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Effects of an angiotensin-converting enzyme inhibitor
(captopril) on blood pressure in anephric subjects

ARIE J MAN IN 'T VELD, IEKE M SCHICHT, FRANS H M DERKX, JAN H B DE BRUYN,
MAARTEN A D H SCHALEKAMP

Summary and conclusions

Randomised, double-blind cross-over trials were per-
formed in seven anephric patients to determine the
effect of the orally active angiotensin-converting enzyme
inhibitor captopril on blood pressure in fluid-depleted
and fluid-replete patients. Patients were given captopril,
100 mg orally, or placebo one hour after haemodialysis,
when they were fluid depleted. Their mean (+ SEM)
supine blood pressure fell from 127+±12/71+6 mm Hg
before captopril to 106±13/54±4 mm Hg 24 hours after
the drug, while on placebo it rose from 123+11/73+5
mm Hg to 134+10/82+8 mm Hg. All patients developed
orthostatic hypotension after captopril. In the fluid-
replete state, two days after haemodialysis, captopril
had no effect on blood pressure. The plasma concentration
of active renin was extremely low and did not rise after
fluidwithdrawal orcaptopril. Thus the hypotensive effect
of captopril did not appear to depend on circulating
renin concentrations.
The concept of "renin-dependent" hypertension, which

is responsive to captopril, as opposed to "volume-
dependent" hypertension, which is not responsive to
captopril, may therefore be invalid.

Introduction

Peptidyldipeptide hydrolase, which converts angiotensin I
into the potent vasoconstrictor angiotensin II (angiotensin-
converting enzyme) and degrades the vasodilator bradykinin
(kininase II),1 is inhibited by the orally active drug captopril
(SQ 14225).2 Captopril's effectiveness as an antihypertensive
agent has now been firmly established in both animals 1 3-5
and man.6 8 The fall in arterial pressure after inhibition of the
converting enzyme seems to be directly correlated with the pre-
treatment concentrations of circulating renin.9-11 It is therefore
commonly believed that captopril lowers blood pressure mainly
through its action on the renin-angiotensin system.6 7The greater
fall in pressure after stimulation of the renal release of renin by
sodium and water depletion seems to support this view.7 9-12
Captopril therefore seems to be a simple and useful tool for
searching out those patients whose hypertension depends on over-
activity of the renin-angiotensin system and who would benefit
particularly from drugs that suppress this system.6 91013

Nevertheless, some data suggest that captopril given repeatedly
over a period will lower blood pressure equally well in patients
with low and normal renin concentrations.6-8 We describe here a
study to determine the hypotensive effect of captopril in aneph-
ric subjects after they had been treated with ultrafiltration.
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Patients and methods

Seven anephric subjects (four men) aged 30 to 58 years who had been
anephric for one to nine years participated in the study. All gave their
informed consent to the study. The effects of captopril and placebo
on blood pressure were first compared in a randomised, double-blind
cross-over study when the patients were relatively fluid depleted.
The patients underwent dialysis three times a week on a Rhodial-75
single-patient unit with a RP-6 disposable polyacrylonitryl membrane
kidney. The recirculating dialysate contained 140 mmol sodium per
litre. The mean (±SEM) loss of body weight per dialysis session was
1-8±0-2 kg on captopril and 2-0±0-2 kg on placebo, the difference
being statistically insignificant (see table). Four patients were given
captopril, 100 mg orally, one hour after haemodialysis. The remaining
three patients were given placebo, which was similar to the captopril
tablet in taste, form, and colour. Two days later the patients who had
been on captopril received placebo and vice versa, again one hour after
haemodialysis. Blood pressure was measured at 15-minute intervals
for two hours after the dose of captopril or placebo and again at 24
hours. It was recorded in duplicate by the same investigators
(AJMV and IMS) using a London School of Hygiene sphygmomano-
meter (MK4, no 7125) to avoid observer bias and digit preference.
Heart rate was computed from a continuous electrocardiographic
(ECG) tracing.
One week later the patients underwent a second trial with captopril,

100 mg orally, again in a double-blind fashion, two days after haemo-
dialysis, when they were fluid replete. The effect of captopril on blood
pressure was followed for two hours until the next dialysis session
was started. Finally, captopril, 100 mg orally, was given on a third
occasion one day after haemodialysis, and its effect was assessed after
24 hours, just before the next dialysis session was started.

