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CHAPTER ONE

General  I n t r o d u c t io n



1

H i s t o r i c a l  Background

in J 898 T i g e r s t e d t  and Bergman demonstrated p resso r  a c t i v i t y  

in s a l i n e  e x t r a c t s  o f  the c o r t e x  o f  r a b b i t  k id n e y .  The substance  

re sp o n s ib le  was w a t e r  s o l u b l e ,  n o n - d i a l y s a b le  and hea t  l a b i l e ;  

t h a t  is i t  had the p r o p e r t i e s  o f  a p r o t e i n .  They gave i t  the  

name r e n in .

F o r ty  years l a t e r  G o l d b l a t t  pub l ished  the r e s u l t s  o f  a s e r i e s  

o f  experiments d e s c r ib in g  a model o f  ren o vascu la r  h yp e r ten s io n  

produced in the  dog ( G o l d b l a t t ,  Lynch,  Hanzal and S u m m erv i l le ,  1934)  

He placed metal  clamps on the  renal  a r t e r i e s  o f  these animals so 

t h a t  the  blood f lo w  reaching the kidneys was reduced,  a l though  the  

vesse ls  were not  co m p le te ly  occ lu ded .  This gave r i s e  to h yp er ­

ten s io n .  S i m i l a r  e xp er im en ta l  ischaemia o f  o t h e r  organs did not  

produce h y p er te n s io n .  He found t h a t  neural  f a c t o r s  were not  

in v o lv e d .  Tying o f f  the renal ve in  from the c o n s t r i c t e d  kidney  

prevented the development o f  h y p e r te n s io n .  He t h e r e f o r e  suggested  

t h a t  the k idney  produced a humoral f a c t o r  which was re sp o n s ib le  

f o r  the r i s e  in blood p ressu re .

The involvement  o f  a pressor  agent  was conf irmed by Houssay 

and F a s c io lo  (1 9 3 7 ) *  They produced hyp er ten s io n  by g r a f t i n g  an 

ischaemic kidney i n t o  the neck o f  a nephrectomised dog. T r a n s p la n ­

t a t i o n  o f  a normal k idney  d id  not  g i v e  r i s e  to an increase  in blood  

pressure .  This pressor  agent  produced by the ischaemic kidney was 

capable o f  causing v a s o c o n s t r i c t io n  in the perfused hind l imb o f  

the toad (Houssay and T a q u in i ,  1 9 3 8 ) .  However, in v i t r o  the pressor  

agent  had no e f f e c t .

At  the same t ime Page and Helmer Cl940)  and Braun-Menendez,  

F a s c i o lo ,  L e l o i r  and Munoz (J939 I  s e p a r a t e l y  demonstrated t h a t  the  

ren in  produced by the kidney had no d i r e c t  p re sso r  a c t i v i t y .  Both



showed t h a t  re n in  c leaved a s u b s t r a t e  m o le cu le  p res en t  in the  

c i r c u l a t i o n ,  g e n e r a t in g  a p ress o r  agent  named a n g io t o n in  and 

hy p er ten s in  by th e  two groups r e s p e c t i v e l y .  In v i t r o  s tu d ies  

using a o r t i c  s t r i p s  showed t h a t  the product  o f  the  ren in  r e a c t io n  

was i t s e l f  i n a c t i v e  u n t i l  exposed to  plasma (Helmer,  1955)*  A 

f u r t h e r  d i s t i n c t i o n  was subsequent ly  made between t h i s  substance ,  

a decap ept ide c a l l e d  h y p e r t e n s in  1, and h y p e r t e n s in  11 to  which  

the former  was r a p i d l y  conver ted  by a f a c t o r  p res en t  in the plasma 

( L e n t z ,  Skeggs, Woods, Kahn and Shumway, 1 9 5 6 ) .  The conversion  

f a c t o r  was shown by Skeggs, Kahn and Shumway (1956)  to  be an 

enzyme which they c a l l e d  h y p e r t e n s in  c o n v e r t in g  enzyme. Conversion  

in vo lved  the removal o f  two amino ac id s  from h yp e r te n s in  1 (Lentz  

e t  a l ,  1956) .  The major  a c t i v e  form o f  h y p e r t e n s in  was t h e r e f o r e  

an o c t a p e p t i d e  ( P e a r t ,  1 956 ) .  These two substances have sub­

sequ e n t ly  become commonly known as a n g io te n s in  1 and a n g io te n s in  11.

The " r e n i n - a n g i o t e n s i n "  system t h e r e f o r e  in vo lves  a s e r i e s  

o f  re a c t io n s  r e s u l t i n g  in the product io n  o f  an e x t re m e ly  p o ten t  

pressor ag en t ,  a n g i o t e n s i n  11. The sequence is  i n i t i a t e d  by r e n in .  

Components o f  the R en in -A n g io ten s in  System 

Renin

The main source  o f  re n in  is  the  k idney  a l though  i t  has a ls o  

been demonstrated in the u t e r u s ,  b r a i n ,  ad ren a ls  and a r t e r i a l  

t i s s u e  o f  a number o f  s p e c ie s .  E x t r a - r e n a l  ren in  w i l l  be discussed  

in d e t a i l  in a l a t e r  s e c t i o n .  S i g n i f i c a n t  q u a n t i t i e s  a re  a ls o  

p resent  in the c i r c u l a t i o n .

In the kidney  ren in  is produced by the  j u x t a g l o m e r u l a r  apparatus  

This co n s is ts  o f  s p e c i a l i s e d  smooth muscle c e l l s  o f  the a f f e r e n t  

a r t e r i o l e  which show cy top la sm ic  g r a n u l a t i o n ,  and the macula densa,  

a m o d i f ie d  p o r t i o n  o f  the w a l l  o f  the  d i s t a l  t u b u le  l y in g  immediate ly



a d ja c e n t  to  ttie j u n c t i o n  o f  the  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 .

A number o f  f a c t o r s  a r e  in s t ru m en ta l  in c o n t r o l l i n g  the  

re le a s e  o f  ren in  from the k id n e y s .  They have been reviewed by 

Davis and Freeman (1976)  and Z a n c h e t t i , S t e l l a ,  L e o n e t t i  and 

Mancia C198 I ) .

In general  the two im por tan t  s t i m u l i  which r e s u l t  in changes 

in ren in  s e c r e t i o n  a re  changes in the renal  a r t e r y  p e r fu s io n  

pressure  and changes in the e x t r a c e l l u l a r  f l u i d  volume.  Th is  

l a t t e r  e f f e c t  i t s e l f  produces a change in the p e r f u s io n  pressure  

o f  the k id ney  but  a l s o  r e s u l t s  in a change in the composit ion  o f  

the renal  t u b u l a r  f l u i d .

Changes in the p e r f u s io n  pressure  a re  d e tec te d  by s t r e t c h  

r ecep to rs  presen t  in the a f f e r e n t  a r t e r i o l e  o f  the j u x t a g l o m e r u l a r  

a p p a r a tu s .  These receptors  a ls o  respond to  renal  sym pathe t ic  

nerve a c t i v i t y .

Changes in the composi t ion  o f  the renal  t u b u l a r  f l u i d  a re  

d e te c ted  by the macula densa which ac ts  as a chemoreceptor .

Evidence suggests t h a t  the c o n c e n t r a t io n  o f  both  the sodium and 

the c h l o r i d e  ion may be im por tan t  in t h i s  respect  (Z a n c h e t t i  e t  a l ,

1981) .  The macula densa is  thought to  respond e i t h e r  to the  ra t e  

o f  d e l i v e r y  o f  the ions to  the d i s t a l  tu b u le  o r  the r a t e  o f  t r a n s p o r t  

o f  these ions by the macula densa.

The r e le a s e  o f  ren in  from the kidney  is a ls o  under the co n t ro l  

o f  the c e n t r a l  nervous system. The a c t i v i t y  o f  the sym pathet ic  

nerve supply to  the kidneys is determined by the response o f  b a ro -  

receptors  a t  a number o f  s i t e s  w i t h i n  the c i r c u l a t i o n .  The renal  

nerves a c t  d i r e c t l y  on the ren in  c o n t a in in g  c e l l s  o f  the j u x t a ­

g lo m e r u la r  appara tus  and a ls o  a l t e r  the tens io n  in the a f f e r e n t  

a r t e r i o l a r  w a l l .  By c o n s t r i c t i o n  o f  the 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  o f  the g lomerulus they in f lu e n c e  g l o m e ru la r  f i l t r a t i o n  

r a t e .  Th-ls in tu rn  a l t e r s  th e  composit ion  o f  th e  renal t u b u l a r  

f l u i d  and hence r e s u l t s  in the r e l e a s e  o f  ren in  by s t i m u l a t i o n  o f  

the cheraoreceptors. Catecholamines have a ls o  been shown to  

s t im u la t e  ren in  s e c r e t i o n  by an i n t r a r e n a l  e f f e c t  which is 

independent o f  changes in rena l  p e r f u s io n  p re s s u re .  The b e t a -  

adrenoreceptors med ia t in g  t h i s  a c t i o n  a re  thought  to be an i n t e g r a l  

component o f  ren in  producing c e l l s  (Vandongen and Greenwood, 1975) .

In a d d i t i o n  to these  f a c t o r s  a number o f  humoral agents a re  

in vo lved  in the contro l  o f  ren in  s e c r e t i o n .  Both a n g io t e n s in  11 

and vasopress in i n h i b i t  ren in  s e c r e t i o n .  A number o f  p ro s ta g la n d in s  

have been shown to s t i m u l a t e  ren in  r e l e a s e ,  a p p a r e n t l y  a c t i n g  by 

a mechanism which is independent o f  renal v a s o d i l a t a t i o n  (D ata ,

Gerber,  Crump, F r o l i c h ,  H o l l i f i e l d  and N ie s ,  1978; Gerber ,  K e l l e r  

and N ie s ,  1979) .  However, p ro s ta g la n d in s  formed in the renal  

c o r t e x  a ls o  p a r t i c i p a t e  in the c o n t ro l  o f  renal  blood f lo w  and 

glo m e ru la r  f i l t r a t i o n  r a t e  and a re  thus i n d i r e c t l y  invo lv ed  in the  

c o n tro l  o f  the s e c r e t io n  o f  ren in  (Weber and S ie s s ,  I 98O) .

Suzuk i ,  Franco-Saenz,  Tan and Mulrow (1980)  have demonstrated  

t h a t  k a l l i k r e i n  can s t i m u l a t e  ren in  re l e a s e  from the r a t  k id n ey .

They have suggested t h a t  t h i s  occurs v i a  a process o f  a c t i v a t i o n  

o f  i n a c t i v e  ren in  w i t h i n  the kidney r e s u l t i n g  in an increase  in 

the s e c r e t i o n  o f  a c t i v e  r e n in .

D esp i te  i t s  e a r l y  i d e n t i f i c a t i o n ,  the biochemical  c h a r a c t e r i s a t i o n  

o f  ren in  proved d i f f i c u l t ,  m a in ly  because o f  i t s  i n s t a b i l i t y  du ring  

p u r i f i c a t i o n .  However, the recent  a p p l i c a t i o n  o f  a f f i n i t y  chroma­

tography techniques has a l lowed the p r e p a r a t i o n  o f  r e l a t i v e l y  pure 

ren in  (Matoba,  Murakami and Inagami, 1978;  Yokosawa, H o l la d a y ,

Inagami, Haas and Murakami, I 98O).



Renin has been p u r i f i e d  from a number o f  sources in c lu d in g  

pig  CCorvol, Devaux, I t o ,  S i c a r d ,  Ducloux and Wenard, 1977;

Inagami and Murakami, 1977) > r a t  (.Matoba e t  a l ,  1978 ) ,  dog (Dzau,  

S l a t e r  and Haber,  1979) and human (Galèn ,  Devaux, Guyenne, Menard 

and C o r v o l , 1979; Yokosawa e t  a l ,  I 98 O; S l a t e r  and S t r o u t ,  1981) 

but the low co n c e n t ra t io n  o f  r e n in  in both animal and human kidneys  

has prevented  i t s  e xa c t  sequence from being determ in ed .  However,  

ren in  is produced in s u f f i c i e n t l y  l a r g e  q u a n t i t i e s  by the sub-  

m a x i l l a r y  gland o f  the mouse f o r  the sequencing procedure to be 

c a r r i e d  o u t .  This has been done both by a p r o t e i n  sequencing  

techn ique  (Misono,  Chang and Inagami,  I 9 8 2 ) and by c lo n in g  o f  the  

mouse ren in  gene ( P a n t h i e r ,  Foote ,  Chambraud, S t ro s b e r g ,  Corvol  

and Rougeon, 1982) .  Mouse s u b m a x i l l a r y  gland ren in  co n s is ts  o f  

two p o ly p e p t id e  cha ins ,  A and B, l in k e d  by a d is u l p h i d e  b r i d g e ,  

the A chain being much the la rger  o f  the two. The physicochemical  

and enzymat ic  c h a r a c t e r i s t i c s  o f  the enzyme have been shown to  

be s i m i l a r  to renal  renin  and i t  is  t h e r e f o r e  concluded t h a t  t h e i r  

s t r u c t u r e s  a re  a ls o  comparable.  Th is  s u b je c t  has been reviewed  

r e c e n t l y  by C o rvo l ,  P a n t h i e r ,  S o u b r i e r ,  Menard and Rougeon ( 1 9 8 3 ) .

D i f f e r e n t  m olec u la r  we ights have been o b ta in e d  f o r  f u l l y  

a c t i v e  r e n in ,  ranging from 3 6 ,4 0 0  to 40 ,000  in hog kidney  and 

39 ,400  to  43,000  f o r  human ren in  o f  renal o r i g i n  (Peach, 1977 ) .

These d is c rep an c ie s  may be due to d i f f e r e n c e s  in the p u r i f i c a t i o n  

techniques  used a l though  ren in  is  known to e x i s t  as a number o f  

isoenzymes (O n d e t t i  and Cushman, 1 9 8 2 ) .  Three d i f f e r e n t  ren ins  

w i t h  m o le c u la r  we ights  o f  35» 36 and 3 7 ,0 0 0  have been i s o l a t e d  from 

r a t  plasma (Matoba e t  a l ,  1978)., The d i f f e r e n c e  in m o le c u la r  w e ig ht  

o f  these isoenzymes is p ro bably  due to d i f f e r e n t  degrees o f  g ly c o -  

s y l a t i o n  o f  the p r o t e i n  molecule as rep resented  by m u l t i p l e  i s o -



e l e c t r i c  p o in ts  ( B a r r e t t ,  Eggena, Krai  1 and Sambhi, J98J ; Chang, 

K i s a r a g i ,  Okamoto and Inagami , J98l )^ ,

Renin is c l a s s i f i e d  as an a c id  pro tease  on the bas is  o f  the  

amino-ac id  composit ion  o f  i t s  a c t i v e  s i t e  and o f  i t s  i n h i b i t i o n  

c h a r a c t e r i s t i c s . S tud ies on the i n h i b i t i o n  o f  mouse s u b m a x i l l a r y  

gland ren in  have suggested t h a t  re n in  is s i m i l a r  to  o t h e r  a c id  

proteases (Misono and inagami,  I 9 8 O ) . Hog renal  ren in  has a lso  

been found to have s i m i l a r  i n h i b i t i o n  c h a r a c t e r i s t i c s  ( Inagam i,

Misono and M I c h e l a k i s ,  1974 ) .  A high degree o f  homology has been 

found between the  am ino-ac id  sequence o f  s u b m a x i l l a r y  gland re n in  and 

o t h e r  ac id  p r o te a s e s .  This is  e s p e c i a l l y  t r u e  o f  the residues  

which make up the c a t a l y t i c  s i t e  ( Inagami e t  a l ,  1974; Misono and 

Inagami, I 98O; P a n t h ie r  e t  a l ,  I 98 2 ) .

Al though these p r o p e r t i e s  j u s t i f y  the in c l u s i o n  o f  ren in  in  

the category  o f  a c id  p ro te a s e s ,  i t  has a broad pH optimum which l i e s  

in the n e u t r a l  r a t h e r  than in the a c id  range.  The pH optimum 

is species s p e c i f i c  and v a r i e s  w i t h  the source o f  s u b s t r a t e  used.

The pH optimum o f  p u r i f i e d  human ren in  was measured by Yokosawa 

e t  al  ( 1980) as 6 . 0 .  Rat renal re n in  has been shown to be o p t i m a l l y  

a c t i v e  w i t h i n  the range 6 .0  to  6 . 5  (Matoba e t  a l ,  1978) and hog 

ren in  has a b roader pH optimum between 5*5 and 7 .0  ( Inagami and 

Murakami,  197 7 ) .  A l l  these enzymes thus have a s i m i l a r  pH range 

o f  opt imal  a c t i v i t y .

Renin is an unusual protease  in being h i g h l y  s p e c i f i c ,  a c t i n g  

on o n ly  the one s u b s t r a t e .  I t  c leaves the s u b s t r a t e  molecule a t  

the le u cy1 -1 eu c ine  p e p t id e  bond between the ten th  and e le v e n th  

amino-ac id  res id ues  r e le a s i n g  the N - te rm in a l  decapept ide  a n g io t e n s in  1 

I t s  a c t i v i t y  is  a ls o  species s p e c i f i c  and t h e r e  is  marked v a r i a t i o n  

between the r e a c t io n  c h a r a c t e r i s t i c s  o f  ren in  w i t h  s u b s t ra te s  from



d i f f e r e n t  sources.  Matoba e t  a l  (J978 )  found t h a t  the pH 

optimum o f  p u r i f i e d  r a t  ren in  v a r i e d  with,  th e  type o f  s u b s t r a t e  

used. With r a t  plasma s u b s t r a t e  the range was 6 . 0  to 6 . 5  and w i t h  

hog s u b s t r a t e ,  5 . 5  to  6 . 5 .  In c o n t r a s t ,  h y d r o ly s is  o f  a 

s y n t h e t i c  s u b s t r a t e  was maximal between 4 .0  and 4 . 5 .

Mouse s u b m a x i l l a ry  gland ren in  has been shown to  be syn­

th es ised  as a s i n g l e - c h a i n  p rec u rso r  p o ly p e p t id e ,  p ro ren in  

(Poulsen,  Vuust ,  Lykkegaard,  N ie ls e n  and Lund, 1979 ) .  F u r t h e r ­

more, a p ro ren in  p re c u r s o r ,  p r e - p r o r e n i n ,  from mouse s u b m a x i l l a r y  

gland,  has been c h a r a c t e r i s e d  and i t s  sequence determined  

( P a n t h i e r  e t  a l ,  1 982 ) .  The molecule is a s i n g l e  p o ly p e p t id e  

which is c leaved by membrane-bound processing enzymes removing 

a p e p t id e  s ig na l  to  produce p r o r e n i n .  Proren in  i t s e l f  has been 

shown to be converted  to  an a c t i v e  form by f u r t h e r  c leavage  a t  

two s i t e s  ( P a n t h i e r  e t  a l ,  1982) .

I n a c t i v e  Renin

That  ren in  might  be synthes ised  or  s to red  as a p recu rs o r  

was f i r s t  suggested by the f i n d i n g  t h a t  ren in  a c t i v i t y  o f  a m n io t ic  

f l u i d  cou ld  be increased by d i a l y s i s  a t  pH 3 . 3  fo l lo w e d  by 

r e t u r n in g  the pH to  7 .4  (Lumbers, 1971) .  I t  was subsequent ly  

found t h a t  about  seventy percent  o f  the ren in  p resent  in human 

plasma was present  as an in a c t i v e  form ( A t l a s ,  Laragh,  Sea ley and 

Hesson, 1980) and t h a t  a c t i v a t i o n  could a lso  be induced by the  

a d d i t i o n  o f  exogenous proteases such as t r y p s i n  o r  pepsin (S h u lk es ,  

Gibson and Sk inn e r ,  1978; Sea ley ,  A t l a s ,  Laragh,  Oza and Ryan,

1979) o r  by in cubat io n  o f  the plasma a t  -5°C f o r  fo u r  days, t h a t  i s ,  

by c r y o a c t i v a t i o n  ( S e a le y ,  Moon, LaragK and Alderman,  197 6 ) .

The s i g n i f i c a n c e  o f  i n a c t i v e  ren in  remains u n c le a r .  I t  does 

not appear to be a t r u e  ren in  pre cursor  since  the pro re n in  i d e n t i f i e d
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by Poulsen e t  a l  U 9 7 9 )  is not  p r e s e n t  in the  plasma.

I t  is  conver ted  to  e n z y m a t i c a l l y  a c t i v e  re n in  in s id e  the c e l l .

A number o f  s tu d ie s  have in d i c a t e d  t h a t  a c t i v e  ren in  may be 

as s o c ia te d  w i t h  o t h e r  m o ie t i e s .  Boyd (1974)  i s o l a t e d  a high  

m o lecu la r  we ight  ren in  (6 0 ,0 0 0 )  from hog kidney which underwent  

a decrease in molecu lar  we ig ht  and a two and a h a l f  f o l d  increase  

in a c t i v i t y  on a c id  t re a t m e n t .  Th is  was a ss o c ia te d  w i t h  the  

loss o f  a re n in  b in d in g  p r o t e i n .  T o t a l l y  i n a c t i v e  re n in  w i t h  a 

h ig h e r  m o lec u la r  w e ight  than a c t i v e  re n in  has been found in the  

human k idney ( A t l a s ,  S ea ley ,  Dharmgrongartama, Hesson and Laragh,  

1981 ; Chang e t  a l ,  I 9 8 I ;  Kawamura, Akabane, i t o ,  Ogino, Y u t a n i ,

Go and Ikeda ,  1982) .  Leckie (1981)  has suggested t h a t  i n a c t i v e  

and p a r t i a l l y  a c t i v e  forms o f  ren in  c o n s is t  o f  an a s s o c ia t i o n  

between re n in  and ren in  b ind ing  p r o t e in s  which may modify ren in  

a c t i v i t y .  This suggest ion f i t s  the o b s e r v a t io n  t h a t  re n in  in 

s to rag e  granu les  in dog kidney is  p resent  in the low m o le cu la r  

w eig ht  a c t i v e  form w h i l e  a re n in  b in d in g  p r o t e i n  is  p resent  in 

the cytoplasm (Kawamura, Ikemoto, Funakawa and Yamamoto, 1979) .

This  has a l s o  been demonstrated in the r a t  ( S a g n e l l a ,  P r i c e  and 

P e a r t ,  I 9 8 O) and the pig ( S a g n e l l a ,  Ca ldwel l  and P e a r t ,  I 98O).  

Although more r e c e n t l y  Kawamura e t  a l  (1982)  have found t h a t  about  

t w e n t y - f i v e  percent  o f  the re n in  in s to rag e  granules  in the human 

kidney  is present  in an i n a c t i v e  form.

A t l a s  e t  a l  ( I 9 8 I )  and Chang e t  a l  (.I9 8 I )  have found t h a t  both 

a c t i v e  and i n a c t i v e  ren in  from human kidneys have lower m ole cu la r  

w eights  compared to  the r e s p e c t i v e  plasma enzymes. Th is  f i n d i n g  

favours the theory  o f  a s s o c ia t io n  o f  re n in  w i t h  a b in d in g  p r o t e i n  

on s e c r e t i o n .  A l t e r n a t i v e l y ,  Chang e t  a l  (1981) have suggested  

t h a t  s e c r e t i o n  produces a change in m o lec u la r  c o nform at io n .



a l t e r i n g  tKe Stokes rad ius  and hence the  apparent  m o le c u la r  w e ig ht

I n a c t i v e  re n in  in plasma has been found to  have the  same 

(Shulkes e t  a l ,  1978) o r  l a r g e r  (.Hsueh, Lue tsc h er ,  Carlson and 

G r i s l i s ,  1980; A t l a s  e t  a l ,  1981; Chang e t  a l ,  1981) m o lec u la r  

w eig ht  than a c t i v e  r e n i n .  However, when the l a r g e r  m o le cu la r  

weight  i n a c t i v e  ren in  is a c t i v a t e d  in v i t r o  the m o lecu la r  we ig ht  

does not  change (Hsueh e t  a l ,  1980;  Chang e t  a l ,  198 1 ) .  Th is  

suggests t h a t  these mechanism;of  a c t i v a t i o n  may be d i f f e r e n t  from 

the in v iv o  process .  N e v e r t h e l e s s ,  models o f  in v iv o  a c t i v a t i o n  

have been based on the proposed mechanisms observed in v i t r o .

Acid a c t i v a t i o n  depends on the  presence o f  endogenous s e r in e  

proteases ( A t l a s ,  Sealey and Laragh,  1978; Derkx,  T a n - T j io n g  and 

Schalekamp, 1978; L e c k ie ,  1978) and takes p lace  in two s ta g es .

The f i r s t  is a r e v e r s i b l e  process p o s s ib ly  i n v o l v in g  some degree  

o f  u n fo ld in g  o f  the i n a c t i v e  molecule induced by the ac id  

envi ro nment .  This e i t h e r  exposes the a c t i v e  s i t e  (Hsueh, Carlson  

and Is rae l -H a gm a n , 1981) or  r e s u l t s  in d i s s o c i a t i o n  from a b in d in g  

p r o t e i n  ( L e c k i e ,  I 9 8 I ) .  These processes a re  both r e v e r s i b l e  

but dur ing  d i a l y s i s  to pH 7 . 4  over t w e n t y - f o u r  hours the  change 

is rendered i r r e v e r s i b l e ,  p o s s ib ly  by the a c t i o n  o f  s e r i n e  

p ro te ase s .  The ac id  phase destroys  the n a t u r a l l y  occuring  

i n h i b i t o r s  o f  these enzymes. Protease  a c t i o n  could e i t h e r  render  

exposure o f  the a c t i v e  s i t e  permanent by removal o f  a p o r t i o n  o f  

the molecule (Hsueh e t  a l ,  1981). o r  i n a c t i v a t e  the d is s o c ia t e d  

bind ing  p r o t e i n  ( .Leckie,  I 98 1 I .

Chemical m o d i f i c a t i o n  is thought to  be the mechanism by which  

exogenous proteases  a c t i v a t e  r e n in  (.Chang e t  a l ,  1 9 8 1 ) .  Cryo­

a c t i v a t  ion r e s u l t s  in less a c t i v a t i o n  but  is a ls o  thought to  be 

dependent on s e r i n e  p ro tease  a c t i v i t y  (A t la s  e t  a l ,  19 8 1 ) .
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Although these in v i t r o  s tu d ie s  may h e lp  in the  un derstan ding  

o f  th e  m o lec u la r  mechanisms in vo lved  in re n in  a c t i v a t i o n ,  the  

s i g n i f i c a n c e  and mechanisms o f  the process in v i v o  a re  not known. 

However, models i n v o l v in g  n a t u r a l l y  o c c u r r in g  systems have been 

proposed.  Sea ley ,  A t l a s ,  Laragh,  Oza and Ryan (1978)  found t h a t  

u r i n a r y  k a l l i k r e i n  could co n ve r t  i n a c t i v e  plasma re n in  to  i t s  

a c t i v e  form in v i t r o . However, t h i s  enzyme was thought u n l i k e l y  

to  be important  in v i v o . Subsequent ly ,  both S e a le y ,  A t l a s ,

Laragh,  S i l v e r b e r g  and Kaplan (1979a)  and Derkx,  T a n - T j i o n g ,

Man I n ' T  V e l d ,  Schalekamp and Schalekamp (1979)  showed t h a t  

plasma and t i s s u e  k a l l i k r e i n  systems were in vo lved  in the  

a c t i v a t i o n  o f  r e n i n .  Fur therm ore ,  a c t i v a t i o n  was shown to be 

i n i t i a t e d  by the conversion o f  p r e k a l 1 i k r e i n  to  k a l l i k r e i n  

(S ea ley  e t  a l ,  1 979a ) .  This r e a c t i o n  is dependent on the presence  

o f  Hageman f a c t o r  (F a c to r  X I I ) ,  a substance a l s o  invo lved  in 

co ag u la t io n  and f i b r i n o l y s i s  and which is a c t i v a t e d  in co n ta c t  

w i t h  n e g a t i v e l y  charged sur faces  (Ogston and B e n n e t t ,  1978) .  

S ea ley ,  A t l a s ,  Laragh,  S i l v e r b e r g  and Kaplan (1979b) have a l s o  

suggested t h a t  the product io n  o f  plasmin from plasminogen by 

k a l l i k r e i n  may be in v o lv e d .  This  l i n k s  the a c t i v a t i o n  o f  the  

r e n i n - a n g i o t e n s i n  system w i t h  ether  s u r f a c e  mediated r e a c t io n s  

known to occur in v i v o  (Derkx,  Bouma, T a n - T j io n g  and Schalekamp,  

1979) .

Schalekamp and Derkx 0 9 8 1 )  have suggested t h a t  a balance  

may e x i s t  between th e  r e n i n - a n g i o t e n s i n  and k a l 1 i k r e i n - k i n i n  

systems w i t h  t h e i r  o p p o s i te  e f f e c t s  on v a s c u la r  smooth muscle,  

p o s s ib ly  in v o lv in g  c o n t ro l  o f  ren in  a c t i v a t i o n .  They propose t h a t  

k a l l i k r e i n  and plasmin could be formed on the s u r f a c e  o f  blood  

vesse l  w a l l s ,  where they  may be less s u s c e p t i b l e  to c i r c u l a t i n g



n

i n h i b i t o r s .  A c t i v a t i o n  o f  ren in  could then take  p la ce  a t  t h i s  s i t e .  

C o r v o l ,  Ga len ,  Devaux and Menard (J9831 have shown t h a t  p ro re n in  

is bound to blood vesse l  w a l l s .

Renin S u b s t ra te

Renin s u b s t r a t e ,  which is a ls o  r e f e r r e d  to  as an g io te n s in o g e n ,  

is synthes ised  by the l i v e r  which secre te s  i t  i n t o  the c i r c u l a t i o n  

( N a s j l e t t i  and Masson, 197 2 ) .  A cons tant  l ev e l  o f  s u b s t r a t e  

is main ta in ed  d e s p i t e  v a r i a t i o n s  in plasma re n in  c o n c e n t r a t io n  

( B l a i r - W e s t ,  19 76 ) .  The p r e c is e  mechanisms which r e g u l a t e  s u b s t r a t e  

l e v e l s  a re  not c l e a r l y  understood but  o v e r a l l  s yn th es is  appears  

to  be dependent on g l u c o c o r t i c o i d  l e v e l s .  Pro duct ion  is a ls o  

r e l a t e d  to  blood oestrogen l e v e l s .  I t  increases a f t e r  b i l a t e r a l  

nephrectomy and adrenalectomy ( N a s j l e t t i  and Masson, 1972) and is

decreased by l i v e r  d isease  or  damage (Peach,  197 7 ) .

There is marked species v a r i a t i o n  in the  m olecu la r  we ig hts  

o f  re n in  s u b s t r a t e ,  ranging from 57 ,000  in the hog (Skeggs,  L e n tz ,  

Hochstrasser and Kahn, 1963) to  110,000 in human plasma (Eggena,

Chu, B a r r e t t  and Sambhi, 1976 ) .

Skeggs, Kahn, Lentz and Shumway (1957)  sequenced the N- 

t e rm in a l  t e t r a d e c a p e p t i de o f  equine a n g io te n s in o g en .  They showed

t h a t  the minimum sequence req u i r e d  f o r  s i g n i f i c a n t  c leavage  by 

ren in  was the o c t a p a p t i d e  o f  res idues  s i x  to  t h i r t e e n  (Skeggs,

L e n tz ,  Kahn and H o c h s t r a s s e r , 1 9 6 8 ) ,  This s e c t io n  o f  the molecule  

accounts f o r  a l a r g e  p a r t  o f  the b ind in g  a f f i n i t y  between re n in  

and i t s  s u b s t r a t e .

The o v e r a l l  amino-ac id  composit ion o f  re n in  s u b s t r a t e  from  

d i f f e r e n t  spec ies is e s s e n t i a l l y  the same (Peach, 1 9 7 7 ) .  However,  

t h e r e  is species v a r i a t i o n  in the s u s c e p t i b i l i t y  o f  the  s u b s t r a t e  

to h y d r o ly s is  by hetero logous re n in  (Peach, -1977) . The k i n e t i c s



12

o f  th e  r e a c t io n s  between the two w i l l  thus depend on the sources  

o f  both, r e n in  and i t s  s u b s t r a t e .  The most s t r i k i n g  example is 

t h a t  o f  human ren in  and s u b s t r a t e .  Al though human ren in  can c leave  

subs t ra tes  from o t h e r  s p e c ie s ,  human s u b s t r a t e  can o n ly  be cleaved  

by ren in  from p r im a t e s .  Tewksbury, Dar t  and T r a v is  (1981)  have 

shown t h a t  the bond between p o s i t io n s  ten and eleven in human 

s u b s t r a t e  is l e u c y l - v a l i n e  r a t h e r  than 1e u c y l - l e u c i n e .  Less 

dramat ic  d i f f e r e n c e s  in the in t e r s p e c i e s  r e a c t io n  k i n e t i c s  

between ren in  and s u b s t r a t e  may a ls o  be due to less c r u c i a l  

amino-acid s u b s t i t u t i o n s  (Gordon and Sachin ,  1975) .

At  the pH optimum o f  the ren in  s u b s t r a t e  r e a c t io n  the concen­

t r a t i o n  o f  s u b s t r a t e  p resent  in plasma would in f lu e n c e  the r e a c t i o n  

v e l o c i t y .  However, a t  pH 7 . 4 , the pH o f  plasma, enough s u b s t r a t e  

is p resent  to s u s ta in  a maximum r e a c t i o n  r a t e  (Favre  and V a l l o t t o n ,  

1973) .  I t  is t h e r e f o r e  im portant  to ensure t h a t  s u b s t r a t e  is 

present  in excess when measuring ren in  c o n c e n t r a t io n  in v i t r o  a t  

i t s  pH optimum r a t h e r  than a t  7 . 4 .  This  is discussed in Chapter  

t h r e e .

Although ren in  is s p e c i f i c  on ly  f o r  ren in  s u b s t r a t e ,  the  

s u b s t r a t e  molecule i t s e l f  can be cleaved by a number o f  o t h e r  

p ro teases .  These re a c t io n s  can a ls o  produce a n g io te n s in  1. The 

s i g n i f i c a n c e  o f  n o n - s p e c i f i c  g e n e ra t io n  o f  a n g io te n s in  1 is a ls o  

discussed in more d e t a i l  in Chapter  t h r e e .

A ngio tens in  Conver t ing  Enzyme

As p a r t  o f  the r e n i n - a n g i o t e n s in  system, a n g io te n s in  c o n ver t in g  

enzyme generates  the o c t a p e p t id e  a n g io t e n s in  11 from the deca­

p ep t ide  an g io te n s in  1. The enzyme is a n o n - s p e c i f i c  d i p e p t i d y l -  

carboxypept idase  and is capable o f  removing c a r b o x y - t e r m in a 1 

d ip e p t id e s  from a v a r i e t y  o f  s u b s t r a t e s .  In a d d i t i o n  to i t s  a c t io n



13

in the  product ion  o f  a n g io t e n s in  11 i t  a l s o  i n a c t i v a t e s  

b r a d y k jn in  (yang,  Erdos and L e v in ,  J97BL thus p r o v id in g  a l i n k  

between the k a i l i k r e i n - k i n i n  and r e n i n - a n g i o t e n s i n  systems.

Conver t ing  enzyme is a meta l loenzyme c o n t a in in g  z in c  (Das 

and S o f f e r ,  1975; F e r n l e y ,  197 7 ) .  I t  a lso  re q u i r e s  the c h l o r i d e  

ion f o r  a c t i v i t y .  This ac ts  as an a l l o s t e r i c  m o d i f i e r  o f  the  

enzyme, lower ing  the Km. The degree to which the  r e a c t i o n  

i n v o lv i n g  the enzyme depends on the c h l o r i d e  ion v a r i e s  w i t h  the  

s u b s t r a t e .  The re a c t io n  i n v o lv in g  b r a d y k in in  re q u i re s  less than  

t h a t  w i t h  a n g io te n s in  1 (Peach,  197 7 ) .

Convert ing  enzyme was i n i t i a l l y  discovered  in plasma (Skeggs 

e t  a l ,  1956) .  However, i t  was subsequently demonstrated by Ng 

and Vane (1967) t h a t  the lungs were a more impor tan t  s i t e  f o r  

the conversion o f  an g io te n s in  1 to a n g io t e n s in  11. Since  then  

an g io te n s in  c o n ver t in g  enzyme has been found in s i g n i f i c a n t  

q u a n t i t i e s  in many o t h e r  t is s u e s  (Aiken and Vane, 1970; Cushman 

and Cheung, 1971a ) .  I t  has been shown to be l o c a l i s e d  w i t h i n  

the v a s c u la r  endothel ium o f  these  t i s s u e s  ( C a l d w e l l ,  S eega l ,  Hsu,

Das and S o f f e r ,  1976; Wigger and S t a l c u p ,  1978 ) .

An g io ten s in  co n ve r t in g  enzyme has been p u r i f i e d  from the  

t i s s u e s  o f  a number o f  sp e c ie s .  I t  is a g l y c o p r o t e in  w i t h  a 

m o lecu la r  w e ig h t  o f  between 130,000 to  160,000 (O n d e t t i  and Cushman,

1982 ) a l though  th e re  may be some degree o f  p o l y m e r i z a t i o n  in v iv o  

(O ndet t i  and Cushman, 1982;  Peach, 19771. The pH optimum o f  the  

enzyme is in the n e u t ra l  range ( 3 a k h l e ,  1974;  Cushman and Cheung,  

J 9 7 J b l .

Ang io tens in  1

A n g io tens in  1 is the  decapept ide  d e r iv e d  from the  a c t i o n  o f  

ren in  on ren in  s u b s t r a t e .



14

I t  has been repor ted  t h a t  a n g io t e n s in  1 may a c t  d i r e c t l y  

upon t h e  adren al  m e d u l la  and c e n t r a l  nervous system, but  the  

importance o f  such a c t i v i t y  is obscured by the ra p id  conversion  

o f  a n g io t e n s i n  I to a n g io te n s in  11 which i t s e l f  has such a c t i o n .

No s p e c i f i c  re c e p t o r  s i t e s  f o r  a n g io t e n s in  1 have been d i s ­

covered .  I t  does bind to a n g io t e n s in  11 receptors  but  o n ly  when 

p res en t  in high c o n c e n t r a t io n s ,  g r e a t e r  than those which have 

been measured p h y s i o l o g i c a l l y .  Due to  the absence o f  any d e f i n i t e  

i n t r i n s i c  a c t i v i t y ,  a n g io te n s in  1 is c lassed as a pro-hormone.

The ev id ence  in favo u r  o f  such a c l a s s i f i c a t i o n  has been reviewed  

by Peach ( 1 9 7 7 ) .

Angiotens  in 11

The o c t a p e p t i d e  a n g io te n s in  11 is the p r i n c i p a l  a c t i v e  compo­

nent  o f  the r e n i n - a n g i o t e n s i n  system. I t  has a number o f  a c t io n s  

on a v a r i e t y  o f  systems w i t h i n  the body.

A n g io te ns in  11 has a number o f  ac t io n s  on the c a r d i o v a s c u la r  

system. These have been reviewed by Peach ( 1 9 7 7 ) .  In t ravenous  

i n j e c t i o n  o f  a n g io t e n s in  11 r e s u l t s  in an immediate pressor  response 

through i t s  d i r e c t  a c t i o n  on the smooth muscles o f  r e s i s t a n c e  

v e s s e ls .  I t  produces r e f l e x  b ra d y c a rd ia  when the b a ro re c e p to rs  

are  i n t a c t  but  a ls o  has a p o s i t i v e  c h ro n o t ro p ic  e f f e c t  through i t s  

a c t i o n  on the c e n t r a l  nervous system. I t  has a p o s i t i v e  i n o t r o p h i c  

a c t io n  through d i r e c t  i n t e r a c t i o n  o f  an g io te n s in  11 w i t h  receptors  

on the su r fa c e  o f  c a rd ia c  c e l l s .  A n g io ten s in  11 decreases c a rd ia c  

o u tp u t  by r e f l e x  b ra d y c a r d ia  f o l lo w in g  the r i s e  in p e r ip h e r a l  

r e s is t a n c e  and e l e v a t i o n  o f  the blood press ure .  In a d d i t i o n ,  

when a p p l i e d  in high c o n c e n t ra t io n s  d i r e c t l y  to  t h e  la r g e  a r t e r i e s ,  

a n g io te n s in  11 produces a widen ing o f  the gap between the l i n i n g  

e n d o t h e l i a l  c e l l s  (G iese ,  1973 ) .  Th is  a c t io n  Is thought to  be
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media ted by loca l  p ro s t a g la n d in  s y n t h e s i s .  Folkow 0 9 7 1 )  has 

shown t h a t  a n g io te n s in  11 a ls o  a l t e r s  the  w a l l  to  lumen r a t i o  

o f  the r e s i s t a n c e  v e s s e ls .

A ng io tens in  11 in f lu e n ce s  the a c t io n  o f  the nervous system,  

i t  causes a pressor  response when ad m in is te red  in to  the ce r e b ra l  

a r t e r i a l  c i r c u l a t i o n  ( F e r r a r i o ,  Dick inson and McCubbin, 197 0 ) .

The c e n t r a l  e f f e c t s  are mediated main ly  by increased e f f e r e n t  

sym pathet ic  a c t i v i t y  producing increases  in both p e r ip h e r a l  

r e s is t a n c e  and c a r d ia c  o u t p u t .  There is a ls o  a d i r e c t  i n t e r a c t i o n  

between a n g io te n s in  11 and the sympathet ic  nervous system r e s u l t i n g  

in t h e  f a c i l i t a t i o n  o f  a d r e n e rg ic  neu ro transmiss ion  (Zimmerman, 

1981) .  An increase  in the b io s y n th e s is  (Roth,  1972) and re le a s e  

(Hughes and Roth,  1971) o f  norad rena l ine  from the sympath et ic  nerve  

endings occurs but  the mechanism by which t h i s  change is produced 

remains u n c e r t a i n .  A n g io tens in  11 has been shown to a f f e c t  the  

neura l  membrane, p o s s ib ly  by a l t e r i n g  ca lc ium f l u x  (Zimmerman, I 9 8 I )  

The a d m i n i s t r a t i o n  o f  a n g io te n s in  11 d i r e c t l y  i n t o  the c e n t r a l  

nervous system s t i m u l a t e s  a d ip sogen ic  response.  A s p e c i f i c  

a n g io t e n s in  11 re c e p to r  in the b r a in  has been im p l ic a te d  in t h i s  

response.  The e f f e c t  is thought t o  be mediated by dopaminergic  

pathways (F i tzs im ons  and S e t l e r ,  1975 ) .

A n g io ten s in  11 a lso  appears to  s t i m u l a t e  the r e le a s e  o f  

a n t i d i u r e t i c  hormone al though in travenous a d m i n i s t r a t i o n  does 

not increase  plasma ADH. S t i m u l a t i o n  o f  the re le a s e  o f  ADH is 

thought to  be mediated by the a c t i o n  o f  a n g io te n s in  11 on the  

c e n t r a l  nervous system (Severs and D a n i e l s - S e v e r s , 1 9 7 3 ) .

The kidney  is a major  t a r g e t  organ o f  a n g io te n s in  11 where  

i t  p lays  an importan t  r o l e  in mo d if y in g  the process o f  e x c r e t io n  

o f  w a t e r  and e l e c t r o l y t e s .  I t  has a number o f  d i r e c t  a c t i o n s .
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producing a decrease In t o t a l  rena l  blood f lo w  and g lo m e r u la r  

f i l t r a t i o n  r a t e  and àn In crease  In tbe  f i l t r a t i o n  f r a c t i o n  

which Is due to e f f e r e n t  a r t e r i o l a r  v a s o c o n s t r i c t i o n .  The 

e f f e c t s  o f  a n g io te n s in  11 on the kidney  have been found to vary  

w i t h  the dose o f  a n g io te n s in  11 ad m in is te re d  (Navar and Langford ,  

197' t) .

Through i t s  a c t io n  on the kidney  a n g i o t e n s i n  11 plays a 

r o l e  in the c o n t ro l  o f  sodium, potassium and w a t e r  homeostas is.

This has been found to  occur as a r e s u l t  o f  d i r e c t  s t i m u l a t i o n  

o f  sodium reab so rp t io n  (Johnson and M a lv i n ,  3 97 7 ) .  I t  ac ts  by 

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

in sodium r e t e n t i o n  and potassium e x c r e t i o n .  S i m i l a r l y ,  t h i s  

a c t i o n  has been demonstrated in smooth muscle c e l l s  where sodium 

is moved i n t o ,  and potassium moved out  o f  the c e l l s  (Fr iedman  

and Friedman,  3964) .

The presence o f  l o c a l l y  formed a n g io t e n s in  11 w i t h i n  the  

k idney suggests t h a t  local  g e n e r a t io n  o f  a n g io t e n s in  11 may be 

im portant  in the r e g u la t io n  o f  renal  f u n c t io n  (Mendelsohn, 1979 ) .

Thus the response o f  the kidney need not  depend on ly  on changes 

in th e  le v e l  o f  c i r c u l a t i n g  a n g io t e n s in  11. Changes in the  

amounts o f  o t h e r  components o f  the r e n i n - a n g i o t e n s i n  system w i t h i n  

the kidney may t h e r e f o r e  determ ine  the renal  a c t io n s  o f  a n g io te n s in  11 

I t  has a ls o  been suggested t h a t  the loca l  k a 11 i k r e i n - k i n i n  system 

and p ro s tag lan d in s  may be important  in r e g u l a t i n g  the product ion  

o f  renal  a n g io te n s in  11 (Brown, L e c k ie ,  L eve r ,  M c I n t y r e ,  Morton,

Sample and Robertson,  39831.

A n g io tens in  11 d i r e c t l y  s t i m u l a t e s  the s e c r e t i o n  o f  a ld o ­

s te ro n e  by the adrenal  co r te x  [D a v i^  , 397 4} .  I t  i n f lu e n c e s  the  

r a t e  o f  conversion o f  c h o l e s t e r o l  to pregnenolone which is the
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f i r s t  step  in the  b i o s y n t h e t i c  pathway o f  a l d o s te r o n e  ( f e a c h ,

3977 I .  i n d i r e c t l y ,  by lower in g  h e p a t i c  blood f lo w ia n  in c rea se  

in c i r c u l a t i n g  a n g io te n s in  11 r e s u l t s  in a decrease in the  

c lea ran c e  o f  a ld o s t e ro n e  from the plasma by the l i v e r  (Brown 

e t  a l ,  3983) .  The a c t i o n  o f  an g io te n s in  11 on a ld o s te r o n e  

s e c r e t i o n  is c o n s id e ra b ly  m o d i f ied  by changes in sodium b a la nce .

I t  is thought to be a major  f a c t o r  in volved in the c o n t ro l  o f  

a ld o s t e ro n e  in response to  changes in sodium ba lance  (Boyd and 

P e a r t ,  3 973 ) .

A ng io ten s in  11 a ls o  s t i m u la t e s  the adrenal  medul la  to re le a s e  

catecholamines but  t h e r e  is l i t t l e  evidence  t h a t  t h i s  e f f e c t  has 

any s i g n i f i c a n t  r o l e  in the pressor response to  a n g io t e n s in  11 

(Peach, 3977) .

As w e l l  as an immediate pressor  re sp o n se ,an g io te n s in  11 has 

a much slower a c t i o n  on blood pressure  (D ickinson  and Lawrence,

3963; Cowley and McCaa, 1976;  Brown, C a s a l s - S t e n z e l , G o f fo r d ,  Lever and 

Morton,  3 983 ) .  This e f f e c t  is revea le d  by in fu s io n s  o f  a c u t e l y  

sub-pressor  doses o f  a n g io t e n s in  f o r  days o r  weeks.  The e f f e c t  

is thought to  r e s u l t  from a combinat ion o f  the i n f lu e n c e s  o f  

an g io te n s in  11 which a re  a d d i t i o n a l  to  i t s  acute  v a s o c o n s t r i c t i o n .

This e f f e c t  is discussed in more d e t a i l  on page 2 5 .

The c h a r a c t e r i s t i c s  o f  the responses to a n g io te n s in  11 suggest  

t h a t  i t s  a c t i o n  is re c e p to r  m ed ia ted .  I t  has been demonstrated  

t h a t  a n g io t e n s in  11 is bound by a number o f  t issu es  in c lu d in g  

r e s i s t a n c e  vesse ls  (Gunther,  Gimbrone and A le xan d e r ,  3980; McQueen, 

Murray and Semple, 3983)., the  a o r t a  [Le Morvan and P a l a i c ,  1 9 7 5 ) ,  

the uterus  (R o u z a i re -D u b o is ,  Devynck, C h e v i l l o t t e  and Meyer,  3 9 7 5 ) ,  

the adren al  zona glomerulosa ( C a t t ,  A g u i l e r a ,  Capponi ,  F u j i  t a ,

S c h i r a r  and Fakunding, 3979) and o t h e r  t is sues  (L in  and Goodfr iend ,
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39701. Macromolecules which, bind a n g io t e n s in  11 and whicb  a re  

thought to  be a n g io te n s in  11 re c e p to r s  in v iv o  have been 

s o l u b i l i s e d  and p u r i f i e d  from the adrenal  glomeru losa  and myometrium 

(Devynck, P e r n o l l e t ,  Meyer, Fermandj ian ,  Fromageot and Bumpus,

1974; Capponi and C a t t ,  1980 ) .  Several  i n v e s t i g a t o r s  have shown 

t h a t  these receptors  a re  present  in a r e l a t i v e l y  high c o n c e n t r a t io n  

in the  c e l l  membrane (Devynck e t  a l ,  1974; C a t t  e t  a l ,  1979;

Capponi and C a t t ,  1980) .  However, th e re  is some ev idence  t h a t  

a n g io te n s in  11 e n ters  c e l l s  and some b in d in g  s i t e s  have been 

found on i n t r a c e l l u l a r  o r g a n e l le s  (Robertson and K h a i r a l l a h ,  1971;  

Goodfr iend ,  F y h r q u is t ,  Gutmann, Knych, Hol lemans,  A1Imann, Kent and 

Cooper,  1972) .  There is ev idence t h a t  i n t r a c e l l u l a r  receptors  

f o r  a n g io te n s in  11 are present  in the membranes o f  microsomal  

v e s ic le s  in v i t r o  (Baudouin,  Meyer,  Fermandj ian and Morgat ,  1972) 

and an g io te n s in  11 has been found to  have m u l t i p l e  e f f e c t s  on the  

metabol ism o f  mitochondr ia  in v i t r o  (Goodfr iend  e t  a l ,  1972 ) .

