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EFFECT OF ANGIOTENSIN-CONVERTING
ENZYME INHIBITOR ON RESPONSE OF

PLASMA RENIN ACTIVITY

AND ALDOSTERONE TO TILTING IN MAN

J.G. COLLIER, J.S. JENKINS, J. KEDDIE, M.U.A. KHAN & B.F. ROBINSON

Department of Medicine, St George’s Hospital, London SW1

1 The effect of an angiotensin-converting enzyme inhibitor (SQ 20,881; 0.5 mg/kg) on the
response to tilting of plasma renin activity (PRA), plasma aldosterone and cortisol was studied

in five normal subjects.

2 PRA rose significantly in both the supine and upright positions following administration of
SQ 20,881; no significant effect on aldosterone or cortisol was observed.

Introduction

Tilting into the upright position causes an increase
in plasma renin activity (PRA) and plasma
aldosterone concentration (Gordon, Wolfe, Island
& Liddle, 1966). It is believed that the
sympathetic nervous system mediates the increase
in renin activity and the raised renin leads to
increased generation of angiotensin I from which
two aminoacids are removed by converting
enzyme to produce angiotensin II; the resultant
rise in plasma angiotensin II is thought to be the
stimulus to aldosterone secretion. An inhibitor of
angiotensin converting enzyme has been developed
(SQ 20,881; Collier, Robinson & Vane, 1973), and
may find application in the diagnosis and
management of certain patients with hypertension.
The effect on the physiological responses of the
renin-aldosterone system of interrupting produc-
tion of angiotensin II has not, however, been
studied, and we have therefore investigated the
effect of the converting enzyme inhibitor on the
response of PRA and aldosterone to tilting in
normal man.

Methods

Studies were carried out in five healthy male
volunteers aged from 20-21 and weighing between
56.3-74.0 kg. Each subject gave consent after full
explanation of the nature of the investigation, and
ethical approval was obtained from the Research
Committee of St George’s Hospital. Since the drug
has had only limited use in man, each subject was
examined physically before being accepted, and
routine laboratory studies performed as in the
previous investigation (Collier et al, 1973). One

subject developed erythema with itching and
whealing over the vein immediately after injection
of the drug; this faded in 80 minutes. No subject
showed any change attributable to the drugin the
physical examination and laboratory tests on the
day following the experiment. Volunteers were
not accepted if they were habitual smokers or
took other drugs for any reason. Subjects were
allowed only water for 12 h prior to starting the
study, and neither food nor drink was allowed
during the investigation.

Estimation of plasma renin activity

Samples of venous blood (10 ml) were taken and
quickly transferred to chilled tubes containing
EDTA. Samples were kept in ice until
centrifugation at 4°C, and the plasma was stored
below —15°C until assay. Plasma renin activity
(PRA) was determined by radioimmunoassay using
a commercially produced kit (Squibb Angiotensin
I Immunotope) based on the method of Haber,
Koerner, Page, Kliman & Purnode (1969). PRA
was expressed as ng angiotensin I ml™! plasma h™!
during incubation at 37°C. The within assay
reproducibility of the method in this laboratory is
+7%; all samples from any one experiment were
estimated in the same assay.

Estimation of plasma aldosterone

Plasma aldosterone was estimated by a
radioimmunoassay according to the method of Ito,
Woo, Haning & Horton (1972), using columns of
sephadex LH20 for the initial chromatographic
procedure.
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Estimation of plasma cortisol

Plasma cortisol was measured by a fluorimetric
method for 11-hydroxy-corticosteroids (Spencer-
Peet, Daly & Smith, 1965).

