o r te d  u s in .-  r a d io a c t i v e  m ic ro s n h e rc c .

F u r th e r  e v id e n c e  t h r t  . - d r e n c r f ic  o tim u lr . t io n  i n  th e  
k id n e y  c r u s e s  a r e d i s t r i b u t i o n  o f  th e  b lo o d  f lo w  away from  
th e  c o r te x ,  i s  sc o n  i n  n a + ie n ts  w ith  h e a r „ f a i l u r e . In  
t h e s e  t h e r e  i s  '•> h:: <-h c o n c e n t r a t io n  o f  endorr-nous c r t e c h o l -  
a n i r e :  110 and i,- r-vrartentr. o f  i n t r s r c n a l  b lood  f lo w  d i s t r i b ­
u t io n  s s ,  «d -K j,: o f  b lo o d  rway from  th e  c o r te x 1 1 1 .
I 'h is  iw i- i  - s< i.i - "1 r m : s t a n c e  war. r e v e r s e d  w ith  
adrenvr;-:; e b l.nuxi:.. r - i - r ts  i n  nr t i c n t n 11? and in  
e x p e rim e n t-1  an -iv  i 1 wrbh h e a r t  f a i l u r e .  T h e r e fo r e  i n  
c o n s id e r in '-  a l l  th e  o v 'd m c -  j I would seem t h a t  f  
a d r e n c r r i c  atim u.lr t i o n  by u o r s d r r n r l m o  o r  by r e n a l  n e rv e  
a c t i v i t y  o.-rru:.; a  d e c re a se d  ran- 1 b lood  f lo w  w ith  a l t e r a t i o n s  
i n  d i r t r i b u t i o .  -1  f lo w . How ever, i t  m ust be r e a l  i.scd  t h a t  
s S im u la t io n  o f  . i,x sy n n .-.th o tic  sy stem  a l s o  r e l e a s e s  r e n in 1 -̂  ̂ ,1 ^ ^ . 
T h is  in  t u r n  j'i. n . - io te n s in  I I  w hich i s  n p o te n t  r e n a l  
v a s f i'-  n a t r i c t o r .  T h is  sy stem  w i l l  now bo c o n s id e r e d .

The H en in -.m  - o tn n s in  ri-'s.ten and R en-I H.nnmodvnamics
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The R o n in -rJ i^ io tG n r.ln  Syatom rnd  Rnnp.l H.no!Bodyn"!aics 

T here i s  c o n s id e r a b le  e v id e n c e  t h a t  in c r e a s e d  a c t i v i t y  o f  
th e  a d r e n e r g ic  n e rv o u s  sy stem  p ro v id e s  a  n o t e n t  s t im u lu s  to  
i n c r e a s e d  r e n in  s e c r e t i o n .  S e v e r a l  m anouevers a r c  knov-n to  
s t im u la t e  b o th  s y m p a th e tic  n e u r a l  pathways and r e n in  r e le a s e  
in c lu d in g  h a c m o rrh a re 1 1 6 ’1 1 7 , c a r o t i d  o c c lu s io n 1 1 8 , d i r e c t  
s t im u la t io n  o f  t h e  r e n a l  n e r v e s 11^ ' 1 1 ^ in f u s io n s  o f 
c a te c h o la m in o n  o r  g a n g l io n  s t im u la t in g  a g e n ts 11^ ,  s t im u la t io n  
o f  th e  mid b r o in 11^ and hy p o g ly cn em ic  a g e n ts 1 ^ ^ . I t  h a s  
been  p ro p o se d  t h a t  e i t h e r  c i r c u l a t i n g  c a te c h o la m in e s  o r  
am ines from  th e  a d r e n a l  m ed u lla  o r  n o r a d r e n a l in e  l i b e r a t e d  
a t  r e n a l  a d r e n e r g ic  n e rv e  t e r m in a l s  o r  a  c o m b in a tio n  t h e r e o f ,  
may m e d ia te  th o s e  re s p o n s e s 1 ^ .

T h ere  a r e  s e v e r a l  su g g e s te d  m echanism s w hereby a d r e n e r g ic  
s t im u la t io n  may c a u se  an  in c r e a s e  i n  r e n a l  e x c r e t i o n  o f  r e n in .  
I t  h a s  been  s u g g e s te d  t h a t  th e  r e n a l  v a s o c o n s t r ic t io n  
a s s o c ia t e d  w ith  a d r e n e r g ic  s t im u la t io n ,  co u ld  i n c r e a s e  
r e n in  r e le a s e  by d e c re a s in g  sodium  d e l iv e r y  t o  th e  m acu la 
densr. a r e a 1 '51. I t  h a s  a l s o  been  s u g g e s te d  t h a t  a l t e r a t i o n s  
i n  p r e s s u r e  a f f e c t  an  i n t r a r o n a l  r e c e p t o r  s i t e  and th e re b y  
i n f lu e n c e  r e n in  s e c r e t i o n 1 ' ' .  R ece n t e v id e n c e  would n u rg o s t  
t h a t  sy m p a th e tic  - t i m u la t io n  in c r e a s e s  r e n in  r e le a s e  1"  a 
d i r e c t  a f f e c t  on th e  j u x tn - r lo m c r u ln r  c e l l s .  The j u x t a ­
g lo m e ru la r  c e l l s  a r c  r i c h l y  in n e rv a te d  by p o s t - g a n g l io n i c  
n e rv e  f i b r e s 1 ^ ,  and i t  a p p e a rs  t h a t  th e  m echanism  f o r  r e n in  
r e le a s e  i s  v i a  r. £  r c c e n t o r ,  s in c e  p ro p r a n o lo l ,  i s  a b le  to  
p re v e n t  r e n in  r e le a s e  by th e  s t im u l i  m en tio n ed  nbove1 ^ ' 1 ^ ' .
In  c o n t r a s t  to  t h i s  V/inor o t  n l 1 ^  hav e  d e m o n s tra te d  t h a t  
b o th  p ro p r a n o lo l  and th e  a n t a g o n is t  p h cn to ln m in c  p re v e n ts  
th e  a b i . l i t g  o i  n o r a d r e n a l in e  to  i n c r e a s e  r e n in  s e c r e t i o n .
O th e r  w o rk ers  how ever hav e  shown t h a t  b lo c k a d e  in c r e a s e s  
r e n in  n e r r j t i o n 11 ^ , no t h a t  a lth o u g h  th e  e x a c t  m echanism  o f  
r e n in  r e le a s e  re m a in s  a s  y e t  u n i d e n t i f i e d , i t  would se e n  
t h a t  ?  r.c ircnoraac s t im u la t io n  i s  c e r t a i n l y  in v o lv e d 1 ^ .
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W ith in  th e  k id n e y  th e  r e n in - m p io to n n in  syctom  i s  i t s e l f  
in v o lv e d  in  th e  d i s t r i b u t i o n  o f  th e  r e r i o n a l  b lo o d  f lo w .
Many w o rk ers  hav e  shown th t i t  a n c io te n o in  in fu s e d  i n to  th e  
r e n a l  a r t e r y  t re d u c e s  a  dose d ep e n d en t r e d u c t io n  in  
f lo w 10 * -10^ ^ .  B rech  e t  hav e  a h o m  t h a t  d u r i n r
r e d u c t io n  o f  -o e rfu s io n  p r e s s u r e  below  th e  a u to r e c u la to r y  
ra n g e  a  r e d i s t r i b u t i o n  o f  i n t r n r e n a l  p e r f u s io n  could  be 
o b se rv e d  from  th e  o u t e r  c o r t i c s l  t o  th e  i n n e r  c o r t i c a l -  
ju x ta m e d u l la ry  comp:-.rtrnentf:, w hich was more pronounced  in  
r e n in  d e p le te d  th a n  i n  norm al a n im a ls . A lso i n  n o rm al d o fs  
r e d u c t io n  o f  p e r f u s io n  p r e s s u r e  r e s u l t e d  i n  an  i n c r e a s e  in  
o u t e r  c o r t i c a l  p e r f u s io n  r a t e  s  l o n f  ar, a u to  r e g u la t io n  v;a s 
m a in ta in e d , w h e rea s  i n  r e n in  d e p le te d  a n im a ls , o u t e r  c o r t i ­
c a l  p e r f u s io n  r a t e s  d e c re a s e d  i n  p r o p o r t io n  to  p r e s s u r e  
r e d u c t io n .  T hese w o rk ers  co n c lu d e  t h a t  t h e  r e g u la t io n  o f  
b lo o d  f lo w  w i th in  th e  k id n e y  in v o lv e s  two m echan ism s; one 
lo c a te d  i n  th e  o u t e r  c o r t i c a l  p ro a  u n d e r th e  i n f lu e n c e  o f  
th e  r e n in  a n f io t e n s in  sy s tem , and th e  o t h e r  lo c a te d  in  th e  
ju x ta m e d u lIn ry  com partm ent and in d e p e n d e n t o f  th e  r e n in  
a n f io t e n s in  sy s te m . T h is  c o n te n t io n  i s  su p p o rte d  by th e  
f i n d in g  t h r t  th e  g r e a t e s t  c o n c e n t r a t io n  o f  r e n in  i s  found 
in  th e  o u t e r  c o r t i c a l  a re ri1 ^ .  I n  a d d i t i o n  Hornych e t  a l ]'^ 0 
hav e  in f u r e d  e n r io t e n s in  I I  in to  th e  k id n e y  and shown t h a t  i t  
p ro d u ced  v a s o c o n s t r ic t io n  o f  th n  g l o x e r u l i  o f  th e  o u t e r  
c o r t i c a l  re rio n m  h u t t h a t  i t  hai? no e f f e c t  on th e  j u x t r -  
m ed u llfiry  r i ’oun o f  no -n h ro n r. I n  a d d i t i o n  th e s e  ch an g es 
w ere n o t  p re v e n te d  by m  \  a d r e n e r g ic  b lo c k in g  r . f e n t .

From th e  above d e s c r i p t io n  i t  can  bo sco n  t h n t  th e  
sy m p a th e tic  n e rv o u s  syntom  and th e  r e n in  n n r io te n n in  
sy stem  a r e  i n t im a te ly  l i n k e d .  S im i la r  s t im u l i  r e s u l t  in  
in c r e a s e d  n y n p a th e tic  r o t i v i t y  nnd in c re rn e -d  r e n in  
re ]  e a s e .  F u rth e rm o re  ry r m a th e t ic  a c t i v i t y  i t i i e l f  can 
r e le a s e  r e n in  ant] w i th in  th e  k id n e y  b o th  n n f io t c n a in  and 
n o r a d r e n a l in e  hav e  s i m i l c r  e f f e c t s .  T h e re fo re  when con­
s i d e r i n g  cny c h n n re s  o f  ro n n l  W ood f lo w  d i s t r i b u t i o n  one 
m ust ta k e  b o th  r.ystomn i n to  a c c o u n t .
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(4 )  A a ro n n l in e .

A dren n ln n e may n ls o  c o n t r ib u t e  t o  th e  v a o o c o n s tr i c t i o n  
p ro d u c ed  by sy m p a th e tic  s t im u l r . t io n ,  n n r t i c u l a r l y  s in c e  
i t  i s  a lo o  re lo a d e d  by th e  a d r e n a l  m e d u lla  i n  re sp o n se  to  
auch  s t im u la t io n ® 2 . I t  hno been  found t h a t  in t r a v e n o u s  
i n j e c t i o n s  o f  a d r e n a l in e  d e c re a s e d  rcno .l b lo o d  
T h is  h a a  b een  in t e r p r e t e d  a s  b e i n f  duo to  nn e f f e r e n t  
vasoconn  '; r i c t io n ^  O c c a s io n a l ly  nm.'ill donee a t  a d r e n a l in e  
hav e  been  r e p o r te d  to  in d u ce  re n o v a n o d il? ;+- f - t io n ^ ^ . S in c e  
a d r e n a l in e  i s  b o th  nn a lp h a  and b e t a  s t im u l a t o r  t h i s  i s  
n o t  u n e x p e c te d  pnd p ro b a b ly  t h e  t if fo c tr , o f  a d r e n a l in e  on 
r e n a l  p e r f u s io n  i s  dose d e p e n d e n t ; a w l l  d o se s  p ro d u c in g  
v a s o d i l a t a t i o n  w h ile  l a r g e r  dosen  r e s u l t  in  v a s o c o n s t r ic t io n .

(5 )  P rostn rD  n n d ln r .

1’h e s e  p.re ?0 c a r b o n - l i n id  s o lu b le  u n o a tu rn to d  h y d ro x y - 
acids"*-- ^ . S ix  p rim a ry  n r o s to / rl n n d in  a r e  known to  o c c u r  
n a t u r a l l y ,  PGE1 PG13? F G P ^  PGF?I< and P G P ^ 1 3 5 .
The m ain rozutl n ro o tr r lP T id in s  a r e  PGJJ  ̂ and P G P g ^ 13 ^ , 
I n f u s io n n  o f  PGE^ i n t o  th e  re r . 'J .  a r t e r y  o f  th e  d o f  r e s u l t s  
i n  a  n a rk e d  v n s o d i ln to r y  re^T 'once i n  w hich  re n o v a s c u la r  
r e s i s t a n c e  i s  a n n ro x im o te ly  hc .lv ed 2"^^. PGK^ n lso  c a u s e s  a 
r e d i s t r i b u t i o n  o f  b lood  fro m th e  m ed u lla  to w ard s  th e
o u t e r  c bex135 and i t  har, b ee n  s u r r c s to a  by M cG iff e t  a l 130 
t h a t  PGL comnundn opnono th e  r e n o v a a o c o n s t r i c to r  a c t io n s  o f 
a n g io te n s in  and n o r r id r e n r l i n e . T h is  i s  o u p p o rto d  by th e  
w ork o f  J t r ;k o v i tr ,13? rind M cG iff. T hese w o rk ers  showed t h a t  
when e y n th c o ic  o f  n r o n t r r lo n d in s  i s  p re v e n te d  by th s  
a d m in i s t r a t i o n  o f  indoinetiirie.i.n, t h e  i n f u s io n s  o f  a n f io t e n s in  
r e s u l t  i n  v f ;r ,o c o m :tr ic tio n  i n  b o th  th e  m odulln. and th e  
c o r te x .  T h is  c o n te n tio n  t h n t  r e n d  f i r o s ta f l r m d in s  a c t  
p r im a r i ly  nn lo c r . l  v n so d il  f t o r  hormonoo i n  th e  deep  c o r te x  
and m odulln  in  s u n n o r te d  by th o  f i n d in g  t h n t  th e s e  horm ones 
pro  form ed p r im a r i l y  i n  th o  m e d u lla  and d e f ra d e d  i n  th e  
c o r te x 13®. Thus when r e n a l  s y n th o id n  l a  in c re o n o d  a  I n r r e  
f r a c t i o n  o f  W ood porfu seci th e  i n n e r  c o r t r x  and m oduli;-'j 
when r e n a l  e y n th o r ln  i s  d o c r ro n e d , i'S a f t e r  in d o m eth n c in
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a a T n in iB trn tio n  th e  f r a c t i o n  o f  i n n e r  c o r t i c a l  "blood flo w  
d im in is h e s .  Thus i t  can be se e n  t h n t  th e  p r o a ts r la n d in g  
o f  t h e  E s e r i e s  oppose th e  c o r t i c a l  c o n s t r i c t i o n  ca u se d  by 
n o r a d r e n a l in e  end  a n g i o t e n s i n . I n  c o n t r a s t  to  t h i s  i t  would 
a p p e a r  t h a t  i n f u s i o n  o f  c a u se s  a  m arked in c r e a s e  in
r e n a l  v a s c u la r  r e s i s t a n c e ’*’ .

(f>) R o le  o f o le c tr o lv tm n  i n  th e  c o n t r o l  o f  r e n a l  b lo o d  f lo w .

I t  har, been  m en tio n ed  above t h n t  one o f  th e  m echanisms 
p ro n o se d  f o r  t h e  c o n t r o l  o f  r e n in  s e c r e t i o n  i s  th e  amount 
o f  sodium  w hich re a c h e s  th e  m acu la  dense, o f  th e  j u x t a ­
g lo m e ru la r  a p '- - r a tu s .  A lthough  t h i s  th e o r y  i s  n o t  u n iv e r ­
s a l l y  a c c e n te d , t h e r e  i s  pood e v id e n c e  t h a t  sodium  co n cen ­
t r a t i o n  does a f f e c t  r e n a l  b lo o d  f lo w  duo to  i t s  o f f e c t  on 
r e n in  s e c r e t i o n ,

H o r s te r  and T hurau1 ^  fo u n d  t h a t  a c h r o n ic  in c r e a s e  in  
d i e t a r y  sodium  i n t a k e ,  r a v e  r i r e  to  a  r e d i s t r i b u t i o n  o f  
s i n f l e  n ep h ro n  g lo m e ru la r  f i l t r a t i o n  re  tec* to w a rd s  th e  
s u p e r f i c i a l  n e p h ro n s . T h is  i s  s u n p o r te d  by work on i n t r a -  
r e n s l  d i s t r i b u t i o n  o f  b lood  in  mnn on h i f h  ond low  sodium  
d i e t s . H ere i t  h a s  been  shown t h a t  sodium  d e p r a v a t io n  
in c re a se ? : r e n in  n a t i v i t y  rn d  th e  r e r u l t r n t  fo r m a t io n  o f  
a n f io te n r . in  c  unor a  r e d iB t r i b u t i o n  o f  xiood tow erdn  th e  
m e d u lla ry  ncm hronc, w h ile  rodium  i n c r  h a s  th e  o p p o s i te  
e f f e c t 1?,' ' , -1-/1C,,1<5:L. I n  c o n t r a s t  to  t h i ,  h e r  vvorlcers1 ^ ^ ’14  ̂
have fo u n d  t h a t  n o d iu n  b a la n c e  h a e  no e f f e c t  on i n t r a r e n a l  
d i s t r i b u t i o n  o f  L ,.ood. I t  would n n p c a r  how ever t h a t  
sodium  b a ln n c e  c e r t r i n l y  a f f e o t r  r e n in  n c c re tio n ^ " ^ ''' '^ ^ ^ '^ ^ ^  
and t h a t  i t  ie  mo?:t l i k e l y  t h n t  t h i s  p ro d u c e s  s e c o n d a ry  
ch a r; i . i n  r e n a l  hacm odynam ics v ia  th e  formation o f
rn rio ten jin .

P otr-nn iun  mny a ln o  a f f e c t  ro .n in  r c lo a v c  and th e re b y  
p ro d u ce  se c o n d a ry  o ffu o tr : cn  th e  r e n a l  v n n c u la tu r c .
V nnder1 h: ntiocm t h c t  d i r e c t  i n t r a - n r t e r i a l  i r f u r i o n s
o f  D oti.'nr-iv: chloride i n  t-d o 'n lo te d  d o r c ,  n rodvced
in>i:.bj t i o r  o r r e n in  ro lu c s e  and r>lno re d u c e n  sodium  re n b n o rn t io n
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by th e  k id n e y . T h is  h a s  been  co n firm ed  in  m a n ^ ^ , 
I t  h a s  been  s u f f e s t e d  t h a t  th ies i n h i b i t o r y  e f f e c t  c f  
p o ta s s iu m  on ro n in . s e c r e t i o n  i s  r^ c o n d tiry  t o .d e p r e s s io n - o 'f  
sodium  a b s o r p tio n  from  th e  p ro x im al tu b u le " ^ ^ . However a 
r e c e n t  m ic ro -p u n o tu ro  o tu d y  r e v e a le d  t h a t  in f u n io n s  o f  
p o ta s s iu m  p ro d u c e s  no in c r e a s e  i n  th e  d e l iv e r y  o f  sodium  
from  th e  p ro x im a l tu b u le " ^ ^ . T h e re fo re  th e  e x a c r  m echanism  
o f  r e n in  suppression  by p o ta s s iu m  i s  unknov.m The sec o n d a ry  
a l t e r a t i o n s  in  r e n a l  h oem odynnrics  p ro d u c ed  by h y p e rk a la e m ia  
a r e  due to  th e  s u p r e s s io n  o f  r e n in  r e le a s e  and  n o t  due to  
p rim a ry  e f f e c t s  o f  p o ta s s iu m , s in c e  i n f u o i o n a f  p o ta s s iu m  
i n t o  th e  k id n e y  p ro d u c e s  no change i n  r e n a l  b lo o d  f lo w ^ ^ ^ . 

Summr-ry,

The r e n a l  c i r c u l a t i o n  and i t s  i n n e r v a t io n  was d e s c r ib e d  in  
d e t a i l .  The r e g u la t i o n  o f  r e n a l  b lood  f lo w  was a l s o  re v ie w ed  
and th e  r o l e  o f  th e  r e n a l  n e r v e s  and ho rm onal in f lu e n c e s  
su ch  a s  th e  c a te c h o ln n in e r , and th e  p r o s ta g la n d in s  was 
d e s c r ib e d .  The r e n in  r n p lo te n o in  s y s tp n  and i t s  r o l e  i n  
th e  r e  f i l i a t i o n  o f  r e n a l  b lo o d  f lo w  was re v ie w ed  and in  
a d d i t i o n  th e  in f lu e n c e  o f  e l e c t r o l y t e  a l t e r a t i o n s  on r e n a l  
> iinodynanics was d e s c r ib e d .
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METHODS OP MEASUREMENT OF RKNAI, BLOOD PIOV/

T here a re  many te c h n iq u e s  o f  t o t a l  r e n a l  b lood  f lo w . The 
e a r l y  m ethods made u se  o f  r a d io  opaque c o n s t r u c t  m a t e r ia l ,  
o r  m ercu ry  re n o g ra m s , b u t  th e s e  a r e  o n ly  an  in d e x  o f  t o t a l  
r e n a l  f u n c t io n  and n o t  a  s p e c i f i c  m easure o f  r e n a l  b lo o d  f lo w .

E s t im a t io n  o f  r e n a l  b lo o d  f lo w  by m e a su r in g  th e  c le a ra n c e  
o f  p a ra -a m in o  h ip p u r a t e  (PAH) h a s  been  u se d  and i s  b a se d  on 
t h .  . n a t i o n  0 ^  .

w here Q u  = amount o f  i n d i c a t o r  su b s ta n c e  e x c re te d  in  th e

P = r a t e  o f  b lo o d  f lo w  i n  m is -  m in 
Ca & Cv = c o n c e n t r a t io n  o f  i n d i c a t o r  s u b s ta n c e  i n  r e n a l  

a r t e r i a l  and venous b lo o d  
t  = change i n  t im e  o v e r  w hich m easu rem en ts w ere m ade.

T h is  ap p ro ach  r e q u i r e s  a  s te a d y  s t a t e , n e g l i g i b l e  l&ss;- 
o f  i n d i c a t o r  in  r e n a l  lym ph, c o n s ta n t  r e n a l  a r t e r i a l  and 
v enous b lood  f lo w  r a t e s  end e x c r e t io n  o f  s u f f i c i e n t  q u a n t i t i e s  
o f  i n d i c a t o r  to  e n s u re  a c c u r a te  m ea su rem en t. A lso  t h i s  
m ethod h a s  l i m i t a t i o n s  i n  t h a t  u r in e  f lo w  n e e d s  to  be a t  0. 
h ig h  r a t e  and b o th  venous and a r t e r i a l  r e n a l  b lo o d  need  to  
be sam pled  f o r  t r u e  a c c u ra c y . A lso  i f  a l t e r a t i o n s  i n  
b lo o d  f lo w  d i s t r i b u t i o n  o c c u r ,  th e n  PAH c le a ra n c e  w i l l  g iv e  
f a l s e  r e a d in g s . F o r oxam nle i f  b lood  i s  sh u n te d  away from  
th e  c o r te x  a f a u l t y  low  m easurem ent w i l l  be o b ta in e d  s in c e  
fe w e r n ep h ro n s  a r e  b e in g  p e r f u s e d .

I n  e x p e rim e n ta l  a n im a ls  th e  e le c tro m a g n e tic  f lo w  m e te r  
can  bo u sed  and p ro v id e s  on a c c u r a te  m easu re  o f  t o t a l  
r e n a l  f lo w  p ro v id e d  no k in k in g  o f  th e  a r t e r y  o c c u r s . A lso  
s im n lc r  m ethods su ch  a s  m easurem ent o f  r e n a l  venous d ra in a g e  
p e r  u n i t  t im e , and dye d i l u t i o n  te c h n iq u e s  u s in g  in d o cy n n in o  
may be u s e d . S in c e  t h i s  s tu d y  wno no+ • 'n c o rn c d  w ith  
a l t e r a t i o n s  i n  t o t a l  r e n a l  b lood  f lo w , ,u t w ith  in t ro rc m n l  
d i s t r i b u t i o n  o f  b lo o d , th e  m easurem ent o f  t o t a l  r e n a l  b lood  
f lo w  w i l l  n o t  be c o n s id e r e d  f u r t h e r .
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M E A SU R EM EN T O F  ir iT IU T fB N A I  fil.O O D  P L 0-7 D IS T R T M IT IO M

1 ) PM

C hanges i n  PAH e x t r a c t i o n  hav e  been  u se d  to  m easure in t r z i -  
r e n a l  b lo o d  f lo w  d i s t r i b u t i o n  by o c v c r a l  w o r k e rc ^ " '^ '^ ''^ .
T h is  i s  b ase d  on th e  assu n ro tio n  t h a t  PAH i s  s e c r e te d  by 
tu b u l a r  c o l ln  o f  th e  c o r t i c a l  ne ijhronn end n o t  by th e  c e l l s  
o f  th e  ju x tc m e d u lln ry  noTjhron:-,. A f a l l  i n  r e n a l  e x t r a c t io n  
o f  PAH i s  th u s  i n t e r p r e t e d  an c o h i f t  nway from  th e  c o r t i c r l  
n e p h r o n s . However Thurciu1^  h a s  shown t h a t  th e  c o n c e n t r a t io n  
o f  dye in  th o  v a s n  r e c t a  ifl much h i f h e r  th,'m  in  a r t e r i a l  
b lo o d , th u s  im p ly in g  t h a t  r e n a l  c o r t i c a l  f lo w  in  u n d e ro s tim s ti.d  
ond r e n a l  m e d u lla ry  f lo w  o v o r-c r.tim r.to d  by t h i s  t e c h n iq u e .
T h is  i s  nlL-o s u p p o rte d  by th e  f in d in g  by s e v e r a l  w o rk ers  
t h a t  PAH may be n e c re te d  by th e  ju x tn m o d u lla ry  n e p h ro n s1 ^'5’1 ' ^ .  
I n  a d d i t i o n  PAH may be r e ta in e d  in  th e  rdney  ti t  low  u r in e  
f lo w  r a t e s  rn d  th e  i n r c c u r r c y  o f  t h i s  m ethod pro  groat when 
th e  e x t r r c t i o n  i s  low 1^ ^ . T h e re fo re  dr>.ta obtr-ineci from  t h i s  
m ethod a r c  nucm cct rn d  A u c K l r n d ^ 'f e e l n  t h a t  t h i s  m ethod 
i s  n o t  v a l id  u n d e r any  c irc i r c ic ta n c e s .

R c n o rrr-n h v

T hin  m ethod employe jhe m easurem ent o f  th o  t r a n s i t  t im e  o f  
a  r a d io a c t i v e  su b s tc n c o  i n  d i f f e r e n t  n e p h r o n s , a s  a 
f u n c t io n a l  b c s in  f o r  m co n u rin f  i n t r n r e n a l  d i s t r i b u t i o n  o f  
b lo o d . To p e rfo rm  o re n o fr r /n  an  i n d i c a t o r  ra d io - ia o to r> e  
i s  i n j e c t e d  in t r a v e n o u s ly  and th e  r a d i o a c t i v i t y  o v e r  one o r  
b o th  k idnoyn  i s  mcsc.surcd by an  o x te rn c l  r a d i a t i o n  d e t e c t o r .
The RubRt?'.nco f i r f i t  u sed  was d io d ra r . t1 ^  b u t  now hiT m uran 

o r  io  more commonly uuod1 5 6 ’" ^ b o c a u o e  le n s
b i l i a r y  e x c r e t io n  o f  h in n u ra n  o c c u rs  thc,.n w ith  d io d r a n t "1 5 7 . 
R o d io a c t iv i ty - t im o  ca rver, r e c o rd e d  a r c  u s u a l ly  i n t e r n r o te d  
no n o rm a l, o r  abnorm al d enend in /- on th o  r a t e  n t  w hich 
r a d i o a c t i v i t y  accum ulato r, i n  each  k id n e y , th e  m axim al r a d io ­
a c t i v i t y  m c.-rured o v e r  ea ch  k id n e y  and th e  r a t e  a t  which 
r a d i o a c t i v i t y  d icn im o n rn  from  onch k id n o y . Tho r a t e  a t  
v'h ic h  r a d i o a c t i v i t y  a c c m u la t c a  in  th e  k id n e y  dcnenfls on
1 ) t h e  d ia p e rn io n  o f  th e  i n d i c a t o r  i n  th e  a r t e r i a l  b lood
2 ) th e  p r o p o r tio n  o f  t o t a l  c a r d ia c  o u tp u t  flo iv in /- th ro u g h
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ea ch  k id n e y .
3 ) t h e  p r o p o r t io n  o f  r a d io a c t i v e  rm botance t h a t  i s  c lc a re f l  

by th e  k id n e y  end rom nlns  i n  th e  o r? r.n
4 ) t h e  r a t e  o f  d is a p p e a ra n c e  o f  th e  i n d i c a t o r  from  t  

a r t e r i a l  b lo o d .

The m axim al am ount o f  r a d i o a c t i v i t y  n o ac u red  o v e r  each  
k id n e y  depends on:
1 ) th e  amount o f  i n d i c a t o r  i n j e c t c d
2 ) th e  r e n a l  c le a r a n c e  o f  th e  i n d i c a t o r  by f l o n e r u l n r  

f i l t r y t i o n  and p rox im rj. t u b u l a r  s e c r e t i o n
3) t h e  t rn n r  ' t  tim e  re q u ir e d  f o r  th e  r a d io a c t i v e  su b s ta n c e  

t o  le a v e  tn e  k id n e y  a f t e r  i t  e n t e r s  th e  tu b u le
4 ) t h e  e f f i c i e n c y  o f  th e  m ea su r in g  a p p a r a tu s .

The s lo p e  o f  th e  d ie a u p c o rc n c e  in  d e te rm in e d  by
1 ) t h e  r a t e  a t  v/hich r a d i o a c t i v i t y  i n d i c a t o r  le a v e s  a r t e r i v .1 

b lo o d  by s e c r e t i o n  f r o n  b o th  k id n ey s
2 ) t h e  mean t r a n s i t  t i s e  f o r  t u b u l a r  f l u i d s  t c  move th ro u g h  

th e  k id n ey  w hich in  t u r n  d e fe n d s  on g lo m e ru la r  f i l t r a t i o n  
r a t e ,  t u b u la r  v o lu m es, r e a b s o r p t io n  o f  t u b u l a r  f l u i d .

Thun a s  a  e c r c e n in -  t e c h n ir u e  f o r  d e t e c t i o n  f o r  r e n a l  
d i s e a s e  re n o .rra n h y  in  v r l u s b l c ,  b u t  i t  d o es  n o t  p ro v id e  
q u a n t i t a t i v e  n e rnurer.ion t o f  r e n a l  b lo o d  flov,- o r  r e n a l  b lo o d  
f lo w  d i s t r i b u t i o n ,  m a in ly  b e c a u se  th e  i n t e r n r e t a t i o n  i s  
c o m p lic a te d  by th e  n r.n s r ro  o f  th e  m ark e r i n  b o th  r l o m e r u la r  
f i l t z a t e  and r l s o  th e  b lo o d .

3) L oca l M ethods

I n  t h i s  a  t r a c e r  in  i n j e c t e d  i n t o  th e  r o n i l  c r t e r y .  P in e  
det'-x .vvr-i c ro  i n s e r t e d  in to  c l i f f n r c n t  r e r i o n r  o f  th e  k id n e y  
to  f o l lo w  th e  c lc zrr-n cr: o f  th e  i n d i c a t o r .  Au!cl:-nd e t  a l ®1 
s a t u r a t e  th e  k iriney  w ith  liy d ro ro n  -: :i ; nd th e n  fo l lo w  i t n  
c le a r a n c e  w ith  th e  T io lrrrr,-,nh iu  noo', l  o r  th r . t  m ernurc h y d ro re n  
c o n c o n t r r t i o n .  A n o th er method in  to  no^-r.urc a r r i v a l  tim e s  
o f  re d  b lood  c o l l s  l a b e l l e d  w ith  ^?n o r  to  u rc  th o rm icito rfi 
to  s tu d y  h e a t  d i i ir d p o t io n .
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Theoc m ethods ni*e a l l  drunaping to  th e  k id n e y  and m easure 
f lo w  i n  p ro c ia e  a n a to m ic a l  l o c a t i o n s  w hich  may h e  composed 
o f  f u n c t i o n a l l y  d i f f e r e n t  h a r t s .  A lso  any i n d i c a t o r  unnd 
to  m easu re  d i s t r i b u t i o n  o f  b lo o d  f lo w  from  c o n c e n t r a t i o n -  
t im e  c u rv e s  , m ust be d e t e c t a b l e  w ith  p r o a t  a c c u ra c y  and 
m ust hav e  r c p l i p a b lo  r e c i r c u l a t i o n  d v j in p  s a ^ p l in p  t im e . 
A lth o u g h  sm a ll  r a d i a t i o n  d e t e c t o r s  o r  f i b .  a - , . jC ic  c a th e t e r s  
may p ro v id e  i n d i c a t o r  d i l u t i o n  c u rv e s  w ith  n  s u i t a b l e  
s e n s i t i v i t y ,  th e  r e c i r c u l a t i o n  o f  non d i f f u e a b lo  i n d i c a t o r  
i s  d i f f i c u l t  t o  q u a n t i t a t e  by any tec h n ie u e '''® .

R a d io a c tiv e  rn icrosnhoro ti

5!he d i s t r i b u t i o n  o f  sm a ll  p a r t i c l e s  t h a t  c a n n o t p a n s  th ro u p h  
th e  c a p i l l a r i e s  can  a l s o  be u se d  to  m easu re r e n a l  b lo o d  
flo w . I f  th e  p a r t i c l e s  a r e  c o m p le te ly  m ixed  i n  s y s te m ic  
a r t o r i c "  b lo o d , t h e  f r a c t i o n  o f  b lo o d  f lo w in g  to  an  o r r a n  
i s  t h e  same go th e  f r a c t i o n  o f  a l l  th e  p a r t i c l e s  i n j e c t e d  
o r  re c o v e r e d  i n  t h a t  o rg a n , "'hue i f  th e  t o t a l  num ber o f  
p a r t i c l e s  a r e  known, th e  b lo o d  f lo w  to  any o rg a n  o r  re g io n  
can  be d e te rm in e d  a c c o rd in g  to  th e  e q u a t io n :

F i  » S I  S |

w here P i  = r a t e  o f  b lo o d  f lo w  to  th e  o rg a n  o r  re g io n  
i n  m l/m in

PT = c a r d ia c  o u tp u t  o r  t o t a l  o rr 'an  f lJ w  i n  m l/m in  
Qi = num ber o f  p a r t i c l e s  r e c o v e r a b le  i n  th e  t i s s u e  
Qt = num ber o f  n a r t i c l e o  i n j e c t e d

G im iln r ly  i f  b lood  f lo w  to  an  o rg a n  i s  known th e n  
r e g io n a l  f lo w  can  bo d e te rm in e d  by th e  name e q u a t io n .
M icro  cw hores l a b e l l e d  w ith  'l® v ttcrb d  um o r  ® ^n tro n tiu m  a re  
ajnong . t  th e  m ark e rs  urod"^

T h is  m ethod i s  v a lu a b le  and co u ld  be a n a to m ic a l ly  
p r e c i s e  b u t i t s  m ain l i m i t a t i o n  i s  th e  n e c e s s i t y  to  s a c r i f i c e  
nn o rg a n  o r  th e  e n t i r e  an im al f o r  one m ea su rem en t. A lso 
i t  h a s  boon found  t h a t  th e s e  m ic ro sn h o re n  do n o t  n a s s  f u r t h e r  
th a n  th e  a f f e r e n t  a r t c - i a i  n and g lo m e ru l i  when u s in g  
m ic ro a p h o ro s  3'Jm  i n  d ia m e te r ,  and s i n c e  th e y  do n o t  cor.nnot
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i n  t h e  p e r i - t u b u l a r  c a p i l l n r i o a  t h io  te c h n iq u e  c rn n o t bo 
u se d  f o r  m cncurem ent o f  b lood  f lo w  i n  th e  m e d u lla ry  r e g io n .

The ^ ^ ^ x e n o n  T e ch n n rtx e

The to e h n ip u o  f o r  mri^mirerncnt o f  in t r r . r e n r . l  b lood  f lo w  
d i s t r i b u t i o  • : 'h r t  hna r e c e iv e d  vzident r .p p lic .? .tio n  i s  t h r t  
i n v o lv in g  r r r i d  i n t r n - a r t e r i n l  i n j e c t i o n s  o f  ®^Kr o r  " ^ X e  
and m sao u re n en t o f  th e  r a to  w hich  r a d i o a c t i v i t y  a p p e a rs  
from  th e  k id n e y . By t h i s  t e c h n iq u e  m easu rem en ts can  be nad e  
r e p e a t e d ly  i n  t h e  im m p .e th e tio e d  and p m r b h o t i s e d  s u b je c t  
and chanfOR i n  r e n a l  i n t r a r c n r : !  d i s t r  t i o n  can  be r e a d i l y  
d e te c te d ^ ® . S in c e  ®^Kr o r  '^ X e  a r e  h i f h l y  l i n i d - s o l u b l e  
th e y  d i f f u s e  f r e e l y  a c r o s s  th e  c a p i l l a r y  w a ll s  and t h z i r  
t r a n s i t  th ro u fh  th e  ren .n l v o o c u l r r  o y o te n  i s  th e re b y  p ro ­
lo n g e d  beyond th e  t r a n s i t  t i n e  f o r  non  d i f f u s a b le  i n d i c a t o r s ”̂®* 
Xenon was u se d  in  t h i s  s tu d y  b u t  th e  d e s c r i p t i o n  a p p l i e s  
e q u a l ly  to  k ry n to n .

The p r i n c i p l e  r o v e r n in r  th e  ex c h an fe  o f  i n e r t  f a r e s  i n  
th e  t i s r u e c  w ere o u t l in e d  'by K c ty  i n  1 9 5 1 " ^ '.  He s t a t e d  t h a t ,  
a t  e q u i l ib r iu m , an  i n e r t  ro.o w i l l  d i s t r i b u t e  i t s e l f  i n  th e  
b lo o d  rnd  t i s r u e s  a c e o r d in -  to  i t s  r e s p e c t i v e  s o l u b i l i t y  in  
e a c h . The nnsum n tio n  t h a t  th e  p o r f u s r b i l i t y  o f  xenon i s  
s u f f i c i e n t l y  h i r h  t o  r / i n t n i n  e q u i l ib r iu m  betw een  a  t i s s u e  
and th e  venous b lood  In , <rinr t h a t  t i s s u e ,  u n d e r  r l l  D h y sio - 
lo f i c a ’-l c o n d i t io n ,  a llo v f!  f o r  th e  fo l lo w in '-  e q u a t io n s  to  be 
fo rm u la te d  f o r  th e  udjc.Ico rn d  w ashout o f  rui i n e r t  rp.o i n  a 
i i is su e :

Vn. =  a  P i  ( O r  -  O v )  =  P i  ^  )

Ca « c o n c e n t r a t io n  o f  i n d i c a t o r  i n  r . r t e r i r l  b lo o d  
Cv = c o n c e n t r a t io n  o f  i n d i c a t o r  i n  ven o u s b lood  
C i r c o n c e n t r a t io n  o f  th e  i n d i c a t o r  3n th e  t i s s u e  

t  = t i n e  
V i = v /e ifh t  o f  th e  t i s s u e s  
P i  = b lood  f lo w
M  = p a r t i t i o n  c o e f f i c i e n t  f o r  th e  i n d i c a t o r  betw een 

vonoas W ood rn d  th e  t io n u o o .
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I t  can  be ancuncd  t h a t  f o l lo w in g  n r a p id  i n j e c t i o n  o f 
th e  i n e r t  f a s  to  th e  t i s s u e s  i n  th e  d e s a tu r a t i o n  p e r io d  
t h a t  Ca —  o  b e c a u se  o f  t h e  v e r y  e f f e c t iv e  e l im in a t io n  o f  
th e  g as  v i a  th e  l u n g s .

T h e re fo re  w ith  an  i n i t i a l  c o n d i t io n  
01 *> Cl 0  a t  fc-O 

C i e  C^q “  h ^ t

w here e e x n o n c n t ia l  c 
F i  

*  " V i X i

o r  f o r  th e  t o t a l  am ount o f  g a s  i n  th e  t i s s u e  
- k i t

C i = Cio

T h is  eo.uo.tion i s  o n ly  v a l i d  f o r  a. t i s s u e  w ith  homogenous 
p e r f u s io n .  F o r an  o rg a n  w ith  d i f f e r e n t  p e r f u s io n  zo n e s th e  
t o t a l  an o u n t o f  i n d i c a t o r  C i s  g iv e n  by:

" - j E j S w
A s im ilo i-  c l o t  o f  C i/Q io  a g a in s t  tim e  th e n  g iv e s :

0.693

w here Tl- = t i n e  i n  m in u te s  f o r  C l / O ^  to  be re d u c e d  to  

h a l f  i t s  n u m e r ic a l  v a lu o .

Then from  1:^ th e  f lo w  r n to  in  o b ta in e d  i f  ^  i s  Imown

The b lo o d  f lo w  r a t e  i n  ea c h  zone can  be c a l c u l a t e d  
a c c o rd in g  to  t h e  above e q u a t io n ,
B lood f lo w  n o r u n i t  mans o f  r c n s i  t i s s u e  i s  th e n  d e te rm in e d  
from  th e  o lono  o f  each o r n a t io n  u s in g  th e  f o l lo w in g  f o r m u la :

P i (ml/lOO.-v ‘ -- k i x X i x 100 x 60 
~ E  "

Where B i s  th e  s p o c i f i c  g r a v i t y  w hich can  bo .qcaumed to  
be e q u a l to  1
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M  ( i V M X W k W  -  % %  ,  % 10 *  % 60

I n  riiim n l exncrim on1;c lihe p a r t i t i o n  c o e f f i c i e n t  f o r  xenon 
botv/eon k id n e y  t i c a u c  and b lo o d  wr.o fo u n d  by la d o fo y e d  to
4 . 0 . 71* .  _ .  . .

Becrurse h r .c n o ^ lo b in  hctr, r.n a f f i n i t y  f o r  xenon t h i n  v a lu e  
f o r  h a s  i n  t u r n  to  be c o r r c c te d  u o in c  th o  fo rm u la :

^  '  0 . 7 ' '  ^
vvhoro PCV = h r .c m r .to c ri t  :vb t i n e  o f  mer.nuromQnt.

The p o re  e n t i r e  o f  t o t r l  r e n n l  b lo o d  f lo w  to  er.ch
com pc.rtr.cnt i s  c r . lc u lr . to d  from  th o  z e ro  t i n e  i n t e r c c n t  o f
ea ch  com nonent c f t e r  r. e o n i - l o r ^ r i t h n i c  The speed
o f  i n j e c t i o n  o f  ^ ^ X e  does n o t  s i f n i f i c n n t l y  a f f e c t  th e  
b lo o d  f lo w /u n i t  mrsfi o f  t i s s u e  b u t  d o es  i n c r e a s e  th e  
p e r c e n t - 'f e  d i s t r i b u t i o n  to  th e  second  end t h i r d  co n v o n e n tc  
o f  s lo w  i n j e c t i o n  i«  usod^^^". T h e r e fo r e  i n  a l l  e x p e rim e n ts
a  r v p id  i n j e c t i o n  o f  xenon  vvao u t i l i s e d .

I t  i s  c I r o  p o s s ib le  to  mec’s u r e  th e  me^n r e n s l  b lo o d  
f lo w  by u s i n .7 t h e  h a l f  t im e  o f  th o  i n i t i r l  c lo n e  o f  th o
w ashou t cu rv e  end LvdnfOfcd^^® h rr , o b ta in e d  ro o d  c o r r e l a t i o n
b e tw e en  a  n o n  rcnn .l b lo o d  f lo w  o b t.- in e d  u s i n r  t h i s  method 
and s ir .u ltn n o o u r. f lo w  rr.ptor M ornurem ento . Howdvct,  no sho-.m 
by In rv p .r r n  L rsr ,cn lf i" , t h e  r v o r r r e  f lo w  o f  n n r r . l l c l
c o n n r r tm c n ts  c r n  o n ly  bo c r lc u l r . t c d  from  th e  I n i t i a l  a lo n e
o f  th e  d in rM n errrn o o  c u r v e , me-'nuror? from  * w hole o r r r n ,  
when i ‘LirJ. c o '.r v .n tr u t io n  o f  in k ie r  t o r  i n  th o  v a r io u s  
co n ro artn o n ts  o x i c t  i n  i d o n t i c r l  c o n c e n t r a t i o n s .  W ith 
d i f f e r i n g  i n i t i a l  c o n c e n tra tio n r :  n  d i f f e r e n t  num nation  
ou rvo  nay  be o b ta in e d  and th e  i n i t i a l  o lo n o  rnr.y n o t  n ro v id o
a c c u r a te  m cnR urcnonts o f  nor-;" b lood  f lo w  th r o u r h  th o  whole
o r f a n ,  T h e ro fo re  mean r e n a l  b lo o d  f lo w  h a s  n o t  boon 
c a l c u l a t e d  i n  t h i n  s tu d y .  In  .-c co -n tin r t h e  fo ru m la e  and 
n p p ly in ~  th e n  to  th o  n o a s v re n o n t o f  o r f a n  •ncrfun ion  c e r t a i n  
b a s i c  asr.um ntionn  r.uxst bo made w hich r e o u i r e  c o n n id c r a t io n :



P r r e  4 6 .

