
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Analysis of Plasma Angiotensins by Reversed Phase HPLC and
Radioimmunoassay
Peter A. Dorisa

a Department of Anatomy, Texas Tech University Health Sciences Center, Lubbock, TX

To cite this Article Doris, Peter A.(1985) 'Analysis of Plasma Angiotensins by Reversed Phase HPLC and
Radioimmunoassay', Journal of Liquid Chromatography & Related Technologies, 8: 11, 2017 — 2034
To link to this Article: DOI: 10.1080/01483918508074113
URL: http://dx.doi.org/10.1080/01483918508074113

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918508074113
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 8(1 I ) ,  2017-2034 (1985) 

ANALYSIS OF PLASMA ANGIOTENSINS BY 
REVERSED PHASE HPLC AND 

R AD 10 I MMU NO ASSAY 

Peter A. Doris 
Department o f  Anatomy 

Texas Tech University Health Sciences Center 
Lubbock, TX 79430 

ABSTRACT 

The a n a l y s i s  o f  b i o l o g i c a l l y  a c t i v e  a n g i o t e n s i n  p e p t i d e s  i n  
blood p l x m a  by h i g h  per formance  l i q u i d  chromatography i n  a 
wea!tly non-polar  r e v e r s e d  phase  ( C  ) c h r o m a t o g r a p h i c  s y s t e m  
combined w i t h q uan t i f i c a t i  o n o f chroma t o g  ra p h i c ,a 1 1 y i s o  1 a t e d 
p e p t i l i e s  by radioirnmunoassay has been d e v e l o p e d .  T h i s  sys tem i s  
a b l e  t o  r e s o l v e  e a c h  o f  s e v e n  c l o s e l y - r e l a t e d  p e p t i d e s  o f  t h e  
a n g i o t s n s i n  g r o u p .  The chro ina tographic  system was a p p l i e d  t o  
p l a s m  samples  which have been p r e p a r e d  f o r  c h r o m a t o g r a p h i c  
a n a l y s i s  by C c a r t r i d g e  e x t r a c t i o n .  Samples  were r e c o n s t i t u t e d  
i n  !IPLC solveAt2 p r i o r  t o  i n j e c t i o n  i n t o  tlie HPLC sys tem.  
S e p s r l t z d  a n g i o t e n s i n  wers c o l l e c t e d  by f r a c t i o n  c o l l e c t o r  s n d  
t h e  v o l a t i l e  components o f  t h e  s o l v e n t  s y s t e m  were blown o f f  
under  ail a i r  s t r e a m .  The c o n t e n t  o f  s e v e r a l  o f  t h e  v a r i o u s  
a n g i o t e n s i n  p e p t i d e s  i n  t h e  f r a c t i o n s  was t h e n  d e t e r m i n e d  by 
rsdioimmunoassay u s i n g  an a p p r o p r i a t e  a n t i s e r u m .  Antiserum t o  
a n g i o t e n s i n  I1 ( o c t a p e p t i d e )  was used t o  q u a n t i f y  t h e  b i o l o g i -  
c a l l y  a c t i v e  components a n g i o t e n s i n  11, a n g i o t e n s i n  111 ( h e p t a -  
p e p t i d e )  and C- te rmina l  h e x a p e p t i d e .  Recovery o f  a n g i o t e n s i n  I1 
i n  t h e  C c a r t r i d g e  t r a c t i o n  has been a s s e s s e d  a t  35.0 0.95 
(mean + ??&I) u s i n g  I 1 ” - l a b e l l e d  a n g i o t e n s i n  11, and 82 .2  
u s i n g  z y n t h e t i c  u n l a b e l l e d  a n g i o t e n s i n  11. Recovery o f  s t a n d a r d  
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2018 DORIS 

p r e p a r a t i o n s  of a n g i o t e n s i n  11 i n  t h e  IIPLC system have been esti-  
mated a t  57.5 2 6.085. 
e v a l u a t i n g  some components o f  t h e  a n g i o t e n s i n  system i n  normal 
plasma i s  presented .  

The a p p l i c a t i s n  o f  t h i s  technique  t o  

Ih'TR3DUZTION 

The vasoac t ive  pep t ide  hormone, a n g i o t e n s i n  I1 (AI I )  is  one 

o f  a f smi ly  o f  pep t ides  produced e x t r a c e l l u l s r l y ,  c h i e f l y  i n  t h e  

c i r c u l a t i o n .  It3 format ion  r c s u l t s  from the  a c t i o n  o f  a c l eavage  

enzy!ne, r e u i a ,  on angio tens inogen ,  vh ich  y i s l d s  the  decapept ide  

a n z i o t e n s i n  I ( A I ) .  