Although a n g io te n s in  11 e x e r t s  i t s  e f f e c t  through s p e c i f i c  

b in d ing  s i t e s  the  d e t a i l s  o f  the subsequent c e l l u l a r  events remain 

obscure (Goodfr iend ,  F yh rq u is t  and A1Imann, 1 974 ) .  The process 

is thought to in v o lve  changes in l e v e l s  o f  i n t r a c e l l u l a r  ( D ' A u r ia c ,  

Baudouin and Meyer, 1972; Fakunding,  Chow and C a t t ,  1979) and 

e x t r a c e l l u l a r  ( F r e e r ,  3975) c a lc iu m , the metabol ism o f  phosphol ip ids  

and the phosphory la t ion  o f  p r o t e in s  ( B i l l a h  and Michel  1, 1979;  

G arr is o n ,  Borland,  F l o r i o  and T w ib le ,  1979; Anderson,  Gimbrone 

and A lexand er ,  3 9 8 3 ) .  P ro s ta g la n d in  s y n th e s is  may a ls o  be involved  

(Danon, Chang, Sweetman, Nies and Oates ,  3975;  Campbel l ,  Gomez- 

Sanchez, Adams, Schmitz and I t s k o v i t z ,  39791 .

Homogenates o f  every t i s s u e  t h a t  have been surveyed co n ta in  

an abundance o f  enzymes which a re  capab le  o f  i n a c t i v a t i n g  an g io te n s in
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n  (Ryan, 1974) but the p r e c is e  c o n t r i b u t i o n  o f  much o f  t h i s  

a c t i v i t y  to  the  degradat ion  o f  a n g io te n s in  11 in v iv o  is  not  

known. However, the l i v e r  and kidneys a r e  thought to  be important  

s i t e s  o f  a n g io te n s in  11 ca tab o l ism  and the lungs and c a r d i a c  

and v a s c u la r  t i s s u e  appear a ls o  to be in v o lv e d ,  a l though to a 

l e s s e r  e x t e n t  (Ledingham and Leary ,  1974) .

One o f  the products o f  a n g io te n s in  11 breakdown is the h e p t a -  

p e p t id e  d e s -A sp^-ang io tens in  11 or  a n g io te n s in  111.

A n g io te n s in  111

A n g io ten s in  111 is i t s e l f  b i o l o g i c a l l y  a c t i v e  and has s i m i l a r  

a c t io n s  to a n g io ten s in  11 as a v a s o c o n s t r i c t o r  p e p t id e  a l though  

i t s  potency is co n s id era b ly  reduced. Th is  may be due in p a r t  to  

i t s  more r a p id  metabol ism. However, i t s  potency has been found 

to be s i m i l a r  to an g io te n s in  11 in the r e le a s e  o f  a ld o s te r o n e  

although th e re  a re  species dependent d i f f e r e n c e s  (G o o d fr ien d ,  1983) .  

I t  is a ls o  e q u a l l y  potent  in suppressing ren in  r e l e a s e  from the  

kidney (Freeman, Davis and Lohmeier ,  1975) and is very  potent  

in s t i m u l a t i n g  the  r e le a s e  o f  p ro s ta g la n d in s  from per fused vesse ls  

in v i t r o  (Blumberg, Denny, N ishikawa,  Pure,  M arsha l l  and Needleman,  

1 976) .

The des-Asp^ d e r i v a t i v e  o f  an g io te n s in  1 has s i m i l a r  p r o p e r t i e s  

to  a n g io te n s in  111. There is now evidence  t h a t  these p ept ides  

may have p h y s io lo g ic a l  ro les  s i m i l a r  to but  s ep ara te  from a n g io te n s in  

I I  i t s e l f  (Goodfr iend ,  198 3 ) .  The NH^ ' term in a l  h e p ta p e p t id e  and 

a l l  the o t h e r  pep t id e  fragments which r e s u l t  f rom a n g io t e n s in  11 

degradat io n  a re  b i o l o g i c a l l y  i n a c t i v e .

Renin in Hyper tension

B r i g h t  in I 836 descr ibed  an a s s o c i a t i o n  between renal  d isease  

and l e f t  v e n t r i c u l a r  hyper trophy w i t h  ra is e d  systemic  a r t e r i a l
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pressure .  I t  was f o r  some t im e  assumed t h a t  h yper tens ion  was 

i n v a r i a b l y  due to  rena l  ischaeraia.

In J896 A l l b u t t  made a d i s t i n c t i o n  between e s s e n t i a l  and 

renal h yp er ten s io n .  Since then the r o l e  o f  the kidney in r a i s i n g  

blood pressure has been the s u b jec t  o f  in tense  i n v e s t i g a t i o n .  In 

p a r t i c u l a r ,  a t t e n t i o n  has been focused on the r e n i n - a n g io t e n s i n  

system.

True ren in -dependent  hyper tens io n  is o n ly  seen in p a t i e n t s  

w i t h  ren in  s e c r e t in g  tumours and p o s s ib ly  in p a t i e n t s  w i t h  t e r m in a l  

renal  f a i l u r e  and renovascu la r  h y p e r te n s io n .  Hyper tens ion in 

p a t i e n t s  w i t h  Cushings syndrome is o n ly  p a r t i a l l y  ren in  dependent.  

There is l i t t l e  evidence  t h a t  the r e n i n - a n g i o t e n s i n  system plays  

any p a r t  in e s s e n t i a l  hyper tens io n  (Swales,  1979a ) .

The main focus o f  a t t e n t i o n  has t h e r e f o r e  been ren ovascu la r  

h y p e r te n s io n ,  both c l i n i c a l l y  and in G o l d b l a t t  animal  models o f  

h y p e r t e n s i o n .

C l i n i c a l l y ,  renovascu la r  hyp er ten s io n  develops in those  

p a t i e n t s  in whom the blood supply to  one or  both kidneys has been 

reduced by loca l  v a s c u la r  d is e a s e .  The two most common causes 

are  atheroma and f ib ro m u s c u la r  d y s p la s ia  o f  the renal  a r t e r y .  Th is  

subgroup o f  h yp er ten s ive  p a t i e n t s  may be the n a tu r a l  e q u i v a l e n t  

o f  the G o l d b l a t t  experimenta l  model o f  h y p er ten s io n .

The model o f  G o l d b l a t t  hyper tens io n  invo lves  the product ion  

o f  hypertens ion  by p lac in g  a c o n s t r i c t i n g  c l i p  on the renal  a r t e r y  

w i th  consequent renal  ischaemia and an a s so c ia te d  r i s e  in blood  

pressure .  The c o n t r a l a t e r a l  k idney can e i t h e r  be removed ( 1 - k i d n e y  

1 c l i p  hyper tens io n)  or  l e f t  untouched ( 2 - k id n e y  1 c l i p  h yp e r te n s io n )  

The mechanisms by which hyper tens io n  r e s u l t s  în these two models 

a re  q u i t e  d i f f e r e n t .
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The r e n i n - a n g i o t e n s in  system does not  appear to  he invo lved  

in th e  g e n e r a t io n  o f  hyper tens io n  in the  G o l d b l a t t  1 - k i d n e y  1 c l i p  

model.  Renal r e n i n ,  j u x t a g l o m e r u la r  g r a n u l a t i o n  and plasma ren in  

levels  have a l l  been shown to  be normal during  both the  development  

and maintenance o f  hyper tens io n  ( R e g o l i ,  Brunner,  P e ters  and 

Gross,  1962 ; H e p t i n s t a l l ,  1965; Miksche ,  Miksche and Gross, 1970 ) .  

On the o t h e r  hand ren in  does appear to p lay  a p a r t  in the  G o l d b l a t t  

2 - k id n e y  1 c l i p  model a l though to  what  e x t e n t  remains undetermined.

In t h i s  model hyper tens io n  develops g r a d u a l l y  over  a per iod  

o f  days o r  weeks. This e a r l y  phase is as s o c ia te d  w i t h  e le v a t e d  

plasma ren in  l e v e l s ,  e s p e c i a l l y  when hyp e r te ns io n  is sev ere .  

However, when hyper tens ion  is less s e vere ,  plasma r e n in  l e v e l s  may 

be normal .  An i n i t i a l  r i s e  in plasma ren in  has been observed in 

the r a t  (Miksche e t  a l  1970; Mohring,  Mohring,  Naumann, P h i l i p p i ,  

Homsy, O r t h ,  Dauda, Kazada and Gross,  1975) and an increase  has 

a ls o  been noted in the e a r l y  stages o f  hyp er ten s io n  in the sheep 

( B l a i r - W e s t ,  Coghlan,  Denton, Orchard,  Scoggins and W r i g h t ,  1968) ,  

dog (Masaki ,  F e r r a r i o ,  Bumpus, Bravo and Khosla,  1977) and r a b b i t  

(Lohmeier  and Dav is ,  1976 ) .

Plasma ren in  can remain e l e v a t e d  f o r  as long as ten weeks 

a f t e r  c l i p p i n g  in the  r a t  (Miksche e t  a l ,  1970) but  w i t h  in c r e a s in g  

d u ra t io n  o f  h y p e r te n s io n ,  plasma re n in  l e v e l s  d e c l i n e .  By t h i r t y  

s i x  weeks a f t e r  c l i p p i n g  in the r a t  the l e v e l s  were re tu rn ed  

com ple te ly  to normal d e s p i t e  the p e r s is t e n c e  o f  e l e v a t e d  blood  

pressure  (Sen, Smeby, Bumpus and T u r c o t t e ,  197 9 ) .

The use o f  s p e c i f i c  i n h i b i t o r s  o f  the r e n i n - a n g i o t e n s i n  system

has conf irmed these f i n d i n g s .  One in p a r t i c u l a r  which has been

1 8used e x t e n s i v e l y  is Sarcos ine - a l a n i n e  - a n g i o t e n s i n  11 ( S a r a l a s i n ) ,  

This  is an analog a n t a g o n is t  o f  a n g io te n s in  11. I t  has the same
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b a s ic  s t r u c t u r e  as a n g io t e n s in  11 but  w l t b  s a rco s in e  s u b s t i t u t e d  

in amino-ac id  p o s i t i o n  number one and a l a n i n e  in  p o s i t i o n  number 

e i g h t .  I t  i n h i b i t s  the a c t i o n  o f  a n g io te n s in  11 by b in d in g  

c o m p e t i t i v e l y  w i th  a n g io te n s in  11 r e c e p t o rs .  The p r o p e r t i e s  

and a c t io n s  o f  s a r a l a s i n  t o g e th e r  w i t h  a number o f  o t h e r  i n h i b i t o r s  

o f  the r e n i n - a n g i o t e n s i n  system are  discussed in more d e t a i l  in 

Chapter  f i v e .

In fu s io n  o f  the a n g io te n s in  a n ta g o n is t  s a r a l a s i n  produced 

no f a l l  in blood pressure  in the G o l d b l a t t  1 -k id n ey  1 c l i p  model 

in the r a t  (Brunner,  Kirshman, Sea ley and Laragh,  1 9 7 1 ) .  In 

G o l d b l a t t  2 -k id n e y  1 c l i p  hyper tens io n  i t  produced a f a l l  o n ly  

in r a ts  w i t h  hyper tens io n  o f  a few weeks d u r a t io n  (Thurston and 

Swales,  1974;  MacDonald, Boyd and P e a r t ,  1975) a l though the  

blood pressure  d id  not r e t u r n  com ple te ly  to p re -e x p e r im e n ta l  l e v e l s

In man , ren in  a l s o  seems to be invo lved  in the development  

o f  re n o vascu la r  h yper tens io n  b u t ,  as w i t h  the animal models, the  

e x t e n t  o f  i t s  r o l e  is u n c le a r .  Plasma ren in  l e v e ls  a re  high in 

a m a j o r i t y  o f  cases o f  s u r g i c a l l y  c o r r e c t a b l e  hyp er ten s io n  (Bath ,  

Gunnel ls  and Robinson, 1968; Vaughan, B u h le r ,  Laragh,  S e a le y ,

Baer and Bard, 1974) but  the f a l l  in c i r c u l a t i n g  re n in  l e v e ls  

a f t e r  c o r r e c t i o n  is o f t e n  u n r e la t e d  to the re t u r n  o f  blood pressure  

to w i t h i n  the normal range (Swales ,  1 979 a ) .

Mackay, Boy le ,  Brown, Cumming, F o r r e s t ,  Graham, Lever,  

Robertson and Semple (.1983), have made a study o f  the e f f e c t i v e n e s s  

of  s p e c i f i c  t e s t s  to p r e d i c t  the outcome o f  s u rg ic a l  c o r r e c t io n  

of  hyp er ten s io n  ass o c ia te d  w i th  renal  a r t e r y  s t e n o s i s .  The most 

successful  p rog n o s t ic  t e s t  was found to be the renal  ve in  ren in  

r a t i o .  Th is  is the r a t i o  o f  the ren in  c o n c e n t r a t io n  in venous 

plasma from the a f f e c t e d  and u n a f fe c te d  k idneys ,  A high r a t i o
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suggests a f a v o u r a b le  outcome but  some p a t i e n t s  w i t h  a lower

r a t i o  a ls o  b e n e f i t e d  from the o p e r a t i o n .  N e i t h e r  the roeasurement

o f  the c o n c e n t r a t io n  o f  ren in  in p e r i p h e r a l  plasma nor the  

response to  an i n f u s io n  o f  s a r a l a s i n  were found to  be o f  any 

use in p r e d i c t i n g  the outcome o f  s u rg ery .

Hyp er tension  induced by renal  ischaemia does not appear to  

be e i t h e r  i n v a r i a b l y  o r  co m p le te ly  dependent on the r e n i n - a n g i o ­

t e n s in  system. A number o f  hypotheses have been put  forward  

to  e x p l a i n  t h i s .

Sodium and Hyper tension

Guyton, Coleman, Cowley,  Schee l ,  Manning and Norman (1972)  

proposed t h a t  sodium balance  is c e n t r a l  to the maintenance o f  

blood p ressu re .  However, c o n f l i c t i n g  r e s u l t s  have been o b ta in e d  

from s tu d ie s  o f  the s t a t e  o f  sodium ba lance in h y p e r te n s io n .  In 

the G o l d b l a t t  1 -k id ney  1 c l i p  model sodium r e t e n t i o n  o r  an in crease  

in the le v e l  o f  exchangeable sodium has been observed (Tob ia n ,  

Cof fee  and McCrea, 1969; Swales,  Thurs ton ,  Quie ro z and Medina,

1972; A l b e r t i n i ,  B i n i a ,  Otsuka and C a r r e t e r o ,  1979)*  However,  

Doyle ,  Du f fy  and MacDonald (1976)  found no d i f f e r e n c e  in the leve l  

o f  exchangeable sodium between h y p e r t e n s iv e  and normal co n t ro l  

r a t s .  R ecent ly  McAreavey, Brown, Murray and Robertson (3984)  

have shown t h a t  a l though an increase  in exchangeable  sodium was 

su sta in ed  throughout the per io d  o f  renal a r t e r y  c o n s t r i c t i o n ,  the 

development o f  hyper tens io n  was p r o g ress ive  and the two were not  

c o r r e l a t e d ,

in the G o l d b l a t t  2 -k id n e y  3 c l i p  model the r e s u l t s  o f  a 

number o f  s tu d ies  a re  again  c o n f l i c t i n g .  A n e g a t iv e  sodium 

balance  has been re por ted  du ring  the development o f  hyp er ten s io n  

in t h i s  model CSwales e t  a l ,  39721 .  However, Mohring e t  al (3975)
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observed i n i t i a l  sodium r e t e n t i o n  fo l lo w e d  by a n e g a t iv e  balance  

on ly  dur ing  tbe l a t e r  s tages  o f  ju a U g n a n t  h y p e r te n s io n .  In 

benign hyp e r te ns io n  sodium ba lance no rm al ised ,  Doyle e t  al  

(39761 found an increase  in the leve l  o f  exchangeable sodium.

This was a ls o  demonstrated by A l b e r t i n i  e t  a i  (3979 )  bu t  on ly  

in s e v e r e l y  h y p e r te n s iv e  r a t s .  Tobian e t  al (1969)  found no change 

in t h is  model and t h i s  f i n d i n g  has been conf irmed by McAreavey,

Brown and Robertson ( 1 9 8 2 ) .

Mohring e t  a l  (3975)  have suggested t h a t  the re  is a s h i f t  

o f  sodium from the i n t r a c e l l u l a r  to the e x t r a c e l l u l a r  f l u i d  

and t h a t  t h is  accounts f o r  the r i s e  in blood pressure  d e s p i te  

net  sodium e x c r e t i o n .  McAreavey e t  a l  (3982)  have a ls o  suggested  

t h a t  changes in the d i s t r i b u t i o n  o f  sodium may be more importan t  

than changes In sodium ba lance  in the development o f  h yp er ten s io n .

The idea t h a t  sodium le v e ls  may s t i l l  be im por ta n t  d e s p i te  

sodium loss has been e x p la in e d  in terms o f  " i n a p p r o p r i a t e l y "  high  

sodium s ta tu s  f o r  the le v e l  o f  blood pre ssu re .  Th is  theory was 

extended by Gavras,  Brunner,  Thurston and Laragh ( 1 9 7 5 ) .  They 

showed t h a t  in the G o l d b l a t t  2 -k id n e y  1 c l i p  model the blood  

pressure no longer  responded to a n g io t e n s in  11 blockade f i v e  weeks 

a f t e r  c l i p p i n g .  However, the response a t  t h i s  t ime was res to re d  

by s a l t  d e p l e t i o n .

Laragh (3973)  proposed t h a t  blood pressure l e v e l s  are  m a in ta in ed  

p a r t l y  by a volume mechanism and p a r t l y  by the r e n i n - a n g i o t e n s i n  

system, in a r e c ip ro c a l  r e l a t i o n s h i p .  With sodium s ta tu s  " in a p p r o ­

p r i a t e l y "  high the r e n i n - a n g i o t e n s i n  system could s t i l l  be main­

t a i n i n g  a hlood pressure  e l e v a t i o n  d e s p i t e  plasima ren in  l e v e l s  

which are a p p a r e n t ly  normal .  Leenen and Dejong (3 975 )  a ls o  

suggested t h a t  sodium r e t e n t i o n  supplements the a c t i o n  o f  the
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renin-angiotensin system in ra is ing  the hlood pressure in the 

G o ldb la tt 2-lcidney J cl ip model o f hypertension. However,

Gavras e t  a l  ( J 9 7 5 I  found t h a t  a combinat ion o f  s a l t  r e s t r i c t i o n  

and r e n in - a n g i o t e n s i n  blockade f a i l e d  to r e s t o r e  the blood  

pressure to normal in t h i s  model.

More recen t  i n v e s t i g a t i o n s  in t o  the r o l e  o f  both sodium 

balance  and c i r c u l a t i n g  renin  have lead to  the conc lu s ion  t h a t ,  

e i t h e r  s i n g l y  o r  in combinat ion ,  these two f a c t o r s  a re  not  

w h o l ly  r es p o n s ib le  f o r  the changes in blood pressure  which occur  

in exper im enta l  models o f  hyper tens io n  (G odfr ey ,  Kumar, Bing,

Swales and Thurs ton ,  1985; McAreavey e t  a l ,  198 4 ) .  A number o f  

o t h e r  f a c t o r s  may be in vo lv e d .  Changes in the a c t i v i t y  o f  the  

r e n i n - a n g i o t e n s in  system o t h e r  than those determined simply by 

measuring the l e v e l s  o f  c i r c u l a t i n g  ren in  may be s i g n i f i c a n t .

In a d d i t i o n ,  the r e n i n - a n g i o t e n s in  system may a c t  by mechanisms 

which a re  d i s t i n c t  from i t s  acute  v a s o c o n s t r i c t o r  a c t i o n .

The Slow Pressor  E f f e c t  o f  A n g io tens in  11

Of p a r t i c u l a r  i n t e r e s t  in t h i s  respect  is the slow pressor  

e f f e c t  o f  a n g io t e n s in  11. I t  has been shown t h a t  s u s t a in e d ,  long 

term in fu s io n s  o f  a c u t e l y  sub-pressor  doses o f  a n g io t e n s in  11 

produce a gradual  r i s e  in blood p ress u re .  This  has been demon­

s t r a t e d  in the r a b b i t  (D ickinson  and Lawrence, 1 9 6 3 ) ,  dog 

(Cowley and McCaa, 1976) and the r a t  (Brown e t  a l ,  1981 ) .

In fu s io n s  o f  a n g io te n s in  11 a t  these low doses produce no 

d i r e c t  p ressor response but  the blood pressure  r i s e s  g r a d u a l l y  

to a l e v e l  wbich can be produced immedia te ly  by much l a r g e r  doses.  

The e x a c t  mechanisms invo lved  a re  not  known. Increased d i e t a r y  

sodium can a c c e l e r a t e  this response to  a n g io te n s in  11 (Cowley and 

McCaa, 1976)  and the e f f e c t  can be prevented by d i e t a r y  s a l t  r e s t r i c -
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t î o n .  Th is  r i s e  in hlood pressure  is  not  prevented by adrenalectomy  

CPick-inson and Yu, J9.67I  end is  not seen w i t h  c hron ic  in fu s io n s  

o f  a l d o s t e r o n e  ( lo h m e ie r ,  Cowley, DeClue and Guyton,  3 9 7 8 } .

When su b -p res so r  doses o f  a n g io te n s in  11 were a d m in is te red  

dur ing long terra s a l i n e  in fu s io n  the blood pressure  rose w i t h o u t  

n a t r i u r e s i s .  Plasma a ld o s te ro n e  l e v e l s  were unchanged suggest ing  

t h a t  the blood pressure  r i s e  was due to a d i r e c t  a n t i - n a t r i u r e t i c  

renal  a c t i o n  o f  a n g io t e n s in  11 (DeClue,  Guyton, Cowley, Coleman,  

Norman and McCaa, 19 78 ) .

Brown e t  a l  (3981) found t h a t  sodium r e t e n t i o n  d id  not  occur  

during  the development o f  the response.  I t  has t h e r e f o r e  been 

suggested t h a t  the blood pressure is ra is e d  through the a c t io n s  

o f  a n g io t e n s in  11 on the c e n t r a l  nervous system. Experiments  

have shown t h a t  the p ro g re ss ive  r i s e  in the blood pressure can be 

blocked by a d re n e r g ic  neurone b lo c k in g  agents (D ick in son  and Yu, 

1967) .  However, a n g io te n s in  11 ac ts  a t  many l e v e l s  in the c e n t r a l  

and p e r ip h e r a l  nervous system and so f a r  no p a r t i c u l a r  s i t e  o f  

a c t io n  has been demonstrated f o r  the slow pressor  e f f e c t  (Brown 

e t  a l ,  1981) .

Another  mechanism suggested is through an enhancement o f  the  

normal response to a n g io te n s in  11. I t  has been shown t h a t  s t r u c ­

t u r a l  changes occur in the r e s is t a n c e  vessel  w a l l s  in response to  

a r i s e  in the blood pressure which then renders them more responsive  

to v a s o a c t iv e  pept ides  such as a n g io te n s in  11 ( fo lk o w ,  1 971 ) .

This e f f e c t  may e x p l a i n  why the response is m a in t a in e d  by subpressor  

doses o f  a n g io t e n s in  11, However, s in ce  hyp er ten s io n  is produced 

as a r e s u l t  o f  the i n i t i a l  pressure  load in r e s i s t a n c e  v e s s e ls ,  

i t  is n e c e s s a r i l y  secondary to  an i n i t i a l  r i s e  in blood p ress u re .

O th er a c t io n s  o f  an g io te n s in  11 which may be in vo lved  in the
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slow pressor  e f f e c t  a r e  an increase  in c a r d ia c  o u tp u t  and b a r o -  

r e c e p t o f  r e s e t t i n g  (Rowley and DeClue,  J 9 7 6 I  and enhanced 

a ld o s te ro n e  s e c r e t io n  COelkers,  Schoneshofer , S c h u l t z e ,  Brown,  

F r a s e r ,  Morton,  Lever and Robertson,  J 9 7 5 I .  An a l t e r a t i o n  in 

t i s s u e  compliance ,  which a l t e r s  body f l u i d  d i s t r i b u t i o n ,  has 

been p o s tu la te d  in G o l d b l a t t  hyp er ten s io n  (Lucas and F l o y e r ,  1974 ) .  

T h e o r e t i c a l l y  t h i s  e f f e c t  could a ls o  c o n t r i b u t e  to the pressor  

s e n s i t i v i t y  to a n g io t e n s i n .

A ng io ten s in  11 Receptors

The response to a n g io te n s in  11 may be a l t e r e d  by changes 

a t  the le v e l  o f  i t s  i n t e r a c t i o n  w i t h  a n g io te n s in  11 re c e p t o r s .

This could occur e i t h e r  by m o d i f i c a t i o n  o f  the fo rm at io n  o f  the  

an g io te n s in  11 re c e p to r  complex o r  by a f f e c t i n g  the response 

produced by the complex.

I t  has been shown t h a t  the response to a n g io t e n s in  11 is

m odif ie d  by s a l t  b a lan ce ,  being enhanced by s a l t  lo ad in g  and

impaired by s a l t  d e p le t i o n  (S lack  and Ledingham, 1976;  Bing,

R u s s e l l ,  Swales and T h urs ton ,  1982 ) .  Th is  e f f e c t  is not  secondary  

to changes in plasma volume o r  c a r d ia c  o u tp u t  bu t  invo lves  i n t e r ­

a c t i o n  w i t h  the  re c e p to r  complex ( S t r e w l e r ,  H i n r i c h s ,  Guiod and 

H o l le n b e rg ,  1972 ) .  The response to a n g io t e n s in  I I  is a ls o  increased  

a f t e r  b i l a t e r a l  nephrectomy (Gabelman and Rondel 1 , 1 9 6 6 ) .

Changes both in the  number o f  re cep to rs  present  and the  

a f f i n i t y  o f  the receptors  f o r  a n g io te n s in  11 may account f o r  these  

o b s e r v a t i o n s .

C h e v i l l o t t e ,  Devynck, F y h r q u i s t ,  Meyer ,  RouzaI re -D ubois  and 

Worcel C1975 I  found t h a t  th e re  was an in crease  in the number o f  

s p e c i f i c  a n g io ten s in  11 b in d in g  s i t e s  in tbe r a b b i t  u teru s  n in e teen  

and twenty -two hours a f t e r  b i l a t e r a l  nephrectomy.  However, t h i s
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does not  c o in c id e  with,  the observed maximum response to  a n g io t e n s in  

11 wKicix occurs  s i x  hours a f t e r  removal o f  tbe k id n e ys .  They 

a ls o  rep o r te d  an In crease  in r e c e p t o r  number in tbe r a t  uterus  

and ad re n a ls  a f t e r  s a l t  d e p le t io n  (Devynck, P e r n o l l e t ,  MacDonald,  

Matthews,  Raisraan and Meyer,  197 8 ) .  However, s a l t  lo ad ing  a ls o  

resulted in an in crease  in rece p tor  number in the ute rus  but  

produced no change in the b in d in g  c a p a c i t y  o f  the adren al  g la n d .

More r e c e n t l y  Gunther e t  al (.1980) have demonstrated a 

s i g n i f i c a n t  decrease in re c e p to r  number in a p r e p a r a t io n  o f  

m esenter ic  a r t e r y  from s a l t  d e p le te d  r a t s .  The o p p o s i te  e f f e c t  

was produced by i n h i b i t i n g  a n g io te n s in  11 product ion  w i t h  c a p t o p r i l .

A g u i l e r a  and C a t t  (1981)  have a ls o  shown t h a t  changes in 

s a l t  balance  a f f e c t  the number o f  v a s c u la r  a n g io te n s in  11 r e c e p t o r s .  

This is thought to be as a d i r e c t  r e s u l t  o f  changes in the l e v e l s  

o f  c i r c u l a t i n g  a n g io te n s in  11. The e f f e c t s  a r e  d i f f e r e n t  in 

the v ar io us  t a r g e t  organs.  S a l t  d e p l e t i o n  ra is es  the rec ep to r  

number in the  ad rena ls  w i t h  a simultaneous decrease in the number 

in smooth muscle ( C a t t  e t  a l ,  1 979 ) .  S a l t  load in g  produces the  

o ppos it e  e f f e c t .  Goodfr iend (3983)  has suggested t h a t  s in c e  the  

m ole cu la r  s t r u c t u r e s  o f  the a n g io te n s in  11 receptors  from the  

var io us  t a r g e t  organs a re  almost  i d e n t i c a l ,  r e g u l a t i o n  o f  r e c e p to r  

number may in v o lv e  a r e c e p to r  r e g u l a t o r  w i t h i n  the re c e p to r  complex.

I t  has a lso  been claimed t h a t  the a f f i n i t y  o f  recep to rs  f o r  

a n g io te n s in  11 a l t e r s  with,  changes in sodium balance  and f o l l o w i n g  

nephrectomy (Brunner,  Chang, W a l la c b ,  Sealey and Laragh,  1 9 7 2 ) .  

However, t h I s  conclusion  is based on tbe assumption t b a t  tbe  

volume o f  an g io te n s in  11 an t is erum  req u i re d  to  b lo ck  tbe pressor  

response to a n g io te n s in  11 is a measure o f  s p e c i f i c  r e c e p to r  

a f f i n i t y .  Swales, Tange and Tburston (39751 have shown t h a t  t h i s
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i s  not tbe case s in ce  tbe a n g io te n s in  11 a c t s  a t  s i t e s  not  

im m edia te ly  a c c e s s i b l e  to tb e  a n t ib o d y ,  N e ver th e le s s  tbe a f f i n i t y  

o f  tbe recep to rs  has a ls o  been shown to  be s u s c e p t ib l e  to 

r e g u l a t i o n .  Cat ions  can d i r e c t l y  r e g u la t e  tbe response to 

a n g io te n s in  11 by i n f l u e n c i n g  the r e c e p t o r s .  Potassium has been 

shown in v i t r o  to a f f e c t  tbe b in d in g  o f  a n g io t e n s in  11 to  recepto rs  

(F red lu n d ,  Sal tman,  Kondo, Douglas and C a t t ,  1 9 7 7 ) .  Calcium and 

magnesium have a ls o  been shown to have an e f f e c t  (.Blanc, S r a e r ,

S r a e r ,  Baud and A r d a i l l o u ,  1 9 7 8 ) .  In a d d i t i o n ,  guanyl n u c le o t id e s  

decrease rece p to r  a f f i n i t y  in v i t r o  (Glossmann, Baukal and C a t t ,

1974) and some f a t t y  ac ids  and s t e r o id s  have a ls o  been found to  

reduce a n g io t e n s in  11 b in d in g  a f f i n i t y  (G oodfr ie nd ,  1 983 ) .

Thurston and Laragh (1975)  have proposed the hypothesis  

o f  " p r i o r  re c e p to r  occupancy" to e x p l a i n  t h i s  a pparent  change in 

rec ep to r  a f f i n i t y .  When the l e v e l s  o f  endogenous a n g io t e n s in  11 

a re  h ig h ,  as they a re  dur ing s a l t  d e p l e t i o n ,  then t h e r e  may be 

fewer f r e e  receptors  a v a i l a b l e  to respond to  c i r c u l a t i n g  exogenous 

a n g io te n s in  11. C onverse ly ,  du ring  s a l t  load ing  o r  a f t e r  

b i l a t e r a l  nephrectomy (Swales e t  a l ,  1975 ) ,  endogenous a n g io t e n s in  11 

l e v e ls  a re  low and more re cep to rs  may be a v a i l a b l e  to bind and 

respond to exogenous a n g io te n s in  11. This may account f o r  the  

g r e a t e r  response under these exper im enta l  c o n d i t i o n s .

The r e s u l t s  o b ta in ed  from an t ib o d y  b lo ck in g  experiments  

have led to the conclus ion t h a t  the im portant  s i t e  o f  a n g io t e n s in  11 

g e n e r a t io n  is tbe t i s s u e s  r a t h e r  than the c i r c u l a t i o n .  Th is  is 

discussed in more d e t a i l  in a l a t e r  s e c t i o n .

Other Renal Pressor Substances

A number o f  these substances have been descr ibed  and i t  

has been suggested t h a t  they may p lay  a r o l e  in re novascu la r
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hypertension. Renal pressor substances include nephrotensin 

CSrol Iman and Krishnaraurty, JSL73L, co rtico tens ln  (fa sc io lo ,

R i s l e r  and T o t e l ,  39 721 ,  renopress in  ( i k e g g s ,  Kahn, Lev in e ,

Dorer  and L e n tz ,  1977;  M o r r is  and Roper,  i g 8 2 l  and ton in  

(Boucher,  G a rc ia ,  Gutkowska, Demassieux and Genest ,  1978) .

However, th e re  is l i t t l e  ev idence  to support  the suggest ion  

t h a t  they have any s i g n i f i c a n t  h y p e r te n s iv e  p r o p e r t i e s .  The 

p o s s ib le  ex cept io n  is t o n i n .  This p ro tease  is a b le  to  hydro lyse  

both ren in  s u b s t r a t e  and a n g io te n s in  1 to  form an g io te n s in  11.

R abbit  to n in  an t is eru m  given to G o l d b l a t t  1 -k id n e y  1 c l i p  hyper­

t e n s iv e  ra ts  produced a lower ing  in blood pressure  to  normal .

However, t h i s  was not  observed in the 2 -k id n e y  1 c l i p  model 

( G a r c ia ,  Boucher,  Gutkowska, Kondo, Demassieux and Genest ,  1978 ) .

I t  has a ls o  been argued t h a t  hyper tens io n  might  r e s u l t  from 

a red u ct io n  o f  the a c t i v i t y  o f  a renal  vasodepressor mechanism.

Such systems inc lu d e  renomedul lary l i p i d s  (Mui rhead ,  1983 ) ,  

p ro s ta g la n d in s  (Dunn and Hood, 197 7 ) ,  vasodepressor  f a c t o r  

(R o sen th a l ,  Paddock and H o l l a n d e r ,  1973) and the k a 11i k r e i n - k i n i n  

system (L e v in s ky ,  1979; C a r r e t e r o  and S c i c l i ,  1981) .

S tudies w i t h  the co n v er t in g  enzyme i n h i b i t o r ,  c a p t o p r i l ,  

suggest  t h a t  the  k a l 1 i k r e i n - k i n i n  system may have an impor tant  

r o le  in hyper tens io n  (Thurston and Swales,  1 978 ) .  C a p t o p r i l ,  g iven  

to G o l d b l a t t  2 -k id n e y  1 c l i p  h y p e r te n s iv e  r a t s  p re v io u s ly  t r e a t e d  

w i th  s a r a l a s i n  produces an a d d i t i o n a l  and s i g n i f i c a n t  f a l l  in blood  

pressure .  Since the breakdown o f  b ra d y k in in  is a ls o  prevented  

by co n v er t in g  enzyme i n h i b i t i o n ,  i t  has been suggested t h a t  t h i s  

f a l l  in blood pressure  is due to p o t e n t i a t i o n  o f  the a c t i o n  b r a d y k i n i n ,  

which is c o n s i s t e n t  w i t h  the view t h a t  the k a l 1 i k r e i n - k i n i n  system 

is involved in the development o f  hyper tens ion  in t h i s  model .



31

I n t e r a c t i o n s  between the k a i l i k r e i n - k i n i n  system, p r o s t a ­

g la n d in s  and th e  r e n i n - a n g io t e n s i n  system haye been demonst ra ted.  

Changes in the  balance  o f  these f a c t o r s  may c o n t r i b u t e  to  

h yp er ten s ion  C C i n o t t i ,  1983; L ev in s ky ,  19791.  These systems 

and the i n t e r a c t i o n s  between them a re  discussed in more d e t a i l  

in Chapter  s i x .

A l l  o f  the c l i n i c a l  and most o f  the la b o r a t o r y  exper im enta l  

work d escr ib ed  above has r e l i e d  on measurement o f  the re n in  le v e ls  

in the plasma as an i n d i c a t o r  o f  the f u n c t i o n  o f  the r e n i n -  

a n g io t e n s i n  system. But ren in  may a c t  as a loca l  t i s s u e  hormone 

o u t s i d e  the c i r c u l a t i o n .  Such a c t i v i t y  may not  have a simple  

r e l a t i o n s h i p  to the leve l  o f  ren in  in the  plasma.

Ext ra -R e na l  R e n in -L ik e  A c t i v i t y

The biochemical  d e f i n i t i o n  o f  re n in  a c t i v i t y  d e r iv e s  from 

the a b i l i t y  o f  the enzyme to  genera te  a n g io t e n s in  I f rom ren in  

s u b s t r a t e .  Th is  d e f i n i t i o n  was a p p l i e d  to re n in  a c t i v i t y  d e r ived  

from th e  k id ne y ,  e i t h e r  in renal  homogenates o r  in th e  plasma.  

However, the a b i l i t y  to  genera te  a n g io t e n s in  has been demonstrated  

in o t h e r  t i s s u e s  besides the k idneys .  Th is  a c t i v i t y  has been 

c a l l e d  i s o - r e n i n  by Ganten, S c h e l l i n g ,  Vecsei  and Ganten (1976)  

a l though  not  enough is known o f  i t s  p r o p e r t i e s  to  j u s t i f y  i t s  

c l a s s i f i c a t i o n  as a t r u e  isomer o f  renal  r e n i n .  Probably  the  

most a c c u r a te  d e s c r i p t i o n  is t h a t  o f  a " r e n i n - l i k e "  substance  

(Gross,  Schaechtel  in ,  Z i e g l e r  and B erger ,  1964;  Bing and Faarup,  

1965) s in c e  i t  is i d e n t i f i e d  by v i r t u e  o f  i t s  r e n i n - l i k e  a c t i v i t y  

r a t h e r  than by i t s  phys ical  p r o p e r t i e s .

R e n i n - l i k e  a c t i v i t y  has been measured in a number o f  t i s s u e s  

where i t  is thought t h a t  the presence o f  ren in  may have p hys io ­
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l o g ic a l  s i g n i f i c a n c e .

R e n i n - l i k e  a c t i v i t y  tias been measured in tbe u t e r u s  o f  a 

number o f  species  in c lu d in g  human ( .Skinner,  Lumbers and Symonds, 

1968 ; Johnson, I 98O),  r a b b i t  [Bing and Faarup,  1966;  F e r r i s ,

Gorden and Mu 1 row, 1967; Ryan and Johnson, 1969) and dog (H o d ar i ,  

C a r r e t e r o  and Hodgkinson,  1969;  C a r r e t e r o  and Houle ,  1970 ) .  In 

the pregnant  r a b b i t  u terus i t  is  p r e s e n t  in h ig h e r  co n cen t ra t io ns  

than in the kidney al though in the r a t  t h e r e  is very  l i t t l e  

a c t i v i t y  IBing and Faarup,  196 6 ) .  Renin in t h i s  organ is thought  

to  p la y  a r o l e  in the loca l  c o n t ro l  o f  u t e r i n e  blood f low ( F e r r i s ,  

S t e i n  and Kauffman, 197 2 ) .

The s i g n i f i c a n c e  o f  the r e n i n - l i k e  a c t i v i t y  present  in the  

adrenal  gland has a ls o  been i n v e s t i g a t e d  (Ryan, 1973; Ganten, Ganten 

Kubo, Granger,  Nowaczynski ,  Boucher and Genest ,  1974; D o i ,

A t a r a s h i ,  Franco-Saenz and Mu 1 row, 1 9 8 4 ) .

C i r c u l a t i n g  an g io te n s in  11 is im por ta n t  in the co n t ro l  o f  

s t e r o i d  re le a s e  from the adrenal  gland and loca l  g en e ra t io n  o f  

a n g io t e n s in  11 by ren in  w i t h i n  the t i s s u e  may be important  in 

t h i s  re s p e c t .  Doi e t  a l  (1984)  found a p o s i t i v e  c o r r e l a t i o n  

between adrenal  r e n i n - l i k e  a c t i v i t y  and a ld o s t e r o n e  c o n ce n t ra t io n s  

in a number o f  exper imen ta l  s i t u a t i o n s .  They concluded t h a t  

adrenal  ren in  may a c t  as a loca l  hormone, in vo lved  in the r e g u la t i o n  

o f  a ld o s te ro n e  p ro d u c t io n .

Although ren in  cannot cross the b lo o d - b r a i n  b a r r i e r ,  r e n in ­

l i k e  a c t i v i t y  has been measured in the  b ra in  o f  the r a t  ( .F ischer-  

F e r r a r o ,  Nahmod, G o ld s t e in  and F i n k ie lm a n ,  3973 ; Dzau, Brenner,  

Emmett and Haber,  19801 ,  dog ( f i s c h e r - F e r r a r o  e t  a l ,  3971 ;  Ganten,  

M a r q u e z - J u l i o .  Granger,  Hayduk, Karsunky,  Boucher and Genest ,  1971)  

and human (J)aul , Heath and Garey, 3 9 7 5 ;  Menard,  G a le n ,  Devaux,
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Kopp, Auzan and C o rv o l ,  J98QI .  Renin has been found to  be 

d i s t r i b u t e d  e x t e n s i v e l y  throughout many areas o f  the b r a i n  

(Jnagami, C e l l o ,  Clemens, Lau, T a k i l ,  Kasselberg and Hi ro se ,  J980]  

Because o f  the number o f  p h y s io lo g ic a l  response known to  

be s t i m u l a t e d  by a n g io t e n s in  11 w i t h i n  the b ra in  (S cho lkens ,  Jung,  

Rascher,  Schomig and Ganten, 1980l the s i g n i f i c a n c e  o f  a b r a i n  

r e n i n - a n g i o t e n s i n  system which generates  a n g io t e n s in  11 l o c a l l y  

has re ce ive d  co n s id e r a b le  a t t e n t i o n .

Ren i n - l i k e  a c t i v i t y  in the blood vesse l  w a l l s  o f  a number o f  

t is s u e s  has been descr ibed  (Gould,  Skeggs and Kahn, 1964;  Genest ,  

Simard, Rosenthal and Boucher,  1969; R osentha l ,  Boucher,  Ro jo -  

Ortega and Genest ,  1969;  Hayduk, B recht ,  V l a d u t i u ,  S imard,  Rojo-  

O rteg a ,  B e l l e a u ,  Boucher and Genest ,  19 70 ) .  i t  is u s u a l l y  

measured in the l a r g e r  vesse ls  such as the a o r t a ,  but  i t s  presence  

in s m a l l e r  r e s is t a n c e  vesse ls  may be more im p o r ta n t .  In hog 

a r t e r i e s  the ren in  is l o c a l i s e d  in the a d v e n t i t i a  o f  the vesse ls  

(Gould e t  a l ,  1964) and i t  has been measured in the c a p i l l a r i e s  o f  

the r a b b i t  u te rus  (Ganten e t  a l ,  197 6 ) .  In the r a t ,  r e n i n - l i k e  

a c t i v i t y  was found to increase  as the d iam eter  o f  the a r t e r i e s  

decreased (Genest  e t  a l ,  1 969 ) .

P r o p e r t i e s  o f  E x t r a - r e n a l  R e n i n - l i k e  A c t i v i t y

Although the t is s u e s  descr ibed  co n ta in  enzymes which a re  

capable o f  g en e ra t in g  an g io te n s in  1 i t  cannot be assumed t h a t  

t h i s  is due to the presence o f  t ru e  r e n in .  Skeggs, L e v in e ,

L e n tz ,  Kahn and Dorer  U 9 7 7 )  gave the name "pseudoren in "  to  

enzyme a c t i v i t y  p resent  in a l l  t is s u e s  and found in p a r t i c u l a r l y  

high c o n c e n t ra t io n s  in s a l i v a r y  g lan d ,  thymus and sp leen  o f  the  

r a t .  Th is  enzyme(s)  has the a b i l i t y  to g e n e ra te  a n g io t e n s in  1 

but has a pH optimum o f  4 . 5  a l th o u g h  i t s  a c t i v i t y  extends in t o
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t h e  n e u t r a l  range.  However, i t  cannot c le a v e  re n in  s u b s t r a t e  

tn plasjpa, s in c e  i t  i s  i n h i b i t e d  b y  a n a t u r a l l y  o ccur ing  plasma 

i n h i b i t o r ,  i t s  a c t i v i t y  can o n l y  be measured by using p u r i f i e d  

ren in  s u b s t r a t e  o r  the s y n t h e t i c  s u b s t r a t e  t e t r a d e c a p e p t i d e .

Pepsin has been shown to have the a b i l i t y  to  hydro lyse  ren in  

s u b s t r a t e  to  produce an g io te n s in  1 (Franze de Fernandez,  P a la d in i  

and D e l i u s ,  1965) .  This a c t i o n  may a l s o  be a p r o p e r ty  o f  

cath eps in  D which has a s i m i l a r  s u b s t r a t e  s p e c i f i c i t y  to  pepsin  

CReid, 1977 ) .  However, these enzymes a r e  o n ly  a c t i v e  a t  a pH 

below 6 . 0 .  The a c t i v i t y  o f  these enzymes can t h e r e f o r e  be 

d is t i n g u i s h e d  from t h a t  o f  t r u e  r e n i n .  Thus i t  is im portant  to 

d e f i n e  the p r o p e r t i e s  o f  r e n i n - l i k e  a c t i v i t y  w i t h i n  any t i s s u e  

b e fo r e  proposing a s p e c i f i c  p h y s io l o g i c a l  f u n c t io n  f o r  the 

enzyme a c t i v i t y .

Day and Reid (1976)  suggested t h a t  th e  r e n i n - l i k e  a c t i v i t y  

p resent  in b r a in  cannot be d i s t in g u i s h e d  from ca theps in  D. This  

was supported by H a c k e n th a l , Hackenthal  and H i l g e n f e l d t  ( 1 9 7 8 ) .  

They i s o l a t e d  r e n i n - l i k e  a c t i v i t y  f rom r a t  b r a i n  and compared 

i t s  p r o p e r t i e s  to those o f  ca theps in  D i s o l a t e d  from bovine  

sp le e n .  They concluded t h a t  the two were c l o s e l y  r e l a t e d  and 

were probab ly  the same enzyme. On the o t h e r  hand.  Hi rose ,  

Yokosawa and Inagami (1978)  s epara ted  a r e n i n - l i k e  enzyme from 

catheps in  D and showed t h a t  i t  was com ple te ly  i n h i b i t e d  by 

a n t i b o d i e s  ra is ed  to renal  r e n i n ,  A number o f  o t h e r  s t u d ie s  have 

a ls o  demonstrated t h a t  some, a t  l e a s t ,  o f  the a n g io te n s in  

g e n e ra t in g  a c t i v i t y  in v a s c u la r  t i s s u e  is  s i m i l a r  to  rena l  r e n in .

F o r d is ,  Megorden, Ropchak and K e is e r  (J9831 removed non­

s p e c i f i c  p r o t e o l y t i c  a c t i v i t y ,  in c lu d in g  ca theps in  D , from a o r t i c  

homogenates o f  normal ra ts  by chromatography using bovine  haemo-
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glotxln.  They then demonstrated the presence o f  res id u a l  r e n i n -  

l i k e  a c t i v i t y  wb-ich could  he i n h i b i t e d  hy ant i -mouse r e n in  

ant ibody  known to c r o s s - r e a c t  w i t h  th e  r a t  plasma r e n in  enzyme,

in a o r t i c  t i s s u e  from r a ts  a pH p r o f i l e  re vea ls  two peaks 

o f  a n g io te n s in  g e n e r a t in g  a c t i v i t y  (T h u rs to n ,  Swales,  Bing,

Hurst  and Marks,  1979;  B a r r e t t  e t  a l ,  I 9 8 I ;  R osentha l ,  P f e i f l e ,  

M i c h a i l o v ,  Pschorr ,  Jacob and Dahlheim, 19841 .  One peak is in  

the n e u t ra l  range and the o t h e r ,  l a r g e r  peak,  occurs a t  below pH 

6 . 0 .  This a c t i v i t y  was measured using plasma from r a t s  a f t e r  

b i l a t e r a l  nephrectomy as a source o f  s u b s t r a t e  thus r u l i n g  o u t  

the p o s s i b i l i t y  t h a t  any o f  the a c t i v i t y  was due to  pseu doren in .

The b ip h a s ic  na ture  o f  the curve i n d i c a t e s  t h a t  t h e r e  is more 

than one type o f  enzyme p re s e n t .  The a c t i v i t y  below pH 6 .0  

is due to n o n - s p e c i f i c  pro tease  a c t i v i t y  but  the peak in the  

n e u t ra l  range represents  r e n i n - l i k e  a c t i v i t y  (Thurston e t  a l ,

3 9 7 9 ) .  These authors  have shown t h a t  the v a s c u la r  w a l l  r e n i n - l i k e  

a c t i v i t y  measured a t  pH 6 . 5  is reduced a f t e r  removal o f  the  

k idneys .  At  the same t ime the a c t i v i t y  measured a t  pH 5 . 3  

remains unchanged. S i m i l a r l y ,  Ford is  e t  a l  (1983)  have shown 

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

t i s s u e  remains the same a f t e r  b i l a t e r a l  nephrectomy whereas the  

r e n i n - l i k e  a c t i v i t y  d is a p pe ars .

Stud ies o f  the phys ical  p r o p e r t i e s  o f  e x t r a - r e n a l  r e n i n - l i k e  

a c t i v i t y  have demonstrated many s i m i l a r i t i e s  w i t h  rena l  r e n in .

R e n i n - l i k e  a c t i v i t y  in homogenates o f  a r t e r i a l  t i s s u e  from 

the dog and the r a t  has an i d e n t i c a l  Km, v e l o c i t y  constan t  and 

a c t i v a t i o n  energy to renal  re n in  (Basso and T a q u i n i ,  39 7 1 ;

B a r r e t t ,  Eggena and Sambhi, 39781 as w e l l  as a s i m i l a r  m o le c u l a r  

w eig h t  and pH p r o f i l e  ( B a r r e t t  e t  a l ,  39831 .  in a d d i t i o n ,  B a r r e t t
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e t al (39781 have demonstrated tha t homogenates o f aorta from 

spontaneously hypertensive ra ts produce a pressor response in 

v iv o .

Components o f  the R e n in -a n g io te n s in  System Outs ide the Kidney and 

Ci r c u l a t i o n

A l l  the components o f  the r e n i n - a n g i o t e n s i n  system have been 

d etec ted  in a v a r i e t y  o f  t is s u e s  o t h e r  than in the kidney  and 

the c i r c u l a t i o n .  Thus,  in a d d i t i o n  to r e n i n - l i k e  a c t i v i t y ,  

a n g io t e n s in  c o n v e r t in g  enzyme and re n in  s u b s t r a t e  a re  a l s o  p r e s e n t .

Although a n g i o t e n s in - c o n v e r t in g  enzyme was f i r s t  measured in 

the c i r c u l a t i o n ,  h ig h e r  c o n c e n t ra t io n s  were found to be p re s e n t  

in the lungs (Ng and Vane,  1 9 6 7 ) .  I t  was subsequently demonstrated  

t h a t  the lung is a major  s i t e  f o r  the conversion o f  a n g i o t e n s i n  1 

to a n g io t e n s in  11 (Vane, 1 9 7 4 ) .  However,  the  s tu d ies  o f  Kreye 

and Gross (3971)  have i n d ic a t e d  t h a t  t h i s  a c t i v i t y  occurs as 

r a p i d l y  in o t h e r  t i s s u e s .  Cushman and Cheung (1971 a) have 

demonstrated the presence o f  a n g io t e n s in  c o n v e r t in g  enzyme in 

t w e n t y - f i v e  d i f f e r e n t  t iss ue s  o f  the r a t .

