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THE DETERMINATION OF CAPTOPRIL I N  PHYSIOLOGICAL FLUIDS 
USING H I G H  PERFORMANCE LIQUID CHROMATOGRAPHY WITH ELECTRO- 

CHEMICAL DETECTION. 

D. P e r r e t t  and P . L .  Drury .  
Department  o f  M e d i c i n e ,  

S t .  Bar tholomew’s  H o s p i t a l ,  
London, E C l A  7BE. 

A method h a s  been  d e v i s e d  f o r  t h e  measurement  of 
t h e  a n t i - h y p e r t e n s i v e  d r u g ,  c a p t o p r i l  i n  p h y s i o l o g i c a l  
f l u i d s .  The d r u g  i s  s e p a r a t e d  by chromatography on an 
OUS-column u s i n g  a slI2 p h o s p h a t e  b u f  f e r / m e t h a n o l  (65 :35) 
e l u a n t  and d e t e c t e d  at  a mercury e l e c t r o c h e m i c a l  c e l l  
m a i n t a i n e d  at  +O.O7V v AgjAgC1. The maximurn s e n s i t i v i t y  
is greater  t h a n  lpmol  i n j e c t e d  o n t o  t h e  column.  The 
a p p l i c a t i o n  of t h e  methodology t o  a c i d  d e p r o t e i n a t e d  
p l a s m a  and u r i n e  from p a t i e n t s  r e c e i v i n g  c a p t o p r i l  h a s  
ueeii d e m o n s t r a t e d .  

INTRODUCTION 

C a p t o p r i l  (SQ 14225, D-3-mercapto-2-methyl propan-  

o y l - L - p r o l i n e )  i s  t h e  f i r s t  o r a l l y  a c t i v e  i n h i b i t o r  of 

a n g i o t e n s i n  I c o n v e r t i n g  enzyme ( p e p t i d y l  d i p e p t i d a s e  

h y d r o l a s e ,  k i n i n a s e  11, E . C . 3 . 4 . 1 5 . 1 )  t o  become a v a i l -  

a b l e  f o r  c l i n i c a l  u s e  (1,2). I t  i s  a p o t e n t  a n t i h y p e r -  

t e n s i v e  a g e n t  i n  b o t h  r e n o v a s c u l a r  and e s s e n t i a l  hyper -  

t e n s i o n  ( 9 ) ,  b e i n g  of e s p e c i a l  v a l u e  i n  h y p e r t e n s i o n  

r e s i s t a n t  t o  c o n v e n t i o n a l  d r u g s  ( 3 ) .  I t s  u s e  i n  con-  
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98 PERRETT AND DRURY 

g e s t i v e  c a r d i a c  f a i l u r e  a l s o  shows g r e a t  promise ( 2 , 4 ) ,  

Comparatively l i t t l e  i s  known of t h e  pharmacokin- 

e t i c s  and pharmacodynamics o f  c a p t o p r i l  ( 5 ) .  Current 

methods f o r  measurement o f  the d r u g  i n  b i o l o g i c a l  f l u -  

i d s  a r e  cumbersome, r e q u i r i n g  ex tens ive  e x t r a c t i o n  and 

d e r i v i t i s a t i o n  p r i o r  t o  assay (6-11). A s  it  h a s  been 

shown t h a t  t h e  predominant rou te  of e x c r e t i o n  i s  v i a  

tile kidney ( 5 ) ,  whose func t ion  i s  o f t e n  impaired i n  

hypertension,  an assay f o r  the drug i n  plasma might 

t h e r e f o r e  be of value i n  op t imis ing  t h e  dosage, espec- 

i a l l y  as  t h e r e  is  evidence t h a t  s i d e - e f f e c t s  may be 

dose r e l a t e d  ( 5 , l l ) .  

Recently Rabenstein and S a e t r e  ( 1 2 )  i n t roduced  a 

mercury e l e c t r o d e  f o r  t h e  q u a n t i t a t i o n  of c y s t e i n e  and 

r e l a t e d  t h i o l s  fol lowing s e p a r a t i o n  on a c a t i o n  exchange 

co luinii , Tile ox ida t  ion re a c t  ion ; 

32 + BRSH d H g ( R S ) 2  + 2H' + 2e 

occur s  a t  the e l e c t r o d e  and should be a p p l i c a b l e  t o  any 

t h i o l ,  

We have t h e r e f o r e  developed a method fo r  t h e  sep- 

a r a t i o n  of c a p t o p r i l  b y  r eve r sed  phase l i q u i d  chroma- 

tography followed b y  q u a n t i t a t i o n  us ing  an e l e c t r o -  

chemical d e t e c t o r .  