A 1  by tiie a c t i o n  o f  a C-terminal d i p e p t i d a a e ,  ang io tens in -  

conver t ing  enzyme ( 1 ) .  

forrned d i r e c t l y  from angio tens inogen  by the  ac t i o n  o f  ano the r  

enzyme which has  been c a l l e d  t o n i n  ( 2 ) .  

t h a t  some t i s s u e s  nay be capable  o f  producing A 1 1  by an 

i n t r a c e l l u l a r  process  (3,4,5,6). 

Normal product ion  of A 1 1  i s  by convers ion  o f  

I t  i s  a l s o  p o s s i b l e  t h a t  AII may be 

Recent ev idence  s u g g e s t s  

C i r c u l s t i n g  l e v e l s  of  A 1 1  ars t y p i c a l l y  i n  the  ferntomole/ 

m i l l i l . i t e r  range and q u a n t i t a t i o n  of A 1 1  i n  b i o l o g i c a l  samples 

has depended p r i n c i p a l l y  on b ioassay  o r  radioimmunoassay ( R I A )  

t echniques .  Both techniques ,  however, p r e s e n t  s e r i o u s  

iinpediments t o  a c c u r s t e  q u a n t i f i c a t i o n  of A L I .  I n  t h e  f i r s t  

i n s t a n c e ,  b ioas say  techniques  can  be s u b j e c t  t o  i n t e r f e r e n c e  from 

o t h e r  vasoac t ive  subs tances .  Secondly,  e s t i m a t e s  o f  A 1 1  by R I A  

have been hampered by bo th  non- spec i f i c  and a n g i o t e n s i n - s p e c i f i c  
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PLASMA ANGIOTENSTNS 2019 

c r o s s - r e a c t i v e  i n t e r f e r e n c e  ( 7 , 8 ) .  Removal o f  n o n - s p e c i f i c  

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

a b s o r b t i o n  e x t r a c t i o n  p r o c e s s e s  ( 7 ) ,  though r e c e n t l y  a t e c h n i q u e  

u s i n g  C r e v e r s e d  pnase  minicoliirnns h a s  been  d e s c r i b e d  (3).  

Rt?moval o f  c r o s s - r e a c t i v e  i n t e r f e r e n c e  from o t h e r ,  r e l a t e d  

a n g i o t o n a i n  p e p t i d e s ,  howaver ,  h a s  n o t  been  s o  r e a ; l i l y  

accompl ishe3 .  I n  a d d i t i o n  t o  p o t e n t i s l  c r o s s - r e a c t i v e  

i n t e r f e r e n c e  from A I ,  a n t i s e r a  t o  A 1 1  may z r o s s - r e a c t  v i t h  d e s .  

A::p . a n g i o t e n s i n  I ,  a n g i o t e n s i n  I1 ( A I I I ) ,  a n g i o t e n s i n  C- 

t e r m i n a l  hexspept i .de and C - t e r m i n a l  p e n t a p e p t i d e .  While some o f  

t!iese n n g i o t s n s i n s  may have b i o l o g i c a l  a c t i o n s  p a r a l l e l  t o  A 1 1  o r  

may g i v e  rise t o  o t h e r  a n g i o t e n s i n s  w i t h  s h a r e d  a c t i v i t y ,  i t  i s  

l i k e l y  t h a t  n o s t  p o s s s s s  e i t h e r  no o r  o n l y  p a r t i a l  b i o l o g i c a l  

a c t i v i t y  and t h u s  c o n t r i b u t e  t o  a n  o v e r e s t i m a t i o n  o f  t r u e  A 1 1  

( 3 ) .  What i s  more, A 1 1 1  h a s  been  shown, i n  some s p e c i e s ,  t o  p l a y  

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

f o r  example,  r e g u l a t i o n  o f  a d r e n o c o r t i c a l  m i n e r a l o c o r t i c o i d  

s e c r e t i o n  (10). t h a n  A 1 1  s o  t h a t  a means o f  a s s e s s i n g  AIII l e v e l s  

i n  b i o l o g i c a l  samples. i n d e p e n d e n t  o f  A 1 1  would be d e s i r a b l e .  

18 

1 

The s t u d y  below r e p o r t s  t h e  development  o f  a t e c h n i q u e  which 

p e r m i t s  t h e  i s o l a t i o n  o f  numerous a n g i o t e n s i n  p e p t i d e s  from 

plasma o r  o t h e r  n e u t r a l  b i o l o g i c a l  f l u i d s  i n  s u c h  a way as t o  

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

radioimmunoassay.  
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MATERIALS 

Pep t ides  

Standard pep t ides  were s y n t h e t i c  and i n  excess  o f  95s pure.  