Protocol for tilt studies

Subjects reported to the laboratory fasting, and
rested supine on the tilt table. A catheter was
introduced into an arm vein and kept patent by
slow infusion of physiological saline (0.15M
NaCl). A cuff was placed on the opposite arm for
recording arterial pressure by a standard
sphygmomanometer; heart rate was measured
from the electrocardiogram. In four of the five
studies in which SQ 20,881 was to be given, the
blood pressure response to bolus injections of
angiotensin I (Schwartz-Mann, batch number
GEN-700-H/Y J3) was assessed. After a minimum
of 83 min rest supine and at least 25 min after the
last injection of angiotensin I, an initial control
venous sample was taken for estimation of PRA,
aldosterone and cortisol. A second control sample
was taken 30 min later, and the subJect was then
tilted to an angle of approximately 60°; further
blood samples were taken after 30 and 60 min in
the upright position, and blood pressure and heart
rate were measured just prior to sampling. Subjects
who felt faint during tilting were returned to the
horizontal for a minute or so, and it was then
possible to tilt them again. After 60 min in the
upright position, the subject was returned to the
horizontal and blood samples were taken after 60
and 90 minutes. SQ 20,881 was then infused
intravenously in a dose of 0.5 mg/kg over a 2 min
period. Further blood samples were taken after 30
and 60 min and the subject was then again tilted
to 60°. Sampling was carried out as in the first tilt.
At the conclusion of experiments using
SQ 20,881, a further bolus of angiotensin I was
given with the subject in the supine position to
assess the degree of blockade.

In the first two studies using SQ 20,881, the
blood withdrawn at sampling (which totalled
approximately 200 ml) was immediately replaced
with an equal volume of saline. In subsequent
studies the subjects received during the second half
of the investigation an infusion of their own blood
(withdrawn a few days previously) approximately
equal in volume to that taken for samples. In
control studies saline alone was given.

Results

Control studies

In three subjects, the effect of two periods of
tilting to 60° without administration of the

converting enzyme inhibitor was studied to
determine the reproducibility of the response.

Plasma renin activity at the end of 1 h at 60°
was similar in the two tilts; the supine levels were,
however, higher before the second tilt than they
had been before the first (Table 1).

Plasma aldosterone was estimated in two of the
subjects and rose during both periods of tilting,
the increase during the two tilts being comparable.

Blood pressure changed by only small amounts,
and the response was similar in the two tilts; heart
rate rose on average from 52 to 71 beats/min in
the first tilt and 53 to 68 beats/min in the second.

Effect of converting enzyme inhibitor

Four subjects were studied according to the
standard protocol; one additional subject was
pretreated with dexamethasone (2 mg on the night
before; 1 mg before and 1 mg during the
experiment) to exclude the possibility that ACTH
made an important contribution to the changes in
plasma aldosterone. When the level of converting
enzyme blockade was assessed at the end of the
experiment, 2-2.5 h after infusion of SQ 20,881,
an average of four times the dose of angiotensin I
was required to achieve a given pressor response.

Plasma renin activity. Changes in PRA were
similar in the subject given dexamethasone to the
other four, and the results have therefore been
analysed together. In all five subjects, the
administration of the inhibitor was followed by an
increase in PRA at rest which rose from an average
of 0.53 ng ml~'h! to 1.48 ng ml™}

(P <0.031) (Table 2). The level of PRA dunng
tilting was also higher after the drug, the average
level being 1.3 ngml™'h™! at the end of the
control tilt and 3.6 ng ml' h™! at the end of the
second tilt.

Aldosterone. Plasma aldosterone concentrations
in the supine position showed no consistent
change after administration of the inhibitor. In all
subjects, including the one given dexamethasone,
plasma aldosterone rose during tilting and the
concentrations achieved at the end of the two tilts
were not greatly different; there was thus no
consistent inhibition of aldosterone secretion
following the infusion of SQ 20,881.

Cortisol. Plasma cortisol concentration in the
supine position showed no significant change after
the drug; the level rose during both periods of
tilting, but the response was not significantly
different after the drug. In the subject given
dexamethasone, plasma cortisol levels were
suppressed throughout and did not respond to
tilting.



315

ANGIOTENSIN CONVERSION INHIBITION AND TILTING

*(1E0°0 > J) P abeuane 01 3 pue q 01 3 ‘p abesane 03 o ‘e abesane 01 q ‘(9661 ‘|9bals) 159} ubis ayy AqQ jJuediyiubis ae saouasayIp Buimojjoy sy
*auoseylawexap Yiim paleasd usaq pey oym z 1afqns sapnjoxa uespyy ,

80C 1'6 6€L 9€C 9L 9 0T 'Ll SYL 09Z 9Ll 8S 9¢ L't 8L 6Vl €950 €50 €L G660 €0 LEO uesw