I .  IMSl'AI'IT/JinOUS mOTVFlIH T:LQOD A?'D TTfiFlUR

I f  n  c a l c u l a t i o n  o f  t in s u o  f lo w  io  to  bo v a l i d ,  th e  cac 
u s e d  m ust bo i n e r t  c\nd f r e e l y  d i f f u a r .b l e , a l lo w in g  i n e t r . n t -  
an e o u s honof^finoua d i f f u s i o n  to  o c c u r  botw eon b lo o d  t i r a u o  
i n  a s in g le  pr.oQapo o f  b lo o d  th ro u g h  th e  o r^ c n . The r/'S  
w il"; th e n  mninfcp.in o q u i l i t i r i ia n  betw oon th e  t i s s u e s  and 
v en o u s  b lo o d  l e a v in g  th e  t i s s u e  u n d e r  a l l  n h y rd o lo ^ ic a l  
o o n d i t io n o . The good r.fjreom ent betw een r e n a l  b lo o d  flo w  
m easured  u c in ^  a  r a d io a - i t iv e  i n o r t  r:\c  technic,m e and d i r e c t  
flo w  m e te r  incr.surcrnontn s u n rio rtc  th o  v iew  t h a t  t h i s  ncGump­
t i o n  may bo rnnde^6'^ .

As m en tio n ed  th e r t i  n re  two i n e r t  pr-ses w ith  th e  n e c e a c r r y  
d i f f u s i b i l i t y  w hich  nr.y bo u n o d . Ih e n e  a r e  ’’’^^Xe and  ®^Kr. 
Both  may be u se d  f o r  n e n su r in ,"  r e n a l  nnd i n t r a r e n r J  b lo o d  
f lo w . ^^^Xc i s  u se d  i n  t h i s  s tu d y .  T h is  i c  b ec au se  xenon 
in  p re d o m in a n tly  a  rrn m a o m i t t c r 1^ - w hich i n  more s u i t a b l e  
f o r  e x t e r n a l  c o u n t in g  th a n  ®^Kr, w hich i s  m a in ly  a  b e ta  
e m i t t e r ^ .  The n a r t i t i o n  c o e f f i c i e n t  o f  xenon w ith  r c n n c c t  
10 t h e  k id n e y  in  65$  t h a t  o f  k ry n to n , r e r .u l t in c  i n  ei f a s t e r - 
"w ashou t"  o f  xenon from  th e  k id n e y  and th e re b y  a  cu rv e  
w hich  i c  e a s i e r  to  r n n l y n e '^ . F in a l ly  xenon h a s  a  n arro w  
e n e rg y  anoctrum  w hich  a l lo w s  th e  u se  o f  a  p u ls e  h e i r h t  
d i s c r i n i n c t o r  w ith  r  n a r ro w  window, th u s  r e n d e r in g  tho  
back g ro u n d  a c t i v i t y  i n s l / n i f i c r n t  nnd in c r e a s in g  th o  a c c u ra c y  
o f  c o im t in r 16, • .

I I .  PRBBKICZ OF A KU:!}3i3H OF PARALLEL ZOHEti BACH V/ITII
HOiiQGBt :ou fi r m v n y 0:;_________________________________

The e r u a t io n r .  unod i n  th e  c r l c u l a t i o n  o f  th o  morn t ic r .u e  
b lo o d  f lo w  a r e  b ase d  on th o  ror.um ption  t h a t  d i f f e r e n t l y  
p e r f u s e d  zonco a r e  a r r r n r c d  i n  p a r a l l e l .  Ac d e r c r ib e d  th e  
ma.in b lo o d  au n n ly  o f  th o  n o d u ]!• ' i s  from  th e  van a  r e c to  
w hich  a r i s e  from  th e  j u x t r a c d u l ln r y  none o f  th e  c o r te x ,  
th u s  n ro v id in ;-  a non  n .- .r n lle l  n riw n ro n c n t o f  b lood  sup-niy 
in  t h i n  arc?’ . A lso  w h ile  i t  i n  r e a r o n r b ln  to  ansvno t h a t  
hom ofonous d i f f v n io n  o f  b lo o d  o c c u rs  i n  th e  c o r tc x ,  t h i s
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i'£s n o t  th o  co.bo i n  th ?  ro m n in d o r o f  th e  k id n o y . 3?ho 
m easu rem en ts o f  D e o tjc n  o t  ond o th e r s  i n d i c a t e  t h a t
b lo o d  f lo w  d e e ro o so s  n r o r r o o a iv o ly  from  h i f h e r  v a lu e o  in  
th e  o u t e r  m e d u lla  to  lo w e r v a lu e s  i n  th e  p a p i l l a .  The 
s u b d iv is io n  t h e r e f o r e  o f  th e  m e d u lla  i n t o  d i s t i n c t  p e r f u s io n  
zo n e s i s  t h e r e f o r e  r a t h e r  a r b i t a r y .  And a s  w i l l  bo se e n  
l a t e r  when d in c u s s in f r  th e  te c h n is u o  u se d  i n  th e  e x n e rim e n ts  
m edu lla ,ry  f lo w  was n o t  c o n s id e r e d  a c c u r a te  enourh  f o r  
convoarn tive m ea su rem en t.

I I I .  RBCIRQULATIOH

P e r  K e ty 's  n r i n o i n l e c  t o  be v a l i d  th e  c o n c e n t r a t i o n  o f  th e  
g a s  i n  a r u e r i a l  b lo o d  m u st be n e g l i g i b l e  o x c e n t im m e d ia te ly  
a f t e r  i n j e c t i o n .  I t  h a s  b ee n  shovzn by C h id so y ^ ^ ^  t h a t  
v i r t u a l l y  a l l  th o  r n c  i s  e x n ire d  d u r in g  th e  s i n g le  n a c c o re  
t h r o u r h  th e  lun.-,s  and th e  l i t t l e  t h a t  re m a in s  i s  d i l u te d  
i n  th e  re m a in in g  c i r c u l a t i o n .  The k id n e y  how ever r e c e i v e s  a 
q u a r t e r  o f  t h e  c a r d ia c  o u tn u t  and th e r e f o r e  sm a ll  am ounts 
o f  g as  re m a in in g  a f t e r  n a s s in g  i n  th e  lu n g s  may in f lu e n c e  
t h e  s h a r e  o f  th e  w ashout c u r v e ,

Iisd efo acd '* '^ ' h a s  shown t h a t  when i n t r a - a r m e r i a l  i n j e c t i o n s  
a ro  u se d  th e  r e c i r c u l a t i o n  o f  xenon i s  r e l a t i v e l y  u n im p o rta n t 
i n  d e te rm in in g  th o  o u te r  c o r t i c a l  flo w , b u t  t h a t  i t  may be 
r e s p o n s ib l e  f o r  a s m a ll  e r r o r  i n  th e  ju x ta m o d n llr .ry  
m easu rem en ts and a  c o n s id o rr 'b lo  e r r o r  i n  m easurement::, o f 
th e  i n n e r  m e d u lla ry  f lo w . The m easu rem en t o f  m e d u lla ry  
f lo w  in  t h i s  s tu d y  w i l l  bo commented on l a t e r .

re::ov/j , op t:;.-; pau ? y u a n a  or lyitpii

T here sh o u ld  bo n o g l i . - lb lo  l o s s  o f  t h e  g as  by u r in e  o r  lym nh . 
V/hilo t n i c  i s  a lm o s t c e r t a i n l y  th o  cs : 1 i n  th o  r e n a l  c o r te x  
end o u t e r  m ed u lla  duo to  t h e i r  h ig h  r a t e  o f  b lo o d  f lo w , i n  
th e  i n n e r  m ed u lla  w here b lo o d  f lo w  j a  B low er t h e r e  may bo 
some ly m n h a tic  d rn iu a g c . I t  han  boon ahov.n by H nshr.t®6 
t h a t  o n ly  4^  o f  f lo l iv o re d  to  th o  i n n e r  m ed u lla  erm osred
i n  th e  u r i n e . I n  a d d i t i o n  th e  w e ig h t o f  b lo o d  f lo w  th ro u g h  
t h i n  a r e a  o f  th o  k id n e y  in  no nm nll i n  com narinon  w ith  th o
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r e s t  o f  t h e  k id n e y , t h a t  u r in a r y  l o s e  o f  Xc i a  n o t  n i f n i f i c a n t .

T h e re fo re  from  th e  rb o y o  d ir .c u n c io n  i t  can  be soon  t h a t  
th e  e f f e c t  o f  r e c i r c u l a t i o n  end ly m p h a tic  d r a in a f e  on th e  
d e te r m in a t io n  o f  t h e  c le a ra n c e  o f  Xc from  th e  i n n e r  m e d u lla , 
a s  w e ll  a s  t h e  a r ra n g e m e n t o f  th e  b lo o d  su n p ly  to  t h e  m ed u lla  
p ro b a b ly  makes t h e  m easurem ent o f  th e  b lo o d  f lo w  i n  th e  
i n n e r  m e d u lla  i n a c c u r a te .  T h e r e fo r e ,  a l th o u g h  t h i s  v:ss 
m easu red  i n  t h i s  s tu d y , a l t e r a t i o n s  o f  b lo o d  f lo w  i n  t h i s  
a r e a  n eed  to  be t r e a t e d  w ith  r e s e r v e .  O th o r c r i t i c i s m s  
o f  th e  ‘̂ x e  m ethod w i l l  bo d is c u s s o d  a f t e r  th e  e x p e r im e n ta l  
r e s u l t s  hav e  b ee n  p r e s e n te d .
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I t  hc.8 been  m en tio n ed  i n  th e  i n t r o d u c t io n  to  t h in  t h e s i s  
t h r . t  r e n a l  f a i l u r e  in  a  common c o m p lic a tio n  o f  decom pensated, 
c i r r h o s i s  o f  th e  l i v o r ^ '^ '^ .  I t  h a s  a l s o  been shown tho .t 
c h a n fo o  i n  i n t r n r o n a l  b lo o d  f lo w  d i s t r i b u t i o n  o c c u r  i n  
c i r r h o s i s  b e f o re  t h e  o n s e t  o f  o v e r t  r e n a l  f a i l u r e ^
T here ch an g es a r e  a  s h i f t  i n  b lo o d  f lo w  d in tr ib u v ."  on from  
th o  o u te r  c o r te : :  to  th o  ju x tam cd u ll.a rj '' r e g io n .

I n  o b s t r u c t iv e  ja u n d ic e  t h e r e  i s  a l s o  n h ig h  in c id e n c e  
o f  r e n a l  f a i l u r e  p a r t i c u l a r l y  i n  th o  p o s t - o p e r a t i v e  p e r io d  
1 5 ,4 8 ,4 9 ,5 0 ^  T t h a s  boon s u g g e s te d  t h a t  th e  ca u se  o f  t h i s  
i s  a n  i n c r e a s e d  s e n s i t i v i t y  o f  th o  k id n e y  to  p e r io d s  o f  
h y p o te n s io n  and is c h a o m ia 1 ^ , 'l'^ , ^ ? . No s tu d ie s  h av e  been  
c a r r i e d  o u t t o  d e te rm in e  w h e th e r , i n  common w ith  c i r r h o s i s ,  
t h e r e  a r e  ch an g es i n  i n t r a - r o n a l  b lo o d  f lo w  d i s t r i b u t i o n  in  
o b s t r u c t i v e  ja u n d ic e  p r i o r  to  th o  o n s e t  o f  o v e r t  r e n a l  
f a i l u r e . I n  t h i s  s e c t i o n  th e r e f o r e  th o  ch an g es i n  i n t r o -  
r o n a l  b lood  f lo w  i n  e ; :o e r im c n ta l ly  in d u c e d  o b s t r u c t iv e  
ja u n d ic e  i n  th e  baboon m o^cur '1 w ith  th e  •'•^Xe t c c h n ir u e  
a re  p r e s e n te d . I n  a d d i t i o n ,  c i .ie e  n c r io d s  o f  h ' * io tcn aio n  
a r c  r.sso o i'- .ted  w ith  in c re a s e d  l e v e l s  o f  c i r c u l a t i n g  
c a t e c h o l r mines"^^^, th e  e f f e c t s  o f  n o r a d r e n a l in e  01: r e n a l  
b lo o d  f lo w  d i s t r i b u t i o n  i n  o b s t r u c t i v e  ja u n d ic e  was a l s o  
s tu d ie d  and a t te m p ts  w ere made to  r e v e r s e  t h e s e .

I t  was a l s o  m en tio n ed  i n  th o  in t r o d u c t i o n  t h a t  i n  
th e  f u n c t io n a l  r e n a l  f a i l u r e  o f  c i r r h o s i s ,  th e r e  i s  v e ry  
l i t t l e  change i n  r e n a l  h i s to l o g y ? 7 . Ji-um"1'® h a s  o u rg e s to d
t h a t  conjura-ucd b i l i r u b i n  i s  th e  f a c t o r  r o s n o n s ib lc  f o r  th e  
damage to  th e  r e n a l  c e l l s  and in  th e  I n t r o d u c t io n  i t  was 
a l s o  m en tioned  t h a t  M l i r u l u n  i s  i n  f a c t  t o x i c  to  c e l l s .  
T h e re fo re  th e  h i s to lo g y  o f  th o  k id n e y  fo l lo w in g  a  p e r io d  
o f  o b s t r u c t iv e  ja u n d ic e  w i l l  a l s o  bo n ro s c n tc d  i n  t h i s
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s e c t i o n .

M ethods rnd r.Tpteririlr.

27 Cane chacinn baboons (P a p io  u ro in u c )  o f  b o th  s e x e s  and 
w e if h in g  betw een  10 end 20 k i lo f ra m s  w ere u sed  i n  th e  s tu d y . 
They wore n n a e th o tin o d  w ith  a  n rc -m e d ic a .tin r  dor.e o f  
p h e n y lc y c l id in e  ( S e m y le n  -  P nrko  D nvin) fo llo w e d  by an 
a n a o t h e t i s i n r  dose o f  p e n to b a rb i to n e  (M ombutal -  A b b o t t ) .
The a n im a ls  w ore th e n  in tu b a te d  and v e n t i l a t e d  u s i n f  a  
H a rv a rd  v a r ia b l e  phnso r e s p i r a t o r .  The l e f t  o r  r i f h t  r e n a l  
a r t e r y  was exnosed  by : . a r o - c o s t a l  i n c i s i o n  in to  th e  
r e t r o p e r i t o n e a l  s p a c e .  No r e n a l  c a p s u la r  s t r i p p i n g  was 
done and th e  k id n e y  was h a n d le d  cm l i t t l e  a s  p o s s i b l e .
A tw e n ty - f iv e  f a u f c ,  1 cm lo n p  n o o d le  was i n s e r t e d  in to  
th e  lum en o f  th e  r e n a l  a r t e r y  i n  th e  d i r e c t i o n  o f  f lo w .
The n e e d le  was a t t a c h e d  to  p o ly th e n e  t u b i n f  a t  th e  o th e r  
end o f  w hich tree f i t t e d  a t h r e e  w .y t a n  to  a l lo w  p. c o n s ta n t  
in f u s io n  o f  s a l i n e ,  o r  t o s t  s o l u t i o n , by a  H arvard  i n f u s io n  
pump. B o lus i n j e c t i o n s  o f  " ^ X e  (250 /v C i i n  50 m is) in to  
th e  r e n a l  a r te r y  w ere a l s o  made v i a  t h i s  sy s tem .

P h a s ic  and mean a r t e r i a l  b lo o d  r tr c s ru ro  wan m o n ito red  
th ro u g h  n fe m o ra l  a r t e r y  c a t h e t e r  by a  S ta th n m  p r e s s u r e  
t r a n s d u c e r  c o n n e c te d  to  a Beckman 411 d y n a y rn p h . The 
e le c t r o c a .r d io y r - n  mid h e a r t  r a t e  w ere c o n t in u a l ly  re c o rd e d  
end i n  each  e x p e rim e n t p e r io d i c  m easu rem en ts o f  PnCOp and 
Pa,C}p u s in y  a n .  Ac.trun (ita d io m e te r )  w ere a l s o  d o n e . P-’ckefl 
c e l l  volum e (PCV) was d e to rm in ed  e v e ry  h o u r  and t h i s  v a lu e  
wcia u se d  to  c o n t r o l  th e  r a t e  o f  in t r a v e n o u s  s a l i n e  i n f u s io n  
to  r e p la c e  f l u i d  lo s V d ’r i n r  th e  e x p e r im e n ts .  A d ia rra .m n tic  
r e p r o e o n tu t io n  o f  t h e  e x p e r im e n ta l  a p p a ra tu s  u s e d , can  be 
se e n  in  F i/ru re  3 «

T hroe m easu rem en ts o f  i n t r n r o n a l  b lo o d  f lo w  w ere p erfo rm ed  
on ea ch  an im al and th e n  th e  co rn er, b i l e  d u c t  war l i y n t e d  
v i a  an  abdom inal a p p ro a c h . A l l  wounds w ere ‘hen  s u tu re d  
and th e  ’-n im n lr r i v e n  2 m i l l i o n  u n i t s  o f  c r y s ta l  in c  
p e n i c i l l i n .  I n  5 a n im a ls  r e p e a t  m easu rem en ts o f  f lo w  wore
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raado one v/eek a f t e r  n u rs e ry  and I n  13 a n im a ls  two weeks 
a f t e r  l i f n t i n p  t.io  common b i l e  d u c t .

I n  b o th  f r s  ■■'a n o ra d ro n n l in o  in  no rm al s a l i n e  was 
i n f u s e d  d i r e c t l y  i n t o  th e  r c n n l  n r t c r y  i n  donor, r a n r i n r  
from  0 .0 0 5  to  0 .5  / / f / m i n .  Ih e  dono re s p o n s e  c u rv e s  w ere 
com pared w ith  th o s e  p r e v io u s ly  r e p o r t e d  i n  no rm al a n .ic th e -  
t i s e d  baboons"*"^ ^ . I t  h a s  a l s o  been  shown t h a t  an  o lphn  

• a d r e n e r f i c  b lo c k in y  r r o n t  c m  a t t e n u a t e  .o ra d ro n c l in o  in d u ced  
v o o o -c o n s tr ic t io n " 1' ^ .  I n  5 e x p e rim e n ts  th e  a lp h a  a d rc n o -  
r c c e n t o r  b lo c k e r  phonoxybenznm ino (PliZ) was in fu s e d  
( ?.0ju f /m in  f o r  30 m in e .)  s im u l ta n e o u s ly  w ith  a  c o n s t r i c t o r  
dose o f  n o r a d r e n a l in e  ( 0 .5  w f /m in  f o r  30 m in r)  in to  th e  
r e n a l  a r t e r y .  I'ho e f f e c t  o f  th e  b e ta  a d r e n o - r e c e n to r  
b lo c k e r  p ro p r c n o lo ld O  A 'r /m in  f o r  30 m ine) was a s se n c e d  in  
th e  same way. I n  a  f u r t h e r  f o u r  a n im a ls  phen o x y b e n za n in e  
was in fu s e d  a lo n e  i . e .  w i th o u t  a  c o n s t r i c t o r  d o se  o f  
n o r a d r e n a l in e .

F iv e  a n im a ls  w ere s u b je c te d  to  chan  a n c ra .t io n c  i n  w hich 
th e  common b i l e  d u c t  was m a n ip u la te d  b u t n o t  l i p a t e d ,  b u t 
a l l  o t h e r  n ro c ed u rc r. wero i d e n t i c a l . I n  th e s e  an im als  
r e p e a t  i n t r a - r e n a l  b lo o d  f lo w  m easurem en ts w ere dono two 
weeks a f t e r  th o  c o n tro l  flo w .

I n  »:ach o x n e r in o n t  b lo o d  rn o  ta k e n  f o r  th e  m easurem ent 
o f  b i l i r u b i n  ( d i r e c t  and t o t a l )  t r a n r a m i.m o e s , a l k a l i n e  
n h o cn h ri.tm e, u r e a ,  rod ium , n o ta c n iu m , and n la s - ’.-: re n d u .
B lood camnlea, w ere c o l l e c t e d  o re  h o u r  a f t e r  th e  a.naoa th e  t i c  
end b o fo ro  m y  s u r r a r ; /  i n  each  c a s e .  A l l  s t a t i s t i c a l  
a n a ly s e s  w ere done on rbso 'i u t e  v a lu e s  by a naJ.red s tu d e n t s  
" t "  t e s t  o r  by a  v/il coxdn Rank t o s t  f o r  t h e  p e rc e n ta g e  
c h e n fe s ., s in c e  th o s e  a r c  n o t  n o rm a lly  d i s t r i b u t e d .

Ann] i c r td o n  o f  th e  '.'anon te n h n  i i'ue

F o r t h e  m cnaurem cnt o f  t i s s u e  b lo o d  f lo w  by th e  r a d io ­
a c t iv e  w ashout method th e  a ssu m p tio n  in  made t h a t  -• h n r h ly  
d i f f u a a h lo  :n br-urnna w i l l  c ru .i] Jb u - t c  betw een M r :i and 
t i s s u e  in  a sin.~].n n -a a a r e  o f  th e  i n d i c a t o r  throw , a !.hc 
c a p i l l a r y  bed1 6 1 . 133Xo i n j e c t e d  in to  th o  rc n n l r^ o r y
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conc£3 in to  c l i f f  u n io n  ec ^ u ilib riu m  w ith  th e  r c n n l  t ia s u o f i  a s  
i t  p r s c c s  t h r o u r h  th e  c n n i l l r . r y .  The c c t i v i t y  i n  th e  
t i s s u e s  th e n  d e c l in e s  becnune s u b se q u e n t b lo o d  flo w in g  
th r o u f h  th o  k id n e y  c o n tn in r, v e r y  l i t t l e  The fn s
th e n  c liffu so o  t a c k  from  th e  re n n l  "pprenchyn-x and is: removed 
by th e  venous d r n i n r ^ e . Tho rn e o d  r.t  v /h icr th e  r - c t i v i t y  
d e c l in e s  in  tiro p o rtio m r’l  to  t h e  b lo o d  The v /rshout
o f  th e  p as  i s  th e n  a m ersu ro  o f  t h e  n u t r i e n t  b lo o d  flo w  
and cpn be c r l c u l n t c d  from  r. r e c o rd in g  o f  t h e  aiecmcv rr-r.o^ 
r a t e  o f  th e  in o to n o  non .rured  w ith  r n  e x t e r n o l  s c i n t i l l a t i o n  
c o u n te r .  I n  th o s e  n x n c r in o n tr ; th o  vvnshout o f  th e  s o to n e  
from  th e  kiC ney '/rir, ro co r^erl by n e r n s  o f  n 5 cm d i- 'T ie to r 
c o l l i t o i t e d  n c i n t i l l r - t i o n  d e t e c t o r  r>ir.cod o v o r th e  k id n e y .
The nrobo  v/r.s co n n ecto f’ to  r. z v te  m e te r  nnd •oulne h o ir-h t  
a n a ly s e r  csaom bly  r'nd th e  o u tp u t  re co rd e c i jn  a  t e l e t y p e  
p r i n t o u t  end on punch t -  no f o r  mibnocm ent c o m p rtn r m d  
m raiucl n n o .ly s ir .. The • d 'i s c r in in t - . to r . '.virdov; vvr.s s e t  a t  B A 
and A S  = 5 . P ock  r r c i o - ,-c t i v i t y  c o u n ts  re c o rd e d  v/ere c-.t 
le p .c t  f o u r  t i n e s  th e  b-r.ekfround c o u n t rind ;i tim e  c o n s ta n t  
o f  ono second u ro d  th r o u g h o u t .

The xenon •.r-shout curvn  recorded  fi'on th e  k id n e y  i s  
m ulti-o x n o ren ti.-i "nd crT. be reso lved  i n to  i  Dorics o f  
00771 non/>nti.i, orch ^ rn o c ir tc !  w ith  d i f f e r e n t  b lood  f lo w  r^ .ten  
th ro u rh  l o c l i s n d  rc r io p r  o f  th e  kidncy^,J '5. The dccre-.'se 
i n  r a d io - a c t iv i ty  r s  fu n c tio n  o f  tiwo d s -n lo tte d  on r, 
o o n i - l o r  M ir.t"t,v , a s t r r  j - h t  l i n o  in  f i t t e r  to  th e  to rm invl 
l i n e r r  pr r t  o f  th o  cu rvn  rnrt o x t r r p o l '- t e d  to  i-ero t i n e .
T h is  re rrp .sp n tr i th e  dlow c o p n o n c n t o f  th o  tM 'OiM ". Vhc 
c o u n ts  n o r  r^con'* t  ■■•.c.h " o i n t  ■ on th e  e x t r r n o i r t e d  l i n e  
f r o  th o n r-u b trn c tcu ] r r r r 'h ic . '^ D y  f r o : i  th e  c o r ro s p o n d in r  
n o in t  on th o  o r i r  i i r  1 cxirvo, n roducin-:' v now c u r v e .  A 
o t r ;> i f h t  l i r e  d r r v.-n vh^o^fh th e  tc r n in .”!  lim v .- r  n r r t  o f  
th e  cu rv e  rn d  e x ty p n o l-ttic l to  r e ro  tin c i ru n r o n o n tr  th e  n o x t 
oom nonent. T h is  u ro o c d u re  i n  r e n c 'tc i?  on th e  now cu rv e  
u n t i l  th o  rc s u T tin .-  conM onnnt i r  -  r t r f ' i . - h t  l i n e 1 6 0 . The 
r u n n t i t y  o f  i n e r t  :-r>n ro o q iv o d  by ooch com ponent i s  p r o p e r -
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t i o n s l  to  th o  f r n c t i o n  o f  th o  t o t n ]  r o n a l  b lood  flo w  
o o n r - t i t u t i n f  t h a t  component"1, ^ . Rondom e r r o r  muy be 
i n t ro d u c e d  in  th e  trn n m lo c o 't io n  o f  th e  v/nnhout cu rv e  from  
th e  r e c o r d o r  w r i t e r  to  th e  m -m j-]o r r m l o t ,  and in  th :  v i s u a l  
e s t im p tio . '!  o f  th e  p.lopo and honoc- th o  h c ilf  tim o  o f  -th e '-  c u r v e . 
T h e r e fo r e  more occurrrbc cu rv e  rc n /l in fn  onn be o b ta in e d  u r.in ^  
an s n a l o f  o r  flip ifcsl co m p u te r . I n  th e s e  e x p n rim e n tn  r  d i f i t r l  
c o m puter (IBM 370) r ? o  u r.d l one? th e  c u rv e  onalyncd  by th e  
m ethod o f  l e a n t  s q u n ro n , Hand u n n ly n in  wnr, o n ly  ur.od when 
abnor.'.!n1 cu rver, su ch  nm fu n io n  c u rv e s  ( s e c  below ) w ere 
o b t a in e d .

I t  h:-.G nlr-o b e e r  nu cco o to d  by Z i e r l e r 1 ' 2 t h a t  K e ty ’.s 
e q u f 'tio n n  w hich hf:ve been  d e r iv e d  nbovp/fdo n o t  f i v  i an  
a c c u r a te  ro T irc ce n tn .tio n  o f  b lo o d  f lo w  th r o u f h th e  tio su e f ;  
s in c e  th e n e  equation;-: t h u t  b lo o d  i r  f lo w in g  th ro u rh
s e p ; : r r t c  co iannrtoc-n ta . He b e l i e v e r  th r r t  bv a n c .ly n jn r  th e  
a re r . u n d e r  th e  cu rv e  one i s  f b l e  to  o b tn it.-  p.' more a c c u r a te  
e a t im n t io n  o f  th e  b lo o d  f lo w  th ro u fh  t i r n u c .  b ed . However 
u e i i i f  t h i r  m eth o d , i t  in  o n ly  T -c ^ ib lc  to  o b t n n  t c t n l  
b lo o d  f le w  r r t e n  th ^ o u r. th o  ^ a r t i o u l r r  t i n r u e  b e in r  
in v e s tir - r -k e d . An t h i n  r.tudy  v:r*n co n c ern : d w ith  V] cod flow  
d i s t r i b u t i o n  c h ^ n ' o r w i th in  th e  t ir .r .u a  i-1 wnr» f  e l "  t h r t  
2 ie r3  o r '  c mr.'thod d id  r o t  rr re ly  find e x n o n e n t i r l  c n t 'ly t’i s  o f 
th e  c u rv e  u t i in r  th e  IVuty1 n n o u n tio n c  vp.n ur.od.

Iri baboon k id n e y  th o  m u ltj -c x n o n cn tn  (\1 cu rv e  f o r  xenon 
enn be re s o lv e d  iino . i.hrec com ro n en tn . T h o rb v rn "1 u n in p  

■ K r in  th e  d o rn  k id n e y  rhownd t l v t  th e  p: r l y  c o n te n t  o f  
r c d io - r - c t i v i t y  v m  l o c  te d  in  th e  c o r te x .  T hin  h r /  been  
wnnhed o u t o f  th o  k id n ey  r f t e r  two m in u te r  end th e r e f o r e  
com ponent I , th o  f ; ) : . t c r t  com nonunt, r r r r o r o n tu  f lo w  th ro u rh  
th o  o u te r  c io rto x . Ih o v b u m  n u r r o f tn  t h ; ;t  th e  nocond 
com ponent C I I  r e n r e r e n tn  f ] ow th r o u r h  th e  i n n e r  c o r te x  
end o u te r  tnetiu] l u r y  r re : ' rnd  0 I I I  th e  Filowent c l o n r r n c e . 
f lo w  th ro u rh  th o  in n e r  ^ e i lu l ln .  A f o u r th  ro;;:ponent h r r  ^ Iro  
been  d e r c r ib e d  i n  d o f  k id n ey  w hich  r i-o b rb ly  r e r r o n o n t r  
f lo w  th ro u rh  th e  h i ]  n r  '>nt1 r o r t - r o n c l  f n t ,  r e n n l  r  <nru] Ci 
u r e t e r  c-^d n n r to  o f  th e  P d r e n - l117 1 . O nly th r e e  com ponents 
co u ld  br- r e c o fn in e d  i n  t h e  hoboon k id n e y  in  o u r  e x p e r im e n t.
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and an  exanm le o f  a  t y p i c a l  w ashou t cu rv e  re o o lv e d  in to  
th e s e  com ponents i s  shown in  F ig u r e  4 .

The a n a to m ic n l v a l i d i t y  o f  t h i s  compM rtmentr.! a n a l y s i s  
W8S co n firm ed  i n  d o rs  by Itosen1"^ u s i n r  au ';0- r a d i 0frnTih.; 
and i n  msm by T e r P ofonfsinn  u t  w ith  ra n id  c i n e s c i n -
to g ra p h y . F u r th e r  c o n f ir m a t io n  o f  t h i s  comT).', r tm e n ta l  
a n a l y s i s  i s  p ro v id e d  by Lopan us  i n f  r a d io - a c t i v e  m icro  r-nhereo^® ^, 
A lso  th e  c le n rn n c e  v a lu e s  o b ta in e d  u s i n r  th e  w ashou t t e c h n iq u e  
com pare w e ll  w ith  th e  f i g u r e s  f o r  o u t e r  m e d u lla ry  f lo w  by 
D e e t j e n " ^  end r r n c l  a r to r io f - re n h y  h a s  d e m o n s tra te d  a  clof-o 
r e l a t i o n s h i n  b etw een  th e  second  com ponent and ju x trm e d u l la ry  
and o u t e r  m e d u lla ry  v a s c u la r  d e n s ity " ''^ '’ .

F o r  t h e  r e a s o n s  m en tio n ed  pbove np.noly th e  e f f e c t  o f 
r e - c i r c u l a t i o n  ro d  ly m p h a tic  d r s in c f e  on th e  t a i l  o f  th e  
w ashou t c u r v e , th e  t h i r d  com nonent in  o f  q u e s t io n a b le  
v a lu e  end a lth eu rh m e p .su red  i n  th o s e  e x p e rim e n ts  no r . i r n i f -  
ic a n c o  was a t t r c h e d  to  r - l t e r r - t i o n r  o f  t h i s  conroonent. The 
e f f e c t  t h a t  in c .ccu rv .c iec  o f  t h i n  in - l’.-.oar.uromontr, o f  t h i s  
com ponent h e c  on th e  remt’i n i n f  a n a ly s i s  w ill be d is c u s s e d  
f u r t h e r  below .

The wnchou-l: t r r c j n r n  v e re  m easured  f o r  17 'l in u te r .  rn d  
L pdefo .-ed^" '̂3 h s s  rhown t h ? t  t h e  m o u n t  o f  i n d i c a t o r  in  th e  
k id n e y  a f t e r  20 m in u te r  o n ly  o f  th e  i n i t i a l  v r . lu e ,
end t h a t  o m iss io n  o f  th e  t a i l  o f  th e  c u rv e  cruised i n r i r -  
n i f  i c rm t  c h rn fo s  i n  th e  n^r- n u t e r  o f  th e  f i r s t  two c o rm o n e r.tr . 
A lso  i t  h ;.s  b ee n  nhown by ►iom̂ on1 6 !  t h r t  c o n t in u in g  th e  
c u rv e  beyond t h i n  tim e  d id  n o t  s i r n i f i c . ”n t l y  im prove th e  
r e s o lu t i o n  o f  th e  com prrtm cm t.-l rnr’l y r e r , .

F o r  each  comnoncmt, f 3 cv: wr n d c te m in o d  by th e  f o r n u l?

?  = X 100 x 60
w here F = Flow m ls/m in/lO O p t i s s u eX -  th e  t i r n u o  n s r t i t i o n  c o e f f i c i e n t  rind e c u r l  

to  0 .7  ’
n The h a l f  d e c ry  t im e .
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C I  = O u te r  c o r tic r ;] . com ponen t.
C I I  « I n n e r  c o r t i c r ; !  -  o u t e r  n e d u l l - 'r y  com ponent.

C I I I  r  I n n e r  m cr'.uilr.ry com nonont.
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I t  h a s  m en tio n ed  t h a t  hecaur.e  xenon han a  h i r h
a f f i n i t y  fo . "lo /floh in , t h e r e f o r e  th e  p a r t i t i o n  co­
e f f i c i e n t  el. c o r r e c t e d .  T h is  was done us i n f  th e
fo rm u la

X = 1 .6 9 _____________  ( l t t a o f o r e d 1 6 ? J
1 .0 5  + 0 .0 1 3  PCV

v/here P .C .V . = nacked  c e l l  vo lum e.

I n  a d d i t i o n  th e  r e l a t i v e  d i s t r i b u t i o n  o f  th e  b lo o d  v i th in  
th e  k id n e y  was c a l c u la te d  by d e t e m in in p  th e  i n t e r c e p t  o f 
ea ch  com nonent w ith  t h e  o r d in a te  ( t 0 ) . T h is  h a s  been  
d i s c u s s e d  a b o v e . The l i m i t a t i o n s  and in a c c u r a c ie s  o f  t h i s  
te c h n iq u e  w i l l  be d i s c u s s e d  when c o n s id e r in g  th e  r e s u l t s  
o b ta in e d  u s i n f  t h i n  m ethod .

H i s t o lo g i c a l  e x a m in a tio n

T h re e  k id n e y s  w ere exam ined . T hese w ere removed from  th e  
a n im a l a f t e r  two weeks o f  j a u n d ic e .  I n  each k id n e y .5 
w e d fe-ehancd  a r c ; r  o f  th e  o r f a n ,  c o n t a in i n f  a r e a s  from  
b o th  th e  m ed u lla  ^nd c o r te x ,  w ere c u t .  T hese wore th e n  
s e c t io n e d  s e r i a l l y  from  m ed u lla  t o  c o r te x  and s t a in e d  w ith  
h n o m o to x y lin  and oov .in . T’.;o no rm al k id n e y s  from
baboons i n  whom. sh- m. o n e r - . t io n c  w ere done w ere a ls o  p r e ­
p a r e d  i n  th e  e rn e  wry and exam ined f o r  c o m p a riso n .

R s s n l t s

T n t r o r o n r l  b lo o d  f lo w  and p o r c c n t r r e  volum e o f  b lood  
d i s t r i b u t e d  to  each  c o n ro n c n t a f t e r  one woclc and two weeks 
o f  j a u n d ic e  r r o  shown i n  1 'i r u r e r  5 and 6 r e s p e c t i v e l y .
Each r e s u l t  in  ex 'T o n rn ti m  r  percent,".,-e o f  th e  moan c o n t r o l  
f lo w  o b ta in e d  b e f o re  li .- 'a .t io n  o f  th e  common b i l e  d u c t .
T hese p e rc e n ta g e s  are. l o t t e d  on a lo ,  s c a le  bo t h a t  n 
d o u b l i r .r  o r  r. h r lv n n r  o f  th e  f lo w  a r e  shown to  be c o u i -  
d i s t r n t  from  th o  c o n t r o l  m e rs u r e n e n t . An m en tioned  a I I I  
v n lu o r, a rc  n o t  n re n c n tc d  bec '-uno o f  t h e i r  e u o s tio n r .b lo  
v a l u e . A com nuter d e r iv e d  cu rv e  b e f o re  and. " f t o r  two weeks 
o f  j a u n d ic e  i s  shown in  P iw uro 7 .
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Figure

JAUNDICE 1 W E E K  

C l C II C l CH

5
N5

5
NS

Changes in blood flow and percentage distribution 
after one week of jaundice are shown as alterations 
from the mean control values. There is a significant 
increase in Component IT distribution of blood.
There is no significant alteration of blood flow rates.
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JAUNDICE 2 WEEKS

C l c n

300 - 

200  -

80 -  f  

60 -  .

n 13 13
NS p<0»02

Figure 6. Changes in blood flow rates and percentage 
distribution after 2 weeks of jaundice are 
shown as alterations from the mean control 
values. There is a significant increase in 
Component II flow rates and percentage 
distribution. There is a significant decrease 
in Component I distribution of blood volume.

C l C II

n 13 13
p<0'02 p<0»02
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JAUNDICE 2 WEEKS

300

200

13
NS

13
p<0'02

i 13 13
p<0-02 p<0*02

Figure 6. Changes in blood flow rates and percentage 
distribution after 2 weeks -'I jaundice are 
shown as alterations from the mean control 
values. There is a significant increase in 
Component II flow rates and percentage 
distribution. Ttere is a significant decrease 
in Component I distribution of blood volume.
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P ifru ro  7 - Showo co an p .to r c’c r iv c r l  n n r ly n ic  o f  c. ^-^X e
v/r.fihout cui-vn in  uhc c o n t r o l  n o r io f  pnd f f t o r  
two v/eckr. o f  Jp .u n d ico .
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It can be seen that there is no significant change in 
blood flow rates in the animals who had been jaundiced for 
one week. However, the percentage distribution of blood to 
each vascular bed is altered. There is a significant 
decrease (p 4 0.05) in C I distribution with concomitant 
increase in C II distribution (p 0.05). The mean flow 
rates and percentage distributional changes in each 
experimental an can be seen in Tanle 3. The mean 
changes in C X U. :.1 ’-ibution and C II distribution were - 
-5.8 ± 2.6 and 4. ? _ 1.1 percent respectively. (Table 4)

After two weeks cf jaundice there was a mean decrease 
in C I flow rate of 28.i> + 32.9 mls/min/lOOg although this 
change was not significant. (Table 4). There was however 
significant (p < 0.1) increase in C ll flow rate. This was 
21.4 + 7.5 znl/min/lGOg (Table 4). The percentage of blood 
distributed to each component was significantly altered 
(p < 0.05). There was a decrease in C I distribution of 
-12.7 +4.3% with an increase of 0 II distribution of 
12.2 + 4.4% (Table 4). The mean flow rates and percentage 
distribution changes in each animal are shown in Table 5.

• In the sham operated animals there was..np significant 
change in percentage distribution or flow rate (Table 6).

The results obtained when noradrena.-ine was infused 
directly into the renal artery in doses from 0.005 to 
0.5>*g/min are shown in Figure 8. These are compared 
with results in normal baboons using the same doses of 
noradrenaline obtained by Bomzon et al^6  ̂which were 
performs-.: in the same laboratory with the same technique 
and are rrosented with his permission. At one week after 
common bile duct ligation there was a significant reduction 
(p-f 0.05) in outer cortical (C I) flow in response to 
a i’ /_-_i ol 0.5„->y/min. At two wuukg there was a significant 
reduction in C I flows at doses of 0.05 and 0.5 ̂ g/min 
(p^ C.01 and p < 0.001). No changes occurred in normal 
animals at these doses where constriction was only obtained 
at doses greater than 5 a# g/min and this was accompanied by
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COMPONENT I
: Jaundice 1 week 
Jaundice 2 weeks

Dose of NA 
(Mg/min)

F ig u r e  8. Changes i n  Component X flo w  r a t e s  a r e  shown 
a f t e r  in f u s io n  o f  O.OOT5 ~ O .S e-g /m in  o f  
n o ra d re n a l in e .  A f te r  one week o f  j a u n d ic e  s i g n i f i -  
o a n t c o n s t r ic t io n  o cc u red  d u r in g  I n f u s io n  o f  
0 . 5 ^ g / mi „  o f  n o ra d re n a l in e  and a f t e r  two weeks 
w ith  I n f o . ! * ,  o :  o .o »  o f  t b .
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I

s l t e r c t i o n n  . i n  b l o o d  n r e c a u r c . T h e r e  v /c .a  n o  o h c n ^ o  i n  
b l o o d  - n r e s D u r G  o r  ■ p u l .s o  r n t o  i n  t h e  j c u z i d i c e d  r j i i n p . l s

conp n red  to  l e v e l s  found  b e f o re  n u r f c r y  ond a l s o  in fi:.c io n s  ,
o f  n o r a d r e n a l in e  produced  no ehr-nfc i n  th e n  12 voJ.uor.. The 
mean chnB#oo i n  C I  f lo w  rc .te n  r r e  fihov.Ti i n  Tcible 7 .
A lth o u g h  0 I I  rr .teG  r.rc  r.hov.n th e o e  w ere n o t  eo n r 'id n ro d  f o r  
s t a t i s t i c a l  r-nflycd .s b o c ru c e  th e  in c re u ro d  vn.oculr’. r  r e r - i s -  
tc n c o  produced  e x tre m e ly  slov.- f lo w  r r . te n  end r e o i r e u l r t i o n  
mey hav e hr.d an  o f f e o t .  In  a d d i t i o n ,  th e s e  c u r v e ej w ere o f t e n  
f u s io n  c u rv cn  i . e .  v,'hen o u te r  c o r t i c a l  flo v ; r a t e  h a s  slow ed 
to  e q u a l i n n e r  o o r t i o c l  -  o u t e r  ^ lo d u lla i^  flo v /, rn d  o n ly  
two conponen tn  c m  be a n a ly s e d . T h in  nennr. t h a t  C I  
r e p r e s e n ts  flov ; th ro u g h  th e  e n t i r e  c o r te x  rn d  C I I  r e n r e n e n t  

i m e d u l l a ^  f lo w . The in n c c v r r c ie s  in  ro a n u r in ^  m e d u lla ry  
flo w  hav e a l r e a d y  boon flir-cunr.ed. An e x r n n lc  o f  su ch  a  
tv;o com ponent f u s io n  cu rv e  i c  shown i n  P i r u r e  9 .

The r e s u l t s  o b ta in e d  '- - f te r  in f u s io n  w ith  20 o f  
phenoxybenr,crnine rn d  10 /* r  o f  I’r o n m a l o l  a r e  ehovm in  
T ab le  8. PBZ a t t e n u a t e d  th e  v a s o c o n s t r ic t o r  e f f e c t s  o f
0 .5  y v f/n in  n o r a d r e n a l in e  i n  f i v e  ja u n d ic e d  a n im a ls  w h ile  
p r o p r a n o l o l n0 e f f e c t . F u r th e r a o r e  an  in f u s io n  o f  PBZ 
a lo n e  in c ro c sc c1 co-.nonen t I  f lo w  r a t e  i n  a  f u r t h e r  ' 
r n in a l r .  w ith  ja u n d ic e  (T -b lo  9) .  T here was no change in  
b lo o d  n re sR u re  o r  m l  so r a t i  whor PBZ o r  p r o p r a n o lo l  
i n f u s e d .

No c o r r e l a t i o n  co u ld  bo found  botw eon th e  ch a n ren  in  
p e r f u s io n  o r  s e n s i t i v i t y  to  n o r a d r e n a l in e ,  and th e  n i .a r ia  
b i l i r u b i n , u r e a ,  a l k a l i n e  ^ h o r^ h r ta n o , trc n s a m in 'is e v  mv. 
olcsm a r e n in  a c t i v i t y .  Those v r lu e s  n ay  bo coon j n  T ab]e 
1 0 . P la o n a  r e n in  n e r s u re n o n tn  wore o n ly  •oorformed i n  th e  
two week ."ro u p .

H i r to lo .^ ic -1  f  j nd in^-a

S e r i a l  s e c t i o n s  o f  th e  th r o e  I'id n cy n  rove.- lo d  no r r o s s  |
d rn a ro  a.lthou,"h t l ia r a  r r n  c o n c l^ r r -  l l o hj.i c a ta in in ,-  o-r ,
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P r / ' e  6.9 .

F ig u r e  9

C l
C H

A f u n io n  cu rvo  i n  v/Mch th c i 'o  T o  o n ly  two 
oormoncnrbr i r  nhov.'n. 0 I  ronrcM ontn  f lo w  i n  th o
v;ho] o c o r tn x ,  ti IT ^ o n rc u n n tr  f lo w  in  th o  n r- fn li r .
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th e  « e c t io n c .  The flor.’. c r u l i  v.-oro n o rm rl nnd th o ro  v.'^b no 
apn.-iront d r.n a fc  t o  th e  v c o c o lc . Tho prox irn r.l tu b u le n  nhov/od 
somu d o ^ e n e ra t iv e  chm f'c r, b u t  th o  distp .? . tu b u le s  rppoar-srl 
n o rm a l« Two r e u r e a e n t r i t iv e  s e c t io n s  p r o  nhov/n i n  P i.^ u rcs
10 ma 11.

