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ABSTRACT This study describes the effects of
[des-Aspartyl']-angiotensin II ([des-Asp]-AII) on blood
pressure and aldosterone production in patients with
primary aldosteronism due to aldosterone-producing
adrenal adenoma (APA) and idiopathic adrenal hyper-
plasia (IHA), and in normotensive control subjects.
10 patients with primary aldosteronism, 7 with APA
and 3 with IHA, and 6 normotensive control subjects
were placed on a constant 150-meq sodium diet for
4 days. [des-Asp]-All was infused for 30 min at 6, 12,
and 18 pmol/kg per min. Three groups of patients
were identified on the basis of aldosterone response
to [des-Asp]-All. Group I, composed of normotensive
control subjects, showed incremental increases in
plasma aldosterone concentration from 6+1 to 14+3
ng/100 ml (P <0.01) with [des-Asp]-All infusion.
Group II, composed of patients with primary aldo-
steronism, showed incremental increases in plasma
aldosterone concentration from 33+8 to 65+13 ng/
100 ml (P < 0.05) with 12 pmol/kg per min of [des-
Aspl-All. Group III, also composed of patients with
primary aldosteronism, showed no increase of plasma
aldosterone concentration with [des-Asp]-All. Groups
I and II showed similar percentage increases in
plasma aldosterone concentration (P = NS). Group 111
showed significantly lower aldosterone responses than
group I (P < 0.01). Group II included all patients
with THA and two patients with APA. Group III
included only patients with APA. The blood pressure
responses to [des-Asp]-All of subjects in group I did
not differ significantly from those of groups II or III.
Thus, patients with IHA and a subgroup of patients
with APA showed responsiveness to [des-Asp]-All
which was limited to adrenal cortical stimulation of
aldosterone biosynthesis. This suggests that adrenal
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responsiveness to angiotensin is a major control
mechanism in some forms of primary aldosteronism.
The differential adrenal responsiveness to [des-Asp]-
AIl in patients with APA indicates either that there
are two distinct subpopulations of APA, or that altera-
tion in tumor response to angiotensin occurs during
the natural progression of the disease history.

INTRODUCTION

Primary aldosteronism is a condition in which over-
production of aldosterone appears relatively inde-
pendent of the renin-angiotensin system (1). Four
subtypes of primary aldosteronism have been iden-
tified. These include aldosterone-producing adenoma
(APA),! idiopathic hyperaldosteronism (IHA), gluco-
corticoid remedial hyperaldosteronism, and indeter-
minant hyperaldosteronism (2). APA and IHA account
for the majority of primary aldosteronism observed
in the adult population (2). Aldosterone production
in patients with IHA increases with stimulation of
the renin-angiotensin system whereas aldosterone pro-
duction in APA does not (3-9). Direct stimulation of
aldosterone secretion by exogenous angiotensin II
(AII) has been attempted in patients with primary
aldosteronism, but the results have been inconclusive
because excessive pressor responses to AIl occur
before a dose adequate to stimulate aldosterone
can be administered (3).

The C-terminal heptapeptide fragment of AlI,
[des-Aspartyl']-angiotensin II ([des-Asp]-AIl), has
25-100% of the aldosterone-stimulating potency but
only ~25% of the pressor potency of AIl in normo-
tensive man (10, 11). Thus, [des-Asp]-AIl might be
more suitable than AII for studies of the effects of
angiotensin-induced aldosterone production in pri-

! Abbreviations used in this paper: All, angiotensin II;
APA, aldosterone-producing adenoma; [des-Asp]-All, [des-
Aspartyl'l-angiotensin II; IHA, idiopathic hyperaldosteronism.
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mary aldosteronism because the dose of [des-Asp]-
AIl would not be as limited by unacceptable pressor
responses. We hypothesized that [des-Asp]-All would
stimulate aldosterone production in patients with ITHA
but not those with APA. The present study was de-
signed to examine the effects of [des-Asp]-All on blood
pressure and aldosterone production in patients with
these two forms of primary aldosteronism.