» * * * * »* * * * * - - -] n v 2 n e e
€82 98 L9l L'9C 6S 6S 9T 'Ll €8 ¥9€ €8l L¥lL LLL 90°L SL0 S90 €€0 +'0 60 S0 LZO €20 S
oL 8€L ¢9l ¥z 9L 1'L oL LL 99 18 €¢ TL0 TO0 TL'0 L00 800 (OO STO LL'O LOO SO0 v
6'lC. 6S GSL L9C €9 69 GvE 00Z 96l €SS vOL €9 +v8L SL'9 61 S99l ZE0 v'e SLL TE0 8T0 €
€z 81 ¥ ¥ ¥l 89¢ LT €v L€l 0C 6SC 2ZS€ 99C SE€'C 680 990 L90 L90 LZO 820
€¢L T8 TL G6L 80L L9 TLL '8 6€ GS9L L'9 9¢€ 06 0P 60C SLCT €0l LI'L ZEZT L'l S80 2ZLO l

W W W U BW W W W WW U W u o oW W W BwWw W W U Ul uom.:w:m
09 05t 06 09 09 0 09 0S5, 06 09 09 0 09 o0 0SL 0ZL 06 09 09 O 09 OfF

yppuz sudng  ynmisy euidng yn puz  eurdns  ynisy  euidng  yn puz aurdng A Iy auydng
188°0Z DS 188°0Z DS 210499 188°0Z20S  188°0Z DS 210599 188°0Z DS 43y v 188°0Z DS 810408
RLIY 4 18
(1w 001/61) jos1340 (1w 001/6u) suosarsopry (0,£8 e ,_y ewsed ,_jw | ussuarosbue bu) yyd

awAzua 6uiliaauod uisuajoibue Jo J0qIyul ue ‘|88 ‘0Z DS #O uonensiuwpe
2yl Jaye pue 3104aq $103(QNS JAY UI S|3A3| |OS1II0D pue 3U0IASOPIE ‘(YHd) AMAnOe ujuas ewseid ayy uo Bunj o spouad oMy JO 19943 Byl Z elqel

¢9L SO'L TYO0 L¥'O 0S50 250 85L LO 8L'0 ZZ0 uesw

g8l 0L G8L €91 vé 0L 96 §'9C 061 S9t S0'C 090 890 €L0 €80 8EE€ Z€'L 9T0 LEO €
601 el 1'sl g9l 661 Vs (ST v'6 LLo zLo S0 6Y'0 S0 680 TS0 LL'O €20 4
€0 680 $TO0 620 LZO LTO 80 LZO L0 LL'O l

vw  gw s W s W W W W W uiw o gw W uiw uiw s Ui ui U uiw o Ui 3aelqng
09 0S5t 06 09 09 ©0c 09 0St 06 09 09 0 09 0c O0St ozt 06 09 09 o0 09 oOf
U puz  eudng  yniisy  euidng yn puz euidng ISy euidng 3y puz ausdng LR eurdng
(1w 001/6n) jos1340Q (1w 001/bu) suosaisop|y (0.,£E Y€ Y ewseyd ,_qw | uisuszolbue bu) yyd

$303[qNs aaJy} Ut S|aA3| |0SI1140D pue 3u0u3ISOP|e *(WYHd) ANARDR Uluas ewseld ays uo Buii JO SPOLIBd OMY JO 199330 By “SAIPNIS |0BUOD | 8jqe)



316  J.G. COLLIER, J.S. JENKINS, J. KEDDIE, M.U.A. KHAN & B.F. ROBINSON

SQ20,881 Angiotensin Il
—~ 20r —
' |
E o
£
5 1o
g
gj 0.5}
<
E 0. —_ ——————)
6 i 2 3 P 5 )
Time(h)
Fig. 1 Response of plasma renin activity (PRA) to

tilting before and after administration of converting
enzyme inhibitor (SQ 20,881, 0.5 mg/kg) in one
subject. Infusion of angiotensin Il (100 ng/min) during
the last 30 min of the second tilt results in a rapid fall
of the elevated PRA. The periods of tilting are shown
by the lower brackets.

Heart rate. This rose from an average of
57 beats/min to 75 beats/min during the first tilt
and 64 beats/min to 79 beats/min in the second.