In the lung,  a n g io te n s in  co n ve r t in g  enzyme has been shown 

to  be lo c a ted  in the v a s c u la r  endothe l iu m o f  the pulmonary 

a r t e r i e s  (Ca ld wel l  e t  a l ,  1976; Wigger and S t a l c u p ,  1978) and i t  

is thought t h a t  t h i s  enzyme is p re sen t  w i t h i n  the v a s c u l a t u r e  

o f  a v a r i e t y  o f  t i s s u e s .  Thus, segments o f  m ic ro v e s s e ls  o r  

c a p i l l a r i e s  from b r a i n  (.Gimbrone, Majeau,  A tk in s o n ,  S a d le r  and 

C ru is e ,  3 979 ;  Brecher ,  Tercyak and Chohanian, 1983), adrena l  c o r t e x  

(Del V ecch io ,  Ryan, Chung and Ryan, 19801  and r e t i n a  (Ward,

S t e w a r t ,  Hamraon, Reynolds and t g i c ,  1 9 7 9 1 -make a n g i o t e n s i n  con­

v e r t i n g  enzyme in t i s s u e  c u l t u r e .  A ng io tens in  c o n v e r t in g  enzyme 

has a ls o  been demonstrated in v a s c u l a r  t i s s u e  i t s e l f  and v a s c u l a r
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e n d o t h e l i a l  c e l l s  in c u l t u r e  r e l e a s e  l a r ^ e  amounts o f  the  

en zyme i n to  t h e  med i um,

Renin s u b s t r a t e  has been measured in the human uterus  

(Johnson, 3 9 8 0 ) ,  a r t e r i a l  t i s s u e  (D e s j a r d i n s - G ia s s o n ,  Gutkowska,  

Garc ia and Genest ,  1983), adrenal  gland and b r a i n  (Ganten e t  a l ,

1974 ) .

A ng io tens in  11 b ind in g  s i t e s  a re  prese n t  in a number o f  

t i s s u e s .  This would be expected in any t a r g e t  organ f o r  an g io te n s in  

11. However, s in ce  the components req u i r e d  f o r  g e n e r a t io n  o f  

an g io t e n s in  11 a re  p resen t  in these t i s s u e s ,  i t  has been suggested  

t h a t  the a n g io ten s in  11 is generated  l o c a l l y  r a t h e r  than s imply  

being taken up from the c i r c u l a t i o n  ( D is a lv o  and Montefusco,  1971;  

Aiken and Vane, 1972;  C o l l i e r  and Robinson,  1 9 7 4 ) .

Gen erat ion  o f  A n g io tens in  11 Outs id e  the C i r c u l a t i o n

Observat ions  on the e f f e c t s  o f  blockade o f  the  r e n i n - a n g io t e n s in  

system w i t h  s p e c i f i c  i n h i b i t o r s  have produced i n d i r e c t  evidence  

in support  o f  the view t h a t  g e n e ra t io n  o f  a n g io t e n s i n  11 occurs  

o u t s id e  the c i r c u l a t i o n .

I t  has been found t h a t  s p e c i f i c  a n t ise ru m  ra is e d  to both  

a n g io te n s in  1 (O ates ,  S tokes,  S t o r e y ,  G lover  and Snow, 1974) and 

a n g io te n s in  11 (H e d w a l l ,  1968;  Bing and Poulsen ,  1970;  Oates e t  a l ,  

1974) was r e l a t i v e l y  i n e f f e c t i v e  in lowering the blood pressure in 

renal h yp er te n s io n .  Fur thermore,  the amount o f  an t ib o d y  req u ired  

to b lock  the e f f e c t  o f  a standard dose o f  ad m in is te re d  a n g io te n s in  

11 was found to be dependent on the lev e l  o f  c i r c u l a t i n g  endogenous 

r e n in .  However, the r e l a t i o n s h i p  between the two was not  one o f  

simple p r o p o r t io n .  When plasma ren in  l e v e ls  were low as ,  f o r  

example,  they  a re  a f t e r  s a l t  load ing o r  b i l a t e r a l  nephrectomy,  the  

amount o f  an t ibody  req u i red  was much more than a f t e r  s a l t  d e p le t i o n
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when c irc u la tin g  renin levels were titgfct (Brunner e t a l,  3972).

These l a t t e r  au thors  suggested t h a t  t h e  a f f i n i t y  o f  v a s c u l a r  

rec ep to rs  f o r  c i r c u l a t i n g  a n g io t e n s in  11 was c o n d i t io n e d  by the  

s t a t e  o f  s a l t  balance and t h a t  t h i s  r e l a t i o n s h i p  was abnormal  

in h y p er te n s io n .  The e f f e c t  was conf i rmed by Swales and Thurston  

(3973)  who, in a d d i t i o n ,  found t h a t  an in fu s io n  o f  ren in  markedly  

decreased  the amount o f  an t ib o d y  re q u i re d  to b lock  the e f f e c t  o f  

exogenous a n g io te n s in  11.

These authors  a ls o  s tu d ie d  the press or  responsiveness to  a 

standard dose o f  a n g io te n s in  11 in s a l t  loaded and s a l t  d ep le te d  

ra ts  (Swales e t  a l ,  197 5 ) .  The response was g r e a t e r  in the former  

s i t u a t i o n ,  but  a f t e r  removal o f  the kidneys the pressor  response 

in both groups was the same. A s i m i l a r  e f f e c t  to  t h a t  o f  nephrectomy 

was ob ta ined  by a d m i n i s t r a t i o n  o f  a n g io t e n s in  co n v e r t in g  enzyme 

i n h i b i t o r  suggest ing t h a t  i t  is the r e n in - a n g i o t e n s i n  system 

r a t h e r  than sodium ba lance  which determines the resp onsiveness .

The r e s u l t s  o f  the s tu d ie s  c i t e d  above cannot be e x p la in e d  

by the v a r i a t i o n s  in the l e v e l s  o f  c i r c u l a t i n g  a n g io t e n s in  11.

Swales e t  al  (3975) concluded t h a t  endogenous a n g io t e n s in  11 was 

genera ted  in such a way as to be p ro t e c t e d  from the a n t ib o d y .

Experiments performed by Oates and Stokes (3974)  su pport  

the theory  t h a t  a n g io te n s in  11 is  genera ted  w i t h i n  v a s c u la r  t i s s u e .  

A ngio tens in  11 an t ibody  was less e f f e c t i v e  in b lo c k in g  i n t r a -  

a r t e r i a l  than in t ra v e n o u s ly  i n j e c t e d  a n g io te n s in  1, This in d ic a t e s  

t h a t  c i r c u l a t i n g  an g io te n s in  1 gains access to a r t e r i a l  t i s s u e  

and is conver ted  to  an g io te n s in  11 a t  t h i s  s i t e ,

The hypothes is  t h a t  a response to ad m in is te r e d  a n g i o t e n s i n  11 

is dependent on p r i o r  re cep to r  occupancy was put  fo rward  by 

Thurston and Laragh ( 3 9 7 5 ) .  Th is  hypothes is  e x p la in s  why the
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pressor  response to a s ta ndard  dose o f  exogenous a n g io te n s in  11 

ts le ss  when plasma re n in  l e v e l s  a r e  h i g h .  (Swales e t  a l ,  J 9751 ,  

A d m i n i s t r a t i o n  o f  co n v er t in g  enzyme i n h i b i t o r ,  which prevents  

g e n e r a t i o n  o f  endogenous a n g io te n s in  11, increases the response 

to exogenous a n g io te n s in  11. When l e v e l s  o f  ren in  a re  low, 

endogenous a n g io te n s in  11 l e v e ls  a re  co r re sp o n d in g ly  low and thus 

the number o f  receptors  a v a i l a b l e  to bind exogenous a n g io t e n s in  11 

w i l l  be g r e a t e r .  Convers&ly,when plasma ren in  and endogenous 

a n g io t e n s in  11 l e v e l s  a re  high more rec ep to rs  a re  a l r e a d y  occupied .  

The degree to which an t ib ody  is e f f e c t i v e  in b lo ck in g  exogenous 

a n g io t e n s in  11 a d m i n i s t r a t i o n  t h e r e f o r e  depends on the amount o f  

t h i s  a n g io t e n s in  11 which can be bound to receptors  w i t h i n  the  

t i s s u e s  (Swales,  1979b) .  The b in d in g  o f  a n g io t e n s in  11 to these  

receptors  " p r o t e c t s "  i t  from the a n t ib o d y .

Ant ibody  ra ise d  a g a i n s t  a n g io t e n s in  11 is i n e f f e c t i v e  in  

lowering the blood pressure  where i t  has been ra is e d  by endogenous 

a n g io t e n s in  11. However, such a n t ise ru m  p r o t e c t s  a g a i n s t  h yp er ­

te ns io n  produced by i n j e c t e d  a n g io t e n s in  11 (H e dw a l l ,  1968 ) .  I f  

endogenous a n g io ten s in  11 were generated w i t h i n  the t i s s u e ,  c lose  

to the re c e p to r  s i t e s  r a t h e r  than in the c i r c u l a t i o n ,  then 

immediate b in d in g  to the re c e p to r  would p r o t e c t  i t  from the  

a n t ib o d y .

The same e f f e c t  has been demonstrated using am inopept id ase ,  

an enzyme which r a p i d l y  degrades a n g io t e n s in  11, This enzyme is 

more e f f e c t i v e  a t  lowering blood pressure which, has been ra is e d  

by I n j e c t e d  a n g io ten s in  11 than I t  Is  when r e n i n  Is used (Daum, 

Uehleke and Klaus,  1 9 6 6 ) .  A n g io ten s in  11 I n j e c t e d  I n t o  the  

c i r c u l a t i o n  Is degraded by the enzyme. On the o t h e r  hand r e n i n ,  

i t  has been suggested, e n te r s  the t i s s u e  and g en era tes  an g io te n s in
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I l  a t  the re c e p to r  s i t e .  Once the  l a t t e r  is  bound to  th e  

r e c e p t o r ,  i t  cannot be degraded by the am inopept idase .

A comparison o f  the e f f e c t s  o f  i n j e c t e d  ren in  and a n g io te n s in

I I in the presence o f  a n g io te n s in  11 a n t i b o d y  produced a 

comparable r e s u l t  (Swales,  197 6 ) .  Thus th e  response to  an g io te n s in

I I  depends on " p r i o r  rece p to r  occupancy" r a t h e r  than on a 

phys ic a l  change in the a f f i n i t y  o f  s p e c i f i c  receptors  f o r  a n g io ­

te n s in  I I  as was o r i g i n a l l y  proposed by Brunner e t  a l  in 1972.

The e f f e c t s  ob ta ined  using a n g i o t e n s i n  I I  an t is erum  o r  amino-  

p ep t id a se  a re  in marked c o n t r a s t  to  th e  r e s u l t s  ob ta in ed  by using  

the c o m p e t i t i v e  a n t a g o n is t  o f  a n g i o t e n s in  I I ,  s a r a l a s i n .  This  

i n h i b i t o r  is more e f f e c t i v e  in reduc ing blood pressure  which has 

been e le v a t e d  by the r e n in - a n g i o t e n s i n  system (Bing and N ie ls o n ,  

1973; Thurston and Swales,  1974) s in ce  i t  can ga in  access to the  

a n g io t e n s in  I I  receptors  w i t h i n  the t i s s u e .

R e c e n t ly ,  d i r e c t  ev idence has been o b ta in e d  which demonstrates  

t h a t  lo c a l  g e n e ra t io n  o f  a n g io te n s in  I I  takes p la ce  w i t h i n  the  

t i s s u e  r a t h e r  than in the c i r c u l a t i o n  and t h a t  t h i s  process 

in f lu e n c e s  va s c u la r  tone ( O l i v e r  and S c ia c c a ,  1 984 ) .  These authors  

used an experimenta l  model from which a l l  c i r c u l a t i n g  ren in  and 

a n g io t e n s in  c o n v er t ing  enzyme had been removed. In fu s io n  o f  

s y n t h e t i c  ren in  s u b s t r a te  in to  the i s o l a t e d  per fused hind q u a r te rs  

o f  the r a t  re s u l t e d  in an increase  in the  p e r fu s io n  pressure .

This increase  was i d e n t i c a l  to t h a t  produced by in fu s ion s  o f  

equimola r  amounts o f  a n g io te n s in  I o r  a n g io t e n s in  I I and was 

ab o l ish ed  by e i t h e r  the co n ve r t in g  enzyme i n h i b i t o r ,  c a p t o p r i l ,  

or by s p e c i f i c  p ep t id e  i n h i b i t o r s  o f  r e n i n .

The ev idence o u t l i n e d  above suggests t h a t  some, a t  l e a s t ,  o f  

the a n g io t e n s in  gen era t in g  a c t i v i t y  in v a s c u la r  t i s s u e  is due to an 

enzyme which c l o s e l y  resembles renal  r e n i n .  In making t h i s  assump-
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t î o n  î t  is necessary t o  s p e c i f y  t h a t  g e n e r a t io n  sKould be Pleasured 

a t  the pH. optimum o f  r e n i n .  This  is discussed f u r t h e r  in Chapter  

t h r e e .  However, s in ce  t h i s  c o n d i t io n  was f u l f i l l e d  in the p resent  

study ,  the a c t i v i t y  measured here in a o r t i c  t i s s u e  has been r e f e r r e d  

to  as " r e n i n "  in the  f o l l o w i n g  ch a p te r s .

Va scu la r  Wal l  Renin A c t i v i t y  and Blood Pressure Control

Support f o r  the idea t h a t  the a c t i o n  o f  a r e n in - a n g i o t e n s i n  

system o u t s id e  the c i r c u l a t i o n  might be importan t  in th e  c o n t r o l  

o f  blood pressure  has come from a number o f  s t u d i e s .  In 

p a r t i c u l a r ,  such a system w i t h i n  v a s c u la r  t i s s u e  may be p h y s i o l o g i c a l l y  

s i g n i f  l e a n t .

I t  has been proposed t h a t  the response to  exogenous a n g io ­

t en s in  11 depends on the degree to which v a s c u la r  a n g io t e n s in  I I  

receptors  a r e  a l re a d y  occupied by endogenous a n g io te n s in  I I  and 

on the t o t a l  number o f  receptors  p r e s e n t .  A re d u c t io n  in the  

source o f  ren in  w i l l  Increase  the response to  i n j e c t e d  a n g io te n s in  

I I  by in c re a s in g  the number o f  f r e e  re c e p t o r s .

The major  source o f  ren in  can be removed by b i l a t e r a l  nephrec­

tomy. However, i t  has been found t h a t  when t h i s  is  done the

increase  in response to exogenous a n g io t e n s in  I I  is not  r e l a t e d  to  the

d isappearance o f  c i r c u l a t i n g  re n in .  Swales e t  a l  (1975 )  showed 

t h a t  the response changed g r a d u a l l y  over a per io d  o f  s i x  hours 

a f t e r  removal o f  the k id n eys ,  even though the  h a l f  l i f e  o f  re n in  

in the plasma is less than h a l f  an hour (De V i t o ,  Koninckx,  Cabrera  

and N o l l y ,  J 9 7 7 ) .  S i m i l a r l y ,  the amount o f  a n g io t e n s in  I I  a n t i  serum

req u i red  to  b lock  the response to  exogenous a n g io t e n s in  a f t e r

b i l a t e r a l  nephrectomy increased over the  same t ime s c a le  (Swales 

e t  a l ,  1975) .  This suggests t h a t  a n g i o t e n s in  I I  is s t i l l  being  

generated even though plasma ren in  is no longer  p r e s e n t .  Thurston
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and Swales 0 9 7 7 1  showed t h a t  the response to  a n g i o t e n s in  c o n v e r t in g  

enzyme i n h i b i t o r  In G o l d b l a t t  2 -k id n e y  J c l i p  h y p e r t e n s iv e  ra t s  

a f t e r  b i l a t e r a l  nephrectomy a ls o  fo l lo w e d  the same p a t t e r n .  The 

blood pressure cont inued to  respond to  i n h i b i t i o n  f o r  up to  s i x  

hours,  long a f t e r  c i r c u l a t i n g  ren in  had d isappeared .  Thus the  

blood pressure  e l e v a t i o n  was determined by the r e n i n - a n g i o t e n s i n  

system but  not  by c i r c u l a t i n g  r e n i n .

F u r t h e r  support  f o r  t h i s  conc lu s io n  came from a study  c a r r i e d  

out by Bing and N ie ls e n  ( 1 9 7 3 ) .  They showed t h a t  the blood pressure  

response to a s i n g l e  i n j e c t i o n  o f  r e n in  in r a t s  a f t e r  b i l a t e r a l  

nephrectomy p e r s is t e d  f o r  up to  s i x  hours even though i n j e c t e d  

ren in  had been c le a r e d  from the c i r c u l a t i o n  w i t h i n  one hour.  They 

suggested t h a t  the blood pressure response could be m a in ta in ed  by 

an accumulat ion  o f  ren in  in the w a l l s  o f  the a r t e r i o l e s .

Thurs ton ,  H u r s t ,  Bing and Swales (1978)  showed t h a t  the change 

in the ren in  conten t  o f  the a o r t i c  w a l l  a f t e r  b i l a t e r a l  nephrectomy  

o f  G o l d b l a t t  2 -k id n e y  1 c l i p  h y p e r te n s iv e  r a ts  was c o n s i s t e n t  w i t h  

t h i s  assumption.  Both plasma and a o r t i c  w a l l  ren in  c o n c e n t r a t io n s  

were e le v a t e d  in the i n t a c t  r a t ,  but  a f t e r  b i l a t e r a l  nephrectomy  

th e re  was a marked d ivergence  in t h e i r  r e s p e c t i v e  ra t e s  o f  d e c l i n e .  

Plasma re n in  had d isappeared w i t h i n  one hour whereas r e n in  in the  

a o r t i c  w a l l  p e r s is t e d  f o r  up to t w e n t y - f o u r  hours.

I n d i r e c t  ev idence  thus suggests t h a t  th e re  is a r o l e  in blood  

pressure co n t ro l  f o r  the ren in  which is p resent  in the w a l l s  o f  

blood v e s s e ls .  Th is  was in v e s t ig a t e d  d i r e c t l y  by G a r s t ,  K o le ts k y ,  

Wisenbaugh, Hadady and Matthews ( 1 9 7 9 ) .  An in f u s io n  o f  r e n in  

ra is ed  the blood pressure  in normal r a t s  and was a s s o c ia t e d  w i t h  a 

r i s e  In a r t e r i a l  w a l l  ren in  l e v e l s .  However, these au th o rs  did  not  

i s o l a t e  the  changes in v a s c u la r  w a l l  ren in  l e v e ls  from those o f
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c i r c u l a t i n g  r e n i n .

V a s c u la r  w a l l  r e n in  l e v e l s  have been shown to  a l t e r  in e x p e r i ­

mental s i t u a t i o n s  known to  e f f e c t  the r e n i n - a n g i o t e n s i n  system.  

Changes in d i e t a r y  sodium, e a r l y  G o l d b l a t t  2 - k id n e y  J c l i p  hyper ­

te n s io n  (Thurston  e t  a l ,  1 9 7 8 ) ,  d eh y d ra t io n  and b i l a t e r a l  a d r e n a l ­

ectomy (Rosenthal  e t  a l ,  I 9 6 9 ) a re  a l l  ass oc ia te d  w i t h  a change in 

v a s c u la r  w a l l  ren in  l e v e ls  which p a r a l l e l  a s i m i l a r  change In the  

l e v e ls  o f  plasma r e n i n .  Some re cent  re p o r ts  have suggested t h a t  

in spontaneously h y p e r t e n s iv e  r a ts  ( B a r r e t t  e t  a l ,  1978; Garst  

e t  a l ,  1979; Asaad and A n to n acc io ,  1982) and in c h ro n ic  G o l d b l a t t  

2 - k id n e y  1 c l i p  h y p e r te n s iv e  r a ts  (G ars t  e t  a l ,  1979) t h e r e  may be 

a d iverg en ce  o f  the two. N e v e r t h e l e s s ,  in a l l  these examples the  

c o n t in u in g  presence o f  plasma ren in  compl ica tes  any study o f  

v a s c u l a r  w a l l  r e n i n ,  i t  is o n ly  a f t e r  b i l a t e r a l  nephrectomy,  when 

c i r c u l a t i n g  re n in  d isappears  much more r a p i d l y ,  t h a t  the v a s c u la r  w a l l  

component can be s tu d ied  in i s o l a t i o n .

V a s c u la r  Wall  Renin:  Local Synthes is  o r  Uptake from the Plasma?

The ren in  p resent  in v a s c u la r  t i s s u e  does appear to  be 

more r e l e v a n t  in blood pressure  c o n t r o l  than c i r c u l a t i n g  ren in  

in a number o f  experimenta l  s i t u a t i o n s .  However, t h e re  is 

u n c e r t a i n t y  as to  the source o f  t h i s  e x t r a - r e n a l  r e n i n .  Renin o f  

renal  o r i g i n  could be s p e c i f i c a l l y  taken up from, o r  p a s s iv e ly  

d i f f u s e  out  o f ,  the c i r c u l a t i o n  in t o  v a s c u la r  t i s s u e .  A l t e r n a t i v e l y ,  

ren in  could be synthes ised  s e p a r a t e l y  by the t i s s u e  i t s e l f .

The arguement has centred  around the amount o f  re n in  which 

can be measured in v a s c u la r  t i s s u e  a f t e r  b i l a t e r a l  nephrectomy.  I f  

the ren in  were o f  renal  o r i g i n  then removal o f  the kidneys should 

r e s u l t  in a g r a d u a l ,  though e v e n t u a l l y  comple te ,  disappearance o f  

ren in  from the t i s s u e .  Th is  has been observed by a number o f  au thors
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The le v e l  o f  re n in  present  in the a r t e r i a l  w a l l  o f  G o l d b l a t t  2 -  

kidney  J c l i p  h y p e r te n s iv e  r a ts  (Thurston e t  a l ,  J9791  and normal 

r a t s  (Rosenthal e t  a l ,  1969) f e l l  a f t e r  b i l a t e r a l  nephrectomy a l though  

a smal l p r o p o r t io n  o f  ren in  a c t i v i t y  p e r s is t e d  f o r  up to  tw enty -  

f o u r  hours.  On the o t h e r  hand, some authors have found t h a t  ren in  

a c t i v i t y  remains unchanged a f t e r  b i l a t e r a l  nephrectomy.  This was 

observed by Basso and Taqu in i  (1971)  in dogs where ren in  a c t i v i t y  

p e r s i s t e d  in v a s c u la r  t i s s u e  when measured s ev en ty - tw o  hours a f t e r  

removal o f  the k id n eys .  S i m i l a r l y ,  B a r r e t t  e t  a l  (1978 and 1981)  

found no change in the le v e l  o f  a r t e r i a l  w a l l  ren in  o f  r a t s  a f t e r  

b i l a t e r a l  nephrectomy.

In s tudying the  p e r s is te n c e  o f  re n in  a c t i v i t y  in the a o r t i c  

w a l l  a f t e r  b i l a t e r a l  nephrectomy,  d i f f e r e n c e s  in th e  pH a t  which  

the measurements a re  made may e x p l a i n  these a p p a r e n t l y  in compat ib le  

r e s u l t s .  Basso and Taquin i  (1971)  and B a r r e t t  e t  a l  (1978 and 1981) 

measured ren in  a c t i v i t y  a t  a p h y s i o l o g i c a l  pH. Thurston e t  al  

(1979)» on the o th e r  hand, made t h e i r  measurements a t  the pH 

optimum o f  r a t  r e n i n ,  6 . 5 .  They a ls o  demonstrated t h a t  a l th ough the  

l e v e l  o f  a c t i v i t y  a t  t h i s  pH f e l l  a f t e r  b i l a t e r a l  nephrectomy,  the  

leve l  o f  a c t i v i t y  a t  pH 5 . 3 ,  measured in the same a n im a ls ,  remained 

unchanged. This  i n d ic a t e s  t h a t  n o n - s p e c i f i c  g e n e r a t io n  o f  a n g io ­

te n s in  is not  a f f e c t e d  by removal o f  the k idneys .

A background leve l  o f  n o n - s p e c i f i c  g e n e ra t io n  o f  an g io te n s in  I 

is a lmost  c e r t a i n  to occur a t  a l l  p H 's .  However, a t  the pH 

optimum o f  ren in  the p ro p o r t io n  o f  t h i s  a c t i v i t y  which is due to  

ren in  a c t i v i t y  w i l l  be g r e a t e s t .  A t  a p h y s io l o g i c a l  pH the  

p r o p o r t io n  o f  ren in  a c t i v i t y  w i l l  be r e l a t i v e l y  less  and any changes 

in the amount o f  re n in  present  may be c o r re s p o n d in g ly  more d i f f i c u l t  

to  d e t e c t .
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That  re n in  might he synthes ised  l o c a l l y  has however,  been 

supported by the  f i n d i n g  t h a t  ren in  a c t i v i t y  in th e  m e s e n te r ic  

a r t e r i a l  w a l l  o f  dogs a f t e r  b i l a t e r a l  nephrectomy was s t i m u l a t e d  

and re le ased  i n t o  the c i r c u l a t i o n  by haemorrhage (Ganten,  Hayduk,  

B rech t ,  Boucher and Genest ,  1970 ) .  Sp lanchnic  ren in  was a l s o  

found to  be increased a f t e r  haemorrhage, being g r e a t e r  in the 

p o r t a l  v e in  than in a r t e r i a l  blood .

Stud ies  using c e l l s  in t i s s u e  c u l t u r e  have demonstrated the  

a b i l i t y  o f  c e l l s  o t h e r  than those o f  the kidney to s y n th e s is e  

an enzyme which resembles r e n i n .  A re n in  system has been s tud ie d  

in mouse f i b r o b l a s t s .  These c e l l s  co n ta in  a s i g n i f i c a n t  amount o f  

c e l l u l a r  bound ren in  a c t i v i t y  and pro du ct ion  o f  t h i s  enzyme was 

suppressed by the a d d i t i o n  o f  angiotensin I I  to the c u l t u r e  

medium and increased by the a d d i t i o n  o f  s a r a l a s i n  (Ganten,  

S c h e l l i n g ,  F luge l  and F is c h e r ,  1975 ) .  Renin s y n th es is  has a ls o  

been demonstrated in c u l t u r e s  o f  can in e  a o r t i c  smooth muscle  

c e l l s  (Re, F a l l o n ,  Dzau, Quay and Haber ,  1982 ) .

R e c e n t ly ,  B a r r e t t  e t  a l  (1981)  have c h a r a c t e r i s e d  ren in  

from the plasma,  k idney and a o r t i c  t i s s u e  o f  r a t s .  The enzymes 

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

p o i n t s ,  p o s s ib ly  due to small  s t r u c t u r a l  d i f f e r e n c e s .  The authors  

found t h a t  one form was common to  a l l  t h r e e  t i s s u e s  but  t h a t  not  

a l l  forms present  in the plasma were found in a o r t i c  t i s s u e .  One 

was a ls o  present  in a o r t i c  t i s s u e  but  not in the  plasma.  They 

suggested t h a t  the l a t t e r  form was synthes ised  by the a o r t i c  

w a l l  i t s e l f .  S i m i l a r l y ,  Rosenthal e t  a l  (.1984) re p o r te d  t h a t  

the re n in  a c t i v i t y  p resent  in a o r t i c  homogenates from r a t s  had 

a d i f f e r e n t  i s o e l e c t r i c  p o in t  to t h a t  ob ta ined  f o r  the  plasma 

and rena l  enzymes. However, B a r r e t t  e t  a l  (1981)  a l s o  showed
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t h a t  t h e r e  was a form o f  re n in  which was common to  a l l  t h r e e  t i s s u e s  

Uptake by a r t e r i a l  t i s s u e  o f  a c i r c u l a t i n g  enzyme o r i g i n a t i n g  

in the kidney cannot t h e r e f o r e  be d iscounted as a source o f  ren in  

in the v a s c u la r  compartment, indeed,  Garst  e t  a l  Ü 9 7 9 I  showed 

th a t  ren in  in fu s io n  increased the amount o f  re n in  p resent  in 

a r t e r i a l  t i s s u e  i n d i c a t i n g  t h a t  c i r c u l a t i n g  ren in  does e n t e r  

v a s c u la r  t i s s u e .

However, in c o n t r a s t  to these s t u d i e s ,  Fordis e t  a l  (1983)  

concluded t h a t  a lmost  a l l  the re n in  present  in a o r t i c  t i s s u e  was 

due to contam in a t ion  by plasma r e n in .  Thorough p e r fu s io n  o f  the  

t i s s u e  b e fo re  homogenisat ion,  t o g e th e r  w i t h  removal o f  n o n - s p e c i f i c  

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

in loss o f  a l l  ren in  a c t i v i t y  in the t i s s u e .  The problem o f  

contaminat io n  o f  a o r t i c  samples w i t h  plasma r e n i n ,  as opposed 

to uptake o f  ren in  from the plasma i n t o  the t i s s u e ,  is discussed  

in Chapter  t h r e e .

Although the o r i g i n  o f  the re n in  a c t i v i t y  w i t h i n  the  blood  

vessel w a l l  remains u n c e r t a i n ,  i t  would be s u r p r i s i n g  i f  c i r c u l a t i n g  

ren in  were unable to  e n t e r  the t i s s u e .  Renin i s ,  a f t e r  a l l ,  a 

g lo b u l a r  p r o t e i n  whose m olecu la r  w e ig h t  is s i m i l a r  to  t h a t  o f  

albumen. L ik e  albumen i t  can t h e r e f o r e  be expected to  gain ready  

access to  the e x t r a v a s c u l a r  compartment o f  t i s s u e s  su pp l ied  by 

continuous c a p i l l a r i e s .  In Chapter  fo u r  o f  t h i s  th e s is  evidence  

is presented t h a t  c i r c u l a t i n g  ren in  does indeed gain  access to  

the w a l l s  o f  blood v e s s e l s .  This  conclusion  does not  however,  

r u l e  out  the p o s s i b i l i t y  t h a t  loca l  s yn th es is  a ls o  takes p l a c e .  

Summary

The d is co ve ry  o f  re n in  and i t s  a c t i o n  in promoting the produc­

t io n  o f  the pressor agent  a n g io t e n s in  I I  lead i n i t i a l l y  to  the
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assumption t h a t  t h i s  enzyme must have a key r o l e  in both the  

physio lo gy  and t h e  pathology o f  a r t e r i a l  blood p re s s u re .  However,  

the s i g n i f i c a n c e  o f  the r e n i n - a n g i o t e n s i n  system is not n e a r l y  

so simple  as i t  o r i g i n a l l y  appeared.

In both c l i n i c a l  and la b o r a t o r y  s tu d ie s  i t  has become 

apparent  t h a t  c i r c u l a t i n g  re n in  l e v e l s  do not bear a d i r e c t  

r e l a t i o n s h i p  to the le v e l  o f  the  blood p ressure .  The involvement  

o f  a number o f  o t h e r  systems in th e  pathogenesis o f  hyp e r te ns io n  

have been cons idered .  However, experimenta l  s tud ies  on the  blood 

pressure  response to exogenous re n in  o r  a n g i o t e n s in ,  i n j e c t e d  

in to  the c i r c u l a t i o n  under a v a r i e t y  o f  c o n d i t io n s ,  have lead  

to  the concept t h a t  a n g io te n s in  may be generated o u t s id e  the  

c i r c u l a t i o n .  Thus i t  has been suggested t h a t  the le v e l  o f  ren in  

w i t h i n  the blood vesse l  w a l l s ,  r a t h e r  than in the c i r c u l a t i o n ,  

is a more r e l e v a n t  i n d i c a t o r  o f  the a c t io n  o f  the r e n i n - a n g i o ­

te n s in  system.

Other s tu d ies  have conf irmed the presence o f  r e n i n - l i k e  

a c t i v i t y  o u t s id e  the kidney and c i r c u l a t i o n  which has been 

demonstrated to  have p r o p e r t i e s  in common w i t h  rena l  r e n i n .  Th is  

a c t i v i t y  does indeed appear to  p lay  an important  p h y s io lo g i c a l  

r o l e  in a v a r i e t y  o f  homeostat ic  mechanisms in c lu d in g  the c o n t ro l  

o f  blood pressure .



CHAPTER TWO

The Aims o f  t h i s  Study and an O u t l i n e  o f  the Thes is
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The Aims o f  Th is  Study

The work d escr ib ed  in t h i s  t h e s i s  was c a r r i e d  out  in o rd e r  

to examine f u r t h e r  the  s i g n i f i c a n c e  o f  v a s c u la r  w a l l  r e n in  

a c t i v i t y  in the  r a t .

The exper iments  were designed to determine whether the  

a c t i v i t y  measured in t h i s  t i s s u e  could be d er ive d  from uptake  

o f  renal  re n in  from the plasma,  in a d d i t i o n ,  a comparison was 

made o f  the r e s p e c t i v e  ro le s  o f  c i r c u l a t i n g  and v a s c u la r  w a l l  re n in  in 

the co n t r o l  o f  blood p re s s u re .

A s i n g l e  i n j e c t i o n  o f  renal  ren in  was g iv e n .  The d i s t r i ­

bu t io n  o f  t h i s  exogenous re n in  between the v a s c u la r  t i s s u e  and the  

plasma was determined a t  va r io u s  t imes a f t e r  the i n j e c t i o n .  The 

blood pressure  response to the ren in  i n j e c t i o n  was a ls o  measured 

a t  these t im es .

In o rd e r  to avoid  the confusing e f f e c t s  o f  endogenous re n in  

the e f f e c t  o f  the i n j e c t i o n  was observed in the f i r s t  s e t  o f  

exper iments  in ra ts  a f t e r  b i l a t e r a l  nephrectomy.  A f u r t h e r  se t  

o f  exper iments  was l a t e r  c a r r i e d  out  to  determ ine  the e f f e c t  o f  

ren in  i n j e c t i o n  in the  presence o f  the k id neys .  In these  

experiments ren in  i n j e c t i o n s  were t h e r e f o r e  g iven to  r a t s  whose 

kidneys had not  been removed.

The r e l a t i o n s h i p  between the ren in  a c t i v i t y  measured in both

plasma and the v a s c u la r  w a l l  and the pressor response r e s u l t i n g

from the ren in  i n j e c t i o n  was determined .  The n a tu re  o f  the  pressor

response i t s e l f  was i n v e s t ig a t e d  by the use o f  the i n h i b i t o r s  o f

the r e n i n - a n g i o t e n s i n  system s a r a l a s i n  and c a p t o p r i l .

An (X i t l in e  o f  the Thesis

The biochemical  techniques involved  in the  measurement o f  the  

ren in  c o n c e n t ra t io n s  in both plasma and a o r t i c  samples a r e  descr ib ed
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and discussed in Chapter  t h r e e .  Th is  c h a p te r  a ls o  in cludes  a 

d e s c r i p t i o n  o f  the method o f  p r e p a r a t i o n  o f  the r a t  rena l  re n in  

used f o r  the i n j e c t i o n s .

Chapter  fo u r  is concerned w i t h  the e f f e c t s  o f  an i n j e c t i o n  

o f  exogenous ren in  on the blood pressure  response and on the  

d i s t r i b u t i o n  o f  the i n j e c t e d  ren in  between plasma and the a o r t i c  

w a l l .  These exper iments were conducted in r a t s  which had 

p r e v io u s ly  undergone b i l a t e r a l  nephrectomy. The d e t a i l s  o f  the  

s e t t i n g  up o f  the animal  models u s e d , t o g e t h e r  w i t h  the  techniques  

invo lved  in a d m i n i s t r a t i o n  o f  r e n i n ,  measurement o f  the blood  

pressure  and c o l l e c t i o n  o f  plasma and a o r t i c  samples a re  descr ibed  

The r e s u l t s  ob ta in ed  in the i n j e c t e d ,  nephrectomised groups were  

compared to  normal con t ro l  r a ts  where no ren in  was a d m in is t e r e d .  

The p o s s i b i l i t y  t h a t  the pressor response might  produce a change 

in the p e r m e a b i l i t y  o f  va s c u la r  t i s s u e  was a ls o  i n v e s t i g a t e d .

The n a tu re  o f  the pressor response produced by a s i n g l e  ren in  

i n j e c t i o n  in r a ts  a f t e r  b i l a t e r a l  nephrectomy was f u r t h e r  I n v e s t i ­

gated using the r e n i n - a n g i o t e n s i n  system i n h i b i t o r s  s a r a l a s i n  and 

c a p t o p r i l .  These experiments  a re  descr ib ed  in Chapter  f i v e .

Rats a f t e r  b i l a t e r a l  nephrectomy were s tu d ied  in o r d e r  to  

avoid the co m p l ica t io n s  t h a t  a r i s e  when the kidneys a re  p r e s e n t ,  

in Chapter  s i x  the r e s u l t s  o b ta in ed  using nephrectomised ra t s  were  

compared to the e f f e c t  o f  a s i m i l a r  i n j e c t i o n  in to  r a ts  whose 

kidneys were l e f t  in s i t u . In a d d i t i o n  to normal r a t s ,  i n j e c t i o n s  

were given to  ra ts  a f t e r  chemical rena l  medul lectom y. Th is  group 

was included in o rd e r  to  observe the p o s s ib le  r o l e  o f  the renal  

medul la  in de te rm in in g  the pressor response to  in j e c t e d  r e n i n .



CHAPTER THREE

The Biochemical Methods Used in t h is  Study
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I n t r o d u c t io n

This chap ter  describes  the measurement o f  ren in  c o n c e n t r a t io n s  

in both the plasma and homogenates o f  a o r t i c  t i s s u e  o f  the r a t .

A simple method f o r  p r e p a r a t i o n  o f  the r a t  rena l  ren in  used f o r  

the i n j e c t i o n s  is a lso  de scr ib ed .

The ren in  assay

Renin was o r i g i n a l l y  measured by b ioassay and the d e f i n i t i o n  

o f  i t s  a c t i v i t y  was based on t h i s  method. Thus,  one u n i t  o f  

ren in  a c t i v i t y  was d e f in ed  as t h a t  q u a n t i t y  o f  ren in  w h ic h ,  when 

i n j e c t e d  i n t r a v e n o u s ly  in to  an unanaesth e t is ed  t r a i n e d  dog, ra is ed  

the d i r e c t ,  mean, s y s t o l i c  ( fe m o r a l )  blood pressure  by t h i r t y  mmHg 

in about two minutes ( G o l d b l a t t ,  Ka tz ,  Lewis and R ichardson,  1943) .

However, the  bioassay was found to  be im p r a c t ic a l  because 

in o rd er  to  o b t a i n  a measurable response,  such la rg e  q u a n t i t i e s  

o f  ren in  were r e q u i r e d .  The assay was thus r e l a t i v e l y  i n s e n s i t i v e .  

The s e n s i t i v i t y  o f  the assay was i n i t i a l l y  improved by th e  a d d i t i o n  

o f  an e x t r a  step  in which a n g io t e n s in  I was generated  in v i t r o  by 

the ren in  b e fo re  i n j e c t i o n  in to  the experimenta l  animal (Helmer  

and Judson, 1 963 ) .  The development o f  a radioimmunoassay f o r  

an g io ten s in  I f i n a l l y  rep laced the need f o r  the bioassay  a l t o g e t h e r

D esp it e  the f a c t  t h a t  the techniques f o r  measuring ren in  have 

changed c o m p le t e ly ,  the term " G o l d b l a t t  u n i t  o f  ren in  a c t i v i t y "  

is s t i l l  employed. The r e l a t i o n s h i p  between G o l d b l a t t  u n i t s  and 

the r a t e  o f  g e n e ra t io n  o f  an g io te n s in  I by ren in  has been d e t e r ­

mined by Haas, Lewis,  Sc ip io ne  and Koshy ( 1 9 7 9 ) .  The ra te  of  

g e n e ra t io n  o f  a n g io t e n s in  I is expressed in nanograms per ml o f

plasma per hour o f  incubat io n  and is given as:

1 n g A I /m l /h  s 1 G o l d b l a t t  u n i t

3 . 4  X 10^
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As w i t h  any assay ,  the s t a n d a r d i s t a t i o n  o f  measurement o f  

re n in  a c t i v i t y  is  a problem. The r a t e  a t  whicb a n g io t e n s in  I 

is generated  v a r i e s  with, the in v i t r o  c o n d i t io n s  under which the  

g e n e r a t io n  is  c a r r i e d  out  and w i t h  the species from which the  

re n in  and i t s  s u b s t r a t e  a re  o b t a in e d .  The conversion  f a c t o r  

worked out  by Haas e t  al  (1979)  is an average c a l c u l a t e d  from  

th e  r e s u l t s  o b ta in e d  from a study o f  seven d i f f e r e n t  s p e c ie s .

I t  can t h e r e f o r e  o n ly  be used to  g iv e  approximate c o n v e rs io n s .

The r a t e  o f  g en e r a t io n  o f  a n g io t e n s in  I by re n in  can be 

measured under a v a r i e t y  o f  exper im enta l  c o n d i t i o n s .  I t  can be 

measured under " p h y s i o l o g i c a l "  c o n d i t io n s  t h a t  i s ,  a t  pH 7 . 4 ,  

using o n ly  endogenous s u b s t r a t e .  The r e s u l t  o b ta in ed  by t h i s  

method is then expressed as the ren in  a c t i v i t y .  A l t e r n a t i v e l y ,  

the c o n d i t i o n s  o f  the r e a c t i o n  can be s ta ndard is ed  by a d j u s t i n g  the  

pH o f  the  in c u b a t io n  medium to the  optimum f o r  re n in  and by the  

a d d i t i o n  o f  excess s u b s t r a t e .  The r e s u l t s  a r e  then expressed as 

th e  re n in  c o n c e n t r a t i o n .

The r e a c t i o n  between r a t  plasma ren in  and i t s  s u b s t r a t e  is  

o pt im a l  a t  pH 6 . 5  (Matoba e t  a l ,  1978; Thurston e t  a l ,  19 7 9 ) .

S e a le y ,  Laragh,  Gerten-Banes and Aceto (1974 )  found t h a t  in 

human plasma the  pH tended to become u nstab le  when incubated above 

pH 6 . 0 .  Th is  can be prevented by the a d d i t i o n  o f  a s u i t a b l e  b u f f e r  

T r i s  M a l e a t e ,  w i t h  a pKa o f  6 . 5  has been used f o r  the assay o f  

re n in  in r a t  t i s s u e s .

The cho ice  o f  s u b s t r a t e  used in the measurement o f  human 

plasma ren in  c o n c e n t ra t io n s  Is p r o b le m a t ic .  I f  endogenous plasma 

s u b s t r a t e  is used then the r e s u l t s  can on ly  be expressed in terms  

o f  ren in  a c t i v i t y  s in c e  c o n d i t io n s  o f  excess s u b s t r a t e  may not  

n e c e s s a r i l y  a p p l y .  I f  the plasma ren in  c o n c e n t ra t io n  is r e q u i r e d .
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e x t r a  s u b s t r a t e  must be added to  s a t i s f y  t h i s  c o n d i t i o n .  The 

k i n e t i c s  o f  the r e a c t i o n  w i l l  then be a f f e c t e d  by the type o f  

s u b s t r a t e  used since  human ren in  s u b s t r a t e  is not com mercia l ly  

aval  lab l e .

This  problem is avoided in the r a t  s inc e  r a t  ren in  s u b s t r a t e  

is present  in high c o n ce n t ra t io n s  in the  plasma o f  r a ts  tw e n ty -  

fo u r  hours a f t e r  b i l a t e r a l  nephrectomy (Peach,  19 77 ) .  At  the  

same t ime the endogenous ren in  l e v e ls  in the plasma a re  ve ry  low.  

Condi t io ns  o f  excess s u b s t r a t e  can be f u l f i l l e d  by in cubat in g  

a m ix tu re  o f  the sample to be analysed  w i t h  nephrectomised r a t  

plasma in a r a t i o  o f  f o u r  to  one.

When d i r e c t  measurement o f  ren in  was rep laced  by a step  

i n v o lv i n g  the g en era t io n  o f  a n g io te n s in  I ,  I t  was a t  f i r s t  found 

t h a t  the c o n c e n t r a t io n  o f  ren in  was not d i r e c t l y  r e l a t e d  to the  

amount o f  a n g io t e n s in  I formed.  This is due to  the  presence o f  

a n g io te n s in a ses  which degrade the a n g i o t e n s in  as i t  is g enera ted .

In o rd e r  to  avo id  t h i s  problem, ren in  can be p u r i f i e d  (Haas,  

G o l d b l a t t ,  Gipson and Lewis,  1966) o r  the a n g io t e n s in  I can be 

absorbed onto  dowex as i t  is formed (Boucher,  V e y r a t ,  De Champlain 

and Genest ,  1964 ) .  However, the method most commonly used invo lves  

the a d d i t i o n  o f  an g io te n s in a s e  i n h i b i t o r s  to  the in cu b at io n  medium.

A n g io te n s in  I is degraded by a number o f  enzymes. S p e c i f ­

i c a l l y  i t  is converted to  a n g io te n s in  I I by a n g io t e n s in  c o n ve r t in g  

enzyme, but  i t  is a ls o  hydrolysed by a number o f  o t h e r  non­

s p e c i f i c  am ino p e pt id ase s .

Ami nopept idase A degrades a n g i o t e n s i n  I to  des -A sp^-ang io ­

tens in I and has a pH optimum in the n e u t r a l  range .  In a d d i t i o n ,  

endopeptidase a c t i v i t y ,  which a ls o  has a pH optimum in the  

n e u t r a l  range,  may a ls o  c o n t r i b u t e  to  a n g io t e n s in  I breakdown
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( K h a î r a l l a h ,  Bumpus, Page and Smeby, 1 9 6 3 ) .  The s i g n i f i c a n c e  

o f  these enzymes in v iv o  is not  known (Peach, 1977) but  

prev en t io n  o f  t h e i r  a c t i v i t y  in v i t r o  during  measurement o f  

ren in  a c t i v i t y  is n e v e r t h e le s s  im por tan t .

A ng io tens inase  a c t i v i t y  w i t h  an ac id  pH optimum can be 

i n h i b i t e d  by f 1uorophosphates such as d i s o p r o p y f 1uorophosphate 

(DFP) (P ic kens ,  Bumpus, L lo yd ,  Smeby and Page, 19 6 5 ) .  Other  

a n g io t e n s i n a s e s , in c lu d in g  co n v e r t in g  enzyme, w i t h  a n e u t ra l  pH 

optimum, r e q u i r e  d i v a l e n t  metal ions f o r  a c t i v i t y .  They are  

t h e r e f o r e  i n h i b i t e d  by c h e l a t i n g  agents such as dimercapro l  (BAL) 

and 8 - h y d r o x y q u i n o l i ne (SOHQ). In a d d i t i o n ,  e th y le n e d ia m in e -  

t e t r a a c e t a t e  (EDTA), which is u s u a l l y  used as an a n t i - c o a g u l a n t  

when c o l l e c t i n g  blood f o r  measurement o f  ren in  a c t i v i t y ,  is a 

powerful c h e l a t i n g  ag en t .

A number o f  combinat ions o f  these i n h i b i t o r s  have been used.  

Haber,  Koerner,  Page, Kliman and Purnode (1969)  used EDTA, BAL 

and 80HQ w h i l e  Sealey e t  a l  (1974)  and Gould,  Skeggs and Kahn 

( 1966) used EDTA and DFP. Kodish and Katz (1974)  found t h a t  DFP 

could be s u b s t i t u t e d  by p h e n y lm e t h y l s u lp h o n y l f lu o r id e  (PMSF) 

which has the advantage o f  being less dangerous to  handle .

O p a r i l ,  Koerner and Haber (1974)  have shown t h a t  the  

e f f e c t i v e n e s s  o f  a l l  these combinat ions v a r i e s  markedly w i t h  the  

pH o f  in cu b a t io n .  I n i t i a l l y ,  ren in  a c t i v i t y  was measured a t  a 

p h y s i o l o g ic a l  pH (Gould e t  a l ,  1966; Haber e t  a l ,  1969 ) .  More 

r e c e n t l y ,  g e n e ra t io n  has been a l lowed  to  proceed a t  the  pH 

optimum f o r  r e n i n ,  t h a t  is between 5 .0  and 6 .0  in human plasma.  

O p a r i l  e t  al  (1974)  showed t h a t  a combinat ion o f  BAL, 8OHQ, 

and EDTA re s u l t e d  in p r e s e r v a t i o n  o f  n in e t y  p ercent  o f  the  

a n g io te n s in  I generated a t  pH 7 .4  but  was much less e f f e c t i v e  a t
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pH 5 . 5 . On the o t h e r  hand, DFP and EDTA were o n ly  ten percent  

e f f e c t i v e  a t  pH 7 . 4 .

The co n d i t io n s  described  above apply  to  the measurement o f  

ren in  in human t i s s u e s .  T ikkanen,  F y h rq u is t  and Puutula-Rasanen  

( 1980) s tu d ied  the e f f i c a c y  o f  these i n h i b i t o r s  in r a t  plasma.  They 

rep o r ted  t h a t  a t  the high pH optimum o f  r a t  r e n i n ,  t h a t  is pH 6 . 5 ,  

80HQ was s u p e r io r  to both PMSF and DFP. A combinat ion o f  8OHQ and 

EDTA r e s u l t e d  in c lo se  to  one hundred percent  p r e s e r v a t i o n  o f  the  

a n g io te n s in  I generated  a t  t h i s  pH. They a ls o  recommended t h a t  f o r  

complete enzyme i n h i b i t i o n  a minimum f i n a l  c o n c e n t r a t io n  o f  8OHQ 

In the in c ubat io n  medium o f  5mM should be used. In a d d i t i o n ,  8OHQ 

has b a c t e r i o s t a t i c  p r o p e r t i e s  which may be im portant  during  

prolonged in cubat io n  per iods (F leming,  S tewart  and Hutchinson,  1974) .

In t h i s  s tu d y ,  a combinat ion o f  EDTA, PMSF and 8OHQ, was 

used to  measure re n in  a c t i v i t y  both in plasma and a o r t i c  homogenates.

The plasma ren in  c o n c e n t ra t io n  measured in the p resent  study  

was t h e r e f o r e  expressed in terms o f  the r a t e  o f  g e n e ra t io n  o f  a n g io ­

t e n s in  I from r a t  s u b s t r a t e  under standard c o n d i t io n s  o f  optimum 

pH, excess s u b s t r a t e  and a t  a temperature  a t  37°  C, and using the  

a n g io te n s in a se  i n h i b i t o r s  EDTA, PMSF and 8OHQ.