& g g L  
)I a t  e r i a 1 s 

Tile chromatographic system c o n s i s t e d  o f  a Altex 110 

pump w i t h  2m of  0 . 4 r m  bore s t a i n l e s s  s t e e l  t u b i n g  provid- 
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CAPTOPRIL IN PHYSIOLOGICAL FLUIDS 99 

i n g  a d d i t i o n a l  p u l s e  damping and a B i o a n a l y t i c a l  Systems 

LC-4 e l e c t r o c i i e m i c a l  d e t e c t o r  equipped  w i t h  a Gold/Mer- 

cury  c e l l .  The Au/Hg c e l l  was ma in ta ined  a t  +O.O7V ver -  

s u s  Ag/AgCl reference e l e c t r o d e .  A l O O r n r n  l e n g t h  and 5rmn 

d i a m e t e r  column equipped w i t h  a s y r i n g e  i n j e c t o r  (HETP, 

M a c c l e s f i e l d ,  England)  was s l u r r y  packed i n  t h e  l a b o r a -  

t o r y  w i t h  apm ODs-Hypersil (Shalldon, Runcorn, E n g l a n d ) ,  

Tile column w a s  connec ted  t o  t h e  e l e c t r o c h e m i c a l  c e l l  by 

lacm of 0.lamm bore  p . t . f . e .  t u b i n g .  The o u t p u t  from 

t h e  e l e c t r o c h e m i c a l  c e l l  was r eco rded  on a 0-lOmV se rvo-  

s c r i b e  r e c o r d e r .  

C a p t o p r i l  was k i n d l y  donated  by E . R .  Squibb  and Co. 

Po ta s s ium dihydrogen phosphate  A .  R .  and o r t h o p h o s p h o r i c  

a c i d  A . H .  were o b t a i n e d  from BDH Chemicals and methanol  

from Rathburn Chemicals (Walkerburn,  Sco t  l a n d ) .  Water 

was d i s t i l l e d  and t h e n  de - ion i sed  immedia te ly  p r i o r  t o  

u s e .  

T : I ~  e l u a n t ,  c o n s i s t i n g  of 100mmol/l aqueous K H ~ P O ~  

a d j u s t e d  t o  pd2 w i t h  Ii3P04 and c o n t a i n i n g  35% methano l ,  

was f i l t a r e d  and then  c o n t i n u o u s l y  degassed  w i t h  oxygen- 

f r e e  n i t r o g e n .  The column was e l u t e d  a t  a f l o w  r a t e  of  

l m l  / m i l l .  

S am9 i e s  

S tock  c a p t o p r i l  s t a n d a r d s  ( lmmol / l )  were p r e p a r e d  

i a  3.1Y H C 1 .  C a p t o p r i l  c o n t a i n i n g  u r i n e  was c o l l e c t e d  

d i r e c t l y  i n t o  c o n t a i n e r s  c o n t a i n i n g  l m l  6M HC1/100ml 
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100 PERRETT AND DRURY 

u r i n e .  Freshly drawn i iepar inised blood was c e n t r i f u g e d  

a t  4' a t  2UOi)g f o r  5 m i n .  Plasma p r o t e i n s  were immed- 

i a t e l y  p r e c i p i t a t e d  by t h e  add i t ion  of 1OOq1 sulphosa- 

l i c y l i c  ac id  (25mg/100p1) t o  l m l  of plasma. Following 

a furt . ier  3 r n i n  c e n t r i f u g a t i o n  t h e  supe rna tan t  was rap- 

i d l y  f rozen ,  then s t o r e d  a t  -20' u n t i l  a n a l y s i s .  Imm- 

e d i a t e l y  d r i o r  t o  a n a l y s i s  the supe rna tan t  was spun a t  

BOOOg f o r  b min and 10 - 2 5 ~ 1  were i n j e c t e d  onto t h e  

co 1 uimi . 

