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SuMMARY

Captopril (SQ 14225), an orally active converting enzyme inhibitor,
was administered in a dose of 50 mg to 12 normotensive subjects (Group
I), 26 essential hypertensive patients (Group II), and 8 renovascular hy-
pertensive patients (Group III). In Group III, 5 of the 8 patients had
control plasma renin activity (PRA) similar to those in Groups I and II
patients, but the PRA response to the administration of captopril was
greater in 7 of the 8 patients than those in Groups I and 1I. These 7
patients had either bilateral or unilateral main renal artery stenosis.
Captopril caused no increase in PRA in the remaining 1 who had uni-
lateral renal artery stenosis with contralateral renal aplasia.

It is concluded that this provocation test is useful as a screening pro-
cedure for the diagnosis of renovascular hypertension.

Additional Indexing Words:
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HE determination of plasma renin activity (PRA) before and after
T provocating maneuvers of renin release such as tilting," sodium de-
pletion? or administration of diuretics® or vasodilators® is useful for diagnosis
of renovascular hypertension and predicting the surgical curability. In
some patients with renovascular hypertension, however, such maneuvers fail
to stimulate the release of renin.®

Recently, it has been reported that specific antagonists of angiotensin
II or angiotensin 1 converting enzyme inhibitors (AICEI) augment the
PRAD-" Re et al'® reported that SQ 20881, an AICEI, enhanced the
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difference in PRA of the renal vein between the affected side and the intact
side in hypertensive patients with unilateral renovascular disease. Gavras
et al!)) reported that the increment of PRA 7 days after the administration of
a fixed dose of captopril (SQ 14225), an orally active AICEI, was much
greater in patients with renovascular hypertension than in patients with
essential hypertension.

The purpose of this study is to examine the response of renin secretion
to acute administration of captopril in essential and renovascular hyperten-
sion and to see if this provocation test of renin release is useful for the diag-
nosis of renovascular hypertension.

MarteriaLs aND METHODS

1. Patients

Studies were performed in normotensive subjects (Group I), patients with
essential hypertension (Group 1I), and patients with renovascular hypertension
(Group III). Subjects in Group I (12 men), ranging in age from 31 to 51 years,
showed no evidence of significant cardiovascular disease, and their mean arterial
blood pressures (MAP) ranged from 88 to 105 mmHg at the time of study. Patients
in Group IT consisted of 8 women and 18 men ranging in age from 32 to 64 years.
Routine screening tests for secondary hypertension including intravenous pyelo-
graphy, 13I-Hippuran renography, *™Technetium renoscintigraphy, plasma renin
activity and plasma aldosterone concentration were performed in all of these pa-
tients. As a rule, aortography was performed in Group 1I to rule out the renal
vascular lesion. Details of clinical data in Group 111 arc shown in Table I. The
etiological diagnosis of stenotic lesions was tentatively made by angiographic find-

Table I. Clinical Data in Group III Subjects

(}f\?ge YP; iis Sex Diagnosis Drugs and Doses
1, ‘ 62 Male Bilateral renal artery stenosis due to AS None
2. 48 Female Right renal artery stenosis due to FMH None
3. 22 Female Right renal artery stenosis due to FMH None
4. 31 Female Left renal artery stenosis due to FMH C-0.3, N-80, F-40
5. 49 Male Bilateral renal artery stenosis due to C-0.15, P-80,
FMH N-40, F-40
6. 24 Male Bilateral renal artery stenosis due to C-0,225, P-60,
FMH A-750
7. 37 Female Right renal artery stenosis due to aortitis P-60, T-4
syndrome
8. ‘ 51 Male Left renal artery stenosis due to AS with N-40, P-40, T-2
| right kidney aplasia

Abbreviations: AS = arteriosclerosis; FMH = fibromuscular hyperplasia; C =clonidine; N=
nifedipine ; F=furosemide ; P=propranolol; A=qa-methyldopa; T=trichloromethiazide. Dose of
each drug is expressed as mg/day.
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ings of the renal artery.