Angiotensin I ,  a n g i o t e n s i n  111, a n g i o t e n s i n  C-terminal 

hexapept ide  and C-terminal pen tapep t ide  were obta ined  from 

Cambridge Research Biochemicals ( A t l a n t i c  Beach, N Y )  . 
ang io tens in  I ,  a n g i o t e n s i n  I1 and a n g i o t e n s i n  C-terminal 

t e t r a p e p t i d e  were ob ta ined  from Bachem (Tor rance ,  CA). Amino 

a c i d  sequences o f  t h e s e  p e p t i d e s  a r e  shown i n  Table 1 .  

Rndioiodinated a n g i o t e n s i n  IT ( '25L-AII) was ob ta ined  from Mew 

Englatid Nuclear ( B o s t o n ,  M A ) .  

1 Des. asp .  

Chromatographic M a t e r i a l s  

B io log ica l  samples were e x t r a c t e d  p r i o r  t o  HPLC on 1 m l  C - 1 8  

reversed  phase mini-columns (Bond E l u t  , Analytichem Inc . ,  Harbor 

C i ty ,  C A ) .  HPLC was performed over  a C-2 weak non-polar s i l i c a -  

Table 1 

Angiotensin Amino Acid Composition 

Pep t i d e  N- t ermina l  C- t e rmina l  

C-term. t e t r a p e p .  H-Ile-His-Pro-Pho-OH 
C- t e  rm . pentapep. H-Tyr- Ile-Xis-Pro-Phe-OH 
C-term. hexapep. H-Val-Tyr-Ile-His-Pro-Phe-OH 
AIII H-Arg-Val-Tyr-Ile-His-Pro-Phe-OH 
A 1 1  H-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-OH 
des. Asp' A 1  H-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-OH 
A 1  H-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-OH 

term = t e rmina l  
pep = pep t ide  
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PLASMA ANGIOTENSINS 202 1 

bonded column, ( s i l i c a  p a r t i c l e s  s p h e r i c a l ,  5 p:,i d i a m e t e r ) ,  

dimensions 4.6 mm x 25 cm (Analytichem Inc . ,  Harbor C i t y ,  CA). 

S o l v e n t s ,  Chemicals 

Sample e x t r a c t i o n  used XCS g rade  methanol ( F i s h e r ,  P lano ,  

TX) , r eagen t  grade  formic a c i d  ( A l d r i c h ,  Milwnukez, W I )  , Tris- 

(hydroxymethyl) aminornethene, r eagen t  g r a d e  (Sigma Chemical Co., 

S t .  Louis ,  KO), and double g l a s s  d i s t i l l e d  water.  HPLC s o l v e n t s  

comprised ACS grade  methanol,  r eagen t  g rade  formic  a c i d ,  double  

g l a s s  d i s t i l l e d  wa te r  and ammonium formate  (Sigma Chemical Co.) .  

P r i o r  t o  a n a l y s i s  blood samples (20  mls) were c o l l e c t e d  i n t o  0.5 

m l s  0.114 disodium EDTA (Sigma Chemical Co.) and 0.5 mls 0.0025 Iul 

1 , l o  o r tno -phenan th ro l inc  ( Aldr i ch )  . 

High Performance Liquid  Chromatograph 

A Waters system coinprising twin  s o l v e n t  pumps (Model 60008), 

a Model U6K I n j e c t o r ,  Waters Gradien t  C o n t r o l l e r  and Waters Model 

440 U l t r a v i o l e t  absorbance  d e t e c t o r  were employed i n  g r a d i e n t  

e l u t i o n  o f  pep t ides .  F r a c t i o n s  were c o l l e c t e d  from t h e  column 

i n t o  a n  au tomat i c  f r a c t i o n  c o l l e c t o r  (LKB) a t  timed i n t e r v a l s  o f  

1 2  s e c .  beginning  wi th  t h e  i n j e c t i o n  of  sample. 

METHODS 

E x t r a c t i o n  of  Angio tens ins  from Blood Plasma 

Blood samples were c o l l e c t e d  from a f o r e l i m b  v e i n  o f  

consc ious  a d u l t  mongrel dogs. Twenty m i l l i l i t e r s  o f  blood were 
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r a p i d l y  added t o  0.5 m l s  0.1M disodium EDTA and 0.5 m l s  0.0025 M 

or tho-phenanthro l ine  i n  a hepa r in i zed  tube ,  mixed, placed on i c e ,  

and t r anspor t ed  t o  a r e f r i g e r a t e d  c e n t r i f u g e  where plasma was 

sepa ra t ed  from blood c e l l s  by c e n t r i f u g a t i o n  f o r  15 mins a t  4 O C  

and 3OOOg. Separa ted  plasma was e x t r a c t e d  ove r  C 1 8  mini-colurnns 

which had been prepared by we t t ing  wi th  1 in1 methanol followed by 

3 mls deionized  water.  For d i r e c t  R I A ,  1 ml o f  plasma was then  

drawn over the  column. Plasma sanp los  f o r  HPLC were between 4-5 

mls i n  volume and were e x t r a c t e d  by r e p e a t e d l y  4rawing R l i q u o t s  

of 1 m l  o f  plasma over t h e  colurnn. A f t e r  a d d i t i o n  of plasma, t h e  

columns were washed by pass ing  through 1 m l  o f  Tris base  ( 1 0  mM, 

pH 7.4). 