METHODS

Patients and study protocol. 10 patients with primary
aldosteronism and 6 normal control subjects were studied.
The diagnosis of primary aldosteronism was made on the
following basis: (a) sustained hypertension (blood pressure
> 160/95 mm Hg); (b) unprovoked hypokalemia (serum
potassium < 3.5 meq/liter); (c¢) inappropriate kaluresis (24-h
urinary potassium excretion > 40 meq); (d) suppressed
plasma renin activity (<2 ng of angiotensin I/ml per h) at
11:00 a.m. after 3h of upright posture and 40 mg oral
furosemide at 6 p.m., 10 p.m., and 8 a.m. according to the
method of Carey et al. (12); and (¢) elevated plasma
aldosterone concentration and 24-h urinary aldosterone excre-
tion indexed against 24-h urinary sodium excretion subse-
quent to correction of hypokalemia with supplemental oral
potassium chloride. The aldosterone/sodium index was refer-
enced against the inverse hyperbolic relationship between
ambulatory plasma aldosterone concentration or urinary
aldosterone excretion and concurrent 24-h urinary sodium
excretion found in 15 normal subjects. Plasma aldosterone
concentrations were measured in each of the 15 normal sub-
jects after 5d of different sodium balances: 10, 50, 100,
150, and 200 meq sodium intake/day (13).

The diagnosis of APA was based on absence of an increase
in plasma aldosterone concentration in response to 4 h of up-
right posture, lateralization of uptake of [**Iliodomethyl-
norcholesterol to one side on adrenal scan, and normaliza-
tion of blood pressure and serum potassium concentration
after 6 wk of spironolactone 100 mg four times daily (q.i.d.)
(14). All patients with an APA had pathological documen-
tation of an adrenal adenoma and correction of their
hypertension and hypokalemia after excision of the adenoma.
Three patients judged to have IHA had increases of
plasma aldosterone concentration over 25% of base line in
response to 4h of upright posture and unequivocal bi-
lateral visualization on adrenal scan. Adrenal scanning was
performed with [**IJiodomethylnorcholesterol 3 d after injec-
tion of the radioisotope during dexamethasone (0.5 mg q.i.d.)
suppression and was repeated 4 days after discontinuation
of dexamethasone. All patients were given Lugol’s iodine
solution five drops twice daily (b.i.d.) for 3 days before and 2
wk after the injection of the isotope. ["*'I]Jlodomethyl-
norcholesterol (NP-59) was obtained from the Nuclear Phar-
macy at the University of Michigan, Ann Arbor, Mich., and
scanning was performed with an HP Searle gamma camera.
(Searle Diagnostics Inc., Des Plaines, Ill.). The patients
underwent mineralocorticoid and glucocorticoid suppression
tests to exclude indeterminant hyperaldosteronism and gluco-
corticoid remedial hyperaldosteronism. Mineralocorticoid and
glucocorticoid suppression tests were performed by determin-
ing plasma aldosterone concentration, 24-h urinary aldosterone
excretion, blood pressure at 4-h intervals, and plasma potas-
sium concentrations after 3 davs of fludrocortisone acetate
(Florinef, E. R. Squibb & Sons, Princeton, N. ]J.) 0.15 mg
b.i.d. and dexamethasone 0.5 mg q.i.d., respectively.

All medications were discontinued and the patients were
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given 60 meq/d of supplemental potassium chloride for 6
wk before admission to the Clinical Research Center.
Written informed consent was obtained from all patients.
On admission to the Clinical Research Center all patients
and normotensive control subjects were given a constant
daily diet containing 150 meq sodium, 60 meq potassium,
1 g protein/kg, and 2,860 cal for 4 d before the [des-Aspl-
All infusion study. Patients with primary aldosteronism
were given 60-160 meq of supplemental potassium chloride
until serum potassium was normalized. Consecutive 24-h
urine samples were collected for 4d of the diet and
analyzed for sodium and potassium. No food was given after
midnight on the day of the [des-Asp]-AlIl infusion and the
patients remained supine until completion of the intusion.
At 7:00 a.m. on the day of the infusion, a heparin lock
for obtaining blood samples was inserted into the left ante-
cubital vein and an intravenous infusion of 5% dex-
trose in water at 0.5 ml/min was begun in the right
antecubital vein. At 8:00 a.m. blood pressure monitoring
with an Arteriosonde (Hoffmann-La Roche, Inc., Medical
Electronics Div., Nutley, N. J.) was begun and readings
were obtained every 2 min until completion of the study. A
blood pressure cuff (with a width approximately two-thirds
the width of the arm and a length such that the bladder
completely encircled the arm) was wrapped snugly around
the left arm. The Arteriosonde was calibrated against a
random-zero mercury sphygmomanometer. Blood pressures
are expressed as the mean of 15 readings obtained during
the 30-min control period and each infusion period. At
8:00 a.m. control blood samples were obtained for the con-
centrations of serum potassium, plasma aldosterone, and
cortisol, as well as plasma renin activity. A repeat control
blood sample for plasma aldosterone, cortisol, and serum
potassium concentration was obtained at 8:30 a.m. After
completion of blood sampling at 8:30 a.m. an intravenous
infusion of [des-Asp]-All at a rate of 6 pmol/kg per min was
begun. Plasma samples for aldosterone, cortisol, and potas-
sium determinations were obtained at 30-min intervals until
completion of the study. The heptapeptide, [des-Asp]-All,
was infused at three successive infusion rates of 6, 12, and 18
pmol/kg per min for 30 min at each dose level. If an increase
in mean arterial blood pressure of 20 mm Hg was observed,
the infusion was terminated. Three of the patients with
primary aldosteronism had such an increase in blood pres-
sure, and thus received only two cumulative doses of 6
and 12 pmol/kg per min of the heptapeptide. A blood
sample for analysis of plasma renin activity was obtained
upon completion of the infusion.