D incur.n ion

l )  C r i t i c i s m  o f  Xenon to rh r .i^ n o

The fo l lo v : in ;-  ::ro  th o  m rin  c r i t i c -'r:mo o f  th e  m ethod:

i )  The rrvfcc o f  un tr.ko  o f  th o  f i 'o  end  i t r ;  c n u i l i b r f t i o n
w i th in  i t c  volvuno o f  clin trih v v b io n  i s  n l i m i t i n g  n r o c e r s ,  
She connicior.'-.ble s o l u b i l i t y  o f  Xg i n  l i p i d a , ( th o  f r t  -  
H^O w r .r t it j .o n  c o e f f i c i e n t  f o r  Xo in  2 0 : 1 ^ )  enr.uroa 
t h e  rr .n id  u n trlc c  by c e l l u l a r  r t r v i c tu r o r  w i th in  th e  kir)ne 
o f  th e  r.r.s. F u r th n ra o r c  Lrdofo.'-cd '1 ^  rhovrod t h r t  th e  
Xc c lo a r-n c f i  c u rv e  in  th o  srrac ?h o th o r o b tn -n e d  r . f t e r
a  o in r lo  i n j e c t i o n  o f  "^^X c, r  -lum inf c o n c itrn t  ee v .i-
1 i  b r : ' t i n n ,  rr . t h n t  fo l lo w in g  th o  tor^j.n .-.ti.on  o f  ? 
c o n tin u o v .r in f u r , io n ,  n e r r i i t t i r f  c. much lo n g e r  t i n e  
f o r  c o u i l i b r - ' t i o n .  th n c  r n t o - l i 'n i t c d  UTt^’-ic do cc  n o t  
c.priovr to  be r  n r r . c t i c r l  Tirofclor. w i th in  th e  contii t i o n r  
o f  th o n o  c y T in r in o n tr ,

1 1 )  I n  -n r in c in lo  the i.n c ro rf  in r b r ’c'c '-round c’ug to  r o c i r c -  
u l 'f t i o n  o f  th r; r r  n d i f  f u s io n  f r o n  one rc .- io n  to  
r-n o th o r r e m i t : 1, i n  r n  u n rc li r .M o  tn n n i n f l  r .lo rc  f r o n  
w hich  r l l  nuhr'd '-vntit ( 'o te r r . i i if t . io n r  r rc  n r d c . I  - ciefof-ec 
how ovor, h "s1 rhown t}\-1 th o  ^f.rr.’i o t c r r  o f  t h e  f i r n t  "r.c' 
nocon^ co:.-T onrntr <1nd r o t  rO.t e r  r i . r r . j f i  c . - n tl”  when th n  
curvoc1 worn c o r r o c t 'i '’ f o r  r c c i  ren"1 r t i a n . A lro  in  
t h e r e  o::nori:.u.’n t r  t h i n  ^ robl.on  i r  o l i n in ' t o c ’ by th e  u rp  
o f  n. onrvn f i  t t i n , -  >i:-o-r' 'm e in  whicli t h e  " r e e l in g - o f f "  
tGChni"ur< wrr. n o t  vnnd bv.t i-.’.th o r  th o  com pvtor c r . lc u -  

'  . l r . to d  oo.ch v.’.r j . '.b lo  o f  th e  c'/ur.l.i on

f o r  e^ch  connoncirb r-nd t l- c r n fo ro  c c l c u l r - t i o n r  o f  0 I



SflOffHW OF i:T7)iHiY AJ'T : 

A -  G lo n o n ilu r. 
ti « P ro x im r l tu b u ] '
C T, D in tr 'l  tu b u le
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F ifu ro  13.

a

s^G'i'ro:: of i:Tni,-:r af'J’iu ? \rA?,]:x of JAin:i)iu~: % ,too.
A = G3.ornon.ilxx£i 
B =-• P ro x im r 'l tx ibuler.
0  «  D i n t n l  tubxx lo



a n d  C I I  c o u l d  n o t  b o  i n f l u e n c e d  b y  G T I  v a l u o a .

C I I I  v a l u e n  a r e  n c k n c w l e d ^ o d  t o  b e  u n r e l i n '  l e  n n d  

e s  m e n t i o n e d , a r e  n o t  p r e s e n t e d  i n  t h t v  : t u d v «
T h e  " p e e l i n r  o f f "  m e t h o d  w a r .  h o w e v e r  u r . o d  w h e n  t h e  
c u r v e s  b e c a m e  f u s e d , o r  a  t w o  c o m p o n e n t  s y s t e m ,  e n d  
i t  i s  p o s s i b l e  t h a t  h e r e , t h e r e  i n  r . o n o  r' o u r c c  o f  

e r r o r .  H o w e v e r  t h e  f i n d i n g s  b y  L a d e f o r e d  q u o t e d  
a b o v e  w o u l d  i n d i c a t e  t h a t  t h e s e  e r r o r s  a r e  m o s t  

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

c o m p o n e n t  I  v a l u e r ,  w h i c h  r e p r e s e n t s  f l o w  t h r o u g h  t h e  
e n t i r e  c o r t i x ,  w h e n  a  t w o  c o m p o n e n t  c u r v e  w a s  e n ­

c o u n t e r e d  .

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

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

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

v a l u e s  f o r  s p e c i f i c  y r r v i t y  i n t r o d u c e  a r t e f a c t s  
r e s u l t i n g  f r o m  t h e  d e t e r m i '  . t i o n  o f  t h e s e  q u a n t i t i e s .  
H o w e v e r ,  t h e r e  i s  f o o d  * e m e n t  f o u n d  b e t w e e n  
i s o t o p e  a n d  f l o v ;  m e t e r  m e t h o d s  f o r  t h e .  m e a s u r e m e n t  
o f  r e n a l  b l o o d  f l o v r ^ ' 5 ’ 1 ^ 1  a n d  i t  w o u l d  s c o r n  t h a t  

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

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

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

T h u s  i t  c - n  b e  neon t h a t  t h e  m a i n  o b j e c t i o n  t o  •L ? 3 X e  
m e t h o d  i s  t h a t  t h e  t h i r d  c o m p o n e n t  m e a s u r e m e n t  i s  i n -  

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

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

" p o e l i n . ~  o f f "  t o n h n i o u o  - o m o  e r r o r  m a y  b n  p r e s e n t .  I t  i n  
f e l t ,  h o w e v e r ,  t h a t  t h i s  i s  l i k e l y  t o  b o  e m a i l .
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B r i t t o n  e t  r1! 1 ^  a l r . o  f e e l  t h a t  t h e  k i d n e y  f l o o r ,  n o t  
r e p r e s e n t  t h e  c o r a p n r t m e n t a l  m o d e l  w h i c h  i n  r e o u i r c d  f o r  

a n a l y a i Q .  H o w e v e r  i t  i f i  n r r u o d  b y  K c w ? ^  t h a t  t h e  x e n o n  
c u r v e  c a n  b e  c l e r r l y  r e s o l v e d  i n t o  t h r e e  e x p o n e n t i a l  

c o m p o n e n t s , e a c h  d i f f e r : ' n r  b y  o t  l e a s t  n  f a c t o r  f o  t h r e e , 
w h i c h  f a v o u r s  n  h o n o f e n o u i >  d i s t r i b u t i o n  o f  i n d i c a t o r  t h r o u f h  
e a c h  c o m p a r t m e n t  .'.>nd i n e i r n i f i c p n t  d i f f u s i o n  b e t w e e n  t h e m .

I t  i s  f e l t  t h e r e f o r e  t h c t  t h e  ^ ^ ^ X e  m e t h o d  p r o v i d e s  a  

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

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

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

2) D i s c u n m i o n  o f  t h n  R ^ F H l t r

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

t h e  b c V b o o n  k i d n e y .  T h e r e  i s  n n  a l t e r a t i o n  o f  b l o o d  f l o w  
d i s t r i b u t i o n  f r o n  t h e  o u t e r  c o r t i c . ? !  t o  t h e  i n n e r  c o r t i c a l  

a n d  o u t e r  m o o u l l r r y  r r e r r .  T h e  f i n d i r . r  o f  r n  i n r i f n i f i c e n t  
a l t e r a t i o n  i n  0  I  f l o w  r r . t e  t o g e t h e r  w i t h  r. d e c r e n s e d  

v o l u m e  d i s t r i b u t i o n  i f  c i m i l n r  t o  t h e  f i n d i n g s  o f  
C R r r i e r e " * - ® ^ w h e n  t h e  r c r r l  n o r v e n  a r e  s t i m u l f ’ t o d . H e  
f e e l s  t h a t  t h r *  c l o s u r e  o f  r e s i s t a n c e  v e s s e l s  i n  t h e  Kidney 
i s  n r - t c h y  a n d  t h e r e f o r e  t h e  f l o w  r r t e  r a c y  b e  t h e  s a m e  b u t  
t h e  v o 3  u m e  o f  t h e  v . " s c u l f r  b o d  d e c r e a s e s . T h i s  f i n d i n r  i f .  

a l r  s i m i l a r  t o  t h e  f i n d i n r r  b y  o t h e r  w o r k e r s  i n  c i r r h o s i s  
o f  t h e  i i v e r d , 'L 0 ’ : i l , 1 ? ' ^  r . n d  o t h e r  l i v e r  d i s e a s e ? ^ ’ 1 '1 .

A l s o  i n  c o m m o n  w i t h  t h e  f i n d i n g s  i n  f u n c t i o n a l  r e n a l  
f a i l u r e  o f  c i r r h o s i r  t h e r e  n n r o i - r r  t o  b e  n o  s i r ' - i f i c ' - n t  
a l t e r a t i o n  o f  r e n a l  r t r u o t u r e  a r d  t h e  c h a n g e s  s e e m  t o  

^ r e c e d e  t h e  o n s e t  o f  frrn Y  r e n a l  f a i l u r e 6 . I t  w o u l d  s e e m  
t h o r ,  f '  r e  t h a t  t h e  c h a n r c a  i n  o b s t r u c t i v e  j a u n d i c e  f i r e  
f u n c t i o n a l  i n  n - ' f c u r e .

I t  h a s  b e e n  s u r r e s t n d  b y  K o w 6  t h a t  t h e  c h e n r o n  i n  
r e n r l  b l o o d  f l o w  ' ’ 1 r t r i b v t j o r .  ’ t i  c i r r h o s i s  m a y  b e  d u e  t o  

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

s u p p o r t e d  b y  t h e  f i n d i n r s  o f  H o r V 6  t h a t  t h e  s y m p a t h e t i c
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n e r v o u s  s y s t e m  o f  l i v o r  e n d  k i d n e y  n r o  i n t o r - r c l n t e d .

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

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

t h e  r e n a l  n e r v e o 3' 0 ' 1’ 1 0 ^ .  E p s t e i n ,  h o w e v e r ,  s h o w e d  t h a t  t h e  

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

o f  a n  a l p h a  b l o c k i n , "  o c e n t  a n d  f e l t  t h a t  t h o  s y m p a t h e t i c  
a c t i v i t y  w a r .  n o t  i n v o l v e d .  I n  h i s  s t u d i e s  h o w e v e r  i n f u s i o n  
o f  P B Z  p r o d u c e d  a  f a l l  i n  b l o o d  p r e s s u r e  a n d  v / h e n  t h i s  i s  
p r e v e n t e d  B a l d u s ^  w a s  a b l e  t o  i m p r o v e  r e n a l  b l o o d  f l o w  
w i t h  d i b e n s y l e n o .

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

w h i c h  i n d i c a t e  t h a t  t h e  s y m n r t h e t i c  n e r v o u s  s y s t e m  i s  
i n v o l v e d .  I t  w a s  f o u n d  t h a t  i n f u s i o n s  o f  P B Z  r e v e r s e d  

t h e  v a s o c o n s t r i c t o r  e f f e c t  o f  n o r a d r e n a l i n e  a n d  a l s o  
i m p r o v e d  b l o o d  f l o w  t h r o u g h  t h e  c o r t e x . I n  a d d i t i o n  t h e  

k i d n e y s  w e r e  u n d u l y  s e n s i t i v e  t o ‘ t h e  e f f e c t s  o f  n o r a d r e n a l i n e .  
T h u s  i t  w o u l d  s e e m  t h a t  t h e  n r i m a . r y  d i s t u r b a n c e  o f  r e n a l  
h a e m o d y n a n i c r  i n  o b s t r u c t i v e  , i - ' . u n d i c c  m r v  b e  e x p l a i n e d  b y  

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

T h i s  h y n e r - s o n o i t i v i t y  t o  n o r a d r e n a l i n e  m a y  a l s o  

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

o b s t r u c t i v e  j a u n d i c e . A s  m e n t i o n e d  i n  t h e  i n t r o d u c t o r y  
s e c t i o n  t h e r e  i s  a. h i r h  i n c i d e n c e  o f  a c u t e  r e n a J .  f a i l u r e  
a f t e r  s u r r i c - ’ l  o n o r r t i o n s  o n  n a t i c n t s  w i t h  o b s t r u c t i v e  
j r . u n d i c e ^ ' 3' ^ ’ ^ ® T h e r e  i s  a l s o  e v i d e n c e  t h a . t  i n  c h o l e c t -  

a s i s  t h e  k L - b .o y  i s  m o r e  s e n s i t i v e  t o  i s c h e m i a 1 ^ ’ " 0 .
T h e  r e s u l t s  f o u n d  h e r e  c u r r e n t  t h a t  t h e r e  a r c  c h n n p o s  i n  
i n t r o  r e n a l  W o o d  f l o w  d i s t r i b u t i o n  w h i c h  n r e c o d c  t h e  o n s e t  

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

n o r a d r o n a l  i n s  i n t o  t h o  I c i d n s y - 1 0 p , r a i d  t h e r e f o r e  i m a l y  

t h a t  s y m p a t h e t i c  a c t i v i t y  ; r  y  b e  r o a n o n r : j h . 1  c  f o r  c h -  nrer  
s e e n  i n  t h i s  d i r e r  s o .  T h o  f i m l i n r  o f  a n  i n o r . - a s o d  s e n s i ­

t i v i t y  t o  n o r a d r e n a l i n e  n r o v i d o n  a n  e x n l r n a t i o n  f o r  t h e
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r e n a l  d i s t r i b u t i o n  c h r n f G c ;  w h i c h  r a r y  "be i n  f r . c t  o c c u r i n , "  
i n  t h e  p r e s o n c e  o f  n o n u n l  r . y m p n t h e t i c  a c t i v i t y .  I n  r d d i t i o n  

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

m a y  e x p l a i n  t h e  r . u b n e q u e n t  h y n e r - r c n c i t l v i t y  o f  t h e  k i d n e y  
t o  p e r i o d s  o f  i n c h n c m i a ,  o r  h y n o t e n n i o n  w h e n  o y c e r f . i v e  

c a t e c h o l n m i n e s  c o u l d  b e  e x r o c t e d  t o  b e  p r o c e n t . T b .u s  t h i s  W o u ld  

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

f o u n d  d u r i n r  o p e r a t i o n s  o n  n f i t i e n t s  w i t h  o b s t r u c t i v e  
j a u n d i c e .  T h i s  c o u l d  t h e n  b e  e x p l a i n e d  o n  t h e  b a s i s  o f  

s y m p a t h e t i c  h y n e r - n c t i v i t y  o n  n k i d n e y  w i t h  p h o i / Th t e n c f >  
r e s p o n s e  t o  t h e  e f f e c t s  o f  n o r a d r e n a l i n e .

The i n v e s t i g a t i o n s  to  f in d  r> f o o t e r  o r  f c .c to r s  cp .usinp  
t h i s  h y n c r - r .a n f . i t j .v i ty  w i l l  bo d e s c r ib e d  in  s c c t io n  4 o f  
t h i s  t h e s i s .

Summary

I n  t h i s  s e c t i o n  t h e  r e n n l  c i r c u l a t i o n ,  i t s  c o n t r o l  p.nd 
m e t h o d s  o f  m e a s u r e m e n t  i s  d e s c r i b e d .  T h e  f i n d i n f s  i n  

o b s t r u c t i v e  j n m d i c c  u s i i n r  t h e  - ^ X e  t e c h n i q u e  a r e  p r o r e n t e d  
e j i d  a r e  s u m m a r i s e d  i n  F i r u r e  I P .  T h e s o  o r e  a  c h i f t  i n  
b l o o d  f l o w  d i s t r i b u t i o n  f r o m  t h e  o u t e r  c o r t e x  t o  t h e  i n n e r  

c o r t i c e l  n n d  o u t e r  •a<3(, u l l - , r y  r . r o o a .  A l s o  t h e r e  i s  a  h y n e r -  

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

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

s u c h ,  a s  p o s t - o p e r a t i v e  r e n a l  f a i l u r e .

I f  t h e  f a c t o r  o r  f a c t o r s  c-’u r i n f  th o  in c ro '-n ed  c e n c i t i v i t v  
o f  th e  ren--] v n n c u l.- tn ro  to  n o r- id ren n l 5r e , o ro  b] ood b o m n , 
th e n  i t  sh o u ld  be n o sr.ib l n to  "ro flucc  r t i n i l r r  p f f c c t r  on 
o t h e r  v f T c u l r r  b e d s .  The n e x t  s e c t io n  r i l l  d e s c r ib e  th e  
e f f e c t  o f  o b s t r u c t io n  j ru n d j  ce on c e re b i 'n l  b lo o d  f lo w .
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COMPONENT I

C h m f o r .  i n  f l o v ;  r r t o  a n d  n o r c c n - k f f o  d i s t r i b u t i o n  
d u r i n g  j ru n d io o  r n c l  d u r i n f  n c r f v n l o n  w i t h  

n o r n d r o n a l t n o  i n  d o r - o o  f r o n  0 . 0 0 0 5  t o  0 . 5  ^ f / n i n .  
I t  C PU  f l r o  b o  n o o n  t h a t  i n f u s i o n  o f  . 0 0 0 5  P ' f / S i n  
o f  n o r a d r c n p l i n o  r e d u c e s  t h e  n o r c c u t n . - e  d i s t r i b ­

u t i o n  b u t  n o t  t h o  f l o w  r a t e .  T h i s  i n  n i n i l r . r  
t o  t h o  f i . n d x n r n  f o l l o w i n g  2 v /o o k r ,  o f  b i l e  d u c t  

o b s t r u c t i o n .
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CONTROL OF CERSRHAL HLOOD VJrOVt
1 .  Au-fcorfiwulction

I n  t h e  n o r r a n l  b r a i n  c c r o b r , ? !  0I 006 f l o w  i s  m a i n t f i n e c ?  a t  
n  r e l n t i v o l y  c o n n t m t  l e v e l  f l e n n i t o  v r r i a t i o n n  i n  c o r e b r a l  
n e r f u a i o n  n r e s n u r o . I n  h a b o o n r . ,  f l o v . ’ r e m n i n B  c o r n t a n t  

d e s p i t e  v . ^ r i i i t i o n n  i n  p r o r n u r e  f r o m  8 0 - 1 5 0  I t  i s

f e l t  t h n t  R u t o r o r u l n t i o n  r o c u l t c  f r o m  t h e  m y o p e n i c  r c s n o n a e  
o f  t h e  s m o o t h  m u s c l e  c e l l s  o f  t h e  a r t e r i o l a r  v / n l l  t o  
s t r e t c h - i n d u c e d  v a r i a t i o n . ' ;  i n  t r s n n m u r a l  p r o s e u r o ^ ® .  T h e  
a u t o n o m i c  n o r v o u c  e v n t e m  m r y  h o v ' u v o r  h o v e  g o m e  r o l e  i n  

m o d i f y i n g  t h e  a u 10r 0f u l n t 0r y  r e s p o n s e s .  Y o a h id a " * " ^ ^  
d e m o n s t r a t e d  t h n t  t h e  r i o e  i n  c c r e b r o v c - u c u l t ^ r  r o n i r , t r u c e  

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

p r e s s u r e , c o u l d  b e  - n r e v o n t e d  b y  n r i o r  s e c t i o n  o f  t h e  c e r v i c p l  
s y a p a t h c t i c s .  J a m o E ;1̂0 d e m o n c t r a t e d  t h n t  t h e  n o r m a l  r c l p . t i o n -  

s h i p  b e t w e e n  n e r f u r . i c n  p r c r n u r c  a n d  c e r e b r a l  b l o o d  f l o v ?  
c o u l d  b e  n b o D i f i h e d  f o l 3  o w i n r  E jection  o f  t h e  c e r v i c r l  

s y m n s t h e t i c  n e r v e r . .  H e  g lB o ^ ® " * ' h r . s  e h o v /n  i n  e x n e r i m e n t n  
i n  w h i c h  t h e  c c r o t i d  n in u r  w a n  v n n c u l r r l y  i s o l a t e d ,  t h n t  

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

c h w i f e r ,  i n  c e r e b r o v r r . c u l r - r  r c n i e i t r n c e ,  t h o r c b y  d c n o n 5i t r ? t i n ,7 
t h e  i m p o r t :  n c c  o f  n n n r o f o n j  c  m e c h r i n i s m r .  i n  m e d i o t i n f  t h e  

G .utorofu lr> tory  r « f : p o n r . o .

I t  h n n  r l c o  b o o n  n o n t u l r t e d  t h r t  r u t o r o r u l r t i o n  i s  d u e  
t o  p l t e r a t i o n o  i n  W I g r o u n d  t h e  c e r c b r r = l  v e n r . e l r . .  Z w o tn o v .^ ® ^  
d e ? i o n n t r : ' t o d  - m  i n c r o r n e  i n  j u n x 3 r r  b u l b  I r c t n t e  a n d  
T ' y r u v n t c  o o n c p n t r . - ' t i o n p  i n  d o r r  f o l l o w i n p  n  r a d u c t i o n  i n  

n o r f u s i o n  n ro n n u m . I t  i n  n u r f c i i t o d  t h . i t  d c c r o r c o  i n  t i e r -  

f u s i o n  n r e f i r . u r e  r c i u O t : )  i n  c> d e c r e n n e d  c o r c b r j i ] .  b l o o d  f l o w ,  

r<3H u l t i n r  i n  I n c t i c  - ' c i d o t d  r, w h i c h  p r o d u o c n  n  v c r o d i l r t a t i o n  
a n d  p  d e c r o r . t i c  i n  c e r c b r o v p r . c u l n r  r e n i n t r > n c e .  T h i n  i s  

H u r n o r t e d  b y  t h e  f i n d i n r  o f  abnorm al n u t o r n r u l n t j o n  i n  

h y n e r n r r . n i n  nnd h v ^ o x i?18-1 , : t  8 / 1 . A n  d n c r o n o e  i n  r e n i s t - i n c e  

w h i c h  w o u 'd  h e  e m o o t f d  to  o c c u r  i n  a l k r l o j i i c  h . - n  n o t .
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h o w e v e r ,  b o o n  d c m o n D t r n t a d .  T h u n  i t  I f  l i ’c e l y  -fch r.t t h e  
i n d u c e d  v r . s o d i 3 . r [ . t a t i o n  n e n n  i n  a c i d o s i s  m e r e l y  o v c r - r i d o e  

t h e  m y o f e n i c  m e c h r .n iE im .

O h o T . i c r 1!  C o n t v o \

V a r i a t i o n s  i n  a r t e r i n l  P c 0  e x c i  t  ,-i n r o f o u n d  e f f e c t  o n  

c e r e b r a l  W o o d  f l o w .  H y p c r a a n n i a  c r u r i o n  c e r o b r c > l  v a s o ­

d i l a t a t i o n  a n d  h y n o c a n n i n  c a . u n e n  a  m a r k e d  v n n o c o n n t r i c t i o n .  
L a o s e n 1 ''’® o t a t o c  t h a t  c e r o b r a l  b l o o d  f l o w  c h n n f c s  45« n e r  

n m H f  c h a n g e  i n  n r t o r i n l  ? 0 0  .

1’h e  O O g  r e a c t i v i t y  i s  m e d i a t e d  b y  v a r i a t i o n s  i n  n H  o f  
t h e  c e r e b r a l  b l o o d  f l o w  a r o u n d  t h e  r - r t c r i o l e r , " * " ^  ,  T h e  

pH  a t  t h i r  c i t e  n l c o  d e p e n d s  o n  l o c r . l  c e r c b r o - n - n ' n o l  f l u i d  
b i c a r b o n a t e  c o n c o n t r r t i o n ^ ® . C O ? - i n d u c e d  c h r n r e r :  i n  

c e r e b r o - n n i n r l  f l u i d  r i s e  n i t e r  " o u l m o n a r y  v e n t i l a t i o n  s o  
t h a t  c o r e b r r l  b l o o d  ilovi  a n d  v e n t i l a t i o n  c o m b i n e  t o  k e e r ,  

b r a i n  e x t r r c e l l u l r r  t /:1  c o n n t r n t ^ ^ .

M oderate  c h r n r e r  i n  ox.vfon t e n d o n  i n  a r t e r i a l  b lo o d  do 
n o t  in fu e n c e  c c ro b r - 1  b lo o d  f  1 ovz ncanurably"*'^®. Thur. i n  
modori-tn h y n o x i? o r  " r t e r l " !  h y r o r o x ir  c e r e b r a l  b lood  flo w  
r o ? ? i r r  u n o h rn - e d , W ith " r rk o d  h y n o x i- ,  h o ro v o r ,  flo w  
i n c r c  n e n . T hin  i r  n o t  neon  u n t j ”. a r t e r i a l  Pq f o tr ,  below  

50 w hich  j  s  th e  namo l e v e l  a t  whdeh b r a in  tin o u o
I r c t i o  a c id o n i r, booorior a r  i^ r v n t '1' ' ^ . T hin  f in d  i n f  n u f r e c t r  
t: t  oxy-rm  hr-n no d i i o c t  e f f e c t  on o e r o b r - 1 b lood  v e r s e l r :  
b u t  th e  ch -n fcr; neon  i n  h y -o x d a  n-xy be due to  l o c a l  chr.n;-e ?  
i n  n il .

N e u r o - r n i c  C n n i r o i

T h e  p i / ’l  r r t o r i o r ,  o n  th<5 r u r f a c c  o f  t h e  b r ' d n  h a v e  a  r d  o h  
a u n n l y  o f  n y m p - i t h e t i  c  n d  r . - . r n a y n p - ^ t h o t j  c  n e r v e  f i b r e d  . 

A l t h o v r h  e ' > r l y  w o r ' r e r f V ! d o u b t e d  w h e t h e r  i n t r a - c c r c b r r l  

vocaolr. v.-nrc c im il^rX y  in  G o r v a t o d , i t  i r  c . l . n - r  f r o g  r e c e n t  
f i t u d i e r  u n i n r  r . i l v o r  r . t r - i n n ,  o l n c t r o n  m n o r o r c o n y  -i n d 

f l u o r e n c o n t  h i  t i t o l o ' - i  e ;  1 m n t h o d n ,  t l v t  a  r i c h  r u r m i y  o f  
n e r v c f i  i n n e r v a t e  t h e  a n  v c m n n ]  p  .



P e n f i e l d 1 ®® u o e d  v s i l v e r  n t a i n i n r  t e c h n i q u e ,  s h o w e d  

t h a t  t h e  n e r v e  f i b r e s  s c c o m n r n i o d  i n t e r - c e r e b r a l  a r t e r i e s  
a n d  t h i s  h e n  b e e n  c o n f i r m e d  b y  o t h e r  w o r k e r n  u o i n y  l i r h t  

m i c r o s c o n y 3-® ' E l e c t r o n  m i c r o s c o n y  h e n  n u b n t e n t i e t e d  
f i n d i n g s  m o d o  b y  t h e  l i f h t  m i c r o n e o n e  e n d  s h o w e d  n e r v e  f i b r e s  

o n  n i n l  v e s s e l s  a s  s m a l l  n n  1 5 - 2 0  m i c r o n s  i n  d i n m e t o r 1 ^ 0 . 
A l s o ,  T a l k  u s i n r  a h i n t o - c h e n i c e . 1  f l u o r c s f r - u t  s t a i n s  h a s  

i d e n t i f i e d  o . d e r n e r r i c  n e r v e s  w h i c h  a r e  m o s t  p r o f u s e  o n  t h e  
l o x f o r  v e s s e l s  l e a v i n g  t h e  C i r c l e  o f  V / i l l i s ,  b u t  a r e  a l s o  

p r e s e n t  o n  t h e  s m a l l e r  i n t e r n p . r o n c h y m a l  v e s s e l s ' 1 ' ' 1-. 
D e f e n e r a t i o n  s t u d i o s -1'® ^  h a v e  s v v f R s t e d  t h a t  a. l a r f e  

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

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

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

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

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

d e p e n a r s t i v c  c h r n f e s  f o l l o w i n f  s y m p a t h e c t o m y '1-̂ ^ .  A l s o  
f u r t h e r  e v i d e n c e  t h a t  c h o l i n o r f i c  f i b r e s  a r e  p r e s e n t ,  i s  
p r o v i d a d  b y  t h e  f i n d i n g s  o f  L a v r e n t e i v r .  e t  n l -1-̂ ^  o f  t h e  

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

T h e  f u n c t i o n a l  i m n o r t a n c e  o f  t h e  c e r e b r o v a s c u l a r  n e r v e s  
i s  h o w e v e r  c o n t r o v c r s i r l .  C o n s t r i c t i o n  o f  t h e  r i a l  v e s s e l s  

o c c u r s  f o l l o w i n -  s y n r u  t h s t i c  s t i m u l a t i o n  a n d  d i l a t a t i o n  
o c c u r s  f o l l o w i n f  a  r a r " - s y m p a t h e t i c  s t i m u l a t i o n -1-̂ ^  ,

T h e  i n f l u e n c e  of t h e  n e r v o u s  s y s t e m  o n  t h e  i n t r a - c e r e b r a l  
v e s s e l s  i n  h o w e v e r  m u s h  l e s s  e v i d e n t .  J a m e s ' 1-̂ 0  h a s  d e m o n ­
s t r a t e d  a  d e c r e a s e  i n  c e r e b r a l  b l o o d  f l o w  f o l l o w i n f  n  

s t i m u l a t i o n  o f  t h e  s y n ’- a t h e t i  c  n e r v e s  a n d  - n  e n h a n c e m e n t  o f  

t h e  v a s c u l a r  r o n n o n a n  t o  C 0 ?  f o l l o w i n f  n y n u a t h o c t o t i y .

P u r v o s -1 a l s o  f e e l s ,  t h a t  t h e  s y n v n e t h c t i  e  n e r v o u s  s y s t e m  
h r . s ;  a . r t r o n a  i n f u o n c e  o n  c e r e b r a l  b l o o d  f l o w .  I n  c o n t r - r t  

t o  t h i s , ,  r e m o v a l  o f  I , h o  s u r m r i o r  c e r v i c  1 y n r l i o n  a n n e ' - r s  

t o  h a v e  v o r y /  l i t t l e  e f f e c t  o n  t o t a l  c e r e b r a l  b l o o d  f l o w ,
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o r  o n  t h e  a b i l i t y  o f  t h e  c e r o b r a l  v r n c u l f / b u r e  t o  o u t o -  
r e ^ r u l a t o  o r  r e s p o n d  t o  I r . o f i e n 1 ^®  f o c l r

t h a t  t t e  e x u o r i r a o n t c  i n  w h i c h  s y r r n n t h o t i c  n o r v o s  w e r e  
s t i m u l o t o d  i n  t h e  n e c k ,  i n t c r f o r e r .  v d . t h  t h e  a r t e r i a l  
b l o o d  o u r j p i y  t o  t h e  b rrin  n n t i  n o i n t n  o u t  t h n t  o v e n  n i l . d  

h p n d l i n r :  o f  t h e  c a r o t i d  a r t e r y  c a u n e n  a  p n ric im  v h i c h  r o d u c e c  
t h e  m c x i n r l  i n f l o v . 1 t o  t h e  T n r f i n .

I t  covilri be o x jicc te d  t h n t  th e  in f u s io n  o f  v a s o a c t iv e  
a d r e n e r f i c  d r u f r  v,ou.ld o lu c id f’to  th e  r o l e  o f  < th e  r.f/m nnthotj c 
n e rv o u s  ayptora i n  th o  c o n t r o l  o f  o o rc b rf .l  ulooci f lo w .
C c r p i 2 0 0  i n  r  r e v i o w  o f  40 - n r n o r r  i n  w h i c h  t h e  e f f e c t  o f  
a d r e n o l i h e  o r  n o r ; - d r c n ? l i n c  o n  c o r c - h r a l  b l o o d  f l o w  i n  

s t u d i e d ,  f o u n d  n o  c o n n i n t c r . l ,  n a t t o r n  t o  e ’a c r r e .  T h e  w i d e  

v r r l c t i o n  i n  t h e  r o r u l t c  r.cy b e  d u e  t o  f l i f f o r c r . o e n  i n  t h e  
n n c ' e s t h o t i c  u s e d , • L c o : c t r n - c r ' - n i j > l  e f f e c t s ,  t o  a u t o r e f u l a t o r y  

r e s p o n r c g  t o  t h e  r y r t e r i i c  b l o o d  r r c f i n u r e  e f f e c t s  o f  t h e s e  
t i r u r n , p - r t i c u l ' - r l y  w h e n  f i v c n  i n t r a v e n o u s l y  o r  d u e  t o  n o n -  

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

I t  h-'S howevr-r buon nhovn by R o rc n f lo r ff  -n d  C rm B to r."” " 
t h a t  s f  n o r r d r c n r l i n o  tr. : rir-l in d  t o  th e  n d v c n t i t i - ’I r u r f - e e r  
o f  t h e  i n t r r - c n r n b r ' i l  v o n n e ln  t h a t  v n o - c o n r t r i c t i o n  o c c u rs .  
R o c e n b lu n ^ -  her. r u — oMtod t h - t  t h e  o f f o c t i v e n e r r  o f  
n o r a d r e n a l in e  on c n r c b r - l  v n r r n l r  i s  re d u ced  by f v id  n o u ro r .r '1. 
untr-kn mnchr nirr.'.s '  nd t h i  r, c o n te n tio n  i.r: s iv i^ o r to d  by th e  
v-or3: o f  H o r 'c r /o r f f , whr-ro th o rn  n r r h '. n i r n r  wou"" d be 
C pturr-tnd  by th - ' h i .-h  cor.cvr.trM ;? or.r. u se d  by th n r e  wor’: o r r .

I h c r o  f i n d i n r r  d o  n o t  e : : n l r  i n  t h e  ]  - c k  o f  r e s p o n s e  t o  
M o o d  b o r n e  n o r -  t fv - t-n - ']  i n n  w h i c h  w o u l d  bt> e y n e c t r d  t o  r e a c h  

t h e  r e c e p t o r  b o f o r o  t h o  n o n r n n - 1  x v : t :  !rn c o u l d  b n  a c h i e v e d .

I t  in  nof.ri b io  t l r  t  t h e r e  nr y be ::n r v id  u-ntrko o f  in fu n e d  
n o r '-d ru n / 'l i.n e  i n to  th o  v p rc u IrT  sm ooth muoole -  u^tr-ko 2 
( I v o r r o n '^ 1 ) w hich ^ ro v o n tr  c i r o u V i i n r  v io r^d roM rline  f r o n  
r e r c h in ^  th e  r r r im i tn n i .  T litr  w i l l  Vr dj ncuraorl f u r t h e r  i n  
t h i n  th e fd  s vhnn e n n id d n r in -  tlu- t e r - ' t i  o u r i n  c e r c b r o -  
v r .n c u lr r  n e r^ u n io n  o b t. jnm ! by i n f v i i y -  i \o r: 'd ren r :3 in e  in
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bn to o n o  w ith  b i l e  d u c t In n a t io n .

I t  may a ln o  1 v p o c n ib lo  t o  o lu c id c to  th e  r o l e  o f  th e  
au to n o m ic  ro rv o u n  nyotom by u s i n f  b lo c k in g  c r o n to . I t  wac 
r e p o r t e d  by lo n d o ' t h a t  t h e  enrem o f  th e  c e r e b r a l  vogooIk  
in d u ce d  by m e c h a n ic a l  a t i n u l a t i o n ,  co u ld  be re v e r s e d  by 
l o c a l  a p p l i c a t io n  o f  b e t a  a d r o n e r f i  c b lo c k in g  r f e n t n . 
P a lk e ?^^ han  n ln o  chov/n t h a t  in d u c e a  v a n o c o n c t r i a t i o n  from  
h y p e r v e n t i l a t io n  c o u ld  be rc v o rn e d  w ith  a b e t a  b lo c k in g  
c r o n t ’k A lthough  b a r i r a / c h l  o r id o  in d u c e d  v a c o c o n c t r ic t io n  
can  bo ro v e rr.c d  by b eta , b lo c k in g  d r  u rn  and n o t  by a In h a  
b l o c k in f  a,fcntG '>®/‘ , ev id e n c e  in  r c c u m .ln t in y  t h a t  a lp h a  
re c e p to r r ,  a r c  a l s o  p re n c n t  on th e  c e r e b r a l  v e c c e lo .
F ra s o r ^ 0 ^ showed t h a t  nhcnoxybeni-.nmino (PBZ) a p p l ie d  l o c a l l y  
t o  c e r e b r a l  v o s c o lc  rc v e rc c d  th e  vaoo-nnr.cn  in d u ced  th e  
l o c a l  a p n l i c r t i o n  o f  b lo o d . R e c e n tly  Kawrmuro^06 han  shown 
t h a t  PBZ roducoo  th e  v - n o c o r n t r i c t o r  to n e  o f  c e r e b r a l  
v e o o o ls  d u r i n r  h .vnoc-^ni". and r a in e d  c e r e b r a l  n c r fu c io n  
p r e s s u r e .  I t  al.no onhancoa. th e  v a s o d i l a t o r  re sp o n se  to  00 ? 
i n h a l a t i o n .

I t  can  bo coon from  t h i n  b r i e f  re v ie w  t h a t  t h e r e  in  a. 
r i c h  noi'vo n unn ly  to  th e  j . n t r a - c c r c b r r l  v c r n e lc  and m ost 
e v id e n c e  would n u ry o n t t h a t  th e  ry m n r.th o tic  n crv n u n  cyctom  
i s  in v o lv e d  i n  th e  v m c u l a r  rc a n o n rc  t o  r a in e d  Paco  and. 

r e in e d  c o r c b r ' l  " a r f v r i o n  n rn n r .v rc . S h a t in fu n io n o  o f  
n o r - d r e n - 'l in c  nrodv.ee c o n f l  i c t i n f  r c n u l t r .  m-y be o rn la .in c d  
by th e  f a c t  fiv  t  t h i n  h o m o n e  may n o t  bo r o r c h in a  r o c e n to r  
s i t e c  when in fua .cd  i n t r - ' . - a r t c r i r l l y .

OF 0RR3P.RAT PIOOD FLOW

1 .  D ir e c t  nbt’o r y j j o r  o f  ni.->l voa.nal r,

K oanuri.n r n i n l  a r t e r y  d ia m e te r  i n  a c la n c i ic a l  method o f  
o e s o o c in r  v a .r ia .tie n n  i n  c e r e b r a l  b lo o d  f lo w  and war f t  r a t  
d e s c r ib e d  by Bond erf: i n  iC -n ^ 0 7 . However a c id -b a .rc  ch-n^oc:, 
traum a and h v . i o t b c r ' i -  o r  h v ^ o : ; ' ! o f  th e  or^ora-'d c o r t i c - i  
s u r f a c e  te n d a  to  a b o l i r h  th e  no rm al v aso m o to r r e a c t i o n s .
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A lth o u g h  c u r r o n t ly  i n  uoc to  atw dy  th o  rocponfie o f  p in l  
v e a c e la  to  l o c ? l  chnn^on I n  c o r n b r o - n p in r l  f l u i d ?0® i t s  
m ain  d raw back , i n  r .d d i t io n  to  th o n e  m en tio n ed  nbovG, in  th o  
u n c e r t c i n  r o l r . t io n n h in  b etw een  n i n l  vsBfiol d if 'jn c to r  and flo w  
w i th in  th e  v o n c o l . I t  in  how ovor c. t i a e f u l  to c h n in u e  to  
s tu d y  th e  nhprrat'.colory o f  b r r l n  r r t e r i o r  i n  v iv o  i n  ro rn o n ro  
to  l o c a l l y  rm n licJ . d n i f c , v v ith o jt  th e  con-n liccition r, o f  
sy s te m ic  d r u r  e f f e c t s .

2 . Fl.ovi i n  n n d :  v o rn o ln

a )  A r te r i r .1  b lo o d  v e l o c j t y

E l e c t r o - m r ^ o t i c  f lo w  Tiietrrr:' hav e  boon r e p l i e d  t o  n ec k  
v ecscels  ?2id r r e  ca n r.b lc  o f  m o n ru rin "  th e  v e l o c i t y  o f  b lo o d  
n o v in r  i n  th e  e n r o t id  v c n r .o ln . H ow ever, th e  r e o u l tn  v / i l l  
be in c .c c u r r te  r.in ce  o n ly  th o  b lo o d  f lo w  i n  th e  c a r o t i d s  p ro  
m ea su red , m d  b lood  f lo v .a n r  i n  o th e r  r .r te r io i?  nuch r a  th e  

v e r t e b r a l  i s  i p n o r e d . 1-0 t h e  volur.o  o f  b lood  f lo w in '-  i n
th o  b lood  v e r r o ln  doncmd on th o  v e n n e l d ia m e te r  c s  w e ll  ?e 
t h e  v e l o c i t y .  T h e ro fo rc  n in c e  th o  f lo w  r o t o r  door c o n n t r i c t  
th e  v e r .r e l  t o  r  e e r t r a n  e r t o n t ,  rnd  ’io c h ~ n ic : 'l  s t in u l c . t i o r .  

e l s e  c o n s t r i c t  th e  veG so l1 ^®, n c c isu rc n e n ts  o f  t o t a l  c e r e b r a l  
f lo w  v .r in r  th i r :  ’nothof1 • r e  jn - .c c u r - . t e .

b ) V rnour o u t^ o - r

T h in  n ry  r-lno be n o rn u ro f  by f i l o c t r c - r . r  "netn  c f lo w  n o to rn ' 
cp w e ll  rr, by t h e r r 'o d i lu t i o n  r-nd by dye d i l u t i o n  to c h r- i- 'u ^ r-1"10 
J u f i ’l ' - r  v o ir, c -n n u lr  t i o n  i  r  r c r t ’. i ro d  -nd  th o  m other'n - r e .  
o n ly  r o n i - c ; u - t r . t t i v o , v.rl o m  o r i l l b r r t n j  rv-r j r .n t  rocond 
and c : i n u l t 'n o o r r  r.fithod w hich -frovi dnn r -b ro ln te  f lo w  f i n '. r p r '0'1" 
A lco  i n r a c u r r c i e r  '  r i ; :o  from  turbu .l oi-co' un ion r, t h i c  ?nd 
th e  f lo w  - i l f 1 o f  th o  v o n n n l r rp  lenown, th n  r e  c u ra c y  o f  
th e  d o riv - d f lo w  in  v o ry  dd f f i c n 11 to  d o to n n 'in n .

c )  Korn t r r n r - n t  1;lnc

Tho corebr-l c ircu l-'tion  tivio for non-d iffu i’r’blo rr-diorctivc 
indjo-torn  in.ioclod intv'-vonoui-]y to •• t'ori nhnrrl ve in , h-.r 
been u:;cd to nrovldr -n indor oj' cnrobrrl blood - '' .
V/ith th in  method, vntnko nnd oln"Tr<nc(! of the inotono ir  
followed by - dotnctor nlnorO t nr tho crrniun. The a c t iv i ty
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c u rv e  in  d i f f o r o n i ip . t c d  on cl th e  neon  c i r c u l a t i o n  tim e  in  
m oapurcd . The to c h n ic u c  in  n im ple  b u t  t h e r e  in  no cinn l.n  
r e la t io n n h i n  betv /ocn  th e  tre n d  t  tim e  end c o r o b rc l  
p e r f u s io n ,  p] thou/:h  r. l i n o  o r  r e l a t i o n s h i p  h o t  :on f lo w  end 
t r a n s i t  t i n e  a t  low  c e r e b r a l  b lo o d  f lo w  h a s  b ee n  d e m o n s t r a t e d '^ .  
I t  would seem , t h a t  norm t r a n s i t  t i n e ,  p ro d u c e  m e a n in f fu l  
o s t in n t io n n  o f  c e r e b r a l  b.LOod f lo w  ch a n fo a  o n ly  when c e r e b r a l  
b lo o d  volum e c h a n fc s  r.ro o in u l ta n o o u r .ly  d o tc m rr .c d  and t h i s -  
r e c u i r e r '  c o n tin u o u s  m o n ito r i  n f  o f  c e r o b r o - s p in a l  f l u i d  
p r o o e u r e ^ '^ .

4 . c'ij f f u r a b io  "wa m ethods

a )  A r to r iu - y o n o u r  d if^ n rn n c e  o f  - n  i n e r t  mac

K e ty  and S c h m i d t ^  wore th e  f i r s t  t o  n n p ly  P ic k  p r i n c i p l e
to  th e  m easurem ent nf  c e r e b r a l  b lo o d  f lo w . In  t h i a  m ethod
th e  p a t i e n t  inha.l* . ' m ix tu re  o f  a i r  and n i t r o u s  o x id e  f o r
10 m in u te s ,  a r '1 • " W ood s a r .p lor. w ere dravm  th ro u g h o u t
th e  p e r io d  fr> o r a l  a r t e r y  and th e  i n t e r n a l  j u g u la r
v e i n .  The meal a. " ood f lo w  can bo m easu red  by a p p ly in g
th e  e q u a tio n

F » F low  i n  u n i t  t i n e ,  f) t  k Q u a n ti ty  o f  ru b n t^ n c c  
ta k e n  un i n  t i n e  t .

Cti r- C o n c e n tr a t io n  o f  r.ubfit-'neo i n  a r t e r i a l  b lo o d .
Cv r; C o n c e n tr a t io n  o f  s u b s ta n c e  in  ven o u s b lo o d . 

w hich  v ie ld i ;  a  v a lu e  ^ o r  t h e  a v o r a rc  c e r e b r a l  b lood  flo w  
w ith o u t  m o-T.urcncnt o f  t o t a l  b r a in  f lo w  and t o t a l  b r a in  
w o i - h t .  ®-'lfr, may a la o  be u s e d . A f u r t h e r  v a r i a t i o n
h a s  boon th e  s u b s t i t u t i o n  o f  h y d ro y e n  a s  th e  i n d i c a t o r '  ^ ^ .
W ith t h i s  nn tuod  b lo o d  in  w ithd raw n  th ro u g h  c u r v o t t c s  in  
w hich a r c  i n c o r p o r a te d  II,, s e n s j  t i v o  .e l e c t r o d e s  and s u b -  
s o c u e n tly  r c - c i r c u ’’ ■ te d  to  tn o  ^ a t i o n t .  The m ethod a llo w s  
se m i-c o n tin u o u s  m easu rem en ts o f  c e r e b r a l  b lo o d  f lo w .