Enzymatically active plasma renin was measured by radioimmuno-
assay of angiotensin I, which was generated after incubation for three
hours at 37°C and pH 7-5 with an excess of purified sheep renin
substrate.14 Results were expressed as ,uU of an international renin
standard (MRC 68/356). The normal value in our laboratory is 15-40
FU/ml. The converting enzyme activity of plasma was measured by
the rate of production of hippuric acid from hippuryl-L-histidyl-L-
leucine'5 and expressed as a percentage of the control value before
captopril.

For statistical comparison of data we used Student's paired t test.
P values less than 0-05 were considered to indicate statistically signifi-
cant differences.

Results

In the fluid-depleted state one hour after haemodialysis body
weight on captopril was not significantly different from that on
placebo (see table). Supine blood pressure on placebo, which was given
one hour after dialysis, did not change over a period of two hours,
and after 24 hours it had significantly increased (p <0-01; fig 1). In
contrast, supine blood pressure fell with captopril and, 30-120
minutes after the drug had been given, blood pressure was significantly
lower than on placebo. Two hours after placebo blood pressure did
not change on standing for two minutes, but it fell after captopril
(p < 0-05; fig 2). Twenty-four hours after captopril- had been given, all
patients complained of dizziness and had overt orthostatic hypotension.
Four of them nearly fainted on standing. There was no significant
difference in supine heart rate between the captopril and placebo
periods, and the increments of heart rate on standing were also the
same (fig 2).

Figs 3 and 4 compare the effects of captopril on supine and standing
blood pressures in the fluid-replete state with those after fluid with-
drawal. Supine and standing blood pressures were higher in the fluid-
replete state two days after haemodialysis and blood pressure did not
fall after captopril. The orthostatic fall in blood pressure induced by
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Effect of captopril and placebo on active plasma renin and angiotensin-converting enzyme activity in fluid-depleted and fluid-replete states. Values are means i: SEM

Active plasma renin Converting enzyme activity Body weight
Time of study (,uU/ml) (% of control value at 0 min) (kg)
1 Hour after haemodialysis:
Placebo 0 min .1-8±0-5 100 56-7±1-6

24 h .1-5±0-3 99±6 57-5+1-6
Captopril 0 min .1-6±0-4 100 56-6±1-8

30 min.1-6±0-5 49±11
60 min .1-2 ±l05 37±14

120min .11±03 28±8
24 h .2-1±0-4 30±7 57-3±1-8

24 Hours after haemodialysis:
Captopril 0 min .1-8±0-3 100 57-4±1-7

24 h. 1-7±05 29 ±8 58-5 ±1-6
48 Hours after haemodialysis:

Captopril 0 min .1-7±0-3 100 58-4±1-6
120 min.1-6±0-4 19±9

captopril in the fluid-depleted state was not observed after fluid
repletion. The increments in heart rate on standing were similar be-
fore and after captopril in both fluid-depleted and fluid-replete states.

Active plasma renin concentrations were extremely low in all
patients and did not respond to fluid withdrawal or to captopril (see
table). As judged from measurements of converting enzyme activity
in plasma, captopril was effective for at least 24 hours in our patients.
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FIG 1-Effect of captopril versus placebo on blood pressure in seven fluid-
depleted anephric subjects. NS=Not significant. *P< 005. **P< 0-01.
***P< 0 001.

that report were ten times higher than those in a more recent
study which failed to show significant changes in plasma brady-
kinin in patients with essential hypertension treated with long-
term captopril.1'