Reconstructive surgery was carried out in 2 instances (Cases 2 and 3). Eight
to 14 months after the operation, these patients had diastolic blood pressure of less
than 90 mmHg without antihypertensive therapy. Reconstructive surgery was not
performed in the other cases: in Case 1 because of bilateral renal artery stenosis due
to arteriosclerosis with almost no function of one kidney, in Case 4 because of the
presence of idiopathic thromhaocytosis; in Cases 5 and 6 renal arterial lesion due to
fibromuscular hyperplasia was extended to intrarenal branches; in Case 7 the renal
artery lesion was due to aortitis syndrome; in Case 8 contralateral kidney was non-
existent (aplasia). These patients received medical treatments. Sodium intake
was not restricted. All antihypertensive drugs and diurctics were withdrawn for
at least 4 weeks prior to the study in all subjects in Group 1I and Cases 1, 2, and 3
in Group III. Cases 4, 5, 6, 7, and 8 were treated with antihypertensive drugs
and diuretics during the course of the study. Details of the drug therapy are given
in Table I.

2. Procedure

The study was carried out in fasted patients in the morning. The subjects
were kept in supine position during the study period. Blood pressure was measured
by mercury sphygmomanometer. After at least 30 min of recumbency, blood pres-
sure and pulse rate were measured every 10 min for 60 min. At the end of this
control period, blood was sampled for the measurement of control PRA, and 50 mg
of captopril was then administered orally. Blood pressure and pulse rate were
measured every 10 min for the next 2 hours, and peripheral venous blood sampling
was performed 1 hour (8Q1) and 2 hours (SQ2) after the drug administration.
Urine sampling during the control period for the measurement of urinary sodium
output was performed in some male subjects of each group.

3. Chemistry

PRA was determined using radioimmunoassay of angiotensin I as previously
described.'?  Briefly, 1 ml of plasma was incubated at 37°C at pH 5.5 for 6 hours
with disodium ethylene diamine tetraacetic acid and diisopropyl fluorophosphate.
The sample was then diluted 10 fold with physiological saline and heated in a boil-
ing water bath for 5 min. After the centrifugation, angiotensin I in the supernatant
was assayed radioimmunologically. This method was approximately 4 times more
sensitive than Haber’s method. PRA in normal subjects ranged from 5 to 30 ng/
ml.1%

Statistical analysis was carried out according to Student’s f-test.

Resurts

1. Effects of captopril on PRA in each group

PRA response to captopril in Group I is illustrated in Fig. 1. Control
values of PRA in this group ranged from 3.4 to 20.0 ng/m! (10.7+1.1 ng/ml,
Mean+SE). Mean values of PRA at SQI (1 hour after its administration)
and SQ2 (2 hours after its administration) were 15.9+2.9 and 19.3+2.1 ng/
ml, respectively. These values were significantly higher than the control

