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THE DETERMINATION OF CAPTOPRIL IN PHYSIOLOGICAL FLUIDS

USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY WITH ELECTRO-

CHEMICAL DETECTION.

D. Perrett and P,L. Drury.
Department of Medicine,
St. Bartholomew's Hospital,

London, EC1A 7BE.

ABST

A method has been devised for the measurement of
the anti-hypertensive drug, captopril in physiological
fluids., The drug is separated by chromatography on an
OLS-column using a pH2 phosphate buffer/methanol (65:35)
eluant and detected at a mercury electrochemical cell
maintained at +0.07V v Ag/AgCl, The maxXimum sensitivity
is greater than 1pmol injected onto the column. The
application of the methodology to acid deproteinated
plasma and urine from patients receiving captopril has
peen demonstrated,

INTRODUCTION

Captopril (SQ 14225, D-3-mercapto-2-methyl propan-
oyl-L-proline) is the first orally active inhibitor of
angiotensin I converting enzyme (peptidyl dipeptidase
hydrolase, kininase II, E.C.3.4.15.1) to become avail-
able for clinical use (1,2)., It is a potent antihyper-
tensive agent in both renovascular and essential hyper-
tension (2), being of especial value in hypertension
resistant to conventional drugs (3). Its use in con-
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gestive cardiac failure also shows great promise (2,4),.

Comparatively little is known of the pharmacokin-
etics and pharmacodynamics of captopril (5). Current
methods for measurement of the drug in biological flu-
ids are cumbersome, requiring extensive extraction and
derivitisation prior to assay (6-11). As it has been
shown that the predominant route of excretion is via
the kidney (5), whose function is often impaired in
hypertension, an assay for the drug in plasma might
therefore be of value in optimising the dosage, espec-
ially as there is evidence that side-effects may be
dose related (5,11).

Recently Rabenstein and Saetre (12) introduced a
mercury electrode for the quantitation of cysteine and
related thiols following separation on a cation exchange
column, The oxidation reaction;

Hg + 2RSH —> Hg(RS), + 28T+ 2e
occurs at the electrode and should be applicable to any
thiol,

We have therefore developed a method for the sep-
aration of captopril by reversed phase liquid chroma-
tography followed by quantitation using an electro-

chemical detector.

CXPERIMENTAL

Materials

The chromatographic system consisted of a Altex 110

pump with 2m of 0,4mm bore stainless steel tubing provid-
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ing additional pulse damping and a Bioanalytical Systems
LC-4 electrocihemical detector equipped with a Gold/Mer-
cury cell. The Au/Hg cell was maintained at +0.07V ver-
sus Ag/AgCl reference electrode. A 100mm length and Smm
diameter column equipped with a syringe injector (HETP,
Macclesfield, England) was slurry packed in the labora-
tory with opm ODS-Hypersil (Shaindon, Runcorn, England).
Tne column was connected to the electrochemical cell by
locm of O.1lomm bore p.t.f.e. tubing. The output from
the electrochemical cell was recorded on a 0-10mV servo-

scribe recorder,

Captopril was kindly donated by E.R, Squibb and Co.
Potassium dihydrogen pnosphate A.R. and orthophosphoric
aclid A.R. were obtained from BDH Chemicals and methanol
from Rathburn Chemicals (Walkerburn, Scotland)., Water
was distilled and then de-ionised immediately prior to

use .,

The eluant, consisting of 100mmol/l aqueous KH2P04
adjusted to pH2 with HSPO4 and containing 35% methanol,
was filtered and then continuously degassed with oxygen-
free nitrogen. The column was eluted at a flow rate of
1ml/min,

Samples

Stock captopril standards (1lmmol/l) were prepared

in O0.1M HCl. Captopril containing urine was collected

directly into containers containing 1lml 6M HC1/100ml
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urine., Freshly drawn heparinised blood was centrifuged

at 40

at 2000g for 5 min, Plasma proteins were immed-
iately precipitated by the addition of 100ul sulphosa-
licylic acid (25mg/100ul) to 1lml of plasma. Following
a furtaer o min centrifugation the supernatant was rap-
idly frozen, then stored at -20° until analysis. Imm-
ediately prior to analysis the supernatant was spun at

2000g for 5 min and 10 - 25ul were injected onto the

column.

RESULTS

Altaough captopril could be directly oxidised at
a glassy carbon electrode, the potential required for
maximum response with the mercury electrode was substan-
tially lower (Fig. 1). At voltages above +0,08V the
decreased peak neight was accompanied by a sharp incr-
ease 1ian peak tailing. Sensitivity was increased 50-
fold usiang the Hg-electrode. At the potential required
with the glassy carbon electrode (1.2V) a number of
otiner substances in plasma interferred with the chroma-
tography whereas few significant peaks were found in

normal plasma using the Hg-electrode.

Wien captopril standards were eluted with methanol:
water mixture from ODS columns, the compound eluted as
a triple peak (Fig. 2). This was believed to be a pH
effect aad when phosphate buffers of varying pH from 2 -