Arterial pressure. Systolic pressure tended to fall
during the tilt, the changes were inconsistent;
diastolic pressure showed on average little change.
The response during the second tilt was similar to
that during the first.

Effect on plasma renin activity of infusing
angiotensin I and 11

In order to clarify the effect of changes in plasma
angiotensin II concentration on PRA, one subject
was maintained in the upright position after
completion of the second tilt and angiotensin II
was infused intravenously at 100 ng/min for
30 min; PRA fell progressively over the time of the
infusion (Figure 1). In another study in which
angiotensin I was infused in a supine subject at a
rate of 800 ng/min for 60 min, plasma renin
activity fell from a control of 0.19 ng ml™' h™! to
0.07 ng mI"! h™!; when the infusion was stopped,
plasma renin activity rose to 0.36 ng ml~! hour™.

Discussion

The increase in plasma renin activity and
aldosterone observed in control studies after tilting
to 60° is similar to that previously reported by
others (Gordon et al., 1966); an increase in plasma

cortisol with tilting has also been observed before
(Balikian, Brodie, Dale, Melby & Tait, 1968 ; Mitra,
Genuth, Berman & Vertes, 1972). The control
studies in which the subject was tilted on two
occasions without any intervention showed that
the response of both PRA and aldosterone was
reproducible. The blockade of conversion of
angiotensin I to angiotensin II achieved by the
converting enzyme inhibitor was comparable to
that found in previous studies in which a dose of
0.5 mg/kg was found to reduce the pressor effect
of angiotensin I to approximately 10% of control
immediately after injection, rising to about 20%
after 3 h (Collier et al., 1973).

The most important finding of the present
study is that administration of converting enzyme
inhibitor leads to a rise of PRA above the
respective control levels in both supine and upright
postures. Elevation in resting PRA has previously
been noted after administration of the inhibitor in
rats (Bing, 1973) and the rise in PRA induced by
renal artery constriction in the dog is also
augmented (Miller, Samuels, Haber & Barger,
1972). The possibility that the rise in PRA in the
second half of the experiment reflected a fall in
blood volume as a result of repeated blood
sampling was excluded by the experiments in
which all blood withdrawn was replaced by at least
an equal volume of the subject’s own blood. It
appears likely that the rise in PRA was secondary
to a fall in plasma angiotensin II concentration
(changes in angiotensin II were not measured but
plasma levels would be expected to fall when
converting enzyme is inhibited). This possibility
was supported by the observation that infusion of
angiotensin II led to a rapid fall in the elevated
PRA despite the fact that the subject was
maintained in the upright position. Furthermore,
PRA fell in the unblocked subject infused with
angiotensin I at rest, but subsequently rose above
control levels when the infusion was discontinued.

The absence of any demonstrable change in the
response of aldosterone to tilting after
administration of converting enzyme inhibitor is
surprising if, as has been suggested, the increased
secretion is mediated solely by angiotensin II. It is
possible that the rise in PRA which occurred after
the drug offset to a large extent the expected fall
in angiotensin II, and this could account for the
lack of significant changes in the aldosterone
response.

It is also possible, however, that the acute
changes in the distribution of blood volume
induced by the upright posture is responsible for
the plasma aldosterone response by a mechanism
quite separate from any increase in renin secretion.
Mitra et al. (1972) studied anephric patients and
found that despite their inability to increase PRA
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there was a significant rise in aldosterone in
response to posture. These authors also noted an
increase in cortisol in response to posture, but this
was not consistent in all patients and did not
correlate with the increase in aldosterone levels so
that ACTH release could not be regarded as the
only alternative stimulus for aldosterone. The
possibility that the changes in aldosterone in our
experiments were mediated predominantly by
increased secretion of ACTH is made unlikely by
the findings that prior administration of
dexamethasone suppressed the cortisol response
but had no effect on aldosterone.

A fall in PRA in response to infusion of
angiotensin II has previously been noted in man
(de Champlain, Genest, Veyratt & Boucher, 1966).
The present study complements these findings by
showing that PRA rises when converting enzyme is
inhibited and generation of angiotensin II is
reduced. Furthermore, it has recently been shown
that blockade of angiotensin Il receptors also leads
to a rise in PRA (Brunner, Gavras, Laragh &
Keenan, 1973). It thus appears that negative
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