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x Lys8 vasopressin Fig. 3. Comparison of the competitive 
�9 Phe 2-kys 8-vas0pressin effect of LVP and other LVP analog- 
o Gly3-kys8_vasopressin nes on the binding of r25I-LVP to 

o �9 ile3-ArgS_vasopressin rabbit anti-LVP antiserum. Inereas- 
o �9 Ile3-LeuS-vasopressin ing amounts of different peptides are 

~ ~  added to the incubation medium (0.5 
ml) containing constant amount of 
antibody (1/3000 dilution) and 125I- 
LVP (8000 to 10.000 cpm). 
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125 I - L V P  p e a k  con t a in s  m o n o i o d i n a t e d  L V P  which  has  
lost  i ts  an t i d iu r e t i c  ac t iv i ty .  S imi la r ly  a d i m i n u t i o n  of 
b iological  a c t i v i t y  of m o n o i o d i n a t e d  ang i o t ens i n  is ob-  
se rved  b y  LIN 13. 

The  s u b s t i t u t i o n  of an  a l ipha t i c  amino-ac id  for a 
p h e n y l a l a n i n e  r ing  p r e v e n t s  t h i s  pep t ide  f rom c o m p e t i n g  
w i t h  t25 I - L V P  for  b i n d i n g  to a n t i b o d y  (Figure  3). This  
res idue  the re fore  seems essent ia l  to  h o r m o n e  an t igen ic  
ac t iv i ty .  Th i s  f ind ing  agrees w i t h  VORHERR'S 14 as sump-  
t ion.  The  h y d r o x y l  group of t y ro s ine  in pos i t ion  2 looks 
i m p o r t a n t  also since Phe~-LysS-vasopress in  is 5 to  7 t i m e s  
less i n h i b i t o r y  t h a n  LVP.  W h e n  p h e n y l a l a n i n e  is p r e sen t  
in  pos i t ion  3, t h i s  same a n t i - L V P  se rum has  no specif ic i ty  
w i t h  r e g a r d  to  amino-ac ids  in  pos i t ion  7 a n d  8 (Figure 4). 
However ,  i n h i b i t i o n  obse rved  w i t h  v e r y  h i g h  concen t r a -  
t ions  of ana logues  whose  p h e n y l a l a n i n e  has  been  replaced  
(Figure  3) impl ies  t h a t  o the r  s i tes  bes ides  t h i s  l as t  are 
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Fig. 4. Cross reacting of anti-LVP antiserum with ArgS-vasopressin 
and HomovaF/S-Lysine-vasopressin. Immunoassay is carried out by 
the addition of increments of synthetic peptide to a constant amount 
of antibody (1/3000 dilution) and I~SI-LVP (10.000 cpm) in a tots 
volume of 0.5 ml. 

i m m u n o r e a c t i v e ,  b u t  t he i r  a f f in i ty  for a n t i b o d y  is ve ry  
weak.  The  d i f f e r e n c e  in a c t i v i t y  b e t w e e n  Ilea-Arg s- 
vasopres s in  and  IleS-LeuS-vasopressin en t i t i e s  one to 
suppose  t h a t  res idue 8 pa r t i c i pa t e s  in  t he  reac t ion .  

F u r t h e r m o r e ,  t he re  are no  precise  cor re la t ions  b e t w e e n  
biological  p o t e n c y  and  an t igen ic i ty .  Indeed ,  h o m o v a F / s -  
Lys -vasopress in  a n d  ArgS-vasopress in  h a v e  t h e  same  
i m m u n o r e a c t i v i t y  b u t  t h e i r  b iological  ac t iv i t i e s  are v e r y  
di f ferent .  The  same  is t r u e  for  A V T  wh ich  cross- reac ts  
v e r y  poor ly  in  t he  i m m u n o a s s a y  b u t  w h i c h  has  an  an t i -  
d iu re t i c  effect  c o m p a r a b l e  to  t h a t  of L V P  (Table  II) .  