Svnthetic [des-Asp!, Ile3]-AlIl ([des-Asp]-All) was provided
by Beckman Instruments, Inc., Fullerton, Calif. The peptide
was diluted in sterile H,O, filtered with a 0.22-um Milli-
pore filter (Millipore Corp., Bedford, Mass.), and stored at
4°C in sterile vials at a concentration of 100 wg/ml.

Analytical methods. All blood samples were placed into
tubes prechilled in ice, centrifuged immediately, and plasma
separated and frozen until the time of assay. Samples
used for plasma renin activity and aldosterone were anti-
coagulated with EDTA. Serum and urine potassium and
sodium concentrations were measured by flame photometry
(model 143, Instrumentation Laboratory, Inc., Lexington,
Mass.). Aldosterone concentration was measured by the
radioimmunoassay method of Bihler et al. (15). After
incubation, plasma renin activity was determined by radio-
immunoassay of angiotensin I generated as described by
Sealey et al. (16). Plasma cortisol levels were determined
by the fluorometric method of Mattingly (17).

Statistical analysis. The results are expressed as mean+1
SE. Statistical analysis was carried out with the Student’s ¢
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test for paired data and the standard t test for intergroup
comparisons, and P values of <0.05 are considered significant.

RESULTS

Characteristics of the patients. The individual re-
sults of studies by which the diagnosis of APA or
IHA was achieved are shown in Table I. The mean
values+SE for all of these patients are: systolic
blood pressure 176+3 mm Hg; diastolic blood pressure
109+3 mm Hg; serum potassium 2.9+0.1 megq/liter;
24-h urinary potassium excretion 71+5 meq; plasma
renin activity after 120 mg of furosemide and 3 h of
upright posture 0.82+0.24 ng/angiotensin I per ml per h;
basal supine plasma aldosterone concentration 34+3
ng/100 ‘ml; 24-h urinary aldosterone excretion 405
ug; 24-h urinary sodium excretion 152+13 megq; uri-
nary aldosterone excretion on day 3 of Florinef ad-
ministration (0.15 mg b.i.d.) 40+4 ug/24 h; and urinary
aldosterone excretion on day 3 of dexamethasone ad-
ministration (0.5 mg q.i.d.) 36+4 ug/24 h.

The patients were divided into groups based on their

aldosterone response to the [des-Asp]-All. Group I is
composed of six normotensive control subjects. Group
II is composed of five patients with primary aldo-
steronism who responded to [des-Asp]-AlIl with an
incremental increase in plasma aldosterone concentra-
tion. Group III is composed of five patients with
primary aldosteronism who did not respond with an
increase in plasma aldosterone concentration to [des-
Aspl-All

The characteristics of each group including weight,
mean arterial blood pressure, 24-h urinary sodium
and potassium excretion on day 5 of the 150-meq Na
diet, basal supine plasma aldosterone concentration,
and basal supine plasma renin activity on the day of
[des-Asp]-All infusion are shown in Table II. The
mean weight of patients in group II was significantly
greater (P < 0.05) than controls. The urinary sodium
excretion of groups II and III was less and potassium
excretion greater than control (P < 0.05, P <0.01,
respectively) reflecting the increased aldosterone
production of these patients. Mean arterial blood pres-

