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P l a s m a  A n g i o t e n s i n ,  S e r u m  ' A n g i o t e n s i n a s e  A c t i v i t y ' ,  a n d  B l o o d  P r e s s u r e  R e s p o n s e  d u r i n g  A n g i o -  

t e n s i n  I I  A m i d e  I n f u s i o n s  i n  N o r m a l  V o l u n t e e r s  ~ 

D u r i n g  i n c r e m e n t a l  in fus ion  of s y n t h e t i c  ang i o t ens in  
in n o r m a l  vo lun tee r s ,  i t  would  be  expec t ed  t h a t  a) b lood  
pressure  response  would  cor re la te  d i r ec t ly  w i t h  t he  log 
dose of pep t ide2 ;  b) pressor  response  would  co r re la t e  
d i r ec t ly  w i t h  s e rum sod ium levels  or  sod ium ba lance3 ;  
c) p l a s m a  pep t i de  levels  would  cor re la te  d i r ec t ly  w i t h  
b lood  p ressu re  c h a n g e ;  a n d  d) in  l ine  w i t h  c u r r e n t  con-  
cep t s  of t i ssue  i n a c t i v a t i o n  of ang io tens in ,  s e r u m  ' ang io-  
t en s ina se  a c t i v i t y '  wouId  n o t  r e l a t e  to  o t h e r  fac tors  4. 
The  d e v e l o p m e n t  of a ccu ra t e  r a d i o i m m u n o l o g i c a l  m e a n s  
to  measu re  p l a s m a  a n g i o t e n s i n  I I  ha s  p e r m i t t e d  more  
precise  ana lys i s  of t h e  r e l a t i onsh ips  a m o n g  these  va r ious  
p a r a m e t e r s  in n o r m a l  v o l u n t e e r s  g iven  a n g i o t e n s i n  I I  
a m i d e  in fus ions  u n d e r  con t ro l l ed  condi t ions .  T h e  resu l t s  
p r o v e d  t h e  v a l i d i t y  of  t h e  a s s u m p t i o n s  a) a n d  b),  b u t  
showed  t h a t  t he  a s s u m p t i o n s  c) a n d  d) could  n o t  be  so 
s i m p l y  s t a t ed .  R a t h e r ,  t he  d e t e r m i n a n t  of  b lood  p ressu re  
response  seemed  to  i nvo lve  n o t  on ly  p l a s m a  p e p t i d e  
levels  b u t  also r ecep to r  si te  t u r n o v e r  a n d  a poss ible  role 
for s e r u m  p e p t i d a s e  a c t i v i t y  a t  such  sites. 

Methods. 5 males  a n d  2 females  were s tud ied  whi le  
rece iv ing  ad  l i b i t u m  diets .  5 of t he se  same  sub jec t s  were  
s tud ied  aga in  a f t e r  s t i m u l a t i o n  of t h e  r e n i n - a n g i o t e n s i n  
s y s t e m  b y  mi ld  sa l t  r e s t r i c t i on  a n d  a d m i n i s t r a t i o n  of  
50 m g  of h y d r o c h l o r o t h i a z i d e  twice  da i l y  for 3 days .  

Sub jec t s  were r e c u m b e n t  a n d  an  in fus ion  of 5% dex t rose  
in w a t e r  was  begun .  Con t ro l  spec imens  were t a k e n  a f t e r  
30 m i n  w h e n  b lood  pressure  a n d  pulse  were s table .  Angio-  
t ens in  I I  a m i d e  was t h e n  g iven  a t  c o n s t a n t  r a t e s  of 0.5, 
1.0, a n d  2.0 ~ g / m i n  for  per iods  of 20-30 ra in  each.  T o t a l  
v o l u m e  g iven  d u r i n g  each  e x p e r i m e n t  was  less t h a n  
50 ml .  B lood  spec imens  for p l a s m a  a n g i o t e n s i n  were  t a k e n  
a t  t h e  end  of e ach  per iod,  a g a i n  a t  a t i m e  w h e n  b lood  
pressure  a n d  pulse  were  s table .  P l a s m a  r e n i n  a c t i v i t y  
was  d e t e r m i n e d  a t  t h e  b e g i n n i n g  of each  e x p e r i m e n t ,  
a n d  se rum ' a n g i o t e n s i n a s e  ac t i v i t y ' ,  sod ium a n d  po tas -  
s i um d e t e r m i n e d  a t  t he  b e g i n n i n g  a n d  end.  

P l a s m a  a n g i o t e n s i n  was  d e t e r m i n e d  r a d i o i m m u n o l o g -  
ica l ly  b y  t h e  m e t h o d  of BOYD a n d  PEART s, s l i gh t ly  
modif ied .  P l a s m a  r e n i n  a c t i v i t y  was  e s t i m a t e d  b y  use  
of  SKIN~¢ER'S m e t h o d  s. S e r u m  ' a n g i o t e n s i n a s e  a c t i v i t y '  
was  d e t e r m i n e d  b y  t h e  in  v i t r o  d e g r a d a t i o n  of a n g i o t e n s i n  
I I  a m i d e  ~, t h e  s ame  s u b s t r a t e  used for  infusions .  Th i s  
was  expressed  as ang io t ens i n  half-l ife,  so t h a t  a n  inc reased  
' ang io t ens ina se  a c t i v i t y '  was  re f lec ted  b y  a s h o r t e n e d  
half- l i fe  a n d  vice versa .  