accomplished wi th  1 ml of  a mixture  o f  methanol snd 105 aqueous 

formic a c i d  (80$/20$ vo l /vo l )  . Recovery of s e v e r a l  a n g i o t e n s i n  

pep t ides  a s  well  a s  r ad io iod ina ted  A11 was as ses sed  by a d d i t i o n  

of pep t ides  t o  plssmaa wi th  subsequent e x t r a c t i o n  and 

q u a n t i f i c a t i o n  e i t h e r  by K I A  ( u n l a b e l l e d  p e p t i d e s )  o r  d i r e c t  

gamma-sc in t i l l a t ion  count ing  ( l  2 5 ~ - ~ ~ ~ ) .  

Elu t ion  of  r e t a i n e d  p e p t i d e s  from the  c o l u w  was 

High Performance Liquid Chromatographic S e p a r a t i o n  of Angio tens in  
Pep t ides  

The seven a n g i o t e n s i n  pep t ides  s t u d i e d  were sepa ra t ed  with a 

l i n e a r  g r a d i e n t  e l u t i o n  followed by an i s o c r a t i c  s t e p .  

so lven t  (Solvent  A) was a 70$/30% by volume mixture  o f  20 mM 

aqueous ammonium formate/methanol with 1 m l  97% formic a c i d  added 

t o  each l i t e r  o f  so lven t .  Solvent  f low rate  was 1 ml/min. Upon 

I n i t i a l  
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PLASMA ANGIOTENSINS 2023 

i n j e c t i o n  of sample a l i n e a r  g r a d i e n t  e l u t i o n  c h a n g i n g  from 1002 

s o l v e n t  A t o  100; s o l v e n t  B was perfori.led o v e r  a 7-minute  p e r i o d .  

S o l v e n t  B compr ised  a 60$/40$ by volume m i x t u r e  o f  20 n i l  q u e o u s  

ammonium formate /methanol  wit :?  1 m l  97; f o r m i c  a c i d  added t o  e a c h  

l i t e r  o f  s o l v e n t .  Upon t e r n i n a t i o n  o f  t h e  g r a d i e n t  S o l v e n t  B was 

r u n  i s o c r a t i c a l l y  f o r  a f u r t h e r  7 m i n u t e s  d u r i n g  which e l u t t o n  o f  

p e p t i d e s  was comple ted .  

P e p t i d e  Radioimnunoassay 

125 A radioimmunoaoaay f o r  A 1 1  was developed  by u s i n g  I - A 1 1  

and a n  a i l t i se rum r a i s e d  i n  r a b b i t s .  The a n t i s e r u m  was g e n e r a t e d  

by c o n j u g a t i n g  a n g i o t e n s i n  I1 t o  b o v i n e  serum slburnin by t h e  

method o f  Goodfr iend e t  a 1  ( 1 1 ) .  Dia lyzed  c o n j u g a t e  was t h s n  

hoinogenized w i t h  an e q u a l  volume o f  P r e u n d ' s  c o m p l e t e  a d j u v i n t  

and 0.5 mls o f  t h e  homogenate were i n j e c t e d  oubcutar ieous ly  o v e r  

t h e  back  of' New Zealsnd  w h i t s  rabbit::. Subsequent  t o  

immuniza t ion  a n i m a l s  were b o o s t e d  w i t h  t h e  same m i x t u r e  r ion th ly  

f o r  t h r e e  months. S i g n i f i c a n t  b i n d i n g  o f  r a d i o i o d i n a t e d  A 1 1  was 

p r e s e n t  i n  most a n i m a l s  a f t e r  t h e  second b o o s t .  Ten d a y s  a f t e r  

t h e  t h i r d  boos t  '1 p o o l  o f  b lood  was drawn from one qnirnnl v h l c h  

had p r e v i o u s l y  showed s i g n i f i c a n t  a n t i b a d y  t i ters .  T h i s  blood 

was c l o t t e d  and serum removed. T h i s  serum h a s  proved t o  be most 

s u i t a b l e  f o r  a n g i o t e n s i n  radioimmunoassay and is  used  a t  a f i n a l  

d i l u t i o n  o f  1:100,000. 

b u f f e r  (pH 7.4, 50 m M  c o n t a i n i n g  0.2% normal  r a b b i t  serum, 0.1% 

The a s s a y  i s  performed w i t h  T r i s - H C 1  
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sodium az ido )  a s  v e h i c l e .  