TABLE 1
Diagnostic Tests of the Patients with Primary Aldosteronism (n = 10)

Urine aldosterone

Plasma
aldo- Urine After
Plasma dexa- Adrenal
Patient Blood Serum Urine renin concen- Aldo- After metha- scan Surgical
no. Diagnosis pressure K+ K+ activity tration sterone Na  Fluorinef  sone results results
Group II
1 APA 170 3.3 58 1.59 49 30 108 46 48 Asym. L-adenoma
100 L>R
2 APA 170 3.1 72 0.15 36 75 95 34 31 Asym. L-adenoma
110 L>R
3 IHA 170 2.8 64 0.50 29 61 167 68 64 Bilat. —
100
4 IHA 180 3.2 64 0.49 49 44 143 47 29 Bilat. —
120
5 IHA 190 2.8 100 0.35 42 28 220 28 18 Bilat. —
105
Group III
6 APA 170 3.5 97 1.99 26 34 116 49 33 Asym. R-adenoma
101 R>L
7 APA 190 2.5 73 0.14 24 18 212 23 20 Unilat. R R-adenoma
120
8 APA 170 2.8 68 0.34 28 34 175 35 31 Asym. R-adenoma
106 R>L
9 APA 180 2.9 54 0.94 34 39 124 36 41 Asym. L-adenoma
120 L>R
10 APA 170 2.0 57 1.71 23 33 156 34 40 Asym. L-adenoma
110 L>R
720 R. M. Carey, C. R. Ayers, E. D. Vaughan, Jr., M. ]J. Peach, and S. M. Herf



TaBLE 11
Characteristics of the Patients on the 5th d of Constant
150 meq Sodium Intake

Group 1 Group 11 Group 111
(n=6) (n=05) (n=25)
Weight, kg 87+2 93+ 8* 80+1
24-h urine Na,
meq 155+2 142 +6* 137+10*
24-h urine K,
meq 64+3 130+£22% 111+18%
Mean arterial BP,
mm Hg 83+2 124 6§ 133+3§
Plasma renin
activity,
ng Al/ml/h 1.93+0.30 0.66+0.33* 0.37+0.08%
Plasma
aldosterone,
ng/100 ml 6=1 33+91% 38+8§

* Values significantly different from those of group I (normal
control subjects), P < 0.05.

1P <0.01.

§ P < 0.001.

sure and plasma aldosterone concentration were higher
and plasma renin activity lower in groups II and III
than in group I (normotensive control subjects).
Aldosterone and renin activity responses to upright
posture. The individual responses of plasma aldo-
sterone concentration to 4 h of upright posture for
patients with primary aldosteronism are depicted in
Fig. 1. All patients with IHA showed a marked
postural increase in plasma aldosterone concentration
whereas patients with APA showed no increase or a
decline (P < 0.01). The individual responses of plasma
renin activity to 4 h of upright posture for patients
with primary aldosteronism are shown in Fig. 2. The
mean plasma renin activity for all patients with primary
aldosteronism showed a significant increase from
0.32+0.10 to 0.66+0.19 ng/ml per h (P < 0.01). Plasma
renin activity of subjects with APA increased from
0.36=0.15 to 0.74+0.26 ng/ml per h (P < 0.05) and
plasma renin activity of subjects with IHA increased
from 0.23+0.04 to 0.47+0.08 ng/ml per h (P < 0.05).
Plasma aldosterone and blood pressure responses
to [des-Aspl-AIl. Plasma aldosterone concentrations
in response to 6, 12, and 18 pmol/kg per min of
[des-Asp]-All for the three groups are shown in Fig.
3. The individual aldosterone responses to [des-
Aspl-All for all patients with primary aldosteronism
are shown in Fig. 4. In group I (normotensive control
subjects) an increase in plasma aldosterone concen-
tration of 3=1 ng/100 ml (P < 0.05), 61 ng/100 ml
(P <0.01),and 8+1 ng/100 ml (P < 0.01) was observed
at 6, 12, and 18 pmol/kg per min of [des-Asp]-All,
respectively. In group II ([des-Asp]-All responsive),

