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Summary

The cardiovascular and renin-angiotensin—
aldosterone effects of cilazapril, a new angio-
tensin-converting enzyme (ACE) inhibitor
was evaluated in healthy Caucasians in a
double-blind, placebo-controlled, cross-over
study. Cilazapril significantly inhibited plasma
ACE activity, with a peak inhibition of 82% at
2 h and a residual inhibition of 41% persisting
at 24 h. There was a biphasic and significant
hypotensive effect, corresponding temporally
to plasma ACE inhibition (P < 0.02,
ANOVA). The hypotensive action was not
accompanied by reflex tachycardia. Plasma
renin activity rose significantly as a conse-
quence of ACE inhibition (P < 0.05, ANOVA)
but plasma aldosterone was unaltered. Cilaza-
pril is a potent ACE inhibitor with a rapid onset
and prolonged duration of antihypertensive
and endocrine effects. Studies of the effects
on ACE inhibition on the renin-angiotensin
system in Africans are required.

Résumé

L’effet hémodynamique et renine-angiotensin—-
aldosterone consequénce de cilazapril, un
nouveaux inhibiteur du angiotensin convertir
enzyme (ACE) a &té etudie. Cilazapril etaient
significativement dimunier plasmatique de la
activite du renin, avec maximum inhibiteur de
82% a 2h et residu inhibiteur de 41% a 24 h.
Cilazapril etaient significativement dimunier la
tension arterielle n’etant simultané pulsation
rapide. Les concentrations du plasmatique
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renin la activite etatient significativement plus
hautes (P < 0.05, ANOVA). Il ny'a pa de
difference notable dans plasmatique aldoster-
one concentrations. Le recherche I'effet de
ACE inhibiteur sur African noir de reniné-
angiotensin de besoim.

Introduction

The recent development and clinical availability
of angiotensin-converting enzyme (ACE) in-
hibitors represents a significant landmark in
cardiovascular therapy. ACE inhibitors are of
proven efficacy in all grades of hypertension,
renovascular hypertension and congestive heart
failure in Caucasians [1-3]. While there are
racially mediated differences in response to
ACE inhibitors in hypertensive patients [4],
enalapril, a non-thiol long-acting ACE inhibi-
tor, has been shown to improve exercise per-
formance and clinical status in Nigerians with
congestive heart failure (5]. Cilazapnl (RO-
312848) is a newer ACE inhibitor which in
animal studies had exhibited greater biochemi-
cal and anti-hypertensive potency compared to
enalapril [6]. In similar manner to enalapnl,
cilazapril is converted to cilazaprilat, the active
metabolite, following oral administration. The
chemical configuration of enalapril, cilazapril
and their respective metabolites are shown in
Fig. 1. The present study was designed to
evaluate the effects of oral cilazapril on
the cardiovascular and renin-angiotensin-aldo-
sterone systems in normal man.

Materials and methods

The study was of a placebo-controlled, ran-
domized, double-blind cross-over design, in 10
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Fig. 1. A comparison of the chemical structures ol cilazapal and ¢nalapril and their respective active metabolites

alwzapnlat (RO-313113) and cnalaprilat (MK 422).

normotensive healthy Caucamian volunteers.
The sudjecis were aged 19-33 years and
wrighed between 55 and 90 kg, The study was
ethically reviewed and approved by the Greater
Glassgow Health Board, and all subjects gave
informed written consent prior to inclusion in
the study. The subjects were judged healthy by
history, physical examination, full biochemical
and haematological screening, as well as by 12-
lead ECGs. All subjects were salt replete as
assessed by 24 h urinary Na* excretion (154 +
99 mmol) measured before the study.

On two study days, 2 weeks apart, the
volunteers attended the clinical pharmacology
research unit at 0830 h, having avoided coffee,
alcohol, tea, and cigarettes for 12 h. They were
allowed 30 min of supine rest prior to com-
mencement of the study. Cilazapril (10 mg), or
a capsule identical in appearance, was adminis-
tered with 200 ml of water in a random order.

Blood pressure and heart rate were recorded
in duplicate after 30 min supine and at 1, 2, 5
min of standing, before and at 1, 2, 3, 4,06, 8
and 24 h post-dosing. A light snack was allowed
after the 2-h recordings. Blood pressure was
measured using a semi-automated sphygmo-
manometer (Sentron Bard Biomedical) and
heart rate by precordial ECG electrodes con-
nected to a Gross polygraph recorder model
7D1D (Grass Instruments Co., Massachusetts,
U.S.A)). Blood samples for plasma ACE activ-
ity were collected at the same times as the blood
pressure recording. Additional samples for
plasma renin activity (PRA) and plasma aldos-
terone (PA) were obtained at 0, 2, 4, 8, and

24 h after dosing. ACE activity was measured
by the method of Cushman and Cheung (7] as
modified by Chiknas [8]. The inter- and intra-
wssay coefficients of variation were 6 and 2%,
respectively, and the limit of detection was 0.1
units.