500 pl. Standard A 1 1  is s y n t h e t i c  (Bachem) and a s s s y  d e t e c t i o n  

range is 1.6 pg t o  200 pg. Assay of plasma e x t r a c t s ’ i s  by 

r e c o n s t i t u t i o n  o f  each 1 m l  plasma e x t r a c t  wi th  250 p1 of Tris- 

H C 1  bu f fe r .  Two x 100 p l  a l i q u o t s  o f  t h e  r e c o n s t i t u t e d  sample 

a r e  assayed. The a s say  i s  incubated  i n  t h e  presence  of ca .  4000 

cpm 1 2 5 1 - A I I  f o r  24 h r s .  Sepa ra t ion  o f  bound from f r e e  is by t h e  

second an t ibody method ( g o a t  a n t i - r a b b i t  gamma g l o b u l i n ,  Research 

Products  I n t e r n a t i o n a l )  wi th  50 p 1  of 25% aqueous polye thylene  

g l y c o l  ( M .  W t .  range 5,000-6,000 D)  added t o  enhance 

p r e c i p i t a t i o n .  

Each assity tube  h a s  a f i n a l  volume o f  

RESULTS 

Recovery o f  Angio tens ins  During E x t r a c t i o n  

18 Two means o f  e s t i m a t i n g  a n g i o t e n s i n  recovery  du r ing  C 

c a r t r i d g e  e x t r a c t i o n  o f  plasma were used. Recovery of 

r ad io iod ina ted  A 1 1  added t o  1 m l  of i n h i b i t e d  plasma was 85.0 2 

0.95 (mean 2 SEM, n=12). Recovery o f  un labe l l ed  a n g i o t e n s i n  I1 

was a s ses sed  by a d d i t i o n  of 100 pg A 1 1  t o  1 ml r e p l i c a t e s  of a 

pool of i n h i b i t e d  plasma and comparison by X I A  o f  A 1 1  

immunoreactivity (AII-12) i n  6 samples t o  which 100 pg o f  A 1 1  had 

been added and 6 samples (1 m1) from t h e  sample pool t o  which A 1 1  

was not  added. Recovery o f  un labe l l ed  A 1 1  was 82.2 2 4.5%. 

Recovery o f  un labe l l ed  A 1 1 1  and C-terminal hexapept ide  were 

es t imated  i n  a similar manner and found t o  be 87.0 3 .5% and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PLASMA ANGIOTENSINS 2025 

86.1 - + 4.6$, r e s p e c t i v e l y .  

good r ecove ry  f o r  a n g i o t e n s i n  p e p t i d e s  i n  a l i m i t e d  molecu la r  

weight range. Although no e s t i m a t e s  have been made o f  r ecove ry  

o f  o t h e r  a n g i o t e n s i n  p e p t i d e s ,  t h e  l a v e 1  of  s e l e c t i v i t y  i n  C 

c a r t r i d g d  e x t r a c t i o n  is broad enough t o  expec t  s i m i l a r  r ecove ry  

r a t e s  f o r  t h e  o t h e r  a n g i o t e n s i n s  l i s t e d  i n  Table 1 .  F u l l  

v a l i d a t i o n  o f  recovery  f o r  o t h e r  a n g i o t e n s i n s  a w a i t s  t h e  

a p p l i c a t i o n  of  a p p r o p r i a t e  R I A  a n t i s s r a  and/or  r a d i o l a b e l  

a v a i l a b i l i t y .  

Thus, C18 e x t r a c t i o n  a p p e a r s  t o  y i e l d  

18 

S e p a r a t i o n  of  Angio tens in  S tanda rds  wi th  UV Moni tor ing  

A t y p i c a l  1IV chromatogram r e s u l t i n g  from t h e  i n j e c t i o n  o f  

approximate ly  10 U Q  of  each of  7 a n g i o t a n s i n  p e p t i d e s  i n t o  t h e  

g r a d i e n t  e l u t i o n  system i s  shown i n  Fig.  1 .  A l l  peaks were w e l l  

s e p a r a t s d  and showed good peak symmetry wi th  on ly  a small deg ree  

of  peak t a i l i n g .  A small, s p u r i o u s  peak, which was found 

c o n s i s t e n t l y ,  emerged p r i o r  t o  t h e  e l u t i o n  of  t h e  first 

a n g i o t e n s i n  pep t ide .  Subsequent s t u d i e s  r evea led  t h a t  t h i s  peak 

was a s s o c i a t e d  wi th  t h e  s t anda rd  p r e p a r a t i o n  o f  p e n t a p e p t i d e .  