[des-Aspartyl']l-Angiotensin II Activity in Primary Aldosteronism
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FIGURE 1 Aldosterone responses to 4 h of upright posture in
subjects with primary aldosteronism due to APA and IHA.
Mean values are plotted with heavy bars; @, group II; and
O, group III.

an increase of plasma aldosterone concentration of
21+11 ng/100 ml (P < 0.05) at 6 pmol/’kg per min and
32+12 ng/100 ml (P < 0.05) at 12 pmol/kg per min was
observed with [des-Asp]-All infusion. The two subjects
who received [des-Asp]-All at 18 pmol/kg per min had
a further increase of plasma aldosterone concentration
of 72 ng/100 ml. In group III ([des-Asp]-AIl un-
responsive), the changes in plasma aldosterone concen-
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FIGURE 2 Renin responses to 4 h of upright posture in sub-
jects with primary aldosteronism due to APA and IHA.

Mean values are plotted with heavy bars; @, group II; and
O, group III.
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FIGURE 3 Aldosterone responses of subjects in the three study groups to [des-Asp]-All infusion.
Three of the subjects in group II received two cumulative doses of heptapeptide. All other
subjects received three cumulative doses of heptapeptide.

tration of —1+1, —5+3, and —1=1 ng/100 ml, with
each successive dose of [des-Asp]-All, respectively,
were not significantly different from control values.
The increment of plasma aldosterone concentration of
32+12 ng/100 ml in response to 12 pmol/kg per min of
[des-Aspl-AIl in group II was significantly greater
than the increase of 6=1 ng/100 ml in group I (P
< 0.05). However, at 12 pmol/kg per min of [des-
Aspl-All, the percentage increase in plasma aldo-
sterone concentration for group I was 163+65% com-
pared with 120+40% for group II. The percentage
change of plasma aldosterone concentration of group I
was not significantly different from that of group II.
Similarly, the percentage increase of plasma aldoste-
rone of 169+47% for the patients with IHA was not
different from that of group I. The increment of
plasma aldosterone concentration in group I was signif-
icantly greater than that of group III at the 6, 12, and 18
pmol/kg per min dose (P <0.05, P <0.01, and P
< 0.01, respectively).

The mean arterial blood pressure values for the three
groups in the basal state and during 6, 12, and 18
pmol/kg per min of [des-Asp]-All infusion are depicted
in Fig. 5. In group I (normotensive control subjects),
the incremental increase in mean arterial pressure
above base line was 7+2 mm Hg (P <0.01) at 6
pmol/kg per min, 12+2 mm Hg (P <0.01) at 12
pmol/kg per min, and 14+2 mm Hg (P < 0.01) at 18
pmol’kg per min of [des-Asp]-AIl. In group II
([des-Asp]-AIl responsive), the increases in mean
arterial pressure with 6 and 12 pmol/kg per min of
[des-Asp]-AIl were 9+2 and 17+3 mm Hg, respec-
tively (P <0.01). The two subjects who received
[des-Asp]-AIl at 18 pmol/kg per min had a further

722

R. M. Carey, C. R. Ayers, E. D. Vaughan, Jr.

decrease of mean arterial blood pressure of 3+1 mm
Hg. In group III ([des-Asp]-AlIl unresponsive), the
[des-Asp]-All-induced increases in mean arterial pres-
sure were 7+3 (P < 0.01), 14+2 (P < 0.01), and 16%2
(P <0.01) mm Hg. There were no significant differ-
ences between groups I and II or between groups I
and III with respect to the increment or percentage
change of blood pressure in response to any dose level
of [des-Asp]-All

Responses of potassium, cortisol, and renin to
[des-Asp]-AII. Basal serum potassium and plasma
cortisol values were 3.8+0.1 megq/liter and 19+2
1g/100 ml, respectively, for subjects in group I (normo-
tensive controls) and were 3.7£0.1 meq/liter and
21+3 wpg/100 ml, respectively, for patients in group
IT ([des-Asp]-All responsive).