Plasma renin activity was assayed by the
method of Derkx et al. [9]. The normal range in
our laboratory was 4-12 ng Al/mVh and the
detection limit 1 ng A/mVh, inter- and intra-
assay varnability being 7.0 and 5.5% respec-
tively. Plasma aldosterone was measured by
radioimmunoassay [10], the inter- and intra-
assay vanation being 11 and 7%. with a
detection himit of 10 pg/ml.

Percentage ACE inhibition was calculated as:

baseline ACE actuvity — observed ACE activity

X100
baseline ACE activity

All results are expressed as mean * s.d.
(Ewml), where 1 Eu generates 1 nmol hippuric
acid per minute. The blood pressure, heart
rate and endocrine responses were subjected
to repeated measures analysis of variance
(ANOVA). The null hypothesis was rejected if
P < 0.05.

Results

No biochemical or haematological abnormality
was found following routine testing after
cilazapril. Three subjects, however, expen-
enced mild but transient postural dizziness on
cilazapril.
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Effects on blood pressure and heart rate

The cardiovascular response to cilazapril is
shown in Fig. 2. There was a significant
reduction (P < 0.02, ANOVA) in both systolic
and diastolic blood pressure, in the supine and
erect posture. This hypotensive effect was not
associated with a reflex tachycardia in either
posture (Fig. 2). The antihypertensive action of
cilazapril was apparent within 2 h of dosing,
maximal at 6-8 h, but no discernible effect was
present at 24 h.

Effects on the renin—angiotensin-aldosterone
axis
Following cilazapril, plasma ACE activity was
significantly inhibited within 1 h, and a peak
ACE inhibition of 82.2 + 12.5% was attained
at 2 h. At 24 h, the residual inhibition
was significant and persisted at 41.6 * 20.0%
(Fig. 3).

Following converting-enzyme inhibition,
plasma renin activity was significantly elevated

140l(a)
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(P < 0.05, ANOVA). This rise was apparent
within 2 h of cilazapril, with a peak at 4 h.

The peak PRA increase was coincident with
the maximal hypotensive action (Fig. 4).
Plasma aldostcrone was not significantly re-
duced relative to placebo, following cilazapril
administration in the present study (Fig. 4).

Discussion

In this double-blind study, the ACE inhibitor,
cilazapril caused a significant and long-lasting
inhibition of the renin-angiotensin-aldosterone
axis and a prolonged hypotensive action. These
observations are consistent with in-vivo and in-
vitro animal data (6] and preliminary human
experience [11]. The peak ACE inhibition
occurred early at 2 h, despite the need to absorb
and de-esterify cilazapril to its active metab-
olite, cilazaprilat. This contrasts with the peak
ACE inhibition, after enalapril, which occurs
after 4 h [12] and suggests a more rapid onset
of action of cilazapril compared to enalapril
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Fig. 2. The cffect of cilazapril on erect systolic (a) and diastolic (b) blood pressure and heart rate (¢). *Cilazapril

significantly reduced blood pressure (P < 0.02, ANOVA) without tachycardia (n =

means * s.d.

10). Values represent
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Fig. 3. Inhibition of plasma ACE activity by cilazapnl (®) (n = 10). Values represent means + s.d
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Fig. 4. The influence of cilazapril (W) and placebo (O) on plasma renin activity and plasma aldosterone in salt-
replete normal volunteers. Cilazapril significantly increased plasma remin acuvity relative to placebo (P < 008,
ANOVA).
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in normal men. Residual ACE inhibition was
still significant at 24 h, suggesting that single
daily dosing would be adequate. There was a
temporal correspondence between ACE inhibi-
tion in plasma and the antihypertensive action.
The blood pressure fall, however, appeared
biphasic, with an initial reduction in systolic BP
at 2 h and a greater fall at 6 h. This biphasic
hypotensive action has also been seen after
enalapril [12], and may be related to differential
inhibition of plasma and vascular wall ACE
activity [13]. The fall in blood pressure follow-
ing cilazapril was not associated with a reflex
tachycardia that would normally accompany
arterial vasodilation. This absence of reflex
cardio-stimulation with hypotension appears to
be a general property of ACE inhibitors, which
at least in part, is due to an enhancement of
cardiac parasympathetic activity [14,15] follow-
ing release of vagal efferents from angiotensin
[I-mediated inhibition [16].

Plasma renin activity was significantly in-
creased within 1 h of cilazapril, with a peak at
4 h. The increment in PRA following ACE
inhibition results from the removal of the
negative feedback control of angiotensin II on
renin secretion, as well as the activation of the
renal baroreceptor mechanisms following BP
fall. Plasma aldosterone was not suppressed by
cilazapril in the present study. The effect of
ACE inhibitors on aldosterone has been vari-
able [11,12] and this may reflect the degree of
reduction in circulating angiotensin II induced
by converting-enzyme inhibition.

Thus, cilazapril is a potent inhibitor of ACE
and significantly reduced blood pressure in salt-
replete normal Caucasian subjects. It had a
rapid onset and a prolonged duration of
cardiovascular and endocrine effects. As the
basal PRA is known to differ between blacks
and whites [17] and as this affects the anti-
hypertensive efficacy [4], further study of
effects on ACE inhibitors on the renin-angio-
tensin system in Africans is warranted.
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