S ince  t h i s  p r e p a r a t i o n  was ana lyzed  t o  be 975 pure  and showed a 

c o n s i s t e n t  and l a r g e r  peak l a t e r  i n  t h e  e l u t i o n  p r o f i l e  i t  was 

presumed t h a t  t h e  i n i t i a l  peak c o n s t i t u t e d  an  impur i ty  wi th  

r e l a t i v e l y  h igh  W absorbance  a t  t h e  mon i to r ing  wavelength (254 

nm). 

impur i ty  has  been made. 

No f u r t h e r  a t t e m p t  t o  de t e rmine  t h e  chemica l  n a t u r e  o f  t h i s  
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PEAK IDENTIFICATION 
A= Angiotensin C- terminal tetrapeptide 
8= Angiotensin C-terminal pentapeptide 
C= Angiotensin lTI 
D = Angiotensin II 
E= Angiotensin C-terminal hexapeptide 
F= desAsp’ Angiotensin I 
G= Angiotensin I 

A v  A BC D E F  G 

0 5 10 15 20 
T I  M E  (mins) 

FIGURE 1 .  Ultraviolet absorbtion elution profile of seven 
angiotensin peptides. See text for details of stationary and 
mobile phases. 

Separation of Eiological Quantities of Angiotensins with 
Rsdioimmunoassay Detection 

In order to ascertain the applicability of HPLC sepsrstion 

in the concentration range at which angiotensins are present in 

blood the HPLC system was tested by application of low doses o f  

standard angiotensins. 

necessitated use of RIA. 

Detection of peptides at this level 

Doses of peptide studied were 200 fM 
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E -‘001 *g t 80 
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60 

F1CiJP.E 2 .  E l u t i o n  o f  t h r e e  s n s i o t e n s i n  p e p t i d e s  d e t e c t e d  by R L A  
u s i n g  s n t i - A 1 1  a n t i s e r u m .  

i n j e c t e 4  i n t o  t h e  HPLC s y s t e m ,  d i s s o l v e d  i n  20 ul o f  s o l v e n t .  

P e p t i d e s  s e l e c t e d  f o r  s t u d y  were t h o s e  showing s u f f i c i e n t  c r o s s -  

r e a c t i v i t y  wi th  A 1 1  n n t i s e r u i i  t o  p e r m i t  3 I h  d e t e c t i o n  a t  t h i s  

c o n c e n t r a t i o n .  T h e r e f o r e ,  o n l y  A I T ,  A 1 1 1  and C- te rmina l  

h e x a p e p t i d e  were s t u d i e d .  

Re : :o lu t ion  o f  a n g i s t e n s i n s  a t  low c o n c e n t r a t i o n  i s  shown iq 

F i g u r e  2.  The t ime c o u r s e  o f  e l u t i o n  i s  v e r y  s i m i l a r  t o  t h a t  

o b t a i n e d  a t  h i g h e r  c o n c e n t r s t i o n  w i t h  UV s b s o r b a n c e  d e t e c t i o n .  

However, i t  would a p p e a r  t h a t  t a i l i n g  o f  t h e  p e a k s  was somewhat 

e x a g g e r a t e d  a t  low dose  l e v e l s .  To what e x t e n t  t h i s  c a n  be  

a c c o u n t e d  f o r  by t h e  a d d i t i o n a l  t u b i n g  r e q u i r e d  t o  c a r r y  s o l v e n t  
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from t h e  o u t l a t  o f  t h e  c o l u n n  t o  t h e  f n c t i o n  c o l l e c t o r  i s  

u n c e r t a i n .  

Recovery t e s t s  o f  A 1 1  s t a n d a r d  p e p t i d e s  were also p e r f o r m 4  

t o  evr l lua te  what p r o p o r t i o n  o f  added A 1 1  was r e c o v e r e d  i n  t h e  A 1 1  

peak.  Recovery h a s  been en t i rna ted  a t  67.5 6.OR5 ( n = 3 ) .  ?oms 

e x p e r i m e n t s  have been performed which s u g g e s t  t h a t  t h e  major  

s o u r c e  o f  l o s s  o c c u r s  a t  i n j e c t i o n ;  a d d i t i o n  o f  100 pg o f  A11 i n  

t h e  s a n e  volume (10 111) and c o l l e c t i o n  a t  t h e  p o i n t  o f  c o n n e c t i o n  

t o  t h e  column gave an a v e r a g e  r e c o v e r y  o f  ‘13.3% i n  two r e p l i c a t e  

e x p e r i m e n t s .  Undoubtedly,  t h e  use o f  small volumes as  well a s  

t h e  i n a c c u r a c y  i n h e r e n t  i n  R I A  may a c c o u n t  f o r  some of  t h e  

a p p a r e n t  1093. 