RESULTS 

Altaough c a p t o p r i l  could be d i r e c t l y  o x i d i s e d  a t  

a glassy carbon e l e c t r o d e ,  t h e  p o t e n t i a l  r e q u i r e d  f o r  

maximum response w i t h  t h e  mercury e l e c t r o d e  was substan-  

t i a l l y  lower ( F i g .  1 ) .  A t  vo l t ages  above +0.08V t h e  

decreased peak he igh t  was accompanied by a s h a r p  i n c r -  

ease i i l  peak t a i l i n g .  S e n s i t i v i t y  w a s  i nc reased  50-  

f o l d  u s i ~ i g  t h e  Hg-electrode. A t  t h e  p o t e n t i a l  r equ i r ed  

w i t h  t h e  g l a s sy  carbon e l e c t r o d e  (1.2V) a number of 

otI ier  substances i n  plasma i n t e r f e r r e d  w i t h  t h e  chroma- 

tography whereas f e w  s i g n i f i c a n t  peaks were found i n  

normal plasma using the Hg-electrode. 

Wiien c a p t o p r i l  s t a n d a r d s  were e l u t e d  with methanol : 

water  mixture from ODS columns, t h e  compound e l u t e d  a s  

a t r i p l e  peak ( F i g .  2). This  was be l i eved  t o  be a pII 

e f f e c t  slid when phosphate b u f f e r s  of varying 2H from 2 - 

8 were s t u d i e d ,  below pH3 only one major peak occurred 
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FIGURE 1. Hydrodynamic voltammogram f o r  c a p t o p r i l  
on glassy-carbon and mercury  e l e c t r o d e s ,  5nmol and 
lOOpmol w a s  i n j e c t e d  r e s p e c t i v e l y .  

pH 2.85 

i 0 4 0 
min 

FIGURE 2 .  E f f e c t  of b u f f e r  composition o n  t h e  e l u -  
t i o n  p r o f i l e  of c a p t o p r i l .  i) water/methanol 65 :  
35 pH 5 .70  and ii) 0.11d phosphate buffer /methanol  
6 5 : 3 5  pH 2 .85 .  
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102 PERRETT AND DRURY 

( F i g .  2). A l l  subsequent s t u d i e s  were performed at  pH2. 

Although a s i i i g l e  peak was obtained i t  was r e l a t i v e l y  

broad ( N  = 1300 p l a t e s )  whereas the  same column with 

t h e  manufacturer ' s  t e s t  mixture gave over  4500 p l a t e s .  

A t  tempts t o  improve t h e  chromatography using i on  p a i r -  

i n g  agents  l e d  t o  a r ap id  l o s s  of s e n s i t i v i t y  due t o  

d e s t r u c t i o n  of t h e  mercury amalgam. 

F i g ,  3 AB shows s t anda rd  chromatograms obtained 

fol lowing t h e  i n j e c t i o n  of 10 and 2.5pmol of c a p t o p r i l  

under t h e  cond i t ions  given i n  t h e  methods, Maximum 

s e n s i t i v i t y  = 2 was 400fmol. Reproduc ib i l i t y  of 

t h e  peak !ieight fol lowing r epea ted  i n j e c t i o n  of l0Opmol 

was Y Y . 8  2 2 . 9 m  ( n = l 0 ) .  The  d e t e c t o r  response was 

l i n e a r  i n  t h e  range 0-1000pmol; a s t a n d a r d  curve ( 0 -  

100pmol) is shown i n  Fig.  4 .  Stock s t a n d a r d  s o l u t i o n s  

(lmmol/l)  prepared i n  U.1M I I C l  were s t a b l e  fo r  a t  l e a s t  

1 month  when s t o r e d  a t  4O,  but i t  was found necessary 

t o  prepare working s t a n d a r d s  ( l n m o l / l )  d a i l y .  I t  was 

necessary t o  remove plasma p r o t e i n  p r i o r  t o  sample 

a p p l i c a t i o n ,  most of the usua l  agents  e . g .  t r i c h l o r o -  

a c e t i c  a c i d ,  p e r c h l o r i c  a c i d  could be employed but s u l -  

p n o s a l i c y l i c  a c i d  was chosen on grounds of convenience. 

N 

Fig .  5 shows c a p t o p r i l  i n  t h e  plasma of  a p a t i e n t  

who had received 25mg o f  t h e  drug Y O  minutes e a r l i e r .  