Serum potassium and plasma cortisol values at the
completion of the [des-Asp]-AlIl infusions for group
I were 3.7+0.1 meq/liter (P = NS) and 19+2 ug/100
ml (P = NS), respectively, and for group II were
3.8=1 meq/liter (P = NS) and 20=2 ug/100 ml (P
= NS), respectively. In group I, [des-Asp]-All infusion
suppressed plasma renin activity from 1.92+0.30 to
0.76+0.11 ng/ml perh (P <0.01). In contrast, the
values in groups II and III were respectively 0.66
+0.31 and 0.37=0.08 ng/ml per h before and 0.35+0.09
and 0.30+0.09 ng/ml per h after [des-Asp]-All infusion.
These changes were not significant.

DISCUSSION

The present study identifies two subgroups of pa-
tients with primary aldosteronism on the basis of their
responses to [des-Asp]-AlIl. We hypothesized that pa-

, M. ]. Peach, and S. M. Herf
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FIGURE 4 Individual aldosterone responses of subjects with
primary aldosteronism due to APA (solid lines) and THA
(dashed lines) to [des-Asp]-All infusion (@, group II; O,
group III). Seven subjects received three cumulative doses
and three subjects received two cumulative doses of
heptapeptide.

tients with IHA would respond to [des-Asp]-All, since
the response of aldosterone to endogenous stimulation
of renin/angiotensin with upright posture is apparent
(3-9). We further hypothesized that patients with APA
would be unlikely to display an aldosterone response
to [des-Aspl-All infusion, because previous attempts
in these patients to stimulate the endogenous renin-
angiotensin system by upright posture or sodium
deprivation have failed to stimulate aldosterone pro-
duction (3-9). Thus, our observed stimulation of
aldosterone with [des-Asp]-AIl in IHA was as an-
ticipated. However, aldosterone stimulation with
[des-Asp]-All in two of seven patients with patho-
logically confirmed APA was unexpected. This obser-
vation documents the existence of a subpopulation

[des-Aspartyl'}-Angiotensin 11 Activity in Primary Aldosteronism

of APA which retains responsiveness to an angio-
tensin stimulus. The two [des-Asp]-All-responsive
patients with APA could not be separated from the
seven [des-Aspl-All-nonresponsive patients with APA
with respect to blood pressure, sodium or potassium
balance, basal plasma renin activity or aldosterone
concentration, or responses of renin or aldosterone to
upright posture, mineralocorticoid or glucocorticoid
administration, or adrenal pathology.

Previous studies from this laboratory have demon-
strated the pressor and steroidogenic properties of the
heptapeptide, [des-Asp]-All, in normal human subjects
(11). In man, similar to experimental animals, [des-
Asp]-All was demonstrated to have =25% of the pres-
sor potency of AIl. However, in contrast to studies in
experimental animals showing similar aldosterone-
stimulating potency of the two peptides, we found in
normal man that [des-Asp]-All has only =25% of the
steroidogenic activity of AIl (11). These results differ
from those reported in a preliminary communication
by Kono et al. (10), who found that [des-Asp]-All
and AII were approximately equivalent in stimulating
aldosterone production in man.

In the present study, we observed a similar blood
pressure response, both in terms of increment and
percentage change, in all three groups of subjects with
infusion of [des-Asp]-AlIl. In spite of the 150-meq/d
constant sodium intake, both groups of patients with
primary aldosteronism had significantly greater sodium
retention as manifested by diminished urinary sodium
excretion. Similarly, suppression of the endogenous
renin-angiotensin system, reflected by lower basal
plasma renin activity, was significantly greater in both
groups of patients with primary aldosteronism than
the control group. Sodium retention and suppression
of the endogenous renin-angiotensin system have been
shown to augment the pressor response to adminis-
tered AII (18). However, these observations have been
made over a wide range of sodium intake in subjects
with normal and high plasma renin activity. The
results of the present study suggest that increased
pressor responsiveness to angiotensin is not a universal
finding in subjects with low plasma renin activity.
These results are in agreement with the reported
failure to achieve greater than normal increases in
blood pressure in patients with low renin essential
hypertension with AIl administration (19).

The differential effect of upright posture on plasma
aldosterone concentration in patients with primary
aldosteronism due to IHA vs. APA is well documented
(3-8). It is interesting that postural responsiveness
of aldosterone failed to identify all patients who
responded to [des-Asp]-All. The responsiveness of the
adrenal cortex to exogenous angiotensin in some
patients with APA who did not respond to upright
posture with an increase in plasma aldosterone
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FIGURE 5 Blood pressure responses of subjects in the three study groups to [des-Aspl-
AII infusion. Three of the subjects in group II received two cumulative doses of hepta-
peptide. All other subjects received three cumulative doses of heptapeptide.

concentration implies either an inadequate response
of the endogenous renin-angiotensin system to upright
posture or an inability of the adrenal adenoma to
respond to the endogenous angiotensin stimulus.
However, the consistent increase in plasma renin
activity observed in the patients with APA after
upright posture suggests that the defect in the
renin-angiotensin-aldosterone system may occur after
the release of renin.

