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Summary 

The cardiovascular a n d r e n i n - a n g i o t e n s i n -
aldosterone e f fec t s of c i lazapri l , a new angio-
tensin-convert ing e n z y m e ( A C E ) inhibi tor 
was eva lua ted in hea l thy Caucas ians in a 
double-bl ind, p lacebo-con t ro l l ed , cross-over 
study. Cilazapril significantly inhibi ted plasma 
A C E activity, with a peak inhibi t ion of 8 2 % at 
2 h and a residual inhibi t ion of 4 1 % persist ing 
at 24 h. T h e r e was a biphasic and significant 
hypotensive e f f ec t , co r r e spond ing tempora l ly 
to plasma A C E inhibi t ion (P < 0.02, 
A N O V A ) . T h e hypo tens ive act ion was not 
accompanied by ref lex tachycard ia . Plasma 
renin activity rose significantly as a conse-
quence of A C E inhibi t ion ( P < 0.05, A N O V A ) 
but plasma a l d o s t e r o n e was una l t e r ed . Cilaza-
pril is a po ten t A C E inhibi tor with a rapid onset 
and pro longed dura t ion of an t ihyper tens ive 
and endocr ine e f fec ts . S tudies of the effects 
on A C E inhibi t ion on the ren in -ang io tens in 
system in Af r i cans a r e r equ i r ed . 

R£sum€ 

L'effet h d m o d y n a m i q u e et r e n i n e - a n g i o t e n s i n -
aldosterone c o n s e q u e n c e de cilazapril , un 
nouveaux inh ib i teur du angio tens in convert i r 
enzyme ( A C E ) a dtd e tud i e . Cilazapri l e ta ient 
significativement d imun ie r p lasmat ique de la 
activite du ren in , avec m a x i m u m inhibi teur de 
82% k 2h et res idu inh ib i teur de 4 1 % a 24 h. 
Cilazapril e ta ient s ignif icat ivement d imunie r la 
tension ar ter ie l le n ' e t an t s imul tanS pulsat ion 
rapide. Les concen t r a t ions du p lasmat ique 
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renin la activite etat ient s ignif icat ivement plus 
hau tcs (P < 0.05, A N O V A ) . II ny 'a pa de 
d i f ference notable dans p lasmat ique a ldos ter -
one concent ra t ions . Le recherche l 'e f fe t de 
A C E inhibi teur sur Afr ican noir de r e n i n s -
angiotensin de besoim. 

Introduct ion 

T h e recent deve lopmen t and clinical availability 
of angiotensin-convert ing enzyme ( A C E ) in-
hibitors represents a significant l andmark in 
cardiovascular the rapy . A C E inhibi tors a r e of 
proven efficacy in all g rades of hyper tens ion , 
renovascular hyper tens ion and congest ive hear t 
failure in Caucas ians [1-3]. While the re a rc 
racially media ted d i f fe rences in response to 
A C E inhibi tors in hyper tens ive pa t ien ts [4], 
enalapri l , a non-thiol long-acting A C E inhibi-
tor , has been shown to improve exercise per-
fo rmance and clinical s ta tus in Niger ians with 
congestive hear t fai lure [5]. Cilazapril ( R O -
312848) is a newer A C E inhibi tor which in 
animal s tudies had exhibi ted g rea te r b iochemi-
cal and ant i -hyper tensive potency c o m p a r e d to 
enalapri l (6). In similar m a n n e r to enalapr i l , 
cilazapril is conver ted to ci lazaprilat , the active 
metabol i te , following oral adminis t ra t ion . T h e 
chemical conf igura t ion of enalapr i l , cilazapril 
and their respect ive metabo l i t e s a re shown in 
Fig. 1. T h e present s tudy was des igned t o 
evaluate the ef fec ts of ora l cilazapril on 
the cardiovascular and r cn in - ang io t cns in - a ldo -
s te rone systems in normal ma n . 