T h is  i n  a v a lu a b le  method ■•nil a llo w n  m o-nurem ontn o f  
h i ' h  f lo w  r a t e s  ou t--inert d u r i .n -  marked h y rp r c - ’u n ia .  I t  
do es  how ever r.ssume t h a t  th e  c e r e b r a l  b lo o d  f lo w  re m a in s
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conE itan t o v e r  th e  3.0-15 m in u te s  d u r i n r  w hich th e  norcu rcncnvR  
a r e  mede find L nnscn  ho.a fo u n d  th n .t t h i n  .'■r.nu-n-ntion rnp.y "bo 
mr.fie, p ro v id e d  th n ro  r r o  no ch^nron  i n  r r t o r i r ’l  fr .a  te n n io n s  
o r  p e r f u s io n  p r G f i s u r e s ^ ^ . I n  a d d i t i o n  i n  nl-:rtly  n c r fu n e d  
o re n s  o f  th e  b r r i n  th o  i n e r t  r?r- nny n o t  h rv o  re ach e d  
e q u i l ib r iu m  w ith  t h e  r r tc r i c .1  -n d  mixed vonour b lood  n P t 
th e  tim e  th e  m orcurem cntn  a r e  mr.de, ro  t h a t  t h e r e  w i l l  be 
e r r o r s  i n  th e  c% lcu l?tcc i flov.’. Thene d i f f 1 ::v ..tie c  c m  be 
su rm oun ted  by ■n.roJ.on:~ in :"  th e  c c t u r r t i o n  t i r .3  nnv. e ::trr .~  
p o ln t io n  o f  th e  s a t u r a t i o n  curvep to  i n f i n i t y ' " ^ . The m ain 
d rrw b ac k  o f  th e  r.cthot" i.r. i n  t h e  tec h n ic ;-!, d i f f i c u l t y  o f  
drr.v/in,- m u l t i p l e  nrunnlef r .t  f r e q u e n t  i n t e r v a l s .  T hic 
u e u f l l y  r e r u i r c c  r.unorour, r n r i r . t r n t c  r.nd ea ch  r.tudy r l s o  
u se r , 50 -80  z l c  o f  blooc1 w h ich , i n  snrOJ. r.n in r.lG , coji in t ro d u c e  
s. co n rn c 'e rr.b lo  b lo o d  l e e r .  A lco ro r .u )tr , ?.re n o t  rv r .lln tle  
u n t i l  rn '- l.v s ir, o f  th e  i n d i c - . t o r  in  c o n p le to c l rn d  r.r c c f r .o t?  
c c n n o t be roco -'n ir.c fi v m t il  c r l c u l r t i o n s  h -v o  b ee n  o o n r l e t e d .

b) In trr-^ rt or i^ l " " i nf ect i on ’Method 

This no tho d ir. breed on "CTurenont o f tho norm clorrrnce  
o f  tho trrcer  '■'-r. rlth c.-rtcm-O.ly "irced r c in t i l l ' - t io n  
detectorr.. The flov; rr tc  ■> •• +hnn cr."1 culrtorl by the rr.r.n 
nothod -'-n r'orcriben for the t'-ci'nir-v.n in  tho kidney.

Tho l r  iv p  nu".r,or o f  f'.n'trto'.iorf.'r: hntrrr-en j i - t r "  rn? c : : t r r -  
c r rn ?  -1  c ^ r c u ? '■ i j  d.. -’••'tf-v: :'n i - 'c t iv o  I r  be? 3 4 n "  o f  br- v' 
t j r .c u e r , d i f f i c u l t . 7.n +.'-•• o r ^ 'T i '^ n t r ]  ho w e v er, t;'1  ;■
cc n  I r r ro .lv  fee a v o id e d  hy cv .r '-ic .--’. r ^ ' i o v l  o f  th e  r f i f t  
t i r r . u e r , l i ,- " ’t i o n  o f  th p  e x t e r r n l  ci:- ro t} *  '■•rtor,r' - r d  e.'-rofu]. 
c o l l i - r ' . t i o n  o f  th o  o x t e r r - 1 n c i n t i l l . '  t i o n  c o u n te r .  Ilciv.ever 
nncsjM o f  th e  .- r t o r y  t o  th o  b r r i n  f o l ]  ov.lnr' r u r - c r y  r.'.ry in d u ce  
e r r o r  i n  -v i : :t-’l  o r .n e ri 'io n tr . nd n u n t be 1 ,'ken  in to  r e c o u n t .

Tho c lo r'T -n cn  cu rv e  i r  nor:T0.1y r^n-’ly rtrd  i n to  two 
e::n o n cn tiU l co-nnoncntn '<o n ro v ld o  r  f i c r l v r i i o n  o f  f .11 '.v i n  
r r - y  -nd  w h ite  n r t t n r ^   ̂ .

ilthoufh errorn -iry rrlne fron M.ech'-nicf.l trruMr,



c m a e s th c s ic ., pncl rr-toB  o f  in . jo c t io n ,  i t  i c  f o l t  t h n t  o f  a l l  
th e  m ethods a v o . i l r b l e , th e  "L̂ -'Xe i n j e c t i o n  te c h n iq u e  in  th e  
m ethod w hich i s  l o r s t  open  to  th o o rc tic o .] . o b j e c t io n  n ro v idod  
th o  l i m i t a t i o n s  o f  th e  te c h n iq u e  a r c  ta k e n  i n t o  a c c o u n t^ * ’ . 
Some o f  th o  O . i f f ic u l t i o s  w hich a r e  in h e r e n t  i n  m ethods w hich 
depend on c a n n u la t io n  o f  th o  i n t o m a l  c a r o t id  a r t e r y  a r e  
a v o id e d  by a, m ethod i n  w hich ^-^X c i s  i n h a le d  and bhe 
c le a r a n c e  r a t e  o v e r  th o  c ran iu m  c a l c u l a t e d  i n  a  s i m i l a r  
m anner. H e ro , ho w e v er, r o - c i r ' J l e . t i o n  o f  i a o to n e  end 
c o n ta m in a tio n  by r a d i o - a c t i v i t y  a r i s i n r  o u tn j.d e  th e  b r a in  
a l s o  in t ro d u c e  e r r o r s . I n  man th o  o b je c t io n s  to  c a n n u la -tin ^  
an  a r t e r y  o v o r - r id o  t h i s  s o u rc e  o f  e r r o r  and i t  i s  n ro b r.b ly  
h e r e  t h a t  th e  i n h a l a t i o n  to c h n in u c  h a s  m ost a .n n l i c r t i o n .
I n  e x p e r im e n ta l  n n in a lo  th e  d i r e c t  i n f u s i o n - o f  •L̂ ^Xo i n to  
th o  c a r o t i d  a r t e r y  in  a t  p r e s e n t  th e  method o f  c h o ic e .

O th e r m ethods

S e v e r a l  a t te m p ts  h av e  b ee n  made to  dovoj on m ethods f o r  
s tu d y  o f  c e r e b r a l  b]nod f lo w . T here a r e  many such  m ethods 
such  an  th e  u se  o f  r a d io - " c t i v o  m ic ro s rh e re s^ *  ^ a r t e r i o ­
venous ox-yren d i f f e r e n c e s ' ^  and d e ta z m in a t io n  o f  h o a t  
c le a r a n c e  from  th e  c e r e b r a l  c o r te x  o r  i n t e r n a l  j u p u la r  
v e in '1'’1 . T hese a r c  o f  s n c c i f i c  v a lu e  i n  s p e c i f i c  c o n te x ts  
b u t  i n  t h i s  s tu d y  i t  was d e c id e d  t h a t  - I th o u - h  •L-^xonon 
to c h n in u e  d o es  hav e  ? i m i t a t i o n s  i t  was m ost u s e f u l  f o r  th e  
s tu d y  o f  c o r o h r" !  b lood  f lo w  i n  e x n e r im o n t" !  r-rmm-js and 
th e r e f o r e  was u sed  th ro u g h o u t i n  t h i s  s tu d y .
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THE EFFECT OF OUK'HHCTTVE JADijn'O:-! OH O;: '-: -■AT.
_______ FLO'.y i- ' AT OP:;:______________

I n t r o d u c t j  on

The e x p e rim e n ts  i n  th e  n rc v io u r; s n o t io n r  rno', < '1 t h - t  in  
o b s t r u c t iv e  js .un('■ co th e  ■ i to rn t io . .  :■ i n  ro n - :: u) !,oc flo-.v 
a re  s i m i l a r  to  th o s e  found in  o th e r  I r r o r  d isc .' m r . . I t  v ' f  
a l s o  d en o n r-trr  I t h . - t  i n  r-d d ii.io n  to  chrn^e:: th e r e
in  a n  in c ro r .sec ’. !• % ovsnoulsr cens:i t i v i t y  o i  nor- . -nn:.? in - ; .
I t  was s u f s e n te d  t i .  4: th in  h .y '-o r -s e r - i  t i v i t y  r.sy  c r n lr - in  th n  
d i s t r i b u t i o n s !  c h u i-c :  rov.nri i n  th e  h n -n e y , t ,  w ell rr. th e  
h i f h  in c id e n c e  o f  r e n s l  1 l u r e  neon '-‘o s t - o n c r s t i v c l : /  in  
o b s t r u c t i v e  js .u n d ic c . I t  v  • a l s o  f e l t  t h a t  i f  t h in  h y p e r ­
s e n s i t i v i t y  t o  n o rs d r e n r .l i i ie  . due t o  some f r c t o r c  p ro d u ced  
d u r i n r  o b s t r u c t i v e  .rsi'udico. o t h e r  v a s c u la r  b ed s sh o u ld  
a l s o  be h y p e r - s e n s i t i v e  to  th e  b o r n o r r .

As m en tio n ed  th e  ' r.enor. t c c h r i r u c  4 r, r r r t i  c u l - r l y  
w e l l - n u i to d  f o r  th e  s tu d y  o4" c e r o b r o l  c i r o u l r t i o n .  h l r o  
a s  h a s  been  m en tio n ed  th e  c o r n b ro l  c i r c u l - t i  on i "  re lf 'tivn? .**  
i n s e n s i t i v e  t o  th e  e f f e c t s  o f  n o r a d rn n c l in o  t^.c r o 1 e 
o f  th e  horm one i n  th e  c o n t r o l  o f  c o r c b r r 1 V  cod f lo w  i s  
l i n c e r t r i n .  I t  was t h e r e f o r e  m t i  ^atec- t h s t  th e  o b s t r u c t i v e  
j a u n d ic e  n o d o l mi r-h t  be usi..""-l i n  i n c a t i  n -  th e  r o l e ,  i f  
i n y , o f  n c r :-d ro n '’].ino  i n  nor-v   ̂ c o re : .• : v - '.sc u la r - h y r io l o - y .
T h is  s e c t io n  th e n ,  w i l l  do-1  v.-ith stv.c'.i .■ -do  c  ^T’r :  1 
b lo o d  f lo w  d u r in "  o b s t r u c t iv e  f  v m 'io e . 

h - t o r v  I s  • rd  met!io'"s

S tu d io s  wore c .s r r io d  o u t or. fo r ty -ii.ix u ; • " v l t  !>• boons (T 4 o -  
u r s in u n )  wui 4' 4r.-- n - lC  Id.2 o.-T sr.s . I n  7 o f  t '-c  ■ n irs  1 s 
o b s t r u c t i v e  j a m . ' ; so v.-'S p ro d u ced  by rviv-ic .vl h i 'w t io n  o f  
th e  common b i l e  dye „ Vve wee’ts " r i .o r  to  th e  s : r  ■ri'-ionts on 
c c r o b r o l  b lood  -flow. Tb " t  re m a in in g  9 n n im als  w ore, o i l  n o rm al 
b a b o o n s . A ll  th e  m i n d s  w en: s e i ' s t c  w ith  0 . :  ■■■/■
K otsm ino h y d ro c h lo r i  dc ( K e t s l s r  by .?■ ■••lin-It-vis) : i l i r i  '.•■‘■nz'n’1 
by i n t r a m u s c u la r  i n j e c t i o n ,  an '1 f u l l  • i . f v s i  - was ■! r  hy . 'd 
w ith  in t ra v e n o u s  i n j e c t i o n  o f  10-30  ny/H y por.tu : • ’- b i t n r -



Tvr.Q 9 2.

sodium  (iiG nbt'tr.1 , A b b o t t ) .  The nnimr-ln v/oro th e n  In tu b c .tc d  
rjid  rniiiQGthonin wan m a in ta in e d  v /i th  a  3 s?  n i x t u r c  o f  oxypon 
end n i t r o u s  o x id e  w ith  c i m i l r r  a u n n t i t i e n  o f  b a r b i t u r a t e  r iv o n  
to  ep.oh g ro u n  ,nn r e q u i r e d .  A c a t h o te r  was in t ro d u c e d  i n t o  
t h e  c a r o t i d  a r t e r y  to  m ecnuro i n t r a - r . r t o r i n l  b lood  ■orenauro 
v ie. an  e le e tro -n n n o m e ito r  ( S to th r n  P?3AA) and to  e n a b le  
"hlood s a " ip l in f  f o r  d e to m in c t io n n  o f  P p.qq PQq rn d  pH on 

an  I n s t r u m e n ta t io n  l a b o r a t o r i e s  b lo o d  ^ ac  m a l y s e r  ( IL 3 1 3 ) •
The r i f r h t  c r r o t i d  b i f u r c a t i o n  was exponod nnd a  f i n e  c a t h e t e r  
was in n e r t e d  i n t o  th e  . l in g u a l  s r t e r y  u n t i l  i t s  t i n  j u s t  
e n te r e d  th e  e x t e r n a l  c o r o t id  a r to r y .  The e x t e r n a l  o a r o t id  
a r t e r y  and a l l  i t f j  r c rn ^ in in r  bn m ch e n  w ere th e n  l i / r a t e d  
( F i f u r e  1 3 ) .  C e re b ra l  b lo o d  f lo w s  (CDF) v/ere m easured  by 
an  i n t r a - c a r o t i d  1 ^ X e  v/pshout to c h n io u e . A b o lu s  o f  30 

jv C i o f  "*"^Xe i n  C .P ml o f  n r l i n e  was i n j e c t e d  i n t o  th e  
l i n g u a l  c a t h e t e r  nnd v:ao w ashed re tr o ,^ rc d e  dovm th e  e x t e r n a l  
c a r o t i d  a r t e r y  i n t o  th e  i n t e r n a l  c r r o t i d  a r t e r y .  The c e r e b r a l  
u p ta k e  c le rrr-n c o  o f  v;as n o n i to re d  un i n r  a  5 cm.
d ip ra e to r  eodix™ ir.ciidn d e t e c t o r  p la c e d  p o s t e r i o r l y  o v e r  th e  
p a r i e t r l  r e g io n .  A h i f h  d c r ro o  o f  c o l l im a t io n  v.aa u sed  to  
ex c lu d e  p o s c ib le  r a d i a t i o n  a r i n i n f  from  n o n - c e r e b r r l  o r b i t r l  
t i s c u e r .  and i n  a d d i t i o n  th e  r o f t  t io n n e  o v e r  th e  s lc u ll  v/an 
rem oved . T li^ t a l l  p o s s ib le  r a d i a t i o n  v/an erccluded was 
co n f irm e d  by th e  fbrjcnco  o f  r  t h i r d  f lo w  corm onent ( e x t r a -  
c r a n i" >  p e r fu n io n )  i n  th o  c l e p r r n c e  c u rv e r .. A f te r  th e  
i n i t i r l  no,"% o f  r c t i v i t y  th e  c l c r r r n c e  d a t a  wrn re c o rd e d  
f o r  r t  l e a n t  15 m inuter, i n  d i r i t r . l  f o r a  w ith  c l o f - i n r
nyctem  s i m i l a r  to  the t  d o n c r ib e d  in  th e  k id n e y  o x p c r in e n tc .
Mien c ::ce "n tio n '-lly  alov.' flow n  v/oro found  i h i o  re c o rd  trno 
ex te n d ed  to  ?0 n in u tn r . The w orhout cu rv e  1 wore .-n n ly scd  
m cn u n lly  rn d  by cor.m utcr ( u n in "  ? l e a n t  ccm. •lei: f i t i n f  
p r o r r r n n e ' i n t o  two o x w n n n tj  •nl  cor.w onr.ntj r e n r n n o n t ln r  
f lo w  th ro u g h  c e ro b r- il  f r c y  and w h ite  n a t '> r  r e n n c c t iv o ly .

Y/hen s u rg e ry  wan cc;.inintod th o  b la d d e r  wan e r th e t e r i r . c d
rnd! rl lo w o d  to  d m  i n  f r o n t  y .  The worn n r r i ’ly ro d
w ith  10 n r /K r  o f  in t r a v e n o u s  Sco] in e  ( rr].a ::o -A U o n b u ry r) «nd
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sodium  (Iiembvtr.1 , A b b o t t ) . 'The an im olo  w ere th e n  in tubrvbed 
and n n n e s th o n in  was M a in ta in e d  w ith  n  3$? m ix tu re  o i  oxyrren 
and n i t r o u n  ox:.do w ith  c l z . l l r r  o u n n t i t i o n  o f  b n r b i t u r a t e  r iv e n  
t o  ea ch  g ro u n  an  r e q u i r e d .  A c a t h e t e r  was in t ro d u c e d  i n to  
th e  c a r o t i d  a r t e r y  to  noa.cure i n t r a - a x t e r i a l  b lo o d  n re c c u ro  
v i a  an  e le c tro -m a n o m e te r  (S ta .th a n  P23AA) and to  e n a b le  
b lo o d  eam nlin /r f o r  d e te r m in a t io n s  o f  PaG0 P a0 and pH on 

a n  I n e tr u m e n ta t io n  L a b o r a to r ie s  b lo o d  g a s  a n a ly s e r  ( I L 3 13) .
The r i f - h t  c a r o t i d  b i f u r c a t i o n  was exposed  and a  f i n e  c a t h e t e r  
was i n s e r t e d  i n t o  th e  l i n g u a l  a r t e r y  u n t i l  i t s  t i n  j u s t  
e n te r e d 1 th e  e x t e r n a l  c a r o t i d  a r t e r y .  The e x t e r n a l  c a r o t i d  
a r t e r y  and a l l  i t s  r e m a ln in r  b ra n c h e s  w ere th e n  li /r s - tc d  
( P i f u r e  1 3 )•  C e re b ra l  b lo o d  f lo w s  (CBF) w ere m easured  by 
an  i n t r a - c a r o t i d  1 ^^Xe w ashout t e c h n iq u e . A b o lu s  o f  30 

f 'C i  o f  i n  0 .2  ml o f  s a l i n e  was i n j e c t e d  i n t o  th e
l i n g u a l  c a t h e t e r  and was w ashed r e t r o g r a d e  down th e  e x t e r n a l  
c a r o t i d  a .r te ry  i n t o  th e  i n t e r n a l  c a r o t i d  a r t e r y .  The c e r e b r a l  
u p ta k e  c le a ra n c e  o f  ^-^Xo was m o n ito re d  u s in y  a  5 cm. 
d ia m e te r  sodium  io d id e  d e t e c t o r  p la c e d  p o s t e r i o r l y  o v e r  th e  
p a r i e t a l  r e g io n .  A h ip h  d e y re o  o f  c o l l im a t io n  was u se d  to  
e x c lu d e  p o s s ib le  r a d i a t i o n  s r i s i n y  from  n o n - c e r e b r a l  o r b i t a ]  
t i s s u e s  and i n  a d d i t i o n  th e  s o f t  t i s s u e  o v e r  th e  s : a i l l  war, 
rem oved. T h at a l l  p o s s ib le  r a d i a t i o n  was ex c lu d ed  was 
co n firm ed  by th e  ab se n c e  o f  r  t h i r d  f lo w  com ponent ( e x t r a -  
c r a n i a l  p o r f u s i  on) i n  th e  c l c a r r n c e  c u r v e s . A f te r  th e  
i n i t i a l  weak o f  a c t i v i t y  th e  c le a ra n c e  data, was re c o rd e d  
f o r  a t  ] o a s t  15 m in u te s  i n  d i y i t a l  form  w ith  a lo y a in y  
sy stem  s i m i l a r  t o  t h a t  d e s c r ib e d  i n  th e  k id n e y  c x p e r in o n ts .  
V/hon c:rcc” t i o n ' ,l l y  s low  f lo w s  wore found  t h i u  re c o rd  woo 
ex te n d ed  to  ?0 m in u te r .  The w ashou t c u rv e s  w ere a n a ly se d  
m an u a lly  and by com nutcr ( u r in y  a. l e a s t  s e u a rc s  f i t i n y  
proyrammo) i n t o  two e x p o n e n t ia l  som nonontn ro n r e s o n t in y  
f lo w  th ro u rh  c e r e b r a l  r r o y  and w h ite  m a t t e r  r e s p e c t i v e l y .

When o u ry o ry  was com nlntod  th e  b la d d e r  was e n .th e te r is e d  
and r].low od to  d r a in  f r e e l y .  The a n im a ls  wore n a r s ly r c d  
w ith  10 M"Ary  o f  in t r a v e n o u s  tic o lin o  (G l.a.::o -A llonburys) -:;d
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M a n d ib le

L in g u a lExf.
C a r .

X e n o n
Inf.-

'C a r .

C o m m o n ,
C a ro tid

C A N N U L A T IO N  TE C H N IQ U E

F iD ir c  13 • Showo r  d i r - r r t im r tic  rc p ro a c n t. '' b ion  o f  th e
to c h n iq u o  f o r  in fu n in r :  - ^ X o  v ie . n c n .th e to r  
i n  th e  l in ru c i .1 a r t e r y .
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v/ere v a n t i l c t a c ’ u n in f  c H arvrrd  v r r i f b . lc  n h rro  r e s p i r r - t o r .
End t i  dr.l CO^ concen trcv tiion  to ^ o th c r  w ith  o lo c tro o n o c rih p .lo - 
frrap h , p v x lo a tilo  rn d  menn ’a r t e r i a l  b lo o d  n ro n n u ro , c e n trn .1 
v enous b lo o d  n rc o c u rc  and th e  rn p .lo ru c  xenon w ashout cu rv e  
w ere re c o rd e d  on r. Beckman 411 dyno^rr.nh  r e c o r d e r .  The 
e le c tro o n c e p h .n.lo,7rr-ph v/r.o uoed  t o  s tm d n r d in o  th e  d e n th  o f 
s n n e e th o r i ,? . I lo rn u rem en ts  o f  c e r e b r a l  b lo o d  f lo w  w ere o n ly  
made when th e  e lec troencenb ,? ].op rr'.ph  was s t a b l e  and showed 
a  fre q u e n c y  o f  9 - in  Hr,. T hro u g h o u t th e  ex p e rim en t- th e  
a r t e r i a l  Poqq P -q  w ore k o o t r .n p ro x im a to ly  a t  35 and 1?0 
mmHg r e s p e c t i v e l y  f-nd body to m n o ra tu re - was k q t  a t  37°0 
by r a d i a n t  h c a t i n r .  A f te r  a  r t a b i l i s r t i o n  p c r io  o f  
a p p ro x im a te ly  one h o u r ,  two c o n t r o l  c e r e b r a l  b lo o d  flo w  
m easurem en ts w ere m ade. N o ra d re n a lin e  (HA) was th e n  in fu s e d  
v i a  th e  l i n j u a l  a r t e r y  a t  8 jj ■ -S in  and a f t e r  10 m in u te s  
th e  f lo w  n y a in  d e te rm in e d . The NA ..as th e n  s to p p e d  and 
a f t e r  a  f u r t h e r  10 m in u te s  a n o th e r  c o n t r o l  m easurem ent was 
m ade. U s in r  t h in  p r o to c o l  th e  c e r e b r o v a s c u la r  r e s p o n s e  to  
8 A ty /n in  16 n  and 3? f r / m l n  o f  HA wac d e te rm in e d .

I n  a d d i t i o n  a r t e r i a l  b lo o d  sam p les  wore ta k e n  f o r  serum  
u r e a ,  sodium , p o ta s s iu m  '  dm, h i ] i r u b i n  ( d i r e c t  and 
i n d i r e c t ) , a l k a l i n e  - and r e n in  m ea su rem en ts .
An a t te m p t  was mad1 :  a dor ro e  o f  c e r e b r o v a s c u la r
c o n s t r i c t i o n  i n  ro sn o i.. , a d r e n a l in e  w ith  th e  a l t e r a t i o n
i n  th e s e  scrum  e o n s t i t u r  t e r  b i l e  du.:o l i b a t i o n .

B ecause i t  h a s  been  s u y -n s tn d  t in  t  th e  cc robrox  '•o c u la r  
r e s p o n s e  to  in c re a s e d  l e v e l s  o f  PnG() in  nqdia-'-ed via. a. 
n e u r .- l  m ochrnj am i n  a f u r t h e r  15 b -b o o n r w ith  o b s t r u c t iv e  
ja u n d ic e  th e  c e r e b r o v a s c u la r  re s p o n s e  t>- r r a d e d  10 nmllr 
a l t e r a t i o n s  o f  Pr'G0 ( rsna-'o 35 -70  -n H r) was compared w ith  
th e  re s p o n s e s  o f  1 8 'c o n t r o l  baboons t o  s i m i l a r  i n c r o n o u ts  
o f  Pr'QQ . The a ’lim als, w ere a l s o  h y -u 'r v c n t i l .- tc t i  to  rodv.ee 

th e  P r0 Q  ̂ to  betw een  P0-P4 mirily. In  6 o f  th e  e y p o n v ie n ta l  
a n im a ls  t h 1 a was re p e a te d  " - f to r  --l.r-ha ad "o '-eyi-ic b lo c k -d e  
w ith  Phentolmm dne ( 5 my J .V . C lb a ) .
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TABLE 11
Mean pirey m a t t e r  flo w n  (GBP) i n  n in e  n o rm al cmimnlo and seven  
ja u n d ic e d  a n im alo  fo l lo w in g  in f u c io n a  o f  n o r a d r e n a l in e  (NA).

GBP
(m l/m in /lO O c)

0 NA 8 NA 16 h a 3 2 > G
C o n tro l

1 72.8 79-1 - -
2 4 7 .5 5 3 .6 51.9 -
3 5 2 .5 8 7 .5 9 7 .8 -
4 5 1 .9 42.6 55.4 47.5
5 6 3 .9 8 3 .1 8 5 .2 -
6 6 ? .7 7 5 .5 6 6 .5 7 5 .5
7 4 9 .8 5 5 .4 4 6 .2 33 .9
8 5 6 .7 5 3 .6 4 8 .9 5 0 .4
9 5 8 .3 6 1 .6 6 0 .4 6 3 .9

Jr.undicoei
1 6 0 .2 50 .1 4 8 .7 5 5 .2
?. 4 3 .0 37.4 — 37.8
3 ' 5 0 .0 3 5 .6 2 2 .6 46 .4
4 5 7 .4 5 7 .4 4 7 .5 5 1 .9
5 64.1 59.4 6 6 .5 6 8 .8
6 66.7 6 3 .9 7 3 .8 7 5 .5
7 5 ? .P 45 .4 43.8 4 9 .0
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Results
2) NA infusion
The mean grey matter blood flow (CBF) was the parameter used 
in this study. White matter flows although measured are 
not included since the flow here is slow and less sensitive 
to physiological influences and Lassen feels that measurements 
of white matter flow are not as accurate because of the 
extremely slow flows and the possibility of recirculation 
inaccuracies'1'^®. The mean grey matter flow (CBF) in the 
control animals was 57.3 t 2.7 ml/min/lOOgr tissue.
Infusion of 8/#g of noradrenaline per minute produced a 
mean increase in flow to 65.8 + 5.2 (+8.4 + 4.3) tnl/mln/lOOgr 
tissue. 16yg increased flow to 64.0 + 6.5 (+8.6 + 6) 
ml/min/lOOgr tissue and 32 *#g of noradrenaline/minute 
reduced flow to 54.2 + 12.2 (-1.67 + 4.9) ml/min/lOOgr

In the jaundiced animal the mean baseline grey matter 
flow was 59.1 + 5.3 ml/min/lOOgr tissue. Infusion of 8fg 
of noradrenaline/minute reduced flow to 49 .9 + 4.1  
(-9.4 + 2.8) ml/min/*''0gr tissue. 16 #»g of noradrenaline/ 
minute reduced flow to 50.5 + 7.3 (-11.3 +..3.5) ml/min/lOOgr 
tissue. 32 >#g of noradrenaline/minute reduced the flow to
54.9 + 4.9 H-l + 1-8) ml/min/lOOgr tissue.

The changes in flow in the jaundiced animals were 
significantly different from the control values after 
infusion of 8 Mg and 16/>g of noradrenaline/minute 
(p ̂ 0.025). The decrease in flow seen with 32 Mg of 
noradrenaline/minute was not significantly different from 
the control value.

The mean grey matter flow (CBF) in each animal can be 
seen in Table 11.

The total mean values of all experiments are shown in 
Table 12. This table also shows the mean change in CBF 
(A CBF).
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TABLE 12

Mean grey matter cerebral blood flow (CBF); mean change in 
cerebral blood flow (ACBP); and mean arterial blood pressure 
(M.B.P.) in nine control animals and seven jaundiced animals 
following infusions of noradrenaline ,(NA). All values are 
.3hown + one standard error of the mean.

(**g/min) (mls/min/lOOg) (mls/min/lOOg) (mm Hg) (mm Hg)
CBF A  CBf M.B.P. .

57.3 + 2.7 - 108.3 + 7.7 36.7 + 1.0
65.8 + 5.2 8.4 + 4.3 112.3 + 7.2 34.6 + 0.6
64.0 + 6.5 8.v + 6.0 117.8 + 8.8 34.7 + 0.8
54.2 + 12.2 -1.6 + 4.9 126.7 + 9.5 35.0 + 0.3

59.1+5.3 - 110.1+6.2 34.7+0.9
49.9 + 4.1 -9.4 + 2.6 120.7 + 6.7 35.2 + 0.8
50.5 + 7.3 “11.3 + 3.9 “ 316.8 + 4.6 35.5 + 0.8
54.9 + 4.9 -4.1 + 1.8 127.1 + 3.6 34.9 + 0.4



Page 9 8 .

The mean percentage changes in CBF in each animal 
are shown in Table 13,

The change in grey matter flow is shown in graphical 
form in Figure 14 and the mean percentage change in CBF in 
Figure 15.

The infusion of noradrenaline Was associated with an 
increased systemic blood pressure and in order to take this 
into account the cerebral vascular resistance (pressure/ 
flow in nusiHg) was calculated (CVR).

In the control animals 8 */g of noradrenaline/minute 
produced a decrease in CVR of 0.12 +0.1 mmHg t  Lie 16 y q  
and 32#»g of noradrenaline produced an increase of 0.01 + 0.1 
and 0.44+ 0.2 mmHg respectively.

In the jaundiced animals 8 >#g of noradrenaline/minute 
increased CVR by 0.66 +0.2 mmHg while 16 >>g and 32 *#g of 
noradrenaline/minute increased CVR by 0.92 +4.7 and 
0.71 +0.3 mmHg reapacfcively. The increase was significantly 
different from the control values only after infusion of 
8 ##g of noradrenaline/minute.

The values of CVR in each animal can be seen in Table 
14 and the percentage changes in Table 15. The mean changes 
are shown graphically in Figures 16 and 17.

The arterial blood pH Pcq2 and P02 were not signifi­
cantly changed throughout the experiments. The range of 
pH was from 7.41 - 7.43. Increments in systemic arterial 
blood pressure were recorded during perfusion of noradrenaline. 
The increase was, however, similar in both groups of animals 
and the mean blood pressure ranged fro*.i 100-126 mmHg which 
is well within the cerebral nutoregulatory limits for the 
baboon177. The changes in pH Pco2 and P02 were minor, and 
would not be expected to elgniiicnntly alter the cerebral 
blood flow. The measured values for bilirubin and other 
serum variables in each animal are shown in Table 16 and 
the mean values in Table 17. There was no good correlation
between the size of the cerebrovascular response to nor­
adrenaline and the levels of bilirubin, or the hepatic
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TABLE 13

Shows percentage change in cerebral blood flow (CBF) in 
nine normal animals and seven animals with obstructive 
jaundice following infusions of noradrenaline (NA).

Control

Mean Percentage Change 
CBF '

8 yg NA 16*»g NA 32 >*g
I - + 8.6 - -
2 - +12.8 + 9.2 -

3 - +66.5 +86,1 -
4 - -17.9 + 6.7 - 8.5
5 - +29.9 +33.2 -
6 - -20.3 + 5.9 +20.3
7 - +11.2 - 7.2 -31.9
8 - -13.8 -11.1
9 - - 5.5 + 3.5 + 9.5

Mean change + 8.8 +15.4 -  4 . 3

Ja u n d ic e d

1 - 1 6 . 7 -  l.j ‘“ - 4 1 . 5

2 - - 1 3 . 0 - - 1 2 . 0

3 - - 2 8 . 8 - 5 4 . 8 -  7 . 2

4 - 1 . 7 - 2 0 . 0 - 1 2 . 6

5 - -  4 . 1 +  5 . 2 +  8 . 8

6 - - 2 6 . 2 - 1 9 . 8 - 1 2 . 9

7 - - 1 2 . 9 - 1 6 . 1 -  6 . 2

Mean change - 1 4 . 8 - 1 7 . 9 - 1 1 . 9
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CHANGE IN GREY MATTER C.B.F. 
(mls/min/lOOg)

10 r

NA infused (ng/min)
Normal
Jaundiced

-10

-15
p < 0 '0 0 5  <0*02 < 0 '3

Figure 14. CHANGE IN GREY MATTER CEREBRAL BLOOD FLOW WITH 
__________ NORADRENALINE_____________________

The mean change in r, ,-ey matter cerebral blood flow 
(ml/min/loog tissue) during intra-carotid infusion of 
noradrenaline (at 8/>g/min, 16 «ug/min and 32-wg/min) in 
control animals (closed circles) and in animals with 
obstructive jaundice (open circles). The vertical lines 
represent plus or minus one standard error of the mean and 
the p value is calculated between the control and the 
jaundiced groups at the same dose of noradrenaline.
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,CHANGE GREY MATTER C.B.F.
20

10

0

-10

NA infusion (/ig/min)

Figure 15. MEAN PERCENTAGE .JE (CBF)

Shows mean percentage change in grey matter flow (CBF) 
during infusion of 8 A tg , l6pg and 32 of noradrenaline 
(NA) in control animals (closed circles) and in animals with 
obstructive jaundice (open circles).
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TABLE 14

Shows mean cerebral vascular resistance (CVR) in nine 
control animals and seven animals with obstructive jaundice. 
The mean change (£) in CVR is also shown.

(mm Bg/ml/mln)

Control 0 g 8 na 16 yg NA 32 #.g NA
1.5 1.5 " -
2.2 1.8 2.0 -
1.2 0.8 0.8 -

4 1.7 2.0 1.6 2.0
5 1.9 1.5 1.7 -
6 1.4 1.5 1.7 1.7
7 2.5 2.1 2.8 3.6
8 2.2 2.3 2.7 2.6

2.3 2.3 2.2 2.4

Mean change - -0.12 + 0.1 +0.01 + .1 +0.44 + 0.2

Jaundiced
1 1.6 2.2 2.1 3.7
2 3.1 3.9 - 3 .8

1.8 3.7 5.0 2.5
4 2.2 2.3 2.9 2.6
5 1.7 1.8 1.8 1.7
6 1.1 1.4 1.4 1.6
7 1.9 2.7 2.6 2.5

Mean change - +0.66 ± 0.2 +0.92 + 4.7 +0.71 + 0.3
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TABLE 15

Shot, 3 percentage change in cerebrovascular resistance (CVR) 
in nine control animals and seven animals with obstructive 
jaundice following the infusion of noradrenaline (NA).

Mean Percentage change

8 NA 16 >vg NA 32/ug NA

- 1.8
-17.1 - 8.5
-33.5 -34.4
+20.2 - 6.3 +17.8
-23.1 - 9.9
+ 4.1 +18.3 +20.3
-15.2 +11.4 +42.9
- 4.0 +20.0 +16.5
- 0.3 - 0.5 + 5.3
- 7.8 - 1.2 +20.6

Ja u h d ic e d  — «

1  -  4 2 . 1  + 3 2 . 0  + 1 2 9 .0

2 -  + 3 2 . 0  -  1 . 2

3  -  + 8 5 . 0  + 1 6 3 . 0  +  3 2 . 0

4  -  + 4 . 4  +  2 9 . 0  +  1 8 . 0

5  -  + 1 2 . 0  + 9 . 6  +  6 . 0

6 -  +  8 . 6  +  8 . 6  +  2 5 . 8

7  -  + 2  4 . 0  +  4 0 . 1  +  3 4 .9

Mean change -  + 2 9 . 7  +  4 7 . 1  +  3 5 .3
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CHANGE IN CVB (mmHg/ml min'1)

Jaundiced

Normal

NA infusion (jig min)

F i g u r e  1 6 .  CH A N G ES I N  GREY M A TTER  C E R EB R O V A SC U LA R  
R E S IS T A N C E  W IT H  N O R A D R E N A L IN E _____________

T h e  m e a n  c h a n g e s  i n  c o r e b r o v a s c u l a r  r e s i s t a n c e  (mm H g / m l / m i n - "1") 
d u r i n g  i n t r a - c a r o t i d  i n f u s i o n  o f  N A  ( 8 * * g / m i n ,  1 6  4 / g / m i n  a n d  
3 2  # / g / m i n )  i n  c o n t r o l  a n i m a l s  ( c l o s e d  c i r c l e s )  a n d  j a u n d i c e d  
a n i m a l s  ( o p e n  c i r c l e s ) . T h e  v e r t i c a l  l i n e s  r e p r e s e n t  p l u s  

o r  m i n u s  o n e  s t a n d a r d  e r r o r  o f  t h e  m e a n  a n d  t h e  j? v a l u e s  
a r e  c a l c u l a t e d  f o r  t h e  d i f f e r e n c e s  b e t w e e n  c o n t r o l  a n d  t h e  
j a u n d i c e d  g r o u p s  a t  t h e  s a m e  d o s e  o f  n o r a d r e n a l i n e .
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%  CHANGE GREY MATTER C.V.R.

5 0 r
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F i g u r e  1 7 .  MEAN P E R C E N T A G E  CHANGE (C V R )

S h o w s  t h o  m e a n  p o r c e n t n g o  c h a n g e  i n  c e r e b r o ­

v a s c u l a r  r e s i s t a n c e  (C V R ) d u r i n g  i n f u s i o n  w i t h
8 * » g ,  1 6  f j q  a n d  3 2  , v g  o f  n o r a d r e n a l i n e  (N A ) i n  
c o n t r o l  ( c l o s e d  c i r c l e s )  a n d  j a u n d i c e d  a n i m a l s  
( o p e n  c i r c l e s ) .
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Pr.-'e  2 '0 9 «.

d y o fv m ctio n  ok d e te rm in e d  by any o f  t h e  b io c h c m ic n l t e n t s  
e n r r ie d .  o u t .  The nlcom n r e n in  l e v e ln  n.lr^o n o t  c i r n i f i c r m t l y  
p l t e r o d  i n  th e  jn.vinrticcd an i-n n la . 1’huc nono o f  th e s o  
v n r ic .b ie n  r.nnoo.r to  be re n n o r.n ib lo  f o r  th e  r2  t e r c t i o n  o f  
c e i  jb ro v rs c u ln .r  rcr-,po>'.r;o i n  th o  nn.undiccd nn irnnlc r.c com­
p a re d  to  t h a t  fo u n d  i n  th e  c o n t r o l  rninrO .fi.

COp e x n o r ia a n tp

The mean r e s t i n r  r r e y  n r . t t o r  f lo w  p t  v a r io u s  l e v e l s  o f  
Pn00 i n ' t h o  c o n t r o l  rnti jr un& icod m i n r l r ,  r r o  sh o rn  i n  
I c b l i  IS  p lu c  o r  m inun one ot.-ncl^rci e r r o r  o f  th e  raom .
In  t h e  c o n t r o l  c n in rd c  th o  n c r n  Pr.00 v/p.c 35 *4 mmTIf and r.s 
OOp added th e  mor^i in c ro r  no in  t& n n io n  ro n o  to  '’*3 .1 ;
5 4 .2  nnd 6 3 .6  riTuir re n -io c tiv e X y . Hie o o rre n n o n d in y  v a lu e s  
f o r  c o r c b r r l  b?.oocT. flo w  v:cx% 6 0 .9  n l / i i n / l O O '- r  t i c c u o  g t  
r e s t  B C .l; 1 1 9 .G rn d  ip « .r?  n l / " . i n / iC O r r  i i c n u o .
D u r in -  h y p c r v n n t i l -  t i o n  th e  P’ c0  to  r  r o m  l e v o l  o f
2 6 .5  nrJf.f v .lto  c o r r o n o n r ' i n r  <scc£ a '\rc  i n  o c ro b r? ]  W.000 flov ; 
to  5 5 .1  n l / r i n / l O O - r  t i r n v .e . I n  tl^P j ru n d ic e d  ? n i3 ? l r  
th e  r o o t i r . f  P "qq  v .tr  3 5 .?  rr.d th o  'in rn  in c ro r .r c  i n
te n s io n  rono  to  .8 ;  5 ] . /  r.-.S C-UP nal-Jr r o n n o o t lv o ly .
The corrcn-nonc’i i i -  v.-lv.or: o f  Cr'l' r a r e  5 ? .0  n l / n i n / 1 00 ~ r 
tiF-nuc r t  r o r t  T^.C ; 7 7 .?  -n d  9 0 * n l / -n i’i/100 .'-r t i r m o  
re rv n c c tiv n l,: '.  D u r jc r  h y n n r v c n t i l ^ t i o i t  th e  CT’.P fe !3  to
3 4 .8  r :.l/’nin /].00 ,'-r t i / ' r n e  '• t  -  ~ci'-n I’J'qq o f  ^ n l l f ,
A f te r  • !->hr b lo c ’: - ' ^  the? n o -n  v l u n a  f o ?  0?P v n rc  ?r.C> - t  
r e c t  and in c rn ^ ro f ' t o  7 5 .5  6 5 .1  n l /n in / lO O - r  t i e n n o ,
w h ile  th o  f r l l  o f  CI’F w ith  l iy ^ o r v e r t i l r - t io r .  v;rr to  4 f .7  
The go v - lu e n  f r r  - I r o  c r^ rn n ro d  - r r -n h if i - 'l lv  i n  P i.'-nrc 1C. 
fh o  roononno to  rv in o d  rCO^ v.tt . n i . '- n i f i c r n t l y  r t t c n tu r - tn d  
in  th e  .irvxndj cod r n i z r l r  ( n < 0 .0 0 0 5 )  - t  40-/19 nnH" nnd .■

^  O.Oy r .t  50-bv  ntnli.")* Ib’̂ n rv o n ti!! f’t i o n  produced  n 
o i r n i f i o r n t  d eo rn ^ rfl coMnrrnd to  c o n t r o l c  (n  < O.Ot:) .
The GBP ren-nonno fo M o v in r  r l r h r  r d r e n o r '- ic  b lo c k rd n  v,rr 
l a r r o r  t h r n  th e  j r u n ^ i io d  "M dnrlr (n  <  o . o r 1.' - t  40—'9  r - rr..~) •
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Grey mciler cfli«.urol blood (low 
(mls/min/lOOg of tissue)

PoCOa I mm Hg)

F i g u r e  1 8 .  C 0 „  R E J jrO U S J ! C U R V E S

The recnonce of rroy mrttcr flow (CDF) fluriny 10 mn Hr 

mcronon-tn m  Pr'o0? in  control cnimnlfj (cloned circlerj)  
js-undiccA m5mr.la (open c ir c lo o )  nnd a fte r  nlriha. blocliado 
v/ith phontol.nnino ( tr im n le r ,) .  (5 mf/tnin T.V.) Rcnnoncon
to Pqq nJ.onr y. axin cthov-ii in  tieco.rtcEu
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D i s c u s s i o n

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

c e r e b r a l  v a s c u l a t u r e  t o  KA a n d  0 0 ^ .  'W ie n  i n c r e m e n t s  o f  
C O g  w e r e  a d m i n i s t e r e d  t h e  r o g - o o n s e  o f  t h e  b l o o d  v e s s e l s *  
w a s  d i m i n i s h e d  c o m n a r e d  t o  t h e  c o n t r o l  a n i m n l s .  T h e r e  w h s  
l e s s  v a s o d i l a t a t i o n  s n d  a l s o  h y p e r v e n t i l p t i o n  p r o d u c e d  a  

m u c h  / r e n t e r  r e d u c t i o n  i n  C B P  t h ? n  t h e  n o r m n l  a n i m a l s .

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

c e r e b r a l  b l o o d  v e s s e l s  v - h i c h  p r e v e n t s  t h e  n o r m a l  r e s p o n s e  
o f  t h e s e  v e s o e l s  t o  r o i s e d  0 0 ^  • T h i r  c o u l d  b e  p r o d u c e d  b y  

a n  i n c r e a s e d  s y m p a t h e t i c  t o n e , s i n c e  a  r i - ' h  s y m p a t h e t i c  

n e r v e  s u n p l y  t o  t h e  b r n i n  h r s  b e e n  c l e a r l y  d e m o n s t r a t e d ' ^ . 
A l t e r n o . t i v e l y  t h e r e  c o u l d  b e  a n  i n c r e a s e d  s e n s i t i v i t y  t o  

t h e  s y m p a t h e t i c  u o r m o n e s ,  s i m i l a r  t o  t h a t  d e m o n s t r a t e d  i n  
t h e  k i d n e y  ( S e c t i o n  1 1 ) .