In the present study, the increment in plasma aldo-
sterone concentration in response to [des-Asp]-All
administration was greater in angiotensin-responsive
patients with primary aldosteronism (group II) than in
normotensive control subjects (group I). However,
the percentage change of aldosterone from base line
in group II as well as in the patients with THA
was not different significantly from that of group I.
Thus, although aldosterone responsiveness to an angio-
tensin stimulus was documented in patients with IHA
and a subset of patients with APA, hyperresponsive-
ness to [des-Asp]-All was not observed. These results
differ from those reported in a preliminary com-
munication showing that patients with IHA have
increased adrenal sensitivity to AII (20). These differ-
ences in results with respect to the THA patients
may be attributable to differences in the molar
quantity of peptide administered, differences in the
amino acid composition of the two peptides or the use
of supplemental sodium and dexamethasone to mini-
mize the influence of endogenous AIl and ACTH
that study (20). The results of the present study are
consistent with the observation from our laboratory
that exogenous suppression of the renin-angiotensin
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system by high sodium intake and propranolol in
normotensive man does not alter adrenal responsive-
ness appreciably to [des-Asp]-AIl (21). Thus, the
degree of angiotensin-induced responsiveness is not
affected by the level of plasma renin activity per se.

During the [des-Asp]-All infusions, serum potassium
and plasma cortisol concentrations were unchanged,
excluding potassium and adrenocorticotrophic hor-
mone as factors responsible for increased aldosterone
production during the infusion studies (22-26).

Previous attempts to stimulate aldosterone with ATl
in primary aldosteronism have been reported. Slaton
et al. (27), found that only 2 of 12 patients with
APA responded, but the dose was limited by a marked
pressor effect. Wenting ct al. (28) used a larger dose
of AIL, and in spite of a 40-mm Hg increase in mean
arterial blood pressure, found stimulation of aldo-
sterone in 4 of 10 patients with primary aldosteronism.
However, only one patient diagnosed as having APA
who showed aldosterone stimulation had pathologic
confirmation of the diagnosis and cure of hyperten-
sion with resection of the adrenal adenoma. In direct
contrast to the results of the present study, Spark and
co-workers (29) found that aldosterone secretion of
patients with APA increased markedly with a 6-h
infusion of AIl at a dose sufficient to maintain
mean arterial blood pressure 10 mm Hg above base
line. The reasons for the ditferences between the
results of this and the present study are not clear,
but may be related to differences in the dose, dura-
tion of infusion, or amino acid composition of the
peptide administered.

Failure to suppress plasma renin activity with
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[des-Asp]-All in patients with primary aldosteronism
(groups II and III) as opposed to the control popula-
tion (group I) suggests altered regulation of renin
release. This observation is consistent with the results
of Williams et al. (30) who, in normotensive subjects,
suppressed plasma renin activity with AIIl infusion,
but not in patients with essential hypertension. Fail-
ure of [des-Asp]-AIl to decrease plasma renin ac-
tivity in patients with primary aldosteronism cannot
be attributed solely to the degree of basal renin
suppression, because normotensive subjects with
plasma renin activity lowered to comparable levéls
by high salt intake and propranolol still show
significant suppression of plasma renin activity with
[des-Asp]-AlIl (21).

Our results suggest a uniform pressor response to
[des-Asp]-AIl in all patients with primary aldo-
steronism and in normal control subjects, but either
adrenal responsiveness or no response in primary
aldosteronism. Whether this differential aldosterone
response in primary aldosteronism reflects a parallel
division into two subgroups of APA or a sequential
tumor change from (a) posture and [des-Asp]-AIl
responsive to (b) posture unresponsive, [des-Asp]-All
responsive to (c¢) posture and [des-Asp]-AIl unrespon-
sive cannot be determined by this study, and would
require a longitudinal study of patients with APA who
initially respond to [des-Asp]-All.
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