Materials and methods 

T h e study was of a p lacebo-cont ro l led , ran-
domized , double-b l ind cross-over des ign , in 10 
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Fi*. 1. A compiuL'^n of the chemical structures ol cilazapril arid enalapril and their respective active metabolites 
cilizapnlat (RO-313113) and cnalaprilat (MK 422) 

normotcn.sivc healthy C aucasian volunteers . 
Th< subjec is were aged 19-33 years and 
w t i g n c d be tween 55 and 90 kg. T h e study was 
ethically i cv iewcd and approved by the G r e a t e r 
Glassgow Heal th Board , and all subjects gave 
i n f o r m e d wri t ten consent prior to inclusion in 
the s tudy. T h e subjects were judged healthy by 
his tory, physical examina t ion , full biochemical 
a n d hacmatological screening, as well as by 12-
lead E C G s . All subjec ts were salt replete as 
assessed by 24 h urinary N a + excret ion (154 ± 
99 mmol ) m e a s u r e d be fo re the s tudy. 

O n two study days, 2 weeks apar t , the 
vo lun tee rs a t t ended the clinical pharmacology 
research unit at 0830 h , having avoided cof fee , 
a lcohol , t ea , and cigaret tes for 12 h. They were 
a l lowed 30 min of supine rest prior to com-
m e n c e m e n t of the study. Cilazapril (10 mg) , o r 
a capsule identical in appea rance , was adminis-
te red with 200 ml of wa te r in a r andom orde r . 

Blood pressure and heart rate were recorded 
in dupl ica te a f t e r 30 min supine and at 1, 2, 5 
min of s tanding , be fo re and at 1, 2, 3, 4, 6, 8 
and 24 h post-dosing. A light snack was al lowed 
a f t e r the 2-h recordings. Blood pressure was 
m e a s u r e d using a s emi -au toma ted sphygmo-
m a n o m e t e r (Sent ron Bard Biomedica l ) and 
hear t ra te by precordia l E C G e lec t rodes con-
nec ted to a Gros s polygraph recorder model 
7 D 1 D (Grass Ins t ruments C o . , Massachuset t s , 
U . S . A . ) . Blood samples for plasma A C E activ-
ity were collected at the same t imes as the blood 
pressure recording. Addi t iona l samples for 
p lasma renin activity ( P R A ) and plasma aldos-
t e r o n e ( P A ) were ob ta ined at 0, 2, 4 , 8, and 

24 h af ter dosing. A C E activity was measured 
by the me thod of C u s h m a n and Cheung (7) as 
modif ied by C h i k n a s (8). T h e inter- and intra-
issay coeff ic ients of var iat ion were 6 and 2%, 
respectively, and the limit of detect ion was 0.1 
units. 

Plasma renin activity was assayed by the 
me thod of D e r k x ct al. | 9 | . T h e normal range in 
our labora tory was 4 - 1 2 ng Al /ml /h and the 
detect ion limit 1 ng A l / m l / h , inter- and intra-
assay variabili ty being 7 .0 and 5 .5% respec-
tively. P lasma a ldos t e rone was measured by 
rad io immunoassay (10), the inter- and intra-
assay variat ion being 11 and 7 % , with a 
de tec t ion limit of 10 pg/nil . 

Percentage A C E inhibi t ion was calculated as: 

baseline ACE activity - observed ACE activity 

baseline ACE activity 
x 100 

All results a re expressed as mean ± s.d. 
(Eu /ml ) , where 1 E u genera te s 1 nmol hippuric 
acid per minu te . T h e blood pressure, heart 
rate and endoc r ine responses were subjected 
to r epea t ed measu re s analysis of variance 
( A N O V A ) . T h e null hypothes is was rejected if 
P < 0.05. 

Results 

N o biochemical o r hacmatological abnormality 
was found fol lowing rout ine testing after 
cilazapril . T h r e e subjec ts , however , experi-
enced mild but t ransient 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. T h e r e was a significant 
reduction (P < 0.02, A N O V A ) in both systolic 
and diastolic blood pressure , in the supine and 
erect posture . This hypotens ive effect was not 
associated with a reflex tachycardia in c i ther 
posture (Fig. 2). T h e ant ihyper tens ive act ion of 
cilazapril was appa ren t 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 , p lasma A C E activity was 
significantly inhibi ted within 1 h , and a peak 
A C E inhibition of 82.2 ± 12.5% was a t ta ined 
at 2 h. At 24 h , the residual inhibit ion 
was significant and pers is ted at 41.6 ± 20 .0% 
(Fig. 3). 

Following conver t ing-enzyme inhibi t ion, 
plasma renin activity was significantly e leva ted 

(P < 0.05, A N O V A ) . Th is rise was apparen t 
within 2 h of cilazapril, with a peak at 4 h . 