Resul ts  and  discussion.  Blood  pressure  response  was  
r e l a t e d  to  t h e  log dose of ang i o t ens i n  I I  amide ,  as  s h o w n  
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s The inverse correlation refers to a relative change in plasma 
angiotensin. When angiotensin II amide was given at the fastest 
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in  F igu re  a where  t h e  r aw d a t a  are  expressed  b y  a c u r v e  
d r a w n  f rom t h e  leas t  squares  equa t ion .  On cessa t ion  of 
infusion,  b lood  pressure  fell to  con t ro l  levels  w i t h i n  f ive 
m i n  in eve ry  ins t ance .  

Change  in m e a n  b lood  pressure  d u r i n g  in fus ion  cor- 
r e l a t ed  d i r ec t l y  w i t h  s e r u m  s o d i u m  c o n c e n t r a t i o n ,  e v e n  
in t h e s e  norma]  sub jec t s  on  a n  ad  t i b i t u m  diet ,  as  s h o w n  
in F i g u r e  2. A t  t h e  2 h i g h e r  in fus ion  ra tes ,  t h i s  co r r e l a t i on  
was  s t a t i s t i ca l ly  s ign i f i can t  (r = 0.86, 0.71; p < 0.05, 
<01).  

P l a s m a  a n g i o t e n s i n  levels  rose d u r i n g  i n c r e m e n t a l  
in fus ion  of ang io t ens in  I I  amide ,  as s h o w n  in  t h e  Table .  
M e a n  b lood  pressures  in  t h e  seven  cases rose conco- 
m i t a n t l y ,  b u t  f u r t h e r  ana lys i s  of resu l t s  a t  e ach  in fus ion  
r a t e  r evea led  t h a t  t he  co r re l a t ion  b e t w e e n  p l a s m a  angio-  
t e n s i n  I I  c o n c e n t r a t i o n  a n d  c h a n g e  in m e a n  b lood pres-  
sure  was  poor  a t  lower  a n d  inverse  (r = --  0.63) s a t  t h e  
h ighes t  in fus ion  ra te .  Th i s  l as t  co r r e l a t i on  a p p r o a c h e d  
s igni f icance  (p < 0.1), a n d  t h e  u n e x p e c t e d  r e l a t i onsh ip  
ra i sed  t h e  poss ib i l i ty  t h a t  a n o t h e r  factor ,  p e r h a p s  re- 
cep to r  s i te  up t ake ,  in f luenced  p l a s m a  pep t ide  level  a n d  
b lood  pressure  response.  
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Fig. 1. Relationship of blood pressure response to the log dose of 
angiotensin II an,ide. Confidence limits (95%) are shown by the 
dotted lines. 
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Fig. 2. Relationship of blood pressure response to serum sodium 
concentration during angiotensin II amide infusion. Inflision rates 
are shown by @, 0.5 ~zg/min; + ,  1.0 ,~g/min; O, 2.0 tag/rain. 
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To tes t  this,  5 of the  same subjects  unde rwen t  a s imilar  
infusion s tudy  af ter  d iure t ic  t he rapy  and mi ld  d ie ta ry  
sal t  res t r ic t ion which increased p lasma renin a c t i v i t y  
3-10-fold and p lasma angiotens in  I I  concen t ra t ion  > 5 
to  15-fold. I t  was reasoned t h a t  if decreased receptor  
site up take  was a factor  in de te rmin ing  the  lesser blood 
pressure response and a re la t ive ly  h igher  p lasma angio-  
tensin,  t h e n  wi th  h igher  c i rcula t ing p lasma  angiotens in  
levels  ini t ial ly,  the  an t ic ipa ted  lesser blood pressure 
change  dur ing  inc rementa l  infusion would  be associated 
wi th  a faster  rise in p lasma angiotensin.  A more  rapid  
rise in p la sma  angiotens in  dur ing the  second infusion is 
shown by  F igure  3 where the  da t a  are expressed as the  
curves drawn f rom the  least  squares  equat ion.  

Angiotens in  I I  amide  half-l ife correla ted direct ly  wi th  
p lasma angioLensin I I  va lues  for the  2 h igher  infusion 
ra tes  (r = 0.52, 0,76; p < 0.05 a t  2.0 ~g/min) and inver-  
sely wi th  change in m e a n  blood pressure for all  3 infusion 
rates  (r = - - 0 . 5 9 ,  - -0 .76 ,  - -0 .52 ;  p < 0 . 0 5  a t  1,01zg / 
rain). Increased serum 'angiotens inase  ac t i v i t y '  was thus  
associated wi th  lower p lasma angiotens in  I I  levels  9 and 
wi th  a greater  change in mean  blood pressure, and the  
reverse also applied. 