Rdsumd. Ces r6su l ta t s  sugg~rent  d ' u n e  p a r t  que  125I-LVP 
monoiod6e  a peu  d ' a c t i v i t 6  an t id iu r6 t ique ,  d ' a u t r e  p a r t  que  
le n o y a u  p h 6 n y l a l a n i n e  en  pos i t ion  3 est  essent ie l  p o u r  la 
l ia ison de l ' an t iggne  ~ l ' an t i co rp s  et  que les s i tes  i m m u -  
no log iques  et  b io logiques  de l ' h o r m o n e  son t  diff6rents .  
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R a d i o i m m u n o a s s a y  of A n g i o t e n s i n  II in Rat  P l a s m a  

Var ious  e x p e r i m e n t a l  p rocedures  for t he  r a d i o i m m u n o -  
assay  of a n g i o t e n s i n  I I  in  h u m a n  p l a s m a  h a v e  been  
descr ibed,  b u t  no i n f o r m a t i o n  is ava i l ab le  on p l a s m a  levels 
in  t he  ra t ,  t h e  l a b o r a t o r y  a n i m a l  m o s t  wide ly  used in 
s tudies  on  t he  p a t h o p h y s i o l o g y  of t he  r e n i n - a n g i o t e n s i n  
sys tem.  I n  th i s  r e p o r t  a sens i t ive  a n d  specific r ad io im-  
munolog ica l  m e t h o d  is p r e sen t ed  t h a t  is su i t ab l e  for t he  
d e t e r m i n a t i o n  of ang i o t ens i n  I I  c o n c e n t r a t i o n  in un-  
e x t r a c t e d  p lasma .  

Male w h i t e  New Zea land  r a b b i t s  were i m m u n i z e d  w i t h  
Asp l - I l euS-angio tens in  I I  (Schwarz /Mann)  coupled  b y  t he  
ca rbod i imide  m e t h o d  1 to  porc ine  y-globul in .  I o d i n a t i o n  

was pe r fo rmed  accord ing  to  GREENWOOD et  al.~; the  
labe l led  m a t e r i a l  was  pur i f ied  on a D E A E  S e p h a d e x  A 25 
c o l u m n  3. 

The  i m m u n o a s s a y  tubes ,  c o n t a i n i n g  a n t i s e r u m  in a 
1 : 80,000 di lu t ion,  4 pg  of labe l led  angio tens in ,  a n d  0.05 ml 

1 T. GOODFRIEND and L. LEVINE, Science 14d, 1344 (1964). 
2 F.C. GREENWOOD, W. M. HUNTER and J. S. GLOVER, Bioehem. J. 

89, 114 (1963). 
3 G. DOSTERDIECK and G. MC]~LWEE, inRadioimmunoassay Methods 

(Eds. K. E. KIRKHAM and W' M. HUNTER; Churchill, Livingstone, 
Edinburgh 1971), p. 24. 



354 Specialia EXPERIENTIA 29/3 

of t he  p l a s m a  sample  in a t o t a l  vo lume  of 0.45 ml  Tris- 
HC1 buffer ,  p H  7.5, were equ i l i b r a t ed  for 40 h a t  0-4~ 
Commerc ia l ly  ava i l ab le  Aspl - I leuS-angio tens in  I I  se rved  
as s t a n d a r d  and  was a d j u s t e d  to  t he  I n t e r n a t i o n a l  

Angiotensin II concentration (pg/ml) in arterial plasma of rats 

Group n mean -L S.D. p 

Controls 29 86.8 ~ 24.8 < 0.001 

DOCA/salt treated 9 29.2 • 10.2 < 0.001 

Low-sodium diet 10 1938.5 ~ 714.2 

DOCA 12.5 mg/kg daily in microcrystalline suspension and 1% NaC1 
as drinking fluid for 10 days. Low-sodium diet containing 0.2 mEq 
Na+/kg and demineralized water given for 3 weeks. 
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Fig. 1. Calibration curve with increasing amounts of angiotensin II 
(abscissa) and % angiotensin bound to antibody (ordinate); seriaI 
dilution of plasma extract (circles). 
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Fig. 2. Correlation between angiotensin II concentration assayed in 
extracted plasma samples (ordinate) and directly assayed samples 
(abscissa). 

Resea rch  S t a n d a r d  A (Nr. 70/302, p rov ided  b y  t he  
Medical  Resea rch  Council ,  Mill Hill,  London) .  F ree  a n d  
b o u n d  ang io t ens in  were s epa ra t ed  b y  m e a n s  of 10% 
p l a s m a - c o a t e d  charcoal ,  t h e  charcoa l  pe l le t  be ing  coun t ed  
in a P a c k a r d  wel l - type  sc in t i l l a t ion  counter .  A typ ica l  
ca l ib ra t ion  cu rve  is shown  in F igure  1. 

Male Sprague  Dawley  rats ,  weighing  be tween  180 and  
250 g, were k e p t  on  a s t a n d a r d  d ie t  (ssniff) and  t a p  water .  
Blood  samples  were t a k e n  f rom t h e  ta i l  a r t e r y  u n d e r  l igh t  
e the r  anaes thes i a  in  50~zl 0.125 M N a ~ E D T A  a n d  0.025 M 
o -phenan th ro l i ne  pe r  ml  b lood a. 