I t  w o u l d  s T j p e s r  f r o m  t h e s e  s t u d i e s  t h a t  t h e  l a t t e r  
e x p l a n a t i o n  i s  m o r e  l i k e l y  a n d  t h a t  t h e  c e r e b r a l  v a s c u l a t u r e  
i n  c o m m o n  w i t h  t h a t  o f  t h e  k i d n e y  i s  h y p e r s e n s i t i v e  t o  t h e  
e f f e c t s  o f  n o r a d r e n a l i n e . T h i s  c o n f i r m s  t h e  f i n d i n g s  i n  

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

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

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

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

i n f u s i o n  i n c l u d e  c r r e b r . - ’l - v a s o  c o n s t r i c t i o n ' ’ ^-^ v p r o d i l n -  
t a t i o n ? ? 4  o r  n o  e f f e c t ' ’ '’ 5 .  A l t h o i i f h  m u c h  o f  t h o s e  
d i s c r e n a n c i e f )  m a y  r e l a t e  t o  t h e  r o u t e n  o f  a d m i n i s t r a t i o n  

a n d  t h e  a n a e s t h e s i a  u s e d  o t h e r  n e c h ^ n i n m s  m ^ v  b e  o n e r n t i v e . 
X t  h a s  b e e n  d i s c u n r c d  i n  t h n  i n t r o d u c t i o n  t h r t  R o r e n b l u m ' ’ 0 "1- 
h a s  s u r f e s t o d  t h a t  t h e  o f f o c t i v o n e r . a  o f  n o r a d r e n a l i n e  o n  
c e r e b r a l  v e s s e l s  m a y  b e  r e d u c e d  b y  a n  a v i d  n p u r o n r l  u n t a k e  
m e c h a n i s m ,  w h i c h  p r e v e n t s  n o r a d r e n a l i n e  f r o m  r e a c h i n g
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r e c e n t o r  • s i t e n  i n  E u f f i c i o n t  c o n c e n t r n t i o n  t o  e x e r t  r -n  

e f f e c t .  T h e  w o r k  o f  R o o e n d o r f f  a n d  C r a n s t o n ^ ^ '  s u p n o r t  
t h i s  f i n d i n g :  i n  t h a t  t h e y  " d e m o n s t r n t e  c e r e b r o - v a s o
c o n s t r i c t i o n  w h e n  n o r a c i r e m l i n e  v m s  n . p l l i e d  l o c a l l y  i n  
h i f h  c o n c e n t r a t i o n  t o  t h e  v e s s e l  s u r f a c e .  T h i ?  l a t t e r  

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

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

T h e s e  f i n d i n f *  d o  n o t  e x p l a i n  t h o  l a c k  o f  r e s p o n s e  t o  

b l o o d - b o r n e  NA w h i c h  w o u l d  b e  e x p e c t e d  t o  r e a c h  v * i r , c u l r v r  

m u s c l e  r e c e p t o r s  b e f o r e  n e u r o n e l  u p t a k e  ( u n t p k e  I )  c o u l d  b e  
a c h i e v e d . I t  i s  p o s s i b l e , h o w e v e r ,  t h z ? t  b l o o d - b o r n e  

r . o r a d r e n z - l i n e  i s  p v i d l y  t n k e n  u n  b y  e x t r a  n e u r o n a l  p r o c e s s e s  

( u p t a k e  n ) ^ !~. S h e  n o r a d r c n n l i n e  i n  t a k e n  u n  i n t o  t h e  
s m o o t h  m u s c l e  c e l l  n n d  i s  t h e r e  m e t a b o l i s e d  m a i n l y  b y  t h e  

e n z y m e  c a t e c h o l - o - s t e t h y l - t r n n g f e r a s e  ( C O M ! ) 2 5 6 . N o r m a l l y  
t h e  a m o u n t  o f  n o r a d r e n a l i n e  t r k o n  wt> b y  t h e  s m o o t h  m u s c l e s  
d o e s  n o t  e x c e e d  t h e  . - m o u n t  d i f f u s i n . ' -  i n ^ o  t h e  v p s c u l f i r  w a l l  
f r o m  t h e  b l o o d .  I t  h a s  b e e n  s h w o n  t h a t  i n h i b i t i o n  o f  COKT 

s l o w s  d o v .r t  t h e  u p t a k e  I T  n r o c o ^ . o  a n d  i n c r e a s e s  t h e  a v a i l a ­
b i l i t y  o f  KA t o  t h e  r e c e - n t o r  p n d  n o t e n t i > 3 t e r ,  t h e  e f f e c t  o f  

NA"3^ .  C o n v e r s e l y ,  i f  t i n t r k c  I I  i r  v e r y  a v i d  t h e  e f f e c t s  

o f  n o r r - d r e n a l i n e  w o u l d  b e  r e d u c e d .  M c C p l d e r ,  a n d  E i d e l m r n  
h a v e  d c n o n s t r r t e d  t h r ? t  i n l i i h l t i v r .  o f  CO ;.'T  r e n u l t o  i n  r n  

e n h a n c e d  c e r e b r o v a n c u l  --r  r e c r c n n e  t o  i n f u r o d  n o r r - d r e n r  1  i n e ^ ^ , 
w h i c h  i n  c n n l r o v s  t o  t h e  f i n d i n r o  r e p o r t e d  h e r e .  T h i n  

i n d i c a t e s  t h r t  a v i d  - n e t r - h o l i r m  o f  KA w i t h i n  t h e  v n n c u l n r  
s m o o t h  n u c c l e  l e n d i n g  t o  a n  i n c r e a s e  i n  u n t - k o  I I  m a y  
a c c o u n t  f o r  t h e  n o r m - ' ] ,  r e l a t i v e  I r e k  o f  r e o v o n p o  o f  t h e  
c e r e b r a l  v o s c e l s  t o  N A .

T h e  r r p s n n t  f i n d i n r r ,  o f  c o r e b r . ' i l  v r n c u l c r  c o n s t r i c t i o n  
c t  l o w  i n f u s i o n  r n t e n  o f  NA i n  ; r u n d i c o d  n n i - n r l c ,  r c  onnoF-ed 
t o  d i l a t a t i o n  i n  t h e  n o r n . - ' l  a n i m r l s ,  i p  o s  m e n t i o n e d  r . i m i l o r  

t o  t h a t  f o u n d  b y  T’ c C p l d e n  t n i t i  " S i d o l m r m  i n  n o m r l  n n i r n n l n  

a f t e r  COMT b l o c k r d e .  T h e  d i l n t n t i o n  o b n c r v o d  i n  t h e  n o r .T ’-1’ '1 
p r o b a b l y  r c l r t o n  t o  NA r e a c h i n r  t h e  r e c e p t o r s  i n  l o w  

c o n c e n t r a t i o n s  .^ n d  o x e r t i n r  •'> p r i m n r y  b o t o - n d r e n e r f i e  

e f f e c t ^ 6 ^ . T n  t h e  j a u n d i c e d  m i n r l n  t h e  NA c o n c e n t r a t i o n
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a t  th e  r e c e p to r  s i t e s  in  p ro b a b ly  h ig h e r  a n d . t h i s  ■oroduces 
an  a lp h a -a d r e n o r f f ic  s t im u la t io n  r e c u l t i n f  i n  v a s o c o n s t r ic t io n ?>2° . 
T h is  e u f f ie s ts  t h a t  some f r c t o r  o r  f a c t o r s  I n  th e  s e r u n  o f  
a n im alo  w ith  o b s t r u c t iv e  jn u n d ic o  may be n o t in g  on a 
v a s c u la r  srrooth m u sclc  rn d  i n h i b i t i n g  cf ttech o ln ra in o  unto.ke 
m eohsn ism s. I t  i n  p o c .a ib le , h o w ever, t h a t  th e r e  a r e  o th e r  
e x p la n a t io n s  f o r  t h e  in c re n o e d  e e u a i t i v i t y  o f  th e  v o o c u la tu r e  
to  th e  o f f e c t is  o f  n o r a d r e n a l in e . T h is  v / i l l  be d i s c u s s e d  in  
t h e  f i n a l  s e c t i o n  o f  t h i s  t h e s i s .

The s p e c i f i c  u n d e r ly in g  f a c t o r  o r  f n c to r e  r e s p o n s ib le  
f o r  th e  enhanced  re r.ponctis  t o  n o r a d r e n n l in e  i s  s p e c u la t iv e  
and h a s  been  e x te n s iv e ly  co v e re d  vjhen d e n l in p  w ith  th e  
k id n e y . T here wcs no c o r r e l a t i o n  betw een  th e  serum  b i l i r u b i n  
l e v e l s  ( d i r e c t  o r  i n d i r e c t ) ,  tr rn sn m in n o e  c o n c e n t r a t io n ,  
enzyne c o n c e n t r a t io n  and p lasm a r e n in  a c t i v i t y  and  th e  
m ag n itu d e  o f  th e  c e r e b r a l  v r s o c o n s t r i c t o r  re o n o n se  fo l lo w in g  
in f u s io n n  o f  NA. An shown in  S e c t io n  I I  o f  t h i s  s tu d y  th e  
s e n s i t i v i t y  o f  th e  k irln ey  v a n c u ln tu r e  t o  n o rr d re r r> l in a  p.loo 
c o u ld  n o t  be c o r r e l a te d  w ith  th e s e  v a r i a b l e .

I t  n ry  be r r r u e d  t h a t  c e r e b r c l  p re c o o r  reo , 
n o r a d r e n a l in e  found i n  th e  p r e s e n t  s tu d y  i s  r o l l .  o th e  
p r i o r  b i l e  d u c t  s u r r c r y . Nuneroun sham o -o c ro tio n s  wore 
c o n d u c te d  w ith  " n in r - ls  w hich he’d p re v io u s  b i l e  d u c t mr-n- 
i p u l r t i o n  b u t n o t  l i r n t i o n  nnd i t  vine, found  t h r t  b o th  th e  
r e s t i n g  c o r o b r r l  b lo o d  f lo w  rn d  th e  ro srionpc o f th e  c e re b r r3  
v r .s c u lr tu r e  to  in fu n c d  n o rr d re n r l in o . v:?s i d e n t i c f l  t o  th e  
c o n t r o l  r'n.im”.ls  u sed  h e r o .  A lro  th e  f ? c t  t h a t  r e s t i n f  
c s r o b r r - l  b lood  f ] o\v, b lo o d  p r e r r u r o  r.nd h o r r t  r a t e  v.ore 
l i t t l e  chnnreS  in  th e  jru n d ic e d  a n im a lr  would i n d i c a t e  
t h a t  th e y  hed  re co v o ro d  f r o n  th e  t r a m n  o f  r tu r r e ry .

In  t h in  method thfi NA w.-n in fu n c d  th r o u r h  th e  c r r o t i d  
b i f u r c a t i o n  b e f o re  e n t e r in g  th e  i n t e r n a l  c a r o t id  a r t e r y .
I t  h rr , b e e n  m v ro o to d  by P urvon th r ’t  th e  e n r o t id  cho-io- 
r e c o n to r n  n re  ifft-nortnnt in  c o n t r o l  o f  c o r e b r r l  vnccu-l.-tu re  
b o th  i n  thfi re n ro n n o  to  n o r r d r e n n l in e  and in  th o  re n n o n ce  
to  C0? ? ~ . Thua th e  n ra o o n t r e s u l t n  may hnvo been  due to
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a r e fle x  action o f tie  cerebral v e s se ls  involving these  
receptors. Other workers, however, b e lieve  that the 
chemoreceptors play l i t t l e  part in  the cerebrovascular 
responses to  noradrenaline2^3- and McCalden and Eidelman 
have shown that there i s  no change in  the response to  
infused noradrenaline when the b ifu rcation  nerves are 
removed222. I t  therefore seems l ik e ly  that the resu lts  
reported here are due to  a d ir ec t e ff e c t  of noradrenaline 
on the cerebral c ircu la tio n , and not v ia  a r e fle x  mediated 
by the carotid  receptors.

Fisher222 f e e ls  that i t  i s  possib le  that two forms 
o f hepatic encephalopathy and coma e x is t s .  The f i r s t ,  
most common, with moderate impairment o f hepatic function, 
i s  secondary to  the presence o f toxins that are normally 
cleared by th e .l iv e r . I t  i s  p o ssib le  that these toxins 
may be responsible for the s e n s it iv i ty  o f the cerebral 
vasculature to  noradrenaline which was found in  th is  study. 
This i s  supported by the find ing that a lco h o l, which plays 
a p o s itiv e  ro le  in  many of the p atien ts with hepatic  
fa ilu r e , has been shown to disrupt the blood brain barrier  
to  catecholamines224. I t  i s  p o ssib le  that the severe 
coma often  associated  with a lco h o lic  h ep a tit is  may evolve 
from complete disruption o f the blood brain b arrier, the 
major defense mechanism o f the brain. Fisher a lso  f e e ls  
that there i s  some evidence that the l iv e r  normally produces 
some substance which i s  e ssen tia l to  normal brain metabolism. 
In massive hepatic necrosis these substances are absent and 
under such circumstances brain function may be even more 
severely  compromised than in  the f i r s t  c ited  condition222.

I t  must, be sta ted  that in  th is  study vascular resistan ce  
was calcu lated  from the ra tio  o f perfusion pressure (d&P) to  
flow (F). I t  i s  pointed out by Purvcs-̂  that th is  can 
only be done i f  R i s  independent o f e ith er  P or F. This 
i s  unlik ely to  be seen in  vivo because o f passive d isten tion  
or active  con str ic tion  o f blood v e sse ls  and the anomalou
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v isc o s ity  o f blood. Measurements o f vascular impedance 
would have been more appropriate but attempts to  measure 
th is  have not been successful"*"^®. Therefore ca lcu lations  
o f vascular resistan ce  was done as mentioned above, bearing 
in  mind that these are only approximate measurements and 
not accurate.

Summary
These experiments in  which the e f f e c t  o f  obstructive 
jaundice on the cerebral c ircu la tio n  was studied confirm 
the find ings found in  Lhe kidney. Here, sim ilar to the 
find ings in  the kidney, an increased s e n s it iv i ty  to the 
e ff e c t  o f  noradrenaline was found and in  addition an 
attenuated response to the d ila to r  e ffe c ts  o f  COg was noted.
I t  was suggested th at these changes could be explained by 
a general factor present in  the serum which i s  e ith er  not 
d etox ified  by the l iv e r , or i s  present in  excess in  
hepatic d isease. The s im ila r ity  o f  these find ings in  
jaundice to  the find ings o f McCalden and Bidelman when 
COMT was in h ib ited  suggest the p o s s ib il ity  th at th is  unknown 
factor acts by in h ib itin g  uptake II  processes, thereby 
allow ing more noradrenaline to reach the receptor s i t e s .
However th is  has not been shown d ir ec t ly  in  "this th e sis  
and other explanations are a lso  p o ssib le  (see f in a l  d iscu ssio n ). 
I t  i s  a lso  suggested that the s e n s it iv i ty  o f  the cerebral 
circu la tio n  to  catecholamines may explain  some o f  the features  
o f hepatic encephalopathy.
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THE EFFECT OF JAUNDICED PLASMA ON THE RESPONSES OF A 
PERFUSED ARTERY OR KIDNEY TO THE PRESSOR EFFECTS OF
___________________ NORADRENALINE._____________________

I n t r o d u c t io n

Front th e  e x n o r in e n ta  nrooen tec i i n  S e c t io n s  I I  end I I I  
i t  w ould a p p e a r  t h a t  th e r e  i s  on enhanced  s e n s i t i v i t y  
o f  b lo o d  v e s s e l s  t o  th e  e f f e c t s  o f  n o r a d r e n a l in e  i n  
o b s t r u c t i v e  j a u n d i c e . I t  would a l s o  seem t h a t  sorae 
b lo o d -b o m c  f a c t o r  o r  f a c t o r s  a r c  r e s p o n s ib le  f o r  t h i s  
a l t e r e d  s e n s i t i v i t y ,  s in c e  s i m i l a r  e f f e c t s  w ere fo u n d  i n  
two d i f f e r e n t  v a s c u la r  b e d s ;  i . e .  th e  k id n e y  and th e  b r a in .  
I f  t h i s  f a c t o r ,  o r  f a c t o r s  a r e  n ro o e n t i n  th e  p la s m a , th e n  
i t  sh o u ld  bo p o s s ib le  to  n ro d u c e  s i m i l a r  r o t o n t i a t e d  r e s ­
p o n se s  to  th e  e f f e c t s  o f  n o r a d r e n a l in e  i n  an  a r t e r y  o r  
k id n e y  p e r fu s e d  w ith  ja u n d ic e d  nla.sma. i n  v i t r o .  T h is  
p o s s i b i l i t y  i s  exam ined i n  th e  e x p e rim e n ts  d e s c r ib e d  b elow . 

M ethods and M a te r ia l s

The a r t e r i a l  model u sed  to  a s s a y  th e  v a s o c o n s t r ic t o r  a c t io n  
o f  n o r a d r e n a l in e  (1 /0  was s i m i l a r  t o  t h a t  u se d  by  Do la , 
Lande and R ando'^"’ . The te c h n io u o  in v o lv e d  th e  m easurem ent 
o f  p e r f u s io n  n r c r s u r o  in  a c o n s ta n t  f l u " sy s te m . Two 
p r e p a r a t io n s  w ere used  in  d i f i c r tm t  e x p e r im e n ts ,  th e  
i s o l a t e d  p e r fu s e d  a r t e r y  anfm ont and th e  p e r fu s e d  k id n e y .

New Z ea lan d  w h ite  r a b b i t s  wore a n a e s th e t i s e d  w ith  i n t r a ­
v en o u s  p e n to b a r b i ta l  so d iu m . T hor e i t h e r  n k id n ey  o r  
a f e m o ra l  a r t e r y  was ex-noood. The n r o n a r a t io n  wan 
c o n n u la tc d  nrox im ' 11y , rcv ev o d  from  th e  a n im a l, washed 
th ro u g h  w ith  a h e e c r in in o d  K reb s s o l u t i o n  and th e n  p e r fu s e d  
u n i n f  a c o n s ta n t  f lo w  p e r i s t a l t i c  pump (LABIPOO) w ith  K rebs 
s o l u t i o n  a t  37°C . The o rp a a  b a th  w"s a l s o  m a in ta in e d  a t  
37°C to n p ara m u re  n r i n r  an  o u t e r  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  
w a te r  j a c k e t .  The K rebs s o lu t io n 'c o n ta in e d  NrCl 1 1 6 .0 ,
KOI 4 .0 9  NAHpP0A 1..33 XWIpGOgPg.O a-iucoao 5 .50  0 rO l? ? .? P  
and MfOlg 1 .0 5  n H /l  and a l l  u o rfu n c d  s o lu t i o n s  w ere m ain­
t a i n e d  a t  nil — 7 .4  - nd c o n s ta n t  I>00 .and F0 by h u b b l ln r
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r a s  o o u t f . in in r  f/- C0? rnd  94?v Og th r o u f h  th o  n c rfu n r.tn  
r e s o r v c j i r .  (v 'i/nxm  19)« P o r fu a io n  -nronaurn v/nc m o n ito re d  
u s in c  Str.thr?m t r r r r .^ u o o r  co n n e c te d  to  th o  flo w
cyrtom  v i a  - T tu b o  and th e  nerfued .on  r a t e  vvna k e t  c o n s ta n t  
th ro x v h o u t c,"eh o rn c rim o n t a t  4 - r- n l / m i n . T h is  r a to  rc v o  
i n f l o v  nrcfiGxirna o f  80 mnllr i n  th o  k id n e y  oxnerim ontr;
end  5-10 mmllf in  th o  a i  :: c x p o r im o n to .

Tho r r t o r i r ]  c o n o tr i t .  .o r  rcn-nonor t o  HA v/oro d e te rm in e d  
by i n j o c t i n r  .-Tf-d.-d d o n e r  o i  HA i n  warmed Krobn r e  o b o lu s  
i n t o  th o  n e r fv ra .tc  j u s t  n ro ri,""  1 to  n r c n a r a . t io n . The 
r o s u l t 'n t  ch a n -'c f i n  v e a n n l c a l i b r e  and r c r i r t ^ n c e  were 
m o n ito re d  as  th o  a n r l i tu / f o  o f  c h a n fe  i n  n o rf v n io n  ■pressure 
end ro c o ra e d  on ;■ Hoclcnan d y n o r r ^ rh .

T h o  s y s t e m  v -’ a  a l l o w e d  t o  s t a b i l i s e  f o r  a t  l e a s t  3 0  

m i n u t e s  d u r i n y  r c r f u s i o n  w i t h  K r e b s  s o l u t i o n .  T h e n  a  
s e r i e s  o f  r c r r o n a n s  t o  f - r -  r o d  H A  d o s e s  w a s  o b t ' i n e d .  T h e  

p e r f u s t - t e  w a r .  t h e n  t o  - X - ' s r a  w h i c h  h :  d  b o o n  r e m o v e d
f r o m  o n e  o f  t o n  b a b o o n s  w i t h  r u r  - i c - l l y  i n d u c e d  o b s t r u c t i v e  

. i a v n d i c c . A l l  o f  t - a  a n i m r l a  h a d  • \ o i r  b i X o  d u c t s  l i y r t o d  
f o r  a t  ]  e - r f  t w o  v c ' - s  a n d  1 > 'c  n i  * ■, w a r .  r n r '  ■"'"d ' n d  t h e n  
s t o r e d  i n  •• f r " O s e r  n t i l  i t  r a n  u  - e d . T h i s  w  a  a l l o w e d  t o  

p e r f u s e -  ' o r  n i r u t ^ r  a n d  t h e n  a  f u r t h e r  r e r d . e s  o f  r e s p o n s e s  
t o  HA s  d " t r r i i : ■ 1 .  T h e  " c r f u s - ’t c  w a s  a a r i . n  c h a n p e d  t o  

H m b r  - n d  £ .0  m - •u "  ‘ 1 n t n r  a n o t h e r  ' • e r i c a  o f  r o s m o n o e s  w a r
o h t ' - i n a r  „ I n  - . "  -  1 '  a m ' r " ' r ' X e s  t h e  m . a s m a  r e n i n ,  t o t ^ l  

a n d  r o n ; i v  - t a - ’ :i u i h i n ,  b l o o d  u r e a , H l k a l i n o  - h o s r h a t a s o ,  

t r r n r - r . i v , -  x o r  a -  u a t u r n  - n d  ■ '• o t - r / . o u u  c o n c o ^ t r a t i o n a  w e r e  
n o a r . u r e d , ,  h-i v . - a s z ' - i  l o n t a  u a i n a  k i d n o v r ,  a n d  f i v e  u n i n p  

f e m o r a l  r.rJ c r i e s  w e r e  c -  r r i e d  o u t  p l u s  a  s i m i l a r  n u m b e r  o f  
c o n t r o l s  w i J e -  v t  n r '  - -  n a t i o n  u a i n "  n o n - i e u n d i c c d  n l s n m o  
f r o m  s h a m  o » '.  -i t >i b r b o o i r - .

A nniva.ia o f  ■ ■u1 la- 

Method I

The '"o re ro a n o n ae  d a t '  o b ta in e d  i n  ca sh  in d iv id u a l  
o x n erim o n t was vd o t tn d  a s  th e  i n c r c a s a  i n  n n r f u s io n
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■oroasurQ ( ronnonno -  "irJIf) n r n in n t  th e  l o r r r i t h m  o f  th e  
done (jv;" NA). T hin  nroduooA th r o e  cu rv en  f o r  er.ch e r n o r in o n t ;  
one f o r  th e  c o n t r o l  (K robn) p o r f u n c to ,  one f o r  th e  jci.un jicod  
p io c n c  Tvorfuorto r.nd ono f o r  t h e  vznnhout w ith  K rohs s o l u t i o n .  
The rosnonsoR  to  n o ro d r o n r l in o  ? t  c o u iv r l c n t  d o se s  when 
K reb s wr-o n e r f u s o d ,  wnn oon’os.rod to  t h e  re s p o n s e s  when 
3?unfiice ti nlf-rtr.?. wss p e r fu s e d  by n S tu d e n ts  " t "  t o s t  f o r  
p s i r o d  dr.tr.,

MethLi^ I I

a )  Iiln ew o sv o r l u r h e .

Ih o  d o r.o -re r .ro n se  A str. o b t- in o d  i n  e rc h  i n d i v jd u r l  e x r e r in c n t  
was p l o t t e d  r s  th e  r e o i n i t r l  o f  th e  p e r f u s io n  p r e s s u r e  
in c re .-n e  ( l / r c r p o n s o ,  n n llr)  r y r i n s t  th e  r e c ip r o c .- l  o f  th e  
d o se  ( l / d o s c  o f  ITAJ>~) • T h is  p ro d u c o d  s t r a i g h t  l i n e  
r e l r t i o n s h i p s  i n  e r c h  ex p e rim e n t cc  p r o d ic te d  from  th e  
M ich co lis-IT o n to n  k i n e t i c ?  f o r  d r u r - r e c c p t o r  i n t c r - r c t l o n ' ’^ ^ .

v.'hr rn  It rr re o n o n ce  i n  mrJIy 
D -  NA Aoro (/'“)
Hrnpx r  m c rsu re n o n t rc sn o n se  ( m l 'r )

K „ » e r u i l i b r i u n  c o e f f i c i e n t  f o r  d z n if - ro c c n to r
i n t c r r c t i o n .

In  n r eh c x n c r in n n t  v r lu e r .  o f  rn d  K w ere c r l c u l r t o d

from  th o  i n t c r c e n t r  o f  th e  l i n o  o f  th e  y  and x  rx o c ,
ro r n c o t iv o l .y . ‘i/hen l/T> r  0 ,  1 / l i  (y  i n t e r c c n t )  1? e c u r l  to
l / R n „ y . V/hon l / f t  k 0 th e n  l / h  (x  i n t o r e n n t )  i a  e o u r l  to  
- l A ^ .  O hrn re?  in  1 i n r l y  c h r n ro s  i n  e f f i c i e n c y  o f
th o  A ru- r e c e n to r  com tilc::, w h ile  c h r n rc c  i n  - 1/K  im nly  
c h r n ro s  i n  d r u r  r e e n n to r  a f f i n i t y .

b )  Ho^ntoo

A lth o u fh  th e  L in ow orvor hurko  n ro c c d u rc  p ro v id e s  u s e f u l
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in fo rm a tio n  c-n d r u f  r e c o n to r  i n t e r ' -  r e l a t i o n s h i p s  i t  i s  
h ow ever a d o u b le  r e c i p r o c a l  n l o t ,  i . o .  th e  r e c e ip r o c n l  
o f  rea-nonpe in  n l o t t e d  pfi A fu rd iio n  o f  th e  r e o in r o c n l  
d o se  o f  th e  d r u f .  V/hen th e  re ap o n n en  n re  sm p ll ,  pny e r r o r  
i n  m easurem ent i s  m rtfn if ie d  by t h i s  d o u b le  r e c i r i r o c n l  
p ro c e d u re .  I n  H o fr,tee  p ro c e d u re  th e  recmonfie i s  ex"nresaed 
o f  a f u n c t io n  o f  th e  r a t i o  R/D . T h e re fo re  th e  e r r o r  
i s  l e s s  s in c e  o n ly  one r e c i p r o c a l  i e  u s e d . In  a d d i t io n  
th e  s r ifc in f : o f  th e  n o in tr ; on th e  nxir? R/D a r e  more e v e n ly  
d i s t r i b u t e d  t h r n  in  th e  Linowon.vor B urke p r o c e d u r e . Tn 
th e  H o f s te e  p ro c e d u re  th e  M ich n e lin -M e n tc n  efjup.tion i s  
re a r r a n g e d ,

R = -K__ -  R + „
i  * "*

The s lo p e  o f  th e  l i n e  i s  -K oc. and th e  y i n t e r c e p t  i s  
Rmgy. I n  th e  e x p e rim e n ts  u sdnp  ja u n d ic e d  Talrismp th e  r e s u l t s  
w ere c n n ly se d  by b o th  th e  H o fn te e  and th e  L inev /enver Burke 
p ro c e d u re .

R e a u ltn

P i f u r e  ?0 Fihotvc t h r e e  s e t s  o f  re e n o n c e s  o b ta in e d  f r o n  e 
p e r fu s e d  k id n e y . The to n  t r a c e  shows th e  -o rensu re c h n n fes  
i n  th e  p e r fu n 'i to  a f t e r  i n j e c t i o n n  o f  ’o s e s  o f  n o r i d r c n r l i n e  
NA r n n f i n r  from  0 .0 8  -  8A»f nr: a bo3us d o n e . I n  gone o f  
th e  k id n e y  e x p e rim e n ts  t h i n  vvhoDc ranpo  o f  n o r a d r e n a l in e  
d o se s  \;r-v n o t  u s e d . The m id d le  t r a c e  shotvc th e  r r o r s u r e  
ch p n rer, a f t e r  j r . j c c t i o n  o f  KA when th e  r ire -n a rc tio n  wro 
perfum ed w ith  ■‘rv n d ic o d  n ln n n r’ r>nd th e  botto-n  t r a c e  nhovvr. 
th e  resiponsoc: . j f t e r  ;? n o rio d  o-" w nshout w ith  K rebs s o l u t i o n .  
I t  in  c l e a r  t h a t  th e  renponnot; to  NA a r e  much I n r f o r  i n  
th e  nroR once o f  .iaund iced  n la s m a . When th e  plasm a wr.n 
r e p la c e d  w ith  th e  Krebo r .o lu td o n  th e  NA r e n n i t i v i t y  o f  
th e  TD rcpnr"tion r e tu r n e d  to w a rd s  n o rm a l. S im i la r  r e s u l t s  
w ere found f o r  tb n  k id n o v  e x p e rim e n ts  and th e  f e n o r ^ l  
a r t e r y  ex p rr im n n tr ;. Thane rem onfieft i n  ea ch  e x p o r in e n t  ra n  
be re e n  j.n T \b le  1 9 . O ccaniona] 1 y i t  war found t h a t  th n  
k id n e y  was no s e n s i t i v e  to  th e  e f f e c t  o f  n o r a d r o n r l in e
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PERFUSED RABBIT KIDNEY

WASHOUT
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TOP TRACE -  P ro r .ru rc  r c rT o n rp r  f l i r in p  -n c rfu s io n  w ith  
K rcbn s o l u t i o n .

MIDD1K TRACE -  Ronnonnos flurin/-- p e r f u s io n  w ith  jaunciicori

BOTTOM TRACK -  Rennonno:: d u r in g  p e r f u s io n  w ith  K rebs 
s o lu t io n  nn w nshou t.
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P r . re  i ? g .

a f t e r  p e r f u s io n  w ith  jn u n fliced  plncm ni t h n t  i t  re sp o n d ed  
w i th  I r r p e  in c r e r n e  i n  p rc n n u re  w hich d id  n o t  r e tu r n  to  
t h e  b r r s e lin o C F io ire  2 1 .)

F ig u r e  ??. shows n lo fr/ro fin o n n o  n l o t  o f  th e  dat? . from 
a  t y p i c a l  k id n e y  c y n e r in e n t . I t  c m  be seen, th e .t  th e  
ja u n d ic e d  n le c r r .  cau sed  th e  doao re n p o n se  curv<? to  s h i f t  
t o  th e  l e f t  o f  th o  c o n t r o l  (K m hr.) cu rv o  i n ^ i c r t i n p  t h a t  a 
p o t e n t i r . t j  on o f  t h e  e f f e c t s  o f  NA had o c c u re d . I n  o rd e r  
to  p ro d u ce  on  increcr.p , o f  50 m tilf i n  p e r f u s io n  p r e s s u r e , 
p .p p ro x im rte ly  1 m,~ o f  NA vno needed  when th e  p e rfu n p .te  was 
K rebs R Q lu tlo n . V/heu th e  jru n tiic o fl plr.rm o vji?r p e r f u s e d ,  
o n ly  a b o u t 0 .5  ^  o f  HA p ro d u c ed  the rr^ie r e s p o n s e .  V/hen 
th e  p lr s r .n  v;po v.T.nheti o u t  o f th e  p r o p r r c t i o n  w ith  K rebs 
s o l u t i o n ,  th e  done re sp o n se  cu rvo  s h i f t e d  bnek  to v /c rd s  th e  
i n i t i r l  c u r v e ,  chovvinr t h n t  th e  c h rn re r . inducod  by ja u n d ic e d  
plrnm r. p ro  n o t  cru r.ed  by rn  in c re a s e d  v p o c u ln r  s e n s i t i v i t y  
due to  th e  -ncficafe o f  t im e .

An exom nle o f  r. c o n t r o l  e x p e rim e n t u s i n f  n o rm al baboon 
ple.sm r in  rhov.n i n  P ip ircE : ?3 nnd ? 4 . Mo s i f n i f i c r n t  
p o t e n t i r  t io r .  o cc u rc d  vvb.cn n o rn - .l  nlr.cm r v;rn •nerfuBefi.

Tn.blo 20 rhoivr th e  r e r u l t n  o f  th e  b io c h e m ic a l  i n v e s t i -  
r s t i o n o  c ? r r i e d  o u t  on r.11 o f  th «  an e c in o n n  o f  n lrsm o  uned . 
Ho c o r r e l a t i o n  cou] d bo found hctv.-pnn th e  d e r re e  o f  NA 
s e n r i t i v i t y  c h rm frr  "nd th e  d e r ro c  o f  ja u n d ic e d  ( b i l i r u b i n  
mr5') ,  u r c r  l o v A ] t h o  1 cvr-l o f  t r r T . f i n in r r o a , r ^ ’c n ljn e  
r b o c r h r t - c o ,  c o f iv n ,  o r  n o t  n r lu a  i o n r .  I n  r d d i t j o n  th o r e  
v.'fP no c o n r ii r tf 'n t  r o l -  t in n n h in  liet-.verm n l^ ra n  r e n in  
a c t i v i t y  rnd  th e  c i o n n i t i v i t y . U n f o r tu n a te ly  th e r e  vk,aB no 
dn .tr f o r  nlrnm "1 r e n in  n c t iv d ty  i n  rmy o f  th e  in o l c t e d  
k id n e y  e x p e rim e n ts  o r  i n  th o  ’'id n e y  c o n t r o l s .  A l l  n l r n n r  
r e n in  vr,r,?yr. were c '- .rrin d  o u t i n  th e  h rhoonr. p r i o r  t o  
e x G rn ru in r t io n .

F i r u r e  ?5 rhov.-n r  floxiM r r o e ir ro c r - l  n l o t  o f  (V'tr. f ro r .1 
r  ty n ic ." !  !d Onoy e r r - o r in o n t . I t  c-m be m e n  th - 't  b o th  t h r  
n lo p o  -nfl x i n t e r c e p t  o f  th o  l i n e  o b tr in o d  w ith  Krebn
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Fif-uro ?1

PERFUSED RABBIT KIDNEY

NORM A L 
KREBS

NOR (ug} 1.6 3.2 64  3.2 1.6

JAUNDICED
PLASMA

t i i  .
NOR {ug) 0.8 1.6 3.2 6.4

250 mm Hg

Shown rorrionr'f; o f  r r  i  n o lf ic .J  no rfv .ro d  k i Anoy 
dur^n." n c r fu n io n  w ith  y m n d tc n a  n i f nmo ( l o v e r  
■fcrfco). I t  enn be noon t i v t  n t  f; done o f6,4 Mr1' o f  n o rr’dj'onrO in o  th e r e  vvrn-n I n r f  o 
in c ro n n o  in  m ’c n n u ro . T hin  d id  n o t  r e tu r n  
to  th e  b n ro l in e  Yd t h i n  one h o u r ,  n l th o u g h  th e  
co m p lete  t r - ’oe in  n o t  nhovm.
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p e r f u s io n  i s  d i f f e r e n t  from  th o s e  d u r in g  ja u n d ic e d  p lasm a 
p e r f u s io n ,  w hereas t h e  y i n t e r c e p t  i n  ' t h i s  p a r t i c u l a r  
exam ple i s  v i r t u a l l y  unchanged. Thus th e  maximum re sp o n se  
(Rroax) o f  t h i s  a r t e r y  had  rem ain ed  a lm o s t th e  same w h ile  
t h e r e  was a change in  th e  e q u i l ib r iu m  c o e f f i c i e n t  (Ke g ) . 
F ig u r e  26 shows a  H o fste e  p l o t  o f  t h e  r e sp o n se s  i n  Krebs 
com pared to  th e  re s p o n s e s  in  p lasm a u s in g  a t y p i c a l  fe m o ra l 
a r t t i r y  e x p e rim e n t. i t  can b e  se e n  t h a t  b o th  th e  s lo p e  and 
x  and y i n t e r c e p t s  a r e  d i f f e r e n t  when th e  re s p o n s e s  in  
K rebs a r e  com pared t o  t h e  re s p o n s e s  when ja u n d ic e d  p lasm a 
was p e r fu s e d .

T a b le  21 shows th e  v a lu e s  o f  K ^  and R c a lc u la te d  eg  max
in  a l l  e x p e rim e n ts  u s in g  a  L inew eaver-B urke  p l o t  b o th  
d u r in g  K rebs and  d u rin g  p lasm a p e r f u s io n .  U sing a  p a i r e d  
" t"  t e s t  th e  and Rmax ( ja u n d ic e d  p lasm a) was found  to  
be s i g n i f i c a n t l y  d i f f e r e n t  from  th e  Keg  and »max (K rebs) 
i n  th e  a r t e r y  e x p e rim e n ts . In  t h e  k id n ey  e x p e rim e n ts  th e  
Kgg ( ja u n d ic e d ) was l e s s  th a n  th e  (K rebs) and th e s e  
was a  ten d e n cy  f o r  Rmax ( ja u n d ic e d ) t o  be in c re a s e d  b u t 
th e s e  d i f f e r e n c e s  w ere n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .

T hese r e s u l t s  show t h a t  p e r f u s io n  w i th ’" ja tm d ic ed  plasm a 
p o te n t i a t e s  t h e  re sp o n se  o f  b o th  t h e  i s o l a t e d  p e r fu s e d  
k id n ey  and th e  fe m o ra l a r t e r i e s  t o  in fu s e d  NA, and t h i s  
change i s  d e te rm in e d  by a  m o d if ie d  e q u i l ib r iu m  c o e f f i c i e n t  
a l th o u g h  th e  t i s s u e s  maximum re sp o n se  te n d e d  to  b e  in c r e a s e d .  
T ab le  22 shows th e  com parison  o f  th e  v a lu e s  o b ta in e d  f o r  
Keq and  Bmax u s in 9 a L inew eaver-B urke p l o t  o r  a  H o fste e  
p l o t  f o r  th e  f i v e  fe m o ra l a r t e r y  e x p e r im e n ts . A lthough i t  
was m en tio n ed  t h a t  th e  L in e-w ea v er B urke p l o t  may be i n ­
a c c u ra te  when th e  re sp o n se s  a r e  s m a l l ,  i t  can b e  see n  t h a t  
t h e r e  i s  e s s e n t i a l l y  v e ry  l i t t l e  d i f f e r e n c e  betw een th e  
v a lu e s  o b ta in e d  by e i t h e r  mobhod. T h e re fo re  f o r  th e  r e s t  
o f  th e s e  e x p e rim e n ts  u s in g  th e  i s o l a t e d  p e r fu s io n  sy stem , 
o n ly  th e  L inew eaver-B urke p l o t  was u sed .
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TOP TRACE -  Prct-.Rvro ror-nonr.er, flxxrinr n c r f u s io n  w ith  
Krcbn s o l u t i o n .

MIDDLE TRACE -  Ronponnnn f l i 'r in f  p o rf u n io n  w ith  jru n flicc rl

BOTTOM TRACK -  Ken-oonnoo d u r i n r  p e r f u s io n  w ith  K robr 
s o l u t i o n  f.n w nchout.
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TABLE 21

V a l u e s  o f  Rff la x  a n d  Ke q  

A R T E R IE S

( a )  J a u n d i c e d  p l a s m a  e x p t s .

N o . K I T 3 P l a s m a
g m a x

P l a s m a

1 . 2 . 5 1 . 5 1 4 . 4
2 . 4 . 3 3 . 5 1 0 . 5 1 2 . 5
3 . 0 . 9 0 . 3 1 0 . 8 1 4 . 7
4 . ]  . 9 0 . 0 9 . 1 1 5 . 0
5 . 1 . 3 0 . 1 1 9 . 6 2 0 . 8

P <  . 0 1 P  < . 0 1

-(b ) N o r m a l p l a s m a c o n t r o l s

N o . K r e ^ f 3 P l a s m a
Rm a x  

K r e b s  P l a s m a

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

3 . 0 . 6 0 . 5 5 . 4 5 . 9
4 . 1 4 . 9 9 . 2 1 2 . 3 7 . 9

U . S .  M . S .

f o r  a l l  e x p e r i m e n t s  a n d  c o n t r o l s .

K ID N E Y S

( b )  J a u n d i c e d  p l a s m a  e x p t s .

K r e b s P l a s m a K r e b s P l a s m a

3 0 . 0 1 . 2 'u O . O 2 0 0 . 0
2 . 0 . 1 0 . 6 1 1 . 6 1 6 . 7
3 . 1 . 5 0 . 2 5 0 . 0 1 2 6 . 7
4 . 9 . 0 0 . 0 5 5 0 0 . 0 5 2 6 . 0
5 . 4 . 3 0 . 6 1 2 5 . 0 1 1 1 . 0

N .S N • S .

( b ) N o r m a l  p l a s m a c o n t r o I s

N O . K ^ b P l a s m a
Rm a x

P l a s m a

1 . 1 . 1 1 . 0 1 6 6 . 7 1 0 0 . 0
2 . 5 . 3 1 . 5 1 6 6 . 7 8 3 . 3

2 . 8 3 . 8 5 5 . 5 1 6 6 . 7
6 . 4 1 . 2 2 0 0 . 0 1 2 5 . 0

N . S .  M . S .
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gA BLfl 2 2

Oompai'iaon o f  L in ew eaver-B urke  P lo t  and H o fs te e  P lo t  f o r  
v a lu e s  o f  B id 2 * * .

LBfEWEAVBH-PUHKE HOPSTKB

Hgax 5 a 5 m x 5 a .

K 1 0 .8 0 .9 1 0 .9 1 .0
J  P 1 4 .7 0 .3 1 5 .5 0 ,3

K 7 .5 2 .1 7 .5 2 .1
J  P 1 4 .4 2 .0 1 3 .5 1 .7

K 9 .1 1 .9 9 .3 1 .9
J  P 1 5 .0 0 .1 1 5 .2 0 .1

K 1 0 .6 4 .3 9 .7 3 .6
J  P 1 4 .5 3 .5 1 1 .6 2 .9

1 9 ,6 1 .3 2 0 .8 1 .4
2 0 .8 6 .1 2 1 .5 6 .1
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Divicur.r.lon

T hese r e c u l t n  show t h a t  j a u n d ic e d  p lrcm n c o n ta in o  r.orae 
f a c t o r  o r  f a c t o r s  w hich - p o te n t ia te  th e  re p n o n se  o f  
i s o l a t e d  v e s s c lo  to  th e  o f f  a c t a  o f  n o T f 't i rc n n lin e . I t  
would a p p e a r  t h e r e f o r e  t h a t  th e  in c re a s e d  r e n s i t i v i t y  o f  
r e n a l  and c e r e b r a l  c i r c u l a t i o n  to - . th e  e f f e c t s  o f  IfA in  
o b s t r u c t i v e  ja .und ico  can be e x p la in e d  by e f a c t o r  o r  
f a c t o r s  p r e s e n t  i n  th e  p]asm n and n o t  by none s t r u c t u r a l  
dsmRfe to  th e  v a s c u la t u r e , a lth o u g h  t h i s  h o c  n o t  boon 
d i r e c t l y  e x c lu d e d .

A n a ly s is  by Linev;env e r-B u rk e  o r  I lo f s to e  n e th o d s  fp v e  
s i m i l a r  r e s u l t s ,  and showed t h a t  th e  e q u i l ib r iu m  c o e f f i c i e n t  
was d e c re a s e d  -and th e  maximum re s p o n s e  o f  t h e  v e s s e ls  
i n c r e a s e d . I t  i s  l i k e l y  t h a t  i f  more e x p e rim e n ts  w ere 
p e rfo rm ed  i n  th e  k id n e y  e x p e rim e n ts  t h a t  th e  i n c r e a s e  in  
t h e  maximum re s p o n s e  w ould h a v e  boon s t a t i s t i c a l l y  s i g n i f ­
i c a n t .  T here van how ever a c o n s i s t r n t  d e c re a s e  i n  th e  
e q u i l ib r iu m  c o e f f i c i e n t  (Ke f |) f o r  th e  d r u r  ro c o n to r  i n t e r ­
a c t io n .  T h is  io  c o n s i s t e n t  w ith  an  in c r e a s e  i n  a f f i n i t y  
o f  th e  reco -n to r ^ o r  th e  d r u r  i . e .  more d r u r  r e c o n to r  com plex 
h a s  b ee n  fo rm ed .

The in c r e a s e  i n  c - n  o n ly  be e x p la in e d  by an
in c re a s e d  e f f i c i e n c y  o f  th e  d r u r  r c c e n to r  co rm lex  w hich may 
be th e  r e s u l t  o f  an  j n c r e r s c  i n  t i s s u e  e x c i t a b i l i t y ,  o r  
th e  v n m rsk in r  o f  a d d i t i o n a l  - ^ r c n o - r o c e n to r s .  I t  i n  a l s o  
s e n s i b l e ,  h o w ever, t h a t  th e  d r u r  i s  b a v in r  an a l l o s t a r i c  
e f f e c t .  To t e s t  t h in  n o n n i b i l i t y  H i l l  nronoRed an e n u o tio n  
by w hich  i t  in  o o n n ib lo  to  e v a lu a te  w h e th e r a d ru a  ro n e o to r  
a c t io n  in  due to  a i i o t o r i n i m  o r  n o t ? ^7 . T h is  e s u a t io n  i s :

It "  HB„a  (1))K 

(3)"  +  K1

whore n = num ber o f  r i t e s  h in d in a- th e  n u b n tr^ to  o r  th e  
i n t e r a c t i o n  c o e f f i c i e n t ,  and K1 I 'e n la c e s  Kcr, in  th e  
M ic h a c lia -H o n to n  e q u a t io n .

I f  n  = 1 th e  e a u a t io n  becom es i d e n t i c a l  to  th e
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M ichfie l‘la~r.:onton of;u.r.'tion and i n  t h i c  cnrte K1 =• Ke f |,
Whon nn r l l o n t o r i o  a f f e c t  i t  p ro d u c ed  in  n o t  = Keo 
and n  beco-non in te r r r r O .ly  f r e n t o r  t h r u  o n c?^ .

T ab le  ?3 rhovvr, th o  v a lu e r , fio r n. whon th e  f o r a u lo  
wps pnplififl t o  t h e  r c n v lts :  o b tn jn c d  from  p o r f u n ic n  v i th  
drim ciiocd plnnmn i n  th e  fcm orr-l r . r te r y  o x n o rim o n t. I t  
cpn be ceen  t h a t  n  i c  n.lmont n l  i n  a l l  e x p e r im e n ts . 
T h e r e fo r e  th a  incrff:-ne i n  R n ir. n o t  due to  on p l l o c t e r i c  
e f f e c t  and in  n o ro  l i k e l y  due to  u n n a s k in r  o f  n o re  r e c e p to r s  
o r  cn  in c rc r r .o d  e x c i t a b i l i t y  o f  th e  t in ^ u e r , from  Rome 
a l t e r a t i o n  in  n e n b r rn e  c h r r n c t e r i s t i c n .