A n g i o t e n s i n  i n  E x t r a c t s  o f  Canine a l o o d  Plasma 

Table  2 shows t h e  r e l a t i v e  p r o p o r t i o n s  o f  A L I ,  AIII a n d  C- 

t e r m i n a l  h e x a p e p t i d e  i n  venous plasma e x t r a c t s  s u b j e c t e d  t o  IIPT,C 

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

da t a  o b t a i n e d  froin humqn venous blood u s i n g  paper  chromatography 

by Semple e t  a1 ( 1 2 ) .  

Table  2 

C- te rmina l  
n - $ A 1 1  $ A 1 1 1  h e x a p e p t i d e  - Sample 

78.2 + 5.0 13.7 2 3.8 7.2  - + 2.7 Dog venous plasma 4 - 
( c1 e x t r a c t )  

( V a l u e s  a r e  % o f  t o t a l  A I I - I R  i n  sample  a p p e a r i n g  u n d e r  t h e  peak 
c o r r e s p o n d i n g  t o  e a c h  o f  t h e  t h r e e  p e p t i d e s ) .  
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"1 
Dog I :  plasma 

Dog2: plasma 20 

- -- 
AX A I I  hexapep. 

FRACTION NUMBER 

FIGUIiE 3 .  A n g i o t e n s i n  d e t e c t e d  by HPLC and R I A  i n  e x t r a c t s  o f  
4 m 1 s  o f  c a n i n e  venous plasma. 

F i g u r e  3 shows t h e  c h r o m a t o g r a p h i c  p r o f i l e  o f  two o f  t h e s e  

samples .  One a n i m a l  showed p e a k s  c o r r e s p o n d i n g  t o  t h e  e l u t i o n  

time o f  all t h r e a  s t a n d n r d  p e p t i d e s .  I n  t h e  o t h e r  a n i m a l  t h e  

o n l y  s u b s t a n t i a l  A11 i m m n o r e a c t i v i t y  c o r r e s p o n d e d  t o  A I I .  No 

peaks  c o r r e s p o n d i n g  t o  A 1 1 1  o r  C- te rmina l  h e x a p e p t i d e  were 

o b s e r v e d ;  t h i s  was n o t  t h e  case w i t h  the o t h e r  a n i m a l s  s t u d i e d .  

One s p u r i o u s  peak a p p e a r e d  i n  t h i s  an ina l ' s  sample  p r i o r  t o  the 

e l u t i o n  o f  AIII. T h i s  peak d o e s  n o t  a p p e a r  t o  c o r r e s p o n d  t o  t h e  
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e l u t i o n  t imes  of  o t h e r  a n g i o t e n s i n  p e p t i d e s  s t u d i e d  and ,  i n  any 

c a s e ,  would have t o  be p r e s e n t  i n  h igh  c o n c e n t r a t i o n  t o  have 

s u f f i c i e n t  c r o s s - r e a c t i v i t y  wi th  t h e  A11 an t i se rum t o  permi t  

d e t e c t i o n .  I t  is concluded t h a t  t h i s  peak probably  does  no t  

r e p r e s e n t  an a u t h e n t i c  a n g i o t e n s i n  and nay be an R I A  a r t i f a c t ,  

perhaps due t o  inadequa te  d r y i n g  of  t h e  HPLC f r a c t i o n .  

DISCUSSION 

High performance l i q u i d  chromatography o f f e r s  a r a p i d ,  

e f f i c i e n t  anti r ep roduc ib le  method f o r  Rnalyzing b i o l o g i c a l l y  

occur r ing  snd a c t i v e  a n g i o t e n s i n  pep t ides .  The system t h a t  has  

1 R- been developed uses a p re l imina ry  e x t r a c t i o n  method with C 

s i l i c a  c a r t r i d g e s  which permi t  c o n c e n t r a t i o n  o f  samples p r i o r  t o  

a n a l y s i s .  For t h e  p e p t i d e s  t e s t e d ,  t h i s  e x t r a c t i o n  procedure 

g i v e s  good recovery  and r e p r o d u c i b i l i t y .  Fur thermore ,  i t  can be 

app l i ed  t o  up t o  10 samples a t  once and u s e s  r e l a t i v e l y  

inexpens ive  and e a s i l y  obta ined  m a t e r i a l s .  

Resolu t ion  o f  pep t ides  i n  the  HPLC s e p a r a t i o n  i s  good wi th  

adequate  peak d e f i n i t i o n  and a c c e p t a b l e  peak shape a s  determined 

by UV absorbance moni tor ing  of  microgram q u a n t i t i e s  o f  pep t ide .  