The  m a i n  ob jec t ion  aga ins t  t h e  use of u n e x t r a e t e d  
p l a s m a  in t h e  r a d i o i m m u n o a s s a y  of ang io tens in  is t he  
nonspecif ic  in te r fe rence  of p l a s m a  p ro t e ins  w i t h  t he  
b ind ing  of ang io tens in  to  i ts  an t i body ,  wh ich  m a y  resu l t  
in  incor rec t  h igh  values.  If, for  a s ign i f ican t  r ange  of t h e  
s t a n d a r d  curve,  th i s  effect  co r re sponded  to  a c o n s t a n t  
a m o u n t  o f  angio tens in ,  i t  could  be  s u b t r a c t e d  f rom t h e  
ac tua l  read ings  as a ' p l a sma  b l ank ' .  T h a t  such  a n  as sump-  
t i on  is correc t  is e v i d e n t  f rom Figure  2. The  ' a p p a r e n t '  
ang io tens in  I I  c o n c e n t r a t i o n  of p l a s m a  samples  is p l o t t e d  
aga ins t  t h e  ' t r ue '  ang io t ens in  I I  c o n c e n t r a t i o n  o b t a i n e d  
b y  e x t r a c t i o n  of a n  a l iquo t  of t he  same p l a s m a  sample ,  to  
wh ich  a ca t ion  exchange  res in  was added  4. All  e x t r a c t i o n  
f igures are cor rec ted  for  t he  r ecove ry  of un labe l l ed  
ang io t ens in  (81.9 ~ 10.7~o, n = 17). The  e x t r a c t i o n  b l a n k  
(water) was 0. Serial  d i lu t ions  of p l a s m a  ex t r ac t s  are on  
t he  ca l ib ra t ion  cu rve  (circles in F igure  1). F igure  2 shows 
a good cor re la t ion  be tween  t he  va lues  o b t a i n e d  b y  b o t h  
me thods .  There  is a para l le l  sh i f t  of t he  regress ion l ine to  
t he  r i g h t  f rom the  theore t i ca l  1 : 1 r a t io  w i t h  a n  i n t e r c e p t  
a t  36 pg  on t he  abscissa.  Th i s  value,  wh ich  cor responds  to 
1.8 pg/0.05 ml, was s u b s e q u e n t l y  s u b t r a c t e d  as a b l a n k  in 
p l a s m a  samples  t h a t  were d i rec t ly  assayed  for ang io ten-  
s in I I .  

B y  m e a n s  of th i s  m e t h o d  t he  n o r m a l  r ange  for angio- 
t ens in  I I  in  a r te r ia l  r a t  p l a s m a  was found  to be  be tween  
51.9 a n d  142.4 pg/ml .  The  ' w i t h i n  assay '  re l iabi l i ty ,  
expressed as t he  coefficient  of v a r i a t i o n  of dupl ica tes  
r a n g i n g  t h r o u g h o u t  t he  s t a n d a r d  curve,  was 5.4%, t he  
' b e tween  assay '  r ep roduc ib i l i t y  was 12.9%. To assess t he  
app l i ca t ion  of t h e  me thod ,  two  e x p e r i m e n t a l  condi t ions  
k n o w n  to a l t e r  t he  a c t i v i t y  of t he  r e n i n - a n g i o t e n s i n  sys t em 
were s tud ied  (Table).  Low-sod ium die t  5 caused  a m a r k e d  
e leva t ion  of ang io tens in  I I  levels (range 955-2947 pg/ml) ,  
whereas ,  a f t e r  10 days  of DOCA and  sa l t  t r e a t m e n t ,  
p l a s m a  ang io tens in  c o n c e n t r a t i o n  was m a r k e d l y  r educed  
(9.6-39.9 pg/ml) ,  w i t h  no over lap  to t he  n o r m a l  group 6. 

Zusammen/assung. Eine  r ad io immuno log i sche  Methode  
zur  d i r ek t en  B e s t i m m u n g  yon  Ang io t ens in  I I  aus  50 ~1 
ar te r i e l l em R a t t e n p l a s m a  wird  besehr ieben .  Der  Normal -  
we f t  betr~.gt 86.8 p g / m l  ~ 24.8 S.D. (n = 29). N a c h  
kochsa l za rmer  Ern~thrung n a h m  die Ang io t ens in - I I -  
K o n z e n t r a t i o n  im P l a s m a  s t a r k  zu, w~ihrend sie n a c h  
DOCA u n d  Salzgahe  deu t l i ch  abf ie l  (p < 0.001). 
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