The concentrat ion was 240iimol/l of  plasma, T h e  c a p t o p r i l  

peak a)- chromatographed w i t h  a u t h e n t i c  compound added 
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FIGURE 3 .  Chromatograms of  A )  lOpmol and B )  2.5pmol 
of c a p t o p r i l  i n j e c t e d  with cond i t ions  a s  i n  methods. 
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FIGUW 4 .  Standard curve f o r  c a p t o p r i l .  
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F I G U R E  5 .  Captopr i l  i n  p h y s i o l o g i c a l  f1uids .A) P l a -  
s m a  e x t r a c t  following 25mg dose .  B) as A but 
with added c a p t o p r i l ,  C )  U r i n e  c o l l e c t e d  111 a f t e r  
t i m g  dose. 
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CAPTOPRIL IN PHYSIOLOGICAL FLUIDS 105 

t o  t h e  same plasma ( F i g .  5 B ) .  Care was necessary t o  

ensure t h a t  c a p t o p r i l  was resolved from t h e  l a r g e  neg- 

a t i v e  d e f l e c t i o n .  This  d e f l e c t i o n  occurs  i n  a l l  plasma 

e x t r a c t s  and was not r e l a t e d  t o  t h e  p r o t e i n  p r e c i p i t a n t  

used. A t  low methanol concen t r a t ions  and a t  working 

p o t e n t i a l s  o t h e r  than +O.O7V i t  could broaden and i n t e r -  

f e r e  with q u a n t i t a t i o n .  Recovery of  c a p t o p r i l  added t o  

Glasma and depro te ina t ed  immediately was 89 i 4% ( n = G ) .  

Captopr i l  was r a p i d l y  l o s t  from plasma i f  p r o t e i n  p r e c i -  

p i t a t i o n  (and a c i d i f i c a t i o n )  was delayed.  In one expe r i -  

m e a t  a 10% reduct ion i n  recoverable  c a p t o p r i l  occurred 

when depro te ina t ion  was delayed f o r  15 m i n u t e s .  F i g .  5C 

shows c a p t o p r i l  i n  t he  u r i n e  c o l l e c t e d  from a p a t i e n t  

who !lad r ece ived  a 6mg dose one hour p r e v i o u s l y .  The 

c a l c u l a t e d  concen t r a t ion  was 1 . l p m o l / l ,  

DI s cuss I oy 

Thio l s  have always proved d i f f i c u l t  t o  q u a n t i t a t e  

i n  phys io log ica l  f l u i d s  although numerous spectropho-  

tome t r i c  methods liave been pub l i shed .  D i f f i c u l t i e s  

a r e  caused by the  presence of n a t u r a l l y - o c c u r r i n g  t h i o l s  

and t n e  i n s t a b i l i t y  of t h i o l s  i n  plasma and u r i n e .  

Methods so f a r  r epor t ed  f o r  c a p t o p r i l  have t h e r e f o r e  

involved some form of chromatography p r i o r  t o  quan t i -  

t a t i o n .  GC (7,8), TLC ( 6 )  and HPLC (9,lO) coupled w i t h  

UV o r  f l u o r e s c e n t  d e r i v a t i s a t i o n  (7.8.9.10), mass- 

spectroscopy ( 8 )  o r  r a d i o i s o t o p e s  have a l l  been employed 
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106 PERRETT AND DRURY 

t o  measure the drug i n  plasma. A l l  t h e  methodologies 

seem cotnplex and time consuming. T h e  mercury-based e l e c -  

trochemical d e t e c t o r  used i n  t he  p re sen t  method allows 

d i r e c t  q u a n t i t a t i o n  of the f r e e  t l i i o l  fol lowing a simple 

chromatographic s t e p .  

D i f f i c u l t i e s  such a s  ox ida t ion  t o  t h e  d i su lph ide  

aurii ig a i ia lysis  and i r r e v e r s i b l e  binding t o  column pack- 

ings  iiave been fouild t o  occur during t h e  chromatography 

of t h i o l s .  In t h i s  s tudy ODs-columns gave s a t i s f a c t o r y  

s e p a r a t i o n s  only w h e n  low p H  b u f f e r s  were used. T h e  

l a r g e  reduct ion i n  column e f f i c i e n c y  found when capto- 

p r i l  was chromatographed w a s  a ccep tab le  only because 

tile d e t e c t o r  was highly s p e c i f i c .  Even s o  s e n s i t i v i t y  

would be i nc reased  i f  a more e f f i c i e n t  system could be 

found. Yerltnan and Kirschbaum (13)  i n  a method pub- 

l is i led during the  course of t h i s  s tudy  examined a num- 

uer of packing m a t e r i a l s  i n  o r d e r  t o  determine c a p t o p r i l  