P o te n -t? .r tio n  o f  rar.-noncoo to  MA i n  i r o l r t e d  r ie r fu re d  
r r b b i t  e r r  n r t c r y  h rv e  been  r.hov.n when Krobn v.t.g re p la c e d  
w ith  n o m n l  r a b b i t  n],pemo o r  w hole b l o o d T h i s  v/ns 

s u n ro s te d  to  bo due to  th e  i n t e r a c t i o n  betw een  5 -h y d ro x y - 
t r y p t r n i n o  (w hich  • ir , n ro rc m ; i n  lo .r r e  rm o u n tr i n  r a b b i t  
B lrsm rJ  rnd  in .ic c te d  If A. S in c e  r-r.r-ymc i  rc c -n o n ^ ib le  f o r  
5 - h y d r o x y tr y ^ tm in e  ( 5 -TIT) bre.'lfdov.Ti p ro  r r e s o n t  i n  t h s  
l i v e r  i t  i t ;  "O cniW  e t h r t  r-n in c r o r f o  i n  th e  le v n lr .  
o f  c i r o u l r . t j n . -  5-HT cov.1.6 o y r ln in  t h e r e  r e c u l t s .  How ever, 
5-HT i n  o th e r  c o n d o s  i  c nor:i" l l " -  c p r r i^ d  i n  th e  T jl- te lc - t 
f r a c t i o n  o f  th e  b lo o d ' '10 w ith  ] i t t ] "  o r  none i n  th e  r>y ??■•?.-. 
T h u r , F ir n if ie - '- n t  " c o u r tn  o f  ?-f!T r r o  i .m lik c ly  to  be n r e r e n t  
i n  th e  em rjio o  o f  j '-u rd ic c d  nlio-nn r l th o u g h  t h i s  h.-n n o t  
beon  r.e -n u rc d  d i r e c t l y .  T hi: would m u fP P t  t h r t  5-HT p l r y r  
l i t t l e  p -T t  i n  t h e  nhnnornnnon.

Thun th o rn  o y n o rin o r.tn  rhov: th r  t  th o  ,i'-vr.diced n l , ' n r  
in c rc r .rn r . th e  r e rn o n rc  o f  th e  v m c u l - t v r o  t o ' t h f i  c f f n c tP  o f  
n o r r d r e r . - l in o  i n  v i t r o  r i r . i l :  r  to  th o ro  found i n  v iv o  in  
th e  r e n ? l  tmd n n rr -b r r l  o i r c u l - t i o n n . T hin  wou?d r - ’-nepr to  
be riroduccd by r  d n c r r r fo t '1 O '- 'v il ib r iv n  r o o f f i c i e n t  \:h ic h  i r  
e x p ln in o d  by r<n incrcr.-.c fl d ru ,- r c c o n to r  co-nnicx i . e .  rn
i.ncrcrr,E>d r e c o p to r  r f  f i n i t y  f o r  th e  d m r .  Thorp 5 r. - I r o  ^n 
in c rn .- ro d  "inxi-uv-. ro r ^ n n ro  o f  ih o  t j r -n v -  v.Odch coiOd bn 
px -n l-ined  by In n rn rn o d  t i r w e  e ro it" b 5 .1 i  ty  o r  by -n  u n -  
m o r k i r r  o f  n o ro  r e c e p to r  r i t m .
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Shows v a lu e  o f  i n t e r a c t i o n  o o e f jT ic ie n t  (n )  f o r  r e s u l t s  
d u r in g  K retia p e r f u s io n  snd  a f t e r  pe rfu B ao u  w ith  ja u n d ic e d  
p lasm a  i n  5 e x p e rim e n ts  w ith  an  i s o l a t e d  p e r f u s e d  a r t e r y .

3V. NO. KRBBB JAUNDICES PLASMA

1 . 1 .3 2  1 .0 9

2 . 1 ,0 5  0 .9 1

3 . 1.45 1.C 6

4 1 .2 5  1 .0 2

5 . 1 .1 2  1 .0 6
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EPFEOl'S OP MYPOCHOLSSTVIiiOLAlilllC PIiASJ.Iii, CiilOMSlBROL AND 
IO*.T-DBKSITY LTP0PH0TBIK3 ON THJ? VANGULAR Sra.'SITIVITY TO 
THE EFFECTS OP ^ORAm'JHAT TFfB._______________________________

In tro c 'n .o tio r .

The exporinQ ntr! b o th  i n  v rv o  end i n  v i t r o  showed t h p t  i n  
o b s t r u c t i v e  j r v n d ic o  th e r e  i n  n h e ifh te n eri. ro c p o n so  to  NA. 
M cCflden and H id o ln ? n ?r'^  h iv e  shown th .? t  ivhcin o f
norp.flronr’lin G  in to  vn.noulr r  smooth lu a c l e  (U ntnko P.) i r  
in h ih itG c l th e r e  in  r>n onh'-ncefi c e rch ro v n rcu 3 .r r  re sn o n fie  to  
NA, w hich  i s  nlm of;t i i lo n t ic . 'i l  to  t h r t  o b ta in e d  i n  p.nimnla 
fo l lo v .d n f  l i f p . t i o n  o f  th n  common biXo d u c t .  S a l t  end 
Iv e r s o n '3̂  hr.vc dcm onE itr-ted  t h r . t  c h o l e s t e r o l  (when d is o lv e d  
i n  a lc o h o l  nnd rd d o d  to  K robc n o lu t io r .’ in  e n a b l e  o f  v ’ltr.ke
2 i n h i b i t i o n  i n  c r r d i^ c  m u sc le . I f  th e  v c n c u la r  smooth 
m uscle fcuhsves in  a a i n i l r r  m anner t h i n  co u ld  e x r l r i n  th e  
r e s u l t s  o b tr in c f l  i n  jca m d ic ed  rn im n lo  ra d  i n  th e  i s o lp t e d  
a r t e r y  n r e n r r r t i o n r , . An i n h i b i t i o n  o f  u n t r k e  ? n ro c en sen  
would r e r .u l t  i n  rio re  KA bo i n f  ?v.'’ iln 'ta lo  f o r  d r u f  rccio.ntor 
co m b in a tio n  --nd th u s  n h o i '-h te n d  rc r.n o n se  o f  th e  v e s s e l  
co u ld  bo e x p e c te d .

In  o b r t r u c t jv o  gnundico  th e r e  jr . p l ? r r o  i n c r e ^ r c  in  
t o t - l  ncru-n c h o ln r to r o l  duo to  an  o v r .r n ro d u c t io r  by th e  
l i v e r ^ ® . I t  i r  riorrib!! o t h f t  one o f  th e  f r .c to r r  r e s p o n s ib le  
f o r  th e  irc re - 's c d . nr-nri t j v i t y  to  NA ir- r.n i n r r e r r *  i n  t o t - 1  
p lr .fn -  choi n r t n r o l . Yhir i r  c a r r i e d  in  nlrrrr n r  i n l y  on 
th e  low  ri-Dnrity l i r e  'ro tn j .n n  thou '-!’ - b o u t  ''O1,.’ mry bo 
c r r r i e d  on th e  h i ' t  d ^ n n i ty  l i n o r r o t f ' i n r ^ ^ ' ' .  A n i t u - t l o n  
a n r lr o u n  to  o b n t r n r t i v n  jr'ur.d? ce r t s  i n  F ro C ric k ro n 'r .
Tyne I l f  hyriorldri^fV 'o^v- whorp th e  low  d n n n i ty  1 i r io r r o te in n  
(I.DI.) a r e  .-r^ r t? y  i n c r u T r d '

T h e re fo re  in  tJio exnori^ontn bolow u s i n f  th e  iro lr- .te d  
a r t e r y  n r e n ; 'r " t i o n  d n r.c rib c^  " r n v io u r ly ,  th o  c f f e c t r  o f  • 
■nroar.or ro n * w irc  o f  th n  v n f r o i r  to  VA o f  ehol or.1:pro] in
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s a l i n e ,  c h o lc f ib e ro l  i n  plnfimr., c h o ie r i ’e r o l  ' n  h v r e r -  
l ip id D sn j.c  n] nnnr and '> low  d e n s i ty  l i n o n r o to i . i  n y t r a o t  was 
in v e a -b ifa to d . ?h e  e x r io r '-n e n t^ l p r o to c o l  jc .y i be riocn in  
T ab le  P 4 .

M a te r ia l  and Ilo thodn

The a r t e r i a l  n o d a l utiod war th e  nano nr. t h a t  d e n c r ib e d  i n  
th e  p ro v io u r  a c c t i o n .  In  a d d i t i o n  th e  o x n e r in e n t r l  p r o to c o l  
fo llo w e d  won i d e n t i c a l  t o  t h a t  d e n c r ib e d  f o r  th o c e  e x n o r in o n tn .  
H ow ever, o n ly  r r t e r i o n  wore uned in  th e n o  o x n e r in o n tn . In  
a d d i t i o n  i t  wan d ec id ed  n o t  to  uno a  f e n o r a l  a r t e r y  in  
t h e r e  o x n e r in c n to  b u t  to  uco th e  m ain  r e n a l  a r t e r y  in  th e  
p r e p a r a t io n .

a )  P r e ^ - r a t i o n  o f  h v n o rl  i "id"' ern c ni.aana

60 rr-lr o f '.b lo o d  war ta k e n  f r o n  each  o f  15 f r n t i n r  o - t i o n t g  
a t t e n d in g  a r n e c i a l  c l i n i c  f o r  h y n o r l in id a o n in  ( f ro m  whom 
•inform ed c o n se n t h ac  been o b ta in e d ) .  I n  ea ch  c a re  i t  was 
co n firm ed  by b o th  u l t r r‘c e n t r i f u y a t i o n  and o l e c t r o n b o r e s i s  
t h a t  th e c o  p a t i e n t s  w ere t r u e  F r e d r ic k o e n 'r  T yre H a  h y n o r-  
l i n id a e m i c r .  The b lood  \ r r. c o n t r i f u rn r l  f o r  3 m inuter, a t  
2 ,5 0 0  ro v r  n . n .  °nd th e  ru p o r n ^ te n t  n larm a rem oved . P lasm a 
u re a  and e l e c t r o l y t e s  w ere m earu red  i n  ea ch  cry-'p lc . I n  
each  o m n r l r c t i t  t h r o e  p l a c n '’ rrm p le c  w ere s e l e c t e d  a t  
random , po o led  and a n - ly r e d  f o r  t o t - 1  c h o l e s t e r o l , b e ta  
c h o l e s t e r o l  ( I D l )  -nd  t r d " l y c e r i d o  c o n c e n t r a t i o n .
T h is  n la s r ia  was n o rfu sn d  i n  e r e c t l y  th e  ssn o  m anner as  t h a t  
d e s c r ib e d  f o r  n n r f u s io n  o f  ja u n d ic e d  p l - s a n . S ix  e y a o rim e n tr  
ixs.inf h y p n rc h o le s to p o l-  emic y l"  ay a. (HC) wore y r f  o rned  and 
f i v e  u s in y  a la sm - from  norm "! p a t i e n t s  as, c o n t r o l s .

b ) P u re  chol " s .to ro l

P u re  c h o lo s t e r o l  ( h .D .A .) was d i s s o lv e d  e i t h e r  i n  s a l i n e  o r 
i n  n l r s m a . I t  w s  found t h a t  i t  wan d i f f i c u l t  t o  o b ta in  
h i r h  c o n c e n t r a t io n s  o f  c h o le s t e r o l  nninm  t h i s  method and a 
maximum cor.er. n t r n t i o n  o f  10 m ^/ml w-n o b ta in e d  . Chnl o s te r o l  
was n l s o  d is s o lv e d  in  n ro e n n o l and t h i s  s o l u t i o n  was added
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D’ABLE 24

E x p e r im e n ta l  p r o to c o l  f o r  exam-iJiing th e  e f f e c t s  o f 

c h o l e s t e r o l  on th e  r e o i 'c n s e a  o f  $m io o ltt- te d  p tirfu b e d  

a r t e r y  t o  t l ie  a c t io n s  o f  n o r a d r e n a l in e . A ll  re s p o n s e s  

com pared to  re o p o n a e e  d u r in g  K rebs a o lu t io n  p e r f u a io n ,

( a )  T e s t s A r te r y  p e r fu o e d  w ith  p laym a from  Type IIA
h y p e r lip id a e c i io  pat3.entE3 -  6 e x p ta .

C o n tro ls  A r te ry  p e r fu s e d  w ith  p lasm a  from  norm al 
s u b j e c t s  -  5 e x p to .

(b )  T e s t s A r te r y  p e rfu ised  w ith  c h o l e s t e r o l  i n  K rebs -
5 e x p to .  A r te ry  p e rA in ed  w ith  c h o l e s t e r o l  in  
p la a w a  -  10 e x p ts  A r te ry  p e r f u s e d  w ith  
c h o l e s t e r o l  i n  p ro p g jio l -  [j t rx p ts .

C o n tro lsP ro p a n o l a lo n e  d i s o lv e d  in  K rebs p e r fu s e d  -
3 o x p ts ,

( c )  T e s t s A r te ry  p e r fu s e d  w ith  low  d e n s i ty  l i p o p r o t e i n
c o n c e n t r a te d  from  n o rm al s u b je c t s  -  5 e x p ts .  

C o n tr o l s Art,er.v perfx istid  v ii th  b o v in e  albuuiun -  5 e x p ts .
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to  K rebs s o lu t io n  rnc! n e r fu s e d  u s i n r  th e  te c h n iq u e  nlrervfly 
f lo sc r ib o d  f o r  jru n d ic o d  n lnom n. I n  a d d i t i o n  n ro o o jio l a lo n e  
wan added to  K rebs and th e  'r e s p o n s e s  o f  th e  v e s s e l  to  th o  
e f f e c t s ; o f  n o ro d ro n ,a lin e  w ere o b ta in e d  when t h i s  won 
p e r f u s e d . F iv e  e x p e rim e n ts  wore c a r r i e d  o u t u n in n  
c h o l e s t e r o l  d i s s o lv e d  i n  s a l i n e ,  10 o x n e r im e n is  u s in p  
c h o l e s t e r o l  d i s s o lv e d  i n  n ln m a  and  5 o x ^ e r im e n ts  u s in jr  
c h o le s to r o l  d is c o ]  vod i n  n ro r '-n o l  i n  c o n c e n t r a t io n s  r a n f- i n r  
from  PO « w t o  5 0 / / a / ' 1!  wcro u s e d . Throe cx n o r im e n ts  u s in p  
p ro n a n o l c lo n e  d i s s o lv e d  i n  K re b s , wore a l s o  c a r r i e d  o u t 
(T a b le  ? 4 ) .

c )  P r e p a r a t i o n  o f  low  d e n s i ty  ] i r io n r o tc i r . r  ( b e ta  1 iv 'O 'n ro le jn ) 

P lasm a rvsr rem oved from  10 norm -1  f a r . t i n r  p a t i e n t s , T hese 
sam p les  w ere spun  i n  a Reclcnan CP65S u l l r o c o n t r i f u r e  a t  
1 9 ,0 0 0  r . p . n .  f o r  a. p e r io d  o f  30 m in u te s  to  remove th o  
c h y lo m ic ro n s . Then th e  sam nlcc  vvero r.mm r t  40 ,0 0 0  r .n .m .  
f o r  18 h o u rs  w ith  ^ d e n s i ty  s o lu t io n  c o n ta in in g  1 1 .4  f r  MaOl; 
O . l f r  Ka?BDTA; 1 ml N"0:r made vm to  one l i t r e  w ith  d i s t i l l e d  
w e.ter an d • o f  r .-an c ific  r r r v i t y  1 .0 0 6 .  V ory low  d e n s i ty  
l i a o n r o t e i  "a ( n r e - b e t -  l i - o a r o t o i n r ) moved from  n lrn n r. to  
t h i s  s o ] u t io n  «nd w ere rem oved. The r o m a in in r  riac m a  w-s 
spun  f u r i '  o r  a t  4 0 ,0 0 0  r . a . n .  f o r  PO h o u rs  w ith  r  second 
d e n s i ty  r  U it io n  c o n t- in ir .m  P 4 .p 8 r r  Da.Iir in  a 100 ml o f  
f i r s t  d e n s i ty  s o l u t i o n  and o f  s p e c i f i c  . - r a v i ty  o f  1 .1 8 P .
The low  d e n s i ty  l i r o n r o t o i n s  ( p  - i . in o " i ,o t c i n s )  moved from  
riar,ma. i n to  t h i s  s o lu t io n  -nd t h e i r  n rc s e n c c  was co n firm ed
u.n in :' r  T echtiicon  A ll  -n to -  n- l .y s e r  - s  w e ll a s  by e l o c t r o -  
’■ " 'o re s is , T hese ] ow d e n s i ty  i i '< o n ro te in c  w ere th e n  d v - lv rc d  
a f a i n s t  norm- ] r - l i r ;e f o r  P4 h o u rs  to  remove th o  H1)TA and 
b ro m id e . T h is  c o n e e n t r s tc d  i im o r r o t e in  s o lu t io n  wan added 
to  K rebs s o lu t io n  -nd  w- a- in fu s e d  i n t o  th e  a r t e r y  i n  
c o n c o n t r r t io n n  ra n y in ."  from  flO-HO mr<:. F iv e  e x p e rim e n ts  
v/cro c a r r ie d , o u t  n lu s  an  e e u s l  num ber o f  c o n t r o l s  u s d n r  
b o v in e  a lbum in  (tTKHOK) - t  d o se s  o f  ^O-'y-O r ,- ,:.

R e s u l ts

a ) H yunrl i -n d•^emi.c u] " S " ".
F ir u r e  PJ shows ih r n e  s e t s  o f  re sa o n r.e s  o b ta in e d  from  a 
s i n r l n  - r t e r y  e v n e r im e n t. Tim to n  t r - e o  shows th e  n r e s r u m
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changes in the perfvisate after injection of NA ranging from 
0. 8 jag to &t/g . The middle trace shows that pressure 
changes after injections of doses of NA ranging from 1.6^/g 
to 8 when the artery was perfused with hyperllpidaemic 
plasma and the bottom trace after a period of washout with 
Krebs. It is clear that the responses to NA are much larger 
in the presence of hypercholesterolaemic plasma. Table 25 
shows the individual responses obtained in each of the six 
experiments before and during perfusion with hypocholesterol- 
aemia (HC plasma). Using a paired "t" test the response 
with HC plasma was found to be significantly different from 
the responses in Krebs in four of the six experiments.
Another similar experiment is shown in Figure 28, as a
log dose versus response plot. The potentiation of the
NA responses in the presence of HC plasma is seen as a shift
of the curve to the left of the control curve. After washout
with Krebs the dose-responses were shifted back towards 
(but never quite reached) the initial curve. When normal 
plasma was perfused no potentiation was seen (Figure 29).

Figure 30 shows a double reciprocaJ plot of the data 
from a typical experiment. In this it can be seen that both 
the slope and the x intercept obtained with"the Krebs • 
solution are different from those obtained during perfusion 
with HC plasma. The y intercept is also changed. Thus the 
maximum response of (of this artery) is increased
slightly while there was a large change in the drug receptor 
equilibrium coefficient (Keg)* Table 26 shows the values 
Keq and Rmax £or aJ1 HC experiments. Using a paired "t” 
test the Keg (HC) was found to be significantly different 
(p < 0.05) from the Keg (Krebs). Although there is a 
tendency to Rmax to be increased with the HC plasma this was 
not significant at the 5% level. There was no significant 
change in either or r̂nax in the normal plasma control.
The assayed values of the total cholesterol and percentage 
cholesterol were also shown in Table 26. There was no 
correlation between the degrees of NA potentiation and
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TABLE 25

T h e  p e r f u s a t e  p r e s s u r e  c h a n g e s  (m m  H g )  i n  s i x  e x p e r i m e n t s  

w h e n  n o r a d r e n a l i n e  w a s  i n j e c t e d  i n  d o s e s  r a n g i n g  f r o m  
0 , 8  t o  8 . 0 > # g .  T h e  v a l u e s  a r e  s h o w n  d u r i n g  K r e b s  (K ) a n d  

d u r i n g  h y p e r c h o l e s t e r o l a e m i c  p l a s m a  (H C ) p e r f u s i o n .  T h e  
r e s u l t s  o f  p a i r e d  " t "  t e s t s  a r e  s h d w n  o n  t h e  r i g h t - , .

N A  d c s e  ( j / g )

N O . 0 . 8  1 . 6  3 . 2  6 . 4  8 . 0

K- O  1 . 2  3 . 4  4 . 7  5 . 0
P  < 0 .0 5

HC 2 . 5  5 . 3  1 0 . 6  1 4 . 7  1 7 . 5

K 0  0 . 5  0 .1  1 . 3  1 . 5
p  < 0 . 0 2

HC 1 . 0  1 . 7  3 . 8  .= v  5 . 0  '

1 . 8  2 . 9  3 . 7  8 . 8
p / 0 . 0 1

5 . 1  1 0 . 3  1 6 . 9  . . , .  3  2 2 . 1

0 . 2  1 . 0  0 . 7  0 . 9  -  - 1 . 2

1 . 1  1 . 3  2 . 1  2 . 7  6 . 2

6 . 3  7 . 5  1 6 . 9  3 0 . 0

1 5 . C  3 3 . 7  4 3 . 7

0 . 9  2 . 5  4 . 7  6 . 9  6 . 6
p /  0 . 0 5

8 . 4  1 3 . 8  1 6 . 8  -  -  '
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Dose of NA
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TABLE g6.
The equilibrium coeffic ien t (Keq) and the maxinal possible response (f^|ax) 

calculated fo r each hypercholesterolaemic plasma experiment and each normal 

plasma con tro l. The significance (paired "t" t e s t )  o f any changes are shown 

a t  the base o f each column. Also shown arc the values o f to ta l cholesterol 

(mg%) and the % a cholesterol fo r each of the plasmas used.

HYPERCH0LESTER0LAP1IA EXPERIMENTS

Expt.
Ho.

Total 
Chole­
sterol 
mg %

p chole­
stero l %

liC Plasma Krebs 110 Plasma

1 415 72 7.2 1.0 2.5 14.3

2 370 70 4.0 5.0 12.5 40.0

3 525 75 33.0 20.0 33.3 100.0

4 326 71 6 6 1.3 1.9 2.3

5 300 73 10.0 3.1 166.0 250.0

6 490 70 5.0 0.1 40.0 20.5

P<0.05 0.05<P<0.1

1 T/u 65

NORMAL PLASMA CONTROLS 

15.0 2.9 12.5 1.5

2 166 69 8.9 2,9 33.3 16.6

3 200 70 1.1 2.2 4.3 5.3

4 195 65 2.7 8.0 25.0 27.7

5 201 66 2.9 4.2 6.7 9.1

N.S. M.S.
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t o t a l  c h o l o f j t o r o l  c o n c e n t m . t i o n .  I n  r l l  o f  t h o  o r ' n o r i r ' o n t c  
a  h i c h  c o r r o l - i t l o n  c o e f f i c i e n t  tv h f ln  t h e  Aoso ond responne 
wr.s o b t a i n e d  (0 .7 6  -  0 , 9 8 ) .

b )  P u r e  e h o T . o p t e r o l

I n  t h e  f i v e  e x p e r i m e n t s }  p e r f o r m e d  w h e n  G h o l c s t c r o l  v /? .s  
d i s s o l v e d  i n  s a l i n e  n o  p o t c n t i  " t i o n  o f  t h e  r c s ' n o n r . e  t o  
n o r s r . d r e n r . l i n e  wra f o u n d  r t  c r y  o f  t h e  c o n c e n t r a t i o n s  o f  

c h o l e n t o r o l  u n e d .  ( l O ^ r / n l  -  50 / / f / ' n l ) .  A l s o  u r i n f  t h e  

m r .x lm n . l  T i o c r i b l o  c o n c n n t r r t i o n  o f  c h o D . e n t e r o l ,  n o  n o t c n t i r - -  
t i o n  o f  t h e  c f f e c t n  o f  !!A  v:rr, f o u n d  i n  c n y  o f  t h o  t o n  
e x p e r i m o n t f :  c r r r i e d  o u t  w h e n  c h o l e o t o r o l  w r . s  t i i r . n o l v c d  i n  

p l r . n n r  o r  w h e n  p e r f u m e r  d i s n o l v o d .  i n  p r o p c i i o l .  I t  w e e  c l c o  
f o u n d  t h c t  o r o p r n o l  r d d o d  o i t > e r  t o  K r o b i ;  o r  t o  n o r n r l  

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

c )  J o ; r  d p i ’ f i i t ’'  2 t o . -' : * "  ( > ' , t . " —l i ^ o ^ r o t r i n n )

F if ix re  31 Rhowr th e  ro p .n o n m r o T t- in o d  to  KA i n  rn  
i r o ]  ?.t#* r r t o r ? '  b e f o r e , d v rin '*  -nd  " f t o r  ■nerfu.cior. o f  
ICO npf. o f  low  d en n j.ty  l i - n o ^ ro tn in c  (LD L). Al+hon^h th e  
d o se a  o f  HA unod v i th  1 i ^ o p r o to in  *.vcro 1 / lO th  th e n - ' in  
K re b n , nv.ch in r ^ o r  r e n o n r .o n  w ere o b t a in e d , 1’h j r  would 
i n r 'i o c t e  ^ c h i f t  o f  th o  l o r - d e r c  ror.'-o'ir-c cu rv e  t o  th e  l o f t  
d u r in g  131  p o r f u n io n , ••n rhov.T. in  F ig u re  3^• O o m .- r ir o r  
by r  n ' i r o d  " t "  t o r t  o f  th e  r o r n o n r e r  in  Krcbr- to  th o  
rcr.^onrf!"  whor l i ^ o p r o t n tn r  v o ro  'd d o d , rh o v r  th e  ro r.^onro  
in  l i - ’O ^rotnj.nr: t o  hr, n i ' - n i f i f ' " t l y  f i f f n r n n t  ( ^  , Oi )

f i v e  o : - p n r a  ' . n n t r .  T h n r r  r ' T p o r r ^ o r  i n  c - c h  o x n o r i n o r t  
c ? n  '’i n  m e n  n * b l o  r ? .

T rH n  ?8 r h o v r th e  c r l o r i  " tn d  v H tn r ' o f  Kop rnd 
(fro v . r. L5nc.vo-'.vcir-Bur'ro r i o t )  f o r  r l l  f i v e  n j - ^ c r r io n t r  
vw ir."  low  f o r . r i ty  l i p o p r o t e i n .  A d n c re v m  iv. K ■’nd rn  
in c r a - j 'o  ir , izirl-. x o c c a ro d . ?!o c i ^ i i f i c i n t  c h m ^ o  i n  2JA 
o o n c i t i v i t : /  ooourod in  m y  o f  t h e  c o n t r o l s  when b o v in e  
u l b m in  wr.r, u n o d .

Di.-icufi-jor.

M i e n  p u r e  o h o l o n t o r o l  v . r n  C i n r o l v o d  i n  e i t h e r  p i . - r r ! ^  or



Tr.ro  I r/ J - .

N * l * l

100 mg % j \ .  I

P Lipoprotein U \ A j y

f f l f r r
0,8 O .B ^ O .a !0,16 0.08 NA (xjg) 

5  mins.

1 10 cm. H20

F in . '.r o  3 1 .  P33FU 8T0T V.T'JI! L0*,7 D.JiUIEY H T .^ H O K lir r s  
__________ ( f t  -  i ] T ( T :# ?  iT"r:)_____________ _

U -^o r frr-c n  -  Di’i'in,-- n n rfv .fj c i  v.-ltli K rnbr s o l u t i o n .  
I l iO c ’ l c  T r ;  c c  -  D u r i n g  p e r f u s i o n  w i t h  3 .j  " o ^ r o ^ o i n » 

B o t t o n  T r r c o  -  D u r i . n r  v / n n h o n t  v t t h  I ' r o b r  r o ! 1 u t i o n ,
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Pape 15%.

gABUB 2d

The v a lu e s  o f  th e  e q u i l ib r iu m  c o e f f i c i e n t  (K ) f o r  th e  NA 
r e c e p t o r  i n t e r a c t i o n  pjid th y  m vximal re o p o n ae(R max) to  NA 
i n  f i v e  e x p e rim e n ts  when K rebs v/as fo llo w e d  hy p e r f u s io n  v /ith  
a  ^ I d p o p r o te in  s o lu t io n  (LD  L ) .

B x p t. No. K rebs p r o t e i n K rebs p r o t e in

1 U.85 0 .1 9 5 .0 8 1 6 .9 5

2 5 .1 4 5 .8 6 2 2 .7 3 7 1 ,4 3

3 2 .4 9 0 .7 5 1 1 .4 9 1 5 .5 3

4 2 .4 2 1 .4 4 1 3 .8 9 55 .56

5 1 3 .8 9 2.23 5 2 .6 3 5 8 .8 2

P <  .0 5 P < . ° 5
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□ a lin e  no p o te n t j ^ b io n  o f  th o  c f f n a tn  o f  n o r - f l r o n 'l i n o  
v/ero o b s e r v jr l .  ?h c  c o n c o n tr ,’'l;j onr; ucod  v.oro i n  exccnn o f  
thoGG uc>e<? by S ^ l t  nr.fl Jv^rc .on  in  h o rr r t  m ur.cle b u t  lo w e r 
t: ,n n  th o n e  fovnfl i n  h y r n r l i n l d '  cn j c n l c n n r . S r l t  ,-ncl 
I v e r r o r  re -n o rt t h ? t  th o  n r t r r '- n n 'r o n r . l  UTtcvko o f  HA i n to  
hcr.jrt n u fic le  v;ra j n h ib i tn d ^ '11. O'he f a i l u r e  to  d e ra o n ^ trr te  
th ti ■notontir’t i b n  o f  th e  ronnonf-nr to  HA i n  th e  v rn c u ] r r  
p ru n n re .t io n  nr-" me nr. t h r t  v . - r c u l r r  n-nooth muncXe in  n o t  on 
s o n o i t i v e  to  c h o lo n te ro X  ,.n h c r - r t  rn u r r lo , ".nd t h o t  ru c h  
I r . r ^ c r  c o n c e n t r r t io n n  o f  c h o lo ,s te r o l  a r c  neoficfl,

L c r r c  in o ro r .o n tn i o f  n lc n n r. c h o lo n to ro l  :ir e  four.c1 i n  
F ro a r ic lrn e r .1 r, Tyne H r .  h y n n r l i - n i^ r o n i r .  T hin  i o  I f r r o l y  
c a r r i e d  in  n l"  e n r  rn  "n i n c r o r r o  i n  t h e  I!)I; ( b e t r  l i ^ o -  
n r o to in )  f r r c t i  on ^  . V.Tion n l" m ."  from  t h e m  T n t io n t r  n rc  
uned p o t e n t i r t i o n  o f  the1 ror-?onnao to  I!A r r ?  oVrorvoc1.
T h im  n o t c n t i ' - t i o r .  -i i ~ l ' . t  h rv c  b o o n  r o h i o v o ^  c i t h e r  b e c r u n s  

t h o  c o n o c n t r - t i o r .  o f  o h o l e s t e r o l  w a s  m u c h  h i g h e r  t h e n  i n  
t h e  n r o v i o u r  e : : n c r i r . p n t r ;  o r  b a c u r c  when n h o l o r t o r o l  i o  
f i i t z ' . c h n f l  t o  i t r  r ^ o n r o t e i n  a t  i n  r .m c ? ' m o r e  e f f e c t i v e  i n  

t h i c  TQ-r'rr*-. T ’. ' . f i r o  r r y  - I r:o  h r . v o  b o o n  s o * io  o t h e r  f r c t o r  
i n  t h o  h ? ” ' ( 5 r l i ^ i i , ' ' . 0 " d  c  v .h i  o h  - " o t o n t i r t o f  !"A .
How ever, th i r .  r.r-onr r n l i '- o ] y  -ic th o  o::"cr.'' •’o n tn  vrith  
ir 'o T -tc c ' l o ’.v f  n n r i t y  ] i i o y r o t o in  v.-ovlr1 incij cr .to  t h r t  t h i r  
c o n r 't i t v c n t  o f  th e  v.v r, ' i r i r - r i l y  ro n ^ o n c ib lo  f o r  th o
^ o tc n t i , '  t j  o r .  O'hj n ronl.c' r : trc n " th u n  th o  h y rio th c r .ir  t h - t  
c h o lo r to r o l  " t t - c h o n  to  i t r  ' -"o n ro tc in  i r  n o re  f i f f n e t iv o  
th -.n  n u rn  '’ Inr-oTvMd. cho? " r t ^ r o l . An im ^ o r tr-n t c o n t r o l  
c rn o rj^o j-’t  v-ovld h ' v? boon th o  i n f v r i o n  o f  th e  -n o n ro tc in . 
r ]  ono i  . 0 , r o n ^ r - to  fro-.i thr- ohoi o ; : to r o l  'n o o i ty ,  V -riou.n 
r t t o n r ' t r  vzoro to  r o n " r " to  th o  oho? r r to r o ] .  f r o n  i t r ,
r r o n r o t o in  b u t  th o rn  v.-cro '1 1  vnruoccririfu ] duo to  th e  
tonflonoy o f  th o  ^ r o t o i n  to  (in n :-tu rn , Tho r n ^ l y r i r  o f  th o  
dcitr v i.n M ich"ol j r - ! 'n n to n  k j n o t io r  in r t io ' t o r  t h r t  when th o  
v r r o v l r r  rvnooth m v .c lo  is: n::«orrfl to  r. h i r h  r h o l c r t n r o l  
c o n c e n t r a t io n  th .^ro  i r  r  r1or:rc,-ro (1 on. i l  nbrin ':i o o n ff i  c j o n t 

(Kef]) f o r  th e  n o r j '^ ro i r  ] In c  ro c ar> to r i n t e r a c t i o n  r r t l  rn
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i n c r e n a o d  m n x im n J .  r c a n o n c e  ( R m p x ) .  5 h i a  i n c r o a o o  a n  a l r e r d y  
m e n t i o n n d  n u n t  b o  n a n o c i r v b e c l  w i t h  i n c v e r R G d  i n t r i n s i c  
a c t i v i t y  o f  t h e  t i n n u o  r n d . h r . n  n l r o r d y  b e e n  r t i o c v n r . e d  a t  
l e n g t h  w h e n  c o n o i d c r i n y  t h e  chmr.cn  i o v m d  w h e n  , - j r i m d i c e d  

; . ; l r  n m n  y ip s  n e r f u n e d  .

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

t h e  m u s c l e  b e c o m e s  m o r e  s e n s i t i v e  t o  I IA ,  T h i s  h y p e r s e n s i ­

t i v i t y  m a y  b e  m e n d i a . t o t i  b y  a n  in h ib itio n  o f  e x t r a ,  n e u r o n a l  
u p t a k e  m e c h a n i s m ,  s i m i l a r  t o  t h a t  p r e v i o u s l y  r e p o r t e d  i n  

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

b e  d i s c i  c tc d  l a t e r .  T h e s e  r e s u l t s  a r c  a l s o  s i m i l a r  t o  
t h o s e  o b t a i n e d  w h e n  . j a u n d i c e d  a l a r m s  w a s  p e r f u s e d .  T h e r e ­

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

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

f a c t o r s  i n v o l v e d  i n  T o d u o i n y  t h e  i n c r e a s e d  s e n s i t i v i t y  t o  
t h e  e f f e c t s  o f  n o r - d r c n s l i n o  f o u n d  i n  b o t h  v i v o  a n d  i n  
v i t r o  e x r e r i m c n t r .  r e s o r t e d  i n  o b s t r u c t i v e  j a u n d i c e .  T h i s  

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

The -p rev ious e x n o r im c n ts  h.n.vo i n d i c a t e d  t h r t  low  d e r o i t y  
l ip o -p ro te in o  n ry  ho one o f  th e  f a c t o r s  rc s -o o n o ib le  f o r  
th e  n o t o n t i r to d  rc r.ro n n e n  to  n o rn d ro n n .lin e  w hich hr.vo been  
fo u n d  b o th  i n  v iv o  ".nd i n  v i t r o .  Jn  o x n erim c n to  i n  which 
l i p o p r o t e i n  won n o r f u a o d , t h i s  -n ro tc in  w -s r  c o n c e n tr r .to  
to k e n  from  norno .l h u n m  n l o r n " . I n  th e  e x p e rim e n ts  
d e s c r ib e d  below  th e  fo l lo w in g  wn,D done

( p . )  A  d c n r o t c i n i n o d  s o l „  o n  n r e n r r o d  f r o m  j r u n d i c e d  n l o c n o  

w o s  n e r f u s e d  i n t o  t h e  i n o l r . t o d  f c m o r o l  o r t e r y  n r e p r r o . t i o n  
i n  p  c i n i l o r  n o n n e r  t o  t h " t  p r e v i o u s l y  d o r c r i b e d . T h e  
r e s p o n s e s  t o  i n j e c t e d  IIA  w h e n  K r e b s  w r .s  p e r f u s e d  w o s  
t h e n  c o n p o r e d  t o  t h o s e  o b t o . i n e d  d u r i n o -  n e r f u c i o n  o f  

t h i s  e x t r a c t .

(b )  I,ov  d e n s i ty  l in o n r o te in o ,  ( b o t - . - l i r o - 'r o t e i n )  won se p o ro te d  
from  ja u n d ic e d  pl-'sm o ond p e r fu s e d  i n t o  th e  i s o l r t e d  
r .r te r^ r p r a ^ T o t i o n a . The re s p o n n c r  to  n o r r d r c r . f i  in e  
when K reb r w n  p e r fu s e d  w ere co ^ n rro d  to  th o s e  obto.ined 
t iu r in y  n c r f ix r io n  o f  t h i s  a r t  r o o t  i n  r  s im i lo r  m rnr.cr to  
t h o t  p r e v io u s ly  d e s c r ib e d .

( c )  The s o l u t i o n  o f  th e  cound ieod  n lonno  o b ta in e d  " f t e r  
t h e  1c : d e n s i ty  l i  p o n ro to i  vr- hod been  removed v-.r 
p e r fu s e d  i n t o  th e  iso ? .- 'te d  - r t n r y  p ro - o - r '- t io n . The 
re s p o n s e s  to  n o r- f ro n o ?  in e  o b ta in e d  d u r ln y  t h i s  " o r f u s io n  
w ere c o o y r e ^  to  th o s e  okV ir.ocT d u r in y  K rebs p e r f u s io n .

(d )  O th e r  c o .n o ti in e r t ."  o f  th e  .i-im di cod rl'T .m - wore o o rfu o cd  
i n t o  th e  isod .-ved  o r t e r ^  n ro n o r o tio n  i n  o r d e r  to  d e te rm in e  
w h e th e r  n o t e n t i '- t i o n  o f  th e  re r.n o n re n  to  n o rsd re n o li.n o  
o c c u ro d . T hese c x r o r i n o r t s  w il? now be di s c u sse d  in  
det-oil. b e lo w .



n ) E xnorinnntr? w ith  D on ro tn j •VnrKlinorl p ].-c '

P ro -n n r r t io n

Baboon riln c r .', (f ro m  r n i n a l s  iv i tj . induocfl o b s t r u c t iv e  ja u n d ic e )  
was d e n r o tc in is c d  by a d d in g  ?0 m is o f  n c r c h l o r i c  a c id  
to  bOO m is o f  o losm '' a t  1 °G . The a c id  wee added  s lo w ly  
w ith  c o n s ta n t  n a y n o t ic  s t i r r i n a  w h ile  th e  v e s s e l  c o n ta in in g  
th e  p lasm a  was co o le d  i n  a  I r r r o  volume o f  i c e - w a te r  m ix tu r e . 
When th e  n r o t c i n  ■ n r e c i^ i ta t io n  \-r<a c o rm le to  th e  e x t r a c t  was . 
c e n t r i f u g e d  a t  1 0 ,0 0 0  :c r  f o r  30 m in u te s  a t  0°C r f t o r
w hich  th e  r a p o n ia to n t  was n e u t r a l iz e d  to  pH 7 w ith  s a tu r a t e d
p o ta s s iu m  c a r b o n a te . The nrooinjt a t c d  p o ta s s iu m  c h lo r a t e  
war. removed by c e n t r i . f u a r . t io n  " t  3 ,0 0 0  :: y f o r  10 m in u te s  
a t  0 °C . The r e s u l t a n t  s u p e m a tc n t  was a d ju s te d  to  pH 7 .3 5  
w ith  a  few  d ro -T  o f  c o n c e n tra te d  sodium  h y d ro x id e .  F in a l ly  
th e  c u p e rn e to n t  -,;rs f i l t e r e d  u n d e r  p r e s s u r e  to  remove m y  
t r a c e  o f  p o r c h lo r - to  p m t i c l o r  ro m -in in '" . T h is  s u p e r n a te r . t  
wso th e n  u sed  an  a. n r e o to i n - f r e e  o : : t r - c t  o f  p l - m a . The
d i l u t i o n  o f  th e  plasma, by add in ;- th e  p e r c h l o r i c  a.cid was lO f .

R e s u l t s

Ho p o t e n t i a t i o n  occurcd. i n  f i v e  c m n r in a n ts  urin^ t h i s  
s o d u t io n  in  a s i m i l a r  m '-nner d o '-c r ib c d  f- lre rf ly  f o r  n o rfu r .io n  
o f  ja u n d ic e d  ml-am'- i n t o  r-n i s o la to r ]  a r t e r y  n r e n ^ r - t i o n .
The re s p o n s e s  i n  e -c h  o f  th e n o  e n p e r in e n tn  can  bo r e a r  i n  
T ab le  ??•

b ) 3i::’’e 'a im on tr w ith  Low D c v a ity  L im o n ro to in s  (I,PI,) From 
5 -u n d i end r-m-

P res '-r ."  t i o n

The low  d e n s i ty  JJ m s r o t o i n r  w ere se n s  r a te d  from  n is r n a  
o b ta in e d  from  b -b o o n s  i n  whom th e  b i l e  d u e t  had been  l im i te d  
two v/enhr, n rn v io u rO y . T hese 1 in o n ro l.c j.n a  w ere n e n s r - to d  
i n  an  i d e n t i c a l  m anner t o  t h - t  d e s c r ib e d  n r c v io u c ly .  Low 
d e n s i ty ; l ip o p r o te in  ( I.DL) war how ever "n-afuaad b a a ’- jn  
c o n c e n tr-  tio m a  r - r - i n -  from  1 -  2 .5 ' w / m l , w hich i s  th "
r.ane c o n c c n tr - t io m  -a  t h a t  found b e f o re  t k e o r t r m t l o n .
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7 ABLE 29

Shows p e r f u s a t e  p r e s s u r e  c h a n g es (etna H? 0) i n  f o u r  e x p e rim e n ts  
when n o ra d r e n a l in e  (HA) was i n f u s e d  i n  douee ra n g in g  from  
0 .8  -  8 ^ g .  V a lu e s  a re  shown d u r in g  R reha p e r f u e io n  (K) and 
d u r in g  d e i^ o to in ia e d  ja u n d ic e d  p lasm a  p e r f u s io n .

M SS  HA _(A g)

0.8 1 .6 3 .2 6 .4 8 .0

1 K 1 .5 3 .4 6 .8 7 .0 7 .1
P 1 .3 2 .7 5 .9 8 .9 7 .0

2 K 3 .6 4 .8 5 .0 6 .3 7 .0
P 2 .9 5 .0 5 .5 7 .1 7 .1

3 K "•5 7 .8 9 .4 1 1 .7 1 2 .0
P 5 .6 6 .9 1 1 .8 1 1 .0 1 2 .5

4 K 1 .0  1 .5  2 .0  3 .5  4 .7
2  2 .0  2 .5  3 .8  4 .0  4 .5
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T h is  i s  i n  c o n t r n a t  to  th e  W L  o b ta in e d  fro-n no rm al n lrB c?  
w here in c ro rc e f l  c o n c o n tr r .t io n n  vrere u c o d .

R o n u lts

P o te n t i  a t i o n - o f  t h e  n rc c s o r  c f f e c t a  o f  1IA o c c u re d . A t r r c u  
obtp.inefl r lu r in -  n e r f u r io n  o f  t h i n  l in o -n ro to in  i n t o  c.n 
i f j o l r t e d  r . r t c r y  p r c ^ r r r . t i o n  c m  be sco n  i n  F if-y rc  3 3 . The 
t o r  t r a c e  nhov.r, th o  rcrrnoncen o b ta in e d  v.'hcn Kroba r.o M io n  
won nerfvxscc1. , th e  m d rllo  t r r c e  rhov/r th o  rennonnrjc ob tr.in^rl 
when th e  l i -p o ^ ro to in  v:ra perfv .fp-5 . T t cr-n be se e n  t h n t  th e  
re n n o n rc n  o f  th e  n r to r y  v.-hen l i p o p r o t e i n f r o n  jru^ .c j.ccd  n l r r n n  
v/p.o p e rfu n o d  r r e  nvch  fi-e r- to r  th r-n  th o  re  o b tr .in e d  T.iien 
K rcba c lo n e  nr.r, n o r f i 'n e d . The v r lu c n  o b ta in e d  ^ o r  Knfi r-.nd 
R jj,^  f r o n  th c c e  c K ^ o r in rn ts  c m  bo neen  i n  T rb lc  20 . I t  
ccrzi be soon  th r . t  h e r o  v/rn b o th  r  c’ccroc-r.e i n  ICec. rn d  ,-jn 
in c r c r n c  i n  nn r s .

c )  S-Tjiorirzont- v i t h  J -u n ^ .ico d  Plr.rjrnr f r o r.i v .hich T.DI. h rc  b een
RpMOVpfl ._________________________ ______________________

The p l r n n r  r e r r i r . i n "  - f t e r  t h e  l o v  d e n s i t y ' 1 i.v'o*'rotc>in 
hod be on removed bv th e  " .e t’ioti r!ororifcn^ n rc v io n a l.v  v;rs 
in A ’.-ed i n t o  r n  ic o V te r !  - r t e r y  r r o n r r r t i o n  i n  " n i n i l ' - r  
m nnner t o  th r  t  o ro v io n n ly  d .e n c rih e ti. F iv e  o x ’;c r in e n tn  v /jth  
t h i c  Tilrr™.-’. woro -norforr.cd m d  i t  v.-n.n f< .v  d t h - t  n o t l o n t l r t l o r  
o f  e f f e c t s  o ccu rer" , ."lthov ."h  th j r :  vvno n o t  r a  r ro r .t  c r  when 
j.-xiridiccci n l r m r  v r a  nerfv.npd o r  v/hnn i.in o -n ro to in r. from  
jfu n d in ec1 ■nlncr.'" v.'cro pcrfx iro d  i n t o  th o  ic o l^ to c ' T f ' r r r t i n r .  
(S rb lo  31)* I 'ho ro  v:::r. how ever r. r - i - n i f i c - n t  d i f f e r o n o e  
bet-.vnon th e  r e n u l t  obt-'^nec1 whon Krobr. r!' one v.rn ^ e rfx ’rnc’
Mid th o n n  o h t'd n r-il whor t h i r  n x t r - c t  v r n in f u r r d  ( n < O.Cc ) .

d ) C o r.r i t i tv ^ n tn  o f  J '  rn c 'i  r.e i

1 ) B i l i r t i b in

C r y r t - l l i n o  M .i . jr u b ir  ( i in c o n .ju - 'r ttf l)  v.^n a is n o lv e d  i n  0 .1  n 
nodivm orrbor.- t o ,  -nd d i l u t e d  w ith  m X in c . Thj n w r .  -dded  
to  K robr ro } n t io n  c o n e n n tr ' td.onn y r - ' i n , "  f r o - ' r< *n'* to  
7 rtffj v/nrr oh t—j .Ted . F iv r  o r p r r jn r ’n tr , r n r n  cp.rrd nd o u t 
contr.'-i'inr th o  r e r m l tn  o b trn n n d  when bo ln r; dor.on o f



°-6 i , 6 3,2 dL 00 6,4 3,2 lL0,8,64'32 jug N A

K rebs +
1,4 m g /m l jS lipo pro tein

osVos1'6 3'2643‘23 2 ''6 0,8

4 0  cms. H gO

P ic v . ro  3 3 .  m n ^ jy T o : :  vhth  ],. v; d b k s t s y  u r c r H O 'in n i : ; ;
( ^  ? : > c "  «t ; .h ;t)TC ^  p t -a s ' t a .