8 were studied, below pH3 only one major peak occurred
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FIGURE 1, Hydrodynamic voltammogram for captopril
on glassy-carbon and mercury electrodes, S5nmol and
100pmol was injected respectively.
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FIGURE 2, Effect of buffer composition on the elu-
tion profile of captopril, i) water/methanol 65:
35 pH 56.70 and ii) 0.1M phosphate buffer/methanol
65:35 pH 2.85,
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(Fig. 2). All subsequent studies were performed at pHZ.
Although a single peak was obtained it was relatively
broad (N = 1300 plates) whereas the same column with
the manufacturer's test mixture gave over 4500 plates,
Attempts to improve the chromatography using ion pair-
ing agents led to a rapid loss of sensitivity due to

destruction of the mercury amalgam,

Fig., 3 AB shows standard chromatograms obtained
following the injection of 10 and 2.5pmol of captopril

under the conditions given in the methods. Maximum

S/N

the peak height following repeated injection of 100pmol

sensitivity = 2 was 400fmol. Reproducibility of
was 99.38 * 2.9mm (n=10)., The detector response was
linear in the range 0-1000pmol; a standard curve (0-
100pmol) is shown in Fig., 4., Stock standard solutions
(lmmol/1) prepared in 0,1M HCl were stable for at least
1 month when stored at 40, but it was found necessary
to prepare working standards (lnmol/1) daily. It was
necessary to remove plasma protein prior to sample
application, most of the usual agents e.g. trichloro-
acetic acid, perchloric acid could be employed but sul-
pnosalicylic acid was chosen on grounds of convenience.
Fig. 5 shows captopril in the plasma of a patient

wiio nad received 25mg of the drug 90 minutes earlier,

The concentration was 240nmol/l1 of plasma. The captopril

peak cu- chromatographed with authentic compound added
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FIGURE 3. Chromatograms of A) 10pmol and B) 2.5pmol
of captopril injected with conditions as in methods,.
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FIGURE 5. Captopril in physiological fluids.A) Pla-
sma extract following 25mg dose. B) as A but

with added captopril. C) Urine collected 1h after
6mg dose.
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to the same plasma (Fig. 5B). Care was necessary to
ensure that captopril was resolved from the large neg-
ative deflection. This deflection occurs in all plasma
extracts and was not related to the protein precipitant
used. At low methanol concentrations and at working
potentials other than +0.07V it could broaden and inter-
fere with quantitation, Recovery of captopril added to
plasma and deproteinated immediately was 89 * 4% (n=6).
Captopril was rapidly lost from plasma if protein preci-
pitation (and acidification) was delayed. In one experi-
ment a 10% reduction in recoverable captopril occurred
when deproteination was delayed for 15 minutes. Fig. 5C
shows captopril in the urine collected from a patient
who had received a 6mg dose one hour previously. The

calculated concentration was 1,lumol/1,

DISCUSSION

Thiols have always proved difficult to quantitate
in paysiological fluids although numerous spectropho-
tometric methods nave been published, Difficulties
are caused by the presence of naturally-occurring thiols
and tne instability of thiols in plasma and urine.
Methods so far reported for captopril have therefore
involved some form of chromatography prior to quanti-
tation., GC (7,8), TLC (6) and HPLC (9,10) coupled with
UV or fluorescent derivatisation (7.,8.9,10), mass-

spectroscopy (8) or radioisotopes have all been employed
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to measure the drug in plasma, All the methodologies
seem complex and time consuming. The mercury-based elec-
trochemical detector used in the present method allows
direct quantitation of the free thiol following a simple

chromatographic step.

Difficulties such as oxidation to the disulphide
during analysis and irreversible binding to column pack-
ings ihave been found to occur during the chromatography
of thiols. In this study ODS-columns gave satisfactory
separations only when low pH buffers were used., The
large reduction in column efficiency found when capto-
pril was chromatographed was acceptable only because
tne detector was highly specific, Even so sensitivity
would be increased if a more efficient system could be
found. Perlman and Kirschbaum (13) in a method pub-
lisied during the course of this study examined a num-
per of packing materials in order to determine captopril
in pharmaceutical preparations, and found problems of
tailing, low efficiencies and split peaks. They recom-
mended an ODS system, and ascribed the peak splitting
to hindered rotation at the C-N bond. Monitoring the
present system at their suggested wavelength (214nm) with
a Cecil 212 detector gave a minimum level of detection
of 50pmol, 100-fold less sensitive than the elctrochemi-

cal detector.



18: 14 24 January 2011

Downl oaded At:

CAPTOPRIL IN PHYSIOLOGICAL FLUIDS 107

The sensitivity of the commercial mercury electrode

used here has proved equivalent to that reported by Saetre

and Rabenstein (12) for their mercury-pool electrode.
Wita care the eletrode response was reproducible and
stable but at times sensitivity could fall dramatically.
Tnis was often reversed by pulsing the electrode with

a voltage of +0.4V v Ag/AgCl to clean the mercury sur-
face, but on other occasions a new mercury/gold amalgam
was found necessary., Usually the amalgam was stable

for two wecks before it required to be re-formed - a

simple task,

The precautions outlined for the preparation of
captopril containing fluids have not yet been rigor-
ously determined but are those known to stabilise cyst-
eine (1l4) and penicillamine (15) in plasma., Kawahara
et al (9) have shown that below pH2 captopril solutions
are stable and that at rcom temperature captopril is
readily lost from plasma. The levels of captopril
found in urine and plasma in this study are propor-
tionately similar to those reported for D-penicillamine
(16).

Tie mercury electrode will only detect free-Sl
groups it will not detect any metabolites of captopril
where tne -SH group is lost. By analogy with D-peni-

cillamine (17) the following metabolites would be expe-
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cted in the following order of decreasing abundance:
captopril-cysteine disulpnide, captopril disulpnide, the
S-metiayl derivative and captopril-homocysteine disul-
pulide, Unless the disulphides are reduced prior to ana-

lysis tiey will not be detected.

Tae metnod described can detect plasma and urin-
ary captopril in man after a single oral dose of 6.20mg,
It is thus sufficiently sensitive to allow measurement
of plasma levels even with low-dose therapy and may have
considerable application in monitoring captopril treat-
ment as well as in pnarmacokinetic studies. Clinical
stuaies on captopril levels in man will be published

in due course,
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