value (p<0.01). PRA response to captopril in Group II is shown in Fig. 2.
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Fig. 1. PRA response to 50 mg of captopril in normotensive subjects.
Abbreviations: C=control; SQ1=1 hour after captopril administration;
SQ2=2 hours after captopril administration.
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Fig. 2. PRA response to 50 mg of captopril in essential hypertensive pa-
tients. Otherwise, the same as Fig. 1.
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Control values of PRA in this group ranged from 2.0 to 21.0 ng/ml (7.0+
1.0 ng/ml). After the administration of captopril, mean value of PRA signifi-
cantly increased to 14.24:3.1 at SQI and to 15.8+3.4 ng/ml at SQ 2, rc-
spectively (p<0.05). Fig. 3 shows the PRA response to captopril in Group
III. Control values of PRA in this group ranged from 8.0 to 62.0 ng/ml
(23.7+6.3 ng/ml). The mean value was not significantly different from
those in Groups I and II. Mean value of PRA at SQI (71.8+12.6 ng/ml)
and SQ2 (99.04+20.7 ng/ml) were significantly higher than the control value
(p<0.01). These values were significantly higher than those in Groups I
and IT at SQI (15.942.9 ng/ml in Group I, 14.2+3.1 ng/ml in Group II,
p<0.01) as well as at SQ2 (19.3+2.1 ng/ml in Group I, 15.8+3.4 ng/ml
in Group II, p<0.01). Control PRA in 5 of 8 patients of Group III was
within the range of those in Groups I and II (Fig. 3). In 3 of 8 patients in
Group III, PRA value at SQT was within the range of those in Groups I and
II. However, PRA value at SQ2 in 7 to 8 patients in Group III exceeded
the range of those in Groups I and II. These 7 patients had either bilateral
(Cases 1, 5, and 6) or unilateral (Cases 2, 3, 4, and 7) renal artery stenosis.
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Fig. 3. PRA response to 50 mg of captopril in renovascular hypertensive
patients. Solid circles, PRA in each renovascular hypertensive patient. Solid
triangle, the Case 8 of Table I, Shaded area, the PRA response to captopril
in normotensive subjects and essential hypertensive patients. Otherwise, the
same as Fig. 1,
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In only 1 patient (Case 8), captopril resulted in no increase in PRA, and
this case had unilateral renal artery stenosis with contralateral renal aplasia.
In Group III, the mean increase of PRA (the ratio of PRA 2 hours after
captopril administration to control PRA) was 4.6+1.0, and was significantly
higher than those in other groups (2.3+0.5 in Group I and 2.2+0.5 in Group
IT) (p<0.05). In all patients of Group III except Case 8, PRA values at
SQ2 were over twice their respective control values (Fig. 4).

PRA after 2 hours (ng-ml)
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Fig. 4. Relation of control PRA to that 2 hours after captopril admin-
istration. Open squares, normotensive subjects. Solid circles, essential hy-
pertensive patients. Open circles, renovascular hypertensive patients.
triangle, the Case 8 of Table I.

Open

Table II. Effects of Captopril on Mean Arterial Pressure and Pulse Rate

Change in MAP Pulse Rate

Group No. MAP (mmHg) (mmHg) (beats/min)
C sQl sQ2 SQI-C 8Q2-C C  sQl  sQ2
Group 1 96+2 88+2 90+2 —8+2 —8+3 | 61+3 63+3 65+3
Group 1II 126+ 2%%*  [1543%%* 1124 3% —11+2 —15+2 | 68+4 67+4 67+3
Group III 134 4 5%**  1174-8%* 1184 7%* —~174+3 —164£3 | 65+5 67+4 66+4

Abbreviations: MAP=mean arterial pressure (mmHg); G=control; SQIl=1 hour after ad-
ministration of Captopril; SQ2=2 hours after administration of Captopril. * Change significantly
different from Group I (p<0.05), ** Change significantly different from Group I (p<0.01), ***
Change significantly different from Group I (p<0.001).
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Fig. 5. Effects of captopril on mean arterial pressure (upper trace in
each figure) and pulse rate (lower trace in each figure). *Values significantly
different from control values (p<0.05); *¥*p<0.01; ***p<0.001.
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Fig. 6. The changes in mean arterial pressure and TPR in response to
captopril at 2 hours after drug administration. Asterisks indicate the statist-

ical significance. *p<0.05, **p<0.01.
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2. Effects of captopril on MAP and pulse rate

Table IT shows the MAP and pulse rate at control period, SQI and
SQ2 in each group. The control MAP in Group III was not significantly
different from that in Group II. The time course of change in MAP and
pulse rate in response to captopril in each group is illustrated in Fig. 5.
Captopril induced a significant decrease in MAP in all groups. Pulse rate
was not changed by captopril. The increase in PRA in response to captopril
at SQ2 in Group III was significantly higher than that in Group II, in spite
of no difference in the decrease in MAP at SQ2 between Groups IT and 111
(Fig. 6).