T h e peak P R A increase was coincident with 
the maximal hypotensive action (Fig. 4). 
Plasma a ldos terone was not significantly re-
duced relative to p lacebo, following cilazapril 
adminis trat ion in the present s tudy (Fig. 4). 

Discussion 

In this double-bl ind s tudy, the A C E inhibi tor , 
cilazapril caused a significant and long-lasting 
inhibition of the rcn in-angio tens in-a ldos tc rone 
axis and a prolonged hypotensive action. These 
observat ions a rc consistent with in-vivo and in-
vitro animal data [6] and preliminary human 
exper ience (11). T h e peak A C E inhibition 
occurred early at 2 h , despi te the need to absorb 
and de-esterify cilazapril to its active metab-
oli te, cilazaprilat. This contrasts with the peak 
A C E inhibition, a f ter cnalapril , which occurs 
af ter 4 h (12) and suggests a more rapid onset 
of action of cilazapril compared to enalapri l 

140 

130 

120 

110 

100 

90 

80 

70 

60 

50 

100 

90 

80 

70 

60 

(a) 

L - l - . l . 

(b) 

K 

L U M - -
...I A—. 

6 8 

Time(h) 

24 

Fig. 2. The cffcct of cilazapril on crcct systolic (a) and diastolic (b) blood pressure and heart rate (c). 'Cilazapril 
significantly rcduccd blood pressure (/* < 0.02, ANOVA) without tachycardia (n = 10). Values represent 
means ± s.d. 
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Time(h) 

Fig. 3. Inhibition of plasma ACE activity by cilazapril ( • ) (/i - 1(1). Values represent means ± s.d 

Fig. 4. The influcncc of cilazapril ( • ) and placebo (O) on plasma renin activity and plasma aldosterone in salt-
replete normal volunteers. Cilazapril significantly increased plasma renin activity relative to placebo ( / ' < 0 05. 
ANOVA). 
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in normal men . Residual A C E inhibi t ion was 
still significant at 24 h , suggesting that single 
daily dosing would be a d e q u a t e . T h e r e was a 
temporal cor respondence be tween A C E inhibi-
tion in plasma and the an t ihyper tens ive ac t ion. 
The blood pressure fall, how e ve r , a p p e a r e d 
biphasic, with an initial reduct ion in systolic B P 
at 2 h and a greater fall at 6 h . Th is biphasic 
hypotensive action has also been seen a f t e r 
enalapril [ 12], and may be re la ted to d i f ferent ia l 
inhibition of plasma and vascular wall A C E 
activity (13). T h e fall in b lood pressure follow-
ing cilazapril was not associated with a reflex 
tachycardia that would normal ly accompany 
arterial vasodilation. Th is absence of reflex 
cardio-stimulation with hypotens ion appea r s to 
be a general proper ty of A C E inhibi tors , which 
at least in par t , is d u e to an e n h a n c e m e n t of 
cardiac parasympathet ic activity [14,15] follow-
ing release of vagal e f f e ren t s f r o m angiotens in 
II-mediatcd inhibition [16]. 

Plasma renin activity was significantly in-
creased within 1 h of cilazapril , with a peak at 
4 h. The increment in P R A fol lowing A C E 
inhibition results f rom the removal of the 
negative feedback control of angiotens in II on 
renin secretion, as well as the act ivation of the 
renal baroreceptor mechan i sms following B P 
fall. Plasma a ldos terone was not suppressed by 
cilazapril in the present s tudy. T h e effect of 
ACE inhibitors on a ldos te rone has been vari-
able [11,12] and this may reflect the degree of 
reduction in circulating angiotens in II induced 
by converting-enzyme inhibi t ion. 

Thus, cilazapril is a potent inhibi tor of A C E 
and significantly reduced blood pressure in salt-
replete normal Caucasian subjec ts . It had a 
rapid onset and a p ro longed dura t ion of 
cardiovascular and endocr ine ef fec ts . A s the 
basal P R A is known to di f fer be tween blacks 
and whites [17] and as this a f fec t s the anti-
hypertensive efficacy [4], f u r t h e r s tudy of 
effects on A C E inhibitors on the r en in -ang io -
tensin system in Af r i cans is w a r r a n t e d . 
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