Angiotensin-converting enzyme is present in the vascular
endothelium22 and renin has been extracted from the arterial
wall.2' 24 A physiological role for vascular renin in maintaining
blood pressure in the hypertensive anephric rat has been recently
put forward by Turston and Swales,'25 who found that inhibition
of converting enzyme resulted in a considerable fall in blood
pressure one and two hours after nephrectomy, when plasma
renin had already declined to insignificantly low values. Further-
more, plasma prekallikrein, which circulates as a complex with
its substrate, high-molecular-weight kininogen, is rapidly
absorbed together with factor XII on negatively charged surfaces,
such as collagen and vascular basement membrane.26 This leads
to activation of factor XII and the local formation of kallikrein
and possibly also bradykinin. Captopril may thus act in the
blood-vessel wall or in close contact with it, rather than in the
circulating blood.

Haemodynamically, captopril acts as a vasodilator with an
important effect on the veins.'7 28 Venous dilatation will tend to
reduce venous return to the heart and consequently cardiac
output. This might explain why captopril caused orthostatic
hypotension in our anephric patients when they were fluid
depleted. It may be relevant that the rare syndrome of familial
hyperbradykininism is characterised clinically by severe ortho-

Discussion

Our findings show that blood pressure can be greatly reduced
in anephric subjects by captopril, an agent known to inhibit both
the formation of angiotensin II and degradation of bradykinin.
Since the main source of renin has been removed and plasma
renin and angiotensin II concentrations are very low in these
patients,16 it is unlikely that this effect depends on the circulating
levels of these hormones. Blood pressure fell after captoprilwhen-
ever the patients were not overloadedwith fluid. A similar influence
of fluid balance on the hypotensive response to angiotensin-
converting enzyme inhibitors and angiotensin II antagonists
has been observed in normotensive and hypertensive subjects
who have not undergone nephrectomy.50-12 17 This is commonly
taken as evidence that blood pressure becomes "renin dependent"
when the release of renin is stimulated by sodium and water
depletion. Our observations in anephric subjects, who had very
low plasma renin concentrations which did not increase after
fluid withdrawal, strongly suggest that factors unrelated to cir-
culating renin are important for maintaining blood pressure after
sodium and water depletion. The hypotensive effect of captopril
is probably also not related to circulating bradykinin concentra-
tions. Studies with the converting enzyme inhibitor teprotide
(SQ 20 881) in man failed to show any effect on plasma brady-
kinin values.1218 A transient rise in plasma bradykinin after
teprotide has been reported,'9 20 but the bradykinin values in
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FIG 2-Effects of captopril ver-
sus placebo on supine and
standing blood pressure and
heartrate in seven fluid-depleted
anephric subjects. See legend to
fig 1 for statistical values.
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static hypotension.29 The enhancement of captopril's hypotensive
effect by sodium and water depletion, which has also been
observed in subjects who have not undergone nephrectomy,
might be an indication of the importance of blood volume rather
than plasma renin for maintaining blood pressure. Hypotension
will not develop as long as "effective" blood volume and cardiac
filling pressures are adequate. The alleged transition of so-called
"volume-dependent" hypertension into "renin-dependent"
hypertension after sodium and water depletion, for instance by
diuretics, might therefore be an illusion rather than reality.
Whatever the underlying mechanism of captopril's hypo-

tensive effect, our results lend further support to preliminary
suggestions that this drug will be effective in the large group of
hypertensive patients in whom plasma renin is not raised.

We thank Professor Dr J de Graeff, for giving us the opportunity to
study the anephric patients in his department, and Dr P Piggott, of
Squibb Europe, for supplies of captopril.
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FIG 3-Effect of captopril in fluid-depleted and fluid-replete states on
blood pressure in seven anephric subjects. See legend to fig 1 for statistical
values.
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FIG 4 Effects of captopril in fluid-depleted and fluid-replete states on
supine and standing blood pressure and heart rate in seven anephric subjects.
See legend to fig 1 for statistical values.
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