3. Other clinical findings

Urinary sodium excretion at control period in Groups I (n=8), II
(n=11), and IIT (n=4) was 0.304-0.03, 0.27+0.02, and 0.31+£0.09 mEq/min,
respectively. No significant difference was observed among these values.

Discussion

This study showed that captopril caused an increase in PRA and a
decrease in blood pressure in almost all subjects examined. Our results
were consistent with the study of Ferguson et al® but not with Sancho et al®;
the latter reported that bolus injection of 0.25 mg/Kg of SQ 20881, one of
the AICEI, produced no increase in PRA in sodium repleted normotensive
subjects. Leffan et al'® reported captopril, on a weight basis, to be about
10 times as potent as parenterally administered SQ 20881. Oral adminis-
tration of 20 mg of captopril inhibits completely the pressor response to
10 ng/Kg of angiotensin I for 2.5 hours in human subjects. In contrast,
0.25mg/Kg of SQ 20881 does not supress completely the pressor effect of 10 ng/
Kg of angiotensin 1.13  Sancho et al observed the changes in PRA for only
30 min, but we followed them for 2 hours. These differences in experimental
design may explain the discrepancy between our results and Sancho’s.

Various stimulatory maneuvers including upright tilting and admins-
tration of diuretics® or vasodilators? have been used as a screening test for
renovascular hypertension. Even though 639%, of patients with renovascular
hypertension had PRA values at rest not different from those in normotensive
subjects and essential hypertensive patients, the increase in PRA to captopril
administration was much greater in all patients with renovascular hyper-
tension except one than that in normotensive subjects and patients with
essential hypertension. Only 1 patient had no response in PRA to captopril.
This exceptional patient had unilateral renal artery stenosis with contralateral
renal aplasia, an analogous condition to chronic phase of one-kidney type of
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Goldblatt hypertension in animal models in which renin-angiotensin system
seemed to be not important.!® Such a patient is very rare in renovascular
hypertension. Our data, therefore, indicate that the provocation test de-
scribed here represents an useful screening for detecting renovascular hyper-
tension among hypertensive patients. This conclusion is consistent with the
study of Case et al1? They reported that diagnostic discrimination was
greately enhanced by infusion of salarasin or SQ 20881, which elicited marked
reactive hyperreninemia in renovascular hypertensive patients.

All the patients with renovascular hypertension showed a hyper-response
in renin release to captopril even during the treatment with antihypertensive
agents such as propranolol, clonidine, and alphamethyldopa, suggesting that
this provocation test may also be used in hypertensive patients under anti-
hypertensive medication. The test can be applied as well in hypertensive
patients on an unrestricted sodium diet.

The provocation test presented here should be performed under careful
monitoring of blood pressure to avoid too precipitous hypotension not in-
frequently induced in high renin patients by AICEL.?®

In the present data, there was no significant difference in the reduction
of MAP between renovascular hypertensive group and essential hypertensive
group. However, these data do not exclude the possibility that captopril
could induce greater reduction of perfusion pressure in the post-stenotic
legion of the kidney in renovascular hypertension than in essential hyper-
tension, which, in turn, could produce a greater increase in PRA in the former
than in the latter, although the renal perfusion pressure was not measured
in this study.

It has been shown that AICEI increases the renin release through its
interception of negative short feedback mechanism of the renin release.”-®
Therefore, there is a possibility that this negative short feedback mechanism
may be different in renovascular hypertension from that in essential hyper-
tension, thus causing the hyper-response in the renin release to captopril in
renovascular hypertension, though there was no proof for this hypothesis.

In summary, the oral administration of 50 mg of captopril produced
the hyper-response in the renin release in all patients except one with reno-
vascular hypertension in this study. These data indicate that this provoca-
tion test may be useful as a screening procedure for the diagnosis of renovascu-
lar hypertension.
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