The measurement o f  the c o n c e n t r a t io n  o f  re n in  w i t h i n  the a o r t i c  

w a l l  is considered in a l a t e r  s e c t i o n .

Radioimmunoassay Of A n g io ten s in  I

Radio immunological techniques have now been developed which have 

rep laced the bioassay as the standard  method f o r  measuring the  

amount o f  a n g io te n s in  I generated by re n i n .  The techn iq ue  described

in t h i s  th e s is  is based on the method o f  Sealey e t  a l  ( 1 9 7 4 ) .

125A known amount o f  I - l a b e l  led an g io te n s in  I competes w i th  

a known (s tandard)  o r  unknown (sample) amount o f  co ld  a n g io t e n s in  I
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f o r  a f i x e d  and l i m i t e d  number o f  s p e c i f i c  b in d in g  s i t e s .  A f t e r

in cubat io n  the remaining f r e e  a n g io t e n s in  I is separa ted  from

125
the r e a c t io n  m ix tu re  and the a c t i v i t y  o f  the 1 - l a b e l  led an g io ­

ten s in  I in t h i s  f r a c t i o n  is de te rm in ed .  Thus the c o n c e n t r a t io n  o f  

cold a n g io t e n s in  I in each sample is d i r e c t l y  p r o p o r t io n a l  to  the  

q u a n t i t y  o f  unbound l a b e l l e d  a n g io t e n s i n  I .

Using t h i s  method, picogram amounts o f  a n g io t e n s in  I can be 

d e t e c t e d .  This is c o n s id e r a b ly  more s e n s i t i v e  than the b io assay .  

One G o l d b l a t t  u n i t  o f  re n in  a c t i v i t y  is e q u i v a l e n t  to approx­

im ate ly  3 . 4  X 10^ picograms o f  a n g io t e n s in  I (Haas e t  a l ,  1979) .

A n g io tens in  I an t ib o d y  c r o s s - r e a c t s  w i t h  a n g io t e n s in  I and 

des-A sp ^ -an g io ten s in  I .  The p r o p o r t io n  o f  the l a t t e r  in r a t  

plasma is about twenty p ercent  (Del R io ,  S m e l l i e  and Morton,

1981) .  However, the p r i n c i p l e  o f  the ren in  assay is  the gener ­

a t i o n  o f  a l a r g e  amount o f  a n g io t e n s in  I .  The c o n c e n t r a t io n  o f  

des-A s p ^ -an g io ten s in  I ,  on the o t h e r  hand, w i l l  remain r e l a t i v e l y  

unchanged because o f  the presence o f  a n g io t e n s in a s e  i n h i b i t o r s .

The p r o p o r t io n  o f  t h i s  l a t t e r  component w i l l  t h e r e f o r e  become 

i n s i g n i f i c a n t .

Measurement Of The A o r t i c  Wal l  Renin C on cen t ra t ion

This  invo lves  an i n i t i a l  e x t r a c t i o n  to  r e le a s e  the ren in  

from the t i s s u e .  Fo l lowing  t h i s ,  the p r i n c i p l e  o f  measurement o f  

the ren in  c o n c e n t r a t io n  in homogenates o f  a o r t i c  t i s s u e  is the  

same as t h a t  described  f o r  measurement o f  the plasma ren in  concen­

t r a t i o n .  However, some ad ju stment  needs to be made f o r  the very  

d i f f e r e n t  p ro p or t io n s  o f  re n in  present  in plasma and a o r t i c  t i s s u e .

When measuring the plasma ren in  c o n c e n t r a t io n ,  g e n era t io n  

f o r  a p er io d  o f  t h i r t y  minutes is s u f f i c i e n t  to  produce measur­

ab le  q u a n t i t i e s  o f  a n g io t e n s in  I .  However, the r e n in  c o n c e n t r a t io n  

in the r a t  a o r t i c  w a l l  is less than h a l f  a p ercent  o f
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t h a t  present  in normal r a t  plasma. In o rd er  to  g en e ra te  enough 

a n g io te n s in  I i t  is necessary to prolong the in cu b a t io n  stage  

f o r  up to  t w e n t y - f o u r  hours.

The e f f e c t i v e n e s s  o f  the combinat ion o f  i n h i b i t o r s  used 

in t h i s  study over  the extended in cubat ion  per io d  was determined  

by measuring the recovery o f  a known amount o f  a n g io t e n s in  I 

added to the  in cubat ion  medium. The slope o f  the l i n e  re p re s e n t in g  

the r a t e  o f  g e n e ra t io n  o f  a n g io te n s in  I over  a t w e n t y - f o u r  hour  

period  was a ls o  observed.

Since the ren in  c o n c e n t r a t io n  in plasma is p r o p o r t i o n a t e l y  

so much h i g h e r ,  very  small amounts o f  contam in a t in g  plasma in the  

a o r t i c  homogenates w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  to the g e n e ra t io n  

o f  a n g io t e n s in  I dur ing  a t w e n t y - f o u r  hour in cu b a t io n  p e r i o d .

in o rd er  to  assess the degree o f  c o n ta m in a t io n ,  the

125d i s t r i b u t i o n  o f  i n j e c t e d  l - l a b e l l e d  albumen between plasma 

and the a o r t a  was measured a f t e r  a per iod  o f  e q u i l i b r a t i o n .  

P re p a ra t io n  of  The Rat Renin Used For I n j e c t i o n

The ren in  used in t h i s  study was p u r i f i e d  from normal r a t  

kidneys using a m o d i f i c a t i o n  o f  the method descr ibed  by Haas 

e t  al  ( 1966 ) .  Hog ren in  is now commerc ia l l y  a v a i l a b l e  and ren in  

from t h i s  species has been used f o r  s tu d ie s  in the r a t  (Bing and 

N i e l s e n ,  1973; Basso, Kurnjek and T a q u i n i ,  1 97 7 ) .  But because  

th e re  is some degree o f  i n t e rs p e c ie s  v a r i a t i o n  in the k i n e t i c s  

o f  the ren in  r e a c t io n  (Peach, 19 77 ) ,  the use o f  r a t  ren in  f o r  

these s tu d ie s  was o b v io u s ly  p r e f e r a b l e .  The procedure fo l lo w ed  

to e x t r a c t  the ren in  was r e l a t i v e l y  simple and s u f f i c i e n t  

q u a n t i t i e s  o f  a s e m i - p u r i f i e d  p r e p a r a t io n  o f  r a t  ren in  were  

t h e r e f o r e  e a s i l y  o b ta in e d .
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M a t e r i a l s  and Methods

in t h i s  c h a p t e r ,  the biochemical  techniques  used in t h i s  

study a re  d esc r ib ed .  D e t a i l s  o f  the methods f o r  c o l l e c t i n g  the  

plasma and a o r t i c  samples on which these measurements were made 

are  descr ibed  in Chapter fo u r .

P r e p a ra t io n  of  Rat Renin S ubst ra te

B i l a t e r a l  nephrectomy was performed through f l a n k  i n c i s i o n s  

on 250 g female W is ta r  ra ts  under e t h e r  a n a e s t h e s ia .  Groups 

o f  s i x  to  ten ra ts  were prepared a t  a t im e .  The animals were  

al lowed to  recover and l e f t  w i t h  f r e e  access to  w a t e r ,  but  not  

food,  f o r  t w e n t y - f o u r  hours.  A f t e r  t h i s  t im e ,  they were 

re a n a e s th e t is e d  and the lower p o r t io n  o f  the a o r t a  was exposed 

down to  the b i f u r c a t i o n  through an abdominal i n c i s i o n .  As much 

blood as p o s s ib le  ( u s u a l l y  7 to  10 ml) was withdrawn in t o  a 

s y r in g e  c o n t a in in g  500 yjl o f  a 10 percent  s o l u t i o n  o f  potassium  

EDTA. The blood was immediately t r a n s f e r r e d  to  c o n t a in e r s  on 

ice and then spun a t  2 ,000  g f o r  seven minutes a t  4 °  C as soon 

as p o s s ib le .  The plasma so o b ta in ed  was pooled and s to red  a t  

- 2 0 °  C in 10 ml a l i q u o t s .

To 10 ml o f  thawed plasma wereadded 500 yul o f  IM T r i s  M a lea te  

( f i n a l  c o n c e n t r a t i o n ,  50 mM), 500 yul o f  a s a t u r a t e d  e t h a n o l i c  

s o lu t io n  o f  PMSF and 500 yj1 o f  an aqueous s o l u t i o n  o f  8OHQ 

(s u lp h a te  form) ( f i n a l  c o n c e n t ra t io n  10 mM). The pH o f  the  

s o lu t io n  was ad ju s ted  to 6 . 5  w i th  2M NaOH and the m ix tu re  spun 

a t  2 ,00 0  g f o r  seven minutes to  remove the p r e c i p i t a t e d  p r o t e i n  

produced by the a d d i t i o n  o f  e t h a n o l .

Measurement of Plasma Renin C oncentra t ion

100 yul o f  plasma ware mixed w i t h  400 yul o f  s u b s t r a t e  plasma.

The m ix t u r e  was d iv id e d  in to  th ree  a l i q u o t s  o f  a p p ro x im a te ly  150 yul
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One o f  these was kept  on ice  th roughout .  Th is  was the  b lan k  

which gave a measure o f  the a n g io t e n s in  I a l r e a d y  pre sen t  in 

the sample b e fo re  i n c u b a t io n .  The remaining two were incubated  

a t  37 °  C in a shaking w a te r  bath f o r  f i f t e e n  or  t h i r t y  m in u tes .

Samples w i t h  a very  low re n in  content  were incubated f o r  

one or  th r e e  hours.  Those w i t h  a h igh  ren in  c o n c e n t r a t io n  were  

d i l u t e d  w i t h  s a l i n e  b e fo re  mixing w i t h  s u b s t r a t e  plasma.

The r e a c t i o n  was stopped by t r a n s f e r r i n g  the tubes to  i c e .

The incubates were then e i t h e r  assayed Immediately  o r  s to red  a t  

“ 20°  C u n t i l  r e q u i re d .

The a n g io t e n s in  1 generated  du ring  the in cu b a t io n  was 

measured by radioimmunoassay.

Measurement o f  A o r t i c  Wal l  Renin C o n cen t ra t io n  

E x t r a c t i o n  o f  Renin A c t i v i t y  From A o r t i c  T is sue

Each a o r t a  was f ro z e n  and thawed f o u r  t imes and washed f o u r  

t imes w i t h  s a l i n e .  I t  was then b l o t t e d  d r y ,  weighed and t r a n s ­

f e r r e d  to  a 5 ml con ica l  glass homogeniser on ic e .  The t i s s u e  

was homogenised f o r  ten seconds using a motor d r iv e n  p e s t l e .

Ice cold  s a l i n e  was then added (10 yul/mg wet  w e ig h t )  and the  

homogenisat ion cont inued f o r  a f u r t h e r  s i x t y  seconds.  The 

e n t i r e  homogenate was f r o z e n  and thawed once more and spun a t

36,000  g f o r  t h i r t y  minutes a t  4 °  C. The superna tants  were e i t h e r  

assayed immediate ly or  s to red  a t  - 2 0 °  C u n t i l  r e q u i r e d .

Assay o f  A o r t i c  Wall  Renin A c t i v i t y

125 yul o f  supernatant  were mixed w i t h  500 yul o f  s u b s t r a t e  

plasma. This  m ix tu r e  was d iv id e d  in t o  fou r  a l i q u o t s  o f  a p p r o x im a t e ly  

150 yul each.  One was immediate ly f ro z e n  to  se rve  as a b la n k  w h i l e  

the o th e rs  were incubated f o r  s i x ,  s ix t e e n  or  t w e n t y - f o u r  hours  

in a shaking w ater  bath a t  37°  C. The r e a c t i o n  was stopped by
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f r e e z i n g  the samples to - 2 0 °  C. The a n g io t e n s in  1 generated

was .measured by radioimmunoassay.

During these long incu bat io ns  the s u b s t r a t e  plasma i t s e l f  

generates  a s i g n i f i c a n t  p r o p o r t io n  o f  the t o t a l  a n g io t e n s in  1 

produced.  For t h is  reason an a d d i t i o n a l  b la nk  c o n t a in i n g  125 / j1 

o f  s a l i n e  mixed w i t h  500 yj l  o f  s u b s t r a t e  plasma was t r e a t e d  in 

the same way.

The b a s e - l i n e  g e n e ra t io n  o f  a n g io t e n s in  1 in each pool o f  

s u b s t r a t e  plasma used was measured f o r  each s e p a ra te  in c u b a t io n .

This was because i t  was not p r a c t i c a l  to p repare  a plasma pool 

o f  s u f f i c i e n t  s i z e  f o r  a l l  the exper iments  and t h e re  was some 

v a r i a t i o n  between ba tches.

Radioimmunoassay o f  A ng io tens in  1

L y o p h i l i s e d  r a b b i t  an g io te n s in  1 an t is erum  was o bta ined  

from Becton Dickinson (Wembley, U . K . ) .  A d i l u t i o n  o f  1 :25 ,0 00  

in assay b u f f e r  (100 mM T r i s  M a le a t e ,  pH 7 -4  c o n t a in in g  0.1  

percent  radioimmunoassay grade bovine serum albumen) was made 

which gave a range o f  b ind ing  between 40 and 70 p ercent  under the

assay c o n d i t io n s  used.

125
l - l a b e l l e d  a n g io te n s in  1 (New England N u c le ar  Chemicals,  

Southampton, U .K . )  was a ls o  d i l u t e d  in assay b u f f e r  to  g iv e  0 . 2  y j C i / m l , 

e q u i v a l e n t  to 10,000 cpm/50 yul.

The reagents and the r e a c t io n  m ix t u r e  were kept  cold a t  a l l  

t imes .

25 yul o f  incubate were d i l u t e d  w i t h  200 yul o f  assay b u f f e r  and

J 25
mixed w i t h  200 yul o f  an t ib ody  and 50 yul o f  l - l a b e l l e d  an g io te n s in  

1. Two standard curves were included in each assay c o n s i s t i n g  o f  

e i g h t  tubes co n ta in in g  a range o f  between 3 .1 2 5  and 400 pg o f  

a n g io te n s in  1 (Beckman, Geneva, S w i t z e r l a n d ) .  The standard curves
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were constr uc ted  by s e r i a l  d i l u t i o n  in assay b u f f e r .  Each 

tube contained 20Q yul o f  the  a p p r o p r i a t e  s ta n d a rd .

The t o t a l  a c t i v i t y  (Jo) and the t o t a l  b in d in g  (BoI  were a ls o  

determined in d u p l i c a t e  f o r  each assay .  To is the t o t a l  o f  

unbound ( f r e e )  counts measured In the  absence o f  both u n l a b e l l e d  

a n g io te n s in  I and a n t ib o d y .  Bo is the  t o t a l  o f  f r e e  counts 

measured in the absence o f  u n la b e l l e d  a n g io te n s in  I a lo n e .  Non­

s p e c i f i c  b ind in g  was less than 5 p e r c e n t .

The r e a c t i o n  mixute was incubated a t  4 °  C o v e r n i g h t  ( f o r  a 

minimum o f  s ix t e e n  o r  a maximum o f  t w e n t y - f o u r  h o u r s ) .  A f t e r  

t h i s  t ime the remaining f r e e  a n g io t e n s in  I was separa ted  from 

the r e a c t io n  m ix tu re  by a b s orp t io n  onto dext  ran coated c h a r c o a l .  

This  was made by suspending 1.25 g Dext ran T70 (Pharmacia Fine  

Chemicals,  Uppsala,  Sweden) and 1.50 g Charcoal  N o r i t  SXl 

( A n a l y t i c a l  S u p p l ie s ,  Derby,  U .K . )  in 500 ml d i s t i l l e d  w a t e r .

I t  was precooled b e fo re  use and s t i r r e d  co n t in u o u s ly  dur ing  

a d d i t i o n  to  the incubated samples.  1 ml was added to each tube,  

th orough ly  mixed and immediate ly spun a t  2 ,00 0  g f o r  seven minutes  

a t  4 °  C. The supernatan t  was d iscard ed and the a c t i v i t y  in the  

p e l l e t  counted using an au to m at ic  gamma counter  (LKB-WALLAC 80 ,0 00 )  

The count ing  t ime was a d ju s te d  to  g iv e  10,000 cpm in the To tube .  

This was u s u a l l y  between f i f t y - f i v e  and s e v e n t y - f i v e  seconds.

A l l  the tubes were then counted f o r  t h i s  length o f  t im e .

A standard curve was const ruc ted  using an O l i v e t t i  desk top  

computer which converted the counts o f  the meaned d u p l i c a t e s  (B) 

i n t o  l o g i t  va lues  based on the va lu e  o f  Bo. A s t r a i g h t  l i n e  p l o t  

( r ^  0 . 9 9 0 ) was then obta ined  o f  the l o g i t  o f  f r e e  counts versus  

pg o f  a n g io te n s in  I in the s tandards :

L o g i t  =  B/Bo 

1-B/Bo
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The counts in the sample tubes were then read o f f  t h i s  

standard curve  and converted i n t o  pg o f  a n g io te n s in  1.

Renin c o n c e n t ra t io n s  were expressed in ng a n g io t e n s in  1 / m l /  

hour f o r  plasma and ng a n g io t e n s in  1/100 mg (wet we ig ht  o f  the  

a o r t a ) / h o u r  f o r  a o r t i c  homogenates.

Measurement o f  Plasma Contaminat ion o f  A o r t i c  Homogenates

A group o f  r a t s ,  e ig h tee n  hours a f t e r  c a t h e t e r i s a t i o n  and 

b i l a t e r a l  nephrectomy ( f o l l o w i n g  the procedure o u t l i n e d  in d e t a i l  

in Chapter  f o u r ) ,  rece iv ed  a bolus i n j e c t i o n  o f  100 yul o f  I -  

l a b e l l e d  albumen (2 . 2 5  yuC i /m l; The Radiochemical  C en t re ,  Amersham, 

U . K . ) .  A f t e r  t h i r t y  minutes a blood sample was c o l l e c t e d .  The 

animal was immediately k i l l e d  and the a o r t a  removed (as described  

in Chapter  f o u r ) .  The vessel was c le an ed ,  s p l i t  lengthwise  and 

washed thoroughly  fo u r  t imes in s a l i n e .

Samples o f  100y j l  o f  plasma were counted f o r  f i v e  minutes  

and the a o r t a  i t s e l f  was counted f o r  ten m inutes .  Contaminat ion  

o f  the a o r ta  by plasma not removed by the washing procedure was 

expressed asyul  o f  plasma/100 mg o f  a o r t i c  t i s s u e .

Recovery o f  Ang io tens in  1

100 yul o f  a s o l u t i o n  o f  a n g io t e n s in  1 (10 ng/ml)  made up in 

assay b u f f e r  were mixed w i t h  400 yul o f  s u b s t r a t e  plasma. Th is  gave 

a f i n a l  c o n c en t ra t io n  o f  a n g io t e n s in  1 in the 2 5 yul o f  in cubat io n  

m ix tu re  used f o r  the radioimmunoassay o f  50 pg/25 y u l . The m ix tu re  

was then incubated a t  3 7 °  C f o r  t w e n t y - f o u r  hours and assayed as 

descr ibed  p r e v i o u s ly .

Rate o f  Generat ion o f  A n g io te ns in  1 over T w e n ty - fo u r  Hours

The slope  o f  the r a t e  o f  g e n e r a t io n  o f  a n g io te n s in  1 in the  

presence and absence o f  80HQ as an a d d i t i o n a l  T n h ib i t o r  was 

determined using a o r t i c  homogenates from normal r a t s .  The
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procedure was i d e n t i c a l  to  t h a t  o u t l i n e d  above f o r  measuring  

the a o r t i c  r e n in  c o n c e n t r a t i o n .  The r e s u l t s  were expressed

in ng a n g i o t e n s i n / J 00 mg and p l o t t e d  a g a in s t  the t ime o f  in c u b a t io n .

pH Curve o f  A o r t i c  Wall R e n in - L i k e  A c t i v i t y

10 ml o f  plasma from nephrectomised r a t s  were made up co n ta in in g  

i n h i b i t o r s  and b u f f e r  as descr ibed  and d iv id e d  in to  tw e lve  a l i q u o t s .  

The pH o f  each o f  these a l i q u o t s  was a d ju s te d  w i t h  IM HCl and 2M

NaOH to  g iv e  a range o f  pH's between 5 . 3  and 7 . 5 .

400 yul o f  s u b s t r a t e  plasma a t  each pH were mixed w i t h  100 yul 

o f  e i t h e r  a o r t i c  homogenate o r  s a l i n e .  The m ix tu re  was d iv id e d  

in to  th r e e  a l i q u o t s  o f  a p p ro x im ate ly  150yu l .  Two o f  these were  

incubated f o r  s ix t e e n  hours and the t h i r d  was immediately f ro zen  

a t  - 2 0 °  C as an a n g io t e n s in  1 b lank .

The a n g io t e n s in  1 genera ted  was measured by radioimmunoassay.  

P re p a r a t io n  o f  Rat Renin

Rat k id neys ,  ob ta ined  from normal female W is ta r  r a t s ,  were 

stored  a t  - 7 0 °  C b e fo re  use. Renin was e x t r a c t e d  from ap p ro x im ate ly  

10 g o f  chopped kidney c o r t e x  a t  a t im e ,  using the f o l l o w i n g  method.

The t i s s u e  was f ro zen  and thawed f o u r  t imes and homogenised 

on ice  in 10 ml o f  d i s t i l l e d  w ater  using a p o ly t r o n  homogeniser  

(K in em at ic a ,  S w i t z e r l a n d ) .  The r e s u l t i n g  homogenate was d i l u t e d  

to 50 ml w i t h  d i s t i l l e d  w a te r  and s t i r r e d  a t  room tem perature  

f o r  f i f t e e n  m in u te s .  The res id ue  was removed by spinning a t

2 ,000  g f o r  f i f t e e n  m in u tes .  The supern atant  was cooled on ice  

and the pH. ad ju s te d  to 2 . 3  w i t h  5M Ice cold ethanol  (5 ml)

was then added and the m i x t u r e  was incubated f o r  one hour on ice  

w i t h o u t  s t i r r i n g .  The p r e c i p i t a t e  was removed by spinning a t  

2 , 0 0 0 g i b r  f i f t e e n  minutes and the pH o f  th e  superna tan t  was ad ju s ted  

to 4 , 3  w i t h  5M KOH. This s o l u t i o n  was d ia ly s e d  a g a in s t  two
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l i t r e s  o f  d i s t i l l e d  w a te r  a t  4 °  C, A f t e r  d i a l y s i s  the  pH was

again a d ju s te d  to  2 , 8  w i t h  JM HgSOj^,

F u r th e r  p u r i f i c a t i o n  was obta in ed  by s a l t  p r e c i p i t a t i o n .

The supernatan t  was s t i r r e d  f o r  ten minutes on ice  w i t h  the a d d i t i o n

o f  NaCl ( f i n a l  c o n c e n t r a t io n ,  0.8M) fo l lo w ed  by (NH^)^ SO^ ( f i n a l

c o n c e n t r a t i o n ,  IM) in two s ep ara te  s te p s .  A f t e r  each a d d i t i o n

the p r e c i p i t a t e  was removed by sp inn ing  a t  2 ,00 0  g f o r  f i f t e e n

minutes.  F i n a l l y ,  a c o n c e n t ra t io n  o f  2.3M SO^ was used

to p r e c i p i t a t e  the f r a c t i o n  c o n t a in i n g  the ren in  a c t i v i t y .  Th is

p r e c i p i t a t e  was c o l l e c t e d  by sp inn in g  a t  20 ,000  g f o r  f i f t e e n

minutes.  The p r e c i p i t a t e  ob ta in ed  was resuspended in 3 ml

0 .9  percent  NaCl and d ia ly s e d  f o r  t w e n t y - f o u r  hours a t  4 °  C

a g a in s t  two l i t r e s  o f  d i s t i l l e d  w a t e r .  The d i a l y s a t e  was s to red

in 100yul a l i q u o t s  which were thawed and d i l u t e d  as re q u i re d  and

used immedia te ly .  Before i n j e c t i o n  each 100 yul was d i l u t e d

w i t h  300 yul o f  h e p a r in is e d  d e x t r o s e .  This was s u f f i c i e n t  f o r

the i n j e c t i o n  o f  two r a t s .  A f t e r  d i a l y s i s  one sample was reserved

to  determ ine the t o t a l  ren in  c o n c e n t r a t io n  o f  the p r e p a r a t i o n .

Assay o f  the  Renin A c t i v i t y  in the Renin P re p a r a t io n

The ren in  a c t i v i t y  in the ren in  p r e p a r a t i o n  was d e term in ed ,

as descr ibed  f o r  plasma and a o r t i c  homogenates, by measuring

the r a t e  o f  g en e ra t ion  o f  a n g io t e n s in  1 from ren in  s u b s t r a t e

a t  pH 6 . 5 .  In o rde r  to  do t h i s  the co n cen t ra ted  s o l u t io n
4

obta ined  was f i r s t  d i l u t e d  1 x  JO in ice cold  s a l i n e .  100 yul 

o f  the d i l u t e d  s o lu t io n  were then mixed w i t h  4 0 0 yul o f  s u b s t r a t e  

plasma, d iv id e d  in to  t h r e e  J 50 yul a l i q u o t s  and incubated f o r  z e r o ,  

f i f t e e n  and t h i r t y  m in utes .  The a n g io t e n s in  1 generated  was 

measured by radioimmunoassay, and the r e s u l t  converted  to  G o l d b l a t t  

u n i t s .
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Results

Measurement o f  Plasma Renin C o n cen t ra t io n

Plasma ren in  c o n c e n t ra t io n  was expressed in ng a n g i o t e n s i n  I 

generated /ml o f  plasma/hour o f  in cu b a t io n  a t  37°  C ( n g A I / m l / h ) .

The minimum l e v e l  o f  d e t e c t io n  o f  the radioimmunoassay f o r  

any sample was 6 .2 5  pg a n g io t e n s in  I in 2 5 yul o f  in c u b a te .

Samples were r o u t i n e l y  incubated f o r  f i f teen  and t h i r t y  min utes .

During t h i s  t ime enough a n g io t e n s in  I was u s u a l l y  generated  f o r  

easy d e t e c t i o n ,  t h a t  is,  w i t h i n  th e  range 6 .2 5  to  400 pg a n g io t e n s in  

1/25 yul .

For samples w i t h  ve ry  low ren in  c o n c e n t r a t i o n s ,  f o r  example  

plasma from r a ts  a f t e r  b i l a t e r a l  nephrectomy,  g e n e r a t io n  was 

al lowed  to proceed f o r  t h r e e  hours .  The lowest  ren in  c o n c e n t r a t io n  

detec ted  a f t e r  t h i s  t im e was t h e r e f o r e  e q u i v a l e n t  to  0 . 4 l  ng 

A l / m l / h .  Any sample incubated f o r  th re e  hours which co n ta in ed  

less than t h i s  amount was given a va lu e  o f  0 .41 ng A l / m l / h .

For the measurement o f  plasma ren in  c o n c e n t r a t io n  the i n t r a ­

assay v a r i a t i o n  was 8 . 4  percent  and the i n t e r - a s s a y  v a r i a t i o n  was 

17.5  p e r c e n t .  These va lu es  were o bta in ed  by c a r r y i n g  out  plasma 

r en in  c o n c e n t ra t io n  measurements on twe lve  samples o f  the same 

plasma.

Measurement o f  A o r t i c  Wal l  Renin C oncentra t ion

The a o r t i c  wa l l  ren in  c o n c e n t ra t io n  was expressed in ng a n g i o t e n ­

sin I g en era ted /100  mg a o r t i c  t i s s u e  (wet w e i g h t ) / h o u r  o f  

in cubat io n  a t  3 7 °  C CngAI/100 m g / h ) .

As f o r  the plasma ren in  c o n c e n t ra t io n  measurement,  the  

minimum le v e l  o f  d e t e c t i o n  in the radioimmunoassay was 6 .2 5  pg 

a n g io te n s in  I in 25 yul o f  in cu b a te ,  s ince  the procedure f o r  the  

radioimmunoassay was the same f o r  both measurements. However, f o r
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the measurement o f  the a o r t i c  w a l l  re n in  c o n c e n t r a t i o n ,  g e n e ra t io n  

was a l low ed  to  proceed f o r  up to  t w e n t y - f o u r  hours and a t  l e a s t  s i x  

hours compared to f i f t e e n  and t h i r t y  minutes f o r  plasma.  The 

lowest  measurable ren in  c o n c e n t r a t io n  was t h e r e f o r e  0 . 0 5  ng A I /

100 mg/h. Any a o r t i c  w a l l  ren in  c o n c e n t r a t io n  which was lower  

than t h i s  a f t e r  t w e n t y - f o u r  hours in cubat io n  was g iven  a va lu e  o f  

0 .0 5  ngAI /100  mg/h.

For the measurement o f  a o r t i c  w a l l  re n in  c o n c e n t r a t io n ,  i n t r a ­

assay v a r i a t i o n  was 9 . 7  percent  and the i n t e r - a s s a y  v a r i a t i o n  2 1 .8  

percent  when measured on a group o f  ten samples o f  pooled a o r t i c  

homogenate.

Recovery o f  A n g io ten s in  I

The recovery o f  a n g io te n s in  I added to  the in cu b at io n  m ix tu re  

was 94 .1 + 2 . 4  percent  (n = 12) a f t e r  a t w e n t y - f o u r  hour in cu b at io n  

p e r i o d .

L in ear  Genera t ion  o f  A n g io ten s in  I Over T w e n ty - fo u r  Hours in The 

Presence o f  80HQ

The r a t e  o f  g e ne ra t io n  o f  a n g io te n s in  I in the presence o f  

the i n h i b i t o r s  80HQ, and PMSF compared to  PMSF a lo ne  is i l l u s t r a t e d  

in F ig u re  1.

In the presence o f  PMSF a lo n e ,  g en e r a t io n  o f  a n g io t e n s in  I 

was l i n e a r  f o r  o n ly  s i x  hours whereas in combinat ion w i t h  80HQ., 

g e n e ra t io n  was l i n e a r  over the f u l l  t w e n t y - f o u r  hour p e r io d .  

pH P r o f i l e s  o f  A o r t i c  Homogenates

pH curves were ob ta ined  f o r  a o r t i c  homogenates from normal 

r a ts  and a ls o  from homogenates o f  a o r t a e  from b i l a t e r a l l y  

nephrectomised r a ts  t h re e  hours a f t e r  ren in  i n j e c t i o n .  The r e s u l t s  

o f  these measurements are  i l l u s t r a t e d  in F ig ures  2 and 3 

r e s p e c t i v e l y .
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F ig ure  1. Gen erat ion  o f  a n g io te n s in  I f rom r a t  plasma re n in  
s u b s t r a t e  by a o r t i c  homogenates a t  37 C over  a p e r io d  o f  twenty-  
f o u r  hours in the presence ( A )  and absence ( O )  o f  the a n g io -  
t ens inase  i n h i b i t o r  8 - h y d r o x y q u i n o ) ine.
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Figure  2 ,  The pH p r o f i l e  o f  the  r a t e  o f  g e n e r a t io n  o f  a n g io t e n s in  I 
from r a t  re n in  s u b s t r a t e  a t  37°  C. Measurements made on pooled  
a o r t i c  homogenates from normal r a t s .
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F ig u re  3* The pH p r o f i l e  o f  the r a t e  o f  g e n e r a t io n  o f  a n g i o t e n s i n  I 
from r a t  ren in  s u b s t r a t e  a t  37 C. Measurements made on pooled a o r t i c  
homogenates from nephrectomised ra t s  t h r e e  hours a f t e r  a s i n g l e  
i n j e c t i o n  o f  0 . 6  G o l d b l a t t  u n i t s  o f  r a t  r e n i n .
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Both p r o f i l e s  were b i p h a s i c ,  w i t h  maximal a c t i v i t y  a t  an 

ac id  pH below 5 . 5  and a second, s m a l l e r  peak in the n e u t r a l  range  

between 6 . 4  and 6 . 6 .

Plasma Contaminat ion o f  A o r t i c  Homogenates

The average va lu e  f o r  the amount o f  co ntam in a t in g  plasma 

in a o r t i c  homogenates was 2 .2 9  + 0 .3 9  /Jl o f  plasma/100 mg o f  

a o r t i c  t i s s u e .  Th is  was an average  o f  the co n ta m in a t io n  o f  

ten d i f f e r e n t  a o r t i c  homogenates.

The a o r t i c  w a l l  re n in  c o n c e n t r a t io n  was expressed per 100 mg 

o f  a o r t i c  t i s s u e .  To c o r r e c t  f o r  plasma c o n tam ina t io n  the  

a c t i v i t y  p resent  in 2 .2 9  / i l  o f  plasma was c a l c u l a t e d  from the  

i n d i v i d u a l  va lues  o f  plasma ren in  c o n c e n t r a t i o n .  The v a lu e  was 

then su b t rac te d  from the corresponding a o r t i c  r e n in  c o n c e n t r a t i o n  

measured in the same r a t .

The Renin P re p a ra t io n

The a c t i v i t y  o f  the ren in  p r e p a r a t i o n  used f o r  the i n j e c t i o n s  

was measured f o l l o w i n g  the same procedure d escr ib ed  f o r  plasma 

and a o r t i c  w a l l  ren in  c o n c e n t r a t i o n s .  This was expressed in ng 

a n g io t e n s in  I genera ted /m l o f  the ren in  p r e p a r a t i o n / h o u r  o f  

in cubat io n  a t  37 °  C.

The p r e p a r a t io n  had a ren in  c o n c e n t r a t io n  e q u i v a l e n t  to  

800 X 10^ n g A I /m l /h .  The s p e c i f i c  a c t i v i t y  was 192 .3  x  10^ ng 

A l/h /m g p r o t e i n .

The c o n c e n t r a t io n  o f  800 x 10^ n g A I /m l /h  was e q u i v a l e n t  to 

24 G o l d b l a t t  u n i t s /m l  when converted accord ing  to  the formula  

1 n g A I /m l /h  =  1 G o l d b l a t t  u n i t

3 . 4  X 10

described  by Haas e t  al ( 1 9 7 9 ) .
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D î scuss ion

This ch a p te r  has been concerned w i t h  the v a l i d a t i o n  o f  the  

method used f o r  the measurement o f  r e n i n - l i k e  a c t i v i t y  in the  

a o r t i c  w a l l  and w i t h  the p r e p a r a t io n  o f  the renal  ren in  used 

f o r  the i n j e c t i o n s  in the exper iments  described  in the f o l l o w i n g  

ch a pte rs .  In p a r t i c u l a r ,  c o n s i d e r a t io n  was g iven  to  the j u s t i ­

f i c a t i o n  o f  ap p ly in g  the procedure f o r  assay ing ren in  in the  

plasma to  th e  measurement o f  r e n i n - l i k e  a c t i v i t y  in th e  a o r t a .

Renin was f i r s t  d iscovered  as a substance obta ined  from the  

kidney and has,  u n t i l  r e c e n t l y ,  been cons idered e x c l u s i v e l y  as 

a renal  enzyme. Thus the d é f i n i t i o n  o f  ren in  in terms o f  i t s  

physica l  c h a r a c t e r i s t i c s  was based on s tu d ie s  o f  the p r o p e r t i e s  

o f  renal  r e n in .  On the o t h e r  hand, s c i e n t i f i c  study o f  the phys io ­

lo g i c a l  s i g n i f i c a n c e  o f  ren in  a c t i v i t y  has p r e v i o u s ly  been 

co n f in e d ,  f o r  the most p a r t ,  to i t s  measurement as a c o n s t i t u e n t  

o f  the plasma. I t  is o n ly  r e c e n t l y  t h a t  ren in  a c t i v i t y  has been 

measured in o th e r  t i s s u e s  such as the w a l l s  o f  blood v e s s e ls .  I t  

is o f  p a r t i c u l a r  i n t e r e s t  whether  or  not  the a c t i v i t y  measured 

a t  t h i s  s i t e  is i d e n t i c a l  to renal  and plasma ren in  and whether  

i t  has any p h y s io lo g ic a l  r o l e .

The method used in t h i s  study to  measure ren in  a c t i v i t y  

in the blood vessel w a l l  was based on t h a t  descr ib ed  by Thurston  

e t  al  (1 9 7 9 ) .  This was a m o d i f i c a t i o n  o f  the method devised to  

measure ren in  a c t i v i t y  in the plasma (Sealey e t  a l ,  1974 ) .  There  

are  a number o f  problems a s s o c ia te d  w i t h  a p p ly in g  an assay 

designed f o r  one t i s s u e  to an o th e r .

The f i r s t  and most importan t  c o n s id e r a t io n  is whether  the  

a c t i v i t y  measured in the two t i s s u e s  by the assay is the same.

The p r i n c i p l e  o f  the re n in  assay is the measurement o f  the r a t e
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o f  g e n e r a t io n  o f  a n g io te n s in  I from r e n in  s u b s t r a t e .  A number 

o f  enzymes o t h e r  than ren in  have been shown to  be capable  o f  

doing t h i s  (Franze de Fernandez e t  a l ,  1965; R e id ,  1977 ) .

However, when g e n e ra t io n  is measured under s p e c i f i c  c o n d i t i o n s ,  

the r e n i n - l i k e  a c t i v i t y  measured in the blood vessel  w a l l  has 

been shown to  have many p r o p e r t i e s  in common w i t h  renal  and 

plasma r e n i n .  These inc lu de  a s i m i l a r  pH optimum, i s o e l e c t r i c  

p o i n t ,  K^, v e l o c i t y  c o n s t a n t ,  a c t i v a t i o n  energy and m olec u la r  

weig ht  ( B a r r e t t  e t  a l ,  1978 and 1 98 1 ) .  i t  has t h e r e f o r e  been 

concluded t h a t  a substance resembling the  ren in  found in the  

kidney and plasma is p resent  in the blood vesse l  w a l l .

Since t h i s  r e n i n - l i k e  a c t i v i t y  is s i m i l a r  to  the ren in  

present  in the plasma, i t  is probably j u s t i f i a b l e  to  use the  

standard  ren in  assay to  measure i t s  c o n c e n t ra t io n  w i t h i n  the  

blood vessel  w a l l .  However, th e re  a re  a number o f  m o d i f i c a t i o n s  

which must be made to  the o r i g i n a l  procedure b e fo re  i t  can be 

a p p l i e d  to  measuring ren in  a t  t h i s  s i t e .  In the model described  

in t h i s  th e s is  the m o d i f i c a t i o n s  included a lengthen ing  o f  the  

period  o f  in cubat io n  du ring  which the g e n e ra t io n  o f  a n g io t e n s in  

I occur red and a change in the pH a t  which t h i s  g e n e r a t io n  was 

a l lo wed to  proceed.  These changes in tu rn  r e s u l t e d  in the  

n e c e s s i ty  o f  changing the i n h i b i t o r s  req u i red  to prevent  a n g io ­

ten s in  I d e g r a d a t io n .  I t  was t h e r e f o r e  im portant  to  determ ine  

to  what e x t e n t  the assay procedure could be m o d i f ie d  w h i l e  s t i l l  

g iv i n g  a c cu ra te  r e s u l t s .

A major  m o d i f i c a t i o n  to the o r i g i n a l  plasma r e n in  assay which  

was used in t h i s  study was a change in the pH a t  which the  

g e n e ra t io n  o f  a n g io te n s in  I took p la c e .  The re n in  assay descr ibed  

by Sealey e t  al  (1974)  was designed to  measure re n in  a c t i v i t y  in
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human plasma.  The pH optimum o f  human plasma ren in  is 6 . 0  whereas  

in r a t  plasma, maximum g e n e ra t io n  o f  a n g io t e n s in  I occurs a t  a 

pH o f  6 . 5 . Homogenates o f  r a t  a o r t a e  have a l s o  been shown to have 

a peak o f  a n g io te n s in  I g e n e ra t in g  a c t i v i t y  a t  pH 6 . 5 . However,  

th e r e  is a l s o  a second peak o f  a n g io t e n s in  I g en e r a t in g  a c t i v i t y  

below pH 6 . 0 .  Th is b ip h a s ic  pH curve  has been demonstrated by 

Thurston e t  a l  (1979)  and B a r r e t t  e t  a l  ( 1 9 8 1 ) .  The shape o f  

the curve is thought to  re p re s e n t  two d i s t i n c t  po p u la t ions  o f  

a n g io te n s in  I g en e ra t in g  a c t i v i t y ,  the a c t i v i t y  o f  n o n - s p e c i f i c  

proteases  be ing conf in ed  to the a c id  range,  t h a t  is below pH 

6 . 0 ,  w h i l e  the  peak o f  a c t i v i t y  a t  pH 6 . 5  is due to  the a c t i v i t y  

o f  an enzyme which resembles r e n in .

The shape o f  the curve was conf irmed in the p resent  study ,  

as i l l u s t r a t e d  in f i g u r e  2. Th is f i g u r e  shows the pH p r o f i l e  

o f  a n g io t e n s in  I g en era t in g  a c t i v i t y  by a o r t i c  t i s s u e  obta in ed  from 

normal r a t s .  A s i m i l a r  pH p r o f i l e  was o b ta in e d  using a o r t i c  

homogenates from nephrectomised r a ts  t h r e e  hours a f t e r  the  

i n j e c t i o n  o f  s e m i - p u r i f i e d  rena l  r e n i n .  T h is  is  i l l u s t r a t e d  in 

f i g u r e  3- The pH p r o f i l e  was s i m i l a r  in shape to  t h a t  obta ined  

from normal ra ts  but  the sm al1er peak o f  pH 6 . 5  was less c l e a r l y  

d e f in e d .  In a d d i t i o n  the peak o f  a c t i v i t y  below pH 6 . 0  was much 

l a r g e r .  This  may be a r e f l e c t i o n  o f  the f a c t  t h a t  the ren in  used 

f o r  the i n j e c t i o n s  was r e l a t i v e l y  impure. The n a tu re  o f  the  

method fo l lo w e d  f o r  the p r e p a r a t io n  o f  r a t  renal  ren in  meant t h a t  

only  a s e m i - p u r i f i e d  ren in  was o b t a in e d .  The p r e p a r a t i o n  would 

t h e r e f o r e  be expected to  c o n ta in  n o n - s p e c i f i c  p ro tease  a c t i v i t y  

as w e l l  as r e n in .  I n j e c t i o n  o f  t h i s  p r e p a r a t i o n  in t o  the plasma 

t h e r e f o r e  appeared to  r e s u l t  in the e n t r y  not  on ly  o f  r e n in ,  

but o f  a l a r g e  amount o f  n o n - s p e c i f i c  p ro tease  a c t i v i t y  in t o  the
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a o r t i c  w a l l .  D esp i te  t h i s  the o v e r a l l  shape o f  the p r o f i l e s  ob ta in ed  

from both normal and in j e c t e d  r a t  a o r t i c  homogenates was s i m i l a r  

and i t  was concluded t h a t  i t  was the a c t i v i t y  measured a t  pH 6 . 5  

which represented  ren in  a c t i v i t y .  In the experiments described  

in the f o l l o w i n g  ch a p te rs ,  ren in  a c t i v i t y  was t h e r e f o r e  measured 

a t  t h i s  pH.

The o t h e r  m o d i f i c a t i o n  to  the  plasma ren in  assay was an 

increase  in the length  o f  t ime during  which the g e n e r a t io n  o f  

a n g io t e n s in  I was a l lowed  to proceed.  The le v e l  o f  re n in  

a c t i v i t y  measured in a o r t i c  homogenates was found to be less  than  

h a l f  a percent  o f  the ren in  le v e l  in  the plasma.  The l i m i t s  o f  the  

a n g io te n s in  I radioimmunoassay a re  f i x e d .  In o r d e r  to  in crease  

the s e n s i t i v i t y  o f  the assay the length  o f  t ime over  which the  

an g io te n s in  I is genera ted must be in crease d.  The leve l  o f  ren in  

u s u a l l y  p resent  in the  plasma gen erates  s u f f i c i e n t  q u a n t i t i e s  o f  

a n g io te n s in  I f o r  d e t e c t io n  by the radioimmunoassay w i t h i n  t h i r t y  

minutes.  However, because the leve l  o f  re n in  a c t i v i t y  in the  

a o r t i c  homogenates is so much lower,  g e n e ra t io n  must be a l lo w ed  to  

proceed f o r  between s i x  and t w e n t y - f o u r  hours f o r  the le v e l  o f  

a n g io te n s in  I produced to f a l l  w i t h i n  the  c o r r e c t  range.  Since  

t h i s  is a c o n s id e rab le  increase  in the in cu b a t ion  per io d  i t  was 

important  to ensure t h a t  the g e n era t io n  o f  a n g io t e n s in  I remained  

l i n e a r  during t h i s  t im e .  L i n e a r i t y  depends in tu rn  upon the  

e f f i c i e n c y  w i t h  which the breakdown o f  a n g io t e n s in  I by a n g io -  

tens inases  is prevented dur ing in c u b a t io n .  The method upon which 

the assay used here was based used PMSF a lo n e  as an a n g io te n s in a s e  

i n h i b i t o r  (Thurston e t  a l ,  1979) .  In the p re sen t  study i t  was 

found t h a t  PMSF a lone  provided adequate i n h i b i t i o n  dur ing  an 

in cubat ion  per iod  o f  up to  s i x  hours.  This is i l l u s t r a t e d  in
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f i g u r e  1. However, the g e n e r a t io n  o f  a n g io te n s in  I d id  not  

remain l i n e a r  during  more prolonged in c u b a t io n .  Tikkanen e t  al  

( 1980) showed t h a t  the most e f f e c t i v e  an g io te n s in a s e  i n h i b i t o r  

f o r  measuring r a t  plasma re n in  a c t i v i t y  was 8OHQ. I t  was found 

in the present  study t h a t  a d d i t i o n  o f  t h i s  substance to the  

in cubat io n  m ix tu r e  extended the per io d  o f  l i n e a r  g e n e ra t io n  f o r  

up to t w e n t y - f o u r  hours,  as i l l u s t r a t e d  in f i g u r e  1 .

As w e l l  as the p re v e n t io n  o f  a n g io t e n s in  d eg rad a t io n  during  

the prolonged in cubat io n  p e r i o d ,  l i n e a r  g e n e r a t io n  a ls o  depends 

on the maintenance o f  c o n d i t io n s  o f  excess ren in  s u b s t r a t e .  I t  

has been shown t h a t ,  in the method fo l lo w e d  here f o r  the assay  

o f  the plasma ren in  c o n c e n t r â t i 01% the composit ion  o f  the  

incubat ion  m ix tu re  ensures c o n d i t io n s  o f  excess s u b s t r a t e  du ring  

in cu b a t io n .  Since the amount o f  a n g io t e n s in  I generated  by the 

r e n i n - l i k e  a c t i v i t y  in the a o r t i c  homogenates d id  not  exceed t h a t  

generated by plasma r e n i n ,  even though the  in cu b a t io n  p e r io d  was 

c o n s id erab ly  extended,  i t  was assumed t h a t  the s u b s t r a t e  concen­

t r a t i o n  e f f e c t i v e l y  did not change over  the t w e n t y - f o u r  hours .

This was conf irmed by the f a c t  t h a t  l i n e a r  g e n e ra t io n  was observed  

However, during  in cubat io n  over t h i s  p er io d  o f  t ime account must 

be taken o f  the c o n t r i b u t i o n  o f  th e  low le v e l  o f  re n in  a c t i v i t y  

in the s u b s t r a t e  plasma.  The g e n e r a t io n  o f  a n g io t e n s in  I produced 

by t h i s  ren in  is n e g l i g i b l e  d ur in g  s h o r t  in c u b a t io n s .  But dur ing  

the prolonged per iods  employed when measuring a o r t i c  w a l l  ren in  

co n c en t ra t io n s  t h i s  ren in  genera ted  s i g n i f i c a n t  q u a n t i t i e s  o f  

a n g io te n s in  I .  For t h i s  reason a s u b s t r a t e  b lank  was included  f o r  

each measurement o f  the a o r t i c  w a l l  re n in  c o n c e n t r a t io n .

I t  was t h e r e f o r e  concluded from the r e s u l t s  descr ib ed  above 

th a t  m o d i f i c a t i o n  o f  the e s t a b l i s h e d  method f o r  measuring plasma
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r en in  a c t i v i t y  was f e a s i b l e  and t h a t  a f t e r  such m o d i f i c a t i o n s  i t  

could be used to assay a o r t i c  w a l l  ren in  a c t i v i t y  provided t h a t  

c o n d i t io n s  which a l l o w  l i n e a r  g e n e r a t io n  o f  a n g io t e n s in  I were  

f u l f i 1 led .

A o r t i c  w a l l  ren in  le v e ls  were t h e r e f o r e  e s t im a ted  by measuring  

the r a t e  o f  g en e ra t io n  o f  a n g io t e n s in  I in the  presence o f  the  

i n h i b i t o r s  80HQ, and PMSF and o f  excess s u b s t r a t e .  The pH o f  the  

incubat io n  m ix tu re  was 6 . 5  and the tem pera ture  3 7 °  C. A l l  the  

a o r t i c  samples ob ta in ed  from experiments described  in the f o l l o w i n g  

chapters  were ana lysed under these c o n d i t i o n s .  The r e s u l t s  

obta ined  were measurements o f  the c o n c e n t ra t io n  o f  ren in  a t  t h i s  

s i t e  as they were in the plasma.

Because the in cubat io n  per iod  o f  the assay has to  be extended  

to d e t e c t  a o r t i c  w a l l  ren in  a c t i v i t y ,  the co n tam in a t io n  o f  a o r t i c  

homogenates by small  q u a n t i t i e s  o f  plasma ren in  can make a s i g n i f ­

ic a n t  c o n t r i b u t i o n  to  the measured a c t i v i t y ,  indeed,  Ford is  e t  al  

( 1983) have suggested t h a t  a l l  the ren in  a c t i v i t y  present  in  

the a o r t i c  w a l l  is due to  contaminat ion  by plasma.  A se t  o f  

exper iments was t h e r e f o r e  c a r r i e d  out  in t h i s  study to  assess the  

c o n t r i b u t i o n  o f  t h i s  plasma contam in at ion  to the measured v a l u e s .

Garst  e t  a l  (J979)  es t im ated  plasma contam in a t io n  o f  a o r t i c  

homogenates by measuring the s p e c t r a l  absorbance o f  haemoglobin  

a t  4l5nm using the blood from each in d iv i d u a l  r a t  as a s ta n d a rd .  