Monitoring of  picogram q u a n t i t i e s  of  p e p t i d e s  by R I A  was l i m i t e d  

i n  t h e  p r e s e n t  s t u d y  t o  those  a n g i o t e n s i n  p e p t i d e s  which c ross -  

r eac t ed  s u f f i c i e n t l y  wi th  A 1 1  an t i s e rum t o  be  d e t e c t a b l e  a t  t h e s e  

q u a n t i t i e s  i n  R I A .  These were A I I ,  A 1 1 1  and t h e  C-terminal 

hexapept ide .  Once a g a i n  r e s o l u t i o n  a t  t h e s e  low dose  l e v e l s  was 
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PLASMA ANGIOTENSINS 203 1 

a l s o  adequate ,  though peaks appeared t o  show a g r e a t e r  degree  o f  

t a i l i n g .  

Other l a b o r a t o r i e s  have r epor t ed  a v a r i e t y  o f  methods t o  

s e p a r a t e  b i o l o g i c a l l y  occur r ing  a n g i o t e n s i n s .  

inc luded  paper chromatography ( 1 2 ) ,  t h i n - l a y e r  chromatography on 

s i l i c a  g e l s  (13 ) ,  and !IPLC (14 ,15 ,16 ) .  In  a d d i t i o n ,  some of 

These have 

these  methods have demonstrsted t h e i r  a p p l i c a b i l i t y  t o  a n a l y s i s  

of a n g i o t e n s i n s  i n  b i o l o g i c a l  samples ( 1 2 , 1 4 ) .  However, no 

r e p o r t s  e x i s t  o f  systems employing HPLC techn iques  which r e s o l v e  

t h e  broad range of c l o s e l y  r e l a t e d  and b i o l o g i c a l l y  s i g n i f i c a n t  

a n g i s t e n s i n s  s t u d i e d  he re  and which have been eva lua ted  a s  t o  

s u i t a b i l i t y  f o r  de t e rmina t ion  o f  a n g i o t e n s i n s  a t  l e v e l s  normally 

p re sen t  i n  blood samples. P re l imina ry  s t u d i e s  i n  t h i 3  l a b o r a t o r y  

r evea led  t h a t  i on  p a i r i n g  techniques  on C HPLC columns were 

unable t o  produce t h e  degree of r e s o l u t i o n  which has  been 

Id  

achizved us ing  the  much weaker non-polar C2  s t a t i o n a r y  phase. 

would appear  t h a t  s e l e c t i o n  o f  a weaker non-polar s t a t i o n a r y  

phase has  con t r ibu ted  s u b s t a n t i a l l y  t o  the  s e p a r s t i o n  o f  p e p t i d e s  

s h a r i n g  c l o s e  s t r u c t u r a l  homology. 

I t  

The d a t a  t h n t  has  been c o l l e c t e d  i n  ou r  a n a l y s i s  o f  p e p t i d e s  

f r a c t i o n a t e d  from canine  venous blood e x t r a c t s  compares c l o s e l y  

with e q u i v a l e n t  data  obta ined  by Seclple e t  a 1  ( 1 2 ) .  

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

One 

r e so lve  C-terminal hexapept ide  from C-terminal pen tapep t ide ,  

which was no t  achieved i n  the  s t u d y  o f  Semple e t  a l .  However, 
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both the  d a t a  o f  Semple e t  a 1  and t h e  p re sen t  d a t a  i n d i c a t e  t h a t  

venous l e v e l s  o f  both of t h e s e  p e p t i d e s  a r e  q u i t e  low. The C- 

t e rmina l  amino a c i d  s t r u c t u r e  i s  e s s e n t i a l  f o r  i n t e r a c t i o n  with 

ang io tens in  r e c e p t o r s  (17) and t h e  p o t e n t i a l  b i o l o g i c a l  

s i g n i f i c a n c e  o f  such metabol ic  products  o f  A 1 1  has  been sugges ted  

by o t h e r  s t u d i e s  (18,lg). 

t he  f i n d i n g  t h a t  a t  l e a s t  one m e t a b o l i t e  o f  AII, namely AIII, has  

b i o l o g i c a l  a c t i o n s  i n  common wi th  A 1 1  ( v a s o p r e s s o r  and a d r e n a l  

mineralocorticotrophic), a t  least  i n  some s p e c i e s  (10) .  

c a p a b i l i t y  of t h e  p re sen t  system, t h e r e f o r e ,  no t  on ly  provides  

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

under d i f f e r e n t  c o n d i t i o n s ,  b i t  a l s o  provides  a ready means' o f  

- isoe3siig,  i n  conb ina t ion  wi th  a p p r o p r i a t e  R I A ' S ,  t h e  rnetabolism 

o f  t ing io tans ins  i n  normal and d i s e a s e  c o n d i t i o n s .  

An i l l u s t r a t i o n  of t h i s  po in t  l i e s  i n  

The 
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