Top Trr'Ofi -  D x irinr " r r f n '- i o n  wxth K ^rh r r .o lv t io n .  
H icldle Tr.-cc -  D u r iiy  l i i o - ’i r o tu in  " n r f x 'f i o n .
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Shows c h a n g es i n  th e  e q u i l ib r iu m  c o e f f i c i e n t  ( K ^ )  and 
th e  maximum re s p o n s e  (^ max) i n  f i v e  e x iie r im e n ts  v/nen 
K rebs was fo llo w e d  by  p e r f u s io n  w ith  low  d e n s i ty  
l i p o p r o t e i n s  ( £  l i p o p r o t e i n s )  from  ja u n d ic e d  p lasm a ,

5 &  W  (CM H20:i

KREBS HIWROTBIN KREBS PLASMA

1 1 .9 2 .2 6 .8 1 3 .1

2 3 .1 1 .5 1 .6 9 9 ,1

7 2 .9 1 5 .6 2 3 .1 4 9 .4

1 3 .0 1 .2 5 .5 1 9 .7

1 7 .9  ' 0 .2 3 .? 2 3 .0

J4EAN 2 7 .7  4 .1

P < .0 5

8 ,1  4 0 .8

p < . 0 5
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Shows p e r f u s a to  p r e s s u r e  c h a n g es  (cm UpQ) in. f i v e  Q xperiv ien ts  
when n o ra d r e n a l in e  (KA) was i n f u s e d  i n  d o se s  ra n g in g  from  
0 ,8  -  8 .0 /^ g .  V a lu e s  a re  • shown d u r in g  K rebs p e r f u s io n  (K) 
and d u r in g  p e r f u s io n  w ith  ja u n d ic e d  p lasm a  from  w hich  th e  
low  d e n s i ty  l i p o p r o t e i n s  h ad  b ee n  rem oved ( P ) .

Pose NA ( t '  r.)

E x p t. No. 0 ,8 1 .6 3 .2 6 .4 8 .0

1 K 1 .2 1 .4 2 .6 3 .8 4 .0
P 2 .8 3 .4 5 .7 7 .4 7 .5

2 K 2 .0 2 .5 3 .6 4 .0 4 .5
P 3 .5 4 .5 5 .0 8 .1 6 .5

3 K 1 .0 1 .1 2 .0 2 .4 2 .7
P 2 .5 3 .0 3 .5 4 .8 5 .1

4 K - .9 1 .7 2 .5 3 .0 4 .1
P l . b 2 .9 4 .5 6 .8 7 i2

5 K 3 .7 5 .7 6 .9 7 .5 7 .9
P 4 .5 6 .8 8 .5 j .O 8 .9
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n o rr .d ro n ? .lin e  wore injccbG c' i n to  rn  ia o le .to d  r r t e r y  
p r e p a r a t io n  when K rebs n lo n e  vvr-.s in fu s e d  rnd  when th i r .  wpei 
fo llo w e d  by n  s o l u t i o n  o f  K robs c o n tn in in c  u n c o n ju ff ite d  
b i l i r u b i n .  Ho n o t e n t i n t io n  o c c u re d . (T s b le  3 ? ) .  T hree 
e x p e r in o n tn  wore r l r .o  c , 'T r ia d  o u t u n in f  sodium  c e rb o n e te  
a lo n e  end. no d i f f e r e n c e  w rs s e e n  b etw een  th e  re s p o n s e s  
o b ta in e d  when K rebs a lo n e  was p e r fu s e d  o r  when K rebs u lu s  
sodium  c a rb o n a te  was n o r f u s c t i.  (T a b le  3 ? ) .

Z) T r j r l v c ' r i d e

E x p er im e n ts  woro no rfo rm cd  u s in a : c o n c e n t r a t io n s  o f  p ly c e r o !  
d i s s o lv e d  in  ? ml o f  -nropanol i n  c o n c e n t r a t io n s  r a n r in p  
from  50 mp to  150 m*#. F iv e  ex n o r im c n ts  w ere c a r r i e d  o u t 
u s in p  t h i s  s o l u t i o n  o f  t r ip 3 y c e r id e " a n d  K rebs and no 
d i f f e r e n c e  was foand  betw een th e  re s p o n s e s  o b ta in e d  when 
K rebs r . l c r c  was n o rfu rn d  and th e  r e r r o n a e r  o b t- 'in o d  when 
K robs n].ua t r i g l y c e r i d e  p lu s  nronnno] v"S u s e d .  (T -b lo  3 3 ) . 
I t  h a s  a l r e a d y  been  shown t h a t  r r o n s n o l  a lo n e  h a s  no e f f e c t  
on th e  rc s n o n s o s  o f  t h e  a r t e r y  t o  i .n jo c to d  b o lu s  d o se s  o f  
n o r a d r e n a l in e .

3) Choi er-tere1  e s t e r s

C h o le s te r o l  o l e a t e  was d is o lv e d  in  p ro p a n o l and added to  
K rebs s o l u t i o n  i n  d o se s  i n  c o n c e n t r a t io n  ra n p in p  from  
50 mg to  150 mp£. F iv e  e x p e rim e n ts  w ere c a r r i e d  o u t and no 
p o t e n t i a t i o n  o f  th e  re s p o n s e  o f  th e  v e s s e l  to  th e  e f f e c t s  o f 
n o r a d r e n a l in e  was se e n  when th e s e  e s t e r s  -were added  to  
K rebs s o l u t i o n .  (T a b le  3 4 ) .
4 ) Phownhol iT ih a

I t  h a s  boon shown ih . t  i n  o b s t r u c t iv e  Ha.nudico th e  
c o n c e n t r a t io n  o f  n h o rn h o l lp ld  ir> n lr.o  i n o r o c u n d ^ .
H ow ever, i t  w^n n o t  ponr.th ] s to  f i n d  r  n u i t a b l c  medium 
i n  v/hioh n h o c p h o lin id  co u ld  be d irn o lv c d  so t h a t  i t  co u ld  
be nd.dod to  K re b s . V r-rious -rti.nm nts wore msdc to  d i s s o lv e  
th e  phos.phol ip id  i n  p ro p sn o l snd o il. o f  th o s e  a t te m p ts  
wore u n su o c o f ir fu l . I t  wsn th o i 'o fo rn  n o t  n&nsi M n to  
d e te rm in e  w h e th e r a phom holdn ic ! n lsy o d  any r o l e  in  
p o to n t in t l n / r  th e  e f f e c t s  o f  n o r s d r c n c l in o  in  th e  i s o ] s t o d
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TAB3,:-: 32

Shows p e r f u s a t e  p r e s s u r e  changeu  ( cm H,,0) i n  f i v e  ex iieirim ents 
vfiien n o r a d r e n a l in e  (IfA) tvas In funec i i n  d o o es  from
0 .8  -  6#/ g .  V a lue  is ohovm. d u r in e  K rebs p e r f u s io n  (K) and 
d u r in g  p e r f u s io n  w ith  l a l . i r u h i n  d im jo lv e d  in  sodium  
'c a rb o n a te  (33. S . C .) o r  eotijum c a rb o tm te  d o se  (» C ).

Do Be HA ( /s r .)

B x p t. No 0 .8 1 .6 3 .2 6 .4 8 .0

B .S.C ,
1 K 1 .4 1 .4 2 .6 3 .1 4 .5

BSC 1 .0 1 .2 2 .0 1 .7 3 .6

2 K 2 .6 2 .5 3 .1 4 .0 4 .1
BSC 2 .7 3 .0 3 .5 4 .1 4 .0

3 K 1 .9 1 .7 2 .3 3.2 4 .1
BSC 1 .8 1 .9 2 .1 3 .0 4 .5

4 K 0 .9 1 .6 2 .5 3 .6 3 .8
BSC 1 .1 1 .7 2 .6 3 .5 3 .6

5 K 3.7 3 .6 4 .0 5 .6 5 .8
BSC 3 .0 3 .7 4 .2 5 .0 5 .1

S.C .
1 K 1 .1 1 .2 3 -6 4 .0 4 .1

SO 0 .9 1 .4 3 .8 4 .5 4 .0

2 K 2 .0 2 .9 3 .6 4 .7 5 .0
SC 2.0 2 .8 4 .1 4 .6 4 .9

3 K 4 .6 4 .7 6 .1 7 . a 7 .9
SC 3 .9 4.2 j . 7 6 .5 7 .0
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TABSB 33

Shows p e r f u s a t e  p r e s s u r e  ch a n ce s  (cm HgO) i n  f i v e  e x p e rim e n ts  
when n o r a d r e n a l in e  (KA) v/as i n f u s e d  i n  d o ses  v a r y in g  from  
0 ,8  -  8 a* g .  V a lu e s  shown d u r in g  K rebs p e r f u s io n  (K) and 
d u r in g  I n f u s io n  w ith  t r i g l y c e r i d e  d i s s o lv e d  i n  p ro p a n o l (T P ).

E x p t. No, 0 .8  1 .6  3 .2  6 .4  8 .0

1 K 1 .1
0 .9

1 .2
1 .3

2 .6
3 .5

4 .0
4 .3

' 4 .1  
4 .4

2 K 2 .8
2 .9

2 .8
3 .0

3 .6
3 .7

3 .8
4 .1

4 .0
4 .5

3 K 1 .0
1 .3

1 .1
1 .5

2 .6
2 .7

3 .0
3 .6

4 .1
4 .9

4 IC
TP

2 .7
3 .6

2 .6
2 .5

3 .6
3 .0

4 .0
3 .9

4 .1
3 .9

5 K 1 .6  1 .7  2 .5  2 .9  3 .0
TP 0 .9  1 .2  2 .1  2 .7  3 .1
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TABLE 34

Shows p e r f u s a t e  p r e s s u r e  ch an g es (cm II90) i n  f i v e  e x p e rim e n ts  
when n o r a d r e n a l in e  (NA) was i n f u s e d  i n  d o se s  ra n g in g  from 
0 ,8  -  8 v g .  V a lu e s  shown d u r in g  K rebs (K) and d u r in g  
p e r f u s io n  w ith  c h o l e s t e r o l  o l e a te  (CO).

Bose NA {h r )

E x p t. No. 0 .8 1 .6 3 .2 6 .4 8 .0

- K
CO

4 .1
4 .0

4 .3
4 .4

5 .7
5 .6

6 .8
3.7

6 .9
6 .7

2 K
CO

1 .1
1 .5

1 .3
1 .6

1 .7
1 .9

2 .0
2 .0

2 .1
2 .3

3 K
CO

1 .7
2 .0

2 .0
2 .5

3 .6
3 .7

3 .9
4 .0

4 .1
4 .3

4 K
CO

1 .8
1 .6

1 .8
1 .9

1 .9
2 .0

2 .1
2 .3

2 .3
2 .5

5 K
00

3 .6
3 .0

4 .0  
4 .6

4 .5
4 .7

5 .0
5 .5

5 .9
6 .1
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n r t e r y  p r o n r r r t i o n .

5) B ile

S o lu tio m i o f  oodium t /m r o c h o ly te  iind d o o x y o h o lr to  in  
c o n c o n t r r t io n n  r r n f i n y  from  ? 0 0 A fr to  400*»rf., v.-ere in fu s e d  
i n  F re b s  i n to  th e  i s o l a t e d  ^ r to r y  n r c n - r n t i o n .  ITo d i f f e r o n o  
wan s e e n  betw een  th e s e  reononnco  r.nd. th e  re sn o n n e e  o b ta in e d  
when K rebs a lo n e  wrn n e r fu n o d . P iy u r e  34 ohovvr th e  responr, 
o b ta in e d  in  an  io o l - 't c d  a r t e r y  n r c n a r a t io n  when sodium 
iic-u rocho late was d i f f u s e d .  I t  ca n  be se e n  t h a t  n l th o u rh  
th e r e  i n  some n o t e n t i r t i o - i  o f  ro rn o n a o c  when n o ra d r e n a l in e  
was i n i t i a l l y  i n j e c t e d  th o s e  re s p o n s e s  wore n o t  m a in ta in e d  
and th e  d i f f e r e n c e s  b etw een  th o s e  r e r p o n r c c ,  and th e  
re sn o n so n  o b ta in e d  i n  K rebs wore n o t  s t r  t i s t i c a l l y  r-1 ' . n i f -  
i c a n t  -  (5  e x n e r im o n ta ) .

Disousrien of Ttnrults
T hese e x re rd m ’n t s  show t i n t  th e  low  d e n s i ty  l i - o ^ r o t a i n  
( ID I)  from  ja u n d ic e d  plasm '', p o t e n t j '- t e  th e  e f f e c t s  o f  
n o ra .d rc n ^ lin e  on i s o ]  a t  ad a r t e r y  p i - ' f ’r a .ti  ons . The LDL 
woo in fu s e d  in  s i m i l a r  c o n c e n t r a t io n s  to  t h a t  found i n  
plasm a r . sa in ed  from  b -hoonc w ith  o b s t r u c t iv e  ja u n d ic e .  
T h e r e fo r e  ?.t voulcl r-m'emr th - t  t h i n  i n c r e a s e  i n  IDL eou] d 
be a t  l e a s t  one o f  th e  f a c t o r s  w hich = -y  be rn rp o n s ib l 'C  f o r  
th e  p o t e n t i ' t i o u  see n  -in v i t r o  when ja u n d ic e d - n lasm r wen 
n e rfu n o d  i n to  e i t h e r  • n  i so l - 'ted  • r t o r y  o r  "n i no] a te d  
k id n e y  prcn- r.- t i o n .  I t  •r.y  a l s o  bo one o f  th e  f a c t o r s  
r e s p o n s ib l e  f o r  th e  n o to n t i -  t i o n  o f  n o ra d re n '’! i.n c  neon i n  
v iv o  i n  th e  rtin-:'!. c . i r c n V t io n  - s  w e ll  a s  i n  th e  c e r e b r a l  
o i r c u l a t i o r .

The rona in in ,'-  rjlr r:m- from  which th e  ID I had been  
removed a l s o  n o t e n t i - 't e n  th e  e f f e c t s  o f  n o r a d r e n a l in e . 
T h e r e fo r e  th e  i n c r e a s e  i n  ID I i s  n o t  th e  o n ly  f a c t o r  
in v o lv e d  i n  •• 'm om tiiia- t h i s  e f f e c t .  I t  would seem how ever, 
t h a t  th e  f - i . t o r s  r e r  - e n s ib l e  f o r  1;Ho n o te rA i: -f-ion o f  th e  
e f f e c t  oj n o r ' d ren : : i wi - r e  e a r r in r t  in  th e  n r o t e i n  f r - ’-'anont 
o f  th e  p lasm " s in c e  d o n rn to in i  sed  nJnsma -eroduced no e f f e c t
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on th e  re a p o n s e s  o f  th e  v e r ,:ie lc  to  n o r r 'd r e n r l l n e . I t  vvca 
n o t  r io a s ih lc  to  i n o l a t e  an:/ f a c t o r  ro o -n o n s ib le  f o r  th e  
n o to n tie v b io n  o f  e f f e c t s  o f  n o r r 'd re n r - l in e  from  th e  nlasm ? 
re m a in in p  a f t e r  t h e  low  d e n s i ty  l in o n r o  boin  hnd "been 
re m oved . No n o t e n t i ^ t i o n  v.'rin neen v.-hen e i t h e r  c h o le s ­
t e r o l  e n t e r n ,  b i l i r u b i n ,  b i l e  n r l t n  o r  t r i g l y c e r i d e s  v/ns 
p e r fu s e d  in to  th e  ir .o l r . te d  n r t e r y  pre-nn .rn .tion . I n  th e  
i n t r o d u c t io n  to  t h i s  t h e n i r  i t  wan p o in te d  o u t thn .t Brum 
hnd i m n l i c r t c d  co n ju r .n te d  b i l i r u b i n  one o f  th e  f a c t o r s  
r e s p o n c ib le  f o r  f^ e n r i t i r - in f  th e  k id n e y  to  th e  e f f e c t s  o f 
in c h o e m in . I t  wr.n n o t  p o s s ib le  to  o b t a in  con j u t t e d  
b i l i r u b i n  to  p e r fu o e  i n t o  th e  i s o l a t e d  r r t o r y  p r e p r r r t i o n  
end i t  i s  p o a r ib l e  t h r t  t h in  ’n ry  be one o f  th e  f r c t o r s  
w hich n cy  be i n c r o r e j n r  th e  s o n r i t i v i t y  o f  v en r.o lc  to  th e  
e f f e c t s  o f  n o r r d r o n r d in e  when th e  J.DL 1c rem oved .

A o y r f i  rnd  lov .-rnntc : -i® Iivvq im p l i c r t e d  b i l e  r r l t n  r.s 
th e  f e c t o r  rc c p o n f .tb le  f o r  th e  rn c ro -iro d  p e n r s i t i v i t y  o f  
th e  k id n e y  to  p e r io r ’n o f  irc h -’ eni..'1 . I n f  io n s  o f  b i l e  
s a l t? ,  i n t o  th e  in o lrc e tf  a r t e r y  ^ r e p ^ r - 'i t io n r ,  how ovor, difl 
n o t  p o t e n t i r t o  t h e  e f f o c t r .  o f  n o r r 't i r e n r l i n e . I t  ip  
noaciW .o  th o u g h , M lo  n - i  tr. in  c o -a W ra tio n  v i t h  aomti
o th e r  f a c t o r  r r b e  c ^ n ^ b le  o f  p o t e n t i c t i n r  th e  e f f e c t s  
o f  n o ra rlro n n lin o *

A ls o , i t  v:nn n o t  •nor.r.lble to  t e n t  w h e th e r  phon^ho- 
l i p i d  ivrfi In v o lv e d  in  th e  p ro d u c tio n  o f  rn  ia c r c m o fi  
s o n n i t i v i t y  to  t h e  e f f o c t r .  o f  u o r r f l ro r .f 'l in o . J t  mcy be 
thn .t r l tg r . - ’t io n :;  i n  nhonpho] in j r 'n  r r c  f l n o  c r r r b l c  o f  
n l t o r i n r  m enbr-'ne chr r '  c t o r i  r t i  o r -nd  th e re b y  -I  t o r i n r  
th e  rocnonror o f  vcr-rnl r  to  th e  o f f e c t r  o f  n o r r d re n ^ i  i n e .
I t  i s  n ln o  n o n r.jb ln  t h r 't  n te r o id n  o th e r  th " n  c h o le n te r o l  
nuch r n  o n n tro r-m r  T 'y  bo in v o lv e d . T vernon h r r  rhov.-n 
t h n t  ooBtro.f'ftnn n re  n lc o  o rn n b le  o f  i n h i b i t i n g  untnlce 2 
m e c h n n i . Ar o e n tro ^ e n  b rc 'k d o v m  i r  d e c re r re .d  i n  
l i v e r  d i f - e r n e ^  i t  mry be nonndb] c t h r n  r-n in c re . 'T c  in  
th e r e  r t e r o i d n  ro  w e ll  r n  o th e r  r t c r o i d n  in  l i v e r  d in c rn o , 
mry bo r3no  re n rio n rd b le  f o r  rirortucin.e- t h e  jn c r o f r e d  
reo p o n n e to  th e  o f f e c tn  o f  n o r .- 'd re n r - l ln e . T hin  •n o n n ib i l i ty
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. n o t  i n v e s t i g a t e d  i n  t h i s  s tu d y .

b
t h i s  s e c t io n  i t  was shown t h a t  ja u n d ic e d  p lasm a can 

p o t e n t i a t e  t h e  re s p o n s e  o f  an  i s o l a t e d  a r t e r y  o r  k id n e y  
to  t h e  e f f e c t  o f  n o r a d r e n a l in e .  T h is  was m ed ia te d  by a 
d e c re a s e d  Kgq and  an  in c r e a s e d  Rm ax- H y p e rc h o le s te ro la e m ic  
p lasm a and low  d e n s i ty  l i p o p r o t e i n s  from  norm al o r  ja u n d ic e d  
p lasm a produced  s i m i l a r  e f f e c t s . None o f  th e  c o n s t i t u e n t s  
o f  ja u n d ic e d  p lasm a w hich w ere exam ined p ro d u c ed  s i m i l a r  
e f f e c t s .  I t  i s  s u g g e s te d  t h a t  an  i n c r e a s e d  c h o le s t e r o l  
c o n c e n t r a t io n  com bined w ith  i t s  a p o p r o te in  may be one o f  
th e  f a c t o r s  r e s p o n s ib l e  f o r  th e  i n c r e a s e d  s e n s i t i v i t y  o f  
v e s s e l s  to  th e  a c t io n  o f  n o r a d r e n a l in e  i n  th e  p re s e n c e  o f 
o b s t r u c t i v e  ja u n d ic e . T h a t o t h e r  f a c t o r s  a r e  in v o lv e d  
i s  e v id e n t  by th e  f a c t  t h a t  ja u n d ic e d  p lasm a  from  w hich 
th e  low  d e n s i ty  l i p o p r o t e i n  h ad  b ee n  rem oved, s t i l l  
p o t e n t i a t e d  t h e  a r t e r i a l  re sp o n se  to  n o r a d r e n a l in e  i n f u s i o n .
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I H P D S I O i J S  O F  L T r O T R O T n iH H  IT IT G  T : j 4  CWR ^TO tA T. V A S O n iA T T O ^

I n t r o d u c t io n

Prom th e  n re v io u n  e x n e r in o n tn  i r o l n t e d  r - r te r ie r ,  i t  
would) oco-n r p w r o n t  t h r t  ].D1 w hich c a r r i e r  c h o le r . te ro l  
i s  one o f  th o  f r c t o r s  w hich n r y  o n n lc in  th e  ro n o r to d  r o r u l t c  
from  th e  e x p e rim e n ts  on th o  k id n e y  end h r- ’i n  f lo w  i n  
o b o t r u c t iv o  ja u n d ic e ;  v i s  r n  in c ro rco c i s e n s i t i v i t y  to  
c i r c u l e t i n f  n o r r .r i r e n ^ l in o . I f  t h i s  h y p o th e s i s  i s  c o r r e c t  
th e n  in f u s io n s  o f  I s r y o  "m ounts o f  l i p o p r o t e i n s  i n t o  th e  
c i r c u l s . t i o n  o f  th e  i n t r c t  s r . in s l  sh o u ld  r e s u l t  in  r. 
s im i lo r  i n c r e a s e  i.n s e n s i t i v i t y  to  th e  e f f e c t s  o f  IT A.
The e x p o r in o n td  "below d e s c r ib e  th o  e f f e c t s  on TTA 
s e n s i t i v i t y  o f  th o  c e r o b r " !  v s n c u l s tv r c  o f  i n f u s io n s  o f 
low  d e n s i ty  l i p o p r o t e i n s  i n t o  th e  c c r e h r s l  c i r c u l s . t i o n  o f  
bsboon.e. I n  t h i s  c s o  th o  c o r e b r s l  c i r c u l s t i o n  wse u se d  
b e c ru s c  o f  th o  p m : t o r  r e c u r -  cy o f  th e  “ " “Xe method to  
m o.-sure c e re b r i  1 b lo o d  f lo w  eom nrrcd w ith  i t s  u s e  f o r  th e  
m essurom cnt o f  re n .s l  b lood  f lo w .

? J " to r i - I  -pd  '" e th e d r

The c x n e rim c n t-1  dosi.'-n  vv’c s i  n i l - r  to  th r  t  d e s c r ib e d  in  
S e c t io n  I I .  TSi'-ht o x p e r ir 'ie n ts  wore p erfo rm ed  on b r to o n s  
(P s p io  u r s in u n ) v c i.~ h in r’ b e tw een  1 0 -1 S k i l o '- r r n s .  The 
e x p e rim en t" ], dor.iy:-. ws.n s i m i l a r  to  t h - t  d e s c r ib e d  in  
S o c t io n  I I I .  I n  th o rn  e x p e r im e n ts , h o w ever, o'-ch b -b o o n  
rc te d  o r i t s  own c o n t r o l . Two c o n t r o l  n o rn u r c n c n ts  o f  
c o r e b r s l  b lood  f lo w  w ere nr.de end th e n  c e r s b r s l  b lood  f lo w  
w rr m serurod  d v .f in r  p o r f v s in n s  o f  4 S */- nd I t  a-.- o f  
rfA /n in . Il-ch  s o n o e r t r r t i o r  o f  !TA w"s in fu s e d  f o r  .10 
m in u te s  b e f o re  c e ro b r .- l  b lood  f lo w  wss mos.nurcd -nd th e  
f lo w s  won: re c o rd e d  f o r  1 !> m in u te r .  At th e  end o f  th o  
i n f u s io n s  o f  n o r- drcn.- l i n o  s. f u r t h e r  c o n t r o l  f lo w  wm 
m ossured  : f t e r  th e  "n im nl lire! been  s i  I owed to  r e s t  f o r
10 m in u te s .

low  d e n s i ty  l i p o p r o t e i n  w -s uvopr re d  u s i n 1” -n  u l t p " — 
c e n t r i f u r o  j n  en i d e n t i c " !  n m n c r  to  t h r t  d e r c r ib o d
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previously. Normal baboon plasma was used. Concentrations 
of between 3 and 4 mg/min were infused. After the protein 
had been perfusing into the cerebral circulation for 10 
minutes cerebral blood flow was measured during perfusion 
of the lipoprotein alone and then during perfusion of 
4 4#g, 8 #/g and 16 m <3 of NA/min. In- some of the experiments 
measurement' were only made using doses of 4 >wg and 8*»g 
of NA/min because of the paucity of lipoprotein available. 
Samples of blood were taken from the Internal jugular vein 
for measurement of lipoprotein fractions of the plasma 
before and after the infusion of lipoprotein into the 
cerebral vasculature. As previously described only 
alterations in grey matter flow were calculated because 
of the decreased accuracy of white matter flow measurements. 
Grey matter flow (CBF) before and after lipoprotein infusion 
were compared using a paired students “t" test. Percentage 
change in flow'as well as change in cerebrovascular 
resistance were compared using a Wilcoxin test for non- 
parametric data.
Results
In the control period infusions of 4/»g, 8-4»g. and 16/^0
of NA/min caused an increase of 3.9 + 6.8, 11.7 + 3.2 and
6.1 + 5.5 ml/min/,005 tissue respectively. During lipoprotein 
perfusion there was a mean increase in resting flow when 
lipoprotein was infused alone of 12.4 + 4.0 ml/min/lOOgr 
tissue. These changes were compared by means of a students 
"t" test for paired data and was found to be statistically 
significant. During lipoprotein infusion 4 *#g, 8 **q and 
16A>g of NA/min caused a reduction of 15.6 + 5.2, 6.4 + 2.9 and
11.7 + 4.9 ml/min/lOOgr tissue respectively. This was 
significantly different from the control values for all 
doses of NA infused (p <0,01). There was a significant 
percentage reduction in flow when low density lipoprotein 
was perfused. This was -13.1, -7.29 and -15.78% after 
4 #<g, 8 />g and 16«vg of NA/min respectively. The mean values 
of grey matter flows (CBF) in each animal during noradrenaline 
perfusion before and during lipoprotein infusion are shown 
in Table 35. The total mean CBF values for all experiments are
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T a b l e  3 5
Shows grey matter flow ml/mln/lOOgr tissue in eight 

experiments during doses of noradrenaline (NA) ranging 
from 4 t*g - 16x9 per minute was infused.

q)

Experiment No. 0 4 8 16
Control

85.3 - .92.3 79.1
55.6 - 63.9 61.6
58.2 - 83.1 79.1

4 62.7 63.9 69.2 66.5
5 56.1 84.1 77.1
6 56.4 43.7 59.4
7 53.6 48.9 -
8 75.5 79.1 . -

Mean difference ,9+6.8 +11.7+3.2 +6.

Experimental
1 103.9 75.5
2 69.2 - 69.2 55 f
3 66.7 - 59.2 57.3
4 66.5 36.1 55.4 66.5
5 90.0 77.3 - -
6 75.5 51.1 63.9 -
7 48.2 47.5 — -
8 79.4 66.5 ~

Mean difference -  - 1 5 . 6 + 5 . 2  - 6 . 4 + 2 . 9  - 1 1 . 7 + 4 . 9
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shown in Table 36. The mean changes in GBF values for all 
animals when lipoprotein was infused alone are shown in 
Table 37. The mean percentage changes in CSF are shown 
in Table 38. The meam change in CBF and percentage 
change in CBF are shown graphically in Figures 35 and 36 
respectively.

After infusion of 4 A»g, 8 y»g and 16v g  of NA/min in 
the control period cerebrovascular resistance (CVR)altered 
by +0.04 + 0.3, -0.2 4 •1 and -0.3 + 0.2 mmHg/ml respectively. 
During Infusion of the lipoproteins CVR rose to 0,7 + .3,
0.2 + 0.1 and 0.3 + 0.1 mmHg/ml and after infusions of 4 j*g,
8 ##g and 16 of NA/min respectively. This difference 
in CVR after the lipoprotein infusion was significantly 
different from control values only at the 4 >#g and 16 t+q 
NA/min level. The percentage increase was 37.7, 10.8 and
17.4 after lipoprotein infusion with 4 A#g, 8 */g and 16 *>g 
NA/min respectively. In the control period there was a 
decrease of 4.7, 11.3 and 13.5% of basal flow with infusions 
of 4, 8 and 16 **g NA/min respectively. These differences 
were statistically significant at 4 >*g and 16 g/min 
infusion rates using a Wilcoxin test for norx-y.arametric 
data. The mean changes in CVR in each experiment during 
noradrenaline perfusbn, before and after lipoprotein 
infusions are shown in Table 39. The CVR values for all 
experiments are shown in Table 36. The mean percentage 
changes in CVi< at a -.uvwn in Table 38. The mean change in 
CVR and the percentage change in CVR are shown graphically 
in Figures 37 and 38 respectively.

The increase in the lipoprotein fraction before and 
after infusion of low density lipoprotein into the 
cerebral vasculature can bo seen in Table 40. Due to a 
technical error results of only 5 experiments are shown. 
Discussion
These results show that infusions of low density lipoprotein 
(LDL) increase the sensitivity of the cerebral vasculature 
to the effects of NA. In the control periods infusions
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TABLE 36

Mean values for all experiments of grey matter flow (CBF) 
and cerebrovascular resistance (CVR) in the control period 
and after infusion of noradrenaline in doses ranging from 
4 ##g - 16*»g per minute. The changes in grey matter flow 
(A CBF) and cerebrovascular resistance (<5 CVR) are also shown. 
Valur- s in CBF in ml/min/lOOgr.
ValU ' -*f CVR i n  mmHg/ml.

CONTROL

DOSE NA >*g A  CBF CVR A  CVR
0 - 2.1+0.2 -
4 63.2+7.6 *3.9+6.8 2.3+0.2
8 74.8+4.3 +11.7+3.2 1.8+0.1

16 71.5+4.4 +6.1+5.5 1.7+0.2

EXPERIMENTAL

DOSE NA >g CBF A  CBF CVR

0 74.3+5.5 - 1.6+0.1
4 56.217.5 -15.6+5.2 2.4+0.4 +0.7+0.3
8 69.7+7.1 -6.4+2.9 1.8+0.2 +0.2+0.1
16 63.7+4.6 -11.7+4.9 1.9+0.2 +0.3+0.1
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TABLE 37

Shows mean grey matter flow (CBF) in eight experiments 
before and after lipoprotein infusion. The mean changes 
in grey matter flow (&CBF) are also shown. The total 
mean value + one standard error are also shown.

CBF ml/min/lOOgr tissue

CONTROL AFTER LIPOPROTEINS 4 CBF
85.3 99.1 +13.8
55.6 69.2 +13.6
58.2 66.6 + 8.4
62.7 66.5 + 3.8
56.1 90.0 +33.9
56.4 75.5 +19.1
53.6 48. - 5.4
67.4 79.4 +12.0

Mean 61.9 + 3.7 - 1 2 . 4 + 4  (P <0.05)
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TABLE j 8

Shows mean p e r c e n ta g e  chariges i n  g re y  m a t t e r  f lo w  (A  CBS') 
and c e r e b r o v a s c u la r  r e s i s t a n c e  (ACVR; a f t e r  in f u s io n  o f 
n o r a d r e r a l i n e  from  4 -  1 6 ^ g  r o r  m in u te , C o n tr o l  v a lu e s  and 
th o s e  a f t e r  l i p o p r o t e i n  in fu n  > c is  a re  shown.

Dose 1TA (v g )

PERCENTAGE CHANGES 

CONTROL 

-a  CBP <K CVR

4 + 6 .4 -  4 .7

6 + 16,1 - 1 1 .3

16 +1 1 .6 - 1 3 .6

after  l ip o p r o t e in s

Dose HA (//g) tiCBF 6 , CVR

4 - 1 3 .1 + 37 .7

8 - 7 .3 +10.7

16 - 1 5 .7 + 17 .3



Page 180.

Control§
.3

fig NA

8

Lipoprotein

p<0«01P < 0 ‘01 p<0*01

Figure 35. THE MEAN CHANGE IN GREY MATTER FLOW ( CBF).

The mean change in CBF during infusions of noradrenaline 
(NA) in doses varying from 4-16 >»g/min are shown before 
and during lipoprotein infusion. P represents the results 
of a paired "t" test between the control values and the 
values after lipoprotein infusion.
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b Conlro!
* Upoprolein

8
I•5

1

p<05p<.05

P i g u r o  3 6 . HEAIT rSHOBKtfAGE OHAMGK IK  Q8SY KATIES PIO'.V (4 0 B P ) 

Tho m om  'p c r c e n tr e e  ch e n fc y  i n  ODP d u r in g  in f u o io n c  o f  
n o r r d r e n n l in o  (NA) i n  clones v r r y i r . "  from  4 - 1 6 » f / ’n in  
a r e  shown b e f o r e  nnti d u ring ; l i p o p r o t e i n  in fu rd o n o .



Page 182 .

TABLE 39

Show s c e r e b r o v a s c u l a r  r e s i s t a n c e  (mmHg) i n  e i g h t  e x p e r im e n ts  

w hen d o s e s  o f  n o r a d r e n a l i n e  (NA) r a n g i n g  f ro m  4** g  -  16 <wg 

p e r  m in u te  w e re  i n f u s e d .

DOSE NA ( /» g )

Experiment No. 4 8 16

Control
1 - 1.1 1.3
2 2.5 - 2.2 2.3
3 1.8 - 1.1 1.2
4 2.2 2.2 2 .0 2 .1

2.3 1.7 1.9 -
6 2.1 2.9 2.2 -

7 2.7 2.8 - -
8 1.8 1.7 1.9 1.1

Mean Change - +0.04+0.3 -0 .2+ 0 .1 - 0 .3 4 C . ,

Experiment
- U 1 .. 1.5

2.1 - 2 .0 2.4
1.5 - 1.5 1.7

4 2.0 3.9 2.5 2.2
5 1.5 1 .8 - -

6 1.5 2.1 1.8 -
7 2.0 2.7 - -
8 1.5 1.7 1.8 -

Mean Change - +0.7+0.3 +0.2+0.1
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0*4
I

Lipoproteina

-o . Control

p<-05 MS

Figure 37. THE MEAN CHANGE IN CEREBROVASCULAR RESISTANCE
_______ (̂CVR)_______________

The mean change in  CVR during infu sion of noradrenaline 
(NA) in  doses ranging from 4-16yg/min are shown before 
and during lipoprotein  in fusions.
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I
Lipoproteinma

' Control

P < -0 5 p< *05

Figure 37. THE MEAN CHANGE IN CEREBROVASCULAR RESISTANCE
_________________ (J&CVR)_________________________________

The mean change in  CVB during in fu sion  of noradrenaline 
(NA) in  doses ranging from 4-16yg/min are shown before 
and during lipoprotein  in fu sions.
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o f  HA roducod v r r .o f i ilr .tr '. t io n  n i i i l . n -  to  t h - 't  noon in  
n o ra p .l m i n g le  ?s  d o n cr ib o d  in  S o c tio n  I I I .  In f u a io n s  
o f  LDIi r l to ro c 1 th e  n o n r i t i v i t y  o f  th e  v n sc u lc - tu ro  ?nc> 
p ro d u ced  v a c o c o n r . t r ic t io n  •.vh.i.oh r: n i ,rn i f i  c r n t l y  d i f f e r e n t  
f r o n  th e  v rn o c ii l r . t r . t io n  foimd. d u r in g  th e  c o n t r o l  n o r i o ? .

Thonc r c n u l t r  a r e  . a o n n ^ t ib la  v:it h  th e  r r c a i e n t  n rc e c n to d  
in  S e c tio n n  I  -  IV t h r t  t h e  i n e r c r n c 1. n e n c i t?  v i t y  to  IIA 
i a  due to  - n  in c rn ^ rQ  in  c irc v "1 r . t i n r  c ^ o ln n te r o l  c a r r i e d  
by LDL. I t  i n  r-D.no ■"ocr.iblc' t h - . t  th e r e  r r e  o th e r  f r c t o r n  
o e n s i t iK in f  th e  v cn n o lr, b \ i t  t h r t  th o ro  r.py n o t  he ro  
i rn p o r t rn t  rn  th e  rj.no  in  o h o le n te r o l  c in c o  th e  p o t n n t i r t i o r .  
found, whan th e  IDL v:::r, rpnoved  f r o n  jr .u d ic e d  T 'lrcnc' v.tc 
much lo r . r  th '-r . when l i n o ^ r o t e i n  v.rc n r o r o r t . She ren r.on r.c r 
t o  I'A no on j r . th e  o :riG ri,,ontci i n  w hich m ire  LDL v.r a in fu ro d  
i n t o  th e  h s - i n  r r o  a o r .t  r r  r r o r t  ?n th o c e  i n  th e  
jr .u r.d iccd  m i l ' - ] . . ' . The c in - l l c r  ro n nor.rc  voon r t  th e  8 z / -  
.le v e l  2 r  n rob-.b1.;' r’ur: to  th e  j.n c re r’cio i n  f lo w  see n  in  
e x ^ c r i r e r . t  '.In. 3 v - u r h ,  in f lu e n c e d  th e  r v a r r  -e  r c r v . l t s  o f  
r l l  OK^orir’e n t r  to  '  l - r ,"0 e x t e n t . I t  ir . ^ o rr .iM  e th '-.t i f  
more o x i o r i r c n t r  w ere “ o rfo r 'in d  th e  ch^r.m  w ith  Pyu -* 
p e rfu a a o n ^  ^rou?.'- h« J t  e r r  ••’’.ro  -icn tio xa r ' in
S e c t io r  ITT t h - t  th e  ch 'T .'-n i found i n  o b r t n ’c t i v n  ^ u n d ie e  
n i f h t  be duo to  re m o n .-n r1. i n  u r h e - i t h y  vnrne:! r  '■i.thov^h i t  
wrn conr-td.nred t h - t  t h i r  •■•'■o v r l r k c l ” . I n  t h e r e  e r n o r i" ’e r t r  
th e  rz ii '- r ]  r  wore "1] h n r l t h y  -n d  n ird .1 ' r  r o r ’iov.re t o  t h r t  
fovr.d. in  y  v.nClcn r n  T O 'h ie .cd . 'j'hu.r; t h e r e  e y n e r in e n t r  
r,ho r i n  r ^ d i t j o r . ,  t h - t  t h e  c h r n ro r  found i n  o b r t r u e t iv e  
,i.rixmd2 ce ;-re  v n l ik n ly  t o  h rv e  b een  c u r e d  by d'-vv'.-e to  
th e  v e r re l .n .

The d i l r - t r t i o r  neon when l i '- ’o ^ r o to in  '-lovo  vrr, a n fv ro c  
munt - l .ro  be eri- 'l- 'inod  . I f  -r, ^OT.tvl-’tc d  th e ' I r o r n r r n  in  
o h o lo n te ro .-' c a r r i e d  or TAIL c.-w.cr. r-n ." ip h jh itjo n  o f  u - t - k c  17. 
n o c h r n in r ,  th e n  v.-htm i i T -o^ro tn in  v ro  in fu r.e d  th e  m o u n t  a 
o f  en d o -en o tir I;A rn .- ic h in - th e  ro c o n to r  r i t o  ~i"”  be t h e ' r-™.n 
cl; th - '.t  r e  on v.hen I-  i'--n •H ov.ntr o f  T;'A i r e  i n fv i'c ti in  n o r ’T.-l 
n n ir.,-1 :'. i ’h i r  would -ro d v .cc  r  v - r o d i l  - i t - t i o n  fin e r , i t  d r. 
n o n tu l- ’te d  t h - 't  r-n -'ll f”io v n tii o f  I!A rc v -c h in r th e  r e c o n to r  
n i t e r  c -u n e  vr-nodj].-:t-1;i on rnd  l - ' i 'r e  r'mountn o f  v ' r o -  
co n r,. t r i e t i o n .  I'hu:1. j t  nen-’n t h 1"11 th e  di3 -’t r t -' on re ^ n  'h n".i
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LDL v/ra in fu o e d  a lo n e ,  r c in f o r c o r ,  th e  hyno thon is; 
i n c re p n o  i n  c h o le n to r o l  r e s u i t e  i n  "n  i n h i b i t i o n
I I  R iochm icn  th o ro h y  r l l c v i n "  RA to  ror.uh  th e  r s  
s i t o o  i n  o u i f i c i o n t  ' t r r t i o u  to  ceuno -r-cod
w ith  n o rn n l  m o u n te  o f  o l r o u l '’t i n ; ;  n o rrd re n o lin w  
c o n s t r i c t i o n  when l o r f o  rn o u n u r o f  n o rr .c iro n rlin e  
in fu so c 1.. However, t h e r e  o ro  o t h e r  p o s s ib le  ex n l 
o f  t h e  o f f o c to  o f  c h o l e s t e r o l  w hich w i l l  bo d is c  
f u r t h e r  b e low .

th r  t  th e  
o f  unt"Ice 

o e n to r  
i l r . t r . t i o n

r n r t i o n n
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In  th e  in t ro f lu c ^ i  on to  t h i n  th o n ln  t h e  im p rirm c n t o f  ren,ril  
b lo o d  f lo w  i n  c i r r h o r i n  o f  th e  2 i v o r  rn  w r l i  . i i n  n o rtr.1  
h y p o r te n ji io n  and m a l ic n a n t  d i s e a s e  o f  th e  l i v e r  was d i s c u s s e d .  
I t  h a s  boon shown i n  c i r r h o s i s  t h a t  s l th o n f h  rcn".! f r i l n . r o  
o c c u rs  I r . te  i n  th e  c o n d i t io n ,  r t  r  s t r f o  when l i v e r  f u n c tio n  
h a s  become d e c o n n e n rr to d , i t  i s  r l r o  p o s s ib le  to  d e r 'o n s tr r't o  
r l t e r r . t i o r . s  i n  r c n r l  b lo o d  f lo w  d i s t r i b u t i o n  l o n r  b e f o re  
th e  o n s e t  o f  f r ^ n h  r e n a l  f a i l u r e .  S im i la r  a l t e r a t i o n s  in  
rcn -’l  b lood  f lo w  d in t? ’ib ”.t io n  r l s o  o c c u r  i n  n r l i . r n r n t  
d io o r s e  and n o r t " !  h y p e r te n s io n .

The f i r s t  rim  o f  t h i s  s tv / 'y  w rs to  i n v c s t i - r t e  th e  
■ n o s s ib i l i ty  t h a t  c h r n re s  i n  ronr.1 b] oc 1. f lo w  o cc u r in  
o b s t r u c t i v e  i rv n ^ i  ce w ith o u t t h e  a r c s  !ce o f  r o n r l  f r i l u r o ,  
s i r i . l - r  to  th - t  s e e r  i n  c i r r h o s i r'  o f  th e  l i v e r  rr.d  o th e r  
d i s e a s e s  such  ~ r ""-1 j r n - r . t  d i s o r s o  r,nd n o r t - l  h y p e r te n s io n .  
A lso  i t  has. b ee n  d em o n s tra te d  t h " t  r e n s ]  f a i l u r e  i s  " 
f r e q u e n t  c o m ] i c t l o r  o f  sx ir^ory  i n  T t i o n t s .  w ith  o b s t r v c -  
t i v o  j r 'T .d i c e .  Ik  h- s  boon " o s t u l - t o ^  t h - t  th e  c r v 'e  o f 
t h i n  i n  rn  i n c r o - f 0-’ m r.s i t i  v i t -  o f  th e  h i i ’ro v n  to  " c r io d s  
o f  i n c h ' n-'i s . fh o  sooov d -i. • v '-s  to  t r y  -nd  f in d  th e  
a o t i o l o - y  o f  t h i s  i n c ' c  sod s.ens-i t i v i t y  o f  th e  h i d re y s  to
i s c h se n i c c l u r / c  . In  o:—lo rim o n ts  on bsb o o u s w ith  sv.r-? C'-il ] y 
in d u ce d  o ijs t r v e t i .v c  f - u - d i  oo i t  w r  s '1 own t h - t  t h e r e  - r e  
c h - r s e s  in  re n - i .  pi oo-' f ]o w  d f - t r ib u t i o v .  -:id r - t o  b e fo re  
th e  o n n -'t  o f  r e n " l  f r i l u r e .  I t  w -s 'ronnd t h a t  t h e r e  i s  " 
s h i f t  o f  b] nod f 'o * :  d j s i r :  ru ib  on to  th e  i n n e r  e o r t i  e -1  end 
o u t e r  r.e d v i] ~ ry  - r e  s. wi th o n t  -n-r e v id e n c e  o f  n o r-1  f a i l u r e .  
Uro". l e v e l s  w ere not, s.i r r i f i  c u l l y  r a i  sed, er.d r'l t h o v - h  
c lo e r - n c o  s t u d ie s  w ere n o t  - e r f o r ’ed in  t h i s  s tu d y  - 
p r e v io u s  p re ]  ib ii.n"ry  i.n v e s ti  s - t i o n  showed t h a t  C 'e a t i r i r n  
o lo r r^ n o c s  d o cre-sr-d  t e  h-'boons w ith  o b s t i v e t i v r  j r u n d i c o ^  . 
A lso  i t  -.-f! shown i.r th e  p ro n o n t o tu d y  t h a t  t h e r e  wr.s no p ro  so 

h in to iio - iC '] ,  c h a iv r  in  th e  1-idnny two weelrs " f t o r  It'■•••Mo:' 
o f  th e  con ion b i l e  d u c t .  B hm  i t  would soon t h " t  in  
o b s t r u c t i v e  j - u n d lc n  th e r e  ,-rc  r . i n i l - ’U -0 .tf .rs .ti  one in
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r o n n l  ^ e r fu n io n  nn ta o n c  found i n  c j i rh o fd r .  rnci 
d io o r.o e  o f  th o  l i v o r  cr. w e ll  nn th r 'b  fo u n d  i n  n o r tn l  
h y p e r te n s io n .