However, t h i s  r e s u l t s  in an o v e r e s t im a t io n  o f  the  co n tam in a t io n  

because some o f  the peak is due to  non-haemoglobin m a t e r i a l .  In 

a d d i t i o n ,  some red c e l l s  and c l o t s  adhere to the t i s s u e  and some­

t imes cannot be removed by the washing process.  These problems

125are  overcome by using l - r a d i o l a b e l l e d  albumen al though t h i s  

method has i t s  own drawbacks.
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The r e s u l t s  o b ta ined  in t h i s  study  r e l i e d  on the assumption  

t h a t  th e re  was no s i g n i f i c a n t  uptake  o f  the albumen by the a o r t i c  

t i s s u e  dur ing the  t h i r t y  minutes a f t e r  the i n j e c t i o n  o f  albumen.

This t ime i n t e r v a l  was a l lowed in o rd e r  to  ensure t h a t  the bolus  

i n j e c t i o n  o f  albumen was even ly  d i s t r i b u t e d  throughout the  

c i r c u l a t i o n .  The assumption was probably  not  s t r i c t l y  t r u e  and 

some o f  the i n je c t e d  albumen could have en te red  the e x t r a c e l l u l a r  

f l u i d  compartment o f  the a o r t i c  t i s s u e  d ur in g  t h i s  t im e .  This  

would t h e r e f o r e  r e s u l t  in an o v e r e s t im a t i o n  o f  the degree o f  

co n tam in a t io n .  However, f o r  de te rm in in g  the degree to  which  

plasma contam in a t io n  c o n t r ib u t e s  to  the  measured r e s u l t s  i t  was 

considered t h a t  i t  was b e t t e r  to  make an over r a t h e r  than an under­

e s t i m a t e .

in o rder  to c a l c u l a t e  the degree o f  plasma contam in at ion  a 

s e p a ra te  se t  o f  experiments was c a r r i e d  o u t .  The r e s u l t i n g  c o r r e c t i o n  

f a c t o r  was thus an average v a lue  r a t h e r  than an i n d i v i d u a l  va lu e  

f o r  each sep ara te  r a t .  S t a t i s t i c a l  a n a l y s i s  was t h e r e f o r e  not  

a p p l ie d  to  the c o r r e c te d  r e s u l t s .

Although the e x i s t e n c e  o f  i n a c t i v e  forms o f  ren in  is w e l l  

documented, t h e i r  p h y s io lo g ic a l  s i g n i f i c a n c e  is u n c e r t a i n .  The 

p o s s i b i l i t y  t h a t  an i n a c t i v e  form o f  ren in  may have c o n t r i b u t e d  

to  the r e s u l t s  ob ta ined  from th e  exper iments  descr ib ed  in t h i s  

t h e s i s  needs to  be c o ns id ered .  However, i t  is u n l i k e l y  t h a t  t h i s  

form o f  ren in  was important  s ince  the presence o f  i n a c t i v e  ren in  

in the r a t  is anyway open to doubt .

Most o f  the in v e s t i g a t i o n s  on the s i g n i f i c a n c e  o f  i n a c t i v e  

ren in  have focused on human i n a c t i v e  ren in  s in ce  a l a r g e  p r o p o r t io n  

o f  human plasma ren in  is p resent  in t h i s  form, but  i n a c t i v e  ren in  

has a ls o  been found in a number o f  o t h e r  s p e c ie s .  These in c lude  

the pig ( B a i l i e ,  Derkx and Schalekamp, 1 97 9 ) ,  r a b b i t  ( L e c k ie ,  1973)
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and sheep CLush, Munday and Noble ,  1 98 0 ) .

The presence o f  i n a c t i v e  re n in  in the r a t  is  c o n t r o v e r s i a l .

A number o f  s tu d ie s  have f a i l e d  to  d e t e c t  any i n a c t i v e  ren in  in 

t h i s  animalo Nakane, Nakane, Corvol and Menard (19791 showed t h a t  

the r a t  k idney secre tes  o n ly  a c t i v e  r e n i n .  They a ls o  found t h a t  

t h e r e  was no change in the plasma re n in  c o n c e n t r a t io n  a f t e r  a c id  

t rea tm en t  o f  plasma from u n an aesth e t ised  r a ts  (Nakane,  Nakane,

Corvol and Menard, 19 80 ) ,  De K e i j z e r ,  Provoost and Derkx (1982)  

did not  d e t e c t  any a c t i v a t i o n  o f  r a t  plasma re n in  a f t e r  t rea tm en t  

w i t h  e i t h e r  ac id  or  t r y p s i n .  Prolonged in cu b a t io n  o f  r a t  plasma 

a t  4 °  C a ls o  produced no change in the plasma ren in  c o n c e n t r a t i o n .  

However, Inagami, Hi rose ,  Murakami and Matoba (1977)  showed t h a t  

r a t  and hog kidneys co n ta in  a high mole cu la r  w e ig h t  ren in  which 

was converted to  a lower m olecu la r  w e ig ht  form by renal p ro teas es .  

This  conversion occurred more r e a d i l y  in the  r a t ,  S a g n e l l a ,  P r i c e  

and P e a r t  (1980)  found t h a t  low m o lecu la r  w e ig h t  ren in  in the r a t  

kidney was membrane bound but  could a s s o c i a t e  w i th  a s o l u b l e  f a c t o r  

to  form a high m olecu la r  we ight  form o f  r e n i n ,  Suzuki e t  al  ( I 98O) 

showed t h a t  k a l l i k r e i n  s t im u la t e s  ren in  r e l e a s e  from the r a t  k idney,  

Since i t  is thought t h a t  k a l l i k r e i n  may be in vo lved  in the process  

o f  re n in  a c t i v a t i o n ,  these authors have proposed t h a t  k a l l i k r e i n  

a c t i v a t e s  i n a c t i v e  ren in  w i t h i n  the  k id n ey .  However, th e re  is no 

d i r e c t  evidence  t h a t  t h i s  process occurs ,  B a r r e t t ,  Eggena and 

Sambhi ( I 98O) have demonstrated t r y p s i n  a c t i v a t i o n  o f  r a t  plasma 

ren in  a f t e r  p r i o r  s t i m u l a t i o n  o f  ren in  l e v e ls  by e t h e r  a n a e s t h e s ia .  

They reported  t h a t  the process occurs very  r a p i d l y  and may thus 

be very  d i f f i c u l t  to  d e t e c t .

R ecent ly  Do i ,  Franco-Saenz and Mulrow (1984)  have measured 

a c t i v e  and i n a c t i v e  ren in  in r a t  plasma a f t e r  b i l a t e r a l  nephrectomy,
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They showed t h a t  w h i l s t  the le v e l  o f  a c t i v e  re n in  d e c l in e d  r a p i d l y  

immediately a f t e r  b i l a t e r a l  nephrectomy,  the le v e l  o f  i n a c t i v e  

ren in  increased almost  t e n - f o l d .  The amount o f  i n a c t i v e  ren in  

measured in the plasma reached a maximum a t  twenty hours a f t e r  

b i l a t e r a l  nephrectomy. This was in c o n t r a s t  to  the f i n d i n g s  o f  

B a r r e t t ,  Eggena, Sowers and Sambhi (1982)  who found t h a t  a c t i v e  and 

i n a c t i v e  ren in  both d e c l in e d  a t  the same r a t e  a f t e r  b i l a t e r a l  

nephrectomy.

I t  should be noted,  however,  t h a t  a l though Doi e t  a l  (1984)  

found t h a t  the le v e l  o f  i n a c t i v e  r e n in  increased markedly a f t e r  

b i l a t e r a l  nephrectomy,  conversion o f  i n a c t i v e  to  a c t i v e  re n in  did  

not take  place in v iv o  in p e r ip h e r a l  blood.  I n a c t i v e  re n in  was o n ly  

d etec ted  a f t e r  in cubat ion  o f  the plasma w i t h  t r y p s i n  in v i t r o .

I t  t h e r e f o r e  seems u n l i k e l y  t h a t  a c t i v a t i o n  o f  i n a c t i v e  ren in  

c o n t r ib u t e d  to the r e s u l t s  o b ta in ed  in t h i s  study s in ce  none o f  the  

exper im enta l  procedures used f o r  the  measurement o f  ren in  a c t i v i t y  

would have r e s u l t e d  in in v i t r o  a c t i v a t i o n  o f  endogenous i n a c t i v e  

r e n in .  This probab ly  a p p l i e s  e q u a l l y  to  the  re n in  present  in the  

a o r t i c  w a l l  a l though as y e t  the presence o f  i n a c t i v e  r e n in  a t  t h i s  

s i t e  has not been demonstrated .

Th is  th e s is  was t h e r e f o r e  conf in ed  to  c o n s id er in g  the  e f f e c t s  

o f  exogenous ren in  in i t s  a c t i v e  form, measured both in the plasma 

and the a o r t i c  w a l l ,  in the exper im enta l  models described  in the  

f o l l o w i n g  ch a p te rs .



CHAPTER FOUR

The E f f e c t s  o f  Renin I n j e c t i o n  A f t e r  B i l a t e r a l  

Nephrectomy; Measurements o f  Blood Pressure  

and o f  the D i s t r i b u t i o n  o f  Renin Between the  

Plasma and the Wal l  o f  the A o r ta
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I n t ro d u c t  ion

In th is ,  ch a p te r  the e f f e c t  o f  i n j e c t e d  exogenous re n in  on 

the blood pressure  was observed in r a t s  a f t e r  b i l a t e r a l  nephrectomy 

The r e l a t i o n s h i p  between t h i s  response and the  l e v e l s  o f  

exogenous ren in  measured in the plasma and the w a l l  o f  the a o r t a  

was i n v e s t i g a t e d .

V a s c u la r  Wal l Renin A c t i v i t y  and the Pressor Response to  Exogenous 

Ren i n

Basso e t  a l  (1977) observed the e f f e c t  o f  a s i n g l e  i n j e c t i o n  

o f  p u r i f i e d  hog re n in  in G o l d b l a t t  1 -k id n ey  1 c l i p  h y p e r t e n s iv e  

r a ts  which they compared to the response in sham opera ted  r a t s .

They found t h a t  in both groups the  pressor  response was prolonged  

compared to the blood pressure response to i n j e c t e d  ren in  in 

normal r a t s .  In the h y p e r te n s iv e  r a t s  the response p e r s i s t e d  

f o r  longer than one hour but  a l though  the h a l f - l i f e  o f  the  

c i r c u l a t i n g  exogenous ren in  was doubled in the h y p e r t e n s iv e  r a ts  

i t  was s t i l l  on ly  twe lv e  min utes .  There was thus a d i s s o c i a t i o n  

between ren in  l e v e ls  in the plasma and the pressor  response.  But 

although c i r c u l a t i n g  ren in  had re turned  to w i t h i n  normal l e v e l s ,  

the au th ors  demonstrated an in crease  in re n in  a c t i v i t y  in the  

a o r t i c  t i s s u e  o f  the h y p e r te n s iv e  r a ts  one hour a f t e r  i n j e c t i o n .

Garst  e t  a l  (1979)  a ls o  demonstrated an increase  in the ren in  

a c t i v i t y  present  in a o r t i c  t i s s u e  from normal ra ts  a f t e r  a t h i r t y  

minute in fu s io n  o f  r a t  r e n in .  Th is  was as s o c ia te d  w i t h  a marked 

pressor  response induced by the a d m i n i s t r a t i o n  o f  the exogenous 

r e n in .

Although these experiments demonstrate an a s s o c i a t i o n  between 

va s c u la r  w a l l  ren in  a c t i v T t y  and the blood pressure  response,  

the p r e c i s e  r e l a t i o n s h i p  is u n c le a r .  The r e s u l t s  a r e  co mplica ted
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by the presence o f  the k idneys w hich ,  as w e l l  as being a source  

o f  endogenous, r e n i n ,  may lower the blood pressure  by mechanisms 

o t h e r  than the r e n i n - a n g i o t e n s i n  system. This is discussed in 

Chapter  s i x .

V a sc u la r  Wall  Renin A c t i v i t y  A f t e r  B i l a t e r a l  Nephrectomy

By using the model o f  the r a t  a f t e r  b i l a t e r a l  nephrectomy 

the e f f e c t s  o f  the kidney on blood pressure  c o n t r o l  a re  removed. 

A f t e r  b i l a t e r a l  nephrectomy t h e r e  is a marked d ivergence  between 

c i r c u l a t i n g  and v a s c u la r  w a l l  ren in  l e v e l s  (Thurston e t  a l ,  19 79 ) ,  

a s i t u a t i o n  which may t h e r e f o r e  be e x p l o i t e d  in t h i s  model in the  

study o f  the s i g n i f i c a n c e  o f  the ren in  present  in the two t i s s u e s .

Both S c h a e c h t e l i n , Regol i  and Gross (1964)  and Bing and 

N ie lsen  (1973)  demonstrated a prolonged pressor  response to  ren in  

i n j e c t i o n  a f t e r  b i l a t e r a l  nephrectomy. The blood pressure  was 

found to  be e le v a te d  f o r  up to  s i x  hours a f t e r  the i n i t i a l  admin­

i s t r a t i o n  o f  r e n i n .  Although the h a l f - l i f e  o f  c i r c u l a t i n g  ren in  

is increased a f t e r  b i l a t e r a l  nephrectomy ( P e t e r s - H a e f e l i , 1971) 

f o r  as long as one hour,  t h e r e  is s t i l l  a marked d i s s o c i a t i o n  

between the plasma ren in  l e v e l s  and the blood pressure response.  

Bing and N ie lse n  (1973)  suggested t h a t  ren in  a c t i v i t y  w i t h i n  the  

blood vessel  w a l l s  might  be more r e l e v a n t  than c i r c u l a t i n g  ren in  

in m a in t a in in g  the blood pressure .  Th is  co nc lu s ion  was supported  

by the f i n d i n g  t h a t  the blood pressure response to  c o n ver t in g  

enzyme i n h i b i t i o n  p e r s is t e d  f o r  up to  s i x  hours a f t e r  b i l a t e r a l  

nephrectomy in G o l d b l a t t  2 -k id n e y  1 c l i p  h y p e r te n s iv e  ra ts  

(Thurston and Swales,  197 7 ) .  Th is  suggests t h a t  the blood pressure  

is s t i l l  m a in ta in ed  by the r e n i n - a n g i o t e n s i n  system. However,  

the response to  co n v er t in g  enzyme i n h i b i t i o n  was found to be 

r e l a t e d  to  the ren in  a c t i v i t y  measured in a o r t i c  t i s s u e  r a t h e r
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than to the l e v e l s  o f  ren in  in the  plasma CTburston e t  a l ,

1978) .

The model o f  the r a t  a f t e r  b i l a t e r a l  nephrectomy can a l s o  be 

used to  demonstrate the p o s s ib le  o r i g i n  o f  ren in  a c t i v i t y  

in the v a s c u la r  w a l l .  The p o s s i b i l i t i e s  a re  e i t h e r  t h a t  i t  is 

taken up from the plasma or  t h a t  i t  is synthes ised  l o c a l l y .

Centra l  to t h i s  argument is the amount o f  ren in  a c t i v i t y  which  

p e r s i s t s  in the vessel  w a l l  a f t e r  the removal o f  the k id ne ys .

There is some d is p u te  about the amount o f  ren in  remain ing  

in the v a s c u la r  w a l l  a t  va r io us  t imes a f t e r  b i l a t e r a l  nephrectomy.  

B a r r e t t  e t  a l  ( I 9 8 I )  found t h a t  the ren in  a c t i v i t y  p resent  

in the a o r t i c  t i s s u e  o f  ra ts  remained unchanged up to t h i r t y  hours 

a f t e r  b i l a t e r a l  nephrectomy. Converse ly ,  Thurston e t  a l  (1979)  

showed t h a t  by t w e n t y - f o u r  hours a f t e r  b i l a t e r a l  nephrectomy both 

plasma re n in  and a o r t i c  w a l l  re n in  c o n c e n t ra t io n s  were ve ry  low.  

The discrepancy  between these two o b serva t io n s  may r e f l e c t  the  

d i f f e r e n c e s  in the techniques used in the measurement o f  the  

a o r t i c  w a l l  ren in  a c t i v i t y  by the two groups.  In p a r t i c u l a r  the  

importance o f  the pH a t  which the g e n e ra t io n  o f  a n g i o t e n s i n  I is 

al lowed  to  proceed is u n d e r l in e d .  B a r r e t t  e t  a l  ( I 9 8 I )  made t h e i r  

measurements a t  pH 7*4 whereas Thurston e t  a l  (1979)  used a pH 

o f  6 . 5 , the pH optimum o f  r a t  r e n i n .  In c o n t r a s t  to the f in d in g s  

descr ibed  above, Ford is  e t  a l  ( 1 9 8 3 ) ,  measuring ren in  a c t i v i t y  

a t  pH 6 . 0 ,  found t h a t  the a c t i v i t y  measured in the  a o r t i c  w a l l  d i s ­

appeared a t  the same r a t e  as t h a t  measured in the plasma. In the  

experiments descr ib ed  in t h i s  t h e s i s ,  ren in  was measured f o l l o w i n g  

the method o f  Thurston e t  a l  ( 1 9 7 9 ) .  Renin a c t i v i t y  was thus  

measured a t  pH 6 . 5 .

Desp ite  the doubts surrounding the amount o f  endogenous
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r en in  a c t i v i t y  remaining a f t e r  b i l a t e r a l  nephrectomy,  t h i s  

model is the jnost s u i t a b l e  f o r  s tud y ing  th e  d i s t r i b u t i o n  o f  

i n j e c t e d  re n in  between the c i r c u l a t i o n  and the  blood vessel w a l l s .

The d ive rg en ce  in the l e v e ls  o f  re n in  a c t i v i t y  in these two 

compartments observed a f t e r  removal o f  the kidneys a l lo w s  t h e i r  

r e s p e c t i v e  ro les  in blood pressure  c o n t r o l  to  be assessed.

The exper iments  descr ibed  in t h i s  chapter  were c a r r i e d  out  

over a p er io d  o f  two days f o r  each r a t .  The animals were conscious  

and blood pressure was monitored c o n t in u o u s ly .  Plasma and a o r t i c  w a l l  

re n in  c o n c e n t ra t io n s  were determined a t  a number o f  t imes a f t e r  

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

A l l  the animals were operated  on on the a f te r n o o n  o f  the  

f i r s t  day and were i n j e c t e d ,  and samples c o l l e c t e d ,  a t  one, t h r e e ,  

s i x  or  n in e  hours a f t e r  i n j e c t i o n  on the second day. Animals  

were i n j e c t e d  a t  d i f f e r e n t  t im es ,  depending on the t ime between 

t h i s  and c o l l e c t i o n  o f  the samples.  The samples were t h e r e f o r e  

always c o l l e c t e d  t w e n t y - f o u r  hours a f t e r  b i l a t e r a l  nephrectomy.  

V a s c u la r  P e r m e a b i l i t y  A f t e r  Renin I n j e c t i o n

High c o n c e n t ra t io n s  o f  a n g io t e n s in  I I  have been shown to  

a l t e r  th e  p e r m e a b i l i t y  o f  the w a l l s  o f  l a r g e  blood vesse ls  (G iese ,  

1973;  Robertson and K h a i r a l l a h ,  1 9 7 2 ) .  A n g io ten s in  I I  appears to  

a c t  d i r e c t l y  to  produce a widening o f  the gap between the l i n i n g  

e n d o t h e l i a l  c e l l s .  Widening o f  i n t e r e n d o t h e 1 i a 1 spaces has been 

demonstrated in the  a o r t a  and in co ro n ary ,  m es e n te r ic  and p e r i p h e r a l  

a r t e r i e s  (Robertson and K h a i r a l l a h ,  1973;  Wiener and G ia c o m e l l i ,

1973; G i a c o m e l l i ,  Anversa and W iener,  19761 .  Peach Ü 9 7 7 )  has 

suggested t h a t  the e f f e c t  is produced by p e p t id e - in d u c e d  c o n t r a c ­

t io n s  o f  the a r t e r i a l  e n d o t h e l i a l  c e l l s ,  the a n g io t e n s in  I I  a c t i n g  

v i a  s t i m u l a t i o n  o f  loca l  p r o s ta g la n d in  s y n t h e s is .  When t h i s
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occurs th e  e n d o t h e l i a l  l i n i n g  becomes more permeable to high  

m o le c u la r  w e ig h t  m a t e r i a l s  ( G ia c o m e l l i  e t  a l ,  1 9 7 6 ) .

i t  is t h e r e f o r e  p o s s ib le  t h a t  the a n g io te n s in  I I generated  

by the la r g e  q u a n t i t y  o f  in j e c t e d  ren in  might  a l t e r  the permea­

b i l i t y  o f  the a o r t a .  This might in c re ase  the amount o f  ren in  

measured in the  t i s s u e  a f t e r  i n j e c t i o n .  In o r d e r  to  de te rmine  

the c o n t r i b u t i o n  o f  a change in p e r m e a b i l i t y  to  th e  r e s u l t s  

o b t a i n e d ,  uptake o f  r a d i o l a b e l l e d  albumen by the a o r t a  was 

determined  in the presence o f  the pressor response.  Th is  was 

compared to  the uptake o f  albumen when no exogenous ren in  was 

a d m i n is t e r e d .  The amount of -exogenous ren in  p rese n t  in the a o r t a  

was a l s o  determined  when the pressor response had been i n h i b i t e d  

by c a p t o p r i l .  This  is d iscussed in Chapter  f i v e .
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M a t e r i a l s  and Methods

White female  W i s t a r  r a t s  we ig h ing  l80 -2 00g  were used 

throughout .  A l l  o p era t io n s  were performed under e t h e r  a n a e s th e s ia .  

I n s e r t io n  Of The Catheters

P o ly e th y le n e  c a t h e t e r s  (Po r tex  L t d . ,  Hythe,  U .K . )  were

in ser ted  i n t o  the l e f t  c a r o t i d  a r t e r y  and j u g u l a r  ve in  f o r

continuous blood pressure  m o n i to r in g  and in travenous i n j e c t i o n  

r e s p e c t i v e l y .  C a t h e t e r i s a t  ion was performed through an i n c is io n  

on the a n t e r i o r  su r fa ce  o f  the neck.  The c a r o t i d  c a t h e t e r  (p50)  

had i n t e r n a l  and e x t e r n a l  d iameters o f  0 . 5 8  mm and O.96  mm 

r e s p e c t i v e l y .  The j u g u l a r  c a t h e t e r  (plO)  had dimensions o f  0 . 2 8  mm 

and 0.61  ram r e s p e c t i v e l y .

The c a t h e t e r s  were in s e r t e d  i n t o  the r e s p e c t i v e  vesse ls  and 

each was t i e d  in place  w i t h  t h re e  t i e s .  The two c a t h e t e r s  were  

then t i e d  t o g e t h e r  in the m id l i n e  to  secure t h e i r  p o s i t i o n  and 

brought through to the e x t e r i o r  between the  s c a p u la ,  the p50 

passing to  the r i g h t  and the p i 0 to  the l e f t  o f  the t r a c h e a ,  

between the muscle l a y e r s .

The c a t h e t e r s  were p r o te c te d  by a s t a i n l e s s  s t e e l  sp r ing ,

40 cm in l e n g t h .  At one end o f  the spr in g  was a metal  f l a n g e

c o n ta in in g  fo u r  e q u i d i s t a n t  h o les .  Through these the f la n g e  was 

sutured  to the r a t  a t  the s i t e  o f  the e x i t  o f  the c a t h e t e r s  between 

the scapu la .  A l in e n  j a c k e t  around the r a t  f u r t h e r  secured the  

f l a n g e  in p la c e .  At  the o t h e r  end the sp r ing  was a t tach ed  to a 

metal rod,  60 cm in length  and p iv o te d  a t  i t s  m i d - p o i n t .  The 

combined w e ig h t  o f  the r a t  and the sp r in g  was counterbalanced by 

an a d j u s t a b l e  aluminium w e ig h t .  The metal rod was f i x e d  a t  a 

h e ig h t  o f  60 cm above the bench to a r e t o r t  s ta nd .  This was placed  

next  to the perspex cage (30 x 30 x 39 cm), in which the r a t  was
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housed. This arrangement a l lowed  the r a t  freedom o f  movement 

w i t h i n  the cage w h i l s t  a t  the same t ime p r o t e c t i n g  th e  c a t h e t e r s  

from damage.

Nephrectomy

Nephrectomy was performed through f l a n k  i n c i s i o n s .  Through 

these the  k idney was i s o l a t e d  and cleaned o f  p e r i n e p h r i c  f a t .

The rena l  vesse ls  were exposed and clamped as near to the kidney  

as p o s s ib l e .  A l i g a t u r e  was then a p p l i e d  below the clamp and 

the k idney cu t  away. The clamp was then removed and the i n c i s i o n  

c lo sed .

Measurement Of Blood Pressure

The c a t h e t e r  in the c a r o t i d  a r t e r y  was connected to a 

stathara P23 gb s t r a i n  gauge t ran sd u cer  (Stagg In s t ru m en ts ,  H en le y -  

on-Thames,  U .K . )  v ia  a metal  tub in g  ad ap te r  (C lay Adams,

New J e rs e y ,  U . S .A . )  and a p l a s t i c  th ree-way  tap (Vygon, C i r e n c e s t e r ,  

U . K . ) .  A cont inuous re cord in g  o f  blood pressure  was made using a 

Grass polygraph reco rd er  (Grass Instruments Co . ,  Quincy,  M ass . ,  

U . S . A . )  to which the t ran sd u cer  was l i n k e d .  A cont inuous record in g  

o f  both s y s t o l i c  and d i a s t o l i c  blood pressures was thus o b t a in e d .

The patency o f  the a r t e r i a l  l i n e  was ma in ta in ed  by a slow in fu s io n  

o f  d ex t ro se  ( 5 0 g / l i t r e )  c o n t a in in g  5 p ercent  h epar in  (10 i u / m l ) .

The s o l u t i o n  was in fused through a s id e  arm a t  a r a t e  o f  0 .1 25  ml /h  

using a Braun p er fu so r  pump (Melsungen, W. Germany). Because the  

in f u s io n  o f  dextrose  may damp the t ru e  blood pressure re ad in g ,  

comparisons were made between the  mean a r t e r i a l  p ressures .

C o l l e c t i o n  Of Samples 

Plasma

In the m a j o r i t y  o f  cases ,  blood f o r  measurement o f  plasma 

ren in  c o n c e n t r a t io n  was c o l l e c t e d  d i r e c t l y  in to  a p re -c o o le d  tube
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f rom the c a r o t i d  c a t h e t e r .  Where t h i s  was not  p o s s ib le  ( f o r  

example,  the normal uncannulated c o n t r o l s !  blood was ob ta in ed  by 

c a r d i a c  puncture  using a p re -co o led  p l a s t i c  s y r in g e  a f t e r  c e r v i c a l  

d i s l o c a t i o n .  By e i t h e r  method the blood (approximate volume,

1 ml) was mixed w i t h  100 ^1 o f  a 10 p ercent  s o l u t i o n  o f  

potassium EDTA as i t  was c o l l e c t e d .  The blood was immedia tely  

spun a t  2 ,000g f o r  seven minutes a t  4 °  C and the plasma so obta ined  

was then s tored  a t  - 2 0 °  C b e fo r e  assay .

A or ta

E i t h e r  b e f o re  or  immediately  a f t e r  c o l l e c t i n g  the blood  

sample the animals were stunned by a blow to  the head and k i l l e d  

by c e r v i c a l  d i s l o c a t i o n .  The t h o r a c ic  and abdominal contents  

were exposed through a m i d - l i n e  v e n t r a l  i n c i s i o n .  The a o r t a  was 

then exposed and clamped j u s t  above the b i f u r c a t i o n .  The e n t i r e  

l e n g th  o f  the vessel was d isse c ted  f r e e  up to  and in c lu d in g  the  

ascending a o r t a ,  i t  was then cut  len g th w is e ,  c leaned o f  adhering  

f a t  and connect ive  t i s s u e  and s to red  a t  - 2 0 °  C b e fo re  use.  

Exper imenta l  Protoco l

The c a t h e t e r s  were in s e r te d  in a l l  r a ts  on the a f t e r n o o n  o f  

the f i r s t  day.  B i l a t e r a l  nephrectomy, i f  per formed,  was c a r r i e d  

ou t  a t  the same t im e .  The animals  were then placed in a perspex  

cage and al lowed to  recover o v e r n ig h t  f o r  a minimum o f  f i f t e e n  

hours.  Once in the cage the animals had f r e e  access to  w ater  

but not food.

Continuous blood pressure record ing  was s t a r t e d  on the morning 

o f  the second day. At va r io u s  t imes a f t e r  the s t a r t  o f  the  

r e c o r d in g ,  when a steady b a s e - l i n e  record in g  had been o b t a in e d ,  

re n in  i n j e c t i o n s  were g iv e n .  Animals rece iv e d  t h e i r  i n j e c t i o n s  a t  

d i f f e r e n t  t imes so t h a t  they were a l l  k i l l e d  t w e n t y - f o u r  hours
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a f t e r  b i l a t e r a l  nephrectoj iiy. A o r t i c  w a l l  and plasma ren in  concen­

t r a t i o n s  were measured in f o u r  s e p a ra te  groups o f  r a t s  e i t h e r  one,  

t h r e e ,  s i x  o r  n ine hours a f t e r  ren in  i n j e c t i o n .  In tl ie group o f  

r a t s  k i l l e d  one hour a f t e r  i n j e c t i o n  an e x t r a  blood sample was o bta ined  

ten minutes a f t e r  i n j e c t i o n .  In o r d e r  to do t h i s  the c a r o t i d  

c a t h e t e r  was cut  and then r e jo i n e d  w i t h  a shor t  length  o f  tub in g  

a f t e r  c o l l e c t i o n  o f  3 ml o f  plasma.  The volume was replaced  w i t h  

1 ml o f  d e x t r o s e .

C o n tro ls

B i l a t e r a l  nephrectomy c o n t ro l  r a t s  re ce ive d  an i n j e c t i o n  o f  

d e x t ro s e  instead  o f  r e n i n .  Cont inuous blood pressure  was monitored  

in one group over  the n ine hour per io d  o f  day two.  In another  

group a o r t i c  w a l l  and plasma ren in  c o n c e n t ra t io n s  were measured a t  t ime  

z e r o  on day two, t h a t  i s ,  f i f t e e n  hours a f t e r  b i l a t e r a l  nephrectomy.

Normal c o n t ro l  r a t s  were t r e a t e d  in a s i m i l a r  way. Cont inuous  

blood pressure  was monitored  over the nine hours o f  day two in 

one group.  A o r t i c  w a l l  and plasma ren in  c o n c e n t r a t io n s  were a ls o  

measured t w e n t y - f o u r  hours a f t e r  c a n n u l a t io n .

A o r t i c  w a l l  and plasma ren in  co n c e n t ra t io n s  were a ls o  measured in 

r a t s  which had not been cannu la ted .

Uptake Of ^^^1-Labe l  led Albumen With  and W ithout  The Pressor Response

Rats were cannula ted  and nephrectomised in p a i r s  on the  

a f t e r n o o n  o f  the f i r s t  day.  On the second day both rece iv e d  an

IOC
i n j e c t i o n  o f  100 yul o f  I - l a b e l  led albumen f o l lo w e d  immediately  

by an i n j e c t i o n  o f  ren in  in one r a t  and d ex t ro se  in the o t h e r .

A blood sample was c o l l e c t e d  and the a o r t a  removed from each r a t  

t h r e e  hours a f t e r  the i n j e c t i o n .

The a o r t a  was thoroughly  washed f o u r  t imes in s a l i n e ,  s p l i t  

le n g th w ise  and counted f o r  ten minutes .  Samples o f  1 0 0 ^ 1  plasma
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were counted f o r  f i v e  minutes .  The a c t i v i t y  measured in the a o r t a  

was c o r r e c t e d  f o r  plasma contaminat io n  using th e  average va lu e  

o f  2 . 2 9  yul o f  plasma,  ob ta ined  as descr ib ed  in Chapter  t h r e e .

The number o f  counts in the a o r t a  was thus c o r r e c t e d  f o r  the  

counts due to  2 . 2 9 yul o f  the corresponding plasma sample and 

f i n a l l y  expressed as cpm/100 mg o f  a o r t i c  t i s s u e .
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Results

A l l  r e s u l t s  a re  expressed as the  a r i t h m e t i c  mean v a lu e  + 

the standard e r r o r  o f  the mean.

S t a t i s t i c a l  comparisons o f  blood pressure  were made using  

e i t h a - p a i r e d  or  unpaired  students  ' t ‘ t e s t s  as a p p r o p r i a t e .  

However, n e i t h e r  plasma nor a o r t i c  ren in  c o n c e n t ra t io n s  a re  

norm al ly  d i s t r i b u t e d  and s t a t i s t i c a l  comparisons in v o lv i n g  these  

values were made using the Wilcoxon t e s t  f o r  two independent  

samples.  Values o f  plasma and a o r t i c  ren in  c o n c e n t ra t io n s  were 

a ls o  transformed to logar i thm s f o r  comparison w i t h  the co rrespon­

ding pressor responses.

Regression a n a l y s is  was performed by the method o f  l e a s t  

squares using l o g a r i t h m i c  va lues o f  plasma and a o r t i c  ren in  

c o n c e n t r a t i o n s .

The mean d i r e c t  a r t e r i a l  blood pressure  was c a l c u l a t e d  from 

the d i a s t o l i c  pressure plus one t h i r d  o f  the pulse pressure  ( t h a t  

i s ,  the d i f f e r e n c e  between the s y s t o l i c  and d i a s t o l i c  pressures )  

o b ta in ed  from the cont inuous t r a c e .

Normal Contro ls

The b a s e - l i n e  blood pressure was measured c o n t in u o u s ly  in 

normal cannulated r a t s  over the n in e  hour e xper im enta l  p e r io d  

o f  day two. The blood pressure did not change s i g n i f i c a n t l y  

dur ing t h i s  t im e ,  as is shown in f i g u r e  4.

The i n i t i a l  blood pressure a t  t ime zero  was 116.1 +_ 2 . 5  mmHg 

( n = 8 ) .

The plasma ren in  c o n c e n t r a t io n  f o r  normal ra ts  k i l l e d  by 

stunning was 6 6 .0  14 .3  n g A I /m l /h  Cn = 1 0 ) .  The a o r t i c  w a l l  ren in

co n c e n t ra t io n  in the  same group o f  r a ts  was 0 .2 3  + 0 . 0 5  n g A I /  

lOOmg/h ( n « 1 0 ) .  The plasma ren in  c o n c e n t r a t io n  measured in a
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F ig ure  4 .  The change in mean blood pressure  d ur in g  the n ine  hour 
exper im enta l  per iod  o f  day two in a s i n g l e  group o f  normal r a t s .
The change in mean blood pressure  is the d i f f e r e n c e  between the  
a b s o lu te  blood pressure a t  any t ime and t h a t  o b ta in ed  a t  t ime z e ro .
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se para te  group o f  normal ra ts  t w e n t y - f o u r  hours a f t e r  c a n n u la t io n  

was 2 1 . 4  + 3 , 0  ngAiymiyh =  1 0 ) .  Th is  was s i g n i f i c a n t l y  lower  

than t h a t  obtained  from the p rev iou s  group in which blood was 

obta in ed  by c a r d ia c  puncture a f t e r  s tunning r a t h e r  than from  

conscious r a t s  through the c a r o t i d  cannula ( p <1 0 . 0 1 ) ,  The 

d i f f e r e n c e  between these two va lu es  may r e f l e c t  the d i f f e r e n c e s  

in the  methods o f  c o l l e c t i o n  o f  the samples.  However, the a o r t i c  

w a l l  ren in  c o n c e n t r a t io n  f o r  t h i s  second c o n t ro l  group was 0 .20  

0 .0 5  ngAI /lOOmg/h (n =  10) which was not s i g n i f i c a n t l y  d i f f e r e n t  

from t h a t  ob ta in ed  f o r  the f i r s t  group.

B i l a t e r a l  Nephrectomy Contro ls

As w i th  the normal c o n t r o l s ,  the  blood pressure measured in 

a s i n g l e  group o f  e i g h t  nephrectomised ra ts  over  the nine hour  

experimenta l  per iod  o f  day two did not  show any c o n s is t e n t  or  

s i g n i f i c a n t  change. Th is  is i l l u s t r a t e d  in f i g u r e  5-

The i n i t i a l  blood pressu re  a t  t ime zero  was 120.7 + 3*3  mmHg 

(n 8 ) .  For t h i s  group,  t ime zero  was e q u iv a l e n t  to  f i f t e e n  

hours a f t e r  b i l a t e r a l  nephrectomy.

In a sep ara te  group o f  r a ts  e ig h te e n  hours a f t e r  b i l a t e r a l  

nephrectomy,  the plasma ren in  c o n c e n t r a t io n  was 4 .9  + 1 .7  n g A I /m l /h  

(n ^  1 0 ) .  Th is was s i g n i f i c a n t l y  lower than normal when compared 

to  both the i n t a c t  ( p < 0 . 0 0 l )  and cannula ted  ( p < 0 . 0 1 )  normal  

r a t s .

The a o r t i c  w a l l  ren in  c o n c e n t r a t io n  in t h i s  group was 0 .1 3  +

0 .0 4  ngAtyiOOmg/h Cn =< 1 0 ) ,  Al though t h i s  f i g u r e  was lower than those  

o bta in ed  f o r  the two normal groups ( 0 , 2 3  + 0 ,0 5  and 0 ,20  ^  0 .0 5 )  

the d i f f e r e n c e  was not  s i g n i f i c a n t .

Renin I n j e c t i o n  A f t e r  B i l a t e r a l  Nephrectomy 

Blood Pressure

The e f f e c t  o f  a s i n g l e  i n j e c t i o n  o f  0 .6  G o l d b l a t t  u n i t s  o f
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F ig u re  5* The change in mean blood pressure  during  the  n in e  hour  
exper im enta l  per iod  o f  day two in a s i n g l e  group' o f  nephrectomised  
r a t s .  The exper im enta l  p er io d  began f i f t e e n  hours a f t e r  b i l a t e r a l  
nephrectomy. The change in mean blood pressure  is the d i f f e r e n c e  
between the a b s o lu te  blood pressure  a t  any t ime and t h a t  o b ta in ed  a t  
t ime z e r o .
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r a t  r e n i n ,  given a t  t ime z e r o ,  to r a t s  f i f t e e n  hours a f t e r  

b i l a t e r a l  nephrectomy,  is shown in f i g u r e  6 ,  The blood pressure  

was measured c o n t in u o u s ly  over n in e  hours a f t e r  the ren in  i n j e c t i o n .

The i n j e c t i o n  produced an immediate r i s e  in blood p re s s u re ,  

reaching a peak a t  between one and f i v e  minutes a f t e r  i n j e c t i o n .

The maximum pressor  response was + 4 4 . 7  + 3 . 3  mmHg ( n » 1 0 ) .  A f t e r  

t h i s  t ime the blood pressure f e l l ,  reaching a p l a t e a u  o f  e l e v a t i o n  

between +20 and +30 mmHg which was m a in ta in ed  f o r  up to f i v e  hours 

a f t e r  i n j e c t i o n .  The curve appeared to be b ip h a s ic  in n a tu re  

w i t h  a second, s m a l le r  peak between two and f o u r  hours a f t e r  

i n j e c t i o n  reaching a maximum o f  + 2 7 . 0  + 2 . 4  mmHg a t  t h r e e  hours .

The blood pressure  re turn ed  s lo w ly  to  the b a s e l in e  ( t h a t  i s ,  p r e -  

i n j e c t i o n )  leve l  over  the next  s i x  hours,  remaining s i g n i f i c a n t l y  

e le v a t e d  a t  s i x  hours a f t e r  i n j e c t i o n  a t  +11 .1  + 3 . 5  mmHg (p 0 . 0 5 )  

The blood pressure  had re tu rn ed  to  a l ev e l  not  s i g n i f i c a n t l y  

d i f f e r e n t  from the p r e - i n j e c t i o n  v a lu e  by n ine  hours (+3 .1  + 3 .6  

mmHg).

In a d d i t i o n  to  the cont inuous blood pressure  record in g  o b ta in e d  

from t h i s  s i n g l e  group o f  r a ts  over the e n t i r e  n ine  hour p e r io d ,  

the blood pressure  was a ls o  measured in f o u r  s e p a r a te  groups o f  

r a ts  a t  one Cn = 9 )»  t h r e e  (n = » 1 0 ) ,  s i x  ( n a l O )  and n ine (n *»9)  

hours a f t e r  ren in  i n j e c t i o n .  These readings were taken to  c o in c id e  

w i t h  simultaneous measurements o f  plasma and a o r t i c  w a l l  ren in  

c o n c e n t r a t i o n s .

The r e s u l t s  o f  the measurements made in these f o u r  se p a ra te  

groups a re  shown in f i g u r e  7«

The blood pressure  response was expressed as the change in 

blood pressure  compared to the i n d i v i d u a l  p r e - i n j e c t i o n  v a lu e s .

The r e s u l t s  f o r  the separa te  groups were + 2 4 . 8  _+ 8 . 2  (one h o u r ) .
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F ig u re  6 .  The change in mean blood pressure dur ing  the n in e  hour  
exper im enta l  per iod  o f  day two in a s i n g l e  group o f  nephrectomised  
ra ts  a f t e r  an i n j e c t i o n  o f  0 .6  G o l d b l a t t  u n i t s  o f  r a t  re n in  g iven  - 
a t  t ime z e ro .  The i n j e c t i o n s  were given f i f t e e n  hours a f t e r  
b i l a t e r a l  nephrectomy. The change in mean blood pressure  is the  
d i f f e r e n c e  between the ab s o lu te  blood pressure  a t  any t ime and t h a t  
obta ined  a t  t ime z e r o .  .
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Figure  7. The change in mean blood pressure  dur ing  the n in e  hour  
experimenta l  per iod  o f  day two in nephrectomised r a ts  a f t e r  an 
i n j e c t i o n  o f  0 . 6  G o l d b l a t t  u n i t s  o f  r a t  ren in  given  a t  t ime z e r o .  
Measurements were made on s e p a r a te  groups o f  r a t s  a t  ten minutes and 
one, t h r e e ,  s i x  and nine  hours a f t e r  ren in  i n j e c t i o n  to  c o in c id e  w i t h  
measurements o f  plasma and a o r t i c  w a l l  re n in  c o n c e n t r a t io n s  made a t  
the same t imes.  The change in mean blood pressure  is the d i f f e r e n c e  
between the a b so lu te  blood pressure a t  any t ime and t h a t  o b ta in ed  a t  
t ime z e r o .
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+23.1  + 2 . 6  Cthree hours)  , +J2 . 7  i  2 . 6  ( s i x  hours !  and + 1 . 5  + 3 . 4  

(n in e  hours)  mmMg. The blood pressure e l e v a t i o n  was s i g n i f i c a n t l y  

h ig her  than the p r e - i n j e c t i o n  le v e l  f o r  each group a t  one,  t h r e e  

and s i x  hours (p < 1 0 . 0 1 ,  0.01 and 0 . 0 5  r e s p e c t i v e l y ) .  By n ine  

hours the blood pressure was not  s i g n i f i c a n t l y  ra is ed  compared to  

p r e - i n j e c t i o n  l e v e l s .

Using these r e s u l t s  the h a l f  l i f e  o f  the blood pressure  

response was c a l c u l a t e d  a t  4 . 6 7  hours.

The blood pressure  response to  the  ren in  i n j e c t i o n  was 

obta ined  by comparing the readings o f  blood pressure  taken b e fo re  

and a f t e r  the ren in  i n j e c t i o n  was given in each i n d i v i d u a l  a n im a l .  

However, s in ce  the a o r t i c  w a l l  ren in  c o n c e n t ra t io n  can o n ly  be 

measured once in each r a t ,  the l e v e ls  o f  re n in  a f t e r  i n j e c t i o n  in 

both the plasma and a o r t i c  w a l l  were compared to  a s e p a r a te  c o n t ro l  

group.

Plasma Renin C oncentra t ion

The leve l  o f  c i r c u l a t i n g  re n in  was i n i t i a l l y  very  h igh being  

1 , 115 .2  + 159.4 n g A I /m l /h  ten minutes a f t e r  the i n j e c t i o n .  By 

one hour a f t e r  the ren in  i n j e c t i o n  the lev e l  had f a l l e n  to  297.1  

+ 2 2 .0  n g A I /m l /h  and a f t e r  th r e e  hours the le v e l  was 4 6 .4  + 7 . 7  

n g A I / m l / h .  At  t h i s  t ime the v a lu e  was s t i l l  s i g n i f i c a n t l y  e le v a t e d  

compared to the cannulated  normal c o n t ro l  group ( p < ^ O . O l ) .  However,  

by s i x  hours the plasma ren in  c o n c e n t ra t io n  was 19 .4  +̂  6 . 0  n g A I / m l /  

h which was not s i g n i f i c a n t l y  d i f f e r e n t  from the le ve l  measured in 

cann ula ted  normal r a t s .  At  n ine  hours a f t e r  i n j e c t i o n  c i r c u l a t i n g  

ren in  had re turn ed  to  the p r e - i n j e c t i o n  le v e l  o f  4 . 9  ^  0 . 8  ngAI/ml  

/ h  which was s i g n i f i c a n t l y  lower than the cannula ted  normal c o n t r o l  

group (p 0 . 01 ) .

The plasma re n in  co n c e n t r a t io n  a f t e r  ren in  i n j e c t i o n  is 

i l l u s t r a t e d  in f i g u r e  8.  The h a l f  l i f e  o f  c i r c u l a t i n g  exogenous
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Fig u re  8 .  The plasma ren in  c o n c e n t ra t io n  measured in s e p a ra te  
groups o f  nephrectomised ra ts  a f t e r  an i n j e c t i o n  o f  0 . 6  G o l d b l a t t  
u n i ts  o f  r a t  r e n in .  The measurements were made a t  ten minutes and 
one, t h r e e ,  s i x  and n ine hours a f t e r  ren in  i n j e c t i o n .  The plasma 
ren in  c o n c e n t r a t io n  is expressed as the r a t e  o f  g e n e r a t io n  o f  
an g io te n s in  I from r a t  ren in  s u b s t ra te /m l  o f  plasma/hour o f  
incubat ion  a t  37 C.
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ren in  was c a l c u l a t e d  as one hour.

The va lues  ob ta in ed  f o r  the in d i v i d u a l  plasma ren in  co n ce n t ra ­

t io n s  were transformed in to  logari thm s and p l o t t e d  a g a i n s t  the  

corresponding pressor  response to  exogenous ren in  in each r a t .

There was a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between these two 

measurements Cr = 0 . 6 7 1 ,  p < 0 . 0 0 l ) .  Th is  is i l l u s t r a t e d  in 

f i g u r e  9 .  However, the r e l a t i o n s h i p  is not  s t a t i s t i c a l l y  v a l i d .

Th is  p o in t  is discussed on page 106.

A o r t i c  Wal l  Renin C o n cen t ra t io n

In c o n t r a s t  to the ra t e  o f  d isap pearance o f  re n in  from the  

plasma, the a o r t i c  w a l l  ren in  c o n c e n t r a t i o n  measured in the  same 

group o f  r a ts  remained s i g n i f i c a n t l y  e l e v a t e d  compared to the  

cannu la ted normal co n t r o l  group f o r  up to  s i x  hours a f t e r  ren in  

i n j e c t i o n .  This  is shown in f i g u r e  10. The va lues  ob ta in ed  a t  one,  

th ree  and s i x  hours were 1 .4 8  + 0 . 2 9 ,  0 .61 + 0 .1 5  and 0 .6 5  + 0.21  

ngAI/lOOmg/h r e s p e c t i v e l y  (p < 1 0 . 0 1 ,  0 .01 and 0 . 0 5  compared to  normal 

c o n t r o l s ) .  By n ine hours a f t e r  i n j e c t i o n  the a o r t i c  w a l l  ren in  con­

c e n t r a t i o n  was 0.31 + 0 .1 3  ngAI/ IOOmg/h.  Th is  was not s i g n i f i c a n t l y  

d i f f e r e n t  from the normal c o n t ro l  group.

Using the average c o r r e c t i o n  f a c t o r  o f  2 .2 9  / i l  o f  plasma/  

lOOmg o f  a o r t i c  t i s s u e  to  c o r r e c t  each v a lu e  o f  a o r t i c  w a l l  ren in  

c o n c e n t r a t io n  f o r  contam inat in g  plasma, the co r r e c te d  va lu es  were 

0 . 8 7 ,  0 . 5 1 , 0 .6 0  and 0 ,29  ngAI /lOOmg/h a t  one,  t h r e e ,  s i x  and nine  

hours r e s p e c t i v e l y .  Values f o r  the standard  e r r o r  o f  the mean 

were not g iven because al though c o r r e c t io n s  were made f o r  each 

in d i v id u a l  a o r t i c  sample using the correspond ing plasma ren in  

c o n c e n t r a t io n ,  the c o r r e c t i o n s  were o b ta in ed  using an average  

c o r r e c t i o n  f a c t o r .  The va lu es  are p l o t t e d  out  in f i g u r e  11.

A r e l a t i v e l y  l a r g e  p r o p o r t io n  (47 pe rce n t )  o f  the ren in  present
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Figure  9 .  The r e l a t i o n s h i p  between the log o f  the plasma ren in  
c o n c e n t ra t io n  and the corresponding  pressor response,  measured in 
nephectomised r a t s ,  to an i n j e c t i o n  o f  0 .6  G o l d b l a t t  u n i t s  o f  r a t  
r e n in .  The values given are  those o b ta in e d  f o r  each i n d iv id u a l  r a t  
from measurements made a t  one ( A ) ,  t h r e e  ( O ) ,  s i x  ( • )  and n in e  
( □ )  hours a f t e r  ren in  i n j e c t i o n .
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F ig u re  10. The a o r t i c  w a i l  ren in  c o n c e n t r a t io n  measured in s ep ara te  
groups o f  nephrectomised r a t s  a f t e r  an i n j e c t i o n  o f  0 . 6  G o l d b l a t t  
u n i t s  o f  r a t  r e n in .  The measurements were made a t  one,  t h r e e ,  s i x  
and n ine hours a f t e r  ren in  i n j e c t i o n .  The a o r t i c  w a l l  ren in  concen­
t r a t i o n  is expressed as the r a t e  o f  g e n e r a t io n  o f  a n g io t e n s in  I from^ 
r a t  ren in  s u b s t r a t e / 1 0 0  mg o f  a o r t i c  t i s s u e / h o u r  o f  in c ub a t io n  a t  37 C
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F ig ure  11.  The a o r t i c  w a l l  ren in  c o n c e n t r a t i o n ,  i l l u s t r a t e d  in 
f i g u r e  10,  c o r re c te d  f o r  plasma c o n ta m in a t io n .
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in a o r t i c  homogenates was due to  plasma contam in a t ion  in samples 

c o l l e c t e d  one hour a f t e r  ren in  i n j e c t i o n .  Th is  was because the  

plasma ren in  c o n c e n t r a t io n  was high a t  t h i s  t im e .  At  t h r e e ,  s i x  

and n ine hours a f t e r  i n j e c t i o n ,  when the plasma ren in  c o n c e n t r a t io n  

was lower ,  the p r o p o r t io n  o f  a c t i v i t y  due to plasma in the a o r t i c  

homogenates was v e ry  much l e s s ,  being 20 ,  4 . 2  and 6 . 6  percent  

r e s p e c t i v e l y .