Since there  was no sys temat ic  change in ' angiotens inase  
a c t i v i t y '  fol lowing angioteusin  infusion, i t  may- be inferred 
t h a t  subs t ra te  e leva t ion  does not  induce a comparab le  
rise in enzyme  ac t iv i ty .  

Dur ing  inc rementa l  infusion of angioten.sin 1I amide  
in normal  volunteers ,  the  an t ic ipa ted  direct  re la t ionship  
be tween  blood pressure response and log dose of pept ide  
was found. Also, as expected,  pressor responses re la ted  
d i rec t ly  to  serum sodium concentra t ion,  and when p lasma 
renin ac t i v i t y  and angiotens in  I1 were increased pr ior  to 
infusion, inversely  wi th  those  factors  a. 

P l a sma  pep t ide  levels rose along wi th  blood pressure 
as the  ra te  of angiotens in  I I  amide  infusion was increased, 

Plasma angiotensin II values during angiotensin I1 amide infusions 
in 7 normal subjects on a regular diet 

Angiotensin Mean plasma SD 
infusion angiotensin II 

pgflnl 

Control < 13.0 
0.5 ptg/min 51.7 22.1 
1.0 ptg/min 74.3 34.5 
2.0 btg/min 169.1 109.9 
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Fig. 3. Plasma angiotensin values during incremental infusion of 
angiotensin II amide in 5 volunteers on an ad libitum diet and 
again after salt depletion. 

b u t  a re la t ive  nega t ive  corre la t ion of these  values  w i t h  
blood pressure change a t  t he  h ighes t  r a te  of  infusion 
suggested t h a t  o ther  factors  con t r ibu ted  to pressor  
response. 

Serum 'angiotens inase  ac t iv i ty '  is p robab ly  a misnomer  
since studies have  failed to show any re la t ionship  of this  
enzyme  a c t i v i t y  to renin-angiotens in  sys tem a c t i v i t y  or  
to  hype r t ens ionL  Much of t he  repor ted  work  has  been 
based on indi rec t  in v i t ro  assays using subst ra tes  o the r  
t h a n  na tu ra l  angiotensin .  Curren t  ev idence  indicates  
t ha t  c i rcula t ing angio tens in  is inac t iva ted  in t issue beds 
ra ther  t han  in se rum 4. I n  this  s tudy,  though  the  assay 
sys tem was an in v i t ro  one, i t  did not  suffer f rom the  
use of improper  subs t ra te  since the  same synthe t ic  
pept ide  was bo th  infused and assayed. The  f inding t h a t  
enzyme  ac t iv i ty  was associa ted inverse ly  wi th  p lasma 
angiotensin  and d i rec t ly  wi th  b lood pressure Change m v y  
be in te rpre ted  to  m e a n  t h a t  e n z y m e  a c t i v i t y  was im-  
po r t an t  a t  tissue sites and inf luenced the  t u r n o v e r  of 
angiotens in  and the  resu l tan t  pressor  response. W h e n  
p lasma rich in 'angiotensinase  a c t i v i t y '  ba thed  receptor  
sites, angiotensin  at  receptor  sites was metabol ized ,  thus  
pe rmi t t i ng  addi t ional  p lasma angiotens in  to bind.  In  the  
process, re la t ive ly  lower p lasma levels  and  increased 
blood pressure response resulted.  W h e n  p l a sma  poor  in 
such enzyme  ac t iv i ty  ba thed  receptor  sites, the  reverse  
occurred.  

This  concept  is cons is tent  wi th  t h a t  of angiotensin  
t achyphy lax i s  and its reversa l  in v i t ro  suggested by  
I~HAIRALLAH et  al. 10. These  inves t iga tors  found tha t  a 
free C-terminal  ca rboxyl  group of angiotens in  was neces- 
sary  for b inding wi th  receptor  si tes in an ima l  blood ves- 
sels and for d e v e l o p m e n t  of t achyphy lax i s .  T h e y  found 
t h a t  t a chyphy lax i s  seemed to  represent  sa tu ra t ion  of  
receptor  sites and t h a t  i t  could be reversed by plasma 
fract ions rich in angiotens inase  A, possibly by  metab-  
olizing the  N- t e rmina l  pa r t  of angiotens in  d i rec t ly  f rom 
the  bound  state~L 

Rdsumd. Des doses croissantes d ' ang io tens ine  I I  amide 
furen t  injectCes & des volonta i res  normaux .  La  r6ponse 
de  la pression artCrielle fu t  en re la t ion  directe avec le 

SE log de la dose de pept ide  injectCe, avec  la concent ra t ion  
s~rique en sodium et  avec l ' ac t iv i t6  s6rique ,cangioten- 
sinase,;, mais  en re la t ion inverse avec l ' augmen ta t ion  de la 
concen t ra t ion  p lasmat ique  en angiotensine.  Ces r~sultats  
suggCrent que  la r6ponse de pression est d~termin6e, au  

8.4 moins  en part ie ,  pa r  l e ,  t u r n o v e r ,  dn pept ide  au niveau des 
13.0 rCcepteurs et  qu'A ce n iveau  angiotensinase influence le 
41.5 ~turnover~ e t  la concen t ra t ion  p lasmat ique  du pept ide.  
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