The s tu d y  i n  bnboons w ith  o b s t r u c t iv e  jc .v n d icc  a l s o  
showed t h a t  th o  baboons w ere h y p e r s e n s i t i v e  t o  th o  e f f e c t s  
o f  n o r r .d r c n r l in c  when c o m a ro d  w ith  n o r n - l  b ab o o n s . Kovz 
h ad  s u y o s t o d  t h a t  i n  c i r r h o s i s  th o  chanf-cs found  in  i n t o r -  
rcnc '2  b lo o d  f lo w  d i s t r i b u t i o n  n -y  bo due to  cynnr th e  t i c  
o v e r - r c t i v i t y . ^ ^  A lth o x i'h  t h i n  r .-y  bn s o ,  i n  o b s t n ’.e t iv e  
Ja u n d ic e  th e  r e n a l  v a s c u l- 'tu r o  socMs to  bo s e n s i t i v e  to  
l e v e l s  o f  n o r a d r e n a l in e  w hich  p ro d u c e  no e f f e c t  in  n o ru c l  
a n im a ls . Thus when t l ie ro  i n  an  i n c r e a s e d  l e v e l  o f  c i r c u l r t i n /*  
c a to c h o l r n in e r  much a s  w ould be seen  d u r in y  th e  trau m a o f  
s u ry o r y , t h e  r e n a l  v e s s e l s  na.y 'bo so s e n s i t i v e  t h a t  o u t e r  
c o r t i c a l  v a s o c o n s t r ic t io n  i s  p ro d u c e d , and a c u te  r e n a l  
f a i l u r e  r a y  d e v e lo p s . I t  h a s  b ee n  shown t h a t  :.r r o r n - i  
human p a t j  o n ta  th e  l e v e l  o f  c i r c u l a t e ' / ;  n o ra d a-- r - 1 i r e  i s  
0 -3  n y / ' l 1’̂ - . I n  th e  ja u n d io o o  ar.ir.r ’ a, th e  a- ^ o r t r a t i o n  
o f  .? 5  n y / n l  p ro d u ced  v a s o c o n s t r i c t i o  ■ w i i h i r  tho  h s dnoy.
A1 th o u y 'i i t  i s  d i f f i c u l t  to  n::trr."O l.' - e - - y iv  " e r ^ a r i ’-.onts 
to  th o  human s i t u a t i o n  i t  would see n  i h - t  th - ' f - : - w w s  in
t h i s  s tu d y  s u p p o r t  t h e  c o n te n t io n  by J 1-' •-> -t i n
o b s t n ’c t i v c  ja u n d ic e  th e  k id n e y s  u rn  o ra  s e n s ? t iv o  to
p e r io d s  o f  h y n o tc ro .’o n , "r  r t i  cv.l.-'rly  i ru , i n  h '^ a tn n a i  or.
t h e r e  " r e  ir.crcu-scil l o v a l a  o f  n i r c u l  ■ rv  ca tucho?.1

The in c r e a s e  in  s e n s i t i v i t y  couf a : '■ hi a to  n T "  a r u s e s .
I t  w ar m cn tio n c '1 t h a t  f e e l s  t h - i  a u . - te d  11?  ̂ n'bi?'.
do t h e  f a c t o r  r e - n o v s lh ln  w h ile  / .o y  ? '  I n —i.n a ta i - ^
showed th -  t  i n f u s io n  o f  b il.o  s - i t n  ■■■>■ ' ■<'i- " c u s i t  - • t y
o f  t h e  hidr.oyr, to  .i.schsoui <•, O th e r  - "  ̂ t  iu a r .  - nd
p la .sn a  r e n in  l o s d ln "  t o  -n  i r c r n r .a ;  • "  n-.."-<ot. - in  ^'
c a u s e s  th e  r e n a l  f-  il.v .ro  s e e n  in  t 1 •*:?r s, lions-" 1  In  <11
th o s e  S tu d ie s  no c o r r e l a t i o n  co u ld  he ,, het-.-eor ■nn'.- 
b i l in '.b f m  ( d i r e c t  o r  i n d i r e c t )  ■’V1 : ■ t -  to
n o ra d ro n - l i n o .  M icro vs a - I s o  r n  >• >u b - i - e - n
a l t e r a t i o n s  i n  o l s c t r o l y t o a  and •* a :- > r :v v ?  v.r.a
n o t  i n c r c r  sod.. P u .rthcr.uoro  Kcv/ invo ,- :v t  any jr.ca-uur-r,
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in  plr.cntr. r o n in  r c t i v i t y  i n  r o c u l t  o f  th e  ^ Itn r-.vb ion r 
in  r o n - l  n c r fu n io n  m e1 n o t  r  c runo  o f  them , n jn co  v.'hnn 
r o n r l  n o rfn n io r : in  in c ro ? n b fl hy f l i l r t o r  f r n r n , i n  c i r r h o n i r  
o f  t h e  l i v o r ," n lf 'r n r  Ic v o ln  o f  r n n in  f f lX .  F u r th e r  ov i^oncn  
tlm .t th o  chvuror. rrc  due to  inororrod nonr.i t i v i t y  to  MA 
vvr.m provicicci toy th e  f in r ’ i n f  t h r t  re n r .l  "bloorl f lo w  co u ld  be 
iraprovQt? toy phono::ybenr:'''r,in n  ( r n  r lrhn  b lo c k in f  f r o n t ) m e’ 
t h i  c comoimd r ln o  re v e r s e d  th e  c h m ^ c n  in d u e  eri toy i n f  u n i  one. 
o f  n o r r c l r c r . r l i n o . A lthough  t u i o  o o n trc - t 'ic tr . th o  v;orl: toy 
E p r.to in 1 ^ v.lio nhov/od i n  nntiontc -.vith c i r r h o n i c  th r . t  r o n r l  
b io  or1 f lo w  c o u ld  n o t  tor- i-inrovof. by nh ono::ybenn:::'.ino, h i s  
oxpcrir-.ontfi v.’e r c  r.ccor.r^T.ifid by uyatocio h y ^ o tc r .r io n  v .horofc 
in  t h i n  ntv.c1.'/ t h e r e  vvr.n no f r l l  i n  b lo o f  p ro c c .u ro .

Thr.t rr. iiic ro r .a o  i n  b i l e  r .- l . t r  rv y  be th o  f a c t o r  
pro(?ucir.f: th e  c h r n rc c  w i l l  bo firox'.ririoc1 f 'x r th n r  bclovz.

I t  v."i.r r l c o  rhov."'. i n  t h e r e  r t v / ' i o r  t b - t  b o th  th e  
r l t e r "  t iO 'T  i n  r o n r l  " e r fv .r io n  -art irc ro  nod r c r .n i t iv j  ty  
to  ::a  v o rc  " 2’o 'T r r - i v f i .  T'-.j r, i r  ?nr?.ic''te--i th e  f i n d i n -  
t h r . t  b-'-oo-.ir - f t o r  t-.-o v.'coltr o f  ,•)- und.ico rb o ro d  r.c ro  n r r ’red 
f 'l t c z - t i o n r .  i r  i r t ^ T o n r l  b lo o d  f? ov d? r t r i b u t i o n  - r d  v o rc  
n o ro  n e n n i t i v  to  "A t h - n  b rb o o r r  v/ho h rd  th e  b i l o  d u c t 
l i ^ r t o - ’ f o r  o n l -  or.n ••.•'■o’; .  2 h i r  ••ould. i n d i c a t e  t h r . t  th e  
l i v e r  i c  n ro d iv tir .-  con" c t o r  v .bich i r  i n o r n r '- in -  in  
coM cortr'-.tj.o’-., o r  tb /  t  ro v e  raV 'r.t-nc< i: :  r o t  b n in r  do to*:- 
ifi.Q ''1 by th o  i . i v - r .  A"1 t ' l o v h  i t  "’r r  ••jointed o n t  t ^ r t  i t

n o r o  1 : L ' : o l y  t h - t  " n  ^  c t n r  i r  b e v - f -  - - b ' r ' i  t o  t h e  •■ 'loor! 
( r - ? n c o  t b n r o  i - .  v « r y  l i t t l n  r r  d - : i — n  r f t o r

t ’.vo '.v n r . 'r r  o f  j '  u z v ' i r o ) , I : -'  o ’ t b e r  o v - 'v . t  I '.-  o  f r c t o r  r - v r i^ r  
t h e  r I t s r v t i o n r ,  j f  b l o o "  b o r n  - ,  • . . • a v id  n . - v r r  r . i - d l - r  
r l t r - r ;  t i o v . r  i n  v o r f v .n : ]  o r u ;  I v  otbnr v r r c v J  f r  b o  O r ; .

I n v o n t i r  t io n r ;  o f  th o  c n rc b rr  1 c i r c u l a t i o n  u n in , ' th e  
■^^^c to c h n iw .o  rhovod. t h r . t  i r  t h e  co rc b i-o v rsc u lr  r  bod , 
t h e r e  i r  rJ.co incvo '-rx .v  ricnr i t i v i t y  to  "A i n  th e  i r o r e n c o  
o f  o h ritr .u c tiv r; ,-‘' V :v 'ic o . S^.e-c u y i o r j ^ e n t r  c o n f i r n  th n  
h y ^ o th o r ir ;  tb r t  i n  o b r t r u c t iv n  vndj cc t h e r e  d r. ror.c f r c t o r  
i n  th e  'i l rn r .: ' w hich  i r c v c  iic:: t h r  r .a : \ r : i t i v i t y  o f  th e  
v r .n e u lr .tu re  to  th e  o f f r c t r ,  o f  c i r c u i t  t i n ; :  n o r r a r o n r l i n o .



P r y c  3-0.1 .

T h o n c  G : : r ) n r i r . o n t n  r l f j o  o l v c i r t o t o d  r o n e  o f  t h e  ; ^ r o h ]  o n r  

r o f r r d i n . f  t h e  r o l e  o f  n o r n. 'U ’ o n ' ’l i n o  i n  t h e  c o n t r o l  o f  t h e  
c o r o b r r l  c i r c u l r t i o n .  I t  h r . n  b o o n  r .h o v r t  c l o r r l y  b y  

R o s o n c T o r f f  m d  C r r n r t o n " ' °  t h r t  i f  r o r r . d r e n ^ l i n o  i s  p i e c e d  
o n  t h e  n d v o r . t i t i r l  r . u r f - c c  o f  c o r o b r r l  v o r j n e l s ,  c o n s t r i c t i o n  

o r  d i l r t r . t i o n o  o f  t h e r e  v o n c o ] . r  i n  p r o d u e n d .  T h e  e f f e c t  

o f  b l o o d  h o m o  N A  h o v / e v c r  i s  u n c e r t a i n .  S n e l l  d o r o . o  n r o d u o o  
v r . n o d i l r . t i o n  " n d  l r r - o r  d o n o r ;  v r . r o c o n s t r i c t i o n .  I n f u r i o n n  
o f  'ilk v i e  t h e  c r r o t i d  r r t n r y  h e v c  b e e n  s h o w n ,  t o  r r o d u c c  r  

v n s o d i l e . t r t i o n ' * ^ ^ ,  v e . r o c o n r t r i e t i o n '  9<1- o r  n o  e f f o c t ' ’ ' ’ " . 
H c C - l A o n  e n d  E i d o l n r n  h r v e  i n h i b i t e d  t h e  i ’ ^ t . - k e  o f  

n o r ^ d r r " - l i n o  i n t o  t h e  n n o o t h  r . u n c l c ( u p t r k o  e n d  h o v e  

d e n o n r t r r . t c d  t h r t  n o r - d r c n e l i n e  t h e n  - o r o ^ u c o r  c c r o b r e l  
v r . s o c o n n t r i c t i o n ^ " ’ ® . T h i s  v o r k  r . u ~ y e n t n  t h r t  n o r n r l l y  

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

s o  t h r t  v /h o n  c r t o c h n l - o - v. ' . o t h y l - t r ' ; n n f o r r c o  ( 0 0 1 1 )  i n  

i n h i b i t e d ,  ( t h i n  t h e n  i n h i b i t r  t h e  r n t . - k o  o f  n o r r d r c n r l i n o  
i n t o  c n o o t h  r , v . r e l o  -  U n t r k o  I I )  e n o u . - h  n o r - d r o n r l i n e  

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

T h e  r e s u l t s  o f  i n f u . r i h "  n o r :  d r o -  . i n c  i n  t h e  p r e s e n c e  o f  
o b f i t r u e t j . v n  j - u i d i c o  n r o d v c e r  • r o o t  i d e n t i c a l  r e r u n  t o  t o  

t h r t  n e o n  v ’l o r .  C O ! !  i n  i n h i b i t e d ,  T h u s  i n  t h e  n r e r - o n c e  o f  
j r v n d i c e  i t  w o u l d  r n p e - . r  t h r t  e n o u g h  n o r r d r c n r l i n o  i r  

r o r c h i r . ' ;  t h e  r o c e n t o r  n i t o n  i ; o  p r o d u c e  -  v r  n o c o n r t r i c t i  o n .  
T h i n  v : o v l d  i n d i . e r t o  t h - t  t h e  f r c t o r  o r  f - c t o r n  n r o n o n t  i n  

t h e  n i m n ?  o f  m i n O r  w i t h ,  b i l e  d u c t  l i ' - ' - t i o n  i n c r o m o n  
Isho r . e n n i  t i v i t y  o f  t h e  v e s s e l s  t o  n o r : • o n - l i n e  b y  i n h i b ­

i t i o n  o f  t h e  n o r ; ’. ' ?  r - ’o o i h  r . u r c l e  u y t r k e  n i c c h r n j r n ,  
r l t h o v . w h  o t h e r  w o n h T . i r::.r, r r c  ^ o r . r i b ?  o .

I t  h T  b e e n  n o n t i o r c d  i r  i J c e t i o "  I T T  t l . " t  i  t  d rs v / o l l  
O R t n b l d . r h o d  t h ?  t  o l i m y e r ;  i n  } 'G 0  o f  ' r t o u i - n  b l o o d  

r r o f o x m d 1 - '  e f f e o t  t h e  e e r e b r r l  f l o o d  f l o w .  A  r i s e  d .n  r - ' G 0  

i n c r o f n o n  c o r o b r ' - l  b l o o d  f l o w  w h i l e  r  f r l ?  n r o d v c o r .  r  ?  

d o c r o r r o .  V h i n  i s .  t h o u g h t  t o  b n  d v .c  c i t b r r  t o  " I t o r r t i o n  

i n  n i l  r r o u n d  t h e  v e s s e l  o r  d u n  t o  -  d i r e c t  e f f e c t  o f  C 0 „  
o n  t h e  b l o o d  v e s s e l s  o r  b o t h .  V /h l?  o  t h i  s  w e c h s n l n  m c y '  

b o  t h e  n s j o r  c o n t r i b u t i o n  t o  t h i s  c o r n b r . - ’l  b l o o d ,  f l o w  

r o n n o n s o  t o  r c ( ) ^  i n  r  c u r m t i t s t i v e  nonoo,  e v i d e n c e  i s  
s c c u r m ?  r t o d  t h : . ?  s o n s  n n u r - ] ? y  n n d i - t n d  r o H . e -  " i c c h s n i s w



gsaJtsa-
i s  in v o lv e d .  I t  in  th o u r h t  th r . t  t h i n  rc f lo jc  1c -lodirvfccrt 
v i a  th e  o y m ^ rth o tio  nervous) fiyntom.

I t  hn.s been  ahov.rv t h r t  th.fi o a r o b r o v r r .c u l r r  rcr.-ponr.n 
to  00g i£3 " i t o r c d  by n y n n r th o t io  n o rv c  n t in u l f ’t i o n  o r  
s e c tio n ^ - . Alr.o r .ln h - .- r i i i 'o n o r '- ic  bloc?-"Ao h rn  boon r h o r r  
to  n o tG n t i r t n  th e  c o r o b r r l  vnnoc’.il . '- .to r r^nnor.ne to  i n c r o r r c t i  
POqo G o m lo to  ;ln tc rn '.T )tio n  o f  n y n n r .th e tlc  n o rv c n  i n
t e t r f - r . i c f i e  n?n  ra{9n.oan th o  v o c o c o n s t r i c to r  rcr.^onno to  
low oreri P rG0

The sw .d ie n  i n  jru n c lic n d  r r i n c l n  cho-.v ''t tan u c tc c*  
ro c p o n c e s  to  P rc0  rn d  m  crr '.^ rf irrted ’ ro rpor.nn  to  
h y p o rc r^ n ic  r c v o r t ’ec*. by M.ocl:r.cle . T h is  fin e1 i n "
to ,r e th o r  v .lth  th o  f in e 1 i n - s  whan HA i c  infv.nee1, c lo n o n r t r r tc  
t h r t  i n  r  c i t u i t i o n  '.vlic-ro th o  r c t i o n n  o f  th o  i".ynpr.thotic 
norvour. n ^ rtr-n  r r c  r o t n n t i  ‘'-0c’ , th o  c e rn 'n r r l  CO. r o - . c t i v i t y  
i s  r l t o r o d  by rn  r l n h - - r o c o ^ t o r  ic c l i ' t c f  v r - . r o c o n r t r ic t io n . 
P u r th c rn o r n  th o  ’i ro d o n t n tu d io r , -provide cv lrloncc t h ' t  m  
i n c r c - r c f  P -^ q  in flu c o r ce:*c"nr"l v - r .o d i l . r t r t i o n  ^ ' r t l y  v i- . 
a n e w r - l l y  n e f l " t o 4  n c c h '-n ic n  vi--, ? r 'e c re -n o  i n  c ^ .^ r th o t i c  
to n o .  L ino  th n rn  .Tfcur’i o r  v.-ou].r j n ^ ic - 't o  t h r t  -  d c c ro -c e -’, 
P^qq ’" '• r c 'rurc! e n ro b r: 1 v r o c o ' ' f ; t r i c t i o r .  * '? r t l y  by r n  
in o rb r.n o  i n  c ;M n -th o tio  a c t i v i t y .

Tho in c r o r r c  i n  c o r o b r" !  bloof! flo v : w ith  r l ’ih- b lo c h r r o  
r u l o r  o u t th o  " o r - .n ib i l i ty  t h r t  rm ’uccc’ rc r .-o n r c  t o  F-'qq 
i n  th o  ,j '-u rr 'ic(v ' - r .^ ry l  n.rv bo f’t'o  to  corr- " ^ th o lc '- i c r l '" ’ 
oh-.nro i n  th n  en ro b r-? . v o rn o ln .  The rodvcod  ro m o n c c  to  
P r 00 3 ^  iv n ro -  rcrl rocr-onr-j v :i th  h y ^ r c ' - v ^ r  t h e r e f o r e
f u r t h e r  r v . ^ o r t  t h e  f r n f  i r -  t h r t  i n  o h r t r v c t jv n  .i.-n'ne’i co 
th o r r ' i r .  f  h y - 'o r -rn n 'io n n iv n n n rr ' t o  r .y n r i- th o ti 0 ••cti.v5.ty 
pi\C no r 'tn x c tu :"  1 / - i —'0 to  th o  W oor’ /p e rn ]  .

Tho f in - ’dr.'-r i n  th o  b r H n  rnd  th o  k id n e y  .-.uf'-cnt t h - . t  
iiboro i r  1 f r o t o r  An t l v  r.1 rr:v-  v.'hj ch inc.re-.non  th e  
v r r c u l r r  ro c rx m n n r o f  thr-. v o rn n ln  t o  th o  n f f e n tr ,  0*' 
nor-V rpr..-?J.r.o . Tho r c '- iO t r  nrd.’’ -  o v r  i ^ o l r t n d  r r t o r y  
n ro n r r a t i o n  c o n f it-n r  t h i n .  J ru n d j  cn<7 n l.r-m r in fv r.c fi i n t o  
?n  i r o l . - t c c ’ r.oyfV 'icd - r t o r y  o r  '- ith 'o y  c-.vnrtfl -  l - r '- 'o  in o re .- ro  
i n  th o  rp m w in n n  o f  th o  v o n r n i t o  j n j r c t r f  n o r - f r ^ - l i n n .
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In some cases the vasculature of the kidney became so 
sensitive that an irreversible constriction of the vessels 
occurred which would be expected to cause acute renal 
failure if a similar situation occurred in vivo. This could 
explain the high incidence of post-operative renal failure 
found in man by Dawson16, when increased circulating 
catecholamines, produced by the stress of surgery and 
periods of hypotension, may be having the same effect on 
the kidney a • that fourd in the isolated perfused organ.

The isolated orga'i preparation also provided an explanation 
of the mechanism whereoy the jaundiced plasma produces this 
potentiated effect in response to injected noradrenaline.
By application of a Lineweaver-Burke plot and Hofstee plot 
it was shown that the equilibrium coefficient is decreased.
This could imply that increased amounts of drug receptor 
complex had been formed. A tendency for the maximal 
response of the vessels to increase was also shown. By 
application of the Hill plot it was demonstrated that this 
was not due to an allosteric effect but probably due to an 
unmasking of more receptors or some alteration in post­
receptor membrane activity. It is apparent, therefore, that 
obstructive jaundice is producing some change In the 
membrane characteristic. One of the consequences of such 
change could be a reduced uptake of noradrenaline into the 
smooth muscle. The similarity of the findings when 
noradrenaline was infused into the cerebral circulation to 
that produced when uptake 2 mechanisms are inhibited would 
suggest that this in fact may be occurring. This would also 
explain the decrease in equilibrium coefficient since noradrenaline 
would then become available for drug receptor combination.

The finding by Inversen that cholesterol is capable 
of inhibiting uptake II202 and a large increase in cholesterol 
in cholestatic jaundice suggests that an increase in 
cholesterol is the factor responsible for producing the 
heightened sensitivity to noradrenaline found in these 
studies. Hypercholesterolaemic plasma produced similar 
effects to jaundiced plasma but pure cholesterol had no



e f f e c t .  S h in  o u rr e c tr ;  t h r . t  cholco-fcero.i. r j '.n t  hr. ^ ro c w it  in  
th e  norrr.-xl n h y f i io lc f ic r . l  f i t- 'to  to  nroi'v.co r-r.y e f f e c t  on 
craoo-feh r.U 3cle u p trk o  m cchrnj rr-n; l . o .  r.ttr.chcc?. to  r .^ o p ro to n n . 
¥/hen lo w  d c n n i ty  l i n o n r b t e i n  v/r.n nun,'.'.rrtod f r o n  jru^.clicQc’ 
plnsm r, c. Ip.r.^o d o o rc 'n e  i n  Kef, "Jid rn  in c r c r n o  i n  v .-r
pro d u ced  . T h in  v/oulz'1 irm .lr  t h r t  th o  I n c ro ro o  In  r h o lo n te r o l  
fo tm d in  o b s t r u c t i v e  j ru n d io o  i n  o.t lo r .n t  one o f  t h e  f r .c to rn  
r e s p o n s ib l e  f o r  th e  incro?sse  i n  r o n s i t i v i t y  to  n o r r d ro -’.'-3 ir.o  
founc’. i n  t h e r e  e r .n c r in o n tc . I t  hr.n ."Iro  boon nhov.n t h ' t  
i n  o"b rtn .i.c tivc jr":,nr’ io o  f i e r o  1c rn  cbnornrj, l in o n ro to iz i  
prorluccc1, t h  r t  no von iv ith  t h e  ho t;', l i ^ o - n r o to in r  on e l e e t r o -  
2>horcni3, Thir- in  crl.lo d  l i p o p r o t e i n  . I t  i n  -nonn ih lr 
t h r . t  t h i c  rl'norm i’l i t y  o f  l i p o p r o t e i n  i n  o b s t r u c t iv e  ja u n d ic e  
mcy be ro c p o n n ib le  f o r  t h e  ch ^n ro n  r e p o r t e d  . I t  ro u lc5 
s e e n  how ever th r . t  t h i n  i n  v.n.U.'rol,? o in c o  th e  "ol-'n-'- f r o n  
Frec’riclrrfin*  n ffypo J l r  h y ^ o i 'l i^ i f 1" c r i c  p ' . t i i n t n  nrodv.eo 
s i n i l - r  in c re - r - e  i n  r o n n i t i v i t y  t o  IT A i n  t h e  i r o l c t o d  
r .r tc r* ' p r e p a r a t io n  rn  t h r . t  fo u n d  v i t h  b rboonn  v i t h  o b r t r a c ­
t i v e  ; -.vn'1 i  c 0 . ::o - b n o m r l  n r o t e i n  h -  c to  or., found zn t h i r
d i n e 's e ,  m C  i n  r f f i t i o n  vhcn  l o v  d c r .r .i t”  l i n o p r o t o i z  r r r  
concoz'itr-tec! f r o r .  n o r.i"]. n lr .s n r  n i ' u l r r  c f f i c t r  n r o  fo ''r d  
v ir , « d e c r o T o  i n  K0„ : nv. nn  in c ro r r 'o  i n  2n „,.«

A3.they,'-'.', i t  h - r  been  r.u,“ "c r .tc d  t h - t  th o  r o r r d . t r  r e p o r te d  
h e r e  i n  obr-b rv .c tive  w d io o . - r d  in  h y p c r c h o ln r to ro l '', . - ! . i -  
c<A'lc be p x r l 'i n o d  by r-n i n h i b i t i o n  o f  v^trdro  f  ™.och~r.ir-'-:r, 
nr. i n  rof-nnd r o r r r  c h o lc n to r o l  lovo.i rv ' r n roducn  ath/>r 
e f f o r t s .  I t  h f r  boon %-hown r e c e n t l y  t v - t  •"he” th e  f i r r t  
o h e l l  o f  t ’-i-i l i n i d  b i l '- y o r  n v rro v n 'l^ ; '' ' c r l c i v n  t r m r - i o r t  
n r o t e i n ,  1s re n ] by cho? c n t e r o l ,  th c ^ o  in  "^eo-'.Txietc 
pn6 r c v e r n ib lo  in - c t i v '  t i o n  o f  AVPrrc - e l i v i i y  ^0 , T h is

h-Vfi profoi*Ji(i on o r e r 'y  -n rod im tion  -nd Q rlc in -i
t r r n m o r t  w i th in  tb o  nr.ooth •-ur-clo on]J . LI r r ,  r t h o r  r tc i - o jd n  
nuch rr, c o r t i r o ) .  h -v o  been  nhovn to  - f r o n t  i r . t n  c o l l u l r r  
notc.nr-ivj.' c o n c o n t r - t i o n n ^ " ,  w hich  w o rld  bo ovnor^cd  to  
pi'ofovnc1!;.’ r . i . te r  t h e  n ^ rtb rrb o  'l o to n t i . - l  o f  r/.'1 . Thv.r.
.'•1 though  th o  i i 'i t - lr c  o f  liA i n t o  tbr> r.-iooth nvf-cln c e l l  n r ” 
bn in h i b i t e d  by th e  h i r h  e h o le n te r o l  3 o v n ln , i t  c n  bo 
noon t h " t  t h e r e  r r e  n m y  o t h e r  n f f e e tn  o f  eh o le r-.to ro l m e1



p .r /r p  i n ;  „

n tcro ic i.n  on co11u3,.'t  n h y rr io lo fy  w hich c o u ld  c y n l.- in  th e  
r e n u l t o  ro n o r tf id  h e r e .

-An in c r e a s e d  s e n s i t i v i t y  to  
n o r a d r e n a l in e  p ro d u c ed  by an  in c r e a s e d  c h o l e s t e r o l  may e ls o  
p ro v id e  m  n ; :n l" n a tio n  f o r  t h e  a l tc r r t io n s  i n  r e n a l  
p e r f u s io n  found  i n  c j r r h o n in  rn d  •n n lip n o n t dioooro o f  th e  
l i v e r .  I n  c i r r h o r i r  t h e  f r o o  c h o l e s t e r o l  c o n te n t  o f  th o  
p la sm a  r i s e r ,  r l th o u y h  th e  to tr-1  c h o l e s t e r o l  i s  d o c re rs o c  
and i n  m r.li.'r’- n t  d i r o T e  o f  t h e  l i v o r  i t  h a s  r e c e n t l y  boon 
chov.n t h a t  h y p e r c h c lo r te ro lr 'c r . i? .  may be found '9' ’0 . T h is  
h y p o rc h o lo s te ro l r .c n la  i n  p rim a ry  c a n c e r  o f  th e  l i v e r  i s  
p ro b a b ly  due to  an  i n c r e a s e d  s y n th e s i s  o f  c h o l e s t e r o l  duo 
to  l a c h  o f  n o rm al fe e d b a c k  mochanirma. The f in d  i n f  o f  
a l t e r e d  r e n a l  p e r f u s io n  in  p o r t a l  h y n o r to n s io n  c a n n o t bo 
e x p la in e d  by alte ra tio n o  i n  c h o lo s tn r o l  and i t  i s  h e r o  perhe 
t h a t  ro n e  o th e r  r .o c h '-n irn  " r c s u u a b ly  in  o p era  t i n y .

The f in d ir .y  t h a t  plasm a from  a n iy - l r .  v .l th  o b s t r u c t iv e  
j a u n d ic e  i n  c m - b l c  o f  n o t o n t i - t i n y  th e  e f f e c t s  o f  
n o r a d r e n a l in e  even  v.b.cn th e  low  d e n s i ty  l i n o n r o t o in  i s  
rem oved , i n d i c - t c r .  t h " t  an i n c r e a s e d  c h o l e s t e r o l  l e v e l  ig 
n o t  th e  cor.m3.eto orb? " n a t io n .  Paliim '.b in  hms been  sh o rn  
to  in c r e a s e  th e  d-vv -r, c a u sed  by iccha.nm i" h u t i t  seems 
tm li lc e ly  t i r  x ch an g es found in  t h i s  s tu d y  a r c  duo to  t h i s  
s u b s ta n c e , r r  no c o r r e l a t i o n  ra .r  found bo two on th e  l e v e l s  
o f  b i l i r u b i n  e i t h e r  c o n .iv - - ta d  o r  u n c o r ju " " te d  and th e  
d o -r o e  o f  n o r - dran-- .li.ne s e n s j  t."1 v i t y  e i t h e r  i n  th e  i r  v iv o  
o r  i n  v i t r o  c m c r i  -? a u ts . I n  a d d i t io n  u n eo n ju /y  to d  b i l i ­
r u b in  i r  fu se d  i n t o  th e  i s o l a t e d  a r t e r y  ■ nrem -ra tion  
p ro d u c ed  no c 'v n ." o . A lth o v -h  c o n ju 'a tc d  b i l i r u b i n  was n o t  
i n f u s e d  and i t  i s  t h e o r e t i c a l  1 "  n o s a ib lo  t h a t  t h i s  i s  one 
o f  th e  f a c t o r s  -nano :-sib ! c ,  th e  1 -e l: o f  c o r r e l a t i o n  betw een 
th e  s e n s i t i v i t y  o f  t h e  v e s s e l  a t o  r o r a d r o n e l in c  "nd th o  
l e v e l s  o f  c o n .h v r ta d  h i l i m b i n  found in  th o  e m e r im c n tn  
rs h o  t h i n  h y p o th e s i s  u m l i ' 'e l y .  u i - i i l - r l y  A oy y i  -r.d 
lo w n n r.to in  h -v e  r u " " e s l  "d t'i.-i; b i l e  r e l t r .  a r e  r c c ^ o n n ib le  
f o r  t h e  in c ro '- s o d  s e r . s i . t i v i ty  o f  .tho  k id n e y  to  i s c h s c n i
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N o  a l t e r a t i o n s  i n  n o r a d r e n a l i n e  s e n s i t i v i t y  o f  t h e  v a s c u ­

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

p l a y  s o m e  p a r t  i n  t h e  p e r f u s i o n  c h a n g e s  s e e n  i n  j a u n d i c e .
I t  w a s  a l s o  n o t  p o s s i b l e  t o  i s o l a t e  a n y  f a c t o r s  f r o m  t h e  
p l a s m a  r e m a i n i n g ,  a f t e r  t h e  l o w  d e n s i t y  l i p o p r o t e i n  h a d  b e e n  
r e m o v e d ,  t h a t  c o u l d  a c c o u n t  f o r  t h e  i n c r e a s e d  s e n s i t i v i t y  o f  

t h e  v e s s e l  t o  n o r a d r e n a l i n e .  I t  w a s  p o i n t e d  o u t  t h a t  s i n c e  
i n  l i v e r  d i s e a s e  t h e  b r e a k d o w n  o f  s t e r o i d s  i s  i n h i b i t e d ,  

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

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

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

o f  n o r a d r e n a l i n e  i n t o  t h e  c e r e b r a l  c i r c u l a t i o n ,  i n  t h e  
p r e s e n c e  o f  o b s t r u c t i v e  j a u n d i c e  w a s  d u e ,  a t  l e a s t  i n  p a r t ,  
t o  a n  i n c r e a s e  i n  s e r u m  c h o l e s t e r o l .  I n  a d d i t i o n  t h e  i n c r e a s e  

i n  " f l o w  w h i c h  o c c u r r e d  w h e n  l i p o p r o t e i n  w a s "  i n f u s e d  a l o n e  
w o u l d  t e n d  t o  r e i n f o r c e  t h e  t h e o r y  t h a t  a n  i n c r e a s e  i n  l o w  
d e n s i t y  l i p o p r o t e i n  l e v e l s  i n h i b i t s  U p t a k e  I I  p r o c e s s e s  
a l t h o u g h  a s  d e s c r i b e d ,  o t h e r  e f f e c t s  m a y  b e  o c c u r r i n g .  

N o r a d r e n a l i n e  w h e n  i n f u s e d  i n  l a r g e  d o s e s  i n t o  n o r m a l  
a n i m a l s  p r o d u c e s  v a s o d i l a t a t i o n .  A s  a l r e a d y  e x p l a i n e d  t h i s  
i s  p r o b a b l y  d u e  t o  t h e  b e t a  e f f e c t  p r o d u c e d  w h e n  o n l y  s m a l l  
a m o u n t s  o f  n o r a d r e n a l i n e  r e a c h  t h e  r e c e p t o r  s i t e s , t h e  r e s t  

b e i n g  t a k e n  u p  i n t o  t h e  s m o o t h  m u s c l e .  W h e n  l i p o p r o t e i n  
i s  i n f u s e d  a l o n e ,  i f  i n h i b i t i o n  o f  U p t a k e  I I  i s  o c c u r r i n g  

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

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

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

t o  r e a c h  t h e  r e c e p t o r  s i t e s .  W h e n  n o r a d r e n a l i n e
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i s  th e n  Infur,efl i n  m o v n tn  o r  i n  nrenori'l i n  in n ro rn o d
pmounto i n  th e  rnmr.^ n u f f i c i c n t  -m ovntn re r .c h  t'ao r o c o 'i t o r r  
no t h a t  m  r l^ h f .  ro c c -n to r n o d ia tf ld  v - i 'o c o n r t r i c . t i o n  io  
produoei?..

Conci T.nior.t

I l i i c  t h o n i n  h r n  nho v n  t h r t  i r .  o b n t r u c t l v c  j n u n f l ic o  c i r i l r r  
ohruri.;‘e c  ocox’r  i n  r n n '- l  b lo o d  fi.ov? d i s t r i b u t i o n  r e  t h . - t  v h i c h  

occxxrr, i n  l i v e r  d in o r : :o n  ru c h  c-.n c i r r h o n i n .  I t  h r n  r l c o  

b o o n  d e n o n n t r r t e d  t h r - t  r l t o r r . t j . o n n  i r .  r o n r l  p c r f u c i o n  r r e  

g f « r t  l e " r . t  i n  n n r t  t o  j .n c ro '- r .o d  n n n r i t i v i t y  t o  n o r r d r o n c l i n c .  
T2iiu r . l t o r o d  r c r ^ o n r n  o f  b lo o d  vcr.n o X a i n  . " ic o  p r o n o n t  i n  

o t h o r  v f - e c ix l r r  bodR nv.ch r n  t h e  c o r c b r r l  c i r G U l r t i o n . I t  

h r .n  b o o n  r o c t v l r . t o d  t h r . t  5 n  t h e  c e r e b r a l  c d r c u l r t i o n  

n o r r . d r e n r l j n c  d o e s  n o t  n o m " ] l y  ror-.ch t h e  r o c o p t o r  r . i t o p  
i n  n u f f i c i . e n t  • v - ' n t i t i o n  t o  ^ f f o c t  c c r o b r o v r s c v . l r r  r e r i R t '- n c o  
bvxt i n  o h r t r v c - 'u iv e  j-v r iO i.c c  i n h i b i t i o n  o f  n o m r l  n n o o th  

m u f.c lo  xxTitrlco n o c h rn in -n r . o c c u r  ro  t h r t  n o r ? .6 r c r . r l i n e  w hen 
in f u n o d  i n t o  t h e  c ^ . r o i t d  r r t c r y  ro - 'c h r-r .  t h e  r c c c n t o r  n i t e r  

t o  p r o d u c e  r  v ' - r o c o r . r t r j . c t i o r . . 3‘n  p:1t ' i t i o n  i t  \-T.n
d c n o r .c t r - t o r -  t?v .-t i n  o b r t r v c t t v o  j c .x c d ic o  m  n t t o n t u r t e d  

r o n p o n r o  t o  j n o r o r . r l n : '  l o v o l r  of P:'.qq 'Vn.r: prodxxcod rn d  
r n  o y - . j r o r r t o d  r o n 'x m r n  t o  h:.—'n ro -n r J .? .  vv.r, f o v n d .  H h ic  i n  
c o n c i n t e n t  v.’j t h  t h o  t h e o r y  t h r t  t h e  r c - r 'io n n iv n n c n n  o f  t h e  

v c r n o l r .  t o  CO,, i o  r t  i n  n - y t  dvio t o  r n o x i r r l l y

m o d ir  t o d  r n f l o : :  r .in c n  t h i r  r t t c n t U '- . t i o n  co x ild  bo  r a v o r n c d  b 'r 
cn. r l n h "  b l o c 'c i i v  • 'r e n t .

F n .r th c r  e o n f im - t i o n  o f  th e  th e o ry  t h r t  i n  o b r .t ru e t iv o  
j a u n d ic e  th e r e  ir , m  d n o ro -n ed  r m n i t i v l ' t y  o f  th o  v-'t-.cv."'.-tnro 
to  th o  o f f c c tr ,  o-" n o r- d r n n " l i n e , v,"'n n ro v i^ o d  by o m e r in e n tn  
u n in /1: rti in o i r te O  n erfv n n d  r r t o r y  o r  'd d n c y .  V/licn p lr.n n r 
fr 'on  b rb o o n r w ith  o b s t r u c t iv e  ^-vnc1i c r  v.rn norfvxcinr' i n t o  
th i f j  p ro p ." ra t io n  th e r e  \r-n  r-n inororrof n o n n i t i v i t y  o f 
n r o n - r - 't io n  to  th e  p ro a o o r  o f f c o to  o f  n o r-d re n /'.i  i n c .
A n t'lyn ir, \v ' L inor/o.''ver-:'ix:r’:n " ] o t  o r  l o f r t o o  - i]o t  rh o re d  
th .rb  t h i n  v t  d.uo to  r> re d u o l^ o r . in  th e  r ^ u i l . i  briu-.i co­
e f f i c i e n t  rnd ~n in a ro r n o  i n  th e  u r::5 :n 'n  ren n o n n e o f  th o  
v o n n e l .  A r e d u c t io n  in  o o v .i l ib r ix v i c o e f f i c i e n t  i n  o x n lr in o d  
b y  m  in c r e r n e d  d ru r - re c p -n to r  a f f i n i t y  v.-hieh oovlr5 bo
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pro d u ced  by i n h i b i t i o n  o f  norm al u p ta k e  2 m echanism s. I t  
was co n c lu d ed  t h a t  th e  i n c r e a s e  i n  th e  maximum re sp o n se  o f  
t h e  p re p a r a t io n  was due to  e i t h e r  a change in  membrane 
c h a r a c t e r i s t i c s  o r  an  u n co v e rin g  o f  more r e c e p to r  s i t e s .
I t  was a l s o  d e m o n s tra te d  t h a t  no a l l o s t e r i c  e f f e c t  had  
o c c u rre d .

I t  i s  f u r th e r  co n c lu d ed  t h a t  one o f  t h e  f a c to r s  p ro d u c in g  
th e  changes found in  t h i s  s tu d y  was an in c r e a s e  in  
c h o le s t e r o l  w hich  when a t ta c h e d  to  i t s  a p o p r o te in  was 
shown to  p o t e n t i a t e  e f f e c t s  o f  n o r a d r e n a l in e  b o th  i n  v iv o  
and in  v i t r o .  I t  was a l s o  m en tio n ed  t h a t  o th e r  f a c t o r s  may 
p la y  some p a r t  in  th e  p ro d u c tio n  o f  an in c r e a s e d  s e n s i t i v i t y  
to  n o r a d r e n a l in e  s in c e  ja u n d ic e d  p lasm a w ith  t h e  low d e n s i ty  
l i p o p r o t e in s  removed was a l s o  c a p a b le  o f  in c r e a s in g  th e  
re s p o n s e s  o f  t h e  v e s s e ls  t o  n o ra d re n a l in e  a l th o u g h  t o  a 
l e s s e r  e x t e n t  th a n  t h a t  found when low d e n s i ty  l i p o p r o t e in  
was p r e s e n t .  I t  was p o s tu la t e d  t h a t  t h i s  f a c t o r  may bo due 
t o  in c re a s e d  l e v e l  o f  s t e r o i d s  w hich  a l s o  o c c u rs  in  
o b s t r u c t iv e  ja u n d ic e .  I t  i s  acknow ledged t h a t  t h e r e  a r e  
numerous q u e s t io n s  w hich have n o t  been  answ ered  in  t h i s  
t h e s i s  w hich w ould p ro v id e  i n t e r e s t i n g  f i e l d s  f o r  f u r th e r  
r e s e a r c h .  Some o f  th e s e  a r e  """ *•'

a) What a r e  t h e  o th e r  f a c t o r s  p ro d u c in g  th e  p o t e n t i a t i o n  
o f  th e  e f f e c t s  o f  n o ra d re n a l in e  when ja u n d ic e d  p lasm a 
i s  p e r fu s e d  w ith o u t .low d e n s i ty  l i p o p r o t e in s  p r e s e n t?

b) What e f f e c t s  a r e  low d e n s i ty  l i p o p r o t e in s  p ro d u c in g  
on c e l l u l a r  membranes and i n t r a c e l l u l a r  p h y s io lo g y ?

c) In  o b s t r u c t iv e  ja u n d ic e  i s  t h e r e  an  in c r e a s e d  re sp o n ­
s iv e n e s s  o f  b lo o d  v e s s e ls  t o  c i r c u l a t i n g  a d r e n a l in e
as  w e l l  a s  t o  n o r a d r e n a l in e ;  and i n  a d d i t io n  i s  th e r e  
a h e ig h te n e d  re sp o n se  t o  o th e r  v a s o a c t iv e  am ines such  
as  s e r o to n in ?

d) I s  th e r e  a p o t e n t i a t e d  re sp o n se  o f  b lo o d  v e s s e l s  to  
th e  e f f e c t s  o f  n o ra d re n a l in e  in  o th e r  l i v e r  d i s e a s e s  
su ch  as  c i r r h o s i s ?
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I t  m a y  a l s o  b e  a r g u e d  t h a t  i n  t h e  e x p e r i m e n t s  u s i n g  a n  

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

h a v e  b e e n  b e t t e r  t o  c o m p a r e  t h i s  p l a s m a  d i r e c t l y  w i t h  n o r m a l  
p l a s m a  a n d  n o t  w i t h  K r e b s  s o l u t i o n .  T h i s  w a s  n o t  d o n e  a s  

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

j a u n d i c e d  p l a s m a  c o u l d  b e  a d d e d  i n  k n o w n  c o n c e n t r a t i o n s .
I t  i s  a c k n o w l e d g e d  t h a t  i t  m i g h t  b e  c o n s i d e r e d  m o r e  c o r r e c t  
t o  h a v e  u s e d  n o r m a l  p l a s m a  a s  t h e  s t a n d a r d  s o l u t i o n ,  b u t  

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

N e v e r t h e l e s s  t h i s  s t u d y  h a s  s h o w n  t h a t  i n  o b s t r u c t i v e  
j a u n d i c e  t h e r e  a r e  a l t e r a t i o n s  i n  r e n a l  p e r f u s i o n  s i m i l a r  
t o  t h a t  f o u n d  i n  c i r r h o s i s  o f  t h e  l i v e r  a n d  o t h e r  d i s e ' s e s  

o f  t h a t  o r g a n .  I t  h a s  b e e n  s h o w n  t h a t  t h e r e  i s  a n  i n c r e a s e d  
v a s c u l a r  s e n s i t i v i t y  t o  t h e  e f f e c t s  o f  n o r a d r e n a l i n e  w h i c h  
m a y  e x p l a i n  t h e  h i g h  i n c i d e n c e  o f  p o s t - o p e r a t i v e  r e n a l  
f a i l u r e  f o u n d  s o  f r e q u e n t l y  i n  p a t i e n t s  w i t h  o b s t r u c t i v e  

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

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