The co r r e c te d  values  o f  the a o r t i c  w a l l  ren in  co n c e n t r a t io n s  were  

used in the c a l c u l a t i o n  o f  the h a l f - l i f e  o f  exogenous ren in  in  

the v a s c u la r  t i s s u e .  This  was 4 . 8 3  hours.

The co r re c te d  va lues f o r  the a o r t i c  w a l l  ren in  co n c e n t r a t io n s  in 

the c o n t ro l  r a t s  were a ls o  c a l c u l a t e d .  These were 0 .1 2  ngAI / lOOmg/  

h f o r  the group e ig h teen  hours a f t e r  b i l a t e r a l  nephrectomy,  0 .1 5  

ngAI/ lOOmg/h f o r  normal ra t s  t w e n t y - f o u r  hours a f t e r  c an n u la t io n  

and 0 .0 9  ngAI /lOOmg/h f o r  normal r a t s  which had not been can n u la ted .

As w i t h  the plasma ren in  c o n c e n t r a t io n  measurement, the  

values obta in ed  f o r  the in d i v i d u a l  co r re c te d  a o r t i c  w a l l  ren in  con­

c e n t r a t io n s  were transformed to  logar i thms and p l o t t e d  a g a in s t  the  

corresponding pressor responses to  exogenous r e n in .  There was a 

s i g n i f i c a n t  c o r r e l a t i o n  between th ese  two measurements ( r  =  0 . 3 6 1 ,

P<C 0 . 0 5 ) .  The r e s u l t s  a re  i l l u s t r a t e d  in f i g u r e  12.

The a c t i v i t y  present  in the a o r t i c  homogenates due to  in je c t e d

12c
I - r a d i o l a b e l  led albumen, th re e  hours a f t e r  the albumen i n j e c t i o n ,  

was 58.21 + 8 .J 8  cpm/JO-Omg o f  a o r t i c  t i s s u e .  I f  a ren in  i n j e c t i o n  

was given a t  the same t ime as the albumen the v a lu e  was 51 .60 +

11.92  cpm/lOOmg o f  a o r t i c  t i s s u e .  Both o f  these va lues  are  

co r rec te d  f o r  the counts per  minute present  în 2 .29  / i l  o f  plasma 

f o r  each in d i v i d u a l  r a t .  There was no s i g n i f i c a n t  d i f f e r e n c e  in 

the counts presen t  in a o r t i c  t i s s u e  w i t h  or  w i t h o u t  ren in  i n j e c t i o n .
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F ig u re  12. The r e l a t i o n s h i p  between the log o f  the c o r r e c t e d  a o r t i c  
w a l l  ren in  c o n c e n t ra t io n  and the corresponding  pressor  response,  
measured in nephrectomised r a t s ,  to an i n j e c t i o n  o f  0 . 6  G o l d b l a t t  
u n i t s  o f  r a t  r e n in .  The va lues given a re  those o b ta ine d  f o r  each 
i n d i v i d u a l  r a t  from measurements made a t  one ( A ) ,  t h r e e  ( O ) ,  s i x  
( • )  and n ine  ( □ )  hours a f t e r  re n in  i n j e c t i o n .
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Discuss ion

Although the r e n i n - a n g i o t e n s i n  system is a po tent  pressor  

system, i t  has been d i f f i c u l t  to  e s t a b l i s h  i t s  r o l e  in blood  

pressure c o n t r o l .  Previous s t u d ie s  have used measurements o f  

plasma ren in  l e v e l s  as an i n d i c a t o r  o f  the a c t i v i t y  o f  the system.  

Recent ly  however,  i t  has been suggested t h a t  re n in  present  w i t h i n  

o th e r  t i s s u e s ,  e s p e c i a l l y  w i t h i n  the w a l l s  o f  r e s i s t a n c e  v e s s e ls ,  

may be more r e l e v a n t  to  the  d e t e r m in a t io n  o f  the blood pressure  

response in a number o f  exper im enta l  s i t u a t i o n s  ( B a r r e t t  e t  a l ,

1978 ; Garst  e t  a l ,  1979; Thurston e t  a l ,  1979; Asaad and 

Antonacc io ,  1982) ,

The present  study was designed to a l l o w  o b se rva t io n s  on the  

se pa ra te  e f f e c t s  on a r t e r i a l  blood pressure  o f  ren in  in the  

c i r c u l a t i o n  and in the blood vessel  w a l l  to  be made. This  was 

achieved by f o l l o w i n g  th e  f a t e  o f  i n j e c t e d  ren in  in r a t s  in which  

the kidneys had been removed.

The i n j e c t i o n  o f  ren in  in t h i s  exp er im en ta l  model produced a 

temporal d i s s o c i a t i o n  between the blood pressure response and the  

l ev e l  o f  c i r c u l a t i n g  r e n i n .  Thus,  the main f e a t u r e  o f  the blood  

pressure  response was a l a r g e  and s i g n i f i c a n t  e l e v a t i o n  which la s t e d  

f o r  more than s i x  hours as i l l u s t r a t e d  in f i g u r e  6 ,  At  the  same 

t ime i t  was observed t h a t  the l e v e l s  o f  c i r c u l a t i n g  r e n i n ,  i n i t i a l l y  

high f o l l o w in g  the bolus i n j e c t i o n ,  d e c l in e d  r a p i d l y  ( f i g u r e  8 ) .  

Although the h a l f - l i f e  o f  c i r c u l a t i n g  re n in  was increased,  as has 

been observed b / o t h e r s  ( P e t e r s - H a e f 1i , 1971; Boyd, 19 79 ) ,  the  

pressor  response las te d  c o n s id e ra b ly  longer  than the plasma ren in  

pers i s t e d .

Boyd ( 1979) has suggested t h a t  the blood pressure  response to  

ren in  in nephrectomised r a ts  is the r e s u l t  o f  a combinat ion o f
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f a c t o r s .  He found t h a t  as w e l l  as an in crease  in th.e h a l f - l i f e  

o f  r e n i n ,  both the threshold and the  s lop e  o f  the response to  

i n j e c t e d  an g io te n s in  1 were decreased a f t e r  b i l a t e r a l  nephrectomy.

He suggested t h a t  the change in the blood pressure response in 

t h i s  s i t u a t i o n  was the r e s u l t  o f  both an increase  in the respon­

siveness to  a n g io te n s in  to g e th e r  w i t h  a re d u c t io n  in the  r a t e  o f  

c lea ran c e  o f  ren in  from the plasma. In a d d i t i o n  he a l s o  p o s tu la te d  

t h a t  t h e r e  was a change in the r a t e  o f  breakdown o f  both a n g io te n s in  

I and a n g io t e n s in  11 a f t e r  b i l a t e r a l  nephrectomy.  However,  t h i s  

may not have a s i g n i f i c a n t  e f f e c t  s in ce  the h a l f - l i v e s  o f  these  

two substances a re  norm al ly  very  s h o r t .  W h i l s t  these changes may 

c o n t r i b u t e  to the p ro lo n g a t io n  o f  the  pressor  response i t  is 

u n l i k e l y  t h a t  they could m a in ta in  i t  f o r  as long as the s i x  hours 

observed in these exper im ents .

Bing and N ie lsen  (1973)  suggested t h a t  the blood pressure  

response to  exogenous ren in  could be a t t r i b u t e d  to  the presence o f  

ren in  w i t h i n  the r e s i s t a n c e  vessel  w a l l s  p e r s i s t i n g  a f t e r  c i r c u l a t i n g  

ren in  had d isappeared .  In the p resent  study the le v e l  o f  ren in  

a t  t h i s  s i t e  was measured. Renin a c t i v i t y  was measured in a o r t i c  

homogenates o f  ra ts  a t  v a r io u s  times a f t e r  the i n j e c t i o n  o f  renal  

r e n i n .  I t  was found t h a t  the a c t i v i t y  in the w a l l  o f  t h i s  vessel  

was s i g n i f i c a n t l y  increased f o r  s i x  hours a f t e r  the i n j e c t i o n .  The 

l e v e l s  o f  ren in  measured in the a o r t i c  t i s s u e  a f t e r  re n in  i n j e c t i o n  

are  i l l u s t r a t e d  in f i g u r e  10.  Th is  p e r s i s t e n c e  o f  ren in  a c t i v i t y  

was the same as the d u r a t io n  o f  the pressor response. The c lo se  

temporal r e l a t i o n s h i p  was thus c o n s is t e n t  w i th  the  hypothes is  t h a t  

the le ve l  o f  ren in  present  in the blood vessel  w a l l  was indeed an 

impor tant  f a c t o r  in d e te rm in ing  the pressor response.  However,  

t h i s  conclusion  is based on the assumption t h a t  the  ren in  a c t i v i t y
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measured în the w a l l  o f  the a o r t a  is c o r r e l a t e d  w i t h  the le v e l  o f  

t h i s  a c t i v i t y ,  in r e s i s t a n c e  v e s s e l s .

I t  has been argued t h a t  the g e n e r a t io n  o f  a n g io t e n s in  I I  by 

vasc u la r  w a l l  ren in  a c t i v i t y  is most r e l e v a n t  in the w a l l s  o f  the  

r e s is t a n c e  v e s s e ls .  In the r a b b i t  u teru s  the h ig h e s t  c o n c e n t ra t io n  

o f  ren in  a c t i v i t y  was present  in th e  w a l l s  o f  the  s m a l le s t  a r t e r i o l e s  

and venules ( E s k i ld s e n ,  1972 ) .  S ince the a o r t a  i t s e l f  is not  

considered to be a r e s is t a n c e  vesse l  i t  may be t h a t  ren in  a c t i v i t y  

measured in a o r t i c  homogenates is not  r e p r e s e n t a t i v e  o f  l e v e l s  

w i t h i n  o t h e r ,  s m a l le r  v e s s e ls .  However, i t  has been shown t h a t ,  in 

the hog a o r t i c  w a l l  a t  l e a s t ,  r e n i n - l i k e  a c t i v i t y  is located  

p r i m a r i l y  w i t h i n  the a d v e n t i t i a  and o u t e r  media which is th e  s i t e  o f  

the vasa vasorum. I f  t h i s  is so i t  may be assumed t h a t  the ren in  

a c t i v i t y  measured in a o r t i c  homogenates is r e l a t e d  to l e v e l s  w i t h i n  

r e s is t a n c e  v e s s e ls .  In t h i s  study the aorta was used because i t  

was the l a r g e s t  vesse l  and t h e r e f o r e  the most e a s i l y  i s o l a t e d .  This  

was e s p e c i a l l y  impor tant  in an animal as smal l  as the  r a t .  I t  was 

f e l t  t h a t  in i t s  present  form the assay techn iq ue  employed here  

could not  be used to measure lower co n c e n t ra t io n s  than those present  

in the a o r t i c  w a l l .  To use a s m a l l e r ,  though p o s s ib ly  more r e l e v a n t  

v e s s e l ,  might  in t roduce  unacceptab le  in a c c u ra c i e s .

The r e l a t i o n s h i p  between the ren in  a c t i v i t y  in the a o r t i c  w a l l  

and the pressor response to the ren in  i n j e c t i o n  is shown in f i g u r e  

12. In t h is  f i g u r e  the log o f  the ren in  c o n c e n t ra t io n  is p l o t t e d  

a g a in s t  the change in blood p ress u re .  There was a p o s i t i v e  

c o r r e l a t i o n  between the two v a r i a b l e s .  However, t h e r e  was a ls o  a 

p o s i t i v e  c o r r e l a t i o n  between the  blood pressure  response and the  

le v e ls  o f  c i r c u l a t i n g  ren in  as i l l u s t r a t e d  in f i g u r e  9 .  Th is  

o b s erva t io n  can be c l a r i f i e d  by s u b d iv is io n  o f  the r e s u l t s  accord ing
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to the l e n g t h  o f  t im e  a f t e r  the ren in  i n j e c t i o n  a t  which the  

measurements were made. When t h i s  was done the d i s t i n c t i o n  between 

the two r e l a t i o n s h i p s  became ap p a re n t .  The I n i t i a l l y  high leve l  o f  

ren in  in the plasma immediately a f t e r  i n j e c t i o n  f e l l  r a p i d l y ,  

r e s u l t i n g  in f o u r  d i s t i n c t  groups o f  readings over  the n in e  hour 

p e r io d .  S u b d iv is io n  o f  these r e s u l t s ,  as i l l u s t r a t e d  in the  

r e s p e c t i v e  f i g u r e s ,  thus showed t h a t  the s t a t i s t i c a l  s i g n i f i c a n c e  o f  

the r e l a t i o n s h i p  between the  change in blood pressure  and the le v e l  

o f  c i r c u l a t i n g  ren in  was not v a l i d .  On the o t h e r  hand, no such 

d i s t i n c t  groups were ob ta ined  by s u b d iv id in g  the r e s u l t s  o b ta in ed  

from the measurements o f  ren in  a c t i v i t y  in the a o r t i c  homogenates.

The importance o f  the ren in  a c t i v i t y  measured in the a o r t i c  

w a l l  as a d e term in an t  o f  the pressor  response was most c l e a r l y  

i l l u s t r a t e d  by the measurements made a t  s i x  hours a f t e r  the ren in  

i n j e c t i o n .  At  t h i s  t ime c i r c u l a t i n g  ren in  had f a l l e n  to  a l e v e l  

which was not  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  measured in normal 

c o n t ro l  r a t s .  Despite t h i s  th e re  was s t i l l  a s i g n i f i c a n t  e l e v a t i o n  

o f  blood p ressu re .  At the same t ime the le v e l  o f  ren in  a c t i v i t y  

present  in the  a o r t i c  w a l l  was s i g n i f i c a n t l y  h ig h er  than t h a t  present  

in the a o r t a e  o f  normal c o n t ro l  r a t s .

F u r t h e r  c o n f i r m a t io n  o f  the r e l a t i o n s h i p  between the blood  

pressure response and the a o r t i c  w a l l  ren in  c o n c e n t r a t io n  in the  

model s tud ied  was obta in ed  from a c a l c u l a t i o n  o f  the h a l f - l i v e s  o f  

the pressor response and the p e r s is t e n c e  o f  re n in  a c t i v i t y  in 

the a o r t i c  w a l l .  These were very  s i m i l a r ,  being 4 . 6 7  and 4 .8 3  respec­

t i v e l y ,  whereas the h a l f - l i f e  o f  c i r c u l a t i n g  ren in  was o n ly  one hour.  

These h a l f - l i v e s  should however, o n ly  be regarded as i l l u s t r a t i v e  

approximat ions s in ce  th e re  was i n s u f f i c i e n t  data f o r  d e t a i l e d  

a n a l y s i s .
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I t  was a d isadvantage  o f  the exp er im en ta l  model used here t h a t  

i t  in vo lved  severa l  s u r g ic a l  m a n i p u l a t io n s  in c lu d in g  removal o f  

both k id neys .  Th is  might  have a l t e r e d  c i r c u l a t o r y  responses.

P a r t i c u l a r  d i f f i c u l t i e s  a r i s e  when co n s id er in g  the a c t i o n  

o f  a n g io te n s in  I I  in t h i s  model.  I t  has been argued t h a t  the le ve l  

o f  ren in  a c t i v i t y  in the blood vessel  w a l l  is the key d e te rm in an t  o f  

the pressor response to  the i n j e c t e d  r e n i n .  However, such ren in  ac ts  

i n d i r e c t l y  v i a  the pro duct ion  o f  a n g io t e n s in  I I  which is th e  a c tu a l  

pressor substance and the f i n a l  chemical e f f e c t o r  o f  the system. In 

the  experim enta l  model used h ere ,  any change in the number, occupancy 

o r  a f f i n i t y  o f  the a n g io te n s in  I I  rec ep to rs  would i n f l u e n c e  the  

pressor  response consequent upon the i n j e c t i o n  o f  r e n i n .

I t  has been suggested t h a t  changes in a n g io t e n s in  I I  re c e p to r  

number and a f f i n i t y  occur a f t e r  b i l a t e r a l  nephrectomy.  C h e v i l l o t t e  

e t  a l  ( 1975) found an increase  in the number o f  receptors  p resent  

in the r a b b i t  u terus a f t e r  b i l a t e r a l  nephrectomy.  However,  t h i s  

change was d etected  long a f t e r  the maximum response to  in j e c t e d  

a n g io t e n s in  I I  had been found to o cc u r .  Brunner e t  a l  (1972)  

showed an apparent  change in the a f f i n i t y  o f  v a s c u l a r  a n g io te n s in  

I I  receptors  a f t e r  b i l a t e r a l  nephrectomy.  S i m i l a r l y ,  Boyd (1979)  

observed an in crease  in the s e n s i t i v i t y  to  a n g io t e n s in  in t h i s  

s i t u a t i o n .  Swales e t  a l  (1975)  have suggested an a l t e r n a t i v e  

mechanism f o r  the apparent  increase  in s e n s i t i v i t y  to ad m in is te red  

a n g io t e n s i n .  This theory  s t a t e s  t h a t  the response to ang io tens in  I I  

depends on the number o f  receptors  a v a i l a b l e  to  bind a n g io te n s in  I I .  

This in tu rn  w i l l  be determined by the lev e l  o f  endogenous an g io ­

t e n s in  I I .  When i t  is low, f o r  example a f t e r  b i l a t e r a l  nephrectomy  

or s a l t  load in g ,  then the response to  i n j e c t e d  a n g io t e n s in  I I  is 

g r e a t e r .  Thurston and Laragh 0 9 7 5 )  found t h a t  the d i f f e r e n c e s  in
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response to a standard  dose o f  a n g io t e n s in  I I  in s a l t  d ep le ted  and 

s a l t  loaded and nephrectomised ra ts  were  a b o l is h ed  by an in f u s io n  

o f  the c o n v er t in g  enzyme i n h i b i t o r ,  t e p r o t i d e .  TKis r e s u l t  supports  

the view t h a t  a phys ical  a l t e r a t i o n  o f  the receptors  has not  occured  

in these model s.

A change in the s e n s i t i v i t y  o f  the animal a f t e r  b i l a t e r a l  

nephrectomy because o f  a change in e i t h e r  the number o r  the a f f i n i t y  

o f  an g io te n s in  I I  receptors  does not appear to be the e x p la n a t io n  

f o r  the loss in the r e l a t i o n s h i p  between c i r c u l a t i n g  ren in  and the  

blood pressure observed in the exper iments  descr ib ed  in t h i s  

c h a p t e r .  However, t h i s  issue w i l l  o n ly  f i n a l l y  be c l a r i f i e d  by 

a more p re c is e  d e f i n i t i o n  o f  v a s c u la r  a n g io t e n s in  I I  receptors  in 

t h i s  s i t u a t i o n .

A l t e r n a t i v e l y ,  the i n i t i a l l y  high c o n c e n t ra t io n s  o f  a n g io te n s in  

I I  f o l l o w i n g  the ren in  i n j e c t i o n  may r e s u l t  in o t h e r  p h y s i o l o g ic a l  

responses which b r in g  about an a l t e r a t i o n  in the response to  a n g io ­

te n s in  I I .  This has been shown to  occur as a r e s u l t  o f  prolonged  

in fu s io n s  o f  subpressor doses o f  a n g io t e n s i n  I I  (Brown e t  a l ,  I 9 8 I ) .  

However,  the  t ime s c a le  over which the changes in vo lved  in t h i s  

response take  p lace  is a m a t te r  o f  days or  weeks r a t h e r  than hours.  

I t  would t h e r e f o r e  seem u n l i k e l y  t h a t  t h i s  would be r e l e v a n t  in  

the experiments considered here .

High con ce n t ra t io n s  o f  a n g io t e n s in  I I  have been shown to a l t e r  

the p e r m e a b i l i t y  o f  the w a l l s  o f  l a r g e  blood vesse ls  (G iese ,  1973;  

Robertson and K h a i r a l l a h ,  1972 ) .  However,  the r e s u l t s  o b ta in ed  

in t h i s  study suggest t h a t  the p e r m e a b i l i t y  o f  the a o r t a ,  to  ren in  

a t  l e a s t ,  was not  a l t e r e d  by the high l e v e l s  o f  c i r c u l a t i n g  a n g io -  

tens in I I .

Al though ren in  a c t i v i t y  is p re sen t  in the w a l l s  o f  blood
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v e s s e ls ,  the  o r i g i n  o f  t h i s  a c t i v i t y  is c o n t r o v e r s i a l .  I f  the  

ren in  a c t i v i t y  in blood vesse l  w a l l s  were e n t i r e l y  o f  renal  

o r i g i n ,  then i t  should d is appear  a f t e r  removal o f  the  k idneys .  

Several  authors  have demonstrated a d e c l i n e  in the leve l  o f  

a o r t i c  w a l l  ren in  a c t i v i t y  a f t e r  b i l a t e r a l  nephrectomy (Rosenthal  

e t  a l ,  1969 ; Thurston e t  a l ,  197 9 ) .  However, o th e rs  have found 

t h a t  the le ve l  o f  ren in  a c t i v i t y  in v a s c u la r  t i s s u e  remains 

unchanged, i r r e s p e c t i v e  o f  whether renal  ren in  is presen t  (Basso 

and T a q u i n i ,  1971; B a r r e t t  e t  a l ,  1978) .

The r e s u l t s  o b ta in ed  in t h i s  study demonstrated t h a t  r e n in  

o f  renal o r i g i n ,  p resent  in the c i r c u l a t i o n ,  can gain  access to  

the w a l l  o f  the a o r t a .  Th is supports the  view t h a t  under normal 

c o n d i t io n s  some, a t  l e a s t ,  o f  the re n in  a c t i v i t y  present  in the  

blood vessel  w a l l  is d er iv ed  from the  c i r c u l a t i o n .  However, the  

f a c t  t h a t  c i r c u l a t i n g  ren in  can e n t e r  v a s c u la r  t i s s u e  does not  

r u le  out  the p o s s i b i l i t y  t h a t  some o f  the re n in  a c t i v i t y  in the  

a o r t i c  w a l l  was synthes ised  by the  t i s s u e  i t s e l f .  Of p a r t i c u l a r  

i n t e r e s t  in t h i s  respect  was a comparison o f  the l e v e l s  o f  ren in  

a c t i v i t y  present  in the a o r t i c  homogenates o f  the c o n t ro l  groups 

a f t e r  c o r r e c t i o n  o f  the r e s u l t s  f o r  plasma c on ta m in a t ion .

The a o r t i c  w a l l  ren in  c o n c e n t ra t io n  was lower e ig h te e n  hours 

a f t e r  b i l a t e r a l  nephrectomy than i t  was in e i t h e r  o f  the two 

normal c o n t ro l  groups. However, when a l l  the va lu es  o b ta in ed  had 

been co r rec ted  f o r  plasma co n ta m in a t io n ,  t h i s  d i f f e r e n c e  disappeared  

The i n i t i a l  measurements suggest  t h a t  the a o r t i c  w a l l  re n in  is o f  

renal o r i g i n  whereas the c o r re c te d  r e s u l t s  favo u r  the v iew t h a t  

b i l a t e r a l  nephrectomy does not i n f lu e n c e  the le v e l  o f  re n in  in 

v a s c u la r  t i s s u e .

I t  was not p o s s ib le  to draw f i r m  conclusions from these
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p a r t i c u l a r  r e s u l t s .  Only one measurement was made a f t e r  b i l a t e r a l  

nephrectomy and th e  le v e l  o f  re n in  a c t i v i t y  may have d e c l in e d  

a f t e r  t h i s  t im e .  In a d d i t i o n ,  the  d i f f e r e n c e s  between the va lu es  

o bta ined  f o r  a l l  these groups, whether  c o r re c t e d  or  n o t ,  were not  

s t a t i s t i c a l l y  s i g n i f i c a n t .  When th e  l e v e ls  o f  ren in  were ve ry  

low, as they were in these groups,  the c o n c e n t r a t io n s  were a t  the  

lower l i m i t  o f  the s e n s i t i v i t y  o f  the ren in  assay and i t  was 

t h e r e f o r e  not  p o s s ib le  to  d e t e c t  the smal l d i f f e r e n c e s  between 

them a c c u r a t e l y .  I f  t h e r e  was any loca l  synthes is  o f  ren in  in 

the a o r t i c  w a l l ,  the  assay system used here was not  s e n s i t i v e  

enough to  measure such low l e v e l s .  However, the p o s s i b i l i t y  t h a t  

ren in  may have been concentra ted  a t  s t r a t e g i c  s i t e s  should not  be 

e x c 1uded.

The r e s u l t s  ob ta ined  in t h i s  study do not support  the v iew o f  

Ford is e t  a l  (3983)  t h a t  the presence o f  r e n i n - l i k e  a c t i v i t y  in the  

a o r t i c  w a l l  is e n t i r e l y  due to  contaminat io n  by plasma r e n i n .  I t  

is t r u e  t h a t  t h e r e  was a c e r t a i n  degree o f  co n ta m in a t io n ,  pro bab ly  

due to plasma remaining w i t h i n  the s m a l le r  vesse ls  a s so c ia te d  w i t h  

the a o r t i c  w a l l  which could not be removed by the washing process .  

The method used f o r  e s t im a t in g  t h i s  p r o p o r t io n  o f  a c t i v i t y  has been 

discussed in Chapter  t h r e e .  However, even when a c o r r e c t i o n  was 

made f o r  t h i s  contaminat ion th e r e  was s t i l l  a s i g n i f i c a n t  p r o p o r t io n  

of  r e n i n - l i k e  a c t i v i t y  which was d er ived  from the a o r t i c  t i s s u e  

i t s e l f .  These r e s u l t s  h i g h l i g h t  the importance o f  d i s t i n g u i s h i n g  

between plasma contamin at ion  and p la sm a-der iv ed  a c t i v i t y  when 

study ing  th e  ren in  a c t i v i t y  in v a s c u la r  t i s s u e .  The former is 

the ren in  a c t i v i t y  which is due to  plasma re n in  which has not  been 

washed away be fo re  homogenisat ion o f  the samples. The l a t t e r  is due 

to the a c t i v i t y  o f  ren in  which has l e f t  the plasma and e n te red  the  

t i s s u e  dur ing  the course o f  the in v iv o  exper im ent .  When s tu d y in g
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the  s i g n i f i c a n c e  o f  r e n i n - l i k e  a c t i v i t y  in the a o r t i c  w a l l  i t  is 

necessary to  tak e  these f a c t o r s  in t o  account.

Although the experiments  rep o r ted  here  demonstrated t h a t  ren in  

can leave the c i r c u l a t i o n  and e n t e r  the w a l l  o f  the a o r t a ,  a 

number o f  ques t ions remain to  be answered.  F i r s t l y ,  how did the  

c i r c u l a t i n g  ren in  gain  access to  the t is su e ?  Secondly,  once in s id e  

the t i s s u e ,  was i t  f r e e  w i t h i n  the  e x t r a c e l l u l a r  space or  cou ld i t  

be bound to  s p e c i f i c  receptors?

In g e n e r a l ,  the d i s t r i b u t i o n  o f  a m o lec u la r  spec ies  such as 

re n in  between the plasma and th e  t i s s u e  f l u i d  is determined by a 

number o f  f a c t o r s .  These in c lude  th e  s u r fa c e  area  and the permea­

b i l i t y  o f  the v a s c u la r  endothe l ium , the c o n c e n t r a t io n  g r a d i e n t  

between the plasma and the t i s s u e  and the s i z e  (Stokes ra d iu s )  o f  

th e  molecule concerned (Renkin ,  1 9 6 4 ) .  I f  ren in  is present  in the  

plasma a t  a very high c o n c e n t r a t i o n ,  as i t  was immediate ly a f t e r  

the  ren in  i n j e c t i o n ,  then i t  would be expected to  e n t e r  the t i s s u e  

f l u i d  compartment a t  a r e l a t i v e l y  ra p id  r a t e .  Thus, the s im p le s t  

and t h e r e f o r e  the most l i k e l y  method o f  e n t r y  in t o  the t i s s u e  is 

by passive d i f f u s i o n  down the  steep  c o n c e n t r a t io n  g r a d i e n t .

A process o f  passive  d i f f u s i o n  o f  re n in  between the plasma 

and the a o r t i c  t i s s u e  which was dependent on the c o n c e n t r a t io n  

g r a d i e n t ,  may have c o n t r ib u t e d  to  the p ro lo n g a t io n  o f  the h a l f -  

l i f e  o f  ren in  w i t h i n  the a o r t i c  w a l l .

I t  was observed in t h i s  study t h a t  once the ren in  had en tered  

the a o r t i c  t i s s u e  i t  p e r s i s t e d  a t  t h i s  s i t e  f o r  co n s id e ra b ly  longer  

compared to  the r a t e  a t  which i t  d isappeared  from the plasma.  Th is  

marked d i f f e r e n c e  in the observed h a l f - l i v e s  i n d i c a t e s  t h a t  the  

r a t e  o f  metabol ism o f  ren in  in the two compartments was d i f f e r e n t .  

Th is  might be expected s in ce  c i r c u l a t i n g  ren in  passes through the  

l i v e r ,  an organ which has been shown to be s p e c i f i c a l l y  invo lved
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in the d e g ra d a t io n  o f  ren in  (Peach, 19771. On tKe o t h e r  hand, the  

ren in  present  w i t h i n  the  t i s s u e s  was not a v a i l a b l e  f o r  breakdown 

at  t h i s  s i t e .  In a d d i t i o n ,  d e s t r u c t i o n  o f  ren in  w i t h i n  the  blood 

vessel w a l l  probably occurred  a t  a s lower r a t e  than the same 

process w i t h i n  the l i v e r .

With in c re a s in g  t ime a f t e r  the i n j e c t i o n  o f  exogenous ren in  

in to  the c i r c u l a t i o n ,  the r a t e  o f  passive  d i f f u s i o n  o f  ren in  out  

o f  the c i r c u l a t i o n  and in to  the t i s s u e  w i l l  become p r o p o r t i o n a t e l y  

less as the c o n c e n t ra t io n  g r a d i e n t  becomes less s te e p .  In the  

model o f  b i l a t e r a l  nephrectomy used here ,  as the  le v e l  o f  re n in  in 

the plasma s t e a d i l y  d e c l i n e d ,  t h i s  c o n c e n t r a t io n  g r a d ie n t  tended 

to  d isappear  and may have reversed .  At  t h i s  t ime re n in  from the  

t i s s u e  could then have d i f f u s e d  back in to  the c i r c u l a t i o n .  However,  

t h i s  would probab ly  on ly  have occurred in the l a t e r  stages o f  the  

exper iment .

The p e r s is t e n c e  o f  ren in  w i t h i n  the a o r t i c  w a l l  observed in 

t h i s  study thus appeared to  be the r e s u l t  o f  a combinat ion o f  two 

f a c t o r s .  F i r s t l y ,  t h a t  t h e r e  was no net  d i f f u s i o n  o f  ren in  out  o f  

the t i s s u e  and back in to  the c i r c u l a t i o n  u n t i l  the l a t e r  stages  

o f  the exper im ent .  Secondly,  t h a t  the ren in  present  in the  t i s s u e  

was broken down a t  a r e l a t i v e l y  slow r a t e  compared to the  c le a r a n c e  

o f  ren in  from the plasma.

I t  is p o s s ib le  t h a t  the h a l f - l i f e  o f  ren in  w i t h i n  the a o r t i c  

w all  was prolonged as a consequence o f  i t s  being bound to s p e c i f i c  

r e c e p t o rs .  This has been found to be the mechanism o f  a c t i o n  f o r  

a number o f  hormones and in many respects re n in  i t s e l f  can be 

considered to  f i t  i n t o  t h i s  c a te g o r y .  I t  has a r e g u la t o r y  fu n c t i o n  

in the maintenance o f  p h y s io lo g ic a l  homeostasis,  is synthes is ed  in 

la rg e  amounts by a p a r t i c u l a r  o rgan ,  namely the k idn e y ,  and is
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t r a n s p o r t e d  to  t a r g e t  organs,  such as the h e a r t  and blood v e s s e ls ,  

in th e  c i r c u l a t i o n .  However, in o t h e r  respects  i t  does not  f i t  the  

d e f i n i t i o n  o f  a t r u e  hormone, i t  is p o s s ib ly  synth es ised  in o th e r  

t i s s u e s  bes ides the k id n ey ,  and i t  a c ts  through the p roduct io n  o f  

a n g io t e n s in  I I ,  i t s e l f  considered to be a hormone, which is generated  

w i t h i n  th e  c i r c u l a t i o n  as w e l l  as w i t h i n  the t a r g e t  t i s s u e s .  Despite  

t h i s  the suggest ion t h a t  ren in  might a c t  as a hormone may pro v id e  

an i n d i c a t i o n  to i t s  mechanism o f  a c t io n  w i t h i n  v a s c u la r  t i s s u e .

Thus the p o s s i b i l i t y  t h a t  i t  becomes bound to s p e c i f i c  receptors  

w i t h i n  v a s c u la r  t i s s u e  must be co ns idered .  Such a rece p tor  might  

ac t  as a c a t a l y s t ,  inc reas in g  the e f f i c i e n c y  w i t h  which a n g io t e n s in  

I I  is genera ted  a t  p a r t i c u l a r  s i t e s  w i t h i n  the t i s s u e  or  i t  might  

a l l o w  a n g io t e n s in  I I  to  be produced in s id e  c e l l s  w i t h o u t  ren in  

i t s e l f  e n t e r i n g  the c e l l .  A n g io tens in  c o n v e r t in g  enzyme has been 

shown to be bound to the plasma membrane o f  renal  e p i t h e l i a l  and 

va s c u la r  e n d o t h e l i a l  c e l l s  and is thought to  ac t  as a transmembrane 

p ep t idase  (Erdos and G a f fo r d ,  1983) a l though to  da te  th e re  is no 

evidence  t h a t  ren in  s u b s t r a t e  is p resent  a t  t h i s  s i t e .  In a d d i t i o n ,  

a n g io t e n s in  I I  b in d in g  s i t e s  have been d e tec ted  in s id e  c e l l s  

(Robertson and K h a i r a l l a h ,  1971; Goodfr iend e t  a i ,  19 72 ) .  However,  

d e s p i t e  these f in d i n g s  the  e x is t e n c e  o f  a membrane-bound mechanism 

f o r  the g e n era t io n  o f  a n g io te n s in  I I  w i t h i n  the t i s s u e s  is f a r  

from c e r t a i n .

The p r e c is e  mechanism o f  a c t io n  o f  ren in  w i t h i n  the blood vessel  

w a l l  in the co n t ro l  o f  blood pressure  is not  known. However, the  

r e s u l t s  o b ta in ed  from the  exper imenta l  model descr ib ed  in t h i s  

chapter  support  the view t h a t  the a c t i v i t y  o f  a r e n i n - a n g i o t e n s i n  

system a t  t h i s  s i t e ,  r a t h e r  than in the c i r c u l a t i o n ,  is more important  

in the c o n t ro l  o f  blood pressure under both normal and p a t h o lo g ic a l  

condi t  i o n s .
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The E f f e c t s  o f  Renin I n j e c t i o n  A f t e r  B i l a t e r a l  

Nephrectomy: The Response to  I n h i b i t i o n  by

S a r a l a s in  and C a p t o p r i l .
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I n t r o d u c t i o n

The exper iments  descr ibed  in t h i s  ch ap te r  were c a r r i e d  out  

to assess the r o l e  o f  the r e n i n - a n g i o t e n s i n  system in the model 

descr ib ed  in the  preceding c h a p t e r .  Th is  was achieved by 

pharmacological  blockade  using the i n h i b i t o r s  s a r a l a s i n  and 

c a p t o p r i 1.

I n h i b i t o r s  o f  the Ren in -Ang io tens in  System

One o f  the methods f o r  s tu dy in g  the  e f f e c t s  o f  any endogenously  

produced substance w i t h i n  the body is to  observe the e f f e c t  o f  the  

removal o f  the organ from which i t  o r i g i n a t e s .  However,  a study  

o f  the f u n c t io n  o f  the r e n in - a n g i o t e n s i n  system by removal o f  the  

major source o f  ren in  is complicated  by the loss o f  the many o t h e r  

f u n c t io n s  a sso c ia te d  w i t h  the k id n e y .  The development o f  i n h i b i t o r s  

o f  the r e n i n - a n g i o t e n s i n  system has t h e r e f o r e  been o f  v i t a l  im por t ­

ance both in reaching an understanding o f  the p h y s i o l o g i c a l  r o l e  

o f  t h i s  system and in i n v e s t i g a t i n g  the b iochemica l  p r o p e r t i e s  o f  

i t s  components. In a d d i t i o n ,  some o f  the i n h i b i t o r s  have been 

shown to have t h e r a p e u t i c  va lu e  in the  t re a tm e n t  o f  h y p e r te n s io n .

A la r g e  number o f  n a t u r a l l y  o ccur in g  and s y n t h e t i c  i n h i b i t o r s  

have been developed which d i r e c t l y  i n h i b i t  the components o f  the  

r e n i n - a n g i o t e n s i n  system or i n t e r f e r e  w i t h  i t s  e f f e c t s .

I n h i b i t o r s  o f  Renin

I n h i b i t o r s  o f  ren in  i t s e l f  in c lu de  s u b s t r a t e  analogues ,  pro­

tease  i n h i b i t o r s  such as p e p s t a t i n ,  phosphol ip ids  and ren in  

a n t i b o d i e s .

The s u b s t r a t e  analogues have rece ived  c o n s id e r a b le  a t t e n t i o n  

r e c e n t l y .  These substances a re  m od i f ied  pept id es  which a re  based 

on the o c t a p e p t id e  His^Tyr^^ o f  the N - t e r m in a l  sequence o f  ren in  

s u b s t r a t e  and they a c t  as c o m p e t i t i v e  i n h i b i t o r s  o f  r e n i n .
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S z e lk e ,  L e c k îe ,  T r e e ,  Brown, G ra n t ,  H a l l e t t ,  Hughes, Jones 

and Lever (1982 )  have shown t h a t  re d u c t io n  o f  the le u c y l^ ^ - le u c in e ^ ^  

p e p t id e  bond in the s i x  to  t h i r t e e n  o c t a p e p t i d e  sequence o f  equine  

ren in  s u b s t r a t e  produced potent  and s e l e c t i v e  i n h i b i t o r s  o f  canine  

r e n in .  The most p o ten t  o f  these was known as H77 and was found 

to be e x t re m e ly  e f f e c t i v e  as an i n h i b i t o r  o f  ren in  both in v iv o  

and in v i t r o . The s u b s t r a t e  s p e c i f i c i t y  o f  ren in  is i l l u s t r a t e d  

by the f a c t  t h a t  these analogues show v a r y in g  degrees o f  e f f e c t i v e ­

ness towards ren in  from d i f f e r e n t  sp e c ie s .  Thus H77 can a ls o  

i n h i b i t  r a t  ren in  but  i t  is less potent  in t h i s  a n im a l .

Using the same techn iques ,  an i n h i b i t o r  o f  human r e n i n ,  H142,  

has a ls o  been developed ( S z e lk e ,  L e c k ie ,  H a l l e t t ,  Jones,  S u e i r a s ,  

A trash  and Lever,  19 82 ) .  Reduct ion o f  the l e u c y l ^ ^ - v a l i n e ^ ^  bond 

o f  the N - te rm in a l  p ep t id e  o f  human angio tens in ogen t o g e t h e r  w i t h  

the a d d i t i o n  o f  p r o l i n e  and l y s i n e  to the N- and C - t e r m i n a ls  

r e s p e c t i v e l y  has resulted in a d ecapept id e  which is  the most potent  

i n h i b i t o r  o f  ren in  so f a r  produced. I t  is h i g h l y  s p e c i f i c  f o r

r e n i n ,  being  an ex t rem ely  poor i n h i b i t o r  o f  both ca theps in  D and

renal  a c id  protease  a c t i v i t y .  H142 has o n ly  been a d m in is te re d  

i n t ra v e n o u s ly  (Brown e t  a l ,  1983) but  i t  is p o t e n t i a l l y  o f  g r e a t  

va lu e  in the t rea tm en t  o f  h yp er te n s io n .

The problem o f  n o n - s p e c i f i c  i n h i b i t i o n  is encountered w i t h  

protease  i n h i b i t o r s  such as p e p s t a t i n .  This  substance is an a c y l -  

p e n t a p e p t id e - 1 ike compound i s o l a t e d  from c u l t u r e s  o f  c e r t a i n  

species o f  s t reptom yces . I t  is a po tent  i n h i b i t o r  o f  ren in  both 

in v i t r o  and in v ivo  (Gross, Lazar  and O r t h ,  1972; M i l l e r ,  Poper,  

Wilson and De V i t o ,  1972) but  a ls o  i n h i b i t s  o t h e r  enzymes which  

c le ave  ren in  s u b s t r a t e .  In a d d i t i o n  to  the problem o f  i t s  general

i n h i b i t i o n  o f  ac id  pro tease  a c t i v i t y  i t  has low s o l u b i l i t y  in v i v o .
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However, i t  has been usefu l  in improving techniques  o f  ren in  

p u r i f i c a t i o n ,  and has been used to o b t a i n  pure ren in  from human 

(Yokosawa e t  a l ,  1 9 8 0 ) ,  hog (Hurakami and Inagami,  1975;  Corvol  

e t  a l ,  1977 ) ,  r a t  (.Matoba e t  a l ,  1978)  and dog (Dzau e t  a l ,  1979 ) .

Improvement o f  the techniques  o f  ren in  p u r i f i c a t i o n  have lead  

to  the development o f  a r e l a t i v e l y  pure ren in  which can be used 

as an a n t ig e n  in the p roduct io n  o f  r e n i n - s p e c i f i c  a n t i b o d i e s .

These have been shown to  be e f f e c t i v e  both in v iv o  and in v i t r o  

as i n h i b i t o r s  o f  r e n in  a c t i v i t y  (Dzau,  Kopelman, Barger and Haber,

1980 ) .

In a d d i t i o n  to  the use o f  a n t ib o d ie s  r a is e d  a g a i n s t  r e n in ,  

both pass ive  and a c t i v e  immunisat ion a g a in s t  a n g io t e n s in  I and I I  

have been s t u d i e d .  Susta ined  immunity to a n g io t e n s in  I (Oates e t  a l ,

1974) and a n g io t e n s in  I I  (H ed w el l ,  1968; Bing and Poulsen,  1970;

Oates e t  a l ,  1974) does not p revent  the development o r  s e v e r i t y  o f  

hyper tens io n  in the r a t .  A d m i n i s t r a t i o n  o f  a n t ib o d i e s  to an g io ­

ten s in  I I  produced a f a l l  in blood pressure  but  not  r e s t o r a t i o n  

to  normal l e v e l s  (Brunner e t  a l ,  1971; C a r r e t e r o ,  Kuk, Piwonska,

Houle and M a r in - G r e z ,  19 7 1 ) .  Swales (1976)  has suggested t h a t  the  

in e f f e c t i v e n e s s  o f  immunisation may r e f l e c t  the i n a b i l i t y  o f  the  

a n t ib o d ie s  to  gain rap id  access to  the s i t e  o f  a n g io t e n s in  g e n e r a t io n .

Phosphol ip ids have been used as ren in  i n h i b i t o r s .  They show 

a low le ve l  o f  i n h i b i t o r y  a c t i v i t y  in v iv o  but  a s p e c i f i c  analogue has 

been found which is capable o f  lower ing  blood pressure  in renin  

dependent hyper tens ion  and a f t e r  a d m i n i s t r a t i o n  o f  exogenous 

ren in  (Sen, Smeby and Bumpus, 196 8 ) .  I t  has a ls o  been shown to  

reduce plasma re n in  a c t i v i t y  in both normotensive and h y p e r te n s iv e  

ra ts  (Sen, Smeby and Bumpus, 1969 ) .  This substance has no in h i b ­

i t o r y  e f f e c t  on proteases  such as p ep s in ,  papain or  t r y p s i n
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COndetti and Cushman, 1982 ) .

Convert ing  Enzyme I n h i b i t o r s

A v a r i e t y  o f  n a t u r a l l y  o ccur in g  pept ides  have been shown 

to be potent  i n h i b i t o r s  o f  the o t h e r  enzyme o f  the r e n i n - a n g i o ­

te n s in  system, a n g io te n s in  c o n v e r t in g  enzyme (Sander ,  West and 

Huggins,  1971) o Based on the s t r u c t u r e  o f  these o l i g o p e p t i d e s ,  

a number o f  s y n t h e t i c  pep t ides  have been deve loped.  O n d e t t i ,  

W i l l i a m s ,  Sabo, P lu sec ,  Weaver and Kocy (1971)  prepared  s i x  

s y n t h e t i c  pept ides  possessing i n h i b i t o r y  a c t i v i t y  a g a in s t  an g io ­

t e n s in  co n ve r t in g  enzyme in c lu d in g  the nonapept ide known as t e p r o t i d e  

(SQ, 2 0 8 8 1 ) o This  has been shown to  be a po ten t  i n h i b i t o r  o f  a ng io ­

te n s in  c o n ve r t in g  enzyme both in v i t r o  (B akhle ,  1972) and in v ivo

(E n g e l ,  S c h a e f f e r ,  Gold and Rubin,  197 2 ) .  A d e t a i l e d  study o f  

the a c t i v e  s i t e  o f  the enzyme and the requirements  f o r  i t s  i n h i b ­

i t i o n  lead to the p r e p a r a t io n  o f  the more poten t  i n h i b i t o r ,  a 

p e p t id e  known as C a p t o p r i l  (SQ. 14225) ( O n d e t t i ,  Rubin and Cushman,

1977)0 Th is  p e p t id e  has a major  advantage  over t e p r o t i d e  in being

r e s i s t a n t  to d e s t r u c t i o n  on o ra l  a d m i n i s t r a t i o n .  I t  has been shown 

to  be a potent  a n t i h y p e r t e n s i v e  agent  in v iv o  in the r a t  (O n de t t i  

e t  a l ,  1977) and has been used as a t h e r a p e u t i c  agent  (Gavras,  

Brunner,  T u r i n i ,  Kershaw, T i f f t ,  C u t t e l o d ,  Gavras,  Vukovich and 

M cK in s t ry ,  1978) as w e l l  as being used in animal s t u d i e s .

Because o f  the success o f  c a p t o p r i l  the p r o p e r t i e s  o f  a 

number o f  o th e r  i n h i b i t o r s  o f  t h i s  type a re  being i n v e s t i g a t e d .

These have been reviewed by O nd e t t i  and Cushman ( 1 9 8 2 ) .

An g io ten s in  I I  A n tag o n is ts

These i n h i b i t o r s  o f  the r e n i n - a n g i o t e n s i n  system a c t  by com­

p e t i t i v e  i n h i b i t o n  o f  a n g io t e n s in  I I .  Numerous analogues have been 

syn th es ised  a l l  o f  which have an a l t e r n a t i v e  to  p h e n y la la n in e  sub-
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s t î t u t e d  in p o s i t i o n  e i g h t  o f  the am in o -ac id  sequence o f  a n g io te n s in

Mo The most w i d e l y  used o f  these analogue a n t a g o n is t s  is

s a r a l a s i n .  Th is molecu le  has s a rc o s in e  s u b s t i t u t e d  in p o s i t i o n

one and a l a n i n e  in p o s i t io n  e i g h t  o f  the am in o-ac id  sequence o f

1 8bovine a n g io te n s in  I I  (Sarcos ine  - A l a n i n e  -  a n g io t e n s in  I I ) .  Whi le  

replacement o f  p h e n y la la n in e  a t  p o s i t i o n  e i g h t  confers  a n t a g o n i s t  

p r o p e r t i e s  to  the m o lec u le ,  s u b s t i t u t i o n  o f  s a rc o s in e  f o r  a s p a r t a t e  

a t  position one p o t e n t i a t e s  the a n t a g o n is t  p r o p e r t i e s  o f  the molecu le  

by d ecreas ing  i t s  r a t e  o f  metabol ism.

Although most s tu d ies  have been c a r r i e d  out  using s a r a l a s i n  

i t  is less po tent  than some o t h e r  ana logues ,  f o r  example s a r c o s in e ^ -
g

Is o le u c in e  - a n g io t e n s i n  I I (Bumpus and Khosla,  1 9 7 7 ) « Desp ite  t h i s  

i t  has been shown to be very  e f f e c t i v e  in r e v e r s in g  ren in  dependent  

h yp er te n s io n .  Thus, i t  lowers the blood pressure  in the e a r l y  

phases o f  G o l d b l a t t  2 -k id n e y  1 c l i p  h yp er te n s io n  in the r a t  (Brunner  

e t  a l ,  1971; Bing,  R u s s e l l ,  Swales and T h u rs to n ,  1981) and a f t e r  

ren in  i n j e c t i o n  (Bing and N i e ls e n ,  1 9 73 ) ,  Such lower ing  o f  the  

blood pressure  c o r r e l a t e s  w i th  the plasma ren in  c o n c e n t r a t io n  

(MacDonald e t  a l ,  1975;  Bing e t  a l ,  1 9 8 1 ) .

Both s a r a l a s i n  and c a p t o p r i l  have o t h e r  a c t i o n s  besides those  

which d i r e c t l y  i n h i b i t  the r e n i n - a n g i o t e n s i n  system.

As w e l l  as being an a n t a g o n is t  o f  a n g io t e n s in  I I  the s a r a l a s i n  

molecule has i n t r i n s i c  agon is t  p r o p e r t i e s .  Case, W a l la c e ,  Keim, 

Weber, D ray er ,  W hite ,  Sealey and Laragh (1976)  suggested t h a t  t h i s  

was why c a p t o p r i l  was more e f f e c t i v e  in lower ing blood pres su re .

But by i n h i b i t i n g  a n g io te n s in  co n v e r t in g  enzyme, c a p t o p r i l  a ls o  

prevents the breakdown o f  the vasodepressor substance b ra d y k in in  

(O ndet t i  and Cushman, 1982 ) .  Thurston and Swales (1978 )  conf irmed  

t h a t  c a p t o p r i l  produced a g r e a t e r  lo wer in g  o f  blood pressure  than



120

s a r a l a s i n  when a d m in is te re d  to  s a l t  d ep le te d  r a t s .  Fur thermore ,  

c a p t o p r i l  produced an a d d i t i o n a l  lower ing  o f  blood pressure  which  

had a l r e a d y  been reduced by p r e t re a tm e n t  w i t h  s a r a l a s i n .  B i l a t e r a l  

nephrectomy a b o l is h e d  t h i s  a d d i t i o n a l  vasodepressor a c t i o n  o f  

c a p t o p r i l ,  p o in t i n g  to the involvement o f  a rena l  system in the  

response.  B r a d y k i n in ,  but  not  r e n in  in f u s io n  was found to  r e s t o r e  

the response. Thus i t  was concluded t h a t  t h i s  e f f e c t  is due to  the  

b r a d y k i n i n - p o t e n t i a t i n g  a c t io n  o f  c o n v e r t in g  enzyme i n h i b i t i o n .