i n  pharmaceutical  p r e p a r a t i o n s ,  and found problems of 

t a i l i n g ,  low e f f i c i e n c i e s  and s p l i t  peaks.  They recom- 

meiided an ODs s y s t e m ,  and a sc r ibed  t h e  peak s p l i t t i n g  

t o  hindered r o t a t i o n  a t  the C-IJ bond. Monitoring the 

p resen t  system a t  t h e i r  suggested wavelength (214nm) with 

a Cec i l  212  d e t e c t o r  gave a m i n i m u m  l e v e l  of  d e t e c t i o n  

of SOpmol, 100-fold l e s s  s e n s i t i v e  than t h e  e lc t rochemi-  

c a l  d e t e c t o r .  
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CAPTOPRIL I N  PHYSIOLOGICAL FLUIDS 107 

The s e n s i t i v i t y  of t h e  commercial mercury e l e c t r o d e  

used he re  has  proved equ iva len t  t o  t h a t  r e p o r t e d  by S a e t r e  

and Rabeiistein ( 1 2 )  f o r  t h e i r  mercury-pool e l e c t r o d e .  

W i t h  ca re  the  e l e d r o d e  response was r ep roduc ib le  and 

s t a b l e  but a t  t imes s e n s i t i v i t y  could f a l l  d r a m a t i c a l l y ,  

Tnis was o f t e n  reversed by p u l s i n g  the  e l e c t r o d e  w i t h  

a vo l t age  of +0.4V v Ag/AgCl t o  clean t h e  mercury s u r -  

f a c e ,  but on o t h e r  occasions a new mercury/gold amalgam 

was found necessa ry .  Usually t h e  amalgam w a s  s t a b l e  

f o r  two weeks before  i t  r equ i r ed  t o  be re-formed - a 

s imple t a s k .  

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

c a p t o p r i l  con ta in ing  f l u i d s  have not  y e t  been r i g o r -  

ous ly  determined but a r e  those  known t o  s t a b i l i s e  cys t -  

eiiia ( 1 4 )  and pen ic i l l amine  (15 )  i n  plasma, Kawahara 

e t  a1 ( 9 )  have shown t h a t  below pH2 c a p t o p r i l  s o l u t i o n s  

a r e  s t a b l e  and t h a t  a t  room temperature  c a p t o p r i l  is 

r e a d i l y  l o s t  from plasma. The l e v e l s  of c a p t o p r i l  

found i n  u r i n e  and plasma i n  t h i s  s tudy  a r e  propor- 

t i o n a t e l y  s i m i l a r  t o  those  r e p o r t e d  f o r  D-penicil lamine 

(16). 

Tile mercury e l e c t r o d e  w i l l  only d e t e c t  free-SII 

groups i t  w i l l  not d e t e c t  any m e t a b o l i t e s  of c a p t o p r i l  

where tile -SH group is l o s t .  By analogy with D-peni- 

c i l l amine  ( 1 7 )  t h e  fol lowing m e t a b o l i t e s  would be expe- 
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108 PERRETT AND DRURY 

c t e d  i n  t h e  fol lowing o r d e r  of dec reas ing  abundance : 

cap topr i l - cys t e ine  disulpi i ide , c a p t o p r i l  d i s u l p h i d e  , the 

S-metiiyl d e r i v a t i v e  and captopril-homocysteine d i s u l -  

piiide. Unless the d i su lph ides  a r e  reduced p r i o r  t o  ana- 

l y s i s  tliey w i l l  not be d e t e c t e d .  

T:le metliod descr ibed can d e t e c t  plasma and u r i n -  

ary c a p t o p r i l  i i i  man a f t e r  a s i n g l e  o r a l  dose of  6.25mg. 

I t  is t i i d s  s u f f i c i e n t l y  s e n s i t i v e  t o  allow measurement 

of plasma l e v e l s  even w i t h  low-dose thcrapy and may have 

coiisi derable  a p p l i c a t i o n  i n  monitoring cap topr i  1 t r e a t -  

ment a s  wel l  a s  i i i  pharmacokinetic s t u d i e s .  C l i n i c a l  

s t u d i e s  on c a p t o p r i l  l e v e l s  i n  man w i l l  be pub l i shed  

due course.  
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