C a r r e t e r o  and S c i c l i  (1981) have re p o r ted  t h a t  the  acu te  

a n t i h y p e r t e n s i v e  e f f e c t  o f  a n g io te n s in  c o n v e r t in g  enzyme i n h i b i t o r  

in both spontaneously h y p e r te n s iv e  ra ts  and in G o l d b l a t t  2 - k id n e y  

1 c l i p  h y p e r te n s iv e  ra ts  is a lmost  com ple te ly  b locked by high t i t r e  

a n t i b o d i e s  a g a in s t  k i n i n s .  These a n t ib o d i e s  have no e f f e c t  on 

c o n v e r t in g  enzyme i n h i b i t i o n  in s a l t  d e p le te d  normotens ive r a t s .  

C a p t o p r i l  may t h e r e f o r e  be more e f f e c t i v e  than s a r a l a s i n  because 

o f  i t s  a d d i t i o n a l  a c t io n  on the k a l 1 i k r e i n - k i n i n  system.

In a d d i t i o n  to  i t s  e f f e c t  on the  k a l 1 i k r e i n - k i n i n system,  

c a p t o p r i l  has a ls o  been found to i n t e r a c t  w i t h  p r o s t a g la n d in  meta­

b o l ism . This may t h e r e f o r e  be a f u r t h e r  mechanism by which t h i s  

i n h i b i t o r  e x e r t s  i t s  hypotens ive  e f f e c t  s in c e  p r o s ta g la n d in s  have 

a ls o  been shown to have v aso a c t iv e  p r o p e r t i e s .  C a p t o p r i l  i n f u s io n  

has been shown to produce an increase  in c i r c u l a t i n g  ( V i n c i ,

H o ro w i tz ,  Zusman, Pisano,  C a t t  and K e is e r ,  1979) and u r i n a r y  (Abe,

I t o ,  Sato ,  Haruyama, Sato ,  Omata, H i w a t a r i ,  S a k u r a i ,  Imai and 

Yoshinaga,  I 98O) p r o s ta g la n d in  E in p a t i e n t s  w i t h  e s s e n t i a l  hyper ­

t e n s io n ,  Zusman (1984)  has shown t h a t  in renoraedul lary i n t e r s t i t i a l  

c e l l  c u l t u r e ,  c a p t o p r i l  s t i m u l a t e s  p r o s t a g la n d in  b i o s y n t h e s is .

However, the p re c is e  mechanism o f  i n t e r a c t i o n  is not known. C a p to p r i l  

may s t i m u l a t e  p ro s ta g la n d in  s ynthes is  e i t h e r  d i r e c t l y  o r  through
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an increase  in the l e v e ls  o f  b r a d y k in in  (Zusman, J984). .

A l though both s a r a l a s i n  and c a p t o p r i l  lower blood pressure  

in exper im enta l  h y p e r te n s io n ,  they do not  re tu r n  i t  to  normal 

(Thurston and Swales,  1978; Bing e t  a l ,  1981 ) .  This may be 

because the red u ct io n  in blood pressure r e s u l t i n g  from i n h i b i t i o n  

o f  the r e n i n - a n g i o t e n s i n  system a c t i v a t e s  o t h e r  systems which ac t  

to  compensate f o r  the f a l l  in blood pressure  (Thurston and Swales,

1978) .  A c t i v a t i o n  o f  renal  mechanisms can be avoided by removal 

o f  the k id n eys .  A d m in is t r a t io n  o f  i n h i b i t o r s  such as s a r a l a s i n  

or c a p t o p r i l  w i l l  then expose the r e n i n - a n g i o t e n s in  dependent com­

ponent o f  blood pressure more p r e c i s e l y .

Bing and N ie ls en  (1973)  showed t h a t  s a r a l a s i n  r e s t o r e d  the  

blood pressure  to  p r e - i n j e c t  ion le v e ls  in nephrectomised ra ts  a f t e r  

ren in  i n j e c t i o n .  Thurston and Swales (1978)  found no d i f f e r e n c e  

between the e f f e c t s  o f  s a r a l a s i n  and c a p t o p r i l  in t h i s  model ,  as 

descr ibed  above. I t  was t h e r e f o r e  considered t h a t  th ese  two i n h i b i t o r s  

would be most usefu l  f o r  i n v e s t i g a t i n g  the involvement o f  the r e n i n -  

an g io te n s in  system in the exper im enta l  model descr ibed  in Chapter  

fo u r .

S a r a la s in  was given  in o rd e r  to demonstrate the cont inued  

involvement o f  the r e n i n - a n g i o t e n s i n  system in the blood pressure  

response to  in j e c t e d  ren in  throughout the d u ra t io n  o f  th e  exp er im en t .  

However, one drawback to the use o f  s a r a l a s i n  as an i n h i b i t o r  o f  the  

r e n i n - a n g i o t e n s in  system is t h a t  i t  c ro s s - r e a c t s  w i t h  the an t ibody  

to a n g io te n s in  I used in the radioimmunoassay. Th is  prevents  

the measurement o f  ren in  a c t i v i t y  when s a r a l a s i n  is used.  Only 

blood pressure  measurements could t h e r e f o r e  be made in these  

experiments .

C a p to p r i l  was used to i n h i b i t  both the  i n i t i a l  and the
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subsequent blood pressure response to  ren in  i n j e c t i o n .  In t h i s  

second s e t  o f  experiments  i t  was t h e r e f o r e  p o s s ib le  to  determ ine  

the e f f e c t  o f  the pressor response on the d i s t r i b u t i o n  o f  ren in  

between plasma and the v a s c u la r  t i s s u e .

The s a r a l a s i n  in fu s io n  was g iven  a t  e i t h e r  t h r e e  o r  s i x  hours 

a f t e r  the re n in  i n j e c t i o n .  C a p t o p r i l  was g iven im med ia tely b e fo re  

the  re n in  i n j e c t i o n  fo l lo w ed  by a cont inuous in f u s io n  o f  t h r e e  

hours d u r a t i o n .
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M a t e r i a l s  and Methods 

S a r a la s in

Two groups o f  r a ts  were cannu la ted  and b i l a t e r a l  nephectomy 

was performed as described  in Chapter  f o u r .  On day two both groups 

rece ived  an i n j e c t i o n  o f  r e n in .

1 8An in fu s io n  o f  s a r a l a s i n  (Sar  - A l a  - a n g i o t e n s i n  I I ;  Beckman, 

Geneva, S w i t z e r l a n d ) ,  made up in h e p a r i n is e d  d e x t r o s e ,  was then  

s t a r t e d  two and a h a l f  or  f i v e  and a h a l f  hours a f t e r  the ren in  

i n j e c t i o n .  The in fu s io n  was co nt inued  f o r  t h i r t y  minutes a t  a 

r a t e  o f  30 / j g /k g / m i n  and was a d m in is t e re d  through the a r t e r i a l  l i n e  

in p lace  o f  the d ex t rose  in fu s io n  n o rm a l ly  g iv e n .

Blood pressure was monitored c o n t in u o u s ly  throughout the  

experim enta l  p e r io d .

Captopr i 1

One group o f  r a t s  was cannu la ted  and b i l a t e r a l  nephrectomy was 

performed as described  in Chapter  f o u r .  Each r a t  rec e iv e d  a bolus  

i n j e c t i o n  o f  500 yug o f  the c o n v e r t in g  enzyme i n h i b i t o r  c a p t o p r i l  

(E.R .  Squibb and Sons I n c . ,  P r in ce to w n ,  USA). F i f t e e n  minutes l a t e r  

the ren in  i n j e c t i o n  was g iven f o l lo w e d  immedia te ly  by an i n f u s io n  

o f  c a p t o p r i l  ( 8 . 3 ^ g / k g / m i n  a t  a r a t e  o f  0 , 3 2 5  m l / h )  f o r  t h r e e  hours 

a f t e r  the ren in  i n j e c t i o n .  The in f u s i o n  was a d m in is te re d  through  

the a r t e r i a l  c a t h e t e r .

Blood pressure  was recorded c o n t in u o u s ly  throughout  the e x p e r i ­

mental per iod  and plasma and a o r t i c  w a l l  ren in  c o n c e n t ra t io n s  were  

measured a t  the end o f  the t h r e e  hour p e r io d .
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Resul ts

S a r a la s in

F ig u re  13 i l l u s t r a t e s  the e f f e c t  on the pressor  response o f  

an in f u s io n  o f  s a r a l a s i n  g iven  e i t h e r  t h r e e  or  s i x  hours a f t e r  

ren in  i n j e c t i o n .

The changes in blood pressure were compared to  the b a s e - l i n e  

pressures o f  the  two groups b e fo re  ren in  was g iv e n .  They were 

measured immedia tely b e fo re  and t h i r t y  minutes a f t e r  the s a r a l a s i n  

i n f u s i o n .  The r i s e  in blood pressure  f o l l o w i n g  the  re n in  i n j e c t i o n  

was reduced by s a r a l a s i n .  The increment o f  increased blood pressure  

f e l l  f rom + 2 0 .6  + 3 . 3  to  + 4 . 2  + 2 . 4  mmHg a t  t h r e e  hours and from 

+ 1 8 . 5  + 4 . 9  to  + 4 . 9  + 4 . 4  mmHg a t  s i x  hours a f t e r  ren in  i n j e c t i o n .

The f a l l  in blood pressure  produced by the s a r a l a s i n  in fu s io n  

was s i g n i f i c a n t  a t  both t imes (p <  0.01 a t  t h r e e  hours and p < .  0 .0 5  

a t  s i x  h o u r s ) .  Al though the blood pressure  d id  not r e t u r n  com ple te ly  

to  b a s e - l i n e  va lu es  a f t e r  h a l f  an hour o f  the s a r a l a s i n  i n f u s i o n ,  

the d i f f e r e n c e  between these and the p r e - i n j e c t i o n  va lues  was not  

s i g n i f i c a n t .

C a p t o p r i 1

A d m i n i s t r a t i o n  o f  c a p t o p r i l  a ls o  i n h i b i t e d  the  p resso r  response  

to the  ren in  i n j e c t i o n .  This is i l l u s t r a t e d  in f i g u r e  14. This  

f i g u r e  compares the response to ren in  over a t h r e e  hour per io d  a f t e r  

the i n j e c t i o n ,  w i t h  and w i th o u t  an a d d i t i o n a l  i n f u s io n  o f  c a p t o p r i l .  

During c a p t o p r i l  i n h i b i t i o n  th e re  was a small  increase  in the blood  

pressure  o f  + 7 , 6  + 1.9  mmHg immediately a f t e r  the ren in  i n j e c t i o n .  

This change was n o t ,  however,  s t a t i s t i c a l l y  s i g n i f i c a n t .  The change 

in blood pressure  a f t e r  th r e e  hours o f  the c a p t o p r i l  i n f u s io n  was 

+ 1 ,0  +̂  2 . 3  mmHg compared to +23.1  + 2 . 6  mmHg in a sep ara te  group o f  

r a ts  where no c a p t o p r i l  was g iven .
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F ig u re  13. The change in mean blood pressure  ir> two s e p a r a te  groups 
o f  nephrectomised r a t s  a f t e r  re n in  i n j e c t i o n  fo l lo w e d  by in fu s io n s  o f  
s a r a l a s i n .  0 . 6  G o l d b l a t t  u n i t s  o f  r a t  r e n in  were i n j e c t e d  a t  t ime  
zero  and the in fu s ion s  o f  s a r a l a s i n  ( lOyUg/kg /m in )  were s t a r t e d  
e i t h e r  two and a h a l f  C ^ )  o r  f i v e  and a h a l f  ( O  ) hours a f t e r  the  
i n j e c t i o n  o f  r e n in .  The change in mean blood pressure  is the  
d i f f e r e n c e  between the a b s o lu te  blood pressure  a t  any t ime and t h a t  
o bta in ed  a t  t ime ze ro .
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F ig u r e  The change in mean blood pressure  in two s e p a r a te  groups
o f  nephrectomised r a t s  a f t e r  an i n j e c t i o n  o f  0 . 6  G o l d b l a t t  u n i t s  o f  
r a t  re n in  w i t h  (A)_ or  w i t h o u t  ( O )  an a d d i t i o n a l  i n f u s io n  o f  
c a p t o p r i l  ( 8 . 3  > j g / k g / m i n ) . Blood pressure was measured f o r  a th re e  
hour p e r iod  a f t e r  the i n i t i a l  i n j e c t i o n  o f  r e n i n .  The change in 
mean blood pressure is the d i f f e r e n c e  between the a b s o lu te  blood  
p ressure  a t  any t ime and t h a t  o b ta ine d  a t  t ime z e r o .
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Plasma and A o r t i c  U à l l  Renin C onc en t ra t io n s

The plasma ren in  c o n c e n t ra t io n  t h r e e  hours a f t e r  r e n in  I n j e c ­

t i o n  was 4 7 .7  ±  8 . 6  n g A I /m l /h  which was not  s i g n i f i c a n t l y  d i f f e r e n t  

f rom the  va lu e  obta in ed  when the  blood pressure response had not  

been i n h i b i t e d  by c a p t o p r i l  ( 4 6 . 4  + 7*7 n g A I / m l / h ) .

The a o r t i c  w a l l  ren in  c o n c e n t r a t i o n ,  measured a t  the same t im e ,  

was 0.71  ±  0 .3 2  ngAi /lOOmg/h.  Th is  was h ig h e r  than in the  

corresponding group w i t h o u t  c a p t o p r i l  (0 .6 1  + 0 . 1 5  ngAI /lOOmg/h)  

but the  d i f f e r e n c e  between these two groups was not s i g n i f i c a n t .
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Discuss ion

The s tu d ie s  o u t l in e d  in the prev io us  chapter  suggest  t h a t  a 

r e n i n - a n g i o t e n s i n  system w i t h i n  the  blood vesse l  w a l l  jnay be an 

important  f a c t o r  in d e te rm in in g  the blood pressure  response to  

i n j e c t e d  r e n i n .  Th is  theory  was f u r t h e r  t e s t e d  by a study o f  the  

response to  r e n i n - a n g i o t e n s i n  i n h i b i t i o n  in the model d escr ib ed  in  

Chapter  f o u r .  An i n i t i a l  se t  o f  exper iments  invo lved  producing  a 

r i s e  in the blood pressure  o f  nephrectomised r a t s  by i n j e c t i o n  o f  

r e n i n .  This  was then f o l lo w e d  by in fu s io n s  o f  s a r a l a s i n  s t a r t i n g  

e i t h e r  t h re e  o r  s i x  hours a f t e r  the i n i t i a l  r e n in  i n j e c t i o n .  At  

both t imes the  blood pressure was re s to re d  to  p r e - i n j e c t i o n  l e v e ls  

w i t h i n  h a l f  an hour,

S a r a l a s i n ,  which a c ts  as a c o m p e t i t i v e  i n h i b i t o r  o f  a n g io t e n s in  

11, is a h i g h l y  s p e c i f i c  i n h i b i t o r  o f  the r e n i n - a n g i o t e n s i n  system.  

However,  i t  has a g o n is t  as w e l l  as a n t a g o n is t  p r o p e r t i e s .  I t s  

s t r u c t u r e  is a m o d i f i c a t i o n  o f  the a n g io te n s in  I I molecu le  and i t  

can produce a p h y s io lo g ic a l  response when bound to a n g i o t e n s i n  I I  

r e c e p t o r s ,  Bing e t  a l  (1981)  s tu d ie d  the e f f e c t s  o f  a tw e lve  hour  

i n f u s io n  o f  s a r a l a s i n  in the r a t .  They found t h a t  in normal con­

sc ious r a t s  the blood pressure rose s lo w ly  over  the in f u s io n  p e r io d .  

In t h i s  study a small  pressor response was observed a t  the s t a r t  o f  

the s a r a l a s i n  i n f u s i o n ,  demonst ra t ing t h i s  a g o n is t  a c t i o n .  However,  

s in ce  the blood pressure  re turned to p r e - i n j e c t i o n  l e v e l s  w i t h i n  

h a l f  an hour i t  was concluded t h a t  the e f f e c t  d id  net make a s i g ­

n i f i c a n t  c o n t r i b u t i o n  to  the o v e r a l l  r e s u l t .

The o b s e r v a t io n  t h a t  the pressor  response to  i n j e c t e d  re n in  

was reversed by s a r a l a s i n  a t  both t h r e e  and s i x  hours ,  as i l l u s t r a t e d  

in f i g u r e  13, and t h a t  the blood pressure re tu rn ed  to  a l e v e l  not  

s i g n i f i c a n t l y  d i f f e r e n t  from p r e - i n j e c t i o n  l e v e l s  i n d ic a t e s  t h a t
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the blood pressure  response was due e n t i r e l y  t o  the a c t i o n  o f  the  

r e n i n - a n g i o t e n s i n  system throughout the exper im e nta l  p e r io d  s t u d ie d .

A comparison w i t h  the r e s u l t s  o b ta in ed  in Chapter  f o u r  shows 

t h a t  a t  b o th  these t imes the  l e v e l s  o f  c i r c u l a t i n g  r e n in  were  

w i t h i n ,  or  lower th an ,  the range o b ta in ed  f o r  normal c o n t r o l  r a t s .  

Bing e t  a l  C198 I )  showed t h a t  when s a r a l a s i n  was a d m in is te r e d  to  

normal r a ts  a small  pressor response was observed because o f  the  

i n t r i n s i c  ag o n is t  p r o p e r t i e s  o f  the m o lecu le .  However, in the  

experim enta l  model described  h e r e ,  s a r a l a s i n  had a marked vaso­

depressor e f f e c t  d e s p i t e  l e v e l s  o f  c i r c u l a t i n g  ren in  which were  

w i t h i n  the normal range.

The r e s u l t s  o b ta in ed  in t h i s  s e t  o f  exper iments  t h e r e f o r e  

support  the view t h a t  a r e n i n - a n g i o t e n s i n  system o u t s i d e  the c i r ­

c u l a t i o n  was re s po n s ib le  f o r  m a in t a in in g  the blood pressure  response,  

That  g e n e r a t io n  w i t h i n  the r e s is t a n c e  vesse l  w a l l  might be importan t  

in t h i s  respect  was f u r t h e r  supported by the  f a c t  t h a t  th e  ren in  

c o n c e n t r a t io n  in the a o r t i c  homogenates was s i g n i f i c a n t l y  ra is ed  

a t  these t im es .

The second i n h i b i t o r  used was c a p t o p r i l .  Th is substance is 

less s p e c i f i c  to  the r e n i n - a n g i o t e n s i n  system s i n c e ,  by i n h i b i t i n g  

a n g io te n s in  c o n ver t in g  enzyme and p re v e n t in g  the i n a c t i v a t i o n  o f  

b r a d y k i n in ,  i t  p o t e n t i a t e s  the vasodepressor k a l 1i k r e i n - k i n i n  

system. However, i t  has an advantage over s a r a l a s i n  in t h a t  i t  does 

not i n t e r f e r e  w i t h  the ren in  assay described  in Chapter  t h r e e .  This  

a l lo ws measurements o f  re n in  l e v e l s  during blockade o f  the  r e n in -  

a n g io te n s in  system,

in the exper iments  described  in t h i s  c h a p t e r ,  c a p t o p r i l  

i n h i b i t e d  the  pressor response ( f i g u r e  14) but  measurement o f  the  

l e v e ls  o f  ren in  in the plasma and a o r t i c  w a l l ,  t h re e  hours a f t e r
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the re n in  i n j e c t i o n ,  showed t h a t  th e  pressor  response did  not  

a l t e r  the  p a r t i t i o n  o f  ren in  between th ese  two compartments.  Thus,  

i f  the pressor response was i n h i b i t e d  by c a p t o p r i l  the  l e v e l s  o f  

r en in  in the plasma and the a o r t i c  w a l l  were not  s i g n i f i c a n t l y  

d i f f e r e n t  from those o bta in ed  when no c a p t o p r i l  was g iven  and the  

pressor  response was observed.  Th is  conf irms the f i n d i n g s  o f  the  

s e t  o f  exper iments  descr ibed  in Chapter  f o u r .  In these exper iments  

the uptake o f  albumen by the blood vesse l  w a l l  was not  a f f e c t e d  by 

the pressor  response.  There does n o t ,  t h e r e f o r e ,  appear to  be any 

l a r g e  change in blood vesse l  w a l l  p e r m e a b i l i t y  to  molecules such as 

albumen and ren in  wh ich ,  i t  has been suggested', might occur as a 

r e s u l t  o f  the acute  r i s e  in the blood pressure  f o l l o w i n g  th e  i n j e c ­

t i o n  o f  r e n i n .

A comparison o f  the e f f e c t s  o f  s a r a l a s i n  and c a p t o p r i l  showed 

t h a t ,  a t  t h r e e  hours a f t e r  th e  ren in  i n j e c t i o n ,  the blood pressure  

in those animals which had rece ived  c a p t o p r i l  was s l i g h t l y  lower  

than in those in which s a r a l a s i n  was a d m i n is t e r e d .  However, the  

d i f f e r e n c e  was not  s i g n i f i c a n t .

Marks,  Bing ,  T h urs ton ,  Russe l l  and Swales (1982)  found t h a t  

c a p t o p r i l  lowered the blood pressure more than s a r a l a s i n  in h yp er ­

t e n s i v e  r a t s .  However, the e x t e n t  to  which the two agents lowered 

the blood pressure  was i d e n t i c a l  a f t e r  b i l a t e r a l  nephrectomy. One 

e x p la n a t io n  f o r  t h i s  o b se rva t io n  is t h a t  b i l a t e r a l  nephrectomy r e s u l t s  

in removal o f  the renal k a l 1 i k r e i n - k i n i n  system so t h a t  the a d d i ­

t i o n a l  e f f e c t  o f  c a p t o p r i l  on t h i s  system is a b o l i s h e d .  However,  

th e re  is no exper im enta l  ev idence  t h a t  the k a l 1i k r e i n - k i n i n  system 

is im portan t  in blood pressure c o n t r o l .  N e v e r t h e l e s s ,  i t  is p o s s ib le  

t h a t  the small  d i f f e r e n c e  in blood pressure  observed here r e f l e c t s  

the a c t i o n  o f  c a p t o p r i l  on a non- renal  k a l 1 i k r e i n - k i n i n  system.
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Such a system has been p o s t u la t e d  ( C a r r e t e r o  and S c i c l i ,  1981;  

Schalekamp and Derkx,  J98J) . .

In the exper imenta l  model descr ib ed  in t h i s  and the preceeding  

c h a p t e r ,  the e f f e c t  o f  an in f u s io n  o f  s a r a l a s i n  demonstrated  

c l e a r l y  t h a t  the blood pressure  response was m a in ta in ed  by the  

r e n i n - a n g i o t e n s i n  system. I n h i b i t i o n  o f  the response w i th  

c a p t o p r i l  d id not appear to i n f lu e n c e  the amount o f  in je c t e d  ren in  

e n t e r i n g  in to  the t i s s u e  o f  the blood v e s s e ls .



CHAPTER SIX

The E f f e c t s  o f  Renin I n j e c t i o n  In Normal Rats 

and in Rats A f t e r  Chemical Renal Medul lectomy
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I n t r o d u c t i o n

In a d d i t i o n  to  comparing the r e s u l t s  o b ta in ed  in Chapter  f o u r  

w i t h  normal r a t s  which had not rece iv e d  r e n i n ,  the  e f f e c t  o f  a 

re n in  i n j e c t i o n  in ra ts  in which the kidneys were p resent  was a ls o  

i n v e s t i g a t e d .

That  the pressor response to  ren in  is  prolonged a f t e r  b i l a t e r a l  

nephrectomy was f i r s t  pointed out  by T i g e r s t e d t  and Bergman ( I 898 ) .  

S c h a e c h t e l in  e t  al  (1964)  and Bing and N ie ls e n  (1973)  found t h a t  

the  pressor  response to  ren in  in nephrectomised r a ts  was prolonged  

f o r  up to s i x  hours .  This was conf i rmed by the r e s u l t s  o f  the  

exper iments  described  in Chapter  f o u r .

Renin I n j e c t i o n  In Normal Rats

The d u ra t io n  o f  the response is  c o n s id e r a b ly  reduced when 

r e n in  is i n j e c t e d  i n t o  animals where the kidneys a re  l e f t  in s i t u . 

Basso e t  a l  (1977)  showed t h a t  the response p e r s i s t e d  f o r  less than 

one hour when ren in  was i n j e c t e d  i n t o  normal r a t s .  S i m i l a r l y ,  Boyd 

(1979)  found t h a t  the pressor  response was very  much s h o r t e r  when 

the kidneys remained in s i t u . He showed t h a t  t h e re  was s i g n i f i c a n t  

c l e a r a n c e  o f  c i r c u l a t i n g  exogenous ren in  by the k id n e y .  P e t e r s -  

H a e f e l i  (1971)  found an increase in the h a l f - l i f e  o f  c i r c u l a t i n g  

endogenous and exogenous renin  a f t e r  b i l a t e r a l  nephrectomy.  This  

was conf irmed  by Boyd (1979)  who showed t h a t  removal o f  the kidneys  

r e s u l t e d  in a h a lv in g  o f  the c le a ra n c e  r a t e  o f  exogenous r e n in .

Thus the  kidneys p lay  a ro le  in de te rm in ing  the d u r a t i o n  o f  the  

response to i n j e c t e d  ren in  simply by i n f l u e n c i n g  the r a t e  o f  c le a ran c e  

o f  r e n i n .  However, o t h e r  mechanisms a re  probably  in vo lv e d .

Thurston and Swales (1978)  have suggested t h a t  the depressor  

a c t i o n  o f  i n h i b i t o r s  o f  the r e n i n - a n g io t e n s i n  system such as 

s a r a l a s i n  and c a p t o p r i l  might s t i m u l a t e  o t h e r  mechanisms invo lved
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in blood pressure  r e g u l a t i o n .  In the same way, when blood pressure  

is ra ised  by re n in  i n j e c t i o n ,  o t h e r  renal  systems besides the  r e n i n -  

a n g io te n s in  system, may be a c t i v a t e d  to  co u n te ra c t  the pressor  

response.  A number o f  mechanisms by which the kidney  can lower the  

blood pressure  have been d e s c r ib e d .

Renal Vasodepressor Systems

I t  was o r i g i n a l l y  considered t h a t  the on ly  mechanism by which  

the k idney could reduce blood pressure  was through the removal o f  

sodium and f l u i d  by n a t r i u r e s i s  and d i u r e s i s .  However,  F lo y e r  in 

1955 p o s t u la t e d  t h a t  the k idney  could p revent  hyp e r te ns io n  by 

i n a c t i v a t i n g  an e x t r a - r e n a l  pressor mechanism. When the normal 

fu n c t io n  o f  the kidney was im p a i red ,  such as a f t e r  renal  a r t e r y  

o c c lu s i o n ,  F lo y e r  suggested t h a t  the blood pressure  could be 

e le v a t e d  by t h i s  system. A f t e r  u n c l ip p in g  the rena l  a r t e r y  the  

a n t i h y p e r t e n s i v e  a c t i o n  o f  the kidney  was r e s t o r e d .  More r e c e n t l y  

a number o f  o th e r  renal  a n t i h y p e r t e n s i v e  systems have been d esc r ib ed ,  

Three vasodepressor systems have rece iv ed  most a t t e n t i o n .  

P r o s t a g la n d in s ,  p resent  in the renal  m ed u l la ,  the k a i l i k r e i n - k i n i n  

system o f  the renal c o r t e x  and renomedul lary  l i p i d s .

P ro s ta g lan d in s

A r o l e  f o r  p ro s ta g la n d in s  in the c o n t ro l  o f  blood pressure  

has been suggested.  P ro s ta g la n d in  synthes is  has been demonstrated  

in the k id n ey ,  p roduct ion  being g r e a t e r  in the medul la  a l though  

some takes place in the c o r t e x  (Hassid and Dunn, I 98O; Dunn, 1981 ) .

P ro s tag land in s  may e x e r t  c o n t ro l  over  blood pressure  through  

a number o f  ac t io n s  such as v a s o c o n s t r i c t i o n ,  v a s o d i l a t i o n ,  

n a t r i u r e s i s  and i n h i b i t i o n  o f  a d r e n e r g i c  t r a n s m is s io n .  They may 

a ls o  a c t  as a c t i v a t o r s  o f  i n h i b i t o r s  o f  the r e n i n - a n g i o t e n s i n  system,  

The r o l e  o f  p ro s ta g la n d in s  in the c o n t ro l  o f  blood pressure has been
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reviewed by Dunn and Hood C3977).  The a c t i o n  o f  a n g io t e n s i n  I I 

appears to  be c l o s e l y  as so c ia te d  w i t h  p r o s t a g la n d i n s .  Renal  

v a s o c o n s t r i c t io n  f o l lo w i n g  the a d m i n i s t r a t i o n  o f  a n g io t e n s in  I !  

is modulated by p ro s ta g la n d in  from renal  m e d u l la ry  i n t e r s t i t i a l  

c e l l s  (Dunn and Hood, 39771» In the kidney p r o s t a g la n d in s  a re  

thought to be invo lved  p r i m a r i l y  in the r e g u l a t i o n  o f  renal  v a s c u la r  

tone.  Subsequent renal  blood f low  m o d i f i c a t i o n s  may a l s o  e f f e c t  

sodium and w a te r  e x c r e t io n  ( C i n o t t i ,  1983) .  Renal p r o s ta g la n d in s  

a ls o  in f l u e n c e  the r a t e  o f  p ro d u ct io n  o f  r e n in  by the kidney  (Dunn 

and Hood, 1977 ) .

In h y p e r te n s io n ,  an increase  in the s yn th es is  o f  p r o s ta g la n d in s  

by the rena l  medul la  (Dunn, 1976; Limas and Limas,  1977) and by 

v a s c u la r  t i s s u e  (Rioux and R e g o l i ,  1975; Pace -A sc iak ,  C a r r a r a ,  

Rangaraj  and N ic o lao u ,  1978) has been demonstrated in spontaneously  

h y p e r t e n s iv e  r a t s .  However, t h i s  change may be an a d a p t i v e  one in 

response to the development o f  h yp er ten s ion  in t h i s  model ( C i n o t t i ,  

1983) .

In humans p r o s ta g la n d in  metabol ism has been main ly  s t u d ie d  by 

measuring t h e i r  l e v e ls  in the u r i n e .  Some authors  have demonstrated  

decreased e x c r e t i o n  in e s s e n t i a l  h yp e r te n s io n  (P ap an ico lao u ,  

M o u n to ka lak is ,  S a f a r ,  B a r i e t y  and Mi l i i e z ,  1976; Weber, S ch ere r ,

He ld ,  Seiss and S t o f f e l , 1979) but o th e rs  have not d e te c te d  any 

changes (Campbel l ,  H o l lan d ,  Adams and Gomez-Sanchez, 1982; C i n o t t i ,  

1983) .  Again i t  is d i f f i c u l t  to d eterm in e  whether these  a l t e r a t i o n s  

re present  a pr imary d e f e c t  in p r o s t a g la n d in  metabol ism which r e s u l t s  

in hyper tens io n  or  whether  they a re  a consequence o f  the h yp e r ten s io n  

i t s e l f .

Technica l  d i f f i c u l t i e s  in the measurement o f  p r o s t a g la n d in s  

have added to  the problems o f  i n t e r p r e t i n g  exper im enta l  r e s u l t s .
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Responses to  a d m in is te red  p ro s ta g la n d in s  in exper im enta l  animals  

are  h i g h l y  spec ies s p e c i f i c  and even responses in one spec ies  may 

depend on which t i s s u e  is s t u d ie d .  For example, d i f f e r e n t  v a s c u la r  

beds in the r a t  e i t h e r  d i l a t e  o r  c o n s t r i c t  in response to  p r o s t a ­

g la n d in  a d m i n i s t r a t i o n  (.Gerber and N ies ,  1979lo 

The K a l 1 i k r e i n - K i n i n  System

The k a l i i k r e i n - k i n i n  system may be im portant  in c i r c u l a t o r y  

homeostasis a l though i t s  exa c t  r o l e  remains u n c le a r .

K in ins a re  potent  v a s o d i l a t o r  pept id es  re le ase d  by enzymes 

known as kininogenases  from precursors  known as k i n i  nogens. The 

most w i d e l y  s tud ie d  is the k a l l i k r e i n  system in which the enzyme 

k a l l i k r e i n  re le ase s  b ra d y k in in  from k a l l i k r e i n  s u b s t r a t e .  This  

system has been reviewed by Levinsky  (1979)  and C a r r e t e r o  and 

S c i c l i  C198 I ) .  Kinins  a re  r a p i d l y  i n a c t i v a t e d  by k i n i n a s e s ,  the 

best  known o f  which is k in i n a s e  I I .  Th is  enzyme is the  same as 

a n g io t e n s in  co n ve r t in g  enzyme. The shared r o l e  o f  t h i s  enzyme 

prov ides  a l i n k  between the k a i l i k r e i n - k i n i n  system and the r e n i n -  

a n g io t e n s in  system.

The two major  k a l l i k r e i n s  are  plasma and g la n d u l a r  k a l l i k r e i n .  

These d i f f e r  from each o t h e r  b io c h e m i c a l l y ,  immunolog ica l ly  and 

f u n c t i o n a l l y .  Plasma k a l l i k r e i n  is invo lved  in blood c l o t t i n g  and 

f i b r i n o l y s i s .  G la ndu la r  k a l l i k r e i n ,  which is p resent  in the k id ne y ,  

s a l i v a r y  and sweat g lands ,  pancreas and i n t e s t i n e  may be involved  

In the r e g u l a t i o n  o f  blood p ressu re .

in the k idney ,  a l l  the components o f  the system a r e  present  

and k a l l i k r e i n  synthes is  has been demonstrated C S c i c I i ,  Gando lf i  

and C a r r e t e r o ,  1978) .  Most o f  the k a l l i k r e i n  is p resent  in the  

c o r t e x ,  decreas ing in c o n c e n t r a t io n  from the o u t e r  to  the inner  

c o r t e x .  Very l i t t l e  is present  in the medul la  or  p a p i l l a .  U n t i l
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r e c e n t l y  i t  was thought t h a t  k a l l i k r e i n  produced by the kidney  

acted  as a c i r c u l a t i n g  humoral a g e n t .  However, in o r d e r  t o  a c t  

w i t h i n  the t a r g e t  organs,  c i r c u l a t i n g  k i n i n s  o f  renal  o r i g i n  would 

have to  pass through the lungs where th e  m a j o r i t y  would be i n a c t i ­

vated» Vane (1969)  has shown t h a t  e i g h t y  percent  o f  a b r a d y k in in  

in fu s io n  was i n a c t i v a t e d  by the lungs.  In a d d i t i o n ,  c i r c u l a t i n g  

k in in s  a re  i n h i b i t e d  by n a t u r a l l y  o ccur ing  i n h i b i t o r s  pres en t  in 

the plasma (Schalekamp and D e r k x ,  1 9 8 1 ) .  i t  is now thought  t h a t  

loca l  g e n e ra t io n  o f  k in in s  w i t h i n  the kidney and in o t h e r  t i s s u e s ,  

may be a more important  mechanism o f  a c t i o n  ( C a r r e t e r o  and S c i c l i ,  

1981) .

In fu s io n s  o f  k i n in s  in to  the rena l  a r t e r y  in crease  blood f lo w ,  

d i u r e s i s  and n a t r i u r e s i s  w i t h i n  the kidney but the e f f e c t  o f  

endogenously generated k in i n s  is less c l e a r .  The use o f  i n h i b i t o r s  

o f  the k a 11 i k r e i n - k i n i n  system such as the k a l l i k r e i n  i n h i b i t o r  

a p ro to n in  (Kramer, Moch, Von S i c h e r e r  and Dusing,  1979) and a n t i ­

bodies to  k in in s  ( M a r in - G r e z ,  1974) suggest  t h a t  i n t r a r e n a l l y  

re leased k i n i n s  can cause n a t r i u r e s i s ,  d i u r e s i s  and the re le a s e  o f  

p r o s t a g l a n d i n s .

Stud ies on the r o le  o f  the renal  k a l 1i k r e i n - k i n i n  system in 

hyper tens io n  in vo lve  measuring l e v e l s  o f  u r i n a r y  k a l l i k r e i n .  

E x c re t io n  o f  u r i n a r y  k a l l i k r e i n  is reduced in v a r io u s  models o f  

experim enta l  hypertens ion  (Gel 1 er ,  M a r g o l iu s ,  Pisano and K e is e r ,  

1975; C a r r e t e r o ,  S c i c l i ,  Piwonska and Koch, 197 7 ) .  Th is  has a ls o  

been demonstrated in humans ( L e c h i ,  Covi ,  L e c h i , C o r g n a t i ,  A r o s io ,  

Z a t t i  and Scuro,  1978; Mersey, W i l l i a m s ,  Emanuel,  D luhy,  Wong and 

Moore, 1979) in e s s e n t i a l  hyp er ten s io n  al th ough some re c e n t  s tu d ie s  

have f a i l e d  to show a r e l a t i o n s h i p  between h yp er te n s io n  and u r i n a r y  

k a l l i k r e i n  ( H o l la n d ,  Chud and B r a u n s te in ,  1980; C i n o t t i ,  1 983 ) .
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The renal  systems described  above, t o g e t h e r  w i t h  the r e n i n ­

a n g io te n s in  system, a l l  appear to  be invo lved  in the r e g u l a t i o n  o f  

blood p ressure .  I t  is recognised t h a t  a ba lance  between the a c t i o n s  

o f  v a s o c o n s t r i c t o r  and v a s o d i l a t o r  systems could  c o n t ro l  t i s s u e  

pe r fu s io n  in the kidney as w e l l  as in o t h e r  t i s s u e s .  This  in tu rn  

would i n d i r e c t l y  e f f e c t  the blood pressure  ( C a r r e t e r o  and S c i c l i ,

1981) .  I n t e r a c t i o n s  between the systems a re  t h e r e f o r e  l i k e l y  to  

be important  and many have been d e s c r ib e d .

The k a i l i k r e i n - k i n i n  and r e n i n - a n g i o t e n s i n  systems a re  l in k e d  

by a common enzyme. A n g io tens in  co n v e r t in g  enzyme has been shown 

to  be i d e n t i c a l  to k in in a s e  I I  which i n a c t i v a t e s  b r a d y k in in  (Yang,  

Erdos and L e v in ,  1971)= K a l l i k r e i n  a c t i v a t e s  i n a c t i v e  ren in  

in v i t r o  (Sea ley  e t  a l ,  1979) and i t  has been proposed t h a t  t h i s  

mechanism o f  ren in  a c t i v a t i o n  may be importan t  in v ivo  ( S ea ley ,

A t l a s  and Laragh,  1978 ) .  G landu la r  k a l l i k r e i n  s t im u l a t e s  ren in  

r e le a s e  from super -per fused  i s o l a t e d  r a t  k idney s l i c e s  (Suzuki e t  

a l ,  1980) and in v iv o  b r a d y k in in  i n f u s io n  in t o  the renal  a r t e r y  

o f  the dog has been found to s t i m u l a t e  r e le a s e  o f  ren in  by the  

kidney (Flamenbaum, Gagnon and Ramwell ,  1 979 ) .

B radyk in in  in fu s io n  has been shown to s t i m u l a t e  p r o s ta g la n d in  

re le a s e  in a number o f  organs in c lu d in g  the h e a r t  (Needleman, Key, 

Denny, Isakson and M a r s h a l l ,  1975 ) ,  lungs (Pa lm er ,  P ip e r  and Vane,  

1973) ,  blood vesse ls (Terragno ,  Crowshaw, Terragno and M c G i f f ,

1975) and uterus (T er ragno ,  T e r ragno ,  Pacholczyk and M c G l f f ,  197 4 ) .  

I t  is thought to ac t  by d i r e c t  s t i m u l a t i o n  o f  p ro s ta g la n d in  syn­

t h e s i s .  Th is has been demonstrated in renomedu1la r y  i n t e r s t i t i a l  

c e l l s  (Zusman and K e is e r ,  1977) and v a s c u la r  smooth muscle c e l l s  

(Alexander and Gimbrone, 1976) in t i s s u e  c u l t u r e .

A ngio tens in  I I  has been shown to  s t i m u l a t e  p ro s ta g la n d in
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synth es is  in the  kidney (Danon e t  a l ,  19751,  adrenal  gland  

(Campbell e t  a l ,  19791 and in t i s s u e  c u l t u r e  (A lexander  and 

Gimbrone, 1976; Zusman and K e is e r ,  19771.

Pro s ta g la n d in  in fus ions  have in tu rn  been shown to s t i m u l a t e  

ren in  r e l e a s e  (Data e t  a l ,  1978; Gerber e t  a l ,  19791 and to increase  

u r i n a r y  k a l l i k r e i n  e x c r e t io n  in r a t s  ( C r o x a t t o ,  A r r i a g a d a ,  Ro jas ,  

Roblero and Rosas, 1978) and dogs ( M i l l s  and Obika ,  1977) and 

a n g io te n s in  I I and p r os tag la n d in s  have been found to s t i m u l a t e  the  

re l e a s e  o f  renal  k a l l i k r e i n  ( M i l l s ,  1 979 ) .

The ac t io n s  o f  p ro s tag lan d in s  and k i n i n s  in the kidney and 

t h e i r  r o l e  in blood pressure c o n t ro l  a r e  p o o r ly  understood.  This  

is in p a r t  due to the problems a s s o c ia te d  w i t h  t h e i r  measurement  

( C i n o t t i ,  1983) .  Thus the s i g n i f i c a n c e  o f  a l l  these i n t e r a c t i o n s  

remains u n c e r t a i n .

Renomedu11 a ry L ip id s

Muirhead (1983) has reviewed some o f  the  elements o f  a 

ch e m ic a l ly  mediated a n t i h y p e r t e n s i v e  system w i t h i n  the renal  medul la ,  

At the c e n t r e  o f  the renal p a p i l l a e  a r e  the renomedul lary  i n t e r ­

s t i t i a l  c e l l s  w i t h i n  which a re  found l i p i d  c o n t a in in g  g r a n u le s .

These granu les  have been shown to s e c r e t e  p r o s t a g la n d i n s ,  p r o s t a ­

g lan d in  synthe tase  i n h i b i t o r ,  p ro teog ly cans  and a n t i h y p e r t e n s i v e  

l ip id S o  A number o f  h y p e r te n s iv e  s t a t e s  have been found to  be 

at tended  by a decrease in the number and volume d e n s i t y  o f  these  

g ran u le s .  The l a t t e r  f a c t o r  is thought to be more r e l e v a n t  to  the  

f u n c t io n  o f  the g r a n u le s .  An in crease  in d e g e n e r a t iv e  changes 

a ss o c ia te d  w i t h  a loss o f  a n t i h y p e r t e n s i v e  f u n c t i o n  has a l s o  been 

observed .  The a n t i h y p e r t e n s i v e  p r o p e r t i e s  o f  the rena l  i n t e r ­

s t i t i a l  c e l l s  have been observed through the t r a n s p l a n t a t i o n  o f  

e i t h e r  f ragments o f  renal p a p i l l a e  o r  renomedul la ry  i n t e r s t i t i a l
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c e l l s  from monolayer c e l l  c u l t u r e s .  Such t r a n s p l a n t s  have been 

shown to  p revent  the development o f  c e r t a i n  h y p e r te n s iv e  s t a t e s  

and revers e  the e x is te n c e  o f  o t h e r s .

Pro s ta g lan d in s  secre ted  by the renomedul lary c e l l s ,  

p a r t i c u l a r l y  p ro s tag la n d in  E^, a re  thought to  a c t  as lo ca l  hormones 

since in the c i r c u l a t i o n  they a re  r a p i d l y  i n a c t i v a t e d  by the lungs.

Two types o f  a n t i h y p e r t e n s i v e  l i p i d s  have been im p l ic a te d  as 

th e  hormones o f  the renal m edu l la .  These are  a l k y l  analogues o f  

p h o s p h a t i d y l c h o l i n e ,  o f  which a number have been s t u d i e d ,  and a 

n e u t r a l  l i p i d .  They have been shown to  be powerful  v a s o d i l a t o r s  

capable o f  causing both acute  and prolonged vasodepressor e f f e c t s .  

T h e i r  pr imary a c t io n  is thought to  be one o f  v a s o d i l a t i o n  o f  the  

res is ta n ce  v e s s e l s .

I t  is t h e r e f o r e  l i k e l y  t h a t  the presence o f  the kidneys w i l l  

have a profound e f f e c t  on de te rm in in g  the blood pressure  response  

in the face  o f  the acute change in c i r c u l a t i n g  a n g io t e n s in  I I  l e v e l s  

f o l l o w i n g  the i n j e c t i o n  o f  exogenous r e n i n .

In t h i s  chapter  the  change in blood pressure in normal r a t s ,  

a f t e r  ren in  i n j e c t i o n ,  was measured t o g e th e r  w i t h  measurements o f  

the l e v e l s  o f  ren in  in plasma and a o r t i c  t i s s u e .  The mechanisms 

in volved  in t h i s  response were then in v e s t i g a t e d  f u r t h e r  by 

comparing the response obta in ed  in these normal r a t s  to  t h a t  

obta in ed  a f t e r  d e s t r u c t io n  o f  the renal  medu l la .

Renal medullectomy was performed by chemical  d e s t r u c t i o n  o f  

the medul la  using the compound 2 -brom oethy lamine hydrobromide.  

Treatment w i t h  t h i s  substance has been shown to  p revent  the r e v e rs a l  

o f  hyper tens io n  a f t e r  u n c l ip p in g  in the  G o l d b l a t t  2 - k id n e y  1 c l i p  

model o f  hypertens ion  in the r a t  (B ing ,  R u s s e l l ,  Swales,  Thurston  

and F l e t c h e r ,  1983) and i t  produces a r i s e  in blood pressure  when
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I n j e c t e d  in t o  normal r a t s  CBing, R u s s e l l ,  Th u rs ton ,  Swales,  

Godfrey,  Lazarus and Jackson,  3 9 8 3 ) .  I t  has been shown t o  cause 

dose dependent m e d u l la r y  damage w i t h o u t  a f f e c t i n g  the renal  c o r t e x  

( T a v e rn e r ,  F l e t c h e r ,  R u s s e l l ,  Bing,  Jackson,  Swales and T h u rs to n ,  

1983) and is t h e r e f o r e  considered to  be a usefu l  too l  f o r  s tudy ing  

the  r o l e  o f  the renal medul la  in blood pressure  c o n t r o l .
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M a t e r i a l s  and Methods

A l l  the ra t s  were cannu la ted on the a f te rn o o n  o f  day one

according to the procedure descr ib ed  in Chapter  f o u r .  The ren in

i n j e c t i o n s  were a ls o  given accord ing to  the exper im enta l  protocol  

descr ibed  in Chapter  f o u r .

A l l  the r a t s  had f r e e  access to  food and w a te r  a t  a l l  t im es .

Normal Rats

Continuous blood pressure was recorded in one group o f  r a t s  

f o r  up to  s i x  hours a f t e r  ren in  i n j e c t i o n .  Plasma and a o r t i c  w a l l  

ren in  c o n c e n t ra t io n s  were measured in two s e p a r a te  groups a t  one 

and t h re e  hours a f t e r  ren in  i n j e c t i o n .  In the former group an a d d i ­

t i o n a l  blood sample was c o l l e c t e d  ten minutes a f t e r  i n j e c t i o n .  

Chemical Renal Medul lectomy

A group o f  normal r a t s  rece iv ed  an i n j e c t i o n  o f  2 -b ro moethy1- 

amine hydrobromide ( 0 . 2  g /k g ;  A l d r i c h  Chemical Co. L t d . ,  G i l l in g h a m ,  

D o rs e t ,  U .K . )  i n t r a p e r i t o n e a l l y  under l i g h t  e t h e r  a n a e s t h e s ia .

A f t e r  two weeks the r a ts  were placed in m e ta b o l ic  cages and tw e n ty -  

fo u r  hour u r i n e  c o l l e c t i o n s  were made. Those ra t s  which were 

p o l y u r i c  ( t h a t  i s ,  they produced more than 20 ml o f  u r i n e  during  

the t w e n t y - f o u r  hour per io d )  were subsequent ly  c a n n u la te d .  Blood 

pressure  was recorded c o n t in u o u s ly  over a s i x  hour per iod  a f t e r  

the ren in  i n j e c t i o n .
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Results  

Normal Rats 

Blood Pressure

The prolonged pressor response to  the  ren in  i n j e c t i o n  observed  

in r a ts  a f t e r  b i l a t e r a l  nephrectomy,  described  in Chapter  f o u r ,  

did not occur in the normal r a t s .  The e f f e c t  o f  a s i n g l e  i n j e c t i o n  

of  0 . 6  G o l d b l a t t  u n i t s  o f  ren in  on the blood pressure  o f  a s i n g l e  

group o f  e i g h t  normal ra t s  is shown in f i g u r e  I 5 .

The i n i t i a l  response to  the i n j e c t i o n  o f  ren in  was + 5 3 .5  +

2.1 mmHg. T h is  was s i m i l a r  in magnitude to  t h a t  observed in the  

group o f  nephrectomised r a ts  ( + 4 4 .7  + 3 .3  mmHg). Al though t h e r e  was 

a d i f f e r e n c e  between these two groups i t  was not s i g n i f i c a n t .

The p l a t e a u i n g  o f  the response seen in the nephrectomised ra ts  

did  not occur in the normal group.  The blood pressure  d e c l in e d  

s t e a d i l y ,  remaining s i g n i f i c a n t l y  e le v a t e d  compared to  the  base­

l i n e  v a lu e  f o r  o n ly  one hour a f t e r  i n j e c t i o n .  The change in blood  

pressure a t  t h i s  t ime was + 1 4 .8  + 2.1 mmHg ( p 0 . 01 ,  compared to  

p r e - i n j e c t i o n  l e v e l s ) .  The blood pressure  re tu rn e d  to  a l e v e l  not  

s i g n i f i c a n t l y  d i f f e r e n t  f rom t h a t  measured b e fo re  i n j e c t i o n  a f t e r  

t h i s  t im e .  The h a l f - l i f e  o f  the blood pressure response was 35 

minutes .

The plasma and a o r t i c  w a l l  ren in  c o n c e n t r a t io n s  were measured in 

two s e p a ra te  groups o f  ra ts  a t  one and t h re e  hours a f t e r  ren in  

i n j e c t i o n .  An a d d i t i o n a l  blood sample was taken ten minutes a f t e r  

i n j e c t i o n  from the one hour group.

Plasma Renin C oncentra t io n

C i r c u l a t i n g  ren in  f e l l  more r a p i d l y  than in nephrectomised  

ra ts  being 4 9 7 .6  7 4 .3  n g A I /m l /h  (compared to  1 , 1 1 5 , 2  + 159 .4

n g A I /m l /h )  when measured ten minutes a f t e r  re n in  i n j e c t i o n .  The
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F ig u re  J 5 .  The change in mean blood p re ssu re  in a s i n g l e  group o f  
normal r a t s ,  over  si-x hours dur ing day two, a f t e r  an i n j e c t i o n  o f  
0 . 6  G o l d b l a t t  u n i t s  o f  r a t  ren in  g iven a t  t ime z e r o .  The change 
in mean blood pressure  is the d i f f e r e n c e  between the a b so lu te  blood 
pressure  a t  any t ime and t h a t  ob ta in ed  a t  t ime z e r o .



144

l ev e l  had returned  to  a v a lu e  not  s i g n i f i c a n t l y  d i f f e r e n t  f rom 

normal c o n t r o ls  by one hour.  The va lues  o bta in ed  f o r  the plasma 

r en in  c o n cen t ra t io n s  were 3 5 ,9  ±  6 . 7  and 3 6 , 8  10.9 n g A i /m l /h  a t

one and th re e  hours a f t e r  i n j e c t i o n  r e s p e c t i v e l y .  The h a l f - l i f e  

o f  c i r c u l a t i n g  ren in  was 27 minutes .  A p l o t  o f  the logar i thm s o f  

the va lues  o f  the in d i v id u a l  plasma re n in  c o nc e n t ra t io n s  a g a in s t  

the corresponding blood pressure response is i l l u s t r a t e d  in f i g u r e  

l 6 .  There was no r e l a t i o n s h i p  between them ( r  =  0 . 2 3 7 ) .

A o r t i c  Wal l  Renin C o ncent ra t io n

The measured va lu es  ob ta in ed  f o r  th e  a o r t i c  w a l l  r e n in  concen­

t r a t i o n s  in the  normal group were lower a t  both one and t h r e e  hours 

a f t e r  i n j e c t i o n  compared to  the  r e s u l t s  o b ta in ed  f o r  nephrectomised  

r a t s .  The va lues were 1.23 0 .3 2  and 1.48 + 0 .2 9  ngAI/ IOOmg/h

r e s p e c t i v e l y  a t  one hour and 0 . 4 l  + 0 .1 0  and 0.61 0 .1 5  ngAI / IOOmg/h

r e s p e c t i v e l y  a t  t h re e  hours a f t e r  the ren in  i n j e c t i o n .  However, the  

d i f f e r e n c e s  between the two groups a t  both t imes were not  s t a t i s ­

t i c a l  ly  s i g n i f i c a n t .

In the normal r a ts  the a o r t i c  w a l l  ren in  c o n c e n t r a t io n  measured one 

hour a f t e r  i n j e c t i o n  was s i g n i f i c a n t l y  increased compared to  the  

normal co n t ro l  r a ts  (p 0 .0 1 )  but by t h r e e  hours the le v e l  had 

re turned  to  a va lu e  not s i g n i f i c a n t l y  g r e a t e r  than the  c o n t r o l  v a lu e .  

This was in c o n t ra s t  to  the r e s u l t s  ob ta in ed  a f t e r  i n j e c t i o n  in the  

nephrectomised group. Here the a o r t i c  w a l l  ren in  c o n c e n t r a t io n  was 

s i g n i f i c a n t l y  e le v a te d  f o r  up to s i x  hours a f t e r  ren in  i n j e c t i o n .

In the normal r a t s ,  when the  va lu es  f o r  the ren in  c o n c e n t r a t io n  

in the a o r t i c  w a l l  were c o r r e c te d  f o r  plasma contamin a t io n  the va lu es  

were 1.15 and 0 .3 2  ngAl /lOOmg/h a t  one and t h r e e  hours a f t e r  ren in  

i n j e c t i o n  r e s p e c t i v e l y .  The h a l f - l i f e  o f  ren in  w i t h i n  the a o r t i c  w a l l  

in the normal ra ts  c a l c u l a t e d  from these c o r r e c te d  va lues  was 1 .38  hours
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F ig u re  16.  The r e l a t i o n s h i p  between the log o f  the plasma ren in  
c o n c e n t r a t io n  and the corresponding  pressor response,  measured in 
normal r a t s ,  to  an i n j e c t i o n  o f  0 . 6  G o l d b l a t t  u n i t s  o f  r a t  r e n in .  
The va lu es  g iven  a re  those o b ta in ed  f o r  each i n d i v i d u a l  r a t  from 
measurements made a t  one ( A )  and th re e  ( O  ) hours a f t e r  ren in  
i n j e c t  i o n .
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The co r r e c te d  va lu es  were t ransformed to  logari thms and p l o t t e d  

a g a in s t  the corresponding  pressor  responses as i l l u s t r a t e d  in 

f i g u r e  17.  There was no c o r r e l a t i o n  between the two measurements 

( r  =  0 . 3 5 ] ) o

Rats A f t e r  Chemical Renal Medul lectomy

The blood pressure  response to ren in  i n j e c t i o n  in t h i s  group 

o f  r a ts  was i d e n t i c a l  to t h a t  ob ta in ed  f o r  the normal r a t s .  The 

response is i l l u s t r a t e d  in f i g u r e  18. The i n i t i a l  response was 

+5 1 o7 + 3o2 mmHg and the blood pressure  remained e le v a t e d  f o r  up 

to  one hour a f t e r  i n j e c t i o n  being + 1 3 .7  + 5 .0  mmHg a t  t h i s  t ime  

(p<C 0o05 compared to  the p r e - i n j e c t i o n  v a l u e ) .
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F ig u re  1 7 .  The r e l a t i o n s h i p  between the log o f  the a o r t i c  w a l l  
r e n in  c o n c e n t r a t io n  and the  corresponding pressor response,  measured 
in normal r a t s ,  to  an i n j e c t i o n  o f  0 . 6  G o l d b l a t t  u n i t s  o f  r a t  r e n i n .  
The values given a re  those obta in ed  f o r  each i n d i v i d u a l  r a t  from  
measurements made at .  one ( A )  and t h r e e  (o)  hours a f t e r  re n in  
i n j e c t  i o n .
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F ig u re  J8.  The change in mean blood pressure  in a s i n g l e  group o f  
r a ts  a f t e r  chemical renal medullectomy over s i x  hours o f  day two,  
fo l l o w in g  an i n j e c t i o n  o f  0 .6  G o l d b l a t t  u n i t s  o f  r a t e  ren in  given  
a t  t ime z e r o .  The change in mean blood pressure is the d i f f e r e n c e  
between the a b s o lu te  blood pressure a t  any t ime and t h a t  ob ta in ed  
a t  t ime z e ro .
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Discussion

For a number o f  reasons t h i s  study has been concerned w i t h  

the e f f e c t s  o f  in j e c t e d  rena l  ren in  in r a t s  which had undergone 

b i l a t e r a l  nephrectomy.  This  exper im enta l  model was used in o rd e r  

to  i s o l a t e  the a c t io n s  o f  the r e n i n - a n g i o t e n s i n  system from o t h e r  

renal  systems which a re  invo lved  in blood pressure  c o n t r o l  and to  

ensure t h a t  endogenous renal  ren in  was absent  from the c i r c u l a t i o n  

o f  the exper im enta l  a n im a l .

In the present  ch ap ter  the e f f e c t  o f  ren in  i n j e c t i o n  g iven  to  

r a t s  whose kidneys had not  been removed was r e p o r t e d .  In the  

d iscuss io n  below t h i s  group is r e f e r r e d  to as the normal group and 

the r e s u l t s  o b ta ined  compared to  those from nephrectomised r a ts  

which have been descr ibed  in Chapter  f o u r .

In the experiments in v o lv in g  normal r a t s ,  endogenous ren in  was 

presen t  b e fo re  and presumably dur in g  the exp er im e n t .  In these r a t s ,  

measurement o f  plasma ren in  l e v e l s  a f t e r  re n in  i n j e c t i o n  did  not  

d i s t i n g u i s h  between exogenous and endogenous r e n i n .

A comparison o f  the r e s u l t s  o b ta in ed  from the cont inuous  

mon i to r in g  o f  the blood pressure  a f t e r  r e n in  i n j e c t i o n  in nephrec­

tomised and in normal ra ts  showed t h a t  the o v e r a l l  response to  

the in je c t e d  re n in  was d i f f e r e n t .  These blood pressure responses 

a re  i l l u s t r a t e d  in f ig u r e s  6 and 15 r e s p e c t i v e l y .

The i n i t i a l  pressor  response in the two groups was s i m i l a r  

a l though the response in the normal group was s l i g h t l y  g r e a t e r  than 

t h a t  observed in the nephrectomised r a t s ,  A general  red u c t io n  in 

the  pressor  responsiveness o f  r a t s  a f t e r  b i l a t e r a l  nephrectomy has 

been observed by Marks e t  a l  ( 1 9 8 2 ) .  In such r a t s  the response to  

both a n g io te n s in  I I  and n o r a d r e n a l in e  was decreased.  They concluded  

t h a t  the e f f e c t  was n o n - s p e c i f i c  and a consequence o f  renal  f a i l u r e
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r e s u l t i n g  in an a l t e r a t i o n  o f  c i r c u l a t o r y  responses.  This was 

probably  the e x p la n a t i o n  f o r  the smal l  d i f f e r e n c e  in the i n i t i a l  

response to ren in  i n j e c t i o n  observed in the present  study .

However, a l though the i n i t i a l  pressor response in the normal  

r a ts  was s i m i l a r  in magnitude and the blood pressure  f e l l ,  in the  

e a r l y  stages o f  the  exp er im en t ,  a t  the same r a t e  as in the nephrec­

tomised r a t s ,  a pressor  response was not  subsequently m a in ta in e d .

Thus, the  blood pressure  in the normal r a ts  f e l l  s t e a d i l y  a f t e r  

the i n i t i a l  peak and had re turned  to  the p r e - i n j e c t i o n  leve l  in j u s t  

over one hour.  Th is  occurred  d e s p i t e  the f a c t  t h a t  the re n in  l e v e l s  

measured in the  a o r t i c  w a l l  a t  one hour a f t e r  the i n j e c t i o n  o f  ren in  

were s t i l l  markedly h igh er  than in the c o n t ro l  r a t s .  This  suggests 

t h a t ,  in the i n t a c t  r a t ,  o t h e r  mechanisms are invo lved in d e t e r ­

mining the blood pressure  response which a p p a r e n t ly  o v e r r i d e  the  

a c t io n  o f  the r e n in - a n g i o t e n s i n  system.

The absence o f  any r e l a t i o n s h i p ,  in the normal r a t s ,  between 

the  blood pressure  and the c o n c e n t ra t io n  o f  re n in  w i t h i n  the  a o r t i c  

w a l l  is i l l u s t r a t e d  in f i g u r e  17. Th is  f i g u r e  shows a p l o t  o f  the  

lo g a r i th m  o f  the i n d i v id u a l  co r re c te d  a o r t i c  w a l l  ren in  c o n c e n t r a t io n s  

a g a in s t  the corresponding pressor responses. A s i m i l a r  p l o t  o f  

the r e s u l t s  ob ta in ed  from the nephrectomised r a t s ,  i l l u s t r a t e d  in 

f i g u r e  12 shows, in c o n t r a s t ,  a l i n e a r  r e l a t i o n s h i p .

The po ss ib le  ro le  o f  the kindey  in r e s t o r i n g  the blood pressure  

to  w i t h i n  the normal range d e s p i t e  the ra ised  l e v e l s  o f  ren in  in 

the a o r t i c  w a l l  is considered i n the f i n a l  s e c t io n  o f  t h i s  d is c u s s io n .

The h a l f  l i f e  o f  r e n i n ,  both in the plasma and in the a o r t i c  

w a l l ,  was much s h o r t e r  in the normal r a ts  than i t  was in the nephrec­

tomised r a t s .  In the plasma the h a l f  l i f e  was 35 minutes in the  

normal ra ts  compared to one hour in the nephrectomised ra ts  and
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in the a o r t i c  w a l l ,  1 ,38  hours compared to 4 . 8 3  hours r e s p e c t i v e l y .

The r e l a t i v e l y  slow c le a ra n c e  o f  re n in  from the plasma o f  

nephrectomised r a t s ,  in comparison to  i t s  r e l a t i v e l y  ra p id  d i s ­

appearance in normal ra ts  suggests t h a t  ren in  can be c le a r e d  from 

the c i r c u l a t i o n  by the k id neys .  However, w h i l s t  ren in  in the plasma 

may have been c l e a re d  by the kidney in the normal r a t s ,  the  ren in  

present  in the t i s s u e  o f  the a o r t i c  w a l l  was not  a v a i l a b l e  f o r  

c l e a r a n c e  a t  t h i s  s i t e .  D esp i te  t h i s ,  when the kidneys were  p re s e n t ,  

the h a l f  l i f e  o f  re n in  in the a o r t i c  w a l l  was c o n s id e r a b ly  reduced 

compared to  the nephrectomised r a t s .

In Chapter  f o u r  the reasons f o r  the p ro lo n g a t io n  o f  the h a l f  

l i f e  o f  ren in  in the blood vessel  w a l l ,  compared to t h a t  in the  

plasma, were d iscu ssed .  I t  was proposed t h a t  ren in  might  e n t e r  

and leave  the t i s s u e  o f  the a o r t i c  w a l l  s imply by a process o f  

pass ive  d i f f u s i o n ,  the r a t e  a t  which t h i s  occurred  depending,  among 

o t h e r  f a c t o r s ,  upon the c o n c e n t ra t io n  g r a d i e n t  between the plasma 

and the a o r t i c  t i s s u e .  I t  was a l s o  suggested t h a t  the  r a t e  o f  d i s ­

appearance o f  re n in  from the a o r t i c  t i s s u e  depended l a r g e l y  on the  

r a t e  a t  which ren in  could d i f f u s e  out  o f  the t i s s u e  and back in to  

the c i r c u l a t i o n .  A f t e r  the i n j e c t i o n  o f  re n in  the c o n c e n t r a t io n  

g r a d i e n t  between the plasma and the t i s s u e  would be l a rg e  and th e re  

would be net  d i f f u s i o n  o f  ren in  i n t o  the t i s s u e .  Net d i f f i s u o n  in 

the revers e  d i r e c t i o n ,  namely from the t i s s u e  in t o  the c i r c u l a t i o n ,  

which would r e s u l t  in the disappearance  o f  re n in  from the a o r t i c  

t i s s u e ,  would on ly  occur when the d i r e c t i o n  o f  the c o n c e n t r a t io n  

g r a d i e n t  was reve rs ed .  In the nephrectomised r a t s  t h i s  r e v e r s a l  

probab ly  did not occur u n t i l  the l a t e r  stages o f  the e x p e r im e n t ,  

c o n t r i b u t i n g  to  the p e r s is te n c e  o f  ren in  w i t h i n  the t i s s u e .

I f  the re ve rs a l  o f  the c o n c e n t r a t io n  g r a d i e n t  occurred  e a r l i e r



152

d ur in g  th e  course o f  tKe exper iment in the normal r a t s ,  then the  

r a t e  o f  d isappearance  o f  re n in  from the a o r t i c  t i s s u e  o f  th.ese 

ra ts  might  proceed more r a p i d l y .  Th is  would r e s u l t  in a s h o r t e r  

h a l f  l i f e  than was the case f o r  nephrectomised r a t s .

In a d d i t i o n  to the d i f f e r e n c e s  in the h a l f  l i f e  o f  ren in  in 

the two models,  the t o t a l  amount o f  re n in  measured in the blood  

vessel  w a l l ,  a t  both one and t h re e  hours a f t e r  ren in  i n j e c t i o n ,  

was lower in the  normal r a t s  than in the  r e s p e c t i v e  nephrectomised  

groups.  The e x p la n a t io n  f o r  t h i s  may f o l l o w  the same p r i n c i p l e .

Thus, a f t e r  re n in  i n j e c t i o n  in the normal ra ts  the  a o r t i c  w a l l  would  

have been exposed to a high c o n c e n t r a t io n  g r a d i e n t  f o r  a s h o r t e r  

per iod  o f  t ime because c i r c u l a t i n g  ren in  was c le a re d  more r a p i d l y .

In consequence, less ren in  may have d i f f u s e d  in t o  the a o r t i c  t i s s u e  

dur ing  the i n i t i a l  stages o f  the e xp er im en t .  T h i s ,  combined w i t h  

a more rap id  r a t e  o f  c lea ra n c e  o f  re n in  from the t i s s u e ,  as 

described  above,  may have t h e r e f o r e  been r e s p o n s ib le  f o r  the observed  

d i f f e r e n c e s  in the le v e ls  o f  ren in  in the a o r t i c  t i s s u e  o f  the  two 

mode 1s .

The key measurement to j u s t i f y  the suggest ions o u t l i n e d  above 

is t h a t  o f  the ac tua l  c o n c e n t r a t io n  o f  re n in  f r e e  w i t h i n  the i n t e r ­

s t i t i a l  f l u i d  o f  the a o r t i c  w a l l .  Th is  f l u i d  cannot be sampled 

d i r e c t l y  to a l l o w  a s t r a i g h t f o r w a r d  measurement o f  the amount o f  

ren in  in t h i s  compartment. However, an e s t i m a t i o n  o f  the concen­

t r a t i o n  o f  ren in  in t h i s  t i s s u e  f l u i d  can be made.

The steps taken to reach t h i s  e s t im a te  a re  se t  out  in t a b l e  1. 

The va lues presented as an example a re  those o f  the plasma and 

a o r t i c  w a l l  ren in  c o n cen t ra t io n s  measured a t  one hour a f t e r  re n in  

i n j e c t i o n  in both normal and nephrectomised r a t s .

I f  i t  is assumed t h a t  the re n in  in the a o r t i c  w a l l  is p resent
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Nephrectomi sed 
r a t s

Norma 1 
Rats

A o r t i c  w a l l  ren in  c o n c e n t ra t io n  
ngAI/ IOOmg/h

1 .48 1 .23

A o r t i c  w a l l  ren in  c o n c e n t r a t io n  
( c o r re c t e d  f o r  plasma contam in a t ion )  
ngAI/1OOmg/h

0 .8 7 1.15

A o r t i c  w a l l  ren in  c o n c e n t ra t io n  
n g A I /g /h

8 . 7 11.5

A o r t i c  w a l l  ren in  c o n c e n t ra t io n
X 100/50
n g A I /m l /h

17 .4 23 .0

Plasma ren in  c o n c e n t ra t io n  
n g A I /m l /h

297.1 35 .5

T ab le  1 : The measured ren in  c o n c e n t r a t io n s  in plasma and in a o r t i c
t i s s u e  and the e s t im ated  re n in  c o n c e n t r a t io n  in the i n t e r ­
s t i t i a l  f l u i d  o f  the  a o r t i c  t i s s u e  o f  normal and nephrec­
tomised r a t s  one hour a f t e r  r e n in  i n j e c t i o n .
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f r e e  w i t h i n ,  and r e s t r i c t e d  t o ,  the  i n t e r s t i t i a l  f l u i d  compartment,  

then the c a l c u l a t i o n  runs as f o l l o w s .  F i r s t ,  th e  va lu es  f o r  the  

a o r t i c  w a l l  ren in  c o n c e n t ra t io n  were co r re c te d  f o r  plasma contamin­

a t i o n .  The basis f o r  t h i s  c o r r e c t i o n  has been descr ibed  in Chapter  

t h r e e  a l though  the c o r r e c t i o n  f a c t o r  is probab ly  too l a r g e .  This  

p o in t  is discussed below.

Throughout t h i s  th e s is  the plasma ren in  c o n c e n t r a t io n  was 

expressed in ng an g io te n s in  I generated /ml o f  plasma/hour w h i l s t  

the  a o r t i c  w a l l  re n in  c o n c e n t r a t io n  was expressed in ng a n g io te n s in  

g e n era te d /10 0  mg a o r t i c  t i s s u e / h o u r ,  in o rd er  to be a b le  to  make 

d i r e c t  comparisons between the two v a lu e s ,  the second step was to  

m u l t i p l y  the values f o r  the a o r t i c  w a l l  ren in  c o n c e n t r a t io n  ten f o l d  

on the assumption t h a t  one ml o f  plasma was roughly e q u iv a l e n t  in 

volume to  one gram o f  wet a o r t i c  t i s s u e .

T h i r d l y ,  the a o r t i c  w a l l  ren in  c o n c e n t r a t io n  was f u r t h e r  co r re c te d  

to  a l l o w  f o r  the p ro p o r t io n  o f  a o r t i c  t i s s u e ,  namely the i n t r a ­

c e l l u l a r  compartment, which probab ly  does not co n ta in  r e n in .  The 

p r o p o r t io n  o f  the r a t  t h o r a c i c  a o r t a  which is e x t r a c e l l u l a r  space 

has been est im ated  by Jones (1982)  to  be 5 1 .8  percent  o f  th e  t o t a l  

wet w e ight  o f  the t i s s u e .  This volume includes  the i n t e r s t i t i a l  

f l u i d  and the plasma w i t h i n  the  vasa vasorum. The p ro p o r t io n  o f  

the sampled a o r t i c  t i s s u e  which cons is ted  o f  plasma w i t h i n  the vasa 

vasorum was taken to  be 2 .2 9  p e rc e n t .  This v a lu e  was an es t im a te  

de r iv ed  from the measurements made to assess plasma contaminat ion  

of  the a o r t i c  samples as descr ib ed  in Chapter  t h r e e .

The i n t e r s t i t i a l  f l u i d  volume o f  the  a o r t i c  w a l l  was t h e r e f o r e  

est im ated  as the e x t r a c e l l u l a r  f l u i d  volume,  5 1 .8  p e r c e n t ,  less  

the  plasma volume, 2 .2 9  p e rc e n t .  This gave a v a lu e  o f  49.51  

p e r c e n t .  Since t h i s  f i g u r e  was d er iv ed  from two s ep ara te  es t im ate s
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i t  seemed reasonable  to  round t h i s  v a lu e  up to 5Q p e r c e n t ,  which  

f i g u r e  was used in the c a l c u l a t i o n s  se t  out  tn t a b l e  J ,  I t  is  

a c o n s id e r a b ly  l a r g e r  f r a c t i o n  o f  th e  whole than is found,  f o r  

example,  in mammalian s t r i a t e d  muscle t i s s u e .  However, the above 

f i g u r e  is not s u r p r i s i n g  in view o f  the microanatomy o f  the a r t e r i a l  

vessel  w a l l  in which the la ye rs  o f  e l a s t i c  t i s s u e  o f  the tu n ic a  

in t ima and the tu n ic a  media c o n t r i b u t e  a s i g n i f i c a n t  p r o p o r t io n  to  

the th ic k ne ss  o f  the vessel  w a l l  (Bradbury ,  197 0 ) .

A f t e r  a l l  these c o r r e c t i o n s  have been a p p l i e d  i t  can be seen

t h a t  in normal r a t s ,  one hour a f t e r  re n in  i n j e c t i o n ,  the a o r t i c  w a l l  

ren in  c o n c e n t r a t io n  was c lo se  to t h a t  o f  the plasma.  In c o n t r a s t  

to  t h i s ,  the plasma ren in  c o n c e n t r a t io n  in nephrectomised r a t s ,  a t  

the same t im e ,  was n e a r l y  twenty t imes g r e a t e r  than the ren in  

c o n c e n t r a t io n  in the a o r t i c  t i s s u e  f l u i d .

Thus,  in normal r a t s ,  a t  more than one hour a f t e r  ren in

i n j e c t i o n ,  i t  seems l i k e l y  t h a t  ne t  d i f f u s i o n  o f  re n in  out  o f  the 

a o r t i c  t i s s u e  and back in to  the  plasma may have o cc u r re d .  Such a 

process may t h e r e f o r e  have c o n t r i b u t e d  to  the r e l a t i v e l y  rap id  

d e c l i n e  o f  the ren in  c o n c e n t ra t io n  in the a o r t i c  w a l l  o f  these  ra ts  

compared to the nephrectomised r a t s ,  as has been suggested above.

The c a l c u l a t i o n s  se t  out  in t a b l e  1 do n o t ,  o f  course,  take  

account o f  the p o ss ib le  e f f e c t  o f  the b in d in g  o f  ren in  to s p e c i f i c  

re c e p t o r s .  The measurement o f  ren in  in t h i s  study was made on 

samples o f  homogenised a o r t i c  t i s s u e .  Most o f  the ren in  in such 

samples,  whether bound o r  unbound, would probab ly  have c o n t r i b u t e d  

to  the g e n e ra t io n  o f  an g io te n s in  I and thus to the measurement o f  

the ren in  c o n c e n t r a t i o n .

In v i v o , on ly  the ren in  f r e e  w i t h i n  the i n t e r s t i t i a l  f l u i d  o f  

the a o r t i c  w a l l  could d i f f u s e  back in t o  the c i r c u l a t i o n .  I f  some
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o f  the ren in  in the a o r t i c  w a l l  were bound to  re c e p t o r s ,  then th e  

re v e rs a l  o f  the  c o n c e n t r a t io n  g r a d i e n t  proposed above might  not  have 

occurred  a t  the  suggested t ime dur in g  the  course o f  the exp e r im en t .  

The ev id en ce ,  o r  lack  o f  i t ,  f o r  s p e c i f i c  re cep to rs  f o r  ren in  in 

the  blood vessel w a l l  has been considered in the d iscuss io n  to  

Chapter  f o u r .

I t  is i n t e r e s t i n g  to  compare the e f f e c t  o f  c o r r e c t i n g  f o r  

plasma ren in  contam in a t io n  o f  the a o r t i c  samples on the  r e s u l t s  

o b ta in ed  f o r  both the normal and the nephrectomised r a t s .  T ab le  1 

gives  the v a l u e s ,  f o r  both groups,  o f  the  c o r re c te d  a o r t i c  w a l l  ren in  

c o n c e n t r a t i o n ,  one hour a f t e r  ren in  i n j e c t i o n .  At  t h i s  t ime the  

co r r e c te d  v a lu e  f o r  the c o n c e n t r a t io n  o f  ren in  in the a o r t i c  w a l l  

was less in the nephrectomised r a ts  than i t  was in the  normal r a t s .  

This was observed d e s p i t e  a c o n c e n t r a t io n  g r a d i e n t  between the  

plasma and the a o r t i c  t i s s u e  which p e r s is t e d  f o r  very  much longer  

in the nephrectomised r a t s .  This was c l e a r l y  not  c o n s is t e n t  w i t h  

the suggest ion ,  as o u t l i n e d  above, t h a t  the c o n c e n t r a t io n  o f  ren in  

a t  t h i s  s i t e  was l a r g e l y  dependent on the  s i z e  and d u r a t io n  o f  

the c o n c e n t r a t io n  g r a d i e n t .  However, i f  the c o r r e c t i o n  f a c t o r  

employed were an o v e r e s t i m a t i o n ,  then t h i s  might e x p l a in  the  

unexpected o b s e r v a t io n .

In Chapter  t h r e e  i t  was argued t h a t  the c o r r e c t i o n  f a c t o r  

obta ined  may have been an o v e r e s t i m a t i o n  o f  the degree o f  plasma 

c o n tam in a t io n .  The t r a c e r  m o le cu la r  species used was r a d i o l a b e l l e d  

albumen. This molecu le  is o f  s i m i l a r  s i z e  to  ren in  I t s e l f  and can 

d i f f u s e  out  o f  the c i r c u l a t i o n  in t o  the i n t e r s t i t i a l  f l u i d  o f  the  

a o r t i c  w a l l .  During the t ime a l lo w e d ,  t h a t  i s ,  t h i r t y  m inutes ,  

f o r  the l a b e l l e d  albumen to  d i s t r i b u t e  e ven ly  throughout the  

c i r c u l a t i o n  i t  was probab le  t h a t  some o f  the albumen l e f t  the
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c i r c u l a t i o n  and en tered  tKe t i s s u e  f l u i d  o f  tKe a o r t i c  w a l l  as 

was the  case w i t K  i n j e c t e d  r e n i n .  The e s t i m a t i o n  o f  plasma 

co n tam in a t io n  would then have included the albumen w i t h i n  the  

t i s s u e  f l u i d  o f  th e  a o r t i c  w a l l  as w e l l  as the f r a c t i o n  in the vasa 

vasorum which remained a f t e r  washing the exc ised  a o r t i c  sample.

Since  the s i z e  o f  th e  c o r r e c t i o n  a p p l i e d  to  each i n d i v i d u a l  

a o r t i c  sample depended on the le v e l  o f  ren in  in the corresponding  

plasma sample,  the e f f e c t  o f  such an o v e r c o r r e c t i o n  would be 

c o n s id e r a b ly  l a r g e r  in those r a t s  where c i r c u l a t i n g  ren in  l e v e l s  

were very  h ig h .  Th is  was p a r t i c u l a r l y  t r u e  o f  the nephrectomised  

r a ts  one hour a f t e r  ren in  i n j e c t i o n .  At  t h i s  t ime the plasma 

ren in  c o n c e n t ra t io n  was n e a r l y  ten t imes g r e a t e r  in the nephrec­

tomised r a ts  than i t  was in the normal r a t s ,  making the corresponding  

c o r r e c t i o n  much l a r g e r .

By t h r e e  hours a f t e r  ren in  i n j e c t i o n  the l e v e l s  o f  r e n in  in 

the plasma o f  both groups were s i m i l a r .  At  t h i s  t ime any e r r o r  

int ro duced by c o r r e c t i n g  f o r  plasma co ntam in a t io n  was o f  a s i m i l a r  

s i z e  in both groups o f  r a t s .  In a d d i t i o n ,  the c o r r e c t i o n  f a c t o r  

a t  t h i s  t im e ,  depending as i t  d id on the plasma ren in  l e v e l s ,  was 

a r e l a t i v e l y  small  p r o p o r t io n  o f  the t o t a l  re n in  c o n c e n t r a t io n  

measured in a o r t i c  homogenates.

I t  should be emphasised t h a t  the conclus ions drawn in the 

preceeding d iscuss io n  have been based on c a l c u l a t i o n s  which have 

r e l i e d  on a number o f  ap p ro x im at io n s .  Thus the va lu e  o b ta in e d  by 

Jones ( 1982) f o r  the p ro p o r t io n  o f  e x t r a c e l l u l a r  f l u i d  p re sen t  in 

the  a o r t i c  t i s s u e  may not have been e n t i r e l y  a p p r o p r i a t e  to  the  

experim enta l  model descr ibed  in t h i s  t h e s i s .  I t  was not determined  

here whether the exper im enta l  methods used in the present  study  

a f f e c t e d  the volume o f  e x t r a c e l l u l a r  f l u i d  in th e  a o r t i c  w a l l .  In
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a d d i t i o n ,  not  a l l  th e  re n in  measured in t h e  a o r t i c  t i s s u e  may 

n e c e s s a r i l y  have been present  f r e e  w Tth in  the  i n t e r s t i t i a l  f l u i d  

compartment o f  th e  t i s s u e .  C o r r e c t io n  f o r  plasma contam in a t io n  

may a ls o  have introduced inaccuracTes.  These two p o in ts  have 

been discussed above.

Thus th e re  a re  c e r t a i n  l i m i t a t i o n s  placed on any conclusions  

drawn from the c a l c u l a t i o n s  o u t l i n e d  in t a b l e  1. However, d e s p i t e  

t h i s ,  they appear to  prov id e  a usefu l  i n s i g h t  i n t o  the p o s s ib le  

processes which were res po n s ib le  f o r  the observed e f f e c t s  o f  re n in  

i n j e c t i o n  under the exper im enta l  c o n d i t io n s  d e s c r ib e d .

The experiments reported  in t h i s  ch ap te r  have shown t h a t  in 

the  presence o f  the kidneys the prolonged pressor response to  ren in  

i n j e c t i o n  was not m a in ta in e d .  I t  was t h e r e f o r e  concluded t h a t  a 

hypotensive mechanism or system c o n t r i b u t e d  to the d e c l i n e  in the  

pressor response and t h a t  such a mechanism or  system depended 

upon the presence o f  the k id neys .

The kidney co ntains severa l  h ypotens ive  systems.  These have 

been o u t l i n e d  in the in t r o d u c t i o n  to  t h i s  c h a p t e r .  I t  is not c l e a r  

which o f  these systems was r e sp o n s ib le  f o r  the d e c l i n e  in the  

pressor response.  I t  has been shown, however, t h a t  the t i s s u e  o f  

the renal  medul la  is o f  p a r t i c u l a r  importance to the a n t i h y p e r ­

te n s iv e  a c t io n s  o f  the k idney .  For in s t a n c e ,  Muirhead (1983) has 

shown t h a t  when renomedul lary  i n t e r s t i t i a l  c e l l s  a r e  removed, 

e i t h e r  by b i l a t e r a l  nephrectomy or  by p a p i l l e c t o m y ,  the development  

o f  hypertens ion  in response to s a l t  or  volume load in g  can be 

prevented by t r a n s p la n t e d  renomedul la ry  i n t e r s t i t i a l  c e l l s .  The 

a c t io n  o f  the renal medulla in lower ing  the blood pressure in the  

exper imenta l  model descr ibed  in t h i s  t h e s is  was t h e r e f o r e  i n v e s t i ­

gated.  The renal  medul la  was s e l e c t i v e l y  d es t ro y ed ,  l e av in g  the
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renal  c o r t e x  and the u r e t e r i c  s t r u c t u r e s  i n t a c t .  An i d e n t i c a l  

experim enta l  schedule was then used in th ese  r a t s  to  t h a t  described  

f o r  the nephrectomised and normal r a t s .

I t  was hoped t h a t  t h i s  procedure would demonstrate  an a n t i ­

h y p er ten s iv e  mechanism f o r  the renal  m e d u l la .  However, the r e s u l t s  

o bta in ed  showed t h a t  removal o f  the renal  medul la  d id  not r e s u l t  in 

a prolonged pressor  response to re n in  i n j e c t i o n ,  as had been demon­

s t r a t e d  in nephrectomised r a t s .  On the c o n t r a r y ,  the pressor  

response to  in j e c t e d  ren in  was the same in r a t s  which had undergone 

chemical renal  medullectomy as i t  was in normal r a t s .  Thus, the  

i n i t i a l  pressor  response to  re n in  i n j e c t i o n  d e c l in e d  r e l a t i v e l y  

r a p i d l y  and, as in normal r a t s ,  the  blood pressure  had re turned  

n e a r ly  to  the p r e - i n j e c t i o n  leve l  by one hour a f t e r  re n in  i n j e c t i o n .  

This  is i l l u s t r a t e d  in f i g u r e  18.

I t  t h e r e f o r e  seems t h a t  the a c t i o n  o f  any rena l  h yp e r te n s iv e  

system, which was demonstrated by the exper iments on r a ts  whose 

kidneys had not  been removed, must r e s i d e ,  a t  l e a s t  p a r t l y ,  in 

those areas o f  the kidney which were not  e f f e c t e d  by chemical  

renal  medullectomy.  However, t h i s  r e s u l t  does not  r u l e  out  the  

p o s s i b i l i t y  t h a t  the renal  medul la  has a major  r o l e  in the a n t i ­

h y p e r te n s iv e  a c t io n  o f  th e  kidney under p h y s io l o g ic a l  c o n d i t i o n s .

The a c t i o n  o f  the renal  med u l la ,  in the exp er im en ta l  model described  

here ,  may have been e f f e c t i v e l y  i n h i b i t e d  by the design o f  the  

experiment  i t s e l f .  Muirhead,  P i t c o c k ,  Brown and Brooks (1981)  

have shown t h a t  renomedul lary i n t e r s t i t i a l  c e l l s  may be i n h i b i t e d  

by high l e v e ls  o f  an g io te n s in  I I .  The i n j e c t i o n  o f  a l a r g e  q u a n t i t y  

o f  r e n i n ,  r e s u l t i n g  i n i t i a l l y  in high l e v e ls  o f  c i r c u l a t i n g  an g io ­

te n s in  I I ,  would thus have been expected to  produce the same pressor  

response whether the renal  medul la  was present  o r  n o t .
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The experiments c a r r i e d  ou t  in r a t s  wh ich had undergone  

b i l a t e r a l  nephrectomy a l lowed a study o f  th e  a c t i o n  o f  th e  r e n i n ­

a n g io te n s in  system, in i s o l a t i o n  from o t h e r  rena l  systems,  on 

blood pressure c o n t r o l .  These exp er im en ts ,  the r e s u l t s  o f  which 

were descr ibed  in Chapter  f o u r ,  demonstrated t h a t  ren in  a c ts  w i t h i n  

the blood vessel  w a l l  r a t h e r  than in the c i r c u l a t i o n .  W h i l s t  t h i s  

conclu s ion  may be im po r ta n t ,  i t  is obvious t h a t  the r e n l n - a n g i o -  

t e n s in  system cannot and does not  a c t  in i s o l a t i o n .  Th is  was 

confirmed by the r e s u l t s  o b ta in ed  from the experiments c a r r i e d  out  

on normal r a t s ,  as descr ibed  in t h i s  c h a p te r .

A comparison o f  the r e s u l t s  o b ta in ed  from the two groups,  t h a t  

is f rom normal and nephrectomised r a t s ,  lead to a c l a r i f i c a t i o n  o f  

the mechanisms involved  in d e te rm in in g  the pressor response to 

i n j e c t e d  r e n i n .  In a d d i t i o n ,  the importance o f  the c o n c e n t r a t io n  

g r a d i e n t  o f  ren in  between the plasma and the  a o r t i c  w a l l  in d e t e r ­

mining the leve l  o f  ren in  w i t h i n  th e  a o r t i c  t i s s u e ,  and i t s  p e r s i s t ­

ence t h e r e ,  was u n d e r l in e d .

A comparison o f  the r e s u l t s  ob ta ined  from the normal r a ts  and 

from ra ts  which had undergone chemical  rena l  medul lectomy conf irmed  

t h a t  the blood pressure is under the c o n t r o l  o f  a number o f  renal  

systems, in a d d i t i o n  to the r e n i n - a n g i o t e n s i n  system. The p r e c is e  

r o l e  o f  any one o f  these  systems may be d i f f i c u l t  to  determine  in  

the presence o f  the o t h e r s .



CHAPTER SEVEN

Summary and Conclusions
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Although  the r e n i n - a n g i o t e n s i n  system has long been recognised  

as an im portant  pressor  system, i t s  r o l e  in blood pressure c o n t ro l  

and in the development and maintenance  o f  hyper tens io n  remains 

u n c l e a r .  Measurement o f  ren in  l e v e l s  in the plasma in both  

c l i n i c a l  and exper im enta l  hyp er ten s io n  has been i n c o n c lu s iv e .

More r e c e n t l y ,  however,  i t  has been suggested t h a t  the lev e l  o f  

ren in  w i t h i n  the t i s s u e s  r a t h e r  than in the  c i r c u l a t i o n  may be more 

importan t  in the c o n t ro l  o f  blood p re ssu re .  In p a r t i c u l a r ,  the  

re le van c e  o f  ren in  w i t h i n  the blood vessel  w a l l  has rece iv ed  con­

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

The aim o f  the work c a r r i e d  out  in t h i s  th e s is  was to t r y  to  

d e f i n e  more p r e c i s e l y  the r o le  o f  such a system In blood pressure  

c o n t r o l .

The kidney has a c e n t r a l  and complex r o l e  in the c o n t ro l  o f  

blood pressure  in v o lv in g  a number o f  i n t e r a c t i n g  systems.  The 

a c t i o n  o f  ren in  was t h e r e f o r e  separated  from the o t h e r  rena l  systems,  

and from endogenous r e n i n ,  by s tudy in g  the e f f e c t  o f  exogenous 

ren in  ad m in is te re d  to  r a ts  a f t e r  removal o f  t h e i r  k id neys .

Under these c o n d i t io n s  the pressor response to  i n j e c t e d  ren in  

was prolonged but was not  a p p a r e n t l y  r e l a t e d  to the leve l  o f  c i r ­

c u l a t i n g  r e n in .  However,  a d m i n i s t r a t i o n  o f  the a n g io t e n s in  I I  

a n t a g o n is t  s a r a l a s i n  demonstrated t h a t  the pressor response to  

in j e c t e d  ren in  was m ain ta in ed  by the r e n i n - a n g i o t e n s i n  system , 

throughout the course o f  the exper im ent .

The prolonged pressor  response was found ins tead  to be 

p a r a l l e l e d  by the p e r s is t e n c e  o f  r e n in  measured in the t i s s u e  o f  

the a o r t i c  w a l l .  The h a l f - l i f e  o f  the pressor response was 

s i m i l a r  to t h a t  o f  the ren in  w i t h i n  the a o r t i c  w a l l .  Both were  

prolonged in comparison to the h a l f - l i f e  o f  ren in  in the plasma.
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I t  was t h e r e f o r e  concluded t h a t  the le ve l  o f  ren in  in the  

a o r t i c  w a l l ,  r a t h e r  than In the  c i r c u l a t i o n ,  was a m a jo r  f a c t o r  

resp o n s ib le  f o r  the pressor  response under the experim enta l  

c o n d i t io n s  d e s c r ib e d ,  in reaching t h i s  conc lu s io n  i t  was assumed 

t h a t  the d i s t r i b u t i o n  and a c t i o n  o f  ren in  in the a o r t i c  w a l l  was

s i m i l a r  to  t h a t  which occurs in s m a l l e r  a r t e r i a l  r e s i s t a n c e

v e s s e l s .

Ren in ,  and o t h e r  components o f  the r e n i n - a n g i o t e n s i n  system,  

have been d e te c ted  in many t i s s u e s  but  t h e i r  o r i g i n  remains a 

s u b je c t  o f  d ebate .  I t  is not c l e a r  whether they  a r e  taken up from  

the  c i r c u l a t i o n ,  having been synthes ised  e lse w h ere ,  o r  whether  they  

a r e  synthes is ed  l o c a l l y  a t  t h e i r  s i t e  o f  a c t i o n .

In the experiments repor ted  in t h i s  study the l a r g e  increase  in 

the le v e l  o f  ren in  w i t h i n  the a o r t i c  w a l l  f o l l o w i n g  the  i n j e c t i o n  o f  

exogenous ren in  conf irms t h a t  c i r c u l a t i n g  ren in  can ga in  access to  

the t i s s u e  o f  the a o r t i c  w a l l .  I t  was a ls o  concluded t h a t  the  

r e s u l t s  o b ta in ed  in t h i s  study were c o n s is t e n t  w i t h  the  pass ive  

d i f f u s i o n  o f  re n in  from the c i r c u l a t i o n  i n t o  the t i s s u e  o f  the  

a o r t i c  w a l l  and, under c e r t a i n  c o n d i t i o n s ,  v i c e  v e rs a .

The r e s u l t s  ob ta in ed  were t h e r e f o r e  a l s o  co m p at ib le  w i t h  the  

proposal  t h a t  the m a j o r i t y  o f  the re n in  d e te c te d  in the a o r t i c

w a l l  was d er iv ed  from the c i r c u l a t i o n .  However, t h i s  proposal  was

not proved by the experiments re por ted  in t h i s  s tu d y .  I t  remains 

a p o s s i b i l i t y  t h a t  some o f  the re n in  present  a t  t h i s  s i t e  was due 

to loca l  s y n t h e s is .

A recent  ex ten s io n  to the work described  in t h i s  th e s is  has 

conf irmed t h a t  renal  ren in  can indeed ga in  access to  v a s c u la r  

t i s s u e  (Swales,  Abramovic i ,  Beck, Bing,  Loudon and Thurs ton ,  1983 ) .  

In t h i s  study i n j e c t e d  ren in  was l o c a l i s e d  using a p o ly v a l e n t
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r a b b i t  an t is erum  to  mouse s u b m a x i l l a r y  g land  r e n i n .  Th is  an t is erum  

c r o s s - r e a c t s  p o o r ly  w i t h  r a t  r e n i n .  The exp er im en ta l  protoco l  

was t h e r e f o r e  i d e n t i c a l  to t h a t  descr ibed  in Chapter fo u r  except  

t h a t  the ra ts  were i n j e c t e d  w i t h  re n in  prepared from mouse instead  

o f  r a t  k idneys .  The pressor response to t h i s  i n j e c t i o n  was s i m i l a r  

to  t h a t  observed a f t e r  the i n j e c t i o n  o f  r a t  r e n i n .  Samples o f  

spleen and a o r ta  were taken t h r e e  hours a f t e r  ren in  i n j e c t i o n .

These t i s s u e s  were t r e a t e d  w i t h  ren in  a n t i  serum and examined f o r  

the presence o f  re n in  by an i n d i r e c t  immunofluorescent  techn ique  

employing FITC-congugated goat  a n t is e ru m .  W h i l s t  blood c l o t s  showed 

minimal a c t i v i t y ,  in tense  f lu o r e s c e n c e  was found to l i e  between 

the e l a s t i c  f i b r e s  o f  the descending a o r t a  media.  Marked a c t i v i t y  

was a lso  found in the media o f  the c e n t r a l  a r t e r i e s  o f  the s p lee n .

When the experiments descr ibed  in Chapter  fo u r  were repeated  

in normal r a t s ,  t h a t  i s ,  in r a ts  w i t h  i n t a c t  k id n eys ,  i t  was found 

t h a t  the h a l f - l i f e  o f  i n j e c t e d  ren in  in the t i s s u e  o f  the a o r t i c  

w a l l ,  a l though prolonged compared to the length  o f  t ime which r e n in  

p e r s i s t e d  in the plasma, was c o n s id e ra b ly  s h o r t e r  than t h a t  

est im ated  in nephrectomised r a t s .  From an a n a ly s i s  o f  the amounts 

o f  re n in  in the a o r t i c  w a l l  and the plasma o f  these  two d i f f e r e n t  

groups i t  was concluded t h a t  the amount o f  ren in  presen t  in the  

a o r t i c  w a l l ,  in both experim enta l  groups,  was probably dependent on 

the c o n c e n t ra t io n  g r a d ie n t  o f  ren in  between the plasma and the  

t i s s u e  o f  the a o r t i c  w a l l .

W h i l s t  the pressor response in the nephrectomised rats  

appeared to  be dependent on the le ve l  o f  r e n in  in the blood vessel  

w al l  a f t e r  the  i n j e c t i o n  o f  exogenous r e n i n ,  t h i s  r e l a t i o n s h i p  did  

not e x i s t  in the normal r a t s .  I t  was concluded t h a t  one or  severa l  

a n t i h y p e r t e n s i v e  mechanisms o f  the kidney were a c t i n g  to  o v e r r i d e
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th e  pressor  response to  in j e c t e d  r e n i n .

The a n t i h y p e r t e n s i v e  p r o p e r t i e s  o f  the renal  m ed u l la  in t h i s  

s i t u a t i o n  were i n v e s t i g a t e d .  However, an a n t i h y p e r t e n s i v e  mechanism 

dependent on the presence o f  the renal  m ed u l la  could not  be demon­

s t r a t e d  using the experimenta l  techniq ue  described  in t h i s  t h e s i s .

I t  was t h e r e f o r e  concluded t h a t  one o r  more mechanisms, which 

were as s o c ia te d  w i t h  t h a t  area  o f  the  kidney  not  destroyed by 

chemical  renal  medul lectomy, were resp o n s ib le  f o r  lower ing  the  

blood pressure  when i t  had been r a is e d  e x p e r i m e n t a l l y  under the  

c o n d i t io n s  d e s c r ib e d .  Under p h y s i o lo g i c a l  c o n d i t io n s  such systems 

may f u n c t i o n  j o i n t l y  w i t h  the systems p resent  in the renal  m ed u l la .

This  study ach ieved i t s  aim which was to  demonstrate f i r s t ,  

t h a t  re n in  can e n t e r  the blood vesse l  w a l l  from the c i r c u l a t i o n  and 

secondly ,  t h a t  i t s  a c t i o n  th e re  may be a s i g n i f i c a n t  f a c t o r  in the  

co n t r o l  o f  blood p ressu re .  However, i t  a l s o  showed t h a t  the  

r o l e  o f  the r e n i n - a n g io t e n s i n  system cannot be f u l l y  understood  

in terms o f  i t s  i s o l a t e d  a c t i o n s .  The importance o f  I t s  i n t e r ­

a c t io n s  w i t h  o th e r  systems must be considered in o r d e r  to under­

stand the mechanisms which co n t ro l  blood p ress u re .
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ABSTRACT

In t h i s  study the importance o f  the g e n e r a t io n  o f  a n g io t e n s in  I I  w i t h i n  
th e  blood vesse l  w a l l  in d e te r m in in g  the  pressor  response to  i n j e c t e d  r e n in  
was i n v e s t i g a t e d .

An i n j e c t i o n  o f  r e n i n ,  g iven  to  r a t s  a f t e r  b i l a t e r a l  nephrectomy,  
produced a pressor response.  The le v e l  o f  c i r c u l a t i n g  r e n i n ,  a l though  
i n i t i a l l y  e l e v a t e d ,  re tu rn ed  to  the normal range w i t h i n  t h r e e  hours.  However,  
the l e v e l  o f  re n in  present  in the a o r t i c  w a l l  remained s i g n i f i c a n t l y  e le v a t e d  
f o r  s i x  hours a f t e r  the i n j e c t i o n ,  as d id  the pressor response.

In fu s io n s  o f  the a n g io t e n s in  I I  a n t a g o n i s t  s a r a l a s i n  a t  t h re e  and s i x  
hours a f t e r  the re n in  i n j e c t i o n  conf irmed t h a t  the pre ssor  response was 
m ain ta in e d  by the r e n i n - a n g i o t e n s i n  system.

An i n j e c t i o n  o f  ren in  i n t o  normal r a t s  produced the  same i n i t i a l  p ressor  
response as was observed in the nephrectomised r a t s .  However, the blood  
p ressu re  subsequently re tu rn ed  to  the p r e - i n j e c t i o n  le v e l  a f t e r  one hour.
In th e  normal r a t s  the p ressor response was not r e f a t e d  to  the le v e l  o f  
re n in  pres en t  w i t h i n  the a o r t i c  w a l l .

I t  was concluded t h a t  the a c t i v i t y o f  the r e n in  p resen t  w i t h i n  the  
blood vesse l  w a l l  was more r e l e v a n t  to  th e  c o n t ro l  o f  blood pressure  than  
the c i r c u l a t i n g  l e v e l .  However,  when the  kidneys were p resent  t h i s  lo c a l  
a c t i o n  o f  the r e n i n - a n g i o t e n s i n  system was o v e r r i d e n  by renal  a n t i - h y p e r t e n s i v e  
systems.  Th is  was not  dependent on the presence o f  the renal  medul la  s in c e  
the pressor response a f t e r  chemical  renal  medullectomy was the same as t h a t  
observed in the  normal r a t s .

The in crease  in the le v e l  o f  re n in  w i t h i n  the  a o r t i c  w a l l  a f t e r  the  
i n j e c t i o n  o f  exogenous re n in  conf irmed t h a t  re n in  can e n t e r  the  w a l l s  o f  
blood v esse ls  from the c i r c u l a t i o n .  I t  was concluded t h a t  t h i s  occurred  by 
a process o f  pass ive  d i f f u s i o n .


